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RESUMO

A displasia broncopulmonar (DBP) é o resultado da alteracdo do
desenvolvimento pulmonar do neonato prematuro. A fisiopatologia é incerta e a
resposta inflamatéria a lesédo pulmonar pode estar envolvida neste processo.
Objetivo: Avaliar o papel das interleucinas 6, 8, 10 e 17 na DBP por meio de
estudo anatomopatolégico e imuno-histoquimico dos pulmdes de neonatos
prematuros com DBP. Método: Foram selecionados 32 casos de necropsias
neonatais do Departamento de Patologia do Hospital de Clinicas da
Universidade Federal do Parand, realizados entre 1991 e 2005. A amostra
incluiu neonatos com menos de 34 semanas de idade gestacional submetidos
a oxigenoterapia e com amostras pulmonares fixadas em formalina e
conservadas em parafina. Os espécimes pulmonares foram posteriormente
classificados em 3 grupos de acordo com as alteracdes histopatoldgicas e
morfométricas (DBP classica, DBP nova e sem DBP), sendo submetidos a
analise imuno-histoquimica. Os anticorpos selecionados para o estudo foram
anticorpos monoclonais anti-IL-6, IL-8, IL-10 e IL-17. Resultados: As
interleucinas IL-6, IL-8 e IL-10 ndo apresentaram diferencas significativas na
imunoexpressao tecidual entre os grupos. A IL-17 apresentou maior
imunorreatividade tecidual no grupo sem DBP em comparagdo ao grupo com
DBP classica (1686 vs 866 um2, p = 0,029). Conclusao: Este estudo com
tecido pulmonar de neonatos prematuros com DBP mostrou que as ILs-6, 8, 10

e 17 podem néo estar envolvidas na fisiopatologia da DBP.

Palavras Chaves: displasia broncopulmonar, interleucina, neonato, inflamacao,
pulm&o, biomarcador



ABSTRACT

Bronchopulmonary dysplasia (BPD) is an abnormality in premature
neonatal lung development. The pathophysiology is uncertain and the
inflammatory response to lung injury may be the pathway. Objective: To
evaluate the role of interleukins 6, 8, 10 and 17 in BPD through
anatomopathological and immunohistochemical study of the lungs of premature
neonates with BPD. Method: Thirty two cases of neonatal necropsies from the
Pathology Department of the Clinics Hospital of the Universidade Federal do
Parané performed between 1991 and 2005 were selected. The sample included
neonates of less than 34 weeks of gestational age who underwent oxygen
therapy and had pulmonary samples fixed in formalin and preserved in paraffin.
Pulmonary specimens were later classified into 3 groups according to
histopathological and morphometric changes (classic BPD, new BPD, and
without BPD) and subjected to immunohistochemical analysis. The antibodies
selected for the study were anti-IL-6, IL-8, IL-10 and IL-17 monoclonal
antibodies. Results: IL-6, IL-8 and IL-10 showed no significant differences in
tissue immunoexpression between the groups. IL-17 had greater tissue
immunoreactivity in the group without BPD compared to the classic BPD group
(1686 vs 866 pm? p = 0.029). Conclusion This study with lungs tissue of
premature neonates with BPD showed that ILs-6, 8, 10 and 17 didn’t play

significant role in the development of BPD.
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1. INTRODUGCAO E REVISAO DE LITERATURA

A displasia broncopulmonar (DBP) é uma doenca pulmonar crénica que
acomete neonatos prematuros, quando expostos ao tratamento com oxigénio
e, ou ventilacdo mecanica por tempo prolongado. Estes insultos levam a um
desenvolvimento pulmonar alterado que pode culminar com insuficiéncia
respiratoria persistente, prolongando-se, muitas vezes, pelos primeiros anos de
vida.

E definido clinicamente com DBP 0s neonatos, que recebem oxigénio
complementar por no minimo 28 dias (JOBE, 2001; GOMEZ, 2018) ou que
estdo em uso de oxigénio crénico na 36° semana de idade corrigida (idade poés-
concepcao) (SHENNAN, 1988). Podendo apresentar desde minima alteracao
pulmonar, até insuficiéncia respiratoria grave (TANNURI, 2004).

O nascimento prematuro € aquele que ocorre antes da 37° semana
gestacional. O desenvolvimento pulmonar € dividido em 5 estagios:
embrionario (3-7 semanas), pseudoglandular (5-17 semanas), canalicular (16-
26 semanas), sacular (24-38 semanas) e alveolar (a partir de 32 semanas até
18 meses). No final do estagio canalicular ha o desenvolvimento do alvéolo
primitivo, do capilar alveolar e a diferenciacdo dos pneumacitos tipo | e tipo Il
No inicio do estagio sacular comeca a producdo de surfactante, a
vascularizacdo pulmonar e o alargamento da via aérea terminal. O nascimento
prematuro ocorre geralmente durante o estagio canalicular ou sacular
(KALLAPUR, 2006; BHANDARI, 2016). Sendo entdo 0s recém-natos mais
acometidos os com idade gestacional inferior a 30 semanas e menores que

1500g, devido a imaturidade pulmonar (JOBE, 2016).



No mundo, tem-se 15 milhdes de nascimentos prematuros por ano,
sendo a prematuridade uma das maiores causas de incapacidade no ser
humano nos dias de hoje. Cerca de 25% dos prematuros que nascem com
peso menor que 1500g evoluem com DBP (O'REILLY, 2013; JENSEN, 2014;
PURISCH, 2017).

Nos ultimos anos, nos Estados Unidos e Canadéd, o aumento da
prematuridade foi de 35% devido ao crescimento do nidmero de reproducao
assistida, das gestacdes em idades mais avancadas e da melhoria na
assisténcia perinatal. (DIMES, 2009) Em 2015, segundo o National Center for
Health Statistics, o indice de nascimentos prematuros nos Estados Unidos foi
de 9,6%. Sendo que a DBP se destaca como a mais onerosa entre as
morbidades neonatais (JONHSON, 2013; PURISCH, 2017).

No Brasil, a prevaléncia de nascimentos prematuros entre os anos de
2011 e 2012 foi de 11,5% (LEAL, 2016). Segundo estudo realizado pela Rede
Brasileira de Pesquisas Neonatais no ano de 2015, 14% dos recém-natos com
peso de nascimento menor que 1500g, usavam oxigénio no 36° semana de
idade corrigida.

A primeira descricdo da DBP foi feita por NORTHWAY (1967), como
uma doenga pulmonar cronica, encontrada em prematuros com sindrome do
desconforto respiratério, submetidos a ventilacdo mecéanica prolongada. Os
prematuros em questdo foram expostos a pressdes e fracdes inspiratorias de
oxigénio (FiO2) elevadas, necessitando de oxigénio por meses ou anos. Apos,
no ano de 1969 PURSEY descreveu casos de DBP em criancas com doencas
pulmonares de etiologias variadas, e ndo apenas na sindrome do desconforto

respiratorio. Em 1988, SHENNAN introduziu a nomenclatura “doenga pulmonar



cronica do prematuro”, para aqueles que necessitassem de oxigénio
complementar apos 36° semanas de idade corrigida, com sintomas e sinais
respiratérios, além de alteracdes radiol6gicas caracteristicas. No ano de 2001,
o Instituto Nacional de Saude da Criangca e Desenvolvimento Humano fixou a
terminologia displasia broncopulmonar- DBP em detrimento a “doenca
pulmonar cronica”. Definiu com DBP aquele neonato que necessita de no
minimo 28 dias de oxigénio complementar.

Portanto o diagndstico clinico fica dependente da espera de um dia
especifico para ser definido,b o que ndo ocorre no diagnostico
anatomopatolégico, o qual reflete e define o achado do momento da coleta.
Porém, a puncdo transtoracica é contraindicada em pacientes submetidos a
ventilagdo mecanica, e esta relacionada a complicacdes como pneumotorax e
hemotorax, além de ter uma sensibilidade de 60% e n&o oferecer um material
adequado para avaliagdo histolégica, sendo entdo seu uso limitado na
pediatria. BOUSSO (1998) estudou 26 casos de biopsia a “céu aberto” em
criangcas e concluiu que o procedimento tem um potencial elevado de
diagndstico. No entanto, a biopsia pulmonar em lactentes com peso menor que
6kg tem risco muito aumentado, tendo suas complicagdes multiplicadas em
neonatos com baixo peso. E o lavado broncoalveolar que seria menos
invasivo, ndo esclarece o diagnéstico eficazmente. Por conseguinte, a analise
anatomopatologica é praticamente observada apenas em material de
necropsia.

A apresentagcdo anatomopatoldgica da DBP tem duas formas: a classica
e a nova. A classica é caracterizada por: inflamacdo pulmonar, dano

secundario de via aérea por sobrecarga hidrica alveolar, fibrose do parénquima



pulmonar e hipertrofia do musculo liso. Essa forma é pouco comum nos dias de
hoje, devido ao uso de novas técnicas terapéuticas como ventilagdo mecénica
menos agressiva, uso de corticoide antenatal, administracdo de surfactante,
manejo adequado do neonato com persisténcia do canal arterial, uso de
cafeina e 6xido nitrico e mudancas no atendimento na sala de parto. Esses
cuidados no manejo do prematuro ofuscaram a incidéncia da DBP classica,
dando lugar a DBP nova (O'RYELLY, 2013; CERNY, 2008; BARALDI, 2007).
Porém, a DBP classica ainda pode ser encontrada em pacientes que
necessitam de ventilagdo com altos niveis de oxigénio e pressdo (MONTE,
2005). A DPB nova € caracterizada pela diminuicdo da incidéncia da
fibroproliferacdo, menor grau de lesdo de vias aéreas, inflamacdo pulmonar
mais difusa, reducdo do crescimento alveolar distal com menor ndmero de
alvéolos (hipoalveologénese) e inibicio do desenvolvimento da
microvasculatura pulmonar (MONTE, 2005; CERNY, 2008; BHANDARY, 2006).
Portanto, as duas formas da DBP apresentam sinais de inflamacao, sendo que
na DBP classica essa caracteristica € mais pronunciada.

O papel do oxigénio na fisiopatologia das doencas pulmonares é
amplamente estudado. O oxigénio é responsavel pelas reacbes de oxidacao,
porém nem sempre a reacdo de oxidacédo fosforilativa resulta na formacao de
agua e sim forma produtos intermediarios como o anion superoxido, o peréxido
de hidrogénio e o radical hidroxila. Esses produtos sdo agentes oxidantes
fortes, e altamente reativos, necessitando da existéncia de enzimas que 0sS
neutralize. Elas nem sempre estdo presentes (devido a prematuridade) e se
estdo, as vezes ndo sao suficientes para conter as reacdes oxidativas, as quais

destroem varios componentes celulares como as proteinas, membranas



lipidicas e acidos nucléicos. Resultando na ruptura das membranas celulares,
liberacdo de enzimas degradadoras e necrose. A acdo das substancias
oxidativas sobre o pulmdo é o aumento da producdo de mediadores
inflamatorios, os quais danificam o pulmé&o por possuir atividade vasoativa e
broncoativa, aumentam a permeabilidade vascular pulmonar e atraem
leucdcitos e outras células inflamatérias para o pulméo (TANNURI, 2004).

Em relacdo a ventilacdo mecénica e as doencas pulmonares,
especificamente na DBP, a ventilagdo causa lesdo celular devido aos
mecanismos de barotrauma, biotrauma, atelectrauma e volutrauma. Logo apos
0 nascimento, quando ocorre a administracdo da ventilagdo mecanica, h4 um
influxo de neutrdéfilos e macréfagos no intersticio pulmonar via capilar alveolar.
Estas células inflamatérias produzem as citocinas em resposta ao dano
tecidual. No entanto, h4 uma subsequente exacerbacdo da lesdo celular, na
unidade alvéolo-capilar, induzindo a apoptose de células endoteliais e
alveolares que participam deste processo inflamatério, e na prossecucao,
ocorre uma tentativa imperfeita de regeneragdo (RYAN, 2008; SPEER, 2006;
KALLAPUR, 2006; CORDERO, 2001; SPEER, 2003).

Quando essa exposicdo aos mediadores inflamatorios, tanto decorrentes
do uso do oxigénio quanto da ventilagdo mecanica, ocorre no periodo critico da
alveologénese, o pulmdo n&o recupera totalmente seu potencial de
crescimento, gerando hipoalveologénese e hipoplasia da vasculatura pulmonar
(MASSARO, 2004).

A analise histopatologica de pulmdes de prematuros com diagndstico de
DBP mostra entdo, alteragcdes do desenvolvimento do parénquima, das vias

aéreas de conducao e da vasculatura pulmonar. E a avaliacdo pulmonar destes



mesmos individuos adultos revela que o déficit de alveolarizacdo persiste,
proporcionando uma diminuicdo da fung¢do pulmonar devido a redugédo das
superficies de trocas gasosas. Essa diminuicdo da capacidade funcional
pulmonar acarreta em uma maior suscetibilidade a doencas respiratorias
infecciosas e a hipertensdo pulmonar, tanto na infancia como na vida adulta
(O'REILLY, 2013).

Na atualidade, a DBP é conhecida como a mais importante causa de
morbidade e mortalidade no periodo neonatal e uma das principais razées de
doenca respiratéria cronica na infancia. Além da suscetibilidade as doencas
pulmonares, alteracdo do crescimento pondero-estatural e do desenvolvimento
neuropsicomotor, as criangas com DBP tendem a ser submetidas a varias
internacgdes ao longo da vida, justificando assim a relevancia clinica e de saude
publica desta doenca (JOBE, 2001; MONTE, 2005; KINSELLA, 2006).

A DBP tem etiologia multifatorial, além da exposicdo a ventilacdo
mecanica e ao oxigénio, que isoladamente jA sdo capazes de impedir a
septacdo pulmonar (COALSON, 1995), tem-se também a predisposicao
genética, restricdo de crescimento intrauterino, déficit de surfactante pulmonar,
presenca de infeccdo pré ou poés-natal e a persisténcia do canal arterial
patente. A maioria deles desencadeia uma resposta inflamatoria, leséao,
alteracao e inibicdo da maturacédo e desenvolvimento das superficies de trocas
alveolares, levando as manifestagcdes clinicas da DBP (THOMPSON, 2008;
RYAN, 2008; BHANDARI, 2007; JOBE, 1998; SPEER, 2004; LISTA, 2006;
AHLFELD, 2012; COUROCLI, 2000; BEM-ARI, 2000; JENSEN, 2014).

O processo inflamatoério persistente pode ser o fator que mais contribui

para o desenvolvimento de doencas crbnicas pulmonares (SU, 2005).



Evidéncias acumuladas sugerem que a inflamacdo tem um grande papel na
patogénese da DBP (DEAKINS, 2009; RYAN, 2008; PIERCE, 1995;
BANCALARI, 2001; ROCHA, 2012). A resposta inflamatéria num pulméo ainda
em formagéo causa alteracdo do crescimento vascular, alveolar e bronquico
(LAUGHON, 2009; KUNZMANN, 2013; CHOI, 2008). A incapacidade dos
prematuros de regular a inflamacdo € um fator que contribui para o
desenvolvimento da DBP (SCHULTZ, 2004). Sendo assim, a DBP é o produto
final da resposta inflamatéria e da tentativa de reparacdo do tecido pulmonar
frente a injuria, tendo como resposta a hipoalveolizacdo e alteracdo da
vascularizacéo pulmonar (BHANDARI, 2006).

Os neonatos com DBP tém uma maior concentracdo de interleucinas
(ILs) no aspirado traqueal, sangue do corddo umbilical, liquido amni6tico e
plasma. E as ILs em maiores quantidades sao a interleucina 6 e 8 (IL-6 e IL-8)
(THOMPSON, 2008; AN, 2004). Estudos feitos com aspirado traqueal coletado
nos primeiros dias de vida encontraram altas concentragdes de marcadores
inflamatérios nos recém-natos que desenvolveram a DBP, sendo eles: o
neutrdfilo, o macrofago, o leucotrieno, o fator ativador de plaqueta, as IL-6, IL-8
e o fator de necrose tumoral (TNF) (GRONECK, 1994; MIRRO, 1990; CHESS,
2006; JONSSON, 2000; JONSSON, 1997).

Pesquisas demonstram que a DBP resulta da presenca de citocinas proé-
inflamatorias e macrofagos, alterando o mecanismo do desenvolvimento
alveolar (RYAN, 2008; RAMANATHAN, 2001). Acredita-se que ha um
desequilibrio entre fatores “pr6” e “anti-inflamatérios”, esse processo é
caracterizado por células inflamatorias, citocinas e um arsenal de mediadores

humorais nas vias aéreas e no tecido pulmonar do prematuro. Em um estudo



feito com camundongos observou-se uma expressao aumentada de citocinas,
TNF-B, TNF-a, IL-6 e IL-11 no espaco aéreo pulmonar interferindo na formacgéo
do alvéolo, sugerindo que a presenca de fatores pro-inflamatérios no pulméao
do prematuro, contribui para alteracdo no processo de septacdo pulmonar.
(JOBE,1999) Outro estudo com aspirado traqueal indicou que as interleucinas
IL-1B, IL-6, IL-8 e IL-16 (interleucinas pro-inflamatorias) estdo elevadas
precocemente nos prematuros que irdo desenvolver DPB e nos que possuem a
doenca (THOMPSON, 2008).

Em 2009, o Instituto Nacional de Saude da Crianca e Desenvolvimento
Humano realizou um trabalho analisando a associagcéo de citocinas com DBP
e/ou morte em prematuros extremos. Encontraram que as citocinas (IL-1p, IL-6,
IL-8, IL-10, TFN-a) em altas concentracdes plasmaticas estavam associadas a
DBP e morte. Ja as citocinas (IL-17, RANTES/CCL5 e TNF-B) em altas
concentragbes estavam presentes nos neonatos que sobreviveram sem a
doenca. E possivel que essas citocinas possam servir como marcadores de
lesdo pulmonar grave ou de estarem envolvidas na patogénese da DBP. Altos
niveis séricos de IL-6 encontrados entre o 14° e 21° dia de vida associaram-se
a um maior numero de DBP acompanhada de ébito, sendo que essa citocina €
a Unica com esta caracteristica neste periodo. Todavia as diversidades e
interferéncias nas concentracdes das citocinas ao longo do periodo neonatal
mostram que uma afericdo Unica, num ponto do tempo, ndo consegue definir
prognéstico para DBP (AMBALAVANAN, 2009; BOHRER, 2010).

A IL-6 é uma citocina com importante papel na resposta inflamatoria
aguda, infeccdo, hematopoiese, regulacdo da absorcdo Ossea, células de

crescimento, diferenciacédo, sobrevivéncia, apoptose e proliferacdo (HEINRICH,



2003; XING, 1998; DAME, 2000). A IL-6 é produzida por mondcitos,
fibroblastos e células endoteliais e esta presente em doencas agudas
pulmonares (KISHIMOTO, 2006).

DAME e JUUL (2000) provaram que o receptor da IL-6 estd amplamente
distribuido no tecido fetal, incluindo as células do epitélio brénquico. Altos
niveis de RNA mensageiro da IL-6 foram encontrados no pulméao fetal na fase
pseudoglandular, diminuindo nos subsequentes estagios (SILVA, 2006).

VON BISMARCK (2008) concluiu que a IL-6 tem um papel importante na
inflamacdo pulmonar de recém-natos prematuros. Analisou o nivel de
concentracdo de IL-6 no aspirado tragueal dos prematuros submetidos a
ventilagdo mecéanica, e ela estava aumentada na primeira semana de vida.
GOMEZ (1998) observou niveis aumentados de IL-6 no sangue de cordao,
identificando uma resposta inflamatoria sistémica fetal, esses individuos
possuiam maior risco de desenvolver morbidades como a sindrome do distress
respiratorio, sepse, pneumonia, hemorragia intraventricular, enterocolite
necrotizante e DBP. HSIAO (2017) reafirmou esta analise observando niveis
aumentados e persistentes de IL-6 no aspirado traqueal de prematuros
extremos, submetidos a ventilacdo mecéanica, até no 28° dia de vida. Sendo
assim, altos niveis de IL-6 no aspirado traqueal sdo considerados como fator
de risco independente para o desenvolvimento da DBP.

Porém existem linhas de conflto no estudo da IL-6, um estudo
demonstrou efeito de protecéo celular da IL-6 frente a exposicdo ao oxigénio
em tecido pulmonar adulto de camundongos, esse resultado pode ter sido
encontrado por se tratar de um pulmao maduro. (WARD, 2000) Outro estudo ja

em fetos com corioamnionite, exp6s que a elevacdo da IL-6 promove a



maturagdo pulmonar por meio da promoc¢ao da sintese da proteina surfactante
A. A IL-6 fetal € uma citocina reguladora das proteinas do surfactante
pulmonar, sendo muito importante na maturagcdo pulmonar. Também regula a
angiogénese e morfogénese do pulmdo, diminuindo a incidéncia da sindrome
do distress respiratério do prematuro (SHIMOYA, 2000; McCLINTOCK, 2005;
PARERA, 2005).

Portanto todas estas observacbes a respeito da IL-6 reafirmam a
etiologia multifatorial da DBP e necessitam de mais estudos sobre a agéo dela
em tecidos imaturos expostos ao oxigénio.

A IL-8 é produzida por leucdécitos, macréfagos alveolares, fibroblastos,
células endoteliais, células epiteliais quando o0 organismo € exposto a
patdgenos e agentes estressores como o oxigénio (MUKAIDA, 2003). E um
potente agente quimiotaxico capaz de recrutar neutréfilos, e a presenca de
neutroéfilos no aspirado traqueal estd associada a doencas cronicas pulmonares
(SU, 2005). O aumento da expressao da IL-8 no aspirado broncoalveolar pode
estar associado a um desenvolvimento e maturagdo pulmonar anormal nos
neonatos com DBP (LIU, 2010; CHAKRABORTY, 2014) e um maior tempo de
permanéncia em ventilagdo mecanica (DE DOOY, 2007). ROCHA (2012)
concluiu que a IL-8 elevada no sangue de corddo estava associada com morte
e DBP moderada e severa. Em adultos, observou-se um aumento da IL-8 nos
pacientes que eram ventilados com volume corrente alto, ou seja, aqueles
sujeitos ao volutrauma (PARSON, 2005).

A IL-10 é uma citocina anti-inflamatéria potente (SPEER, 2003;
HAWWA, 2011). E produzida por macrofagos e linfocitos T-helper tipo Il que

fazem a regulagdo da producdo de mediadores inflamatorios, através da
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estimulacdo de células epiteliais do sistema imune (BAIER, 2006). Sao
responsaveis pela producdo, diferenciacdo e proliferacdo de células B e
macrofagos (SPEER, 2003).

Niveis reduzidos de IL-10 na placenta e no aspirado traqueal séo
encontrados em neonatos que desenvolveram DBP (MCGOWAN, 2009;
GARINGO, 2007). HAWWA em 2011 demonstrou que o estiramento mecanico
das estruturas pulmonares causado pela ventilagio mecénica provocou a
liberagdo de IL-183, IL-6, MCP-1, RANTES/CCL5 e TNF-a e a administracao de
IL-10 antes do estiramento bloqueou a liberagdo dos mesmos. Concluindo que
a IL-10 protegeu o pulmdo de prematuros submetidos a ventilagdo mecanica.
Ainda em 2011, LEE evidenciou o aumento da necrose celular e da producao
de IL-8 frente a hiperdxia, e a diminuicdo da producdo da IL-10 e da
proliferacéo celular diante desde insulto. A incubacéo celular prévia com IL-10
recombinante foi um fator de protecdo contra a injaria causada pelo oxigénio. A
IL-10 melhora a oxigenagao do tecido pulmonar e inibe o estress oxidativo,
diminuindo a leséo induzida pela ventilagdo mecéanica e a inflamagéo (CHEN,
2018; MOSSER, 2008). DAVIDSON (2013) também estudou o uso da IL-10
como inibidora da cascata inflamatoria na DBP, essa interleucina mostrou-se
mais potente para bloquear a IL-8, do que os glicocorticéides utilizados na
terapéutica atual da doenca.

Alguns prematuros ndo sao habeis para ativar citocinas anti-
inflamatorias, como a IL-10, assim sendo estdo mais predispostos a uma
resposta inflamatoria mais acentuada (DE DOOY, 2001).

Ja estudos com prematuros extremos mostraram que a expressao da IL-

10 no aspirado pulmonar € aumentada logo apos o nascimento e relaciona-se a
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incidéncia de DBP e sua expressdo aumentada juntamente com a presenca de
corioamnionite também eleva a incidéncia da doenca (HIKINO, 2012). A
dosagem sérica alta da IL-10 foi relacionada & DBP associada a morte
(AMBALAVANAN, 2009). Pesquisa feita com a dosagem sérica de IL-10 e IL-8
no corddo umbilical no primeiro dia de vida mostrou niveis elevados destas
interleucinas, sendo associado a um maior risco de desenvolvimento de DBP
(PAANANEN 2009). Estudo genético feito com IL-6 e IL-10 mostrou ndo haver

relacdo destas interleucinas com a DBP (HUUSKO, 2014).

A IL-17 é uma citocina pro-inflamatoria, pertencente a familia de seis ILs
(IL17A-F), ela auxilia na defesa do sistema imune contra patdogenos
extracelulares e é produzida pelo linfocito T (Thl7) (RAJITA, 2011,
LAWRENCE, 2018) e por ceélulas imunes inatas. Essas células estédo
estrategicamente localizadas em tecidos de barreira que protegem o corpo
humano do ambiente externo e fornecem protecdes vitais ao hospedeiro contra
microorganismos (principalmente bactérias e fungos) (CARON, 2014; HUANG,
2004). Em 4 a 8 horas apds a exposicdo aos microoganismos, as células
imunes inatas sao habeis a aumentar a producdo de IL-17A, atraindo
neutroéfilos para locais inflamados a fim de acelerar a morte e eliminacédo de
microrganismos agressores (CUA, 2010). A IL-17 tem sido implicada no
desenvolvimento ou patogénese de varias doencgas autoimunes e inflamatorias

(SAKAGUCHI, 2016).

Os neonatos tem uma producdo basal de IL-17A reduzida em
comparacao aos adultos, o que pode diminuir a resposta imune neonatal e
contribuir para sua maior suscetibilidade a infeccdo (SCHELONKA, 2010;

SOOD, 2012; LAWRENCE, 2018) pelo Streptococcus do grupo B, Escherichia
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coli (CARON, 2014), Klebsiella pneumoniae (HAPPEL, 2003) e Candida
albicans (HUANG, 2004). Os niveis de IL-17A sdo semelhantes entre recém-
nascidos pré-termo e a termo, sua producdo ndo depende da maturacdo
imunoldégica ou do avanco da idade gestacional (SCHELONKA, 2010). A
producdo de IL17A no timo embrionario inicia-se por volta da 24°-28° semanas

de gestacdo. (LAWRENCE, 2018).

Processos inflamatérios maternos, como a corioamnionite podem
modificar a imunidade pés-natal e aumentar a resposta inflamatoria sistémica
nos prematuros. (GLEDITSH, 2014). Os linfécitos Th17 produtores de IL-17A
estdo aumentados no sangue do corddo em prematuros cujas maes tinham
corioamnionite (RITO 2017). A IL-17 é importante para a vigilancia imunoldgica
e protecdo do neonato, ha evidéncias de que a IL-17 desempenha um papel
proeminente na patologia neonatal. (LAWRENCE, 2018). MIKACENIC, em
2016, demonstrou que a IL-17 sérica e alveolar estava elevada em individuos
com sindrome do distress respiratorio agudo (SDRA), mas o papel da resposta
imune Th-17 na lesédo pulmonar aguda (LPA) / SDRA ainda nao foi definido. O
anticorpo anti-IL17 tem demostrado alguma eficacia na protecdo de pulmdes
diante de processos inflamatérios agudos. (RIGHETTI, 2018; LI, 2017). Ja um
estudo sobre sepse e IL-17 ndo relacionou a presenca da mesma com O
processo inflamatério (SOOD, 2012). E outro feito por AMBALAVANAN em
2009, constatou que a baixa dosagem sérica de IL-17 estava associada a
DBP/morte, sugerindo que a reducédo sérica de IL-17 possa estar associada a

possibilidade de inibicdo da angiogénese e do desenvolvimento alveolar.

Ainda nédo se sabe o real papel desta IL na DBP. Sabe-se que IL-17A

contribui para a manutencdo de uma borda epitelial respiratéria saudavel,
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promovendo a producdo de moléculas de adeséo e juncéo celular por meio da
inducdo da ICAM-1 pelas células epiteliais das vias aéreas (KAWAGUCHI,
2001; KINUGASA, 2000; TSAI, 2013). Portanto, a regulacao rigorosa da IL-17A
parece vital para a manutencdo adequada da borda do epitélio respiratorio,
enquanto a producao alterada pode prejudicar o desenvolvimento do tecido
pulmonar, resultando em patologias pulmonares prejudiciais nos neonatos

(LAWRENCE, 2018).

A regulacdo da IL17 é fundamental para a homeostase do individuo. O
seu aumento é realmente deletério (processos inflamatérios permanentes) ou
sua auséncia poderia ser fatal (dificuldade em combater microoganismos
extracelulares). A prematuridade ainda é um desafio para a ciéncia, o papel
das IL nas doencas neonatais necessita de mais pesquisas, em busca de
biomarcadores e instrumentos terapéuticos. Existe um interesse crescente no
estudo de diferentes marcadores biolégicos para verificar a suscetibilidade e,
ou gravidade da DBP (BHANDARI, 2013). Sugere-se que 0s eventos iniciais da
DBP ocorram precocemente, logo ap6s o hascimento, e o seu diagndstico esta
limitado a aguardar o 28° dia de vida ou constatar as morbidades e até
mortalidade, para entdo identificar a presenca da patologia (DEAKINS, 2009;

SPEER, 2003).

O local de coleta da interleucina constitui um importante fator a ser
analisado. O perfil das citocinas no sangue do cordédo, liquido amniético e
aspirado traqueal pode néao refletir o que realmente se passa nos pulmoes,
portanto a questao de estudar concentracdes de biomarcadores pulmonares, e
nao apenas 0S séricos, seria 0 ideal, pois 0os pulmonares representariam

melhor a realidade da doenca (SPEER, 2003).

14



O estudo da resposta inflamatéria no material de necropsia tem a
vantagem de ser um material controlado e com analise imparcial dos dados,
porém a desvantagem consiste no preparo do material, que é fixado em formol
e emblocado em parafina, tornando mais dificil a pesquisa de moléculas
secretadas, pequenas e frageis como as interleucinas (MCFARLANE, 1987;
FORGHANI, 1987, SIMON, 2004).

A existéncia de um marcador poderia identificar e alertar a equipe
médica, auxiliando nos cuidados para que esses recém-natos nao
desenvolvam, ou minimizem as manifestacbes desta doenca. A identificacdo
das citocinas que contribuem para a DBP, ou para a associacdo DBP e morte,
poderiam levar a pesquisas dirigidas contra essas citocinas e seus receptores
(RYAN, 2008; SMOLEN, 2006; YAMAGATA, 2006).

A atuacdo das interleucinas na patogénese da DBP ndo esta
esclarecida, e pesquisas com tecido pulmonar humano sdo escassas. Com o
aumento da sobrevivéncia de prematuros extremos, o numero de adolescentes
e adultos com sequelas da DBP aumentou (HULSMANN, 1997). Devido ao
impacto em longo prazo, tanto na vida do individuo como da sociedade,
pesquisas para elucidar melhor a fisiopatogenia, fatores genéticos e
biomarcadores da DBP s&o importantes para que possam ser desenvolvidas
medidas profilaticas e terapéuticas (TAPIA, 2006).

Este estudo se baseia no fato do desconhecimento do papel das IL-6, IL-
8, IL-10 e IL-17 na DBP, da auséncia de biomarcadores para esta patologia e

na escassez de trabalhos com tecido pulmonar humano.
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2. OBJETIVO

2.1 OBJETIVO GERAL

Avaliar o envolvimento das IL-6, IL-8, IL-10 e IL-17 na DBP, através do
estudo anatomopatolégico de pulmdes de neomortos prematuros com DPB

classica e nova.

2.2 OBJETIVO ESPECIFICO

Correlacionar o padréo de expressao tecidual das IL-6, IL-8, IL-10 e IL-
17 de cada grupo com os:

- dados clinicos pré-natais (amniorexe prematura, corioamnionite,
diabetes gestacional, doenca hipertensiva especifica da gestacao);

- dados clinicos pés-natais (tempo de vida, tempo de uso de oxigénio,
Apgar de primeiro e quinto minuto, idade gestacional, Parkin, peso de
nascimento, enterocolite necrotizante, pneumonia, persisténcia do canal
arterial, sepse, asfixia perinatal, uso de antibiético, hemorragia pulmonar,

hipertenséao pulmonar).
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3. NOTA EXPLICATIVA

Esta tese faz parte da linha de pesquisa: ASPECTOS CELULARES E
MOLECULARES DA DOENCA HUMANA. A doenca estudada foi a Displasia
Broncopulmonar (DBP). E as interleucinas 6, 8, 10 e 17 foram o alvo da
investigacdo para tentar ajudar na elucidacao da fisiopatogenia desta doenca,
bem como, no futuro, contribuir com possiveis novos métodos diagndsticos

e/ou terapéuticos. Trés artigos foram desenvolvidos, sendo intitulados:

1- IMMUNOHISTOCHEMICAL ANALYSIS OF APOPTOSIS
AND CELL PROLIFERATION IN LUNGS OF PREMATURE
INFANTS WITH CHRONIC LUNG DISEASE

(BRONCHOPULMONARY DYSPLASIA)

2- QUANTITATIVE ANALYSIS OF INFLAMMATORY AND
ADHESION MOLECULES IN LUNGS OF NEONATES WITH
CHRONIC LUNG DISEASE (BRONCHOPULMONARY DYSPLASIA)

RECEIVING MECHANICAL VENTILATION

3- ANALYSIS OF INTERLEUKINS 6, 8, 10 AND 17 IN THE
LUNGS OF PREMATURE NEONATES WITH

BRONCHOPULMONARY DYSPLASIA
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O primeiro artigo fez parte da dissertagdo do meu mestrado, publicado
no Jornal Brasileiro de Patologia e Medicina Laboratorial. v. 52, n. 6, p. 407-
415, 2016.

O segundo artigo foi realizado com outros membros do nosso grupo,
sendo produto de dissertagcdo de mestrado e tese de doutorado dos mesmos.
O artigo foi publicado no Jornal Brasileiro de Patologia e Medicina
Laboratorial. v. 52, n 4, 2016.

O terceiro artigo “Analise das interleucinas 6, 8, 10 e 17 em pulmdes de
neonatos prematuros com displasia broncopulmonar®’, € o resultado da
pesquisa sobre broncodisplasia e interleucinas, exposto nesta tese. O artigo ja
foi submetido a uma revista internacional de pneumologia pediétrica,

atualmente em analise, ja na primeira corregao.
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4. ARTIGOS

4.1ARTIGO 1
IMMUNOHISTOCHEMICAL ANALYSIS OF APOPTOSIS AND

CELL PROLIFERATION IN LUNGS OF PREMATURE INFANTS WITH

CHRONIC LUNG DISEASE (BRONCHOPULMONARY DYSPLASIA).
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ORIGINAL ARTICLE

Immunohistochemical analysis of apoptosis and
cell proliferation in lungs of premature infants with
chronic lung disease (bronchopulmonary dysplasia)

Andlise imuno-histoquimica da apoptose e proliferacdo celular em pulmaoes de prematuros
com doenca pulmonar cronica (displasia broncopulmonar)

J Bras Patol Med Lab, v. 52, n. 6, p. 407-415, December 2016

Sandra Mara Witkowski; Liicia de Noronha; Cristina T. Okamoto; Carlos E Oldenburg Neto; Tammy Almeida; Seigo Nagashima; Joao A. Bahr

Pontificia Universidade Catolica do Parand (PUCPR), Parand, Brazil.

ABSTRACT

Introduction: The pathophisiology of chronic lung disease (CLD), clinically known as bronchopulmonary dysplasia is not clear. It is believed
that protective mechanisms, such as the release of inflammatory mediators and the activation of apoptotic and/or proliferative processes
are activated in the lung tissue of premature infants in an attempt to repair tissue injury caused by exposure to oxygen and mechanical
ventilation. Objective: Assess the presence of apoptosis and cell proliferation in the lungs of premature infants with CLD, exposed to oxygen
and/or mechanical ventilation, by analyzing the proteins expression: proliferating cell nuclear antigen (PCNA), phosphatase and tensin
homolog (PTEN), B-cell lymphoma 2 (Bcl-2), tumor necrosis factor receptor family member (Fas), fas-associated protein with death
domain (FADD), tumor necrosis factor receptor type 1-associated death domain protein (TRADD), Caspase 3 and Caspase 8. Material and
methods: We analyzed 32 infants autopsies at gestational age of less than 34 weeks exposed to oxygen therapy. The study was divided into
three groups: “classic” CLD, “new” CLD and “without” CLD. Immunohistochemical analysis was performed. Results and discussion: A
higher proliferation rate was observed in infants with CLD suggesting that longer exposure to mechanical ventilation may stimulates cell
proliferation. The PTEN and Caspase 8 expressions were higher in the “new” CLD group, compared to the “without” CLD group, indicating
that the “new” CLD form is more susceptible to apoptosis. Conclusion: Apoptosis and cell proliferation are involved in the pathophisiology
of CLD. The “new” CLD form is more susceptible to apoptosis, while cell proliferation is more evident in the groups with CLD.

Key words: apoptosis; pharmacological biomarkers; cell proliferation; bronchopulmonary dysplasia; neonatology.

INTRODUCTION

In an attempt to repair tissue injury in the lungs of premature

infants exposed to oxygen and mechanical ventilation, protective

The nathoohwsiology of bronchonul irsnlasia (BD mechanisms, such as the release of inflammatory mediators
¢ pathophysiology of bronchopulmonary dysplasia. (BPD) and the activation of apoptotic and/or proliferative processes,

can be the key for prevention of this disease, research with cell are triggered®. These mechanisms seem to be part of the

cycle proteins appear to be very promising for elucidating this pathophysiology of BPD.

pathology.
BPD is a chronic lung disease (CLD) affecting mainly low-

Apoptosis and cell proliferation are controlled physiological weight newborns (particularly those weighing less than 1500 g)

tissue repair processes regulated by mediators and proteins.
Enhancement and inhibition of apoptosis and cell proliferation
play an important role in regulatory mechanisms involved in

tissue remodeling .

that frequently receive mechanical ventilation and/or oxygen
therapy. Neonates are clinically defined as having BPD/CLD if they
still need oxygen supplementation at 28 days of life (or respiratory
support at 36 weeks corrected age)®. However, the pathological
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Immunohistochemical analysis of apoptosis and cell proliferation in lungs of premature infants with chronic lung disease (bronchopulmonary dysplasia)

alterations of BPD/CLD can be observed at an earlier age, before
28 days of life, and they are based on the presence of the classic
characteristics of exacerbated inflammatory process, over-
distended acini, atelectasis, fibrosis, squamous metaplasia and
airway and vascular smooth-muscle hypertrophy in the “classic”
form. With the use of antenatal steroids, exogenous surfactant and
less aggressive mechanical ventilation in recent decades, another
form of BPD, known as “new” BPD, have emerged to replace the
“classic” form. The fundamental histological characteristic of
“new” BPD/CLD is reduced alveolarization. The mechanisms
involved in this abnormal alveolar development are not yet well
understood®®.

As cell proliferation and apoptosis can adversely affect lung-
tissue homeostasis, the efforts to elucidate the pathophysiology of
“new” BPD/CLD have involved research on the cell-cycle proteins,
since this type of BPD/CLD appears to be the result of interrupted
distal lung growth® 1,

Studies in animal models and cell cultures show that apoptosis
increases in the lungs of premature infants exposed to oxygen
and mechanical ventilation!’">. Although few studies have been
carried out on humans,

The aim of this study is to investigate the expression of the
proteins involved in the cell-cycle [proliferating cell nuclear
antigen (PCNA), phosphatase and tensin homolog (PTEN),
B cell lymphoma 2 (Bcl-2), death receptor (Fas), Fas-associated
protein with death domain (FADD), tumor necrosis factor
receptor type l-associated death domain protein (TRADD),
cysteine-aspartic acid protease 3 (Caspase 3) and cysteine-
aspartic acid protease 8 (Caspase 8)] in lung autopsy samples
from premature infants that required assisted ventilation, with
pathological evidence of “classic” or “new” CLD, and compare
them to the expression of the same proteins in newborns without
pathological evidence of CLD.

MATERIAL AND METHODS

All 466 autopsy reports on infants who died in the neonatal
period were reviewed by the Anatomic Pathology Service, Hospital
de Clinicas (HC), Universidade Federal do Parana (UFPR),
between 1991 and 2007 (post exogenous surfactant era). The
ethics review board of this hospital reviewed and approved
the study (Register number 1099.138/2005-08; approved on
30 August 2005). Only premature infants with a gestational
age between 25-34 weeks who were submitted oxygen therapy
were included in the study. Premature infants with congenital
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abnormalities, chronic intrauterine diseases or meconium
aspiration syndrome, as well as those whose medical records or
samples were inadequate, were excluded. Thirty-two cases were
included in this study.

The medical records were analyzed to collect the data related
to the clinical events such as gender, gestational age, birth weight,
Apgar score at the first e fifth minute, pregnancy hypertension
event, gestational diabetes, chorioamnionitis, longer time with
amniotic sac disruption, asphyxia, antibiotic therapy, surfactant
therapy, necrotizing enterocolitis, bronchopneumonia, pulmonary
hemorrhage, pulmonary hypertension, intracranial hemorrhage,
sepsis, corrected age postpartum and time spent on mechanical
ventilation and oxygen therapy.

Morphometric analysis

The formalin-fixed paraffin-embedded lung tissue samples
were reexamined and classified into one of the three groups
according to the histopathological and morphometric changes
(without considering the clinical data): A) the histopathological
findings of “classic” CLD (72 = 11); B) the histopathological and
morphometric findings of “new” CLD (1 = 5); and C) “without”
histopathological and morphometric criteria for CLD (72 = 16).
As the alterations in alveolar formation could be very subtle, the
samples in groups B and C were analyzed only to confirm
the existence of the morphometric criteria of “new” CLD in the
group B data are shown in Table 1.

Olympus BX 50 microscope (Olympus Optical Co. LTDA,
Japan) linked to a Dino eye camera and a computer were used
to obtain 10 medium power field photomicrographs (200x) per
case (the total area of medium power field is 475.439 square
micrometers). These photomicrographs (200x) were subjected
to the morphometric analysis, using Image Pro Plus software.
All alveoli in each medium power field were counted and their
perimeters were measured (micrometers). Mean values (number
of alveoli and perimeter) for each patient were used for statistical
analysis.

Immunohistochemistry staining

Tissue microarrays were collected from lung samples from all
the cases and analyzed immunohistochemically (four samples
for each case with 3 mm diameter each), since this is the most
suitable technique to analyze protein expression in this type of
material 2V,

The proteins used in this study were: PCNA is associated
with cell proliferation, Bcl-2 is associated with resistance to
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TABLE 1 — Pathological data for the groups

Classic CLD New CLD Without CLD  p-value
(n=11) (n=5) (n=16)
Hyaline membrane,  Slight septal Slight septal
Pathological  interstitial fibrosis edema, edema,
characteristics  and over-distended low-grade low-grade
acini inflammation  inflammation
Morphometry
(number of - 40.94/15.13 55.8/15.1 0.050°
alveoli)”
Morphometry
(alveolar - 481.52/182.42 560.4/168.8 0.548"
perimeter)”

CLD: chronic lung disease; ": mean pum?/standard deviation; *: nonparamelric Mann-
Whitney test, p < 0.05.

apoptosis, PTEN is associated with susceptibility to apoptosis, Fas,
FADD, TRADD, Caspase 3 and Caspase 8 are proteins involved in
apoptosis 2.

Samples were deparaffinized with warm xylol (37°C),
dehydrated in a graded alcohol series and rehydrated
with water. Methyl alcohol and H,0, were used for the first
endogenous peroxidase blocking, and distilled water and H,0,
for the second. The samples were then incubated overnight with
the following primary antibodies: anti-PCNA, anti-PTEN, anti-
Bcl-2, anti-Fas, anti-FADD, anti-TRADD, anti-Caspase 3 and
anti-Caspase 8. Anti-PCNA is a rat monoclonal antibody, clones
PG10, DAKO™  DakoCytomation, Hostrup, Denmark. Anti-
PTEN is a rat monoclonal antibody, 2816, NOVOCASTRA™
Newcastle, United Kingdom. Anti-Bcl-2 is a rat monoclonal
antibody, clones 124, DAKO™, DakoCytomation, Hostrup,
Denmark. Anti-Fas is a rat monoclonal antibody, clones
GM30, 1:160, NOVOCASTRA™ | Newcastle, United Kingdom.
Anti-FADD is a rabbit polyclonal antibody, ab55399, 1:30,
ABCAM™  Cambridge, United States of America. Anti-TRADD
is a rat monoclonal antibody, clones 18A11, 1:50, DAKO™
DakoCytomation, Hostrup, Denmark. Anti-Capase 3 is a rabbit
polyclonal antibody, clone 3CSP03, 1:200, BIOSYSTEMS™
Pleasanton, Canada. Anti-Caspase 8 is a rabbit polyclonal
antibody, 1:100, ABR™ Colorado, United States of America.
The secondary antibody was incorporated to a dextran polymer
for samples incubation for 30 minutes. DAKO ADVANCED ™
HRP SYSTEM, DakoCytomation, Inc from CA, USA was used to
reveal immunoreactivity, and the slides were counterstained
with Mayers’ hematoxylin.

Septal cells (fibroblasts, endothelial cells and mononuclear
cells) and alveolar cells (pneumocytes) were considered positive
when exhibiting the brown nuclear staining (PTEN and PCNA)
or perinuclear (Bcl-2), or citoplasmatic staining for Caspase 3,
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Caspase 8, TRADD and FADD or membrane staining for Fas as
expected for each antibody. An Olympus BX50 microscope
(Olympus Optical Co, Ltd., Japan) with a 40x objective, was used
to examine the slides.

The staining was interpreted as follows: for PCNA, ten high-
power fields for each four samples of each case were examined at
a magnification of 400x. The total number of positive cells in the
high-power fields for the septa and alveoli were counted, and
the mean number of positive cells for all four samples was
calculated (the diameter of high-power field is 106 micrometers).

For PTEN and Bcl-2, a score was assigned according to the
degree of positive staining as well as a pattern of staining, For each
of the four samples of each case a degree of positive staining was
assigned as follows: 0 for negative samples, 1 for weakly positive
staining, and 2 for strongly positive staining. The total score for
each case were added to provid the total sum scores for the four
samples. The pattern of staining was scored as follows: 1 for focal,
2 for multifocal and 3 for diffuse. The scores for each case were
determined by adding the scores for each of the four samples®.

For Fas, FADD, TRADD, Caspase 3 and Caspase 8 the
immunostained slides were observed using an optical microscope
Olympus® BX50 (Tokyo, Japan), coupled to a Dino eye video
camera enhanced by image analysis software Image Pro Plus™
(Maryland, USA). For each sample, 12 photomicrographs
were taken in high-power field [(HPF) = 400x], with a total
area of 115226.1 pm® and with 1024 x 768 pixels each.
The  positive  control ~ HPF  photomicrography — was
chosen as the “mask”, which contained adequate
levels of positive tissue  immunoexpression  signal.
The mask was then superimposed to the samples
photomicrographs. Based on the ideal positive tissue
immunoexpression signal obtained from the mask, the image
analysis software Image Pro Plus™ identified the positive
areas in the samples and is able to transform these results into
positive tissue immunoexpression area per square micron (jm?).
The area in pm?* obtained with this method was divided by the
constant 115,226.1 pm?, which is the total area of the HPF
observed, thus generating a percentage value for the positive
tissue immunoexpression area for each HPE For each case, an
average percentage of positive area was determined in 12 HPF
images. TRADD was not submitted to morphometric analysis
because most cases were negative for this protein.

The observer did not have prior knowledge to which group the
samples belong.

The data were analyzed using SPSS 20.0 (IBM, So Paulo, SP,
Brazil). The tests analysis of variance (Anova), Mann-Whitney,
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Kruskal-Wallis, and Fisher were used for statistical analysis. TABLE 3 — The postnatal clinical factors for the groups

The group “without” CLD was used as the control group for the Classic CLD  New CLD  Without CLD

Parameters p-value
Dunnett’s test. The significance level was set at p < 0.05. For
Patent ductus arteriosus

m=11) (=5) (n=16)
the Fisher test the significance level was correct for Bonfarroni

) . ) Yes 10 2 2 00003
(p < 0.017). Analysis of covariance (Ancova) was tested using No ) 3 ¥ :
corrected age and birth weight as covariates. Antibiotic therapy
Yes 10 4 8 S 0017
No 1 1 8
RESULTS Surfactant therapy
Yes 7 0 1 00089
. No 4 5 15 ‘
Clinical data Necrotizing enterocolitis
The “classic” CLD group received oxygen therapy for the ifs Z : 11 0.002¢
longest period of time (21.36 days) than the other groups. The - 5 - >
O o i Bronchopneumonia
clinical profile of the study population is shown in Tables 2, 3 Vs 6 0 1 -
and 4. No 5 5 15 '
Pulmonary hemorrhage
. . h( 1 1
Immunohistochemical data ® ; >0017¢
No 8 4 15
There was a high PCNA tissue immunoexpression, in septal Pulmonary hypertension
cells in the “classic” form of the disease (» = 0.057). PTEN Yes 2 1 0 > 0017
(p =0.015) and Caspase 8 (p = 0.010) tissue immunoexpression No 9 4 16
. “o oy . Intracranial hemorrhage
was greater in the “new” CLD group. FADD expression was greater v 7 ) .
es
in the group without CLD (p < 0.001). All cases were analyzed Yo ; 3 15 >0017%
immunohistochemically for the proteins, and the results are Sepsis
shown in Table 5 and Figure. Yes 1 4 3 D00t
No 0 1 13 '
Corrected gestational age (weeks)”
TABLE 2 — Clinical date for the groups 3%/33 334/3.1 28.8/2.6 0.0058
Parameters Classic CLD New CLD Without CLD Survival time (days)
Gender 234/123  124/55 1416 <00018
Female 6 4 11 Asphyxia
Male 5 1 5 Yes 6 1 9 17
Birth weight' (g) 1021/289 1340/398 959/358 No 5 4 ] > 0017
Gestational age (we.eks) h 32/33 33.4/3.1 288/26 CLD: chronic lung disease; “‘mean/ standart deviation; *: Pearson test; *: Fisher test, p >
Apgar (Score ﬁ;St I)mnute 2.6/2 6/35 3.5/0.7 0.017 (adjusted for Bonferroni); 8: Kruskal-Wallis nonparametric test (p < 0.05).
7= 29/30)" . . 5/2.
Apgar score fifth minute”
(n=29/32)" 62/26 84/19 535 TABLE 4 — Use of oxygen by the groups
Pregnancy hypertension event (2 = 31/32)" ClassicCLD ~ New CLD ~ Without CLD
Yes 3 3 2 Days of mechanical ventilation” 12.90/9.23 3.4/3.91 1.33/1.69
o 5 : = Days of CPAP' G166 4452 L9V
Gestational diabetes (72 = 32/32)" a5 o 56/7. A/3. 91/1.63
Yes 0 1 0 Days of oxygen tent” 3.8 1.8 0
No 11 4 16 Days of oxygen catheter” 0.27 0.8 0
Chorioamnionitis (2 = 32/32)' Fi0, Max (%)’ 95/12.24 8530 9875/7.07
;e; 110 2 124 PIP Max (mmHg)’ 216537 200 23.18/698
Amniotic sac disruption (2 = 27/32)" PEEP Max (mmHg)* 47 5 505
Yes 1 1 4 Days of oxygen therapy/survival time*  21.36/12.26  10.4/2.79 1.4/1.6
No 9 4 8 CLD: chronic lung disease; CPAP: continues positive airway pressure; FiO, Max: fraction of
CLD: chronic lung disease; *: mean/standart deviation; *: number of cases; *: Kruskal- inspired oxygen maximum; PIP Max: peak inspiratory pressure maximum;, PEEP Max:
Wallis nonparametric ltest (p < 0.05); *: p = 0.005. ositive end expiratory pressure maximum, " mean/ standart deviation.
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TABLE % — Immunohistochemical expression of proteins PCNA,
PTEN, Bcl-2, Fas, FADD, Caspase 3 and Caspase 8 in each group

Classic (LD~ New CLD Wié}L‘g“t
Protein (nmjsi)l) (ré}/:s ;) (=16 p-value’
m/SD

PCNAseptal (2 =26/32)"  69.1/558  61.5/38.1  242/405  0.057
PCNA alveoli (7 =26/32)"  4.59/3.03  3.25/155 321555 0246
Bel-2 degree 2.18/1.83 1.8/1.79 0.94/1.61  0.236
Bcl-2 pattern 2.18/1.83 2.18/1.83  0.88/145  0.196
PTEN degree” (12 = 29/32)" 4.67/2 7.5/1 3.63/2.39  0.015

PTEN pattern’ (2 = 29/32)"  5.78/3.15  8.75/3.95 5/3.86 0.2
Fas* 0.032/2289.2 0.039/4650.9 0.030/2483.3  0.967

FADD* 0.028/2476.3 0.024/1073.5 0.104/3425.1 < 0.001
Caspase 3" 0.012/777.3  0.012/1060.5 0.014/1235  0.993
Caspase 8" 0.031/589  0.046/951.7 0.032/766.3  0.010

“: number of positive cells; : immunopositive area (%/SD); 8: Kruskal-Wallis
nonparamelric lest (p < 0.05).

PCNA: proliferating cell nuclear antigen; PTEN: phosphatase and tensin homolog; Bcl-2:
B cell lymphoma 2; Fas: tumor necrosis factor receptor family member; FAAD: fas-
associated protein with death domain; CLD: chronic lung disease; m: mean, SD: standard
deviation.

FIGURE — Immunohistochemical reaction

A, B and C — immunohistochemical reaction for PIEN. A) “classic” CLD; B) “new” CLD;

C) ‘“without” CLD groups cases. There are a few septal and alveoli positive cells in the
“without” CLD group, and much more positive seplal and alveoli cells in the “new” and the
“classic” CLD groups (400x).

D, E and F — Immunobistochemical reaction for Caspase 8. D) “classic” CLD; E) “new”
CLD; F) “without” CLD groups cases. There are more positive cells in the “new” CLD group
(400x).

G, H and [ — Immunobistochemical reaction for FADD. G) “classic” CLD; H) “new” CLD;

1) “without” CLD groups. There are more positive cells in the “without” CLD group (400x,).

PTEN: phosphatase and tensin homolog; CLD: chronic lung disease; FAAD: fas-associated
protein with death domain.
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DISCUSSION

BPD is a chronic lung disease, characterized by an impaired
lung function due to a reduced final alveolar number and vascular
growth. It is the most common sequelae of ventilation premature
neonates®®”.

Various studies are currently being carried out to elucidate the
pathogenesis of this condition. It is known to be multifactorial,
with a genetic predisposition, prolonged use of oxygen at high
concentrations, insufficient surfactant, exposure to mechanical
ventilation (leading to volutrauma, biotrauma and barotrauma)
and pre or postnatal infection as the main etiologic factors®.
However, the most important risk factor is the exposure to oxygen
and mechanical ventilation®.

From the pathological point of view, a injury and repair
process, with early alveolar and interstitial inflammation and
fibrosis, characterizes “classic” CLD. “New” CLD, on the other
hand, as observed by Coalson ef /. (1999) in baboon lungs, is
characterized by alveolar hypoplasia, variable saccular wall
fibrosis and minimal airway disease. Coalson e/ a/. (1995) also
reported decreased alveolarization and internal alveolar surface
area. These findings were confirmed by other authors in human,
sheep, lamb and rabbit lungs7-- %3,

During lung development there is a natural equilibrium between
apoptosis and cell proliferation®”. Loss of this equilibrium may result
in chronic lung pathologies in newborns as a result of impaired
vascular and alveolar growth. The pathophysiology of alveolar
hypoplasia, which is present in the “new” CLD, has not been fully
elucidated to date. It is known that apoptosis and cell proliferation are
implicated in this process and that pulmonary exposure to oxygen
and cyclic stretching in mechanical ventilation can trigger changes
in the cell-cycle, particularly changes in apoptosis™. Fewer alveoli
and decreased alveolar perimeter were found in the “new” CLD group
compared to the group “without” CLD, confirming impaired alveolar
growth in neonates with this pathology.

The number of females is greater than males. Neonates in the
“new” CLD group had heavier weight and more mature at birth
than in the other two groups (mean weight 1,340 g and mean
corrected age 33.4 weeks). The group “without” CLD was more
premature at birth (mean 28.8 weeks). The presence of maternal
pathology such as hypertensive disorders of pregnancy and
gestational diabetes did not influence the incidence of CLD.

From the point of view of infection (chorioamnionitis and
membranes rupture for more than 18 hours), comparing the
groups, there were no statistically significant differences. However
the postnatal infection (bronchopneumonia, necrotizing
enterocolitis and sepsis) was greater in the “classic” CLD group,
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showing that infection could increase the risk of developing CLD,
or because these neonates might be more exposed to oxygen and
mechanical ventilation. The presences of pathologies such as
pulmonary hemorrhage, pulmonary hypertension and intracranial
hemorrhage have no statistically significant differences in the
groups.

The length of oxygen therapy use and the time of survival were
almost a like. The lungs of premature infants were in different
stages of development during the repair/remodeling processes. In
the group “without” CLD, the length of time of oxygen therapy
and the survival time (mean 1.4 days) were shorter than the other
two groups. This could explain the reason why this group has not
shown any pathological features of CLD (Table 4).

The “classic” CLD group received oxygen and presented
longer survival (2136 days) compared to the other groups but
was, therefore, more exposed to high peak inspiratory pressure
and positive expiratory pressure, showing that the oxygen and the
agressive mechanical ventilation was involved in CLD development.
On the other hand, the “classic” group had more time for cell
differentiation, a process that is characteristic for this phase.

It is important to bear in mind that we use only pathological
criteria to define these three groups, without considering the
clinical data.

Statistically significant differences were found when expression
of the proteins was analyzed.

PCNA is a nuclear protein which acts as an accessory factor of
deoxyribonucleic acid (DNA) polymerase delta, it is required for
DNA replication and repair, and consequently for cell replication®?.
Its expression is increased in cells which are proliferating. If PCNA
is reduced or not present in a cell, apoptosis will take place™”. In
this study there was a higher proliferation index, as evidenced
by a high PCNA tissue immunoexpression, in septal cells in the
“classic” form of the disease compared to the group “without”
CLD (p = 0.057), showing a statistical tendency (Table 5). The
pathological features of the “classic” form showed an obliterative
bronchiolitis, an interstitial fibrosis that is compatible with
proliferative activity. These findings may be associated with the
ability of a pulmonary cell to proliferate in response to mechanical
strain® 3% knowing that the “classic” form was submitted to
mechanical ventilation for more days than the group “without”
CLD. Regarding the exposure to oxygen, some studies with cell
cultures showed that hyperoxia inhibits cell proliferation™ 19,
while another study say the opposite®.

There was no difference in proliferation indices between the
“new” CLD and “classic” CLD group, and between the “new”
CLD and the group “without” CLD. There were no statistically
significant differences in the degree of positivity for PCNA in
alveolar cells between the groups, which were all positive for this

412

marker as cell proliferation is normally present in the canalicular
and saccular stages of lung development, corresponding to the
22" to 36™ weeks of gestation”.

PTEN is a lipoprotein phosphatase that plays an important
role in cell proliferation and apoptosis by negatively regulating
the cell-cycle and suppressing growth®. PTEN induces cell death
by increasing the tumor suppressor activity of p53 and reducing
cell proliferation by blocking the phosphoinositol 3 kinase/
Akt signaling pathway, with a consequent reduction in Ki67,
a protein associated with cell proliferation®. The greater the
number of cells expressing this protein in a particular tissue,
the more likely the tissue would have a higher apoptotic index®.
In this study, PTEN tissue immunoexpression was greater in the
“new” CLD group (degree and pattern score tending to be strong
and diffuse staining) than in the group “without” CLD. Caspase 8
immunoexpression was also greater in the “new” CLD group.
Caspase 8 is a protein that belongs to the apoptotic pathways.
These findings were statistically significant and could indicate
that the “new” form of the disease presents more cells susceptible
to apoptosis than the group “without” CLD, consistent with the
decreased alveolarization observed in this phase of the disease
(Figure and Table 5)®. Confirming these findings, previous
studies in animal models have shown that there is increased
apoptosis in lungs exposed to oxygen, which are susceptible
to barotrauma, volutrauma and biotrauma“ '?. A study by
Hargitai in 2001, also found a high apoptotic index in alveolar
and bronchial cells in lungs with BPD.

There were no statistically significant differences in PTEN
tissue immunoexpression between the “classic” CLD group and the
group “without” CLD, compatible with data in literature indicating
that “classic” CLD is more associated with inflammatory response
than with the apoptosis processe®.

There was no statistically significant difference in Bcl-2
tissue immunoexpression between the groups. Bcl-2 is an anti-
apoptotic protein associated with the regulation of apoptosis, it is
of special importance as it is one of the proteins that determine
which cells will undergo apoptosis and in which apoptosis it will
be inhibited®?.

In the present study, Bcl-2 expression was higher in “classic”
CLD than in the group “without” CLD (Table 5), but this finding
has not been statistically significant. However, this result might
be related to the better long-term survival of the group with
“classic” CLD, which allowed more time for cell differentiation
and consequently led to increased Bcl-2 expression, indicating
higher resistance to apoptosis.

Fas is a protein that belongs to the subgroup of tumor
necrosis factor receptor (TNF-R), this protein can trigger
apoptosis. Stimulation of the Fas receptor results in its
trimerization and recruitment of two key signaling proteins,
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the adapter protein Fas-associated death domain, FADD, and
the initiator cysteine protease Caspase 8. Subsequent activation
of the effector caspases through mitochondria dependent or
independent pathways results in activation of Caspase 3, the
key effector caspase. Activated Caspase 3 cleaves a variety of
substrates, including DNA repair enzymes, cellular and nuclear
structural proteins, endonucleases, and many other cellular
constituents, culminating in effective cell death®,

FADD is an adaptor molecule that mediates cell apoptotic
signals. It can allow recruiting Caspase 8 or Caspase 10 to
the activated Fas receptor. The resulting aggregate called the
death-inducing signaling complex (DISC) performs Caspase 8
proteolytic activation. Active Caspase 8 initiates the subsequent
cascade of caspases mediating apoptosis, and then FADD
binding to Fas receptor is degraded. The antibody used in this
study can bind Fas into FADD portion, in free FADD. Thus in this
study, FADD expression was higher in the group without CLD.
This may indicate that apoptosis is lower or did not happen in
the group without CLD (FADD-Fas was not degraded) comparing
to other groups (Figure) .

For immunoexpression of the other proteins involved in
cell apoptosis (Fas and Caspase 3) there were no statistically
significant differences in the groups. In the literature, the function
of Caspase 3 is not clear, Caspase 3 could be involved in the
pathophisiology of oxygen and ventilation inducing apoptosis?.

CONCLUSION

Apoptosis was involved in the pathophysiological of CLD. The
process of lung tissue lesion appears to be related to an imbalance
between inflammatory response, apoptosis and cell proliferation
that affects alveolar formation and pulmonary vascular growth®*.
Increased apoptosis (“new” form) and cell proliferation in lungs
with CLD were observed in this study.
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RESUMO

Introdugao: A fisiopatologia da doenca pulmonar cronica, clinicamente conbecida como displasia broncopulmonar (DBP),
ainda é incerta. Acredita-se que mecanismos de protecio, como liberagdo de mediadores inflamatorios e ativagdo de processos
apoptoticos e/ou proliferativos, sao acionados no tecido pulmonar de prematuros na tentativa de reparar os danos teciduais
causados pela exposicao ao oxigénio e a ventilacdo mecanica. Objetivo: Avaliar a existéncia de apoptose e proliferacdo celular
em pulmoes de neonatos prematuros com DBP, expostos ao oxigénio e/ou a ventilagio mecanica, por meio do estudo da
expressdo das proteinas: antigeno nuclear de proliferacdo celular (PCNA), homdlogo da fosfatase e tensina (PTEN), linfoma
de células B 2 (Bcl-2), membro da familia de receptor do fator de necrose tumoral (Fas), proteina de dominio de morte
associada ao Fas (FADD), proteina do dominio de morte associada ao receplor do fator de necrose tumoral (TRADD), Caspase 3
e caspase 8. Material e método: Foram analisadas 32 autdpsias de recém-nascidos, com idade gestacional inferior a 34
semanas, expostos ao oxigénio. O estudo foi dividido em trés grupos: DBP “cldssica”, DBP “nova” e “sem” DBP; realizou-se
estudo imuno-histoquimico. Resultados e discussao: Um indice de proliferagiao mais elevado foi observado nos recém-nascidos
com DBP, sugerindo que o maior tempo de exposigio a ventilagdo mecdnica pode estimular a proliferagio celular. A expressio
das proteinas PTEN e Caspase 8 foram maiores no grupo da DBP “nova” em relacdo ao grupo sem DBE, indicando que a DBP
“nova” é mais suscetivel a apoptose. Conclusdo: A apoptose e a proliferagdo celular estdo envolvidas na fisiopatologia da
DBP, sendo a apoptose mais evidente no grupo com DBP “nova”.

Unitermos: apoptose; biomarcadores farmacoldgicos; proliferacdo de células; displasia broncopulmonar; neonatologia.
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4.2 ARTIGO 2
QUANTITATIVE ANALYSIS OF INFLAMMATORY AND
ADHESION MOLECULES IN LUNGS OF NEONATES WITH CHRONIC LUNG
DISEASE (BRONCHOPULMONARY DYSPLASIA) RECEIVING
MECHANICAL VENTILATION.
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ABSTRACT

Introduction: Chronic lung disease (CLD), clinically known as bronchopulmonary dysplasia (BPD), is a major cause of morbidity in
premature newborn and were submitted to oxygen therapy. Objective: Immunohistochemical identification of inflammatory molecules
in the lung tissue of premature neonates that died with CLD. Methods: Immunohistochemical analysis of 51 samples of premature newborn
lungs — grouped in: without CLD, “classic” CLD and “new” CLD. Results: Neutrophil influx and the number of CD4+ and CD45RO+
cells were higher in the “classic” CLD group (p < 0.001). Conclusion: Our findings suggest that the inflammatory response is mediated
by neutrophils and CD45R0+ and CD4+ T lymphocytes in the “classic” CLD.

Key words: bronchopulmonary dysplasia; immunochemistry; premature birth; oxygen therapy; neonatology.

INTRODUCTION

Chronic lung disease (CLD) or, clinically, bronchopulmonary
dysplasia (BPD) is a chronic neonatal pulmonary disorder and
a major cause of morbidity affecting premature newborn. The
classic presentation of this disorder was described in 1960 as a
consequence of respiratory distress syndrome, the use of higher
concentrations of inspired oxygen and aggressive mechanical
ventilation produced characteristic radiological ~changes.
Histological findings of “classic” CLD are emphysema, atelectasis,
fibrosis, squamous metaplasia and smooth muscle hypertrophy in
the airways and pulmonary vasculature®.

The use of prenatal corticosteroids therapy, exogenous
surfactant and technological advances in mechanical ventilation
have resulted in a significant increase in the survival rates of

newborn with very low birth weight, however, the incidence of
CLD has not changed as expected”. Instead, another type of CLD,
known as “new” CLD emerged, particularly in newborn with
less than 30 weeks of gestational age who continued to require
supplemental oxygen after 28 days of age®.

In 2001, a consensus suggested that the clinical criteria for the
diagnosis of BPD/CLD (“new” or “classic”) in a preterm newborn
mustdepend on the use of respiratory support at 28 days of postnatal
life or 36 weeks postmenstrual age®®?. Although the pathological
criteria for “classic” CLD are characterized by an intense
inflammatory response and septal fibrosis, in the “new” CLD there
is decreased alveolar septation and abnormal pulmonary vascular
development compatible with impaired pulmonary growth. Septal
fibrosis, inflammatory response and interstitial edema are rarely
observed. The alterations in alveolar formation may be very subtle
and sometimes not detectable in routine morphological tests.
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The characteristics of the “new” CLD may be more related to
morphometric data than to the morphological aspects!*?,

Over the last 10 years, the pathological basis of CLD have
predominantly been associated with the following two processes:
inflammation and arrest of lung development® * . The
inflammatory response in CLD is exacerbated by mechanical
ventilation and exposure to supplemental oxygen. Several studies
seem to indicate that neutrophils prevail in the earliest stages of CLD,
followed by an abundance of macrophages and other inflammatory
cells, increased pulmonary vascular permeability and damage to
endothelial and epithelial cells, typically leading to apoptosis®>2Y.,

The objectives of this study were to investigate the
subtypes of inflammatory cells and adhesion molecules, using
immunohistochemistry in lung samples of preterm newborn
receiving mechanical ventilation (less than 34 weeks gestational
age) and to correlate the immunoexpression of these biomarkers
with the presence or absence of CLD.

METHODS

Sample selection

The sample consisted of 51 specimens of preterm newborn
lung autopsies performed between 1994 and 2005 (after the
pre-surfactant era); from the archives of the Department
of Pathology Medicine of Universidade Federal do Parand
(UFPR). The research ethics board of the Hospital das Clinicas
(HC)-UFPR reviewed and approved the study (registration
number 1099.138/2005-08; approved on August 30, 2005).
The following inclusion criteria were used: complete autopsy;
absence of major malformations; absence of meconium
aspiration; less than 34 weeks of gestational age and use of
oxygen therapy for at least 2 hours. The samples that were
unsuitable for testing or for which the medical records were not
available were excluded. The medical records were analyzed to
collect data related to antenatal risk factor for CLD including
gender, gestational age, birth weight, maternal age, number of
pregnancies, prenatal care, hypertensive event in pregnancy,
gestacional diabetes, chorioamnionitis, premature amniotic sac
disruption, type of birth and twin pregnancy. Additionally, other
potential postnatal risk factors for CLD include patent ductus
arteriosus, cardiopulmonary resuscitation, Apgar score at the
first e fifth minute, antibiotic therapy, surfactant replacement
therapy, necrotizing  enterocolitis, bronchopneumonia,
pulmonary hemorrhage, pulmonary hypertension, choking,
intracranial hemorrhage, pneumothorax, sepsis and corrected
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gestational postnatal age were recorded. Survival time and cause
of death were also recorded"”.

Morphometric analysis

The slides of the 51 patients were stained with hematoxylin
and eosin (HE) and divided into the following three groups:
1) histopathological findings of “classic” CLD ( = 11);
2) histopathological and morphometric findings of “new” CLD
(n =5); and 3) “without” histopathological and morphometric
criteria for CLD (# = 35). Since the alterations in alveolar
formation may be very subtle, the samples of groups 2 and 3
were analyzed only to confirm the existence of the morphometric
criteria of “new” CLD in group 21229,

The digital images of 10 nonadjacent fields (200x = 106
micrometers in diameter) in slides of the pulmonary parenchyma
from the 40 cases (group 2 and 3) were captured using Image
Pro Plus software™ (Rockville, MD, USA). It measures the
alveolar perimeter in micrometers and the number of alveoli per
field® %2, The alveoli in each of the 10 digitalized fields were
measured. Means and standard deviations for each case were
calculated. One blinded observer performed these analyses'**.,

Immunohistochemical staining

Paraffin blocks of the studied cases (7 = 51) were used to
construct the tissue microarrays (TMAs)®. Lung samples from
all the patients were inserted into multi-sample paraffin blocks
(TMAs), with four samples of each case and 3 mm diameter
for each sample (analyzed area = 28.26 mm?). Histological
sections of TMA blocks were used for immunohistochemical
analysis (immunoperoxidase staining). The protocol for the
immunoperoxidase assay was standardized with positive and
negative controls. The cases were tested with the following
antibodies: anti-CD14 (clone 7, mouse monoclonal); anti-CD4
(clone 4B12, kappa 1, mouse monoclonal); anti-CD8 (clone 145,
mouse monoclonal); anti-CD74 antibody (clone LN-2, mouse
monoclonal antibody); anti-CD25 antibody (clone 4C9, mouse
monoclonal antibody, alpha subunit of the interleukin-2 [IL-2]
receptor); anti-CD54 or anti-intercellular adhesion molecule-1
(ICAM-1) antibody (clone 23G12, mouse monoclonal antibody);
and anti-CD106 or anti-vascular cell adhesion molecule (VCAM)
antibody (clone 1.4C3, mouse monoclonal antibody), all from
Novocastra™ (Leica Biosystems, Buffalo Grove, USA); and anti-
CD45RO (clone UCHL, kappa, mouse monoclonal antibody) and
anti-CD20 (clone IF5; mouse monoclonal antibody) from Dako
(Denmark A/S; Glostrup, Denmark) @229,
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Staining was interpreted as follows: for anti-CD4, CD8,
CD14, CD20, CD25, CD74 and CD45RO0 antibodies, the number
of positive cells in four random high-power fields (400x = 53
micrometers in diameter) were counted for each of the four
samples of each case® *. The cells that had a characteristic
membrane-staining pattern when observed under Olympus
BX50 microscope (Olympus Optical Co, Ltd., Japan) and which
were located in the alveolar septum or intra-alveolar space were
considered positive. The cells in the intravascular space or in
regions that usually contain peribronchial lymphoid aggregates
were disregarded .

For the anti-ICAM-1 (CD54) and anti-VCAM (CD106)
antibodies, the slides were assigned a positive score (0 = negative;
1 = weak positive; 2 = strong positive), and the positive score for
each case was obtained by the sum of the scores for each of the
four samples for this case. The stains were considered positive if
they were observed in alveolar septa vessels and in macrophages/
monocytes in the septa and alveolar lumina. The positivity of these
reactions was assessed in all fields of the four samples of each case
using the Olympus BX50 microscope (Olympus Optical Co, Ltd.,
Japan) at 400x magnification®.

Statistical methods

Data were analyzed using SPSS 20.0 (IBM, Sdo Paulo, SP,
Brazil). Kruskall-Wallis and nonparametric Mann-Whitney
test were used for testing quantitative variables. Categorical
variables were analyzed using Pearson’s chi-square test. Analysis
of covariance (Ancova) was used for gestational age adjustment.
Statistical significance was accepted for p values < 0.05.

RESULTS

Histopathological and morphometric data

Ingroup 1 (“classic” CLD), the predominant histopathological
characteristics were hyaline membranes and interstitial fibrosis™”.

Cases with “new” CLD (group 2) had minimal
histopathological alterations, including subtle septal edema.
The alveolar changes caused by insufflation and a very subtle
inflammatory response were present in these cases"?. Since
the histological findings for the group with “new” CLD were
often indistinguishable from those for the group “without” CLD
(group 3), a morphometric analysis was required, which showed
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a decreased in the number and in the perimeter of the alveoli
in the “new” CLD group, p = 0.033 and 0.018, respectively
(Table 1 and Figure).

TABLE 1 — The number of alveoli and the alveolar perimeter (in micrometers)
in the “without” CLD and “new” CLD groups

Parameters New CLD" Without CLD" pvalue
(n=5) (n=35)

Number of alveoli 409+15.1 57.7 +£16.2 0.033°

Alveolar perimeter 4815+ 182.4 611.3 + 206.2 0.018°

" average + standard deviation; *: Mann-Whitney non-parametric test (p < 0.05); *:
square micrometers; : Ancova (p < 0.05) (gestational age adjustment).

CLD: chronic lung disease; Ancova: analysis of covariance.
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FIGURE — Photomicrograph of groups

A, B and C) photomicrograph of group 1 (classic BPD), here we observe areas of
hyperinflation ( A ) interspersed with areas of aleleclasis (®) associated with marked
fibrotic septal thickening and chronic inflammatory process (m). In other areas hyaline
membranes (arrow) are observed as well as seplal arterioles muscle layer thickening
(dashed arrow); D, E and F) photomicrograph of group 2 (new BPD), here we observe
areas of hyperinflation (A ) inlerspersed with areas of atelectasis (®) associated with
minimal seplal thickening with mild edema and mild chronic inflammatory process (m).
There are no hyaline membranes and the septal arlerioles muscle layer thickening (dashed
arrow) is very mild; G, H and 1) photomicrograph of group 3 (without BPD), in which

we observed few areas of hyperinflation ( A) associated with discrele septal thickening
with mild edema (m). There are no hyaline membranes and septal arterioles muscle
layer thickening (dashed arrow) are minimal. The allerations found in group 3 are more
associated with pulmonary immaturity than neonatal hypoxic injury.

BPD: bronchopulmonary dysplasia.

Clinical data

The “classic” CLD group received oxygen therapy for the
longest period of time (» < 0.0001). The risk factors/therapeutic
profile of the study sample, including oxygen therapy parameters,
gender, gestational age, maternal age and birth weight are shown
in Table 2, 3 and 4.
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TABLE 2 — Clinical data for the three groups

Parameters Total samples (z = 51)  Classic CLD (z = 11) New CLD (12 = 5) Without CLD (12 = 35) p value
Gender®
Female 33 6 4 23
Male 18 5 1 12 --
Gestational age (weeks) 27 (28.9 + 2.6)° 27 (27-34.5)* 33 (27-34.5)% 27 (25-33)* 0.04%
Birth weight (g) (1 = 49/51) 1760 (972.9 + 342.7)° 1021 (685-1650) 1340 (900-1760)* 870 (515-1695)* 0.03%
1-minute Apgar score (7 = 45/51) 3(35+27)" 2.6 (1-5)* 6 (1-8)* 3.4 (1-8)* --
5-minute Apgar score (r = 47/51) 7(G.9+29)" 6.2 (2-9)* 8.4 (5-10)* 5.5 (0-10)*
Maternal age (years) (n = 48/51) 25 (25 +6.4)" 26.2 (16-36)* 29.8 (18-36)* 24.1 (15-37)*
Number of pregnancies (72 = 50/51)"
lor2 30 6 2 22
> 20 5 12
Follow-up prenatal visits (z = 50/51)
Yes 27 7 4 16
No 23 4 1 18
Hypertensive event in pregnancy (7 = 50/51)*
Yes 12 3 3 5
No 38 8 2 29 0.01%%
Gestational diabetes (72 = 51/51)*
Yes 1 0 1 0
No 50 11 35
Chorioamnionitis (7 = 49/51)*
Yes 5 1 0 4
No 44 10 5 29
Premature amniotic sac disruption (1 = 45/51)"
Yes 15 1 1 13
No 30 9 4 17
Type of birth (z = 51/51)*
Normal delivery 29 6 2 21
Cesarean delivery 22 5 3 14
Twin pregnancy (z = 51/51)"
Yes 12 5 1 6
No 39 6 4 29 -

CLD: chronic lung disease; *: median (average + standard deviation); : number of cases; *: median (min-max); *: Kruskal-Wallis non-parametric test (p < 0.05); 3*: Pearson correlation;
“: not statistically significant data.

Immunohistochemical data statistically significant differences in VCAM expression between the

The neutrophil influx was much higher in “classic” CLD groups.
group than in “new” CLD or the “without” CLD groups; this
difference was statistically significant (» < 0.001) (Table 5).
ysignificant (p <0000 (Fable 3). - py g cys 10N

There were more D25+ lymphocytes in the group with
“new” CLD than in the other groups (» = 0.0400). There were
more CD74+ cells and CD4+ T lymphocytes in “classic” CLD
group (» = 0.0500 and 0.0160, respectively). The CD45R0+ T
cell count was significantly higher in “classic” CLD group than in
“without” CLD and “new” CLD groups (p = 0.0004). The CD14+

The pathogenesis of BPD/CLD is complex and remains
unclear despite numerous studies on the subject. The lungs of very
premature neonates have immature distal airways with a thick
blood-air barrier and a small area for gas exchange. Furthermore,

cell count was higher in the alveolar septum in “new” CLD group
than in “classic” CLD or “without” CLD groups, with a trend
toward significance (p = 0.0523), as shown in Table 5. There was
no statistically significant difference between the groups in terms
of CD20+ cell and CD8+T cell counts.

Whereas ICAM-1 expression was higher in the “new” CLD
group than in the other groups (p = 0.0200), there were no
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they are deficient in surfactant because of the predominance of
undifferentiated epithelial cells and the scarcity of type IT alveolar
cells®.

Several other factors act additively and synergistically,
triggering the inflammatory response and lung injury. These
factors include oxygen supplementation, mechanical ventilation,
prenatal and postnatal infections, and persistent patency of the
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TABLE % — The postnatal factors for the three groups

Parameters Total samples (2 = 51) Classic CLD (72 = 11) New CLD (7 =5)  Without CLD (7 = 35) p value
Patent ductus arteriosus’
Yes 15 10 2 3 --
No 36 1 3 32
Cardiopulmonary resuscitation’
Yes 40 8 3 29 --
No 11 3 2 6
Antibiotic therapy"
Yes 33 10 4 19 --
No 18 1 1 16
Surfactant replacement therapy*
Yes 15 7 0 8 --
No 36 4 5 27
Necrotizing enterocolitis®
Yes 11 7 2 2 0.0001%
No 40 4 3 33
Bronchopneumonia®
Yes 12 6 0 6 0.0165%
No 39 5 5 29
Pulmonary hemorrhage®
Yes 9 3 1 5 --
No 42 8 4 30
Pulmonary hypertension®
Yes 7 2 1 4 --
No 44 9 4 31
Choking’
Yes 28 6 1 21 --
No 23 5 4 14
Intracranial hemorrhage
Yes 11 4 2 5 --
No 40 7 3 30
Pneumothorax
Yes 3 1 0 2 --
No 48 10 5 33
Sepsis’
Yes 24 11 4 9 0.0001%
No 27 0 1 26
Corrected gestational age (weeks)" 29 (29.7 +3.2)" 32 (29-39)* 34 (28-360)* 27 (25-33)* 0.0002¢
Survival time (days) 3(76+10.7) 23.4 (11-50)* 12.4 (8-21)* 1(0-6)* 0.0001%
Cause of death”
Sepsis 24 11 4 9
Intracranial hemorrhage 4 0 1 3
Perinatal asphyxia 11 0 0 11 --
Others 22 0 0 22

CLD: chronic lung disease; ": median (average + standard deviation); #: median (min-max); : number of cases; *: Kruskal-Wallis non-parametric test (p < 0.05); *%: Pearson correlation;
< not statistically significant data.

TABLE 4 — The parameters of oxygen therapy for the three groups

Parameters Classic CLD* (2 = 11) New CLD* (. =5) Without CLD* (72 = 35) p value
Mechanical ventilation (days) 12.9 (1-29)/1 3.4 (1-9)/1 1.4 (0.02-6)/2 --
CPAP (days) 5.6 (0.04-19)/1 440 (1-8)/0 1.91 (0.04-5)/25 --
Oxygen tent (days) 3.8 (1-30)/5 1.8 (1-5)/1 /35 --
Catheter oxygen therapy® --
Yes 1 1 0
No 10 4 35
Oxygen therapy (days) 21.36 (11-50) 10.40 (8-15) 1(0.02-6) <0.001%
Fi0,max (%) 95 (40-100) 85 (40-100) 98.57 (60-100) --
PIPmax (mmHg) 21.16 (18-30) 20 (20-20) 22.93 (17-35) --
PEEPmax (mmHg) 4.78 (4-5) 5(5-5) 5 (5-6) --

CLD: chronic lung disease; *: mean (max-min)/median; *: number of cases; CPAP: continuous positive airway pressure; FiO max: maximum fraction of inspired oxygen; PIPmasx:
maximum peak inspiratory pressure; PEEPmax: maximum positive end-expiratory pressure; *: statistical analysis not significant (p > 0.017); Fisher test (Bonferroni correction,).
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TABLE % — The median neutrophils count, the positive cells per high power field for each marker and the mean VCAM and ICAM-1 positive scores for each group

Marker Classic CLD (rz = 11) New CLD (7 = 5) Without CLD (72 = 33) p value®
Neutrophils count 3.11 1.49 0.59 <0.001
CD20+ 1.5 2.12 1.25 0.938
CD25+ 0.3214 0.95 0.3839 0.04
CD45RO+ 5.25 1.36 2 0.0004
(D14 (alveolar septum) 3 3415 15 0.0523
CD14 (alveolar space) 2 61 11 0.138
CD4+ 10.887 2.766 2.86 0.016
CD8+ 0.472 2.5 3.991 0.17
CD74+ 12.25 9.625 7.187 0.05
ICAM 0.106 0.6 0.4292 0.02
VCAM 0 0.2 1 0.076

VCAM: vascular cell adhesion molecule; ICAM-1: intercellular adbesion molecule-1; CLD: chronic lung disease; ¥: Kruskal-Wallis non-parametric test (p < 0.05); p value is between classic
and without CLD and new and without CLD.

arterial duct, malnutrition, vitamin A deficiency and genetic
factors. Inflammation, however, is the common final pathway for
the factors that cause lung injury in CLD*.

In this study, the “new” CLD group was distinguished from
the “without” CLD group by morphometric analysis. This analysis
revealed statistically significant differences between the two
groups, with a decrease in the number and the perimeter of the
alveoli in the “new” CLD group!® 121422,

The clinical, histopathological and morphometric patterns
of CLD have changed with the emergence of the concept of
underdeveloped distal airways. The histopathological findings
for “new” CLD were recently described and were observed in our
study!® 12, As observed in this study, although the clinical criteria
for the diagnosis of CLD should depend on respiratory support at
28 days of postnatal life, the pathological changes seem to precede
this clinical concept based on the pathological changes found in
the infants with 7-28 days of oxygen therapy.

The imbalance between pro-inflammatory and anti-
inflammatory activity and its close relationship with cellular
apoptosis and proliferation may affect alveolar formation and
pulmonary vascular growth, eventually leading to pulmonary
hypoplasia®®27,

Furthermore, neutrophils may produce recruiting factors
for other leukocytes, such as interleukin-8 (IL-8), as well as for
tumor necrosis factor (TNF), which is responsible for prolonging
neutrophil survival by inhibiting the activation of the apoptotic
cascade. Some authors have shown that there is increased evidence
of CD4+ and CD8+ T lymphocyte involvement in the mobilization
and maintenance of neutrophils at the injury site, which may be
a key factor, particularly in CLD, bronchial hyper-reactivity and
bronchiectasis®™*.
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Our findings show that the neutrophils influx was higher in
the “classic” CLD group than in the “without” CLD and “new”
CLD” groups (p < 0.001). Furthermore, the number of CD4+ T
lymphocytes was higher in the “classic” CLD group than in the
“new” CLD group (» = 0.016), corroborating the hypothesis that
the inflammatory response is more intense in the “classic” CLD
form(ZO, 28,29, 31).

The  physiopathological  relationship ~ between  the
accumulation of neutrophils and the presence of CD4+ T
lymphocytes has not been fully clarified. There is some evidence
that interleukin-17 (IL-17) plays a significant role in the action
orchestrated by these two cells®'39.

IL-17 released by the CD45R0+ T lymphocytes may activate
T cells, which act as mediators in the increased neutrophil
recruitment and activation in the damaged tissues, particularly
the lung tissue® . This finding was confirmed in studies in
which azithromycin was used as an inhibitor of IL-17 secretion,
and a reduction in tissue damage was observed 39,

In our study, the CD45R0O+ T lymphocyte count was higher
in the “classic” CLD than in the “new” CLD and “without” CLD
groups (p = 0.0004). It was followed by an increased neutrophil
count in the same group (p < 0.001), corroborating the hypothesis
of an initial inflammatory response mediated by neutrophils and
maintained by T lymphocytes in this form of CLD 223D,

CD14 is a glycoprotein expressed on the myelomonocytic
lineage cells, including monocytes, macrophages and Langerhans
cells, and CD14 acts as an opsonin receptor to promote the release
of pro-inflammatory cytokines, particularly those associated with
Toll-like receptors (TLR) ), In our study, the number of CD14+
cells was higher in the “new” CLD group than in the “classic”
CLD or the “without” CLD groups, particularly in the alveolar



Cristina T. Okamoto; Carlos E. Oldenburg Neto; Sandra Mara Witkowski; Ana Paula Percicote; Luca R. Pasqualotto; Gabriela Troiano; Tammy Almeida; Cleber M. Souza; Liicia de Noronha

septum, for which the results showed a trend toward a statistically
significant difference (» = 0.0523). Some studies have shown that
CD14 expression in peripheral blood is lower in premature infants
than in term neonates.

The anti-CD74 antibody detects a major histocompatibility
complex (MHC) class II receptor on the macrophage membrane
that is involved in macrophage migration inhibitory factor (MIF)
induction. CD74+ cells are usually macrophages, histocytes or
monocytes, as well as type IT pneumocytes, and they are correlated
with the induction of type II pneumocyte proliferation in alveolar
epithelium repair™”,

Furthermore, Kevin and Bandhari found elevated levels
of CD74+ cells and MIF in the lungs of premature rats with
respiratory distress syndrome and in tracheal aspirate from
premature neonates. Both factors are related to a slight probability
of developing CLD. This finding may be explained by the role
played by CD74+ cells in pneumocyte proliferation, exacerbation
of angiogenesis, increase in leukocyte migration, and therefore the
maintenance of inflammatory response®.

We found more CD74+ cells in the “classic” CLD group
than in the other groups, which may be explained by the fact
that during the process of alveolar damage that is observed
in “classic” CLD, there is an extensive damage to type I
pneumocytes, which are replaced by hyaline membranes.
The acute phase is followed by the subacute phase, in which the
area is cleaned by abundant macrophages and the alveolar
lining is regenerated by type II pneumocyte proliferation. The
macrophages and type IT pneumocytes have the MIF receptor
(CD74), and therefore they reacted with the anti-CD74 antibody
used in this study®.

CD25+ T-cells were more abundant in the “new” CLD
group. This finding can be explained by the fact that regulatory
T cells modulate the inflammatory response, resulting in less
inflammation and fibrosis in this form of the disease“®.

Neutrophil migration across the endothelium and epithelial
cell barrier depends on the ICAM-1 adhesion receptor, a molecule
stimulated in inflammatory disorders that can be induced by
cytokines and detected in soluble form in plasma, which has been
proposed as a marker of inflammatory activity. The endothelium
plays a fundamental role in acute lung injury, particularly in
the activation of pro-inflammatory cytokines. Some authors
have proposed that the presence of interleukin-1 (IL-1) and TNF
supports the presence of activated macrophages, which stimulate
the production of other cytokines and increase the expression of
adhesion molecules such as [CAM-16%4.47,
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Little et al. showed that plasmatic levels of ICAM-1 in
premature neonates at 14 days may be correlate with chronic
neonatal lung disease and its severity“. Ballabh ef al. reported
similar findings of elevated ICAM-1 levels in neonates who
developed CLD on approximately the 28" day of life®. In our
study, the lung samples of premature neonates from the “new”
CLD group had higher levels of ICAM-1 than the lung samples
from the other groups. It reasonable to hypothesize that ICAM-1 is
an early biomarker for CLD because it appears before the 28" day
of oxygen supplementation, i.e., before a clinical diagnosis of CLD.
These results contrast with the findings of other authors regarding
the plasma levels of [CAM-1%,

In our study, high levels of ICAM-1 in “new” CLD may
have been the determining factor for the increased number of
CD14+ cells in the alveolar septum. Wether this conclusion is
correct, it is reasonable to assume that the increased number
of CD14+ cells can influence the increase in apoptotic
cascade activity, which seems to be a major cause of the
reduced alveolar formation that occurs in “new” CLD. Further
immunohistochemical and molecular studies are required to
clarify this hypothesis“® ‘).

Few studies have correlated B-lymphocytes and VCAM with
CLD, and no statistically significant differences in the number of
CD20+ cells and VCAM immunoexpression were found between
the groups in our study®?.

Our findings seems to corroborate the hypothesis that the
initial inflammatory response is mediated by neutrophils and
sustained by CD45R0+ and CD4+ T lymphocytes in the “classic”
CLD form. Furthermore, the results suggest that CD14 may be
a biomarker to connect inflammatory and apoptosis process,
particularly in the lung injury associated with decreased alveolar
volume observed in “new” CLD. Further studies are needed to
better elucidate the pathogenesis of CLD, especially regarding the
apoptotic process of the “new” CLD.
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RESUMO

Introdugdo: A doenga pulmonar cronica (DPC), conhecida clinicamente como displasia broncopulmonar, é uma das maiores
causas de morbidade em neonatos que nasceram prematuros e foram submetidos a oxigenioterapia. Objetivo: Identificar moléculas
inflamatorias em tecido pulmonar de recém-nascidos prematuros que morreram com DPC por meio do mélodo de imuno-
-histoquimica. Métodos: Andlise imuno-histoquimica de 51 amosiras de pulmaoes de recém-nascidos prematuros — formando os
grupos: sem DPC, DPC “nova” e DPC “classica”. Resultados: O influxo de neutrdfilos e o niimero de células CD4+ e CD45R0+
Joram maiores no grupo DPC “cldssica” (p < 0,001). Conclusdo: 0s resultados sugerem que o processo inflamatorio é mediado

por neutrdfilos e linfocitos CD45R0+ e CD4+ na DPC “cldssica”.

Unitermos: displasia broncopulmonar; imuno-bistoquimica; nascimento prematuro; oxigenoterapia; neonatologia.
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Abstract

Bronchopulmonary dysplasia (BPD) is an abnormality in premature
neonate lung development. The pathophysiology is uncertain and the
inflammatory response to lung injury may be the pathway. Objective: To
evaluate the role of interleukins 6, 8, 10 and 17 in BPD through
anatomopathological and immunohistochemical study of the lungs of premature
neonates with BPD. Method: Thirty two cases of neonatal necropsies from the
Pathology Department of the Clinics Hospital of the Universidade Federal do
Parana performed between 1991 and 2005 were selected. The sample included
neonates of less than 34 weeks of gestational age who underwent oxygen
therapy and had pulmonary samples fixed in formalin and preserved in paraffin.
Pulmonary specimens were later classified into 3 groups according to
histopathological and morphometric changes (classic BPD, new BPD, and
without BPD) and subjected to immunohistochemical analysis. The antibodies
selected for the study were anti-IL-6, IL-8, IL-10 and IL-17 monoclonal
antibodies. Results: IL-6, IL-8 and IL-10 showed no significant differences in
tissue immunoexpression between the groups. IL-17 had greater tissue
immunoreactivity in the group without BPD compared to the classic BPD group
(1686 vs 866 pm? p = 0.029). Conclusion This study with lungs tissue of
neonates with BPD showed that interleukins 6, 8 10 and 17 may not be involved
in the pathophysiology of BPD. We speculated that IL-17 could be a protective

factor for this disease.



Introduction

Worldwide, 8-10% of pregnancies progress to premature births.
Approximately 25% of premature infants weighing less than 1500g develop
bronchopulmonary dysplasia (BPD), impacting the morbidity and mortality of
this group of patients*?.

This disease is the most common chronic lung lesion in preterm
neonates. Those affected are who receive supplemental oxygen for at least 28
days®*, this is the clinical definition of BPD. The manifestations can range from
minimal pulmonary changes to severe respiratory failure®.

The anatomopathological presentation and definiton of BPD has two
forms: the classic (old) form and the new form. For this pathological diagnosis,
there is no need to wait 28 days as the clinical definition, the histopathological
changes reveals the classification already at the time of the biopsy. The classic
form is characterized by heterogeneity with severe airway epithelial lesions
such as squamous metaplasia, marked airway smooth muscle hyperplasia,
extensive alveolar septal fibrosis, and hypertensive remodeling of the

pulmonary arteries® ",

This form is currently uncommon due to the application
of novel therapeutic techniques such as less aggressive mechanical ventilation,
antenatal corticosteroid use, surfactant administration and changes in delivery
care®!. However, classic BPD can still be observed in patients who require
ventilation with high levels of oxygen and pressure* All of the care practices
that have been adopted in the management of prematurity have reduced the
incidence of classic BPD, leading to a new form of BPD characterized by less

heterogeneity, reduced and dysmorphic pulmonar vasculature with rare

epithelial lesions and mild airway smooth muscle thickening. Another aspects



including a lower degree of airway injury, low lung inflammation and fibrosis,
and large simplified alveolar structure with a reduced number of alveoli
(hypoalveologenesis) are also observed in the new form of BPD®91112114 "An
immature lung exposed to oxygen and mechanical ventilation lead to the
release of inflammatory mediators, which damage the lungs by increasing
pulmonary vascular permeability and attracting pro-inflammatory cytokines,
increase levels of alveolar macrophages and neutrophils®*>*®. When this
process occurs in the critical period of alveologenesis, the lung does not fully
recover its growth potential, resulting in hypoalveologenesis and hypoplasia of
the pulmonary vasculature'’. Therefore, we selected proinflammatory
interleukins 6, 8 and 17 and anti-inflammatory interleukin 10 for analysis. The
aim of this study is to evaluate the role of interleukins in BPD through

anatomopathological analysis of the lungs of premature neonates with classic

and new BPD.

Methods

A total of 800 necropsy reports of neonates from the Pathology
Department of the Clinics Hospital of the Universidade Federal do Parana
(Federal University of Parand) from 1994 to 2005 were reviewed. The sample
included 119 premature neonates, less than 34 weeks of gestational age, who
had undergone oxygen therapy. Premature neonates with congenital
malformations, chronic intrauterine diseases, and meconium aspiration
syndrome were excluded. The study was approved by the ethics committee of
the Clinics Hospital of the Universidade Federal do Parana, under number

1099.138/2005-08, on August 30, 2005.



All the medical records of the selected premature neonates were
analyzed, and all data related to the prenatal period and disease conditions
were collected, including premature rupture of membranes (ROM),
chorioamnionitis (clinical and/or confirmed by pathological examination of the
placenta), gestational diabetes, hypertensive disease of pregnancy, Parkin
score, Apgar scores at 1 and 5 minutes after birth, duration of mechanical
ventilation and oxygen therapy, the presence of neonatal sepsis (clinical and/or
laboratory testing with confirmed pathogen detection), necrotizing enterocolitis,
use of postnatal antibiotics, patent ductus arteriosus (clinical and
echocardiographic data), pneumonia, perinatal asphyxia, pulmonary
hemorrhage, and pulmonary hypertension.

Of the 119 selected cases, 87 were excluded from the study (20 cases
were excluded due to incomplete medical records, and 67 cases had
inadequate necropsy material for immunohistochemical evaluation). Therefore,

a total of 32 cases were included in the final sample.

Histologycal analysis

Five formalin fixed-paraffin embedded (FFPE) samples of each lung were
collected (peripheral and pre-hilar regions of both lungs and all lobes),
reexamined and classified into two groups, according to the histopathological
changes (without taking into account clinical data): (A) cases with pathological
features of classic BPD, characterized by varying degrees of pulmonary fibrosis,
often alternating with over distended acini and major bronchial epithelial
damage- 11 cases; (B) those who did not meet the criteria for classic BPD — 21

cases.



Morphometric analysis

Olympus BX 50 microscope (Olympus Optical Co. LTDA, Japan) linked
to a Dinoeye camera and a computer were used to obtain 10 medium power
field photomicrographs (200x) per case (the total area of medium power field is
475.439 square micrometers). These photomicrographs (200x) were subjected
to the morphometric analysis, using Image Pro Plus software. All alveoli in each
medium power field were counted and their perimeters were measured
(micrometers). Mean values (number of alveoli and perimeter) for each patient
were used for statistical analysis (TABLE 1).

This analysis was performed by a single observer without prior
knowledge of the oxygen therapy data. The observed patterns were compared

1819 and with the criteria for

with the normal parameters found in the literature
diagnosis of the new form of BPD, and the cases that fit the description of BPD
were distinguished from normal cases. The cases that were considered normal
(i.e., without BPD) represent the "control group” of this study. Therefore, 3

groups were formed: (1) classic BPD, n = 11; (2) new BPD, n = 5; and (3)

without BPD, n = 16291,

Immunohistochemical analysis

Tissue microarrays were assembled from lung samples from all the
cases and analyzed immunohistochemically (peripheral and pre-hilar regions, 4
samples for each case with 3mm diameter each one), and the samples were

evaluated by immunohistochemistry?®#2,



All samples were stained in duplicate, with one slide serving as a
negative control and one serving as a positive control. Methyl alcohol and
hydrogen peroxide were used to block endogenous peroxidase initially, and
then distilled water plus hydrogen peroxide were used for the second blockade.

The primary antibodies used in this study were: anti-IL-6 is a mouse
monoclonal antibody, clone not available, dilution 1:200, Abcam™, Cambridge,
United Kingdon; anti-IL-8 is a mouse monoclonal antibody, clone not available,
dilution 1:200, Abcam™, Cambridge, United Kingdon; anti-IL-10 is a mouse
monoclonal antibody, clone JES3-12G8, dilution 1:200, ABR™, Goden, United
States of America; anti-IL-17 A is a rabbit monoclonal antibody, clonenot
available, Abcam™, Cambridge, United Kingdon. These antibodies were
incubated overnight and staining was performed using dextran polymer-
conjugated secondary antibody for 30 minutes. For staining, the DAB +
substrate complex was added to the slides, and counter-staining was performed
with Mayer’s hematoxylin. Canadian Balsam was used to mount the slides.
Negative controls (without primary antibody) and positive controls were used for
each reaction.

The immunostained slides were analyzed morphometrically with the
Olympus BX50 optical microscope and Image Pro Plus® software, with
evaluation of the immunostained area and the staining intensity. Positivity,
represented by brown coloring, was converted into the immunopositive area
(square micrometers - pm?). For this analysis, a minimum of 30 and a maximum
of 50 photomicrographs at 400x magnification were taken for each case, and
the results were expressed in area (um?) per high-magnification field. We

excluded the photomicrographs that had artifacts, poor quality, bronchial cells



and with did not have enough material. The alveolar immunopositive cells were

evaluated (type Il pneumocyte and intracellular macrophage).

Statistical analysis

Quantitative variables were described as the means, medians, minimum
values, maximum values and standard deviations. Qualitative variables were
described as frequencies and percentages. The non-parametric Kruskal-Wallis
test was used to compare the groups classified by bronchopulmonary dysplasia
(classic BPD, new BPD and without BPD) in terms of the quantitative variables.
For the qualitative variables, the groups were compared pairwise using Fisher’s
exact test. p <0.05 indicated statistical significance. In the multiple comparisons
performed using Fisher's exact test, the level of significance was Bonferroni-
corrected p <0.017. The data were analyzed using IBM SPSS Statistics v. 20

software.

Results

The cases of classic BPD (n= 11) presented the following
histopathological features: (a) hyaline membranes, bronchial necrosis,
bronchiolitis obliterans, bronchiectasis, and early septal fibrosis were observed
in the acute phase; and (b) prominent interstitial fibrosis, thickening of the
vascular wall, and collapsed and hyperdistended acini were observed in the
chronic phase.

The remaining 21 cases (new BPD, n=5; without BPD, n= 16) presented
minimal histopathological changes, such as mild septum edema, altered

alveolar insufflation. From a histopathological perspective (without clinical data),



the group with new BPD could not be distinguished from the group without BPD;
therefore, a morphometric analysis of the lungs was required (TABLE 1). The
group with new BPD presented a smaller number of alveoli compared to the
group without BPD. The oxygen exposure time of the premature lungs and the
survival time of the cases in each group were exposed and described in TABLE
2. The neonates in the new BPD group were heavier (a mean weight of 13409)
and more mature (a Parkin score of 33.4 weeks) relative to those in the other 2
groups, especially compared to those in the group without BPD (a mean weight
of 957.8g and a Parkin score of 28.8 weeks). The classic BPD group had the
worst Apgar scores. Neither gender predominated in the 3 groups (TABLE 3).
TABLE 4 show prenatal data, including ROM (greater than 18 hours),
clinical chorioamnionitis, gestational diabetes, and hypertensive disease of
pregnancy, as well as postnatal data, including the presence of pneumonia,
pulmonary hemorrhage, pulmonary hypertension, perinatal asphyxia, neonatal
sepsis, necrotizing enterocolitis, patent ductus arteriosus and antibiotic use.
The immunohistochemical analysis of ILs 6, 8, 10 and 17 is presented in

TABLE 5 and FIGURE 1 and 2.

Discussion

BPD has a multifactorial etiology, but the persistent inflammatory
process may be the factor that most contributes to the development of chronic
pulmonary diseases®. The inflammatory response in a developing lung causes

vascular, alveolar and bronchial growth changes®*?°.

So in this study, we
investigated the role of some ILs in the pathophysiology of BPD trough

immunohistochemical analysis of lung tissue samples (necropsy) of neonates



who had received treatment with oxygen and mechanical ventilation. This
neonates survival a short time (TABLE 2), but enough time for happens the
alveolar cells damage, seen in anatomopathological study. Some studies
demonstrated that elevated levels of several inflammatory cytokines during the
first week of premature neonate life were associated with development of
BPD??. The level of IL-6 and IL-8 in the tracheal aspiration and serum in the
first day of life, were persistently increased on the 28™ day of life in very low
birth weight with BPD*°. The group without BPD was more immature (TABLE 3)
and which had less exposure to oxygen due to early death, maybe not having
time to develop the characteristic lesions of BPD, this group was the control.
The collection site of interleukins is an important factor for analysis. The
cytokine profiles in cord blood, amniotic fluid and tracheal aspirate may not
reflect the actual situation in the lungs; therefore, evaluation in human lung
tissue is essential to better represent the circumstances of the disease 3.
Related studies with lung tissue samples are virtually non-existent in the
literature. Studying the inflammatory response in necropsy material is
advantageous because the material is controlled and allows an unbiased
analysis of the data, but this material is disadvantageous due to the preparation
of the material, which is FFPE, complicating the search for secreted and fragile
molecules such as interleukins and interfering in genetic studies®3
Factors antenatal, natal, or postnatal can interrupt pulmonary vascular
and alveolar development; trigger an inflammatory response and cell injury

contributing to BPD#°°,

Because this, we evaluated some antenatal, natal,
and postnatal factors. Some antenatal factors such as premature ROM, clinical

chorioamnionitis and/or anatomopathological changes of the placenta, which



may be correlated with the onset of BPD according to the international

literature®3°>36-37

. However, the data in this study did not show increase of
incidence of BPD associated with this factors (TABLE 4). The specific
hypertensive disease of pregnancy is not a risk factor to BPD, confirm in this
study and previous study®.

Regarding the postnatal factors that may influence the onset of BPD,
some studies suggest that postnatal infection is a more important predictor of
BPD than antenatal inflammation®®. The classic BPD group included a higher
number of premature infants with pneumonia, sepsis, necrotizing enterocolitis
and patent ductus arteriosus showing the presence of systemic inflammatory
response and cell injury in this group (TABLE 4).

The BPD is the result from an imbalance between lung injury and repair
in the developing lung, so an imbalance between "proinflammatory” and "anti-
inflammatory" factors is believed to exist, which involves inflammatory cells,
cytokines and an arsenal of humoral mediators in the airways and lung tissues

®3537  The increase of IL-6 in blood cord was

of the premature infant.
associated with greater risk of development sepsis, pneumonia, necrotizing
enterocolitis, and BPD. This systemic inflammatory response was described as
Fetal inflammatory response syndrome (FIRS)*%%,

IL-6 is a proinflammatory cytokine mediating acute lung injury and
exacerbating ventilator-induced lung injury®®*°. IL-6 is also involved in
hematopoiesis, regulation of bone absorption, growth cells, differentiation
survival, apoptosis and cell proliferation. Is produced by some cells like

41-43

monocytes, fibroblasts and endothelial cells The IL-6 receptor is widely

distributed in fetal tissue, including bronchial epithelial cells*.



The IL-6 plays an important role in lung inflammation in preterm
newborns and serves as a risk factor for the development of BPD when found in
high concentrations in tracheal aspirate and/or cord blood *°**. However,
conflicting results have been found in studies of IL-6. One study demonstrated a
cellular protective effect of IL-6 against exposure to oxygen in adult lung tissues
of mice; this result may have been related to the use of mature lungs*. Another
study showed that elevation of IL-6 and/or IL-8 promotes lung maturation by
synthesis of surfactant protein A*°. Fetal IL-6 is a cytokine that regulates lung
surfactant proteins, which are very important in lung maturation. It also
regulates angiogenesis and morphogenesis of the lung**®, decreasing the
incidence of respiratory distress syndrome in newborns®. In our study, the
immunoexpression of IL-6 had a mean the 7056 in the group without BPD,
compared with 5624 in the new BPD group (p 0,183), not showing the presence
of IL-6 in BPD group (TABLE 5).

IL-8 is a potent chemotactic agent capable of recruiting neutrophils,
and the presence of neutrophils in tracheal aspirate is associated with chronic
lung diseases®. It is a member of the CXC family and is synthesized by a
variety of cells: alveolar macrophages, endothelial cells, epithelial cells,
fibroblasts etc®. The elevated IL-8 in cord blood is associated with death and
moderate and severe BPD, and its increased expression in bronchoalveolar
aspirate could be associated with abnormal lung development and maturation in

neonates with BPD°%%1%?,

The high levels of IL-8 in tracheal aspirate were
correlated with increased duration of ventilation in small preterm infants®3. In our

study, when we compare the group with BPD (1584) and without BPD (1790),



no statistical significance was observed. Inflammatory process wasn’t observed
in any group (TABLE 5).
IL-10 is a potent anti-inflammatory cytokine, and has a inhibitory effect

on inflammation®*>®

. It is produced by macrophages and T-helper type I
lymphocytes, which control the production of tumor mediators through the
stimulation of epithelial cells of the immune system®®. They are responsible for
the production, differentiation and proliferation of B cells and macrophages>".
Reduced levels of IL-10 in the placenta and tracheal aspirate are found
in neonates who develop BPD>". IL-10 improve lung tissue oxygenation and
inhibits oxidative stress, reducing ventilator-induced Ilung injury and

inflammation®®>°

. In 2011, Hawwa showed that mechanical stretch of lung
structures caused by mechanical ventilation and the release of IL-1B3, IL-6,
MCP-1, RANTES and TNF-a and IL-10 administration before stretch occurred
inhibited their release, indicating that IL-10 protected the lungs of premature
infants under mechanical ventilation®*°. Also in 2011, Lee showed a decrease
in IL-10 production in the presence of hyperoxia, and prior cell incubation with
recombinant IL-10 protected against the damage caused by oxygen®®. Maybe,
IL-10 is a protective factor against the development of BPD>***>°"%° However,
some premature infants are not able to activate anti-inflammatory cytokines,
such as IL-10, so they are more predisposed to a more pronounced
inflammatory response®.

In a studied, the use of IL-10 as an inhibitor of the inflammatory
cascade in BPD, this interleukin proved to be more potent to block IL-8 than the

glucocorticoids used in the current therapy of the disease®’. In contrast, one

study with extreme preterms have shown that IL-10 expression in the



pulmonary aspirate is increased soon after birth and is related to the incidence
of BPD and its increased expression along with the presence of
chorioamnionitis also raises the incidence of the disease®?; and another study
showed high serum IL-10 and IL-8 dosage was related to BPD®® associated with
death®®. A genetic study with IL-6 and IL-10 showed no relationship between
these interleukins and BPD®. Our study, with human lung tissue samples,
showed similar results (TABLE 5). Therefore, more studies are needed to clarify
the true role of IL-10 in BPD.

IL-17 is a known proinflammatory cytokine® that regulates neutrophil
production and tissue inflammatory reactions?®, is involved in pulmonary
inflammatory processes, and is an important mediator of endothelial

permeability®®°8,

Assists in the defense of the immune system against
extracellular pathogens and is produced by the T lymphocyte® (Th17) and by
innate immune cells. These cells are strategically located in barrier tissues that
protect the human body from the external environment and provide vital host
protections against microorganisms (mainly bacteria and fungi)®®’°. When
exposed to a microorganism, these innate immune cells increase the production
of IL-17A in 4 at 8 hours, attracting neutrophils to inflamed sites to accelerate
the death and elimination of aggressive microorganisms’®. IL-17 has been
implicated in the development or pathogenesis of various autoimmune and
inflammatory diseases’?.

Neonates have a reduced baseline IL-17A production compared to
adults, which may decrease the neonatal immune response and contribute to

their increased susceptibility to infection’®’*"> by group B Streptococcus,

Escherichia coli®®, Klebsiella pneumoniae’® and Candida albicans’. The



classical BPD group had a higher incidence of pneumonia, necrotizing
enterocolitis, and sepsis, perhaps because it had the Ilowest IL-17
immunoexpression.

IL-17A levels are similar between preterm and term infants, their
production do not depend on immunological maturation or of gestational age .
Production of IL17A in the embryonic thymus begins around 24-28 weeks of
gestation. IL-17 is important for the immunological surveillance and protection of
the neonate, there is evidence that IL-17 plays a prominent role in neonatal
pathology”.

Mikacenic et al. in 2016, demonstrated that circulating and alveolar IL-
17 was elevated in humans with distress respiratory syndrome (ARDS), but the
role of the Th-17 immune response in ARDS has not yet been defined”’.
Studies with anti-IL-17 have shown some efficacy in the protection of lungs from
the inflammatory effects to lipopolysaccharide-induced acute lung injury’®™. In
our study, IL-17 had an important expression in the without BPD group
compared to the classical BPD group (1686 vs 866 ym?, p = 0.029), suggesting
a protective response (TABLE 5).

Our sample also did not have significant chorioaminionitis (1 case in
the classical group, and 2 cases in the group without BPD), thus not influencing
our result (TABLE 4). Some studies suggest the association of chorioamnionites
with an increased IL-17 and systemic inflammatory responses®>?°8%8! Thijs
inflammatory state probably involved in neonates diseases such as sepsis,
necrotizing enterocolitis, retinopathy of prematurity®>*"">, in BPD was not

confirmed. Some authors suggests the fetal inflammatory response can be

protective for chronic lung disease®. Sood and col. in 2012, analyzed the



presence of IL-17 in sepsis and didn’t find difference between the groups with
and without infection”*. Ambalavanan in 2009 found a similar result as ours, the
presence of a higher concentration in the blood of neonates at day 0, 3, 7, 14 of
IL17 was associated with survival without BPD, and they speculate that a
reduction in IL-17 may possibly inhibit angiogenesis and thereby attenuate
alveolar development®,

The true role of ILs in BPD is not yet known. In our study IL-17 showed
a trend as a protective factor against the development of BPD. It is known that
IL-17A contributes to the maintenance of a healthy respiratory epithelial border,
promoting the production of adhesion molecules and cellular junction through

the induction of ICAM-1 by airway epithelial cells®®*%

. Therefore, strict
regulation of IL-17A seems vital for proper maintenance of the border of the
respiratory epithelium, while altered production may impair lung tissue
development, resulting in harmful pulmonary pathologies in neonates’, and
maybe because of this function of IL-17A we observed this result. The
regulation of IL17 is fundamental for the homeostasis of the individual; therefore
further studies should be performed. Its increase could be deleterious
(persistent inflammatory processes) or its absence could be fatal (difficulty in
combating extracellular microorganisms)? Prematurity is still a challenge for
science, the role of IL in neonatal diseases needs further studies, in search for
biomarkers and therapeutic tools.
This study has limitations such as the short life time and immaturity of

the group without BPD, and use of neonates tissue from necropsy. These

neonates may have had other insults involved in the death that were not seen in

the analysis of pre-natal and postnatal data.



Conclusion

This study with neonate lung tissue with BPD showed that interleukins 6,
8, 10 and 17 may not be involved in the pathophysiology of BPD. IL-17 showed
greater expression in the group without BPD, we speculated that it could be a
protective factor. More studies are needed to assess ILs role as a biomarkers

and even as a therapeutic factors for BPD.
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Figure 1. Immunohistochemical analysis of interleukins 6 and 8 (40x objective).

A-IL-6 classic BPD, B- IL-6 new BPD, C- IL-6 without BPD, D- IL-8 classic BPD, E- IL-8 new BPD, F-
IL8 without BPD. Demonstrating immunopositive type | and Il pneumocytes (arrows) and
immunopositive alveolar macrophages (arrows heads).

Figure 2. Immunohistochemical analysis of interleukins 10 and 17 (40x objective).

A-IL-10 classic BPD, B- IL-10 new BPD, C- IL-10 without BPD, D- IL-17 classic BPD, E- IL-17 new
BPD, F- IL17 without BPD. Demonstrating immunopositive type | and Il pneumocytes (arrows)
and immunopositive alveolar macrophages (arrows heads).
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TABLE 1 - Results of the morphometric analysis performed to distinguish the

group with new BPD from the group without BPD

Variables Group Mean = SD Median (Min-Max) P value *
Without BPD
560.4 + 168.8 552.7 (360.8-1040.7)
(n=16)
. ) 0.548
Perimeter (um®) New BPD
481.5+182.4 446.9 (269.1-707.4)
(n=5)
Without BPD
55.8 £ 15.2 58.5 (30.2-77.5)
(n=16)
Alveoli number 0.050
New BPD
40.9 + 15.1 39.6 (28.3-65.9)
(n=5)

* Non-parametric Mann-Whitney test (p < 0.05); SD: Standard Deviation; Min: Minimum; Max: Maximum; BPD:

Bronchopulmonary dysplasia.



TABLE 2 - The mean duration of exposure to oxygen and the mean survival

time of each group

Total Classic BPD New BPD Without BPD
Variables P value *
(n =32) (n=11)"7 (n=5)"7 (n=16)T
Duration of
oxygen use 9.7 21.4 10.4 1.4 <0.001
(days)

Survival time

10.7 23.4 12.4 1.4 <0.001

(days)

* Non-parametric Mann-Whitney test (p < 0.05). T Mean; BPD: Bronchopulmonary dysplasia.



TABLE 3 — Base line characteristics

Classic New Without
Variables P value
BPD BPD BPD
Gender male 5 (45.5) 1 (20.0) 5 (31.3)
0.017 **
female 6 (54.5) 4 (80.0) 11 (68.8)
Gestational age
29.0+2.6 32.0+2.8 28.8+2.6 0.092 8
(weeks) £
Birth weight
1021.4 £288.9 1340.0+397.5 957.8 £ 357.5 0.132°
(grams) £
Parkin score £ 32.0+3.3 334+3.1 28.8+2.6 0.005 °
Apgar 1° 26120 6.0+3.5 35+£27 0.186 °
Apgar 5 * 6.2+2.6 84+1.9 5.0+3.5 0.087 °

** Fisher's exact test (gender with Bonferroni-corrected - p<0.017); s Non-parametric Mann-Whitney test (p

< 0.05); T humber (percentage); £ Mean + Standard Deviation; Apgar 1/5: Scores at 1 and 5 minutes after

birth; BPD: bronchopulmonary dysplasia.



TABLE 4 — Prenatal and postnatal factors of the sample (medical record data)

, Yes or Classic New Without
Variables
No BPD BPD BPD
Prenatal factors
Premature ROM Yes 1(10.0) 1(20.0) 4 (33.3)
No 9 (90.0) 2 (80.0) 8 (66.7)
Clinical chorioamnionitis Yes 1(9.09) 0(0.0) 2(12.5)
No 10 (90.9) 5 (100.0) 14 (87.5)
Gestational diabetes Yes 0 (0.0) 1 (20.0) 0 (0.0)
No 11 (100.0) 4 (80.0) 16 (100.0)
HDP Yes 3(27.3) 3 (60.0) 2 (13.3)
No 8(72.7) 2 (40.0) 13 (86.7)
Posnatal factors
Necrotizing Enterocolitis * Yes 7 (63.6) 2 (40.0) 1(6.3)
No 4 (36.4) 3 (60.0) 15 (93.8)
Pneumonia * Yes 6 (54.6) 0 (0.0) 1(6.3)
No 5 (45.5) 5 (100.0) 15 (93.8)
PDA * Yes 10 (90.9) 2 (40.0) 2 (15.5)
No 1(9.1) 3 (60.0) 14 (87.5)
Sepsis * Yes 11 (100.0) 4 (80.0) 3(18.8)
No 0 (0.0) 1 (20.0) 13 (81.3)
Perinatal asphyxia Yes 6 (54.6) 1 (20.0) 9 (56.3)
No 5 (45.4) 4 (80.0) 7 (43.7)
Antibiotic use Yes 10 (90.9) 4 (80.0) 8 (50.0)
No 1(9.1) 1 (20.0) 8 (50.0)
Pulmonary hemorrhage Yes 3(27.3) 1(20.0) 1(6.3)
No 8 (72.7) 4 (80.0) 15 (93.7)
Pulmonary hypertension Yes 2(18.2) 1(20.0) 0 (0.0)
No 9 (81.8) 4 (80.0) 16 (100.0)

** Fisher's exact test (With Bonferroni-corrected - p<0.017); * Data with statistical significance (p > 0.017);

T humber (percentage); BPD: bronchopulmonary dysplasia; HDP: specific hypertensive disease of

pregnancy; PDA: Patent ductus arteriosus.



TABLE 5 - Immunohistochemical analysis of interleukins 6, 8, 10 and 17 in

pulmonary tissue samples of premature infants.

Median
Interleukins Group Mean = SD P value *
(Min-Max)
IL-6 Classic BPD (n=11) 5836 + 1658 5672 (3589-8192) 0.183
New BPD (n=5) 5624 + 1866 4542 (4037-8020)
Without BPD (n=16) 7049 + 1369 7033 (3987-10036)
IL-8 Classic BPD (n=11) 1281 + 749 1019 (241-2705) 0.476
New BPD (n=5) 1887 + 791 1848 (713-2827)
Without BPD (n=16) 1790 £1296 1414 (180-4007)
IL-10 Classic BPD (n=11) 808 + 652 503 (71-2085) 0.446
New BPD (n=5) 531 £ 667 162 (73-1631)
Without BPD (n=16) 823 + 1084 372 (25-4045)
IL-17 Classic BPD (n=11) 886 + 637 675 (239-2249) 0.029 **
New BPD (n=5) 1382 + 726 1443 (521-2224)
Without BPD (n=16) 1686 + 747 1681 (486-3248)

* Non-parametric Kruskal-Wallis test, p <0.05; SD: Standard Deviation; Min: Minimum; Max: Maximum; BPD:

Bronchopulmonary dysplasia; ** significance between Classic versus Without groups.



5. CONCLUSAO

5.1 CONCLUSAO GERAL

Este estudo com tecido pulmonar de neonatos com DBP mostrou que as
interleucinas 6, 8, 10 e 17 n&o parecem estar envolvidas na fisiopatogénese da
DBP. Em contrapartida, a IL-17 apresentou maior expressdo no grupo sem
DBP, talvez sendo um fator de protecdo para a DBP. Mais estudos sao
necessarios para avaliar o papel das interleucinas como biomarcadores e até

mesmo como fatores terapéuticos para a DBP.

5.2 CONCLUSOES ESPECIFICAS
N&o houve correlagdo da expressao tecidual das interleucinas 6, 8,10 e
17 com os dados clinicos dos grupos, tanto nos dados pré-natais como nos

pés-natais.
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