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Resumo




O parto pré-termo espontaneo, definido como nascimento antes das 37 semanas completas
de gestacao apesar dos consideraveis avancos cientificos ainda representa um importante
problema médico, humano e social. E representado por dois grandes grupos de patologias
obstétricas definidas como Trabalho de Parto Prematuro (TPP) e Rotura Prematura de
Membranas Pré-Termo (RPM-PT). O primeiro objetivo deste estudo foi avaliar os niveis de
8-oxo-2'-desoxiguanosina (8-OHdG) em membranas corioamnidticas de gestacdes
complicadas pela prematuridade. Neste estudo transversal, foram estudadas 31 membranas
corioamnioticas de gestacdes complicadas por TPP e 35 com RPM-PT cujos partos
ocorreram no periodo compreendido para a prematuridade. Como grupo controle foram
incluidas 37 membranas corioamniéticas de partos a termo. As membranas corioamniéticas
foram coletadas e a extracado total de DNA foi realizada pelo Kit genomic-Prep Mini Spin e os
niveis de 8-OHdG niveis foram analisados pela técnica de ELISA empregando-se o kit Highy
Sensitive 8-OHdG. Em relagédo aos dados obtidos, os niveis de 8-OHdG (2,90 ng/mL [1,54 -
4,06]) nas membranas corioamniéticas do grupo termo foram significativamente maiores que
no grupo de partos prematuros (0,61ng/mL [minimo: 0,37 — maximo: 0,92]) (p <0,0001). Os
niveis de 8-OHdAG foram também mais elevados no grupo de termo do que nos grupos PTL
(0,71 ng/mL [minimo: 0,40 — méaximo:1,47]) ou RPM-PT (0,53 [minimo: 0,37 — maximo:
0,71]) (p <0,0001), respectivamente. Nossos dados reforcam a tese que os danos oxidativos
estao presentes nas membranas corioamniéticas de gestacdes a termo como consequéncia
de um processo fisiolégico do envelhecimento dos tecidos gestacionais. O segundo objetivo
deste estudo foi analisar a associacdo entre corioamnionite histolodgica, ocorréncia de
apoptose e niveis de 8-OHdG em membranas corioamniéticas de gestacdes complicadas
por RPM-PT e TPP. Foi realizado um estudo prospectivo e um total de 60 gestantes foram
recrutadas, sendo 31 gestac6es complicadas por RPM-PT e 29 com TPP. Apés o parto, as
membranas corioamnidticas foram submetidas ao exame histopatologico, a analise dos
niveis de 8-OHdG por ELISA, empregando-se o kit Highy Sensitive 8-OHdG, e quanto a
ocorréncia de apoptose pela imunomarcacao da proteina p53. A corioamnionite histologica
foi detectada em 64,5% das membranas corioamniéticas do grupo RPM-PT e em 44,8% do
grupo TPP (p = 0,12). A ocorréncia de apoptose no grupo RPM-PT (32,2%) foi semelhante
no grupo TPP (24,1%) (p=0,48). Os niveis de 8-OHdG no grupo TPP [0,71 (minimo: 0,43 —
méximo: 1,38)] foram significativamente maiores do que no grupo RPM-PT [0,53 (minimo:
0,37- maximo: 0,69)] (p = 0,02). A analise de regresséo logistica entre esses mecanismos
demonstra que apenas a corioamnionite histolégica esta relacionada a apoptose (OR = 3,7,
IC 95% = 1,19-14,9; p = 0,04). Concluimos que entre os fatores analisados a corioamnionite
e a imunomarcacdo da proteina p53 foram mais prevalentes no grupo de mulheres

acometidas pela RPM-PT, que os niveis de 8-OHdG foram mais elevados no grupo de




mulheres acometidas pelo TPP e que entre estes fatores a corioamnionite histol6gica parece
estar mais claramente associada a ocorréncia de apoptose em membranas corioamniéticas
de gestacdes complicadas por prematuridade espontanea. O terceiro objetivo deste estudo
foi analisar a associacdo de desfechos neonatais adversos, especialmente a sepse neonatal
precoce, em gestacbes complicadas por RPM-PT e TPP na presenca de corioamnionite
histologica. Foi realizado um estudo caso-controle e um total de 73 gestantes foram
incluidas no estudo, sendo 39 gestantes com RPM-PT e 34 com TPP. Apés o parto, as
membranas foram submetidas ao exame histopatolégico e o0s recém-nascidos foram
avaliados para o diagndstico de eventos adversos: escore de Apgar <7 aos 5 min e 10 min,
admissdo em unidade de terapia intensiva neonatal, dificuldade respiratoria, intubagéo
tragueal e sepse neonatal precoce (SNP), esta ultima definida como sendo uma sindrome
clinica observada nas primeiras 72 h de vida do recém-nascido. Em ambos 0s grupos as
caracteristicas maternas e neonatais (idade materna, indice de massa corpérea, etnia,
paridade, idade gestacional e peso do recém-nascido) ndo foram significativamente
diferentes. Entre as variaveis analisadas no contexto da prematuridade observamos que a
SNP foi a mais prevalente no grupo RPM-PT e corioamnionite distinguindo-se
estatisticamente (p = 0,04). Os outros desfechos neonatais adversos ndo mostraram
diferenca estatistica entre si ou entre as patologias obstétricas envolvidas na pesquisa. No
modelo de regressédo logistica, verificou-se que a presenca de corioamnionite histolégica
(OR =7,4, IC 95%: 1,95-35,9, p =0,0005), a dificuldade respiratéria (OR = 3,5; IC 95%: 1,02-
12,9; p = 0,049) e RPM-PT (OR = 9,8; IC95%: 2,95-38,5; p = 0,0004), entre as variaveis
independentes, influenciaram diretamente a ocorréncia de SNP. A andlise da curva ROC
reforca a tese que a corioamionite e a RPM-PT sao critérios relevantes para o evento de
SNP com indices de sensibilidade de 76% e especificidade de 82%, respectivamente.
Conclui-se que a corioamnionite histolégica e a ocorréncia de RPM-PT estdo associadas a

desfechos neonatais adversos, especialmente a ocorréncia de sepse neonatal precoce.

Palavras-chave: Prematuridade, corioamnionite histologica, estresse oxidativo e apoptose.




Abstract




Spontaneous preterm birth, defined as birth before 37 weeks completed gestation, despite
the considerable scientific advances, still represents an important medical problem, human
and social. It is represented by two large groups of obstetric pathologies defined as preterm
labor (PTL) and premature rupture of preterm ovular membranes (pPROM). The first
objective of this study was to evaluate the levels of 8-oxo-2'-deoxiguanosine (8-OHdG) in
amniochorion membranes from pregnancies complicated by prematurity. In this cross-
sectional study, were enrolled 31 with PTL and 35 with pPRM who presented preterm
delivery. As control group was included 37 pregnant women that delivery at term.
Amniochorion membranes were collected and total DNA extraction was performed by
ILLUSTRA tissue & cells genomic-Prep Mini Spin Kit and 8-OHdG levels were measured by
an ELISA Highy Sensitive 8-OHdG Check kit. Regarding to data, 8-OHdG levels in
amniochorion membranes of term group (2,90 ng/mL [min: 1,54 — max:4,06]) were
significantly higher than premature group (0,61 ng/mL [min: 0,37 — max:0,91]) (p<0.001). 8-
OHdG levels were also higher in term group than in PTL (0,71 ng/mL [min: 0,40 — max:1,47])
or pPROM groups (0,53 ng/mL [min: 0,37 — max:0,71]) (p<0.001), respectively. Our data
reinforces that oxidative damage are present at term pregnancies as physiologic process of
amnionchorion aging. The second objective of this study was to analyze the association
among histologic chorioamnionitis, apoptosis occurence and 8-OHdG levels in amniochorion
membranes from pregnancies complicated by pPROM and PTL. It was a prospective study
and a total of 60 pregnant women were enrolled, being 31 pregnant women who presented
pPROM and 29 with PTL. After delivery, the amniochorion membranes were subjected to a
histopathological examination, to 8-OHdG levels analysis by an ELISA Highy Sensitive 8-
OHdG Check kit and occurrence of apoptosis by p53 protein immunohistochemical study.
Histologic chorioamnionitis was detected in 64.5% of the amniochorion membranes from
pPROM group and in 44.8% from PTL group (p=0.12). The occurence of apoptosis in the
pPROM group (32.2%) was similar in the PTL group (24.1%) (p=0.48). The 8-OHdG levels in
the PTL group [0.71 (0.43-1.38)] were significant higher than in the pPROM group [0.53
(0.37-0.69)] (p=0.02). Logistic regression analysis among these mechanisms showed that
only histologic chorioamnionitis is related to apoptosis (OR=3.7; 95%CIl= 1.19-14.9; p=0.04).
Histologic chorioamnionitis seems to be more clearly associated with apoptosis occurrence
in amniochorion membranes from pregnancies complicated by spontaneous prematurity. The
third objective of this study was to analyze the association of adverse neonatal outcomes,
especially early neonatal sepsis (ENS), in pregnant women affected by pPROM and PTL in
the presence of histologic chorioamnionitis. It was a case-control study and a total of 73
pregnant women were enrolled, being 39 pregnant women who presented pPROM and 34

with PTL. After delivery, the membranes were subjected to a histopathological examination




and the newborn infants were evaluated for the diagnosis of adverse events: Apgar score <7
at 5 min and 10 min, admission to a neonatal intensive care unit, respiratory distress, use of
continuous positive airflow pressure (CPAP), tracheal intubation and early neonatal sepsis,
defined as being a clinical syndrome observed in the first 72 h of life of the newborn. In both
groups, the sample general characteristics (maternal age, body mass index, ethnicity, parity,
gestational age, and weight of the newborn) were not statistically different. Except ENS,
which was the most prevalent in the pPROM and chorioamnionitis groups (p=0.04), the other
neonatal adverse outcomes showed no statistical difference between them or between
obstetric pathologies involved in the research. In a logistic regression model, we found that
the presence of histologic chorioamnionitis (OR=7.4; 95%CI=1.95-35.9; p=0.0005),
respiratory distress (OR=3.5; 95%CI=1.02-12.9; p=0,049) and pPRM (OR=9.8; 95%ClI= 2.95-
38.5; p=0.0004) among the independent variables, directly influenced ENS occurrence. ROC
analysis reinforced that choriamnionites and pPROM are as criteria of relevant sensitivity
(76.0%) and specificity (82.0%) for the ENS event. We conclude that histological
chorioamnionitis and the occurrence of pPROM are associated with adverse neonatal

outcomes, especially the occurrence of early neonatal sepsis.

Keywords: Prematurity, histologic chorioamnionitis, oxidative stress, apoptosis.
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1.1. Prematuridade: conceito, incidéncia e fatores de risco

A prematuridade, conceitualmente definida como o0 nascimento antes de
completadas as 37 semanas de gestacdo, ndo obstante o0s consideraveis avangos
cientificos no conhecimento da fisiologia do parto e dos significativos progressos
tecnolégicos que ocorreram na medicina perinatal nas Ultimas décadas, ainda representa
um problema médico, humano e social a ser enfrentado (Liu et al., 2012).

O parto pré-termo pode ocorrer por indicagcbes médicas, portanto, artificialmente
induzido, ou de forma espontanea. O primeiro, devido a comprometimento materno/fetal,
incluindo desordens hipertensivas, diabetes, doenga cardiaca, patologias placentérias,
malformacdes fetais, restrico de crescimento fetal e o segundo, representado por dois
grandes grupos de patologias obstétricas definidas como: o Trabalho de Parto Pré-Termo
(TPP), quando a gestante desencadeia precocemente as contragdes uterinas associadas a
modificagbes morfolégicas da cérvice como o esvaecimento e dilatacdo do colo uterino,
mantendo, entretanto, a integridade das membranas corioamniéticas e a Rotura Prematura
de Membranas Pré-Termo (RPM-PT), entidade clinica caracterizada pela rotura das
membranas fetais e expulsdo do liquido amniético contido nelas sem o desencadear de
contragOes uterinas (Corréa et al., 2002).

A taxa de incidéncia da prematuridade é variavel e tem permanecido estavel ao
longo de décadas na maioria dos paises em desenvolvimento oscilando entre 5 a 18% entre
todas as gestacBes estimando-se, globalmente, cerca de 15 milhdes de novos recém-
nascidos prematuros a cada ano (Blencowe et al.,, 2012). Sobre o nascimento prematuro
sabe-se, ainda, que aproximadamente 70% deles ocorrem de forma esponténea e resultam
do TPP (45%) e da RPM-PT (25%). Os demais 30% s&o atribuidos a interrupcao eletiva da
gestacao por intercorréncias clinicas maternas e/ou fetais (Muglia et al.,2010).

E relevante salientar que cerca de 5% dos recém-nascidos pré-termo nascem com
menos de 28 semanas de gestacdo (prematuridade extrema), 15% nascem entre 28-31

semanas (prematuridade severa), 20% sao aqueles nascidos entre 32-33 semanas
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(prematuridade moderada) e 60—70% nascem com 34—-36 semanas (prematuridade tardia) o
gque torna o nascimento prematuro um desafio clinico, uma vez que, esta fortemente
relacionado a complicacdes maternas e principalmente neonatais, imediatas e a longo
prazo, o que, por si soO, representa importante problema de saude publica (Goldenberg et al.,
2008).

No ambito das sequelas advindas do nascimento pré-termo ha relatos de mulheres
que, passando por essa experiéncia, estdo mais propensas ao parto cirlrgico, a depressao
pés-parto e a longa permanéncia de internagdo hospitalar (Hamilton et al., 2010). Os
neonatos, por sua vez, estdo mais sujeitos a problemas subitos como estresse respiratorio,
enterocolite necrotizante, hemorragia intraventricular, retinopatias e dificuldades alimentares,
e a longo prazo, inabilidades de ordem visual, motora e de aprendizagem além de doencas
pulmonares crénicas e elevado indice de infertilidade na vida adulta (Avchen et al., 2001;
Swamy et al., 2008).

Multiplos séo os fatores de risco relacionados ao nascimento pré-termo. Suas causas
diferem entre si, 0 que torna ainda mais desafiador o seu entendimento etiopatogénico,
principalmente porque que o fendtipo mais comumente encontrado € o do nascimento
prematuro espontaneo em grande parte relacionado as mulheres de baixo risco para a
prematuridade (Goldenberg et al., 2008). Entre os estudos epidemiol6gicos de carater
populacional e com andlise de grupos étnicos sabe-se que o TPP é mais comum entre as
mulheres brancas, enquanto que a RPM-PT é mais incidente entre as autodeclaradas
negras. Essa variabilidade tem sido motivo para diferentes interpretaces em diversos
estudos (Ananth et al.,2006) e admite-se que os fatores genéticos e epigenéticos passam a
ser cada vez mais reconhecidos como os grandes determinantes do parto pré-termo,
embora, a magnitude do seu efeito e do seu grau, ainda permanecam indefinidos (Muglia et
al.,2010).

Pesquisas relacionadas aos mecanismos que envolvem a etiopatogenia da
prematuridade tém apontado para um entendimento fisiopatoldégico que, embora

multifatorial, convergem para uma via final comum que resulta no TPP sendo os principais
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mecanismos envolvidos: (1) ativacdo precoce do eixo hipotalamo-hipdéfise-adrenal nos
compartimentos materno ou fetal, (2) hemorragia decidual, (3) distensao uterina patolégica e
(4) amplificada resposta inflamatoria frente a infeccdo. Todos esses processos tem em
comum a possibilidade de ativacdo dos mecanismos que levam a dinamica uterina precoce,
0 encurtamento do colo do Utero e/ou a rotura das membranas corioamnibticas alteracfes
que, curiosamente, surgem antes mesmo que 0s primeiros sinais clinicos dessas entidades

obstétricas sejam reconhecidas (Moroz et al., 2014).

1.2. Mecanismos fisiopatoldégicos propostos para o determinismo do Trabalho de

Parto Pré-Termo

7

O mecanismo pelo qual o eixo hipotdlamo-hipéfise-adrenal € prematuramente
sensibilizado para atuar como desencadeador do TPP estd vinculado as respostas
fisiologicas que partem do compartimento materno e/ou fetal.

Estudos observacionais correlacionam o estresse fisico ou mental maternos,
incluindo entre estes, a ansiedade e a depressdo, como de maior risco ao parto pré-termo
(Berkowitz et al.,1983; Ding et al., 2014). Outro estudo nesse sentido e de base populacional
também evidenciou maior chance de parto pré-termo entre mulheres vitimas de estresse
pés-traumatico (Lipkind et al., 2010). Admite-se que a ativacao do eixo hipotalamo-hipdfise-
adrenal desencadeie uma cascata de reacdes neuroenddcrinas envolvendo o aumento e
liberacdo do horménio corticotréfico placentario (McLean et al.,1995; Korebrits et al.,1998),
como também, a liberacdo do hormonio adrenocorticotrofico pela hipofise fetal que, atuando
ambos na placenta, elevam as concentracbes de estrogénios placentarios e
prostaglandinas, ativadores primordiais das contragdes miometriais que precipitam o inicio
do trabalho de parto (Challis et al., 1989).

A associacdo de hemorragia de origem genital e elevado risco de TPP e RPM-PT ja
estd bem documentada (Harger et al., 1990, Salafia et al.,1995). O sangramento imotivado

procedente da decidua (descolamento da placenta) € consequéncia de vasos sanguineos




25

danificados e apresenta-se clinicamente como hemorragia vaginal ou hematoma
retroplacentario configurando um dado preditivo de risco que pode ser observado desde o
primeiro trimestre gestacional (Buhimschi et al., 2010).

A elevada concentracdo do fator de coagulagéo tecidual, presente no hematoma
retrodecidual, é responsanel pela ativacdo de uma sequéncia de vias metabdlicas da
coagulacéo que resultam na formacéo de trombina. A trombina, por sua vez, para além das
suas propriedades hemostéticas, liga-se a receptores de proteases que regulam a
expressao de enzimas, tais como as metaloproteinases, que degradam o colageno das
membranas e favorecem a RPM-PT e consequente nascimento pré-termo (Rosen et al.,
2002). Da mesma forma, atribui-se a trombina sua interacdo com a inibicdo dos receptores
de progesterona fazendo diminuir sua producéo e sensibilidade pelas células deciduais e
assim permitir a instalacdo do TPP em funcdo do desequilibrio hormonal instalado
(Goldenberg et al., 2008; Lockwood et al., 2012; Norwitz et al., 2007).

A gestacdo mdltipla, o polidramnio e outras formas de distensdo uterina excessiva
também séo fatores de risco bem reconhecidos para o TPP. A sobredistensdo miometrial
induz a formacao de jungdes do tipo gap, a super expressao de receptores de ocitocina, a
maior producdo de prostaglandina E2 e F2 e a quebra da cadeia leve de miosina. Estes
fendbmenos representam eventos criticos para o inicio das contracdes uterinas e dilatacdo
cervical (Ou et al.,1997; Word et al.,1993). Da mesma forma, a distensdo miometrial também
esta relacionada ao aumento da expressado de genes que resultam na ativacdo das vias
inflamatérias e da colagendlise (Sooranna et al., 2005), assim como, a prépria distensao
volumétrica fetal pode contribuir para a sensibilizacdo do miométrio através da liberagédo de
citocinas, prostaglandinas e colagenases produzidas a partir do excessivo estiramento das
proprias membranas fetais (Maradny et al.,1996; Nemeth et al., 2000).

A participagdo do mecanismo inflamatério na etiopatogenia do parto pré-
termo, apesar de fortes evidéncias, ainda se constitui em matéria constante de investigacao,
uma vez que, as respostas inflamatorias envolvem mudltiplas vias bioquimicas complexas e

multifacetadas. Nesse contexto geral tém-se postulado que as lesBes celulares provocadas
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pelos mecanismos inflamatorios, oxidativos e apoptose, isoladamente ou interrelacionados,
apresentam-se como bons argumentos para a base biomolecular fisiopatologica da

prematuridade.

1.3. Aspectos gerais acerca da anatomofisiologia das membranas corioamnioticas e
mecanismo inflamatério dos tecidos gestacionais

As membranas corioamnioticas consistem do amnion e cérion interligados pela
matriz extracelular (MEC). Trata-se de um tecido de grande resisténcia, embora flexivel,
capaz de suportar e adaptar-se ao crescimento progressivo do volume fetal, liquido
amniotico, pressédo intrauterina e intra-abdominal. Sua integridade € fundamental para a
evolugdo bem-sucedida da gestagéo e, principalmente, o bem-estar fetal (Hay, 1981).

A composicao histolégica das membranas corioamniéticas foi descrita como um
tecido constituido por cinco camadas (Figura 1). A camada mais interna, o amnio, é
banhada pelo liquido amnidtico e formada por uma Unica placa epitelial de células cubicas
derivadas do ectoderma embrionario. Esse epitélio acha-se firmemente conectado a sua
membrana basal que o separa de uma outra camada, acelular, composta por colagenos
instersticiais seguida por uma fileira de células mesenquimais, provavelmente fibroblastos
derivados do mesoderma do disco embrionario. A camada mais externa do amnio € uma
zona esponjosa, também desprovida de células, contigua a segunda membrana fetal que se
designa de corion liso. (Cunningham et al.,1997).

A capacidade de tenséo e flexibilidade das membranas é fornecida pela riqueza de
colagenos do tipo | e lll, outros tipos menos frequentes, V, VI e VII, além de componentes
ndo-colagenosos da MEC que inclui a elastina, laminina, proteoglicanos, fibronectina,
plasminogénio e integrinas (Malak et al.,1993; Bryant-Greenwood, 1998).

O liquido amnidtico, contido no interior da cavidade amniética, tem sua producéo
desde as primeiras semanas de gestacdo até por volta da 20* semana e origina-se, nesse
momento, da passagem passiva de um ultrafitrado do plasma materno (Brace, 1997). A

partir de entdo a diurese e a degulticdo fetal representam os mecanismos mais importantes
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para sua dindmica (Wladimiroff et al., 1974) admitindo-se que cerca de 95% do total de
liguido amnidtico é renovado por dia, notadamente em gestacfes mais proximas do termo.
Sua composicao € essencialmente de agua (98 — 99%), contendo de 1 a 2% de elementos
sélidos representados por substancias organicas e inorganicas (Brace et al, 1989).

Em um analise mais profunda admite-se que as membranas corioamnidticas nao
representam apenas uma barreira mecanica para a contenc¢éo do liquido amniético, como se
imaginava, mas um componente importante contra a invasdo de microrganismos
considerando sua ativa participacdo como elemento de ativagdo local do sistema imune

inato (Romero et al.,2006).

Liquido amniético AMNIO

ng w=== NMonocamada de células epiteliais colunares

e et =) embrana basal amnidtica—> colagenoslil, VeV

m==$ Camada compacta—> coldgenos|, Ill, Ve VI

m=m=p Camada fibrobldstica = coldgenos|, llle IV
===} Camada intermediaria esponjosa—> coldgenos|, lll eIV

CORIO
m===) Camada reticular

w=== Membranabasal coridnica—> colageno IV

=== Cé|ulas coridnicas

Figura 1. Representacdo esquematica dos estratos histolégicos das membranas

corioamnioticas (Parry & Strauss, 1998).
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O termo corioamnionite (CAM) ou infec¢do intra-amniética (l1A) desigha, portanto, o
estado no qual é evidenciado um processo inflamatério nos tecidos gestacionais
caracterizado pelo comprometimento das membranas corioamnidticas, liquido amniético,
placenta e/ou decidua materna (Arayici et al., 2014). O envolvimento inflamatério do cordéo
umbilical (artéria, veias umbilicais e a geléia de Wharton) expande o termo para a condicéo
da sindrome de resposta inflamatoria fetal (Pacora et al., 2002). Essa definicdo, em especial
a primeira, é, na revisao da literatura, inconsistente, ndo s6 para 0s conceitos clinicos como
também para os principios epidemiolégicos, uma vez que, nao contribui para o
entendimento claro das relacdes entre a CAM e os desfechos obstétricos (Ericson et al.,
2015).

A mais rigorosa definicdo de CAM é a de uma inflamacao nas placas coribnicas e
amnioticas das membranas confirmadas através do estudo histopatologico das mesmas o
que requer a presenca de um infiltrado neutrofilico, ou seja, o limite de pelo menos 10
neutrdéfilos por campo de grande aumento em uma andlise de, ao menos, 10 campos (Hillier
et al.,1988) (Figura 2). Entretanto, com o propésito de padronizar os critérios diagnésticos,
Redline et al. (2003), classificaram as les6es agudas da placenta em duas categorias:
aquelas relacionadas a resposta inflamatéria materna e aquelas relacionadas ao feto, assim
como, procuraram, também, definir os padrdes baseados no estadio e grau do processo
inflamatorio (Redline et al., 2003).

Segundo esses autores, o termo estadio refere-se a progressdo do processo
inflamatorio agudo dos tecidos afetados e o grau procura definir a intensidade dos danos
nessa regido anatdbmica. Para 0s mesmos, no contexto da resposta inflamatéria materna, o
estadio 1, subcorionite aguda e/ou corionite aguda precoce, -caracteriza-se pela
presenca de neutrofilos nos espagos subcoriénico e/ou coribnico; estadio 2, corioamninite
aguda, pela inflitragdo dos neutrofilos no tecido conectivo coriénico e/ou placa coribnica e o
estadio 3, corioamnionite necrotizante, caracterizado pela necrose que atinge o amnio.

Quanto ao grau, estabelece como leve a moderado aquele grupamento de neutrofilos que
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difusamente se encontram na placa coribnica, corion ou amnio, enquanto o grau 2, severo,
refere-se a presenca de pelo menos trés microabscessos (Redline et al.,2003).

Esses aspectos permitiram observar que os critérios de estadios parecem ter maior
valor clinico que as definicbes de graduacdo pois foram mais reprodutiveis entre o0s
observadores no sentido de se estabelecer com mais precisdo a severidade do processo
inflamatorio. A esse respeito, Park et al. (2009), relatam, também, que os critérios de
localizacdo do infiltrado neutrofilico nas camadas das membranas ovulares estdo muito mais
relacionados a resposta inflamatoria quando associados as concentracdes de citocinas

encontradas no liquido amniético (Park et al.,2009).

Figura 2. Fotomocrografia das membranas corioamniéticas demonstrando corioamnionite
histolégica. Evidencia-se epitélio amniético em monocamada sobre o tecido conjuntivo

frouxo avascular e rico infiltrado polimorfonuclear no @mnio e cério. HE. Aumento de 400x.

O mecanismo inflamatério observado no ambiente uterino deve ser compreendido
como uma sindrome e, curiosamente, ser interpretado com cautela. O mesmo pode
representar um nitido processo de invasdo microbiolégica, mais comumente compreendido,

ou ocorrer em um ambiente de carater estéril e inflamatoério, nesse ultimo caso, com a
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auséncia de microrganismos demonstraveis e possivelmente induzido por “sinais de perigo”
liberados em varias condicBes fisiopatologicas em que se observa estresse, injdria e/ou
morte celular (Romero et al., 2014; Romero et al., 2015).

Os chamados “sinais de perigo”, estudados em pesquisas recentes e que procuram
encontrar o elo definitivo envolvendo a etiopatogenia da prematuridade sugerem que 0s
disturbios maternos da imunidade, inata ou adquirida, estdo entre as principais causas de
parto pré-termo e englobariam duas condi¢des: aquelas de origem infecciosa e outra ainda
nao totalmente esclarecida e sem o isolamento especifico de agente biolégico cujo
componente inflamatério provavelmente provém de respostas individuais (Romero et al.,
2014).

A esse respeito, Menon (2014), refere-se a intrigante relacdo entre 0s processos
inflamatérios e os desfechos obstétricos, quer fisiolégicos, quer patolégicos. Para o autor o
trabalho de parto a termo ou mesmo pré-termo tem o envolvimento de mediadores
inflamatorios, indicando que, no termo, a manifestagdo imune-inflamatéria parece ser mais
restrita e de carater fisioldgico, enquanto que, no nascimento pré-termo, 0s mecanismos sao
desencadeados por uma maior atividade inflamatdria e de vulto patolégico. Essa condicdo
de hiperestimulacéo inflamatoria, observada no parto pré-termo, parece mais relacionada a
presenca de um estimulo infeccioso como relatado em cerca de 50% dos casos de TPP e,
em até, 70% dos casos de RPM-PT (Romero et al., 2006).

Assim, considerando a participagdo dos agentes bioldégicos na etiopatogenia da
prematuridade admite-se, de forma geral, que a rota da infeccdo para a cavidade amnidtica
se da pela ascenséo de bactérias presentes no trato genital inferior, uma vez que, esse sitio
anatdbmico alberga os microrganismos mais envolvidos (Romero et al., 2006). Todavia,
apesar de ser a via mais frequente de infeccdo da cavidade uterina, observa-se que nem
todas as gestantes desenvolvem de forma documental a infecgdo intra-amnidtica e essa
possivel protecdo é provavelmente garantida pela presenca do muco cervical que se
constitui em uma barreira a ascencao dos agentes bioldgicos durante a gravidez (Hein et al.,

2001; Hansen et al., 2014).
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Outro dado relevante quanto a etiopatogenia da corioamnionite foi a documentagéo
de que néo ha, obrigatoriamente, a necessidade da rotura das membranas corioamniéticas
para se instalar a infeccdo intra-amniética (Galask et al., 1984). A corioamnionite tem sido
identificada em casos de trabalho de parto prematuro com membranas integras (Combs et
al., 2015), em mulheres com insuficiéncia istmocervical (Oh et al., 2010), em gestantes
portadoras de colo uterino encurtado (Romero et al., 2014; Vaisbuch et al., 2010), em casos
de hemorragia genital idiopatica da gravidez (Gomez et al., 2005) e na placenta prévia
(Madan et al., 2010).

Esses exemplos demonstram de maneira muito particular que os agentes biologicos,
em especial as bactérias, podem transpor as membranas corioamnibticas e atingir a
cavidade uterina a despeito de sua integridade e, em geral, permitir que se desenvolva nos
tecidos gestacionais um ambiente de infec¢cdo de forma subclinica (Galask et al., 1984;
Gravett et al., 1986; Romero et al., 2001).

Outras possiveis rotas de infeccdo menos frequentes incluem a via hematogénica ou
transplacentaria. Essas s@o decorrentes de infeccdes maternas sanguineas que se
estendem até os espacos intervilosos da circulagéo fetal como observado, por exemplo, nos
casos das doencas periodontais subclinicas e suas intimas relagdes com a prematuridade
(Offenbacher et al., 2001; Leon et al., 2007). Outras vias como a infecgcdo retrograda da
pelve e a infeccdo transuterina, esta Ultima, causada por procedimentos como a
amniocentese, sao eventos de muito maior raridade (Fahey, 2008).

Os mais frequentes microrganismos encontrados na cavidade amnidtica de
gestantes com infecgéo intra-amniotica sdo Ureaplasma urealitycum e Mycoplasma hominis
e espécies de Fusobacterium; ocasionalmente também s&do encontrados bacilos Gram-
negativos, como os do género Bacteroides e Prevotela, ambos presentes na vaginose
bacteriana; coliformes como Escherichia coli e Streptococcus do grupo B (Sperling et
al.,1988; Romero et al.,1994; Gibbs et al.,1982), com destaque, nesse cenario, para o core
patoldégico da vaginose bacteriana os quais se instalam nas membranas e invadem a

cavidade amnidtica proliferando-se no liquido amniético (Kim et al., 2010). Admite-se, ainda,
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que o desequilibrio da microbiota vaginal, representado pela vaginose bacteriana, possa
contribuir para o gatilho da resposta inflamatoria caracterizada por maior concentracdo de
interleucinas (IL) -1B, IL-6 e IL-8 e de sialidades que podem representar um fator de maior
risco para resultados gestacionais adversos (Ferreira et al., 2015; Discacciati et al., 2011).

A infeccdo intra-amnidtica ou corioamnionite, como ja referido, pode, ainda, se
apresentar nas condic¢des clinica e histologica. A corioamnionite clinica acomete cerca de
1% a 2% dos partos de termo e 5% a 10% dos partos pré-termo, havendo aumento da sua
incidéncia quando ha RPM-PT por tempo prolongado (Gibbs et al.,1991). Seu diagndstico é
geralmente definido pela presenca de temperatura = 37,8°C e pelo menos dois dos
seguintes achados: taquicardia materna (acima de 120 bpm), leucocitose materna (acima de
18.000 células/mm?), presenca de sensibilidade uterina, liquido amniético purulento ou de
odor fétido ou taquicardia fetal (acima de 160 bpm) (Ramsey et al., 2005). A forma
histolégica de corioamnionite tem sido descrita em aproximadamente 20% das gestacdes de
termo e em mais de 50% dos partos pré-termo, sendo que a maioria dos casos ndo sao
seguidos de sinais clinicos ou sintomas de infec¢do (Edwards, 2005; Conti et al., 2015;
Newton, 2005; Menon et al., 2010).

Considerando os agentes biolégicos como fatores fundamentais na etiopatogenia do
parto pré-termo ha, nesse sentido, clareza que a resposta inflamatéria subsequente é
protagonizada pela participacdo de Toll-Like Receptors (TLRsS) que merecem destaque
devido seu papel crucial contra a invasdo microbiana tendo em vista sua capacidade de
reconhecer amplo espectro de padrdes moleculares (Brodsky et al., 2007; DiGiulio et al.,
2008).

O reconhecimento dos Padrdes Moleculares Associados a Patogenos (PAMPs) pelos
TLRs ativa diversas vias de sinalizac&o intracelulares que culminam com a ativacdo de
fatores de transcricdo responséveis pela expressdo de genes envolvidos nas respostas
inflamatérias e antivirais (Anwar et al.,, 2013; Kawaiet al., 2010). Todas essas vias sdo
iniciadas pela interacdo do TLR com seu ligante especifico na superficie da célula ou nos

compartimentos celulares o que leva a dimerizacdo dos mesmos. Essa dimerizacao resulta
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na aproximacao dos dominios do Receptor Toll / IL-1 (TIR) de um TLR com o dominio TIR
do outro. Em seguida séo recrutadas moléculas adaptadoras que participam do quimiotaxia
de outras proteinas e da ativacdo de diversas quinases (Abbas et al., 2012). Dentre os
fatores de transcricdo ativados pelas vias de sinalizacdo dos TLRs destaca-se o Fator
Nuclear kB (NF-kB), a proteina ativadora 1 (AP-1), o Fator Regulador de Interferon 3 (IRF3)
e o Fator Regulador de Interferon 7 (IRF7) (Abbas et al., 2012). A ativacdo de NF-kB e AP-1
resulta na produgdo de citocinas pro-inflamatorias, quimiocinas e moléculas de adeséo
endotelial, enquanto que a ativacdo de IRF3 e IRF7 resulta na producéo de interferons (IFN)
do tipo | (IFN-a e IFN-B), os quais atuam nas respostas anti-virais (Abbas et al., 2012;
Murphy et al., 2010).

Essa resposta inflamatéria mediada pelos TLRs €, em ultima analise, motivada pelo
recrutamento de neutréfilos ativados e, em menor grau, por macrofagos e mediadores pro-
inflamatorios. Esses mediadores inflamatorios sdo o0s resposaveis pela inducao da
ciclooxigenase-2 (COX-2) nas células do amnio e decidua, assim como, pela producéo de
prostaglandinas e metalopreoteinases que deflagram as contragdes uterinas e fragilizam as
membranas corioamniéticas até a sua rotura, respectivamente (Challis et al.,2001).

Entre os diversos mecanismos enddgenos de deflagracdo do nascimento pré-termo,
e, em associagcdo aos fatores de risco acima mencionados, vale enfatizar o papel do
estresse oxidativo como, também, uma via etiopatogénica envolvida e intrinsicamente
relacionada a atividade inflamatéria e os resultados gestacionais adversos, notadamente

agueles que se relacionam a prematuridade.

1.4. A formagéo de radicais livres e o estado de estresse oxidativo

O fornecimento de energia para a célula provém de um complexo mecanismo
respiratério com sede na mitocondria. Durante esse processo sao liberados pelo sistema de
transferéncia de elétrons formas reativas de oxigénio que permanecem disponiveis como

metabdlitos que participam dos mecanismos homeostaticos celulares (Droge, 2002).




34

As formas reativas de oxigénio, também denominadas de espécies reativas de
oxigénio (EROs), sdo radicais livres (RLs) que possuem um Unico elétron sem um par
correspondente localizado na Orbita externa do atomo cuja energia criada €, por essa
particular configuracdo, instavel, efémera e liberada através de reagBes moleculares
subsequentes compartilhadas com outras substancias quimicas, organicas e inorganicas,
tais como proteinas, lipideos — principalmente aquelas moléculas constituintes das
membranas celulares — e acidos nucleicos (Hensley et al., 2000).

As ERO; sao representadas pelo anion superéxido (O,), molécula derivada do O,
apos reacdes enzimaticas oxidativas, que ocorre em diversos segmentos celulares como no
reticulo endoplasmatico, mitocbndrias, membrana citoplasmatica, peroxissomos e citosol.
Uma vez submetido a reacdo de dismutacdo pela enzima superdxido dismutase o O, €
convertido em peréxido de hidrogénio (H,O,) que, na presenca de cofatores como o Cu®"/
Fe?*, pode ser catalisado para a formacao do radical hidroxila (OH’), um segundo e potente
mediador de reacdes oxidativas (Beckman et al.,1990; Mouithys-Mickalad et al.,1999).

Outra importante fonte de liberacdo de radicais livres sdo aqueles derivados do 6xido
nitrico, também conhecido como fator de relaxamento derivado do endotélio, cuja finalidade
é regular o fluxo sanguineo e inibir a agregac¢édo das plaquetas e das células brancas no
contato com a parede vascular (Webster et al., 2008). A acdo pré-oxidante do 6xido nitrico é
atribuida a reac6es intermediarias que envolvem o0 nitrogénio e que, ao reagir com o Oy,
formam o peroxinitrito (ONOO’). Ambos possuem um elétron ndo compartilhado o que os
torna um radical livre altamente reativo capaz de danificar macromoléculas e, em conjunto
com outros mediadores inflamatorios, lesionar a célula (Vega et al.,1998; Rosselli et
al.,1998).

O peroxinitrito € um potente oxidante para a maioria das moléculas e por sua
capacidade de rapida difusdo transforma-se em outros radicais livres como: radical hidroxil
(OH) e radical nitro (NO,), residuos responsaveis pelos fenbmenos de hidroxilacdo e

nitracdo, respectivamente (Mouithys-Mickalad et al.,1999).
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Da mesma forma que EROs, as espécies reativas de nitrogénio (ERNs) tém sido
associadas a condi¢cdes patolégicas como aquelas derivadas dos fenbmenos de
isquemia/reperfusdo, choque séptico e aterosclerose (Reynaert et al.,2005; Schrier et al.,
2004), bem como aos processos que envolvem o sistema imune envolvendo os monacitos,
macrofagos e lipopolissacarideos tendo como resposta a producdo de citocinas pro-

inflamatdrias (Rosselli et al.,1998; Osborn et al.,2002).

Em contrapartida a producdo dos radicais livres, fisiologicamente produzidos pelo
organismo humano e, particularmente presentes no periodo gestacional, as células
procuram manter um balanco estavel entre os mesmos e 0s mecanismos antioxidantes
(Agarwalet al., 2012) representados em trés niveis distintos de atividade: (a) prevencdo na
formacdo de RLs (b) eliminacdo de RLs formados e (c) reparo de moléculas danificadas
pelas RL; (Sies, 1993). Nesse contexto e, em condicbes de homeostase, o0 compartimento
intracelular disponibiliza moléculas com capacidades redutoras ou antioxidantes.

E importante salientar que em concentracdes aceitaveis os radicais livres, produzidos
nas reacdes fisioldgicas, frequentemente participam dos sistemas biolégicos e sao
importantes para a divisdo e sobrevivéncia celular, e, sdo, ainda, mediadores moleculares
de sinalizacdo para os processos inflamatérios, para ativacdo da autoimunidade, da
autofagia, da apoptose e resposta ao estresse (Sies, 1991).

A mensuracdo, in vivo, dos radicais livres é possivel embora esteja sujeita a
dificuldades de deteccdo em funcdo da presenca de artefatos metodolégicos. Em geral,
procura-se analisar aqueles onde, na sua estrutura molecular, acha-se disponivel a
presenca de um elétron livre, altamente reativo, obtendo-se, assim, o intuito de aumentar a
sensibilidade do método (Valgimigli et al.,2001).

Entre os biomarcadores do estresse oxidativo, universalmente utilizados, pode-se
citar os produtos da peroxidacdo lipidica como o malondialdeido (MDA), um dialdeido
formado a partir da oxidacao dos &cidos graxos poliinsaturados que, entre eles, destaca-se,

o &cido araquiddnico cujo subproduto é detectado como um dos reagentes do &cido
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tiobarbitirico (TBAR) (Lima et al., 2001). Pode-se, ainda, pesquisar o biomarcador 3-
nitrotirosina (3-NT), um subproduto do dano oxidativo ocasionado pela nitracdo das
proteinas a partir do peroxinitrito (Myatt, 2010) e, por fim, a detec¢do do dano oxidativo ao
acido desoxirribonucléico (DNA) que pode ser revelado por alteracdes na estrutura de suas
bases nitrogenadas, em especial a guanina, pela medida dos niveis de 8-hidroxi-2'-
deoxiguanosina (8-OHdG) (Menon, 2014).

Vale ressaltar que estes marcadores néo sdo especificos para a atividade de uma
ERO; ou ERNg em patrticular, assim como, ndo o sdo para o tecido no qual presume-se que
esteja ocorrendo o estresse oxidativo. Assim sendo, a mensuracao de multiplos marcadores
torna ainda mais especifica a presenca da lesdo oxidativa e, idealmente, devem ser
analisados no tecido ou liquido supostamente submetido as agressdes bioquimicas

(Henrotin et al.,2009).

1.5. O estresse oxidativo e sua participacdo no trabalho de prto prematuro e na rotura

prematura das membranas pré-termo

Estudos recentes tém atribuido ao estresse oxidativo uma participacao importante
nos processos relacionados a reproducado, quer fisioldgicos, quer patolégicos, como por
exemplo, sua interacdo no fendmeno de deflagracdo do trabalho de parto por ocasido do
termo da gestacgéao, ou, sua participacdo nos mecanismos etiopatogénicos da pré-eclampsia,
aborto de repeticdo e prematuridade (Agarwal et al.,2005; Hung et al.,2010; Chai et al.,
2012). No campo da prematuridade, os estudos relacionam o estresse oxidativo aos
mecanismos inflamatérios como componentes inseparaveis e, embora, presentes em
patologias distintas eles parecem ter papéis importantes como vias efetoras que convergem
para a deflagracdo do nascimento pré-termo (Menon, 2014).

Nesse sentido, a gestacdo, pelas suas peculiaridades, transforma-se em um
ambiente propicio ao desequilibrio entre a producdo e controle dos radicais livres. Os

tecidos gestacionais, uma vez submetidos a uma maior concentracdo de RLs podem sofrer
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as consequéncias do dano oxidativo que, em conjunto com a exacerbacdo da atividade
inflamatéria, da origem a um ciclo vicioso com caracteristicas potencialmente patologicas. A
possibilidade de dano celular oxidativo se manifesta em todos os componentes celulares,
porém o DNA é um dos alvos criticos para onde se dirigem os RLs. Essa lesédo se da em
consequéncia da intima relacdo deles com cadeia respiratéria mitocondrial e, em grande
parte, ao bloqueio da enzima aconitase, proteina mitocondrial que participa das reacdes
entre o Fe?* e H,0,, moléculas fundamental para a ativagdo das reacbes de Fenton e
Haber-Weiss, suscitando, assim, a formacg&o de radicais hidroxila que, como um metabdlito,
sdo capazes de fomentar a nitracdo das proteinas mitocondriais, gerar a oxidacdo do DNA
nuclear, desencadear alteracdes estruturais no telémero e amplificar a produgcédo de O,
mantendo, assim, a continuidade do estresse oxidativo (Orrenius et al.,2011).

O dano ao DNA se caracteriza, molecularmente, por quebras em suas cadeias
simples ou duplas, trocas entre cromatides irmas, reticulacgdo do DNA ou mesmo
modificacdes nas bases nitrogenadas (Richteret al., 1988; Fraga et al.,1990). Entre estas, a
base mais suscetivel a altera¢cdes induzidas pelos RLs é a guanina, cujo produto de
oxidacdo € representado pelo metabdlito 8-OHdG que, em elevadas concentragdes, indica
claramente um processo patolégico (Subash et al.,2010).

De forma semelhante os RLs podem ter como alvo as membranas fosfolipidicas e
nelas determinar importantes modificagbes estruturais. Para alguns autores, representa o
evento citotoxico primario em funcéo da capacidade dos mesmos em reagir com 0s acidos
graxos poliinsaturados permitindo o processo de peroxidacao lipidica representando um
fator desencadeador da faléncia dos mecanismos de troca dos metabdlitos, do desequilibrio
dos nutrientes celulares e da clivagem das cadeias do proprio DNA que, em situacdes
extremas de grande duracdo e extensdo no processo de oxidagdo, culminam com a morte
celular (Benzie, 1996).

Entretanto, 0 mecanismo de estresse oxidativo extrapola o nivel intracelular e se
estende ao meio extracelular proporcionando a desestruturacdo dos componentes da matriz

extracelular dirigindo-se aos proteoglicanos, ao colageno e a elastina contribuindo, nesse
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ambiente, para os fendbmenos que culminam com o nascimento pré-termo (Lima et al.,

2001).

1.6. Fundamentos béasicos dos mecanismos ativadores da apoptose nos tecidos
gestacionais

Envelhecimento celular e apoptose, embora com algumas semelhancas,
caracterizam-se como fendmenos distintos que se encontram presentes Nos processos
patolégicos da prematuridade. O conceito de senescéncia é um fenbmeno que pressupde
uma associacado entre a necessaria parada do processo de divisdo celular com uma
atividade inflamatoria subsequente (Menon, 2014). Apoptose, ao contrario, € um fendmeno
de morte celular programada em que, pela sua rapida progressédo, nao ha, por parte do
hospedeiro, a concomitancia de atividade inflamatéria (Kumar et al.,2012).

Polettini et al. (2015), referem-se ao tema admitindo que o envelhecimento dos
tecidos placentarios pode ter um papel importante nos resultados adversos da gestacao
permanecendo, porém, a dlvida de como interpreta-los no contexto dos mecanismos da
prematuridade, se como eventos dependentes ou apenas interrelacionados.

Assim sendo, estudos indicam que o processo de envelhecimento celular pode,
principalmente em condigbes de estresse oxidativo cronico, desencadear efeitos adversos
como a incapacidade de regeneracdo tecidual e a liberagdo de moléculas bioativas,
incluindo, entre estas, radicais livres, citocinas pro-inflamatoérias, quimiocinas, eicosandides,
metaloproteinases e fatores como os de crescimento e angiogénicos. Esses elementos em
conjunto compreendem o que atualmente se denomina como fendtipo secretor associado a
senescéncia (Correia-Melo et al.,2014).

Na tentativa de elucidar os mecanismos que envolvem esse fendmeno foi possivel
determinar, in vitro, que células expostas a um fator reconhecidamente relacionado ao
estresse oxidativo, como os residuos do fumo, podem provocar dano oxidadivo celular, em
especial ao DNA, e interferir na fisiologia dos teldomeros proporcionando seu encurtamento e

consequentemente um fendétipo de senescéncia (Menon, 2014; Menon et al.,, 2012). O
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encurtamento observado nos teldbmeros € consequéncia da perda dos fatores protetores do
cromossomo (de Lange, 2002) e/ou motivado por danos focais ao DNA, em geral,
relacionados a persisténcia do agente indutor (Correia-Melo et al., 2014). Outro aspecto
curioso das pesquisas relacionadas ao envelhecimento celular € que, apés exposicdo das
células as substancias derivadas do fumo, houve a ativacdo das proteinoquinases,
especificamente a p38 proteinoquinase ativada por mitbgenos (p38 MAPK), que, uma vez
fosforilada em seus receptores especificos, promove também o bloqueio do ciclo celular
(Brancho et al., 2003).

Neste contexto, baseado nas pesquisas que reconheceram as vias metabdlicas da
senescéncia celular, os autores propdem que a presengca do processo inflamatorio,
observado nas condi¢cdes de prematuridade, ndo é exclusivamente fruto da migracdo de
fagdcitos mas decorrentes do estresse oxidativo como um desencadeador do processo de
envelhecimento placentério relacionado a ativacdo do chamado fenétipo secretor associado
a senescéncia cujas manifestacbes se traduzem pela marcante acdo inflamatéria em
concomitancia com metabdlitos procedentes do préprio dano oxidativo.

Em outro contexto, pesquisas tém procurado definir o papel da apoptose no
mecanismo etiopatogénico da prematuridade. Mdltiplas vias estdo sendo estudadas nesse
sentido e, isoladamente ou em sinergismo, parecem confluir para o desfecho da morte
celular. O que ha de comum entre elas é a participacéo da proteina p53. Molécula codificada
por um gene situado no cromossomo de namero 17, o qual leva 0 mesmo nome (gene p53)
em consequéncia de seu peso molecular de 53 kDa, cuja principal funcédo esta relacionada a
preservacdo da integridade do cAdigo genético em cada célula, ou seja, & manutencao da
mesma sequéncia de nucleotideos ao longo de toda a molécula de DNA igualmente
presente em cada célula do organismo humano (Pinho, 2000; Irwin et al., 2001).

Durante o ciclo de divisédo celular a proteina p53 é responsavel por uma verificacao
guanto a eventual ocorréncia de mutacdo na sequéncia do cdodigo genético. Caso seja
verificada a existéncia de mutagéo, € funcdo da proteina p53, o desdobramento de uma

cascata de reagdes com o intuito de impedir que essa célula entre em processo de mitose e




40

complete a divisdo celular (Vousden et al.,2002). Na vigéncia de um dano recorrente ao
DNA, processos inflamatdrios ou mesmo fatores ainda desconhecidos (Fortunato et al.,
2001), multiplas vias relacionadas a apoptose sdo ativadas e entre elas citam-se: (1)
aguelas relacionadas ao mecanismo de reparo do DNA, (2) aquelas decorrentes da
fragmentacdo do DNA, (3) aquelas subsequente a ativacdo do complexo entre o fator de
necrose tumoral-a e o seu receptor ligante Fas (TNF-a — FasL), (4) aquela procedente de
uma maior expressdo de metaloproteinases ou bloqueio do fator tecidual de inibicdo de
metaloproteinaes.

Uma dessas vias reporta-se ao continuo mecanismo de reparo do DNA,
notadamente a base nucleotidica guanina, subsequente a agressédo gerada pelos radicais
livres. O estresse oxidativo, ndo controlado pelos mecanismos antioxidantes, pode
desencadear reacdes moleculares como determinar a conjugacdo das proteinas 8-
Oxoguanina glicosilase (OGG1) ao radical livre 8-OHdG formando o complexo enzimético
OGGL1:8-OHdG. Esse complexo tem por caracteristica ativar a enzima trifosfato guanosina
hidroxilase (Ras-GTPase) que estimula a transcricdo da proteina p53 resultando na
apoptose das células coroamnitticas como descrito por Menon (2014) e Klungand et al
(2017) e tendo como desfecho subsequente RPM-PT (Menon, 2014; Klungand et al., 2007).

Dando continuidade aos eventos que se seguem a incapacidade de reparo do DNA e
a sua fragmentacdo ocorre a ativacdo da proteina p53 responsavel pela expressao das
proteinas bax e Bcl-2. Essas proteinas em condicbes de homeostase acham-se em
equilibrio numa proporcdo de 1:1 e sdo responsaveis, respectivamente, em promover a
apoptose e a proliferacéo celular (Reed, 1994).

Na condicdo de superexpressado da proteina bax, pela maior concentracdo de p53,
da-se inicio aos mecanismos de desestruturacdo da membrana mitocondrial e posterior
liberacéo do citocromo C permitindo, assim, a conversao da pro-caspase 9 para sua forma
ativa e subsequente cascata de caspases efetoras (caspases 2, 3, 6 e 7), também
relacionadas a apoptose. Uma maior expressao da proteina p53 pode, ainda, inibir a

producdo de Bcl-2, um agente anti-apoptético, resposavel pela integridade da membrana




41

mitocondrial e contencao do citocromo C responsavel pela cascata de rea¢gfes bioquimicas
descritas anteriormente (Menon et al., 2007).

Outras vias podem, ainda, ser mencionadas e também determinam a apoptose como
aguelas que envolvem a interacdo entre o fator de necrose tumoral-a e o seu receptor
ligante Fas (TNF-a — FaslL). Essa via da inicio a sinais de transducao celular com a
formagédo de outros complexos proteicos como: (a) receptor TNF-a associado ao dominio de
morte (TRADD) e (b) Fas associado ao dominio de morte (FADD). Esses complexos se
caracterizam por também ativarem as caspases iniciadoras e efetoras da apoptose (Menon
et al.,2002; Menon et al., 2007).

A maior concentracdo da proteina p53 pode, ainda, estar relacionada ao mecanismo
gue envolve a superexpressdo génica de metaloproteinases, em especial a MMP-2, assim
como, o bloqueio do fator tecidual inibidor de metaloproteinases (TIMP). Essa combinagéo
de eventos culmina com a madificacdo estrutural dos tecidos gestacionais e a deflagracéo
do parto no termo, em especial, na RPM-PT e no TPP (Fortunato et al.,2000).

Busca-se, nessa revisdo de literatura, compreender os multiplos mecanismos
envolvidos na etiopatogenia e fisiopatologia da prematuridade admitindo que esses
fendmenos fisiolégicos, permanecendo sob controle homeostatico, participam do curso bem-
sucedido da gestacao e que uma possivel interferéncia de fatores intrinsecos ou extrinsecos
ao ambiente humano parecem transforméa-los em gatilhos importantes para o desequilibrio

dos mesmos e permitir suas participacdes em resultados gestacionais adversos.
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Justificativa
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2. Considerando que o parto pré-termo:
1. Apresenta-se como um problema médico, social e humano que tem elevada taxa de

incidéncia global oscilando entre 5 — 18% e com prevaléncia estavel ao longo de décadas;

2. Que seu entendimento etiopatogénico e fisiopatoldgico ainda ndo se encontra totalmente

esclarecido e que multiplos mecanismos estdo implicados na sua génese;

3. Que, entre esses mecanismos, 0s processos inflamatérios dos tecidos gestacionais estéo

possivelmente implicados nos resultados perinatais adversos;

4. Que outros mecanismos como 0 estresse oxidativo e a apoptose aparecem como

possiveis fatores interrelacionados;

Propusemos-nos a avaliar mecanismos fisiopatolégicos relacionados ao parto pré-
termo, incluindo a andlise do dano de DNA em membranas corioamnidticas de gestacfes
complicadas por prematuridade, a relagcéo existente entre o dano ao DNA, a corioamnionite
histolégica e a prevaléncia da apoptose e finalmente a analise da associagéo de resultados

adversos neonatais e corioamnionite histol6gica na vigéncia de prematuridade.
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Objetivos
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3. Objetivo Geral
O objetivo desse estudo é analisar os mecanismos fisiopatoldgicos relacionados ao
parto pré-termo espontaneo: corioamnionite histologica, estresse oxidativo, apoptose e a

associacao entre a corioamnionite histolégica e resultados neonatais adversos.

3.1. Objetivos especificos

3.1.1. Avaliar os niveis de 8-oxo-2'-deoxiguanosina (8-OHdG) em membranas
corioamniodticas de gestacdes a termo e naquelas complicadas pelo nascimento pré-termo
espontaneo incluindo, entre estes, aqueles vinculados ao Trabalho de Parto Prematuro com
membranas integras e a Rotura Prematura de Membranas Pré-Termo;

3.1.2. Analisar a ocorréncia da expresséo da proteina p53 em membranas corioamniéticas
de gestacbes pré-termo e sua associagdo com 0s niveis de 8-OHdG e a presenca de
corioamnionite histolégica;

3.1.3. Analisar os resultados neonatais adversos em gestacdes pré-termo associados a

corioamnionite histolégica.
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ABSTRACT

Objective: To evaluate the levels of 8-oxo-2'-deoxiguanosine (8-OHdG) in amniochorion
membranes from pregnancies complicated by prematurity. Methods: In this cross-sectional
study, were enrolled 31 with Preterm Labor and intact membranes (PTL) and 35 with
Premature Rupture of Preterm Ovular Membranes (pPROM) who presented preterm
delivery. As control group was included 37 pregnant women that delivery at term.
Amniochorion membranes were collected and total DNA extraction was performed by
ILLUSTRA tissue &cells genomic-Prep Mini Spin Kit and 8-OHdG levels were measured by
an ELISA Highy Sensitive 8-OHdG Check kit. The distribution of the data was checked by
Kolmogorov-Smirnov normality test and comparisons between the groups were performed
using non-parametric Mann-Whitney and Kruskal-Wallis tests. Statistical significance was
considered at p<0.05 Results: Regarding to data, only gestational age at delivery and
newborn weight at birth were statistically higher in term group when compared to PTL and
pPROM groups. 8-OHdG levels in amniochorion membranes of term group (2,90 ng/mL
[1,54 — 4.06]) were significantly higher than preterm labor group (0,61 ng/mL [0,37 — 0,92])
(p<0.001). 8-OHAG levels were also higher in term group than in PTL (0,71 ng/mL [0,40 —
1,47]) or pPROM groups (0,53 ng/mL [0,37 — 0,71]) (p<0.001). Conclusion: Our data
reinforces that oxidative damage are present at term pregnancies as physiologic process of

amnionchorion aging.

Keywords: 8-OHdG, Preterm Labor, Preterm Premature Rupture of Membranes.
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INTRODUCTION

Reactive Oxygen Species (ROS) are generated as metabolites of cellular respiration®
and participate in several functions such as cellular signaling?, defense against pathogens?®,
activation of transcription factors and cell reproduction®. Elevated ROS levels may cause
extensive oxidative lipids, protein and DNA damage®. Oxidative stress is referred to as an
imbalance between the generation of ROS and their clearance by defensive antioxidants®.

During pregnancy, the multiple changes that occur in maternal organism culminate in
an increase in the baseline level of oxygen, which characterizes the gestational period as
susceptible to oxidative stress®. Although the fetoplacental unit generates abundant
antioxidants in order to keep the oxidative stress under control, the increase of ROS during
the gestational period has been associated with several complications in pregnancy as
preeclampsia’first-trimester spontaneous abortion®°and premature rupture of preterm ovular
membranes (pPROM)™.

Oxidation caused by high levels of ROS can lead to cell genotoxity and genomic
instability’*. Guanine-rich sequences, such as the telomere sequence, present a higher
reactivity compared to those who have a single guanine®?. Telomere sequence consists in a
repetition of six nucleotides (TTAGGG) what makes this region more susceptible to oxidative
stress than the rest of the genome™®. Among the multiple lesions caused by ROS that may
occur in the telomere region, 8-hydroxylation of guanine is one of the most common'*
causing a transverse mutation exchanging GC for TA. Accumulation of DNA single strand
breaks in the region of the telomeres occurs when the lesion 8-0xoG is not safe repaired by
the 8-oxoguanine glycosylase (OGG1) leading to its shortening and senescence. In
pregnancy, lower levels of gene and protein expression of OGG1 were found in fetal
membranes from pPROM cases in comparison to spontaneous preterm birth (PTB)*.

It has been established that cases of pPROM has a similar outcome to the parturient
at term, especially in regard to factors such as degradation of membranes, apoptosis and

signs of oxidative damage®’®*°. Oxidative damage may cause either direct effects in the
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mechanisms of birth and the rupture of the membranes or indirect effectsin the inflammatory
mediators.

Elevated ROS levels in amnion cells may induce PTB and pPROM via senescence
associated secretory phenotype (SASP)?°, a phenotype that has the capacity of turn
senescent cells in proinflammatory cells*,

Telomere shortening cause by 8-hydroxylation of guanine can lead to cellular
senescence of membranes and eventual rupture. Larger telomeres in cases of PTB when
compared with cases of pPROM and parturient at term sustained this affirmation®’.

Therefore, considering a possible correlation between oxidative stress and adverse
gestational outcomes, the aim of this study was evaluate the levels of 8-oxo0-2'-
deoxiguanosine (8-OHdG) in amniochorion membranes from pregnancies complicated by

prematurity, including PTB in labor (PTL) and pPROM.

MATERIAL AND METHODS
Study population

A cross-sectional study was conducted in the Obstetrics Unit of the Lauro Wanderley
Hospital, Federal University of Paraiba (UFPB), Jodo Pessoa, Paraiba State, Brazil and in
Botucatu Medical School, Sdo Paulo State University, UNESP. A total of 103 pregnant
women participated in this study. The 66 women that delivered preterm, including 31 PTL
with intact membranes and 35 pPROM were recruited for this study between January 2014
and December 2015. As a control group, 37 health pregnant women that delivered at term
were included. Women were eligible if they were having a singleton term and uneventful
pregnancy defined as being free from any chronic or gestational medical conditions,
including any condition that would require activity restrictions, intact membranes and
irrelevant obstetric history.

Gestational age was calculated from the first day of last menstrual period and/or by

first-trimester ultrasound examination. Clinical diagnoses of PTL were made with the
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following criteria: Uterine contractions of the frequency =4 per 20 minutes, cervical dilatation
of at least 1 cm and cervical ripening (21). Rupture of fetal membranes was confirmed with
vaginal discharge pH =7 and/or positive result of Amni Sure test®.

Exclusion criteria for the groups were pregnant women with BMI<25 kg/m?,
preeclampsia, HELLP syndrome, gestational diabetes, hypertension, multiple pregnancies,
cervical isthmus incompetence, placenta previa, placental abruption, RH-incompatibility,
oligamnios or polyhydramnios, intrauterine growth restriction, malformation or fetal deaths,
systemic infection, thyroid disease, HIV infection and drug users.

The research project was approved by the Ethics Committee in Research of UFPB

(Protocol: 1.806.905) and written informed consent was obtained from all the participants.

Measurement of 8-OHdG levels

Amniochorion membranes were collected in sterile conditions after placenta expelling
and immediately frozen in liquid nitrogen and stored at -80°C until processing.

Total DNA extraction was performed with ILLUSTRA tissue & cells genomic-Prep Mini
Spin Kit (GE Healthcare, Little Chalfont, UK), in accordance with manufactured instructions.
DNA samples were denatured at 95°C for 3 minutes in TermoMixer Comfort (Eppendorf,
Hamburg, Germany). The total extracted DNA was quantified in the spectrophotometer
absorbance of 260nm and purity was determined by the ratio of the absorbance
260nm/absorbance 280nm (Ass/A2g0). Reasons higher than 1.75 were considered
acceptable. Samples had DNA concentrations adjusted to 50ng/uL.

For the enzymatic digestion of DNA were added 2.5 pL of sodium acetate (20 mM),
followed by the addition of 1.5 units of nuclease P1 (USBiological, Salem, USA) in each
sample. The samples were incubated at 37°C for 30 minutes in TermoMixer Comfort
(Eppendorf, Hamburg, Germany). After that, it was added 0.5 unit of alkaline phosphatase
(Thermo Scientific, Massachusetts, USA) and the samples were incubated at 37° C for 10

minutes in TermoMixer Comfort (Eppendorf, Hamburg, Germany). The hydrolysates were
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filtered through Millipore Microcon YM 10 columns (Millipore, Massachusetts, USA) for 10
minutes at 14000 RPM to remove enzymes and other macromolecules.

8-OHdG levels were measured by an ELISA Highy Sensitive 8-OHdG Check kit
(JalCA, Shizuoka, Japan), according to the manufacturer’s instructions. A volume of 50uL 8-
OHdG standard was used for the assay. A standard curve was obtained in parallel to each
assay and the absorbance results were converted to ng/mL. At the end of reaction, the
absorbance was read spectrophotometrically at 450nm in an automatic ELISA reader (Biotek
Instruments Inc, Winooski, USA) and the concentration of 8-OHdG in each sample were
determined by comparison against a standard curve. All the samples were tested in
duplicate. The minimum detectable 8-OHdG level for assays was 0.031ng/mL.
Statistical Analysis

The Kolmogorov-Smirnov test was used to check the normality of the data. Regarding
sociodemographic and obstetrics variables, ethnicity was compared among the groups using
Fisher's Exact Test, while the variable maternal age was compared by the ANOVA. The
variables gestational age at delivery and newborn weight were compared among PTL,
pPROM and term groups using Kruskal-Wallis test.

Regarding to 8-OHdG levels, comparison between preterm group and term group
were made using Mann-Whitney test. Comparison of 8-OHdG levels among PTL, pPROM
and term groups were made using Kruskal-Wallis test. Statistical analysis were conducted

using statistical software SigmaStat 3.5 and statistical significance was considered at p<0.05.

RESULTS

Sociodemographic characteristics of the pregnant women included in the study are
presented in Table 1. There were no statistical differences in maternal age, ethnicity and
parity among the groups. As expected due to the study design, gestational age at delivery
(p<0.001) and newborn weight (p<0.001) were statistically higher in term group when

compared to PTL and pPROM groups.




Table 1. Characteristics of the pregnant women included in the study.
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Characteristics Term PTL PPROM -value
(n=37) (n=31) (n=35) P
Maternal age
23.650 + 6,604a 24.35+6,002a 26.1 £6,703a NS
(years)*
Ethnicity White 15% (3/20)a 30% (6/20)a 30% (6/20)a NS
Non-White 85% (17/20)a 70% (14/20)a 70% (14/20)a NS
Gestational age
at delivery (days) 273 (259-294)a 240.5 (165-256)b 245 (179-252)b <0.001
Parity =1 40%(8/20)a 40% (8/20)a 35% (7/20)a NS
>1 60(12/20)a 60% (12/20)a 65% (13/20)a NS
Newborn weight
(grams) * * 3257.5 (2825-3600)a 2272.5 (630-3085)b 2305 (740-2980)b <0.001

* values expressed as mean + SD
* *values expressed as median (min/max)
NS: Not significant

Regarding 8-OHdG, the term group (2,90 ng/mL [1,54 — 4.06]) amniochorion

membranes exhibited significantly higher levels than preterm group (0,61 ng/mL [0,37 —

0,92]) (p<0.0001). Similarly, 8-OHdG levels in term group were higher than in PTL (0,71

ng/mL [0,40 — 1,47]) (p<0.0001) and pPROM groups (0,53 ng/mL [0,37 — 0,71]) (p<0.0001)

(Figure 1).
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Fig 1. (A) 8-OHdG levels in amniochorion membranes from term and preterm groups. * Mann-Whitney test. p<
0,001. (B)8-OHdG levels in amniochorion membranes from term, preterm labor with intact membranes
(PTL) and premature rupture of preterm ovular membranes (pPROM). **Kruskal-Wallis test. p< 0.001.
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DISCUSSION

Given the considerable burden imposed by prematurity on the maternal-fetal health, a
great deal of research has been conducted to understand the mechanisms and the risk
factors that are involved in preterm delivery.

There are many explanations for the ROS contribution in cases of preterm birth such
as upregulation of proinflammatory mediators that initiate labor®® collagen degradation of
chorioamniotic membranes resulting in membrane rupture’®and also nucleotide oxidation
leading to senescence and pPROM®®,

Pregnancy outcome of parturient at term and pPROM have similarities such as
membrane degradation and rupture before labor, apoptosis and elevated ROS levels®’#*°,
Previous research demonstrated shorter telomeres in parturient at term and pPROM when

compared with PTB cases'"*.

However, there is a lack of solid evidence for the
associationbetween placental aging and PTB and/or pPROM due to thescarcity of studies on
this topic®.

Contrary to expected, our results demonstrated that 8-OHdG levels in amniochorion
membranes from term pregnancies were significantly higher in comparison with pPROM
membranes. Similarly, 8-OHdG levels in term group were higher than in PTL membranes.

A possibleexplanation for lower 8-OHdG levels found in pPROM group when
compared with term group may be correlated with the fact that 8-OHdG levels progressively
increase as pregnancy progress. The aging of term placental tissues is a physiologic

phenomenon. As pregnancy advances, the productionROS increases due to the

highermetabolic demands of the growing fetus and maximum production occurs prior to term

21,22 [ 23

delivery“=““. Ferguson et al.”> measure 8-OHdG levels in urine of pregnancy woman at
10,18, 26 and 35 weeks and verify that they increased in a quadratic form according with the
progress of pregnancy.

Another point to consider is the concept of sterile inflammation has recently arise in

the pregnancy context. One third of pPROM pregnancies present sterileintra-amniotic
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inflammation®*evidencing that microbialintraamniotic infection is not the only source of
inflammation. In this line, Behnia et al.”*have suggested two independently pathways for
prematurity considering the presence of infection or oxidative stress.In this work, the authors
demonstrated NF-kB activation, apoptosis and minimal DNA damage of amnion cells after
LPS-stimulation, mimicking intraamniotic infection. On the other hand, cigarette smoke
extract mimicking oxidative stress has driven generation of 8-OHdG, telomere attrition and
sterile inflammation. In accordance, maternal smoking increases the level of the oxidative
DNA damage biomarker 8-OHdG in umbilical cord®®. Therefore, a limitation of this study is
that we did not consider the histologic chorioamnionitis status in preterm membranes, a well-
document feature of intraamniotic infection.Seventy per cent of our preterm samples
presented chorioamnionitis, which may have influenced our results. The subgroup analysis
was not feasible as the sample size is limited.

Further studies evaluating combined comparison of 8-OHdG levels, biomarkers of
senescence and proinflammatory mediators throughout the last weeks of pregnancy and
considering the histologic chorioamnionitis status are necessary to better understanding of

the possible correlation between 8-OHdG levels and preterm delivery.

CONCLUSION
Present data show that 8-OHdG are higher in parturient at term than women with
pregnancies complicated by PTL or pPROM. It reinforces that oxidative damage are present

at term pregnancies as physiologic process of amnionchorion aging.
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ABSTRACT

Introduction: Etiology of preterm delivery is not fully understood and preterm birth remains
responsible for the high rates of perinatal morbidity and mortality. Infection of the amniotic
cavity and chorioamnionitis, are certainly the most studied mechanisms, being manifested by
an excessive production of inflammatory mediators. Other mechanisms, such as oxidative
stress and apoptosis, may also contribute for this pregnancy adverse outcome. Guanine,
whose DNA oxidation product is represented by the 8-oxo-2'-deoxyguanosine (8-OHdG) is
the nucleotide base most susceptible to changes induced by free radicals. Apoptosis is
another route possibly related to preterm birth, being characterized by a rapid progression of
degenerative cellular phenomena. Its mechanisms may also be related to DNA damage and
infection. Objective: The aim of this study was to analyze the prevalence of the histological
chorioamnionitis, oxidative stress (8-OHdG), and p53 protein expression (apoptosis) in
amniochorion membranes in women affected by premature rupture of preterm ovular
membranes (pPROM) and preterm labor (PTL) and investigate which of these events is most
associated with apoptosis occurrence. Methods: It was a prospective study conducted in the
Obstetrics Unit of the Lauro Wanderley University Hospital (HULW), Federal University of
Paraiba (UFPB), Paraiba State, Brazil from January to December 2014 and a total of 60
pregnant women were enrolled, being 31 pregnant women who presented pPROM and 29
with PTL. After delivery, the amniochorion membranes were subjected to a histopathological
examination, to 8-OHdG levels analysis by an ELISA Highy Sensitive 8-OHdG Check kit and
occurrence of apoptosis by p53 protein immunohistochemical study. Results: Histologic
chorioamnionitis was detected in 64.5% of the amniochorion membranes from pPROM group
and in 44.8% from PTL group (p=0.12). The 8-OHdG levels in the PTL group [0.71 (min: 0.43
— max: 1.38)] were significant higher than in the pPROM group [0.53 (min: 0.37- max: 0.69)]
(p=0.02). The occurence of apoptosis in the pPROM group (32.2%) was similar in the PTL
group (24.1%) (p=0.48). Logistic regression analysis among these mechanisms showed that
only histologic chorioamnionitis is related to apoptosis (OR=3.7; 95%CI: 1.19-14.9; p=0.04).
Conclusion: Among the factors studied, histologic chorioamnionitis seems to be more
clearly associated with apoptosis occurrence in amniochorion membranes from pregnancies

complicated by spontaneous prematurity.

Keywords: Preterm birth, histologic chorioamnionitis, apoptosis, 8-oxo-2'-deoxyguanosine.
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INTRODUCTION

Preterm birth has variable incidence, in the range 5-18% of all pregnancies [1]. Its
etiology is not fully understood, and thus its occurrence rates continuerising in the last three
decades. Furthermore, preterm birth also remains as responsible for the high rates of
perinatal morbidity and mortality [2,3].

Infection of the amniotic cavity designates the state in which this inflammatory
process occurs. It's characterized by involvement of the amniochorion membranes, amniotic
fluid, placenta, and/or maternal decidua [4], being a risk factor strongly related to the
maternal and neonatal adverse outcomes [5]. Chorioamnionitis is caused by several bacterial
species, being certainly one of the most studied mechanisms. It occurs by excessive
production of inflammatory mediators which act in the gestational tissues and contribute with
the events that lead to the preterm birth [6].

It is likely that other mechanisms participate in the inflammatory environment and
form alternative and distinct molecular pathways still little known. Among these mechanisms,
the oxidative stress and apoptosis are currently hypotheses associated with the
physiopathology of the preterm birth.

A complex respiratory mechanism is necessary to supply power to the cell. It allows a
residual release of reactive oxygen species (ROS), which react with other organic
constituents via subsequent molecular reactions [7]. In contrast to the production of ROS,
which are physiologically produced, the cells need to maintain a stable balance between
them and the antioxidant antagonist mechanisms [8,9]. Repair of the cumulative oxidant
effects observed in the cells may occur by prevention and elimination of free radicals
produced as well as fixing already damaged molecules [10]. Therefore, oxidative stress (OS)
results from this imbalance, being one of the mechanisms capable of causing damage to
cellular macromolecules such as lipids, proteins and DNA [7,11].

In-vivo measurement of free radicals is possible and their detection ismore specific

when multiple markers are investigated. They should ideally be analyzedin tissues or fluids
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supposed to have suffered oxidative damage [9,12]. Among them, DNA damage is
molecularly characterized by breaks in their single or double chains, exchanges between
sister chromatids, DNA crosslinking or even changes in nitrogenous bases [13,14]. Guanine
is the nucleotide base most susceptible to free radicals-induced changes. Its DNA oxidation
product is 8-hydroxydeoxyguanosine (8-OHdG), which clearly indicates a pathological
process when in high concentrations, with genomic instability that leads to cell death [15].

Apoptosis is another possible route related to preterm birth, being characterized by a
rapid progression in the cellular degenerative phenomena. Its mechanisms may also be
related to DNA damage triggered by the oxidative stress, infection, or other factors not yet
fully understood [2, 6, 16 - 18].

To the apoptotic process, a complex cascade of biochemical reactions installs within
the cell. One of the ways is related to the expression of p53 protein, a molecule encoded by
the p53 gene, so named because of its molecular weight (53 kDa) [19]. Its main function is
related to integrity preservation of the genetic code in each cell, i.e., maintaining the same
nucleotide sequence along all the DNA molecule. This gene is located on chromosome 17
and is also present in all cells of the human body [20].

During the cell division cycle, the p53 protein verifies any occurrence of mutation in
the genetic code sequence. If the existence of a mutation is detected, p53 protein
participatesin a reaction cascade and prevents the cell from entering the mitosis process and
completing cell division. For this purpose, two biochemical pathways can be activated,
mutation correction by repair protein activation or induction of cell death by apoptosis,
especially in situations of chronic stress with recurrent DNA damage [21].

Pregnancy is a period favorable for such imbalance, due to metabolic peculiarities
that occurin gestational tissues. This occurs alone or together, triggering the pathways that
lead topremature birth, notably the phenotypes associated with preterm premature rupture of
membranes (pPROM) and preterm labor (PTL) [22-24].

The aim of this studywas to analyze the association among histologic

chorioamnionitis, apoptosis occurence and 8-OHdG levels in amniochorion membranes from
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pregnancies complicated by preterm premature rupture of membranes (pPROM) and

preterm labor (PTL).

MATERIAL AND METHODS

It was a prospective study conducted in the Obstetrics Unit of the Lauro Wanderley
University Hospital (HULW), Federal University of Paraiba (UFPB), Paraiba State, Brazil
from January to December 2014 and a total of 60 pregnant women were enrolled, being 31
pregnant women who presented pPROM and 29 with PTL. The groups were between 23 and
36 gestational weeks confirmed by both date of last menstruation and obstetric echography
performed up to the 12 week of pregnancy.

Diagnosis of pPROM was considered when spontaneous loss of amniotic fluid
occurred, as visualized by physical examination. This examwas performedusing a sterile
vaginal speculum before the patients have completed 37 weeks of gestation, and confirmed
by the Amni Sure test. The presence of regular uterine contractions (3/10 min) and cervical
dilation (=23 cm) were the definition of PTL.

Women with preeclampsia, HELLP syndrome, placenta previa, placental abruption,
restriction in intrauterine growth, cervical incompetence, oligohydramnios, polyhydramnios,
fetal malformation, stillbirth, HIV-AIDS, gestational diabetes, Rh incompatibility, and illicit
drug users were excluded.

Information on maternal age, body mass index (BMI; as defined by the World Health
Organization, WHO), ethnicity (self-reported), parity, gestational age, and newborn weight
were obtained in the medical records to compose the general characteristics in the groups
analyzed.

During the hospitalization period, all women participating in the study were assisted
according to the clinical protocols of medical service at the HULW-UFPB. The research
projectwas approved by the Ethics Committee Board in Research of UFPB (Protocol #

1.806.905) and written informed consent was obtained from all the participants.
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Histopathological analysis of the amniochorion membranes

After birth, the placenta and ovular membranes were collected under sterile
conditions, and fragments near the region of fetal membrane rupture were sectioned and
fixed in 10% formalin. Subsequently, the samples were submitted to histopathological
analysis by the hematoxylin-eosin technique, and the diagnosis was madeby a single
examiner, without prior knowledge of clinical conditions related to the case.

The histopathologic criteria adopted for the diagnosis of chorioamnionitis was
established by Redline et al., 2003 and Society for Pediatric Pathology, Perinatal Section,
Amniotic Fluid Infection Nosology Committee, considering the presence of maternal
inflammatory response in the chorioamniotic membranes in the situations as follows: acute
subchorionitis or early acute chorionitis, characterized by the presence of neutrophils in the
subchorionic and/or chorionic spaces, (stage 1); acute chorioamnionitis, characterized by
neutrophil infiltration in the chorionic connective tissue and/or chorionic plate, (stage 2); and
necrotizing chorioamnionitis, a necrosis that reaches the amnion, (stage 3). Regarding
degree: the group of maternal neutrophils diffusely found in the chorionic plate, chorium, or
amnion were established as mild-to-moderate ([grade 1]) and presence of at least three

microabscesses was established as severe (grade 2) [25].

Measurement of 8-OHdAG levels

Fragments of the amniochorion membranes were collected in sterile conditions after
placenta expelling and immediately frozen in liquid nitrogen and stored at -80°C until
processing.

Total DNA extraction was performed with ILLUSTRA tissue & cells genomic-Prep Mini
Spin Kit (GE Healthcare, Little Chalfont, UK), in accordance with manufactured instructions.
DNA samples were denatured at 95°C for 3 minutes in TermoMixer Comfort (Eppendorf,
Hamburg, Germany). The total extracted DNA was quantified in the spectrophotometer

absorbance of 260nm and purity was determined by the ratio of the absorbance
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260nm/absorbance 280nm (Axso/Azg0). Reasons higher than 1.75 were considered
acceptable. Samples had DNA concentrations adjusted to 50ng/uL.

For the enzymatic digestion of DNA were added 2.5 yL of sodium acetate (20 mM),
followed by the addition of 1.5 units of nuclease P1 (USBiological, Salem, USA) in each
sample. The samples were incubated at 37°C for 30 minutes in TermoMixer Comfort
(Eppendorf, Hamburg, Germany). After that, it was added 0.5 unit of alkaline phosphatase
(Thermo Scientific, Massachusetts, USA) and the samples were incubated at 37° C for 10
minutes in TermoMixer Comfort (Eppendorf, Hamburg, Germany). The hydrolysates were
filtered through Millipore Microcon YM 10 columns (Millipore, Massachusetts, USA) for 10
minutes at 14000 RPM to remove enzymes and other macromolecules.

8-OHdG levels were measured by an ELISA Highy Sensitive 8-OHdG Check kit
(JalCA, Shizuoka, Japan), according to the manufacturer’s instructions. A volume of 50uL 8-
OHdG standard was used for the assay. A standard curve was obtained in parallel to each
assay and the absorbance results were converted to ng/mL. At the end of reaction, the
absorbance was read spectrophotometrically at 450nm in an automatic ELISA reader (Biotek
Instruments Inc, Winooski, USA) and the concentration of 8-OHdG in each sample were
determined by comparison against a standard curve. All the samples were tested in

duplicate. The minimum detectable 8-OHdG level for assays was 0.031ng/mL.

Immunohistochemistry for p53 protein

The immunohistochemical study of the anti-p53 protein (Bp53-11; Roche Diagnostics;
Indianapolis, IN, USA) was performed by using a technique with the automatedBenchMark
ULTRAequipment and Ventana (Ventana Medical Systems, Inc.; Tucson, Arizona, USA)
detection kits. Sample slides weredeparaffinized through a series of xylene, alcohol-water
gradient, and appropriate buffer washings. The antigen unmasking procedure was
performed, and the slides were transferred to the 1X APK wash. The primary antibody

(Bp53-11) and the appropriate detection kit dispensers and required accessory reagents onto
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the reagent tray and place them on the automated slide stainer. Each step in the staining
protocol included incubation for a precise time and at a specific temperature. At the end of
each incubation step, the sections were rinsed in the Ventana BenchMark ULTRAautomated
slide stainer to stop the reaction and remove the unbound material that would hinder the
reaction course in the subsequent steps. To minimize evaporation of aqueous reagents from
the specimen-containing slide, a coverslip solution was applied to the slide stainer. Staining
was completed after incubation with a substrate chromogen, and the counterstaining
(hematoxylin; 2-4 min) and post-counterstain (2-4 min) steps. The stained slides were read
within two-to-three days of staining.

Detection of cells in the amniochorion membranes, stained by immunohistochemistry
technique was performed by a single pathologist, without prior knowledge of the clinical data
related to that sample. The p53-positive immunostaining was defined as being apoptosis
diagnosis, when at least ten cells stained by the method were found in seven high-
magnification fields, regardless of label immunolocalization and the presence of morphologic

changes of the cells related with apoptosis status.

Statistical analysis

Statistical analyzes were performed by using the SigmaStat 3.5 Software
(Copyright®2006 Systat Software, Inc. San Jose, CA, USA). Continuous variables were
presented as medians and minimum and maximum values and analyzed by using the Mann-
Whitney U-test. Categorical variables were analyzed by Chi-squared test, being presented as
proportions when necessary. A logistic regression model, which was performed by using the
public-domain R (Free Software Foundation's GNU General Public License) software was
used to calculatethe adjusted odds ratio for apoptosis occurrence for histologic
chorioamnionitis, 8-OHdG levels and obstetric pathologies ()PROM and PTL). The p value <

0.05 was considered statistically significant.




7

RESULTS

General characteristics of the patients included in the study in pPROM and PTL
groups are presented in Table 1. Similar results were observed for maternal age, body mass

index, maternal ethnicity and gestational age at delivery.

Table 1. General characteristics of the pregnant women included in the study.

pPROM PTL P
(n=31) (n=29)
Maternal age* 27.0 (19.2 - 32.0) 22.5(19.0 - 24.0) 0.07
(years)
BMI* 26.4 (23.8 — 29.3) 25.2 (23.4 -27.5) 0.15
Ethnicity**
White 25.0% 32.3% 0.39
Other 75.0% 67.6%
Gestational age* 34.0 (32.0-35.2) 34.0(31.5-35.2) 0.77
(weeks)

BMI: Body Mass Index, pPROM: Preterm Premature Rupture of Membranes, PTL: Preterm Labor.
* Values expressed as median (min — max), and **chi-square test.

Histologic chorioamnionitis was detected in 64.5% of the amniochorion membranes
from pPROM group and in 44.8% from PTL group and these frequencies were not
significantly different (p=0.12). The 8-OHdG levels in the PTL group [0.71 ng/mL (min: 0.43 —
max: 1.38)] were significant higher than in the pPROM group [0.53 ng/mL (min: 0.37- max:
0.69)] (p=0.02) (Figure 1). The occurence of apoptosis in the pPROM group (32.2%) was
similar in the PTL group (24.1%) (p=0.48). The amniochorion membranes with histologic
chorioamnionitis showed a higher apoptosis occurrence (85,1%) compared to those without
chorioamnionitis (14,8%) (p=0.001) in pPROM and PTL groups. Immunolocalization of p53
protein is more prevalent in the chorionic plate (71,7%). In 28,3% both of layers membranes

were stained for protein p53.
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Figure 1. 8-OHdG levels in amniochorion membranes from obstetric pathologies * Mann-Whitney test.p= 0,02.

Preterm labor (PTL), Premature Rupture of Preterm Ovular Membranes (pPROM).
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Figure 2. Photomicrography of the amniochorion membranes. A) p53 protein immunolocalization in the

amniotic epithelium (Arrow). B) p53 protein immunolocalization in the chorion (Arrows)
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The statistical model of multiple logistic regression used in this study indicates that
the risk of apoptosis occurrence amniochorion membranes with chorioamnionitis is 3.7 times
greater than in those without inflammatory infiltrate (OR=3.7; 95%CI: 1.19-14.9; p=0.04), and
the other criteria, 8-OHdG (OR=0.8; 95%CI: 0.38-1.46; p=0.70), and obstetric pathologies

(OR=1.1; 95%CI: 0,32-3,94;p=0,85), showed to be not related to apoptosis (Table 1).

Table 1. Associations of histologic chorioamnionitis, 8-OHdG, and obstetric pathologies with the
prevalence of apoptosis by regression analysis.

Variables Adjusted OR (95% ClI) P
Histologic chorioamnionitis 3.7 (1.19-14.9) 0.04
8-OHdG 0.8 (0.38 — 1.46) 0.70
Obstetric pathologies 1.1 (0.32 - 3.94) 0.85

The model showed to be adequate according to the Hosmer & Lemeshow criteria
[26], showing a moderate discriminatory power estimated to be 65% (sensitivity index:

76.5%; specificity index: 53.5%) according to the ROC curve (Figure 3)
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Figure 3. Area under the ROC curve for multiple logistic regression used.
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DISCUSSION
This is a study on possible mechanisms involved in preterm birth taking into account

that pathophysiology of preterm delivery is multifactorial, and it is not yet completely
understood. The presence of histologic chorioamnionitis, oxidative stress, and apoptosis,
which can alone or together, interfere with the success of human reproduction, are cited
among these factors [27,28].

In our study, we observed that histologic chorioamnionitis was a frequent event, with
similar behavior in pPROM and PTL groups, althoughits presence is an important element in
its association with cell death diagnosis.

The presence of choriomanionitis is a well-known factor in the occurrence of adverse
pregnancy outcomes. Notedly, in the preterm birth its participationis due to an exacerbated
local inflammatory response [25,29]. Furthermore, activation of an inflammatory cascade is
the trigger for the uterotonic signs that can induce preterm labor through intensive leukocyte
activation. As a consequence, mediators of the inflammatory response and collagenases are
produced, resulting in the typical loss of the contractile myometrium refractoriness and/or
fragility of the amniochorion membranes [6, 30, 31, 32].

Our study showed findings similar to those of previous studies. Their authors refer
that cells of the amniochorion membranes were prematurely destroyed by apoptosis in the
presence of chorioamnionitis [17, 27, 33-35]. However, explanations on how the
inflammatory infiltrate isassociated with apoptosis are not fully clear. Kataoka et al. (2002)
also observed similar results attributing this phenomenon to the lipopolysaccharide-induced
inflammatory reactions and biochemical reactions involving the Fas protein and ligand [18,
36].

Regarding 8-OHdG levels, we observed that they were higher in the group affected
by PTL. Although pregnancy itself is a period of intense metabolic demand, with the release
of free radicals, oxidative stress only appears when an imbalance between its production and

disposal occurs. Inhibition of the redox effect is necessary and depends on the enzymatic
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and non-enzymatic antioxidant components of the human organism, which are able to
maintain its homeostasis [37].

Similarly, apoptosis is a physiological phenomenon, known as a programmed cell
death process that occurs in various conditions, especially those triggered by an
inflammatory response or cell removal after cell damage caused by genotoxic agents [38].

In vitro studies, state that DNA injuries caused by oxidative stress, especially in
inflammatory processes, can activate biomolecular pathways ending in apoptosis and
adverse pregnancy outcomes [39].

One of these pathways corresponds to the continued DNA repair mechanism, notably
guanine nucleotide base repair after aggression caused by free radicals. Oxidative stress not
controlled by antioxidant mechanisms can trigger molecular reactions such as conjugation of
the 8-oxoguanine glycosylase enzyme complex to the 8-OHdG free radical, resulting in the
OGG1:8-OHdAG complex. This complex is characterized by activation of the guanosine
triphosphate hydroxylase (Ras-GTPase) enzyme, which stimulates p53 protein transcription
resulting in apoptosis of chorioamniotic cells and pPROM as a subsequent clinical outcome
[39,40].

Similarly, the RAS-GTPase enzyme can evoke the production of inflammatory
mediators through expression of the NF-kB protein complex, determining an inflammatory
activity environment with release of uterotonic proteins and/or degradation of the ovular
membrane cellular matrix. These conditions facilitate uterine contractile activity and/or
pPROM, with the consequent deflagration of preterm labor [41,42].

Other pathways, such as those involving the interaction between tumor necrosis
factor-a and its Fas receptor ligand (TNF-a — FasL), also determine apoptosis and may be
mentioned in addition to the activator p53 protein pathway. These pathways are related to
the presence of genotoxic and infectious agents and still unknown factors, allowing apoptosis
to participate in the biochemical mechanisms that culminate with preterm birth [43].

The pathway involving TNF-a and FasL starts by transducing signals, with formation

of other protein complexes containing cell death domains. These complexes activate a group
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of proteases known as caspases (pro-enzymes found inside the cell), which are
characterized by initiating apoptosis and being their effectors [6].

The pathway corresponding to p53 protein activation is initiated from DNA
fragmentation, triggering its transcription, and activating the bax protein producing
mechanisms. This protein becomes the responsible for the mitochondrial membrane
disruption and subsequent cytochrome C release. Thus, pro-caspase 9 is converted to its
active form with a subsequent cascade of effector caspases (caspases 2, 3, 6, and 7), also
related to apoptosis. Similarly, an increased p53 protein expression can inhibit the production
of Bcl-2, an anti-apoptotic agent responsible for the mitochondrial membrane integrity and
cytochrome C contention [2].

A higher p53 protein concentration can also be related to another mechanism
involving gene overexpression of metalloproteinases (MMPSs), especially MMP-2, as well as
blocking of metalloproteinase-inhibiting tissue factor (TIMPs). These combined biochemical
events end the structural changes in gestational tissues and deflagration of term delivery,
especially pPROM and PTL [16].

We conclude that histologic chorioamnionitis seems to be more clearly associated
with apoptosis occurrence in amniochorion membranes from pregnancies complicated by

spontaneous prematurity, possibly through the expression of pro-inflammatory mediators.
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ABSTRACT

Introduction: Preterm birth persists globally as one of the main high-incidence obstetric
complications. Histologic chorioamnionitis is found among the multiple risk factors associated
with prematurity, which is characterized by the presence of polymorphonuclear cells infiltrate
in the amniochorion membranes. Objective: To analyze the association of adverse neonatal
outcomes, especially early neonatal sepsis, in pregnant women affected by Preterm
Premature Rupture of Membranes (pPROM) and preterm labor (PTL) in the presence of
histologic chorioamnionitis. Methods: It was a case-control study conducted in the Obstetrics
Unit of the Lauro Wanderley University Hospital (HULW), Federal University of Paraiba
(UFPB), Paraiba State, Brazil from January to December 2014 and a total of 73 pregnant
women were enrolled, being 39 pregnant women who presented pPROM and 34 with PTL.
After delivery, the membranes were subjected to a histopathological examination and the
newborn infants were evaluated for the diagnosis of adverse events: Apgar score <7 at 5min
and 10 min, admission to a neonatal intensive care unit, respiratory distress, use of
continuous positive airflow pressure (CPAP), tracheal intubation and early neonatal sepsis
(ENS), defined as being a clinical syndrome observed in the first 72 h of life of the newborn.
Results: In both groups, the sample general characteristics (maternal age, body mass index,
ethnicity, parity, gestational age, and weight of the newborn) were not statistically different.
Except ENS, which was the most prevalent in the pPROM and chorioamnionitis groups
(p=0.04), the other neonatal adverse outcomes showed no statistical difference. In a logistic
regression model, we found that the presence of histologic chorioamnionitis (OR=7.4;
95%CI=1.95-35.9;p=0.0005), respiratory distress (OR=3.5; 95%CI=1.02-12.9; p=0,049) and
pPROM (OR=9.8; 95%Cl= 2.95-38.5; p=0.0004) among the independent variables, directly
influenced ENS occurrence. ROC analysis reinforced that choriamnionites and pPROM are
as criteria of relevant sensitivity (76.0%) and specificity (82.0%) for the ENS event.
Conclusion: Histologic chorioamnionitis and occurrence of pPROM are associated with
adverse neonatal outcomes, especially the occurrence of early neonatal sepsis.

Keywords: Histologic chorioamnionitis, neonatal morbidity, early neonatal sepsis.
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INTRODUCTION

Prematurity constitutes one of the most important clinical intercurrences related to
human reproduction and it’s defined as delivery before 37 completed weeks of gestation. Its
incidence is variable, oscillating in the range of 5-18% among all pregnancies, despite the
scientific advances related to the knowledge of its pathophysiology [1,2]. It occurs
spontaneously in 70% of cases, spontaneous preterm birth includes preterm delivery
preceded by preterm labor with intact membranes (PTL) and preterm premature rupture of
membranes (pPROM)) [3].

Inflammatory mechanisms are among those most associated with prematurity, and
special attention has been given to amniochorion membranes, as they are a commonly
involved tissue, being able to trigger immune-inflammatory responses with local and
systemic effects [4, 5].

Chorioamnionitis or intra-amniotic infection designates the state in which this
inflammatory process is evidenced, being characterized by impairment of the amniochorion
membranes, amniotic fluid, placenta, and/or maternal decidua [6], being yeta risk factor
probably related to the maternal and neonatal adverse outcomes [7].

The most common cause of amniotic cavity contamination comes from biological
agents that rise from the lower female genital tract [8,9]. The hematogenic pathway and
microorganism migration from the abdomen into the uterus through the uterine tubes or as a
result of obstetrical procedures, such as amniocentesis or chorionic villus biopsy, are other
less common forms of contamination [10,11]. Other apparently-sterile pathological conditions
of the uterine cavity are also observed, being probably an innate inflammatory response of
constitutional character [12].

In its clinical form, chorioamnionitis is observed in term births (1-2%) and preterm
births (5-10%) [13].The prevalence is variable in its histological form, seeming intrinsically

related to gestational age with rates that vary in the range 5-94% [14].
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Among the microorganisms most found in the uterine cavity of pregnant women with
intra-amniotic infection are as follows: Ureaplasma urealitycum and Mycoplasma hominis,
which are Fusobacterium species; occasionally, Gram-negative bacilli, such as those of the
Bacteroides and Prevotela genera, both present in bacterial vaginosis, are also found
coliforms such as Escherichia coli and group-B Streptococcus. In this scenario, we highlight
the pathological core of bacterial vaginosis, which installs itself in the fetal membranes and
invades the amniotic cavity, proliferating in the amniotic fluid [15-17].

Once infected, the amniotic cavity induces an exaggerated inflammatory response
mediated by the increase in the levels of pro-inflammatory cytokines, metalloproteinases,
and prostaglandins. They favor the events that culminate with delivery deflagration, which
generally is premature [18-21]. Its presence also seems related to an amplification of
immediate damage to the neonate, especially early neonatal sepsis (ENS), possibly due to
their inflammatory and/or infectious environment that occurs from the uterine cavity. In the
long term, sequels such as motor, visual, and cognitive disabilities is also reported in this
condition [22-24].

The purpose of this study is to examine obstetric complications involving prematurity
and analyze the association between adverse neonatal outcomes, especially, ENS, related

to the presence of histologic chorioamnionitis.

MATERIAL AND METHODS

It was a case-control study conducted in the Obstetrics Unit of the Lauro Wanderley
University Hospital (HULW), Federal University of Paraiba (UFPB), Paraiba State, Brazil
from January to December 2014 and a total of 73 pregnant women were enrolled, being 39
pregnant women who presented pPROM and 34 with PTL. The groups were between 23 and
36 gestational weeks confirmed by both date of last menstruation and obstetric echography

performed up to the 12 week of pregnancy.
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Diagnosis of pPROM was considered when spontaneous loss of amniotic fluid
occurred, as visualized by physical examination. This exam was performed using a sterile
vaginal speculum before the patients have completed 37 weeks of gestation, and confirmed
by the Amni Sure test. The presence of regular uterine contractions (3/10 min) and cervical
dilation (=3 cm) [3] were the definition of PTL.

Women with preeclampsia, HELLP syndrome, placenta previa, placental abruption,
restriction in intrauterine growth, cervical incompetence, oligohydramnios, polyhydramnios,
fetal malformation, stillbirth, HIV-AIDS, gestational diabetes, Rh incompatibility, and illicit
drug users were excluded.

Information on maternal age, body mass index (BMI; as defined by the World Health
Organization, WHO), ethnicity (self-reported), parity, gestational age, and newborn weight
were obtained in the medical records to compose the general characteristics in the groups
analyzed.

The neonatal morbidity criteria were defined as APGAR score <7 at 5 min and 10 min
of life, admission to the neonatal intensive care unit (ICU-Neo) for at least 7 days, and early
neonatal sepsis, which was established as being a clinical syndrome observed in the first
72h of the newborn's life. To diagnose it, we have defined it as being a clinic syndrome
considering the following criteria: maternal risk factor ()PROM or PTL diagnosis), presence
of respiratory distress (tachypnea, moaning, chest retractions, nasal wing beats, with
persistent need for oxygen supplementation and the need for continuous positive airway
pressureand/or tracheal intubation for at least one day), and presence of laboratory
abnormalities (elevation in blood levels of C-reactive protein (CRP), = 6 mg/L, and immature
neutrophils / total neutrophils ratio, (I/T), =2 [25].

After birth, the placenta and amniochorion membranes were collected in sterile
conditions, and fragments near the rupture region of fetal membranes were sectioned and
fixed in 10% formalin. Then, the samples were subjected to histopathological analysis by
using the hematoxylin-eosin preparation technique, and the diagnosis was performed by a

single examiner, without prior knowledge of the clinical conditions related to thatcase.
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The histopathologic criteria used for chorioamnionitis diagnosis was that one
established by Redline et al.[26] considering the presence of maternal inflammatory
response in the chorioamniotic membranes in the following conditions: acute subchorionitis
or early acute chorionitis, characterized by the presence of neutrophils in the subchorionic
and/or chorionic spaces (stage 1); acute chorioamnionitis characterized by neutrophil
infiltration in the chorionic connective tissue and/or chorionic plate (stage 2), and necrotizing
chorioamnionitis, a necrosis that reached the amnion (stage 3). Regarding degree, the
criterion establishesthatthe group of maternal neutrophils, which are diffusely in the chorionic
plate, chorion, or amnion, as being mild to moderate (grade 1) and refers to the presence of
at least three microabscesses as severe (grade 2) Redline et al.[26].

During the hospitalization period, all women participating in the study were assisted
according to the clinical protocols of medical service at the HULW-UFPB. The research
projectwas approved by the Ethics Committee Board in Research of UFPB (Protocol:
1.806.905) and written informed consent was obtained from all the participants.

Statistical analyzes were performed by using the SigmaStat 3.5Software
(Copyright®2006 Systat Software, Inc. San Jose, CA, USA). Continuous variables were
presented as medians and minimum and maximum values and analyzed by using the Mann-
Whitney U-test. Categorical variables were analyzed by the Fishers exact or chi-squared
tests, being presented as proportions when necessary. A logistic regression model, which
was performed by using the public-domain R (Free Software Foundation's GNU General
Public License) software, was used to establish the adjusted ENS odds ratio for each preset
control variable (chorioamnionitis, gestational age < 34.0 weeks, respiratory distress, CRP
value = 6 mg/L, I/T ratio = 2, and obstetrical pathology). The p value <0.05 were considered

statistically significant.
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RESULTS

General maternal and neonatal characteristics of the patients included in the study in
pPROM and PTL groups are presented in Table 1. Similar results were observed for
maternal age, body mass index (BMI), ethnicity, parity, gestational age and weight of the

newborn.

Table 1. General maternal and neonatal characteristics of the patients included in the study

groups.
pPROM PTL p
n =39 n=234
Maternal age* 25 (19.2 - 32.0) 23.5(19.0 - 27.0) 0.261
(years)
BMI* 26.4 (23.8 - 29.3) 25.2 (23.4 — 27.5) 0.155
Ethnicity
Mulatto® 27 (69.2%) 21 (61.7%) 0.50
Black** 02 ( 5.1%) 02 ( 5.8%) 1.00
White® 10 (25.6%) 11 (32.3%) 0.52
Parity
<3 37 (94.8%) 28 (82.3%)
>3 02 ( 5.2%) 06 (17.7%) 0.13**
Gestational age* 34.0 (32.1-35.3) 33.8(31.4-35.2) 0.69
(weeks)
Newborn weight (grams)* 2335 (1780-2656) 2270 (1655-2595) 0.69

BMI: Body Mass Index, pPROM: Preterm Premature Rupture of Membranes, PTL: Preterm Labor.
* Values expressed as median (min - max), * Fishers exact test and **chi-square test.

The diagnostic of histological chorioamnionitis was present in 64.1% (25/39) of the
patients with pPROM and in 50.0% (17/34) in PTL group and no significant difference was
found in the chorioamnionitis frequency in theboth groups (p=0.22).

The frequency of the histologic chorioamnionitis was estimated considering the
gestational age at delivery. The data obtained in this study reflect that the proportion was not
statistically different in the groups 23-34 weeks (32.4%) and 34-36 weeks (25.0%) (p=0.48).

The adverse neonatal outcomes were analyzed in each group and between the
groups pPROM and PTL related to the presence/absence of histological chorioamnionitis

and the data are exposed in Table 2.
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Table 2. Adverse neonatal outcomes in pPPROM and PTL groups related to histologic chorioamnionitis

presence.
pPROM p PTL p p
(n=39) (n=34) between
groups
Presence of Absence of Presence of Absence of
chorioamnionitis ~ chorioamnionitis chorioamnionitis ~ chorioamnionitis
n=25 n=14 n=17 n=17
Apgar 5 min
<7 10(40.0%) 4(28.5%) 8(47.0%) 3(21.4%) 1.00
0.47 0.06
>7 15(60.0%) 10(71.4%) 9(52.9%) 14(82.3%) 0.14
Apgar 10 min
<7 2(8.0%) 0 (0.0%) 4(23.5%) 2(11.7%) 1.00
0.52 0.65
>7 23(92.0%) 14(100.0%) 13(76.4%) 15(88.2%) 0.20
Respiratory 15(60.0%) 7(50.0%) 0.54 6(35.1%) 7(41.1%) 0.72 0.19
distress
Admission to 17(68.0%) 11(78.5%) 0.71 6(35.2%) 3(17.6%) 0.43 1.00
ICU-Neo
=7 days
CPAP use 15(60.0%) 7(50.0%) 0.54 6(35.2%) 7(41.1%) 0.72 0.19
=1 day
Tracheal 14(56.0%) 9(64.2%) 0.61 9(53.0%) 6(35.2%) 0.30 0.95
intubation
21 day
Early neonatal 10(40.0%) 3(21.4%) 0.04 4(23.5%) 2(11.7%) 0.27 0.99
sepsis
CRP 15(60.0%) 4(28.5%) 0.04 11(64.7%) 5(29.4%) 0.03 0.70
> 6 mg/L
IT>2 10(40.0%) 1(7.1%) 0.03 8(47.0%) 2(11.7%) 0.02 0.58
Early neonatal - - 1(5.9%) - - -

mortality

CPAP: Continuous positive airway pressure; CRP: C-reactive protein; I/T: Rate of immature/total neutrophils,
pPROM: Preterm Premature Rupture of Membranes, PTL: Preterm Labor.The p values for categorical variables
were calculated by the chi-square and Fisher’s exact tests when appropriated.
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The APGAR indices at 5° and 10° minutes, presence of respiratory distress, need for
admission in the ICU-Neo, use ofcontinuous positive airway pressure and tracheal intubation
did not differ in the groups and among the analyzed groups, considering the histologic
chorioamnionitis status.

A higher prevalence of children affected by early neonatal sepsis was observed in the
pPROM group in association with histologic chorioamnionitis (p=0.04) whereas a significant
difference was not observed in the PTL group (p=0.27), and such prevalence was also not
different between groups (p=0.99) considering the presence of inflammatory infiltrate. It was
also demonstrated that levels of CRP > 6 mg/L in the pPROM and PTL groups associated
with histologic chorioamnionitis are different from those not associated with chorioamnionitis,
although the difference between presence or absence of chorioamnionitis between the
pPROM and PTL groups is not statistically significant (p=0.70). Similarly, the rates of
immature and total neutrophils (I/T) > 2, are different in the pPROM and and PTL groups
associated (p=0.03) and not associated (p=0.02) with chorioamnionitis, although the
difference between presence or absence of chorioamnionitis between the pPROM and PTL
groups is not statistically significant (p=0.58).

The odds ratios estimated for the occurrence of early neonatal sepsis were assessed
a function of variables: histologic chorioamnionitis, gestational age, respiratory distress, C-
reactive protein, rate of immature/total neutrophils and obstetrical pathology. Histologic
chorioamnionitis (p=0.005), respiratory distress (p=0.049) and pPROM (p=0.0004) confer
significant probabilities to the development of an ENS compared to the other variables,
demonstrating an excellent discriminatory power as a whole, with sensitivity around (76.0%)

and specificity (82.0%) levels as exposed in the ROC curve (Table 3, Figure 3).
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Table 3. Associations of histologic chorioamnionitis, respiratory distress, pPROM with the prevalence
of early neonatal sepsis by regression analysis.

Variables Adjusted OR (95% CI) P
Histologic chorioamnionitis 7.475 (1.956 — 35.932) 0.0058
Respiratory distress 3.491 (1.026 - 12.928) 0.0497
pPROM 9.876 (2.958 — 38.519) 0.0004
- 0438 (0.818,0.759)
Area under the curve: 0.88
o (95%Cl: 0.80-0.95)
<l I I I I I l
1.0 08 0.6 04 02 0.0

Figure 3. Area under ROC curve for predictive value of histologic chorioamnionitis, respiratory distress,

Preterm Premature Rupture of Membranes for early neonatal sepsis.
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DISCUSSION

Preterm birth persists as a major medical and social problem, responsible for several
short and long-term morbidities during infancy [1]. The lack of better-accurate predictive
methods has contributed to maintain high rates of premature births, largely because of
bothmultiple factors involved in its pathophysiology and the intriguing fact that spontaneous
preterm birth in women without clinical and/or gestational risk factors is the most commonly
observed phenotype [27].

Chorioamnionitis is one of the most well known risk factors related to prematurity
[28,29]. In this regard, emphasizing the role of amniochorion membranes is important,
because they behave as a tissue capable of initiating inflammatory phenomena, especially
those arising from the presence of biological pathogens such as bacteria. They cross the
amniochorion membranes, reach the uterine cavity, install themselves in the gestational
tissues, giving rise to an environment of subclinical septic [30, 31, 10].

The phenomena that follow chorioamnionitis installation are described as higher
concentration of pro-inflammatory cytokines [32-35], significant gene expression of matrix
metalloproteinases, which degrade the ovular membrane protein matrix and result in their
fragility (as observed in the pPROM cases), and increased production of prostaglandins that
insidiously change the cervix anatomy and activate myometrial contractions in PTL[36-38].

In recent studies, damage to the fetus and newborn has been attributed to these
mediators, in addition to their deleterious effects on the pregnancy course. The risk of early
neonatal sepsis, chronic lung disease, necrotizing enterocolitis, intraventricular hemorrhage,
periventricular leukomalacia, cerebral palsy, and neuromotor development failure are among
the perinatal adverse outcomes associated with chorioamnionitis [39]. The presence of pro-
inflammatory agents, which are produced in the maternal-fetal compartment and determine
systemic injuries initiated since the intrauterine life, is added to these damage, which result

from the prematurity-related immaturity of fetal tissue [40-43].




98

Early neonatal sepsis is a clinical syndrome related to maternal risk factors such as
pPROM (>18h), clinical and/or histologic chorioamnionitis, maternal fever (>37.5 °C),
colonization by Streptococcus agalactiae, and urinary tract infection at birth, being defined as
a set of clinical signs of neonatal impairment and laboratory test changes in the first 72 h of
life [25].

The confirmed ENS rate vary in the range of 0.01-0.52 per 1000 live births, and about
395,000 newborns is treated as clinical conditions suspected of ENS[44]. As the
supplementary laboratory tests demonstrate conflicting results, the presence of clinical signs
and symptoms remain as elements of great importance in the diagnosis of neonatal sepsis.
Blood culture is a laboratory test that has shown low sensitivity and with a high number of
false-positive results, although it is considered a gold standard examination [45]. Tracheal
aspirateculture can be a useful examination in the first 8 h of life to identify cases of
congenital pneumonia [46]. The overall leukocyte count showsto be unreliable in the first
hours of life due to the variability in leukopoiesis dynamics, although a more specific analysis
of the blood white series can significantly contribute to the diagnosis. Neutropenia, for
example, seems to be a better predictor of early neonatal sepsis, as it demonstrates the
rapid depletion of marrow reserve. Similarly, the relationship between immature and total
neutrophils ratio proves to be a better predictor of sepsis when their values are equal to or
greater than 0.2 [47]. The C-reactive protein is a rapid-phase marker of inflammatory activity
and its serial rise in the first 24-48 h has been believed to provide a diagnostic sensitivity for
neonatal sepsis of about 92% [48-50].

The data obtained in the present study showed to be consistent with those of the
literature that correlate chorioamnionitis with premature birth, especially those that occur in
women affected by pPROM [51,52], thus confirming previous studies that emphasize the role
of acute inflammation withpregnancy interruption by the second gestational trimester [53,54].
Likewise, we have observed that the isolated criteria established as chorioamnionitis related

adverse neonatal outcomes, do not seem to be different between the groups affected by
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pPROM, PTL, or even between them, except for the evidence of a higher prevalence of early
sepsis in the pPROM and choriomnionitis groups.

Taking into account the neonatal outcome of early sepsis, our results allow us to infer
that the presence of inflammatory infiltrate, respiratory distress and pPROM representthe
conditions most related to the objectiveof this study. They resulted in an almost tenfold
chance of developing neonatal sepsis and showed to be as criteria variables of important
sensitivity and specificity in relation to the outcome.

In this sense, our results were similar to those reported in the study by Dexter et al.
[55] wherethe chances of early neonatal sepsis in low-weight newborns and chorioamnionitis
had about five times higher. In a case-control study, Arayici et al.[6] refer a probability of
about 40% for infants with less than 32 gestation weeks to develop neonatal sepsis.
Similarly, Ahn et al. [56] found an odds ratio of about nine times more for early neonatal
sepsis when chorioamnionitis was present, and Bersani et al. [57] reported a higher
chorioamnionitis contribution to the early neonatal sepsis rates. Interestingly, these authors
reported a protective effect of inflammation on the respiratory stress syndrome and of late
neonatal sepsis in neonates.

Despite the limitations of this study, which include the sample size, diversity of
diagnostic criteria for histologic chorioamnionitis and early neonatal sepsis, it was possible to
conclude that the early neonatal sepse of the newborn is directly related to the presence of
histologic chorioamnionitis, respiratory distress and pPROM. Besides that, the reduction in
the number of adverse neonatal outcomes, including prematurity and its consequences, still
need a better understanding of the pathophysiological mechanisms and development of

predictive methods with higher accuracy.
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Considerando o tamanho amostral incluido nesse estudo bem como as metodologias

empregadas para atingir os objetivos propostos, podemos concluir que:

1)

2)

3)

Nossos dados reforcam que os danos oxidativos estdo presentes em gestacdes a
termo como processo fisiolégico do envelhecimento das membranas corioamnioticas;
A corioamnionite histologica, entre os mecanismos analisados, parece estar mais
claramente associada a ocorréncia de apoptose em membranas corioamnioticas de
gestagOes complicadas pela prematuridade espontanea.

A Rotura Prematura de Membras Pré-Termo e a corioamnionite histolégica estdo
associadas a desfechos neonatais adversos, especialmente a ocorréncia de sepse

neonatal precoce.
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