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Resumo




Introducéo: A infeccdo da cavidade amnidtica e inflamagdo sdo associadas com o parto pré-
termo espontaneo. Em geral, essas infec¢des sdo polibacterianas e causadas principalmente pela
ascensdo bacteriana do trato genital inferior. Dessa forma, a invasdo microbiana da cavidade
amniotica e o risco do parto pré-termo estéo frequentemente relacionados a colonizagéo vaginal
por diferentes espécies bacterianas, incluindo aquelas de dificil cultivo, como micoplasmas
genitais. Ureaplasma urealyticum e Mycoplasma hominis sdo as principais bactérias isoladas
no liquido amniotico de gestacdes complicadas por parto pré-termo com membranas integras
ou na presenca de rotura prematura de membranas pré-termo. Além dos micoplasmas genitais,
Gardnerella vaginalis merece destaque por ser a principal bactéria do core patologico da
vaginose bacteriana e por estar associada ao risco de parto pré-termo. Dessa forma,
considerando que a infeccao da cavidade amniotica € de natureza polibacteriana, mimetizar esse
cenario em membranas fetais in vitro se torna ferramenta importante para melhor entendimento
dos mecanismos envolvidos no parto pré-termo. Objetivo: Avaliar a modulacéo da resposta
imune induzida pela interacdo entre micoplasmas genitais e G. vaginalis nas membranas
corioamnioticas in vitro. Material e Métodos: Para a estimulacdo da cultura in vitro, foram
coletadas 8 membranas corioamnioticas de gestantes que tiveram a resolugdo da gestacdo por
cesarea eletiva de termo (> 37 semanas de gestagdo), na auséncia de trabalho de parto e/ou
rotura prematura de membranas. As culturas das membranas corioamniéticas foram
estimuladas com 10° ou 10% Unidades Formadoras de Col6nias (UFC) de suspenséo bacteriana,
inativada pelo calor, diluida em meio de cultura de tecidos com U. urealyticum, M. hominis e
G. vaginalis isolados ou em combinacdo. Amostras de membranas corioamnioticas, apenas com
0 meio de cultura, sem estimulo bacteriano foram usadas como controle negativo. Como
controle positivo foi utilizado o lipopolissacarideo (LPS) de Escherichia coli. Os sobrenadantes
obtidos das culturas de membranas corioamnioticas, apds 24 horas de estimulacdo bacteriana,
foram avaliados pela tecnologia Luminex® xMAP™ utilizando um painel para as seguintes
citocinas e receptores: IL-1p, IL-4, IL-6, IL-8, IL-10, IL-13, TNF-a, GM-CSF, sIL-1R1, sIL-
1R2, sIL-6R, STNF-R1, sSTNF-R2. Além disso, pela técnica de ELISA foi avaliado o receptor
soltvel sgp130, e por imunohistoquimica, a imunomarcacao dos receptores de membrana miL-
6R e gp130 nas células coridnicas e no epitélio amnidtico. A andlise estatistica para os dados
de citocinas e receptores soltveis foi feita utilizando modelos de feitos mistos lineares usando
a biblioteca Ime4 da linguagem de programacdo R. Os dados de imunohistoquimica foram
avaliadas usando a andlise de variancia unidirecional (ANOVA) seguida pelo teste de Tukey,

em que, o valor de p <0,05 foi considerado estatisticamente significante. O software




empregados nessas analises foi o GraphPad Prism (GraphPad Software Inc., San Diego, CA,
EUA). Resultados: A estimulagéo das membranas por micoplasmas genitais ndo aumentou a
producdo de citocinas pré-inflamatorias (IL-1p, IL-8, TNF-a, GM-CSF), exceto a estimulacdo
com U. urealyticum que aumentou os niveis de IL-8. No entanto, a estimulacdo com U.
urealyticum e M. hominis aumentaram significativamente os niveis de IL-10 e IL-13. A
estimulagdo das membranas corioamnidticas por G. vaginalis isoladamente ou em combinacgao
com micoplasmas genitais resultou em aumento de citocinas pro e anti-inflamatorias (IL-1p,
IL-6, IL-8, IL-10, IL-13, TNF-0, GM-CSF). Quanto a producdo de IL-6, todos 0s grupos
aumentaram significativamente com relagdo ao controle ndo estimulado, com excecdo ao
estimulo com M. hominis isolado. J4 os niveis de sIL-6R aumentaram significativamente
somente com estimulo por U. urealyticum isolado ou em combinacdo com M. hominis. Além
disso, o receptor solivel sgpl30 se apresentou em niveis elevados em todos os tratamentos,
com excecdo do tratamento com G. vaginalis isolada ou na combinacdo das trés espécies
bacterianas em cargas iguais. A analise imunohistoquimica mostrou maior imunorreatividade
do receptor de membrana mIL-6R apenas nas células do amnio na presenca de LPS e G.
vaginalis em comparacao com o controle (p <0,0001), mas nédo para os grupos de M. hominis,
U. urealitycum e estimulagdes polibacterianas. Além disso, 0 gp130 aumentou estatisticamente
nas células do &mnio e cério estimuladas com LPS, G. vaginalis e todos os tratamento
polibacterianos. ConclusGes: Membranas corioamni6ticas in vitro produzem perfil distinto de
citocinas e receptores pré e anti-inflamatérios em resposta a estimulacdo por micoplasmas
genitais e G. vaginalis isolados ou em combinacdo. G. vaginalis estimula resposta pro-
inflamatoria nas membranas fetais in vitro, que ap6s 24 horas é regulada pela atividade anti-
inflamatoria da IL-6 através da via de sinalizacdo classica. Micoplasmas genitais induzem
controle da resposta inflamatoria pela producéo de IL-13, IL-10 e STNF-R2 favorecendo sua
sobrevivéncia na cavidade amniotica. Além disso, o aumento de IL-6 por si s6 pode nao ser
indicativo de qualquer funcdo, uma vez que a sua atividade é controlada por diferentes
receptores de membrana e solUveis, sendo que sua producdo pelas membranas fetais ndo deve
ser mediador funcional das vias indutoras de trabalho de parto. A tentativa de correlacionar o
risco de desfecho gestacional adverso baseado exclusivamente nos niveis de IL-6 em fluidos

bioldgicos, sem considerar os receptores de IL-6, podem ser ineficazes.

Palavras-chave: Parto pré-termo, micoplasmas genitais, infeccdo polibacteriana, membranas

corioamnioticas in vitro.




Abstract




Introduction: The intraamniotic infection and inflammation are associated with spontaneous
preterm birth (PTB). In general, such infections are polybacterial and caused mainly by
ascending bacteria from the lower genital tract. Thus, the microbial invasion of the amniotic
cavity (MIAC) and risk of preterm birth is often cervicovaginal colonizers such as genital
mycoplasmas, in which Mycoplasma hominis (MH) and Ureaplasma urealyticum (UU) are the
most commonly isolated bacteria in the amniotic fluid in both PTB with intact membranes and
in preterm premature rupture of membranes (pPROM). In addition, Gardnerella vaginalis, the
main microorganism of the pathological core of bacterial vaginosis is also closely associated
with the risk of preterm birth. Thus, considering that the infection of the amniotic cavity is
polybacterial, mimic this scenario in fetal membranes in vitro becomes an important tool for a
better understanding of the mechanisms that trigger preterm delivery. Objective: To evaluate
the modulation of the immune response induced by the interaction between genital
mycoplasmas and G. vaginalis in chorioamniotic membranes in vitro. Material and methods:
For the in vitro culture stimulation, 8 chorioamniotic membranes of pregnant women in term
elective cesarean section (> 37 weeks gestation) were collected, in the absence of labor and/or
premature rupture of membranes. Chorioamniotic membrane cultures were stimulated with 108
or 108UFC of heat inactivated bacterial suspension diluted in tissue culture medium with U.
Urealyticum, M. hominis and G. vaginalis alone or in combination. Unstimulated samples were
used as control in which was included only culture media without bacteria, and as positive
control was used Lipopolysaccharide (LPS) from Escherichia coli. The supernatants obtained
from the chorioamnionic membrane cultures after 24 hours were evaluated by Luminex xMAP
technology using a panel for the following cytokines and receptors: IL-1, IL-4, IL-6, IL-8, IL-
10, IL-13, TNF-a, GM-CSF, sIL-1R1, sIL-1R2, sIL-6R, sTNF-R1, sSTNF-R2. In addition, the
soluble receptor sgp130 was evaluated by the ELISA technigue, and by immunohistochemistry
we identified membrane receptors, mIL-6R and gp130, in the amnion and chorion cells.
Statistical analysis for cytokine and soluble receptors data were performed using linear mixed-
effects models using the Ime4 library of the R statistical language. Immunohistochemistry data
were evaluated using one-way (ANOVA) followed by Tukey's test, in which the value of p
<0.05 was considered statistically significant and the software used was GraphPad Prism
(GraphPad Software Inc., San Diego, CA, EUA). Results: The stimulation of genital
mycoplasmas did not increase the proinflammatory cytokines (IL-1p, IL-8, TNF-a, GM-CSF),
except U. urealyticum that increased IL-8 levels. However, U. urealyticum and M. hominis
significantly increased IL-10 and IL-13 levels. G. vaginalis alone or in combination with genital

mycoplasmas showed an increased pro- and anti-inflammatory cytokines (IL-1p, IL-6, IL-8,




IL-10, IL-13, TNF-a, GM-CSF). Considering the IL-6 production, all groups increased
significantly compared to the control, except M. hominis isolated. Moreover, sIL-6R levels
increased significantly only in the presence of U. urealyticum alone or in combination with M.
hominis. In addition, the soluble sgp130 receptor was elevated in all treatments, except for the
treatment with G. vaginalis alone or in combination of the three bacteria in equal loads.
Immunohistochemistry analysis showed greater intensity of mIL-6R only in amnion cells in the
presence of LPS and G. vaginalis compared to control (p <0.0001) but not for M. hominis, U.
urealitycum and polybacterial treatments. In addition, gp130 increased statistically in amnion
cells stimulated with LPS, GV and all polybacterial treatments. Conclusions: Chorioamniotic
membranes in vitro produce a distinct cytokine and pro- and anti-inflammatory profile in
response to stimulation by genital mycoplasmas and G. vaginalis alone or in combination. G.
vaginalis sustain a proinflammatory response in the fetal membranes in vitro, in which after 24
hours is regulated by the anti-inflammatory activity of IL-6 through the classical signaling
pathway. While genital mycoplasmas induce a control of the inflammatory response, by the
production of anti-inflammatory cytokines (IL-13, IL-10, sTNF-R2), favoring their survival in
the amniotic cavity. Furthermore, the increase of IL-6 alone may not be indicative of any
function, since its activity is controlled by different membrane and soluble receptors, since its
production by fetal membranes could not be a functional mediator of the labor-inducing
pathways. In summary, the attempt to correlate the risk of adverse gestational outcome based
exclusively on IL-6 levels in biological fluids without considering IL-6 receptors may be

ineffective.

Keywords: preterm delivery, genital mycoplasmas, polybacterial infection, chorioamniotic

membranes in vitro.
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AMB Antigeno de maltiplas bandas

GM-CSF Fator Estimulador de Coldnias de Granulécitos e Macrofagos
Gp130 Glicoproteina 130

HBD Beta defensina humana

IFN Interferon

Ig Imunoglobulina

IL Interleucina

LA Liquido amniotico

LPS Lipopolissacarideo

MEC Matriz extracelular

NF-kB Fator nuclear kappa B

PAMPs Padrdo de reconhecimento de patdgenos
PCR Reacdo em cadeia da polimerase

PP Parto pré-termo

RNA Acido ribonucléico

RPM Rotura prematura de membranas

RPM-PT Rotura prematura de membranas pré-termo
Th T helper

TLR Receptor toll-like

TNF Tumor de necrose tumoral

TPP Trabalho de parto pré-termo

UFC Unidade de formacéo de col6nias
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O trabalho de parto a termo, na espécie humana, é resultado de complexa rede de
eventos, regulados por uma variedade de mecanismos e mediadores dos sistemas enddcrino,
nervoso e imune. Trés processos distintos e interdependentes caracterizam o momento em que
a gestacdo atinge o desfecho: o remodelamento cervical, o enfraquecimento e rotura das
membranas corioamnidticas e a contratilidade miometrial, que, juntos, viabilizam a expulséo
do feto apOs a 372 semana de gestacdo(1,2). Neste contexto, as citocinas, polipeptideos
secretados por células da imunidade inata e adaptativa, permeiam e possibilitam esses
mecanismos envolvidos no desencadeamento do parto(1).

Por muitos anos, a comunidade cientifica acreditou que o sucesso da gestacdo dependia
do predominio de resposta imune de perfil Th2, enquanto a resposta imune de perfil Thl era
associada a resultados gestacionais adversos(3,4). Porém, estudos vém demonstrando que o
sucesso da gestacdo depende de um complexo e dindmico balango entre citocinas, que se
modifica ao longo da gestacdo normal(5,6). No primeiro trimestre gestacional o predominio é
da resposta imune de perfil Th1, no qual o microambiente inflamatdrio torna-se necessario tanto
para permitir o correto reparo do endométrio, que sofre danos consequentes da implantacao do
feto, quanto para remocdo de debris celulares. JA o segundo trimestre é caracterizado pela
resposta imune de perfil Th2(3), com aumento de citocinas com atividade anti-inflamatoria,
importantes para a manutencdo da gestacdo. No terceiro trimestre e no momento do parto, o
predominio volta a ser de perfil Thl, tanto sistemicamente(7), quanto no tecido placentario(8)
e no liquido amnidtico (LA)(9). Assim, Romero et al.(10) descreveram o trabalho de parto a
termo como uma sindrome inflamatoria.

No entanto, apesar dos inUmeros trabalhos e das tecnologias existentes, 0s mecanismos
envolvidos no desencadeamento do trabalho de parto a termo ainda nédo estdo completamente

elucidados(11). Além disso, as alteracbes enddcrinas que antecedem o trabalho de parto ndo
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sdo uniformes entre as espécies (revisado por Vora, et al.(12)), o que dificulta extrapolar os
achados obtidos na experimentacdo animal para 0s seres humanos.

A maior consequéncia do incompleto conhecimento dos mecanismos que desencadeiam
o trabalho de parto a termo € a dificuldade em prevenir o trabalho de parto pré-termo (TPP),
considerado um dos principais problemas da Clinica Obstétrica. Além da mortalidade neonatal,
as comorbidades associadas ao parto pre-termo (PP) geralmente levam a diversas
consequéncias na vida do neonato resultando em custos econémicos, fisicos e psicologicos.(13)

O TPP é uma importante intercorréncia obstétrica que acomete de 5 a 10% das
gestacdes(14—16), caracterizada pela presenca de uma ou mais contracdes a cada 10 minutos,
com ritmo e frequéncia regulares, acompanhadas de esvaecimento cervical igual ou superior a
50% e/ou dilatacdo cervical superior a 2 cm, no periodo em que a idade gestacional encontra-
se entre 22 e 37 semanas(17). A principal complicacédo para o recém-nascido relacionada aos
episddios de TPP é a prematuridade, que € responsavel por 70% dos indices de morbidade e

mortalidade perinatal(18,19).

O PP é uma condicdo complexa que pode ser classificado em trés categorias, 0s que
ocorrem por indicacdo médica, com prevaléncia de 25% (IC 95%=18.7-35.2%); aqueles que
ocorrem espontaneamente, com prevaléncia de 50% (IC 95%=23.2-64.1%); e por desfecho da
rotura prematura de membranas pré-termo (RPM-PT) em 25 % (IC 95%=7.1-51.2%)(20). Nos
casos de PP que ocorrem por indicacdo médica, os riscos e biomarcadores para diagnostico e
intervencdes sdo muito mais claros do que os pertencentes ao grupo dos partos espontaneos,
sendo que nesses os fatores que levam ao parto pré-termo ainda ndo estdo totalmente
elucidados.

Muitos fatores associados a ocorréncia de PP sdo conhecidos, como sua ocorréncia em
gestacOes anteriores, abortos anteriores, idade materna inferior a 20 anos(21), rotura prematura

de membranas (RPM), corioamnionite (21,22), gestacdo multipla, hipertensdo gestacional,
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sangramento vaginal(22), pequeno ganho de peso materno durante a gestacdo(23), diabetes
gestacional(24) e vaginose bacteriana(25). A Figura 1 demonstra que o PP é complexo e que
diversas condicdes clinicas (circulo amarelo) podem contribuir para o inicio do trabalho de
parto através da ativacdo de multiplas vias diferentes. Essas condi¢des clinicas podem ser
iniciadas por diferentes fatores (circulo verde), que podem atuar em sinergia ou de forma
independente nesses desfechos, as quais podem ativar resposta inflamatdria fetal e materna ou
estresse oxidativo, levando ao enfraquecimento das membranas fetais e ativacdo miometrial e
decidual, resultando no parto pré-termo(20). Apesar das vias efetoras finais serem
provavelmente as mesmas tanto do parto a termo quanto ao pré-termo, os iniciadores podem
ser diferentes.

Dessa forma, baseado em diversos trabalhos epidemioldgicos e estudos de mecanismos
in vitro (14,26-32), o principio do PP tem sido descrito de maneira sucinta. Primeiramente
fatores de risco levam a inflamacéo ou disfuncdo enddcrina, seguido da ativacdo dos tecidos
intrauterinos materno-fetais, o que leva a ativacdo da uterotonina culminando no parto pré-
termo. Entretanto, o aumento global do PP nos dltimos anos, vem demonstrando que a
complexidade dos fatores de risco e seu papel em induzir alteragdes bioquimicas, morfolégicas,
inflamatorias e oxidativas que levam ao parto pré-termo envolve uma rede complexa de
biomarcadores, o que dificulta o melhor entendimento dos mecanismos envolvidos e a

prevencao do parto pré-termo.
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Infeccdo

Figura 1. Diversas condices clinicas (circulo amarelo) podem contribuir para o inicio do trabalho de
parto através da ativacdo de multiplas vias diferentes. Essas condigdes clinicas podem ser iniciadas por
diferentes fatores (circulo verde), que podem atuar em sinergia ou de forma independente nesses
desfechos, as quais podem ativar resposta inflamatoria fetal e materna ou estresse oxidativo, levando ao
enfraquecimento das membranas fetais e ativagdo miometrial e decidual, resultando no parto pre-termo.
(20)

Estudos anteriores indicam que a cascata inflamatdria seja a chave principal no
desenvolvimento do parto pré-termo(11). Nesse sentido, a principal causa, que culmina em PP,
ainda é a infeccdo na cavidade amniética(33,34). A infeccdo da cavidade amnidtica é definida
pela invasdao microbiana juntamente com a inflamacdo intra-amniotica(35), na presenca ou
auséncia de sinais clinicos de infec¢do(36).Tais infecgdes geralmente sdo subclinicas e podem
ser causadas por espécies bacterianas de dificil cultivo(37).

Outra intercorréncia gestacional que merece destaque na Clinica Obstétrica é a rotura

prematura de membranas pré-termo (RPM-PT). A rotura das membranas fetais é essencial
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durante o trabalho de parto e, normalmente, procede ao inicio das contracGes uterinas. No
entanto, esse processo pode ser desencadeado antes das contragdes, sendo denominado de RPM.
Em idade gestacional inferior a 37 semanas, caracteriza-se a RPM-PT, intercorréncia presente
em até 30% das gestacdes pré-termo(38). Devido a associacdo da RPM-PT e morbidade
materna e morbimortalidade perinatal(39), a RPM-PT tem sido objeto de muitos estudos
epidemioldgicos e clinicos, na tentativa de identificar fatores de risco. Esses fatores também
sdo multiplos, incluindo-se raca(40,41), fatores comportamentais (tabagismo, atividade e inicio
da vida sexual, deficiéncia materna de zinco ou vitamina C)(41-45), complicacdes obstétricas
(gemelaridade, maltiplos sangramentos vaginais durante a gestacdo, polidramnio, hipertensao
e diabetes materna)(33,40,46) e infeccdes genitais e da cavidade amniotica(33,47), sendo essa

ultima associada a maioria dos casos de RPM-PT (33,48,49).

A RPM-PT é uma das maiores causas de prematuridade e é a mais importante causa de
morbidade e mortalidade neonatais, particularmente por estar associada ao periodo de laténcia,
a infeccdo neonatal (50,51) e a compressao do corddo umbilical devido a reducéo do liquido
amniotico(52). A frequéncia e severidade das complicacGes neonatais ap6s a RPM-PT variam
com a idade gestacional e estdo aumentadas na presenca de infecgéo perinatal (52,53), elevando
o indice de infeccéo neonatal de 1 a 3% para 8 a 30% e aumentando os indices de mortalidade
neonatal, independente da idade gestacional(54). A sindrome do desconforto respiratrio,
hemorragia intraventricular e sepse séo as complica¢des mais graves frequentemente associadas

a prematuridade (53).

1.1. Estrutura das membranas corioamnioticas

As membranas corioamnidticas formam uma estrutura de extrema importancia para o

desenvolvimento fetal. Dentre suas principais funcGes estdo a de protecdo do feto contra
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traumas, de manutencdo do volume do liquido amniotico e de protecdo dos vasos do cordédo
umbilical contra compressao, além de atuarem como barreira contra infec¢des vindas do trato
genital inferior(50).

A visdo tradicional é que a cavidade amnidtica durante a gravidez normal seja estéril(55)
apesar da grande quantidade de micro-organismos que colonizam o trato genital inferior. O
estado estéril da cavidade amnidtica é, presumivelmente, realizado pela participacao do sistema
imune, incluindo a presenca e composi¢cdo do muco cervical(56), componentes celulares e
proteicos presentes nos tecidos gestacionais, como células inflamatorias, mediadores e
antimicrobianos, além da prépria estrutura fisica da cavidade amnidtica. Nesse contexto, as
membranas corioamnidticas, que constituem a bolsa das aguas que abriga o feto, sdo tecidos de
extrema importancia para o desenvolvimento fetal ao proporcionarem a manutencdo do volume
do LA e a protecdo do feto e do corddo umbilical contra compressao e traumas. Além de
atuarem também como barreira fisica contra infec¢des vindas do trato genital inferior, as

membranas corioamnidticas desempenham importante funcdo secretora(54).

Durante o desenvolvimento embrionéario, por volta da 172 semana de gesta¢do, com 0
aumento do tamanho do feto e consequente crescimento do saco coridnico, as vilosidades
coribnicas sofrem compressdo e sdo associadas a decidua parietal. A reducdo no suprimento
sanguineo das vilosidades coribnicas leva a rapida degeneracdo das mesmas, formando uma
regido relativamente avascular denominada de corio liso. Apos a formacdo do cério liso, as
vilosidades associadas a decidua basal aumentam em ndmero e se ramificam, constituindo o

corio viloso, também chamado de cério placentario ou frondoso(57).

O terceiro tecido placentario corresponde ao amnio, que delimita a superficie interna do
trofoblasto(58). Morfologicamente, possui uma por¢do membranosa, que se acopla ao cério
liso; uma porc¢éo placentéria, que recobre o cério viloso e uma por¢édo funicular, que circunda

0 corddo umbilical(59).
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O crescimento do saco coriénico € acompanhado por crescimento ainda mais rapido do
saco amnidtico(57). Em decorréncia desse crescimento, ocorre a fusdo dessas duas membranas,
originando as membranas corioamnioticas(60). Essas membranas fetais sdo formadas pelo
amnio e corio conectados pela matriz extracelular (MEC)(61) sendo que o epitélio amniético,
camada mais superficial das membranas, estd em contato direto com o liquido amnidtico e
macroscopicamente apresenta-se liso, translicido e delgado. No epitélio amnidtico, uma
monocamada de células epiteliais colunares reveste a cavidade amnidtica, e tais células
apresentam conexdes intercelulares especializadas em suas superficies laterais e basais, para
ligacdo com a membrana basal, a proxima camada do amnio(62,63). As células epiteliais
amnidticas secretam colagenos tipos Il e 1V e glicoproteinas que formam a membrana basal.
Essas subcamadas sdo alicercadas por uma camada compacta, formada por uma trama de
colageno, com densidades variadas (59), os quais sdo secretados por células mesenguimais e
fibroblastos(64). As fibras intersticiais (colagenos tipos | e I1l) formam feixes paralelos que
mantém a integridade mecénica do amnio, ja os tipos V e VI formam filamentos conectivos

entre o colageno intersticial e a membrana basal epitelial (65).

A camada intermediaria entre 0 &mnio e o cdrio tem aspecto histolégico esponjoso e
apresenta grande quantidade de glicoproteinas hidratadas, além de conter uma malha néao
fibrilar de colageno tipo IV (65). Esta camada absorve estresse fisico, pois permite que 0 &amnio
deslize sobre o cério, o qual é firmemente aderido a decidua(49). O corio € mais externo e
apresenta sua primeira por¢do composta por células reticulares e tecido conectivo coridnico, o
qual é constituido por escassas fibras colagenas apoiadas em uma membrana basal(64). Sua
camada celular assemelha-se a uma tipica membrana epitelial, com o citotrofoblasto polarizado
em direcdo a decidua. A camada citotrofoblastica € multicelular, podendo assim, variar em

espessura(66), e o contato direto entre as células parece ser mais evidente que no amnio(64).
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A camada decidual é associada externamente ao corio-amnio, deriva da decidua parietal
e localiza-se internamente a parede uterina e desempenha importante papel hormonal e
imunologico(67). Essa conformacdo final das membranas fetais, com o amnio internamente
fundido ao cdrio, que por sua vez, se alicerca na decidua, ocorre apés trés fases distintas de
desenvolvimento e dois processos de fusdo, 0s quais se acreditam acontecer por volta da 20?

semana de gestacao(66).

As fibras colagenas que compdem a MEC sofrem constante remodelacdo ao longo da
gestacdo para acomodar o volume e tensdo crescentes, uma vez que a manutencdo da
integridade estrutural das membranas fetais é essencial para o sucesso gestacional. Durante as
ultimas oito semanas de gestacao, este processo de remodelacao resulta em diminuicao do teor
de colageno no amnio(50), alteracdo que favorece o fendmeno bioldgico subsequente, a rotura
das membranas no momento do parto. Em mais de 90% das gestagdes, a rotura das membranas
fetais segue o inicio do trabalho de parto(40), e 0 aumento da separacdo espontanea, associado
a diminuicdo da adesdo das camadas amniética e corio-decidual, contribuem para o

enfraguecimento das mesmas durante o processo de trabalho de parto(68).

Dessa forma, as membranas corioamnidticas, sdo de extrema importancia para o
desenvolvimento fetal, uma vez que protege o feto contra traumas, mantém o volume do liquido
amnidtico e confere protecdo do corddo umbilical e do sangue fetal contra compresséo, além

de atuarem como barreira mecénica contra infecgdes vindas do trato genital inferior(50).

Além de revestir a superficie placentaria e constituir o saco amniotico, as membranas
corioamnioticas desempenham fungdes de manter as condicOes ideais de esterilidade do liquido
amniotico e de ser barreira imunoldgica. A expressdo dos receptores Toll-like 2 (TLR-2) e Toll-

like 4 (TLR-4), pelo epitélio amniotico, sugere que esse epitélio ndo funciona apenas como
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barreira mecanica aos micro-organismos, mas que também & requerido na ativacdo da reposta

imune inata (8,69).

1.2. Mediadores da resposta inflamatdria e parto pré-termo

Processos inflamatdrios estdo associados & varios mecanismos reprodutivos, incluindo
ovulacdo, implantacdo e desencadeamento do parto(70). Estudos com &cido ribonucleico
(RNA) celular e transcriptoma, antes e apds o parto, indicaram que mediadores da resposta
inflamatoria estdo presentes nas membranas corioamnidticas mesmo na auséncia de sinais
histoldgicos de inflamacdo(71), indicando que o parto espontaneo a termo é caracterizado por

um perfil inflamatorio na decidua, membranas corioamnioticas e na cérvice.

Com o reconhecimento do parto como um processo inflamatorio, pode-se entender que
estimulos patogénicos podem estimular a imunidade decidual ndo programada. Na vigéncia de
infeccdo, ocorrem subsequentes recrutamento e ativacdo de leucdcitos para as membranas
corioamnioticas(72), resultando em amplificacdo da resposta inflamatoria e na constatacdo de
corioamnionite histologica, considerada importante indicador de invasdo da cavidade

amnidtica(73).

J& é conhecido na literatura que as células que compdem as camadas teciduais das
membranas corioamnioticas, assim como placenta e decidua, sdo importantes fontes de
mediadores inflamatorios(74,75). A imunidade inata, diferentemente da imunidade adquirida,
reconhece patdgenos através da interacdo de uma variedade de perfis moleculares, como
constituintes da parede celular bacteriana, RNA viral e outros. Este reconhecimento envolve
moléculas de reconhecimento de padrdes conhecidos como 0os TLRs, e cada um dos 10 tipos,

ja descritos na literatura (TLR1-10), sdo especificos para os diferentes padrbes de




29

reconhecimento de patégenos (PAMPS)(76). Bactérias Gram-positivas, lipoproteinas
associadas a micobactérias, peptidioglicano e acido lipoteicoico sdo alguns PAMPSs
reconhecidos pelo TLR-2(77,78), enquanto o TLR-4 é o principal mediador da resposta
inflamatdria ao lipopolissacarideo (LPS)(79). Ambos receptores sdo especialmente expressos
pelo epitélio amnidtico, células coridnicas e deciduais(69,80), constituindo a primeira linha de
defesa contra infeccdo durante a gestacdo(81). Kim et al.(69) descreveram que a expressdo
proteica de TLR-2 e TLR-4 é significantemente maior no epitélio amniético na presenca de
corioamnionite histologica, tanto em partos pré-termo quanto a termo, sugerindo que a
expressao aumentada dos TLRs nos tecidos gestacionais, no momento do trabalho de parto,
pode aumentar a protecdo do hospedeiro contra invasao polimicrobiana da cavidade amniética,

nesse momento tdo vulneravel da gestacao.

Além da acdo via TLRs, acredita-se que, durante a infecgdo na cavidade amniotica, as
proprias bactérias e seus produtos estimulem os tecidos gestacionais a produzirem citocinas
pré-inflamatorias como parte da resposta do hospedeiro(1). Assim, a ativacdo precoce de TLRs
na interface materno-fetal pode perturbar o bem estabelecido perfil anti-inflamato6rio necessario
para a manutencdo da gestacdao no segundo trimestre(4). A anélise da producéo de IL-6, IL-8,
IL-10 e TNF-a por cultura de trofoblastos humanos, sob estimulagcdo microbiana, revelou que
as bactérias estimulam a expressdo de RNAm de citocinas pré e anti-inflamatorias(82),
resultando em desequilibrio entre os dois perfis de citocinas, causado por infecgdo intra-

amniotica, que pode potencializar a inducdo de parto pre-termo.

Nesse sentido, trabalhos demonstraram que as principais citocinas envolvidas no inicio
do trabalho de parto pré-termo séo IL-1, TNF-a e IL-6(83,84). Além disso, a IL-6 ja foi descrita
como o principal biomarcador de inflamacéo e como preditor de parto pré-termo(10), uma vez
gue niveis aumentados no liquido amniotico de gestantes no segundo trimestre sdo associados

com maior risco (85). Adicionalmente, a identificacdo de IL-8 no liquido amnidtico foi
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associada a presenca de rotura prematura de membranas pré-termo como ao trabalho de parto

pré-termo com bolsa integra(86).

Em estudos animais, a administracdo de IL-1 ou TNF-a no liquido amniotico de
macacos Rhesus aumentou os niveis de citocinas pro-inflamatdrias(87) ou corioamnionite(88).
Além disso, em camundongos a administracdo sistémica de IL-1 e TNF mostrou-se suficiente
para inducdo do parto pré-termo(89,90), o que foi evitado com a pré-administracdo do
antagonista de IL-1R(91). Somado a isso, camundongos deficientes em IL-6 demonstraram
atraso no desenvolvimento do parto pré-termo e demonstraram ser resistentes ao parto pré-

termo induzido por LPS(92).

No cenario anti-inflamatério, destaca-se o papel da IL-10, citocina com funcdo de
regulacdo das complicacfes gestacionais que tem como fator causal a inflamacdo(93). Nesse
contexto, camundongos deficientes na producdo de IL-10 foram mais suscetiveis ao parto pré-
termo mesmo em baixa concentracdo de LPS(94), uma vez que a contraregulacdo da acdo do
TNF-a, IL-6 e IL-1, ndo pode ser realizada prejudicando a modulagdo da resposta
inflamatdria(95). Adicionalmente, a IL-4 e a IL-13 tem atividade anti-inflamatdria e a presenca
dessas citocinas juntamente com a IL-10 na cavidade amniética ja foi associada ao PP
espontaneo(43), além disso, polimorfismos de nucleotideo Unico na regido controladora de
locus para IL-4 e IL-13 foram associados com aumento de risco para PP espontaneo(96). Ainda
nesse cenario, os receptores soltveis de TNF, STNFR1 e STNFR2, tem papel importante em
minimizar os efeitos do aumento de TNF-a(97), e esse aumento de producdo de STNF é
dependente da etnia, uma vez que membranas fetais de mulheres brancas demonstraram um
aumento desses receptores como um efeito compensatério da producédo de TNF-a, o que ndo

foi observado em mulheres negras(98).
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1.3. Invasdo microbiana da cavidade amniética e parto pré-termo

Embora a etiologia do parto pré-termo seja multifatorial, varios micro-organismos tém
sido associados a sua patogénese, especialmente através da ascensdo do trato genital
inferior(70), com subsequente recrutamento neutrofilico e instalagdo de corioamnionite. A
corioamnionite histoldgica é definida como inflamagdo das membranas corioamnioéticas, e a
maioria dos casos ocorrem na auséncia de sinais clinicos e de sintomas de infeccao, sendo que
pode estar presente em mais de 20% das gestacdes de termo e em mais de 50% dos partos pré-
termo(99-101). Em estudo do nosso grupo de pesquisa, Marconi et al.(102) demonstraram
infeccdo da cavidade amnidtica em gestantes que apresentaram essa intercorréncia gestacional.
O estudo demonstrou que tal infecgdo é de natureza polibacteriana e que, na maioria dos casos,

h& combinacdo de micro-organismos aerdbios e anaerobios.

Kim et al.(103) propuseram um modelo de invasdo microbiana intra-amniética, no qual
0 estagio inicial ocorre por invasdo intra-amniotica através de discreta regidao das membranas
corioamnioticas, seguido por proliferacdo bacteriana no liquido amniético e, posteriormente, a
extensdo dessa infeccdo atingiria toda superficie das membranas, iniciando-se pelo amnio.
Nesse sentido, a principal via de infeccdo da cavidade amnidtica é através da ascensao de micro-
organismos do trato genital inferior(70,104), uma vez que os patdgenos mais frequentemente
isolados no liquido amnidtico de pacientes com infeccdo intra-amnidtica sdo comumente
encontrados na microbiota vaginal, incluindo Gardnerella vaginalis, Escherichia coli,
Leptotrichia amnionii, Bacterioides fragilis, Prevotella bivia, Mycoplasma hominis e
Ureaplasma urealyticum(105,106). Quando tais micro-organismos predominam na microbiota
vaginal, em relacdo aos lactobacilos, caracteriza-se a alteracdo da microbiota vaginal,
denominada, vaginose bacteriana, a qual esta presente de 15-42% das gravidas e aumenta em
quatro vezes o risco de parto pré-termo espontaneo e de rotura prematura de membranas pré-

termo(107-109).
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A estreita relacdo da vaginose bacteriana e parto pré-termo(25) se justifica na
capacidade que bactérias patogénicas tem em ascender a cavidade amnidtica e suscitar resposta
inflamatdria nos tecidos gestacionais. Evidéncias desse processo sdo as observacdes de que
citocinas inflamatdrias estdo aumentadas no liquido amniético de gestantes com infeccdo intra-
amnidtica, especialmente aquelas causadas por U. urealitycum e M. hominis (110). Apesar
dessas evidéncias, alguns trabalhos ndo demonstraram associagéo significativa entre vaginose
e parto pré-termo(111,112). Para esses autores, a ascensao dos micro-organismos a cavidade
uterina pode ocorrer antes ou no inicio da gestacdo e no momento do trabalho de parto pré-
termo ndo necessariamente a gestante apresente alteracdo da microbiota vaginal. Assim o

reservatorio endometrial teria um papel crucial na associa¢do com o parto pré-termo.

Segundo revisdo de Digiulio et al. (106), uma grande diversidade de espécies
bacterianas pode estar presente na infeccdo da cavidade amniotica, sendo que nos casos de PP
com bolsa integra ou na RPM-PT podem estar envolvidos 21 e 18 géneros bacterianos,
respectivamente. Dentre esses géneros, 0s principais envolvidos tanto no PP quanto na RPM-
PT s&o os micoplasmas genitais (U. urealyticum, M. hominis e Mycoplasma genitalium).
Apesar disso, trabalhos tém descritos resultados controversos quanto a real contribuicdo dos
micoplasmas genitais no resultado adverso da gestacdo. Hosny et al. (112) encontraram
associacao significativa entre o parto pré-termo e a presenca de M. hominis no contetdo vaginal,
0 que ndo ocorreu para U. urealyticum, o qual teve uma alta taxa de isolamento tanto no grupo
de gestacdo a termo (49%) quanto pré-termo (36%). Por outro lado, trabalhos(113,114) ja
demonstraram associacao significativa na deteccdo de U. urealyticum na cérvice/vagina e o
parto pré-termo, inclusive descrevendo que a carga dessa espécie bacteriana na vagina € um
fator importante para o desfecho gestacional(115). Ja no liquido amnidtico, a deteccéo de U.
urealyticum foi associada a RPM-PT(116) e ao parto pré-termo com membranas

integras(117,118).
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Considerando o exposto, apesar da infec¢ao da cavidade amniotica ser a principal causa
do parto pré-termo espontaneo, existe uma complexidade dessa infeccdo, uma vez que nao €
uma entidade Unica e possui diversos subtipos e etiologias, comunidades bacterianas diferentes
envolvidas, resposta diferente a antibidticos e resultados clinicos distintos(119). Portanto, os
aspectos microbioldgicos da infeccdo do trato genital continua por ser esclarecida e os estudo
in vitro se tornam indispensaveis para a melhor caracterizagéo e identificacdo das infecgdes que

podem levar ao parto pré-termo.
1.4. Micoplasmas genitais e Gardnerella vaginalis

O termo micoplasma € frequentemente utilizado para mencionar 0s micro-organismos
da classe Mollicutes, independente do género a que eles pertencam. Assim, com o intuito de se
evitar a confusdo com os micro-organismos especificos ao género Mycoplasma, o termo
Mollicutes se tornou uma denominacdo genérica para todos 0s micro-organismos da
classe(120). Os membros da classe Mollicutes sdo caracterizados pela auséncia da parede
celular de peptidoglicano. Estudos filogenéticos baseados em sequéncias de RNA ribossémico
mostraram que os Mollicutes realmente se originaram via evolucdo degenerativa, com perda de
genes ndo essenciais(121,122), a partir de bactérias Gram-positivas de baixo teor de guanina e

citosina e relacionados ao grupo lactobacilar (123,124).

A medida que a parede celular esta ausente em Mollicutes, eles podem assumir formas
cocoides ou filamentosas e sdo pouco coradas com a tradicional coloracdo de Gram, o que nédo
permite sua identificacdo direta em amostras clinicas. Além disso, sdo resistentes a todos 0s
tipos de antibidticos beta-lactamicos(120), que inibem a sintese da parede celular como
mecanismo de agdo, como a penicilina. Devido a sua mobilidade e capacidade de adeséo,
Ureaplasma e Mycoplasma séo os dois géneros da familia Mycoplasmataceae que podem

colonizar com sucesso o trato genitourinario humano. Embora flagelos e pili estejam ausentes
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nessas bactérias, proteinas de superficie especificas na sua membrana celular permitem a sua

ligacéo as células do hospedeiro.

A espécie M. hominis foi o primeiro micoplasma humano patogénico identificado em
um abscesso da glandula de Bartholin em 1937(125). Tem como caracteristica a formagéo de
colonias em forma de “ovo frito” com cerca de 200 pm de diametro(126) e utilizam a arginina
como substrato no seu metabolismo(127). Ja a espécie U. urealyticum, foi inicialmente
denominado de T-strain ou T-Mycoplasmas pelo fato de produzir pequenas colonias de 7-15um
de diamétro, apds ser identificado no aparelho urogenital de homens com uretrite ndo
gonococica priméria e recorrente(128). Pela caracteristica Unica entre os micoplasmas de
origem humana em utilizar como substrato a uréia e ndo arginina ou glicose, em 1974, foi
designado como U. urealyticum(129). Atualmente, sdo reconhecidos 14 serotipos de
Ureaplasma spp., que foram agrupados em duas espécies distintas U. parvum, serotipos 1, 3, 6
e 14, e U. urealyticum que compreende 0s restantes serotipos, sendo que alguns tém sido mais

associados a doencas que outros(130).

A patogenicidade ureaplasmal esta relacionada a capacidade de adesdo a superficies
mucosas, principalmente em células epiteliais, através de proteinas de citoaderéncia expressas
na superficie celular bacteriana. A principal lipoproteina de superficie € o antigeno de multiplas
bandas (AMB), que € o principal fator de viruléncia desse microrganismo(131), sendo
reconhecido pelo sistema imune através dos receptores de reconhecimento padrdo TLR1, TLR2
e TLR6 ativando a via do fator nuclear kappa B (NF-xB)(132). Dessa forma, trabalhos sugerem
que a varia¢do no tamanho da lipoproteina AMB ureaplasmal esteja relacionada a capacidade
desses micro-organismos de evadir-se do sistema imune e colonizar o hospedeiro (133,134).
Nesse sentido, a severidade da corioamnionite j& foi inversamente associada a variagdo do
tamanho da lipoproteina AMB identificada no liquido amniético(134). Em estudo animal, a

variacdo do tamanho da lipoproteina AMB n&o preveniu o reconhecimento pelos receptores de
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reconhecimento padrdo do hospedeiro(135), porém, essa variacdo pode limitar a eliminacéo
desse microrganismo da cavidade amniética caracterizando assim o seu fator de viruléncia.
Além disso, ja foram identificados fatores de viruléncia potenciais como fosfolipase Al, A2 e
C (136), capazes de estimular o trabalho de parto pela producdo de prostaglandinas e a protease
de IgA, a qual tem a capacidade de destruir um dos principais componentes da resposta imune,

facilitando a colonizagdo por micro-organismos(137).

Adicionalmente, tanto U. urealyticum quanto M. hominis liberam, juntamente com o
trifosfato de adenosina, a amodnia através do metabolismo da uréia e da arginina,
respectivamente. A a amonia pode reagir com a agua nos tecidos formando o hidréxido de
amonio causando assim injuria celular e inflamacdo devido a mudanca no pH(134). Porém,
Robinson et al. (134) demostraram apenas o dano tecidual cronico nas membranas
corioamnioticas e pulmdo fetal pela produgdo de amonia, uma vez que ndo associaram o pH
elevado do liquido amni6tico ou surfactante pulmonar fetal com a infiltragdo leucocitéria das
membranas corioamnidticas ou tecido pulmonar fetal. Além do mais, estudos in vitro
demonstraram que Ureaplasma spp. é capaz de formar biofilmes, o que pode contribuir para

persisténcia no hospedeiro(138).

Tanto M. hominis quanto U. urealyticum fazem parte do microbioma placentario
compondo a microbiota comensal ndo-patogénica da placenta (139). Além disso, sdo
considerados constituintes da microbiota vaginal normal de mulheres assintomaéticas e
sexualmente ativas, podendo ser detectados tanto na cérvice ou vagina com prevaléncia de 20-
50% e 40-80% (140,141), respectivamente. A incidéncia da colonizacdo desses micro-
organismos esta relacionada a fatores como idade, perfil socioecondmico, raca e nimero de
parceiros(142). Apesar da presenga em individuos saudaveis, esses micro-organismos tambem
sdo detectados em pacientes com uretrite ndo gonococica, infertilidade, prostatite(143), doenca

inflamatdria pélvica (144), complicacGes gestacionais e neonatais.
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A presenca de U. urealyticum no LA de gestantes foi associada a corioamnionite e ao
parto prematuro (145,146), endometrite pOs-parto(147) e rotura prematura de
membranas(113,145,146,148), assim como a natimortalidade (149). A a taxa de transmissao
vertical é de cerca de 72%(150) e esta associado ao baixo peso ao nascer(128), pneumonias e
doenca cronica do pulméo(149), meningite(128), abscessos cerebrais(151), infec¢do crbénica do

sistema nervoso central e mortalidade por insuficiéncia respiratéria grave (145,152).

Ja a presenca de M. hominis, no conteldo vaginal, foi associado a RPM (153),
corioamnionite(154), parto pré-termo (155) e endometrite pds-parto(156), podendo ser
transmitido verticalmente em cerca de 60% dos casos (150), causando meningites(128),

abscessos cerebrais(151) e conjuntivite(110).

Adicionalmente, M. hominis e U. urealyticum sdo constituintes do core patolégico da
vaginose bacteriana, principal alteracdo de microbiota vaginal, na qual o dominio por
Lactobacillus spp. é substituido por diversas espécies bacterianas, predominantemente
cocobacilar, na auséncia ou com rara presenca de formas lactobacilares (157). Nesse sentido,
U. urealyticum ja foi isolado variando de de 62-97% dos casos de vaginose bacteriana (144),
porém sua associacdo com essa alteracdo da microbiota vaginal € menos consistente do que a
de M. hominis (157), que além de ser frequentemente detectado em mulheres com vaginose
bacteriana estdo presentes em quantidades muito maiores nessa alteracdo da microbiota vaginal

quando comparado com mulheres com microbiota normal(157).

Apesar da presenca tanto de U. urealyticum quanto de M. hominis em amostras de
mulheres com vaginose bacteriana, estes micro-organismos ndo Sdo necessarios para o
desenvolvimento dessa alteracé@o da flora vaginal, na qual o core patologico é caracterizado por
grande diversidade de bactérias com diferentes cargas bacterianas, o que dificulta associar 0s

sintomas e sequelas da vaginose bacteriana a uma espécie isoladamente(158).
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Outra espécie bacteriana de grande relevancia na vaginose bacteriana é G. vaginalis
(159), pequenos bacilos pleomadrficos, imoveis e sem a presenca de flagelos, endoesporos ou
capsulas tipicas, medindo de 2 a 3 um de comprimento, embora ndo se alonguem em
filamentos(160-162). Apesar da G. vaginalis ndo possuir a camada de lipopolisacarideo
classica, a presenca de lisina e ndo o acido diaminopimélico como o aminoacido dibasico na
parede celular confirma que a sua composi¢cdo ndo é de bactéria gram-negativa, porém, como

sua parede celular é fina pode parecer gram-negativa sob o microscépio (163).

A capacidade de adesdo de G. vaginalis as células epiteliais urogenitais minimiza o
contato dela com enzimas extracelulares potencialmente deletérias e anticorpos locais,
contribuindo assim para sua colonizacdo no trato genital inferior. Adicionalmente, G. vaginalis
produz citolisina dependente de colesterol especifica para células humanas denominada de
vaginolisina, que é capaz de codificar uma toxina formadora de poros que se liga & molécula
reguladora do complemento humano CD59(164), que também auxilia na aderéncia inicial de
G. vaginalis as células epiteliais do hospedeiro(165). A formacéo de biofilme é o principal fator
que permite a sobrevivéncia dessa bactéria na vagina (166), sendo que algumas cepas capazes
de produzir sialidase aumentam essa capacidade de producdo de biofilme através da atividade
da mucinase(167). Apesar da comunidade lactobacilar da microbiota vaginal normal ser capaz
de produzir bacteriocinas que atuam contra G. vaginalis, o biofilme produzido por ela é

tolerante ao acido lactico e perdxido de hidrogénio produzidos pelos lactobacilos(168-170).

De forma resumida a aderéncia e producédo de substancias citotoxicas contra as células
do hospedeiro, juntamente com a capacidade de formacao de biofilme, s&o os principais passos
para 0 estabelecimento da vaginose bacteriana e nesse sentido Patterson et al. (164)
demonstraram que dentre as bactérias identificadas na vaginose bacteriana, somente G.
vaginalis demonstrou todas essas caracteristicas, sugerindo que os outros organismos podem

ser oportunistas relativamente avirulentos que colonizam apés o inicio da infecgdo por G.
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vaginalis, confirmando assim o papel fundamental dessa bactéria no estabelecimento da

vaginose bacteriana.

1.5. Membranas corioamnidticas in vitro

Os trabalhos in vitro que mimetizam a infeccdo intra-amnidtica tem se tornado
importante para 0 melhor entendimento dos mecanismos envolvidos na interface materno-fetal
que levam ao desfecho gestacional adverso, uma vez que revelam que os tecidos gestacionais,
especialmente o epitélio amnidtico e as células coribnicas e deciduais, respondem ao estimulo

bacteriano com o aumento da producdo de citocinas(21,171) e peptideos antimicrobianos(172).

Holmlund et al.(173) descreveram que células trofoblasticas de placenta de termo
estimuladas com zimozam ou LPS produziram IL-6 e IL-8, e isso foi sugerido através da ligacdo
com TLR-2 e TLR-4, respectivamente. Zaga-Clavellina et al. (171) identificaram aumento
significativo na producéo de citocinas pro- e anti-inflamatéria IL-1p, IL-6, IL-8, TNF-a, IL-10
nas membranas fetais in vitro na presenca de Escherichia coli. Além de estimular a producéo
de mediadores inflamatorios, Szukiewicz et al.(174) observaram que a producdo do
antimicrobiano natural f defensina humana(HBD)-3 estava aumentada em células de epitélio
amni6tico apos ativagdo de TLR-4 com LPS. Nesse mesmo sentido, outro estudo identificou
que a estimulacdo das membranas corioamnidticas in vitro com G. vaginalis aumentou a
producdo de citocinas, IL-1B, IL-6 e dos peptideos antimicrobianos HBD1, HBD2 e HBD3

(172).

Menon et al. (73) demonstraram ainda que a producdo de citocinas inflamatorias e
expressdo de receptores Toll-like, em membranas corioamniéticas in vitro, dependem da
espeécie bacteriana envolvida na infec¢do. Considerando que as infecgcdes na cavidade amniotica
sdo caracterizadas como um cenario polibacteriano e que a resposta inflamatdria difere quanto

ao microrganismo envolvido na infeccdo, estudar diferentes combinages das principais
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bactérias envolvidas no trabalho de parto pré-termo é uma ferramenta importante para o melhor
entendimento dos mecanismos envolvidos no desencadeamento do parto pré-termo. Porém, até
0 momento, os estudos realizados se basearam apenas na estimulacdo bacteriana individual,
com excec¢do de um trabalho que estudou Streptococcus agalactiae e E. coli em combinagéo
mas que ndo encontrou nenhuma sinergia entre as espécies na producdo de mediadores

inflamatorios(175).
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Justificativa
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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 estvel ao longo de

décadas;

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

totalmente esclarecido e que maltiplos mecanismos estdo implicados na sua génese;

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

estdo possivelmente implicados nos resultados perinatais adversos;

Propusemos avaliar em modelos in vitro de infec¢do das membranas corioamnioticas as
relacbes entre o status microbioldgico e a modulacdo da resposta imune inata na
interface materno-fetal, com espécies bacterianas de dificil cultivo detectadas no trato

genital inferior de gestantes em trabalho de parto pré-termo.
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3. Objetivo Geral

O objetivo do estudo foi determinar, em modelos in vitro de infeccdo das membranas
corioamnioticas com espécies bacterianas de dificil cultivo detectadas no trato genital inferior
de gestantes em parto pré-termo, as relagbes entre o status microbioldgico e a modulagdo da

resposta imune na interface materno-fetal.

3.1. Objetivos Especificos

v Desafiar membranas corioamnioticas obtidas de gestacdes de termo com as cepas
padrdo usando os ATCCs (American Type Culture Collection) das espécies bacterianas de dificil
cultivo mais frequentemente associadas ao parto pré-termo (M. hominis e U. urealitycum)
juntamente com a principal espécie (G. vaginalis) do core patoldgico da vaginose bacteriana em
diferentes concentracdes, e avaliar a expressao proteica das seguintes citocinas/quimiocinas (IL-
1B, IL-4, IL-8, TNF-q, IL-10, IL-13, GM-CSF) e receptores soluveis (SIL-1R sIL-1R, sIL-1R2,
STNFR-1, sSTNFR-2).

v’ Desafiar membranas corioamnioticas obtidas de gestacdes de termo com os ATCCs
(American Type Culture Collection) das espécies bacterianas de dificil cultivo mais
frequentemente associadas ao parto pré-termo (M. hominis e U. urealitycum) juntamente com a
principal espécie (G. vaginalis) do core patologico da vaginose bacteriana em diferentes
concentracgdes, e avaliar a bioatividade da IL-6 e seus receptores de membrana (IL-6R e gp130)

e soltvel (SIL-6R e sgp130).
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1 | INTRODUCTION

Problem: The polybacterial invasion and inflammation of the amniotic cavity is a com-
mon scenario in PTB, and then, we analyzed the cytokine production by human fetal
membranes to better understand the host response to polybacterial infections.
Method of study: Fetal membranes were treated by heat-inactivated genital mycoplas-
mas and Gardnerella vaginalis at 10° or 10° colony/color-forming units/mL alone or in
combination. Cytokines/receptors were measured in the medium by immunoassays.
Results: Stimulation of genital mycoplasmas did not increase the proinflammatory cy-
tokines, except Ureaplasma urealyticum that increased IL-8 levels. However, U. urealyti-
cum and Mycoplasma hominis significantly increased IL-10 and IL-13 levels. G. vaginalis
alone or in combination with genital mycoplasmas showed an increased proinflammatory
and anti-inflammatory cytokines.

Conclusions: G. vaginalis sustain a proinflammatory response in the fetal membranes
in vitro, while genital mycoplasmas induce a strong control of the inflammatory re-
sponse. The ability of genital mycoplasmas to control the proinflammatory response

may favor their survival in the upper genital tract.

KEYWORDS

Gardnerella vaginalis, genital mycoplasmas, polybacterial infection

maternal-fetal interface through the activation of host inflammatory

responsef’ It is widely accepted that this scenario is polybacterial and

Preterm labor (PTL) is a multifactorial obstetric complication that occurs
in approximately 9.6% of all pregnancies.l'4 PTL presents a complex eti-
ology, however, and microbial invasion, infection, and inflammation are
the most common factors associated with those ending in spontaneous
preterm birth (PTB). Preterm premature rupture of the membranes
(pbPROM) often precedes PTB, in which rate of infection is often as high
as 70%.° Several microorganisms, particularly those ascending from the
lower genital tract, have been associated with physiopathology of the

comprises at least six phylum-level distributions of the bacterial taxa in
amniotic fluid.” Additionally, 21 genus-level classifications of bacteria
were reported in PTB with intact membranes, and 18 were detected
in cases of pPROM.” Despite the wide variety, the bacteria most fre-
quently detected in the amniotic fluid in both PTB with intact mem-
branes and pPROM is Mycoplasma hominis and Ureaplasma urealyﬁcum7
The prevalence of U. urealyticum and M. hominis varies widely

and is dependent primarily on demographic characteristics such as
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geographical location, socioeconomic status, and number of sexual
partners and secondarily on the type of study such as study design,
sampling site, and diagnostic method.® Accordingly, the presence of
U. urealyticum in amniotic fluid can vary from 3.3% to 63.0%, whereas
in vaginal fluid, the rate varies from 3.7% to 89.7%.2 Regarding M.
hominis, the prevalence is from 1.4% to 35.5% in amniotic fluid and
2.5% to 55.0% in vaginal fluid.® According to recent reports, U. ure-
alyticum alone has been associated with PTL and pPROM in vaginal

9,10 d,“’12 and cervical ﬂuid,13 while M. hominis

|14

samples, amniotic flui

alone was associated with PTL in vaginal™® and amniotic fluid® and
with pPROM in vaginal samples only.® Although U. urealyticum more
prevalent in pPROM compared to M. hominis,*®*> the co-occurrence
of these bacteria in vaginal fluid leads to more severe adverse preg-
nancy outcomes compared to the presence of U. urealyticum alone.*%*”
However, adverse pregnancy outcome and its association with genital
mycoplasmas are not always consistent. Lamont et al.’® did not show
statistical significance with the presence of M. hominis and PTL in the
vaginal samples by culture methods, whereas Harada et al.** demon-
strated significant association of PTL and M. hominis using the same
methodology and type of samples.

Therefore, the real contribution of the genital mycoplasmas am-
niotic cavity infection in pathogenesis of PTB and pPROM is still ob-
scure. The polybacterial invasion and inflammation of the amniotic
cavity (PIAC) is a common scenario in PTB, once genital mycoplasmas
are not always alone in the intraamniotic cavity, and other pathogens
can be isolated along with them in PTL and pPROM.”*? The intraam-
niotic presence of various combinations of bacteria, their load, and
antigenicity may modify the effect caused by mycoplasmas as polybac-
terial infection involves complex interactions between strains. Based
on previous data on fetal membrane response to genital mycoplasmas

and Gardnerella vaginalis alone,?%?!

we hypothesized that the combi-
nation of mycoplasmas and other pathogens, based on their species
and loads, may produce distinct intensity inflammatory responses in
fetal membranes. The inflammatory milieu of the specific combination
may influence the pregnancy outcome, considering that cytokines can
regulate the prostaglandin production and can be related to the mech-
anisms involved in the weakness of the chorioamniotic membranes.??
To note, interactions among pathogens can result in virulence factor
gene expression modulation in some strains, increasing their patho-
genicity.? This is likely a load and location associated phenomenon.
Infection of the amniotic cavity is associated with the alteration
of the normal vaginal flora, especially among women with bacterial
vaginosis (BV) as most microorganisms isolated from amniotic fluid
are present in vaginal fluid.?* Frequent vaginal microorganism isolation
in amniotic fluid, predominantly genital mycoplasmas, M. hominis and
U. urealyticum, suggests ascending infection. To mimic PIAC, we used
G. vaginalis, a bacterium present in 95%-100% of clinically diagnosed
BV, a condition often associated with PL and pPROM.?* Studies have
identified the presence of G. vaginalis in the amniotic fluid of women
in PL and pPROM along with other microbes.'??> Moreover, G. vagi-
nalis participates in the vaginal biofilm formation, increases virulence
when compared to other bacteria species associated with BV,%® and is

known to activate fetal membrane inflammatory response.?%2*

Rl CWILEY-*%

The knowledge of innate immune response at intrauterine environ-
ment is important for understanding the mechanisms that trigger the
infection-associated pathways ending in PL or pPROM. We hypothe-
sized that interaction between M. hominis and U. urealyticum with G.
vaginalis leads to a distinct proinflammatory and anti-inflammatory
cytokine signature by fetal membranes in vitro.

2 | MATERIALS AND METHODS

This study is approved by the Institutional Review Board at The
University of Texas Medical Branch (UTMB), John Sealy Hospital,
Galveston, TX.

2.1 | Patients and fetal membranes collection

Fetal membranes were obtained from elective repeat cesarean sec-
tions at term (>37 weeks of gestation) prior to onset of labor (n=8)
at John Sealy Hospital, UTMB. Women with a prior history of PTB or
pPROM were not included, as well as patients with obstetrical and
medical complications and infections (subclinical infections as indi-
cated by high C-reactive protein levels, fever, or those undergoing anti-
biotic treatment). Decidua and adhering blot clots were removed from
the membranes using saline and sterile cotton gauze, and the remaining
amnion-chorion were placed in Hanks' balanced salt solution (HBSS;
Sigma Chemical Co., St. Louis, MO, USA) containing penicillin/strep-
tomycin (10 IU/mL) and 1 IU/mL amphotericin B. Then, amnion-cho-
rion tissue sections (6-mm diameter) were placed into a tissue culture
system as previously described.?>?’ Cultures were incubated at 37°C,
5% CO, for 48 hours, and culture media was changed every 24 hours.

2.2 | Stimulation of fetal membrane cultures

The American Type Culture Collection (Manassas, VA, USA) of U. ure-
alyticum (ATCC #27816), M. hominis (ATCC #14027), and G. vaginalis
(ATCC #49145) was prepared and used to stimulate fetal membranes.
Preparation of U. urealyticum was performed through cultivation in
beef heart infusion broth supplemented with 20% (v/v) horse serum
+ 10% (w/v) yeast extract + 0.2% (w/v) urea + 1000 U/mL penicillin
G + 40 mg/mL phenol red (pH=6.0). For M. hominis cultivation, we
used PPLO (pleuropneumonia-like organism) broth supplemented
with 20% (v/v) horse serum + 10% (w/v) yeast extract + 0.2% argi-
nine (w/v) + 1000 U/mL penicillin G. Lastly, G. vaginalis was cultivated
in Casman’s broth + 5% (v/v) defibrinated sheep blood. In order to
prepare different loads of bacteria as proposed in this study, bacte-
ria were cultured to late log phase, concentrated, and resuspended in
RPMI 1640 for subsequent quantitative cultures. The colony-forming
units (CFU) were established through determination by serial dilution
and plating on appropriate agar. Then, bacteria were heat-killed at
80°C for 1 hour and stored at -80°C until use.

Tissue cultures were stimulated with either 10° CFU or 10° CFU of
heat-inactivated bacterial suspension diluted in tissue culture media
for 24 hours. Different treatments were performed as described in the
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TABLE 1 Treatments used to stimulated fetal membranes in vitro

CTR: unstimulated samples

MH(6): Mycoplasma hominis (10° CFU)

UU(6): Ureaplasma urealyticum (10° CFU)

GV(6): Gardnerella vaginalis (10° CFU)

MH(6)+UU(6): M. hominis + U. urealyticum (10 CFU)

MH(6)+UU(6)+GV(6): M. hominis + U. urealyticum (10° CFU) +
G. vaginalis (106 CFU)

MH(6)+UU(6)+GV(3): M. hominis + U. urealyticum(10° CFU) +
G. vaginalis(10° CFU)

MH(3)+UU(3)+GV(6): M. hominis + U. urealyticum (10° CFU) +
G. vaginalis (10° CFU)

CFU, colony-forming unit.

Table 1. Unstimulated samples were used as control in which was in-
cluded only culture media without bacteria, and as positive control was
used Lipopolysaccharide (LPS) (Escherichia coli O55:B5; Sigma, St. Louis,
MO, USA) at 100 ng/mL in culture media for testing the stimulatory
power of the fetal membrane in our culture environment. After stimula-
tion, tissue samples and supernatant from both stimulated and unstim-

ulated controls were harvested and stored at -80°C for further analysis.

2.3 | Immunoassays

The resulting culture supernatants were evaluated according to the
protein levels by Luminex xMAP technology (Luminex, Austin,TX,
USA) using a customized human cytokine panel (EMD, Millipore, MA,
USA\) for cytokines and receptors (IL-1B, IL-4, IL-8, IL-10, IL-13, TNF-q,
GM-CSF, sIL-1R1, sIL-1R2, sTNF-R1, sTNF-R2) per the manufacturer’s
instructions. Samples in which cytokine levels were below the sensi-
tivity of the assay were set equal to the sensitivity of the assay. All

samples above the standard curve were diluted and reassayed.

2.4 | Statistical analysis

Data were evaluated using linear mixed-effects models using the Ime4
library of the R statistical language. Effects due to tissue donor were
considered random and all others fixed. Differences between indi-
vidual treatments were ascertained using contrast procedures. The
residuals of all fit models were analyzed for compliance with the as-
sumptions of parametric statistical techniques (normality, independ-
ence, and equality of errors). Parametric bootstraping was performed
(on 10 000 replicates), and data were reanalyzed when violations of
these assumptions were detected. Results are reported as differences
or fold differences from control (£t95% Cl). Differences where P<.05
are considered statistically significant.

3 | RESULTS

All cytokines tested were detectible in conditioned medium after 24-
hour incubation with heat-inactivated bacteria or LPS. As expected,

LPS increased the production of proinflammatory cytokines, includ-
ing IL-8 and TNF-a production (P<.001). IL-1B was also increased al-
though it was not statistically significant (P=.075). No effect of LPS
on GM-CSF was detected (Figure 1), and LPS the increased produc-
tion of the anti-inflammatory cytokines IL-4 and IL-10 but not IL-13
(Figure 2).

The genital mycoplasmas alone or in combination had minimal ef-
fects on proinflammatory cytokine production. IL-8 was the only cy-
tokine increased by U. urealyticum, and no change in this cytokine was
observed for cultures stimulated with M. hominis. G. vaginalis alone
produced a broad proinflammatory cytokine profile, increasing the
levels of all proinflammatory cytokines studied (all P<.05). The combi-
nation of G. vaginalis at 10 CFU, independent of genital mycoplasmas’
load, increased all proinflammatory cytokines. On the other hand, a
higher load of genital mycoplasmas combined with a lower G. vaginalis
load did not show the same results (Figure 1). When G. vaginalis was
combined with genital mycoplasmas at the same load, the production
of all proinflammatory cytokines was significantly enhanced (P<.001)
compared to the genital mycoplasmas (M. hominis + U. urealyticum)
stimulation alone.

The pattern of anti-inflammatory cytokines for the individual
stimulation of M. hominis, U. urealyticum, and G. vaginalis was similar,
increasing of IL-10 and IL-13 but having no effect on IL-4 (Figure 2).
Moreover, all polybacterial treatments significantly increased IL-10
and IL-13 concentrations compared to control, but the combination
of a lower load of G. vaginalis and a higher load of genital mycoplas-
mas did not increase IL-13 production (Figure 2). A significant increase
in IL-10 concentration (P<.001) was seen when G. vaginalis was com-
bined with the genital mycoplasmas compared to genital mycoplas-
mas alone. Polybacterial combinations of equal loads of G. vaginalis
and genital mycoplasmas significantly increased the production of IL-4
compared to control (Figure 2).

We also tested soluble receptors as they may regulate the bioac-
tivity of the cytokines quantified. sIL-1R2 and sTNF-R1 did not show
any difference after treatments regardless of the dose or combina-
tions. sIL-1R was not detected in any of our samples. However, sT-
NF-R2 levels were significantly increased in the presence of individual
M. hominis (P=.039) and U. urealyticum (P<.001) and in all polybacterial
combinations (P<.001) (Figure 3).

Comparing the stimulation between individual microorganisms,
G. vaginalis treatment produced higher concentrations of IL-8 (P=.02),
TNF-a (P<.001), and GM-CSF (P=.001) compared to U. urealyticum,
and compared to M. hominis, it showed statistically higher production
of the same cytokines of U. urealyticum, including 1L-10 (P<.001). U.
urealyticum results compared to M. hominis results were statistically
higher for IL-10 only (P<.001).

Considering that G. vaginalis generated the highest fetal membrane
cytokine response off all three species used in this study, we analyzed
all cytokine data together after stratifying them based on presence or
absence of G. vaginalis. Group 1 consisted of genital mycoplasmas alone
or combined (10° CFU), and Group 2 had both mycoplasmas and G. vag-
inalis at various loads as described in Table 2. We excluded the combi-
nation with a low load of G. vaginalis (10° CFU) because the impact of
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FIGURE 1 Proinflammatory IL-13, IL-8,
TNF-a, GM-CSF (pg/mL) secreted by fetal
membranes in vitro, in the studied groups:
control=unstimulated, MH(6)=Mycoplasma
hominis at 10 CFU, UU(6)=Ureaplasma
urealyticum at 10° CFU, GV(6)=Gardnerella
vaginalis at 10° CFU, MH(6)+UU(6)=M.
hominis and U. urealyticum at 10° CFU,
MH(6)+UU(6)+GV(6)=M. hominis,

U. urealyticum and G. vaginalis at 10°

CFU, MH(6)+UU(6)+GV(3)=M. hominis
and U. urealyticum at 10° CFU

and G. vaginalis at 10° CFU,
MH(3)+UU(3)+GV(6)=M. hominis and

U. urealyticum at 10° CFU and G. vaginalis
at 10® CFU, LPS=lipopolysaccharide

FIGURE 2 Anti-inflammatory IL-4,
IL-10, and IL-13 (pg/mL) secreted by fetal
membranes in vitro, in the studied groups:
control=unstimulated, MH(6)=Mycoplasma
hominis at 10® CFU, UU(6)=Ureaplasma
urealyticum at 10° CFU, GV(6)=Gardnerella
vaginalis at 10 CFU, MH(6)+UU(6)=M.
hominis and U. urealyticum at 10° CFU,
MH(6)+UU(6)+GV(6)=M. hominis,

U. urealyticum and G. vaginalis at 10°

CFU, MH(6)+UU(6)+GV(3)=M. hominis
and U. urealyticum at 10° CFU

and G. vaginalis at 10° CFU,
MH(3)+UU(3)+GV(6)=M. hominis and

U. urealyticum at 10° CFU and G. vaginalis
at 10° CFU, LPS=lipopolysaccharide
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TABLE 2 Treatments grouped based on the presence or absence
of Gardnerella vaginalis

Group 1 MH(6): Mycoplasma hominis (10° CFU)
UU(6): Ureaplasma urealyticum (10° CFU)
MH(6)+UU(6): M. hominis + U. urealyticum (10 CFU)
Group 2 GV(6): Gardnerella vaginalis (10° CFU)

MH(6)+UU(6)+GV(6): M. hominis + U. urealyti-
cum(10% CFU) + G. vaginalis (10° CFU)

MH(3)+UU(3)+GV(6): M. hominis + U. urealyticum
(10° CFU) + G. vaginalis (10° CFU)

CFU, colony-forming unit.

this group was minimal in the model. Group 2 showed an important
proinflammatory cytokine response with higher levels of IL-13 (P<.001),
TNF-a (P<.001) IL-8 (P=.017), sIL-1R2 (P<.001), and sTNF-R2 (P<.001)
compared to Group 1 (Figure 4). Regarding the anti-inflammatory
cytokines, IL-4, IL-10, and IL-13 were not different between the groups.

4 | DISCUSSION

4.1 | Main findings

Our study had a number of important findings:(i) term, not-in-labor

fetal membranes in an organ explant system produce a distinct

1R2, sTNF-R1, and sTNF-R2 (pg/mL)
secreted by fetal membranes in vitro in
the studied groups: Control=unstimulated,
MH(6)=Mycoplasma hominis at 10°

CFU, UU(6)=Ureaplasma urealyticum at
10° CFU, GV(6)=Gardnerella vaginalis

at 10° CFU, MH(6)+UU(6)=M. hominis
and U. urealyticum at 10° CFU,
MH(6)+UU(6)+GV(6)=M. hominis

and U. urealyticum and G. vaginalis at

10% CFU, MH(6)+UU(6)+GV(3)=M.
hominis and U. urealyticum at 10°

CFU and G. vaginalis at 10° CFU,
MH(3)+UU(3)+GV(6)=M. hominis and

U. urealyticum at 10° CFU and G. vaginalis
at 10° CFU, LPS=lipopolysaccharide

signature of proinflammatory and anti-inflammatory cytokines and
cytokine antagonists in response to individual genital mycoplasmas
or a combination of genital mycoplasmas and G. vaginalis; (ii) LPS
treatment showed excitability of the membranes in an organ explant
system with IL-4, IL-8, TNF-qa, and IL-10 production; (iii) G. vaginalis
produced IL-8, TNF-a, and IL-10 similar to that of LPS; (iv) M. hominis
and U. urealyticum either alone or combined produced a minimal proin-
flammatory response with a important regulation by anti-inflammatory
cytokines; (v) equal loads of polybacterial combinations of mycoplas-
mas and G. vaginalis produced proinflammatory and anti-inflammatory
markers; (vi) polybacterial combinations with a low load of G. vaginalis
and a high load of mycoplasmas produced a strong anti-inflammatory
response; and (vii) polybacterial combinations with a high load of G.
vaginalis and a low load of mycoplasmas sustain a strong proinflam-
matory response in 24 hours.

Polybacterial invasion and infection of the amniotic cavity and
fetal membranes are a well-established risk factor to adverse preg-
nancy outcomes.”?>?® Microbial invasion followed by intraamniotic
colonization and infection generate host immune responses that can
result in PTB and pPROM (the host response syndrome). Bacteria are
thought to interact with the host through toll-like receptors (TLRs)?’
and pathogen-associated molecular pattern molecules (PAMPs). In
vitro studies have demonstrated an association between microbial
infection of the fetal membranes, decidua and placenta and different
arrays of proinflammatory cytokines, chemokines,?>%° TLRs,?* PAMPs
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as LPs,2181 damage-associated molecular patterns (DAMPs) as defen-
sins,2° and High-mobility group box 133%* that can optimize the host
response to a particular group of pathogens. Most of these studies,
however, are limited to a single pathogen and address the proinflam-

matory properties of the innate immune mechanisms.

4.2 | Strengths

A strength of our study is that we also evaluated how anti-
inflammatory cytokines and soluble receptors can attenuate the host
response to the pathogens. As in previous studies, we found that the
inflammatory response varies based on the species of pathogen.21
G. vaginalis produced the maximum proinflammatory response com-
pared to the most common PTB-associated genital mycoplasmas,”?
either alone or in combination. Similar results were seen in our model
when a load of G. vaginalis was kept a constant 10° CFU, regardless
of being alone or combined with genital mycoplasmas. Individual U.
urealyticum increased IL-8 concentration compared to control, but
this increase was significantly lower than either G. vaginalis alone or
combined with genital mycoplasmas at the same dose. A moderate in-
flammatory response induced by M. hominis and U. urealyticum seems
to be regulated by anti-inflammatory markers (increases of IL-10, IL-
13, and sTNF-R2), and this anti-inflammatory profile was sustained
or enhanced with G. vaginalis. This observation correlates well with
findings from other species of mycoplasma. Mycoplasma pulmonis is
a common respiratory and reproductive pathogen of conventionally
housed rodents. Th1-type immune responses (proinflammatory) help
to clear infection with this pathogen, but anti-inflammatory (Th2)-type
responses lead to chronic infection. Experimental infection with this
pathogen is associated with a shift toward Th2 immunity in mice.®®
A Lack of a proinflammatory surge with lower loads of G. vaginalis
and higher loads of genital mycoplasmas further supports the concept
that mycoplasmas may provide a balanced innate immune response.
We speculate that mycoplasmas may provide an anti-inflammatory
environment to protect the intrauterine cavity when combined with
other more potent pathogens to limit the damage that can be done by
exaggerated cytokine production, and the mechanism involved can be

Difference from control (95% CI)

mediated by genital mycoplasma modulation of G. vaginalis virulence
factor gene expression that can result in amplified proinflammatory
cytokine production by the host. However, this anti-inflammatory
scenario could be beneficial to the survival of pathogens facilitating
the bacteria colonization.

We postulate that genital mycoplasmas are not necessarily a threat
to pregnancy and this fact very well may depend on their site of lo-
calization and load. Mycoplasmas may gain access to intraamniotic
cavity due to an underlying pathologic mechanisms that reduces an-
timicrobial defense providing a favorable environment that may favor
their growth and survival. Type of growth in a minimal resistant envi-
ronment, minimal antigenicity required for survival may produce host
anti-inflamamtory response. This could be an evolutionary mechanism
of adaptation to environment for survival as protecting an environ-
ment that is favorable. A proinflammatory miliue is likely detrimental
to their survival as innate and adaptive immunity will eliminate them.
Therefore, in pregnancy, they may act as natural probiotics. Access
to other fetal compartments such as lungs, with higher antimicrobial
defense, may promote a virulent phenotype from these bacteria and
proinflammatory surge. Similarly, an environment challenged by heavy
load of highly virulent strains of G. vaginalis may also threaten the sur-

vival of mycoplasmas prompting virulence and proinflammatory surge.

4.3 | Limitations

Our findings are limited by several factors. First, we did not inves-
tigate multiple time points and therefore the kinetics of cytokine
production. Measurement of cytokine values after 24 hour of treat-
ment may not reflect the initial surge of proinflammatory responses
as expected, regardless of the treatment. Our unpublished data indi-
cated IL-1B and TNF-a increase within 3 hours of treatment with LPS
or bacteria and IL-6 and IL-8 responses afterward within 6-8 hours.
Others have reported similar changes.*> Our model becomes more
relevant in the context that G. vaginalis's proinflammatory response
prevailed even after 24 hour of treatment, whereas genital mycoplas-
mas demonstrate a more balanced inflammatory response with higher

levels of anti-inflammatory cytokines and soluble receptors. This fact
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could explain controversial results as the real contribution of genital

mycoplasmas in PTB.

5 | CONCLUSIONS
These bacteria are fundamentally different, and there are similarities
between their pathogenesis considering that both pathogens have
the capacity to stimulate innate immune responses and inflammatory
cytokine production. Different bacterial species can lead to inflam-
mation mediated by different innate immune pattern recognition
receptors (PPRs), such as TLRs, nucleotide-binding oligomerization
domain-containing 1 and 2 (NOD1 and NODZ2) and some others cell
surface receptors whose are an important amplifier of inflammation.
Then, we could hypothesize that higher load of G. vaginalis induces an
increased proinflammatory cytokines profile depending on increased
NF-kB activation by different PRRs. However, a key question remains
to be answered what is the exact mechanism in which higher load of
G. vaginalis induces an increased proinflammatory cytokines profile.
Further studies need to be performed to clarify this question.
Thereby, we can conclude that G. vaginalis induces a strong proin-
flammatory response in the fetal membranes in vitro, while genital
mycoplasmas induce a moderate inflammatory response that could be
regulated after 24 hours. The ability for genital mycoplasmas to favor
an anti-inflammatory host immune response may favor their survival

in the upper genital tract.
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Condensation

During polybacterial infections, IL-6 concentrations alone may be ineffective in
assessing a patient’s risk or design interventions to prevent adverse pregnancy
outcomes without considering changes to accessory molecules that regulate IL-

6 function.

Short version of title
Polybacterial stimulation suggests discrete IL-6/IL-6R signaling in human fetal

membranes




71

Abstract

Background: The polybacterial invasion of the amniotic cavity and risk of preterm birth
is often due to cervicovaginal bacteria such as genital mycoplasmas (Mycoplasma
hominis and Ureaplasma urealyticum) and Gardnerella vaginalis. The most studied
biomarker associated with preterm birth is interleukin-6 (IL-6), a pleiotropic cytokine that
performs different functions based on classical or trans-signaling mechanisms.
Objective: To evaluate the changes in IL-6 and IL-6 function associated accessory
molecules by human fetal membranes in order to determine the functional availability of
IL-6 assessment in an in vitro model of polymicrobial infection.

Study design: Fetal membranes were treated with LPS or heat-inactivated genital
mycoplasmas and G. vaginalis alone or in combination. IL-6 and its soluble receptors
(sgp130, sIL-6R) were assessed in conditioned medium by immunoassays and
membrane-bound receptors were evaluated in the tissue using immunohistochemistry
and RT-PCR. Data from protein and gene expression were evaluated using linear mixed
effects models. Data from immunohistochemistry were evaluated using one-way
analysis of variance followed by the Tukey test.

Results: Genital mycoplasmas alone, or in combination, inhibited IL-6 trans-signaling
with increased sgpl130 production. G. vaginalis activated the classical IL-6 signaling
pathway, as did LPS. Polybacterial challenge resulted in a balanced response with
neither pathway being favored.

Conclusion: Theincrease in IL-6 production by fetal membranes in response to infection
is likely a non-specific innate response and not an indicator of a functional mediator of
any labor-inducing pathways. This suggests that correlating the risk of adverse
pregnancy outcomes and designing interventions based on IL-6 levels without
considering soluble receptors may be an ineffective strategy

Keywords: fetal membranes in vitro, genital mycoplasmas, interleukin-6, polybacterial infection.
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Introduction

Intraamniotic infection and inflammation are associated with spontaneous
preterm birth (PTB)}2. These infections are generally due to cervicovaginal
colonizers®* such as genital mycoplasmas (Mycoplasma hominis and
Ureaplasma urealyticum) and Gardnerella vaginalis®, a pathogen frequently
associated with bacterial vaginosis® that ascends from the lower genital tract. M.
hominis and U. urealyticum are the most commonly isolated bacteria in the
amniotic fluid in both PTB with intact membranes and in preterm premature
rupture of membranes (pPROM)3. Both species, along with G. vaginalis, are
present at higher frequencies in human fetal membranes from women with
preterm labor’. Although the relative roles of bacterial diversity, bacterial load and
the host response to infection in the induction of PTB remain unclear,
polybacterial invasion of the amniotic cavity (PIAC) is thought to trigger an
inflammatory response in fetal membranes®, which, in turn, can increase
prostaglandin production and lead to preterm contractions that result in preterm
labor and ultimately preterm delivery.

Inflammation by microbial pathogens is heterogeneous, and there are no
predictive biomarkers for predicting PTB. In a recent study published by our
group?, different combinations and loads of bacterial species had distinct effects
on the array of cytokines produced in membrane host immune response.
Therefore, using a single inflammatory biomarker to evaluate the health of
asymptomatic pregnancies may not be feasible.

The most studied biomarker associated with PTB is interleukin-6 (IL-6)°.
High levels of IL-6 in cervicovaginal fluid' and amniotic fluid'? are associated

with infection and PTB. IL-6 is a pleiotropic cytokine that performs its functions
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either through classical or trans-signaling mechanisms, which determine its
biological activities (Figure 1). Classical signaling, through the membrane-bound
IL-6 receptor (mIL-6R), produces an anti-inflammatory effect; conversely, trans-
signaling through the soluble IL-6 receptor (sIL-6R) generates a proinflammatory
effect. In both cases, the binding between IL-6 and mIL-6R or sIL-6R is followed
by homodimerization of (-subunit glycoprotein 130 (gpl130), the signal
transduction subunit. However, soluble gp130 (sgp130) functions as a natural
antagonist of IL6/SIL6R trans-signaling, neutralizing IL-6 bioactivity by blocking
the IL-6/sIL-6R complex binding to gp130*314 and suppressing inflammation. To
better understand how polybacterial infections may affect IL-6 signaling and
bioactivity, we evaluated the expression of IL-6 and its various IL-6 receptors
(mIL-6R and slL-6R) and signaling modifiers (gp130 and sgp130) in conditioned
medium and tissues from a polybacterial infection tissue culture model of fetal

membranes.

Materials and methods

Patient and collection of fetal membranes

Fetal membranes were obtained from elective repeat cesarean sections at
term (>37 weeks of gestation) prior to the onset of labor (n=6). The decidua and
adhering blot clots were removed from the membranes using saline and sterile
cotton gauze. Segments (6 mm disks isolated with a skin biopsy punch), were
placed in Hanks balanced salt solution (HBSS; Sigma Chemical Co., St. Louis,
MO, USA) containing penicillin/streptomycin (10 IU/mL) and amphotericin B (1
IU/mL) and incubated at 37°C, 5% CO:2 for 48 h. Culture medium was replaced

every 24 h, as previously described 1516,
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Women with a prior history of pPROM or spontaneous PTB were excluded, as
were patients with obstetrical and medical complications and infections
(subclinical infections as indicated by high C-reactive protein levels, foul smelling
vaginal discharge, fever, and those undergoing antibiotic challenge). The
Institutional Review Board at The University of Texas Medical Branch (UTMB),
John Sealy Hospital, Galveston, TX, approved this study on October 7, 2011 until

April 15, 2016 (IRB #: 11-251).

Stimulation of fetal membranes

The preparation of heat-killed stocks of U. urealyticum (ATCC #27816), M.
hominis (ATCC #14027) and G. vaginalis (ATCC #49145) is described in our
previous report®. Tissue cultures were stimulated with heat-inactivated bacteria
for 24 hours at the final concentrations indicated in Table 1. The negative control
consisted of sterile tissue medium, and purified lipopolysaccharide (LPS) from
Escherichia coli (0O55:B5) at 100 ng/ml was used as a positive control.
Supernatants and tissues were then harvested and stored at -80°C until
biochemical analysis, as described below. Additional tissue samples were fixed
in 10% formalin for paraffin embedding and immunohistochemistry.

Protein biomarker assays

A customized cytokine panel (EMD, Millipore, Billerica, MA, USA) based
on Luminex xXMAP™ technology (Luminex, Austin TX) was used to quantify IL-6
and sIL-6R concentrations in conditioned medium. A commercially available
ELISA kit (R&D Systems, Minneapolis, MN, USA) was used to quantify sgp130
levels in these samples. All assays were performed according to the

manufacturer’s instructions. Samples in which cytokine levels were estimated to
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be below the sensitivity of the assay were set equal to the sensitivity of the assay
and those with concentrations at levels above standard curve were diluted and
re-assayed.

Gene expression

Frozen fetal membranes were homogenized in 1 mL of Trizol (Invitrogen,
Grand Island, NY, USA), and extracted using Direct-zol RNA Mini Prep kits
(Zymo-Research, Irvine, CA, USA), according to the manufacturer’s instructions.
The quality and concentration of extracted total RNA were measured by UV-
spectroscopy. Aliquots of the RNA samples (0.1 mg/mL) were then reverse
transcribed using the First-Strand cDNA Synthesis SuperScript Il reverse
transcriptase kit (Invitrogen, Carlsbad, CA, USA). Relative mRNA expression
levels of gp130 (hs00174360 ml) and mIL-6R (hs00169842 m1l) and the
housekeeping gene, GAPDH, were measured using TagMan Gene Expression
Assay (Applied Biosystems, Foster City, CA, USA). The absence of DNA
contamination was confirmed by amplifying mock controls of RNA that were not
reverse transcribed.

Immunohistochemistry analysis

Fetal membranes embedded in paraffin blocks were sectioned (6 um thick)
and subject to deparaffinization, rehydration and antigen retrieval by boiling in
Trilogy™ solution (Cell Marque, Hot Springs, AR, USA) for 30 min. Sections were
then treated with Peroxidazed 1™ (Biocare Medical, Pacheco, CA, USA) and
Protein block™ (Spring Bioscience, Pleasanton, CA, USA) followed by Mach 4™
Universal HRP Polymer Kit with DAB (Biocare Medical, Pacheco, CA, USA). The
primary antibodies used were: rabbit anti-human mIL-6R (sc-661, dilution 1:150,

3 hours of incubation at 4°C, Santa Cruz Biotechnology, Dallas, TX, USA) and
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mouse anti-human gp130 (sc-9994, dilution 1:25, overnight incubation at 4°C,
Santa Cruz Biotechnology, Dallas, TX, USA). Sections were counterstained with
Harris hematoxylin. In this system, a brown color indicates positive staining for
immunolocalization in the slide. Images from three different areas from each slide
were analyzed using Image J software and applying hematoxylin-
diaminobenzidine (H-DAB) specific color deconvolution in the RBG (red-green-
blue) image of the amnion and chorion layers. Median intensity was calculated
using the measure function. Since the maximum intensity value of RGB image
analyzed in the program is 255, and the amount of chromogen present is
inversely proportional the intensity value, in order to facilitate the interpretation of
results, we deducted the value of 255 from median intensities represents in the
graph, making the results directly proportional.

Statistical analysis

Data from protein and gene expression were evaluated using linear mixed
effects models using the Ime4 library of the R statistical language. Effects due to
tissue donor were considered random and all other effects were fixed. Differences
between individual challenges were ascertained using contrast procedures and
results are expressed as differences from control with 95% confidence intervals
(Cl). The residuals of all fit models were analyzed for compliance with the
assumptions of parametric statistical techniques (normality, independence and
equality of errors). Parametric bootstrapping was performed (on 10,000
replicates) and data were reanalyzed whenever violations of these assumptions
were detected. Immunohistochemistry results were evaluated using one-way
analysis of variance (ANOVA) followed by Tukey’s test with GraphPad Prism, in

which a p value < 0.05 was considered to be statistically significant.
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Results

The combination of different doses of genital mycoplasmas and G.
vaginalis are defined here as polybacterial challenges, and the results of these
challenges, were compared with cultures from unstimulated samples (negative
control).

G. vaginalis, alone or in combination with genital mycoplasmas,
significantly increased IL-6 production. Although other challenge groups, except
for M. hominis, also showed increased IL-6 concentrations (Figure 2), the
increase was not as great as that produced by G. vaginalis.

Soluble IL-6R concentrations did not change in response to polybacterial
challenge, LPS, M. hominis or G. vaginalis. However, U. urealyticum significantly
increased slL-6R production alone, or in combined challenge with M. hominis
(Figure 2). In addition, the sgp130 concentration was increased by LPS as well
as M. hominis and U. urealyticum, and in the polybacterial challenges, except for
the combination of the same load of all the studied bacteria. G. vaginalis also had
no effect on sgpl30 production (Figure 2). The increase in IL-6, sIL-6R and
sgpl30 during genital mycoplasma stimulation indicates the binding of these
mediators; thus, there was no interaction with membrane-bound receptors,
thereby inhibiting the proinflammatory action of IL-6 (trans-signaling). Similarly,
in the polybacterial stimulation with different loads of bacteria, sgp130 was
increased but without sIL-6R, suggesting the inhibition of trans-signaling.

The mRNA levels of membrane-bound receptors, i.e. mIL-6R and gp130,
were reduced by G. vaginalis, but LPS was only effective at reducing mIL-6R

expression. No other effects of bacterial stimulation were detected (Figure 3).
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Immunohistochemistry analysis suggested that neither polybacterial stimulation
nor challenge with M. hominis or U. urealyticum affected mIL-6R levels in amnion
or chorion cells (Figure 4), and only LPS and G. vaginalis challenges increased
mIL-6R expression in amnion cells (Figure 4; p<0.001). Moreover, gp130 was not
changed following challenge with genital mycoplasmas, but it was increased in
both amnion and chorion cells by LPS, G. vaginalis and all polybacterial
challenges (Figure 5; p<0.001), suggesting the activation of classical signaling in

the presence of G. vaginalis or LPS.

Comment

Polybacterial infections are commonly associated with spontaneous PTB
and pPROM"-19, However, the host inflammatory response varies with the
bacterial load, the combination of bacteria, and the tissues affected®1620. This
non-homogenous immune profile complicates the search for biomarkers of
intrauterine infections and the development of interventions?1:22, Genital
mycoplasmas are one of the most common isolates from pregnancies with intra-
amniotic infection (IAl) or PIAC!®. However, recent findings question the
contribution of genital mycoplasmas to adverse outcomes?3®-25. Qur prior work
showed that genital mycoplasmas are not highly immunogenic in fetal tissues; in
fact, they tend to buffer overwhelming inflammation generated by other
pathogens by increasing the anti-inflammatory cytokine response?®. In this study,
we further tested the role of polybacterial infections on the innate immune
response by fetal membranes. Since IL-6 is one of the most studied cytokines as

a marker of 1Al and inflammation® and it is used clinically in multiple point of care
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(POC) test kits to diagnose these conditions?6??, we studied how the host
response may modulate IL-6 and its signaling molecules during PIAC.

In Figure 6, our data were used to build a representative model of classical,
trans-signaling and inhibition of IL-6 activity after 24 hours of fetal membrane
challenge. In summary, we observed that: 1) our positive control (LPS) activated
the IL-6 classical signaling pathway, since the expression of membrane-bound
receptors was increased, along with IL-6. 2) G. vaginalis activated IL-6 classical
signaling, since IL-6 was increased along with gp130 and mIL-6R, similar to the
LPS response. Of note, the effect of LPS and G. vaginalis challenge induced an
anti-inflammatory response, although they both increased IL-6 significantly
compared to the control challenge. 3) M. hominis has no detectible effect on
altering either IL-6 or IL-6 receptor levels; therefore, M. hominis is unlikely to have
any effect on IL-6 signaling. 4) The increase in IL-6 and sIL-6R expression by U.
urealyticum alone or in combination with M. hominis (genital mycoplasmas)
suggests that an upregulation of these molecules needed for trans-signaling
activation; however, the concurrent increase in sgp130, which inhibits trans-
signaling, suggests that this response is either balanced or tightly regulated.
Classical signaling is also unlikely with Mycoplasma stimulation, as membrane
bound-receptors were not increased upon exposure to these pathogens. 5)
Polybacterial stimulation with similar or different loads of pathogens increased IL-
6 and gp130 levels, but had no effect on mIL-6R. This suggests an impairment of
the biological activity of IL-6 via classical signaling. Similarly, no changes in sIL-
6R were observed in response to polybacterial challenge, which suggests that
any effect was triggered by trans-signaling. Finally, polybacterial challenge did

not show potential for an IL-6-mediated effect, as all markers tested showed a
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balanced response regardless of challenge (combination and load). Our results
confirm that the type of bacteria and bacterial load play major roles in determining
IL-6 production, the expression of its receptors, and likely its bioactivity.

The high prevalence of vaginal, cervical and intra-amniotic colonization by
genital mycoplasmas have been extensively demonstrated in pregnancy
complications, such as PTB and pPROM?8-3_ Additional studies have shown that
IAl is associated with mycoplasmas and increased IL-6 concentrations in the
amniotic fluid®132, These observations have suggested that IL-6 may be a
valuable biomarker, and resulted in the development of POC tests?%27:33 designed
for clinical use. However, information on quantitative change alone is not
sufficient to understand the functional downstream effects of IL-6 that activate or
inhibit labor pathways. Therefore, we tested changes in other molecules that IL-
6 interacts with to exert its biological effects in response to polybacterial
pathogens associated with PTB. It is possible that increased circulating sgp130
levels is part of a convalescent response to minimize IL-6 production hours after
the initial exposure. Quantification of sIL-6R and sgp130 may also be useful for
identifying patients most likely to benefit from sgp130Fc therapy due to excessive
IL-6 trans-signaling®*. Our results regarding the inhibition of IL-6 trans-signaling
through increased sgpl130 could also help explain why many pregnancies that
test positive for genital mycoplasmas and other microorganisms do not result an
adverse pregnancy outcomes?42535-37_|nhibition of IL-6 trans-signaling results in
the downregulation of inflammatory signaling, which could also favor the survival
of Ureaplasma species that live off the urea-rich® amniotic fluid and need to
evade the maternal immune system. Similarly, polybacterial stimulation with

different loads of genital mycoplasma and G. vaginalis do not suggest a functional
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role for IL-6 through either the classical or trans-signaling pathways. Therefore,
although IL-6 may increase in quantity in response to polybacterial infection, the
presence of genital mycoplasmas may mitigate the function of IL-6 as an anti-
inflammatory mediator. A disturbance or immune weakness in the uterine cavity
may attract mycoplasma due to an underlying pathology, forcing them to ascend
from the genital tract. Based on data from this report and our prior report®, we
postulate that this ascension is likely to provide a probiotic environment to assure
fetal wellbeing. A stronger anti-inflammatory response® and the absence of IL-6
trans-signaling support this hypothesis. However, access of these microbes to
fetal organs can contribute to adverse neonatal outcomes®°.

G. vaginalis increases the expression levels of IL-6 and the membrane-
bound receptor proteins mIL-6R and gp130; however, gene expression of these
receptors was downregulated. Although the signal transducing chain gp130 is
shared by members of the IL-6 family of cytokines, mIL-6R is a unique binding
receptor for IL-6C. Therefore, it is likely that the fetal membrane may try to
minimize the induction of an intense inflammatory response by G. vaginalis (as
seen by increased IL-6 and all other associated signaling markers) by minimizing
membrane receptors after 24 hours. An alternate hypothesis is that the
downregulation of gene expression observed is just a transient state where
functionally viable protein expression is already effective, as IL-6 production in
amnion cells is normally increased by 12 hours of bacterial stimulation®!.

Other factors that could contribute to the function of IL-6 include IL-6 and
IL-6R polymorphisms and their interactions with infection, which can strongly

influence IL-6 production and signaling®?. Further studies will be needed to
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determine how they may impact the host response to infection of the fetal
membranes.

The observed IL-6 increase by various PIAC-associated bacteria suggest
its potential as a biomarker of infection, irrespective of the bacteria involved.
However, an increase in this cytokine alone may not be indicative of any
functional role, as its biological activities are controlled by additional molecules
whose expression also changes in response to infection. Additional information
will be valuable to determine the possible downstream effects of increased IL-6
levels and/or to design an interventional target to modulate IL-6 function. As
shown here, not all bacteria or combinations of them produce a molecular
arrangement for IL-6 to exert a function. IL-6 expression by membranes is likely
a non-specific innate response and not a functional mediator of any labor-
inducing pathways. Indeed, previous studies have demonstrated that IL-6 is
neither necessary nor sufficient to include PTB in mouse models*344. Conversely,
Robertson’s group* have shown that IL-6 null mutant mice have an extended
gestational period after LPS challenge, suggesting yet another role for IL-6 in
pregnancy maintenance. Therefore, additional consideration of all the factors that
influence IL-6 bioactivity need to be considered if it is to be used as a biomarker

for adverse pregnancy outcomes or a target for designing drugs to prevent them.
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Table 1. Challenges used to stimulate fetal membranes in vitro

MH(6) : Mycoplasma hominis (108 CFU)

UU(6): Ureaplasma urealyticum (10% CFU)

GV(6): Gardnerella vaginalis (108 CFU)

MH(6)+UU(6): M. hominis + U. urealyticum (106 CFU)

MH(6)+UU(6)+GV(6): M. hominis + U. urealyticum (10 CFU)+ G. vaginalis (108 CFU)

MH(6)+UU(6)+GV(3): M. hominis + U. urealyticum (10® CFU) + G. vaginalis (10% CFU)

MH(3)+UU(3)+GV(6): M. hominis + U. urealyticum (102 CFU) + G. vaginalis (10 CFU)

CFU= colony forming unit.

87




88

Classical signaling Trans-signaling Inhibition
0 s
¥ miLe 0 0 - £ C/Q
mIL-6R ‘ -
: (R
o O © 2
v sIL-6R O & . O X‘ v~
‘ ¢ T 1f
']F gp130 2 +
qf‘sngO 5 ? %
Anti-inflammatory Proinflammatory No signaling
action action

Figure 1. Representative model of classical, trans-signaling and inhibition of IL-6 activity.
Classical signaling produces an anti-inflammatory effect when IL-6 binds to mIL-6R
along with gp130. Conversely, trans-signaling generates a proinflammatory effect when
IL-6 binds to sIL-6R, which binds to gp130. The inhibition of trans-signaling occurs when
sgpl30 neutralizes IL-6 bioactivity by blocking the IL-6/sIL-6R complex binding to
gp130, acting as a natural antagonist of IL6/SIL6R trans-signaling. Modified with

permission from I. Buhimschi and C. Buhimschi?3,
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Figure 2. Differential signature of IL-6 cytokine and receptors (soluble receptor (sIL-6R) and
soluble B-subunit glycoprotein 130 (sgp130)) secreted by fetal membranes maintained
in organ explants system. Control = unstimulated, MH(6) = Mycoplasma hominis at 10°
CFU, UU(6) = Ureaplasma urealyticum at 10% CFU, GV(6) = Gardnerella vaginalis at
108 CFU, MH(6)+UU(6) = Mycoplasma hominis and Ureaplasma urealyticum at 10°
CFU, MH(6)+UU(6)+GV(6) = Mycoplasma hominis and Ureaplasma urealyticum and
Gardnerella vaginalis at 106 CFU, MH(6)+UU(6)+GV(3) = Mycoplasma hominis and
Ureaplasma urealyticum at 105 CFU and Gardnerella vaginalis at 102 CFU,
MH(3)+UU(3)+GV(6) = Mycoplasma hominis and Ureaplasma urealyticum at 103 CFU

and Gardnerella vaginalis at 106 CFU, LPS-lipopolysaccharide.
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Figure 3. The relative mRNA expression of the membrane-bound receptor (mIL-6R) and gp130

receptor by fetal membranes maintained in an organ explants system, in the studied

groups: Control = unstimulated, MH(6) = Mycoplasma hominis at 106 CFU, UU(6) =

Ureaplasma urealyticum at 106 CFU, GV(6) = Gardnerella vaginalis at 10® CFU,

MH(6)+UU(6) = Mycoplasma hominis and Ureaplasma urealyticum at 10® CFU,

MH(6)+UU(6)+GV(6) = Mycoplasma hominis and Ureaplasma urealyticum and

Gardnerella vaginalis at 106 CFU, MH(6)+UU(6)+GV(3) = Mycoplasma hominis and

Ureaplasma urealyticum at 106 CFU and Gardnerella vaginalis at 10®° CFU,

MH(3)+UU(3)+GV(6) = Mycoplasma hominis and Ureaplasma urealyticum at 10% CFU

and Gardnerella vaginalis at 108 CFU, LPS = lipopolysaccharide.
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Figure 4. A) Immunohistochemical staining for mIL-6R in the amnion (ac) and chorion (cc)
maintained in an organ explants system for each challenge: a) Control = unstimulated,
b) MH(6) = Mycoplasma hominis at 106 CFU, c) UU(6) = Ureaplasma urealyticum at 10°
CFU, d) GV(6) = Gardnerella vaginalis at 106 CFU, e) MH(6)+UU(6) = Mycoplasma
hominis and Ureaplasma urealyticum at 108 CFU, f) MH(6)+UU(6)+GV(6) =
Mycoplasma hominis and Ureaplasma urealyticum and Gardnerella vaginalis at 108
CFU, g) MH(6)+UU(6)+GV(3) = Mycoplasma hominis and Ureaplasma urealyticum at
108 CFU and Gardnerella vaginalis at 103 CFU, h) MH(3)+UU(3)+GV(6) = Mycoplasma
hominis and Ureaplasma urealyticum at 102 CFU and Gardnerella vaginalis at 106 CFU,
i) LPS = lipopolysaccharide. B) Differential intensity of gp130 in amnion cells by
immunohistochemistry in the studied challenges compared to control. * p<0.001. C)
Differential intensity of gp130 in chorion cells by immunohistochemistry in the studied

challenges compared to control.
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Figure 5. A) Immunohistochemical staining for gp130 in the amnion (ac) and chorion (cc)
maintained in an organ explants system for each challenge: a) Control = unstimulated,
b) MH(6) = Mycoplasma hominis at 106 CFU, c) UU(6) = Ureaplasma urealyticum at 10°
CFU, d) GV(6) = Gardnerella vaginalis at 106 CFU, e) MH(6)+UU(6) = Mycoplasma
hominis and Ureaplasma urealyticum at 105 CFU, f) MH(6)+UU(6)+GV(6) =
Mycoplasma hominis and Ureaplasma urealyticum and Gardnerella vaginalis at 108
CFU, g) MH(6)+UU(6)+GV(3) = Mycoplasma hominis and Ureaplasma urealyticum at
108 CFU and Gardnerella vaginalis at 103 CFU, h) MH(3)+UU(3)+GV(6) = Mycoplasma
hominis and Ureaplasma urealyticum at 103 CFU and Gardnerella vaginalis at 10 CFU,
i) LPS = lipopolysaccharide. B) Differential intensity of gp130 in amnion cells by
immunohistochemistry in the studied challenges compared to control. ANOVA followed
by Tukey's test, * p<0.0001. C) Differential intensity of gp130 in chorion cells by
immunohistochemistry in the studied challenges compared to control. ANOVA followed

by Tukey’s test, * p<0.001.




LPS Gardnerella vaginalis
0 s
. 0 ‘v ©
Y mIL-6R e /,’/" J"/ < ~/(o
0 0
v 7 i & o
¥ sl-6R 0 ‘\ 0

L ﬁ?ﬁ ﬁ?ﬁ

Anti-inflammatory Anti-inflammatory
action action

Mycoplasma hominis Ureaplasma urealyticum  Genital mycoplasmas

0
AOJ ‘OJ’
s o o F o 0t
- o SN P iy

v Q} o)
—t \\ % ¢ Q)\’\ he ¥ %‘\&

. -\

Pes: > P N

% %

No signaling No signaling No signaling
Polybacterial stimulation Polybacterial stimulation
with same loads with different loads
" . g
c © {/ c 0 ¢ 5
0
¢ %0 YL
0 o e\
0 00

0
w‘gw W{w

No signaling No signaling

95




96

Figure 6. Conceptual model for how IL-6 signaling may occur in fetal membranes stimulated
with different bacterial combinations in vitro based on the expression of IL-6 and factors

that affect its biological activities.
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Considerando os resultados obtidos nesse estudo, podemos concluir que:

1)

2)

3)

Membranas corioamnidticas in vitro produzem um perfil distinto de citocinas e
receptores pro- e antiinflamatdrios em resposta a estimulacdo por micoplasmas
genitais e G. vaginalis isolados ou em combinacao;

G. vaginalis induz uma intensa resposta inflamatdria nas membranas fetais in
vitro, enquanto os micoplasmas genitais induzem uma resposta inflamatoria
moderada que pdde ser regulada ap06s 24 horas. A capacidade dos micoplasmas
genitais em suscitar a resposta anti-inflamatoria do hospedeiro pode favorecer a
sua sobrevivéncia na cavidade amniotica.

O aumento de IL-6 por si s6 pode ndo ser indicativo de qualquer funcéo, uma vez
que a sua atividade é controlada por diferentes receptores de membrana e soluveis,
sendo que sua producdo pelas membranas fetais ndo deve ser mediador funcional
das vias indutoras de trabalho de parto. A tentativa de correlacionar o risco de
desfecho gestacional adverso baseado exclusivamente nos niveis de IL-6 em

fluidos bioldgicos, sem considerar os receptores de I1L-6, podem ser ineficazes.
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17:04:57

Outros Declaracéo de ndo envio de amostras 11/08/2015 Aceito

para o exterior.pdf 09:31:01

Outros Declaragéo e cronograma.JPG 11/08/2015 Aceito
09:28:43

Outros Traducédo da carta de aceite do 11/08/2015 Aceito

pesquisador do exterior.JPG 09:27:47

Outros Declaracéo pesquisador do exterior.JPG| 11/08/2015 Aceito
09:27:02

Outros Autorizacdo GO.JPG 11/08/2015 Aceito
09:25:47

Declaracéo de Autorizacéo para manipular livro de 11/08/2015 Aceito

Instituicdo e registro.JPG 09:25:34

Infraestrutura

Declaracéo de Autorizacdo para manipular 11/08/2015 Aceito

Instituicdo e prontuarios.JPG 09:25:13

Endereco: Chécara Butignolli, s/n

Bairro: Rubi&o Junior CEP: 18.618-970

UF: SP Municipio: BOTUCATU

Telefone: (14)3880-1608 E-mail: capellup@fmb.unesp.br

Pagina 03 de 04




FACULDADE DE MEDICINA DE Plataforma
BOTUCATU -UNESP %ﬂﬂ

P el i i T S
s W0 e whrd e VRS

Continuagéo do Parecer: 1.354.209

Infraestrutura Autorizac¢éo para manipular 11/08/2015 Aceito
prontuarios.JPG 09:25:13

Folha de Rosto Folha de rosto.JPG 11/08/2015 Aceito

09:24:46

TCLE / Termos de |TCLE fase2.JPG 11/08/2015 Aceito

Assentimento / 09:24:38

Justificativa de

Auséncia

TCLE/ Termos de |TCLE fasel.JPG 11/08/2015 Aceito

Assentimento / 09:24:28

Justificativa de

Auséncia

Situacao do Parecer:
Aprovado

Necessita Apreciacdo da CONEP:
N&o

BOTUCATU, 07 de Dezembro de 2015

Assinado por:
SILVANA ANDREA MOLINA LIMA

(Coordenador)
Endereco: Chécara Butignolli, s/n
Bairro: Rubido Junior CEP: 18.618-970
UF: SP Municipio: BOTUCATU
Telefone: (14)3880-1608 E-mail: capellup@fmb.unesp.br
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