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HISTOLOGIA E PRODUGAO DE IL-1B, IL-6 E IL-8 EM FRAGMENTOS DO TRATO
REPRODUTIVO DE NOVILHAS DESAFIADOS COM LPS

RESUMO - Infec¢des do trato reprodutivo (TR) feminino podem acometer até 40%
das vacas no pos-parto e sdo os maiores responsaveis pelo descarte involuntario,
constituindo grandes prejuizos econémicos ao setor agropecuario. A resposta imune
inata do TR é amplamente estudada com o intuito de compreender os mecanismos
responsaveis pela producido do padrao de resposta inflamatéria desencadeada pelas
infeccbes uterinas. Objetivou-se verificar a resposta imune inata mediada IL-1p3, IL-6
e IL-8 em diferentes regides do TR de novilhas mestigas, frente ao desafio com
lipopolissacarideo (LPS) (n = 43) nas fases folicular (n = 10) e luteinica (n = 33) do
ciclo estral, bem como, avaliar a dindmica das mudancas celulares entre as estruturas
anatébmicas do TR com foco na porgédo cervical e suas transicbes, por meio das
avaliagbes macroscopica e histologica (n = 3 em fase folicular e n = 3 emluteinica).
Para tanto, foram colhidos fragmentos da porgao cranial da vagina, transi¢cao vagina-
cervix, porgao cervical média, transicdo cervix-endométrio, caruncula uterina e
endométrio intercaruncular. Observou-se resposta imune frente ao desafio com LPS
em todas as porgdes do TR, independente da fase do ciclo estral, com maior produgao
de citocinas pelas transi¢cdes cervicais, comparado a porgdao caruncular do
endomeétrio. Além disso, a presenca de células caliciformes na cervix e suas transi¢oes
apresentam contribuicdo fundamental para a imunidade inata uterina. Concluiu-se
producao interleucinas 13, 6 e 8 apresenta comportamento diferente entre as regides
no trato reprodutivo de novilhas mesticas quando desafiadas com LPS e nao ha efeito
do ciclo estral na indugao desta reposta. Além disso, que a producdo de muco pela
cervix suas transicdes constituem a principal barreira uterina contra infeccbes
microbianas devido a suas propriedades fisico-quimicas.

Palavras-Chave: cervix, citocinas pro-inflamatérias, imunidade inata, novilhas
mesticas, transi¢cdes cervicais

HISTOLOGY AND PRODUCTITON OF IL-18, IL-6 AND IL-8 IN
FRAGMENTS OF THE REPRODUCTIVE TRACT OF HEIFERS CHALLENGED
WITH LPS

ABSTRACT - Infections of the female reproductive tract (RT) may occur in up to 40%
of the postpartum cows and are the major responsible for involuntary disposal,
constituting a huge economic loss in the agricultural sector. The innate immune
response of the RT is widely studied to comprehend the mechanisms responsible for
the production of the inflammatory response pattern triggered by the uterine infections.
We aimed to verify the innate immune response mediated by IL-183, IL-6, and IL-8 in
different regions of the reproductive tract of crossbred heifers challenged with
lipopolysaccharide (LPS) (n=43) at the follicular (n=10) and luteal (n=33) phases of the
estrous cycle, as well as to evaluate the cellular change dynamic between the anatomic
structures of the RT, focusing in the cervical portion and its transitions, using
macroscopic and histologic evaluations (n=3 in the follicular phase and n=3 in the luteal
phase). For that we collected samples of the cranial portion of the vagina, vagina-cervix
transition, cervix medial portion, cervix-endometrium transition, uterine caruncles, and
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intercaruncular endometrium. Besides that, the presence of caliciform cells at the
cervix and its transitions present a fundamental contribution to the innate uterine
immunity. We concluded that the production of interleukins 1B, 6, and 8 present
different behavior between the regions of the reproductive tract of crossbred heifers
when challenged with LPS and has no effect of the estrous cycle at the induction of
this response. Moreover, the mucous production made by the cervix and its transitional
portions constitute the main uterine barrier against microbial infections because of its
chemical-physical properties.

Keywords: cervix, proinflammatory cytokines, innate immunity, crossbred heifers,
cervical transitions.
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CAPITULO 1 - Consideragdes gerais
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1 INTRODUGAO

Conhecer a fisiologia da espécie animal que se trabalha é de suma importancia
para a obtencdo de sucesso na atividade. Quando se pensa em produgdo animal,
especialmente de bovinos, torna-se evidente a necessidade deste conhecimento no
intuito de que as intervengdes realizadas devem gerar melhorias, visualizadas sob a
forma de aumento nos indicadores produtivos, como producéo leiteira e de carne,
aléem dos indices zootécnicos, como taxas de concepgado, prenhez e parigéo,
demonstrando a chamada eficiéncia reprodutiva dos rebanhos, indicador que se

caracteriza pela producdo de um bezerro/vaca/ano.

O relatério da Organizagao das Nagdes Unidas (ONU) publicado em junho de
2019, estima que a populagdo mundial deve aumentar de 7,7 para 9,7 bilhdes de
pessoas em 2050. As previsdes realizadas por Britt et al. (2018) estimam que em 2067
a populagado mundial atinja 10,4 bilhdes de pessoas e a area disponivel para produgéo
de alimentos sera de 0,15 ha/pessoa. Segundo a Organizagao das Nacdes Unidas
para Agricultura e Alimentagao (FAO), o aumento da renda per capta sera responsavel
por um aumento significativo no consumo de produtos lacteos, pois o alimento de
origem animal, mesmo que em pequenas quantidades, melhora o estado nutricional
do individuo. Este aumento da populagdo mundial representa um desafio para os
setores produtores de alimentos, uma vez que far-se-a necessario aumentar a
produtividade para suprir as necessidades nutricionais e garantir seguranga alimentar.
Como parte desta solugao, a producgao leiteira representa uma parcela significativa na
segurancga alimentar mundial, pois € um alimento de alta qualidade ao consumo
humano. Porém, apesar dos avangos significativos na industria de laticinios, com
aumento de quase 70% na produtividade, a eficiéncia reprodutiva animal ainda € um
fator a ser enfrentado para melhorar a sustentabilidade e minimizar o impacto
ambiental da industria (HUME et al., 2011).

Por meio do melhoramento genético € possivel selecionar animais com alto
potencial produtivo, que por sua vez, quando recebem manejo adequado, sao
capazes de expressa-lo. Assim, dentro de um contexto que exige maior produtividade,
para se alcancar a eficiéncia reprodutiva e garantir seguranca alimentar as geracoes
vindouras, faz-se necessario lancar mao das biotecnologias reprodutivas como a

inseminacgao artificial (IA), inseminagéao artificial em tempo fixo (IATF), transferéncia
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de embrides (TE) e producéo in vitro de embrides (PIVE). Entretanto, para que estas
biotecnologias possam ser empregadas e propiciem o0s resultados esperados, as
vacas precisam estar aptas a retornarem ao manejo reprodutivo entre 40 e 60 dias
pos-parto (DPP), o que representa um desafio aos Médicos Veterinarios e demais
técnicos, uma vez que varios fatores podem interferir de maneira negativa nesta fase,
como o escore de condi¢ao corporal (ECC) ao parto, o balango energético negativo
(BEN) e afeccdes podais, além das afecgdes do trato reprodutivo, como retencéo de

placenta (RP), metrite, endometrite, cervicite, dentre outros.

Infeccdes uterinas podem acometer até 40% das vacas no poés-parto
(SHELDON et al., 2009) e podem levar a nao concepgao quando cervicite e
endometrite estdo presentes simultaneamente (AHMADI et al., 2006a;
DEGUILLAUME et al., 2012). De acordo com Deguillaume et al. (2012) a endometrite
€ superestimada em detrimento da cervicite, uma vez que esta também contribui para
o0 aumento de descarga vaginal purulenta (DVP), e de células inflamatdrias no trato
reprodutivo. Neste sentido, compreender a imunidade inata uterina € de suma
importancia pois, apesar de a resposta inflamatoria auxiliar na restauragéo da saude
uterina, a ocorréncia de doencgas ou inflamagado exageradas no trato reprodutivo
feminino (TRF) podem causar infertilidade (SHELDON et al., 2017). Segundo Herath
et al. (2006b), Davies et al. (2008) e Borges et al. (2012), quem regula esta resposta
imunologica e o processo inflamatério desencadeado pelo endométrio sdo os

horménios ovarianos estradiol (E2) e progesterona (Pa4).

Infecgbes sexualmente transmissiveis (IST) sdo associadas a microrganismos
que ascendem o TRF ou mesmo que alcangam esta regido por via hematoégena e
caracterizam um problema de saude mundial para humanos e animais. Devido ao fato
de ndo produzir reagado imunoldgica contra o feto durante a gestagéo, diz-se que o
utero € um local privilegiado imunologicamente (ARCK et al., 2014). Uma das formas
de avaliar a resposta imune inata uterina é através da dosagem de citocinas pro-
inflamatdrias, que consistem em mediadores necessarios para conduzir a resposta
inflamatdria aos locais de lesdo e infecgdo, no intuito de promover adequada

reparagao tecidual.

Neste sentido, este estudo se baseia na hipdétese de que o trato reprodutivo

apresenta resposta imune distinta nas regides uterinas entre vagina, transi¢cao vagina-
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cérvix, cérvix medial, transicdo cérvix-endométrio e endométrio, nas porcoes
caruncular e intercaruncular, sob a influéncia dos horménios esteroides ovarianos
circulantes no momento do abate dos animais, bem como de que as transi¢des
cervicais (vagina-cérvix e cérvix-endométrio) desempenham papel fundamental na
protecdo uterina, e que a histologia de transigao seja entao responsavel pelo perfil da

resposta imune que estas regides apresentam.

Além disso, buscou-se evidenciar o perfil histolégico do TR de novilhas
mesticas nunca submetidas ao manejo reprodutivo, em suas porgdes vaginal, cervical
e uterina, bem como suas transigdes, para que pesquisas futuras sejam realizadas no
intuito de fazer esta correlagcdo de maneira direta, e assim, elucidar o papel de cada

regidao no perfil da resposta imune do TR.

2 OBJETIVOS
2.1 Objetivo geral

Avaliar a imunidade inata in vitro e inflamacéao do trato reprodutivo feminino de

novilhas mesticas virgens nas diferentes fases do ciclo estral.
2.2 Objetivos especificos

e Caracterizagdo anatbmica e histologica do trato reprodutivo feminino, e
padronizagao dos locais de colheita dos explantes.

e Avaliar a resposta in vitro da concentracao das interleucinas 1 8 (IL-1 B), 6 (IL-
6) e 8 (IL-8) nas fases do ciclo estral, em explantes cervicais submetidos ao
tratamento com lipopolissacarideos (LPS) de Escherichia coli (L2880, E. coli
0111:B4, Sigma-Aldrich®).

e Avaliar e comparar a resposta in vitro da IL-1p3, IL-6 e IL-8 nas por¢des cranial,
medial e caudal da cérvix, em explantes cervicais submetidos ao tratamento
com LPS.

e Comparar a resposta imune inata in vitro em explantes das porgdes cervicais
com explantes coletados do endométrio uterino.

e Estabelecer a técnica de explante cervical bovino como modelo experimental

para futuros ensaios clinicos, desta forma minimizando ensaios in vivo.
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3 REVISAO DE LITERATURA
3.1 O trato reprodutivo feminino

O trato reprodutivo feminino (TRF) bovino € composto pelos ovarios, tubas
uterinas, cornos uterinos, cérvix, vagina, vestibulo vulvar e vulva. Os ovarios sao
sustentados pelo ligamento largo (mais especificamente, pelo mesovario), as tubas
uterinas pela mesossalpinge, e o utero, pelo mesométrio (POPESKO, 2012;
FEITOSA, 2014).

De acordo com a literatura, a parede uterina € dividida em trés camadas:
endométrio (mucosa), localizada internamente; miométrio (muscular lisa), localizada
na por¢cao média e perimétrio (serosa), localizada mais externamente.

O endométrio pode ser dividido em zona funcional e zona basal (DELLMANN;
BROWN, 1982). O epitélio da zona funcional é do tipo pseudo-estratificado e/ou
colunar simples, podendo apresentar areas de epitélio cubico simples (BANKS, 1992;
DELLMANN & BROWN, 1982). Ja o tecido sub-epitelial da porgao superficial da zona
funcional (estrato compacto) é composto de tecido conjuntivo frouxo, altamente
vascularizado e celularizado, rico em fibrécitos, macréfagos, mastocitos, e
eventualmente, também podem ser encontrados eosindfilos, linfocitos e plasmdcitos.
Na regiao mais profunda desta zona (o estrato esponjoso), também se verifica tecido
conjuntivo frouxo, porém menos celularizado. No pré-estro, sob agao estrogénica, é
possivel verificar crescimento endometrial enquanto no diestro, onde ha
predominéancia de progesterona, verifica-se desenvolvimento e atividade secretora de
glandulas endometriais (BACHA Jr. & BACHA, 2003; BANKS, 1992). Nos ruminantes,
durante o estro, o edema endometrial acontece devido ao acumulo de grande
quantidade de fluido no espaco intersticial da zona funcional (DELLMANN; BROWN,
1982).

O miométrio por sua vez, também pode ser dividido em camada circular interna
lisa (espessa) e camada longitudinal externa lisa (fina), as quais sao separadas pelo
estrato vascular, que é altamente vascularizado e inervado. Em vacas, comumente o
estrato vascular pode ser visualizado entremeando a camada muscular circular interna
(DELLMANN & BROWN, 1982; BANKS, 1992; BACHA Jr. & BACHA, 2003). Ja o
perimétrio ou serosa, constitui-se de tecido conjuntivo frouxo, coberto pelo mesotélio
peritoneal, além de ampla rede de vasos sanguineos, linfaticos e fibras nervosas

(BANKS, 1992; DELLMANN & BROWN, 1982).
20



O endométrio bovino apresenta proeminéncias nao glandulares denominadas
carunculas uterinas. Estas por sua vez, consistem-se de tecido conjuntivo altamente
celularizado, com predominancia de fibroblastos, dos quais, em sua por¢dao mais
profunda, se localizam numerosos vasos sanguineos (BACHA Jr. & BACHA, 2003). A
porcao intercaruncular por sua vez, possui estruturas tubulares, ramificadas e
espiraladas e seu epitélio é do tipo colunar simples. Além disso, sua forma sofre
alteragdes de acordo com fase do ciclo estral, apresentando-se retas durante o cio e,
conforme aumentam as concentragdes circulantes de progesterona, vao se tornando
maiores e espiraladas devido ao aumento de sua atividade secretora. Quando as
concentragcdes de progesterona comeg¢am a declinar as glandulas também regridem
(HAFEZ & HAFEZ, 2003).

A cérvix é um orgao tubular de seis a 13 cm de comprimento, fibroso, composto
de colageno tipo |, lll e IV, proteoglicanos, elastina e reticulina, bastante desenvolvido
nas vacas, constituido por tecido conjuntivo associado a musculatura lisa, e se
caracterizada por apresentar parede espessa e lumen constrito. A disposicao dos
anéis cervicais permite uma segura oclusdo do canal cervical, que durante o cio,
devido a acdo hormonal, se relaxa levemente para permitir a passagem dos
espermatozoides (WINKLER & RATH, 1999; HAFEZ & HAFEZ, 2003). Seu epitélio
possui células semelhantes as caliciformes, e a lamina prépria submucosa alterna
entre os tecidos conjuntivos frouxo e denso, conforme a fase do ciclo estral. A mucosa
cervical € do tipo colunar simples com células caliciformes, e possui dobras
longitudinais que podem ser divididas em secundarias e terciarias (BREEVELD-
DWARKASING et al., 2000). Desta forma, diz-se que o revestimento cervical interno
possui caracteristicas glandulares e sua atividade secretora varia de acordo com a
fase do ciclo estral (BANKS, 1992). Durante a gestagao, a cérvix sofre mudangas em
sua composicao bioquimica e nas suas propriedades funcionais determinadas por
parametros que regulam as propriedades fisicas da matriz do tecido conjuntivo. Estas
alteragdes por sua vez, acontecem conforme a gestagdo avanga e ocorre entdo o
esgotamento do tecido devido a destruigdo da rede colagena. A partir deste momento,
em decorréncia de maior vascularizacdo e do aumento nas concentragdes de
glicoproteinas associado a redugao dos componentes de sua matriz, ocorre aumento
de volume cervical que pode chegar até oito vezes o tamanho normal. Apés o parto,

a cérvix retoma seu tamanho original devido a agdo de enzimas, a produgao de
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proteoglicanos e hialuronatos, redugéo dos niveis de hexuronato e reorganizagao da
rede de colagenos (HAFEZ & HAFEZ, 2003).

O muco cervical é constituido de macromoléculas de mucina advindas do
epitélio, cuja composi¢cdo compreende de glicoproteinas (sialomucina) com 25% de
aminoacidos e 75% de carboidratos. Dentre as proteinas do muco cervical, pode-se
destacar pré-albumina, lipoproteina, albumina, B-globulina e y-globulina. Além disso,
as enzimas glucoronidase, amilase, fosforilase, esterase e fosfatase também
compreendem importantes constituintes deste muco, cuja secregdo € estimulada
pelos estrogenos e alterada pela progesterona. Alteragdes ciclicas promovidas pelos
horménios ovarianos, favorecem a passagem dos espermatozoides pelo canal
cervical, caracteristica denominada penetrabilidade. Durante o cio e ovulagao, devido
a acao estrogénica, percebe-se aumento na quantidade, viscosidade, cristalizagao e
pH do muco, enquanto no diestro, sob acdo da progesterona, ocorre o inverso.
Portanto, diz-se que, além de separar a luz uterina da vagina, em fungdo do muco que
produz, a cérvix auxilia no transporte de espermatozoides até o utero, bem como,
armazena e participa dos processos de capacitacao e selegado espermaticas (HAFEZ
& HAFEZ, 2003).

A porcéao cranial da vagina por sua vez, é formada pelas camadas mucosa,
muscular e adventicia. Seu epitélio € do tipo colunar estratificado com células
caliciformes (DELLMANN & BROWN, 1982; BANKS, 1992; BACHA Jr. & BACHA,
2003). Ja o epitélio da porgao caudal da vagina € do tipo escamoso estratificado com
células caliciformes contendo entre trés e seis camadas de células. Por sua vez, o
numero de camadas celulares pode variar de acordo com a fase do ciclo estral
(BLAZQUEZ et al., 1987). Estes autores, observaram uma mudanga gradual no
epitélio da porgdo caudal da vagina para a cérvix e presenga de linfocitos intra-
epiteliais e leucdcitos polimorfonucleares (PMN) ao longo do epitélio, bem como
linfocitos, neutrdéfilos, eosindfilos e mastdcitos. Além disso, visualizaram que o0s

linfécitos em algumas regides se organizavam em nédulos linfaticos abaixo do epitélio.

3.2 Doencgas puerperais e desempenho reprodutivo

Um dos indicadores de sucesso na atividade leiteira se baseia na chamada
eficiéncia produtiva e reprodutiva do rebanho (MARTINS, 2014). De modo geral, os

sistemas de producdo buscam constantemente por aumentar a produtividade, o
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numero de bezerros nascidos por ano e a vida util da vaca no rebanho (KASK et al.,
2003; LEITE et al., 2001; SHELDON et al., 2006). A vida util da vaca esta relacionada
com a idade ao primeiro parto e ao intervalo de partos. O intervalo de partos
compreende a soma dos periodos de servico e gestacional. Devido ao fato de a
gestacéo ser um periodo fixo, quem determina o intervalo entre partos € o periodo de
servigo, isto é, o tempo decorrido entre o parto e a nova concepgao. Além disso, dentre
outros fatores, a vida util da vaca esta relacionada a duragao do puerpério, uma vez
que, nesta fase, para voltar a conceber, o utero precisa eliminar o Iéquio, involuir de
tamanho, combater as infec¢des causadas por microrganismos que colonizam o trato
reprodutivo no momento do parto, e entdo apresentar ambiente uterino favoravel, bem
como retornar a ciclicidade ovariana (BELLOWS et al., 2002; KASK et al., 2003;
LEBLANC, 2014; PETERS, 1984; SARTORI, 2007).

3.2.1 Contaminacgao x infecgao uterina

Acredita-se que 100% das vacas podem apresentar contaminagédo ascendente
do trato reprodutivo no momento do parto, visto que a abertura das barreiras
anatbmicas constituidas pela vulva, vagina e cérvix permitem a colonizagao uterina
por microrganismo presentes no ambiente, nas fezes, e no préprio trato genital dos
animais (SHELDON et al., 2002; ROCHA et al., 2004; SHELDON & DOBSON, 2004;
SHELDON, 2007). Além disso, de acordo com Sheldon e Dobson (2004) e Azawi
(2008), durante o puerpério, diversos tipos de bactérias Gram-positivas e Gram-
negativas, aerobias e anaerobias podem ser encontrados no utero de vacas. Nestes
casos, as bactérias aerdbias mais comumente encontradas sado Escherichia coli,
Trueperella pyogenes, Streptococcus spp. e Staphylococcus spp.; por outro lado, as
bactérias anaerdbias mais encontradas s&o Fusobacterium necrophorum, Bacteroides
spp. e Prevotella melaninogenica (KASK et al., 2003; ROCHA et al., 2004; WILLIAMS
etal., 2005; McDOUGALL et al., 2011). Durante as duas primeiras semanas pés-parto,
a multiplicacdo destes microrganismos se da de maneira acelerada devido ao fato de
que o conteudo uterino remanescente da gestagao/parto constitui meio de cultura
favoravel ao seu desenvolvimento (AZAWI, 2008). Além disso, a abertura da cérvix, a
involugdo uterina e a consequente drenagem do conteudo uterino, favorecem a

eliminagao bacteriana em vacas com puerpério fisiologico (ROCHA et al., 2004).
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Entretanto, de acordo com os estudos realizados por Galvao et al. (2019) os
principais microrganismos causadores de infecgdes uterinas séo Bacteroides,
Porphyromonas e Fusobacterium, os quais, causam infecgdo devido a uma disbiose
da microbiota uterina em que ha redugdo dos microrganismos naturalmente ali
encontrados e consequente aumento nas populacédo destes agentes agentes. Estes
autores mostraram ainda, que o TRF € colonizado por microrganismos num prazo
maximo de 20 minutos apds o parto. Além disso, mostraram que vacas saudaveis
entre zero e 2 DPP apresentam microbiota uterina composta por Bacteroides,
Fusobacteria, Proteobacteria, Tenericutes e Firmicutes e que entre quatro e 14 DPP,
estas mesmas vacas apresentam reducdo nas quantidades de Bacteroides e
Fusobacteria, com consequente aumento de Protobacteria e Tenericutes, enquanto
as vacas que desenvolvem doenca uterina mostraram exatamente o contrario, com
crescimento de Bacteroides e Fusobacteria e substancial redugcédo de Protobacteria e

Tenericutes.

Fatores como partos gemelares e retengdo de placenta podem promover
alteracdo nos mecanismos de defesa do endométrio ao estabelecimento de infecgdes
uterinas (POTTER et al., 2010). Estas alteracdes possibilitam que bactérias aerdbias
(E. coli e T. pyogenes) e anaerobias (F. nechrophorum e Prevotella spp.) atuem de
maneira sinérgica, favorecendo o crescimento de ambas, bem como aumentando sua
patogenicidade (SHELDON & DOBSON, 2004; SHELDON, 2007; WILLIAMS et al.,
2005).

De acordo com Williams et al. (2007), vacas holandesas com infecgao uterina
aguda causada por E. coli e T. pyogenes apresentam menor crescimento folicular por
sofrerem alteragbes em sua fungdo ovariana. Segundo os autores, isso se deve a
menor sensibilidade ovariana a agdo do hormonio foliculo estimulante (FSH), visto que
a concentragao deste hormdnio € semelhante entre os animais, independente da
ocorréncia de infeccao uterina. Segundo estes autores, nestes casos, os corpos luteos
formados apds a primeira ovulagdo de vacas com infeccdo uterina apresentam
didmetro reduzido e menor produgdo de progesterona (Ps4) devido a alteragdes

promovidas pelo LPS as células luteais.
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3.2.2 Cervicite: uma doenga que ganhou destaque no pés-parto de vacas

leiteiras

Problemas reprodutivos superaram o descarte por mastite e tornaram-se a
principal causa de descarte involuntario nas propriedades leiteiras, e,
consequentemente, reduzem a lucratividade, pois n&o estdo associados com o
descarte do animal devido a sua ineficiente producéo leiteira (BONNEVILLE-HEBERT
et al., 2011).

Dentre os problemas na reprodugdo destacam-se as infecgdes uterinas, que
estao onipresentes no pds-parto de bovinos leiteiros com incidéncia de 2 a 5% de
retencao de placenta, 25 a 40% de metrite, 20% de endometrite clinica, e 10 a 30%
de endometrite citoldgica entre 30 e 60 DPP (SHELDON et al., 2008, 2009; LEBLANC
et al.,, 2011; DEGUILLAUME et al., 2012; ROBERTS et al., 2012;). Essas doengas
afetam cerca de metade das vacas leiteiras e causam infertilidade. Portanto, a
definigdo de critérios rigorosos para o diagndstico, tratamento e prevencao destas
enfermidades no pds-parto destes animais continua sendo um desafio (LEFEBVRE &
STOCK, 2012).

Entre estas enfermidades, encontra-se a cervicite com incidéncia entre 15 e
40% em rebanhos leiteiros aos 30 DPP (DEGUILLAUME et al., 2012). Outrora,
aceitava-se que a presencga de secre¢gao mucopurulenta ou purulenta na vagina e
externamente na vulva ou na cauda estavam relacionadas com endometrite clinica
(LEBLANC, 2012). No entanto, Dubuc et al. (2010) verificaram uma fraca correlagao
entre secrecao vaginal e endometrite clinica, definida através do exame de citologia
uterina. Ahmadi et al. (2006a) e Deguillaume et al. (2012) verificaram que estas
secregbes vaginais poderiam ter como origem a inflamagdo cervical, sendo
considerada uma doenca isolada ou associada com infecgdes uterinas, porém com

importante prejuizo ao desempenho reprodutivo de vacas leiteiras no pos-parto.

Quando se buscam informacdes sobre os prejuizos que a endometrite clinica
causa ao desempenho reprodutivo, diversos sao os autores preocupados em
entender as infecgdes e imunidade uterinas (GILBERT et al., 2005; SHELDON et al.,
2008), com destaque para as revisdes de literatura (CRONIN et al., 2012; GALVAO et
al., 2011; LEBLANC, 2012; SWANGCHAN-UTHAI et al., 2012; TURNER et al., 2012).
Estes trabalhos trouxeram grande contribuicdo a ciéncia, no entanto, eles estao
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relacionados apenas a endometrite e imunidade uterina. Portanto, fica evidente que o
efeito da inflamagéo endocervical tem sido inadequadamente investigado em vacas
leiteiras (DEGUILLAUME et al., 2012) e a maioria dos trabalhos existentes
apresentam como foco apenas a definicdo desta condigdo clinica de acordo com
Stephens et al. (1986).

De acordo com Ahmadi et al. (2006b) a inflamacéo cervical pés-parto, em vacas
com puerpério normal, é regulada pela fase do ciclo estral, sendo que o aumento de
progesterona reduz o numero de neutrofilos no lumen cervical. Van Engelen et al.
(2009) verificaram que a fase final de maturagéo cervical para a pari¢gao faz parte de
um processo inflamatoério regulado por citocinas, com aumento de oito vezes na
expressao de interleucina 13 (IL-1 B), 10 vezes de IL-10 e um notavel aumento de 430
vezes na expressao de IL-8 permitindo um grande influxo de neutréfilos. Neste
experimento os autores estudaram amostras cervicais colhidas por biopsia da porgao
caudal da cérvix feitas in vivo em animais em terco final de gestagédo. Porém, sabe-se
que ha consideraveis variagdes nas porgdes longitudinais e transversais da cérvix em
relagdo a quantidade de &agua, colageno e degradagdo de colageno, além de
diferengas na sua consisténcia e textura de acordo com as fases do ciclo estral
(BREEVELD-DWARKASING et al., 2003). Isto sugere que talvez a resposta imune

inata possa nao ser a mesma nas diferentes porgcdes do lumen cervical.

Histologicamente, cervicite é definida pela presenga de infiltrado inflamatério
na mucosa cervical (SANTOS et al., 2011) e na citologia é determinada pela contagem
de neutrodfilos superior a 5%. Este limite esta relacionado diretamente a prejuizos na
taxa de concepcéao de vacas (DEGUILLAUME et al., 2012). De acordo com Hartmann
et al. (2016), cervicite ocorre independentemente de endometrite podendo causar
danos ao desempenho reprodutivo dos animais e pode ser diagnosticada quando
houver inflamacado no segundo anel cervical associado ao prolapso do mesmo ou
edema na cérvix, com ou sem vermelhidao no primeiro anel cervical. De acordo com
Alvarenga et al. (2018), pouco se conhece e discute sobre a incidéncia de cervicite
em rebanhos leiteiros brasileiros, e sua relagdo com a endometrite citolégica. Estes
autores verificaram intercorréncia de cervicite e endometrite em 11,4% das vacas com
mais de 60 DPP descartadas por problemas reprodutivos ao exame citoldégico pds-

mortem.
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E preciso prosseguir com pesquisas na area de doencas reprodutivas por trés
principais razdes: primeira, informacbdes detalhadas sobre os mecanismos da
imunidade inata e imunidade de mucosas foram identificadas (BEUTLER, 2004;
AKIRA et al.,, 2006); segunda, avancos foram feitos para compreender os
mecanismos da infeccao uterina, as principais bactérias (Escherichia coli e
Arcanobacterium pyogenes) e modelos teciduais em bovinos (HERATH et al., 2006a;
DAVIES et al., 2008; HERATH et al., 2009a; HERATH et al., 2009b) e; terceira, o fluxo
de ragas bovinas leiteiras internacionais no Brasil fez com que houvesse aumento
significativo no impacto e incidéncia destas doencas e diversos cruzamentos tém sido

realizados entre Bos indicus x Bos taurus.

3.3 Imunidade inata

A imunidade inata constitui a primeira resposta a invasdo microbiana ao
organismo. Ela é capaz de prevenir, controlar, e/ou eliminar infeccées causadas por
alguns patogenos (ABBAS et al.,, 2011), e promove uma resposta inespecifica,
rapidamente induzivel quando as células reconhecem o perigo (SHELDON et al.,
2017). O primeiro passo para a montagem de uma resposta imunoldgica que culmine
na eliminagdo do microrganismo invasor € o reconhecimento do patdégeno pelo
hospedeiro. Diversos estudos tém sido conduzidos desde a década de 1990 no intuito
de elucidar os mecanismos moleculares pelos quais se da o reconhecimento inicial de
moléculas chave presentes na estrutura de microrganismo invasores, como bactérias,
virus e fungos (WERLING & COFFEY, 2007; HORNE et al., 2008; SORDILLO et al.,
2009).

O sistema imune inato ndo reconhece estruturas moleculares de mamiferos,
mas sim estruturas carateristicas de patdégenos microbianos que sdo essenciais a
sobrevivéncia destes microrganismos. Isto possibilita que patégenos alvos da
imunidade inata sejam reconhecidos pelo hospedeiro, apesar da alta frequéncia de
mutacdes por eles sofridas (ABBAS et al., 2011). Receptores Toll-like (TLR),
localizados na membrana externa e/ou no citoplasma de células de defesa, epiteliais
e estromais dos tecidos susceptiveis a patdogenos reconhecem moléculas
conservadas durante o processo de evolugdo, denominadas padrdoes moleculares

associados a patégenos (PAMP). Entretanto, pelo fato de microrganismo néao
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patogénicos também apresentarem padrées moleculares conservados, o termo mais
adequado é padrdes moleculares associados a microbios (MAMP) (AUSUBEL, 2005).
O reconhecimento destes MAMP pelos receptores respectivos, desencadeia
respostas inflamatérias com produgdo de quimiocinas, citocinas e peptideos
antimicrobianos (AKIRA, 2003; SCHAEFER et al., 2004; WERLING & COFFEY, 2007;
SWANGCHAN-UTHAI et al., 2012). Um dos MAMP mais estudados é o
lipopolissacarideo (LPS) da membrana externa da Escherichia coli e demais bactérias
Gram-negativas (MARTINS & BORGES, 2015). De acordo com Beutler (2004), apesar
de as bactérias apresentarem organizagdo molecular complexa, compostas por
proteinas, acidos nucleicos e outras pequenas moléculas organicas, o hospedeiro
esta alheio a maioria destas moléculas, e por isto, apenas algumas delas incitam a
resposta imune inata, como o LPS, os lipopeptideos, acido lipoteicdico, flagelina e
DNA ndo metilado. Estes indutores microbianos sao responsaveis por provocar a

maior parte da resposta imune inata do hospedeiro a uma bactéria.

Além de patogenos, o sistema imune inato é capaz de reconhecer padrdes
moleculares associados a danos (DAMP), que nada mais s&do do que moléculas
endogenas produzidas ou liberadas por células danificadas ou mortas. Os DAMP sao
produzidos a partir de danos celulares, que por sua vez, sdo causados por infecgao,
ou podem indicar lesdes assépticas causadas por toxinas quimicas, traumas ou
reducao do suprimento sanguineo. Porém, é importante ressaltar que células mortas
por apoptose normalmente ndo liberam DAMP (ABBAS et al., 2011). Os diversos
receptores utilizados pelo sistema imune inato para reconhecer MAMP e DAMP
podem ser encontrados em diferentes locais nas células, moléculas soluveis no
sangue e nas secregdes de mucosas. Moléculas de reconhecimento associadas as
células do sistema imune inato geralmente sdo expressas, dentre outros, por fagécitos
(linfocitos, macréfagos e neutrdfilos), células dendriticas, células epiteliais (interface
entre o corpo e ambiente externo) (BEUTLER, 2004).

De acordo com Sheldon et al. (2017), a imunidade adaptativa funciona como
uma defesa suplementar no TRF, uma vez que, a imunidade inata é suficiente para
lidar com a maioria dos perigos que o desafiam. Neste sentido, a imunidade adaptativa
s6 entra em acdao quando a resposta induzida pela imunidade inata nao for

suficientemente capaz de eliminar o problema. Ou ainda, quando o antigeno nao for
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reconhecido pelo sistema imune inato em funcdo de ndo apresentar moléculas

conservadas passiveis de reconhecimento por seus mecanismos.

3.3.1 Imunidade inata no trato reprodutivo feminino (TRF)

A homeostase do trato reprodutivo feminino (TRF), é constantemente testada
por uma ampla gama de desafios, incluindo infecgdes, danos e até inseminagéao. Esta
homeostasia € mantida através do mecanismo da imunidade inata (SHELDON et al.,
2017). Neste sentido, entende-se por exemplo, que a lesdo da superficie ovariana
para a ovulacdo, bem como a descamacao endometrial que culmina na menstruacao
nos primatas, caracterizam danos que precisam ser reconhecidos e corrigidos pelo
sistema imune inato e portanto, faz-se necessaria uma resposta por parte dos tecidos
acometidos (CHOVATIYA & MEDZHITOV, 2014). Por outro lado, para que ocorra a
fecundacao, faz-se necessaria uma modulacédo do sistema imune, de modo que nao
seja montada resposta inflamatéria contra o sémen depositado no TRF, para posterior
formacao da placenta para nutrir o feto (BEAGLEY & GOCKEL, 2003; CHAOUAT et
al., 2010).

A compreensdo da imunidade inata € necessaria porque doencas e/ou
respostas inflamatérias inadequadas no TRF (especialmente no endométrio ou ovario)
podem levar a infertilidade (SHELDON et al., 2017). Apesar de a resposta inflamatoria
ajudar a manter e restaurar a saude uterina, também pode causar consequéncias
negativas para a fertilidade, como a perturbagdo da competéncia ovocitaria. Sua
intensidade reflete o equilibrio entre o nivel de perigo e os sistemas que regulam a
imunidade inata, como o ambiente enddcrino. O estradiol (E2) e a progesterona (P4)
se apresentam como o0s principais responsaveis pela regulagdo da resposta
imunoldgica e do processo inflamatério desencadeado pelo endométrio (HERATH et
al., 2006b; DAVIES et al., 2008; BORGES et al., 2012). Sabe-se que as células
epiteliais e estromais do endométrio e as células da granulosa ovariana expressam
TLR que por sua vez, quando ativados, levam a inflamacgao, recrutamento de células

imunes da circulagao periférica e fagocitose (SHELDON et al., 2017).

A primeira barreira fisica as infecgoes e danos ao TRF é a chamada resiliéncia
celular, seguida de vulva, cérvix, mucosa superficial de revestimento do trato, bem
como a membrana basal dos foliculos ovarianos e a zona pelucida do odcito. Além

29



dela, o muco presente no TRF, associado aos peptideos antimicrobianos e as
proteinas do sistema complemento tornam o trato genital um ambiente hostil aos
microrganismo (SHELDON et al., 2017). De acordo com Amos et al. (2014) e Healy et
al. (2015) as células epiteliais do endométrio sdo mais resistentes a microbios e
toxinas do que as células estromais subjacentes. Além disso, Amos et al. (2014)
verificaram comprometimento da resiliéncia endometrial em fungao do colesterol das
células estromais do endométrio. Com isto, atestaram que estas células sdo mais
sensiveis a citolisinas dependentes de colesterol (que sdo produzidas por bactérias)
do que as células epiteliais. Neste caso, a destruicdo do colesterol das células

estromais permitiriam maior resiliéncia do endométrio as toxinas bacterianas.

Além do fato de nao produzir resposta imunoldgica contra o feto durante a
gestacédo (ARCK et al., 2014), Sheldon et al. (2017) afirmam que o utero é um local
imune-privilegiado devido a sua posi¢cao anatémica e barreiras fisicas e quimicas que
Ihe antecedem pois, 0 agente infeccioso precisa romper estas barreiras para causar
danos ao TR. A vagina, a cérvix, o endomeétrio e as tubas uterinas sdo constantemente
desafiados quanto a sua homeostase. As infec¢des sexualmente transmissiveis (IST)
sao associadas a micrébios que ascendem o TRF ou mesmo que alcancam esta
regiao via circulagdo sanguinea e caracterizam um problema de saude mundial para
humanos e animais. Estas infeccoes expdem o TRF a PAMP e outros agentes
danosos, como traumas e toxinas formadoras de esporos. Estas lesdes estimulam os
tecidos a liberarem DAMP e com isso, inicia-se um processo inflamatério para

reparacgao tecidual e reestabelecimento da homeostasia.

A infertilidade, na maioria dos casos é causada por disturbios como endometrite
e endometriose (SHELDON et al., 2017). Pelo fato da resposta imune inata ser
rapidamente induzida quando ha o reconhecimento de perigo, uma de suas principais
caracteristicas € a deteccao inespecifica de microbios produzindo, portanto, uma
inflamacao, recrutamento de células imunes da circulagao periférica para a resolugao
do problema e fagocitose (KAWAI & AKIRA, 2010; CHOVATIYA & MEDZHITOV,
2014; SHELDON et al.,, 2017). O reconhecimento especifico com montagem de
resposta inflamatéria elaborada contra o patégeno é realizado pela imunidade
adaptativa, que por sua vez, s6 entra em acdo quando a imunidade inata ndo é

suficientemente capaz de resolver o problema instalado (SHELDON et al., 2017).
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A adicdo de PAMP ao tecido endometrial normalmente estimula respostas
inflamatorias semelhante a dos macrofagos (PIOLI et al., 2004; HIRATA et al., 2005;
SCHAEFER et al., 2005) com produgao abundante de IL-6 e IL-8, que por sua vez, é
aumentada devido a sinalizagao paracrina e feedback positivo, via receptor de IL-6 e
transdutor de sinal e ativador de transcricdo-3 (STAT3) (CRONIN ET AL., 2016).
Independentemente do desafio ter sido reconhecido no apice ou na base do
endométrio, a IL-6 ¢é liberada pela porgao apical na diregdo do desafio pelas células
endometriais polarizadas, enquanto mediadores como as prostaglandinas s&o

liberadas na porgéo basolateral do endométrio (HEALY et al., 2015).

E importante ressaltar que apesar das células endometriais atuarem na defesa
contra micrébios, os macrofagos sao mais eficientes e importantes. Prova disso € que
as células endometriais ndo detectam DAMPs como o hialuronano, a proteina da caixa
1 do grupo de alta mobilidade (HMGB1), ou células necréticas, mas conseguem
produzir IL-1a em resposta a infec¢ao bacteriana (HEALY et al., 2015). Os receptores
de reconhecimento de padrdes do utero, além de identificar patdgenos e danos,
contribuem na resposta inflamatdria ao plasma seminal depositado no TRF durante a
inseminagdo. Em camundongos que nao possuem TLR4 ficou provado que o
reconhecimento do plasma seminal € dependente das vias ativadas pelos TLR4
(SCHJENKEN et al., 2015) e que portanto, o TLR4 é o responsavel por reconhecer o
plasma seminal apds a inseminagao, e direcionar as agcdes a serem tomadas pelo TRF
a partir deste reconhecimento (HEALY et al., 2015; SCHJENKEN et al., 2015). Além
disso, TLR4 estdo presentes nas células do cumulus murinas, e sdo responsaveis
pela expansdo destas células apdés a fecundacdo (SHIMADA et al., 2008), e
apresentam regulagdo enddcrina nas células da granulosa murinas e bovinas, como
evidenciado por Price e Sheldon (2013). Entretanto, segundo Poltorak et al. (1998) e
Hoshino et al. (1999), os TLR4 nado sao indispensaveis a fungdo ovariana, uma vez
que camundongos TLR4 mutantes ou TLR4-nulos se reproduzem naturalmente com

SUCessSoO.

E importante que o tecido esteja em bom estado homeostatico para que
consiga sinalizar para a finalizagdo da resposta imune inata tdo logo o perigo seja
contido. Caso isto ndo aconteca, a inflamagao adquire carater crénico e pode
prejudicar o funcionamento do tecido (SHELDON et al., 2017). Neste sentido, faz-se

necessario saber que uma inflamacao tipica apresenta varios tipos de PAMP e DAMP,
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e que fatores de viruléncia podem tornar a resposta inflamatéria maior do que o
esperado, como o0 mRNA bacteriano (SANDER et al., 2011). Entretanto, vale ressaltar
que nem todos os microrganismo induzem inflamagéo porque alguns desenvolveram
fatores capazes de “burlar” o sistema imune inato, limitando assim, a resposta
inflamatoria (BAXT et al., 2013).

As células do hospedeiro juntamente com as vias metabdlicas que ativam
também podem amplificar ou regular as respostas inflamatérias. Por exemplo, a
resposta ao LPS pelas células do estroma endometrial € aumentada pelo receptor IL-
6 e avia STAT3 (CRONIN et al., 2016). Ja em camundongos, o LPS induz ao acumulo
de succinato no ciclo de Krebs, levando a maior secrecédo de IL-18 (TANNAHILL et
al., 2013). Em bovinos, Healey et al. (2016) verificaram que a inflamacéao é reduzida
no endométrio quando a via do mevalonato é inibida com o uso de estatinas. Além
disso, a ligagdo mecanica do TLR4 e suas consequentes vias de sinalizagao, também
favorecem respostas inflamatérias mais discretas pelas células endometriais. Ao violar
o epitélio endometrial, as células estromais subjacentes ficam sujeitas a desafios
inesperados. Entretanto, o dano microbiano promove a liberagdo de DAMP como IL-
1a e uridina 5-difosfoglucose, que por sua vez, atuam escalonando a resposta
inflamatoria (HEALY et al., 2014).

3.3.2 Receptores Toll-like (TLR)

Os receptores Toll-like compreendem glicoproteinas do tipo | integrais
presentes nas membranas celulares de mamiferos (ABBAS et al., 2011). Sua primeira
identificacdo foi em Drosophila melanogaster, onde tem papel fundamental para
desenvolvimento dorso-ventral destas moscas. Em seguida, verificou-se que este
receptor estava envolvido em respostas antifungicas na mosca adulta (IMLER &
HOFFMANN, 2001). A partir de entao, o interesse por conhecer melhor o papel destes
receptores na imunidade inata nas mais diferentes espécies, tem motivado pesquisas
que por sua vez, ja conseguiram identificar diferentes tipos de TLR, bem como,
esclarecer algumas de suas fungdes. O primeiro homoélogo do TLR de D.
melanogaster descoberto em humanos foi denominado TLR4 por Medzhitov et al.,

1997). A descoberta destes receptores em humanos, ajudou a responder uma lacuna

32



existente no campo da imunologia, facilitando a compreensdo da maneira como o

sistema imune do hospedeiro reconhece patégenos (VIJAY, 2018).

Em mamiferos, sao conhecidos 13 diferentes tipos de TLR, sendo que dez tipos
de TLR em humanos (TLR1 — TLR10) e 12 em camundongos (TLR1 a TLR9, TLR11
a TLR13) (TAKEDA & AKIRA, 2015). Cada TLR é responsavel por reconhecer um
grupo particular de moléculas microbianas conservadas, de tal modo, que juntos, sao
capazes de detectar a maioria dos microrganismos (BEUTLER, 2004). Com a
aplicacdo das ferramentas genéticas “forward” e “reverse”, identificou-se a
especificidade da maioria dos TLR presentes em protozoarios, bactérias, fungos e
virus (AKIRA et al., 2001; MEIER et al., 2003; BEUTLER, 2004; ZHANG et al., 2004).
Destes, os TLR1, TLR2, TLR4, TLR5 e TLR6 sao expressos na superficie extracelular,
e sdo compostos por sequéncias repetidas de leucina, enquanto os demais sao
expressos na membrana intracelular. Sdo estas sequéncias de leucinas que se ligam
diretamente aos PAMPs e DAMPs para formar homodimeros ou heterodimeros que
alteram a conformacéo celular, desencadeando entado a resposta inflamatéria, a partir
da ativagao de vias de sinalizagdo. De maneira geral, todos os TLRs podem usar vias
de sinalizagdo dependentes do gene 88 de resposta primaria da diferenciagéo
mieldide (MyD88), que acionam as cascatas de fator nuclear Kappa B (NF- kB) e a
proteina quinase ativada por mitogénio (MAPK). Isto induz a expressao de genes que
codificam mediadores inflamatérios (KAWAI & AKIRA, 2010; SHELDON et al., 2017).

3.3.3 Efeito do ciclo estral na ativagdao da resposta imune inata

Diferente dos demais tecidos do corpo, a regulagdo da imunidade inata no
endométrio sofre influéncia dos horménios ovarianos estradiol e progesterona, que
sao capazes de modular a susceptibilidade a infecgao, e a resposta inflamatoria aos
micrébios (BEAGLEY & GOCKEL, 2003; WIRA et al., 2015). Durante o ciclo menstrual,
a expressao dos TLR é alterada em fungao da predominancia do estrogeno ou da
progesterona (WIRA et al., 2015). Prova disso é que a permeabilidade vascular do
endométrio € aumentada na predominancia da progesterona (GODDARD et al., 2014).
A prostaglandina endometrial E2 (PGE2), além de sofrer modulagao hormonal, também
€ secretada pelas células estromais do endométrio murino e bovino em resposta ao
LPS (HERATH et al., 2006a; SHELDON & ROBERTS, 2010). Em contrapartida, Saut
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et al. (2014) verificaram que os hormoénios ovarianos estradiol e progesterona
exdgenos, e a inibicdo de receptores nucleares de esteroides em endométrio ex vivo
de vacas nao influenciaram na resposta inflamatéria. Neste sentido, diz-se que além
da regulagdo hormonal, existem outros fatores importantes na regulagéo da imunidade
inata do endométrio, como as citocinas IL-4 e IL-10, as quais, inibem a producéo de
quimiocinas induzidas por TNFa (GERMEYER et al., 2009; OCHIEL et al., 2010).

A resolugao da inflamagao é um processo ativo em que lipideos como lipoxinas
e resolvinas atenuam a resposta inflamatéria apdés a eliminagcdo microbiana dos
tecidos. Estas lipoxinas sao produzidas pelo metabolismo que envolve a via da
lipoxigenase do acido aracdénico, enquando as resolvinas sao sintetizadas a partir de
acidos graxos essenciais como o0 Omega-3 eixosapentaenoico e acido
docosahexanoico (SERHAN et al., 2008).

A P4 é o principal esteroide ovariano que comanda a capacidade do utero de
resistir a infecgcbes de acordo com os niveis circulantes. Em bovinos, elevadas
concentracbes promove uma redugdo na fungado imunoldgica e torna o utero
susceptivel a infecgdes (LEWIS, 2003b, 2004). Estudos realizados em bovinos, ovinos
e suinos mostraram menor susceptibilidade as infeccbes uterinas quando as
concentragbes de P4 eram basais comparado a fase Iutea, em que os niveis deste
horménio estavam elevados (RAMADAN et al., 1997; SEALS et al., 2002; LEWIS,
2003a, 2003b; WULSTER-RADCLIFFE et al., 2003). Vacas com distocias que,
posteriormente, apresentam retencdo de placenta, tém o utero colonizado por
bactérias durante o parto (LEWIS, 1997, 2003b), e apds a formagao do primeiro corpo
luteo (CL) pos-parto, a P4 desregula as fungdes imunolégicas uterinas favorecendo a
proliferacdo das bactérias (especialmente E. coli e T. pyogenes) com consequente
manifestagcdo de doenga uterina que, de acordo com Lewis (2003b), geralmente

persiste até a lutedlise.

Neste sentido, € compreensivel o motivo pelo qual a prostaglandina F2q (PGF24)
exdgena, com sua fungao luteolitica, se tornou o tratamento de eleicdo para vacas
com piometra sem evidéncias de fungao lutea (LEWIS, 1997). Veterinarios clinicos
afirmam que a PGF2q estimula a contragao uterina e, por consequéncia, a eliminagao
bacteriana juntamente com a Iéquia, porém, ndo contabilizam que as bactérias que

permanecem no utero e o novo CL com aumento de P4 favorecera o desenvolvimento
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de doenca (LEWIS, 2003a). Além disso, a literatura ndo permite inferir que as
contragdes uterinas promovidas pela PGF2qa sejam capazes de eliminar as bactérias
do utero (NIKOLAKOPOULOS; WATSON, 1999). Nesta revisdo, Lewis (2003b),
afirma que concentragdes basais de P4 e E2 sdo capazes de impedir a proliferagéo
bacteriana e garantir que o utero esteja protegido. Com isso, o autor infere que quando
as concentragbes de Ps4 sdo basais e a contaminagdo bacteriana nao é
suficientemente grave, a ponto de sobrecarregar as defesas uterinas causando

metrite, por exemplo, o utero € dito como resistente a infecgéo.

Durante o ciclo estral, quando ha reduc¢ao das concentracdes de P4, ocorre o
aumento do E2, da PGF2q uterina e de leucotrieno B4 (LTB4) endometrial dificultando
o desenvolvimento de infecgcdes (VAGNONI et al., 2001), pois a PGF2q promove um
aumento na quimiotaxia de neutrofilos e os LTB4 melhoram a capacidade destes
neutréfilos em promoverem a neutralizagdo e fagocitose bacteriana (LEWIS;
WULSTER-RADCLIFFE, 2006). O aumento das concentragdes de PGF2« em fungao
da administracdo exdgena de PGF2¢ aumenta a fosfolipase A2 (PLA2) e da
cicloxigenase 2 (COX2) (BINELLI et al., 2000; NARAYANSINGH et al., 2002). Este
aumento de PLA2 pode elevar os niveis de acido aracddnico livre que, por sua vez, é
utilizado para a producdo de metabdlitos da via da COX2, (como PGF2« e PGE2) e
lipoxigenase (como o LTB4) (LEWIS, 2004). Além disso, o fator de necrose tumoral a
(TNFa), que ajuda na regulacdo das respostas inflamatorias e citotoxicas, também
estimulam a produg¢ao de PGF2q« (MIYAMOTO et al., 2000; SKARZYNSKI et al., 2000;
LEWIS, 2004). Dessa forma, infere-se que o aumento da secrecao intrauterina de
PGF2q € LTB4 pode regular positivamente as fungdes imunolégicas e permitir que o
utero resolva e/ou previna infecgbes (SZEKERES-BARTHO et al., 2001; LEWIS,
2003b; LEWIS; WULSTER-RADCLIFFE, 2006).

3.3.4 Citocinas

Citocinas sdo polipeptideos ou glicoproteinas extracelulares, hidrossoluveis
cujo peso varia de 8 a 30 kDa, produzidas no local da lesdo por diversos tipos
celulares, ou por células do sistema imune, em fungao da ativacdo de MAPK. Por nao
serem armazenadas sob a forma de moléculas pré-formadas como os horménios, sua

atuacao acontece de maneira paracrina ou autécrina (LIN et al., 2000; OLIVEIRA et
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al., 2011). Diz-se que as citocinas sao pleiotrépicas, isto €, uma unica citocina pode
ser produzida por varios tipos celulares e ainda, agir também em diversos outros tipos
celulares (ZHANG & AN, 2009; OLIVEIRA et al., 2011). Quando ligadas aos seus
receptores, ativam mensageiros intracelulares reguladores da transcricao génica, e
com isto, influenciam diretamente na atividade, diferenciagao, proliferacéo e sobrevida
das células imunes. Além disso, modulam a produgao de outras citocinas de acordo
com o microambiente em que estao inseridas, podendo aumentar (pré-inflamatorias —
Th1) ou atenuar (anti-inflamatérias — Th2) a inflamagcdo (CURFS et al., 1997;
OLIVEIRA et al., 2011).

As citocinas compreendem os mediadores necessarias para conduzir a
resposta inflamatdria aos locais de lesédo e infecgdo, permitindo assim, adequada
cicatrizagdo da ferida. Entretanto, a produgdo exagerada de citocinas Th1 em uma
lesdo pode gerar instabilidade hemodinédmica, ou ainda, disturbios metabdlicos,
dependendo da extensao da lesdo. Além disso, quando ha citocinas Th1 em excesso
nas lesdes e infecgbes graves, podem ocorrer lesdes severas e/ou insuficiéncia de
orgaos-alvo, podendo culminar na morte do individuo. Nestes casos, a producao de
Th2 é importante para amenizar alguns efeitos indesejaveis (CURFS et al., 1997; LIN
et al., 2000; OLIVEIRA et al., 2011).

A funcao da resposta inflamatdria na producédo de dor nao é limitada apenas
aos efeitos produzidos pela migragdo de leucdcitos. Como ndo se conhece
exatamente a origem das citocinas pré-inflamatérias que participam da produgao de
dor, elas foram agrupadas em interleucinas (IL), fator de necrose tumoral (TNF),
quimiocinas, interferons (INF) e fatores de crescimento mesenquimal (RAEBURN et
al., 2002; OLIVEIRA et al., 2011).

3.3.4.1 Interleucina 18 (IL-1B)

Mais do que qualquer outra familia de citocinas, os membros da familia da
interleucina-1 (IL-1) estdo mais intimamente ligados a inflamagcdo prejudicial
(DINARELLO, 2011). Embora quase todos os tipos de microrganismos induzam IL-13
a partir da ligacédo a TLR, a IL-1 se induz in vivo e em mondcitos in vitro (DINARELLO
et al., 1987). Cerca de 15 minutos apds o estimulo de LPS aos mondcitos do sangue
humano, os niveis de mRNA da IL-1p aumentam e atingem seus niveis maximos em
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quatro horas, quando comeg¢am a declinar em funcdo da meia vida do mRNA. Porém,
comparado ao LPS, quando a propria IL-1 é utilizada como estimulante, os niveis de
MRNA da IL-1B sdo mantidos por mais de 24 horas (SCHINDLER et al., 1990).

Zheng et al. (1995) e Fantuzzi et al. (1997a) observaram que camundongos IL-
1B deficientes ndo apresentam doenca espontanea. Além disso, quando estes animais
receberam injecdo subcutanea de aguarras, diferente de seus controles selvagens,
nao manifestaram inflamagao aguda, anorexia, aumento nos niveis circulantes de IL-
6 e febre nas primeiras 24 horas. Quando estes animais tiveram peritonite induzida
por zymozan, a inflamagéo desenvolvida foi reduzida (FANTUZZI et al., 1997b). Em
contrapartida, os camundongos IL-1p3 deficientes apresentaram febre elevada em
resposta ao LPS, IL-1B ou IL-1a quando comparado ao controle selvagem (ALHEIM
et al.,, 1997), com pouca ou nenhuma expressdo de mRNA de leptina e da sintese
proteica de leptina (FAGGIONI ET AL., 1998).

A sintese de IL-1B se da sob a forma de proteina precursora (Pro-IL-18), que
por sua vez, nao é secretada em sua forma ativa enquanto nao for metabolizada pela
caspase-1. Esta citocina € amplamente expressa em neurbnios nociceptivos do
ganglio da raiz dorsal (LIN et al., 2000; RAEBURN et al., 2002; ZHANG & AN, 2009),
e induz resposta inflamatéria a partir da ativagao da ciclooxigenase-2 (COX-2), com
formacgao de PGE:2 no hipotalamo, causando febre (RAEBURN et al., 2002; WOLF et
al., 2008; ZHANG & AN, 2009). Esta citocina estimula linfécitos B e aumenta a
expressao de quimiocinas e moléculas de adeséo das células endoteliais vasculares,
levando a infiltracdo de células inflamatérias no espago extravascular. A ativagao de
neutréfilos e mondcitos para aumentar a fagocitose e morte bacteriana também
constitui uma fungéo da IL-1B (SICA et al., 1990; WANG et al., 1991; DINARELLO,
2002).

O sistema IL-1, sob as formas de IL-1B e IL-1R1 estd presente no trato
reprodutivo feminino e em embrides de varias espécies de mamiferos, inclusive em
bovinos, e desempenha um importante papel durante o desenvolvimento embrionario
(CORREIA-ALVAREZ et al., 2015). Em embrides humanos, a IL-1B é produzida na
fase inicial da gestacdo e em casos de fertilizacdo in vitro, € correlacionada a
implantagao bem-sucedida do embrido apds sua transferéncia para a cavidade uterina
(SHETH et al., 1991; BARANAO et al., 1997). Neste sentido, em mulheres, baixos
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niveis de IL-1B sao relacionados a ocorréncia de abortos recorrentes (VON WOLFF
et al., 2000). Em bovinos, a transcricdo aumentada de mRNA do gene IL-13 ocorre
durante a fase lutea inicial (dia 7 do ciclo estral), e sua supressao ocorre por volta dos
dias 13 a 16 do ciclo, numa fase tardia, mantendo o ambiente uterino com baixos
niveis de fatores pré-inflamatérios, como forma de antecipacéo a gestagéo (OLIVEIRA
et al., 2013). No inicio da gestagao bovina, ha uma queda nos niveis uterinos de IL-
1B e consequentemente, reducao da expressdo de NFkB (fator nuclear kappa B) e
das respostas inflamatorias decorrentes da ativacdo desta via, favorecendo o
processo de imunotolerancia uterina ao embrido. Neste periodo, a alta concentracao
de progesterona produzida pelo CL, inibe a liberacdo de prostaglandina Fa (PGFa)
por inibir a expressao de IL-18 (NOTHNICK & PATE, 1990).

A IL-1pB foi correlacionada com saude uterina em vacas, de modo que quanto
mais 0 gene era expresso em bidpsias endometriais na primeira semana pds-parto,
menor era a fertilidade do animal (HERATH et al., 2009b). Além disso, animais com
endometrite clinica e subclinica apresentam maior expressao do gene IL-13 quando

comparados aos saudaveis (ROCHE et al., 2009).

3.4.4.2 Interleucina 6 (IL-6)

Trata-se de uma glicoproteina com peso molecular variando de 22 a 27 kDa,
secretada por varios tipos celulares, como macréfagos, mondcitos, eosinofilos,
hepatécitos e células da glia. E um importante indutor de febre e ativador do eixo
hipotalamico-hipofisario-adrenal por meio de receptores a (IL-6Ra), € seus principais
indutores sao o TNFa e IL-1 (CURFS et al., 1997). Além disso, é considerada uma
citocina pleiotrépica capaz de regular o crescimento celular, angiogénese, inflamacgao
e hematopoiese (ALTUN et al., 2011).

A IL-6 constitui um dos mais precoces e importantes moduladores de sintese
das proteinas de fase aguda no figado apds estimulos de dor, como trauma, infecgdes,
gueimaduras e cirurgias. Também é considerada o marcador mais importante do grau
de lesao tecidual em procedimentos cirurgicos, haja visto que cerca de uma hora apos
a lesdo pode-se detectar a elevagao de concentragdes plasmaticas, com pico entre
quatro e seis horas ap6s a lesao (KATO et al., 1997; GEBHARD et al., 2000; LIN et
al., 2000).
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A IL-6 exerce tanto atividades pro-inflamatorias quanto anti-inflamatorias.
Dentre suas varias fungdes pode-se destacar que € uma citocina pro-inflamatéria
promotora de maturagdo e ativacdo de neutréfilos, maturagcdo de macrofagos e
diferenciacao de linfécitos-T citotdxicos e células natural killers (NK). Além disso,
contribui para a regeneragao de lesdo neuronal através da regulagdo da expressao
de neuropeptidios apds a lesao, bem como, pela ativagdo de astrocitos e microglia
(CURFS et al., 1997; LIN et al., 2000; RAEBURN et al., 2002). Entretanto, por meio
de feedback negativo, inibe a sintese de IL-1, interferon gama (IFNG) e TNF,
atenuando a sintese de proteinas pré-inflamatérias, ao mesmo tempo que estimula
discretamente, a sintese de citocinas anti-inflamatérias como IL-10 e fator de
crescimento transformador B (TGF-B) (SCHELLER et al.,, 2011), além de liberar
receptores soluveis de TNF (sTNFRs) e antagonista de receptores de IL-1 (IL-1AR)
no local da lesdo (CURFS et al., 1997; LIN et al., 2000; RAEBURN et al., 2002).

Em bovinos, verificou-se que a IL-6 pode ser essencial para a implantacido bem-
sucedida do embrido no utero (YANG et al.,, 2016), uma vez que suas maiores
concentragbes foram observadas na fase de alongamento e pré-implantagéo
embrionaria (MATHIALAGAN et al., 1992), que por sua vez, de acordo com Hansen
et al. (2010), s6 ocorre apds o 18° dia de gestacdo em bovinos. Em mulheres, a IL-6
¢é fator essencial para o desenvolvimento correto e adequado da placenta (GOYAL et
al., 2013), e baixas concentracdes desta citocina estéo relacionadas a aborto (VON
WOLFF et al., 2000). Além disso, sabe-se que o plasma seminal estimula a expresséo
de IL-6 em células epiteliais do endométrio in vitro e na auséncia de plasma seminal,
devido a ndo ocorréncia do estimulo, a expressao génica e as concentragdes de IL-6
reduzem a ponto de influenciar negativamente a ocorréncia da gestagao
(BROMFIELD et al., 2014).

3.4.4.3 Interleucina 8 (IL-8)

A IL-8 foi uma das primeiras citocinas descobertas. Outrora foi identificada
como quimiocina secretada por mondcitos ativos e macrofagos responsaveis pela
migragao coordenada e direcionada de células imunes como neutréfilos, basofilos e
linfocitos (BAGGIOLINI et al., 1989). Em seguida, devido as suas propriedades pro-

inflamatdrias, foi apontada como indicador de doengas inflamatérias e autoimunes.
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Diversos sao os fatores que podem influenciar na expressao de IL-8, com destaque
para aqueles que induzem estresse celular, como a produgao de espécies reativas de
oxigénio (ROS), privacao de nutrientes, hipoxia, secregao de fatores pré-inflamatdrios
como TNF, IL18 ou infiltragdo de macréfacos (SMYTH et al., 1991; KOCH et al., 1992;
HARADA et al., 1994).

Uma de suas fungdes é a de agente quimiotatico direcionador de neutrdfilos
para ajudar na remocao de patégenos do foco inflamatério (BAGGIOLINI, 2001). Em
bovinos, a IL-8 atua tanto no recrutamento como na ativacédo de neutréfilos durante os
processos inflamatoérios (GALLIGAN & COOMBER, 2000). As infecgdes causadas por
bactérias gram-negativas produzem maior aumento de |IL-8 no sangue do que aquelas
causadas por gram-positivas (BAL et al., 2017). Neste sentido, vacas diagnosticadas
com endometrite apresentam maior expressdo e secrecao de IL-8 do que vacas
saudaveis (GALVAO et al., 2011) e por isto, foi sugerido por Fischer et al. (2010), que
IL-8 fosse utilizado como marcador para a deteccdo de vacas com endometrite

subclinica.

Considerando a importancia da resposta imune inata para a manutengao da
saude uterina de vacas, faz-se necessario utilizar-se da pesquisa para compreender
0Ss mecanismos pelos quais o sistema imune atua, “preferindo” a ativagao de uma
determinada via inflamatdria ao se deparar com determinados tipos de DAMPs e/ou
PAMPs. Acreditamos que a histologia de cada regido do trato reprodutivo feminino
seja essencial para o reconhecimento destes agentes ou danos, bem como, para

atuacao do sistema imune inato no intuito de reestabelecer a homeostase.
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ABSTRACT - Infections of the bovine reproductive tract (RT) are one of the main
causes of involuntary culling of dairy cows and, comprehend the histology of the RT
may help in understanding the uterine innate immune response. We aimed to evaluate
the alterations of tissue layers dynamic among the different anatomical structures of
the bovine female RT focusing on the cervix and its transitional portions using
macroscopic and histological evaluations during follicular and luteal phases of the
estrous cycle. Samples from the cranial portion of the vagina, vagina-cervix transition,
cervix medial portion, cervix-endometrium transition, uterine caruncles and,
intercaruncular endometrium were collected and submitted to classic histological
process with HE stains. After that, the description of the observed characteristics of
each analyzed region was performed. The results showed that the cervix presents
more robust structure than the other portions of the RT. The histological profile of the
cervical transition portions characterized fundamental importance on homeostasis
maintenance. This is due to the presence of caliciform cells which produces mucous
with antimicrobial properties and function as a physical-chemical barrier against the
colonization of the RT by pathogenic microorganisms. We conclude that the gradual
epithelial change with the presence of mucous producer cells at the cervical transitional
portions that converge to the cervix is an important factor for the maintenance of that
immunity by constituting an effective antimicrobial barrier.

Keywords: cervical transitions, cervix, crossbred heifers, innate immunity

1 INTRODUCTION

The reproductive tract (RT) infections affects about 15 to 40% of dairy cows
during postpartum period while subclinical diseases could affect a higher number of
animals (DEGUILLAUME et al., 2012; SHELDON et al., 2009). These diseases are
known to be the mainly causes of involuntary culling of dairy cows (BONNEVILLE-
HEBERT et al., 2011; LEBLANC et al., 2002). Due to the reduction in milk production,
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elevated costs with treatment and replacement of cows these diseases represent an
annual cost of US$ 650 million in USA and €1.4 billion in European Union (SHELDON
et al., 2009).

The RT infections usually happens during postpartum period and are mostly
caused by bacteria, which can be Gram-negative (Escherichia coli) or Gram-positive
(Trueperella pyogenes) (GILBERT; SANTOS, 2016; SHELDON et al., 2002, 2010).
The response of the animals against infection depends of the strategies such as
resistance, defined as a capacity of reduction of pathogen load and, tolerance
described as the ability to limit the severity of the disease, tolerating a specific microbial
load (AMOS et al., 2014b; AYRES; SCHNEIDER, 2008; READ; GRAHAM; RABERG,
2008).

Both resistance and tolerance are disrupted by metabolic stress that commonly
occurs during postpartum period of dairy cows. The negative effect of energetic
metabolic stress on inflammatory response of pathogen associated molecular pattern
(PAMP) in bovine endometrial tissue was described by Turner et al. (2016). Noleto,
Saut and Sheldon (2017) showed that lower offer of glutamine influenced in vitro
endometrial inflammatory response after lipopolysaccharide (LPS) exposure. Turner,
Owens and Sheldon (2020) reported that glutamine privation reduce the viability of
cells from endometrial stroma when challenged with pyolisin (PLO), which is a

cholesterol-dependent cytolysin synthesized by Trueperella pyogenes.

The tolerance may vary depending on the cell type involved. Cells from
endometrial stroma are notably more sensible of cell lysis mediated by PLO than cell
from endometrial epithelium. These cells forms a physical barrier between uterine
lumen and stroma by a columnar endometrial epithelium (AMOS et al., 2014b).
However, this epithelium layer can be discontinued and expose the stroma due to
traumas related with calving and flaking of the surface of uterine caruncles about 12 to
14 days after calving (ARCHBALD et al., 1972; WAGNER; HANSEL, 1969).

Among the diseases that affect RT of bovine females, the postpartum
endometrial infections are the most common and notably more researched
(SHELDON; CRONIN; BROMFIELD, 2019; VAN SCHYNDEL; PASCOTTINI;
LEBLANC, 2018). However, in the last years great emphasis has been placed on the
inflammation and infection of cervical portion of the uterus, once the conception of dairy
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cows is directly related to diseases occurrence such as cervicitis and/or endometritis
(ALVARENGA et al., 2018; DEGUILLAUME et al., 2012). According to Deguillaume et
al. (2012) and Ahmadi et al. (2005) cows that develop endometritis and cervicitis
simultaneously have a higher risk to not conceive. Hartmann et al. (2016) and
Deguillaume et al. (2012) verified the occurrence of cervicitis of 76.9% and 42%,
respectively in Holstein dairy cows evaluated with less than 35 days postpartum (DPP).
The same authors also reported that 66.3% (HARTMANN et al., 2016) and 94%
(DEGUILLAUME et al.,, 2012) of evaluated cows did not present concomitant
endometrial infection, demonstrating the importance of cervicitis in purulent vaginal
discharge (PVD) during puerperal phase. In crossbred dairy cows culled by
reproductive problems after 60 DPP the prevalence of cytological endometritis found
was 12.1% and cervicitis was 6.1% (ALVARENGA et al., 2018).

The bovine cervix is a fibrous tubular organ with 6 to 13 cm of length and well
developed. It is composed of collagen type |, lll and, IV, proteoglycans, elastin,
reticulin, connective tissue associated with a smooth musculature, characterized by a
thick wall and constricted lumen. The arrangement of the cervical rings permits a safe
occlusion of the cervical canal, which slightly relaxes to allow the passage of sperm
during estrus due to hormonal action (SENGER, 2003; HAFEZ; HAFEZ, 2000;
WINKLER; RATH, 1999). During pregnancy the biochemistry composition and its
functional properties of the cervix changes, determined by parameters that regulates
the physical properties of connective tissue matrix. In this phase mucus producing cells
forms a barrier similar as a valve which separates uterine from vaginal lumen and
protects the fetus by avoiding the ascendancy of harmful agents (SAMUELSON,
2007). These alterations happen while gestation progresses and thus the collagenous
fiber network destruction leads to tissue depletion. From this moment due to a higher
vascularization and increase of glycoproteins concentration associated with matrix
components decrease, there is an increase in cervical volume about 8 times greater
than normal size. After calving, cervix returns to its original/non pregnant size due to
the action of enzymes and, synthesis of proteoglycans and hyaluronates, reduction of
hexuronate level and collagenous fiber network reorganization (HAFEZ; HAFEZ,
2000).

Considering the importance of anatomical structures of RT and the cellular

populations role in resistance and tolerance against infection agents to maintenance
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of uterine health, this study aimed to evaluate the dynamics of tissue layers changes
among anatomical structures of RT from bovine females with focus on cervical portions
and its transitions, using macroscopic and histological evaluations during follicular and

luteal phases of estrous cycle.

2 MATERIALS AND METHODS
2.1 Animals, housing and nutrition

This experiment was performed at the Laboratory of Health of Large Animals
(LASGRAN) from the Federal University of Uberlandia (UFU).

Crossbred (Nelore x Aberdeen Angus) beef virgin heifers (n = 6) with 18 months
of age and clinically healthy were used. The animals were all from the same farm
located in lturama, Minas Gerais, Brazil. The nutritional management was based on
pasture until 14 months of age and then the animal was moved to feedlot for the last 4

months. The sanitary program of the farm was also the same for all animals.

2.2 Blood and RT sampling collection

The blood (collected during bleed process) and RT samples were collected at a
commercial slaughterhouse. All samples were identified, placed on ice immediately

after collection and, transported to the laboratory for analyses within two hours.

2.3 Sample processing

2.3.1 Blood - the blood samples were centrifuged at 120 x g for 10 min at 4°C (Global
Trade 80-2B-15mL®). Serum samples were transferred for cryotubes and stored in a
—-80°C freezer until subsequent analysis. These samples were sent to the Hormonal
Dosing Laboratory (HDL) of Animal Reproduction Department of Veterinary Faculty of
Federal Fluminense University (UFF), Rio de Janeiro, Brazil. Progesterone (P4)
concentration in serum was determined by Radioimmunoassay (RIA) technique in solid
phase using commercial kits (ICN Pharmaceuticals, Ins.®, Costa Mesa, CA, USA). The
sensibility and intra assay coefficient of the test were 0.05 ng/mL and 11%,

respectively. All data was within maximum and minimal points of the curve. According
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to the progesterone serum concentration obtained, animals were classified in follicular
([P41 < 1ng/mL; n = 3) or luteal phase of the estrous cycle ([P4 > 1ng/mL; n = 3) (LIU
et al., 2018).

2.3.2 Uterus - after macroscopic evaluation of uterus samples to certify that there was
no disease and/or pregnancy evidence, fragments from cranial portion of the vagina,
vagina-cervix transition, cervix medial portion, cervix-endometrium transition, uterine
caruncles and, intercaruncular endometrium were collected (Figure 2.1). The samples
were fixed in 10% buffered formaldehyde and subsequent submitted to histological
processing, as performed by Alvarenga et al. (2018), adapted from the methodology
proposed by Tolosa; Rodrigues; Freitas Neto (2005). The fragments were sectioned at
5 um of size and the slides stained in Hematoxylin and Eosin (HE) and then evaluated

in an optical microscope (40X).

2.3.3 Data analyzes

For better both visualization and histological profile representation, all slides
were scanned in Leica ScanScope AT Turbo® (Amperio) equipment (20X) and

analyzed by Amperio ImageScope SVC (v12.3.3.5048)® software.

The histological evaluation of fragments from cranial portion of the vagina,
vagina-cervix transition, cervix medial portion, cervix-endometrium transition, uterine
caruncles and, intercaruncular endometrium were submitted to a descriptive analyze
using studies of Palomares et al., 2018, Thasmi et al. (2018) and Eurell and Frappier
(2006) as a reference. Inflammatory infiltrates were classified as mild, moderate and,

severe according to Gonzalez et al. (1985).

3 RESULTS

The results of histological evaluation will be present by region of the RT as well

as the variations observed, according to estrous cycle phase.

3.1 Cranial portion of the vagina
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In the cranial portion of the vagina a cubic stratified lining epithelium containing
3 to 11 layers (follicular phase) or 6 layers (luteal phase) was observed. The
submucous was constituted by loose connective tissue with congested blood vessels
and moderate neutrophils amount involved by fibrovascular connective tissue in
follicular phase. The muscular tunic was arranged in two layers (smooth internal circle
and smooth external longitudinal) and presented a moderate infiltrate of mononuclear
cells. The serosa in both phases was constituted by mesothelium and loose connective

tissue (Figure 2.2).

3.2 Vagina-cervix transition

In the region of transition between vagina and cervix an epithelium transition
was observed, frequently switching from columnar pseudostratified lining epithelium
with goblet cells and cubic stratified epithelium in both phases of the estrous cycle.
During follicular phase, in some regions there were evidences of discrete cervical rings
lined by simple columnar epithelium with goblet cell hypertrophy. During luteal phase,

these cervical rings seem to be thinner than those observed during follicular phase.

The submucous during follicular phase was constituted by loose connective
tissue with a discrete infiltrate of mononuclear cells and less thick than cranial portion
of the vagina. However, during luteal phase the connective tissue verified in
submucous was dense with a presence of a focal infiltrate of mononuclear cells and all
this layer was thinner than during follicular phase. In both phases of the estrous cycle,
the muscular tunic has two layers, and it was thicker than submucous region. The

serosa was constituted by mesothelium and loose connective tissue (Figure 2.3).

3.3 Cervix medial portion

In both phases of the estrous cycle, cervical rings lining by simple columnar
epithelium was verified although, during luteal phase these structures were smaller,
thinner and more widely spaced. The cervical submucous layer was composed by
dense connective tissue intensely vascularized regardless of the phase of the estrous

cycle. In this region the muscular tunic was rich in elastic fibers and the serosa was
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constituted by mesothelium and loose connective tissue in both phases of the estrous

cycle (Figure 2.4).

3.4 Uterus-cervix transition

In the region of transition between the uterus and cervix a columnar
pseudostratified epithelium with goblet cells was noted, switching from cubic stratified
epithelium areas and the presence of discrete cervical rings in both phases of the

estrous cycle.

During follicular phase was possible to observe the presence of simple tubular
or spiral endometrial glands, lining by ciliated columnar pseudostratified epithelium
with congested blood vessels involved by edematous loose connective tissue. During
luteal phase the submucous has a large amount of was also involved by tubular or

spiral endometrial glands involved by dense connective tissue.

In both phases of the estrous cycle the muscular tunic was composed by two
layers. However, a congested vascular stratum and the presence of interstitial edema
in the inner circular layer was detected during follicular phase. Also, in both phases of
the estrous cycle the serosa layer was constituted by mesothelium and loose

connective tissue (Figure 2.5).

3.5 Uterine caruncles

In follicular phase the endometrium was composed by dense connective tissue
intensely vascularized with a columnar pseudostratified lining epithelium. The
myometrium has two layers with an evident vascular stratum and a discrete lymphocyte
infiltrate was observed in both phases of the estrous cycle. In luteal phase was verified
that the compact stratum was thicker than in the follicular phase. The serosa was
constituted by mesothelium and loose connective tissue in both phases of the estrous
cycle (Figure 2.6).

3.6 Intercaruncular endometrium
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In the region of intercaruncular endometrium a simple columnar lining epithelium
was observed during follicular phase, while in luteal phase the epithelium was the
pseudostratified type. In the submucous during follicular phase a compact stratum of
dense and vascularized connective tissue was verified. The spongy stratum was
composed by simple tubular and/or spiral glands with simple columnar ciliate
epithelium and congested blood vessels involved by loose connective tissue. During
the luteal phase, a spongy stratum less vascularized with endometrial glands was

observed.

In both phases, the myometrium was presented in two layers and, during
follicular phase the presence of a discrete polymorphonuclear infiltrate in the
longitudinal external layer was detected. The perimetrium was constituted by loose
connective tissue and lined by simple cubic epithelium in both phases of the estrous

cycle (Figure 2.7).

3.7 Regions of RT in both phases of estrous cycle

After histological evaluation of all regions of RT, a representative illustration was
performed, showing with more details the mainly differences among epithelium and its

transitions during follicular and luteal phases of estrous cycle (Figure 8).

4 DISCUSSION

The cellular components of bovine female RT, especially the endometrium, has
been shown very important in creating an efficient innate immune response against
pathogenic agents that invade uterine environment during copulation or calving
(SHELDON et al., 2009). Many research demonstrated that epithelial and stromal cells
are able to express TLR-4 mRNA and secrete IL-6 and IL-8 as a response to LPS
challenge (HERATH et al., 2006). These cells also answer to lipopeptides with an
accumulation of IL-6 and IL-8 (TURNER et al., 2014). Endometrial tissue ex vivo
cultured produced the cytokines IL-13, IL-6 and IL-8 as an answer against Gram-
positive and Gram-negative bacteria and their molecules associated with pathogens
(SAUT et al., 2014; BORGES; HEALEY; SHELDON, 2012).
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The post-partum comprehends a period of big challenge for RT of high
producing dairy cows, because the epithelium layer can be discontinued exposing
internal layers, in addition to the physiological process of flaking of uterine caruncles
(ARCHBALD et al., 1972; WAGNER; HANSEL, 1969). Therefore, we pretended with
this study to contribute with a better understanding about the subject and visualize the
dynamics of the histological changes of RT, especially in the transition regions (vagina-
cervix and cervix-uterus). This research used only bovine females that have never

been submitted to any reproductive management and which were clinically healthy.

The literature is still scarce when referring to inflammation and infection of
cervical portion of the uterus. However, even with a lower incidence when compared
to endometritis (ALVARENGA et al., 2018; DEGUILLAUME et al., 2012; AHMADI et
al., 2005), cervicitis also interfere negatively in reproductive performance of dairy cows
(LEBLANC, 2014; DEGUILLAUME et al., 2012; AHMADI et al., 2005). It is unclear if
cervicitis is an isolated process and independent of other portions of RT or if it is related
to inflammatory processes of the endometrium, once the majority of the researches
were performed to clarify the mechanisms by which the endometrial affections
influence the uterine innate immune response (PALOMARES et al., 2018; SHELDON,;
CRONIN; BROMFIELD, 2019; PALOMARES et al., 2018; TURNER et al., 2014). It is
known that cows that develop cervicitis and endometritis simultaneously presents a
decrease in reproductive indexes due to the delay in conception (HARTMANN et al.,
2016; DEGUILLAUME et al., 2012). These authors reported that cervicitis can be
develop by 42 and 76% of Holstein cows until 35 DPP, while endometritis can reach
247% of cows between 21 and 50 DPP (LUENGO et al., 2019), compromising
reproductive indexes and causing subfertility in these animals (SHELDON; OWENS;
TURNER, 2017).

The results obtained in the present study demonstrated that the cervix has a
more robust structure than the other portions of the RT. According to other studies
(SENGER, 2003; HAFEZ; HAFEZ, 2000; WINKLER; RATH, 1999), the fiber elastic
characteristic of the cervix associated with the presence of spheric cells ensure mucus
production which has the role of keeping the cervical canal closed so that the uterus is
not affected by infections. In this way, we understand that cervical rings also acts as a
physical barrier by making difficult the passage of microorganisms and as a chemical

barrier due to its large surface mucus producer (BANKS, 1992). These characteristics
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are due to the simple columnar epithelium with spheric cells and the antimicrobial
properties of the mucus (DADARWAL; PALMER; GRIEBEL, 2017).

The cervical canal opening that happens during follicular phase is due to a
strong influence of estrogen. However, to ensure that the uterine environment will not
be colonized by pathogenic agents, the cervical mucus in this phase despite having a
more fluid appearance has elements that makes its pH improper for microbes’ survival
or at least for the majority of these agents. These microbes death is related with the
release of reactive oxygen species (ROS) by apoptosis and defense cells as reported
by Bornhofft et al. (2019). In the present study, considering that the used heifers were
not submitted to any type of reproductive management, the cervical rings were visibly
more discrete than those from old cows, which suggest that beyond ovarian hormones

the parity influences the way the cervical rings present.

It is important to note that there was no histological difference among follicular
and luteal phases in submucous, muscular tunic and serosa, which followed the
pattern the pattern described in the literature. Other authors reported that submucous
is composed by loose connective tissue, muscular tunic has two layers and, serosa is
constituted by mesothelium and loose connective tissue (BACHA JR.; BACHA, 2003;
BANKS, 1992; DELLMANN; BROWN, 1982).

The histological profile verified in cranial portion of the vagina, cervix and,
intercaruncular endometrium are compatible with hormonal variations for necessary
changes in each stage of the estrous cycle described in the literature. The cited
changes are the proliferation of endometrial glands and the hyperplasia that provides
a greater number of epithelial layers in the vagina, often observed in the follicular phase
in order to prepare the uterus to receive the conceptus (BACHA JR.; BACHA, 2003;
BANKS, 1992). In the same way, during the luteal phase the tubular profile of
endometrial glands associated with a reduction in the number of cellular layers of
vaginal epithelium is due to the fact that progesterone influence in this phase leads to
a secretory property of RT structures. This secretion has the objective to provide to the
embryo an adequate uterine environment for development, as described by Blazquez
et al. (1987).

The gradual alteration in histological profile from cranial portion of the vagina
until the cervix allows us to infer that the cervix is responsible to block the majority of
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the threats to the uterus (BORNHOFFT et al., 2019). In this way, the presence of
neutrophilic and mononuclear infiltrates in cranial portion of the vagina, vagina-cervix
transition and cervix during follicular phase can be justified by the fact that the vagina
is constantly challenged by pathogenic agents. Also, the cervical opening during estrus
makes the uterus more accessible to invading agents that are barred by defense
mechanisms of these RT portions. During the luteal phase the permanency of these
infiltrates in the vagina and vagina-cervix transition can be explained by the necessity
of phagocytosis of epithelial apoptotic cells and microorganisms that have been
combated. Bornhofft et al. (2019) demonstrated that although cervical mucins are not
the only immuno-modulating biomolecules of the bovine female RT, they are capable
of modulating the immune response regardless of the stage of the estrous cycle,

producing neutrophilic extracellular traps that neutralize microbes.

The cervix play an essential role in RT homeostasis and immunity maintenance,
acting as a physical barrier against contaminants and promoting spermatic
capacitation after copulation (HAFEZ; HAFEZ, 2000). Furthermore, due to mucus
production by spheric cells and submucous glands, cervix is a chemical barrier against
microorganisms which try to reach the uterus to cause infection (BORNHOFFT et al.,
2019; SAMUELSON, 2007; HAFEZ; HAFEZ, 2000). According to Bornhofft et al.
(2019), the cervical mucus set extracellular traps of neutrophils with the aim to barred
microorganisms and sperm cells during capacitation by phagocytosis. Moreover,
neutrophils, microorganisms and, dead cells release ROS that compromises sperm

and bacteria survival.

The fact that the uterine portions do not have spheric cells suggests that they
do not require such aggressive immune responses against pathogens, since most of
them are retained by cervical mucus. In addition, for this reason it is suggested that
the epithelium of these portions no longer needs a large number of cell layers.
According to Sheldon, Cronin and Bromfield, (2019), more important than uterine
immunity, is the tolerance to infections of tissues. Thus, these authors reported that a
failure in tolerance to pathogens allows for tissue colonization and, consequently, the
development of the inflammatory process and installation of infections, due to the

rupture of homeostasis.
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The wvulva, vagina, cervix and cervical mucus tampon which constitutes
protective physical barriers of the uterus during pregnancy are broken at the time of
calving. In humans, the presence of Lactobacillus represents 70% of normal vaginal
microbiome and contributes for acidification of the vaginal environment (pH = 4.5),
making this portion improper for microbial development (MILLER et al., 2016). In cows
the proportion of this Lactobacillus is only 1% when compared to women, thus the
vaginal pH of cows is consider neutral when compared to human (SHELDON;
CRONIN; BROMFIELD, 2019). The mucus epithelial layer is a considerable obstacle
for the microbes to reach the epithelium. This mucus secretion is under the influence
of ovarian steroids hormones (SHELDON; CRONIN; BROMFIELD, 2019), but it
increases in face of a LPS challenge (DAVIES et al., 2008).

The present study sought to elucidate the dynamics of the histological profile of
the RT with special attention to the transitions of the cervix and to correlate with the
maintenance of resistance and tolerance against microorganisms. The authors
understand that future research should be carried out in order to establish a direct
correlation that allows to elucidate the role of the cervix in the profile of the bovine
female RT immune response and, therefore, to seek mechanisms that improve the
defense against infections at the time of greatest challenge such as calving and post-

partum period.

5 CONCLUSION

The gradual epithelial alteration with the presence of mucus producing cells in
cervical transitions which converges to the cervix is an important factor for immunity

maintenance due to its effective antimicrobial barrier function.
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Itercaruncular endometrium

Uterine caruncle

Uterus-cerevix transition
Cervix medial portion

Vagina-cervixtransition

Cranial portion of the vagina

Figura 2.1: Reproductive tract regions of crossbred beef heifers for culture and
histological profile analyzes.

A

Figura 2. 2: Histology (HE) of cranial portion of vagina of crossbred beef heifers during
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follicular (A) and luteal (B) phases of the estrous cycle of cellular layers of epithelium and an
increase of submucous and muscular tunic during luteal phase.

Figura 2.3: Histology (HE) of vagina-cervix transition of crossbred beef heifers during
follicular (A) and luteal (B) phases of the estrous cycle. Note that the muscle layer is thicker
during follicular than luteal phase.

2 mm

Figura 2. 4: Histology (HE) of cervix medium portion of crossbred beef heifers during follicular
(A) and luteal (B) phases of the estrous cycle.

Figura 2.5: Histology (HE) of cervix-endometrium transition of crossbred beef heifers during
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follicular (A) and luteal (B) phases of the estrous cycle. Note that submucous layer has a higher
number of endometrial glands during luteal phase compared to follicular phase. Also serous
layer is thicker during luteal than follicular phase.

Figura 2.6: Histology (HE) of uterine caruncles of crossbred beef heifers during follicular (A)
and luteal (B) phases of the estrous cycle. Note that muscle layer is thicker during the luteal
than follicular phase.

Figura 2.7: Histology (HE) of intercaruncular endometrium of crossbred beef heifers during
follicular (A) and luteal (B) phases of the estrous cycle.
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Figure 2.8: Histological illustration of the epithelium of reproductive tract of crossbred beef
heifers during follicular (above) and luteal (bellow) phases of the estrous cycle. Note the
epithelial differences among regions of the reproductive tract. Vagina (A), vagina-cervix
transition (B), cervix (C), cervix-uterus transition (D), intercaruncular region (E) and, uterine
caruncle (F).
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CAPITULO 3 - Production of proinflammatory cytokines in regions of the

reproductive tract of heifers after challenged with lipopolysaccharide
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Production of proinflammatory cytokines in regions of the reproductive tract of

heifers after challenged with lipopolysaccharide

P. B. de Alvarenga't!, A. L. Rezende'?, V. A. Martinez?t, A. B. Cardoso Neto'f, D. F.
Vaz?T, D. O. Gomes't, V. S. Marques?t, A. F. Coleto', L. H. V. Neves 33, R. M. dos
Santos*!, F. Z. Brandao®* J. P. E. Saut*f

ABSTRACT

We aimed to verify the innate immune response mediated by the proinflammatory
cytokines interleukin (IL)-183, IL-6, and IL-8 in six different ex vivo regions of the female
bovine reproductive tract (RT), collected from 43 crossbred beef heifers in the follicular
(n =10) and luteal (n = 33) phases of the estrous cycle, after challenged in vitro with 1
pg/mL of lipopolysaccharide (LPS) for 24 h. We evaluated the interaction between
treatments and phases of the estrous cycle using two-way ANOVA, followed by the
Bonferroni post-test (P < 0.05); between RT regions, we used one-way ANOVA or the
Kruskal-Wallis test (P < 0.05). There was significant cytokine production due to LPS
challenge in all portions of the RT, regardless of the estrous cycle phase. We conclude
that the production of IL-6 and IL-8 after LPS challenge in vitro is higher in the cervical
transitions than to the the caruncular endometrium collected from crossbred heifers.
The effects of estrous cycle phase at the moment of tissue collection are not detected
in the IL-1B, IL-6, and IL-8 response in vitro after LPS challenge.

Keywords: proinflammatory cytokines, crossbred heifers, uterus.

1 INTRODUCTION

Uterine infections directly impact the reproductive efficiency of dairy herds;
indeed, they are one of the main causes of infertility, leading to involuntary culling and
causing expressive economic losses to producers (Sheldon et al., 2009). These
infections can affect between 15% and 40% of the dairy cows in the postpartum period
(Deguillaume et al., 2012) and decrease the chances of conception when associated

with endometritis and cervicitis (Ahmadi et al., 2005; Deguillaume et al., 2012).

Fertility in cows depends on immunological modulation, which is promoted by
steroid hormones that regulate the estrous cycle. This allows the reproductive tract

(RT) to respond in different ways to various events (Sheldon et al., 2017) and may
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favor the occurrence of uterine infections during the postpartum period (Leblanc, 2012;
Hansen, 2013; Williams, 2013). Negative energy balance worsens the situation and
this also predisposes the cows to non-uterine puerperal diseases that compromises
milk production and the return to cyclicity postpartum (Lewis, 1997; Sordillo et al., 2009;
Ribeiro et al., 2016).

Lesions and trauma caused by parturition break the physical integrity of the
endometrial epithelia, which exposes the stromal cells to infectious agents (Potter et
al., 2010; Sheldon et al., 2017). Besides, some dysfunctions such as retained placenta
increase the risk of uterine infections (Potter et al., 2010). The contact between the
endometrial epithelium and pathogenic microorganisms activates the innate and
adaptive immune response in cattle (Martins et al., 2013; Potter et al., 2010). Innate
immunity is responsible for detecting invading agents and for controlling uterine
contamination in cows. It triggers phagocytosis and inflammation against invading
microorganisms and only if it fails, the adaptive immunity will be activated (Janeway
Jr. and Medzhitov, 2002; Takeuchi and Akira, 2010).

The immune system first recognizes the invading microorganisms by microbe
associated molecular patterns (MAMPs) (Martins and Borges, 2015). The most known
microbial patterns are the Toll-like receptors (TLRs), which are transmembrane
proteins capable of identifying MAMPs and triggering the innate immune response. In
cows with uterine infections, Herath et al. (2006) showed that endometrial challenge
with inactivated Escherichia coli or lipopolysaccharide (LPS) increased transcription of
TLR4 and led to an increase in prostaglandin (PG) and pro-inflammatory cytokines
production. According to Potter et al. (2010), TLR4 recognizes LPS through cluster of
differentiation 14 (CD14) and myeloid differentiation protein 2 (MD2) co-receptors and
induces a response through secretion of interleukin (IL)-6, IL-8, and PGE2. Based on
these findings, it appears that the innate immune response associated with pathogens
depends on the action of various cellular types, not only specialized immune cells
(Sheldon et al., 2014).

Considering that the bovine female reproductive tract may show distinct immune
response in uterine regions, also under the influence of ovarian steroid hormones, we
aimed to verify the intensity of the innate immune response mediated by the pro-
inflammatory cytokines IL-18, IL-6, and IL-8 in ex vivo regions of the female bovine
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reproductive tract collected form crossbred heifers in the follicular and luteal phases of

the estrous cycle after an in vitro challenge with LPS.

2 MATERIAL AND METHODS
2.1 Animals and Location of Experiments

This study was conducted at the Large Animals Health Laboratory (LASGRAN)
of the Universidade Federal de Uberlandia (UFU), using the reproductive tract of 43
beef cattle heifers, crossbred of the same genetic composition (2 Nelore x %
Aberdeen Angus), from a commercial farm at Uberlandia, Minas Gerais, Brazil. The
heifers were on average 18 months old and clinically healthy. At the farm the heifers
had the same nutrition and health status, were kept in pasture until 14 months of age,
and were finished in a feedlot system for 120 days before slaughter. They were never

subjected to reproductive management.

2.2 Sample Collection and Processing

Blood samples from bleeding trail and the RT from the heifers were collected at
a commercial slaughterhouse from August 2018 to March 2019. All the material was
properly identified, conditioned in insulated boxes, and referred to the laboratory for

analysis and processing within a maximum of 2 h.

2.3 Sample Processing

Blood. The blood samples were centrifuged at 3000 G for 10 min in a
serological centrifuge (Global Trade 80-2B-15mL) for separation of serum that was
then transferred to cryotubes and maintained in an ultra-freezer at -80°C until
submission to the Hormonal Dosage Laboratory (DHL) from the Reproduction Sector
of the Veterinary School of the Universidade Federal Fluminense (UFF). Progesterone
(P4) was measured using a commercial solid phase radioimmunoassay kit (ICN
Pharmaceuticals, Inc., Costa Mesa, CA, USA). The sensitivity and intra-assay
coefficient were 0.05 ng/mL and 11%, respectively. All data were located between the

minimal and maximal point of the curve. The measured P4 serum concentration was
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used to classify the cows according to their estrous cycle phase: follicular (P4 < 1

ng/mL; n = 10) or luteal (P4 > 1 ng/mL; n = 33), according to Liu et al. (2018).

Bovine Female Reproductive Tract Sample Processing. The RT of each
heifer was processed after macroscopic evaluation to certify the absence of any
alterations and/or evidence of lesions and/or gestation, followed by external cleaning
with 70% ethanol and opening with sterile scissors from the apex of the ipsilateral horn
to the dominant ovarian structure (functional corpus luteum or dominant follicle). Then,
the exposed endometrium was cleaned using a solution of Dulbecco’s phosphate-
buffered saline (D-PBS; Sigma-Aldrich, Dorset, UK) with penicillin (10,000 IU/mL),
streptomycin (10,000 pg/mL), and amphotericin B (25 ug/mL) (100x Antibiotic-
Antimycotic, Gibco, New York, United States). Uterine tissues (explants) were
removed from the epithelial layer by using a sterile 8 mm-diameter biopsy punches
(KRUUSE®, Langeskov, Denmark) (Figure 3.1).

Two explants were collected from the epithelium of each region of the RT:
vagina, vagina—cervix transition, medial cervix, cervix—endometrium transition, uterine
caruncle, and intercaruncular endometrium of both uterine horns, adding a total of 12
explants per animal. The explants were submerged in Hank’s balanced salt solution
(HBSS; Sigma-Aldrich, Saint Louis, MO, United States) enriched with penicillin (10,000
[I/mL), streptomycin (10,000 pg/mL), and amphotericin B (25 ug/mL) (100x Antibiotic-
Antimycotic, Gibco). Each explant was washed three times in a biosafety cabinet and
then transferred to a 24-well cell culture plate free from DNAse, RNAse and pyrogens
(K12-24, Kasvi, Curitiba, Brazil), with one explant per well. All possible measures to
avoid extensive manipulations of the samples were made. For this purpose, specifically
in cervical explants, a greater amount of D-PBS was used slightly with penicillin,
streptomycin and amphoterecin B to remove excess mucus in the mucosa of that

region.

After washing, the explants were cultured at 37°C and 5% COz2in 24-well cell
culture plates for 24 h (Saut et al., 2014; Noleto et al., 2017). Each well contained 2
mL of the solution with the respective proposed treatments: control media with RPMI
1640 (Gibco) plus 10% fetal bovine serum (Sigma-Aldrich); 10,000 Ul/mL penicillin,
10,000 pg/mL streptomycin, and 25 ug/mL amphotericin B (Gibco); and 1 ug/mL LPS
derived from E. coli 0111:B4 (L2880, Sigma-Aldrich). After culturing for 24 h, the

77



supernatant was collected to measure pro-inflammatory cytokines (IL-1f3, IL-6, and IL-

8) using enzyme-linked immunosorbent assays (ELISAS).

The IL-1B, IL-6, and IL-8 production profiles were measured following the
instructions from the manufacturer described at the ELISA kits specific for each
cytokine (Bovine IL-6 Reagent Kit, Thermo Scientific, Rockford, IL, United States;
Bovine IL-18 ELISA Kit, Invitrogen, Vienna, Austria; Human IL-8/CXCL8 ELISA Kit,
DuoSet, R&D Systems, Minneapolis, MN, United States). Optical density was
measured at 450 and 550 nm for IL-13 and IL-6 or 450 and 540 nm for IL-8, according
to the product specifications, using an EspectraMax M2 / M2¢ device (Molecular
Devices Corporation, San Jose, CA, United States). The values were transferred to a
Microsoft Excel spreadsheet. Data were then analyzed using MyAssays Analysis
Software Solutions (https://www.myassays.com/home.aspx) to obtain IL values
(pg/mL) in the analyzed supernatants. For each RT region, the cytokine production
after LPS challenge was expressed as a percent of the respective control, which was

considered 100%.

2.4 Statistical Analysis

Prism 6 (GraphPad Software Inc., San Diego, CA, United States) was used for
statistical analysis and to generate graphs. Animal factor was considered as an
experimental unit. Data were initially tabulated in Excel spreadsheets and descriptive
statistics were presented as mean, standard error of the mean and percentage. Two-
way analysis of variance (ANOVA) followed by the Bonferroni multiple comparison test
was used to evaluate the interaction between treatments (control x LPS) and estrous
cycle (follicular x luteal) of the cytokine production in each RT region. One-way ANOVA
followed by the Bonferroni multiple comparison test (parametric data) or the Kruskal—
Wallis test (nonparametric data) was used to compare the production of cytokines
within the RT regions. Statistical significance was defined as P < 0.05 for the main
effects and interactions, and a tendency was defined as 0.05 < P < 0.10 (Piersanti et
al., 2019).

3 RESULTS
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Comparing the responses between RT regions after 24-h challenge with LPS
small changes were observed in the intensity of the cytokine production evaluated in
this study. (Figure 3.2). In the follicular phase, IL-6 production by the cervix—
endometrium transition was 9.7 times higher than the caruncle region (Figure 3.2C).
Moreover, in the luteal phase, the vagina—cervix transition produced 6.2 times more

IL-8 than the caruncle region (Figure 3.2F).

After evaluating the influence of the estrous cycle phase on the immune
response of each RT region, we verified that the ovarian hormones, which were
circulating until slaughter, did not influence pro-inflammatory cytokine production in the
tissue explants of the analyzed regions when challenged with LPS in vitro (Figures 3.3
— 3.5), except in the intercaruncular endometrium (Figure 3.4C). The IL-8 production
from intercaruncular endometrium during the luteal phase was 4.4 times higher than
the follicular phase (Pphases = 0.0295). Therefore, that was the only RT region where
ovarian hormones affected the inflammatory response against LPS challenge (Figure
3.4C). The caruncular endometrium was not influenced by the ovarian hormones with

regard to cytokine production after LPS challenge (Figure 3.3D — 3.3F).

In the cervix and its transitions (vagina—cervix and cervix—endometrium), there
was mucus production during the 24-h LPS challenge, which made it hard to obtain
the supernatant of some explants to measure IL production. In these regions LPS
challenge markedly increased IL-18, IL-6, and IL-8 production (Figure 3.4). The highest
IL-6 production occurred in the cervix—endometrium transition explants, with an
average increase of 16.7 times compared with the respective control groups (Figure
3.4H), followed by the vagina—cervix transition, which showed an average of 10 times
more IL-8 production compared with the respective control groups (Figure 3.5C),
regardless of the estrous cycle phase. The highest IL-1B production occurred in the
cervix—endometrium transition, with an average of 3.4 times more production

compared with the control (Figure 3.5G).

In the vaginal tissue explants (Figure 3.5), compared with the control group, LPS
challenge led to similar IL-6 and IL-8 production, whereas the intensity of the response
mediated by IL-13 was comparatively low. In this region, the estrous cycle phase did
not influence the immune response mediated by IL-1pB, IL-6, and IL-8.
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4 DISCUSSION

To the best of our knowledge, this is the first study that aimed to understand and
demonstrate the production dynamics of the proinflammatory cytokines IL-13, IL-6, and
IL-8 in different parts of the bovine female reproductive tract, including the transitions
of the cervical region. In addition, we compared the luteal and follicular phases to
identify the possible effects of the estrous cycle on cytokine production in different

portions of the reproductive tract.

We used beef heifers as the animal model based on previous studies: Rezende
(2016), who did not find any difference in the production of proinflammatory cytokines
IL-18 and IL-6 between crossbred dairy cows and Zebu cows challenged with different
LPS concentrations in vitro, and Saut et al. (2014), who evaluated the same cytokines

after LPS challenge in endometrial cell cultures of beef and dairy European breeds.

The inclusion of the cervix transitions is justified by the fact that the epithelial
cells participate in the immune response either as a mechanical barrier to bacterial
infections through the formation of cervical folds or through the production of mucus
by goblet cells (Banks, 1992; Breeveld-Dwarkasing et al., 2000; Amos et al., 2014) that
have some antimicrobial properties (Dadarwal et al., 2017; Bornhofft et al., 2019).
Given that the epithelium changes throughout these transitions, we hypothesized that
the production of cytokines may also change. Based on our findings, we partially
accept the hypothesis that the different parts of the bovine female RT respond
differently to LPS challenge. However, we did not observe any pattern that could
correlate P4 serum levels with the evaluated cytokines and/or the estrous cycle phase
of the animals at slaughter. The most important differences were in the anatomical
transitions of the cervix, which showed higher cytokine production compared with the
caruncular endometrium. This could be explained by the fact that the caruncles have
a direct communication with the placenta (Atkinson et al., 1984); thus, higher
proinflammatory cytokine production at this region would trigger an inflammatory

response that could culminate in fetal death.

According to our data, the higher occurrence of endometritis compared with
cervicitis, as described in the literature by Ahmadi et al. (2005) and Deguillaume et al.
(2012), can be partially explained by the greater IL-6 and IL-8 production observed in

the cervical transitions compared with the endometrium, mainly the caruncular
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endometrium. Those regions had an average 10 times greater cytokine production
compared with the respective controls; these elevated cytokine levels stimulate
chemotaxis of immune cells to these regions, making them more efficient in combating
pathogenic microorganisms in the cervical area compared with the endometrium.
Hartmann et al. (2016) claimed that moderate and severe cervicitis can affect the
conception rate up to 200 days postpartum, resulting in low reproductive efficiency.
Furthermore, endometritis and cervicitis occurring simultaneously may be responsible

for the occurrence of subfertility in cows (Hartmann et al., 2016).

At the endometrial portion of the RT, we expected lower IL-13, IL-6, and IL-8
production during the luteal phase compared with the follicular phase, due to the
immunosuppression caused by the low levels of estrogen, as well as high P4 levels,
which reduce the activity of neutrophils and other defense cells and favor the
establishment of infections in the reproductive tract (Borges et al., 2012; Fischer et al.,
2010; Lewis, 2004). According to Martins and Borges (2015), the susceptibility to
endometrial infections is reduced during diestrus to prepare the uterus to receive an
embryo. However, Saut et al. (2014) claimed that exogenous ovarium hormones do
not cause an alteration in immune response when using endometrial tissue cultures or
epithelial and stromal cells of the endometrium in vitro. The epithelial cells of the
endometrium are responsible for the first defense against pathogens and cytokine
production, which is responsible for recruitment and activation of innate and adaptive
immune system cells. In women, the secretion of those cytokines is regulated by
estradiol, which controls their action against infections (Wira et al., 2010). In cows, high
estradiol levels also stimulate the innate immune response in the RT, a phenomenon

that allows more effective responses for fighting infections (Borges et al., 2012).

To our surprise, both estrogen and P4 that sensitized the RT at the time of the
collection did not influence the intensity of cytokine production in the RT tissue
explants, with the exception of IL-8 in the intercaruncular endometrium. This probably
occurred to maintain the dynamic balance of capability and effectiveness of the
immune response by the epithelial cells, because they are capable of distinguishing
pathogens, commensal microorganisms, allogenic sperm, and the developing fetus,
such as it occurs in women (Wira and Fahey, 2004; Wira et al., 2005; Fahey et al.,
2008), to avoid the occurrence of an exacerbated inflammatory process, which can
damage the RT.
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When comparing the RT regions, we expected that the intensity in the
production of the cytokines evaluated from the medial-cervix tissue would be higher
than its transitions. The fact that the highest IL-6 and IL-8 production occurred at the
cervical transitions (vagina—cervix in the follicular phase and cervix—endometrium in
the luteal phase, respectively) shows the importance, particularities, and specific
characteristics of each RT segment. This fact underscores the necessity of further
studies to understand the role of these regions in the RT immune response against

infectious agents.

The vagina has direct contact with the external environment through the
vestibule, and it is the last anatomical barrier before the cervix. Mucus-producing cells,
which are important for combatting microorganisms along with the physical barrier
provided by the epithelial layer, are not present in this region. Thus, the immune
response has to be efficient to eliminate as many microorganisms as possible
(Bornhofft et al., 2019); this response comprises cell tolerance and resistance (Ayres
and Schneider, 2008; Read et al., 2008; Amos et al., 2014; Turner et al., 2016). This
might be the reason that IL-13, IL-6, and IL-8 production in this region was similar

regardless to estrous cycle phases in this study.

5 CONCLUSION

In conclusion, the production of IL-18 and IL-8 after LPS challenge in vitro is
higher in the cervical transitions than to the caruncular endometrium collected from
crossbred heifers. The effects of estrous cycle phase at the moment of tissue collection

are not detected in the IL-1p, IL-6, and IL-8 response in vitro after LPS challenge.
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Figura 3.1: Collection spots of explants in different regions of the uterus for culture
and measurement of interleukins. A (vagina); B (transition vagina-cervix); C (medial
cervix); D (transition cervix-endometrium); E (caruncle); F (intercaruncular
endometrium).
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Figura 3.2: Production of IL-1B3, IL-6 and IL-8 by the different regions of the bovine
female reproductive tract of crossbred heifers in the follicular and luteal phases of the
estrous cycle challenged with 1ug/mL of LPS of E. coli after in vitro culture for 24 hours.
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Production compared to the respective control groups (100%): A = IL-13 in the follicular
phase; B = IL-1p3 in the luteal phase; C = IL-6 in the follicular phase; D = IL-6 in the
luteal phase; E = IL-8 in the follicular phase; F = IL-8 in the luteal phase. Uberlandia —
MG. The results are presented in mean + standard error of the mean. P = one-way
ANOVA between regions.
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Figura 3.3: Production of IL-1B, IL-6 and IL-8 by the caruncular and intercaruncular
endometrium tissue of crossbred heifers, in the follicular phases (white bars) and luteal
phase (black bars) of the estrous cycle challenged with 1ug/mL LPS of E. coli after in
vitro culture 24 hours. Production compared to the respective control groups:
intercaruncular (A = IL-18; B = IL-6 and C = IL-8); caruncular (D = IL-13; E = IL-6 and
F = IL-8). Uberlandia — MG. The results are presented in mean + standard error of the
mean. Pinteraction = refers to the interaction between the phases of the estrous cycle and
treatments (control x LPS); Pprases = refers to the differences between phases of the
estrous cycle; PLps = refers to the differences in production of interleukins by the
explants challenged with LPS compared to the control.
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Figura 3.4: Production of IL-1, IL-6 and IL-8 in the cervical region and the transitions
from vagina to cervix and cervix to endometrium in crossbred heifers, during the
follicular phase (white bars) and luteal phase (black bars) of the estrous cycle after
challenge with 1ug/mL of LPS derived from E. coli after in vitro culture for 24 hours.
Production compared to the respective control groups: vagina-cervix transition (A — IL-
18, B — IL-6 and C — IL-8); cervix (D — IL-1B3; E — IL-6 and F — IL-8); transition from
cervix to endometrium (G — IL-1B; H — IL-6 and IL-8. Crossbred heifers Uberlandia-
MG. Uberlandia — MG. The results are presented in mean + standard error of the mean.
Pinteraction = refers to the interaction between the phases of the estrous cycle and
treatments (control x LPS); Pprases = refers to the differences between phases of the
estrous cycle; P.ps = refers to the differences in production of interleukins by the
explants challenged with LPS compared to the control.
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Figura 3.5: Vaginal epithelial tissue production of IL-13, IL-6 and IL-8 of crossbred
heifers, during the follicular phase (white bars) and luteal phase (black bars) of the
estrous cycle after challenge with 1ug/mL with LPS derived from E. coli cultured in vitro
for 24 hours. Production compared to the respective control groups: A — IL-13; B — IL-
6; C — IL-8. Uberlandia-MG. The results are presented in mean + standard error of the
mean. Pinteraction = refers to the interaction between the phases of the estrous cycle and
treatments (control x LPS); Pphases = refers to the differences between phases of the
estrous cycle; P.ps = refers to the differences in production of interleukins by the
explants challenged with LPS compared to the control.
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