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RESUMO

TEIXEIRA-SOARES, Carlos Mattos, M.Sc., Universidade Federal de Vicosa, julho de 2023. Desafios
diagnoésticos e terapéuticos da endometrite em éguas: estudos experimentais e meta-analise.
Orientador(a): Mariana Machado Neves. Coorientador(a): Yamé Fabres Robaina Sancler da Silva.

A endometrite é um desafio continuo na reproducio equina e suas biotecnologias associadas,
resultando em prejuizos significativos para a indudstria de criacdo de cavalos. Apesar de décadas
de pesquisa, ainda existem lacunas no entendimento dos mecanismos envolvidos no seu
desenvolvimento, o que enfatiza a necessidade de novos métodos diagndsticos e terapéuticos
mais eficazes. Com o objetivo de compreender melhor a endometrite em éguas, foram
realizadas pesquisas experimentais para comparar e avaliar diferentes abordagens diagndsticas
e terapéuticas. O primeiro estudo teve como objetivo realizar o exame ginecoldgico abrangendo
diversos métodos diagndsticos a fim de caracterizar os principais achados em receptoras de
embrides consideradas subférteis. Os resultados revelaram que a endometrite € a principal causa
de subfertilidade em éguas receptoras removidas de programas de transferéncia de embrides,
com 60% de prevaléncia. O fluido intrauterino detectado via ultrassonografia foi o principal
achado clinico; a bactéria Escherichia coli a mais frequentemente isolada; e o exame
histopatolégico a partir da bidpsia uterina demonstrou ser o método mais eficaz para o
diagndstico da endometrite. No segundo estudo, o intuito foi avaliar e comparar as
caracteristicas do proteoma do fluido uterino de éguas saudédveis e com endometrite. As éguas
sauddveis exibiram um perfil protedmico caracterizado por proteinas envolvidas na manutencao
da integridade uterina, éguas com endometrite infecciosa exibiram um perfil protedmico
distinto com proteinas associadas a resposta inflamatéria e imune, enquanto éguas com
endometrite pds-cobertura apresentaram proteinas relacionadas principalmente a resposta
imune inata. O terceiro estudo consistiu em uma avaliagdo meta-analitica do efeito dos
tratamentos para endometrite pds-cobertura sobre parametros inflamatérios uterinos. Os
tratamentos com agentes imunomoduladores biolégicos e as terapias individuais com células-
tronco, firocoxib e plasma sanguineo foram os mais eficazes no controle da inflamacao,
reduzindo significativamente a propor¢do de células inflamatoérias uterinas. Esses achados
abrem novas perspectivas para a compreensdo da endometrite e pesquisas futuras,
especialmente no aprimoramento do diagndstico e na validagdo de possiveis biomarcadores,

bem como no desenvolvimento de abordagens terapéuticas.

Palavras-chave: Reproducao equina. Avaliagdo ginecoldgica. Tratamentos ndo tradicionais



ABSTRACT

TEIXEIRA-SOARES, Carlos Mattos, M.Sc., Universidade Federal de Vicosa, July 2023. Diagnostic
and therapeutic challenges of endometritis in mares: experimental studies and meta-analysis.
Adviser: Mariana Machado Neves. Co-adviser: Yamé Fabres Robaina Sancler da Silva.

Endometritis is a continuous challenge in equine reproduction and its associated
biotechnologies, resulting in significant economic losses for the horse breeding industry.
Despite decades of research, there are still gaps in understanding the mechanisms involved in
its development, which emphasizes the need for new, more effective diagnostic and therapeutic
methods. With the objective of better understanding endometritis in mares, experimental
research was carried out to compare and evaluate different diagnostic and therapeutic
approaches. The first study aimed to perform a gynecological examination covering several
diagnostic methods in order to characterize the main findings in embryo recipients considered
subfertile. The results revealed that endometritis is the main cause of subfertility in recipient
mares removed from embryo transfer programs, with a 60% prevalence. Intrauterine fluid
detected via ultrasound was the main clinical finding; the bacteria Escherichia coli the most
frequently isolated; and the histopathological examination from the uterine biopsy proved to be
the most effective method for the diagnosis of endometritis. In the second study, the aim was
to evaluate and compare the characteristics of the proteome of the uterine fluid of healthy mares
and mares with endometritis. Healthy mares exhibited a proteomic profile characterized by
proteins involved in maintaining uterine integrity, mares with infectious endometritis displayed
a distinct proteomic profile with proteins associated with the inflammatory and immune
response, while mares with post-breeding endometritis showed a proteomic profile mainly
related to the innate immune response. The third study consisted of a meta-analytical evaluation
of the effect of treatments for post-breeding endometritis on uterine inflammatory parameters.
Treatments with biological immunomodulatory agents and individual therapies with stem cells,
firocoxib and blood plasma therapies were the most effective in controlling inflammation,
significantly reducing the proportion of uterine inflammatory cells. These findings offer new
perspectives for understanding endometritis and future research, particularly in improving

diagnostics, validating potential biomarkers, and developing therapeutic approaches.

Keywords: Equine reproduction. Gynecological evaluation. Non-traditional treatments.
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CAPITULO 1



REVISAO DE LITERATURA

1. Introducao

A reproducgdo animal e suas biotecnologias aplicadas as fémeas equinas vém ganhando
destaque no cendrio mundial. Técnicas como transferéncia e producdo in vitro de embrides
aceleram o melhoramento genético, atendendo as demandas de um mercado cada vez mais
exigente (Alvarenga, 2010; Claes et al., 2018; Felix et al., 2022). No entanto, € indispensédvel o
uso de animais férteis para o sucesso dessas biotecnologias e consequente desenvolvimento da
equideocultura (Heap et al., 1982; Troedsson, 2011). Os equinos sdo conhecidos por
apresentarem taxas de fertilidade mais baixas em compara¢do com outras espécies domésticas
(Griffin et al., 2019). Isso ocorre devido a selecao dos individuos com base em aspectos
genéticos e sucesso esportivo em detrimento de caracteristicas reprodutivas (Palmer &
Chavatte-Palmer, 2020). Além disso, patologias reprodutivas t€tm um importante impacto
negativo no processo, sendo consideradas fatores determinantes para alcancar indices
satisfatdrios.

Dentre essas patologias, a endometrite € considerada a principal causa de subfertilidade
em éguas e representa um grande desafio para a reproducdo equina (Morris et al., 2020). A
inflamacao do endométrio ocorre como processo fisioldgico transitorio, apds a cobertura ou a
inseminacdo artificial, visando proteger contra substincias que atuam como antigenos, tais
como microrganismos e excesso de espermatozoides (Schuberth et al., 2008; Christoffersen &
Troedsson, 2017). Porém, essa inflamacao pode persistir no endométrio por um longo periodo
devido a falhas nos mecanismos de defesa uterina em eliminar esses antigenos, caracterizando
entdo a endometrite (Troedsson, 2011). Esta patologia tem um impacto negativo na fertilidade
da égua por causar lutedlise prematura, tornar o ambiente uterino hostil para sobrevivéncia e
implantacdo do embrido, além de afetar o reconhecimento materno da gestacdo (LeBlanc &

Causey, 2009; Swegen, 2021). Eguas acometidas necessitam de um manejo clinico reprodutivo
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intensivo, resultando em custos adicionais e considerdveis perdas economicas (Diel de Amorim
et al., 2016).

Tanto o diagndstico quanto o tratamento da endometrite sdo pontos criticos no processo
de resolucdo da doenca para manutencdo da fertilidade da égua. No primeiro caso, o diagndstico
deve ser baseado em uma avaliacao ginecoldgica mais completa possivel, utilizando multiplos
achados clinicos associados a exames laboratoriais (Teixeira-Soares et al., 2022). Embora
existam vdrios métodos de avaliagdo, a etiopatogénese multifatorial da endometrite e as
diferentes interpretagdes dos resultados dificultam o diagnéstico (Kozdrowski et al., 2015).
Apesar de décadas de pesquisa, hd uma crescente demanda pelo desenvolvimento de novos
métodos de diagndstico mais sensiveis e associados a técnicas de coleta de amostras rapidas e
seguras (Buczkowska et al., 2014; Morrell & Rocha, 2022). Ja a falta de eficdcia no tratamento
da endometrite usando as modalidades terapéuticas tradicionais, aliada a crescente incidéncia
de microrganismos resistentes a antibidticos e formadores de biofilme, impulsiona o
desenvolvimento de terapias ndo tradicionais (Buczkowska et al., 2015). Novos produtos
bioldgicos estdo sendo testados por sua capacidade de modular a resposta inflamatdria
endometrial. Porém, ainda existem poucos resultados sobre sua eficiéncia (Herrera et al., 2020).
Portanto, a incapacidade de desenvolver um modelo que possa servir como padrio de
tratamento torna essa drea da reproducgdo equina de grande interesse cientifico (Liu e Troedsson,
2008; Scoggin, 2016).

Neste contexto, a endometrite € uma condi¢do que representa um desafio continuo na
pratica da reproduc¢do equina e um potencial causador de prejuizos econdmicos para a indistria
de criacdo de cavalos. Apesar de décadas de pesquisa, ainda ha lacunas no entendimento dos
mecanismos que levam ao seu desenvolvimento. Essa falta de conhecimento destaca a
necessidade de entender melhor os métodos diagndsticos e terapéuticos para melhorar as taxas
de fertilidade nesses animais. Portanto, ¢ fundamental investir em pesquisas e solugcdes que

possam minimizar os impactos negativos da endometrite, promovendo a satde reprodutiva das
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éguas e a industria equina. Com isso, nosso objetivo foi realizar estudos experimentais sobre a
endometrite, enfatizando sua prevaléncia em éguas retiradas de programas comerciais de
transferéncia de embrides (Capitulo 2) e aspectos do proteoma do fluido uterino de éguas sadias
e com endometrites pos-cobertura e infecciosa (Capitulo 3). Além disso, realizou-se um estudo
meta-analitico sobre a eficdcia dos tratamentos sobre parametros inflamatdrios uterinos de

éguas com endometrite pés-cobertura (Capitulo 4).

2. Etiopatogenia da endometrite

A predisposicao a endometrite pode ocorrer por falhas nos mecanismos de protecdo e
depuracao uterina que torna as éguas susceptiveis a inflamacao persistente (Katila & Ferreira-
Dias, 2022). Tais mecanismos de protecdo compreendem barreiras anatdmicas € mecanicas,
bem como mecanismos imunoldgicos (Troedsson, 2011). Labios vulvares, dobra vestibulo
vaginal e cérvix sdo barreiras fisicas que, uma vez comprometidas, podem permitir a chegada
de bactérias ascendentes ao utero e causar endometrite (Troedsson, 2011; Canisso et al., 2016).
J4 contragdes uterinas, relaxamento cervical e drenagem linfatica atuam mecanicamente na
limpeza e eliminac¢ao de contaminantes no dtero (LeBlanc, 2010; Canisso et al., 2016). Por fim,
a mobilizag¢do de células polimorfonucleares e imunoglobulinas também estdo envolvidas na
protecdo do utero contra a endometrite (LeBlanc, 2010; Troedsson, 2011). Todos esses
processos de defesa desempenham um papel crucial na criacio de um ambiente favordvel para
chegada do embrido (Christoffersen & Troedsson, 2017). Acredita-se que falhas nesses
mecanismos sejam o principal fator contribuinte para o desenvolvimento da endometrite
(Troedsson, 2011).

Animais com mecanismos de prote¢do ineficientes sdo chamados de suscetiveis a
endometrite, por permitirem uma predisposi¢ao a inflamagao recorrente (Troedsson, 2011). A
possibilidade de ocorréncia de algum fator predisponente a endometrite foi confirmada por

Hughes e Loy em 1969, quando observaram que éguas virgens eliminavam a inoculacdo
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bacteriana intrauterina de forma mais rdpida do que éguas multiparas mais velhas, as quais
permaneciam cronicamente infectadas. Fatores de risco individuais podem predispor a
suscetibilidade, como aumento da idade associado a alteragdes na resposta imunoldgica
sistémica, md conformacdo perineal, deficiéncia na contratilidade miometrial com atraso na
depuracdo uterina, retencdo de fluido uterino e nimero de partos (Brinsko et al., 2003;
Woodward et al., 2012; Christoffersen et al., 2015).

A resposta inflamatodria no utero de animais acometidos pela endometrite envolve uma
complexa interacdo entre diversos fatores, incluindo a presenca dos antigenos, a ativacao de
células imunes, a liberacdo de citocinas e a regulacdo dos mecanismos pro e anti-inflamatérios
(Morris et al., 2020). A imunidade inata € considerada a primeira linha de defesa ndo especifica
que deve responder a introducdo de antigenos no tutero (Abbas et al., 2015; Morris et al., 2020).
A quimiotaxia de células de defesa, principalmente de neutréfilos, € induzida do sangue para o
limen uterino podendo ser alterada por diferentes antigenos, influenciando a caracteristica e o
grau da reacdo inflamatoria (Fiala, 2017). A resposta imune predominantemente inata permite
a repeticdo do desafio do s€émen e embrido para o sistema imunoldgico, sem o desenvolvimento
de anticorpos para uma fertilizacdo bem-sucedida (Iijima et al., 2008; Canisso et al., 2020).
Durante as primeiras 24 horas apés o acasalamento, também ocorre um rdpido aumento das
citocinas pré-inflamatorias, como interleucinas (IL)-1B, IL-6, IL-8, fator de necrose tumoral
(TNF)-a e interferon (IFN)-y, que auxiliam no processo de eliminacdo de antigenos
(Christoffersen & Troedsson, 2017). Em resposta, citocinas anti-inflamatérias, como ILRA, IL-
1, IL-4, IL-10, IL-13, sdo liberadas para modular a inflamacao e reestabelecer o equilibrio, que
€ observado entre 6 e 12 horas apds o acasalamento ou inseminacgdo artificial (Woodward &
Troedsson, 2015).

A resposta inflamatdria uterina pode ser influenciada pela presenca de componentes
seminais e meios diluidores de sémen, podendo induzir eventos que estdo envolvidos no

equilibrio pré e anti-inflamatério e atuando como antigenos para o sistema imune uterino
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(Morrel & Rocha, 2022). Os espermatozoides, quando presentes no limen uterino, geram uma
resposta inflamatdria transitéria semelhante aquela provocada pela inoculacao bacteriana, com
quimiotaxia de células de defesa e aumento das citocinas inflamatérias (Pycock & Allen, 1990;
Troedsson et al., 1995;2001). O plasma seminal recruta e ativa células do sistema imunolégico,
além de promover com a a¢do de citocinas um equilibrio entre as respostas pré-inflamatorias e
anti-inflamatoérias (Robertson, 2005 Woodward & Troedsson, 2013; Morelli et al., 2021). As
proteinas presentes no plasma seminal também impedem a ligacdo de neutréfilos e a fagocitose
de espermatozoides vidveis, permitindo assim a progressao dos espermatozoides dentro de um
utero transitoriamente inflamado (Alghamdi et al., 2004; Doty et al., 2011). Meios diluidores
de s€men e seus constituintes como o leite e antibidticos, também podem interferir na resposta
inflamatdria no utero das éguas (Palm et al., 2008; Fiala, 2017). Portanto, deve existir um
equilibrio inflamatdrio entre os componentes seminais € a resposta imune (Woodward &
Troedsson, 2013; Sanchez-Rodriguez et al., 2018).

Os microrganismos patogénicos sdo considerados antigenos para o sistema imune
quando presentes no utero, seja na forma latente nas profundezas das glandulas endometriais,
introduzidos durante o acasalamento ou ascendendo a partir do trato genital caudal (Petersen et
al., 2018; Morris et al., 2020). Esses patogenos possuem padroes moleculares associados, como
o lipopolissacarideo de bactérias Gram-negativas e o peptideoglicano e acido lipoteicdico de
Gram-positivas, que desencadeiam a resposta imune (Quayle, 2002; Morris et al., 2020).
Alguns microrganismos uterinos ainda possuem a capacidade de formar biofilmes, que sdo
estruturas que dificultam o reconhecimento e penetragdo dos neutréfilos (Ferris, 2014; Koo et
al.,, 2017). Além disso, é importante reconhecer que estudos podem ter subestimado a
complexidade do microbioma uterino e, portanto, a etiopatogénese da endometrite pode nao

estar completamente elucidada (Amann et al., 1995; Knudsen et al., 2016; Heil et al., 2018).

3. Classificacao da endometrite
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A endometrite é considerada uma patologia multifatorial, podendo ser classificada de
diferentes formas de acordo com sua etiopatogénese (Troedsson, 2011). Ela pode ser dividida
em ndo infecciosa e infecciosa dependendo do antigeno. Na prética clinica essas causas
frequentemente ocorrem em associacdo, tornando os sinais clinicos nao especificos (Canisso et
al., 2020). Por exemplo, bactérias podem ser introduzidas no ttero durante o processo natural
de reproducdo e em inseminagdes artificiais, existindo o risco de infeccao uterina mesmo que
se tomando precaugdes para evitar contaminagdo (Woodward & Troedsson, 2015). Os
mecanismos de resolucdo da inflamacao podem variar devido a antigenos especificos, como no
caso de microrganismos, que continuam a se reproduzir no trato reprodutivo e podem
desenvolver mecanismos de defesa (Woodward & Troedsson, 2013). Assim, a endometrite €
geralmente classificada de trés formas: endometrite persistente induzida pds-cobertura causada
principalmente pela presenga de substancias do s€men, endometrite infecciosa provocada por
microrganismos patogénicos e endometrite degenerativa cronica, caracterizada principalmente
pelo acumulo de tecido fibrético no utero (Troedsson, 2011; Tuppits et al., 2014).

Os mecanismos fisiolégicos de limpeza e a resposta imune promovem a resolugcdo da
inflamagdo dentro de 24 a 36 horas apds a reprodugdo, preparando o utero para a chegada do
embrido no dia 5 a 6 apds a fertilizacdo (LeBlanc & Causey, 2009; Christoffersen & Troedsson,
2017). No entanto, quando essa inflamacao persiste por mais de 48 horas e afeta negativamente
os mecanismos de limpeza uterina e a sobrevivéncia do embrido, ocorre a endometrite
persistente induzida pés-cobertura (Katila, 2016). Esta forma de inflamacdo persistente do
endométrio € o tipo mais comum de endometrite e € desencadeada por espermatozoides, plasma
seminal e diluente de s€men (Alghamdi et al., 2005; Fiala, 2017). O desequilibrio entre os
mecanismos pro-inflamatérios e anti-inflamatérios desempenha um papel importante na
imunopatogénese da endometrite persistente pos-cobertura, podendo comprometer a fertilidade

da égua (Canisso et al., 2020).
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A endometrite infecciosa ja ocorre quando as barreiras de protecdo sdo superadas ou
ineficientes. Assim, microrganismos acessam o Utero e causam disbiose do microbioma
comensal uterino (Heil et al., 2018). A endometrite infeciosa por bactérias € causada
principalmente por Streptococcus spp., Escherichia coli, Pseudomonas aeruginosa e Klebsiella
pneumoniae (Troedsson, 2011). Apesar de menos diagnosticada, a endometrite fungica,
principalmente causada por Candida spp. € Aspergillus spp., também tem sido reconhecida
como uma causa importante de queda na fertilidade, visto que, geralmente sdo mais dificeis de
tratar e de diagnosticar (Dascanio et al., 2010; Silva e Alvarenga, 2011). Além disso, a
inflamacao do utero pode ser aguda ou cronica, onde a aguda € caracterizada por um grande
influxo de neutréfilos, enquanto a cronica, mais comum em animais susceptiveis e por bactérias
altamente patogénicas produtoras de biofilme, geralmente evolui para endometrite degenerativa
pelo dano tecidual prolongado (Vanderwall e Newcomb, 2007; LeBlanc & McKinnon, 2011).
A inflamacdo persistente e cronica do endométrio desencadeia a resposta imunoldgica,
resultando em um influxo continuo de células de defesa, liberacdo de radicais livres e secre¢io
de metaloproteinases que levam a deposi¢do de coldgeno e a formacgdo de tecido fibroso
(Causey et al., 2006). Esse actimulo de tecido fibroso é conhecido como fibrose endometrial e
estd associado a alteracdes degenerativas crOnicas, resultando em um processo chamado
endometrose ou endometrite cronica degenerativa (Schoon et al., 1992). As alteracoes
endometriais causadas geralmente sdo irreversiveis e incluem fibrose ao redor das glandulas e
no tecido endometrial, formagdo de lacunas nos vasos linféticos, atrofia do endométrio e
diminui¢cdo das glandulas uterinas (Schoon et al., 1992; de Holanda et al., 2019). Ademais, a
diminui¢do da atividade mucociliar, que leva a uma maior adesdo bacteriana ao endométrio, e
a degeneracdo dos vasos sanguineos, que compromete a entrega de hormonios ao endométrio e

o fluxo venoso de retorno, também contribuem para danos (Morrell & Rocha, 2022).

4. Diagnéstico da endometrite
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O diagnéstico da endometrite pode ser desafiador devido a sua natureza multifatorial,
utilizacdo de métodos inadequados e interpretacdo incorreta dos achados (Kozdrowski et al.,
2015; Canisso et al., 2016). A busca por novos métodos e possiveis biomarcadores tem sido
objeto de pesquisa com a finalidade de aumentar a eficiéncia do diagnéstico (Diel de Amorim
et al., 2020). Atualmente, o diagndstico baseia-se na realiza¢do de uma avaliacdo ginecoldgica
incluindo a coleta de dados, avaliagcdes clinicas e métodos laboratoriais (Teixeira-Soares et al.,
2022). Os métodos de diagnostico apresentam vantagens e desvantagens, ainda ndo existindo
um que combine facilidade de execucao, baixo custo e resultados rdpidos para os profissionais
(Buczkowska et al., 2014; Ferris 2016). At¢ o momento, o exame histolégico tem sido
considerado o mais completo, mas a utilizacdo de multiplos achados pode ser a forma mais
eficaz de diagnosticar a endometrite (Diel de Amorim et al., 2016).

Para uma avaliacdo ginecoldgica eficiente, que facilite o diagndstico preciso e a tomada
de decisdo, € crucial coletar o maximo de dados possivel, incluindo idade, escore de condi¢do
corporal e historico reprodutivo (Zent, 2011). A idade desempenha um papel significativo na
fertilidade das éguas (Katila & Ferreira-Dias, 2022). Eguas idosas a partir de quinze anos
apresentam uma reducdo comprovada na fertilidade devido uma maior incidéncia de problemas
anatdmicos perineais, bem como falhas nas contracdes uterinas e na drenagem linfética, que
contribuem para uma predisposicdo a infec¢des uterinas recorrentes (Morley & Murray, 2014).
O escore de condicdo, além de ser um fator determinante para fertilidade, também reflete a
saude geral das éguas destinadas a reproducdo, onde pontuacdes indesejaveis podem acarretar
falhas nas defesas fisicas do utero e doencas metabolicas (Vick et al., 2007; Morley & Murray,
2014). O historico reprodutivo também desempenha um papel fundamental na identificacdo das
causas atuais de subfertilidade e na prevencdo de problemas futuros (McCue, 2008). A andlise
de alteragdes, diagndsticos e tratamentos anteriores podem fornecer uma visdo mais abrangente
sobre a origem do problema e oferecer informagdes valiosas a serem consideradas no

diagnéstico (LeBlanc, 2008).
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A ultrassonografia transretal é o principal método clinico de diagndstico para
endometrite, com melhor sensibilidade e especificidade (Teixeira-Soares et al., 2022). A
visualiza¢do do acimulo de liquido resultante de uma falha na depuragdo uterina e do edema
endometrial anormal, resultado de uma inflamacdo persistente, estdo associados a reducdo de
fertilidade (Liu & Troedsson, 2008; Canisso et al., 2016). Porém, Leblanc & Causey (2009)
relataram a ocorréncia de endometrite subclinica, sem sinais evidentes na ultrassonografia, que
podem ocorrer devido a processos inflamatorios cronicos (Katila & Ferreira-Dias, 2022).
Portanto, a ultrassonografia deve fornecer um diagndstico presuntivo e nao definitivo para
endometrite, ressaltando a inclusdo de multiplos achados de diferentes métodos diagndsticos
(Diel de Amorim et al., 2016; Morris et al., 2020).

Outro exame clinico € a avaliacdo da conformacdo do perineo, um método realizado
por meio de palpacdo, visualizagdo e mensuracdes da drea que envolve o dnus e, principalmente,
a vulva (Brandecamp, 2011). Durante o exame, sdo realizadas medi¢cdes do comprimento
efetivo e do angulo de inclinacdo da vulva em relagcdo a vertical (Caslick, 1937). Com base
nesses resultados, € possivel calcular o indice de Caslick, onde valores acima de 150 indicam a
necessidade de realizar vulvoplastia (Brandecamp, 2011). Outro método adicional de avaliagio
perineal envolve a separacdo dos ldbios vulvares para verificar o fechamento adequado desses
e do esfincter vestibulo-vaginal, identificando a presenca de ruido de aspiracdo de ar na vagina
(Canisso et al., 2016). Uma boa conformacgdo perineal € caracterizada por labios vulvares
promovendo um fechamento adequado para evitar a entrada de contaminantes, € a vulva
posicionada verticalmente, com pelo menos dois ter¢os do seu comprimento localizados abaixo
da borda pélvica (Pascoe, 1979; Troedsson, 2011; Canisso et al., 2016). Alteracdes anatdomicas
nessa regido podem predispor o animal a condi¢des como pneumovagina ou urovagina, o que
pode resultar em alteracdes de fertilidade, especialmente devido a infecg¢des uterinas

ascendentes (Brandecamp, 2011).
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O exame clinico de visualizagdo da vagina com o auxilio de um espéculo, a
vaginoscopia, fornece informagdes sobre a presenga de anormalidades, como traumas, o estado
fisioldgico do ciclo estral (Fig. 1A), a integridade do esfincter vestibulo-vaginal e a presenca
de secre¢do (Fig. 1B) (LeBlanc, 2008; McCue, 2008; Zent & Steiner, 2011). Além da
vaginoscopia, o exame manual da cérvix, que consiste na palpacdo do orificio externo e do
canal cervical, também fornece informagdes tteis durante a avaliagdo ginecoldgica (LeBlanc &
McKinnon, 2011). Anormalidades cervicais como fibroses, aderéncias, diverticulos e
tortuosidades cervicais podem comprometer a protecao fisica e a eficiéncia na limpeza uterina,
levando a tratamentos repetidos de infecgdes uterinas sem identificar a verdadeira causa
primdria da subfertilidade (LeBlanc, 2008). Manipula¢des reprodutivas repetidas ao longo dos
anos ou com técnicas inadequadas sdo as principais causas de problemas cervicais, juntamente

com complicacdes obstétricas durante o parto (McCue, 2008).

Figura 1. Vaginoscopia para avaliagdo clinica intravaginal com auxilio de um espéculo de
Polansky. (A) Avaliagdo do Ostio cervical externo em posi¢do e coloragdo da mucosa
condizente com a fase do ciclo estral de diestro. (B) Secrecdo purulenta origindria da vagina e

indicativa de vaginite. Fonte: arquivo pessoal.



18

A coleta de amostras uterinas para exames laboratoriais ginecoldgicos é realizada com
diferentes técnicas transcervicais que permitem a coleta segura de material uterino (Ferris,
2016). Dentre essas técnicas, estdo o uso de coletores, o lavado intrauterino de baixo volume e
a bidpsia endometrial (Cocchia et al., 2012). Os coletores comerciais estéreis sdo considerados
duplamente protegidos de contaminacdes vaginal e ambiental, uma vez que possuem uma
protecdo pldstica externa e um tubo plastico que contém a haste coletora (Teixeira-Soares et al.,
2022). A haste coletora pode ser revestida com algodao esterilizado (tipo swab) ou possuir
cerdas de nylon estéreis em diferentes dire¢des (tipo escova citologica) (Kozdrowski et al.,
2015). Ambos os tipos de coletores podem ser utilizados para exame citolégico e cultura
uterina, mas a escova citologica é preferivel para o exame citoldgico, enquanto o swab €é mais
adequado para cultura microbioldgica (Walter et al., 2012; Kozdrowski et al., 2015). Uma
desvantagem desses coletores € que eles coletam amostras de uma drea relativamente pequena
do endométrio, aproximadamente 1 a 2 cm? cranial a cérvix, o que pode resultar em amostras
nao representativas de todo o endométrio (Leblanc, 2010; Linton & Sertich, 2016).

A técnica de lavado intrauterino de baixo volume foi descrita pela primeira vez em 1988
por Ball e colaboradores e € utilizada para coleta de amostras para exames de cultura e citologia
uterina. Essa técnica envolve a infusdo de um pequeno volume de solugdo estéril no ttero,
geralmente de 60 a 150 mL, através de uma sonda estéril, e apds distribuicao do fluido pelo
utero, este € coletado por gravidade ou succio (LeBlanc, 2008). Sdo recuperados em média 30
mL de fluido efluente, que € entdo centrifugado e o sedimento resultante € submetido a exames
laboratoriais (Linton & Sertich, 2016; Cocchia et al., 2012; Teixeira-Soares et al., 2022). A
grande vantagem dessa técnica € que ela permite a amostragem de uma &drea maior do
endométrio. Porém, a amostra celular pode estar diluida no conteddo luminal, muco e/ou
exsudados de uma grande superficie uterina, o que pode dificultar os exames subsequentes

(Cocchia et al., 2012; Teixeira-Soares et al., 2022).
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A bidpsia endometrial € outra técnica considerada confidvel e segura, que utiliza um
pequeno fragmento de endométrio coletado para avaliacdo (Kenney, 1978 ) (Fig. 2). Existem
observagdes contraditérias em relagdo a representatividade de uma dnica amostra de bidpsia
endometrial em relagdo ao tamanho do ttero (Schoon et al., 1997; Keller et al., 2004). Alguns
estudos indicaram que uma tnica bidpsia pode nao ser totalmente representativa apara avaliacao
de fibrose (Dybdal et al., 1991; Fiala et al., 2010), o que sugere que a coleta de multiplas
amostras pode ser vantajosa em algumas éguas (McCue, 2008). No entanto, um estudo realizado
por Overbeck et al. (2013) nao encontrou diferencas significativas no nimero de neutréfilos em

amostras de bidpsia coletadas post-mortem de diferentes locais do tdtero equino.

Figura 2. Coleta de amostra uterina para exames laboratoriais por bidpsia transcervical

utilizando uma pinca de Yoman. (A) Pinca coletora introduzida de forma transcervical no utero
para bidpsia endometrial. (B) Fragmento coletado apds bidpsia uterina transcervical. Fonte:

arquivo pessoal.

Os exames laboratoriais utilizados para o diagnéstico da endometrite sdo considerados
mais precisos e detalhados na avaliacdo da inflamagdo uterina em comparagdo aos exames
clinicos (Kozdrowski et al., 2015; Canisso et al., 2016). Esses métodos requerem a utilizacao

de materiais especificos e um tempo maior para obter os resultados, devido aos procedimentos
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de coleta amostras e andlise envolvidos (Teixeira-Soares et al., 2022). A avaliagdo citoldgica
uterina € um método que envolve a coleta e interpretacao das células que revestem o ttero e seu
limen (McCue, 2008). Considerada uma avaliacdo relativamente rapida e de facil execugao,
apresenta a desvantagem de ndo fornecer informacdes suficientes sobre a causa da inflamacao
(Kozdrowski et al., 2015). Durante a avaliagdo das laminas, é essencial realizar uma andlise
sistematica, minuciosa € em multiplos campos, observando a presenca de células epiteliais
uterinas, polimorfonucleares, detritos, hemadcias, bactérias, leveduras, organismos flngicos e
espermatozoides (Ferris, 2016; Walter et al., 2012). Existem dois métodos principais para
avaliar a inflamacdo em tecidos citoldgicos: contagem do numero de polimorfonucleares por
campo de alta poténcia, realizando uma média de dez campos aleatérios em aumento de 400x,
e a porcentagem de polimorfonucleares em relacdo as células epiteliais, contando 200 a 400
células totais (Riddle et al., 2007; LeBlanc, 2011; Cocchia et al., 2012). Estudos mostram que
a identificacdo da porcentagem de polimorfonucleares ¢ mais sensivel no diagndstico de
endometrite (Kozdrowski et al., 2015).

A cultura microbiolégica aerdbica apds coleta de amostras intrauterinas com o
isolamento de microrganismos € associada com a diminui¢do das taxas de prenhez, fazendo
com que este tipo de diagnéstico seja muito importante durante o exame ginecoldgico para
descartar ou nao a endometrite infecciosa (LeBlanc, 2008). No laboratério, as amostras
coletadas sdo aplicadas em placas contendo meio de cultura e incubadas em ambiente aerébico
a 37 °C, uma vez que os microrganismos anaerobios ndo desempenham um papel importante
na endometrite equina (Ricketts & Mackintosh, 2016). O diagndstico € baseado no tamanho da
colonia, morfologia, pigmentacdo e hemolise, e um técnico experiente deve ser capaz de
identificar a maioria dos patdgenos com base em sua aparéncia (Ricketts, 2011; Katila, 2016).
Meios de cultura especiais e testes podem ser utilizados para uma identificacdo mais precisa
(Beehan & McKinnon, 2009; Katila, 2016). Posteriormente, a realizacdo do teste de

susceptibilidade a antimicrobianos é essencial para determinar a melhor terapia, ajustando o
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tratamento de acordo com os resultados obtidos (McCue, 2008). Estudos recentes, como o
realizado por Holyoak et al. (2021), demonstraram que a cultura microbiolégica pode perder
uma grande diversidade microbiana que estd naturalmente presente no udtero, e que este cultivo
represente apenas uma pequena parte do microbioma uterino (Morrel & Rocha, 2022).

A avaliagdo histopatoldgica de bidpsias endometriais € considerada o padrao ouro para
diagnosticar a endometrite equina. Porém, sua aplicacdo na pratica clinica é limitada a casos
especiais devido a demora em obter os resultados e 0o método de coleta ser considerado invasivo
(Overbeck et al., 2011; Nielsen et al., 2012; Morrel & Rocha, 2022). Apesar disso, o exame
histolégico fornece informagdes valiosas sobre a satide uterina das éguas, incluindo resposta
terapéutica, depuracdo uterina, fluxo sanguineo e necessidade de terapia adicional
(Buczkowska et al., 2014). Esta avaliacdio também € usada como importante indicador de
prognostico de fertilidade (LeBlanc, 2008; McCue, 2008). Alteracdes no tamanho e forma do
epitélio, grau de edema endometrial relacionado ao estdgio do ciclo, lacunas linféticas, fibrose
periglandular, figuras mitéticas no epitélio glandular ou degeneracdo glandular cistica sio
achados associados a processos patoldgicos especificos (Kenney, 1978; LeBlanc, 2008). Um
sistema de classificacdo dos achados histolégicos baseado em escores foi proposto por Kenney
e Doig (1978; 1986) e posteriormente adaptado por Schoon et al. (1992), classificando as éguas
em quatro categorias com base nas alteragdes observadas na histopatologia do endométrio
(Buczkowska et al., 2014; Canisso et al., 2016). Comparando os diferentes métodos de
diagnéstico, o estudo realizado por Teixeira-Soares et al. (2022) demonstrou que, entre os
exames clinicos, a palpacdo e a ultrassonografia obtiveram os melhores resultados (Tabela 1).
No entanto, os testes laboratoriais avaliados, como a citologia uterina e a cultura microbiolégica
uterina, apresentaram valores ainda mais elevados de sensibilidade e especificidade em

comparagdo aos métodos clinicos.
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Tabela 1: Comparacio entre os diferentes métodos de diagndstico para endometrite em éguas
utilizados na avaliacdo ginecoldégica em contraste com a avaliagdo histopatoldgica do

endométrio, padrao-ouro para o diagndstico. Adaptado de Teixeira-Soares et al., 2022.

Método de diagnéstico Coeficiente Forca’* Sensibili- Especifici-
Kappa dade dade
Palpacio e ultrassonografia transretal 0.6447 Substancial 0.76 0.92
Conformagao perineal 0.2308 Leve 0.42 0.85
Vaginoscopia 0.1304 Fraca 0.30 0.85
Exame da cérvix 0.3023 Leve 0.50 0.85
Cultura microbiolégica 0.7938 Substancial 0.84 1.00
Citologia endometrial 0.7000 Substancial 0.76 1.00

*Forca de concordancia do coeficiente Kappa: 0,00-0,19 (Fraca); 0,20-0,39 (Leve); 0,40-0,59
(Moderada); 0,60-0,79 (Substancial); 0,80-1,00 (Quase perfeito).

5. Novas abordagens de diagndstico e potenciais biomarcadores

Pesquisas recentes tém se concentrado no desenvolvimento de biomarcadores para o
diagndstico precoce de animais com subfertilidade (Moura e Memili, 2016; Cecchini Gualandi
et al., 2023). A utilizacdo de abordagens baseadas em novas dreas de estudo, como epigenética,
metagendmica e protedmica, podem fornecer uma alternativa para um diagndstico nio invasivo
e confidvel (Gebremedhn et al., 2021). Avangos na espectrometria de massa tornaram possivel
investigar o proteoma e sua relacdo com a fertilidade (Gibb & Aitken, 2016). O uso de
ferramentas protedmicas na descoberta de biomarcadores para a fertilidade tem se mostrado
promissor, especialmente na andlise quantitativa em larga escala do proteoma uterino (Lawson
et al., 2018; Griffin et al., 2020). Embora seja improvéavel que uma dnica proteina sirva como
biomarcador, estudos futuros tém o potencial de revelar correlacdes confidveis entre proteinas
e fungdes relacionadas a reproducio equina (Andrade Souza et al., 2010; Griffin et al., 2020).
Compreender o papel dessas proteinas e suas alteracdes na endometrite € crucial para uma
melhor compreensao da etiopatogénese da doenga, o diagndstico precoce e o desenvolvimento

de abordagens terapéuticas mais eficazes (Hermes et al., 2015).
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A andlise protedmica do fluido uterino obtido por meio de um lavado é uma técnica
minimamente invasiva que permite estudar as alteragdes inflamatoérias uterinas. Diversas
proteinas foram identificadas por meio dessa abordagem (Hayes et al., 2008; Maloney et al.,
2019), dentre elas destacam-se a uterocalina e o receptor de imunoglobina polimérica, as quais
possuem relacdo com os neutrdfilos e desempenham atividade imunomoduladora e anti-
inflamatoria (Stewart et al., 2000; Ratajczak et al., 2010; Hayes et al., 2012). Outra proteina de
relevancia na modulacdo da resposta imune inata € a vanina. Apesar do seu papel especifico no
utero ainda ser desconhecido, ha uma possivel associacdo dela com a inflamacao e a presenca
de neutrdfilos na citologia uterina (Diel de Amorim et al., 2020). Essa capacidade de modular
a resposta imune também foi observada para as anexinas, que apresentam efeitos
antimigratorios no extravasamento de leucdcitos e regulam a producdo de superdxido de
neutrofilos (Gerke e Moss, 2002; Hayes et al., 2012). Outras proteinas ainda requerem mais
estudos para estabelecer sua relacdo especifica com a endometrite, como a uteroferrina,
encontrada em grandes quantidades no fluido uterino (Ellenberger et al., 2008; Diel de Amorim
et al., 2020), a secretoglobina que demonstrou um padrdo secretorio anormal em éguas com
endometrite (Hoffmann et al., 2009; Diel de Amorim et al., 2020) e a lactoferrina que possui

multiplas fun¢des (Levay e Viljoen, 1995; Shigeta et al., 1996).

Outra andlise dmica ¢ a metagenOmica, que, ao contrdrio da microbiologia tradicional
que depende de culturas, utiliza o sequenciamento de regides génicas para identificar os géneros
presentes em uma amostra (Hugenhol et al., 1998). A integracdo de dados protedmicos e
metagendmicos pode fornecer uma visdo abrangente das interagdes complexas entre o
hospedeiro e a microbiota uterina, revelando potenciais alvos terapéuticos e biomarcadores para
o diagnéstico precoce e a monitorizagdo da doenga (Koedooder et al., 2019; Lawson et al.,
2021). No entanto, a variedade crescente de ferramentas, métodos analiticos e bioinformaticos
usados para processar os dados de sequenciamento apresenta um desafio metodolégico na

comparagdo e interpretacdo dos diferentes estudos e seus resultados (Koedooder et al., 2019).
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As mudangas epigenéticas também desempenham um papel significativo na
endometrite, sendo potencialmente induzidas por fatores ambientais e reversiveis, o que as torna
alvos promissores para diagndstico e terapia (Alpoim-Moreira et al., 2019). O sistema
imunoldgico, incluindo suas células de defesa, desempenha um papel importante nas
modulagdes epigenéticas em resposta a infec¢do, o que impacta o proteoma uterino (Gabai et
al., 2019). Tais mudancas epigenéticas afetam a produg@o de proteinas, especialmente nas

células envolvidas nos mecanismos de modulacdo da resposta inflamatdria uterina (Gabai et

al., 2019).

E necessdrio investigar também a relacio entre a inflamagdo, o estresse oxidativo e a
funcdo das proteinas, bem como sua relacdo com o dano tecidual (Celi & Gabai, 2015; Gabai
et al., 2019). O estresse oxidativo desempenha um papel crucial na fertilidade, uma vez que
agrava a inflamacao e causa danos celulares, além de regular o ambiente uterino (Zhong &
Zhou, 2013; Talukder et al., 2017; Gabai et al., 2019). A ativagdo de neutréfilos também
contribui para a formagdo de proteinas de oxidacdo avancada, também consideradas
biomarcadores de estresse oxidativo relacionado a atividade fagocitaria (Bordignon et al., 2014;
Gabai et al., 2019). Os neutréfilos produzem grandes quantidades de espécies reativas de
oxigénio, levando ao estresse oxidativo e a um processo de doenca conhecido como

oxinflamacdo (Winterbourn et al., 2016; Gabai et al., 2019; Valacchi et al., 2018).

Em relacdo as andlises sanguineas, leucogramas e marcadores inflamatérios ndo sio
suficientemente sensiveis ou especificos para o diagnéstico preciso de endometrite (Katila,
2016). No entanto, um estudo recente demonstrou que a capacidade antioxidante de redugdo
férrica (FRAP) apresentou diferencas significativas entre éguas positivas e negativas para
endometrite, sugerindo o potencial de marcadores indiretos (Cecchini Gualandi et al., 2023).
Além disso, a endometrite parece afetar ndo apenas as vias moleculares do endométrio, mas
também o ambiente sist€émico, com citocinas inflamatérias e fragmentos de complemento

atuando como mediadores do recrutamento de leucdcitos durante a inflamacao (Raliou et al.,
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2019). Metodologias de diagndstico mais sensiveis podem ser responsaveis por detectar genes
que codificam mediadores inflamatérios envolvidos na inflamagao uterina (Calder et al., 2013;
Foley et al., 2015). Ainda ndo estd claro como as mudancgas no perfil génico do endométrio se

relacionam com os leucdcitos circulantes em animais com endometrite (Raliou et al., 2019).

6. Tratamentos para endometrite

O primeiro tratamento para endometrite descrito foi a lavagem uterina, em 1938 por
Zivotkov et al., e assim como as drogas ecbdlicas e a antibioticoterapia, sdo considerados
tratamentos tradicionais (Scoggin et al., 2016; Canisso et al., 2020). O principal objetivo dos
tratamentos tradicionais € auxiliar na limpeza uterina de fluidos, detritos, microrganismos e
produtos inflamatorios, reduzindo assim a inflamacdo endometrial (Buczkowska et al., 2015;
Morrell & Rocha, 2022). A lavagem uterina com solu¢do de Ringer Lactato ou solugdo salina
a 0,9% apoia a estratégia de tratar e prevenir a endometrite, podendo ser realizada
imediatamente antes ou quatro horas apds a inseminag¢do sem consequéncias prejudiciais para
a fertilizacao (Brinsko et al., 2003; Morris et al., 2020). Além de promover a limpeza do ttero,
a terapia de lavagem uterina também tem o efeito de reintroduzir neutréfilos vidveis no
ambiente inflamatdrio estagnado do ttero, reativando a resposta inflamatéria aguda (Canisso et
al., 2020). Essa abordagem terapéutica é frequentemente combinada com outros tratamentos,
pois pode servir como veiculo para a administracao de agentes terapéuticos em uma abordagem
multimodal (Scoggin, 2016).

Os agentes ecbolicos, outra categoria de tratamento tradicional, atuam promovendo
contragdes miometriais para facilitar a depurac@o, uma vez que a baixa contratilidade é uma das
principais causas do actimulo de fluido e suscetibilidade a endometrite em éguas (Risco et al.,
2009). A ocitocina € o principal agente ecbdlico utilizado, apesar da sua meia-vida curta de
cerca de 30 minutos (Canisso et al., 2020). Outros agentes ecbdlicos como a carbetocina estao

sendo testados com intuito de aumentar o periodo de contracdes (Steckler et al., 2012; Canisso
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et al., 2020). No entanto, a falta de eficicia dos tratamentos tradicionais pode também ser
atribuida a fatores predisponentes a susceptibilidade a endometrite, como idade avangada,
problemas anatdmicos conformacionais, presenca de fluido uterino e depuragao uterina atrasada
(Buczkowska et al., 2015).

A baixa eficdcia dos tratamentos ainda é mais preocupante para a antibioticoterapia
devido a resisténcia bacteriana, principalmente relacionada ao uso inadequado e excessivo de
antibioticos, muitas vezes prescritos de forma empirica (Pyorild et al., 2014; Diaz-Bertrana et
al., 2021). A selecdo do antibidtico adequado depende dos microrganismos identificados e do
teste de sensibilidade, sendo que estudos anteriores apontaram diferentes antibidticos como os
mais eficazes em casos especificos, como amicacina (Diaz-Bertrana et al., 2021), enrofloxacina
(Teixeira-Soares et al., 2022), gentamicina (Albihn et al., 2003) e sulfonamida-trimetoprim
(Mitchell et al., 2018). Além disso, a falha na antibioticoterapia também pode estar relacionada
a cronicidade da infeccdo, a presencga de crescimento misto de organismos, a natureza focal ou
difusa da infeccao e a formacao de biofilme bacteriano, dificultando ainda mais o tratamento
(Troedsson, 2011; Morrell & Rocha, 2022).

Diante desse quadro de inflamagdo e infeccdo uterina prolongada por falhas no
tratamento, torna-se evidente a necessidade de abordagens alternativas (Morrell & Rocha,
2022). Diversos tratamentos ndo tradicionais t€m sido propostos, incluindo o uso de drogas
anti-inflamatdrias, que tem como objetivo regular a expressdo de citocinas e mediadores
inflamatdrios, restabelecendo o equilibrio dos mecanismos envolvidos na endometrite
(Scoggin, 2016). Porém, os anti-inflamatdrios ndo esteroidais nao seletivos, como o flunixin
meglumine, agem bloqueando ciclooxigenase-1 e 2, o que pode levar a redu¢do na producdo de
prostaglandinas que desempenham papéis importantes na depuracdo uterina e ovulacdo (Risco
et al., 2009; Cuervo-Arango, 2011; Martinez-Bovi et al., 2023). Os glicocorticoides, como a
dexametasona, também possuem potenciais efeitos colaterais indesejaveis, como laminite e

perda de massa muscular, que podem limitar sua utilizacdo, apesar de ndo interferirem na
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ovulacdo (Scoggin, 2016; Martinez-Bovi et al., 2023). Nesse sentido, anti-inflamatérios nao
esteroidais seletivos para ciclooxigenase-2, como o firocoxib e o vedaprofeno, demonstram ser
uma promissora alternativa para reduzir a inflamacdo com menor incidéncia de efeitos
colaterais (Fitzpatrick et al., 2004; Friso et al., 2019).

As terapias com agentes bioldgicos sdo outra opcao de tratamento ndo tradicional para
endometrite devido a sua capacidade de modular e estimular o sistema imunoldgico,
apresentando resultados promissores em casos de falhas dos tratamentos convencionais
(Woodward et al., 2015; Morrell & Rocha, 2022). O extrato da parede celular de bactérias, por
exemplo, € um composto bioldgico que regula a producao de diversas citocinas inflamatorias,
reduzindo a infiltracdo de neutréfilos e a produgdo de 6xido nitrico e, consequentemente,
diminuindo o aciumulo de fluido uterino (Rogan et al., 2007; Woodward et al., 2013; Herrera et
al., 2020). Outro importante agente testado € a infusdo intrauterina de células-tronco, que
podem induzir a proliferacdo celular e a remodelacdo tecidual, além de possuir fungdes
relacionadas a reduc@o do nimero de neutréfilos e ao aumento da expressdo de citocinas anti-
inflamatérias (Mambelli et al., 2014; Ferris et al., 2014; Rink et al., 2018). No entanto, ainda
ha controvérsias a respeito da migracao dessas c€lulas para o endométrio e sua sobrevivéncia
no ambiente uterino inflamado, havendo pesquisas para desenvolver novos métodos de cultivo,
liofilizacdo e a combinacdo com vesiculas extracelulares (Perrini et al., 2016; Tongu et al.,
2021; Lange-Consiglio et al., 2023).

O tratamento intrauterino com terapias de plasma sanguineo, tais como o plasma rico e
pobre em plaquetas e o lisado de plaquetas, também € promissor e tem sido investigado para
tratar a endometrite em éguas, atenuando a resposta inflamatéria uterina (Segabinazzi et al.,
2021; Colombo et al., 2021). Essas terapias contém o sistema complemento, que desempenha
um papel importante na defesa contra agentes infecciosos, e apresentam propriedades
imunomoduladoras (Schér et al., 2015). J4 o lisado de plaquetas, obtido por ruptura criogénica

das plaquetas do plasma rico, tem se tornado uma terapia emergente pois permite o



28
armazenamento a longo prazo sem comprometer as propriedades imunomoduladoras, além de
uma possivel maior ativacao das plaquetas (Hauschild et al., 2018; Colombo et al., 2021). Outro
tratamento biolégico com propriedades imunomoduladoras s@o as proteinas do plasma seminal,
que apesar de induzirem uma inflamagao endometrial transitdria, t€ém o potencial de modificar
a duracdo e a intensidade da resposta (Woodward & Troedsson, 2013; Morelli et al., 2021).
Proteinas seminais como a lactoferrina exibem diversas propriedades benéficas, tais como a
supressao da expressdo de citocinas inflamatdrias, a promocdo da ligacdo de neutrdfilos a
espermatozoides invidveis, a atividade bactericida devido a sua capacidade de quelar o ferro
livre e a ag¢do antioxidante (Ammons & Copie, 2013; Ighodaro & Akinloye, 2018; Gabai et al.,
2019).

O gas ozoOnio € outro potencial tratamento para a endometrite devido as suas
propriedades bactericidas, fungicidas, imunoestimulantes e antioxidantes (Bocci, 2006). A
infusdo intrauterina de gés ozonio € segura, sem efeitos adversos na morfologia endometrial
(Camargo et al., 2021; Kohne et al., 2023). No entanto, a eficdcia do gds ozo6nio ainda é
controversa, pois em estudo in vitro nao demonstrou capacidade de eliminar completamente o
biofilme bacteriano (Loncar et al., 2017) e in vivo nao demonstrou erradicar totalmente o
crescimento bacteriano (Kohne et al., 2023). Em contraste, a combina¢do do gas oz6nio com
lavagens uterinas mostrou-se eficaz no controle da infecc¢do e inflamacgdo uterina, havendo a
necessidade de mais estudos para comprovar sua real eficdcia (Avila et al., 2022).

Diversas solugdes com formulacdes variadas tém sido utilizadas em infusdes
intrauterinas para tratar a endometrite (Scoggin, 2016). Produtos quimicos antissépticos ou
debridantes sdo utilizados para combater a endometrite causada por bactérias formadoras de
biofilme e agentes mucoliticos sdo empregados para facilitar a limpeza do ttero, removendo
exsudatos, muco ou biofilme (Morrell & Rocha, 2022; LeBlanc & Causey, 2009). No entanto,
restricdes no uso desses agentes podem ocorrer devido a falta de estudos sobre dosagem,

eficécia e historico de irritac@o uterina (Troedsson, 2011). O dimetilsulféxido, por exemplo, é
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um solvente quimico com propriedades anti-inflamatdrias e antimicrobianas que demonstrou
ser capaz de romper o biofilme e reduzir a viabilidade de bactérias isoladas de tteros com
endometrite (Loncar et al., 2017). O querosene, quando infundido no utero, possui alta
capacidade de remover detritos, muco, material pulverizado e microorganismos por meio da
curetagem do epitélio uterino, além de limpar as secre¢Oes das glandulas cisticas dilatadas
(Buczkowska et al., 2015; Scoggin, 2016). No entanto, essa terapia enfrenta resisténcia de
muitos profissionais devido a promog¢do de uma inflamacdo grave (Bradecamp et al., 2014).
Além do querosene, o lavado uterino com solugdes diluidas de iodo e clorexidina também sao
utilizados, mas também com historico de irritagdo uterina (Ricketts, 1999; Troedsson, 2011;
Ko6hne et al., 2020).

O perdoxido de hidrogénio é um antisséptico de amplo espectro mais seguro, que
demonstra eficdcia contra a maioria dos patégenos em seus estados latentes e em biofilme
(Ferris et al., 2014). Solucdes diluidas de peroxido de hidrogénio tém sido utilizadas no
tratamento da endometrite aguda e parecem ser uteis quando hd exsudatos presentes no limen
uterino (Wolfsdorf & Caudle, 2007). No caso de endometrite fiingica, a adicao de uma solugao
de perdxido de hidrogénio a 3% a solugdo salina para infusdo uterina pode auxiliar na remog¢ao
de detritos contendo fungos que podem aderir ao epitélio luminal (Ricketts, 1999). Os
mucoliticos, como a N-acetilcisteina, também possuem a capacidade de facilitar a eliminacio
da secrecdo e do biofilme sem causar alteragdes prejudiciais ao endométrio (Witte et al., 2012;
Gores-Lindholm et al., 2013). Além disso, foram descritas fun¢des anti-inflamatérias para a N-
acetilcisteina ao bloquear a producdo de citocinas pré-inflamatdrias (Caissie et al., 2020).

Outros compostos a serem considerados sdao os agentes quelantes que visam melhorar a
penetracdo de antibidticos no biofilme (Buczkowska et al., 2015). Um exemplo desses agentes
€ o Tris-EDTA, que, em contato direto com a parede celular bacteriana, causa a morte dos
microrganismos (LeBlanc, 2010). No entanto, apds a morte bacteriana, € necessario remover o

acumulo de detritos por meio de lavagem uterina, além de ser recomendada a associacdo com
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antibidticos (LeBlanc, 2010; Buczkowska et al., 2015). Além dessa diversa gama de opcdes de
tratamento mencionadas, outros métodos alternativos também tém sido objeto de estudo, como
a acupuntura, por auxiliar as contragdes uterinas e o aumento do tonus (Holyoak & Ma, 2022),
a suplementag¢do nutricional com 4cidos graxos dmega-3 por reduzir da expressao de citocinas
inflamatoérias (Brendemuehl et al., 2014) e os exercicios por melhorar o tonus perineal e

remocao de fluidos (Troedsson, 2011).
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ABSTRACT
Background: Fertile embryo recipients are essential for equine embryo biotechnologies.
Despite that, a complete gynecological examination to identify cases of subfertility is rarely
performed, contributing to an inaccurate diagnosis of endometritis.
Objectives: Identifying the prevalence of endometritis and the major alterations in the
gynecological examination of recipient mares removed from commercial embryo transfer
programs.
Study design: Characterization of gynecological examination findings in embryo recipients
with a history of subfertility.
Methods: 146 recipient mares from 15 commercial farms were evaluated from: (1)
reproductive history; (2) clinical examination: evaluation of the perineum conformation,
transrectal palpation and ultrasound, vaginoscopy and cervix exam; and (3) laboratory tests:
cytological, microbiological and histological evaluation of the uterus, in which the last one was
the "gold standard" for diagnosis.
Results: the main clinical suspicion of endometritis in the reproductive history was intrauterine
fluid during the ultrasound, in addition to the fact that most mares had been submitted to
antibiotic treatments for endometritis. In the clinical examinations, 59% of mares were positive
in at least one of the evaluations performed, in which transrectal palpation and ultrasonography
showed more positive animals for endometritis, followed by cervical changes, inadequate
perineal conformations and evidence of trauma during vaginoscopy evaluation. In laboratory
evaluations, 66% were positive in at least one of the methods used. Uterine microbiological
culture showed 59% positive mares and the most isolated was Escherichia coli. Uterine
cytology identifies 47% of mares with polymorphonuclear cells indicative of inflammation. The
histopathological evaluation of the endometrium identified 60% of prevalence of mares

diagnosed with endometritis.
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Main limitations: Not having identified fungi in the microbiological culture, perhaps due to
not having used a specific growth media.
Conclusions: Endometritis was the main reason for excluding recipient mares from embryo
transfer programs and a complete gynecological exam is essential for the diagnosis aiming at

greater reproductive biotechnologies success.

Keywords: reproductive exam, problem mare, endometrial cytology, endometrial histology.
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1. INTRODUCTION
The embryo transfer and its associated technologies, such as production of embryos in
vitro mainly using intracytoplasmic sperm injection or more recently by in vitro fertilization,
have stood out for its scientific and commercial advances.'> However, for the success of
embryo biotechnologies, it is essential to use fertile recipient mares that can achieve embryonic
recognition and maintenance of pregnancy.® The selection of recipient mares must be done
carefully and it includes the evaluation of reproductive organs through gynecological exams by
applying several clinical and laboratory methods, as well as the evaluation of female
reproductive history.*> However, the gynecological examination in equine reproduction is not
performed properly very often due to lack of training, time, resources, or awareness among
professionals. This can lead to inaccurate diagnoses and, consequently, a high number of
recipient mares with successive embryonic losses and the inability to sustain pregnancy.®
Overall, problematic mares in embryo transfer programs are animals with a reproductive
disorder, such as endometritis, which has been pointed out as the main cause of subfertility in
mares.”® The persistent inflammation of the endometrium represents a major challenge for
equine reproduction as it makes the uterine environment hostile for embryo survival.’
Consequently, managing affected animals needs intensive clinical intervention, leading to
additional costs and substantial economic losses.* Accurate diagnosis, including identification
of the cause of endometrial inflammation, is the first and main step in initiating treatment and
obtaining an effective therapeutic response.!® Hence, the early and efficient identification of
endometritis in recipient mares allows their removal from the embryo transfer program,
resulting in a reduction in embryonic losses and improving the effectiveness of reproductive
biotechnologies. Therefore, the objective of this study was to investigate whether endometritis
is the primary reason for the removal of these mares from the embryo transfer program.
Additionally, we aimed to ascertain the major alterations diagnosed during the gynecological

examination of embryo recipient mares with a history of subfertility.
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2. MATERIAL AND METHODS
2.1. Animals

All procedures performed in this study were in accordance with the National Regulatory
Committee of Experimental Animal (CONCEA) and were approved by the Animal Use Ethics
Committee of the Federal University of Vigosa, Brazil (CEUA, protocol #14/2020). The study
was carried out at 15 breeding farms in Minas Gerais, Brazil, during three breeding seasons
(from 2020 to 2022). A total of 146 crossbred recipient mares (4-20 years old) underwent a
gynecological examination. During this experiment, all animals were healthy and in good body
condition. These mares were included in this study because they were removed from the embryo
transfer program due to failures to confirm successful pregnancies during the breeding season.
The initial suspected diagnosis of endometritis was only based on intrauterine fluid detected in
the transrectal ultrasound examination carried out by the responsible farm veterinarian.
However, none of the females were submitted to a complete gynecological examination with

the use of laboratory tests for accurate diagnosis.

2.2. Survey of the reproductive history of the mares

The reproductive history of the animals, including age and the number of successful
gestations on the farm, were collected from reproductive and health records. Also, data from
clinical records were considered, such as previous antibiotic treatments for endometritis,
number of early embryonic losses, presence of intrauterine fluid, and excessive endometrial

edema detected by transrectal ultrasound examination.

2.3. Clinical reproductive exams
The clinical reproductive assessment of animals encompassed procedures palpation and

transrectal ultrasound, assessment of perineal conformation, vaginoscopy, and evaluation of
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cervical integrity. This examination aimed to identify indicative signs of compromised defense
mechanisms and, consequently, uterine inflammation. Based on the examination findings, the
animals were categorized as either susceptible or not susceptible to endometritis.!! To conduct
these examinations, mares were individually secured in stocks, with their tails suitably
bandaged. The internal reproductive organs were assessed through palpation and transrectal
ultrasound (utilizing the Sonoscape A5Vet, Shenzhen, China). These examinations were carried
out by a skilled veterinarian during the estrus phase of the reproductive cycle, specifically when
mares exhibited at least one dominant follicle measuring 35 mm or more and lacked a corpus
luteum. Selecting the estrus phase facilitated the collection of uterine samples and ensured
homogeneity in the results. The endometrial uterine edema was graded on scores from 1 to 5
according to its intensity.!? In addition, intrauterine fluid was detected and measured, if present.
Mares with risk factors for endometritis, such as, excessive endometrial edema (score 5) and/or
intrauterine fluid greater than 2 cm were classified as susceptible to endometritis and positive
in this exam.!?

Perineal conformation assessment involved gentle washing of the perineum with soap,
followed by drying using paper towels. Visual analysis, as well as measurements using an
adapted vulvometer tool'*, were employed to evaluate perineal conformation. Mares were
classified as positive in this examination when physical barriers of protection were found to be
compromised. Conformational abnormalities, such as inadequate vulvar closure and a Caslick
Index exceeding 150°, were considered risk factors for endometritis.!>!® For vaginoscopy, a
Polansky vaginal speculum and a flashlight were utilized to facilitate access to the internal
vagina and the caudal cervix ostium. Mares were categorized as positive in this examination
when they exhibited conformational defects suggestive of susceptibility to endometritis.
Indications of risk included the presence of a tortuous cervical opening, secretion during the
evaluation, pale or hyperemic mucosa, and abnormalities such as trauma and lacerations. '’

Lastly, assessment of cervix integrity involved the insertion of a finger with a sterile palpation
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glove into the cervix, followed by a digital examination. Mares were considered positive in this
examination if they displayed issues related to cervix effectiveness, which could be indicative
of a breakdown in natural defenses and susceptibility to endometritis. Risk factors encompassed

lacerations, fibrosis, adhesions, diverticulum, and/or ‘[ortuosity.18

2.4. Sample collection and laboratory exams

Laboratory tests encompassed uterine microbiological culture, endometrial cytology
and uterine biopsy for histological evaluation. Uterine samples were safely collected
transcervically by experienced veterinarians to prevent contamination. For microbiological
evaluation, a double protection swab collector (Provar Comercial Ltda, Sao Paulo, Brazil) was
carefully inserted through the cervix and into the uterus. After being in contact with the uterine
wall for at least 1 minute alternating gentle rotational movements, the swab was removed
avoiding contamination. These swab samples were cultured on plates with 5% sheep blood agar
and incubated at 37°C for 48 hours. Any microorganisms present were identified by a
specialized commercial laboratory (Ladvet, Vicosa, Brazil). Mares with the growth of at least
one microorganism on the culture plate were classified as positive for uterine contamination
and, consequently, infectious endometritis. '

Endometrial cytology was conducted using a double-guarded cytobrush collector
(Provar Commercial Ltda, Sdo Paulo, Brazil) following a similar procedure to the swab for
uterine culture. Following sample collection, the cytology brushes were gently rotated on
microscopic slides to create smears. Subsequently, the smears were air-dried, stained using the
Diff-Quick Staining Kit (Laborclin, Pinhais, Brazil), and examined under a light microscope
(P207/B Coleman, Sao Paulo, Brazil) at a 1000x magnification, using oil immersion. This
facilitated the evaluation of polymorphonuclear cells in relation to endometrial cells, with a
total of 300 cells per sample counted. Inflammation was deemed positive when the percentage

of polymorphonuclear cells exceeded 2%.’
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To conduct uterine histological evaluation, endometrial samples were collected
transcervically at the base of the right uterine horn using sterile biopsy forceps appropriate for
this procedure (Botupharma, Botucatu, Brazil), following the method described by Kenney in
1978. The biopsy samples were fixed in a 10% formalin solution and processed for histological
examination at the Laboratory of Veterinary Science (Universidade de Vigosa, Brazil). Routine
staining with hematoxylin and eosin (H.E.) was applied to these samples. Examination of the
samples was performed under an optical microscope (P207/B Coleman, Sdo Paulo, Brazil) at a
high-power field magnification of 100x and 400x. Histological scoring was conducted based
on the severity, considering the quantity of inflammatory cells. The endometrial inflammation
was graded as either negative (grade 1) if there were no inflammatory cells in the compact
stratum or signs of inflammation, and positive if there were mild inflammation (grade 2A),

moderate inflammation (grade 2B) and severe inflammation (grade 3).%0

A comparison was
made between histological evaluation, considered the gold standard for the final diagnosis of

endometritis, and microbiological culture and uterine cytology tests based on their sensitivity,

specificity, and accuracy.

2.5. Statistical Analysis

The Statistical Analysis System (SAS On Demand) was used for data analysis.?! The
success rates of each method were also determined by calculating sensitivity (probability of
positive result in diseased animals), specificity (probability of negative result in non-diseased),
positive predictive value (probability of disease presence when the test is positive), negative
predictive value (probability of disease absence when the test is negative) and accuracy
(probability of true positives and true negatives as a proportion of all results). The diagnostic
gold standard for comparisons was endometrial histological examination. The effect of

explanatory variables from the dataset on the probability of a positive diagnosis for endometritis



181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

60
by endometrial histology was evaluated by univariate logistic regression, with a significance

level of a. = 0.05.

3. RESULTS
3.1. Reproductive history of the mares

The analysis of reproductive history data revealed that the average age of recipient
mares removed from the embryo transfer program, as assessed in this study, was 11.80 years.
These mares were distributed as follows: 30% were aged 10 years or less, 39% were between
10 and 14 years old, and 31% were 15 years or older. On average, mares had 2.62 successful
pregnancies before being classified as having reproductive issues. It's noteworthy that 17% of
these mares did not give birth on the farm.

Most of the mares evaluated by reproductive history presented clinical signs indicative
of endometritis during ultrasound examinations carried out in the reproductive routine, with
59% having intrauterine fluid and 16% exhibiting endometrial hyperedema. A considerable
proportion of the embryo recipient mares had received antibiotic treatment for endometritis
even if a complete gynecological examination of the animals is not carried out beforehand,
constituting 57% of the total mares assessed in this study for reproductive history. Additionally,

25% of the mares experienced early embryonic losses not maintaining the pregnancy.

3.2. Results from clinical reproductive exams

From 146 recipient mares evaluated by gynecological clinical examination, 86 were
considered positive for endometritis based on the result of at least one clinical examination.
However, only five mares were positive for endometritis across all clinical methods performed

in this study (Fig. 1).
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CLINICAL REPRODUCTIVE EXAMS

PERINEAL

VAGINGRCORY CONFORMATION

CERVIX
EXAM

PALPATION AND
) ULTRASSOUND

60
NEGATIVE MARES

Figure 1. The number of positive recipient mares diagnosed with endometritis using clinical
examinations out of a total of 146 animals. Clinical examinations included cervix exam,

vaginoscopy, perineal conformation, and transrectal palpation and ultrasonography.

The transrectal palpation and ultrasound evaluation revealed that 49% of the animals
tested positive during the clinical assessment for endometritis diagnosis, primarily due to the
identification of intrauterine fluid (Table 1). Cervical abnormalities (24%), inappropriate
perineal conformation (22%), and indications of trauma observed during the vaginoscopy
evaluation (11%) were subsequently the most common findings during the clinical examination

in the recipient mares (Table 1).

Table 1. Clinical evaluations for endometritis diagnosis of recipient mares removed from
embryo transfer programs (n = 146). The mares were classified as positive or negative in each
evaluative parameter according to the clinical findings that suggested susceptibility to

endometritis observed in each exam.

Parameters in clinical evaluations* Diagnosis of recipient mares

Positive (n) Negative (n) Positive (%)
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Palpation and ultrasound 72 74 49%
Intrauterine fluid 57 89 39%
Abnormal edema 15 131 10%

Cervix exam 36 110 24%
Tortuosity 15 131 10%
Diverticulum 9 137 6%
Adhesion 9 137 6%
Fibrosis 3 143 2%

Perineal conformation™®* 32 114 22%

Vaginoscopy - Evidence of trauma 16 130 11%

N = number of mares. *All mares were evaluated for each parameter. The same mare may be

classified as positive in more than one parameter. **Caslick’s Index (>150°).

3.3. Results from laboratory reproductive exams

Regarding laboratory tests, 96 mares were considered positive for endometritis based
on the result of at least one examination, and 60 animals were positive in the three evaluation
methods used in the study (Fig. 2). The histological evaluation of the endometrium from uterine
biopsy detected 88 positive animals (60%) with different degrees of inflammation and
histopathological changes (Table 2, Fig. 3). In the uterine microbiological culture test, 59% of
the total number of evaluated recipient mares showed growth of, at least, one bacterium, the
most isolated being Escherichia coli (Table 2). Among the positive mares for microbiological
culture, 11% of them showed mixed growth of two different bacteria concomitantly. The uterine

cytology test identified 47% of recipient mares as positive for uterine inflammation (Table 2).
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LABORATORY REPRODUCTIVE EXAMS

50
NEGATIVE MARES

UTERINE
CITOLOGY

Figure 2. The number of positive recipient mares diagnosed with endometritis using laboratory
analyses out of a total of 146 animals. Laboratory tests included uterine microbiological culture,

uterine cytology and endometrial histology.

Figure 3. Histological images of the endometrium from the uterine biopsy of recipient mares

removed from embryo transfer programs due to subfertility. A) Endometrium without
histopathological alterations; B) Endometrium with mild inflammation and infiltration of

polymorphonuclear inflammatory cells (black arrow). Stain: H.E.

Table 2. Laboratory analyses for endometritis diagnosis of recipient mares removed from

embryo transfer programs (n = 146). The mares were classified as positive or negative in each
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247  evaluative parameter according to the findings suggestive of susceptibility to endometritis

248 observed in each exam.

Parameters in laboratory evaluations* Diagnosis of recipient mares

Positive (n)  Negative (n) Positive (%)

Endometrial histology 88 58 60%
Mild inflammation - Grade 2A 50 96 34%
Moderate inflammation - Grade 2B 25 121 17%
Severe inflammation - Grade 3 13 133 9%

Uterine microbiological culture 87 59 59%
Escherichia coli 42 104 29%
Streptococcus ssp. 20 126 14%
Staphylococcus ssp. 20 126 14%
Enterobacter ssp. 11 135 7%
Citrobacter ssp. 6 140 4%
Klebsiella ssp. 2 144 1%
Mixed growth (two different bacteria) 16 130 11%

Uterine cytology 69 77 47%

249  *Each mare of the 146 was evaluated for all of the aforementioned parameters, and the same
250 mare could be positive with consistent signs of endometritis in one or more different

251  parameters.

252

253 Considering endometrial histology the gold standard for diagnosis endometritis, the
254  uterine microbiological culture had a sensibility of 90.9%, a specificity of 87.9%, and an
255  accuracy of 89.7%. The uterine cytology had a sensibility of 72.7%, specificity of 91.4%, and

256  accuracy of 80.1% (Table 4).
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Table 4. Endometritis: Endometrial histology diagnosis compared with uterine microbiology
culture diagnosis and uterine cytology diagnosis in recipient mares removed from embryo

transfer programs (n = 146).

Endometrial Histology
Sensibility Specificity Accuracy

Positive Negative Total

Microbial Culture* 90.9% 87.9% 89.7%
Positive 80 7 87
Negative 8 51 59
Total 88 58 146

Uterine Cytology** 72.7% 91.4% 80.1%
Positive 64 5 69
Negative 24 53 77
Total 88 58 146

*Microbial Culture: Sensibility = 80 / (80+8) = 90.9%; Specificity = 51 / (7+51) = 87.9%;
Accuracy = (80+51) / (80+7+8+51) = 89.7%. **Uterine Cytology: Sensibility = 64 / (64+24) =
72.7%; Specificity = 53 / (5+53) = 91.4%; Accuracy = (64+53) / (64+5+24+53) = 80.1%.

Univariate logistic regression analysis showed that the following explanatory variables
in the gynecological examination had a significant effect (P < 0.05) on the probability of a
positive diagnosis of endometritis by uterine histology: use of antibiotics as treatments for
endometritis, digital examination of the cervix, perineal conformation, palpation and
ultrasound, presence of Escherichia coli and presence of Staphylococcus ssp. The other

variables in the data set had no significant effect (P > 0.05) (Table 5).

Table 5. The odds ratio for each significant explanatory variable in univariate logistic
regression analysis from endometritis diagnosis in recipient mares removed from embryo

transfer programs (n = 146).
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Parameter Odds ratio
Use of antibiotics as treatments for endometritis (yes vs no) 3.30
Cervix exam (positive vs negative) 3.58
Perineal conformation (positive vs negative) 4.46
Palpation and ultrasound (positive vs negative) 45.45

4. DISCUSSION

The histological evaluation showed that 60% of embryo recipient mares with a history
of subfertility, tested positive for endometritis. This finding indicates that endometritis is the
primary factor contributing to the removal of these mares from the embryo transfer program.
Additionally, we identified common risk factors among the mares positive for endometritis,
such as advanced age, a history of intrauterine fluid, and prior use of antibiotics without
comprehensive diagnostic evaluation.

The majority of recipient mares evaluated in this study were elderly. Advanced age is a
risk factor for uterine inflammatory diseases, as it influences the efficiency of physical,
mechanical, and cellular uterine defense.'® Overall, older mares have endometrial
histopathological examination results suggestive of inflammatory diseases and higher incidence
of endometritis.”*** Moreover, 17% of the recipient mares did not present a successful
pregnancy, probably because they had unknown reproductive problems acquired in their former
farms. It is possible the occurrence of endometritis in this process. The absence of a clinical
diagnose in these animals highlights the importance of the complete gynecological examination
when integrating a recipient mare into the embryo transfer program.

We showed evidence that the history of therapy using antibiotics for endometritis
increased the odds of animals being positive for endometritis by 3.30 times. The use of
antibiotics for endometritis treatments without previous isolation of the pathogenic

microorganism and susceptibility tests are usually ignored by equine practitioners, since these



295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

67
tests demand time, financial costs, materials, and specific equipment. Thus, during the breeding
season, many treatments are based on pre-established protocols, showing little or no therapeutic
response, which leads to infection resistance and aggravation.>*

Despite the main clinical finding for the diagnosis of endometritis being intrauterine
fluid during ultrasound evaluation,? our findings revealed that this clinical sign alone was not
able to diagnose all positive mares for endometritis. This evaluation is routinely performed in
recipient mares to determine whether a mare should remain in the embryo transfer program.
However, some mares with infectious processes may not accumulate fluid, and some mares
without fluid may exhibit polymorphonuclear defense cells, indicative of inflammation.'® This
emphasizes the importance of the most complete gynecological examination possible, including
laboratory tests, for a more accurate diagnosis.

Evaluations of perineal conformation, vaginoscopy, and examination of the cervix
predict how effective anatomic barriers are and the potential risks for endometritis. Positive
results in these evaluated methods may suggest recurrent ascending infections and consequent
endometritis.!® In the study, we showed that 24% of recipient mares had cervical alterations.
These clinical assessments are simple and inexpensive to perform and therefore should be
implemented in routine reproductive exams, mainly as one of the steps of screening for more
elaborate exams. In addition, although 22% of the mares presented alterations in perineal
conformation, none of the animals had done vulvoplasty. This is not a complex surgery and
could fix the anatomical problems related to poor perineal conformation, and even decrease the
number of animals positive for endometritis.

The bacteria most commonly isolated from the equine uterus are Streptococcus ssp. and
Escherichia coli, predominating as causes of acute and chronic endometritis, respectively.!!2°
In our study, the most isolated bacteria were Escherichia coli, which led us to associate the
diagnosed cases with chronic or recurrent infections. Mares with chronic and/or subclinical

uterine inflammatory processes may be responsible for false negative diagnoses both in clinical
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and laboratory tests, when compared to the histological examination in the present study. The
presence of a mixed population of organisms, focal infections, highly pathogenic and biofilm-
producing bacteria can also contribute to chronic inflammation and hinder findings during
diagnostic exams such as microbiological culture and, consequently, antibiotic treatments.'>*’
Metagenomic studies revealed that a moderately diverse microbiome is also present in uterine
samples, where no significant growth was obtained by conventional culture.”® In addition,
inadequate treatments and inefficient defense mechanisms leading to susceptibility can cause
dysbiosis.”®* While we recognize the value of uterine microbiological culture, we may have
underestimated the complexity of the uterine microbiome and the pathogenesis of
endometritis.>%3!

Uterine infections caused by fungi are less commonly associated with endometritis (1-
5%) than the infections caused by bacteria.'"** In our study, fungi were not identified during
uterine microbiological culture. Specific growth media for fungi were not used, which may
have limited the identification of these agents. Fungal endometritis usually occurs as an
opportunistic infection caused by dysbiosis after repeated use of intrauterine antibiotics.'>
This may explain the cases in which the mares were diagnosed with endometritis by the
diagnostic gold standard, but negative in the uterine microbiological culture, since the number
of animals treated with antibiotics for endometritis in the evaluation of the reproductive history
was high.

After the introduction of antigens into the uterus, the innate immune response provides
the first nonspecific natural defense response, consisting of polymorphonuclear leukocytes,
mainly neutrophils, whose function is to destroy the antigens by the phagocytosis mechanism
or by extracellular traps.®>* Through uterine cytology and the presence of polymorphonuclear
cells, we diagnosed 47% of mares as positive in this study. This evaluation method presented

an accuracy of 80.1% when compared to endometrial histology, which is a satisfactory value

since it is a simple and practical test to be performed. However, results for polymorphonuclear
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cells may be influenced by individual risk factors that may predispose to failures in this defense
process, such as increasing age, which has been associated with changes in the systemic
immune response.®¥ These factors are associated with mares considered susceptible and
presenting chronic endometritis, such animals are not able to efficiently eliminate
inflammation, which can cause persistent inflammation or late resolution, reducing the number
of polymorphonucleates and making diagnosis difficult.!!*® Thus, the uterine histological
evaluation after collection by transcervical biopsy, together with the other findings, should be
considered the only reliable method and the gold standard for the diagnosis of endometritis,
because it gathers immunological findings (polymorphonuclear) to degeneration alterations

caused by chronic endometritis.

5. CONCLUSION

This study gathered a considerable number of mares and evidenced that endometritis
was the main reason for removing of recipient mares from commercial embryo transfer
programs and contributing to reports of subfertility in this category. Moreover, a comprehensive
gynecological examination, encompassing histological evaluation, proves crucial for
identifying susceptible mares and detecting chronic or subclinical endometritis. Therefore, from
an efficient diagnosis we can make the right decision of removing or not recipient mares from
the embryo transfer program or indicate the most effective treatment, considering the

importance of this category for the success of reproductive biotechnologies.
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ABSTRACT

Endometritis is recognized as the leading cause of subfertility in mares and a significant
challenge to equine reproduction. Its multifactorial etiopathogenesis necessitates diverse
diagnostic and therapeutic approaches, prompting the search for novel and more effective
methods. Proteomic analysis has facilitated advancements in studying the uterine fluid
proteins, offering insights into endometritis mechanisms and possible biomarkers. This
study aimed to characterize and compare the proteome of the uterine fluid healthy mares
and diagnosed with different types of endometritis. Twenty-four mares were selected
based on gynecological exams and reproductive history, and divided into three
experimental groups: healthy mares, mares with infectious endometritis, and mares with
post-breeding endometritis. Uterine fluid was collected via low-volume lavage and
subjected to proteomic analysis. Data analysis involved protein identification and
quantitative assessment. We identified 549 proteins, revealing distinct proteomic profiles
among the studied groups. Healthy mares exhibited proteins such as heat shock protein
Hsp-70, cathepsin S, and inhibin beta A chain, which are associated with uterine integrity
maintenance. Mares with infectious endometritis displayed proteins like glutathione S-
transferase, related to inflammatory and immune responses. Conversely, mares with post-
breeding endometritis showcased a proteomic profile characterized by proteins involved
in innate immune response pathways, including complement activation and extracellular
trap formation. Furthermore, proteins such as polymeric immunoglobulin, multimeric
immunoglobulin joining chain, and vanins demonstrated abundant differences,
suggesting their potential as biomarkers. Further research is warranted to validate and
confirm the utility of these biomarkers, as well as to investigate their association with the

severity of endometritis and treatment response.

Keywords: endometrium, equine fertility, inflammatory response, proteomic analysis.
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1. Introduction
Endometritis is widely recognized as the primary cause of subfertility in mares

and poses significant challenges to equine reproduction and its associated biotechnologies
(Morris et al., 2020). This condition is characterized by a persistent inflammatory process
in the endometrium, creating an unfavorable uterine environment for embryo survival
(LeBlanc, 2008; Swegen, 2021). The multifactorial etiopathogenesis of different types of
endometritis, including persistent post-breeding endometritis caused by semen presence
and infectious endometritis involving microorganisms, requires distinct diagnostic and
therapeutic approaches (Troedsson, 2011; Scoggin, 2016; Canisso et al., 2020).
Therefore, gaining insight into the different mechanisms of uterine inflammation and
exploring new alternative diagnostic tools with potential biomarkers become crucial to
improving reproductive outcomes (Buczkowska et al., 2014; Morrell & Rocha, 2022).

Advancements in genome sequencing and proteomic-based mass spectrometry
have opened new prospects for investigating the equine proteome and identifying
potential fertility biomarkers (Milardi et al., 2012; Gibb & Aitken, 2016). Proteomic
analysis of uterine fluid provides a non-invasive and comprehensive approach to
understanding the mechanisms related to equine fertility and the processes included in
pregnancy establishment and maintenance (Khan et al., 2020). Proteins regulate various
physiological processes and are directly involved in immune and inflammatory responses
(Milardi et al., 2012; Gibb & Aitken, 2016). The uterine fluid proteome landscape
enhances the knowledge of the complex interactions between inflammatory mediators,
immune cells, and the uterine environment, investigating the mechanisms involved in
endometritis.

Several studies have used proteomic analysis to evaluate and compare treatments

for endometritis (Wolf et al., 2012; Arlas et al., 2014; 2015), to compare healthy mares
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with degenerative endometritis (Diel de Amorim et al., 2020), to investigate differences
across estrous cycle phases (Maloney et al., 2019; Khan et al., 2020), and to explore early
pregnancy (Hayes et al., 2008; 2012; Swegen et al., 2017; Smits et al., 2018; Lawson et
al., 2018; Waugh et al., 2023). Despite these recent efforts to uncover uterine proteins and
their potential implications for equine fertility, a comprehensive description of the uterine
protein profile concerning different types of endometritis remains elusive. Therefore, this
study characterized and compared the uterine fluid proteome of healthy mares with post-
breeding and infectious endometritis. Our results may provide valuable insights into the
molecular alterations associated with the establishment and progression of endometritis,

contributing to further identification of potential biomarkers and therapeutic targets.

2. Material and methods
2.1. Animal selection

Twenty-four Mangalarga Marchador breed mares, aged between 5 and 12 y, were
selected for this study from six distinct horse breeding farms in Muriaé (Latitude: 21° 7'
49" South, Longitude: 42° 22" 3" West), Brazil, during the 2020/2021 reproductive
season. The mares have regular health monitoring and were kept in paddocks with grass
pastures and free access to water and mineral salt, in addition to being fed hay and
concentrated grains. The animals underwent a screening process that involved a
comprehensive review of their reproductive history and gynecological examinations for
selection and inclusion in the experimental groups. Mares’ welfare and all procedures
adhered to the guidelines established by the National Committee for the Regulation of
Animal Experimentation (CONCEA) and were approved by the Ethics Committee for

Animal Use of the Federal University of Vigosa, Brazil (CEUA, protocol no. 14/2020).

78



75

76

77

78

79

80

81

82

83

84

85

86

87

88

&9

90

91

92

93

94

95

96

97

98

79

Mares were subjected to daily transrectal ultrasonography examinations until the
detection of estrus, characterized by a follicle size > 35 mm and endometrial edema grade
3 (Samper, 2010). Subsequently, ovulation was induced using 250 pg of histrelin acetate
(Strelin - Botupharma, Sdo Paulo, Brazil), and insemination with 1 billion of fresh and
viable spermatozoa. After 48 h, mares underwent to transrectal ultrasonography, uterine
cytology, uterine microbiological culture, and endometrial histopathology to categorize
and diagnose the endometritis.

Transrectal ultrasonography was assessed to detect intrauterine fluid, in which
amounts greater than 2 cm indicated a positive diagnosis for endometritis susceptibility
(Brinsko et al., 2003; Katila & Ferreira-Dias, 2022). A low-volume uterine lavage was
conducted to collect samples for endometrial cytology and uterine microbiological culture
(Ball et al., 1988). Mares with over 2% polymorphonuclear cells in the cytological
evaluation (Kozdrowski et al., 2015) and isolation of microorganism in the
microbiological culture were considered positive for endometritis. Subsequently, a
transcervical biopsy was performed to evaluate endometrial histopathology, graded
adapted from Schoon et al. (1992), in which mares with grades II or III were classified as
positive for endometritis. Complete reproductive data and diagnostic results for each mare
are provided in Supplementary Table S1. The mares were then divided into three
experimental groups: (1) healthy mares without any evidence of endometritis (control
group, n = 8); (2) mares diagnosed with infectious endometritis (n = 8); and (3) mares
diagnosed with post-breeding endometritis (n = 8), according to the findings of the

examinations (Table 1).
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Table 1. Selection criteria for categorization of mares in experimental groups based on

evaluative diagnostic parameters to endometritis.

Parameters Healthy mares Infectious Post-breeding
(Control group) endometritis group  endometritis group

Intrauterine fluid in Absence Absence or Presence (> 2 cm)

ultrassonography Presence

Endometrial < 2% PMNs > 2% PMNs > 2% PMNs

cytology

Microbiological No microorganism Microorganism No microorganism

culture growth growth growth

Histopathological Grade | Grade I or IIT Grade 11 or III

evaluation

PMNs: polymorphonuclear cells. Grade I: Negative for endometritis; Grade II or III:

Positive for endometritis.

2.2. Collection and processing of uterine fluid

For proteomic analysis, a volume of 60 mL of 0.9% saline solution (Fresenius

Kabi, Bad Homburg, Germany) was transcervical infused into the uterus using a

disposable sterile catheter (Embramed, Sao Paulo, Brazil). After 2 min, the fluid was

recovered into two sterile 15 mL plastic tubes (Corning Incorporated Life Science,

Tewksbury, England) by gravity and with the assistance of intravenous administration of

20 1U of oxytocin (Ocitocina Forte, UCBVET, Sao Paulo, Brazil) to promote uterine

contractions.

Subsequently, the uterine fluid was centrifuged at 400 x g for 10 min. While the

sediment was used for screening animal diagnosis, the supernatant was separated for

proteomic analysis. Thus, this fluid was recovered and transferred to cryogenic tubes (2
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mL volume; Corning Incorporated Life Science, Tewksbury, England) containing

protease inhibitor cocktail 1:1000 (Viana et al., 2018) and stored at -80 °C.

2.3. Proteomic analysis

Equine endometrial fluids were resuspended in a solution containing urea 8 M,
NaCl 75 mM, and Tris 50 mM and centrifuged at 14.000 x g for 10 min at 4 °C. The
supernatant was subjected to protein precipitation by adding cold acetone (1:4) and placed
at —20 °C overnight. Then, three sequential centrifugations (14.000 x g at 4 °C for 10
min) were applied, always discarding the supernatant. The dried pellets were resuspended
in ammonium bicarbonate 50 mM, and the proteins were quantified using the Bradford
method (Bradford, 1976; Couto-Santos et al., 2019). An aliquot of 20 pug of proteins from

each sample was used to perform one-dimensional electrophoresis SDS-PAGE (Figure

1.
Healthy mares Infectious endometritis mares Post-breeding endometritis mares
koMM 1 2 3 4 5 6 7 8 MM 1.2 3 4 5 6 7 8 MM 1.2 3 4 5 6 7 8
250|— e — ' »
150 [s== = 5
100} — ’ -
75 [— = o e B &4 — j"*'a'- s
= 2] } — =z ~ 5 | et 557 —— | -
50 e - - . - V..
- b
37 |- _—
- .
25 | - - _—
15 s S - —é
10 \ -— . - - [

Figure 1. SDS-PAGE analysis of endometrial fluids of healthy mares, infectious
endometritis mares and post-breeding endometritis mares. MM = Molecular marker; kDa

= kilodalton.

For protein digestion, an aliquot of 50 pug of proteins from each sample was
resuspended in ammonium bicarbonate 50 mM with the addition of 500 mM DTT

(dithiothreitol), followed by incubation at 55 °C for 25 min. Further, iodoacetamide (IAA)

81



136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

82

was added to reach a final concentration of 0.014 M, and the solution was kept at 21 °C
in the dark for 40 min. Further, 0.001 M CaCl, was added before digestion of proteins
with trypsin (Promega, Fitchburg, WI, USA), with a 1/50 (w/w) enzyme/substrate. The
solution was incubated at 37-°C for 18 h. Later, trifluoroacetic acid (TFA) was added to
a final concentration of 1% to stop tryptic activity (Viana et al., 2018). The peptides were
desalted using stage tip C18 columns manually packed with Empore TM SPE disks
(Sigma-Aldrich, Darmstadt, Germany; Viana et al., 2018) and lyophilized.

The lyophilized peptides were resuspended in 20 uL of water, containing formic
acid 0.1% and acetonitrile 2%. One microliter of each sample was injected in the maXis
3G QTOF orthogonal mass spectrometer (Bruker Daltonics, Billerica, MA, USA)
coupled with an ultra-performance liquid chromatography system (nanoACQUITY,
Waters, Milford, MA, USA), using trapping column (nanoAcquity UPLC® 2G-V/MTrap
5 um Symmetry® C18 180 um x 20 mm) at 7 uL/min for 3 min. The analytical column,
nanoAcquity UPLC® 1.8 um HSS T3 75 um x 200 mm, was used at 0.2 ul/min flow for
240 min in a gradient concentration of acetonitrile 0-85%. The mass spectrometer was
operated in data-dependent mode (DDA), and each MS full scan was acquired with
resolving power. The most abundant ions were selected for fragmentation via collision-

induced dissociation.

2.4. Data analysis

The raw data were converted into mzXML files using the CompassXport software,
version 3.0 (Bruker Daltonics, Billerica, MA, USA). The protein identification was
performed using PEAKS software 7.0 (Bioinformatics Solutions Inc., Canada) and the
PEAKS DB method (Zhang et al., 2012). Data were searched at 20 ppm and 0.6 Da mass

tolerance for precursor and fragmentation ions, respectively. Carbamidomethylation of
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cysteine and oxidation of methionine were settled as static and variable modifications. A
minimum of two peptides per protein and a protein false discovery rate (FDR) < 1% were
applied for protein identification (Couto-Santos et al., 2021). Using the strict criteria
mentioned above, we considered the proteins identified in at least one sample from each
group. However, for the qualitative and quantitative analysis of potential biomarkers, we
considered proteins present in at least five mares from each group (n = 8). Proteins were
analyzed through metabolic pathways annotated in the KEGG (Kyoto Encyclopedia of
Genes and Genomes) database, biological processes, and molecular functions. Further,
they were clustered and defined according to enrichment scores and p-values.
Quantification of identified proteins was performed using the Label-Free method
available in the PEAKS Q module. Initially, a comparison analysis between all samples
was performed. Pearson correlation values between samples within each group and
between groups. The three samples of each treatment that showed the best correlation in

the cluster were selected (Ramirez-Lopez et al., 2023).

6. Results

Our results showed that 549 proteins were identified, and more than half of them
(n = 279) common in the uterine fluid of mares from the three experimental groups
(Supplementary Table S2). However, for analysis of potential biomarkers, only 168
proteins were considered when used the criterion of protein presence in at least five out
of eight mares per group, being 68 expressed in the uterine fluid of mare from all
experimental groups. Thirteen proteins were detected in control animals, while four
proteins were expressed in mares with infectious endometritis, and 55 were found in

mares with post-breeding endometritis (Fig. 2).
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Fig. 2. A Venn diagram to represent proteins present* in uterine fluid samples of mares
with post-breeding endometritis (green), infectious endometritis (red) and control group
(healthy mares, without endometritis — blue). *Proteins detected in at least five uterine

fluid samples of mares from each group.

The proteins found in the uterine fluid of control mares were membrane
metalloendopeptidase, follistatin-like 3, cadherin 1, inhibin beta A chain, Ig-like domain-
containing protein, heat shock 70kDa protein 1A, coagulation factor V,
phosphatidylethanolamine-binding protein 1, beta-hexosaminidase, junctional adhesion
molecule A, cutA divalent cation tolerance homolog, mesothelin, and cathepsin S. In
contrast, mares with infectious endometritis expressed four proteins: annexin, glutathione
S-transferase, cellular communication network factor 2, and malate dehydrogenase. The
55 proteins detected in at least five animals of the post-breeding endometritis group are
listed in Table 2. From those proteins, two were exclusively identified in most of mares
with post-breeding endometritis only, complement C3 and ADAM metallopeptidase with
thrombospondin type 1 motif 1. Three were detected in animals from this group rather

than healthy mares, azurocidin 1, Lipocalin/cytosolic fatty-acid binding domain-
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containing protein, and olfactomedin 4 (Tab. 2). ADP-ribosylarginine hydrolase and t-
plasminogen activator were detected in mares with post-breeding endometritis but not in

mares with infectious endometritis (Tab. 2).

Table 2. Proteins (n = 55) expressed in the uterine fluid of at least five mares with post-
breeding endometritis in comparison with their expression in healthy mares (control) and

mares with infectious endometritis (infectious group).

Number of animals per group

Proteins Post-
Control  Infectious
breeding
Proteins expressed only in mares with post-breeding endometritis
Complement C3 0 0 6
ADAM metallopeptidase with thrombospondin 0 0 5

type 1 motif 1

Proteins expressed in all mares (n=38) with post-breeding endometritis in comparison

with their expression in other groups

Complement component 4 binding protein 3 1 8
alpha

Alpha-2-macroglobulin like 1 4 2 8
Dystroglycan 1 4 3 8

Proteins expressed in mares (n=7, n = 6, or n=5) with post-breeding endometritis in

comparison with their expression in other groups

Midkine

[S—

Lysozyme

Mucin-5B

Secretory leukocyte peptidase inhibitor
Neuropilin

Polymeric immunoglobulin receptor

Fibrinogen gamma chain

S A B W W W N

Azurocidin 1

S N A = WY = N
(=) N e ) S R N e N |

)

t-plasminogen activator
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ADP-ribosylarginine hydrolase

Cathepsin H

Spondin 2

IF rod domain-containing protein
Actin-related protein 2/3 complex subunit 4
Myeloperoxidase

Prolactin-inducible protein homolog
Phosphoglycerate kinase

Transketolase

Moesin

Uteroglobin

Myosin heavy chain 9

WD repeat domain 1

Lymphocyte cytosolic protein 1
Peroxidasin

Lipocalin/cytosolic fatty-acid binding domain-
containing protein

Olfactomedin 4

Calreticulin

Lipocalin/cytosolic fatty-acid binding domain-
containing protein

45 kDa calcium-binding protein

Proteinase 3

Sorcin

Resistin

Glutathione S-transferase

Actin related protein 3

Rho GDP-dissociation inhibitor 2-like protein
Syndecan binding protein

Fibrinogen alpha chain

L-lactate dehydrogenase
6-phosphogluconate dehydrogenase,

decarboxylating
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Functional clustering analyses were performed to evaluate the insight into
biological processes, molecular functions, and metabolic pathways. The proteins
identified in the control and infectious endometritis groups did not contribute to the
enrichment of functions analysis. On the other hand, the figure 3 shows the results of
KEGG pathway analysis demonstrated enrichment of eleven terms in mares with post-
breeding endometritis, including terms related to complement and coagulation cascades,
neutrophil extracellular trap formation, pentose phosphate pathway, and carbon
metabolism. Biological processes involved in the plasminogen activation, regulation of
immune system process, proteolysis, protein polymerization, and acute phase-response
were enriched in mares from this group (Fig. 3). The enriched terms related to molecular
functions were actin filament binding, followed by endopeptidase activity and integrin,

receptor, and calcium ion binding (Fig. 3).

87



227

228

229

230

231

232

233

234

235

236

237

238

239

240

88

Enrichment analysis

ech(4610:Complement and coagulation cascades
ecb04613 N eutrophil extracellular trap formation
ech00030Pentose phosphate pathweay
ech(1200:Carbon metabolizm
ech03171:Coronavirus diseaze - COVID-19
echb(4530:Tight junction

ech00010:Glycolysis / Gluconengenesis

ech (1230 Biosynthess of amino acids
ech(4810Regulation of actin cyteskeleton
ech(4066 HIF-1 signaling pathway
ech03130:Btaphyiococcos aurens infection

Gi0:0031630~plasminogen activation
GO:0002 682 ~regulation of inmune svstem process
GO:0006 508 ~proteolysis

GO:0051 238 ~protein polymenzation

GO:0006933 ~acute-phase response

GO:0031013~actin filament binding
GO:0005309~calcium ion binding

GO:0004252 ~serine-type endopeptidase activity
GO:0003178~mtegrm bindmg

GO:0003 102 ~recepter bindmg

W EEGG Pathway
M Biological proccess
B Molecular function

=]
o
b

3 4 5 6 fi
-Log(p-value)

Fig. 3. Functional annotations [-log (p-value)] of proteins’ clusters identified in the
uterine fluid of at least five mares with post-mating endometritis included in the post-
breeding experimental group, according to metabolic pathways annotated in the KEGG
(Kyoto Encyclopedia of Genes and Genomes) database, biological process, and molecular

functions.

Pearson's correlation was calculated within each group and between groups. The
three samples from each treatment that exhibited the highest correlation within their
respective groups were selected for further quantitative analysis. Subsequently, a
comparative analysis of the three selected samples from each group revealed differences
in the abundance of eight proteins: albumin, vanin 1, polymeric immunoglobulin receptor,
joining the chain of multimeric IgA and IgM, uteroglobin, sulfhydryl oxidase, amine

oxidase, and stanniocalcin 1 (Fig. 4).
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Fig. 4. Heatmap of the differentially available proteins found by comparative analysis of
the three selected samples from each group that exhibited the highest correlation. Control
group, infectious endometritis, and post-coverage endometritis. AOA3Q2H477-Albumin,
F6Z129-Vanin 1, F6W2K5-Polymeric immunoglobulin receptor, AOA3Q2HW24-
Joining chain of multimeric IgA and IgM, F6ZSQ2-Uteroglobin, F6WR95-Sulfhydryl

oxidase, F7TCWC8-Amine oxidase, and F7TAKV6-Stanniocalcin 1.

7. Discussion

We conducted a comprehensive proteome analysis of uterine fluid obtained
through low-volume lavage from 24 mares resulting in 549 proteins that displayed
significant differences between different types of endometritis, including infectious and
post-breeding, and healthy individuals. This approach aimed to enhance our
understanding of the endometritis etiopathogeneses and indicate potential biomarkers
according to the animal phenotype. Thirteen proteins were found in the uterine fluid of
most of the healthy mares included in this study, exhibiting diverse functions primarily
related to cellular protection and adhesion, among them heat shock 70kDa protein (Hsp-
70), cathepsin S and inhibin beta A chain. These findings highlight the significance of

these proteins in the normal functioning of the equine uterus. However, it is important to
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note that due to their abundance in uterine fluid and their nonspecific nature, further in-
depth investigations are warranted to establish their precise roles and assess their potential
as markers of uterine integrity.

Our results revealed that only four proteins were expressed in the uterine fluid of
at least five mares with infectious endometritis. Annexins deserve attention because they
are associated with the inflammatory state of the endometrium and were previously
cponted out as potential biomarkers (Hayes et al., 2012; Diel de Amorim et al., 2020).
Annexins are detected in uterine fluid, and their genes are locally expressed in the equine
endometrium (Hayes et al., 2012). These proteins are involved in anti-inflammatory
mechanisms, exerting antimigratory effects on neutrophil extravasation and regulating
the production of superoxide by these cells (Gerke and Moss, 2002). Similar to our study,
Diel de Amorim (2020) found a relationship between annexins and endometritis, as they
detected an increase in the levels of annexin A2 in mares with endometritis but in the
degenerative form of the disease. These findings prove the biomarker potential of this
protein for endometritis. Another protein identified in mares with infectious endometritis
was glutathione S-transferase. It is an enzyme with antioxidant function, playing a role in
protecting against damage caused by oxidative stress (Pelin et al., 2015; Markovic et al.,
2009). Oxidative stress plays a crucial role in several steps involved in the fertility process
as it exacerbates inflammation, causes cell damage, and influences the uterine
environment (Zhong & Zhou, 2013; Talukder et al., 2017; Gabai et al., 2019). Neutrophils
are responsible for reactive oxygen species production, leading to oxidative stress and
contributing to a disease process known as oxinflammation (Winterbourn et al., 2016;
Gabai et al., 2019; Valacchi et al., 2018). It is relevant to investigate the relationship
between oxinflammation, the presence of pathogenic microorganisms, the abundance of

neutrophils, and the role of glutathione S-transferase in infectious endometritis. The other
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two proteins found in the majority of mares with infective endometritis were cellular
communication network factor 2 (CCN2) and malate dehydrogenase. They are not
directly associated with an immune or inflammatory response. Instead, they are possibly
related to a possible progression of the disease. The CCN?2 is responsible for different
signaling activities in various pathways and is mainly associated with fibrosis (Leguit et
al., 2021). Malate dehydrogenase, in turn, is associated with tissue damage and is
considered an exploratory biomarker enzyme that can indicate cellular dysfunctions
(Marrer & Dieterle, 2010). Therefore, the presence of both in infective endometritis
suggests a higher progression of endometrial cell damage and perhaps a more rapid
evolution to fibrous tissue formation in this condition.

Several proteins were identified in most mares with post-breeding endometritis.
The enrichment analysis revealed that signaling pathways and biological processes were
predominantly associated with the innate immune response. The pathway of complement
and coagulation cascades plays a crucial role in neutrophil recruitment and activation of
the complement system, an important defense mechanism (Markiewski et al., 2007;
Amaral et al., 2010). Another pathway involved with neutrophils is the formation of
extracellular traps composed of proteins that play a significant role in the innate defense
against microorganisms (Reborddo et al., 2019). These findings indicate that post-
breeding endometritis increases the innate immune response compared to infectious
endometritis, suggesting a defense mechanism involving neutrophils mainly and a
predominantly acute inflammatory response.

The quantitative analysis observed differences in the abundance of eight proteins,
such as albumin, which was more abundant in the control group and act in oxidative stress
by neutralizing free radicals and transporting antioxidants (Plantier et al., 2016). Its higher

abundance in in healthy mares group suggests that its function may be compromised
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during inflammation and your absence may play a important roles in the inflammatory
process. Like albumins, the vanins were observed in a significantly lower abundance in
the endometritis groups compared to the healthy mares group. These results are in
agreement with the findings by Diel de Amorim et al. (2020), who reported a significant
decrease in vanins in mares with degenerative endometritis. Vanins play an important role
in modulating the uterine innate immune response, as they are negatively correlated with
the presence of neutrophils in the endometrium (Diel de Amorim et al., 2020). These
proteins are highly expressed and abundant in uterine fluid, although their specific role is
not yet fully understood (Hayes et al., 2012). It is believed that they may be involved in
oxidative stress and inflammatory signaling pathways, affecting the signaling molecules
of this process and contributing to the regulation of the inflammatory response at the
molecular level (Ferreira et al., 2015). Therefore, vanins are potential biomarkers of
uterine inflammation suggesting a possible fundamental role of these proteins in
maintaining inflammatory balance.

In turn, the polymeric immunoglobulin receptor (PIgR) and joining chain of
multimeric immunoglobulin (J chain) demonstrated differences in concentrations
between the two examined groups of endometritis, with low abundance detected in mares
with infectious endometritis and higher with post-breeding endometritis. Both proteins
play a relevant role in the immune response by mediating the transport of immunoglobulin
A from the mucosa to the uterine lumen during inflammatory processes (Braathen et al.,
2007; Wei et al., 2021). The difference in PIgR and J chain levels between the groups
with endometritis could be attributed to a greater influx of immunoglobulin A in post-
breeding endometritis compared to infectious endometritis. However, Woodward &
Troedsson (2013) observed no differences in the pattern of immunoglobulin A response

between these types of endometritis, as both showed an increase in this immunoglobulin.
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Therefore, it is necessary to clarify the secretion and the relationship of immunoglobulin
A 1n the different types of endometritis, as these proteins may be potential biomarkers of
the uterine humoral immune response in mares.

In our study, there were a lower abundance of uteroglobin and stanniocalcin in
mares with post-breeding endometritis. The uteroglobin, or secretoglobin, also plays a
significant role in regulating the immune response and possess anti-inflammatory
properties (Miiller-Schdéttle et al., 2002; Hoffmann et al., 2009). This may indicate a more
pronounced immunosuppressive effect in this type of endometritis, as a decrease in
uteroglobin expression has been suggested to increase susceptibility to endometritis
(Hoffmann et al., 2009). Another important aspect is that uteroglobin interacts with
hydrophobic ligands such as progesterone, suggesting its role in supporting pregnancy
(Ellenberger et al., 2008; Hayes et al., 2012). Similar to uteroglobulin, the stanniocalcin
contributes to endometrial preparation for embryo implantation and has anti-
inflammatory functions by inhibiting the production of pro-inflammatory cytokines and
modulating the immune response (Bishop et al., 2021). This protein is involved in calcium
metabolism and too has antioxidant properties, protecting organs and tissues from
inflammation-induced damage. Thus, we hypothesize that the reduced levels of
uteroglobin and stanniocalcin found in post-breeding endometritis may be related to
lower chances of establishing pregnancy in this condition.

The other two enzymes differentially abundant, the sulfhydryl oxidase and amine
oxidase, exhibited similar abundance patterns with higher levels in infectious
endometritis compared to the other groups. The sulfhydryl oxidase catalyzes the oxidation
of sulfhydryl groups in proteins, converting them into disulfide bonds. These bonds are
essential for the stability and structure of proteins and play a role in cellular repair and

maintenance (Farkye & Bansal, 2011). Additionally, this enzyme is known for assisting
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bacteria in adapting to the host environment, facilitating their ability to colonize and infect
(Faccio et al., 2011). Therefore, the high abundance of this enzyme in mares with
infectious endometritis may indicate a defense process through the repair of proteins
essential for proper endometrial function and suggest a mechanism employed by
infectious agents to colonize the uterine microenvironment. Amine oxidases are enzymes
involved in the oxidation of amines, resulting in the formation of oxidized products, along
with the release of secondary products such as aldehydes, ammonia, and hydrogen
peroxide, which can influence cells and tissues (Floris & Finazzi Agro, 2013). Some
amine oxidases, when present in specific tissues or cells, can directly influence the
modulation of the inflammatory response. However, the exact mechanisms and clinical
implications of these effects can vary considerably (Thézénas et al., 2020). Further
research is needed to clarify the exact mechanisms and clinical implications of these
effects in the mare's uterus and their potential relationship with endometritis.

In conclusion, our results revealed differences in the proteomic profiles between
groups and provided a comprehensive view of the changes associated with uterine
inflammation in mares. Healthy animals exhibited a proteomic profile characterized by
proteins involved in maintaining uterine integrity, mares with infectious endometritis
exhibited a distinct proteomic profile with proteins associated with inflammatory and
immune responses, while mares with post-reproductive endometritis presented proteins
mainly related to the innate immune response. Our unprecedented qualitative and
quantitative findings will contribute to future validation studies of proteins as potential
biomarkers for diagnosis, as well as to elucidate the course of the disease and its most

effective treatment.
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Supplementary Table S1. Reproductive data and test results for the diagnosis of endometritis for subdivisions in experimental groups: control group of mares without endometritis or healthy,

group of mares with infectious endometritis and group of mares with post mating endometritis. N = 24.

Mare Age Reproductive history IUF diameter ~ Cytology Microbiological Histopathological =~ Diagnosis group
(years) (mm) (% of neutrophil) culture grade
01 05 absence of IUF and normal embryonic recovery* 0 1% no growth [** Control group
02 09 absence of IUF and normal embryonic recovery 0 0% no growth I Control group
03 07 absence of IUF and normal embryonic recovery 0 0% no growth I Control group
04 10 absence of IUF and normal embryonic recovery 0 1% no growth I Control group
05 08 absence of IUF and normal embryonic recovery 0 0% no growth I Control group
06 06 absence of IUF and normal embryonic recovery 0 0% no growth I Control group
07 06 absence of IUF and normal embryonic recovery 0 0% no growth I Control group
08 05 absence of IUF and normal embryonic recovery 0 0% no growth I Control group
09 11 absence of embryonic recovery in 3 last cycles 12 8% Escherichia coli I Infectious endometritis
10 12 absence of embryonic recovery in 3 last cycles 14 4% Streptococcus spp II Infectious endometritis
11 08 absence of embryonic recovery in 3 last cycles 0 6% Escherichia coli II Infectious endometritis
12 07 IUF accumulation during estrus 10 4% Escherichia coli II Infectious endometritis
13 11 absence of embryonic recovery in 3 last cycles 0 5% Staphylococcus spp II Infectious endometritis
14 06 IUF accumulation during estrus 15 5% Streptococcus spp II Infectious endometritis
15 08 IUF accumulation during estrus 22 3% Staphylococcus spp II Infectious endometritis
16 12 absence of embryonic recovery in 3 last cycles 15 6% Escherichia coli II Infectious endometritis
17 11 IUF accumulation after Al and poor embryonic recovery* 23 10% no growth II Post-breeding endometritis
18 11 IUF accumulation after Al and poor embryonic recovery 30 8% no growth II Post-breeding endometritis
19 09 IUF accumulation after Al 24 7% no growth II Post-breeding endometritis
20 06 IUF accumulation after Al 32 10% no growth II Post-breeding endometritis
21 10 IUF accumulation after Al and poor embryonic recovery 28 10% no growth II Post-breeding endometritis
22 09 IUF accumulation after Al and poor embryonic recovery 22 12% no growth II Post-breeding endometritis
23 10 IUF accumulation after Al and poor embryonic recovery 26 8% no growth II Post-breeding endometritis
24 07 IUF accumulation after Al 24 6% no growth II Post-breeding endometritis

*Normal embryonic recovery rate (>60%) and poor embryonic recovery (<20%). **Histopathological grade I = negative endometritis and grade II = positive endometritis.
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Supplementary table S2. Endometrial fluid proteins from control (healthy) mares and mares with infectious or post-breeding endometritis

Detected in:

Number of samples

Accession Protein name Control Infectious Post-breeding Control Infectious Post-breeding
(healthy)  endometritis endometritis (healthy)  endometritis endometritis
AO0A3Q2I8HS Galectin-3-binding protein Yes Yes Yes 8 8 8
AO0A3Q2IDD2 Complement C2 Yes Yes Yes 8 8 8
AOASFS5PJL2 Mucin 4, cell surface associated Yes Yes Yes 8 8 8
F6PQ46 Ceruloplasmin Yes Yes Yes 8 8 8
F6VASS Vanin 2 Yes Yes Yes 8 8 8
F6VIR6 Alpha-1-B glycoprotein Yes Yes Yes 8 8 8
FOW2KS5 Polymeric immunoglobulin receptor Yes Yes Yes 8 8 8
H9GZQ9 Immunoglobulin heavy constant mu Yes Yes Yes 8 8 8
Q29482 Clusterin Yes Yes Yes 8 8 8
Q95M34 Immunoglobulin gamma 1 heavy chain Yes Yes Yes 7 8 8
constant region (Fragment)

AOA3Q2HWQ6  Complement C3 Yes Yes Yes 8 7 8
AO0A3Q2I1427 Leucine rich alpha-2-glycoprotein 1 Yes Yes Yes 8 7 8
FO6WFF6 Tartrate-resistant acid phosphatase type 5 Yes Yes Yes 7

FoYV40 Glyceraldehyde-3-phosphate Yes Yes Yes 8 7 8

dehydrogenase

F6Z2129 Vanin 1 Yes Yes Yes 7

F1CZW9 Serpin family G member 1 Yes Yes Yes 7

AO0A3Q2HW24  Joining chain of multimeric IgA and IgM Yes Yes Yes 7

AOASKIUTF7  Phospholipase A2 Yes Yes Yes 7 7

B7S833 chitinase Yes Yes Yes 7 7

FO6WR95 Sulfhydryl oxidase Yes Yes Yes
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F6YQMS5
F7APU2
H9GZV1
F6WDW?3
F7AKV6
AOA3Q211X0

A2Q0Z1
F6QP34
F6WFS0
F7BPT4
F6YNTS

PODUB3

F6X6A6
F6ZC75
F7BC37
F6XRY7
AOA3Q2LTF6

F6ZHQ5
F6R6Z6
F6TIXS
AOASF5PQU7

A0A3Q2I1S9
AO0A3Q2IAY9

Prosaposin

Complement factor I

Ig-like domain-containing protein
Keratin 10A

Stanniocalcin 1

CN hydrolase domain-containing protein

Heat shock cognate 71 kDa protein
WAP four-disulfide core domain 2
Ephrin Al

Ezrin

Phosphatidylethanolamine binding
protein 4

Immunoglobulin heavy constant alpha
(Fragment)

Peptidyl-prolyl cis-trans isomerase
Thy-1 cell surface antigen

Serine protease 8

Cystatin E'M

Mucin 6, oligomeric mucus/gel-forming

Chloride intracellular channel protein
Epithelial cell adhesion molecule
Tripeptidyl-peptidase 1
Peptidylglycine alpha-amidating
monooxygenase

Matrix metallopeptidase 26

Histone H4

Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes

Yes

Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes

Yes

Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

Yes
Yes
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Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes

Yes
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Yes
Yes
Yes
Yes
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Yes
Yes
Yes

Yes
Yes
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F6T7K7
F7ABO03
AOASF5PYS7
F6USP9
A0A3Q2HD15
F6X9U4
F6YA47
AO0A3Q2HVB6

QSHZM6
F6XWMS5
AOA3Q2H477
F6Z2L5
AOASF5PWY]
F7CWC8
F6Z135
A0A3Q2GYK6

F6X1X3

F6XZQ1
F6YG82
F7DXG8
F7BL38
FICYRI
F6XBMS

Transcobalamin 1

Granulin

Keratin, type II cytoskeletal 1
Plasminogen

Cathepsin B

Dystroglycan 1
Alpha-2-macroglobulin like 1
Complement component 4 binding
protein alpha

Annexin Al

Haptoglobin

Albumin

Apolipoprotein E

Fetuin B

Amine oxidase

Histidine rich glycoprotein

Tyrosine 3-monooxygenase/tryptophan 5-
monooxygenase activation protein zeta

Vitelline membrane outer layer 1
homolog

Calcyphosine

78 kDa glucose-regulated protein
Cofilin 1

Mucin 1, cell surface associated
Antithrombin-III

Golgi apparatus protein 1

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes

Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes

Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes

Yes
Yes
Yes
Yes
Yes
Yes
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AOA061DBP6
F6W2Y1
F7CU9%
F6UJ33
097508
AOA3Q2HQD7
A2Q0Z0
AOA3Q2HSY?2

PODUBI
AOA3Q2HF40
AOA3Q2KXH7
P30441
F7COV8
AOA3Q2HNV2

F6S6J4
DS5SHIS

F6ZSQ2
A0A3Q2IC05
Q28377
F6SRP7
F6RM73
A0A3Q2GX59
F7BYGO
F6PUX2

von Willebrand factor

Fibrinogen gamma chain

Lysozyme

Profilin

Thioredoxin

Neuropilin

Elongation factor 1-alpha 1

Secretory leukocyte peptidase inhibitor

Polymeric immunoglobulin receptor
Mucin-5B

Midkine

Beta-2-microglobulin

Serpin family B member 7

Insulin-like growth factor-binding protein
2

Peroxiredoxin-1

Serine peptidase inhibitor clade A (alpha-
1 antiproteinase, antitrypsin) member 14

Uteroglobin

Serpin family B member 1
Fibronectin

Adenylyl cyclase-associated protein
Apolipoprotein A-II

Lymphocyte cytosolic protein 1
Peroxidasin

Moesin

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
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11VZ96
AOASF5Q0V8
F6X485
AO0A3Q2I4F4
F7/D1R1
F7D9J2
AO0A3Q2L5E0
F6TZS9
AOASF5PRS55

F6V6R7
F7BZ88
A0A3Q2HZX9
F6Y4K8
F7BJDS
AOASF5PLP9
A0A3Q2IDKS
F7BTW7
A0A3Q2I334
AOA3Q2LPE6
F6TIR2
FICWTO
F7CKH3

A0A3Q2GXQ7
F7BKEI
F6W314
F6X118

Uteroglobin
Alpha-2-HS-glycoprotein

Myosin heavy chain 9

WD repeat domain 1
Phosphoglycerate kinase
Transketolase

IF rod domain-containing protein
Triosephosphate isomerase
Actin-related protein 2/3 complex subunit
4

Prolactin-inducible protein homolog
Myeloperoxidase

Azurocidin 1

Spondin 2

Cathepsin H

ADP-ribosylarginine hydrolase
t-plasminogen activator
Complement C3

Superoxide dismutase [Cu-Zn]
Annexin

Lipocalin 2

P19 lipocalin

Aldehyde dehydrogenase 1 family
member Al

Galectin

Serpin family F member 1
Otoancorin

Hemopexin

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes

Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
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Yes
Yes
Yes
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Yes
Yes
Yes
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AOASF5PQC9

F6QXNS
F6PH38
QIGKXS
AOA3Q2LKRS
F7D917

AOA3Q2HAN3
ASYBLS
AO0A3Q2HNT7S8
F6XSF7
F7BK45
A0A3Q2HG20
AO0A3Q2HTG2
F6W1S0
A0A3Q2I574
F7AEKS
F7DQS6
F6YY66
F6Z4J4
AOA3Q2GTO03
F7BU09
K9KB03

F7AED2

F7BND9

G protein-coupled receptor class C group

5 member C

Transgelin

Fibrinogen beta chain

Heat shock protein HSP 90-beta
L-lactate dehydrogenase
6-phosphogluconate dehydrogenase,
decarboxylating

Protein S

Peptidyl-prolyl cis-trans isomerase
Fructose-bisphosphate aldolase
Uncharacterized protein
Abhydrolase domain containing 14B
Actinin alpha 1

Fibrinogen alpha chain

Resistin

Olfactomedin 4

Alkaline phosphatase
Phosphoglycerate mutase
Nucleoside diphosphate kinase

Rab GDP dissociation inhibitor
Syndecan binding protein
Glutathione S-transferase

Rho GDP-dissociation inhibitor 2-like

protein

Lipocalin/cytosolic fatty-acid binding
domain-containing protein

Protein S100

Yes

Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes

Yes

Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes

Yes

Yes
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AOA3Q2KJHS
F7C2Y5
F6W354
AOA3Q2HN65
AOA3Q2IEQ4
F6PNM 1
F6TQR2
F7CQ86

FOYLN3

AOASF5PGW4
F6S6MS5
F6VSN2
F7DW69
F6VUW?2
F6R114
F6X8Q2
F6YAV2
F6ZE54
F6QXW?2

F6Q8R8
AOASF5PF23
F6T3Y8
F6R5B2
F7B6C3
F6YOD9

Desmocollin 2

AE binding protein 1

Actin related protein 3

Proteinase 3

Sorcin

45 kDa calcium-binding protein
Calreticulin

Lipocalin/cytosolic fatty-acid binding
domain-containing protein

ADAM metallopeptidase with
thrombospondin type 1 motif 1
Ig-like domain-containing protein
Carboxypeptidase Q

Glutathione S-transferase

Heat shock 70kDa protein 1A
Cathepsin S

Uteroglobin

Phosphoglucomutase 1

Serpin family B member 11
Glucose-6-phosphate isomerase
Phosphatidylethanolamine binding
protein 1

Divergent protein kinase domain 2A
Transaldolase

Actin beta

High mobility group box 2
Junctional adhesion molecule A
Cadherin 1

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes

Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
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Yes
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AOA3Q2LAI6
Q3S4D6
AOA3Q2HIO3
F6RCAS
F7C456
AOASFSPZU4
F7B5C4
AOA3Q2HRV7
F7D216
A0A3Q21063

AO0A3Q2KYS2

F6RP73
F7D2U1
019010
F6TA04
F7B5T3
F7DJE3
F71DZV9

K9K2B0
AO0A3Q2HEGI

F6QB61
F6Z563

Alpha-mannosidase

GM2 activator protein

Phospholipid transfer protein
Peroxiredoxin-5

UPAR/Ly6 domain-containing protein
Matrix metallopeptidase 9

Vimentin

Profilin

Kazal-like domain-containing protein
Fibronectin type-II domain-containing
protein

Bactericidal permeability-increasing
protein

Cathelicidin antimicrobial peptide
Phospholipase B-like

Cysteine-rich secretory protein 3
Out at first protein homolog
Hyaluronidase

Surfactant protein D

Tyrosine 3-monooxygenase/tryptophan 5-
monooxygenase activation protein beta

Tetraspanin

Fibronectin type-II domain-containing
protein

Peptidoglycan-recognition protein
S100 calcium binding protein P

Yes
Yes
Yes
Yes
Yes
No

Yes
Yes

Yes
No

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes

Yes

Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes

Yes
Yes
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AOASF5PR26
F6S9R7
AO0A3Q2L2A7
P55102
A0A3Q2HC96
F6VSNO9
F7B821
F6VEG62
AO0A3Q2HRIJ9
AO0A3Q2I5T2
F7AXI9
F6W039
F6XA04

F6ZAK1
F6YW90

F7E3Y7
AOASF5PFG3
F6SP74
AOA3Q2HRNS
FO6YRE7
AO0A3Q2HMRS
AOA3Q2IBE3

AOASF5PKL6

Malate dehydrogenase

Annexin

Membrane metalloendopeptidase
Inhibin beta A chain
Carboxypeptidase

Protein disulfide-isomerase
Protein disulfide-isomerase
Beta-hexosaminidase

Retinoic acid receptor responder 1
Cystatin C

Peroxiredoxin-6

Rho GDP dissociation inhibitor alpha

Tyrosine 3-monooxygenase/tryptophan 5-
monooxygenase activation protein
epsilon

Annexin

Plasminogen activator, urokinase receptor

Heat shock protein beta-1
Adenosylhomocysteinase
Complement factor properdin
Rac family small GTPase 2
Leukotriene A(4) hydrolase
Actin related protein 2
UTP--glucose-1-phosphate

uridylyltransferase

Cathepsin G

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
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F6QIZ4
F6VP61
F6WGEOD
F6Y014
F7CSLS
AOA3Q2H4E3
FEWWW7
H9GZMI
K9K2L1

Q8MKDI
F6WFZ5
F6ZSZ5
F7DEBI

K9K202

Q95182
AO0A3Q2HBY9

AOA3Q2HNU3

AOA3Q2HUKG6
AOA3Q2I5V1
AOA3Q2KWM2
F6Q6X3
F6S9Z1
F6T8Y6

Talin 1

Serpin family B member 10

Galectin

F-actin-capping protein subunit beta
Alpha-1-antitrypsin

Solute carrier family 34 member 2
F-actin-capping protein subunit alpha
Growth arrest specific 6

Aldo-keto reductase family 1 member Al

Polyubiquitin-B

Serpin domain-containing protein
Vinculin

Insulin like growth factor binding protein
6

Cell division control protein 42 homolog

Major allergen Equ c 1
Fibronectin type-II domain-containing
protein

Fibronectin type-II domain-containing
protein

H1.5 linker histone, cluster member
Copine 3

WAP domain-containing protein
Coronin

C-X-C motif chemokine

Neutrophil cytosolic factor 2

Yes
Yes
Yes
Yes

Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

Yes

Yes
Yes

Yes

Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
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Yes
Yes

Yes
Yes
Yes
Yes

Yes

Yes
Yes

Yes
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F6XC16
F7DMGS5

Q6H321
Q712U3

F7DXY0
F6RMM 1

F6WGX6
F7D301
H9GZQ2
13VZ33
F7DZ01
H9GZT5
F7DRS2
F6TVZ7

A0A3Q21189
F7C6F2
AOASF5PPC4
FICIX7

AO0A3Q2IF61
F6WI9BI1
F6R5V4
F6SN37
AO0A3Q2HWP9

Vesicle amine transport 1

Glucose-6-phosphate 1-dehydrogenase

Kallikrein-1E2

Seminal plasma protein-1 (Fragment)
Glutathione hydrolase

SH3 domain-binding glutamic acid-rich-
like protein

Keratin 77

RAB11B, member RAS onco family
Ig-like domain-containing protein
Uteroglobin

Coagulation factor V

Ig-like domain-containing protein
Serpin family A member 6

CutA divalent cation tolerance homolog

N-acetylglucosamine-6-sulfatase

E1 ubiquitin-activating enzyme
Beta-hexosaminidase

Na(+)/H(+) exchange regulatory cofactor
NHE-RF

Calcium activated nucleotidase 1

ST13 Hsp70 interacting protein
Carboxypeptidase vitellogenic like
Protein S100

Transitional endoplasmic reticulum
ATPase

Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

Yes
Yes

Yes

Yes

Yes
Yes

Yes
Yes

Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes

Yes
Yes

Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
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F6R7J2
F6WFS9
F1AZ73
F6PH25
F6Q4Q1

F7B3U1

AOA3Q2GT23
AOA3Q2HLAI
AOA3Q2HLN1
AOA3Q2HQEI
AOA3Q2I4V9
AOA3Q2LAX6
AOA3Q2LIK9
AOASF5PT34
F6Q841
F6VZY5

F6YBTS
F6YMMS5
F7BHB6
F7DA17
F7DEO06
MI1ZMKS5
002722
F7E419
A0A3Q212H1

isocitrate dehydrogenase (NADP(+))
Abhydrolase domain containing 14A
Syntaxin binding protein 2
Sphingomyelin phosphodiesterase 1

Heterogeneous nuclear ribonucleoprotein

K

G protein-coupled receptor class C group

5 member B

Alpha-1,4 glucan phosphorylase
Annexin
Beta-1,4-galactosyltransferase

RNA binding motif protein 12

Myosin light chain 12B

Kazal-like domain-containing protein
L-lactate dehydrogenase

Glycogenin 1

C-X-C motif chemokine

Vasodilator stimulated phosphoprotein

H(+)-transporting two-sector ATPase
Transglutaminase 3

Protein-arginine deiminase
Transglutaminase 2

Annexin

aldehyde oxidase

Metalloproteinase inhibitor 1
Annexin

Ig-like domain-containing protein

Yes
Yes
Yes
Yes
Yes

Yes

Yes
Yes
Yes
Yes
Yes

Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes

Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

SO O O O O O o o o <o —_— = N W W

—_ W O O O O O o <O

O S e =Y

—_ = = e e e e e e

O O = m = = = =

[\SI (SR (S I (ST )

[\

(NSRS RN (ST (S S S B VR B Sl ]

NSNS RN (SRR (S TN (S IR O R S B S

114

114



AOASF5PF14

F6PVG3

A0A3Q2GVZs5

AOA3Q2HLKS
AO0A3Q2HU56
ADA3Q2I560
AOA3Q2LG11
AOASF5PMH2

AOASF5PST6
F6UCNS
FOWE31

FO6WER3
F6ZL.17
F7E4AG6

062841
F6X0K3

F6QWH2
F6XNT7
F7BLN9
F6U954

Brain abundant membrane attached signal
protein 1

EGF containing fibulin extracellular
matrix protein 1

Jacalin-type lectin domain-containing
protein

Secretoglobin family 1A member 1
UPAR/Ly6 domain-containing protein
Sodium/nucleoside cotransporter
Chitinase 3 like 1

Ectonucleotide
pyrophosphatase/phosphodiesterase 3

Arrestin domain containing 1

Uridine phosphorylase

Actin-related protein 2/3 complex subunit
3

protein-tyrosine-phosphatase

Serum amyloid A protein

Heteroous nuclear ribonucleoprotein U

Myeloid cathelicidin 2

Cellular communication network factor 2

PKHDI like 1
Ribonuclease T2
Hexosyltransferase
Netrin 4

Yes

Yes

Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

Yes

Yes

Yes

Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes

Yes
Yes
Yes

Yes
Yes

Yes
Yes
Yes
Yes
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F6YX31
AO0A3Q2KV79
F7D6J7
AO0A3Q2HCD2

B8Y403

F6W5W1
F7B5P1
AOA3Q2HGX2
Q9XS63
AOA3Q2HLX2

A0A3Q21943
AOA3Q2LNNS5
F6QX36

F6QSX9
AOA3Q2HAG4
AO0A3Q2LQH7
E0A923
F6SS69
F6X213
AOA3Q2HISS
AOA3Q2HXMS
F6PVN3
F6RRLY

Transforming growth factor beta
Rac family small GTPase 1
Mesothelin

Aldo-keto reductase family 1 member B

Macrophage migration inhibitory factor

Alpha glucosidase

Carnosine dipeptidase 2
Palmitoyl-protein thioesterase 1
Chromogranin-A

Choloylglycine hydrolase/NAAA C-
terminal domain-containing protein
Iduronate 2-sulfatase

Glia maturation factor
Inter-alpha-trypsin inhibitor heavy chain
1

Legumain

Phospholipase B-like

G protein subunit beta 1
Transforming growth factor beta
Alpha-L-fucosidase

Biotinidase

Filamin B

Alpha-galactosidase

CD200 molecule

Insulin-like growth factor-binding protein
3

Yes
Yes
Yes
Yes

Yes

Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

Yes

Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes

Yes
Yes
Yes
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F6TSUS
F6TLF7
F6V812
F6Z105
F7B762
F7BLK5
AO0A3Q2GYTO
AOA3Q2HC68
AOA3Q2HH68
AO0A3Q2HIQO
AOA3Q2HYP3
AOA3Q2HZW]1

AOA3Q2I1E2
AOA3Q2ICB7
AOA3Q2IDEO
AOA3Q21IP6

AOA3Q2L8V5
AOASF5PGX7
AOASF5PIEL

AOASF5PKC5
AOASF5PKF4

AOASF5PLAS
AOASF5PLF6
AOASF5Q196
F6PVK7

Semaphorin-3C

Fibroblast growth factor

ATPase H+ transporting VO subunit al
receptor protein-tyrosine kinase
Pro-epidermal growth factor
Aminopeptidase

Platelet derived growth factor D
Granulysin

Agrin

Integrin subunit alpha M

Secreted phosphoprotein 1

Heat shock protein family A (Hsp70)
member 2

Epiplakin 1

Desmoglein 2

Complement C2

porphobilinogen synthase

SEA domain-containing protein
Ig-like domain-containing protein
Attractin

Titin

ArfGAP with SH3 domain, ankyrin
repeat and PH domain 2

Amine oxidase

CXADR Ig-like cell adhesion molecule
Prostaglandin E synthase 3

Cadherin EGF LAG seven-pass G-type
receptor 2

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
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Yes
Yes
Yes
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FO6R8TS

F6RI26

F6TNX4
F6VZN7
F6W3D6
F6WDY8
F6YUR2
F6YZJ4
F6Z4B4
F6Z688
F6ZFH9

F7BFJ1
F7BR32
F7BXAG6
F7CFF4

F7CIW5
A0A3Q2GW64

AOASF5PGO05
AOQASF5PT22
AOASF5PTW4

N-acyl-aliphatic-L-amino acid
amidohydrolase

Aldehyde dehydrogenase 9 family
member Al

Triokinase/FMN cyclase

Ras homolog family member G
Acrosin-binding protein
Glucosylceramidase

Cathepsin F

Heat shock 70 kDa protein 4

Heat shock 70 kDa protein 13
Proteasome subunit alpha type

Tyrosine 3-monooxygenase/tryptophan 5-
monooxygenase activation protein
gamma

Prothrombin
Galactocerebrosidase
Aminopeptidase

ABO, alpha 1-3-N-
acetylgalactosaminyltransferase and
alpha 1-3-galactosyltransferase

Arylsulfatase A

Heterogeneous nuclear
ribonucleoproteins A2/B1

Integrin beta

Integrin beta

FERM domain containing kindlin 3

Yes

Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

Yes
No

Yes

Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
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Yes
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F6RAT7
F6YIUS

F7B570

K9K2F2

H9GZQ6
F6VKZ3
AOA3Q2HLF7
AOA3Q2HRY8
AOA3Q2KTLS
AOA3Q2LAH2

AOASF5PHD4
AOASF5PSL8

F6QOMS
F6T4E]
F7ACR2
F7B8Z3
F7DOBS
AOA3Q2GSZ5

AO0A3Q2GTT9
A0A3Q2GXY7

AO0A3Q2HLA7

peptidylprolyl isomerase
C-1-tetrahydrofolate synthase,
cytoplasmic

Actin-related protein 2/3 complex subunit

5

Proteasome subunit alpha type
(Fragment)

Follistatin like 3

Ig-like domain-containing protein
protein-tyrosine-phosphatase

Ig-like domain-containing protein
Tryptophan--tRNA ligase, cytoplasmic
Multiple inositol polyphosphate
phosphatase 1

Fibulin-1

Heteroous nuclear ribonucleoprotein D
like

Collagen type IV alpha 2 chain
Laminin subunit beta 3
alpha-L-fucosidase
Beta-1,4-galactosyltransferase
Beta-1,4-glucuronyltransferase 1
Jacalin-type lectin domain-containing
protein

Capping actin protein, gelsolin like

Cellular repressor of E1A stimulateds 1

Lipase

No

No

Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes

Yes
Yes

Yes

Yes

Yes
Yes

Yes

Yes

Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
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A0A3Q2HUS7

A0A3Q214G7
AO0A3Q2KN19
A0A3Q2LD29
AOASF5PLP2
AOASF5PZS2

AOASF5Q258

AOASFS5Q2T7
AOASF5Q379
B7UBX3
F6PZY1
F6SIE2
F6TYW4
F6V2X7
F6VHV0
F6YK46
F6Z5L1
FG6ZRN7
F7BK61
F7CK20
F7DMZ7

F7DWNS5

Lipocalin/cytosolic fatty-acid binding
domain-containing protein
protein-tyrosine-phosphatase
Nucleobindin 1
Fructose-bisphosphate aldolase
Nectin cell adhesion molecule 2
Potassium channel tetramerization

domain containing 12

C-type lectin domain-containing protein

Peptidoglycan-recognition protein
Alpha-L-iduronidase

C-X-C motif chemokine
Tropomodulin 3

Tyrosine kinase 2

Malate dehydrogenase
procollagen-lysine 5-dioxygenase
Alpha-mannosidase
Phosphoglucomutase 2
Complement Clr

Peptidase inhibitor 3

Grancalcin

Tyrosine-protein kinase
Glycosyltransferase 8 domain containing
1

G protein subunit alpha i2

Yes

Yes
Yes
Yes
Yes
Yes

Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
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K9KAI3

S5M630
F6U5V3
F6W4R2
F7B315
F7ASE1

AOAS5F5PGY6
F6Z8Y3
AOA3Q2H8YS
F6SKV7

F6XQMS
AOA3Q2LAN4
F6Z217
F7ALR7

F6ZUJ2
F7CV04
AOA3Q2GTTO
AOA3Q2H3GY
AOA3Q2LC76
AOASF5PMS55

F6RMQ]

Erythrocyte band 7 integral membrane
protein-like protein (Fragment)

Uteroglobin (Fragment)
Transcobalamin 2
Angiotensinogen
Afamin

Interleukin 1 receptor accessory protein

Complement component C6

Basal cell adhesion molecule
S'-nucleotidase

Latent transforming growth factor beta
binding protein 4

Uroplakin 3B like 1

Aminopeptidase

Glutathione S-transferase

Ectonucleotide
pyrophosphatase/phosphodiesterase 1

Endoplasmin-like protein

Laminin subunit gamma 1

Ig-like domain-containing protein
Lipocalin 15

IST1 homolog

Inter-alpha-trypsin inhibitor heavy chain
2

GLI pathosis related 2

Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

Yes
Yes
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Yes
Yes
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Yes
Yes
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Yes
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F6ZU48
F7A1L2
F6WPB4
F6Y2Q4
F6Z041
AOA3Q2IFY3
AOAS5F5PS32

F6Q892
F6TBN7
F6TED1
F6TZ61
F6XS73
F6ZCA4
F7CHI7
K9KCF1

A0A3Q2GXZ5

AO0A3Q2HHBO

AO0A3Q2ICAO
AOA3Q2ICG4

AOA3Q2LLO09
AOASFSPLI4
AOASF5Q0C3
F6PQA7
F6PSH3

Rac GTPase activating protein 1
Complement Clr subcomponent like
protein deglycase

creatine kinase

Beta-2-glycoprotein 1

Adenylate kinase isoenzyme 1

Peptidase S1 domain-containing protein

Serpin family B member 9
peptidylprolyl isomerase

Ig-like domain-containing protein
Aldehyde dehydrogenase

Chromosome 13 C160rf89 homolog
Protein-arginine deiminase
Lactoylglutathione lyase

Glyoxalase domain-containing protein 4-
like protein

Cystatin domain-containing protein
Inter-alpha-trypsin inhibitor heavy chain
5

Plastin 3

Alpha 1,4-galactosyltransferase (P blood
group)

Slit guidance ligand 2
Aspartylglucosaminidase

MANSC domain containing 1
Arylsulfatase family member K
Carboxypeptidase B2

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
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F6QYS3
F6SHJS
F6V2B6

F6X3N4

F6ZCL2
F7BK76
F7E1X2
P01220
PO8751

A0A3Q2GT15
AO0A3Q2HI1C7

AOA3Q2H536
AOA3Q2HCS7
AOA3Q2HHAS
AOA3Q2HJ90

AOA3Q2HN68
AOA3Q2HT63
ADA3Q2I386
A0A3Q214S3
A0A3Q216Q2
AOA3Q2IAJ9
AO0A3Q2KSQ5

Extracellular matrix protein 1
IF rod domain-containing protein

Charged multivesicular body protein 4B

Peptidase S1 domain-containing protein

Semaphorin 3G

Macrophage stimulating 1

Stress induced phosphoprotein 1
Glycoprotein hormones alpha chain

Lutropin/choriogonadotropin subunit beta

Dipeptidyl peptidase 9
Serine peptidase inhibitor Kazal type 7

CD44 antigen

GTP-binding nuclear protein Ran
Adenosine kinase

FAM3 metabolism regulating signaling
molecule D

PEAK family member 3

Serpin domain-containing protein
Thymidine phosphorylase
Radixin

Rho GTPase activating protein 25
GNAS complex locus

Cysteine rich protein 1

Yes
Yes
Yes

Yes

Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes

Yes

Yes
Yes
Yes
Yes
Yes

Yes
Yes

Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
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AOA3Q2KZQI

A0A3Q2L6YS
AO0A3Q2L7X0
AO0A3Q2LB81
AOASF5SPEF5

AOASF5PPNI1

AOASF5PS90
A2Q127
BSK1X7
F6RIZ2

F6RLA46
F6UB77

F6UCUS
F6Y4J0
F7A6K3

F7ANR3
F7BI1SS5

F7C555

F7D3E3
F7/DYVO0

ST3 beta-galactoside alpha-2,3-
sialyltransferase 6

WAP domain-containing protein
Proteasome subunit alpha type
Myeloid cathelicidin 2

Diazepam binding inhibitor, acyl-CoA
binding protein

peptide-methionine (S)-S-oxide reductase

40S ribosomal protein S3

Elongation factor 1-gamma

40S ribosomal protein SA

Insulin like growth factor binding protein
7

6-phosphogluconolactonase

Protein kinase domain containing,
cytoplasmic

Lamin B1

Vacuolar proton pump subunit B
Glucosaminyl (N-acetyl) transferase 3,
mucin type

Proteasome subunit alpha type

BRO1 domain-containing protein BROX

Bifunctional purine biosynthesis protein
ATIC

UMP-CMP kinase
Galectin

Yes

Yes
Yes
Yes
Yes

Yes

Yes
Yes
Yes
Yes

Yes
Yes

Yes
Yes
Yes

Yes
Yes

Yes

Yes
Yes
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K9K236
P82615
F6Z9H2
AOASF5SPZL7
F6PWC8
AO0A3Q2H5U7

AO0A3Q2I6F9
AOASF5PMV8

F6PQH3
F6U065
F6ZV64
FIAGY4
F7BVS5
H9GZV0

Q8HZI9
AOA3Q2GTS53

A0A3Q2GX86

AO0A3Q2H337

AOA3Q2HYF9

AO0A3Q2I175
A0A3Q21317

T-complex protein 1 subunit theta
Latherin

Prostate stem cell antigen
protein-tyrosine-phosphatase
Prostaglandin reductase 1

Immunoglobulin superfamily member 8

Keratin 82

Lipocalin/cytosolic fatty-acid binding
domain-containing protein

Choline transporter-like protein
Prominin 2

Desmoplakin

Keratin 73

Clathrin heavy chain

Immunoglobulin heavy constant epsilon

Laminin subunit gamma-2

C-type lectin domain family 3 member B

Furin, paired basic amino acid cleaving
enzyme

Polypeptide N-
acetylgalactosaminyltransferase

Lymphocyte antigen 6 family member
G6C

Aconitase 1
Dipeptidyl peptidase 4

Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes

Yes

Yes

Yes

Yes
Yes
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AOA3Q2IEQ6

A0A3Q2KUDS
AO0A3Q2LBP6
AOASF5PL54

AOASF5PMY8
AOASF5PVDI
AOASF5PZI1
F6PZ21
F6S5E7
F6T201
F6VIT9
FoW8CS8
F6XCQ3
F6XNR9
F6XVP2

F6ZLR1
F7ACF3
F7APH4
F7BKK5
F7BKQ6
F7BQD6
F7COE6

F7C603

F7CI82

Notum, palmitoleoyl-protein
carboxylesterase

Myosin VIIA

Complement factor D

EGF containing fibulin extracellular
matrix protein 2

P19 lipocalin

Heparin binding growth factor
Golgi membrane protein 2
Multivesicular body subunit 12A
threonine--tRNA ligase

Chondroitin sulfate proteoglycan 4
Junction plakoglobin

Serpin family B member 6

Dynein cytoplasmic 2 heavy chain 1
Collagen type X VIII alpha 1 chain
SPARC related modular calcium binding
1

Serpin family A member 3
Carboxypeptidase

SPARC

Glutathione S-transferase
Alpha-mannosidase

Complement Cls

Plastin 1

Acid sphingomyelinase-like

phosphodiesterase

Arginase

Yes

Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
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F7D2D9
F7IDMX6

HO9GZS4
K9K1Z1
K9KEL6

Biliverdin reductase B

Insulin-like growth factor-binding protein
1

Reticulon 4 receptor

Stathmin

Proteasome subunit alpha type
(Fragment)

Yes
Yes

Yes
Yes
Yes
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ABSTRACT

The post-breeding induced endometritis (PBIE) is the main type of endometritis that
negatively impact mare fertility. Its diagnosis and treatments are routine procedures in
equine reproductive management. However, the low effectiveness of traditional
treatments raises the interest for developing non-traditional therapies. Therefore, we
conducted a meta-analysis to determine the effect of PIBE treatments on uterine
parameters of mares. We extracted 227 independent comparisons from 17 published
articles selected from Pubmed, Web of Science, and Scopus. Our findings evidenced a
moderate effect of PBIE treatments by reducing the proportion of inflammatory cells (d++
=-0.43, df 61, CI-0.43 to -0.19), clinical ultrasonographic signs (d++ =-0.42, df 47, CI -
0.55 to -0.27), and concentration of inflammatory markers (d++ =-0.28, df 90, CI -0.47 to
-0.09) in the mare’s uterus. Treatments did not affect the endometrial histomorphometry
and mare fertility (p > 0.05). Considering treatment categories, biological
immunomodulatory therapies exerted a significant reduction in uterine parameters
observed through ultrasound (d++ = -0.58, df 25, CI -0.77 to -0.39) and in the proportion
of inflammatory cells (d++ =-0.64, df 34, CI1-0.89 to -0.4) rather than anti-inflammatories
and support in uterine clearance. In the individual assessment of treatments, mesenchymal
stem cell was the main substance influencing the inflammatory cells results, followed by
firocoxib and blood plasma. Despite continuous advances in the development of new
treatments, it is essential to use as many evaluative parameters as possible, including
fertility as an indicator of treatment success. Furthermore, the exploration of combination
therapies emerges as a promising strategy to enhance the effectiveness of treatments and
restore the delicate balance of endometrial inflammation.

Keywords:  non-traditional  therapies, biological immunomodulatory, uterine

inflammation.
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1. Introduction

Endometritis has been cited as the main pathology affecting mare fertility, being
a relevant challenge to equine reproduction (Troedsson, 1999; Morris et al., 2020). The
most common type of endometritis in mares is post-breeding induced endometritis
(PBIE), which treatment and diagnostic are routine in reproductive management (Canisso
et al., 2020). The physiological and transient inflammation of the endometrium ceases
within 48 h after natural mating or artificial insemination for uterine preparation and
embryo arrival (Christoffersson and Troedsson, 2017). Once this multifactorial
endometrial inflammation persists intensely, mares are classified as susceptible to PBIE
(Brinsko et al., 2003; Morrell & Rocha, 2022). The persistence of this prolonged
inflammation creates an unfavorable uterine environment for embryo survival and
interferes with the maternal recognition of pregnancy signals, resulting in subfertility and
lower reproductive rates (Davies Morel, 2015; Swegen, 2021).

The susceptibility to PBIE primarily arises from compromised uterine clearance
mechanisms and dysregulated uterine immune response, resulting in an imbalance
between pro-inflammatory and anti-inflammatory factors (Woodward & Troedsson,
2015). Susceptible mares not properly treated can develop more severe forms of the
disease, such as infectious endometritis and chronic degenerative endometritis,
culminating in infertility (Morris et al., 2020). The diagnostic methods for PBIE
encompass a combination of techniques for gynecological evaluation, including
assessment of inflammatory signs, such as an excessive presence of polymorphonuclear
cells in the endometrium, and ultrasound detection of uterine fluid accumulation
exceeding 2 cm at estrus and/or 36 hours post-reproduction (LeBlanc, 2010; Cuervo-

Arango & Newcombe, 2010).
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The inability to establish or develop a standard treatment for PBIE raises great
scientific interest in the equine reproductive area since many treatments are empirical and
controversial (Liu and Troedsson, 2008). Overall, PBIE treatment uses anti-
inflammatories, uterine lavage, and ecbolic agents for supporting uterine clearance. Over
the last decades, the low effectiveness of traditional therapeutic modalities has been
described for susceptible elderly mares and intensively manipulated reproductively
embryo donors (LeBlanc, 2012; Buczkowska et al., 2015). Nevertheless, the lack of
effectiveness of traditional treatments for PBIE triggers efforts of developing new non-
traditional therapies (Scoggin, 2016).

Although PBIE treatments have been widely studied over the past 40 years, much
progress has been made in the last decade toward understanding the molecular aspects
and regulatory pathways in response to new therapies in development (Canisso et al.,
2020). Indeed, the application of non-traditional therapies has been growing, mainly
biological immunomodulators with a regulatory effect on inflammation in the uterus
(Segabinazzi et al., 2021). Therefore, we conducted a meta-analysis to evidence the effect
of treatments for PBIE on the uterine parameters of mares. Also, this review establishes
a critical appraisal of the knowledge state of the effectiveness of several treatments on

mares with PBIE and indicates research directions.

2. Material and methods
2.1. Search strategy

This review followed the updated Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) statement (Liberati et al., 2009; Page et al.,
2021). This study involved an extensive review to address the following focus question:

What are the effects of treatments for PBIE on the uterine response of mares? To this end,
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a systematic search was conducted using the Web of Science, Scopus, and PubMed
databases. We included original papers published up to June 2023. The electronic
searches used 'mare' or 'equine’ or 'horse', 'endometritis’, and 'treatment' or 'therapy' or
'therapeutics' as search terms. Reference lists of included studies were manually searched

to identify any additional eligible studies.

2.2. Studies reviewed

The following criteria were previously established for the inclusion of studies in
this review: 1) published in a peer-reviewed journal; i1) published in the English language;
iii) presented control (solutions or vehicle) and treatment (therapeutic agents) groups for
experimental studies; iv) mare was used as the animal model; v) experimental studies
with susceptible mares for PBIE; vi) analyses of endometrial responses in mares after
breeding or artificial insemination; vii) reported means, sample size, and a measure of
variance (standard deviation, standard error and/or confidence intervals [CIs]) for both
the control and treatment groups. Studies in which sample sizes for experimental groups
either were not clear or were lower than four biological repeats were excluded from this
meta-analytical review. Other reasons for study exclusion were as follows: 1) studies
using other species than equine as animal models; ii) there was no evaluation of any type
of endometritis treatment; iii) there were no analyses of uterine response after PBIE
treatment; and iv) review studies and conference articles. Two independent reviewers
screened the search results to assess whether they met the selection criteria, with
disagreement resolved with a third reviewer. Response means values (Xconwol and
Xireatment), standard deviations (Scontrol aNd Sereatment), and sample size (Neontrol and Nireatment)
were retrieved from the text, tables, and/or figures from each of the studies included in

this review. Data available in the figures were digitized and means and variances were
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obtained using Image] software after calibrating each picture to the nearest 0.01 mm
(Schneider et al., 2012). Measurements of variance were converted to standard deviations
of the mean using MetaWin Statistical Calculator (Rosenberg et al., 2000; Machado-
Neves, 2022).

Firstly, we performed a random-effects model of meta-analysis for each one of
the uterine variables evaluated in the eligible studies: 1) proportion of inflammatory cells,
i1) ultrasound clinical signal, ii1) concentrations of inflammatory markers, iv) endometrial
histomorphometry, and v) fertility. Data on mare fertility were extracted because it may
reflect the success or not of applying PBIE treatment. These variables were established
considering the outcomes extracted from the eligible studies. The parameters included in
each variable are shown in Table 1. Later on, a mixed-effects model of meta-analysis was
used by arranging the studies according to PBIE treatment, based on the information
provided by the authors. Thereby, the treatments used in the eligible studies were
categorized into 1) support in uterine clearance: oxytocin, intrauterine lavage, and N-
acetyl cysteine; ii) anti-inflammatory drugs: firocoxib, dexamethasone, vedaprofen and
flunixin meglumine; and iii) biological immunomodulatory therapies: seminal plasma
proteins (lactoferrin and cysteine-rich secretory protein 3), blood plasma (plasma rich and
poor platelet, platelet lysate), mycobacterial cell wall extract, ozone, and mesenchymal
stem cells.

Additionally, we recovered qualitative data from the studies to better characterize
them, including authors, year, country of study, mare breed, mare age, number of mares
susceptible and resistant to endometritis, semen storage conditions (fresh, cooled, or
freeze), sperm concentrations used at the artificial insemination. Moreover, we extracted
information regarding the treatments administered, including treatment category,

administration route, dose, and timing of application.
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Table 1. Parameters collected from the eligible studies and grouped into five variables

analyzed under meta-analytical approach.

Variables Parameters

Proportion of inflammatory cells Percentage of polymorphonuclear cells in
the uterine lumen and endometrium.

Ultrasound clinical signals Endometrial edema score, intrauterine fluid
retention, and uterine contractions.

Concentrations of inflammatory markers Measurement of interleukins, nitric oxide,
and cytokines.

Endometrial histomorphometry Morphometry of endometrial glands,
stroma and epithelium.

Fertility Conception rate and diameter of the
embryonic vesicle.

2.3. Meta-analysis

The standardized difference between control and treatment groups was used to
interpret and summarize the effects of treatment in PBIE. For each study, the magnitude
of effect (d) was calculated as follows: d = (X7 - Xc/SD) x J, where Xt and, Xc are the
responses of the treatment and control group, respectively, SD is the pooled standard
deviation, and J is a correction term to remove small sample size bias (Rosenberg et al.,
2000). After Hedge’s d was calculated for each independent comparison, the cumulative
effect (d++) of each variable surveyed was calculated using a random-effect model. This
review also used a mixed-effects model for the analysis of methodological moderators
(Carvalho et al., 2021; de Azevedo Viana et al., 2022), which assumes that differences
between studies within a class are determined by sampling errors and random variation.

Upper and lower Cls were calculated according to the average cumulative effect, and
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intervals that did not overlap with zero, with n-1 degrees of freedom (df), were considered
significant. Conventionally, d.+ values around 0.2, 0.5, and 0.8 are considered to indicate
weak, moderate, and strong effects, respectively (Cohen, 1992). Moreover, positives and
negatives d++ values indicate that the treatment effect increased and decreased the
measured variable values, respectively.

Heterogeneity analyses (Q statistic) were used to test whether categorical groups
in mixed models were homogeneous concerning the calculated effect sizes. The total
heterogeneity (Q;) for all effects tested and the heterogeneity within (Q,) and between
groups (Qp) was calculated. The significance of these statistics was evaluated according
to a chi-square distribution with n - 1 df. Because the analyzes were based on only
published studies, and studies showing large and significant effects may be more likely
to be published than studies that show weak or no effects (the ‘file-drawer problem’;
Rosenthal, 1979), fail-safe numbers were calculated for each effect tested. Fail-safe
numbers indicate the number of non-significant, unpublished, or missing studies that
would need to be added to the sample to change its results from significant to non-
significant (Rosenberg et al., 2000). As a rule of thumb, fail-safe results are considered
robust if the fail-safe number exceeds 5k + 10, where k is the number of comparisons in
the analysis. All analyzes were conducted using MetaWin 2.1 (Rosenberg et al., 2000),

and figures were made using Sigma Plot 10.0 software.

2.4. Risk of bias analysis

The risk of bias analysis is crucial to evaluate the factors that may affect the
outcomes and conclusions of a study. In systematic reviews and meta-analyses, in which
the eligible studies are the primary studies, the analysis of bias is crucial to assess their

transparency and accuracy. Here we followed the ARRIVE (Animal Research: Reporting
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In Vivo Experiments) guidelines 2.0 with few modifications (du Sert et al., 2020). We
evaluated 18 items from each of the 17 included studies regarding studies methodologies
and reporting, such as abstract, objectives, study design, statistical analysis, ethical
statement, experimental animals, outcome measures, interpretation, presentation of

results, and scientific implications.

3. Results
3.1. Search results and study characteristics

The initial search resulted in 5,471 records identified through database searches
in Medline/PubMed, Web of Science, and Scopus. Following the removal of duplicates
and exclusions according to the criteria previously mentioned, 17 studies published from
2003 to 2023 were eligible for this meta-analysis study. The flow diagram summarizing
the literature search process is shown in Figure 1. Most of the selected articles were from
the United States of America (n = 6), Brazil (n = 3), and Italy (n = 3). Argentina, Austria,
Canada, Chile, and Finland contributed to one study each (Supplementary Table S1). The
number of animals evaluated in each study varied between six and 32 mares. Overall,
insemination procedures used live and dead sperm from fresh, cooled, or frozen semen
samples at concentrations ranging from 0.5 to 2.0 x 10° (Supplementary Table S1). The
PBIE treatment was mostly performed using biological immunomodulators therapies
(Table 2). Aspects of treatment via, dose, and time of application is shown in

Supplementary Table S2.
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= Records 1dentified through
2 database searching in:
E PubMed/MEDLINE (307)
£ Web of Science (336)
= Scopus (4,828)
= (n=5471)
i Records excluded (5,392)
= Records screened by title Duplicates (2’-8?6)
a and abstract No mare, equine or horse (1,569) )
b _ 5471 | No treatment, therapy or therapeutic (512)
g (n=5.471) No endometritis (243)
Review or conference paper (192)
Records excluded (62
g Full-text articles assessed cords excluded (62)
;En for eligibility —»| No post-breeding endometritis (49)
E (=179 Statistical data not reported or inadequate (13)
T Articles elegible for
E meta-analysis
= (n=17)

Figure 1. Flow diagram of search results to define the articles to be included in the meta-
analysis, according to PRISMA (Preferred Reporting Items for Systematic Review and

Meta-Analysis).

Table 2. Characterization of treatments used for post-breeding induced endometritis in

mares according to the studies included in the meta-analysis.

Sample Treatment

Authors Treatment agents

size categories
Vanderwall & Woods, 2003 20 SucC Uterine lavage
. SuC Oxytocin
Risco et al., 2009 3 AID Flunixin meglumine
Rojer & Aurich, 2010 17 AID Vedaprofen
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197
198

199

200

201

202

203

204

205

206

207

Woodward et al., 2013

Woodward et al., 2015

Fedorka et al., 2018
Segabinazzi et al., 2017
Fedorka et al., 2018
Friso et al., 2019

Herrera et al., 2020

Felipe Navarrete et al., 2020
Caissie et al., 2020

Tongu et al., 2021
Segabinazzi et al., 2021
Colombo et al., 2022
Donato et al., 2023

Lange-Consiglio et al., 2023

20
12
14
24
16

AID
BIT

AID
BIT

BIT
BIT
BIT
AID

BIT

BIT
SUC
BIT
BIT
BIT
BIT
BIT

139

Dexamethasone
Mycobacterial cell wall extract

Dexamethasone
Mycobacterial cell wall extract

Seminal plasma proteins
Blood plasma
Seminal plasma proteins

Firocoxib
Mycobacterial cell wall extract

Mesenchymal stem cells
N-acetil cystein
Mesenchymal stem cells
Blood plasma

Blood plasma

Ozone

Mesenchymal stem cells

SUC: support in uterine clearance; AID: anti-inflammatory drugs; BIT: biological

immunomodulatory therapies.

Samples and data used to evaluate treatments were collected by ultrasonography

analysis, low-volume intra-uterine lavage, endometrial cytology, and endometrial biopsy.

For a better understanding of the extracted data from each study, we categorized the

variables: ultrasound clinical signs, histomorphometry, the proportion of inflammatory

cells, the concentration of inflammatory markers, and fertility. The time of treatment

application showed great variation among studies, ranging from 48 hours before artificial

insemination to 14 days after ovulation (Supplementary Table S3).

3.2. Effect of PBIE treatments on uterine variables in mares
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The 17 eligible studies generated 227 independent comparisons of the effects of
treatments on uterine variables from PBIE mares. The random-effects model showed that
PBIE treatments elicited moderate effects by reducing the proportion of inflammatory
cells, ultrasound clinical signs, and concentration of inflammatory markers in the mare’s
uterus (Fig. 2). Rosenthal’s fail-safe numbers for these effects were fairly high relative to
the number of independent comparisons included in the meta-analysis (Supplementary
Table S4), indicating the strength of the results. Moreover, PBIE treatments exerted a

non-significant effect on endometrial histomorphometry and mare fertility (Fig. 2).

1
|
|
(62) !
PIC | —e— :
|
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. (22)
Ilistomorphometry - :
|
. L@
Fertility - k T g i
|
|
|
T T i T T T T
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Effect size (Iledge’s d)

Figure 2. Effects of post-breeding endometritis treatments on uterine variables in mares.
PIC: Proportion of inflammatory cells; UCS: Ultrasound clinical signs; CIM:
Concentration of inflammatory  markers;  Histomorphometry:  endometrial
histomorphometry; and Fertility. The cumulative effect size is reported with its 95 %
confidence interval and effects are significant if confidence intervals do not overlap with

zero. (n) = number of independent comparisons.
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The impact of treatment categories on the proportion of inflammatory cells is
shown in the figure 3. According to the mixed-effects models, biological
immunomodulatory therapies exerted a significant reduction in the proportion of these
cells rather than anti-inflammatory drugs and support in uterine clearance (Fig. 3).
Mesenchymal stem cells were the mainly substances influencing this result, followed by
firocoxib and blood plasma (Fig. 3). The other treatments did not show any influence on

the proportion of inflammatory cells in uterine samples (Supplementary Table S5).

Proportion of inflammatory cells

| Op=745
35) ! =0.024
BIT —G | .
(15 1
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I
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Blood plasma |
. . (5
Firocoxib I S i :
Mesenchymal stem cell | (7 | | Up=32.933
: p=0.0006
[
L] L] LI ¥
2.0 -1.5 -1.0 -0.5 0.0 0.5

Effect size (Hedge's d)
Figure 3. Effects of post-breeding endometritis treatments on the proportion of
inflammatory cells in mare’s uterus. BIT: biological immunomodulators therapies; AID:
anti-inflammatory drugs; SUC: support in uterine clearance. The cumulative effect size
is reported with its 95 % confidence interval and effects are significant if confidence

intervals do not overlap with zero. (n) = number of independent comparisons.

Treatment with biological immunomodulators therapies also exerted a significant

moderate effect by ameliorating uterine parameters detected through ultrasound (Fig. 4),
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differently to the observed for the other categories of treatments (Fig. 4). The variables
concentration of inflammatory markers (Op = 4.81; p = 0.44) and endometrial
histomorphometry (O = 0.28; p = 0.87) were not influenced by the type of treatment

applied in the uterus of PBIE mares.

Ultrasound clinical signals
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Effect size (Hedge’s d)

Figure 4. Effects of post-breeding endometritis treatments on uterine variable ultrasound
clinical signals in mares. BIT: biological immunomodulators therapies; AID: anti-
inflammatory drugs; and SUC: support in uterine clearance. The cumulative effect size is
reported with its 95 % confidence interval and effects are significant if confidence

intervals do not overlap with zero. (n) = number of independent comparisons.

3.3. Risk of bias analysis

According to our detailed analysis of the risk of bias, none of the 17 eligible
studies described neither how the sample size of animals was decided and nor justified
the lack of this information. Although in all studies the sample size of animals in each
experimental group was clearly described, only ten articles described the criteria used to

include the mares. None of the authors from the eligible studies reported if there was data

142



258

259

260

261

262

263

264

265

266

267

268

269

1

n

3

not included and the reason. Only three studies applied the randomization of the animals
prior to treatment management, and only one study described the blinding approach to
minimize the bias (Fig. 5). Although all studies mentioned the statistical method and
software used, none of them mentioned if there was applied any method to assess the
eligibility of data prior to statistical analysis. Regarding experimental procedures, in any
of the studies, the authors reported information about the local or acclimatization periods
before starting the treatments. Housing and husbandry conditions were reported in eight
of 17 studies. Although the interpretation of the results and scientific implications were
clearly reported by all authors, only eight studies commented on the limitations of the

studies (Fig. 5).

Lb. Study design - the experimental unit

2a. Sample size - specify the number of experimental units
2b. Sample size - how the sample size was decided

3a. Inclusion criteria - deseription of critena used

3b. Bxclusion criteria - report any data not included

3c. Inclusion and exclusion criteria = 1 in each experimental group
4a. Randomization - animal allocation

4b. Randomizatien - minimise confounders

5. Blicing

fa. Outcome measures - clear definition

6, Outcome measures - specify the primary outcome

Ta. Statistical methods and software

T, Method used to assess the eligibility of data for statistics
#a. Experimental animals - breed. ape

#b. Experimental animals - health status of animals

9a. Experimental procedures - what was done

Ub. Experimental procedures - when and how often

9e. Experimental procedures - where

9d. Experimental procedure - why

110, Results - descriptive statistics with a measure of variability
11, Abstract content

I 2a. Background content
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Figure 5. Bar chart displaying the frequencies of the options ‘Yes’ and ‘No’ among the

17 eligible studies included in the meta-analysis.

4. Discussion

This meta-analysis was undertaken to assess the influence of treatments for PBIE
on uterine variables, providing an analytical overview for a better understanding of this
condition and guides future research. Notably, when comparing individual treatments, the
mesenchymal stem cells demonstrated the most significant impact in reducing the
proportion of inflammatory cells, establishing themselves as the most effective treatment
in this particular aspect. The uterine infusion of mesenchymal stem cells was initially
used in degenerative chronic endometritis due to its ability to promote cell proliferation
and tissue remodeling (Mambelli et al., 2014). It is also described that these cells have
immunomodulatory functions in reducing neutrophil infiltration and increasing the
expression of anti-inflammatory cytokines in the uterine environment, which highlights
their potential use in PBIE (Ferris et al., 2014; Rink et al., 2018). However, there are still
controversies regarding the migration of these cells to the endometrium and their survival
in the inflamed uterine environment (Lange-Consiglio et al., 2023). Furthermore, while
holding promise for therapeutic applications, the stem cells encounter challenges in
practical implementation at the field level, since your acquisition and application is a
complex process. This practical limitation highlights the need to develop more accessible
strategies, such as new cultivation methods, lyophilization, and combination with
extracellular vesicles to increase the efficiency of this therapy (Perrini et al., 2016; Tongu
et al., 2021; Lange-Consiglio et al., 2023).

Another treatment that demonstrated a significant impact in reducing the

proportion of inflammatory cells was firocoxib. This selective non-steroidal anti-
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inflammatory specifically targets the enzyme cyclooxygenase-2 while sparing
cyclooxygenase-1, resulting in a more targeted response and with fewer negative side
effects on fertility, ovulation, and uterine clearance (Friso et al., 2019). Further research
is needed to evaluate the potential effects of firocoxib and determine the optimal timing,
frequency, and dosage to ensure effectiveness without adverse effects.

Blood plasma also demonstrated a significant effect in reducing uterine
inflammatory cells, ranking as the third individually most effective in this variable. The
use of plasma-based therapies shows promise in the treatment of PBIE due to the release
of bioactive molecules by activated platelet granules, such as growth factors, cytokines,
and chemokines, which have regenerative properties and attenuate the uterine
inflammatory response (Metcalf et al., 2012; Segabinazzi et al., 2021; Colombo et al.,
2021). Furthermore, platelet rich plasma preparation using manual noncommercial
methods increases its popularity in veterinary practice, mainly due to the possibility of
production and use in the field conditions (Segabinazzi et al., 2021). Another method for
preparing plasma that has been investigated is the platelet lysate obtained by
cryogenically rupturing platelets of the rich plasma, offering storage advantages and
potentially enhancing platelet activation for more efficient immunomodulation
(Hauschild et al., 2017; Colombo et al., 2021). However, studies are needed to determine
the minimum platelet concentration necessary for immunomodulation, in addition to the
volume and timing of the most effective infusion for controlling PBIE (Schir et al., 2015;
Fantini et al., 2021; Pasch et al., 2021).

The meta-analysis also revealed that PBIE treatments had an impact on uterine
parameters assessed through ultrasound. Ultrasound clinical signs are commonly used in
routine reproductive practice due to their prompt results and practicality (Katila &

Ferreira-Dias, 2022). However, it is important to note that the presence of intrauterine
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fluid evaluated using ultrasound may not always be indicative of PBIE, as some mares
may not accumulate fluid and demonstrate polymorphonuclears cells that are indicative
of inflammation (Casseres de Borba et al., 2012; Katila & Ferreira-Dias, 2022).
Therefore, ultrasound clinical signs provide a preliminary and screening test rather than
a definitive diagnosis for PBIE (Morris et al., 2020). Additionally, combining multiple
diagnostic tests has been shown to enhance the accuracy and efficiency of diagnosing
endometritis (Diel de Amorim et al., 2016; Teixeira-Soares et al., 2022). Results from the
mixed-effects model indicated that only biological immunomodulatory therapies had a
significant effect on ultrasound clinical signs. While these therapies may not directly
target the elimination of intrauterine fluid, they indirectly contribute to its reduction by
alleviating inflammation and promoting uterine health (Buczkowska et al., 2015;
Scoggin, 2016).

The support in uterine clearance, removing the accumulation of intrauterine fluid,
is the main function of traditional treatments. However, these treatments did not elicit any
alteration in the parameter that evaluates fluid remotion, which was the ultrasound clinical
signs. This fact suggests that solely eliminating the fluid is not sufficient for endometritis
resolution. It is crucial to address the underlying cause, particularly uterine inflammation,
in order to prevent the formation and accumulation of fluid (Buczkowska et al., 2015;
Morrell & Rocha, 2022). Nevertheless, the importance of traditional treatments should
not be undermined, and therapy associations approaches are needed to enhance their
effectiveness (Canisso et al., 2020; Morrell & Rocha, 2022). Uterine lavage not only
facilitates uterine clearance but also reintroduces viable neutrophils into the stagnant
inflammatory uterine environment and serves as a carrier for other therapeutic agents
(Scoggin, 2016; Canisso et al., 2020). Despite being influenced by predisposing factors

for endometritis susceptibility, oxytocin remains widely used due to its cost-effectiveness
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and practicality, while research is ongoing to develop more potent ecbolic agents, such as
carbetocin (Nikolakopoulos et al., 2000; Steckler et al., 2012; Scarlet et al., 2023).
Additionally, N-acetylcysteine, primarily recognized as a mucolytic agent aiding in fluid
removal, has also been investigated for its potential anti-inflammatory effects by
inhibiting neutrophil oxidative burst (Gores-Lindholm et al., 2013; Caissie et al., 2020).

The treatments for PBIE influenced the concentrations of inflammatory markers
in the uterus, but their impact on this parameter was not significant when analyzing the
treatment categories individually. In susceptible mares, the upregulation of pro-
inflammatory cytokines in the endometrium can result in tissue damage, increased nitric
oxide activity, and reduced myometrial function (Christoffersen et al., 2012; Troedsson
& Woodward, 2016). Treatment with anti-inflammatory drugs for PBIE aims to restore
the balance of inflammatory mechanisms by modulating the expression of inflammatory
cytokines and other markers involved in inflammation (Scoggin, 2016; Canisso et al.,
2020). In our study, we evaluated distinct classes of anti-inflammatory drugs, including
non-selective  non-steroidal  anti-inflammatory  drugs  (flunixin  meglumine),
glucocorticoids (dexamethasone), and selective inhibitors of cyclooxygenase-2
(Firocoxib and Vedaprofen). Our results showed that none of them exerted a significant
effect on the concentration of inflammatory markers. Furthermore, there are still many
controversies regarding potential side effects, especially on myometrial contractions and
ovulation (Risco et al., 2009; Cuervo-Arango, 2011; Martinez-Bovi et al., 2023).

The investigated treatments did not have a significant impact on the
histomorphometric parameter, which evaluates changes in the uterine structure and
provides information into the preservation of endometrial tissue (Herrera et al., 2020).
Histomorphometric analysis plays an important role in assessing treatment effectiveness,

offering assurance for their use in the absence of observable alterations, as certain

147



370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

148

treatments for endometritis have historically been associated with uterine irritation and
excessive desquamation (Scoggin, 2016). An example of a treatment considered safe and
devoid of adverse effects on endometrial histomorphology is the intrauterine infusion of
ozone gas, known for its antimicrobial and immunostimulatory properties (Bocci, 2006;
Camargo et al., 2021; Kohne et al., 2023). The efficacy of ozone in treating endometritis
remains debatable, as it did not demonstrate significant effects in our study and failed to
eliminate completely pathogenic bacteria in infectious endometritis. (Loncar et al., 2017;
Kohne et al., 2023). Future research is needed to explore different combinations with
other therapies, such as uterine lavage, which has been shown to be efficient in the
treatment of infective endometritis (Avila et al., 2022). Similarly, bacterial cell wall
extract, a biological immunomodulatory agent regulating inflammatory cytokine
production, has demonstrated safety without impacting endometrial histomorphology
(Rogan et al., 2007; Woodward et al., 2013; Herrera et al., 2020). However, similar to
ozone gas, it did not yield effects on other evaluative parameters employed in our study,
requiring additional experimental data to substantiate its efficacy in PBIE.

The meta-analysis revealed that the treatments did not significantly influence
fertility. Unfortunately, only two articles provided sufficient statistical data for
comparison. Fertility assessment is widely acknowledged as the gold standard for
monitoring reproductive success, bestowing information about the ability of the uterus to
sustain a pregnancy to term, albeit not yielding immediate results (Scarlet et al., 2023).
Hence, incorporating this indicator of reproductive success in studies is essential for a
comprehensive and reliable assessment of the effectiveness of treatments used for PBIE.
While our study did not find a direct impact on fertility, seminal plasma proteins have
been associated with potential to influence the duration and intensity of the uterine

inflammatory response (Woodward & Troedsson, 2013; Ferdoka et al., 2018; Morelli et
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al., 2021). Proteins such as lactoferrin have properties including suppressing
inflammatory cytokines, promoting neutrophil binding to non-viable spermatozoa,
exerting bactericidal activity, and providing antioxidant effects (Ammons & Copie, 2013;
Ighodaro & Akinloye, 2018; Gabai et al., 2019). Exploring the impact of seminal proteins
in more depth could lead to promising advancements in enhancing PBIE treatments

outcomes, and consequently, fertility.

5. Conclusion and perspectives

Here, for the first time, we showed the effects of different PBIE treatments on key
uterine parameters in mares. Despite the continuous development of new treatments and
the evolution in the understanding of the inflammatory mechanisms of PBIE, the
methodological heterogeneity between the studies greatly limits the comparison. There is
a need to use as many parameters as possible to evaluate inflammation, in addition to
including fertility as the gold standard. Comparing the treatments used in our study,
mesenchymal stem cells, firocoxib and blood plasma showed the best results in the
control of post-coverage induced endometritis, by reducing the proportion of
inflammatory cells in the uterus. New approaches with combined therapies should be
studied, mainly associating traditional therapies with anti-inflammatories and biological
immunomodulators, and how these agents will act to restore the inflammatory balance so

important in endometritis.
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Supplementary Table S1. Characterization of studies included in the meta-analysis, such as the country where the study was developed, horse breed, mare age, number (n)

of susceptible and resistant mares to endometritis, semen storage condition (SSC), and sperm concentration used for artificial insemination.

Authors Country Horse breed Age Number of mares (n) SSC Sperm
(year-old) Susceptible Resistent concentration

Vanderwall & Woods, 2003 USA Crossbred 03-12 20 - Cooled 1.0x 10°
Risco et al., 2009 Finland Finnhorse and Standardbred 03-16 31 - Fresh 0.5x 10°
Rojer & Aurich, 2010 Austria Warmblood and Welsh Cob 12-14 17 - Cooled Unknown
Woodward et al., 2013 USA Crossbred 15-24 6 - Freeze 1.0x 10°
Woodward et al., 2015 USA Crossbred 15-26 6 - Freeze 1.0x 10°
Fedorka et al., 2017 USA Crossbred 10-25 6 - Fresh 1.0x 10°
Segabinazzi et al., 2017 Brazil Crossbred 08-20 13 - Fresh 0.8 x 10°
Fedorka et al., 2018 USA Crossbred 05-20 6 - Fresh 0.5x 10°
Friso et al., 2019 Brazil Crossbred 12-22 9 - Fresh 1.0x 10°
Herrera et al., 2020 Argentina Criollo 04-12 9 10 Freeze 0.5x 10°
Navarrete et al., 2020 Chile Unknown Unknown - 9 Freeze 0.5x 10°
Caissie et al., 2020 Canada Standardbred and Crossbred 07-19 9 - Freeze 1.0x 10°
Tongu et al., 2021 Brazil Crossbred 05-13 7 13 Fresh 1.0 x 10°
Segabinazzi et al., 2021 USA Light-breed 05-18 12 - Freeze 2.0x 10°
Colombo et al., 2022 Italy Standardbred 03-16 14 - Freeze 0.8 x 10°
Donato et al., 2023 Italy Standardbred 08-19 24 - Cooled Unknown
Lange-Consiglio et al., 2023 Italy Unknown Unknown 16 - Fresh 0.5x10°
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Supplementary Table S2. Characterization of the treatment protocols used by the eligible studies for the meta-analysis, including substances used, administration via, dose, and moment of

application in relation to artificial insemination (AI).

Authors Treatment agents Administration via Dose Time of treatment
Vanderwall & Woods, 2003 Uterine lavage (Ringer Lactato) Intra-uterine 4,000 mL Immediately before Al
Risco et al., 2009 Oxytocin Injectable 0.01 IU/kg At Al 4, 8, and 25 h after Al
Flunixin meglumine Injectable 1.1 mg/kg At Al
Rojer & Aurich, 2010 Vedaprofen Oral 1 and 2 mg/kg ovulation induction day and one day after Al
Woodward et al., 2013 Dexamethasone Injectable 50 mg 6 h post-breeding
Mycobacterial cell wall extract Injectable 1.5 mg 6 h post-breeding
Woodward et al., 2015 Dexamethasone Injectable 50 mg 6 h after Al
Mycobacterial cell wall extract Injectable 1.5 mL 6 h after Al
Fedorka et al., 2017 Lactoferrin Intra-uterine 1 mg/mL in 10 mL semen At Al
CRISP-3 Intra-uterine 150 pg/mL in 10 mL semen At Al
Segabinazzi et al., 2017 Platelet-rich plasma Intra-uterine 20 mL 24 h before Al or 4 h after Al
Fedorka et al., 2018 Lactoferrin Intra-uterine 50, 250 or 500 pg/mL in 10 mL 6 h after Al
ringer lactate
Friso et al., 2019 Firocoxib Oral 0.2 mg/kg ovulation induction, Al and one day after Al
Herrera et al., 2020 Mycobacterial cell wall extract Injectable 1.5 mL After AL
Navarrete et al., 2020 Mesenchymal stem cells Intra-uterine 20 million in 20 mL 0,9% saline 3 h after Al
Caissie et al., 2020 N-acetil cystein Intra-uterine 30 mL 12 h before Al

Tongu et al., 2021

Adipose mesenchymal stem cells -

conditioned medium

Intra-uterine

30 mL or 3:4 (MSCs:semen)

24 h before; 6, 24, and 48 h after; or at Al

160



161

Segabinazzi et al., 2021 Platelet-rich plasma Intra-uterine 40 mL 48 h before; 6, 24, 72, and 96 h after; or at Al
Platelet-poor plasma Intra-uterine 40 mL 48 h before; 6, 24, 72, and 96 h after; or at artificial
insemination
Colombo et al., 2022 Platelet lysate Intra-uterine 10 mL 24 h before Al
Donato et al., 2023 Ozone (Riger Spray®) Intra-uterine Keeping the applicator of the can  During estrus

pressed for five seconds
Lange-Consiglio et al., 2023 Aminiotic mesenchymal stem cells Intra-uterine 20 x 10° MSCs in semen At Al

- conditioned medium
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Supplementary Table S3. Sample collection, parameters assessed, and the moment by which the analysis was performed in relation to ovulation and/or artificial insemination (AI). The

parameters extracted from the studies were categorized into variables to be analyzed under the meta-analytical approach as follows: Ultrasound clinical signs (UCS), the proportion of

inflammatory cells (PIC), concentration of inflammatory markers (CIM), endometrial histomorphometry, and fertility.

Authors Sample collection Parameters assessed Variable Category  Time of analysis
Vanderwall & Woods, 2003 Ultrasonography Diameter of embryonic vesicle Fertility 12 d after ovulation
Risco et al., 2009 Ultrasonography Uterine contractions and intra-uterine fluid UCSsS 2,4, 8, and 25 h after Al
Endometrial biopsy Edema, glandular contents, and dilation Histomorphometry 2, 4, 8, and 25 h after Al
Endometrial biopsy Proportion of polymorphonuclear cells PIC 2,4, 8, and 25 h after Al
Endometrial cytology Proportion of polymorphonuclear cells PIC 2,4, 8, and 25 h after Al
Rojer & Aurich, 2010 Ultrasonography Intra-uterine fluid ucCsS until 24 h after Al
Endometrial cytology Proportion of polymorphonuclear cells PIC until 24 h after Al
Woodward et al., 2013 Endometrial biopsy Nitric oxide synthase mRNA and nitric oxide CIM 6 h after AL
Woodward et al., 2015 Endometrial biopsy Interleucin (IL)-1p, IL-6, IL-7, IL-10, IL-11, IL-1RA, CIM 6 h after Al
and Interferon (INF)-y
Fedorka et al., 2017 Endometrial biopsy IL-1B, IL-6, IL-8, IL-10, IL-1RN, INF-y, and Tumor CIM 6 h after Al
necrosis factor (TNF)-a
Segabinazzi et al., 2017 Ultrasonography Conception rate Fertility 14 d after ovulation
Endometrial biopsy Proportion of polymorphonuclear and lymphocyte PIC 24 h after Al
cells; and COX-2 score
Endometrial cytology Proportion of polymorphonuclear cells PIC 24 h before and after Al
Fedorka et al., 2018 Ultrasonography Intra-uterine fluid ucCsS 24 h after Al
Low-volume lavage Proportion of polymorphonuclear cells PIC 24 h after Al
Friso et al., 2019 Endometrial biopsy Proportion of polymorphonuclear and lymphocyte PIC 24 h after Al
cells
Endometrial cytology Proportion of polymorphonuclear cells PIC 24 h after Al
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Herrera et al., 2020

Navarrete et al., 2020

Caissie et al., 2020

Tongu et al., 2021

Segabinazzi et al., 2021

Colombo et al., 2022

Donato et al., 2023

Lange-Consiglio et al., 2023

Endometrial biopsy

Endometrial cytology
Low-volume lavage
Ultrasonography
Endometrial biopsy
Endometrial cytology
Ultrasonography
Endometrial cytology
Endometrial cytology
Ultrasonography
Endometrial cytology
Endometrial cytology
Ultrasonography
Endometrial cytology
Endometrial biopsy

Endometrial cytology

Endometrial cytology

Glandular epithelium height, area, density, and

diameter

Proportion of polymorphonuclear cells
IL-6 and TNF-a

Endometrial edema score
Inflammation score

Proportion of polymorphonuclear cells
Intra-uterine fluid

Proportion of polymorphonuclear cells
IL-6, IL-10, and TNF-a

Intra-uterine fluid

Proportion of polymorphonuclear cells

IL-1B, IL-6, IL-10, TNF-qa, and CXCLS8

Endometrial edema score and intra-uterine fluid

Endometrial cytology score
Inflammation score

Proportion of polymorphonuclear cells

IL-6, IL-10, TNF-a

Histomorphometry

PIC
CIM
UCS
PIC
PIC
UCS
PIC
CIM
UCS
PIC
CIM
UCS
PIC
PIC
PIC

CIM
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07 d after ovulation

48 h after Al

48 h after Al

12, 36, 60, and 84 h after Al

12 and 60 h after Al

12 and 60 h after Al

6 and 24 h after Al

6 and 24 h after Al

6 and 24 h after Al

48 h before and 24, 48, and 72 h after Al
48 h before and 24, 48, and 72 h after Al
48 h before and 24, 48, and 72 h after Al
24 h after and before; and at Al

24 h after Al

24 h and 18 to 27 days after treatment.

24 h, one week, two weeks and 18 to 27 days

after treatment.

0, 6, 12, 18 and 24 h after Al
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Supplementary Table S4. Cumulative effects, heterogeneity analysis (Q statistic), number of independent comparisons, confidence intervals, and fail-safe numbers from

the random-effects model of meta-analyses regarding the effect of treatments on uterine parameters from mares with post-breeding induced endometritis.

Variables Proportion of Ultrasound clinical Concentration of Endometrial Fertility
inflammatory cells signals inflammatory markers histomorphometry

Cumulative effect (d**) -0.4322 -0.4160 -0.2808 0.0025 0.4343

Heterogeneity 0.20104 0.47010 0.00002 0.99986 0.0

Number of comparisons (k) 61 47 90 21 3

Confidence intervals -0.6145 to -0.2499 -0.5615 to -0.2704 -0.4699 to -0.0918 -0.1641 to 0.1691 -4.6769 to 5.5456

Rosenthal's Method (N = 5k + 10) 477.4 549.1 297.8 0.0 25.8

Conventionally, d.. values around 0.2, 0.5, and 0.8 are considered to indicate weak, moderate, and strong effects, respectively (Cohen, 1992)
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Supplementary Table SS. Effect sizes, heterogeneity analysis (Q statistic) and Rosenthal’s fail-safe number for the analyzed variables according to methodological variations of the

effect for the treatments of post-breeding endometritis in mares.

Variable Heterogeneity ~ p-value Cumulative ~ Number of Confidence intervals Rosenthal's
effect (d++) comparisons (CI) 95% Method
(k) (N =5k+10)
Proportion of inflammatory cells 32.9328 0.00006 667.2
Support in uterine clearance -0.1115 11 -0.5443 t0 0.3214
Anti-inflammatory drugs -0.2105 14 -0.5901 to 0.1692
Biological immunomodulatory therapies -0.6451 34 -0.8860 to -0.4041
N-acetil cystein 0.2727 3 -0.6986 to 1.2440
Firocoxib -0.8882 4 -1.6673 to -0.1092
Seminal plasma proteins -1.1752 2 -2.9992 to 0.6487
Blood plasma -0.7206 18 -0.9947 to -0.4464
Vedaprofen 0.2125 1 -5.3913 t0 5.8163
Oxytocin -0.2941 7 -0.7897 to 0.2014
Flunixin meglumine 0.0728 7 -0.4161 to 0.5617
Mesenchymal stem cell -0.9223 7 -1.5783 to -0.2662
Ozone 0.1677 4 -0.5518 to 0.8871
Ultrasound clinical signal 9.7149 0.13718 595.5
Support in uterine clearance -0.2121 11 -0.5170 to 0.0927
Anti-inflammatory drugs -0.2245 09 -0.5649 to 0.1159
Biological immunomodulatory therapies -0.5800 25 -0.7718 to -0.3881
Concentration of inflammatory markers 4.8136 0.43905 295.2
Anti-inflammatory drugs -0.6003 06 -1.4629 to 0.2622
Biological immunomodulatory therapies -0.2557 83 -0.4524 to 0.0591
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Histomorphometry
Support in uterine clearance
Anti-inflammatory drugs
Biological immunomodulatory therapies

Fertility

0.2798 0.86945
0.0666
0.0430
-0.0310
Turned off Turned off

05
05
09
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0.0
-0.4046 to 0.5378
-0.4166 to 0.5025
-0.2634 to0 0.2014
Turned off
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CAPITULO 5
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CONSIDERACOES FINAIS

A endometrite é reconhecidamente a principal causa de subfertilidade em éguas e nosso
estudo teve como objetivo esclarecer seus mecanismos de desenvolvimento, métodos de
diagndstico e tratamentos. Ao realizar um exame ginecoldgico abrangendo diversos métodos
avaliativos, constatamos que a endometrite foi a principal causa de exclusdo de éguas receptoras
em programas de transferéncia de embrides comerciais, com uma prevaléncia de 60% dos
animais subférteis acometidos. Observamos a importancia do fluido intrauterino como achado
clinico, a presenca frequente de infec¢des uterinas causadas principalmente pela bactéria
Escherichia coli e a relevancia do exame histopatoldgico para o diagndstico final. Esta
avaliacdo abrangente foi fundamental para o diagndstico mais preciso da endometrite e deve
ser utilizada para tomar decisdes adequadas em relacdo as éguas receptoras.

A andlise do proteoma do fluido uterino proporcionou informacdes valiosas.
Identificamos diferencas significativas nos perfis protedmicos de éguas sauddveis, com
endometrite infecciosa e com endometrite pds-cobertura. A deteccdo de proteinas especificas
relacionadas a integridade uterina, resposta inflamatéria e imunoldgica trouxe informacdes
importantes sobre a endometrite e possiveis biomarcadores de diagnéstico.

Em relacdo aos tratamentos, terapias ndo tradicionais com imunomoduladores
biolégicos mostraram-se promissoras. Essas terapias reduziram significativamente a propor¢ao
de células inflamatérias no ttero e os sinais clinicos ultrassonogrificos da endometrite.
Destacamos os tratamentos com células-tronco mesenquimais, firocoxib e plasma sanguineo
como os mais eficazes no controle da inflamagdo uterina. Esses achados abrem novas
perspectivas para o diagndstico, tratamento e compreensdo dos mecanismos envolvidos na
endometrite em éguas. Futuras pesquisas devem se concentrar na validacdo dos possiveis
biomarcadores, na padronizacdo dos métodos de diagndstico e na avaliagcdo de combinagdes

terapéuticas para o controle da inflamagdo persistente.
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