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PROTEINAS DO FLUIDO UTERINO EQUINO NO QUINTO DIA POS-OVULAGAO

RESUMO

A caracterizacdo do proteoma uterino antes da entrada do embrido no Uutero, é
essencial para conhecer os fatores bioquimicos envolvidos nos eventos fisiolégicos
da prenhez. O objetivo do estudo foi comparar o perfil proteico do liquido uterino
coletado no dia 5 poés-ovulagdo de éguas ciclicas e inseminadas. Amostras de
secrecao endometrial foram recuperadas durante o quinto dia poés-ovulagdo, ao
longo de 2 ciclos. O primeiro ciclo constituiu o grupo “ciclico” (n= 10), e no seguinte
ciclo, as mesmas éguas foram inseminadas e constituiram o grupo “inseminadas”
(n= 10). Todas as amostras foram submetidas a eletroforese bi-dimensional (2D
SDS-PAGE). Um total de 107 spots foram visualizados por 2D SDS—PAGE. Trés
spots com diferencia na abundancia entre as éguas inseminadas e ciclicas e com
presenca pelo menos em 80% em um dos grupos foram selecionados e
identificados. Os spots selecionados foram excisados, digeridos por tripsina e
analisados por matrix assisted laser desorption/ionization time-of-flight/time-of-flight
(MALDI-TOF/TOF) espectrometria de massa (MS) para identificagdo proteica. Trés
proteinas foram identificadas, ceruloplasmina (CP) serotransferrin (ST) e albumina
(ALB). As proteinas identificadas neste estudo foram relacionadas com a tolerancia
imunologica e com o metabolismo do ferro sugerindo que mudancas no perfil
proteico durante o dia 5 apdés a ovulacdo sao provavelmente um mecanismo de
sinalizagdo do potencial embrido equino para o sistema imunolégico materno para o
seu reconhecimento imunolégico. Provavelmente, mudancas na abundancia da CP,
ALB e TF representam um mecanismo de preparacdao endometrial para a fixacédo e

desenvolvimento de um potencial embrido equino.

Palavras- chave: égua, ovulagao, protedmica, reconhecimento materno



EQUINE UTERINE FLUID PROTEINS ON FIFTH DAY AFTER OVULATION

ABSTRACT

Characterization of the uterine proteome before the entry of the conceptus to the
uterus is essential to know the factors involved in the physiological events of
gestation. The aim of the study was to compare proteomic profile of uterine fluid
collected on day 5 post ovulation of cyclic and inseminated mares. Samples of
endometrial secretion were recovered over 2 cycles during the fifth day post
ovulation. The first cycle constituted the Cyclic group (n = 10) and in the following
cycle, the same mares were inseminated and considered as the Inseminated group
(n = 10). All the samples were subjected to two-dimensional electrophoresis (2D-
PAGE). A total of 107 spots were visualized by 2D-PAGE. Three spots with
differences in abundance between the inseminated and cyclic mares and with
presence in at least 80% in one of the groups were selected and identified. The
selected spots were extracted, digested by trypsin and analyzed by matrix assisted
laser desorption/ionization time-of-flight/time-of-flight (MALDI-TOF/TOF) mass
spectrometry (MS) for protein identification. Three proteins were identified:
ceruloplasmin (CP) serotransferrin (TF) and albumin (ALB). The identified proteins in
this study were related to iron metabolism and immunological tolerance suggesting
that changes in their abundance during the 5 days after ovulation are probably a
signaling mechanism of the potential equine conceptus to the maternal immune
system for its immunological recognition. Probably changes in abundance of CP, ALB
and TF represent a mechanism of endometrial preparation for the maternal
recognition, attachment and development of a potential equine embryo.

Keywords: mare, ovulation, proteomic, maternal recognition
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1 INTRODUCAO

O sucesso da prenhez depende da acertada comunicacdo materno-
embrionaria, influenciada diretamente e indiretamente por fatores paracrinos e
autécrinos que controlam o microambiente uterino (RAHEEM, 2017). Como o
principal determinante de um ambiente adequado € o fornecimento continuo de
progesterona (STOUT, 2016), o reconhecimento materno da prenhez ( RMP) &
geralmente usado para se referir, especificamente, aos eventos iniciados pelo
concepto em desenvolvimento que prolongam o tempo de vida e a atividade
secretora do corpo lateo primario para garantir um ambiente favoravel ao
crescimento embriondrio para o estabelecimento e manutengdo da prenhez
(SHORT, 1969).

Uma caracteristica do RMP na égua é a reducdo da secrecdo
endometrial de prostaglandina F2a (PGF2a) na presengca de um concepto
durante o tempo esperado de lutedlise. A liberagcao de PGF2a no endométrio é
atenuada, como consequéncia da reducdo da expressao das principais
enzimas envolvidas na produgao de prostaglandinas (KLEIN, 2015a). Durante a
prenhez inicial a resposta a ocitocina é alterada, reduzindo a expressao do
receptor de ocitocina (OXTR) que junto com a endoperoxido-prostaglandina
sintase 2 (PTGS2), sdo componentes centrais da via luteolitica e sua
supressao € considerada critica para a manutencao luteal durante o inicio da
prenhez equina (DE RUIJTER-VILLANI; VAN TOL; STOUT, 2015).

Ao contrario de muitas outras espécies domésticas, a prenhez equina
apresenta caracteristicas préprias e interagdes interessantes. O concepto
equino passa ao lumen uterino entre o dia 5-6 apds a ovulagcdo, com prévia
secrecao de Prostaglandina E2. Além disso, o concepto equino € coberto por
uma capsula acelular proteica apdés a entrada do concepto no Utero, e é
altamente mével ao longo do lumen uterino a partir do dia 9 pds-ovulacéo,
sendo um componente primordial no RMP na égua (GINTHER,1985).

Embora a compreensao do dialogo continuo do endométrio materno e
do embrido em desenvolvimento apresente enormes avangos, O
estabelecimento e manutengdo da prenhez em equinos é somente
parcialmente compreendido (KLEIN; TROEDSSON, 2011). Uma série de

pesquisas no campo da transcriptébmica tem analisado a expressao génica no
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endométrio de éguas ciclicas e prenhes, para esclarecer os mecanismos
moleculares responsaveis pelo estabelecimento da prenhez no equino e a
natureza do sinal embrionario para luteostase em éguas (BAUERSACHS;
WOLF, 2012; AURICH; BUDIK, 2015). As mudangas no perfil proteico do fluido
luminal uterino, em resposta a presenga de um concepto, recentemente tém
sido estudadas. Em relacéo a sinalizagédo do RMP, Bastos et al. (2019) e Smith
et al. (2018), identificaram proteinas presentes no fluido uterino de éguas
ciclicas e prenhes no inicio do desenvolvimento embrionario, fornecendo
assim, uma visdo geral de proteinas potencialmente envolvidas na interagéo
materno-embrionaria no cavalo.

A diferenca observada nos padrbées proteicos das éguas prenhes e
ciclicas no dia 7 apods da ovulacdo (BASTOS et al.,, 2019) levantou- se a
hipétese de provaveis alteragdes proteicas no ambiente uterino antes do sétimo
dia pos-ovulacdo € em torno do momento relacionado com a producao pelo
proprio embrido de prostaglandina E2, para estimular o transporte para o Utero
(WEBER et al., 1991a, 1991b,1992). A identificagdo das proteinas secretadas
pelo utero no 5 dia apdés ovulacdo na égua poderiam proporcionar
esclarecimentos da participagdo bioquimica nos eventos fisiolégicos do
desenvolvimento embrionario equino e sua possivel influéncia no RMP na
fémea equina. Portanto, o objetivo deste estudo foi comparar o perfil
proteémico do liquido uterino coletado no dia 5 pds-ovulagédo de éguas ciclicas

e inseminadas.
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2 REVISAO BIBLIOGRAFICA

2. 1 Reconhecimento materno da prenhez

O termo “reconhecimento materno da prenhez” é comumente utilizado
para descrever a interagdo materno-embriondria no periodo inicial de prenhez
que interrompe a lutedlise e garante um suporte continuo de progesterona (P4)
para o desenvolvimento embrionario (KLEIN, 2016). Em fémeas mamiferas
ciclicas que normalmente sofrem lutedlise no final do ciclo, se a prenhez
ocorre, o corpo luteo (CL) é mantido e continua a produzir P4, indispensavel
para o estabelecimento e manutengao da prenhez (GINTHER, 2009; MERKL et
al., 2010).

O prolongamento do tempo de vida do CL, a fim de garantir a secrecao
de P4, requer sinais produzidos pelo préprio concepto (MCCRACKEN;
CUSTER; LAMSA, 1999; AURICH; BUDIK, 2015) e o didlogo usado pelo
concepto para sinalizagdo de sua presencga varia entre as espécies domésticas.
Os mecanismos de comunicagdo materno-embrionarios sao melhor
compreendidos em ruminantes e outros ungulados, como o suino (KLEIN,
2015a), enquanto os equinos parecem ser distintos de outros mamiferos e o
sinal de RMP derivado do concepto ainda ndo foi identificado (KLEIN;
TROEDSSON, 2011).

Em bovinos, uma glicoproteina denominada Interferon-tau (IFN-t),
secretada pelo concepto no ambiente uterino, age de forma paracrina inibindo
a expressao dos receptores de estrégenos (ESR1) e de ocitocina (OXTR) no
endométrio, evitando a liberacdo de pulsos luteoliticos de prostaglandina F2
alfa (PGF2a), horménio responsavel pelo inicio da lutedlise (GODKIN et al.,
1982; GODKIN; BAZER; ROBERTS, 1984; GRAY et al., 2006). A capacidade
do concepto suino para sintetizar e liberar grandes quantidades de estrégenos,
entre os dias 14 e 18 da prenhez fornece evidéncia de um envolvimento do
estrogeno no RMP na fémea suina. Os estrogenos derivados do concepto
suino inibem o processo luteolitico através da reorientagdo da liberagdo de
prostaglandina endometrial, para o lumen uterino em vez de ir para a

vascularizagao uterina (GEISERT et al., 1990).
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Considerando que o IFN-t é o sinal de reconhecimento materno em
ruminantes, o Interferon delta, EqIFN-delta 1 e EqlFN-delta 2 foram clonados
no cavalo para avaliar a expressao pelo concepto equino entre os dias 16 e 22
da prenhez. Em comparagdo com o concepto bovino, os conceptos equinos
expressaram interferons IFN-delta 1 e 2 em niveis baixos (COCHET; VAIMAN;
LEFEVRE, 2009), no entanto, nos estagios iniciais do desenvolvimento
embrionario, as quantidades insignificantes expressadas de RNAm do IFN-
delta provavelmente nao influenciam o RMP (BUDIK; LUSSY; AURICH, 2010),
Dado que, tal como nos suinos, o concepto equino sintetiza grandes
quantidades de estrégeno durante o periodo critico do RMP (KLEIN, 2015a) os
estrégenos sintentizados pelo blastocisto expandido equino foram explorados
na busca pelo sinal de RPM; no entanto, com resultados contraditérios (KLEIN;
TROEDSSON, 2011)

Os efeitos observados na administragdo exdégena de estrogeno em
éguas no diestro variaram desde a luteostase prevista até uma lutedlise
acelerada em comparagcdo com uma rapida prolongacdo da fase litea em
suinos. Apesar dos resultados inconclusivos dos experimentos, tentando provar
que os estrégenos derivados de embrides equinos sao responsaveis pela
extensdo da funcdo do CL, a producdo prolongada de estrégenos além do
tempo do RMP, tém importantes efeitos intrauterinos locais na atividade
miometrial e na atividade secretora glandular endometrial, os quais sao
essenciais para o desenvolvimento do concepto equino (STOUT; ALLEN, 2001;
KLEIN, 2015a).

2.2. Sintese de prostaglandina F2a durante a prenhez inicial

Embora a via exata de sinalizacdo de RMP na égua seja desconhecida
(DE RUIJTER-VILLANI; STOUT, 2015), em fémeas equinas como em outras
espécies, o processo luteolitico completo requer a secregao de multiplos pulsos
de PGF2a pelo utero (GINTHER et al.,, 2008). A liberagcdo endometrial de
PGF2a em resposta a ocitocina (OXT) € o sinal inicial que desencadeia a
lutedlise em animais, e a PGF2a no ovario contribui para a agéo luteolitica em

primatas, incluindo os humanos (NAGLE et al., 2005). Tal como em
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ruminantes, a presenga do concepto no utero desacopla o feedback OXT-
PGF2a responsavel de gerar os pulsos luteoliticos de PGF2a (DE RUIJTER-
VILLANI; STOUT, 2015).

Em éguas ciclicas, a liberagdo de PGF2a do endométrio e indugéo da
lutedlise, sucede pela liberagdo de OXT da hipdéfise posterior em concomitancia
com um aumento no endométrio do numero de OXTR no diestro tardio
(CICCARELLI et al., 2017). A lutedlise, definida como o periodo da regressao
do corpo luteo caracterizado por um declinio da P4 até <1 ng/ml (GINTHER,
0O.J; HANNAN, M.A; BEG, M.A., 2011), ocorre em média no dia 14 apdés a
ovulacao (GINTHER; BEG, 2012a) em associagdo com um pequeno pulso do
metabolito da prostaglandina (PG) F2 (PGFM) entre o final da pré-lutedlise e o
comeco da lutedlise em sincronia com o aumento e diminui¢ao inicial da OXT
(GINTHER; BEG, 2012b). A estimulagdo do OXTR gera uma cascata de
eventos que terminam por ativar a fosfolipase-A2 (PLA2), enzima chave na
biossintese da PGF2a (ABABNEH; ABABNEH; SHIDAIFAT, 2011),
aparentemente importante durante o processo luteolitico € no momento do
RMP (OZEL et al., 2014).

Inicialmente, durante a sintese de prostaglandina, o acido araquidonico
(AA) é liberado a partir de fosfolipidios de membrana através da agdo da PLA2
(KLEIN, 2015a). A atividade da PLA2 no endométrio equino incrementa durante
o diestro tardio (14 dias pos-ovulagdo) enquanto decresce na presenca de um
concepto no dia 14 de prenhez (ABABNEH; TROEDSSON, 2012). O aumento
da atividade da PLA2 coincide com o periodo do ciclo estral onde o endométrio
tem uma capacidade aumentada para secretar prostaglandinas e a sintese de
PGF2a parece ser regulada, em parte, pela atividade endometrial da PLA2. A
expressao endometrial de PLA2 citosodlica (isoforma da PLA2), atenua-se em
éguas prenhes, embora as concentracoes de P4 sejam altas no dia 14 e baixas
no dia 18 da prenhez. Entretanto, durante o dia 22 apds a ovulacao, existe um
incremento da expressao de PLA2 que pode explicar o reinicio da secrecao de
PGF2a nessa fase da prenhez (OZEL et al, 2014).

A regulacao hormonal parece ser um inibidor da expressao de cPLA2
(PLA2 citosolica) no endométrio equino (ABABNEH; ABABNEH; SHIDAIFAT,
2011). Um incremento da expressao cPLA2 no diestro tardio com baixas
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concentracdes de P4 coincide com a secrec¢ao e inicio da lutedlise, portanto, a
cPLA2 pode moderar a secrecdo endometrial de PGF2a. A expresséo
moderada da cPLA2 no dia 15 de prenhez concomitante com as baixas
concentragdes circulantes de P4, pode ser suficiente para iniciar a cascata da
secrec¢do de PGF2a e ndo tem um papel direto no RMP.

Logo apds a liberagdo do &cido araquidbnico dos fosfolipidios da
membrana, ele é catalisado em endoperoxido prostaglandina H2 (PGH2) pela
acao enzimatica das prostaglandinas endoperodxido sintetase 1 e 2 (PTGS1 e
PTGS2, respectivamente) (BOERBOOM et al., 2004). A avaliacao dos genes
envolvidos na agao das prostaglandinas no endométrio equino durante o ciclo
estral e na prenhez inicial, demonstrou uma expressdao endometrial maior de
PTGS2 em éguas nao prenhes do que nas éguas prenhes, durante o tempo
esperado da lutedlise, (ATLI et al., 2010).

Mediante cultivos de implantes endometriais comprovou-se que as
secrecoes do concepto diminuem a expressdao do PTGS2 e reduzem a
quantidade de PGF2a liberada pelos implantes do endométrio, indicando que a
expressao alterada de PTGS2 é um mecanismo central do RMP em éguas
(EALY et al., 2010). Coincidindo com a capacidade do endométrio de secretar
PGF2a durante a terceira semana de prenhez, a regulacdo positiva da
expressdo de PTGS1 em éguas prenhes, entre os dias 18 e 22, em
comparagao com os dias 14 e 15 da prenhez, sugere uma segregacao da
enzima no processo luteolitico porém sem desconsiderar sua possivel
influéncia durante a prenhez inicial, considerando que as expressdes de
prostaglandina F sintase (PTGFS) e prostaglandina E sintase (PTGES) sao
também supra reguladas enquanto a expressao de PTGS2 é suprimida (ATLI
et al., 2010).

PTGFS e PTGES sao enzimas que catalisam a conversao de PGH2
em PGF2a e PGE2, respectivamente (ATLI et al., 2010). A expressao de
PTGFS e PTEGS néo diferiu entre éguas ciclicas e prenhes no dia 15 apds a
ovulagdo, (ATLI et al., 2010; BOERBOOM et al.,, 2004), enquanto que a
prenhez inicial alterou a expressdo de RNAm do PTGFS endometrial no dia 14
apos a ovulagdo com maior expressao nas eguas ciclicas em relagdo as eguas
prenhes. Os niveis de expressdo de PTGFS e PTGES em comparagao com o
dia da ovulagédo, permaneceram estaveis no dia 18 e 22 da prenhez, enquanto
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o nivel de expressdo do receptor de prostaglandina (PTGFR) permaneceu
diminuido nos dias 14 e 15 da prenhez em relagdo as ciclicas. Esses
resultados sugerem que ha uma cadeia orquestrada de eventos que regula a
biossintese e agdo da prostaglandina, a favor da prenhez no endométrio equino
(ATLI et al., 2010).

2.3. Acao da oxitocina e seu receptor no periodo do RMP

Os fatores endocrinos que regulam a secrecao pulsatil de PGF2a na
égua sao apenas parcialmente compreendidos, ndo obstante, sabe-se que a
OXT desempenha um papel central na liberacdo de PGF2a pelo endométrio na
lutedlise (KLEIN; TROEDSSON, 2011; KLEIN, 2015a). O aumento da secrecao
uterina de PGF2aq, verificada pelas concentracdes periféricas de PGFM, o
principal metabolito da PGF2a, pode ser o gatilho da secrecdo de OXT da
neuro-hipéfise durante o inicio da lutedlise equina (VANDERWALL et al., 1998).
A secrecao de OXT hipofisaria, através da unido a seu receptor no endométrio,
estimula a liberacdo de PGF2a endometrial estabelecendo assim uma
retroalimentacao positiva (KLEIN; TROEDSSON, 2011).

Evidéncias indiretas do envolvimento da OXT na regulagéo da lutedlise
procedem da observacdo a administracdo sistémica de OXT durante o ciclo
estral e a prenhez inicial equina. Em éguas ciclicas, a OXT exdgena provocou
um aumento nas concentragbes circulantes de PGFM entre os dias 13 e 16
apds a ovulacdo, enquanto éguas prenhes nao mostraram variacées nas
concentragdes circulantes de PGFM em resposta a OXT exégena no tempo
previsto da lutedlise (GOFF; PONTBRIAND; SIROIS, 1987) Em consonancia
com a resposta diferencial a OXT dependente do estado reprodutivo, as
concentracbes do OXTR diferiram em éguas prenhes e nao prenhes no
momento da lutedlise. Apds a estimulacdo de liberacao de OXT por bidpsia
endometrial, a expressao do OXTR em éguas prenhes foram significativamente
reduzidas em comparagdo com éguas nao prenhes no dia 14 do ciclo estral
(SHARP et al., 1997; STARBUCK et al., 1998)

Entretanto, diferentes estudos demonstraram que a administragédo de
altas doses de OXT no meio do diestro prolongaram o tempo de vida do CL
equino (VANDERWALL; PARKINSON; RIGAS, 2016). A administragéo
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repetida de OXT nos dias 7 a 14 apds a ovulacao, manteve a concentracao de
P4 > 1 ng/ mL continuamente até o dia 30, inibindo a lutedlise e prolongando
a funcao luteal em éguas (VANDERWALL; RASMUSSEN; WOODS, 2007).
Resultados semelhantes foram apresentados por Vanderwall et al., (2012),
confirmando que a administragdo diaria de OXT foi tdo eficaz quanto a
administracdo de OXT duas vezes ao dia, para interromper o0 processo
luteolitico e prolongar a fungcdo do CL na fémea equina. Apds exposicao
repetida a OXT, os niveis de transcricdo do OXTR permanecem inalterados
enquanto a expressao de PTGS2 foi reduzida (KEITH et al., 2013).

A supressdo inicial da capacidade do endométrio para secretar PGF2a,

em volta do dia 14 de prenhez, deve-se, tanto a inibicdo da expressao do
RNAm de PTGS2, quanto do OXTR ao nivel protéico (DE RUIJTER-VILLANI;
STOUT, 2015). Portanto, dado que a capacidade de resposta a OXT
subjacente a lutedlise ciclica se desenvolveu em, ou por volta, do dia 10 pds
ovulagao (STOUT; LAMMING; ALLEN, 1999), enquanto a repressao do PTGS2
ocorreu no dia 13 de prenhez (BOERBOOM et al., 2004), é provavel que a
sinalizagdo de RMP seja uma cascata de eventos que ocorra entre os dias 12 e
14 da prenhez equina (WILSHER; CLUTTON-BROCK; ALLEN, 2010; KLEIN;
TROEDSSON, 2011).
A partir dos dados previamente publicados, um modelo do funcionamento dos
processos bioldgicos da prenhez inicial equina tem se estabelecido (Fig. 1).
Durante o periodo do RMP, o concepto equino € altamente mével através do
[imen uterino, é dependente da acdo de prostaglandinas derivadas do
concepto no miométrio. O concepto sintetiza estrogenos e arginina no fluido
luminal uterino e a oxitocina endometrial (OT) estimula o crescimento do
concepto pela acao dos receptores OT (OTR) no trofectoderma. Por acao da
regulacao negativa da PTGS2, antes conhecida como ciclooxigenase 2 (COX2)
no epitélio endometrial, a oxitocina endometrial ndo pode estimular a sintese
endometrial da prostaglandina F2a, portanto, a fungcdo do corpo luteo €
preservada (AURICH; BUDIK, 2015).
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Fig. 1. Representacdo esquematica das interagdes entre o concepto e o Utero proposto no
periodo do reconhecimento materno da prenhez nos dias 12/13 pds ovulagao (AURICH;
BUDIK, 2015).

Myo

Apesar do mecanismo pelo qual a atividade do OXTR é suprimida no
endométrio de éguas prenhes precise ser confirmado, sua ocorréncia pode
originar-se da cessagao da migragcdao do concepto equino (DE RUIJTER-
VILLANI; VAN TOL; STOUT, 2015). Acredita-se que o concepto migra
continuamente no lumen uterino durante a prenhez, a fim de interromper o
processo luteolitico. O periodo de mobilidade maxima do concepto coincide
com o tempo do RMP e a atenuagdo da liberacdo endometrial de PGF2a
(KLEIN, 2015a). Portanto, é possivel que a auséncia de migracao apos o dia
16, torne o concepto incapaz de manter a supressao da capacidade do OXT
sobre toda a superficie do utero (DE RUIJTER-VILLANI; VAN TOL; STOUT,
2015).

Mesmo que a regulacdo negativa do OXTR e da PTGS2 pareca
contribuir para o processo antiluteolitico inicial, a diminuigdo da secregao
endometrial de PGF2a aparentemente é um evento transitério durante o RMP,
uma vez que durante a terceira semana da prenhez, o endomeétrio retoma a
capacidade de secretar PGF2a. Deve-se, portanto, presumir que mecanismos

adicionais sao necessarios para garantir a manutengao continua do CL. Sendo
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assim, a supressao do PTGFR, desacopla a retroalimentagdo da OXT-PGF2aq,
desempenhando um papel significativo na prevencao de qualquer liberacao de
PGF2a que se desenvolva em pulsos de tamanho luteolitico (DE RUIJTER-
VILLANI; VAN TOL; STOUT, 2015; KLEIN, 2015a).

2.4. Regulacao de horménios e receptores esteroides no utero

As alteragdes no trato reprodutivo da égua, ao longo do ciclo estral e
da prenhez inicial, sdo coordenadas pelos esteroides ovarianos (GINTHER,
1992). Tanto o estrégeno (E2), quanto a P4, atravessam o citoplasma, se ligam
aos receptores nucleares formando complexos ligante-receptor que servem
como fatores de transcricdo que interatuam diretamente com o &cido
desoxirribonucleico (DNA) para regular a expressao génica, controlando assim
o desenvolvimento e a diferenciacdo endometrial (DEFRANCO, 2002). Uma
regulacao espaco-temporal da expressao dos receptores de P4 (PGR) e do E2
(ER) no endométrio, parece ser um pré-requisito para a receptividade uterina
(SPENCER et al., 2007).

O E2 exerce suas funcgdes através de dois tipos de receptores (a e B)
codificados por genes diferentes, o ESR1 e o ESR2 (ENMARK et al., 1997). O
receptor de estrégeno a (ER-a) é o receptor de E2 predominante no utero
(WEIHUA et al.,, 2000). Desempenha um papel importante nos efeitos
luterotroficos dos E2, evidenciado pela perda da proliferacao celular e producao
da proteina secretora para ER-a no utero de camundongos (LUBAHN et al.,
1993). O receptor de estrogeno B (ER-B) foi descrito no utero de mulheres
(MATSUZAKI et al., 1999), camundongos (WEIHUA et al., 2000), e no cavalo
(HONNENS et al., 2011). De modo igual, a P4 realiza suas fungdes por meio
de duas isoformas de receptores nucleares (a isoforma PGR-A e a isoforma
PGR-B), as quais sao codificadas pelo mesmo gene (MOTE et al., 2006). A
isoforma PGR-A é envolvida na mediacao das acdes da P4 no Utero e nos
ovarios, enquanto a PGR-B é mais relevante no desenvolvimento da glandula
mamaria (MULAC-JERICEVIC et al., 2000, 2003).

A expressao do ESR1 e PGR na égua parece ser semelhante a da vaca,
com expressdo maxima durante o estro seguido de uma expressdo negativa

durante o diestro (HARTT et al., 2005) e uma regulagdo negativa ainda mais
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profunda durante a prenhez, embora ainda nao se saiba como isso se relaciona
com a expressao de OXTR. No entanto, a sinalizagao estrogénica desempenha
um papel importante durante o estabelecimento da prenhez em éguas,
enfatizada pelo grande numero de genes regulados por E2 ou genes
envolvidos na sinalizagéo de E2, que sédo regulamentados no inicio da prenhez
equina (KLEIN et al., 2010).

O concepto equino expressa um numero de enzimas envolvidas na
sintese e metabolismo dos hormonios esterdides. A transferéncia de colesterol
dentro da mitocdndria através da proteina reguladora da esteroidogénese
aguda (STAR) e o passo limitante na biossintese do E2 e da P4. A proteina
STAR demonstrou maior expressao nos embrides dos dias 12 e 14, em
comparacao com os do dia 8. Semelhante ao padrao de expressao de STAR, a
enzima de clivagem da cadeia de colesterol-citocromo P450 (P450SCC), uma
enzima mitocondrial associada a conversao de colesterol em pregnenolona,
assim como a 3-beta-hidroxiesteréide desidrogenase (HSD3B1), uma enzima
chave na producao de progesterona, andrégeno e estrogeno, expressada pelas
células do trofectoderma; tiveram um aumento com o avang¢o do estagio de
desenvolvimento embrionario (KLEIN; TROEDSSON, 2011).

Em todos os mamiferos, a exposicdo continua do endométrio a P4
durante o diestro ou a prenhez inicial, regula negativamente a expressao do
receptor de P4 (PGR) no epitélio luminal e glandular sem mudangas na
expressao em células estromais (CARSON et al., 2000; SPENCER et al., 2007;
DE RUIJTER-VILLANI; VAN TOL; STOUT, 2015). Especula-se que, durante o
periodo de pré-implantacdo, a agcdo seletiva da P4 nas células estromais
estimula a producdao de progestamedinas, que por sua vez exercem acgdes
paracrinas sobre o epitélio endometrial e o trofectoderma do concepto,
regulando a producdo de secrecoes endometriais € o desenvolvimento do
concepto (SLAYDEN; KEATOR, 2007; BAZER et al.,, 2009; DE RUIJTER-
VILLANI; VAN TOL; STOUT, 2015).

De acordo com Rambags et al (2008), além de suas acbes através de
receptores nucleares classicos, a P4 pode atuar via receptores de membrana
(progesterone membrane receptor component 1 -PGRMC1 e mPR),
possivelmente para mediar eventos importantes durante o inicio da prenhez,

incluindo a diferenciagao celular, modulagdo da apoptose e esteroidogénese, e
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€ expressa em trofectoderma equino durante a prenhez inicial. Paralelamente,
a presenca de receptores esteroidais no concepto eleva a possibilidade de que
além de exercer efeitos no endométrio, a producdo de esteroides auxilie o

desenvolvimento embrionario de uma maneira autécrina-paracrina.

2.5. Ambiente uterino no inicio da prenhez equina

No contexto da prenhez inicial, um ambiente uterino apropriado é
necessario para fornecer nutricdo e protecdo imunoldgica ao embrido em
desenvolvimento. A atividade secretora uterina exerce influéncia no
crescimento embrionario por meio da nutricdo histotréfica, sintetizada pelo
epitélio glandular e regulada, tanto pelos horménios maternos, quanto pelas
secrecoes embrionarias (KOCH; RAMADOSS; MAGNESS, 2010)

Durante o periodo prolongado de pré-implantacdo, o concepto equino
obtém os nutrientes através das secre¢des uterinas do denominado histotrofo,
constituido principalmente de enzimas, fatores de crescimento, ions, citocinas,
horménios, moléculas de adesao, nutrientes e proteinas ( ZAVY et al., 1982;
KOCH; RAMADOSS; MAGNESS, 2010). Imediatamente ap6s a entrada do
embrido no Utero, o estroma e lumen uterino de éguas prenhes, apresenta
alteracdes morfoldgicas e funcionais necessarias para o desenvolvimento inicial
do embrido. A presencga de pequenas quantidades de material histotréfico entre
as dobras uterinas, um aumento do didmetro dos vasos sanguineos no estroma
endometrial e a perda de células ciliadas, sdo observadas em éguas prenhes
no 7 dia pés-ovulacao (CAMOZZATO et al., 2019)

As secrecbes uterinas ou histotroficas sdo um componente critico para
a sobrevivéncia inicial dos embrides, funcionando como o Unico fornecimento
de nutrientes necessarios para o concepto em desenvolvimento (MULLEN et
al., 2012) O histotrofo, contém proteinas essenciais para o desenvolvimento do
concepto (BAZER et al., 2011) e as principais proteinas encontradas sao a
uteroglobina (UGL), a uteroferrina (UF) e a uterocalina (UCA ou proteina P19),
uma das maiores proteinas secretada unicamente pelo endométrio da égua
(BEIER- HELLWIG et al., 1995; HOFFMAN et al., 2009).

A P19, principal proteina do histotrofo uterino equino, € um membro da
familia de proteinas que transportam pequenas moléculas hidrofébicas
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(FLOWER; NORTH; ATTWOOQOD, 1993). Grandes quantidades de P19 foram
detectadas em lavagens uterinas nos primeiros 23 dias de prenhez (STEWART
et al., 1995), e altos niveis endometriais de RNAm para P19 foram
encontrados no dia 16 da prenhez equina (KLEIN, 2015b). A P4 enddgena ou
exogena, estimula a expressado da P19, no entanto, a expressao protéica na
terceira semana de prenhez apresentaram mudangas sugerindo que outros
fatores além da P4 regulam sua expressao (CROSSETT et al., 1998). A P19
equina liga-se aos acidos graxos e ao retinol; portanto, possivelmente sua
principal fungdo seja fornecer nutrientes ao concepto em desenvolvimento
(SUIRE et al., 2001).

Uma visdo geral das proteinas produzidas e secretadas durante o
estabelecimento de prenhez foi proporcionada por Hayes, Flanagan e Jowsey,
(2012). Um subconjunto de proteinas endometriais relacionadas a prenhez com
papéis potenciais no desenvolvimento embrionario e/ou imunidade inata foram
analisadas por LC-MS / MS (Cromatografia liquida acoplada a espectrometria
de massas). Durante o dia 20 da prenhez, as proteinas que aumentaram
incluiram o ativador GM2 (GM2A), lipocalina 2 (LCN2), stanniocalcina 1 (STC1)
e Serpina 14, envolvidas no transporte glicolipidico, na ligagdo dos complexos
de ferro sideréforos, no metabolismo do célcio e fosfato e a placentacéo
epitéliocorial respetivamente. A fosfolipase secretora A2 (sPLA2),
secretoglobina 1A1 (SCGB1A1) e vanina 1 (VNN1) diminuiram no mesmo
periodo da prenhez.

Em torno da sinalizagcdo do RMP, as proteinas presentes no fluido
uterino equino no dia 13, foram identificadas e quantificadas em grande escala,
detectando a regulacdo positiva de varios inibidores da sintese de
prostaglandinas, incluindo prostaglandin reductase 1 (PTGR1), glutationa
transferase 1 (GSTP1) e annexina A1 (ANXA1). A PTGR1, catalisa o
leucotrieno B4 no seu metabolito biologicamente menos ativo, sendo 0 passo
chave na inativagdo metabdlica do leucotrieno B4, como mostrado na Fig. 2
(SMITS et al., 2018).

A este respeito, a regulagédo positiva de GSTP1 associada a prenhez
equina, pode estar envolvida no mecanismo luteostatico pela inibicao da
PTGS2 (SMITS et al.,, 2018), embora, as glutationas transferases também
estejam geralmente envolvidas na biossintese de prostaglandinas e dos
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leucotrienos (HAYES; FLANAGAN; JOWSEY, 2005). Coincidentemente,
Bastos et al. (2019), relataram mudangas no perfil protebmico da secregéao
endometrial durante o desenvolvimento embrionario inicial nos dias 7, 10 e 13
pds-ovulagéo na égua, sugerindo que as proteinas identificadas e relacionadas
ao transporte de lipidios através do embrido da cépsula, geracdo do ATP, a
tolerancia imunoldgica materna e a angiogénese podem ser importantes para o

desenvolvimento embrionario e o reconhecimento materno da prenhez equina.
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Fig. 2. Inibidores da sintese de prostaglandinas no fluido uterino de éguas prenhes. Via de
eicosanoides, adaptada da Wikipédia. Proteinas encontradas para serem reguladas no fluido
uterino de éguas prenhes sao marcadas em vermelho (SMITS et al., 2018).

2.6. Desenvolvimento embrionario inicial na tuba uterina

Muitos aspectos do periodo inicial da prenhez mostram-se Unicos no
género Eqqus (ALLEN, 2000) e diferem de eventos equivalentes em outras
espécies domésticas.

Como uma caracteristica especial na égua, os odcitos fecundados e
nao fecundados séo transportados diferentemente na tuba uterina. Enquanto
na maioria dos mamiferos, os oécitos fecundados e nao fecundados entram no

Utero em momentos semelhantes apdés a ovulagdo (DZUIK; POLGE;
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ROWSON, 1964; MOOR, 1968), nos equinos, os odcitos nao fecundados sao
retidos na regido da jungdo istmo-ampola da tuba uterina, onde sao
eventualmente degenerados de maneira progressiva (VAN NIEKERK;
GERNEKE, 1966; FLOOD, JONG, BETERRIDGE, 1979) No entanto, apés a
fecundacdo bem-sucedida, os embrides atravessam a jungdo Utero-tubarica,
entrando no utero entre 144 e 168 horas pds-ovulagéo (dia 6 - 6,5) no estagio
de desenvolvimento de mérula tardia ou blastocisto inicial (BETTERIDGE et al.,
1982; ALLEN, 2000; BETTERIDGE, 2000; ALLEN, 2001). Coincidindo com
esse transporte seletivo de embrides, foi demonstrado por Weber et al. (1991)
que o0 embrido equino secreta quantidades crescentes de prostaglandina E2
(PGE2) a partir do dia 5 pdés-ovulacdo, provocando contracdes locais e
relaxamento das fibras musculares lisas da tuba uterina, permitindo assim, a
entrada do embrido no utero (WEBER et al.,1992, 1995).

O didlogo materno- embrionario inicial na égua certamente
desencadeia- se na tuba uterina (BETTERIDGE, 2000), a qual desempenha um
papel fundamental no fornecimento do microambiente ideal para o
desenvolvimento embrionario inicial. Conjuntamente, a presenga de um
embrido induz mudangas na regulagdo de proteinas relacionadas com a
prenhez inicial em outras espécies domésticas, suportando a hipétese de que o
embrido equino interage com a tuba uterina, afetando o padrao de secrecao
materna de proteinas envolvidas em vias relacionadas a prenhez (SMITS et al.,
2016).

Certamente, as diferentes pesquisas com enfoque protedmico entorno
das secregOes uterinas e sua importancia fisiolégica na fixagdo, implantacéo,
RMP, manutencgao lutea; tem ganhado espaco para o estudo protedmico da
dindmica molecular uterina, assim como o seu papel na atividade uterina
(KOCH, J. M.; RAMADOSS, J.; MAGNESS, R. R., 2010) porém sao
necessarios mais analises protedmicas abrangentes das mudangas na
expressao protedmica do fluido luminal uterino em resposta a interagao
materno-embrionaria no cavalo particularmente em torno do momento do

transporte do embrido para o Utero.
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Highlights

e Uterine fluid proteomic profile changes at 5" day post ovulation in
inseminated mares compared to cyclic ones.

e Ceruloplasmin has an increased abundance in the equine uterine fluid 5
days post insemination.

e Higher abundance of Serotransferrin and Albumin are observed in cyclic

mares.

Abstract

Characterization of the uterine proteome before the entry of the conceptus to
the uterus is essential to know the factors involved in the physiological events of
gestation. The aim of the study was to compare proteomic profile of uterine fluid

collected on day 5 post ovulation of cyclic and inseminated mares. Samples of
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endometrial secretion were recovered over 2 cycles during the fifth day post
ovulation. The first cycle constituted the Cyclic group (n = 10) and in the
following cycle, the same mares were inseminated and considered as the
Inseminated group (n = 10). All the samples were subjected to two-dimensional
electrophoresis (2D-PAGE). A total of 107 spots were visualized by 2D-PAGE.
Three spots with differences in abundance between the inseminated and cyclic
mares and with presence in at least 80% in one of the groups were selected
and identified. The selected spots were extracted, digested by trypsin and
analyzed by matrix assisted laser desorption/ionization time-of-flight/time-of-
flight (MALDI-TOF/TOF) mass spectrometry (MS) for protein identification.
Three proteins were identified: ceruloplasmin (CP) serotransferrin (TF) and
alboumin (ALB). The identified proteins in this study were related to iron
metabolism and immunological tolerance suggesting that changes in their
abundance during the 5 days after ovulation are probably a signaling
mechanism of the potential equine conceptus to the maternal immune system
for its immunological recognition. Probably changes in abundance of CP, ALB
and TF represent a mechanism of endometrial preparation for the maternal

recognition, attachment and development of a potential equine embryo.

Keywords: mare, ovulation, proteomic, maternal recognition

1 Introduction

Continuous fetomaternal dialogue is a prerequisite of pregnancy in
mares, as it is in all mammals. However, a number of features of equine
pregnancy are unique to this genus and differ from equivalent events in other
common large domestic animal species (ALLEN, 2001). The slow passage of
the equine embryo through the oviduct and the differential transport of oocytes
and embryos within the equine oviduct are some of these unusual particularities
(ALLEN, 2005).

Equine conceptus passes into the uterus through the utero-tubular
junction after day 5.5 post-ovulation (BATTUT et al., 1998; ALLEN, 2001;
RIERA, 2009; MCCUE; SQUIRES, 2015). When the equine conceptus finally
enters the uterus it moves continually throughout the uterine lumen (ALLEN,
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2001), playing an important role in altering PGF2a production (MCDOWELL;
SHARP, 2013) and being integral to maternal recognition of pregnancy (MRP)
(KLEIN, 2015a). The term MRP (SHORT, 1969), has been classically used to
describe the conceptus signal which prevents loss of the maternal corpus
luteum at about 14 days after ovulation (SHARP, 2000)

The uterine environment changes thereupon the entry of the conceptus
into the uterus. Uterine blood vessels enlarge their caliber, number of ciliated
cells diminishes, the superficial cells of the endometrium are more protruded,
and a small amount of histotrophic material between the uterine folds is
observed (KEENAN, 1991; MATTOS et al., 2015; CAMOZZATO et al., 2019).

At day 7 after ovulation, certain proteins in uterine fluid are more
abundant in pregnant than in cyclic mares. These proteins are related to the
transport of lipids through the conceptus capsule, uterine motility, metabolism
and ATP generation, maternal immunological tolerance, cell proliferation and
differentiation, angiogenesis, and could be important for conceptus
development and equine MRP (BASTOS et al., 2018). In the context of MRP,
prostaglandin synthesis is of special interest. For three proteins involved in this
pathway, namely prostaglandin reductase 1 (PTGR1), glutathione transferase 1
(GSTP1) and annexin A1 (ANXA1) were detected in the uterine fluid of
pregnant compared with cyclic mares (SMITS et al., 2018).

The difference in the protein patterns of pregnant and cyclic mares on
the 7" day after ovulation (BASTOS et al., 2019) raised the hypothesis of
probable protein alterations in the uterine environment before the entry of the
conceptus into the uterus. Therefore, the objective of this study was to compare
proteomic profile of uterine fluid collected on day 5 post ovulation of cyclic and

inseminated mares.
2 Materials and Methods
2.1. Animals
The present experiment was conducted in the south of Uruguay (34°22’

S, 55°36" W) during the southern breeding season (February to March). This
study was carried out following an Animal Ethical Use Committee approved
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protocol from Universidade Federal do Rio Grande do Sul, Porto Alegre, RS,
Brazil (protocol number 27316 from April 17, 2014) and by the Bioethics
Committee of the Universidad de la Republica, Montevideo, Uruguay
(CEUAFVET-PI-34/14 — protocol number 111130-001367-14).

Ten cyclic mixed-breed mares from a commercial herd were used.
Mare’s ages ranged from 4 to 10 years old (mean age 6.8 years old), weight
ranged between 450 to 550 Kg, and mean body condition score was 3.3
(ranging from 3 to 3.5; in a scale from 1 to 5) (MALSCHITZKY et al., 2001).
Mares were kept in natural pastures and supplemented with alfafa hay and
oats. Animals were given free access to water and received ad libitum mineral
supplementation. Mares did not present any history of fertility problems and
were examined for reproductive soundness and reproductive status by
evaluation of perineal conformation, transrectal palpation and ultrasound of the
genital tract (SonoScapeV8, Shenzhen, China). Only cyclic and clinically normal
mares, with endometrium classified as category | or IIA (KENNEY; DOIG, 1986)

and without evidence of endometritis, were selected.
2.2. Reproductive procedures

Mares were examined daily by transrectal palpation and ultrasonographic
examination. When a corpus luteum was detected, luteolysis was induced with
5 mg dinoprost tromethamine IM (Lutalyse®, Pfizer Saude Animal, Paulinia, SP,
Brazil).

Once mares were in estrus and a follicle > 35 mm in diameter and
marked uterine edema were evidenced, mares were monitored every 24 h until
ovulation was detected. Ovulation was considered day 0. Intrauterine samples
were collected at day 5 after ovulation in all mares (n = 10). These samples
constituted the Cyclic group.

At day 7 post-ovulation all mares were administered 5 mg dinoprost
tromethamine IM to induce a new estrus. Mares were monitored twice daily by
transrectal palpation and ultrasound. In this second cycle, when a pre-ovulatory
follicle (> 40 mm) was observed in association with a decline in the grade of
uterine edema (GINTHER, 1986), the same mares were inseminated with fresh

semen from a fertile stallion, with a minimum of 800 x 10° sperm cells.
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Examinations continued twice daily to confirm ovulation, considered day 0. At
day 5 after ovulation intrauterine samples were collected (n = 10) and these
samples constituted the Inseminated group.

No fluid accumulation was detected in the uterine lumen of the mares

between ovulation and sample collection day in both experimental groups.

2.3. Sample Collection

Uterine fluid samples were collected using commercial vaginal tampons
(Mini OB, Johnson & Johnson Industrial Ltda., Sdo José dos Campos, Séao
Paulo, Brazil). A tampon with a strand of floss of 50 cm, protected by a
palpation glove (double glove technique), was placed into the uterus through
the cervix. The distal part of a palpation glove was cut to form a plastic tube and
the gloved hand with the tampon was inserted into the plastic tube, closing its
extremity with a finger. The plastic tube was removed at the time of insertion of
the tampon into the uterus, where it remained for 30 min. The tampon was then
removed protected by a palpation glove, placed in a sterile plastic bag and
centrifuged at 4°C (1500 X g, for 10 min) for fluid recovery. The recovered fluid
(> 0.5 mL) was transferred to conical tubes and immediately centrifuged at 4°C
(10,000 x g, for 1 h). The supernatant was stored in cryotubes at —80°C until
further analysis (MALSCHITZKY et al., 2008). In two of the 10 samples
collected in the Inseminated group, there was not enough fluid recovered to
perform the two-dimensional electrophoresis. These mares were excluded from

the experiment.

2.4. Electrophoresis

Protein content from the uterine samples was determined by the
Bradford method (BRADFORD, 1976) employing 1 mg/mL of BSA (A7906;
Sigma—Aldrich, St. Louis, MO, USA) as standard. Proteins were separated
using two dimensional gel electrophoresis in duplicate. In summary, samples
containing 250 pg of total protein were mixed with buffer (7-M urea, 2-M
thiourea), 0.5% free ampholytes (IPG buffer, pH 3—-10 [GE Life Sciences,
Piscataway, NJ, USA]), 2% dithiothreitol (DTT), 2% CHAPS, and traces of
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bromophenol blue. Initially, the strips were rehydrated for 16 hours in 250 pL
rehydration solution at room temperature in IPG Box (GE Life Sciences). Then,
samples were incubated in 13-cm IPG Strips (pH 3 — 10 linear, GE Life
Sciences). Isoelectric focusing was carried out in Ettan IPGphor Il System (GE
Life Sciences) with the following conditions: 100 V (100 Vh), 150 V (300 Vh),
200 V (200 Vh), 500 V (500 Vh), 1,000 V (800 Vh), 8,000 V (11,300 Vh), 8,000
V (14,1500 Vh), 8,000 V (2,900 Vh). The current limit was 50 pA per strip.

For the second dimension, strips containing endometrial proteins were
incubated for 20 min in equilibration buffer | (75-mM Tris-HCI, pH 8.8, 6-M urea,
29.3% glycerol, 2% SDS, 2% DTT) and equilibrated for an additional 20 min in
buffer Il (similar to buffer I, but containing 2.5% iodoacetamide instead of DTT).
Subsequently, the strips were placed on top of 1.5 mm thick 12.5% sds-page
gels and the proteins were separated using SE 600 Ruby system (GE Life
Science) at 10°C. Electrophoresis was performed with 15 mA for 15 min per
plate followed by 40 mA per plate, for 4 h (Electrophoresis Power Supply 301;
Amersham Pharmacia Biotech).

Gels were stained in colloidal Coomassie blue (CANDIANO et al., 2004;
VAN TILBURG et al., 2013). Briefly, the gels were placed in fixation solution
(2% phosphoric acid and 30% ethyl acid), 3 times (20 min each stage). Then,
the gels were washed 3 times (20 min each stage) in acid solution Phosphoric
acid at 2% and placed in a solution with phosphoric acid (2%), ethyl alcohol
(18%) and ammonium sulfate (15%) for 60 min. At the end, the Coomassie Blue
G-250 solution (2%) was added and the gels kept in agitation in the solution for
72 h at room temperature. Gels were washed for 24 h with distilled water and
stored in acetic acid 5%. Gels were digitized in the ImageScanner ™ |ll (GE Life
Sciences) scanner and analyzed using the PDQuest 2D software (Bio-Rad

Laboratories, Rockville, MD, USA) to determine the optical density of the spots.
2.5 Spot selection criteria
Spots were selected by (a) presence in at least 80% of gels in one

of the groups (Cyclic or Inseminated) and (b) significant abundance (P < 0.05)

of relative optical density in one of the groups (Cyclic or Inseminated)
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2.6. Enzymatic digestion of spots in the gel and mass spectrometry

After the 2D-PAGE and spots cut, each spot was subjected to digestion
with TPCK-treated pork pancreas (Promega Corporation, USA) and eluted, as
described previously by Shevchenko et al. (2006). The resulting peptides were
resuspended in 10 pL of 0.1% trifluoroacetic acid (TFA) solution, desalinated in
Pierce ™ C18 Spin Tips, (Thermo Scientific, China) and eluted in 2.5 L of 50%
acetonitrile, acidified with 0.1% TFA. For MALDI-TOF/TOF, the a-cyano-4-
hydroxycinnamic acid-HCCA matrix (Bruker Daltonics, Germany) was used.
Following, 1 yL of sample and 1 pyL of matrix were applied and homogenized in
each spot of appropriate steel plate. The spectra of MS1 and MS2 were
acquired in a MALDI-TOF/TOF spectrometer, Ultraflex [II model (Bruker
Daltonics). All data obtained were managed by Flexcontrol software, version 3.3
(Bruker Daltonics, Germany). The spectra resulting from the MS1 and MS2
analyzes were processed using the FlexAnalysis software, version 3.3 (Bruker

Daltonics, Germany).

2.7. Protein identification and data validation

The proteins were identified using the MASCOT application (version
2.4.0, Matrix Science, London, UK). All mass spectra were compared with the
Protein Data Bank, of the species of the Equidae family, deposited in
UNIPROT. The search parameters were: enzymatic digestion by trypsin with
one missed cleavage; carbamidomethylation of cysteine as fixed modification
and oxidation of methionine as a variable modification. The result obtained by
MASCOT was validated by the application SCAFFOLD, version 3.6.4
(Proteome Software INc., Portland, OR). The identified peptides were validated
by applying the Peptide Prophet algorithm (KELLER et al., 2002) and the
proteins with the Protein Prophet algorithm (NESVIZHSKII et al., 2003). The
identifications of peptides and proteins were accepted with a minimum of 90%
probability of identification, with the presence of at least two unique peptides for
each identified protein.
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2.8. Gene Ontology

The information on the ontology of the proteins was recovered from the
Gene Ontology data, available in the Uniprot Consortium database
(http://www.uniprot.org). The interaction networks between the identified and
validated proteins were reconstructed, obtained using the STRING database
(Search Tool for the Retrieval of Interacting Genes, version 10.0, http: //
http://string-db.org/) (SZLARCZYK et al., 2015). An enrichment based on the
information coming from the KEGG-Pathway databank was made, using the

own STRING. The recovery of the maps referring to the identified non-KEGG
pathways (Kyoto Encyclopedia of Genes and Genomes) was done through the

address: http://www.genome.jp/kegg/pathway.html.

2.9. Statistic analysis

Selected spots from at least two good resolution gels per sample were
submitted to Mann-Whitney test to evaluate the relative optical density of each
spot as a dependent factor, and the experimental groups (Cyclic or
Inseminated) as independent variable using the software GraphPad Prism 8.0,
(La Jolla, CA, USA). The presence frequency of the selected spots in the gels of
both groups was analyzed with the Fisher Exact Test. Differences P < 0.05
were considered significant. Differences 0.05 < P < 0.1 were considered
tendency.

3. Results

A total of 107 spots with molecular weight ranging from 10 to 225 kDa
and pl intervals from 3 to 10 were detected in the 36 analyzed 2D gels. Total
protein content did not differ (P = 0.428) between Cyclic group (1.89 + 0.06
pg/uL) and Inseminated group (1.89 + 0.05). No differences (P = 0.096) were
observed in the number of spots in the Cyclic group gels (52.8 + 2.8) and in the
Inseminated group gels (61.6 + 4.5). The total matches in the two groups were
100 spots (Fig 3). A total of four spots with differences (P < 0.05) in abundance
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between the Inseminated and Cyclic mares were detected. One spot was
presented in 25% of the gels in both groups and did not reach the selection
criteria. Three spots which reached at least 80% of presence in one of the
experimental groups were selected and identified (Fig. 4). Seven spots were
identified only in the gels of inseminated mares, however, they were present in
18.75% of the gels and did not reach the selection criteria.

The results of the MALDI TOF/TOF analysis of the identified spots
statistically validated by Scaffold are listed in Tables 1 and 2.

Ceruloplasmin (CP/spot 7701) was more abundant (P = 0.038) in the
Inseminated group (Fig 5A) than in the Cyclic group. CP was observed in 87.5%
of the gels of the Inseminated group and tended to be more present (P = 0.067)
than in the Cyclic group gels (55%).

Serotransferrin (TF/spot 3701) and Serum Albumin (ALB/ spot 4702)
were more abundant proteins in Cyclic group (P = 0.038 and P = 0.020
respectively) than in Inseminated group (fig 5B and 5C). TF and ALB were
detected in 94.7% and 100% of the gels of the Inseminated group respectively,
which did not differ (P > 0.05) with the 85% and 100% presence of TF and ALB
in the gels of the Cyclic group.

The proteome of the endometrial secretion of cyclic and inseminated
mares on the 5th day after ovulation was classified into different categories
based on molecular function, biological process and cellular components
(PANTHER analysis). The functional classification of these proteins showed a
wide distribution of activities. The main category in which the proteins were
classified was "cellular iron ion homeostasis" [GO: 0006879] (22.3%) for the
biological processes (Fig. 6A) and "chaperone binding" [GO: 0051087]
(15.38%) for the molecular functions (Fig. 6B). The gene ontology analysis of
the cellular component was mainly associated with “blood microparticle” [GO
0072562] (16.66%) and “extracellular exosome” [GO: 0070062] (16.66%) (Fig.
6C).
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Cyclic Inseminated

Fig. 3. Venn diagrams showing the distribution of total reproducible spots identified from 2-D
gels of each group. Into brackets is the total number of significant protein spots. Created using
Venny 2.1 (http://bioinfogp.cnb.csic.es/tools/venny/ accessed December ™ 2018)

The results of the MALDI TOF/TOF analysis of the identified spots
statistically validated by Scaffold are listed in Tables 1 and 2.
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Fig 4. Comparison of proteome by two-dimensional gel electrophoresis on Cyclic (A) and

inseminated (B) uterin fluid equine at day 5 post ovulation. Numbers in the figure correspond to
the Spot ID shown in Table 1.
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Table 1. Proteins identified in uterine fluid collected from cyclic and inseminated mares on day 5 post ovulation, by MALDI TOF/TOF algorithm and

SCAFFOLD software. Spot numbers refer to those shown in the 2-D gels of Fig. 4

. . Protein
Spot Identified ., Mascot Theoretical Observed Protelr_1 _IDd coverage® Peptide _ )
ID? rotein ABV Score’ Probability % ber' Protein Function
| P KDa pl KDa pl (%) (%) number
Chaperone binding, copper
7701  Ceruloplasmin  CP 77 1227 53 127 51 99 2 2 lon blndlggt,i\jﬁ;romdase

Ferric iron binding, ferric

3701 Serotransferrin TF 319 80.3 6.8 71 7.5 100 8 4 iron transmembrane
transporter activity

Chaperone binding, DNA
binding, drug
5602  Serumalbumin  ALB 484 703 57 56 59 100 18 binding, faty acid binding,
identical protein binding,
oxygen binding, pyridoxal
phosphate binding, toxic
substance binding

a Spot ID correspond to the number shown in Fig 2.

b Protein abbreviation in accordance with gene abbreviation UniProt.

¢ Mascot score corresponds to -10*Log 10 (P), where P is the absolute probability.

d Probability for validation by Scaffold software of the proteins statistically identified by Mascot.

e Protein coverage calculated by Scaffold (identified amino acids / total amino acids).

f Number of peptides identified by Mascot and validated by Scaffold. The sequences of peptides are found in Table 2.
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Table 2. Proteins identified in uterine fluid collected from cyclic and inseminated mares on day 5 post ovulation by MALDI TOF/TOF algorithm and

SCAFFOLD software. Spot numbers refer to those shown in the 2-D gels of Fig. 4

Peptide sequence

UniProt
Protein name Spot Accession Peptide Number @
number
Ceruloplasmin 7701 F6PQ46 2
Serotransferrin 3701 P27425 4
Albumin 5602 F7BAY6 7

VDKENEDFLESNR
GAHPLSIEPIGVR

AVSNFFAGSCVPCADR
SVDEYKDCYLASIPSHAVVAR
CGLVPVLAENYETR
YYGYTGAFR

RHPYFYGPELLFHAEEYK
CSSFQNFGER
DVFLGTFLYEYSR
RHPDYSVSLLLR
NCDLFEEVGEYDFQNALIVR
RPCFSALELDEGYVPK
AETFTFHADICTLPEDEK

Peptide
probability

91%
90%

95%
95%
95%
94%

95%
95%
95%
95%
95%
95%
95%

a Number of peptides identified by Mascot and validated by Scaffold.
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A CPispot 7701 B TFIspot 3701 c ALB/spot/5602
038 1.5 15
a
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Cyclic Inseminated Cyclic Inseminated Cycic Inseminated
P =0.038 P =0.038 P =0.020

Figure 5. Mean (x SD) relative volume (%) of proteins with higher abundance in the uterine fluid
from inseminated mares (A - Ceruloplasmin — CP), and with higher abundance in cyclic mares
(B — Serotransferrin — TF; C — Albumin — ALB) on day 5 after ovulation. Different letters (a, b)
represent significant differences (P < 0.05) between groups.
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Fig 6. Gene Ontology analysis of differentially regulated endometrial proteins. Proteins are
organized in pie charts according to the biological process, molecular functions and cellular
component in which they are involved, using UniProt Consortium database.

4. Discussion

The equine conceptus reaches the uterus after day 5.5 post-ovulation
(BATTUT et al., 1998; ALLEN, 2001; RIERA, 2009; MCCUE; SQUIRES, 2015).
In this study, as uterine samples were taken, embryos could not be collected
from inseminated mares to confirm pregnancy. Nevertheless, under optimal
conditions (i.e., inseminating with sufficient number of spermatozoa, using fresh
fertile semen) fertilization rates are very high (> 90%) in young mares and may
be slightly lower (85%) in aged mares (VANDERWALL, 2008)
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The analysis by 2D-PAGE revealed differences in the proteomic profile in
the uterine fluid on the 5" day post-ovulation in Inseminated mares in relation to
Cyclic mares. Three Acute Phase Proteins (APP) were detected. One of them
was a major positive acute phase reactant (Ceruloplasmin — CP) and two were
negative acute phase reactants (Serotransferrin —TF and Albumin — ALB)
(GRUYS et al., 2005).

APPs are part of an evolutionarily family of proteins produced mainly in
the liver in response to infection and inflammation. The varied reactions of the
host to infection, inflammation, or trauma are collectively known as the acute
phase response (APR). However, it is known that not only inflammation but also
the systemic physiological response derived from pregnancy can have a
significant effect on APP values (ECKERSALL et al., 1993; ALLEN; KOLD,
1988; ROMERO et al., 2007; DEBSKI et al., 2016). The presence of APPs in
uterine fluid was previously confirmed in pregnant mares prior to attachment at
the 7" day (BASTOS et al,, 2019) and at the 13" day (SMITS et al., 2018) post
ovulation.

CP is the main copper transport protein in the blood and is involved in
iron metabolism (EL- BAZ; MOWAFY; LOFTY, 2018). The increase in serum
levels of CP is believed to protect against oxidative stress associated with
pregnancy and variations in the dynamics of serum concentrations suggest a
role for CP in maintaining homeostasis during the new reproductive condition
(WISDOM et al., 1991; SKARZYNSKA et al., 2018).

In the present study, CP was higher in the uterine fluid of the
Inseminated group than in the Cyclic group before the entry of the conceptus in
the uterus. Our results are in agreement with a recent study (SMITS et al.,
2017) in which CP was more abundant at day 4" in the oviductal fluid of
pregnant mares than in non-pregnant mares. CP has also been detected during
early pregnancy in women (BURROWS; PEKALA, 1971) bitches (VANUCCHI
et al., 2017), giant pandas (WILLIS et al., 2011) and gilts (JALALI et al., 2015).
CP is one of the major proteins involved in generating endometrial receptivity
(JALALI et al., 2015).

TF is one of the best iron-carrying serum proteins, guarantees iron
transport from sites of absorption to sites of storage and metabolism
(MCDOWELL; ADAMS, BAKER, 1995). The lower abundance of TF in the
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uterine fluid of the Inseminated group proposes an immune response signalized
by the conceptus. TF is a negative APP and tends to decrease in APR (GRUYS
et al., 2005). During the APR, the innate immune system induces alterations in
iron homeostasis that reduces iron supplies to pathogens. Pregnancy affects
the maternal metabolism, including iron homeostasis, tightly regulated by the
membrane iron exporter ferroportin and its regulatory peptide hormone hepcidin
(LI et al., 2016; SANGKHAE; NEMETH, 2018). Elevated hepcidin levels cause
decreased iron absorption from the gastrointestinal tract and prevent the
release of iron from hepatocytes and macrophages, resulting in hypoferremia
(GUIDA et al., 2015; LI et al., 2016). Given that the progestational hormone
progesterone is elevated during early pregnancy (BASTOS et al., 2019), it is
tempting to speculate about a physiological role for progesterone in regulating
serum hepcidin levels during pregnancy (LI et al., 2016).. It has been shown
that hepcidin levels are highest early in pregnancy and diminish throughout the
course of pregnancy (KOENIG et al., 2014).

It is suggested that the lower abundance of TF due to the pathway of
hepcidin, determines an increase in the abundance of CP. This is important for
the maintenance of iron physiology and immunological tolerance. The changes
in the immune status of the endometrium at day 5 post ovulation observed in
this study, could indicate a mechanism of preparation of the endometrium for
embryonic development (HANSEN, 2011).

The less abundance of ALB isoform in Inseminated group than in Cyclic
group, is therefore a metabolic response of the changes in reproductive status.
Briefly, as a result of the APR, the demand for amino acids for the synthesis of
positive APPs increases significantly, causing low regulation in the synthesis of
normal blood proteins, like transthyretin (formerly called prealbumin), retinol
binding protein (RBP), cortisol binding globulin, TF and ALB, which represent
negative APPs (GRUYS et al., 2005; JACOBSEN, 2007). Probably, and similar
to humans and pigs, the modulation of ALB abundance observed in this study
would have a negative feedback with a-fetoprotein (AFP), highly expressed by
the conceptus during early equine gestation (STONE, 1981; SIMPSON et al.,
2000). AFP is a glycoprotein detected in different animal species including
equines, which has been shown to be a good indicator of fetal well-being in
human medicine for decades (VINCZE et al., 2015). Although it is unlikely that
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ALB, the main negative APP in horses and other animal species (ALLEN;
KOLD, 1988), has a relevant role in the maternal recognition of gestation in the
mare, the reduction in serum albumin levels, may, as in pigs, serve as a marker
of a specific biochemical process related to the development of the fetus
(STONE, 1981; STONE; CHRISTENSON, 1982)

The interaction between the cells and molecules of the maternal immune
system with the equine conceptus during its presence in the oviduct would
generate the adaptations in the uterine environment observed in the present
study, that are necessary for early embryonic development.

In conclusion, the identified proteins in this study were related to iron
metabolism and immunological tolerance, suggesting that changes in their
abundance in the 5" day after ovulation are probably a signaling mechanism of
the equine conceptus to the maternal immune system for its immunological
recognition. Probably changes in abundance of CP, ALB and TF represent a
mechanism of endometrial preparation for the maternal recognition, attachment
and development of a potential equine conceptus.

The differences of the proteomic profile from the endometrium of cyclic
and inseminated mares five days after ovulation, revealed a possible signaling
between the conceptus in the oviduct with the uterus. This contributes to the
understanding of the processes associated with conceptus-endometrium
interaction during the MRP in the mare. Although our knowledge of the
maternal-embryonic relationship is better now, many important questions
remain unsolved and the recognition of gestation in equine continues to be an

enigma today.
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4. CONSIDERACOES FINAIS

A diferengca na abundancia das proteinas entre as éguas ciclicas e
inseminadas no 5° dia de pés-ovulagao deste estudo, demonstrou alteracdes
proteicas necessarias no ambiente uterino antes da entrada do concepto no
Utero. As proteinas envolvidas na resposta imunoldgica e no metabolismo do
ferro, apresentam significativas alteracbes na sua abundancia durante a
prenhez inicial, provavelmente como rota de sinalizagdo do embrido dentro do
ambiente ovidutal para o Utero € como um mecanismo de preparacao
endometrial para a implantagdo e desenvolvimento de um potencial embriao
equino. Os resultados contribuem na compreensdo dos processos associados
as interacdes materno-embrionarias durante o periodo de reconhecimento
materno da prenhez na égua.

A analise protedmica do fluido uterino revelou diferengas no perfil proteico
do liquido uterino coletado no dia 5 pés-ovulagdo e pode continuar auxiliando
nos estudos de identificagdo de proteinas envolvidas no didlogo continuo do

endométrio materno e do embrido equino.
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Access Protein names Gene names Gene ontology (biological process) Gene ontology (molecular Gene ontology (cellular
number function) component)
H9GZT5 Uncharacterized protein B cell receptor signaling pathway [GO:0050853]; antigen binding [GO:0003823]; blood microparticle [GO:0072562];
complement activation, classical pathway immunoglobulin receptor binding external side of plasma membrane
[GO:0006958]; defense response to bacterium [GO:0034987] [GO:0009897]; immunoglobulin
[GO:0042742]; innate immune response [GO:0045087]; complex, circulating [GO:0042571]
phagocytosis, engulfment [GO:0006911]; phagocytosis,
recognition [GO:0006910]; positive regulation of B cell
activation [GO:0050871]
P27425 Serotransferrin TF cellular iron ion homeostasis [GO:0006879] ferric iron binding [GO:0008199]; cell [GO:0005623]; extracellular
ferric iron transmembrane space [GO:0005615]
transporter activity [GO:0015091]
F7BAY6 Serum albumin ALB cellular response to starvation [GO:0009267]; chaperone binding [GO:0051087];  blood microparticle [GO:0072562];
hemolysis by symbiont of host erythrocytes DNA binding [GO:0003677]; drug endoplasmic reticulum [GO:0005783];
[GO:0019836]; maintenance of mitochondrion location  binding [GO:0008144]; fatty acid extracellular exosome [GO:0070062];
[GO:0051659]; negative regulation of apoptotic process binding [GO:0005504]; identical Golgi apparatus [GO:0005794];
[GO:0043066]; retina homeostasis [GO:0001895]; protein binding [GO:0042802]; myelin sheath [GO:0043209]; nucleus
transport [GO:0006810] oxygen binding [GO:0019825]; [GO:0005634]; protein complex
pyridoxal phosphate binding [GO:0043234]
[GO:0030170]; toxic substance
binding [GO:0015643]
FE6PQ46 Ceruloplasmin CP cellular iron ion homeostasis [GO:0006879]; copper ion  chaperone binding [GO:0051087];  blood microparticle [GO:0072562];

transport [GO:0006825]

copper ion binding [GO:0005507];
ferroxidase activity [GO:0004322]

extracellular exosome [GO:0070062];
lysosomal membrane [GO:0005765]
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APENDICE B- Representacoes esquematicas das vias metabolicas
pelo Kyoto Encyclopedia of Genes and Genomes - KEGG

Vias e mapas foram recuperados usando o aplicativo Kyoto
Encyclopedia of Genes and Genomes (KEGG), onde as proteinas
apresentaram algumas associacées. A proteina serotransferrrina (P27425)
apresentou associagdo com a via de exportacao de proteinas — ID: ecb03060
(Figura 1). A proteina Serum albumin (F7BAY6) apresentou associagdo com a
via de sintese e transporte dos horménios T3 e T4, produzidos pela glandula
tiredde — ID: ecb04918 (Figura 02). A proteina Ceruloplasmin (F6PQ46)
apresentou associacao com as vias de metabolismo de clorofila e porfirina ID:
ecb00860 (Figura 3) e ferroptose ID: ecb04216 (Figura 4).

PROTEIN EXPORT
Sec dependent pathway
@nsl—mmhﬁnmlgnahnlinn)
Sec dependentpathway 3
Prokaryotic type Eukaryotic type
Trasnlocation channel and related proteins
[ Sec¥ | SecE | SecG | [sEcé1e]sECs1B[SECEIY]
ool ooz |
— =y
SRP
[(SRP9 |[SKe72 |[ SRR | RNASL] ‘ |
SRP14]| SRP63 || SRP54 / N
SRE smorpha /Cyh:plasmc chaperones
S,
(cn-miﬁma.lguhcagml
PO X X Pl RN
Tat (twin-arginine transbcation) system N .
Prokaryotic type LIRS L 0 BT RV
Entry: P27425 Cylogleem. R SFF morper
(G
o
Signalpeptidase
Prokaryotic type Eukaryotic type 0
[spesi[spesz [spos3 [ sEcit ] B
[t [ s | -
03060 11/30/10
(¢) Kanelusa Laboratones

Figura 1. Representagao esquematica da via de exportagdo de proteinas [ecb03060], com o
envolvimento da proteina Serotransferrin (P27425). Fonte: KEGG.
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Figura 2. Representacdo esquematica da via de produgao e transporte dos hormonios T3 e T4
sintetizados na glandula tire6de [ecb04918], com o envolvimento da proteina Serum albumin
(F7BAY®6). Fonte: KEGG.
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Figura 3. Representacdo esquematica da via de metabolismo de clorofila e porfirina
[ecb00860], com o envolvimento da proteina Ceruloplasmin (F6PQ46). Fonte: KEGG.
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Figura 4. Representacdao esquematica da via de ferroptose [ecb04216], com o

envolvimento da proteina Ceruloplasmin (F6PQ46). Fonte: KEGG.



