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RESUMO

A remodelagdo que a sinfise pubica (SP) sofre durante a prenhez, parto e pds-parto é
um dos eventos importantes para o parto normal, e ocorre no trato reprodutor feminino como
utero, cérvice uterina e sinfise pubica em alguns mamiferos. Durante a prenhez de alguns
roedores ocorre um acentuado processo de remodelacdo da sinfise pubica (SP). No
camundongo, esta articulagdo fibrocartilaginosa € gradativamente modificada, formando o
ligamento interpibico (LI) da etapa final da prenhez. Logo apds o parto, este ligamento é
rapidamente remodelado e o espaco entre 0s 0ssos pubicos se fecha, por volta do quinto dia
pos-parto. Contudo, alteracdes no metabolismo celular durante o relaxamento da sinfise
pubica do camundongo durante a prenhez, parto e pds-parto ndo foram extensivamente
estudadas. Neste trabalho, foram utilizadas sinfises de camundongos virgens (V) e de animais
prenhes como também no pés-parto. Os experimentos evidenciaram que as enzimas
Metaloproteinases (MMPs) -2, -9, Tissue Inhibitors of Metalloproteinases (TIMPs) -1, -2
assim como as catepsinas B e K foram detectadas em todos os dias estudados. Por meio do
Western Blotting foi observado que a MMP-8 teve sua maior expressao protéica no (12° Dia
de prenhez) D12, onde as modificacdes da sinfise em ligamento se iniciam. Através da
zimografia foi possivel observar que as MMPs -2 e -9 tiveram suas atividades mais evidentes
no inicio das modificacdes decorrentes da prenhez no D12, D15. Estas MMPs ainda se
mantiveram em niveis mais altos de expressdao/atividade até o final da prenhez quando
comparados com o animal virgem. As catepsinas tiveram sua expressdo mais alta no final da
prenhez, porém a catepsina B ndo foi detectada em sua forma ativa sugerindo participagdo no
processo de remodelacdo da sinfise, porém ndo tao significativa do que as MMPs. O teste de
solubilidade evidenciou um aumento no conteudo de dgua nio significativo durante a prenhez
com um &pice significativo durante o parto D19 quando comparado com o animal nio prenhe.
O contetido de coldgeno ndo se alterou e nem a solubilidade do coldgeno demonstrou
modificac¢des significativas durante a prenhez, excetuando-se o 24HPP (horas pds-parto) em
relacdo a solubilidade de coldgeno. O Western blotting demonstrou que tanto a concentracao
do coldgeno I, da molécula C-propeptideo e do Decorin ndo se alteraram significativamente
durante a prenhez, parto e poés-parto. O FACE (Fluorophore-assisted carbohydrate

electrophoresis) evidenciou aumento qualitativo de moléculas AH (Acido Hialurénico) de



maiores pesos moleculares no ligamento interptibico no final da prenhez. Este ensaio permitiu
observar que ndo hd quebra de moléculas de AH durante a prenhez e pds-parto, como €
observado na cérvice uterina. Quantitative real-time PCR (QRT-PCR) evidenciou alta
expressao relativa do Hyaluronic acid synthases (Has) 1 e 2 diferente das hialuronidases que
tiveram sua expressdo relativamente baixa. Estes dados sdao condizentes com aqueles que
mostraram que o AH de alto peso molecular encontrado na sinfise pubica do camundongo nao
sofreu digestdo enzimdtica. Dentre os proteoglicanos, o Versican foi altamente expresso
juntamente com Adamts 1 e 2 que estdo envolvidas em sua ativacdo. De modo geral, a
remodelacdo é facilitada por mudancas nas regulacdes traducionais, pds-traducionais de
efetores multifuncionais que participam ativamente da remodelacio da MEC (Matriz
Extracelular) in vivo. A identificacio de etapas finamente reguladas na maturagdo de
componentes celulares e da matriz poderd proporcionar avancos no entendimento de processos
que ocorrem na preparacio para a parturicdo normal, como também prevenir disfungdes da

sinfise pubica durante a parturicao.



ABSTRACT

The remodeling that the pubic symphysis (PS) goes through pregnancy, parturition and
post-partum is an important event for normal birth, and occurs in the female reproductive tract
such as uterus, cervix and pubic symphysis in some mammals. During pregnancy of some
rodents an acentuated remodeling process occurs in the PS. In mice, this fibrocartilaginous
joint is gradually modify, forming the interpubic ligament (IpL) by the end of pregnancy.
Right after birth, this ligament is rapidly restored and the gap between the pubic bones closes,
around the fifth day postpartum. However, changes in cellular metabolism during relaxation of
the pubic symphysis of mice during pregnancy, birth and postpartum has not been extensively
studied. In this work, we used symphysis of virgin mice and interpubic ligaments of pregnant
animals as well as postpartum. The experiments showed that the enzymes Metalloproteinases
(MMPs) -2, -9, Tissue Inhibitors of Metalloproteinases (TIMPs) -1, -2 as well as cathepsins B
and K were detected at all studied days. By Western blotting it was observed that MMP-8 was
most expressed on 12° Day of pregnancy (D12), where the pubic symphysis changes into
changes ligament begin. The zymography observed that MMPs -2 and -9 activities were more
evident in early pregnancy D12, D15. These MMPs remained at higher levels of
expression/activity until the end of pregnancy when compared to virgin animal. Cathepsins
had its highest expression in late pregnancy, but cathepsin B was not detected in its active
form suggesting involvement in the remodeling of the symphysis, but not as significant as
MMPs. The solubility test showed an increase in water content that was not significant during
pregnancy with a significant peak during birth D19 compared to the non-pregnant animal. The
collagen content did not change and neither the solubility of collagen showed significant
changes during pregnancy excepting the 24HPP (hours postpartum) in respect to the solubility
of collagen. Western blotting analysis showed that both type I collagen, the molecule C-
propeptide and decorin did not change significantly during pregnancy, birth and postpartum.
FACE (fluorophore-assisted carbohydrate electrophoresis) showed a qualitative increase of
HA molecule (Hyaluronic Acid) from higher molecular weights in the interpubic tissue at the
end of pregnancy. This essay has observed that there is no breaking down of HA during
pregnancy and postpartum, as observed in the uterine cervix. Quantitative real-time PCR

(QRT-PCR) revealed high relative expression of Hyaluronic acid synthases (Has) 1 and 2



different from hyaluronidase that had relatively low expression. These data are consistent with
those that showed high molecular weight of HA found in the pubic symphysis of mice
suffered no brakes. Among the Proteoglycans, Versican was highly expressed along with
ADAMTS 1 and 2 that are involved in its activation. In general, the remodeling is facilitated
by changes in translational, post-translational regulations of multifunctional effectors that
participate actively in the remodeling of ECM (extracellular matrix) in vivo. The identification
of finely regulated steps in the maturation of cellular components and matrix could provide
breakthroughs in the understanding of processes that occur in preparation for normal birth, but

also prevent dysfunctions with the PS during parturition.



1. INTRODUCAO

1.1 A Sinfise Pibica durante a prenhez

Nos mamiferos, a gestacdo requer modificacdes morfoldgicas no trato reprodutor para
garantir um parto normal (Hall 1947; Crelin 1969; Crelin e Newton 1969; Wahl et al., 1977;
Gamble et al., 1986; Sherwood 1994; Hashem et al., 2006). A importancia de modificacdes do
colo do ttero, vagina e outros componentes do aparelho reprodutor feminino em mamiferos
tem sido bem estudada, porém pouco se sabe sobre as modificagdes que a sinfise pubica (SP)
sofre durante a gestagao.

O conjunto de elementos que existe para unir dois ou mais 0ssos entre si em seu ponto
de encontro € denominado articulagdo ou juntura e € classificado morfologicamente com base
na sua estrutura. O termo sinfise, que representa uma modalidade de articulacdo, significa
literalmente “crescendo junto” (Ham, 1972; Gamble et al., 1986).

A sinfise pubica é uma articulacido pouco extensivel presente na confluéncia dos ossos
pubicos, onde sdo recobertos por coxins de cartilagem hialina. Esses coxins estdo unidos por
um tecido fibroso denso que se funde com a cartilagem, resultando em uma estreita zona de

transi¢do fibrocartilaginosa. (Hall, 1947; Talmage, 1947 a-b; Ham, 1972).
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Figura 1: A Sinfise pubica de humanos e de camundongos sdo similares em sua composicao
tecidual. No humano as modificagdes que a sinfise pubica passa durante a gestacio se inicia
no segundo més de gestacdo aumentando gradativamente até o quinto més se mantendo
constante até o final da gestacdo. No camundongo as modificacdes sdo mais acentuadas na




metade da prenhez, onde do D12 ao D15, a fibrocartilagem comec¢a a se modificar em um
ligamento que € formado no D15 e denominado ligamento interpubico. Posterior a isso ocorre
uma remodelacdo acentuada desta estrutura até o final da prenhez. No pds-parto, esta estrutura
tende a retornar em tamanho proximo ao observado no animal virgem, porem com diferente
morfologia.

De acordo com Ortega et al. (2003), o processo de remodelacdo observado na sinfise
pubica varia nas diferentes espécies de mamiferos. Em humanos, as modificacdes da sinfise
sdo detectadas no primeiro més de gestacdo e sdo seguidas por uma remodelacdo continua até
0 quinto para o sétimo més, onde depois as mesmas se mantém constantes até o final da
gestacao (Sherwood, 1994).

A sinfise pubica em humanos, mede cerca de 4-5mm de comprimento e além da sua
importancia durante a gestacdo, a sinfise também precisa manter sua integridade mecanica
contribuindo para a estabilidade da articulacdo, permitindo minimo movimento durante a
maioria das atividades (Gamble et al., 1986).

De acordo com Wahl et al. (1977), a sinfise pubica € uma estrutura de facil estudo para
a plasticidade do tecido conjuntivo, pois durante toda a prenhez este tecido permanece com
vdrias de suas caracteristicas inalteradas onde se destacam: 1) a homogeneidade do tecido que
constitui o ligamento que se forma no periodo final da prenhez; 2) o tipo celular predominante
no ligamento possui morfologia semelhante aos fibroblastos, basicamente um unico tipo de
célula; 3) o principal componente da matriz extracelular é representado pelo coldgeno que
contribui com cerca de 70% do peso seco do ligamento. Vale ressaltar que estas caracteristicas
nao sdo observadas em outros 6rgaos do sistema reprodutor, a exemplo do ttero que apresenta
histoarquitetura complexa, que tem o musculo como principal componente tecidual, e a
deposicdo e remodelacdo de matriz extracelular ocorrem de modo gradual durante a prenhez.

Durante a gestacdo, a sinfise pubica de alguns mamiferos, como os camundongos e a
cobaia, passa por um processo de expansiao e remodelacdo que resulta no crescimento e em
modificagdes da sinfise puibica em um flexivel e elastico ligamento interpubico. Este
ligamento recém-formado também contribui ainda para o alargamento do canal do parto (Rosa
et al., 2008) o que permite a estabilidade e neutraliza cisalhamento e tensdes de tracdo que sdo
essenciais para o parto adequado.

A abertura da sinfise pubica fibrocartilaginosa durante a prenhez em camundongos tem



inicio no 12° dia e a partir do 15° nota-se o ligamento completamente formado. Este ligamento
ja formado sofre remodelacdo acentuada até o final da prenhez. Todo este acelerado processo
de remodelacdo faz com que o espago entre as superficies articulares, menor que 1 mm até o
12° dia, aumente cerca de 1 mm por dia até atingir cerca de 6 mm no relaxamento que precede
0 parto, que ocorre por volta do 19° dia da prenhez. Logo apds o parto, ocorre a rapida
“reaproximagdo” dos ossos pélvicos, quase que completa ao final do 5° dia pds-parto,
resultando em dimensdes proximas as da articulacdo do animal virgem. Tanto o periodo que
antecede o parto como o pds-parto é marcado por uma intensa remodelagdao dos componentes
da matriz extracelular (para rever contribuicdes originais consultar Storey, 1957; Sherwood
1994-2005).

O crescimento do ligamento interpibico do camundongo, que é formado por tecido
conjuntivo, compreende a “separa¢do” e “relaxamento” da sinfise pubica. Este € regulado por
hormoénios como o estrogénio, progesterona e relaxina (Sherwood, 1994). Alteracdes na
expressdo destes hormonios e seus receptores regulam a remodelagdo final, resultando em um
ligamento interpibico mais flexivel.

Por volta de 1920, diversos estudos visaram analisar as modificacdes morfoldgicas de
orgdos do sistema reprodutor como a cérvice uterina € da cintura pélvica de diferentes
modelos animais durante a prenhez. Estes estudos determinaram a participacdo dos hormonios
envolvidos nestas modificacOes, dentre eles a relaxina. Desde entdo, ficou evidente que
combinacdes de estrogeno, progesterona e relaxina, requeridas para o relaxamento da cérvice e
da sinfise, desempenham papel central nas mudancas quimicas, fisiolgicas e morfoldgicas do
disco interpubico, cérvice, utero e glandulas mamarias (Sherwood, 1994; Zhao et al., 2000;
Hayes, 2004).

Os receptores de relaxina observados em camundongos virgens ooforectomizados
foram localizados preponderantemente nas células do fibrocondrécitos estando ausentes nos
coxins cartilaginosos e nos ossos pubicos (Yang et al., 1992). Posteriormente, se demonstrou
que ndo ha expansdo da sinfise de camundongos f€émeas que sofreram delecdo (knockout) do
gene da relaxina, embora os individuos sejam férteis e produzam ninhadas sadias (Zhao et al.,

1999-2000).



Modificacdes inadequadas da sinfise pubica podem levar a problemas durante o parto
(Davidson, 1996; Bjorklund, 1999). Em humanos, sabe-se que a disfuncdo “Symphysial pelvic
dysfunction (SPD)” € mais comum do que formalmente relatada. Inimeras causas vém sendo
sugeridas a esta disfuncdo como a inapropriada remodelacdo, o envolvimento do hormonio
relaxina, o biomecanico (peso do feto), as variagdes genéticas e anatomicas (Aslan e Fynes,
2007), além da instabilidade da cintura pélvica durante a gestacdo (Vleeming et al., 1990;
Snijders et al., 1993). Porém até o momento ndo se sabe se alteracdes da matriz extracelular
contribuem para esta disfuncdo. Assim a elucidacdo de mecanismos de controle do processo
de remodelacdo da sinfise pubica do camundongo poderia auxiliar na compreensdo destas
disfuncdes.

De maneira geral, alteracdes que ocorram no sistema reprodutor feminino (desde a
ovulagdo até a parturi¢do) sdo resultados de uma extensiva remodelacao da matriz extracelular
(MEC), rearranjo e metabolismo celular. Dentre estas modificagdes se destacam o fendmeno
da implantacdo e decidualizacdo (Abrahamsohn e Zorn, 1993) e outros que regulam o
amolecimento do canal de parto, um evento bioldgico importante necessario para um parto
normal (Junqueira et al., 1980; Leppert, 1995). Este dltimo envolve degradacdo de coldgeno
que € cuidadosamente regulado durante a prenhez, e € acelerada momentos antes do parto
provendo dilatacdo biomecéanica no momento do parto (Nagase e Wosnner, 1999, Somerville
et al., 2003).

Muitos estudos descreveram a migracdo de células granulociticas intimamente
relacionadas ao processo de amolecimento da cérvice antes do parto (Junqueira et al., 1980;
Luque e Montes, 1989; Luque et al., 1997; Balbin et al., 1998; Kelly, 2002; Takemura et al.,
2004) e até mesmo na sinfise pubica da cobaia (Rodriguez et al., 2003), o que ndo € observado
em camundongos (Rosa et al., 2008). Este resultado tem aspectos funcionais relacionados com
as observacdes de Timmons e Mahendroo (2006) que demonstraram auséncia de ativagio dos
granuldcitos apds influxo dessas células na cérvice uterina do camundongo em etapas que
precedem o parto.

Embora a porcentagem de células em processo de morte celular seja marcante no
ligamento relaxado (Veridiano et al., 2007), ndo hd na literatura registros da elevacao do

nimero e nem mesmo da presenga de polimorfonucleares, os quais poderiam contribuir com



suas baterias enzimadticas para o elevado grau de plasticidade do ligamento interpubico do
camundongo durante a prenhez (Rosa et al., 2008). Na segunda metade da prenhez, as células
do ligamento interpibico adquirem fendtipo semelhante aos miofibroblastos, se rearranjam ao
longo de fibras coldgenas, e aparentemente adquirem capacidade para auxiliar no fechamento
do espaco interpuibico no pds-parto (Moraes et al., 2004).

Deste modo, fica evidente em modelos como o camundongo e a cobaia que as etapas
da remodelacdo da sinfise pubica durante a prenhez seguem um padrdo geral no qual células
com potencial de diferenciacdo recebem sinais e adquirem competéncia tanto para reger as
profundas modificacdes que ocorrerem na matriz extracelular, quanto para regular o arranjo
supramolecular e respostas biomecanicas de cada um dos compartimentos da matriz,
particularmente dos componentes fibrilares colagénico e eldstico.

Como apontado anteriormente, a remodelacdo da sinfise pubica assim como o
relaxamento e amolecimento da cérvice uterina, é regulada por uma variedade de hormonios
(Sherwood, 1994). A acdo desses hormodnios, assim como de algumas enzimas alteram
componentes da matriz, como proteoglicanos, coldgenos, fibras eldsticas e conteido de dgua
do tecido conjuntivo (Chihal e Espey, 1973; Wahl et al., 1977; Zhao et al., 2000; Ortega et al.,
2001; Moraes et al., 2003; Pinheiro et al., 2003; Garcia et al., 2008). Este tltimo, aumentando
a hidratacdo de macromoléculas, a exemplo do 4cido hialurdnico (AH) (Weiss et al., 1979,
Viell e Struck, 1987; Zhao et al., 2000; Garcia et al., 2008).

Contudo, estas moléculas tém arranjos peculiares durante cada etapa da prenhez que
possibilitam que, em determinados momentos, a sinfise pubica fique mais ou menos rigida.
Esta rigidez e amolecimento € conferida pela producdo de determinadas moléculas e
possivelmente degradacido das mesmas ou de outras (Nakamura et al., 2005).

Na cérvice uterina de primatas e roedores sdo amplamente conhecidas as alteracdes de
solubilidade do coldgeno durante etapa final da prenhez (Zhao et al., 2000; Read et al., 2007).
Na sinfise pibica de camundongo foi descrito um aumento de 20% do conteido de dgua no
18,5 dia de prenhez no animal selvagem (Zhao et al., 2000), porém pouco se sabe sobre a
variacdo de solubilidade que o coldgeno possui durante toda a prenhez do camundongo. Ainda
nao foram observadas alteragdes na conformacao das fibras de coldgeno e/ou modifica¢des do

crimp no ligamento interpubico durante os Ultimos dias de prenhez que pudesse sugerir que



este processo possa atuar como um dos facilitadores da répida abertura que € observada nesta
estrutura no momento do parto (Pinheiro et al., 2004).

Ainda a respeito das modificagdes de caracteristicas estruturais da matriz do ligamento
interpibico no final da prenhez, notamos no estudo ex-vivo que as células autdctones da
sinfise e ligamento interpuibico, independentemente da presenca de granuldcitos, t€ém a
capacidade de migrar ativamente a partir do explante na etapa final da prenhez. Associamos
este aspecto a solubilidade da matriz que poderia facilitar a migragao dos fibroblastos a partir
do explante (Rosa et al., 2008). Aparentemente, as células que sintetizam/degradam poderiam
regular modificacdes bioquimicas pds-traducionais as quais teriam o potencial de interferir na
solubilidade do colageno.

Apesar das caracterizacdes ultra-estruturais e bioquimicas nos estudos da remodelag¢do
da MEC da sinfise pubica de modelos animais, particularmente do coldgeno (Chihal e Espey,
1973; Wahl et al., 1977; Samuel et al., 1996; Zhao et al., 2000; Pinheiro et al., 2004-2005), sao
poucas as informagdes a respeito de mecanismos moleculares envolvidos no controle de
fendmenos pos-traducionais e de arranjos supramoleculares dos componentes da matriz

extracelular.

1.2 Biossintese do colageno

A biossintese do coldgeno envolve vdrias etapas, intra e extra celular. Na intracelular:
1- O RNAm fornece informagdes ao reticulo endoplasmatico rugoso (RER) para produzir
cadeias polipeptidicas e sao descarregadas nas cisternas do RER como precursores ou cadeias
o. Estes precursores possuem: propeptidios (aminodcidos adicionais) em ambas as
extremidades e um peptidio sinal localizado na regido N-terminal que o guia até o RER. Nas
cadeias pro-o existem as regides N- e C-terminais que possuem as funcdes de orientar a
formacdo do pro-colageno impedindo também a formacao de fibrilas no interior das células. 2-
No interior do RER e do complexo de Golgi ocorrem modificacdes pds-traducionais das
cadeias polipeptidicas: Clivagem do peptideo sinal, hidroxilacdo dos residuos de prolina e
lisina (polipeptideos sem formacao helicoidal); glicosilacio de alguns residuos de
hidroxilisina; formacao da tripla hélice por trés cadeias polipeptidicas (exceto nas regides

terminais); formacdo de ligagcdes dissulfeto inter e intra-cadeias; associagdo de cadeias e
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glicosilacdo resultando em uma molécula denominada pro-coldgeno (Van Der Rest e Garrone,
1991; Olsen, 1995). 3- A partir da regido do Golgi o pré-coldgeno é transportado com o
auxilio de microtibulos movimentando-o para o exterior da célula por meio de granulos de
secrecao.

Na extracelular: O pré-coldgeno no meio externo, sofre clivagem enzimética da maior
parte dos residuos ndo espiralados dos aminoécidos terminais formando assim uma molécula
de coldgeno. Estas se agregam para formar as fibrilas de coldgeno finas com cerca de 10-300
nm de didmetro com comprimentos variados dependendo de sua localiza¢do e podem também
se agregar em feixes maiores com varidveis micrometros de didmetro (Alberts et al., 1994).

Na sintese do pré-pré-coldgeno, as cadeias o sdo translocadas para o reticulo
endoplasmadtico e ocorre a dobra das cadeias na regido carboxiterminal (Canty et al., 2005;
Trackman et al., 2005). Na superficie celular o propeptideo carboxiterminal é removido pela
protease da familia das Bone morphogenetic protein 1-like (Bmp-1) e a regido amino terminal
€ clivada por uma protease do dominio N-terminal do pré-coldgeno que pertence ao grupo das
proteases da familia das ADAMTS (a disintegrin and metalloproteinase with thrombospondin
motifs). ADAMTS € uma familia de proteases extracelulares; atualmente 20 membros ja foram
identificados e estdo também implicados na clivagem do proteoglicano versican (Nakamura et
al., 2005).

Este processo resulta na formacdo de uma molécula de coldgeno contendo regido de
tripla hélice que € flanqueada nas duas extremidades pelos peptideos de registro que possuem
pequenas sequéncias que ndo formam tripla hélice e sdo designados de telopeptideos.

Na automontagem das cadeias a de colageno em fibrilas, a enzima lisil oxidase cataliza
a formacdo de grupos aldeido altamente reativos presentes nos residuos de lisina e
hidroxilisina. Posteriormente, formarao liga¢des cruzadas ligando covalentemente aldeidos
entre duas regides de tripla hélices para dar origem as fibrilas e fibras de coldgeno estdveis.
Além de estabelecer ligagdes cruzadas entre moléculas de coldgeno, a lisil oxidase também
forma ligacdes cruzadas entre moléculas de elastina, guiando a deposi¢do de elastina de uma
maneira apropriada sendo indispensdvel para a formagao e fungao das fibras eldsticas (Liu et

al., 2004).
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Foram identificados cinco genes da familia da lisil oxidases (Lox, LoxL1, LoxL2,
LoxL3, LoxLL4) em camundongos e humanos (Kenyon et al., 1993; Kim et al., 1995; Jourdan-
Le Saux et al., 1999; Ito et al., 2001; Maki et al., 2001 a-b). Estas enzimas sdo capazes de
estabelecer ligacdes cruzadas em quatro sitios da molécula de coldgeno, um em cada
telopeptideo e dois na regido da tripla hélice proxima as regides —C e —N terminais.

A hidroxilagdo de residuos de lisina no pro-coldgeno € realizada pela enzima lisil
hidroxilase no reticulo endoplasmadtico e trés isoenzimas codificadas por trés genes (Plodl,
Plod2 e Plod3) foram descritos em humanos e camundongos (Hautala et al., 1992; Valtavaara
et al., 1997; Kivirikko et al., 1998; Passoja et al., 1998; Valtavaara et al., 1998; Ruotsalainen
et al., 1999; Yeowell et al., 1999). Os residuos de hidroxilisina possuem duas func¢des
principais: sao necessdrios para estabelecimento (formagdo) de ligagdes cruzadas
intermoleculares proporcionando estabilidade biomecanica frente as forcas de tensdo e servem
também para ligacao de carboidratos (glicosilac¢ao).

Além das enzimas que regulam a maturacdo do coldgeno, a fibrilogénese do coldgeno
(a montagem da fibra do coldgeno em fibrilas) também € altamente regulada pela associagcao
com pequenos proteoglicanos ricos em leucina como o decorin, biglican, dentre outros e
proteinas matricelulares como as proteinas SPARC (secreted protein acidic and rich in
cysteine) e thrombospondinas 2 (Bornstein et al., 2004; Rentz et al., 2007; Ruhland et al.,
2007). O decorin se liga ao coldgeno em um estdgio inicial da fibrilogénese e aparentemente
limita o diametro da fibra de coldgeno, o que vem de encontro com estudos prévios na sinfise
pubica que observaram um aumento de decorin principalmente quando o ligamento é formado
(entre D12-D15 de prenhez). Juntamente com o decorin, o biglican, também um pequeno
proteoglicano, foi detectado na sinfise na superficie celular tendo possivelmente um papel
importante na fungdo regulatdria desta regiao (Pinheiro et al., 2005).

Ainda foi evidenciada, a presenca do versican predominantemente no final de gestacdo
do camundongo, quando a remodelacdo do tecido interpubico era intensamente observada
(entre D17-D18 de prenhez). Versican € um importante proteoglicano estrutural envolvido na
hidratacdo de tecidos e preenchimento de espacos e pode ligar-se ao 4cido hialurdnico
formando agregados (Hardinghan e Fosang, 1992; lozzo, 1998). Quatro isoformas (V0-V3) de

versican sdo conhecidos (Wight, 2004). Estudos recentes mostraram clivagem de VO e V1 por
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ADAMTSI e ADAMTS4 (Sandy et al., 2001; Russell et al., 2003), e da clivagem da V2 por
ADAMTS4 (Westling et al., 2004).

O versican e o 4cido hialuronico (AH) funcionam como moléculas responsaveis pela
hidrata¢do do ligamento ao final da prenhez, permitindo um aumento da elasticidade (Pinheiro
et al., 2005; Garcia et al., 2008).

O AH tem uma relacdo intima com 4gua e exposi¢cdes notdveis e caracteristicas
hidrodinamicas, especialmente em relacdo a sua viscosidade e sua capacidade de reter 4gua.
Por este razdo, um papel importante foi concedido a esta molécula durante a integridade da
homeostase e biomecanicas de tecidos em que estd presente, como a sinfise pubica (Balazs e
Denlinger, 1989; Toole, 2004).

Além de seu papel biomecanico em combina¢do com a matriz extracelular, o AH
também estd envolvida na sinalizacdo e proliferacdo celular. Sua presenca também pode ser
observado pericelular e também intracelular no citoplasma de células em processo de
proliferacdo e ao redor do nucleo (Evanko et al, 1999.; Evanko e Wight, 1999).

Outras estudos tém mostrado que a AH, enquanto criando uma hidratada zona em
torno da célula, facilita o desprendimento das mesmas a partir de seu substrato necessario para
os processos da mitose e migracdo celular (Toole, 2001).

Por estas razdes, Garcia et al., 2008, que o AH detectado intracelularmente, participa
na proliferacio celular encontrado no ligamento interpubiano no final da prenhez.

Além disso, hd evidéncias que mostram que, quando os miofibroblastos sdo
diferenciados, os mesmos possuem uma reduzida capacidade de degradar AH, que por sua vez
permite com que o AH acumule-se no interior da célula. Por conseguinte, o AH acumulado
contribui para a manuten¢do do seu fen6tipo miofibrobléstico (Jenkins et al., 2004) que deve
manter juntos os ossos da pelve, o que auxilia no fechamento do canal do parto.

Por esse motivo, acredita-se que talvez o atraso encontrado na redugdo dos niveis de
AH auxilie na manutencdo do fendtipo miofibroblastico das suas células. Afinal, essas
miofibroblastos deve manter juntos os ossos da pelve, o que auxiliaria o fechamento do canal
de parto (Garcia et al., 2008).

Deste modo, estudos que visem a caracterizacdo molecular das fases de separagdo e

relaxamento da sinfise, nas quais ha exacerbacdo da sintese, deposicdo e reabsorcdo de
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componentes da matriz durante a gestacdo, podem contribuir para o reconhecimento de
anomalias do sistema esquelético durante a gestacdo, parto e pds-parto ou mesmo induzir parto

prematuro ou abortamento.

1.3 A remodelacao do canal de parto e o papel das enzimas proteoliticas

Na preparacgdo para a parturi¢do, a relaxina desempenha importantes papéis, atuando na
alteracao da composi¢ao da matriz do tecido conjuntivo e principalmente no perfil de enzimas
proteoliticas capazes de induzir o relaxamento da sinfise (Chihal e Espey, 1973; Wahl et al.,
1977; Weiss et al., 1979; McDonald e Schwabe, 1982; Ortega et al., 2001; Rosa et al., 2008).

No que diz respeito a atuacdo dos inibidores das MMPs na remodelag¢do do canal de
parto, particularmente da cérvice uterina, verificou-se o aumento das expressoes de TIMP-1 e
TIMP-2 (inibidores das MMP-2 e MMP-9 respectivamente), sob o estimulo da relaxina
(Lenhart et al., 2001-2002). Todavia a natureza da regulacdo nos outros 6rgaos do aparelho
reprodutor é complexa e envolve possiveis variacdes resultantes da escolha do modelo
experimental, passando pelas estratégias adotadas para realizacdo de ensaios bioldgicos até as
variagdes espacos-temporais especificas de cada tecido ou 6rgdo do aparelho reprodutor
feminino.

As gelatinases sdo as metaloproteinases de matriz mais estudadas no trato reprodutor
feminino (Stygar et al., 2002).

O conjunto das modificagdes observadas na sinfise do camundongo durante a prenhez
(Rosa et al., 2008) faz supor que a liberacdo controlada de enzimas proteoliticas proporcione
condi¢des para que a matriz fibrocartilaginosa, rica em proteoglicanos, depositada por
fibroblastos e condrdcitos da sinfise de animais virgens (Pinheiro et al., 2003-2005), se altere
na segunda metade da prenhez para dar lugar a um ligamento interpuibico cuja matriz
extracelular € rica em fibras coldgenas, pequenos proteoglicanos como o decorin e onde
também estdo presentes fibras eldsticas (Moraes et al., 2004). Posteriormente, no final da
prenhez, o ligamento interpuibico exibe evidéncias de ruptura enzimdtica da trama de colageno
o qual contribui para o relaxamento do ligamento a termo (Pinheiro et al., 2004; Rosa et al.,

2008).
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1.3.1 Metaloproteinases de Matriz — MMPs
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Figura 2: Dominios estruturais das metaloproteinases de matriz. Os vdrios dominios das
MMPs fornecem diferentes atributos funcionais. Todas MMPs sdo traduzidas como
zimégenos com um peptideo de sinal amino terminal (SP), um pr6-dominio latente (Pro), e um
dominio catalitico. O ion Zn evidencia o sitio ativo no dominio catalitico que € necessario para
a atividade. O dominio hemopexina auxilia na especificidade ao substrato e interagdes com
proteina. Existem ainda outras MMPs com dominio de membrana (TM), bem como aquelas
com GPI-linked onde MMPs contem dominios na regido C-terminal que as ancoram a
membrana celular. As gelatinases contém um dominio, como a fibronectina (FN), porém a
MMP9 contém apenas um dominio coldgeno-like (coll). MMPs 23 e 21 também contém
dominios tnicos, como a cisteina / dominio rico em prolina (C / P), a IL-1R, como dominio
(IL1R), e o dominio vitronectina-like (VN). Os dominios sdo baseadas em relatorios
publicados anteriormente (Woessner e Nagase, 2000; Sternlicht e Werb, 2001).

Metaloproteinases de Matriz (MMPs) sdo as principais reguladoras da fisiologia do

tecido. A descoberta de que MMPs possuem uma gama de substratos além daqueles da matriz
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extracelular nos proporciona novas possibilidades na complexidade de suas funcdes na
remodelacdo tecidual (Stamenkovic, 2003). Metaloproteinases contribuem para homeostase,
formacao de um novo epitélio, remodela¢ido da matriz extracelular (Fassina et al., 2000).

MMPS sao capazes de degradar arranjos supramoleculares ou fibrilares das proteinas
da matriz e assim contribuem para extensas modificagdes pelas quais passa a sinfise pubica,
estando envolvidas diretamente na ripida remodelacdo de arcaboucgos de coldgeno e elastina
na formacao do canal de parto.

No que diz respeito a familia das metaloproteinases de camundongos caracterizadas
como endopeptidases dependentes de zinco e célcio e com extensivas seqii€ncias homoélogas,
verificou-se que ela conta com 23 membros capazes de degradar componentes da matriz
extracelular facilitando a remodelacdo e migracdo celular (Nuttall et al., 2004). Destas, as
colagenases podem até degradar outros substratos, porém parecem ser as Unicas enzimas a
degradar fibras de coldgeno (Balbin et al., 1998; Khasigov et al., 2003).

A familia das metaloproteinases agrupa colagenases (MMP-1, -8, -13), gelatinases
(MMP-2 e -9), estromelisinas (MMP-3, -10 e -11), metaloproteinases de membrana (MT-
MMPs) (MMP-14, -15, -16, -17, 24, -25) e outras enzimas que nao se encaixam nestes grupos,
tomando como base o seu substrato especifico e especificidade de proteinas da matriz
extracelular (Hulboy et al., 1997; Stamenkovic, 2003).

MMPs possuem trés dominios fundamentais — um identificado como “pré”, que
contém sinal para sua secrecao, outro identificado como “pré” que mantém sua laténcia e uma
regido catalitica que contém o sitio ativo onde se liga o zinco (Hulboy et al., 1997). A maioria
das MMPs possui dominios adicionais, somados a estes trés dominios; por exemplo existem
dominios que definem a que familia que uma determinada MMP vai pertencer, devido a
associacdo com diferentes substratos e com células e componentes de matriz (Nagase e
Woessner, 1999). Todas as MMPs, com excecdo da MMP-7, contem o dominio de
hemopexina, que vem demonstrando importancia para associacdo da MMP com componentes
da matriz e também de seus inibidores (Hulboy et al., 1997).

Estudos destinados ao reconhecimento das fungdes das metaloproteinases (MMPs) e de

suas interacdes e co-localizagdes tém demonstrado que as colagenases MMP-1, MMP-8,
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MMP-13 e MMP-14 sdo as unicas MMPs que podem degradar eficientemente os coldgenos
dos tipos I, II e III (Somerville et al., 2003).

A fibra de coldgeno € degradada como um todo gerando fragmentos exatos de 34 e Y4
do comprimento da molécula intacta, assim como coldgenos nao fibrilares como IX, XII e
XIV (Balbin et al., 1998). A clivagem da tripla hélice do coldgeno por estas enzimas modifica
propriedades da estabilidade e a solubilidade da molécula que resulta na denaturacdo da
mesma em gelatina.

A gelatina é suscetivel a acdo enzimatica de algumas proteinases, particularmente as
gelatinases (MMP-2 e MMP-9) que contém sequéncias de aminodcidos homdlogas a de
fibronectina, onde se encontra o dominio catalitico, que resulta na capacidade desta enzima em
clivar a gelatina.

As enzimas denominadas estromelisinas como MMP-3, MMP-10 e MMP-11 atuam em
diversos substratos da matriz extracelular. As duas gelatinases e estromelisinas sdo capazes de
degradar principais componentes da membrana basal, incluindo coldgeno do tipo IV, laminina
e fibronectina. Existem ainda as MT-MMPs que contém um dominio transmembrana préximo
a regido carboxi terminal que ancoram estas MMPs a membrana plasmética. Uma das grandes
funcdes da MT-MMPs € a ativagdo da MMP-2 juntamente com a TIMP-2 (Curry e Osteen,
2003).

1.3.2 A regulacao das metaloproteinases (MMPs) e seus inibidores

As atividades das MMPs sdo reguladas por diferentes inibidores [TIMPs — Tissue
Inhibitor of Matrix Metalloproteinases e RECK (Reversion-inducing Cysteine-rich protein
with Kazal motifs)]. Estas moléculas protéicas t€ém a capacidade de inibir especifica e
reversivelmente as atividades de metaloproteinases da matriz e daquelas da periferia ou que
permanecem ligadas as membranas celulares (Noda et al., 2003; Nuttall et al., 2004). Além
disso, podem ser também responsaveis pela ativacdo de algumas MMPs dependendo da sua
concentracdo (Brew et al., 2000; Fassina et al., 2000; Curry e Osteen, 2003). Estes
antagonistas fisioldgicos sdo conservados e constitutivamente expressos em altos niveis nos

orgaos do sistema reprodutor do camundongo (Nuttall et al., 2004).
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Figura3: Regulacdo dinamica da TIMP-1 demostrando interagdes com proteinas da superficie
celular e MMPs. Internalizacdo TIMP-1/pro-MMP-9 via LRP (B) sdo propostos. O dominio
N-terminal de TIMP-1 regula as atividades das MMPs que € critico para a remodelacao da
MEC, bem como fatores de crescimento e caminhos de sinalizacdo de adesdo para a regulacao
da apoptose (C).

As TIMPs sdo inibidores enddgenos de metaloproteinases. Quatro membros desta
familia foram identificados at¢é o momento, a nomenclatura (numeracdo) utilizada ¢é
simplesmente de acordo com a descoberta de cada TIMP (Fassina et al., 2000). Os membros
sdo: TIMP-1, TIMP-2, TIMP-3 e TIMP-4. TIMPs reduzem a atividade de muitas MMPs.
TIMP-2 € expressa constitutivamente e amplamente expressa pelo corpo, enquanto que as
expressoes de TIMP-1, -3 e -4 sdo induzidas e com frequéncia dependentes de especificidade
de tecido (Kim et al., 2001).

TIMP-1 € uma proteina soldvel, glicosilada, com peso molecular por volta de 28 kDa.
Esta TIMP se liga ao dominio hemopexina da MMP-9, diminuindo sua atividade (Fassina et
al., 2000).

TIMP-2, solivel ndo-glicosilada com 21 kDa de peso molecular é capaz de se ligar ao
dominio de hemopexina de pro-MMP-2 modulando sua atividade. Doses pequenas de TIMP-2
em associacdo com MT1-MMP mediam a ativacdo de MMP-2, enquanto que em altas doses,
podem inibir MMP-2 e MT1-MMP mediado pela ativagdo da MMP-2 (Brew et al., 2000;
Fassina et al., 2000; Curry e Osteen, 2003).
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Figura 4. Mecanismo de ativacdo da metaloproteinase de matriz 2 pro (pr6-MMP-2). (a) de
membrana tipo-1 metaloproteinases de matriz (MT1-MMP) na superficie da célula age como
um inibidor do receptor de tecidos de metaloproteinase 2 (TIMP-2). TIMP-2 liga-se através do
seu dominio N-terminal ao sitio ativo da MT1-MMP. Este complexo binario entdo age como
um receptor para o pro-MMP-2, com o dominio C-terminal TIMP-2 a liga¢do com a regido C-
terminal, dominio da pro-MMP-2. Uma molécula livie MT1-MMP na proximidade pode entdo
clivar o propeptideo da pr6-MMP-2, gerando uma espécie de intermedidrio. Protedlise
adicional da propeptideo através de um mecanismo autocatalitico resulta na producdo da
enzima em plena atividade. A ativacdo de pr6o-MMP-2 neste modelo € apenas possivel se a
concentracdo de TIMP-2 € baixa, com suficiente TIMP-2 para gerar o complexo, mas nao
trimolecular suficiente para saturar toda a MT1-MMP que é necessdria para a protedlise do
pro-peptideo. (b) Em altos niveis de TIMP-2, TIMP-2 vai se ligar e inibir todas as atividades
da MT1-MMP, evitando a ativacao da pro-MMP-2.
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TIMP-3, proteina insoldvel, associada a matriz, ndo-glicosilada e com peso molecular
de 24 kDa.

TIMP-4, proteina soldvel, nao-glicosilada com peso molecular de 23 kDa.

As TIMPs possuem dois dominios com regides N- e C- terminal, cada qual contendo
seis residuos de cisteina formando trés pontes dissulfeto. A regido N- terminal contém a regido
de maior homologia entre os quatro tipos de TIMPs que € suficiente para inibicdo de
metaloproteinases. Estes dominios possuem residuos que interagem com o zinco de
metaloproteinases ativas. A regido C-terminal € importante para interacao entre proteinas, e
também para interacdo com pro-MMPs, assim regulando sua atividade (Kim et al., 2001).

Estudos recentes voltados a busca de alternativas para a reducdo das fibroses t€m
evidenciado o papel da relaxina na diminui¢do da secre¢ao de componentes da matriz pelos
fibroblastos e no aumento da sintese de membros da familia das MMPs, o que resulta na
inibicdo efetiva da deposi¢do de coldgeno e restauracdo de seu arranjo na matriz extracelular.
No entanto, se por um lado héd evidéncias que apontam para o importante papel da relaxina
como responsavel pelo relaxamento da sinfise ptbica e pela remodelacdo fisioldgica ndo sé
dos 6rgaos do sistema reprodutor, mas também na reparacao de fibroses em outros 6rgaos e
sistemas (Williams et al., 2001; Naqvi et. al., 2004; Samuel, et al., 2005 a-b) por outro lado, ha
evidéncias de que a relaxina aumenta, in vifro, a capacidade invasiva de linhagens celulares
tumorais de mama, pela ativacdo da expressdo de MMPs, principalmente das gelatinases
(Binder et al., 2002).

Estudos prévios evidenciaram que, o balango entre a expressdo de metaloproteinases e
seus inibidores sdo principais responsdveis por manter o equilibrio entre deposi¢do e
degradacdo da matriz extracelular (Fassina et al., 2000), podendo também ser reguladores de
eventos de remodelacio que contribuam para processos fisiolégicos que permitam
mecanismos de remodelacdo da sinfise pubica para um parto seguro. Estes aspectos fazem
supor que, diferentes MMPs e seus inibidores TIMPs poderiam contribuir para uma ripida
remodelacdo de uma estrutura dindmica com uma grande capacidade de ajuste sobre diferentes
demandas fisiolégicas, como o ligamento interptiibico em camundongos durante a prenhez. O

desbalanco entre MMPs e TIMPs podem resultar em processos patologicos (Kim et al., 2004).
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1.3.3 Catepsinas

Indmeras enzimas lisossomais atuam na degradacdo da matriz extracelular e como
ativadores de outras enzimas como metaloproteinases (Bromme et al., 1996; Nishimura e
Kato, 1988).

Atualmente, existem relatos de pelo menos 11 catepsinas (B, H, L, S, C, K, O, F, V, X
e W). Elas também sdo conhecidas como proteases lisossomais (Lecaille et al., 2008). Todas
as proteases lisossomais de cisteina s@o catepsinas, porém nem todas as catepsinas sio
proteases lisossomais de cisteina (Lecaille et al., 2008). As catepsinas s@o caracterizadas em
relacdo a estrutura e ao seu substrato (Bechet et al., 2005; Dickinson, 2002). E uma familia de
proteases acidas, cuja funcdo é degradar proteinas intracelulares e extracelulares.

As catepsinas lisossomais abrangem endopeptidases e exopeptidases; as primeiras
clivam ligacdes peptidicas internas das proteinas e as segundas hidrolisam aminodcidos
presentes nas extremidades C (carboxipeptidase) ou N (aminopeptidases) terminais. A maioria
das proteases de cisteina sdo somente endopeptidases (catepsinas L, S, K, V, F), enquanto que
a catepsina X é carboxipeptidase. Porém, existem aquelas que sdo além de endopeptidases,
também exopeptidases, como as catepsinas B, C e H (Bechet et al., 2005; Lecaille et al.,
2008).

No lisossomo, as endopeptidases estdo pelo menos 10 vezes mais concentradas que as
exopeptidases e provavelmente iniciam a proteodlise lisossomal, pois conforme a atividade das
endopeptidases progride, novos residuos de C- e N- terminal sdo formados e servem de
substrato para as exopeptidases (Bechet et al., 2005).

As catepsinas estdo envolvidas em processos patoldgicos e fisioldgicos, como cancer e
a destrui¢do de ligamentos periodontais mediada por macréfagos respectivamente. Sob certas
condig¢des, macréfagos podem sintetizar catepsinas como B, H, L, S e também provavelmente
a K (Reddy et al., 1995). Catepsina B pode degradar agrecan, coldgenos e gelatinas, porém
possue baixa atividade contra a elastina (Mason et al., 1986). Em contrapartida, a catepsina K
tem grande potencial elastolitico (Bromme et al., 1996).

Em contraste com outras catepsinas, a catepsina K € capaz de clivar a tripla hélice do

coldgeno em multiplos sitios diferentemente das colagenases, que também possuem a

21



capacidade de clivar a tripla hélice, porém em regides especificas gerando fragmentos
especificos (Lecaille et al., 2008).

De acordo com Lecaille et al. (2008), a degradacdo de matriz € realizada
principalmente pela catepsina K, que representa 98% do total de atividade da protease de

cisteina juntamente com as colagenases da familia das metaloproteinases de matriz (MMPs).
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2. OBJETIVOS

2.1 Objetivo geral

Dada a importancia da secre¢do e ativagao de enzimas proteoliticas, as alteragdes que
levam a formac¢do do canal de parto de camundongo, este estudo teve como objetivo examinar
o envolvimento de metaloproteinases, seus inibidores e catepsinas no processo de remodelacao
do ligamento interpubico que se forma durante a dltima semana da prenhez, parto e pds-parto.
Além disso, estudou moléculas envolvidas na sintese e montagem de fibras de coldgeno
maduro assim como aquelas presentes na matriz extracelular da sinfise pubica do camundongo
durante a prenhez, parto e pds-parto, para avaliar o impacto da arquitetura destas moléculas

em cada fase de remodelacao da sinfise ptibica.

2.1.1 Objetivos especificos

1. Identificar a presenca de MMPs, TIMPs e catepsinas, através da imunohistoquimica,
em populagdes celulares do tecido interptiibico do camundongo durante prenhez, parto e pds-
parto que poderiam fazer parte do processo de remodelagdo da sinfise pubica durante estes
periodos.

2. Determinar a atividade das MMPs -2 e -9 como também a presenca de pesos
moleculares especificos das enzimas MMP-8, TIMP-1 e catepsinas B e K, por meio de
Western Blotting, na sinfise pubica durante toda a prenhez, parto e pds-parto para verificar
suas possiveis participacdes no processo de modificagdes que a sinfise pubica sofre durante
estes periodos e também a especificidade dos anticorpos utilizados na imunohistoquimica.

3. Determinar a relativa expressdo das enzimas estudadas na sinfise pubica do
camundongo, em momentos onde as modificacdes e diferencas desta estrutura sdo mais
acentuadas e evidentes.

4. Buscar correlagdes de aspectos relativos as modificagdes supramoleculares do
coldgeno que ocorrem na matriz extracelular, por meio da microscopia eletrOonica de
transmissdo, com aqueles resultantes de alteracdes bioquimicas pds-transducionais que atuam
na regulacdo da deposicdo e reabsorcao das fibras de coldgeno na sinfise pubica durante a

prenhez, parto e pds-parto.
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5. Avaliar o envolvimento de moléculas da matriz extracelular nas modificagdes do
tecido interpubico durante a prenhez, parto e pds-parto através do teste de solubilidade,
Western Blotting, estudo do peso molecular do AH (Acido Hialurénico) e FACE.

6. Identificar modifica¢des na organizacdo fibrilar do coldgeno, particularmente, dos
padrées de pontes intermoleculars (ligagdes cruzadas) e processamento de telopeptideos
durante a prenhez e parturi¢do para identificar o impacto do arranjo supramolecular em cada

uma das fases da remodelacdo da sinfise pubica através do QRT-PCR.
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3. MATERIAIS E METODOS

3.1 Animais

Para este estudo, foram utilizados camundongos Mus musculus da linhagem Swiss, de
ambos os sexos, entre 3 a 5 meses, provenientes do CEMIB/UNICAMP. Os animais foram
mantidos em um ambiente de temperatura controlada (25 mais ou menos 2 °C constantes) e
expostos a luz por um periodo didrio de 12 horas (7:00 — 19:00), em condicdes sanitdrias
adequadas e o uso de racdo propria para a espécie e dgua potavel ad libitum. O projeto com o
uso de animais foi aprovado pelo comité de ética e experimentacdo animal

(CEEA/IB/UNICAMP, protocolo no. 1143-1/2212-1).

3.2 Acasalamento

Camundongos fémeas virgens (Swiss) foram colocados juntos aos machos e o tampao
vaginal foi observado a cada manha. Para estimar o estidgio de prenhez foi considerado como
primeiro dia, o dia em que o tampao vaginal foi encontrado D1 (dia de prenhez).
Camundongos fémeas virgens foram utilizados como controle em sua fase estral, sendo o

estdgio do ciclo estral determinado através do esfregaco vaginal (Shorr, 1941).

3.3 Procedimento Cirurgico

No momento da coleta, fémeas foram mantidas sob a dose de anestésico 1:1 de
Cloridrato de Xylazina (Virbaxyl 2%) e Ketamina (Francotar) na dose de 1,5 mg/Kg de peso
corporal por via intramuscular (de acordo com o protocolo nimero 1143-1/2212-1 da
CEEA/IB, UNICAMP) e sacrificadas entre as 11:00 e 12:00 horas. Apds laparotomia, as
por¢des mediais dos 0ssos pubicos com sinfises ou ligamentos interpuibicos foram removidas e

processadas de acordo com o método de estudo a ser empregado.

3.4 Coleta do material:

Foram coletados 14 sinfises pubicas de animais virgens, 13 tecidos interptibicos de casa
grupo de prenhez estudado no 12° (D12), 15°. (D15), 18°. (D18), 19°. (D19) dia da prenhez, 1,
3 e 5 dias pos-parto, 1DPP, 3DPP e SDPP respectivamente. A Sinfise pubica e os ligamentos
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interpubicos foram primeiramente fixados in situ, com o gotejamento da solugdo sobre o
tecido, durante a dissec¢do, posteriormente fixadas separadamente em solugcdo de
paraformaldeido 4,0% (Merck, Darmstadt, Alemanha) dissolvido em tampao fosfato 0,1M de
pH 7,2 por 24 horas. Posteriormente este material foi incluido em parafina. Para a andlise em
zimografia e western blotting sinfise pubica e ligamentos interpuibicos foram retirados através
do procedimento cirdrgico e imediatamente submersos em nitrogénio liquido e armazenados a

—75 °C para futura homogeneizacao.

3.5 Processamento do material para embebiciao em parafina

O material destinado ao estudo morfolégico foi descalcificado, durante 6 dias a 4 °C,
em uma solugao contendo EDTA 7,0% (Reagen, Brasil) e paraformaldeido 2% dissolvidos em
tampao fosfato 0,1M de pH 7,2. Apds a descalcificagdo os espécimes foram desidratados em
gradiente de dlcool a temperatura ambiente, diafanizados em xilol e embebidos em parafina a
65°C. Cortes de Sum foram corados pela hematoxilina de Harris e eosina para a caracteriza¢io
inicial dos tecidos.

Para a imunohistoquimica ndo foi utilizado o processo de descalcificacdo, os
fragmentos dos ossos pubicos foram removidos apds a laparotomia, sendo os espécimes
desidratados em gradiente de dlcool a temperatura ambiente, diafinizados em xilol e
embebidos em parafina a 65 °C, deste material foram obtidos cortes de 5 wm.

O material embebido em parafina, apds sofrer os devidos procedimentos, foi analisado

em microscopia de luz. N=3.

3.6 Processamento do material para Microscopia Eletronica de Transmissao

Fragmentos da sinfise pubica foram fixados em solucdo contendo 1,25% de
formaldeido, 2,5% de glutaraldeido, 0,03% de acido picrico dissolvidos em tampao cacodilato
0,IM em pH 7,6 durante 2 horas. Posteriormente foram lavados em tampao cacodilato por trés
vezes, depois pds-fixados em tetréxido de 6smio 1% durante uma hora a 4 graus. Os materiais
foram entdo desidratadas pelo dlcool etilico em concentracdes crescentes. Os fragmentos de
tecidos foram embebidos em resina sintética Epon 812 (Electron Microscope Science) em

diluicdes de 1:1, 3:1 por 6 h cada. Em seguida foram colocadas em resina pura durante 12
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horas e logo em seguida mantidas em estufa a 58 °C, durante 48 horas. Os fragmentos foram
cortados em ultramicrétomo LKB (modelo 8800 Ultratome III) com navalhas de vidro.
Inicialmente foram obtidos cortes semifinos de aproximadamente 1um de espessura para a
selecdo de areas de estudo. Cortes ultra-finos foram entdo cortados e contrastados por 2,0% de
acetato de uranila e 0,5% de citrato de chumbo e observados no microscopio Leo 906

transmission electron microscope. N=3.

3.7 Ensaios imunoquimicos para deteccio de metaloproteinases de matriz (MMPs) e

catepsinas da sinfise pubica e ligamento interpibico do camundongo

3.71 Método Imunohistoquimico Indireto - Imunoperoxidase Acoplada a
Streptoavidina-Biotina

Cortes histologicos semi-seriados de tecido embebido em parafina foram submetidos a
técnica imunohistoquimica indireta, utilizando-se fragdes IgG do soro de coelho anti- MMP-2
(NeoMarkers), MMP-8 (Triplepoint), MMP-13 (NeoMarkers), e MMP-9 (SantaCruz) para
identificacdo da presenca das respectivas metaloproteinases, assim como Catepsinas B e K
(SantaCruz). A deteccdo da reagcdo antigeno-anticorpo especifica foi realizada através do
método da imunoperoxidase acoplada a estreptoavidina-diaminobenzidina (DAB).

Ap6s desparafinizar os cortes de tecidos fixados em paraformaldeido e levi-los até
dgua destilada, as laminas foram incubadas nas etapas que se sucedem:

Incubacdo em tampao citrato de sédio 0,01 M de pH 6,0. Esta etapa foi realizada em
forno microondas doméstico (Modelo NN 7809-BH; Panasonic do Brasil Ltda., Brasil),
empregando-se a poténcia maxima durante 2 ciclos de dois minutos, interrompidos por
intervalo de igual duracdo; lavagem em tampao PBS 0,01 M salino (pH 7,4) durante 5 minutos

a temperatura ambiente; incubacdo em Perdxido de Hidrogénio (H»O») 0,3% dissolvido em

tampao PBS de pH 7.4 durante 30 minutos a temperatura ambiente; lavagem em tampao PBS
de pH 7,4 durante 5 minutos.

Apo6s a lavagem, as laminas foram secas até as bordas dos cortes e sobre eles foram
depositados aproximadamente 50 ul dos meios de incubacgdo, descritos nas etapas que se

sucedem; leite em pd desnatado a 5%, dissolvidos em tampdao PBS de pH 7,4 durante 30

27



minutos a temperatura ambiente, em camara Umida; anticorpo primdrio anti-MMP-2 (1/150),
MMP-8 (1/400), MMP-9 (1/50) e MMP-13 (1/400) e anti-catepsina B (1/500 e K (1/150)
preparados em dilui¢des que variaram de 1/50 a 1/400 em tampao PBS de pH 7.4 contendo
0,01 M PBS/BSA 0,2%, e incubados durante uma noite em camara imida, a temperatura de 4
°C; lavagem em tampdo PBS de pH 7.4, em duas etapas de 5 minutos cada a temperatura
ambiente; Incubag¢do em anticorpos secunddrios [Dako,- G x anti R E04321 biotinilado para
MMP-2, MMP-8 e MMP-13 e Po X anti-G (Cedarlane, Hornby, Canada) E04331 para MMP-
9], conjugado a biotina, durante 45 minutos a temperatura ambiente, em camara umida;
lavagem em tampao PBS 0,01M de pH 7.4 em duas etapas de 5 minutos e TBS 0,05M cada
uma a temperatura ambiente; incuba¢do em conjugado marcador streptoavidina-peroxidase,
durante 45 minutos a temperatura ambiente, em camara umida; lavagem em tampao TBS de
pH 7,4 em duas etapas de 5 minutos cada uma a temperatura ambiente; incubacdo em solucao
reveladora da peroxidase, recentemente preparada, contendo: 0,05% de Tetra-hidroclorato de

3,3'-Diaminobenzidina e 0,03% de H»Op em TBS pH 7.4 e diferenciacdo ao microscopio de

luz. Lavagem em &gua destilada e contra coloracdes pela hematoxilina de Harris durante 15
segundos e contra corado em bicarbonato de litio e dgua. Desidratacio e montagem das

laminas em meio sintético. N=3.

3.7.2 Ensaios Imunoquimicos- Western blotting

A deteccdo de MMPs foi primeiramente realizada para MMP-8 e posteriormente para
MMP-2, MMP-9, TIMP-1, Catepsina B e K através da técnica de western blotting. Para isso,
as amostras foram preparadas conforme descrito acima. Aliquotas contendo quantidades iguais
de proteina (25 pug) — dosagem feita através do método de Bradford foram submetidas a
eletroforese em géis de poliacrilamida de 7.5-12.5% contendo dodecil sulfato de sédio (SDS)
(Hames, 1990) em sistema electroforético Mighty Small SE260 (Hoefer-Pharmacia, USA)
100V/50mA/~3 h. Proteinas de pesos moleculares conhecidos foram empregadas nos ensaios
para determinar o peso molecular da(s) banda(s) imuno-reativa(s).

ApOs esta etapa, as proteinas foram transferidas dos géis para membrana de PMDF
conforme descrito por Towbin et al., (1979) empregando-se sistema de cuba de transferéncia

Mighty Small TE-22 (Hoefer-Pharmacia). Apds transferéncia, as membranas foram lavadas
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com TBS-t trés lavagens de 5 min e posteriormente encubadas em solu¢do contendo 1% de
BSA dissolvidos em TBS-T (2M Tris-HCI, pH 7,2, NaCl, 0,05% Tween 20), a temperatura
ambiente durante 1 hora com a finalidade de bloquear ligacdes inespecificas de anticorpos.
Posteriormente as membranas foram encubadas em solu¢des contendo os anticorpos priméarios
especificos dissolvidos em solucdo contendo 0,2% de BSA dissolvidos em TBS-T, durante 16-
20 h a 4 °C. Apés trés lavagens de 5 minutos em tampdo TBS-T e incubagdo com segundo
anticorpo (anti-goat/rabbit- acoplado a peroxidase, diluido em 0,02% de BSA em TBS-T) em
seguida a membrana foi lavada trés vezes em TBS-T e a reagdo foi revelada por DAB. Os

niveis de expressao entre grupos e tratamentos foram comparados por densitometria. N=4.

3.8 Ensaios zimograficos para quantificacao da atividade de metaloproteinases de matriz

(MMPs) em homogenatos da sinfise pibica e ligamento interpibico do camundongo

3.8.1 Obtencao dos homogenatos

Sinfises e ligamentos interpubicos obtidos apds laparotomia, com material cirdrgico
autoclavado, foram removidos e imediatamente colocados em nitrogénio liquido e logo depois
armazenados a — 75 °C. Foi coletado material de camundongos fémeas virgens, D12, D15,
D18, D19, 1DPP, 3DPP e SDPP e foi feito homogenado de cada grupo. O homogenato contém
EDTA 10mM, Tris HCI 100mM, PMSF (Phenylmethylsulfonyl Fluoride) 2mM, Pirofosfato
de s6dio 10mM, Fluoreto de sédio 100mM, Ortovonadato de s6édio 10mM, aprotinina
100mg/ml. Homogenado entdao foi centrifugado a 4 °C a 623g durante 10 minutos e o
sobrenadante foi armazenado a —75 °C. Foi feita a dosagem das amostras — Bradford e foram
testadas concentracdes que variavam de 25-100 pg de proteina. Posteriormente submetidos a

zimografia, western blotting.

3.8.2 Ensaios zimograficos para quantificacio da atividade gelatinolitica

Atividade gelatinolitica das MMP-2 e -9 foi aferida por meio da zimografia com
emprego em gel polyacrylamida a 7,5% contendo 0,1% de gelatina. O sobrenadante obtido
anteriormente foi misturado com volume igual de tampao da amostra ndo reduzido (2% SDS;

125mmol/l Tris-HCI, pH 6,8; 10% de glicerol e 0,001% de azul de bromofenol). Foi utilizada
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uma quantidade final de proteina de 50 ug e submetido a eletroforese 100V/25mA para um gel
e 50mA para dois/~2h. Apds este procedimento os géis foram lavados em tampao Tris Triton
(2,5%) durante 20 minutos a temperatura ambiente e posteriormente incubados a 37 °C
durante por 24 horas em tampao Tris-HCl 50mM pH7.4 contendo 0,1M NaCl, 1M CaCl,, e
0,02% NaNj3. Apés incubacdo, os géis foram corados pelo coomassie blue R-250 (Bio Rad,
Richmond, CA), dissolvido a 0,5%, contendo 25% etanol, 5% 4acido acético overnight, em
seguida descorados por uma solu¢@o contendo 30% de etanol, 10% de 4cido acético em dgua e
lavados e mantidos a uma solug¢do conservante 7% de acido acético. Atividade de gelatinases
presente nos homogenados foi detectada em bandas onde ndo houve a coloragao do gel. A
inibicdo da atividade gelatinolitica das MMPs presentes nos homogenados foi obtida pela
adicao de 0,01 M de fenantrolina (Sigma) no tampao durante a incubacio a 37 °C durante por
24 horas em tampdo. Em todos os ensaios zimogréificos foram empregados padrdes protéicos
marcadoras de peso molecular (Sigma SDS — PAGE LMW marker proteins). Os géis foram

documentados para subsequente andlise densitométrica (Sistema Biochemi, UVP, EUA). N=4.
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Experimentos desenvolvidos em estagio PDEE

University of Texas - Southwestern Medical Center

3.9 Animais

Para este estudo, foram utilizados camundongos Mus musculus da linhagem Swiss,
como também o animal com cruzamento de animais - C57B6/129Sv, de ambos os sexos, entre
3 a 5 meses, provenientes do laboratério Harlan, mantidos no biotério do departamento de
Obstetricia e Ginecologia da University of Texas-Southwestern Medical Center. Os animais
foram mantidos em um ambiente de temperatura controlada (25 mais ou menos 2 °C
constantes) e expostos a luz por um periodo didrio de 12 horas (7:00 — 19:00), em condi¢des

sanitdrias adequadas e o uso de rag¢do propria para a espécie e dgua potavel ad libitum.

3.10 Acasalamento
Camundongos fémeas virgens foram acasaladas com machos de suas respectivas
linhagens e o tampao vaginal foi observado a cada manha. Para estimar o estdgio de gestacio
serd considerado como dia zero (d0), o dia em que o tampao vaginal foi encontrado. Foram
coletados sinfises pubicas de animais virgens (V), ligamentos interpibicos de animais no 11°,
12°,15°, 18.75°, 19° dia da prenhez (dia do parto), 2-4 horas pés parto (hpp), 24hpp, 72hpp.
Camundongos fémeas virgens foram utilizados como controle em sua fase estral, sendo

o estagio do ciclo estral determinado através do esfregaco vaginal (Shorr, 1941).

3.11 Coleta do Material

As fémeas gravidas foram submetidas ao deslocamento cervical entre as 11:00 e 12:00
horas. Foi realizada entdo uma incisdo abdominal de aproximadamente 1 cm suficiente para a
coleta das por¢des mediais dos ossos pubicos com sinfises ou ligamentos interpubicos. Este

material foi imediatamente congelado em nitrogénio liquido e armazenado a -75 °C.
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3.12 Deteccao de expressio do RNAm pela reacao de polimerase em cadeia precedida
por transcricao reversa

Os niveis da expressao dos genes: lysil hidroxilase (Plod1, Plod 2, Plod3), lysil oxidase
(Lox), Adamts-1, Adamts-2, Adamts-4, Collagen I, Versican, Decorin, Biglican; Acido
Hialurénico Sintase (Has) Has-1; Has-2; Has-3; Hialuronidase-1; Hialuronidase-2; foram
avaliados por QRT-PCR. Para isso, o RNA total foi extraido, isolado da sinfise pibica usando
o reagente RNA Stat-60 (Tel-Test) e DNAfree (Ambion) para retirada do DNA gendmico. O
cDNA foi sintetizado usando o Kit Tagman cDNA synthesis (Applied Aiosystems) e utilizado
para anélise quantitativa QRT-PCR. A QRT-PCR foi realizada em triplicatas utilizando cerca
de 20 ng de cDNA por reacdo e deteccdo utilizando o sistema SYBR. A expressdo do gene
36B4 (Laborda, 1991) foi tomada como gene enddgeno housekeeping e foi monitorado em
cada amostra de cDNA. Visando normalizar a expressdao e relativa expressdao génica foi
determinada usando o método comparativo ddCt que € descrito no manual Applied
Biosystems User Bulletin #2. A sequéncia dos primes foi determinada por meio de um
programa de otimizagdo, Primer Express (Applied Biosystems) conforme padronizado no
laboratdrio da Profa. Mahendroo, do departamento de Ginecologia e Obstetricia da University

of Texas-Southwestern Medical Center. N=4.

3.13 Western blotting

3.13.1 Obtencao dos homogenados

Coldageno I e C-propeptideo

Tecidos interpubicos foram pulverizados e homogenados antes de ensaios bioquimicos. Para a
pulverizacdo dos tecidos, o tecido congelado foi esmagado dentro de uma camara de aco
inoxiddvel pré-resfriada, seguido de homogeneizacdo com um homogenizador de tecido
Polytron em 300 puL de tampao de uréia 7 M e 0,1 M de fosfato de sédio pH7,8 mais 1% de
inibidor de protease (Sigma, St. Louis, MO). A extragdo ocorreu durante toda a noite a 4 °C.
No outro dia, as amostras foram centrifugadas a 16.000 g por 15 minutos e transferidas para
um novo tubo. Cada amostra foi quantificada através do kit BCA Protein Assay Kit (Pierce,

Rockford, IL). Amostras foram estocadas a -80 °C até o momento dos experimentos
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bioquimicos. Tomou-se cuidado para impedir que os tecidos descongelassem antes que os

testes fossem realizados. N=3.

Decorin

Para o western blotting para deteccdo do decorin as amostras foram pulverizadas e
posteriormente extraidas por 48 h em 1 mL solu¢do de GnHCI (Guanidine HCI) contendo 1%
de inibidor de protease a 4 °C. Posteriormente o material foi centrifugado a 16.000 g a 4 °C de
4-6 h utilizando de um tubo préprio por meio de didlise. A quantificacao foi feita utilizando-se
padrdes de solugdes da prépria didlise. Amostras foram estocadas a -80 °C até o momento dos
experimentos bioquimicos. Tomou-se cuidado para impedir que os tecidos descongelassem

antes que os testes fossem feitos. N=3.

3.13.2 Ensaios Imunoquimicos

Apd6s homogenadas as amostras foram aliquotadas em iguais proporcdes de proteina
(10-100 png) e foram entdo aplicadas em de 4-20 % Tris-HCI (Bio-Rad gel) contendo dodecil
sulfato de sodio (SDS) (Hames, 1990) em sistema electroforético Mighty Small SE260
(Hoefer-Pharmacia). Estes géis foram entdo imersos em tampao Tris e submetidos a uma
voltagem de 100 V constante pelo periodo de tempo adequado para separagao de proteina de
interesse (5 h para Coldgeno I e C-Pro e 1,5 h para Decorin). Proteinas de peso molecular
conhecido foram incluidas nestes géis a fim de determinar o peso molecular da(s) banda(s)
imunoreativa(s).

Para determinagdo e quantificacdo do coldgeno I e C-Pro foi utilizada uma por¢do das
amostras aliquotadas cuja concentracdo de proteinas era de 10 pg por amostra, ji para o
decorin esta concentragado foi de 20 pg.

Apés a separacdo das porg¢des de proteinas, as bandas que as representavam foram
transferidas dos géis para membrana de nitrocelulose em cuba de transferéncia Mighty Small
TE-22 (Hoefer-Pharmacia), conforme descrito por Towbin et al. (1979). A transferéncia foi
realizada por 12 h a 20 volts a 4 °C e na manha seguinte foi aumentada para 50 volts por 30

min. Apos a transferéncia, as membranas foram imersas em tampao TBST com 3 % de leite
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desnatado por 2 h a 4 °C) a fim de suprimir possiveis liga¢oes inespecificas dos anticorpos
primérios com a amostra.

Apds este procedimento as membranas foram incubadas com o anticorpo anti-
Coléageno I, anti-camundongo feito em coelho (MDBiosciences) (diluido 1:1000), incubado
por 2 h a temperatura ambiente. Posteriormente, a membrana foi lavada por 3 vezes com
TBST e em seguida, incubada pelo anticorpo secundario anti-coelho feito em macaco (Jackson
ImmunoResearch laboratories, INC) por 1 h sob agitacdo a uma temperatura ambiente e em
seguida lavadas novamente com TBST. Posteriormente a revelacdo por quimioluminescéncia,
as membranas foram entdo, submetidas a um stripping (procedimento para a retirada do
anticorpo coldgeno I e seu respectivo secunddrio) da membrana. Neste procedimento, a
membrana primeiramente foi lavada em solucdo Blot Stripping Reagent (Signagen) a 37 °C,
por 30 minutos, e, em seguida, lavada em tampao TBS por 30 minutos. Apds a lavagem, as
membranas foram submetidas a imunoreagdo para deteccao da molécula C-Pro; para tanto, a
membrana foi imersa em TBST, lavada, e bloqueada pela solu¢do de bloqueio de leite 3%,
TBS por 12 h. Em seguida, aplicou-se o anticorpo primério anti-Coldgeno C-pré peptideo feito
em coelho (LF-41, gentilmente cedido pelo Dr. Larry Fisher, NIH) diluido em tampao de
bloqueio durante 2 h a temperatura ambiente. Apds trés lavagens com tampao TBST realizou-
se a incubacdo com segundo anticorpo anti-coelho feito em macaco (Jackson
ImmunoResearch laboratories, INC) diluido 1:10.000 por 1 h, com posterior lavagem e nova
revelacdo.

Para a deteccdo da molécula de Decorin, amostras foram tratadas com 5 pL de
Chondproitinase ABC (10mU/uL) e incubados a 37 °C por 2 h. Todas as amostras foram
precipitadas por 10 volumes de dlcool 100% a -20° C por 2 h e centrifugadas a 4 °C. O pellet
formado foi resuspendido por 25 uL de 0,5 M Tris/0,5 % SDS e 5 % B-mercapto. As amostras
foram fervidas por 10 min. O gel foi entdo submetido a uma corrente elétrica de voltagem
constante por 3 h. Apds este procedimento as proteinas devidamente representadas por bandas
foram transferidas para uma membrana de nitrocelulose utilizando-se uma corrente elétrica de
100 volts por 1,5 h. Decorrida a transferéncia a membrana foi imersa em solucdo contendo
TBST com 3% de leite desnatado por 2 h a fim de bloquear os sitios de ligagao inespecificos

para o anti-corpo anti-decorin. Apds este procedimento a membrana foi imersa em tampao
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TBS contendo o anticorpo anti-decorin feito em coelho (anticorpo especifico anti- decorin LF-
113 foi gentilmente cedido pelo Dr. Larry Fisher, NIH) diluido a 1:3000 por 2 h. Apés trés
lavagens com tampao TBST a membrana foi imersa em tampao TBS com o anti-corpo
secundario anti-coelho feito em macaco (Jackson ImmunoResearch laboratories, INC) diluido
1:10.000 por 45 minutos. Todas as reacdes foram desenvolvidas por quimioluminescéncia
(processo ECL, Amersham Biotech). Os niveis de expressdo entre grupos e tratamentos foram

comparados por densitometria 6ptica. N=3.

3.14 Teste de Solubilidade

Experimento para verificar a extractibilidade total do coldgeno na sinfise pubica nos
diferentes dias de prenhez. Primeiramente, o peso fresco de cada sinfise pubica foi aferido
para todos os grupos experimentais inclusive o controle. As amostras foram liofilizadas e
novamente pesadas. Com estes dois valores, foi possivel a obtencao do contetdo de dgua.

As amostras foram reidratadas por 1 h em tampao 1M NaCl contendo 1 % de inibidor
de protease apds este periodo as amostras foram incubadas por 24 h a 4 °C. Decorridas 24 h as
amostras foram centrifugadas a 4 °C por 10 min, maxima velocidade, 16000 g O primeiro
sobrenadante obtido desta centrifugagio foi estocado a -20 °C. Este procedimento de extrag@o,
se repetiu por mais duas vezes, com as solucdes de 0,5 mL de 0,5 M de acido acético contendo
1 % de inibidor de protease e posteriormente 0,5 mL de 0,5 M de 4cido acético contendo 1
mg/mL de pepsina em cada frasco com a amostra. Em seguida, o pellet de cada amostra foi
também estocado a -20 °C para posterior andlise, dando um total de quatro tubos por amostra.
Entre cada extracdo foram feitas trés lavagens de 1 h cada contendo dgua destilada e 1 % de
inibidor de protease a 4 °C. Posteriormente, em todos os tubos de cada amostra ( extra¢des + o
pellet + 500 puL de 4gua) foi feito o ensaio de hidroxiprolina, onde foi adicionado a cada tudo
cerca de 500 uL. de HCI 12 M dando uma concentragdo final de 6 M. Estes tubos com tampas
fechadas, foram aquecidos a uma temperatura de 110 °C durante toda a noite. No dia seguinte,
as tampas foram abertas possibilitando a evaporagao de todo o HCI. A cada tubo finalmente
foi adicionado 250 pL de dgua e o mesmo foi agitado por alguns segundos. A quantificacao da
solubilidade do coldgeno foi feita utilizando-se de tubos de ensaio de 10 mL para as amostras

e padrdes com valores conhecidos. Em cada tubo, foi adicionado 500 uL. de dgua e 20 pL dos
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padrdes e amostras. A cada tubo entao, foi adicionado 250 uLL do reagente chloramine T e os
tubos foram devidamente agitados e incubados por 20 min na temperatura ambiente. Em
seguida, foram adicionados, 250 puL de solucdo de aldeido/acido percldrico e mais uma vez os
tubos foram agitados e colocados por 15 min a 60 °C. Os tubos entdo foram quantificados

utilizando-se de padrdes (Stegmann e Stalder, 1967). N=5.

3.15 Peso Molecular — Acido Hialurdnico (AH)

Uma sinfise pubica de cada grupo foi liofilizada por 12 h e o peso fresco/seco foi
aferido pesando as amostras antes e depois da liofilizacdo. Cada amostra foi digerida em 250
uL. de 0,0005 % de fenol vermelho, 100 mM acetato de amonia, pH 7,0 contendo 0,125
mg/mL de proteinase K (Roche, Indianapolis, IN) por 2 h a 60 °C. Outros 0,25 mg/mL de
proteinase K foram adicionados a cada amostra e incubados por mais 2 h. As amostras entdo,
foram fervidas por 10min para inativar a proteinase K e o pellet restante, foi centrifugado para
remover qualquer material ndo-digerido. Para verificar quanto da amostra foi realmente
digerida, o restante de amostra de cada tubo foi pesado e o valor encontrado foi subtraido do
valor do peso liofilizado. Foi determinado, através de testes, que 0,4 mg de tecido digerido
fosse utilizado para cada experimento. Cada amostra foi tratada com 7,5 pL de DNase
(Ambion, Austin, Texas) e 7,5 pL de RNaseA 1,28 mg/mL, solucdo estoque (Roche,
Indianapolis, IN) e incubada a 37 °C por 7 h. Estas enzimas, depois das 7 h foram inativadas
quando fervidas por 5 minutos. Os glicosaminoglicanos foram precipitados em etanol a —20
°C por 12 h e foram deixados para secar ao ar livre. Em seguida, foram resuspendidos em 15
pL. de tampao TAE. As amostras em iguais proporc¢des de tecido digerido (0,4 mg) foram
entdo aplicadas em 1 % de gel de agarose (Seakem HGT Cambrex, Rockland, ME), este
previamente submetido a uma voltagem constante de 80 V por 4 h. Estes géis foram entdo
imersos em tampao TAE e submetidos a uma voltagem de 100 V constante. 3 pL. de tampao
amostra (0,2 % Azul de Bromofenol, 1 mL 1X TAE, 8,5 mL de glicerol) foi adicionado a cada
15 pL de amostra. Pesos padrdes conhecidos do Acido Hialuronico (AH) de alto peso
molecular (Hyalose, Oklahoma City, OK) e baixo peso molecular (Hyalose) foram aplicados
ao gel. Depois da eletroforese, os géis foram equilibrados em etanol 30 % por ~30 min, sob

agitacdo em temperatura ambiente. O etanol foi decantado e foi reposto por solugdo de 2,5
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mg/mL do corante Stains All (Sigma, St Louis, MO). A solucdo foi deixada durante a noite no
escuro. O corante entdo foi removido e reposto por dgua, bandas foram observadas. O gel foi
exposto brevemente a luz para reduzir background. O gel foi entdo captado digitalmente
através do uso de um scanner e do programa Adobe Photoshop (Ruscheinsky et al., 2008).

N=3.

3.16 FACE - Fluorophore-assisted carbohydrate electrophoresis (FACE) - experimento
para caracterizacao de glicosaminoglicanos (GAGs) da matriz extracelular

Os dissacarideos dos GAGs de fragmentos das sinfises e ligamentos interptbicos
foram quantificados utilizando-se do procedimento FACE, protocolo desenvolvido por
Calabro et al. (2000-2001). A adaptagdo deste protocolo para a sinfise pubica implicou em
tratamento enzimdtico diferenciado. Os padrdes de dissacarideos (Sigma—Aldrich) que se
seguem foram preparados previamente na concentracdo de 5 mg: condroitina Ddi-0S, Ddi-28S,
Ddi-4S, Ddi-6S, Acido Hialurénico Ddi-HA.

Sinfises e ligamentos interpubicos coletados de cada um dos periodos da prenhez
foram liofilizados durante 12 h e peso seco/fresco foi determinado. Foram utilizadas no
experimento amostras de 0,1 mg de tecido para digestdo prévia com proteinase K. Cada
amostra foi digerida na solu¢do contendo 250 pL 0,0005 % de fenol vermelho, 100 mM
acetato de amoénia pH 7,0 e 0,125 mg/mL de proteinase K (Roche, Indianapolis, IN) durante 2
h a 60 °C. Outros 0,25 mg/mL de proteinase K foram adicionados a cada tubo por mais 2 h.
Durante o periodo de incubacao de 4 h, as amostras foram agitadas a cada intervalo de 30 min.

Posteriormente, as amostras foram fervidas durante 10 minutos para inativar a
proteinase K e centrifugadas para remover qualquer material ndo-digerido. O supernadant
resultante foi transferido e armazenado apropriadamente a -80 °C. A cada amostra foram
adicionados 12,5 puL de acetato de amonia e aliquotas de 5 UL das enzimas nas concentragdes
que se seguem: Hialuronidase SD (10 m unidades/uL Seikagaku Co.), Condroitinase ABC (10
m unidades/uL. Seikagaku Co.), glucoamilase (0,5 m unidades/uL. Sigma Co.) e fosfatase
alcalina (1 unidades/uL. Sigma Co.). As amostras foram incubadas a temperatura de 37 °C
durante 2 horas, repousaram aproximadamente 5 minutos a temperatura ambiente. A elas

foram adicionadas SuLL de AMAC (2-Aminoacridone) seguida de incubacdo durante 15

37



minutos a temperatura ambiente e SUL. de NaCNBH4 seguida de incubacdo durante 12-16 h
ou overnight a 37 °C. ApOs esta etapa as amostras foram resfriadas e receberam 2,5 uL de
glicerol antes de serem estocadas a -80 °C. Aliquotas de 5 pL de padrdes e de cada amostra
foram aplicadas em gel Glyco MONO FACE Gel (conforme as instrucdes do fabricante Glyco
Inc. USA), As amostras foram submetidas a uma voltagem constante de 300 V durante
aproximadamente 2 h. Apds a eletroforese, o gel foi digitalizado utilizando-se fonte de luz
ultravioleta na estacdo da BioRad image (Molecular Imager ChemiDoc XRS). A imagem

digital foi coletada e analisada como emprego do programa BioRad Quantity 1. N=5.

3.17 Analise estatistica para interpretaciao de resultados estatisticos

Os resultados foram apresentados como média e erro padrdo da média para cada amostragem e
foram comparados entre si com emprego de programas estatisticos para computadores. Os testes
nao paramétricos foram empregados para comparar as diferengas de concentragdes e expressoes
de mRNAs, e demais experimentos que ndo obedecerem distribuicdes Gaussinas do acordo com
as estratégias preconizadas por Ruscheinsky et al., (2008) para quantificacdo das expressdes e
concentragdes de componentes da matriz extracelular na sinfise/ligamento do camundongo.
Especificamente foi utilizado ANOVA seguido pelo teste de Tukey, valores de p<0,05 foram

considerados significativos.
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Abstract

Remodeling and relaxation of the mouse pubic symphysis (PS) are central events in
parturition. The involvement of endogenous proteins such as matrix metalloproteinases
(MMPs), tissue inhibitors of matrix metalloproteinases (TIMPs) and cathepsins in these
phenomena remains unclear. In this work, we used a combination of immunolocalization,
protein expression/activity and relative mRNA expression to examine the changes in selected
MMPs (-2,-9,-8), TIMPs (-1,-2) and cathepsins (B,K) during pregnancy and postpartum in
mice. Immunohistochemistry revealed the presence of all of these proteins in the cytoplasm of
chondrocytes, fibrochondrocytes and fibroblast-like cells in the interpubic tssues. Zymography
showed increases in the active-forms of MMP-2 and -9 primarily on days 15-19 of pregnancy.
Western blotting showed enhanced expression of MMP-8 on days 12-15 of pregnancy, with no
changes in cathepsins B and K. MMP-2, TIMP-1 and -2 and cathepsin B had significant
relative gene expression throughout pregnancy. These findings indicate that during pregnancy
and postpartum there are variations in the expression and activity of proteins that may have an

important role in remodeling the pubic symphysis during these events.

Keywords - Cathepsin, Matrix Metalloproteinase, Mice, Parturition, Pubic Symphysis.
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Introduction

In mammals, pregnancy requires morphological changes in the reproductive tract to
guarantee normal delivery.l'7 Whereas the importance of softening of the cervix, vagina and
other components of the female reproductive tract has been well studied, little is known about
similar changes in the pubic symphysis (PS).

In non-pregnant women, the PS consists of a thin fibrocartilaginous disk that lies
between and joins the hyaline cartilage, with these structures being covered by dense
connective tissue that is continuous with the periosteum of the pubic bones. This joint
maintains the mechanical integrity that contributes to the stability of the pelvic girdle.” During
pregnancy, the PS undergoes to changes and remodeling during gestation. This structure
contributes to support the birth canal, where it provides stability and neutralizes shear and
tensile stresses, thereby facilitating proper birth. Inappropriate remodeling of the PS can lead
to dysfunctions during parturition, such as symphysis pubis dysfunction (SPD), a condition
that is much more frequent than formerly thought but has received little attention.®"!

In mammals, remodeling of the PS involves similar molecules' 1?1

, although the
actual changes that the PS undergoes during pregnancy vary among species.'® In pregnant
mice, growth of the IpL during remodeling comprises the ‘separation’ and ‘relaxation’ of the
PS that are regulated by hormones such as estrogen, progesterone and relaxin."® Changes in
the expression of these hormones regulate the final remodeling of the IpL during pregnancy.
In relaxin null mutant (rlx -/-) female mice, the PS forms only an early IpL rather the complete

relaxed structure seen in a normal pregnancy.12

The morphological changes in the PS during the first pregnancy begin on the twelfth
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day of pregnancy (D12), when the thin fibrocartilaginous disc of the PS starts to change into
an IpL that is completely formed by D15 day of pregnancy.”® The resulting structure
resembles a true ligament with enthesial pubic bone attachments and is accompanied by an
increase in cellular differentiation and proliferation.'”'® Further remodeling of the ligament is
mediated by the increased expression of relaxin beginning on D16.° This remodeling of the
connective tissue results in a 5-6 mm increase in length at the time of parturition. Following
delivery, the ligament undergoes involution and the pubic gap returns to its original size, with
the bones coming together and cartilage reforming on their ends by the third to fifth day
postpartum. These modifications in the PS during pregnancy also involve changes in
extracellular matrix components.>>'"!®

Early biochemical studies of PS collagen metabolism detected collagen peptidase in the
joint of non-pregnant animals, with the activity of this enzyme being enhanced by hormone
administration. Although there is evidence for collagen breakdown in the mouse PS?, little is
known about the enzymes involved and the possible temporal changes in their expression and
activity during pregnancy and postpartum.

In addition to collalgenalses20 IpL relaxation involves proteolytic enzymes such as
cathepsin B, dipeptidyl peptidase I'° and matrix metalloproteinase 8 (MMP-8).%' The action of
hormones and enzymes alters the proteoglycan, collagen, elastic fiber and water content of
connective tissue, and results in the cleavage and rearrangement of helicoidal collagen fibers
to increase the compliance and extendibility of the ligament prior to paurturition.19
Furthermore, proteoglycans themselves can alter collagen fibers and have been detected in the

PS, with the expression of decorin and versican being maximal during ‘separation’ (on D12

and D15) and ‘relaxation’ (D17 and D18), respectively.22
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Of indisputed importance in extensive tissue remodeling in physiological process and
disease, the MMPs are zinc-dependent proteinases secreted in latent form by a variety of cells
and can be activated by other MMPs.” In addition to their role in tissue destruction and
digestion of extracellular matrix (ECM) molecules, MMPs also modulate normal cellular
behavior, cell proliferation, cell-cell communication and tissue remodeling.”** The major
MMPs involved in tissue remodeling are MMP-8 and -13 (collagenases) and MMP-2 and -9
(gelatinases). MMP-2 and -9 degrade collagen type IV and other substrates.”>”® These two
MMPs are involved in the remodeling of reproductive tissue®’ and in regulating reproductive
function®® in rabbit uterine cerving, ovary and uterus®® and human uterine cervix.’® In contrast
to other species, the presence of these enzymes in the mouse PS during pregnancy and
postpartum has not yet been investigated, except for preliminary studies of MMP-8.*'

Collagenases (MMP-8 and -13) are important in collagen fiber degradation in mice,
particularly since this species lacks the collagenase MMP-1."> MMP-8, also known as
collagenase-2, is abundant in the PS and is involved in remodeling of the birth canal during
cervical ripening.”' In agreement with this, we have previously detected MMP-8 in the PS of
virgin mice and on D18 and D19 of pregnalncy.21

Keeping in mind their potencial role in tissue destruction, the MMP activity is
regulated by TIMPs (tissue inhibitors of matrix metalloproteinases) and RECK (reversion-

inducing cysteine-rich protein with Kazal motifs).>”

These inhibitors, particularly TIMPs,
are spatially and tightly regulated in order to modulate MMP activity. Increased expression of
TIMP-1 and TIMP-2 (inhibitors of MMP-9/MMP-8 and MMP-2, respectively) has been
observed in relaxin-induced remodeling of the birth canal, particularly in the uterine cervix.”

TIMP-1 is enriched in reproductive organs whereas TIMP-2 expression is constitutive and
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widely expressed throughout the body.”® Besides inhibiting enzymes, these molecules may
also act as activators of MMPs. TIMP-2 is able to bind to the hemopexin domain of pro-
MMP-2 modulating its activity. Small doses of TIMP-2 in association with MT1-MMP
mediates the activation of MMP-2, while in higher doses, can inhibit MMP-2 and MTI-
MMP 273435

Along with MMPs, cathepsins can also degrade collagen fibers. However, unlike
collagenases that cleave collagen fibers at specific sites,’® cathepsins cleave collagen at
multiple sites. Extracellular matrix degradation therefore results from the combined action of
MMPs and cathepsins, principally cathepsin K, which accounts for 98% of cysteine proteinase
activity in cells.*

In this work, we examined the relative expression of MMPs, cathepsins and TIMPs
possibly associated with remodeling of the IpL during pregnancy and parturition in mice, as
well as the postpartum changes in the levels of these enzymes. A better knowledge of the
mechanisms controlling mouse PS metabolism should improve our understanding of pubic

girdle dysfunctions involving this structure.

Material and methods

Animals

Virgin male and female Swiss mice (Mus musculus) (~90 days old, 25-30 g) were
obtained from the Multidisciplinary Center for Biological Investigation (CEMIB) at
UNICAMP. The experimental protocols were approved by the institutional Committee for

Ethics in Animal Experimentation (CEEA/UNICAMP, protocol nos. 1143-1 and 2212-1). In
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addition, timed matings of C57BL6/129 SvEv mice were done in a colony maintained by Dr.
Mala Mahendroo in the Department of Obstetrics and Gynecology at the University of Texas
Southwestern Medical Center, Dallas, TX, USA. These studies were done in accordance with
the standards for humane animal care described in the National Institutes of Health Guide for
the Care and Use of Laboratory Animals using protocols approved by an institutional animal
care and research advisory committee. Both strains of mice were housed at 25 + 2°Cona 12 h
light/dark cycle with free access to water and standard pelleted rodent chow. The mice were
housed at a male:female ratio of 1:4 per cage at 8:00 a.m. Females were checked after 7-8 h
for vaginal plugs. Plug day was defined as day 1 (D1) and birth occurred late on day 19 (D19).
The mice were killed between 11:00 and 12:00 a.m., with the exception of D19.75 that was
collected after 6:00 p.m. The medial portions of the PS bones or ligaments were removed and

processed for subsequent analysis, as described below.

Tissue collection

Tissue samples for light microscopy and transmission electron microscopy were
dissected and fixed in situ with appropriate fixative (see below) for 10 min after which the
tissue was removed and immediately immersed in the same fixative. For zymography, western
blotting and quantitative real-time PCR tissue samples were removed and immediately frozen
in liquid nitrogen prior to storage at -70°C. For immunohistochemistry, zymography and
western blotting, tissue samples were obtained from virgin mice, pregnant mice (D12, D15,

D18 and D19) and after birth (1 day postpartum — 1DPP, 3DPP and SDPP). Tissue samples for
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quantitative real-time PCR were obtained from pregnant mice (D12+13, D16, D18 and

D19.75) and after birth (2-4 hours postpartum — 2-4HPP and 24HPP).

Light microscopy

Specimens were fixed in 4% paraformaldehyde (Merck, Darmstadt, Germany)
dissolved in 0.1 M phosphate buffer, pH 7.2, for 24 h, dehydrated in a graded ethanol series
and embedded in paraffin at 65°C. Transversal sections 5 wm thick were mounted on slides
coated with poly-L-lysine (0.1% w/v in water; Sigma Chemical Co., St. Louis, MO, USA) and
dried for 24 h at 37°C. The sections were stained with Masson trichrome for morphological

analysis.

Transmission electron microscopy

For transmission electron microscopy (TEM), fragments of fresh interpubic tissue were
fixed in a solution containing 1.25% formaldehyde, 2.5% glutaraldehyde and 0.03% picric
acid in 0.1 M sodium cacodylate buffer, pH 7.2, for 2 h at room temperature. After post-
fixation in 1% osmium tetroxide for 1 h at 4 °C, the samples were dehydrated in a graded
ethanol series and embedded in epoxy resin Epon 812 (Electron Microscope Science).
Ultrathin sections were collected on copper grids, stained with uranyl acetate and lead citrate

and examined with a LEO 906 transmission electron microscope.

Immunochemical detection

Antibodies
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Rabbit antibodies to MMP-2 and TIMP-2 were purchased from NeoMarkers
(LabVision, Fremont, CA), those to MMP-8 and TIMP-1 (also raised in rabbits) were from
Triple Point Biologics Inc. (Forest Grove, OR), and those for MMP-9 and cathepsins B and K
(raised in goats) were from Santa Cruz Biotechnology (Santa Cruz, CA). All of the antibodies
detected the active and inactive forms of the respective proteins. Secondary antibodies were
obtained from Dako (goat anti-rabbit Immunoglob/Biotinylated E04321 for MMP-2, TIMP-1
and TIMP-2 and porcine anti-goat Immunoglob/Biotinylated E04331 for MMP-9 and
cathepsins B and K; Cedarlane, Hornby, Canada). Detection was done with a streptavidin AB-

HRP complex (Dako).

Immunohistochemistry

Immunohistochemistry of the PS and IpL was done as previously described.”' Briefly,
after deparaffinization in xylene and hydration in a series of graded ethanol solutions, the
sections were incubated with citrate buffer and heated in a microwave oven for antigen
retrieval.”! Endogenous peroxidase activity was blocked with 0.3% H,0, and 5% milk in
phosphate buffer for 30 min after which the sections were incubated with antibodies (MMP-2
1:150, MMP-9 1:100, TIMP-1 1:400, TIMP-2 1:150, cathepsin K 1:150 and cathepsin B
1:150, all diluted in 0.01 M phosphate buffer containing 0.2% bovine serum albumin - BSA)
overnight at 4°C followed by the application of secondary antibody for 1 h. The reactions were
developed using streptavidin-biotin peroxidase for 45 min followed by incubation with
diaminobenzidine (DAB, cromogenic substrate) for 5 min at room temperature. The sections

were counter-stained with Harris” hematoxylin and mounted in permanent mounting medium.
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Negative controls involved replacement of the primary antibody with non-immune
rabbit/mouse serum. All of the experiments were done at least four times and no positive
reaction was detected in the negative controls. The sections were observed and photographed

with a Nikon Eclipse ES800 microscope.

Western blotting

Western blotting was done to confirm the immunohistochemical results and to assess
the occurrence of precursor and active forms of the proteins that were studied in the PS of
virgin, pregnant and postpartum mice. Samples of PS and IpL were frozen in liquid nitrogen
and ground manually with a mortar and pestle. The ground tissues were suspended in
extraction buffer, homogenized and briefly sonicated with an ultrasonic cell disruptor (Vir
Sonic 60, Virtis) on ice. The homogenates were centrifuged (623 x g, 10 min, 4°C) and the
supernatants were stored at -75°C until used. Protein concentration was determined using a
commercial Bradford dye binding assay (BioAgency, Sao Paulo, SP, Brazil).

For western blotting, 25 mg of protein extract (chosen based on preliminary
experiments) from virgin, pregnant (D12, D15, D18 and D19) and postpartum (1DPP, 3DPP
and SDPP) mice was heated at 100°C for 1 min. For the virgin and D12 animals were used 2
animals per n. A total of n=4 were used for each experiment/antibody. Prestained kaleidoscope
SDS-PAGE standards (BioRad, Richmond, CA) were used as molecular mass markers. The
samples were run on 10% polyacrylamide gels for MMP-8 and 12.5% gels for cathepsins B
and K and TIMP-1 in the presence of SDS,*’ after which the proteins were electrotransferred

(2 h, 220 mA) to polyvinylidene fluoride (PVDF) membranes (0.45 um; Immobilon transfer
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membranes, Millipore). The protein load used for western blotting and the efficiency of
protein transfer were assessed by staining the membranes with Ponceau S.>® The membranes
were subsequently washed three times (5 min each) with Tris-Tween buffered-saline (TTBS; 2
M Tris-HCI, pH 7.2, 0.05% Tween 20, 1.5 M NaCl) and blocked by incubation with 1% BSA
in TTBS buffer for 1 h. The membranes were then incubated overnight at 4°C with primary
antibodies against MMP-8, cathepsins B and K, and TIMP-1 (diluted 1:750 for MMP-8, 1:500
for cathepsin B, 1:500 for cathepsin K and 1:500 for TIMP-1 in 0.2% BSA in TTBS buffer),
washed three times with TTBS (5 min each) and then incubated with biotinylated anti-goat or
anti-rabbit secondary antibody (diluted 1:1000 in 0.2% BSA) for 60 min. After another series
of washes (three times, 5 min each), the membranes were incubated with streptavidin for 45
min before a final wash. Immunoreactive bands were detected by incubation with DAB for 5
min at room temperature. The membranes were scanned and quantified with UN-SCAN-IT
version 5.1 software (Silk Scientific Corp., Orem, UT) and the results expressed in arbitrary

. . .. 3
densitometric units. o

Zymographic detection of MMP activity

Aqueous extracts of interpubic tissues were prepared as described above for western
blotting but the samples were not heated. For zymography, 50 mg of protein extract (chosen
based on preliminary experiments) from virgin, pregnant (D12, D15, D18 and D19) and
postpartum (1DPP, 3DPP and 5DPP) mice was used to detect gelatinolytic (MMP-2 and
MMP-9) activity after SDS-PAGE.” For the virgin and D12 animals were used 2 animals per

n. A total of n=4 were used for each experiment. Briefly, symphyseal or ligament protein was
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loaded onto a 7.5% polyacrylamide gel polymerized with 0.1% gelatin (type A, from porcine
skin) in an SE260 electrophoretic cell (Amersham-BioRad). After electrophoresis, the gels
were washed twice (20 min each) in 2.5% Triton X-100 with gentle shaking to allow the
proteinases to refold and regain their activity. This was followed by incubation in 50 mM Tris-
HCI, pH 7.8, containing 0.1 M NaCl, 1 M CaCl, and 0.02% sodium azide at 37°C for 24 h,
with gentle shaking. After this incubation, the gels were stained with Coomassie brilliant blue
G-250 (BioRad) to detect the clear zones of enzymatic activity against a blue background.
Molecular mass standards (Sigma SDS-PAGE LMW marker proteins) and human standards
for MMP-2 and MMP-9 (positive controls) were included in the gels. Some gels were also
incubated with phenanthroline (10 mM, 24 h), a metal chelator and selective inhibitor of
metalloproteinases, to confirm that the bands of activity were caused by MMPs (data not
shown). The bands of gelatinolytic activity were scanned and quantified with UN-SCAN-IT
version 5.1 software (Silk Scientific Corp.) and the results expressed in arbitrary densitometric

units.*

Quantitative real-time PCR

Gene expression was assessed by quantitative real-time PCR on selected days of
gestation that showed specific morphological differences among the groups. These specific
differences included the beginning of changes in the PS during pregnancy (D12+D13), after
formation of the IpL itself (D16), during remodeling of this structure in late pregnancy (D18
and D19.75) and postpartum (2-4HPP) and after birth (1DPP).

Total RNA was extracted from frozen tissue (n=4 mice per time point) using RNA Stat
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60 (Tel-Test B, Friendswood, TX) followed by treatment with DNase I to remove genomic
DNA (DNA-Free™ kit, Ambion Inc., Austin, TX). cDNA was synthesized using a TagMan
cDNA synthesis kit (Applied Biosystems, Foster City, CA). Quantitative real-time PCR was
done using SYBR Green and a PRISM7900HT sequence detection system (Applied
Biosystems). Aliquots (20 ng) of cDNA were used for each quantitative PCR, and each
reaction was run in triplicate. Each gene was normalized to the expression of the housekeeping
gene 36B4," and relative expression was calculated using the average of D19.75 of pregnancy
as the external calibrator in the dCt method, as described in User Bulletin No. 2 (Applied
Biosystems). The results are presented as the mean relative gene expression =+ SEM. All
primers were optimized and dissociation curves were done to ensure that only one product was

amplified.

Statistical analysis
The results for western blots, zymography and quantitative real-time PCR were
expressed as the mean + SEM. Statistical comparisons were done using ANOVA followed by

the Tukey test, with P<0.05 indicating significance.

Results
Light and transmission electron microscopy

Light microscopy of transversal sections showed that the central region of the PS in
virgin mice consisted of a fibrocartilaginous disk lying between the hyaline cartilage-covered
articular surfaces of the pubic bones. A layer of perichondral tissue containing numerous

condrocytes covered the entire symphysis (Fig. 1a). The medial fibrocartilaginous disk joined
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the two caps to fill all of the intervening spaces (Fig. 1b). This structure increased in size
throughout pregnancy (Fig. 1c¢) and the fibrocartilaginous disks arranged as compact dense
connective tissue gave rise to the IpL (Fig. 1d). At this point, the cells in the ligament tissue
were morphologically similar to fibroblasts and the connective tissue had a loose aspect with
architectural changes.

Transmission electron microscopy revealed the presence of small collagen fibrils of
uniform diameter in the fibrocartilaginous tissue of virgin mouse PS (Fig. le). During
pregnancy, the fiber size and distribution changed, with the appearance of two distinct
populations of collagen fibrils in the ligament; these fibrils now present an small and a thicker

diameter and are more widespread in the IpL when compared to virgin animals (Fig. 1f).

Immunohistochemistry

Immunohistochemical staining for MMP-2 and -9, TIMP-1 and -2 and cathepsins B
and K was used to identify the cells that could be involved in remodeling the PS and IpL.
Immunohistochemical staining of interpubic tissue sections from virgin (Fig. 2a,d,g and Fig.
3a,d,g), D18 (Fig. 2b,e,h and Fig. 3b,e,h) and 3DPP (Fig. 2c,f,i and Fig. 3c,f,i) mice detected
these proteins in the cytoplasm of fibrochondrocytes in virgin mice and fibroblast-like cells,
fibrochrondrocytes and chondrocytes in pregnant/postpartum mice. There was no staining for
MMP-9, -2 and TIMP-2 in the transition zone between the fibrocartilaginous disk and pubic
bones (Fig. 2a,d and Fig. 3a) and very little or no staining for MMP-2 and TIMP-2 in the
fibrocartilaginous disk (Fig. 2d and Fig. 3a). Staining for TIMP-1 was observed in the
extracellular matrix of all groups, in contrast to the negative control which showed no staining

(data not shown). In all groups, the same cells frequently stained for MMPs and TIMPs at the
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same time points. The immunohistochemical staining for these same proteins in cartilaginous
tissue throughout pregnancy (D12, D15 and D19) and postpartum (1DPP and 5DPP) was

similar to that described above for the IpL (data not shown).

Western blotting

Western blotting showed expression of MMP-8 in all groups, with bands that
corresponded to the MMP8/inhibitor complex (>90 kDa) and the two active forms (65 kDa
and 40-48 kDa) (Fig. 4a). Densitometric analysis showed that, compared to virgin mice, there
was an increase in the expression of the 65 kDa active form of MMP-8 at D12 that was
maximal at D15. The relative expression of MMP-8 decreased during the final stages of
pregnancy (D18 and D19) but returned to nonpregnant levels by SDPP (Fig. 4b). Western
blots for TIMP-1 indicated an increase in protein production, although the bands were too
faint for accurate quantification (Fig. 4c). Western blotting also revealed inactive and active
forms of cathepsin K but only the inactive form of cathepsin B (Fig. 5a). Densitometric
quantification of the active form of cathepsin K revealed no significant differences throughout

pregnancy (Fig. 5b).

Zymography

Zymography revealed gelatinase activities corresponding to MMP-9 (95 kDa latent
pro-form, 85 kDa active form) and MMP-2 (72 kDa latent pro-form, 66 kDa active form) in all
groups, in addition to an MMP-9/TIMP complex (~120 kDa) (Fig. 6a). Incubation of the gels
with phenanthroline, a metal chelator and inhibitor of MMPs, completely abolished the

enzymatic activity, indicating that the zymographic bands were indeed caused by
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metalloproteinases (data not shown). Densitometric analysis of the zymographic bands
showed that the active form of MMP-9 increased significantly at D15 when compared with
virgin and D12 mice. Enzyme activity was still significantly high at D18, when remodeling of
the ligament was in progress. Thereafter, there was a progressive decrease in enzyme activity
until 3DPP (lowest level), after which (SDPP) the activity returned to levels seen in virgin
mice (Fig. 6b). Densitometric analysis showed that the active form of MMP-2 increased
significantly at D15 when compared with virgin and D12 mice (Fig. 6¢). MMP-2 also showed
peak activity at D15 followed by a significant decrease by D18. Activity continued to decrease
during labor, delivery and postpartum. In contrast to MMP-9, there was no return of MMP-2
activity to the levels seen in virgin mice at SDPP. The inactive form generally increased

whenever MMP-2 and MMP-9 increased throughout pregnancy (Fig. 6a).

Quantitative real-time PCR

Quantitative real-time PCR revealed Mmp-8, Mmp-9 and Mmp-2 expression in the PS
during pregnancy (D12 to D19.75) and postpartum, but to different extents. The relative
expression of Mmp-8 was essentially unaltered throughout gestation (Fig. 7a). In contrast to
Mmp-8 that had an intermediate relative expression, Mmp-9 and Mmp-2 had high relative
expression based on their dCt values. Mmp-9 expression did not vary significantly throughout
gestation (Fig. 7b), whereas Mmp-2 expression peaked on D18 and D19.75 when compared to
the beginning of gestation (Fig. 7c); the expression on D19.75 was significantly different from
that on D12+D13, D15 and 2-4HPP.

Timp-1 (Fig. 7d) and Timp-2 (Fig. 7e) showed relatively high gene expression, with

both of them peaking by the end of pregnancy. Whereas the expression of Timp-1 tended to
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decrease during postpartum, for Timp-2 there was a significant decrease at 2-4HPP followed
by a slight increase in expression. Comparison of the results for Mmp-2 and -9 and their
respective inhibitors Timp-2 and -1 showed that the proteinases and their inhibitors had
similar expression profiles.

For cathepsins, the relative expression of cathepsin K was moderately high (Fig. 7f),
but showed no significant variations over time. In contrast, cathepsin B, which had
intermediate relative expression, peaked on D19.75, at which point its expression was

significantly greater than at the beginning of pregnancy and at 2-4HPP (Fig. 7g).

Discussion

The restructuring of ECM components through proteolytic breakdown during tissue
remodeling is mediated primarily by MMPs.*' In mouse PS, many proteolytic enzymes such
as collagenase, cathepsins B and C, and MMP-8 contribute to changes that are necessary for
the differentiation that the PS undergoes during pregnancy.*'>'®!*?! The histoarchitecture and
collagen fiber organization associated with regular dense connective tissue, as well as collagen
fibril diameter, change after D12, resulting in a morphologically well-defined IpL that
guarantees safe delivery of the fetus.

Changes in collagen fiber diameter during pregnancy reflect the importance of
collagenases and others enzymes in collagen breakdown that is reinforced by the fact that this
species lacks MMP-1.>' As shown here, temporal changes in the expression and activities of
several proteins (MMPs, TIMPs and cathepsins) could contribute to remodeling of the PS

during pregnancy and postpartum. Collagenases cleave the native helix of fibrillar collagens at
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a single peptide bond to generate specific fragments.*' Collagenase-2 (MMP-8) was originally
thought to be expressed only by neutrophils in inflammatory conditions,*” but is also
expressed in human gingival mast cells” and in fibroblasts in the mouse PS, where it was
detected by immunohistochemistry.”’ The 40-48 kDa bands seen in western blotting most
likely represented the active form of a non-glycoslated fibroblast-type MMP-8.

MMP-8 and cathepsin K may be involved in initiating changes in the structural
organization of the PS during pregnancy. The quantification of protein expression indicated
that MMP-8 and cathepsin K were more abundant on D12 and D15, that correspond to the
same period during which fibrocartilaginous tissue changes into an IpL, i.e., the ligament is
formed but the tissue is not relaxed and there are no spaces among the fibrils.”> After this
period, MMP-8 expression returned to levels similar to those observed in virgin mice. Since
MMP-8 is synthesized and stored in granules and secreted when needed”®, and since staining
for MMP-8 in the cytoplasm of fibroblast-like cells of the IpL during late pregnancy was focal
or punctuate®’, this could explain why there was little change in the gene and protein
expression of this enzyme during pregnancy.

In contrast to MMP-8, enhanced activity of the active forms of MMP-2 and MMP-9
was observed from D15 to D19 and returned to virgin levels after parturation. The D15-D19
period corresponds to relaxation of the ligament after its formation, when the collagen fibrils

21,44
d.””

are not organized and are spatially arrange Quantitative real-time PCR indicated a high

relative expression of Mmp-2 and Mmp-9, although elevated gene expression does not
necessarily translate into high levels of active MMPs.*44°

The immunohistochemical analysis detected MMP-2 and MMP-9 in IpL fibroblasts-

like cells and chondrocytes. Previous work has shown that stromal fibroblasts are the principal
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source of MMP-2 during softening or ripening of pregnant uterine cervix whereas leukocytes
express primarily MMP-9.%° However, since mouse PS does not contain leukocytes, these
enzymes are probably produced by fibroblast-like cells and chondrocytes present in the PS
throughout pregnancy and post partum.21

The high relative expression of Mmp-9 and Mmp-2 respectively could be explained by
the fact that the interpubic tissue agreed with the important role of this MMP in maintaining a
normal ovarian and uterine reproductive cycle” and in the relaxation associated with labor.*
Indeed, Mmp-9 knockout mice have a reduced reproductive capacity.***° On the other hand,
Mmp-2 may be essential for inducing the activity of osteoblasts and for the activity of
osteoclasts™, with Mmp-2 knockout mice showing defects in experimental
neovascularization.”* The presence of MMPs in PS of virgin mice has been reported'” and may
reflect their involvement in the regulation of bone formation.’~*** This suggestion is
supported by the finding that MMP-9 deficient mice have defective bones and cartilage** and
that elevated MMP-2 activity reduces bone size.®

In Mmp-2 and -9 double mutant mice neovascularization and retinal degeneration are
strongly attenuated, suggesting that these MMP functions are redundant.*”*® In this regard,
MMPs can upregulate other family members to compensate for the loss of an individual
enzymezo. MMP knockout lines generally survive to birth.”

The mechanisms involved in the regulation of MMP expression in PS have not been
extensively studied. However, relaxin has been shown to stimulate connective tissue

. . . . . . . 4950
remodeling by increasing MMP expression in fibroblasts from uterus and cervix 5

and by
inhibiting collagen synthesis.”’ The fibrocartilaginous and fibroblast-like cells of mouse PS

contain a large number of relaxin receptors (LGR7 and LGR8)52’53 that could mediate the

58



changes in MMP-2 and MMP-9 expression seen in the PS. On the other hand, progesterone
reduces MMP protein expression and activity.* In mice, progesterone has two peaks, the first
of which occurs when the ligament is completely formed (D16) while the second (and highest)
occurs at the end of gestation.”* The latter peak coincides with the decrease in the activity of
these enzymes seen here at the end of pregnancy.

The proteolytic activity of MMPs is tightly regulated by TIMPs. These inhibitors are
produced locally and are abundant in reproductive tissues, where their levels are hormonally
regulated.””**>>* In addition to their key role in ECM turnover, TIMPs can also serve as

834 to modulate cell proliferation and survival.”® The tight control of MMP activity

activators
is an important means of preventing unregulated tissue destruction’’ and of maintaining
connective tissue architecture®’, as well as normal pubic organ functions”. During remodeling
of the PS, TIMPs prevent excessive tissue destruction immediately before and after birth,5 % an
important function since the PS must also maintain the mechanical integrity that stabilizes the
joint.5

TIMP-1 binds preferentially to MMP-9 and MMP-8, whereas TIMP-2 has a high
affinity for MMP-2.”** Quantitative real-time PCR showed that these inhibitors had a high
relative expression in the PS, especially when remodeling was coming to an end and the
inhibitors were controlling this process. The pattern of TIMP-1 immunoexpression in the PS
was consistent with previous reports*>> for this enzyme during remodeling of periodontal
tissue. These results show that TIMPs are present in the PS and IpL during remodeling.

As with collagenases, cathepsins can degrade the collagen triple helix, but by a

different mechanism, i.e., by cleavage at multiple sites to generate small peptides.3 % Our data

suggest that cathepsin K may be particularly important in virgin mice in which the pubic bone
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and cartilage normally undergo less remodeling, and also at the beginning of pregnancy, as
indicated by the western blot results. On the other hand, cathepsin B degrades agrecan and
other proteoglycans, collagen and gelatins®® and can inactivate TIMPs, thereby enhancing
MMP activity. Consequently, cathepsin B may have a role in pathological processes.” Gene
expression of this enzyme peaked on D19.75, when remodeling was very marked. However,
the inability of western blots to detect the active form of cathepsin B, together with the
intermediate level of expression for this gene, suggests that this protein is not one of the major
enzymes involved in PS remodeling.

The immunohistochemical results described here show that the production of these
enzymes in the PS of pregnant and non-pregnant mice is generally mediated by chondrocytes
and fibroblasts-like cells. These findings also indicate that although cells in the PS undergo a
phenotypic change from chondrocytes (PS in virgin mice) to fibroblasts-like cells (IpL in
pregnant mice), they retain their ability to produce enzymes such as MMP, TIMPs and
cathepsins. The change in cellular phenotype during pregnancy may be influenced by MMPs
since these enzymes may alter basic cellular functions such as differentiation, proliferation and
alpoptosis.3 >

Taken together, the findings of this study indicate that there are spatial and temporal
changes in the relative expression and activities of MMPs, TIMPs and cathepsins in the PS
during pregnancy and postpartum. We also suggest that changes that the mouse PS goes
through pregnancy precedes others organs such as vagina and cervix since it is needed that PS
structure rearrange itself completely, in order to guarantee the formation of the ligament in a
specific time. Since in other organs the modifications are more evident in late pregnancy and

post-partum.®*!
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The correlation between the histological and ultrastructural alterations and the changes
in gene and protein expression seen here suggests that the proteins examined may be involved
in PS remodeling, with MMP-8 being active on D12 and MMP-8, -2, -9 on D15, when IpL
formation occurs, and also in late pregnancy. Since MMPs can facilitate the interaction of a
growth-suppressing factor with its cell-surface receptor to regulate cell proliferation® we
suggest that these enzymes can contribute to cellular rearrangement during IpL formation,
postpartum modifications and PS remodeling after parturition. In this context, a greater
knowledge of how these spatial and temporal changes occur in parallel with accelerated
remodeling of the birth canal could improve our understanding of pelvic girdle dysfunctions in

animal models and humans.
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Figure legends:

Fig. 1. a-f — a - Sections of pubic symphysis from virgin mice showing the main components
of this structure (PB - pubic bones, HC - hyaline cartilage caps and FD - central region with a
fibrocartilaginous disk). b — Section showing that the pubic symphysis consists essentially of
one cell type similar to fibrocartilaginous cells. ¢ — Section from D18 of a pregnant mouse
showing that the histoarchitecture of the interpubic ligament (IpL) at this point consists mainly
of loosely organized fibroblast-like cells and collagen fibers. d — The spaces (star) in the
extracellular matrix indicate early morphological disruption of the ligament. Masson
trichrome. Bars: a, ¢ — 70 um, b, d — 40 um. Transmission electron microscopy of PS in V (e)
group and interpubic ligament in D18 (f) reveals a variation of collagen fibrils diameters.

Bars: 0.47 um.
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Fig. 2 Immunohistochemical detection of MMP-9 (a Virgin, b D18, ¢ 3DPP), MMP-2 (d
Virgin, e D18, f 3DPP), TIMP-1 (g Virgin, h D18, i 3DPP), in the cytoplasm of fibroblast-like
cells in the interpubic ligament (arrows) and in the cytoplasm of heterotrophic cartilaginous

cells (insets). TIMP-1 was also detected in the extracellular matrix of this tissue. Bars: 10 um.
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Fig. 3 Immunohistochemical detection of TIMP-2 (a Virgin, b D18, ¢ 3DPP), cathepsin K (d
Virgin, e D18, f 3DPP), and cathepsin B (g Virgin, h D18, i 3DPP) in the cytoplasm of
fibroblast-like cells in the interpubic ligament (arrows) and in the cytoplasm of heterotrophic

cartilaginous cells (insets). Bars: 10 um.
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Fig. 4 a Western blots for MMP-8 in tissue homogenates from different days of pregnancy
(virgin mouse, D12, D15, D18, D19, 1DPP, 3DPP and 5DPP). In all cases, the MMP-
8/inhibitor complex and active forms (65 kDa and 40-48 kDa) were observed. b Densitometric
analysis of the 65 kDa active form of MMP-8 in pubic symphysis. ¢ Western blot for TIMP-1
showing that the inhibitor was detected in all of the groups. *p<0.05 and = p<0.01 compared
to: a virgin mice, b D12, ¢ D15, d D18, ¢ D19, f 1DPP, g 3DPP and & SDPP. It was observed
some differences among some groups, whenever comparing them to each other. The columns

in b are the mean £ SEM (N=4) (ANOVA followed by the Tukey test).
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Fig. 5 a Western blots for cathepsin B and cathepsin K in tissue homogenates from different
days of gestation (virgin mouse, D12, D15, D18, D19, 1DPP, 3DPP and 5DPP). b
Densitometric analysis of the 27 kDa active form of cathepsin K in pubic symphysis. There
was no significant difference in the expression of this form among the various intervals

examined. The columns are the mean + SEM (N=4) (ANOVA followed by the Tukey test).
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Fig. 6 a Zymography for gelatinase activity (clear bands) in tissue homogenates from virgin,
pregnant and postpartum mice. An MMP-9/TIMP complex (~120 kDa) and active and inactive
forms of MMP-2 and MMP-9 were seen in all groups. Fifty micrograms of protein was
applied to each lane. Positive controls (human MMP-2 and MMP-9, arrows on far right) were
also run. b and ¢ Densitometric analyses of the active forms of MMP-9 and MMP-2,
respectively, detected by zymography. The columns are the mean + SEM (N=4). *p<0.05,
**p<0.01 and ***p<0.001 compared to: a virgin mice, b D12, ¢ D15, d D18, e D19, f 1DPP, g
3DPP and h SDPP. It was observed some differences among some groups, whenever

comparing them to each other (ANOVA followed by the Tukey test).
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Fig. 7 Relative mRNA expression of Mmp-8 (a), Mmp-9 (b), Mmp-2 (¢), Timp-1 (d), Timp-2
(e), cathepsin K (f) and cathepsin B (g) in mouse pubic symphysis during pregnancy and
postpartum. Gene expression was measured by quantitative real-time PCR using pubic
symphysis from gestation days D12-13 to one day postpartum (1DPP). There were no
significant variations in Mmp-8, Mmp-9 and cathepsin K gene expression, whereas significant
variations were observed for Timp-1, Timp-2 and cathepsin B. The columns are the mean +
SEM (N=4 mice per interval). *p<0.05, ~p<0.01 and = p<0.001 compared to D19.75
(ANOVA followed by the Tukey test). All of the groups were normalized to D19.75. HPP

hours postpartum.
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ABSTRACT

During pregnancy, within the uterine cervix, the collagen fibers and other extracellular matrix
(ECM) contents undergo major alterations close to term to allow the birth canal to become
sufficiently malleable and distensible to accommodate safe passage of the conceptus during
delivery. The mouse pubic symphysis (PS) is a joint that during pregnancy must undergo an
expansion and remodeling that depends on the growth of a flexible and elastic interpubic
ligament (IpL). This newly formed structure also contributes to the formation of the birth
canal which allows stability and neutralizes shear and tensile stresses important to enable
proper delivery of young. The growth of the interpubic tissue, which is formed by connective
tissue, comprises the ‘separation’ (gradual growth of the interpubic fibrous connective tissue)
and the ‘relaxation’ (breakdown/reorganization of the connective tissue) of the pubic
symphysis. Following labor, the ligament undergoes rapid involution and returns to its original
size and morphology by the third to fifth day postpartum. In this study we use mouse virgin
pubic symphysis and pregnant interpubic ligament at time points during pregnancy and
postpartum (pp) to understand aspects of the remodeling process. Protein blotting studies
using collagen lal antibodies and collagen solubility assays were carried out to evaluate
temporal changes in collagen processing. Solubility of collagen did not change during
pregnancy, water content increased throughout pregnancy and reached its peak on d19IL (in
labor) and collagen content remained unchanged. Western blots reveal that there is no
difference in mature collagen though procollagen abundance is increased in late pregnancy
and postpartum. The expression of C-propeptide region and Decorin were observed in all
study groups and did not change during pregnancy. FACE results indicated an increase in HA
during pregnancy and the molecular weight assay evidenced high molecular weight HA during
the entire pregnancy. In accordance with that QRT-PCR observed high relative expression of
Has 1, 2 and versican and little Hyaluronidases 1 and 2. Along with that, it was observed high
relative expression of Lox and Adamts 1 and 2. This observation is consistent with
morphological analysis in which collagen fibers appear thinner and more spread out at the end
of pregnancy and shortly postpartum. These data suggest that the chronological alterations on
the ECM morphology in mice PS during pregnancy, parturition, and postpartum may result in

part from changes in matrix components, increase in high molecular weight HA. This suggests
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a dynamic and important role of changes in matrix molecules during birth canal formation and

involution.

INTRODUCTION

The pubic symphysis plays an important role in maintaining the connection between
the pubic bones and the integrity of the pelvic structure in nonpregnancy. During late
pregnancy, a finely tuned hormonally regulated tissue remodeling takes place in the mouse
pubic joint to accommodate safe passage of the conceptus through the birth canal.
Proliferation of fibroblast-like cells (Veridiano et al., 2007) and extracellular matrix (ECM)
reorganization of the interpubic tissue (Rosa et al., 2008) are dynamic adaptations to provide
mechanisms for smooth transfer of forces and protection of the birth canal. In a nonpregnant
animal, the pubic symphysis is made up of a fibrocartilagineus tissue, a compact tissue.
During pregnancy, the pubic symphysis is gradually replaced by a fibrous connective tissue,
forming a flexible and elastic interpubic ligament. In mice, this process begins on the 11th day
of a 20 day pregnancy. This modification involves gradual expansion of dense regular
connective tissue as well as cell proliferation to produce a new symphyseal structure that
resembles a true ligament. By gestation d14 the ligament has formed and thereafter
progressively remodels resulting in softening of the connective tissue in preparation for
parturition. Following labor, the ligament undergoes rapid involution and 14 days postpartum
the pubic symphysis is remodeled back to its original size but not morphology (Rosa et al.,
2008).

Both cervical ripening and differentiation of the pubic symphysis into an interpubic
ligament contribute to the formation of the birth canal (Pinheiro et al., 2005; Rosa et al.,
2008).Similar to the uterine cervix, another connective rich tissue that is remodeled during
pregnancy, changes in the composition of the extracellular matrix regulates the tensile strength
of the tissue (Timmons et al., 2009). Tissue remodeling in both tissues has been attributed to
activation of immune cells with their subsequent release of proteases that can degrade the
matrix. Recent studies in mouse PS (Rosa et al., 2008) had observed no granulocytes during

the extensive remodeling of the pubic joint in late pregnancy. Also studies on the cervix
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(Timmons and Mahendroo, 2006) provide evidence that immune cells are recruitedbut not
activated cervival ripening.

Relaxin is a peptide hormone important in regulation of biochemical processes
involved in remodeling by increasing the turnover of extracellular matrix (ECM) components
(for original contributions see Sherwood, 1994, 2005). The importance of relaxin in regulation
of PS remodeling is supported by the phenotype of mice with a targeted deletion of relaxin.
The pubic symphysis of RXFP1-/- mice, fails to elongate and soften and cervical ripening
appears compromised as some females have a prolonged parturition and some are unable to
deliver their litters (Zhao et al., 2000).

The progressive modifications that occur in the mouse pubic joint during pregnancy
involve alterations in the types of cells present in the PS and the composition and
histoarchitecture of the extracellular matrix that include the rearrangement of collagen and
elastic fibers. In addition proteoglycans and hyaluronan also play a role in the remodeling of
the extracellular matrix in this tissue (Chihal and Espey, 1973; Garcia et al., 2008; Moraes et
al., 2003, Ortega et al., 2001; Pinheiro et al.; 2003; Wahl et al., 1977, Zhao et al., 1999-2000).
These changes along with temporally and spatially-regulated proteolytic enzymes are
proposed to contribute to symphysis relaxation (McDonald and Schwabe, 1982, Rosa et al.,
2008; Wahl et al., 1977; Weiss et al., 1979).

While regulated changes in ECM components are known to contribute to PS
remodeling, changes in collagen processing, fibril assembly and content have not been well
defined. Also, there is still very little information about changes in other ECM components
such as proteoglycans on the adaptations observed in the mouse pubic symphysis during birth
canal formation. Therefore, the focus of this study is to evaluate temporal changes in collagen
processing and amount in mouse pubic symphysis during pregnancy and post partum, and

carry out analyses of biochemical interactions between proteoglycans and collagen.

MATERIAL AND METHODS
Mice
Animals were housed under a 12L.:12D photoperiod (lights on, 06:00-18:00 h) at 22
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°C. Mice used in the present studies were of mixed strain (C57B6/129Sv). The C57B6/129Sv
mice were generated and maintained as a breeder colony at the University of Texas
Southwestern Medical Center (Dallas, TX). Also it was used, timed pregnant NIH Swiss
(Harlan) from The Jackson Laboratory. In general, mice in these studies were 3 to 6 months
old and nulliparous. Female mice were housed from 5:00 p.m. to 8:00 a.m. with males.
Females were checked early in the morning (8:00 a.m.) for vaginal plugs. The day of plug
formation was counted as day 0 (d0), and birth occurred in the early morning hours of day 19
(d19). Most samples were collected at midday unless otherwise specified below. Pubic
symphyses samples indicated as late day 18.75 were collected in the evening of day 18,
generally between 5:00 and 7:00 PM. All studies were conducted in accordance with the
standards of humane animal care as described in the NIH Guide for the Care and Use of
Laboratory Animals. The research protocols were approved by the institutional animal care
and research advisory committee. Pubic symphyses were collected during pregnancy
(d11+d12, d15, d18, d19, before birth), and 2-4hpp, 24hpp, 48hpp and 72hpp hours
postpartum depending on the experiment. After, the medial portions of the pubic symphysis
bones or ligaments were removed and processed according to the subsequent analysis to be

done.

Solubility Test

Pubic symphysis samples from control and pregnant mice were weighed and
lyophilized to enable measurement of their dry weight and water content. Samples were
rehydrated for 1 h with 1 M NaCl buffer containing 1% proteinase inhibitor. Samples were
next homogenized and incubated at 4 ® C for 24 h. The samples were centrifuged at 4 °C for
10min (at 13 000 r.p.m.), and the supernatant was frozen at -20 °C. The resulting pellets were
washed in ddH,O with 1 % protease inhibitor. Pellets were subsequently extracted with 0.5M
acetic acid and 1 % of protease inhibitor at 4 °C for 24 h, centrifuged, washed and further
extracted with 0.5M acetic acid and pepsin (Img/mL). The supernatants from each extraction
and resulting pellet were stored at -20 °C. The amount of soluble collagen present in each
fraction was measured by a colormetric hydroxyproline assay. The supernatants and pellets

were hydrolyzed in 6 M HCI at 110 °C for 24 h. HCI was then boiled off at 110 °C for
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approximately 3 h. Samples were rehydrated in 250 uL distilled H,O. 20 uL of each sample
was added to test tube containing 500 pL of water. 250 uL of chloramine-T reagent was added
to all tubes, and incubated at room temperature for 20minutes. 250 pL of aldehyde/perchloric
acid solution was added and tubes were incubated at 60 °C for 15 min. Samples were run in
duplicate alongside known standards. The absorbance was read at 558nm on a Safire® (Tecan)

spectrophotometer (Stegmann and Stalder, 1967).

Western blotting
Homogenization
Collagen I and C-propeptide

The pubic symphysis tissue was homogenized and pulverized before biochemical
assays. To pulverize the tissue, the frozen tissue was then crushed within a precooled stainless
steel chamber, followed by Homogenization with a Polytron tissue homogenizer in 300 pL
cold 7 M Urea buffer and 0.1 M sodium phosphate pH 7.8 plus 1 % protease inhibitor (Sigma,
St. Louis, MO) O/N at 4 °C. On the next day, samples were centrifugated at 16,000 g for 15
minutes then transferred in a new tube. Each sample was quantified by the BCA Protein Assay
Kit (Pierce, Rockford, IL). The samples were stored at 80 °C until time of biochemical assay.

Care was taken not to let the tissue thaw before testing.

Decorin

The pubic symphysis tissue was homogenized and pulverized and after that extracted
for 48 h in 1 mL of GnHCI (Guanidine HCI) containing 1 % of proteinase inhibitor at 4 °C.
Samples were then centrifugated at 16,000 g at 4 °C for 4-6 h using a proper dialysis tube. The
quantification was performed using solutions of the proper dialysis. The samples were stored
at 80 °C until time of biochemical assay. Care was taken not to let the tissue thaw before

testing.
Collagen I, C-propeptide and Decorin protein blots

Concentration of 10 mg and 20 mg of protein were used for Collagen I/C-propeptide

and decorin respectively. Each sample was boiled for 5 min in reducing Laemmli buffer and
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analyzed by SDS-PAGE on 4-20 % Tris HCI precast gels (Bio-Rad) along with protein
standards (Precision Plus Protein Kaleidoscope, Bio-Rad, Hercules, CA). Proteins were
transferred onto nitrocellulose membrane (Biotrace Pall Life Sciences, Pensacola, FL) at 20 V
for 12 h at 4 °C. Thirty minutes before blocking the membrane the voltage was increase to 50
V for 30 minutes. Membrane was blocked for 2 h at room temperature in blocking solution (3
% skim milk, 0.05 % Tween in TBS). Ial collagen was detected with rabbit anti-Collagen I
(1:1000 mdbiosciences) incubating for 2 h at RT, washed in TBST, followed by secondary
donkey anti-rabbit IgG antibody (1:10,000 Jackson, Westgrove, PA) and incubated for 45 min
at RT. Positive bands were visualized using ECL Western blotting detection reagents
(Amersham Biosciences). Proteins were visualized and photographed using a Fuji LAS-3000
chemimager. The same blot was stripped using BlotFresh Western Blot Stripping Reagent
(Signagen, Gaithersburg, MD) and reprobed with anti- rabbit anti-Collagen C-propeptide (LF-
41) (1:1000), washed in TBST, and it was used the same secondary antibody and procedure as
before. For Decorin detection, samples were treated with Chondroitinase ABC (10 mU/uL)
and incubated at 37 °C for 2 h. All samples were precipitaded with 100% ethanol at -20 °C for
2 h and centrifuge at 4 °C. The pellet that was formed was resuspended in 25 puL of 0.5 M
Tris/0.5% SDS and 5 % PB-mercaptoethanol. Samples were boiled for 10 minutes. After that,
all the procedure was performed as it was described previously. Decorin was detected with

rabbit anti-Decorin (1:3000 LF-113) that was used as primary antibody.

FACE - Fluorophore-assisted carbohydrate electrophoresis GAG assay

The individual disaccharides of the glycosaminoglycan chains of the pubic symphysis
tissue were measured using the (FACE) protocol developed by Calabro et al. 2000, 2001. The
protocol was specialized for pubic symphysis tissue by including a serial enzymatic digestion
of the tissue. Tubes of disaccharide standards (Sigma—Aldrich) were prepared with 5 mg of:
chondroitin disaccharide Ddi-0S, chondroitin disaccharide Ddi-2S, chondroitin disaccharide
Ddi-4S, chondroitin disaccharide Ddi-6S, and hyaluronic acid disaccharide Ddi-HA. One
pubic symphysis per time point was lyophilized overnight and wet/ dry weight was determined
by weighing the sample before and after lyophilization. Single pubic symphysis was digested
in 400 pLL 0.0005 % Phenol Red, 100 mM ammonium acetate, ph 7.0 containing 0.125 mg/mL
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proteinase K (Roche, Indianapolis, IN) for 2 h at 60 °C. Another 0.25 mg/mL of proteinase K
was added to each tube and incubated for another 2 h. The sample was boiled for 10min to
inactivate the proteinase K and pelleted by centrifugation to remove any undigested material.
The samples were speed vacum overnight. It was determinate by tests that 0.1 mg of digested
tissue would be used for each sample for each experiment in 100 uL of phenol red/Amonium
acetate solution. After that, it was added 12.5 puL. of ammonium acetate, vortex/spin the
samples. Water bath was heated at 37 °C. Enzymes sequentially describe bellow as
Hyaluronidase SD (10 m units/uL. Seikagaku Co.), Chondroitinase ABC (10 m units/uL
Seikagaku Co.), glucoamylase (0.5 m units/uL. Sigma Co.) and alkaline phosphatase (1
units/uL. Sigma Co.) were used in this experiment. It was added 5 UL of each enzyme at each
sample and digested for 2 h at 37 °C per enzyme. Samples were left on RT for ~5 min, and it
was added 5 uL of AMAC (2-Aminoacridone) at each sample and incubated for 15 min at RT.
After samples were incubated with 5 uLL of NaCNBH4 overnight at 37 °C and then cooled to
room temperature. Before storage at -80 °C add 2.5 pL of glycerol to each sample. 5 pLL ml of
each sample was loaded into separate lanes of a pre-made Glyco MONO Face gel (Glyco
Inc.), with the standards loaded into the first lane. The samples were run at a constant voltage
of 300 V for ~2 h. After electrophoresis, the gel was imaged using an ultraviolet light in
BioRad imaging station (Molecular Imager ChemiDoc XRS). The gel image was saved and
analyzed using the BioRad Quantity 1 Software. The intensity of the sample bands were

measured and compared to the standard lanes using the volume tool.

Hialuronic Acid (HA) Molecular weight gels

HA molecular weight gels, one pubic symphysis per time point was lyophilized
overnight and wet/dry weight was determined by weighing the sample before and after
lyophilization. Single pubic symphysis was digested in 400 pL. 0.0005 % Phenol Red, 100
mM ammonium acetate, ph 7.0 containing 0.125 mg/mL proteinase K (Roche, Indianapolis,
IN) and incubated for 2 h at 60 °C. Another 0.25 mg/mL of proteinase K was added to each
tube and incubated for another 2 h. The sample was boiled for 10min to inactivate the

proteinase K and pelleted by centrifugation to remove any undigested material. It was
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determinate by tests that 0.4 mg of digested tissue would be used for each experiment in 250
UL of phenol red/Amonium acetate solution. It sample was treated with 7.5 pl. of DNase
(Ambion, Austin, Texas) and 7.5 pLL of RNaseA 1.28 mg/mL stock (Roche, Indianapolis, IN)
and incubated overnight at 37 °C or during 7 h. The enzymes were inactivated by boiling for 5
min. Glycosaminoglycans were precipitated in ethanol at —20 °C overnight. GAGs were
pelleted by centrifugation, and pellets were air dried, for at least 1 h and resuspended in 15 pL
of buffer TAE and run on a 1 % agarose gel (Seakem HGT Cambrex, Rockland, ME). The gel
was prerun for ~4 h at 80 V. Buffer was replaced with fresh TAE solution prior to loading
samples. 3 pL of loading buffer (0.2 % Bromophenol Blue, 5X TAE, glycerol) was added to
each sample. Samples were loaded onto the gel and run at 100 V. Five microliters of a mix:
high molecular weight ladder (Hyalose, Oklahoma City, OK) and low molecular weight ladder
(Hyalose) were loaded onto the gel. After electrophoresis, the gel was equilibrated in 30 %
ethanol for ~30 min, on shake at room temperature. The ethanol was decanted and the gel was
incubated in Stains All solution 2.5 mg/mL (Sigma, St Louis, MO) overnight at room
temperature in the dark. Dye was then removed and replaced by water, bands were visualized.
The gel was exposed to light briefly to reduce background. Gel was then scanned into Adobe

Photoshop using a flat bed scanner (Ruscheinsky et. al., 2008).

Quantitative real-time PCR

Total RNA was extracted from frozen mouse tissue using RNA Stat 60 (Tel- Test B).
Subsequently, total RNA was treated with DNase I to remove any genomic DNA using DNA-
Free (Ambion). cDNA synthesis was performed, per manufacturer’s protocols (TagMan
cDNA synthesis kit; Applied Biosystems). Quantitative real-time PCR was performed using
SYBR Green and a PRISM7900HT sequence detection system (Applied Biosystems).
Aliquots (20 ng) of cDNA were used for each quantitative PCR, and each reaction was run in
triplicate. Each gene was normalized to the expression of the housekeeping gene 36B4
(Laborda, 1991), and relative expression was calculated using the average of the day 18.75
pubic symphyses as the external calibrator in the AACt method, as described in User Bulletin
No. 2 (Applied Biosystems). Data are presented as the average relative gene expression *

SEM. In addition, data for each gene were normalized to the average expression at late day
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18.75 (Timmons et al., 2009).

Statistical analysis
Data were analyzed using one-way ANOVA with pairwise multiple comparisons
performed with Tukey test for data normally distributed. Data are displayed as the mean +

SEM. Values of p <0.05 are considered statistically significant.

RESULTS

It was observed in the PS an increase in size and morphological changes throughtout
pregnancy until the formation of the ligament. Pubic symphysis and interpubic ligament were
wet weighed and it was observed until d14 almost no change in mg. From d15 on we observed
a gradual growth until d17 and reached its peak on 2-4hpp when the IpL was still very open.
After that, the interpubic tissue tends to go back to its NP similar size by the fifth day post
partum (Fig. 1).

Solubility test suggest a gradually increase in 20% of the water content on d19 IL, day
of delivery, whenever comparing to NP group (Fig. 2A), no changes in collagen content was
observed (Fig. 2B). The solubility of the collagen did not really change throughout pregnancy
but it did increase on 24hpp whenever comparing to d11+d12 (Fig. 2C).

Western blotting showed expression of Collagen I in all study group containing bands
at ~125 kD, 100 kD and 37-50 kD that corresponded to the Pro-Collagen, Collagen I and
Propeptides forms, respectively (Fig. 3A). Western blots reveal that there is no difference in
mature collagen though procollagen abundance is increased in late pregnancy and postpartum.
Cervix was used as a positive control and a propeptide band is observed that is lacking in the
pubic symphysis. Western blots using a C-propeptide specific antibody (Gift from Dr. Larry
Fisher, NIH) reveals the presence of C-propeptides at all time points (Fig. 3B). No significant
changes in expression were observed. Western blotting for Decorin, evidanced expression of it
throughtout pregnancy and at NP mouse with no significant changes among the groups (Fig.
4).

Fluorophore-assisted carbohydrate electrophoresis (FACE) GAG assay result from

interpubic tissue. The following disaccharide were detected from this experiment: chondroitin
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disaccharide Ddi-0S, chondroitin disaccharide Ddi-4S, chondroitin disaccharide Ddi- 6S, and
hyaluronic acid disaccharide Ddi-HA (Fig. 5A). An increase in Ddi-HA was observed when
comparing late pregnant tissue to early-pregnant tissue.

PS and IpL were utilized to evaluate temporal changes in HA molecular weight (Fig.
5B). Samples were run on agarose gels along with high and low molecular standards. Only
high molecular weight HA was observed throughout pregnancy. It was possible to observe a
gradual growth of HA until d16 and after that the HA evidenced greater amounts by the end of
pregnancy. 24 hours after birth high molecular weight was still abundant and started to
decrease at 72hpp.

Quantitative real-time PCR revealed Has 1 and Has 2 expression in the mouse PS
during pregnancy (d11+d12 to d18.75) and postpartum (2-4hpp and 24hpp). The relative high
expression of Has 1 had its abrupt growth on d18.75 when the ligament is already formed and
reaches its maximal remodeling state (Fig. 6A), after that, it decrease significantly and it is
very similar to the d11+d12. Has 2 had an intermediate relative expression and again reached
its peack on d18.75 but differently from Has 1 continues to increase on 2-4hpp and decreases
drastically after 24hpp (Fig. 6B). Has 3 was low express in the interpubic tissue (data not
shown). Both Hyaluronidase 1 and 2 had an intermediate relative expression and
Hyaluronidase 1 was essentially unaltered throughout gestation (Fig. 6C). In contrast,
Hyaluronidase 2 had significant diference whenever comparing d18.75 to the beginning of the
interpubic tissue changes, d11+d12 and d15 (Fig. 6D). Versican (Fig. 6E), a disintegrin and
metalloproteinase with thrombospondin repeats-1 (Adamts 1) (Fig. 6F) and Adamts 2 (Fig.
7A) had a relative high expression with the three of them peaking by the end of pregnancy, on
d18.75, after that, having similar decreasing. A Real time-PCR for Adamts 4 was also
performed but only an intermediate expression was observed with no significantly changes
throughout pregnancy (data not shown). Lysyl Oxidase (Lox) (Fig. 7B) showed relatively high
gene expression, with an increase on d18.75 that maintained high until 2-4hpp followed by a

slight decrease in expression by 24hpp.
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DISCUSSION

The PS needs to go through modifications during each step of the pregnancy, which
allows in certain moments to have a more compact, dense, rigid tissue or even a soft and
elastic one. These modifications are possible due to changes on the extracellular matrix and its
components. This rigidess or softness is determined by both production and degradation of the
ECM molecules (Nakamura et al., 2005).

In the uterine cervix from primates and rodents changes of collagen content solubility
are widely known during the final stage of pregnancy (Read et. al., 2007; Zhao et. al., 2000).
As described by Zhao et al., 2000, in the mouse PS on 18.5 day of pregnancy the water content
increased 20% whenever comparing to virgin controls. Our results evidenced that there is a
gradual increase in water content throughout pregnancy, which can help to understand the
increase in wet weight of the PS during this period. The increase of water content reached its
peak on d19 IL (in labor) close to 20% increased, a little latter than Zhao’s findings. The
controled increase in water content is necessary since the PS not only works as part of the
reproductive tract but also contribute to the mechanical integrity of the pelvic girdle
contributing to cartilage stability, allowing minimal movements during most activities
(Gamble et al., 1986).

Both collagen content and collagen solubility did not change throughout pregnancy.
Though not significant, there was a trend for increased solubility from d11/12 onwards 24hpp
maybe being important in restoring the strucuture rather than during pregnancy. Even though
the solubility of collagen is not the key factor to changes in the PS, collagen al is relative high
expressed throughout pregnancy (data not showed) with no changes among the study groups
and it was also confirmed by Western Blotting along with the In order to understand how
remodeling occurs, since the collagen content was unchanged yet collagen was more
extractable, it was important to understand what other components of ECM were changing.

Proteoglycans and GAGs are important members participating in the determination of
biomechanical properties of connective tissues (Culav et al., 1999; Kaneko et al., 2001).

Regarding the biochemical characterization of proteoglycans and ultrastructural
aspects of their association with collagen fibrils in the PS and IpL in mice during pregnancy, it

was shown that the small proteoglycan decorin appears associated with the D-banding of
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fibrillar collagens and that this association could contribute to increase the resistance to tensile
forces, and that probably participate in the supramolecular arrangement of collagen fibrils
during the formation process of the ligament in the middle of pregnancy (Pinheiro et al. 2005
). The proteoglycan decorin it is known to link to collagen molecules and “decorate” the fibrils
perpendiculary and to be involved in determining the diameter of collagen fibrils
(Fleischmajer et al., 1991). In this study decorin remained constant throughout pregnancy.
This constancy may emphasize its participation throughout the entire pregnancy. This result
agrees with the Western Blotting that showed decorin in all study groups with no significant
differences among them.

The enlargement of the IpL in mice has been explained in part by significant changes
observed in different extracellular matrix components, such as: the degradation of collagen
fibers or remodeling induced by metalloproteinases, increased hydration of macromolecules,
such as the hyaluronic acid (HA) (Garcia et al., 2008; Rosa et al., 2008; Weiss et al., 1979,
Zhao et al., 2000).

The accumulation of water can contribute to the extensibility of the IpL that occurs in
late pregnancy, and consequently the accumulation of hyaluronic acid could facilitate
remodeling processes after birth in order to optimize their participation in the tissue repair
processes, particularly through the process of tissue remodeling and repair (Cordo-Russo et
al.,, 2009; Frank et al., 1999; Kikuchi et al., 1996) and its recognized role as the main
component of the extracellular matrix with water-holding capacity (Boraldi et al. 2003;
Hascall et al., 1997). Previous studies observed a gradual increase of HA in the IpL throughout
late pregnancy (Garcia et al., 2008) as it was seen here with FACE. Adding to that, the
molecular weight experiment indicated that only high molecular weight of HA is evidenced in
the PS during pregnancy and post-partum. In the uterine cervix, there is a predominance of
high molecular weight of HA but also small sizes by the end of pregnancy and primarily post-
partum period (Ruscheinsky et al., 2008). Also, the mRNA expression of hyaluronidase 1 and
2 is upregulated in the postpartum cervix according to Straach et al., 2005. All of these datas
differ from the PS results observed here, suggesting that the remodeling process that the PS
undergoes through pregnancy is different from the cervix.

The molecular weight and concentration of HA are important in determining their
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function (Cordo-Russo et al., 2009). It is suggested that high molecular weights, play
structural roles and promote the integrity of tissues, providing viscoelastic properties of gap-
filling when the collagen fibers spread and disrupt by the end of pregnancy (Almond, 2007). It
is suggested that Has (Hyaluronan synthases) 1 and 2 synthesize high molecular weight of HA
(Camenisch and McDonald, 2000), both very relative high expressed in the PS primarily by
the end of pregnancy. In agreement with these results it was observed relative low gene
expression in the hyaluronidases that are responsible for the HA breakdown.

The hyaluronic acid and also versican, works by holding water molecules and could be
responsible for the hydratation of the IpL during pregnancy, allowing elongation of the
structure (Pinheiro et al., 2005).

The proteoglycan versican has a great structural importance and is involved in gap-
filling and hydrating tissues. It can bind to HA and form aggregates (Pinheiro et al., 2005). It
was suggested in the mouse PS that the versican, may have influenced the emergence of
different types of filaments, whether shorter or longer (Pinheiro et al., 2005). The results now
confirm that their relative high expression is actually more pronounced in late pregnancy as it
was suggested before. Four isoforms (V0-V3) of versican are known (Wight, 2004). Recent
studies have shown VO and V1 cleavage by ADAMTS1 and ADAMTS4 (Russell et al., 2003;
Sandy et al., 2001), and V2 cleavage by ADAMTS4 (Westling et al., 2004). Aggrecan is very
abundant in cartilages, while versican has a rather broad distribution in tissues (Zako et al.
1995). Both Adamts 1 and 2 were relative high expressed in the PS throughout pregnancy and
they seem to have the similar trends as versican results suggesting their involvement in
versican cleavage.

Enzymes as Lox, are able to establish cross-links between the collagen molecule sites,
near the regions N-and C-terminal. The relative expression of Lox had significant variation
over the course of pregnancy and it was significant in d15 and d18 comparing to d11 + d12,
which was observed variation in diameters of collagen fibrils (Rosa et al., 2010-submitted).
These results support the idea that the PS undergoes modifications to the interpubic ligament
formation, performing new cross-links to form a new structure. The lysyl oxidase gene is more
expressed in the uterine cervix of the rat (Drewes et al. 2007; Ozasa et al., 1981). LOXLI, is

responsible for the polymerization of elastin in the ECM, and in the mouse LOXLI1 gene
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deficiency, it is observed, syndromes that affect the skin, lung, large arteries and other organs,
induces pelvic organ prolapse after delivery (Liu et al., 2004).

The correlation of all results obtained in this study suggest that since there were not an
increase in collagen content and also no increase in collagen solubility during pregnancy, the
fibrils that are resident are breakdown by metalloproteinase’s in the beginning of pubic
symphysis changes (Rosa et al., 2010) and these fibrils during pregnancy undergo a
rearrangement to allow the formation of the interpubic ligament. This rearrangement of the
fibrils and also a reorganization of matrix molecules is accomplished by MMPs, LOX, Small
proteoglycans, HA, Versican and ADAMTS. All these elements together make a more soft
tissue that is necessary in order to help the birth canal formation along with other tissues. The
HA being the key factor for the enlargement of the pubic symphysis.

Understanding the molecules organization observed in the remodeling process that the
pubic symphysis of the mouse goes through pregnancy could help to prevent pubic symphysis

dysfunctions.
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FIG. 1. Influence of gestation on wet weight of wild type mouse interpubic samples {Pubic
symphysis [non pregnant (NP) and gestation (days 10-12)] and interpubic ligament [gestation
(days14-18.75) and post partum (pp) 2-4, 24 and 72 hours]}. Each column represents the mean
+ SEM. Wet weight. Significant difference *p<0.05, and ~ p<0.01 when compared to 18.75

for pregnancy days and also post partum period that were analyzed.
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Fig. 2 Water (A), total collagen (B) (deduced from hydroxyproline values) and soluble
collagen contents (C) extracted from interpubic samples {fibrocartilagineous symphysis [non
pregnant (NP) and gestation (days 11-12)] and interpubic ligament [gestation (days15,18.75
and 19-In labor) and post partum (pp) 2-4, 24 and 72 hours]}. Water content (A) is defined as
the difference between the wet and dry tissue weights (mg) and expressed as a percentage.
Significant difference was found whenever compare d11+d12 to d19 IL relate to water content

and to 24 hpp to % soluble collagen values (P<0.05).
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FIG. 3. Panel A, Immunoexpressinon (Western analysis) of collagen tipe I protein in both
pregnant mice cervix (gestation d18.75) and interpubic samples {fibrocartilagineous
symphysis [non pregnant (NP) and gestation (days 10-12)] and interpubic ligament [gestation
(days15-18.75), partum (19 IL) and post partum (pp) 2-4, 24, 48 and 72 hours]}. Western blots
reveal that there is no difference in mature collagen though procollagen abundance is
increased in late pregnancy and postpartum. Cervix was used as a positive control and a
propeptide band is observed that is lacking in the pubic symphysis. Free C-propeptide levels
do not change during pregnancy. Panel B, Western blots using a C-propeptide specific
antibody (Gift from Dr. Larry Fisher, NIH) reveals the presence of C-propeptides at all time
points, no significant changes in expression were observed. This suggests that a decline in

processing is not due to a decline in C-propeptide processing.
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FIG. 4. Western analysis of Decorin in interpubic samples {fibrocartilagineous symphysis
[non pregnant (NP) and gestation (days 10-12)] and interpubic ligament [gestation (daysl15-
18.75) and post partum (2-4, 24, 48 and 72 hours)]}. Samples that were put through an
enzymatic treatment demonstrated that decorin does not change throughout pregnancy and

post partum.
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FIG. 5. Panel A, FACE result showing an increase in HA throughout pregnancy and
postpartum. It was possible to observe an increase of HA at the final stage of pregnancy, when
the pubic symphysis is completely open and its remodeling process very accentuated and it
still up even after birth. It was possible to observe the presence of chondroitin disaccharide
ADi-0S, chondroitin disaccharide ADi-2S, chondroitin disaccharide ADi-4S, chondroitin
disaccharide ADi-6S, and hyaluronic acid ADi-HA. The second lane contains 10 and 50 pmol
sugars. Panel B. Assessment of hyaluronan molecular weight during pregnancy and post
partum period. Samples of fibrocartilagineus pubic symphysis (gestation d11+d12), interpubic
ligament (d15-d18.75) and post partum (2-4hpp, 24hpp) were used. Sizes of high molecular
weight HA standards are indicated to the left of the gel. Equal Hyaluronan molecular weight
does not change throughout pregnancy and post partum period (A). It was possible to observe

only HA with high molecular weights throughout pregnancy and post partum.
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FIG. 6. Expression of Hasl1(A), Has2 (B), Versican (E), Adamts 1(F) was significantly up-
regulated at the end of gestation and down-regulate 2-4h post partum with the exception of
Has 2 that was down regulated by 24 hpp. Hyaluronidase (C) do not change significantly
during gestation and post partum. Hyaluronidase (D) appears to increase significantly from
d15 to d18 of gestation and does not decrease significantly at post partum. Relative expression
was quantified and normalized to the house keeping gene 36B4. Data represent mean + SEM
of four interpubic ligament (d15, d18.75, 2-4hpp, 24hpp) and eight fibrocartilagineus pubic
symphysis (d11+d12, one of each time point). Significance*p<0.05, **p<0.01 and

*#%p<(0.001 are indicated when compared with d18.75 for all genes analyzed.
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FIG. 7. Expression of Adamts2 (A), Lox (B) was significantly up-regulated at the end of
gestation, but at 2-4 h post partum only Adamts2 was significantly down-regulate. Relative
expression was quantified and normalized to the house keeping gene 36B4. Data represent
mean = SEM of four interpubic ligament (d15, d18, 2-4hpp, 24hpp) and eight
fibrocartilagineus pubic symphysis (d11+d12, one of time point). Significance*p<0.05,
*#p<0.01 and ***p<0.001 are indicated when compared with d18.75 for all analyzed genes.
All days were normalized to day 18.75.
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5. CONCLUSOES

- As MMPs juntamente com as cathepsinas sdo as responsaveis pela quebra das fibrilas
de coldgeno na sinfise pubica durante a prenhez em camundongos;

- A MMP-2 ¢é a metaloproteinase que mais obteve destaque no processo de remodelacao
da sinfise pubica do camundongo;

- A abertura da sinfise pibica ndo € devida a solubilidade do coldgeno e nem ao
aumento do conteido do mesmo;

- A variacdo: diametro da fibrila de coldgeno + cte expressdo de coldgeno I (WB, Real
time PCR) + aumento no processamento de pro-coligeno I (WB), sugerem uma
degradacao ripida e acentuada das fibrilas, simultaneamente ha um aumento da sintese
do mesmo, mantendo sua expressao constante durante toda a prenhez;

- O Acido Hialur6nico (AH) é um grande candidato para ser o fator principal na abertura
da sinfise pubica do camundongo;

- Na sinfise pubica apenas AHs de grandes pesos moleculares sdo observados durante a
prenhez, sugerindo uma participacdo estrutural no modelo em questdo, coincidindo
com a relativa baixa expressdo das hialuronidases;

- A relativa alta expressdo de pequenos proteoglicanos (Decorin, Biglican) como
também de Versican, AH sugerem profundas modificagdes na matriz como um todo

para a formagao do ligamento interpubico no final da prenhez.
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