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RESUMO

A sinfise pubica é uma articulac@o ndo sinovial, do tipo anfiartrose, gque conecta os
dois 0ss0s pubicos através de um disco fibrocartilaginose. Durante & prenhez, a sinfise
pubica de camundongos passa por numerosas modificacbes estruturais, facilitadas por
hormébnios, a fim de permitir a passagem dos fetos pelo canal de parto. Essas modificacbes
incluem um aumentc da flexibilidade dessa articulacdo e a transformacdo do disco
firocartilaginosoe em um ligamento interplbice flexivel e elastico. O desenvolviments do
ligamento interpdbico envolve o aumento da biossintese dos componentes da matriz
extracelular, principaimente colageno, proteoglicanocs e glicosaminogiicanos e a mudanca na
relacdo entre sintese e degradagdo dos mesmos. Levando-se em consideracie que ©
tumover desies componenies na sinfise de camundongos foi caracterizado por estudos
bioguimicos e de microscopia de luz, pouco se sabe a respeito dos aspecios ulira-estruturais
e hisioguimicos de componentes da matriz extraceiular, tais como os proteoglicancs e o
colageno tipe VI, bem como das interagbes enire as diferentes macromoléculas
extracelulares. Esses aspectos sdo importantes porque podem ajudar a entender as relacbes
entre os diferentes componentes da matriz extracelular nesse modelo. Nesse sentido, o
objetivo desse trabalho foi caracterizar os glicosaminoglicanos, proteoglicanos e colageno
tipo VI na articulagdo interplbica de camundongos nos diferentes estagios da prenhez.
Atencao especial foi dada para as interagOes entre proteoglicanos e colagenc VI com ocutras
macromoléculas da malriz. Para isso, foram empregadas andlises citoquimica,
imunohistoquimica, usc de sonda para deteccdo de acido hialurbnico, além de analises
bioguimica e ultra-estrutural. Os resultados obtidos demonstraram que: 1) os proteoglicanos
presentes na sinfise pubica de animais virgens sdo tecido-especificos e refletem as fungbes
mecénicas de cada um dos tecidos no papel biologico global da sinfise plbica. 2) existe uma
variagdo na quantidade e distribuicdo dos glicosaminoglicanos e proteoglicanos, como, por
exempio, o aumento de condroitim sulfato e o 4cido hialurénico, durante a prenhez. Essas
observacbes indicam que os proteoglicanos e glicosaminoglicanos devem ter um papel
importante na formacgdo do ligamento interpibico e no aumento da extensibilidade desse
ligamento no final da prenhez de camundongos. Estas macromoléculas podem ter um efeito
importante nas propriedades de {ens&o do tecido. 3) A distribuicio do coldgeno tipo Vi na
sinfise pubica de camundongos virgens e prenhes & diferente nos varios tecidos que
compdem essa articulacio. Essa diferenca pode refietir exigéncias funcionais diferentes para




Resumo

esse tipo de coldgenc. A localizacdo pericelular sugere um papel na regulacéo da interacao
célula-matriz, protegendo 2 célula conira estresse mecanico. Entretanio, a interacéc do
colageno tipo Vi com oulros componentes da matriz extracelular fais como colagencs

fibrilares pode ter um importante papel na organizagao do espaco interfibrilar, provaveimenie
associado s propriedades elasticas do tecide.




SUMMARY

Pubic symphysis is 2 nonsynovial amphiarthrodial joint that connecis the two pubic
hones by a fibrocartilaginous disk. During pregnancy, the mouse pubic symphysis undergoes
a number of hormonally facilitated structural modifications {o enable the passage of the
fetuses through the birth canal. These modifications include an enhanced flexibility of the joint
and the transformation of the fibrocartilaginous disk into a flexible and elastic interpubic
tigament. The development of the interpubic ligament involves an increase of biosynthesis of
the extracellular matrix components, mainly collagen, proteoglycans and glycosaminoglycans,
in addition fo 2 change in the relation between the synthesis and degradation of such
components. The tumover of these components in mouse symphysis has been well
characterized by biochemical studies and light microscopy. However, relatively litle is known
about the ultrastructural and histochemical aspects of the extraceliular matrix components,
such as proteogivcans and type Vi collagen, as well as the interactions between different
extracellular macromolecules. These aspects are important since they can help in the
understanding of the relationship between the different extraceliular matrix components in this
model. Hence the aim of this study was {o characterize the glycosaminoglycans,
proteogiycans and type VI collagen in the mouse interpubic joint through the different stages
of pregnancy. Special attention was given to the interactions between proteoglycan and type
Vi collagen with other matrix macromolecules. The methodology used involved cytochemical
analysis, immunohystochemistry, hyaluronic acid probes, biochemical and ultrastructural
analysis. The resuits showed the following: 1) Proteoglycans present in virgin pubic
symphysis were fissue specific and reflected the mechanical functions of each tissue in the
overall biological role of the pubic symphysis. 2) There is a vanation in the amount and
distribution of the glycosaminoglycans and proteoglycans during pregnancy as, for example,
a greater presence of GAGs, such as chondroitin sulphate and hyaluronic acid. These
observations indicate that proteoglycans and glycosaminoglycans must play an important role
in the formation of the interpubic ligament along with its increased extensibility during late
pregnancy in the mouse. These macromolecules may have important effect on tensile
properties of this tissue. 3) The distribution of type VI collagen in virgin and pregnant mice
pubic symphysis is different in various tissues that compose this joint. This may reflect the
different functional demands for this coliagen. The periceliular localization suggests a rcie in
the regulation of cell-matrix interaction, protecting the cell against mechanical stress.




Summary

However, the interaction of type VI coliagen with other ECM components, such as fibrillar
collagens, may also play an important role in the organization of the interfibriliar space,

probably associated with elastic properties of the tissue.
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1. INTRODUCAO

1.1. Caracteristicas morfoldgicas da sinfise pibica

As articulacdes ou junturas sdo unibes funcionais existentes enfre quaisquer paries
rigidas componenies do esqueleto, sejam 0ss0s ou cartilagens. Elas permitem, ndo somente
a unido entre essas estruturas, mas também a mobilidade entre essas partes. As
articulacbes variam em estrutura e disposicdo, sendo freqlientemente especializadas para
desempenhar determinadas fungbes. No entanto, apresentam aspectos estruturais e
funcionais em comum, sendo classificadas em trés grandes grupos, baseando-se no grau de
movimente e na natureza do elemenio gue se interpdem as pegas que se arliculam: juniuras
fibrosas (sinartroses) ou imdveis, juniuras cartiiagineas {anfiartroses) cu com movimentos
limitados, e junturas sinoviais {diartroses) ou junturas de movimentos ampios (Gardner et al,
1988; Gray, 1988).

Nos mamiferos, a sinfise pdbica é uma articulaco cartilaginea, ndo sinovial, gue
possui um grau limitado de movimento resuitante da deformacéo de um coxim de conexao
existente entre os ossos pubicos (Gamble et al., 1986; Gray, 1988). Esse coxim pode ser
formado por cartitagem hialina (sincondrose) ou fibrocartilagem (sinfise}), de acordo com a
espécie animal (Ruth, 1932; Gambie et al., 1988; Ortega et ai, 2001).

O termo sinfise, de origem grega, significa “crescendo junto”, sendo que tal
denominacéo € bastante apropriada, quando se descreve a articulacdo que estd localizada
na confluéncia dos 0sso0s plbicos. Nesse contexto, cada osso pubice consiste de um corpo e
dois ramos; na puberdade, ¢ ramo superior funde-se ac ilic e o ramo inferior ao isquio. A
face sinfisal do corpo de cada osso € recoberta por uma fina camada de cartilagem hialina,
gue se une a do lado oposto por uma massa fibrocartilaginosa, o disco interplbico. Assim, a
sinfise pubica faz a conexdc dos corpos dos 0ssos plbicos no plane mediano (Hall, 1847
Talmage, 1947a-b; Crelin, Levin, 1955; Storey, 1957; Steinetz et al., 1965; Ham, 1972;
Gambie et al., 1986; Sgambati et ai., 1996).

Estudos biomecanicos da pelve humana mostraram gue os ossos do quadril atuam
como arces, transferindo o peso do pilar principal da regido sacral para o quadril. A sinfise
pubica faz a unido desses dois arcos, sendo 3 integridade mecanica da articulagdo mantida
por um conjunto de ligamentos, denominados circunferenciais. Os ligamentos suprapubico,




introdugdo

pubico anterior e plbico posierior pouco conbribuem para a esiabilidade de toda 2
articulacdo, enquanto o ligamento pubico inferior ou arqueado é o principal promotor da
astabilidade (Gambile et al, 1986; Gray, 1988, Sgamballi et al., 1988). Embora esses
ligamentos sejam morfologicamente classificados como quatro estruturas distintas, eles
agem de forma difusa e harmonica, como se fossem uma estruiura Unica & continua. Juntos,
eles neulralizam as forgas de tensao e cisalhamento, permitindo um movimento minimo da
articulacdo duranie a maioria das atividades do individuo (Gambie et al., 1988).

A pelve feminina difere da masculina por apresentar 0ossos mais delicados e anatomia
menos robusta. Além disso, as dimensdes externas da pelve s&o maiores em machos,
enquanto gue dimensdes intemas sfo maiores em f&meas, o que tomna a cavidade péivica
feminina mals rasza e larga {(Camble et al., 1986; Gray, 1988). Graus varidveis de dimorfismo
sexual $80 classicamente descritos no homem {Crelin, 18680} e em modelos experimentais
como o camundongo (Gardner, 1836; Crelin, Levin, 1885; Crelin, 1980), o rato (Crelin,
Brightman, 1857, Bemnstein, Crelin, 1967, Uesugi et al., 1992), o coelho (Lovell, 1865) e o
morcego {Crelin, Newlon, 1889). Como a pelve, a sinfise iambém exibe dimorfismo sexual,
apresentando o disco interpibico mais delgado, porém alongado no sentido vertical em
machos, e mais largo em fémeas. A mobilidade da articulacéo interpubica nas fémeas é 2-3
mm maior do gue em machos; além disso, as mudangas hormonais e mecanicas que
ocorrem na prenhez contribuem para que essa mobilidade aumente para 810 mm. Essas
diferencas anatOmicas refletem as adaptacdes necessarias para o pario (Crelin, 1968b;
Gambie et al., 1888; Gardner et al., 1988; Sgambati et al., 1996).

Durante a prenhez, a pelve de mamiferos passa por extensas maodificacbes com
intuito de proporcionar um parto normal. Esse processo esta sob controie hormonal e requer

adaptacbes tanto da cérvix do Oterc como de toda a pelve, incluindo a sinfise plbica
{Sherwood, 1984).

Com relacdo a sinfise pabica, as alteracbes estruturais levam a mudancas na
estabilidade apresentada pela articulag@o, que variam conforme a espécie. Dentre essas
alteracdes, verifica-se um aumento da flexibilidade da sinfise que pode ou nédo estar
associado a separacao dos 0ss0$ pubicos, em decorréncia da transformacédo do disco
fibrocartilaginoso, em um ligamente interpibice. Tanto o aumento da flexibilidade come ©
aumento do didmetro do canal de parto s3o vitais para ¢ sucesso do partc em vérias
espécies (Hall, 1947, Talmage, 1947a-b; Wahl! et al., 1877; Schwabe et al., 1978; Gamble et
al., 1986; Sherwcod, 1984).
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A transformacéo da articulaglo fibrocartilaginosa em um ligamento flexivel e
extensivel, durante a prenhez, foi descrita em varias espécies, incluindc a cobaia (Ruth,
1937, Talmage, 1847a-b; Wanl et al., 1977), o morcege (Crelin, 1969a; Crelin, Newton,
1969), o camundongo (Gardner, 1838; Hall, 1947, Steinetz et al,, 1957; Storey, 1957, Linck
et al., 1975) e o homem {Crelin, 1889b; Vix, Ryu, 1871; Gambie et al., 1986). No entanto, tal
processo ndo é cbservado em espécies como, por exemplo, ratos e coslhos (Ruth, 1832,
Creiin, Brightman, 1857, Samuel et al, 1998; Oriega et al., 2001).

O afastamento dos ossos pubicos, em camundongos, inicia-se por volta do 12° dia de
prenhez com o desenvolvimento do ligamento interplbico, podendo este aumentar em média
imm por dia até o pario, que geraimente ocoire na noite do 19° dia de gestagdo. A
separacdo dos 0ssos pubicos se deve ndo somente 3 formacao do ligamento, mas em parte
pelo entumescimeanto da cartilagem hialina que recobre as superficies articulares, reabsorcéo
das superficies mediais desses vssos, e posterior substituicdo da regido de osso reabsorvido
& da cartitagem articular por tecido conjuntivo fibroso que compdem o ligamento. Nas etapas
finais do processo de afastamento dos 0ss0s pibicos, inicia-se o relaxamento do ligamento
interpUbico, resultante da dissociacdo dos componentes da matriz extracelular (MEC) do
tecido conjuntive (Hall, 1947; Talmage, 1947a-b; Hisaw, Zarrow, 1950; Perl, Catchpole, 1850;
Frieden, Hisaw, 1953; Steinelz ot al., 1957; Storey, 1957; Cullen, Harkness, 1960; Wahi! et
al., 1977, Schwabe et al.,, 1978).

Apbs o parto, a reaproximacio dos ossos pubicos se faz necessaria para gue ocorra
o restabelecimento rapido da forma e funcfo da articulac@o. Esse processo reguer a
involucao do ligamento interpUbice, permitindo que a estrutura da sinfise retome & dimenséo

e aparéncia semelhantes aquelas de um animal virgem (Hall, 1947, Steineiz et al., 1957;
Storey, 1957; Hom, 1860).

Embora as evidéncias disponiveis indiquem o estrogeno e a relaxina como
componentes reguladores chaves das transformacdes da sinfise pibica durante a gestacéo,

ainda existem aspectos desconhecidos do mecanismo precise da influéngia hormonat nesse
processo.

Nesse contexto, o estrogeno estd associado & formacéo do ligamento interpubico
levando ao afastamento dos 0ssos pubicos e cabe a relaxina um importante papel, induzindo
o relaxamento do ligamento, com conseqlente aumento da flexibilidade da articulacéo.
Assim, as mudang¢as gque ocorrem na sinfise piibica de modelos como a cobaia e o
camundongo, durante a prenhez ou experimentalmente pela acdo combinada de hormdnios

L)
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estrogénicos e relaxina, podem ser divididas em dois processos: 1) separacio dos ossos

pubicos e 2) relaxamenio do ligamento interplbico (Talmage, 1947a-b: Perl, Catchpole,
1950; Crelin, Levin, 1955).

Entretanto, devemos levar em consideracic gue, em animais  tratados
experimentalimente com horménios, a separacioc dos 0ssos plbicos pode ser induzida pela
ag&o de um Unico hormdnio, o estrégeno, enquanto que o relaxamento é causado pela acdo
de um segundo horménio, a relaxina, apés tratamento prévio com estrégeno. Isto certamenie
néc & o que ocorre durante a prenhez, em que a influéncia continua de ambos os horménics
leva a mudangas no tecido sinfisal (Talmage, 18473).

1.2. Aspectos gerais sobre o tecido conjuntivo @ a matriz extracelular

Os tecidos conjuntivos s&o responsaveis pela definicio e manutengdo das formas do
corpo, sendo a MEC mais abundante do que as células que ela envoive. De fato, a matrizé o

componente principal do tecido conjuntivo e responde pelas propriedades fisicas desse
tecido.

A MEC corresponde aos complexos macromoleculares relativamente estaveis,
formados por moléculas de naturezas diferentes, que sfo produzidas pelas células

modulando a estrutura, fisiclogia e biomecéanica dos tecidos (Hay, 1991; Carvalho, Recco-
Pimentel, 2001).

O emprego de métodos especificos e sensiveis na investigacio de aspectos da
remodelacdo da MEC tem proporcionado uma rapida evolucéo no conhecimento dos seus
compenentes e interagbes. Ao mesmo tempo tem explicitade que, além de fornecer o
suporie estrutural para os tecidos, a matriz se constitui em importante meio através do gual
tfransitam informagbes entre células, podendo influenciar o comportamento celular e
participando direta ou indiretamente de uma série de processos que incluem morfogénese,
diferenciacéo e migrago celulares (Kielty et al., 1992; Martinez-Hemandez, Amenta, 1993;
Huijing, 1999).

De modo geral, a MEC pode ser dividida em 3 componentes principais: os fibrilares,
0s néo fibrilares e as microfibrilas. Os fibrilares s&o representados pelos colagenos fibrilares
e pelas fibras do sistema elastico; j& os componentes ndo fibrilares correspondem aos
proteoglicancs e ao grande grupo de glicoproteinas ndo colagénicas. As microfibrilas da
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MEC s3o formadas pelo colageno Vi e pelas microfibrilas associadas 3 elasting, sendo que

as primeiras pertencem & superfamilia dos coldgenos e as Gitimas formam com a elastina, o
sistema elastico (Carvalho, Recco-Pimentel, 2001).

As variagbes nas quantidades relativas dos diversos tipos de macromoléculas, bem
como suas complexas interacbes moleculares e celulares definem os  arranjos
tridimensionais caracteristicos das diferentes modalidades de tecido conjuntivo, resultando
em uma matriz que se adapta as demandas funcionais especificas de cada érgéo (Kielty et
al., 1992).

O principal componente da maioria das MECs dos tecidos conjuntivos € o colégeno,
sendo seus aranjos supra-moleculares responsaveis pelz estrutura e funcdo tecidual
{Linsenmayer, 1991; Nimmi, 1883, Birk, Linsenmayer, 1994). Entretanto, deve ser
considerado que, de falo, os arranjos fibrilares nfo sdo estruturas isoladas, mas sim
superestruturas da MEC que resultam de interacbes entre componentes colagénicos & ndo
colagénicos (Huijing, 1999).

Assim como o0s colagenocs fibrilares, as diversas macromoléculas que ocupam ©
espaco exiracelular fazem interacdes e associacbes muitiplas gue garantern & matriz ser
reconhecida como uma unidade funcional singular (Brewton, Maine, 1994). Nesse contexto,
os proteoglicanos e o colageno Vi sdo moléculas essenciais.

Os proteogiicanos pertencem a um grupe distinto de macromoléculas soliveis que
apresentam tanto um papel estrutural como metabdlico, na MEC {lozzo, 1998-99; Cuiav et
al.,, 1999). importantes funcdes dessas moléculas abrangem suporte mecanico, adesédo,

profiferacéc e migragdo celulares, fibrilogénese e organizacdo tecidual (Hakkinen et al.,
1993; lozzo, 1998).

Estudos recentes tém demonstrado a interagéo dos proteoglicanos com constituintes
da matriz como o acide hialurdnico, colageno e elastina, com particular énfase na interacéo
com o coiageno (Birk, Linsenmayer, 1994). Essas macromoléculas séo elementos chaves na
fibrilogénese dos diferentes tipos de colageno e na regulagao do arranjo supra-molecular das
fibrilas na MEC dos tecidos conjuntives (Vogel, 1994; lozzo, Murdock, 1996). Além de se
associarem a outros componentes da MEC, os proteoglicanos sdc conhecidos por estarem
envolvidos na inferacao célula-matriz (Hascall et al., 1991).

Detalhes da biossintese, composicdo biogquimica, distribuicde e fungdo dos
protecglicanos e glicosaminoglicanos nos diferentes tecidos e o6rgdos podem ser




introducio

encontrados em algumas revisdes classicas: Montes, Junaueira, 1988; Heinegard, Oldberg,

1989; Hardingham, Fosang, 1992; Yanagishita, 1893; Vogel, 1984; lozzo, Murdock, 1998;
iozzo, 1998-98.

Agsim como os proteoglicanos, o colageno Vi faz interacbes heterotipicas com outros
componentes da MEC, bem como com receptores celulares influenciando a organizacio e a
fixacéo das células a matriz (Kielty et al,, 1892; Timpl, Chu, 1894, Felisbino, Carvalho, 1929).
Desta forma o colageno V! parece atuar como uma ancora nas interacbes célula-matriz e
matriz-matriz. Nesse contexto, Nakamura et al. (1994) sugerem gue o0s proteoglicanos
possam mediar as interagbes entre o colageno tipe VI e os colagenos fibrilares. Supfe-se
que proteoglicanos/glicosaminoglicanos estejam fortemente relacionados as interagdes:
fibrila de colageno-colageno VI e célula-colageno Vi. (Senga et al., 1995; Wiberg et al.,
2001).

Os aspectos referentes a estrutura, biossintese, distribuicéo e fungdo do colageno Vi
podemn ser encontradas nas seguintes referéneias: Bruns et al., 1988; Keene et al., 1988,
Timpl, Chu, 18994; Felisbino, Carvaiho, 1999; Tulla et al., 2001; Wiberg et al., 2001.

A integridade da MEC é resuliante de um balango dinamico entre sintese e
degradac&o bem como das interagbes de seus diferentes componentes. Mudancas nesse

balanco podem ter efeitos profundos na composicao e organizacéo da MEC, interferindo na
histoarquitetura e fisiologia dos tecidos.

1.3. Remodelacao da sinfise pGbica na prenhez

Os orgéos reprodutores de roedores fémeas respondem de modo semelhante acs de
outros mamiferos, no que diz respeito ao controle hormonal da prenhez, paric e pds-parto,

possuindo estruturas e funcSes definidas pelas caracteristicas do tecido conjuntive (Kroc et
al., 1958).

A cérvix do utero, pelo fato de apresentar o tecido conjuntivo denso como seu
principal componente, possibilita a observacéo de fendmenos que ocorrem na MEC, em
virtude da sintese, deposicdo e reabsorcdo de suas macromoléculas (Golichowski et al.,
1980; Juncueirg et al., 1980; Downing, Sherwood, 1986; Vasilenko, Mead, 1987; Winkler,
Rath, 1999).
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Assim como a cérvix, o ligamento interpubice € constituido por um tecido conjuntivo
homogéneo, onde a remodelacdc da matriz ocomrre rapidamente durante a prenhez em
resposta aos estimulos hormonais, favorecendo subsianciaimente o estudo de fendmenos
gue dizem respeito a MEC (Wahl et al, 1977).

Embora as caracteristicas morfolégicas da sinfise e do ligamento interplbico de
varias especies de mamiferos tenham sido exploradas a microscopia de luz, s0 escassos

os relatos que enfocam o©s aspectos bioguimicos e histoguimicos dos componentes
macromoeleculares da MEC nessa articulaco.

A caracterizacdo bioquimica de componentes da matriz da sinfise plbica mostrou gque
ela é fundamentalmente sintelizada e secretada pelos fibroblastos. A matriz é constituida
principalmente por agua (60 a 70%), sendo gue o colageno contribui com 30 % do peso seco
da fibrocartiiagem. Aproximadamente 85% do colageno € do fipo | e 15% do tipo Il, havendc
uma pequena quantidade de colageno do tipo V (Samuel et al., 1998). No que diz respeito
gos glicosaminoglicanos fol identificado o acido hialurénice e, dentre os sulfatados, ©
condroitin sulfate como principal componente, seguido de dermatam sulfato e de uma fracdo
n&o identificada (Viell, Struck, 1987). Do ponto de vista morfoldgico, a sinfise plbica é
composia por uma trama fibrilar de colageno, densamente empacotada, que circunda os
fibroblastos, na qual se encontra pouca substéncia fundamental (Hall, 1947; Storey, 1957;
Pinheiro, 1998). Os componentes do sistema eldstico restringem-se a pequenos feixes de

microfibrilas localizadas, principaimente, na fibrocartilagem e na cartilagem hialina (Moraes,
2001).

Os diferentes fatores hormonais e mecanicos, que atuam sobre a sinfise pdbica

durante a prenhez, produzem modificacfes na composicdo e no estado de agregacido nos
componentes macromolecuiares da MEC desse tecido.

Estudos morfoldgicos e bioguimicos mostraram que as aiteracfes gue ocorrem na
sinfise, durante a prenhez ou experimentslmente sob estimulo combinado de homonics
estrogénicos e da relaxina, s8o caracterizadas por uma modificacdo na deposicéo de
complexos macromoieculares da mairiz, bem como na sintese e secrecdo de enzimas
envolvidas no processo de remodelacao, como as catepsinas e as colagenases {Hall, 1947;
Talmage, 1947a-b; Frieden, Hisaw, 1853, Crelin, Levin, 1955; Manning et al., 1965; Steinetz,
Manning, 1987, Chihal, Espey, 1873, Whal et al., 1977; Schwabe et al., 1978; Weiss et al.,
1879; McDonald, Schwabe, 1982; Viell, Struck, 1987). Associada a essas modificagdes, ha a
diferenciacdo de populacbes celulares do tecido conjuntivo. Assim, 0s condrdcitos,
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firocondrécitos e fibroblasios da sinfise passam az sintetizar e secretar quantidades
crescentes de componentes da MEC.

As alteracbes que ocorrem na composicdo da MEC da sinfise pabica variam
conforme a espécie. Em ratos, ocorre uma reducdo no peso da sinfise plbica, atribuido a
uma diminuigZo significante no conteddo de colageno. Juando os niveis de relaxing séo
méaximos (na prenhez ou experimentalmente} tanto © colageno total como a sua
concentracdo (conteado de colageno total em relacéo ao peso seco de tecido) diminuem,
sem no entanto mudar a proporcéo dos tipos de colageno. Analisando as fragbes sollveis &
insolGveis, a relaxing néo tem efeito significative na sclubilidade do colageno. A proporgéo de
colageno soluvel e insoltvel permanece inalterada (1:10) (Samuel et al., 1906-08).

A reducéo no conteldo de coldgenc da sinfise pibica de ratos pode ser atribuido a

degradacio do colagenc pela ativagBo do sistema colagenolitico, sem gue o especitro dos
tipos de colageno seja alierado (Samuel et al., 1956-98).

Quanio ao componente elastico, foram enconiradas fibras elauninicas na mairiz
interterritorial da carfilagem hialina e na periferia dos feixes de fibras de colageno do
pericondrio; alem de fibras oxital@nicas na matriz 2o redor dos condrécites. Com relacéo ao
conteudo total de agua e de glicosaminoglicanos, ndo ocorrem alteracdes significativas na
sinfise pubica de rates, durante a prenhez (Samuel et al., 1998; Ortega et al., 2001).

Ao gue parece, a sinfise pabica de ratos passa por um furmover rapido do fecido
conjuntive durante a prenhez e parto, com discretas modificagbes no contetdo e
organizac@o dos componentes da MEC. Suspeita-se que essas aiteragdes envolvam a

dissociacio e desarranjo do colagenc, porém esses dados ndo s&c conclusivos (Samuel et
al., 1898},

Os achados referentes a sinfise pubica de rafo sd0 contrérios aqueles descritos para
o camundongo e a cobaia, que relatam um aumento na quantidade de colageno total na
sinfise de animais prenhes ou tratados com estrégenofrelaxina e uma diminuicdo na sua
concentracdo. Nessas condigdes, a quantidade de colageno passa a representar 70% do
peso seco do tecido sinfisal. Além disso, a relaxina induz uma mudanga na soiubilidade do
coladgenc, havendc um aumento no conteldo de colageno soltivel em relacdo ao colageno
total @ uma diminuicdo na fracdo insolivel (Wahl et al., 1977, Weiss et al., 1979).

Os dados referenies aos niveis de colagenase s3c contraditdrios. De acordo com

wWah! et al. (1977), esses niveis aumentam, em cobalas, durante a prenhez, mas a sua
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concentracdo permanece baixa, uma vez que 0 peso do ligamento também aumenta. No
entanto, Weiss et al. (1978) encontraram uma atividade aumentada de colagendlise apés a
administracac de relaxinag em camundongos, um resultado gue se assemelha agueles
enconirados recentemente em ratos. No pés parto ha o aumenio nos niveis de colagendlise
do ligamento interpubico, envolvidas no rapido catabolismo do colageno (Wahl et al., 1877).

Estudos in vifro com fibroblastos humanos mostraram que g relaxing diminui 3 sintese
e secrecio de colagenc e aumenta a sua degradacio, uma vez gue esse hormbnioc é capaz

de estimular a expressio da colagenase e diminuir os seus inibidores (TIMP) (Unemori,
Amento, 1990).

Com relacao as fibras do sisterna elastico, ha uma variagdo nos fipos e distribuicdo
das fibras, bem como um aumento no didmetro e no comprimento aparente das mesmas
duranie a prenhez em camundongo. Ao que parece, esse componenie da mabiz exerce
importantes papéis, tanto impedindo o rompimento do figamento duranie a sua evolucao,
guanto recuperando a organizacic dessa estrutura apés o parto (Morass, 2001)

Cufro componente fecidual que muda na prenhez é 2 dgua; seu conteldo aumenta
aproximadamente 20% na sinfise plbica de camundongos, sendo o provavel responsével
pelo aumento do peso iotal do tecido. Esse acrescimo na quantidade de agua pode ser
atribuido a um aumento no contetde de &cido hialurdnico (Zhao et al., 2000). De acordo com
Viel, Struck (1987), a principal mudanca no metabolismo de glicosaminoglicanos da sinfise
pubica de camundongos, apds fratamento com relaxina, € um aumento significante no
conteido de acido hialurbnico concomitantemente a uma redugdo, néo significativa, das
outras trés fragbes de glicosaminoglicanos. Associado a essas modificagdes, esses autores
observaram uma maior atividade da N-acetiiglucosaminidase no soro desses animais,
contraditdrio aos resultados dos glicosaminoglicanos, mas que pode ser interpretado como
uma indica¢ao de estimulo de fumover dessas macromoléculas no tecido.

Recentemente foi demonsirade que em camundongos knockout para ¢ gene da
relaxina, o ligamento interpGbico no final da prenhez ndo distende significativamente devido
a um amranjo mais compacic do colageno;, além disso nao apresentam diferencas
bicquimicas ¢ aumentoc de agua significatives. Isso indica gue durante a prenhez, as
mudancas no colageno (fanto bioguimicas como histolégicas) induzidas pela relaxina devem
ser resultantes da degradacio efou reorganizacéo das fibras coldgenas. Dessa forma, esse
hormbnio parece modular a sintese ¢ degradacfo através da regulacdo da expressdo do
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colégeno, colagenase e inibidores de metaloproteases tecido-especificas (TIMP) (Zhao et al,,
2000).

Embora o mecanismo preciso do relaxamenic do ligamento, nas elapas finais do
afastarnento dos ossos pubicos, seia pouco explorado, sugere-se gue ocorma um rapido
tumnover da MEC. Inicialmente foram levantadas duas hipdteses para justificar esse
processe, uma gue envolveria principalmente a despolimerizacgo dos componentes néo-
fibrilares (Perl, Catchpole, 1950; Frieden, Hisaw, 1951; Caichpole et al., 1952, Crelin, Levin,
1955, Steinetz, Manning, 1967) e outra na gual haveria a dissolugdo de fibras de coldgeno
(Hall, 1947; Talmage, 1947a-b; Storey, 1957, Chihal, Espey, 1873).

Posteriormente, ¢ empregoe de métodos bioguimicos evidenciou gue o relaxamento é
um processo complexo que envolve a degradacdo enzimatica do coldgeno através de
aumento da expressio de colagenase e diminuicdo de seus inibidores, bem como mudangas
na sua arquitetura (Wahi et al., 1977, Weiss et al., 1978). Da mesma forma gue o coldgeno,
componentes da substéncia fundamental, a exemplo dos glicosaminoglicanos, passam por
aiteragdes tanto quantitativas como no seu estado de agregacdo. Tais alieragdes ocorrem

em funcao da sintese e secrecdo de enzimas envolvidas no processo de‘remodeiagéo {Viell,
Struck, 1987).

Frieden, Hisaw (1951} e Golichowski et al. {1980) sugerem que as mudancas na
composicio de polissacarideos da matriz podem afetar as inter-relagbes entre fibrilas de
colageno e desse modo mudar as propriedades fisicas do tecido de érgdes reprodutores,
sob estimulo hormonal. Supde-se que a formagdo de fibrilas e fibras colagenas mais finas,
com mencer quantidade de ligacbes cruzadas, talvez sejam mais susceptiveis ao atague por
enzimas proteoliticas. Esse fator, juntamente com o aumento de glicosaminoglicanos na
sinfise permite a retencdo de moléculas de agua no tecido, levando a um aumento da
permeabilidade e distensibilidade do tecido, facilitando a passagem dos fetos pelo canal de
parto.

Quanto aos aspectos morfolégicos, a transformagao da sinfise pibica, durante a
orenhez ou em condigbes experimentais, pode ser fraduzida como um processo intenso de
sintese e degradacio de componentes da MEC, juntamente a uma reorganizacéo ativa

desses, levando a uma mudanca na histoarquitetura e no grau de relaxamento do tecido
conjuntivo.

0




Intreducio

Durante a prenhez quande hé a formacio entre os 0ssos pubicos, de um ligamento,
este & formado por fibras coldgenas grossas gue apresentam uma ondulacio caracteristica
das fibras colagenas de tenddes e ligamentos, descrita na literatura como crimp (Baer et al,,
1988: Gathercole, Keller, 1891, Carvalho, 1995; Vidal, 1995; Battlehner et al., 1998; Pinheiro,
1908). Nas etapas finais da prenhez, o relaxamento do ligamento € caracterizade pelo
afastamenic das fibras colagenas mais finas, frouxamente empacotadas ou largamente
separadas com considerdvel quantidade de substancia fundamenta! entre elas. As fibras se
mostram menos onduladas e parciaimente dissociadas em componentes fibrilares mais finos.
A anglise ulire-estrutural demonsira que as fibras estao desorganizadas, & em aigumas
areas as fibrilas aparecem digeridas. Ha tambeém uma reducdo dos didmetros fibrilares e
aparecimento de um componente granular difuso sugestivo de um processo de colagendlise
(Chihal, Espey, 1973, Pinheiro, 1998). Esse padrio morfoldgico é semelhante ao descritc na

cérvix utering humana por Jungueira ef al. (1980), o gual permitird a dilatacdo do tecido
necessaria para ¢ momenio do pario.

Embora as caracleristicas morfolégicas da transformacéo da sinfise pUbica em um
ligamento aponiem para um intenso processo de remodelacdo da matriz, em que
iniciaimente ha um aumento da sintese de seus componenies para a formacdo desse
ligamento e posteriormente uma extensiva despolimerizagdo da substancia fundamental e do
colagenc, para que ocorra o relaxamento da estrutura, pouco se conhece sobre a

composicdo bioquimica e os aspectos das interagbes entre os componentes da matriz do
ligamento interplbico.

1.4. Considera¢des finais

A sinfise e o ligamento interpubico, a exemplo de sitios anatbmicos onde o tecido
conjuntivo t8m funcdo predominantemente mecanica, apresentam uma combinagéo
apropriada de dois atributos principais - a capacidade de resistir a grandes forgas de tenséo
{resisténcia & tracdo e compresséo) e a capacidade de recuperar a forma e estrutura quando
essas forcas cessam. Sendo assim, € importante compreender, como seus componentes
macromoieculares - coldgenos, glicosaminoglicanos e proteoglicanos, elasting, sais minerais
e agua - conferem a0 tecido seus alributos mecanicos, ainda que seja dificil determinar as

coniribuicdes individuais desses diversos componentes (Parry et al., 1978; Parry, Craig,
1988}
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O modelo expermental da sinfise pdbica de camundongos constitui um sistema
adequado para o estude do metabolismo de componentes da MEC sob estimulo hormonal,
uma vez que z formacgdo e a degradacio desses componentes ocorre em um pericdo
relgtivamente curio. Além disso, o ligamento interpibico é largaments empregado pars ¢
conhecimento da atividade bicibgica de polipeptideos da familia da relaxina.

De acordo com Zemn, Reid (1993), as influéncias dos componentes da MEC na
fisiclogia e patlofisiclogia s&c dindmicas, mudando constaniements e agregando efeitos
cooperativos com hormdnios, fatores de crescimento e oulros sinais. Assim, o sinergismo
entre os estimulos hormonais, as respostas celulares & os componenies da matriz afetam
tanto a remodelacZo dessa matriz como 2 sintese e secrecdo de hormdnios e fatores de
crescimento. Desse modo, o reconhecimento das modificacBes morfoldgicas e bioguimicas

apresentadas pela MEC é um elemento chave no entendimento da agdo de hormonios e
citocinas.

Portanto, estudos que enfocam aspecios da deposicio e inferaco de componentes
da MEC no processo de transformac8o da sinfise pubica em um ligamenio extensivel,

durante a prenhez, podem contribuir para ¢ conhecimenic da regulacdo metabdlica no
processo de remodelacao da matriz.
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2. OBJETIVOS

Considerando-se as caracieristicas morfoldgicas & bioguimicas da matriz extraceiular,
o processo de fransformacéo gradual da sinfise pibica do camundongo em um ligamento
extensivel, @ o reconhecido papel bioldgico dos proteoglicanos, a proposta do presente
trabalho tem como objativos:

1. Descrever a distribuicdo dos glicosaminoglicanos e proteoglicanos na sinfise
pubica durante a formacéo do ligamento interpiibico na prenhez.

2. ldentificar a natureza quimica dos glicosaminoglicanos constituintes da sinfise de
animais virgens e do ligamento intermpibico duranie a prenhez.

3. Avaliar as possiveis fungbes do colageno tipo Vi, através da sua localizacdo, nos
tecidos que compdem & sinfise pdbica de camundongos virgens e o ligamenio
interpubico, durante g prenhez.

De acordo com os resultadoes obtidos, este trabalho pretende ainda fornecer subsidios
para a compreensac do processo de remodelacdo que ocorre nos mais diversos tecidos
conjuntivos; além de contribuir para trabalhos subseqglientes que visam caracterizar os
componentes da matriz exiracelular e suas interagbes.
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Ultrastructural localization and characterization of the proteogivcans in the

mice pubic symphysis. Monica C Pinheirc, Pauio P Joazeiro, Oswaldo A Mora,
Olga MS Toledo

ABSTRACT

Analysis of proteogiycans {PG) in hyaline cartilage, fibrocartilage and dense connective
tissue, those which constitute the mice pubic symphysis, was studied by electron microscopy
staining with cuprolinic biue dye in “critical electrolytic concentration method” together with
selective glycosaminogiycans degradative enzymes.

Ultrastructurally, proteoglycans were demonstrated as electron-dense granules and filaments
of several sizes PG-granules were exclusively found in hyaline carlilage in interterritorial
matrix and in a regular array around the chondrocytes. They represented supramolecular
aggregates of chondroitin sulfate proteoglycans. in the fibrocartilage and conneclive tissues
ihe staining with cuprolinic blue showed only proteoglycans as filaments. They were identified
by size, topography and susceptibility to enzyme digestion as Fi-filament (40-60nm), &
coliagen fibril-associated also found in hyaline cartilage; F2-filament (70-90nm), localized
preferentially in interfibrillar spaces, arranged between bundies of collagen fibers; F3-filament
(40-70nm), scatiered throughout elastic fiber surfaces. F1 and F2-filaments containing
chondroitin sulfate chains whereas, F3 filaments were heparan sulfate proteoglycans,
according with their susceptibility to specific enzymes.

The proteoglycans present in virgin pubic symphysis were tissue specific and refiects the
mechanical fumﬁéon'of each tissue in the overall biological role of the pubic symphysis.




Ultrastructural localization and characterization of the proteoglycans in the mice publc symphysis

INTRODUCTION

The pubic symphysis is a nonsynovial amphiarthrodial joint formed by two pubic bones
coated by articular hyaline cartilage pads. These pads are linked by 2 dense connective
tissue with a thin central area of fibrecartilaginous tecidual transition (Gamble ef 2/, 1986).
This structure is involved dorsal and ventrally by a fibrous connective tissue. The symphysis
connects the two pubic bones in the midle plan of the pelvis, and circunferential ligaments
provides most of the joint stability, neutralizes shear and tensile stresses, permitting minimal
motion during most activiies of the animal body (Gambile ef a/, 1986; Benjamin and Evans,
1990).

This structure meets the funciional demands placed on it due io the different
connective tissues of which it is composed. Such tissues are tailored to fumish mechanica!
support. The mechanical functions provided by the connective tissues, such as the ability to
resist tension, comprassion and extensibility are determined by the amount, type and
arrangement of the extraceliular matrix macromolecules.

During pregnancy, structural modifications of pelvic girdle occur in many mammalian
species, including rodents and humans, to enable safe passage of fetus at birth and animal
movement (Hali, 1947; Talmage, 1947a; 1947b; Storey, 1857; Crelin, 1960; Lovell, 1965;
Crelin 1969; Crelin and Newton, 1969; Steinetz ef al, 1965; Wahi ef al., 1977; Uesugi ef a/.,
1992; Sherwood, 1994, Samuel ef &/, 19986).

Early histological studies in pubic symphysis showed that during pregnancy the
articular cartilage and the medial ends of pubic bones are partially reabsorbed and the
interpubic fibrocartilage observed in virgin animals is replaced by a flexible and slastic
ligament. This ligament occupies the interpubic gap and sllows sufficient separation of the
peivic bones at parturition (Steinetz ef a/., 1957, Storey, 1957). This process depends on the
hormonal regulation.

Several reporis have shown that the components of exdraceliuiar matrix of symphysial
connective tissues undergoes remarkable changes in the pubic symphysis during pregnancy
in redents and humans (Steinetz ef al., 1985; Viell and Struck, 1987; Samuel ef al., 1996).
However, one lacks a detailed study of the localization and characterization of the
proteoglycans. Information about the pattem of proteoglycans in virgin mouse pubic
symphysis should constitute a useful basis for evaluating changes in proteogiycans
distribution in the symphysis during pregnancy.
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This paper describes an in sifu ultrastructural cytochemical study on the distribution of
protecgiycans of the virgin mouse pubic symphysis. The cationic dye cuprolinic blue used
according to the critical electrolylic concentration associated with specific enzymatic
treatments allowed for an accurate localization and characterization of the biochemical nature
of glycosaminoglycan chains.

MATERIALS AND METHODS

Three-month old virgin female mice of a Bwiss derived strain bred in the outhyside at
the University State Campinas were employed in this study. The animais were housedina 12
hr light/12 hr darkness schedule at 22° C, with unlimited access to food and water. Animal's
studies were conducted in accordance with the Guide for the Care and Use of Laboratory
Animals (National Academy of Science, 1986).

The animals were deeply anesthetized with ether, killed by cervical dislocation, and
the pubic symphysis was removed.

Light microscopy
Specimens were fixad in 4% paraformaidehyde in 0. 1M phosphate buffer for 24 hours
at 4°C, decaicified in 5% EDTA with 4% paraformaldehyde in 0.1M phosphate buffer for one

week at 4°C, dehydrated and embedded in paraffin. Six-micrometer sections were stained by
Masson’s Thricromic technique.

Cuprolinic Blue Staining

Specimens were fixed ovemight (room temperature) in 2.5% glutaraldehyde in 0.025
M sodium acetate buffer (pi 5.8) containing 0.30 M MgChk and 0.2% cuprelinic biue (BDH
Chemicals LTD, Poole, England). After cuprolinic blue staining the tissue slices were washed
(3 times for 10 min each wash) in the same buffer solution without cuprolinic biue, immersed
in 1% agueous sodium tungstate for 30 min, and dehydrated in ascending concentrations of
ethanol, the 30 and 50% concentrations containing 1% sodium tungstate. Thereafter the
slices were embedded in Epon 812. Thin sections of 70-80 nm in thickness were postained
with urany! acetate and lead citrate and examined in a ZEISS EM-800 at 60 kV electron
microscope.
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Enzyme Treatments

For enzymatic treatment the freshly samples were prefixed in 0.1% glutaraldehyde
and 1% paraformaldehyde in phosphate-buffered saling (PBS) at pH 7.4 for 1-2h at room
temperature. Following fixation the slices were washed extensively with the specific buffers 1o
he used for subsequent enzvme treatments. Specimens were then incubated for 24 hr at
2790 with the following enzymes: 1U/mi chondroitin AC-f lvase (EC 4.2.2.5) in 0.05 M Tris-
HC acetate buffer, pH 7.2, containing 0.05 M NaCl; 1U/mi chondroitin ABC lyase (EC 4.2.2.4)
in the same vehicie. The protease inhibitors 0. 1M 8-aminohexanoic acid, 0.01 MEDTA, 0.01
M N-etylmaleimide and 1mM phenyimethylsulfony! fluoride were added to the reaction
mixture in order to prevent proteolyiic reaction. Controls were incubated in the same buffer
solution containing the protease inhibitors but without enzyme. After the enzyme digestions
the pubic symphysis specimens were stained with CB, as described above.

Morphometric Analysis
Distances were measured directly in eleciron micrographs using a Bausch and Lomb
measuring magnifier. A minimum of 100 measurements of proteoglycan filaments was made

in each studied region of tissue of the pubic symphysis. The magnification of the electron
microscope was calibrated with a diffraction grating.

RESULTS

Light Microscopy

The study of Masson’s trichrome section of virgin mouse pubic symphysis by light
microscopy disclosed various features. Basically, the pubic symphysis is formed by the
following structures: a} the articular caps of hyaline cartilage that covered the pubic bones at
the medial ends, b)' the interpubic disk of fibrocartilage sandwiched between the laterally
situated hyaline cartilage and c); a region of dense connective corresponding to the most
superficial layer of pubic joint continuos io the fibrous perichondrium/penosteum.

The hyaline cariilage and fibrocartilage areas of the joint showed typical chondrocytes
surrounded by abundant exiracellular matrix. Cells in the hyaline cartilage were similar to the
typical hyaline articular cartilage in that they were spherical, isolated or arranged in small
clusters. The whole hyaline and fibrous cartilage are covered dorsally and ventrally by a
typical layer of dense connective tissue were the predominant cell type is fibroblast (figure 1.
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General Aspects of the Cyiochemical Reaction

After treatment with cuproiinic blue the proteoglycans of the virgin pubic symphysis
were observed as electron dense filaments and granules of several sizes. The PG-granules
could be distinguished into two classes; one consisted of granules measuring 10 — 90 nm of
diameter, while the other class consisted of granules with a maxdmum diameter of 180 nm.
According to their sizes, localization and enzymatic susceptibility the protecglvcan-filaments
were classified as F1, F2, F3. These filaments measuring 40 to 80 nm in length {table 1). The
protecglycans analyses were performed in distinct connective tissues that formed the pubic

symphysis structure: caps of hyaline cartilage; fibrocartilage disk; and out laver of dense
connective tissue.

Hyaline Cartilage

Micrographs of sections through the pubic symphysis showed in the exdracellular
matrix of the hyaline cariilage three types of proteogivcan precipitates that could be
distinguished in fypical localization: 1) In the interterritorial matrix where small, thin PG-
filaments with a maximum length of 80 nm, termed F1, masked the delicate fibrilar collagen
network. These filaments sometimes at the interterritorial matrix were collagen fibri-
associated. One-second class of larger, thick and heavily staining PG precipitates, in a shape
of granules, named G1, was also observed in the interterritorial matrix. They were alleatoraly
distributed through the interfibriliar spaces. These granules measured up o 10nm and down
to 90nm in diameter {Figure 2A, 2C); 2) In the territorial matrix Fi-filaments were aiso
observed along with another PG-precipitates in a granuie-iike shape. These granules appear
as iregular structures, which are very large, thick and heavily cuprolinic blue stained. They
were named G2 and no direct relation of these granules and collagen fibrils could be
observed. Their minimal diameter was 20nm and their maximal 180nm (Figure 2A, 2B). The
overall contrast of the territorial matrix compared to the interterritorial matrix were the
enhances of closer spacing of the PG-granules seen in the territorial matrix; 3) In a
periceliular zone around the chondrocytes, an area that appears at low magnification to be
devoid of fibrilar components, a layer of matrix consisting mainly of G2 granules was
observed (Figures 2A, Z2B).

in cartilage, both chondroitinases AC-ll or ABC removed compiletely the F1 filaments
in the interterritorial and territorial matrices. After chondroitinase AC-li and ABC ireatment,
PG-granuies {(G1) concentration in the interterritoral matrix were reduced, whereas the G2-
granules concentration (Figures 4A, 48) present in the territorial matrix were slight affected.
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Fibrocartilage

in this tissue the cyiochemical reaction demonstrated two positive cuprolinic blue
filaments one similar of Fi-filaments observed in hysline cartilage measuwing 40-80 nm of
length, and another one larger and with heavy staining cuprolinic blue, named F2-filament
measuring 70-80 nm of length. The Fi-filamenis lying 1o collagen fibrils at regular distance,
which corresponds to the D-period, a collagen banding repeat distance (about 64 nm}. F1-
filamenis were armanged mainly orthogonal 1o the collagen fibrils. The F2-filaments, on the
other hand, were localized between bundies of collagen fibrils or at places where the collagen
fibrils are somewnat separated from each other (Figure 2D). Both F1 and F2 filamenis were
completely removed by the treatment with chondroitinases AC and ABC {(Figure 4C).

Connective Tissue

The PG-filamenis of dense connective tissue consists of thin, small cuprolinic biue
filaments with 40-60 nm of length closely associated with collagen fibrils at regular intervals
{Figure 2E), similar to those found in fibrocartiiage (Figure 2D) and hyaline cartilage (Figure
2C), the Fi-filaments. Almost all PGs were directed perpendicularly fo the long axis of
collagen fibrils. These filaments were entirely removed by chondroitinase AC-Ii freatment
(Figure 4D, 4E).

Another type of PG-filaments (F3}, almost the same size of F1i-filaments measuring 40
1o 70nm of length were observed at the surface of elastic fibers without a preferential direction
{Figure 4F). These precipitates were also observed at elastic fibers of fibrocartilage. They are
still visible after chondroitinases AC-Il or ABC digestions (Figure 4F).

Effect of Glycosaminoglycan-Degrading Enzymes and Control of the Cytochemical
Reaction

Proteoglycans were characierized by the predominant chemical composition of their
glycosaminoglycan side chains.

incubation of glutaraidehyde-fixed tissues in buffer sclution at neutral pH did not
reduce or alter the number and shape of the different PG-CB precipitates (Figures. 3A, 3B
and 3C). However, when incubation was performed under the same conditions but in the
presence of glycosaminogiycan degrading enzymes, partial or complete loss of the PG
precipitates, depending on the specificity of the enzyme used, was observed.
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DISCUSSION

it is well established that cuprolinic blue containing MgCl al critical electrolyte
concentrations preserves the proteoglveans of tissues and resulis in the presence of electron
dense filaments {Scott, 1980). Our resulis showed by this method two distinct form of
proteoglycan precipitates; filaments-like or granules-like shape in mouse pubic symphysis
fissues.

The electron dense filaments could be distinguished into three proteogiycan classes
according with their length, iocalization and specific susceplibility of the enzymes.

The Fi-filaments measuring 40-60 nm length were distributed along the hyaline
cartilage, fibrocartilage and connective tissues associated with collagen fibrils. Their specific
susceptibility to chondroitinase AC-1l treatment allowed identifying this coliagen-associated
proteoglycans as composed exclusively by chondroilin sulfate.

Fi-filaments somstimes were closely asscciated with collagen fibrils and
perpendicularly orientated with respect to the coliagen axis fibrils at a periodic spacing.

Decorin, a chondroitin sulfate/dermatan sulfate substituted proteoglycans has one
glycosaminoglycan chain, either chondroitin or dermatan sulfate (Fisher 1983). This leucine-
rich repeat motif proteoglycan family was shown to interact with collagens and influence
collagen fibriliogenesis (Vogel ef al., 1984). Decorin is able to interact with the collagen | and
il {Tsuprun and Santi, 1996) surfaces at the "d"and "¢” bands (Scott and Haigh, 1986; Scoft,
1988).

Although no immunocytochemical study has been performed, the results obtained by
the enzymatic treatments associated with the typical distribution among the collagen fibrils
lead us to consider that the collagen fibrils in the mouse pubic symphysis are associated with
the proteoglycan decorin with chondroitin sulfate chain. Similar result was observed by van
Kuppevelt ef al. (1984), using cuprolinic biue staining to study collagen-proteogiycan
interactions in mouse lung.

The F2-filaments, organized as a network in the interceliular spaces and not collagen-
attached appear to be also proteochondroitin sulfate. This could be concluded from the
observations that the enzymatic treatment with chondroitinase AC-il completely removed F2-
fitaments.

According to their core protein several protecglycans can be distinguished
(Yanagishita, 1993). For example, decorin, the collagen-attached PG with only one
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chondroitin sulfate or dermatan sulfate attached to a core protein. Versican, a large interstitial
PG with 2 similar core of aggrecan but only chondroitin or dermatan suifate side chains.

The post-iransiation modification of chondroitin or dermatan sulfate proteoglycans
appears to be flexible in that differentially glycosylated forms of these proteoglycans may be
spatially and developmentally regulated. The biological significance of this modulation still
remains unknown, however, this apparent regulation of glycosylation clearly supports the idea
that multiple factors determine the attachment of a glycosaminoglycan chain (o the core
protein, a for example the endogenous levels of xylosyl-transferase (Hocking ef al., 1998).

The F3-filaments with localization at the surface of elastic fibers represents a
proteogiycan, which bears heparan sulfate as its glycosaminoglycan component since they
were not affected by digestion with chondroitinases AC-Il or ABC.

Heparan sulfate proteoglycans has been demonstrated at the surface of elastic fibers
in some studies {Volker ef al., 1988; 1987, Pasquali-Ronchetti ef al., 1993; Erdinger, 1995,
Hinek ef af., 2000). The physiclogical value of proteoglycan associated with elastic fibers is
not entirely clear.

Protecglycans make a major contribution to the mechanical properties of articular
cartilages, where the tissue has a load bearing function. The predominant proteoglycan
present in cartilage is the aggrecan, which has more than 100 chondroitin suifate
glycosaminogiycan side-chains. Other than that aggrecan self-assembies into a
supramolecular structure with as many as 50 aggrecans bound o a single strand of
hyaluronan forming supramolecular aggregates of very large size. Additional link proteins
contribute to the cohesiveness of these aggregates.

Usuaily, the periceliular region and the territorial matrix have the huge aggregates of
proteoglycans while in the interterritorial matrix the aggregates are smaller (Knudson, 2001).
These differences couid be exactness visualized in this study using cuprolinic blue method.

COur results showed proteogiycans as two granule-shaped structures. The granules
were confined to the hyaline cartilage. The smallest granules, named G1 were only cbserved
1o the interterritorial matrix while the G2-granules were observed in periceliular region and in
territorial matrix. The specific enzymatic treatment with chondroitinases showed that both
granules were susceptible to these glicosidases indicating that chondroitin sulfate chains
composed them.

On the basis of the cuprolinic blue method we showed that proteoglycans present in
virgin pubic symphysis were tissue specific and reflects the mechanical function of each
#issue in the overall biclegical role of the pubic symphysis.
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FIGURE LEGENDS

Figure 1. Photomicrographs of transverse section through the medial region of the mouse
pubic symphysis stained with Masson’s Trichrome. The saction contains the medial ends of
the pubic bones (pb), their hvaline carlilage (hc) and fibrocartilaginous (fc) caps, and the
surrounding connective tissue sheaths (ct). Magnifications: 320X,

Figure 2. Electron micrographs of mouse pubic symphysis stained with Cuprolinic biue (CB)
in critical electrolytic concentration (CEC). A) Low magnification of hyaline cartilage showing
the territorial (tm} and intertermitorial {im) matrix. Note the difference of densily betwaen the
two regions. 11150X B) Territorial matrix cartilage: proteoglycans (PGs) are observed as
electron dense granules (arrowheads) and a smali amount of thin filaments {arrow). 15000X.
C) interterritorial matrix cartilage: observe the fewer amounts of eleciron dense granules
{(arrowheads) of proteoglycans and the network of fine filaments (arrow] markedly more
developed. 19400X. D) Fibrocartilage: elsciron dense PG-filaments are aimost amanged
along coliagen fibriis (arrows); a litle amount of large PG-filaments is randomiy distributed
(large arrows). 41750X. E) Dense connective tissue: PGs are deeply stained filaments closely
associated with the outside of collagen fibrils {arrows). 53800X.

Figure 3. Electron micrographs of mouse pubic symphysis stained with CB at CEC after
incubation in the same buffer solutions as used for enzyme Featment The distribution and
number of PG CB- precipitates are unaltered (compare figures 2C , 2D and 2E with 3A, 3B and
3C). A) Hyaline cartilage, 41800X; B) Fibrocartiiage, 41800X and C) Connective tissue, 32300X.

Figure 4. Electron micrographs of mouse pubic symphysis stained with CB at CEC after
digestion with chondroitinase AC-l or ABC. A) The chondroitin suifate AC-il lyase treatment
removes a part of the PGs precipitates at the teritorial cartilage. B) in the interterritorial
matrix cartlage the precipitates have been digested, only granular material remains
(arrowheads). C} Fibrocartilage after digestion with chondroitinase AC. The vast majority of
the precipitates are digested after enzymatic treatment. D and E} The chondroitinase AC-il
treatment removes almost all PGs precipitates associated with collagen {col) and with the
matrix soluble (asterisks) in the dense connective tissue. F) Elastic fiber (El) surrounded by
coliagen {(col) after digestion with chondroitinase ABC. The collagen fibrils are almost free of

precipitates. Some precipitates remain associated with the elastic fiber (arrowheads). A)
32300X; B-F) 53800X
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TABLE

Table 1. Distribution of the cuprclinic blue stained proteoglycans (PG) in mouse pubic

symphysis

P(-Staining structures Size (nm) Distribution in Tissue

Gi-granules 10-80 Hyaline Cartilage
Malrix Interterritoral

GZ-granules 20-180 Hyaline Cartilage
Matrix Territorial

Fi-filaments 40-60 Hyaline Cartilage
Associated or Not with Collagen Fibrils
Fibrocartilage and Connective Tissue
Associated with Collagen Fibrils

F2-filaments 70-80 Fibrocartilage and Connective Tissue
interfibrillar Spaces

F3-filaments 40-70 Fibrocartilage and Conneclive Tissue

Surface of Elastic Fibers
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Ultrastructural, Immunchistochemical and Biochemical Analysis of
Glycosaminoglycans and Proteogiycans in the Mice Pubic Symphysis During
Pregnancy. Monica C Pinheire, Paulo P Joazeiro, Olga MS Toledo

ABSTRACT

Ultrastructure localization of proteoglycans in the pubic symphysis of pregnant mice was
studied by transmission electron microscopy staining with cuprolinic blue in a “critical
slectrolyte concentration” method. Proteoglycans were visualized as elechron-dense
filaments. The localization, appearance and its binding to collagen were similar in
fibrocartitage and interpubic ligaments. The treatment with chondroitinase lvases showed
chondroitin sulfate (C5) as unigue sulfated glycosaminoglyean found. This sulfated
glycosaminoglycan increase during pregnancy, reaching &s maximal on the fifth day (118%)
followed by an abrupt decrease after this day. Such decrease was of 74% on day 17.
Howevar, the decrease relative to CS contents of pubic symphysis of virgin mice to those of
days 17 and 18 was of 44%.

immunohistochemical analyses were performed using antibodies from CS, decorin, biglycan
and hyaluronic acid (HA}. CS, decorin and biglycan were distributed along collagen fibrils and
around the cells. The changes of CS concentration during pregnancy provide further
evidence that PGs are important to modifications in symphysial tissues necessaries for the
formation and relaxation of the interpubic ligament during pregnancy.

The stronger binding of HA probe on day 18 may indicate a greater concentration of this GAG
on one of the latest day of pregnancy. The HA, being a polyelecirolyte macromolecule, play a
key role for the accumulation of the fluid in the relaxing ligament enabling successful
parturition.
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INTRODUCTION

During the pregnancy, the pelvic girdle in particular the pubic symphysis, to undergo
numerous struciural modifications. The adaptation of the pelvis is hormonally regulated and
allows the passage of young through the pelvic birth canal (Sherwood, 1984).

in many mammalian species, including guinea pig, bats, mice and human, the
interpubic fibrocartilage is replaced by a flexible and elastic ligament. The first changes in the
mouse pubic symphysis occur at 12 days pregnancy when the biosynthesis activity of the
extraceilular malrix components in the center of pubic joint is allered. At the last week of
pregnancy, the pubic bones begin to separate and continue to do so progressively throughout
the remainder of pregnancy {Crelin, 1969; Schwabe et. al., 1978).

The development of the interpubic ligament involve the shifting of the extraceliuiar
matrix turmnover and the extraceliular matrix components re-arangement {Crelin, 1968).

Protecglycans and collagens are prominent extraceliular-matrix components in the
class of conneclive tissues.

Proteoglycans {(PGs) are a class of extracellular matrix macromolecules with ability to
resist compressive forces. These macromolecules are constituted of a protein core which one
or more glycosaminoglycan (GAG) chains are attached. The connective tissue extraceliular
matrix PGs are low molecular weight and high molecular weight. Biglycan and decorin belong
to the group of small PGs which has attached to the core protein one or two
dermatan/chondroitin sulfate side chains (Krusius and Ruoslahti, 1986; Fisher et al., 1989).
Aggrecan and versican, are examples of a large aggregating chondroitin-sulfate
proteoglycans (Zimmermann and Ruoslahti, 1989). Decorin interacts with fibrilar collagens
{Fleischmajer et al., 1991; Hedbom and Heinegard, 1989) and intervenes in fibrillogenesis
{Neame et al., 2000). Biglycan has been mostly localized in the periceliular region (Bianco et
al., 1990, Fleischmajer et al, 1891). However, evidence for an interaction with fibrillar
coliagen has been provided (Schonherr et al., 1985).

The common molecular feature of collagens is a triple helix region, which is necessary
o provide the collagens with the ability to resist tensile forces. Distinct types of collagen with
individual characteristics serve specific functions in a variety of tissues. Collagens fibrils may
also be formed of more than one type of collagen for example, type | combine with fype Vi
and type |l with type X to form heterotypic fibrils (Culav et al., 1988).

In this way, the various mechanical behaviors of the different connective tissues such
as the ability to resist tension, compression, mainly the types and proportions of two classes
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of macromolecules: proteogiycans and collagens, determine the properties of extensibility
and torsion.

The influence of the GAGs on the symphysial relaxation process was early reported
by Storey, 1857. Viell and Struck, 1987 analyzed the changes in the GAG metabolism after
relaxin freatment. However, the composition and the changes of the proteoglycans/GAGs in
the tissue components of the symphysial structure as the collagen-proteoglycans interactions
are vet {0 be determined.

This study attempt to describe the changes in that occur when the pubic symphysis
relaxes during pregnancy. The ulirastructural and immunohistochemical, iocalization of
proteoglycans in mice pubic symphysis during the pregnancy was reported. The content and
fype of glycosaminoglycan side chains of this proteoglycans were demonsirated by
biochemical analysis. The relevance of these findings to collagen-protesglycans interactions
was discussed.

MATERIALS AND METHODS

Virgin female Bwiss mice 3 month old and over 25-30g of body weight {Center for
Animal Care of State University of Campinas, SP, Brazil) were used. The animals were
housed in a 12 hr light/12 hr darkness schedule at 22° C, with unlimited access to food and
water.

To obtain pregnant specimen, virgin females were caged ovemight with maies and a
“plug” in the vagina the following morning indicated successful mating and this day were
designated the first day (D1) of pregnancy. The delivery could be expected on day 19, Pubic
symphysis samples were achieved from animals during pregnancy (D12, D15, D17 and D18).
Virgin mice in estrus were also used as control. Estrus was determined by vaginal smears
according to Shorr (1941).

The animals were deeply ansesthetized with ether, killed by cervical disiocation, and
the pubic symphysis were dissected out and immediately fixed as below or stered at -70°C for
the biochemical analyses. Animal’s studies were conducted in accordance with the Guide for
the Care and Use of Laboratory Animals (National Academy of Science, 1996).
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Ultrastructural Cytochemistry

Specimens were fixed overnight (room temperature) in 2.5% glutaraldehyde in 0.025
i sodium acetate buffer (pH 5.8) containing 0.30 M MgCl: and 0.2% cuprolinic blue (BDH
Chemicals LTD, Poole, England). After cuprolinic blue staining the tissue slices were washed
(3 times 10 min) in the same buffer solution without cuprolinic blue, immersed in 1% agueous
sodium tungstate for 30 min., and dehydrated in ascending concentrations of ethanol, the 30
and 50% concentrations containing 1% sodium tungstate. Thereafter the slices were
embedded in Epon 812. Thin sections of 70-80 nm in thickness were posiained with uranyl
acetate or phosphotungstic acid and lead citrate, and examined in a ZEISS EM-800 at 60 kv
electron microscope.

Enzyme Treatments

Pubic symphyses were prefixed in 0.1% glutaraldehyde and 1% paraformaidehyde in
phosphate-buffered saline (PBS) at pH 7.4 for 1-2h at room temperature. Foliowing fixation
the symphysis were washed extensively with the specific buffers o be used for subsequent
enzyme treatments. Specimens were then incubated for 24 hr at 37°C with the foliowing
enzymes: 1U/ml chondroitin AC-ll iyase (EC 4.2.2.5) in 0.05 M Tris-HCI acetate buffer, pH
7.2, containing 0.05 M NaCl; 1U/mi chondroitin ABC lyase {(EC 4.2.2.4) in the same vehicle.
The protease inhibitors 0.1M 6-aminohexanoic acid, 0.01 M EDTA, 0.01 M N-etyimaleimide
and 1mM phenyimethylsulfonyl fluoride were added to the reaction mixture in order to prevent
proteolytic reaction. Controls were incubated in the same buffer solution containing the
protease inhibitors but without enzyme. After the enzyme digestions the pubic symphysis
specimens were stained with CB, as described above.

Sampies (50ug) of the GAGs isolated from fibrocartilage of pubic symphysis of virgin
animals or from interpubic ligament from days 12, 15, 17 and 18 of pregnancy were digested
with the enzymes above cited. After the enzyme digestions the pubic symphysis specimens
were submitted to electrophoresis.

Morphometric Analysis

Distances were measured directly in electron micrographs using a Bausch and Lomb
measuring magnifier. A minimum of 100 measurements of proteogiycans filaments was made
in each studied region of tissue of the pubic symphysis. The magnification of the electron
microscope was calibrated with a diffraction grating.
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Histochemistry and immunohistochemistry

Specimens were fixed in Camoy’s mixdure, i.e. (ethanol:chloroform:acetic acid 6:3:1 by
volume) for 24 hours at 4°C, decalcified in 7% EDTA with 2% paraformaidehyde in 0,1M
phosphate buffer pH 7.4 for 5 days at 4°C, dehvdrated and embedded in paraffin. Serial
sections {7um in thickness) were cut in transversal plane thought the symphyseal region and
mounted in silanized slides.

Deparaffinized sections were immersed in methanol containing 0,3% hydrogen peroxide
for 30 minutes 10 block endogenous peroxidase activity, washed in PBS, and exposed 10
noimal serum for 20 minutes. Excess serum was gently blotted off and sections were incubated
with primary antibodies diluted in PBS 0,01M with 1% BSA (Sigma Chemical, St. Louis, MO,
USA)Y overnight at 4°C in humidified chamber. The antibodies were anti-chondroitin sulfate
monocional antibody (diluted 1:250; Clone £5-56, Sigma); anti decorin (diluted 1:500; Dr. L
Fischer) and anti-biglycan policlonal antibodies (diluted 1:500; Dr. L Fischer). The sections wers
washed with PBS 3 times, and incubated with biotinylated universal secondary antibody
solution (Novostain Super ABC kit, Novocastra) for 30 minutes at room temperature. This was
followed by another rinsing with buffer and incubated with Novostain ABC kit contain avidin DH
and biotinylated horseradish peroxidase H reagents for 30 minutes at room temperature. After
rinsing with 0,05M Tris/HCl buffer peroxidase activity was visualized with 0,05%
diaminobenzidine tetrahydrochloride (Sigma, St. Louis, MO, USA) at pH 7,4 in 0,05M Tris/HCI
buffer plus 0,03% hydrogen percxidase. The sections were rinsed in distilled water, dehydrated
and mounted in Entelan. Counterstaining was performed using methyl green. As negative
confrols for primary antibodies, PBS was used in place of antibodies.

Histochemistry for hyaluronic acid

Sections were deparaffinized, rehydrated and rinsed in 0,1M TBS (pH 7,4). After that, the
sections were blocked with 3% bovine serum albumin (BSA) in 0,1M TBS for 1 hour at room
temperature and were incubated with FITC (fluorescein isothiocyanate) conjugated hyaluronic
acid-binding protein {HA probe) diluted in TBS containing 1% BSA for 2 fours in humidified
chambers. After rinsed in 0,1M TBS slices were mounted in Vectashield (Vector Laboratories,
Berlingame, CA, USA) and observed with an Olympus fluorescence microscope. As negative
conirols, a digestion by 40U hyaluronidase (Streptomyces hyalurolyticus — Sigma) in 0,1M TBS
for 2 hours at 37°C was performed before HA probe reaction. Control sections were
counterstaining with DAP! (Sigma Chemical) for 15 minutes (Caterson et al., 1882).
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Biochemical Analyses of Sulfated Glycosaminoglycans

The Sulfated Glycosaminogiycans present in pools of fibrocartiiage or interpubic
figament obtained from virgin (25 females) or pregnant mice (25 females) respectively, were
isolaied by papain digestion (1mg/10mg of dry tissue in sodium acsiate buffer G.1M, pH 5.0,
cysteine 5mM and EDTA 5mM) for 24h at 80°C (Toledo and Mourdo, 1979), alkaline
hydrolysis and alcoholic precipitation. The identification of GAGs was based on their
slectrophoretic mobility and degradation with specific glivcosaminoglycan lyases (Dietrich and
Dietrich, 1976). After electrophoresis, GAGs were fixed in the gel with 0.1% Cetavion (N-
acetyl-N, N N-tnmethyammonium bromide} and stained with 0.1% toluidine blue in acetic acid:

ethanol. water (C.1:5, V). The GAG gquantification was performed by densitometry of the
agarose slides.

RESULTS

in the pubic symphysis during pregnancy, the first morpho-physiclogical changes
occurrad essentially on the symphysial tissues at the ceniral region of this joint. Therefore,
this study analyzed the proteogiycans of the fibrocartiiage and surrounded conneclive tissue
on the 42th day of pregnancy and the interpubic ligament on the 15, 17 and 18th days of
pregnancy. For the cytochemical analyses the interpubic ligament observed after 15th of
preghancy was divided into two regions: outer layer and inner layer.

The proteoglycans observed by cytochemical treatment with Cuprolinic blue showed a
predominant filaments-like shape. These filaments measuring 40-150nm in length were
classified as F1 and F2 according to their sizes, spatial distribution and association with
specific components of the extracellular matrix. The type of the sulfated glycosaminogiycans
attached to the protein core of proteoglycans was defined by the use of specific
glvcosaminoglycan lyases.

12th day of pregnancy

After staining with Cuprolinic blue, the connective tissue that surrounded the
fibrocartilage on the 12th day of pregnancy showed a predominant distribution of thin
filaments measuring 40-60nm in length, named F1. These F1-filaments were associated to
collagen fibrils at regular intervals which correspond to the D-period (Figure 1). Two distinct
nopulations of filaments appear in the fibrocartiiage on the 12th day of pregnancy (Figure 2).
One population of Fi-filaments and the second heavily staining filaments measuring 80-
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150nm in length classified as F2. The Fi-filaments were collagen fibrii associated while the
Fa-filaments showed two typical localization: between bundles of collagen fibriis and at
interfibrillar spaces (Figure 2). Both F1 and F2-filaments were completely removed by
chondroitinases AC-H or ABC. No differences could be observed in its susceplibility to
chondroitinases AC- or ABC (Figures 11 and 12).

The disappearance of the PG-filaments after chondroitinases treatment permitted a
better recognizing of the collagen fibril structure and arrangement. The figures 11 and 12
show the collagen arrays for the surrounding connective fissue and fibrocartiage,
respectively. Althocugh no morphometrical analysis has been done we nofed that
fibrocartilage-collagen fibrils were thinner than those observed on surrounding connective
tissue. Furthermore, a prominent aligned in parallel of densely packed collagen fibrils was
observed for the surrounded connective tissue. Differenily, the fibrocartilage exhibited
coliagen fibrils in various orientations and loosely packed,

On the electrophoresis, a single band with migration similar to the standard
chondroitin suifate was observed. After chondroltinase AC digestion this band disappeared
completely (Figure 32). The Graphic 1 showed the concentration of this glycosaminogiycan
that was around 2.8 ug/mg dry tissue.

immunohistochemistry revealed a diffuse positive staining for chondroitin sulfate in the
terriforial matrix fibrocartilage and a strong immunoreaction along the extraceliular matrix of
the surrounded connective tissue (Figure 17). The biglycan and decorin core proteins were
localized preferentially between the fiber bundies of the surrounded connective tissue while in
the fibrocartilage was observed a moderaie staining for biglycan and decorin around
fibrochondrocytes {Figures 20 and 23). A focal staining for biglycan was aiso observed on the
extracellular matrix of the fibrocartilage {Figure 23). A positive reaction for hyaluronic acid
was uniformly observed in the fibrocartilage and concentrated around the fibrochondrocytes.
Hyaluronic acid was also positive in the surrounded conneclive tissue (Figure 28).

15th day of pregnancy

On the 15th day of pregnancy, the outer layer of the interpubic ligament showed small
Cuprolinic biue filaments measuring 40-60nm of length closely associated with collagen fibrils
at regular intervals, similar to the F1-filaments observed on the 12th day of pregnancy.
Another class consisting of larger, thick and heavily staining PG-filaments was preferentially
iocalized around bundles of collagen fibrils or at places where the coliagen fibrils are
somewhat separated from each other. This filament measured 60-150nm of length and was
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sirnilar to the F2-filaments found on the fibrocartilage on the 12th day of pregnancy {Figure 3).
The PG-filaments distribution at the inner layer of the interpubic ligament was similar to the
outer layer. Therefore, at this region the F2-filaments were shorter than F2-filaments found at
the outer laver of this ligament, having then maxdmum length around 120nmm (Figures 4 and
5. The F1 and F2-filaments were digested fotally by chondroitinase AC-1l or ABC (Figures 13
and 14).

The glvcosaminoglycans of 15th day of pregnancy displaved an elecirophoretic
mobility similar to that of chondroiin sulfate standard (Figure 32). Digestion with
chondroitinase AC-Il or ABC caused a total disappearance of the electrophoretic band. The
concentration of the glycesaminoglvcans on this day of pregnancy reached their maximum,
which was 4,38 nug/mg dry tissue (Graphic 1).

The reaction with the anti-CS antibody was spread over the tissue but slightly
concenirated on the collagen fiber surface (Figure 18). Moderated reaction for decorin was
observed along the collagen fibers (Figure 21). However, only a weak diffuse staining for
bigiycan was seen in the interpubic ligament on this day of pregnancy (Figure 24). A strong
reaction for acid hyaluronic was reguiariy distributed along the collagen fibers of this igament
{Figure 30).

17 and 18th days of pregnancy

In these days of pregnancy, two major classes of Cuprolinic blue positive-filaments
can be distinguished; a class of small, thin, collagen fibril-associated filaments, the F1-
filaments (40-80nm of length) and a class of larger, thick and heavily staining PG-filaments
measuring 60-100nm in length, the F2-filaments. These filaments occuired indistinctly on the
outer and inner laver of the interpubic ligament (Figures & to 8). On the 18th day of
pregnancy, mostly on the inner layer of the interpubic ligament, was observed areas totally
collagen-free. The filaments on these areas were longer and deeply Cuprolinic biue staining
compared with F1 and F2-filaments (Figure 10). The staining disappeared completely when
digested with one of the chondroitinases AC-Hl or ABC (Figures 15 and 16).

The biochemisitry analysis of glycosaminoglycan found one these days presented
chondroitin suifate as the only glycosaminoglycan in the interpubic ligament (Figure 32).
However, differently with the 15th day the concentration of this glycosaminoglycan decreases
drastically (1,1 pg/mg dry tissue) on 18th day of pregnancy (Graphic 1).

immunohistochemisiry revealed the presence of chondroitin suifate on the surface of
the collagen fibers of the interpubic ligament on the 18th day of pregnancy (Figure 19). As
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can be seen decorin and biglycan reactive positive to the staining between the collagen fibers
and around the cells present in the ligament (Figures 22 and 25). An intense reaction for
nyalurenic acid was observed along the collage fibers, similarly the reaction seen on the 15th

day. A gradual increase in reactivity of hyaluronic acid could be observed over late days of
pregnancy {Figure 31).

DISCUSSION

The connective tissues with predominantly mechanical function which presented a
combination of two peculiar qualities: the ability of resisting tension and compression forces
and the capagcity 10 recover their initial state when the forces were ceased. These properties
of the connective tissue depend primarily on their extracellular matrix elements: collagen and
proteoglycans.

The striking feature of the fibril-forming collagen is their ability to resist to tensile loads.
The proteoglvcans on the other hand present the ability to resist compressive forces. Therefore,
fissues with high proteoglycans content were able o resist compressive forces, an ability best
exhibited by hyaline cartilage. Differently, tissues with high collagen-fiber content and low
amounts of proteoglycans resist tensile forces as tendons and ligaments (Culav et al., 1999).

The pubic symphysis, a nonsynovial amphiarthrodial joint, meets the functional
demands placed on it being composed by different conneclive tissues. Pregnancy leads fo
changed mechanical stress placed on the pubic symphysis. This, in tum, produces changes
in the extraceliuiar matrix of the symphysial connective tissues (Storey, 1857).

On the 12th day of pregnancy, the pubic symphysis is submiited to tension and
compressive forces in an analogous situation as in virgin animals. The analysis of the
proteoglycans from the central region of this joint demonstrated that F1 and F2-filaments
were removed by the enzymatic treatment by chondroitinase ABC or AC-ll indicating that they
were composed by chondroitin sulfate. The chondroitinase AC-! cleaves GAGs at N-
acetylgalactosamine linked to D-glucuronic acid, but not the N-acetylgalactosamine linked
with L-iduronic acid that is found in high levels in dermatan suifate. The chondroitinase ABC
lyase, on the other hand, cleaves GAGs at both disaccharide units (Saito et al., 1968).

{Considering their localization and the immunohistochemical detection, the symphysial
F1i-filaments were preferentially decorin. Biglycan and decorin have very similar core proteins,
which are substituted with two or one glycosaminoglycan chains, respectively (Oldberg st al.,
1989). The physiological role of biglycan is not fully understood, and collagen-binding
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properties has not been demonstrated (Fleischmajer et al, 1991). By the resuits of
biochemistry of suifated glycosaminoglycans and chondroitin sulfate immunochistochemistry,
the decorin core proteins are substiided with chondroitin sulfate. F2 filarments, due o ifs size,
localization and chodroitin sulfate side-chains probably belong to the class of versicans,

The slightly increased conient of CS compared with virgin animals (graphic 1)
indicating that protecogivcan changes already occur on the 12th day of pregnancy.
Furthermore, the exiraceliular matrix collagen fibrils in various orientations, loosely packed
and intermingled by proteoglycans resembile a typical fibrocartilage. In fact, as a fibrocartilage
this tissue reflects its intermediale nature between dense connsclive tissue and hyaline
cartilage, where resistence to compressive and t{ensile strength are necessary.

On the 15th day of pregnancy, the most striking finding was the increase of sulfated
glycosaminoglycan contents. An increase of 118% was observed when compared with the
C5 concentration from pubic symphysis of virgin animals. Besides this, a planar undulation
along the length of the collagen fibers positioned in most parailel array was visualized by light
microscopy (Figures 18 and 30). This collagen undulation, a “crimp” structure, has 2
considerable roie in tissues submitted to high level of tension (Carvaltho, 1985, Kanske et al,,
2001 Feitosa et al., 2002). Although the “crimp” angle and length was not measured, we can
note the increase of undulation of collagen fibers in interpubic ligament on day 15th
compared with day 18ih, where they were loosely undulated. Tension was the main
mechanical force acting upon pubic symphysis on this day (Storey, 1957).

On the 18th day of pregnancy, the sulfaied GAGs contents decreased abruptly. The
decrease of CS contents relative to the pubic symphysis of virgin mices was 44%. However,
compared the contents of day 15 to days 17 and 18th the decrease was of 74%. Hyaluronic
acid, a high molecular glycosaminoglycan, which is known to be a polyelectroiyte
macromolecule, accumulates in the interpubic ligament on days 17 and 18th. Similar data,
increase of hyaluronic acid and decreased of sulfated glycosaminogiveans content, afier
relaxin freatment in mice pubic symphysis was observed by Viell and Struck, 1987.
Hyaluronic acid has been recognized as water retaining exiracelluiar matrix component. This
data associated with the work of Zhao et al., 2000 who showed on day 18,5th of pregnancy a
large increase in water content (20%) in the mice pubic symphysis indicate the water
retaining rote of HA in the interpubic ligament.

The accumulation of water may contribute to the increased exiensibility of the
interpubic ligament that occurs during late pregnancy.
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FIGURE LEGENDS

Figure 1. TEM of the distribution of PGs at the surrounded connective tissue of the mouse

pubic symphysis on the 12th day of pregnancy (DOP). Many CB-positive structures (F1-
filaments) appear attached io collagen fibrils (arrows). X 40000

Figure 2. TEM of the fibrocartilage of mouse pubic symphysis on the 12th DOP. Thin PG-

filaments (F1) occupy the ECM (arrows) and a litle amount of large PG-filaments (F2) is
randomiy distributed (large arrows). X 47500

Figure 3. TEM of the out layer of the mouse interpubic ligament on the 15th DOP. Electron
dense PG-filaments (F1) are almost arranged along coliagen fibrils {ammows). Observes F2
filaments {large arrows) that form a net between the collagen fibrils. X 40000

Figure 4 and 5. TEM of the inner layer of the mouse interpubic ligament on the 15th DOP.
Most of Fi-filaments are preferentially connected {0 the collagen fibrils (arrow). A network of
large electron-dense filaments (F2) are present (large arrows). X 40000

Figure 6. TEM of the cuter layer of the mouse interpubic ligament on the 17th DOP. Thin F1-

filaments (arrows) are present in addition to large, thick F2- filaments (large arrows). The thin
PG-filaments can be seen regularly associated with collagen fibrils. X 31400

Figure 7. TEM of the inner layer of the mouse interpubic ligament on the 17th DOP. Thin PG-

filaments (F1) are arranged aiong collagen fibrils (arrows) and thick PG-filaments (F2) are
randomiy distributed at interfibrillar space (large arrows). X 38400

Figure 8. TEM of the outer layer of the mouse interpubic ligament on the 18th DOP.

Observes F1-filaments located regularly at the coliagen fibrils (arrows) and at the interfibrillar
spaces (large arrows). X 46800

Figure 9 and 10. TEM of the inner layer of the mouse interpubic ligament on the 18th DOP.
The distribution of PGs is very similar to that found in outer layer {Fig. 8). Thick PG-filaments
(F2) are visible (large arrows). The arrows point thin PG-filaments (F1). The interfibrillar
space contains a dense meshwork of PG-precipitates (Fig. 10). X 25000; X 40000

Figure 11. TEM of the surrounded connective tissue of the mouse pubic symphysis on the

12th DOP after digestion with chondroitinase AC-li. The coliagen fibriis (col} are almost free
of precipitates. X 68000
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Figure12. TEM of the fibrocartilage of the mouse pubic symphysis on the 12th DOP. PG-
filaments were completely removed after incubation with chondroitinase AC-il. X 62000

Figure 13. TEM of the outer layer of the mouse interpubic ligament on the 15th DOP. The
chondroitinase AC-H reatment removes almost all PG precipitates associated with collagen
{col) and with the maitrix soluble (asterisk). X 50100

Figure 14. The effects of chondroitinase AC-il treatment at the inner layer of mouse
interpubic ligament on the 15th DOP is very similar to that found in outer layer interpubic
ligament. Col, collagen fibril; asterisk, interfibrillar space. X 68000

Figure 15. TEM of the outer layer of the mouse interpubic igament on the 18th DOP. Chondroiinase
ACAH treatment removes all PGs filaments associated with collagen fibrd (col) and in interfibriliar
spaces {asterisk). Ultrathin section was stain with phosphotungstic acid and lead ditrate. X 38800

Figure 16. TEM of the inner of the mouse interpubic ligament on the 18th DOP. No eleclron
dense filaments are present after incubation with chondroitinase AC-Il. Ulirathin section was
stain with phosphotungstic acid and lead citrate. Asterisk, matrix soluble. X 40000

Figure 17. immunoccytochemistry for chondroitin sulfate of the mouse pubic symphysis on the 12th
DOP. Reaction for chondroitin sulfate is diffuse, all over the extracellular matrix of the surrounded
connective tissue and concentrated at temitorial matrix fibrochondrocytes (amowheads). In
connective tissue the reaction is located between the collagen fibers (arow). X400

Figures 18 and 19. immunocytochemistry for chondroitin sulfate of the interpubic ligament on

15th DOP and 18th DOP, respectively. The reaction for chondroitin sulfate is located between
the collagen fibers (arrows). X400; X520

Figure 20. Immunocytochemistry for decorin of the mouse pubic symphysis on the 12th DOP.
Reaction for decorin was faint, and mostly located between the collagen fibers of the
connective tissue {arrow) or around the fibrochondrocytes (arrowhead). The cyiopiasmatic
reaction for decorin is sometimes observed in fibrochondrocytes (insight). X400

Figure 21 and 22. immunocytochemistry for decorin, in interpubic ligament on 15th DOP and
18th DOP respectively. Reaction for decorin was also diffuse throughout the exdracellular
matrix but more intense along the collagen fibers (arrows). The arrowheads point a positive
reaction around the cells of the interpubic ligament on the 18™ DOP. X520
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Figure 23. Immunocytochemistry for biglycan of the mouse pubic symphysis on the 12th
DOP. Biglvean is located primarily within the collagen fibers in the connective tissue (arrow).
The asterisk points a diffuse reaction for biglycan in the fibrocartilage. X520

Figure 24 and 25. Immunccytochemistry for biglycan, in interpubic ligament on 15th DOP
and 18th DOP respectively. Reaction for biglycan was present throughout the matrix but more

intense along the coliagen fibers (arrow). Moderate reaction was present in the periceliular
space (arrowhead). X400

Figure 26 and 27. Controi of the interpubic ligament on the 12th and 15th DOP respectively.
Reaction was negative. Counterstaining with methyi green. X200

Figure 28. Reaction for HA probes of the mouse pubic symphysis on the 12th DOP. In the
firocartiage, reacton is strong periceliular (armowheads) and only weak intertervitorial malrix (asterisk).
" HA probes are mostlly lccated between the collagen fibers of the conneclive tissue (armows). X400

Figure 29. Control of the mouse pubic symphysis on the 12th DOP. Reaction was negative.
Counterstaining with DAPI. X520

Figures 30 and 31. Reaction for HA probes of the interpubic ligament on 15th DOP and 18th

DOP, respectively. The reaction for hyaluronic acid is located between the collagen fibers
(arrows). Note the unduiation of collagen fibers, a “crimp” structure. X400

Figure 32. Agarose gel electrophoresis of GAG extracted from fibrocartilage of virgin

specimens or from interpubic ligament of pregnant mices over the iater days of pregnancy
before (A-B) and after (C) incubation with chondroeitin AC-li lyases.

ST= standard mixture containing 5 ug of each glycosaminoglycans: chondroitin 4/6 sulfates
(CS); dermatan sulfate (DS) and heparan suifate (HS). OR= origin. Vg= Virgin and 12d, 15d,
17d and 18d = 12, 15, 17 and 18th days of pregnancy, respectively.

Graphic 1. Total amount of glycosaminoglycans of the fibrocartilage of virgin specimens or of
the interpubic ligament of pregnant mices over the |ater days of pregnancy.

Virg = Virgin and dop = days of pregnancy, respectively.
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Ulirastructural, immunohistochemical and blochemical analysis of glycosaminogiycans and protecgiveans ...
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Distribution of type VI coliagen in virgin and pregnant mice pubic symphysis.
Monica C Pinheiro, Paulo P Joazeiro, Hernandes F Carvalho, Olga MS Toledo

ABSTRACT

The pubic symphysis is a nonsynovial amphiarthrodial joint localized at the confluence
of the pubic bones. During pregnancy, the mouse pubic symphysis undergoes a number of
hormonally facilitated modifications, including the transformation from & fibrocartilage disk into
a flexible and elastic interpubic ligament, to enable safe delivery of the young. The
development of this ligament involves an increase in the bicsynthesis of the extraceliutar
matrix and the changes in tumover of these components. These modifications, aéseciatecs
with the extraceliular components, are largsly neglected when considering the arrangement
of the individual components and interaction between different extraceliular macromolecuies,
even though coliagen was shown to have importani roles on remodeling pubic symphysis
during pregnancy. Type Vi collagen is present in the extracellular space in a wide range of
connective tissues. |t appears to be an integral component of the matrix with a pivotal
inflience on matrix organization and on attachment of celis within the ECM, both in normal
development and in tissue maintenance, and also in several major diseased states. in this
study, we have applied immunocytochemistry and ATP treatment for the ultrastructural
identification of type VI collagen in different connective tissues in virgin and pregnant mice
pubic joint after ATP treatment by transmission electron microscopy. The distribution of type
VI coliagen in virgin and pregnant mice pubic symphysis is different in the various tissues that
compose the joint. This may reflect the different functional demands for this collagen. The
pericelluiar localization suggests a role in regulating celi-matrix interaction protecting the cell
against mechanical stress. However, the interaction of type VI collagen with other
extraceliviar matrix components such as collagen fibrils may play an important role in the
organization of the interfibrillar space, probably associated with elastic properties of the
{issue.
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INTRODUCTION

The main structural component of the connective tissue matrix is the fibrillar collagens.
Collagen fibrillogenesis is dependent on several other non-fibrillar collagenous and
noncollagenous matrix molecules. These molecules provide sites for potential interactions
with matrix componentis and cell interactions. in pariicular, collagen Vi has been shown i
develop specific interactions with cells (Poole et al., 1992; Aumailley et al., 1991) and fibrillar
collagens (Keene et al., 1998).

Type Vi coliagen molecule, presented a large globular domain at each end linked by
three genetically distinct o chains assembiled into a triple-helical domain. These monomers
alighed anti-paraliel to form disulfide-bonded dimmers, and later tetramers by iateral
association. The tetramers were later secreted from the cell and arranged end to end to form
thin, beaded microfilaments {Furthmayer et al., 1983). The microfibrils demonstrated a unigue
100 nm periodic pattern by electron microscopy (Bruns et al., 1988) and with cross-sectioned
diameters of 3-bnm (Kielty et al., 1881).

in tissues, type VI collagen microfilaments are difficult fo be visualized by electron
microscopy. However, the treaiment of the tissue with ATP solution produced fype VI
aggregates into characteristic bundles of ordered microfilaments (Nakamura et al. 1984,
Felisbino & Carvalho, 1999). In the aggregated form, the globular domains aligned laterally
producing dark bands averaging 44nm in width, while the triple-helical domain produced light
bands having approximately 87nm in width.

The type V! collagen function is probably of anchoring extraceliular matrix components
and cell attachment to the surrounding matrix, since ultrastructurally the microfibrils are found
associated with fibrillar interstitial collagen assembled as heterotypic fibrils (Keene et al,,
1998}, with fibrillin containing microfibrils elastic fibers (Everts et al., 1998; Finnis & Gibson,
1897), with proteogiycans such as decorin and biglycan (Bidanset et al., 1992; Wiberg et al.,
2001), in contact with basal lamina (Kuo et al., 1397; Tiedemann et al., 2001, Tulla et al.
2001) and with the cell (Poole et al., 1992). Studies in vifro have demonstrated that collagen
Vi is a potent substraie for promoting celi adhesion. {Aumailley et al., 1891, Araijo et al.
2002).

The pubic symphysis is a nonsynovial amphiarthrodial joint localized at the confluence
of the pubic bones. In the nonpregnant adult mouse, a fibrocartilaginous disk that is continuos
with the cap hyaline cartilage of the pubic bones forms this joint (Gamble et al., 1988). This
fibrocartilage disk is anterior and posteriori surrounded by layers of dense connective tissue
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continuous with perichondrium/periosteum. During pregnancy, the mouse pubic symphysis
undergoes a number of hormonally facilitated structural modifications, including the
transformation from a fibrocartilage into 2 flexible and slastic interpubic ligament, to enable
safe delivery of the young {Sherwood, 1884).

The compositional varety of connective iissues present in the same functionsl
structure makes the pubic symphysis an ideal model of study of the interstitial extraceliviar
components. In this work, we identified and localized the type Vi collagen in hyaline cartilage,
fibrocartilage, dense connective tissue and interpubic ligament pubic symphysis of mice by
immunohistochemistry and electron microscopy.

MATERIALS AND METHODS

Virgin female mice (approximately 90 davs of age) of a Swiss-derived strain bred in
the couniryside at the University Siate of Campinas were used n this study. Animals were fed
hay ad libitum and given free access to water.

To obtain pregnant specimen, virgin female were mated with males of the same strain
{in proportion of 2:1) and observed each moming for the presence of vaginal plugs. The day
on which a plug was found was considered as the first day of pregnancy. Pregnant animais
were used on 15th and 18th days of pregnancy. Virgin mice in esirus were aiso used. Estrus
was determined by vaginal smears according to Shorr {1941).

Animal studies were conducted in accordance with the Guide for the Care and Use of
Laboratory Animals (National Academy of Science, 1996)

For immunohistochemistry, four animals were used for each experimental point and
two animals per group were studied in eleciron microscopy. The animals were sacrificed by
cervicai dislocation and pubic symphyses were dissected clean.

Transmission Electron Microscopy

Specimens were digested with 1U/ml chondroitin AC or ABC lyase (Sigma-EC 4.2.2.4)
in 0,056 M Tris-HCI buffer, pH 7,2, at 37°C for 2 hours. Enzyme solution contained 0,02M
calcium acetate, 10nm NEM, 1mM PMSF and 5mM benzamidine HCI. After incubation the
specimens were washed with PBS, fixed with 2,5% glutaraidehyde in 0,01M sodium
cacodylate buffer, pH 7.2, for 3 hr at room temperature. They were washed in the same
buffer, stained with sodium tungstate, dehydrated in a graded series of ethanol and
embedded in polydbed epon 812 resin. Non-incubated fragments were direcily processed as
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above for morphological identification of some tissue characteristics. Ulirathin sections were
stained with urany! acetate and lead citrate and examined in a LEO 806-Zeiss electron
microscops.

immunohistochemistry

Pubic symphysis were fixed in Camoy's solution {ethanel, chioroform, acetic acid 6:3:1
by volume) for 24 hours at 4°C. Afterward they were washed in 0,1M PBS, and then
decalcified in 5% EDTA in 0,1M phosphate buffer for one week at 4°C, dehydrated and
embedded in paraffin. Six-micrometer sections were obtainad in ransverse plane through
ceniral region of the symphysis, dewashed with xylene and subjected to immunoperoxidase
detection of type VI coliagen using a monocional anti-human collagen type Vi (Chemicon,
Temecula, CA} as follows. Endogenous peroxidase activities wers biocked by treatment
Hissue sections with 0,3% hydrogen peroxide (H.0,) in tris-HC! buffered saline (TBS) 0,05M
piH 7,2 and washed in the same buffer. Sections were then freated with diluted normal
blocking serum (Novocastra) in PBS 0,01M for 30 minutes and incubated with a 1:100 dilution
of monoclonal anti-human collagen type Vi, at rcom temperature, overnight in a moisture
chamber. The sections were rinsed with TBS and were subseguently incubated with
biotinylated universal secondary antibody soiution {Novostain super ABC, Novocastra) at
room temperature for 30 minutes. After washes with TBS, sections were incubated with
Novostain ABC Kit {Novocastra, EUA) at room temperature for 30 minutes and rinsed in TBS.
Then they were reacted with DAB solution. After immunostaining, the sections were
counterstained with methyl green. Controls were done omitting primary antibody.

ATP-4reatment and ultrastructural identification of collagen Vi

Tissue fragmenis were incubated in 20 mM adenosine triphosphate (ATP) in
phosphate buffered saline (PBS) for 1h at 37°C (Nakamura et al., 1994; Carvalhe et al 1997).
Controls were incubated in PBS without ATP. ATP-treated samples and the control were fixed
in 4% glutaraldehyde and 0,25% tannic acid in Milling's buffer for 1h {Cotta-Pereira et al.,
1976). Then they were post-fixed in osmium tetroxide, dehydrated in acetone and embedded
in Epon 812. Ultrathin sections were stained with uranyl acetate and lead citrate and
examined in a LEQ 906-Zeiss electron microscope.
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RESULTS

Tissue distribution of the type V! collagen — immunohystochemistry

The immunoperoxidase reaction with the antiserumn against collagen type Vi detected
the presence of this protein in different connective tissues that comprised the mouse. The
reaction was ocated around the calls and in the interfibrillar spaces.

Control section incubated without the first antibody proved o be negative (Figure 1A).

Staining reaction for collagen Vi was positive in the matrix of hysline cartilage around
ihe cells after freatment with chondroitinases (Figure 1B). Positive reaction for fype Vi
collagen was aiso observed close to the basal surface at the biood vessel wall (Figure 1C)

intensive staining was seen in the fibrocartilage. In this tissue, the reaction was
strongly positive around the fibrochondrocytes and in the interfibritiar spaces (Figures 1D and
1E). In the surmounding connective tissue, collagen type VI was identified dispersed
throughout the extraceliular matrix as fine fibrils between the collagen fibers, and sometlimes
concentrated at the fibrobiast periphery (Figure 1F).

intense staining was also seen in the pubic ligament of the pregnant mice. The
paratenon was more intensely reactive which could be seen by the accumulation of the type
V1 collagen around the fibroblasts and associated with the collagen fibrils along the cell
processes {Figure 2A). The immunohystochemical reaction identified some fibrillar
components between the thick coliagen fibers, which were more prominent in the outer layers
of the ligament (Figures 2B and 2C).

The immunoreaction localized type Vi collagen on the coliagen fiber surface in the
pubic ligament of the virgin and pregnant animals. Collagen V! appeared on pubic ligament
deposited in a fine granular manner or as an extended meshwork of fine fibrils.

Ultrastructural identification of type Vi collagen

Electron microscopic examination of the pubic symphysial conneclive tissues after
chondroitinase treatments of the specimens revealed the presence of a microfibril network,
except for hyaline cartilage. These microfibrils were observed uniformly distributed around the
cells as individual structures. However, in the exiracellular matrix, type Vi collagen was seen
forming a weblike network interwining with striated collagen fibrils. Soeme regions of the pubic
symphysis appeared to delimit groups of the striated collagen fibrils forming collagen fibers.

The AC or ABC treatments indistinctly revealed the existence of a collagen type VI
microfilaments in mice pubic symphysis.
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The Figure 3 depicts one fibrochondrocyte of the virgin pubic symphysis after
incubation with chondroitinase AC at 37°C for 2 hours. A filamentous network could be
observed adjacent to the plasma membrane of the cell {Figures 3 and 4) and among the
bundles of collagen fibrils in the fibrocartilaginous tissue (Figure 5).

The periceilular matrix of the sumrounding connective tissue also presented a
meshwork of microfibrils close o the celiular membrane of the fibroblast, which was extended
throughout the extracellular matrix filling the spaces between the collagen fibers (Figure €}
The same distribulion patlern was seen in the pubic ligament in pregnant mice. The
microfibrils in the pubic ligament showed intimate connections with the collagen fibrils
(Figures 6 and 7).

After ATP treatment of fresh pubic symphysis, periodic fibrils were observed. These
structures were known to consist of lateral aggregates of the microfibriis of type Vi coliagen.
They are constituted of electron dense bands interconnected to each other by microfilaments
{light bands). With the exception of hyaline cartilage (Figures 8 and 8}, the other components
of the pubic symphysis - fibrocartilage, dense connective tissue and ligament - showed these
characteristic aggregated structures.

The type VI collagen aggregates were observed at the same region where filamentous
material occurred, when submitting the specimens to chondroitinase AC or ABC treatments.
The fibrocartilaginous tissue was especially rich in type Vi collagen around the cells, where
they formed an extended network {Figure 10). Aggregates were also observed between the
collagen fibrils in this tissue {(Figures 11 and 12}

The interpubic ligament on the other hand, showed an accumulation of type Vi
collagen in the interfibrillar regions, between the collagen fibrils, and at the pericellular region.
The inner layer of the central pubic ligament usually presented smaller amounts of the
aggregates (Figure 13). However, the outer layer of the pubic ligament was especially rich in
type Vi aggregates. They were found in the interfibrillar spaces with intimate connections with
the coliagen fibrils (Figure 14), among the bundies of coliagen fibrls (filing the spaces
between the collagen fibers) (Figure 15) and concentrated around the cells, where they
formed an extended network (Figures 16 and 17). In longitudinal section, type VI coilagen
periodic fibrils were observed between celis and striated collagen fibrils, but were more
frequently observed among the collagen fibrils. The filaments ran close and paralisl to the
fibril surface (Figures 15 and 18).
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DISCUSSION

Immunocytochemical and ultrastructural analyses were used for the determination of
she distribution of type V1 collagen in the mice pubic symphysis.

Type Vi coliagen was observed for all the connective tissues thal composed the
symphysis of virgin and pregnant mice being widely distributed throughout the ECM in two
distinct locations: in the periceliular region and in close association with the striated collagen
fibrils and fibers.

These observations demonstrated that coliagen type Vi constituies an important part
of the extraceliular matrix of the connective tissues of the pubic symphysis. The high
periceliular concentrations of type Vi coliagen reported clearly suggest that this collagen
played an important role in the regulation of cell-matrix interaction as already suggested (von
der Mark et al., 1984; Bruns et al., 1986; Aumailley et al., 1991, Sherwin ot al,, 1999; Araujo
et al., 2002}

Ligament and dense connective tissue structures meet their funclional role having
tensile strength and elastic capacity against loading. Fibrocartiiage has properties in between
those of dense conneclive tissue and hyaline cartilage, having tensile and compression
capacity. Type V! collagen, in mice symphysis, was widely distributed throughout the
exiraceliular matrix in the ligament and connective tissue, whereas in the cariilages:
fibrocartilage and hyaline, it was strongly pericellular. Coliagen Type VI may have produced a
nhasket-like structure around the chondrocytes to protect the cell from the great compressive
force that the cartilage is exposed 1o due to its anatomical localization.

Type VI collagen may interact with proteoglycans present in the pericellular region
{(collagen fibril-free extracellular matrix) creating defined arrangements in this region of the
tissue (Felisbino & Carvalho, 1999; Araujo et al., 2002). The accumuiation of tvpe Vi collagen
around the cells, with are large proteogiycan-rich regions, may suggest that type Vi
microfibrils are associated with these macromolecuies. In fact, an interaction between a
membrane-bound chondroitin suifate proteogiycan found on several cell types, known as
NG2, and collagen type Vi has been described (Bidanset et al., 1892).

Fibrillar collagen have as their principal function, fo provide great tensile strength. The
presence of type VI collagen in the interstitial extraceliular matrix has been linked to the
occurrence of fibrillar collagens. There was evidence that proteoglycans were involved in the
formation of collagen heterotypic fibrils closely associated with banded coliagen fibrils and
type V! collagen (Bray et al., 1990). This kind of association may indicate that type Vi
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collagen was essential to the mechanical properties of conneclive fissues, binding various
compenents such as collagen fibers into a functional tissue while still allowing flexibility.

in ligament, 2 more distensible connective tissue than fibrocartilage, coliagen type Vi
helps to build & more flexible collagen network interacting with fibrillar collagens and other
components of the interfibrillar space thus creating a extraceliular matrix resistent to tensile
strength and with elastic capacity against loading. Also, type Vi collagen is an essential
component on the functional fibrillar units serving as inter-fibriliar gliding filaments (Neurath &
Stofft, 1992).

We suggest that collagen type VI works as an adhesive molecule of mesenchymal
tissues stabilizing the exdraceliular matrix and the cell matrix communication.
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FIGURE LEGENDS

Figure 1. Immunoperoxidase localization of type VI collagen in the virgin mouse pubic
symphysis. A) Control reaction B) Reaction is seen concentrated around the cells
{arrowheads} of the hyaline cartilage C) A detail of the association of collagen type Vi with the
blood vessel wall. Bar, 20um. D and E) The reaction for type V| collagen was mostly
observed in the periceliular matrix of the fibrochondrocytes (armowheads) but was also seen
as fibrillar components (asterisk) disposed in a meshwork at the fibrocartilage F) Aspects of
the reaction for type Vi collagen in the dense conneclive lissue. Some reaction was observed
as fibrillar components {arrows) inside at the fiber surface. Bar; 20um

Figure 2. immunoperoxidase localization of type VI collagen in the interpubic ligament of the
mouse in the 15th (A and B} and 18th days of pregnancy (C). A and B) Collagen type Vi is
found throughout the ligament. it was found around the cells (arrowheads) and especially
between the collagen fibers as thin fibrils components (arrows). C) The reaclion was mostly
observed st the collagen fiber surfaces, which appear as thin fibrils (arrows). Bar;, 20um

Figure 3 to 5. Transmission electron micrographs of the virgin mouse pubic symphysis
digested with chondroitinase ABC. 3) Note the amorphous materials (asterisks) associate
with the cell bodies and citopiasmatic processes of the fibrocartilage. 4) Higher magnification
of cell bodies of fibrocarlilage. 5) Longitudinal section shows amorphous materials (arrow)
hetween the collagen fibrils in dense connective tissue. Bar, 0,25um

'Figure 6 and 7. Transmission electron micrographs of mouse pubic symphysis during the
15th pregnancy day after chondroitinase ABC digestion. 8) High magnification shows the
presence of a meshwork of microfibrils near cell bodies and amongst the collagen fibrils
(asterisks). 7} A network formed by microfibrils interspersed the collagen fibrils can be
observed (arrows). Bar; 0,25um

Figure 8 to 12. Transmission electron micrographs of the virgin mouse pubic symphysis after
ATP-treatment. Figure 8 is a thin section of hvaline carlilage. Inspection at higher
magnification; no periodic structures were observed at pericelluiar matrix chondrocyte (Figure
9). Figure 10: type Vi collagen aggregates form a meshwork around the fibrochondrocytes
{cell) defining their periceliular matrix {asterisk). Figure 11 and 12: Aggregates of type Vi
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coliagen in dense connective tissue. Type Vi extends between the collagen fibers and fibnils
(arrowheads), apparently filling part of the interfibrillar spaces. Bar, 0,6um

Figure 13 to 15. Type V! collagen aggregates in the mouse interpubic ligament on the 15th
day of pregnancy. Figure 13: The aggregales {asterisk) defined the periceliular matrix of the
cell. Figure 14 is a high magnification showing the type VI coliagen aggregates around the
cells and occoupying large areas of the interfibrillar spaces (asterisks). Figure 15: type Vi
collagen aggregates also appeared o be segregated from striated collagen fibrils, and they
formed a network by themselves (armows). After the ATF treatment the microfibrils
aggregated and formed the ladder-like structures (Fig.15), observed in detail in the inset as
dense bands {arrowheads) connecied by thin filaments. Bar; 0,3um

Figurs 16 to 18. Type Vi collagen aggregates in the mouse interpubic ligament on the 18th
day of pregnancy. Figure 16 Aggregates of the type Vi collagen formed by ATP freatment
could be observed near cell bodies {cell) and among collagen fibris {asterisks) forming a
microfilaments network in the ligament. Figure 17: The different directions of the type Vi
aggregates demonsirate that it forms a meshwork in the exiraceliular space. Figure 18! A
iongitudinal section of the outer layer ligament showing microfilaments (arrows) distributed
among collagen fibrils. Bar; 0,3pm.
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4. CONCLUSOES

(s resultados oblidos nessa tese permitem concluir que;

1. A sinfise pubica de camundongos virgens é formada por tecido conjuntivo denso periférico
e fibrocartiiagem central. A concentracg8o, o tipo e a localizacdo dos proteogiicancs e
glicosaminoglicanos sdc caracteristicos de cada um desses tecidos e refletem as suas

funcdes mecanicas no papel bicldgico dessa articulacéo.

2. As andlises bioguimica e imunohistoquimica revelam o condroitim suifato como Gnico
glicosaminoglicano sulfatado presente na sinfise pubica de animais virgens e prenhes.

3. A concentracao, o tipo e a localizacdo dos proteoglicanos e glicosaminoglicanos variam
durante a Ultima semana de prenhez.

4. O aumento de condrotim sulfato tem inicio no 12° dia de prenhez, periodo em gue se
inicia 2 transformacé&o da fibrocariilagem em um ligamento.

5. A localizacdo ultra-estrutural e a anadlise imunohistoquimica permitem conciuir que os
proteoglicanos presentes no ligamento interplbico no 15° dia de prenhez séo,
principaimente, decorim e biglicam. A anadlise qualitativa dos glicosamingoglicanos
sulfatados, nesse periodo, mosirou que ¢ condrotim sulfato é o glicosaminogiicano da
cadeia lateral desses proteoglicanos.

8. No 15° dia de prenhez, quando a sinfise pubica esta sob elevadas forcas de tensdo, ha
um aumento, em mais de 100%, na concentracao de condroitim sulfato, o que sugere ¢
papel fundamental do decorim no suporie as forgas de tenséo.

7. A abrupta diminuicdo de condroitim sulfato, observada nos Ultimos dias de prenhez (17° e
18° dias}, associada ao aumento de acido hialurbnico e a presenca de areas desprovidas
de fibrilas de colageno, porém com grande quantidade de proteoglicanocs, caraclerizam ¢
inicic do processo de relaxamento do ligamento, com a formagéo de um tecido adaptado
para resistir 8 forcas de tensao sem sofrer estiramento.
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Conclusdes

&. A partir do 15° dia de prenhez, o proteoglicano versicam € encontrado no ligamento
interpubico de camundongos, demonstrado pela analise ulira-estrutural, localizacdo nos
espacos interfibrilares, & apresentando cadeiz lateral constiluida de condroitim sulfato.

Sua presenca sugers um papel no deslizamento das fibras e fibrilas coldgenas que esido
sch tenséo.

2. O aumento de acido hialurbnico nos dltimos dias da prenhez, possivelmente, tem papel
fundamental na retencdo de agua no ligamento inferpibico. Esse aumente de Agua
auxiliara no fluxo de hormbnics e citocinas, na manutengio da integridade estrutural do
ligamento, bem como promoverd a necessaria flexibilidade desse ligamento nos
momentos que antecedem ao parto.

10. A distribuicgio do colégeno Hipo Vi na sinfise pabica de camundongos virgens e prenhes é
diferente nos varios tecidos que compdem essa articulacéo e reflete as suas exigéncias
funcionais. A sua localizagao pericelular sugere um papel na interacdo célula-matriz. A
interacdo do colageno tipe VI com outros componentes da matriz extraceluiar, tais como
os colagenos fibrilares, tem um importante papel na organizacéo do espaco extracelular,
formando fibras colagenas heterotipicas capazes de resistir melhor a forgas de tracfo.

71




5. REFERENCIAS BIBLIOGRAFICAS

Baer &, Cassidy JJ, Hiltner A. Hierarchical structure of collagen and ils relationship to the

physical properties of tendon. in: Nimni ME. Collagen. Boca Ratdn: CRC Press; 1988. p.177-
99,

Battlehner CN, Cameiro Fitho M, Ferreira Jr JMC, Saidiva PHN, Montes G8. Histochemical
and ultrastructural study of the extraceliular matrix fibers in patellar tendon donor site
scars and normal controls. J Submicrose Cytol Pathol 1896; 28:175-88.

Bemnstein P, Crelin £ES. Bony pelvic sexual dimorphism in the rat. Anat Rec 1867; 157:517-
28.

Birk DE, Linsenmayer TF. Collagen fibril assembly, deposition, and organization inio tissue-
specific matrices. In: Yurchenco PD, Birk DE, Mecham RP, editor. Exdraceliular matrix
assembly and structure. New York: Academic Press; 1994. p.81-128.

Brewiton RG, Mayne R. Heterolypic type U, IX, and Xl fibrils: comparison of vilreous and _
cartilage forms. In: Yurchenco PD, Birk DE, Mecham RP, editor. Exiracellular matrix
assembly and structure. New York: Academic Press; 1994, p.128-70.

Bruns RR, Press W, Engvall E, Timpl R, Gross J. Type VI collagen in extracellular, 100-nm

periodic filaments and fibrils: identification by immunoeleciron microscopy. J Cell Biol
19886; 103:393-404.

Carvatho HF. Understanding the bicmechanics of tendon fibrocartilages. J Theor Biol 1985;
172:293-7.

Carvathe HF, Recco-Pimentel SM, coordenadores. A célula 2001, S&o Paulo: Manole; 2001.

Catchpole HR, Joseph NR, Engel MB. The action of relaxin on the pubic symphysis of the
guinea-pig studied electrometricaily. J Endocrinol 1952; 8:377-885.

Chihat HJ, Espey L., Utilization of the relaxed symphysis pubis of guinea pigs for clues to the
mechanism of ovulation. Endocrinology 1973; 93:1441-5.

72




Referéncizs Bibliogréficas

Crelin ES, Levin J. The prepuberal pubic symphysis and uterus in the mouse: their response
to estrogen and relaxin. Endocrinclogy 1955; 57.730-47.

Crelin ES, Brightman MW, The pelvis of the rat its response to estrogen and relaxin, Anat
Rec 1857, 128:467-84.

Crelin ES. The development of bony pelvic sexual dimorphism in mice. Ann N 'Y Acad Sci
1960, 84:481-511.

Crelin ES. interpubic ligament: elasticity in pregnant free-tailed bat. Science 1969a; 164.:81-2.

Crelin ES. The development of bony pelvis and its changes during pregnancy and pariurition.
Trans N Y Acad Sci 1969b; 31.1049-58.

Creiin ES, Newton EV. The pelvis of the free-iailed bat: sexuai dimorphism and pregnancy
changes. Anat Rec 1969; 164:3489-57.

Culav EM, Clark CH, Merrilees MJ. Conneclive tissues: malrbx composition and iis relevance
1o physical therapy. Phys Ther 1988; 79:308-18.

Cullen BM, Harkness RD. The effect of hormones on the physical properties and coilagen
content of the rat’s uterine cervix. J Physiol 1860; 152:419-36.

Downing SJ, Sherwood OD. The physiologicail role of relaxin in the pregnant rat. IV. The

influence of relaxin on cervical collagen and glycosaminoglycans. Endocrinology 19886,
118:471-8.

Felishine 8L, Carvalho HF. identification and distribution of type Vi collagen in tendon
fibrocartifages. J Submicrosc Cytol Pathol 1889; 31:187-95.

Frieden EH, Hisaw FL. The mechanism of symphyseal relaxation. The distribution of reducing

groups, hexoseamine, and proteins in symphyses of normal and reiaxed guinea pigs.
Endocrinology 1951; 48:88-97.

Frieden EH, Hisaw FL. The biochemistry of relaxin. Recent Prog Horm Res 1953; 8:333-78.

Gamble JG, Simmons SC, Freedman M. The symphysis pubis: anatomic and pathologic
considerations. Clin Orthop 19886; 203:281-72.

73




Referéncias Bibliograficas

CGardner WU, Sexual dimorphism of the pelvis of the mouse, the effect of estrogenic

hormones upon the pelvis and upon the development of scrotal hemnias. Am J Anat 1838;
59:458-83.

Gardner E, Gray DJ, O'Rahilly R. Anatomia: estudo regional do corpo humano. 4° ed. Rio de
Janeiro: Guanabara Koogan; 1888. p.18-23; 433-5.

Gathercole LJ, Keller A, Crimp morphology in the fibre-forming collagens. Matrix 1991,
11:214-34.

Golichowski AM, King SR, Mascaro K. Pregnancy-related changes in rat cervical
glycosaminoglycans. Biochem J 1880; 192:1-8.

Gray H. Anatomia. 29a ed. Ric de Janeiro: Guanabara Koogan; 1988.

Hakkinen L, Oksala O, Saio 7, Rahemiulla F, Larjava H. immunchistochemical localization of
proteoglycans in human periodontium. J Histochem Cytochem 1993; 41:1689-88.

Hzall K. The effects of pregnancy and relaxin on the histology of the pubic symphysis in the
mouse. J Endocringi 1947; 5:174-82.

Ham AW. Histologia. 8a ed. Rio de Janeiro: Guanabara Koogan; 1972.

Hardingham TE, Fosang AJ. Protecglycans: many forms and many functions. FASEB J 1892;
8:861-70.

Hascali VC, Heinegard DK, Wight TN. Proteogiycans:metabolism and pathology. 2nd ed.
New York: Plenum Press; 1891. p.149-76.

Hay ED, editor. Cell biclogy of extracellular matrix. 2nd ed. New York: Plenum Press; 1891,

Heinegard D, Oldberg A. Structure and biclogy of cartilage and bone matrix noncollagenous
macromolecules. FASER J 1989; 3:2042-51.

Hisaw FL, Zarrow MX. The physiology of relaxin. Vitam Horm 1950, 8:1581-78.

Hom EH. Interpubic ligament regression in relaxin-treated virgin and primiparous, post-
partum mice. Endocrinclogy 1980; 67.:668-73.

74




Referéncias Bibliograficas

Huiljing PA. Muscle as a collagen fiber reinforced composite: a review of force transmission in
muscie and whole limb. J Biomech 1888, 32.328-45.

lozzo RY, Murdoch AD. Proteogiveans of the exdracellular environment: clues from the gene

and protein side offer novel perspectives in molecular diversity and function. FASER J
1906, 10:598-814.

lozzo RV. Malrix proteogiveans: from molecular design io cellular funclion. Annu Rev
Biocchem 1998, 67:608-52.

lozzo RV, The biology of the smail leucine-rich protecglycans. Funciional network of
interactive proteins. J Biol Chem 1999; 274:18843-8.

Junqueira LCU, Zugaib M, Montes S, Toledo OMS, Krisztan RM, Shigihara KM.
Morphoiogic and histochemical evidence for the occurence of collagenolysis and for the

role of neutrophilic polymorphonuciear leukocyies during cervical dilatation. Am J Obstet
Gyneco! 1980; 138:273-81.

Keene DR, Engvall E, Glanville RW. Ulirastructure of type Vi collagen in human skin and

cartilage suggests an anchoring function for this filamenious network. J Cell Biol 1988;
107:1985-2006.

Kieity, CM, Whittaker SP, Grant ME, Shuttleworth CA. Type VI collagen microfibrils: evidence
for a structural association with hyaluronan. J Cell Biot 1992; 118:978-90.

Kroc RL, Steinetz BG, Beach VL. The effects of estrogens, progestagens, and relaxin in
pregnant and nonpregnant laboratorory rodents. Ann N Y Acad Sci 1958; 75: 942-80.

Linck G, Oudet C, Pelrovic A. Multiplication des differentes varieties cellulaires de la
symphyse pubienng de souris au cours de la croissance et de la premiere gesiation:

etude radicautographigue a l'aide de la thynidine fritiee. Bull Assoc Anat {Nancy) 1875;
59:467-78.

Linsenmayer TF. Collagen. In: Hay ED, editor. Cell biology of extraceliular matrix. 2nd ed.
New York: Prenum Press; 1991, p.7-44.

Lovell AP. Bony pelvic dimorphism in rabbits. Anat Rec 1965; 151:462.

73




Referéncias Bibliograficas

Manning JP, Steinetz BG, Butler MC, Priester S, The effect of steroids and relaxin on acid
phosphatase in the pubic symphysis of the ovariectomized mouse. J Endocrino! 1985;
33:501-8.

Martinez-Hemandez A, Amenta PS. Morphology, localization, and origin of the hepatic
extracellular matrix. In. Zern MA, Reid LM, editor. Extraceliular matrix: chemistry, biology,

and pathobiciogy with emphasis on the liver. New York: Marcel Dekker, Inc; 1993, p.255-
3z27.

McDonald JK, Schwabe C. Relaxin-induced elevations of cathepsin B and dipeptidyl

peptidase | in the mouse pubic symphysis, with localization by flucrescence enzyme
histochemistry. Ann N Y Acad Sci 1982; 380:178-86.

Montes GS, Junqueira LCU. Histochemical iocalization of collagen and proteogliycans in
tissues. In: Nimni ME, editor. Collagen. Boca Ratén: CRC Press; 1988, p.41-72.

Moraes SG. Caracterizacéo das fibras do sistema eldsiico e da plasticidade celular na sinfise
pubica do camundongo durante a prenhez, parto e pos-parto. Estudo pela microscopia

de iz e eletrdnica de transmiss@o [tese]. Campinas: Universidade Estadual de
Campinas; 2001,

Nakamura M, Kobayashi M, Hirano K, Kobayashi K, Hoshio T, Awaya S. Glycosaminogiycan

and collagen fibrillar interactions in the mouse corneal stroma. Matrix Biot 1994; 14:283-
86.

Nimni ME. Fibrillar coliagens: their biosynthesis, molecular structure, and mode of assembly.
In: Zern MA, Reid LM, editor. Extracelluiar matrix: chemistry, bioclogy, and pathobiology
with emphasis on the liver. New York: Marce! Dekker, inc; 1993. p.121-48.

Ortega HH, Joazeiro PP, Muficz-de-Toro MM, Lugue EH, Montes GS. Differential distribution
of the fibres of the collagenous and elastic systems and of giycosaminogiycans in the rat
pubic joint. J Submicrosc Cytol Pathol 2001; 33:463-72.

Pamy DAD, Craig AS, Bames GR. Tendon and ligament from the horse: an ulfrastructural
study of collagen fibrils and elastic fibres as a2 function of age. Proc R Soc Lond B Bio!
Sci 1978; 203:293-303.

75




Feferéncias Bibliograficas

Parry DAD, Craig AS. Collagen fibrils during development and maturation and their
contribution io the mechanical attributes of connective tissue. In: Nimni ME, editor.
Collagen. Boca Ratén: CRC Press; 1988, p.1-23.

Perl E, Caichpole HR. Changes induced in the connective tissue of the pubic symphysis of
the guinea pig with estrogen and relaxin. Arch Pathol 1950; 50:223-39.

Pinheiro MC. Biclogia estrutural das fibras de colageno da sinfise e do ligamento pubiano de

camundongo durante a prenhez, parfc e pds-parto [tese]. Campinas: Universidade
Estadual de Campinas; 1998.

Ruth EB. A study of the development of the mammalian pelvis. Anat Rec 1932; 53:207-25.

Ruth EB. Metamorphosis of the pubic symphysis. Ill. Histological changes in the symphysis of
the pregnant guinea pig. Anat Rec 1837: 87:408-21.

Samuel CS, Butkus A, Coghlan JP, Bateman JF. The effect of relaxin on collagen metabolism

in the nonpregnant rat pubic symphysis: the influence of estrogen and progesterone in
regulating relaxin activity. Endocrinology 1996; 137:3884-90.

Samuel CS, Coghian JP, Bateman JF. Effects of relaxin, pregnancy and parturition on
collagen metabolism in the rat pubic symphysis. J Endocrinol 1998; 159:117-25.

Schwabe C, Steinetz B, Weiss G, Segaloff A, McDonaid JK, O'Byme E, et al. Relaxin. Recent
Prog Horm Res 1978; 34:123-211.

Senga K, Kobayashi M, Hattori H, Yasue K, Mizutani H, Ueda M, et al. Type V! collagen in

mouse masseter tendo, from osseous attachment to myotendinous junction. Anat Rec
1995; 243:294-302.

Sgambati E, Stecco A, Capaccioli L, Brizzi E. Morphometric evaiuation of the symphysis
pubis joint. J Anat Embrvol 1998; 101:185-201.

Sherwood OD. Relaxin. in: Knobil E, Neili JD, editor. The Physioloy of Reproduction. 2nd ed.
New York: Raven Press; 1994, p.861-1009.

Steinetz BG, Beach VL, Kroc RL. The influence of progesterone, relaxin and estrogen on

some structural and functional changes in the pre-parturient mouse. Endocrinology 1957;
§1:.271-80.

77




Referéncias Bibliogréficas

Steinetz BG, Manning JP, Butler M, Beach VL. Relationships of growth hormone, steroids
and relaxin in the transformation of pubic joint cartlage to ligament in
hypophysectomized mice. Endocrinology 1965, 76.876-82.

Steinetz BG, Manning JP. Influence of growth hormone, stercids and relaxin on acid
phosphatase activity of connective tissue. Proc Soc Exp Biol Med 1867, 124:180-4.

Storey . Relaxation in the pubic symphysis of the mouse during pregnancy and after relaxin

administration, with special reference io the behaviour of collagen. J Pathol Bacteriol
1957, 7414782,

Talmage RV. Changes produced in the symphysis pubis of the guinea pig by the sex steroids
and reiaxin. Anat Rec 1947a; 989:91-113.

Taimage RV. A histological study of the effects of relaxin on the symphysis pubis of the
guinea pig. J Exp Zool 1947b; 106:281-92.

Timpl R, Chu M. Microfibrillar collagen type V1. in: Yurchenco PD, Birk DE, Mecham RP,

editor. Extraceliular matrix assembly and structure. New York: Academic Press; 1984,
0.207-42,

Tulla M, Pentikainen OT, Viitasalo T, Kapyla J, impola U, Nykvist P, et al. Selective binding of

coliagen subtypes by integrin alpha 1i, aipha 2| and alpha 10! domains. J Biol Chem
2001; 276:48206-12.

Uesugi Y, Ohta Y, Asashima M, lguchi T. Comparative study of sexual dimorphism of the
innominate bone in rodents and amphibians. Anat Rec 1892; 234:432-7.

Unemori EN, Amente EP. Relaxin modulates synthesis and secretion of procollagenase and
collagen by human dermal fibrobilasts. J Biol Chem 19806, 256:10681-5.

Vasilenko P, Mead JP. Growth-promoting effecis of relaxin and related compositional
changes in the uterus, cervix, and vagina of the rat. Endocrinology 1987, 120:1370-6.

Vidal BC. Crimp as part of a helical structure. C R Acad Sci Paris 1985; 318:173-178.

Viell B, Struck H. Effects of the hormone relaxin on the metabolism of the
ghycosaminoglycans in the mouse symphysis pubis. Horm Metab Res 1987, 18:415-8.




Referéncias Bibliogréficas

Vix VA, Ryu CY. The adult symphysis pubis: normal and abnormal. Am J Roentgeno! Radium
Ther Nucl Med 1871; 112:517-25.

Vogel KG. Glycosaminoglycans and proteoglycans. in: Yurchenco PD, Birk DE, Mecham RP,

editor. Exiraceliular matrix assembly and structure. New York, Academic Press; 1884,
p.243-79.

Wahi LM, Blandau RJ, Page RC. Effect of hormones on coliagen metabolism and

collagenase aclivity in the pubic symphysis ligament of the guinea pig. Endocrinology
1977, 100:571-¢.

Weiss M, Nagelschmidt M, Struck H. Relaxin and coliagen metabolism. Horm Metab Res
1979; 11:408-10.

Wiberg C, Hedbom E, Khairulling A, Lamande SR, Cldberg A, Timpl R, et al. Biglycan and

decorin bind close i the n-terminal region of the collagen VI triple helix. J Biol Chem
2001; 276:18947-52.

Winkler M, Rath W. Changes in the cervical exiracelluiar matrix during pregnancy and
parturition. J Perinat Med 1999; 27:45-61.

Yanagishita M. Funclion of proteoglycans in the exiraceliular matrix. Acta Pathol Jpn 1883;
43:283-93.

Zemn MA, Reid LM. Extraceliular matrix. chemistry, biology, and pathobiology with emphasis
on the liver. New York: Marce! Dekker, Inc, 1993. p.ili-v.

Zhao L, Samuel CS, Tregear GW, Beck F, Wintour EM. Collagen studies in late pregnant
retaxin null mice. Biol Reprod 2000; 63.697-703.

Segundo o formato proposto pelo Comité internacional de Editores de Revistas Biomeédicas,
conhecido como Vancouver Style {maio/2000).

74




