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RESUMO

As jungbes comunicanies (JCs) ou gap junctions s8o canais intercelulares formados pela
unifio de dois hemicanais ou comexons, os quais sio formados por proteinas integrais
pertencentes & familia das conexinas (Cx). Estudos em ifhotas pancredticas tém
demonstrado que a comunicagio intercelular, via jungles comunicantes, € fundamental para
adequada biossiniese, estoque e liberagio de insulina pelas células B pancreaticas.
Condigles que promovem a formacfio de JCs aumentam a secregfio e biossintese deste
horménio. Por outre lado, o blogueio dos canais ou ruptura das JCs na célula B resultam em
comprometimento do processo secretério. [thotas pancredticas de fetos e recéme-nascidos de
ratos exibem uma resposta secretdria de insulina reduzida em comparaciio 3s ilhotas de
animais adultos. Cultivo prolongado de ilhotas pancredticas, bem como o fratamento in
vitro com horménios somatotréficos, como a prolactina, induzem maturacio deste processo
de acoplamento estimulo-secrecfo. Esta tese teve como objetive investigar os possiveis
mecanismos intracelulares de regulacfio das JCs pela cultura prolongada e pelo tratamento
in vitro com prolactina em ilhotas pancredticas de ratos recém-nascidos. Para tal foi
avaliada a localizagfo, o grau de expressfio génica e o contetdo celular das proteinas
integrantes das JCs, as conexinas 43 ¢ 36, bem como o grau de adesdo celular pela
express@o da [-catenina nas ilhotas nestas condicbes experimentais. Foram executados os
seguintes protocolos: 1) tratamento in vifro com prolactina (2pg/mi/dia) durante 7 dias, 2)
cultivo das ilhotas por periodos variando de 1 a 7 dias e 3) cultivo por 3 dias em
concentracles varidveis de glicose no meio de cultura. Foi detectade um aumento
significativo da secrecfio de insulina apés o tratamento com prolactina, tempo prolongado
de cultivo e concentragio crescente de glicose no meio. Este resultado indica que tais
condigles experimentais induzem maturagfio do processo de secregiic de insulina em
ilhotas pancredticas de ratos recém-nascidos. O tratamento crbnico com prolactina também
induziu um aumento na expressdo de Cx43 e B-catenina, como demonstrado por Western
Blot. Ambas proteinas juncionais foram detectadas por imunocitoquimica na regifio de

contato intercelular nas células das ithotas. Quanto ao efeito da cultura per se, foi observada
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uma comelacfo entre ¢ tempo de cultivo e ¢ aumento na expressio celular de Cx4d3, Cx36e
B-catenina. No caso das conexinas, a cultur prolongada também resultou em aumento da
transerigBo génica, come detectado pelo método de RT-PCR. Quando foram analisadas as
variagdes de expressic das conexinas em resposta a glicose, somente a Cx36 pareceu ser
regulada por concentragBes crescentes deste secretagogo no meio de cultura. Esses
resultados, tomados em conjunte, sugerem que a regulagio das conexinas nas ilhotas
pancreaticas pela prolacting, glicose e outros fatores contidos no meio de cultura podem ser

importantes no processo de maturagio das células B em condigdes de cultivo.
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CAPITULO 1%

1.1 INTRODUCAO

Comunicagio intercelular € um fendmeno de grande importincia em todos
organismos multicelulares, que visa coordenar as varias atividades celulares, tais como o
metabolismo, a diferenciagio ¢ o crescimento celular. Existem duas formas de
comunicagdo intercelular. A primeira envolve a liberagio no meio extracelular de
substancias, tais como neurotransmissores, hormdnios e outros fatores ativos. Nesta forma
de comunicacdo intercelular, células adjacentes, ou localizadas distantes do sitio de
liberagdo, contem receptores especificos, em sua membrana plasmatica, que sio capazes de
reconhecer tais substincias e responderem a estimulos. A segunda forma de comunicacio
intercelular opera em grupos de células que estiio acopladas através de estruturas
especializadas da membrana plasmatica denominadas de junces comunicantes (JCs). A
jungdo comumicante, também conhecida como Gap Jumction (GI), constitii um dos
componentes das jungdes intercelulares, a qual permite uma difusio direta de ions e
moléculas, de baixo peso molecular, de uma célula para outra.

As juncBes intercelulares (JIs) sdo especializaces da membrana plasmatica que
mterconectam as ¢élulas organizadas em tecidos e/ou 6rgfios (Figura 1). Além das juncBes
comunicantes, as JIs so formadas por 3 outros tipos de estruturas: (1) a juncdio de oclusio,
ou right junction, que corresponde a uma regifio de estreita proximidade das membranas
plasmaticas de células adjacentes, devido a uma aparente fusdo do folheto externo destas
membranas; (2) a zonula ou fasciae adherens, uma regifio da membrana de ancoragem dos
microfilamentos do citoesqueleto, e (3} os desmossomos, o sitio da membrana de
ancoragem dos filamentos intermedirios do citoesqueleto (Collares-Buzato 2001, Farquhar
e Palade 1963). Estas trés Gltimas jungBes representam dispositivos de adesdo intercelular,
enquanto a JC € caracterizada por uma regiio de contato intercelular reconhecida pela
aposigdo singular das membranas de células vizinhas e presenca de canais intercelulares,

que estZc envolvidos na comunicacdo intercelular (Collares-Buzato 2001, Musil 1994}
(Figura 2).



As jungles comunicantes foram, inicialmente, descritas nos anos 60, através de
microscopia eletrbnica, como uma regifio, de 4rea variavel, das membranas plasmaticas de
células vizinhas separadas por uma fenda (do inglés, gap) de aproximadamente 2-4 nm.
Anos mais tarde, atraves da técnica de criofratura e observagio 2o microscépio eletrénico,
demonstrou-se que esita estrutura constitui uma regifio diferenciada da membrana
plasmatica contendo um arranjo denso de particulas inseridas na membrana, podendo
formar uma placa (Beyer ¢ Goodenough 1990). Estas particulas foram, posteriormente,
caracterizadas bioquimicamente como sendo de natureza protéica, correspondendo aocs

canais que interconectam as duas células vizinhas acopladas.

ESTRUTURA E COMPOSICAC BIOQUIMICA DAS JUNCOES COMUNICANTES

As JCs sHo formadas pela unific de dois hemicanais protéicos denominados de
conexons, que ficam conectados no espaco extracelular. Cada hemicanal é constituido de
se1s proteinas integrais de membrana denominadas de conexinas (Cx), as quais estdo
dispostas em um arranjo hexagonal no conexon (Figura 2). Até o momento, foram descritos
mais de 20 tipos de conexinas (Harris 2001). Cada uma destas é codificada por um gene
especifico e sdo denominadas de acordo com o seu peso molecular, em quilodaltons (kDa),
ou segundo a nomenclatura o/f (Tabela T). As conexinas esto classificadas em trés
subfamilias de acordo com suas homologias: grupo I, também chamado de B-conexinas,
grupo I, também chamado de o-conexinas (Spray 1996) e o, recentemente descoberto,
grupo 1T ou S-conexinas (Belluardo et al. 2000, Serre-Bernier et al. 2000). Cada conexina
apresenta uma distribuigo tecido-especifica e cada célula, na maioria dos tecidos, expressa
mais de um tipo de conexina.

As moléculas de conexinas isoladas ficam inseridas na bicamada lipidica de acordo
com o modelo representado na Figura 3. O polipeptideo possui quatro dominios
hidrofobicos transmembrana denominados de M1, M2, M3 e M4, com as extremidades
carboxi - (C) e amino - (N) terminais voltadas para o citoplasma (Harrs 2001). Além disso,
cada conexina apresenta um dominio intracelular denominado de E3 e dois dominios
extracelulares denominados de E1 e E2. Essas regides da molécula das conexinas, E1 e E2,

parecem estar envolvidas na interaco entre conexons de células adjacentes. As regides
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entre os dominios transmembrana M2 e M3 (E3), assim como a extremidade C-terminal
dessas proteinas, sfo bastante varidveis entre as diferentes conexinas e parecem ser
importantes na regulacBio das jungBes comunicantes, j& que sfio locais de sitios de
fosforilagdo por quinases (Séez et al. 1998). Em adi¢Ho, a porciio C-terminal das conexinas
¢ primordial para 2 manutencfo da fung8o das JCs nos tecidos. Quando esta regio da
molécula sofre mutacfio em condicBes experimentais, como no caso do odeito mutante de
Xenopus, ou em condicBes patoldgicas como na doenca Charcot-Marie-Tooth, os canais
apresentam permeabihidade alterada e funcBo comprometida (Fichman et al. 1991, Spray e
Dermistzel 1995).

Os diferentss tipos de conexinas podem estar associados entre si em combinagdes
diferemtes. Tal fato pode, significativamente, influenciar as propriedades de permeabilidade
dos canais formadores das jungdes comunicantes. Assumindo-se gue diferentes conexinas
formam canais com propriedades de permeabilidade diferentes, a possibilidade de
diferentes conexinas poderem se combinar, para formar os conexons, pode ter uma
relevincia fisioldgica importante. Assim, o grau e a forma de regulagio do acoplamento
mediado pelas JCs entre duas células vizinhas dependerfo do(s) tipo(s) de conmexinas
expressas pelas mesmas, e da combinagio destas proteinas dentro do mesmo conexon e/ou
entre dois conexons formadores do canal. Teoricamente, o canal presente entre duas células
adjacentes pode conter dois hemicanais idénticos, constituidos dos mesmos tipos de
conexinas (¢anal denominadc homotipico) ou pode conter conexons diferentes composto de
subtipos de conexinas distintos (canal denominado heterctipico) (Figura 4) {Rozental et al.
2000). Entretanto, ndo ha evidéncia direta da existéncia de canais heterotipicos formadores
de JCs in vivo. Em geral, os conexons constifuem-se de apenas um tipc de conexina
(homomgérico), porém, podem existir conexons constituidos de diferentes tipos de

conexinas (heteromérico) (Figura 4).

FUNGAO E REGULACAC DAS JUNCOES COMUNICANTES

As jungBes comunicantes permitem a passagem de fons e moléculas com peso
molecular inferior a 1000 Da; dentre essas moléculas esifio os monossacarideos, os
aminoacidos, os nucleotideos e mensageiros intracelulares, tais como o Ca™, o inositol

.
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trifosfato (IP3) ¢ o monofosfato ciclico de adenosina (AMPc). Entretanto, estes canais nio
permitem a passagem de proteinas, DNA, RNA e organelas celulares. Portanto, células
conectadas pelas jungBes comunicantes sdo acopladas elétrica e metabolicamente, mas
mantém sua individualidade genética e estrutural.

As jungles comumicantes nfo sfo estruturas estiticas, ou POYOS  passivos
permanentemente abertos, presentes na membrana plasmética, e, sim. constituem canais
passiveis de regulaclio, permitindo umsa maior ou menor passagem de ions e moléculas
dependendo do seu estado funcional Tem sido proposto um modelo para explicar a
mudanga no estado fechado/aberto destes canais. Como ilustrado na figura S, a alteracio do
estado funcional dos canais das jungdes comunicantes envolve, inicialmente, uma mudanca
conformacional na estrutura das conexinas e, conseqlientemente, uma alteracio na interacio
intermolecular entre estas proteinas dentro do conexon. Isto resulta em um “deslizamento”
das conexinas e, conseqilentemente, fechamento ou abertura do poro, & semelhanca de um
diafragma.

E sabido que, em condicBes experimentais, a permeabilidade dos canais das jungdes
comunicantes ¢ sensivel a varios parimetros fisicoquimicos. Os primeiros estudos,
evidenciando a regulaclo destes canais, foram executados em meados da década de 80 e
demonstraram a importdncia da voltagem transjuncional e da concentragic de jons
hidrogénio no controle da permeabilidade da jungdo comunicante (Spray e Bennett 1985).
Estes estudos, utilizando células embrionarias de anfibios e de peixes, mostraram que a
conduténcia juncional diminui proporcionalmente ac aumento da voltagem juncional e 2
diminuiggo no pH intracelular (Spray ¢ Bennett 1985).

O ion Ca™ constitui um outro componente capaz de regular 2 comunicagio
mtercelular mediada pelas jungdes comunicantes. Um aumento na concentracio intracelular
de cilcio ([Ca™}), para niveis altos, estd relacionado a uma reducdio significativa da
permeabilidade juncional (Giaume e Venance 1998, Saez et al. 1993). O papel do Ca™? tem
sido estudado em diversos tipos celulares com o objetivo de se determinar qual o nivel
necessario de [Ca*?; capaz de promover o fechamento dos canais formadores das jungGes
comunicantes e como o fon ¢ capaz de agir no canal (Séez et al. 1993). Foi estabelecido que
concentragbes ndo fisiolégicas de calcio intracelular, correspondendo a concentragdes
superiores 8 5 - 10 uM, promovem o fechamento dos canais, uma propriedade importante
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em se tratando de condicBes patologicas, pois esta isolaria as células “doentes”, ou em
processo de morte celular, das células vizinhas sadias (Giaume ¢ Venance 1998). O ion
Ca™ parece nfo agir sozinho na regulagio da permesbilidade celular e sim,
sinergicamente, ou através da ativagio de proteinas quinases, j4 que as conexinas nfo
possuem sitios de ligagdo para o calcio em suas seqiéneias (Séez et al. 1993),

QOutra forma de regulacio da comunicaco imtercelular € através da fosforilagio das
conexinas. A maioria das conexinas, até entdo investigadas, constitui-se em fosfoproteinas
e pode ser alvo de proteinas quinases enddgenas, tais como: a proteina guinase dependente
de AMPc (PKA), a proteina quinase dependente de calcio (PKC), a proteina gquinase
ativada por mitdgeno (MAPK) e a proteina tirosina quinase. Essas proteinas fosforilam as
conexinas, essencialmente, na sua regifo C-terminal, que estd localizada no citoplasma
(Lampe e Lau 2000). A fosforilagdo tem sido implicada em vérios processos de regulacio
das juncdes comunicantes, tais como no transporte das conexinas recém-sintetizadas para a
membrana, na formagdo/ruptura dos conexons, na degradaciio das conexinas e na regulagio
da abertura/fechamento dos canais (Lampe e Lau 2000). Tem sido proposto que a
fosforilagdo poés-traducional, no caso de algumas conexinas, estd envolvida no transporte
destas proteinas (“trafficking”) do complexo de Golgi para a2 membrana. Por sua vez, a
ativagio de quinases e posterior fosforilagio das conexinas nos conexons estio
relacionadas, principalmente, com z regulacdo da permeabilidade dos canais das juncSes
comunicantes {Lampe e Lau 2000).

Estudos, sobre a agfio das quinases nas jungdes comunicantes, tém empregado
ativadores e inibidores farmacologicos destas enzimas. Reagentes que promovem aumento
do AMPc celular tem sido descritos induzirem um aumento da comunicacdo intercelular
mediada pelas jun¢es comunicantes. Tal aumento esta relacionado, possivelmente, 2 um
aumento na permeabilidade dos canais (Spray et al. 1991) ou na biossintese e “trafficking”
das conexinas (Atkinson et al. 1995). O modelo propondo que o AMPc afeta a
permeabilidade juncional via PKA tem como base os estudos de Wiener e Loewenstein
(1983). Eles observaram um aumento na comunicacio intercelular, varias horas apés a
adic3o da subunidade catalitica de PKA em uma cultura de células mutantes deficientes em
jungdes comunicantes funcionais e que nfo expressam a isoenzima I da PKA.

Esteres de forbol ¢ outros reagentes que ativam 2 proteina quinase C (PKC), na
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grande maioria dos casos, inibem a comunicacio intercelular mediada pelas jungBes
comunicantes {Kanemitsu e Lau 1983, Kolb e Somogyi 1991, Lampe e Lau 2000, Moreno
et al. 1994, Reynhout et al. 1992). A PKC € capaz de fosforilar residuos de serina/treonina
em sitios especificos da porgio C-terminal das conexinas {Harris 2001, Rivedal e Opsahl
2001). Por outro lado, o tratamento com inibidor de proteina quinese, a estaurosporina,
induz aumento na conduténcia dos canais juncionais (Moreno et al. 1994), |

Ativagdo de tirosina quinases também resulta em inibigio da permeabilidade das
jungBes comunicantes. A fosforilagio nos residuos tirosina das conexinas ocorre quando
tirosina quinases ndo ligadas a receptores (como por exemplo, a v-Src e a pp60™) sio
ativadas (Atlonson et al. 1981, Loo et al. 1995). Por outro lado, a diminui¢io na
condutincia dos canais juncionais apds ativaclio de tirosine quinases ligada a receptor, pelo
tratamento com EGF ou PDGF, nfio envolve fosforilagio dos residuos tirosina, mas, sim,
nos residuos de serina das conexinas, mediada pela MAPK (Kanemitsu ¢ Lou 1993, Lampe
e Lau 2000}

Em resumo, a permeabilidade das jungBes comunicantes pode ser regulada por
varios agentes através do controle da abertura e fechamento (“gating”) dos canais, o que
freqiientemente envolve a fosforilagdo das conexinas nos seus residuos de tirosina ou

serina/treonina.
FUNCOES E DISFUNCOES DAS JUNCOES COMUNICANTES NOS TECIDOS

Evidéncias tém apontado um importante papel das JCs em véarios Processos
celulares. Nos diferentes tecidos que integram um organismo, as JCs que interconectam as
células podem funcionar como canais de jons, metabélitos e/ou de moléculas sinalizadoras
intracelulares. O comprometimento dessas funcSes das JCs nos tecidos tem sido associado
a certas doengas humanas, sendo vérias de origem genética (Castro et al. 1999, Spray e
Dermietzel 1995). Em tecidos excitaveis, como as células nervosas e células musculares
cardiacas, os canais formadores da jungo comunicante funcionam como canais de fons,
principalmente de K. No sistema nervoso central, a conexiio direta entre neurdnios via
jungdes comunicantes forma a base morfo-funcional das sinapses elétricas, encontradas
desde animais inferiores até em mamiferos (Haefliger ¢ Meda 2000, Jongsma e Wilders
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2000, Rozental et al. 2000). A ativacic de circuitos neurcnais via sinapses elétricas tem
sido associada a comportamentos de fuga e defesa em varias espécies animais (Rozental et
al. 2000). As jun¢des comunicantes interligando neurfmios permitem a passagem direta de
ions de uma célula para outra conduzindo, assim, 2 onda de despolarizacio de forma mais
rapida e Didirecional {Rozental et al. 2000). Em células musculares cardiacas, os canais
formadores de jungfo comunicante, funciomando como canais de ions, permitem a
propagacio de potenciais de acfBo essencial para a perfeita sincronia e ritmicidade do
batimento cardiaco. As jungSes comunicantes estdo envolvidas em algumas doencas
cardiovasculares. Numerosas evidéncias sugerem que alteracbes na distribuigfo, densidade
e propriedades das JCs podem estar envolvidas em arritmias (Jongsma e Wilders 2000).
Outro exemplo € o que ocorre na doenca de Chagas. A infece3o de ¢élulas cardiacas pelo
hemoflagelado 7. cruzi € acompanhada por marcantes distirbios na comunicacio
intercelular. Ocorre uma reducio do acoplamento intercelular e conduténcia entre as células
infectadas (Campos de Carvalho et al. 1991). Além disso, a sincronia e ritmicidade das
contragOes cardiacas sdo completamente alteradas e perturbadas. Tais alteracBes funcionais
estdo associadas a uma diminuigio da expressdo da proteina juncional presente nestes tipos
de canais, a Cx43. Em algumas células infectadas pode ocorrer, ainda, um desaparecimento
de Cx43 em algumas regides da membrana celular, promovendo um comprometimento na
comunicagic intercelular e, até mesmo, fechamento dos canais (Campos de Carvalho et al.
1991).

Nas células do cristalino, as JCs funcionam como canais, onde metabdlitos sdo
livremente trocados entre células acopladas. Como a vascularizaciio da lente € pobre, o
acoplamento metabdlico entre as suas células permite um fornecimento de nutrientes por
toda a extensdo do cristalino (Baruch et al. 2001). Foram descritos trés tipos de conexinas
expressas em células do cristalino: a Cx43, a Cx46 e a3 Cx50. PerturbacSes da comunicagio
intercelular nas c€lulas do cristalino estio associadas a alteragdes nos nivels de cilcio
intracelular e aumento da protedlise das cristalinas. Cristalinas sdo proteinas expressas nas
¢élulas diferenciadas do cristalino e the conferem a propriedade de transparéncia. Alteraciio
da estrutura molecular das cristalinas, como a que ocorre durante o comprometimento das
JCs, tem sido associada & formagfo de catarata, doenga caracterizada pela perda da

transparéncia do cristalino ou da sua capsula (Baruch et al. 2001).



Nas celulas de Schwann, as JCs também funcionam como canais de metabolitos.
Estes canais agem como um local de répida propagacio ¢ passagem de pequenos
metabdlitos e mensageiros intracelulares entre os compartimentos citoplasmaticos das
células de Schwann (Castro et al. 1999, Collares-Buzato, 2001). A Cx32 ¢ a responsével
por formar os canais das JCs nas bainhas de miclina das células de Schwann e mutagBes no
gene codificador desta proteina t8m sido associadas 3 doenga humana de Charcot-Marie-
Tooth (Castro et al. 1999, Spray e Dermietzel 1995). Esta doenca, uma neuropatia
congénita, foi a primeira descricBo de uma disfungio diretamente resultante de um
comprometimento das JCs numa célula. A doenca de Charcot-Marie-Tooth € conseqiiéncia
de uma desmielinizagio progressiva das fibras nervosas periféricas resultante desta
disfunco nas células de Schwann os seus sinais clinicos sSo: uma baixa condutividade
nervosa, fragueza muscular crénica e uma progressiva atrofia muscular, com perda
sensorial dos membros inferiores e, também, superiores (Castro et al. 1999, Spray e
Dermietzel 1995}

Muitos estudos tém sido desenvolvidos pare investigar também a participagiio do
acoplamento celular via jungBes comunicantes na biossintese, estocagem e na secrecio de
alguns horménios e outros produtos de secre¢io. Tem sido observado que a secregdio
glandular ¢ fortemente aiterada apds o desacoplamento destas células. Ainda, quando o
contato intercelular ¢ reestabelecido, a secrecio também & reestabelecida e, até mesmo,
melhorada. Nas glandulas endécrinas e exdcrinas, as células secretoras se comunicam via
jungBes comunicantes, podendo estas funcionar como canais de Ca™ e/ou de mensageiros
intracelulares. Em algumas glandulas, como as glandulas tiredides e adrenais, o aumento do
acoplamento intercelular esta relacionado com ¢ aumento da secrecio hormonal (Munari-
Silem & Rousset 1996). Imimeras linhas de pesquisas indicam, também, que o acoplamento
intercelular esta envolvido no controle da secregio de amilase pelas células acinares do
pancreas exocrino. Células acinares pancreticas estdio acopladas por numerosas jungdes
comunicantes, as quais estdo constituidas pelas conexinas Cx32 e Cx26 (Meda 1996).
Células acinares, quando dispersas, apresentam uma secrecdo diminuida desta enzima sob
condigBes basais e mesmo apds estimulo colinérgico. Entretanto, apresentam melhora neste

quadro, apos reestabelecimento dos contatos intercelulares (Meda 1996).



JUNCOES COMUNICANTES NO PANCREAS ENDOCRING

Estudos recentes t€m demonsirado também a import@ncia das jungdes
comunicantes (JCs) na fungBo secretora do pancreas enddcrno. As ilhotas de Langerhans
constituem a unidade morfologica e funcional da porgio enddcrina do péncreas. As ilhotas
pancreaticas sfo estruturas esfericas, imersas na porgfo exdcrina do péncreas e formadas
por corddes celulares, entremeados por capilares, cujas células sfo interconectadas por
jungles intercelulares, incluindo as JCs. Estes corddes sfio constituidos por quatro tipos
celulares: células § ou B, responsiveis pela sintese e secregio de insuling; células o ou A,
responsaveis pela sintese e secregfio de glucagon; células & ou D, secreforas de
somatostating e celulas PP, responséveis pela secrecio de polipeptidec pancredtico. As
céhalas, no interior das ilhotas, estdo organizadas de forma nf@io aleatdéria. As células o
localizam-se preferencialmente na periferia das ithotas;, as células & e PP podem ser
encontradas tanto na periferia como no interior das ilhotas, j& as células B localizam-se na
regido central das ithotas, formando agregados celulares.

As células § das ilhotas de Langerhans estdo conectadas umas com 2s outras por
numerosas € diminutas jungdes comunicantes formadas pelas conexinas, Cx43 (Meda et al.
1983; 1991, Vozzi et al. 1995}, Cx45 (Charollais et al. 199%) e a Cx36 (Serre-Bemnier et al.
2000). Dentre essas conexinas, 2 Cx43 tem sido a mais bem caracterizada e estudada no
péincreas endocrino, enquanto que a Cx36 € a mais nova conexina identificada nesta
glandula, que parece ser expressa exclusivamente pelas células  (Serre-Bernier et al.
2000). Em uma célula B, estdo presentes de 800 a 2000 canais comunicantes que juntos
preenchem menos de 1 um’ da membrana plasmatica (Meda 1996). Esses canais permitem
que células B estejam eletricamente acopladas e que, entre elas, haja um transporte de ions
e/ou moléculas sinalizadoras.

Intmeras linhas de pesquisas indicam uma contribuigio importante do acoplamento
entre células § no controle da secregfio de insulina. Glicose, o principal secretagogo das
céhilas produtoras de insulina, induz um aumento intracelular da razic ATP/ADP,

despolarizagio da membrana das células B e, consegiientemente, aumento intracelular de
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Ca™ (Deeney et al. 2000). Esse sinal elétrico/metabdlico pode ser passado de uma célula
para outra, atraves de comunicagio intercelular via JCs (Kanno et al. 2002). Sendo assim,
quando as celulas P estdo acopladas pelas JCs, a secrecio de insulina é otimizada pois
frente a um secretagoge, um maior mimere de células B € estimulada dentro da ilhota
simultaneamente, resultando numa secrecfic maior e sincronizada {Deeney et al. 2000).
Prova disto, € que celulas §3, quando isoladas, apresentam uma secrecdo basal de insulina
aumentada, uma baixa sensibilidade 2 glicose, uma baixa resposta a outros secretagogos e
uma expressdo do gene da insulina diminuida (Bosco et al. 1989, Halban et al. 1981, Meda
et al. 1979; 1990; 1991, Pipellers et al. 1982, Vozzi et al. 1995). No entanto, com o©
reestabelecimento desse contato intercelular ha uma répida reversio desses efsitos (Bosco
1989, Halban et al 1982},

Algumas condigdes experimentais /n vivo, assim como em i vitro, que estimulam 2
secregdoe de insulina, estdo associadas a um aumento no acoplamento de células 8 devido,
pelo menos em alguns casos, ao aumento do nimero das jungBes comunicantes e da
expressio das Cx43 (Kohen et al. 1979, Meda et al. 1979; 1983; 1991) e Cx36 (Serre-
Bemier et al. 2000). Tem sido sugerido que o acoplamento entre células B pode ser
aumentade durante a estimulagio com glicose, sendo tal fato detectado pelo aumento
sincronizado nas oscilagSes de [Ca™} em grupos de células acopladas {Charollais et al.
2000). Além disso, condigBes que inibem a secrecio de insulina diminuem ou bloqueiam o
acoplamento célula-célula. Um bloqueio farmacoldgico das JCs alters marcantemente a
funcdo dessas células, gerando um aumento da secregio basal de insulina e a perda do
estimulo para secre¢do, tanto em ilhotas de Langerhans isoladas, como no péncreas intacto
(Meda et al. 1990).

Embora o papel das JCs no péncreas endécrino pareca bem estabelecido, estudos
sobre os mecanismos de regulagio destas jungdes nos varios modelos experimentais de
disfunc@o das celulas B ainda continua pouco explorado.

Tem sido demonstrado que ilhotas de fetos e recém-nascidos de roedores exibem
uma reduzida resposta secretoria 2 glicose e a outros secretagogos (como aminoacidos,
carbacol e éster de forbol) em comparagdio as ilhotas de animais adultos (Boschero et al.
1988; 1993). A prolactina, um horménio somatotrofico, parece desempenhar importante

papel na maturagdo dos mecanismos intracelulares de secreciic de insulina e nos
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processos de diferenciagdo celular no péncreas enddcrino (Boschero et al. 1993, Crepaldi et
al. 1997, Sorenson et al. 1987). Estudos in vitro tém demonstrado que o tratamento com
prolactina das ilhotas de ratos recém-nascidos, bem como, de ilhotas de adultos e linhagem
de células B (RIN cells) tem efeito mitogénico (Nilsen 1982), promovendo também um
aumento na biossintese de insulina (Brelie et al. 1989), uma diminuicio do limiar de
estimulagio pela glicose (Sorenson et al. 1987), um aumento da expressio do transportador
de glicose {GLUTZ) na ilhota (Crepaldi et al. 1997) e uma potencializacio do efeito de
varios secretagogos sobre a secregio de insulina (Boschero et al. 1993, Crepaldi et al.
1997).

Expenmentos sugerem que cultura prolongada e/ou fatores contidos nc meio de
cultura promovem também uma melhora na secrecBo de insulina em resposta 3 glicose em
ilhotas de ratos recém-nascidos (Anderson 1978, Boschero et al. 1988; 1993, Dudek et al.
1980, McEvoy ¢ Leung 1982). Tais efeitos podem estar relacionados a uma regulacio da
comunicagdc mtercelular mediada pelas JCs. Ha um crescente interesse em desenvolver
adequadas condi¢Ses de cultivo e manter os aspectos funcionais das ilhotas pancreticas em
cultura, devido sua potencial utilizacio em transplantes (Dufavet de la Tour et al. 2001,
Itkin-Ansari et al. 2000).

Os mecanismos intracelulares envolvidos no possivel aumento da comunicagio
intercelular induzido pela prolactina e cultura per se permanecem ainda desconhecidos.
Estes mecanismos podem estar gerando um aumento do niimero de canais formadores de
JCs por indug8o da transcrigiio génica da conexina, ou pela diminuicio da degradaciio desta
proteina, e/ou pelo aumento da permeabilidade dos canais através da modificagio funcional
desta proteina por fosforilacio (Laird et al. 1991, Musil et al. 1990, Vozzi et al. 1995).

A regulagdo da comunicaciio intercelular pode ocorrer, potencialmente, em varios
niveis durante a formacfo das jungdes comunicantes: na transcrigio do gene da conexina,
na traducio do RNA da conexina, na formagfio ou “arranjo” das conexinas em um conexon,
no transporte para a membrana plasmaética, no “arranjo” dos conexons para formar os
canais das jun¢bes comunicantes, na remogio desses canais da membrana plasmética e na
degradacdo das conexinas (Laird 1996). A adesfo célula-célula, mediada pela jungdo
aderente via o complexo caderinas-cateninas, constitui uma outra forma de regulacic da
comunicagio intercelular (Fujimoto et al. 1997). Existem vérias evidéncias gue mostram
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que as JCs dependem funcionalmente da junciio aderente em varios tipos celulares: 1) o
comprometimento da adesfio celular resulta em ruptura das JCs e desacoplamento
intercelular {Kanno et al. 1984, Mayer et al. 1992); 2) a induclc de adesdo celular através
da transfeco com caderinas leva a um aumento da comunicacio intercelular {Mege et al.

1988, Musil et al. 1990) e 3) a B-catenina ests envolvida na franscrigo génica da Cx43 em
cardiomidcitos (Al et al. 2000).
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1.2 ORIETIVOS DA DISSERTACAC

Esta dissertacdo tem como obietivo investigar os possiveis mecanismos
intracelulares de regulacio das JCs pela cultura prolongada e pelo tratamento in vitre com
prolactina em ilhotas pancredticas de ratos recém-nascidos. Para tal foi avaliada a
localizagfo, o grau de expressfo génica € o conteldo celular das protefnas integrantes das
JCs, bem como o grau de adesfo celular pela expressfo da B-catenina nas ilhotas nestas
condigbes experimentais. Este trabalho concentrou-se no estudo da conexina 43, a primeira
a ser identificada e a mais estudada no péncreas endéerino. Entretanto, no decorrer do
desenvolvimento desta tese, foi identificada, também neste tecido, a conexina 36, a qual €
expressa, principalmente, pelas células secretoras de insulina, as células B (Serre-Bernier et
al 2000). Em fungfo disto, procuramos também avaliar a possivel regulaciio in vitre desta

protefna em alguns protocolos experimentais.

1.3 EsTRUTURA DA DISSERTACAD

Esta dissertagiio contém quatro capitulos. Os resultados estfio apresentados nos
capftulos 2 ¢ 3 na forma de artigos cientificos. O capitulo 2, que consiste em um artigo ja
publicado na revista Pancreas (Collares-Buzato et al. 2001), apresenta os dados sobre o
efeito da cultura per s¢ ¢ o tratamento com prolactina na expressio e localizacio celular de
Cx43 ¢ B-catenina em ilhotas pancreaticas de ratos recém-nascidos. O capitulo 3 apresenta
os resultados do efeito das condigdes de cultura, como o tempo de cultivo e concentraciio
de glicose no meio, sobre a expressfio génica e conteldo celular de Cx43, Cx36 ¢ B-
catenina nas ithotas pancredticas. O capftulo 4 apresenta as conclusBes gerais dos resultados

obtidos. Finalmente, ¢ apéndice A descreve, com detalhes, as metodologias empregadas

neste estudo.
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Tabela I: A Super-Familia das Conexinas

Subfamilia | Nomenclatura | Nomenclatura Localizacie Referéncias
Grega baseada ne Bibliograficas
Peso Molecular
al Cx43 Corago, ithotas Bever et gl 1987,
pancreaticas, musculo
liso.
a? Cx38 Embrido.
a3 Cx46 Cristalino, rim, Paul et al. 1991,
o o4 Cx37 Estémago, testiculo. Willecke et al. 1991,
as Cx40 Endotélio, Fibras de Haefliger et al. 1992
Purkinje,
b Cxds Coragfio, nim, intestine. | Hemnemarm e al.
19925,
oF Cx33 Testiculo. Haefliger et al. 1992.
ol Cx30 Cristalino, coragdo. White et al. 1992,
B1 x32 Células acinares, células | Paul 1986.
de Shwamn,
pancreaticas, hepatécito.
B2 Cx26 Células acinares Zhang et al. 1989
B pancreaticas, rim,
hepatocito, intestino.
B3 Cx31 Queratindcitos, rim. Hoh et al. 1991.
B4 Cx31.1 Queratinéeitos, Haefliger et al. 1992,
B3 Cx30.3 Pele, rim. Hennemann et al
1992a.
3 Cx36 Células B pancreaticas, | Serre-Bernier et  al.
3 cérebro. 2000; Belluardo et al.
2000.
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Figura 1: Diagrama mostrando as Junc¢bes
interconectando duas células vizinhas hipotéticas.
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Figura Z: Desenho esquemdtico das Juncdes Comunicantes.

A jungdo comunicante ¢ caracterizada por uma regiio de contato intercelular
reconhecida pela aposico singular das membranas de células vizinhas e presenga de
canais intercelulares que estdo envolvidos na comunijcagfio intercelular, permitinde a
passagem de fons e moléculas de baixo peso molecular.
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Figura 3. Modelo da estrutura molecular das conexinas

Modelo tipico da molécula das conexinas. Os cilindros representam os
dominios transmembrana {(M1-M4) Os loops entre o primeiro e segundo,
assim como entre © terceirc e quarto dominio {ransmembrana, sdo
extracelulares (E1 e E2, respectivamente).
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Figura 4. Isquema ilusirando os possiveis arranjes dos conexons para
formar os canais das Juncdes Comunicantes,

Os conexons s@io constituidos de 6 subunidades de conexinas. As cores
vermelho e verde, representam tipos de conexinas diferentes que estfo
ilustradas em varias configuracBes. Os conexons podern ser homoméricos
{constituidos de 6 subunidades idénticas de conexina) ou heteroméricos
constituidos de mais de um tipo de conexina). Dois conexons quando’
associados, formam um canal de Jungio Comunicante. O canal pode ser
considerado homotipico (se os dois conexons forem idénticos} ou
heterotipicos (se s dois conexons forem diferentes).
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Figura 3: Desenho esquematico da alteracio do estado funcional, aberto ou
fechado, dos canais das junces comunicantes.

A alteracfio do estado funcional das JCs envolve wma mudanga conformacional
na estrutura das conexinas e, consegilenfemente, na nferacfo intermolecular
entre essas protelnas dentre do conexon permitindo um “deslizamento” dessas
proteinas e gerando a abertura ou fechamento desses canais.
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RESULTADOS: 1° ARTIGO

MODULATION OF GAP AND ADHERENS JUNCTIONAL PROTEINS IN CULTURED
NEONATAL PANCREATIC ISLETS.



Abstract

it is well known that fetal and neonatal pancreatic islets present lower insulin secretory
response as compared to adult islets. In culture conditions and following treatment with
mammosomatotropic hormones, neonatal islets undergo maturation of the secretory
machinery that might involve regulation of cell-cell contacts within the islet. This study is
an mvestigation of the effect of prolonged culturing and in vitro treatment with prolactin on
the expression of the gap junction-associated connexin 43 and the adherens junction-
associated [3-catenin in cultured neonatal rat islets. Pancreatic islets ffom neonatal Wistar
rats were cultured for 24h or 7 days and the treated group was exposed to 2pg/mi prolactin
daily for 7 days. Connexin 43 and B-catenin were barely detected at the cell-cell contacts
in 24h-cultured islets as revealed by immunocytochemistry. Nevertheless, both junctional
proteins were well expressed at the junctional region in islet cells cultured for 7d and
showed even higher staining in islets following chronic prolactin treatment. In accordance
with the morphological data, neonatal islets cultured for 24h displayed relatively low level
of connexin 43, as determined by Western Blot. Culturing for 7d per se or combined with
prolactin treatment induced a significant increase in Cx 43 expression; this was 40% higher
in the prolactin-treated group than in the control group. Moreover, an enhancement of the
expression of B-catenin and translocation of this protein to the cell-cell contact site was also
observed in neonatal islets cultured for 7d as compared to those cultured for 24h. Prolactin
in vitro treatment induced even higher expression of B-catenin in islet cells. A correlation
was observed between the increased expression of these junctional proteins and an increase
in insulin secretion in cultured neonatal islets. In conclusion, prolonged culturing and in
vitro treatment with prolactin induce modulation of gap and adherens junctional proteins in
pancreatic islets, which may be an important event for the in virro maturation process of

neonatal islet cells.
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1. Introduction

Cell-to-cell contacts are crucial for the proper secretory response within the
pancreas (Bosco et al. 1989). These interactions depend on membrane specializations
known as intercellular junctions (IJs) that include the tight junction, adherens junction,
desmosome and gap junction. All these junctions have been demonstrated to be dynamic
and regulated membrane structures in several different tissues (Collares-Buzato et al. 1994,
Musil et al. 1994). Among the 1Js, gap junctions (GJ) have been the most studied in the
pancreas. Gap junctions (GJs) are characterized by the presence of intercellular channels
that are involved in the cell-to-cell communication (Loewenstein et al.1981, Musil et al.
1994). These channels are composed of members of a family of closely related integral
membrane proteins known as connexins, that are assembled in a hexagonal patiern within
the membrane delineating a central hydrophilic pore (Dahl et 2l 1995, Mausil et al. 1994,
Spray et al 1994). Evidence has indicated the importance of the GJ-mediated interceliular
communication for the insulin secretion by B-cells. Jn vive and in vitro studies have
demonstrated that stimulated insulin secretion by glucose and other secretagogues are
associated to increased GJ-mediated coupling between B-cells (Meda et al. 1979; 1991).
Experimental conditions that inhibit the insulin secretion result in reduction or blockage of
coupling between B-cells, while the pharmacological inhibition of the GJ channels induces
impairment of the secretory function of these islet cells (Meda et al. 1983 1990). The
observation that both synthesis and release of insulin are markedly altered after dispersion
of B-cells in vitro conditions, and rapidly improved afier cell reaggregation, further
suggests that the secretory mechanisms depend on cell-to-cell contacts {Bosco et al. 1989,
Halban et al. 1982).

Although the importance of GJ-mediated intercellular communication in endocrine
pancreas is well established, the mechanisms underlying the regulation of these junctions in
experimental models for B-cell disfunction are still unexplored. One of these models is the
fetal and neonatal rat islets that show in relation to the adult rat islets reduced secretory
response of insulin to ghicose and the other secretagogues such as amino acids, muscarinic
agonists and phorbol ester (Boschero et al. 1988; 1989). Prolactin (PRL) and other

lactogenic substances appear 10 play important role in the maturation of the secretory
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machinery ocurring in the B-cells. 7n vifro studies have reporied that the treatment with
PRL of neonatal rat islets increases insulin secretion, decreases the glucose stimulation
threshold, enhances GLUTZ glucose transporier expression, and intracellular glucose
oxidation (Brele et al. 1989, Sorenson et al. 1987). It has been reported that under
prolonged culture conditions, neonatal islet also shows improvement of the insulin
secretion response to glucose and amino acids, indicating a possible role for a culture
medium-containing factor in the B-cell maturation process (Boschero et al. 1993, Fremkel
et al. 1984, McEvoy et al. 1982). In the case of the PRL treatment, this hormone also
increases (J-mediated coupling between B-cells as revealed by the intercellular
transference of intracellular microinjected Lucifer Yellow dye between adjacent celis
{(Michaels et al. 1987, Sorenson et al. 1987) This observation indicates that celi-cell
contacts mediated by GJ may play an important role in the hormone-induced neonatal B-
cell maturation. Meanwhile, a possible GJ upregulation during prolonged culture of fetal
and neonatal islets has not been assessed.

The intracellular mechanisms involved in this increase of celiular communication
induced by PRL are stil unknown and might involve one or several possible levels of
intercellular gate conirol. The regulation of gap junctional communication can occur
potentially at multiple levels: transcription of the connexin gene, translation of connexin
transcripts, assembly of connexins into connexons and transport to the plasme membrane,
assembly of connexons into GJ intercellular channels, gating of functional GJ channels and
disassembly and degradation of the connexin proteins (Musil et al. 1994,Spray ¢t al. 1994).
Cell-to-cell adhesion mediated by the cadherin-catenin complexes within the adherens
junction {(AJ) may also affect intercellular commnunication by modulating some of these GJ
channel formation steps (Al et al 2000, Mege et al. 1988). The aim of this study was io
investigate the effect of prolonged culturing and in vitro treatment with prolactin on the
cellular expression and localization of the Gl-associated Cx43 and the AJ-associated B-
catenin in neonatal rat islets. We report here that those experimental conditions induce
upregulation of the expression of both junctional proteins. A correlation was observed
between the increased expression of Cx43 and R-catenin and an increase in insulin
secretion followed by 7d-culture per se or combined with chronic PRL treatment in

neonatal islets. We suggest that the regulation of gap and adherens junctional proteins by
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prolactin and culture medium-containing factors may be an imporiant event for the

maturation process of B-cells observed at in vitre conditions.



2. Materials and Methods

Materials

All chemicals, cell culture media and supplements were purchased from Sigma (St Louis,
MO, USA). All sterile plastics (Petri dishes and Multiwell plates) were purchased from
Falocon. Radiolabelled insulinand protein A were obtained from Amersham Life Science
{Cleveland, Ohio, USA). FITC-conjugated secondary antibodies were purchased from
Sigma. Anti- Cx43 and anti-B-catenin monoclonal antibodies were supplied by Zymed

Laboratories {San Francisco, CA, USA).

Culture of islets of Langerhans

Islets from neonatal (2 to 36h) Wistar rats were obtained as previously described {14).
They were mantained in culture within sterile Petri dishes at 37°C in a humidified 5%
COy/air atmosphere. The culture medium consisted of RPMI-1640 containing 10 mM
glucose and supplemented with 5% fetal calf serum (heat inactivated) and 100 TU
penicillin/ml and 100 pg streptomycin/ml The dishes were divided in three experimental
groups: neonatal islets cultured for 24h (group N24), neonatal islets cultured for 7 days
(group NC) and neonatal islets cultured for 7 days receiving a dose of prolactin (2ug/mi)
daily {(group NPRL). The culture medium was changed every second day up to 7 days. At
the end of the culture period, the islets were individually coilected under a dissecting
microscope using a micropipette. Part of these islets were used to determine the insulin
secretion levels and the remaining were aldehyde-fixed for immunccytochemistry or frozen
down to -70 °C in RPMI-1640 medium containing 2mM phenylmethylsutfony! fluoride
(PMSF) and 0.03% glycerol for immuncbiot.

Immunocytochemistry

The cell location of Cx43 and B-catenin proteins was determined by a standard indirect
immunofluorescence technique (Collares-Buzato et al. 1994; 1998). A pool of at least 1500
islets were pelleted within an eppendorf, fixed in 2% paraformaldehyde (in phosphate
buffer saline, pH 7.4, PBS) for 30 min at room temperature (RT). After then, they were

included in increasing concentrations of gelatin solutions (5, 10 and 25%) at 37 °C. After 5



incubation, the gelatin blocks were embedded in OCT compound and frozen in n-hexane
with liquid nitrogen. Cryostat sections {6um thick) were picked up on poly-L-lysine-coated
glass slides, air dried and treated with 0.1% Triton X-100 (in PBS) for 10 min at RT,
Sections were, then, washed three times with TTBS (10mM Tris, 150mM Na(l, pH 7.4,
0.1% Tween 20) and incubated with TTBS containing 5% bovine serum albumin {BSA) for
1h at RT. For immunofluorescence labelling of Cx43, these islet sections were firstly
incubated with anti-Cx43 or anti-B-catenin monoclonal antibodies (dilution 1:50 in TBS
plus 1% BSA) overnight at 4°C and, then, incubated with the specific secondary antibody
conjugated with fluorescein (FITC-labelled anti-mouse IgG, dilution 1:75 in TBS plus 1%
BSA) for 2h at RT. Following final wash, the sections were mounted in a commercial
antifading agent (Vectashield, Vector Laboratories, Burlingame, CA  USA) and visualised
by confocal laser scanming microscopy (CLSM: BioRad MRC 1024UV; Bio-Rad,

Hercules, CA, USA) using an inverted fluorescence microscope.

Western Blot

A pool of at least 1000 islets from each experimental group was homogenized by sonication
in an anti-protease cocktail (10mM imidazole (pH 8.0), 4mM EDTA 1mM EGTA,
0.5ug/ml pepstatin A, 200KIU/ml aprotinin, 2.5ug/ml leupeptin, 30 ug/ml trypsin inhibitor,
200uM  DL-Dithiothreitol (DTT), 200uM PMSF). After a 10-min centrifugation of the
sonicate at 3000g and 4°C, the supernatant was collected and its total protein content was
determined by the DC protein assay kit (Bio-Rad Laboratories). Sample of crude membrane
preparation of each experimental group containing 70 ug total protein was incubated for
60min at 37 °C with 20% of total volume with 5x concentrated Laemmbi sample buffer (1M
sodium phosphate pH 7.8, 0.1% bromophenol blue, 50% glycerol, 10% SDS, 2%
mercaptoethanol). These samples were fractionated by electrophoresis in 2 8%
polyacrylamide gel. Electrotransfer of proteins from gel to nitrocellulose {Bio-Rad) or
PVDF (Millipore,Bedford, MA, USA) membranes was performed for 60min at 20V
constant in the absence of methanol and SDS. After checking for efficient transfer by
Ponceau S staining, the membranes were saturated with 5% dry skimmed milk in TTBS
(10mM Tris, 150 mM NaCl, 0.5% Tween 20) overnight at 4°C. Cx43 was detected in the

membrane after Zh-incubation at room temperature (RT) with 2 mouse monocional 26



antibody agamst heart Cx43 (dilution 1:1000 in TTBS plus 3% dry skimmed milk) or anti-
B-catenin (dilution 1:1000 inTTBS plus 3% dry skimmed milk). The membrane was, then,
incubated with a rabbit anti-mouse IgG (dilution 1:1500 in TTBS plus 3% dry skimmed
milk) followed by further 2h-incubation at RT with I'® -labelied protein A (2000 cpm).
Radiolabelled protein bound to the antibodies was detected by autoradiography. Band
intensities were quaniified by optical densitometry of the developed autoradiogram, using

the Scion Image Beta sofware.

Insulin secretion

After culture, the islets were gently detached from the plates under a dissecting microscope.
Clean islets were washed with a bicarbonate-buffered sclution (pH 7.4) (composition:
115mM NaCl, 5mM KCl, 1mM CaCly, I1mM MgClh and 24mM NaHCOs supplemented
with 3mg/mi bovine serum albumin and 10mM glucose and equilibrated with 2 mixture of
95% 02 ~ 5% COy) and then transfered to a 24-multiwell plates. Groups of 8 to 10 islets
from the different experimental groups were placed within each well of 24-multiwell plates
and incubated with Imi supplemented RPMI-1640 medium containing 10 mM glucose for
2h. After the incubation period, aliquots of the supernatant were taken and stored at -20°C.
The insulin content of these samples was determined by radioimmunoassay and was

expressed as nanograms per islet/hour (13).

Statistical Analysis

All the results are expressed as means + SEM together with the number of individual
experiments (n). The statistical significance of differences among more than two
experimental groups was assessed by ANOVA and for multiple comparison between pairs

of groups was used the Bonferroni’s Test. The significance level was set at P < 0.05.
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3. Resulis

Islets of Langerhans from different experimental groups showed distinet insulin
secretory response to 10mM glucose (Table T). Neonatal islets treated with PRL for 7¢
displayed an insulin secretion level of 1.6 (P<0.02), 3.5 times (P<0.02) higher than those
untreated neonatal islets cultured for 7d (NC group) or for only 24h (N24 group),
respectively. Moreover, the NC group showed significantly higher secretion as compared to
the N24 group (p<0.05) (Table I).

Figure 1 depicts the increase in Cx43 expression observed following chronic
treatment with PRI, as revealed by Western blot of homogenized islets samples. PRL
treatment (2ug/mi/day) for 7d in vitro resulied in approximately 40% increase in the
expression of this Gl-associated protein as compared to untreated islets cultured for 7d
belonging to the NC group. Islets from this latter group showed higher Cx43 expression In
relationto neonatal islets cultured for only 24h, which displayed relatively low amount of
this protein (Figure 1a).

This increased Cx43 expression was correlated with an increase in GJ channel
number located at the cell membrane as revealed by immunocytochemistry {(Figure 2 a-c).
Immunolabelling for Cx43 protein showed a punctate staining pattern at the intercellular
membrane region m 7d cultured neonatal islets (Figure 2b.c); this Cx43 labelling was not
observed in all cells. The immunorreaction for Cx43 was significantly stronger at regions of
cell-cell contact in 7d-cultured neonatal islets treated with PRL (Figure 2¢) than in
untreated neonatal islets (Figure 2b). A higher number of cells seemed to be labelled in
PRL-treated islets (Figure 2¢) as compared to those in untreated islets {(Figure 2b}). On the
other hand, neonatal islets cells cultured for only 24h showed a very faint labelling at the
cell-cell contact region (Figure 2a).

Besides the Cx43, prolonged culture per se or 7d-treatment with PRL also induced
changes in expression of another junctional protein, namely B-catenin, known to be
associated to the adherens junctions in several epithelial cells (Figure 3). As revealed by
Western blotting, we observed relatively high expression of B-catenin in the NC and NPRL

groups. Prolonged culture per se or PRL treatment induced, respectively, a 9-fold 28



(P<0.001) and 11-fold {P<0.001) increase in B-catenin expression in neonatal islets as
compared to those cultured for only 24h.

In agreement with the immunoblotiing data, 7d-culturing per se and followed by
PRL treatment induces increase in junctional expression of B-catenin in islet cells (Figure 4
b,c). In both groups, a bright labelling at the perijunctional region of all islet cells was
observed (Figure 4 b.c). In contrast, islets cultured for only 24h showed very few labelled
cells, mainly located at the islet periphery, probably representing non-B cells {Figure 4a),
following immunostaining for B-catenin. The labelling in these cells was observed

throughout the cell cytoplasm (Figure 4a).
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Table I : Chronic treatment with PRL or prolonged culture per se induced increase in the

insulin secretion by islets of Langerhans in vitro.

Groups® Insulin secretion (ng/islets.h)”
N4 0.20+0.02 (16)
NE 0.44+0 05 (217
NPRL 0701007 (26Y%%5

* The experimenial groups were as followed: N24, neonatal islets cultured for 24h; NC,
neonatal islets cultured for 7d; NPRL, neonatal islets cultured for 7d and treated daily with
PRL (2pg/mi/day).

° Islets were stimulated for 2h with 10mM glucose added to the culture media. Insulin
released within the medium was measured by radicimmunoassay. The results were

expressed as means = SEM (number of islets)

* p<(0.05, **p<0.01, ¥**¥p<0.001 in relation to N24 group; 8p<0.02 in relation to NC group
(t-Student test)
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Figure 1 - Increase in Cx43 expression in neonatal pancreatic islets induced by in vigre
treatment with prolactin or prolenged culture per se.

The level of Cx43 was detected by Western Blot in islet sonicate. As compared to culturing
for 24h (N24, lane 1), culture of islets for 7d per se (NC, lape 2) or 7d-treatment with
prolactin (Zug/mi/day) (NPRL, lane 3) induced significant increase in the expression of
Cx43 and a slower gel mobility of this protein (a). Bxpression of Cx43 after prolactin
treatment was 40% higher than the 7d-cultured control as measured by densitometry {b).
Values of densitometry for each experimental group are shown in b and expressed as means
+ standard errors, The result shown in a is representative of S independent experiments.
Legends: N24, neonatal islets cultured for 24h; NC, neonatal islets cultured for 7d; NPRL,
neonatal islets cultured for 7d and treated daily with PRL (2pg/mi/day).

"p<0.001 in relation to N24 group; °p<0.05 in relation to NC group. {Bonferroni’s test.)
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Figure 2 - Higher junctional content of Cx43 followed by in vitro treatment with
prolactin (PRL) or prolonged culture per se.

a-¢ “En face” (X-Z) confocal images showing indirect immunoflorescence staining of Cx43
in neonatal islets cultured for Z4h {2}, In neonatal islets cultured for 7d (b) and in neonatal
islets cultured for 7d and treated daily with PRL (2ug/ml/day)(c). Images were taken at the
same sensitivity of the confocal laser scanning microscope. Note that Cx43 labelling
showed a bright punctate pattern on the plasma membrane and was significantly stronger at
regions of cell-cell contact in 7d-cultured neonatal islets treated with PRL (¢, arrowhead)
than in untreated neonatal islets cultured for 7d (b, arrowhead). Neonatal islets cultured for

only 24h showed a very faint labelling for Cx43 (a). Bar, 50um.
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Figure 3 - Increase in B-catenin expression in neonatal pancreatic islets induced by in
vitro treatment with prolactin (PRL) or prolonged culture per se.

The level of B-catenin was detected by Western Blot in islet sonicate. Note that NC (lane 2)
and NPRL (lane 3} show significant higher expression of this junctional protein than the
N24 group (lane 1) (in a and b). Values of densitometry for each experimental group are
shown in b and expressed as means + standard errors. The result shown in a is
representative of 4 independent experiments. Legends: N24, neonatal islets cultured for
24h; NC, neonatal islets cultured for 7d; NPRL, neonatal islets cultured for 7d and treated
daily with PRL (Zpg/mi/day).

"p<0.001 in relation to N24 group; °p<0.05 in relation to NC group. (Bonferroni’s test.)
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Figure 4 - Higher junctional content of B-catenin foliowed by in vifro treatment with
prolactin (PRL) or prolonged culturing per se.

a-c¢ “En face” (X-Z) confocal images showing indirect immunoflorescence staining of f-
catenin in neonatal islets cultured for 24h (a), in neonatal islets culfured for 7d (b) and in
neonatal islets cultured for 7d and treated daily with PRL (2ug/mi/day) {c). Images were
taken at the same sensitivity of the confocal laser scanning microscope. Islets cultured for
only 24h showed few labelled cells following immunostaining for B-catenin; this labelling
was observed throughout the cell cytoplasm (a, arrowhead). Note that 7d-culturing per se or
in combination with PRL treatment induced overexpression of this junctional protein at the
cell-cell contact region (b,c). The intensity of the junctional staning was slightly higher in

the islets treated with PRL as compaired with is control Bar, 50um.
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4, Discussion

Gap junctions are cell surface especializations that mediate direct exchange of ions
and small molecules between adjacent cells. In exocrine and endocrine glands, GJ can
function primarily as channels for Ca® or secondary messengers (i.e. cAMP and IP3)
(Musil et al. 1994, Spray et al. 1994). The intercellular exchange of theses elements allows
amplification of the secretory gland response since ensures a rapid recruitment of secreting
cells located distantly from the site of signalling. The importance of the Gl-mediated cell
coupling has been particularly well demonstrated in the endocrine pancreas; increased
intercellular communication is directly correlated to an increase in secretory insulin
response in B-cells (Meda et al. 1979; 1991). The means of upregulating gap junction
function can include an increase in the number of GJ channels resulted of an
overexpression of the connexin type found in the islets of Langerhans, the Cx43, and/or an
enhancement of GJ channel permeability (Musil et al. 1994, Spray et al. 1994). Moreover,
another level of regulation for gap junctional intercellular communication may be through
cell-cell adhesion, which are mediated by another type of intercellular junction, the
adherens junction (AJ) in several tissue types. There are now strong evidence that gap
junction depends functionally on the adherens junction. Impairment of the intercellular
adhesion with antibodies against AJ-associated cadherins results in GJ disassembly or
intercellular uncoupling (Behrens et al. 1985, Kanno et al. 1984). On the other hand, the
transfection of junctional communication-deficient cell line with DNA encoding cadherins
ncreases cell coupling (Mege et al. 1988).

In this study, we have demonstrated that 7d-culture per se or combined with a
chrome treatment with PRL induce an enhancement in the expression of Cx43 in pancreatic
islets from neonatal rats. PRL treatment iz vifro resulted in further increase in the junctional
content of this GJ protein as compared to prolonged culturing of islets in the absence of this
hormone. In parallel, both experimental conditions led to an increase in the glucose-evoked
insulin secretion by neonatal islets as compared to 24h-culturing. The increase in Cx43
expression as revealed by Western Blot was confirmed by immunocytochemistry. Neonatal
islets cultured for 7d and treated with PRL show greater levels of Cx43 staining at the cell-
cell junctional region as compared to untreated neonatal islets cultured for only 24h. This
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observation indicates that the increase in ceflular Cx43 expression was accompanied by an
increase in number of connexin-formed channels at the cellular membrane site.

The elevated Ux43 expression following treatment with PRL is in accordance with
previous observation showing an increase in cell coupling in neonatal isleis with this
hormone as demonstrated by intercellular transference of microinjected Lucifer Yellow to
neighbounng celis (Michaels et al. 1987, Sorenson et al. 1987). Moreover, the present data
suggest that this prolactin-induced increase in interceflular communication may be result of
an increased number of functional GJ channels at the membrane rather than due to only
upregulation of the gating function of these channels. Prolactin and other
mammosomatotropic hormones have major upregulatory effects on pancreatic islet B-cell
function, including the enhancement of intercellular GJ coupling, that seem to be involved
in islet adaptation to pregnancy and maturation of B-cell glucose sensing mechanism during
the perinatal period of life (Boschero et al. 1993, Brelje et al. 1991, Crepaldi-Alves et al.
1997, Sekine et al. 1998). The mechanism of PRL actions is depended on the trigger of
several intracelinlar signalling pathways (e.g JAK/STAT and MAP kinases pathways
{Bole-Feysot et al. 1998, Ling et al 1994) leading to activation of nuclear promoter
elements on PRL-responsive genes. It is a matter of further investigation whether these
pathways also mediate the PRL effect on GJ function.

Concerning the stimulatory effect of prolonged islet culture {7d) on Cx43
expression and insulin secretion, it is plausible to suggest that lactogenic factors and/or
hormones present within the serum or even other culture medium components may be
accounted for these effects. It is well documented that the presence of serum and certain
nuttients at relatively high concentrations (such as glucose and metabolizable amino acids)
within the medium are essential for survival, growth and differentiation of islet B-cells in
vitro conditions (Ling et al. 1994, Sekine et al. 1997). In accordance with our data, previous
works have shown a partial maturation of the insulin response to glucose in neonatal islets
during a 7 day-culture period using a serum-containing media compositionally similar to
that employed here (Boschero et al. 1988, Freinkel et al. 1984, McEvoy et al. 1982).
Although the cell-cell coupling has not been directly assessed in this 7d-cultured islets, we

can hypothesized based on the Cx43 expression data that this maturation of the stimulus-
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secretion coupling process observed following culturing per se may also involve an
increase in (GJ-mediated intercellular communication.

In addition, we have demonstrated in our study that 7d-culture accompanied of not
by PRL treatment also induced increase in the expression of B-catenin, a protein associated
to another intercellular junction, the adherens junction (AJ). This protein play a crucial role
on cell adhesion in several epithelial cell types by modulating the linkage of cadherins to c-
catenin which in turn interacts with the actin cytoskeleton (Adams et al. 1996, Hinck et al.
1994). B-catenin is not only an essential structural and regulatory component of adhesion
complexes but is aiso part of the Wnt/Wingless signaling pathway implicated in cell fate
decision and pattern formation during development (Barth et al. 1997, Simcha et al. 1998) .
It has been reported that the cytoplasmic B-catenin pool binds to certain transcriptional
factors (e.g. TCF/LEF-1) within the nucleus and specifies gene expression (Barth et al
1957, Simcha et al. 1998). The present study is a first description of the expression and
regulation of this protein in islet cells. P-catenin is low expressed in poorly insulin-
secreting neonatal islets cultured for 24h that show a cytoplasmic localization for this
junctional protein in cells located at the islet periphery probably non-B cells. PRL
treatment or culturing per se, that seem to improve the glucose-induced insulin secretory
function, induced upregulation of this protein and its translocation to the cell-cell contact
region. Moreover, there seems to be a positive correlation between upregulation on Cx43
and [-catenin expression in islet cells following these experimental conditions.
Interestingly, recent work has shown a direct association between B-catenin-associated Wnt
signaling and Cx43 expression and GJ function in cardiomyocytes (Ai et al 2000).
Although, functional relationship between AJ and GJ is now extensively documented for
several cell types (Ai et al. 2000, Behrens et al. 1985, Kanno et al. 1984, Mege et al. 1988),
it is a matter of further investigation whether similar relationship exists in the islet cells,
specifically in the case of our experimental model.

In conclusion, we have reported in this study an increase in expression of the gap
junction-associated connexin 43 induced by prolonged culturing per se and in vitro
treatment with prolactin in neonatal rat pancreatic islets. A direct correlation was observed
between the mcreased expression of Cx43 and an increase in insulin secretion followed by

7d-culture per se or combined with chronic PRL treatment in neonatal islets. In addition, 42



we first documented the expression of the Al-associated [B-catenin by islet cells and its
upregulation following culture per se and PRL treatment. The cbserved regulation of the
gap and adherens junctions by PRL and culture medivm-contaiming factors may be
involved in the maturation process of B-cells in islets of Langerhans observed at in vifro

conditions.
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CO-EXPRESSION AND REGULATION OF CONNEXINS 36 AND 43 AND §-
CATENIN IN CULTURED NEONATAL PANCREATIC ISLETS.
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Abstract

Previous studies have shown that fetal and neonatal pancreatic islets present a lower
insulin secretory response as compared to adult islets. Prolonged culturing leads to an
improvement of the glucose-induced insulin secretion response in neonatal pancreatic islets
that may involve regulation of gap and adherens junction-mediated cell communication.
There has been an increasing interest in developing adequate culture conditions for fetal
and neonatal pancreatic B-cells and their cell precursors due to their potential use in
transplantation for diabetes therapeutics. In this study, we investigated the effect of
culturing neonatal islet cells at varving period of time and with different glucose medium
concentrations on the cellular expression of the endocrine pancreatic gap junction-
associated Cx36 and Cx43 and the adherens junction-associated B-catenin. We report here
that prolonged culture (7d) induces upregulation of the expression of these junctional
proteins in neonatal islets. The in vitro increase in the expression of both connexins, but not
of the B-catenin, displayed a time-dependent pattern. A correlation was observed between
the increased mRINA and protein expression of Cx36 and Cx43 and an increase in insulin
secretion following islet culturing. In addition, increasing glucose concentration within the
culture medium induced a concentration-dependent enhancement of Cx36 islet expression
but not of Cx43 expression. In conclusion, we suggest that the regulation of gap and
adherens junctional proteins by culture medium-containing factors and glucose may be an

important event for the maturation process of § celis observed at i vitro conditions.
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1. Iptroduction

Gap junctions ((GJs) are intercellular chanmnels formed by the linkage of two
hemichannels, or connexons, across extracellular space (Kumar & Gilula 1996). Each
hemichannel is made of six integral transmembrane protein subunits, named connexins
{Cx). These gap junctional proteins form the connexin superfamily composed by, at least,
20 members, each one is encoded by 2 separate gene and appears to have a cell and tissue-
specific distribution. Intercellular channels provide a pathway for direct intercellular
exchange of ions and also molecules with 2 molecular weight below 1000Da, allowing cell-
to-cell communication. Gap junctions are thought to coordinate several cellular activities,
such as contraction of cardiac and smooth muscle (Barr et al. 1965), transmission of
neuronal signals at electric synapses (Rozental et al. 2000}, pattern formation during
development (Lo 1996) and secretion in exocrine and endocrine glands (Meda 1996},

Insulin - secreting pancreatic B cells are connected by clusters of minute gap
junctions observed in intact and isolated islets of Langerhans and in cultured endocrine
pancreatic lines (Collares-Buzato et al. 2001, Meda et al. 1991). Several lines of evidence
indicate a contribution of the GJ -mediated cell coupling to the control of insulin secretion.
Single B cells show a perturbed endocrine functioning, characterized by an increased basal
release of insulin, poor secretory responsiveness to secretagogues, decreased hormone
biosynthesis, decreased expression of the insulin gene and loss of the normal cAMP-
dependent control of insulin secretion (Bosco et al. 1989, Halban et al. 1982, Pipellers
1984). Restoration of B - to B cell contacts is accompanied by a rapid improvement of these
alterations in the insulin secretion process. In addition, several insulin-producing cell lines
(HUT, RIN, INS-1), that show multiple secretory defects as judged by a markedly low
insulin content and loss of responsiveness to the glucose stimulus, have also lost the ability
to directly exchange cytoplasmatic molecules by junctional cell coupling (Vozzi et al
1995). In vivo and in vitro stimulation of insulin release was found to be associated with an
enhancement of B cell coupling due to an increase in the number of gap junctions and Cx43

expression {Collares-Buzato et al. 2001, Kohen et al. 1979, Meda et al. 1979, 1983, 1991).



Recently, Serre-Beinter and colleagues (2000) found that Cx36 is also expressed by insulin-
producing B cells but not by other endocrine islet cell types. In comparison to Cx43, the
Cx36 has been less studied in the endocrine pancreas. The actual importance of this
connexin, as well as the possible mechamism of regulation of its expression in the
pancreatic islets, remain to be established.

It is known that fetal and necnatal pancreatic islets present a lower mnsulin secretory
response as compared to adult islets. In culture conditions and following treatment with
mammosomatotropic hormones, neonatal islets undergo maturation of the secretory
machinery that might involve regulation of cell-cell contacts within the islet (Boschero et
ai. 1993, Collares_Buzato et al. 2001, Crepaldi et al. 1997). We have recently demonstrated
2 correlation between the increased expression of junctional proteins, such as Cx43 and §-
catenin, and an increase in insulin secretion following culture of neonatal islets (Collares-
Buzato et al. 2001). There has been a increasing interest in developing adequate culture
conditions for fetal and neonatal pancreatic B-cells and their cell precursors due to their
potential use in transplantation for diabetes therapeutics (Demeterco et al. 2000; Itkin-
Ansari et al. 2000). Studies on growth, maturation and differentiation of pancreatic fetal B
cells will allow to optimizing the in vitro maintenance of these cells before transplantation.

In this study we investigated the effect of culturing neonatal islets cells at varying
period of time and with different glucose medium concentrations on the cellular expression
of the endocrine pancreatic gap junction-associated Cx36 and Cx43 and the adherens
junction-associated P-catenin. We report here that prolonged culture of neonatal islets
induces upregulation of the expression of all these junctional proteins. A correlation was
observed between the increased mRNA and protein expression of Cx36 and Cx43 and an
increase in insulin secretion following islet culturing at varying period of time and
increasing glucose medium concentration. We suggest that the regulation of gap and
adherens junctional proteins by culture medium-containing factors and glucose may be an

important event for the maturation process of B cells observed at in vitro conditions.



2. Materials and Methods

Materials

All chemicals and cell culture media supplements were supplied by Cultilab or MNutricell
(Campinas, SP, Brazil). All sterile plastics (Petri dishes and Multiwell plates) were
purchased from Falcon. Radiolabelled insulin — I ' and protein A T '* were obtained from
Amersham Life Science (Cleveland, Ohio, USA). FITC and TRITC-conjugated secondary
antibodies were purchased from Sigma. Anti ~ Cx36 polyclonal antibody and anti — Cx43
monoclonal antibody were supplied by Zymed Laboratories (San Francisco, CA, USA).
The Chemiluminecent Substrate Kit was purchased by SuperSignal West Pico (USA).

Prolonged Culture of Islets of Langerhans

Islets from necnatal (24 to 48h) Wistar rats were obtained as previcusly described
{Collares-Buzato et al. 2001; Crepaldi-Alves et al. 1997). They were maintained in culture
within sterile Petri dishes at 37°C in a humidified 5% CO./air atmosphere. The culture
medium consisted of RPMI-1640 containing 10 mM glucose and supplemented with 5%
fetal calf serum (heat inactivated) and 100 IU penicillin/ml and 100 pg streptomycin/ml.
The dishes were divided in three experimental groups: neonatal islets cultured for 1 day
{group N1d), neonatal islets cultured for 3 days (group N3d) and neonatal islets cultured for
7 days (group N7d). The culture medium was changed every second day up to 7 days. At
the end of the culture period, the islets were individually collected under 2 dissecting
microscope using a micropipette. Part of these islets was used to determine the insulin
secretion levels. The remaining were frozen down to-70 °C in anti-protease cocktail {10
mM imidazole (pH 8.0), 4 mM EDTA, 1 mM EGTA, 0.5 ug/ml pepstatin A, 200 KIU/mi
aprotinin, 2.5 ug/ml leupeptin, 30 ug/ml trypsin inhibitor, 200 puM DL-Dithiothreitol
(DTT), 200 uM PMSF) for immunoblot, or in Trizol solution {(GIBCO BRL Life
Technologies) for total RNA extraction.



Islet Culture in Different Concentrations of Glucose

Isolated neonatal islets were cultured in RPMI supplemented as described above,
containing 2.8 mM or 5.6 mM or 10 mM of glucose. The glucose content of each medium
was determined previously by the glucose assay kit (Biotro! Diagnostics). The culture
medium was changed every day up to 3 days of culture. At the end of the culture period, the

islets were individually collected under a dissecting microscope using a micropipette.

Western Blot

A pool of at least 1000 islets from each experimental group was homogenized by 15
seconds of sonication in an anti-protease cocktail. The total protein content was determined
by the DC protein assay kit (Bio-Rad Laboratories). For the detection of Cx43 and B-
catenin the samples were centrifugated and the supernatant protein conternt was guantified.
Sample of crude membrane preparation of each experimental group containing 70 pg total
protein was incubated for 60 min at 37 °C with 30% of total volume with 5x concentrated
Laemmii sample buffer {1 M sodium phosphate pH 7.8, 0.1% bromophencl blue, 50%
glycerol, 10% 8SDS, 2% mercaptoethanol). These samples were fractionated by
electrophoresis in a 8% polyacrylamide gel for detection of Cx43 and B-catenin, or 10% for
detection of Cx36. Electrotransfer of Cx36 protein from gel to nitrocellulose (Bio-Rad)
membrane was performed for 60 min at 120 V and the electrotransfer of Cx43 and B-
catenin to nitrocellulose membrane was performed for 60min at 20 V constant in the
absence of methanol and SDS. After checking for an efficient transfer with Ponceau S dye,
the membranes were saturated with 5% dry skimmed milk in TTBS (10 mM Tris, 150 mM
NaCl, 0.5% Tween 20) overnight at 4°C. Cx36 was detected in the membrane after 4 h-
incubation at room temperature (RT) with a rabbit polycional antibody against Cx36
(Zymed)(dilution 1:500 in TTBS plus 3% dry skimmed milk) followed by a 2 h-incubation
at RT with I'** -labelled protein A (dilution 1:1000 in TTBS plus 1% dry skimmed milk).
Alternatively, the Cx36 expression was also detected by quimioluminescence after 1 h-
incubation at RT with the same primary antibody followed by 1 h-incubation at RT with
anti-rabbit IgG - conjugated with peroxidase (dilution 1:1000 in TTBS plis 1% dry
skimmed milk). Cx43 and B-catenin were detected in the membrane after 2 h-incubation at

room temperature (RT) with a mouse monoclonal antibody against Cx43 and B-catenin



(Zymed) (dilution 1:500). The membrane was, then, incubated with a rabbit anti-mouse igG
(dilution 1:1500 in TTBS plus 3% dry skimmed milk) followed by further 2h-incubation at
RT with I'*’ -labelled protein A (dilution 1:1000 in TTBS plus 1% dry skimmed milk).
Radiolabelied protein bound to the antibodies was detected by autoradiography. Band
intensities were quantified by optical densitometry using the Scion Image Release Beta

4.0.2 Software of the developed autoradiogram.

RT-PCR

A pool of 500 islets was lysed in I mL of Trizol solution (GIBCO BRL Life Technologies)
by 10 seconds of homogenization in vortex. The total RNA was extracted using the single
step acid-guanidium-thiocyanate-phenolchloroform method as  described by  the
manufacturer. RNA concentrations wers determined from optical absorbance 3t Azspum.
cDNA was synthesized from 2 pg of islet RNA in a volume of 25 uL using the RNase 5

reverse transcriptase SuperScript II and random primers (GIBCO BRL Life Technologies).
The cDNA samples were stored at —20°C,

Primers
The Cx43, Cx36, insulin and B-actin transcripts in neonatal pancreatic islets were

determined by PCR using the following primer pairs, showed in table I.



Table I: List of oligonucleotides used in the experiments

Gene Sense Primer Antisense Primer Size of
(5737 (5737 cDNA
bp
Cx43 5 CCG ACG ACA ACCAGA ATG |3 GAACCCTATCG ACC CGC (322
CC3 TG 5°
Cx36 57 AGT GGT GGG AGC AAG|3CLG AAG TCA CAG GGT 282
CGAGAAGY CCCAACA S
Beta-~ 5ACC ACA AGC TGA GAG GGA (3°CGT TTA CGA AGA TCC 533
Actin AATCGS GCCTGACS

RT-PCE Analysis

PCR was camied out in 25 ul reactions using 1 uL of ¢cDNA as template. The PCRs
contained: 2.5 ul of 10X PCR buffer (GIBCO Life Technologies), 0.75 ul of 50 mM
MgCl; {(GIBCO Life Technologies), 0.5 pl. of 10 mM dNTP Mix (GIBCO Life
Technologies), 0.5 ul. of 100 pM of each primer and 0.2 pl of Tag DNA Polymerase
(GIBCO Life Technologies) The optimal amplification cycle was determined for each
primer pairs from a curve using RNA samples of the Nid group. This amplification cycle
corresponded to the number of cycles two points below the amplification piateau value.
After a 5 min start at 94°C, amplification of Cx43 was carried out for 25 cycles, each
comprising 30 s at 94°C, 30 s at 57°C, and 45 s at 72°C, using an Perkin Elmer 9600
(Manufacturer). After the last cycle, an elongation step of 4 min at 72°C was performed.
The amplification of Cx36 was carried cut for 35 cycles, comprising the same steps
described above, and the amplification of insulin was carried out for 23cycles. In all cases,
negative controls were provided by submitting a sample of water to ampification. Beta-

actin expression was used as an internal control in all PCR reactions.

Insulin secretion
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insulin secretion

After culture, islets were gently detached from the plates under a dissecting microscope.
Clean islets were washed with 2 bicarbonate-buffered solution (pH 7.4} {composition: 115
mM NaCl, 5 mM KCl, 1 mM CaClk, 1 mM MgClL and 24 mM NaHCO;) supplemented
with 3 mg/ml bovine serum albumin and glicose at the same concentration to that used in
the culture medium and equilibrated with 2 mixture of 95% O, ~ 5% CO,. Groups of 10
islets from the different experimental groups were placed within each well of 24-multiwell
plates and incubated with 1mi of the bicarbonate-buffered containing 10 mM ghucose for 2
h. Afier the incubation period, aliquots of the supernatant were taken and stored at -20°C.
The msulin content of these samples was determined by radioimmunoassay and was

expressed as nanograms per islet x time.

Statistical Analysis

All the results are expressed as means + standard error (SEM) together with the number of
individual experiments (n). The statistical significance of differences among more than two
experimental groups was assessed by ANOVA and for comparison between pairs of groups

was used the Bonferroni’s test. The significance level was set at P < 0.05.



3. Resulis

Figure 1 shows the insulin secretory response in neonatal pancreatic islets when
cultured at varying period of time and with a culture media containing different glucése
concentrations. As described in figure la, group of islets cultured for only 1 day (N1d)
showed a significantly lower secretion than groups of islets cultured for 3 days (N3d)
{p<0.01) and 7 days (N7d) (p<0.001). Yet, the N7d group showed a significantly greater
secretion when compared with the N3d group (p<0.01). Figure 1b shows the insulin
secretion by islets cultured for 3 days in different concentrations of glucose within the
medium. The groups of islets cultured with 10mM glucose (N3d 10) showed significantly
greater secretion when compared with the group of islets cultured with 10mM glucose for
only one day {N1d 10) (p<0.001). A significant increase in insulin release was also detected
in N3d 10 group when compared with the groups of islets cultured with 2. 8mM (N3d 2.8;
p<0.001) and 5.6mM glucose (N3d 5.6; p<0.001) for the same period of time.

To assess whether these iz vifro alterations in insulin secretion were followed by
changes in expression of (J-associated proteins in homogenized islet samples, the
expression of connexin 36 and connexin 43 in isolated islet was assessed by Western Blot.
As shown in figures 2 and 3, culturing for 7 days resulted in a significant increase in the
expression of Cx36 (comparing to N1d, p<0.001; comparing to N3d, p<0.01) (Figures 2a
and 2¢) and Cx43 (comparing to N1d, p<0.001; comparing to N3d, p<0.05) (Figures 32 and
3b) as compared with N1d and N3d experimental groups. A significant higher increase in
the expression of both connexins was also verified in the N3d group in comparison to the
N1d group (p<0.05).

In addition, a prolonged islet culturing also induced an increase in the expression of
the adherens junction-associated (AJ) protein, B-catenin as assessed by Western Blot. As
shown in figure 4, islet culturing for 7 days resulted in a significant increase in the
expression of B-catenin as compared with N1d (p<0.001) (Figure 4a and 4b). Nevertheless,
no significant difference in the expression of the AJ protein was detected between N3d and
N7d groups.



To detect the level of expression of Cx36 and Cx43 transcripts in cultured neonatal
islets, an analysis was carried out by RT-PCR of the total RNA, using specific primers
expected to amplify the entire coding sequence of Cx36 and Cx43 (Figure 5). As compared
to the islet group cultured for only one day, prolonged culturing increased the Cx36 gene
expression in 40% and 87% in the groups of islets cultured for 3 and 7 days, respectively
(Figures 5a and 5b). Furthermore, prolonged culturing also induced an increase of 49% in
the expression of Cx43 in N3d group and an increase of 63% in the N7d group in
comparison with the N1d group (Figures 5¢ and 54).

To evaluate whether the glucose concentration within the culture medium alters the
expression of GJ-associated proteins, an analysis was carried out by Western Blot using
islet samples cultured for 3 days in different concentrations of glucose. Figure 6 shows 2
glucose-dependent increase in Cx36 protein expression in cultured neonatal islets. As
compared to the groups of islets cultured with 2.8mM glucose, culture of islets cultured
with 5.6mM (p<0.05) and 10mM glucose (p<0.001) induced a significant increase in the
expression of Cx36. A significant increase was also detected in N3d 10 group as compared
to the N3d 5.6 group (p<0.05) (Figures 6a and 6b). A relatively low expression level of
Cx36 was obtained in neonatal islets cultured for 1 day in 10mM glucose as compared to all
above islet groups cultured for 3 days.

Meanwhile, different glucose concentrations in the media did not significantly alter
the Cx43 expression in cultured neonatal pancreatic islets (Figure 7). As compared to the
N3d 2.8 group, the groups of islets cultured with 5.6 and 10mM glucose showed no
significant changes in the expression of the gap junctional protein. Also, no significant
increase was detected between the N3d 5.6 and N3d 10 groups regarding the Cx43
expression. Nevertheless, in accordance of previous observation, the expression of this gap
junctional protein was higher following 3d-culturing, regardless the glucose medium
concentration, in comparison with the islet group cultured for only 1d (Figure 7).
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Figure 1: Influence of prolonged culturing and glucose medium concentration
on insulin secretion in neonatal islets.

In a, neonatal islets were cultured in supplemented RPMI 1640 medium containing
10mM glucose for a period of 1d (N1d), 3d (N3d) or 7d (N7d). In b, groups of islets were
cultured for 3 days m culture media containing 2.8mM (N3d 2.8), 5.6mM (N3d 5.6) or
10mM (N3d 10) of glucose. Also in b, a group of neonatal was cultured for only 1d with
10mM glucose for comparison (N1d 10). Afler culturing, islets from all groups were
isolated and exposed to Krebs buffer containing 10mM glucose for 2 h. Insulin released
within the buffer was measured by radicimmuncassay. Resulis are expressed as means +
SEM. The results are representative of 4 independent experiments.

In a, P<0.05 as compared to N1d group, °P< 0.05 as compared to N3d group
{ANOVA followed by Bonferroni’s test).

Inb, P<0.001 as compared to N1d group, ’P<0.001 as compared to N3d 2.8 and to N3d
10 groups (ANOVA followed by Bonferroni’s test).
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Figure Z: Increase in the Cx36 expression induced by prolonged culture of
neonatal islets.

The level of Cx36 was detected by Western Blot in islet sonicate. As compared to
islet culturing for 1 and 3 days, culture of islets for 7d induced significant increase in the
expression of Cx36 (a). A low expression level of Cx36 was seen in neonatal islets cultured
for 1 day (a). Brain and liver were used as positive and negative conirols for Cx36,
respectively (b). The Cx36 antibody detected a homodimer in the brain. Values of
densitometry for each experimental group are shown in b and expressed as means *
standard errors {¢). The results in a is representative of 4 independent experiments.

Legends: N1d, neonatal islets cultured for 1day; N3d neonatal islets cultured for 3
days and N7d, neonatal islets cultured for 7 days.

"P<0.05 as compared to Nid group, °P< 0,001 as compared to N3d group. (ANOVA
followed by Bonferront’s test).
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Figure 3: Increase im Cx43 expression induced by prolonged culture of
neonatal pancreatic islets.

The level of Cx43 was detected by Western Blot in islet sonicate. As compared to
culturing for 1 and 3 days, culture of islets for 7d induced significant increase in the
expression of Cx43 {a). A significant increase was also detected between groups of islets
cultured for 1 and 3 days {(a}. Values of optical density for each experimental group are
shown in b and expressed as means + standard errors (b). The results in a are representative
of 6 independent experiments.

Legends: N1d, neonatal islets cultured for 1day; N3d neonatal islets cultured for 3
days and N7d, neonatal islets cultured for 7 days.

'P<0.001 as compared to Nid group, °P< 0.05 as compared to N3d group (ANOVA
followed by Bonferroni’s test).
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Figure 4 - Increase in B-catenin expression in neonatal pancreatic islets induced by
prolonged culture

The level of B-catenin was detected by Western Blot in islet sonicate. Note that N3d and
N7d show significant higher expression of this junctional protein than the N1d group.
Values of band densitometry for each experimental group are shown in b and expressed as
means * standard errors. The result shown in a is representative of 4 independent
experiments.

Legends: N1d, neonatal islets cultured for 1 day; N3d, neonatal islets cultured for 3
days; N8d, neonatal islets cultured for 7 or & days.
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Figure 5: Increase in Ux36 and Cx43 gene expression in neonatal pancreatic
islets induced by prolonged culture,

Cellular content of Cx36 (a, b) and Cx43 {¢, d) RNA transcripts in cultured neonatal islets
was analyzed by RT-PCR amplification method. As compared to culturing for 1 and 3
days, culture of islets for 7d induced an increase in the expression of both Cx36 (a, b) and
Cx43 (e, d). In all cases, negative controls were provided by submitting a sample of water
{H,0) to amplification. Cx36 and Cx43 samples were submitted to 35 and 25 amplification
cycles, respectively. Beta-actin gene expression was used as an internal control.
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Figure 6: lucose-dependent increase in Cx36 expression in cultured neonatal
pancreatic islets.

The level of Cx36 was detected by Western Blot in islet sonicate. As compared to
the groups of islets cultured for 3d with 2.8mM glucose, culture of islets in 5.6mM and
10mM glucose induced a significant increase in the expression of Cx36. A significant
differsnce was also detected between N3d 5.6 and N3d 10 groups. Meanwhile, a very low
expression level of Cx36 was seen on the neonatal islets cultured for only 1 day. Values of
optical density of the bands for each experimental group are shown in b and expressed as
means + standard errors. The resulls in a is representative of 5 independent experiments.

Legends: N1d, neonatal islets cultured for lday with 10mM ghicose; N3d 2.8,
neonatal islets cultured with 2.8mM ghucose for 3 days; N3d 5.6, neonatal islets cultured
with 5.6mM glucose for 3 days; N3d 10, neonatal islets cultured with 10mM glucose for 3
days.

"P<0.001 as compared to N1d group, *P< 0.05 as compared to N3d 5.6 group and *P<0.05
as compared to N3d 10 group (ANOVA followed by Bonferroni 's test).
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Figure 7: Increasing glucose concentrations within the media do not alter the Cx43
expression in cultured neonatal pancreatic islets,

The level of Cx43 was detected by Western Blot in islet somicate. As compared to
those islets cultured for only 1 day, islet culturing for 3d induced increase in Cx43
expression, that was independent of glucose concentrations within the culture media. As
compared to the group of islets cultured with 2.8mM glucose, culture of islets in 5.6mM or
10mM glucose-containing media did not significantly change the expression of Cx43.
Values of optical density of the bands for each experimental group are shown in b and
expressed as means + standard errors. The result in a is representative of 4 independent
experiments.

Legends: Nid, neonatal islets cultured for 1day; N3d 2.8, neonatal islets cultured
with 2.8mM glucose for 3 days; N3d 5.6, neonatal islets cultured with 5.6mM glucose for 3
days; N3d 10, neonatal islets cultured with 10mM glucose for 3 days.

"P<0.001 as compared to N1d group (ANOVA followed by Bonferroni's test).
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4. Discussion

The pancreatic B-cells that secrete insulin are interconnected by gap junctions
{(Meda 1996). Previous studies have suggested that, at least in experimental conditions,
these channels contribute to regulate insulin biosynthesis and release (Halban et al. 1982,
Meda et al. 1979, Vozzi et al. 1995). Thus, single B-cells, which are not coupled by
connexin-made chammels, show poor expression of the insulin gene and release low
amounts of hormone, even after stimulation (Halban et al. 1982, Meda et al. 1979, Vozzi et
al. 1995). Also, restoration of B-cells contacts is paralleled by a rapid improvement of both
insulin biosynthesis and release (Bosco et al. 1989, Halban et al. 1982, Pipeleers et al
1982, Meda et al. 1990}

Evidence indicates that insulin secretion in response to glucose and to other
secretagogues is diminished during the fetal and neonatal stage of development (Boschero
et al. 1988; 1990; 1993, Grill et al. 1981). The inability of glucose to elicit an adult pattern
of secretion, despite adequate insulin reserves and biosynthesis capacity of the fetal B-cells,
indicates that the glucose signal for secretion is poorly recognized at early stages of the
animal development (Bone et al. 1981, Heinze et al. 1975). The maturation of the secretory
response is influenced by many factors, including fuel metabolites, neurotransmitters, and
hormones (Sorenson et al. 1987). In culture conditions and following treatment with
mammosomatotropic hormones, neonatal and adult islets undergo maturation of the
secretory machinery that might involve regulation of cell-cell contacts within the islet
{Brelje & Sorenson 1991, Collares-Buzato et al. 2001, Michaels et al. 1987, Sorenson et al.
1987).

To our knowledge, however, no study to date has aimed at elucidating the molecular
mechanisms involved in the in vifro maturation of the stimulus-secretion coupling in
neonatal pancreatic islets B-cells. In the present study, we investigated the possible
involvement of the GJs in this process by analyzing the effect of culturing neonatal islet
cells, at varying period of time and with different glucose medium concentrations, on the
cellular expression of Cx36 and Cx43. We also evaluate whether the alterations in the
expression of these Gl-associated proteins, after prolonged culture, were paralleled by the

expression of the adherens junction-associated protein, B-catenin.
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Our results confirm previous observations that culture of necnatal islets, for a
relatively long period, results in an increase in insulin secretion, mmdicating that islet
culturing induces maturation of the secretory process {Collares-Buzato et al 2001, Kohen et
al 15979, Meda et al 1979; 1983; 1991). These ir vifro akterations in insulin secretion were
followed by a time-dependent increase in the protein expression of the GJ-associated Cx36
and Cx43, and also in the RNA transcripts of these connexins, as assessed by Western Rlot
and RT-PCR, respectively. This data is in accordance with our previous work suggesting
that the comnexin expression is upregulated after islet culturing {Collares-Buzato et al.
2001). In vivo and in vitro stimulation of insulin release has been found, by others, to be
associated with an enhancement of § cell coupling due to an increase in the expression of
Cx43 in adult rat islets (Kohen et al. 1979; Meda et al. 1979; 1983; 1991). Recently, Serre-
Beinier and colleagues (2000} have described that Cx36 is the connexin species
unambiguously detected betwesn insulin-producing cells in adult endocrine pancreas.
However, the present work has first demonstrated that the Cx36 is co-expressed with Cx43
and can be regulated in neonatal pancreatic islets.

Besides the connexins, the ir vitro maintenance of neonatal islkets for 7d resulted in
enhancement of expression of the adherens junctional protein, B-catenin. Nevertheless, this
culture-induced increase in the islet content of B-catenin did not show a time-dependent
pattern, which contrasted with Cx36 and Cx43. In previous work, we have demonstrated
that the prolactin-induced upregulation of Cx43 was paralleled by increases in cellular
expression and junctional content of B-catenin in cuitured neonatal islets (Collares-Buzato
et al. 2001). B-catenin, as a component of the adherens junctions, can affect gap junctions-
mediated intercellular communication in several cell types (Ai et al. 2000, Behrens et al.
1985, Kanno et al. 1984, Mege et al. 1988). Also, an important reciprocal relationship
between [-catenin signaling and Cx43 gene expression and gap junctional function has
been described in cardiomyocytes (Al et al. 2000). In the case of endocrine pancreas,
however, further study has to be directed toward more fully clucidating the potential
contribution of -catenin signaling to connexin 36 and 43 gene expression.

Concerning the stimulatory effect of prolonged culture of neonatal islets on gap
Jjunction-associated proteins, Cx36 and Cx43, and insulin secretion, it is plausible to

suggest that hormones present within the serum, or even other medium components, may



be accounted for these effects. The presence of serum and certain nutrients, at relatively
high concentrations, such as glucose, within the medium are essential for in vigro survival,
growth and differentiation of islet § cells in viro (Ling et al. 1994, Sekine et al. 1997}
Following this idea, we also evaluated whether glucose concentration within the culture
medium altered the expression of Gl-associated proteins. Islet culture with high glucose
concentration resulted in maturation of the insulin secretory process. Our data showed a
glucose-dependent increase in Cx36 expression in cultured neonatal islets. As compared to
the groups of islets cultured with 2. 8mM ghicose, islet culturing in media containing
5.6mM and 10mM glucose induced a significant increase in the expression of Cx36.
Meanwhile, different glucose concentrations did not significantly aiter Cx43 expression in
cultured neonatal pancreatic islets. In contrast to Cx36, the Cx43 expression has been
demonstrated not to be specific for pancreatic B-cells (Serre-Beinier et al. 2000}, Yet, a
central role of Cx36 in glucose-induced insulin secretion has been suggested by the
observation that level of Cx36 expression correlates with the ghicose responsiveness of
different insulin-producing lines (Serre-Beinier et al. 2000). Altogether, these findings
attribute a crucial function to Cx36 made gap-junction channels in intercellular coupling
and secretory functioning of B-cells.

In conclusion, we report here that culturing of neonatal pancreatic isiets induces
upregulation of the expression of the conmexins 36 and 43 as well as B-catenin A
correlation was observed between the increased mRNA content and protein expression of
Cx36 and Cx43 and increase in insulin secretion induced by prolonged culture and high
glacose concentration within the culture medium. We suggest that the regulation of gap and
adherens junctional proteins by culture medium-containing factors and glucose may be an

important event for the maturation process of B cells observed at iz vitro conditions.
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CONCLUSAO

Os resultados obtidos nesta dissertag&o mostram que:

O tratamento i vifro com prolactina resulta em aumento no mimero de juncdes
comumicantes na regifio de comtato intercelular das células das ilhotas de ratos
recém-nascidos, além de induzir aumento na expressio de conexina 43, como
detectado por imunofluorescéncia indireta ¢ Western Blot, respectivamente.
Tratamento com prolactina de ilhotas de recém-nascidos também induziu aumento
na expressfo e imunolocalizagfio na regido de contato intercelular da proteina
associada 3 juncio aderente, a B-catenina,

Cultive prolongado (7 dias) per se induziu aumento na expressio das conexinas 36
e 43 ¢ da P-catenina em ithotas de ratos recém-nascidos, como determinado por
Western Blot. Em particular, o garu de expressio das conexinas nas ilhotas em
cultura pareceu correlacionar com o tempo de cultivo ¢ o grau de secrecio de
insulina.

A (Cx36 ¢ regulada por diferentes concentragBes glicose no meio de cultura, ao
contrario do que é observado com relagfio a expressio de Cx43 nas ilhotas de ratos
recém-nascidos.

Foi possivel detectar uma correlagdo direta entre ¢ aumento da secrecdo de insulina,
aumento do RNAm ¢ da expressdo protéica de conexinas 36 ¢ 43 em ilhotas
pancreaticas de ratos recém-nascidos mantidos em cultura.

A modulagdo in vifro das jungBes comunicantes e junciio aderente induzida pela
prolactina, cultivo prolongade e glicose, possivelmente, consiste num evento
importante no processo de maturagio e diferenciacdc celular nas ilhotas

pancreaticas.
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APENDICE A

BMATERIAISE METODOS

1. Animais

Os animais utilizados para desenvolvimento deste trabalho foram obtidos do Centro
de Bioterismo da Unicamp (Campinas, SP).
Foram utilizados ratos Wistar recém-nascidos (1 a 2 dias de vida), de ambos os sexos,

com aproximadamente 5g em peso cada.
2.1 Cuitura de hotas de Recém-Nascidos

Os animais foram mortos por decaptacio com o auxilic de um tesoura e, em
seguida, mergulhados em solugfo de dlcool 2 70% iodado, para esterilizaciio. Estes animais
foram, entdo, transferidos, para uma placa de Petri estéril, no interior de um fluxo laminar
horizontal, local onde procedeu a laparotomia para exposicio e remogic do pancreas, com
auxilio de matenal cirurgico adequado.

Os péncreas retirados foram, entdo, transferidos para um béquer contendo soluciio
de Hanks estéril (composigdo idnica: 141.5 mM Na’, 5.8 mM K, 1.3 mM Ca'%, 0.8 mM
Mg, 143.6 mM CT, 4.2 mM HCO?, 0.3 mM HPO,?, 0.3 mM SO, 0.8 mM SO,'2, 0.4
mM H,POs). Apods serem cortados em pequenos fragmentos com o auxilio de uma tesoura,
os Orglos foram transferidos para um tubo centrifuga, com tampa, estéril onde foi feita a
digestéo parcial do pancreas com a utilizag&o da enzima colagenase (0.2 mg/6rgio) (Sigma)
a 37°C, sob agitagdc constante por aproximadamente 5 min. Sob estas condigbes, foi
possivel a digestdo, principalmente, da por¢io exdcrina do pancreas com a preservacio das
ilhotas pancredticas. Foram feitas, entdo, trés sucessivas lavagens da suspensdo de ifhotas,
utilizando soluco de Hanks através de rapidas centrifugagdes para retirada do excesso de
colagenase. Na Ultima lavagem, foi utilizado o meio de cultura RPMI 1640 (Sigma}
contendo 10mM de glicose, 5% de soro fetal bovino inativo (Sigma ou Nutricel), 1% de
uma solugdo contendo 10.000 TU/mi penicilina e 10 mg/mL de estreptomicina (Nutricel}.
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Um volume de suspensfo de ilhotas foi, entfo, aliquotado em placas de Petri estéreis
(Faicon) contendo 10 mL de meio de cultura RPMI 1640 completo.

As placas contendo as ilhotas pancreaticas foram mantidas a 37 °C sob atmosfera
umidificada de 3% CO; em ar {modelo CO-24, SANYQ). As ilhotas foram mantidas sob
esta condigio por tempos variados dependende do protocolo experimental (vide segBes 4 ¢
5), até no méximo 8 dias.

Num dos protocolos experimentais testados na presente dissertagio (vide seciio 5),
as ithotas foram cultivadas por 3 dias com meio RPMI completo contendo diferentes
concentragtes de glicose, a saber: 2.8 mM, 5.6 mM ou 10 mM. Previamente a sua
utilizag@io, a concentragio de glicose no meio foi dosada utilizando-se o kit Biotrol

Diagnostics — Glicose (GOD-PAD). A troca do meio de cultura, neste caso, foi feita 2 cada
24 %

2.1.1 Coleta das Dhotas Pancredticas

As ilhotas isoladas de recém-nascidos, mantidas em cultura, foram coletadas sob
lupa, uma a uma, com a utilizagdo de uma pipeta Pauster previamente estirada e
umidificada com sclugdo de Hanks e albumina bovina tipe V (3 mg/mL.) (Sigma). Durante
a coleta, as ilhotas foram transferidas para uma placa de Petri contendo solucgiio de Krebs
{composicic ibnica: 139 mM Na’, 5 mM K, 1 mM Ca”, 1 mM Mg™, 123.6 mM CI’, 24
mM HCO?) em pH 7.4, contendo glicose na concentragdc do meio de cultura onde as
ilhotas foram cultivadas. Um grupo de ilhotas foi separado para a determinacio da secreciic
estatica de insulina. As demais ilhotas foram transferidas para eppendorfs, devidamente
etiquetados, ¢ congeladas a ~70 °C em coquetel anti-Protease, (composicio; 4 mM EDTA,
5 ug/mL pepstatina A, 10 mM imidazol, 1mM EGTA, 2 pg/ml. aproptina, 200ug/mL
PMSF, 200 ug/ml DTT, 2.5 pug/ml leuptina, 0.5 ug/ml pepstatina, 30 pg/ml inibidor de

tripsina), até o desenvolvimento da técnica de Western Blot.
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3. Secregio Estatica de Insulina

Grupos de 8 a 10 ilhotas foram incubadas, em placas Multiwells, com 1 mL de
solugdo de Krebs contendo glicose, nas concentragdes de 2.8 mM ou 10 mM, por 2 h a 37
°C na incubadora.

Ao término do periodo de incubagdo, aliquotas de 500 ul foram coletadas e

estocadas a —20 °C at¢ a dosagem de insulina por radioimunoensaio.

4, Radioimunoensaio

A insulina secretada foi detectada de acordo com o método descrito por Scoit et al.
1981,

Foram utilizadas duplicatas de aliquotas das amostras contendo insulina, numa
diluicBio prévia de 1:10, para todas as amostras, em Tamp#o Fosfato (200 mM Na,HPQO.,
260 mM NaH;PO4 H,O).

A curva padrao foi construida em triplicatas, utilizando-se um padrfio de insulina
{(doado gentilmente pelo Dr. Luiz Flavio de Freitas Leite, Novo Nordisk Biolabs), nas
concentragdes de 0.02 ng/ml., 0.039 ng/mL, 0.078 ng/mL, 0.16 ng/mL, 0.31 ng/mL, 0.63
ng/ml, 1.25 ng/mL, 2.5 ng/ml,, 5 ng/mL. Insulina de rato marcada com T ' (100 pyg/mL) &
20 uL de anticorpo monoclonal anti-insulina (diluicio 1:150000) (doado gentilmente pela
Dra. Leclerc- Meyer, Universidade Livre de Bruxelas) foram adicionados &s amostras
diluidas e aos tubos da curva padriio. Para o ensaio, foram efetuados os seguintes tubos de
referéncia em triplicata: Total (T), contendo 200 yL de soluggio de insulina marcada (5000
cpm/200 pL soluglo); Non-specific binding (NSB), contendo 100 ul. de tampio fosfato e
200 pL da solugio de insulina marcada; Referéncia (REF), contendo 100 uL de tampdo
fosfato, 200 pL da solucBio de insulina marcada e anticorpo anti-insulina. Feitas todas as
pipetagens, os tubos foram agitados em vorfex e mantidos durante 48 h a 4 °C. Apés o
periodo de incubaglo, os tubos das amostras, da curva e de referéncia (com excegdo do
tubo Total) receberam 260 uL de uma selugio contendo 2.5% de carviio (Norit A), 0.5% de
albumina € 0.23% de dextran T 70. Os tubos foram mantidos por 20 min a 4 °C e
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centrifugados por 20 min a 342 g. O sobrenadante foi descartado por aspiracio ¢ a
radicatividade dos tubos foi medida por um contador gama (Beckman Gama 5500). Por
intermédic dos valores obtidos na curva padrio, nos tubos contendo concentraco fixa de

insulina, calculou-se os valorss de insulina contidos nas amostras utilizando-se o programa
MS-DOS AGC.

&, Western Bloy

Para detectar o nivel de expressio celular das proteinas juncionais Cx36, Cx43 ¢ B-
catenina foi empregado a metodologia de Western Blot. Tode o procedimento com as
ithotas foi fetio em banho de gelo.

Um grupo de aproximadamente 500 ilhotas foi centrifugado rapidamente e o
sobrenadante desprezado e, a seguir, foi adicionado 40 ul de coquetel anti-protease. As
ilhotas foram, entfo, sonicadas nesta solugfo, por aproximadamente 10s e, em seguida, a
quantidade de proteina foi dosada, utilizando-se o kit para ensaio de proteina, BioRad
Protein Assay-Dye Reagent Concentrate (BioRad). Foi utilizado como referencial a curva
padrdo de albumina.

Em vparticular, para detecgdo de Cx43 e Q-catenina, ¢ homogeneizado foi
centrifugado por 10min em uma centrifuga refrigerada a 3000 g O precipitado foi
desprezado e a dosagem protéica foi feita, como descrito anteriormente, no sobrenadante
obtido.

Amostras contendo 70 ug de proteinas totais foram, entfo, incubadas a 37 °C por 1h
em 20% do volume de Tamp&o de Laemmli cinco vezes concentrado (composigdo: azul de
bromofenol 0.1%, fosfato de sodic 1M, glicerol 50%, SDS 10%).

Para corrida eletroforética, foi utilizado um gel bifisico constituido por: 1) gel de
empilhamento contendo 6% de acrilamida diluido em tamp&o contendo EDTA 4mM, SDS
2%, Trisma base 50mM, pH 6.7 e 2) gel de resolugiio contendo 10% de acrilamida para
detecgio de Cx36 ou 8% de acrilamida para Cx43 e B-catenina, dilnido em tampdo
contendo: EDTA 4mM, SDS 2%, Trisma base 750mM, pH 8.9. A comida foi efetuada a

200 V por aproximadamente 30 min com Tampio de Corrida {composicio: Trisma base
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200mM, glicina 1.52M, EDTA 7.18mM e SDS 0.4%). As amostras foram, entfo,
transferidas para uma membrana de nitrocelulose (BioRad).

A transferénoia foi procedida durante 60 min a 120 V em gelo, banhada com
Tampio de Transferéncia para Cx36 (20% Metanol, 0.02% SDS, Trisma base 25mM,
glicina 192mM). Eniretanto, 2 fim de facilitar a detecgfio de Cx43 e B-catenina na
membrana, a transferéneia foi promovida durante 60 min a 30 V e sem adigfio de Metanol e
SDS na solugdo tamplc. Apés transferéncia, 2 membrana foi corada com solucio Ponceau
(Sigma}, para certificagdo de que tanto a dosagem protéica quanmtoc a transferdneia
procederam adequadamente.

Apds transferéncia, a membrana foi blogueada com 5% de leite desnatado em
solugic Basal (SB) (composig8o: Trisma base 0.1M, NaCl 0.5M, Tween 20 0.05%) por 12
h a 4 °C. A proteina Cx36 foi detectada na membrana de nitrocelulose por incubacdo por
4h, a temperatura ambiente, com anticorpo monoclonal especifico anti-Cx36 (Zymed,
diluig#o 1:500 em SB com 3% de leite desnatado). Posteriormente, a membrana foi lavada
3 vezes, por 5 min com solugfio basal, seguida de exposigio por Zh, 2 temperatura
ambiente, com proteina A marcada com I'® {2000 com/mL em TTBS com 1% de leite
desnatado). Alternativamente, a Cx36 foi detectada na membrana de nitrocelulose, apés
bloqueio, através de quimioluminescéncia por incubagdo por I b, 4 temperatura ambiente,
com anticorpo monoclonal especifico anti-Cx36 (Zymed, diluigio 1:500 em SB com 3% de
leite despatado). A membrana foi, entio, lavada 6 vezes por 8 min cada com SB, exposta
por 1 h, a temperatura ambiente, com anticorpo anti- IgG de coelho conjugado com
peroxidase (diluig#o 1:1000) (Chemicon), seguida de lavagem final com SB (6 vezes por 8
min cada).

A proteina Cx43 e B-catenina foram detectadas na membrana de nitrocelulose por
incubag8o por 2 h 2 temperatura ambiente, com anticorpo monoclonal especifico anti-Cx43
e anti-B-catenina (Zymed) {dilui¢ic 1:1000 em SB com 3% de leite desnatado),
respectivamente. Apés sucessivas lavagens com solug@o basal, em ambos os casos, a
membrana foi incubada com o anticorpe policlonal anti-IgG de camundongo (diluigdo
1:1500 em TBS com 3% de leite desnatado) seguido de exposigio por 2 h 4 temperatura
ambiente com proteina A marcada com I'* (diluicdo 1:1000 em TBS com 1% de leite

desnatado) ¢ lavagem final com SB'(5 vezes por 3 min cada). O complexo anticorpo - [I'2]
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proteina A foi detectado por auto-radiografia, apés armazenamento desta membranz 2 —
70°C por aproximadamente 5 dias dentro de cassete provido de uma tela amplificadora. No
caso da quinticluminescéncia, 2 membrana foi exposta por no méximo 5 min em soluggo de
luminol {(SuperSignal Chemiluminescent Substrate - PIERCE) ¢, em seguida, detectado por
auto-radiografia, apds armazenamento desta membrana 3 temperatura ambiente por até 30
min dentro de cassete desprovido de tela amplificadora.

Apos revelagdo, a densitometria das bandas foi medida utilizando-se o programa

Scion Image Release Beta 4.0.2.
5.1 Stripping
No caso de reaproveitamento da membrana de nitrocelulose para detecgio de
outras proteinas nas mesmas amostras transferidas nela anteriormente, foi procedido o
método de stripping. Para tal, a membrana foi, previamente, incubada por 15 - 30 min a
60°C com solugdo contendo: 50mM Tampdo fosfato de sodio pH 7.6, 2% SDS e 0.1M 2-
mercaptoetanol. Apds sucessivas lavagens com solugdio basal a membrana foi incubada

com anticorpo primério desejado, como descrito anteriormente (segdo 3).
6. RT-PCR
6.1 Preparacio do Material a ser Utilizado para Extracio de RNA
6.1.1 Utilizacie de Luvas

Durante todas as etapas de desenvolvimento do protocolo para extragio de RNA a

utilizaglo de luvas estéreis foi imprescindivel.
6.1.2 Preparacio da Agua

Foi utilizada 4gua mili-Q autoclavada e a ela, foi adicionado 0.1%
dedietilpirocarbonato (DEPC). A agua tratada foi, entdio, reautoclavada e deixada mantida



sob agitagio para eliminagdo de residuos de DEPC, por um periodo de 12 h & temperatura

ambiente.

6.1.3 Preparacic da Vidraria ¢ Equipamentos

Todo a vidrania foi devidamente lavada, embrulhada e mantida em estufa, porSha
180 °C. As ponteiras e tubos eppedorfs utilizados eram especificos para o uso de RT-PCR,
sendo eles livies de RNAse ¢ DNAse, cubas eletroforéticas e outros utensilios foram
devidamente lavados com &gua DEPC e esterilizados em estufa posteriormente, tratados

com Peroxido de Hidrogénio a 3% (diluido em 4gua DEPC) por 15 min.
6.2 Isclamento de RNA de [Thotas de Langerhans

A um grupo de aproximadamente 1000 ilhotas acondicionado em um eppendorf foi
adicionado 1 mL do reagente Trizol (Gibco BRL) e, posteriormente, estas amostras foram
homogeneizadas em vortex, nesta solucfo, por aproximadamente 10 s. Em seguida, o
homogeneizado foi incubado por 5 min, & temperatura ambiente, para permitir a completa
dissociagdo dos complexos niicleo-protéicos presentes na solucio. ApoOs incubacio, foi
adicionado, a cada amostra 200 uL de Clorofoérmio (Chemco). Apés adicdo, os tubos
eppendorfs foram devidamente tampados e as amostras vigorosamente homogenizadas
durante 15 s, com as mdos. Em seguida, as amostras foram incubadas por 2 a 3 min 2
temperatura ambiente.

As amostras foram, entfo, centrifugadas a 11000 g em centrifuga refrigerada a 4°C,
por 15 min. Apds centrifugagio, o volume, correspondente 2 fase aquosa presenie nos
tubos, foi cuidadosamente transferido para novos tubos eppendorfs estéreis.

O RNA presente nesta fase aquosa foi, ent@o, devidamente precipitado com a adigio
de 500 plL de alcool isopropilico (Sigma) e homogeneizado, vagarosamente, por 10 s. As
amostras foram incubadas por 10 min & temperatura ambiente e, apos incubagdo, as
amostras foram centrifugadas novamente a 11000 g em centrifuga refrigerada a 4 °C por 10

min.
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Apés centrifugagfo, todo o sobrenadante foi, entfo, removido € o “pellet” lavado
uma vez com 1 mL de etanol 75% gelado (Sigma)}. Procedeu-se nova centrifugaclo a 7500
gpor Smina4 °C em centrifuga refrigerada e o “pellet” foi novamente lavado com 1 mL
de etanol abscluto gelado {Sigma). Para que fosse promovida uma completa lavagem, as
araostras foram agitadas em “vortex” até que o “pellet” desprendesse totalments do tubo
eppendorf. Bm seguida, as amostras foram centrifugadas por 5 min a 4 °C a 7500 g em
centrifuga refrigerada, o sobrenadante foi desprezado & o RINA precipitado, contido no
“nellet”, foi manfido em estufa a 37 °C por aproximadamente 10 min, para que se
procedesse @ total evaporagio do lcool absoluto presente no RNA. O RNA presente em

cada amostra fol ressuspendido em 10ul. de agua DEPC.

£.3 Visualizacie do BNA Extraido

Para analisar 2 integridade do RNA extraido, fot feito um gel de agarose a
1.2%, {Sigma) diluido em tamp3o MOPS 1X (composi¢io: 20 mM MOPS; 0.5 mM de
acetato de sodio e 1.0 mM EDTA) e 5% de Formaldeido (Sigma) (Figura 1},

Amostras contendo 2Zug de RNA, previamente dosadas pelo Genequant pela
razdo da leitura de absorbincia 260/280 nm_ foram analisadas neste gel, para certificaco da
dosagem, através da visualizag3o das bandas das subunidades 28 § e 18 S do RNA total
extraido. Para i5s0, as amostras foram incubadas por 15 min a 36 ° C, em banho seco, com
10 uL de tamplc de amostra contendo os seguintes componentes: tampio MOPS 1X,
17.5% sohagic de formaldeido absoluto, 0.4 pug/ull de brometo de etidio ¢ 4 ul. de tampéo
de corrida (50% glicercl, 2.5 mM EDTA e 0.25% de azul de bromofencl).

Apos incubacdo, as amostras foram mantidas em banho de gelo por Zmin e
posteriormente aplicadas em gel de agarose. A corrida eletroforética procedeu-se a 80 V
por 1h e como tampao de corrida foi utilizado o tampio MOPS 1X.

Apéds a corrida, o gel contendo o RNA fol visualizado em transiluminador
com luz ultravioleta e fotografado quando desejado, utilizando-se méquina fotografica
Polaroid OneStep 600 (Figura 1)
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Figura 1: Demonstracio da integridade do RNA extraido das ilhotas pancreaticas dos
diferentes grupos experimentais: N1d, lhotas de rates recém-nascidos cultivadas por
id; N3d, dhotas de ratos recém-nascidos cultivadas por 3d e N7d, ilhotas cultivadas
por 7d. A integridade do RNA ¢ comprovada pela visualizacic das bandas das
subunidades 18 Se 28 8.

6.4 Processamento das Amostras para RT-PCR

Inicialmente, uma amostra de 2 pg de cada RNA foi submetida a reaciio de
trapscricdo reversa, em um volume final de reagio de 20 ul, com a utilizagio de
oligonucleotideos. Para isso, foi adicionado, a cada amostra, tampdio de enzima, DTT
(100mM) e a enzima SuperScript II (200 U). Esta solugio foi incubada por 50 min a 42 °C
para a reacdo. A partir dos ¢DDNAs obtidos, foram realizadas as curvas de ciclos para cada
primer especifico (Tabela 1), com o minimo de 5 pontos para cada curva. Apés obtencio
das curvas, os experimentos foram realizados com o nimere de ciclos aquivalente a dois
ponios antes da saturacdio da curva (plat8). O ponto de saturagio é obtido quando a

diferenca enire os pontos € inferior a 20%.
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Tabela I Lista de oligonucieotideos usados nestes experimentos.

Gene Sense Primer Antisense Primer cDNA
(57-37 (37-57 bp

Cx43 5" CCG ACG ACA ACC AGA ATG | 3" GA ACC CTATCG ACC CGC 1322
cCcy TIGS

Cx36 5 AGT GGT GGG AGC AAG 3°CCG AAG TCA CAG GGT 282
CGAGAAG?S CCCAACA ¥

Insulina | 5"TTG CAG TAG TTC TCC AGT | 3"TGT CCC GGT ACA AC TTG|379
T3 TTAS

Beta- STACC ACA AGC TGA GAG GGA | 2°CGT TTA CGA AGA TCC 533

Actina [AATCGY GCCTGACY

6.5 Analise por PCR

A reagdo de PCR foi realizada em um volume final de 25 pL de reagdo, utilizando-
se 1 ul. de ¢DNA como femplate. As reagdes de PCR continham: 2.5 pL de 10X PCR
buffer (GIBCO Life Technologies), 0.75 pL de 50 mM MgCl; (GIBCO Life Technologies),
0.5 pl de 10 mM dNTP Mix (GIBCO Life Technologies), 0.5 yL de 100 pM de cada
primer e 0.2 pl. de Tag DNA Polymerase (GIBCU Life Technologies). Foi preparado um
Pré-Mix com as solugBes descritas anteriormente, num volume referente ao nimero de
amostras a serem submetidas a reaciio de PCR, para diminuir o erro de pipetagem. O ciclo
Stimo de amplificacio foi determinado para cada conexina, utilizando-se uma curva, como
descrita anteriormente, com as amostras do grupo N1d.

A reaglo teve seu inicio, submetendo as amostras, durante 5 min a 94 °C, para o
despareamento das duplas fitas de cDNA. A amplificacio de Cx43 foi obtida, utilizando-se
25 ciclos, cada um deles compostos de 305a 94 °C, 3052 57 °C, e 45 s 2 72 °C, utilizando-
se um termociclador Perkin Elmer 9600 (Manufacturer). Apds o tiltimo ciclo, foi realizada
a etapa de elongamento do fragmente obtido, por 4 min, a 72 °C. A amplificagio de Cx36

foi obtida com 35 ciclos, contendo os mesmos passos descritos anieriomente, ¢ a
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amplificac8o da insulina foi obtida com 23 ciclos. Em todos os casos, foi realizado um
controle negative da reagio submetendo uma amostra com igua para amplificacio. A

expressao de Beta-actina foi utilizada como controle interno em todas as reagBes de PCR.
7. Imunocitoguimica Indireta
7.1 Preparacio de Laminas

Para execucdo da técnica de imunocitoquimica, liminas de vidro foram,
primeiramente, lavadas com solugio sulfocrdmica contendo: 1L acido sulfiirico, 50g de
K2Cr207 e 50 mL de agua destilada por durante 30 min. Em seguida, as 1aminas foram
enxaguadas em agua corrente por 10 min, mergulhadas em 4gua destilada por 15 min,
secas em estufa, a 37 °C.

Depois de secas, as 1&minas foram mergulhadas em solucio de Poli - L - lisina 1%
(Sigma) por aproximadamente 10 min, secas em estufa a 37 °C ¢ mantidas 2 4 °C, estando
assim prontas para o usc.

As ilhotas isoladas como descrito na segio 2.1.2, foram primeiramente fixadas por
30 min com solugdo de 2% paraformaldeido (Sigma) 4 temperatura ambiente. Em seguida,
foram feitas duas sucessivas lavagens do material com solucio tampio fosfato de sédio 0.5
M (PBS, pH 7.4). As ilhotas foram, entdo, submetidas ao processo de inclusio em solugio
de gelatina (Sigma) a 5% e 10%, ambas por 2h a 37°C em banho-maria. Em seguida, o
material foi mantido em solugio de gelatina a 25%, por 12 h a 37 °C em banho-maria.

As ilhotas foram, entdio, transferidas para um mini-cilindro de plastico devidamente
vedado em uma das extremidades com parafina ¢ mantidas no gelo para possibilitar o
endurecimento da gelatina. Apés endurecimento, o material foi desenformado, coberto com
meio de inclusdo para criostato (7issue Te, Sigma) e congelado em solugio de n-hexano
(Sigma) previamente resfriada em nitrogénio liquido.

As ilhotas foram, em seguida, cortadas em criostato e transferidas para 1aminas
devidamente identificadas. O material foi mantido a temperatura ambiente por 1 h para

possibilitar a aderéncia do material 4s 14minas.
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Os cortes foram, primeiramente hidratades, 2 vezes, com soluc3o tampdo Tris- HCI
S0mM (TBS) {pH 7.4) e, em seguida, permeabilizados com Triton X 100 0.1% em TBS por
10 min & temperatura ambiente. Foram procedidas 3 sucessivas lavagens do material com
solugiio de TBS.

Para detecgfio da proteina, os cortes de ilhotas foram blogueados por 1 h com
solugdo TBS contendo 0.01% de Tween 20 (Sigma) (TTBS) e 5% de albumina bovina
sérica {BSA) (Sigma). Apods bloqueio, os cortes foram incubados a 4 °C, por 12 b, com
anticorpos monoclonais especificos como descritos na Tabela 1.

Procedeu-se, entfio, 3 sucessivas lavagens dos cortes com solugBo de TTBS e, em
seguida, as ilhotas foram incubadas com anticorpos secundérios, anti-IgG conjugado com
FITC (Sigma) (diluicdo 1:75 em TB5/BSA 1%} por 2h 2 temperatura ambienie,

Os cortes foram, entfo, novamente lavados com solugio TTBS por 3 vezes ¢ as
l4minas montadas em Feciashield (Vector) A imunoflucrescéncia foi detectada por
microscopia confocal de varredura a laser (Bio-Rad MRC 1024) do Instituto de
Biclogia/Faculdade de Engenharia de Alimentos UNICAMP).

Tabela II: Anticorpos utilizados na reagdo de imunocitogquimica.

Amnticorpo Fabricante |Tips Hospedeiro | Imundgeno
Anti-Cx43 Zymed Monoclonal Mouse Rat
Anti-Beta- Zymed Monoclonal Mouse Chicken

catenina
8. Analise Estatistica

A anilise estatistica de multiplas comparagSes foi determinada utilizando-se
ANOVA (analise de varidncia) seguido do teste de Bonferroni. O limite de significincia foi
estabelecido para p<0.05. Para estas andlises, foi utilizado o programa computacional
“Prism 2.01 for Windows”
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Modulation of Gap and Adherens Junctional Proteins in
Cultured Neonatal Pancreatic Islets
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Summary: Fetal and neonatal pancreatic islets have lower
insulin secretory responses compared with adult islets. In cul-
wre conditions and alter meamment with mammesomatotopic
hormones, neonatal islets underge manration of the secretory
machinery that might invelve regulation of celi-cell contacts
within the islet. This sindy is an investigaton of the effect of
prolonged culuring and in viro treatment with prolactin on the
cxpression of the gap junction—associated connexin 43 and the
adherens junction—associated B-catenin in cultured neonatal rat
islets. Pancreatic islets from neonaral Wistar rats were cultured
for 24 hours or 7 days, and the treated group was exposed to 2
pg/ml prolactin daily for 7 days. Connexin 43 and B-catepin
were barely detected at the cell—cell conptacts in 24-hour-
cultared islets, as revealed by immunocytochemica analysis.
Nevertheless, both junctional proteins were well expressed at
the junctional region in isiet cells cultured for 7 days and
showed even greater staining in islets after long-term prolactin
weatment. In accordance with the morphologic data, neonatal

islets cultured for 24 hours displayed a relatively low level of
connexin 43, a5 determined by Western blot analysis. Culturing
for 7 days or combined prolactin weatment induced a signifi-
canl increase in comnexin 43 expression; this was 40% groater
in the prolactin-eated group thar in the control group. Fur-
thermore, an enhancersent of the expression of B-catenin and
zranskocation of this protein o the cell—cell contact site was also
observed in neonatal islets culwred for 7 days compared with
those cultored for 24 hours. In vivo prolactin reatment induced
even greater expression of B-catenin in istet cells. A comelation
was observed between the increased expression of these junc-
tional proteins and an increase in nsulin secretion in cultured
neonatal islets. In conchusion, prolonged culvaing and in vitro
treatment with profactin induce the modulatior of gap and ad-
herens junctional proteins in pancreatic islets, which may be an
imporiant event in the in vitro maturation process of neonatal
isler ceils. Key Words: Celi-cell contact—Connexin 43—
B-Catenin—Islets of Langerhans—Prolactin—Islet culture.

Cell-to-cell contacts are crucial for the proper secre-
tory response within the pancreas (1), These interactions
depend on specialized membrane components known as
imtercellular junctions, which inciude the tight junction,
adherens junction, desmosome, and gap junction (GI).
All these junctions have been shown to be dynamic and
regulated membrane structures in several different tis-

Received June 16, 2000; revised manuscript accepted November 13,
2006

Ms. Leite was supperted by Fendacio de Amparo 3 Pesquisa do
Estado Sgo Paulo (FAPESP), So Pasic, SP. Brazil, and Coordenacio
de Aperfeicoamento de Passoal de Nivel Saperior (CAPES), Brasilia,
DF. Brazil, research grants. The CLSM was acquired from Bio-Rad
ttrough FAPESP grant 96/0101-2. Additional support for materials and
equipmennt was provided by Programa de Apoio a Nicleos de Evee-
Iencia (FINEF/PRONEX), Brasilia, DF. Brazil, and FAPESP grants
98/12139-1 and 995/06846-0.

Address correspondence 1o Dr. Carlz B, Collares-Buzato, Departa.
mento de Histologia ¢ Embriologia, Instituto de Biologia. C.P. 6103,
Universidade Estadual de Campinas 13083970, Campinas $P, Brezil.
Eomuil: colares @ obelix amicamp br

i77

sues (2—4). Among the interceliular junctions, GJs have
been the most studied in the pancreas. Thev are charac-
terized by the presence of intercellular channels involved
in cell-to-cell communication (4,5). These channels are
composed of members of 2 family of closely related
integral membrane proteins known as connexins, which
are asserobled in 2 hexagonal pattern within the mem-
brane and delineate a central hydrophilic pore (4,6.7).
Evidence has indicated the importance of the GJ-
mediated interceliular communication for insulin secre-
tion by B ceills. In vivo and in vitro studies have shown
that stimulated insulin secretion by glucose and other
secretagogues is associated with increased GJ-mediated
coupling between B cells (8.9). Experimental conditions
that inhibit the insulin secretion result in reduction or
blockage of coupling between B cells, whereas the phar-
macologic inhibition of the GI channels induces impair-
ment of the secretory function of these islet cells (10,113
The observation that both synthesis and release of insulin
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are markedly altered after dispersion of B cells in vitro
and are rapidly improved after cell reaggregation further
suggests that the secretory mechanisms depend on celi-
wo-cell contacts (8,12).

Although the inportance of Gl-mediated interceHular
corymnunication in the endocrine pancreas is well estab-
lished, the mechanisms underving the regulation of
these junciions in experimental models for B-cell dys-
fanction are still unexplored. One of these models is the
fetal and neonatal rat islet that shows, compared with the
adult rat islets, 2 reduced secretory response of insulin to
gincose and other secretagogues, such as aminc acids,
muscarinic agonists, and phorbol ester (13,14). Prolactin
and other lactogenic substances appear to play an impoz-
tant role in the maturation of the secretory machinery
occurring in the B cells. In vitro studies have reported
that treatment of neonatal rat islets with prolactin in-
creases insulin secretion. decreases the glucose stimula-
tion threshold, and enhances GLUTZ glucose rransporter
expression and intracellular glacose oxidation (15-170. 1t
has been reported that under prolonged culnire condi-
tipns, neonatal isiets also show improvemen:t of the in-
sulin secretion response to glucose and amino acids, in-
dicating a possibie role for a culture medium-contzining
factor in the B-cell mamration process {14,18,19). With
prolactin treatment, this hormone also increases G-
mediated conpling between B cells, as indicated by the
intercellular transference of intracellular microinjected
Lucifer yellow dye between adjacent cells (17,20). This
observation indicates that cell—cell contacts mediated by
(s may play an important role in hormone-induced neo-
natal B-cell maturation. Meanwhile, possible GJ upregn-
lation during prolonged culture of fetal and neonatal is-
lets has not been assessed.

The intraceliular mechanisms invelved in this increase
of cellular communication induced by prolactin are still
anknown and might involve one or several possible lev-
eis of intercellular gate control. The regulation of gap
juactionsl communication potentially can oceur at mul-
tiple levels: transcription of the connexin gene, transia-
tion of connexin transcripts, assembly of connexins into
connexons and transport 1o the plasma membrane, as-
sembly of connexons into (J intercellular channels, gat-
ing of fonctional GJ channels, and disassembly and deg-
radation of the connexin proteins (4,7). Celi-tocell ad-
hesion mediated by the cadberin-catenin complexes
within the adherens junction may also affect intercellular
communication by modulating some of these GJ channel
formation steps (21-23). The aim of this smdy was 1o
investgate the effect of prolonged culturing and in vitro
treatment with prolactin on the ceilular expression and
localization of the Gl-associated connexin 43 and the
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adherens junction—associated R-catenin in neonatal ra:
islets. We report here that those experimental conditions
induce upregulation of the expression of both junctional
proteins. A correlation was observed between the in-
creased expression of Ox43 and B-catenin and an in-
crease in insulln secretion followed by 7-day culmre or
combined with chronic prolacin freatment in neonatal
islets. We suggest that the regulation of gap and adherens
junctional proteins by prolactin and culture medium-
containing factors may be an imporiant event for the
maturation process of B cells observed in vimo.

MATERIALS AND METHODS

Materials

All chemicals. cell culture medis, and supplements
were purchased from Sigma Chemical (St Louis, MO,
U.5.A) Al stenile plastics (Petri dishes and muldwell
platesy were purchased from Falcon (New York, NY,
1.5.4.) and Corning (Sunnyvale, CA, 11.5.4.) Radiola-
beled insulin and protein A were obtained from Amer-
sham Life Sciences (Cleveland, OH, U.5.A)). Fluores-
¢ein isothiocyanate-conjugated secondary antibodies
were purchased from Sigma Chemical. Anti-Cx43 and
anti~B-catenin monoclonal antibodies were supplied by
Zymed Laboratories (San Francisco, CA, U.8.A). Rat
protactin used in this study was obtained through NHPP,
NIDDX, and Dr. Parlow.

Culture of islets of Langerhans

Islets from neonatal (2 to 36 hours) Wistar rats were
obtained as previously described (14). Thev were main-
tained in culture within sterile Petri dishes at 37°C in a
humidified 5% carbon dioxide and air atmosphere. The
culture medinm consisted of Roswell Park Memorial In-
stitute (RPMI)-1640 medinm containing 10 mM glucose
and sapplemented with 5% fetal calf serum (heat inacti-
vated) and 100 IU penicillin/ml and 100 ng
stzeptomycin/ml.. The dishes were divided between three
experimental groups: neonatal islets cultured for 24
hours (group NZ4), neonatal islets cultred for 7 days
{group NC), and neonatal islets cultured for 7 days that
received a daily dose (2 pg/ml) of prolactin (group
NPRL). The culture mediom was changed every second
day for 7 days. At the end of the culture period, the islets
were collected individually under a dissecting micro-
scope using a micropipetie. Some of these islets were
used to determine the insulin secretion levels, and the
remaining islets were fixed in aldehyde for immunocy-
tochemical apalysis or frozen to -70°C in RPMI-1640
medium containing 2 mAM phenyimethylsuifony! fluoride
and 0.05% glycerol for immunoblotting.
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immunocytochermsical analysis

The cell locations of connexin 43 and B-catenin pro-
teins were determined using a standard indicect immu-
sofluorescence technique {3,24). A pool of at least 1,300
islets were pelleted within an Eppendorf, fixed in 2%
paraformaldehyde {in phosphate buffer saline, pH 7.4)
for 30 minues ab room emperature. Then they were
included in increasing concentrations of gelatin solutions
(5%, 10%, and 25%) at 37°C. After incubation, the gela-
tin hlocks were embeadded in OCT compound and froven
in n-hexane with Houid nifrogen. Crvostat sections (6 wm
thicks were picked up on poly-L-lysine—coated glass
slides, air dried, and teated with £.1% Triton X-100 {n
phosphate-buffered saline) for 10 minutes at room tem-
perature. Sections were washed three times with TTBS
(10 mad Tris, 150 mM NaCl, pH 74, 0.1% Tween 20}
and incubated with TTES containing 5% hovine serum
aihamin for 1 hour at room femperature. For lmununo-
fluorescence labsling of connexin 43, these islet sections
were first incubated with anti-conpexin 43 or anti-B-
catenin monoclonal antibodies {dilution 1:530 in TBS plus
1% hovine serum albuwmin} overnight at 4°C ang incu-
nated with the specific secondmy antibody conjugated
with fluorescein {(fluorescein isothiocvanate-labeled
anti-mouse immuaogicbulin G, dilution 1:73 in TRS plus
19 hovine serum albuming for 2 hours at room tempera-
rure. After the final wash, the sections were mounted in
a commercial antifading agent (Vectashield; Vector
Laboratories, Burdingame, CA, U.S.A) and viewed by
confocal laser scanning microscopy (CL3M; BioRad
MRC 10240V Bio-Rad, Hercules, €A, U3 Ay using an
inverted fluorescence microscope.

Western blotiing

A pool of at teast 1,000 islets from each experimental
Froup Was homogenized by sonication in an anti-
prorease cocktail (310 mM imidazole [pH 7.4], 4 mM
é%hyleﬂ@diamiaetctxaaceﬁc acid, 1 mM ethyieneglivool-
bis-{B-aminoethylether]-N NN N'-tetraacetic acid. 0.5
wg/mE, pepstatin A, 200 KiU/mL, aprotioin, 2.5 pg/mi.
leupeptin, 30 wgfmb oypsin inhibitor, 200 wM DL-
dithiothreitol, and 200 pAM phenyimethylsulfony! fluo-
ride). After a 10-minute cenirifugation of the sonicate at
3,000g and 4°C, the supernatant was collected and its
total protein content was determined using the DC pro-
tein assay kit (Bio-Rad Laboratories). A sample of the
crude membrane preparation of each experimental group
containing 79 g total protein was incubated for 60 min-
utes at 37°C with 209% of the total volume with %3 con-
ceptrated Laemimli sample buffer {1 A sodiam phosphate
pH 7.8, 6.1% bromophenol blue, 50% glycerol, 10% so-
dium dodecyl sulfate, and 2% mercaptoethanol). These

samples were fractionated by electrophoresis in an §%
polyacryiamide gel. Electrotransfer of proteins from gel
to nitrocellulose (Bio-Rad) or PVDF (Millipore, Red-
ford, MA, U.3.A membranss was perfornmed for 60
minutes at 20% constant in the absence of methanol and
sodium dodecyl sulfate. After being checked for efficient
mansfer by Ponceau 3 siaining, the membranes were
satarated with 5% dry siimmed milk in TIBS {10 m8f
Tris, 130 mAf Mall, 0.5% Tween 20} overnight at 4°C.
Conpexin 43 was defected in the membrane after a
Z-howr incubation st room temperature with a mouse
monocional antibody against heart connexin 43 {(diludon,
£:1,606 in TTBS plus 3% dry slkammed milk) or anti-3-
catenin {dilution 111,000 in TTBS plus 3% dry skimmed
milk). The membrane was lncubated with rabbit anfi-
mouse lmmunogiobnlin €& (diduuon, 10300 m TTBS
plus 3% dry sichmumed mill) followed by 2 further 2-hour
incubation al room femperature with [-125-labeled pro-
tein A (dilution, 151,000 in TTBS plus 1% dry skimmed
milk), Radiclabeled protein bound to the antibodies was
detected by awtoradiography. Band intensities were
quantified by optical densitometry (Molecular Dynam-
ics} of the developed autoradiogram.

Insulin secretion

Afrer culture, the islets were detached gently from the
plates while being viewed with a dissecting microscope.
Clean islets were washed with a hicarbonate-buffered
solution {pH 7.4; composition: 115 mAM Nall, 5 mM
KL 1 mM CaCl,, 1 mM MgCl,, and 24 mM NaHCO,
suppiemented with 3 mg/mL bovige serum albumin and
10 mM glucose and equilibrated with 2 mixture of 95%
oxygen and 3% carbon dioxide} and then transferred w
Z4-multiwel! plates. Groups of 8 to 10 islets from the
different experimental groups were placed within each
well of 24-mmitiwell plates and incubated with 1 mi
supplemented RPMI-1640 medium containing 10 mM
glucose for 2 hours. After the incubation period, aliquots
of the supernatant were taken and stored at -20°C. The
insulin content of these samples was determined by ta-
dicimmunoassay and was expressed as papograms per
islet/hour {13).

Statigtical analysis

All the results are expressed as mezns x SEM with the
number of individual experiments (n). The statistical sig-
nificance of differences among more than two experi-
mental groups was assessed by analysis of variance: for
multiple comparisons between pairs of groups, the Bon-
ferroni test was used. The significance level was set at
p <005,
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BESULTS

Islets of Langerhans from different experimental
groups showed distine? insulin secretory responses to 10
mM ghicose {Table 1) Meooatal islets reated with pro-
lactin for 7 days displayed an insulin secretion level of
1.6 {p « 0.02), which was 3.5 times (p < 0.02) greater
than those vnireated neonatal islets cultured for 7 days
(NC group) or for only 24 hours (N24 group), respec-
sively. Furthermore, the NC group showed significanily
greater secretion compared with the N24 group (p < £.05;
Fable 1)

Figure | shows the increase in connexin 43 expression
observed after chronic freatment with prolactin, as re-
vealed by Western blotting of homogenized islets
samples. Prolactin treatment (2 pg-ml-day™) for 7
days in vitro resulted in an approximately 40% increase
in the expression of this (l-associated profein as com-
pared with untreated isiets culmired for 7 days that were
nart of the NC group. Islets from this latter group showed
higher connexin 43 expression compared with neonatal
islets cultured for only 24 hours, which showed a rela-
rively low amount of this protain (Fig. 1A).

This increased connexin 43 expression was correlated
with an increase in GJ channel number located at the cell
membrane as revealed by immunocytochemical apajysis
(Fig. 2A-C). Immunclabeling for connexin 43 protein
showed a punctale staining pattern at the intercellular
memnbrane region in 7-day-cultured peonatal islets (Fig.
2B,C); thus connexin 43 labeling was not observed in all
cefls. The mmunoreaction for connexin 43 was signifi-
cantly stronger at regions of cell-cell contact ia 7-day-
cultured neonatal islets treated with prolactin (Fig. 205
than in unireated nconatal islets (Fig. 2B). More cells
seemed io be labeled in prolactin-treated islets (Fig. 20)
compared with those in untreated islets (Fig. 2B). Con-

TABLE 1. Chronic treatment with PRL or prolonged
culfture per se Induced increage in the insulin secretion by
islets of Langerhans in vitkg

Groups® Insulin secretion {ngfislets hy”
R H20x00 06
NC 044 £ 005 (21
NPRL 0,70+ 0.07 (267

“ The sxperimental groups were as followsd: W24, neonaial islets
caltured for 24 hours; NC, neonatal islets coluved for 7 days; NPRL,
necnatal islets cultured for 7 days and weated dally with PRL (2
ngfm fday .

" tslets were stimulated for 2 hours with 10 mM glucose added io the
cultare medie. sulin released within the medium was measured by
radicimenuanassay. The resulls were expressed ax means = SEM (aum-
ber of isigis).

“p o< 5.

9 p < 001 in relation to N24 group.

“p < (L2 m relation to NC group {Stadent ¢ esd)
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FiG. 1. Connexion 43 expression was increased in neonatal pancre-
atic islets induced by in vitro freament with prolactin or prolongad
cuiture alome. The level of comnexin 43 was measured by Western
blotting in islet sonicate. Compared with caltwiag for 24 hours (N24.
iane 1), culture of islets for 7 days alone (NC, lans 2} or T-day treat-
ment with prolactin (2 pg-ml. " -day™: NPRL, lane 3} induced {4} a
subvmntal lncreass in the expression of connexin 43, B: Expression of
connexin 43 after prolactin treatment was 40% greater than the 7-day
cultured control a5 measured by densitometfry. Values of densitometry
for eack experimental groap are shown io panel b and expressed as
means + standard errors. The result shown in panel a is representative
of five independent experiments. N24, neonatal islets calinred for 24
hours; NC, necnatal islets cultured for 7 days; NPRL, neonatal islets
cultured for 7 days and freated daily with 2 pg-mi ™ day™ profuctin.
#p < DLD5 in relation to N24 group; Bp < 0.065 in relation to NO gronp
{Bonferrom test).

versely, necnatal islets cells cultured for only 24 hours
showed a very faint labeling at the cell-cell coptact re-
gion (Fig. 2A).

Besides the connexin 43, prolonged culture or 7-day
treatment with prolactis also induced changes in expres-
sion of another junctional protein, B-catenin, which is
associated with the adherens junctions in several epithe-
Hal cells {Fig. 31 As revealed by Western blotting, we
chserved relatively high expression of B-catenin in the
NC and NPRL groups. Prolonged culture or prolactin
treatment induced, respectively, 2 4-fold (p < (1L.05) and
5.5-fold {p < 0.05) increase in B-catenin expression in
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neonatal istets compared with those cultured for only 24
hours.

in agreement with the immunoblotting data, 7-day cul-
turing followed by prolactin ireatment increases the junc-
tional expression of B-catenin in islet cells (Fig. 4B.Ch.
In both groups, a bright labeling at the perijunctional
region of all islet cells was observed (Fig. 4B.C). In
sontrast, islets coltired for only 24 hours showed very
few labeled cells, located mainly st the islet periphery,
probably representing non—B cells (Fig. 4A), after im-

FYG. 2. A greater junctional content of connexin 43 was followed by
in vitro treatment with prolactin or profonged culture alone. Az En face
(X-Zy confocal images show ndirect immanofluorescence staining of
connexin 43 in neonatal islets cultured (A) for 24 hours, (B} for 7 days,
and {C) for 7 days and greated daily with 2 pg-mL'-day™ prolactin,
Images were obtained at the same seasitivity of the confocad laser-
scanming microscope. Connexin 43 labeling showed a bright punctate
pattern on the plasia membrane and was stronger at regions of cell<ell
contact in 7-day-cultured neonatal islets weated with prolactin (€, ar-
rowhead) compared with unireated neonatal isless coftured for 7 days
(B. arrowhead}). Neonatal islets cultured for only 24 howrs showed faini
lebeling for comaexin 43 £A). Bar, 50 wm.

munestaining for $-catenin. Labeling in these cells was
apparent throughout the cell cvtoplasm (Fig. 4A).

DISCUSSION

(Gap junctions are specialized membrane components
that mediate the direct exchange of ions and small
molecules between adiacent celis. In exocrine and endo-
crine glands, GJs can function primarily as channels for
Ca**or secondary messengers (i.e. cyclic adenosine

Bancreas, Vol 23, Mo 2, 2081
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B¥G. 3. Inoreased B-catemin expression in neonatal pancreatic islets
was induced by in vitre trestment with prolactin or prolonged culturs
alone. The level of Bcaterndn was detected by Western blotting in islat
sordeate. The NC (lane 2) and NPRIL {lane 3) groups show dgnificantly
greater expression of this junctional protein than does the N24 group
(ane 11 {4 and B). Yalues of deasitometry for each experimental groap
arz shown in panel B and expressed as means x standard error. The
resuht shown i A is representative of four mdependent experiments.
N4, neopatal islets caltured for 24 hours; NC., neonatal islers cultured
for 7 days: NPRL, neonatal islets cuityred for 7 days and treated daily
with 2 pg-ml " -day ™! prolactin. *p < L.05 in relation to N24; Bp < 0.05
in relaton to NC group (Bonferroni testh

monophosphate and P31 (4,7, The intercellular ex-
change of these elements allows the secretory gland re-
sponse to be amplified because it ensures a rapid recruit-
ment of secreting cells located distantly from the site of
signaling. The umportance of Gi-mediated cell coupling
has been particolarly well demonstrated in the endocrine
pancreas; increased intercellular communication s di-
rectly correlated to an increase In the secretory insulin
response in B cells (8,9). The means of upregulating GJ
function can include an increase in the number of GI
channels, resulting in ap overexpression of the connexin
type found in the islets of Langerhans, connexin 43, or an
enhancement of G channel permeability (4.7}, Parther-
more, another level of regulation for gap junctional in-
tercellular commumnication may be cell-cell adhesion,
which ks mediated by another type of inercellular junc-
tion, the adherens junction in several tissue types. Strong
avidence now exisis that (s depend functionally on the

Pancreas, Vil 23, Np. 2, 2001

adherens junction. Impairment of lntercelinlar adhesion
with anfibodies againat adherens junction-associated
cadherins results in GF disassembly or intercellular un-
coupling {25-27). Conversely, the ransfection of a ping-
tional communication-deficient cell line with DNA en-
coding cadhering increases cell coupling (233,

In this smdy, we found that 7-day culture alone or
combined with long-torm featment with prolactin en-
hances the expression of connexin 43 in pancreatic slets
from neonatal rats. Prolactin treatment in vitro resulted in
a further increase in the junctional content of this GI
orotein compared with prolonged culturing of islets in
the absence of this hormene, In paraliel, both experimen-
tal conditions led to an increase in the glucose-evoked
insulin secretion by neonatal isless compared with 24-
houy culturing., The increase in conpexin 43 expression,
as revenled by Western blotting, was confirmed by imn-
munacytochemical analvsis. Weonatal islets culmred for
7 days and eated with prolactin show greater levels of
connexin 43 staining at the cell-cell junctional region
compared with unireated neonatal islets cultured for only
24 hours, This observation indicates that the increase in
cellular connexin 43 expression was accompanied by an
increase in the number of connexin-formed chanmels at
the cellidar membrane site.

Increased connexin 43 expression after reatment with
prolactin it in accordance with a previous observation of
increased cell coupling in neonatal islets with this hor-
mone, as shown by intercellular wransference of micro-
injected Lucifer vellow to neighboring cells (17,20). Fur-
thermore, the current data suggest tha: this prolactin-
induced increase in interceliular communication may be
the result of an increased nwmber of functional (GJ chan-
nels at the membrane rather than upregulation of the
gating function of these channels. Prolactin and other
mapunesomatoiropic hormones have impaortant upregu-
tatory effects on pancreatic islet B-cel] function, includ-
ing the snhancement of intercelinlar G¥ coupling, that
seem to be involved in islet adaptation to pregnancy and
matwation of 2 B-cell glucose-sensing mechanism dur-
ing the perinatal period (14,16,28.29). The mechanism of
projactin actions depends on the trigger of several intra-
cellular signaling pathways (e.g., JAK/STAT and MAP
kinases pathways (29.30)) leading ic activation of
auclear promoter elements on prolactin-responsive
genes, Whether these pathways aiso mediate the prolac-
tin effect on ) function requires further investigation.
Concerning the stimulatory effect of prolonged islet cul-
ture {7 days) on connexin 43 expression and insulin se-
crefion, it 15 plausible to suggest that lactogenic factors,
hormones present within the serum, or even other
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cuiture medium components may be accounted for these
effects. The presence of serum and certain mutrients at
relatively high concenwations (such as ghicose and me-
tabolizable amino acids) within the medium are essential
for survival, growth, and differentiation of islet B cells in
vitre (31,32}, In accordance with our data, previocus in-
vestigators have shown a partial maturation of the insulin
response w0 glucose in nconatal islets during a 7-day
cubture using a serum-containing media compositionaily
similat to that used here (14,18,19;. Although the cell-
cell coupling has not been directly assessed in this 7-day

FIG. 4 Greater junctional content of B-catenin followed by in vimo
treafment with prolactin or prolonged calturing alone. (A~} En face
(X-Z} confocal images show indirect immunoflucrescence staining of
[B-catenin in neonatal islets cultured {4} for 24 hours, {B) for 7 days, and
{C) for 7 days and treated daily with 2 pg-ml ™" -day™’ prolactin. Images
were obtained af the same sensitivity of the confocal laser-scanning
microscope. Islets cultared for only 24 hours showed few labeled cells
after immunostaining for B-catenin; this labeling was observed through-
ount the cell cvtoplasm (A, arrowhead}. Note that T-day colturing alone
or i combination with profactin ireatment caused overexpression of this
junctional protein at the cell-cell contact region (B,C). The intensity of
the junctional staiming way slightly greater in the islets treared with
prolactin compared with its control. Bar, 530 wm.

culted islets, we can hypothesize based on the con-
nexin 43 expression data that this maturation of the
stimulus—secretion coupling process observed after cul-
turing may also involve an increase in GF-mediated in-
tercellular communication.

In addition, we found that a 7-day culture accompa-
nied or not by prolactin freatment also induced an in-
crease in the expression of B-catenin, a protein associ-
ated with another intercellular juncton, the adherens
junction. This protein playvs a omcial role in cell adhesion
in several epithelial cell types by modulating the linkage

Papcreas, Vol 23, No, 2, 2004
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of cadhering to g-catenin, which in twrn interacts with the
actin cyioskeleton (33-35). B-catenin is not only an es-
sential structural and regulatory component of adhesion
complexes but is also part of the Want/Wingless signaling
pathway implicated in cell fate decision and pattern for-
mation during development (36-38). [thas been reported
that the cytoplasmic B-catenin pool binds o certain tran-
seriptional factors (e.g., TCVLER-1) within the nucleus
and specifies gene expression (36,38}, The current smdy
is a first descripfion of the expression and regulation of
this protein in islet cells. P-catenin is expressed in low
fevels in poorly insulin-secreting neonatal islets calmred
for 24 hours that show mainly 2 cytoplasmic localization
for this junctional protein in cells located at the islet
periphery, probably non-B cells. Prolactin meatment or
culturing that seemed to lmprove the giucose-induced
insulin secretory function induced upregulation of this
protein and its transiocation to the cell—cell contact re-
gion. Furthermnore, thers seerns o be a positive correla-
tion between upregulafion on connexin 43 and B-catenin
sxpression in isler cells with these experimental condi-
fons, Interestingly, recent research has shown a direct
association between B-catenin-associated Wnt signaling
and connexin 43 expression and fanction in cardiomyo-
evies {21). Although the functional relarion between ad-
herens junction and GJ is documented extensively for
several cell types (21,23,25-273, it Is a matter of further
investigation whether a similar relation exists in the islet
cells, specifically in the case of our experimental model.

in conclusion, we found ap increase in the expression
of the Gi-associated connexin 43 induced by prolonged
cultaring per se and in vitro treatient with prolactin in
neonatal rat pancreatic islets. A direct correlation was
observed between the increased expression of connexin
43 and an increase in insulin secretion followed by 7-day
culture or combined with chronic prolactin treatment in
neonafal islets. In addition, we docnmented the expres-
sion of the adhersns junction-associated B-catenin by
islet cells and its uwpregulaton after culture alone and
prolactin freatment. The observed regulation of the gap
and adherens functions by prolactin and culiwe medinm—
containing factors may be involved in the maturation
process of B cells in islets of Langerhans observed in
VYo,

Acknowledgments: The authors thank Lescio Domingos
Teixeira ared Jamitson Conceigdo Alves for their echnical as-
sistance.

REFERENCES
1. Bosoo D, Orct L, Meda P. Homologous but not heterologous con-

tact increases the nsulin secretion of individual pancreatic B-eslls,
Exp Cell Biol 19801847280,

Bancreas, Vol 23 Mo, 2. 2007

]

24,

- Musit LS. Structure and assembly of gap junctions. In: Ci 5

. hdeda P, Chanson M, Pepper M, Giordano T, of ab. fn o

. Collares-Buzato OB, McBwan GTA, Jepson MA, et al. Paracelio-

lar burrier and janctioaal protein distribution depend on basolaleral
extraceilular Ca™™ W cultured epithelia. Biochim Biopins Acta
1994;1222:147-58,

- Collages-Buzato UB, Jepson MA, McBwan GTA. 2t ol Increased

tyrosine phesphorylation causes redisiribution of adherens jJunction
and tight junction proteins and pertirbs perpcellular bamier func
son in MDCK epithelia, Fur J Ceff Biol 1998;,75:1-2.

Maolecuipr mechanisns of epii E
ment o disease. Boca Raton, TL: TR Press, Molecalar Biclogy
Intefhgence Unit, 1994:173-94.

. Loewenstein WR. Junctional intercellular communication; the cell-

to-cell comunication. Phyeiol Bev 1981,61:829-913,

- Dahl G. Where are the gates in gap junction channeh? (liv Exp

Fharmacol Physiol 199323304757,

. Spray D. Physiclogy and pharmacological regualation of gap junc-

don channels. In: Chi 8, ed. Molecular mechmivms of epithelic]
cell junciions: from development to disease. Boca Raton, FL: CRC
Press, Molecular Biology Intelligence Unit, 1994:195-215.

- Mada P, Orci L. Tncrease of gep junctions beiwsen pancreatic

Broells during stimulation of lsulin secretion. J Colf Hiol 197%;
8204418,

mede-
fation of connexia 43 gene sxprossion and junctional coupbog of
pancreatic B-cell. Eyp Cell Res 1991;192:465-50.

. Meda P, Michaelis RL., Halban PA. et al. 7 vivo modulation of gap

junctions and dye coupling berwesn B-ceils of the intact pancreatic
islet. DHabetes 1983:32:858-68.

. Meda P, Bosco D, Chanson b, ot al. Rapid and reversible secretion

changes during uncoupding of rat insulin-producing cells. J Clin
Invest (995;86.759-68.

12, Halban PA, Woltheim CB, Blondsl B, et 2. The possible impor-

tance of contact between pancreatie islet cells for the control of
nsulin release. Endocrinology 1982;111:86-94.

. Boschero AC, Tombaccint D, Atwater I Effects of glucose on

insulin release and **Rb permesbility i cultured neonutal and
adult rat islets. FEBS Ler 1988;236:375-9,

14, Boschero AL, Crepaidi SC, Carneire EM, 2t al. Prolactin indoces

maturation of glucose sensing mechanisms in culivred neonatal tat
islets. Endocrinology 1993:133:5135-20.

- Brelje TC, Allaire P, Hegre O. et al. Effect of prolactin versas

growth hormone on islet function and the importance of using
homologous mammosomaiotropic hormeones, Exdocrinology 1989,
125:2392-9.

- Crepaldi-Alves SC, Carneiro EM, Boschero AC. Synergistic effect

of glucose and profactin on GLITT2 expression in coltvred neonatal
rat islets. Brazgilim J Med Biol Res 1997335961

. Sorenson, RL. Brejle TC, Hegre 0D, o ab Prolactin {in vitro)

decrzases the glucose stimalation threshold enhances insulin se-
cretion. and mcreases dye coupling among Islet B cells. Endoori-
nefogy 19T 12144753

18, McEvey RC, Leang PH. Tissue cultore of fotal rat islets: compar-

son of seram-supplerneated and serom-free, defined medium on
the maintenance. growth, and differentiation of A, B, and D cells,
Endocriralegy 1982:111:1368-735.

. Freinkel N, Lewis NI Iohoson R. et al. Differential effects of age

versus glycemic stimuolation on the maturation of insulin stimulus.
secretion coupling during culture of fetal ral islet. Dinberes 1984;
33:1028-38.

Michaels RL, Sorenson RL, Passons JA, et al. Prolactin snhances
cell-to-cell communication among P-cells in pancreatis isicts. Dia-
hefes 1987:36:1098~-1103.

. At 7, Fischer A, Spray DU, of al. Was-] reguiation of connexin 43

in cardiac myocytes. J Clin fuves 2000010518171

- Fujimote K, Nagafuchi A, Tsukita 8, et al. Dynamics of connexins,

E-cadberin and a-catenin on cell membranes during gap junction
formaton. F Cell Soi 1997;110:311-22.



GAP AND ADHERENS JUNCTIONS IN CULTURED ISLETS

. Mege. RM, Matsazali F. Galliz W1, et al. Construction of epithe-

Bigld sheets by wansfection of monse sarcoma cells with cDNA for
chicken cells adhesion molecules. Proc Noil Acad Sci USA 1988:
8372748,

24, Collares-Burzate CB, Jepson MA, McEwan GTA, a1 al, Junchonal

svomoralin/E-cadherin and phosphotyrosine-medifizd protein
content are correlated with parecellular permeability in Madio-
Trarby canine Kidney (MDCK) epithelia. Hivvochemistry 1994;101:
185-%54.

25, Berrens J, Birchmeler W, Goodman 51, o 4. Dissociation of

Madin-Darby canine kidney epithelial cells by the monocional
antibody anti-Arc-1: anligen as 2 componen: related 10 avomors-
tin. J Celf Biol 1985;101:1307-15.

. Jongen WMF, Fizgersld D, Asamoto M, ot al. Regulation of

connexindd-mediated gap junctiona! intercellaler commanication
by Cz® in mouse epidermal cells is controlled by E-cadberin.
J Celf Biol 1991;114:545-55.

. Kanno Y, Sasaki Y. Shiba Y, e al. Monoclonal antibody ECCD-1

ighibits ntercellalar communication in teratocarcinoma PCC3
cells. Expp Cell Res 1984;152:270-4.

28. Brelje TC, Sorenson RL. Role of prolactn versus growth bormene

on islet B-cell proliferation in virre: implications for pregnancy.
Enduorinclogy 1991;128:45-57.

2%, Sekine M, Wollheim CB, Fujita T. GH signalling in pancreatic

RB-cells, Endocr J 1998:45:533.40,

. Bole-Feysot C, Goffin ¥V, Edery M, of al. Frolactn (PRL) and ity

i85

recepior: actions, signal sransduction pathwayvs zud phenotypes ob-
served in PRL recepiors knouckowt mice. Endocr Ver 1988119:
225-68.

. Ling Z, tlanogers 3, Pipeleers D. Effect of nuiienis, hormmones

and serum on strvival of mt isler beta cells In culture. Digherologia
19894:37:15-21.

. Sekine N, Fasotato C, Pralong WF. £ al, Glucose-inducad msulin

secretion in INS-1 cells depends op factors present in feral calf
serum and rat slet-conditioned medium. Diaberes 1997:46:
142433

. Adams CL, Nelson Wi Smith S Quanziative analysis of cad-

herin-caternin-actin reorganization during developmeat of cefl-cell
adhesion. J Cell Biol 1996;135:1899-1011,

. Gumbiner BM, McCrea PD. Catening as mediators of the oyio-

plasmic functions of cadherims. J Cell Sci Suppl 1993;17:155-8.

. Hinck L. Nithke IS, Papkoff [, et al. Dvnamics of cadherin/catenin

complex formation: novel proein itsigractions and puthways of
complex assembly. J Cell Biol 1994;125:1327-40.

. Barth AIM, Niithke IS, Nelson WJI. Cadherins. catening and APC

protein: interplay betwesn cyioskeletal complexes znd signalling
pathways. Curr Opin Cell Biol 19975168350

f. Gombiner BM. Signal wransduction by B-catenin. Curr Opin Cell

Bicl 1995703440,

. Bimcha I Shimwman M, Salomoen I et sl Differentizl nuciear

translocation and gansactivation potential of B-catenin and plako-
globin. J Cell Biol 1998;141: 143348

Pancreas, Vol. 23, No. 2, 2007



