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RESUMO

Os efeitos da deleg¢do génica do receptor B; das cininas na regeneragao dssea
foram avaliados em camundongos com diabetes tipo 1 induzida por
estreptozotocina, submetidos a um modelo de defeito critico no fémur. Como
resultado da indugdo de diabetes nos camundongos wild-type C57/BL6, houve um
decréscimo do peso corporal e hiperglicemia em relacdo ao grupo nao-diabético da
mesma cepa. Os animais diabéticos, com auséncia do receptor B; apresentaram
perda do peso corporal e, uma prevencao parcial da hiperglicemia. Camundongos
diabéticos do tipo 1 tiveram um atraso na regeneracao dssea, apresentando um
tecido conectivo desorganizado na regido correspondente ao defeito critico, quando
comparados a extensas areas de tecido 6sseo recém-formado em camundongos WT
C57/BL6 ndo diabéticos. Camundongos B;R nocaute, diabéticos ou ndo diabéticos,
exibiram niveis de regeneracdo Ossea semelhantes aos observados no grupo
controle WT C57/BL6. A melhora na regeneragdo 0ssea nos animais sem o
receptor Bi foi confirmada pela andlise da quantidade de colageno.
Camundongos WT C57/BL6 diabéticos apresentaram uma reducdo acentuada da
distribuicao de colageno na regido do defeito 6sseo, enquanto que os animais
B1RKO diabéticos exibiram niveis de colageno similares aqueles observados nos
camundongos nao diabéticos, tanto WT C57/BL6, quanto Bi{RKO. A melhora da
regeneracao 0ssea nos camundongos diabéticos sem o receptor B1 ndo parece
estar associado a atividade osteoclastica diminuida. Ademais, nenhuma
diferenca marcante foi encontrada nos niveis de fosfatase acida resistente ao
tartarato (TRAP) ou, na imunomarcacdo para as proteinas do sistema

RANK/RANKL/OPG, em todos grupos experimentais avaliados. Os resultados



deste trabalho fornecem novas evidéncias a respeito da relevancia dos
receptores B1 no diabetes do tipo 1, especialmente no que diz respeito ao seu

papel na regeneracao 6ssea apds procedimentos cirdrgicos.
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ABSTRACT

The effects on kinin B; receptor (B;R) deletion were examined on bone
regeneration in streptozotocin (STZ)-type-1 diabetic mice, subjected to a model of
femoral critical-size defect. Diabetes induction in wild-type C57/BL6 (WT C57/BL6)
mice was allied to decrease of body weight and hyperglycemia, in relation to the
non-diabetic group of the same strain. The lack of B;R did not affect STZ-elicited
body weight loss, although it partially prevented hyperglycemia. Type-1 diabetic
mice presented a clear delay in bone regeneration, with large areas of loose
connective tissue within the region corresponding to the defects, when compared to
wide areas of newly-formed woven bone in non-diabetic WT C57/BL6 mice. Notably,
either non-diabetic or diabetic B;R knockout (B;RKO) mice displayed bone
regeneration levels comparable to that seen in control WT C57/BL6 mice. The
improved bone regeneration in animals lacking B;R was further confirmed by
analysis of collagen contents. WT C57/BL6 STZ-diabetic mice presented a marked
reduction of collagen contents within the bone defect gap, whereas diabetic B;RKO
displayed collagen levels comparable to those observed in non-diabetic WT C57/BL6
or B;RKO mice. The enhanced bone regeneration in diabetic mice lacking B;R does
not seem to be associated to lessened osteoclast activity, as no prominent difference
was detected in the levels of tartrate-resistant acid phosphatase (TRAP) positivity, or
even in the immunolabeling for the proteins of the RANK/RANKL/OPG system
thoughout all the experimental groups. Data brings novel evidence on the relevance
of B4R under type-1 diabetes, especially concerning its role in bone regeneration

after surgical procedures.
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Figure 2. Representative images of H&E staining throughout different experimental
groups (upper panels), and semi-quantitative analysis of the percentage of newly-
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presented as the mean * standard error mean of 7-10 animals per group. *P<0.05
denotes significance in relation to the respective control group (ANOVA followed by
Bonferroni’s post-hoc test).

Figure 3. Representative images of Masson’s trichrome staining throughout different
experimental groups (upper panels), and semi-quantitative analysis of the
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panel). Data is presented as the mean % standard error mean of 7-10 animals per
group. *P<0.05 denotes significance in relation to the respective control group
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Figure 4. Representative images of tartrate-resistant acid phosphatase (TRAP)
staining throughout the four different evaluated experimental groups. The arrows
indicate positive labeling. The images are representative of analysis of 7-10 animals
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Figure 5. Representative images of immunohistochemical analysis for RANK
expression throughout different experimental groups (upper panels), and
quantitative analysis of the number of positive cells/field (lower panel). Data is
presented as the mean B standard error mean of 7-10 animals per group.

Figure 6. Representative images of immunohistochemical analysis for RANKL
expression throughout different experimental groups (upper panels), and
quantitative analysis of the number of positive cells/field (lower panel). Data is
presented as the mean @ standard error mean of 7-10 animals per group.

Figure 7. Representative images of immunohistochemical analysis for OPG
expression throughout different experimental groups (upper panels), and
quantitative analysis of the number of positive cells/field (lower panel). Data is
presented as the mean * standard error mean of 7-10 animals per group.
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INTRODUCAO

O osso é classificado como um tecido conjuntivo especializado, formado por
60% a 70% de material inorganico e, 30% a 35% de material organico, dos quais, 90%
sdo representados pelas fibras colagenas (1). Sua principal funcdo é de resisténcia,
dependente ndo somente da quantidade de tecido dsseo, mas, também, de sua
gualidade.

O tecido 6sseo é renovado frequentemente em resposta a uma série de
estimulos do processo de remodelacdo. Este processo ndo estd totalmente
entendido, mas inclui danos ao osso em resposta ao desgaste normal, a mudancas
no peso corporal, atividade fisica, além da liberacdo de citocinas ou fatores de
crescimento ,devido a alteracdes nos niveis hormonais (2).

A osteogénese é determinada por uma sequéncia de eventos que iniciam
pelas células osteoprogenitoras e sua diferenciacdo em pré-osteoblastos. Estes, por
sua vez, tornam-se osteoblastos maduros, com altos indices de fosfatase alcalina,
osteocalcina e coldgeno. Dentre os fatores responsaveis pela formacdo dos
osteoblastos estdo as proteinas ésseas morfogenéticas (BMPs) (3,4).

Quando os osteoblastos estdo em intensa atividade sintética, suas formas
modificam-se, lembrando um cubo, tornando-se achatados, com reducdo da
basofilia citoplasmatica. Uma vez aprisionado pela matriz éssea recém-sintetizada, o
osteoblasto recebe o nome de ostedcito (5-6). Os ostedcitos sdo células com forma
estrelada, que estao inseridos na matriz éssea mineralizada, mas permanecem em
contato com as outras células dsseas, por um processo altamente controlado (5-6).
Portanto, essas células derivadas dos osteoblastos sdo residentes em lacunas da

matriz dssea. Apesar dos ostedcitos ndo apresentarem a funcdo de secretar a matriz
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Ossea, eles permanecem produzindo as substdncias necessdrias a manutenc¢do do
0SS0.

Os osteoclastos sao células especializadas na reabsorgdo da matriz éssea e se
originam de mondcitos hematopoiéticos e macréfagos (7-8). Os fatores reguladores
da funcdo dos osteoclastos sdo: fator estimulador da colénia de mondcitos (CFS-1),
fator de diferenciacdo dos osteoclastos (ODF), interleucinas (IL), vitamina D3, fator
de necrose tumoral (TNF) e, particulas ésseas mineralizadas contendo osteocalcina
(7, 9). O ODF é um membro da super-familia do fator de necrose tumoral e foi
denominado mais recentemente de TNFSF-11; porém, possui outras denominacdes,
tais como TRANCE, RANK-L ou ODF/TNFSF-11 (10-11).

O RANKL, produzido por células de linhagem osteoblastica e por linfécitos T
ativados, é o fator essencial para a formacao, fusdao, ativacdo e sobrevivéncia dos
osteoclastos, levando a reabsorcdo ossea (10). Os efeitos do RANKL sdo
contrabalanceados através da OPG que atua como um receptor sollvel neutralizador
(10). RANKL e OPG (receptor osteoprotegerina) sdo regulados por varios hormonios
(glicocorticdides, vitamina D, estrogénio), citocinas (TNFa, IL-1, IL-4, IL-6, IL-11 e IL-
17) e, fatores de transcricdo mesenquimal (tais como cbfa-1). Anormalidades do
sistema RANKL/OPG implicam na patogénese da osteoporose pds-menopausa,
artrite reumatoide, doenca de Paget, doenca periodontal, tumores dsseos benignos
e malignos, metastases Osseas e hipercalcemia. De forma interessante, a
administragdao do OPG é capaz de prevenir ou atenuar esses transtornos em modelos
animais (10).

A maioria dos fatores que induz a expressdao de RANKL pelos osteoblastos

também regula a expressdo de OPG (12). Entretanto, mesmo que alguns dados
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sejam contraditorios, no geral, quando a expressdao de RANKL esta sobre- regulada,
OPG é regulada ou ndo induzida com a mesma intensidade como RANKL, de tal
modo que mudancas na relagdo RANKL/OPG favorecem a osteoclastogénese (13,14).

A matriz organica é formada de coldgeno, principalmente do tipo 1,
proteoglicanas e glicoproteinas adesivas. Por outro lado, a matriz inorganica é
composta por ions fosfato, cdlcio e, em menor quantidade, bicarbonato, magnésio,
potassio, sédio e citrato. A unido do fostato e do calcio forma cristais com estrutura
de hidroxiapatita que, quando associados as fibras colagenas, fornecem a resisténcia
e a dureza caracteristicas do tecido ésseo (15). O colageno do tipo 1, além de ser o
maior componente da matriz dssea, esta intimamente associado a cicatrizacdo e a
regeneracao. Portanto, mudangas na estrutura do coldgeno podem afetar as
propriedades mecanicas do osso e aumentar a susceptibilidade a fratura. (16).

Varios fatores locais e sistémicos controlam a formacgao e a reabsor¢do déssea.
Dentre os sistémicos, destacam-se os hormoénios de crescimento e hormonios
tireoidianos, os glicocorticoides, o paratormoénio, a calcitonina e a vitamina D. Entre
os fatores locais, podem-se citar a prostaglandina E, (PGE;), a IL-1B, o interferon-
gama (INFy), o fator de crescimento de transformagdo beta (TGFB), o fator de
crescimento semelhante a insulina (IGF), o fator de crescimento epidérmico (EGF), o
fator de crescimento derivado das plaquetas (PDGF), o fator de crescimento
fibrobldstico (FGF) e o fator de crescimento derivado do esqueleto (SGF) (9).

As anormalidades na remodelacdo dssea ocorrem em algumas das doencas
mais comuns, tais como osteoporose, doenca periodontal, artrite reumatoide,
insuficiéncia renal cronica, ostedlise induzida por tumores e osteopetrose (1,6).

Embora estas alteragbes sejam comuns, na maioria dos casos, pouco se sabe sobre
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0s mecanismos responsaveis pela disfuncdo da remodelacdo o6ssea que as
caracteriza (9).

O aumento nos niveis de paratormdbnio, produzido pela paratireoide
(hiperparatireoidismo), leva a um aumento do numero de osteoclastos com
consequente estimulo a reabsorcdo dssea (1). J4, a calcitonina, produzida pela
tireoide, inibe a atividade osteoclastica com diminui¢gdo da reabsor¢do dssea (1). A
integridade estrutural do osso pode estar comprometida pela necessidade do
metabolismo normal do célcio e por estados patoldgicos, alterando assim, estrutura
e massa Osseas. Este fenOmeno pode ser especialmente notado na estrutura dssea
no periodo pés-menopausa, em que ocorre um decréscimo dos niveis de estrogénio.
Como o osso perde massa, as comunicagées entre o trabeculado 6sseo também sdo
perdidas. Dentre os marcadores mais utilizados para a caracterizagdo de atividade
osteoclastica, destaca-se o TRAP (do inglés, tartrate-resistant acid phosphatase) (17).

O diabetes é uma doenca metabdlica resultante de defeitos na secre¢do de
insulina e/ou em sua ac¢do (18). De acordo com a Organizacdo Mundial da Saude,
mais de 350 milhdes de pessoas em todo o mundo poderdo ser diagnosticadas com
Diabetes Mellitus até o ano de 2025 (19, Pan et al.,, 2014). Os sintomas como
polidria, polidpsia, perda de peso, polifagia e visdao turva sdo resultantes das
variacdes dos niveis glicémicos. A hiperglicemia cronica esta associada ao dano,
disfuncdo e faléncia de varios drgaos, especialmente olhos, rins, nervos, coracao e
vasos sanguineos (20).

O diabetes pode ser classificado como tipo 1 ou tipo 2. No diabetes do tipo 1,
ocorre destruicdo das células beta do pancreas, usualmente por um processo

autoimune (forma autoimune; tipo IA) ou menos comumente por causas
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desconhecidas (forma idiopatica; tipo IB) (21,22). Na forma autoimune, ha um
processo de insulinite e estdo presentes auto-anticorpos circulantes (anticorpos anti-
descarboxilase do acido glutamico, anti-ilhotas e anti-insulina). Como nao hd insulina
na circulacdo em concentragdes ideais, a absorcdo de glicose fica prejudicada, sendo
necessario fazer a reposicdo de insulina (23).

No diabetes do tipo 2 a associagdo entre um fator hereditdrio e a obesidade
apresentam maior importancia do que no tipo 1. Apesar desses pacientes
produzirem insulina normalmente suas células sdo incapazes de usar toda essa
insulina secretada pelo pancreas, fazendo com que seus niveis permanec¢am altos no
sangue, o que é conhecido como resisténcia a insulina (24). O principal motivo que
faz os niveis de glicose permanecerem altos é a incapacidade das células musculares
e adiposas em utilizarem toda insulina secretada pelo pancreas. Os sintomas do
diabetes tipo 2 sdo pronunciados, sendo que o tratamento deve ser cauteloso, em
virtude dos riscos de complicagGes cardiovasculares em longo prazo (25).

O pancreas é o 6rgao responsavel pela producao de insulina. Este horménio
faz a regulacdo dos niveis de glicose no sangue (glicemia) (26). As células B-

pancredticas sdo responsaveis por sintetizar e secretar a insulina. Visando manter a

Q-

glicemia constante, o pancreas também produz outro horménio antagbnico

-

insulina, o glucagon. Quando os niveis glicémicos ficam baixos, mais glucagon
secretado, visando restabelecer os niveis de glicose na circulagao. A insulinoterapia
causa alteracdes no hormonio da paratireoide, no metabolismo da vitamina D e na
absorgdo do calcio (27).

Independente do tipo, os pacientes diabéticos tém um baixo potencial de

cicatrizacdo dos tecidos moles e dsseos, devido a reducdo do metabolismo de

18



proteinas e aos prejuizos da funcdo neutrofilica (26). A perda dssea ndo esta
vinculada apenas a um aumento da atividade osteoclastica. A hiperglicemia inibe a
diferenciacdo osteoblastica e altera o horménio da paratireoide, que regula o
metabolismo do fésforo e do calcio (28). Isso produz um efeito deletério na matriz
Ossea, afetando a aderéncia, o crescimento e acimulo da matriz extracelular (29).

Existem substancias quimicas (aloxana e estreptozotocina) capazes de
produzir radicais livres que destroem as células B-pancreaticas, induzindo diabetes
do tipo 1 (30). O antibidtico estreptozotocina (STZ) causa degranulacdo das células
produtoras de insulina, promovendo o aparecimento do diabetes. O nucleo glicérico,
presente na estrutura das células beta, permite a entrada da STZ e o grupo
nitrosureia, também presente nas células, promove o acumulo de substancias
toxicas e, consequente morte destas células (31).

A inducdo de diabetes pela STZ pode ser constatada em 24 h apds a
administracdo intraperitoneal deste agente. As alteragdes fisiolégicas manifestadas
sdao hiperglicemia, glicosuria, polidipsia, polifagia e polidria. A hiperglicemia
plasmatica aumenta a absor¢do de glicose pelos néfrons dos rins, levando a um
aumento da excrecdo de glicose na urina (glicosuria), gerando um aumento da
pressdao osmaotica e maior retencdo de dgua na urina (poliuria). Consequentemente,
a ingestdo de agua é aumentada (polidipsia). O aumento do consumo de racgdo
(polifagia) pode ser associado ao comprometimento do transporte de glicose para as
células em virtude da falta de insulina, sendo que o animal aumenta a ingestdo de
racao para suprir a falta de energia celular; mesmo assim, ocorre perda progressiva

de peso corporal (32).
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No inicio da doenca, a reducdo da formacdo dssea em diabéticos esta mais
relacionada com um menor numero de osteoblatos, os quais funcionam
normalmente. Em se tratando dos animais diabéticos, uma relacdo normal e
diretamente proporcional é observada entre os eventos de formacdo da matriz
6ssea e de mineralizagcdo dssea. Porém, ao longo do tempo, a menor producdo de
matriz dssea, devido ao menor nimero de osteoblastos presentes no o0sso, gera
disturbios na atividade dos osteoblastos, fato observado nas alteracdes das taxas da
sintese da matriz do coldgeno e/ou mineralizagdo dssea (33).

GRAVES et al. (2005) (34) observaram um aumento da expressdo de
mediadores inflamatdorios em ratos CD-1 que se tornaram diabéticos pelo
tratamento com STZ e ratos dB/dB, que desenvolvem espontaneamente diabetes
tipo 1, em comparagdo com ratos normoglicémicos. Verificou-se uma resposta
inflamatdria mais prolongada em ambos os modelos de diabetes, pela acao de duas
guimiocinas, a proteina quimiotatica de macréfagos (MCP)-1 e a proteina
inflamatéria do macréfago (MIP)-2, que atraem macréfagos e células
polimorfonucleares, como também, estimulam a liberagdo de TNFa. Resultados
semelhantes foram obtidos por WETZLER et al. (2000) e LU et al. (2004) (35,36).

As cininas sdo peptideos biologicamente ativos que participam da resposta
inflamatdria, promovendo vasodilatacdo, aumento da permeabilidade vascular,
extravasamento plasmatico e migracdo celular (36-39). Estdo presentes em
condicdes como sepse, dano pds-isquémico, asma, pancreatite, cistite, alergia,
diabetes, artrite reumatodide, colite, gastrite e cancer, além de causarem dor e

hiperalgesia (39-46). Também apresentam acles fisioldgicas, participando do
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controle da pressdo arterial, relaxamento e contracdo da musculatura lisa e
natriurese (40-46).

A cascata de formacdo das cininas compreende mecanismos bem
caracterizados. As cininas sdao formadas a partir de a-globulinas chamadas
cininogénios. Sao conhecidos trés tipos de cininogénios que diferem em tamanho,
fungdo e estrutura. O cininogénio de alto peso molecular (High Molecular Weight
Kininogen, HMWAK) é uma proteina plasmatica com massa molecular de 120 kDa e da
origem a bradicinina (BK). O cininogénio de baixo peso molecular (Low Molecular
Weight Kininogen, LMWK) tem massa molecular de 66 kDa e origina a calidina (Lys-
BK), além da BK, estando amplamente distribuido nos tecidos, em fibroblastos e em
outras estruturas celulares do tecido conjuntivo. O terceiro tipo de cininogénio, tipo
T, corresponde ao HMWK e é encontrado apenas em ratos (47,48).

Os cininogénios sdo clivados por proteases chamadas calicreinas que sdo
encontradas no sangue (calicreina plasmatica) ou nas glandulas exdcrinas (calicreina
tecidual). A calicreina plasmatica é produzida no figado e circula na sua forma
inativada, chamada de pré-calicreina ou fator de Fletcher. Apds sua clivagem,
dependente da ativa¢do do fator de Hagemann (fator Xl da coagulacdo sangiiinea),
é formada a enzima ativa. A calicreina plasmatica age entdao sobre o HMWK
liberando BK. Este processo esta aumentado durante a resposta inflamatadria (48).

A BK tem uma meia-vida plasmatica muito curta, que varia entre 10 e 50
segundos. As cininases pertencem a um grupo de enzimas responsaveis pelo
metabolismo e degradacdo das cininas. A cininase I, conhecida também como
enzima conversora da angiotensina (ECA), é encontrada na membrana das células

endoteliais e age sobre as cininas, removendo o dipeptideo da por¢ao C-terminal e
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originando metabdlitos inativos. A endopeptidase neutra e a aminopeptidase
plasmatica também exercem um papel importante no metabolismo das cininas. A
primeira esta presente nas células epiteliais e utiliza um mecanismo semelhante ao
da cininase |l para inativar a BK (47,49). Ja a aminopeptidase é capaz de converter a
Lys-BK em BK, através da clivagem da porc¢do N-terminal (50).

A cininase |, conhecida como arginina carboxipeptidase, é representada pela
carboxipeptidase N (plasma) e carboxipeptidase M (membrana) e apresenta um
papel menor na degradacdo da BK. Entretanto, essa enzima é responsavel pela
remocdo da arginina da porc¢ao C- terminal da BK e da Lys-BK gerando os metabdlitos
ativos des-Argg-BK e Lys-des-Argg-BK, respectivamente. A cininase |l possui maior
afinidade pela BK e pela Lys-BK do que a cininase |, o que sugere que a formagado dos
metabdlitos ativos ndo ocorre sob condig¢des fisioldgicas. De fato, a formagao desses
metabdlitos estd presente em exsudatos inflamatdrios, onde a formacado de fibrina
aumenta a atividade da cininase | em relagdo a cininase Il (51,52).

Depois de liberados, a BK e seus metabdlitos podem ativar dois subtipos de
receptores acoplados a proteina G, chamados de B; e B, (45, 53-56). A existéncia dos
receptores B; e B, foi confirmada por estudos de clonagem e de delecdo génica
(45,55, 57).

Os receptores B, sdo expressos constitutivamente na maior parte dos tecidos
e apresentam alta afinidade pela BK e pela Lys-BK. Por outro lado, os receptores B;
ndo sdo comumente expressos em condicdes normais, com excec¢do do sistema
nervoso central, mas sdo rapidamente induzidos apds estimulos como inflamacao,
infecgdo ou trauma e apresentam afinidade pelos metabdlitos ativos des-Arg®-BK e

Lys-des-Arg’-BK.

22



Considerando o perfil de inducdo, é possivel inferir que os receptores B;
representam alvos de grande importancia para o desenvolvimento de drogas com
potencial antiinflamatdrio e que poderiam ser Uteis para o tratamento de doencas
cronicas como asma, artrite, osteoartrite, neuropatias e doenca periodontal, entre
outras (56, 58). O receptor B; tem um baixo nivel de expressdo nos tecidos
saudaveis, tendo sua expressdo aumentada apds a exposicdao a citocinas pro-
inflamatodtias, endotoxinas bacterianas ou niveis elevados de glicose (59,60).

De forma interessante, tem sido demonstrado que os receptores B, para as
cininas estdo envolvidos em varias complicacdes observadas no diabetes do tipo 1,
especialmente nos quadros de neuropatia, nefropatia e retinopatia. Por exemplo,
um estudo de Dias et al. (61) demonstrou que o receptor B; exibe um papel
patolégico no estagio inicial da diabetes, aumentando o estresse oxidativo e os
mediadores pro-inflamatérios envolvidos na retinopatia e na neuropatia diabéticas.
Um trabalho recente conduzido por Masao KA et al. (62) demonstrou que a delegdo
génica dos receptores B; e B, das cininas resulta em uma redugdao marcante da
densidade 6ssea, tanto em ratos diabéticos, como ndo-diabéticos, evidenciando a
importancia das cininas e seus receptores na mineralizacdo 6ssea. Por outro lado,
estudos prévios in vitro demonstraram que a estimula¢do dos receptores B; e B, em
osteoblastos aumenta a expressdao do RANKL, o que indicaria a participacdao destes
receptores nos processos de osteoclastogénese e reabsorcdo dssea (63, 64,65). Foi
demonstrado mais recentemente que a dele¢do génica do receptor B; resultou em
um aumento da perda dssea em um modelo de periodontite induzida por ligadura,
em camundongos ndo diabéticos (Goncalves-Zillo et al 2013). Curiosamente, ainda

ndo ha trabalhos que tenham investigado a correlacdo entre neoformacdo dssea e
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diabetes tipo 1 e receptores B; das cininas. Desta forma, o presente estudo
investigou os efeitos da delecdo génica do receptor B; das cininas em animais

diabéticos, apds a confeccdo de defeito critico no fémur (Imagem 1).

Imagem 1: Area correspondente ao defeito 6sseo confeccionado no fémur de camundongos da
linhagem C57/BL6. (A) Localizagdo da area antes do procedimento; (B) Defeito dsseo critico instalado.
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OBIJETIVOS
Objetivo geral

O presente estudo teve como objetivo avaliar a neoformagdo déssea em
animais com diabetes do tipo 1, bem como, verificar a relevancia dos receptores B;

para as cininas neste processo.

Objetivos especificos
a) Avaliar a neoformacao déssea em animais wild-type diabéticos em
relacdo aos controles.
b) Verificar a neoformagdo éssea em animais diabéticos com delegado
génica dos receptores B; para as cininas em comparagao ao grupo
controle B;.
c) Avaliar marcadores de reabsorcdo dssea nos diferentes grupos

experimentais.
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ABSTRACT

The effects on kinin B; receptor (B;R) deletion were examined on bone
regeneration in streptozotocin (STZ)-type-1 diabetic mice, subjected to a model of
femoral critical-size defect. Diabetes induction in wild-type C57/BL6 (WT C57/BL6)
mice was allied to decrease of body weight and hyperglycemia, in relation to the
non-diabetic group of the same strain. The lack of B;R did not affect STZ-elicited
body weight loss, although it partially prevented hyperglycemia. Type-1 diabetic
mice presented a clear delay in bone regeneration, with large areas of loose
connective tissue within the region corresponding to the defects, when compared to
wide areas of newly-formed woven bone in non-diabetic WT C57/BL6 mice. Notably,
either non-diabetic or diabetic B;R knockout (B;RKO) mice displayed bone
regeneration levels comparable to that seen in control WT C57/BL6 mice. The
improved bone regeneration in animals lacking B;R was further confirmed by
analysis of collagen contents. WT C57/BL6 STZ-diabetic mice presented a marked
reduction of collagen contents within the bone defect gap, whereas diabetic B;RKO
displayed collagen levels comparable to those observed in non-diabetic WT C57/BL6
or B;RKO mice. The enhanced bone regeneration in diabetic mice lacking B;R does
not seem to be associated to lessened osteoclast activity, as no prominent difference
was detected in the levels of tartrate-resistant acid phosphatase (TRAP) positivity, or
even in the immunolabeling for the proteins of the RANK/RANKL/OPG system
thoughout all the experimental groups. Data brings novel evidence on the relevance
of B4R under type-1 diabetes, especially concerning its role in bone regeneration

after surgical procedures.
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Type-1 insulin-dependent diabetes represents an autoimmune disease,
affecting more than 350-million people around the world. It commonly manifests in
childhood or adolescence, but a series of complications allied to long-term glucose
variations are present in the adult life, making the disease a continuous challenge
(1). Despite the great advances achieved during the last decades on the
comprehension of the pathophysiological mechanisms underlying type-1 diabetes, in
addition to improvements of treatment strategies, its global incidence is
continuously growing, by reasons that still remain elusive (2; 3). Therefore, research
on type-1 diabetes and its associated pathological consequences is a current matter
of high interest.

One of the relevant consequences of type-1 diabetes is the altered bone
metabolism, with the occurrence of osteopenia and osteoporosis, widely affecting
the life quality of patients (4; 5). Remarkably, type-1 diabetes has been related to
increased risks of fractures and delayed fracture healing (6; 7; 1). The mechanisms
responsible for bone alterations under type-1 diabetes are not completely clarified,
but inflammatory changes, including the increase of both serum and bone cytokines,
appear to be of high importance in this context (8; 9).

Kinins are peptide mediators implicated in a number of physiological and
pathological processes, including pain and inflammation It is renowned that kinins
act by the activation of two distinct G-protein-coupled receptors, called B; (B;R) and
B, (B2R) (10; 11). These receptors display very peculiar characteristics, mainly
concerning their pattern of expression. In this regard, the B,R subtype is
constitutively expressed throughout many organs, whereas B;R is not generally

present under normal situations, but its expression is induced during inflammatory

29



states, by means of cytokine-related mechanisms (12; 13). Of high interest, B;R and
B,R have been pointed out as relevant players in several complications associated to
type-1 diabetes, including diabetic nephropathy, retinopathy and pain neuropathy
(14; 15; 16; 17). Concerning the bone biology, there is controversial data on the role
of kinins and their receptors. In this regard, it was demonstrated that agonist
stimulation of either B;R or B;R leads to bone resorption in the neonatal mouse
bone calvaria, and the activation and expression of both receptors is able to
potentiate cytokine-induced inflammatory changes in osteoblastic cell lines and in
mouse calvarial bone (18; 19; 20; 21; 22). Otherwise, a study conducted by Kakoki et
al. (23) demonstrated that double B;R/B,R gene deletion resulted in enhanced
kidney injury, neuropathy, and bone mineral density loss, as evaluated in Akita
diabetic mice. Furthermore, a protective role for kinin receptors has been also
suggested more recently (24), by demonstrating that B;R knockout (B;RKO) mice
presented an increase of bone resorption following ligature-induced periodontal
disease, although the influence of diabetes has not been examined by the authors.

Considering the abovementioned pieces of data, the present study was devoted to
evaluate whether the genic deletion of the inflammation-related receptor B;R might
influence the bone healing process in a model of femoral critical-size defect, in type-
1 diabetic mice. Our results brings novel and interesting evidence, indicating that
lack of B;R helps bone healing in type-1 diabetes. It is tempting to suggest that local
measures, such as the local use of B;R antagonists could improve bone regeneration

and implant integration in diabetes
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Methods

Animals. Male C57/BL6 wild-type (WT; total N=17) or kinin B; receptor knockout
(B1RKO; total N = 17) mice (25 to 32 g) were used in this study. C57/BL6 mice were
obtained from Universidade Federal de Pelotas (UFPEL; Pelotas, RS, Brazil) and
B;RKO were supplied by Department of Biophysics, Universidade Federal de Sao
Paulo (UNIFESP-EPM, S3o Paulo, Brazil). These mice were crossed for ten
generations with C57/BL6 mice (39). The animals were housed in groups of four per
cage and maintained in controlled temperature (22+29C) and humidity (60-70%),
under a 12 h light-dark cycle, with food and water ad libitum. All the experimental
procedures were carried the out in accordance with the Guidelines for the Use and
Care with Laboratorial Animals from National Institute of Health and ethical
guidelines for investigations of experimental pain in conscious animal, and were
approved by the Local Animal Ethics Committee (protocol number 13/00037). The
number of animals and the intensity of noxious stimuli were the minimum necessary

to demonstrate the consistent effects of the experiments.

Induction of type-1 diabetes. WT C57/BL6 and B;RKO mice were divided in four
experimental groups: (1) WT C57/BL6 control (N=7); (2) WT C57/BL6 diabetic (N=10);
B1RKO control (N=7); (4) B;RKO diabetic (N=10). Type-1 diabetes was induced by five
injections of streptozotocin (STZ; 50 mg/kg), once a day, given intraperitoneally (i.p.),
dissolved in citrate buffer (50 mM; pH 4.5) (27). Non-diabetic groups received citrate
buffer vehicle alone i.p., at the same schedule of administration. The body weight
gain was measured periodically throughout the experiments on the basis of

individual body weight (in g) at the onset of experiments, considering that B;RKO
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mice are leaner in relation to age-matched control WT C57/BL6 (25). At the end of
experimental procedures (33 days after beginning STZ treatment), the animals were
euthanized by isoflurane inhalation. The blood was collected and glucose levels were

expressed in mg/dl (Accutrend®; Roche Diagnostics).

Femur critical-size defect. All the surgical procedures were performed under aseptic
conditions, following seven days of the end of diabetes induction protocol (at the
12" day), considering the last application of STZ (5 day). The critical-size defects
were created according to the methodology previously described by Srouiji et al. (40),
with slight modifications. Briefly, the animals were anesthetized by an i.p. injection
of a mixture of xylazine (10 mg/kg) and ketamine (100 mg/kg). After anesthesia
confirmation, the access to the left mouse femur was made through a skin incision (6
to 8 mm in length), followed by muscle divulsion and periosteum detachment. The
osteotomy was carried out under irrigation, by using a surgical contra-angle hand-
piece (800 rpm), to create a mono-cortical bone defect (4-mm in length and 1-mm in
diameter). Following the creation of defect, the soft tissues were sutured in separate
layers, and the animals received antibiotic and analgesic post-operative medication.
The procedures were performed by a single researcher calibrated before. After 21
days of surgery (at the 33" day after onset of experimental sessions), the animals
were euthanized as described before, and the femurs were removed immediately,
cleaned from connecting tissues, and maintained in 4 %-buffered formaldehyde

solution during 48 h, for subsequent histological procedures.
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General histological procedures. Following fixation procedures, the pieces were
decalcified in a 17-% ethylenediaminetetraacetic acid (EDTA) solution, for 6 days,
with daily changes, and embedded in paraffin. Six consecutive 4-um-thick
longitudinal sections were obtained from each femur, for different sets of analysis.
Three slides were separated to immunohistochemical analysis, as described in the
next section. The remaining three slides were stained with Hematoxyllin-Eosin
(H&E), Masson’s trichrome (Accustain Mallory’s stain kit, Sigma-Aldrich, USA), and
tartrate-resistant acid phosphate (Leukocyte TRAP kit, Sigma-Aldrich, USA),
respectively. The images were taken with a microscope (Axio Imager Al) coupled to
an image capture system (Axio Vision Rel. 4.4 Software Multimedia), both from
Imaging Solution Carl Zeiss (Hallbergmoos, Germany). The NIH Image J 1.36b
Software was used to semi-quantitatively determine the percentual area of bone
formation in relation to the total area in H&E-stained slides. The same software was
used for analyzing blue-colored collagen fibers in Mallory-stained slides (200-x
magnification, for both stainings). TRAP-stained activated osteoclasts were analyzed
only qualitatively under 400-x magnification. The examinations were performed in a
blinded manner, on two representative fields corresponding to the area of the

defect gap.

Immunohistochemical analysis. Analysis of the RANKL/RANK/OPG system was
carried out by the immunoperoxidase method, using paraffin-embedded sections.
Briefly, antigen retrieval was performed by immersion of slides in a water bath at
95-982 C in 10 mM trisodium citrate buffer, pH 6.0, for 45 min. The nonspecific

binding was blocked by incubating sections for 1 h with goat normal serum diluted in
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PBS. As primary antibodies OPG (sc-21038, Santa Cruz Biotechnology), RANK (sc-
7626, Santa Cruz Biotechnology) and RANKL (sc-7627, Santa Cruz Biotechnology)
were used. After overnight incubation at 42C with primary antibodies, the slides
were washed with PBS and incubated with the secondary antibody Envision plus
(Dako Cytomation, Houston, TX, USA), ready to use, for 1 h at room temperature.
The sections were washed in PBS, and the visualization was completed by using 3, 3'-
diaminobenzidine (Dako Cytomation) in chromogenic solution and counterstained
lightly with Harris’s Hematoxylin solution. The images were captured by a digital
camera (CoolSNAP™ Media Cybernetics, Inc.) connected to an optical microscope
(Zeiss Axioskop DS-5 M-L1, Nikon, NY, USA), at 200-x magnification for counting the

number of positive brown-marked cells.

Statistical Analysis. Results are presented as the mean £ SEM of 7 to 10 animals,
depending on the experimental group. The statistical comparison between the
values was performed by one-way analysis of variance followed by Bonferroni’s
post-test. P values less than 0.05 (p < 0.05) were considered as indicative of

significance.
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Results

Body weight and glycaemia in type-1 diabetes streptozotocin (STZ) model.
Extending literature data (25), control mice lacking B;R were leaner in relation to WT
C57/BL6 animals, according to the evaluation at 33 days of experimental sessions.
STZ-induced type-1 diabetes was associated with a progressive loss of body weight
gain, in WT C57/BL6 and B;RKO mice, when compared to non-diabetic animals of
either strain (Fig. 1, upper panel). Of note, WT C57/BL6 STZ-treated mice had a
significant increase of glucose levels (P<0.01), an effect that was partially reversed by

B.R deletion (Fig. 1; lower panel).

B;:R genic deletion and general improvement of bone healing in type-1 diabetes.
The evaluation of Hematoxyllin & Eosin (H&E)-stained slides demonstrated the
predominance of woven bone, filling the area correspondent to the defect gap in
non-diabetic WT C57/BL6 mice, in comparison to wide areas of disorganized loose
connective tissue in WT C57/BL6 STZ-type-1 diabetic mice. Of high note, the bone
formation observed in either non-diabetic or diabetic B;RKO mice was very similar to
that seen in control WT C57/BL6 animals, with large areas of immature bone matrix,
pointing out the occurrence of active regeneration process (Fig. 2, upper panels).
The semi-quantitative analysis of H&E stained slides confirmed the qualitative
examination of images, clearly indicating larger areas of newly-formed bone in
control WT C57/BL6 mice, and in both non-diabetic and diabetic BiRKO mice, in
comparison to WT C57/BL6 STZ-type-1 diabetic animals (Fig. 2, lower panel; P<0.05).
To gain further insights into the potential differences in bone regeneration between

WT C57/BL6 and B1RKO mice during type-1 diabetes, we also carried out an analysis
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of the percentage of collagen contents in the area of the defect gap, by using
Masson’s trichrome staining. The qualitative evaluation clearly revealed that STZ-
treated WT C57/BL6 mice presented less areas filled by collagen, which is indicative
of delayed bone regeneration and low tissue organization, in comparison to the
other experimental groups (Fig. 3, upper panels). The quantification of collagen-rich
blue-colored regions by using NIH Image J 1.36b Software corroborated the reduced
number of collagen levels in diabetic WT C57/BL6 animals, when compared to
control non-diabetic WT C57/BL6 mice (P<0.05). In this case, genic deletion of B;R
was also allied to improved bone healing, as demonstrated by the absence of

differences between non-diabetic and diabetic B;RKO mice (Fig. 3, lower panel).

Deletion of B;R and osteoclast-related tartrate-resistant acid phosphatase (TRAP)
in type-1 diabetes. In this study, we have also performed qualitative evaluation of
osteoclast activity, by analyzing TRAP staining. An overall analysis revealed that TRAP
activity in WT C57/BL6 diabetic mice was generally similar to that observed in non-
diabetic WT C57/BL6 animals, following examination of areas corresponding to the
bone defect. Furthermore, a similar profile regarding TRAP staining was noted in
non-diabetic and diabetic mice lacking B;R (Fig. 4). Thus, the differences of bone
regeneration between diabetic and non-diabetic WT C57/BL6 mice, and the
improvement of bone healing in diabetic mice lacking B;R does not seem to rely on

distinct osteoclast activity profiles among the experimental groups.
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Lack of B;R does not affect RANK/RANKL/OPG axis in critical-size defects under
type-1 diabetes. Next, we evaluated the expression of the proteins of the
RANK/RANKL/OPG system throughout the four distinct experimental groups, by
immunohistochemistry. This set of data did not reveal any significant difference
among the experimental groups, regarding the number of immunopositive cells/field
for RANK (Fig. 5), RANKL (Fig 6) or OPG (Fig. 7). There were no significant differences
when comparing control WT C57/BL6 versus STZ-treated WT C57/BL6 mice, or even

when comparing non-diabetic and diabetic mice of both evaluated animals strains.
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Discussion

The onset and progression of type-1 diabetes is associated to a series of
complications, compromising multiple tissues. Both clinical and pre-clinical studies
have broadly demonstrated the increased risk of bone fractures under type-1
diabetes, what is attributed to reduced bone mineral density and alterations of bone
matrix proteins (9). Interestingly, it has been suggested that inflammation displays a
relevant role on type-1 diabetes-allied bone alterations (8; 26). In this concern, kinins
are mediators associated to several pathological alterations, including chronic
inflammatory diseases, cancer and diabetes, among others (12; 10; 15). As far we
know, there is only one study investigating the relationship between kinin receptors
and bone characteristics in diabetes, by using double B;R/B,RKO mice (23). Herein,
we examined whether the lack of the inflammatory-related kinin B;R might affect
bone regeneration in a model of femoral critical-size defect, in STZ type-1 diabetic
mice. Our data shed new lights on the role of kinin receptors in diabetes and bone
alterations.

As expected, the induction of type-1 diabetes by the repeated administration
of STZ resulted in a marked decrease of body weight gain and significant
hyperglycemia, in comparison to control WT C57/BL6 mice (27). Concerning the non-
diabetic B;RKO mice, they were leaner than control WT C57/BL6 mice, as evaluated
at the end of the experimental procedures. This data extends previous evidence
showing that B;R deletion results in a slight reduction of body weight, in relation to
WT C57/BL6 control mice (25). Otherwise, the genic deletion of B;R did not protect
from reduction in body weight gain under STZ-induced type-1 diabetes, whereas it

prevented the hyperglycemia observed in this model. A previous publication (28)
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demonstrated that genic deletion of B;R was able to evidently prevent the thermal
nociception allied to STZ-induced type 1 diabetes, although the authors had not
investigated the influence of B4R lacking on body weight loss, or glucose levels after
type-1 diabetes induction. Nevertheless, it was demonstrated prior that
pharmacological inhibition of B;R by the selective antagonists R-715 or SSR240612
displayed transitory, but significant effects on STZ-induced hyperglycemia in rats
(29), supporting our data on B;RKO mice and the control of glucose levels.

As the main goal of our study, we evaluated whether B;R deletion might
interfere with bone regeneration in type-1 diabetic mice, presenting a critical-size
femoral defect. It is well defined that type-1 diabetes is associated with increased
rates of bone fractures, likely due to reduced bone mineral density, as a
consequence of poor glycemic control and oxidative stress (7; 6; 4; 9). Herein, we
demonstrate that STZ-type-1 diabetic WT C57/BL6 mice presented delayed bone
regeneration, as it can be observed on the basis of H&E-stained sections, which
demonstrates the presence of great areas filled by loose disorganized tissue in this
experimental group. In contrast, WT C57/BL6 mice presented extensive areas of
woven bone within the region correspondent to the critical defect, a clear indicative
of new bone formation. Some previous reports have provided similar data indicating
that type-1 diabetes impaired the bone healing around implants, in both rodent and
non-rodent experimental models (30; 31; 32; 33), what points out the clinical
relevance of further studies in this area. Of high note, we provide novel evidence
showing that diabetic mice lacking B;R displayed a pattern of bone regeneration
similar to that observed in non-diabetic WT C57/BL6 or B;RKO animals. Therefore,

we might suggest that B;R activation and/or up-regulation could be associated to
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deleterious consequences of type-1 diabetes on bone remodeling. This hypothesis
can be supported by a series of earlier publications showing the ability of kinins in
stimulating bone resorption-related mechanisms, either in vivo or in vitro, via
activation of B1R or B,R (18; 19; 20; 21; 22). Nonetheless, our data is somewhat
contradictory to the previous publication by Kakoki et al. (23) showing that double
B1R/B;R deletion resulted in increased bone mineral losses in animals with
diabetogenic Akita mutation. This divergence might be explained by several reasons,
including (i) the chemical model of type-1 diabetes adopted by us; (ii) the use of
B1RKO mice instead of double B;R/B,R KO animals; and (iii) the evaluation of active
bone remodeling process, following the creation of a critical-size defect. More
recently, it was shown that B;RKO mice displayed increased bone resorption in a
model of ligature-induced periodontitis; however the authors did not assess the
influence of diabetes, and there is a clear infectious component in this experimental
approach (24), which is not the case of our study.

In the present study, we also examined the levels of collagen throughout the
different experimental groups. It is well-known that collagen is essential to provide
the ideal properties of bone, such as the mechanical resistance to fractures (34). In
this regard, a reduced bone expression of type 1 collagen was described in STZ-type-
1 diabetic mice subjected to a model of tibia marrow ablation (35). Similarly, the
contents of type | collagen were found diminished in alloxan-type-1 diabetic rabbits
after maxillary sinus augmentation (31). Furthermore, it has been recently
demonstrated that either genetic or chemical induction of type-1 diabetes leads to
decreased expression of collagen Il, what is linked to impaired cartilage formation in

mice (36). Herein, Masson’s trichrome staining revealed a prominent reduction of
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collagen levels in WT C57/BL6 STZ-diabetic mice, following the examination of the
area corresponding to the bone defect gap, in contrast to non-diabetic control WT
C57/BL6 animals. Strikingly, collagen reduction was not evident in diabetic mice
presenting B;R gene deletion, being comparable to that seen in control B;RKO mice.
This experimental evidence helps to explain the differences in bone regeneration
between diabetic mice of WT and B;RKO strains, allowing suggesting a possible role
for B4R in the formation of bone organic matrix and mineralization. It is worth
mentioning that B;R deletion prevented both cardiac inflammation and fibrosis in
STZ-elicited type-1 diabetes in mice (37).

As an additional approach, we decided to examine to what extent the lack of
BiR might alter some markers of osteoclast differentiation under type-1 diabetes.
Firstly, we evaluated TRAP-stained sections, as an indicative of osteoclast activity.
This set of data did not reveal any expressive difference on TRAP staining among all
the evaluated groups, independent on diabetes induction or mouse strain. In fact, it
was possible to observe positive TRAP staining in most evaluated sections, indicating
a great level of bone turnover in our model of femoral critical-size defect. As revised
by McCabe et al. (9), the osteoclast markers can be found unaltered, decreased, or
even increased in mouse models of type-1 diabetes, what might support our data.
For instance, TRAP activity was not found altered in bone tibia obtained from STZ-
treated rats, in relation to control-matched animals (38). When analyzed in the light
of literature data, our results permit to propose that delayed bone regeneration in
STZ-type-1 diabetic animals is likely related to decreased levels of osteoblastic
factors (such as type 1 collagen), rather than increased osteoclast activity, at least at

the experimental conditions adopted by us. Moreover, the positive effects of B{R
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deletion on diabetes-induced delayed regeneration can be interpreted as the result
of anti-hyperglycemic effects, and the consequent improvement of bone matrix
remodeling, without alterations of osteoclast activity. In this paper, we have also
assessed to what extent the expression of the RANK/RANKL/OPG system might be
altered in the areas corresponding to the defect gap under STZ-induced diabetes, in
WT C57/BL6 or B;RKO mice. Extending data on TRAP staining, we were not able to
detect any significant difference among the expression of the three evaluated
proteins in non-diabetic and diabetic mice of both strains. Concerning B4R, the study
conducted by Gongalves-Zillo et al. (24) demonstrated an increased number of
osteoclasts in animals lacking this receptor, by inducing in vitro differentiation of
bone marrow cells by M-CSF and RANKL, contrasting to some degree with our data.
In fact, the deleterious or potential effects of kinins and their receptor appear to
greatly differ, depending on the target organs and pathological conditions that are
evaluated (10). Indeed, further studies devoted to explore the influence of B;R
activation on osteoblasts and osteoclast functions remain to be carried out, by using
other molecular markers of bone turnover.

Altogether, data present in this study extends previous evidence on the
relevance of kinin B;R under type-1 diabetes, and provide novel evidence on the role
of this receptor in bone regeneration. We hope this data might help, in a near
future, to develop new therapeutic strategies to provide superior outcomes for type-

1 diabetic patients subjected to bone surgeries.
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Figure Legends
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Fig. 1. Body weight gain and blood glucose levels in WT and B;RKO in STZ-induced
type 1 diabetes. The weight gain was calculated at different time-points, as the
percentage of increase in relation to the individual body weight at the beginning of
experiments. The blood glucose levels are provided in mg/dl. Data is presented as
the mean * standard error mean of 7-10 animals per group. *P<0.05; **P<0.01
denotes significance in relation to the respective control group (ANOVA followed by

Bonferroni’s post-hoc test).
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Fig. 2. Representative images of H&E staining throughout different experimental
groups (upper panels), and semi-quantitative analysis of the percentage of newly-
formed bone in comparison to the total analyzed area (lower panel). Data is
presented as the mean + standard error mean of 7-10 animals per group. *P<0.05
denotes significance in relation to the respective control group (ANOVA followed by

Bonferroni’s post-hoc test).
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Fig. 3. Representative images of Masson’s trichrome staining throughout different
experimental groups (upper panels), and semi-quantitative analysis of the
percentage of collagen fibers in comparison to the total analyzed area (lower panel).
Data is presented as the mean + standard error mean of 7-10 animals per group.
*P<0.05 denotes significance in relation to the respective control group (ANOVA

followed by Bonferroni’s post-hoc test).
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Fig. 4. Representative images of tartrate-resistant acid phosphatase (TRAP) staining
throughout the four different evaluated experimental groups. The arrows indicate

positive labeling. The images are representative of analysis of 7-10 animals per

group.
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Fig. 5. Representative images of immunohistochemical analysis for RANK expression
throughout different experimental groups (upper panels), and quantitative analysis
of the number of positive cells/field (lower panel). Data is presented as the mean *

standard error mean of 7-10 animals per group.

54



WT Control WT STZ

B4RKO Control

B
o
]

C57/BL6 Control
=1 C57/BL6 STZ
[ B,RKO Control
[ BRKOSTZ

w
(=]
1

N
o
1

RANKL Expression
(number of positive cells/per total area)

-
o
1

Fig. 6. Representative images of immunohistochemical analysis for RANKL expression
throughout different experimental groups (upper panels), and quantitative analysis
of the number of positive cells/field (lower panel). Data is presented as the mean +

standard error mean of 7-10 animals per group.
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Fig. 7. Representative images of immunohistochemical analysis for OPG expression

throughout different experimental groups (upper panels), and quantitative analysis

of the number of positive cells/field (lower panel). Data is presented as the mean *

standard error mean of 7-10 animals per group.
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CONSIDERACOES FINAIS

Como visto na literatura atualmente, o aumento da prevaléncia de Diabetes
Mellitus na populagao mundial tem preocupado os profissionais da saude, inclusive
cirurgides-dentistas, pela repercussdo dessa doenca, em nivel bucal, com
manifestacGes mais severas na periodontite, assim como, interferéncias no processo
de osseointegra¢do de implantes.

Tem-se notado uma diferenca de cicatrizacdo, tanto de tecidos moles,
quanto &sseos, até mesmo, quando os niveis glicEmicos desses pacientes
encontram-se controlados. Os sinais e sintomas do diabetes tipo 1 sdao mais
evidentes que do tipo 2; normalmente, os pacientes desse primeiro grupo
desenvolveram a doenca precocemente, na infancia ou adolescéncia. Porém, as
complicagOes vao se agravando ao longo da vida.

O diabetes interfere ao nivel dsseo, pois ocorre uma desregulacdo hormonal,
como, também uma deficiéncia na absorcio do calcio e da vitamina D.
Notavelmente, o diabetes tipo 1 tem sido associado com um aumento no risco de
fraturas e atraso na cicatrizacdo das mesmas. Visto que a perda déssea ndo esta
vinculada apenas a um aumento da atividade osteocldstica, tem-se buscado estudar
o processo de remodelagao dssea de forma integral.

O evento de neoformacdo e reabsorcio Ossea é controlado pelos
osteoblastos e osteoclastos, respectivamente, através da ativacdo ou bloqueio do
receptor presente na membrana dos osteoblastos (RANK). Curiosamente, os
mecanismos relacionados com o desequilibrio desse sistema ainda ndao foram
totalmente esclarecidos.

Como o diabetes é uma doenca metabdlica e inflamatdria, é possivel sugerir
a sua interacdo com peptideos biologicamente ativos que participam desse
processo. Esses peptideos, chamados cininas, estdo presentes em condicdes
inflamatdrias decorrentes de algum dano tecidual, como em situagdes fisioldgicas.

A bradicinina e seus metabdlitos podem ativar dois tipos de receptores
acoplados a proteina G, chamados de B; e B,. No presente trabalho, optou-se
estudar o papel do receptor Bj, por ele ser expresso apds um processo de

inflamacao, infeccdo ou trauma. Considerando esse perfil de inducdo, os receptores
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B, sdo alvos para o desenvolvimento de drogas com potencial antiinflamatdrio que
poderiam ser Uteis para doencas cronicas como o diabetes. Este receptor estd
associado com diversas complicacGes associadas ao diabetes tipo 1, como nefropatia
diabética, retinopatia e dor neuropatica.

Quando se trata de biologia dssea, existem dados contraditdrios sobre o
papel das cininas e seus receptores. Portanto esse trabalho esta voltado em avaliar
de que forma a delecdo génica do receptor B; pode influenciar a cicatrizacdo déssea
em um modelo de defeito critico em fémur de camundongos.

A realizacdo do procedimento cirdrgico para a confec¢ao do defeito dsseo no
fémur dos camundongos foi adaptado e, baseado em diferentes protocolos ja
estabelecidos anteriormente. Modelos em calvdria de camundongos tém sido
amplamente empregados, assim como os de fraturas na regidao do fémur. Optou-se
pela localizacdo femoral (porém, sem o envolvimento das duas corticais para nao
utilizacdo de qualquer forma de fixagcdo) por apresentar uma maior quantidade
Ossea que a calota craniana.

Foi fornecida uma nova evidéncia neste trabalho; a regeneracdo dssea
(conferida no padrao de coloracdo H&E) nos animais B;RKO diabéticos deu-se da
mesma forma que outros dois grupos: ndo-diabéticos WT C57/BL6 e B;RKO. Sendo
assim, podemos sugerir que a ativacdo e/ou aumento da expressdo Bj, pode estar
associado a conseqiiéncias deletérias do diabetes tipo 1 na remodelacdo dssea. Esse
dado pode ser confirmado por outras publicacdes que mostram a habilidade das
cininas em estimular mecanismos de reabsorc¢do éssea tanto in vivo quanto in vitro.

No presente modelo, parece haver um desequilibrio do processo de
remodelacdo éssea, predominando a diferenciacao osteobldtica, muito mais do que
osteoclatica nos animais diabéticos C57/BL6. Por outro lado, os animais com deleg¢éo
génica parecem estar protegidos desses efeitos.

Visto nossa dificuldade em conduzir um tratamento adequado aos pacientes
desse grupo (diabéticos), compreender, que, o desequilibrio no processo de
regeneracdo 6ssea esta relacionado a neoformacdo, abre novos caminhos para
tentarmos otimizar o processo, levando a um equilibrio.

Pode-se concluir que o bloqueio de receptores B; pode representar

estratégicas terapéuticas atraentes para melhorar a formacdo dssea em pacientes
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com diabetes tipo 1, que requerem procedimentos cirurgicos 6sseos assim como a

instalacdo de implantes osseointegrados.
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