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RESUMO

Os mecanismos envolvidos na modificacdo do repsseaem diabéticos ainda
permanece pouco elucidado. Assim, esse estudctigmesa expressao de reguladores
do metabolismo 0sseo receptor ativador deBIFRANK), RANK ligante (RANKL) e
osteoprotegerina (OPG), através da imunohistogaimiBRT-PCR, em sitios de fratura
Ossea de ratos diabéticos. Foram realizadas fsafisseas fechadas em tibias esquerdas
de ratos controle e com diabetes induzido peloa@lox A analise histomorfométrica
dos sitios de fratura apos 7 dias revelaram queatos diabéticos (db) apresentaram
menor formacdo Ossea e de cartilagem em comparegdo 0 grupo controle.
Paralelamente, o numero de células RANK e RANKLitp@s foi reduzido no grupo
diabético. Além disso, células OPG positivas apresam-se  significantemente
diminuidas no grupo diabético comparado ao grupurcle (p=0,05). Entretanto, a
razdo RANKL/OPG foi similar no grupo controle (0407e diabético (0,099) nesse
periodo. Apés 14 dias, o numero de células RANKRRSG positivas e a expressao de
RNAmM desses marcadores foi maior no grupo con{f®.008). Apesar de menores
niveis, a razdo RANKL/OPG no grupo diabético (1,88)maior do que no grupo
controle (0,90), o que sugere o favorecimento desamismos de reabsor¢do 0ssea. Os
resultados obtidos demonstram a expressdo de maesadda atividade de
formacao/remodelacdo de tecidos duros em sitidsatiga. Modificacbes no balanco
da expressdo de RANKL/OPG pode contribuir paratarde do reparo de fraturas

associado ao estado diabético.

Palavras- chaveRANK, RANKL, OPG, diabetes, reparo 0sseo.



ABSTRACT

To clarify the mechanisms of altered bone reapadiabetic state, we investigate
the RANK, RANKL and OPG expression by immunohistmistry and RT-PCR in the
fracture sites of diabetic rats. A closed fractuies performed on the anatomical left
tibia in rats either healthy or made diabetic dgxan. Histomorphometric analysis of
fracture site at 7 days after fracture revealed thabetic rats (db) have significantly
lesser bone and cartilage formation at fractureisittomparison with controls. Parallel
with this, the number of RANK and RANKL positivellsewere slighly decreased in db
group. Furthermore, OPGells were significantly lower in db than cont(p0.05).
However, the RANKL/OPG ratio was similar in cont{0L.074) and db (0.099) at this
time. At day 14, the numbers of RANKL and OPG pusitcells and the mRNA
expression for these markers were increased irraayoup (P=0.008). Despite lower
levels, the RANKL/OPG ratio in db group (1.29) wgater than in controls (0.90)
what suggets a favoring of pro-resorptive pathwa@sr results demonstrate the
expression of consistent markers of hard tissuadtion/remodeling activities in sites
of fractures. The imbalance of RANKL/OPG expressitay contribute to the delay of

fracture repair during diabetes course.

Key words:RANK, RANKL, OPG, diabetes, facture repair
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1- INTRODUGCAO

O Diabetes mellitus € a doenca enddcrina mais comuomtodas as populacdes
mundiais, em todas as faixas etarias, e sua preral@ésta crescendo drasticamente.
Nos Estados Unidos, essa desordem metabolicasgfeigzimadamente 15,7 milhdes de
individuos, o que representa 5,9% da populacdo TRIFSE & ORCHARD, 1995;
ABDULWASSIE & DHANRAJANI, 2002; HUAFEI et al., 2005 Segundo as
estimativas e projecdes mundiais apresentadas ijpomet et al. (2001), em 2010
teremos 236 milhdes de diabéticos em todo o mumal@rasil as estimativas séo de 11
milndes (MALERBI et al.,, 1992; MANDRUP-POULSEN, 1®9FARZAD et al.,

2002).

Existem duas formas da doenca: a forma primariagdiapatica, conhecida como
diabetes mellitus insulino-dependente ou diabeips t, e a segunda forma,
denominada diabetes mellitus ndo insulino-deperedantdiabetes tipo 2 (IKEGAMI &
OGIHARA, 1996; TUOMINEN et al., 1999).Aproximadamente 10% a 20% dos
individuos diabéticos sdo do tipo 1 (ABDULWASSIE BHANRAJANI, 2002).
Ambos os tipos da doenca estdo associados a attadaxde e mortalidade (FARZAD
et al., 2002). Pacientes diabéticos apresentammédia, reducdo de 5 a 10 anos na
expectativa de vida, dependendo do tempo do didgndés da duracdo da doenca

(MANDRUP-POULSEN, 1998).

O diabetes representa uma complexa sindrome, pta aoncentracdo de glicose
no sangue ira resultar em complicagbes sistémieasndarias, tais como doencas
cardiovasculares; retinopatias; nefropatias; neatrap;, suscetibilidade a infec¢des;

atraso na cicatrizacdo tecidual, com destaque gieao no reparo de fraturas 0sseas,
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entre outras. O diabetes é ainda causa importantamgputacdo de extremidades sem
trauma prévio e a principal causa de insuficiémermal (FIORELLINI & NEVINS,
2000; ABDULWASSIE & DHANRAJANI, 2002; FARZAD et 312002; ALMEIDA et

al. 2002; SIVAN- LOUKIANOVA et al., 2003).

Véarios aspectos da fisiopatologia das alteracdeseadss desenvolvidas em
decorréncia do diabetes vém sendo estudados. Defdgse citam-se: alteracdes
funcionais nos leucocitos polimorfonucleares (OLR/E& TERVONEN, 1994;
GORCHON et al.,1994; BOUMA et al., 2005), macrofagofibroblastos (WETZLER
et al., 2000), com prolongamento da fase inflanigt@iiminuicdo da angiogénese e da
producdo de fator de crescimento vascular endbte(MEGF) (SIVAN-
LOUKIANOVA et al.,, 2003; GALIANO et al., 2004) dimuicdo da biossintese de
colageno (MANOUCHEHR-POUR et al., 1981; RAMAMURTHY GOLUB, 1983;
OLIVER & TERVONEN, 1994; CLARO et al., 2005) e ghgaminoglicanos (GAGS);
formacdo de produtos finais avancados da glic@mla¢AGEs) (FIORELLINI &
NEVINS, 2000; SANTANA et al., 2003; HAYNES, 20043lteracdes na sintese
protéica; deficiéncia na mineralizacdo 0ssea (G5t al., 2000; SHYNG et al., 2001;
SIQUEIRA, 2003; PADULA et al., 2003; MARGONAR et.a2003; FOLLAK, 2004;
FOLLAK, 2005; FACCHINI et al., 2005); reducao tlarnover 6sseo (VERHAEGHE
et al., 1989; CLARO et al., 2005); diminuicdo domaio de osteoblastos e osteoclastos

(WETZLER et al., 2000; ALMEIDA et al. 2002; KOPMA®#L al., 2005).

E importante observar que o diabetes tipo 1 e 2i@presentam repercussdes
diferentes no metabolismo 0sseo. Enquanto a ac@batletes tipo 1 no 0sso consiste
em osteopenia, aumento no risco de fratura e gignike atraso na consolidacdo das

fraturas (MACEY et al., 1989; SIQUEIRA, 2003; PADAllet al., 2003;MARGONAR
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et al.,, 2003; FOLLAK, 2004; CLARO et al., 2005; SODRMEYER et al., 2005;
HONGBING et al., 2006;), a presenca de perda assehabetes tipo 2 ndo esté clara, e
entende-se que essa forma de diabetes ndo estéadasd osteopenia (JEFFCOATE et
al., 2004; THRAILKILL et al., 2005; HONGBING et aR006).

Ressalta-se ainda que a insulina exerca imporgaygel no controle dos niveis
de glicose e modulacéo dos fatores de crescimenieektico, estimulando diretamente
a sintese de matriz osteoblastica e, indiretamentator de crescimento semelhante a
insulina-1 (IGF-1) (KWON et al., 2005). Thrailkilet al. (2005) estudaram a
neoformacdo 6ssea em fraturas de camundongos id@bétdo obesos (NOD) e
observaram que a insulina aparentemente tem aidadacde prevenir a perda de
volume do calo 6sseo e do o0sso trabecular. Beaah €002) também mostraram que
ndo ha diferenca histomorfométrica na cicatrizag@o fraturas 0sseas entre ratos
espontaneamente diabéticos sob terapia com in@itingrupo controle (BALSHI et al.,
1999; FIORELLINI et al., 1999; FIORELLINI & NEVINS2000; SIQUEIRA et al.,
2003; MARGONAR et al., 2003; FOLLAK et al., 2004QELAK, 2005; KWON et al.,

2005).

Os novos conhecimentos sobre a fisiologia dasaglgseas no diabetes incluem o
estudo da participacdo de citocinas e fatores escicnento. Alteracfes significativas
nos niveis das citocinas e de seus receptoreses®l@vantagonistas especificos, no
ambiente celular 6sseo, tém sido observados taigi@nsca como localmente
(JEFFCOATE, 2004). As citocinas sao proteinas casopmolecular de 6.000M a
60.000M que regulam as respostas imunolégica ann@téria do hospedeiro, como
também a cicatrizacdo de feridas, hematopoiesei®smutros processos bioldgicos.
Em relacéo ao tecido 6sseo, as citocinas podemficayda remodelacdo 0ssea, atuando

na formacéo e na reabsorcao. A reabsorcéo € inigadfatores sistémicos ou locais e
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a continuidade do processo depende de fatoresslocai quais as citocinas exercem
importante papel como mediadoras. Algumas citocapesentam maior envolvimento
nos processos fisiopatoldégicos de remodelamenteodd3entre as que estimulam a
reabsorcdo 6ssea, citam-se: fator de necrose tuadtaa(TNFw) (HAYNES, 2004);
interleucina-1 (IL-1); IL-6; IL-11; o fator estimatlor de col6nia de granuldcitos-
macrofagos (GM-CSF); o fator de crescimento transdolor alfa (TGFy), fator de
crescimento epidérmico (EGF) e IL-11 estimulam emfcdo dos osteoclastos e a
reabsorcdo dssea, tamovitro comoin vivo (MOHAN & BAYLINK, 1991). AlL-1 e

a IL-6 também aumentam a proliferacdo e atividaoe akteoblastos. Os fatores de
crescimento semelhantes a insulina | e Il (IGF-lllp fator de crescimento
transformador beta (TGP, fator de crescimento derivado de plaquetas (PDfator

de crescimento dos fibroblastos (FGF) e proteinagagenéticas 6sseas (BMP) atuam
como promotores da formacdo, enquanto o TNF efenter - (IFN-y) agem como

inibidores da formacao 6ssea (MOHAN & BAYLINK, 1991EITELBAUM, 2007).

O paratorménio (PTH) é um dos principais regulasiata remodelacdo Ossea.
Juntamente com a IL-1, TNdé-e calcitriol (1.25-(OH)2D3), atua nas células
precursoras do estroma dando origem aos osteahlaBssas células precursoras
liberam IL-6 e IL-11, que agem sobre o preostetzlastimulando sua diferenciagéo.
Esse processo € complexo, envolvendo a participalg®o citocinas, fatores de
crescimento e inter-relacdo dos osteoblastos eaastos. O PTH estimula também a
sintese de IGF-1 e TdF-pelos osteoblastos, favorecendo a formacdo Oéssea

(TEITELBAUM, 2007).

Com relacao ao calcitriol, este é produzido pouleglrenais, mondcitos, células T,

macrofagos e osteoblastos. O calcitriol, nos o$astds, aumenta a expressdo do
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receptor da IL-1 e a producao de IL-6 (LIU et @D06), assim como a producgéao de
matriz protéica, tendo acdo também na diferencidigégd dos osteoclastos (PINO-

MONTES et al., 2004).

Em 1995, Suda et al propuseram um modelo hipotpaca explicar o papel das
células do estroma/osteoblastos que quando estosif@or fatores sistémicos ou locais
seriam capazes de induzirem a formacdo dos oss¢oglaAs células do estroma/
osteoblastos apresentam os seguintes receptotasiina D3 (1,25(0H)2E) (VDR);
sistema proteina quinase A, glicoproteina 130. €£38eeptores sao ativados por
diferentes estimulos, ou seja, 0 VDR pelo caldjtosistema quinase A pelo PTH,
PTHrP PTH related proteily IL-1, TNF e prostaglandina (PGF-2); enquantdaada
glicoproteinal30 pela IL-6, IL-11, oncostatina MS@) e fator inibidor de leucécitos
(LIF) (LIU et al., 2006). Quando esses receptoéesestimulados, as células expressam
um fator de diferenciacdo dos osteoclastos, chanfaeptor Ativador de NFk-B
Ligante (RANKL), que se liga a membrana do ostestolaOutros nomes para 0
RANKL podem ser fator de diferenciacdo dos ostewota (ODF), TNF-related
activation induced cytokine(TRANCE) ou osteoprotegerina ligante (OPGL)
(MOSCHEN et al., 2005; HOFBAUER et al., 2000; GONZY, 2000; LACEY et al.,

1998; YASUDA et al., 1998).

O RANKL é um peptideo com 317 aminoacidos e peeteteca familia de fatores
de necrose tumoral, podendo se apresentar em dwuamst soluvel e ligado a
membrana. O RANKL se liga ao RANK (receptor activate NK-B) presente nas
células progenitoras dos osteoclastos e na presenéaor estimulante de col6nia de
macréfago (M-CSF), estimula a diferenciacdo e @diste dos osteoclastos (LACEY et

al. 1998; YASUDA et al. 1998; HOFBAUER et al. 200GONZALEZ, 2000;
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HAYNES, 2004; ROGERS & EASTELL; 2005). Camundonges$icientes de RANKL
ndo apresentam formacdo de osteoclastos e desenmvsbkvera osteopetrose, além de
defeito dos nddulos linfaticos e células B. Em aismmormais, ao injetar RANKL
solavel, verificou-se a répida inducdo de hipemai@a associada a perda Ossea

(LACEY et al. 1998).

O RANKL tem sido relatado como mediador de variasngas: artrite reumatoéide
(STOLINA et al.,, 2005); osteoporose pOs-menopaussgoporose induzida por
glicocorticoide; osteodlises peri-protéticas; hi@egtireoidismo; doenca de Paget;
mieloma 6sseo; metastases Osseas e infec¢cdesqueaisd(MOSCHEN et al., 2005;

HAYNES, 2004; ANANDARAJAH & SCHWARZ, 2006).

O RANKL exerce sua acgdes via interacdo com o recdpANK, o qual é uma
proteina de membrana com 616 aminoacidos, da supdie dos receptores de fator de
necrose tumoral (TNFR), expressa primariamente eftulas precursoras dos
osteoclastos, células B e T, células dendriticabm®blastos (HSU et al. 2006;
ANANDARAJAH & SCHWARZ, 2006). Camundongos que namguzem RANK
desenvolvem osteopetrose e defeito na maturacaoétislas B e T (LU et al., 2006;

HSU et al. 2006).

A interacdo entre RANKL e seu receptor RANK nososlastos € controlada pela
osteoprotegerina (OPG) ou fator inibidor de ostsiol (OCIF) (LIN et al., 2006;
BEETON et al.,, 2006). A OPG é uma proteina de 4@in@acidos pertencente a
superfamilia dos receptores de fator de necroseralriTNFR). E um receptor solavel
e age inibindo a ligacdo do RANKL ao RANK, impedinassim, o recrutamento, a
proliferacdo e a ativacio dos osteoclastos (BO¥t Al., 2003; THEOLEYRE et al.,

2006). Em camundongos, a expressao de RNA mensageir OPG tem sido
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demonstrada em varios tecidos, como: 0sso, pejaddi pulmdo, coracdo, células
endoteliais, rins, estbmago, intestino, glandutaétde, cérebro e medula espinhal
(HOROWITZ et al., 2001; KNUDSEN et al., 2003; ANAMRAJAH & SCHWARZ,

2006).

A OPG neutraliza os efeitos biolégicos de RANKLispoibe a diferenciacao de
osteoclastos, suprime a ativacdo dos osteoclastmduros e induz sua apoptose
(HOROWITZ et al., 2001; NAKAMICHI et al., 2007). Amais que nao produzem
OPG apresentam severa osteoporose pelo aumentdtivildade osteoclastica e
subsequente reabsorcdo 6ssea, calcificacdo daeadataartérias renais (BROWNER et
al., 2001; YAMAZAKI & SASAKI, 2005; NAKAMICHI et al, 2007). Injecbes
subcutdneas de OPG na area abdominal de mulhesemgpausa rapidamente
reduziram os marcadores darnover 6sseo (HSU et al.,, 2006). Além disso, a
administracdo de OPG em animais com artrite indueiperimentalmente, protegeu-os
da perda Ossea, enquanto os animais que nao raceli#PG apresentaram extensa
perda O0ssea e de cartilagem (KONG et al., 1999)da&indo esta clara, entretanto, a
associacdo entre o conteuddo mineral 6sseo, 0 dscdratura e a concentracao
plasmatica dessa molécula (HOFBAUER & SCHOPPETQ12BOWNER et al.,

2001; KNUDSEN et al., 2003; ANANDARAJAH & SCHWAR2006)

O balango do sistema OPG/RANKL controla o remodelsim 6sseo (ROGERS &
EASTELL; 2005; KWAN et al., 2006; RUCCI et al., ZQ0Alteracdes na concentracéo
dessas moléculas induzidas por variacées dos rdeemitras citocinas, administracao
de glicocorticéides ou deficiéncia de estrogénidgmo induzir aumento do nimero e da
atividade dos osteoclastos, determinando perda aksanossea (HOFBAUER et al.,

2000; GONZALEZ, 2000).
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Recentes estudos tém mostrado baixos niveis do RABKOPG em sitios de
reabsorcdo 6ssea em pacientes diabéticos (DUAREE, @007). Em contraste, outros
autores associam a alta expressao desses fatoestado diabético (GALLUZZ| et al.,
2005; SUZUKI et al., 2005; DUARTE et al., 2007; HéE al., 2007; KAYAL et al.,
2007). Existem controvérsias acerca da atividadeookistica associada ao diabetes
mellitus e até o momento ainda ndo esta esclarseiadeorre inibicdo (HE et al., 2004)
ou aumento da atividade osteoclastica (HIE e2@Dy; KAYAL et al., 2007).

Embora o diabetes tenha sido associado a perda, @skdta de consenso acerca
do mecanismo que leva a menor formacao 0sseateaso ao reparo 6sseo no diabetes
tipo 1 indica a necessidade de futuras investigagdemo o papel do sistema
OPG/RANK/RANKL no controle do remodelamento éssa sido bem documentado,
0 presente estudo pretende investigar a expressdasimoléculas em sitios de fraturas
Osseas de animais com diabetes induzido por alogsmalo assim, justifica-se a
realizacdo do presente estudo, pois os dados elgmiterdo ser Uteis para a
compreensao dos mecanismos envolvidos na defiei@ecconsolidagdo 6ssea em
diabéticos, contribuindo na busca de estratégrapéeticas que possam dar suporte aos

protocolos tradicionais de tratamento.
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3- OBJETIVOS

Os objetivos deste estudo sao:

1. Avaliar a expressédo do Receptor Ativador de NF-BB&ANK), RANK ligante

(RANKL) e Osteoprotegerina (OPG), em sitios de regsseo de ratos diabéticos;

2. Correlacionar a expressdo de RANK, RANKL e OPG mxgsso de consolidacao

de fraturas fechadas em tibia de ratos diabétichszidos por aloxano.
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Abstract

To clarify the mechanisms of altered bone reapadiabetic state, we investigate
the RANK, RANKL and OPG expression by immunohisemistry and RT-PCR in the
fracture sites of diabetic rats. A closed fractwas performed on the anatomical left
tibia in rats either healthy or made diabetic dgxan. Histomorphometric analysis of
fracture site at 7 days after fracture revealed tnabetic rats (db) have significantly
lesser bone and cartilage formation at fractueeisitomparison with controls. Parallel
with this, the number of RANK and RANKL positivelts were slighly decreased in
db group. Furthermore, OP@ells were significantly lower in db than cont(pt0.05).
However, the RANKL/OPG ratio was similar in cont{0L074) and db (0.099) at this
time. At day 14, the numbers of RANKL and OPG pusitcells and the mRNA
expression for these markers were increased irraagoup (P=0.008). Despite lower
levels, the RANKL/OPG ratio in db group (1.29) wamghtly greater than in controls
(0.90) what suggets a favoring of pro-resorptivthways. Our results demonstrate the
expression of consistent markers of hard tissuadtion/remodeling activities in sites
of fractures. The imbalance of RANKL/OPG expressitay contribute to the delay of

fracture repair during diabetes course.

Key words:RANK, RANKL, OPG, diabetes, facture repair
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Introduction

It has been recognized a relationship between thalsnd the delayed healing of
fractures and bone defects in human and animal is¢ti&]. Several mechanisms have
been proposed to explain the greater incidenceeflelayed healing and nonunion of
fractures in diabetes. These include the redudticdhe blood supply and angiogenesis
[7]; more severe inflammatory response [8]; deaess collagen synthesis [1, 9];
disturbance in the mineralization process [5, 6¢l dhe imbalance between bone
resorption by osteoclasts and bone deposition bgobkasts [10]. In this setting, the
receptor activator of NF-kappaB (RANK), RANK liga(lANKL) and osteoprotegerin
(OPG) provide the cellular and molecular basis deteoblast-osteoclast cross-talks,
which are crucial during bone remodeling. RANK Imgls to the tumor necrosis factor
(TNF) receptor superfamily and is activated by RANKa homotrimeric, TNF-like
cytokine. RANK is present on the surface of ostasiclcell precursors, where its
interaction with RANKL induces the cells’ termirdifferentiation into osteoclasts, thus
increasing bone breakdown [11, 12]. The secret@dpke receptor OPG interrupts this
activation by binding directly to RANKL [11-13].

An imbalance of RANK/RANKL/OPG system has been obsé in osteoporosis,
osteopetrosis, rheumatoid arthritis and periododiaéases [13, 14]. Recent studies
have been showed lower levels of RANKL and OPGoaelresorption sites in diabetic
patients [14]. In contrast, a higher expressiothete factors has been associated with
diabetic state by others [14-18]. Controversy agoounds the osteoclastic activity in
that it has not been defined whether an inhibiftd®] or increased osteoclastic activity
[17, 18] is associated with diabetes mellitus.

Although the diabetes has been associated witht &08e of bone, the lack of

consensus regarding the mechanism of diminishe@ bormation and delayed bone
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repair in type 1 diabetes point to the need fothter investigation into the impact of
diabetes on bone. As the roles of OPG/RANK/RANKIsteyn in controlling bone

remodeling have been well documented, we investigathis study the expression of
these proteins at bone fracture sites in a modelloxan-induced diabetes. Our results
suggest that the imbalance of RANKL/OPG expresgaiay have a role on the delay of

fracture repair during diabetes course.

Methods
Animals

The Animal Care Committee at University of Brasifipproved all procedures
performed. In total, 54 skeletally mature, malem@nath-old Wistar rats Rattus
norvegicus albinusweighing 250 to 350 g were used for the studysRaere randomly
assigned to the diabetic or control group.
Alloxan-induced diabetes model

Diabetes was induced by the intraperitoneal injectof 150 mg kg of
monohydrated alloxan (Sigma Chemical Co., St. LoMi®, USA) dissolved in sterile
0.9% saline solution. Rats were kept on fastingrgo alloxan injection. After 12 hours
of alloxan administration, a 10% glucose soluticaswffered to the animals to prevent
hypoglycemia [19, 20]. After 72 hours, blood samspieere collected from the tail vein
of the animals for evaluation of the plasma gluctseels by the glucose-oxidase
enzymatic method using Accu-Chek Advantage (BogernMannheim, IN, USA).
Animals presenting glucose levels above 200 mgflie (hormal levels of serum
glucose inRattus novergicusanges from 50 to 135 mg/dL). The examinationsewer
repeated every 7 days to confirm the maintenandbdefglucose levels. The animals

presenting reversion of the signs of diabetespiliesenting glucose levels below 200
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mg/dL, were excluded from this study. The pancwas obtained in the two surgical
times from control and diabetic animals for routinistopathological analysis, five
animals for each group.
Tibia fracture and Specimen Preparation

Using general anesthesia with ketamine (200 mY) kagd xylazine (10 mg Kb,
closed fracture was inflicted manually on the maddf the left tibia. The traces of all
fractures were similar, with no exposure to theeougnvironment; as previously
described [21]. All procedures were performed by aperator. The animals were
sacrificed at 7 and 14 days following the fractuter the histological studies, the entire
tibia was used after disarticulating it from theekrand ankle. The specimens were fixed
in 10% buffered formaldehyde for 24 h, delcalcifiadl% nitric acid for 24 hours and
embedded in paraffin blocks. Approximately 30 sewti Sum thick, were available
from each paraffin block. Approximately 6 hemataorydnd eosin-stained sections with
the largest areas of fracture callus surroundiegsite of injury were selected from each
paraffin block for use in subsequent analyses. ddicopic analysis was performed by
two pathologists who were blinded to the identityhe specimen.
Histomorphometry

Three representative slides were selected from aaichal for histomorphometric
analysis. Measurements of the areas of fibrous exdive, cartilaginous and bone
tissues at fracture callus were averaged in slddiselected by systematic sampling in a
stepwise manner, moving the microscope stage fedtntd right and then down and
across in order to avoid measuring the same ar@a.abhe area of each tissue at 25x
magnification was obtained by drawing around thergaries using the software Image

J (National Institutes of Health, USA).

23



Immunohistochemistry

For immunostaining, paraffin-embedded tissues @eetl at 5um and collected in
serial sections on glass slides coated with 2% B@mnopyltriethylsilane (Sigma
Chemicals, St. Louis, MO) were deparaffinized amdhydirated. Sections were then
incubated with 3% hydrogen peroxide and immerseditiate buffer, pH 6.0, for 20
minutes at 95C. Sections were then blocked by incubation withr&mal goat serum
at room temperature, for 20 minutes and slides viecabated with the following
primary rabbit polyclonal antibodies: anti-OPG (M9 sc11383, Santa Cruz
Biotechnology, Santa Cruz, CA) diluted 1:200; @&BNK (H-300, sc9072, Santa
Cruz) diluted 1:200; anti-RANKL (FL-327, sc9073,rBa Cruz) diluted 1:150; at’@,
overnight, in a humidified chamber. After washimgTiBS, the sections were treated
with a labeled streptavidin-biotin (LSAB) kit (K029 Dako, Carpinteria, CA). The
sections were then incubated in 3,3-Diaminobemad{K3468, Dako) for 2 to 5
minutes and stained with Mayer’s hematoxylin. Thecsnens of peripheral giant cell
granuloma were employed as positive controls fomarkers. Negative controls were
obtained by the omission of primary antibodies aanMldstitution of primary antibodies
by non-immune rabbit serum (X0902, Dako).

The number of cells was evaluated in sites of tna&ctby two independent
examiners blinded to the stans of groups. The numbpositive cells was counted in
five representative and consecutive microscopidpigwer fields (x100) using the
integration graticule (4740680000000, Carl ZeisgjttiBgen, Germany), at this
maghnification each field had an area of 0.0961°mResults were expressed as the

mean of positive cells per nfmt standard deviation (SD) ofi observations.
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RT-PCR

Tibia samples (five for each group) were immersed RIZOL reagent (Gibco BRL,
Life Technologies, Rockville, MD, USA) and storetl-&0°C. RNA Extraction was
performed after addition of 2Q@_ of chloroform followed by centrifugation. RNA was
recovered from the aqueous phase by precipitatibim isopropyl alcohol. The RNA
stored in 70% ethanol at -20°C wuntil use. Total RN#as quantified
spectrophotometrically, and the integrity of the RIdreparations was examined by
agarose gel electrophoresis. Complementary DNA @&PWMas synthesized using 100
ng of RNA through a reverse transcription react{@uperscript Il, Gibco). The
standard PCR conditions were 95°C (10 minutes), tweth 40 cycles of 94°C (1
minute), 54°C (1 minute), and 72°C (2 minutes). Phieners sequences used were as
follows:

OPG forward 5'GCCAACACTGATGGAGCAGAT3;

OPG reverse  5'TCTTCATTCCCACCAACTGATGS';

RANK forward 5 CGTCCTGCTCCTCTTCATCTCT3;

RANK reverse  5’CCCTGAGGACTCCTTATTTCCASZ,

RANKL forward 5'GCTCACCTCACCATCAATGCTS;;

RANKL reverse 5GGTACCAAGAGGACAGACTGACTTTAZ

GAPDH forward 5 AAATTCCATGGCACCGTCAAZ;

GAPDH reverse 5’AGGGATCTCGCTCCTGGAAS'.

For each run, water was the negative control. €aetron product was
quantifiedby measuringhte densities of bandssing a Spot-denso-program with Alpha
Ease softwar@Alpha Innotech, San Leandro, CA), and values rgréng the average
density per area unit were plotted. Glyceraldeh34rosphate dehydrogenase

(GAPDH) was used as the reference gene.
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Statistical analysis

Data are expressed as meansz standard deviatigro{$SDsamples. Comparative
analysis was performed using the non-parametricri&hitney test. All analysis were
made using the SPSS 12.0 (SPSS Inc. Chicago, 1) Qtatistical software package

and probability values of less than 0.05 were a®ersid as statistically significant.

Results
Alloxan-induced diabetes

As expected, blood-glucose levels were signifiga(® < 0.01) higher in diabetic
rats than controls at all time points before theysty and postoperatively. Furthermore,
pancreatic islets under the action of alloxan slibdisorganization, reduction of sized
and loss of architeture in comparison with contrdieeatment with alloxan did not
significantly affected body weight throughout th@erimental period.
Histomorphometric Findings

On day 7, diabetic rats have significantly lessenéb (4.2 + 2.6; 1.9 = 0.8,
respectively for control and diabetic) cells per #(®=0.068) and cartilage (6.9 + 3.3;
3.4 £ 1.4; respectively for control and diabetid=0.045) and greater fibrous
connective (8.5 £ 1.7; 14.1 £ 1.2, respectivelydontrol and diabetic) (P=0.006) tissue
formation at fracture site in comparison with cotgr Similar results were found at day
14. Results concerning relative data of morphometnalysis (values were corrected in
relation to the total analysed area) showed thetlynadentical outline of absolute
values for both groups.
RANK, RANKL and OPG expression at tibia-fractutessi

Immunohistochemical reactivity for RANK, RANKL, andPG wasdetected in

the cytoplasm and membrane of connective and bisseet cells. The presence of
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positive fibroblasts, endothelial cells, bone sunmding cells, osteocytes, bone marrow
cells and chondrocytes was observed (Figure 1).

At day 7, the number of RANK (299.7 £ 139.5) andNR&L (7.5 + 2.5) positive
cells per mrfiwere slighly decreased in db group when compaiiéd s@ntrols (362.1
+ 128.1; 32.4 + 10.9, respectively for RANK and RAN. Furthermore, OPGcells
were significantly lower in db (75.6 + 35.6) thaontrol (442.8 = 163.1) (P=0.05). The
RANKL/OPG ratio was similar in control (0.074) armb (0.099) at this time. A
significant decrease in the the number of RANK peasicells at day 14 was observed
in both groups in relation to day 7 (P<0.05). Aligb not statistically significant, we
also observed a tendency of control group to hase OPG at day 14.

At day 14, the numbers of RANK positive cells wemnilar in controls (58.8 +
35.3) and db (74.51 + 43.45). Although no significalifferences were observed
concerning the numbers of RANKL and OPG immunosi@ioells in both groups, we
observed a tendency of db group have lesser peséils for RANKL (29.9 £ 19.9; 6.9
+ 2.7; respectively for db and control groups) @EG (137.4 = 46.0; 72.1 £ 26.0,
respectively for db and control groups). In linethwthese results, RT-PCR analysis
revealed a significantly higher mRNA expressionRANK, RANKL and OPG in
control when compared with db group. However, tRNRL/OPG ratio was greater in
db group (1.29) than in controls (0.90) (Figure 2).

No positive staining was observed when primarytaaties were omitted or
substituted by PBS or non-immune rabbit serum.rifeunbore, an intense
immunostaining for RANKL, RANK, and OPG was obsetwe the giant cell

granuloma, used as positive controls (data not ashow
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Discussion

The impact of type 1 diabetes on bone is refledigda significant delay in
fracture healing. Consistent with previous dats6][iwe found that alloxan-induced
diabetes delays fracture healing in a rat modeladed fracture. The effects of diabetes
on bone have generally been attributed to impaitnmeasteoblast function observed in
animals and humans [10, 17]. A number of studiese hraported that type 1 diabetes
alters bone remodeling by reducing the formatiom@iv bone, leading to osteopenia.
This has been shown by a decrease in bone minemnaltg in human and alterations in
the formation of new bone in animal studies [10252

In this study, we obtained comparable results @iggr immunostaining and
MRNA expression. The immunohistochemical reactifotyRANK, RANKL, and OPG
was detected in the cytoplasm and membrane of ctimaeand bone tissue cells in
accordance with previous studies [26].

In parallel with decreased bone formation at frextite of diabetic rats at day 7,
we also found a reduced expression at protein dRbNAnlevel of RANK, RANKL and
OPG at sites of fracture. Given that the osteodbasturation and activity (and bone
homeostasis) are regulated vivo by RANK-RANKL and OPG levels of expression
[11-13] our results suggest a decreased osteaclestruitment and differentiation at
bone fracture sites of diabetic rats at day 7.ceoedance with our findings, it has been
previously showed a low osteoclastogenesis in tiabmeice in a model of bacteria-
stimulated bone loss [10] and low bone resorptictividy in diabetic individuals [27].
At 14 days of fracture, although we also obsenestliced levels of RANK, RANKL and
OPG at fracture sites of diabetic, the RANKL/OPGoravas significantly higher in
diabetic group suggesting an increase of resor@otevity. Our results are similar to

that observed in periodontitis-associated bonerptisn of diabetic patients, in which a
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reduced expression of RANKL and OPG, but an augateRANKL/OPG ratio was
observed in diabetic individuals [14]. The increhsearkers of osteoclast function such
as urine excretions of calcium, hydroxyproline, aebxypyridinoline [16, 28, 29] and
expression of Tartarate-resistant acid phosphafBR&P), cathepsin K and RANKL
[17, 18] were reported in subjects with diabetes.tle other hand, normal activity of
bone resorption was also reported. [30]. Receittlgas been suggested that impaired
fracture healing in diabetes is characterized layeiased rates of cartilage resorption
[18]. Different from our results, these authors destrated a high expression of
RANKL at fracture site of diabetic animals. Howevtrey did not determine the OPG
levels at these sites.

Besides the role of RANK-RANKL-OPG system in boresarption, current
evidence indicates that interactions between mesnbérthe TNF family and their
specific receptors (TNFRs) are influential in s@vdunctions, including immune cell
regulation [13, 31] induction of leukocytes trangmation [32], prevention of apoptosis
of endothelial cells [33]. In this setting, it isgsible that these factors have an effect on
bone remodeling by also affecting cell proliferatianflammatory cell migration,
vascularity or the delaying of apoptosis. Thusséhaspects need to be further explored
in diabetes.

One potential explanation for our results is tiaré is reduced coupling of bone
resorption and formation in the diabetic grouprdftene fracture, compared with robust
coupling that occurs in normoglycemic littermaté&$ie reduced coupling may be a
result of decreased expression of RANK, RANKL anB@ These results might be

helpful in minimizing the effect of diabetic staten bone consolidation.
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Figure 1 Representative immunohistochemical reactivityR&NKL (A, B) and OPG
(C, D) at sites of tibia fracture of control (A, @)d alloxan-induced diabetic rats (B, D)

at 14 days. [Immunohistochemical staining, originedagnification x 400].
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Figure 2 RANK, RANKL and OPG mRNA expression in bone calaiscontrols (GC)
and alloxan-induced diabetic rats (GG) at 14 ddier déibia fracture. Total RNA was
extracted from bone callus tissue and expressioRAINK, RANKL and OPG was
analyzed by RT-PCR. Lanes 1-2 represent contrafslames 3-4 represent diabetic
animals. Bars represent the mean + standard dewiédD) of densitometric analysis of
RANK, RANKL and OPG mRNA normalized by GAPDH levefger lane. The

experiment is representative of twB<0.05 compared to each control. Contnehite

bars) and alloxan-induced diabetisquared barg
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5- CONSIDERACOES FINAIS

O diabetes tipo 1 esta associado a varias desodieraude esquelética, incluindo
diminuicdo da densidade 6ssea (FACCHINI et al.,520@umento do risco de
osteoporose (THRAILKILL et al., 2005; GALLUZZI et.a2005) e risco de fraturas,
assim como retardo na cicatrizacdo 6ssea e naidagaaegenerativa (THRAILKILL et
al., 2005). Dados prévios da literatura (MACEY &t 4989; FUNK et al., 2000;
FOLLAK et al., 2003; FOLLAK et al., 2004a; FOLLAKt @l., 2004b; FOLLAK et al.,
2005; HONGBING et al., 2006) foram coincidentes vaificado nesse estudo com
relacdo ao atraso do reparo de fraturas fechadasates com diabetes induzido pelo

aloxano.

A consolidacéo de fraturas 6sseas é uma complexateade eventos celulares,
e sua regulacdo é pouco conhecida (GIORDANO et28l00). A relacdo entre
consolidacéo de fraturas e diabetes tipo 1 € compglRADULA et al., 2003). Varios
trabalhos foram realizados com intuito de expliaarelacdo entre diabetes e reparo
0sseo. Alteracbes nos mecanismos de resposta ides@acientes diabéticos, tais
como a inibicdo da capacidade fagocitaria dos éftlos associada a alteracdes
vasculares, podem comprometer o processo de rafzardraturas (CLARO et al.,
2005). Dificuldades na fase inicial da cicatrizagdas fraturas também tém sido
associadas a inibicdo da proliferacédo celular,pmee estar relacionada a diminui¢cdo da
expressao do fator de crescimento derivado de etag(PDGF) e dos niveis de fatores
de crescimento semelhantes a insulina | e Il (IG&-1I), fator de crescimento
transformador beta (TGP} e fator de crescimento de fibroblastos (FGF) (DAL

et al., 2003).
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Além disso, disturbios na regulacéo dos niveis d&aloproteinases (MMPSs) e a
formacdo de AGEs, caracteristicos do estado d@hétesultam em alteragbes de
solubilidade do colageno (SIQUEIRA et al.,, 2008yadndo a alteragBes estruturais e
funcionais do tecido conjuntivo (RAMAMURTHY & GOLUB1983; KOPMAN et

al.,2005).

Os efeitos do diabetes no osso podem ser aindauigivs ao desequilibrio na
funcdo dos osteoblastos, o que se explica pelandigé@io da expresséo dos fatores de
transcricdo que regulam a diferenciacdo destatas§IUACEY et al., 1998; YASUDA
et al., 1998; BOYLE et al., 2003; HE et al., 20BALLUZZ] et al., 2005; SUZUKI et
al., 2005; THRAILKILL et al., 2005; DUARTE et al2007; HIE et al., 2007) e pelo
aumento da apoptose das células precursoras deblestes (VERHAEGHE et al,
1997; THRAILKILL et al., 2005). Paralelamente, atguestudos tém mostrado que no
diabetes tipo 1 observa-se reducdo de marcadoress&orrelacionados com a
formacao déssea, tais como osteocalcina (MCCRACKE#A. £2000; THRAILKILL et
al.,, 2005; KOPMAN et al., 2005; HONGBING et al.,,B8) e fosfatase alcalina
(THRAILKILL et al., 2005). Em acréscimo, a alteracdo remodelamento ésseo pela
reducdo na formacdo de novo osso leva a osteof¢BRHAEGHE et al.,1989;
HONGBING et al., 2006). Estudos prévios demonstnadiminuicdo da densidade
mineral 6ssea e alteracdes de formacédo de novanossoumanos e em animais (HE et
al., 2004; HORCAJADA-MOLTENI et al., 2001; LEVIN al., 1976; TUOMINEN. et
al., 1999; KRAKAUER et al., 1995; SIQUEIRA et &003).

As razbes para menor densidade mineral 6ssea &etekaipo 1 ainda ndo sao
conhecidas (FACCHINI et al., 2005). Krakauer e(H95), entretanto, especula-se que
exista reducdo na formacdo Ossea durante o pededpico da massa 6ssea. Em

oposicado, Tuominen et al. (1999), ao examinar péesecom diabetes tipo 1 e tipo 2
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com mais de 30 anos, sugerem que no diabetes tigmorie maior perda de massa
0ssea, e a causa seria devido ao diabetes tipovagar efeitos profundos na fisiologia
da remodelacéo 6éssea comparado ao diabetes tipo 2.

No presente estudo, os resultados obtidos peléagialimunohistoquimica e RT-
PRC foram semelhantes. A reatividade imunohistomairde RANK, RANKL e OPG
foi detectada no citoplasma e membrana de célolasetidos conjuntivo e sseo, assim
como observado em estudos prévios (SILVESTRINIL. e2@05).

Paralelamente a diminuicdo da formacdo Ossea i cdt fratura dos ratos
diabéticos apos 7 dias foi também verificada ag&dwa expresséo protéica e dos niveis
de RANK, RANKL e OPG nos sitios de fratura. Sabesdogue a maturacdo dos
osteoclastos e atividade (e homeostase déssea)egétadas,n vivo, por niveis de
expressdo de RANK-RANKL e OPG (LACEY et al., 1998ASUDA et al., 1998;
BOYLE et al., 2003), os resultados encontradosrenge diminuicdo do recrutamento e
diferenciac@o osteoclastica nos sitios de fratasea nos ratos diabéticos no sétimo dia.
Corroborando os achados desse estudo, trabalhgogréemonstraram reducdo da
osteoclastogénese em camundongos diabéticos emanedperda éssea induzida pela
inoculacdo de bactérias (HE et al., 2004) e ainelacmatividade de reabsorcao 6ssea em
individuos diabéticos (GUARNERI et al., 1993).

Apés 14 dias da fratura, apesar de observado tambéocgdo nos niveis de
RANK, RANKL e OPG nos sitios de fratura dos diatx@di a razdo RANKL/OPG foi
significativamente maior no grupo diabético sugdwinaumento da atividade de
reabsorcdo. Esses resultados sé@o similares aos/atise na perda 6ssea associada a
periodontite em pacientes diabéticos, nos quaiséoeducdo da expressdo de RANKL

e OPG, mas aumento da razdao RANKL/OPG (DUARTE.e2807).
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A expressédo de RANKL e OPG durante o reparo darfiattem sido estudada em
modelos animais. Picos da expressao de OPG témvsiifccados no periodo de 24
horas até 7 dias apos a fratura, coincidindo copico de formacdo de cartilagem. A
expressao de RANKL, entretanto, atinge seu piceanterceiro dia e o décimo quarto
dia ap6s a fratura, quando os niveis de OPG estéiouindo (ROGERS & EASTELL,
2005).

O estudo da cicatrizagdo de fraturas em humancs fagtdira traumética da tibia
mostrou diminuicdo da concentragdo sérica de OBfosa menor concentracdo de
OPG observada 8 semanas apoés a fratura. A cometagativa entre a concentracao
sérica de OPG e os marcadores de formacdo 0ssemaosteocalcina e a por¢cao N-
terminal do propeptideo de colageno tipo | foi témlobservada. Esses dados sugerem
que a razao RANKL/OPG esta envolvida no processceparo de fraturas, apesar de
ndo demonstrarem necessariamente causa e efeiwe-sBe notar também que
camundongos que ndo expressam RANK apresentam Inoitas&rizacdo de fraturas
(ROGERS & EASTELL, 2005).

A expressdo de OPG e RANKL é modulada, direta airetamente, por um
grande numero de fatores, incluindo TiHL-1 e IL-17, outras interleucinas, esteréides
(SWANSON et al.,, 2006), horménio do crescimentoFdG M-CSF, 6xido nitrico,
leptina  (LAMGHARI et al., 2006),fetuin-matrix Gla protein (MGP) complex
hormonios da tiredide e paratiredide, vitamina [peproteinas (JEFFCOATE, 2004).
Mais significantemente a expressao é afetada pdétdanina e horménios relacionados,
calcitonin gene-related peptide(CGRP) e islet amyloid polypeptide (IAPP)
(JEFFCOATE, 2004).

A relacdo entre a expressdo tecidual e a concépotnag circulacdo sanguinea é

incerta (ROGERS & EASTELL, 2005), entretanto, teensido verificado que as
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concentragdes séricas de RANKL e OPG apresentaiesadas em doencas associadas
ao aumento dturnoverdsseo (JEFFCOATE, 2004).

O aumento de marcadores da funcdo osteoclastio@tados na urina, como
calcio, hidroxiprolina e deoxipiridinolina (OLMOS al., 1994; HERRERO et al., 1998;
SUZUKI et al., 2005) e a expressao de fosfatasgaawsistente ao tartarato (TRAP),
catepsina K e RANKL (HIE et al., 2007; KAYAL et aR007) foram reportados em
individuos com diabetes. Por outro lado, estudiasam atividade normal de reabsor¢céo
0ssea nestes individuos (MIAZGOWSKI & CZEKALSKI,98).

Recentemente, foi sugerido por alguns autores quetando da cicatrizacao de
fraturas nos diabéticos é caracterizado pelo awmeas taxas de reabsorcdo de
cartilagem (KAYAL et al., 2007). Esses autores destiaram a alta expressdo de
RANKL nos sitios de fratura dos animais diabétiaigergindo dos resultados obtidos
no presente estudo. Entretanto, os niveis de OB&es&itios ndo foram verificados por
estes autores.

KNUDSEN et al. (2003), observaram um aumento de Q®Gplasma dos
pacientes com diabetes tipo 2. Esta observacao destacordo com os resultados
encontrados no estudo de BOWNER et al. (2001) coelatou aumento das
concentracdes de OPG em pacientes diabéticos. &gim®s também verificaram que
0s niveis de OPG plasmatico estavam significanten@mmentados apenas nos
pacientes com complicagcdes microvasculares, sulgemgue o aumento de OPG no
plasma pode indicar perigo microvascular.

Além do papel do sistema RANK/RANKL/OPG na reab8orgssea, evidéncias
atuais indicam que interacdes entre os membrosandlid de fatores de necrose
tumoral (TNF) e seus receptors especificos (TNFR8uenciam vérias funcdes,

incluindo regulacdo das células do sistema imur@Y(EE et al., 2003; SO et al.,
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2006), inducdo de transmigracdo de leucdcitos (ZIWed al., 2007), prevencdo da
apoptose de células endoteliais (KOBAYASHI-SAKAMOT& al., 2006). Nesse
cenario, é possivel que esses fatores que tenteitn b remodelamento 6sseo por
afetarem a proliferacdo celular, a migracdo delaglinflamatorias, vascularizacdo ou
apoptose. Assim, esses aspectos necessitam ser mghtorados no diabetes.

Uma possivel explicacdo para os resultados obtidste estudo é que ha reducao
conjunta da reabsorcao e formacdo 6ssea no grapétitio apds fratura dssea,
comparado a forte atividade metabdlica observadanmnais normoglicémicos. A
reducao conjunta pode ser resultado da menor esgwee RANK, RANKL e OPG.
Esses resultados podem ser Uteis para futurasa®ragp tentativa de minimizar o efeito

do estado diabético na consolidagéo 0ssea.
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6-CONCLUSOES
A partir dos resultados obtidos e, com base nadokigia utilizada, pode-
se concluir que:

a) O diabetes induzido pelo aloxano atrasa sigiifiamente o processo de

reparacédo de fraturas 0sseas;

b) O estado diabético interfere com a expressadaloges reguladores da

remodelacédo 6ssea RANK, RANKL e OPG em sitios aleiffa;

c) O atraso no reparo de fraturas observado nos dibéticos parece estar
associado a reducdo na expressao das proteinas RRAMKL e OPG causando um

desequilibrio nos niveis de RANKL e OPG nos sitide reparo 0sseo.
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