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RESUMO

Objetivo: Analisar a expressdao de integrina alfa2, mediadores moleculares, citocinas e
guimiocinas, a partir de células presentes no liquido intersticial periapical adjacente a dentes

portadores de infeccdo dos canais radiculares.

Metodologia: Os 13 pacientes incluidos no estudo foram encaminhados a Faculdade de
Odontologia da Universidade Federal de Minas Gerais (Belo Horizonte, MG, Brasil). As
amostras foram retiradas de dentes com necrose pulpar e nenhum paciente apresentou sintomas
periapicais agudos no momento das coletas. Apos a limpeza e formatacdo dos sistemas de
canais de radiculares (SCR), 3 cones de papel absorventes foram introduzidos no SCR. De
forma passiva, o cone de papel ultrapassou o &pice radicular em 2 mm e permaneceu por 1
minuto. As amostras foram coletadas imediatamente ap6s a limpeza do canal radicular e 7 dias
apos, para caracterizar as expressdes dos genes ITGA2, Hsp47, FAK, OPN, IL-1B, TGF-B,IL-

17A, IL-10, IFN-y, IL-8, CCL2/MCP-1, CCLS5, utilizando-se a PCR em Tempo Real.

Resultados: Observaram-se niveis significativamente mais baixos de TNF-a, CCL5, CCL2 /
MCP-1 e IL-8 em dentes com cargas bacterianas reduzidas (segunda coleta), quando comparada
a primeira coleta. Do mesmo modo, a expressdo do mRNA das proteinas SSP1 / OPN e FAK
diminuiu nas amostras coletadas na segunda amostragem (7 dias). A expressao génica da 1L-10
foi significativamente superior nas amostras coletadas 7 dias apds a limpeza e formatacdo dos
SCR quando comparada aquela coletada no dia 0. As expressdes génicas da IL-1p, IL-17A,

IFN-y, ITGA2 e Hsp47 / SERPINH1 foram semelhantes nos dois momentos avaliados.

Conclusdo: Estes resultados sugerem que ap6s a reducdo da carga bacteriana do SCR uma

resposta anti-inflamatdria se instala no periapice, aparentemente mediada pela IL-10.



Palavras-chave: integrina, SSP1 / OPN, FAK, ITGA2, Hsp47 / SERPINH1, periodontite

apical, citocinas e quimiocinas.



Abstract

Aim: To examine alpha 2 integrin, molecular mediators, cytokines, and chemokines
from cells in periapical interstitial fluid from root canal infections.

Methodology: Subjects included 13 patients referred to the College of Dentistry at the
Universidade Federal de Minas Gerais (Belo Horizonte, MG, Brazil). Clinical samples
were taken from teeth with pulp necrosis and no patients had acute periapical symptoms
at the time of the appointments. After cleaning and drying, 3 paper points were
introduced into the root canal, passing passively through the root apex (2 mm) into the
periapical tissues for 1 minute. The samples were collected immediately after root canal
cleaning and 7days later (restrained root canal bacterial load) to characterize ITGA2,
Hsp47, FAK, OPN, IL-1B, TGF-B,IL-17A , IL-10, IFN-y, IL-8, CCL2/MCP-1, CCL5 gene

expressions using Real Time PCR.

Results: Significantly lower levels of TNF-a, CCL5, CCL2/MCP-1, and IL-8 in teeth
with restrained bacterial loads (second collection) compared to the first collection were
observed. Similarly, the mRNA expression of the proteins SSP1/OPN and FAK
decreased in samples from the second collection. The regulatory cytokine IL-10 mRNA
was significant higher in the samples from the second collection compared to the first
collection. mRNA expression of IL-1p, IL-17A, IFN-y, ITGA2 and Hsp47/SERPINH1

were similar at both time points.

Conclusion: These findings suggest that after reducing the root canal bacterial load an
anti-inflammatory response take place in periapical area regulated by the Treg IL-10

cytokine.

Key words: Integrin, SSP1/OPN, FAK, ITGA2, Hsp47/SERPINHL1, apical

periodontitis, cytokine and chemokine.
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1 INTRODUCAO E RELEVANCIA

As patologias pulpares e perirradiculares iniciam-se no momento em que
microorganismos oportunistas violam a estrutura dental através de lesdes cariosas,
traumas, restauracbes mal adaptadas e defeitos estruturais, como trincas e fissuras
produzidas pelo estresse mastigatorio (37). Isso permite que agentes patogénicos
penetrem na estrutura dental provocando uma resposta inflamatdria no hospedeiro frente
aos agentes agressores que infectam e colonizam o Sistema de Canais Radiculares
(SCR).

A resposta inflamatoria contra os patdgenos provenientes do sistema de canais
radiculares (SCR) infectados induz a liberacdo de mediadores inflamatorios que, ao
conter a invasdo dos agentes agressores aos tecidos perirradiculares, promovem
destruicdo localizada no préprio tecido do hospedeiro (50). Mediadores quimicos como
a Interleucina-1p (IL-1pB), Fator de Necrose Tumoral alfa (TNF-a), Interferon gama
(IFN-y) promovem intera¢des entre o receptor ativador do fator nuclear Kappa B
(RANK) e o seu ligante (RANKL) e consequente ativacdo e diferenciacdo dos pré-
osteoclastos em osteoclastos. Essa interacdo provocara uma reabsorcdo éssea periapical
proporcionando a instalacdo de um tecido imunocompetente que visa impedir a
disseminacdo de microrganismos para tecidos periapicais e para os demais tecidos do
hospedeiro. (7,10,13).

No decorrer entre a penetracdo e a colonizacdo dos SCR, inter-relacdes
ecoldgicas microbianas ocorrem mudando o perfil e a patogenicidade microbiana.
Fatores como: ambiente especifico; pressdes seletivas existentes nos canais radiculares

(48); disponibilidade de nutrientes; o pH; temperatura e baixa tensdo de oxigénio
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(potencial redox) (43,48) podem determinar estas interagdes como sinérgicas ou
antagobnicas (33,34,45,46,48). Essas relacdes influenciam de forma decisiva na
colonizagdo e no estabelecimento da microbiota infectante do SCR (3, 48), culminando
na instalagdo da infeccdo endoddntica composta principalmente por espécies anaerobias
(2,7,11,21,31,34,43,44,52), e por conseguinte podem produzir respostas agudas ou
cronicas aos tecidos periapicais do hospedeiro. Assim a viruléncia e o numero de
espécies bacterianas determinardo os efeitos patogénicos microbianos que atuam de
forma direta, através da producdo de enzimas e de toxinas sobre os tecidos que
circundam o dente; e indireta, via estimulacdo e liberacdo de mediadores sollveis
derivados do hospedeiro, como as citocinas e quimiocinas (42).

A patogenicidade da microbiota infectante determinara o recrutamento de
células inflamatdrias, liberacdo de citocinas e quimiocinas pro-inflamatorias e
imunorregulatdrias responsaveis pela polarizacdo da resposta imune. De acordo com 0
conhecimento atual, os Linfécitos T helper (Th) ativados se subdividem em subgrupos
Thl, Th2, Th1l7 e Treg que se caracterizam principalmente pelo perfil de citocinas
produzidas e seus efeitos sobre o organismo (25). A resposta imune do tipo 1 (Thl)
caracteriza-se principalmente pela producdo de TNF-a, IFN-y e IL-18 que induzirdo a
diferenciacéo e ativacdo dos pré-osteoclastos pelo ligante do receptor ativador do fator
nuclear Kappa B (RANKL) e consequente progressdo da infeccdo (10,51). Os
osteoclastos se ligam a hidroxiapatita, através da Osteopontina, que € uma proteina
fosfoproteica biosintetizada por células do sistema imune, como macréfagos, células T e
B, neutrdfilos e células dendriticas. A OPN atua como imunomodulador ao promover o
recrutamento de células inflamatdrias ao sitio da inflamacéo, influenciando a imunidade
celular com funcdes de citocinas pré-inflamatorias ao estimular a producédo de IFN-y,

IL-12 e IL-17 e inibir a producédo de I1L-10 (35,41). A OPN age também como proteina
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adesiva, na ligacdo entre células e 4&tomos de célcio, disponiveis em tecidos 0sseos e
dentes, através do fosfato de calcio atuando como remodelador 6sseo e inibidor de
crescimento de cristais de calcio (26,56).

A resposta celular do tipo 2 (Th2) produz IL-4, IL-5, IL-6, IL-10 e IL-13 que
estdo relacionadas aos processos de cura e reparo da area afetada (19,53). Esses dois
subgrupos, Thl e Th2, apresentam regulacdo cruzada, através de liberacdo de citocinas
antagbnicas como a IL-10 e o fator de crescimento tumoral (TGF-p). Ou seja, as células
Th1 inibem a resposta Th2 pela producdo de IFN-y e IL-12, enquanto as células Th2
inibem a geracdo de uma resposta Th1l produzindo citocinas como a IL-4 e I1L-10 (28).

Os linfécitos T reguladores (Treg) atuam como agentes imunossupressores e
reestabelecem o equilibrio entre a progressao da infeccéo e a resposta imunoldgica do
hospedeiro restringindo uma reacdo inflamatéria mais intensa e danosa ao préprio
organismo (10,38,58).

Células Thl7 sdo caracterizadas por expressarem a IL-17 e IL-22 e estdo
relacionadas a exacerbacdo de processos inflamatorios em lesbGes perrirradiculares,
através da inducéo de secrecdo de mediadores pro-inflamatérios como a IL-8, TNF-a,
IL-1p, e IL-6 que promovem rapidamente o recrutamento de neutrofilos para o local da
infeccdo (6), sendo consideradas pontes entre a resposta adaptativa e inata (59), através
de estimulo para produzir outras citocinas pro-inflamatorias que atuam na progressao de
lesBes periapicais (6,57).

Quimiocinas possuem um papel de destaque no processo inflamatorio uma vez
que funcionam como agentes quimiotaticos e promovem uma resposta imune inicial
para diferentes tipos de patogenos, através do recrutamento de células efetoras
apropriadas para o sitio inflamatorio, incluindo o recrutamento de diferentes células Thl

e Th2. CCL2/MCP-1 tem sido associado ao recrutamento de células inflamatoérias e tem
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acdo sobre a diferenciacdo de células T efetoras, uma vez que leva a diminui¢do da
producdo da IL-12 pelos macrofagos e a supressdo da resposta Thl. CCL-5 possui
fungdes quimiotaticas para células T, eosindfilos, e basofilos, desempenhando um papel
ativo no recrutamento de leucdcitos, além de induzir a expressdao de moléculas de
adesdo celular (7,15).

Os granulomas e cistos radiculares sdo lesbes perirradiculares crénicas,
consideradas como sequelas de processos infecciosos resultantes da necrose pulpar. Os
linfécitos T CD4+, LT CD8+, neutrofilos, macréfagos, mastocitos e eosinofilos sdo as
principais células presentes nestes sitios e, juntos, formam um intenso infiltrado
inflamatorio circundado por uma cépsula de tecido conectivo (32).

De todas as células presentes na lesdo perirradicular os macré6fagos tem
merecido destaque na funcdo fagocitaria, desempenhando o papel de células
apresentadoras de antigenos e secretando fatores de crescimento que estimulardo o
recrutamento de fibroblastos, proliferacdo e deposi¢édo de coldgeno. Com isso tem papel
fundamental na coordenacéo da reparacéo tecidual (1,9,23).

O processo de reparacdo da area afetada é ativado por fatores de crescimento,
moléculas de adesdo celulares, citocinas, quimiocinas, enzimas remodeladoras e
componentes da matriz extracelular (MEC) (5,20).

As células produtoras de colagenos sempre sdo acompanhadas pela expressao de
proteinas do choque térmico 47 (Hsp47) que sdo essenciais para a sintese e
processamento de varios tipos de coldgenos em varios tecidos e em algumas condicdes
patofisiologicas (29,30). Hsp47 sdo chaperones moleculares localizados no reticulo
endoplasmatico que se ligam transitoriamente ao pré-colageno durante seu dobramento,

montagem e transporte para o meio extracelular, assegurando a correta maturacdo de

19



varios tipos de moléculas de colageno e impedindo a formacdo de agregados celulares
(30,49).

Integrinas s@o glicoproteinas localizadas na membrana plasméatica e estdo
envolvidas em interacBes entre células, células-matriz extracelular e célula-patdgeno,
por meio de ligacOes a ligantes distintos ou a combinacéo de ligantes (47). Essas atuam
como mediadores no processo inflamatorio, uma vez que exercem papel importante nas
etapas de adesdo leucocitaria, quimiotaxia, fagocitose, adesdo endotelial e, por fim, na
agregacao celular (4).

A classificacdo das integrinas é feita de acordo com a subunidade p em comum
(17,40). Sua afinidade se da pelo ligante na matriz extracelular que é conferida pela
cadeia a (54).

As principais integrinas que se ligam ao coldgeno na célula sao alpl e a2f1.
Essas integrinas se ligam ao colageno tipo I, muito presente no ambiente perirradicular e
também em lesdes periapicais (8).

A matriz extracelular € constituida por diferentes combinagdes de colagenos,
proteoglicanos, acido hialuronico e varias glicoproteinas como a laminina e
fibronectina, que atuam de forma a preencher os espacos intercelulares (14,39). A
integrina 0231 interage com o coldgeno e a laminina, atuando ndo apenas como receptor
para essas proteinas, mas também como organizadora da matriz extracelular,
moduladora da migracdo celular e organizadoras do citoesqueleto e da producdo de
metaloproteinases (16,60).

A subunidade 02 ( ITGA2) é expressa tanto por células epiteliais quanto por
fibroblastos, células endoteliais, plaquetas e células T ativadas. Tem como principal

funcdo estimular a expressdo génica de coldgeno e colagenase em duas e trés
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dimensdes, e assim reparar o arcabouco da matriz de colageno na regido afetada pela
infeccéo (18,22,36).

Os sinais iniciados pela interacdo das proteinas de matriz com a integrina devem
ser transduzidos no interior da célula por proteinas citosélicas denominadas quinase de
adesdo focal (FAK). Essas proteinas formam um elo entre a matriz extracelular, o
citoesqueleto de actina e integrinas (12,27,55). Essa interacdo atua diretamente na
plasticidade da estrutura do citoesqueleto e confere a habilidade da célula em migrar e
ou evadir para os sitios de reparo em resposta aos fatores de crescimento.

Os tecidos possuem a capacidade de restaurar sua estrutura original apoés a
remocdo do agente agressor por meio de processos reparativos, regulados através de
sinalizacBes e liberacdo de mediadores quimicos. Essas sinalizagdes ocorrem entre
célula-célula e célula-matriz com uma variedade de citocinas e fatores de crescimento
que promoverdo mitoses celulares e apoptoses, que restabelecem os tecidos afetados
pela infeccdo (24). O conhecimento desses processos de inter-relagbes celular e
tecidual vem desvendar, cada vez mais, a patogénese e a cura das doencas endodonticas,
e, tem ainda, a capacidade de desenvolver novos métodos para a prevencéo,

diagnosticos e tratamento da periodontite apical.
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2 OBJETIVOS

OBJETIVO GERAL:

Avaliar a expressdo de integrinas, chaperona molecular, citocinas e quimiocinas em

dentes portadores de necrose pulpar, por meio do PCR em tempo real.

OBJETIVO ESPECIFICO:

Avaliar a expressdo de ITGA2, Hsp47, OPN, FAK, IL-1B, IFN-y, TNF-a,

CCL2/MCP-1, CCL5, IL-17A, IL-10 e IL-8 nos tecidos perirradiculares, imediatamente

apos a limpeza e formatacdo dos SCR (na presenca de infeccdo) e 7 dias apos (na

auséncia de infeccéo).
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Abstract

Aim: To examine alpha 2 integrin, molecular mediators, cytokines, and chemokines
from cells in periapical intersticial fluid from root canal infections before and after the

reduction of the bacterial load by cleaning procedure.

Methodology: Subjects included 13 patients referred to the School of Dentistry at the
Universidade Federal de Minas Gerais (Belo Horizonte, MG, Brazil). Clinical samples
were taken from teeth with pulp necrosis and no patients had acute periapical symptoms
at the time of the appointments. After cleaning and drying, three paper points were
introduced into the root canal, passing passively through the root apex (2 mm) into the
periapical tissues for 1 minute. The samples were collected immediately after root canal
cleaning and seven days later (restrained root canal bacterial load) to characterize those
gene expressions using Real Time PCR.

Results: Significantly lower levels of TNF-a, CCL5, CCL2/MCP-1, and IL-8 in teeth
with restrained bacterial loads (second collection) compared to the first collection were
observed. Similarly, the mRNA expression of the integrins SSP1/OPN and FAK
decreased in samples from the second collection. The mRNA for the regulatory
cytokine IL-10 was significant higher in samples from the second collection compared
to the first collection. mRNA expression of IL-1p, IL-17A, IFN-y, ITGA2 and
Hsp47/SERPINH1 were similar at both time points.

Conclusion: These findings suggest that after reducing the root canal bacterial load an

decrease in the inflammatory response took place in the periapical area.

Key words: Integrin, SSP1/OPN, FAK, ITGA2, Hsp47/SERPINHL1, apical

periodontitis, cytokine and chemokine
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Introduction

Apical periodontitis is an inflammatory disease of periradicular tissues caused
by the host immune response to root canal infection, characterized by localized
inflammation concomitant with bone resorption. The pathogenesis of periapical disease
involves degradation of extracellular matrix components, including laminin, fibronectin,
collagen and proteoglycans (13, 21, 24, 27).

Lymphocytes are the most prevalent cells in the periapical inflammatory
infiltrate (46). These cells are associated with the production of cytokines and
chemokines that restrain the root canal infection (31, 38), but also lead to alveolar bone
destruction.

The antigen-presenting cells, especially dendritic cells and macrophage, are
responsible, at least, for the polarization of four different Th subsets (28). Inflammatory
response is related to Thl subset which produces cytokines like IFN-y, TNF-o and IL-1,
which are involved in the progression, bone destruction and remodeling of periapical
lesions (39). Conversely, the healing process is related to the Th2 subset (21). Th17
subset may play a role in exacerbating inflammation by stimulating the secretion of pro-
inflammatory mediators, such as IL-8, TNF-a, IL-6 (20). Regulatory T (Treg) cells
maintain normal homeostasis and reduce the over-activity of Thl, Th2 and Th17
response. IL-10 exhibits strong anti-inflammatory properties and are produced by Th1,
Thl7, Th2 and Treg cells (4).

Cleaning and shaping procedures play a role in the reduction of root canal
microbiota and its byproducts, allowing the proper healing of apical tissues (14). This

process is tightly regulated through cell-cell interactions and cell-matrix signaling,
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promoted by integrins, a variety of cytokines and growth factors, as well as by cell
mitosis and apoptosis (6,16).

Integrins are a large family of heterodimeric membrane glycoproteins involved in
cellular processes mediated by cell to cell and cell to extra-cellular matrix interactions.
Alpha-2 integrin mediates induction of collagenase MMP-1 in fibroblasts within
collagen gels (22).

Heat Shock proteins (HSPs) exert a protective role against harmful
environmental conditions and pathogens. They are characteristically induced by stress
signals such as elevated temperature, infectious agents and inflammatory mediators
participating in the folding and translocation of polypeptides across the cell membrane
(11). Hsp47 is the major collagen-binding heat inducible glycoprotein expressed in
fibroblast (30,43).

The aim of this study was to quantitatively assay the mRNA expression of the
alpha 2 integrin (ITGA2), heat shock protein 47 (Hsp47/SERPINH1), osteopontin
(OPN/SSP1), focal adhesion kinase FAK/PTK2, as well as TNF-a, IFN-y, IL-1p, IL-17,
IL-10, CCL2/MCP-1, CCLJ5, and IL-8 in samples collected from interstitial fluid
adjacent to human root canal infections. In addition, we detected the same integrins and
cytokines seven days later, after the root canal cleaning procedures, when root canal
bacterial load was strongly reduced, providing conditions for healing process. Finally,

we statistically compared and analyzed both sets of data.
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Materials and Methods

Study Participants

Subjects were 13 patients referred to the Dental School at the Federal
University of Minas Gerais (UFMG), Belo Horizonte, Brazil to receive endodontic care,
18 to 80 years old. The exclusion criterion for this study was anti-inflammatory and
antibiotic therapy up to 3 months before starting endodontic therapy. All participants
signed the informed consent formulary. This study was approved by the Ethics

Committee of the Federal University of Minas Gerais (CAAE 20383914.0.0000.5149).

Sample Collection

Clinical samples were taken from 13 teeth (single and multirooted) presenting
pulp necrosis and apical periodontitis, diagnosed by clinical and radiographic analyses
and pulp sensibility tests. All selected patients failed to present acute periapical
symptoms. Teeth were isolated by using a rubber dam followed by complete asepsis of
the isolated crown with 30% hydrogen peroxide, followed by 5% iodine and by
inactivation with 5% sodium thiosulfate as proposed by Mdller. Cleaning and shaping
of the root canals were completed by using ProTaper nickel-titanium files (Dentsply
Maillefer, Ballaigues, Switzerland) in conjunction with 5.2% sodium hypochlorite.
Collections were performed as previously described (19). Briefly, the samples were
collected using paper points immediately after root canal cleaning to characterize the
MRNA expression profiles of cytokines, chemokines, and integrins. After cleaning and
drying, three paper points were introduced into the root canal through the root apex (2
mm) into the periapical tissues, for 1 minute (day 0). The 4 mm tip of the paper points

were dropped into a microcentrifuge tube, and the samples were stored at -70°C. By
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using this procedure, RNA was collected from the periapical interstitial fluid. No
endodontic dressing was inserted into root canals. The coronal accesses of the teeth
were restored with eugenol-based cement. Seven days later (day 7), the teeth were
reopened, and the periapical interstitial fluid was sampled again to characterize the
expressions of cytokines and integrins in teeth after instrumentation. In teeth with
multiple canals, the first (day 0) and second (day 7) samples were collected from the
same canal. No clinical signs or symptoms were present at the time of the second

collection, and root canals were filled by lateral condensation technique.

Sample Preparation

Total RNA was extracted from each sample with TRIzol reagent (GIBCO/BRL
Laboratories, Grand Island, NY). Briefly, chloroform was added to the tubes containing
the paper points, and the mixture was centrifuged at 12,000g at 4°C for 15 minutes; the
aqueous phase was collected, and RNA was precipitated by isopropanol, 75% cold
ethanol was added and samples were centrifuged again at 12,0009 at 4°C for 15
minutes. Ethanol was discarded, samples were dried, dissolved in RNase-free water,

and then incubated at 55°C for 10 minutes. The RNA was then stored at -70°C.

Real-time Polymerase Chain Reaction

Complementary DNA was synthesized by using 1 pg of RNA through a reverse
transcription reaction as described by Barbosa Silva et al. Polymerase chain reaction
(PCR) was carried out under standard conditions: a holding stage of 95°C
(10 minutes), a cycling stage with 40 cycles of 95°C (15 seconds), followed by 60°C

(Iminute) and a melt curve stage of 95°C (15 seconds), 60°C (1 minute), and 95°C
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(15 seconds). The primer sequences used for quantitative PCR analysis of IFN-y, TNF-
a, IL-1p, 1L-17, IL-10, CCL2/MCP-1, IL-8, CCL5, ITGA2, Hsp47, OPN, FAK, and
GAPDH mRNA expression are shown in Table 1. The sequences of human primers
were designed by using PRIMEREXPRESS software (Applied Biosystems, Foster City,
CA) based on nucleotide sequences available in the GenBank database. The real-time
PCR assay was performed by using the StepOne Real-time PCR System (Applied
Biosystems). A Syber-Green detection system (Applied Biosystems) was used to assay
primer amplification. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used
as a housekeeping gene for normalization. All samples were run in duplicate. Sequence
Detection System Software version v 2.4.1 (Applied Biosystems ®) was used to analyze
data after amplification. Results were obtained as threshold cycle (Cy) values.
Expression levels were calculated by using the comparative 2 4™ method (25). The
values were calculated as the mean value of duplicates for each patient, and the
expression levels of MRNAs in all samples were expressed as the ratio of each specific

primer to GAPDH expression.

Statistical Analysis

Data analysis was performed by using SPSS for Windows (version15.0; SPSS,
Chicago, IL, USA). Data were subjected to the Shapiro-Wilk test to characterize their
normality. Because data did not present a normal distribution, the Wilcoxon test was

used to determine statistical differences in samples from the same groups (P < 0.05).
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Results

MRNA expression was determined by real-time PCR and quantified by
comparison with the internal control gene GAPDH. Assessment revealed significant
decreases in TNF-a, CCL5, CCL2/MCP-1, and IL-8 mRNA levels on day 7 when
compared to day O (p < 0.05) (Fig. 1). Similarly, the mRNA expression of the integrins
SSP1/OPN and FAK decreased in samples from the second collection (p < 0 .05) (Fig.
2). IL-1B, IL-17A, IFN-y and Hsp47/SERPINH1 and ITGA2 gene expression was
similar at both time points (p > 0.05, Fig 1 and 2). mRNA expression of 1L-10

significant increased at day 7 (P < 0.05 Fig. 1).

Discussion

The presence of microorganisms and their byproducts inside infected root canals
evokes host immune response aimed at avoiding dissemination through the periapical
foramen. Cleaning and shaping procedures strongly diminish the root canal bacterial
load and, afterwards, periapical healing starts. This process involves overlapping phases
of inflammation, proliferation and remodeling, each characterized by dynamic
interactions among components of the extra-cellular matrix, growth factors, and cells (2,
33). In this study, expressions of inflammatory and regulatory genes were investigated
in periapical lesions immediately after root canal cleaning procedures and 7 days later.

The identification of novel targets that restrain the progression of periapical
lesions might improve diagnostic procedures and the development of individualized
treatment plans and regenerative procedures. In this regard, this study investigated
ITGA2 and Hsp47 gene expression in active lesions and seven days after root canal
cleaning, since several periapical cellular processes involve cell-extra-cellular matrix

and cell-cell interactions (43). Integrins are critical components of the cell attachment
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machinery. Most normal vertebrate cells cannot survive unless they are anchored to the
extra-cellular matrix. ITGA2 and Hsp47 are major collagen-binding heat-inducible
glycoproteins in fibroblast (13), which are expressed associated with collagen in various
tissues during pathophysiological conditions (30). In this study, ITGA2 and Hsp47
MRNA were present at similar levels in both conditions evaluated. This result suggests
that the healing process is still in course seven days after root canal instrumentation.
Recently, it was shown that ITGA4 mRNA expression was significantly higher in
inactive compared with active periapical granulomas (16). However, no data for
ITGA2 were found in the literature.

Hsp44 genes were significantly increased in a pool of periapical granulomas
compared with a pool of healthy periodontal ligaments (17). These authors indicated
that HSP40 gene family plays a crucial role in the maintenance of infection and tissue
destruction in apical periodontitis. Here, we investigated the levels of Hsp47 in
endodontic lesions. We found that Hsp47 was expressed in active lesions and seven
days after cleaning, at similar levels, again indicating that seven days after root canal
instrumentation tissue re-shaping was still in course.

Recently, it was shown that FAK expression is associated with cell motility,
invasiveness, proliferation and apoptosis (18, 23, 47). In the present study, after
cleaning procedures FAK mRNA expression was significantly down-regulated (p <
0.05) indicating that microbial infection stimulates its expression, as demonstrated
elsewhere (32).

OPN regulates adhesion and recruitment of neutrophils and macrophages, and T
cell binding to integrins (34). It has been associated with Th1 responses by increasing
IL-12 and diminishing IL-10 production (5, 45). In this study, OPN mRNA expression

was significantly decreased at day 7 after cleaning procedures (p < 0.05), which
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mirrored the decrease of type 1 cytokines at the same time, as demonstrated by others
(10, 40, 41).

The inflammatory cytokines IL-1p, IL-17, IFN-y, IL-8, and TNF-a were detected
in periapical interstitial fluid, as observed elsewhere (10, 15, 35, 40, 42). In this study,
MRNA expression of the inflammatory cytokines TNF-a, CCL5, CCL2/MCP-1, and IL-
8 decreased at day 7 after cleaning and shaping procedures, in agreement with the
findings previously observed (10, 40, 41).

IL-1 B stimulates bone resorption by osteoclasts, by inducing IL-17 synthesis (28).
Moreover, IL-17 induces the secretion of IL-8, TNF-a and IL-1p by monocytes. These
cytokines promote quick neutrophil movement to the site of the infection (8, 20). In this
study mRNA expression of IL-1p and IL-17 were similar at both times analyzed.
Recently, similar results were found concerning IL-17 but not in regards to IL-18,
which was expressed in similar levels during the observation time (10, 40, 41). In an
animal model, it was demonstrated that both cytokines (IL-1p and I1L-17) were detected
in higher levels during the active phase when compared with chronic phase of lesion
development (21, 44). Thus, it is possible that, despite the cleaning procedure, some
inflammation was still in course in our patients, as suggested by these cytokines.
However, mMRNA expression of TNF-a and IL-8 were significantly lower seven days
after root canal cleaning (p < 0.05), suggesting resorption and neutrophil recruitment
decrease after this procedure. Other researchers did not observe any significant
differences in mMRNA TNF-a expressions, neither in HIV negative (10, 40, 41) nor in
HIV positive individuals (9).

CCL2/MCP-1 and CCLS5 are chemotactic for monocytes, T cells, eosinophils,
and basophils, and play an active role in recruiting leukocytes into inflammatory sites

(12, 26, 36). Association between CCL5 and Thl-type cellular responses was suggested
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by the finding that neutralization of CCL5 reduced type 1 granuloma formation (7). In
this study, CCL2 and CCL5 mRNA expressions were significantly decreased at day 7
after cleaning procedures (p < 0.05). Previously it was demonstrated similar results
concerning CCLJ5, but not in regards to CCL2, which was found at similar levels on
days zero and seven after root canal cleaning (10). These contradictory results may the
due to differences in the efficiency of the cleaning procedures. We suggest that the
process of control of inflammation has started at this time point and if investigated later
would reveal a more clear-cut non-inflammatory scenario. In addition, different inicial
infections might account for the variability encountered. Further evidence of the
healing and immunoregulatory process at day 7 in our patients is the higher leves of IL-
10 found seven days after root canal cleaning.

In conclusion, our results demonstrate a decrease in mMRNA expression of
proinflammatoy mediators such as TNF-a, IL-8, OPN, FAK, CCL5 and an increase in
the mRNA expression of immune regulator cytokine (IL-10) when the root canal
bacteria load was reduced. Fibroblast and endothelial cells are expected to migrate into
the healing tissue. Alpha 2 integrin and heat shock protein 47 had similar expression
before and after cleaning procedures, probably indicative of the healing process.
Further comprehensive clinical studies should be conducted in the periapical area, given
the fact that several other players are involved in the inflammatory and healing
processes. However, expression of the genes described here suggested an on-going

healing process after reduction of bacterial load by root canal cleaning.
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Gene Sense and antisense Mt* bp*
(’C)
GAPDH 5’-GCA CCA CCA ACT GCT TAG CA- ¥’ 80 96
5>-TGG CAG TGA TGG CAT GGA GGA- 3’
TNF-a 5>-TTC TGG CTC AAA AAG AGAATT G-3 76 73
5>-TGG TGG TCT TGT TGC TTA AGG- 3’
IL-1B 5’-TGG CAG AAA GGG AAC AGAA-3 73 59
5’-ACA ACA GGA AAG TCC AGG CTA- 3’
IL-10 5’-GGT TGC CAAGCC TTG TCT GA- 3’ 81 107
5>-TCC CCC AGG GAG TTCACAT-3’
IL-17 5’-CAA TGA CCT GGA ATT ACC CAA- 3’ 70 52
5’-TGA AGG CAT GTG AAATCG AGA- 3
IFN-y 5’-ACT GAC TTG AAT GTC CAACGC A- 3’ 61 101
5>-ATC TGACTCCTTTTT CGC TTC CC- 3’
ITGA2 5’-GCA GAT GGACCACACTTT GA-3° 60 115
5>-TGTCTGTGCCCTTTT CCT CT- 3’
HSP47 5’-TGC TGA GCC CGG AAACTC- 3’ 62 63
5’-TTC AGG GCA GGC AGA ATG- 3°
IL-8 5’- GAATGG GTT TGC TAG AAT GTG ATA- 3 60 129
5’- CAG ACT AGG GTT GCC AGATT TAAC-3
CCL5 5’-CGT GCC CAC ATC AAG GAG TA- 3% 80 91
5’-CAC ACACTT GGC GGT TCT TTC- 3’
OPN 5’-GCC GAG GTG ATAGTG TGG TT- 3’ 62 101
5’-TGA GGT GAT GTCCTC GTC TG- 3°
FAK 5’-CAA CAG GTG AAG AGC GAT TA- 3 58 99
5>-CCAGTATGATCG CCG TAT TT- 3’ 81 93
CCL2 5’-AGG ACC ATT GTG GCC AAG GA-3°

5’-CGG AGT TTGGGT TTGCTT GT-3’

Table 1. Primer sequences

*Mt: melting temperature; bp: base pairs of amplicon size
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MRNA expression/GAPDH

MRMNA expression/GAPDH

Figure 1. Expression of CCL2/MCP-1, CCL5/RANTES, IL-8, TNF, IL-1B, IFN-
v IL-17A and IL-10 in infected root canal periradicular tissues. Expression was
determined by real-time PCR and quantified by comparison with internal control
(GAPDH). Bars represent mean values of samples recovered from 13 patients; lines

represent standard error of mean.” indicates p <0.05.
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MRNA expression/GAPDH

MRNA expression/GAPDH

Figure 2. Expression of SSP1/OPN, ITGA2, FAK and Hsp47/SERPINHLI in infected
root canal periradicular tissues. Expression was determined by real-time PCR and
quantified by comparison with internal control (GAPDH). Bars represent mean values

of samples recovered from 13 patients; lines represent standard error of mean.” indicates

p <0.05.
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CONCLUSAO
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4 Conclusao

Conclui-se que a expressdo de intregrina alfa2 (ITGA2), proteina do choque
térmico 47 (Hsp47), das proteinas citosolicas OPN e FAK, bem como dos mediadores
pro-inflamatorios IL-1p, IFN-y, TNF-a e IL-17, das quimiocinas CCL2/MCP-1, CCL5 e
IL-8, e da citocina reguladora IL-10 sofrem o efeito da presenca ou da auséncia de uma
carga microbiana efetiva no interior do SCR. Ou seja, que ocorre um predominio dos
mediadores pré-inflamatdrios na presencga da infec¢do endodéntica e uma reducdo dos
mesmos, em concomitancia com o aumento da expressdo da citocina IL-10, apos a

reducdo da carga bacteriana.

48



REFERENCIAS BIBLIOGRAFICAS

49



Referéncias bibliogréficas (Introducao)

1.Bleacher JC; Adolph VR; Dillon PW; Krummel TM.Fetal tissue repair and wound
healing. Dermatol Clin 1993, v. 11(4), p. 677-83.

2.Brito LCN, Teles FR, Teles RP et al. Use of Multiple-Displacement Amplification and
Checkerboard DNA-DNA Hybridization to Examine the Microbiota of Endodontic
Infections. J Clin Microbiol 2007, v.45, p. 3039-49.

3.Caires NCM, Matos AM, Farias LM et al. Partial characterization of antagonistic
substance produced by a Clostridium butyricum strain. Braz J Microbiol 2007, v.28, p.
265-9.

4.Canalli AA Conran N, Fattori A, Saad STO, Costa FF. Increased adhesive properties of
eosinophils in sickle disease. Exp Hematol 2004, v.32(8), p. 728-34.

5.Chen L, Arbieva ZH, Guo S, et al. Positional differences in the wound transcriptome of
skin and oral mucosa. BMC Genomics 2010, v.11, p.471.

6.Colic M, Gazivoda D, Vucevic D, Sasa V, Rudolf R, Lukic A. Proinflammatory and
immunoregulatory mechanisms in periapical lesions. Mol Immunol 2009, v.47, p. 101-
13.

7. de Brito LC, Teles FR, Teles RP, Totola AH, Vieira LQ, Sobrinho AP. T-Lymphocyte
and Cytokine expression in human inflammatory Periapical lesions. J Endodon 2012,
V.38, p.481-5.

8.Delzangles B, BoyLefevre ML, Forest N. Glycoproteins expression in apical pathologic
tissues: Clinical incidences. J Endodon 1997, v.23 (9), p.565-568.

9.Diegelmann RF; Cohen IK; Kaplan AM. The role of macrophages in wound repair: a

review. Plast Reconstr Surg 1981, v. 68(1), p. 107-13.

50


http://pesquisa.bvsalud.org/portal/resource/pt/mdl-8222351
http://pesquisa.bvsalud.org/portal/resource/pt/mdl-8222351
http://portal.revistas.bvs.br/transf.php?xsl=xsl/titles.xsl&xml=http://catserver.bireme.br/cgi-bin/wxis1660.exe/?IsisScript=../cgi-bin/catrevistas/catrevistas.xis|database_name=TITLES|list_type=title|cat_name=ALL|from=1|count=50&lang=pt&comefrom=home&home=false&task=show_magazines&request_made_adv_search=false&lang=pt&show_adv_search=false&help_file=/help_pt.htm&connector=ET&search_exp=Dermatol%20Clin
http://pesquisa.bvsalud.org/portal/resource/pt/mdl-7017779
http://pesquisa.bvsalud.org/portal/resource/pt/mdl-7017779
http://portal.revistas.bvs.br/transf.php?xsl=xsl/titles.xsl&xml=http://catserver.bireme.br/cgi-bin/wxis1660.exe/?IsisScript=../cgi-bin/catrevistas/catrevistas.xis|database_name=TITLES|list_type=title|cat_name=ALL|from=1|count=50&lang=pt&comefrom=home&home=false&task=show_magazines&request_made_adv_search=false&lang=pt&show_adv_search=false&help_file=/help_pt.htm&connector=ET&search_exp=Plast%20Reconstr%20Surg

10. Fukada SY, Silva TA, Garlet GP,Rosa AL, da Silva JS, Cunha FQ. Factors involved in

11.

12.

13.

14.

15.

16.

17.

18.

19.

the T helper type 1 and type 2 cell commitment and osteoclastic regulation in
inflammatory apical diseases. Oral Microbiol Immunol 2009, v.24, p.25-31.

Gomes BPFA, Pinheiro ET, Gadé-Neto CR et al. Microbiological examination of
infected dental root canals. Oral microbial Immunol 2004, v.19, p.71-6.

Grenz H, Carbonetto S, Goodman SL. Alpha-3-beta-1 integrin is moved into focal
contacts in kidney mesangial cell. J Cell Sci, 1993, v.105, p.739-751.

Hahn, C. L., Liewer, F. R. Innate immune responses of the dental pulp to caries. J
Endodon, v. 33, n.6, p.643-651, 2007a.

Haubner R, Finsinger D, Kessler H. Stereoisomeric peptide libraries and
peptidomimetics for designing selective inhibitors of the avp3 integrin for a new cancer
therapy. Angew Chem Int Ed Eng 1997, v. 36, p.1374-1389.

Heder C, Peltonen M, Koening W, et al. Sytemic immune mediators and lifestyle
canges in the prevention of type 2 diabetes: Results from the Finnish diabetes
prevention study. Diabetes 2006, V.55,p.2340.

Hemler ME, Rutishauser U. Cell-to-cell contact extracellular matrix. Editorial
overview. Curr Opin Cell Biol 2000, v. 12, p. 539-541.

Hynes RO. Integrins: Versatility, modulation, and signaling in cell adhesion. Cell 1992:
69; 11-25.

Ivarsson M, McWhirter A, Black CM, Rubin K. Impaired regulation of collagen pro-
alpha 1(I) mRNA and change in pattern of collagen-binding integrins on scleroderma
fibroblasts. J Invest Dermatol 1993, v. 101, p. 216-221.

Kawashima N, Stashenko P. Expression of bone resorptive and regulatory cytokines in

murine periapical inflammation. Arc Oral Biol 1999, v.44, p. 55-66.

51



20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Kondo T, Ishida Y. Molecular pathology of wound healind. Forensic Sci Int 2010, v.
203, p. 93-8.

Lana MA, Ribeiro-Sobrinho AP, Stehling R et al. Microorganisms isolated from root
canal presenting necrotic pulp and their drug susceptibility in vitro. Oral Microbiol
Immunol 2001, v.16, p. 100-5.

Langholz O, Rockel D, Mauch C, Kozlowzka E, Bank I, Krieg T, Eckes B. Collagen
and collagenase gene expression in three-dimensional collagen lattices are differentially
regulated by a1p1 and a2p1 integrins. J Cell Biol 1995, v. 131, p.1903-1915.

Leibovich SJ; Ross R. The role of the macrophage in wound repair. A study with
hydrocortisone and antimacrophage serum. Am J Pathol 1975, v. 78, p. 71-100.

Majno G, Joris I. Cell, Tissues, and Disease.2™ ed.Oxford: Oxford University Press
2004, p.210-9.

McGeachy MJ, Cua DJ. Th17 cell differentiation: the long and winding road. Immunity
2008, v.4, p.445-53.

McKee MD, Nanci A. Postembedding colloidal-gold immunocytochemistry of
noncollagenous extracellular matrix proteins in mineralized tissues. Microsc Res Tech
1995, v.31, p.44-62.

Miyamoto S, Teramoto K, Coso OA, Gutkind JS, Burbelo PD, Akiyama SK, Yamada
KM. Integrin function — molecular hierarchies of cytoskeletal and signaling molecules. J
Cell Biol 1995, v.131, p.791-805.

Mosmmam TR, Coffman RL. Heterogeneity of cytokine secretion patterns and function
of helper T cells. Adv Immunol 1989, v.46, p.111-147.

Nagai N; Hosokawa M; Itohara S; Adachi E; Matsushita T; Hosokawa N; Nagata K
.Embryonic lethality of molecular chaperone hsp47 knockout mice is associated with

defects in collagen biosynthesis. J Cell Biol 2000, v. 150(6), p. 1499-506.

52


http://pesquisa.bvsalud.org/portal/resource/pt/mdl-1109560
http://pesquisa.bvsalud.org/portal/resource/pt/mdl-1109560
http://portal.revistas.bvs.br/transf.php?xsl=xsl/titles.xsl&xml=http://catserver.bireme.br/cgi-bin/wxis1660.exe/?IsisScript=../cgi-bin/catrevistas/catrevistas.xis|database_name=TITLES|list_type=title|cat_name=ALL|from=1|count=50&lang=pt&comefrom=home&home=false&task=show_magazines&request_made_adv_search=false&lang=pt&show_adv_search=false&help_file=/help_pt.htm&connector=ET&search_exp=Am%20J%20Pathol
http://pesquisa.bvsalud.org/portal/resource/pt/mdl-10995453
http://pesquisa.bvsalud.org/portal/resource/pt/mdl-10995453
http://portal.revistas.bvs.br/transf.php?xsl=xsl/titles.xsl&xml=http://catserver.bireme.br/cgi-bin/wxis1660.exe/?IsisScript=../cgi-bin/catrevistas/catrevistas.xis|database_name=TITLES|list_type=title|cat_name=ALL|from=1|count=50&lang=pt&comefrom=home&home=false&task=show_magazines&request_made_adv_search=false&lang=pt&show_adv_search=false&help_file=/help_pt.htm&connector=ET&search_exp=J%20Cell%20Biol

30. Nagata K. Expression and function of heat shock protein 47: A collagen-specific
molecular chaperone in the endoplasmic reticulum. Matrix Biol 1998, v.16, p.379-386.

31. Narayanan LL, Vaishnavi C. Endodontic microbiology. J Conserv Dent 2010, v.13, p.
233-9.

32. Neville BW, Damm DD, Allen CM, Bouquot JE. Doengas da polpa e do periapice.
Patologia oral e maxilofacial. Rio de Janeiro: Guanabara Koogan 2004, v.3, p.105-29.

33. Oliveira AAP, Farias LM, Nicoli JR, Costa E, Carvalno MAR. Bacteriocin production
by Fusobacterium isolates recovered from the oral cavity of human subjects with and
without periodontal disease and marmosets. Res Microbiol, 1998, v.149, p. 585-9.

34. Peters LB, Wesselink PR, van Winkelhoff AJ. Combinations of bacterial species in
endodontic infections. Int Endod J 2002, v.35, p.698-702.

35. Renkl AC, Wussler J, Ahrens T et al. Osteopontin functionally activates dendritic cells
and induces their differentiation toward a Th1-polarizing phenotype. Blood 2005, v.106,
p.946-55.

36. Riikonen T, Westermarck J, Koivisto L, Broberg A, Kahari V-M, Heino J. Integrin
a2B1 is a positive regulator of collagenase (MMP-1) and collagen al (I) gene
expression. J Biol Chem 1995, v.270, p.13548-13552.

37. Rittling SR, Zetterberg C, Yagiz K, Skinner S, Suzuki N, Fujimura A, Sasaki H.
Protective role of osteopontin in endodontic infection. Immunol 2009, v.129, p.105-114.

38. Romagnani S. Regulation of the T cell response.Clin Exp Allergy 2006, v.44, p.1357-
66.

39. Ruoslahti E, Pierschbacher MD. New perspectives in cell adhesion: RGD and integrins.
Science 1987, v. 238,p. 491-497.

40. Sato H, Seiki M. Regulatory mechanism of 92 kDa type IV collagenase gene expression

which is associated with invasiveness of tumor cells. Oncogene 1993, v.8, p.395-405.

53



41. Shinohara ML, Jansson M, Hwang ES, Werneck MB, Glimcher LH, Cantor H. T-bet-
dependent expression of osteopontin contributes to T cell polarization. Proc Natl Acad
Sci USA 2005, v.102, p. 17101-6.

42.Silva TA, Garlet GP, Fukada SY, Silva JS, Cunha FQ. Chemokines in oral
inflammatory diseases: apical periodontites and periodontal disease. J Dent Res 2007,
v.86, p.306-19.

43. Siqueira Jr JF, Rocas IN, Alves FRF, Silva MG. Bacteria in the apical root canal of
teeth with primary apical periodontitis. Oral Surgery, Oral Med Oral Pathol Oral Radiol
Endod 2009, v.107, p. 721-6.

44, Siqueira Jr JF, Rogas IN, Rosado AS. Investigation of bacterial communities associated
with asymptomatic and symptomatic endodontic infections by denaturing gradient gel
electrophoresis fingerprinting approach. Oral Microbiol Immunol 2004, v.19, p. 363-70.

45. Socransky SS, Haffajee AD, Cugini MA, Smith C, Kent Jr RL. Microbial complexes in
subgingival plaque. J Clin Periodontol 1998, v.25, p. 134-44.

46. Socransky SS, Haffajje AD. Periodontal microbial ecology. Periodontol 2000 2005,
V.38, p.135-87.

47. Sprinter TA, Wang JH. The three-dimensional structure of integrins and their ligants,
and conformational regulation of cell adhesion. Adv Protein Chem 2004, v.68, p.29-63.

48. Sundqvist G. Associations between microbial species in dental root canal infections. Oral
Microbiol and Immunol 1992, v.7, p. 257-62.

49. Taguchi T, Razzaque MS. The collagen-specific molecular chaperone Hsp47: is there a
role in fibrosis? Trends Mol Med 2007, v. 13, p. 45-51.

50. Takahashi K. Microbiological, pathological, inflammatory, immunological and

molecular biological aspects of periradicular disease. Int Endod J 1998, v.31, p.311-325.

54



51.

52.

53.

54.

55.

56.

S7.

58.

59.

Takeichi O, Saito I, Tsurumachi T, Moro I, Saito T. Expression of inflammatory
cytokine genes in vivo by human alveolar boné-derived polymorphonuclear leukocytes
isolated from chronically inflamed sites of bone resoorption. Calcif Tissue Int 1996, v.4,
p.244-8.

Tavares WLF, Neves de Brito LC, Teles RP et al. Microbiota of deciduous endodontic
infections analysed by MDA and Checkerboard DNA-DNA hybridization. Int Endod J
2011, v.44, p. 225-35.

Teixeira-Salum TB, Rodrigues DBR, Gervasio AM, Souza CJA, Rodriges Jr V, Loyola
AM. Distinct Thl, Th2 and Treg cytokines balance in chronic periapical granulomas
and radicular cysts. J Oral Pathol Med 2010, v.39, p. 250-6.

Thomas GJ, Jones J, Speight M. Integrins and oral cancer. Oral Oncol 1997, v. 33;,
p.381-388.

Van der Flier A, Sonnenberg A. Structural and functional aspects of filamins. BBA -
Mol Cell Research 2001, v.1538 (2), p.99-117.

Wang KX, Denhart DT. Osteopontin: role in immune regulation and stress responses.
Cytokine Growth Factor Rev 2008, v.5-6, p.333-45.

Xiong H, Wei I, Peng B. Immunohistochemical localization of OL-17 in induced rat
periapical lesions. J Endodon 2009, v.35, p.216-20.

Yang S, Zhu L, Xiao L, Shen Y, Wang L, Peng B, Haapasalo M. Imbalance of
Interleukin-17+ T-cell and Fosp3+ Regulatory T-cell Dynamics in Rat Periapical
Lesions. J Endodon 2014, v.1, p.56-62.

Yu JJ, Gaffen SL. Interleukin-17: a novel inflammatory cytokine that bridges innate and

adaptive immunity. Front Biosci 2008, v. 13, p. 170-7.

55


http://pesquisa.bvsalud.org/portal/resource/pt/mdl-17981535
http://pesquisa.bvsalud.org/portal/resource/pt/mdl-17981535
http://portal.revistas.bvs.br/transf.php?xsl=xsl/titles.xsl&xml=http://catserver.bireme.br/cgi-bin/wxis1660.exe/?IsisScript=../cgi-bin/catrevistas/catrevistas.xis|database_name=TITLES|list_type=title|cat_name=ALL|from=1|count=50&lang=pt&comefrom=home&home=false&task=show_magazines&request_made_adv_search=false&lang=pt&show_adv_search=false&help_file=/help_pt.htm&connector=ET&search_exp=Front%20Biosci

60. Zou Z, Schmaier AA, Cheng L, Mericko P, Dickeson SK, Striker TP, Santoro SA, Kahn
ML. Negative regulation of activated a2 integrins during thrombopoiesis. Blood 2009,

v.113, p. 6428-6439.

56



