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RESUMO

Introdugdo: A instalagdo de aparelhos ortodénticos metalicos
consequentemente leva a um aumento na concentracdo salivar de ions
metalicos e de Candida spp. Contudo, nenhuma relagédo entre ambas, em
termos de viruléncia, foi anteriormente estudada. O objetivo deste estudo foi
avaliar se ocorrem modulagcbes de viruléncia fungica por ions metalicos.
Métodos: Foram preparados meios de cultura contendo Ni*?, Fe*3, Cr*3, Co*? e
mistura desses, em concentracdes similares as liberadas em saliva. Biofilmes
de Candida albicans SC5314 foram crescidos por 72 h e suas biomassas foram
determinadas. Os sobrenadantes foram pesquisados em relagdo as atividades
de aspartil-proteases (Sap) e hemolisinas. Para se ratificar as modula¢des na
viruléncia por metais, as atividades proteolitica/hemolitica foram convertidas
em atividades especificas. Resultados: Os resultados revelaram que todos os
ions, com excecdo do Co*?, induziram incrementos na biomassa dos biofilmes.
O Ni*? induziu uma maior atividade de Sap e o Fe**, uma reducéo na atividade
hemolitica. A mistura de ions nao promoveu diferengas em relagdo ao controle
para Sap e hemolisinas. Conclusao: De relevancia clinica, os resultados
obtidos indicam que os diferentes ions metéalicos oriundos da esfoliagdo de
aparelhos ortodonticos podem modular diferentes fatores de viruléncia de

maneira variada.

Descritores: Candida albicans, aparelhos ortodonticos, ions metalicos,

biofilmes, aspartil-proteases, hemolisinas.



INTRODUGAO

As condi¢gbes do ambiente bucal, tais como temperatura, propriedades
enzimaticas e microbioldgicas, oferecem um meio ideal para biodegradacéo de
metais; consequentemente, facilitando a liberagdo de ions metalicos que
podem causar efeitos adversos."® Estudos tém relatado que alguns desses
metais podem levar a quadros de hipersensibilidade,** dermatite alérgica,®
asma® e, até mesmo, com possibilidade de efeitos mutagénicos.7

Dentre os materiais para fabricagdo de brackets, bandas e arcos
ortoddnticos, o aco inoxidavel é o mais amplamente utilizado.®® A maioria
desses acessoérios contém de 8% a 12% de niquel, 17% a 22% de cromo e
varias proporgées de manganés, cobre, titanio e ferro' na composicdo das
ligas.

Apesar dos estudos relacionados a esfoliagdo de ions metalicos'"® os
relacionarem a fendmenos de corrosdo, algumas questdes sobre a
biocompatilidade desses materiais permanecem ainda sem resposta,
confirmando a necessidade de maior investigacdo sobre o tema. A possivel
relacdo de ions especificos liberados de aparelhos ortodonticos e a
colonizagdo e viruléncia de microrganismos que habitam a cavidade bucal
permanece ainda um caminho inexplorado.

Aparelhos ortodénticos servem como diferentes “zonas de impacto” que
modificam a aderéncia e colonizagdo microbiana, agindo como possiveis fontes
de infecgdo para diferentes patégenos,'® dentre eles Candida spp.

Candida spp. sao patdgenos oportunistas frequentemente encontrados
em humanos e podem ser isoladas de 50% a 60% das cavidades bucais de

adultos jovens.”™'® Até o momento, existe um limitado nimero de estudos
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investigando o efeito do aparelho ortoddntico sobre a presenca e densidade
deste patdgeno na cavidade bucal. Brusca et al'* estudaram o crescimento e a
aderéncia de C. albicans em diferentes tipos de brackets e verificaram o
aumento na aderéncia do fungo em brackets de policarbonato, enquanto em

|17

brackets metalicos ocorreu redugao da populacao fungica. Arslan et al'* e Hagg

et al'

observaram que ocorre aumento no numero de Candida spp. no inicio do
tratamento ortodéntico. Contudo, a presenga do aparelho ortoddntico parece
nao aumentar o nimero de individuos carreadores saudaveis.'

Nosso grupo tem investigado a possibilidade de modulagéo de viruléncia

20-22 inclusive sobre adesdo e

de C. albicans por xenobi6ticos diversos,
formacao de biofilme sobre materiais ortoddnticos.?

A despeito do papel oportunista que Candida spp., € em especial a C.
albicans apresentam, a modulagédo da viruléncia mediada por ions metalicos
permanece desconhecida.

O objetivo do presente estudo foi avaliar experimentalmente a influéncia

que ions metalicos liberados de aparelhos ortoddnticos exercem na modulagéo

da viruléncia de biofilme de Candida albicans SC5314.

MATERIAL E METODOS

Preparo das solugdes de ions metalicos. O caldo Base de Nitrogénio
para Leveduras (Yeast Nitrogen Base® - YNB, Difco, Detroit, Mich.) contendo
diferentes ions metalicos foi preparado de acordo com as quantidades
liberadas de acessorios ortoddnticos para saliva."® Os ions elencados e suas

respectivas concentragdes foram niquel divalente (Ni*?) 10 ng.mL™" (170 nM),
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ferro trivalente (Fe*) 6,77 ng.mL™" (121 nM), cromo trivalente (Cr*®) 4,5 ng.mL"™"
(86,5 nM) e cobalto divalente (Co*®) 0,44 ng.mL™" (7,46 nM). O fungo foi
também desafiado com mistura dos ions (Mix) que foram dissolvidos em YNB,
nas concentracbes acima. Em fungcdo de suas maiores solubilidades, foram
utilizados nitratos metalicos de alto grau de pureza (Merck Chemicals S.A.). O
controle negativo continha meio de cultura sem a adigcdo de qualquer ion
metalico. O solvente empregado para a confeccdo dos meios de cultura e
solugdes foi a agua reagente tipo Il com resistividade especifica maior que 2
Mohm.cm™. %%

Microrganismo e crescimento em biofilme. A cepa C. albicans
SC5314 foi escolhida para a condugao do estudo devido ao fato de que ela é
uma boa formadora de biofilmes, inclusive em condi¢cdes adversas.?” A cepa foi
crescida aerobicamente em tubos contendo YNB a 37 °C, para adaptacao ao
meio. Apds 24 h, as células foram centrifugadas e lavadas com NaCl 145 mM
estéril. As células foram resuspendidas em NaCl 145 mM até atingirem a
concentracdo de c.a. 3x10’ blastoporos.mL™ (ODego de 0,5), para padronizar o
numero de células em cada amostra. Em seguida, aliquotas de 1 mL foram
transferidas para os pogos em placa de poliestireno para cultura de células de
24 pocos (TPP, Trasadingen, Suica), para cada grupo. As placas foram
incubadas aerobicamente a 37 °C. Apds 2 h, as suspensdes foram drenadas e
os pocos foram lavados duas vezes com NaCl 145 mM estéril para remover as
células planctonicas e as células fracamente aderidas. Os pogos receberam
aliquotas de 1 mL de YNB para o grupo controle e YNB mais ions para os

grupos experimentais. As placas foram incubadas a 37 °C por 72 h. A cada 24



h, os pocos eram drenados e os caldos com/sem ions metalicos eram
substituidos.

Estimativa da biomassa por retengdao do cristal violeta (CV). Os
sobrenadantes dos biofilmes formados apés 72 h foram separados por
aspiracao e transferidos para tubos estéreis para determinacéo da atividade de
Sap. A biomassa foi cuidadosamente lavada duas vezes com 145 mM de NaCl
estéril. Os pogos receberam metanol 99% durante 15 min, para fixar as células.
Em seguida, o metanol foi evaporado por ventilagdo forcada usando um
secador de cabelos. Os pocgos receberam 1 mL de CV 0,02% e permaneceram
estaticos por 20 min. Os excessos de CV foram removidos lavando-se quatro
vezes com agua destilada estéril. O impregnado de CV foi liberado pela adicéo
de 1 mL de &cido acético 33% (10 min) e as ODs4 foram determinadas.” Os
valores dos blanks foram subtraidos dos valores obtidos no tratamento a fim de
eliminar resultados espurios que poderiam derivar da interferéncia do fundo.

Determinacgao da Atividade de Protease (Sap). A atividade de Sap nos
sobrenadantes foi determinada utilizando o azocaseina como substrato.”® Ndo
foi utilizado nenhum inibidor de protease para confirmar que somente a
atividade de aspartil-protease (Sap) era avaliada. Isso porque, outras

peptidases estdo presentes no sobrenadante em baixas concentragdes®®?

ou
exigem extragdo do citoplasma celular.*® Rapidamente, os sobrenadantes (150
pL) foram transferidos para tubos de vidro contendo 250 pL de azocaseina 1%
(em tampao Tris-HCI 50 mM, pH 4,8), e as reagbes foram incubadas durante
60 min a 37 °C. As reacgbes foram paradas com adi¢cdo de 400 pyL de acido

tricloroacético 10% e incubadas por mais 10 min em temperatura ambiente,

seguidas pela centrifugacdo a 1000xg, durante 10 min. Setenta e cinco
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microlitros desses sobrenadantes foram misturados com igual volume de NaOH
500 mM e incubados por 15 min. A ODy4 foi usada para avaliar o
desenvolvimento de cor. Um ensaio controle, sem o sobrenadante na mistura
da reacao, foi utilizado como blank em todas as medidas colorimétricas. Uma
unidade de atividade de Sap foi definida como a quantidade de enzima que
aumenta em 0,001 unidades de absorbancia a 440 nm, por minuto de
digestao.®" A razao entre unidades de atividade de Sap por absorbancia de
retencdo do CV foi considerada como sendo a atividade especifica de
proteases (AEP).

Quantificagdo da atividade hemolitica. O teste para quantificagdo da

atividade hemolitica foi baseado no proposto por Frey e Nicolet,®

com
pequenas modificacdes. Aliquotas de 500 pyL de sobrenadantes de cultura
microbiana foram misturadas com aliquotas de 500 uL de eritrécitos de carneiro
1% [em Tris-HCI 10 mM contendo NaCl 145 mM (pH 7,5)] e incubadas a 37 °C
em agitacdo de 50 rpm. Ap6s 120 min de incubacédo, as suspensdes foram
sedimentadas a 5 °C, por 15 h. As ODs4 dos sobrenadantes foram
determinadas. Os controles negativos continham iguais volumes de tampéo e
suspensdes de eritrocitos. Uma unidade hemolitica foi arbitrariamente definida
como a quantidade de hemolisina que aumenta em 0,001 unidades de
absorbancia a 540 nm, por minuto de incubacdo a 37 °C. A razédo entre
unidades hemoliticas por absorbancia de retencédo do CV foi considerada como
sendo a atividade especifica de hemolisinas (AEH).

Estatistica. Os experimentos foram conduzidos em sextuplicata, em

quatro momentos distintos. Todos os dados foram avaliados em relacéo a

homogeneidade de variancia pelo Teste de Levene e analisados pelos testes
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ANOVA a um critério e teste de comparag¢des multiplas de Games-Howell para
variancias heterogéneas, utilizando o pacote estatistico SPSS 18.0 (SPSS Inc.,
Chicago IL., EUA). Um valor de p<0,05 foi assumido como o ponto limitrofe

para estabelecimento de diferencas.

RESULTADOS

As médias dos valores de biomassas, atividades especificas de Sap e
atividades especificas de hemolisinas para biofiimes de 72 h de C. albicans
SC5314 sado mostrados na Tabela 1.

Biomassa. Para os desafios com Ni? (OD=0,452+0,061), Fe*
(OD=0,425+0,065), Cr*® (OD=0,427+0,091) e Mix (OD=0,430+0,051), os
incrementos de biomassa foram estatisticamente significantes (p<0,018) em
relacdo ao controle (OD=0,351+0,086). Os valores médios de biomassa de
biofilmes crescidos em presenca de Co*? (OD=0,405+0,064) nado diferiram
estatisticamente de nenhum dos outros grupos.

Atividade especifica de proteases (AEP). Para se verificar se
variagbes na taxa de secrecdo de proteases apresentavam independéncia em
relacdo as biomassas dos biofilmes, optamos por utilizar valores de atividade
especifica de Sap, que sao produtos da divisdo dos valores nominais de
proteases por biomassa. Dessa forma, incrementos observados em qualquer
tratamento, em relagéo ao controle, seriam devidos a elevacao induzida pelo
tratamento e ndo pela maior biomassa. Com excegdo do Cr*

(AEP=0,139+0,051) e do mix (AEP=0,132+0,052), a média da AEP para Ni*
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(AEP=0,183+0,012) se mostrou superior as dos demais grupos experimentais e
do controle (p<0,033). As médias dos tratamentos com Fe*
(AEP=0,106+0,037) e Co*? (AEP=0,105+0,022) se mostraram inferiores a do
controle (AEP=0,125+0,047), sem, contudo, apresentar significancia estatistica
(p20,160).

Atividade especifica de hemolisinas (AEH). Da mesma forma que
anteriormente, para se verificar se variagdes na taxa de secrecdo de
hemolisinas apresentavam independéncia em relacdo as biomassas dos
biofilmes, optamos por utilizar valores de atividade especifica de hemolisinas,
que séo produtos da divisdo dos valores nominais de hemolisinas totais por
biomassa. A secrecao proporcional de hemolisinas no tratamento com mistura
de ions (AEH=0,312+0,071), embora numericamente superior ao controle
(AEH=0,241+0,084) e Cr* (AEH=0,264+0,035), n3o diferiu estatisticamente
(p=20,072) desses; contudo, foi superior aos demais tratamentos (p<0,001). De
forma significativa, o Fe™ levou a obtengdo de valores para AHE

(AEH=0,163+0,088) inferiores aos demais tratamentos e ao controle (p<0,011).

DISCUSSAO

Com raras excec¢des, estudos que buscaram relacionar colonizagéo por
Candida spp. e implantacao de terapia ortodéntica com aparelhos metalicos
fixos tiveram suas publicagées concentradas na Ultima década.'""®3% Existe
um consenso de que as elevagdes observadas nas populagdes fungicas devem

decorrer do acumulo de biofilme de dificil remoc¢ao, bem como de alteragdes
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ambientais que favorecem tais aumentos.** A esfoliagdo dos aparelhos
ortodénticos eleva as concentragcbes salivares de ions metalicos, que
invariavelmente, chegam as células microbianas.

A principio, foi especulado que alguns ions poderiam exercer efeitos
deletérios sobre as células flngicas, uma vez que o Cr*® pode causar perda da
funcdo de barreira da membrana citoplasmatica, resultando em
extravasamento de moléculas de baixa massa molar.*® Contudo, as
concentragbes salivares dos ions sao muito inferiores as necessarias para inibir
o crescimento de C. albicans® ou de outras espécies,”” bem como para
bloquear transi¢des levedura-hifa.® A menor disponibilidade de ions metalicos,
somada a elevagao intrinseca da resisténcia conferida pelos biofilmes de
Candida spp. deve reduzir significativamente a ocorréncia de fendmenos
deletérios tipo reacdes de Fenton, caracteristicas de ions de Cu, Ni e Fe, que
produzem espécies reativas de oxigénio (ROS), téxicas para as células.®®

Na realidade, fungos podem internalizar ions metalicos com relativa
facilidade.*® Em especial, Candida spp. podem acumular elevadas quantidades
de Ni*’, se em condicdes acidas.”® Como os aparelhos ortoddnticos sio
passiveis de colonizacdo por microbiota cariogénica,*' tendem a sofrer
continua esfoliagdo i6nica em microcosmos acidicos. De forma adversa a
inicialmente imaginada, essa exposicdo aos ions nao inibiu o crescimento
celular, mas aumentou as biomassas dos biofiimes. Tal achado vem a
contribuir com aqueles obtidos por Hagg et al,'® que estabeleceram uma
relacdo causal entre aumentos nas contagens de Candida spp. ap6és a
implantacdo de aparelhos ortodénticos fixos em fungcdo da geracédo de areas

estagnantes que favorecem a retencédo de substrato e microbiana. Em posse
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dessa informacgéo, propomos que deva existir uma relagcéo sinérgica entre a
retencdo mecanica e a modulagdo de crescimento de biofilmes pelos ions
metalicos oriundos dos aparelhos ortodonticos metalicos fixos.

Foi observado que o Ni*? tende a incrementar a secrecdo de proteases
de forma independente da biomassa. E sabido que apds a internalizagdo do
Ni*?, o jon é encaminhado para vaclolos para detoxificacdo,** muito
provavelmente pela via da fosfatidilinositol 3-quinase Vps34p (PI-3kinase
Vps34p). Esse fato € bastante interessante, pois em organismos eucariéticos,
ocorrem transducdes de sinal mediadas por fosfoinositidios.**** A PI-3kinase
Vps34p também esta envolvida na secregcdo enzimatica, provavelmente
regulando o transporte vesicular e/ou a exocitose das Sap em C. albicans
SC5314.%° Desta forma, na tentativa de transportar o Ni*? para detoxificacéo, a
C. albicans deve, concomitantemente, aumentar a mobilidade de proteases,
que implica em maior secregdo. A figura 1, setor #1, ilustra esse provavel
mecanismo de incremento na secrecdo de Sap, intermediada por Ni*2. Do
ponto de vista da viruléncia, esse fendbmeno é deveras importante, pois
diferentes Sap estdo diretamente envolvidas na adesao as células epiteliais e
na hidrélise de proteinas do hospedeiro, incluindo colageno, laminina,
fibronectina, mucina, lactoferrina salivar, imunoglobulinas, interleucina-1p,
lactoperoxidase, fatores do complemento e da coagulag&o.*®

Entretanto, como outros ions sustentaram a manutengcdo da secrecéo
especifica de Sap no patamar do controle, acreditamos que tenha ocorrido um
“efeito diluidor” na viruléncia incrementada mediada pelo Ni*?. Dessa forma,
mesmo o Ni*? parcialmente conferindo elevacdes na secregdo, os demais ions

devem ter interferido de alguma forma na secrecgao total das enzimas. Algumas
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hipéteses levantadas fazem aluséo a possibilidade de competigédo por sitios de
ligacéo, repressao dos genes SAP pelos demais ions ou desvios nas vias de
secrecgdo. Tais hipoteses carecem de verificagdo experimental a posteriori.

A utilizacdo da atividade especifica de Sap € um recurso util para se
avaliar modulacdo da secrecdo de proteases por quantidade de células
microbianas. Do ponto de vista da patogenicidade, contudo, taxas nominais de
secrecao sao mais relevantes, pois indicam se os tecidos vizinhos ao biofilme
sofrerao maior ou menor agressao. O Ni*? induziu secregdo de Sap, cuja média
foi quase duas vezes maior que a do controle sem ions (1.383+0.030 mU vs
0.733+0.05 mU, respectivamente). Essa maior secrecdo de proteases
certamente confere um pior progndéstico em termos de destruicdo de tecidos
moles e de persisténcia no meio intrabucal.

Nossos resultados mostraram que o crescimento de biofilmes de C.
albicans em presenca de Fe*® levou a uma reducdo da atividade hemolitica.
Durante o processo infeccioso, o fungo pode buscar ferro complexado em
moléculas como hemoglobina ou hemina.*” Contudo, existem indicios de que o
ferro i6bnico é mais rapidamente internalizado que ferro complexado.
Particularmente no caso da C. albicans, a cinética de internalizacdo de Fe*?
ocorre de forma mais rapida que a de ferro complexado em hemoglobina, que
requer desenvolvimento de receptores especificos.*® Redutases presentes na
superficie celular fungicas reduzir o Fe™ para Fe*?, facilitando a absorgao do

1.** Com base nesses apontamentos, propomos que na presenca de Fe™*,

meta
oriundo de aparelhos ortoddnticos metalicos, o fungo passa a internalizar o ion,
em detrimento da secrecdo de fatores hemoliticos, que se mostram menos

eficazes na aquisigao de ferro. O setor #2 da figura 1 ilustra tal hipotese. Tal
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pressuposto aponta para uma ambiguidade de comportamento virulento; se,
por um lado, o fungo ataca com menor intensidade os eritrocitos na busca de
hemoglobina, por outro lado, incorpora mais rapidamente ferro ibnico, com
consequentes elevagdes da taxa de divisbes celulares, de adesao as células
de mucosa bucal e a formagao de tubos germinativos.>

Contudo, assim como ocorrido para o Ni*? em relagdo as Sap, a
participacdo do Fe™ como redutor de hemolise na mistura de ions, parece ter
sido balanceada pela manutencao ou elevacgao de atividade hemolitica induzida
pelos outros ions metalicos.

No paciente, os desafios com ions metalicos derivam de uma miriade de
possibilidades que variam desde o tipo de liga metalica empregada na
construcéo do aparelho ortoddntico e grau de corrosao até co-colonizagao por
microbiota acidogénica. A despeito dessa forte possibilidade de interacéo, de
nosso conhecimento, este é o primeiro estudo que prospectou a possibilidade
de modulacao de viruléncia de um organismo bucal por tais ions, mimetizando
uma condicao préxima aquela onde aparelhos ortoddnticos estdo envolvidos.
Contudo, outros fatores, como variagdes sialométricas e sialoquimicas,®

tabagismo,???®

imunocomprometimento, dieta rica em acucares e higiene
deficitaria, também devem ser considerados como contribuintes para a

formacéao de biofilmes de Candida spp.

CONCLUSOES

De relevancia clinica, os resultados aqui obtidos indicam que os

diferentes ions metalicos oriundos da esfoliagdo de aparelhos ortodénticos
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podem modular diferentes fatores de viruléncia de maneira variada. Fatores
como aspartil-proteases e hemolisinas podem ser mais ou menos
manifestados, de acordo com o ion em questdo, ao passo que, todos os ions
ensaiados promoveram incrementos consideraveis na biomassa dos biofilmes
de C. albicans. Contudo, o clinico deve ter em mente que outras variaveis
dependentes do hospedeiro (status de salivacdo, imunocompeténcia,

medicacéo e tipo de dieta) devem ser consideradas.
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Figura 1. Provaveis vias envolvidas no incremento da secrecdo de Sap
mediada por Ni*? (#1) e na repressao da liberagdo de hemolisinas por Fe*® (#2)
em blastosporo de C. albicans.
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ABSTRACT

Introduction: The installation of metal devices leads to an increase in the
salivary concentration of metal ions and in the growth of salivary Candida spp.
However, the relationship between released metal ions and Candida virulence
has not been previously examined. The objective of this study was to evaluate
whether metal ions affect fungal virulence. Methods: We prepared culture
media containing Ni**, Fe**, Cr**, Co?" or a mixture of these metal ions at
concentrations similar to those released in saliva of orthodontic patients.
Biofilms of Candida albicans SC5314 were grown for 72 h and their biomasses
were determined. The supernatants were analyzed for secretory aspartyl
protease (SAP) and hemolysin activities. To verify changes in virulence
following treatment with metals, proteolytic and hemolytic activities were
converted into specific activities. Results: The results revealed that all ions,
except Co?*, caused increases in biofilm biomass. In addition, Ni** caused an
increase in SAP activity and Fe®* reduced hemolytic activity. However, the SAP
and hemolysin activities in the presence of the mixture of ions did not differ from
those of control. Conclusion: These results indicate that metal ions released
during the degradation of orthodontic appliances can modulate virulence factors

in C. albicans biofilms.
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INTRODUCTION

Conditions in the oral environment such as temperature and
microbiological and enzymatic activities are ideal for the biodegradation of
metals, facilitating the release of metal ions that can cause adverse effects.!?
Studies have reported that these metals may lead to hypersensitivity,** allergic
dermatitis,>® asthma® and possible mutagenic effects.’

Stainless steel is the most widely used material for the manufacture of
orthodontic brackets, bands and arch wires.>® Most of these accessories
contain 8% to 12% nickel, 17% to 22% chromium and various proportions of
manganese, copper, titanium, and iron'® in their alloy composition.

Although some studies have related metal ion degradation’ " to
corrosion, many questions about the biocompatibility of these materials remain
to be answered. The relationship between the release of specific ions from
orthodontic appliances and the colonization and virulence of microorganisms
that inhabit the oral cavity remains unexplored.

Orthodontic appliances serve as "impact zones" that modify microbial
adherence and colonization, acting as possible sources of infection for different
pathogens14 including Candida spp. Candida spp. are opportunistic pathogens
commonly found in humans and can be isolated from 50% to 60% of the oral
cavities of young adults.”'® A limited number of studies have investigated the
effect of metal devices on the presence and density of Candida in the oral
cavity. Brusca et al." examined the growth and adherence of C. albicans on
different types of brackets and found an increase in the adherence of the fungus
to polycarbonate brackets, but a reduction in the fungal population on metal

brackets. Arslan et al."” and Hagg et al.’® observed an increase in the number
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of Candida spp. at the beginning of orthodontic treatment. However, the
presence of oral appliances does not appear to increase the number of
individuals who are healthy carriers.®

We have previously investigated the possibility of modulating the
virulence of C. albicans by using some xenobiotics?*?? to influence adhesion
and biofilm formation on orthodontic materials.®® However, despite the
opportunistic role that Candida spp., and particularly C. albicans, present, the
effect of metal ions on the virulence of these organisms remains unclear.

The objective of this study was to experimentally evaluate the influence
of metal ions released from orthodontic appliances on the virulence of Candida

albicans SC5314 biofilms.

MATERIAL AND METHODS

Preparation of metal ion solutions. Nitrogen base broth (Yeast
Nitrogen Base® - YNB) for yeast (Difco Co., Detroit, MI) containing different
metal ions was prepared using concentrations based on previously reported
amounts released into saliva from orthodontic accessories."® The ions and
their concentrations were as follows: 10 ng/mL (170 nM) divalent nickel
(Ni?*),6.77 ng/mL (121 nM) trivalent iron (Fe*"), 4.5 ng/mL (86.5 nM) trivalent
chromium (Cr®*), and 0.44 ng/mL (7.46 nM) divalent cobalt (Co?**). The fungus
was also treated with a mixture of ions (Mix) dissolved in YNB at the combined
concentrations above. Because of their increased solubility, high-purity metal
nitrates were used (Merck Chemicals Co., Sao Paulo, Brazil). The negative

control was grown in culture medium without any added metal ions. The solvent
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used for the manufacture of culture broths was Type Il reagent water with
specific resistivity above 2 Mohm/cm.??

Growth in biofilms. C. albicans SC5314 was selected for study because
it forms good biofilms, even under adverse conditions.?” The strain was grown
aerobically in tubes containing YNB broth at 37 °C to allow cells to adapt to the
medium. After 24 h, the cells were centrifuged and washed with sterile 145 mM
NaCl. The cells were then re-suspended in 145 mM NaCl to reach a
concentration of ca. 3x10’ blastopores/mL (ODgyo 0.5) to standardize the
number of cells in each sample. One-milliliter aliquots for each group were then
transferred to wells of a 24-well polystyrene plate (TPP, Trasadingen,
Switzerland) for cell culture. The plates were incubated aerobically at 37 °C.
After 2 h, the culture was removed and the wells were washed twice with sterile
145 mM NaCl to remove weakly adhering and planktonic cells. The control wells
received 1 mL of YNB and the experimental groups received 1 mL of YNB plus
ions. The plates were incubated at 37 °C for 72 h, and the media was replaced
with fresh broth with or without metal ions every 24 h.

Biomass estimation by crystal violet (CV) retention. Supernatants
from biofilms formed after 72 h were separated by aspiration and transferred to
sterile tubes for determination of secreted aspartyl protease (SAP) activity (see
below). The remaining biomass was thoroughly washed twice with sterile 145
mM NaCl, and the cells were fixed in 99% methanol for 15 min. After
evaporation of the methanol via forced air using a hair dryer, the cells were
incubated in 1 mL of 0.02% CV for 20 min. Excess CV was removed by
washing four times with sterile distiled water. The incorporated CV was

released by incubation for 10 min in 1 mL of 33% acetic acid, and the ODsyg
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was then determined.?® The values of blanks were subtracted from the values
obtained after treatment to eliminate background interference.

Determination of secreted protease activity (SAP). The SAP activity
of supernatants was determined using azocasein as a substrate.?’ No protease
inhibitors were used to confirm that only the secreted aspartyl protease (SAP)
activity in the samples was evaluated. Other peptidases are present in the

2829 or require extraction from cytoplasm.°

supernatant at low concentrations
The supernatants (150 pL) from the biofilms described above were quickly
transferred to glass tubes containing 250 pL of 1% azocasein (in 50 mM Tris-
HCI buffer, pH 4.8), and the reactions were incubated for 60 min at 37 °C. The
reactions were then stopped by adding 400 pL of 10% trichloroacetic acid and
incubating for 10 min at room temperature, followed by centrifugation at 1,000 x
g for 10 min. A 75-uL of the supernatant was mixed with an equal volume of 500
mM NaOH and incubated for 15 min. The OD449 was determined according to
the development of color in the reaction. A control without supernatant in the
reaction mixture was used as blank for all colorimetric measurements. One SAP
unit was arbitrarily defined as the amount of enzyme that results in an increase
of 0.001 absorbance units at 440 nm per minute of incubation at 37 °C.>" The
ratio of SAP activity units to CV absorbance retention was considered to be the
protease specific activity (PSA).

Quantification of hemolytic activity. The quantification of hemolytic
activity was based on the test proposed by Frey and Nicolet® with minor
modifications. Aliquots (500 uL) of microbial culture supernatants were mixed
with 500-uL aliquots of 1% sheep erythrocytes (freshly harvested) in 10 mM

Tris-HCI containing 145 mM NaCl (pH 7.5), and the mixture was incubated at 37
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°C with shaking at 50 rpm. After 120 min of incubation, the suspensions were
sedimented at 5 °C for 15 h. The ODs4 of the supernatants were then
determined. Negative controls contained equal volumes of buffer and
erythrocyte suspensions. One hemolytic unit was arbitrarily defined as the
amount of hemolysin that results in an increase of 0.001 absorbance units at
540 nm per minute of incubation at 37 °C. The ratio of hemolytic units to CV
absorbance retention was considered the hemolysin specific activity (HSA).
Statistics. Six replicates of each experiment were conducted in four
separate moments. All data were assessed for homogeneity of variance using
the Levene index and analyzed by the one-way ANOVA test with a Games-
Howell multiple comparison test for heterogeneous variances using SPSS 18.0
(SPSS Inc., Chicago, IL). A p value of p<0.05 was considered as statistically

significant.

RESULTS

The average values of biomass, SAP specific activities and hemolysin
specific activities of 72-h biofilms of C. albicans SC5314 are shown in Table 1.

Biomass. Following treatment with Ni** (OD=0.452+0.061), Fe*
(OD=0.425+0.065), Cr** (OD=0.427+0.091) and ion mixture (OD=0.430+0.051),
the biofilm biomasses were significantly increased (p<0.018) compared to the
control (OD=0.351+0.086). The average biomass values of biofilms grown in the
presence of Co?* (OD=0.405+0.064) did not differ from the other groups.

Protease specific activity (PSA). To determine whether variations in
the rate of secretion of protease were independent of the biofilm biomass, we

used the SAP specific activity values, which were produced by dividing the
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nominal protease values by the biomass. Thus, increases observed following
any treatment compared to control would be considered due to treatment-
induced elevation and not to high levels of biomass. With the exception of the
Cr** group (PSA=0.139+0.051) and the mixed ions group (PSA=0.132+0.052),
the mean PSA of the group exposed to Ni** (PSA=0.183+0.012) was
significantly higher than that of the other experimental groups and the control
(p<0.033). The mean values for the groups treated with Fe*
(PSA=0.10640.037) and Co®* (PSA=0.105+0.022) were smaller than the control
(PSA=0.106+0.037) but did not reach statistical significance (p=0.160).
Hemolysin specific activity (HSA). As for PSA, we chose to use
hemolysin specific activity, the product of dividing the nominal total hemolysin
value by the biomass, to determine whether variations in the rate of hemolysin
secretion were independent of the biofilm biomass. The proportional secretion
of hemolysin following treatment with the mixture of ions (HSA=0.312+0.071),
while greater than the control (HSA=0.241+0.084) and Cr** (HSA=0.264+0.035)
groups, did not differ statistically (p=0.072 ) from these groups. However, the
values obtained following treatment with the ion mixture were higher than those
following other treatments (p<0.001). Significantly, Fe>* treatment led to HSA
values (HSA=0.163+0.088) that were lower than the other treatment groups and

the control (p<0.011).

DISCUSSION
With rare exceptions, studies designed to correlate colonization by

Candida spp. and orthodontic therapy with fixed metal appliances have been
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published only in the last decade.’' %% There is a consensus that the
observed increases in fungal populations associated with these orthodontic
treatments result from the accumulation of biofiims, which are difficult to
remove, and from environmental changes that favor fungal growth.** In addition,
the degradation of orthodontic appliances increases the salivary concentrations
of metal ions, which invariably reach microbial cells.

It has been speculated that some ions could exert deleterious effects on
fungal cells because Cr®* can cause a loss of barrier function in the cytoplasmic
membrane, resulting in the leakage of low molar mass molecules.*® However,
salivary ion concentrations are far below those needed to inhibit the growth of
C. albicans® or other species®” or to block the yeast-hyphal transition.®® In
addition, the occurrence of deleterious phenomena, including the Fenton
reaction and other reactions of Cu, Ni and Fe ions that produce cytotoxic
reactive oxygen species (ROS),*® should be significantly reduced by the
decreased availability of metal ions and high intrinsic resistance conferred by
Candida spp. biofilms.

In fact, fungi can internalize metal ions with relative ease.* In special,
Candida spp. can accumulate high amounts of Ni?* under acidic conditions.*°
Because orthodontic appliances are susceptible to colonization by cariogenic
microbiota,*' they tend to suffer continual ion degradation in acidic
environments. In the present study, exposure to ions did not inhibit cell growth
but actually increased the biofilm biomasses, a more unfavorable result than
expected. However, this finding is in agreement with those obtained by Hagg et
al.,'® who established that increases in Candida spp. counts after the

implantation of appliances were due to the generation of stagnant areas that
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favor microbial and substrate retention. Based on these data, we propose that
there may be a synergistic relationship between the mechanical retention of the
biofilm and the modulation of biofilm formation by metal ions from fixed metal
devices.

We also observed that Ni** appears to promote protease secretion
independently of biomass. It is known that after Ni** internalization, this ion is
routed to vacuoles for detoxification,*? probably via the phosphatidylinositol 3-
kinase Vps34p. This finding is interesting given that signal transduction
mediated by phosphoinositides occurs in eukaryotic organisms.**** Vps34p is
also involved in enzyme secretion, likely by regulating the vesicular transport
and/or exocytosis of SAP in C. albicans SC5314.* Thus, in an attempt to
detoxify the Ni?*, C. albicans may concurrently increase the mobility of
proteases, resulting in increased secretion. Figure 1, panel #1, illustrates this
probable mechanism of increased SAP secretion mediated by Ni**. From the
virulence perspective, this phenomenon is important because different SAPs
are directly involved in the adhesion of the fungus to host epithelial cells and in
the hydrolysis of host proteins, including collagen, laminin, fibronectin, mucin,
salivary lactoferrin, immunoglobulins, interleukin-183, lactoperoxidase, and
complement and coagulation factors.*®

However, because other ions maintained the specific secretion of SAP at
the control level, we believe that there was a "dilution effect" of the increased
virulence mediated by Ni**. Thus, even with Ni** partially elevating SAP
secretion, other ions may have interfered with the total secretion of enzymes.
Some hypotheses for this interference include the possibility of competition for

binding sites, the repression of SAP genes by other ions or deviations in the
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secretory pathways induced by other ions. These hypotheses require further
experimental verification.

SAP specific activity is a useful tool to compare changes in protease
secretion between different amounts of microbial cells. From the pathogenicity
standpoint, however, the nominal rates of secretion are more relevant because
they indicate whether the tissues surrounding the biofilm will be affected by
changes in aggression. We observed that Ni** treatment induced SAP secretion
to levels almost twice that of the control without ions (1.383+0.030 mU vs.
0.733+0:05 mU). This increased secretion of proteases likely confers a worse
prognosis in terms of soft tissue destruction and microbe persistence in the oral
cavity.

Our results show that C. albicans biofilm growth in the presence of Fe®"
leads to a reduction in hemolytic activity. During an infection, the fungus can
obtain iron complexes from molecules like hemoglobin or hemin.*” However,
previous studies have suggested that the Fe ion is internalized more rapidly
than complexed iron. In the case of C. albicans in particular, the kinetics of
internalization of Fe>* is faster than that of the complexed iron in hemoglobin,
which requires specific receptors.”® Reductases present on the fungal cell
surface reduce Fe® to Fe?*, facilitating metal absorption.*® Based on these
observations, we propose that in the presence of Fe®* from metal devices, the
fungus internalizes the ion in detriment of hemolytic factor secretion, which is
less effective in the presence of iron. Panel #2 in Figure 1 illustrates this
hypothesis. Interestingly, this scenario points to an incongruity in virulent
behavior: if the fungus attacks red blood cells with less intensity in the pursuit of

hemoglobin, it will incorporate ionic iron faster and thus increase its rate of cell
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division, adhesion to oral mucosa cells and formation of germ tubes.*® However,
as occurred for Ni?* in relation to SAP, the effect of Fe®*" as a hemolysis reducer
in the mixture of ions seems to have been offset by the maintenance or
increase of hemolytic activity induced by other metal ions.

In patients, the levels of these ions depend on a myriad of factors
including the types of alloys used in the construction of the appliances, the
degree of corrosion and the extent of co-colonization by acidogenic microbes.
Despite the strong likelihood of these interactions, to our knowledge this is the
first study that has examined the possibility that these ions could affect the
virulence of an oral organism in a context similar to that in which orthodontic
appliances are involved. However, other factors, such as sialometric and

2223 immunodeficiency, diet rich in sugars,

sialochemical variations,> smoking,
and deficient hygiene should also be considered as contributors to the formation

of Candida spp. biofilms.

CONCLUSIONS

Our findings are clinically relevant and indicate that different metal ions
from the degradation of orthodontic appliances can modulate different virulence
factors. While different ions had varying effects on the expression of factors
such as aspartyl proteases and hemolysins, all ions tested promoted substantial
increases in the biomass of C. albicans biofilms. However, the clinician should
keep in mind that other host-dependent variables (salivation status,

immunocompetence, medication and diet type) should be considered.
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Figure 1. Proposed pathways involved on the increase of Sap by Ni*? (#1) and
on the repression of hemolysins by Fe*® (#2) in C. albicans cells.

44



ANEXO | — ANALISE ESTATISTICA

Tabela 1. Teste de normalidade Komogorov-Smirnov das variaveis estudadas,
PUCPR - 2010

Variaveis Grupo Estatistica n Valor p
Controle 0.123 24 0.200
Niquel 0.211 24 0.007*
Ferro 0.185 24 0.031*
Biomassa
Cromo 0.103 24 0.200
Cobalto 0.151 24 0.160
Mix 0.145 24 0.200
Controle 0.167 24 0.078
Niquel 0.226 24 0.002*
Atividade Ferro 0.208 24 0.008*
especifica de .
protease Cromo 0.203 24 0.011
Cobalto 0.191 24 0.022*
Mix 0.188 24 0.026*
Controle 0.147 24 0.190
Niquel 0.092 24 0.200
Atividade Ferro 0.218 24 0.004*
especifica de .
hemolisina Cromo 0.210 24 0.007
Cobalto 0.187 24 0.028*
Mix 0.085 24 0.200

Fonte: Dados da pesquisa.
Nota: *Variaveis que ndo apresentam distribuicdo normal (p<0.05).

Tabela 2. Teste de Homogeneidade de Variancias de Levene das variaveis
estudadas, PUCPR - 2010

Variaveis Estatistica Valor p
Biomassa 1,663 0,147
Atividade especifica de protease 11,760 0,000*
Atividade especifica de hemolisina 1,042 0,395

Fonte: Dados da pesquisa.
Nota: *Variaveis que ndo apresentam homogeneidade de variancias (p<0.05).
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Tabela 3. Estatisticas descritivas das variaveis estudadas, PUCPR — 2010

I.C. de 95% para média

Variaveis Grupos n Média Mediana D.P. Minimo Maximo Limite Limite
minimo maximo
Controle 24 0,351 0,332 0,086 0,191 0,526 0,387 0,191
Niquel 24 0,452 0,440 0,061 0,329 0,551 0,478 0,329
Ferro 24 0,425 0,437 0,065 0,275 0,562 0,452 0,275
Biomassa
Cromo 24 0,439 0,439 0,068 0,287 0,565 0,467 0,287
Cobalto 24 0,405 0,423 0,064 0,276 0,541 0,432 0,276
Mix 24 0,430 0,433 0,051 0,293 0,522 0,451 0,293
Controle 24 0,134 0,122 0,047 0,074 0,272 0,154 0,074
Niquel 24 0,188 0,149 0,112 0,080 0,465 0,236 0,080
Atividade Ferro 24 0,110 0,095 0,037 0,066 0,200 0,126 0,066
especifica de
protease Cromo 24 0,135 0,110 0,070 0,074 0,329 0,164 0,074
Cobalto 24 0,108 0,103 0,022 0,078 0,162 0,117 0,078
Mix 24 0,134 0,119 0,052 0,080 0,303 0,156 0,080
Controle 24 0,251 0,239 0,084 0,121 0,417 0,287 0,121
Niquel 24 0,227 0,233 0,070 0,114 0,387 0,257 0,114
Atividade Ferro 24 0,158 0,150 0,055 0,089 0,290 0,182 0,089
especifica de
hemolisina Cromo 24 0,265 0,261 0,092 0,106 0,519 0,304 0,106
Cobalto 24 0,227 0,214 0,077 0,096 0,403 0,259 0,096
Mix 24 0,315 0,311 0,071 0,184 0,450 0,344 0,184

Fonte: Dados da pesquisa.
Legenda: (D.P.) Desvio padrao, (I.C.) Intervalo de confianga.
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Tabela 4. Analise de Variancia ANOVA a um critério entre os grupos em relagédo as
variaveis estudadas, PUCPR - 2010

Variaveis F Valor p Poder do teste
Biomassa 6,960 0,000~ 0,998
Atividade especifica de protease 4,993 0,000~ 0,980
Atividade especifica de hemolisina 11,167 0,000~ 0,999

Fonte: Dados da pesquisa.
Nota: *Diferencga estatisticamente significante (p<0.05).

47



ANEXO Il - NORMAS PARA PUBLICACAO NO PERIODICO AMERICAN
JOURNAL OF ORTHODONTICS AND DENTOFACIAL ORTHOPEDICS
Information for Authors

Electronic manuscript submission and review

The American Journal of Orthodontics and Dentofacial Orthopedics uses the
Elsevier Editorial System (EES), an online manuscript submission and review

system. To submit or review an article, please go to the AJO-DO Editorial

Manager website: ees.elsevier.com/ajodo

Send other correspondence to:

Dr David L. Turpin, DDS, MSD, Editor-in-Chief

American Journal of Orthodontics and Dentofacial Orthopedics
University of Washington Department of Orthodontics, D-569
HSC Box 357446

Seattle, WA 98195-7446

Telephone (206)221-5413 (206)221-5413

E-mail: diturpin@aol.com

General Information

The American Journal of Orthodontics and Dentofacial Orthopedics publishes
original research, reviews, case reports, clinical material, short communications,

and other material related to orthodontics and dentofacial orthopedics.

Submitted manuscripts must be original, written in English, and not published or
under consideration elsewhere. Manuscripts will be reviewed by the editor and
consultants and are subject to editorial revision. Authors should follow the

guidelines below.
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Statements and opinions expressed in the articles and communications herein
are those of the author(s) and not necessarily those of the editor(s) or publisher,
and the editor(s) and publisher disclaim any responsibility or liability for such
material. Neither the editor(s) nor the publisher guarantees, warrants, or
endorses any product or service advertised in this publication; neither do they
guarantee any claim made by the manufacturer of any product or service. Each
reader must determine whether to act on the information in this publication, and
neither the Journal nor its sponsoring organizations shall be liable for any injury

due to the publication of erroneous information.

Guidelines for Original Articles

Submit  Original Articles  via the online Editorial Manager:

ees.elsevier.com/ajodo. Organize your submission as follows.

1. Title Page. Put all information pertaining to the authors in a separate
document. Include the title of the article, full name(s) of the author(s), academic
degrees, and institutional affiliations and positions; identify the corresponding
author and include an address, telephone and fax numbers, and an e-mail
address. This information will not be available to the reviewers.

2. Abstract. Structured abstracts of 200 words or less are preferred. A
structured abstract contains the following sections: Introduction, describing the
problem; Methods, describing how the study was performed; Results,
describing the primary results; and Conclusions, reporting what the authors
conclude from the findings and any clinical implications.

3. Manuscript. The manuscript proper should be organized in the following
sections: Introduction and literature review, Material and Methods, Results,
Discussion, Conclusions, References, and figure captions. Express
measurements in metric units whenever practical. Refer to teeth by their full
name or their FDI tooth number. For style questions, refer to the AMA Manual of
Style, 9th edition. Cite references selectively, and number them in the order

cited. Make sure that all references have been mentioned in the text. Follow the
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format for references in "Uniform Requirements for Manuscripts Submitted to
Biomedical Journals" (Ann Intern Med 1997;126:36-47); http://www.icmje.org .

Include the list of references with the manuscript proper. Submit figures and

tables separately (see below); do not embed figures in the word processing
document.

4. Figures. Digital images should be in TIF or EPS format, CMYK or grayscale,
at least 5 inches wide and at least 300 pixels per inch (118 pixels per cm). Do
not embed images in a word processing program. If published, images could be
reduced to 1 column width (about 3 inches), so authors should ensure that
figures will remain legible at that scale. For best results, avoid screening,
shading, and colored backgrounds; use the simplest patterns available to
indicate differences in charts. If a figure has been previously published, the
legend (included in the manuscript proper) must give full credit to the original
source, and written permisson from the original publisher must be included. Be
sure you have mentioned each figure, in order, in the text.

5. Tables. Tables should be self-explanatory and should supplement, not
duplicate, the text. Number them with Roman numerals, in the order they are
mentioned in the text. Provide a brief title for each. If a table has been
previously published, include a footnote in the table giving full credit to the
original source and include written permission for its use from the copyright
holder. Submit tables as text-based files (Word or Excel, for example) and not
as graphic elements.

6. Model release and permission forms. Photographs of identifiable persons
must be accompanied by a release signed by the person or both living parents
or the guardian of minors. lllustrations or tables that have appeared in
copyrighted material must be accompanied by written permission for their use
from the copyright owner and original author, and the legend must properly
credit the source. Permission also must be obtained to use modified tables or
figures.

7. Copyright release. In accordance with the Copyright Act of 1976, which
became effective February 1, 1978, all manuscripts must be accompanied by

the following written statement, signed by all authors:
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"The undersigned author(s) transfers all copyright ownership of the manuscript
[insert title of article here] to the American Association of Orthodontists in the
event the work is published. The undersigned author(s) warrants that the article
is original, does not infringe upon any copyright or other proprietary right of any
third party, is not under consideration by another journal, has not been
previously published, and includes any product that may derive from the
published journal, whether print or electronic media. | (we) sign for and accept
responsibility for releasing this material." Scan the printed copyright release and
submit it via the Editorial Manager, or submit it via fax or mail.

8. Conflict of interest statement. Report any commercial association that might
pose a conflict of interest, such as ownership, stock holdings, equity interests
and consultant activities, or patent-licensing situations. If the manuscript is
accepted, the disclosed information will be published with the article. The usual
and customary listing of sources of support and institutional affiliations on the
titte page is proper and does not imply a conflict of interest. Guest editorials,

Letters, and Review articles may be rejected if a conflict of interest exists.

Other Articles

Follow the guidelines above, with the following exceptions, and submit via

Editorial Manager.

Case Reports will be evaluated for completeness and quality of records, quality
of treatment, uniqueness of the case, and quality of the manuscript. A
highquality manuscript will include the following sections: introduction;
diagnosis; etiology; treatment objectives, alternatives, progress, and results;
and discussion. The submitted figures should include extraoral and intraoral
photographs and dental models, panoramic radiographs and tracings from both
pretreatment and posttreatment, and progress or retention figures as

appropriate.

Short Communications should not exceed 2000 words, including the

bibliography, and should include a minimal number of figures or tables. Priority
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will be given to communications relating to primary research data, preferably
clinical but also basic. This section permits time-sensitive material to be

published within 6 months of submission.

Techno Bytes items report on emerging technological developments and

products for use by orthodontists.

Litigation, Legislation, and Ethics items report legal and ethical issues of interest

to orthodontists.

Miscellaneous Submissions

Letters to the Editor and Ask Us questions and answers appear in the Readers'
Forum section and are encouraged to stimulate healthy discourse concerning
the profession. Send letters or questions directly to the editor, via e-mail:

dlturpin@aol.com. Submit a signed copyright release with the letter, or fax or

mail separately.

Brief, substantiated commentary on subjects of interest to the orthodontic
profession is occasionally published as a Guest Editorial or Special Article.
Send Guest Editorials or Special Articles directly to the editor, via e-mail:

dlturpin@aol.com. Submit a signed copyright release with the editorial, or fax or

mail separately.

Books and monographs (domestic and foreign) will be reviewed, depending on
their interest and value to subscribers. Send books to the Editor of Reviews and
Abstracts, Dr Alex Jacobson, University of Alabama School of Dentistry, 1919
7th Ave S, Box 23, Birmingham, AL 35294. They will not be returned.

Checklist for authors

Title page, including full name, academic degrees, and institutional
affiliation and position of each author, and author to whom correspondence and
reprint requests are to be sent, including address, business and home phone

numbers, fax numbers, and e-mail address
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Abstract

Article proper, including references and figure legends
Figures, in TIF or EPS format

Tables

Copyright release statement, signed by all authors
Photographic consent statement(s)
Conflict of interest statement

Permissions to reproduce previously published material
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