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RESUMO

A incidéncia de infeccbes nos pacientes com diabetes mellitus € superior quando
comparada a populagdo em geral, e a progressao do curso da infecgdo também é
mais complexa. Deficiéncias na resposta imune sdo possiveis causas deste aumento
no numero de infecgdes. O objetivo deste estudo foi comparar a infeccdo causada
por Candida albicans e o reparo tecidual em camundongos diabéticos e nao
diabéticos. Fémeas de camundongos BALB/c foram distribuidas em dois grupos: o
grupo controle (ndo diabético) e o grupo com diabetes induzido por administragcéo
endovenosa de aloxana. Apenas os animais que apresentaram glicemia superior a
250 mg/dL foram utilizados. Foi inoculado em cada animal 5x10° de C. albicans na
forma de pseudohifas em PBS administrados na derme profunda da pata direita
traseira. Os grupos foram avaliados apos 1, 4, 7, 14 e 21 dias de infecgdo. Cortes
histologicos de pele corados com acido periddico de Schiff (PAS) foram utilizados
para a dectecao do fungo e suas formas. Imunohistoquimica para detecgédo de F4/80
e arginase | foram realizadas para identificagdo de macrofagos totais e macréfagos
M2, respectivamente. Cortes corados com picrosirius sob luz polarizada
evidenciaram colageno tipo | e Ill. Dosagem de citocinas anti-inflamatorias IL-4, IL-
13, IL-10 e do fator de transformacao de crescimento beta (TGF-B) foram realizadas
por ELISA. Camundongos diabéticos apresentaram predominio de formas
filamentosas do fungo e retardo na eliminagdo de C. albicans. Observou-se
significativa reducdo na densidade de macréfagos F4/80 e atraso na diferenciagcéo
para macrofagos M2. Uma vez que a produgao de IL-4 foi inferior nos camundongos
diabéticos em relagdo ao controle, é possivel que a ativagao alternativa para M2
tenha ocorrido por estimulo de IL-13 e TGF-B. Em relagdo ao colageno, o tipo |
reduziu significativamente nos diabéticos em relagdo ao controle; colageno tipo Il foi
possivelmente estimulado pela producdo de IL-13 e TGF-B. Conclui-se que as
condicbes de diabetes induzido por aloxana desencadearam uma resposta imune
alterada com deficiéncia de IL-4, producdo de IL-13 e TGF-B tardios e, como
consequéncia, houve um atraso no reparo tecidual. Este estudo contribuiu para a
compreensao dos mecanismos envolvidos na candidiase cutdnea em pacientes com
diabetes mellitus do tipo |.

Palavras-chave:Diabetes mellitus. Candida albicans. Macréfagos. Cicatrizagdo.
Citocinas anti-inflamatorias.



PUPIM, Andréia Carla Eugenio. Infection and tissue repair of experimental
cutaneous candidiasis in diabetic mice. 2016. 67 p. Dissertation (Master’s degree
in Experimental Pathology) — Universidade Estadual de Londrina, Londrina, 2016.

ABSTRACT

The incidence of infections in patients with diabetes mellitus is higher compared to
the general population and the progression of the course of infection is also complex.
Deficiencies in the immune response are possible causes of this increased in number
of infections. The aim of this study was to compare the infection caused by Candida
albicans and tissue repair between diabetic and nondiabetic mice. Female mice
BALB/c were assigned into two groups: the healthy group (non-diabetic) and a group
with diabetes induced by intravenous administration of alloxan. Only animals that
showed glycemia >250 mg / dL were used. Each animal received 5x10° of C.
albicans pseudohyphae in 50 uL PBS in the deep dermis of the right hind paw. The
groups were assessed after 1, 4, 7, 14 and 21 days of infection. Histological skin
sections stained with periodic acid-Schiff (PAS) were used in order to identify C.
albicans and its forms. Immunohistochemistry for detecting F4 / 80 and arginase |
was used to marker total macrophages and M2 macrophages respectively. Sections
stained with picrosirious under polarized light highlighted collagen type | and type Ill.
The ELISA assay was used to determine the concentration of anti-inflammatory
cytokines IL-4, IL-13, IL-10 and transforming growth factor beta (TGF-B). Diabetic
mice showed predominance of filamentous form and delay in removing C. albicans.
There was a significant reduction in the density of macrophage F4 / 80 and delayed
differentiation for M2 macrophages. Since IL-4 production was lower in diabetic mice
than in controls, it is possible that the alternative activation M2 has occurred by IL-13
and TGF-B stimulation. In relation to collagen type | was significantly reduced when
compared to non-diabetic mice, collagen type Ill was stimulated by production of IL-
13 and TGF-[. It was concluded that the conditions of diabetes induced by alloxan
they unleashed an altered immune response showed by an IL-4 deficiency, IL-13 and
TGF-B production delayed and, as a consequence, was verified a delay in tissue
repair. This study aims contributed to the understanding of the mechanisms involved
in cutaneous candidiasis in patients with diabetes mellitus type I.

Keywords: Diabetes mellitus. Candida albicans. Macrophages. Healing. Anti-
inflammatory cytokines.
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1 INTRODUCAO

As infecgOes causadas por C. albicans (C. albicans) sdo mais
frequentes na populacdo diabética, sobretudo nos casos em que ha descontrole
metabolico. Isso pode ocorrer tanto na fase inicial da doenca ou pode surgir em
qualguer tempo apés o diagnéstico (OLIVEIRA; MILECH, 2006). Deficiéncia na
resposta imune sdo possiveis causas deste aumento no numero de infec¢des. Além
disso, alguns micro-organismos tornam-se mais virulentos num ambiente com alto
teor de glicose, como ocorre com C. albicans. Outro mecanismo possivelmente
envolvido no aumento do numero de infec¢des, seria 0 aumento da adesdo de
micro-organismos as ceélulas diabéticas quando comparado com células néo
diabéticas, como descrito para infec¢cdes causadas por C. albicans (TEKELI et al.,
2004).

Diabetes mellitus (DM) e hiperglicemia estdo associados a uma
resposta imune inata deficiente que compromete a funcédo de células inflamatdrias,
como neutroéfilos, mondcitos e macréfagos, e que pode ter efeitos diferentes e, por
vezes, graves nos tecidos. Os pacientes com descontrole glicémico séao
particularmente mais propensos a infec¢des graves e/ou recorrentes (ARSLAN et al.,
2016).

Lesbes cutdneas sdo eventos comuns nos diabéticos, sendo
necessario restabelecer a integridade fisica da pele rapidamente, a fim de manter a
homeostase e prevenir infeccdes e sépsis. Feridas agudas ndo apresentam
problemas na cicatrizacdo na populacdo em geral, mas nos individuos com DM, com
o0 progresso da doenca, as feridas tornam-se comprometidas pela ma circulacéo
sanguinea. Portanto, no DM, o reparo de feridas é mais lento, podendo resultar em
lesbes cronicas e dificeis de curar (BECKER; THRASIVOULOU; PHILLIPS, 2012).

Frequentemente, os pacientes diabéticos tém comprometimento da
barreira epidérmica, incluindo a cicatrizagdo incompleta de feridas, o que facilita a
invasdo e a disseminacdo de patdgenos. Isso ocorre por consequéncia da
associacdo entre o alto nivel de glicose e deficiéncias na resposta imune. O
desenvolvimento de um modelo experimental de candidiase cutdnea em
camundongos BALB/c imunocompetentes foi objeto de estudos prévios do nosso

grupo de pesquisa. Os resultados demonstraram equilibrio entre a secre¢do de
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citocinas inflamatorias e anti-inflamatoérias, causando assim a eliminacdo de C.
albicans (CAMPOIS et al., 2015).

O objetivo deste estudo foi comparar o processo de infeccdo por C.
albicans e o reparo tecidual entre camundongos diabéticos e ndo diabeticos.
Buscamos entender melhor o quanto o DM interfere no recrutamento e na ativagao
alternativa de macrofagos na resposta imune contra fungos do género Candida.
Além da resposta imune, avaliamos a cicatrizacao do tecido cutaneo lesionado, com
0 intuito de compreender os mecanismos de reparo tecidual alterados pelo

descontrole glicémico.
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2 REVISAO DE LITERATURA

O DM é uma das principais doencas crbénico-degenerativas da
atualidade. E caracterizado por uma deficiéncia absoluta de insulina, classificado
como DM tipo 1 (DM1); ou pela resisténcia a insulina, classificado como DM tipo 2
(DM2). A deficiéencia de insulina influencia negativamente o metabolismo dos
glicidios, proteinas, lipidios, agua, vitaminas e minerais (DORADO, 2008; SIMPSON
et al., 2010). Na deficiéncia ou auséncia de insulina, a glicose se acumula na
corrente sanguinea causando complicacdes que, ao longo do tempo, podem causar
disfuncdo e falha de varios 6rgdos, como olhos, rins, nervos, vasos sanguineos e
coracao, podendo levar ao 6bito (OLIVEIRA; MILECH, 2006; KING; BOWE, 2015).

E uma doenca de alta prevaléncia e um importante problema de satde
publica. Segundo a International Diabetes Federation (2015), 387 milhdes de
pessoas em todo o mundo estdo afetadas pelo DM. Este niumero pode ser muito
maior, pois se estima que pessoas com DM néo diagnosticado somam 179 milhdes.
A previsao € que o numero de pacientes diabéticos deve aumentar para 592 milhdes
até o ano de 2035. Atualmente, a maior parte dos diabéticos (77%) vive em paises
em desenvolvimento. Sugere-se que 0 aumento na incidéncia de DM seja devido ao
estilo de vida, ao envelhecimento da populacdo e a mudancas ambientais. As
pessoas mais acometidas estao entre 40 e 59 anos de idade, podendo ocorrer em
todas as faixas etarias. As criangas que desenvolveram DM1 em 2013 somam mais
de 79 milhdes e cerca de 21 milhdes recém-nascidos vivos foram afetados pelo DM
durante a gravidez (COSTA; VIEIRA, 2015).

2.1 DIABETES MELLITUS DO TIPO 1

O DML1 pode ser classificado em duas formas clinicas quanto a sua
origem: o tipo 1 imunomediado e o tipo 1 idiopatico. O tipo 1 imunomediado
apresenta infiltrado de linfocitos T nas ilhotas no inicio da doenca, tem associacdo
com sistema de antigenos leucocitarios humano (HLA), apresenta marcadores de
destruicdo imunologica das células como anticorpos anti-ilhota (ICAs), anticorpos
anti-insulina (IAAs), anticorpos contra descarboxilase do acido glutamico (GAD 65),
anticorpos contra tirosino fosfatase 1A-2 e IA 23 e associagdo com outras doencas

autoimunes. Os imunomediados representam 90% de todos os pacientes com DM1.
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Os 10% restantes com etiologia desconhecida (idiopaticos) apresentam
insulinopenia permanente com tendéncia para cetoacidose, ndo havendo evidéncias
de autoimunidade. A maioria dos individuos com DM1 idiopatico sdo de origem
asiatica ou africana (EXPERT COMMITTEE ON THE DIAGNOSIS AND
CLASSIFICATION OF DIABETES MELLITUS, 2003; KNIP; SILJANDER, 2008;
PABLO; DORADO, 2008).

2.2 MODELO DE CAMUNDONGOS COM DIABETES INDUZIDO POR ALOXANA

Em 1838, Friedrich Wohler e Justus Liebig apud Lenzen (1988)
sintetizaram novas substancias, quimicamente relacionadas com &cido arico, como a
aloxana (2,4,5,6-tetraoxypyrimidine; 5,6-dioxyuracil). Em 1937, Jacobs relatou que
injecbes de aloxana em animais produziam uma hiperglicemia transitoria seguida
também por hipoglicemia transitoria, o que foi atribuido ao dano hepatico. Em 1943,
as propriedades desta droga diabetogénica foram relatadas por Dunn, Sheehan e
McLethie através da sua a administracdo em coelhos, que demostrou necrose
especifica de ilhotas pancreéticas. Desde entdo, a aloxana tem sido utilizada em
modelos experimentais de DM1 (SZKUDELSKI, 2001; MCLETCHIE, 2002).

Para este modelo em camundongos, € importante conhecer o
mecanismo de acdo da glicose. E uma molécula polar, insolivel na membrana
plasmatica e seu transporte € realizado através de difuséo facilitada a favor de seu
gradiente de concentracdo, com participacdo de proteinas transportadoras de
glicose (GLUTSs) na superficie de todas as células. Além disso, em células epiteliais,
ocorre absorcdo e reabsorcdo através de um processo de transporte acoplado ao
fon sédio (Na*), o qual promove um transporte contra o gradiente de concentracdo
de glicose e a favor do gradiente de concentracdo de Na®, através de proteinas
transportadoras de glicose ligadas ao sodio (SGLTs). Nestas células, a glicose
concentrada intracelularmente difunde-se para o meio extracelular por difusao
facilitada através de GLUTs presentes na membrana basolateral (MACHADO, 1998;
RAJA; KINNE, 2015; ZANOLI et al., 2015).

Para a manutencao da glicemia, € necessaria a acao da insulina, um
hormdnio anabdlico essencial para a manutencdo da homeostase de glicose e do
crescimento e diferenciagdo celular. Esse horménio é secretado pelas células beta

(células B) das ilhotas pancreaticas em resposta ao aumento dos niveis circulantes
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de glicose e aminoacidos apoOs as refeigbes. A insulina regula a homeostase de
glicose em varios niveis, reduzindo a producdo hepatica de glicose (diminuicdo da
via da gliconeogénese e glicogendlise) e aumentando a captacdo periférica de
glicose, principalmente nos tecidos musculares e no tecido adiposo. A insulina
também estimula a lipogénese no figado e nos adipdcitos reduz a lipolise, bem como
aumenta a sintese e inibe a degradacdo protéica (CARVALHEIRA; ZECCHIN;
SAAD, 2002; KING; BOWE, 2016).

A secrecao de insulina pela célula B pancreatica em resposta a
glicose depende do metabolismo intracelular desse substrato. A célula B pancreatica
expressa a isoforma GLUT2 de transportador de glicose, cuja alta capacidade de
transporte permite que as elevacdes de glicose plasmatica se reflitam em variacdes
paralelas na concentracdo intracelular da glicose, garantindo assim uma resposta
secretéria proporcional as variacdes plasmaticas (MACHADO, 1998; MACHADO;
SCHAAN; SERAPHIM, 2006;). A perda de capacidade secretoria da insulina ocorre
principalmente em resposta a glicose, e reducdo na expressao do GLUT2 nas ilhotas
pancreéticas de diabéticos, levando ao desenvolvimento do DM1 (REDDY et al.,
1998).

Aloxana é um dos produtos quimicos diabetogénicos mais utilizados
na investigacdo do diabetes, por ser um analogo citotoxico da glicose. Embora sua
citotoxicidade ocorra por meio de diferentes vias, seu mecanismo de acao esta
restrito as células B, através da geracao de radicais hidroxila (OH) altamente reativos
causando a fragmentacdo do &cido desoxirribonucleico (DNA) (LENZEN, 2008).
Animais com DM induzido por aloxana tém sido utilizados como modelos
experimentais de DM1 (GE et al., 2009).

A aloxana na presenca de tidis intracelulares, especialmente
glutationa, gera espécies reativas de oxigénio (ROS) em uma reacao redox ciclica
com seu produto de reducdo, o acido dialirico. A auto-oxidacéo do acido dialurico
gera radicais superoxido, peréxido de hidrogénio (H.O,) e, em uma etapa final de
reacdo catalisada pelo ferro, gera também radicais OH. Estes OH sdo responsaveis
pela morte das células B pancreaticas, que tém uma capacidade de defesa
antioxidante particularmente baixa. Como um reagente de tiol, aloxana também inibe
seletivamente a secrecdo de insulina induzida pela glicose através da sua
capacidade de inibir o sensor de glicose das células  (LENZEN, 2008).

A aloxana exerce acdo diabetogénica quando € administrada via
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parenteral: intravenosa, intraperitoneal ou subcutanea. A dose requerida para a
inducdo do DM depende da espécie animal, da via de administracdo e do estado
nutricional (SZKUDELSKI, 2001; DORNAS et al., 2006;). As doses variam de 50 a
200 mg/kg em ratos e de 40 a 200 mg/kg em camundongos (KING; BOWE, 2016).

2.3 Candida albicans E FATORES DE VIRULENCIA

O género Candida apresenta mais de 150 espécies, das quais 10
s&0 responsaveis por infeccbes em seres humanos (SUAREZ et al., 2013). E um
fungo que frequentemente coloniza a pele e as superficies mucosas de individuos,
na forma comensal. No entanto, quando os mecanismos de defesa do hospedeiro
estdo prejudicados, como ocorre em pacientes diabéticos, C. albicans pode tornar-se
um agente patogénico. Portanto, infecgbes superficiais da pele, mucosa oral e
vaginal podem ocorrer, assim como infec¢des sistemicas mais graves, as quais sao
associadas com um alto grau de morbidade e mortalidade (NETEA et al., 2008;
TSCHERNER et al.,, 2015). A patogenicidade fungica depende do estado
imunoldgico do hospedeiro. Sinais e sintomas da infec¢do surgem principalmente em
individuos imunocomprometidos. No entanto, C. albicans também pode causar
doencas em individuos imunocompetentes (SPARBER; LEIBUNDGUT-LANDMANN,
2015).

A manifestacdo clinica das infeccdes causadas por C. albicans é
denominada de candidiase (BACHMANN et al., 2002). A causa mais frequente das
duas formas mais comuns de doenca mucocutanea se deve a presenca de C.
albicans: candidiase oral e vaginal. Candidiase oral aflige uma variedade de
pacientes, incluindo usuarios de prétese total e aqueles com Sindrome da
Imunodeficiéncia Humana (AIDS). A candidiase vaginal afeta cerca de trés quartos
da populacéo feminina pelo menos uma vez na vida (COTA; HOYER, 2015).

A capacidade que C. albican em causar infecgdo no hospedeiro séo
atribuidas as suas propriedades de viruléncia, que incluem aderéncia, dimorfismo,
interferéncia no sistema imune, sinergismo, a producdo de matriz extracelular e
enzimas, tais como as proteinases e lipases (WILLIS et al., 2001).

O processo inicial de invasdo de C. albicans depende da sua
capacidade de aderir as células do hospedeiro. Adesao é fundamental para que o
fungo sobreviva aderido ou internalizado pelas células epiteliais. C. albicans tem
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vérias familias de genes que codificam as proteinas envolvidas na patogenese.
Entre elas esta a Agglutinin Like Sequence (ALS), familia que codifica as
glicoproteinas da parede celular. Algumas proteinas ALS atuam na adesdo da
superficie do fungo a componentes celulares do hospedeiro (ZHAO et al., 2004).

As proteinas ALS nao estdo distribuidas de maneira uniforme sobre
a superficie celular de C. albicans. Por exemplo, ALS1 € encontrada na superficie
das células de levedura, exceto nas cicatrizes celulares quando células filhas sao
formadas. Da mesma forma, ALS1, ALS2 e ALS4 estdo agrupados na juncéao entre a
levedura mée e o tubo germinativo quando as células séo cultivadas sob condicdes
gue promovem a formacao de hifas (COTA; HOYER, 2015).

Os fungos sdo um grupo altamente bem sucedido e diversificado de
micro-organismos. Eles apresentam dois modos proeminentes de proliferacdo: 1) a
forma de levedura, em que as células apresentam-se discretamente alongadas ou
células filhas que tipicamente desassociam da célula mée; e 2) a forma de hifas, em
gue o crescimento continuo de uma ponta conduz a um tubo alongado em que as
células separadas sdo geralmente delineados por septos (WHITEWAY;
BACHEWICH, 2007). Essa capacidade que C. albicans tem de se diferenciar da
forma unicelular (levedura) para a forma filamentosa (hifas ou pseudo-hifas) deve-se
ao dimorfismo (KARKOWSKA-KULETA; RAPALA-KOZIK; KOZIK, 2009).

Normalmente uma levedura comensal de C. albicans invade o
hospedeiro humano através de duas etapas: 1) a adesédo epitelial
predominantemente pela forma de levedura e, 2) a penetracao epitelial por formas
filamentosas de crescimento (pseudo-hifas e hifas), com posterior disseminacao e
infeccdo de érgaos internos (WU et al., 2013).

A forma de levedura é identificada como forma de disseminagédo no
ambiente e desempenha um papel critico nas fases iniciais da progressdo da
doenca. As formas filamentosas exercem a patogenicidade adicional através da
adaptacao a diferentes condicbes ambientais (SAITO et al., 2013).

A transicdo de levedura para forma filamentosa é desencadeada em
resposta a varios sinais, como temperatura (37°C), presenga de soro (in vitro), a
concentracdo de CO,, pH neutro ou alcalino, limitacdo de nutrientes e presenca de
aminoacidos (SATO et al., 2004; ROMAN et al., 2007; SHAPIRO et al., 2012;
VEDIYAPPAN et al., 2013; MOTAUNG et al., 2015).
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As formas filamentosas de C. albicans abrangem duas morfologias
diferentes: pseudohifas e hifas. Nas pseudohifas, as células estdo ligadas no final, e
cada célula tem uma forma eliptica com constricbes nos septos. Na hifas
verdadeiras, estas constricdes estdo ausentes e uma linha de células mostram uma
largura relativamente uniforme (KADOSH; JOHNSON, 2005). As hifas de C. albicans
tem as mesmas propriedades de outras hifas de fungos, tais como, a capacidade de
exercer uma forca mecanica, facilitar a penetracdo da superficie do epitélio e
danificar as ceélulas endoteliais, caracteristicas do fator de viruléncia das hifas
(WIBAWA; PRASENO; AMAN, 2015).

A transicdo de leveduras para hifas € um dos fatores de viruléncia,
gue também tem sido sugerida para o desencadeamento de respostas imune do tipo
linfocitos T auxiliar 17 (Th17), permitindo assim a discriminacéo entre C. albicans
como comensais e invasivas (GOW et al., 2012).

Além disso, as hifas tém maior capacidade de adesdao, invaséo e
destruicdo nos tecidos do hospedeiro do que a forma de levedura (CASANOVA et
al., 1992). Essa transicdo a partir da forma de levedura para a forma de hifas
contribui para a evasao dos macréfagos, invasao de tecidos e formacédo de biofilmes
(VEDIYAPPAN et al., 2013).

No estrato cérneo da pele, levedura de C. albicans é a morfologia
predominante, porém, quando se torna patogénica, predomina a forma de pseudo-
hifas na derme e érgaos sistémicos (GOW et al., 2012).

A morfologia também influencia outras fatores de viruléncia, como a
adesdo e formacdo de biofilmes. Além disso, células de levedura sdo mais
facilmente disseminadas na corrente sanguinea, enquanto que hifas permitem a
penetracdo no tecido hospedeiro para acessar fontes de nutrientes. Esta mudanca
de crescimento para hifas, também confere para a evasdo de C. albicans dos
fagossomas (HEINTZ-BUSCHART et al., 2013).

A formacéo de biofilme envolve varios aspectos fenotipicos, como a
adesdo, a restruturacdo da superficie da célula, o dimorfismo de levedura-hifas e a
producdo de material da matriz extracelular de protecdo e enzimas como as
proteinases (VERMA-GAUR et al., 2015).

As proteinases aspartato proteases secretadas (SAPs) de C.
albicans desempenham um papel importante na patogenicidade deste fungo. Eles

constituem uma familia de pelo menos dez membros com subfamilias. Varias linhas
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de evidéncia sugeriram que a expressao de SAPs permitem ao fungo aderir e/ou
invadir os tecidos do hospedeiro e causar danos, dos quais 0 mais importante é
causar desvios na imunidade do hospedeiro, ndo exacerbando a resposta imune
(PERICOLINI et al., 2015).

As funcOes propostas para estas proteinases durante a infeccéo
incluem a digestdo de proteinas do hospedeiro para o fornecimento de nutrientes, a
evasdo de defesas do hospedeiro degradando imunoglobulinas e proteinas do
complemento, a aderéncia e a degradacao das barreiras do hospedeiro durante a
invasdo (CHEN et al., 2002). Com a expressao regulada de diferentes proteases e
especificidades diferentes, destinadas a varios receptores do hospedeiro, fungos
invasivos podem atingir versatilidade para atacar uma variedade de tecidos (WU et
al., 2013).

Muitos modelos experimentais de animais de infec¢cdo por C.
albicans demonstram e indentificam a expressao diferencial de genes da familia das
SAPs. Schaller et al. (1998, 2000) demonstraram a presenca de genes SAPs em
modelos de candidiase oral e cutanea in vitro e sugeriram que praticamente todos os
genes de proteinases estavam expressos nestes modelos.

A expressao de SAPs1-6 foi confirmada por meio de microscopia
imunoeletronica, demonstrado a expresséao predominante de SAPs1-3 no interior da
parede celular de todas as células de levedura e hifas, e SAPs4-6 foram
encontradas principalmente nas hifas. As SAPs4-6 sdo importantes para a invasao
de tecidos, e indicado por diferentes padrdoes de expressao de genes de SAPs em
varios modelos de infeccdo (SCHALLER et al.,, 1999, 2005). Foi demonstrada a
expressdo de SAPsl1 e SAPs2 em vaginite experimental em ratos (DE BERNARDIS
et al., 1995).

Wu et al. (2013) demostraram que as SAPs4-6 de C. albicans
causam apoptose das ceélulas epiteliais, e queratindcitos. Elas se ligam as integrinas
da superficie celular, que conduzem a internalizagdo, exercendo suas atividades no
meio acido de lisossomas para desencadear a apoptose das células, podendo ser
descrito como um mecanismo “Cavalo de Troia”. Células epiteliais nas mucosas
contém integrinas na sua membrana externa, que sao 0s primeiro alvos para a
invasdo por C. albicans. As SAPs auxiliam na invasédo das células do hospedeiro
através da criacdo de lacunas na superficie da mucosa que facilita a penetracao do

agente patogénico.
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2.4 CANDIDIASE MUCOCUTANEA E RESPOSTA IMUNE

Candidiase mucocutanea crénica (CMC) refere-se a um grupo
heterogéneo de doencas que s&o caracterizadas por infeccbes recorrentes ou
persistentes. Sdo exemplos de CMC a candidiase orofaringea (OPC) que envolve a
boca, faringe e es6fago; a candidiase cutédnea ou por via dérmica envolvendo a pele;
e candidiase vaginal que envolve a mucosa genital feminina (DEPNER et al., 2015).

O maior causador de candidiase nos seres humanos é C. albicans,
que pode provocar desde uma infeccdo superficial até um quadro mais invasivo
(sistémica). Os sinais e sintomas variam de acordo com a area infectada, podendo
surgir pequenas complicacbes ou até situacbes que comprometem a vida do
paciente (MUHAMMAD et al., 2015).

As lesdes caracteristicas, encontradas nos portadores de
candidiase, sdo placas esbranquicadas, com crostas e Ulceras, normalmente
encontradas na boca e faringe, trato gastrointestinal e mucosa vaginal. Os pacientes
com CMC podem tanto progredir para recorréncia como para a cronicidade da
doenca (CHAMBO FILHO et al., 2014).

Em quase todos os casos de CMC, h4 uma associacdo com outras
doencas, tais como distdrbios dérmicos, doencas do aparelho digestivo,
poliendocrinopatias, neoplasias malignas e principalmente com doencas auto-
imunes (KIRKPATRICK, 1994). Analises imunoldgicas mostraram que CMC e seus
distarbios associados sdo causados por uma imunodeficiéncia celular mediada,
como, um defeito central ou incapacidade de desenvolver e expressar respostas
imunes mediadas por células, que séo eficazes contra a Candida (NAGASHIMA et
al., 2000).

Para compreender a resposta contra C. albicans, é necessario
caracterizar os dois tipos de resposta imune, a imunidade inata e adquirida. O
sistema imune inato é a primeira linha de defesa do hospedeiro contra agentes
patogénicos e é mediada pelos fagécitos, incluindo neutréfilos, macréfagos e células
dendriticas (CD). A imunidade adquirida esta envolvida na eliminacdo de agentes
patogénicos na fase tardia de infeccdo e também na geracdo de memoria
imunolégica (AKIRA; UEMATSU; TAKEUCHI, 2006).

Em individuos imunologicamente competentes, o0 sistema

imunologico inato funciona como uma sentinela eficiente que fornece protecao
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contra as milhares de espécies de fungos com o0s quais 0s seres humanos tem
contato regularmente (NETEA et al., 2008) .

A levedura oportunista de C. albicans ndao causa doenga em
individuos imunocompotentes, apesar de habitar superficies corporais, sendo
controlada por mecanismos imunes, especificamente as células Thl7 e citocinas
produzidas por elas. As infeccdes de mucosas por espécies de Candida indicam a
deficiéncia de células T, frequentemente encontrada em individuos
imunossuprimidos (ZHENG et al., 2015).

A CMC ocorre na auséncia de fontes inatas de interleucina (IL) 17
(IL-17) e IL-22, e também na resposta ineficaz de linfocitos Thl7, causadas por
deficiéncia na imunidade como AIDS ou Sindrome de hiper IgE (HERNANDEZ-
SANTOS et al.,, 2013; MCDONALD, 2012). Pode também estar associada com
mutacdes no receptor de lectina do tipo C de reconhecimento flngico e suas
moléculas de sinalizacdo ou o ligante de Dectina-1(KASHEM et al., 2015).

O sistema imune inato reconhece diferentes estruturas moleculares
caracteristicas de varios patégenos microbianos. Estas substancias microbianas
capazes de estimular a imunidade inata sdo denominadas padrbes moleculares
associados aos patéogenos (PAMPs). Diferentes classes de microrganismo
expressam diferentes PAMPs, como &cidos nudcleicos de virus, proteinas (flagelina)
e lipidios de parede celular como o lipopolissacarideo (LPS) encontradas em
algumas espécies de bactérias gram negativa e carboidratos (mananas e
glucanas/dectinas) de fungos, entre outros (ABBAS; LICHTMAN; PILLAI, 2012).

Para o reconhecimento de PAMPSs, o sistema imune inato utiliza uma
variedade de receptores de reconhecimento de padrées moleculares (PRRs) que
podem ser expressos na superficie da célula, em compartimentos intracelulares, ou
segregadas para os fluidos na corrente sanguinea e nos tecidos. As principais
funcdes destes PRRs incluem a opsonizacao, a ativacdo do sistema complemento e
cascata de coagulacdo, a fagocitose, a ativacdo das vias de sinalizacdo proé-
inflamatorias, e podem também induzir a apoptose (JANEWAY; MEDZHITOV, 2002).

As respostas imunes sdo estimuladas tanto por componentes da
camada exterior, como da camada interior da parede da célula de C. albicans, sendo
gue o reconhecimento e indugcao de resposta imune mediante a presenca deste
fungo, pode ocorrer por diferentes classes de PRRs, como o0s receptores

semelhantes a Toll (TLRs), receptores de lectina do tipo C (CLRS) e os receptores
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semelhantes a NOD (NLRs), capazes de reconhecer e induzir uma resposta imune
inata a diferentes PAMPS (GOW et al., 2011).

Os membros da familia TLRs sdo capazes de reconhecer
coletivamente estruturas de lipidios, carboidratos, peptideos e acido nucleico que
sdo amplamente expressas pelos diferentes grupos de micro-organismos (BLASIUS;
BEUTLER, 2010). Eles sdo expressos em varias células do sistema imune, incluindo
os macroéfagos, as CD, células B, tipos especificos de células T, e mesmo em
células ndo imunes, tais como fibroblastos e células epiteliais. Alguns TLRs séo
expressos na superficie da célula (TLRs 1, 2, 4, 5, e 6), a0 passo que outros sdo
expressos na membrana das vesiculas de endocitose ou outras organelas
intracelulares (TLRs 3, 7, 8, e 9) (AKIRA; UEMATSU; TAKEUCHI, 2006;
TRINCHIERI; SHER, 2007).

PAMPs polissacarideos como as mananas de parede celular de
Candida sao reconhecidos por receptores de manose e TLR4, as fosfolipomananas
sdo reconhecidas por TLR2 e também colaboram com o receptor B-glucano de
dectina-1 para a estimulacdo da producdo de citocinas. O reconhecimento de
ligagbes 1,3-beta-glucanos por dectina-1 mostra ser uma das principais vias de
reconhecimento de fungos. Dectina-1 amplifica TLR2 e a produgdo de citocinas
induzida por TLR4 em células de murinos e humanos, o que resulta na producéo de
citocinas tais como o fator de necrose tumoral alfa (TNF-a) (FERWERDA et al.,
2009).

Os CLRs reconhecem principalmente estruturas polissarideas de
microorganismos e sdo, provavelmente, a familia de PRRs mais importante no
reconhecimento de fungos. C. albicans é reconhecida por varios CLRs que incluem,
dectina-1, dectina-2 , o receptor de manose de macréfagos (MMR), Dendritic Cell-
Specific Intercellular adhesion molecule-3-Grabbing Non-integrin  (DC-SIGN)
dendritica, a lectina do tipo C indutivel de macréfagos (Mincle), e a lectina de ligacao
a manose em circulagdo (MBL) (GOW et al., 2012).

As respostas imune do tipo linfécito T auxiliar 1 (Thl) e do tipo
linfécito T auxiliar 2 (Th2) sdo fatores importante que garante a susceptibilidade ou
resisténcia a infeccdo por C. albicans. Na colonizagdo da mucosa e infecgcéo
sistémica de camundongos por fungo, a resposta imune € do tipo Thl e a protecéo é
dependente de fagdcitos, principais mediadores da imunidade adquirida, com
producdo de IFN-y e IL-2 relacionada com resisténcia a Candida. Mas a resposta
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tipo Th2 com secregdao de citocinas inibidoras IL-4, IL-5 e IL-10, promovem a
progressao da doenca (D’OSTIANI et al., 2000; ELAHI et al., 2000; ZHU; YAMANE;
PAUL, 2010) e com susceptibilidade a este fungo (ROMANI, 2011; VAN DER
GRAAF et al., 2005).

As células do sistema imune que funcionam como a primeira linha
de defesa sdo neutrofilos polimorfonucleares (PMN), mondcitos/macrofagos e CD,
conhecidos como fagocitos profissionais. Os PMNs sédo as principais células que
respondem durante infecgbes por C. albicans, os mondcitos se diferenciam em
macréfagos ou CD, sendo que as CD sao as células apresentadoras de antigenos
(APC) profissionais com funcdo central, intermediando a imunidade inata e a
adaptativa (MIRAMON; KASPER; HUBE, 2013).

PMN sao as células predominantes na fase inicial de infeccao por C.
albicans encontradas nos microabcessos, rodeados por um pequeno nuamero de
células mononucleares. A medida que o fungo vai sendo eliminado, as células
predominantes sdo os macrofagos, que aderem ao colageno de matriz extracelular e
tem capacidade superior de matar leveduras de C. albicans enquanto as hifas inibem
a fusé@o do fagolisossoma evitando sua morte (NEWMAN et al., 2005).

C. albicans € resistente a atividade fungicida de macréfagos,
incluindo ROS e RNS, através da codificacdo de uma catalase a superoxido
dismutase (SOD), enzimas SOD (SOD 4-6) sdo secretadas e desintoxicam ROS
extracelulares produzidas por macréfagos. Assim, C. albicans escapa da exploséo
respiratoria antimicrobiana antes que possa causar dano intracelular (JIMENEZ-
LOPEZ; LORENZ, 2013).

Os macrofagos atuam em resposta a diferentes citocinas e também
ao ambiente que estdo expostos, podendo inibir a proliferacdo (matar agentes
patogénicos) ou promover a proliferacdo (reparacdo de feridas). Eles possuem a
capacidade de metabolizar arginina, resultando em 6xido nitrico (NO) indicando uma

resposta inflamatoéria ou ornitina para uma resposta de reparacédo (MILLS, 2015).
2.5 MACROFAGOS E CICATRIZACAO
Macréfagos com fendtipos e fungdes especificas estédo presentes em

diferentes fases de reparacao e contribuem para 0s processos e transi¢des dentro

do programa de reparacdo de ferida, como a remocao de residuos necréticos, a
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capacidade de induzir apoptose e a fagocitose de neutrofilos, contribuindo para a
resolucdo da fase inflamatéria e a transicdo para a fase proliferativa de cura
(NOVAK; KOH, 2013).

A ativacdo especifica de macréfagos varia ao longo da fase pro-
inflamatoéria, predominando macréfagos classicamente ativados (M1), e
posteriormente, pré-reparadora de macréfagos alternativamente ativados (M2). Os
M1 observados durante a resposta aguda ao trauma liberam altos niveis de ROS,
fagocitam e liberam citocinas pro-inflamatorias, para remover o patégeno e detritos
da ferida no local da lesédo. Os M2 participam da reparacdo de tecidos, com a
diminuicdo da producéo de citocinas pré-inflamatorias e menor producédo de ROS.
Eles também secretam citocinas imunossupressoras, como a IL-10. Esses
mediadores permitem que M2 sintonizem as respostas inflamatérias, fagocitando
detritos e promovendo remodelagéo e reparacgao tecidual (GENSEL; ZHANG, 2015).

A ativacdo alternativa de macréfagos ocorre por citocinas IL-4 e IL-
13, produzidas na ativacédo de células Th2, particularmente em respostas alérgicas,
e parasitas patogénicos e extracelulares. Os efeitos destas citocinas nos
macréfagos, em conjunto com os efeitos da IL-10, atuam na desativacao da resposta
imune, diferente da ativacao classica por interferon gama (IFN-y). As citocinas IL-4 e
IL-13 regulam positivamente a expresséo do receptor de manose e moléculas MHC
de classe Il por macrofagos, o qual estimula a endocitose e a apresentacdo de
antigeno, e induz a expressdo das quimiocinas seletivas e enzimas intracelulares,
como a arginase, que estao implicadas no recrutamento de células e formacéo de
granulomas (GORDON, 2003).

A expressdo da enzima arginase por M2 tem sido apontada como
papel central na reparacdo dos tecidos. Arginases catalisam a degradacdo de
arginina em ureia e ornitina. A ornitina pode, por sua vez, ser metabolizada em
prolina, um aminoacido que é abundante em colagenos (BRANCATO; ALBINA,
2011).

No DM dificuldade na cicatrizacdo de feridas € uma complicacdo
comum e uma grande morbidade, resultando em dor, com qualidade de vida
diminuida (BECKER; THRASIVOULOU; PHILLIPS, 2012). As pessoas com diabetes
nao apresentam a barreira da epiderme integra, na qual fica comprometida a
cicatrizacdo de feridas (KOIVUKANGAS et al.,, 1999), desta foram facilita a

penetracdo e disseminacao fungica.
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As feridas diabéticas sdo caracterizadas por angiogenese
prejudicada, oclusdo de vasos sanguineos dentro da ferida e diminuicdo da
producado de colageno, sendo que a ma cicatrizacdo de feridas, dentro destas varias
causas, sao os fatores de crescimento defeituosos que mais contribuem para o
retardo no reparo do tecido danificado. Kim et al. (2014) mostraram que a
cicatrizacdo de feridas retardada observada em ratos diabéticos foi associada com
um aumento significativo dos niveis de glicose no sangue; além disso, quando
comparados com o grupo diabéticos com controles normais, foram observadas
diferencas significativas na cicatrizagcéao de feridas (KIM; CHO; LEE, 2014).

A cicatrizacao de feridas é dividida em trés etapas:

0] Fase inflamatoria inicial;

(i) Fase proliferativa;

(i)  Fase final ou remodelamento.

A fase inflamatéria aguda ocorre imediatamente apdés o dano ao
tecido caracterizada pela presenca de infiltrado neutrofilico, posteriormente
substituido por células mononucleares. A fase proliferativa é caracterizada pela
presenca de células inflamatérias mononucleares, proliferacdo de fibroblastos e
queratinécitos e também pela formacédo de tecido de granulagéo, com a proliferacédo
de células endoteliais e a deposicdo de moléculas da matriz extracelular, ocorrendo
entre dois e dez dias ap6s a lesdo. Os fibroblastos e miofibroblastos interagem e
produzem matriz extracelular, principalmente sob a forma de colageno, que
finalmente formam a maior parte da cicatriz madura. A fase final representa a
maturagdo do novo tecido formado e o remodelamento se inicia entre duas a trés
semanas apos a lesdo, podendo durar de um ano ou mais. Além disso, de seis a
doze meses, a matriz celular esta ativamente remodelada a partir de um “backbone”
de colageno tipo Il principalmente para uma predominancia composta de colageno
tipo | (KOMESU et al., 2004; GURTNER et al., 2008).

Os macréfagos controlam a celularidade de feridas, devido a sua
capacidade para induzir a apoptose e a fagocitose de uma variedade de células de
feridas. Células-alvo de macrofagos incluem neutréfilos durante a fase inflamatéria
do reparo, fibroblastos e células endoteliais durante sua resolucdo (BRANCATO;
ALBINA, 2011). Macréfagos liberam sinais inflamatérios adicionais, como fator de
transformacdo de crescimento beta 1 (TGF-B1) e fator de crescimento de
fibroblastos 2 (FGF-2) (BECKER; THRASIVOULOU; PHILLIPS, 2012).
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Em incisbes dorsais realizadas em ratos Sprague-Dawley diabéticos,
observou-se a taxa de cicatrizagdo durante a intervencdo de uma semana com
protocolos de estimulacdo com corrente pulsada de alta tensdo (HVPCS). Verificou-
se que houve reducéao significativa do tamanho de feridas e a taxa de cicatrizacéo
indicou contragdo da ferida, que inicialmente ocorre sem o envolvimento de
miofibroblasto. Apo6s os fibroblastos estimulados por TGF-B diferenciarem-se em
miofibroblastos, células responsaveis pela contracdo da ferida. O TGF-B estimula
diretamente a sintese de colageno e diminui a degradacéo da matriz extracelular por
fibroblastos (BLAKYTNY; JUDE, 2006).

O colageno é fundamental para a forca e a integridade da matriz
extracelular (MEC) e para epitelizacdo durante as ultimas fases da cicatrizacdo e
estd envolvido na manutencdo da estrutura e na integridade cutanea. Na fase
proliferativa, TGF-B1 produzido por macrofagos ativados tem influéncia positiva
sobre a angiogénese e epitelizacdo estimulando queratinécitos (KIM; CHO; LEE,
2014).

A familia TGF-B de proteinas atraem macréfagos para a area da
ferida e estimula a producédo de citocinas adicionais, para aumentar fibroblastos do
musculo liso e da quimiotaxia para modular a expressao de colageno e formacéo de
cicatriz (BROUGHTON; JANIS; ATTINGER, 2006). TGF-B1 desempenha um papel
importante na regulacdo da reparacdo de feridas por repitelizacdo, suprimindo a
inflamacéo e promovem a regeneracgao do tecido conjuntivo e a formacao de cicatriz
(SANTORO; GAUDINO, 2005).

Amostras da pele de diabéticos manifestam uma capacidade
reduzida de crescimento dos fibroblastos dérmicos associada & anomalias do
metabolismo da MEC. Como uma macromolécula extracelular, colageno é o
componente principal de MEC e a proteina estrutural mais abundante em tecidos da
pele. A derme de pele é constituida por 80% de colageno tipo I, e o restante &
principalmente de colageno tipo IlI (MOURA et al., 2014). Os fibroblasto séo
responsaveis para a producdo de colageno, e numerosas estruturas de colageno
precisam ser reconstituidas apos a lesdo de pele. Os fatores de crescimento de
tecidos especiais, como TGF-3, o fator de crescimento mais potente envolvidos na
cicatrizacdo de feridas, desempenha um papel chave na resposta inflamatoria, a
angiogénese, a repitelializagdo, e deposicdo de MEC, e nos tecidos da pele de

diabéticos onde o remodelamento e metabolismo anormal de colageno pode estar
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alterados na deficiéncia deste fator. Modificacdo da relacdo de coldgeno I/lll pode
contribuir para o enfraguecimento da derme e estar envolvida na patogénese da

microestrutura anormal da pele em pacientes com DM (REN et al., 2013).
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3 OBJETIVOS

3.1 GERAL

Comparar o processo de infec¢cao por C. albicans e reparo tecidual

em camundongos diabéticos e ndo diabéticos.

3.1.1 Especificos

v Identificar a presenca de C. albicans no percurso da infec¢ao;

v Identificar a morfologia de C. albicans predominante durante a
infecao;

v' Quantificar a presenca de fagoécitos mononucleares totais e 0s
alternativamente ativados (M2) durante o processo de infeccéo;

v' Analisar a participacdo de citocinas ant-inflamatérias na ativagdo
alternativa de macrofagos M2;

v' Analisar o reparo tecidual através dos tipos de colagenos | e llI;

v' Dosar citocinas de perfil Th2 anti-inflamatérias no linfonodo popliteo

e correlaciona-las com o reparo tecidual;
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Abstract

Diabetic patients seem to be predisposed to cutaneous candidiasis, and given the high complexity of this disease,
the mechanisms of effector molecules and cells that participate in the immune response merit better
understanding. In a previous study, we used an experimental model of cutaneous candidiasis in
immunocompetent BALB/c mice, where we demonstrated a balance between inflammatory and
antiinflammatory cytokines, allowing the elimination of pathogens and cure of the disease. Here, the mice were
treated with alloxan by the endovenous route and all animals with blood glucose levels >250 mg/dL received
Candida albicans intradermically in the hind paw and were studied up to 21 days. Control groups were not
treated with alloxan and underwent the same procedures. We evaluated the interference of diabetic conditions in
alloxan-induced diabetic mice in relation to the development of C. albicans infection, density of macrophages,
distribution of collagen type | and IlI, antiinflammatory cytokines involved in the transition of M1 to M2
macrophages and tissue repair, compared with non-diabetic mice. Diabetic mice showed a significant decrease in
the density of F4/80 macrophages, as well delayed elimination of C. albicans. Differentiation to M2
macrophages was late and activated by IL-13 and TGF-p, while IL-4 production was significantly lower
(p<0.001) compared to control. There was significant (p<0.01) loss of collagen type I, as compared to non-
diabetic mice, and collagen type Il was produced late with interference of IL-13 and TGF-B production. These

findings can be useful in understanding the mechanisms involved in chronic cutaneous candidiasis.

Keywords: experimental cutaneous candidiasis, diabetes-induced by alloxan, M1 and M2 macrophages,

collagen type I and 111, antiinflammatory cytokines.
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Introduction

Diabetes affects hundreds of millions of people worldwide, and these individuals exhibit a documented
impairment in the healing of acute wounds. Moreover, this population chronic non-healing diabetic foot ulcers,
which are estimated to occur in 15% of all persons with diabetes. These ulcers are a serious complication of
diabetes and precede 84% of all diabetes-related lower leg amputations, mainly when coupled with an impaired
ability to fight infection [1].

Fungal infections are the most frequent cutaneous manifestations in diabetic patients [2], and
candidiasis is a leading occurrence [3]. Diabetic patients seem predisposed to cutaneous candidiasis, as shown in
a study by Papini et al. (2013) [4], in which onychomycosis was observed in 53.3% and foot skin mycosis in
46.7% of cases. Both fungal infections showed significantly higher prevalence compared to the control group
[5]. Given the high complexity in humans, the effector molecules and cells involved in the immune response to
cutaneous candidiasis still remain to be elucidated.

In adult humans, optimal wound healing involves the following the events: 1-rapid hemostasis; 2-
appropriate inflammation; 3- mesenchymal cell differentiation, proliferation, and migration to the wound site; 4-
suitable angiogenesis; 5- prompt re-epithelialization (re-growth of epithelial tissue over the wound surface); and
6- proper synthesis, cross-linking, and alignment of collagen to provide strength to the healing tissue [6-8].

In our previous study, we established a model of cutaneous C. albicans infection in BALB/c mice to
investigate disease progression, to understand specific cellular and molecular components involved in immunity
to Candida and to determine the balance between pro- and antiinflammatory cytokines over the course of
infection [9]. In this study, we evaluated the interference of diabetic conditions in alloxan-induced diabetic mice
in relation to the development of C. albicans infection, density of macrophages, distribution of collagen type |

and 11, antiinflammatory cytokines involved with transition of M1 to M2 macrophages and tissue repair.

Materials and Methods

Ethical approval:

The experimental protocols were approved by the Animal Research Ethics Committee of State University of
Londrina, Brazil (Approval number 188/12).All procedures performed in studies involving animals were in

accordance with the ethical standards of the institution or practice at which the studies were conducted.

Mice and Induction of Diabetes

Female BALB/c mice were obtained from State University of Maringa and housed five animals per cage in a
temperature- and humidity-controlled room with a 12 h light/dark cycle, and they received sterilized water and
food ad libitum. BALB/c mice received a single dose of alloxan (Sigma Aldrich, St. Louis, MO, USA) via the
tail vein at a dose of 65 mg/kg body weight [10]. All animals were 8 weeks of age at the start experiments. Mice
were considered diabetic if their blood glucose was >250 mg/dL. Blood glucose measurements were performed
with an ACCU-CHEK Active test strip glucometer (Roche Diagnostics, Mannheim, Germany) using blood

samples from the tail vein. Control mice were not treated with alloxan.
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Candida albicans Culture

C. albicans strain 577 was isolated from the skin of a patient with mucocutaneous candidiasis and kindly
provided by Dr. Luiz Rodolfo Travassos, UNIFESP, Sdo Paulo, Brazil. Fungal cells were grown in 1% yeast
extract, 2% peptone, 2% dextrose (YPD), at 28°C for 24 h. The cells collected by centrifugation were
resuspended in YPD plus 10% fetal bovine serum (FBS) at a concentration of 5x10° yeast cells/ml and incubated
at 37°C for 2 h, to produce pseudohyphae, as described by Kagami et al. [11]. Microscopic examination

confirmed that 85.7 + 3.8% of the cells of this strain converted to pseudohyphae.
Cutaneous Candida albicans Infection and Fungal Load

Two main groups were used, one treated with alloxan and considered diabetics and another one made up of
healthy animals (non-diabetic mice). Five mice per diabetic or healthy subgroup were inoculated with C.
albicans pseudohyphae (5X10%/50 pL PBS) in the dermis of the hind paw, and PBS solution was injected into
the contralateral paw as a negative control. After 1, 4, 7, 14 and 21 days, the site of infected skin on the hind paw
and the popliteal lymph nodes were collected, weighed and macerated. Homogenates of popliteal lymph nodes
were then centrifuged, and the clear supernatants were collected and kept in the freezer at -20°C for later

determination of cytokines according to a previous study [9].
Periodic Acid-Schiff Staining of Yeast and Filamentous Forms of Candida

Similar groups of mice as described above were evaluated histopathologically. The collected hind paw tissues
were fixed in 10% formalin for 24 h and then subjected to histological processing for paraffin embedding. Serial
histological 4-um sections were stained with periodic acid-Schiff (PAS) because Candida species stain poorly
with hematoxylin and eosin. PAS staining is a histochemical technique used because it stains polysaccharides
and chitin present in the fungal cell wall. In this study, PAS was used to identify the morphological features of
the fungus as well the localization and extension of infection. Small budding yeast or filamentous forms

(pseudohyphae, hyphae) show strong cell wall PAS staining as pinkish red.
Immunohistochemistry

The protocols of Kagami et al. [11] were used for immunochistochemistry. Histological sections, 4 um thick, of
skin from the infected hind paw were deparaffinized in xylene and hydrated in a graded alcohol series. The
sections were incubated in 10 mM citric acid (pH 6) at 95°C for 30 min for antigen retrieval, and endogenous
peroxidase activity was quenched by treating sections with 3% hydrogen peroxide for 5 min at room
temperature. Sections were blocked with 2% BSA, 0.5% Triton X-100 and 10% goat serum in PBS for 60 min at
room temperature, followed by incubation with primary rat anti-F4/80 (Santa Cruz, SC-52664, 1:50), or rabbit
anti-arginase |, (Santa Cruz, SC-20150, 1:50), overnight at 4°C. Samples were washed and incubated at room
temperature for 90 min with secondary peroxidase-conjugated goat anti-rat (Vector Laboratories P1-9400, 1:500)

or peroxidase-conjugated goat anti-rabbit (Vector Laboratories PI-1000, 1:500), developed using
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diaminobenzidine substrate kit for peroxidase (eBioscience), counterstained with Harris’ hematoxylin and
mounted with Permount®. From each mouse, thirty microscopic fields of infected hind paw were captured using
a high-resolution camera (Moticam 2500, 5.0 M pixel USB 2.0) attached to light microscope Axiophot Zeiss
Axiophot (63x immersion objective). Motic Images Plus 2.0 was used for analysis. We counted the total number
of macrophages (F4/80%) and M2 (arginase I") macrophages in each mouse during the development of the

infection. The number of macrophages was expressed per mm?.
Quantification of Collagen

Histological sections, 4 um thick, of skin from the infected hind paw were deparaffinized in xylene and hydrated
with a graded alcohol series. The sections were stained by Picrosirius red staining for quantification of collagen
types I and 111 using polarized light. Accordingly, ten images from each mouse were captured using an AxioCam
high-resolution camera (Carl Zeiss, Jena, Germany) attached to an Axioscop Plus light microscope (Carl Zeiss,
Jena, Germany; 40x objective) using the software AxioVisionRel 4.1. The images were evaluated with the
software Image-Pro Plus 4.5 to obtain the number of pixels of yellow and red fibers (type I collagen) and green

fibers (type 111 collagen). Results were expressed in percentage (%).
Cytokines Analysis

To determine the concentration of antiinflammatory cytokines (IL-4, IL-10, IL-13, and TGF- B), the supernatants
of the homogenates of infected and control skin described above were submitted to capture ELISA procedures
(eBioscience, San Diego, CA). The cytokine quantification assays were performed in accordance with the

manufacturer’s instruction.
Statistical Analysis

For analysis of epidermal thickness, first the data were analyzed according to the type of distribution. All data
presented normal distribution, so groups were compared in pairs using the unpaired Student t test considering 5%
significance level. Tests were performed by the software GraphPad Prism version 5.0. For cytokines analysis the
differences between groups were analyzed using one-way ANOVA was applied. Values of p<0.05 were

considered statistically significant.

Results

Monitoring of glycemia during the infection

The mice were treated with alloxan to generate diabetes conditions with selective destruction of insulin-
producing pancreatic cells in the islets of Langerhans. Samples of blood from the tail venous in alloxan induced-

diabetic group showed glucose level increased significantly to 272.8 + 19.3 mg/dL one day post-treatment.

Control mice (non-diabetic) showed a blood glucose level of 98.2 + 7.4 mg/dL. Control mice were considered
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immunocompetent. The glucose level was evaluated per mice right before euthanasia to confirm the diabetic

conditions during course of infection.

Skin from mice infected with Candida albicans and stained with Periodic Acid Schiff.

Diabetic mice infected with C. albicans showed a higher fungal burden (Fig. 1B) with predominance of
filamentous forms (psedohyphae and hyphae) compared to non-diabetic mice whose dermis had a predominance
of yeast cells one day post-infection as observed in Fig. LA. From the fourth day post-infection, the injured tissue
in the dermis of diabetic mice displayed rupture of tissue and disorganizations of extra cellular matrix up to day
14 (Fig. 1 D,F,H). These results suggested an impaired ability to fight infection caused by alloxan-treatment,
making the diabetic mice largely unable to mount an adequate inflammatory response. The elimination of
pathogens occurred earlier in non-diabetic mice at seven days post-infection, and tissue organization was little
affected (Fig. 1 C,E,G I).

Population density of F4/80 and M2 macrophages.

Considering the possibility of diabetic mice showing disturbances in the functions or number of macrophages,
the next step was to study the density of macrophages at the infection site using F4/80 as marker. We observed
F4/80 macrophages significantly reduced in diabetic mice compared to non-diabetic mice at day four post-
infection (Fig 2A, B and E; p<0.05). In addition, the activation of the alternative pathway to M2 was hindered,
since the population of macrophages marked with anti-arginase | was significantly reduced between 14 and 21
days post-infection (Fig. 2C, D and F; p<0.001).

Analysis of antiinflammatory cytokines during infectious process.

To understand the deregulation of M1 and M2 macrophage polarization in induced diabetes type | by treatment
with alloxan, we determined the profile of anti-inflammatory cytokines. The level of IL-4 was significantly
reduced in the diabetic group at four days post infection compared with non-diabetic mice (Fig. 3A; p <0.001).
In this study, IL-13 was present (Fig. 3B) and displayed a critical role in the transition of M1 to M2 macrophages
considering that IL-4 production was insignificant for this effective function. Besides, we found a delay in
physiological levels of TGF1- B in the diabetic mice, which occurred only in late phase of infection at 21 days
compared to non-diabetic mice (Fig. 3C). The level of IL-10 was significantly reduced in the diabetic group at

four days post infection compared with non-diabetic mice (Fig. 3D; p <0.001).

Analysis of collagen Type | and 11 in skin from infected mice

Type | collagen was slightly affected in the early phase of infection but there was critical reduction between days
7 and 21 in diabetic mice (Fig. 4A,C,E). Besides, the infected tissue in diabetic mice had more type 111 collagen
between days 7 and 21 (Fig. 4B,D,F). These results are associated with the disorganized tissue observed in

diabetic mice, which exhibited a higher quantity of filamentous forms of C. albicans (Fig. 1D,F,H).
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Discussion

In previous study we established a model of C. albicans infection in cutaneous tissues at hind paw of healthy
mice, which provided an expanded understand of host defense mechanisms by analyzing paw symptomatology,
immunological and histopathological development of infection [9]. Importantly, we demonstrated that a balance
between pro-and anti-inflammatory cytokines was fundamental for the resolution of infection opening a new
direction to study systemic disorders such as diabetes mellitus that predispose an individual to cutaneous
candidiasis.

In this study, we demonstrated that diabetic conditions contributed to a more severe development of C.
albicans infection and became the dermis more disorganized, with destruction of collagen type I, delayed in
immune response affecting transition from M1 to M2 macrophages and as consequence an uncompleted tissue
repair. It can be related to increase of glucose level in blood and alterations of mechanisms of immune response.

Although C. albicans has been administered in pseudohyphae, we observed a predominance of yeast
cells in non-diabetic mice whereas diabetic mice showed higher fungal burden and filamentous forms after one
day of infection (Fig 1).It has been demonstrated that yeast and hyphae are differentially recognized by immune
cells and the cytokine signature induced by yeast and hyphal cells differs significantly [12-14]. The structure
that is recognized by TLR4 on yeast cells but is absent or hidden on hyphae and also is not recognized by dectin-
1 receptor and therefore non stimulate Th1l7 immune response [13, 15]. Moreover, mice deficient in IL-17A
demonstrated delayed healing after skin infection with C. albicans compared with wild-type mice [11]. This
study showed that the diabetic condition affected the immune response related to the number and functions of
macrophages (Fig2), adding new evidences about the transition of M1 to M2 and is in line with other studies on
diabetes that showed decreased chemotaxis of inflammatory cells into the wound, compounded by decreased
phagocytosis and intracellular killing, leading to diminished availability of critical factors for effective wound
repair [1, 16-18]. Thus, we demonstrated that the reduced number of F4/80 macrophages can be associated to
lower elimination of pathogen allowing a higher development of filamentous forms (pseudohyphae and hyphae).

In diabetic mice, 1L-13 was secreted at physiological levels in late phase of infection and IL-4 was
produced in lower levels compared to non-diabetic mice. These results suggest that 1L-13 although produced in
late phase of infection had fundamental role in differentiation of M1 to M2 macrophages. Considering the
delayed transition in M2 and lower arginase | production (Fig 2), we suggest that tissue repair was prejudiced by
this reason, but it does not exclude the participation of secreted aspartyl proteases in increase of intradermic
lesions. Secreted aspartyl proteases (SAPs) have been demonstrated in C. albicans in filamentous forms
(pseudohyphae or hypha), mainly SAP6, enabling this fungus to invade tissues[19, 20]. In previous work we
demonstrated physiologic levels of IL-17, IFN-y and IL-6, TNF-a ,IL-12 in non-diabetic mice [9] with
elimination of pathogen. Here, we demonstrate physiologic levels of anti-inflammatory cytokines (I1L-4, 1L-13,
TGF-p and 1L-10) which contributed with transition of M1 to M2 macrophages and adequate process of healing
wound. We observed high density of M2 macrophages with abundant arginase I, whose pathway is production of
ornithine and polyamines necessary to synthesis of collagen.Moreover,M2 macrophages are characterized by
efficient phagocytic activity by mannose receptors and expression of scavending molecules [21]. As expected,
the complete elimination of pathogens was observed earlier in non-diabetic and lately in diabetic mice and

associated to M2 macrophages.
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Regarding to tissue repair, TGF-p can secreted byM2 macrophages induces proliferation of fibroblasts
as observed in this study by increased production of collagen types | and 11l (Fig 4). This process of repairing
damaged tissue occurred more lately (at 21 days post-infection) in diabetic mice as consequence of delayed
secretion of IL-13 and differentiation of M2 macrophages as well. Our study corroborated the findings of Kim et
al. 2013 [22] and Gong et al. 2012 [23] who demonstrated participation of TGF-B in wound healing and
differentiation from M1 to M2 macrophages respectively. We suggest that the higher concentration of collagen
type 111 in the diabetic mice was a compensation mechanism to depletion of collagen type | to avoid traction
induced-lesions. Moreover, collagen 11 is required in sites where is necessary to produce collagen type | [24].

In conclusion, the diabetic condition, as a result of treatment with alloxan, showed alterations in the
production of antiinflammatory cytokines, such as insignificant levels of IL-4, and delay in IL-13 and TGF-p
production, compared to non-diabetic mice. Thus, the polarized activation of macrophages was affected by
delayed M2 macrophage transition and by consequences to tissue repair functions. There was significant loss of
collagen type | compared to non-diabetic mice, collagen type Il was produced lately due to dealyed IL-13 and
TGF-B production. This knowledge can be useful on understanding the mechanisms involved in chronic
cutaneous candidiasis since the identification of mechanisms and molecules associated with polarized activation

of macrophages provides a basis for therapeutic strategies.
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Fig.1. Skin from non-diabetic and diabetic mice infected with C. albicans during 5 point-time: 1, 4, 7, 14 and 21
days. (A) predominance of yeast cells (arrow); (B) higher burden load of hyphal forms (arrow); (C) reduced
number of yeast cells (arrow); (D) disorganized tissue with rupture of dermis and presence of hyphae (arrow);
(E) few yeast cells; (F) degradation of extracellular matrix, presence of hyphae (arrow); (G) small alterations of
dermis; (H) disorganization of dermal tissue, note presence of filamentous forms (arrow); (1) absence of fungus;
(J) absence of fungus. Stain: Periodic Acid Schiff (PAS). Scale bar: 25 um.
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Fig.2. Population density of F4/80 and M2 macrophages in non-diabetic and diabetic mice infected with C.
albicans during 5 point-time: 1, 4, 7, 14 and 21 days. (A and B) F4/80 macrophages at 21 days post infection
(head arrow). (C and D) M2 macrophages at 21 days post infection (head arrow). (E and F) absolute number of
F4/80 and M2 macrophages during the infection process. Student t Test, * p<0.05; ** p<0.01; *** p<0.001.
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Fig.3. Antiinflammatory cytokines profile of non-diabetic and diabetic mice infected with C. albicans during 5
point-time: 1, 4, 7, 14 and 21 days. (A) I1L-4; (B) IL-13; (C) TGF-B; (D) IL-10. One way ANOVA, * p<0.05; **
p<0.01; *** p<0.001.
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Fig.4. Collagen profile in skin of non-diabetic and diabetic mice infected with C. albicans during 5 point-time: 1,
4,7, 14 and 21 days. (A and B) collagen fibers under non polarized light at 21 days post infection. Observe few
collagen in diabetic mice. (C and D) collagen fibers under polarized light at 21 days post infection. Observe few
collagen type | fibers stained in red (arrow) and higher number of collagen type Il1 stained in green (arrow). (E
and F) relative number of collagen type | and 111 observed during the infection process. Stain: Picrosirius red.
Scale bar 25 pum. Student t Test, * p<0.05; ** p<0.01; *** p<0.001.
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6 CONCLUSOES

v" O DM provocou uma resposta imune retardada e deficiente frente a infeccéo
causada por C. albicans.

v" O sistema imune de camundongos diabéticos foi capaz de eliminar
completamente C. albicans e iniciar o processo de cicatriza¢cdo, porém de
forma atrasada.

v" Nos camundongos nao diabéticos, observou-se predominio de leveduras e a
presenca do fungo até 7 dias; nos diabéticos houve predominio de formas
filamentosas e o fungo foi detectado até 14 dias pos infeccao.

v" O DM prejudicou o recrutamento de macréfagos para o local da lesao, ja que
estavam em menor densidade populacional durante o curso da infeccao.

v' A ativacdo alternativa de macréfagos (M2) foi prejudicada e atrasada nos
camundongos diabéticos, e essa ativacdo ocorreu sob a acédo de exclusiva de
IL-13.

v' A presenca de IL-13 na transicdo de M1 para M2 exibiu um papel critico para
o processo de remodelamento do tecido lesionado nos camundongos
diabéticos.

v Citocinas anti-inflamatérias, como IL-10 e especialmente o TGF-3, surgiram
de forma tardia nos camundongos diabéticos, prejudicando assim o processo
de cicatrizacéao.

v' O DM alterou o padrao de remodelamento do tecido conjuntivo durante todo o
curso da infecgdo. Observou-se a deplecéo de colageno tipo I. Por outro lado,
colageno de tipo lll estava aumentado, possivelmente como um mecanismo

de compensagao.
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ANEXO A

Aprovacdo Comité de Etica

Universidade
Estadual de Londrina

COMISSAO DE ETICA NO USO DE ANIMAIS
OF. CIRC. CEUA N° 188/12 Londrina, 15 de agosto de 2012

Prezada Pesquisadora,

A CEUAJ/UEL reunida em 03 de Julho de 2012 avaliou o projeto de pesquisa intitulado
“Candidiase cutanea em camundongos diabéticos e efeito da concanavalina A com fins terapéuticos”
processo CEUA n° 10753.2012.24, pesquisa do Centro de Ciéncias Biologicas, desenvolvido sob sua
responsabilidade. Esclarecidos os aspectos metodolégicos solicitados conforme seu oficio de 17 de
julho de 2012, o projeto estd aprovado para execugdo entendendo-se que os principios éticos
postulados pelo Conselho Nacional de Controle da Experimentagéo Animal estao respeitados

Serdo utilizados 320 camundongos Balb/c fémeas com idade entre 60-90 dias, com
procedéncia do Biotério da USP Ribeirao Preto. O projeto tera o objetivo de estabelecer as lesées
cutdneas em camundongos diabéticos e usar concanavalina A com fins terapéuticos. Os
camundongos serao tratados com aloxana para indugéo de diabetes e serao infectados com Céndida
albicans na pata traseira, nos grupos do tratamento com concanavalina A (conA) receberzo a conA
junto com a Céndida albicans. Os grupos serdo 1) grupo: havera o estabelecimento dz leszo, sub
grupos de 1,2,3,7,14 e 21 dias; no 2) os animais de controle com les&o cutanea por C. alliicans por 3
dias; 3) grupo os animais de controle com lesdo cutanea por candida serao pos-tratados por 3 dias
com concanavalina A (2.5;5.0;7.5; e 10ug). O efeito de cada dose devera ser analisado apos 1,2 € 3
dias; 4) grupo animais diabéticos com lesdo cutanea por C. albicans por 3 dias e pos-tratamento com
concanavalina A (2.5, 5.0, 7.5, e 10). Os camundongos ser&o avaliados diariamente para a presenca
de nodulo, ulceras, eritema e crostas, ambos em grupos seréo avaliados também por um avaliador
“cego” para o genctipo dos camundongos. Trés dias apds a infecgao, sera realizada uma biopsia de 4
mm no centro dos nodulos da C. albicans e serdo fixadas em formalina e emblocados em parafina e
corados por hematoxilina-eosina. Os camundongos inoculados na pata direita traseira com 5x10°
pseudohifa seréo sacrificados apés trés dias e as biopsias pesadas e entdo homogeneizadas. Os
tecidos infectados, linfonodo popliteo e inguinal serdo homogeneizadas mecanicamente por 1 min. O
projeto esta previsto para ser desenvolvido em 36 meses.

Cumpre orientar que caso pretendam-se quaisquer alteragdes no protocolo experimental
aprovado, deve-se submeter o novo protocolo & apreciagao da CEUA/UEL anteriormente 4 execuczo
das modificagdes. Sem mais para 0 momento, subscrevo-me. Cordialmente,
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Prof. Dr. Waldiceu Aparecido Verri Junior
Coordenador da CEUA/UEL

lima. Sra.

Profa. Dra. lonice Felipe

Coordenadora do Projeto

Departamento de Ciéncias Patologicas

Centro de Ciéncias Biologicas

Com copia para Sra Egle Maria de Sousa (Chefe da DCA/PROPPG) e Prof. Luiz Carlos Juliani (Diretor do Biotério Central da
EL)

Campuos Universitario: Rudovia Celso Garcia Ci (PR 4451 L 350 Fone (143) 33700000 PABN - Fay 332831040 - Caiva Postal 6001 < CEP 56051990 Inteenet Bitp-Canww uel b
Hospital Universitario/Centro de Ciéncias da Sadde: Ay, Robert Koch, 60 Vit Operarii - Fune (033) 3812000 FABN = Fax 3372001 ¢ 3377495 Caiva Pastal 791 - CLF G038 430
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Mansoript Numbar:
Full “Tie:

Article Typa:
Havpaemare:

Comeaponding Buthor

Credar o Awrthors Bacondary infomarion:
Funding irrkcrmiadion:

—Manuscript Draft—

Infection and tesue ropair of aspsrimerial cuneous candidlasis o dabedo mico.

Owiginal Aricie

mapearimannial cutansois candiliasls; daboles-inducad by alkosan; &1 and k2
macrophages;, oollagon typa | and [1l; an@irflammaiony cylokinas.

lonicn Folipa, Profossor
Staie Unbversity of Londring
Londring, PR BERAZIL

Siarle Univorsity of Londring

Andréia Carla Euganio Pupim, so Shedent

Andriia Carla Euganio Pupim, Mso Shedent
Tacho Craminha Campois, Prodessor
Eduardo Josd 0o Almeda Aradjo, Frofossor
Ternzinba inaz Estvaled Svidizinokl, Frofossor
lomics Folipn, Frofosadr

mm PhD lonios Felips

Diabaic patianis so6m 0 bo prodisponsd D Osanoos candidiasis, and given ta high
complocaity of his dsoass e mechansms of ofecor molscuos and ool hat
participaie in Ta Immune rsponsse mo batier undorsianding. In & prewious study, wo
L an apanimental model of osansos Candidiasts in immunoosmpalnn EALBT
micd, when wie demorairabed & balaros hedssn inflammalony and andindammatory
oyinddnes, alowing To eliminaion of pafogena and ourn of the disoasa. Hero, Ta
mico wons troaied with allkooaan by ee endowenos. rouis and al animals st biood
plucoss kemln =250 mgedl recoind Canalds albicans iniradosmically in e hind paw
and weorn shudiod un o 21 dayas. Conirol Qroupa. weing rof Teaied Wit allogan and
underws T e procecunes. W ovalsaind the morsnenoo of dabo@o condibons
In allco@mn-dnduosd diabaBc mics in readon io e dessiopmand of C. albbloans imection,
donsity of macrophages, dstribubton of coliagon Typa | ard N, andinflammaiony
Cyinsdnass ineniend In e Tarslion of M1 o B3 macrophades and T ropalr,
compansd with non-diababic mios. Dlabedc mion shownd a significant doornass in e
danesity of FABI maorophagon, an wall delayed oiminalon of C. albioars.
Diftormraton 1o M2 macmphagss was o and actvaind Iy IL-13 and T3F-E, whilo
L4 producion was significandy lowar (p<00001) compantd 10 oonimd. Thn was
significant (p<0.01} oas of collagen fypo |, 35 compared o non-diabalc mice, and
collagen bypa I was producod kb wid indecieroncs of IL-12 and TGF8 production.
Thaszn Sndings can bo ussful In undersiansing T mechanisms inwolad in chnone
Cutarois candidanis

55



56

ANEXO C

Instructions for Authors

Medical Microbiology and Immunology publishes articles on all aspects of the
interrelationship between infectious agents and their hosts.

The journal publishes Original Investigations, Reviews, Rapid Communications, and
Editorials.

Material submitted to MMI must be arranged as follows (except for Editorials):

-Abstract

-Keywords

-Introduction

-Materials and Methods

-Results

-Discussion

-Acknowledgement(s)

-References

-Figure legends

-Tables

Special Issues

* Contributions that are part of a Special Issue must include the following footnote on the title
page:

"This article is published as part of the Special Issue on [title of the Special Issue]"

MANUSCRIPT SUBMISSION

Manuscript Submission

Submission of a manuscript implies: that the work described has not been published before;
that it is not under consideration for publication anywhere else; that its publication has been
approved by all co-authors, if any, as well as by the responsible authorities — tacitly or
explicitly — at the institute where the work has been carried out. The publisher will not be held
legally responsible should there be any claims for compensation.

Permissions

Authors wishing to include figures, tables, or text passages that have already been published
elsewhere are required to obtain permission from the copyright owner(s) for both the print and
online format and to include evidence that such permission has been granted when submitting
their papers. Any material received without such evidence will be assumed to originate from
the authors.

Online Submission

Please follow the hyperlink “Submit online” on the right and upload all of your manuscript
files following the instructions given on the screen.

TITLE PAGE

Title Page
The title page should include:
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The name(s) of the author(s)

A concise and informative title

The affiliation(s) and address(es) of the author(s)

The e-mail address, telephone and fax numbers of the corresponding author

Abstract

Please provide an abstract of 150 to 250 words. The abstract should not contain any undefined
abbreviations or unspecified references.

Keywords
Please provide 4 to 6 keywords which can be used for indexing purposes.

TEXT

Text Formatting

Manuscripts should be submitted in Word.
Use a normal, plain font (e.g., 10-point Times Roman) for text.
Use italics for emphasis.
Use the automatic page numbering function to number the pages.
Do not use field functions.
Use tab stops or other commands for indents, not the space bar.
Use the table function, not spreadsheets, to make tables.
Use the equation editor or MathType for equations.

Save your file in docx format (Word 2007 or higher) or doc format (older Word
versions).

Manuscripts with mathematical content can also be submitted in LaTeX.

Headings
Please use no more than three levels of displayed headings.

Abbreviations
Abbreviations should be defined at first mention and used consistently thereafter.

Footnotes

Footnotes can be used to give additional information, which may include the citation of a
reference included in the reference list. They should not consist solely of a reference citation,
and they should never include the bibliographic details of a reference. They should also not
contain any figures or tables.

Footnotes to the text are numbered consecutively; those to tables should be indicated by
superscript lower-case letters (or asterisks for significance values and other statistical data).
Footnotes to the title or the authors of the article are not given reference symbols.

Always use footnotes instead of endnotes.

Acknowledgments

Acknowledgments of people, grants, funds, etc. should be placed in a separate section on the
title page. The names of funding organizations should be written in full.
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SCIENTIFIC STYLE

Please always use internationally accepted signs and symbols for units, SI units.
Genus and species names should be in italics.
The common names of animals should not be capitalized.

REFERENCES

Citation

Reference citations in the text should be identified by numbers in square brackets. Some
examples:

1. Negotiation research spans many disciplines [3].

2. This result was later contradicted by Becker and Seligman [5].

3. This effect has been widely studied [1-3, 7].

Reference list

The list of references should only include works that are cited in the text and that have been
published or accepted for publication. Personal communications and unpublished works
should only be mentioned in the text. Do not use footnotes or endnotes as a substitute for a
reference list.
The entries in the list should be numbered consecutively.
Journal article
Gamelin FX, Baquet G, Berthoin S, Thevenet D, Nourry C, Nottin S, Bosquet L
(2009) Effect of high intensity intermittent training on heart rate variability in
prepubescent children. Eur J Appl Physiol 105:731-738. doi: 10.1007/s00421-008-
0955-8
Ideally, the names of all authors should be provided, but the usage of “et al” in long
author lists will also be accepted:
Smith J, Jones M Jr, Houghton L et al (1999) Future of health insurance. N Engl J
Med 965:325-329
Article by DOI
Slifka MK, Whitton JL (2000) Clinical implications of dysregulated cytokine
production. J Mol Med. doi:10.1007/s001090000086
Book
South J, Blass B (2001) The future of modern genomics. Blackwell, London
Book chapter
Brown B, Aaron M (2001) The politics of nature. In: Smith J (ed) The rise of
modern genomics, 3rd edn. Wiley, New York, pp 230-257
Online document
Cartwright J (2007) Big stars have weather too. IOP Publishing PhysicsWeb.
http://physicsweb.org/articles/news/11/6/16/1. Accessed 26 June 2007
Dissertation
Trent JW (1975) Experimental acute renal failure. Dissertation, University of
California

Always use the standard abbreviation of a journal’s name according to the ISSN List of Title
Word Abbreviations, see

ISSN.org LTWA
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If you are unsure, please use the full journal title.
For authors using EndNote, Springer provides an output style that supports the formatting of
in-text citations and reference list.

Authors preparing their manuscript in LaTeX can use the bibtex file spbasic.bst which is
included in Springer’s LaTeX macro package.

TABLES

All tables are to be numbered using Arabic numerals.
Tables should always be cited in text in consecutive numerical order.

For each table, please supply a table caption (title) explaining the components of the
table.

Identify any previously published material by giving the original source in the form
of a reference at the end of the table caption.

Footnotes to tables should be indicated by superscript lower-case letters (or asterisks
for significance values and other statistical data) and included beneath the table
body.

ARTWORK AND ILLUSTRATIONS GUIDELINES

Electronic Figure Submission
Supply all figures electronically.
Indicate what graphics program was used to create the artwork.

For vector graphics, the preferred format is EPS; for halftones, please use TIFF
format. MSOffice files are also acceptable.

Vector graphics containing fonts must have the fonts embedded in the files.
Name your figure files with "Fig" and the figure number, e.g., Figl.eps.

Line Art
Definition: Black and white graphic with no shading.
Do not use faint lines and/or lettering and check that all lines and lettering within the
figures are legible at final size.
All lines should be at least 0.1 mm (0.3 pt) wide.
Scanned line drawings and line drawings in bitmap format should have a minimum
resolution of 1200 dpi.
Vector graphics containing fonts must have the fonts embedded in the files.

Halftone Art

Definition: Photographs, drawings, or paintings with fine shading, etc.

If any magnification is used in the photographs, indicate this by using scale bars within
the figures themselves.

Halftones should have a minimum resolution of 300 dpi.



Combination Art

Definition: a combination of halftone and line art, e.g., halftones containing line
drawing, extensive lettering, color diagrams, etc.
Combination artwork should have a minimum resolution of 600 dpi.

Color Art

Color art is free of charge for online publication.

If black and white will be shown in the print version, make sure that the main
information will still be visible. Many colors are not distinguishable from one another
when converted to black and white. A simple way to check this is to make a
xerographic copy to see if the necessary distinctions between the different colors are
still apparent.

If the figures will be printed in black and white, do not refer to color in the captions.
Color illustrations should be submitted as RGB (8 bits per channel).

Figure Lettering

o Toadd lettering, it is best to use Helvetica or Arial (sans serif fonts).

o Keep lettering consistently sized throughout your final-sized artwork, usually about
2-3 mm (8-12 pt).

« Variance of type size within an illustration should be minimal, e.g., do not use 8-pt
type on an axis and 20-pt type for the axis label.

« Avoid effects such as shading, outline letters, etc.

o Do not include titles or captions within your illustrations.

Figure Numbering

All figures are to be numbered using Arabic numerals.

Figures should always be cited in text in consecutive numerical order.

Figure parts should be denoted by lowercase letters (a, b, c, etc.).

If an appendix appears in your article and it contains one or more figures, continue the
consecutive numbering of the main text. Do not number the appendix figures,

"Al, A2, A3, etc." Figures in online appendices (Electronic Supplementary Material)
should, however, be numbered separately.

Figure Captions
e Each figure should have a concise caption describing accurately what the figure
depicts. Include the captions in the text file of the manuscript, not in the figure file.

e Figure captions begin with the term Fig. in bold type, followed by the figure
number, also in bold type.

e No punctuation is to be included after the number, nor is any punctuation to be
placed at the end of the caption.

« Identify all elements found in the figure in the figure caption; and use boxes, circles,
etc., as coordinate points in graphs.

o Identify previously published material by giving the original source in the form of a
reference citation at the end of the figure caption.

Figure Placement and Size

Figures should be submitted separately from the text, if possible.
When preparing your figures, size figures to fit in the column width.,
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For most journals the figures should be 39 mm, 84 mm, 129 mm, or 174 mm wide and
not higher than 234 mm.
For books and book-sized journals, the figures should be 80 mm or 122 mm wide and
not higher than 198 mm.

Permissions

If you include figures that have already been published elsewhere, you must obtain
permission from the copyright owner(s) for both the print and online format. Please be aware
that some publishers do not grant electronic rights for free and that Springer will not be able
to refund any costs that may have occurred to receive these permissions. In such cases,
material from other sources should be used.

Accessibility

In order to give people of all abilities and disabilities access to the content of your figures,
please make sure that

All figures have descriptive captions (blind users could then use a text-to-speech
software or a text-to-Braille hardware)

Patterns are used instead of or in addition to colors for conveying information
(colorblind users would then be able to distinguish the visual elements)

Any figure lettering has a contrast ratio of at least 4.5:1

ELECTRONIC SUPPLEMENTARY MATERIAL

Springer accepts electronic multimedia files (animations, movies, audio, etc.) and other
supplementary files to be published online along with an article or a book chapter. This
feature can add dimension to the author's article, as certain information cannot be printed or is
more convenient in electronic form.

Submission

Supply all supplementary material in standard file formats.

Please include in each file the following information: article title, journal name, author
names; affiliation and e-mail address of the corresponding author.

To accommodate user downloads, please keep in mind that larger-sized files may
require very long download times and that some users may experience other problems
during downloading.

Audio, Video, and Animations

Aspect ratio: 16:9 or 4:3

Maximum file size: 25 GB

Minimum video duration: 1 sec

Supported file formats: avi, wmv, mp4, mov, m2p, mp2, mpg, mpeg, flv, mxf, mts,
m4v, 3gp

Text and Presentations

Submit your material in PDF format; .doc or .ppt files are not suitable for long-term
viability.

A collection of figures may also be combined in a PDF file.

Spreadsheets

Spreadsheets should be converted to PDF if no interaction with the data is intended.
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If the readers should be encouraged to make their own calculations, spreadsheets
should be submitted as .xIs files (MS Excel).

Specialized Formats

Specialized format such as .pdb (chemical), .wrl (VRML), .nb (Mathematica
notebook), and .tex can also be supplied.

Collecting Multiple Files
It is possible to collect multiple files in a .zip or .gz file.

Numbering

If supplying any supplementary material, the text must make specific mention of the
material as a citation, similar to that of figures and tables.

Refer to the supplementary files as “Online Resource”, e.g., "... as shown in the
animation (Online Resource 3)", ... additional data are given in Online Resource 4”.
Name the files consecutively, e.g. “ESM_3.mpg”, “ESM_4.pdf”.

Captions

For each supplementary material, please supply a concise caption describing the
content of the file.

Processing of supplementary files

Electronic supplementary material will be published as received from the author
without any conversion, editing, or reformatting.

Accessibility

In order to give people of all abilities and disabilities access to the content of your
supplementary files, please make sure that

The manuscript contains a descriptive caption for each supplementary material

Video files do not contain anything that flashes more than three times per second (so

that users prone to seizures caused by such effects are not put at risk)

ETHICAL RESPONSIBILITIES OF AUTHORS

This journal is committed to upholding the integrity of the scientific record. As a member of
the Committee on Publication Ethics (COPE) the journal will follow the COPE guidelines on
how to deal with potential acts of misconduct.
Authors should refrain from misrepresenting research results which could damage the trust in
the journal, the professionalism of scientific authorship, and ultimately the entire scientific
endeavour. Maintaining integrity of the research and its presentation can be achieved by
following the rules of good scientific practice, which include:

The manuscript has not been submitted to more than one journal for simultaneous

consideration.

The manuscript has not been published previously (partly or in full), unless the new

work concerns an expansion of previous work (please provide transparency on the

re-use of material to avoid the hint of text-recycling (“self-plagiarism”)).

A single study is not split up into several parts to increase the quantity of

submissions and submitted to various journals or to one journal over time (e.g.

“salami-publishing”).
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No data have been fabricated or manipulated (including images) to support your
conclusions

No data, text, or theories by others are presented as if they were the author’s own
(“plagiarism™). Proper acknowledgements to other works must be given (this
includes material that is closely copied (near verbatim), summarized and/or
paraphrased), quotation marks are used for verbatim copying of material, and
permissions are secured for material that is copyrighted.

Important note: the journal may use software to screen for plagiarism.

Consent to submit has been received explicitly from all co-authors, as well as from
the responsible authorities - tacitly or explicitly - at the institute/organization where
the work has been carried out, before the work is submitted.

Authors whose names appear on the submission have contributed sufficiently to the
scientific work and therefore share collective responsibility and accountability for
the results.

In addition:

Changes of authorship or in the order of authors are not accepted after acceptance of a
manuscript.

Requesting to add or delete authors at revision stage, proof stage, or after publication is

a serious matter and may be considered when justifiably warranted. Justification for
changes in authorship must be compelling and may be considered only after receipt of
written approval from all authors and a convincing, detailed explanation about the
role/deletion of the new/deleted author. In case of changes at revision stage, a letter

must accompany the revised manuscript. In case of changes after acceptance or
publication, the request and documentation must be sent via the Publisher to the
Editor-in-Chief. In all cases, further documentation may be required to support your
request. The decision on accepting the change rests with the Editor-in-Chief of the
journal and may be turned down. Therefore authors are strongly advised to ensure the
correct author group, corresponding author, and order of authors at submission.

Upon request authors should be prepared to send relevant documentation or data in

order to verify the validity of the results. This could be in the form of raw data,
samples, records, etc.

If there is a suspicion of misconduct, the journal will carry out an investigation following the
COPE qguidelines. If, after investigation, the allegation seems to raise valid concerns, the
accused author will be contacted and given an opportunity to address the issue. If misconduct
has been established beyond reasonable doubt, this may result in the Editor-in-Chief’s
implementation of the following measures, including, but not limited to:

If the article is still under consideration, it may be rejected and returned to the author.

If the article has already been published online, depending on the nature and severity

of the infraction, either an erratum will be placed with the article or in severe cases
complete retraction of the article will occur. The reason must be given in the published
erratum or retraction note.

The author’s institution may be informed.

COMPLIANCE WITH ETHICAL STANDARDS

To ensure objectivity and transparency in research and to ensure that accepted principles of
ethical and professional conduct have been followed, authors should include information
regarding sources of funding, potential conflicts of interest (financial or non-financial),
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informed consent if the research involved human participants, and a statement on welfare of
animals if the research involved animals.

Authors should include the following statements (if applicable) in a separate section entitled
“Compliance with Ethical Standards” when submitting a paper:

Disclosure of potential conflicts of interest

Research involving Human Participants and/or Animals

Informed consent

Please note that standards could vary slightly per journal dependent on their peer review
policies (i.e. single or double blind peer review) as well as per journal subject discipline.
Before submitting your article check the instructions following this section carefully.

The corresponding author should be prepared to collect documentation of compliance with
ethical standards and send if requested during peer review or after publication.

The Editors reserve the right to reject manuscripts that do not comply with the above-
mentioned guidelines. The author will be held responsible for false statements or failure to
fulfill the above-mentioned guidelines.

DISCLOSURE OF POTENTIAL CONFLICTS OF INTEREST

Authors must disclose all relationships or interests that could have direct or potential
influence or impart bias on the work. Although an author may not feel there is any conflict,
disclosure of relationships and interests provides a more complete and transparent process,
leading to an accurate and objective assessment of the work. Awareness of a real or perceived
conflicts of interest is a perspective to which the readers are entitled. This is not meant to
imply that a financial relationship with an organization that sponsored the research or
compensation received for consultancy work is inappropriate. Examples of potential conflicts
of interests that are directly or indirectly related to the research may include but are not
limited to the following:

Research grants from funding agencies (please give the research funder and the grant
number)

Honoraria for speaking at symposia
Financial support for attending symposia
Financial support for educational programs
Employment or consultation

Support from a project sponsor

Position on advisory board or board of directors or other type of management
relationships

Multiple affiliations

Financial relationships, for example equity ownership or investment interest
Intellectual property rights (e.g. patents, copyrights and royalties from such rights)
Holdings of spouse and/or children that may have financial interest in the work

In addition, interests that go beyond financial interests and compensation (non-financial
interests) that may be important to readers should be disclosed. These may include but are not
limited to personal relationships or competing interests directly or indirectly tied to this
research, or professional interests or personal beliefs that may influence your research.

The corresponding author collects the conflict of interest disclosure forms from all authors. In
author collaborations where formal agreements for representation allow it, it is sufficient for
the corresponding author to sign the disclosure form on behalf of all authors. Examples of
forms can be found here:
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The corresponding author will include a summary statement in the text of the manuscript in a
separate section before the reference list, that reflects what is recorded in the potential conflict
of interest disclosure form(s).

See below examples of disclosures:
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“This article does not contain any studies with human participants or animals performed by
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