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Resumo

PAIXAO, T. S. Influéncia dos receptores de manose, dectina-1, TLR-2 e TLR-4 na
ativacdo de monacitos de pacientes com diabetes mellitus do tipo 2 e infectados com o
dermatdfito Trichopyton rubrum. 2019. Dissertacdo (Mestrado) — Faculdade de Medicina de

Botucatu, Universidade Estadual Paulista, Botucatu, 2019.

Dermatofitoses sdo infec¢Bes fungicas causadas por fungos dermatofiticos que geralmente
afetam a camada cdrnea da pele, cabelos e unhas, mas sob certas condigdes podem apresentar
envolvimento invasivo. A espécie Trichophyton rubrum é o dermatdfito mais frequentemente
isolado em espécimes clinicos. Além disso, pacientes com diabetes mellitus tipo Il (DM-I1)
sdo mais suscetiveis a esta infeccdo fungica e a relacdo dermatofito-hospedeiro € pouco
compreendida. Contudo, o perfil pré-inflamatorio observado em pacientes com hiperglicemia
é uma condicao complicadora nessa relagdo. Os receptores de reconhecimento padrdo (PRRS)
presentes nos fagdcitos, como os receptores de manose (MR), dectina-1, toll-like (TLR) -2 e -
4, reconhecem estruturas fungicas e sdo responsaveis por desencadear mecanismos de
ativacdo e regulacdo celular durante o processo inflamatdrio. Assim, o presente estudo tem
como objetivo determinar o papel desses receptores na ativacdo de mondcitos de pacientes
com DM-II e dermatofitoses por T. rubrum. Exoantigenos de T. rubrum foram obtidos de
pacientes com diabetes e individuos normoglicémicos. Os PRRs foram bloqueados em
monocitos e mondcitos THP-1 de pacientes com DM-II e individuos normoglicémicos
desafiados com Exo_Tr_NG e Exo_Tr_DM. Posteriormente, 0 TNF e MIP-1a e IL-1p foram
dosados. A expressdo desses receptores foi avaliada por citometria de fluxo. Nenhuma
diferenca estatistica foi observada no ensaio de inibicdo de mondcitos de pacientes diabéticos
e individuos normoglicémicos e na expressdo do receptor. No entanto, nossos resultados
sugerem que 0s receptores atuem no reconhecimento de exoantigenos de T. rubrum obtidos de
pacientes diabéticos e normoglicémicos com consequente liberacdo de mediadores

infamatdrios que podem atuar amplificando o processo inflamatoério desses pacientes.

Palavras-chave: receptores de reconhecimento padrdo, Diabetes mellitus tipo 2,

Trichophyton rubrum



Abstract

PAIXAO, T. S. Influence of mannose, dectin-1, TLR-2 and TLR-4 receptors on the
activation of monocytes from patients with type 2 diabetes mellitus and infected with the
dermatophyte Trichophyton rubrum. 2019. Thesis (Master) — Faculty of Medicine of
Botucatu, Universidade Estadual Paulista, Botucatu, 2019.

Dermatophytoses are fungal infections caused by dermatophytic fungi that usually affect the
cornea layer of the skin, hair and nails, but under certain conditions may present invasive
involvement. The species Trichophyton rubrum is the dermatophyte most often isolated in
clinical specimens. In addition patients with type Il diabetes mellitus (DM-I1) are more
susceptible to this fungal infection. The dermatophyte-host relationship is poorly understood;
However, the pro-inflammatory profile observed in patients with hyperglycemia is a
complicating condition in this relationship. The pattern recognition receptors (PRRS) present
in phagocytes, such as the mannose (MR), dectin-1, toll-like (TLR) -2 and -4 receptor,
recognize fungal structures and are responsible for triggering mechanisms of cellular
activation and regulation during the inflammatory process, as well as influence on the
polarization of the adaptive immune response. Thus, any interference in this process may
impair the host to effectively and pathogenically eliminate pathogens. Thus, the present study
aims to determine the role of these receptors in the activation of monocytes of patients with
DM-I1I. Exoantigens of T. rubrum were obtained from patients with diabetes and
normoglycemic individuals. PRRs were blocked in THP-1 monocytes and monocytes from
DM-II patients and normoglycemic individuals challenged with Exo_Tr_NG and
Exo_Tr_DM. Subsequently, TNF and MIP-1a and IL-1p were dosed. The expression of these
receptors was evaluated by flow cytometry. No statistical difference were observed in the
monocyte inhibition assay of diabetic patients and normoglycemic individuals and in receptor
expression. However, our results suggest that the receptors act on the recognition of
exoantigens of T. rubrum obtained from diabetic patients and normoglycemic individuals with
consequent release of infammatory mediators that may act by amplifying the inflammatory

process of these patients.

Keywords: pattern recognition receptors, Diabetes mellitus type 2, Trichophyton rubrum
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1.INTRODUCAO
1.1 Infeccdo por fungos dermatdfitos

As dermatofitoses sdo infecgdes causadas por fungos dermatofitos e restritas as camadas
corneas da pele, cabelos, pélo e unhas. Os dermatofitos sdo fungos filamentosos capazes de
utilizar a queratina como fonte de nutricdo e crescimento durante as infeccdes. As espécies de
dermatofitos com maior prevaléncia e incidéncia pertencem aos géneros Trichophyton,
Microsporum e Epidermophyton e séo classificados de acordo com o nicho ecoldgico:
antropofilicos (homem), geofilicos (solo) e zoofilicos (animais) (1,2).

A transmissdo ocorre pelo contato direto ou indireto com humanos ou animais infectados
e objetos contaminados. Apos a inoculacdo e entrada do fungo na pele, 0 mesmo germina e
invade as camadas superficiais da epiderme (3,4).

As espécies zoofilicas quando infectam o homem, causam infec¢des agudas com lesdes
inflamatdrias, bem delimitadas, e de facil tratamento, com consequente resolucao da infec¢édo
e um grau de resisténcia a re-infeccdes. Ja as espécies antropofilicas adaptaram-se aos
humanos e tendem a apresentar infeccdes menos inflamatérias e mais crbnicas, com baixa
resposta a terapia antifungica e com caso de recidiva muito frequente (5). Sdo também
responsavel pela maioria dos casos de dermatofitoses superficiais e infec¢cbes de unha
(onicomicoses) (2,6). Dentre as espécies antropofilicas, o Trichophyton rubrum é o
dermatofito mais comumente isolado em infecgdes dermatofiticas e responsaveis por até 80%
dos casos de dermatofitoses em determinadas populacdes (7).

Nas infeccdes de pele as lesdes s@o circulares, eritematosas e pruriginosas, com
descamacdo nas bordas e ocasionalmente formacdo de bolhas devido a acdo direta do fungo
ou de reacdes de hipersensibilidade ao patdgeno e/ou produtos do seu metabolismo (4,8) . Nas
onicomicoses pode surgir deslocacdo das bordas, espessamento, manchas brancas e distrofia
total das unhas (4).

As formas clinicas das dermatofitoses sdo nomeadas de acordo com o sitio anatdmico
acometido: tinea capitis (couro cabeludo), tinea corporis (corpo), tinea cruris (virilha), tinea
pedis (pé), tinea manuum (maos), tinea barbae (barba dos homens), tinea facei (rosto) e tinea
unguium (unhas) (8).

A variabilidade das formas clinicas das dermatofitoses implica em varios fatores. As
regidbes mais propensas sdo aquelas que proporcionam condigdes apropriadas para o
desenvolvimento do fungo. As areas de dobra do corpo, como interdigitos, regides inguinais e

submamaria, as unhas e o couro cabeludo, satisfazem essas condi¢des e possibilitam um



contato prolongado entre o fungo e o hospedeiro promovendo a infeccdo (9,10).

E importante salientar que embora as dermatofitoses sejam restritas as regides superficiais
da pele, os fungos podem apresentar um comportamento invasivo. Em casos de pacientes
imunocomprometidos, estes ocasionam uma infeccdo profunda e disseminada com aparicédo
de granulomas especificos (11). As formas invasivas tém aumentado significantemente nos
ultimos anos; ainda assim, o diagnostico é tardio e subestimado.

Além disso, alguns fatores como, a presenca de uma doenca de base ou procedimentos
terapéuticos que atuem na reducdo das funcdes imunoldgicas, aumentam a suscetibilidade do
individuo a infecgbes por dermatofitos. A exemplo desses fatores, temos o Diabetes Mellitus
(12), a sindrome de Cushing (13), o uso corticosteroide (14,15), AIDS (16,17), e pacientes
transplantados (18,19).

1.2. Interacéo parasito-hospedeiro

Durante o processo infeccioso, os dermatofitos precisam superar 0s mecanismos de
defesa inatos do hospedeiro, tais como: pH acido da pele, a existéncia de moléculas inibitorias
como os acidos graxos e peptideos antimicrobianos, a atuacdo das células fagociticas e o
processo de queratinizacdo realizado pelos queratindcitos, a fim de promover a descamacéo
do epitélio e provavel remocéo do fungo (3,7,20,21). Além disso, fatores como: constituicdo
quimica e fisica da pele, a frequente exposicdo a luz UV, a temperatura, a auséncia de
umidade e a presenca da microbiota da pele, dificultam o progresso dos patégenos (22).

Para que a infeccdo se instale, os dermatéfitos devem aderir a superficie do hospedeiro
rapidamente, para que sua eliminacdo ndo aconteca (54). As adesinas sdo moléculas de
superficie expressas na parede celular fungica que permite rapido estabelecimento no tecido
do hospedeiro e na matriz extracelular (23). A adesdo de conidio de dermatéfito no estrato
corneo acontece dentro de 3 a 4 horas (22), e a germinacdo dos conidios ocorre em 24 horas.
Apos 3 dias, as hifas dos dermatofitos podem se espalhar pela pele (24).

Uma vez aderido no tecido do hospedeiro, o patégeno precisa encontrar nutrientes para
sua sobrevivéncia e escapar das moléculas e células do sistema imune inato. Os fungos
secretam uma variedade de enzimas que degradam células do hospedeiro, como as proteases,
incluindo enzimas colagenoliticas e elastinoliticas, lipases, nucleotidases e enzimas
mucoliticas (25,26). Além disso, inimeras vias metabdlicas estdo envolvidas na sobrevivéncia
dos fungos sob situacgOes de estresse. Essas vias possibilitam que o fungo utilize diferentes

substratos para energia, de forma que possa superar 0 ambiente indspito do hospedeiro e,



dessa forma, manter o processo de infeccdo (27).

A imunidade inata é de suma importancia para o desenvolvimento da resposta imune
adaptativa mediada por células, que pode promover tanto o controle das infeccdes micoticas,
como atuar na progressdo da doenca (28,29). A imunidade inata confere as células fagociticas
habilidade de ingestdo e/ou inibi¢do do crescimento fungico, assim como, desencadeia uma
reacdo inflamatdria aguda e atua na apresentacdo de antigenos fungicos para as células T.
Além disso, secretam citocinas como TNF-a e IL-12, quimiocinas e outras moléculas capazes
de modular a infec¢éo (30).

As primeiras células encontradas pelos dermatéfitos durante a infeccdo sdo o0s
queratindcitos, que iniciam um relevante papel na defesa inata do hospedeiro (3). Os
dermatofitos ou seus metabolitos induzem uma resposta imunoldgica inata por intermédio dos
queratindcitos com consequente ativacdo dos mecanismos e mediadores da resposta imune
(3), como os fatores de crescimento (bFGF — basic fibroblast growth factor, TGF-a —
transforming growth factor; TGF-B; TNF-a — tumor necrosis factor), interleucinas (IL-1, IL-
3, IL-6, IL-7 e IL-8) e fatores estimuladores de col6nias (CSFS) (10). Segundo Tani et al.,
queratindcitos estimulados in vitro por 24 horas com a tricofitina (antigeno de Trichophyton),
secretam elevados niveis de IL-8, uma citocina quimiotética para neutréfilos, recrutando-os
até o local da infecgdo (31).

Neutréfilos e monécitos humanos também iniciam um importante papel na defesa do
hospedeiro contra fungos. A fagocitose e o aumento do “burst” respiratorio S&0 0s
mecanismos principais utilizados por estas células com a finalidade de provocar a morte do
fungo (32). Os neutrofilos sdo células altamente tdxicas para o T. rubrum apds 2 horas de
incubacdo a 37°C, esta citotoxicidade é mediada pelos ROS (reativos intermediarios do
oxigenio) derivados do “burst” respiratdrio. No entando, longos periodos de incubagao levam
ao aumento da viabilidade fungica. Ja os mondcitos exercem um efeito citotdxico menos
acentuado (33).

A resposta imune adaptativa, mediada por células T é usualmente precedida pela
resposta imune inata e desempenha papel importante na resisténcia do hospedeiro frente as
infeccOes fungicas. Estdo associadas a reagdo de hipersensbibilidade tardia com consequente
ativacdo de linfocitos T e liberacdo de citocinas como o INF-Y. Diante disso, pacientes
imunocomprometidos apresentam maior prevaléncia da forma crénica da doenca (34,35,36).

Apesar da imunidade humoral ser pouco significativa nas infec¢fes por dermatofitos, a
producdo de anticorpos é relatada nas formas crénicas da doenga (37). Infecgdes cronicas ou

recorrentes pelo T. rubrum em individuos imunocompentes estdo relacionadas com o



predominio de IgE (imunoglobulina E) contra o fungo, bem como elevados niveis séricos de
IgE e 1gG4 (imunoglobulina G4) (38).

Alguns estudos propdem que o T. rubrum possa ter desenvolvido mecanismos de
evasdo ou supressdo das respostas imune do hospedeiro (39,40). Campos et al. (39),
demonstraram que a fagocitose de conidios de T. rubrum por macréfagos leva a aumento de
TNF-o e IL-10 e diminuicdo de moléculas co-estimulatérias e MHC (Complexo Maior de
Histocompatibilidade) de classe Il. Além disso, os conidios podem germinar e se tornar hifas
dentro dos macrofagos, o que leva a ruptura de sua membrana e consequentemente morte.

Ademais, os dermatdfitos produzem substancias que reduzem a resposta inflamatoria e
a proliferagdo celular. A manana, um elemento glicoproteico da parede celular do fungo,
aparenta estar envolvida na supressdo dessa resposta. Campos et al, avaliaram que o0s
exoantigenos e mananas de T. rubrum inibiam a sua fagocitose pelos macroéfragos (39). Além
disso, em ensaios de linfoproliferagdo foi demonstrado que as mananas suprimem a resposta
celular in vitro (41). Esse componente também inibe a proliferacdo de queratindcitos, o que

permite que a infeccdo cronica se estabeleca (31).

1.3. Diabetes e suscetibilidade a dermatofitoses

O diabetes mellitus do tipo Il (DM-II) é uma sindrome heterogénea resultante da
deficiéncia da secrecdo e/ou acdo da insulina, como a resisténcia insulinica e a faléncia das
células beta do pancreas (42,43).

O DM é uma patologia de alta prevaléncia e alta morbimortalidade. Em 2014, havia 387
milhdes de casos de diabetes diagnosticados e 4,9 milhdes de mortes em todo o0 mundo. Além
do mais, cerca de 77% dos diabéticos vivem em regides menos desenvolvidas. Em 2015, a
Federacdo Internacional de Diabetes (International Diabetes Federation, IDF) estimou que
8,8% da populacdo mundial com 20 a 79 anos de idade (415 milhdes de pessoas) vivia com
diabetes. Se as direcBes atuais persistirem, o nimero de pessoas com diabetes podera ser
superior a 642 milhGes em 2040 (44).

As moléstias de pele, usualmente negligenciadas e constantemente subdiagnosticadas em
pacientes com diabetes, sdo implicagbes comuns e afetam tanto o diabético tipo | quanto o
tipo Il (45). Sabe-se que o aumento da incidéncia de infeccOes nesses pacientes apresenta
curso clinico mais grave e séo consideradas umas das complicagfes crénicas mais constantes

durante a evolucgdo da doenga (46).



Vérias desordens metabdlicas e fisioldgicas, como a doenca vascular periférica,
neuropatia diabética, obesidade, hipertrigliceridemia, alteragdes da resposta imunoldgica,
hiperglicemia e os produtos finais de glicacdo avancada (AGES) estdo associadas a alta taxas
de infeccBGes em pacientes com DM (45,47).

Muitas teorias explicam como a hiperglicemia cronica acarreta danos celulares e teciduais
no decorrer do DM. E dentro desse contexto, um dos fatores de grande importancia é a
formac&o dos AGEs (48) . E sabido que os portadores de diabetes apresentam concentragdes
séricas de AGEs significativamente mais alta que os individuos ndo-diabéticos (49).

Os efeitos patoldgicos dos AGEs estdo associados a habilidade destes compostos de
alterar as propriedades quimicas e funcionais de diversas estruturas bioldgicas, mediante
producdo de radicais livres, formacdo de ligacOes cruzadas com proteinas ou de interacfes
com receptores celulares. Com isso, promovem respectivamente, estresse oxidativo,
alteragdes morfofuncionais e aumento da expressdo de mediadores inflamatdrios (50,51).

Os AGEs causam danos as células atraves de trés mecanismos basicos, (i) atuam na
modificacdo de estruturas intracelulares e aquelas envolvidas com a transcricdo génica, (ii) na
interacdo de AGEs com proteinas da matriz celular que leva a modificacdes na sinalizacédo
entre as moléculas da matriz e da célula, e (iii) na modificacdo de proteinas ou lipideos
sanguineos que podem ligar-se a receptores especificos e gerar a producdo de citocinas
inflamatorias e fatores de crescimento (48,51,52).

Dentre varios receptores de AGEs descritos na literatura, o receptor RAGE é
provavelmente o mais bem caracterizado (40,41). Sua expressdo esta aumentada em
macrdfagos, mondcitos, células musculares lisas, celulas endoteliais e astrocitos sob situacoes
de excesso de AGEs (53,54). A interacdo AGE-RAGE ativa a transcricdo do NF-kB com
subsequente liberacdo de IL-1 (interleucina 1), IL-6 (interleucina 6) e o fator de necrose
tumoral (TNF-a), além do proprio RAGE (54).

Além dos AGEs, se faz necessario mencionar outro fator muito importante que pode
favorecer o aumento das infeccbes em pacientes diabéticos; os niveis cronicos de
hiperglicemia afetam a imunidade celular, debilitam o processo de fagocitose e a acdo dos
leucocitos polimorfonucleares (55), inibem a reproducdo e migragdo de queratindcitos e a
sintese proteica, induzem a apoptose de células endoteliais e diminuem a sintese de Oxido
nitrico (56,57).



1.4. Diabetes mellitus tipo 11, Dermatofitose e Receptores de Reconhecimento Padréao

Embora a prevaléncia da morbidade do DM seja alta, dados especificos sobre
complicacdes associadas a doencgas de pele séo restritos. A prevaléncia geral de desordens de
pele em ambos os tipos de diabetes - DM-I e DM-II, varia entre 51,1 e 97% em diferentes
regides do mundo (58) e parte siginificativa dessas desordens sdo causadas por infecgdes
fangicas (59).

Avula et al (60) realizaram estudo observacional transversal em que avaliaram 200
pacientes diabéticos com manifestacdes cutaneas. Destes, 192 (96%) pacientes tinham DM-I1
e 8 (4%) tinham DM-I. As infec¢des cutaneas formaram o maior grupo de dermatoses (62%),
entre as quais predominaram as infecgdes fungicas (62%), seguida por infeccdes bacterianas
(21%) e virais (4%). Além disso, sugere-se que pacientes diabéticos possuem um alto risco de
desenvolver tinea pedis e onicomicose, e que estas podem contribuir para a sindrome do pé
diabético (84).

Manzano-Gayosso (61) et al avaliaram a incidéncia de onicomicoses em 250 pacientes
com DM-II. Noventa e trés pacientes (37,2%) apresentavam distrofia nas unhas, destes,
75,3%, uma etiologia fungica foi encontrada. Cinquenta e oito isolados fungicos foram
colhidos e 48,6% destes, eram dermatdéfitos, sendo o Trichophyton rubrum o mais prevalente
(37,1%). Além disso, a correlacdo entre o tempo de evolucdo do DM-II e onicomise foi
significatica (P<0,01).

Os mecanismos imunes inatos sdo utilizados pelo hospedeiro para responder a uma
variedade de patdgenos flngicos de maneira rapida e conservada (62). Esses mecanismos sdo
mediados por um conjunto limitado de receptores de reconhecimento padrdo (PRRs), que séo
aptos para reconhecer estruturas conservadas de microrganismos, chamados de padrdes
moleculares associados a patdgenos (PAMPs) Dentre as classes de PRRs, os receptores Toll-
like (TLRs), receptores de lectina do tipo C (CLRs) e o receptor de manose (MR) estdo bem
descritos na literatura devido a sua importancia no reconhecimento de diversas estruturas
fangicas e na imunidade antifungica.

Os receptores toll-like (TLR) sdo proteinas transmembranas que exercem papel
relevante na deteccdo, reconhecimentos de patdgenos e geracdo de sinais para a construgdo de
proteinas e citocinas proinflamatérias (63,64). Estes receptores estdo presentes nos
macrofagos, nas células dendriticas e nos neutrofilos e reconhecem os padrées moleculares
associados a patdégenos (PAMP’s) presentes em agentes infecciosos, como bactérias gram-

positivas e gram-negativas, virus RNA e DNA, protozoarios e fungos (63,65).



Entre os membros da familia TLR, o TLR 2 e 0 TLR 4 tém demonstrado eficacia em
reconhecer componentes bacterianos e fungicos e mediar a producdo de citocinas para o
desenvolvimento de uma imunidade efetiva (66).

O TRL 2 reconhece os PAMP’s de bactérias gram-positivas (lipoproteinas,
lipopeptideos e acido lipoteicoico), peptidioglicano e zymosan (polissacarideo derivado da
parede celular de fungos) e atua para limitar o processo inflamatorio e preservar a estrutura da
epiderme. O TRL 4 reconhece lipopolissacarideo (LPS) de bactérias gram-negativas e
mananas fungicas (66,67).

Trabalhos demonstram que ambos - TRL 4 e TRL 2, estdo associados a defesa do
hospedeiro contra determinados fungos, como Candida albicans (67), Aspergillus fumigatus,
Aspergillus niger (68); e no reconhecimento do polissacarideo presente no Cryptococcus
neoformans (69).

Os receptores de lectina tipo C séo primordiais para o reconhecimento de fungos, pois
reconhecem as principais estrututras encontradas nas paredes de células fungicas, como a -
glucana e manana, e atuam na inducao das respostas imunes inatas e adaptativas. Além disso,
individuos com deficiéncias genéticas em CLRs sdo suscetiveis a infeccBes fungicas. A
dectina-1 e o receptor de manose (MR) fazem parte dos membros da familia CLRs (70).

O receptor de manose (MR) esté localizado no endossoma celular e esta expresso nos
macro6fagos, células dendriticas (DCs) e em uma variedade de outros tipos celulares (71). E
capaz de se ligar a manose, fucose, N-acetilglicosamina e glucose. Apds o reconhecimento do
carboidrato, este medeia a fagocitose do patdgeno e conduz a morte celular (72). No entanto,
é importante salientar que o receptor de manose nao parece ter um papel critico na resposta
imune contra fungos. Em camungos, este receptor parece ser necessario apenas para a
imunidade protetora a infec¢bes por C. neoformans (73,74). Além disso, camungos knockout
para este receptor ndo apresentam aumento significativo na suscetibilidade a infeccdo por
patégenos fungicos (75).

A dectina-1 é um pequeno receptor transmembrana tipo Il e reconhece B-glucanas
como B-1,3 e B-1,6 e leveduras integras. E também capaz de mediar uma resposta celular a
leveduras ou conidios a partir da inducdo de producdo de citocinas pro-inflamatérias (76).
Modelos experimentais em camundongos com infeccdo por C. albicans e A. fumigatus, a
perda de Dectina-1 resultou na falha do sistema imune em montar respostas inflamatorias
protetoras, como por exemplo, recrutamento de mondcitos e neutréfilos defeituosos,
desarranjo na producdo de citocinas como IL-6 e fator estimulador de colénicas

granulocitarias (G-CSF), e falha no controle do crescimento fungico (76,77).



O papel dos PRRs em pacientes diabéticos na vigéncia de infeccdo dermatofitica ndo é
conhecida. Em estudo experimental, nosso grupo verificou que camundongos diabéticos
apresentam expressdo aumentada de TLR-2 por mondcitos periféricos e que, na vigéncia de
infeccdo por T. mentagrophytes a expressdo era ainda mais expressiva. Foi verificado também
que camundongos diabéticos e knockouts para TRL-2 apresentam clearance fangico mais
rapido e uma resposta inflamatéria mais regulada (78). Desse modo, os PRR’s podem atuar
tanto na eliminacdo do patdgenos como na inducdo de efeitos deletérios, principalmente no

contexto de hiperglicemia.

1.5. Justificativa

A incidéncia de dermatofitoses tem aumentado nos ultimos anos, principalmente entre os
individuos imunocomprometidos. Acompanhando esse crescimento, observa-se muitos casos
de dermatofitose invasiva, cujo aspectos clinicos e imunoldgicos tém desafiado o0s
pesquisadores, tanto pelo diagnostico negligenciado e tardio, como pelo fato de pouco se
conhecer sobre a relacdo dermatofito-hospedeiro.

Pacientes diabéticos sdo individuos que apresentam intensa atividade inflamatoria
desencadeada principalmente pelo excesso de glicose no sangue que induz a formagéo de
produtos finais de glicacdo avancada (AGES) que, por sua vez, atuam na ativacao de diversos
leucdcitos. No entanto, essa ativacdo imune ndo lhes confere protecdo, visto que esses
pacientes sdo mais susceptiveis a infeccbes, principalmente fdngicas e micobacterianas.
Diante desse paradoxo, diversos estudos tém demonstrado uma associacdo entre a maior
suscetibilidade e gravidade a essas infeccdes com uma resposta exacerbada e inadequada por
fagdcitos.

Uma exposicdo continua de antigenos fangicos dermatofitos poderia ser um fator
importante na ativacao de fagocitos e subsequente producdo de mediadores inflamatorios que,
amplificariam a resposta inflamatoria desses pacientes. Considerando essa hipétese, inimeras
indagacdes tem sido levantadas: i) Dentre os receptores de reconhecimento padrdo, quais
estariam mais elevados em pacientes DM-II e com dermatofitose?; ii) Qual(is) receptor(es)
estaria(m) envolvido(s) no reconhecimento de exoantigenos de fungos dermatofitos e
subsequente ativacdo da resposta inflamatdria?; iii) Bloqueando-se esses receptores, haveria
diminuigéo da atividade pro-inflamatdria de monocitos pelos pacientes com DM e infectados
com dermatéfito?

Assim, no presente estudo, buscamos investigar essas questdes de modo a contribuir com



0 conhecimento da relacdo dermatdfito-hospedeiro, principalmente no contexto do DM-II, de
modo a possibilitar o desenvolvimento de estratégias terapéuticas que visam interferir nesse

mecanismo pode ser uma Opcao interessante na contencdo de uma intensa resposta
inflamatoria.



Objetivos

|
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2. OBJETIVOS

2.1. Objetivo Geral

Determinar o papel dos receptores de manose, dectina-1, TLR-2, TLR-4 na ativagédo

de mondcitos de pacientes com DM-II e dermatofitose.

2.2 Objetivos Especificos

e Produzir e caracterizar exoantigenos de isolados de T. rubrum obtidos de pacientes
com ou sem DM-II.

e Determinar a expressdo dos receptores de manose, dectina-1, TLR-2 e TLR-4 em
monacitos de pacientes com DM-I1 e grupo de individuos saudaveis.

¢ Inibir os receptores de manose, dectina-1, TLR-2 e TLR-4 ¢ a via de sinalizagdo NFxB
de mondcitos da linhagem THP-1; desafiar com pool de exoantigenos dos isolados de
T. rubrum; e determinar a producéo de IL-1p, TNF-a, MIP-1a.

e Validar os ensaios de inibicdo em células THP-1 utilizando mondcitos de pacientes

com DM-II e grupo de individuos saudaveis.
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ABSTRACT

Dermatophytoses are fungal infections caused by dermatophytic fungi that usually
affect the cornea layer of the skin, hair and nails, but under certain conditions may
present invasive involvement. The species Trichophyton rubrum is the dermatophyte
most often isolated in clinical specimens. In addition patients with type Il diabetes
mellitus (DM-I11I) are more susceptible to this fungal infection. The dermatophyte-host
relationship is poorly understood. However, the pro-inflammatory profile observed in
patients with hyperglycemia is a complicating condition in this relationship. The pattern
recognition receptors (PRRs) present in phagocytes, such as the mannose (MR), dectin-
1, toll-like (TLR) -2 and -4 receptor, recognize fungal structures and are responsible for
triggering mechanisms of cellular activation and regulation during the inflammatory
process, as well as influence on the polarization of the adaptive immune response. Thus,
any interference in this process may impair the host to effectively and pathogenically
eliminate pathogens. Thus, the present study aims to determine the role of these
receptors in the activation of monocytes of patients with DM-II. Exoantigens of T.
rubrum were obtained from patients with diabetes and normoglycemic individuals.
PRRs were blocked in THP-1 monocytes and monocytes from DM-II patients and
normoglycemic individuals challenged with Exo Tr NG and Exo_Tr DM.
Subsequently, TNF and MIP-1a and IL-1p were dosed. The expression of these
receptors was evaluated by flow cytometry. No statistical difference were observed in
the monocyte inhibition assay of diabetic patients and normoglycemic individuals and
in receptor expression. However, our results suggest that the receptors act on the
recognition of exoantigens of T. rubrum obtained from diabetic patients and
normoglycemic individuals with consequent release of inflammatory mediators that

may act by amplifying the inflammatory process of these patients.
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INTRODUCTION

Dermatophytoses are fungal infections that usually affects skin, hair, hair, and nails.
A group of fungi called dermatophytes cause this disease and belongs to the genera
Trichophyton, Microsporum, and Epidermophyton (1,2). Among the dermatophytes, the
species T. rubrum is the most common etiological agent in humans and is responsible
for up to 80% of cases of dermatophytosis (3). A mild local inflammatory response and
chronicity characterize the dermatophytosis caused by T. rubrum. Also, the infection
presents a low response to antifungal therapy, and frequent relapses are observed (4,5).

Skin diseases are usually neglected and constantly underdiagnosed in patients with
both types | and Il of Diabetes Mellitus (DM) (6-7). Metabolic and physiological
disorders, including peripheral vascular disease, diabetic neuropathy, obesity,
hypertriglyceridemia, impaired immune response, hyperglycemia, and advanced
glycation end products (AGEs), are associated with high infection rates in patients with
DM (6,8). Therefore, chronic hyperglycemia affects the cellular immunity, macrophage
activity, functions of polymorphonuclear cells (9), proliferation and migration of
keratinocyte, and viability of endothelial cell apoptosis (10,11).

The immune mechanisms are used by the host to respond to a variety of fungal
pathogens in a rapid and conserved manner (12). These mechanisms are mediated by a
limited set of pattern recognition receptors (PRRs), which are able to recognize
pathogen-associated molecular patterns (PAMPS) (13).

Although the importance of recognizing various fungal structures and antifungal
immunity of PRRs is well described in the literature, the role of PRRs in diabetic
patients in the presence of dermatophytic infection is not known. In an experimental

study, our group verified that diabetic mice presented increased expression of TLR-2 by
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peripheral monocytes and that, during the period of infection by T. mentagrophytes, the
expression was even more expressive. It was also observed that diabetic mice and TRL-
2 knockouts show faster fungal clearance and a more regulated inflammatory response
(14) . Thus, pattern recognition receptors can act both in the elimination of pathogens
and in the induction of deleterious effects, especially in the context of hyperglycemia. In
addition, continuous exposure to dermatophyte fungal antigens could be an important
factor in phagocyte activation and subsequent production of inflammatory mediators
that would amplify the inflammatory response of these patients. Thus, in the present
study we sought to investigate the influence of these receptors in order to contribute to
the knowledge of the dermatophyte-host relationship, especially in the context of DM-

MATERIALS AND METHODS

Patients. The sample of this study included 10 unrelated patients seen at the
Dermatology Outpatient Clinic of the Lauro de Souza Lima Institute, Bauru, SP. The
cases that were diagnosed with DM-II, confirmed by clinical and laboratory tests, after
signing the Informed Consent Form were included. Exclusion criteria were history of

other chronic infections and inflammatory and / or autoimmune diseases.

Group control. The control group consisted of 7 subjects who, after clinical evaluation,
are characterized as non-ill. Exclusion criteria were history of chronic infections and
inflammatory and / or autoimmune diseases. These individuals were selected from
patients treated at the same hospital, but did not have the diseases diagnosed after

signing the consent form. These individuals were selected from patients treated at the



23

same hospital, but did not have the diseases diagnosed after signing the consent form.
Information on age, ethnicity and gender of controls was taken from all cases and
controls. Ethnic classification was made according to parental ethnicity and
morphological characteristics of the individual. The following ethnic classes were

adopted: black, white and brown (Table 1).

Fungi. Ten isolates of T. rubrum from lesions of skin and nails of DM (n=5) and
normoglycemic (n=5) patients. Enrolled patients were recruited at Instituto Lauro de
Souza Lima — ILSL, Bauru, SP, Brazil. The isolates were confirmed by morphological
evaluation in the microculture technique and maintained in solid medium containing

Sabouraud at 37° C.

Exoantigen production. Total exoantigen was produced according to Venturini et al.
(15) with modifications. Briefly, the fresh cultures of Trichophyton rubrum (maximum
of three passages), were subcultured to several tubes Sabouraud containing 2% of
dextrose (Sigma-Aldrich, St Louis, MO, USA) and maintained at 25°C, for 16 days.
The fungi were cultivated in supplemented Sabouraud broth for seven days shaking at
50 rpm at 37°C. The fungi were killed by the addition of sodium Merthiolate (0.2 g/L)
for 24 hours at 4°C and filtered in Whatman™ filter paper #1. The filtrate was dialysate
against distilled water with several exchanges during 24 hours at 4°C. The dialysate was
then filtered and concentrated by centrifugation with Amicon® Ultra 15 Filter
(Millipore, Billerica, MA, USA) at 4000 rpm, for 30 minutes, at 4°C. The protein
concentration was determined by Pierce™ BCA Protein Assay Kit (Thermo Fisher
Scientific, Waltham, MA, USA). Exoantigens were pooled according to the origin of
the isolates: T. rubrum exoantigens from DM patients (Exo-Tr-DM) and T. rubrum

exoantigens from normoglycemic patients (Exo-Tr-NG).
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THP-1 culture. THP-1 cell line was maintained at 37°C in a humidified 5% CO, 95%
air atmosphere in RPMI (Sigma-Aldrich), containing 10% fetal bovine serum (FBS)
(Sigma-Aldrich), 100 U/mL penicillin and 100 pg/mL streptomycin (Sigma-Aldrich) in

culture flasks (Greiner BioOne, Frickenhausen, BW, GER).

Obtaining peripheral blood mononuclear cells (PBMC). Peripheral blood was
obtained by venipuncture and 30 mL were placed in sterile tubes containing 20 U / mL
heparin. Mononuclear cells were washed with 0.1 M phosphate buffer saline pH 7.2
(PBS) and 0.01 M EDTA (4 ° C) and recovered by Ficoll-Hypaque gradient separation
for 30 min at 1500 RPM. The cloud containing the mononuclear cells was collected and
then centrifuged for 10 min at 1500 RPM. Subsequently, the supernatant was discarded
and the cells were resuspended in 1 mL RPMI 1640 culture medium (Gibco)
supplemented with 2.0 mM L-glutamine, 40 mg / mL gentamicin and 10% fetal bovine
serum (RPMI medium). complete). Counting and cell viability were performed with
0.1% Trypan Blue. Cell concentration was adjusted to 107 cells / mL and frozen in -80 °
C freezer. After adjustment, the total of 107 cells / ml was transferred to a cryotube and
centrifuged at 400g, 5 minutes at 18 ° C. The supernatant was discarded and the cells
were resuspended in freezing medium (60% RPMI + 30% fetal bovine soto + 10%
DMSO). Subsequently, the cryotubes were kept in a cooler for 24 hours at -80 ° C and

then stored.

Inhibition assays. THP-1 cells were grown in 24-well plates (2x10° cells / well). Anti-
TLR2 (10ul/well), anti-TLR-4 (10ul/well), anti-MR (10ul/well), and anti-Dectina-1
(10ul/well) monoclonal antibodies were added in the cultures for one hour.
Subsequently, the cells were challenged with Exo-Tr-DM and Exo-Tr-NG at
concentrations of 1.0, 10, and 50ug/ml. After 24 hours, cell-free supernatants were

collected and stored at -80°C. To validate the inhibition assay performed on THP-1
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monocytes, monocytes from normoglycemic individuals and diabetic patients were
challenged with Ex-Tr DM and Ex_Tr NG at an intermediate concentration of

10ug/ml.

Immunophenotyping. PBMC cell suspensions were washed in 5% PBS-SBF solution
at 4 ° C, blocked with blocking buffer (2% mouse serum) for 20 minutes on ice. They
were then centrifuged at 5 minutes for 1500 RPM at 4 ° C and incubated with
conjugated antibodies (anti-CD14-PercP (MACS), dectin-1-PE (eBioscience - Thermo
Fisher Scientific), MR-PE (eBioscience - Thermo Fisher Scientific) , TLR-2-FITC
(eBioscience - Thermo Fisher Scientific) and TLR-4-APC (Invitrogen - Thermo Fisher
Scientific) for 30 min at 4 ° C. After Staining buffer (BD) washing, samples were fixed
with FVS450 (BD). Biosciences) and acquisition was performed on FACS Aria Fusion

™ (BD Biosciences) and data analyzed in FlowJo 7.5.5 software (Tree Star, Inc).

Dosages of TNF, IL-1B8 e MIP-1a. Levels of these mediators were performed using
the kit Duo-Set Kit (R&D Systems, Minneapolis, MI, USA), according to the
manufacturer’s instructions. The results were expressed in pg/mL, and determined from

standard curves established for each assay.

Statistical analyses. The two matched groups were compared using the paired t-test.
All statistical analyses were carried out using GraphPad Prism 5.0 software (GraphPad

Software. Inc., San Diego, California, USA) at a significance level of 5 % (p < 0.05).
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RESULTS

TLR-2, TLR-4, Dectin-1 and Manose receptor expression in monocytes of DM-II

patients and normoglycemic subjects

There was no statistical difference between receptor expressions in patients with

DM-11 and normoglycemic subjects (Fig. 1).

Inhibition of TLR-2, TLR-4, Dectin-1 and Mannose receptors in the monocytes of

normoglycemic individuals and diabetic patients

First, it was necessary to evaluate the results of unstimulated cells with cells
stimulated by both exoantigens. When analyzing the data, we observed that there was a
statistical difference between unstimulated cells and cells stimulated with Ex_Tr NG
and Ex_Tr_DM.

Monocytes from Ex_Tr_NG-stimulated diabetic patients show a significant
increase in TNF, IL-1B, and MIP-1a when compared to unstimulated culture.
Monocytes from normoglycemic individuals showed a significant increase in MIP-1a
levels by both exoantigens.

Monocytes from diabetic patients and normoglycemic subjects did not show
significant reductions in TNF, IL-1p and MIP-1a levels after receptor inhibition.
Interestingly, after receptor inhibition, increased levels of these mediators were
observed mainly in the monocytes of both normoglycemic individuals challenged with
Ex_Tr_NG and Ex_Tr_DM. But, this increase was not significant.

However, even though there was no statistical difference in inhibitions, we

observed that after inhibition of TLR-2 monocytes from diabetic patients challenged
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with Ex_Tr_NG showed a decrease in IL-1p and MIP-1a levels (Fig. 2C and 2E). And
monocytes from diabetic patients challenged with Ex_Tr_DM showed a reduction in
MIP-1a levels. (Fig. 2F).

TLR-4 inhibition also showed reduced TNF levels in cells of Ex _Tr NG-
stimulated diabetic and normoglycemic patients (Fig. 3A). Monocytes from diabetic
patients challenged with Ex_Tr_DM also showed a reduction in MIP-1a levels (Fig.
3F).

Regarding Dectin-1, after its inhibition we observed a reduction in IL-1B, MIP-
1a and TNF levels in monocytes of Ex_Tr_NG-stimulated diabetic patients (Fig. 4A,
4C and 4E). And a reduction in MIP-1la levels in monocytes from Ex_Tr_DM-
stimulated diabetic patients (Fig. 4F).

Inhibition of the mannose receptor showed a reduction in TNF levels in
monocytes from Ex_Tr_NG stimulated normoglycemic subjects. Ex_Tr_NG-stimulated
diabetic monocytes also showed a reduction in TNF and IL-1f levels (Fig. 5A and 5B).
Monocytes from diabetic patients stimulated with Ex_Tr_DM showed a reduction in

MIP-1a levels (Fig. 5F).

Inhibition of receptors TLR-2, TLR-4, Dectin-1 and Manose in the TPH-1

Cells of the THP-1 line were challenged with exoantigens of T. rubrum obtained
from normoglycemic subjects and diabetic patients. Cultures challenged with both
exoantigens without inhibitor showed a high production of TNF and MIP-1a. The
exoantigens obtained from diabetic patients induced higher levels of TNF-o, at
concentration 50 ug/ml, than exoantigens of the fungi isolated from normoglycemic

individuals (Fig. 6). On the other hand, exoantigens obtained from normoglycemic
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individuals induced high production of MIP-1la at concentration 50ug /ml (Fig. 7).
Next, we evaluated the role of three PPRs in the activation of THP-1 monocytes
challenged with different exoantigens.

The inhibition of TLR-2 increased at lower levels of TNF at concentrations of 1
and 10ug ml of Exo_Tr_NG-stimulated cells and at 1ug / ml concentration of Exo-
Tr_DM-stimulated cells (Fig. 8A). We also observed a decrease in MIP-1a levels by
Exo_Tr_DM-stimulated cells and Exo_Tr_NG-stimulates cells at a concentration of
lug/ml. On the other hand, the inhibition of TLR-2 induced high production of MIP-1a
by Exo_Tr_DM-stimulated cells at concentration of 50ug/ml (Fig. 8B).

Inhibition of TLR-4 did not result in statistically significant differences in TNF
production (Fig. 9A). On the other hand, a decrease in MIP-1a levels was observed in
Exo_Tr_DM-stimulated cells and Exo_Tr_NG-stimulated cells at concentration of
lug/ml (Fig. 9B).

The inhibition of Dectin-1 receptor increased levels of TNF at concentrations of
10ug/ml in Exo_Tr_DM-stimulated cells and Exo-Tr-NG-stimulated cells and at a
concentration of 50ug/ml of Exo_Tr_DM (Fig. 10A). On the other hand, higher TNF
levels were observed Ex_Tr_DM-stimulates cell and Ex_Tr_NG-stimulates cell at a
concentration of lug/ml. Moreover, the inhibition of Dectin-1 triggered lower
production of MIP-1a by Exo Tr DM-stimulated cells and by Exo_Tr_NG-stimulated
cells at concentrations of 1 and 50ug/ml (Fig. 10B).

The inhibition of MR increased in high TNF production by Exo_Tr_DM-
stimulated cells and lower TNF production by Exo-Tr-NG-stimulated cells at
concentrations of 1, 10 and 50ug/ml (Fig. 11A). On the other hand, lower production of
MIP-1oo by Exo Tr NG-stimulated cells and Exo_Tr_DM-stimulated cells at

concentrations of 1 and 50ug/ml were observed (Fig. 11B).
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IL-1B levels could not be detected in the THP-1 inhibition assay.

DISCUSSION

Our study is the first to use and compare exoantigens obtained from normoglycemic
individuals and diabetic patients to assess their recognition through PRRs and their
subsequent influence on monocyte activation in patients with DM-I1.

Both the inhibition assay and the evaluation of receptor expression in monocytes of
diabetic patients and normoglycemic subjects showed no statistical differences. We
believe that the reduced number of participants may have been a bias towards the non-
significance in the results. In addition, our work had an extensive exclusion criterion
which led to the exclusion of some participants during the research.

However, although statistical tests have not shown significance, we can suggest that
the TLR-2, TLR-4, Dectin 1 and mannose receptor are involved in the recognition of
these exoantigens.

Both Exo Tr DM and Exo_Tr_NG were able to stimulate the release of
inflammatory mediators in both THP-1 monocytes and monocytes obtained from
diabetic patients and normoglycemic individuals. Furthermore, we observed that after
inhibition of receptors on THP-1 cells there was a significant reduction in TNF and
MIP-1a levels, indicating their participation in exoantigen recognition.

TLRs are abundantly expressed in monocytes and play an important role in
activation and regulation of the innate immune system and in inflammation (16).
Bellochio et al (17), in an experimental work, showed that TLR-2 and TLR-4 have

different functions in activating the innate immune response against C. albicans and A.
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fumigatus, and that these can activate NF-xB and induce the expression of inflammatory
cytokines and costimulatory molecules.

However, activation of the innate immune system via TLRs is implicated in the
pathogenesis of insulin resistance, diabetes and atherosclerosis (18,19). For example,
activation of TLR-4 by microbial components such as LPS and free fatty acids causes
an increase in the serum level of various proinflammatory cytokines and consequent
insulin resistance. In addition, studies have shown that activation of the MyD88
pathway is increased in monocytes exposed to high glucose levels and in patients with
DM-I (16,20,21).

In the hyperglycemic context and dermatophytic infections, Almeida et al (14), in
an experimental study with diabetic mice infected with T. mentagrophytes dermatophyte
observed that the absence of TLR-2 led to a regulated immune response, with Treg
expansion, increased H202 and IL-10 production by adherent peritoneal cells, and
decreased TNF production. Corroborating these findings, Devajari et al (22) in an
experimental study also observed an attenuation in the pro-inflammatory response in

Dectin-1 is a crucial PRR involved in dermatophytosis immunology. The CARD9
mutation, a key molecule in the type C lectin receptor (CLR) signaling pathway, has
been reported to be associated with the evolution of deep dermatophytosis (23).
Yoshikawa et al (24) observed that mice without Dectin-1 and / or Dectin-2 showed an
inadequate production of proinflammatory cytokines in response to T. rubrum infection,
impairing their resolution. On the other hand, dectin-1 is involved in several cellular
responses that play a relevant role in chronic inflammatory conditions such as
autoimmunity, inflammatory bowel disease and diabetes (25). In addition, dectin-1 may
be a key factor in the evolution of inflammation associated with insulin resistance and

obesity.
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The receptor mannose, also known as CD206 plays an important role in the
early stage of fungal inflammation (26). This receptor has been characterized as a
mediator of phagocytosis and death of pathogenic microorganisms (27); however, its
role in fungal infections has not been fully clarified. Several antifungal activities related
to MR have been demonstrated, including the production of IL-17 from human
peripheral blood mononuclear cells (PBMCs) stimulated with C. albicans mannan (28)
and phagocytosis of yeast C. albicans by dendritic cells (DCs) (29). Despite these roles
in antifungal immunity, MR appears to be redundant (30), except for C. neoformans
infection, in which MR/~ mice were highly susceptible due to inadequate CD4 T cell
response (31).

Many studies demonstrate that the hyperglycemic context can influence the
expression of pattern recognition receptors in immune system cells. Therefore, we
evaluated the expression of these receptors in normoglycemic individuals and diabetic
patients. However, we believe that due to the small number of participants, it was also
not possible to detect significant differences between the groups. But, when looking at
the results we suggest that diabetic patients showed an increase in TLR-2 expression
when compared to normoglycemic individuals and a small decrease in TLR-4, dectin-1
and mannose receptor expression.

Devaraj et al (20) observed that TLR-2 and TLR-4 were significantly increased in
monocytes of patients with DM-I compared to controls. In another study, Dasu et al
(21) also observed increased expression of TLR-2 and TLR-4 in monocytes of patients
with DM-II, which resulted in increased NF-kB-mediated inflammation elevating
inflammation systemic.

The expression of dectin-1 in the hyperglycemic context has yet to be clarified.

However, Espinosa-Cortez et al (32), found an increase in dectin-1 expression in
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monocytes of patients with DM-I1.

The role of the mannose receptor is not well understood in the hyperglycemic
context. However, Al Dubayee et al (33) demonstrated an increase in the expression of
this receptor in PBMCs of patients with DM-II, but studies need to be conducted in
order to clarify the influence of this receptor in the context of diabetes.

Although our results with patient cells did not give significant statistical differences,
the inhibition results on THP-1 monocytes confirm the hypothesis that receptors are
involved in the recognition of these exoantigens and that they are capable of stimulating
the production of mediators which would amplify the inflammatory process in diabetic
patients. However, we believe that studies using a larger number of patients could

indeed clarify the role of these receptors in cells of diabetic patients.
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Table 1. Clinical conditions and comorbidities of patients.

Pacient identification Ethnicity Sex Years Clinical condition Comorbidities
P01 Brown Male 22 years Normoglicemic Acne
P02 Brown Male 55 years Normoglicemic None
P03 Brown Male 58 years Normoglicemic None
P04 White Female 47 years Normoglicemic None
P05 Brown Feminino 37 years Normoglicemic None
P06 Brown Female 34 years Normoglicemic None
P07 Brown Male 43 years Normoglicemic None
P08 Brown Male 59 years Diabetic DM I.

Hypertension
P09 White Female 62 years Diabetic DM‘”.
Hypertension
Dyslipidemia
P10 Pardo Male 67 years Diabetic DM-11
Hypertension
P11 White Male 38 years Diabético DM-II
Hypertension
P12 Brown Male 67 years Diabetic DM-IT
Hypertension
P13 White Female 64 years Diabetic DM-I .
Hypertension
P14 White Female 41 years Diabetic DM-11
P15 White Female 63 years Diabetic DMHI .
Hypertension
P16 Brown Male 41 years Diabetic DM I_
Hypertension
P17 White Female 54 years Diabetic DM-11
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Figure 1. Expression of receptors in monocytes normoglycemic individuals and diabetic.
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Figure 2. TLR-2 Inhibition in monocytes of diabetic patients and individuals normoglycemic.
Results are expressed as mean = SEM. (Unpaired t-test; *p <0.05, ***p<0.01, ***p<0.001); “p
<0.05, #p<0.01, **p<0.001).
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Figure 4. Dectin-1 Inhibition in monocytes of diabetic patients and individuals normoglycemic. Results are
Kpressed as mean + SEM. (Unpaired t-test; *p <0.05, ***p<0.01, ***p<0.001); *p <0.05, #p<0.01, #*p<0.001).
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Figure 5. Manose receptor Inhibition in monocytes of diabetic patients and individuals normoglycemic. Results are
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Figure 6. Comparison of the TNF production by 24-hour challenged THP-1
monocytes with exoantigens obtained from normoglycemic individuals and
diabetic patients. Results are expressed as mean + SEM. (Paired t-test; * P <0.05,
** P <0.01, *** P <0.001).
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Figure 7. Comparison of the MIP-1a production by 24-hour challenged THP-1
monocytes with exoantigens obtained from normoglycemic individuals and diabetic
patients. Results are expressed as mean = SEM. (Paired t-test; * P <0.05, ** P

<0.01, *** P <0.001).
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Figure 8. TLR-2 Inhibition in the THP-1 monocytes. Results are expressed as mean = SEM. (Paired t-test; *p
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Figure 9. TLR-4 Inhibition in the THP-1 monocytes. Results are expressed as mean + SEM. (Paired t-test; *p <0.05,
**p<0.01, ***p<0.001); *p <0.05, #p<0.01, **p<0.001).
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Figure 10. Dectin-1 Inhibition in the THP-1 monocytes. Results are expressed as mean = SEM. (Paired t-test; *p
0.05, ***p<0.01, ***p<0.001); *p <0.05, #p<0.01, **p<0.001).
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Figure 11. Manose receptor Inhibition in the THP-1 monocytes. Results are expressed as mean = SEM. (Paired t-
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4. CONCLUSAO

Nossos dados sugerem que os receptores TLR-2, TLR-4, manose e dectina-1
atuam no reconhecimento de exoantigenos de T. rubrum obtidos de pacientes diabéticos
e 0 reconhecimento por esses receptores leva a liberacdo de importantes mediadores
inflamatorios na patogénese do diabetes mellitus amplificando a resposta inflamatdria

desses pacientes.
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CONVIDO, o Senhor (a) para participar do Projeto de Pesquisa intitulado ™ Influéncia dos
receptores de manose, dectina-1 e TLR-2 & TLR-{ na ativagao de mondcitos de
pacientes com diabetes mellitus do tipo 2 e infectados pelo dermatofito Tr

rubrum”, que sera desenvolvido por mim Thaina Sanches Paixao, Biomedica, aluna de
mesirado pela Faculdade de Medicina de Botucatu - UNESP com orientagao do profissional
Bitlogo & Professor (a) Dr. James Venturini da da Faculdade de Ciéndas UNESP- Bauu e
Universidade Federal do Mato Grosso do Sul — UFMS.

Estou estudando as micoses em pessoas com disbetes mellitus do tipo I, uma doenca que
cAusa um auments do aclcar No sangue. Para que eu possa ter um resultado nesse
momento, preciso coletar 30mi do seu sangue. O risco com a coleta de sangue serd apenas
apimdada@lhaeunapammamaﬂﬂmmmedeamﬁbanmpﬂamnt&.

admmmbanmamrmqanpam consultar seu prontuano medico para coletar outras
informagdes |a contidas como exames laboratonais de rofina realizados em consultas
antenores pelo (3) Senhor (&)

Seu beneficio em participar sera confribuir para o entendimento das micoses em pacientes
com disbetes melitus do tipo |l induindo novos Fatamentos, além de beneficiar outros
pacientes,

Fique ciente de que sua pa‘bnpacmnﬂeesﬁdueudunﬁnaeq.le Mesma apos ter dado
seumermmPampa'tnpa'da pesquisa, wics podera refia-lo a qualguer momento,
sarm qualgquer prejuen na continuidade do seu tratamento.

Este Termo de Consentimento Livre e Esclarecido sera elaborado em 2 vias iguais, o qual
01 via sera enfregue ao Senhor (3) devidamente rubricada, e 3 oufra via sera anquivada &
mantida pelos pesquisadones por um periodo de 5§ anos apos o kErmino da pesqusa

Cualquer duvida adicional voos podera enfrar em contrato com o pesquisador responsavel
ou o professor orientador do projeto. Os dados de localizagao estao abaixno descritn.

Apds terem sido sanadas todas minhas dividas a respeito deste estudo, CONCORDOD EM
PARTICIPAR de forma voluntaria, estando ciente que todos os meus dados estarso
presenvados afraves do sigilo que os pesquisadores se comprometeram. Estou cente que
os resuliados desse eshudo o ser publicados em revistas cientfcas, sem noentanto,

que minha dentidade seja revelada
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