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Resumo

FINATO, A. C. Avaliacao de terapias antifibroticas associadas aos antifungicos
itraconazol e cotrimoxazol em modelo murino de paracoccidioidomicose
pulmonar. Dissertagdo (Mestrado) — Faculdade de Medicina de Botucatu,
Universidade Estadual Paulista, Botucatu, 2017.

Paracoccidioidomicose (PCM) é uma micose sistémica causada por fungos do
género Paracoccidioides; suas principais formas clinicas sdo aguda/subaguda,
cronica e residual. A PCM é uma doenca restrita a paises da América Latina com
maior incidéncia no Brasil, especialmente entre os trabalhadores rurais. A maioria
dos pacientes com a forma crbnica da doenca, mesmo apés tratamento eficaz,
apresentam sequelas, incluindo fibrose pulmonar e adrenal. Os problemas sociais,
econdmicos e psicolégicos desencadeados pela fibrose pulmonar sdo subestimados;
além disso, a fibrose na PCM permanece negligenciada, uma vez que nao ha
tratamento. Dessa forma, o estudo teve por objetivo investigar a influéncia de drogas
com potencial antifibrético (pentoxifilina - PTX, azitromicina - AZT e talidomida - Thal)
associadas aos tratamentos antifangicos com itraconazol - ITC e cotrimoxazol - CMX
em modelo murino de PCM pulmonar. Para tanto, camundongos BALB/c machos
foram inoculados com leveduras do isolado 326 de P. brasiliensis e apds 8 semanas
de infeccdo foi dado inicio aos esquemas terapéuticos: PTX/ITC, PTX/CMX,
AZTNTC, AZT/CMX, Thal/ITC e Thal/CMX. Ap6s 8 semanas de tratamento, o0s
animais foram eutanasiados a fim de se avaliar a deposicao de fibras colagenas,
producdo de hidroxiprolina, recuperacdo de fungos viaveis e a porcentagem das
areas com lesdo nos pulmdes e peso corporal. Visando identificar os mecanismos
envolvidos foi avaliada a producdo de TGF-B1, CCL3, IFN-y, TNF-a, IL-10, VEGF,
IL-6, IL-1B, IL-17 e IL-2 no homogenato dos pulmdes. Nossos achados revelaram
gque os camundongos infectados tratados com PTX/ITC mostraram reducdo nos
niveis de hidroxiprolina associada a menor producdo de IL-6, IL-17 e TGF-B1 e
niveis mais elevados de IL-10 em comparacdo ao tratamento apenas com ITC. De
forma semelhante, os camundongos infectados tratados com AZT/CMX
apresentaram menos fibrose pulmonar associada a niveis reduzidos de TGF-p1 e
aumento de TNF-a e IL-10 do que os camundongos infectados tratados com CMX.
Ambos o0s grupos em que os camundongos foram tratados com ITC/Thal e



CMX/Thal mostraram perda de peso intensa, aumento da deposicao de fibras
reticulares, altos niveis de CCL3, IFN-y e VEGF e niveis diminuidos de IL-6, IL-1p,
IL-17 e TGF-B1 em relagdo aos camundongos infectados tratados com ITC ou CMX.
Dessa forma, nossos achados reforcam o papel antifibrético da PTX na PCM
pulmonar quando associado ao ITC. Além disso, nossos resultados apontaram a
AZT como candidata a droga antifibrética em associacdo com CMX e a ineficacia da

Thal, no tratamento da PCM pulmonar.

Palavras-chave: Antifibréticos; Azitromicina; Fibrose pulmonar; Pentoxifilina;
Talidomida.






Abstract

FINATO, A. C. Evaluation of antifibrotic therapies associated with itraconazole
and cotrimoxazole in a murine model of pulmonary paracoccidioidomycosis.
Thesis (Master) — Faculty of Medicine of Botucatu, Universidade Estadual Paulista,
Botucatu, 2017.

Paracoccidioidomycosis (PCM) is a systemic mycosis caused by fungi of
Paracoccidioides genus; the main clinical forms are acute/subacute, chronic and
residual. PCM is a disease restricted to Latin American countries with a higher
incidence in Brazil, especially among rural workers. Most patients with the chronic
form, even after effective treatment, present sequelae, including pulmonary and
adrenal fibrosis. The social, economic and psychological problems triggered by
pulmonary sequels are underestimated. In addition, fibrosis in PCM remains
neglected, since there is no treatment. The aim of this study was to investigate the
influence of antifibrotic drugs (pentoxifyline - PTX, azithromycin - AZT and
thalidomide - Thal) associated with antifungal treatments with itraconazole - ITC and
cotrimoxazole - CMX in a murine model of pulmonary PCM. Male BALB/c mice were
inoculated with P. brasiliensis “isolated 326" and after 8 weeks of infection the
treatment were started: PTX/ITC, PTX/CMX, AZT/ITC, AZT/CMX, Thal/ITC and
Thal/CMX. After 8 weeks of treatment, the mice were euthanized in order to evaluate
the deposition of collagen fibers, hydroxyproline production, recovery of viable fungi
and the percentage of areas with injury in lung and body weight. In order to identify
the mechanisms involved, the production of TGF-B1, CCL3, IFN-y, TNF-a, IL-10,
VEGF, IL-6, IL-1B, IL-17 and IL-2 in the lung homogenate was evaluated. Our
findings revealed that infected mice treated with PTX/ITC showed a reduction in
hydroxyproline levels associated with lower production of IL-6, IL-17 and TGF-B1 and
higher levels of IL-10 compared to treatment with ITC. Similarly, infected mice treated
with AZT/CMX had less lung fibrosis associated with reduced levels of TGF-f1 and
increased TNF-a and IL-10 than infected mice treated with CMX. Both groups in
which the mice were treated with Thal/ITC and Tha/CMX showed intense weight loss,
increased deposition of reticulin fiber, high levels of CCL3, IFN-y and VEGF and
decreased levels of IL-6, IL- 13, IL-17 and TGF-B1 than to the infected mice treated
with ITC or CMX. Thus, our findings reinforce the antifibrotic role of PTX in pulmonary
PCM when associated with ITC. Besides, our results point out the AZT as a

candidate for antifibrotic drug in association with CMX and the inefficacy of Thal in



the treatment of pulmonary PCM.

Keywords: Antifibrotic; Azithromycin; Pentoxifylline; Pulmonary fibrosis;
Thalidomide.
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1. Introducéao

1.1. Aspectos da paracoccidioidomicose e de seu agente etioldgico.

Descrita em 1908 por Adolfo Lutz, a paracoccidioidomicose (PCM) € uma
micose sistémica, granulomatosa causada por fungos termodimorficos do género
Paracoccidioides(1,2).

O género Paracoccidioides € composto por duas espécies, o P. brasiliensis
(Pb) e o P. lutzii. O P. lutzii € um grupo monofilético e recombinante encontrado no
centro, sudoeste e norte do Brasil e do Equador(1), jA o Pb € um grupo monofilético
composto por espécies cripticas classificadas recentemente em Sla, S1b, PS2, PS3
e PS4(3). As espécies cripticas Sla e S1b estdo associadas a maioria dos casos de
PCM e esta amplamente distribuida na América do Sul(1,3-5). A espécie criptica
PS2 foi identificada até o momento no Brasil e na Venezuela, a PS3 é encontrada
principalmente em regides endémicas da Colémbia(1,4) e a PS4 foi descrita na
Venezuela(b).

Apesar de ter sido isolado algumas vezes do solo, o nicho ecoldgico dos
fungos Paracoccidioides spp. ainda é pouco conhecido. Os tatus da espécie
Dasypus novemcintus (popularmente conhecidos como tatu de nove bandas ou tatu
galinha) sdo reservatérios naturais desse fungo(6-8).

A PCM é uma doenca endémica no Brasil, geograficamente restrita a América
Latina, do México a Argentina, apresenta incidéncia de 1-3 casos por 100.000
habitantes e a maioria dos individuos afetados sdo trabalhadores rurais do sexo
masculino(9). A doenca pode comprometer qualquer 6rgdo, com predominio de
pulmdes, 6érgdos ricos em células do sistema fagocitico mononuclear, mucosa das
vias aerodigestivas superiores, pele e adrenais(10).

As principais formas clinicas da doenca sdo: a) a forma aguda/sub-aguda,
também chamada juvenil que em geral compromete criancas, adolescentes e
adultos jovens, apresenta historia clinica de curta duragdo (mediana de dois meses)
e exibe manifestagcbes clinicas compativeis com o comprometimento de 6rgaos do
sistema fagocitico mononuclear; b) a forma cronica, em geral compromete adultos
com mais de 30 anos de idade, que apresentam histéria clinica de longa duragéo
(em geral acima de seis meses), acometendo pulmbes e mucosa das vias

aerodigestivas superiores com grande frequéncia; c) forma residual, caracterizada
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pelas sequelas observadas apds tratamento, em especial nos pulmdes, laringe e
adrenais(11).

Até a década de 1940 ndo havia uma droga padréo utilizada no tratamento da
PCM, assim, apresentando evolucdo fatal. Em 1958, a anfotericina B, um potente
antifangico de amplo espectro, foi introduzido no tratamento demonstrando ser
eficaz, entretanto a administragdo do medicamento requer via intravenosa e
hospitalizacdo do paciente, além de demonstrar efeitos adversos(12). Assim, no
inicio da década de 1970, demonstrando menores efeitos adversos e de facil
administracdo, a associacao sulfametoxazol-trimetoprima (cotrimoxazol — CMX) se
torna amplamente utilizada no tratamento da doenca(13). Ainda em busca de
farmacos, no final da década 1980 surgiram os azélicos. O itraconazol (ITC)
mostrou-se muito eficaz e seguro no tratamento(14—-16) e foi considerado a droga de
primeira escolha para o tratamento da PCM(17).

No Brasil, 0 CMX possui distribuicio gratuita pelo Sistema Unico de Salde

(SUS) e, por isso, continua sendo amplamente empregado no tratamento da PCM.

1.2. PCM forma cronica (FC) e fibrose pulmonar

Mesmo ap0s tratamento antifingico eficaz, a avaliacdo clinica e radiolégica
de pacientes com a FC revela a presenca de fibrose nos diferentes o6rgaos
comprometidos. Os pulmbes, além da fibrose, também exibem enfisema -
possivelmente pela elevada incidéncia de tabagismo nesses pacientes(18-21).
Santos e colaboradores (2003)(21) consideraram o tabagismo como fator de risco
para a PCM. Nesse estudo foi observado que fumantes possuem cerca de 14 vezes
mais chances de desenvolver a doenca e, adicionalmente, cerca de 3 vezes mais
chances em individuos etilistas.

Os achados necroscopicos de pacientes com PCM revelam que a fibrose
pulmonar é caracterizada por extensas areas de depdsito de colageno proximas a
regiao hilar, envolvendo outras estruturas como linfonodos, bronquios e artérias. As
fibras colagenas se encontram na periferia dos granulomas e se estendem a
bronquios e vasos sanguineos préoximos. A proliferacdo de fibras reticulares
(colageno llI) também ocorre no septo alveolar, inclusive em éareas distantes do
processo granulomatoso, sugerindo que o préprio fungo e/ou seus antigenos

possam atuar diretamente sobre a proliferacdo de fibras reticulares nos alvéolos
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pulmonares(22).

Essas sequelas levam ao comprometimento do 6rgdo e consequentemente a
incapacitacdo do paciente, levando a problemas econdémicos e sociais, tendo em
vista, que os pacientes se encontram na fase mais produtiva profissionalmente de
suas vidas (adultos a partir de 30 anos). A incapacitacao nesses pacientes, visto que
comumente sdo tabagistas e etilistas, pode contribuir para o agravamento dessas
condi¢cbes e consequentemente levar a sintomas depressivos(23).

Apesar da sua importancia, poucos estudos tém focado especificamente na
fiborogénese pulmonar que ocorre na PCM. Cock e colaboradores (2000)(24)
demonstraram em modelo experimental murino que esse processo € precoce, onde
0s animais apdés 1 semana de infeccdo apresentaram inicio do processo
granulomatoso e a partir da 42 de infeccdo apresentaram granulomas com aumento
da deposicédo de fibras de colageno tipo Ill. Aradjo (2011)(25), observou em estudos
necroscopicos presenca da fibrose em pacientes que ndo receberam tratamento
antifingico, demonstrando assim, que os pacientes com PCM quando admitidos no
servico de salude ja apresentam alteracdes relacionadas ao processo fibrético.
Venturini e colaboradores (2014) demonstraram que mondcitos de pacientes com
PCM-FC no momento do diagndstico exibem alta producdo de TGF-B1 e FGF.
Adicionalmente, Toboén e colaboradores (2003), observaram que apos a introducéo
do tratamento antifingico o processo fibrético é intensificado.

A forma crénica da PCM é mediada por uma resposta imunolégica mista com
predominio dos perfis Thi; e Thy,, além da contribuicdo substancial do perfil Th;.
Essa resposta contribui parcialmente para a resisténcia a infec¢céo, entretanto, esta
envolvida na exacerbacdo da resposta imunolégica mediada por Th;z com
consequente ativacdo de neutrofilos, lesdo tecidual e desenvolvimento da
fibrose(26-30).

Apesar dos mecanismos envolvidos no processo da fibrose serem pouco
conhecidos, sugere-se que, a semelhanca de outras doengas, a instalacdo da
fiborose pulmonar na PCM é decorrente, também, da estimulacdo antigénica
persistente e da constante ativacdo da resposta imune, além de disturbios no
processo de reparo tecidual(31). O processo cronico induz dano e morte tecidual e,
assim, leva a producdo de mediadores que ativam ceélulas vizinhas a produzir
citocinas, quimiocinas e fatores de crescimento pro-fibréticos. Esses mediadores

estimulam o recrutamento de leucécitos e a diferenciacdo de fibroblastos em



24

miofibroblastos, assim, aumentando a producdo e deposi¢cdo de coldgeno. Além
disso, a fibrogénese é caracterizada pela inibicdo das metaloproteinases de matriz
extracelular (MMP)(32-35).

1.3. Drogas com potencial antifibrético

1.3.1. Pentoxifilina. A pentoxifiina (PTX) € uma droga hemorreoldgica
padréo, utilizada no tratamento de doencgas vasculares cronicas(36). Estudos in vitro
demonstraram que a atividade supressiva da droga sobre o TNF-a € similar aos
efeitos do tratamento com anticorpo anti-TNF-a(37), podendo atuar também, na
inibicdo da producédo de 1L-10(38,39). A droga possui potencial antifibrético por exibir
reducdo na proliferacdo de fibroblastos, supressdo da producdo, secrecdo e
deposicao de colagenos tipo | e I, proteoglicanas e fibronectina(40).

Apesar desses achados, os mecanismos envolvidos ainda n&o sao totalmente
conhecidos.

Experimentalmente foi testada em camundongos isogénicos da linhagem
AKR/J infectados com Schistosoma mansoni. O tratamento diario com 200 mg/Kg de
pentoxifilina, via injecdo subcutanea na regidao dorsal, demonstrou que o perfil
granulomatoso hepatico dos animais tratados com a droga foi irregular e menos
concéntrico, com reducédo significativa no tamanho das lesdes nas fases aguda e
cronica. O depdsito de colageno tipo | e Il nas lesdes foi menor nas duas fases da
infeccéo e consequentemente houve reducéo da fibrose(41).

Desse modo, por exibir potencial antifibrotico, foi a primeira droga com essa
caracteristica a ser avaliada na PCM experimental murina. Neste estudo, a terapia
combinada de ITC (1 mg/dia/animal) e PTX (20 mg/Kg) foi administrada diariamente
via gavagem, em camundongos BALB/c machos que foram divididos em dois
grupos: a) inicio do tratamento apos 4 semanas de infec¢éo; b) inicio do tratamento
apos 8 semanas de infeccdo. ApoOs periodos de 4, 8, 12 e 16 semanas de
tratamento, ambos 0s grupos resultaram em reducao significativa da inflamagao
granulomatosa e da deposicao de fibras colagenas nos pulmdes, quando comparado
a monoterapia com ITC(42).

Recentemente, o0 mesmo grupo demonstrou que 8 semanas de monoterapia
com PTX (20mg/Kg/dia), dando inicio apés 4 semanas de infeccdo (processo

fibrético precoce), foi capaz de reduzir a area de lesdo dos pulmdes associado a
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reducdo da carga fungica, além de restaurar os niveis de IFN-y, CCL3 e IL-3(43).

Em um estudo realizado com dezoito pacientes com progressao da
sarcoidose, tratados com 25 mg/Kg/dia da droga por seis meses, foi observado
melhora clinica em onze pacientes. Sete permaneceram estaveis, ndo apresentaram
piora clinica e apresentaram melhora na fungcédo pulmonar(44).

Em clinical trial realizado para o uso da PTX na cirrose avancada
(ClinicalTrials.gov Identifier: NCT00162552), observou-se que a droga nao reduziu o
indice de mortalidade de pacientes com cirrose e insuficiéncia hepatica, talvez por
conta do curto periodo de tratamento de 6 meses. No entanto, esse tratamento oral
com 400 mg da droga trés vezes ao dia, limitou o risco de complicagbes
relacionadas ao figado, além de limitar o desenvolvimento de infeccdo bacteriana,

insuficiéncia renal e encefalopatia hepatica(45).

1.3.2. Talidomina. A talidomida (Thal) é uma droga com efeito anti-
inflamatorio e antineoplasico, que atua por inibir a producéo de IL- 6 e TNF-a(46).
Por apresentar, portanto, caracteristicas similares a PTX, ela tem sido avaliada no
tratamento da fibrose hepéatica em modelos experimentais(47-49). No modelo
experimental de fibrose pulmonar induzida por bleomicina, o tratamento com Thal
resultou em melhora da fibrose pulmonar com a diminuicdo na expressdo de RNAm
de IL-6, TGF-B1, VEGF, diminuicao do depdsito de colageno tipo | e inibicdo da
angiogénese(49). O efeito direto da Thal sobre fibroblastos e/ou degradacdo do
colageno, é desconhecido.

Até o momento foram realizados dois clinical trials para o tratamento de
pacientes com fibrose pulmonar idiopatica (ClinicalTrials.gov Identifier:
NCTO00600028 e NCT00162760). Embora tenham sido completados, apenas um
deles teve seu resultado publicado. Nesse estudo, demonstrou-se que o tratamento
oral com 400 mg/dia de Thal melhorou significativamente a pontuacdo do
guestionario sobre qualidade de vida (Cough Quality of Life Questionnaire) aplicado
aos pacientes, em comparagdo aos individuos tratados com placebo, e, ainda,

apresentou melhora significativa dos scores da tosse(50).

1.3.3. Azitromicina. A azitromicina (AZT), um importante antibiotico
macrolideo(51), tem demonstrado efeito antifibrético promissor(52).

Em estudo experimental com cobaias que apresentavam inflamacéo
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respiratoria eosinofilica e foram tratadas com AZT, foi observado significativa
reducéo dos reflexos da tosse, assim, os autores do estudo sugerem mesmo efeito
em pacientes com fibrose pulmonar idiopatica(53). Em modelo experimental murino
de fibrose pulmonar induzida por bleomicina, o tratamento com AZT (3,5 mg/Kg/dia)
resultou em reducdo do declinio da funcdo pulmonar e reducdo da fibrose nos
animais tratados. O estudo também demonstrou reducdo no recrutamento de
linfocitos e neutrdfilos, além de efeito imunomodulador diminuindo os niveis de 1L-1f3,
IL-6, IL-17, MCP-1 e KC do fluido broncoalveolar(52).

Em estudo in vitro, os mondcitos humanos desafiados com LPS e tratados
com AZT apresentaram diminuicdo nos niveis de TNF-a e IL-12, em comparacao
aos monacitos apenas desafiados com LPS(54).

Em clinical trial (ClinicalTrials.gov Identifier: NCT00431964), realizado com
pacientes pediatricos de fibrose cistica sem coinfeccdo por Pseudomonas
aeruginosa, foi observado que o tratamento com a droga em um periodo de 24
semanas, nao afetou significativamente na melhora da funcao pulmonar(55).

Até o momento existe um clinical trial (ClinicalTrials.gov Identifier:
NCT02173145) aberto para o recrutamento de pacientes com fibrose pulmonar

idiopatica.

2. Objetivo Geral
Avaliar o efeito antifibrético das drogas PTX, AZT e Thal associados aos

antifangicos ITC e CMX, no tratamento da PCM pulmonar experimental.

2.1. Objetivos Especificos

2.1.1. Avaliar a influéncia do tratamento antifibrotico sobre a deposi¢do de
fibras colagenas e producéo de hidroxiprolina nos pulmdes.

2.1.2. Avaliar a influéncia do tratamento antifibrotico sobre a producéo de
TGF-B1, CCL3, IFN-y, TNF-qa, IL-10, VEGF, IL-6, IL-1B, IL-17 e IL-2 em homogenato
dos pulmdes.

2.1.3. Determinar a recuperacdo de fungos viaveis, peso corporal e a

porcentagem das areas com lesdo pulmonar.
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ABSTRACT

Objetives - To evaluate three different antifibrotics therapies (pentoxifylline-PTX,
azithromycin-AZT and thalidomide-Thal) associated with itraconazole (ITC) or cotri-
moxazole (CMX) in a murine model of pulmonary paracoccidioidomycosis.

Methods - BALB/c mice were inoculated with Paracoccidioides brasiliensis (Pb) and
after 8 weeks, were submitted to different treatments as following: PTX/ITC,
PTX/ICMX, AZT/ITC, AZT/CMX, Thal/ITC and Thal/CMX. After 8 weeks of follow-up,
the lung were collected for determination of fungal burden, production of OH-proline,
deposition of reticulin fibers, and levels of cytokines and growth factors.

Results - Pb-infected mice treated with PTX/ITC showed reduction in the levels of
OH-proline associated with lower production of IL-6, IL-17 and TGF-B1 and higher
levels of IL-10. Similarly, Pb-infected mice treated with AZT/CMX exhibited less pul-
monary fibrosis associated with decreased levels of TGF-B1 and increased TNF-a
and IL-10. Both groups that were treated with ITC/Thal and CMX/Thal showed in-
tense weight loss, increased deposition of reticulin fibers, high levels of CCL3, IFN-y
and VEGF, and decreased levels of IL-6, IL-13, IL-17 and TGF-$1.

Conclusions - Our findings reinforce the anti-fibrotic role of PTX in pulmonary PCM,
but only when associated with ITC. Besides, our results point out the AZT as a can-

didate for antifibrotic drug in association with CMX.
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BACKGROUND

Paracoccidioidomycosis (PCM) is a systemic granulomatous mycosis caused by
fungi of Paracoccidioides genus that is restrict to Latin America, from Mexico to
Argentina.! It is estimated an incidence of 1-3 cases per 100,000 habitants and the
most affect individuals are male rural workers. 2

There are three main clinical forms: i)acute/subacute form that, in general,
compromises children, teenagers and young adults and the clinical manifestations
involve organs rich in mononuclear phagocytic cells; ii) chronic form (CF) that
commonly affects adult males from 30 years-old and usually compromises lungs and
mucosa of the upper aerodigestive tract; iii) residual form that is characterized by
sequelea, especially in lungs, larynx and andrenals®. Most of patients show
pulmonary fibrosis (PF) since their first admission and usually become worst during
the treatment. “° Although fibrogenesis is recognized as an early process,*’™® the
mechanisms involved in the PCM-PF process are poorly understood. It is suggested
that the establishment of pulmonary fibrosis in PCM is due to persistent fungal
antigen stimulation and constant activation of the immune response, as well as
disturbances in the tissue repair mechanisms.

The treatment of PCM is based on antifungal drugs such as amphotericin B,
sulfamethoxazole-trimethoprim (also called cotrimoxazole - CMX), and imidazolic
compounds, such as itraconazole (ITC) that has been considered the first choice for
the treatment of PCM. Although the antifungal therapies are considered safe and
efficacious, the treatment is longer and the treatment of PF is only symptomatic.

The association of pentoxifylline (PTX) and ITC was the first combined therapy

successfully evaluated in a murine model of chronic experimental PCM.*® The anti-
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fibrotic effect of PTX/ITC was characterized by reduction in the granulomatous
inflammation and fibrosis in the lungs. Several studies have been performed using
PTX to diminish PF and results demonstrate non-progressing disease.’**? PTX
improves the rheological properties of blood, exhibits anti-inflammatory properties
and antioxidative acitivity.”* Recently, the effectiveness of PTX in the treatment of
fibrosis has attenuated and reversed®® by reduces the production of TNF, IL-1a, IL-6,
and IL-8,** and therefore to prevent adherence, migration and degranulation of
leukocytes.'® Additionally, PTX shows antiproliferative effect on fibroblasts and
inhibits extracellular matrix synthesis.**’

Azithromycin (AZT) is a macrolide antibiotic that has been also reported as candidate

as therapy in PF!81°

since their immunomodulatory effects have been demonstrated
in experimental bleomycin-induced fibrosis by decreasing production of IL-1p, IL-6,
IL-17, MCP-1 and KC. In vitro studies have shown less production of TNF-a and IL-
12 by human monocytes and IL-8 by human smooth muscle cells.?*%2

Thalidomide (Thal) is longer recognized as potent inhibitor of TNF-a and IL-6.%
Considering its role in chronic inflammation, it has been evaluated in experimental

2423 and in idiopathic pulmonary fibrosis.?® The

model of bleomycin-pulmonary fibrosis
results of these studies have shown decreased deposition of type | collagen in the
lungs.?

Considering that new easily access options for PF treatment and the absence of
studies evaluating antifibrotic therapies and CMX, a drug that is largely used and free

distributed in Brazil; in the present study, we investigated the influence of PTX, AZT

and Thal associated with ITC or CMX in a murine model of pulmonary PCM.
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METHODS

Fungus

P. brasiliensis (isolate 326), recently isolated from a patient in Botucatu, SP, Brazil,
was maintained by incubation at 35°C in the yeast phase, with biweekly subcultures,
in GPY culture medium (2% glucose, 1% peptone and 0.5% yeast extract). The

viability of the fungus was monitored by staining with blue cotton lactophenol.

Mice and experimental infection

Isogenic BALB/c male mice, 8-12 weeks old were obtained from Lauro de Souza
Lima Institute, Bauru, SP, Brazil. The mice were kept under adequate environmental
conditions, receiving balanced feed and water ad-libitum. Mice were inoculated with
10° P. brasiliensis yeast forms by intratracheal route in phosphate buffered saline
(PBS), while uninfected animals received only PBS. For the intratracheal inoculation,
mice were anesthetized with the intraperitoneal administration of ketamine (80mg/Kg)

and xylazine (10 mg/Kg).

Drug treatments

All treatments were performed as single dose by gavage in the morning. CMX
(Bactrim®, Roché, Brazil) was daily administered at concentration of 200mg/Kg of
body weight.?’?® ITC (Sempera®, Jansen, Germany) was daily administered at
concentration of 1mg/mouse.’ Thal (FundacdoEzequiel Dias, Brazil) was
administered at concentration of 40mg/mL prepared in carboxymethylcellulose
(Sigma-Aldrich, Germany) in 5 days/week.?>%® PTX (Sigma-Aldrich) was daily

administered at concentration of 20mg/Kg of body weight.*® AZT (Pfizer, Belgium)



39

was administered day-on day-off at a concentration of 3.5mg/Kg of body weight 2.

Experimental design

Mice were randomly distributed in groups according to four combined therapies: 1)
antifibrotic and antifungal combined treatment; 2) antifibrotic and placebo combined
treatment; 3) antifungal and placebo combined treatment; 4) placebo treatment. All
treatments were initiated 8 weeks after infection. Detalied information about the
infection on the week 8 is shown in the Figure 1. After 8 weeks of treatment (16
weeks p.i.), mice were euthanized. Mice were weighed weekly since first week of
treatment until the 8™ week and it was calculated the percentage of gain or loss
weight. All procedures were performed according to the ethical standards established
by Brazilian College of Animal Experimentation and the project was approved
(015/2016-CEUA-FC) by Animal Experimentation Ethics Committee of the Faculdade

de Ciéncias, Unesp, Bauru, SP, Brazil.

Collection of biological material
Mice were anesthetized with inhalation of isoflurane followed by inhalation of carbon
dioxide. Autopsy was performed to collect the lungs according to Supplementary

Figure 1.

Histopathological analysis

Fragments of lungs were removed and fixed in 10% buffered formalin. Paraffin-
embedded sections (4um) were stained with hematoxylin and eosin (H/E) to
evaluation of the inflammation, and Gomor's reticulin for deposition of collagen llI

fibers. The images were captured in digital camera attached to the optical
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microscope (Axiostar HBO plus 50/AC Fluorescence Microscopy, Carl Zeiss,
Germany) and analyzed in Image J software (version 1.51k, National Institutes of

Health, USA).

Recovery viable fungi

Samples of lungs were weighed and macerated in 1.0 ml of sterile PBS and a volume
of 100 pl was spread over culture plates, using a Drigalski T loop, containing BHI
medium supplemented with 4% horse serum and 1% gentamycin. The plates were
sealed and incubated at 35°C for 1-2 weeks. The number of colony forming units

(CFU) was normalized per gram of tissue and log 1o transformed.

Dosages of growth factors and cytokines
Levels of TGF-B1, CCL3, IFN-y, TNF-q, IL-10, VEGF, IL-6, IL-13, IL-17 and IL-2 in
the lung homogenates were measured using a cytokine Duo-Set Kit (R&D Systems,

Minneapolis, MI, USA), according to the manufacturer's instructions.

Hydroxyproline assay

Hydroxyproline (OH-proline) is an amino acid and a major building block of collagen.
An increase in total OH-proline content in tissue samples is an indicator of the
increased deposition of collagen fibers.*® Briefly, samples were hydrolyzed with 6 N
HCl at 110°C for 16 hours, then filtered and mixed with methanol and evaporated by
a vacuum concentrator. The crystallized samples were dissolved in 50% isopropanol
and incubated with 0.6% chloramine-T for 10 minutes. A volume of 100uL Ehrlich's
reagent was added, and samples were incubated at 50°C for 45 minutes under

constant shaking. Samples were measured at 540 nm, and concentrations of total
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lung OH-proline were calculated against a standard curve.

Statistical analyzes
All statistical tests were performed using GraphPadInStat software version 3.0 for
Windows (GraphPad Software, San Diego, CA, USA) and the significance level

established to reject the 5% null hypothesis. ANOVA test with Tukey post-test.
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RESULTS

PTX/ITC combined therapy decreased the deposition of collagen by down-
regulates the inflammation in the lungs. In the present study, we initiated the
antifibrotic and antifungal combined therapies in the 8" week of infection, i.e., in a
consolidated stage of tissue granulomatous response and well-defined fibrotic
process that mimic the situation observed in patients during their
admission/diagnosis.”® Pb-infected mice before treatment showed pulmonary lesion
in all lobes corresponding to 65% of tissue area (Fig. 1B). The lesions were
characterized by large and confluent granulomas composed of yeast cells, epithelioid
cells and giant cells in the center surrounded by lymphocytes and mononuclear cells
in the periphery. In addition, it was observed several focus with inflammatory infiltrate
of polymorphonuclear cells and few areas of necrosis (Fig. 1B). Deposition of
reticulin fibers was intense in the periphery of the granulomas, bronchi and arteries
(Fig. 1C). We also observed high recovery of viable fungi (Fig. 1A) and the Pb-
infected mice exhibited higher levels of IL-6, IL-1B8, CCL3, IL-10, TGF-B, VEGF and
IFN-y (Fig. 1D - J) in the lungs than non-infected mice..

After 8 weeks of PTX/ITC combined therapy, Pb-infected mice exhibited a decreased
production of OH-proline and gain of body weight compared to non-treated Pb-
infected mice and ITC-treated Pb-infected mice, respectively (Figs. 2B, 2C). In
contrast, Pb-infected mice treated with PTX/CMX showed increased deposition of
reticulin fibers compared to non-treated Pb-infected mice (Fig. 2B). In addition,
PTX/CMX and CMX-treated Pb-infected mice showed loss body weight in
comparison to non-treated Pb-infected mice (Fig. 2C). As expected, the therapies did

not interfere in lesion area and fungal burden (data not shown) since 8 weeks of
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treatment is considered short and we opted to evaluated the antifibrotic properties of
the drugs during active disease and not during remising phase to avoid
misunderstanding.

In order to underly the possible mechanisms involved and understand the differences
of PTX responses observed in association with ITC and CMX, we determined the
levels of cytokines and growth factors in the pulmonary milieu. First, we characterized
the effect of ITC and CMX treatments in the local immune response of Pb-infected.
While ITC-treated Pb-infected mice showed overproduction of IL-1B (Fig. 3B), TNF-a
(Fig. 3C) and IL-10 (Fig. 3F) than non-treated Pb-infected mice; CMX-treated Pb-
infected mice showed similar production of pro-inflammatory cytokines and less
production of IL-17 (Fig. 3E) and TGF-B1 (Fig. 3H). PTX/ITC combined therapy
induced lower levels of IL-1B (Fig. 3B) and TGF-B1 (Fig. 3H) than ITC-treated Pb-
infected mice. PTX/CMX combined therapy showed similarity with CMX-treated Pb-
infected mice, except for tendency toward high production of CCL3 (Fig. 3D) and IL-

1B (Fig. 3B).

AZT/CMX combined therapy decreased deposition of collagen by induces a
pro-inflammatory response regulated by IL-10. AZT/CMX combined therapy
decreased the production of OH-proline (Fig. 4A) and restored the loss body weight
in comparison to CMX-treated Pb-infected mice (Fig. 4C). We observed that
AZTICMX triggered a tendency toward higher production of IL-17 (Fig. 5G) and IL-10
(Fig. 5H) in Pb-infected mice than in CMX-treated Pb-infected mice.

On the other hand, the AZT/ITC combined therapy induced tendency toward higher
deposition of reticulin fibers (p=0.06) and significant higher loss weigh body in Pb-

infected mice than ITC-treated and non-treated Pb-infected mice (Figs. 4B, 4C).
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Although AZT/ITC combined therapy induced low production of IL-6 (Fig. 5B), IL-1
(Fig. 5C), IL-10 (Fig. 5H), IL-2 (Fig. 51) and TGF-B1 (Fig. 5J) compared to ITC-treated
Pb-infected mice, we observed higher levels of VEGF (Fig. 5A), IFN-y (Fig. 5D),

CCL3 (Fig. 5F), and IL-17 (Fig. 5G) than ITC-treated or non-treated Pb-infected mice.

Thal/ITC and Thal/CMX combined therapies increased pulmonary fibrosis and
severe disease was also observed. Thal/ITC and Thal/CMX combined therapies
exhibited similar results. Both treatments increased the deposition of reticulin fibers
(Fig. 6B) compared to non-treated and antifungal-treated Pb-infected mice, following
a marked loss weight body (Fig. 6C). As expected, Thal triggered lower production of
IL-6 (Fig. 7B), IL-1B (Fig. 7C), IL-17 (Fig. 7F) and TGF-B1 (Fig. 71). On the other
hand, the both combined therapy induced high levels of VEGF (Fig. 7A), IFN-y (Fig.
7D) and CCL3 (Fig. 7E). Additionally, levels of IL-10 (Fig. 7G) and IL-2 (Fig. 7H) were
decreased in Thal/ITC-treated Pb-infected mice.

Almost half of mice submitted to treatment with Thal/CMX was euthanized at the 6"
week because they exhibited neurological alterations characterized by loss of tonicity
of the tail, hind legs, and changes in balance, resulting in the inclination to one side
and consequently circular movements when walking and when held by the tail.
Histopathological analysis of the brain showed yeast cells compatible to P.

brasiliensis and discrete inflammatory infiltrate (Suppl. Fig. 3 and 4).
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DISCUSSION

The present model of pulmonary PCM showed similar pattern of pulmonary lesions
and fibrosis as observed in the murine model of PCM induced by conidia of Pb as
well as in patients.*?®3132 High levels of all immunological parameters evaluated in
the present study reinforce several features of PCM patients with chronic form:
intense pro-inflammatory response, Th1/Thl7 profile and high production of
mediators involved in fibrogenesis. 3%’

In general, our findings showed that the antifibrotic drugs did not show the same
effect when associated with ITC and CMX. While PTX showed better anti-fibrotic
effect in combination with ITC, as previously reported,'® the same effect was not
observed in combination with CMX. Similarly, AZT showed anti-fibrotic property in
combination with CMX, but not with ITC. Recently, Cavalvante et al *® have showed
relevant differences between ITC and CMX in the treatment of PCM-patients, such
as faster clinical cure in chronic patients treated with ITC. Indeed, we believe that the
one important difference observed in the combined therapies should be associated
with the fungal death rate. It is well known that ITC present more efficient antifungal
effect than CMX.*®% In experimental studies, the differences is also more
pronounced. In the model of pulmonary PCM inoculated with conidia of P. brasilienis,
the fungal clearance is observed from the 8™ week of treatment with ITC started in
the 4™ week of the inoculation.’® Using the same model of the present study, we
observed fungal clearance after 20 weeks of treatment with CMX started in the 4™
week of the inoculation (Venturini et al, in submission). For ethical reasons, in our
protocols, CMX was administered in single dose per day instead twice (while the half-

life of CMX is 12 hours).?® Therefore it is possible that the anti-inflammatory effect of
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PTX impaired a regulated immune response since increased levels of IL-1p, CCL3,
TNF-a was observed in PTX/CMX-treated Pb-infected mice. Several studies have
demonstrated that intense inflammation is an important factor in fibrogenesis.®!
Considering the limitation of our study and the decreased levels of TGF-31 observed
in the lungs of these mice, we do not exclude the possible antifibrotic role of PTX in
association with CMX. Nevertheless it is important to highlight that the compliance of
patients during the treatment using CMX is essential to the success of antifibrotic
treatment.

In the present study, we observed that the immunological profile of CMX-treated Pb-
infected mice was similar to the non-treated Pb-infected mice. ITC-treated Pb-
infected mice showed overproduction of IL-18 and TNF-a and, as compensatory
mechanism, high production of IL-10. The success of AZT as anti-fibrotic seems to
be dependent of inflammatory milieu of the host. In the microenvironment with
exacerbated pro-inflammatory response, such as the AZT/ITC combined therapy,
although the reduction of inflammation was observed, it was not enough to drive an
antifibrotic effect. In AZT/CMX-treated Pb-infected mice, the inflammatory status
induced by infection associated with lower levels of TGF-B1 and IL-17 and high levels
of IL-10, propitiated an anti-fibrotic effect. Murine model of induced-bleomycin
pulmonary fibrosis was observed that treatment with AZT was able to decrease
production of IL-13, IL-6 and IL-17, increase IL-10 and IL-2, besides decrease MCP-1
and KC led to decreasing migration of macrophages and neutrophils, resulting in
improvement of pulmonary fibrosis.?* Other authors suggest that the positive effects
of AZT on fibrosis are related to a decrease in neutrophil recruitment.??*%° Our
findings reinforce that an effective antifibrotic drug is not only associated with down-

regulation of mediators directly involved in the activation and/or differentiation of
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fibroblasts, such as TGF-p1, but also in promote a regulated immune response. As
above mentioned, PCM-patients usually present intense inflammatory response;
however, the immune profile of these patients after the introduction of ITC or CMX
drugs remains to be determined. Therefore, our findings reinforce the need to
researches evaluating the immune profile of PCM-patients under treatment.

Although Thal has been used in experimental studies in fibrosis and clinical studies
are ongoing, they have been performed under conditions where the etiology of the
disease is not infectious.?*?*! In the present study, the anti-inflammatory activity of
the drug was shown to be pronounced, however, impairing the action of antifungal,
triggering the worsening of the disease, such as the spread to central nervous
system (CNS) and accompanied by an increase in pulmonary fibrosis. Although the
peripheral neuropathies is a common side effect of Thal in treatment, as observed in

patients with cancer,****

we suspected the presence of fungi in the CNS because
non-infected mice treated with Thal did not exhibit these signals. Indeed, our
histopathological findings and clinical signals were similar to a murine model of
neuroparacoccidiodomycosis in with the fungus is directly inoculated in the brain *°.

The use of Thal induced more PF instead its control and it was marked by increased
levels of CCL3 and VEGF. Interestedly, the increased levels of these mediators were
also observed in Pb-infected mice submitted to combined therapies that failed to
control the PF (PTX/CMX and AZT/ITC). High levels of CCL3 have been previously
associated with worsening of fibrosis. It was observed that knockout mice for the
CCL3 gene showed a significant reduction of fibrosis, this same study demonstrated
in vitro that CCL3 led to increased proliferation and migration of collagen producing
cells “°. VEGF gene silencing and its signaling pathway blockade are capable of

attenuating pulmonary fibrosis*’“%.
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In conclusion, our findings reinforce the antifibrotic role of pentoxifylline in pulmonary
PCM, associated with itraconazole. The azithromycin associated with cotrimoxazole
showed antifibrotic effect and is a candidate to antifibrotic drug in treatment of PCM.
The antifibrotic mechanisms involved were related to decrease production of TGF-31
and increased IL-10. Treatment with thalidomide was not satisfactory in any
associations. Intensification of pulmonary fibrosis in Pb-infected mice was associated
with non-regulated inflammation and also with elevated levels of CCL3 and VEGF in
the lungs. Thus, the results obtained open new perspectives for the therapeutic

application of the drugs evaluated in PCM, improving the quality of life of patients.
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Figure 2. Evaluation of pentoxifylline (PTX) in combination with the antifungals
itraconazole (ITC) and cotrimoxazole (CMX) on clinical, histopathological and
pulmonary fibrosis parameters. BALB/c mice were infected with P. brasiliensis and
at the 8th week of infection the following therapeutic regimens were started:
PTX/ITC, PTX/CMX and placebo. The mice were evaluated after 8 weeks of treat-
ment. A) Quantification of hydroxyproline in the lungs. Values expressed in ng/mL. B)
Determination of the percentage of reticulin fibers in the lungs. C) Weight variation
between the beginning and the end of the treatment. Data expressed as a percent-
age (%). ANOVA test with Tukey post-test; *p <0.05; **p <0.01; ***p <0.001, n=5-7.
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Figure 4. Evaluation of azithromycin (AZT) in combination with the antifungals
itraconazole (ITC) and cotrimoxazole (CMX) on clinical, histopathological and
pulmonary fibrosis parameters. BALB/c mice were infected with P. brasiliensis and
at the 8th week of infection the following therapeutic regimens were started: AZT/ITC,
AZTICMX and placebo. The mice were evaluated after 8 weeks of treatment. A)
Quantification of hydroxyproline in the lungs. Values expressed in ng/mL. B) Deter-
mination of the percentage of reticulin fibers in the lungs. C) Weight variation be-
tween the beginning and the end of the treatment. ANOVA test with Tukey post-test;
*p <0.05; **p <0.01; ***p <0.001, n=5-7.
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in the quantification of inflammatory mediators and growth factors in the lungs. BALB/c mice were infected with P. brasili-
ensis and at the 8th week of infection the following therapeutic regimens were started: AZT/ITC, AZT/CMX and placebo. The mice
were evaluated after 8 weeks of treatment. A) VEGF, B) IL-6, C) IL-1B, D) IFN-y, E) TNF-a, F) CCL3, G) IL-17, H) IL-10, I) IL-2 and
K) TGF-B. ANOVA test with Tukey post-test; *p <0.05; **p <0.01; ***p <0.001, n=5-.

7
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Figure 6. Evaluation of thalidomide (Thal) in combination with the antifungals
itraconazole (ITC) and cotrimoxazole (CMX) on clinical, histopathological and
pulmonary fibrosis parameters. BALB/c mice were infected with P. brasiliensis and
at the 8th week of infection the following therapeutic regimens were started:
Thal/ITC, Thal/CMX and placebo. The mice were evaluated after 8 weeks of treat-
ment. A) Quantification of hydroxyproline in the lungs. Values expressed in ng/mL. B)
Determination of the percentage of reticulin fibers in the lungs. C) Weight variation
between the beginning and the end of the treatment. Data expressed as a percent-
age (%). ANOVA test with Tukey post-test; *p <0.05; **p <0.01; **p <0.001, n=5-7.
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Figure 7. Influence of thalidomide (Thal) in combination with the antifungals itraconazole (ITC) and cotrimoxazole (CMX) in
the quantification of inflammatory mediators and growth factors in the lungs. BALB/c mice were infected with P. brasiliensis
and at the 8th week of infection the following therapeutic regimens were started: Thal/ITC, Thal/CMX and placebo. The mice were
evaluated after 8 weeks of treatment. A) VEGF, B) IL-6, C) IL-1B, D) IFN-y, E) CCL3, F) IL-17, G) IL-10, H) IL-2 and |) TGF-.
ANOVA test with Tukey post-test; *p <0.05; **p <0.01; ***p <0.001, n=5-7.
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Supplementary Figure 1. Collection of biological material: fragmentation of
lungs (Adapted Munder Antje, Wolbeling Florian, Kerber-Momot Tanja, Wedekind
Dirk, Baumann Ulrich, Gulbins Erich, et al. Acute intratracheal Pseudomonas aeru-
ginosa infection in cystic fibrosis mice is age-independent. Respir Res 2011;12:148.
Doi: 10.1186/1465-9921-12-148.)
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Supplementary figure 2. Yeast cells compatible with P. brasiliens and
inflammatory inffiltrate in brain. BALB/c mice were infected with P. brasiliensis and
at the 8th week of infection the Thal/CMX therapeutic regimen were initiated. Two
mice were euthanized at 6th week of treatment, exhibiting neurological alterations. A)
Yeast cells compatible with P. brasiliens (red arrows) in the brain. B) Inflammatory
infiltrate in the brain. PAS staining.
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5. Conclusdes

A pentoxifilina quando associada ao itraconazol apresentou efeito antifibroético,
entretanto quando utilizada com o cotrimoxazol ndo se mostrou eficiente. A azitromi-
cina mostrou-se mais eficaz na combinacdo com o cotrimoxazol. Os mecanismos
envolvidos estavam relacionados a diminui¢ao da producéo de TGF- e aumento de
IL-10. O tratamento com talidomida néo foi satisfatorio nas associa¢cdées com itraco-
nazol e cotrimoxazol, pois ndo apresentou efeito antifibrético, além de ter agravado a
doenca nos animais tratados com cotrimoxazol.

A intensificagdo dos quadros de fibrose em individuos tratados com os dife-
rentes esquemas terapéuticos nao eficazes, estiveram associados a niveis elevados
de CCL3 e VEGF nos pulmdes desses animais.

Assim, os resultados obtidos abrem novas perspectivas para aplicacéo tera-
péutica das drogas avaliadas na paracoccidioidomicose pulmonar.



