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RESUMO

SOUZA, Monica Cristina de. Propriedades adesivas a substratos abioticos e bidticos, invasdo e
inducédo de apoptose celular de Corynebacterium pseudodiphtheriticum. 2013. 152 f. Tese
(Doutorado em Ciéncias Médicas) — Faculdade de Ciéncias Médicas, Universidade do Estado do Rio
de Janeiro, Rio de Janeiro, 2013.

A ocorréncia de fendtipos multirresistentes de Corynebacterium pseudodiphtheriticum e sua
associagdo a infeccBes graves, com elevada mortalidade em pacientes imunocomprometidos, aliados
a0 escasso conhecimento da viruléncia e patogenia destas infecgOes, motivou esta pesquisa, que teve
como objetivo investigar mecanismos de viruléncia e resisténcia microbiana deste agente entre
pacientes de um hospital universitario brasileiro. Um total de 113 amostras de C.
pseudodiphtheriticum identificadas por métodos bioquimicos convencionais e sistema API-Coryne
isoladas de pacientes de diferentes grupos etarios. Os micro-organismos eram, em sua maioria,
relacionados a infecgdes no trato respiratorio (27,45%), urinario (29,20%) e sitios intravenosos
(18,60%) e cerca de 32,70% das amostras foram provenientes de pacientes com pelo menos uma das
condicbes predisponentes: insuficiéncia renal; transplante renal, tuberculose em paciente HIV+,
cancer, cirrose hepatica, hemodialise e uso de cateter. As amostras testadas revelaram-se
multirresistentes sendo a maioria resistente a oxacilina, eritromicina e clindamicina. A adesdo das
cepas ao poliestireno e ao poliuretano indicou o envolvimento de hidrofobicidade da superficie celular
na fase inicial da formacdo de biofilmes. O crescimento subsequente conduziu a formagdo de
microcolbnias, agregados bacterianos densos incorporados na matriz exopolimérica rodeada por
espacos vazios, tipica de biofilmes maduros. Adicionalmente, a interacdo do micro-organismo com
fibrinogénio e fibronectina humana indica o envolvimento destes componentes séricos na formacéao de
biofilme, sugerindo a participacdo de diferentes adesinas neste processo e a capacidade deste agente
formar biofilme in vivo. A afinidade por esses componentes e a formagdo de biofilme podem
contribuir para o estabelecimento e disseminacdo da infecgdo no hospedeiro. Adicionalmente, as
cepas de C. pseudodiphtheriticum isoladas de pacientes com infeccBes localizadas
(ATCC10700/Pharyngitis) e sisttmicas (HHC1507/Bacteremia) exibiram um padrdo de aderéncia
agregativa-like a células HEp-2, caracterizado por aglomerados de bactérias com aparéncia de um
"empilhado de tijolos". Através do teste FAS e ensaios de interagdo na presenca de inibidores de
citoesqueleto, demonstramos o envolvimento da polimerizagdo de actina na internalizacdo das cepas
testadas. A internalizacdo bacteriana e rearranjo do citoesqueleto pareceu ser parcialmente
desencadeado pela ativagdo da tirosina-quinase. Finalmente, C. pseudodiphtheriticum foi capaz de
sobreviver no ambiente intracelular e embora ndo tenha demonstrado capacidade de replicar
intracelularmente, células HEp-2 foram incapazes de eliminar o patégeno completamente no ambiente
extracelular no periodo de 24 horas. Todas as cepas estudadas foram capazes de induzir apoptose em
células epiteliais 24 horas pos-infecgdo evidenciada pelo aumento significativo no namero de células
mortas e pela ocorréncia de alteracdes nucleares reveladas através dos métodos de coloracédo pelo azul
Trypan, pelo DAPI e microscopia electronica de transmissdo. Alteragbes morfoldgicas incluindo a
vacuolizacdo, a fragmentacdo nuclear e a formagdo de corpos apoptdticos foram observadas neste
periodo. A citometria de fluxo demonstrou ainda uma diminui¢&o significativa no tamanho das células
infectadas e a utilizacdo de dupla marcacdo (iodeto de propidio / anexina V) permitiu a deteccéo da
ocorréncia de necrose e apoptose tardia. Em conclusdo, o conhecimento de tais caracteristicas
contribuiu para a compreensdo de mecanismos envolvidos no aumento da frequéncia de infeccdes
graves com elevada mortalidade em pacientes no ambiente hospitalar, por C. pseudodiphtheriticum,
um patégeno rotineiramente subestimado em paises em desenvolvimento.

Palavras-chave: Corynebacterium pseudodiphtheriticum. Multirresisténcia. HEp-2 cells. Agregativa.

Internalizagdo. Biofilme. Fibrinogénio. Fibronectina. Apoptose. Necrose.



ABSTRACT

SOUZA, Monica Cristina de. Adhesive properties to abiotic and biotic substrates, invasion and
induction of apoptosis of Corynebacterium pseudodiphtheriticum. 2013. 152 f. Tese (Doutorado em
Ciéncias Médicas) — Faculdade de Ciéncias Médicas, Universidade do Estado do Rio de Janeiro, Rio
de Janeiro, 2013.

The occurrence of multiresistant phenotypes and associated with severe infections, with high
mortality in immunocompromised hosts due to Corynebacterium pseudodiphtheriticum, allied to little
known about virulence and pathogenesis these infections, led to present investigation. The
investigation aims to examine the virulence mechanisms and resistance to antimicrobial agents of C.
pseudodiphtheriticum among patients with bacterial infections at a Brazilian teaching hospital. A total
of 113 C. pseudodiphtheriticum strains identified by conventional biochemical methods and API-
Coryne System were recovered from patients from different age groups. Micro-organisms were
mostly related to infections in the respiratory tracts (27.45%), urinary (29.20%) and intravenous sites
(18.60%) and approximately 32.70% samples were obtained of patients presenting at least one of the
pre-disposing conditions: end-stage renal disease; renal transplant; AIDS and Mycobacterium
tuberculosis infection; cancer, hepatic cirrhosis; haemodialysis and catheter use. Antimicrobial
susceptibility tests identified multiresistant phenotypes. Most strains were resistant to oxacillin,
erythromycin and clindamycin. Adherence to polystyrene and polyurethane indicated the involvement
of cell surface hydrophobicity in the initial stage of biofilm formation. Further growth led to the
formation of dense bacterial aggregates embedded in the exopolymeric matrix surrounded by voids,
typical of mature biofilms. Data also showed C. pseudodiphtheriticum recognizing human fibrinogen
(Fbg) and fibronectin (Fn) and involvement of these sera components in biofilm formation in
“conditioning films”. These findings suggest that biofilm formation may be associated with the
expression of different adhesins. C. pseudodiphtheriticum may form biofilm in vivo possibly by an
adherent biofilm mode of growth in vitro currently demonstrated on hydrophilic and hydrophobic
abiotic surfaces. The affinity to Fbg and Fn and the biofilm-forming ability may contribute to the
establishment and dissemination of infection caused by C. pseudodiphtheriticum. Additionally, C.
pseudodiphtheriticum strains isolated from patients with localized (ATCC10700/Pharyngitis) and
systemic (HHC1507/Bacteremia) infections exhibited an aggregative adherence-like pattern to HEp-2
cells characterized by clumps of bacteria with a “stacked-brick” appearance. The fluorescent actin
staining test demonstrated that actin polymerization is involved in the internalization of the C.
pseudodiphtheriticum strains. Bacterial internalization and cytoskeletal rearrangement seemed to be
partially triggered by the activation of tyrosine kinase activity. Although C. pseudodiphtheriticum
strains did not demonstrate an ability to replicate intracellularly, HEp-2 cells were unable to fully clear
the pathogen within 24 hours. All samples were able to induce apoptosis in HEp-2 cells 24 h post-
infection, evidenced by significant increase in the number of dead cells and nuclear alterations were
observed by the Trypan blue assay, DAPI and transmission electron microscopy. Morphological
changes in HEp-2 cells observed 24 h post-infection included vacuolization, nuclear fragmentation
and the formation of apoptotic bodies. Flow cytometry revealed an significant decrease in cell size of
infected HEp-2 cells. Furthermore, a double-staining assay using Propidium lodide/Annexin V gave
information about the numbers of vital vs. early apoptotic cells and late apoptotic or secondary
necrotic cells. In conclusion, these characteristics may contribute to understanding of mechanisms
involved on increase of severe infection, with high mortality in nosocomial enviroment patients by C.
pseudodiphtheriticum, a pathogen usually overlooked in emerging countries.

Keywords: Corynebacterium pseudodiphtheriticum. Multiresistance. HEp-2 cells. Aggregative.

Internalization. Biofilm. Fibrinogen. Fibronectin. Apoptosis. Necrosis.
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AV
BAL
Bcl2
BEC
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INTRODUCAO

As doencas infecciosas cuja incidéncia aumentou nas ultimas décadas, ou tende a
aumentar no futuro, sdo caracterizadas como doencas emergentes. Dentre as diferentes
circunstancias que podem melhor caracterizar a emergéncia de novos problemas de Saude
além do surgimento ou identificacdo de novos agentes etioldgicos esta incluido o crescimento
de grupos populacionais expostos. Desde 1970, alguns autores comecaram a relatar casos de
infeccbes graves causadas por bastonetes Gram-positivos irregulares (BGPIs), também
referidos como corineformes e/ou “difterdides” (Coyle & Lipsky, 1990). Desde aquela época,
a maioria dos casos clinicos relatados ja estava associada com quadros de bacteremia e
endocardite em pacientes em estado de malignidade ou sob terapia com imunossupressores
(Rikitomi et al., 1987; Morris & Guild, 1991; Manzella et al., 1995). O aumento do nimero
de casos de infec¢cdes de origens diversas, algumas fatais, tem contribuido para aumentar o
interesse pelos micro-organismos corineformes, particularmente as corinebactérias (Coyle &
Lipsky, 1990; Marshall & Johnson, 1990; Riegel et al., 1996, Funke et al., 1997). Diversas
espécies pertencentes ao género Corynebacterium, algumas integrantes da microbiota
anfibiontica normal humana, principalmente da pele e do trato respiratério superior,
encontram-se bem estabelecidas como verdadeiros patdgenos. Entretanto, em algumas
oportunidades, é dificil a distin¢do entre colonizacao e infeccao (Funke et al., 1997).

Considerando que muitos dos corineformes isolados de material clinico ndo sdo
Corynebacterium sp. e ainda por causa das diferencas significativas em termos de
patogenicidade, micro-organismos isolados de sitios normalmente estéreis e encontrados em
grande numero devem ser identificados ao nivel de género. Em muitos laboratérios a
relevancia do isolamento de BGPIs ndo tem sido considerada, resultando em atraso na
implementacdo de terapia adequada e conseqiiente agravamento do quadro clinico do paciente
infectado. O reconhecimento de infeccbes causadas por micro-organismos corineformes
depende muito da habilidade dos laboratorios na identificacdo das espécies. Poucos sdo 0s
laboratérios que dispdem de recursos materiais e profissionais qualificados para a
caracterizacdo fenotipica e/ou genotipica de BGPIs.

Os BGPIs compreendem um complexo grupo de bactérias aerobicas, pleomorficas,
imdveis e ndo formadoras de esporos, cuja reclassificacdo taxonémica permanece frequente
(Coyle & Lipsky, 1990; Funke et al., 1997; Riegel, 1998). As frequentes modificacdes

taxonbmicas, aliadas ao crescente numero de novas espécies incluidas no género
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Corynebacterium dificultam a identificacdo dos BGPIs isolados de material clinico. Um dos
obstaculos encontrados pelos microbiologistas quando frente as amostras de BGPIs é que
aproximadamente 40% delas ndo pertencem ao género Corynebacterium (Coyle & Lipsky,
1990).

Nas ultimas décadas, a despeito dos avancos da terapia antimicrobiana, a incidéncia de
infec¢Oes causadas por micro-organismos multirresistentes vem aumentando e dificultando,
principalmente, o tratamento de infec¢cbes nosocomiais. A ampla variabilidade no perfil de
resisténcia aos antimicrobianos também vem sendo motivo de discussdo em espécies do
género Corynebacterium (Baquero, 1997). Embora tenham sido realizados estudos relativos
aos perfis de susceptibilidade aos agentes antimicrobianos de amostras desse género, de
diferentes espécies, potencialmente patogénicas para humanos, ainda ndo foi possivel
estabelecer critérios de padronizacdo para confeccdo de testes de sensibilidade pelo CLSI
(Clinical Laboratories Standards Institute) (Martinez-Maertinez et al., 1995).

Espécies diversas de Corynebacterium, até mesmo o Corynebacterium diphtheriae
(Riegel, 1998), tém sido frequentemente relacionadas (60%) com casos de infeccdes
nosocomiais (Coyle & Lipsky, 1990; Lagrou et al., 1998; Riegel, 1998; Janda, 1999; Camello
et al., 2003; Camello et al., 2009). Dentre as varias espécies relacionadas com infeccdes
humanas podemos incluir C. xerosis, C. amycolatum, C. striatum, C. minutissimum, C.
matruchotii, C. genitalium, C. pseudogenitalium e C. pseudodiphtheriticum. As espécies C.
pseudotuberculosis, C. kutscheri e C. renale normalmente sdo encontradas infectando animais
e, raramente os humanos (Coyle & Lipsky, 1990; Riegel et al., 1996; Lagrou et al., 1998;
Anderson et al.,, 2004; Braga et al., 2006; Pavan et al., 2012). Muitos desses micro-
organismos ja foram estabelecidos como verdadeiros patdgenos humanos exibindo resisténcia
maultipla aos antimicrobianos. Dentre as espécies isoladas de humanos a partir da década de 90
podemos incluir: C. auris (Funke et al., 1995; Babay & Kambal, 2004), C. argentoratense
(Riegel et al., 1995), C. durum (Riegel et al., 1997), C. imitans (Funke et al., 1997a), C.
mucifaciens (Funke et al., 1997b; Morinaka et al., 2006), C. lipophiloflavum (Funke et al.,
1997c¢), C. coyleae (Funke et al., 1997; Taguchi et al., 2006), C. riegelii (Funke et al., 1998a;
Van et al., 2006), C. confusum (Funke et al., 1998b), C. falsenii (Sjoden et al., 1998) C.
kroppenstedtii (Collins et al., 1998; Riegel et al., 2004), C. thomssenii (Zimmermann et al.,
1998) e C. sundsvallense (Collins et al., 1999).
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1 CONSIDERACOES GERAIS SOBRE A ESPECIE Corynebacterium

pseudodiphtheriticum

No Brasil, escassos sdo os trabalhos voltados para a caracterizacdo de corinebactérias
em processos infecciosos humanos. No Rio de Janeiro, foi relatado o isolamento de
corinebactérias a partir de espécimes clinicos diversos de pacientes atendidos em hospital
universitario. C. pseudodiphtheriticum, C. amycolatum, C. propinquum, C. minutissimum, e
C. xerosis foram encontradas predominantente (79%) entre as espécies de corinebactérias
isoladas. As amostras de corinebactérias foram isoladas principalmente da urina e sitios
intravenosos (cateteres e sangue) (46,20%), seguido das feridas cirdrgicas e/ou outros tipos de
lesbes cutaneas e abscessos (17,90%). A maioria das espécies foi isolada de amostras de
urina. C. amycolatum > C. minutissimum > C. pseudodiphtheriticum foram as espécies
predominantemente isoladas de urina; C. minutissimum > C. propinquum > C. amycolatum >
C. striatum foram as espécies predominantemente isoladas de feridas cirdrgicas e/ou outros
tipos de lesGes cutaneas e abscessos; C. xerosis > C. amycolatum > C. pseudodiphtheriticum
> C. propinquum de sitios intravenosos; C. pseudodiphtheriticum e C. propinquum do trato
respiratorio inferior; enquanto o C. pseudodiphtheriticum e C. amycolatum foram isolados de
fluidos peritoneal e cerebroespinhal, respectivamente. Neste estudo, foi observado que o C.
pseudodiphtheriticum foi a espécie de corinebactéria predominantemente isolada no ambiente
hospitalar (20,24%) a partir de diferentes espécimes clinicos: urina (15%), feridas cirdrgicas
e/ou outros tipos de lesbes cutaneas e abscessos (10%), sitios intravenosos [cateteres (17%) e
sangue (83%)] (21%), trato respiratério inferior (12%), liquido peritoneal (12%) além de
outros (30%) espécimes clinicos. O micro-organismo foi isolado a partir de secre¢do do trato
respiratorio inferior e de liquido peritoneal de pacientes portadores do virus HIV.
Adicionalmente foram isoladas amostras multirresistentes de C. pseudodiphtheriticum a partir
de urina, feridas cirargicas (Camello et al., 2003).

Pouco se conhece sobre os aspectos fenotipicos, genotipicos, epidemioldgicos, além
dos mecanismos de patogenicidade da espécie C. pseudodiphtheriticum.

C. pseudodiphtheriticum apresenta coldonias com 1 a 2mm de didmetro, com aspecto
esbranquicado, levemente secas, ndo hemoliticas e ndo lipofilicas em culturas de 72 horas
formadas por micro-organismos que possuem capacidade de reduzir nitrato, hidrolizar uréia e,

em algumas oportunidades, a tirosina e o hipurato e incapazes de produzir DNase, gelatinase e
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fator CAMP e acidos a partir dos carboidratos rotineiramente utilizados para diagnostico
convencional de BGPI’s (Funke et al., 1997).

Os processos infecciosos causados por C. pseudodiphtheriticum podem acometer
individuos imunocompetentes e imunocomprometidos (Colt et al., 1991; Manzella et al.,
1995; von Graevenitz et al., 1998; Diez-Aguilar et al., 2012). Apesar de ser considerado como
micro-organismo participante da microbiota anfibiéntica da pele e mucosas humanas, o C.
pseudodiphtheriticum tem sido relatado cada vez mais como causa de doengas em humanos
(Burke et al., 1997; lzurieta et al., 1997, Martins et al., 2009; Cherkasov & Gladysheva,
2010; Morinaga et al., 2010; Gompelmann et al., 2011; Moyad, 2013; Erturan et al., 2012).
A taxa de isolamento de espécies de Corynebacterium como microbiota normal pode ser
relativamente mais alta no verdo do que no inverno nos paises de clima frios ou temperados
(Rikitomi et al., 1989). Considerando o aumento da contribuicdo dessas espécies para a
composicdo da microbiota normal do hospedeiro e os tipos de Corynebacterium e
corineformes em infec¢des oportunisticas em pessoas, a investigacao foi realizada a partir de
amostras de diferentes sitios de isolamento de pacientes. Estudos prévios, que tratam da
caracterizacdo de bacilos Gram-positivos corineformes isolados de diversas fontes clinicas,
demonstram que Corynebacterium accolens, C. striatum, C. argentoratense, C. propinquum e
C. pseudodiphtheriticum foram principalmente isolados do trato respiratorio, enquanto que
Corynebacterium afermentans, CDC grupo G, e Corynebacterium jeikeium foram
principalmente isolados de amostras de sangue (Riegel et al., 1996).

C. pseudodiphtheriticum é comumente encontrado na orofaringe de humanos (Miller
et al., 1986). As pesquisas de bactérias corineformes isoladas de garganta de individuos
saudaveis, em Hamburgo (Alemanha) e Zurique (Suica), apresentaram as taxas de isolamento
de 47% para Corynebacterium durum e 29% para Rothia dentocariosa, ndo tendo sido
isolados C. striatum, C. amycolatum, ou C. diphtheriae. Curiosamente, C.
pseudodiphtheriticum também foi isolado da microbiota do trato respiratério superior destes
individuos (von Graevenitz et al., 1998). Recentemente foi relatado que C.
pseudodiphtheriticum foi o micro-organismo mais frequetemente isolado (63%) de infecgdes
do trato respiratorio superior, especialmente nas infec¢cdes adquiridas no ambiente hospitalar,
apos 2 anos de investigacdo desenvolvida em um Hospital Universitario da Franca (Nhan et
al.,, 2012). C. pseudodiphtheriticum foi descrito como a espécie mais frequente e mais
numerosa entre as bactérias difterdides encontradas na cavidade nasal de individuos sadios
(Linoli et al., 1981).
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Apesar da sua frequente presenca na microbiota do trato respiratério superior, C.
pseudodiphtheriticum tem sido raramente descrito como agente etioldgico de infecgGes na
garganta e nasofaringe, tais como, faringite exsudativa (Ellner, 1997; lzurieta et al., 1997),
rinossinusite subaguda (Voiriot et al., 1986) e discite subseqlientes a cirurgia de ouvido, nariz
e garganta (Wright et al., 1995). Foi relatado um caso de faringite exsudativa com formacéo
de pseudomembrana possivelmente causada por C. pseudodiphtheriticum em uma menina de
4 anos de idade. A compreensdo do papel da patogenicidade de C. pseudodiphtheriticum nos
quadros de faringite é de importancia para Satde Publica (lzurieta et al., 1997).

Foi descrito um caso de traqueite necrotizante em um paciente do sexo masculino
apresentando 54 anos de idade. A partir de tecidos traqueais foram isoladas amostras de C.
pseudodiphtheriticum resistentes a eritromicina e clindamicina. O tratamento com penicilina
intravenosa resultou na resolucdo do processo inflamatério e erradicacdo dos micro-
organismos (Colt et al., 1991). Também foi relatado um caso de traqueobronquite aguda
supurativa devido a infeccdo por C. pseudodiphtheriticum (Ramos Rincon et al., 1998).
InfeccBes respiratorias, especialmente formas de pneumonias comunitarias (CAP), sao
desafiantes para os clinicos porque: (1) o agente etiolégico pode ser detectado somente em
cerca de 50% dos casos; (2) a terapia inicial, portanto, tem de ser baseada no contexto
etiologico provavel ou mais provavel da condicdo médica do paciente; e (3) novos micro-
organismos ou aqueles considerados previamente, assim como os da microbiota ou formas
menos virulentas, parecem ser responsaveis por alguns casos, tais como C.
pseudodiphtheriticum (Reynolds, 1996). A identificacdo de C. pseudodiphtheriticum em 8,9%
dos casos de pneumonias adquiridas na comunidade (CAP) em adultos despertou atengéo
particular durante as investigacBes dos fatores etioldgicos das CAP, incluindo patgenos
atipicos em Lublin, Poldnia (Szmygin-Milanowska et al., 2003). A anélise dos casos de CAP
revelou pacientes infectados com C. pseudodiphtheriticum como a Unica espécie responsavel
pela infec¢do. Em outros casos, K. pneumoniae e S. aureus foram considerados como agentes
sinérgicos na infeccdo (Chudnicka et al., 2003).

Amostras clinicas de escarro foram obtidas de pacientes em que C.
pseudodiphtheriticum foi isolado em quantidade critica, indicando-o como agente etioldgico
da infeccdo. C. pseudodiphtheriticum foi responsavel pelo maior nimero de casos de
pneumonias comunitarias onde ocorreu envolvimento de micro-organismos corineformes;
seguido de C. striatum/C. amycolatum, Brevibacterium sp., C. propinquum, além de C.
afermentans, C. jeikeium, Corynebacterium grupos G e F1, C. accolens (Chudnicka & koziol-
Montewka, 2003).
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Estudos adicionais a respeito das caracteristicas clinicas e microbioldgicas da infecgédo
respiratoria por C. pseudodiphtheriticum revelam casos de infeccdo mista com Streptococcus
pneumoniae. A faixa etdria de pacientes com infeccdo respiratéria devido ao C.
pseudodiphtheriticum variou de 24 a 77 anos; a relacdo entre os géneros masculino e feminino
foi 3:1. Culturas de escarro demonstraram a presenca do C. pseudodiphtheriticum em
contagens superiores a 10’ UFC/mI. Também foi observado no mesmo estudo uma resposta
aumentada de neutrdfilos no escarro de pacientes infectados, mostrando, através da coloracao
de Gram e microscopia eletronica do material clinico, a fagocitose de C.
pseudodiphtheriticum pelos neutréfilos. Um dos pacientes faleceu por complicacdes do
processo infeccioso disseminado (coagulagdo intravascular disseminada), por C.
pseudodiphtheriticum (Ahmed et al., 1995).

Pacientes com infeccdo respiratoria com C. pseudodiphtheriticum desenvolveram
pneumonia e bronquite. O inicio da sintomatologia pode ser agudo para a maioria dos
pacientes, mas a febre é normalmente ausente em quase dois tercos dos casos. Condigdes
sisttmicas predisponentes incluiram obstrucdo de valvulas cardiacas, doenga pulmonar
obstrutiva cronica (COPD) e diabetes mellitus (Yoshitomi et al., 1992; Manzella et al., 1995).
C. pseudodiphtheriticum tem sido descrito raramente em individuos com doencas malignas
(Cimolai et al., 1992; Manzella et al., 1995; Martins et al., 2009).

Apesar de ser um patdgeno respiratério que incide em pacientes
imunocomprometidos, o C. pseudodiphtheriticum tem sido raramente relatado em infecgdes
em individuos portadores do HIV (Cohen et al., 1992; Roig et al., 1993; Gutierrez-Rodero et
al., 1999; Camello et al., 2009). A infeccdo pelo C. pseudodiphthteriticum em individuos HIV
positivos surge mais tardiamente no curso da Sindrome da Imunodeficiéncia Adquirida e
responde bem ao tratamento com antibi6ticos apropriados na maioria dos casos. Até o
momento, todos os pacientes foram do sexo masculino com contagem média de linfécitos
CD4 de 110 células/mm?® (escala 18-198/mm?®); O inicio da sintomatologia foi geralmente
agudo e o aspecto radiografico mais comum era de pneumonia infiltrativa alveolar ou com
cavitacdo acompanhada da infusdo pleural. As cepas de C. pseudodiphtheriticum foram
isoladas de amostras de broncoscopia, bidpsia de pulmé&o ou escarro. A cultura quantitativa de
amostras broncoscopicas obtidas através de lavado bronco-alveolar ou procedimento de
cateter produziu mais de 10° UFC/ml (Gutierrez-Rodero et al., 1999). Foi também descrito
um caso de abscesso pulmonar envolvendo C. pseudodiphtheriticum em paciente com AIDS
(Andavolu et al., 1986).
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C. pseudodiphtheriticum € encontrado também como causa de pneumonia em
hospedeiros imunocompetentes (Chiner et al., 1999; Gompelmann et al., 2011). O curto
intervalo entre infecgbes respiratorias com C. pseudodiphtheriticum em pacientes
imunocompetentes esta associado geralmente com COPD pré-existente, e associado algumas
vezes com intubacdo endotraqueal (Miller et al., 1986; Rikitomi et al., 1987; Craig et al.,
1991; Freeman et al., 1994).

Pneumonia por C. pseudodiphtheriticum também pode ser desenvolvida dentro do
ambiente nosocomial (Martaresche et al., 1999). Pode ocorrer também infeccdo oportunista
do pulméo (bronquiolites e bronquites) com C. pseudodiphtheriticum apos transplante de
pulméo e coragéo (Burke et al., 1997)

A epidemiologia da endocardite infecciosa vem mudando consideravelmente nos
ultimos 30 anos, ocorrendo crescente aumento dos casos por micro-organismos considerados
raros ou incomuns (MacMurdo & Sande, 2000), incluindo C. pseudodiphtheriticum (Lindner
et al., 1986; Cauda et al., 1987; Morris & Guild, 1991; Wilson & Shapiro, 1992; Rivero et al.,
2003). O C. pseudodiphtheriticum ja foi isolado de endocardite valvular mitral e de proteses
valvulares. (Morris & Guild, 1991; Wilson & Shapiro, 1992; Rivero et al., 2003).

DescricBes de processos infecciosos por C. pseudodiphtheriticum em criancas sao
escassas. Foram descritos anteriormente, faringites exsudativas (Ellner, 1997; lzurieta et al.,
1997) e linfadenites supurativas (LaRocco et al., 1987). Além disso, foi relatado um caso de
pneumonia pelo C. pseudodiphtheriticum em um menino de 6 anos recebendo quimioterapia
para leucemia linfocitica aguda (Cimolai et al., 1992). Recentemente foi relatado um surto de
infecgdo por C. pseudodiphtheriticum em criangas com fibrose cistica, evidenciada por tosse,
rinite e exarcebagdes pulmonares (Bittar et al., 2010). Em contraste, varios casos relatados de
infeccdo por C. pseudodiphtheriticum em pacientes idosos, incluindo: endocardites (Wilson &
Shapiro, 1992); CAP (Williams et al., 1991) e pneumonia nosocomial (Martaresche et al.,
1999; Nhan et al., 2012); traqueobronquites supurativas (Ramos Rincom et al., 1998);
ceratites e conjuntivites (Li & Lal, 2000); discites (Wright et al., 1995) e Ulceras de pele
(Hemsley et al., 1999).

As corinebactérias, raramente causam infec¢bes de superficie ocular. Entretanto, a
presenca de defeitos na cdrnea e conjuntiva em pacientes imunocomprometidos pode resultar
em infeccOes (ceratites e conjuntivites) por organismos considerados anfibionticos, como C.
pseudodiphtheriticum (Li & Lal, 2000). C. pseudodiphtheriticum também pode causar artrite
grave quando inoculado em articulagGes durante artroscopia (Kemp et al., 2005; Erturan et

al., 2012). Erturan e colaboradores (2012) relataram o primeiro caso de artrite septica causada
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por C. pseudodiphtheriticum. Deste modo, os diversos fatos descritos acima enfatizam o
amplo espectro de quadros de infeccbes que podem ser causadas pelo C.
pseudodiphtheriticum.

O teste de susceptibilidade aos agentes antimicrobianos de isolados de C.
pseudodiphtheriticum demonstraram uma sensibilidade uniforme a penicilina e vancomicina
com resultados variaveis para eritromicina (Freeman et al., 1994; Kellogg & Parsey, 1995;
Gutierrez-Rodero et al., 1999; Chudnicka et al., 2003). Foi observada também resisténcia a
clindamicina (Colt et al., 1991), lincomicina, sulfametoxazol-trimetoprim, cloranfenicol
(Gutierrez-Rodero et al., 1999) e é&cido nalidixico e susceptibilidade intermediaria a
ofloxacina, norfloxacina e ciprofloxacina (Ahmed et al., 1995).

As concentra¢fes minimas inibitdrias (CMIs) da penicilina, amoxicilina, cefamandole,
cefalexina, e rifampicina foram todas < 0,12 mg/L. As CMIs da vancomicina e ciprofloxacina
para todas as amostras foram < 0,5 mg/L. A tobramicina foi o antimicrobiano mais ativo
dentre os aminoglicosideos, com CMIs para todas as amostras <0,12 mg/L. Resultados
previamente relatados indicam que a penicilina isolada ou em combinagdo com um
aminoglicosideo deve ser efetiva para o tratamento clinico. Alguns autores acreditam que a
vancomicina deve ser usada nas infec¢des do trato respiratério causadas por difteréides (Craig
et al., 1991). Outros autores sugerem que a vancomicina deve ser utilizada nos pacientes com
endocardites que sdo alérgicos a penicilina (Cauda et al., 1987; Morris & Guild, 1991). Foi
relatado que dois pacientes dos cinco casos descritos de endocardite valvular por C.
pseudodiphtheriticum foram a ébito, os outros pacientes foram tratados com sucesso com
antibidtico e ocorreu reimplante da valvula. Alguns pacientes foram tratados com sucesso
com penicilina (Morris & Guild, 1991) ou vancomicina (Cauda et al., 1987).

De acordo com Inoue e colaboradores (1985), uma beta lactamase ativa sobre a
carbenicilina pode ser produzida por amostras de C. pseudodiphtheriticum.

O isolamento de difterdides a partir de amostras clinicas, incluindo escarro de paciente
com infeccdo do trato respiratorio, ndo deve ser descartado como contaminacdo. O
isolamento, a identificagdo e o teste de susceptibilidade aos antimicrobianos de C.
pseudodiphtheriticum isolado do trato respiratério podem fornecer informagGes valiosas para
0 tratamento dos pacientes (Colt et al., 1991; Manzella et al., 1995; von Graevenitz et al.,
1998; Morinaga et al., 2010).

Os dados enfatizam a necessidade de investigar os fatores de viruléncia possivelmente

expressos por amostras clinicas de C. pseudodiphtheriticum que possam justificar o
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envolvimento destes micro-organismos oportunistas em processos infecciosos diversos,

inclusive no ambiente nosocomial.
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1.1 Estudos do potencial patogénico de diferentes espécies de corinebactérias

Embora a habilidade de colonizar superficies hospedeiras seja considerada como um
importante mecanismo de patogenicidade para muitas espécies bacterianas (Ofek & Doyle,
1994), poucos estudos foram desenvolvidos com micro-organismos corineformes de
importancia médica. As investigacdes mais recentes tém sido voltadas para a analise das
propriedades adesivas do C. diphtheriae através de modelos experimentais diversos. A
natureza multifatorial da adesividade deste patdgeno pode ser considerada, uma vez que, as
amostras, independente da expressdo do gene tox, puderam aderir a diferentes substratos em
intensidades variadas (Mattos-Guaraldi et al., 2000; Santos et al., 2010).

A reacdo de hemaglutinacdo tem sido utilizada como modelo experimental para
demonstrar a habilidade de corinebactérias aderir a membranas de células hospedeiras.
Investigacgdes iniciais demonstraram que além de amostras de C. diphtheriae, Corynebacterium
renale e Corynebacterium kutscheri, uma Unica amostra testada de C. pseudodiphtheriticum
também exibiu atividade adesiva frente a hemacias de carneiro tripsinizadas. Estruturas
fimbriais de aspecto semelhante, sem rigidez, com tendéncia a formac&o de feixes e incapazes
de aderir a hemécias de carneiro ndo tripsinadas foram observadas em amostras de todas as
espécies do género. As amostras hemaglutinantes exibiram elevado grau de fimbriacdo (91 a
100%) (Yanagawa & Honda, 1976). Micro-organismos como o C. renale e Corynebacterium
pilosum, foram capazes de expressar caracteristicas hidrofobicas similares entre os clones mais
e menos aderentes, fimbriados (P+) e afimbriados (P-), respectivamente (Ito et al., 1987).
Amostras de C. diphtheriae que expressavam hemaglutininas 67-72p apresentaram-se
afimbriadas e com superficie celular hidrofébica (Colombo et al., 2001). Para o C. diphtheriae
a intensidade da atividade hemaglutinante foi sugerida como um fator responsavel pela
formacéo do estado de portador (Kostyukova & Karas, 1991). InvestigacGes demonstraram que
proteinas de 67-72 kDa (67-72p), de natureza ndo fimbrial foram capazes de participar no
processo de interacdo de C. diphtheriae com membranas de hemécias humanas (Colombo et
al., 2001) e celulas imortalizadas de epitélio, HEp-2 (Hirata Jr et al., 2002; Sabbadini et al.,
2012).

A capacidade adesiva as células epiteliais de mucosa bucal (BEC), de linhagem celular
HEp-2 e células epiteliais diferenciadas e ndo diferenciadas foi demonstrada em micro-

organismos corineformes isolados de superficie cutanea, em intensidades variadas. A excecio
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das amostras controle de C. diphtheriae e C. minutissimum, os micro-organismos estudados
apresentaram maior capacidade adesiva as células humanas diferenciadas do que aos demais
tipos celulares utilizados (Romero-Steiner et al., 1990).

Estudos posteriores, utilizando varias amostras de C. diphtheriae demonstraram a
capacidade de aderéncia a células HEp-2 em intensidades variadas. A maioria das amostras do
biotipo ndo fermentador de sacarose apresentou forte (> 10 bactérias/célula) capacidade
adesiva as células HEp-2, em contraste ao observado com o biotipo fermentador (Hirata et al.,
2004).

Os estudos relativos a capacidade de interacdo de amostras fimbriadas de C.
urealyticum com células uroepiteliais humanas demonstraram que tanto amostras provenientes
de urina de pacientes com bacterilria, quanto da pele de individuos assintomaticos, foram
capazes de aderir a superficie celular (Marty et al., 1991). A andlise da interacdo entre
amostras de C. renale e diferentes tipos celulares demonstrou uma relacdo direta entre a
expressao de fimbrias e a aderéncia a superficie celular (Honda & Yanagawa, 1974). A
interacdo entre amostras piliadas (P+) de C. renale e células epiteliais de bexiga bovina foi
dependente do pH do meio, sendo mais acentuada em pH superior a 7,6 (Takai et al.,1980).

Estudos de microscopia eletronica descreveram a presenca de quantidade moderada de
material flocular de composicéo lipidica na superficie de C. diphtheriae. Envoltorio lipidico
semelhante foi observado em amostras virulentas de C. pseudotuberculosis (C. ovis) por
pesquisadores que também sugeriram seu papel como mediador de aderéncia nesta espécie
(Reyn et al., 1966).

Bactérias corineformes podem apresentar polissacarideos e acidos teicdicos ligados
covalentemente a peptideoglicana de suas paredes celulares. Trés tipos de polimeros de
parede celular podem estar presentes - arabinogalactana, polissacarideos neutros e &cidos
teicdicos, entretanto, aquelas com acidos teicéicos na parede ndo apresentam polissacarideos
neutros ou arabinogalactana na superficie celular. Arabinogalactanas sdo encontradas em
micro-organismos que também apresentam acido meso-diaminopimélico na sua superficie. O
grupo CMN (Corynebacterium-Mycobacterium-Nocardia) € bioquimicamente similar quanto
a composicdo de mureina, acidos graxos e acidos micolicos. Todas as especies do género
Corynebacterium apresentam, até entdo, arabinogalactana como polimero de parede celular
(Takeuchi & Yokota, 1989).

A presenca de slime de aspecto estrutural semelhante ao observado em amostras de
estafilococos coagulase-negativos foi demonstrada em amostras multirresistentes de

Corynebacterium spp. isoladas de valvulas hidrocefalicas (Bayston et al., 1994).
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Os residuos de carboidratos frequentemente participam de interagbes micro-
organismo-hospedeiro que ocorrem com as superficies cutaneo-mucosas e com o sistema
imunoldgico. Muitas interacbes envolvem a ligacdo de carboidratos do hospedeiro com
proteinas lectina-like (similares) bacterianas, entretanto a interacao especifica entre proteinas
do hospedeiro e carboidratos de superficie bacteriana também ja foi documentada (Ofek &
Doyle, 1994). A producdo de polissacarideos tem sido relacionada com a capacidade de
aderéncia as superficies inertes sélidas de micro-organismos corineformes de importancia
médica. A aderéncia ao vidro foi relacionada com a presenca de glicocalix em diversas
espeécies bacterianas (Bayston et al., 1994). Para o C. diphtheriae os carboidratos de superficie
parecem atuar como adesinas que permitem a fixacdo dos micro-organismos ao vidro. Os
estudos revelaram a presenca de moléculas receptoras de lectinas com afinidade para residuos
de N-acetil-D-galactosamina (D-GalNAc), D-galactose, D-manose, N-acetil-D-glucosamina
(D-GIcNACc) e 4acido sidlico na superficie do C. diphtheriae. Nas amostras do biotipo
fermentador predomina a expressao de residuos de &cido sialico (carga negativa) o que pode
favorecer a implantagdo e manutengdo da espécie nas superficies cutdneo-mucosas uma vez
que, em geral, essas moléculas auxiliam o0s micro-organismos no escape contra o sistema

imunoldgico do hospedeiro (Mattos-Guaraldi et al., 1999a).

1.2 Mobilizacéo do citoesqueleto em resposta aos patdgenos bacterianos

Para alguns patdgenos, os mecanismos de internalizacdo desencadeados estdo
associados ao efeito combinado dos microfilamentos e microtibulos da célula hospedeira
(Yoshida et al., 2002, Biswa et al., 2003). Estudos pioneiros com C. diphtheriae,
demonstraram a co-participacdo e a possivel associacdo entre citoesqueleto de actina, das
proteinas tirosina-quinases e dos microtubulos nos processos de internalizacdo (Hirata Jr. et
al., 2002; Vale, 2003; Santos et al., 2010).

O citoesqueleto é composto por filamentos de actina, microtdbulos e filamentos
intermediarios, que acumulam fungdes como organizacao citoplasmatica e da forma celular,
manutencdo da estrutura e movimento intra e intercelular. Para engolfar grandes particulas,
células eucarioticas rapidamente alteram sua forma. Esta mudanga morfoldgica, na maioria
das vezes, requer uma modulacdo da arquitetura do citoesqueleto, a qual pode ocorrer em

resposta a diferentes estimulos extracelulares (Goldberg, 2001; Gruenheid & Finlay, 2003).
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Muitos patdgenos sdo capazes de direcionar sua captura, deste modo ganhando acesso
ao interior de células eucaritticas ndo fagociticas e escapando de ambientes hostis. Este
processo de internalizacdo pode ocorrer através de estratégias que exploram as funcgdes
celulares normais (Grassmé et al., 1996; Finlay & Falkow, 1997). Mecanismos que levam ao
rearranjo do citoesqueleto das células do hospedeiro sdo desenvolvidos por inlmeros micro-
organismos. Esta habilidade é favordvel ndo sé a sua sobrevivéncia e aos processos de
aderéncia e invasdo as células, mas também ao trafico intra e intercelular e & evasédo do
interior de macrofagos (Rosenshine, 1998; Gruenheid & Finlay, 2003).

A diminuicdo da capacidade adesiva e/ou da internalizacdo bacteriana por células
eucarioticas é, geralmente, visualizada apds o tratamento celular com agentes que alteram a
organizagao da actina, como citocalasinas, sugerindo a necessidade dos microfilamentos neste
processo (Rosenshine, 1998).

Um outro mecanismo de invasdo, pouco definido, é dependente de microtdbulos
(Oelschlaeger et al., 1993). Apesar da inaparente participacdo dos microtubulos no processo
de internalizacdo de diversas espécies bacterianas, algumas se apresentam influenciadas pela
utilizacdo de inibidores de microtabulos, como a colchicina e 0 nocodazol (Meyer et al.,
1999).

Os patdgenos podem langar mao de alternativos sinais de captura para a invasdo de
diferentes tipos celulares, podendo a fosforilacdo de proteinas (tirosina-quinases) funcionar
como um deles, visto que parecem participar de varios processos de internalizacdo de
particulas por células eucaridticas (Rosenshine et al., 1994). A invasdo de células de
mamiferos pode envolver a ativacdo ou inibicdo de diferentes vias de transducdo de sinais
(Bliska et al., 1993; Chen & Zychlinsky, 1994). Uma forte ligacdo entre internalizagédo e
sinalizacdo em células hospedeiras, através de proteinas tirosina-quinases, tem sido
documentada em varias interacGes célula hospedeira-bactéria (Rosenshine et al., 1994; Isberg,
1996).

Bactérias utilizam amplamente da dindmica do citoesqueleto da célula hospedeira para
o desenvolvimento dos mecanismos de aderéncia e invasdo (Finlay & Falkow, 1997;
Niemann et al., 2004). Um pequeno numero de espécies bacterianas parece ganhar o interior
de células através de digestdo enzimatica da membrana celular, subsequente a aderéncia,
como é observado em amostras de Rickettsia (Walker et al., 1984). Micro-organismos como 0
Toxoplasma gondii podem invadir ativamente as células do hospedeiro (Morisaki et al.,
1995).
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1.3 Participacdo de glicoproteinas de matriz extracelular nos processos de interagao

celular

Atualmente foi relatado que C. diphtheriae pode ser capaz de explorar a interagdo com
0 Fbg humano no processo de colonizagdo, manutencdo nas superficies do hospedeiro e/ou
dispersdo para outros sitios corporeos, uma vez que, isolados deste micro-organismo exibiram
a capacidade de interagir com o Fbg humano e também apresentaram a habilidade de
converter Fbg em fibrina (atividade de coagulase), mesmo quando desprovidas do gene tox
(Sabbadini et al., 2010).

De fato a adesdo de micro-organismos a tecidos do hospedeiro é um evento crucial no
desenvolvimento da infeccdo e é relacionada como o primeiro e principal passo na
colonizagdo por micro-organismos patogénicos. A adesdo implica que o patdgeno reconheca
ligantes na superficie do hospedeiro ou um constituinte de matriz extracelular (MEC), tais
como fibronectina, fibrinogénio, laminina e colageno (Mendes-Giannini et al., 2006).

Existem dois tipos principais de MEC, o intersticio e a membrana basal, e seus
componentes estdo intimamente associados com as superficies das células do hospedeiro, nos
tecidos. A laminina é encontrada, principalmente, na membrana basal subendotelial, enquanto
que a fibronectina e os varios tipos de colageno estdo presentes no intersticio, particularmente
como parte das fibras reticulares, e na lamina basal pode-se encontrar colageno tipo IV,
sulfato de heparana e entactina (Liakra & Artio-Harmernen, 1992).

Proteinas de MEC sdo consideradas os alvos primarios para interacGes especificas
entre 0 micro-organismo e o hospedeiro. Estas proteinas estdo firmemente ligadas a superficie
das células eucarioticas e existem em um grande namero de espécies. Na superficie de tecidos
intactos, porém, as proteinas somente sdo expressas no lado basal das células epiteliais. No
entanto, sempre existem injurias que afetam a superficie epitelial, alterando o padrdo de
expressao local das células produtoras de proteinas de matriz extracelular e, com isso,
facilitando o acesso bacteriano a estas moléculas (Darmstadt et al., 1999).

A fibronectina (Fn) ¢ uma glicoproteina multifuncional de massa molecular >440 kDa
formada por um dimero composto por duas subunidades polipeptidicas unidas por um par de
pontes dissulfeto localizado préximo a sua extremidade carboxiterminal. A Fn desempenha
papel importante na adesdo e migracdo celular, sendo sintetizada por células epiteliais e

endoteliais e encontrada nos fluidos corporais, tecido conjuntivo e membrana basal. A Fn
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solavel é amplamente distribuida em fluidos corporais e pode ser encontrada nos liquidos
cerebro-espinhal, sinovial, amniotico, seminal, vaginal, saliva e exsudatos inflamatorios. A Fn
plasmética também é capaz de desempenhar papel de opsonina, auxiliando na remocao de
restos celulares pelos fagdcitos (McKeown-Longo, 1987), além de estimular outras atividades
imunologicas, incluindo a expressao de receptores Fc na superficie de macrdfagos, aderéncia
e quimiotaxia de fagocitos ativados e a deposicdo de componentes do complemento em
superficies imunologicamente reativas (Dunne, 1989; Pankov & Yamada, 2002). Na forma
solavel, a Fn apresenta sitios de ligacdo para moléculas glucosaminoglicanas, glicose,
proteoglicanas e colagenos (Gatner & Agin, 1980; Vercellotti et al., 1984).

A relevancia da Fn nos processos de aderéncia e invasdo a células hospedeiras por
micro-organismos patogénicos vem sendo elucidado. A Fn pode atuar como uma ponte
molecular unindo proteinas ligadoras de Fn, expressas na superficie da célula bacteriana, a
superficie de células humanas. Por exemplo, estudos ja realizados com amostras de S. aureus
revelaram que este importante patégeno humano é capaz de se ligar a Fn e de alcancar a
corrente sanguinea revestindo-se de Fn sollvel. Assim, este micro-organismo poderia, ent&o,
aderir mais facilmente aos tecidos do hospedeiro e ser incorporado aos codgulos ou aos
componentes de matriz subendoteliais (Schwarz-Linek et al., 2004).

Moléculas de uma familia de adesinas de superficie chamadas MSCRAMMs
(Microbial Surface Components Recognizing Adhesive Matrix Molecules - Componentes da
Superficie Microbiana Reconhecedores de Moléculas Adesivas de Matriz) sdo conhecidas por
mediarem a aderéncia bacteriana a componentes de matriz extracelular do hospedeiro,
incluindo a Fn e o fibrinogénio (Mongodin et al., 2002; Walsh et al., 2004; Keane et al.,
2007). As MSCRAMMs podem ser agrupadas dentro de familias, de acordo com a proteina-
alvo da matriz extracelular (Joh et al., 1999). Vale ressatar que existem micro-organismos que
apresentam varias proteinas de superficie capazes de ligar a um mesmo tipo de proteina de
matriz extracelular (Kreikemeyer et al., 2004; Nyberg et al., 2004). Amostras de C.
diphtheriae apresentaram diferentes graus de reatividade a Fn de plasma humano (Souza et
al., 2000). A hemaglutinina 67-72p foi capaz de interagir com a Fn, sugerindo que estas
moléculas podem ser consideradas fibrolectinas (ligantes de Fn), em vista de participarem do
processo de interacdo com glicoproteinas soltveis ou de MEC.

O fibrinogénio (Fbg), uma glicoproteina de 340kDa, é composto por dois grupos de
trés cadeias peptidicas (Aa, Bp e y) ligadas por pontes dissulfeto, sendo encontrado no plasma
na concentracdo de 100 a 700mg/dL. Cada molécula de Fbg contém dois dominios externos

(dominios D) conectados através de uma sequéncia polipeptidica helicoidal a um dominio
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central (dominio E) (Fuss et al., 2001; Mosesson, 2005). O Fbg ¢é sintetizado primariamente
no figado, sob condi¢BGes normais, podendo ser também produzido pelo intestino ou pulmdes
em condi¢cdes de estresse e inflamatérias (Lawrence et al., 2004). Sua secrecdo e as
concentragdes plasmaticas podem ser moduladas por citocinas pro-inflamatorias,
especialmente pela interleucina-6 (IL-6), podendo a concentracdo de IL-6 ser regulada pela
fibrina ou produtos da degradacdo do Fbg. Além disso, alguns autores documentaram que 0S
processos de aderéncia e invasdo a células endoteliais, realizados por S. aureus, sdo capazes
de regular a expressao desta citocina (Soderquist et al., 2006).

O Fbg plasmaético participa diretamente na coagulacdo sanguinea (hemostasia),
agregacdo plaquetéria e em funcbes do endotélio, apresentando papel também na adesdo de
monaocitos e na proliferacdo do musculo liso. Por meio de mecanismos hemostaticos e
inflamatdrios, o nivel de Fbg esta diretamente relacionado a formacdo de trombos (Ernest et
al., 1997; Flick et al., 2004; Sun, 2006). Portanto, o Fbg participa de diversos processos
fisiologicos e, também, na fisiopatologia de vérias doencas infecciosas e ndo infecciosas,
possuindo funcao principal no processo de coagulagao sanguinea.

A partir da clivagem proteolitica do Fbg em fibrina, que é onde culmina a cascata de
coagulacao, forma-se uma rede que retém plaquetas, eritrocitos, polimorfonucleares e outras
proteinas plasmaticas (Mosesson, 2005). Esta cascata é didaticamente separada nas vias
extrinseca e intrinseca, as quais ocorrem simultaneamente e sdo dependentes de fatores
humorais e celulares. Apo6s lesdo nos vasos sanguineos, o fator tecidual (tromboplastina)
desencadeia a via extrinseca, enquanto o contato do fator XII (fator de Hageman) e das
plaguetas com o coldgeno da parede vascular leva a via intrinseca, iniciando, entdo, o
processo de coagulacdo (Guyton & Hall, 1997).

As células endoteliais constituem a interface entre sistema sanguineo e os tecido
subjacentes (Soderquist et al., 2006). Quando intacto, o endotélio vascular é ativamente
antitrombdtico, tornando-se pro-trombético se lesado ou ativado. Papel de extrema
importancia € assumido pelo tecido endotelial devido a modulacdo do processo de coagulagédo
sanguinea, j& que uma vasoconstricdo local é promovida a partir da producéo de endotelina
pelo endotélio lesado. E importante salientar que o tecido endotelial também é produtor de
tromboplastina, indutor principal da clivagem do Fbg pela via extrinseca. Alem disso, a célula
endotelial constitui a fonte primaria de matriz extracelular subendotelial, que é rica em
proteinas como o colageno. Por sua vez, o coldgeno é capaz de ligar o fator de von
Willebrand, intermediario na ativacdo de plaquetas e na ligacdo das mesmas ao tecido
subendotelial lesado (Almeida, 2006).
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A conversdo do Fbg em fibrina também assume importancia no mecanismo imune
inato. Os mecanismos de ativacdo do complemento que ocorrem a partir da invasao bacteriana
nos tecidos hospedeiros acarretam o aumento da permeabilidade vascular, levando a formacéo
de edema e difusdo de proteinas plasmaticas para o espaco intersticial. Citocinas, colageno e
elastina também ativam o tecido endotelial (Sun, 2006). Ndo obstante, o Fbg extravasado por
conta do aumento da permeabilidade dos vasos é convertido em fibrina, que possui sitios
expostos, muitas vezes ocultos na molécula do Fbg. Estes sitios sdo capazes de se ligarem a
Fn plasmatica e a outras moléculas, incluindo os fatores de crescimento de fibroblastos
(FGF2) e IL-1, amplificando a atividade angiogénica e a sintese de colageno do tipo | pelos
fibroblastos, o que favorece a formacao da capsula fibrosa que envolve processos infecciosos
como os abscessos (Mosesson, 2005; Sun, 2006).

Segundo Almeida (2006), desordens no processo de coagulacdo sdo causas
majoritarias de patologias. O processo de coagulacdo, com formacdo de trombos, pode ser
iniciado em qualquer situacdo na qual haja lesdo endotelial com exposicdo das proteinas de
matriz extracelular - seja ela fisica, necrdtica ou apoptética (Herwald et al., 2004).

Microtrombos intravasculares tém sua formacdo induzida por células endoteliais que
produzem grande quantidade de fator tecidual, sob a acdo de fator de necrose tumoral (TNF) e
lipopolissacarideo (LPS). Os microtrombos sdo capazes de interagir com plaquetas e induzir
amplificacdo do processo de coagulagdo (através da producdo de trombina, inibindo a
fibrindlise). Tal processo, que pode ser observado durante a patogénese da meningococcemia
e na sepse, é denominado coagulacdo intravascular disseminada (Sun, 2006). Ainda, segundo
este autor, a trombose dos capilares limita a difusdo hematogénica de micro-organismos para
outros tecidos. Os trombos estdo geralmente associados ao sitio onde ocorreu a lesdo
endotelial, no entanto podem se desenvolver em qualquer ponto do sistema cardiovascular
(Hirsch et al., 2001).

De fato, a capacidade de ligagcdo ao Fbg tem sido documentada para algumas espécies
de bactérias patogénicas, sendo esta ligacdo mediada por proteinas de superficie (O’Brien et
al., 2002; Fitzgerald et al., 2006). Ao longo dos Gltimos anos, varias proteinas ligadoras de
Fbg tém sido descritas e caracterizadas. Essas proteinas podem ser divididas em duas
categorias: as MSCRAMMs e as moléculas adesivas secretaveis de repertorio expandido
(SERAMSs), estas ultimas ligam-se posteriormente a superficie bacteriana (Nitsche-Schmitz et
al., 2007; Rivera et al., 2007). E importante salientar que muitas das proteinas ligadoras de
Fbg atuam como adesinas e/ou invasinas, como previamente documentado para 0s seguintes

micro-organismos: S. aureus (Hussain et al., 2001; Palma et al., 2001; Perkins et al., 2001;
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Que et al., 2001; Hussain et al., 2002; Harraghy et al., 2003; Que et al., 2005; Hussain et al.,
2008; Piroth et al., 2008); Staphylococcus epidermidis (Davis et al., 2001; Hartford et al.,
2001; Brennan et al., 2009); Enterococcus faecalis (Sillanpé4 et al., 2009); Streptococcus
pyogenes (Courtney et al., 2002; Herwald et al., 2004; Carlsson et al., 2005; Courtney et al.,
2006), Streptococcus agalactiae (Schubert et al., 2004; Gutekunst et al., 2004; Tenenbaum et
al., 2005; Rosenau et al. 2007); Streptococcus mutans (Beg et al., 2002), Porphyromonas
gingivalis (Pathirana et al., 2006; Sahingur et al., 2006) e C. diphtheriae ( toxinogénica e néo
toxinogénica) (Sabbadini et al., 2010). A habilidade de ligar-se ao Fbg ndo esta limitada as
bactérias. A interacdo com esta molécula por parte de dois fungos oportunistas, Candida
albicans (Viudes et al., 2001; Marcil et al., 2008) e Aspergillus fumigatus (Tiralongo et al.,
2009) tem sido documentada.

1.4 Mecanismos de morte de células eucariodticas

Recentemente, Sabbadini e colaboradores 2012 evidenciaram que a proteina 67-72p de
C. diphtheriae também pode atuar como invasina e proteina apoptotica, participando dos
mecanismos de invasdo, sobrevivéncia e subsequénte apoptose em células epiteliais, 0 que
pode explicar a persisténcia e disseminagdo de C. diphtheriae no hospedeiro. A morte celular
€ um processo ativo realizado por organismos multicelulares que estabelecem a homeostase,
na dependéncia de sua capacidade de produzir novas células e de destruir células que tenham
se tornado desordenadas ou nocivas. Sdo bem caracterizados dois tipos de morte celular:
necrose e apoptose. No entanto, a morte celular pode ser uma estratégia de um microrgaismo
patogénico para escapar a partir da célula hospedeira infectada afim de invadir as camadas
mais profundas da mucosa para a colonizacdo bacteriana prolongada (Martin, 2010).

A necrose parece ser um processo de morte celular provocado por lesdo aguda,
usualmente sendo causada por dano irreversivel a célula e as organelas, em especial as de
natureza membranosas. Células necréticas apresentam caracteristicas especificas, como perda
da integridade da membrana celular, que leva a difusdo de ions, rapida turgéncia e lise celular,
floculagéo da cromatina, aumento de volume e liberagdo do conteudo intracelular, ocorrendo
uma tendéncia das celulas a ndo participarem ativamente do processo de morte (McConkey,

1998; Savill & Fadok, 2000). Uma caracteristica principal da necrose, geralmente
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caracterizada pelo acometimento de um numero grande de células, € a inflamacéo tecidual
(Savill & Fadok, 2000).

A palavra necrose normalmente € utilizada para designar morte celular ndo apoptotica.
No entanto, alguns autores alegam que o termo aplica-se as mudancas morfolégicas acima
descritas observadas tanto em células que sofreram morte acidental, quanto na fase avancada
de células com morte programada (Majno & Joris, 1995).

O termo apoptose (do grego: decadéncia) foi primeiramente descrito por Kerr e
colaboradores (1972), sendo um processo ativo, que requer ativacao de proteinas da prépria
célula para a ocorréncia da morte celular; e fisiologico, estando envolvido na homeostase de
organismos multicelulares (Hetts, 1998). Este termo foi empregado para descrever um padrao
de alteragdes morfoldgicas associado a morte celular programada. Tais alteracfes incluem
contracdo celular, perda de contato com células vizinhas, condensacdo do material nuclear,
deformacdo do nucleo e formacdo de corpusculos apoptéticos. Bioquimicamente, ocorre
fragmentacdo do DNA em multimeros de 200pb, correspondentes ao tamanho de um
nucleossoma. A exposicdo de fosfatidilserina na superficie celular, resultante da perda de
assimetria dos fosfolipideos da membrana plasmatica, também é uma caracteristica de células
apoptoticas. A fagocitose dos corplsculos apoptoticos tende a limitar o processo de
inflamacéo do tecido (Fadok et al., 1992; Savill & Fadok, 2000).

Os componentes centrais da maquinaria apoptética fazem parte de uma familia de
cisteina proteases, denominadas caspases (cysteinil, aspartate-specific proteases), que clivam
proteinas alvo especificas apds residuos de aspartato (Ashkenazi & Dixit, 1999); e uma
familia de proteinas do tipo Bcl-2, que sdo proteinas, pro e antiapoptéticas, presentes na
membrana de mitocéndrias (Thornberry & Lazebnik, 1998). A apoptose pode ocorrer através
de vias distintas que vao culminar em um ponto comum. As vias denominadas extrinseca e
intrinseca sdo as mais bem compreendidas (Rossi & Gaidano, 2003). A via extrinseca envolve
ligacdo aos receptores membros da familia do fator de necrose tumoral (TNFR), tal como
TNFR1, TNFR2 ou Fas. A ligacdo ao receptor causa oligomerizagdo do mesmo e a ativacéo
de uma caspase iniciadora, a caspase 8, a qual cliva e ativa a caspase 3. Ao contrario, a via
intrinseca envolve disfungdes mitocondriais. O balanco relativo entre os membros da familia
Bcl-2 pode promover ou suprimir a liberacdo de citocromo ¢ do espaco intermembrana
mitocondrial. Uma vez liberado, o citocromo ¢ associa-se a proteina adaptadora Apaf-1
(Apoptosis protease activating factor 1) para ativar a caspase 9, a qual ativa a caspase 3
(Cande et al., 2002). Diferentes mecanismos sdo utilizados por inumeros patdgenos para

induzir a apoptose. Diversos patogenos sdo armados com uma colecdo de fatores de
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viruléncia, que interagem com componentes chaves na indugdo da morte celular ou interferem
com a regulacdo de fatores de transcricdo que monitoram a sobrevivéncia da célula
(Weinrauch & Zychlinsky, 1999). Algumas bactérias produzem toxinas que matam a célula
hospedeira atraves de mecanismos diversos, incluindo apoptose. As toxinas de C. diphtheriae
(Morimoto & Bonavida, 1992; Kochi & Collier, 1993), Pseudomonas aeruginosa (Kochi &
Collier, 1993) e Shigella dysenteriae (Harrison, 2005) causam a inibicdo da sintese protéica.
Contudo, Santos e colaboradores 2010 relataram que os mecanismos de morte celular devido
a infecdes provocadas por C. diphtheriae ndo estdo exclusivamente associadas a producao de
toxina ou presenca de gene tox. Toxinas de micro-organismos como Aggregatibacter
(Actinobacillus) actinomycetemcomitans (Korostroff et al., 1998), Escherichia coli (Russo et
al., 2005) e Staphylococcus aureus (Bayles et al., 1998) induzem a formacgdo de poros na
membrana. Aumento da concentracdo de AMPc intracelular, além da formacdo de poros na
membrana, provocados pela Ac-Hly (adenilato ciclase hemolisina) de Bordetella pertussis,
também conhecida como CyaA (adenilato ciclase), acarretam a morte programada de alguns
tipos celulares (Gueirard et al., 1998; Boyd et al., 2005).

A apoptose de células imunes que estdo respondendo a infec¢do pode ser induzida por
bactérias modulando a resposta imune. Patégenos também podem levar a inibicdo da apoptose
facilitando a replicagdo intracelular ou sobrevivéncia. De forma alternativa, o hospedeiro pode
induzir a apoptose em células infectadas inibindo a replicacdo. A limitacdo do dano tecidual
decorrente da inflamagdo é uma vantagem que pode ocorrer mediante a inducdo da apoptose
pelo hospedeiro. Além disso, macrofagos apoptoticos podem ser usados como fonte de
antigenos para a apresentacdo por celulas dendriticas (Yrlid & Wick, 2000). A capacidade dos
patdgenos de induzir ou prevenir a apoptose em macréfagos emerge como um balanco crucial
no controle do resultado da infeccdo (Liles et al., 1997).

Interessantemente, alguns patdgenos inibem a apoptose em fagdcitos e linfécitos,
induzindo uma desregulagdo imune e facilitando sua sobrevivéncia intracelular, como
observado para espécies de Neisseria (Massari et al., 2000). Chlamydia psittaci e outros
micro-organismos intracelulares obrigatérios que se multiplicam no interior de macrofagos,
podem se beneficiar da inibicdo da apoptose (Fan et al., 1998). Em contraste, aqueles que ndo
tém o macrofago como alvo preferencial podem ser favorecidos com a morte programada
desta célula, como Salmonella typhimurium (Monack et al., 1996) e B. pertussis (Gueirard et
al., 1998). Alternativamente, a promocao da apoptose pode permitir que 0 micro-organismo
escape da primeira linha de defesa imune. A validade de cada uma destas possibilidades

depende do tipo de patégeno examinado. No caso do Mycobacterium tuberculosis (Keane et
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al., 2000) e da P. aeruginosa (Grassme et al., 2000), a inducgéo da apoptose pode ser benéfica
ao hospedeiro, estando relacionada a morte dos micro-organismos, assim limitando a
multiplicaco intracelular ou previndo a sepse.

E importante ressaltar que o processo de apoptose induzido por diferentes micro-
organismos ocorre também em células epiteliais, como o observado em infec¢bes por S.
aureus (Bayles et al., 1998), Clostridium difficile (Fiorentini et al., 1998), Helicobacter pylori
(Chen et al., 1997), Aeromonas hydrophila (Galindo et al., 2004) e Chlamydophila psittaci
(Ojcius et al., 1998). No entanto, a internalizacdo do patdgeno nem sempre € um evento
obrigatdrio para que ocorra a morte programada da célula.

Proteinas bacterianas tais como BfpA (bundle-forming pilus) de E. coli (Melo et al.,
2005), Yop (proteina externa de Yersinia) (Monack et al., 1997), FHA (hemaglutinina
filamentosa) de B. pertussis (Ohman et al., 2005) e Omp de Fusobacterium nucleatum
(Kaplan et al., 2005) estdo, aparentemente, envolvidas na inducdo de apoptose através de
mecanismos moleculares distintos. Atualmente, ainda sdo pouco explorados os estudos sobre
a inducdo de apoptose por proteinas de superficie bacterianas, estando muitos destes

processos em fase de caracterizagéo.

1.5 Biofilmes bacterianos

Bactérias sobrevivem em sistemas naturais de uma forma totalmente diferente
daquelas cultivadas em laboratdrios em meios artificiais. Para persistir em ambientes hostis,
como em tecidos do hospedeiro (onde hd a presenca de anticorpos e fagdcitos) ou em
superficies inertes expostas a condi¢des indspitas (como luz ultravioleta, dessecacdo, calor e
frio), elas se adaptaram formando biofilmes (Costerton et al., 1999; Mah & O’Toole, 2001,
Olson et al. 2002).

Biofilmes sdo sistemas bioldgicos com elevado nivel de organizagdo, onde micro-
organismos formam comunidades estruturadas e funcionais, envolvidas por uma complexa
matriz extracelular de substancias poliméricas fixadas a superficies bidticas ou abidticas.
Assim, garantem o estabelecimento de um sistema de comunicagdo que coordena atividades
metabdlicas para beneficio matuo, bem como a produgdo de fatores de viruléncia que
facilitam a disseminagdo no hospedeiro (O’Toole et al., 2000; Donlan & Costerton, 2002;
Stoodley et al., 2002).
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1.5.1 Etapas do desenvolvimento de um biofilme

Em geral, as etapas de desenvolvimento de um biofilme microbiano incluem: (i) a
fixacdo inicial reversivel a uma superficie, seguida pela (ii) fixacao irreversivel e formacéo de
microcol6nias, (iii) maturacdo das microcolénias em um biofilme maduro envolto em
exopolissacarideos (EPS), e, finalmente, (iv) a dispersdo, onde células individuais ou em
grupos se desprendem do biofilme, retornando ao modo de vida planctonico e, portanto,
fechando o ciclo de desenvolvimento de um biofilme (Stoodley et al., 2002). Acredita-se que
0 processo comece quando as bactérias sentem certos parametros ambientais que acionam a
transicdo do crescimento plancténico a vida em uma superficie (Davey & O’Toole, 2000).

Vaérios fatores influenciam a fixacdo inicial as superficies, como o tipo e as
propriedades do material da superficie, carga e microtopografia, presenca de matéria organica,
temperatura e pH. Outros fatores sdo as caracteristicas intrinsecas do micro-organismo, como
carga, hidrofobicidade, presenca de apéndices superficiais como pili, fimbrias, flagelos e
capsula, além da capacidade de produzir substancias exopoliméricas (Bower et al., 1996;
Chmieleswski & Frank, 2003).

A adesdo inicial a superficies pode ser ativa ou passiva, dependendo da mobilidade das
células. A adesdo passiva depende da gravidade, da difusdo e da dindmica do fluido. Na
adesdo ativa, ha a participacdo de flagelos, que facilitam o movimento da célula bacteriana a
um sitio especifico. Além disso, a sintese de adesinas, pili, polissacarideos e a formacdo de
agregados também podem influenciar o processo de fixacdo inicial a um substrato
(Chmieleswski & Frank, 2003).

Apds a aderéncia inicial fraca e reversivel, as bactérias devem manter contato com a
superficie. Porém, para que desenvolvam um biofilme maduro, € necessario que a adesdo se
torne irreversivel. Para tal, precisam se multiplicar, ancorar seus apéndices, produzir
exopolimeros e formar microcol6nias (Stoodley et al., 2002). Microcol6nias sdo comunidades
constituidas de trés a cinco camadas de células bacterianas que se desenvolvem apds a
aderéncia a uma superficie (Davey & O’Toole, 2000). Sauer & Camper (2001) mostraram que
P. putida, ao aderir irreversivelmente a um substrato, passou a realizar twitching mediado
pelo pilus tipo IV, em vez de utilizar seus flagelos. O’Toole & Kolter (1998) compararam
mutantes de P. aeruginosa PA14 deficientes na mobilidade mediada por flagelos e deficientes
na biossintese do pilus tipo IV. Poucas células da estirpe imdvel conseguiram aderir a

superficie de policloreto de vinila (PVC), o que sugere a participagdo dos flagelos na etapa



35
inicial de adesdo a superficies. Ja as células mutantes para a sintese do pilus tipo IV formaram
monocamadas de células no PVC, mas ndo desenvolveram microcol6nias. Esse resultado
indica que o pilus tipo IV é uma estrutura necessaria para a formacao de microcolénias em P.
aeruginosa. Além disso, Gerke e colaboradores (1998) mostraram que células aderentes de S.
epidermidis produziram uma adesina intercelular polissacaridica que uniu mais fortemente as
células e facilitou a formacao de microcol6nias e a posterior maturagdo do biofilme.

A fase de maturagdo do biofilme resulta na geragdo de uma arquitetura complexa com
canais e poros que forma sua estrutura tridimensional, a qual pode ser bem espessa e visivel a
olho nu (Davies et al., 1998; Stoodley et al., 2002). A estrutura pode ser caracterizada
morfologicamente, observando-se propriedades como espessura, densidade e forma. Sauer e
colaboradores (2002) demonstraram que células de P. aeruginosa em biofilmes maduros
apresentaram perfis de expressdo génica muito diferentes, sendo que mais de 50% (cerca de
800 proteinas) foram expressas seis vezes mais do que em células plancténicas. Dentre estas,
300 foram expressas em biofilmes maduros e ndo em células planctonicas. Estas proteinas
pertenciam as cinco principais classes: proteinas do metabolismo de carbono e aminoécidos,
biossintese de fosfolipidios e lipopolissacarideos (LPS), secrecdo e transporte de membrana e
em mecanismos de adaptacdo e protecao.

A dispersdo é a ultima fase do desenvolvimento de um biofilme. Este termo é
geralmente utilizado para descrever o destacamento de células (individuais ou em grupos) de
um biofilme ou substrato. O destacamento ativo € um evento fisiologicamente regulado, como
demonstraram Allison e colaboradores (1998) e Boyd & Chakrabarty (1995). O primeiro
estudo mostrou que, apds incubacdo por longos periodos, o biofilme formado por P.
fluorescens comecou a se destacar, 0 que coincidiu com a reducdo na producdo de EPS. O
segundo estudo observou que a superexpressdo de alginatoliase causou a degradacdo de
alginato e produziu biofilmes facilmente removiveis por suaves movimentos. A regulacédo
dependente da densidade celular pode ativar a liberacdo de enzimas degradadoras de matriz,
permitindo que bactérias se desprendam do biofilme quando ha uma elevada densidade
celular dentro das microcolénias (Stoodley et al., 2002). Esta hipdtese esta de acordo com as
observacgdes de Sauer e colaboradores (2002), que compararam padrfes de proteinas em géis
bidimensionais para mostrar que células de P. aeruginosa em dispersdo sdo mais similares as
células planctonicas do que as encontradas em biofilmes maduros. Essa descoberta indica que
células que se destacam de biofilmes voltam ao modo de crescimento planctdnico, fechando,

portanto, o ciclo de vida de desenvolvimento de um biofilme.
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1.5.2 InfeccOes associadas a biofilmes bacterianos

A capacidade de formacdo de biofilme por micro-organismos patogénicos em
superficies inertes ou em tecidos do hospedeiro constitui uma importante origem de muitas
infeccOes persistentes que resistem a respostas do sistema imune. Casos de infecgdo associada
a biofilmes bacterianos incluem exemplos bem conhecidos de infecgdes relacionadas a
dispositivos médicos, como cateteres, articulacdes artificiais, valvulas cardiacas prostéticas,
préteses e lentes de contato. A organizacdo em biofilme protege os micro-organismos da
fagocitose e da ativacdo do complemento. Além disso, a secre¢cdo de anticorpos opsonizantes
e a producéo de perdxido de hidrogénio sdo ineficazes, uma vez que ndo conseguem penetrar
no biofilme devido a presenca da matriz exopolimérica, a qual evita a passagem e a acao
destas moléculas (Costerton et al., 1999; Stewart et al., 2000; Zimmerli et al., 2004; Fux et
al., 2005).

Estima-se que 60% das infecches bacterianas e 65% das infecgOes nosocomiais
estejam associadas a formacéo de biofilme, como por exemplo: céries (Streptococcus spp.
acidogénicos), periodontite (bactérias Gram-negativas orais), fascite necrotizante
(Streptococcus pyogenes), prostatite bacteriana (E. coli e outras bactérias Gram-negativas),
pneumonia em pacientes com fibrose cistica (P. aeruginosa e Burkholderia cepacia),
endocardite bacteriana (Streptococcus do grupo viridans e Staphylococcus spp.), mastite (S.
agalactiae, S. aureus), linfadenite (Corynebacterium pseudotuberculosis), enterite (E. coli,
Salmonella spp.) e infec¢Oes de ferida (S. aureus, P. aeruginosa) (Costerton et al., 1999; Fux
et al., 2005).

Mesmo em pacientes imunocompetentes, as infeccdes relacionadas a biofilmes
bacterianos sdo raramente resolvidas pelos mecanismos de defesa do hospedeiro, de fato,
estas sdo geralmente cronicas e de dificil tratamento, associadas a sintomas recorrentes,
mesmo apos ciclos de terapia antimicrobiana, sendo muitas vezes necessaria a realizacéo de
procedimentos cirurgicos e/ou uso de altissimas doses de agentes quimioterapicos para
extingdo da infecgdo. Por tudo isso, o custo do tratamento destas infeccdes é elevado: cerca de
um bilhdo de dolares por ano (Archibald & Gaynes, 1997; Costerton et al., 1999; Potera,
1999; Fux et al., 2005). Cabe ressaltar que, o envelhecimento populacinal e o aumento do
namero de procedimentos cirdrgicos com implantagdo de proteses, com fins corretivos e
estéticos, espera-se também o aumento do numero de infeccGes associadas a biofilme

bacteriano (Stewart & Costerton, 2001; Sousa et al., 2011) podendo resultar em aumento da



37
frequéncia de obitos, extensdo dos periodos de internacdo e ocorrénia de que danos

irreversiveis comprometendo o bem estar e a qualidade de vida dos pacientes.

1.5.3 Participacdo de glicoproteinas de matriz extracelular na formacdo de biofilme

O papel de glicoproteinas de MEC na formacdo de biofilme vem sendo pesquisado.
Lembke e colaboradores (2006) mostraram que a Fn, o Fbg, a laminina e o colageno tipo IV
foram capazes de modular a formacdo de biofilme em cepas de estreptococos do Grupo A.
Bonifait e colaboradores (2008) revelaram que o meio de cultura suplementado com Fbg
aumentou a formacao de biofilme em amostras de Streptococcus suis e induziu a resisténcia a
penicilina. Ainda, Vergara-lrigaray et al. (2009) observaram que a auséncia de proteinas
ligadoras de Fn em cepas de S. aureus causou uma reducdo significativa na capacidade de
colonizar cateteres in vivo apos trés e sete dias de infecgéo.

Pouco foi documentado sobre os mecanismos de patogenicidade do C.
pseudodiphtheriticum, incluindo a capacidade de interacdo com células e tecidos humanos.
Apesar de ja ter sido demostrado que C. diphtheriae é capaz de se ligar a Fn (Souza, et al.,
2000) e ao Fbg (Sabbadini, et al., 2010), ndo foram encontrados trabalhos que investigassem a
capacidade de interacdo de C. pseudodiphtheriticum com glicoproteinas de MEC, bem como,
a participacdo desses componentes de matriz na formacdo de biofilme e a sua possivel

participacdo no estabelecimento e disseminagédo da infeccdo no hospedeiro.
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2 JUSTIFICATIVA E OBJETIVOS

Uma vez que a espécie C. pseudodiphtheriticum pode ser associada a quadros
infecciosos diversos, principalmente pneumonias e endocardite, e que vem apresentando
multirresisténcia aos antimicrobianos utilizados na antibioticoterapia, as investigacoes
relativas ao potencial patogénico da espécie em questdo permanecem necessarias. Na
fisiopatologia dos processos infecciosos causados pelo C. pseudodiphtheriticum, incluindo as
endocardites, micro-organismos podem aderir inicialmente a componentes de superficie
celular e disseminar através dos tecidos, explorando mecanismos fisiol6gicos do hospedeiro
para evadir o sistema imunologico. A circulacdo de cepas apresentando potencial invasor e a
auséncia de trabalhos sobre investigacdo da capacidade de produzir biofilme, interacdo com
proteinas presentes na matriz extracelular, invasdo e inducdo de apoptose celular de C.
pseudodiphtheriticum justifica novas analises relativas as interacfes bacterianas com
substratos abioticos e células do hospedeiro. Deste modo, a capacidade de aderéncia a
superficies abidticas e bidticas, invasdo e inducdo de apoptose celular de C.
pseudodiphtheriticum ainda ndo foram bem esclarecidos.

Além do isolamento e identificacdo de amostras clinicas e cepas multirresistentes de
C. pseudodiphtheriticum, o presente estudo teve como objetivo geral a pesquisa das
propriedades adesivas a substratos abidticos e bi6ticos, invasdo e inducao de apoptose através
de modelos experimentais desenvolvidos em células epiteliais humana-HEp-2. Neste sentido,
uma amostra padréo e amostras de C. pseudodiphtheriticum isoladas de espécimes clinicos de
diferentes origens foram utilizadas para o desenvolvimento dos seguintes objetivos
especificos:

m Andlise por ensaios de biotipagem e antibiotipagem,;

m Analise quantitativa e qualitativa da formagao de biofilme sobre substratos abioticos
diversos, incluindo ensaios de microscopia eletrénica de varredura (MEV) e microscopia
confocal de varredura a laser (MCVL);

m Avaliagdo da capacidade da interagdo bacteriana com 0s componentes de matriz
extracelular, fibrinogénio e fibronectina;

m Analise qualitativa e quantitativa da interagdo bacteriana com monocamadas de

células epiteliais (linhagem HEp-2) hospedeiras em diferentes tempos de infecgéo;
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m Analise ultraestrutural dos processos de aderéncia e internalizacdo celular dos
micro-organismos através de microscopia eletrdnica de transmissdo (MET));

m Andlise da participacdo de microfilamentos, microtibulos e da fosforilacdo de
enzimas da classe das tirosina-cinases das células hospedeiras no processo de aderéncia e
internalizacdo bacteriana;

m Avaliacdo da capacidade de indugdo de morte (necrose e/ou apoptose) das células
hospedeiras infectadas;

m Correlagdo da capacidade de interacdo com as células hospedeiras com
propriedades biologicas descritas acima, incluindo: origem das amostras, perfil de resisténcia

aos agentes antimicrobianos, producdo de biofilme e indugdo de morte celular.
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3 RESULTADOS

Os resultados obtidos permitiram a publicacdo e/ou redacdo de 04 artigos cientificos

em periodicos qualificados pela CAPES apresentados a seguir:

1. Camello TC, Souza MC, Martins CA, Damasco PV, Marques EA, Pimenta FP, Pereira
GA, Hirata Jr R, Mattos-Guaraldi AL. Corynebacterium pseudodiphtheriticum isolated from
relevant clinical sites of infection: a human pathogen overlooked in emerging countries.
Letters Applied Microbiology 2009; 48: 458-64. (Qualis Al)

2. Souza MC, Santos LS, Gomes DL, Sabbadini PS, Santos CS, Camello TC, Asad LM, Rosa
AC, Nagao PE, Hirata Jr R, Mattos-Guaraldi AL. Aggregative adherent strains of
Corynebacterium pseudodiphtheriticum enter and survive within HEp-2 epithelial cells.
Memorias do Instituto Oswaldo Cruz 2012; 107: 486-93. (Qualis Al)

3. Souza MC, Ramos JN, Santos LS, Sousa LP, Sabbadini PS, Santos CS, Nagao PE, Vieira
VV, Gomes DLR, Hirata Jr R, Mattos-Guaraldi AL. Biofilm formation and binding activities
to fibrinogen and fibronectin by Corynebacterium pseudodiphtheriticum. (Submetido para
publicacdo — BMC Microbiology) (Qualis Al)

4. Souza MC, Santos LS, Costa AFE, Santos GJ, Conceicdo SL, Rosa AC, Nagao PE, Hirata
Jr R, Santos CS, Mattos-Guaraldi AL. Internalization of Corynebacterium

pseudodiphtheriticum by epitelial cells induces apoptosis (Em fase final de redacéo).
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Artigo 1: Corynebacterium pseudodiphtheriticum isolated from relevant clinical sites of

infection: a human pathogen overlooked in emerging countries.

Autores: Camello TC, Souza MC, Martins CA, Damasco PV, Marques EA, Pimenta FP,
Pereira GA, Hirata Jr R, Mattos-Guaraldi AL.

Revista: Letters Applied Microbiology 2009; 48: 458-64. (Qualis Al)

Resumo

O objetivo deste estudo foi examinar e determinar a ocorréncia de susceptibilidade
antimicrobiana de Corynebacterium pseudodiphtheriticum entre os pacientes com infeccdes
bacterianas em hospital universitario brasileiro. Um total de 113 amostras de C.
pseudodiphtheriticum foram isoladas de pacientes de diferentes grupos etarios: adultos 65-
48% (18 a < 59 anos), 9-73% idosos (> 60 anos); criangas 14-15% (<18 anos); 4-42% recém-
nascidos (0-7 dias). As amostras foram identificadas por métodos bioquimicos convencionais
e sistema API-Coryne. Os micro-organismos eram em sua maioria relacionados a infeccdes
no trato urinario (29,2%), respiratério (27,45%) e sitios intravenosos (18,6%). Cerca de
32,7% das amostras foram obtidas a partir de pacientes (26 adultos, 4 criangas com idade, 3-4
recém-nascidos) que apresentavam, pelo menos, uma das condi¢bes predisponentes:
insuficiéncia renal; transplante renal, AIDS e infeccdo pelo Mycobacterium tuberculosis,
cancer, cirrose hepatica, hemodialise e uso de cateter. Os testes de susceptibilidade aos
antimicrobianos revelaram fendétipos multirresistentes. A maioria das cepas demonstraram
resisténcia a oxacilina, eritromicina e clindamicina. Apesar das diferencas significativas na
idade e no estado funcional dos pacientes, C. pseudodiphtheriticum pode estar implicado
como uma causa de infecgdes respiratdrias e ndo respiratoria humanas. Os dados séo valiosos
para os profissionais indicando a ocorréncia de fendtipos multirresistentes e a possibilidade de
graves infec¢Bes causadas por C. pseudodiphtheriticum, um patégeno geralmente subestimado

em paises emergentes.
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Introduction

Abstract

Aims: To examine the occurrence of and to determine the antimicrobial sus-
ceptibility of Corynebacterium pseudodiphtheriticurn among patients with bacte-
rial infections at a teaching hospital.

Methods and Results: A total of 113 Coryne. pseudodiphtheriticum strains identi-
fied by conventional biochemical methods and API-Coryne System were recov-
ered from patients from different age groups: 6548% adults (18 to <59 years
old), 973% aged (260 years old); 14:15% infants (<18 years old); 4:42%
newborns (0-7 days). Micro-organisms were mostly related to infections in the
urinary (29-2%) and respiratory tracts (27-45%) and intravenous sites (18:6%).
Clinical samples were obtained only from 32:7% patients (26 adults, four aged,
four infants and three newborns) presenting at least one of the predisposing
conditions: end-stage renal disease; renal transplant; AIDS and Mycobacterium
tuberculosis infection; cancer, hepatic cirrhosis; haemodialysis and catheter use.
Antimicrobial susceptibility tests identified multiresistant phenotypes. Most
strains (>50%) were resistant to oxacillin, erythromycin and clindamycin.
Conclusions: Despite significant differences in age and functional status of
patients Coryne. pseudodiphtheriticum may be implicated as a cause of respira-
tory and nonrespiratory human infections.

Significance and Impact of the Study: Data are valuable for practitioners indi-
cating the occurrence of multiresistant phenotypes and the possibility of severe
infections due to Coryne. pseudodiphtheriticum, a pathogen usually overlooked
in emerging countries.

(Chudnicka et al. 2003); bronchitis (Ahmed et al. 1995;
Burke et al. 1997; Gutierrez-Rodero et al. 1999), tracheitis

During the last two decades, Corynebacterium pseudodiph-
theriticurn has been reported to cause human disease,
despite its common presence as a harmless commensal of
the upper respiratory tract and skin (Janda 1999; Funke
and Bernard 2007). Corynebacterium pseudodiphtheriticum
has been mostly recognized as a pathogen of the respira-
tory tract. Cases of nosocomial (Szmygin-Milanowska
etal. 2003) and community-acquired pneumonia

(Colt et al. 1991; Ramos et al. 1998), exsudative pharyngi-
tis (Izurieta et al. 1997) and rhinosinusitis (Voiriot et al
1986) have been reported. Nonrespiratory infections
include endocarditis (Morris and Guild 1991), oste-
itis/arthritis (Kemp et al. 2005), urinary tract infections
(UTI) (Nathan et al 1982), suppurative lymphadenitis
(LaRocco et al 1987), skin lesions (Cantarelli ef al. 2008)
and conjunctivitis (Li and Lal 2000).

© 2009 The Authors
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Corynebacterium pseudodiphtheriticum has been impli-
cated as a cause of infections in severely immunocompro-
mised adults.  Corymebacterium  pseudodiphtheriticum
infection has a high death rate (23%) in severely immu-
nocompromised patients in industrialized countries
(Tzurieta et al 1997). In various occasions patients suffer-
ing from Coryne. pseudodiphtheriticum infections had
undergone prior invasive procedures, transplants, or
underlying medical conditions such as chronic obstructive
pulmonary disease, malignancies and AIDS (Nathan et al
1982; Cimolai et al 1992; Burke ef al 1997; Szmygin-
Milanowska et al 2003; Teixido et al. 2007).

However, there are few reports on the pathogenicity of
Coryne. pseudodiphtheriticum in immunocompetent indi-
viduals (Chiner et al. 1999), and on the profiles of anti-
microbial susceptibdity of the clinical isolates from varied
sources, particularly in the emerging world. This study
was conducted to assess the distribution of Coryne
pseudodiph theriticum isolates in a teaching hospital over a
14 year period, located in Rio de Janeiro metropolitan
area, drawing attention to the microbiological and epide-
miological aspects of micro-organims isolated from rele-
vant clinical sites.

Materials and methods

Setting, patients and isolates

Between January 1993 and December 2006, a total of
1647 strains of irregular Gram-positive rods-IGPR,
including 1446 (87-79%) which were identified as Coryne-
bacterium  spp., were isolated from 168 872 bacterial
cultures from patients enrolled in different wards of a
600-bed teaching hospital. The hospital with intensive
care units, renal transplant program and ambulatories
serves the metropolitan area of Rio de Janeiro, Brazil,
with 6 million inhabitants.

In this descriptive study, we retrospectively reviewed 113
(7-8%) strains identified as Coryne. pseudodiphtheriticum
that were recovered from representative clinical sites of
patients with signs and symptoms of bacterial infection.

Diagnosis of bacterial infection was staged according to
CDC classification (Center for Disease Control and Pre-
vention 1992). Clinical data retrieved included: age, sex,
organ dysfunction, transplantation, cancer, AIDS, Myco-
bacterium tuberculosis infection, haemodialysis and cathe-
ter use. Data assessment was done on basis on the
prontuary’s review of patients,

Bacterial cultures and identification procedures

Clinical specimens were inoculated on Columbia agar
base added of 5% sheep blood and incubated at 37°C in

© 2009 The Authors
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3-5% CO, atmosphere and monitored for 72 h. Coryne-
bacterium-like colonies were selected for further identifi-
cation when were grown in any quantity from normally
sterile body fluid or when they were isolated in significant
numbers or in pure culture from other specimens (Funke
and Bernard 2007). The Maki's semi quantitative method
was used to distinguish infection (= 15 colonies) from
contamination of catheter-tips (Maki et al. 1977). For
quantitative BAL fluid cultures, colony count = 10* CFU
ml™" of potential pathogens was considered as positive.
Isolation until two and three species of micro-organisms
was regarded as polymicrobial infection for catheter-tips
and lower respiratory tract, respectively. Micro-organisms
were identified from the urine cultures in Cystine Lactose
Electrolytes Deficient agar (CLED; Merck, Darmstadt,
Germany), and considered as potential pathogen when
the growth was = 10" CFU ml™" as the only isolate or
= 10° CFU ml™" as predominant isolate; = 10" CFU ml™"
in cases of nephropathies. Blood specimens were ino-
culated into Bactec Plus anaerobic/aerobic vials and
processed in a Bactec 9240 continuous-monitoring system
(Becton-Dickinson  Microbiology System, Cockeysville,
MD, USA). All clinical samples yielding more than three
organisms were regarded contaminated and discarded
(Thomson 2007).

Corynebacteriun-like colonies were initially identified
by Gram staining, colonial morphology, pigmentation
and haemolytic properties. Corynebacterium pseudodiph-
theriticum strains characterized by the commercially avail-
able semi-automated identification API-Coryne System
(bioMérieux, Lyon, France) were decoded by the system
API web system [https//apiweb.biomerieux.com]|; profiles
accepted, 5001004, 300104, 7001004 (all possibility >90%)
(Almuzara et al 2006). Micro-organisms were also
assayed by the following conventional biochemical tests
(Funke and Bernard 2007; Pimenta et al. 2008): lipophil-
ia; catalase, urease, gelatinase, deoxyribonuclease and pyr-
arminamidase activities; nitrate reduction and esculin
hydrolysis and CAMP test. Corynebacterium pseudodiph-
theriticum NCTC 231 strain was used as control.

Antimicrobial susceptibility testing

Antimicrobial susceptibility profiles to 19 antimicrobial
agents were determined by the disc diffusion method,
using inocula of 0-5 McFarland standard. Plates were
incubated at 35°C for 24 h and re-confirmed at 48 h
using a cation-adjusted Mueller-Hinton agar added of 5%
sheep blood. Breakpoints for the susceptible strains were
used as suggested by the Clinical Laboratory Standards
Institute for bacteria excluded from Table 2A to 2K. As
there is not yet a defined standard for interpreting these
results, the one proposed in CLSI document M45-A
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(ISBN  1-36238-607-7) was used (Clinical Laboratory
Standards Institute (CLSI) 2007). The breakpoints for
Staphylococcus aureus were considered in the cases of pen-
icillin, oxacillin and ampicillin (Martinez-Martinez et al.
1995; Weiss ef al. 1996). The intermediate results were
included as resistant. fi-lactamase production was evalu-
ated by the Nitrocefin-disc method (Cefinase; Becton-

Dickinson, Erembodegen, Belgium).

Results

The results of the analysis of 113 Coryne. pseudodiphthe-
riticum strains isolated from clinical sites of patients of

T.CF. Camello et al.

different age groups in which infection was suspected are
displayed in Table 1. The pathogen was mostly (94-7%)
recovered in pure culture from clinical specimens.
Numerically predominant colonies of Coryne pseudodiph-
theriticum were observed in seven polymicrobial cultures
from pulmonary samples (12:9%) and catheter tips
(9-53%).

Corynebacterium pseudodiphtheriticum strains were pre-
dominantly (65-48%) isolated from adults at working age
followed by 14:15% children under the age of legal adult-
hood (infants), 973% aged and 4-42% newborns; 49%
from males (76% adults, 16% infants, 8% aged) and 51%
from females (71% adults; 16% infants, 13% aged).

Table 1 Cosynebacterium psewdodiphthenticum 113 strains isolated from patients of a university hospital - Rio de Janeiro (1993-2006): topogra-
phy, microbiological and clinical aspects

Micrabiclogical aspects

Clinical aspects

Gender (n)
Pure culture or predominant Age Mao. _— Underlying conditions
Topography % growth in polymicrobial cultures groups strRins M F {No. strains)
Urine 2920 *Pure Total 33 11 22 End-stage renal disease
Adutt 19 7 12 (14); haemodialysis (5);
Aged B8 2 renal transplant (4)
Infant 6
Respiratory tract 2745 Pure and polymicrobial Total 3 18 13
FUpper 1290 Fure Adult 4 1
{Lower 8710 1290% in association with Adult 25 15 10 AIDS (6); Mycobacterium
Haemaphilus influenzae; Aged 2 2 0 tuberculosss infection (2)
Pseudomonas
aeruginosa and/or
Stap hylococcus aureus
Intravenous sites 1860 Pure and polymicrobial Total 21 11 7
Blood 6666 Pure Adult 8 5 3 End-stage renal disease
Infant 6 {3); cancer (1)
Catheter tips 3333 9-53% in association with MRSA; Adutt 1 1 0
MRS and Streptococcus spp Infant 3 2 1
Newbom 3 Unknown NICU patients
Peritoneal fluid 442 Pure Total 5 2 3 End-stage renal disease
Adult 4 2 2 (3); haemodialysis (2);
Aged 1 [} 1 renal transplant (1); hepatic
cirrhosis {1); AIDS (1)
Surgical wounds 442 Pure Total 5 1 2 End-stage renal disease
Adult 3 1 2 (1); haemodialysis (1)
Newbom 2 Unknown NICU patients
§0thers 1591 Pure Total 7 4
Adult & a
Infant 1 a
Unknown 7
Unknown

*5.0 % 10° CFU ml™ {nephropathies) to 40 = 10° cFU mi™ {other cases).
#Nasopharyngeal infection (3) and oyst (1).
flower respiratory tract (BAL, bronchoscopic samples and pleural fluid).
§0thers, Ganglion/cervical necrosis (3), cornealocular secretion (2) ear secretion (3), synovial liquid (3) and unknown sites (7); Aged, =60 years-
ald; Adult at working age, 18 to < 59 years-old; Infant, any child under the age of legal adulthood (<18 years of age); Newbom (0-7 days); NICU,
necnatal intensive camre unit patients; methicillin resistant 5. aureus (MRSA), methicillin-resistant Staphylococcus spp (MRS).
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Urinary (29-2%) and respiratory (27-45%) tracts were
the most frequent sources of Coryne pseudodiphtheriticum
strains followed by intravenous sites (186%). Positive
cultures were observed in 37 (32:7%) clinical specimens
obtained from patients with at least one of the following
predisposing conditions: end-stage renal disease (19
adults, one aged and one infant); renal transplant (three
adults, one aged and one infant); AIDS (five adults, two
aged) and M. tuberculosis infection (two aged); cancer
(one adult), hepatic cirrhosis (one aged); neonatal inten-
sive care (five newborns); haemodialysis (eight adults)
and catheter use (one adult, three infants, three new-
boms).

Corynebacterium pseudodiphtheriticum strains were iso-
lated from the wrine of adults (58%), aged (24%) and
infants (18%); mostly (67%) females. Interestingly, the
pathogen was isolated from two noncontiguous organs
(urine and cervical necrosis) of one patient, indicating the
possibility of Coryne psewdodiphtheriticum  disseminated
infection.

Corynebacterium  pseudodiphtheriticum  were  isolated
from pulmonary samples of adults (25) and aged (two)
patients, but not from infants and newborns; 22% with
AIDS (two were also infected with M. tuberculosis);
mostly (63%) males.

From 21 Cornyme. psewdodiphtheriticum strains isolated
from intravenous sites, 67% were recovered from blood
samples of adults (eight) and pediatric (six) patients;
none from aged and neonates; three with end-stage renal
disease and one with cancer. Seven catheter tips were

Corynebacterium pseudodiphtheriticum infection

found to be infected (215 colonies) by Coryne. pseudo-
diphtheriticum. Catheter-related infections were mostly
(857%) observed in infants and newborns. Moreover,
Coryne. pseudodiphtheriticum strains were isolated from
the peritoneal fluid of patients presenting predisposing
conditions (four adults and one aged; three females). Five
strains were isolated from surgical wounds of adults (two
with end-stage renal disease and submitted to haemodial-
ysis) and newborns.

Corynebacterium  pseudodiphtheriticurn susceptibility
profiles to 19 antimicrobial agents are displayed in
Table 2. All 113 clinical isolates were susceptible to both
vancomycin and teicoplanin, Approximately 40% of the
isolates were resistant to at least one of the antibiotics,
with the exception of glycopeptides. Most of the strains
(>50%) were resistant to oxacilin, erythromycin or clin-
damycin. Clindamycin was slightly more active in vitro
than erythromycin. Resistance to penicillin and ampicillin
ranged from 389% to 44-2%. Negative results for f-lac-
tamase production evaluated by the nitrocefin-disc test
were observed for all 113 strains tested.

Multiresistance to at least 10 antimicrobial agents
(MR) was observed for 15:04% strains predominantly iso-
lated from the urine (eight strains) followed by surgical
wounds (three strains), lower respiratory tract (two
strains), catheter tips (one strain) and peritoneal fluid
(one strain). Five MR strains isolated from the urine
(two), surgical wounds (one), lower respiratory tract
(one) and peritoneal fluid (one) showed susceptibility
only to vancomycin and teicoplanin.

Table 2 Resistance to antimicrobial agents exhibited by Corynebacterium pseudodiphtheriticum strains solated from patients of a university hos-

pital - Rio de Janeiro

No. strains resistant to antimicrobial agents

Topographies
{No. strains) FEN  OXA AMP FOX CRO CTX CAZ ERY TET CHL GE  AMI CU  RF SKT  CIF IMP
Urine (33) 16 20 16 16 15 15 17 19 14 15 12 14 20 13 14 14 14
Respiratory tract
Upper (4) 0 1 0 0 0 0 0 2 2 0 0 0 0
Lower (27) 7 8 8 15 8 10 8 15 14 9 14 9 15 15 14 12 1"
Intravenous sites
Blood (14) 5 ] 7 6 6 5 ] 7 5 5 5 5 7 6 7 5] 5]
Catheter (7) 3 5 4 2 2 2 3 2 3 2 3 2 2 5 3 3 3
Surgical wounds (5) 4 4 4 2 3 2 3 3 4 3 4 4 4 4 4 3 4
Peritoneal fluid (5) 3 4 3 3 2 2 3 3 2 2 2 2 2 2 3 2 3
Others (18) 6 8 8 8 9 9 9 13 10 11 9 9 9 9 1" 10 8
Total (113) A 59 50 52 45 45 52 64 53 a7 50 45 &1 54 56 50 49
% 389 522 442 450 399 399 460 567 470 416 442 399 540 478 495 442 433

Others, Ganglion/cervical necrosis (3), corneal/ocular secretion (2) ear secretion (3), synovial liguid (3) and unknown sites (7); PEN, penicilin
R=025 pg ml™"; OXA, cxacilin R = 4 pg mi™"; AMP, ampicilin R = 05 pg ml™"; FOX, cefoxithin R = 32 ug mI™", CRO, ceftrizone R = 64 ug
ml™"; CTX, cefotaxime R = 64 pg mi™"; CAZ, ceftazidime R =32 pg ml™"; ERY, erythromycin R = 8 pg ml™"; TET, tetracycline R = 16 pg mi™";
CHL, chloramphenicol R = 32 ug ml™"; GEN, gentamicin R = 8 pg ml™"; AMK, amikacin 32 wg mI™"; CL, clindamycin R = 4 pg ml™"; RIF, rifampin
R =4 pg mi™; STX, trimethoprim-sulfamethoxazole R = 8152 pg mi™";.CIF, ciprofloxacin R = 4 pg mi™"; IMI, imipenen R = 16 pg ml™". All strains
were susceptible to vancomycin and teicoplanin.
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Discussion

Corynebacterium pseudodiphtheriticum has been implicated
as a cause of a variety of infections in severely immuno-
compromised patients for years. Cases of severe infections
due to Coryne. pseudodiphtheriticumn among the elderly
have been increasingly reported (Morris and Guild 1991;
Chiner et al. 1999; Li and Lal 2000; Chudnicka et al
2003; Szmygin-Milanowska et al. 2003; Kemp et al. 2005).
Thus, the significance of positive cultures for Coryne.
pseudodiphtheriticum obtained from representative clinical
samples of patients with signs and symptoms of bacterial
infection should not be overlooked.

Despite significant differences in age and functional sta-
tus of patients the pathogen was presently found distrib-
uted in various relevant topographies. Although Coryme.
pseudodiphtheriticum was mostly recovered from adults of
working age, similarly to previous observations in the lit-
erature (Ahmed ef al. 1995; Gutierrez-Rodero et al. 1999),
the pathogen was also isolated from patients of other age
groups. Approximately 10% clinical isolates were obtained
from the urine, lower respiratory tract and peritoneal
fluid of aged patients.

Although only a few reported cases of infection were
related with infants (<5 years of age) (LaRocco et al
1987; Cimolai et al 1992; lmurieta et al. 1997), in our
study 14:15% Coryne.  pseudodiptheriticum  infections
(urine, blood and catheter tips) were observed in infants
<18 years of age. To date, no previous study, to our
knowledge, has described infections due to Coryne.
pseudodiphtheriticum  in newborns. Interestingly, 4-42%
strains were presently recovered from surgical wounds
and catheter-related bloodstream infections in neonatal
intensive care unit patients.

Previous studies have observed a prevalence of Coryrne.
pseudodiphtheriticum  infections in males (Ahmed et al.
1995; Gutierrez-Rodero et al. 1999). Presently, no differ-
ences were observed between genders. Nevertheless, when
considered each site of infection separately, Coryne.
pseudodiphtheriticum was mostly isolated from the urine
and lower respiratory tract of females and males,
respectively.

Contrary to data observed in industrialized countries,
in our study Coryne. pseudodiphtheriticum strains were
mainly related with UTL The pathogen was recovered not
only from the urine samples of adults but also of elderly
and infants, UTL related to Conyne. psewdodiphtheriticum
was observed in patients without predisposing conditions.
Predisposing conditions in UTI patients included end-
stage renal disease, haemodialysis and renal transplant.
Although Coryne. pseudodiphtheriticum has never been
reported as a pathogen involved in abdominal cavity
infection, five strains were recovered from the peritoneal

T.CF. Camello et al.

fluid from elderly and adults with hepatic cirrhosis, end-
stage renal disease or AIDS.

Only a few proportion of Coryne. pseudodiphtheriticum
strains (5-3%) were isolated from patients with AIDS.
Micro-organisms  were mainly recovered from BAL
samples.

Corynebacterium pseudodiphtheriticum has seldom been
reported as a skin pathogen recovered from surgical
wounds, skin lesions and abscesses (Cantarelli et al
2008). Presently, MR strains were related with surgical
wounds in adults and neonatal intensive care unit
patients.  Corynebacterium  pseudodiphtheriticun  also
seemed to be associated with lymphadenitis in adults.
Only one case of rhinosinusitis was previously described
(Voiriot et al. 1986). In our study, four Coryme. pseudo-
diphtheriticum strains were isolated from the nasopharynx
of adults with signs of infection or cyst.

Corynebacterium pseudodiphtheriticurn was also isolated
from ocular secretions. According to some authors, the
significance of a positive culture in ocular surfaces should
not be overlooked, as keratitis and conjunctivitis may be
caused by Coryne. pseudodiphtheriticum (Li and Lal 2000).

The profiles of antimicrobial susceptibility of coryne-
bacteria, including Coryne pseudodiphtheriticumn, are not
frequently predictable (Riegel ef al. 1996; Lagrou et al
1998; Soriano et al. 1998; Camello ef al. 2003; Van Enk
2004). Except for the unvarying activity of vancomycin
and teicoplanin against Coryne. pseudodiphtheriticum, the
variability in resistance to other classes of antimicrobial
agents emphasizes the need for the continuous surveil-
lance of their resistance patterns.

Corynebacterium pseudodiphtheriticumn is generally con-
sidered as susceptible to fi-lactam agents, aminoglycosides,
rifampin and vancomycin. Susceptibility to ciprofloxacin,
lincomycin and tetracycline was found wvariable in the
literature.  Resistance to  macrolides, clindamycin,
trimethropim/sulphamethoxazole and chloramphenicol
was observed in some opportunities (Gutierrez-Rodero
et al 1999; Chudnicka et al. 2003; Szmygin-Milanowska
et al. 2003). The emergence of antimicrobial resistance
among Corynebacterium species has also been described to
penicillin and other f-lactam agents (Riegel et al. 1996
Lagrou et al. 1998; Soriano et al 1998; Janda 1999; Cam-
ello et al. 2003). In the present study, the percentage of
resistance to penicillin and ampicillin ranged from 38-9%
to 44:2%. Resistance to oxacillin, a penicillin resistant to
f-lactamases produced by Gram-positive cocc, reached
52:2%, suggesting a resistant pattern dependent on the
modification of receptors to penicillin, as observed to peni-
cillin-binding proteins from Staphylococei and Streptococed.
Data were corroborated by the negative results for
f-lactamase production of Coryne. pseudodiphtheriticum
strains. In accordance to resistance to penicilling, the
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percentage of Coryne. pseudodiphtheriticum strains resistant
to cephalosporins were as follows: 39-9% for ceftriaxone
and cefotaxime; 46% for cefoxitin and ceftazidime.
Resistance to imipenem was also observed for 43-3% of the
isolates. Data suggest a cross-resistance pattern among
f-lactam antibiotics displayed by Coryme. pseudodiphtheri-
ticum clinical isolates. Although cefotaxime has been previ-
ously found effective in the therapy of nosocomial
pneumonia caused by Coryne. pseudodiphtheriticum, in this
study, 37% of the clinical isolates from the lower respira-
tory tract were resistant to cefotaxime.

Accordingly, additional data of pathogenicity of this
organism to unexpected clinical sites and age groups con-
tribute to the existing body of knowledge. Present informa-
tion highlights the widening spectrum of Coryne
pseudodiphtheriticum infections and variable sensitivity to
antibiotics. Moreover, we believe that the small number of
cases in industrialized countries reported in the medical lit-
erature do not reflect the true incidence of Coryne. pseudo-
diphtheriticum in human infections worldwide, as universal
screening for these organisms is not routine policy in many
laboratories. Awareness among clinicians and microbiolo-
gists of the possible importance of these micro-organisms
in metropolitan areas of emerging countries certainly will
lead to an increase in number of reports.
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Artigo 2 - Aggregative adherent strains of Corynebacterium pseudodiphtheriticum enter and
survive within HEp-2 epithelial cells.
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LM, Rosa AC, Nagao PE, Hirata Jr R, Mattos-Guaraldi AL.

Revista: Memorias do Instituto Oswaldo Cruz 2012; 107: 486-93. (Qualis Al)

Resumo

Corynebacterium pseudodiphtheriticum € um patdgeno humano bem conhecido que
causa, principalmente, doenga respiratoria e esta associado com elevada taxa de mortalidade
em hospedeiros imunocomprometidos. Pouco se conhece sobre os fatores de viruléncia e
patogénese de C. pseudodiphtheriticum. Neste estudo, culturas de células epiteliais humanas
(HEp-2) foram utilizadas para analisar o padrdo de aderéncia, a internalizacdo e a
sobrevivéncia intracelular da amostra padrdo ATCC 10700 e dois isolados clinicos
adicionais. Estes micro-organismos exibiram um padrdo de aderéncia agregativa nas células
HEp-2 caracterizado por aglomerados de bactérias com aparéncia de um "empilhado de
tijolos". As diferencas na capacidade de invadir, sobreviver no interior de células HEp-2 e
multiplicar no ambiente extracelular até 24 h apds a infec¢do desses micro-organismos foram
avaliadas. O ensaio de coloracdo de actina fluorescente demonstrou que a polimerizacdo da
actina esta envolvida na internalizacdo das amostras de C. pseudodiphtheriticum. A
despolimerizacdo de microfilamentos por citocalasina E reduziu significativamente a
internalizacdo de C. pseudodiphtheriticum nas células HEp-2. A Internalizagdo bacteriana e o
rearranjo do citoesqueleto parecem ser parcialmente provocados pela ativagao da atividade da
tirosina-quinase. Apesar das cepas de C. pseudodiphtheriticum ndo demonstrarem capacidade
de replicar intracelularmente, as células HEp-2 ndo conseguiram eliminar completamente as
bactérias viaveis do sobrenadante das monocamadas infectadas no prazo de 24 h. Estas
caracteristicas contrubuem para o esclarecimento de como algumas amostras de C.

pseudodiphtheriticum podem causar infecgdo grave em pacientes humanos.
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Aggregative adherent strains of Corynebacterium pseudodiphtheriticum
enter and survive within HEp-2 epithelial cells

Monica Cristina de Souza', Louisy Sanches dos Santos’, Débora Leandro Rama Gomes™?,
Priscila Soares Sabbadini'?, Cinta Silva dos Santos!, Thereza Christina Ferreira Camello',
Lidia Maria Buarque Oliveira Asad*, Ana Claddia de Paula Rosa’, Prescilla Emy Nagao’,
Raphael Hirata Jinior', Ana Luiza de Mattos Guaraldi'/*
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Corynebacterium pseudodiphtheriticum is a well-known hwman pathegen that mainly causes respiratory disease
and is associated with high mortality in compromised hosts. Little is known about the virulence factors and patho-
genesis of C. pseudodiphtheriticum. In this study, cultured human epithelial (HEp-2) cells were used to analyse the
adherence pattern, internalisation and intracellular survival of the ATCC 10700 tvpe strain and two additional clini-
cal isolates. These microorganisms exhibited an aggregative adherence-like pattern to HEp-2 cells characterised
by clumps of bacteria with a “stacked-brick™ appearance. The differences in the ability of these microorganisms to
invade and survive within HEp-2 cells and replicate in the extracellular environment up to 24 h post infection were
evaluated. The fluorescent actin staining test demonstrated that actin polymerisation is involved in the internalisa-
tion of the C. pseudodiphtheriticum strains. The depolymerisation of microfilaments by cytochalasin E significantly
reduced the internalisation of C. pseudodiphtheriticum by HEp-2 cells. Bacterial internalisation and cytoskeletal
rearrangement seemed to be partially triggered by the activation of tyrosine kinase activity. Although C. pseudo-
diphtheriticum strains did not demonstrate an ability to replicate intracellularly, HEp-2 cells were unable to fully
clear the pathogen within 24 h. These characteristics may explain how some C. pseudodiphtheriticum strains cause
severe infection in human patients.

Key words: aggregative-like adherence pattern - Corynebacterium pseudodiphtheriticum -
HEp-2 cells - intracellular survival - persistence

Currently, more than half of all of the infectious
diseases that affect muldly immunocompromised pa-
tients involve bacterial species that are commonly en-
countered 1n the environment or are found among the
body’s nermal flora. Opportunistic pathogens, including
Corynebacterium pseudodiphtheriticum, are frequently
resistant to antimicrobial agents and there 1s no effective
vaccine against this microbe. C. pseudodiphtheriticum
has been reported to cause human disease in both im-
munocompromised and immunocompetent individuals,
despite the fact that it 1s commonly found as a harm-
less commensal organism on the skin and in the upper
respiratory tract (Ahmed et al. 1995, Burke et al. 1997,
von Graevenitz et al. 1998, Camello et al. 2009, Martins
et al. 2009, Bittar et al. 2010, Olender & Niemcewicz
2010). Infections caused by C. pseudodiphtheriticum in-
clude endocarditis (Morris & Guild 1991), bacteraemia
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(Das et al. 2003), pneumonia (Roig et al. 1993, Chiner
et al. 1999 Martaresche et al. 1999, Chudnicka et al.
2003, Morinaga et al. 2010), tracheobronchitis (Craig et
al. 1991), necrotising tracheitis (Colt et al. 1991), exuda-
tive pharyngitis (Izurieta et al. 1997) and rhinosinusitis
(Voiriot et al. 1986). in addition to osteitis (Roux et al.
2004). arthritis (Kemp et al. 2005). suppurative lymph-
adenitis (LaRocco et al. 1987), conjunctivitis (L1 & Lal
2000) and skin (Cantarelli et al. 2008) and urinary tract
infections (Nathan et al. 1982).

Opportunistic pathogens may have an array of viru-
lence factors that facilitate their attachment to host cells
and enable tissue invasion. Recent advances 1 the un-
derstanding of the molecular biology of these organ-
isms have shed considerable light on the ability of these
pathogens to survive within host tissues and confer re-
sistance to clearance by host immune mechanisms and
antimicrobial agents (Odeh & Quinn 2000). Therefore,
a better understanding of the biology and recognition of
the virulent potential of C. pseudodiphtheriticum strains
may help to effectively prevent the infections caused by
them. To date, only one study has described the inter-
action of C. pseudodiphtheriticum with eukaryotic cells
(Yanagawa & Honda 1976). The authors of that report
showed that the C. pseudodiphtheriticum ATCC 10700
strain possessed a large number of pili. ranging from
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dozens to more than a hundred. in 91-100% of the bac-
terial cells. However. the microorganism did not show
the ability to agglutinate sheep erythrocytes, suggesting
that some C. pseudodiphtheriticum strains exhibit a hae-
magglutination (HA)-negative phenotype, as previously
observed for some strains of diphtheria bacilli (Mattos-
Guaraldi & Formiga 1991). For some human pathogens,
the (HA)-positive phenotype was reported to be more
virulent than the non-haemadherent phenotype (Kang et
al. 2002). Additional studies are necessary to investigate
whether C. pseudodiphtheriticum strains that have the
(EHA)-positive phenotype exist and. if so, to what extent
they are involved in human infections.

In this study, we investigated the adherence pattern,
invasion, intracellular survival and persistence of C.
pseudodiphtheriticum within human epithelial cells.

MATERIALS AND METHODS

Bacterial strains and culture conditions - The C.
pseudodiphtheriticum ATCC 10700 type strain, 1solated
from exudative pharyngitis (Izurieta etal. 1997) and two
clinical isolates previously obtained from patients (Ca-
mello et al. 2009, Martins et al. 2009) that were treated
at a teaching hospital in the metropolitan area of Rio de
Janeiro, Brazil were used in these experiments. The clin-
ical strains included the HTR1503 strain, which was iso-
lated from the bronchoalveolar lavage (BAL) of a patient
with pneumonia, and the HHC1507 strain, which was
isolated from a blood sample of a patient with bacter-
aemia. The microorganism identification originally con-
ducted using conventional biochemical tests (Funke &
Bernard 2007, Camello et al. 2009) was reconfirmed by
the use of the API-Coryne System (bioMérieux, Lyon,
France), according to the manufacturer’s mnstructions,
using several profiles: 1001004, 3001004 and 3001004
(all probabilities = 90%) (Almuzara et al. 2006). Stock
cultures were maintained 1n 10% skim milk containing
25% glycerol at -80°C.

All experiments were conducted with microorgan-
1sms grown in trypticase soy broth for 48 h at 37°C and
washed twice in phosphate-buffered saline (PBS) (0.01
M: pH 7.2) (Hirata Jr et al. 2002).

Haemagglutination (HA) - HA assays were performed
with 0.5% suspensions of human B erythrocytes, as previ-
ously described for Corynebacterium diphtheriae. The CDC
E-8392 and TR.241 strains were used as positive and nega-
trve controls, respectively (Mattos-Guaraldi et al. 1991).

Qualitative and quantitative human epithelial
(HEp-2) adherence, invasion and persistence assays -
HEp-2 cells. derived from a human epidermoid larynx
carcinoma, were grown in Eagle’s minimum essen-
tzal medium (MEM) (Sigma Chemical Co. MO, USA)
supplemented with 5% foetal calf serum (FCS) (Gibco
BRL. NY. USA), 50 pg mL! gentamicin, 2.5 pg mL?!
amphotericin B and 0.5% L-glutamine at 37°C, in a 5%
CO, atmosphere.

Adherence assays were performed with semi-con-
fluent HEp-2 monolayers grown on circular cover slips
(13 mm diameter). At 3 h post-infection, Giemsa-stained
cover slips were examined by bright field microscopy.
Microorganisms were evaluated for their ability to

demonstrate the following adherence patterns: loca-
lised adherence (LA), characterised by small clusters of
bacteria resembling microcolonies, diffuse adherence
(DA), characterised by bacteria randomly distributed
over the surfaces of the HEp-2 cells, or aggregative
adherence (AA), characterised by clumps of bacteria
with a “stacked-brick™ appearance. C. diphtheriae CDC
E-8392, TR 241 and HCO1 strains were used as controls
for DA, LA and A A-like adherence patterns, respective-
ly (Hirata Jr et al. 2004, 2008).

Bacterial viable counts were performed using mono-
layers of HEp-2 cells grown to approximately 95%
confluence and infected with C. pseudodiphtheriticum
[108-107 colony-forming unit (CFU) mL7] suspended in
MEM [multiplicity of infection (MOI) of 10]. After in-
cubation periods of 0.5h, 1 h, 3 h, 6 h and 24 h, infected
HEp-2 cells were washed six times, lysed with 0.1% Tri-
ton X-100 in PBS and diluted and plated onto Columbia
agar base (Hirata Jr et al. 2002, 2004).

To determuine the intracellular viable bacteria (IC)
counts, monolayers were washed six times with PBS
and treated with 150 ug mL" gentamicin sulphate for
1 h. The number of IC was determined after lysis of the
monolayers with 250 pL of 0.1% Triton X-100 in PBS.
For each incubation period, the percentage of intracel-
lular bacteria was deduced from the number of HEp-2
cell-associated bacteria. Index values of the IC related
to bacteria associated with HEp-2 cell monolayers were
also determined (Hirata Jr et al. 2002, 2004, Moreira et
al. 2003). The bacterial counts (CFU) in supernatants
and HEp-2 monolayer lysates were determined at each
incubation period. The percentage of cell-associated
bacteria (EC + IC) at each incubation period was calcu-
lated as follows: lysate CFU = (lysate CFU + supernatant
CFU)! = 100 (Moreira et al. 2003).

To evaluate bacterial persistence, viable bacteria
were recovered from the lysates of monolayers main-
tained 1n the presence of gentamicin for 24 h (T24P).
Briefly, the monolayers were washed six times with PBS
at 3 h post-infection and subsequently treated with 150
ug mL? gentamicin sulphate for 24 h. The persistence of
intracellular bacteria was determined by viable counts
(CFU mL") conducted after the monolayers were lysed
with 250 pL of 0.1% Triton X-100 in PBS at 24 h post-
infection (Dépfer et al. 2001).

Fluorescent actin staining (FAS) test - Semi-conflu-
ent HEp-2 monolayers were infected with the bacterial
strains. After 3 h of incubation. infected cells were rinsed
six times with PBS. fixed for 15 min with 3% formalde-
hyde and then treated with 0.1% Triton X-100 1n PBS for
5 min. Monolayers were washed three times with PBS
and treated with 5 ng mL" flucrescein-conjugated phal-
loidin (Sigma) for 30 min. FAS test results were consid-
ered positive when foci of intense fluorescence corre-
sponded to areas of bacterial adhesion observed under
phase-contrast microscopy (Hirata Jr et al. 2004). The
C. diphtheriae CDC E-8392 strain was used as a positive
control (data not shown).

Treatment of HEp-2 cells with cytochalasin E and
genistein - HEp-2 monolayers were pre-treated with
5 uM cytochalasin E and 100 pM genistein (both pur-
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chased from Sigma) in MEM for 30 min and washed
twice before bacterial infection. The percentages of
cell-associated and IC were determined as described
above (Hirata Jr et al. 2004).

Statistical analysis - Each expertment was carried out
in triplicate and repeated three times. Statistical analy-
s1s was performed using Tukey’s test in GraphPad Prism
software to compare the means of the experimental
groups; p < 0.05 was considered statistically significant.

RESULTS

H4 - None of the microorganisms we tested were
able to agglutinate human erythrocytes, including the
fimbriated ATCC 10700 type strain (data not shown).

Adherence, entry and survival of C. pseudodiph-
theriticum strains in HEp-2 cells - The microscopic
examination of HEp-2 epithelial cells infected with
C. pseudodiphtheriticum revealed an AA-like adher-
ence pattern characterised by clumps of bacteria with a
“stacked-brick™ appearance (3 h), as illustrated in Fig. 1.
Microorganisms were also attached to the surfaces of the
cultured epithelial cells at focal points and to exposed ar-
eas of the glass slide around the HEp-2 cells. HEp-2 cells
that were infected with C. pseudodiphtheriticum showed
large cytoplasmic vacuoles.

The results of the quantitatrve cell-associated bacte-
ria (EC + IC) and IC tests at different incubation times
are shown in Table I C. pseudodiphtheriticum strains
were able to adhere to and survive within HEp-2 cells
at different levels at the specified periods of incubation.
Viable cell-associated bacteria were detected at 30 min
post-infection. The highest percentages of associated
bacteria were observed at 6 h post-infection. Viable as-
sociated bacteria were detected at different levels at 24 h
post-infection for the ATCC 10700/pharyngitis (15.13%)
and HTR1503/pneumonia (51.90%) strains, except for
the HHC1507/bacteraemia strain.

Viable internalised bacteria were initially detected at
3 h post-infection of the monolayers. regardless of the
origin of the C. pseudodiphtheriticum strain. The high-
est percentages of viable intracellular bacteria deduced
from HEp-2 cell-associated bacteria were observed at 6
h post-infection for the HHC1507/bacteraemia (3.43%)
and ATCC 10700/pharyngitis (3.23%) strains. The
ATCC 10700/pharyngitis strain showed an average ra-
tio of viable intracellular bacteria to bacteria associated
with HEp-2 cell monolayers of 1:10. while the HHC1507/
bacteraemia and HTR1503/pneumonia strains exhibited
ratios of 1:38 and 1:54, respectively.

Although all strains tested were able to adhere to and
survive within HEp-2 cells until 6 h post-infection. the
ATCC 10700/pharyngitis type strain exhibited greater
survival (44.82%) within HEp-2 cells at 24 h post infec-
tion than did the HTR1503 (pneumonia) strain (0.38%)
(Table I). For the HHC1507 strain (bacteraemia), viable
bacterial cells were only observed in the supernatant of
infected HEp-2 cells at 24 h post-infection (Table II).

Bacterial persistence following a longer period of in-
fection (24 h) - The results of the experiments on the in-
tracellular survival and persistence of C. pseudodiphthe-

Fig. 1: light micrographs illustrating the aggregative (AA)-like adher-
ence pattern to human epithelial (HEp-2) cells (3 h) of Corynebacteri-
um psendodiphtheriticum (HHC1507 strain). AA-like adherence pat-
tern was characterized by clumps of bacteria with a “stacked-brick™
appearance (circles) (A); bacterial aggregates of ATCC 10700 strain
when adherent to and internalized within loose vacuoles by HEp-2
cells (6 h) (B). Magnification- 1.000X.

riticum strains at 24 h post-infection are shown in Table
II. C. pseudodiphtheriticum strains were able to survive
in the presence of HEp-2 cells at different levels until
24 h post-infection. Bacterial growth in the extracellular
environment after this long period of incubation (24 h)
was observed only for the ATCC 10700/pharyngitis type
strain. The intracellular persistence of bacteria at 24 h
post infection was observed for both the C. pseudodiph-
theriticum ATCC 10700/pharyngitis type strain and the
HTR1503/pneumonia strains (p = 0.05), but not for the
HHC1507/bacteraemia strain. The clinical 1solates were
unable to replicate intracellularly under the experimen-
tal conditions that were used.

The evaluation of the cytoskelatal rearrangements
accompanying the adherence and entry of C. pseudo-
diphtheriticum into HEp-2 cells - As shown by the FAS
test. C. pseudodiphtheriticum was able to trigger actin
polymerisation in HEp-2 cells (Fig. 2). The accumula-
tion of polymerised actin was observed directly beneath
the adherent bacteria.

The results exhibited in Fig. 3 show that the inter-
nalisation of the C. pseudodiphtheriticom HHC1507/
bacteraemia and HTR1503/pneumonia strains was com-
pletely inhibited by cytochalasin E. The adhesion of the
HHC1507/bacteraemia strain to HEp-2 cells was also
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TABLEI

Corynebacterium pseudodiphtheriticum viable cells associated to and internalized
by human epithelial (HEp-2) epithelial cells at different periods of incubation

Viable bacteria
ATCC 10700/ HTRI1503/ HHC1507/
exudative pharyngitis preumonia bacteraemia
Time EC+IC IC EC+IC IC EC+IC IC
() (%) (%) (%) (*e) (%) (%)
TO0.55 10.512 0 31167 0 441 0
TIS 4330 0 16.36 0 4300 0
T35 56° 3.23¢ 31314 0.65 44365 0.36
T6S 53700 3.23¢ 51.15¢ 1.70 48.83 343
T245 1513« 44.82 51.90¢ 0.38 0 0

a-f- results of comparative analysis presenting p = 0.05. EC + IC: extracellular + intracellular (viable bacteria associated to HEp-2
cells), IC: viable associated bacteria found in cell lysates obtained from monolayers previously treated with gentamicin (1 h).
Means of three experiments and repeated three times. p < 0.05 considered statistically significant.

TABLEII

Survival (T245) and persistence (T24P) of Corynebacterium pseudodiphtheriticum strains
at 24 h post infection of human epithelial (HEp-2) epithelial cells®

Viable bacteria (colony-forming unit mL7)

ATCC 10700/ HTRI1503/ HHC1507/

exudative pharyngitis pneumonia bacteremia
SN IC SN IC SN (o
T0 87x 108 - 6.7 108 - 16 x 106 -
T248 127x 107 1.07x 107¢ 30x108 1x 10%¢ 9x10° 0
T24P 0 1x10%¢ 1x 10% 0 0

a:bacterial inoculums of ~8 x 10° bacteria; b, ¢: results of comparative analysis considering p = 0.05; IC: viable bacteria recovered
at 24 h post-infection from lysates of monolayers previously treated (1 h) with gentamicin (T24S) and maintained in the presence
gentamicin (T24F); SN: viable bacteria recovered from the supernatants of infected monolayers. Means of three experiments and
repeated three time. p <= 0.05 considered statistically significant.

completely inhibited by blocking actin polymerisation.
For the HTR1503/pneumonia strain, the inhibition of in-
ternalisation led to a greater deposition of bacteria on
the surfaces of cytochalasin E treated cells. These data
indicate that actin-dependent mechanisms are ivolved
in the adherence and internalisation of the HHC1507
strain. In contrast. distinct mechanisms could account
for the adherence and internalisation of the HTR1503
strain. An actin-dependent mechanism seemed to be in-
volved 1n the mternalisation, but not the adherence, of
the invasive HTR1503 strain.

For the ATCC 10700-type strain, cytochalasin did
not completely inhibit bacterial adherence or invasion,
suggesting that actin-independent mechanisms contrib-
ute both processes.

To investigate whether the adherence and invasion
processes involved actin polymerisation via a phosphoty-
rosine-signalling cascade, the bacterial interaction with
HEp-2 cells was evaluated in the presence of genistein,
a tyrosine kinase inhibitor. The data indicate that the C.
pseudodiphtheriticum adherence and invasion processes
involve actin polymerisation via a phosphotyrosine-sig-
nalling cascade in different ways.

The adherence processes of the ATCC 10700 and
HHC1507 stramns involved actin polymerisation via a
phosphotyrosine-signalling cascade at different levels
(p = 0.05). The inhibitory effect of genistein on inter-
nalisation was significant for ATCC 10700 (p < 0.001)
and HTR1503 (p < 0.05) strains. Conversely, the inhibi-
tion of the phosphotyrosine-signalling cascade led to a
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Fig_ 2: fluorescence (A) and phase-contrast microscopy (B) showing
positive fluorescent actin staining (FAS) test of Corynebacterium
preudodiphtheriticum. Focl of intense fluorescence corresponded to ar-
eas of bacterial adhesion observed under phase-contrast. Micrographs
of control strains Escherichia coli EX348/69 (FAS-positive) and E. coli
DHS5-a (FAS-negative) were not shown. Magmfication: 1.000X.

significant (p < 0.001) increase in the number of viable
ntracellular bacteria of the HHC 1507 strain.

The inhibition of tyrosine kinases did not influence
the adherence of HTR1503 and only partially reduced
the internalisation of the ATCC 10700 and HTR1503
strams. In contrast to the ATCC 10700 strain, the data
suggest that the HHC1507 strain has an invasion process
that imvolves actin polymerisation, but 1s largely inde-
pendent of phosphotyrosine signalling.

Although the adherence and invasion of C. pseudo-
diphtheriticum involved actin polymerisation via a phos-
photyrosine-signalling cascade, the data also suggest that
some strains may be able to trigger actin polymerisation
1n HEp-2 cells independent of phosphotyrosine signalling.
The data also suggest that microfilament-independent
mechanisms are triggered during the adherence, entry and
intracellular survival of some C. pseudodiphtheriticum
strains in cultured human respiratory epithelial cells.

DISCUSSION

The behaviour of a microorganism within epithelial
cells provides some insight into its overall pathogenic
strategy. Bacterial adherence to mucosal and epithelial
cell structures 1s important not only for microbial per-
sistence in the airways, but also for its systemic dissemi-
nation (Ruse et al. 2000). Moreover, the internalisation
of bacteria by epithelial cells indicates that such species
have developed specialised mechanisms that co-opt nor-
mal host cell functions and stimulate their own uptake
and adaptation to the intracellular environment (Meyer et
al. 1997). Infectious organisms are frequently introduced
to the cell by endocytosis. Cytoplasmic vacuolisation
and degradation suggest the death of infected cells, which
could provide a route for the dissemination of microor-
ganisms to distal sites, where foci of metastatic infection
could be established (Henics & Wheatley 1999). Previ-
ous studies have shown that diphtheria bacilli can enter
epithelial cells through an mntimate adherence to the cell
membranes, as well as the presence of the bacteria inside

vacuoles. Here, we showed that during the invasion of
HEp-2 cells. numerous C. pseudodiphtheriticum bacte-
ria are present within a single membrane-bound vacu-
ole, concomitant with epithelial cell detachment. These
mechanisms may be relevant for in vivo infections, al-
lowing C. pseudodiphtheriticum to breach the epithelial
cell barrier and enter deeper tissues.

In this study, C. pseudodiphtheriticum strains asso-
ciated with human infection showed variations in their
abilities to replicate in the extracellular environment and
survive in the presence of HEp-2 cells. Our data also
suggest that C. pseudodiphtheriticum not only multiplies
at and remains on the surface of the host, but also may
use its attachment to epithelial cells as an essential step
to reach to deeper tissues or to other sites.

During infection, many pathogenic bacteria modu-
late the actin cytoskeleton of eukaryotic host cells to fa-
cilitate various infectious processes, such as the attach-
ment to or invasion of epithelial cells. The much-studied
enteropathogenic bacteria primarily usurp host cell
microfilaments for entry (Chu & Lu 2005). Entry into
non-phagocytic cells involves a triggering of host signal
transduction mechanisms to induce rearrangements of
the host cytoskeleton. thereby facilitating bacterial cell
uptake. Activation of the tyrosine kinase activity 1s a
common feature in the signal transduction pathways that
lead to the internalisation of invasive pathogens (Finlay
etal 1991, Tanetal 1998).

In the mvasion process of C. pseudodiphtheriticum,
the binding of the bacterium triggers a signal in the
epithelial cell that causes the re-organisation of the cy-
toskeleton components that surround the organism and
provide the force necessary for bacterial uptake. How-
ever, C. pseudodiphtheriticum strains showed varying
abilities to trigger host signal transduction mechanisms
to induce such rearrangements of the host cytoskeleton
during their invasion processes. Cytoskeletal rearrange-
ment appeared to be partially triggered by activation of
tyrosine kinases. Moreover, some strains of C. pseudo-
diphtheriticum may generate microfilament-independent
pathways for bacterial uptake, as previously observed
among other human pathogens (Meyer et al. 1997).

The adhesion to and intracellular persistence within
HEp-2 cells were high in the piliated C. pseudodiphtheri-
ficum ATCC 10700 strain. Unlike C. diphitheriae (Mattos-
Guaraldi & Formuiga 1991), the C. pseudodiphtheriticum
strains evaluated in this study were unable to aggluti-
nate human erythrocytes. Therefore, the pilins of the
C. pseudodiphtheriticuon ATCC 10700 type strain were
unable to function as erythrocyte agglutinins in sheep
(Yanagawa & Honda 1976) and humans. The observed
differences in the ability of these strains to adhere, enter
and survive within host cells suggest a qualitative and/
of quantitative diversity in the expression of the bacterial
components that function as adhesin(s) and/or 1nvasin(s).

In several studies, opportunistic and true pathogens
have been classified based on their adherence patterns
to tissue culture cells. The AA pattern of adhesion was
recognised i Klebsiella pneumoniae strains that are
associated with neonatal colitis in a nosocomial envi-
ronment (Livrelli et al. 1996). For diarrhoeagenic Es-
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Fig. 3: effect of pre-treatment of human epithelial (HEp-2) cells with cytochalasin E. genistein and colchicine inhibition assays on adherence
and entry of Corynebacterium psendodiphtheriticum ATCC 10700, HTR.1503 and HC1507 strains at 3 h post-infection. Each experiment was
carried out in triplicate and repeated three times. Asterisk means p = (.03.

cherichia coli, the association of adhesion patterns with
different clinical syndromes has been well established
(Nataro & Kaper 1998). Recently, the AA properties of
cultured epithelial cells were associated with the inva-
stveness and intracellular survival of enteroaggregative
E. coli (EAEC) (Pereira et al. 2008) and C. diphtheriae
(Hirata Jr et al. 2008) strains. All of the C. psendodiph-
theriticum strains tested were different from diphtheria
bacilli and showed an A A-like pattern, regardless of the
origin of the 1solate. Similarly to EAEC, two C. pseudo-
diphtheriticum clinical isolates (ATCC10700/exudative
pharyngitis and HTR1503/pneumonia) exhibited AA-
like adhesive properties associated with invasiveness
and intracellular persistence. The AA-like HHC1507/
bacteraemia strain was unable to persist in the intracel-
lular compartment; viable bacteria were observed only
in the supernatants. These data suggest differences in
the virulence mechanisms of the various C. psendodiph-
theriticum strains.

Extracellular pathogens. such as uropathogenic E.
coli (Mulvey et al. 2001) and Helicobacter pylori (Nec-
chi et al. 2007). have been shown to transiently colonise
the intracellular environment of the mucosal epithelia as
a strategy for long-term persistence. Similarly, the abil-
ity of bacteria to survive within host cells may serve to

intensify the pathogenicity of C. pseudodiphtheriticum.
The utilisation of the intracellular space by C. pseudo-
diphtheriticum could be a means of survival under ad-
verse extracellular conditions. The microorganisms test-
ed were differentially able to enter and persist for long
periods within epithelial cells from the human larynx.
Investigations are just beginning to uncover the process-
es used by C. pseudodiphtheriticum to invade epithelial
cells and breach the blood barrier. It 1s already clear that
the processes used by this “opportunistic” bacterium
mimic those used by a group of well-known invasive hu-
man pathogens. Our results suggest that epithelial cells
may play a role in the dissemination of some C. pseudo-
diphtheriticum strains throughout the respiratory tract
and other sites in the human body.
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Resumo

As infeccbes relacionadas a biofilme sdo as principais causas de morbidade e
mortalidade. Os biofilmes concedem a varios patdgenos bacterianos a capacidade de se
tornarem colonizadores persistentes, de melhorar a sua resisténcia aos antibidticos e o
intercambio de material genético. Corynebacterium pseudodiphtheriticum, um micro-
organismo comensal da pele e trato respiratorio superior, tem sido cada vez mais resistente a
agentes antimicrobianos e responsavel por graves infeccdes nosocomiais. No entanto, 0s
fatores de viruléncia de C. pseudodiphtheriticum e seus mecanismos de acdo ainda ndo estéo
claros. Neste estudo relatamos as propriedades adesivas e formacgéo de biofilme sobre as
superficies abioticas hidrofilicas (vidro) e hidrofébicas (plastico) de amostras de C.
pseudodiphtheriticum isoladas de pacientes com infeccdes localizada (ATCC10700/Faringite)
e sisttmica (HHC1507/Bacteremia). A adesdo ao poliestireno atribuida as interacbes
hidrofébicas entre as células bacterianas e a esta superficie carregada negativamente
indicaram o envolvimento de hidrofobicidade da superficie celular na fase inicial da formacéo
de biofilmes. Subsequentemente, os micro-organismos ligados e multiplicados formaram
microcol6nias acumuladas como agrupamentos de células em varias camadas, um passo que
envolveu a adesdo intercelular e a sintese de moléculas de matriz extracelular. O crescimento
adicional conduziu a formacdo de agregados bacterianos densos incorporados na matriz
exopolimérica rodeado por uma rede de canais, tipicas de biofilmes maduros. Os dados
também mostraram que C. pseudodiphtheriticum interage com fibrinogénio humano (Fbg),
fibronectina (Fn) humana e o envolvimento destes componentes sericos na formagdo de
biofilme. Estas descobertas sugerem que a formacdo de biofilme pode estar associada com a
expressao de adesinas diferentes, conforme atualmente demonstrado na formagéo de biofilme

aderente de crescimento in vitro em superficies hidrofilicas e hidrofobicas abioticas. A
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afinidade para Fbg, Fn e a capacidade de formacdo de biofilme pode contribuir para o

estabelecimento e disseminacédo da infeccdo causada por C. pseudodiphtheriticum.
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Abstract

Background: Biofilm-related infections a major cause of morbidity and meortality. Biofilms
allow several bacterial pathogens to become persistent colonizers, enhance their resistance to
antibiotics and exchange genetic material. Corynebacterium pseudodiphtheriticum, a
commensal microorganism on the skin and upper respiratory tract, has been progressively
more resistance to antimicrobial agents and responsible for severe nosocomial infections.
However, C. pseudodiphtheriticum virulence factors and their mechanisms of action remain
unclear. Results: Herein, we report the adhesive properties and biofilm formation on
hydrophilic (glass) and hydrophobic (plastic) abiotic surfaces by C. pseudodiphtheriticum
strains isolated from patients with localized (ATCC10700/Pharyngitis) and systemic
(HHC1507/Bacteremia) infections. Adherence to polystyrene attributed to hydrophobic
mteractions between bacterial cells and this negatively charged surface indicated the
mvolvement of cell surface hydrophobicity i the initial stage of biofilm formation.
Subsequently. the attached microorganisms multiplied and formed microcolonies that
accumulated as multilayered cell clusters. a step that mvolved intercellular adhesion and
synthesis of extracellular matrix molecules. Further growth led to the formation of dense
bacterial aggregates embedded in the exopolymeric matrix swrrounded by voids, typical of
mature biofilms. Data also showed C. pseudodiphtheriticum recognizing human fibrinogen
(Fbg) and fibronectin (Fn) and involvement of these sera components in biofilm formation in
“conditioning films”. Conclusions: These findings suggest that biofilm formation may be
associated with the expression of different adhesins. C. pseudodiphtheriticum may form
biofilm in vive possibly by an adherent biofilm mode of growth in vitre currently
demonstrated on hydrophilic and hydrophobic abiotic surfaces. The affinity to Fbg and Fn and
the biofilm-forming ability may contribute to the establishment and dissemination of infection
caused by C. pseudodiphtheriticum.

[ B
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Background

Corynebacterium pseudodiphtheriticum emerged as an opportunistic pathogen
responsible for nosocomial infections associated with high mortality of immunocompromised
hosts. In various occasions patients suffering from C. pseudodiphtheriticum infections had
undergone transplants or underlying medical conditions such as chronic obstructive
pulmonary disease. malignancies and ATDS. The pathogen is frequently resistant to several
antimicrobial agents and may also cause disease in immunocompetent individuals [1.2.3.4.5].
Infections caused by C. pseudodiphtheriticum include exudative pharyngitis [6]. necrotising
tracheitis [7], tracheobronchitis [8]. pneumonia [9]. bacteremia [10] and endocarditis [11]. C.
pseudodiphtheriticum have been also associated to catheter-related intravenous infections,
ineluding neonates [12.13]. Accordingly. C. pseudodiphtheriticum may be more virulent than
expected.

Pathogenic microorganisms may have an array of mechanisms that facilitate their
attachment to abiotic and biotic surfaces and ability to gain access to adjacent tissues and
circulatory system [14.15.16]. A better understanding of the biology and recognition of the
virulent potential of C. pseudodiphtheriticum strains will certainly help to effectively prevent
the infections caused by them. Therefore, the present study was undertaken to demonstrate
adhesive activities to abiotic surfaces and biofilm formation by C. pseudediphtheriticum

clinical isolates.

Results
Biofilm formation on hydrophilic material. Bacterial viability and morphological features
of biofilm produced on glass surfaces demonstrated by CSLM assays are displayed in Figure

1. Both ATCC 10700/Pharyngitis and HHC1507/Bacteremia strains were able to adhere to



and to produce biofilm on hydrophilie glass surfaces. The photomicrographs showed 2-day-
old biofilms in a mature stage exhibiting voids within microcolonies. Microorganisms with
intact cell membranes (alive) stained fluorescent green and bacteria with damaged membranes

(dead) stained fluorescent red in biofilm communities of C. pseudodiphtheriticum.

Biofilm formation on hydrophobic plastic surfaces.

In vitro catheter infection. Evaluation by both Maki’s semiquantitave roll plate test (>15
CFU) and quantitative catheter culture assays (> 5.0 x 10* CFU) showed that viable bacterial
cells of both C. pseudodiphtheriticum strains extensively attached to and multiplied on the

surfaces of positively charged polyurethane catheter segments as illustrated in Figure 2A.

Morphological features of C. pseudodiphtheriticum adherence to polyurethane catheters
surfaces observed by SEM. Micrographs displayed in Figure 2 showed lumen (Figure 2B)
and external (Figure 2C) surfaces of polyurethane catheters colonized in vitro by the
HHC1507/Bacteremia strain. C. diphtheriae strain BR-CAT5003748 strain and S. epidermidis
used as positive controls are displayed in Figures 2E and 2F, respectively. A large amount of
biofilm exhibiting bacterial microcolonies and amorphous material was observed on catheter
mner surfaces infected with both C. pseudodiphtheriticum ATCC 10700/Pharyngitis and

HHC1507/Bacteremia strains.

Biofilm formation on polystyrene surfaces. C. pseudodiphtheriticum produced biofilm on
negatively charged polystyrene surfaces at different levels. The HHC1507/Bacteremia strain
and ATCC 10700/Pharyngitis strain were classified into the categories of strongly (+++: 4x

OD, = OD) and moderately (++: 2x OD, < OD < 4x OD,) adherent, respectively.
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Accordingly. the HHC1507/Bacteremia strain was more hydrophobic than the ATCC

10700/Pharyngitis strain (p<0.05) (Table 1).

Fbg and Fn binding activities and influence on biofilm formation. Results obtained by the
ELISA demonstrated Fbg (30pug/mL) and Fn (30pg/mL) binding activities to both C.
pseudodiphtheriticum strains (Table 2). Fbg and Fn bound with greater affinity to the
ATCC10700/Pharyngitis strain when compared with the HHC1507/Bacteremia strain
(p<0.0001).

C. pseudodiphtheriticum produced biofilm not only on uncoated polystyrene surfaces
but also on polystyrene surfaces coated with Fbg and Fn at lower concentrations (50 pg/mL)
than that found in the human plasma (2.5 mg/mL) (Table 1). Both strains produced biofilm
on Fbg or Fn-coated surfaces at similar intensity levels (p=>0.05). Analysis of the results
performed by the methods deseribed by Stepanovie (2000) showed the
ATCC10700/Pharyngitis strain classified mto the category of strongly (+++: 4x OD, < OD)
biofilm producer on Fbg-coated surfaces and into the category of moderately (++: 2x OD, <
0D = 4x 0D,) biofilm producer on uncoated and Fn-coated polystyrene surfaces. The
HHC1507/Bacteremia strain classified into the category of strongly (+++: 4x OD. < OD)
biofilm producer on uncoated polystyrene surfaces was classified into the category of
moderately (++: 2x OD, < OD < 4x 0D,) biofilm producer on both Fbg and Fn-coated

polystyrene surfaces.

Discussion
Microbial adhesion and biofilm formation may pose a public health problem. More

than 60% of the bacterial infections currently treated by physicians are considered to involve
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biofilm formation. Even in individuals with excellent cellular and humoral immune reactions,
biofilm infections are rarely resolved by the host defense mechanisms. Taking into account
the aging population and the inereasing number of implantable medical devices available, it is
expected that the number of infections associated with biofilms [18.19] caused by
opportunistic pathogens will increase. Biofilm infections develop preferentially on inert
surfaces (commonly on medical devices), but they can also form on living tissues, as in the
case of invasive infections. Successful treatment in these cases depends on longterm. high-
dose antibiotic therapies and the removal of any foreign-body material [15.19.20.21.22].

Some corynebacteria species were found to adhere to available biotic and abiotic
surfaces and/or to form biofilms. including Corvnebacterium jeikeium, Corynebacterium
macginleyi and C. diphtheriae [23,24,25]. Previous investigations also demonstrated the
ability of C. pseudodiphtheriticum to adhere to. survive and/or multiply within epithelial cells
and also suggested differences in the virulence mechanisms of the clinical isolates, including
ATCC10700/Pharyngitis and HHC1507/Bacteremia strains [26]. Microorganisms were also
capable to survive and multiply in the extracellular environment at least for 24 h post-
mfection. Different from the ATCC10700/Pharyngitis strain, the HHC1507/Bacteremia strain
did not persist in the intracellular compartment and viable bacteria were observed in the
supernatants of infected monolayers. Interestingly, the ATCC10700/Pharyngitis and
HHC1507/Bacteremia strains exhibited an aggregative adherence (AA) pattern that was
previously associated with invasiveness and intracellular survival of some human pathogens,
mcluding C. diphtheriae [27] and Escherichia coli (EAEC) [28].

It 1s generally recognized that the pathogenesis of EAEC can be divided into different
stages including adherence. colonization and biofilm formation. EAEC adherence is shown to

rely on multiple different factors that altogether contribute in various ways to display the AA



phenotype. It is suggested a correlation between the ability to express AA fimbriae (AAF) and
the capability to form biofilm [29.30.31]. Yanagawa & Honda (1976) showed that the
ATCC10700 strain possessed a large number of pili, ranging from dozens to more than a
hundred, in 91-100% of the bacterial cells,

To the best of our knowledge. this is one of the opening studies concerning adhesion
to abiotic surfaces and biofilm formation by C. pseudodiphtheriticum. Currently, both AA-
like ATCC10700/Pharyngitis and HC1507/Bacteremia C. pseudodiphtheriticum strains
showed the ability to adhere to available abiotic and/or biotic surfaces and to form biofilms.
Data indicated a correlation between the AA phenotype and biofilm formation by C.
pseudodiphtheriticum strains. Additional studies remain necessary for determining if pili.
among other bacterial surfaces components, are involved in AA adherence to epithelial cell
surfaces and/or adherence to abiotic surfaces of C. pseudodiphtheriticum strains.

Bacteria often switch from a free-living lifestyle to a surface adapted, multicellular
lifestyle known as a biofilm. Bacteria in biofilms become highly differentiated from free-
living bacteria and often exhibit a developmental sequence characterized into different stages
such as: initial attachment, irreversible attachment, maturation and dispersion. Primary
adhesion of planktonic bacterial eells is a crucial step in biofilm formation. This initial.
reversible microbial adherence is mostly dependent on bacterial cell surface characteristics
and on environmental parameters such as the nature of the material surface, availability of
substrates and nutrients [33]. It is mainly due to the physicochemical interactions that bacteria
firmly adhere to the biomaterial surface during the adhesion process. These comprise van der
Waals forces, Lewis acid-base, and electrostatic forces [34]. The presence of bacterial
surface-associated proteins may be associated with cell surface hydrophobicity and initial

adhesion [15.19.35.36].
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In general. biofilm-producing strains demonstrate an increased adherence to plastic
surfaces as compared with non-biofilm-producing strains. C. diphtheriae and lipophilic skin
corynebacteria hydrophobicity was connected with biofilm formation on solid surfaces
[24.37]. Similar to C. diphtheriae, Corynebacterium urealyticum and a number of other
bacterial species [34.38.39]. the adherence to polystyrene attributed to hydrophobic
mteractions between cells and this negatively charged plastic surface was also observed for C.
pseudodiphtheriticum. However, C. pseudodiphtheriticum clinical isolates seemed to exhibit
differences in their ability of biofilm production on polystyrene surfaces. This activity was
significantly higher for the strain associated with invasive disease (HHC1507/Bacteremia
strain).

After the initial adhesion to a foreign body surface. bacteria multiply forming
microcolonies and accumulate as multilayered cell clusters, a step that involves intercellular
adhesion and the synthesis of extracellular matrix molecules, such as proteins and
polysaccharides. Microcolony formation is a coordinated. adaptive response that facilitates
continued biofilm development and dispersal. Further growth of the attached microorganisms
occurs, leading to the formation of dense bacterial aggregates embedded in the exopolymeric
matrix surrounded by a network of water channels, typical of mature biofilms [40.41]. Mature
biofilms can then undergo a detachment process releasing planktonic bacteria that can then
colonize another region of the substratum to form new microcolonies [42].

In the present investigation, C. pseudodiphtheriticum strains were found as effective
biofilm producers on glass surfaces. Similarly to the catheter-related C. diphtheriae BR-
CATS5003748 strain [43]. microcolony formation was verified on both hydrophilic (glass) and
hydrophobic (polyurethane) surfaces by C. pseudodiphtheriticum ATCC 10700/Pharyngitis

and HHC1507/Bacteremia strains. Extracellular polymeric substances (EPS) produced by
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microorganisms are a complex mixture of biopolymers primarily consisting of
polysaccharides, as well as proteins, nueleic acids, lipids and humic substances. EPS make up
the intercellular space of microbial aggregates and form the structure and architecture of the
biofilm matrix [44]. C. diphtheriae adherence to hydrophilic glass surfaces was attributed to
the presence of extracellular matrix molecules, especially polysaccharides with high levels of
sialic acid residues [38.43.45].

Cell death inside microcolonies is an important physiological event that plays a role in
subsequent differentiation and dispersal of a subpopulation of surviving biofilm cells [41].
Presently, CLSM images showed microcolonies of viable bacteria with intact cell membranes
stained fluorescent green and dead bacteria with damaged membranes stained fluorescent red
i C. psendodiphtheriticum biofilm aceretions. The free diffusion of low-molecular-weight
compounds fluorescein showed the spatial arrangement of cells and indicated the presence of
porosity and channels throughout C. pseudodiphtheriticum biofilm. Data suggested that cell
death inside microcolonies may play a role in subsequent differentiation and dispersal of a
subpopulation of surviving biofilm cells of C. pseudodiphtheriticum. However, the
mechanism(s) by which voids were created within microcolonies and by which cells inside
disperse in mature biofilms need(s) further investigation.

C. pseudodiphtheriticum produced biofilm on abiotic surfaces. including polyurethane
medical devices. Although medical devices may differ widely in design and use
characteristics. specific factors determine susceptibility of a device to microbial
contamination and biofilm formation such as number and type of organisms to which the
device 1s exposed, composition of the medium in or on the device, device material
construction and conditioning films on the device all may influence biofilm formation.

Polyurethanes are commonly used in a number of medical applications including catheter and



general purpose tubing. hospital bedding. surgical drapes, wound dressings. as well as in a
variety of injection molded devices [20.46].

The general findings from the literature indicate that the increased synthesis of
exopolysaccharide is often related to biofilm-producing bacteria associated with symptomatic
catheter infections [47]. A large amount of biofilm material exhibiting bacterial microcolonies
and amorphous material was observed on polyurethane catheter inner surface mfected in vitro
with C. pseudodiphtheriticum and the positive controls (C. diphtheriae and S. epidermidis
strains). Like other Gram-positive pathogens, the gentle nature of the surface irregularities
probably did not fully account for trapping C. pseudodiphtheriticum on polyurethane catheter
surfaces. In accordance with previous observations with C. diphtheriae [38.43] the adherence
of C. pseudodiphtheriticum to polyurethane may be partially explained by the positive electric
charges associated with this polymer. The amorphous deposited substances or glycocalyx
noted surrounding C. pseudodiphtheriticum microcolonies on the surfaces of polyurethane
catheters reinforee the fact that the bacteria may produce or attract exopolymeric components
that strengthen their attachment to inert surfaces in vitro.

Biofilm material was also observed on polyurethane catheter external surface infected
mn vitro with C. pseudodiphtheriticum. Data suggested that C. pseudodiphtheriticum, like
other pathogens from exogenous sources (such as the hands of personnel) or microflora
endogenous to patients, may invade via the catheter insertion wound and migrate along the
external catheter surface eventually colonizing the catheter segment [14].

In natural environments, bacteria mostly adhere to the layer of adsorbed molecules
that coats the inert surfaces, the so called “conditioning film™. and not directly to the
substratum. In vivo, any material surface is rapidly covered by plasma and matrix proteins

toward which bacteria may display specific adhesins [48.49]. The stimulation of bacterial
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biofilm formation by exogenous mammalian proteins has been reported for many human
pathogens [50.51].

Fibronectin (Fn) is a complex glycoprotein found in a soluble form in many body
fluids (blood, saliva) and in an insoluble form as a component of cell surfaces, basement
membranes, and the extracellular matrices. Soluble plasma Fn interacts with various bacteria
and cell surface Fn may serve as a receptor in the adherence of bacteria to host epithelial cells.
The ability of various bacteria to interact with different domains on the Fn molecule may play
an important role in bacterial adherence and tissue tropism [52]. At least 10 different proteins
from E. eoli bind to Fn leading to internalization of E. coli by human host cells including
epithelial eells [53]. For S. aureus. Fn is targeted by bacteria through Fn-binding proteins
(FuBPs). which are anchored to the bacterial cell wall. and these interactions are likely to play
a role in the infection process in particular. FuBPs have been shown to mediate not
only bacterial adhesion to host cells but also the uptake of bacteria by the cells and biofilm
formation [54]. FnBP-promoted biofilm occurred at the level of intercellular accumulation
and not primary attachment to Fn or Fbg [56].

Many bacterial pathogens exploit mechanisms involved in coagulation systems to
colonize exposed tissue matrix proteins or evade immune mechanisms of bacterial clearance.
Fibrinogen (Fbg) is a major protein in human plasma and is primarily involved in the
coagulation cascade system through its conversion to insoluble fibrin. Fbg synthesis is
dramatically upregulated during inflammation or under exposure to stresses such as systemic
infections. Both Fbg and fibrin play overlapping roles in blood clotting, fibrinolysis,
inflammatory response, cellular and matrix interactions and wound healing [55.57.58]. A
comparative proteome analysis of S. aureus biofilm and planktonic cells showed that biofilm

cells expressed higher levels of protein associated with cell attachment and. in particular, Fbg-

11



binding proteins [59]. For Streptococcus suis, Fbg binding property allowed bacteria to attach
to each other through Fbg-mediated cross-bridging [51] and contributed to the production of
biofilm. Fbg binding to Streptococcus agalactiae played a significant role in preventing
opsonophagocytosis [60].

Like C. diphtheriae [43.61.62]. the ability of C. pseudodiphtheriticum strains to bind
to Fn and Fbg was demonstrated in the present study. Interestingly, Fn and Fbg bound with
lower affinity to the blood isolate (HHC1507/Bacteremia strain). Fn and Fbg binding
properties, possibly favored the adherence to respiratory epithelial surface by the ATCC
10700/Pharyngitis strain. Data suggest that interaction with Fn and Fbg may exhibit a
multifactorial nature and relevance in promoting C. pseudodiphtheriticum attachment to host
epithelial cells, damaged tissues and/or blood clots, as previously observed for other Gram-
positive pathogens [51.56].

In addition to the ability of biofilm production directly to hydrophilic and
hydrophobic abiotic surfaces. C. pseudodiphtheriticum biofilm production was also observed
to Fbg and Fn “conditioning films”. Nevertheless, the clinical isolates responded inversely in
the presence of Fbg and/or Fn bound to the solid surface. When compared to biofilm
formation on uncoated polystyrene surfaces, Fbg and/or Fn coated surfaces enhanced biofilm
formation by the ATCC10700/Pharyngitis strain and reduced biofilm formation by the
HHC1507/bacteremia strain. Therefore. the expression of Fbg and Fn binding adhesins at
different levels may be implicated in biofilm formation on “conditioning films” by C.

pseudodiphtheriticum strains, as previously reported for S. suis [51].
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Conclusions

Our results suggest that C. pseudodiphtheriticum may form biofilm in vive possibly by an
adherent biofilm mode of growth in vitro demonstrated on hydrophilic and hydrophobic
abiotic surfaces. including polyurethane catheters. The affinity to human Fbg and Fn and the
biofilm-forming ability appears to be a potential virulence trait that may contribute to the
establishment and dissemination of infection caused by C. pseudodiphtheriticum, including in
patients making use of indwelling medical devices. Further studies remain necessary in order

to investigate the involvement of EPS in biofilm formation by C. pseudodiphtheriticum.

Material and Methods

Origin of bacterial strains, phenotypic characterization and culture conditions. Two C.
pseudodiphtheriticum strains, partially studied for their virulence properties and presenting
an aggregative-like adherence pattern (AA-like) to human epithelial (HEp-2) cell line — [26]
were used in this investigation: ATCC 10700 strain isolated from the upper respiratory tract
of a patient with exudative pharyngitis (USA) [6] and HHC1507 strain 1solated from blood of
a patient with bacteremia (Brazil) [13].

Phenotypic characterization of microorganisms was previously carried out by the
semi-automated API-Coryne System 3.0 version (bioMérieux, Lyon, France) according to
manufacturers instructions. Both strains produced the numerical pattern 3001004, which was
identified by the API Coryne database as C. pseudodiphtheriticum with 96.7% probability
(T=0.97) with the APT web decoding system [4.26.63.64].

Stock eultures in 10% skim milk with 25% added glyeerol were maintained at -70°C
and recovered as required by cultivation in Trypticase Soy Broth (TSB; Difco Laboratories,

Detroit, Mich.) [65].
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Biofilm formation to glass surfaces. Morphological features of biofilms produced on glass
coverslips by C. pseudodiphtheriticum strains were investigated by confoeal scanning laser
microscopy (CSLM) [66]. Microorganisms were classified as adherent when creating
confluent layers of bacterial cells on glass surfaces [38]. The LIVE/DEAD staining kit
(Invitrogen, France) using fluorescent markers targeting cell membrane integrity was used to
assess membrane integrity of microorganisms and confocal imaging was performed using a
Zeiss — Meta LSM 510. The LIVE/DEAD mixture was prepared by mixing components A +
B in the kit. consisting of SYTO®9 and propidium iodide. at a ratio of 1:100 with the
moculum medium (TH). Briefly, 1 mL bacterial suspensions was applied to glass coverslips
placed in 24-well polystyrene cell culture plates (Nunc, Wiesbaden, Germany). After
incubation at 37°C for 48 h, the content of each well was aspirated and washing with
phosphate-buffered saline (PBS) (0.01 M: pH 7.2). Biofilms were stained with 2uL SYTO® 9
and 2uL propidium iodide in 3mL PBS. Biofilms were incubated at room temperature for 10
min and washed 2X with PBS. The fluorescence from stained cells was viewed by CSLM.
The LIVEDEAD biofilm viability kit provides a two-color fluorescence assay of bacterial
viability growing in biofilm communities, based on membrane integrity. When used alone,
the SYTO®9 green fluorescent nucleic acid stain generally labels all bacteria in a population -
those with intact membranes and those with damaged membranes. In contrast. propidium
1odide red-fluorescent nucleic acid stain penetrates only bacteria with damaged membranes.

causing a reduction in the SYTO®9 stain fluorescence when both dyes are present

In vitro model of catheter infection. Polyurethane 16-gauge percutancous nephrostomy

catheters (Intracath: Deseret Pharmaceutical Co.. Sandy. Utah) were used in the in vitro

14
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model system for evaluation of bacterial adherence and biofilm formation on catheter
surfaces. Sterile 4 em segments of polyurethane catheters were immersed for 24 h in 10 CFU
bacteria/mL suspended in TSB medium [14.43]. After 24 h the catheter segments were
removed, gently rinsed in PBS (0.01 M; pH 7.2) to eliminate loosely attached planktonic

cells.

Quantitative catheter culture and semiquantitative roll plate technique. Catheter
mfection by C. pseudodiphtheriticum strains was evaluated by a quantitative [67] and a
semiquantitative roll plate method [68] using Columbia agar base (CAB: Oxoid. Germany)

plates supplemented with 5% sheep blood at 37°C for 24 h.

Scanning electron microscopy (SEM). Sections of polyurethane catheters infected with C.
pseudodiphtheriticum were fixed in 2.5% glutaraldehyde. post-fixed in 1% osmium tetroxide
and dehydrated in a graded series of ethanol. Subsequently, catheter segments were subjected
to critical point drying with carbon dioxide. covered with gold—palladium to a 10 nm layer
and examined with a JEOL JSM 5310 Scanning Electron Microscope. Infected catheter
segments with Corynebacterium diphtheriae BR-CATS5003748 [43] and Staphylococcus

epidermidis strains were used as positive controls [14].

Conjugation of Fibrinogen and Fibronectin to Biotin. Experiments were performed as
previously deseribed [62,69]. Human plasmatic proteins (purchased from Sigma Chemical
Co. St Louis, MO, USA) were conjugated to N-hydroxysuccinimidobiotin in dimethyl
sulfoxide biotin. Proteins were dissolved in 0.1 M NaHCO3 (pH 9.0) to a total protein

concentration of 1.0 mg/mL and added of 20 uL of N-hydroxysuccinimidobiotin in dimethyl

15



sulfoxide. The mixture was incubated at 20°C for 4 h. and the reaction was mixture by
dialyzed against PBS (phosphate buffered saline 0.01M pH 7.2) added 0.02% sodium azide at

4°C overnight.

Enzyme-Linked Immunosorbent assay (ELISA) for determining bacterial interaction
with fibrinogen (Fbg) and fibronectin (Fn) Briefly. microorganisms were previously
washed three times with PBS and resuspended in 0.1 M carbonate buffer. pH 9.6 at a
concentration of approximately 10° CFU/mL [0.2 optical density (OD) at A=660 nm in a
B29511 spectrophotometer (Micronal)]. Each well of flat-bottomed mierotitre plates (Nunc-
Immuno MaxiSorb) were coated with 100 uL bacterial suspensions at 37°C for 1 h and at 4°C
overnight. The wells were treated with PBS with 1% (w/v) bovine serum albumin (BSA), for
1h, and 0.05% (w/v) Tween-20 (PBST-BSA) washed three times with PBST. Aliquots of Fbg
and Fn solution in PBST-BSA (30ug/mL) were added to each well and the microplates were
meubated at 37°C for 1 h. Any unbound protein was removed by washing the wells with
PBST. Bacterial interaction with Fbg and Fn were revealed with streptavidin-alkaline
phosphatase. The intensity of Fbg and Fn-binding by C. pseudodiphtheriticum strains was
expressed in OD at 405 nm values (Bio-Rad Model 550 spectrophotometer) and compared
statistically by the Tukey test using GraphPad Prism. Differences were considered significant

at p<0.05.

Biofilm formation on polystyrene surfaces. Biofilm formation on negatively charged
polystyrene surface was determined quantitatively in 96-well flat-bottomed microtiter plates
according to methods previously deseribed [17.43]. Aliquots of 200 uL of bacterial

suspensions (0.2 OD at 4=570 nm) were applied to microplate wells. After incubation at 37°C
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for 24 h the content of each well was aspirated and washed three times with 200 L of PBS
(0.01M, pH 7.2). The remaining attached bacteria were fixed with 200 pL of 99% methanol
and stained with 2% crystal violet. Negative controls contained TSB only. The bound dye was
then solubilized with 160 puL of 33% glacial acetic acid and the OD of the solution was
measured at 2=570 nm by using an enzyme immunosorbent assay reader (BioRad, model
550). The cut-off OD (ODc¢) was defined as the mean OD of the negative control. All strains
were classified into the following categories: non-adherent (0: OD =< OD¢). weakly (+: OD¢ <
0D < 2x OD,). moderately (++: 2x OD, < OD = 4x OD) or strongly (+++: 4x OD. < OD)

adherent, based upon the ODs of bacterial films.

Influence of Fhg and Fn on biofilm formation. Biofilm formation was determined in 96-
well flat-bottomed polystyrene microtiter plates as described above but with some
modifications. In these experiments, the wells of microplates were pre-treated with Fbg and
Fn at a concentration of 50 ng/mL overnight at 4°C. Fbg and Fn coated wells containing 200

uL of TSB medium without bacteria were used as negative controls [43.70].
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Tables and Figures legends

Table 1. Biofilm formation on polystyrene surfaces in absence and presence of fibrinogen
(Fbg) and fibronectin (Fn) by Corynebacterium psendodiphtheriticum strains

Table 2. Fibrinogen (Fbg) and fibronectin (Fn) binding to Corynebacterium
pseudodiphtheriticum strains evaluated by ELISA

Figure 1. Confocal laser scanning microscopy (CLSM) assays for examination of bacterial
viability and biofilm’s structural architecture on glass surfaces of Corynebacterium
pseudodiphtheriticum (A, B, C) ATCC10700/Pharyngitis strain and (D, E, F)
HHC1507/Bacteremia strain. Biofilms in a mature stage (2-day-old) exhibited voids within
microcolonies. Microorganisms with intact cell membranes (alive) stained fluorescent green
and bacteria with damaged membranes (dead) stained fluorescent red in biofilm communities.
Magnification X 40 (A. B. D. E).

Figure 2. Biofilm production in vitro on polyurethane catheter by Corynebacterium
pseudodiphtheriticum. (A) The Maki’s roll plate method indicated bacterial confluent growth
on the surfaces of polyurcthane catheter. Scanning electron micrographs showed: (B)
Bacterial microcolonies and amorphous material on the catheter inner surface: (C) Biofilm
formation on the external surface of the catheter: (D) Surface of an unused sterile
polyurethane catheter characterized by multiple gentle linear irregularities: (E) Biofilm
formation by Corynebacterium diphtheriae BR-CAT5003748 strain and (F) Staphylococcus
epidermidis strains (positive controls).
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Table 1. Biofilm formation on polystyrene swrfaces in absence and presence of fibrinogen (Fbg) and fibronectin (Fn) by Corvnebacterium

pseudodiphtheriticum strains

Polystyrene binding (OD + SD)

C. pseudodiphtheriticum Control Test Control Test
. Control Test . . .

strains ) . . Category Fbg Fbg Category Fn Fn Category

w/o bacteria  w/bacteria = P P = , . ) . =
W/o bacteria _ w/ bacteria w/o bacteria _ w/ bacteria
ATCC10700/Pharyngitis 0.095=0.008 0.239+0.084° ++ 0.168+0.066 0.686+0.146 R 0.146=0.009 0.36720.036 ++
HHC1507/Bacteremia 0.095=0.008 0.730+0.071° o 0.168£0.066  0432%0.116° ++ 014620009  0.333x0.021° ++
p=0.05% p=0.05% p=0.05%

W. with: w/o, without, OD=SD. Optical Density at A= 570 nm = Standard Deviation: The cut-off OD (ODc) was defined as the mean OD of the negative control. Microorganisms
were classified into the categonies: non-adherent (0: OD = OD,). weakly (+: OD. < OD < 2x OD,). moderately (++: 2x OD, < OD < 4x OD,), or strongly (+++: 4x OD. < OD)
adherent, based upon the ODs of bactenial films (Stepanovic et al.. 2000; Gomes et al.. 2009). Data were from three independent experiments and compared statistically by the
Tukey test using GraphPad Prism 6.0. Differences were considered significant at p<0.05.
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Table 2. Fibrinogen (Fbg) and fibronectin (Fn) binding to Corynebacterium
pseudodiphtheriticum strains evaluated by ELISA

ELISA
C. pseudodiphtheriticum strains (OD = sSD)
Fbg (30pg/mL) Fn (30pg/mL)
ATCC10700/ Pharyngitis 0.345 £ 0.2040 0.414 £0.3838
HHC1507/Bacteremia 0.302 £0.0553 0.248 £0.0297
p=0.0001 p=0.0001

OD+5D, Optical Density = Standard Deviation; The mtensity of human Fbg (30ug/mL) and human Fn
(30pg/mL) bindmng by C. pseudodiphtheriticum strains was expressed m OD values at 2=450 nm (Bio-
Rad Model 550 spectrophotometer). Data were from three independent expermments and compared
statistically by the Tukey test using GraphPad Prism 6.0. Differences were considered significant at
p=0.05.
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Resumo

A eficiéncia para matar células ndo fagociticas pode ser vantajoso para a sobrevivéncia
de micro-organismos patogénicos no hospedeiro e um importante passo inicial da infec¢do. O
presente estudo teve como objetivo avaliar a capacidade de amostras de Corynebacterium
pseudodiphthriticum isoladas de pacientes com infecc¢Oes localizada (ATCC10700/Faringite)
e sisttmica (HHC1507/Bacteremia) de matar as células epiteliais, um microrganismo
comensal de pele e trato respiratdrio superior, que pode ser implicado como causa de
infeccBes respiratdrias e ndo respiratoria humanas. Estudos anteriores mostraram que as
amostras de C. pseudodiphtheriticum foram capazes de sobreviver dentro de células HEp-2
por 24 h pos-infeccdo. A persisténcia intracelular e o crescimento bacteriano no meio
extracelular apo6s 24h de incubacdo foi observada. O método de coloracdo azul Trypan
indicou um aumento significativo no nimero de células mortas 24 h pds-infeccdo com C.
pseudodiphtheriticum. Alteracbes nucleares e de morte da célula hospedeira foram
evidenciadas pelo ensaio de coloracdo de azul de Trypan, microscopia electronica de
transmissao e DAPI. As alteracbes morfoldgicas em células HEp-2 foram observadas 24 h
pos-infeccdo, incluindo a vacuolizacdo, a fragmentacdo nuclear e a formacdo de corpos
apoptdticos. Adicionalmente, foi observada uma diminuigdo significativa no tamanho das
células infectadas com amostras de C. pseudodiphtheriticum revelada pelo método de
citometria de fluxo. Além disso, o método de dupla coloracdo com iodeto de propidio /
anexina V permitiu a detecgdo da ocorréncia de necrose e apoptose tardia. Em conclusdo, as
amostras de C. pseudodiphtheriticum estudadas foram capazes de induzir apoptose e necrose

em células epiteliais humanas.
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Abstract

The efficiency to kill non-phagocytic cells might be advantageous for the survival of
pathogenic microorganism on host and an important initial step of infection. The present
study aimed to evaluate the ability to isolated from patiets with localized infections
(ATCC10700/ pharyngitis) and systemic (HHC1507/bacteremia) of Corynebacterium
pseudodiphthriticum strains kill epithelial cells, a commensal microorganism on the
skin and upper respiratory tract, that may be implicated as a cause of respiratory and
nonrespiratory human infetions. Previous experiments showed that C.
pseudodiphtheriticum strains were able to survive within HEp-2 cells at 24 h post-
infection. The intracellular persistence and bacterial growth in the extracellular
environment after this long period of incubation (24 h) was observed. Trypan blue
staining method indicated a significant increase in the number of dead cells was
observed after 24 h incubation with C. pseudodiphtheriticum. Host cell death and
nuclear alterations were evidenced by the Trypan blue exclusion assay, transmission
electron microscopy and DAPI staining fluorescence microscopy. Morphological
changes in HEp-2 cells observed 24 h post-infection included vacuolization, nuclear
fragmentation and the formation of apoptotic bodies. Addicionally, flow cytometry
revealed an significant decrease in cell size of infected HEp-2 cells (24 h) with C.
pseudodiphtheriticum strains. Furthermore, a double-staining assay using Propidium
Todide/Annexin V gave information about the numbers of vital vs. early apoptotic cells
and late apoptotic or secondary necrotic cells. In conclusion, C. pseudodiphtheriticum
strains were able to induce host cell death, as well as, exhibit strategies to exert

apoptosis and necrosis in human epithelial cells.
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Introduction

Corynebacterium pseudodiphtheriticum, a commensal microorganism on the skin and
upper respiratory tract, progressively more resistance to antimicrobial agents, has been
responsible for severe nosocomial infections and associated with high mortality in
compromised hosts (Ahmed e al., 1995; Burke et al., 1997; von Graevenitz et al.,
1998: Camello et al., 2009; Martins et al., 2009; Bittar et al., 2010; Olender &
Niemcewicz 2010; Souza et al., 2012). Despite significant differences in age and
functional status of patients C. pseudodiphtheriticum may be implicated as a cause of
respiratory and nonrespiratory human infections (Camello e al., 2009; Moyad, 2013).
Little is known about the virulence factors and pathogenesis of C.
pseudodiphtheriticum.  Some  characteristics that may explain how C.
pseudodiphtheriticum strains cause infection in human patients were recently verified
(Souza et al., 2012). Data showed that the affinity to human fibrinogen (Fbg) and
fibronectin (Fn) (Souza er al., 2013 in submission) and the biofilm-formation ability
may contribute to the establishment and dissemination of infection caused by C.
pseudodiphtheriticum. Moreover, micro-organisms also exhibited an aggregative
adherence-like pattern to cultured human epithelial (HEp-2) cells characterized by
clumps of bacteria with a “stacked-brick™ appearance. Bacterial internalization and
cytoskeletal rearrangement partially triggered by the activation of tyrosine kinase
activity was also verified. Investigations showed differences in the ability of C. pseudo-
diphtheriticum strains to enter and survive within epithelial cells, as previously observed
for Corynebacterium diphtheriae (Souza et al., 2012). Although C. pseudo-

diphtheriticum strains did not demonstrate an ability to replicate intracellularly, HEp-2
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cells were unable to fully clear the pathogen within 24 h (Souza er al., 2012). As the
ability to induce uptake by nonphagocytic cells and to migrate across epithelial cell
barriers may be important in the early stages of respiratory and/or systemic infections
(Sabbadini et al., 2012), we thus sought to determine whether internalization of
metabolically active C. pseudodiphtheriticum organisms produces cytotoxic effects in
infected HEp-2 cells and whether apoptosis contributes to C. pseudodiphtheriticitm-

induced epithelial cell death.

Material and Methods

Bacterial strains and culture conditions - C. pseudodiphtheriticim ATCC 10700
strain, isolated from exudative pharyngitis (USA) (Izurieta er al., 1997), and HHC
1507 C. pseudodiphtheriticum strain isolated from the blood sample of a patient with
bacteremia (Brazil) (Camello er al., 2009) both partially investigated (Souza et al.,
2012; Camello et al., 2009) were used in experiments. Identification of microorganisms
carried out by the conventional biochemical tests (Funke & Bernard, 2007; Camello er
al., 2009) was re-confirmed by the use of the API-Coryne System (bioMérieux, Lyon,
France), according to imstructions given by the manufacturers; profiles accepted,
1001004, 3001004 (all possibility >90%) (Almuzara et al., 2006). Stock cultures were
maintained in 10% skim milk containing 25% glycerol at -80°C. All experiments were
conducted with microorganisms grown in Trypticase Soy Broth (TSB) for 48 h at 37°C
and washed twice in phosphate-buffered saline (PBS;0.01 M; pH 7.2) (Hirata Jr ef al.,

2002).

Intracellular viabillity and persistence - The human epithelial cell line HEp-2 (ATCC

CCL23) (HeLa derivative) was grown in Eagle Minimum Essential Medium (MEM -
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Sigma) supplemented with 5% fetal calf serum (FCS e Gibco BRL, NY, USA), 50 mg
ml-1 gentamicin, 2.5 mg mL™ amphotericin B, and 0.5% L-glutamine. Cells were
incubated at 37°C in atmosphere of 5% CO, and 95% humidity (Hirata Jr et al., 2002).
HEp-2 cells were grown to about 95% confluence in 24 wells microtiter plates, and
mfected with C. pseudodiphtheriticum ATCC 10700/ Exudative Pharyngitis and HHC
1507/Bacteremia strains suspended in MEM to 10’ CFU mL™. Quantitative experiments
human epithelial (HEp-2) persistence and intracellular survival assays after incubation
periods of 24 h were performed as previously described (Moreira et al., 2003; Souza et
al., 2012). The percentage of intracellular bacteria was deduced from the number of
HEp-2 cell-associated bacteria. Index values of the IC related to bacteria associated with
HEp-2 cell monolayers were also determined (Hirata Jr er al., 2002; 2004; Moreira et
al., 2003). The bacterial counts (CFU) in supematants and HEp-2 monolayer lysates
were determined. The percentage of cell-associated bacteria (EC + IC) at each
incubation period was calculated as follows: lysate CFU x (lysate CFU + supernatant
CFU)-1 x 100 (Moreira et al., 2003). To evaluate bacterial persistence, viable bacteria
were recovered from the lysates of monolayers maintained in the presence of
gentamicin for 24 h (T24P). Briefly, the monolayers were washed six times with PBS
post-infection and subsequently treated with 150 pg mI.-1 gentamicin sulphate for 24 h.
The persistence of intracellular bacteria was determined by viable counts (CFU mL™)
conducted after the monolayers were lysed with 250 pL of 0.1% Triton X-100 in PBS at

24 h post-infection (Dopfer er al., 2001).

Trypan blue exclusion method - Trypan blue exclusion method was used to evaluate
cells undergoing plasma membrane disruption. Semi-confluent HEp-2 cells were grown

for 24 h on circular glass cover slips (13 mm diameter) in 24-well-tissue culture plates.
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The cells infected for 24 h were then washed twice with PBSD and stained with 0.4%
Trypan blue solution diluted at a ratio of 10:1 in PBSD. The number of dead (blue
stained) cells was observed under bright field microscopy. A minimum of 400 cells
were counted for each treatment (Ordway et al., 2003; Santos er al., 2010). Two

independent experiments were carried out in duplicate.

DAPI staining - HEp-2 cells were grown to semi-confluence for 24 h on circular glass
cover slips (13 mm diameter) in 24-well-tissue culture plates. After 24 h incubation, the
cells monolayers infected by C. pseudodiphtheriticum strains were fixed with PBS
buffered 4% formaldehyde (Merck) for 30 min at room temperature and washed with
PBS. For the examination of nuclear morphology, 1 mg mL™ DAPI (Sigma) was added
to the fixed cells and kept for 5 min. DAPI stained cells were observed under a
fluorescence microscope (Zeiss, Oberkochen, Germany) at excitation of 350 nm
wavelength. Nuclei are considered to have the normal phenotype when glowing bright
and homogenously. Apoptotic nuclei were identified by the condensed chromatin
gathering at the periphery of the nuclear membrane or a total fragmented morphology of

nuclear bodies (Ghosh er al., 1998; Santos ef al., 2010).

Flow cytometric analysis - Evaluation of cell morphological changes HEp-2 cells were
collected for the assessment of shape change by measuring forward scatter (FSC)
properties on the flow cytometer. Two independent experiments were carried out in
duplicate. Assessment of apoptosis by Propidium Todide (PT)/Annexin V(AV) double
staining exposure of phosphatidylserine residues at the surface of HEp-2 cells were
assessed through flow cytometric analysis of labeling with AV, using FITC-AV

conjugate apoptosis detection kit (Sigma). After 24 h incubation with C.
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pseudodiphtheriticum strains, the cells were detached by trypsinization and incubated in
binding buffer containing 0.6 mg mL" FITC-AV and 2 mg mL" PI for 10 min.
Fluorescence intensity of PI and FITC-AV was monitored by using a FACScalibur flow
cytometer (Becton Dickinson, Mountain View, CA) with excitation wavelength of 488
nm and emission wavelength of 525 nm and 625 nm, respectively. For each sample,
10,000 individual cells were analyzed. Viable cells exhibit PVAV (Vermes er al., 2000)
and (control cells are represented on the low left hand quadrant in the plot). The
necrotic cells lost cell membrane integrity that permits PI entry; PVAV (upper left
quadrant in the plot). Early apoptotic cells with intact plasma membrane integrity
exhibit PI/AV (lower right quadrant in the plot). Late apoptotic cells or cells with
secondary necrosis (the phase consecutive to apoptosis in vitro) exhibit PI/AV (upper
right quadrant in the plot) (Vermes et al., 2000). Two independent experiments were

carried out in duplicate.

Statistical analysis - Results are expressed as means + SEM of data obtained in at least
three different experiments. Statistical differences between groups were determined
with the unpaired Student t test or onewayanalysis of variance (ANOVA) followed by
the Dunnett’s or Tukey’s Multiple Comparison Test. Statistical significance was set at P

<0.05.

Transmission electron microscopy (TEM) - HEp-2 cells infected by C.
pseudodiphtheriticum strains for 6 h were rinsed and fixed with 0.1 M cacodylated
buffer pH 7.2 containing 2.5% glutaraldehyde, 4% paraformaldehyde, 0.1 M CaCl, for
1 h at 4°C. Monolayers were post-fixed with 2% OsO,, 5 mM CaCl, and 0.8%

K4[Fe(CN6)] in cacodylated buffer for 1 h, 22°C, and dehydrated through a series of
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graded ethanol solutions and embedded in Epon. Ultra-thin sections were examined
under a Zeiss EM 906 transmission electron microscope (Zeiss, Oberkochen, Germany)

(Hirata Jr er al., 2004).

Results

Persistance and survival withim epithelial cells

Previous experiments showed that C. pseudodiphtheriticum ATCC10700 strains were
able to survive within HEp-2 cells at 24 h post-infection (1.07x10” CFU) (p<0.05). For
the HHC1507/Bacteraemia strain, viable bacterial cells were only observed in the
supernatant of infected HEp-2 cells at 24 h post-infection (9x10° CFU) (P<0.05). The
mtracellular persistence and bacterial growth in the extracellular environment after this
long period of incubation (24 h) was observed only for the ATCC 10700/Pharyngitis
type strain. The clinical isolates were unable to replicate intracellularly under the

experimental conditions that were used (Souza et al., 2012).

Hep-2 cells viability. Results concerning Trypan blue staining method used to assess
whether the plasma membranes of infected HEp-2 cells had suffered permeability
changes are presented in Figure 1. A significant increase (P<0.05) in the number of
dead cells was observed after 24 h incubation with ATCC10700/Pharyngitis
(18.00+£1.224) and HHC1507/Bacteremia (12.40+2.073) (Figure 1B). Data also
indicated detachment of HEp-2 cells 24 h post infection with HHC1507/Bacteremia

(data not shown).

Morphological changes in HEp-2 cells. Host cell death and nuclear alterations were

evidenced by the Trypan blue exclusion assay (Figure 1A), TEM (Figure 1D) and
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DAPI fluorescence microscopy (Figure 1C). Morphological changes in HEp-2 cells
observed 24 h post-infection included vacuolization, nuclear fragmentation and the

formation of apoptotic bodies.

Cell size index. Flow cytometry analysis showed a significant decrease in cell size
(FSC, forward light scatter) of infected HEp-2 cells (24 h) with C
pseudodiphtheriticum strains (P<0.05) (Figure 2A). The infection of HEp-2 cells with
ATCC10700/Pharyngitis and HHC1507/Bacteremia strains caused similar reductions in

cell volume equivalent to 37.04% and 31.03% post, respectively (P>0.05).

Assessment of apoptosis by double staining Propidium Iodide (PI)/Annexin V (AV)
assay. Flow cytometric double-staining assay using Propidium Iodide/Annexin V gave
information about the numbers of vital vs. early apoptotic cells and late apoptotic or
secondary necrotic cells. Represented in Figure 2B are the results of experiments
analyzed by flow cytometry that gave information about the numbers of vital (P/AV)
vs. apoptotic (P/AV) cells, and that concurrently provided the number of late apoptotic
or secondary necrotic cells (PI/AV). Compared to the untreated control cells (Figure
2B), significant proportions of early (PI/AV) and late (PI/AV) apoptotic cells appeared
only for HEp-2 cells infected with C. pseudodiphtheriticum ATCC10700/Pharyngitis
and HHC1507/Bacteremia strains death corresponding to 82.52% and 83.81%,
respectively. HEp-2 cells infected  with C. pseudodiphtheriticum
ATCC10700/Pharyngitis strain exhibited 43.20% (PT/AV) apoptotic and a proportion of
38,73% (PT/AV) seemed o represent late apoptotic cells that were binding AV and
taking up PL. The C. pseudodiphtheriticuim HHC1507/Bacteremia strain exhibited

42.27% (PI/AV) apoptotic and a proportion of 41.25% (PI/AV) seemed o represent late
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apoptotic cells that were binding AV and taking up PL The total % (early and late) of
apoptotic cells corresponded to 81.93% and 83.52% for HEp-2 cells infected with C.
pseudodiphtheriticum  ATCC10700/Pharyngitis and C.  pseudodiphtheriticum

HHC1507/Bacteremia strains, respectively.

Discussion

The ultimate goal of all pathogens is to establish a site, or a replicative niche, in
the host where the pathogen can multiply. Previous studies show that bacterial
pathogens possess unique traits that provide a survival advantage upon infection of the
host (Faherty & Maurelli, 2008). Moreover, the behavior of a microorganism within
epithelial cells provides some insight into its overall pathogenic strategy. Bacterial
mternalization by epithelial cells indicates that such species have developed specialized
mechanisms that co-opt normal host cell functions and stimulate their own uptake and

adaptation to the intracellular environment (Meyer et al., 1997).

Infectious organisms are frequently introduced into the cell by endocytosis.
Cytoplasmic vacuolization and degradation suggest the death of infected cells, which
could provide a route for the dissemination of microorganisms to distal sites, where foci
of metastatic infection could be established (Henics & Wheatley, 1999). Recent studies
showed numerous bacteria within single membrane-bound vacuoles and concomitant
epithelial cell detachment during the invasion of C. pseudodiphtheriticum in HEp-2
cells (Souza et al., 2012). These mechanisms may be relevant for in vivo infections, al-
lowing C. pseudodiphtheriticum to breach the epithelial cell barrier and enter deeper

tissues.
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The persistence and intracellular survival of C. pseudodiphtheriticum into
epithelial cells may also contribute for the maintenance of the pathogens in the human
body as it would be protected against host immune control mechanisms and
antimicrobial agents used in therapy, as previously observed in studies investigating
Staphvlococcus aureus survival within endothelial cells (Menzies & Kourteva, 1998).
Moreover, Souza and co-workers (2012) demonstrated that C. pseudodiphtheriticum
strains expressed autoaggregative and hydrophobic properties that may help to deceive
the immune defense and consequently favor bacterial attachment and survival on
cutaneous and/or mucosal surfaces.

Execution of apoptosis is initiated by a proinflammatory program and induced
either by immune competent cells or epithelial cells. On the other hand, apoptosis could
be a strategy of microbial pathogen to escape from the infected and exhausted host cell
to mvade deeper mucosal layers for a prolonged bacterial colonization (Martin, 2010).
Mucosal epithelial cells can respond to bacteria by several different mechanisms
(Zylchinsky & Sansonetti 1997; Herard ef al., 1996). Unlike other mucosal surfaces, the
respiratory epithelium is highly resistant to apoptosis, and this response is activated only
when the appropriate epithelial conditions are present, as well as virulent bacterial
strains capable of coordinately expressing both adhesins and cytotoxins (Rajan et al.,
2000). C. pseudodiphtheriticum may exhibit mechanisms of cell death similar to those
previously observed for non-toxigenic C. diphtheriae strains (Santos et al., 2010).
Apoptotic body formation,changes in membrane permeability and a significant decrease
m HEp-2 cell viability suggested a later phase of apoptosis or secondary necrosis at
later phase of infection (24 h). Similar to Mycobacterium tuberculosis (Danelishvili et
al., 2003) and C. diphtheriae (Sabbadini ef al., 2012), C. pseudodiphtheriticum induce

both apoptosis and necrosis in human epithelial cells. In conclusion, C.
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pseudodiphtheriticum strains evolved mechanisms to promote their survival and
replication as well as strategies to exert apoptosis and necrosis in human epithelial cells,

an essential step to reach to deeper tissues or other sites.

Figure legend

Figure 1. Morphological changes in HEp-2 cells observed 24 h post-infection with
Corynebacterium pseudodiphtheriticum HHC1507/Bacteremia strain.(A) Trypan blue
staining assays 1illustrated the presence of blebs on the surface of HEp-2 cells,
cytoplasmic vacuolization, nuclear fragmentation and apoptotic bodies; (C) DAPI
staining showed aggregation and condensation of DNA. Magnification 100x; (D)
Transmission electron microscopy images of infected HEp-2 cells showed condensed
chromatin along the nuclear envelope; (B) HEp-2 cells viability at 24 h post-infection
with Corynebacterium pseudodiphtheriticum assessed by Trypan blue exclusion
staining assay. Statistical differences were determinate by ANOVA test. The data were
expressed as mean = SEM of two independent experiments carried out in duplicate. * b

P<0.05.

Figure 2 Flow cytometric analysis of phosphatidylserine externalization (Annexin V
binding) and cell membrane integrity (PI staining) in HEp-2 cells. (A) Flow cytometry
analysis showed effect of interaction of C. pseudodiphtheriticum strains on changes in
forward scattering properties (shape change) of human HEp-2 epithelial cells (24 h)
with C. pseudodiphtheriticum ATCC10700/Pharyngitis and HHC1507/Bacteremia
strains. Experiments were carried out in duplicate. (B) The dual parametric density plots
combining Annexin V-FITC and PI fluorescence show the viable cell population in the
lower left quadrant (Annexin V/PI), the early apoptotic cells in the lower right quadrant

(Annexin V/PI), and the late apoptotic cells in the upper right quadrant (Annexin V/PI).
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Dot plot of forward (FSC) and side (SSC) scatter of unlabeled HEp-2 cells. Gate 2 was

designed for the single color assay to include as many eukaryotic cells as possible.
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4 DISCUSSAO

Durante varios anos, C. pseudodiphtheriticum tem sido implicado como causa de uma
ampla variedade de infecgbes em pacientes imunocomprometidos, podendo acometer
individuos de diferentes grupos etarios (LaRocco et al., 1987; Cimolai et al. 1992; lzurieta et
al. 1997; Ahmed et al., 1995; Gutierrez-Rodero et al., 1999; Bittar et al., 2010); embora na
maioria das oportunidades tenha sido isolado de adultos em idade ativa, diversos casos de
infeccbes graves entre os idosos tém sido descritos (Morris & Guild, 1991; Chiner et al.,
1999; Li & Lal, 2000; Chudnicka et al., 2003; Szmygin-Milanowska et al., 2003; Kemp et al.,
2005; Gompelmann et al., 2011; Nhan et al., 2012). Similarmente, no presente estudo,
aproximadamente 10% de isolados clinicos foram obtidos de pacientes idosos, a partir da
urina, trato respiratorio inferior e fluido peritoneal.

Apesar de existirem poucos casos notificados de infeccdo relacionada com criangas
(LaRocco et al., 1987; Cimolai et al., 1992; lzurieta et al., 1997; Bittar et al., 2010), em nosso
estudo cerca de 15% das infeccdes por C.pseudodiptheriticum foram observadas em menores
18 anos de idade (sangue, urina e cateter). Até o momento, nenhum estudo anterior, descreveu
essas infeccBes em recém-nascidos. Curiosamente, 42% das amostras foram isoladas de
feridas cirurgicas, bacteremias em neonatos da Unidade de Terapia Intensiva (UTI) ou
relacionadas ao uso de cateter.

Alguns estudos relatam a prevaléncia de infecgdes por C. pseudodiphtheriticum em
individuos do sexo masculino (Ahmed et al., 1995; Gutierrez-Rodero et al., 1999). Em nossas
investigacbes nao foram observadas diferencas entre 0s sexos, no entanto, quando
considerados 0s sitios de infeccdo, o patdgeno foi principalmente isolado de urina em
mulheres e do trato respiratério inferior em homens.

Contrariamente ao observado em paises industrializados, em nosso estudo, cepas C.
pseudodiphtheriticum foram relacionadas principalmente com infecgbes nosocomiais
ocorridas na UTI, em pacientes de diferentes faixas etarias.

Embora néo tivessemos encontrado na literatura disponivel, relato de casos envolvidos
em quadros de infeccdo da cavidade abdominal por C. pseudodiphtheriticum, durante as
nossas investigactes foram observadas cinco cepas isoladas de fluido peritoneal de idosos e
adultos com cirrose hepética, insuficiéncia renal ou AIDS. Apenas uma pequena proporgao de

amostras (5.3%) foram isoladas a partir de BAL de pacientes com AIDS.
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Apesar de a espécie C. pseudodiphtheriticum ter sido raramente relatada como um
patégeno isolado de pele e feridas cirurgicas, lesdes cutaneas e abscessos (Cantarelli et al.,
2008), interessantemente, detectamos cepas multirresistentes relacionadas com quadros de
feridas cirargicas em adultos e de pacientes internados da UTI neonatal.

Apenas um caso de rinossinusite foi previamente descrito (Voiriot et al., 1986). Em
nosso estudo, quatro amostras de C.pseudodiphtheriticum foram isoladas de nasofaringe de
adultos com sinais de infec¢do ou cisto. O micro-organismo também foi isolado a partir de
secrecdes oculares. Segundo alguns autores, o significado de uma cultura positiva em
superficies oculares ndo deve ser ignorado, uma vez que ceratites e conjuntivites podem ser
causadas por C. pseudodiphtheriticum (Li & Lal, 2000). Adicionalmente a espécie C.
pseudodiphtheriticum tem sido associada a quadros de artrite grave (Kemp et al., 2005),
artrite séptica secundaria (Erturan et al., 2012) e osteomielite crénica (Moyad, 2013), apds
cirurgia artroscopica.

Assim, a presenca de culturas positivas para C. pseudodiphtheriticum obtidas de
amostras de pacientes com sinais e sintomas clinicos representativos de infeccdo bacteriana
ndo deve ser neglicenciada.

Os perfis de susceptibilidade aos agentes antimicrobianos de diversas espécies de
corinebactérias, incluindo C. pseudodiphtheriticum, ndo sdo frequentemente previsiveis
(Riegel et al., 1996;. Lagrou et al., 1998; Soriano et al., 1998; Camello et al., 2003; Morinaga
et al., 2010). A variabilidade de resisténcia de C. pseudodiphtheriticum a diversas classes de
agentes antimicrobianos enfatiza a necessidade de vigilancia continua, exceto, para a
atividade invariavel de vancomicina e teicoplanina. A espécie C. pseudodiphtheriticum é
geralmente susceptivel a betalactamicos, aminoglicosideos, rifampicina, vancomicina e pode
apresentar niveis variaveis de susceptibilidade a ciprofloxacina, lincomicina e tetraciclina. No
entanto, foram detectadas recentemente amostras resistentes aos macrolideos, clindamicina,
trimetropima / sulfametoxazol e cloranfenicol (Chudnicka et al., 2003; Szmygin-Milanowska
et al., 2003; Olender & Niemcewicz, 2010).

A emergéncia da resisténcia antimicrobiana entre as espécies de Corynebacterium
também tem sido descrita para penicilina e outros agentes beta-lactdmicos (Riegel et al.,
1996; Lagrou et al., 1998; Soriano et al., 1998; Janda, 1999; Camello et al., 2003; Cherkasov
& Gladysheva, 2010). No presente estudo, a porcentagem de resisténcia a penicilina e
ampicilina variou de 39,8% a 44,2%. Resisténcia a oxacilina, penicilina e beta-lactamases
produzidas por cocos Gram-positivos, atingiu 52,2%, sugerindo um padrdo resistente

dependente da modificacdo dos receptores a penicilina, tal como observado a proteinas
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ligantes de penicilina de estafilococos e estreptococos. Os dados foram corroborados pelos
resultados negativos para a producdo de beta-lactamases obtidos para as amostras de C.
pseudodiphtheriticum testadas em nosso estudo. De acordo com a resisténcia a penicilinas, o
percentual das amostras estudadas resistentes a cefalosporinas variou de 39,9% a 46%. Além
disso, a resisténcia ao imipenem (43,3%) também foi observada. Nossos dados sugerem que
podem existir entre isolados clinicos de C. pseudodiphtheriticum um padrdo de resisténcia
cruzada aos beta-lactdmicos. Embora a cefotaxima tenha sido uma droga que anteriormente
tenha exibido eficacia no tratamento de quadros de pneumonia nosocomial causada por C.
pseudodiphtheriticum, neste estudo, 37% dos isolados clinicos obtidos de trato repiratorio
inferior foram resistentes a cefotaxima.

O isolamento, a identificacdo e o perfil de susceptibilidade de C. pseudodiphtheriticum
aos agentes antimicrobianos podem fornecer informacdes Uteis para o tratamento dos
pacientes (Colt et al., 1991; Manzella et al., 1995; von Graevenitz et al., 1998, Morinaga et
al., 2010) e enfatizam a necessidade de investigar a viruléncia expressada pelo micro-
organismo, bem como a capacidade dessa espécie colonizar superficies abidticas e bidticas
dentro do contexto do processo infeccioso no hospedeiro.

A adesdo microbiana e a formacéo de biofilme podem representar problemas de Salde
Publica. Mais de 60% das infeccBes bacterianas tratadas pelos clinicos séo consideradas com
envolvimento de espécies formadoras de biofilme. Mesmo em individuos imunocompetentes,
essas infeccbes sdo raramente resolvidas pelos mecanismos de defesa do hospedeiro.
Considerando o envelhecimento da populacdo e o nimero cada vez maior de dispositivos
médicos implantaveis, espera-se 0 aumento do nimero de infec¢bes causadas por patdgenos
oportunistas, associadas a biofilmes (Stewart & Costerton, 2001; Sousa et al., 2011).

A producdo de biofilme pelos micro-organismos ocorre, preferencialmente, em
superficies inertes, como dispositivos médicos, mas pode também ocorrer em tecidos vivos,
como ocorre em infeccOes invasivas. O tratamento bem sucedido, nestes casos, a longo
prazo, depende de doses elevadas de antibioticos e a remogdo de qualquer corpo estranho
(Costerton et al., 1999; Donlan & Costerton, 2002; Mohamed et al., 2004, Fux et al., 2005 ,
Sousa et al., 2011).

Para algumas espécies de corinebactérias ja foram descritas propriedades adesivas a
superficies bioticas e abidticas e / ou de producdo de biofilme, incluindo C. jeikeium,
Corynebacterium macginleyi e C. diphtheriae (Wang et al., 2001; Kwaszewska et al., 2006,
Suzuki et al., 2007), interessantemente, as amostras estudadas neste trabalho exibiram tais

propriedades revelando um padréo de aderéncia agregativa (AA) previamente associada com
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a invasividade e sobrevivéncia intracelular conforme descrito para outros agentes patogénicos
humanos, incluindo C. diphtheriae (Hirata Jr et al., 2008) e Escherichia coli (EAEC) (Pereira
et al., 2008).

A patogénese das infeccbes por EAEC, em geral, pode ser dividida em fases,
incluindo colonizacdo, aderéncia e formacdo de biofilme. A aderéncia de EAEC pode ser
influenciada por fatores diversos que em conjunto contribuem para expresséo do fenotipo AA.
A capacidade de expressar as fimbrias AA (AAF) e a capacidade de formar biofilme parecem
estar relacionadas (Harrington et al., 2006; Huang et al., 2006, Fujiyama et al., 2008).
Yanagawa & Honda (1976) relatam que a amostra padrdo C. pseudodiphtheriticum
ATCC10700 possui um grande namero de pili (dezenas a mais de uma centena em 91-100%
das ceélulas bacterianas). A presente investigacdo demonstrou que as amostras C.
pseudodiphtheriticum AA-like ATCC10700/Faringite e HHC1507/Bacteremia foram capazes
de aderir a superficies abidticas e / ou bidticas e formar biofilmes. Os dados indicaram uma
correlacdo entre o fendtipo AA e a formacdo de biofilme por cepas de C.
pseudodiphtheriticum.

Estudos adicionais permanecem necessarios para determinar se pili, entre outros
componentes da superficies de C. pseudodiphtheriticum, estdo envolvidos na adesdo as
superficies de células epiteliais e / ou aderéncia as superficies abidticas.

A adesdo priméaria de bactérias planctdnicas € um passo crucial na formacdo de
biofilme, que depende principalmente das caracteristicas da superficie da célula bacteriana e
de parametros ambientais (natureza da superficie do material, disponibilidade de substratos,
nutrientes etc.) (Stanley & Lazazzera, 2004). A aderéncia bacteriana aos biomateriais é uma
consequéncia de interacdes fisico-quimicas (forcas de van der Waals, acido-base de Lewis,
forcas electrostaticas) (Rosenberg, 1981) e atividades de proteinas e polissacarideos de
superficie bacteriana (Costerton et al., 1999; von Eiff et al., 2002; Oliveira et al., 2003; Sousa
etal., 2011).

Amostras produtoras de biofilme, em geral, demonstram maior aderéncia a superficies
plasticas, em comparacdo com amostras ndo produtoras de biofilme. C. diphtheriae e espécies
lipofilicas de corinebactérias isoladas de pele foram relacionadas com hidrofobicidade e
formagdo de biofilmes em superficies solidas (Mattos-Guaraldi & Formiga, 1999;
Kwaszewska et al., 2006). Similarmente a C. diphtheriae, Corynebacterium urealyticum e
outras espécies bacterianas (Rosenberg, 1981; Mattos-Guaraldi & Formiga, 1991; Soriano et
al., 2008), foi observada a aderéncia de C. pseudodiphtheriticum ao poliestireno atribuida as

interacdes hidrofobicas entre as células e a carga negativa da superficie do plastico. No
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entanto, as amostras estudadas exibiram diferencas na sua capacidade de producdo de
biofilmes em superficies de poliestireno.

Na presente investigagédo, as amostras de C. pseudodiphtheriticum foram evidénciadas
como forte produtoras de biofilme na superficie do vidro. Da mesma forma que a amostra de
C. diphtheriae BR-CAT5003748 relacionada ao cateter (Gomes et al., 2009), a formacéo de
microcol6nias foi verificada para ambas amostras de C. pseudodiphtheriticum ATCC
10700/Faringite e HHC1507/Bacteremia em superficies hidrofilicas (vidro) e hidrofébicas
(cateter de poliuretano).

Substancias poliméricas extracelulares (EPS) produzidas por micro-organismos
consistem em uma mistura complexa de biopolimeros, principalmente constituidos por
polissacarideos, bem como proteinas, &cidos nucleicos, lipidos e de substancias himicas.
Contudo, os EPS formam o espaco intercelular dos agregados microbianos, o arcabouco e a
arquitetura do biofilme (Vu et al., 2009). A aderéncia de C. diphtheriae a superficies
hidréfilas de vidro foi atribuida a presenca de moléculas de matriz extracelular,
principalmente polissacarideos com niveis elevados de residuos de &cido silico (Mattos-
Guaraldi & Formiga, 1991; Moreira et al., 2003; Gomes et al., 2009) .

A formacdo de microcolbnias € uma resposta coordenada e adaptativa que facilita o
desenvolvimento continuado e a dispersdo do biofilme. O continuo crescimento dos micro-
organismos no biofilme ocorre conduzindo a formacdo de densos agregados bacterianos
incorporados a matriz exopolimerica rodeado por uma rede de canais, tipicos de biofilmes
maduros (O'Toole et al., 2000; Webb et al., 2003).

Conforme descrito anteriormente por Karatan & Watnick (2009) e Webb e
colaboradores (2003) para V. Cholerae e P. aeruginosa, imagens de CLSM do biofilme de C.
pseudodiphtheriticum revelaram microcolénias com bactérias viaveis e bactérias mortas.
Adicionalmente o método Live/Dead revelou o arranjo espacial das células e indicou a
presenca de porosidade e de canais ao longo do biofilme produzido pelas amostras estudadas.
Os dados sugerem que a morte de células no interior de microcol6nias pode desempenhar um
papel na diferenciacdo e subsequente dispersdo de uma subpopulacdo de células sobreviventes
de biofilme produzido por C. pseudodiphtheriticum. No entanto, o (s) mecanismo (s) pelo
(s) qual (is) os canais foram criados dentro microcoldnias e as celulas dispersam dentro de
biofilmes maduros necessita de mais investigacéo.

As cepas de C. pseudodiphtheriticum estudadas produziram biofilme em superficies
abidticas, incluindo dispositivos médicos de poliuretano. Os poliuretanos sdo normalmente

usados em varias aplicacbes médicas, incluindo cateteres e tubos para fins gerais, de cama
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hospitalar, lencois cirargicos e curativos (Donlan & Costerton, 2002; Donlan, 2008). Os
dispositivos médicos podem diferir entre si no que diz respeito a concep¢do e as
caracteristicas de wuso, apesar disso existem fatores especificos que determinam a
susceptibilidade de um dispositivo para a contaminagdo microbiana e a formacéo de biofilme.
Os numeros e tipos de organismos aos quais o dispositivo esta exposto, a composi¢ao do meio
dentro ou sobre o dispositivo e propriedades do material do dispositivo, todos esses fatores
podem influenciar na formagao de biofilme.

Diversos trabalhos indicam que o aumento da sintese de exopolissacarido esta, muitas
vezes, relacionado com espécies bacterianas produtoras de biofilme em cateteres associados
com infecgdes sintométicas (Olson et al., 2002). Uma grande quantidade de material de
biofilme exibindo microcol6nias bacterianas e material amorfo foi observado na superficie e
interior do cateter de poliuretano infectados in vitro com C. pseudodiphtheriticum.

Assim como outros agentes patogénicos Gram-positivos e C. diphtheriae (Mattos-
Guaraldi & Formiga, 1991; Gomes et al, 2009) a aderéncia de C. pseudodiphtheriticum a
poliuretano pode ser parcialmente explicada pelas cargas positivas associados com este
polimero. A substadncia amorfa depositada ou glicocélice observada circundante as
microcol6nias de C. pseudodiphtheriticum nas superficies interna e externa do cateter de
poliuretano reforca o fato de que as bactérias podem produzir ou atrair componentes
exopoliméricos que fortalecem a sua ligacdo com superficies inertes in vitro.

Conforme descrito por Franson e colaboradores (1984) para estafilococos coagulase
negativos, nossos resultados sugerem que a espécie C. pseudodiphtheriticum, podem invadir
os tecidos do hospedeiro a partir de fontes exdgenas ou enddgenas, através de uma ferida na
insercdo do cateter e migrarem ao longo da superficie externa do cateter e eventualmente
colonizar o segmento de cateter. Em ambientes naturais, as bactérias aderem principalmente a
camada de moléculas adsorvidas, que reveste as superficies inertes. In vivo, qualquer
superficie de material é rapidamente coberta por plasma e proteinas de matriz para a qual as
bactérias podem expressar adesinas especificas (Whittaker et al., 1996, Arciola et al., 2005).
A estimulacdo da formacéo de biofilme bacteriano por proteinas exdgenas de mamiferos tem
sido relatada em muitos patogénios humanos (Akiyama et al., 1997, Bonifait et al., 2008).

A fibronectina (Fn) é uma glicoproteina encontrada em forma sollivel em muitos
fluidos corporais (sangue, saliva) e em forma insoltvel, como um componente da superficie
celular, membranas basais e da matriz extracelular. A Fn solGvel em plasma interage com
varias bactérias e pode servir como um receptor na adesdo das bactérias as células hospedeiras

epiteliais.
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A capacidade das bactérias de interagir com varios dominios diferentes na molécula de
Fn pode desempenhar um papel importante na aderéncia bacteriana e no tropismo por tecidos
(Hynes, 1990). InvestigacGes recentes relatam que pelo menos 10 proteinas diferentes de E.
coli ligam a Fn, levando a internalizacdo de E. coli por células hospedeiras humanas,
incluindo células epiteliais (Henderson et al., 2011).

Para outro patdgeno bem conhecido, S. aureus, a Fn é alvo de bactérias através de
receptores de Fn (FnBPs) que estdo ancorados na parede celular bacteriana deste micro-
organismo, interacfes que podem desempenhar um papel importante no processo de infecgéo.
Estudos anteriores tém demonstrado que FnBPs nédo s6 podem mediar a adesdo bacteriana as
células hospedeiras, mas também a adsor¢do de bactérias por células e formacéo de biofilme
(Schwarz-Linek et al., 2003). O'Neill e colaboradores (2008) relatou que o biofilme
promovido por FnBP ocorreu ao nivel da acumulacéo intracelular e ligacdo ndo primaria a Fn
ou Fbg.

Muitas bactérias patogénicas exploram 0s mecanismos envolvidos nos sistemas de
coagulacgdo para colonizar tecidos com proteinas de matrix expostas ou fugir dos mecanismos
imunoldgicos.

O fibrinogénio (Fbg), é uma grande proteina humana plasmatica e é principalmente
envolvida no sistema de cascata de coagulagdo através da sua conversdo em fibrina insoltvel.
A sintese do Fbg é regulada durante a inflamacdo ou sob exposicdo a stresses, tais como
infeccdes sistémicas. Ambos Fbg e fibrina desempenham sobrepostos papéis na coagulacédo
do sangue, na resposta a fibrindlise inflamatdria, nas interacGes celulares e da matriz e
cicatrizacao de feridas (Cheung et al., 1991; Davis et al., 2001; Mosesson, 2005).

Uma andlise comparativa do biofilme de proteoma de S. aureus de e ceélulas
planctdnicas evidénciou que as células do biofilme expressaram niveis elevados de proteina
associada com a ligacdo de células e, em particular, receptores de Fbg (Resch et al., 2006).
Para Streptococcus suis, a propriedade de ligacdo ao Fbg permitiu prender as bactérias umas
as outras através Fbg mediado por cross-brindging (Bonifait et al., 2008) contribuindo para a
formagéo de biofilme. A ligacdo de Fbg a Streptococcus agalactiae desempenhou um papel
significativo na prevencdo da fagocitose (Tenenbaum et al., 2005).

Semelhante aos dados encontrados em trabalhos com C. diphtheriae (Souza et al.,
2004, Gomes et al.,, 2009, Sabbadini et al., 2010), a capacidade de cepas de C.
pseudodiphtheriticum interagir com a Fn e com o Fbg foi demonstrada neste estudo.
Curiosamente, Fn e o Fbg interagiu com menor afinidade para a amostra isolada de sangue

(HHC1507/Bacteremia). As propriedades de interacdo com a Fn e com o Fbg, possivelmente
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favoreceram a aderéncia a superficie do epitélio respiratério pela amostra ATCC
10700/Faringite. Os dados sugerem que a interacdo com a Fn e com o Fbg podem apresentar
uma natureza multifatorial e relevancia na promocao, fixacdo de C. pseudodiphtheriticum nas
células epiteliais hospedeiras, nos tecidos danificados e / ou codgulos de sangue, tal como
anteriormente observado para outros agentes patogénicos Gram-positivos (Bonifait et al.,
2008; O'Neill el al., 2008).

Além da capacidade de producgdo de biofilme diretamente em superficies hidrofilas e
hidrofobas abidticas, a producédo de biofilme por C. pseudodiphtheriticum foi observada na
presenca de Fbg e Fn. No entanto, os isolados clinicos responderam inversamente, na
presenca de Fbg e / ou Fn ligados a superficie solida. A formacdo de biofilme pela amostra
ATCC10700/Faringite foi mais eficiente nas superficies de poliestireno revestidas com Fbg e
/ ou Fn e ocorreu reducdo do biofilme formado pela amostra HHC1507/bacteremia, quando
comparada com a formacdao de biofilmes em superficies ndo revestidas. Assim, a expressao de
adesinas que interagem com Fbg e Fn em diferentes niveis podem estar implicados na
formagéo de biofilme por cepas de C. pseudodiphtheriticum, como previamente relatado para
S. suis (Bonifait et al., 2008).

A afinidade para Fbg e Fn humana e a capacidade de formacdo de biofilme em
superficies hidrofilicas e hidrofébicas abidticas parece se uma caracteristica da
patogenicidade de C. pseudodiphtheriticum que pode estar contribuindo para o
estabelecimento e disseminacdo da infeccdo no hospedeiro.

O comportamento de um micro-organismo dentro das células epiteliais fornece
algumas indicacfes sobre sua estratégia geral de patogenicidade. A aderéncia bacteriana as
estruturas das células de mucosas e epiteliais € importante ndo s6 para a persisténcia
microbiana nas vias aéreas, mas também para sua disseminacao sistémica (Riise et al., 2000).
Além disso, a internalizacdo de bactérias por células epiteliais indica que essas espécies
desenvolveram mecanismos especializados que atraem funcdes celulares normais de
acolhimento e estimulo ao seu consumo proprio e adaptacdo ao meio intracelular (Meyer et
al., 1997).

Organismos infecciosos sdo frequentemente introduzido na célula por endocitose. A
vacuolizacdo citoplasmatica e degradacdo sugerem a morte das células infectadas, o que
poderia fornecer uma rota para a disseminacdo de microorganismos para locais proximos e/ou
distantes, onde focos de infeccdo metastatica poderiam ser estabelecidos (Henics & Wheatley,
1999).
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Estudos anteriores demonstraram que os bacilos da difteria podem entrar nas células
epiteliais através de uma intima adesdo com as membranas celulares, bem como comprovam a
presenca de bactérias no interior vacuolos (Hirata et al., 2002). A presente investigacdo
demonstrou que durante a invasdo de células HEp-2, numerosas bactérias C.
pseudodiphtheriticum estdo presentes dentro de um vaclolo ligada a membrana Unica,
concomitante ao desprendimento de células epiteliais. Estes mecanismos podem ser relevantes
para em infeccdes in vivo, permitindo que amostras da espécie C. pseudodiphtheriticum
possam romper a barreira de células epiteliais e entrar nos tecidos mais profundos.

As amostras de C. pseudodiphtheriticum estudadas associadas com infec¢cdo humana
demonstraram variaces na sua capacidade de se replicar no ambiente extracelular e
sobreviver na presenca de células HEp-2. Os resultados sugerem também que as cepas de
C.pseudodiphtheriticum ndo s6 multiplica e permanece sobre a superficie do hospedeiro, mas
também podem utilizar a sua ligacdo as células epiteliais, como um passo essencial para
atingir a tecidos mais profundos ou a outros locais.

Durante a infeccdo, muitas bactérias patogénicas modulam o citoesqueleto de actina
das células hospedeiras eucaridticas para facilitar diversos processos infecciosos, tais como a
fixacdo ou a invasdo das células epiteliais. As bactérias enteropatogénica sdo as mais
estudadas neste dmbito da pesquisa e estas usurpam microfilamentos da célula hospedeira
para a sua entrada (Chu & Lu 2005).

A entrada de um patdgeno em células ndo fagociticas envolve a ativacdo de
mecanismos de transducdo de sinal para induzir a rearranjos do citoesqueleto hospedeiro,
facilitando assim a absorc¢do celular bacteriana. A ativacdo da atividade da tirosina-quinase é
uma caracteristica comum das vias de transducdo do sinal que conduzem a internalizacdo de
patdgenos invasivos (Finlay et al., 1991; Tan et al., 1998).

No processo de invasdo de C. pseudodiphtheriticum, a ligacdo da bactéria desencadeia
um sinal na célula epitelial induzindo a reorganizacdo dos componentes do citoesqueleto, que
circundam o organismo e proporcionam a forca necessaria para a adsorcdo bacteriana. No
entanto, as amostras de C. pseudodiphtheriticum mostraram habilidades variadas para acionar
0s mecanismos de transducdo de sinal para induzir esses rearranjos do citoesqueleto
hospedeiro, durante seus processos de invasdo. Rearranjo do citoesqueleto parecia ser
parcialmente provocado por ativacdo de tirosina-cinases. Além disso, amostras de C.
pseudodiphtheriticum podem gerar microfilamentos independentes de vias para a adsorcéo
bacteriana, tal como anteriormente observado entre outros agentes patogénicos humanos
(Meyer et al., 1997).
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A adesdo e a persisténcia intracelular nas células HEp-2 foram elevadas na amostra
piliada de C.pseudodiphtheriticum ATCC 10700. Ao contrério de C. diphtheriae (Mattos-
Guaraldi & Formiga, 1991), as amostras C. pseudodiphtheriticum avaliadas neste estudo
foram incapazes de aglutinar eritrocitos humanos. Assim, nas condi¢des experimentais
utilizadas no presente estudo, as adesinas de C. pseudodiphtheriticum com afinidade para as
celulas HEp-2 foram incapazes de atuar como hemaglutininas para as hemaécias integras. As
diferencas observadas na capacidade destas cepas para aderir, entrar e sobreviver no interior
das células hospedeiras sugerem uma diversidade qualitativa e / ou quantitativa na expressao
dos componentes bacterianos que funcionam como adesina (s) e / ou invasina (s).

Em varios estudos, verdadeiros patégenos oportunistas foram classificados de acordo
com o0s seus padrbes de aderéncia em cultura células. O padrdo de aderéncia AA foi
reconhecido nas cepas de Klebsiella pneumoniae, que estdo associadas com colite neonatal
em ambiente hospitalar (Livrelli et al., 1996).

Para Escherichia coli diarreiogénica, a associacdo de padrbes de aderéncia com as
diferentes sindromes clinicas tem sido bem estabelecida (Nataro & Kaper, 1998). Estudos
prévios demonstraram que as propriedades AA de E. coli enteroagregativa (EAEC) e de
amostras de C. diphtheriae (Hirata Jr et al., 2008) frente as células epiteliais cultivadas foram
associadas com a capacidade de invaséo e sobrevivéncia intracelular (Pereira et al., 2008).
Todas as cepas de C. pseudodiphtheriticum testadas apresentaram um padréo de aderéncia
diferente dos bacilos da difteria caracterizado por um padrdo AA -Like, independentemente
da origem do isolado. Do mesmo modo que EAEC, dois isolados clinicos de C.
pseudodiphtheriticum  (faringite ~ ATCC10700/exudative e  HTR1503/pneumonia)
apresentaram propriedades adesivas AA-like associadas com a invasdo e a persisténcia
intracelular. A amostra HHC1507/bacteremia AA-like foi incapaz de persistir no
compartimento intracelular e bactérias viaveis foram observadas apenas nos sobrenadantes.
Estes dados sugerem que existem diferengas nos mecanismos de patogenicidade das cepas de
C. Pseudodiphtheriticum estudadas.

Patogénios extracelulares, tais como E. coli uropatogénicas (Mulvey et al., 2001) e
Helicobacter pylori (Necchi et al., 2007), tém sido demonstrados colonizando
transitoriamente o ambiente intracelular do epitélio de mucosa, como estratégia para a
persisténcia a longo prazo. Assim, a capacidade das bactérias para sobreviver no interior das
células hospedeiras, pode servir para intensificar a patogenicidade de C.

pseudodiphtheriticum.
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A utilizacdo do espaco intracelular por C. pseudodiphtheriticum poderia ser um meio
de sobrevivéncia sob condigGes adversas extracelulares. Os microrganismos testados foram
diferencialmente capazes de entrar e persistem por longos periodos de tempo dentro das
células epiteliais humanas. A Internalizacdo bacteriana por células epiteliais indica que essas
espécies desenvolveram mecanismos especializados que se associam as fungdes normais da
célula hospedeira e estimulam o seu consumo préprio e adaptacdo ao meio intracelular
(Meyer et al., 1997).

A persisténcia e sobrevivéncia intracelular de C. pseudodiphtheriticum no epitélio
também podem contribuir para a manutencdo do agente patogénico no organismo humano,
uma vez que estaria protegido dos mecanismos de controle imunitario do hospedeiro e dos
agentes antimicrobianos utilizados na terapia, tal como anteriormente observado em estudos
que relatam a sobrevivéncia de Staphylococcus aureus dentro de células endoteliais (Menzies
& Kourteva, 1998). As propriedades autoagregativas e hidrofébicas expressadas por C.
pseudodiphtheriticum podem ajudar a enganar a defesa imunoldgica e, conseqiientemente,
favorecer a fixacdo e sobrevivéncia do micro-organismo nas superficies cutaneas e / ou
mucosas.

A apoptose, € um processo ativo, que requer ativacdo de proteinas da propria célula
para a ocorréncia da morte celular (Kerr et al., 1972) e rene um padrdo de alteragdes
morfolégicas associado a morte celular programada, quer por células imunocompetentes, que
por células epiteliais. No entanto, a apoptose pode ser uma estratégia de agente patogénico
microbiano para escapar a partir da célula hospedeira infectada permitindo invadir as camadas
mais profundas da mucosa para a colonizagéo bacteriana prolongada (Martin, 2010).

As células epiteliais da mucosa pode responder as bactérias por varios mecanismos
diferentes (Zylchinsky & Sansonetti 1997; Herard et al., 1996). Ao contrario de outras
superficies mucosas, o epitélio respiratdrio é altamente resistente a apoptose, e esta resposta é
ativada apenas quando as condicdes apropriadas epiteliais estdo presentes, bem como as cepas
patogénicas de bactérias capazes de expressar adesinas e citotoxinas coordenadamente (Rajan
et al., 2000).

Os mecanismos de morte celular induzidos por amostras de C. pseudodiphtheriticum
estudadas parecem ser semelhantes aos descritos previamente para cepas de C. diphtheriae
ndo toxigenicas (Santos et al., 2009). A formacdo de corpos apoptéticos, alteracbes na
permeabilidade da membrana e uma reducédo significativa na viabilidade das células HEp-2
sugerem uma apoptose tardia ou necrose secundaria 24 h pos-infeccdo com C.

pseudodiphtheriticum. Similarmente, as espécies Mycobacterium tuberculosis (Danelishvili et
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al., 2003) e C. diphtheriae (Sabbadini et al., 2012), C. pseudodiphtheriticum induziu tanto
apoptose e necrose em ceélulas epiteliais humanas. As cepas de C. pseudodiphtheriticum
desenvolveram mecanismos para promover a sua sobrevivéncia e reprodugdo, bem como
estratégias para exercer a apoptose e necrose em células epiteliais humanas, um passo
essencial para chegar a tecidos mais profundos ou outros sitios.

E provavel que o pequeno numero de casos clinicos em paises industrializados
relatados na literatura ndo reflitam o verdadeiro panorama da incidéncia de C.
pseudodiphtheriticum em infeccdes humanas em todo o mundo. Além disso, uma triagem
universal para este organismo ainda tem sido um desafio na rotina de muitos laboratorios.

Ja esta claro que os processos utilizados por esta bactéria “oportunista’ imitam aqueles
utilizados por um grupo de conhecidos patégenos humanos invasivos. Possivelmente as
caracteristicas descobertas e evidénciadas neste trabalho ressaltam que os mecanismos de
patogenicidade do C. pseudodiphtheriticum ndo devem ser subestimados, especialmente
quando este micro-organismo estiver envolvido em quadros infecciosos invasivos, inclusive
em pacientes que fazem uso de dispositivos medicos e/ou imunocomprometidos. A presente
investigacdo aponta para a necessidade de estudos mais aprofundados acerca de uma
identificacdo molecular mais ampla dessas amostras e de propagacdo deste micro-organismo
em outras células do hospedeiro, além das células Hep-2, envolvidas na resposta a patogénese
destas infeccbes. Nesse sentido, esforgos ja vém sendo direcionados para a identificacdo
molecular por sequenciamento das cepas de C. pseudodiphtheriticum estudadas, pesquisa dos
processos de interacdo dessas amostras com células endoteliais de veia umbilical humana
(HUVEC) e macrofagos humanos U937, a interacdo com outra molécula de MEC, o
colageno, tendo em vista o relevante papel da mesma na producéo de biofilme e sua potencial
participacdo na persisténcia e/ou propagacdo deste micro-organismo no hospedeiro. Sendo
assim, tais aspectos constituem estratégias em andamento em projetos conjuntos com

pesquisadores de diferentes Instituicdes de Pesquisa no Brasil e no exterior.
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CONCLUSOES

= O isolamento de Corynebacterium pseudodiphtheriticum de infeccGes graves, com
elevada mortalidade em pacientes imunocomprometidos e a ocorréncia de fenétipos
multirresistentes foram observados na regido metropolitana do Rio de Janeiro. Os
profissionais de salde devem permanecer alertas para a possibilidade de ocorréncia de
novos casos de infeccbes por Corynebacterium pseudodiphtheriticum, o que
certamente levard um aumento do numero de relatos em areas metropolitanas de

paises em desenvolvimento;

= Apesar das diferentes origens, todas as amostras de C. pseudodiphtheriticum exibiram
padrédo de aderéncia do tipo agregativo-like. A expressdo deste tipo de padréo de
aderéncia pode ser considerado como fator sugestivo do potencial invasivo de

amostras de C. pseudodiphtheriticum;

= Em adicdo a capacidade de expressao do padrdo de aderéncia do tipo agregativo-like,
as amostras apresentaram capacidade de aderir a superficies abiéticas e /ou bioticas e

formar biofilme;

= C. pseudodiphtheriticum exibiu diferencas na capacidade de aderir ao poliestireno.
Este mecanismo parece ser atribuido as interagdes hidrofébicas entre a bactéria e a

carga negativa da superficie do pléastico.

= Todas as amostras testadas foram identificadas como forte produtoras de biofilme em

superficies hidrofilicas (vidro) e hidrofdbicas (poliuretano).

= C. pseudodiphtheriticum pode causar infecgOes relacionadas ao uso de cateter,

particularmente em pacientes imunocomprometidos, incluindo os idosos e portadores
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de neoplasias. Todas as amostras estudadas foram capazes de aderir ao cateter de

poliuretano nas condi¢des experimentais utilizadas neste estudo;

= O biofilme formado na superficie hidrofilica do vidro foi caracterizado por
microcolbnias com bactérias viaveis com membranas intactas e bactérias mortas com
membranas danificadas o que pode desempenhar um papel na diferenciagdo e
subsequente dispersdo de uma subpopulacdo de células sobreviventes de biofilme

formado por C. pseudodiphtheriticum;

= As amostras de C. pseudodiphtheriticum interagiram com Fn e Fbg humano em

diferentes intensidades;

= C. pseudodiphtheriticum foi capaz de formar biofilme em superficies inertes, porém
os isolados clinicos responderam inversamente, na presenca de Fbg e / ou Fn ligados
a superficie solida. A formac&o de biofilme pela amostra isolada de faringite foi mais
eficiente nas superficies de poliestireno revestidas com Fbg e / ou Fn e ocorreu
reducdo do biofilme formado pela amostra isolada de sangue, quando comparada com

a formacéo de biofilmes em superficies ndo revestidas;

= As amostras associadas com infeccGes humanas demonstraram variacbes na
capacidade de invadir, replicar no ambiente extracelular e sobreviver na presenca de
células epiteliais humanas sugerindo uma diversidade quantitativa e/ou qualitativa na

expressao dos componentes bacterianos que funcionam como adesina (s) e/ou invasina

(s);

= No processo de invasdo de C. pseudodiphtheriticum a ligacdo bacteriana aciona 0s
mecanismos de transducao de sinal na celula epitelial, induzindo a reorganizacdo dos
componentes do citoesqueleto, que circundam o organismo e proporcionam a forca

necessaria para a absorcéo bacteriana;
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As amostras de C. pseudodiphtheriticum investigadas apresentaram variagdes na
habilidade de acionar os mcanismos de transducéo de sinal para induzir o rearranjo do

citoesqueleto hospedeiro;

A adesdo e a persisténcia intracelular em células HEp-2 foram elevadas na amostra
piliada ATCC10700 de C. pseudodiphtheriticum;

As cepas estudadas isoladas de infecgdes invasivas induziram apoptose (tardia) e

necrose em células epiteliais humanas;

As cepas C. pseudodiphtheriticum com potencial invasor, associadas a pacientes
imunocomprometidos parecem estar utilizando os mecanismos de patogenicidade
evidénciados nesta investigacdo, tais como, adesividade as superficies abioticas e
bidticas, formacdo de biofilme, invasdo e inducdo de apoptose, para promover a sua
sobrevivéncia e reproducdo no hospedeiro, um passo crucial para o estabelecimento da

infeccdo.
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