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Aggregative adherent strains of Corynebacterium pseudodiphtheriticum
enter and survive within HEp-2 epithelial cells
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Corynebacterium pseudodiphtheriticum is a well-known human pathogen 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 type 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.
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Currently, more than half of all of the infectious
diseases that affect mildly immunocompromised pa-
tients involve bacterial species that are commonly en-
countered in the environment or are found among the
body’s normal flora. Opportunistic pathogens, including
Corynebacterium pseudodiphtheriticum, are frequently
resistant to antimicrobial agents and there is 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 is 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), bacteraecmia
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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 (Li & 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 in 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
(HA)-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, isolated
from exudative pharyngitis (Izurieta et al. 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 instructions,
using several profiles: 1001004, 3001004 and 3001004
(all probabilities > 90%) (Almuzara et al. 2006). Stock
cultures were maintained in 10% skim milk containing
25% glycerol at -80°C.

All experiments were conducted with microorgan-
isms 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 TR241 strains were used as positive and nega-
tive 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-
tial 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, TR241 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
[10%-107 colony-forming unit (CFU) mL"] suspended in
MEM [multiplicity of infection (MOI) of 10]. After in-
cubation periods of 0.5 h, 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 determine the intracellular viable bacteria (IC)
counts, monolayers were washed six times with PBS
and treated with 150 pg mL"' gentamicin sulphate for
1 h. The number of IC was determined after lysis of the
monolayers with 250 puL 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 x (lysate CFU + supernatant
CFU)! x 100 (Moreira et al. 2003).

To evaluate bacterial persistence, viable bacteria
were recovered from the lysates of monolayers main-
tained in 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
pg 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 puL of 0.1% Triton X-100 in PBS at 24 h post-
infection (Dopfer 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 in PBS for
5 min. Monolayers were washed three times with PBS
and treated with 5 pg mL"! fluorescein-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 uM 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 experiment was carried out
in triplicate and repeated three times. Statistical analy-
sis 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

HA - 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 quantitative cell-associated bacte-
ria (EC + IC) and IC tests at different incubation times
are shown in Table 1. 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/bacteraecmia (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 pseudodiphtheriticum (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
IL. 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
HHCI1507/bacteraemia strain. The clinical isolates were
unable to replicate intracellularly under the experimen-
tal conditions that were used.

The evaluation of the cytoskeletal 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. pseudodiphtheriticum HHC1507/
bacteraemia and HTR1503/pneumonia strains was com-
pletely inhibited by cytochalasin E. The adhesion of the
HHCI1507/bacteraemia strain to HEp-2 cells was also
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TABLE I

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

Viable bacteria

ATCC 10700/ HTR1503/ HHC1507/
exudative pharyngitis pneumonia bacteraemia
Time EC+IC IC EC+IC IC EC +1IC IC
(h) (%0) (%) (%0) (%0) (o) (%)
TO0.5S 10.51¢ 0 31.164 0 4.41 0
TIS 43.30 0 16.36 0 43.92/ 0
T3S 56" 3.23¢ 31.314 0.65 44.36/ 0.36
T6S 53.70° 3.23¢ 51.15¢ 1.70 48.83 3.43
T24S 15.13¢ 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.

TABLE 11

Survival (T24S) and persistence (T24P) of Corynebacterium pseudodiphtheriticum strains
at 24 h post infection of human epithelial (HEp-2) epithelial cells®

Viable bacteria (colony-forming unit mL™")

ATCC 10700/ HTR1503/ HHC1507/
exudative pharyngitis pneumonia bacteremia
SN IC SN IC SN IC
TO 8.7 x 10° - 6.7 x 10° - 16 x 10°
T24S 1.27 x 107 1.07 x 107% 3.0x 10° 1 x 10°¢ 9x 10° 0
T24P 0 1 x 104 0 1 x 104? 0 0

a:bacterial inoculums of ~8 x 10¢ bacteria; b, c: 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 (T24P); 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 involved
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 in the internalisation, 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
HHCI1507 strains 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
pseudodiphtheriticum. Foci of intense fluorescence corresponded to ar-
eas of bacterial adhesion observed under phase-contrast. Micrographs
of control strains Escherichia coli E2348/69 (FAS-positive) and E. coli
DHS5-a (FAS-negative) were not shown. Magnification: 1,000X.

significant (p < 0.001) increase in the number of viable
intracellular 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
strains. In contrast to the ATCC 10700 strain, the data
suggest that the HHC1507 strain has an invasion process
that involves actin polymerisation, but is 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
in 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 is important not only for microbial per-
sistence in the airways, but also for its systemic dissemi-
nation (Riise 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
into 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 intimate 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 is a
common feature in the signal transduction pathways that
lead to the internalisation of invasive pathogens (Finlay
et al. 1991, Tan et al. 1998).

In the invasion 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-
ticum ATCC 10700 strain. Unlike C. diphtheriae (Mattos-
Guaraldi & Formiga 1991), the C. pseudodiphtheriticum
strains evaluated in this study were unable to aggluti-
nate human erythrocytes. Therefore, the pilins of the
C. pseudodiphtheriticum 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/
or quantitative diversity in the expression of the bacterial
components that function as adhesin(s) and/or invasin(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 in 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 pseudodiphtheriticum ATCC 10700, HTR1503 and HC1507 strains at 3 h post-infection. Each experiment was
carried out in triplicate and repeated three times. Asterisk means p > 0.05.

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-
siveness 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. pseudodiph-
theriticum strains tested were different from diphtheria
bacilli and showed an A A-like pattern, regardless of the
origin of the isolate. 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. pseudodiph-
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 is 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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