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Candida albicans isolated from human fungaemia induces apoptosis
in an experimental endocarditis model
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Candida albicans is the most common fungal pathogen known to cause endovascular infections, such as vascular
catheter sepsis, infections of vascular prostheses and infective endocarditis. A C. albicans isolate was used to deter-
mine the apoptotic potential of the fungus in a rat endocarditis model. This study confirms the ability of C. albicans

to induce apoptosis in myocardial tissue.
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Infective endocarditis (IE) is a multifaceted disease
that involves pathogen/host tissue interaction, lead-
ing to the formation of infected thrombotic vegetations
(Durack & Benson 1972). Outcomes and prognoses are
influenced by host-related factors (demographics, co-
morbidities, predisposing conditions or procedures and
affected valves), the causative pathogen and therapeu-
tic intervention (medical or surgical) (Bonderman et al.
1999). Fungal endocarditis (FE) is an uncommon disease
and while accounting for only 1.3-6% of all cases of in-
fectious endocarditis, it carries a high mortality risk.
Candida species are the most common agents involved
in fungal endocarditis and as a result, Candida albicans
is the most clinically important yeast isolated from pa-
tients suffering from FE (Pfaller & Diekema 2007). C.
albicans may cause endocarditis when it reaches the
myocardial tissue by iatrogenic inoculation through con-
taminated plastic devices and fluids during continuous
catheterisation (Scheld & Sande 1995, Akpunonu et al.
2008). Several putative virulence factors of C. albicans
have been identified, such as the ability to form germ
tubes, adherence to host cells and secretion of protei-
nases (Hruskova-Heidingsfeldova 2008). Candida pro-
teinases decrease the opsonic and bactericidal activities
of human serum by degradation of the Fc portion of im-
munoglobulin G and proteolysis of the C3 component of
the complement system (Kaminishi et al. 1995). Further-
more, the induction of programmed cell death or apopto-
sis by microorganisms may constitute an important step
in pathogenesis (Park 2004).
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In mammals, apoptosis is a physiological mechanism
of cell death that plays a key role in normal development
(Majno & Joris 1995). Cell death and ensuing changes
in the secretion of cytokines may also play an important
role in microbial pathogenesis (Hogan & Basten 1988).
Apoptosis has been demonstrated in several in vitro and
in vivo studies (Zychlinsky et al. 1992, Gasparoto et
al. 2004) of C. albicans infection (Majno & Joris 1995,
Renna et al. 2006) but not in experimental endocarditis.

The purpose of this study was to determine the
ability of a C. albicans strain to induce apoptosis in
myocardial tissue.

MATERIALS AND METHODS

Isolation of microorganisms and inoculum prepara-
tion - A C. albicans strain (HO7/116) obtained from a
10-month-old child admitted to the University Hospital
Juan I. Menchaca in Guadalajara, Mexico, for neuroblas-
toma, fever and sepsis was used in this study. The strain,
isolated from a culture of blood, was identified using an
automated MicroScan device (Dade Behring, CA) and
then confirmed by PCR in order to identify fungal ribo-
somal RNA of the yeast (Fujita et al. 2001). The isolate
was subcultured on Sabouraud dextrose agar before use.
Colonies were stored in liquid medium and the stock of
the strain was kept at -70°C in liquid medium supple-
mented with 10% glycerol (v/v).

To prepare inocula, fresh Candida cultures were
grown and monitored by optical density (OD) measure-
ments at a wavelength of 620 nm with a spectrophotom-
eter (Jenway, Sacramento, CA). At an OD of 0.01, corre-
sponding to 1.6 x 10° colony forming units/mL, samples
were diluted in physiological saline (at 4°C) before in-
oculation (Murray 2007).

Experimental endocarditis model - Female Wistar
rats, 2-4 months old, were obtained from our animal care
division and housed under 12:12 h light-dark cycles with
access to water and rodent chow ad libitum. Sterile aortic
vegetations were produced according to the classic mod-
el of Durack and Besson (Durack et al. 1973). In brief, a
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polyethylene catheter (PE10, Clay Adams) was connected
to a manometer and inserted into the left ventricle through
the right carotid artery, under ketamine-xylazine anaes-
thesia. The catheter remained indwelling throughout the
experiment to induce thrombotic vegetation formation.
Twenty-four hours after catheterisation, 20 rats were chal-
lenged intravenously with C. albicans inocula, in order to
achieve fungal colonisation of the vegetation. Ten other
rats were injected with sterile 0.9% saline. Additionally,
10 rats were sham operated to serve as controls.

Histology - Rats with sterile aortic vegetations were
inoculated as described in the previous paragraph and
sacrificed five days later. Representative samples of left
endocarditis vegetations were excised and rapidly fixed
in 10% neutral-buffered formol and processed using a
routine paraffin inclusion technique for morphological
analysis and immunohistochemistry. These samples
included aortic tissue, aortic valves, left atria and left
ventricles. Five-micron thick serial sections were stained
with haematoxylin and eosin to identify cells and nu-
clei, Alcian blue coupled with nuclear red to reveal areas
of mucoid accumulation (Okada & Shozawa 1994) and
their relation to cell nuclei and finally Schiff’s periodic
acid (PAS) to verify microbes in the vegetation.

Immunohistochemistry - To localise apoptotic cells,
representative tissue sections from each group were ana-
lysed by terminal transferase-mediated dUTP nick end
labelling (TUNEL) (Gavrieli et al. 1992). This method
was used to visualise fragmented DNA on fixed sections
according to the manufacturer’s instructions (Roche). A
positive control with DNase I (Qbiogene) treatment (3 U/
mL) and a negative control omitting the use of terminal
transferase were also performed. Cell nuclei were visua-
lised by counterstaining with 100 ng/mL DAPI (4°,6’-
diamidino-2-phenylindole hydrochloride).

Ethics - This study was approved by the Institutional
Animal Care and Ethical Committee of the University of
Guadalajara Health Sciences Center.

RESULTS

Each animal in which the catheter was correctly po-
sitioned within the ventricle developed aseptic or septic
vegetations and cultures of all septic vegetations were
positive for C. albicans.

Macroscopic evaluation upon sacrifice showed that
vegetations were mainly localised on the aortic valves,
but some were also observed on the aortic wall along the
catheter trajectory (Fig. 1A) and in the left ventricle, in
close contact with the catheter hole.

Microscopically, the vegetations were composed of
red blood cells and neutrophils. In infected animals, in-
vasion by C. albicans was observed in both vegetations
and endocardial tissue, suggesting that fungal growth was
rather similar at both sites. Yeast cells were readily iden-
tified by PAS staining and a large number of branching
pseudohyphae were visible (inset; Fig. 1C). The vegeta-
tions had characteristics of platelet fibrin-rich clots, in-
cluding a network of fibrin (by Mallory staining) (Fig.
2A). Alcian blue staining revealed the presence of large
areas of mucoid substance in the valvular, aortic and myo-
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Fig. 1: morphology of aortic valve endocarditis. A: macroscopic view
of the vegetation attached to the valve (arrow); B: a normal myocar-
dial section is shown (hematoxylin-eosin, magnification 10X); C:
microscopic view of a large septic vegetation attached to the aortic
valve (hematoxylin-eosin, magnification 10X) with massive fungal
pseudohyphal invasion and yeasts (inset, Grocott, 40X).

Fig. 2: sections of myocardial tissue and left ventricular septic veg-
etation. A: image corresponding to a zone of necrosis and fibrin de-
position in myocardial tissue (arrow) (Mallory staining 40X); B: im-
age showing mucoid degeneration in the aortic wall underlying the
vegetation (Alcian blue, magnification 40X). The border area of the
myocardium beneath the vegetation exhibited the typical aspect of
mucoid degeneration, including the accumulation of basophilic mate-
rial associated with myocyte disappearance (arrow).

cardial tissue in close contact with the vegetations at the
catheter hole (Fig. 2B). These mucoid areas were devoid
of cell components, as demonstrated by nuclear red coun-
terstaining. These areas were TUNEL-positive (Fig. 3A).
In contrast, DAPI-positive cells were observed in both the
myocardial area and the vegetation (Fig. 3B). Remarkably,
the highest level of myocardial apoptosis was observed in
animals exposed to infection stimuli. Only a few apop-
totic cells were observed in myocardial sections from the
catheter-induced thrombotic lesions without infection
(Fig. 3C). Notably, there were no apoptotic cells in myo-
cardial sections from sham-operated animals (Fig. 3D).

DISCUSSION

The incidence of invasive candidiasis has increased
during the past few years (Hernandez-Hernandez 2003,
Godoy et al. 2003, Colombo et al. 2006, Tortorano 2006).
C. albicans is the most common fungal pathogen caus-
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ing endovascular infections, such as IE, vascular catheter
sepsis and infections of vascular prostheses (Chang et al.
2008). Fungal infections have a low incidence in IE and
several risk factors, such as injection drug abuse, immu-
nosuppressive therapy, neutropaenia, malignancy and to-
tal parenteral nutrition (contamination) have been evoked
(Filler & Sheppard 2006, Utili et al. 2007).

Several studies have shown that C. albicans strains
are increasingly expressing virulence traits such as pro-
teinase production, adherence, resistance to antifungal
drugs and phenotypic variation (Ghannoum & Etteen
1986, Panagio et al. 2002). Moreover, C. albicans is able
to induce membrane exposure of phosphatidylserine in
murine macrophages (Panagio et al. 2002), thus suggest-

Fig. 3: myocardial apoptosis after Candida albicans infection. The
assessment of apoptosis cells was performed in myocardium sections
of all animals group (sham-operated, catheter-induced thrombotic le-
sions with and without infection). A: the detection of DNA fragmenta-
tion was performed using in situ terminal transferase-mediated dUTP
nick end labelling (TUNEL) fluorescent method. TUNEL-positive
cells are fluorescent green (arrows). Original magnification 40X; B:
DAPI-positive nucleuses were present in the myocardium as well as
in the vegetation; C: TUNEL assay performed on myocardial section
from aseptic vegetation showed few apoptotic cells; D: section of
myocardial tissue without apoptotic cells in a sham-operated rat.

ing apoptosis as a virulence mechanism. In the present
study, a C. albicans strain isolated from a paediatric
patient and identified by microbiological and molecular
methods (data not shown) was successfully used to gen-
erate fungal endocarditis in the rat.

In agreement with a previous study (Rouzet et al.
2008) we observed some areas of mucoid degeneration
and smooth muscle cell disappearance. Such basophilic
areas corresponded to the accumulation of modified
glycosaminoglycans. Mucoid degeneration appears to
be linked to cell disappearance and matrix degradation
(Bonderman et al. 1999). In bacterial endocarditis, this
observation could be linked to the ability of proteases
released by the septic vegetation to induce detachment

and death of myocytes (Scheld & Sande 1995). This pro-
teolytic activity in the vicinity of the vegetation has two
consequences. First, it promotes lysis of the vegetation
itself and dissemination of the septic thrombus; second,
it promotes degradation of the extracellular matrix and
invasion of the underlying tissue, leading to valvular
damage and/or abscess formation.

Secretion of aspartyl proteinases and serine pro-
teases is considered to be an important virulence trait
of C. albicans strains (dos Santos et al. 2006, Mohan &
Ballal 2008). In our study, using blotting and zymogra-
phy experiments, we did not observe metalloproteases
or serine proteases secreted by C. albicans to degrade
the vegetation and underlying tissue (data not shown).
However, we cannot rule out the possibility of the in-
volvement of aspartyl proteinase activity of C. albicans
in the observed matrix and tissue degradation.

In our experimental endocarditis model, TUNEL as-
says demonstrated myocardial apoptosis, as recently de-
scribed (Rouzet et al. 2008). Apoptosis is a phenomenon
closely related to the presence of some intrinsic host and
yeast factors. TNF-a and nitric oxide are two molecules
known to provoke cellular damage, DNA oxidative inju-
ry and apoptosis (Renna et al. 2006, Hosogi et al. 2008).
Other factors from yeast, like phospholipomannan, an
important molecular component of the cellular wall, play
the role of adhesins and induce the production of cyto-
kines like TNF-a, thus likely stimulating apoptosis (Trinel
et al. 1999). These molecules could be involved in the
development of apoptosis. Further studies are needed to
clarify this possibility in our endocarditis rat model.
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