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BACKGROUND

Invasive fungal infections (IFIs) are leading causes of death in patients with leukemia and
hematopoietic cell transplant recipients. Furthermore, in recent years, difficult-to-treat inva-
sive infections caused by rare molds such as the Zygomycetes, Fusarium and yeasts have
emerged in severely immunocompromised patients, including patients with acute leukemia.
Hence, despite significant improvement in the development of new antifungal agents over the
past decade, the efficacy of current antifungal therapies is at best suboptimal, and mortality
rates associated with IFIs approach 60-80% in patients with acute leukemia. Therefore, there
is a dire need for better understanding of the pathogenesis of IFIs and the development of novel
therapeutic strategies against these devastating infections. Over the last 5 years we have devel-
oped a multifaceted research program aiming to improve the outcome of cancer patients with
IFIs. Our approach extends in four major areas of medical mycology:

(A) In vitro laboratory studies on the antifungal effi-
cacy of novel agents against resistant fungi (e.g., Fusarium,
Zygomycetes). Our studies revealed that orphan drugs, which are
currently used in the management of other diseases (e.g., statins,
pentamidine) have significant fungicidal activity against difficult
to treat mycoses both in vitro and in vivo. To better characterize
the mechanism of action of conventional and novel antifungal
agents we employ an array of modern in vitro pharmacodynamic
approaches (e.g. DiBAC fluorescent morbidity staining, XTT via-
bility staining).  Furthermore, we use conventional broth microdi-
lution susceptibility testing (checkerboard method) along with
novel in vitro PD approaches (e.g., E-test, disk diffusion, XTT-
checkerboard, DiBAC staining) to assess the synergistic interac-
tions of different antifungal agents.

(B) Development of conventional animal models to study pathogenesis and
the immunopharmacology of conventional and
novel antifungal agents against Candida,
Aspergillus and other emerging IFIs (e.g.,
Zygomycetes, Fusarium). We are particularly interested
in understanding the mode of action of antifungal
agents and how these drugs modulate host immune
responses against fungi. To that end, in a mouse model
of invasive pulmonary aspergillosis in corticosteroid-
treated mice, we found that pretreatment with empty
liposomes was nearly as effective as liposomal ampho-
tericin B and superior to conventional amphotericin B
deoxycholate. This is a very important finding because
underscores that the beneficial immunomodulatory
properties of empty liposomes (without antifungal
agent) appear to compensate for their lack of direct antifungal activity. 
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Figure. Lovastatin in vitro
activity against Zygomy-
cetes assessed by the DiBAC
staining assay.

Figure. Pretreatment with empty lipo-
somes protects corticosteroid-suppres-
sive mice against IA

          



(C) A key component of our research
includes the use of alternative mini-host
organisms, such as the fruit flies, as an easy,
inexpensive, fast and genetically amenable
model to study medically important fungi.
This is an exiting area of research because of the
well-characterized immunity of the fruit fly and the
striking similarities between the immune system of
humans and flies. Hence, modeling fungal infec-
tions in flies will allow a better understanding of the
critical factors that control pathogenicity of fungi
and the molecular events that are important in host
defense against fungi. 

Despite the acceleration of research in the
molecular mechanisms of many fungi such as C. albi-
cans and A. fumigatus, in vivo testing of generated
mutants in animal models, an essential component of
the Koch's postulates for pathogenicity remains labo-
rious and slow. 

Studying the pathogenic potential of such
mutants has traditionally relied in conventional ani-
mal models such as rodents, and rabbits. However,
conventional models represent a bottleneck for large-
scale virulence studies since these models are expensive and time-consuming, thus limiting
testing to only one or a few carefully chosen mutants. In contrast, the use of mini-host models
with well-characterized genetics and simple immunity against pathogens has been effectively
used to study both microbial virulence factors and host immune-defense mechanisms.  For
example, Drosophila melanogaster lacks adaptive immune responses but has fully developed
innate immunity. The evolutionary conserved Toll signaling pathway is a protease cascade
homologous to the complement activation by the lectin pathway in mammals and plays a crit-
ical role in control of innate immunity responses of
Drosophila against fungi and gram-positive
pathogens. Upon challenge with a fungal pathogen,
Toll pathway activation leads to the rapid and selec-
tive induction of antifungal peptides into the fly
hemolymph and allows Drosophila to combat suc-
cessfully invasive fungal infection. Therefore, Toll
(Tl)-deficient flies are extremely susceptible to fungi
and have been successfully used to study pathogene-
sis of various fungal pathogens. In our previous
work, we established a reproducible model of inva-
sive aspergillosis (IA) and systemic candidiasis in Tl-deficient Drosophila flies. 
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Figure. Proposed approach for high throu-
ghput screens in flies

Figure. Innate immune response in Droso-
phila

Figure. The Toll pathway in Drosophila

         



We recently developed a model of
mucormycosis in Drosophila flies to study
virulence mechanisms and the molecular
aspects of host immune response to
Zygomycetes. We found that, as opposed
to most other fungi, which are nonpatho-
genic in D. melanogaster (e.g.,
Aspergillus fumigatus), Zygomycetes rap-
idly infect and kill wild-type flies. Early
induction of the Toll pathway was not suf-
ficient to protect against Zygomycetes in
contrast to A. fumigatus infection. D. melanogaster Schneider 2 phagocytic cells displayed
decreased phagocytosis and hyphal damage after exposure to Zygomycetes as compared with
that to A. fumigatus. Classic enhancers of Zygomycetes virulence in humans, such as corticos-
teroids, increased iron supply, and iron availability through treatment with deferoxamine, also
dramatically increased Zygomycetes pathogenicity in
our model. Whole-genome expression profiling in
wild-type flies after infection with Zygomycetes vs. A.
fumigatus identified genes selectively downregulated
by Zygomycetes, which act in pathogen recognition,
immune defense, stress response, detoxification,
steroid metabolism, tissue reconstruction or have
unknown functions. Our results provide insights into
the factors that mediate host-pathogen interactions
in zygomycosis and establish D. melanogaster as a
promising model More importantly, we found flies
treated with iron or deferoxamine (an iron chelator
used by zygomycetes to supply the organism with
iron) are more susceptible to infection, therefore
recapitulating similar findings in the mouse and
guinea pig models. Collectively, these studies showed
that Drosophila has striking similarities to the far more complex mammalian models of
mucormycosis and holds promise as a future tool for mass screening of both novel antifungal
compounds and virulence genes in R. oryzae 

(D) Study the immunopharmacology of selective antifungal agents (e.g.,
echinocandins) on DC activation and polarization of T cell responses (e.g., Th17
vs. Th1 vs. Th2).

Echinocandins are cell wall active antifungal agents that act by inhibiting beta glucan syn-
thetase, a key molecule of the fungal cell wall that lacks a human or mammalian homologue. It
has been recently shown in Candida albicans that beta glucan activates the human phagocytic
cell receptor Dectin-1 polarizing the adaptive immune response towards Th17 T-cells. It has
been also postulated that besides their direct antifungal activity, the echinocandins also exhib-
it immunomodulating properties by unmasking the beta glucan molecules in the cell wall of
fungi. Exposure of the beta glucan may increase recognition by immune effector cells leading
to a robust inflammatory response. Alternatively, unmasking of the beta glucan may activate T
reg cells to control the exuberant pro-inflammatory response at the sites of infection. 

There is emerging evidence to suggest that invasive mold infections, including aspergillo-
sis, are increasingly reported in the setting of graft-versus-host disease and corticosteroid
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Figure. Administration of deferoxamine or iron worsens
the course of infection with R. oryzae. 

Figure. Gene expression profiling in WT
flies infected with Rhizopus vs. Aspergillus

     


