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Representatives, Ladies and Gentlemen, Our dear friends,

On behalf of the Organizing Committee of the 17th Congress of ISHAM 2009 in Tokyo and as the Congress
President of the 53rd Annual Meeting of the Japanese Society for Medical Mycology (JSMM), I would like to
say many thanks to all who came from numerous parts of the world to join this meeting here in Tokyo. We are
very happy and honored to organize such a big medical mycology congress entitled “Medical Mycology in the
21st Century” on this special occasion. As you know, our JSMM has more than 1,000 members mainly inside
Japan, but including some from Korea, China etc. In this year, our JSMM has only the General Assembly. We
will not hold an independent academic meeting besides the ISHAM meeting. It means our JSMM meeting is
included in the ISHAM Congress in 2009. On this special occasion, as the Congress President of JSMM and
ISHAM 2009 in Tokyo, I am very happy to show sincere appreciation to the respected scientists who lead the
development of medical mycology in the world. In this meaning, we set up a short and smart ceremony to give
certificates of appreciation to the past ISHAM Presidents and past Congress Presidents of ISHAM. We are very
happy to invite Prof. Urabe Harukuni, the President of ISHAM 1985-1987, Prof. Frank C. Odds, the President
of ISHAM 1991-1993, Prof. David H. Ellis, the 12th Congress President of ISHAM 1994, Prof. Johannes
Miiller, the President of ISHAM 1994-1996, Prof. Luciano Polonelli, the 13th Congress President of ISHAM
1997, Prof. Ricardo Negroni, the 14th Congress President of ISHAM 2000, Prof. Michael G. Rinaldi, the 15th
Congress President of ISHAM 2003, Prof. David W. Warnock, the President of ISHAM 2004-2006, and Prof.
Bertrand F. Dupont, the 16th Congress President of ISHAM 2006 to receive this certificate. I am honored to first
present the certificate of appreciation to Prof. H. Urabe, Prof. F. C. Odds, Prof. D. H. Ellis, Prof. J. Miiller and
Prof. L. Polonelli. Then after that, Prof. WATANABE Shinichi, President of JSMM will give the certificate of
appreciation to Prof. R. Negroni, Prof. M. G. Rinaldi, Prof. D. W. Warnock and Prof. B. F. Dupont. I believe that
participation by these distinguished colleagues in ISHAM 2009 will be a significant contribution to the success
of the Congress in Tokyo.

PROFILE

Juntendo University (M.D. 1966)/Professor & Chairman, Dept. of Dermatol. (1981-2004)/Dean (1996-2000)/President
(2000-2008)/CEO (2004- )

Vice President of ISHAM (1994-1997)/Vice President of ISD-Int. Society of Dermatol. (1994-1999)/President of APSMM-
Asia Pacific Society for Medical Mycology (1997- )/President of ISHAM 2009 in Tokyo

Guest Professor/ Duke University , Beijing Medical University etc.

Honorary Member/ADA-American Dermat. Asso./SID/Bri. Asso. Dermat., German Soc. Dermat., Korean Dermat. Asso.,
Chinese Med. Asso.

Award/ Commander Knight, Thailand (1992)/Honorary Citizenship, Italy (2001)

Editor/ Founding Editor in Chief, J. Dermatol. Sci. (Amsterdam) etc.

Chief Organizer of Int. Dermat. Training Course (for 30 Asian countries)

Publications in English/ 595 (Total Impact Factor: 1,072)
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MEDICAL MYCOLOGY IN THE 21ST CENTURY: SCIENTIFIC BASE AND ANTICIPATED CHALLENGES

Dangerous black fungi are all around us: How come we are
still alive?

Sybren de Hoog
ISHAM President, Centraalbureau voor Schimmelcultures Fungal Biodiversity Centre, The
Netherlands

Melanized fungi are well-known for causing brain infection, and often take a fatal course. Contrary to
expectations, some of these species, although generally taken to be opportunists, are recurrently found in patients
without detectable immune disorder or underlying disease. In the phylogeny of the fungal Kingdom these fungi
belong to a limited number of groups: frequently the order of black yeasts, the Chaetothyriales is concerned,
with Cladophialophora bantiana and Exophiala dermatitidis as main agents. The predilection of these species
is different. While C. bantiana nearly always has a cerebral location, E. dermatitidis mostly disseminates with
severe mutilation and pronounced neurotropism. Another order, with a second disease category, is found in the
Microascales: fungal brain infection resulting from aspiration of polluted water and temporary coma following
a near-drowning event. The respective patient category frequently develops a delayed cerebral abscess by
Scedosporium species.

In clinical practice, fungal brain infection is difficult to diagnose. The fact that a very small number of species
is concerned, which also has a more or less pronounced anamnesis and clinical course, enhances early suspicion
of a fungal infection, and enables empirical antifungal therapy. Novel tools for in situ detection are being
developed. The sources and routes of transmission of melanized fungi is still poorly understood. Species of
black yeasts and allies differ considerably in predilection and virulence. Environmental isolation of some of the
species thus far has been successful only by using an animal bait; strains isolated from the environment by direct
planting are mostly different from the ones causing infection in the human host. These data suggest that the order
Chaetothyriales is in an early phase of pathogenic adaptation to the vertebrate host.

PROFILE

Sybren de Hoog (1948) is senior researcher in at the Centraalbureau voor Schimmelcultures in Utrecht and professor at
the Institute of Biodiversity and Ecosystem Dynamics of the University of Amsterdam, The Netherlands and the Research
Center for Medical Mycology, Peking University, Beijing, China. He has written over 360 refereed papers, in addition to
the (co-)editing of symposia on yeasts, yeast-like and medical fungi in Amersfoort (1987), Atlanta (1992), Adelaide (1993),
Vancouver (1994), Veldhoven (1996), Utrecht (2006) and Angers (2007). He was program chairman of the TIFIVECMM
congress in Amsterdam (2003). He has prepared an Atlas of Clinical Fungi (with J. Guarro, Reus, Spain), for which a third
edition on CD-ROM appears at this congress, and many chapters on filamentous yeasts for the book "The Yeasts" (eds C.P.
Kurtzman et al.). He worked several months as a guest professor at the Research Center for Pathogenic Fungi in Chiba,
Japan. Currently he is President of the International Society for Human and Animal Mycology (ISHAM). His teaching
activities comprise the international CBS Course Medical Mycology for hospital personnel, and several courses for medical
biology students.
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Intrinsic heteroresistance of Cryptococcus neoformans to
azoles: A stress survival mechanism of the fungus

Kyung J. Kwon-Chung
Molecular Microbiology Section, Laboratory of Clinical Infectious Diseases, NIAID, NIH,
Bethesda, MD, USA

In 1999, Mondon et al described heteroresistance to fluconazole in two strains of C. neoformans isolated in
1998. Heteroresistant strains produced cultures with heterogeneous compositions in which most of the cells were
susceptible but some were highly resistant to fluconazole (MICs, > 64 ug/ml) and were recovered at variable
frequencies. Highly resistant homogeneous populations can be obtained by subculturing resistant clones on
media with the drug while homogeneous populations of sensitive cultures could never be obtained. Furthermore,
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the highly resistant cultures derived from a resistant subpopulation are lost during repeated transfer on drug
free media without losing the basal subpopulation of resistant cells. Whether this type of unusual resistance to
azoles is intrinsic or acquired through exposure to azole drugs has not been conclusively determined. In order to
determine whether heteroresistance of C. neoformans to azoles is intrinsic, we screened 102 strains of serotype
A, 28 strains of serotype D, 21 strains of serotype B and 10 strains of serotype C from patients that were isolated
at least 10 to 20 years prior to the birth of azole drugs or from the environment. Surprisingly, all strains tested
manifested heteroresistance to fluconazole which indicated heteroresistance to be intrinsic in C. neoformans.

We have identified different categories of heteroresistance based on the duration of serial passages required in
the drug free media to achieve loss of resistance in the heteroresistant strains. We also observed that the ability of
resistant subpopulations to grow on high concentrations of fluconazole is directly associated with chromosomal
duplication events. Heteroresistance in clones capable of growing in the presence of fluconazole evolve gradually
with aneuploidy in multiple chromosomes. These aneuploids become haploid upon release from the drug stress.
These findings suggest that heteroresistance is a mechanism by which C. neoformans overcomes the stress
exerted by azoles.

PROFILE

Education

1952-1958  Ewha Womans University, Seoul, Korea. Bachelor and Master of Science (Biology)

1961-1965  University of Wisconsin, Madison, Wisconsin. MS and Ph.D. received August 1965
Appointment

1973-1995  Senior investigator, Laboratory of Clinical Investigation, NTAID/NIH

1995-present  Head, Molecular Microbiology Section, Laboratory of Clinical Infectious Diseases, NIAID/NIH
Honors and Awards

1977 NIH Director’s Award

1978-1979  Chair, Medical Mycology Division, American Society for Microbiology

1982 International Society for Human and Animal Mycology (ISHAM) Award

1982 Lucille George’s Award, International Society for Human and Animal Mycology
1982-1985  Vise president, International Society for Human and Animal Mycology

1996 Rhoda Benham Award, Medical Mycological Society of Americas

1995-2001  Burroughs Wellcome Fund, Molecular Pathogenic Mycology Advisory committee
Bibliography

243 peer-reviewed publications; 50 invited publications; 2 Medical Mycology books
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MEDICAL MYCOLOGY IN THE 21ST CENTURY: SCIENTIFIC BASE AND ANTICIPATED CHALLENGES

Dancing with fungus

David Ellis
Mycology Unit, SA Pathology at the Women's and Children’s Hospital, Adelaide, Australia

Over the past 20 years medical mycology has undergone rapid changes on a global basis, largely as a result of
the dramatic increase of opportunistic fungal infections associated with AIDS and other immunosuppressed
patients. The “Great Toe Nail Wars” between terbinafine and itraconazole came to a climax in the 1999 with the
publication of the LION study with Glyn Evans as the lead author. However controversy still continues with the
taxonomy of the dermatophytes. These fungi have been studied intensely for over 100 years and many species
and varieties have been described based on numerous phenotypic characters, many of which may overlap. On
the basis of recent molecular studies, I suspect that we may have over classified many dermatophytes, in fact,
there may only be a handful of species? The “Living Petri Dish” a term coined by Mike Rinaldi aptly described
AIDS patients and the prevalence and diversity of fungal infections associated with them; in particular the
yeasts Candida and Cryptococcus. Fortunately, for many patients, this coincided with the release of fluconazole
in the early 1990’s, which drove the rapid expansion of mycology into the clinical arena. In this decade, we
have witnessed the full impact of the haematology and transplant patient, the ‘White Cell Wipe Out’ group,
with the concomitant emergence of non-albicans yeasts and the dominance of the moulds, like Aspergillus,
Scedosporium and Fusarium. We have seen the introduction of new antifungals, like voriconazole, posaconazole
and the echinocandins, of new rapid non-invasive diagnostic tests, like glactomannan and PCR, of new imaging
technology, like HRCT, MRI and PET scanners, and the publication of new consensus treatment guidelines
and protocols. In the laboratory, we are currently undergoing a transition between morphological to molecular
identification, with an ever-changing fungal taxonomy and greater demand for antifungal susceptibility testing.
This conference will highlight the many challenges facing us in the diagnosis and management of fungal
infections. We live in an exciting time for medical mycology.

PROFILE

Associate Professor David Ellis is Head of the Mycology Unit at SA Pathology, Women's and Children's Hospital, Adelaide
and an Associate Professor in the School of Molecular and Biomedical Science at the University of Adelaide. He graduated
from La Trobe University Botany Department with BSc Hons, MSc and PhD in mycology and has been working in Medical
Mycology for the past 30 years. David is an Honorary Fellow of the Royal College of Pathologists of Australasia, and a
Fellow and past President of the Australian Society for Microbiology. He is the current President-elect of ISHAM. His
current research interests include the epidemiology and ecology of medically important fungi, especially Cryptococcus,
fungal taxonomy and antifungal susceptibility testing.
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KL-01

The Candida cell wall: Biosynthesis, immune recognition and
adaptation to stress

Neil A.R. Gow
School of Medical Sciences, Institute of Medical Sciences, University of Aberdeen, UK

The fungal cell wall is a dynamic organelle that plays major roles in defining their shapes, and through
interactions with other cells, their ecologies and life styles - including pathogenesis. The core components of the
cell wall are shared by most fungal species and consequently the immune system has evolved to enable detection
of these molecules to induce protective responses. In Candida albicans the cell wall and septal cross-walls are
composed of a robust chitin-glucan inner skeleton to which an outer shield of highly glycosylated mannoproteins
at attached. The robustness of the skeleton is explained in part by the fact that it can be rebuilt and strengthened
under conditions of cell wall stress. For example echinocandins induce a protective response that results in a
compensatory increase in the cell wall chitin content. We have shown that this increase in chitin can offset the
efficacy of echinocandins in a variety of Candida species. Under stress conditions the activation of cell wall
salvage signalling pathways can also lead to the assembly multiple forms of septa that will enable cell division to
continue. The regulation of this process may involve direct phosphorylation of chitin synthase. Cells with high
amounts of chitin in their wall are not only physically protected from damage, they seem also to become less
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recognisable by the surveillance activities of cells of the innate immune system. This complements emerging

evidence that has shown that all the major components of the C. albicans the cell wall may be recognised,
both singly and in combination, by the immune system. However, while some components stimulate immune
recognition others attenuate or block it. Therefore the dynamic nature of the cell wall makes it a moving target
for the immune system and for clinical intervention.

PROFILE

Professor Gow is a current Vice-President of ISHAM former British Mycological Society President and editor in Chief
of the journal Fungal Genetics and Biology. He graduated with a B.Sc. from Edinburgh University and a Ph.D. from
Aberdeen Univerwsity. He was a research fellow in Denver, before returning to Aberdeen as a faculty member in 1984.
He is a founding member of the Aberdeen Fungal Group that constitutes one of the largest academic centres for medical

mycology in the world and is a fellow of Institute of Biology, the Royal Society of Edinburgh and the American Association
of Microbiologists. His research is focussed on: (i) the molecular genetics of cell wall biosynthesis in pathogenic fungi - in
particular the genetics of glycosylation and the fungus-host interaction in relation to innate immune recognition, (ii) chitin
synthesis and the response to antifungal agents; (iii) directional growth responses of fungal cells; (iv) the virulence properties
of medically important fungal species; (v) the evolution, genome biology and genotyping of Candida species. He has
published over 200 research papers and reviews in these areas.
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MEDICAL MYCOLOGY IN THE 21ST CENTURY: SCIENTIFIC BASE AND ANTICIPATED CHALLENGES

KL-02

The roles of C-type lectins in the host defense against fungal
infection

Yoichiro Iwakura
Center for Experimental Medicine, Institute of Medical Science, University of Tokyo, Japan

The C-type lectins form a group of proteins with a lectin-like carbohydrate-recognition domain (CRD) in
their extracellular carboxyterminal domains. Some C-type lectin family members recognize the carbohydrate
structures of microbes as pathogen-associated molecular patterns in a calcium-dependent way. Dectin-1 was first
reported as a dendritic cell (DC)-specific C-type lectin receptor, and is also highly expressed on macrophages and
neutrophils. Dectin-1 has a CRD in its extracellular carboxyl terminus and an immunoreceptor tyrosine-based
activation motif (ITAM) in its intracellular amino terminus, and is known as the receptor for B-1, 3-linked and/or
B-1, 6-linked glucans (B-glucans) found in the cell walls of fungi. Thus, we have generated dectin-1-deficient
mice to determine the importance of this molecule in the defense against pathogenic fungi. /n vitro, p-glucan-
induced cytokine production from wild-type dendritic cells and macrophages was abolished in cells homozygous
for dectin-1 deficiency (‘dectin-1-knockout’ cells). /n vitro, dectin-1-knockout mice were more susceptible
than wild-type mice to pneumocystis infection, even though their cytokine production was normal. However,
pneumocystis-infected dectin-1-knockout macrophages did show defective production of reactive oxygen
species. In contrast to those results, wild-type and dectin-1-knockout mice were equally susceptible to Candida
infection. Thus, dectin-1 is required for immune responses to some fungal infections, as protective immunity to
pneumocystis, but not to Candida, required dectin-1 for the production of antifungal reactive oxygen species.
I will discuss the roles of C-type lectins in the host defense against fungal infection and the homeostasis of the
immune system.

PROFILE

Graduated from the Graduate School of Science, Kyoto University, Kyoto, in 1974, and became a research associate of the
Institute of Virus Research, Kyoto University. Associate researcher at Sloan-Kettering Institute for Cancer Research, NY,
from 1978 to 1980. Moved to Institute of Medical Science, University of Tokyo, in 1985, and became a professor in 1992.
Working on the generation and analysis of animal disease models, especially of rheumatoid arthritis and AIDS, using gene
targeting and embryo manipulation techniques.
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KL-03

Immunologic risks for fungal infections:
Translating knowledge into targeted prevention strategies

Kieren A. Marr
Johns Hopkins University School of Medicine, Baltimore, MD, USA

For several decades, focus has been directed on developing strategies to prevent invasive fungal infections (IFI)
in immunosuppressed and hospitalized patients, by providing antifungal drugs as prophylaxis (to everyone at
risk), empirically (for treatment of fever), and pre-emptively (directed by results of laboratory testing). Success
has been seen in preventing Candida infections, and more recently, Aspergillus infection, especially with
use of reasonably-well tolerated azole antifungals. However, there remain limitations to each strategy, with
cumulative toxicities and drug interactions ultimately leading to complicated, and sometimes, poor outcomes.
One of the problems with developing these strategies is that we are using drugs to prevent complications that
have reasonably low prevalence; this effectively ‘caps’ the positive predictive value of any testing strategy or
predictive formulas. Thus, one way to optimize prevention strategies is to better target the population with the
highest risks. In the last years, results of several studies have started unraveling the mysteries of why some
people develop IFI, outlining pathogen-specific immune reconstitution and inherited factors that dictate innate
immunity. This talk with summarize recent developments, with a focus on how this knowledge may be harnessed
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in development of future strategies to prevent IFI in immunosuppressed and hospitalized people.

PROFILE

Kieren A. Marr received medical training at Hahnemann University, Pennsylvania, Duke University, and the University of
Washington. She was faculty at the Fred Hutchinson Cancer Research Center and Oregon Health and Science University
before relocating to Johns Hopkins University in 2008, where she currently directs the Transplant and Oncology Infectious
Diseases Program. Dr. Marr holds membership in the Infectious Disease Society of America, International Society for
Human and Animal Mycology, American Society of Transplantation, and several other professional societies. She serves on
the editorial boards for several journals is a faculty contributor for Faculty of 1000 Medicine and an editor for Up to Date in
Infectious Diseases. Dr. Marr is well published, with articles in journals that include the New England Journal of Medicine,
Blood, and J Immunology. She has written chapters and edited several books. Active in research and research training,
Dr. Marr has served as the principal investigator for several federally and commercially supported studies. She has won
numerous awards, most recently, membership to the American Society for Clinical Investigation.
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MEDICAL MYCOLOGY IN THE 21ST CENTURY: SCIENTIFIC BASE AND ANTICIPATED CHALLENGES

SL-01

A gift from nature: The birth of statins

AKkira Endo

Biopharm Research Laboratories. Inc., Tokyo, Japan

a:h

Coronary heart disease (CHD) is the major cause of death in modern, developed countries and an increasing

cause in developing countries. Elevated blood cholesterol levels are one of the major risk factors for CHD. In
the mid-1970s, after testing 6,000 types of fungi by hand, we discovered ML-236B (now known as compactin)
from the fungus Penicillium citrinum as a potent inhibitor of cholesterol synthesis. Compactin proved to be a
selective, competitive inhibitor of 3-hydroxy-3-methylglutaryl (HMG) CoA reductase, the rate-limiting enzyme
in cholesterol synthesis. Subsequently, after animal studies with rats, laying hens, dogs and monkeys, we
showed that compactin was extremely effective in lowering plasma cholesterol levels in patients with severe
hypercholesterolemia with no serious side effects. These results paved the way for the worldwide development
of compactin’s analogs (collectively called “statin”), and by year 2000, seven statins have been approved in
many countries. Fourteen large-scale clinical trials involving 90,000 middle-aged adults for 5 years showed that
statins lowered LDL cholesterol levels by 25-35% and reduced the incidence of heart attack by one-third. No
major harmful effects of lowering cholesterol were observed in any of these studies. It is estimated that millions
of people have extended their lives through statin therapy. Today, an estimated 30 million people worldwide are
taking statins. Statins are the largest selling class of drugs currently taken by patients throughout the world. Sales
for this one class in 2007 were $34 billion.

PROFILE

Akira Endo, born in 1933, obtained a BA at Tohoku University (Faculty of Agriculture) in Sendai in 1957 and a PhD in
biochemistry at the same university in 1966. From 1957 to 1978 he worked as a biochemist at Sankyo Co. He spent two
years (1966-1968) at the Albert Einstein College of Medicine in New York as a research associate. From 1979 to 1997 he
worked as an associate professor (1979-1986) and later a full professor (1986-1997) at the Tokyo University of Agriculture
and Technology (TUAT), and after official retirement, besides becoming the director of Biopharm Research Laboratories
Inc., he serves as a Professor on Special Mission at Tohoku University and Waseda University and a Visiting Professor at
Kanazawa University. Prizes and honors received include the 1987 Heinrich Wieland Prize (Germany), the 2000 Warren
Alpert Foundation Prize (U.S.A.), the 2006 Japan Prize, the 2006 Massry Prize (U.S.A.), the 2008 Albert Lasker~DeBakey
Clinical Medical Research Award (U.S.A.), Distinguished Professor Emeritus at TUAT (2008) and Honorary Citizen of
Akita Prefecture, Japan (2008).
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AL-01

Functional hyper-expression of fungal drug efflux pumps in
Saccharomyces cerevisiae

Masakazu Niimi
Former Chief, Mycology Laboratory, Department of Bioactive Molecules, National Institute of
Infectious Diseases Tokyo, Japan

Fungal azole drug resistance can be a problem in some patient groups. High-level azole resistance in clinical
Candida isolates is most frequently caused by the over-expression of energy-dependent drug efflux pumps.
These pumps usually belong to either the ATP-binding cassette (ABC) family or major facilitator superfamily
(MFS) class of membrane transporter. Little is known about how these pumps work and there is an urgent need
to develop pump antagonists that circumvent resistance. We have developed a protein hyper-expression system
utilizing a Saccharomyces cerevisiae host strain deleted in seven major ABC transporters, which thus has a
reduced background of endogenous efflux activity. Plasmid pABC3 was engineered to allow functional hyper-
expression of foreign proteins in this host. The main advantages of this system are its cloning efficiency and
the use of homologous recombination to stably integrate single copy constructs into the host genome under the
control of a highly active transcriptional regulator. The expression system not only facilitates the functional
analysis of heterologous proteins, including fungal multidrug efflux pumps responsible for azole resistance,
but also provides the tools needed to screen for pump inhibitors. Suppressing the activity of these fungal ABC
transporters with small molecule multi-drug efflux pump inhibitors could reduce the drug resistance of these
pathogenic fungi and therefore help increase the efficacy of antifungal chemotherapy with triazoles. Compounds
including FK506, cyclosporine A, enniatin, milbemycins, synthetic D-octapeptides and unnarmicins have been
identified as potent inhibitors of fungal ABC transporters. The protein hyper-expression system in S. cerevisiae
is thus a powerful technological pratform for the discovery and development of new modulators for fungal
chemotherapy as well as for studying the molecular mechanisms of ABC transporter activities.

PROFILE

Dr. Masakazu Niimi received a D.D.S. from Kyshu Dental College in 1974 and a Ph.D. in Microbiology from Kyushu
University in 1984. He held a research assistant position at Kyushu Dental College and at Kagoshima University, Japan.
This was followed by a postdoctoral fellowship at the University of Otago, Dunedin, New Zealand for 9 years. He was the
Chief of the Mycology Laboratory, Department of Bioactive Molecules, at the National Institute of Infectious Diseases in
Tokyo for the last 9 years. His is currently Honorary Fellow of the Molecular Microbiology Laboratory, Department of Oral
Sciences, at the University of Otago since April 2009. He has retained an interest in C. albicans since his Ph.D. studies of
glucose effect of this pathogen. His current research is in mode of action of antifungal agents and the efflux pump-mediated
drug resistance of pathogenic fungi. This reflects an interest in dissecting fungal ABC membrane protein functions and
developing new classes of antifungals.
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MEDICAL MYCOLOGY IN THE 21ST CENTURY: SCIENTIFIC BASE AND ANTICIPATED CHALLENGES

S§S-01-1 Current status of echinocandin for invasive fungal infections

Clinical implication of PK-PD (pharmacokinetics-
pharmacodynamics) on antifungal agents

Hiroshige Mikamo
Department of Infection Control and Prevention, Aichi Medical University, Japan

‘;j

Three pharmacokinetics-pharmacodynamics (PK-PD) parameters have been shown to describe the association
between antimicrobial dosing and treatment effect. These parameters include the percentage of time that the
levels of drug in serum exceed the MIC (T > MIC), the Cmax/MIC, and the area under the serum concentration-
time curve (AUC) in relation to the MIC (AUC/MIC). Numerous studies with antifungal drugs have
demonstrated that the specific parameter predictive of activity varies for different drug classes and also have
each target value. Drugs with static killing activity and long post antibiotic effect (PAE), such as flucytosine,
depend on T>MIC. Drugs with cidal killing activity and long PAE, such as polyene and echinocandin, depend
on Cmax/MIC. Drugs with static killing activity and long PAE, such as triazole, depend on AUC/MIC. Although
researches on PK-PD of antifungal agents have been rather clarified for Candida species, there have been not
necessarily much data for Aspergillus species.

The class of echinocandins represents a milestone in antifungal drug research that has further expanded our
therapeutic options. On the other hand, the favorable pharmacokinetic profile of the echinocandins has been
elucidated in animal and human studies. Since we also have investigated the association between PK-PD profile
on micafungin and clinical outcome, I would shown our data in this seminar.

PROFILE

Educational History
Graduate Nagoya University, The Faculty of Literature at 1978
Graduate Gifu University School of Medicne at 1984
Graduate Gifu Graduate School of Medicine at 1989
Occupational History
1989-1992 Research Associates, Medical doctor of Gifu University Hospital
1992.9-2004.3  Assistant Professor, Gifu University Hospital
2004.4-2007.7  Associate Professor, Gifu University Hospital
Associate Professor, Division of Anaerobe Research, Life Science Research Center, Gifu University
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S§S-01-2 Current status of echinocandin for invasive fungal infections

Current status of echinocandin susceptibility and resistance

David S. Perlin
Director and Professor, Public Health Research Institute/UMDNJ, USA

The echinocandins drugs are the first class of antifungal agents to target the fungal cell wall by inhibiting glucan
synthase, which catalyzes the biosynthesis of the critical cell wall polymer f1,3-D-glucan. The three principal
drugs, caspofungin, micafungin and anidulafungin are highly efficacious, although they have a limited spectrum.
They are highly serum protein bound, display favourable PK/PD properties, and have an excellent safety
profile. Antifungal resistance to echinocandin drugs remains relatively low. Yet, it can be an important factor in
patient management. Global surveillance studies confirm that >99% of clinical isolates are inhibited by all three
echinocandin drugs at <2 pg/ml, which along with PK/PD data from model systems, formed the basis of the
CLSI susceptibility breakpoint. Elevated MIC values up to the breakpoint are more common, but an uncertain
correlation exists between MIC and clinical outcome. The development of drug resistance resulting in clinical
failure is associated with amino acid substitutions in Fks subunits of glucan synthase. These mutations decrease
the sensitivity of glucan synthase to drug by several log orders. The biochemical inhibition properties provide a
strong measure of drug response and potential clinical outcome, and can be used to distinguish among drugs. An
evaluation of more than 100 clinical isolates of C. albicans and C. glabrata obtained from patients failing therapy
suggests that for strains with fks mutations, the CLSI breakpoint of 2 pg/ml for caspofungin is appropriate.
However, a lower breakpoint of > 0.25 pg/ml is more suitable for anidulafungin and micafungin against C.
albicans, while breakpoints for C. glabrata ought to be > 1.0 pmg/ml and > 0.25 pumg/ml for anidulafungin and
micafungin, respectively. The Fks mediated resistance mechanism is conserved in Candida spp., and Aspergillus,
and it helps accounts for intrinsic reduced susceptibility observed among the C. parapsilosis family.

PROFILE

Education

1976 Brandeis University, BA

1980 Cornell University, PhD

1983 Yale University School of Medicine, Postdoc

1985 University of Rochester School of Medicine and Dentistry, Postdoc
Positions

1985 Assistant Member, Public Health Research Institute, New York, NY

1990 Associate Member, Public Health Research Institute, New York, NY

1992 Scientific Director, Public Health Research Institute, New York, NY

2003 Prof., Microbiology Molecular Genetics, New Jersey Medical School -UMDNJ
2006 Director, PHRI Center, New Jersey Medical School-UMDNIJ, Newark, N.J.
2008 Director, UMDNIJ Regional Biocontainment Laboratory, Newark, N.J.
Recent Honors

2005 Fellow, New York Academy of Sciences, New York, N.Y.

2009 Visiting Professor, University of Manchester, UK
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MEDICAL MYCOLOGY IN THE 21ST CENTURY: SCIENTIFIC BASE AND ANTICIPATED CHALLENGES

S$S-02-1 Recent advances in diagnosis and treatment of tinea pedis and tinea unguium

Recent strategy of control and management of tinea pedis in
Japan

Shinichi Watanabe
Chairman of Dermatology, Teikyo University School of Medicine; Professor of Teikyo University
Institute of Medical Mycology, Japan

Due to the launch of many excellent antifungal agents for tinea pedis, the number of patients with the condition
was expected to be reduced in Japan. The number, however, has not yet decreased. Although the reason for this
is not clear, it may be caused by recurrence and/or reinfections of tinea pedis. The recurrence may be related
to incomplete or irregular treatment. First, most patients discontinue the treatment immediately after clinical
symptoms disappear even if the dermatopytes have not been completely eradicated. Second, patients tend to
apply the topical agents to only symptomatic lesions. However, causative organisms are usually present at not
only symptomatic, but also asymptomatic lesions. Third, patients frequently fail to keep up regular application.
Therefore, it is important to continue regular application to both soles and all interdigital areas at least one
month. It is a Japanese custom to take off the shoes in the home. Because there are a lot of asymptomatic
patients with tinea pedis who are unaware that they are suffering from tinea pedis, these patients scatter their
foot scales containing dermatophytes on the bathmat, floor and/or straw matting in their houses. In fact, it has
been demonstrated that dermatophytes are almost 100% cultured from the bathmat in public bath houses or in the
house where patients with fungal infections of the foot live. Therefore, the source of reinfections may be these
foot scales. Therefore, it is important to treat not only the patients, but also their family members. In addition,
cleaning the floor and/or straw matting and washing bathmat are necessary for the removal of dermatophytes and
prevention of infections. If it is difficult to remove all of the scales containing dermatophyes in the house, then I
recommend a prophylactic topical application even after tinea pedis cures.

PROFILE
1978 M.D., Faculty of Medicine, University of Tokyo, Tokyo, Japan
1985 Ph.D., Faculty of Medicine, University of Tokyo, Tokyo, Japan

1998-Pres  Chairman of Dermatology, Teikyo University School of Medicine
Professor of Teikyo University Institute of Medical Mycology
1994-1998  Professor of Dermatology, Teikyo University School of Medicine
1988-1994  Associate Professor of Dermatology, Teikyo University School of Medicine
1985-1988  Research Fellow, Department of Dermatology, Massachusetts General Hospital,
Harvard Medical School, Boston
1984-1985  Chief of Dermatology, Sanraku Hospital
1979-1984  Assistant Professor of Dermatology, Faculty of Medicine, University of Tokyo
1978-1979  Resident in Department of Dermatology, Faculty of Medicine, University of Tokyo
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§S-02-2 Recent advances in diagnosis and treatment of tinea pedis and tinea unguium

Fungal identification in onychomycosis

Michel Monod

Olympia Bontems, Philippe Hauser. Centre Hospitalier Universitaire Vaudois (CHUYV),
Switzerland

Onychomycosis is the most frequent nail disease, and affects all ages and populations. Direct microscopic
examination of infected nail material should confirm the clinical diagnosis of fungal infection whenever possible
before oral treatment is commenced. Subsequently, fungal culture from nail sampling permits the species
involved in infection to be determined. Although dermatophytes are the main cause of onychomycosis, various
non-dermatophyte filamentous fungi (NDF) are often isolated from abnormal nails. Whether a NDF is really
the infectious agent of onychomycosis, or whether it has to be considered as a casual and transient contaminant,
often remains an open question. Direct identification of the infecting agent in nail was shown to be feasible using
Polymerase Chain Reaction (PCR) and sequencing or Restriction Fragment Length Polymorphism (RFLP).
Identification of fungi in nails using PCR/sequencing/RFLP provides significant improvement in comparison to
results obtained by cultures: (i) NDF can be identified with certainty as the infectious agents of onychomycosis,
and discriminated from dermatophytes as well as from transient contaminants. (ii) It is possible to identify the
infectious agent when direct nail mycological examination showed fungal elements, but negative results were
obtained from fungal culture. This represents a substantial improvement of the sensibility of identification of
fungi in nails since the frequency of culture negative results when direct nail mycological examination showed
fungal elements is in the range of 40%. (iii) Identification of the infectious agent can be obtained in 24 h with
PCR/sequencing/RFLP, whereas results from fungal culture can take as long as 1-3 weeks. The simplicity and
the reliability of the assays, and high NDF detection frequency support that PCR/sequencing/RFLP can be
routinely and advantageously used to identify infectious fungi in nails, provided that enough nail material is
collected by the clinician.

PROFILE
2004-2009  Centre Hospitalier Universitaire Vaudois Associate Professor
(CHUV), Dermatology Department, and
University of Lausanne (UNIL), Switzerland
1988-2009  CHUYV, Dermatology Department Group leader of the Mycology Laboratory
1986-1988  Ciba-Geigy (Basel, Switzerland) Post doctoral fellow Yeast Genetics
Biotechnology Department
1984 1986  Public Health Research Institute Post doctoral fellow Bacillus subtilis genetics
(New-York, US)
1983-1984  University of Arizona Post doctoral fellow
Cell biology Department Bacillus subtilis genetics, Mycology in phytopathology
1981-1983  University of Lausanne Post doctoral fellow
Institut de Génétique et Biologie Microbiennes  Bacillus subtilis genetics
1975-1981  University of Lausanne Institut de Mycology PhD student

Botanique Systématique et de Géobotanique

Michel Monod studied biology in Lausanne (biochemistry and botany), and obtained a Ph.D degree in mycology. He was
postdoctoral fellow at the University of Arizona and at the Public Health Research Institute in New-York where he worked in
genetics of gram-positive bacteria and antibiotic resistance. Back in Switzerland, he worked in the biotechnology department
of Novartis (Basel), then moved in Lausanne in the department of dermatology of the University Hospital. His scientific
research mainly focus on fungal secreted proteases, dermatophytes and onychomycosis.
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MEDICAL MYCOLOGY IN THE 21ST CENTURY: SCIENTIFIC BASE AND ANTICIPATED CHALLENGES

S$S-03-1 Advances in molecular biological diagnosis of mycoses

Application of molecular diagnosis of cutaneous fungal
infections

Takashi Mochizuki
Department of Dermatology, Kanazawa Medical University, Uchinada, Ishikawa, Japan

A majority of fungal pathogens isolated from human skin lesions are successfully identified by their characteristic
morphology. In some cases, however, identification by culture based methods such as micromorphology,
physiological tests, and biological tests is difficult. To identify these isolates without characteristic morphological
features, and to confirm the identification based on culture based methods, several molecular methods have been
introduced over the last few years. Genetic analysis targeting on mitochondrial DNA, random amplification of
polymorphic DNA, and certain genes such as ribosomal(r) RNA genes, chitin synthase I, and topoisomerase 11
have been successfully used for species level identification of dermatophytes and some other fungal species.
Among them, DNA sequence analysis and restriction fragment length polymorphism (RFLP) analysis of internal
transcribed spacer regions (ITS) of rRNA genes have been widely used for species level identification of many
fungal species including dermatophytes, Sporothrix schenckii and some dematiaceous fungi. The methods have
been applied to identify causative fungi directly from clinical samples such as infected nails. Recently, highly
sensitive methods have been introduced for typing at the subspecies level. Successful subtyping of clinical
isolates of Trichophyton (T.) rubrum, T. mentagrophytes, and T. tonsurans, using non-transcribed spacer
regions (NTS) of rRNA genes has been reported. Using RFLP analysis of NTS, we have found 8 different
molecular types among 7. fonsurans strains isolated in Japan, but only three types among strains isolated from
tinea gladiatorum. The advantages, indications and limitation of molecular methods will be summarized in the
presentation.

PROFILE

Education

1975-1981 Hirosaki University, Aomori, Japan, M.D.

1982-1986 Graduate School, Shiga University of Medical Science, Shiga, Japan Ph.D.

Professional experience

2005-Present  Professor, Department of Dermatology, Kanazawa Medical University, Ishikawa, Japan

2005-Present  Professor, Division of Dermatomycology (Novartis Pharma), Research Institute of Medical Science,
Kanazawa Medical University, Ishikawa, Japan

1997-2005 Associate Professor, Department of Dermatology, Kanazawa Medical University, Ishikawa, Japan

1986-1997 Instructor, Department of Dermatology, Shiga University of Medical Science, Shiga, Japan

1992-1993 Visiting Professor (Associate), Department of Plant Pathology, University of California at Riverside,
California, USA

1991-1992 Visiting Researcher, Department of Botany, University of Texas at Austin, Texas, USA
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S$S-03-2 Advances in molecular biological diagnosis of mycoses

Advances in molecular biological diagnosis of Candida
infection

Ruoyu Li
Department of Dermatology, Peking University First Hospital, Research Center for Medical
Mpycology, Peking University, China

As the number of immunocompromised hosts growing, the fungal opportunistic infection is increasing

significantly. Candida infection is the most common one that leads to high mortality, especially Candidemia.

Other non- albicans yeasts infections are emerging and some of them are azole-resisting. More sensitive and

accurate methods are in demand to make the early diagnosis. The identification of the pathogenic yeast to

species level could help the selection of sensitive drug. The strain typing is helpful to clarify the source of

infection. The molecular biological methods mainly include PCR-related methods, DNA sequencing analysis,

DNA hybridization and Gene chip. The ribosomal repeat is the gene that is used most frequently. This review

presentation will firstly introduce the application of PCR in diagnosis that includes Multiplex PCR and Real-time
PCR. Then the gene typing methods that include PFGE, RAPD, RFLP, SSCP as well as MLST will be discussed.
The newly developed technology such as DNA microarray-based system will also be addressed.

KEYWORDS: molecular biology; Candida; PCR; diagnosis; strain typing.

PROFILE

2005.1-pres.
1998.6-pres.
1992.12-1998.6
1997.3-1997.5
1991.4-1992.7

1987.8-1992.12
1983.1-1986.6
1978.3-1982.11
2006-pres.
2008-pres.
2008-pres.

Chairman, Dept. Dermatology, Peking University First Hospital

Professor, Dept. of Dermatology, Peking University First Hospital

Associate Prof., Dept. of Dermatology, Peking University First Hospital
Visiting scholar, Dept. of Pathology, UTHSC at San Antonio, U.S.A.
Foreign researcher, Research Center for Pathogenic Fungi and Microbial Toxicoses, Chiba University,
Japan

Attending physician, Dept. of Dermatology, Peking University First Hospital
Beijing Medical University, M.S. Medicine

Beijing Medical College, M.D.

President, Society of Mycology, Chinese Society for Microbiology
President, Medical Mycology Society, Mycological Society of China

Vice president of Asia Pacific Society of Medical Mycology
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MEDICAL MYCOLOGY IN THE 21ST CENTURY: SCIENTIFIC BASE AND ANTICIPATED CHALLENGES

SS-04-1 Diagnosis, epidemiology and treatment of systemic fungal infections

The epidemiology of invasive fungal infections in transplant
recipients: Overview of TRANSNET and OTIP

Tom M. Chiller
Mpycotic Diseases Branch, CDC, USA

Invasive fungal infections (IFI) are a major cause of morbidity and mortality among Hematopoietic Stem Cell
Transplant (HSCTs) and Solid Organ Transplant Recipients (SOTs). A better understanding of the epidemiology
of these infections could significantly improve the prevention and treatment of this important post-transplant
complication. Incidence and epidemiology of IFIs in this population has been derived mainly from single-
institution studies. Multicenter prospective surveillance for these infections is generally lacking.

Two systems in the US have been developed to perform surveillance for IFIs at multiple centers, TRANSNET,
which has completed and OTIP, which is ongoing. TRANSNET consists of a consortium of 23 US transplant
centers, where all IFIs from 2001 through 2006 were prospectively recorded. Detailed denominator data were
collected at each site, as well as clinical, diagnostic, and outcome information for each IFI case. A total of 983
cases of IFI from16,200 HSCTs and 730 IFIs from 16,808 SOTs were collected. Invasive aspergillosis (IA) was
the most common IFI among HCSTs and invasive candidiasis the most common among SOTs. TRANSNET is
the most detailed prospective assessment of IFI’s following organ transplantation. Insights from these data will
be valuable in understanding the incidence for IFI in populations at greatest risk, and designing comprehensive
preventive and other interventional strategies to improve outcomes among these pts.

OTIP was designed as a risk factor cohort surveillance study that involves 6 transplant centers following HCSTs
and lung transplant recipients for 2.5 years post transplantation. Currently, there are more than 600 patients
enrolled and being followed. Data are being collected on infections, drug use, outcomes, and environmental
exposures. A specimen bank is also being collected in order that pathogen discovery and diagnostic samples are
available for future use.

Surveillance for IFIs in transplant recipients has revealed high morbidity and mortality. Infections are occurring
early and also late in the course of transplantation. These data will be of value towards a better understanding of
prevention and treatment strategies for IFIs and the design of future studies.

PROFILE

Dr. Chiller received his bachelor's degree from Dartmouth College and his medical and public health degrees from Tulane
University. He completed a residency in internal medicine at University of Texas, Southwestern and then worked for a
year at UT Southwestern as an attending physician in HIV medicine. He completed a fellowship in infectious diseases
and mycotics at Stanford University and then traveled to the Centers for Disease Control and Prevention (CDC) to train in
infectious disease epidemiology as an Epidemic Intelligence Service (EIS) officer. He has been at CDC for 7 years and is
currently deputy chief of the Mycotic Diseases Branch in the Division of Foodborne, Bacterial, and Mycotic Diseases.

Dr. Chiller is board certified in internal medicine and infectious diseases. He is an adjunct assistant professor in the division
of infectious diseases at Emory School of Medicine and is also an adjunct faculty member at the Emory and Tulane Schools
of Public Health. He has authored numerous articles and book chapters.
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S$S-04-2 Diagnosis, epidemiology and treatment of systemic fungal infections

Presentation of the resomyc registry for prospective data
collection and analysis of the epidemiology, therapy, and
outcomes of invasive fungal infections (IFls)

Francoise Dromer”, Sébastien Becquerel”, Karine Sitbon", Etienne Sévin®,
Olivier Lortholary”

Institut Pasteur Molecular Mycology Unit, Ntl Reference Center for Mycoses and Antifungals,
Paris, France', EpiConcept, Paris, France’

Knowledge on the epidemiology of IFIs is mostly based on population-based surveillance programs that difficult
to implement on a long term basis. They often concern specific groups of patients. Likewise, therapy and
outcome are usually assessed through randomized therapeutic trials, mostly in adults, and likely to omit the mild
or most severe cases because of exclusion criteria. The real life is different. Assessment of diagnostic procedures,
populations at risk, therapeutic management and outcomes without the filter of geographical limitations or
exclusion criteria can provide valuable data for the medical and scientific community. The French National
Reference Center for Mycoses and Antifungals has a broad mission of surveillance. A network of mycologists
and clinicians has been implemented over time. They voluntarily notify their IFIs to the NRCMA. While none
of the IFIs is a reportable disease, the performances of the cryptococcosis survey were evaluated by the capture-
recapture method to be as good as that of some reportable diseases. To improve data collection and feedback to
our collaborators, we developed a software called VOOZANOO (free software under GNU GPL) to generate
online questionnaires, thus providing real time data update and statistical analysis.

The RESOMYC registry includes 5 questionnaires corresponding to nationwide surveys (cryptococcosis,
imported endemic mycoses and rare IFIs due to Fusarium spp, Zygomycetes, Scedosporium and other uncommon
moulds or yeasts), as well as regional surveys (yeast fungemia and invasive aspergillosis). Proven or probable
IFI are notified through the secured website. As of March 2009, the databases contained 6745 cases of IFIs
recorded since 2002 (1985 for cryptococcosis) including yeast fungemia (n=2407), invasive aspergillosis (n=824),
cryptococcosis (n=2723), rare IFIs (n=533) and endemic mycoses (n=238). The registry represents a gold mine
for the analysis of epidemiological trends, therapeutic management and outcome of IFIs occurring in Europe.

PROFILE

Positions

2001-present ~ Head, Molecular Mycology Unit, Institut Pasteur

2002-present  Director, French National Reference Center for Mycoses & Antifungals, Institut Pasteur
2005-present  Co-director, Medical Mycology course, Institut Pasteur

1993-2001 Deputy Director, French National Reference Center for Mycoses & Antifungals, Institut Pasteur.
1992-present  Assistant Professor then Associate Professor, Institut Pasteur

1989-1991 Assistant Professor ("assistant hospitalo-universitaire", Hopital Bichat).

Medical Training

1980-1987 Resident in Internal Medicine and Infectious Diseases (Hopitaux de Paris).

1974-1980 Medical degree (Necker-Enfants Malades Medical School).

Scientific Education

1988 post-doctoral position, Clinical Mycology Section (head Dr. J.E. Bennett), Laboratory of Clinical
Investigation, NIAID, NIH, Bethesda, MD.

1984-1987 PhD in Immunology, University Paris 6

1982-1983 Master's degree in cellular and molecular pharmacology, University Paris 6
Honors
2006 Elected member, American Academy of Microbiology
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MEDICAL MYCOLOGY IN THE 21ST CENTURY: SCIENTIFIC BASE AND ANTICIPATED CHALLENGES

S$S-05-1 Recent advances in aspergillosis

Animal models in preclinical trials of aspergillosis

Karl V. Clemons

California Institute for Medical Research, and Department of Medicine, Division of Infectious
Diseases, Santa Clara Valley Medical Center, San Jose, CA; Department of Medicine, Division
of Infectious Diseases and Geographic Medicine, Stanford University, Stanford, CA, USA

Invasive aspergillosis is a highly lethal disease. In spite of recent advances in therapeutic options with
echinocandins and newer azoles, improved therapy remains a goal. Animal models of aspergillosis, particularly
murine models, are integral to this search as they enable investigation of novel indications, or combination
therapies prior to a clinical trial or when a clinical trial is impractical. This is particularly important now as
few new antifungals are in product development. For instance, individual studies of three lipid-formulations of
amphotericin B had shown them to be effective against aspergillosis. We addressed the question of comparative
activities in a murine model of systemic aspergillosis and found each effective at higher dosages. Although
liposomal amphotericin B was nearly equivalent to conventional amphotericin B, no formulation was superior
to another. Central nervous system aspergillosis is the most frequent site of disseminated disease and has a
high mortality rate. We developed a murine model of CNS aspergillosis in neutropenic mice for the purpose
of examining potential therapies. In different studies we found that caspofungin and micafungin were both
effective, as well as itraconazole, posaconazole and voriconazole were efficacious, but none resulted in cure.
Similarly, liposomal and lipid-complexed amphotericin B were effective at higher doses, but doses of liposomal
amphotericin B above 15 mg/kg were less effective. Various combinations of azole or echinocandin with a lipid-
formulated amphotericin B were effective, but only voriconazole combinations showed increased reduction
of fungal burden in the brain. Different models can show different results, as we have found with micafungin
being efficacious models of CNS or systemic aspergillosis, but less effective in a pulmonary model in steroid-
suppressed mice. Preclinical trail of other compounds include isavuconazole, partricins, and arylamidine, as well
as the potential of collectins for therapy. These examples provide a basis for clinical trial or therapy.

PROFILE

1974 B.S. The Ohio State University

1979 M. S. Miami University

1983 Ph.D. Arizona State University

1984-1987 Post-doctoral Scholar, Stanford University, Santa Clara Valley Medical Center, and Institute for Medical
Research

1987-1992 Lecturer in Medicine, Stanford University, Research Associate, Santa Clara Valley Medical Center, and

California Institute for Medical Research, San Jose, CA

1992-present  Senior Lecturer in Medicine, Stanford University, Senior Research Associate Santa Clara Valley Medical
Center and California Institute for Medical Research

1992-present  Director of Animal Facility and Biosafety Officer - California Institute for Medical Research

2001-2004 Chair-elect, Chair, and Division Advisor, Division F, American Society for Microbiology

2002-present  Editorial Board of Antimicrobial Agents and Chemotherapy

2008-present  Associate Editor of Medical Mycology
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S$S-05-2 Recent advances in aspergillosis

Filamentous fungal infections and the role of amphotericin B

David W. Denning
Medicine and Medical Mycology, University of Manchester, Manchester, UK

In the neutropenic setting, filamentous fungal infections are usually caused by Aspergillus species, A. fumigatus
being most common. Less common infections include caused by several Zygomycetes species, Fusarium spp,
Scedosporium spp. and even rarer moulds. Voriconazole is the treatment of choice for invasive aspergillosis and
S. apiospermum infection, and may be effective for Fusarium spp., but is ineffective for any infections caused by
the Zygomycetes. Micafungin and other echinocandins are only effective for Candida and Aspergillus infections,
and less effective for invasive aspergillosis during profound neutropenia, than in non-neutropenic patients.
Unfortunately azole resistance in A. fumigatus is increasing (in Europe), particularly itraconazole resistance, but
also cross resistance to voriconazole and posaconazole. A. terreus and A. nidulans are resistant to amphotericin B.

The role of amphotericin B (including the less nephrotoxic AmBisome (liposomal amphotericin B)) is:

® Zygomycosis

® Azole resistant aspergillosis

e Azole breakthrough infections, including prophylaxis failure, if adequate bioavailaity has been
demonstrated with itraconazole

e Major drug interactions, such as concurrent administration of rifampicin, carbamezepine,
phenobarbitone and other CYP 51A inducing agents

e Renal failure (if IV voriconazole is required)

e Invasive aspergillosis failing therapy with voriconazole, posaconazole or echinocandin therapy

e Some very rare fungal infections, unresponsive to other therapy

Amphotericin B still has an important role to play in the treatment of invasive fungal infecton, even if diminished
compared with 10 years ago.

PROFILE

David Denning is Professor of Medicine and Medical Mycology at the University of Manchester and Director of the National
Aspergillosis Centre, Manchester at Wythenshawe Hospital in Manchester, England. An active researcher, Dr Denning’
s research interests include the diagnosis and treatment of invasive aspergillosis other life-threatening fungal infections,
respiratory fungal allergy, antifungal resistance, the assessment of new antifungal agents and the genomics of the aspergilli.
He has authored or coauthored more than 350 peer-reviewed journal articles and book chapters. Dr Denning is a Founder of
the antifungal discovery and development company F2G Ltd and the molecular diagnostic company Myconostica Ltd. He
consults widely with the pharmaceutical industry. He manages the Aspergillus website at www.aspergillus.org.uk. With Drs
Stevens and Steinbach, he co-chairs the Advances Against Aspergillosis meetings (www.AAA2010.org).
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MEDICAL MYCOLOGY IN THE 21ST CENTURY: SCIENTIFIC BASE AND ANTICIPATED CHALLENGES

SS-06-1 Malassezia yeasts and related dermatoses

Luliconazole, a new imidazole, and its effect on Malassezia

Ryoji Tsuboi
Department of Dermatology, Tokyo Medical University, Tokyo, Japan

Luliconazole (LLCZ) is a new imidazole antifungal agent developed by Nihon Nohyaku Co., Ltd. The 1%
cream and solution have been available in Japan since 2005 for the clinical treatment of superficial mycoses.
This substance exerts a wide spectrum of antifungal activity against pathogenic fungi, including dermatophytes,
Candida spp. and Malassezia spp. In vitro MICs of luliconazole against these various fungi proved that its
antifungal activity surpassed that of the other clinically available topical agents.

The MIC of luliconazole against M. restricta was very low (0.004-0.016 pg/ ml) and comparable to that of
ketoconazole. We developed a guinea pig seborrheic dermatitis (SD) model with M. restricta. M. restricta was
inoculated to the clipped dorsal skin of male guinea pig once daily for seven consecutive days without occlusion,
so that cutaneous lesions with erythema and scaling mimicking SD developed. Topical application of 1%LLCZ
cream once daily for three consecutive days macroscopically improved the cutaneous lesions and significantly
reduced the number of organisms as measured by PCR. These results point to the clinical utility of luliconazole
for the treatment of SD as well as superficial dermatomycoses.

1. Munechika Y, et al: Antifungal activity of luliconazole in a guinea pig seborrheic dermatitis model with
Malassezia restricta. ISHAM 2009 Poster.

2. Koga H, et al: The durable effect of luliconazole in a guinea pig tinea pedis model. ISHAM 2009 Poster.

3. Koga H, et al: In vitro antifungal activities of luliconazole, a new topical imidazole. Med Mycol 2009 in press.

4. Watanabe S, et al: A comparative clinical study between 2 weeks of luliconazole 1% cream treatment and 4
weeks of bifonazole 1% cream treatment for tinea pedis. Mycoses 49:236-41, 2006.
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2002-present  Professor and Chairman, Department of Dermatology, Tokyo Medical University

1990-2002 Assistant & Associate Professor, Department of Dermatology, Juntendo University School of Medicine
1987-1989 New York University Medical Center, Postdoctoral Fellow (Cell Biology)

1987 Ph.D., Juntendo University School of Medicine (Dermatology)

1980 M.D., Japan National Defense Medical College
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SS-06-2 Malassezia yeasts and related dermatoses

Dermatosis and Malassezia

Jan N. Faergemann
Department of Dermatology, Sahlgrenska University Hospital, Gothenburg, Sweden

The Malassezia yeasts are members of the normal human cutaneous flora in adults but also associated with
several diseases. In pityriasis versicolor, under the influence of predisposing factors, Malassezia changes from
the round blastospore form to the mycelial form. A great problem in pityriasis versicolor is the high rate of
recurrence and to avoid this prophylactic treatment is mandatory. Malassezia folliculitis is a chronic disease
characterised by pruritic follicular papules and pustules located primarily on the upper trunk, neck and upper
arms. In direct microscopy clusters of round budding yeast cells are found. The disease responds rapidly to
antimycotic therapy. There are now many studies indicating that the Malassezia yeasts play an important role
in seborrhoeic dermatitis. Many of these are treatment studies showing a good effect of antimycotics paralleled
by a reduction in number of organisms. Severe seborrhoeic dermatitis often difficult to treat is associated with
AIDS. In skin biopsies from patients with seborrhoeic dermatitis we have found an increase in NK1+ and CD16+
cells in combination with complement activation indicating that an irritant non-immunogenic stimulation of the
immune system is important. However, we also found an increase in the production of inflammatory interleukins
as well as regulatory interleukins for both T,1 and T,2 cells indicating a complex activation of the immune
system in the skin. The majority of adult patients with atopic dermatitis localised to the head, neck and scalp
react with a positive reaction in skin prick test to a Malassezia extract as well as to recombinant Malassezia
allergens. The majority also have specific IgE antibodies and react with a positive reaction in atopic patch test
with a Malassezia extract. There are also treatment studies indicating that antifungal treatment may be beneficial
in these patients.

PROFILE

2002-Pres.  Professor of Dermatology
1979-2002  Associate Professor of Dermatology
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SS-07-1 Tinea capitis: Recent advances in diagnosis and treatment

Treatment of tinea capitis in 2009

Boni E. Elewski
Department of Dermatology, University of Alabama School of Medicine at Birmingham,
Alabama, USA

Griseofulvin has traditionally been considered the primary antifungal agent for tinea capitis. However, higher
dosages and longer durations of therapy have become necessary to achieve clinical success. The current
recommended guidelines suggest a dose of 20-25 mg/kg/day for at least 6 to 8 weeks. Longer durations would
be required for ectothrix infections with Microsporum canis. Not all patients tolerate this dose and compliance is
reduced because of the long duration of therapy, and requirements to take with food. Some patients are intolerant
of, or allergic to, griseofulvin. Newer antifungal drugs including terfinafine, itraconazole and fluconazole have
been studied in tinea capitis. The ideal regimen would be short and simple- once daily with or without food.
Desired pharmacokinetics would be persistence after discontinuation. Both terbinafine and itraconazole persist;
no detectable levels of griseofulvin are noted within 4 days after discontinuation.

Terbinafine has recently been approved for children with tinea capitis 4 years and older. A multicenter study
(n=1286) showed complete and mycological cure rates significantly higher than griseofulvin (45.1% vs.39.2%
and 61.5% vs 55.5%, respectively; P< .05). Terbinafine was significantly better than griseofulvin for mycologic,
clinical and complete cure rates with Trichophyton tonsurans, but not Microsporum canis infections.

Dose according to body weight: <25 kg 125 mg once daily, >35 kg 187.5 mg daily, 25 - 35 kg 187.5 mg daily
using laminated packets containing 125 mg or 187.5 mg. There were no new safety issues, and no significant
effects on liver transaminases.

Fluconazole and itraconazole may be efficacious in tinea capitis and have efficacy against Microsporum and
Trichophyton spp. A multicenter study of fluconazole showed a dosage of 6mg/kg/day for 3 or 6 weeks to be

effective in some patients.

Topical antifungals are often used as adjunct therapy but are not sufficient to treat the primary infection.

PROFILE

2009-present  Chair of Faculty Counsel, University of Alabama at Birmingham

2005-present ~ Vice Chair of Clinical Affairs, Department of Dermatology, University of Alabama at Birmingham

2004-2005 Past President, American Academy of Dermatology

2002-present ~ American Academy of Dermatology Bioterrorism Task Force (Chair, 2001-2003)

2001-2002 Vice President, American Academy of Dermatology

1999-2000 President, Women’s Dermatological Society

1999-present  Director of Clinical Research, Department of Dermatology, University of Alabama at Birmingham

1999-present  Professor of Dermatology, University of Alabama at Birmingham, Birmingham, AL

1995-1996 Laboratory Director, Center for Medical Mycology, University Hospitals of Cleveland, Case Western
Reserve University

1993-2000 Editorial Board, Journal of the American Academy of Dermatology

1992-1993 Member, Institutional Review Board, Case Western University

1989-1999 Assistant, Associate and Full Professor of Dermatology, Case Western Reserve University, Cleveland, OH

1982-1989 Chief of Dermatology Department, The Akron Clinic Foundation, Inc. Akron, OH
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Tinea capitis: Thailand experience

Rataporn Ungpakorn
Institute of Dermatology, Bangkok, Tahiland

Tinea capitis is common dermatophytic infection mostly seen in children. Among over 130,000 cases of
dermatology patients who visited the Institute of Dermatology annually, approximately 100 new cases were
identified comprising 0.5% of dermatophytosis patients with a predominant male to female ratio of 2:1. Only 5%
of cases were over 14 years of age.

While Trichophyton tonsurans has been reported as the major causative organism worldwide, Microsporum
canis is still the leading pathogen among outpatient cases in Thailand. The incidence of Trichophyton tonsurans
and Trichophyton mentagrophytes are 4.2% and 4.12%, respectively.

Among anthropophilic species, Microsporum ferrrugineum is the most common cause of epidemic tinea capitis
in Thailand. The main cause of spread was sharing beddings and combs amongst children living in charity
homes. Localised grey patchy alopecia was the most common presentation with inflammatory lesions seen in less
than 5% of patients. Carriers were not common, but if found were mostly in female staff.

With all available oral antifungals, griseofulvin at 20-25 mg/kg/d is still the drug of choice in most of the cases
with no exception to Microsporum spp. infections. Minor disadvantage is long-term continuous daily requirement
which contributes to the problem of compliance. Present data showed no superiority among newer systemic
antifungals in terms of efficacy except for availability of liquid formulation such as oral solution or granules
which enhances convenience in pediatric patients.

Inflammatory tinea capitis mandates immediate treatment to prevent permanent scars. The most important
prognostic factor is clinical severity at the time of diagnosis. Variability of clinical presentation that may mimic
other noninfectious scalp conditions and inadequate laboratory examination are main reasons for delayed
diagnosis resulting in inappropriate treatment leading to unwanted complication. Whether corticosteroid is
required depends on clinical judgment based on individual cases.

PROFILE
Present Consultant, Laser and Skin Clinic, Bumrungrad International Hospital
Dermatology and Mycology Consultant, Institute of Dermatology and Chulalongkorn Medical University,
Bangkok, Thailand
Board Member, Institute of Dermatology Alumni Association
Board Member, Dermatological Society of Thailand
Council Member, Asian Dermatological Association (ADA)
Board Member, Asia-Pacific Society of Medical Mycology (APSMM)
1997 Certified Thai Board of Dermatology
1996, 1998  Research Fellow, Guy’s, King’s and St. Thomas’s Hospitals, London, United Kingdom
1994 Fellow in Dermatology, King Mongkutklao Medical College Hospital, Bangkok, Thailand
1987 Doctor of Medicine University of the East, Ramon Magsaysay Memorial Medical Center, Manila, Philippines
1983 Bachelor’s of Science (2" Honours, Pure chemistry), Chulalongkorn University, Bangkok, Thailand
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SS-08-1 Recent advances in yeast research

Molecular epidemiology and pathogenesis of Candida
infections

Frank C. Odds
Medical Mycology at the University of Aberdeen, Scotland, UK

The epidemiology of infections caused by Candida spp. has benefitted from steady advances in molecular strain
typing technology. Approaches such as microsatellite typing and multi-locus sequence typing provide highly
discriminatory and important tools for the investigation of sources, transmission and phenotypic properties of
strain types. Studies of the pathogenesis of Candida albicans infections have moved from definition of genes
associated virulence to in-depth studies of the fungus-host crosstalk in vivo and ex vivo. These advances and their
implications for future research will be discussed.

PROFILE

Frank C. Odds is Professor of Medical Mycology at the University of Aberdeen, Scotland. He has worked for more than 40
years on aspects of the epidemiology, pathogenesis and treatment of fungal infections, in academia and in industry.

He is currently co-Chairman of the Wellcome Trust Immunology and Infectious Diseases grants Committee. His honours
include Fellowship of the Royal Society of Edinburgh, Fellowship of the American Academy of Microbiology, and
Honorary Membership of the British and International Medical Mycology societies. He is listed in the ISI “Most Highly
Cited Scientists in Microbiology” database.
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Candida albicans genomes and genomics

Judith Berman
Depts of Genetics, Cell Biology and Development, University of Minnesota, Dept. of
Microbiology, University of Minnesota, USA

The Candida albicans genome sequence has been publicly available for almost 10 years with the full diploid
assembly first published 5 years ago. This talk will highlight the types of studies that have exploited the genome
sequence information to understand the organism, its growth and development as well as the diversity and
responsiveness of its genome.

PROFILE

Judith Berman, Professor, Univ. of Minnesota, Depts of Genetics, Cell Biology & Development; Dept. of Microbiology
General Research area: Genome structure, dynamics and function in C. albicans and S. cerevisiae;

Specific projects: Genome instability; Centromere structure and dynamics; Transcription network topology; Evolution of
antifungal drug resistance; Chromatin effects on genome function and gene expression.

Education: B.S.: 1979 Cornell Univeristy, Plant Pathology; Ph.D.: 1984, Weizmann Institute of Science, Israel,
Biochemistry; Post-doctoral: Cornell University, Genetics and biochemistry of yeast telomeres.

Current Editorial work: Editor, Microbiology (UK); Editorial Board, Yeast; Eukaryotic Cell
Permanent Member, NIH AIOC Study Section (‘08-’12)

Recent Honors: 2008, Distinguished McKnight University Professor; 2007, Fellow of the American Association for the

Advancement of Science; 2007, Fellow of the American Academy of Microbiology;
1997-2003, Burroughs Wellcome Senior Scholar in Molecular Pathogenic Mycology.
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CB-01-1
An atypical isolate of Paracoccidioides
brasiliensis found in our culture
collection

Ayako Sano”, Eiko N Itano”

Medical Mycology Research Center, Chiba University, Chiba,
Japan', CCB, State University of Londrina, Londrina, PR,
Brazil

An atypical type of Paracoccidioides brasiliensis isolate
[FM54648 (LDR2) was accidentally found in our culture
collection (Medical Mycology Research Center, Chiba
University, Chiba, Japan). Based on a species-specific PCR
testing, the isolate was negative for the major antigen 43-kDa
glycoprotein coding gene (gp43). Furthermore, an atypical
band pattern in loop-mediated isothermal amplification
(LAMP) for detection of gp43 was demonstrated. A partial
sequence of gp43 showed less than 89% in identities to
the other P. brasiliensis genospecies. Isolate IFM54648
was initially isolated from a mass in the lower jaw of a
patient, a 64-year-old Brazilian male who has chronic
paracoccidioidomycosis (PCM). Five samples of sera
collected from the patient over a period of 7 years did not
react with an immunodiffusion test for PCM. In addition,
the patient lived in Sdo Paulo, but now lives in Parana,
Brazil. Both are endemic areas of PCM. The mycological
characteristics of the isolate IFM54648 were similar to that
of typical P. brasiliensis. A total of 8 genes were sequenced
from IFM54648, and the sequences were compared with
the new isolate and other reference isolates and database
sequences. We analyzed fragments of the gene sequences
that code for gp43, the internal transcribed spacer regions
of ribosomal RNA, the D1/D2 domains of the large subunit
ribosomal RNA, glucan synthase, chitin synthase, glyoxalase
I mRNA, 70-kDa heat-shock protein mRNA and urease.
The gene sequences were 98.9% to 100% identical between
IFM54648 and Pb01. When IFM54648 compared to the
other typical isolates, the identities were generally lower than
98%. A phylogenetic tree constructed using gp43 sequences
revealed that IFM54648 clustered with Pb01 at a considerable
distance from other isolates. Therefore, this isolate is
probably related to Pb01, which has recently been shown to
be genetically distinct from other isolates of this species.
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The paracoccidioidomycotic granuloma

Eva Burger, Raphael F Molina, Angela S Nishikaku
Department of Immunology, University of Sao Paulo, Brazil

We studied the granulomatous lesions characteristic of
paracoccidioidomycosis evaluating the effect of drugs
that interfere with fibrosis, employing a murine model.
We analysed the local expression of collagens, of relevant
cytokines (IFN-gamma, TGF-beta and TNF-alfa) and of
matrix metalloproteases (MMP) and compared with the
pattern of lesions developed. We also quantified fungal
dissemination to various organs, NO and MMP concentration
and their gelatinolytic activity.

IFN-gamma, found mainly in lymphocytes of resistant mice
and TGF-beta, expressed on macrophages and multinucleated
giant cells preferentially in susceptible mice may promote,
respectively, macrophage activation or deactivation,
enhancement or inhibition of P. brasiliensis killing and
consequently fungal control or dissemination. TNF-alfa
expression, detected in ECM, macrophages and giant cells
increased during the infection, eventually inducing protective
immunity. The expression of active MMP9 decreased
throughout the infection, more strikingly in resistant than in
susceptible mice, suggesting a tendency from degradation to
matrix synthesis.

Susceptible mice were infected with Pb, and treated with
IFN-gamma (antifibrotic activity), Tetracycline (extracellular
matrix-ECM synthesis inhibition) or Lumiracoxib (ECM
components inhibition).

Our results suggest that at an early period of infection, the
treatment with IFN-gamma restrained P. brasiliensis through
segregation within compact granulomas by ECM fibers,
causing a decrease of fungal load eventually by an increase
of IL-12 and NO production. On the contrary, treatment
with anti-inflammatory drugs caused disorganization of the
granuloma architecture, facilitating fungal dissemination,
with decreased production of NO and GM-CSF. Tetracycline
caused marked inhibition of fungal growth, as well as of
granuloma formation, in parallel with increased IL-12, GM-
CSF and NO production. Collagen was found as organized
but not continuous fibers in infected mice, and as continuous
fibers in IFN-gamma treated mice. Anti-inflammatory
treatment elicited extensive deposition of disorganized fibers,
in contrast with the absence of collagen deposit observed in
Tetracycline-treated animals.

Grants FAPESP 06-60091-6, 07/56745-3, CNPq
307492/2006-0
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CB-01-3
Cell wall a-1,3-glucan synthesis
and regulation in Paracoccidioides
brasiliensis

Gustavo A Nino-Vega, Laura Barreto,
Francoise Sorais, Gioconda San-Blas

Centro de Microbiologia, Instituto Venezolano de
Investigaciones Cientificas, Venezuela

In accordance with the exclusive presence of a-1,3-glucan in
the yeast-like phase of the fungus, northern analyses show that
the P. brasiliensis AGS1 gene (PbrAGS]I) is only expressed
in the yeast-like phase, and after 48 h into the mycelial (M) to
yeast (Y) transition, when most of the culture was in the yeast
phase. A faint signal could be detected in the M form of the
fungus, whose cell wall is virtually devoid of a-1,3-glucan.
Supplementing the growing culture medium with serum has
been documented as a way to increase both the amount of
cell wall a-1,3-glucan in the Y form of P. brasiliensis, and its
virulence. Growth of Y phase cultures in YPG supplemented
with 5% horse serum (HS) lead to an increase in the o-1,3-
glucan content of the cell wall, accompanied by a slight
increased in the level of expression of 4GS/ but higher
increase in the expression of RHO2. This suggests a post-
transcriptional regulation of PbrAGS1I, as in S. pombe, where
AGS]1 is post-transcriptionally regulated by Pck2 through the
product of RHO2. Comparison of the levels of expression of
PbrAGS1 and PbrRHO?2 in the M and Y stages of the fungus
shows a direct correlation, suggesting a similar role of Rho2
in P. brasiliensis. A homology search in the recently released
P. brasiliensis genome database (Broad Institute, MIT and
Harvard, Cambridge, MA), shows that AGS/ is the only gene
in the genome of P. brasiliensis related to the synthesis of
a-1,3-glucan, which agrees with a single type of cell wall
a-1,3-glucan in this fungi. In S. pombe and Aspergillus niger,
multiple 4GS genes have been reported, and at least two
different forms of cell wall a-1,3-glucan have been identified
in each fungus.

Work financed by ICGEB (CRP VENO05/ 01)
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CB-01-4
Speciation, recombination and molecular
evidence of sex in the Paracoccidioides
genus

Maria Sueli S Felipe, Marcus Teixeira
Dept. of Cell Biology, University of Brasilia, Brazil

The species of the Paracoccidioides genus are a thermodimorphic
fungus that cause paracoccidiodomycosis (PCM), a systemic
disease affecting mainly rural workers that are in close contact
with the soil, and is endemic to Latin America. This genus
was considered to be comprised of a single, clonal species,
P. brasiliensis, but studies on different isolates revealed a
great degree of genetic variability. Pb01 isolate, one of the
best studied, is particularly different (Carrero et al., 2008) of
the three previously described phylogenetic species S1/PS2
/PS3 (Matute et al., 2006). Using the genealogic concordance
method of phylogenetic species recognition (GCPSR) via
maximum parsimony and Bayesian analysis, 17 genotypically
similar isolates, including Pb01, were found to cluster in a
distant clade from the one containing S1/PS2/P3. Consistent
with GCPSR, the Pb01-like group can be considered a new
species distinct from S1/PS2/PS3 group, since it is strongly
supported by all independent and concatenated genealogies
(posterior probability of 1.0 and bootstrap of 100%). We
have proposed the formal description of the Pb01-like
cluster as the new species Paracoccidioides lutzii. These
two genetically distinct fungal populations present exclusive
phenotypic characteristics such as virulence levels, resistance
to fungicides and proliferation rates, as previously reported
for representatives of both clusters of the species complex
until now known as P. brasiliensis. In addition, recombination
analysis revealed independent events inside both main
groups, which is suggestive of reproductive isolation. The
identification of complementary mating-type loci (MAT 1-1
and MAT 1-2), the mating machinery genes found in the three
Paracacoccidioides sequenced genomes (isolates Pb01, Pb18
and Pb3) and their expression led us to conclude that these
pathogens can have a sexual stage in its life cycle.
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The Candida albicans Chk1p histidine
kinase and Cek1 MAPK are required for
mannan biosynthesis

Richard A Calderone”, Dongmei Li",

Michael Kruppa®, David Williams”, Mario Monteiro?,
William Fonzi", Elvira Roman®, Jesus Pla®,

Douglas Lowman*

Microbiology & Immunology, Georgetown University
Medical Center, USA', James H. Quillen College of Medicine,
E. Tennessee State °, Global Analytical Services, Eastman
Chemical Company’, Global Analytical Services, Eastman
Chemical Company’, Universidad Complutense de Madrid’

CHK1 encodes a hybrid histidine kinase of Candida albicans.
It is required for disseminated infection, which correlates with
in vitro defects of chkl mutants in adherence to mammalian
cells and enhanced susceptibility to neutrophil killing. The
chkl mutant also exhibits defects in cell wall mannans
associated with a highly flocculant phenotype. A signal
pathway to which Chklp might associate is unknown. We
therefore compared mutants in chkl with 4 MAPK mutants
phenotypically, including, cekl, cek2, hogl, and mkcl. Of
the in vitro assays we used, the chkl and cekl as well as
the shol mutants resembled each other in regard to Congo
red and calcofluor white sensitivities as well as flocculation
in M199 medium. In regard to these phenotypes, we
determined that Chklp is part of a parallel and independent
signal pathway from that of Shol-Cekl MAPK. However,
all strains were also examined for mannan profiles. Bulk
mannan was prepared from each strain and subjected to GPC-
MALLS analysis. The profiles of Wt and the Shol mutant
were similar, with three Mw types of mannan, designated as
high, intermediate and low. In comparison, the chk1 and cek1
profiles of mannan were identical, consisting exclusively
of low Mw mannan. Our data thus indicate that Ceklp
and Chklp share functional activity in regard to mannan
biosynthesis that is most likely independent of the Sholp
cognate sensor of the Cekl MAPK pathway.
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CB-02-2
Biogenesis and expression of Candida
albicans beta mannose adhesins

Daniel Poulain”, Celine Mille", Yann Guerardel®,
Chantal Fradin”

Department of Mycology, Inserm U799, France”, CNRS UMR
8576 Lillel University, France”

Since their identification in C. albicans phosphopeptidomannan
(PPM) by S. Suzuki ef al. and extensive structural work from
the same group, B-1,2 mannosides have generated much
interest from the scientific and medical communities. The
reasons for that are an anomer type of linkage rare in the living
world, conferring a unique spatial configuration, their role
as C. albicans adhesins through interaction with Galectin-3,
whereas their association with a cell wall surface glycolipid
named Phospholipomannan -PLM-triggers innate immunity
pathways through TLR2; finally, strong cumulative evidence
has shown that mounting adaptive humoral response against
the same structures confers immunity to rodents against C.
albicans infections. By contrast, at the C. albicans level very
little is still known about the mechanisms of f-Man generation
and expression. We have identified 9 genes encoding for beta-
mannosyltransferases (Bmts) and defined the functions of 6
of them involved in PPM and PLM mannosylation whereas
compensatory mechanisms resulting from individual gene
deletions seems to act on cell wall mannoproteins (CWMPs)
as carrier molecules. Extensive immunochemical analysis
suggested that each of CWMPs family i.e. matricial, linked
to B-1,3 or B-1,6 glucans could be B-mannosylated according
to processes differing from those of PPM. To explore this
new model of B-Man distribution, investigations on genes
transcription were undertaken. They surprisingly revealed no
or little differences between strains of both serotypes grown in
conditions inducing dramatic differences in f-Man cell wall
surface expression. Therefore f-Man biogenesis and expression
appears as model of unforeseen complexity needing to be
stepwise deciphered since any gap in our knowledge about
this important C. albicans specific trait could impair or render
elusive any therapeutic approach based on these targets.
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Calcineurin regulation of the Aspergillus
fumigatus cell wall and hyphal growth

William J. Steinbach
Division of Pediatric Infectious Diseases, Duke University
Medical Center, USA

Biochemical and genetic probing of
dglucan synthase

David S Perlin
Public Health Research Institute/New Jersey Medical School-
UMDNJ, USA

The calcineurin pathway has been shown to be important for
both hyphal growth as well as pathogenicity in Aspergillus
fumigatus. This pathway is now being dissected to determine
the specific molecular mechanisms controlling hyphal growth,
in an effort to be able to identify the specific genes of protein
domains for optimal antifungal targeting. Here we will review
the calcineurin pathway and its putative controls over both
cell wall homeostasis and composition as well as hyphal
growth and virulence.

134

Glucan synthase catalyzes the biosynthesis of the major
fungal cell wall polymer B1,3-D-glucan. The enzyme complex
is comprised of catalytic Fks subunits and the ubiquitous
regulatory component Rhol; although, the organization of
this complex is not well understood. In recent years, a great
deal has been learned about the biochemistry of glucan
synthase and genetic regulation of FKS genes by studying
the properties of mutant strains of Candida and Aspergillus
resistant to echinocandin class inhibitors. These potent glucan
synthase inhibitors represent the newest class of antifungal
agents. Mutations in FKS subunits conferring resistance can
increase the drug inhibition constant by 3 log orders, and
they can decrease the catalytic capacity of the enzyme 4-fold
without affecting cell growth. In such cells, the expression
ratios of FKS1 and FKS2 may be altered to maintain a
constant level of synthase activity. Echinocandin drugs
modified with fluorescent tags can be used as probes, which
provide valuable information about drug binding and the
distribution of glucan synthase in the cell.
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Beta 1,6 glucan synthesis

Jean-Paul Latge
Unite des Aspergillus, Institut Pasteur, France
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Mechanisms involved in the resistance of
Candida albicans biofilms to antifungals

Christophe d'Enfert, Govindsamy Vediyappan,
Tristan Rossignol

Unite Biologie et Pathogenicite Fongiques, Institut Pasteur,
France

Candida albicans is capable of forming biofilms that exhibit
elevated intrinsic resistance to various antifungal agents, in
particular azoles and polyenes. The molecular mechanisms
that are involved in the antifungal resistance of biofilms
remain poorly understood. We have used transcript profiling
to explore the early transcriptional responses of mature C.
albicans biofilms exposed to various antifungal agents.
Mature C. albicans biofilms grown under continuous flow
were exposed to concentrations of Fluconazole (FLU),
Amphotericin B (AMB) and caspofungin (CAS) that, while
lethal for planktonic cells, were not lethal for biofilms.
Interestingly, FLU exposed biofilms did not show any
significant change in gene expression over the 2h course
of the experiment. In AMB-exposed biofilms, 11 genes
showed a more than 2-fold increase in expression, of which
only 3 have been shown to be up-regulated in planktonic
cells exposed to AMB. In contrast, CAS-exposed biofilms
elicited a rapid and large change in gene expression. There
was little overlap between AMB- or CAS-responsive genes in
biofilms and those that have been identified as AMB-, FLU-
or CAS-responsive in C. albicans planktonic cultures. These
results suggested that the resistance of C. albicans biofilms
to azoles or polyenes is not due to the activation of specific
mechanisms in response to exposure to these antifungals but
rather to the intrinsic properties of the mature biofilms. In
this regard, our study lead us to observe that AMB physically
binds to C. albicans biofilms and to beta-glucans which
have been proposed to be major constituents of the biofilm
extracellular matrix and to prevent azoles to reach biofilm
cells. Thus, enhanced extracellular matrix or beta-glucan
synthesis during biofilm growth appear to prevent antifungals
such as azoles and polyenes to reach biofilm cells, limiting
their toxicity to these cells and the associated transcriptional
responses.

ISHAM
2009

visoduidg




2
S
=
S
12
-~
:

MEDICAL MYCOLOGY IN THE 21ST CENTURY: SCIENTIFIC BASE AND ANTICIPATED CHALLENGES

Switching, mating, biofilm formation and
pathogenesis in Candida albicans

David R Soll
Department of Biology, The University of lowa, USA

The majority of Candida albicans strains are a/a in nature.
These cells can not undergo white-opaque switching due to
repression by the al-a2 repressor. When they undergo MTL-
homozygous to a/a or o/a, they are relieved of repression
and can switch from the dominant, mating-incompetent white
phenotype to the mating-competent opaque phenotype. This
scenario, when it was discovered, was perplexing, since it
was not clear why C. albicans had inserted into its mating
process so complex a process as white-opaque switching.
A hypothesis was developed to explain the role of white-
opaque switching in the mating process. It was proposed that
the process evolved to facilitate mating in the host through
a signaling system that generated a white cell environment
that protected chemotropism between minority opaque a/a
and opaque o/o cells. It was proposed that the protective
white cell environment was a biofilm. The components of this
hypothesis have been demonstrated in vitro. The formation of
biofilms by MTL-homozygous cells, including the synthesis
of the extracellular matrix, and the dependency of the process
on the pheromone signal transduction pathway in white cells,
is described. The relationship of biofilm formation by MTL-
homozygous cells, the minority genotype in nature, and by
pheromone-induced white, MTL-heterozygous cells, the
majority genotype in nature, is addressed.
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The target of regulation of
morphogenesis in Candida albicans by
farnesol

Tamaki Cho", Jun-Ichi Nagao”, Hironobu Nakayama”
Functional Bioscience, Fukuoka Dental College, Japan',
Suzuka National College of Technology’

Hyphal formation through germination of yeast cells in the
pathogenic fungus Candida albicans is an important virulence
factor. In this regard, the cAMP-PKA signal pathway
is known to be one of the key regulatory mechanisms
responsible for germination. We have utilized both a GIcNAc
medium and a glucose medium to study germination (1992
Cho et al.) but find that the cellular cAMP content during
germination in these two media fluctuates differently. Further,
we have not resolved which signaling pathway is utilized
during germination in each medium.

While farnesol, a quorum sensing molecule of C. albicans,
blocks the induction of germ tubes, it was reported that it also
inhibits the cAMP-PKA pathway (2008 Davis-Hannna ef al.).

To address issues of germination in regard to signaling, we
studied MSI3, a gene encoding a novel HSP70 protein which
is related to the cAMP-PKA pathway (2003 Cho ef al.). In
this session, we discuss our research on the morphological
regulation by farnesol using a conditionally regulated MSI3
mutant grown in the two media mentioned above.
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CB-03-4
Assessing Candida biofilm formation in
a new in vivo non vascular model

Helene Tournu'?, Marketa Ricicova?®,

Sona Kucharikova'?, Johan Van Eldere?,

Katrien Lagrou®, Patrick van Dijck'”

Department of Molecular Microbiology, VIB, KU Leuven,
Belgium', KU Leuven, Institute of Botany and Microbiology’,
University of British Columbia, Vancouver’, KU Leuven, Dpt
of Medical Diagnostic Sciences*

More than half of all human microbial infections can be
associated to biofilms, highlighting the impact of biofilm
on public health. Candida albicans can form biofilms
on a wide variety of medical devices such as urinary and
vascular catheters, but also dental, joint and voice prostheses,
pacemakers, ocular lenses. We have optimized an in vivo
biofilm model for Candida based on a subcutaneous rat
model previously described by Van Wijngaerden et al.
(1999). Pieces of three-lumen catheters treated with serum are
implanted under the skin of rat after an adhesion phase with
Candida cells. Biofilms, assessed by colony forming units
and scanning electron microscopy, reach an optimal size after
two days, but they can remain in the host for up to 9 days.
Immunosuppression treatment of the animal host increases
the reproducibility of the biofilm generated inside the lumens.
A critical step in biofilm production is the adhesion phase:
incubating cells in RPMI medium instead of Spider or YNB
glucose resulted in an increased biofilm formation, not
only in wild type but also in strains defectuous in biofilm
development in other models, such as als3. Both wild type and
als3 can form biofilm in vitro on 96-well plate polystyrene
substrate and on polyurethane disk when grown in RPMI, but
the mutant does not when grown in Spider. We also observed
biofilm formation in vivo with als3, this mutant being able to
adhere and grow as hyphae in RPMI. In contrast, cells of the
cphl efgl strain are not able to form biofilm in in vitro assays
in RPMI, and also do not generate biofilm in vivo. Even in
absence of constant flow, adherence is crucial to the in vivo
subcutaneous biofilm model.

Van Wijngaerden, E., et al. (1999). J Antimicrob Chemoth
44: 669-674.

137

Tokyo

Role of Candida albicans surface antigen
in adherence in in vitro biofilm model

Helena Bujdakova®, Zuzana Nescakova?,

Ema Paulovicova®, Dusan Chorvat’, Eva Machova?
Microbiology and Virology, Comenius University, Faculty of
Natural Sciences, Slovak Republic', Inst. of Chemistry SAS’,
Inter. Laser Centre, Bratislava, Slovakia’

Candida albicans expresses many immunodominat antigens
participating in adherence. The CR3-RP (C. albicans CR3-
related protein) is related to human adhesion glycoprotein,
also known as Mac-1, the iC3b receptor. This research studied
a contribution of this protein to adherence using in vitro
biofilm model. For experiments, standard strain C. albicans
CCY 29-3-162 and some C. albicans clinical catheter isolates
were selected. Biofilm was formed in polystyrene 96-well
plates according to Li ef al., 2003. The expression of the CR3
RP was determined after 1.5-h (period of adhesion) or after
48-h (mature) biofilm and compared with that estimated in
planktonic yeast cells employing two polyclonal antibodies
(AB): anti CR3-RP Ab or anti CR3-RP-M Ab (immunization
of rabbits with synthetically prepared peptide DINGGATLPQ
and peptide conjugated with Candida mannan). The effective
peptide and peptide-mannan conjugate vaccination was
demonstrated via spectrum of specific Ig-isotype antibody
response. The expression of the CR3-RP was very week
in planktonic cells using both antibodies. After period
of adhesion, yeasts have started to express this protein
detected exclusively after interaction with anti CR3-PR Ab
and significant increasing of the CR3-RP expression was
observed in 48-h biofilm. It is of interest, that CR3-RP-M
antibody did not react with CR3-RP expressed by biofilm. We
suppose some inhibitory effect of mannan on CR-RP peptide
in conjugate. The CR3-RP Ab was also tested for ability to
reduce 48-h biofilm development due to binding to CR3-RP
receptor. Experiment was conducted using pre-incubation of
the C. albicans with anti CR3-PR Ab. In standard strain as
well as in selected C. albicans catheter isolate, pre-incubation
with anti-CR3-RP Ab significantly decreased biofilm. Similar
results were observed employing CLSM. In summary, biofilm
proved to be a suitable model for adhesion study. Moreover, C.
albicans CR3-RP seems to be an antigen of interest in design
of novel Candida vaccine.
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Genetic studies on sterol and
mannoprotein biosynthesis in Candida
glabrata

Hironobu Nakayama®, Keigo Ueno”, Hiroki Mitani®,
Koichi Tanabe”, Toshihiro Aoyama®,

Takayuki Mizuno®, Masakazu Niimi”, Hiroji Chibana®
Dept. of Chemistry & Biochemistry, Suzuka National

College of Technology, Japan', Medical Mycology Center
(MMRC), Chiba University’, Dept. of Bioactive Molecules,
National Institute of Infectious Diseases’, Dept. of Electronic
and Information Technology, Suzuka National College of
Technology’, Dept. of Nano and Bio Material Engineering,
Tokushima Bunri University’

Candida glabrata is considered to be a closely related
species to Saccharomyces cerevisiae. Many C. glabrata
genes have orthologues of S. cerevisiae genes such as those
involved in the biosynthesis of sterol and mannoproteins.
We have investigated the effects of gene knockout and gene
knockdown of putative C. glabrata genes involved in the
above biosynthesis pathways on cell viability under various
culture conditions. Overall phenotypic analyses of the C.
glabrata mutants revealed mixed results: 1) orthologues
of some genes required for C. glabrata viability were not
essential in S. cerevisiae; 2) for other C. glabrata genes a
requirement for viability was dependent on culture conditions
as shown for orthologues in S. cerevisiae. Most of the genes
encoding mannoprotein synthesis were classified as the
former, presumably due to differing redundancy between
the C. glabrata and S. cerevisiae genes. Genes involved
in ergosterol biosynthesis were categorized as the latter,
because sterol uptake, which does not occur in S. cerevisiae
due to "aerobic sterol exclusion", would rescue the low level
of ergosterol biosynthesis in host tissues. Therefore, genes
for ergosterol biosynthesis were not required for growth in
host tissues or serum containing medium. Auslp, whose
orthologue in S. cerevisiae is thought to be an anaerobic sterol
transporter, was responsible for aerobic sterol uptake in C.
glabrata. On the basis of these results, it was anticipated that
other orthologues of genes responsible for sterol uptake in
S. cerevisiae were differently regulated during aerobic sterol
uptake in C. glabrata. Thus, genetic studies in C. glabrata
may provide an alternative view of gene function predicted
from studies in the model yeast S. cerevisiae, and may
contribute to understanding host-fungal interactions including
pathogenicity.
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Development of genetic manipulation
systems in dermatophytes

Tsuyoshi Yamada
Teikyo University Institute of Medical Mycology, Japan

Molecular genetic studies of fungal pathogens have made
significant contributions to our understanding of the diseases
that they cause. Gene transfer by transformation (genetic
transformation) is an indispensable technique for such studies,
which has provided powerful tools for evaluating gene
functions, such as targeted gene disruption and overproduction
of heterologous proteins. Since the first reports of successful
production of genetic transformants in model filamentous
fungi such as Aspergillus nidulans, polyethylene glycol
(PEG)-mediated transformation of protoplasts has been the
most common approach for the transfer of exogenous genes
to filamentous fungi.
Dermatophytes are human and animal pathogenic fungi that
commonly gain access to the host via cornified tissues such as
the hair, skin or nails, and cause superficial mycosis. Genetic
transformation of these fungi by random integration of
exogenous genes has also been carried out by the protoplast/
PEG-mediated method, all of which have low transformation
frequencies. The difficulty of genetic manipulation due to
low transformation frequencies may be reflected by the small
number of reports regarding genetic manipulation of these
fungi. Therefore, very little is currently known about the
details of the mechanism of their host invasion. To overcome
the problems and improve the transformation frequency, we
developed an Agrobacterium tumefaciens-mediated genetic
transformation (ATMT) system for the clinically important
dermatophyte, Trichophyton mentagrophytes. Targeted gene
disruption was also achieved by ATMT, but the frequency
of homologous recombination via ATMT was still lower.
It has recently been reported in several filamentous fungi
that deletion of Ku70 and/or Ku80, the key molecules of
the non-homologous end joining (NHEJ) pathway involved
in DNA double-strand break repair, increases the targeted
gene disruption frequency. To improve the homologous
recombination frequency, we produced Ku80 deletion mutants
of T. mentagrophytes. Ku80- mutant strains may facilitate
genetic manipulation of dermatophytes.
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Stress-signalling in Candida albicans

Janet Quinn”, Deborah A Smith", David - Stead?,
Zhikang - Yin?, Alistair JP Brown”

Institute for Cell and Molecular Biosciences, Newcastle
University, UK', University of Aberdeen’

Candida albicans encounters a variety of environmental
stresses during disease establishment and progression within
the host. Consequently, stress responses are important for
the virulence of this major fungal pathogen. Several studies
have highlighted the importance of the Hogl Stress Activated
Protein Kinase (SAPK) in C. albicans stress responses
and virulence. For example Hogl plays an important role
in protection against diverse stress conditions including
osmotic, heavy metal and oxidative stress, and hog/ mutants
display attenuated virulence in a mouse model of systemic
candidiasis, and are more prone to killing by phagocytes.
However, despite the importance of Hogl in C. albicans
stress responses, little in known regarding the relay of signals
to the SAPK module, or the downstream effectors of the
Hogl mediated stress response.

In an attempt to identify upstream regulators and cellular
targets of Hogl we employed tandem affinity purification
(TAP) and peptide mass fingerprinting to identify proteins
that physically associate with Hogl in C. albicans. Ten
proteins were identified as potential Hogl interacting
partners. One of these was the serine/threonine protein
kinase Rck2, homologues of which are well characterized
substrates for the Saccharomyces cerevisiae Hogl and the
Schizosaccharomyces pombe Styl SAPKs. In contrast,
the remaining identified proteins are potentially novel
SAPK interacting partners. One of these, the glycolytic
enzyme glyceraldehyde-3-phosphate dehydrogenase (Gapl)
was chosen for further study, as our parallel proteomic
experiments had implicated Hogl in Gapl modification and
glycolysis. Data will be presented illustrating the role of Hogl
in regulating Gapl in C. albicans. This work, which directly
links a key stress signalling pathway to a central metabolic
pathway, is significant due to the growing evidence that
modulation of metabolism is a key aspect of stress responses.
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Novel functions of the fungal
biosurfactant protein in degradation
of biopolymers: Aspergillus oryzae
hydrophobin RolA laterally moves on
hydrophobic surfaces and recruits
polyesterases

Keietsu Abe, Toru Takahashi
New Industry Creation Hatchery Center, Tohoku University,
Japan

When fungi grow on plant or insect surfaces coated with
wax polyesters that protect against pathogens, the fungi
generally form aerial hyphae to contact the surfaces. Aerial
structures such as hyphae and conidiophores are coated with
hydrophobins, which are surface-active proteins involved
in adhesion to hydrophobic surfaces. Hydrophobins are
small proteins containing eight conserved cysteine residues,
which are ubiquitous among filamentous fungi. When
the industrial fungus Aspergillus oryzae was cultivated in
a liquid medium containing the biodegradable polyester
polybutylene succinate-coadipate (PBSA), the rolA gene
encoding hydrophobin RolA was highly transcribed. High
levels of RolA and its localization on the cell surface in
the presence of PBSA were confirmed by immunostaining.
Under these conditions, 4. oryzae simultaneously produced
the cutinase CutL1, which hydrolyzes PBSA. Cutinases,
which are well known to be produced by pathogenic fungi,
hydrolyze cutin, a heterologous complex of wax esters found
on the surfaces of plants. Preincubation of PBSA with RolA
stimulated PBSA degradation by CutL1, suggesting that RolA
bound to the PBSA surface was required for the stimulation.
Immunostaining revealed that PBSA films coated with RolA
specifically adsorbed CutL1. Quartz crystal microbalance
analyses further demonstrated that RolA attached to a
hydrophobic sensor chip specifically recruited CutL1. These
results suggest that RolA adsorbed to the hydrophobic surface
of PBSA recruits CutL1, resulting in condensation of CutL1
on the PBSA surface and consequent stimulation of PBSA
hydrolysis. A fluorescence recovery after photobleaching
experiment on PBSA films coated with FITC-labeled RolA
suggested that RolA moves laterally on the film. We discuss
the implications of both novel properties of hydrophobin
RolA in making contact to plants, insects, or animals prior
to fungal infection, because the PBSA degradation process
catalyzed by A. oryzae CutL1 in combination with RolA
likely mimics the early stage of fungal infection.
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Transcriptional control of carbon
metabolism in Candida albicans

Michael C Lorenz, Melissa A Ramirez
Microbiology and Molecular Genetics, Universit y of Texas
Health Science Center, USA

We and others have shown that Candida albicans cells
phagocytosed by macrophages activate an extensive
program of transcriptional changes, including a metabolic
transition from glycolysis to gluconeogenesis. Some of
these pathways, such as beta-oxidation, the glyoxylate
cycle, and gluconeogenesis, are required for full virulence
in mouse models, indicating that some niches in the
mammalian host are carbon-poor. Mutations in these highly
conserved pathways, such as icll and fox2; have unexpected
pleiotropic phenotypes in C. albicans; notably, the fox2
mutant (beta-oxidation) fails to utilize ethanol as a carbon
source. The Distel group has shown that this is at least partly
due to defects in peroxisome function. We identified the
transcriptional regulators of alternative carbon metabolism
pathways based on S. cerevisiae and Aspergillus nidulans.
C. albicans contains homologs of the S.cerevisiae Cat8p and
Adrlp (FacB and AmdX in A. nidulans) transcription factors
that control expression of glyoxylate and gluconeogenic
genes. Null mutants in C. albicans confer no apparent
phenotype in vitro, in contrast to the corresponding S.
cerevisiae mutants (but similar to A. nidulans). C. albicans
contains a homolog (CTF1) of the A. nidulans fatty acid
catabolism transcription factors FarA and FarB, but does
not have Oafl or Pip2, regulators of peroxisome biogenesis
genes in yeast. CTF1 is required for growth on oleic acids
(as are FarA/FarB) and FOX2 expression is dependent on
CTFI1. In vivo, the ctfl mutant showed a mild attenuation
in virulence, similar to the fox2 mutant. ctfl mutant strains
did not, however, confer pleiotropic phenotypes. Thus,
both phenotypic and genotypic observations suggest that
the regulatory network for alternative carbon metabolism
in C. albicans is more similar to filamentous fungi than
budding yeast. We are identifying targets of these regulators
to understand more completely the observed pleiotropic
phenotypes and the roles of these pathways in vivo.

140

Comparison between the closely related
species Candida albicans and Candida
dubliniensis

David C Coleman, Gary P Moran, Brenda A Mcmanus,
Derek J Sullivan

Microbiology Research Unit, Division of Oral Biosciences,
Dublin Dental School & Hospital, University of Dublin,
Trinity College Dublin, Ireland

Candida dubliniensis is the closest relative of Candida
albicans, the most pathogenic Candida species. However,
despite this, epidemiological and infection model data show
that C. dubliniensis is significantly less pathogenic than C.
albicans. In addition, multilocus sequence typing shows that
the population structure of C. dubliniensis is significantly less
divergent than that of C. albicans. The reasons for the lower
virulence of C. dubliniensis are not obvious as both species
share many characteristics that are usually associated with
pathogenicity, including the ability to produce true hyphae.
The C. dubliniensis genome sequence has recently been
completed by the Wellcome Trust Sanger Institute (http://
www.sanger.ac.uk/sequencing/Candida/dubliniensis/). As
expected, comparison of the C. albicans and C. dubliniensis
genomes revealed that they are highly similar and that synteny
is largely conserved. However, significant differences in the
composition of a number of gene families are evident, some
of which have been previously associated with virulence
(e.g. SAP and ALS families), while others have no known
function (e.g. the telomere-associated 7LO family and the
IFA family encoding putative transmembrane proteins). C.
dubliniensis also possesses a larger number of pseudogenes
than C. albicans, including several filamentous growth
regulator (FGR) genes that may play a role in morphogenesis.
These data suggest that C. albicans has undergone expansions
of specific gene families while C. dubliniensis may have
undergone reductive evolution of redundant loci following
restriction to specialized, and as yet unidentified, ecological
niche(s). Comparative transcriptomic analysis also suggests
that differential expression of specific genes very likely
contributes to phenotypic differences between the two
species.
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The role of genetic code ambiguity in
Candida albicans and its impact on
proteome diversity

Ana C Gomes”, Manuel A. S. Santos"?
Genomics Unit, Biocant / University of Aveiro, Portugal',
CESAM, Departement of Biology, University of Aveiro’

Alterations to the standard genetic code have been found
in both prokaryotes and eukaryotes, demolishing the
dogma of an immutable and universal genetic code. Recent
studies suggest that evolution of such alterations require
structural change of the translation machinery and are
driven through mechanisms that require codon decoding
ambiguity. In C.albicans, a structural change in a novel ser-
tRNACAG allows for its recognition by both the LeuRS
and SerRS, providing such a device. In order to determine
whether this tRNA charging ambiguity results in ambiguous
CUG decoding, we have quantified the serine and leucine
incorporation at the CUG codon by Mass-Spectrometry. The
data showed that 3.0% of leucine and 97.0% of serine are
incorporated at CUG codon in vivo under standard growth
conditions. Since there are 13,000 CUG codons in C.albicans
such ambiguity expands the proteome exponentially thus
creating a statistical proteome, by synthesis of an array of
proteins from an mRNA containing CUG codons. Moreover,
this ambiguity increases under stress, indicating that leucine
incorporation at the CUG is sensitive to environmental
change and manipulated during mRNA translation, raising
the hypothesis that leucine incorporation may be higher than
that measured. In order to determine its highest levels, we
have created highly ambiguous C.albicans cells through
tRNA engineering. These cells tolerate up to 28% leucine
incorporation at CUG, which represents an increase of 28,000
fold in decoding error rate, without significant decrease
in growth rate. Such ambiguity resulted in morphological
variation, though exposing a hidden phenotypic diversity.
Whole genome analysis of CUG distribution unveiled an
impressive flexibility of the C.albicans proteome since 66%
of its genes have CUG codons, which have the potential to
generate 283 billion different proteins. This study highlights
novel features of C.albicans biology and unanticipated roles
for codon ambiguity in the evolution of the genetic code.
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CB-05-3
Aspergillus fumigatus gene expression
in experimental murine lung infections

William C. Nierman
Infectious Diseases, J. Craig Vengter Institute, USA

Aspergillus fumigatus is the most frequent cause of invasive
aspergillosis in immune suppressed human patients. We have
developed a murine model for analyzing the early stages
of A. fumigatus colonization and progression to invasive
disease. The model incorporates instillation of conidia into
mouse lungs and subsequent harvesting of bronchoalveolar
lavage fluid (BALF) samples for analysis. Validated
mRNA amplification and analysis protocols have allowed
transcriptome analysis of the fungal mRNAs present in the
BALFs.

Expression profiling of 4. fumigatus germlings at 12-14
hours after instillation into neutropenic mouse lungs reveals
dramatically altered gene expression relative to growth in
laboratory culture. Up-regulated genes are often found in
secondary metabolism and other accessory gene clusters such
gliotoxin, pseurotin, and siderophore biosynthesis clusters.
We found also significant concordance between the observed
host-adapted changes in the transcriptome and those resulting
from in vitro iron limitation, nitrogen starvation, and loss of
the LaeA methyltransferase.

To further elucidate the role of LaeA in A. fumigatus
virulence, we analyzed temporal gene expression profiles
of a wild type and an isogenic lacA-deleted strain, which
misregulates gene expression at secondary metabolite gene
clusters and is avirulent in a murine model. Growth and
differentiation during initiating phases of murine infection
were compared between parental and mutated isolates
at 4, 8, and 14 hours post-infection in neutropenic mice.
Transcriptome analysis of the lacA mutant revealed a major
in vivo regulatory deficit of a few secondary metabolite
biosynthetic gene clusters and more than thirty accessory
gene clusters.

In our continuing studies employing this murine early
infection model, we will undertake analysis of hypervirulent
A. fumigatus mutants, A. fumigatus proteome analysis, and
the murine host response to the fungal pathogen.
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Understanding cell cycle control in
the pathogenic yeast Cryptococcus
neoformans

Eric V Virtudazo”, Misako Ohkusu", Mihoko Ohata",
Ida Miklos”, Matthias Sipiczki”, Shigeji Aoki”,

Kanji Takeo", Susumu Kawamoto"

Division of Ultrastructure and Function Department of
Molecular Function, Chiba University Medical Mycology
Research Center, Japan', University of Debrecen, Hungary’,
Nippon Dental University at Niigata®

Cryptococcus neoformans is a pathogenic yeast causing
opportunistic infections to immunodeficient patients. Our
group has been studying cell regulation processes in this yeast
and reported its unique cell cycle behavior which is different
from that of the model budding yeast Saccharomyces
cerevisiae. In contrast to S. cerevisiae, very little is known
about the molecular regulation of the C. neoformans cell
cycle. To clarify cell regulation at the molecular level,
homologues of cell cycle control genes in C. neoformans
were cloned and analyzed for their role and function in the
cell cycle. We have previously reported the cloning of the
CDC28/Cdc2 homologue, CnCDK]I and three Cdkl cyclin
homologues: two B-type cyclins and a single G1 cyclin
gene. In addition we have also cloned the Cdc25 and Weel
counterpart Candidate genes. We successfully created
deletion mutants for CnCLNI1, CnCLB2, and CnWEEI but
not CnCLBI and CnCDC25. Complementation tests showed
that CnCdk1 and CnClnl can function in S. cerevisiae
and CnCdc25 in Schizosaccharomyces pombe. Sequence
analysis revealed that we have cloned the likely cell cycle
gene homologues in C. neoformans. For CnCdk1 however,
we found a difference in an amino acid residue in the well
conserved PSTAIRE motif known to be involved in cyclin
binding. In addition, for CnClInl1, there was no other sequence
that was found to have G1 cyclin similarities despite having
multiple G1 cyclins in other budding yeasts such as S.
cerevisiae. Two upstream ORFs, which are known to affect
translational efficiency of many eukaryotic genes, were also
found in the 5' leader of CnCLN1. CnCLNI deletion resulted
to a wide range of morphogenetic defects that suggest that it
may act as an upstream activator of the complex cell cycle
transcription process activated at Start, affecting a variety of
downstream reactions that occur during the G1 to S transition.
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The regulation of white-opaque
switching and its role in the mating
process

David R Soll
Department of Biology, The University of lowa, USA

To mate, natural Candida albicans a/a strains must undergo
homozygosis to a/a or o/, then switch from white to opaque.
This is a more complex scenario than the mating process of
S. cerevisiae, and involves a unique signaling process, in
which mating-competent opaque cells, through release of
mating pheromones, induce mating-incompetent white cells
to become adhesive and cohesive, and to form a biofilm that
facilitates mating. Induction of white cells involves the unique
induction of white genes by pheromone mediated by a cis-
acting sequence, WRE, common to the promoters of white-
specific, pheromone-induced genes. The configuration of
the pheromone responses of white and opaque cells includes
both common elements, the unique participation of the first
intracellular loop of the common a-pheromone receptor in
the white, but not opaque, response, and distinct downstream
transcription activators. The evolutionary implications of
this complex set of interactions, and the relationship to
pathogenesis will be briefly discussed.
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Biogenesis and germination of
Cryptococcus neoformans spores

Christina M Hull, Michael R Botts, Emilia K Kruzel
Biomolecular Chemistry/Medical Microbiology &
Immunology, University of Wisconsin, Madison, USA
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Cyclin/CDKs and hyphal morphogenesis
in Candida albicans

Yue Wang
Genes and Development Division, Institute of Molecular and
Cell Biology, Singapore

Cryptococcus neoformans is a human pathogen that can cause
meningoencephalitis, primarily in immunocompromised
individuals. Although a respiratory route of infection by C.
neoformans is generally accepted, the identities of infectious
particles in nature are unknown. It has been proposed
that infections can be mediated by spores, the products of
sexual development. Using gradient centrifugation, we have
succeeded in isolating pure spore populations in numbers
sufficient for biochemical and molecular analyses. We found
that spores differ from yeast cells in several respects: spores
are ovoid in shape with a crenulated surface, spores are
covered by a thick coat that is compositionally distinct from
the yeast cell surface, and spores are resistant to numerous
environmental stresses. To understand spore biogenesis and
germination, we carried out gene expression microarrays
of two phases of development: sexual development and
spore germination. Sexual development between yeast cells
ultimately results in the production of spores, and spore
germination results in the production of yeast. We found that
many genes expressed at the end of sexual development (when
spore chains are formed) start at high levels in spores and
decrease over the course germination into yeast. Microscopic
visualization of spore germination using fluorescence
microscopy, TEM, and SEM has allowed us to correlate
changes in gene expression with morphological states during
germination. We found that degradation of the spore coat and
subsequent emergence of a yeast cell from the spore body
coincide with the expression of hydrolytic enzymes, some of
which have been shown previously to play no apparent role
in yeast growth. We are currently analyzing several of these
enzymes for potential spore-specific roles in germination
using genomic, genetic, and biochemical approaches. Our
goal is to determine the composition of the spore surface and
to uncover how the various components are assembled during
sporulation and degraded during germination.
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The cyclin-dependent kinase (CDK) Cdc28 is known to play

key roles in regulating cell shape in both Saccharomyces
cerevisiae and Candida albicans. Our lab discovered that C.
albcians uses a hypha-specific cyclin/ Cdk, Hgc1/Cdc28, for
hyphal development.

To identify Hgc1/Cdc28 substrates, we designed a strategy to
find proteins undergoing Hgcl-dependent gel mobility shift.
This led to the discovery of several key components of the
cell polarity machinery.

First, we found that Rga2, a GAP of Cdc42, undergoes Hgc1-
dependent hyperphosphorylation. Using an analog-sensitive
Cdc28 mutant, we confirmed that Cdc28 can phosphorylate
Rga2 in vitro. We established that Rga2 represses hyphal
growth, which is relieved by Hgc1/Cdc28 phosphorylation
upon hyphal induction. We obtained evidence to propose a
model that Rga2 phosphorylation by Hgc1/Cdc28 prevents
it from localizing to hyphal tips, thereby leading to localized
Cdc42 activation at the growth site. Rga2 also undergoes
transient Cdk-dependent hyperphosphorylation at bud
emergence, suggesting that similar mechanisms may regulate
bud growth as well.

Second, we found that C. albicans uses two G1-cyclin/Cdk
kinases, Ccn1/Cdc28 and Hgc1/Cdc28, in a temporally
controlled manner to rapidly establish and persistently
maintain phosphorylation of the septin Cdcl1 during hyphal
development. We established that upon hyphal induction,
Cenl/Cdc28 binds to septin complexes and phosphorylates
Cdcll on Ser394. And this phosphorylation requires
prior phosphorylation on Ser395 by the septin-associated
kinase Gin4. Mutating Ser394 or Ser395 blocked Cdcl1
phosphorylation and impaired hyphal morphogenesis.
We conducted reconstitution experiments using purified
Ccnl/Cdk, Gin4, and septins and were able to reproduce
phosphorylation on the same residues. Our results have thus
uncovered a direct link between the cell cycle engine and the
septin cytoskeleton, and provide new insight into mechanisms
for polarized growth that appear to be conserved in fungi.
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Candida albicans Ssal mediates host
cell invasion

Q. T Phan”, N. V Solis", N. Nayyar?, N. J Sun?,

S. G Filler’, M. Edgerton”

Infectious Diseases, Los Angeles Biomedical Research
Institute at Harbor -UCLA Medical Center, Torrance -CA,
USA', State University of New York- Buffalo, USA’

Background. The C. albicans HSP70 proteins, Ssal and
Ssa2, are located on the cell surface where they are targets
of antimicrobial peptides. we investigated the roles of these
proteins in C. albicans host cell invasion and virulence.
Methods. The virulence of ssald/d and ssa26/0 mutants was
measured in mouse models of oropharyngeal candidiasis
(OPC) and hematogenously disseminated candidiasis
(HDC). Their susceptibility to environmental stressors and
killing by the HL-60 neutrophil-like cell line was measured.
The capacity of these mutants to bind to N-cadherin and
E-cadherin, and to invade and damage endothelial cells and
the FaDu oral epithelial cell line in vitro was also determined.
Finally, the endothelial and epithelial cell interactions of latex
beads coated with BSA, or recombinant Ssal were analyzed.
Results. All mice infected intravenously with the ssald/o
mutant survived after 21 days compared to a median survival
of 7-8 days for mice infected with the wild-type (WT), ssa2d/0,
and ssald/d::SSAI complemented strains. Mice infected with
ssald/o mutant also had significantly reduced kidney, liver,
and brain fungal burden. Moreover, the ssald/6 mutant had
markedly impaired virulence in the mouse model of OPC.
Mice infected orally with this strain had ~100-fold lower oral
fungal burden after 5 days of infection compared to mice
infected with the control strains. The ssald/0 mutant had
WT susceptibility to environmental stressors and killing by
HL-60 cells. However, it had significantly reduced capacity to
bind to cadherins, and to invade and damage endothelial and
epithelial cells. Furthermore, significantly more latex beads
coated with recombinant Ssal were internalized by these cells
compare with beads coated with BSA.

Conclusions. Ssal is essential for normal C. albicans
virulence during HDC and OPC. Ssal functions as an invasin
by binding to host cell cadherins and mediating invasion of
these cells.
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Iron aquisition of Candida albicans
during oral infections

Bernhard Hube”, Ricardo S. Almeida®,

Sascha Brunke", Antje Albrecht”, Sascha Thewes?,
Michael Laue®, John E. Edwards, Jr.?, Scott G. Filler®
Microbial Pathogenicity Mechanisms, Leibniz Institute for
Natural Product Research and Infection Biology - Hans-
Knoell-Institute, Germany', Department of Biology, Chemistry
and Pharmacy, Institute for Biology - Microbiology, Free
University Berlin, Berlin, Germany’, Centre for Biological
Safety 4 (ZBS4), Robert Koch Institute, Berlin, Germany’,
David Geffen School of Medicine, University of California
Los Angeles, Los Angeles, California, United States of
America’, Department of Medicine, Los Angeles Biomedical
Research Institute, Harbor-UCLA Medical Center, Torrance,
California, United States of America’, Friedrich Schiller
University Jena, Jena, Germany”’

Iron sequestration by host iron-binding proteins is an
important mechanism of resistance to microbial infections.
Inside oral epithelial cells, iron is stored within ferritin, and is
therefore not usually accessible to pathogenic microbes. We
observed that the ferritin concentration within oral epithelial
cells was directly related to their susceptibility to damage by
the human pathogenic fungus, Candida albicans. Thus, we
hypothesized that host ferritin is used as an iron source by
this organism. We found that C. albicans was able to grow
on agar at physiological pH with ferritin as the sole source of
iron, while the baker's yeast Saccharomyces cerevisiae could
not. A screen of C. albicans mutants lacking components of
each of the three known iron acquisition systems revealed
that only the reductive pathway is involved in iron utilization
from ferritin by this fungus. Additionally, C. albicans hyphae,
but not yeast cells bound ferritin, and this binding was crucial
for iron acquisition from ferritin. Transcriptional profiling of
wild-type and hyphal-defective C. albicans strains suggested
that the C. albicans invasin-like protein Als3 is required
for ferritin binding. Hyphae of an Dals3 null mutant had a
strongly reduced ability to bind ferritin and these mutant cells
grew poorly on agar plates with ferritin as the sole source
of iron. Heterologous expression of Als3, but not Alsl or
Als5, two closely related members of the Als protein family,
allowed S. cerevisiae to bind ferritin. Immunocytochemical
localization of ferritin in epithelial cells infected with C.
albicans showed ferritin surrounding invading hyphae of the
wild-type, but not the Dals3 mutant strain. This mutant was
also unable to damage epithelial cells in vitro. Therefore,
C. albicans can exploit iron from ferritin via morphology-
dependent binding through Als3, suggesting that this single
protein has multiple virulence attributes.
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Molecular genetics studies of
dermatophytes: Investigation of secreted
proteases and other possible virulence-
related factors

Tsuyoshi Yamada
Teikyo University Institute of Medical Mycology, Japan

Dermatophytes are human and animal pathogenic fungi that
commonly gain access to the host via keratinized structures,
such as the hair, skin, or nails, and cause superficial mycosis.
To penetrate through these solid barriers and maintain
growth on host tissues, dermatophytes appear to produce
various secreted hydrolytic enzymes both constitutively and
inductively. As possible virulence-related factors, a great
deal of attention has been focused on the secreted proteases
that digest keratins, the major constituents of the cornified
tissues. There have been many reports of biochemical and
molecular biological characterization of secreted proteases
from different dermatophytes. Although little is known about
the regulation of protease gene expression in dermatophytes,
extensive studies of protease production in other filamentous
fungi, Aspergillus nidulans and Neurospora crassa, suggested
that their expression may be related to catabolic repression.
High-throughput gene analysis methodologies, such as
differential cDNA screening and cDNA-based microarray
analysis, have recently begun to be applied for molecular
genetics studies of dermatophytes, leading to accumulation
of their gene expression profiles under different growth
conditions.

On the other hand, due to the difficulty of genetic
manipulation in dermatophytes caused by the low
transformation frequencies, there have been only a few reports
regarding successful production of null mutants by targeted
gene disruption via homologous recombination. However,
an efficient genetic transformation system for the clinically
important dermatophyte, Trichophyton mentagrophytes, via
Agrobacterium tumefaciens (ATMT) was recently developed.
Inactivation of Ku80, one of the key molecules of the non-
homologous end joining (NHEJ) pathway involved in DNA
double-strand break repair, also facilitated the production
of null mutants by targeted gene disruption in this fungus.
The development of such genetic manipulation systems
will promote large-scale molecular genetics studies of
dermatophytes, leading to a better understanding of their
mechanisms of host invasion.
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CB-07-4
Extracellular delivery of potential
virulence factors in Paracoccidioides
brasiliensis

Rosana Puccia”, Alisson L. Matsuo",

Lia L.C.A.S. Medeiros?, Kildare R. Miranda?,

CaSsia Silva®, Carlos P. Taborda®, Ernesto Nakayasu®,
Luciane Ganiko*, Almeida C. Igor?, Vallejo C. Milene”
Microbiologia, Imunologia e Parasitologia, Fedral University
of Sao Paulo, Brazil', Federal University of Rio de Janeiro,
Rio de Janeiro, Brazil’, University of Sdo Paulo, Sdo Paulo,
Brazil’, University of Texas at El Paso, El Paso, TX*

Exosomes have been recognized as important structures
related with virulence of microorganisms and modulation
of the host's immunity. Exosome-like vesicles have recently
been characterized in fungal pathogens such as Cryptococcus
neoformans and Histoplasma capsulatum. We describe
the isolation and partial characterization of membranous
extracellular vesicles in Paracoccidioides brasiliensis, a
dimorphic fungus that causes human paracoccidioidomycosis
(PCM). We compared two P. brasiliensis isolates: Pb3,
which represents phylogenetic group PS2, and Pb18, from
the main species S1 and widely used in experimental PCM.
We have previously shown that the progression of disease
and pattern of immune responses in B10.A mice differ when
comparing infection with S1 (more virulent) to PS2 isolates.
Cell-free supernatant fluids from P. brasiliensis yeast cells
cultivated at 360C in F-12 defined medium (Gibco)/glucose
were concentrated in Amicon and ultracentrifuged (100,000g).
Pellets analyzed by electron microscopy showed the presence
of 2-layered membranous vesicles sizing 20 to over 200 nm.
Intense immunogold labeling with MOA lectin was observed
on the surface and inside the vesicles. Sterols have been
detected in 100,000g extracellular pellets derived from live,
but not dead cells, suggesting that the membranous structures
do not result from cell debris. Specific P. brasiliensis
antigens were present in 100,000g extracellular preparations,
as revealed in immunoblots with sera from PCM patients,
but not from healthy individuals. Similar reactivity patterns
between Pb3 and Pb18 were observed. Enzymatic activities
of laccase, phosphatases, and urease were detected in dose-
response experiments with extracellular pellets from both
Pb18 and Pb3, however the levels of laccase and phosphatase
activities were comparatively higher in Pb18. Preliminary
data using 100,000g pellets further fractionated in sucrose
gradient suggested the induction of at least nitric oxide by
J774 cultured macrophages. Proteomic and lipomic analyses
of the vesicle fractions are being performed.

Financial support: FAPESP, CNPq, BBRC/Biology/UTEP
(NIH # 5G12RR008124)
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Putative virulence factors of Aspergillus
fumigatus

Akira Watanabe, Takahito Toyotome,

Ayaka Sato, Eri Ochiai, Masaru Nagayoshi,
Katsuhiko Kamei

Division of Fungal Infection, Medical Mycology Research
Center, Chiba University, Japan

The number of patients with invasive fungal infection (IFI)
has dramatically increased in last 3 decades. Aspergillus
fumigatus, the most common species recovered from
aspergillosis, is one of the most important pathogen of IFI.
Although our antifungal armamentarium has been expanded
recently, mortality from aspergillosis is still high. Early
initiation of therapy seems to improve the survival rate.
Study of virulence factors of the fungus may lead to the
development of novel diagnostic tools or advancements in
therapy.

A. fumigatus is known to produce various immunomodulatory
substances. Although many Candidates of the fungal virulence
factors have been studied, non of these substances has been
confirmed as being tied to the pathogenesis of the fungus.
We previously examined the influence of fungal secondary
metabolites such as gliotoxin and other low molecular
substances on the virulence. Gliotoxin possesses potent
immunosuppressive activity on various mammalian cells,
but was known to be produced very slowly in a conventional
environment. Recently it was learned that, in well-aerated
condition, gliotoxin is produced much faster than previously
believed. The primary target of infection by 4. fumigatus is
lung, which is well-aerated organ with high oxygen content,
and this fact is believed to contribute to gliotoxin production
in vivo.

Recently, gliotoxin was found to be detectable in the sera of
aspergillosis mice and of aspergillosis patients. Moreover, the
SGliP mutant strains (GliP: the gene encodes a nonribosomal
peptide synthase that catalyzes the first step in gliotoxin
biosynthesis) showed partially attenuated virulence in
immunosuppressive mice. These findings indicate that
gliotoxin is, at least partly, showed to contribute the
pathogenesis of aspergillosis.

Some other virulence factors are expected to play a
synergistic role with gliotoxin, and we showed that A4.
fumigatus produces potent cytotoxic substances other than
gliotoxin. Studies are in progress to clarify the significance of
the unknown substances.
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Molecular characterisation of a second
CO2 sensing pathway in the fungal
pathogen Candida albicans

Fabien Cottier, Marianne Bolstad, Laura Kemp,
Fritz A. Muhlschlegel
Department of Biosciences, University of Kent, UK

Carbonic anhydrases (CA) catalyse the hydration of CO2. CA
expression is critical for the yeast human pathogen Candida
albicans which faces several environmental changes, such as
CO2 availability, depending on its infection location. Indeed,
inactivation of the CA gene (NCE103) compromises fungal
growth in air (0.033% CO2). However, exposure of the mutant
to an atmosphere enriched with CO2 (5.5%, physiological
conditions), restores growth. NCE103 transcript levels in
air are two-fold higher than in 5.5% CO2 demonstrating a
clear transcriptional regulation of this gene. Ncel03p protein
levels show an even more pronounced regulation, suggesting
the presence of additional post-translational regulation. In
mammals, CO2 is sensed by adenylate cyclase (AC), leading
to the activation of the cAMP-PKA pathway. This sensing
pathway is conserved in yeast, but NCE103 is found to be
regulated by CO2 in an AC- independent manner. These
finding imply the presence of a second CO2 sensing pathway.
Mammalian carbonic anhydrase IX has been described to
be regulated by the transcription regulator HIF-1p, but no
ortholog has been identified in yeast. However, we have
established that in the model yeast Saccharomyces cerevisiae,
the CA (ScNCE103) is regulated by the helix-loop-helix
transcription factor Cbflp. This protein acts as a repressor
on ScNCE103 expression in high concentrations of CO2.
However, the ortholog of Cbflp in C. albicans is not involved
in the regulation of NCE103. We found that the 175 bp in
front of the translation start site of C. albicans NCE103 are
enough to partially complement a mutant strain, but that 284
bp are required to produce a wild-type level and regulation of
Ncel03p. We have also determined that the N-terminal tail of
Ncel03p is essential for the function as well as the formation
of a complex involving Ncel03p.
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Cellular adaptation to host-specific
stresses in Cryptococcus neoformans

Connie B Nichols
Medicine, Duke University Medical Center, USA

Cryptococcus neoformans is an important opportunistic human
fungal pathogen. The ability to grow at high temperature is an
important requirement of C. neoformans to establish disease.
Previously we found that the C. neoformans Rasl protein
is required to maintain cell polarity in response to mild
stress, including growth at high temperature, and for sexual
differentiation. We also identified downstream components
of Ras signaling that mediate this response. Current models
suggest that membrane localization is required for Ras protein
function and dictates its signaling specificity. To determine
the importance of C. neoformans Rasl membrane localization
on protein function, we generated ras/ alleles with mutations
altering specific post-translational modifications. Protein
farnesylation is required for all Rasl functions. In contrast,
Rasl palmitoylation is dispensible for mating. However,
protein palmitoylation mediates localization of Rasl to the
plasma membrane and is required for normal cell polarity in
response to high temperature stress. In addition, likely as a
result of its effect on thermotolerance, Ras1 palmitoylation is
also required for pathogenesis of C. neoformans.

147

Tokyo

Profile of microbial volatile organic
compounds (MVOCSs) in Aspergillus
fumigatus

Shin-ichi Iwaguchi’, Takae Takeuchi”,

Masato Kiuchi?, Mamoru Okubo?,

Yoshinori Hosokawa®, Takaomi Matsutani®,

Yoshio Hashimoto®, Koji Yokoyama”,

Takahito Suzuki”

Department of Biological Science, Faculty of Science, Nara
Women's University, Japan', AIST’, Soda Kogyo Co. Ltd’,
X-ray Precision, Inc.’, Kinki University’, Shinnihondenko Co.
Ltd.’, MMRC, Chiba University’

A. fumigatus is a saprophytic filamentous fungus that is
responsible for invasive aspergillosis, a life-threatening
disease that usually only occurs in immunocompromised
patients. 4. fumigatus is widespread in the environment
through asexual spores called conidia. In operating rooms
or medical wards, the occurrence of the fungus is visually
detectable after the formation of colonies, which makes it too
difficult to suppress spreading of the fungal growth. An earlier
detection of fungal emergence allows for reducing risks of
the fungal infection. Emission of MVOC:s, arising either from
their metabolism or from degradation of the materials, seems
to be an effective Candidate for an indicator of the occurrence
of fungal growth in the environment. Some MVOCs are
known to be generally synthesized in most of fungi and the
others as strain- or species-specific. Examinations of profiles
of MVOCs may be applicable to notification of fungal
occurrence in the medical environment.

In this paper, we detected MVOCs emitted from two
A. fumigatus strains, Kuboyama strain (IFM40822) and
soil-borne strain (KT0176), during the course of fungal
development. The detection was performed by the SPME
(solid phase microextraction)/ GC-MS (gas chromatography-
mass spectrometry) method. We confirmed the species
of MVOCs: some were detected in the early stage of
development, others in the later ones.
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Molecular modelling of A. Fumigatus
signal reception in response to
environmental shift

Elaine Bignell
Department of Microbiology Imperial College London,
Centre for Molecular Microbiology and Infection, UK

Appropriate responses to environmental pH govern virulence
of numerous fungal pathogens and emerging experimental
evidence reveals a complex interplay of transcription factor
function during alkaline adaptation. The proteolytically
activated A. nidulans transcription factor, PacC, is essential for
growth at alkaline pH in vitro, a phenotype which extrapolates
to severe attenuation of virulence in neutropenic mice'. Other
transcription factors which become important at high pH
in A. nidulans include the recently characterized SItA and
calcium-responsive CrzA proteins, both of which mediate
cation tolerance, with differing ion-specificities, CrzA acts
downstream of the protein phosphatase, calcineurin, to regulate
calcium tolerance in both 4. nidulans and A. fumigatus. An
emerging picture of functions under control of these proteins
offers insight on normal responses to alkalinisation and ion
stress, in particular, the molecular events occurring downstream
of transcription factor function.

In order to assess the physiological response of A. fumigatus
to alkaline stress, and the role of calcium signalling in such
environmental adaptation, we have measured temporal gene
expression profiles following in vitro transfer from acidic to
alkaline medium, and in response to calcium exposure. Our
analyses identify adaptation mechanisms of vastly different
magnitude and longevity. The datasets were analyzed
independently and comparatively in order to identify stress-
specific responses and examine correlation between the two
mechanisms, respectively.

Searching for molecular components upstream of transcription
factors, we have scoured the datasets for membrane
components of alkaline adaptation. To identify molecular
interactions required for initiation of A. fumigatus alkaline
adaptation we have also used the integral pH-sensing plasma
membrane protein PalH to isolate novel protein interactors,
from a full length 4. fimigatus cDNA library, using the yeast
membrane two hybrid (split-ubiquitin) system.

1. Bignell, E., et. al. (2005) Mol Microbiol. 55:1072-1084.
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Transcriptome analysis of the Aspergillus
fumigatus calcineurin

Gustavo H Goldman
Universidade de Sao Paulo, Brazil

Calcineurin plays an important role in the control of
cell morphology and virulence in fungi. Calcineurin is a
serine/threonine-specific protein phosphatase heterodimer
consisting of a catalytic subunit A and a Ca2+/Calmodulin
binding unit. We have previously shown that calcineurin
is not an essential gene in A. fumigatus, and presented the
roles of calcineurin in regulating differentiation and fitness
in this opportunistic pathogen. A mutant of A. fumigatus
lacking the calcineurin A (calA) catalytic subunit exhibited
defective hyphal morphology related to apical extension and
branching growth, which resulted in drastically decreased
filamentation. Recently, we characterized an A. fumigatus
CRZ1 homologue, CrzA, and demonstrate its mediation of
cellular tolerance to increased concentrations of calcium and
manganese. In addition to acute sensitivitiy to these ions,
the crzA null mutant suffers altered expression of calcium
transporter mRNAs under high concentrations of calcium,
and loss of virulence. Here, we extended these studies by
investigating which pathways are influenced by A. fumigatus
calcineurin during proliferation by comparatively determining
the transcriptional profile of A. fumigatus wild type and
delta calA mutant strains. Our results show an important
involvement of mitochondrial functions in the delta calA
mutant phenotype. Furthermore, we identified several genes
that encode transcription factors that have increased mRNA
expression in the delta cal A mutant and that could be involved
in the Cal-CrzA pathway. Finally, we overexpressed the A.
nidulans cnaA and cnaB genes and evaluated their influence
of mRNA accumulation of selected Candidate genes through
real-time RT-PCR experiments. Increased expression of
the CnaA induced an augmentation of the germination and
proliferation rate. However, this effect is more pronounced
on the hyphae extension since none of the mutant strains
displayed alterations in the pattern of nuclear kinetics and
septa formation.

Financial support: FAPESP and CNPq, Brazil, and John
Guggenheim Memorial Foundation, PFGRC-JCVI, and
NIAID, USA.
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Proteomic approaches to study the
many facets of Candida albicans biology
and pathogenicity

Jose L Lopez-Ribot, Derek P Thomas
Biology/STCEID, The University of Texas at San Antonio,
USA

Candida albicans is an opportunistic pathogenic fungus
capable of causing infections in an expanding population
of immunosuppressed patients. The implementation of
proteomics in the post-genomic era of this organism can
provide vital information about its biological complexity and
pathogenetic traits. Proteomics is the term generally used
to encapsulate all of the technology currently available to
analyze global patterns of protein expression and involves
the combined application of advanced techniques to resolve,
identify, quantify and characterize proteins, as well as
bioinformatics tools to store, communicate and interlink
protein and DNA sequence and mapping information from
the genome project. C. albicans proteomic analyses in the
laboratory have focused on several processes associated with
the host/fungus interactions and pathogenesis, including
filamentation, signal transduction, cell wall/adhesion,
biofilm formation, secretion, antibody responses and vaccine
development. Results have provided important insights
into the many different aspects of C. albicans biology and
pathogenicity. Thus, proteomics is rapidly becoming an
indispensable tool in C. albicans research, particularly to
address problems that cannot be solved by genomic studies.
Furthermore, in the near future it is expected that results
from proteomic experiments will lead to much needed novel
techniques for the management of candidiasis.
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CB-09-2
Genome-wide analysis of Candida
albicans cell wall remodelling

Carol A Munro”, Kerstin Nather",

Donna M MacCallum”, Piet W de Groot?,

Laura Selway”, David A Stead”, Frans M Klis?,
Frank C Odds", Alistair J Brown"”, Neil A Gow",
School of Medical Sciences, University of Aberdeen, UK,
Swammerdam Institute for Life Sciences, University of
Amsterdam, The Netherlands’

Fungal cell walls are dynamic organelles that can alter their
structures in response to environmental conditions and cell
wall perturbing agents. We were interested in identifying
the proteins that are important for cell wall remodelling in
response to cell wall defects. A non-gel proteomics approach
was used to analyse the proteins that are localised to the C.
albicans cell wall. Comparisons were made between untreated
wild type cells and cells treated with agents that interfere
with cell wall integrity including Calcofluor White, Congo
Red, SDS and the echinocandin class of antifungal drugs. In
addition, the cell wall proteome of signalling pathway mutants
and mutants with defective cell walls was analysed. The
predicted GPI-anchored proteins Phrl, Pga31 and Sap9 were
notable in appearing under cell wall stress conditions but were
not detected in untreated wild type cells. Phrl is a member of
the Gas family of transglycosidases that modify cell wall beta-
(1,3)-glucan. Pga31 is a novel protein that may play a role in
chitin assembly as a pga3! mutant has significantly reduced
chitin levels. Sap9 is a member of the Sap family of secreted
aspartyl proteinases but is predicted to be GPI-anchored,
analogous to the Saccharomyces cerevisiae yapsins, which
act as sheddases. Transcript profiling by DNA microarray and
Northern analysis confirmed that the expression of PHRI,
SAP9 and PGA31 as well as genes encoding other predicted
GPI-proteins was increased in cell wall stress conditions. One
cell wall stress-activated, novel, predicted GPI-protein Pga54
was selected for further analysis by generating null mutant
and reintegrant strains and by expression in S. cerevisiae.
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Transcriptomics and proteomics as a
tool for the study of azole antifungal
resistance in Candida albicans

Phillip D Rogers”, Joachim Morschhaeuser?,
Katherine S Barker”, Ramin Homayouni®,
George M Hilliard”

College of Pharmacy, Clinical Pharmacy, University

of Tennessee Health Science Center, USA', Universitdt
Wiirzburg, Wiirzburg, Germany”, University of Memphis,
Memphis, Tennessee, USA’

Overexpression of MDRI, which encodes a multidrug efflux
pump of the major facilitator superfamily, and ERG! 1, which
encodes the azole target lanosterol demethylase, are both
frequent causes of fluconazole resistance in Candida albicans.
We have used combined gene expression and proteomic
profiling to identify the mechanisms by which these genes
are constitutively up-regulated and to identify genes and
proteins whose expression are under their influence. Using
genome-wide gene expression profiling, we identified a
zinc cluster transcription factor, designated as MRRI, that
was coordinately upregulated with MDRI in drug-resistant,
clinical C. albicans isolates (PLoS Pathog. 2007;3:¢164).
Likewise we found UPC2 and other genes involved in
ergosterol biosynthesis to be coordinately upregulated with
ERGI1 in a fluconazole-resistant clinical isolate (Eukaryot
Cell. 2008;7:1180-90). Inactivation of MRR! in drug-
resistant isolates abolished both MDRI expression and
multidrug resistance. Sequence analysis of the MRRI alleles
of matched drug-sensitive and drug-resistant isolate pairs
overexpressing MDRI showed that resistant isolates had
become homozygous for MRR1 alleles that contained single
nucleotide substitutions. Introduction of mutated alleles into
a drug-susceptible C. albicans strain resulted in constitutive
MDR]I overexpression and multidrug resistance. Likewise,
sequence analysis of the UPC2 alleles of the matched drug-
sensitive and drug-resistant isolate pairs overexpressing
ERG11 revealed that the resistant isolate contained a single-
nucleotide substitution in one UPC?2 allele. Introduction
of the mutated allele into a drug-susceptible strain resulted
in constitutive upregulation of ERGI] and increased
resistance to fluconazole. By comparing the transcriptional
and proteomic profiles of drug-resistant isolates and mrri&
mutants derived from them and of strains carrying wild-type
and mutated MRRI alleles, we have defined the target genes
and proteins that are controlled by Mrrlp. By comparing
the gene expression profiles of the fluconazole-resistant
isolate and of strains carrying wild-type and mutated UPC2
alleles, we have identified target genes and proteins that are
controlled by Upc2p.
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Transcription activator, AtrR, regulates
gene expression of ABC transporters
and contributes to azole drug resistance
in Aspergilli

Katsuya Gomi
Graduate School of Agricultural Science, Tohoku University,
Japan

Infections by human pathogenic fungi such as /Aspergillus

fumigatus/ are commonly treated with the azole fungicides

that inhibit the ergosterol biosynthesis in the fungal cell
membrane. During the long-term usage of the drug,
sometimes emerge azole resistant isolates of /4. fumigatus/. A
major mechanism of azole resistance in /A. fumigatus/ is the
upregulation of genes encoding drug efflux pumps, mainly
belonging to ABC transporters.

We have already isolated a spontaneous resistant mutant
of /Aspergillus oryzae/ for azole drugs and found that at
least three ABC transporters were upregulated in the mutant
compared to the wild type. Since the expression of several
ABC transporter genes was upregulated simultaneously in
the mutant, we assumed that azole resistance is caused by
mutation of a common transcription factor that controls these
gene expressions. Overexpression analyses of transcription
factor genes found in /A. oryzae/ genome revealed that
upregulation of a zinc cluster gene, designated /atrR/,
resulted in increased drug resistance and also induced the
gene expression of ABC transporters in /A. oryzae/. Deletion
of the /atrR/ reduced the expression level of the three ABC
transporter genes and consequently resulted in significant
increase in azole drug susceptibility, especially the /atrR/
mutant was also susceptible to fluconazole. Orthologous
genes of the /A. oryzae atrR/ have been found widely in
genomes of filamentous fungi, including /Aspergillus
nidulans, 4. fumigatus/, and a plant pathogen /Magnaporthe
grisea/. Both strains with deletion of these orthologs in /A.
nidulans/ and /4. fumigatus/ were also hypersensitive to azole
drugs. These results indicate that the novel transcription
factor, AtrR, regulates gene expression of ABC transporters
that would function as drug efflux pumps and contributes
to the azole resistance in /Aspergillus /fungi. In addition,
transcriptomic study of /A. oryzae atrR/ deletion mutant will
be reported.



% ISHAM
. 2009

The 17th Congress of The International Society for Human and Animal Mycology m
Tokyo =

| CB-09-5

Both transcriptomic and proteomic
analysis of the Cryptococcus
neoformans phospholipase C1 mutant
indicates a pleiotropic role for PI-PLC

Methee Chayakulkeeree”, Tania C Sorrell?,
Christabel F Wilson", Sebastien Gerega®, Jean Yang*?,
Julianne T Djordjevic”

Department of Infectious Diseases, Centre for Infectious
Diseases and Microbiology, University of Sydney, Australia’,
Department of Medicine, Mahidol University, Thailand’,
Centre of Clinical Research Excellence-Infection and
Bioethics in Haematological Malignancies, University of
Sydney, Australia’, Sydney Bioinformatics, University of
Sydney, Australia’, School of Mathematics and Statistics,
University of Sydney, Australia’

Background and objectives: Cryptococcal phospholipase
C1 (PLC1I), encoding a phosphatidylinositol-specific
phospholipase C (PI-PLC), is essential for growth at 37°C, cell
wall integrity, melanin production (via laccase transcription),
secretion of the invasin, phospholipase B1 (Plbl) and
virulence. PLCI regulates at least some of these phenotypes
via activation of the PKC/MAPK signalling pathway. The
objective of this study is to further investigate the molecular
mechanism of PLCI in cryptococcal pathogenesis using
comparative transcriptomics (microarray) and proteomics.
Methods: Spotted long oligonucleotide microarray and 2D
differential in-gel electrophoresis (DIGE) were performed to
compare gene and protein expression profiles of the PLCI
knockout mutant (d-plcl) and wild type (WT) C. neoformans
strain H99. Overrepresented gene ontologies (GO) were used
as a basis for determining correlative phenotypic analysis.
Results: In d-plci, 61% of the 491 differentially expressed
(DE) proteins identified showed increased expression,
compared to WT (301 up-regulated and 190 down-regulated).
Similarly, 68% of the 219 DE genes identified in d-plc] were
up-regulated (149 up-regulated and 70 down-regulated),
indicative of a strong correlation between transcription and
translation. Many of the DE genes had roles in secretory
processes, cell wall homeostasis and nutrient uptake,
supportive of previously published phenotypes including
reduced secretion of Plbl, a cell wall integrity defect and
compromised growth in d-plcl, respectively. Other DE genes
have roles in fatty acid biosynthesis, transcription regulation,
protease and f-glucanase enzyme activities and a-pheromone
production, supportive of d-plcl phenotypes now presented.
Conclusion:PLCI, encoding a PI-PLC, exerts a pleiotropic
effect in C. neoformans and its molecular mechanisms are
complex. Molecular and phenotypic analyses confirm that
PLCI has an essential role in secretion which is required for
host invasion, cell wall homeostasis and integrity, and nutrient
uptake and energy utilization. Further epigenetic study in this
secretory pathway is warranted.
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CB-10-1
Comaparative genomic analysis of
mating and virulence in Candida species

Geraldine Butler
School of Biomolecular and Biomedical Science, University
College Dublin, Ireland

The Candida clade (defined as species that translate CTG as
serine rather than leucine), contains a number of major human
pathogens, as well as non-pathogenic species. As part of a
international consortium, we contributed to the sequencing
and analysis of a second isolate of Candida albcans (the most
common cause of candidiasis), the major pathogens Candida
parapsilosis and Candida tropicalis, the minor pathogens
Candida lusitaniae and Candida guilliermondii, and
Lodderomyces elongisporus, which is rarely isolated from
clinical samples. The genomes were compared to the related
species Debaryomyces hansenii, a marine yeast, and Pichia
stipitis, which is associated with insects and digests woody
xylose. The CTG clade species vary significantly in virulence,
ploidy and mating ability. We analysed the evolution of the
Mating Type-like Locus (MTL) and of genes associated
with mating and meiosis in the Candida clade. Our analysis
shows that the haploid, sexual species form a sub-clade, from
which the alpha2 homeodomain protein is missing. The MTL
is intact in the diploid species C. albicans and C. tropicalis.
Surprisingly however, L. elongisporus appears to completely
lack an MTL locus, and is also missing other genes involved
in the mating signaling pathway. C. parapsilosis, a major
cause of infection in neonates, is missing the al homeodomain
protein, and is also missing an MTLalpha mating partner.
In addition, the level of single nucleotide polymorphism is
70-fold lower in C. parapsilosis than in L. elongisporus. Our
analysis of the MTL in the closest known relatives of C.
parapsilosis (C. orthopsilosis and C. metapsilosis) suggests
that C. parapsilosis has undergone species-specific gene loss.
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High Throughput Genetic Approaches
For Understanding Candida albicans
Virulence

Alexander Johnson, Suzanne Noble, Oliver Homman
Microbiology & Immunology, University of California,
San Francisco, USA

Candida albicans typically resides in the gastrointestinal
tracts of humans and other warm-blooded animals. It is also
the most common human fungal pathogen, causing a variety
of skin and soft tissue infections in healthy people and more
virulent invasive and disseminated disease in patients with
compromised immune systems.

C. albicans is an obligate diploid with a cumbersome
parasexual cycle; both properties have effectively blocked
large-scale genetic approaches to understanding its virulence;
even targeted mutagenesis is difficult because recessive
mutations must be introduced twice to produce an observable
phenotype.

Until recently, genetics in this organism was limited to studies
of small sets of deletion mutants generally involving genes
already suspected to affect the process of interest. In the
past several years, however, technological innovations have
permitted construction of large numbers of different kinds of
mutants for use in forward, non-“candidate-based” genetic
screens.

Using a methodology developed in the laboratory, we
have constructed a set of approximately 1000 isogenic C.
albicans deletion strains. Each strain has been extensively
characterized, including effects of antifungal drugs and
measurements of fitness in the mouse, using the tail-vein
injection model. The overall results of these screens will be
discussed, as well as specific examples of genes involved in
drug resistance and virulence.
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The occurrence of ploidy-shift may be
due to aberration of chromosome 5 in
Candida albicans

Takahito Suzuki, Shin-ichi Iwaguchi
Faculty of Science, Nara Women's University, Japan

The human pathogenic fungus Candida albicans has
traditionally been classified as a diploid, asexual organism.
However, a set of C. albicans MTL genes has been identified
that corresponds to the master sexual cycle regulators of the
Saccharomyces cerevisiae mating-type (MATa/MATalpha)
locus and mating-competent forms of the organism were
described that produced tetraploid mating products (1, 2).
A phenomenon of ploidy shift was described by the author
in this organism (3). A clinical isolate NUMS51 contained
both diploid and tetraploid cells and electron microscopy
of the culture showed that some diploid cells seemed to be
undergoing endoduplication, while some tetraploids showed
endomitosis with nuclear structures similar to those of
meiosis II in S. cerevisiae. Our electrokaryotypic analysis
of this isolate showed a monosomic chromosome 5 with
normal length (1.23 Mb) carrying an M7TLalpha, and a shorter
homeolog containing MTLa as an extra chromosome (0.55
Mb). Neither a hemizygous (-/MTLalpha) derivative, which
was easily constructed by the loss of the homeolog from
NUMS51, nor an MTLalpha-disrupted one (MTLa/MTLalpha::
MPA,) gave the occurrence of ploidy shift. These findings
suggest the occurrence of ploidy shift of this strain may
be due to both the loss of a part of chromosme 5 and the
heterozygosity for the MTL locus.

(1) Hull CM & Johnson AD (1999). Science
285(5431):1271-1275.

(2) Magee BB & Magee PT (2000). Science
289(5477):310-313.

(3) Suzuki T, Kanbe T, Kuroiwa T & Tanaka K (1986).
J Gen Microbiol. 132:443-453.
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Investigating the relationship between
sexual development and pathogenesis of
Cryptococcus neoformans

Christina M Hull, Emilia K Kruzel, Michael R Botts
Biomolecular Chemistry/Medical Microbiology &
Immunology, University of Wisconsin, Madison, USA

Cryptococcus neoformans is a human pathogen that causes
fungal meningitis, primarily in immunocompromised
individuals. Although the infectious particles in human
disease are not known, one hypothesis is that infections can
be mediated by spores, the products of sexual development
of C. neoformans. To understand how spores are formed,
we carried out an analysis of gene expression over time
during development using microarrays. We found that gene
expression changes occur in temporal cascades corresponding
to the different morphological stages of development. We are
using these data to identify genes involved in the late stages
of development, presumably controlling spore formation.
To study the basic properties of spores, we developed a
purification strategy that results in large numbers of pure
spores. Using a variety of methods, we have determined that
spores are covered by a thick coat that is both morphologically
and compositionally distinct from yeast cells that appears
to provide spore resistance to environmental stress. We are
continuing to explore the physical and biochemical properties
of spores with particular attention to the composition of the
spore surface. Finally, to understand how spores interact with
the host immune response, we carried out phagocytosis assays
with alveolar macrophages and virulence assays in mice. We
have discovered that macrophages in culture phagocytose
spores (but not yeast), spore survival is dependent on
macrophage activation state, and spores cause fatal disease
in a mouse model of cryptococcosis. We are continuing
to investigate the specific interactions between spores and
macrophages that mediate phagocytosis. Our data represent
the first glimpses into the process of spore biogenesis, the
basic properties spores, and the host response to these novel
particles. This work lays a foundation for future studies of
fungal spores and their roles in disease and informs the study
of the mammalian innate immune response to pathogenic
fungi.
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A method for mating clinical Candida
albicans isolates

Ningxin Zhang", Beatrice B Magee?, Paul T Magee?,
Richard D Cannon?®, Jan Schmid"

Institute of Molecular BioSciences, Massey University, New
Zealand', University of Minnesota’, University of Otago’

Candida albicans can be induced to mate in the laboratory.
This raises the question of why mating has never been
observed in human patients. It also allows, in principle,
strains to be crossed for genetic analysis, although the
absence of meiosis complicates the interpretation of these
crosses. Both the study of in vivo mating and the genetic
analysis of strains would benefit from efficient methods for
mating clinical isolates. Existing mating techniques involve
selection by the use of auxotrophic markers, requiring
time-consuming sequential disruption of two copies of
biosynthetic genes if wild-type isolates are to be crossed.
Furthermore, auxotrophy reduces fitness in animal models,
and could potentially interfere with assessing the fitness of
recombinants in such models. We have developed a method
for mating clinical isolates marked with two drug resistance
markers, the mycophenolic acid (MPA) resistance-conferring
allele of IMH3 and the nourseothricin (NAT) resistance gene
CaNATI, allowing the selection of recombinants on the basis
of resistance to both agents. We could obtain, from 6 pairwise
combinations of 7 clinical isolates, recombinants, as verified
by PCR amplification of mating type loci and drug resistance
cassettes and by FACS analysis of DNA content.
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Recognition of fungal DNA by TLR9

Akiko Miyazato”, Kazuyoshi Kawakami”
Department of Infectious Diseases and Infection Control,
Saitama International Medical Center, Saitama Medical
University, Japan', Tohoku University Graduate School of
Medicine’

Innate immune cells can sense pathogen-associated molecular
patterns (PAMPs) via pattern recognition receptors (PRRs).
The sugar components of the Candida albicans cell wall have
been reported to be important PAMPs that are recognized by
the host innate immune system. Furthermore, several PRRs
are involved in the detection of these PAMPs, such as toll-like
receptor (TLR)2, TLR4, and dectin-1. In contrast, few studies
have reported that fungal nucleic acids stimulate host immune
cells. Recently, we reported that DNA from Cryptococcus
neoformans activates bone marrow dendritic cells (BM-DCs)
by triggering the TLR9/MyD88 pathway. We also found that
DNA extracted from C. albicans induced IL-12p40 production
and CD40 expression in BM-DCs by activating a TLR9-
mediated signaling pathway. Under physiological conditions,
TLR9 can recognize C. albicans DNA, which may be
released from dying fungal cells that are located outside host
immune cells or from live fungal cells that are phagocytosed
by immune cells. After the phagocytosis of C. albicans, DNA
may be released from these fungal cells, resulting in the
stimulation of the TLR9-mediated signaling pathway. Thus,
this pathway may be involved in the host defense response
against C. albicans. However, the fungal organ burden
in TLR9-deficient mice after systemic infection with C.
albicans was similar to that in control mice. With the recent
progress in understanding the mechanism of C. albicans
recognition, it is suggested that the interactions between
multiple PAMPs and PRRs, which enable the recognition of
different components of fungal cells, are integrated, making it
possible for the immune system to respond to this pathogen in
more sensitive and specific manner. Moreover, signals from
different PRRs function synergistically or antagonistically
under physiological conditions. Understanding the C.
albicans DNA-TLRO interaction and downstream signaling
pathway could provide insights into the overall mechanism of
C. albicans recognition by PRRs and the subsequent immune
response.
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Cross-talk between PARs and TLRs in
fungal infections

Luigina Romani, Silvia Moretti, Carmen D'Angelo,
Teresa Zelante, Pierluigi Bonifazi, Antonella De Luca,
Silvia Zagarella, Gloria Giovannini, Rossana Iannitti,
Silvia Bozza,

University of Perugia, Italy

The inflammatory response is characteristic of the innate
immune defense against fungi and is controlled by Toll-
like receptors (TLR) that, by affecting the balance between
oxidative and nonoxidative fungicidal mechanisms and pro-
and anti-inflammatory cytokine production, ultimately impact
on the quality of microbicidal activity and inflammatory
pathology. Although individual TLR activates specific
antifungal programmes on phagocytes, cooperation between
TLR and other innate immune receptors is key to regulating
and shaping innate antifungal immunity. Extracellular
proteases can specifically cleave and trigger protease-
activated receptors (PARs), a family of four G-protein-
coupled receptors that posses specific cleavage sites for serine
proteases within their extracellular N-terminal domains.
Activated PARs couple to signaling cascades that affect,
among others, secretion and inflammatory responses. The
involvement of PARs in the host response to fungi and/or
fungal proteases has long been suspected but never proved.
We have determined that activation of TLRs by fungi
unmasked an essential and divergent role for PAR1 and
PAR?2 in downstream signaling and inflammation. TLRs
activated PARs and triggered distinct signal transduction
pathways involved in inflammation and immunity to Candida
albicans and Aspergillus fumigatus. Conceptually, that fungal
recognition by TLRs implicates the participation of PARs
sensing tissue injury and conditioning the activity of TLRs
recognizing microbial motifs, defines a binary signalling
pathway in mammalian response to fungi.
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Characterization of PMN chemotactic
factors involved in susceptibility to
vaginal candidiasis

Junko Yano, Paul L Fidel
Department of Microbiology, Immunology and Parasitology,
Louisiana State University Health Sciences Center, USA

Background: Vulvovaginal candidiasis (VVC) caused by
Candida species is a common mucosal infection affecting
significant numbers of women during their reproductive
years. While adaptive immunity and innate resistance by
polymorphonuclear neutrophils (PMNs) have no protective
role against VVC, an aggressive PMN migration into
the vagina occurs in susceptible women resulting in an
aberrant inflammatory reaction associated with symptomatic
infection. The migration of PMNs is strongly correlated to
the vaginal presence of calcium-binding proteins, SI00A8
and S100A9, during symptomatic vaginal infection. The
purpose of this study was to characterize the role of the
calcium-binding proteins in the immunopathogenesis of
VVC using the established experimental mouse model.
Methods: Supernatants from coculture of mouse vaginal
tissues and Candida blastoconidia were evaluated for PMN
chemotactic activity. Expressions of SI00A8, S100A9
and a series of pattern recognition receptors (PRRs) were
examined on vaginal epithelial cells from inoculated mice.
Results: Similar to in vivo observations, supernatants
from the coculture of estrogenized mouse vaginal explants
and Candida showed increased PMN chemotactic activity.
Epithelial cells from vaginal lavage fluid from inoculated
mice with high PMN infiltration stained positive for ST00A8
and S100A9 compared to epithelial cells with low or no
PMNs, suggesting that the chemotactic calcium-binding
proteins are produced by epithelial cells following interaction
with Candida. Compared to epithelial cells from inoculated
mice with low/no vaginal PMNs, those with high vaginal
PMNs showed upregulation of mannose receptor and
SIGNRI1, but not TLR2, TLR4 or dectin-1. Conclusion:
Together, we hypothesize that vaginal epithelial cells in
susceptible hosts are sensitive to PRR activation by Candida
and produce the calcium-binding proteins that recruit the
PMNss responsible for the aberrant inflammatory response and
symptoms associated with infection.

155

Multiple roles of Candida albicans-
derived cell wall components in human
keratinocytes - Activation of immune
response and induction of apoptosis

Jeanette Wagener”, Guenther Weindl?,

Piet W degroot’, Albert deBoer*, Michael Weig?*,
Martin Schaller”

Dermatology, University of Tuebingen, Germany', Free
University of Berlin’, University of Amsterdam’, University of
Goettingen*

Rapid immune response in Candida infections is mediated
by a number of innate recognition molecules known as
pattern recognition receptors (PRRs). PRRs recognize
conserved motifs called pathogen-associated molecular
patterns (PAMPs), which represent broad groups of microbial
pathogens or components. The signalling pathways trigger
subsequent inflammatory responses which are crucial for
successful host defence against pathogens. Fungal cell wall
components such as beta-glucan and mannoproteins have been
shown to stimulate the innate immune response in myeloid
cells in a toll-like receptor-dependent manner, particularly
through TLR2 and TLR4. However, Candida albicans cell
wall components that specifically induce TLR responses in
keratinocytes have not yet been investigated in detail.

In our studies we first examined the effect of different cell
wall extractions from C. albicans on TLR gene expression and
found an increase of TLR4 and a slight increase of TLR10,
accompanied with an induction of GM-CSF and IL-8 levels,
analyzed by quantitative RT-PCR and ELISA. However, the
different cell wall extractions showed no major differences in
the TLR expression pattern and cytokine release.
Surprisingly, stimulated keratinocytes showed a strong
growth inhibition after 24h of treatment with the cell wall
components. Analysis by proliferation assays resulted in
nearly 90% resting cells. This observed growth inhibition is
caused by a strong accumulation of the cell cycle inhibitor
p27Kip1 inside the nucleus. More detailed analysis showed
that the cell cycle inhibition resulted in an increase of
apoptotic cells up to 30% after 72h.

In conclusion, our results indicate that distinct pattern
recognition receptors together trigger the innate immunity in
human keratinocytes by recognizing different structures of C.
albicans. Furthermore, our results demonstrate the diversity of
signalling pathways mediated by fungal cell wall components.
Triggering innate immune responses result in the secretion of
pro-inflammatory mediators which is accompanied by growth
inhibition and subsequent induction of apoptosis.
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TNF establish antifungal protection by
epithelial TLR4 upregulation

Martin Schaller”, Julian R Naglik?,

Hans Christian Korting”, Guenther Weindl"
Department of Dermatology, Eberhard Karls University,
Tuebingen, Germany', Department of Oral Medicine,
Pathology and Immunology, King's College London Dental
Institute, Kings College London, London, UK’, 2Department
of Dermatology, Ludwig-Maximilians-University, Munich,
Germany’

Immune responsiveness to many pathogens depends on
innate recognition molecules known as pattern recognition
receptors (PRRs) e.g. Toll-like receptors (TLRs). Infection
of a three-dimensional organotypic epithelial model (RHE)
with C. albicans suppressed TLR4 signalling despite clear
evidence of mucosal injury and pro-inflammatory cytokine
response. Integration of polymorphonuclear leukocytes
(PMNs) mediated upregulation of epithelial TLR4 and
concomitant protection against fungal infection which
was independent of physical PMN/epithelial cell contact.
Candida invasion and cell injury could be restored by the
addition of TLR4 antibodies and TLR4 'knockdown' using
RNA interference. The protective phenotype was associated
with a pro-inflammatory cytokine release. Blocking of these
cytokines with neutralizing antibodies showed the most
significant impact on the TLR4 mediated protective effect for
TNF. To confirm the important role of this cytokine in the
host defence against Candida infections we investigated the
role of exogenous TNF for TLR4 expression and protection
from fungal invasion in the absence of PMNs. We observed
a strong up-regulation of TLR4 gene and protein expression
after addition of 1 or 10 ng/ml TNF 12 h after infection of
the oral RHE. The increased TLR4 expression was associated
with a reduced LDH release and protection from fungal
invasion. In contrast, addition of TNF to the oral RHE 1h
before inoculation with Candida led to increased fungal
damage after 24 h compared to the control.

Our results point out that activation of cytokine release
are crucial for the upregulation of epithelial TLR4 and the
subsequent protection from fungal invasion. Among the
cytokines tested, TNF seems to have the most significant
impact, which confirms the important role of this cytokine in
the host defence against systemic Candida infections.
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Renal responses during experimental
disseminated Candida albicans infection

Donna M. Maccallum, Luis Castillo, Alistair JP Brown,
Neil AR Gow, Frank C Odds
School of Medical Sciences, Univeristy of Aberdeen, UK

Candida albicans bloodstream infections remain a problem
in the clinic. A greater understanding of disease development
is required to allow faster, more accurate diagnostics to be
developed.

The mouse IV challenge model of C. albicans disseminated
infection is a reproducible, well-characterized model,
where the major organ targeted is the kidney, with burdens
increasing during disease progression. A similar situation
occurs in the human host, making this a good model to
investigate host responses.

Renal responses during the early stages of C. albicans
infection were studied using a combination of transcript
profiling, histological analyses and measurement of cytokine/
chemokine levels. Responses to both attenuated and virulent
C. albicans strains were measured. Transcriptionally, the
kidney showed only a minimal response to attenuated strain
infection, but a massive induction of innate immune response
gene expression occurred in response to the virulent strain.
Differences in cytokine/chemokine gene expression levels
were reflected in protein levels measured in the kidney, with
higher levels associated with infections initiated by virulent
strains. Histological analyses demonstrated that differences in
cytokine/chemokine levels were reflected in lesion numbers
and associated immune cell infiltrates found within the
kidney. These results demonstrate that early host immune
responses influence the pathological course of the infection.
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The influence of 8 -glucan on the growth
and cell wall structure of Aspergillus

Ken-ichi Ishibashi”, Yuichiro Kurone",

Noroko Miura", Yoshiyuki Adachi®,

Yoshiharu Shirasu®, Naohito Ohno"

Laboratory for Immunopharmacology of Microbial Products,
School of Pharmacy, Tokyo University of Pharmacy and Life
Sciences, Japan', Kirin Food-Tech Co., Ltd.’

B-glucan is one of the fungal cell wall main component
polysaccharide. Also, it was detected in the culture
supernatant of fungi such as Aspergillus and Candida so on.
Furthermore, it was reported that f-glucan showed various
biological activities such as the inflammatory mediator
production in vivo and vitro. However, there are few reports
to have examined the influence on fungal cell itself of
B-glucan. In this study, it examined how the influence of
B-glucan on the growth and cell wall structure of fungal cell.
Aspergillus fumigatus and Aspergillus oryzae was cultured
with the synthetic medium, C-limiting medium added
B-glucan (curdlan and laminarin). In B-glucan adding group
on lday, the promotion of the growth, such as the rise of the
turbidity was observed compared with normal culture group.
Next, we compared morphological change of Aspergillus
among these medium by the microscope. In the culture
medium added B-glucan, the long hyphae where there is little
ramification was observed. The NaClO oxidized cells of the
fungus body in BG addition or not cultivation were prepared
and their structure analyzed by C”-NMR. In the normal
cultivation, B-1,3-glucan was the main component but in the
BG addition group, the peak ratio of B-1,3-glucan was rising.
In this study, it was suggested that the presence of f-glucan in
culture medium changed the growth of the fungi and induced
qualitative change such as the cell wall structure. Because
B-glucan are detected in the mycology-culture supernatant,
the concerning with these phenomena and the pathogenicity
has an interest.

157

Tokyo

Invasive aspergillosis in hematological
and transplant patients: Comparisons
between pediatric and adult populations

Thomas J Walsh
National Cancer Institute, Bethesda, USA

Invasive aspergillosis is an important cause of morbidity
and mortality in immunocompromised children with
hematological malignancies, hematopoietic stem cell
transplantation, and solid organ transplantation. Pediatric
patients with these conditions have several distinctive host
conditions and therapeutic factors. The most common form
of childhood leukemia (acute lymphoblastic leukemia) is
managed with corticosteroids, which is an added burden of
immunosuppression superimposed on chemotherapy-induced
neutropenia. These children also receive vinca alkaloids,
which may cause life-threatening drug interactions with
antifungal triazoles. Patients undergoing lung transplant
for cystic fibrosis may have residual tracheobronchial
involvement by Aspergillus spp. Diagnosis of invasive
pulmonary aspergillosis is difficult; however, recent
advances in the use of serum galactomannan may improve
early recognition of this infection. Although previous
reports questioned the utility of serum galactomannan in
the management of aspergillosis in children, more recent
studies in pediatric oncology patients demonstrate that its
sensitivity and specificity are comparable to those of adults.
While chest CT scans are an important diagnostic tool in
the management of invasive pulmonary aspergillosis, the
characteristics of the pulmonary infiltrates may be less
specific in pediatric oncology patients. A major body of work
conducted during the last fifteen years has demonstrated
that systemically administered antifungal agents may
have different pharmacokinetic characteristics and dosing
requirements in comparison to those of adults. As higher
risk pediatric and adult patients are treated with an ever-
expanding range of immunosuppressive modalities, diagnosis,
treatment and prevention of invasive aspergillosis will present
new challenges. Understanding the different immunologic,
metabolic, and pharmacological differences in these
populations will contribute greatly to successfully meeting the
challenge of invasive aspergillosis in both pediatric and adult
patients.

ISHAM
2009

visoduidg




2
3
=
S
<.
8

MEDICAL MYCOLOGY IN THE 21ST CENTURY: SCIENTIFIC BASE AND ANTICIPATED CHALLENGES

Host susceptibility in mycetoma:
The role of sex-hormone synthesis

Wendy van de Sande”, Mehri Tavakol’, Ahmed Fahal®,
Alex van Belkum"

Medical Microbiology and Infectious Diseases, ErasmusMC,
The Netherlands', Mycetoma Research Centre’

Madurella mycetomatis is the main agent of mycetoma, a
chronic, subcutaneous infection characterized by discharge
of grains and purulent material through sinuses. This
infection is more common in men than women. It was
therefore hypothesised that sexhormones were important
factors in the development of mycetoma. To test this
hypothesis, single nucleotide polymorphisms (SNP) in
genes involved in sex hormone synthesis were studied
in a population of Sudanese mycetoma patients versus
geographically and ethnically matched controls. Sexhormones
are synthesised from cholesterol by the following genes:
CYP17, HSD3beta;, HSD17beta, CYP19, CYPIBI1 and
COMT. Single nucleotide polymorphisms (SNPs) for each
of these genes, which influence sexhormone synthesis,
are described. Polymorphisms in CYP19 and COMT were
differentially distributed between patients and healthy
controls. The CYP19 polymorphism was associated with a
higher 17beta-estradiol (E2) production, while the COMT
polymorphism was associated with a higher conversion
from E2 to 4-methoxy estradiol. Furthermore, the COMT
polymorphism was also associated with lesion size. The
higher estradiol levels in male patients were confirmed by
enzyme amplified sensitivity immunoassay. In women no
significant difference in E2 levels was found, which could
be due to the high variation of E2 concentrations during the
menstrual cycle. Furthermore, for both males and females
lower levels of dehydroepiandoresterone (DHEA) were
present. No differences in testosterone levels were found.
Furthermore, E2, testosterone and DHEA had no influence on
the growth rate of M. mycetomatis. Therefore, the influence
of the sex hormones on M. mycetomatis infection is probably
not mediated by a direct effect on the fungal cells but more
likely by the sex-hormonal stimulation of the immune
system. Low DHEA levels and high conversion of estradiol
to 4-hydroxyestradiol and methoxy-estradiol are considered
a pro-inflammatory event. In conclusion, individuals
with certain sexhormone biosynthesis polymorphisms are
predisposed to the development of mycetoma.
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Immunoregulation by fungi through IDO

Luigina Romani, Teresa Zelante, Antonella De Luca,
Pierluigi Bonifazi, Carmen D'Angelo, Silvia Moretti,
Gloria Giovannini, Rossana Iannitti, Silvia Zagarella,
Silvia Bozza

University of Perugia, Italy

Infectious agents can induce autoimmune diseases in
several experimental settings, some of which have clinical
counterparts. A variety of mechanisms have been invoked
to explain these observations, including molecular mimicry
and an increase in the immunogenicity of autoantigens
caused by inflammation in the target organ. Paradoxically,
infectious agents can also suppress allergic and autoimmune
disorders. A central question is to determine whether
immune dysregulation precedes, if not promotes, infection
or alternatively, but not mutually exclusive, the extent
to which microbial exposure /colonization contributes to
the burst of pathogenic autoimmunity. Here we discussed
recent evidence that help to accommodate fungi, either
commensals or ubiquitous, within the immune homeostasis
and its dysregulation. We will discuss how Candida albicans
and Aspergilus fumigatus exploits multiple, functionally
distinct, receptor/signaling pathways in dendritic cells
ultimately affecting IDO expression and the local Th17:
Treg cell balance. Despite the recognized importance of
Tregs in the homeostatic regulation of immune responses,
our understanding of their significance and interplay with
other pathways of immunity and autoimmunity is limited.
We have evidence that the IDO/Treg axis activated in fungal
infections could be exploited for the control of inflammation
and dysregulated immunity in experimental models of
inflammatory diseases.
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Aspergillus fumigatus cell wall
associated molecules and immune
response in mice

Jean-Paul Latge
Unite des Aspergillus, Institut Pasteur, France
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IL-22 and IL-17 in anti-fungal immunity:
What's new?

Teresa Zelante, Antonella De Luca, Carmen D Angelo,
Romani Luigina

Biochemical Science and Experimental Medicine, University
of Perugia, Italy

It has been shown that resistance and tolerance are two types
of host defense mechanisms to increase fitness in response
to fungi. In experimental candidiasis and aspergillosis,
both defense mechanisms are activated through the delicate
equilibrium between Thl cells, providing antifungal
resistance mechanisms and regulatory T cells (Tregs) limiting
the consequences of the associated inflammatory pathology.
IDO and kynurenines pivotally contribute to this delicate
balance by providing the host with immune mechanisms
adequate for protection without necessarily eliminating fungal
pathogens or causing an unacceptable level of tissue damage.
In their capacity to induce Tregs and inhibit Th17, IDO and
kynurenines pivotally contribute to cell lineage decision in
experimental fungal infections and revealed an unexpected
potential in the control of inflammation, allergy and Th17-
driven inflammation in these infections. In this context, the
Th17 pathway, which down-regulates tryptophan catabolism,
may instead favor pathology and serves to accommodate the
seemingly paradoxical association of chronic inflammation
with fungal disease. Further tweaking the Th17 model,
through production of IL-22, Th17 may exert a protective role
in fungal infections. In the relative absence of Th1/Treg cell
responses, IL-22Th17 cells may fulfill the role of a protective
response that exploits primitive antifungal effector defense
mechanisms. This finding suggests that functionally distinct
'modules' of immunity evolved to provide resistance, i.e,
ability to limit fungal burden, or tolerance, i.e., the ability to
limit the host damage in response to fungi.
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Clinical and experimental evidence for a
relation between Candida albicans and
Crohn's disease

Daniel Poulain”, Boualem Sendid”,

Annie Vitse Standaert™, Samir Jawhara",
Jean-Frederic Colombel”

Department of Mycology, Inserm U799, France',
Gastroenterologie, Inserm U795°, Laboratoire de
Parasitologie’

Crohn disease (CD) is a chronic inflammatory bowel disease.
Its incidence has increased these last decades in developed
countries. Compelling evidence suggest that uncontrolled
inflammation of CD is based on genetic susceptibility to
microbial antigens. Altough C. albicans (CA) is a commensal
of the gut, its role has never been investigated. Development
of CD is related with appearance of antibodies against
microbial antigens. We showed that anti-S. cerevisiae
mannan- antibodies (ASCA) were serological markers
present in 60% of CD patients and 20% of their healthy
relatives (HR) vs 7% in controls. Evidence was then gained
that ASCA epitopes were expressed by CA in human tissues
suggesting that CA was the immunogen for ASCA. This was
reinforced by the recent demonstration that novel markers of
CD consisting in antibodies against synthetic disaccharide
fragments of chitin and glucan were also generated during a
CA infection. Mycological exploration of CD families showed
that CD patients and their HR were more colonized by CA
than control families. In HR, CA colonization correlated with
ASCA levels whereas disease outset was associated with
ASCA stability and independence from CA intestinal load.
We showed that chemically induced colitis promotes stable
CA colonization in mice. In turn CA colonization was shown
to increase colon inflammation as assessed by histological
scores and cytokines expression. This model confirmed that
ASCA were generated by CA in an inflammatory background.
CA was also shown to modulate pathogen recognition
receptors expression. The use of mice KO for galectin-3,
a lectin involved in both CA sensing and inflammation,
confirmed that its presence and cooperation with TLR2 was
important for modulation of CA induced inflammation.
Altogether these data suggest that intestinal diseases represent
a quite unexplored research field to unravel yet unknown
aspects of CA biology in its natural niche and possible
medical impact.
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Natural killer cells exhibit direct activity
against Aspergillus fumigatus

Thomas Lehrnbecher, Lars Tramsen, Mitra Hanisch,
Sabine Huenecke, Ulrike Koehl, Stanislaw Schmidt
Pediatric Hematology and Oncology, University of Frankfurt,
Germany

Although animal models demonstrated that the recruitment
of Natural Killer (NK) cells to the lungs plays a critical role
in the host defense against invasive aspergillosis, little is
known about the antifungal activity of NK cells. We therefore
incubated purified unstimulated human CD56+CD3-NK
cells ("fresh NK cells") and IL-2 (1000 units/ml, 7-10 days)
stimulated human NK cells ("stimulated NK cells") with
1.5x10* Aspergillus fumigatus conidia cultivated for 17 hours
for germination to hyphae. Increasing E:T ratios (10:1, 20:1
and 50:1) resulted in increasing hyphal damage at 2, 4, and
6 hours of co-incubation, respectively, as demonstrated by
means of the XTT assay. Notably, antifungal activity lasted
longer in stimulated NK cells as compared to fresh NK cells.
The direct activity of NK cells against the hyphae was also
microscopically demonstrated in the viability staining with
S-carboxy-fluorescein diacetate (CFDA)/propidium iodide.
The extent of the hyphal damage by both fresh and stimulated
NK cells incubated with Aspergillus correlated with the
concentration of perforin and granzyme B in the supernatant,
as assessed by ELISA. Whereas no significant perforin and
granzyme B concentration was measured in the supernatant of
fresh NK cells without co-incubation with Aspergillus, high
concentrations of both molecules were seen in the supernatant
of IL-2 stimulated NK cells alone. Blocking experiments
performed with antibodies against the Toll-like receptors TLR
2 and 4 and against the Natural Cytotoxicity Receptors (NCR)
NKp30, NKp44, and NKp46 suggest that these receptors
are also involved in the direct activity of human NK cells
against Aspergillus. In conclusion, our results demonstrate
that NK cells are directly involved in the host defense against
Aspergillus, and further insight into these mechanisms might
help in the development of immunotherapeutic antifungal
strategies.
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Malassezia colonization and the IgE
antibody response in atopic dermatitis

Yoshio Ishibashi, Hiroshi Kato, Yoko Asahi,
Takashi Sugita, Akemi Nishikawa

Department of Immunobiology, Meiji Pharmaceutical
University, Japan

Malassezia yeasts are part of the cutaneous microflora, also
associated with a number of skin diseases including atopic
dermatitis (AD). The contribution of Malassezia colonization
to the pathogenesis of AD has been proposed on the basis
of the observation that most AD patients have a high titer of
Malassezia-specific serum IgE antibodies, and that organisms
of the Malassezia species, particularly M. globosa and M.
restricta, are identified at high frequencies in AD patients.
However, the precise mechanisms by which Malassezia
colonization induces the IgE antibody production and
inflammatory cascades remain unclear.

Numerous Malassezia allergens have been identified
and characterized previously. In a current approach, the
proteomics analysis was adopted to identify major allergens
from M. globosa. The IgE-reactive component of M. globosa
with a molecular mass of 42 kDa, designated MGp42,
was identified by two-dimensional immunoblotting, and
sequenced partially by the matrix assisted laser desorption
ionization time of flight mass spectrometry (MALDI-TOF
MS) with post source decay (PSD) of the peptide digest.
The full-length ¢cDNA encoding MGp42 was cloned and
sequenced by using the rapid amplification of cDNA ends
(RACE) method. Comparison of sequences with known
protein sequences revealed that MGp42 showed similarity to
the heat shock protein (hsp) family.

The production of IgE antibodies is implicated in Th2 type
immune response. Keratinocytes play a critical role in the
pathogenesis of AD by secreting a variety of cytokines.
The cytokine secretion profiles using antibody array
analysis revealed that M. globosa and M. restricta induced
the secretion of distinct Th2-type cytokines from human
keratinocytes; M. globosa induced IL-5, IL-10, and IL-13
secretion, while M. restricta induced IL-4 secretion. These
findings were confirmed by cDNA microarray analysis. It is
possible that M. globosa and M. restricta play a synergistic
role in triggering Th2-shifted humoral immune response in
AD.
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Use of monoclonal and human domain
antibodies against antigens of Candida
albicans on passive protection against
vaginal candidiasis

Flavia De Bernardis, Silvia Sandini, Silvia Arancia,
Sofia Graziani, Antonio Cassone
Infectious Diseases, Istituto Superiore di Sanita, Italy

Vulvovaginal candidiasis is a mucosal infection affecting
a large proportion of women. Antifungal therapy does not
prevent recurrences, in fact, there is clinical evidence of its
important role in the pathogenesis of recurrent vulvovaginal
candidiasis (RVVC).

To investigate RVVC pathogenesis and to optimize preventive
and therapeutic antifungal strategies, we employed a rat model
of vaginal infection in which an initial self-healing infection
confers a high degree of protection against subsequent re-
infection by C. albicans. The protection is associated with the
presence of protective antibodies against Candida constituents
in the vaginal fluids and the increased number of activated
lymphocytes in the vaginal mucosa. Thus, we investigated
the potential protective effect of specific Abs against an
immunogenic cell-wall antigen (mannoprotein) and against a
virulence factor of Candida such as aspartyl proteinase (Sap).
Animals receiving vaginal fluids from C. albicans-infected
rats and containing anti-mannan (MP) and anti- aspartyl
proteinase (Sap) Abs were significantly protected against
vaginitis compared to animals given Ab-free vaginal fluid
from noninfected rats. A degree of protection against Candida
vaginitis was also conferred by postinfectious administration
of anti-Sap and anti-MP monoclonal antibodies.

We evaluated the activity of human domains antibodies
(DAbs) generated against recombinant 65-kDa mannoprotein
(rMP65) or aspartyl proteinase (r-Sap), which strongly
inhibited Candida adherence to endothelial and epithelial
cells. Domains antibodies which specifically bind Mp65 or
Sap2 exerted both a marked preventive and curative effect on
experimental vaginal candidiasis. In fact, both DAb families
strongly accelerated clearance of C. albicans from rat vagina
to a greater extent when they were intravaginally administered
before or after Candida challenge and were equally effective
against both azole-susceptible and azole-resistant isolates of C.
albicans.

These results evidence a potential therapeutic use of some
Abs or their engineered derivatives in the treatment of
Candida vaginal infections.
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Immunomodulatory effects of
monoclonal antibodies to the dimorphic
pathogenic fungus Paracoccidioides
brasiliensis

Carlos P Taborda”, Rosana Puccia?, Luiz R Travassos®
Microbiology, Institute of Biomedical Sciences, Departament
of Microbiology, University of Sao Paulo, Brazil',
Departament of Microbiology,Immunology and Parasitology,
Federal University of Sdo Paulo’, Departament of
Microbiology,Immunology and Parasitology and UNONEX,
Federal University of Sdo Paulo’

Paracoccidioides brasiliensis, the etiological agent of
paracoccidioidomycosis (PCM), is a thermally dimorphic
fungus prevalent in Latin America. Historically, protection
against paracoccidioidomycosis has been attributed to a
vigorous cellular immune response whereas high levels
of specific antibodies have been associated with disease
severity. The major diagnostic antigen of P. brasiliensis
known as gp43 has been the focus of several immunological
studies since it is immunodominant. There is evidence that
monoclonal antibodies to gp43 can modify the course of
disease in mice infected with this fungus. Using a panel of
monoclonal antibodies against gp43 we identified protective
(mAD3E) and nonprotective (mAb32H) antibodies. The
epitope of the protective mAb3E was located to the sequence
NHVRIPIGYWAYV that is shared with internal sequences
of B-1,3-glucanases from Aspergillus fumigatus, A. oryzae
and Brunnea graminis. The protective antibodies have no
direct effect on yeasts and their activity is rather associated
with capacity of opsonization of fungal cells. The ingestion
of opsonized yeast cells led to an increase in NO production
by macrophages. Passive administration of mAb3E during
experimental infections led to reduced fungal burden,
decreased pulmonary inflammation and enhanced levels
of IFN-y in the lungs of infected mice. On the other hand,
animals immunized with mAb32H showed intense infiltration
of macrophages, lymphocytes and epithelioid cells similar to
untreated control animals.

Presently we show that protective and nonprotective
monoclonal antibodies could be induced against the same
P. brasiliensis antigen, the gp43. Only the protective mAb
was able to opsonize yeast cells suggesting that the epitope
recognized by the nonprotective mAb was less accessible at
the yeast cell surface for reactivity. A potential therapeutic
use of monoclonal antibodies is also envisaged. Protective
mADbs can be associated to formulations based on peptide P10
that have progressed towards the design of a vaccine to be
used adjuvant to chemotherapy.
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Antifungal cryptic activity of antibody
peptides

Luciano Polonelli, Stefania Conti, Walter Magliani
Department of Pathology and Laboratory Medicine, Section
of Microbiology, University of Parma, Italy

Paradigmatic approaches have revealed different functions for
antifungal Abs, including direct fungicidal activity and ability
to modify inflammatory response. Protective yeast killer toxin
(KT)-like Abs have been produced by idiotypic vaccination
with a KT-neutralizing mAb and revealed in the vaginal
fluids of women infected with Candida albicans. A killer
decapeptide (KP) has been engineered as functional mimotope
from a fragment (P6) of a recombinant KT-like Ab. KP has
proven to display fungicidal activity and exert therapeutic
effects against experimental vaginal and systemic candidiasis,
disseminated cryptococcosis and paracoccidioidomycosis.
KP has shown to modulate the expression of costimulatory
and MHC molecules on murine dendritic cells improving
their capacity to induce lymphocyte proliferation. P6 has been
found in sequences of Abs directed to different antigens. As
a proof of concept of the antifungal potential of Ab peptides,
synthetic CDRs of mAbs directed to a protein epitope of a
C. albicans cell wall stress mannoprotein (C7), a peptide
containing B-cell and T-cell epitopes (pc42) and difucosyl
human blood group A substance (HuA) have been tested.
Irrespective of the specificity of the native Ab, CDRs proved
to exert fungicidal activity against C. albicans, Cryptococcus
neoformans, Aspergillus fumigatus, Scedosporium prolificans.
Engineered peptides, obtained by alanine substitution and
used as surrogates of natural point mutations, showed
differential antifungal properties. A CDR of a mouse IgM
mAb (MoA) sharing no homology with the cross-reactive
human IgM mAb (HuA) and devoid of Candidacidal activity,
has shown immunomodulatory properties on macrophages
thus exerting a therapeutic effect against experimental
systemic candidiasis. Ab CDRs have shown differential
antiviral (HIV-1, Influenza A) and antitumor (human cervix
epitheloid carcinoma, human leukemia, human and murine
melanoma) activities, conceivably involving different
mechanisms of action. Bioactive CDRs are reminiscent of
molecules of early innate immunity and expected to give rise
to a new generation of chemotherapeutic agents.
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Neutrophil-Candida biofilm interactions

Anna Dongari-Bagtzoglou, Helena Kashleva,
Patricia Diaz
Oral Health, University of Connecticut, USA

Soft tissue biofilm infections are characterized by focal
infiltration with neutrophils. It has been suggested that biofilm
invasion by neutrophils is necessary for resolution of these
infections. Oral pseudomembranous candidiasis is a mucosal
biofilm infection prevalent in immunocompromised patients.
To begin to understand the role of neutrophils in this infection
we developed a model of pseudomembranous candidiasis in
C57BL/6 mice and characterized the cellular composition
of biofilms on the surface of the tongues of animals infected
with C. albicans strain SC5314. Using immunofluorescence
combined with confocal microscopy, we found that oral
biofilms consist of yeast and hyphal organisms with
abundant keratin in the intercellular spaces. Using a universal
eubacterial FISH probe in conjunction with an anti-Candida
antibody we found mixed biofilms of bacteria and C. albicans
in all samples. Bacteria mostly consisted of cocci, and were
more abundant in the apical aspect of biofilms, physically
interacting with Candida. Neutrophil foci were detected
within the biofilms and the adjacent infected tissues. In order
to test whether neutrophils can kill Candida in a biofilm
environment we first tested anti-Candida neutrophil function
using a modified XTT assay in a 96-well plate biofilm
model. Although neutrophils inflicted severe damage to early
biofilms, their activity was compromised in late biofilms,
compared to amphotericin B. There was no soluble inhibitory
factor in supernatants from late biofilms, but high fungal cell
density had a negative impact on neutrophil function. Finally,
we used a three dimensional culture system of the oral mucosa
where neutrophils were added apically after infection, in order
to simulate the oral biofilm environment in vivo. Neutrophils
inflicted a significant damage to early biofilms in this model
system, which was enhanced by the presence of the oral
epithelial component. We conclude that oral epithelium may
augment neutrophil function which is compromised in late
biofilms.
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Host response to C. albicans vaginal
biofilm: The role of chemotactic calcium-
binding proteins in susceptibility to
vulvovaginitis

Paul L. Fidel

Department of Microbiology, Immunology, and Parasitology,
and Obstetrics and Gynecology, Louisiana State University
Health Sciences Center, USA

Vulvovaginal candidiasis (VVC) and recurrent vulvovaginal
candidiasis (RVVC) are both caused predominantly by
the yeast Candida albicans. VVC occurs in up to 75% of
otherwise healthy women of child-bearing age, while RVVC
occurs in a separate, but similar population of 5-8% of
healthy women. Both conditions cost the health care system
millions of dollars annually as current antifungal therapies are
effective against an individual infection, but do not protect
against repeat infections. Following recent reports that 80%
of infectious diseases are caused by biofilm formation on
abiotic or biotic surfaces by the etiological agent, we now
have evidence that Candida albicans forms a biofilm on the
vaginal mucosa in vivo during experimental vaginitis in mice.
Hence, the host response to the biofilm may play key roles in
the immunopathogenesis of disease. Although healthy persons
with Candida-specific acquired immunity are normally
protected against Candida infections at mucosal sites, results
from both clinical studies and an experimental mouse model
have shown little to no role for induced systemic or local
adaptive immunity in protection against VVC/RVVC. This
is due to immunoregulatory mechanisms that seemingly
prohibit the action of acquired immunity to avoid chronic
inflammation against Candida at a reproductive site. Instead,
symptomatic infections appear to result from a response to a
C. albicans biofilm by vaginal epithelial cells that promotes
an aggressive migration of polymorphonuclear neutrophils
(PMN5s) into the vaginal cavity. The ensuing inflammatory
response ultimately causes the symptoms associated with
vaginitis without any effects on Candida. Recent data
suggest that chemotactic calcium-binding proteins (CBPs;
S100A8/A9) that are present in vaginal secretions of both
infected women and mice (murine model), are the trigger for
the PMN migration. Once confirmed and fully characterized
immunotherapeutic strategies can be developed to neutralize
the PMN chemotactic factor that will ultimately reduce the
symptoms associated with VVC/RVVC.
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Host and fungal prostaglandins influence
dendritic cell interactions with Candida
albicans

Mairi C Noverr
Microbiology & Immunology, Wayne State University, USA

Candida albicans is an opportunistic fungal pathogen and
is a common inhabitant of mucosal surfaces of healthy
individuals. When environmental conditions permit the
outgrowth of Candida, colonization can lead to infection
and disease. We are interested in understanding the
immunological effects of persistence and the mechanisms that
Candida uses to influence adaptive responses. The immune
system regulates responses in part through production
eicosanoids, which derived from arachidonic acid and
include the prostaglandins and leukotrienes. Prostaglandin
E2 (PGE2) is a potent regulator of host immune responses,
with the ability to elicit both pro- and anti-inflammatory
responses, depending on the target cell. Candida produces
both endogenous immunomodulatory oxylipins that cross-
react functionally with host eicosanoids and authentic host
eicosanoids from arachidonic acid.

At the mucosal surface, dendritic cells (DC) direct the type of
T-cell response after interacting with pathogen. Yeast forms
induce protective DC1/Thl responses, while hyphal forms
induce non-protective DC2/Th2 responses. Our objective is
to characterize the role of prostaglandins produced by the
host and this fungus during pathogenesis both in vivo and
during Candida-dendritic cell interactions. We hypothesize
that production of eicosanoids by both Candida and host are
required for persistent infection. We are testing this hypothesis
by examining effects of host and fungal prostaglandins on
murine bone marrow derived DC differentiation and function.
Cytokine analysis indicates that both fungal PGEx and host
PGE2 suppress DC1 cytokine production. Vaccination of
mice with yeast-pulsed DCs was protective against systemic
infection, resulting in a reduction in fungal burden and
induction of Thl cytokines. However, after vaccination
with DCs pulsed with yeast in the presence of PGEx or
PGE2, protection was abrogated. This was accompanied by
decreased Thl and increased Th2 cytokine production. This
indicates that fungal prostaglandin production is a potential
virulence mechanism that works by promoting non-protective
type 11 adaptive immune responses.
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Mechanism of IL-12 synthesis by
dendritic cells during cryptococcal
infection

Kazuyoshi Kawakami

Department of Medical Microbiology, Mycology and
Immunology, Tohoku University Graduate School of
Medicine, Sendai, Miyagi, Japan

Host defense to cryptococcal infection is largely mediated
by cellular immune responses, in which IL-12 plays a central
role. The mechanism of host cell recognition of Cryptococcus
neoformans remains poorly understood. Previous study
revealed that MyD88 played a critical role while TLR2 played
a relatively limited role in the response to C. neoformans
(Yauch et al. Infect. Immun. 72: 5373-5382, 2004). In another
study (Biondo et al. Eur. J. Immunol. 35: 870-878, 2005),
TLR2-deficient mice succumbed to the infection, which was
associated with reduced production of TNF-a, IL-12 and
[FN-y. In contrast, in our recent study (Nakamura et al. FEMS
Immunol. Med. Microbiol. 47: 148-154, 2006), both TLR2
and TLR4 did not seem to be involved in the host protective
response to this infection.

In the present study, we asked if the DNA of this yeast
activates mouse bone marrow-derived myeloid dendritic
cells (BM-DCs). BM-DCs released IL-12 upon stimulation
with cryptococcal DNA. IL-12 production was attenuated by
chloroquin and bafilomycin A that suppressed the responses
caused by CpG-ODN. Activation of BM-DCs by cryptococcal
DNA was almost completely abrogated in TLR9” mice,
similar to that by CpG-ODN. In addition, TLR9KO mice
were more susceptible to pulmonary infection with this
fungal pathogen than WT mice, as shown by increased
number of live colonies in lungs. Treatment of cryptococcal
DNA with methylase resulted in partial reduction of IL-
12p40 synthesis by BM-DCs. Using a luciferase reporter
assay, cryptococcal DNA activated NF-«B in HEK293 cells
transfected with TLR9 gene. Finally, confocal microscopy
showed colocalization of fluorescence-labeled cryptococcal
DNA with the distribution of TLR9 in BM-DCs.

Thus, our results demonstrate that cryptococcal DNA causes
IL-12 synthesis by BM-DCs in a TLR9-dependent manner
and suggest that this mechanism may contribute to the host
defense responses after infection with C. neoformans.
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Th17 cytokines in aspergillosis

Teresa Zelante, Antonella De Luca, Pierluigi Bonifazi,
Carmen D’Angelo, Silvia Moretti, Giovannini Gloria,
Rossana Iannitti, Silvia Zagarella,

Silvia Bozza, Luigina Romani

Department of Experimental Medicine and Biochemical
Sciences, University of Perugia, Perugia, Italy

Infectious agents can induce autoimmune diseases in
several experimental settings, some of which have clinical
counterparts. A variety of mechanisms have been invoked
to explain these observations, including molecular mimicry
and an increase in the immunogenicity of autoantigens
caused by inflammation in the target organ. Paradoxically,
infectious agents can also suppress allergic and autoimmune
disorders. A central question is to determine whether
immune dysregulation precedes, if not promotes, infection
or alternatively, but not mutually exclusive, the extent
to which microbial exposure /colonization contributes to
the burst of pathogenic autoimmunity. Here we discussed
recent evidence that help to accommodate fungi, either
commensals or ubiquitous, within the immune homeostasis
and its dysregulation. We will discuss how Candida albicans
and Aspergilus fumigatus exploits multiple, functionally
distinct, receptor/signaling pathways in dendritic cells
ultimately affecting IDO expression and the local Th17:
Treg cell balance. Despite the recognized importance of
Tregs in the homeostatic regulation of immune responses,
our understanding of their significance and interplay with
other pathways of immunity and autoimmunity is limited.
We have evidence that the IDO/Treg axis activated in fungal
infections could be exploited for the control of inflammation
and dysregulated immunity in experimental models of
inflammatory diseases.
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Recognition of fungal cell wall
polysaccharides by innate immune
system especially C-type lectins on
macrophages

Yoshiyuki Adachi

School of Pharmacy, Laboratory for Immunopharmacology of
Microbial Products, Tokyo University of Pharmacy and Life
Sciences, Japan

Fungal cell wall polysaccharides serve as target molecules
for phagocytes, including macrophages, and neutrophils.
These polysaccharides are specifically recognized by C-type
lectins on the leukocytes. Dectin-1, a glycoprotein C-type
lectin receptor for 1,3-B-glucans, is assumed to be involved
in recognizing fungi such as Candida albicans. We have
examined the specificity of dectin-1 to various type of
1,3-B-glucans from pathogenic fungi including Candida and
also Basidiomycetes. The higher binding affinity was observed
in Candida-derived 1,3-B-glucan with long 1,6-glucosidic
linkages. The mushroom-derived 1,3-f-glucans with
1,6-monoglucosyl branch was lower than pathogenic fungal
glucans, suggesting important role of dectin-1 in infection. In
spite of the significance of dectin-1 in the innate immunity,
the staining of Candida cells with recombinant soluble dectin-
Iwas only limited area on the cell surface assumed as bud scar
after the cell proliferation. The most cell surface of Candida
are not accessible for dectin-1. The recognition of Candida
cells by dectin-1 was increased by treatment removing the
mannans from the cell wall. The dectin-1-mediated Candida
cell recognition by macrophages was enhanced by stimulation
with GM-CSF. The macrophages produced more TNF-a
and reactive oxygen species (ROS) in response to Candida
by GM-CSF treatment. In addition to dectin-1-mediated
recognition, dectin-2 expression on the macrophage was also
enhanced. The macrophages from dectin-1"" mice was able to
bind to Candida cells in lower extent. The residual binding
ability of dectin-1"" macrophages to Candida was significantly
decreased by treatment with dectin-2 neutralizing antibody or
Candida-derived mannan preparation. In conclusion, dectin-1
and dectin-2 are indispensable receptors for recognizing
1,3-B-glucan and mannan on Candida albicans and for
activating macrophage function.

This work was supported by the Program for Promotion of
Basic and Applied Researches for Innovations in Bio-oriented
Industry (BRAIN).
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Modulation of innate immune reponses
to fungi

Andrew H Limper

Pulmonary, Critical Care, Internal Medicine and
Biochemistry/Molecular Biology, Mayo Clinic College of
Medicine, USA

Pneumocystis species are opportunistic fungal pathogens
that cause severe pneumonia in immune compromised
pateints, inclduign those with AIDS, malignancy and organ
transplantation. Respiratory impairment during Prneumocystis
Pneumonia (PcP) is closely related to exuberant pulmonary
inflammation in response to the organism cell wall. Anti-
inflammatory corticosteroids (in addition to antibiotics)
improves outcome during PcP, but is associated with further
immune suppression and increased incidence of co-infections.
Our recent studies demonstrate that Pneumocystis cell wall
components including beta-glucans of (PCBG) interact with
alveolar macrophages and epithelial cells to stimulate the
release of cytokines and chemokines (TNF-alpha and MIP-2)
that promote inflammatory cell recruitment in the lungs. We
further demonstated that host cell membrane lactosylceramide
mediates host inflammatory activation in response to
Pneumocystis organisms and purified PCBG compnents.
Furthermore, glycosphingolipid (GSL) synthesis inhibitors,
including PDMP, which potently reduce lactosylceramide
levels, not only strongly suppress lung inflammation during
PcP as expected, but were also shown to significantly
suppress the numbers of Preumocystis organisms present
in treated mice. PDMP also strongly suppressed lung
inflammatory responses in mice challenged with intratracheal
instillation of isolated beta-glucans, in the absence of intact
Pneumocystis organisms. Our data further support that Pc
itself possesses GSL synthetic molecules necessary under
the control of a glucosylceramide synthesis (PCGCS1)
gene which is necessary for maintaining organism viability.
Thus, GSL inhibitors represent a potential new class of anti-
Preumocystis agents with both beneficial immune modulating
activity, as well as direct suppressive effects on Pneumocystis
organism numbers and viability.
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LacCer-enriched membrane
microdomain-mediated neutrophil innate
immune responses

Kazuhisa Iwabuchi
Infection Control Nursing, Graduate School of Health Care
and Nursing, Juntendo University, Japan

The innate immune system is the first line of defense against
invading microorganisms, including bacteria, fungi, and
viruses. Phagocytes, such as neutrophils and macrophages,
play important roles in the innate immune system by
recognizing pathogen-associated molecular patterns (PAMPs)
via pattern recognition receptors (PRRs) expressed on the
cell surface, and then engulfing and eliminating pathogens.
Over the last 30 years, many studies have indicated
that glycosphingolipids expressed on the cell surface
act as binding sites for microorganisms. Based on their
physicochemical characteristics, glycosphingolipids form
membrane microdomains (lipid rafts) with cholesterol and
various signaling molecules. Among the glycosphingolipids,
lactosylceramide (LacCer, CDw17) can bind to various
microorganisms, including Mycobacteria, Helicobacter
pylori, and Candida albicans. LacCer is expressed at high
levels on the plasma membranes of human neutrophils, and
forms membrane microdomains associated with the Src
family tyrosine kinase Lyn. LacCer-enriched membrane
microdomains mediate superoxide generation, chemotaxis,
and non-opsonic phagocytosis. Therefore, LacCer-enriched
membrane microdomains are thought to function as pattern
recognition receptors (PRRs) to recognize pathogen-
associated molecular patterns (PAMPs) expressed on
microorganisms.

Polysaccharide 3-1,3-D-glucans (B-glucans) are components of
the cell walls of various fungi, and show immunomodulatory
activities. B-Glucans have been reported to enhance
neutrophil accumulation in lung inflammation induced by
pathogenic fungi. Among the several types of B-glucan,
3-1,6 long glucosyl side chain-branched B-glucan isolated
from C. albicans (Candida soluble -D-glucan, CSBG)
induced neutrophil migration in a dose-dependent manner.
In contrast, 1,6-monoglucosyl-branched B-glucans such as
Sparassis crispa-derived B-glucan (SCG) and grifolan (GRN),
which were derived from non-pathogenic fungi, hardly
induced neutrophil migration. These results suggest that
LacCer specifically recognizes the specific conformation of
pathogenic fungus-derived B-glucans. Here, we will introduce
the membrane microdomain-associated immune functions
of neutrophils, focusing on the molecular mechanisms of
B-glucan-induced neutrophil functions.
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CD4+ T cell-independent vaccination
against opportunistic infections

Mingquan Zheng, Jay Kolls
Department of Genetics, Louisiana State of University Health
Science Center. New Orleans, Lousiana, USA

Host defenses are profoundly compromised in HIV-infected
hosts due to progressive depletion of CD4+ T lymphocytes.
Moreover, deficient CD4+ T lymphocytes impair vaccination
approaches to prevent opportunistic infection. Therefore, we
investigated a CD4+ T cell-independent vaccine approach to
a prototypic AIDS-defining infection, Pneumocystis carinii
(PC) pneumonia (PCP). We demonstrate that bone marrow-
derived dendritic cells (DCs) expressing the murine CD40
ligand (CD40L ), a molecule expressed on activated CD4+
T lymphocytes and critical for T cell helper function, when
pulsed ex vivo by PC antigen, elicited significant titers of
anti-PC IgG in CD4-deficient mice. Vaccinated animals
demonstrated significant protection from PC infection,
and this protection was the result of an effective humoral
response. DC-vaccinated, CD4-deficient mice predominantly
reacted to a 55-kDa PC antigen. After analysis this antigen
by MS-MS, kexin was identified by this approach. We used a
plasmid DNA vaccination with a cassette encoding kexin and
a second cassette encoding full length CD40L. To investigate
whether this approach leads to CD4+ T cell-independent
vaccine protection against PCP, this plasmid DNA was used
in a DNA vaccine strategy with or without CD40L. CD4-
deficient mice receiving DNA vaccines encoding Kexin and
CDA40L showed significantly higher anti-PC IgG titers as well
as opsonic killing of PC compared with those vaccinated with
Kexin alone. Moreover, CD4-depleted, Kexin-vaccinated
mice showed a greater protection in a PC challenge model.
Adoptive transfer of CD19+ cells or 1gG to SCID mice
conferred protection against PC challenge, indicating a role
of humoral immunity in the protection. The results of these
studies show promise for CD4-independent vaccination
against HIV-related or other opportunistic pathogens.
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Dendritic cell cytokine responses to
fungal beta-glucans

Eva M Carmona, Andrew H Limper
Pulmonary Critical Care, Mayo Clinic, USA

Dendritic cells (DCs) are the most potent antigen presenting
cells present in the lung. They are located near the portals of
entry of the microorganisms, in contact with either alveolar
or airway epithelial cells. This location allows them to be
one of the first cells to contact many inhaled pathogens.
Fungal beta-glucans are polymers of glucose that provide
fungi with structural support. In addition to this mechanical
role, our previous data have shown that beta-glucans are
also responsible for initiation of lung inflammation during
Pneumocystis infection. In patients with Pneumocystis
pneumonia, respiratory failure is one of the principal causes
of death, mainly due to an exaggerated inflammatory response
to the organism. DCs are key to the regulation of innate and
adaptive immune responses. However, their participation in
the inflammatory response directed against Pneumocystis
infection is not well understood. We studied the role of
Pneumocystis carinii cell wall-derived beta-glucans, in DC
activation and subsequent T cell activation. Because cytokine
secretion by DCs has been shown to be regulated by Fas
ligand (FasL), its role in beta-glucan activation of DCs was
also investigated. We demonstrated that DC activation by
beta-glucans elicits T cell activation and polarization into a
Thl response in the absence of IL-12. These observations
differed from LPS-driven T cell polarization, suggesting that
beta-glucans and LPS signal DC activation through different
mechanisms. We additionally determined that IL-1beta and
TNF-alpha secretion by beta-glucan-stimulated DCs was
partially regulated by Fas-FasL interaction. This suggests that
dysregulation of FasL could further enhance exuberant and
prolonged cytokine production by DCs following DC-T cell
interactions, further promoting lung inflammation typical of
Preumocystis pneumonia.
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IM-07-1
Animal models as a tool in medical
mycology - Overview

Karl V Clemons"*
California Institute for Medical Research, USA', Santa Clara
Valley Medical Center’, Stanford University’

Animal models, as surrogates of human disease, have been
used historically in studies of fungal pathogenesis and host
response. Critical are the choice of animal, route of infection,
parameters for evaluation and how closely a model mimics
disease in humans. Mice are the most commonly used species,
and have numerous advantages. We can modulate host
response, severity of infection and genetically manipulate
the host or the infecting organism to study specific aspects.
However, no single model, or even strain of animal, will
be useful to answer all questions. For example, mucosal
candidiasis in SCID mice mimics infection in AIDS patients
where the mucosal surfaces of the gastrointestinal tract are
heavily colonized, but dissemination does not occur. In
contrast, pretreating normal mice with 5-fluorouracil results
in dissemination, which is similar to patients receiving cancer
chemotherapy. Virulence potential can change depending
on the strain of animal used in the model and pathogenesis
is greatly influenced by the host response. The use of gene-
knockout mice has aided our study of the importance of
various host proteins such as collectins and cytokines. Animal
models also allow us to examine host events associated with
fungal infection. We developed a rabbit model of coccidioidal
meningitis that results in vasculitis of the large arterial vessels
of the CNS, similar to that occurring in human disease. A
major role for animal models has been in therapeutic studies,
where they have been very predictive of clinical results. More
recently, nonmammalian models of fungal infection using
Drosophila, nematodes, moth larvae and amoeba have been
developed for virulence studies, as well as therapeutic studies.
Overall, animal models of fungal infection are valuable tools
in addressing questions concerning the infectious process
and contribute to our deeper understanding of occurrence,
evolution and how they might be controlled or better,
prevented and eliminated.
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IM-07-2
Mucosal model of Candida colonisation:
Commensal vs pathogen and host innate
immunity

Julian R. Naglik, David Moyes, Durdana Rahman,
Mukesh Mistry, Manohursingh Runglall,

Stephen Challacombe

Oral Immunology, King's College London, UK

We have established a low-dose oestrogen murine C. albicans
model that permits concurrent colonisation at oral and vaginal
sites in the same mouse, thereby reducing the numbers of
experimental mice by half. Weekly oestrogen administration
of 5 ug intramuscular and subcutaneously was optimal for
enhancement of oral colonisation and was essential for
vaginal colonisation. In BALB/c mice, certain C. albicans
clinical isolates (529L) consistently and stably colonised
both oral and/or vaginal sites over 5 weeks, whereas other
strains (SC5314 and NCPF 3153) did not colonise the model
and were rapidly cleared by 2 weeks. Given that C. albicans
can act as a commensal or pathogen, we performed in depth
investigations using human oral epithelial cells (EC's) to
identify innate mechanisms that might discriminate between
the two strains and explain why 529L, but not SC5314,
colonises the model. C. albicans activated both the NF-
kB and MAPK pathways, including the MAPK-related
MKP-1 phosphatase. Whilst NF-kB activation was linear,
MAPK activation was bi-phasic (early and late response).
Only hyphal forms of C. albicans activated the late phase
of the MAPK bi-phasic response, which constituted MKP-1
phosphorylation, activation of the transcription factor c-Fos,
and induction of pro-inflammatory responses. Unlike SC5314,
strain 529L was found to be deficient in hypha-formation in
the presence of oral EC's and consequently did not induce the
bi-phasic MAPK/MKP-1/c-Fos response or pro-inflammatory
cytokines. Therefore, we propose that, in vivo, production
of hyphal forms activate EC innate immunity, ultimately
resulting in the clearance of C. albicans, whereas the yeast/
pseudohyphal form subverts EC innate immunity, thus
permitting the fungus to colonise the mucosa without host
challenge.
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In vivo role of myleloperoxidase for the
host defense against fungi

Yasuaki Aratani’, Fumiaki Kura?, Haruo Watanabe?,
Hisayoshi Akagawa?®, Nobuyo Maeda®,

Hideki Koyama®, Kazuo Suzuki”

International Graduate School of Arts and Sciences,
Yokohama City University, Japan', National Institute of
Infectious Diseases, Japan®, University of North Carolina,
USA’, Chiba University, Japan®

Neutrophils are believed to be the first line of defense against
invading microorganisms, but in vivo roles of reactive
oxygens produced by neutrophils are not well known.
Myeloperoxidase (MPO) catalyzes reaction of hydrogen
peroxide with chloride ion to produce hypochlorous acid
that is used for microbial killing by phagocytic cells. To
define the in vivo contribution of MPO to early host defense
against pulmonary infections, MPO-deficient (MPO-KO) and
control mice were infected with various fungi. MPO-KO mice
showed severely reduced cytotoxicity to several fungi such as
Candida albicans, Aspergillus fumigatus, and Cryptococcus
neoformans. These results suggest that MPO-dependent
oxidative system is important for host defense against
fungi, although the effect varies from species to species of
pathogens. The importance of two major oxidant-producing
enzymes, MPO and NADPH-oxidase, in in vivo fungicidal
action was directly compared. The NADPH oxidase-deficient
(CGD) mice exhibited increased mortality and tissue fungal
burden in a dose-dependent manner, whereas normal mice
showed no symptoms. Interestingly, at the highest dose, the
mortality of MPO-KO mice was comparable to CGD mice,
but was the same as normal mice at the lowest dose. These
results suggest that MPO and NADPH oxidase are equally
important for early host defense against a large inocula of
Candida. Hereditary MPO deficiency is a common neutrophil
defect with estimated incidence of 1 in 2,000 in the United
States, and of 1 in 58,000 in Japan. Our present results
suggest that MPO-deficient individuals could exhibit similar
problems as CGD patients if exposed to a large amount of
microorganisms.
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Use of in vitro models to study the
Candida albicans infection process

Bernhard Hube", Betty Waechtler”, Frederic Dalle”
Microbial Pathogenicity Mechanisms, Leibniz Institute for
Natural Product Research and Infection Biology - Hans-
Knoell-Institute, Germany', Microbiologie Medicale et
Moleculaire (EA562), Faculte de Medecine, Dijon, France’

In vitro infection models can help to elucidate the complexity
of a disease process by dissecting certain aspects of infection.
These models can mimic a defined step or a distinct situation
of host pathogen interactions, for example Candida albicans
invasion into or through various epithelial barriers in order
to disseminate within the host. We used oral epithelial
monolayers to dissect the processes by which C. albicans is
capable of adhering to, entering and damaging epithelial cells
during infections.

After initial attachment, two principle mechanisms have
been proposed for cellular invasion. One process is
induced endocytosis. Binding of cell surface components
of C. albicans, such as the protein Als3, to host cell
surface receptors, such as E-cadherin, leads to host actin
rearrangements and subsequent uptake of the fungus. The
second mechanism is active penetration, which is mediated
by the physical forces of hyphae and the production of lytic
enzymes, such as secreted aspartyl proteases (Saps). Although
filamentation seems to be necessary for C. albicans to invade
oral epithelial cells, activity from the fungus is dispensable
for induced endocytosis as killed fungi are still endocytosed.
However, damage of epithelial cells by killed hyphae is
dramatically reduced. Overall, the relative roles of active
penetration versus induced endocytosis to the invasion of
epithelial cells remain unclear.

To elucidate which fungal factors contribute to the infection
process, we have quantified the ability of mutants lacking
selected factors to adhere to, invade and damage epithelial
cells. To elucidate the relative contribution of active
penetration versus induced endocytosis, we either blocked
induced endocytosis or killed the fungus to quantify the
remaining invasion potential.

Our data show that the invasion process of C. albicans can be
dissected into adhesion, invasion and dissemination/damage
and that certain fungal factors are important for distinct
stages.
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The activation of host transcription
factor, AP-1, triggered by Aspergillus
fumigatus

Takahito Toyotome”, Akira Watanabe'?, Eri Ochiai”,
Katsuhiko Kamei"

Department of Pathogenic Fungi, Medical Mycology
Research Center, Chiba University, Japan', Chiba University
Hospital’

Aspergillus fumigatus is one of the most prevalent pathogenic
fungi. Its conidia are common in the environment and are
naturally inhaled into the lung, but are promptly removed
by host innate immunity. In host cells, 4. fumigatus has
been shown to trigger the activation of NF-kB, but other
transcription factors are also activated following the
infection by this organism. We have reported that activation
protein (AP)-1, a group of the host transcription factors that
plays an important role in the production of cytokine and
chemokine, is activated in dendritic cells during the infection
by A. fumigatus. Swollen conidia but not resting conidia
strongly induced the activation of AP-1 and were stained
well with anti-1,3-B-glucan antibody, which suggests that
the activation is related to B-glucan exposed on the surface
of swollen conidia. Dectin-1 is a well-known host receptor
to recognize 1,3-B-glucan. When the HEK293T cells with
exogenous dectin-1 expression were treated by resting
conidia or swollen conidia, the activation of AP-1 was
induced only by swollen conidia. This suggests that the AP-1
activation is induced via dectin-1 through the recognition of
1,3-B-glucan. The activation of AP-1 was inhibited by the
overexpression of dominant-negative form of Syk protein
kinase, which is indicative that the activation of AP-1 depends
on the activity of Syk kinase. In this talk, I will present an
overview of our data collected from in vitro experiments for
further understanding of the innate immune system against
aspergillosis.
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Azole resistance in Candida species

Richard D Cannon”, Erwin Lamping®,

Mikhail V Keniya", Kyoko Niimi", Koichi Tanabe?,
Masakazu Niimi?, Brian C Monk", Ann R Holmes"
Department of Oral Sciences, University of Otago, New
Zealand', National Institute of Infectious Diseases’

Azole antifungals are commonly used to treat patients with
serious mucosal mycoses or with invasive fungal infections.
Azoles possess good pharmacokinetic properties and low
toxicity, but some fungi show reduced susceptibility to certain
azoles. Fungal azole resistance mechanisms include point
mutations in the drug target Ergl1p, overexpression of Ergl1p
or overexpression of ATP-binding cassette (ABC) or major
facilitator superfamily (MFS) efflux pumps. A substantial
proportion of clinical Candida glabrata isolates show
moderate innate resistance to azoles and they can also acquire
increased azole resistance during patient therapy with azole
drugs. This resistance often correlates with overexpression
of ABC pumps CgCdrlp and CgPdhlp. Candida krusei is
generally considered innately resistant to fluconazole with
about 80% of strains being susceptible dose-dependent to
itraconazole. We have cloned, and functionally characterized,
CkErgllp and ABC pump CkAbclp by heterologous
expression in Saccharomyces cerevisiae. Although some C.
krusei strains were trisomic for CkErgllp, azole resistance
appeared predominantly due to the low affinity of CkErgllp
for azoles combined with constitutive expression of
CkAbclp. Candida albicans is normally susceptible to azoles,
but can acquire resistance through CaErgl1p mutation and
overexpression. High-level azole resistance in C. albicans
clinical isolates, however, most often correlates with
overexpression of ABC pump genes CaCDRI and CaCDR?2.
We have shown that CaCdrlp contributes considerably more
than CaCdr2p to clinical azole resistance and we have used
S. cerevisiae cells expressing CaCdrlp to screen for pump
inhibitors that chemosensitize resistant clinical C. albicans
isolates to azoles.
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Domain-shuffled chimeras of Candida
albicans Cdrip and Cdr2p reveal
structural determinants affecting
substrate and inhibitor specificities

Koichi Tanabe", Minoru Nagi’, Erwin Lamping®,
Brian C Monk?, Richard D Cannon?,

Yoshitsugu Miyazaki’, Masakazu Niimi"
Department of Bioactive Molecules, National Institute of
Infectious Diseases, Japan', Department of Oral Sciences,
University of Otago’

Full-sized (~170 kDa) ABC transporters in the fungal
pathogen Candida albicans mediate the efflux of clinically
important azole antifungals plus a variety of structurally
unrelated compounds. The transporters consist of two
homologous but functionally complementary halves that
each contains a nucleotide binding domain (NBD) and a
transmembrane domain (TMD). The NBDs energize the
transport process by binding and hydrolysing ATP. The
TMDs are thought to determine specificity for individual
efflux substrates but the molecular basis of both substrate
recognition and efflux are poorly understood. Molecular
features determining efflux substrate and pump inhibitor
specificity have been identified by using heterologous
overexpression in Saccharomyces cerevisiae of functional and
correctly localized domain-shuffled chimeric constructs of C.
albicans CaCdrlp and CaCdr2p. Retention of transport-related
activities and substrate specificities in chimeric constructs
in which each NBD was replaced with its heterologous
partner demonstrated the mutual interchangeability of the
CaCdrlp and CaCdr2p NBDs. Resistance to the CaCdrlp-
specific substrates nigericin, monensin and bafilomycin Al
required cells expressing chimeric proteins with the amino-
terminal TMD (TMD1) from CaCdrlp. Oligomycin-sensitive
ATPase activity in these chimeric proteins was obtained,
provided TMD1 was from CaCdrlp but not CaCdr2p. The
CaCdrlp-specific inhibitor FK506 affected only constructs in
which both TMDs were from CaCdrlp. Functional chimeric
proteins in which TMD1 and TMD2 were from CaCdrlp
and CaCdr2p, respectively, transported rhodamines poorly.
Their counterparts in which TMD1 and TMD2 were from
CaCdr2p and CaCdrlp, respectively, transported itraconazole
or ketoconazole poorly. The attenuated fluconazole transport
found with chimeras containing heterologous TMD pairs was
complemented substantially when both NBDs were from
CaCdr2p. These results suggest that most of the transport
inhibitors and substrates tested interact with specific regions
located within one or both TMDs and that interactions
between the TMDs are important for efficient transport of
some substrates.
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Structure and function analysis of
Candida albicans secondary multidrug
transporter

Rajendra Prasad”, Khyati Kapoor”, Mohd Rehan?,
Ajeeta Kaushiki®, Andrew. M. Lynn”

School of Life Sciences, Jawaharlal Nehru University, New
Delhi, India’', School of Information Technology, Jawaharlal
Nehru University, New Delhi, India’

In pathogenic Candida albicans, an up-regulation of
multidrug transporter genes belonging to either ATP Binding
Cassette (ABC) or Major Facilitator Superfamily (MFS) is
frequently observed in cells exposed to drugs leading to the
phenomenon of multidrug resistance (MDR). Among the 28
putative ABC and 95 MFS transporter genes identified in
the C. albicans genome, there is overwhelming clinical and
experimental evidence showing that only ABC transporters
like CaCdrlp and CaCdr2p and MFS transporter, CaMdrlp
are major determinants of azole resistance.

CaMdrlp is a secondary active transporter - a 564 amino acid
protein with 12 transmembrane segments (TMS). It has a
much conserved proton antiporter motif within TMS 5. Our
previous work has shown the importance of the conserved
proton antiport motif of CaMdrlp in drug specificity and
transport. In this study, we have rationalized our mutational
strategy by improving methods for calculating Relative
Entropy (RE) for multiple sequence alignments of MFS
proteins to identify those sites which have amino acid
distributions very different from the background distribution.
As MFS is a class of membrane proteins, the relative entropy
scoring scheme was improved by treating TMS and inter-TMS
separately which drastically increased the credibility over the
existing methods. With this approach, we could accurately
predict functionally important residues of CaMdrlp which
was confirmed by functional drug susceptibility and transport
assays. Additionally, we could corroborate the functional
relevance of each residue by predicting their location in a
deduced 3D model of CaMdrlp and their role in maintaining
inter-helical interactions of this protein. We further show
that the predictions based on RE can be extended to other
members of the MFS class.
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Update on echinocandin resistance in
Candida albicans and Candida glabrata

David S Perlin
Public Health Research Institute/New Jersey Medical School-
UMDNJ, USA

Mechanisms of clinical antifungal
resistance in Aspergillus

David W Denning, Susan J. Howard
School of Translational Medicine, University of Manchester,
UK

Echinocandin resistance is still relatively uncommon,
although an increasing number of clinical failures have
been noted. To better understand the underlying molecular
mechanisms, 75 strains of Candida albicans and Candida
glabrata isolated from patients following echinocandin
failure were studied. Mutations in FKS1 and FKS2 hot spot
regions were linked to the echinocandin resistant phenotype,
which exhibited high echinocandin MIC values. A detailed
kinetic characterization was performed on 1,3-beta-D-glucan
synthase enzymes isolated from these resistant strains and
compared with those from wild type strains. Amino acid
substitutions in Fkslp and/or Fks2p reduce biochemical
sensitivity (IC50) to echinocandins by 2-3 log orders. Specific
mutations can alter enzyme kinetics by reducing Vmax, which
in turn influences expression of FKS genes. As a consequence
of the association of FKS mutations with clinical resistance,
the new CLSI echinocandin susceptibility breakpoint of MIC
>2 ug/ml was assessed. The C. albicans and C. glabrata
breakpoint is appropriate for caspofungin, but it is sub-
optimal for identifying isolates resistant to micafungin and
anidulafungin. This discrepancy is lees pronounced when
MICs were obtained in the presence of serum. Given the
restricted nature of fks mutations, resistance may be most
casily defined by molecular methods.
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Background: Itraconazole, voriconazole and posaconazole
form the backbone of oral therapy for aspergillosis. Although
recognised, azole resistance has been reported relatively
infrequently; the frequency of resistance (approximately 3%)
differs greatly between studies.

Aims and methods: The aims were to calculate the
frequency of azole resistance in Aspergillus fumigatus in a
clinical culture collection (Regional Mycology Laboratory,
Manchester), determine susceptibility profiles for azole
resistant isolates, and investigate epidemiological links
between resistant isolates. Susceptibilities were determined by
modified EUCAST microtitre method. Putative breakpoints
used were >2mg/L for itraconazole and voriconazole, and
>1mg/L for posaconazole.

Results: A high frequency (9%, 57/611) of itraconazole
resistance was revealed between 1992 - 2008. The first
case of resistance was in 1999, and since 2004 there has
been a significant increase (18% of isolates received and
17% of patients sampled in 2007). Of the itraconazole
resistant isolates, 78% and 81% had reduced susceptibility
to voriconazole and posaconazole respectively. Clinical data
was available for 14 patients, of whom 13 had had prior
azole exposure, six had low drug levels. Eight patients failed
therapy and 5 failed to improve (1 was not treated). The
referral base for these isolates includes a specialist service
for the management of aspergillosis, and this may partly
explain the high frequency of resistance. Many of the resistant
isolates came from this group; cases of allergic, invasive and
chronic pulmonary aspergillosis, with the highest frequency
in those with aspergillomas. Eighteen CypS1A amino acid
alterations were found, some novel. Evidence of emergence
of resistance during infection was shown by; mutants arising
from originally susceptible strains, different cyp5 14 mutations
in the same strain, and alterations in microsatellite repeat
number.

Conclusions: The increasing frequency of itraconazole
resistance, and high probability of cross-resistance with other
azoles is of concern. Routine azole susceptibility testing of 4.
fumigatus is now required.
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Transcriptional regulation of multidrug
resistance genes

Scott Moye-Rowley
Molecular Physiology and Biophysics, University of lowa,
USA

Development of resistance to antifungal agents commonly
involves upregulation of the expression of genes encoding
ATP-binding cassette transporter proteins and other resistance
determinants. We have used Saccharomyces cerevisiae to
explore the molecular basis of control of gene expression
of multidrug resistance loci. In this organism, the Sc PDRS5
gene is the key ABC transporter-encoding locus that exhibits
elevated transcription in drug resistant strains. Control of
Sc PDRS5 expression is provided by two homologous zinc
cluster-containing proteins called ScPdrl and ScPdr3. These
transcriptional regulators bind to similar DNA elements
present in target gene promoters but are regulated in response
to different signals. Loss of the mitochondrial genome
strongly induces ScPdr3 expression while ScPdrl levels do
not change. Interestingly, this retrograde (mitochondria to
nucleus) circuit is well-conserved in the pathogenic fungus
Candida glabrata. C. glabrata also expresses a single zinc
cluster-containing protein called CgPdrl that participates in
this common regulatory pathway. Recent experiments have
provided new insight into the extensive conservation of the
retrograde pathways defined by CgPdrl in C. glabrata and
ScPdr3 in S. cerevisiae. A mitochondrial enzyme involved
in biosynthesis of phosphatidylethanolamine called ScPsd1
has been found to participate in retrograde signaling in S.
cerevisiae and more recent experiments have demonstrated
this signaling in conserved in C. glabrata. Additionally,
transcriptional mediator subunits have been found that are
key in permitting the normal increase in mRNA to be seen in
both fungal species. Progress in understanding the common
mechanisms of transcriptional control of multidrug resistance
genes in these two organisms will be discussed.
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Genome-wide gene expression profiles
of individual CgPDR1 hyperactive alleles
and identification of CgPdr1p-dependent
virulence factor(s) in Candida glabrata

Dominique Sanglard, Selene Ferrari
Institute of Microbiology, University of Lausanne and
University Hospital Center, Switzerland

CgPdrlp is a C. glabrata Zn(2)-Cys(6) transcription factor
involved in the regulation of ABC-transporter genes
(CgCDR1, CgCDR?2 and CgSNQ?2) mediating azole resistance.
By comparison of CgPDRI alleles from azole-susceptible
and azole-resistant clinical isolates, we observed a high
diversity among CgPDRI alleles and identified 57 distinct
single aa substitutions conferring hyperactivity to CgPdrlp.
Although CgCDRI, CgCDR2 and CgSNQ? are all regulated
by CgPdrlp, they are not always co-ordinately expressed
in azole-resistant isolates indicating that ABC transporter
genes were differentially regulated depending on the
mutation present on individual CgPDR] alleles. Moreover,
the aa substitutions in CgPdrlp enhance virulence. Taken
together these data demonstrate a high variability in CgPDRI
mutations, which themselves have differentiated effects on
target genes including ABC-transporters and probably on yet
unidentified virulence factors.

In this study, we aimed to determine changes in gene
expression driven by seven CgPDRI hyperactive alleles
as compared to wild-type allele to identify i) the CgPdrlp
target genes differentially expressed in presence of CgPDRI
hyperactive alleles and ii) potential virulence factor(s)
regulated by CgPDRI hyperactive alleles. Microarray
experiments revealed a high number of genes (ranging
from 80 to 400 genes) differentially regulated by individual
CgPDRI hyperactive alleles. Enrichment of specific biological
processes (stress response, resistance to DNA damage and
cell wall biogenesis) was observed upon expression of
specific CgPDRI alleles. These processes may contribute
individually or in combination to modulate virulence of C.
glabrata. Consistent with previous observations, we observed
a poor overlap in the number of co-ordinately expressed genes
from all hyperactive alleles. Only two genes were commonly
upregulated by all hyperactive alleles. Since the CgPDRI
hyperactive alleles used in this study were shown to enhance
C. glabrata virulence in animal models, our current studies
are addressing the involvement of these two genes in azole
resistance and virulence.
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Transcriptional regulation of azole
resistance in Candida albicans

Joachim Morschhaeuser
Institut fuer Molekulare Infektionsbiologie, University of
Wuerzburg, Germany

Azole antifungal drugs, especially fluconazole, are widely
used to treat infections caused by Candida albicans, the
most common human fungal pathogen. Azoles block the
biosynthesis of ergosterol, the main sterol in the fungal cell
membrane, by inhibiting sterol 14alpha-demethylase, which
results in ergosterol depletion and production of toxic sterols.
C. albicans can develop resistance to azoles by various
mechanisms. In addition to mutations in the target enzyme,
which reduce its affinity for the drug, and alterations in the
sterol biosynthesis pathway that bypass the accumulation
of toxic sterols, changes in gene expression play a major
role in azole resistance. Mutations in three zinc cluster
transcription factors are responsible for the constitutive
upregulation of genes mediating azole resistance in clinical
C. albicans isolates. Hyperactive alleles of UPC2, encoding
the transcriptional regulator of ergosterol biosynthesis genes,
confer increased resistance to azoles and other ergosterol
biosynthesis inhibitors. Mutations in TAC1, which encodes
a transcription factor that controls the expression of the
highly related ABC transporters CDR1 and CDR2 as well
as other genes that contribute to drug resistance, result in
overexpression of the efflux pumps and multidrug resistance.
Similarly, the transcription factor Mrrl regulates the
expression of another multidrug efflux pump encoded by the
MDRI1 gene, a member of the major facilitator superfamily.
Mutations in the MRR1 gene are responsible for the
constitutive MDR1 upregulation in all fluconazole-resistant
C. albicans isolates tested so far. Loss of heterozygosity
for mutated transcription factors further increases the drug
resistance of the strains, and the various mechanisms can also
be combined to generate strains that exhibit high levels of
resistance.
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Rep1p involved in drug resistance by
negatively regulating efflux pump MDR1
in Candida albicans

Yun-Liang Yang”, Chia-Geun Chen?,

Kuo-Yun Tseng?, Hsin-I Shih”, Ci-Hong Liou®,
Chih-Chao Lin?, Hsiu-Jung Lo?”

Biological Science and Technology, National Chiao Tung
University, Taiwan', National Health Research Institutes’

In the past decade, the prevalence of yeast infections has
increased dramatically. Among them, Candida albicans is
the most frequently isolated fungal pathogen in humans and
has caused morbidity in immunocompromised hosts. The
increased use of antifungal agents has led to an increase
in incidences of drug resistance. Overexpression of efflux
pumps, including CDR1 and MDRI, is a major mechanism
contributing to drug resistance in C. albicans. Recently, two
transcription factors, CaNdt80p (3,19) and CaTaclp (5), have
been identified as positive regulators of CDRI. In this study,
we have found that overexpression of REP1, identified by
library screening, in Saccharomyces cerevisiae increased the
expression of both CDR1 promoter-lacZ (CDR1p-lacZ) and
MDRI1 promoter-lacZ (MDR1p-lacZ) reporter constructs.
Surprisingly, overexpression of REPI in S. cerevisiae
increased susceptibility to certain antifungal drugs. In
contrast, mutations on REP1 decreased the susceptibility to
antifungal drugs in C. albicans. Our results further indicate
that the expression of MDRI is higher in repl/repl cells than
that in wild-type cells. Hence, Replp is involved in drug
resistance by negatively regulating MDR1 in C. albicans.
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Functional genomic analysis of the
Candida albicans Fcr1p regulon

Martine Raymond, Osman Zin Al-Abdin, Sadri Znaidi,
Sandra Weber

Institute for Research in Immunology and Cancer, Université
de Montréal, Canada

Transcription factors of the zinc cluster family are
characterized by a fungal-specific DNA-binding domain
(Zn2Cys6). They regulate a wide variety of cellular processes
such as primary and secondary metabolism, meiosis and
multidrug resistance. In Candida albicans, gain-of-function
mutations in the Taclp, Mrrlp and Upc2p factors are
responsible for azole resistance by causing the overexpression
of the genes CDR1 and CDR2 (ABC transporters), MDR1
(major facilitator) and ERG11 (lanosterol demethylase, the
target of azole drugs), respectively. The C. albicans FCR1
gene codes for a putative transcription factor of the zinc
cluster family. A C. albicans fcrl/ferl null mutant displays
decreased susceptibility to fluconazole and constitutively
upregulates CDR1 as compared to wild-type cells, indicating
that FCR1 behaves as a negative regulator of azole resistance.
We used genome-wide location profiling (ChIP-on-chip) to
identify the transcriptional targets of Fcrlp in vivo. Ferlp
was tagged at its C-terminus with a hemaglutinin (HA)
epitope and used to probe whole-genome oligonucleotide
tiling microarrays. This identified 126 genes bound by Fcrlp-
HA (binding ratio higher than 1.5-fold, p-value smaller than
0.0001), including several genes involved in ammonium,
amino acid and oligopeptide transport (MEP1, CANI,
CAN2, CAN3, GAP2, GAP6, OPT1, OPT4, OPT9), nitrogen
metabolism (GLT1, GLN1, GDH3, DUR1) and transcriptional
regulation of nitrogen utilization (GAT1, STP3), suggesting
that Ferlp plays an important role in controlling nitrogen
assimilation. Fcrlp-HA was also bound to the UPC2 and
ERG11 genes, identifying additional mechanisms by which
it may regulate azole resistance, but not to the CDR1 gene,
suggesting that it indirectly regulates this gene. Interestingly,
Ferlp-HA was found to bind predominantly within the open
reading frame of its targets, suggesting that it may bind
indirectly to DNA, through an association with the chromatin
machinery. Expression analyses are underway to determine
whether Ferlp functions as a transcriptional activator or as a
repressor.
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Integration of functional genomics in
pathogenic fungus Candida glabrata and
development of antifungal drug targets

Hiroji Chibana®, Keigo Ueno", Kaname Sasamoto”,
Hiroki Mitani", Toshihiro Aoyama®, Jun Uno”,
Hironobu Nakayama?, Yuzuru Mikami"

Medical Mycology Research Center, Chiba University,
Japan', Suzuka National College of Technology’

With the completion of genome sequences of the major fungal
pathogens, numerous scientists have focused on molecular
biological studies of fungal pathogenesis for development of
antifungal drugs, yet many problems haven't been resolved
due to technical difficulties in studying specific fungi. With
the completion of genome sequences of the major fungal
pathogens, knowledge gained from study of a specific fungus
can immediately be applied to other fungi, using genomics as
a platform. Of several dozen fungal species causing disease
in humans, Candida glabrata is the most amenable species
for molecular biology. For this reason, C. glabrata is a good
resource for basic studies that may be applicable to many
pathogenic fungi. The C. glabrata phenome project consists
of an effort to construct a strain set in which each strain
includes a single manipulated gene. All essential genes will be
inserted a promoter by which gene expression is repressed by
tetracycline, whereas all dispensable genes will be knocked
out.

The first aim of this project is integration of functional
genomics and prioritization of drug targets amongst the 5,300
C. glabrata genes as a prelude to developing new antifungal
drugs. Prioritization has been determined by the following
criteria: genes representing targets must be essential for
growth in vivo, and highly conserved in other pathogenic
fungi to ensure drugs will have a broad spectrum, but should
not be conserved in the human genome. Consequently, a few
dozen genes have been identified as high priority Candidates.
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Candida albicans genomes and
genomics

Judith Berman
Genetics, Cell Biology & Development/Microbiology,
University of Minnesota, USA

Abrogation of iron acquisition as a novel
therapeutic strategy for mucormycosis

Ashraf S. Ibrahim
Medicine, David Geffen School of Medicine at Harbor-UCLA
Medical Center, USA

The Candida albicans genome sequence has been publicly
available for almost 10 years, with the full diploid assembly
first published 5 years ago. This talk will highlight the
types of studies that have exploited the genome sequence
information to understand the organism, its growth and
development, the requirements for virulence, as well as the
diversity and responsiveness of its genome.
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Mucormyecosis is an increasingly common fungal infection
with an unacceptably high mortality despite first-line
antifungal therapy. Clinical and animal model data clearly
demonstrate that the presence of elevated available serum iron
(e.g. as seen in diabetic ketoacidotic [DKA] host) predisposes
the host to develop mucormycosis which is commonly caused
by Rhizopus oryzae. Therefore, abrogation of fungal iron
acquisition is a promising therapeutic strategy to impact
clinical outcomes for this deadly disease. The high affinity
iron permease gene (rFTR1) is required for R. oryzae iron
transport in iron-limited environments, such as those found
in the host during infection. Our recent data demonstrated
the expression of this gene in DKA mouse model during
active infection with R. oryzae. Additionally, abrogation
of the rFTR1 function by RNA-i technology resulted in
reduced virulence in DKA mice infected intravenously or
intranasally with R. oryzae. Finally, antibodies raised against
a recombinant synthetic rFtrlp protected DKA mice from
R. oryzae infection. These results further confirm the unique
importance of iron in the pathogenesis of mucormycosis
and demonstrate that rFtrlp can be utilized for developing
immunotherapeutic strategies to prevent and/or treat
mucormycosis.
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Human pharmacogenomic models for
antifungal efficacy and toxicity

Thomas J Walsh", Joseph Meletiadis®
National Cancer Institute, Bethesda, USA', University of
Athens, Athens, Greece’

Recent advances in the field of pharmacogenomics have
clucidated the potential impact of heritable traits on the
pharmacology and toxicology of antifungal agents. Candidate
genes with potential pharmacogenomic importance include
those encoding proteins involved in [1] drug transport
(absorption and excretion), [2] metabolism (phase I enzymes,
such as cytochrome P450-dependent mixed-function oxidases,
and phase II enzymes, such as glucuronosyltransferases), and
[3] distribution of antifungal compounds, such as albumin,
Al-acid glycoprotein, and lipoproteins. Pharmacogenomic
models for genetic variations in antifungal pharmacokinetics
can be developed by using the tools of population genetics
to define inter-individual differences in drug absorption,
distribution, metabolism, and excretion. Variations in drug
distribution, metabolism and excretion also may contribute to
adverse drug reactions of antifungal agents. Genetic variations
in critical target genes may alter the structure and expression
of genes encoding phase I and II drug-metabolizing enzymes,
such as CYP2C19 and N-acetyltransferase and drug
transporters, such as P-glycoprotein and multidrug resistance
proteins, may affect the disposition of antifungal agents and
leading to dose-dependent (type A) toxicity. Genes encoding
different lipoproteins may also affect the distribution of
antifungal compounds. Considerably less is known about the
possible role of genetic polymorphisms and gene products in
contributing to idiosyncratic (type B or non-dose-dependent)
toxicities of antifungal agents. There are several possible
candidate genes that may affect antifungal agents: low-
density lipoproteins and cholesteryl ester transfer protein
in amphotericin B renal toxicity; toll-like receptor 1 and 2
in amphotericin B infusion-related adverse drug reactions;
phosphodiesterase 6 in voriconazole visual adverse events;
flavin-containing monooxygenase, glutathione transferases
and multidrug resistance proteins 1 and 2 in ketoconazole
and terbinafine hepatotoxicity; and multidrug resistance
proteins 8 and 9 on 5-flucytosine bone marrow toxicity.
Pharmacogenomic factors may become especially important
in the treatment of immunocompromised patients or those
with persistent or refractory mycoses that cannot be explained
by elevated MICs and where rational dosage optimization
of the antifungal agent may be particularly critical.
Pharmacogenomics has the potential to shift the paradigm of
therapy and to improve the selection of antifungal compounds
through adjustment of dosages based upon individual
variations in drug disposition.
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Tokyo

Bridging antifungal pharmacology
between experimental models and
humans

William W. Hope
School of Translational Medicine, The University of
Manchester, UK

Invasive fungal infections remain a significant cause of
morbidity and mortality for immunocompromised patients.
There are relatively few effective antifungal agents. Clinical
trials are a relatively inefficient mechanism to identify optimal
dosages and schedules of antifungal drug administration.
Pharmacokinetics (PK) and pharmacodynamics (PD) are
increasingly used to identify optimal antimicrobial regimens.
There has been a progressive understanding of the PK-PD
relationships of antifungal agents. Experimental models can
be used to identify the magnitude of antifungal drug exposure
that is associated with a high probability of a successful
therapeutic outcome. If drug exposure is quantified with
respect to the invading fungal pathogen rather than the host,
results from experimental models can be bridged to humans.
Population pharmacokinetics and Monte Carlo simulation can
be used to explore the probability of attaining a desired drug
exposure target in humans following the administration of
various dosages and schedules of administration. Candidate
regimens that are likely to be associated with a high
probability of success and a low probability of toxicity for
humans can be identified and expedited for further study in
clinical trials. This approach represents an efficient and cost
effective utilization of resources and a way that effective
regimens can be identified as rapidly as possible.
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Pharmacodynamics of echinocandins in
experimental candidiasis

David Andes
Department of Medicine and Microbiology, University of
Wisconsin, USA

Nystatin - intralipid a novel formulation
of nystatin

Esther Segal
Department of Human Microbiology, Sackler School of
Medicine, Tel -Aviv University, Israel

The role of pharmacokinetics and pharmacodynamics
(PK/PD) has gained increasing recognition as critical for
selection and dosing of antimicrobial therapeutics, including
antifungal agents. The study of antimicrobial PD provides
insight into the link between drug pharmacokinetics, in vitro
susceptibility, and treatment efficacy. PK/PD investigations
have been valuable for defining antifungal dosing regimens
to optimize therapy, guiding therapeutic drug monitoring,
developing in vitro susceptibility breakpoints and defining
clinical resistance. PD observations from animal model
studies have proven useful for outcome predictions in triazole
treatment of human infections. Similar investigations have
been undertaken with compounds from the echinocandin class.
Results from studies in rodent invasive candidiasis models
have demonstrated concentration dependent killing and
prolonged persistent growth suppression. Dose fractionation
studies show optimal outcome with the echinocandins
is achieved by providing large exposures and efficacy
is maintained with very widely spaced dosing intervals.
Investigations have also begun to define the PD target or dose
level needed for efficacy against Candida spp. Results from
these experiments demonstrate the impact of MIC, Candida
spp., and protein binding. Clinical trial results have become
available that now allow exploration of the predictive value
of these experimental models. Analysis thus far suggests
concordance between the animal model and clinical trials.
These data should be used to refine susceptibility breakpoints
and guide dosing regimen design for this class of antifungal
compounds.
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The overall goal of our studies is to develop a formulation
of Nystatin (NYT) that could be delivered systemically and
hence suitable for treatment of invasive mycoses.

We developed a stable, standardized, Nystatin-Intralipid
(NYT-IL) formulation which was characterized physically
and chemically, that included determination of particle
size, association of NYT with IL and stability of these
characteristics at different temperatures.

The antifungal activity of NYT-IL was assessed in vitro
against 5 major pathogenic Candida, 4 Aspergillus and 2
Fusarium species (35 strains). NYT-IL minimal inhibitory
concentration (MIC) and minimal fungicidal concentration
(MFC) were in most cases lower than those of NYT,
indicating a better or at least comparable antifungal activity
as NYT. It was also found that the activity of NYT-IL was
maintained during storage at different temperatures, indicating
the stability of the antifungal activity.

In order to examine the putative mechanism underlying
the antifungal activity of NYT-IL we explored the ultra
structural changes undergoing in C. albicans treated with
NYT-IL in comparison to those following treatment with
NYT and to non-treated yeasts. The studies included scanning
and transmission electron microscopy (EM) analysis of
treated and non-treated fungi at different time intervals post
treatment and at different drug concentrations. The EM
observations revealed that both preparations of Nystatin had
significant destructive effect on the fungal cells with distinct
ultra-structural changes in comparison to the non-treated
microorganisms. NYT-IL was more effective even at lower
concentrations and after shorter exposure time than NYT.
Toxicity of NYT-IL in comparison to NYT was evaluated
by hemolysis of RBC and leakage of K" ions. Significantly
higher concentrations of NYT-IL than of NYT were required
for hemolysis of RBC, indicating a lower toxicity of the
NYT-IL formulation.

In vivo experiments to assess activity and toxicity in a mice
model are currently in progress.
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Therapeutic drug monitoring of
posaconazole (PSZ) in adults

David Lebeaux, Fanny Lanternier, Caroline Elie,
Felipe Suarez, Agnés Buzyn, Jean-Paul Viard,
Mare Lecuit, Vincent Jullien, Olivier Lortholary
Institut Pasteur, Paris, France

We assessed the prevalence of low PSZ plasma levels (PPL)
in case of prophylactic or curative treatment and host factors
associated with low PPL by retrospectively reviewing all adult
patients who underwent measurement of PPL after at least 5
days of treatment between 2006 and 2008 at Necker-Enfants
malades university hospital. Therapeutic drug monitoring
(TDM) was performed by high-performance chromatography
and ultra-violet detection. Clinical and biological data were
assessed at the initiation of PSZ. Low PPL was defined by
a concentration lower than 500 ng/ml (Andes et al., AAC
January 2009).

54 patients were included in this study: 36 receiving
prophylaxis (200 mg t.i.d.) [allogeneic bone marrow
transplantation (75%), hematological malignancy
with prolonged neutropenia (19%) or constitutive
immunodeficiency (6%)] and 18 curative posaconazole
therapy (400 mg b.i.d.). Prevalence of low PPL was 16/36
(44%) in the prophylactic group and 22% (4/18) in the
curative treatment group. In the prophylactic group, low PPL
tended to be more frequent in case of any digestive disease
(62% versus 30%, p=0.051), significantly more frequent in
patients with diarrhea (71% versus 24%, p=0.009) or with
mucositis (100% versus 33%, p=0.004). In the prophylactic
group, only 2 patients experienced IFI and both had a low
PPL. The only adverse event was hepatotoxicity in 2/54
patients (3,7%).

Low PPL is common, significantly more frequent in case
of diarrhea or mucositis and potentially associated with
the subsequent occurrence of IFI. PSZ TDM is therefore
mandatory in immunosuppressed adults.
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Pharmacokinetics of antifungal agents in
pediatric patients

Andreas H. Groll

Infectious Disease Research Program, Center for Bone
Marrow Transplantation and Department of Pediatric
Hematology/Oncology, University Children’s Hospital,
Muenster, Germany

Invasive fungal infections have evolved into important causes
of morbidity and mortality in children with severe underlying
illnesses. Over the past decade, several new antifungal
agents have entered the clinical arena, including less toxic
lipid amphotericin B formulations, more versatile antifungal
triazoles and the novel class of echinocandin lipopeptides.
Although the final pediatric dosages of some of these agents
remain to be established, their clinical development is moving
forward at steady pace. Children, in particular neonates
and young infants, represent a unique patient population, in
particular with regard to the disposition of antifungal agents
and safety issues. This presentation therefore reviews the
pharmacokinetics, safety and dosing of antifungal agents in
pediatric patients and the current status of their regulatory
approval.
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Symposium introductory lecture:
New developments in antifungal
susceptibility testing

Ana V Espinel-Ingroff
Internal Medicine/Infectious Diseases, Virginia
Commonwealth University Medical Center, USA

Antifungal susceptibility testing has been greatly advanced
by CLSI and EUCAST methodologies. Broth microdilution
and agar diffusion methods are available for testing Candida
spp. (CLSI documents M27-A3 and M44-A, respectively),
Aspergillus spp. (CLSI documents M38-A2 and M51-P
[under development], respectively) and other pathogens.
In vitro results by these methods may play an important
role in patient management of Candida infections, because
interpretive breakpoints have been established by the CLSI
for most antifungal agents for yeast testing. Furthermore, the
incubation time to read results has been reduced to 24h for
some of these agents versus Candida spp. (e.g., fluconazole
and echinocandins) by the microdilution methodology. In
addition, available commercial microdilution methods have
incorporated some of the new triazoles and echinocandins.
The EUCAST has also proposed a similar method for
testing Candida spp. as well as interpretive breakpoints for
fluconazole and voriconazole. In addition, EUCAST has
proposed similar guidelines for testing Aspergillus spp. and
other moulds and both EUCAST and CLSI have established
the same epidemiological cutoffs for Aspergillus fumigatus
versus the triazoles. Further efforts are being made by CLSI
and EUCAST to harmonize their methodologies for testing
Candida spp. These issues will be addressed in more detail by
the speakers and during the discussion/question session after
the lectures.
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Clinical applicability of interpretive
breakpoints and methodologies for in
vitro antifungal susceptibility testing

Thomas J Walsh
National Cancer Institute, Bethesda, USA

During the past fifteen years, the Clinical and Laboratory
Standards Institute (CLSI) and the European Committee
on Antimicrobial Susceptibility Testing (EUCAST) have
achieved major advances in development of standardized and
clinically applicable in vitro susceptibility testing methods for
systemically administered antifungal agents against yeasts and
filamentous fungi. Validated interpretive breakpoints have
been determined by data-driven methods for susceptibility
testing of Candida species to fluconazole, itraconazole,
voriconazole, flucytosine, and echinocandins. Recently, CLSI
Antifungal Subcommittee followed the M23-A2 "blueprint"
to develop interpretive MIC breakpoints for anidulafungin,
caspofungin, and micafungin against Candida species (Pfaller
et al 2008). In vitro susceptibility determinations of non-
albicans Candida is used in algorithms for management
of candidemia and invasive candidiasis. For example, for
infection caused by Candida glabrata, transition from an
echinocandin to fluconazole or voriconazole therapy is not
recommended without confirmation of isolate susceptibility
(IDSA Guidelines 2009). In vitro susceptibility testing is
recommended for isolates of C. glabrata from blood and
sterile sites as well as for other Candida species that have not
responded to antifungal therapy or in which azole resistance
is suspected. Increasing recognition of triazole-resistant and
polyene-resistant isolates of Aspergillus spp. underscore the
increasing importance of in vitro susceptibility determinations
as an important laboratory adjunct in management of life-
threatening infections in immunocompromised and critically
ill patients.
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Usefulness of the EUCAST method for
the analysis of antifungal susceptibility
profiles and trends

Francoise Dromer, Eric Dannaoui,

Marie Desnos-Ollivier, Dorothee Raoux,
Damien Hoinard, Olivier Lortholary
Molecular Mycology Unit, Institut Pasteur, France

Several microbroth dilution methods have been developed by
the Clinical and Laboratory Standards Institute (CLSI) and the
European Committee on Antimicrobial Susceptibility Testing
(EUCAST) to test the susceptibility of fermentative yeasts
and moulds to several antifungal drugs and to determine
breakpoints. Several parameters differ between the methods
including a higher inoculum size with the EUCAST method.
They have been shown to generate concordant data. Both
methods have allowed determining the spectrum of activity
of commercialized and non commercialized antifungal
drugs on a wide variety of yeasts and moulds. Breakpoints
have only been defined for fluconazole and voriconazole on
fermentative yeasts using the EUCAST method. Probably
because the microbroth dilution EUCAST method has been
implemented more recently than CLSI one, publications of
correlations between in vivo and in vitro results are scare
using the former.

Based on the antifungal susceptibility testing results generated
at the French National Reference Center for Mycoses and
Antifungals using the EUCAST methods and thanks to
the clinical and epidemiological data associated with each
isolate tested, we have been able to show (1) cross-reduced
susceptibility between azoles, and between caspofungin and
micafungin against yeasts (2) demonstrate that caspofungin
MICs >=0.5 pg/ml in AM3 medium correlate with FKS
mutation for Candida spp. (3) show that prior exposure
to fluconazole or caspofungin lead to fungemia caused by
isolates with a significantly higher fluconazole or caspofungin
MIC, respectively, or to emergence of species with decreased
susceptibility to the respective drugs; and (4) demonstrate the
in vivo/in vitro correlation for caspofungin after exploring
several episodes of treatment failure

These results suggests that antifungal susceptibility
testing using the EUCAST method together with species
identification are useful for the management of invasive
fungal infections especially in the case where prior exposure
to antifungal drugs is known .
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Commercial methods of antifungal
susceptibility testing and their utility in
the clinical laboratory

Shunji Takakura
Department of Clinical Laboratory Medicine, Kyoto
University, Kyoto, Japan

Since the development and publication of an approved
reference method for broth microdilution antifungal
susceptibility testing from the Clinical and Laboratory
Standards Institute (CLSI), several commercial test kits have
been introduced. Studies have conducted and revealed high
intra- and inter-laboratory accordance with CLSI standard
method. ASTY (Kyokuto Pharmaceutical Industrial Co.,
Ltd) and SensititreYeastOne (Trek Diagnostic Systems,
Inc.) have become available in clinical laboratories, both
of which adopted CLSI method. There dry-form 96-well
panels use oxidation-reduction colorimetric growth indicator
(resazurin in ASTY and Alamar Blue in YeastOne). These
colorimetric microdilution panels make judgement of end-
points reading easy. In these systems, MICs were interpreted
as the lowest concentration of antifungal solutions changing
from red (growth) or purple (growth inhibition) to blue (no
growth). Etest (AB BIODISK) is another commercial system,
an agar-based predefined concentration gradient method for
determining the MICs. Trailing growth (TG) is one of the
phenomenon seen in susceptibility testing in some Candida
strains that complicates the judgement of end-point of
triazoles by turbidimetric methods, leading to misjudgement
(false resistance). In Etest, TG arises microcolonies within
a discernable ellipse, of which border is sometimes unclear.
Relative ease of discrimination of TG from true resistance
is one of the most significant advantage of colorimetric
methods. Long shelf life of these panels or Etest strips (> 6
month in refrigerator or at ambient temperature) is another
advantage in clinical laboratories. Summary of evaluation
studies, advantages and matters that require attention in the
use of these commercial methods will be discussed.
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The history of Aspergillus PCR

P. Lewis White
Molecular Mycology, NPHS Microbiology Cardiff, UK

The application of PCR to aid in the diagnosis of invasive
aspergillosis (IA) is far from a novel concept. In the early
1990's the first manuscripts describing the PCR testing of
BALs were published and since then interest in the topic has
gathered pace annually.

To date BAL, serum, plasma, whole blood, CSF, and a
variety of fluid, ocular and tissue specimens have been
analysed by molecular procedures. However, within different
specimen types the basic fungal target will vary from viable
organism to free circulating DNA and this will affect the
optimal extraction protocol. Fortunately, providing the PCR
amplification system has been accurately designed and
optimised then a single PCR system can be combined with
various extraction protocols.

While methodological variation is beneficial by proving the
concept using different specimens and molecular systems it
limits the impact of PCR diagnosis as no single method has
received extensive multi-centre evaluation and as a result will
not be included in consensus defining criteria. Following-
on from the successful collaborations of the UK Fungal PCR
consensus group the ISHAM working group "The European
Aspergillus PCR initiative" (EAPCRI) have completed
studies into determining optimal molecular methodology for
involvement in a large scale clinical assessment. This will
determine the true performance of PCR aided diagnosis of IA,
hopefully, for inclusion in future consensus criteria.
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A proposed standard for Aspergillus
PCR

Juergen Loeffler
University of Wuerzburg, Wuerzburg, Germany

The implementation of polymerase chain reaction (PCR) as
a recognized tool for the diagnosis of invasive aspergillosis
has so far been hampered by a lack of standardization and the
subsequent variability of results. Therefore, it is mandatory
that a consensus is reached on defined key issues, such as
the type of specimens to be analyzed, the DNA extraction
procedure, and the molecular targets and PCR techniques
used.

In September 2006, under the auspices of the International
Society for Human and Animal Mycology, the Laboratory
Working Party of the European Aspergillus PCR Initiative
(EAPCRI) was founded, involving 23 centres across Europe
and one centre in Australia. The main focus of the initiative
is the standardization of Aspergillus PCR methodology,
including DNA extraction protocols, PCR assays and the
required controls. Up until now, five panels of previously
extracted Aspergillus-DNA and / or EDTA whole blood
specimens spiked with defined numbers of 4. fumigatus
conidia were distributed among the participating centres.
Individual results were analyzed based on previously set
criteria and were statistically evaluated. The Laboratory
Working Party has defined recommendations, covering blood
volume, release of Aspergillus-DNA, PCR assays, internal
controls and whole blood anticoagulants. In addition, we
have been described footnotes, addressing the handling with
inhibitory specimens and contamination of samples.
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A standard for Aspergillus PCR - how to
validate the standard

Rosemary A Barnes
Medical Microbiology, School of Medicine, Cardiff
University, UK

Validation of the standard should take the form of a clinical
trial Consideration must be given to identification of the
relevant study population, benchmarking and diagnostic
accuracy against a gold standard reference.

EORTC/MSG 1II consensus diagnostic definitions should
be used. It must be recognized that these are insufficient to
establish diagnostic accuracy and an independent blinded
review committee is also vital Preliminary studies suggest
that optimal use of PCR is as a screening tool to utilise
the high negative predictive value rather than as a purely
diagnostic tool. Since diagnostic utility is heavily influenced
by the prevalence of disease in different populations, risk
stratification is needed to identify high risk groups for
inclusion in the clinical trial. This would restrict inclusion
to adult patients and allogeneic stem cell transplant, acute
leukaemia patients. In addition, STARD criteria must be
adhered to.

A blinded randomized controlled trial evaluating diagnostic
screening versus empirical or prophylactic antifungal
strategies would be optimal but raises ethical issues over
withholding antifungal agents. It would also be expensive,
difficult to set up across all centres within the EAPCRI and
influenced by variations in clinical practice. A multicentre
proof of concept study evaluating the standard against other
emerging diagnostic technologies is an alternative approach.
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Strain identification of Penicillium
marneffei by AFLP

Li Wang", K. Kagami?, K. Yokoyama?

Department of Pathogenobiology, Norman Bethune Medical
School, Jilin University, China', Medical Mycology Research
Center (MMRC), Chiba University, Japan’

Penicillium marneffei is an emerging pathogenic fungus that
can cause a fatal systemic mycosis in patients infected with
human immunodeficiency virus (HIV). P. marneffei infection
is endemic in tropical Asia, especially Thailand, northeastern
India, China, Hong Kong, Vietnam, and Taiwan. The majority
of infections by P. marneffei were diagnosed in AIDS
patients in Thailand; however, infections were also observed
in Cambodia, China, Hong Kong, India, Malaysia, Taiwan,
and Vietnam. Cases from outside the region of endemicity
were observed in HIV-infected patients from Australia,
Belgium, France, Germany, Japan, Sweden, Switzerland, The
Netherlands, the United Kingdom, and the United States.

The mitochondrial (mt) cytochrome b (cyt b) gene of species
of the genus Penicillium was sequenced to determine the
phylogenetic relationship and to design specific primers
that could be used in real time PCR for the identification of
P. marneffei. The sequence of P. marneffei is same in this
parts of cyt b domain. We can not find DNA type or local
specificity. One of the newest and most promising methods
is amplified-fragment length polymorphism (AFLP) analysis.
It was using for plant and animal genetic mapping, medical
diagnostics, phylogenetic studies, and microbial typing. We
were used AFLP for epidemiological study of P. marneffei.
Digestion of DNA with EcoRI and Msel and ligation to a
single adapter generated useful fingerprints for P. marneffei.
Amplified-fragments were analyzed by ABI Prism 3130
Genetic Analyzer. Phylogenetic analysis was processed by
computer program (Infor Bio V5.26).

P. marneffei 42 strains showed inherent fragment length
pattern. The results of phylogenetic analysis indicate tow
big groups, one is isolated from China, and another group
is Thailand. Three isolates from Italy were included in
Thailand group. AFLP analysis has established itself as a
broadly applicable genotyping method with high degrees
of discriminatory power. AFLP analysis is also useful for
epidemiology of pathogenic fungi.
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Evolution of Cytb, rDNA & morphology of
Aspergillus section Nigri

K. Yokoyama”, K. Kagami", L. Wang®, H.Takahashi®
Medical Mycology Research Center (MMRC), Chiba
University, Japan', Department of Pathogenobiology,
Norman Bethune Medical School, Jilin University, China’,
Chiba Prefectural Institute of Public Health, Chiba, Japan’

Aspergillus sction Nigri is included in very important species
because they are used in fermentation industries and they also
are encountered as human and plant pathogens and produced
mycotoxins. The concept of black aspergilli has been
classified as the Aspergillus niger group by Raper and Fennel
and Aspergillus sction Nigri by Games et al. In the past, the
identification, classification and taxonomy of this group had
mainly been based on morphological characteristics.

D1/D2 region of ribosomal DNA was broadly used for
identification of fungi and other organisms. However, it
did not sufficient for identification of species on fungi.
The observation of conidiospore surface by scanning
electromicroscope (SEM) is useful methods for identification
of section Nigri. The typical morphology of conidiospore
surface of strain is ease however, some strains show
intermediated morphology.

Although some of the species can be readily distinguished
morphologically, results obtained in several attempts at
classifying this section are debatable and identification of
some species is still difficult.

The partial mitochondrial cytochrome b gene (Cyt b) was
analyzed for identification, classification and phylogeny of
pathogenic fungi by L. Wang et al., S.K. Biswass et al. and
K. Yokoyama et al.. DNA type of section Nigri were divided
to 14 types and amino acid type were divided to 5 types.
A. japonicus were divided into 4 DNA type, include in A.
aculeatus. A. niger were divided into 4 DNA type.

We compared among D1/D2, Cyt b and SEM, The results of
SEM observation show continuous variation of conidiospore
surface. Phylogenetic tree of D1/D2 and Cyto b sequences
were difference. These were different evolution of nucleus,
cytoscopic and total genetic expression (morphology).

We discuss how to evolve the morphology, cytoplasmic
inheritance and nuclear gene.
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Identification challenges for selected
mould pathogens

Deanna A Sutton
Pathology, University of Texas Health Science Center, USA

Although comparative sequence-based identification
methods are now considered the "gold-standard" for fungal
species identification and classification in research/reference
laboratories, mould identification in the clinical laboratory is
still based primarily on key morphologic characteristics. We
will examine three selected genera/species and discuss the
utility of employing both morphologic features and molecular
relatedness to arrive at an accurate identification.

Geosmithia argillacea, an organism recently reported to
cause disseminated disease in a German shepherd dog, and
one that closely resembles members of the genus Penicillium,
can provide an identification challenge. Key cultural features
include buff-colored colonies, its thermotolerant nature,
roughened stipes, metulae, and phialides, and its cuniform,
catenulate conidia. A BLASTn search with ITS and D1/D2
sequences provides >99% identity with G. argillacea and
its teleomorph, Talaromyces eburneus. This voriconazole-
resistant organism also appears to be emerging in cystic
fibrosis patients and lung transplant recipients.

Molecular sequencing of the ITS rDNA region of 188 U.S.
clinical isolates of Exophiala has more clearly delineated
the heterogeneity of the species referred to as E. jeanselmei.
Information gained regarding the distribution of clinical
species provides useful guidelines for laboratories lacking
molecular facilities. The most clinically-significant U.S.
species include E. dermatitidis (29.3%), E. xenobiotica
(19.7%), E. oligosperma, and E. lecanii-corni (6.9%). E.
Jjeanselmei, represented only 3.7% of the isolates.

Aspergillus granulosus, in the Section Usti, is morphologically
similar and should be distinguished from the more antifungal-
resistant species, Aspergillus calidoustus (formerly A. ustus),
in the same section. Key morphologic features include striking
clusters of colorless, variably-shaped Hiille cells, growth at
37°C, and frequently diminished conidiation. ITS sequencing
places A. granulosus in the A. ustus species complex while
other regions such as B-tubulin, calmodulin, and actin may be
used to confirm the species. This organism is being seen in
organ transplant recipients.
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Uncommon and emerging fungal
pathogens: Clinical manifestations and
therapeutic options

Thomas J Walsh
National Cancer Institute, Bethesda, USA

Candida spp. constitute the third to fourth most common
causes of nosocomial blood stream infection. Aspergillus
spp. is the most common cause of infectious pneumonic
mortality in hematopoietic transplant recipients. Cryptococcus
neoformans is the most common cause of fungal-related
mortality in HIV-infected patients. Although these organisms
are important pathogens, less common but emerging
fungal pathogens also cause morbidity and mortality in
an increasingly expanding immunocompromised patient
population. Among these uncommon and emerging pathogens
are the Mucorales, as well as septate hyaline moulds, such as
Fusarium spp., Scedosporium spp., Trichoderma spp., and
dematiaceous moulds, including Cladophialophora bantiana,
Alternaria spp., and Ochroconis gallopava). The endemic
dimorphic pathogen Penicillium marneffei in HIV-infected
patients and non-dimorphic yeasts such as Trichosporon
species in non-HIV-infected immunocompromised patients are
also increasingly recognized in these populations. Successful
management of the life threatening invasive fungal infections
caused by these organisms in immunocompromised hosts
requires an understanding of early clinical manifestations,
as well as familiarity with their distinctive microbiological,
epidemiological, and therapeutic characteristics. The ratiuonal
use of triazoles, lipid formulations of amphotericin B, and
echinocandins in management of thses infections may
improve outcome in complicated immunocompromised
patients.
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Taxonomy and identification of
Malassezia

H Ruth Ashbee
Department of Microbiology, Mycology Reference Centre,
Leeds General Infirmary, UK

The taxonomy of Malassezia has changed considerably over
the last 20 years. From the 2 species recognised in 1989, there
are now 13 formally acknowledged species, with other species
having considerable variation within them. This taxonomic
revision is as a result of molecular studies, using a range of
methods and future work may well result in the recognition
of new species from within the species showing considerable
genetic variability.

Identification of Malassezia species has also changed
considerably over this same time period. When only 2
species were recognised, Malassezia pachydermatis which
can grow without supplemental lipid could be identified by
its growth on Sabouraud's agar, whilst the other species, M.
furfur, required lipid supplementation to grow - a simple fact
that could be used to identify the species. The recognition
of M. sympodialis in 1990 and 4 new species (M. globosa,
M. restricta, M. obtusa and M.slooffiae) in 1996, led to the
use of Tween assimilation patterns as the main method of
identification, with different species assimilating different
Tweens. The micromorphology of the yeast cells was also
useful as a contributory feature for identifying the species.
With the subsequent descriptions of more new species, these
simple biochemical methods are no longer sufficient to
identify all the species in the genus, although a recent revised
culture-based system is able to identify 9 clinical significant
species. To obtain an identification of the other species in the
genus, molecular analysis is required.

ISHAM
2009

visoduidg




2
3
=
S
<.
8

MEDICAL MYCOLOGY IN THE 21ST CENTURY: SCIENTIFIC BASE AND ANTICIPATED CHALLENGES

Malassezia pachydermatis on the skin
of dogs: Distribution and population
structure in the genomic era

Jacques Guillot, Celine Hadjaje, Rene Chermette
Department of Parasitology-Mycology, Ecole Nationale
Veterinaire d'Alfort, France

The yeast M. pachydermatis has been isolated from the skin
and/or mucosa from different birds and mammals, including
dogs in which it may be responsible for erythematous and
pruritic dermatitis and otitis externa. M. pachydermatis
has also been reported as a causative agent of nosocomial
infection in humans or as an occasional commensal on the
skin of dog owners. The presence of high population densities
of the yeast in lesional skin in dogs with dermatitis refractory
to antibacterial and anti-inflammatory therapy, and the
clinical response following antifungal treatments provides
good evidence for a pathogenic role. However it is not known
whether there is a threshold population density above which
infection occurs. The skin of dogs constitutes a complex
ecosystem that may greatly differ according to the age, the
gender and the breed of the animals. Malassezia populations
in healthy basset hounds, cockers, dachshunds or West
Highland terriers were found to exceed those of healthy dogs
of other breeds. Strain differences may also be of importance,
and quorum sensing events described in bacteria may modify
the expression of virulence characteristics. Genotyping of
M. pachydermatis is required to identify sources of infection
and to discover possible connections between genotypes
and particular cutaneous diseases in dogs. Direct sequencing
of 28S rRNA resulted in the differentiation of 7 different
sequence types (Ia-Ig). All M. pachydermatis isolated from
dogs belong to types Ia, Id and Ie. Genotype Ia was found for
isolates from both animals and humans, while Id included
M. pachydermatis with small colonies and poor growth
on Sabouraud agar. One single dog could be the carrier of
two or more Malassezia genotypes. A recent investigation
including additional loci (chitin synthase 2 gene and ITS1)
confirmed that 3 main genotypes could be detected among M.
pachydermatis isolates from dogs.
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Malassezia and atopic eczema

Annika E Scheynius
Department of Medicine Solna, Karolinska Institutet, Sweden

Atopic eczema (AE) is a chronic relapsing inflammatory
skin disease considered to be caused by the combination of a
disturbed skin barrier which enables allergens to enter into the
skin and inappropriate immune responses with contributions
from both genetic and environmental factors. In approximately
50%of adult patients with AE, specific IgE- and/or positive
skin prick test and atopy patch test (APT) to Malassezia have
been found, as well as specific T-cell reactivity but rarely
in other allergic diseases indicating a specific link between
AE and Malassezia. The global transcriptional response in
positive APT reactions to M. sympodialis is very similar to
the gene-signature identified in lesional AE skin supporting
the association of Malassezia with AE pathogenesis. The
disturbed skin barrier and elevated pH of AE skin can also
induce an enhanced allergen release from M. sympodialis,
leading to increased host-microbe interactions. Several IgE
binding components in the 10-100 kDa molecular weight
range have been identified in Malassezia. Thirteen allergens
from Malassezia species have been cloned. Interestingly,
four of the M. sympodialis allergens, Mala s 1 and Mala s
7-9, encode proteins of unknown function without sequence
homology to known allergens or to other known proteins,
whereas others reveal significant homology with human
endogenous proteins. The crystal structure of Mala s 1 shows
a 6-fold beta-propeller structure representing a new fold
among allergens. The dominating symptom in AE is severe
itch which provokes scratching and increased inflammation.
Mast cells most likely play a central role in this vicious circle.
Fungal products can activate mast cells through TLR2 and
cross-linking of the high-affinity IgE receptor leading to the
release of potent inflammatory mediators. It was recently
found that M. sympodialis can activate IgE-sensitized mast
cells, a novel mechanism for the contribution of Malassezia
to the inflammation and itch in AE.
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PT-03-4
The Malassezia yeasts and diseases in
humans

Jan Faergemann
Department of Dermatology, Sahlgrenska University
Hospital, Sweden

The Malassezia yeasts are members of the normal human
cutaneous flora in adults but also associated with several
diseases. In pityriasis versicolor, under the influence of
predisposing factors, Malassezia changes from the round
blastospore form to the mycelial form. A great problem in
pityriasis versicolor is the high rate of recurrence and to
avoid this prophylactic treatment is mandatory. Malassezia
folliculitis is a chronic disease characterised by pruritic
follicular papules and pustules located primarily on the upper
trunk, neck and upper arms. In direct microscopy clusters of
round budding yeast cells are found. The disease responds
rapidly to antimycotic therapy. There are now many studies
indicating that the Malassezia yeasts play an important
role in seborrhoeic dermatitis. Many of these are treatment
studies showing a good effect of antimycotics paralleled
by a reduction in number of organisms. Severe seborrhoeic
dermatitis often difficult to treat is associated with AIDS.
In skin biopsies from patients with seborrhoeic dermatitis
we have found an increase in NK1+ and CD16+ cells in
combination with complement activation indicating that an
irritant non-immunogenic stimulation of the immune system
is important. However, we also found an increase in the
production of inflammatory interleukins as well as regulatory
interleukins for both TH1 and TH2 cells indicating a complex
activation of the immune system in the skin. The majority
of adult patients with atopic dermatitis localised to the head,
neck and scalp react with a positive reaction in skin prick test
to a Malassezia extract as well as to recombinant Malassezia
allergens. The majority also have specific IgE antibodies
and react with a positive reaction in atopic patch test with a
Malassezia extract. There are also treatment studies indicating
that antifungal treatment may be beneficial in these patients.
Even systemic diseases causes by Malassezia have been
reported.
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Basidiomycetous yeasts as emerging
pathogens

Teun Boekhout’, Serda A Kantarcioglu®,

Saad-J Taj-Aldeen”, Frederic Grenouillet”,

Ferry Hagen", Bart Theelen”, Jacques Meis®

Yeast, CBS Fungal Diversity Centre, Utrecht, The
Netherlands', Cerrahpasa Medical Faculty, Deep Mycosis
Laboratory, Istanbul University, Istanbul, Turkey °,
Microbiology Division, Hamad Medical Corporation, Doha,
Qatar’, Mycology-Parasitology, Basancon, France®, Canisius
Wilhelmina Hospital, Nijmegen, The Netherlands’

Basidiomycetous yeasts are phylogenetically a diverse group
of organisms that occur in many different habitats. In recent
years the number of recognized species is rapidly increasing
due to the application of molecular systematics and the
availability of a large database of ribosomal DNA (rDNA)
sequences, most notable the D1/D2 domains of the LSU
rDNA and the ITS 1 and 2 regions. Only a few species are
recognized as important pathogens for humans and animals,
such as Cryptococcus neoformans and C. gattii, several
Trichosporon species and some Malassezia spp. In recent
years it became clear, however, that a considerable number
of basidiomycetous yeast species may cause infection, or
otherwise may cause health problems, such as hypersensitivity
pneumonitis (HP) due to exposure to fungal antigens. In this
presentation we will give an overview of emerging data on
the role of the various species of basidiomycetous yeasts in
human disease. Cases caused by Cryptococcus diffluens, a
new species of Trichosporon, and a case of HP caused by
Pseudozyma spp will be presented. Furthermore, an overview
will be given of published reports on the clinical occurrence
of non-neoformans Cryptococcus species, such as C. albidus,
C. adeliensis, C. flavescens, C. curvatus and C. laurentii.
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Molecular typing of Malassezia yeasts:
Clues to epidemiology and pathobiology

George Gaitanis"”

Dermatology, University of loannina Medical School,
Greece', Mycology Laboratory, National and Kapodistrian
University of Athens, Greece’

The recent sequencing of the whole genome of Malassezia
globosa and M. restricta has instigated interest on possible
gene targets for future investigations into Malassezia
virulence factors and molecular epidemiology studies.
Currently the available Malassezia molecular typing methods
highlight the potential scarcity of epidemiological data
regarding this ubiquitous fungal commensal and pathogen.
However, interesting clues to pathobiology have emerged
through molecular typing of Malassezia isolates from healthy
or diseased skin of from comparison of Malassezia sequences
selectively amplified from DNA extracted directly from
clinical material (skin scales).

Methods that have been employed for Malassezia molecular
typing can be categorized into those detecting sequence
variations of strains and those that selectively amplify
polymorphic DNA markers for discriminating Malassezia
species subtypes. The former exploit mostly rRNA gene
sequence variations in order to trace M. globosa, M. restricta
and M. pachydermatis subtypes associated with specific skin
diseases, or detect M. furfur geographical variations.
Polymorphic DNA amplification methods, such as amplified
fragment length polymorphism analysis, demonstrated
association of M. furfur subtypes with the origin of the strain
(skin or systemic isolate), whereas PCR-fingerprinting of
the mini-satellite DNA clustered M. furfur strains according
to their geographic origin and disease origin. Moreover,
much typing work has already been performed regarding the
zoophilic species M. pachydermatis and the relevant methods
can be adapted for studying the anthropophilic Malassezia
species.

In the near future, molecular typing will be a powerful tool
in epidemiological studies that could be employed for the
elucidation of the pathobiology of Malassezia species in
associated skin diseases. In culture isolated strains it will be
possible to complement typing results with additional testing
for virulence factors, while PCR amplified gene sequence
comparisons from diseased or healthy skin will demonstrate
Candidate pathobiology traits.
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Recent progress in the taxonomy,
identification, and epidemiology of the
basidiomycetous pathogen Trichosporon

Takashi Sugita
Microbiology, Meiji Pharmaceutical University, Japan

Currently, the genus Trichosporon includes approximately
40 species, and the number of species in the genus will
increase as more than ten Candidate species remain to
be described a new species. Several of these species are
associated with infection and allergy. Regarding disseminated
trichosporonosis, the major causative agent is T.asahii,
while 7. ovoides and T. inkin are rarely isolated from clinical
specimens. Although Trichosporon species are considered
rare pathogens, trichosporonosis can occur as a breakthrough
infection after patients are treated with candin derivative
antifungal agents. Trichosporon species are also responsible
for types III and IV allergies, the so-called "summer-type
hypersensitivity pneumonitis (SHP)". These microorganisms
are distributed widely in the environment, and SHP develops
after inhalation of their spores. T. asahii and T. dermatis are
the two major causative antigens of SHP. The IGS 1 region
located between the 18S and 5S subunits of the rRNA gene
shows remarkable diversity in 7. asahii. The genotypes
of strains isolated from infectious patients and from the
homes of patients with SHP differ significantly. The genus
Trichosporon is monophyletic and is subdivided into four
clades (Cutaneum, Ovoides, Brassicae, and Gracile). Some
Cryptococcus species such as Cryptococcus humicola
and C. curvatus also belong to the genus Trichosporon
phylogenetically. Analyses of IGS and ITS sequences should
be used for species identification, since several species are
very close phylogenetically.

This session will discuss recent progress in the taxonomy,
identification, and molecular epidemiology of the genus
Trichosporon from the perspective of medical mycology.
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Molecular genotyping of Cryptococcus
neoformans var. grubii (serotype A)

Anastasia P. Litvintseva, Thomas G. Mitchell
Molecular Genetics and Microbiology, Duke University
Medical Center, USA

Cryptococcus neoformans var. grubii (serotype A) is the most
common agent of fungal meningoencephalitis and responsible
for more than 90% of all cases of cryptococcosis worldwide.
In recent years, molecular epidemiology of C. neoformans
serotype A has been studied extensively, and several
methods of molecular genotyping have been developed.
Three most commonly used genotyping methods are (i)
PCR fingerprinting, (ii) scoring amplified fragment length
polymorphisms (AFLP), and (iii) multilocus sequence typing
(MLST). The applications, advantages and disadvantages
of each method will be discussed in this presentation.
While PCR fingerprinting allows rapid and economical
assessment of genetic diversity of the population, MLST is
more appropriate for the detailed analyses of the population
structures and evolution. However, the ultimate goal of any
molecular genotyping project is to determine correlations
between molecular genotypes and clinically relevant
phenotypes, which can lead to the identification of virulent
and avirulent strains. How close are we to fulfilling this goal?
Our recent analysis of the murine virulence of 21 clinical and
environmental isolates demonstrated that strains with identical
molecular genotypes often manifest vastly different virulence
phenotypes. While most clinical isolates tested caused lethal
infections in mice, environmental strains with identical
or closely related genotypes are not lethal. In follow-up
studies, we developed a new genotyping technique based on
hybridization with TCN2 and TCN4 retrotransposon-specific
probes. Although the retrotransposon banding patterns were
unstable after prolonged subculturing in the laboratory, this
method was able to differentiate clinical and environmental
strains that had the same AFLP/MLST genotype.
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Molecular epidemiology divides
Cryptococcus gattii into four major
molecular groups and identifies VGIl as
the ancestral genotype

Wieland Meyer”, Felix Gilgado”,

Popchai Nagamskulrungroj®, Luciana Trilles'?,
Patricia Escandon'”, Marcia dos Santos Lazera'?,
Elizabeth Castaneda'®

Molecular Mycology Research Laboratory, Centre for
Infectious Diseases and Microbiology, University of Sydney
Western Clinical School at Westmead Hospital/Westmead
Millennium Institute, Australia’, Fundacao Oswaldo Cruz
(FIOCRUZ), Rio de Janeiro, Brazil’, Grupo de Microbiologia,
Instituto Nacional de Salud, Bogota, Colombia®, Universidad
El Bosque, Bogota, Colombia’

Cryptococcus gattii is a close sibling taxa of Cryptococcus
neoformans. It is a primary pathogen, causing life-threatening
disease mainly in immunocompetent patients. Using PCR-
fingerprinting, AFLP, URAS RFLP, MLST & MLMT
analysis) 8 major genotypes have been identified for the C.
neoformans/C. gattii species complex - 4 within C. gattii:
VGI/AFLP4, VGII/AFLP6, VGIII/AFLP5 & VGIV/AFLP7,
all corresponding to serotypes B and C. In addition several
hybri