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Non-pathogenic and pathogenic fungi

World wide estimated
1.5 million fungal species
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he routes of fungal infections

Few examples
of human — human From the environment

transition: to the host....
Trychophyton rubrum

From Candida parapsilosis I l

endogenous
commensals to
infection....
Histoplasma capsulatum
Candida albicans;
Candida glabrata Aspergillus fumigatus
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The routes of fungal infections:
environmental fungi

From the environment
¢ to the host....

e

Inhalation
of spores

1 Yoy,

Alveolar macrophages

Neutrophils \

Histoplasma capsulatum

Aspergillus fumigatus

Askew (2008) Curr Opin Microbiol. 11:331-7.

Holbrook and Rappleye (2008) Curr Opin Microbiol. 11:318-24.
Klein and Tebbets (2007) Curr Opin Microbiol. 10:314-9.
Behnsen et al. (2007) PLoS Pathog. 3:e13.



The routes of fungal infections:
endogenous fungl

o Microbial flora From mucosa'
ololoeloeloelo surfaces to deeper
l tissues.......
Candida albicans; _ _
Candida glabrata Invasion Into non-

phagocytic cells

4

Neutrophils

Monocytes/
macrophages

Kumamoto (2008) Curr Opin Microbiol. 11:325-30.
Brown et al. (2007) Curr Opin Microbiol. 10:307-13.




Where have pathogenic fungi gained their
virulence potential?

Environmental fungi

Endogenous fungi

? o~

7 Histoplasma capsulatum

-

Candida albicans;
Candida glabrata

Aspergillus fumigatus



Where have fungi gained their virulence potential?

Training in the environment:
“The (environmental) virulence school” (Arturo Casa devall)

Histoplasma capsulatum

Aspergillus fumigatus

Survival in the environment

- adhesion biofilm
o animals
- biofilms
- competition with bacteria .
soll
- hutrients
amoebae

- temperature, pH, osmolarity etc

- amoebae, animals

Bliska and Casadevall (2009) Nat Rev Microbiol. 7:165-71.
Casadevall (2008) Annu Rev Microbiol. 2:19-33.



Where have fungi gained their virulence potential?

Training in the commensal environment:
“The commensal school”

Candida albicans
Candida glabrata

. . . biofilms
Survival in the commensal environment
- adhesion
- biofilms epithelial
- competition with bacteria cells

Monocyte
- hutrients
- temperature, pH, osmolarity etc Co e _
phagocytes bacteria

- occasionally contact with immune cells



How does the host defend pathogenic fungi?

Barriers! o Lo Lo o o o

Epithelial cells

Principle routes of microbial invasion

Plant pathogenic
fungi

Plasmodium

M rium rculosi ini
ycobacterium tuberculosis g, 0nella. Yersinia



How does the host defend pathogenic fungi?

Barriers! o Lo Lo o o o

Epithelial cells

Principle routes of microbial invasion

Candida species can use all three routes

Filler and Sheppard (2006) PLoS Pathog 2:e129.



How does the host defend pathogenic fungi?

Bap#®Ts! GGG GG

Epithelial cells

Talk 3
Scott Filler

How to invade into epithelial cells?




How does the host defend pathogenic fungi?

Pathogen

B aw S | associated
) molecular

PAMPs Pattern

I Immediate action!

Recognition! ® O I‘ T X
[ Innate Immunity

Pattern
recognition

PRRS receptors

<)

Early detection of invaders! D
What type of invader? ) ‘

Appropriate response!

Monocyte

Antimicrobial peptides, complement,
iron binding molecules, reactive oxygen
species, reactive nitrogen species, proteases

Neutrophil

Netea et al. (2008) Nat Rev Microbiol. 6:67-78. phagocytes



How does the host defend pathogenic fungi?

Bap#&Ts!
1

Talk 4
Dominique Ferrandon

Using Drosophila as a model

] to study fungal infections .
Early detection of invaders!
What type of invader? ) ® O t. ® e
Appropriate response! A PRRs
Antimicrobial peptides, complement,
iron binding molecules, reactive oxygen
species, reactive nitrogen species, proteases

Ferrandon et al. (2007) Nat Rev Immunol. 7:862-74.



How does the host defend pathogenic fungi?

Bap#&Ts!

[ Talk 5
Mihai Netea
From Drosophila to the patient
PAMPs

Early detection of invaders!
What type of invader? ) ® O t’ @0
Appropriate response! PRRS
Antimicrobial peptides, complement, >
iron binding molecules, reactive oxygen
species, reactive nitrogen species, proteases

Netea et al. (2008) Nat Rev Microbiol. 6:67-78.



What may fungi have learned in their schools?

Fungal immune evasion strategies!

- Avoid detection

Histoplasma capsulatum

Covering immunogenic layers

Capsules

Cryptococcus neoformans

Holbrook and Rappleye (2008) Curr Opin Microbiol. 11:318-24.
Vecchiarelli (2007) Crit Rev Immunol. 27:547-57.



What may fungi have learned in their schools?

Fungal immune evasion strategies!

- Avoid detection

- Molecular mimicry

Binding extracellular
maltrix proteins

Chaffin (2008) Microbiol Mol Biol Rev. 72:495-544,



What may have fungi learned in their schools?

Fungal immune evasion strategies!

- Avoid detection
Down-regulate

- Molecular mimicry complement

- Down-regulate complement

Vogl et al. (2008) Mol Immunol. 45: 1485-93.
Behnsen et al. (2008) Infect Immun. 76: 820-7.
Poltermann et al. (2007)J Biol Chem. 282: 37537-44.



What may have fungi learned in their schools?

Fungal immune evasion strategies!

_ _ pigment

- Avoid detection =
o oxidative

- Molecular mimicry Aspergillus fumigatus stress

Cryptococcus neoformans

Downregulate complement

Detoxification/Protection od5

Extracellular
superoxide
dismutases

Frohner et al. (2009) Mol Microbiol. 71:240-52.
Liu et al. (2008) Cell. 135:174-88.

Ejzykowicz et al. (2009) Mol Microbiol. 72:155-69
Schmaler-Ripcke et al. (2009) Appl Environ Microbiol. 75:493-503.
Fradin et al (2005) Mol Microbiol. 56:397-415.

Candida albicans



What may fungi have learned in their schools?

Fungal Immune evasion strategies!

- Avoid detection
- Molecular mimicry

- Downregulate complement

Histoplasma capsulatum

- Detoxification/Protection

- Intracellular survival

Hilty et al. (2008) Mol Microbiol. 70:127-39. Candida glabrata

Hu et al. (2008) Mol Microbiol. 69:1456-75. Survival in macrophages
Bliska and Casadevall (2009) Nat Rev Microbiol. 7:165-71.

Kaur et al. (2007) Proc Natl Acad Sci U S A. 104:7628-33.



What may fungi have learned in their schools?

Fungal immune evasion strategies!

- Avoid detection

- Molecular mimicry

- Downregulate complement +
- Detoxification/Protection

- Intracellular survival

- Escape from phagocytes

Navarathna et al. (2009) Infect Immun. 77:1596-605. Candida albicans



What may fungi have learned in their schools?

Fungal immune evasion strategies!

Talk 1

- Avoid detection Axel Brakhage

Interaction of Aspergillus fumigatus

- Molecular mimicry with macrophages and neutrophils

- Downregulate complement Talk 2

Bill Goldman

- Detoxification/Protection .
Intracellular survival of

_ Histoplasma capsulatum
- Intracellular survival

Escape from phagocytes

Rappleye et al. (2007) Proc Natl Acad Sci U S A 104:1366-70.
Behnsen et al. (2007) PLoS Pathog 3:e13.



