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Let's start with a quiz...
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Q1: Which pathogenic fungus has
the most scientific papers?

Aspergillus  Dermatophytes Candida
46 468 32 101 Cryptococcus

- p= 3,031




'Q2: Is the number of Aspergillus papers increasing?
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2000 - perg

1800 -
1600 -
1400 -
1200 -
1000 -
800 -
600 -
400 -
200 -

O | | | | | | | | | | | |
1980 1985 1990 1995 2000 2005 2010

400% increase!

Rate par 100,000 peopriilatics

McNeil MM et al CID 2001




Q3: Basic research or bedside?
Who has more A. fumigatus papers?

Bedside

(Epidemiology, treatment,
clinical resistance etc)

Basic Research



Q4: How many Aspergillus papers
made it to Nature, Science or Cell?
(last 20 years)

nature

International weekly journal of science

192 29?

AVAAAS |

Surface hydrophobin prevents immune recognition of
airborne fungal spores

anda'®, lagadeesh Bayry™'*, Silvia Bozza®, Olaf Kniemeyer”, Katia Pery a
! Cécile Clavaud', Sophie Paris', Axel A. Brakhage’, Srini V. Kaveri™'| o & 8 iy

Vishukuma
Sri Ramulu Ellu
& Jean-Paul Lat,

VelB/VeA/LaeA Complex Coordinates
Light Signal with Fungal Development
and Secondary Metabolism

Gzgiir Bayram," Sven Krappmann,' Min Ni,® Jin Woo Bok,* Kerstin Helmgiaediad
Oliver Valerius,’ Susanna Braus-Stromeyer,’ Nak-Jung Kwon,® Nancy P. KgrOO
Jae-Hyuk Yu,” Gerhard H. Braus't

Mitotic Histone H3 Phosphorylation
by the NIMA Kinase in Aspergillus nidulans

Colin P. C. De Souza, Aysha H. Osmani,
Li-Ping Wu,T Jeffrey L. Spotts, 2000
and Stephen A. Osmani*

Discovery of a sexual cycle in the opportunistic fungal
pathogen Aspergillus fumigatus 2 O O 9

Céline M. O'Gorman'?, Hubert T. Fuller' & Paul 5. Dyer’

Genomic sequence of the pathogenic and allergenic
filamentous fungus Aspergillus fumigatus Z O Q 5

William C. Mierman', Arnab Pain’, Michasl ). Andersan’, Jennifer R, Wartman', H. Stanley
Matthew Berriman’, Keietsu Abe®, David B. Archer”, Clara Bermejo’, Joan Barnett’, Paul Bowyer’, Dan Chen',

Deconstruction of lterative Multidomain
Polyketide Synthase Function

Jasen M. Crawford,' Paul M. Thomas,” Jenathan R. Scheerer,” Anna L. Va
Neil L. Kelleher,”t Craig A. Townsend't

Parallel Activation of the NIMA and p34°#*
Cell Cycle-Regulated Protein Kinases
Is Required to Initiate Mitosis in A. nidulans

Aysha H. Osmani, Sarah Lea McGuire,
and Stephen A. Osmani 1 9 9 1

Modulation of Polyketide
Synthase Activity by Accessory
Proteins During Lovastatin

Biosynthesis 1999

Jonathan Kennedy," Karine Auclair,® Steven G. Kendrew,'™
Cheonseok Park,’ John C. Vederas,* C, Richard Hutchinson'2¢

y-lubulin Is a Component of the Spindle Pole Body
That Is Essential for Microtubule Function

Berl R. Oakley, C. Elizabeth Oakley, Yisang Yoon,
and M. Katherine Jung

in Aspergillus nidulans
1990




How did T select the three top papers?

1. Pubmed: Aspergillus fumigatus and 2011

:j NCBI Resources (v¥) HowTo [+

Publmed.gou [Publied =

US National Library
National Institutes of

((Aspergillus fumigatus) AND "2011"[Date - Publication] : "2011"[Date - Publication]) ‘
rj R3S Savesearch Limits Advanced

Display Settings: (+) Summary, 20 per page, Sorted by Recently Added Sendto:

Page|1 |of2a Mext» Lastss
[~ ILR3 essentially promotes prolective class |-restricted memory CD8+ T-tell responses to Aspergillus fumigatus in hematopoielic transplanted
1. patients.

Results: 1 to 20 of 480

Romani L.
Blood. 2011 Dec 6. [Epub ahead of print]

PMID: 22147891 [FubMed - as supplied by publisher]
Related citations

Carvalho A, De Luca A, Bozza S. Cunha C. D'Angelo C. Moretti S, Perruccio K. lannitti RG, Fallarino F. Pierini A, Laige JP, Velardi A, Aversa F,

2. Sort basic science papers into 4 categories

N, -

wirulence Factors antifungals nowvel

in wivio imaging irnrnunology

Choose 3 papers




Each of the three papers I have chosen
was built on the shoulders of many crucial others

Therefore each bdper' will be represented
as par'T of a Iar'ger' story




controversial opinions
offensive

leave a message

make It funny



http://en.wikipedia.org/wiki/File:Information_icon.svg�
http://en.wikipedia.org/wiki/Controversy�
http://en.wikipedia.org/wiki/Opinion�
http://en.wiktionary.org/wiki/offensive�
http://en.wikipedia.org/w/index.php?title=User_talk:SwitChar/Opinion_disclaimer&action=edit&section=new�
http://en.wikipedia.org/wiki/Wikipedia:BJAODN�

10.

Story 1

What stresses does A. fumigatus
encounter in the infected lung?

Can we use this knowledge to
iImprove treatment?

.....



11. What conditions does A. fumigatus
encounter during Iung infection?

I am hungry and
unhappy in these lungs!
I want to go back to
live on dead leaves
in the garden !l

Iron uptake genes

Toxin biosynthesis 1

Proteases {

Nitrogen starvation 1

Alkaline response T

McDonagh, Elaine Bignell. Plos Path. 4(9), Sept. 2008



2Dur'in_q infection, A. fumigatus scavenges iron |
by secreting siderophores

Low affinity uptake

TAFC Transferrin-Fe

ASidA= no TAFC= avirulent

lReduc’rive iron uptake

Schrettl and Haas Curr. Op. Microbiol. 14:400 2011



13.
Can we use this knowledge

to diag_;nose Asper'g_;illosis?
Paper #1

63Ga-Siderophores for PET Imaging of
Invasive Pulmonary Aspergillosis:
Proof of Principle

Milos Petrik!, Hubertus Haas?, Georg Dobrozemsky!, Cornelia Lass-Florl3, Anna Helbok!, Michael Blatzer?,

Hermann Dietrich?, and Clemens Decristoforo!

Innsbruck Medical University, Innsbruck, Austria, J Nucl Med 2010; 51:639-645

In vitro and in vivo evaluation of selected °®Ga-siderophores

. . . . ‘iﬁf
for infection imaging NUCLEAR

Milos Petrik®, Hubertus Haas®, Markus Schrettl®, Anna Helbok®, ~MEDICINE
Michael Blatzerb, Clemens Decristoforo®*  (2011) BIOLOGY
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The experiment and rationale:

- . ) Therefore, we
attempted to use the same siderophores radiolabeled with
%Ga as Trojan horses to allow specific imaging of the
infection process.

siderophore

Petrik ey al. J. Nucl. Med. 51:639 2010
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The results:

v 60, CONClUSIONS:

into 4-Sensitive
“:£22 - Low non-specific binding
-%8Ga easily available
. 1-Short half life
“1-88Ga in clinical use
-Selective (?)
" » "
Infection: Severe Mild  Negative

in)

Uptake (%/mg prote

Petrik ey al. J. Nucl. Med. 51:639 2010




16. Story 2: What are the body's main lines of

defense against A. fumigatus?

Fungus %Kﬁ-glucan
CMI '

= N

Introducing: The NK cell, an
added line of defence in IA

Th1 response




g What are NK (natural killer) cells?

NK depletion leads to decreased IFN-y
and decreased survival of mice in IPA model

/ -1

/‘\S’
MO / i;l:esmry
< £
F'athcgen

derived % %
ligands
Viruses

Bacteria
Parasites

Mehrad group:
Morrison et al. J. Clin Invest. 112:1862 2003;
Park et al. J. Imm. 182:4306 2009
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Paper #2

Human Natural Killer Cells Exhibit Direct
Activity Against Aspergillus fumigatus Hyphae,
But Not Against Resting Conidia

The Journal of Infectious Diseases 2010:203:430-435

Stanislaw Schmidt,' Lars Tramsen,' Mitra Hanisch,! Jean-Paul Latgé,2 Sahine Huenecke,' Ulrike Koehl,' and
Thomas Lehrnbecher

Goethe University, Frankfurt, Germany

Human NK Cells Display Important Antifungal Activity
against Aspergillus fumigatus, Which Is Directly Mediated by
IFN-vy Release

J Immunol 2011:187;1369-1376

Maria Bouzani,* Michael Ok,* Allison McCormick,” Frank Ebel,” Oliver Kurzai,”®
C. Oliver Morton,” Hermann Einsele,* and Juergen Loeffler*

HKI, Jena, Germany




19.

Human Natural Killer Cells Exhibit Direct
Activity Against Aspergillus fumigatus Hyphae,
But Not Against Resting Conidia

The Journal of Infectious Diseases 2010;203:430—435

Stanislaw Schmidt,' Lars Tramsen,' Mitra Hanisch," Jean-Paul Latgé,2 Sabine Huenecke,' Ulrike Koehl,! and
Thomas Lehrnbecher’

IL-2 stimulated

Human NK cells

(No APCs!)

. Dormant conidia

Swollen conidia

X

f}&ﬂ///

)
o
\

o -
[ ]

Hyphae

Perforins

Schmidt et al. J. Inf. Dis. 203:430 2010



20. Human NK Cells Display Important Antifungal Activity
against Aspergillus fumigatus, Which Is Directly Mediated by

IFN-vy Release
JImmunol 2011;187;1369-1376

Maria Bouzani,* Michael Ok,* Allison McCormickf Frank Ehel,+ Oliver Kurzaif’ﬁ

C. Oliver l\-‘lorton,r Hermann Einsele,* and Juergen Loeffler*

Tl -2 etimulated @) Dormant conidia
Conclusions:

-NK cells kill growing AF

- Important defence during infection

-Possuble NK mmunofhempy?

S | LFIN- i’ How does IFN-y
Kill AF?

% of fungal damage

Undepleted IFN-; partially  rhIFN«; enriched
supernatant  depleted supernatant medium

Bouzani et al J. Immunol. 187:1369 2011



21.
Story 3: Are any completely new classes

of antifungals being developed?

Antifungals: Growing needs, few choices

-$5 billion/year world market
* Amphotericin B, Azoles, Candins
‘Pharma research down

50 mg

FUNGIZONE' £ . '
S Basic Research up
Amphotericin e

for Injection

5
b i i
"4rap°f" ngine {al;;‘ﬁ

Veneus gebru I
BN 111



Can we develop new classes of
antifungals targeting the cell wall?

Goal: Inhibit CWP
cross-linking to the

Cell wall proteins cell wall

Cell Wall L ~ P

/ . .
Plasma membrane Glucan. chitin




23. T : :
3 Novel inhibitors that block incorporation of

cell wall proteins into the fungal cell wall

Cell Wall

Plasma membrane

I o

L E1210 \

MIC-0.1ug/n
synthesis and flipping of lipid donors EPI-Eiosﬂ'ntthis_ ’ BIQ
| pidser  GDP-@ GDP MIC-3 l.lg/ml
F'SD& uorP-m/ poP Acftate O
(Golgi/mito)

DPM1

— o 2 ."? 7 5 Inositol acylation
" § I /A 0"—"% Y
X ok R ' ' N\ (Gwp1)
h xn 6
. DAG PE DAG PN )
: ‘ \ o 2]
: (& ol-P\
tm ‘ m 1Y " 1Y . 26
ﬂ o\ o R

‘ \ GA f T Kapei Tsukahara Mol Micro 48:1029 2003
. . . . Umemura JBC 278:23639 2003 Eisai Co. Japan




Paper #3

Efficacy of Oral E1210, a New Broad-Spectrum Antifungal with a
Novel Mechanism of Action, in Murine Models of Candidiasis,
Aspergillosis, and Fusariosis"

Katsura Hata,'* Takaaki Horii,' Mamiko Miyazaki,' Nao-aki Watanabe,' Miyuki Okubo,?
Jiro Sonoda,” Kazutaka Nakamoto,” Keigo Tanaka,' Syuji Shirotori,> Norio Murai,’

Satoshi Inoue,” Masayuki Matsukura,” Shinya Abe,” Kentaro Yoshimatsu,”
and Makoto Asada”

ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, Oct. 2011, p. 45434551 Wol. 55, No. 10

E1210, a New Broad-Spectrum Antifungal, Suppresses Candida albicans Hyphal

Growth through Inhibition of Glycosylphosphatidylinositol Biosynthesis

Nao-aki Watanabe®, Mamiko Miyazaki, Takaaki Horii, Koji Sagane, Kappeil Tsukahara,

AAC Accepts, published online ahead of print on 5 December 2011

and Katsura Hata Antimicrob. Agents Chemother. doi:10.1128/AAC.00731-11




E1210 summary

Mode of action (candida)

»Inhibits inositol acylation by Gwtlp in vitro

0.13

0.03

0.008

E1210 (ug/ml)

L

0.002
Control {1 h)

Control (0 h)

= -
t -
k-

=

100

Als1p level on the cell surface |

E1210 (0.13 pg/ml
Reduces: QS TR

> Switch
> Biofilm
> Adhesion

Watanabe et al., AAC in press



In vitro

>MIC ~ 10 ng/ml

(X" E1210 summary

In vivo mg/kg
E1210 25

100

80

IPA

)

>Azole R ?10 , Q 10
. . Z 4‘ b-0-0 O-O-Q;_eo
»Fungistatic 2 LY
»Low toxicity (mammalian cells) 0 R 4
—— 25 Iﬁzﬁaat‘m inf:'jii“m mg/kg
i
Orally available
Non toxic (10X/1 week)

T1/2=2.2h
Hata et al., AAC 55:4543 2011
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i

Conclusion: Panning for novel antifungals is now attainable
at the RESEARCH Lab level

00060030

Compound Library — cessssesss

Gold is hard!
Maybe T
should try

finding
antifungals
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g Thank you for your QTTZHTIOH'
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