7th Scientific Meeting of the NSMM
Host — Pathogen interaction
Oslo, Norway. March 17th to 18th 2010

The role of the
Immune system
In fungal infections

Edward Munch, Oslo, Norway

Teresa Zelante,PhD
Dep. of Biochemical Science and Experimental Medicine
Microbiology section
University of Perugia, Italy



How Fungi Have Shaped Our Understanding
of Mammalian Immunology
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Research into the interaction of fungi with the host has provided significant contributions to mammalian
immunalogy. Hera, | briefly raview the most notable of these contributions, starting from the time of Metchnik-
off, and highlight their impact on our understanding of immunity.

P-
k i e R
’J i 0 ﬁ
VP ig k PY :
11.- ol 8 1|r imnlr
n-vl-u
1954 2001 2005 2006
Mlate hnikat! Allermative complemant Dectin-1 as a ldaptification ol Multiple PRAS o
pathway F-plucan receptor ITaR-like miotils aplirmal resporses
_
1941 1294 2003

Davelspment Gf Zyrmasan Tall Receptors and immunity TLR arsd CLA collabaration




TISELINE

Metchnikoff and the phagocytosis

theory

Alfred I Tauber

Melzhnikoi's phagooyioss theory wes lasg
AN axpanalion of host detancs than a
propoeal that might acoount for estebishing
and maintainng agansmal hamony’. By
tracing the phagooyte's verious funcions
through phylegeny; he recogrized that eating
the tadipale’s tai and kiling baciena was the
same fundamenial process: presening e

wentury. Indoex], te clorsl selectiom theiry and
the clucidation of the nmlasular biokey of the
IAMEUAE Teponse counl among the greal
advances in biology during oure own era’,
Miuchndool] b been assignid woihe wine cel-
Lar oof Brisbory, b be palbed owlon cocasson and
oelebrated as an old hero.

Homwewer, o cite Metchirmkodd only as 2 con-
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TLRs: Toll-like receptors
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TLR4/MYDS8S8
TLR2/4 C. neoformans (resistance to
Aspergillosis)

TLRI (Tolerance to
Aspergillus fumigatus)

TLR2 (promotes the
fungicidal activity of
TLR(oxidative pathway)

TLR4 (promotes
fungicidal activity)+
anti-inflammatory

+ inflammatory S

cytokines
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Experimental animal models of TLRs deficiency
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A. De Luca, The Journal of Immunology, 2007
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Polymorphisms 1 Toll-like receptor genes
and susceptibility to infections in allogeneic stem cell transplantation A d
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iMhjective. Discovery of genetic variations in the genes encoding for Toll-like receptors ( TLRs) 0
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Innate Immunity: host PRRS and fungal PAMPs

PAMPs: pathogen-associated molecular patterns

PRRs: pattern recognition receptors
TLRs: Toll-like receptors
NLRs: NOD-like receptors

CLRs: C-type-lectin receptors

(RLHs) retinoic acid-inducible gene | (RIG-1)-like helicases
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Th17 in Candida albicans infection

m C. albicans C. albicans
} yeasts hyphae
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Medical Mycology September 2008, 46, 515529



Innate Immune cell

Th17
effector
T nalve memory

TGFf  IL-6
IL-21

ANRV16 December 2008 K. Kuchroo2



Pathogenic Th17 in funeal infections

Genotype Infection Clinical Features

o Defective

IL-12 p35 deficiency Candidiasis Clearance
Aspergillosis Inflammation

Defective

TRIF deficiency Candidiasis Clearance
Inflammation

o Defective

TIRS/SIGIRR deficiency | candidiasis Clearance
Aspergillosis Inflammation

Defective

Clearance

NADPH oxidase deficiency

Aspergillosis

Inflammation

Zelante et. al., ] Immunol. 2008 Apr 15;180(8):5157-62




IL-17A in Inherited Primary Immunodeficiency Syndrome:
The Chronic Granulomatous Disease

A B CGD gene Genetic Frequency
Transmission (%)

gp91 phox X-linked 65
(CYBB)

p47 phox Autosomal 25
(NCFI1) recessive

p67 phox Autosomal 5
(NCF2) recessive

p22 phox Autosomal 5
(CYBA) recessive

Physiol Rev 87: 245-313, 2007;



Who's who
oy o IDO

v (indoleamine 2,3-dioxygenase)

Tryptophan
Formamidase N\

Iindoleamine 2,3-dioxygenase
(IDO)

@ Intracellular heme-containing enzyme that catalyzes
T ——— the initial rate-limiting step in tryptophan degradation
/ o along the kynurenine pathway.

e
————— -~
N”~COOH

Kynurenic acid

Kynmmk/ B e —— @ Expressed in brain, lung, gut, placenta, spleen,
e oH lymph nodes, and thymus.
@ \ Q(r?‘coo.w

NH, Sn

|

Xanthurenic acid

Anthranilic acid

Kynurenine amino-transferase

Kynureninase

3-Hydroxyanthranilic
acid oxygenase

|

NAD*

Quinolinic acid
phosphoribosyltransferase




The multifaceted activity of IDO in fungal infections

Candida hyphae
activate IDO
expression in

innate cells
through TRIF

IDO and
kynurenines
promote Tregs in
infection and allergy

Exogenous
kynurenines restrict
pathogenic
inflammation to the
Aspergillus

Blockade of IDO
exacerbates
aspergillosis and
fungal allergy

IDO controls
fungal
morphology

IDO induction by
anti-inflammatory
steroids
ameliorates fungal
allergy




Romani et al. Nature. 2008 Jan 10;451(7175):211-




IL-17 levels correlate with pathology
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IDO defective activity was found in CGD mice
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Vy1+/Vy4+ balance
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The Kynurenines therapy

1007
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Pathogenic Th17 in fungal infections in NADPH deficiency :
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Fungal persistence
Inflammation



Th1l7 in action

DC Treg




Tolerance as an old strategies
to preserve
Fungal benefits

Eur. J. Inmunol. 2008. 38: 3257-3264
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