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Tackling Human Fungal Infections

FUNGI INFECT BILLIONS OF PEOPLE EVERY YEAR, YET THEIR CONTRIBUTION TO THE GLOBAL BURDEN
of disease is largely unrecognized. Most are “relatively” minor infections, but millions con-
tract diseases that kill at least as many people as tuberculosis or malaria. Although true mor-
tality rates are unknown because of a lack of good epidemiological data, the incidence of
invasive fungal infections is rising as a result of modern medical interventions and immu-
nosuppressive diseases, such as AIDS. Despite the high mortality rates of invasive fungal
infections, they remain understudied and underdiagnosed as compared with other infectious
diseases. What can be done to remedy this unfortunate situation?

Most important is to raise the general awareness of the problem. Over 600 different fungi
have been reported to infect humans, ranging from common to fatal infections, including
those of the mucosa, skin, hair, and nails, and other ailments including allergies. Even influ-
ential international organizations, such as the World Health Organi-
zation and the Bill & Melinda Gates Foundation, appear not to fully
appreciate the burden imposed by infection with fungi.

Three issues require immediate attention. Robust, rapid, simple,
and cheap diagnostics are needed to allow quicker implementation
of antifungal therapeutics. Most diagnostics still suffer from long
assay times and poor specificity and/or sensitivity. These problems,
combined with subtle clinical presentations, often result in missed or
delayed diagnosis and compromise clinical care. Appropriate diag-
nostics would immediately affect mortality and reduce morbidity.

Safer and more effective antifungal drugs are also needed.
Although several classes of antifungal drugs are clinically available,
they have had only modest success in reducing the high mortality rates
of invasive mycoses such as candidiasis and cryptococcosis. Although
this is due in large part to delays in disease diagnosis and fungal iden-

(...)

Finally, fungal vaccines must be developed for clinical use. There are currently no
approved human vaccines for any fungal pathogen, despite the advances in our understand-
ing of antifungal immunity. Although effective in animal models, few vaccines have reached
clinical trials, which is due in part to a lack of commercial interest. In addition to preventing
invasive infections, an effective vaccine could also benefit those with fungal-related aller-
gies and mucocutaneous infections, such as vulvovaginal candidiasis.

Brown GD et al. Science. 2012



O

Spectrum of diseases caused by Aspergillus spp.

Allergy
Immunosuppression

Kradin RL and Mark EJ. Arch Pathol Lab Med. 2008

Asthma




A. fumigatus escapes immune surveillance

Surface hydrophobin prevents immune recognition of
airborne fungal spores

Vishukumar Aimanianda'*, Jagadeesh Bayry*>**, Silvia Bozza>, Olaf Kniemeyer’, Katia Perruccio®, )
Sri Ramulu Elluru®>*, Cécile Clavaud’, Sophie Paris', Axel A. Brakhage’, Srini V. Kaveri®>*, Luigina Romani’

& Jean-Paul Latge’
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A. fumigatus cell wall
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Toll-deficient flies are susceptible to aspergillosis

Lemaitre et al. Cell. 1996



PRR sighaling pathways triggered by fungi
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Innate and adaptive immunity to fungi

Infection

Immune memory
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v Alteration of fungal genetics and metabolism
v Immunomodulation

v Direct antifungal activity
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lannitti RG et al. Trends Immunol. 2012
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The clinical relevance of invasive aspergillosis

» Invasive aspergillosis (IA) affects immunocompromised patients such as those
undergoing chemotherapy, hematopoietic stem cell transplantation or with

primary immunodeficiencies (e.g. CGD).

» The incidence rate of |A after allogeneic transplantation is around 5-15%.

» |A is the leading cause of death among transplant recipients with a 1-year

mortality reaching 75%.

» In-hospital stays for patients with IA is 17.7 days longer than uninfected

patients and costs are 75.000 Euros higher per patient.

Marr KA et al. Blood. 2002
Kontoyiannis DP et al. Clin Infect Dis. 2010



Genetic susceptibility to IA in the HSCT setting

Why does only a fraction of patients with similar degrees of

immunosuppression develop infection ?

Infection-resistant HSCT Infection-susceptible HSCT
population population (5-15%)



Immunogenetics of fungal diseases: an overview
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TLR4 polymorphisms and LPS response

The C3H/He) mouse strain was found hyporesponsive to LPS, while
exhibiting increased susceptibility to infection




TLR4 polymorphisms and LPS response
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Genetic susceptibility to pulmonary aspergillosis

Gene, No. (% frequency)
single-nucleotide Study
polymorphism group (n) Genotype Allele e P OR (95% CI)
TLR2, Arg753GIn G/G G/A A/A G A
Controls (80) 75 (93.8) 5(6.2) 0(0.0) 155 (96.9) 5(3.1)
ABPA (22) 22 (100) 0(0.0) 0(0.0) 44 (100.0) 0(0.0) 1.41 0587 1.032(1.004-1.061)
SAFS (14) 12 (85.7) 2(143) 0(0.0) 26 (92.9) 2(7.1) 1.07 0.280 2.385(0.439-12.944)
CCPA (40) 38 (95.0) 2 (5.0) 0(0.0) 78 (97.5) 2 (2.5) 0.07 1.000 0.795(0.151-4.190)
TLR4, Asp299Gly A/A A/G G/G A G
Controls (80) 70 (87.5) 10(12.6) 0(0.0) 150 (93.8) 10 (6.3)
ABPA (22) 21 (95.5) 1(4.5) 0(0.0) 431(97.7) 1(2.3) 1.07 0463 0.349(0.043-2.802)
SAFS (14) 12 (85.7) 2(14.3) 0(0.0) 26 (92.9) 2(7.1) 0.03 0.695 1.154(0.239-5.570)
CCPA (40) 25 (62.5) 15 (37.5) 01(0.0) 65 (81.3) 15(18.8) 893 0.003 3.462(1.477-8.110)
TLRY, T-1237C T/T T/C Cc/C T C
Controls (80) 65 (81.2) 15(18.8)  0(0.0) 145 (90.6) 15(9.4)
ABPA (22) 14 (63.6) 7(31.8) 1(4.54) 35 (79.5) 9(20.5) 408 0.043 2.486(1.005-6.145)
SAFS (14) 13 (92.9) 1(7.1) 0(0.0) 27 (96.4) 1(3.6) 0.03 0474 0.358(0.045-2.825)
CCPA (40) 33 (82.5) 7(17.5) 0(0.0) T e 7 (8.8) 0.02 0874 0.927(0.362-2.373)

Carvalho et al. JID. 2008



Genetic susceptibility to IA in the HSCT setting
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transplants from unrelated donors

Association between a donor TLR4 haplotype and the risk of
invasive aspergillosis among recipients of hematopoietic-cell

Bochud et al. NEJM. 2008



Genetic susceptibility to IA in the HSCT setting
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Immunogenetics of fungal diseases: an overview
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Early stop polymorphism Y238X in DECTIN1

C-type lectin-like domain

Stalk region
Transmembrane N —( Cyto ][TM ]( Stalk J( CRD J—C
domain .
ITAM Syk E:cm 1 ‘ Excm 2 .E"DI"I 3 .EMJI‘I 4. Exon 5 r‘ Exon "

CTGT/- cT T/iIC

Failure to bind Candida
Defective cytokine production
Associated with mucocutaneous fungal infections and Candida

colonization in HSCT recipients
Plantinga et al. Clin Infect Dis. 2009

Ferwerda et al. N Engl J Med. 2009



Functional consequences of Y238X

Y238X \

~

Cell h o —

Cell no

—3 Dectin-1 —3 Dectin-1

Surface Dectin-1 expression in unstimulated CD14* monocytes

WT (n=8): 91 + 1%, range 89-93%

\ Y238X (n=4): 76 + 5%, range 62-83% /

Cunha et al. Blood. 2010




Patient, disease and transplantation characteristics
Perugia, Italy (2003 - 2011)

223 allogeneic transplant
recipients and respective donors

Characteristic

Age at transplantation, years [median (range)]
Sex, no. (%) male
Sex of donor /patient pair

Female/male

Others
HLA matching, no. (%)

HLA-identical sibling

One HLA haplotype-mismatched family member
Underlying disease, no. (%)

Acute leukemia

Lymphoma/myeloma

Chronicleukemia
Advanced disease stage, no. (%)
Conditioning regimen, no. (%)

With TBI

Without TBI
CMV serology of donor and recipient, no. (%)

CMV-/CMV-

CMV-/CMV*, CMV*/CMV", or CMV*/CMV*
GVHD, grade II to IV, no. (%)
Antifungal prophylaxis, no (%)

Liposomal amphotericin-B

Fluconazole

40 (6-68)
112 (50)

58 (26)
165 (74)

82 (37)
141 (63)

154 (69)
54 (24)
15 (7)

146 (65)

163 (73)
60 (27)

23 (10)
200 (90)
13 (6)

205 (92)
18 (8)

|

Invasive aspergillosis, no. (%)
Proven
Probable

20 (9) }
21 (9)

Possible

31(14)




Dectin-1 deficiency and risk of IA
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Dectin-1 deficiency and risk of IA

1.0 = D WT+RWT
—— DY238X+RWT
D WT + R Y238X
0.8 - D Y238X + R Y238X
<
S 0.6 - N=12, P=0.05
£
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« 0.4 .. .
o N=10. P=0.38 Multivariate analysis
Q.
0.2 7 N=140, reference Genetic/clinical risk factors  Adjusted HR P
0.0 - D Y238X + R WT 2.50 0.05
0 10 20 30 40 D WT + R Y238X 1.51 0.49
Months after Transplantation D Y238X + R Y238X 3.89 0.005
HLA haplotype mismatch 2.70 0.007
GVHD 3.10 0.03

Cunha et al. Blood. 2010



OS is decreased among Y238X recipient-donor pairs
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Immunogenetics of fungal diseases: an overview
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TLR3 and cross-presentation of antigens

Cell-based
antitumor immunity

Tumor-specific
CD8" T cell

fumor cell 3 ! tFN'Ii'

Maive
CD4* T call

Tumor-specific
CD4* T cell

Nat Med. 2010. 16:854-856



Genetic variability of human TLR3 gene
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C+95A SNP in TLR3 and risk of IA
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Antifungal effector CD8" cells in aspergillosis

The Journal of Immunology

Generation of Antifungal Effector CD8" T Cells in the
Absence of CD4™ T Cells during Cryptococcus
neoformans Infection’

Dennis M. Lindell,*” Thomas A. Moore,*” Roderick A. McDonald,* Galen B. Toews,* and
Gary B. Huffnagle®*™

-
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Characterization of human DNGR-1*
BDCA3" leukocytes as putative equivalents
of mouse CD8a* dendritic cells

Lionel Franz Poulin,! Mariolina Salio,* Emmanuel Griessinger,>

Fernando Anjos-Afonso,? Ligia Craciun,’ Ji-Li Chen,* Anna M. Keller,'
Olivier Joffre,! Santiago Zelenay,! Emma Nye,’ Alain Le Moine,”

Florence Faure,® Vincent Donckier,”> David Sancho,’ Vincenzo Cerundolo,*
Dominique Bonnet,? and Caetano Reis e Sousa'



Functional consequences of C+95A

BDCA3* dendritic cells
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Functional consequences of C+95A

BDCA3* dendritic cells + autologous T cells
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CD8* T cells exhibit direct activity against A. fumigatus

Live
Conidia

Killed
Conidia

CDS8* T cells
unstimulated

CDS8* T cells
aConidia

CDS8* T cells
aRNA

Carvalho et al. Blood. 2012



Immunogenetics of fungal diseases: an overview
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Ptx3 and invasive pulmonary aspergillosis

letters to nature

Non-redundant role of the long
pentraxin PTX3 in anti-fungal
innate immune response

Cecilia Garlanda* +, Emilio Hirsch+i, Silvia Bozza$, Antonietta Salustri||,
Marika De Acetis}, Rachele Nota*, Alessia Maccagno||, Federica Riva*,
Barbara Bottazzi*, Giuseppe Peri*, Andrea Doni*, Luca Vago¥1|,

Marina Botlo#, Rita De Santis -, Paolo Carminati--, Gregorio Siracusal||,
Fiorella Altrudai}, Annunciata Vecchi*, Luigina Romanis

& Alberto Mantovani*
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Genetic variability of human PTX3 gene

rs number Chromosome SNP Gene Function aa change HapMap MAFin HWE
position location MAF our study
rs9289983 157146005 -8575A/G Near gene 0.459 0.452 0.78
rs2305619 157154861 +281A/G Intron 1 0.490 0.480 0.75
rs3816527 157155314 +734A/C Exon 2 Missense  D48A 0.397 0.478 0.21
rs1840680 157156029 +1449A/G Intron 2 0.495 0.485 0.50
rs3845978 157159694 +5114C/T Intron 2 0.054 0.016 0.72
rs16827657 157163635 +9055C/T Exon 3 UTR-3 0.078 0.083 0.35
rs4680367 157166123  +11543A/G Exon 3 UTR-3 0.454 0.419 0.07




Genetic variants in donor PTX3 influence risk for IA
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Haplotype analysis

Simplified haplotypes

h1/h1 - ACA/ACA (reference)

+734A/(0 Z> h1/h2 - ACA/GAG

rs number SNP
rs2305619  +281A)/G
rs3816527

rs1840680  +1449R)G

h2/h2 - GAG/GAG



Haplotype analysis

Simplified haplotypes

h1/h1 - ACA/ACA (reference)

+734B)/C Z> h1/h2 — ACA/GAG

rs number SNP
rs2305619  +281A/Q
rs3816527

rs1840680  +1449A/G)

h2/h2 - GAG/GAG



Haplotype of PTX3 influence risk for IA

Probability of invasive aspergillosis
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Haplotype of PTX3 influence overall survival

Probability of overall survival
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From Bench to Bedside:
A translational approach

Genetic
studies

2

<

Functional
studies

Donor selection

Patient evaluation

Identification of therapeutic targets

Design of prophylactic/vaccination strategies
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