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Genomica funzionale e Immunologia nelle infezioni 
fungine: cosa c’è di nuovo? 

Part 1: Immunogenetics of fungal diseases 
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Brown GD et al. Science. 2012 



Spectrum of diseases caused by Aspergillus spp. 

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



A. fumigatus escapes immune surveillance  

Aimanianda V et al.. Nature. 2009 

Lymphoproliferation Activation 



A. fumigatus cell wall 



Lemaitre et al. Cell. 1996 

Toll-deficient flies are susceptible to aspergillosis 



PRR signaling pathways triggered by fungi 

Romani L Nat Rev Immunol. 2011 



Iannitti RG et al. Trends Immunol. 2012 

Innate and adaptive immunity to fungi 
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 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 IA after allogeneic transplantation is around 5–15%. 

 IA 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. 

The clinical relevance of invasive aspergillosis 

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



Genetic susceptibility to IA in the HSCT setting 

Infection-resistant HSCT 
population 

Infection-susceptible HSCT 
population (5-15%) 



Immunogenetics of fungal diseases: an overview 



TLR4 polymorphisms and LPS response 
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Genetic susceptibility to pulmonary aspergillosis 

Carvalho et al. JID. 2008 



N Engl J Med. 2008; 359(17):1766-77 

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

transplants from unrelated donors 

Genetic susceptibility to IA in the HSCT setting 

Bochud et al. NEJM. 2008 



Carvalho et al. Exp Hematol, 2009 

Genetic susceptibility to IA in the HSCT setting 



Immunogenetics of fungal diseases: an overview 



Early stop polymorphism Y238X in DECTIN1 
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Plantinga et al. Clin Infect Dis. 2009 
Ferwerda et al. N Engl J Med. 2009 



Surface Dectin-1 expression in unstimulated CD14+ monocytes 

WT (n=8): 91 ± 1%, range 89-93% 

Y238X (n=4): 76 ± 5%, range 62-83% 

Functional consequences of Y238X  

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)] 40 (6-68) 
Sex, no. (%) male 112 (50) 
Sex of donor/patient pair 
     Female/male 58 (26) 
     Others 165 (74) 
HLA matching, no. (%) 
     HLA-identical sibling 82 (37) 
     One HLA haplotype-mismatched family member 141 (63) 
Underlying disease, no. (%) 
     Acute leukemia 154 (69) 
     Lymphoma/myeloma 54 (24) 
     Chronic leukemia 15 (7) 
Advanced disease stage, no. (%) 146 (65) 
Conditioning regimen, no. (%) 
     With TBI 163 (73) 
     Without TBI 60 (27) 
CMV serology of donor and recipient, no. (%) 
     CMV-/CMV- 23 (10) 
     CMV-/CMV+, CMV+/CMV-, or CMV+/CMV+ 200 (90) 
GVHD, grade II to IV, no. (%) 13 (6) 
Antifungal prophylaxis, no (%) 
     Liposomal amphotericin-B 205 (92) 
     Fluconazole 18 (8) 
Invasive aspergillosis, no. (%) 
     Proven 20 (9) 
     Probable 21 (9) 
     Possible 31 (14) 
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Dectin-1 deficiency and risk of IA  
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Genetic/clinical risk factors Adjusted HR P 

D Y238X + R WT 2.50 0.05 

D WT + R Y238X 1.51 0.49 

D Y238X + R Y238X 3.89 0.005 

HLA haplotype mismatch 2.70 0.007 

GVHD 3.10 0.03 

Multivariate analysis 

Dectin-1 deficiency and risk of IA  

Cunha et al. Blood. 2010 
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OS is decreased among Y238X recipient-donor pairs 

Cunha et al. Blood. 2010 



Immunogenetics of fungal diseases: an overview 



 
 

Nat Med. 2010. 16:854-856 

TLR3 and cross-presentation of antigens 



Genetic variability of human TLR3 gene 

International HapMap project 

(http://hapmap.ncbi.nlm.nih.gov/) 



C+95A SNP in TLR3 and risk of IA  

Adjusted HR 95% CI P 

Donor CA+AA 2.41 1.27-4.58 .007 

PATIENT                                                    DONOR 

Carvalho et al. Blood. 2012 



Antifungal effector CD8+ cells in aspergillosis 



Functional consequences of C+95A  
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BDCA3+ dendritic cells 
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Functional consequences of C+95A  

BDCA3+ dendritic cells + autologous T cells 

PHA 
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CD8+ T cells exhibit direct activity against A. fumigatus 

Carvalho et al. Blood. 2012 



Immunogenetics of fungal diseases: an overview 

PTX3  
GAG haplotype 



Ptx3 and invasive pulmonary aspergillosis 

2002 
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A. fumigatus 

Opsonization 

Innate immune cell activation  
(increase cytokine and nitric oxide production) 

Activation of adaptive immune response 
(DC maturation and polarization) 

Facilitate pathogen recognition 
 (increase phagocytosis and killing) 
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rs number Chromosome 

position 

SNP Gene 

location 

Function aa change HapMap 

MAF 

MAF in 

our study 

HWE 

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 variability of human PTX3 gene 
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Genetic variants in donor PTX3 influence risk for IA 
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rs number SNP 

rs2305619 +281A/G 

rs3816527 +734A/C 

rs1840680 +1449A/G 

h1/h1 – ACA/ACA (reference) 

h1/h2 – ACA/GAG 

h2/h2 – GAG/GAG 

Haplotype analysis 

Simplified haplotypes  
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Haplotype analysis 

Simplified haplotypes  
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h1/h2 (N= 115, P= 0.94) 
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h2/h2 and MRD (N= 21, P= 7E-3) 

h1/h1+h1/h2 and MRD  

(N= 69, reference) 

h1/h1+h1/h2 and MMRD  

(N= 92, P= 2E-2) 

h2/h2 and MMRD (N= 32, P= 8E-6) 

 Haplotype of PTX3 influence risk for IA 

HLA-matched related [MRD]  
HLA-mismatched related [MMRD] 
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Months after transplantation 
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 Haplotype of PTX3 influence overall survival 
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Genetic 
studies 

Functional 
studies 

Donor selection 
Patient evaluation 

Identification of therapeutic targets  
Design of prophylactic/vaccination strategies 
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