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The  
composition  

of the bacte- 
rial,  

fungal and  
viral 

microbiota  
at distinct  
body sites  

Nat Rev Immunol, 2014 



Mycobiota 
Vertebrate 

host 

Microbiota 

Exploiting the triad for antifungal 
immunity  



The human mycobiome 

Nat Rev Immunol, 2014 



 
A paradigm shift: From 

pathogen-centered  
to  

host-directed  
diagnostics/therapy 

 
   



COSTS BENEFITS 

 

Resistance 

 Pain, swelling, and 

disruption of tissue 

function by 

inflammation. 

 Tissue damage by 

inflammatory 

mediators 

(immunopathology) 

 High energy cost 

 Risk of autoimmunity, 

hypersensitivity, 

allergy 

 Reduces pathogen 

burden 

 Neutralizes toxins and 

eliminates dangerous 

organisms 

 Prevents parasitism 

Tolerance 

 Direct damage by 

pathogen (toxins, 

digestion, etc) 

 Energy and resources 

lost to pathogen 

 Reduced tissue damage 

from immune response 

 Less selection pressure 

on pathogens for 

resistance 

 Promotes commensalism 

 Lower energy cost 

Resistance 
typically protects 
the host at the 
expense of the 
parasite 
 
 

Tolerance 
reduces harm to 
the host without 
having any direct 
negative effects 
on the parasite. 

Resistance and tolerance 



Resistance and tolerance by the 
host 

Th1 

IFN-γ 

IL-17A/IL17F 

Th17 

Innate 
Immunity 

Modified from Zelante et al. 2011 



Tryptophan metabolism in health and disease 

Trends Mol Med. 2013;19:336-44 



Tryptophan 
IDO1 
 Kynurenine 
 Treg/IL-10 

Tolerance by the Host 
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TRYPTOPHAN 
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IDO TDO 
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Niacin CO2 picolinic 
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IAM 
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IEt TrA* 
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TMO ArAT TrD 
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Tryptophan metabolism: IDO/TDO initiate 
tryptophan metabolism along the kynurenin 

pathway 
 



Overview of the central role of IDOs in 
immune responses to infections 



Host-directed therapy for a 
tolerant approach in fungal 

infections and diseases: 

 
Kynurenines 



Host-directed diagnostics in 
fungal infections and 

diseases: 

 
Immunogenetics 



Tryptophan 
 Indoles 
 AhR 
 IL-22 

Resistance and tolenace by 
the microbiota 



TRYPTOPHAN METABOLIC ENZYMES 

Immunity 2013 



 

  

IDO1-deficient mice 
 
More availability of 

tryptophan 
 
Defective adaptive 

immunity 
 

 



 

  

 
Metagenomics  
 
Targeted Metabolomics through high 

performance liquid chromatography-high resolution  
     mass spectrometry  

 
•     stomach/gastric fluids 
•     feces  
•     vagina/vaginal fluids  
 
      of WT and IDO1-deficient mice with candidiasis 



Bacterial 16S rRNA-based analysis  
of the stomach microbiota  
of WT and Ido1–/– mice 



Lactobacilli expand in Ido1−/− mice 



Bacterial 16S rRNA and FISH analyses 
of lactobacilli in WT and Ido1–/– mice 





In vivo expression technology 
has shown the lactobacilli 
may undergo gut–specific 
gene expression to adapt  







L. reuteri utilizes ArAT to 
degrade tryptophan 



Linking diet to epithelium homeostasis  
via the aryl hydrocarbon receptor  



AhR induces IL-22 by ILC3 



IL-22’s activities 



Interleukin-22 Protects Intestinal Stem Cells from Immune-
Mediated Tissue Damage and Regulates Sensitivity  

to Graft versus Host Disease 
Alan M. Hanash, Jarrod A. Dudakov, Guoqiang Hua,Margaret H. O’Connor, Lauren F. Young, Natalie V. Singer, Mallory L. West, Robert R. Jenq, Amanda M. Holland, 

Lucy W. Kappel, Arnab Ghosh, Jennifer J. Tsai, Uttam K. Rao, Nury L. Yim, Odette M. Smith, Enrico Velardi, Elena B. Hawryluk, George F. Murphy, Chen Liu, Lynette 

A. Fouser, Richard Kolesnick, Bruce R. Blazar, Marcel R.M. van den Brink 

 

Immunity. 2012;37:339-50 



Lactobacilli provide resistance and tolerance 

IL-22 

Lactobacilli 

STAT3 AMP 

Colonization  
resistance 

Gut 
Vagina 

Epithelial 
Repair 

Protection 

Indole 

derivatives 

ILC3 

AhR 



Dietary tryptophan affects 
L. reuteri expansion in the stomach 



Dietary tryptophan affects levels  
of IL-22 in vivo 



Probiotic lactobacilli exert  
species-specific effects in candidiasis 



The Metabiotic era 
Indole-3-Aldehyde, IAld 



IAld protects from candidiasis 



IAld protects from colitis   



IAld has activity 
against: 

 
Gram+ 
Gram- 
Yeasts 
Molds 



Microbiota 

Indoles 

AhR 

ILC3/IL-22 

SFB/Th17 

Local and 
Systemic 

Inflammation 

Immunity 2013:372-85 
Immunity 2013:386-99 

PNAS 2014 111(38):13942-7 



The AhR/IL–22 axis  
provides antifungal resistance  

in Ido1–/– mice 



Prescribing antibiotics, the challenges!!!  
 

Can clinically useful adjunctive therapies be developed to prevent 
   secondary infections?  

 
Can physicians be encouraged to use antibiotics with narrower activity  
   spectra to minimize the collateral damage to bacterial mutualists?  

 
Should diagnostics be designed to identify the etiologic agent 
  of infection and then actively monitor the microbiota for signs 
  of a secondary infection? 

 
Clinicians routinely monitor patients for adverse effects of antibiotics on 
   the kidneys and liver, but apart from counseling patients to be alert for 
   symptoms of C. difficile–associated diarrhea and candidiasis, they have no 
   good way to monitor the state of the microbiota.  

 

 Can targeted antibiotics that cause minimal   
   perturbation to the healthy microbiota be 
   developed? 



CASPOFUNGIN L-AMB VORICONAZOLE 

Metronidazole 

Ciprofloxacin 

Vancomycin 

Ampicillin 

Prescribing antifungals, the challenges!!!  



AhR 

←
 

IL-22 

IDOs 

Full stomach, happy heart…… 

Seminars in Immunopathology. 2014 



Caravaggio, The Cheaters 1594 
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