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Post-biotici nella celiachia



Candida 
albicans

exacerbates
intestinal

pathology in 
gluten-

sensitized
mice



Post-biotici nella celiachia

C. albicans and other fungal species lie in close approximation with the intestinal mucosa, whereas other fungi 
including Aspergillus, Wallemia, and Epicoccum species are more restricted to the intestinal lumen. Fluconazole 

promotes susceptibility to intestinal inflammation

Trends Immunol 2023





Post-biotici nella celiachia

Candida albicans and Celiac Disease: To Be or Not to Be a Pathogen?

Front Immunol. 2019



Gliadin
peptides
affect

C. albicans
morphotype
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Inflammation may promote fungal growth 
and virulence

Nat Commun. 2012



IL POSTBIOTICO
Indole-3-Aldehyde





3-IAld antagonizes the gliadin-induced fungal
filamentation



• ISAPP 2021  consensus definition: preparations of 
inanimate microorganisms and/or their components
conferring health benefits.

• Include peptides, exopolysaccharides, cell wall fragments
and microbial metabolites.

• Potential advantages: safety, stability, reproducibility and 
easier industrial standardization.

Postbiotics: next-generation 

microbiome therapeutics



Tryptophan partitioning at mucosal
surfaces





Tryptophan metabolism and the microbiome-
gut-brain axis

Curr Opin Pharmacol 2019





▪ Active CeD has impaired

capacity to metabolize

tryptophan to AhR ligands, and 

tryptophan metabolism is

shifted to the kynurenine

pathway which is implicated in 

inflammatory diseases. 

▪ The impaired tryptophan

metabolism is partially restored

in CeD patients after 2-years 

on a gluten-free diet (GFD), 

resulting in reduced kynurenine

metabolites and increased

microbiota-dependent AhR 

ligands.

Mucosal Immunol 2022



……Our study provides 
preclinical evidence 
that S. boulardii 
CNCM I-745 targets 
a microbial deficiency 
previously described 
in CeD through 
modulation of 
microbial tryptophan 
metabolism



Post-biotici nella celiachia

Indole-3-Aldehyde 
Reduces

Inflammatory
Responses and 

Restores
Intestinal

Epithelial Barrier 
Function Partially

via Aryl
Hydrocarbon

Receptor (AhR) in 
Experimental
Colitis Models

J. Infl Res 2024



Post-biotici nella celiachia

IL-22,il santo protettore degli epiteli



Post-biotici nella celiachia

3-IAld modifies
intestinal

microbiota 
composition and 

function

Journal for ImmunoTherapy of Cancer 2024



Dig Dis Sci 2024                                                                                                                     

Patients with Celiac Disease Have High Prevalence of 
Fatty Liver and Metabolic Syndrome



Indole-3-
aldehyde 
modulates
microbiota 
composition

and 
metabolic
profile in 

celiac
disease



Indole-3-
aldehyde 
protects

from celiac
disease

intestinal
pathology





3-IAld’s therapeutics: 
Orfan Drug Designation!



▪ The review indicates that gut
microbiota dysbiosis, marked by 
altered bacterial composition, 
contributes significantly to 
immune-mediated inflammation
in celiac disease. 

▪ Researchers suggest that
manipulating the microbiome
could serve as a future, adjunct
treatment alongside a gluten-
free diet. 

Expert Rev Clin Immunol. 2020

Why Metagenomics IS Not Enough



WHY PROBIOTICS ARE NOT 
ENOUGH

▪ Colonization is often transient and strain-
dependent.

▪ Safety concerns may exist in critically ill or 
immunocompromised patients.

▪ Need for standardized, stable and 
mechanism-oriented interventions.



Why indole postbiotics are promising

Curr Opin Immunol 2026



WHY INDOLE POSTBIOTICS ARE 
PROMISING

The challenge is not to replace a gluten-free diet, 
but to add metabolic signals that can promote

➢ epithelial repair
➢ immunoregulation
➢ immunometabolism
➢microbiota resilience



Possibili scenari d’impiego

1. Celiaco in GFD con sintomi persistenti:  barriera, infiammazione minima, 
microbiota 

2. Fase precoce: accelerare recupero della mucosa insieme a GFD

3. Soggetti a rischio: prevenzione? Solo in studi controllati, con 
biomarcatori e sicurezza rigorosa

4. Celiaco con fragilità metabolica: GFD e disbiosi possono associarsi a 
profili metabolici sfavorevoli

5. Disbiosi/candidiasis ricorrente:  Asse AhR-IL-22 come ponte plausibile 
tra antifungal mucosal defense e omeostasi intestinale.

6. NCGS??



Stratificazione

Non “celiachia” in blocco, ma cluster: disbiosi 

persistente, basso SCFA, basso tono AhR, 

candidosi, sintomi IBS-like.

Combinazioni

GFD + post-biotico; GFD + enzimi del glutine; 

GFD + prebiotico mirato; IAld/SCFA con 

rilascio locale.

Personalizzazione

Metabolomica fecale/serica, transcriptomics 

mucosale, organoidi da paziente e microbiome 

function testing.

Prospettive: verso una post-biotica di precisione



Pipeline di sviluppo: dal candidato al proof-of-concept 
secondo un meccanismo misurabile eD endpoints 

mucosale verificabili

51

Candidato

3-IAld, indole derivatives

2

Formulazione

rilascio enterico, stabilità, 

purezza, dose

3

Modello

organoidi, biopsie ex vivo, 

modelli gluten-challenge

4

Biomarcatori

permeabilità, AhR targets, 

IL-22, Reg3, metabolomica

4 5

Studio clinico

GFD + adjunct: sicurezza, 

sintomi, mucosa, microbiota

5



Endpoints: biomarcatori coerenti con il meccanismo

Barriera lattulosio/mannitolo, zonulina con cautela, claudine/occludina, istologia

Immunità IEL, IFN-γ, IL-15, IL-17/Treg, IL-22, Reg3, Cyp1a1

Microbiota taxa + funzioni: glutenases, SCFA, indoli, Candida load

Clinica dolore/gonfiore, qualità di vita, sierologia, Marsh se indicato

Sicurezza assenza di glutine contaminante, immunogenicità, interazioni, tollerabilità



Network Pharmacology: the next 
paradigm in drug discovery

The holistic picture of multiple metabolites engaging with 
multiple targets, i.e., diverse metabolites interacting with a 
shared target and/or a single metabolite binding to diverse 

targets, represents a unique feature of these signal 

transduction systems that demands for a 

multitarget-directed approach 



• Lack of standardization across postbiotic formulations.

• Need for mechanistic biomarkers and multi-omics 
integration.

• Optimal dosing, duration and patient selection remain 
unclear.

• Regulatory classification is still evolving.

Limitations and Open Questions
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I POSTBIOTICI
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