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Starting from the end:
Microbiota and IBD

Gut microbiota composition is altered in IBD vs controls

Gut microbiota composition is altered in active vs non-active IBD

Gut microbiota can influence the development of IBD



Microbial alterations in IBD 

Zheng et al, UEGJ 2022



Lopetuso et al, unpublished data

Microbial alterations in special conditions: pouchitis
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Franzosa et al, Nature 2019

Metabolomic alterations in IBD 
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Metaproteomic alterations in IBD 

Zheng et al, UEGJ 2022
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Innate immune response
• Epithelial cells
• Myeloid cells
• Innate lymphoid cells
Adaptive immune response
• IgA
• TH17 cells
• Treg cells

Microbiota and immune system relationship

Healthy
microbiota

Healthy immune 
system

Microbiota is important for the correct development of 
both innate and adaptive immune response

Microbiota educates immune system to react                                
to pathogens but also to tolerance
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Bacterial translocation in IBD

Linares R, et al. Front Cell Dev Biol. 2021 



Microbiota and epithelial cells

Górski et al, Cellular and Mol Sciences 2017



Epithelial-specific TLR5 Activation Mediates 
Barrier Dysfunction in Experimental Ileitis 

Lopetuso et al, IBD 2017

Ileal Tlr5 and serum antiflagellin IgG antibodies are increased in SAMP before
the onset of inflammation and during established disease. 

These trends are abrogated in the absence of colonizing commensal bacteria. 

Ileal epithelial TLR5 in preinflamed SAMP is increased compared with age-
matched AKR and germ-free SAMP.



Lopetuso et al, IBD 2017

Aberrant, elevated TLR5 expression is present in the ileal epithelium of SAMP mice and is
augmented in the presence of the gut microbiome.
TLR5 activation in response to bacterial flagellin results in a deficiency to maintain appropriate 
epithelial barrier integrity. 

TLR5-specific activation of SAMP ileal tissues
decreases epithelial barrier resistance, 
indicative of increased permeability, and is
accompanied by altered expression of the tight 
junction proteins, claudin-3, occludin, and 
zonula occludens-1.

Epithelial-specific TLR5 Activation Mediates 
Barrier Dysfunction in Experimental Ileitis 



Barrier dysfunction is a primary defect in IBD: 
studies on twins

Keita ÅV, et al. J Crohns Colitis. 2018



Increased Intestinal Permeability Is Associated 
With Later Development of IBD in relatives

HR 3.03

Turpin W, et al. Gastroenterology. 2020



Leibovitzh H, et al. Gastroenterology. 2022

Altered Gut Microbiome Composition and Function Are Associated 
With Gut Barrier Dysfunction in Healthy Relatives of Patients With CD
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Gut barrier epigenetic dysfunction in IBD

Howell et al. Gastroenterology 2017

Intestinal epithelial cells (IEC) from mucosal biopsies of children newly diagnosed with IBD

Gut segment-specific differences in DNA methylation 
and transcription profiles of IECs

Changes in gut microbiota between IBD 
and control groups were not as large and 
were difficult to assess due large amounts 
of intra-individual variation. 

Only IECs from patients with CD had 
changes in DNA methylation and 
transcription patterns in terminal ileum 
epithelium, compared with controls. 

Colon epithelium from patients with CD 
and from patients with UC had distinct 
changes in DNA methylation and 
transcription patterns,
compared with controls.
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Malassezia Is Associated with Crohn’s Disease 
and Exacerbates Colitis in Mouse Models 

Limon et al.  Cell H&M 2019

ü M. restricta is associated with the colonic mucosa in 
CD patients

ü M. restricta is found in CD patients with a disease-
linked polymorphism in CARD9

ü M. restricta exacerbates colitis in WT and gnotobiotic
mice

ü Malassezia-exacerbated colitis in mice requires
signaling via CARD9
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Gut barrier dysfunction in IBD: transcriptomic data

Yang et al. IBD 2019

Viral infection induced autoimmunity may represent a pathomechanism for IBD, especially CD

ü Differentially expressed genes in the colonic
mucosa of CD and UC correlated with response to 
microbial antigens

ü Virus infection and autoimmune pathways
upregulated in CD but not in UC when compared
with controls

ü Some expressed genes elevated in both CD and 
UC, with CD exhibiting more pronounced
elevations

ü Gene expression levels in viral infection pathways
correlated with those of autoimmune pathways

ü Pattern recognition–mediated innate immune 
pathways (TLR4 and TLR2) were significantly
elevated in UC but not in CD

Different intervention targets for CD and UC, which may lead to more effective treatments for IBD
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Microbiota and myeloid cells

Thaiss et al, Nature 2016 



Abrogation of the subepithelial
macrophage barrier against the gut microbiota in IBD

Rubio et al. Histopathology. 2017

Normal
UC

fragmented CD68+ band of macrophages 

Continuous band of 
CD68+ macrophages 
underneath the 
luminal epithelium 
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Microbial/innate immune alterations in special conditions: pouchitis

Lopetuso et al, unpublished data



Iliev ID. Nat Rev Gastroenterol Hepatol. 2022

Interactions between gut mycobiota and immune system in IBD



IBD patients possess an imbalanced intestinal Virome and a 
dysregulated immune system

Jansen D, et al. Viruses. 2023
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Environmental exposures and the risk of IBD 

Adapted from Allin et al, J. Gastroenterol 2021

Microbiota perturbation



Lee et al 2020
Zhang et al 2022
Zou et al 2020

Antibiotics and environmental exposures in the early life: 
chronic intestinal inflammation

• A combination of antibiotics and high-fat diet increases the risk for pre-IBD

• Antibiotics and high-fat diet jointly impair epithelial mitochondrial function

• Impaired mitochondrial bioenergetics drive an Enterobacteriaceae expansion

• An Enterobacteriaceae expansion exacerbates mucosal inflammation in pre-IBD



WHICH APPLICATIONS IN IBD?



Optimize treatments Minimize side-effects 
and costs

TOWARDS A PERSONALIZED IBD THERAPY

Nadpara et al – Dig Dis Sci 2020

Moving toward a Microbiota signature for IBD patients



MICROBIOTA SIGNATURE: 
the inflammatory microbiome of a patient with an active UC disease  



Fecal and mucosal microbiome

Diagnosis
Classification

Disease activity
Disease course

Recurrence after surgery
Responses to therapeutics

Bacteria derived metabolites, 
serum and fecal microbe-associated proteins

IBD determination and classification

MICROBIOME-ASSOCIATED BIOMARKERS IN IBD MANAGEMENT

Caenepeel et al. - APT 2020
Zheng et al, UEGJ 2022



Lopetuso et al, PNAS 2018
Lopetuso et al, unpublished data

Microbiota-IL-33/ST2 profiling can predict 
mucosal response to anti-TNF in UC
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Gut microbiota composition is altered in IBD vs controls

Gut microbiota composition is altered in active vs 
non-active IBD

Gut microbiota can influence the development of IBD

IBD changes when targeting microbiota

Starting from the end:
Microbiota and IBD



Therapeutic microbiota modulation

Diet & nutritional support
• Caloric amount, minerals, vitamins

• Diet composition (fibers/high glicemic index/saturated fatty acids…)

Removal of predisposing conditions
• Treat diabetes, endocrine, other motility disorders..

• Surgery or prokinetics when indicated

Therapeutic interventions
• Antibiotics

• Prebiotics, probiotics, postbiotics, symbiotics

• Fecal Microbiota Transplantation



Designing strategies for reconfiguring homeostasis 

Vogel et al 2020
Tamburini et al 2016



Healthy donor Faecal sample Donor FMT

IBD patient IBD patient after FMT

Healthy microbiota

Dysbiotic microbiota Restored microbiota

Colonoscopy
Enemas

Nasojejunal tube
Capsules

Single
Multiple

Superdonor
Microbial composition
Donor characteristics
Patient characteristics

Donor selection
and bio-banking

Pathogenesis 
and rationale

Gut barrier
Immune system
Gut Microbiota

C. difficile infection

FMT trials in IBD
Ulcerative colitis
Crohn’s Disease

Pouchitis
Induction

Maintenance
Add-on therapy

Exclusive therapy

Future perspectives
Controlled trials

Biomarkers
Optimal formulation

Route of administration
Therapeutic strategies

Gut journal, in press


