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Permeabilità Intestinale-Zonulina Dipendente E 
Composizione/Funzione Del Microbioma Intestinale 

Nella Patogenesi Delle Malattie Infiammatorie Croniche: 
Il Futuro Della Medicina Personalizzata E Preventiva.



The Epidemics of Chronic Inflammatory Diseases (CID) 
In The Western Hemisphere: The Hygiene Hypothesis
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Pathogenesis CID
We May Be “Predisposed”, but Are Not Born “Destined”

to Develop Chronic Inflammatory Diseases



The Yin and Yang Between Tolerance and 
Immune Response Leading To CID
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Gut Barrier-Microbiome-Immune System Triangulation 
Play a Key Role in Maintaining The Immune Homeostasis
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Adapted from P. Brandtzaeg, Beneficial Microbes 2010

Excessive and Inappropriate Inflammatory Process 
Associated to a Zonulin-Dependent Dysfunction of Barriers:

Loss of Mucosal Immune Homeostasis

Mucosal Tolerance
Homeostasis
Anergy

Proinflammatory
Allergic cytokines

Break of Tolerance
Non-infective low grade 

inflammation:
1. Visceral hypersensitivity (IBS);
2. Th1 immune response (chronic 
inflammation);
3. Th2 immune response (food 
allergies);
4. Th17 immune response 
(autoimmunity).

Inflammation - Allergy

Normal/physiologically
controlled permeability

Minor Zonulin-dependent
barrier defect dietary/

microbial Ag influx

Increased
permeability

Massive dietary and
microbial antigen influx

Vicious
circleRegulatory DC’s

Macrophages
Tregs
IL-10/TGF-

Innate or immuno-
regulatory defect

Defensins
SIgA

   

Mucus
Synthesis & Quality

…Tight junctions are a ‘dark horse’ implicated 
in a host of disease states, ranging from 
acute injury to chronic inflammation and 

autoimmune diseases



Literature Report On Zonulin Association With CID
Disease Model Zonulin Shown 

to be Involved
Aging Human YES

Ankylosis spondylitis Human YES

Autism Human YES

Celiac Disease Human YES

Colitis/IBD (Crohn’s disease) Human YES

Colitis Mouse YES

Fe metabolism in heart transplant Human NO

Glioma Human YES

Glioma Cell YES

Irritable bowel syndrome Human YES

HIV Human YES

Multiple sclerosis Mouse YES

Necrotizing Enterocolitis (NEC) Rat YES

Nonalcoholic fatty liver disease Human YES

Non‐Celiac Gluten Sensitivity Human YES

Obesity/Insulin resistance Human YES

Post‐surgery Sepsis Human YES

Post‐surgery Sepsis Mouse YES

Psoriasis Human NO

Sepsis Human YES

Type 1 diabetes Human YES

Type 2 diabetes Human YES



How Zonulin-Mediated Increased Ag 
Trafficking Leads to Chronic Inflammation:

Insights From The Zonulin Trangenic Mouse (ztm) Model

3% DSS Normal H2O

Daily Body Weight after 7 days all mice 
are put on Normal drinking water

Zonulin transgenic Hp2 mice are phenotypically normal 
despite increased small intestinal permeability
*p<0.05

Ztm WT Ztm WT

Sturgeon C et al. Ann NY Acad Sci 2017 



Ztm Showed Dysbiosis Characterized by Increase pro-
inflammatory Rikenella And Decreased Akkermansia

Alba-Pereira et al, Front Immunol 2019



Ztm Showed No Differences in Adaptive Immune 
Profiling, But Differences in Innate Immune Cell Subsets

Ztm and ZtmbWT showed:
‐Increase in IL7R+ROR+ innate lymphoid cells in the 
small intestine (no changes in the colon);
‐ Decreased frequency and numbers of invariant NKT 
(iNKT) cells (involved in mucosal immunity); 
‐ Increased ROR expressing subset of iNKT cells 
(NKT17 cells). NKT17 cells and ‐17 T cells are pro‐
inflammatory innate‐like T cell subsets that produce IL‐
17 and have been implicated in the pathogenesis of 
various autoimmune diseases, including CD and T1D;
‐Increased splenic plasmacytoid dendritic cells. 
Combined, these these data suggest that altered gut 
permeability increases frequency of IL‐17 producing T 
cells in mucosal tissue and in secondary lymphoid 
organs of Ztm mice. 
The fact that the engraftment of WT microbiota did not 
affect the immune phenotype in ZtmbWT suggests that 
the increased antigen trafficking through an impaired 
gut barrier more than the function of an imbalanced 
microbiota primarily imprints the development of the 
immune system in the Ztm. Alba-Pereira et al, Front Immunol 2019



Ztm Showed Increased Morbidity (Colonic Mucosal 
Damage) And Mortality (70%) Following DSS-Induced Colitis
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Environmental Triggers 
Causing Zonulin Release

Gluten Gut Microbiome



The Changing Face Of Gut Microbes



100 TRILLION
The human microbiome is made up of more than 100 
trillion bacteria, fungi, protozoa, and viruses that live 

in and on the human body
>10,000 different species of bacteria are resident in 
the human intestinal microbiota (400‐500/person)

2‐5x More
Microbial cells than human cells and the 

majority live in our gut

150x More
Genes than the human genome

The Microbiome Is Essential To Health

Energy From Food Protection from 
pathogenic bacteria

Regulate 
Immune System

Regulates 
Metabolism

Producing Essential 
Vitamins

Symbiotic Personalized



Martin VJ, et al J Pediat 2017  

The Microbiome as Possible 
Transducer of All Environmental 
Factors Affecting Onset of CID in 

Genetically Susceptible Individuals

Dysbiosis is one of the key 
factors causing zonulin

release and subsequent loss 
of barrier function

Why The First 1000 Days Of Life Are Instrumental For Clinical Destiny



Role of Breastmilk

http://www.nature.com

Impact of human milk 
glycobiome on the infant 

intestinal microbiota

Zivkovica AM, et al. PNAS  2011;108: 4653-58



Cycle of Microbiota Transmission

Dominguez-Bello et al Science Trans Med 2015;7:307-39
Fischbach  et al Cell 2016;164:1288-1300



Nature, News Feature 1/18/2018
Yatsunenko, Nature ,2012

• Exactly when an infant is first exposed to 
microbes is still under debate

• Largest microbial transfer occurs at birth

• Microbial colonization of the newborn 
intestine contributes to the development of 
the host’s immune function 

• The first 1‐3 years of an infant’s microbiome 
development is characterized by chaotic and 
dramatic shifts until stabilization at 
approximately age 3



The Effect of Environmental Factors on Gut Microbiome 
Dysbiosis and Subsequent Changes to Metabolite Profiles 

May Be Particularly Important In Early Life

Tamburini, Nature 2016.



Role of Gut Permeability 
In Chronic Inflammatory Diseases

Ankylosis 
spondylitis

Aging

Cancer

Autoimmunity

Leaky Gut



Obesity



PJ Turnbaugh et al. Nature 2009;457:480-484

Core Microbiome in Obese And Lean Twins:
Missouri Adolescent Female Twin Study



Why A Leaky Gut Together With 
Dysbiosis Can Make Us Fat



RATIONALE

An increase in intestinal permeability is 
considered to be associated with gut 

inflammatory tone and development of 
obesity, fatty liver (typical of obese subjects) 

and type 2 diabetes







The correlation between insulin sensitivity and circulating zonulin in participants with 
normal glucose tolerance (NGT, n = 82) and with glucose intolerance (GI, n = 41).

Circulating Zonulin, a Marker of Intestinal Permeability, Is Increased in 
Association with Obesity-Associated Insulin Resistance



Zonulin levels for obese children. 
A: Zonulin levels for obese children 
with and without nonalcoholic fatty 
liver disease (NAFLD); 

B: Zonulin levels for obese children 
with NAFLD according to severity of 
steatosis.

Increased Circulating Zonulin In Children With 
Biopsy-Proven Nonalcoholic Fatty Liver Disease

World J Gastroenterol. 2014 Dec 7; 20(45): 17107–17114.



• Aging is a syndrome of changes that are deleterious, progressive, 
universal and thus far irreversible. Aging damage occurs to molecules 
(DNA, proteins, lipids), to cells and to organs.

• Aging is the accumulation of changes in a person over time.  Aging in 
humans refers to a multidimensional process of physical, psychological, 
and social change.

• Research shows that even late in life, potential exists for physical, 
mental, and social growth and development. 

• Recent scientific successes in rejuvenation and extending a lifespan of 
model animals give hope to achieve negligible senescence, reverse 
aging or at least significantly delay it. 

Inflamm(Aging)





Theories of Aging
1. The free radical theory (oxidative stress): Free radicals can damage nucleic acids, proteins or lipids. For 

biological systems, oxygen free radicals are the most important, in particular superoxide (.O2
−), nitric oxide (.NO) 

and the hydroxyl radical (.OH). 

2. Cellular senescence and apoptosis theory: The relationship between cellular aging and the aging of the whole 
organism is complex. Cellular "immortality" is essential for stem cells, but an "immortal" somatic cell is cancerous. 
Apoptosis is programmed cell suicide — a genetically controlled cell death that causes cells to shrink and be 
eliminated without the tissue traumas associated with inflammation that accompanies uncontrolled cell death
(necrosis). 

3. The immune system theory of aging: According to this theory, many aging effects are due to the declining ability 
of the immune system to differentiate "foreign" from "self" proteins. There is evidence that histocompatability
genes, genes affecting DNA repair and genes for SOD production — all of which affect longevity — are located 
close together on human chromosome 6.

4. Inflammation and aging: With aging the body contains increasing quantities of pro-inflammatory cytokines. Aging 
is associated with increasing activity of the pro-inflammatory transcription factor NF-kB

5. Intestinal permeability and aging: Several reports both in animal models and humans link gut permeability to 
non-infective chronic inflammation leading to senescence.  In fruit fly the increase in intestinal permeability is the 
best predictor of imminent death, even more than the actual age of the insect.





Serum Zonulin Concentrations Among Healthy Young and 
Older Adults Correlate  With Inflammatory And Aging Markers

Inflammatory
markers 

Aging
markers 

QI YF. et al JAMDA 2017;18:810e1‐810e4 





Autoimmunity: Celiac Disease



Celiac Disease Can Be Triggered At Any Age

1960 1970 1980 1990 2000 2010
0.0

0.5

1.0

1.5

year

C
D

 p
re

va
le

nc
e 

(%
)



he
al

th
y

ac
tiv

e
re

m
is

si
on

na
Log2(f.c.) 
relative to 
healthy

Majority Signatures in the Active State Diminished in 
Remission, Although Residual Signatures Do Exist.

Genetics: 
RNASeq



Sapone et al Diabetes 2006; 55:1443‐9

Serum Zonulin Levels and Their Correlation 
With Intestinal Permeability In 

Celiac Disease and Type 1 Diabetes

Celiac Disease Type 1 Diabetes Zonulin‐LA/MA 



Infants genetically predisposed to CD were 
characterized by a low abundance of 
Bacteroidetes (undetectable to 1%)  
combined with abundance of Firmicutes 
and abrupt decrease in Lactobacilli during 
the pre‐clinical phase of CD.



Identifying A Microbial Signature Predictive Of Celiac 
Disease: Epigenetic Changes In Immune Function



ASD

43



Microbial Communities In ASD Are Different 
From Those In Neurotypic Controls

Rose D.R. et al Brain, Behav, immun 2018



Scattergram of zonulin levels according 
to  Childhood Autism Rating Scale (SCAR)

Distribution of serum zonulin levls in ASD 
patients and controls *p<0.001

2017



Immune Cells From ASD Children 
Produce More Pro‐Inflammatory 

Cytokines When Stimulated 
With TLR4 Agonist

Immune Cells From ASD Children 
Produce More Pro‐Inflammatory 

Cytokines When Stimulated 
With NOD Agonist

Rose D.R. et al Brain, Behav, immun 2018



Rose D.R. et al Brain, Behav, immun 2018

Immune Cells From ASD Children With GI  
Symptoms Produce Less Anti‐Inflammatory Cytokines

Behavioral Measures In ASD Children +/‐ GI Symptoms



Kang et al Microbiome, 2017 



Stool Microbiome and Virome Changes 
With Fecal Microbiota Transplant

Conclusive Remarks:

•This small open‐label clinical trial showed that the 
Gastrointestinal Symptom Rating Scale revealed an 
approximately 80% reduction of GI symptoms at the end of 
treatment and persisted for 8 weeks after treatment. 
•Similarly, clinical assessments showed that behavioral ASD 
symptoms improved significantly and remained improved 8 
weeks after treatment ended. 
•Bacterial and phage deep sequencing analyses revealed 
successful partial engraftment of donor microbiota and 
beneficial changes in the gut environment. 
•Specifically, overall bacterial diversity and the abundance of 
Bifidobacterium, Prevotella, and Desulfovibrio increased 
following MTT, and these changes persisted after treatment 
stopped (followed for 8 weeks).
•This exploratory, extended‐duration treatment protocol thus 
appears to be a promising approach to alter the gut microbiome
and virome and improve GI and behavioral symptoms of ASD.

Kang et al Microbiome, 2017 



Martin VJ, et al J Pediat 2017



www.CDGEMM.org

Celiac Disease Genome, 
Environment, Microbiome, and 

Metabolomic Studies



Genome, Environment, 
Microbiome, and 

Metabolomic in Autism 
(GEMMA)

Facts:

• 12.4 M Euros budget;
• 16 Partners (14 EU, of which 

5 Italian, 2 US)
• A total of 2,400 subjects to 

be enrolled;
• More that 17,000 

biospecimens to be 
collected;

• AI applied to mathematical 
modeling ASD



Big Data Analysis, Machine Learning And Mathematical Modeling 
Strategies For Personalized Medicine And Disease Interception



MIT Team Creates Genetic Circuits From 
Bacteria That Remember Logical Functions

A team of engineers from MIT has created genetic circuits in bacterial 
cells that can not only perform logic functions, but also remember the 
results. These functions can then be encoded within the cell’s DNA and 
can be passed on in other cells for dozens of generations.



Modeling the Effects of Early Childhood 
Microbiome Composition On Entire Lifespan

Microbiome establishment 
and modification

First 1000 days of life Process of 

Aging

Process of 
Disease and 

Aging
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