Increased Circulating Zonulin In Children With
Biopsy-Proven Nonalcoholic Fatty Liver Disease
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The Celiac Disease Paradigm
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e Which Lesson Learned From Celiac
Disease:

* The CD-GEMM Prospective Cohort
to Link Gut Microbiome Composition
and Function to Celiac Disease
Pathogenesis And To Identify Early
Biomarkers Of Disease Development




’3’? Celiac Disease Genome,
Environment, Microbiome, and
Metabolomic Studies

GRE|IMEM

’ — www.CDGEMM.org

’-_(

-&"_’ .~
WNIVERSIA  HARVARD SapipN "
Al‘r’o M0=U UNIve unis \.i\f, l \LZ;A ﬂq:rdrm"

Aspetti un bambino?
Hai un familiare di primo grado
con celiachia?

Aiutaci a prevenire la celiachia.
In collaborazione con I'Universita di Harvard,

Il centro di rifenimento per la celiachia e per le malattie

glutine-dipendenti dell Ospedale Giovanni XXIII di Bari
coordinato dal Prof. R, Francavilla mette a disposizione
1 propri specialisti per il follow-up dei nuovi nati

SENZA liste di attesa!

Non esitare a contattarci per maggion informazion

cdgemmbari@gmail.com
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7. Overview of Cohort: CDGEMM study 9%

>550 CHILDREN ENROLLED
48.7% female
AABASNSASASASABASASASASNASASASASASAS,
L0000 00000000000 Multi-center, International
Recruitment
BABABASASABABABABABASABRABABABASASAS 54 CD (seroconversion) b 8 REGIONS
* B0%byage3
* Range: 18-84 months
*  64% female
42 STATES
ﬁ 9 set of twins 67 sets of siblings
>120,000 SAMPLES COLLECTED > 170,000 DATA POINTS
178,322 parent reported clinical data
20,510 stool aliquots 302 peripheral blood . ’ |
mononuclear cells W 211 microbiome ° .. 166 metf?lbolomlc
profiles
9,714 serum aliquots : 578 DNA/RNA aliguots Y/,
" [ 37 whole genomes : 117 zonulin profiles
i A sequenced >
1,998 whole blood aliquot 261 breast milk tub
o whole blood aliquots o reast milk tubes 13 pubiications f ‘5 15 collaberations




. CD Pathogenesis: More Than Ve

Genes + Environment Paradigm
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MassGeneral Hospital
for Children

Microbiome signatures of progression toward celiac
disease onset in at-risk children in a longitudinal
prospective cohort study

Maureen M. Leonard®®*, Francesco Valitutti®®', Hiren Karathia"'©, Meritxell Pujolassos®?, Victoria Kenyon™=~’,

Brian Fanelli™', Jacopo Troisi%" ), Poorani Subramanian®?, Stephanie Camhi®¢, Angelo Colucci®" ", Gloria Serena®®*,

Salvatore Cucchiara' ', Chiara Maria Trovato'(, Basilio Malamisural, Ruggiero Francavilla®, Luca Elli'", Nur A. Hasan',

Ali R. Zomorrodi®®*, Rita Colwell*™ 20, Alessio Fasano®?%92(, and The CD-GEMM Team®

Significance Cross-Sectional Analysis Longitudinal Analysis

A Casey B cormrets

The incidence of chronic inflammatory autoimmune conditions,

such as celiac disease (CD), is increasing at an alarming rate. CD 4 B

is the only autoimmune condition for which the trigger, gluten, 00 . . e n e SPARA

is known. However, its etiology and pathogenesis remain in- == = - . ‘

completely defined as recent studies suggest other environ- guoowemepcene | gimaemo, et T ESSTUT eseess SRR
mental stimuli may play a key role in CD pathogenesis. Here, _ (rrpo s o R e IR mmuiia 2 o
we prospectively examine the trajectory of the gut microbiota @ Sraieoms pemsas noce - 8 Ambnen ek 2) ' : § Bsermtes ermie
starting 18 mo before CD onset in 10 infants who developed CD e - ;L’»,v
and 10 infants who did not. We identified alterations in the gut e N e T
microbiota, functional pathways, and metabolome before CD D oo een s : Seemcean e
onset, suggesting our approach may be used for disease predic- e 1 h.:.m- - ounlll s e
tion with the ultimate goal of identifying early preventive inter- ;!“;o Pursosxas ke [EP——

ventions to reestablish tole nd prevent autoi ity.
NS 10 feestabiish tokrance and p ni Proc Natl Acad Sci U S A. 2021 Jul 20:118(29)::€2020322118



x Longitudinal analysis provided more in-depth data by € &
7 identifying microbes, pathways and metabolites
with differential abundance CD onset

Cases

tAbunda nce of microbes/pathways/metabolites

* Previously linked to autoimmune and inflammatory conditions

lAbundance of microbes/pathways/metabolites
* Previously reported as probiotics or having anti-inflammatory properties

* Previously unreported microbes/pathways/metabolites that may serve as
CD-specific biomarkers

Controls

1

Laparra JM, Plosone, 2012.
1 1 ong CB et al. Nutrients
Abundance of microbes/pathways/metabolites Wong CB et a. Nutrents 2010
* Previously linked to protection against allergic, autoimmune and v 018,
Pianta, J Clin Invest, 2017

inflammatory conditions Menard et al, Gut, 2004,

Chien Mw et al, Int j of Mol sci, 2018
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e LONGItudinal Metagenomic Analysis Identifies
Bacterial Species, Pathways, Metabolites More
Abundant In Controls Prior to Disease Onset

1. Bifidobacterium longum '
Increase IL-10 production and decrease the production of inflammatory cytokines
. Associated with protection against gliadin-induced enteropathy in animal models

2. Bifidobacterium breve
« Linked to protection against NEC and allergic disease

3. Bifidobacterium thetaiotaomicron t
» Reported to be protective in a preclinical model of IBD

4. Bacteroides vulgatus t

» Protects against LPS-induced inflammation
» Mitigate inflammation in the DSS model of gut inflammation in mouse model

5. Bacteroides uniformis t

* Improve immune defense mechanisms in a preclinical model of obesity
Laparra JM, Plosone, 2012.

Wong CB et al. Nutrients 2019
Klemenak M et al. Dig Dis Sci 2015
Sijia L. et al. J Immunol Res 2021



% Microbiome Bacterial Strains Enriched in Controls L&
But Missing in CD Cases: Whole Genome Sequencing

MassGeneral Hospital
for Children

The Whole Genome Sequencing (WGS) Process

WGS i 4 hbetatory procadure it detanmnes the oedar of bases 1 the gaeomw of m _‘_‘ (s}
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5 2D Model Human Gut Organoids From Healthy Controls (HC), el

MassGeneral Hospital

" potential Celiac Disease (PCD) and Active Celiac Disease (CD)

3D duodenum organoids
(7 days in culture)
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_5i”  Probiotic Strains Isolated From Healthy Controls 8 vulgatus on cytotoxicit L
Protect Against PTG-Induced Cytotoxicity and
Increased Permeability In PCD Human Gut Organoids ¢

CFS on PCD permeability - ﬁ ﬁ ﬁ
50 °
Dose dependent effect of 0 A1 11
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monolayers in PCD 8 ° permeability. ANOVA test B. vulgatus on permeability
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Effect Of B. Vulgatus on PCD Gut Organoids miRNA Epigenetic Changes

Target Prediction: TargetScan Human 8.0

Gene set enrichment analysis: EnrichR — KEGG 2021 Human database

IGF1R: 4/5 (no: miR-128-3p)

Epithelial Cell

IGF1: 4/5 (no: miR-145-5p)

Turnover And

IACVR2A: 4/5 (no: miR-145-5p)

miRNAs Target genes

Let-7-5p HOXD1;0NECUT1;ACVR1B;IGF1R;NRAS;ACVR1C;AKT2;SMARCAD1;DVL3;HOXA1;WNT1;SKIL;SMAD2;APC2;FZD3;FZD4;PCGF3;STAT3;WNTIB;IGF1;WNTIA; DUSP9;ACVR2B;ACVR2A;MEIS1;PIK3CA;HAND1;HOXB1;BMPR1A

miR-15-5p GSK3B;WNT2B;PIK3R1;FGF2;IGF1R;AKT3;0TX1;JARID2;SKIL;WNT4;WNT10B;MAP2K1;ZFHX3;SMAD3;FZD4;WNT3A;PCGFS5;FZD6;WNT7A;IGF1;AXIN2;SMAD5;ACVR2B;ACVR2A;APC;KRAS; TCF3;RAF1;BMPR1A;FGFR1

miR-128-3p  GSK3B;BMPR2;PIK3R1;BMI1;ACVR1C;DVL2;MAPK1;SMAD2;FZD3;ZFHX3;WNT3A;PCGF3;AXIN1;SMADI;LIFR;PAX6;GF1;KLF4;MAPK14;ISL1;SMADS5;ACVR 2A;PIK3CA;KAT6A;COMMD3-BMI1;1D3;GRB2

miR-223-3p  ZFHX3;APC;FZD4;KAT6A;LIF;PAX6;IL6ST;FGFR2;ACVR2A;IGF1R

miR-145-5p  FLT1;CACNA1D;CRKL;IGF1R;ELK4;FGF5;RPS6KA3;PPP3CA;RPS6KAG;NRAS; ERBB3;ERBB4;PDGFD;AKT3;FLNB; MAP4K4; MAP3KS5;MAP2K6;MAPA4K2; MAP3K3; TGFB2;MAP3K1;ANGPT2;PLA2G4A; DUSP6; TGFBR2;EFNA1; CACNB2;EFNA3; TAOK1;RASAT;RASA2;RAPGEF2;CRK;S052; MAP3K11;FGF10

miRNAs Target genes

Let-7-5p PDGFB;FASLG;NLK;CACNALE;RASGRP1;DUSP16;IGF1R;ELK4;FGF5;RPS6KA3;PPP3CA;CACNALI;NRAS;PAK1;MAPKS;AKT2;CASP3;MAP4K3;CACNG4;MAP4K4;DUSP4;MAP3K2;MAP3K3;MEF2C;MAP3K1;CHUK;DUSP1;INSR;IGF1;NGF;DUSP9;TGFBR1;DUSP7;CACNB4; TAOK1;FAS; TAB2;MAP3K13,TP53;CRK
PTPRR;CSF1;FLT3;FGF1;FGF2;CACNALE;CRKL;IGF1R;ELK4;IKBKB;RPS6KA3;CACNA1I;RPS6KAG;FGF7;MAPK8;FGF9;MKNK1;AKT3;GNA12;KDR;PAK2; MAP 3K4;MAP2K6;MAP2K3;MAP3K3;MAP2K1;BDNF;CACNA2D1;INSR;NFATC3;1GF1;,GADD45G;VEGFA;CDC25B;CACNB1;PPM1A;MRAS; TAOK1;FGF18;NF1;RAP

miR-15-5p  GEF2;KRAS;RAF1;LAMTOR3;CRK;SOS2;FGFR1

miR-128-3p CSF1;CACNA1A;CRKL;RAP1B;RPS6KAS;RRAS;MKNK2;MAPK1;MAP2K7;,CACNG2;MAP3K4;MAP3K2;NGFR;DUSP5;PDGFRA;INSR;HGF;CACNA2D3;VEGFC;IGF1;GNG12;MAPK14;MAPK8IP3; TGFBR 1, TGFBR2; MAPK10;KITLG;EFNA2;MAPKAPK3; TAOKL;RASA2;NF 1;RAPGEF2;GRB2;S0S1;MET;PTPNS

miRNAs Target genes
Let-7-5p PRKAAZ;IGF1R;RPS6KA3;NRAS;AKT2;DVL3;SLC38A9;RICTOR;WNT1;FNIP1;RNF152;FNIP2;ATP6V1C1;FZD3;CHUK;MIOS;FZD4;INSR; WNTIB;TSC1;IGF1;WNT9A;PIK3CA;RRAGD;ULK2

miR-15-5p  GSK3B;SEH1L;WNT2B;CAB39;IRS1;PIK3R1;IGF1R;LRP6;IKBKB;RPS6KA3;RPS6KA6;DEPTOR;AKT3;SESN2;GRB10;RICTOR;RNF152;EIF4E;FNIP2;EIF4B; WNT4;WNT10B;MAP2K1;FZD4;WNT3A;INSR;STRADB;FZD6; WNT7A;TSC1;1GF1;RRAGA;ATP6V1B2;KRAS;RAF1;SGK1;5052;LAMTOR3

-~ SMADS: 3/3
RMAs  Target genes TGFB2: 2/3 (no: miR-128-3p)

miR-145-5p  SMAD2SMADTSMADATGFED SMADIROCK L ZRYVESINHBE ACYRI B SMADS ATV R TGF BR Y RPS6EE L 50 5K
miR-138-3p  SMADZBMPRZTGIF 2 SMURF 2 SMADSGDFGSMAD S, TGFBER 1 ACVRZATGFERE GREM 1;ACWR 1O RPSEKEL SPTMARPKLID 3 NED]
MNR-152-3p  ACVALSMADZ TGFBZ;TGIF 2 ACCE] SMURF 2. NOG INHEE, GDFE,LTBP 1,ACYR 2 BSMADSRGMA SKPFLFBM1 Garrote JA 2008 Drug Tar

CD vs CTRL; intestinal biopsy\

miR-146a-5p Target genes
Autophagy NRAS;PRKAA2;TRAF6;RRAGD;PIK3CB;ZFYVE1;ATG7

- signaling pathway

NF-kappa B signaling pathway CARD10;IRAK1;TRAF6;XIAP;LTB

T cell receptor signaling pathway ~ NRAS;NFATC2;LCP2;PIK3CB;CD3D

Neurotrophin signaling pathway =~ NRAS;IRAK1;SORT1;TRAF6;PIK3CB

NRAS 3/4 (no in T cell Rec. pathway)
PIK3CB 3/4 (no in NFKb pathway)

[

Pluripotency

MAPKS: 3/3
CRK: 3/3
TAOK1: 3/3
INSR: 3/3
IGF1: 3/3

Barrier Function

RPS6KA3: 2/2
RICTOR: 2/2
TSC1: 2/2
RNF152: 2/2
ENIP2: 2/2
IGF1R: 2/2
IGF1: 2/2
INSR: 2/2

Innate and
Adaptive
Immune

Response

t Insights 2008:3 1-1L.
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maayanlab.cloud

Harmonizome B

Celiac Disease

-

HUGE Nesgat Gervetwrm, ju Azsocdatiem



Raising of Serum Zonulin Preceded
CD Onset by 18 Months And Was
Influenced By Antibiotic Exposure

Zonulin Values Predicted by Model Fixed Effects with 95% Confidence Intervals.
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Raising of Serum Zonulin Was Followed
By Breaking Tolerance To Gluten As
Testified By DGP IgG Appearance 9

Months Before CD Onset

> Am J Gastroenterol. 2023 Mar 1;118(3):574-577. doi: 10.14309/ajg.0000000000002192.
Epub 2023 Jan 20.

Early Antibody Dynamics in a Prospective Cohort of
Children At Risk of Celiac Disease

Francesco Valitutti ' 2, Maureen M Leonard 3 4, Victoria Kenyon 2 4, Monica Montuori °,
Pasqua Piemontese ©, Ruggiero Francavilla 7, Basilio Malamisura &, Lorenzo Norsa ?,

Angela Calvi 1, Maria Elena Lionetti 1, Mariella Baldassarre 1%, Chiara Maria Trovato 13,
Michela Perrone ©, Tiziana Passaro &, Naire Sansotta 2, Marco Crocco 9, Annalisa Morelli 14,
Lidia Celeste Raguseo 7, Federica Malerba 0, Luca Elli ¥, Fernanda Cristofori 7,

Carlo Catassi 1, Alessio Fasano 2 2 4: CD-GEMM Team
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Temporal Steps Leading To CD Onset

[MECHANISMS OF DISEASE]

THE INSIDE STORY

Investigators do not know every detail of how the immune system wreaks havoc 1. Gut Dys ;1 \
with the intestinal lining of celiac patients, but they have identified a number of ey
likely processes (beiow). Colored arrows indicate avents that might be blocked (Yeafs*?_ o5 , 9 Thevarlous

by interventions now being investigated [see table on opposite page]. , iy it ' W IIT : assaults disable

2. Epigenetic epithelium r gra | : ‘ and kill
W Indigestible fragments of gluten ” ) I /7 - enterocytes.
Induce enterocytes to release the. (18-20 Mg t s \‘~\ GE
proteln zonulin, which loosens ’ \‘ AU\ \

ht junctions. e\
i 3. Zonulin “A\

(18 l'-\;; =15}

Tissue transglutaminase
(TTG), an enzyme re- =5y
leased by the damaged  * 3 ¢
cells, modifies the gluten, "= ,=

Helper T cells %
spur killer Antibody

Tcells to
- directly attack % 3??!‘.‘..“ k
Medified gluten enterocytes.

2 Gluten fragments € The gluten Induces

m mal:)ms‘}lnal em;eocytes to (semie . Helper Tcell Mature B cell B collsrelease antibody
in abundance Interleukin-15 (IL-15 ' .
and accumulate which arouses ,',‘,‘{:3‘50, 4. Break of Tolerance ":°|9<U|95d targete: to
under epithelial Immune cells called (9 Months Before CD Onset) glutenand TTG. Those
cells (enterocytes), Intraepithelial Antigen-presenting cells of Helper T calls that recognize the ?";'g&dgm‘g' 9“‘"";‘:‘”
lymphocytes agalrst the Immune system join the complexes secrete molecules that tn bl ge
enterocytas. mofe!?&: gluvgr; ::p :Mh attract ottl)er Immune cells and s b nfﬂ;gg:;‘g&
mol san 3y the can directly damage enterocytes. 4
resulting complexes to other y 9 n the role of antibodies In

Loamastnm ralier halnar?T salle the diceace e unclear

Fasano A, Sci Am, 2009



Aging




Inflamm(Aging)

 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.



Theories of Aging

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 (-O,7), nitric oxide (‘NO)
and the hydroxyl radical ((OH).

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).

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.

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

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.



Cell Host & Microbe

Age-Associated Microbial Dysbiosis Promotes
Intestinal Permeability, Systemic Inflammation, and
Macrophage Dysfunction

Graphical Abstract
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In Brief

Systemic inflammation increases with
age, but the underlying causes are
debated. Using young and old germ-free
and conventional mice, Thevaranjan et al.
demonstrate that age-related microbiota
changes drive intestinal permeability,
age-associated inflammation, and
decreased macrophage function.
Reducing TNF levels rescues microbiota
changes and protects old mice from
intestinal permeability.



Changes In Microbiome Composition
And Function With Aging
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