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Celiac Disease

Celiac disease (CD) is an immune-mediated systemic
disorder elicited by gluten and related prolamines in
genetically susceptible individuals and characterised by the
presence of a variable combination of gluten-dependent
clinical manifestations, CD-specific antibodies, (HLA-DQ?2 or
HLA-DQS8 haplotypes) and enteropathy.

Fasano A, Catassi C. NEJM 2012;367:2419
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At this time, the only treatment for CD is lifelong adherence
to a gluten-free diet, which involves the elimination of grains
containing gluten, wheat, rye, and barley in addition to
food, products and additives derived from them.

Green PH. Lancet. 2003;362:383
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Celiac Disease

Adherence to GFD to improve symptoms, reduce the risk of
complications, and confer health benefits (i.e. improvement
in bone mineral density).

However, studies have shown that dietary transgressions in
patients with CD are common and can occur anywhere
from 32% to 55%

\ Silvester JA. Can J Gastroenterol.2007;21:557
\\ Hégberg L. Scand. J. Gastroenterol.2003;38:75
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Increase of Prevalence

Natural history of celiac disease autoimmunity in a USA cohort
followed since 1974
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A recent US study showed that CD prevalence was only 0.2% in the year 1975, and
increased 5-fold during the following 25 years

Catassi C. Ann Med. 2010;42:530
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Who are we?

Indigenous microbes and the ecology of human diseases

Martin J. Blaser

Martin J. Blaser is the Frederick H. King Professor
of Internal Medicine, the Chair of the Department
of Medicine and a Professor of Microbiology

at New York University School of Medicine,

New York, USA.

E-mail: martin.blaser@med.nyu.edu

Blaser MJ. EMBO Rep. 2006;7:956
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Indigenous microbes and the ecology of human diseases
Martin J. Blaser
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Blaser MJ. EMBO Rep. 2006;7:956

New York, USA.
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Indigenous microbes and the ecology of human diseases
|

Martin J. Blaser
The entire set of genes that is
known as the microbiome.

Martin J. Blaser is the Frederick H. King Professor
of Internal Medicine, the Chair of the Department
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Blaser MJ. EMBO Rep. 2006;7:956
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Habitat Food

Figure 6. Schematic view of the interactions between host organ-
isms and their microbiota.

Immune-modulation Metabolic

activities

ANnn Rev Gen 2008;42:165
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In ecology, biome refers 1o the sets of plants dnd animails in a community (such as a
jungle, forest, or coral reef) in which an enormous diversity of species, large and small,
interact to form complex webs of mutual support.

When a keystone species disappears or goes extinct the ecology suffers. It can even
collapse
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Disappearing Microbiota Hypothesis

ESSAY

What are the consequences of the
disappearing human microbiota?

Martin J. Blaser and Stanley Falkow

“For a number of reasons, we are losing our ancient microbe”

The loss of microbial diversity on and within our bodies is exacting a terrible price.

obesity, childhood diabetes, asthma, hay fever, food allergies, esophageal reflux and cancer,
celiac disease, Crohn’s disease, ulcerative colitis, autism, eczema
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Disappearing Microbiota Hypothesis

ESSAY

What are the consequences of the
disappearing human microbiota?

Martin J. Blaser and Stanley Falkow

Table 1| Changes in human ecology that might affect microbiota composition

Change Consequence

Clean water Reduced faecal transmission

Increase in Caesarean sections Reduced vaginal transmission
Increased use of pre-term antibiotics Reduced vaginal transmission
Reduced breastfeeding Reduced cutaneous transmission and a

changed immunological environment
Smaller family size Reduced early life transmission
Widespread antibiotic use Selection for a changing composition
Increased bathing, showering and use of antibacterialsoaps  Selection for a changing composition

Increased use of mercury-amalgam dental fillings Selection for a changing composition

obesity, childhood diabetes, asthma, hay fever, food allergies, esophageal reflux and cancer,
celiac disease, Crohn’s disease, ulcerative colitis, autism, eczema
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Disease

Pathogenic
community

no single microbe is
pathogenic alone. Instead,
the community assemblage is
an environmental risk factor
that contributes to a disease
state

Dysbiosis

Ley R. Cell. 2006;124:837
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Harmless bacteria Potentially harmful
bacteria
Lactobacillus,
bifidobacteria Bacteroides, Prevotellq,
E. Coli

. . . Sanz Y. New York: Nova Science;2009.

regardless of whether CD was active or inactive (GFD) Nadal l. J Med Microbiol.2007:56:1669.
Collado MC. BMC Microbiol.2008;22:232.

Collado MC. J Clin Pathol.2009;62:264.

De Palma G. BMC Microbiol.2010;10:63.

Di Cagno R. Appl Environ Microbiol. 2009;75:3963
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Gluten free

Some of these alterations (e.qg., increased numbers of
entferobacteria or staphylococci) are restored after
adherence to a gluten-free diet, suggesting they are
secondary consequences of the disease

Others (increased Bacteroides, virulent-E. coli and
decreased Bifidobacteria and Lactobacilli) are
associated with CD and, therefore, could play a more
prominent role in this disorder

Sanz Y. New York: Nova Science;2009.

Nadal l. J Med Microbiol.2007;56:1669.

Collado MC. BMC Microbiol.2008;22:232.
Collado MC. J Clin Pathol.2009;62:264.

De Palma G. BMC Microbiol.2010;10:63.

Di Cagno R. Appl Environ Microbiol. 2009;75:3963
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Dysbiosis and GFD

Effects of a gluten-free diet on gut microbiota and immune function in healthy
adult human subjects

Giada De Palma, Inmaculada Nadal, Maria Carmen Collado and Yolanda Sanz*

Table 1. Daily energy and nutrient intake before and after the gluten-
free diet (GFD) intervention

(Mean values and standard deviations)

Subjects before Subjects under
GFD (n 10) GFD (n 10)

Diet composition Mean ) Mean SD
Energy

kJ 775968  1446-91 746451 1263-28

kcal . . . . . . . .
Water (@ EyP R e op S Ad e This may contribute to the disruption of the
Protein (g) 72:99 15-69 68-48 13-19 i i
e orotein (%) 194 o 319 p@hcq’re booloncg be’rwe.en ’rhg host and its
Fat (g) 7869 2112 7195 19-00 intestinal  microbiota which might favor the
Energy from fat (%) 38-19 10-25 36-30 9.58 . e
Saturated fat (g) 2321 1117 22.42 6-55 overgrowth of opportunistic pathogens and
E f 1126 5.42 11-31 3-30

eatnated fat (%) weaken the host defenses and not favor
MUFA (g) 29.97 8-30 2879 8-41 : : :
Eneray hom MUFA (%) 1454 403 1440 o4 completely the normalization of gut ecosystem in
PUFA (q) 1158 55 943 3.93 treated CD patients.
Energy from PUFA (%) 5.62 2.71 4.76 1.98
Cholesterol (mg) 262-36 181.37 266-76 115.07
CH (g) 212-41 55-42 218-87 69-05
Energy from CH (%) 45.81 11.95 49.07 15.48
Simple CH (g) 74-30 37.72 72:03 28-05
Energy from 16-02 8-14 16-15 6-29

simple CH (%)
Polysaccharides (g) 116-63 51.62 62.95* 33-12
Energy from 25-15 1113 14-11 7-43

complex CH (%)
Dietary fibre (g) 19.52 10-78 17.56 9-13

CH, carbohydrates.
*Mean value was significantly different from that before the GFD (P<0-05;
Student’s t test).

De Palma G. Br. J. Nutr.. 2009;102:1159
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CD dysbiosis and GFD

Different Fecal Microbiotas and Volatile Organic Compounds in
Treated and Untreated Children with Celiac Disease’

Raffaella Di Cagno,' Carlo G. Rlzzello Francesca Gagliardi,” PdtI‘lZld Ricciuti, Mdurlce Ndagijimana,*
Ruggiero Francavilla,” M. Ellsabetta Guerzoni,* Carmine Crecchlo
Marco Gobbetti,' and Maria De Angells' .
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FIG. 4. Plot of the first and second principal components after
PCA based on the median data for VOCs of T-CD, U-CD, and HC.

The percentages of Lactobacillus and Bifidobacterium species were lower in CD as compared to HC
and remained lower after years of GFD. The median concentrations of volatile organic compounds
varied markedly for HC, T-CD, and U-CD

Di Cagno R. Appl Environ Microbiol. 2009;75:3963
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Duodenal and faecal microbiota of celiac
children: molecular, phenotype and metabolome
characterization

Raffaella Di Cagno', Maria De Angelis”, llaria De Pasquale’, Maurice Ndagijimana’, Pamela Vernocchi?,
Patrizia Ricciuti', Francesca Gagliardi®, Luca Laghi?, Carmine Crecchio', Maria Elisabetta Guerzoni?, Marco Gobbetti
and Ruggiero Francavilla®

1

We did not find bifidobacteria in biopsy
specimens of CD subjects although present in
fecal samples.

In addition, we showed a low level of microbiota
diversity in biopsy specimens
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Di Cagno R. BMC Microbiol. 2011;11:219
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Gut Microflora Associated Characteristics in Children

Wlth Cellac DlSCaSC Table 1. Short Chain Fatty Acid Levels of Children with Celiac
B. Tjellstrém, M.D.,"? L. Stenhammar, M.D., Ph.D.,>? L. Hégberg, M.D., Ph.D.,” K. Filth-Magnusson, M.D., Disease and Healthy Controls
Ph.D.} K-E. Magnusson, Ph.D.* T. Midtvedt, M.D., Ph.D.,! T. Sundqvist, Ph.D..* and E. Norin, Ph.D.! Short Chain Fatty Acids
Type of Untreated Treated
Acid CD CD HC
Acetic acid' 50.6%** 49.3%%* 25.4
36 74 114
(22.6) (26.8) (8.2)
Propionic acid 13.9 14.1* 11.6
36 74 113
(6.1) (7.1) (5.7)
i-Butyric acid 2.3%* 2.2%* 1.6
36 74 113
study of the SCFA pattern in fecal samples from »-Butyric acid (0 () )
children with CD: the results indicate that there is a 36 74 114
difference in the metabolic activity of intestinal Naleric acid G Qo e
microbial flora in children with CD compared to 36 74 114
that in HC. (14 (1.9 (1.6
n-Valeric acid 1.8 1.8** 1.4
36 74 114
(1.0) (1.1) (1.2)
i-Caproic acid 0.3 0.2 0.2
36 74 114
(0.5) (0.4) (0.4)
n-Caproic acid 0.2 0.2 0.2
36 74 114
(0.3) (0.3) (0.3)
Total SCFA 87.4%%* 86.1%** 57.1
36 74 114
(31.0) (38.0) (19.4)

Tiellstrbm B. Am J Gastroenterol. 2005;100:2784.
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Canonical Component 2

The Metabonomic Signature of Celiac Disease

Ivano Bertini,*'"* Antonio Calabro,"* Valeria De Carli,"* Claudio Luchinat, Stefano Nepi,""*
Berardino Porfirio,” Daniela Renzi,"* Edoardo Saccenti,”"" and Leonardo Tenori™"*
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NMR thus reveals a characteristic metabolic signature of celiac disease. Altered serum levels
of glucose and ketonic bodies suggest alterations of energy metabolism, while the urine data
point to alterations of gut microbiota

Bertini l. J Proteome Res. 2009;8:170
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Probiofic in dysbiosis

Health Disease

Eubiosis Dysbiosis

Ley R. Cell. 2006;124:837
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Gluten induces coeliac-like disease in sensitised mice
involving IgA, CD71 and transglutaminase 2 interactions
that are prevented by probiotics

Christina Papista'?, Vassilis Gerakopoulos', Andreas Kourelis', Maria Sounidaki', Anastasia Kontana',

Laureline Berthelot®?, lvan C Moura®?, Renato C Monteiro®** and Minas Yiangou'

b Gluten

/3 G- diet (G+)

— G+

Em KKA1 Sacrifice

mm DC205

DC412 D1 D7 D37
G- mice_l 1

Every day Every 3 days

Oral delivery of
‘€ KK1 or DC205 or DC412 or PBS >

Papista C. Lab. Invest. 2012,92:625



UNIVERSITA

DEGLI STUDI DI BARI

Probiotic in CD — prof of concept

. . . o o . . o . og o . K. IUUti‘Uusitalo,* S. Stenman,*
Live probiotic Bifidobacterium lactis bacteria inhibit the toxic effects . venitiinen M. Miki* and
induced by wheat gliadin in epithelial cell culture K. Kaukinen*

*Paediatric Research Centre, Medical School,
University of Tampere, Finland, Department
of Peadiatrics, Tampere University Hospital,

The ability of live probiotics to inhibit gliadin-induced damage to human colon cells Caco-2

Normal tight junctions Tight junctions after gliadin Tight junctions after

administration gliadin and probiotfic
administration

Lindfors K. Clinical and Experimental Immunology. 2008;152:552
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Probiotic in CD at diagnosis

Exploratory, Randomized, Double-blind, Placebo-controlled
Study on the Effects of Bifidobacterium infantis Natren Life
Start Strain Super Strain in Active Celiac Disease

Edgardo Smecuol, MD,*{ Hui J. Hwang, MD,* Emilia Sugai, MD,* Laura Corso, MD,}
Alejandra C. Cheriiavsky, MD,§ Franco P. Bellavite, MD,* Andrea Gonzdlez, MD, }
Florencia Vodanovich, MD,§ Maria L. Moreno, MD,* Horacio Vazquez, MD,*
Graciela Lozano, MD,* Sonia Niveloni, MD,*1 Roberto Mazure, MD,*

Jon Meddings, MD,| Eduardo Mauririo, MD,* and Julio C. Bai, MD* i#

TABLE 3. Final/Baseline Ratios for Intestinal Permeability (Lactulose/Mannitol Ratio), Serology (IgA tTG and IgA DGP), and Immunologic
Parameters (in Serum and in PBMC 24 h Culture Supernatant) in the Probiotic and Placebo Arms

Parameter Probiotic Arm Placebo Arm P
Lactulose/mannitol ratio
Final/baseline ratio, median (range) 1.11 (0.65-2.13) 0.99 (0.48-6.79)

Immunologic markers
Celiac disease serology (final/baseline antibody concentration ratio), median (range)
IgA (TG 0.90 (0.26-1.19) 0
1

1
IgA DGP 0.90 (0.57-1.71) l.
Inflammatory mediators

In serum (serum concentrations)
MIP-1B (pg/mL), median (range)

7(0.78-2.40)  0.0558
0 (0.68-2.07)  0.1809

Baseline 99.3 (75.5-219.5) 104.8 (81.9-139.5)

Final 129.9 (78.3-379.2)*  98.8 (52.4-136.5)
In PBMC 24 h culture supernatant (final/baseline ratio), median (range)
IL-12p70 0.9 (0.1-4.2) 3.5(1.2-4.4) < 0.02
IL-6 0.8 (0.1-1.4) 1.0 (0.2-7.2)
IL-10/1L-12p70 ratio 1.0 (0.1-14.9) 0.5 (0.3-5.3)

*P < 0.04.
PBMC indicates peripheral blood mononuclear cell.

Smecoul E. J Clin Gastroenterol 2013;47:139
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Exploratory, Randomized, Double-blind, Placebo-controlled
Study on the Effects of Bifidobacterium infantis Natren Life
Start Strain Super Strain in Active Celiac Disease
Edgardo Smecuol, MD,*{ Hui J. Hwang, MD,* Emilia Sugai, MD,* Laura Corso, MD,}
Alejandra C. Cheriiavsky, MD,§ Franco P. Bellavite, MD,* Andrea Gonzdlez, MD, }
Florencia Vodanovich, MD,§ Maria L. Moreno, MD,* Horacio Vazquez, MD,*

Graciela Lozano, MD,* Sonia Niveloni, MD,*1 Roberto Mazure, MD,*
Jon Meddings, MD,| Eduardo Mauririo, MD,* and Julio C. Bai, MD* i#

Placebo B Probiotic

0% T T 1

baseli visiit 1 visit 2 ==l abdominal pain

-10%

-20% \ \ === GE reflux
-20%

90 \ \\ Indigestion

-40% -30%

o \ ~JJ}— diarrhea
AN o N\

-60% ) 1 —.— constipation
Ny —— - %

More than 70% of patients reported that these symptoms had improved

with probiotics, whereas improvement occurred in 30% of patients with

placebo. Once again, diarrhea was perceived as improved at the end
of the trial by 80% of patients in both treatment armes.

Smecoul E. J Clin Gastroenterol 2013;47:139
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Prevalence of Irritable Bowel Syndrome-type Symptoms in Patients With
Celiac Disease: A Meta-analysis
ANITA SAINSBURY,* DAVID S. SANDERS,* and ALEXANDER C. FORD*#

Q'Leary 2002 . 4.81 (2.05, 12.24)

Usai 2007 —.— 10.79 (7.08, 16.46)
Barratt 2011 . 4.45 (252, 8.04)

Lorussc 2011 —l— 3.93 (2.48, 6.19)
‘Combined [random] —@7 560 (3.23, 9.70)

T T 1
2 5 10 100

Odds ratio (95% confidence interval)

The pooled OR for IBS-type symptoms was significantly higher in those with CD compared
with controls. The odds of IBS-type symptoms were more than 5-fold higher (5.60; 95% Cl,
3.23-9.70) among all patients with CD, regardless of adherence with a GFD, compared

with controls without CD.

Sainsbury A. Clin Gastroenterol Hepatol. 2013;11:359
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854 CD patients: 353 adults e 401 children
1237 conftrol: 484 adults e 389 children
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Cristofori F. SIGENP. 2014
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Dietary Supplement Use in Patients With Celiac Disease in
the United States

Samantha Nazareth, MD,* Benjamin Lebwohl, MD, MSc,* ¥
Christina A. Tennyson, MD,} Suzanne Simpson, RD*
Heather Greenlee, ND, PhD, 1§ and Peter H. Green, MD*

CD patients completed a questionnaire on demographics, types of dietary supplement use, attitudes toward CAM

TABLE 2. Dietary Supplement Use and Attitudes Toward CAM

Variables All Patients (423) |n (%
Dietary supplement use

No 323 (76.4)

Yes 100 (23.6)
Doctors should be supportive of CAM use

Not at all 77 (18.2)

Slightly 105 (24.8)

Moderately 90 (21.3)

Quite a bit 71 (16.8)

A great deal 70 (16.5)

CAM indicates complementary and alternative medicine.

% of subjects using

supplement type

60 A
50 A
40 1
30 A
20 A
10 -

Dietary supplement type

Nazareth S. J Clin Gastroenterol 2014; in press
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Global and Deep Molecular Analysis of Microbiota Signatures in Fecal

Samples From Patients With Irritable Bowel Syndrome

MIRJANA RAJILIC-STOJANOVIC,**+ ELENA BIAGI,* HANS G.H.J. HEILIG,* KAJSA KAJANDER,® RINA A. KEKKONEN,®

SEBASTIAN TIMS,* and WILLEM M. DE VOS*

Verrucomicrobia
Verrucomicrobiales

Akkermansia
Lentisphaerae /
Victivallales ,

2X

Firmicutes 4
Clostridiales Bacilli

Bacteroidetes
Bacteroidales
Allistipes
Bacteroides y
Odoribacter ¥
Parabacteroides
Prevotella §

Proteobacteria

Blautia 4 Bacillus Victivallis |/

Bryantella Enterococcus / /

Butyrivibrio Lactobacillus ; : i /

Clostridium f Streptococcus* ACt!nObaCter!a /S

Dorea Actinobacteriales

Eubacterium Atopobium —<___

Faecalibacteriumy glf;;joba/i/cter:um v Spirochastes

Ruminococcus ollinsella .

Roseburiat t Corynebacteriu Splrochgetales

Sporobacter Eggerthella Brachyspira

Veillonella .
Fusobacteria

Cyanobacteria \_ \Fusobacterium
Sinergistetes O\
uncultured phylotyp| slf'
|
Euryarchaeota | Funai
Methanobacteriales || -YNJ! p
Methanobrevibacter \f Sacharomycetales
Methanosphaera | Candida
| Eurotiales
Penicillium

Global and deep molecular analysis of fecal samples
indicates that patients with IBS have a different
composition of microbiota

\ Fusobacteriales

(a)Sphingomonadales

uncultured phylotypes

(B) Burkholderiales

Oxalobacter

Sutterella

(y) Enterobacteriales

Enterobacter

Escherichia

Klebsiella

Serratia

(6) Desulfovibrionales

Bilophila

Desulfovbrio

(6) Campylobacterales

Campylobacter
\\Helicobacter

.\\

Rajilic ~Stojanovic. Gastroenterology 2011;141:1792
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Lactobacillus plantarum CECT 4528

Lactobacillus casei 101/37 LMG P-17504
Bifidobacterium breve Bbr8 LMG P-17501
Bifidobacterium breve BI10 LMG P-17500
Bifidobacterium animalis (Subsp. lactis) LMG P-17502
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116 patients enrolled

€ 2 weeks
l \
E W,
IBS-SS IBS-SS

IBS severity score (IBS-SS) assessed by VAS
Gastrointestinal Symptom Rating Scale (GSRS)
Bristol Stool Chart (BSC)

IBS Quality of Life (I-QOL)

Symptom Check List (SL-90)

* %X X X X ¥

Hospital Anxiety & Depression Scale (HADS)

Urine - stools

RUNNING-IN R
Still symptomatic \
> Placebo (58 pfts)

/ Probiotic (58 pts)

Follow-up

e 6 weeks —

€ 6 weeks —
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ClinicalTrials.gov Identifier: NCT01699191
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87 patients analysed (75%); end of study November 2014.  —----- Combination
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PROCEDQO study: IBS-SS by VAS

87 patients analysed (75%); end of study November 2014.  —---e- Combination
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PROCEDO study: BSC

87 patients analysed (75%); end of study November 2014.
Bristol Stool Chart

I t of def ti
Tipo 1 . @ ‘ D Grumi duri Sc.jp@la.tl Fs‘a loro, :
[# ] - come noci (difficili da espellere)
A forma di salsiccia, ma
Tipo 2 formata da grumi uniti tra loro
p<0,04
Come un salame, ma con
T’PO 3 - crepe sulla sua superficie
Come una salsiccia o un
Tipo 4 \ serpente, liscia e morbida
¥ @» Pezzi separati morbidi con
Tipo 5 “‘ W bordi come tagliati/spezzati;
chiara (facile da evacuare)
Pezzi soffici/flocculari con bordi
Tipo 6 frastagliati, feci pastose
- Acquosa, nessun pezzo solido
ipo 7 Completamente liquida
-

Combination Placebo
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Probiotic combination for CD&IBS patients ) ALDO MORO

A 6-wk treatment with a probiotic mixture of 2
Lactobacilli and 3 Bifiodobacteria provided effective
> 8 , symptom relief in celiac patients suffering of
-v‘,;r.ﬁ:fn,azzlﬁism . symptoms suggestive for IBS

B. breve Bbr8EMGP-1750T
B. bréve BI10 LMGP=17500

B anifnciis (Subsp. lactis) LMG P-17508 )




PROCEDO: effect on gliadin pepftides
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The probiotic combination has the ability to hydrolyze toxic gliadin polypeptides
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PROCEDO: effect on gliadin pepftides

The probiotic combination has the ability to hydrolyze toxic gliadin polypeptides

w-gliadin —DE E
o, f3,y-gliadin E i
_"- 4
—>
Hydrolized Western blot/R5 analysis of:
gliadins 1) European gliadin reference
2) Dough (control)

.

3) Doughincubated for24 hat37 ° C
with the probiotic combination.
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The probiotic combination has the ability to hydrolyze toxic gliadin polypeptides

Typical gliadin profile
100 31770
35204 (1)
38635
41796
A 48858 54807
18000 —— a, f,Y —»| = © 60000
109 31104 (2)
35077
38522
48774 S4TTR
m’ " Hydmolysed fagments
¥ y (3)
27998
30415
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AWMM

MALDI-TOF mass spectra of aqueous
ethanol extract of wheat gliadin:

1) European gliadin reference
2) Dough (control)

3) Doughincubated for24 hat37 ° C
with the probiotic combination.
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CD is characterized by a state of dysbiosis that do
not completely reverse by GFD levels;

Bifidobacteria and lactobacilli are reduced in CD
patients, and these bacteria can be considered a
promising target for probiotic therapy at least to
reduce Gl symptoms that are common in this
condifion.

The identification of strains capable of producing
enzymes that degrade gliadin peptides and
induce anti-inflammatory effects needs to be
studied.

Finally, studies including a larger sample size and
involving international health and research centers
would conftribute to the design of common
directions and guidelines for the use of probiotic
and advance the knowledge regarding the
importance of microbiota in CD.



