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Lecture Objectives 
Gluten + Genes = Celiac Disease  

Not So Fast! 
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All disease begins in the gut - 

Hippocrates 460 BC  

The intestinal mucosa is the battlefield 

on which friends and foes need to be 

recognized and properly managed to 

find the ideal balance between 

tolerance and immune response. 

The gut is not like Las Vegas: what 

happens in the gut does not stay in 

the gut ï  

A.F. 2010 AC  

Celiac disease as the ideal paradigm to 

study how friends can become foes. 

http://go2.wordpress.com/?id=725X1342&site=brightstarlights.wordpress.com&url=http%3A%2F%2Fbrightstarlights.files.wordpress.com%2F2008%2F10%2Fhippocrates.jpg&sref=http%3A%2F%2Fbrightstarlights.wordpress.com%2F2008%2F10%2F07%2Fvintage-astrology%2F


Celiac Disease as a Unique 

Model of Autoimmunity 

ÅThe only autoimmune disease in which specific 
MHC class II HLA (DQ2 and/or DQ8) are present in 
>95% of patients; 

ÅThe auto-antigen (tissue Transglutaminase) is 
known; 

ÅThe environmental trigger (gluten) is  known; 

ÅElimination of the environmental trigger leads to 
a complete resolution of the autoimmune process 
that can be re-ignited following re-exposure to 
gluten 



Celiac Disease  

Autoimmune Pathogenesis 

+ = 
Necessary and Sufficient 

 

(process starting when the 2 elements co-exist; i.e.: 

when baby food is introduced in the diet) 



Gastrointestinal Manifestations 

(ñClassicò) 
Most common age of 

presentation: 6-24 months 
 

Å Chronic or recurrent diarrhea 

Å Abdominal distension 

Å Anorexia 

Å Failure to thrive or weight loss 

Å Abdominal pain 

Å     Vomiting 

Å     Constipation 

Å     Irritability 

Rarely: Celiac crisis 



The Clinical Manifestations of Celiac Disease are More 

Heterogeneous Than Previously Appreciated 

A. Fasano, N Engl J Med 2003;348:2568-70. 



Diagnostic principles 

ÅConfirm diagnosis before treating 

ïDiagnosis of Celiac Disease mandates a strict 

gluten-free diet for life 

Åfollowing the diet is not easy 

ÅQOL implications 

ÅFailure to treat has potential long term 

adverse health consequences 
Åincreased morbidity and mortality 

Diagnosis 



Serological Test Comparison 

Farrell RJ, and Kelly CP.  Am J Gastroenterol 2001;96:3237-46. 

  Sensitivity % Specificity % 
 
 AGA-IgG 69 ï 85 73 ï 90 

 AGA-IgA 75 ï 90 82 ï 95 

 EMA (IgA) 85 ï 98   97 ï 100 

 TTG (IgA) 90 ï 98 94 ï 97 





The 4 out of 5 Signs Rule  

1.  Presence of signs or symptoms compatible with 
CD; 
 

2.  Positive serology (TTG +/ -  EMA);  
 

3.  Compatible HLA (DQ2 e/o DQ8 positive);  
 

4.  Positive intestinal biopsy (enteropathy typical of 
CD); 
 

5.  Resolution of symptoms following implementation 
of a gluten free diet  



Diagnostic 

Developments 

CD Epidemiology 

Milestones 

1970 

1980 

1990 

2000 

AGA 

EMA 

Human TTG 

1970 

1980 

1990 

2000 

Screening in blood donors (Sweden) 

 Screening in healthy population (Italy) 

Screening in developing countries (W Sahara) 

Screening in the US 

Quick TTG 

HLA on a drop of whole blood 
2005 2005 

IEL CD3+ 

HLA, AAA, EMA biopsy 

2010 

Screening in South America 

2010 

DGP, new TTG, IgA deposit 

Biopsy-based tests 

Genetic tests 

Serum antibodies 

CFCR 



Celiac Disease Epidemiological  

Study in USA 

Prevalence 

1:39 

Prevalence 

1:22 

Population screened 

13145 

Positive 

31 

Negative 

4095 

Positive 

81 

Negative 

3155 

Positive 

205 

Negative 

4303 

Positive 

33 

Negative 

1242 

Prevalence 

1:40 

Symptomatic subjects 

3236 

1st degree relatives 

4508 

2nd degree relatives 

1275 

Healthy Individuals 

4126 

Risk Groups 

9019 

Prevalence 

1:133 

Projected number (conservative) of celiac disease patients in the U.S.A.: 2,615,954 

MAJOR PUBLIC HEALTH PROBLEM NATIONWIDE WITH SOME REGIONAL DIFFERENCES 

A. Fasano et al., Arch Int Med 2003;163:286-292. 



What is the best Strategy 
to Look for CD Subjects?  

 
 ÅGeneral Screening?  

ÅCase Findings (At Risk Groups)?  



Prevalence of CD (and 95% CI) in selected 

at-risk subgroup of investigated patients. The 

dashed area represents the prevalence of CD 

in the general U.S. population.  

Catassi et al Am J Gastroenterol 2007;102:1-7 

Detection of Celiac Disease in Primary Care: 

A Multicenter Case-Finding Study in North America 

Prevalence of symptoms and/or conditions 

associated with the CD screening. IBS=irritable bowel 

syndrome; RAP=recurrent abdominal pain; T1D=type 

1 diabetes; AD=autoimmune disease. 



Efficacy of CD Case-Finding in 

Primary Care in North America 
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Catassi et al Am J Gastroenterol 2007;102:1-7 

~40 fold increase 



Trend of Celiac Disease Diagnosis in 

USA Since the CFCR 2003 

Epidemiology Study 

   2003             2004              2005               2006               2007             2008                2009 

2003 CFCR  

Epidemiology Study 

Since the CFCR epidemiology study published in 2003 the 

diagnosis of CD doubled approximately every 3 years.  Currently 

~180,000 of the projected 3,000,000 subjects affected by CD have 

been diagnosed.   

~180,000 CD  

diagnosed 



Increased Prevalence Over Time in U.S.A.  
(in Line with Other Autoimmune Diseases) 
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C. Catassi et al, Annal Med (on line ahead of print) 

During the past 35 years the true prevalence of CD in USA 

doubled every 15 years. 

0.21% 

0.45% 

0.93% 



The Key Questions to 
Address To Prevent CD  

1.  What kind of tricks were used by people 
genetically at risk for CD that were able to 
tolerate gluten for decades?  
 

2.  What happened to them that caused the shift 
from tolerance to immune response to gluten?  

How to Re - Write the  
Natural History of CD?  



Celiac Disease  

Autoimmune Pathogenesis 

+ = 

Necessary but NOT Sufficient 



Answer to Q2 

Answer to Q1 

The Epidemics Of Celiac Disease: 

Which Additional Factors are  

Driving this Epidemics? 

 - Quality of gluten; 

- Quantity of gluten; 

- Breast Feeding; 

- Maturity of gut functions influencing Ag trafficking 

and handling: 

 - GALT 

 - PRRs 

 - Mucous production 

 - Barrier function 

 - Changes in microbiome composition. 

 - Timing of gluten introduction . 

 

 



The Hygiene Hypothesis 



Environmental Triggers: 
Gut Microorganisms 

http://www.science.org.au/nobel/2005/images/invasion.jpg


Environmental Triggers: 
Are we sure they are just environment? 

http://www.science.org.au/nobel/2005/images/invasion.jpg


However, it would be inappropriate 

to describe the human body without 

considering the 300,000,000,000 

bacteria (collectively defined as 

microbiome) gladly living inside us 

and that express ~100 fold more 

genes that the human genome.  

The Complexity of the Human Body 

Over the years we 

came to appreciate 

the complexity of the 

human body 

Only 30,000 genes, 99.5% identical 

to chimpanzee, cannot explain 

such complexity and difference 

with other primates. 

http://www.arcspace.com/books/Leonardo/images/Leonardo-6.jpg


The Real Story of Our Genetic Complexity: 
We Inherit two Parallel Genomes  

Human Genome: 
Inherited from both parents, stable, 

never change in its composition 

Microbiome: 
Inherited from the mother, 

extremely dynamic, changes from 

individual to individual and in the 

same  

individual over time 



Human Genome 
(~30,000 genes) 

Stable 

Metabonome Microbiome 
(140-fold Human Genome) 

Dynamic 

Jazz 

Pop 

Classic 
Clinical 

Outcome 
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Alternative/Integrative Approaches 

 To The Gluten Free Diet 

Prevention Alternative Treatments 

ÅPrimary Prevention 
 (Timing of gluten introduction) 

 

ÅSecondary Prevention 
     (Microbiome Modification) 

 

ÅDevelopment of genetically modified 

grains 

ÅInhibitors of tissue transglutaminase 

ÅCytokines and/or cytokine receptors 

inhibitors 

ÅDetoxification of immunogenic gliadin 

peptides via oral peptidase 

supplementation 

ÅOral or intra-nasal celiac vaccines to 

induce tolerance 

ÅInhibitors of the effects of zonulin on 

intestinal permeability 

  



Early Feeding Practice and 

Their Impact on Development 

of Celiac Disease: 

 

Prospective Studies 



ONGOING PROSPECTIVE STUDIES ON 

TIMING OF GLUTEN INTRODUCTION 

AND RISK OF CELIAC DISEASE 

ÅPrevent CD (European Multicenter: 100 
mg of gluten + breast feeding between 4 
to 6 months): open label, interventional 
study. 

ÅBaby-study 1 (Italian Multicenter: delayed 
gluten introduction): open label, 
interventional study. 

ÅThe Celiac Disease Infant Nutrition 
Consortium (CDINC): (American 
Multicenter: delayed gluten introduction): 
double blind, placebo-control 
interventional study. 

 



Italian Multi Center Study design 

Infant at family risk of CD  

4- 6  

months 

12  

months 

AGA and TTG at 24, 36 and 60 months 

HLA-DQ2/DQ8 + tot IgA 

AGA and TTG at 15 months 

Gluten-

containing diet at 

age 12 months 

Exclusive milk 

feeding from birth to 

4-6 months 

Continue GFD 

Up to 12 

months 

Gluten (wheat 

flour) 

introduced at 6 

months 

Group A Group B 



Biopsy-proven CD 

15m 24m 36m Tot 

Gruppo A 

Gruppo B 

   8    16  3 30 
(377) (329) (294) 

1   3  3 6 
(345) (325) (283) 



Biopsy-proven CD 

15m 24m 36m Tot 

Gruppo A 

Gruppo B 

   8    17   3 30 
(group size) 

(group size) 

(377) (329) (294) 

1   6   3(1%) 6(2%) 

(345) (325) (283) 



Biopsy-proven CD 

15m 24m 36m Tot 

Gruppo A 

Gruppo B 

   8    17   5  30 
(group size) 

(group size) 

(377) (329) (294) 

1   6   10  18  
(345) (325) (283) 



Biopsy-proven CD 

15m 24m 36m Tot 

Gruppo A 

Gruppo B 

   8    17  5  30  
(group size) 

(group size) 

(377) (329) (294) 

1   6   10  17  
(345) (325) (283) 



Risk of CD development based on age 

at gluten introduction (Kaplan-Meyer) 

months 
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Group B 

Group A 



HLA DQ2/DQ8 negative  HLA DQ2/DQ8 positive  

STOP 
BF or formula until 6 months of age  

CD serology  
Stool collection 7d, 30d and 6 months  

At birth 

Group A  
Gluten-free diet 

Group B  
Gluten diet 

At 6 

months  

HLA determination in babies  
first -degree relatives of patients with biopsy -proven CD  

CD serology at 12 months  
Stool collection at 8, 10 and 12 months  

At 12 

months  

CD serology and   
stool collection at 18 , 24, 30 and 36 months  

Group A and B  
Free diet 

American Multi Center Study design 

Double Blind  
Interventional Study  
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Phylum level comparison of at-risk babies (DQ2/DQ8 

positive) and reference (Palmer) babies 



Metabonome 

Jazz 

Pop 

Classic 
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NMR 
Autoimmunity 

Onset of CD 



Å Coordinating Center 

(CFCR) 

Å Partnership with 

NAPSGHAN and 

CDHNF 

Å 48 Participants 

The Celiac Disease Infant Nutrition Consortium (CDINC): 

http://www.wcpghan2008.com/images/hp04b_21a.gif


The Celiac Disease Infant Nutrition Consortium (CDINC): 

Regional Distribution of Participating Centers 

Western Region 

Lead Center  

Anthony Wong 

Santa Clara CA 

North East Region 

Lead Center  

Ritu Verma CHOP 

Philadelphia PA 

Midwest Region 

Lead Center 

Stefano Guandalini 

Chicago IL 

Southeast Region 

Lead  Center 

Ivor Hill  Wake Forest 

NC 
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