
impact
A PUBLICATION OF THE UNIVERSITY OF CHICAGO CELIAC DISEASE CENTER   | www.cureceliacdisease.org  |  November 2015

Non-Celiac Gluten Sensitivity Is Really 
Wheat Intolerance Syndrome  BY STEFANO GUANDALINI, MD

In recent years there has been a resurgence 
of interest in “non-celiac gluten sensitivity” 
(NGCS), first described in 1978 (1). This con-
cept now applies to patients who do not meet 
the criteria for celiac disease (CD) or wheat 
allergy, but who do report a number of intes-
tinal and/or extra-intestinal symptoms after 
consuming gluten-containing foods. These 
patients by definition present neither the auto-
antibodies nor the enteropathy characteristic 
of CD. 

But is it really gluten that causes 
NCGS?
It is important to note that even after a double 
blind placebo-controlled (DBPC) challenge, 
there is no proof that gluten is responsible for 
symptoms. Such challenges commonly use 
wheat, rather than chemically purified glu-
ten. Thus, it is certainly possible that patients 
thought to have NCGS may be reacting to 
components of wheat that have nothing to do 
with gluten. Other troublesome components of 
wheat may include, but are not limited to:

•  Starch and other carbohydrates such as Fruc-
tans (the most common FODMAP contained
in wheat) (2);

•  Amylase/Trypsin Inhibitors (ATI) – These
low molecular weight proteins are found in
many modern as well as ancient wheat cul-
tivars and have been found in laboratory sys-
tems to cause intestinal inflammation. Thus,
it is conceivable, though at the moment only
speculative, that they are responsible for some
wheat-related gastrointestinal symptoms.

In a survey conducted in Italy on 486 patients 
with suspected NCGS (3), the clinical picture 
was characterized by combined gastrointesti-

nal and systemic symptoms (See Figures 1 and 
2). The most common gastrointestinal manifes-
tations were bloating, abdominal pain, diarrhea 
and/or constipation, nausea, and gastro-esoph-
ageal reflux. Among the most common non-
gastrointestinal manifestations were fatigue, 
headache, ‘foggy mind,’ fibromyalgia-like 
joint/muscle pain, leg or arm numbness, der-
matitis or skin rash, depression, anxiety, and 
anemia. In this study, 95% of patients reported 
symptoms almost every time they ingested glu-
ten. In another trial, which included 34 gluten-
free patients with Irritable Bowel Syndrome 
(IBS)(4) but no CD, intestinal symptoms and 
fatigue reappeared more frequently upon rein-
troduction of gluten than in the control group 
(68% and 40% respectively). Additional extra-
intestinal clinical manifestations described 
include neurological disorders such as atten-
tion deficit and hyperactivity, sleep problems, 
cerebellar ataxia, psychiatric disorders such 
as autism, depression, bipolar disorder and 
schizophrenia, muscular problems and even 
autoimmune diseases such as psoriasis.  
 How common is NCGS? Given the lack of 
objective diagnostic criteria, it is impossible to 
say.   As a result, estimates range widely, from 
0.6% to a whopping 50% on some popular but 
likely inaccurate websites. NCGS appears to 
be more prevalent in women than men, in first 
degree relatives of celiac patients, and in adults 
rather than children. In fact, there is only lim-
ited evidence of its existence in children. (5, 6) 

Diagnosing NCGS 
In spite of uncertainties about the exact defini-
tion of NCGS, the following diagnostic criteria 
have been proposed:
1 Exclusion of celiac disease;
2 Exclusion of wheat allergy;

3  Rapid onset of intestinal and extra-intestinal 
symptoms from gluten-containing foods in 
patients with histopathology as follows: ei-
ther normal intestinal mucosa or “lympho-
cytic enteritis” (defined as an increase in the 
number of intraepithelial lymphocytes in an 
otherwise completely normal mucosa). 

It is essential to rule out CD before labeling a 
patient with NCGS. In fact, patients who begin 
a GFD prior to an adequate diagnostic work-up 
for celiac disease risk a missed or at least de-
layed celiac diagnosis. Individuals who believe 
they are affected by a gluten-related disorder 
should be screened for celiac disease, which 
will include a blood test and in most cases an 
intestinal biopsy while still on a gluten-con-
taining diet. It has been reported that about 
60% of patients with NCGS have a completely 
normal mucosa. The remaining 40% may have 
“lymphocytic enteritis”, which is also common 
in a number of other conditions besides celiac: 
intestinal infections, H. pylori gastritis, NSAID 
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use, recurrent abdominal pain, common vari-
able immunodeficiency, etc. Still, “lymphocyt-
ic enteritis” is part of the spectrum of CD and 
it is important to differentiate between CD and 
NCGS in patients who present it.
 No biomarkers for NCGS have been iden-
tified to date; however, positive anti-gliadin 
antibodies, mainly IgG, have been found in 
between 25% and 56% of NCGS cases. This 
prevalence, although lower than in CD (around 
85%), is clearly higher than in the healthy pop-
ulation (up to about 10%) but only marginally 
higher than what is found with other disorders 
such as IBS (20%) or autoimmune hepatitis 
(21.5%). Caution: it is not clear whether these 
antibodies have any pathogenetic significance, 
and certainly, given their substantial overlap 

with controls and with other disorders, their 
diagnostic value is minimal. 
 There are no genetic assets known in NCGS: 
in fact, HLA-DQ2 and/or HLA-DQ8 genotypes 
(present in 100% of CD patients) are positive 
in about 40% of NCGS patients. Thus, genetic 
testing for HLA haplotypes is not useful for di-
agnostic purposes. 

Gluten challenge for NCGS  
diagnosis
Because there is no specific biomarker for 
NCGS, the only reliable standard for diagno-
sis would be a double blind, placebo-controlled 
challenge However, there is no agreement on 
what would constitute a proper gluten chal-
lenge, as modalities and amount of gluten used 

>> continued from page 1

FIGURE 1 – GASTROINTESTINAL MANIFESTATIONS OF NCGS (FROM (11))

FIGURE 2 – EXTRA INTESTINAL MANIFESTATIONS OF NCGS (FROM (11))

in clinical trials have been varied. Clearly, there 
is an urgent need to standardize a diagnostic 
protocol for clinical trials. In clinical practice, 
the diagnosis is almost invariably made on the 
patient’s report and often even without having 
properly excluded CD. This practice represents 
a major obstacle toward progress in under-
standing this entity.

Wheat Allergy
It is possible that at least a subset of NCGS 
patients may have a non-IgE-mediated food al-
lergy. Studies have shown that about one-third 
of IBS patients improved on an elimination 
diet and worsened on a DBPC challenge with 
wheat and cow’s milk proteins, suggesting that 
a percentage of them could be suffering from 
non-IgE-mediated food allergy. The majority 
of these patients studied showed lymphocytic 
enteritis in the duodenal mucosa.

Early-stage Celiac Disease
While the diagnosis of celiac disease follows a 
well standardized process and is clearly defined, 
there are instances in its early development 
where the disease cannot yet be detected either 
by serum antibody testing or by pathology. Yet, 
culture supernatants from duodenal biopsies or 
tissue sections of duodenal biopsies may be able 
to detect the highly specific autoantibodies in 
patients who are symptomatic but have normal 
histology and negative serum markers for CD. 
Thus, a portion of patients labeled with NCGS 
may indeed be seronegative celiac patients still 
lacking overt intestinal damage.

A Placebo/Nocebo effect
The profound effect of placebo is well recog-
nized in a variety of functional gastrointestinal 
disorders, and even in organic and severe condi-
tions such as Crohn’s disease, where about 15% 
of patients experience improvement on pla-
cebo. The existence of a relevant phenomenon 
of placebo/Nocebo effect has in fact been re-
ported in double-blind controlled trials in adult 
patients with self-reported food intolerances 
and the likelihood of a placebo effect of gluten 
withdrawal has been suggested. In a study on 
patients with IBS-like symptoms claiming to 
suffer from various food intolerances, only 12 
of the 32 (37.5%) patients self-reporting such 
symptoms improved on an elimination diet and 
reacted to the DBPC challenges, indicating that 
almost 2/3 of such patients did indeed present a 
typical placebo/nocebo effect. Thus, it is quite 
conceivable that a portion of NCGS patients, 
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and arguably a substantial one, fall in this cate-
gory. Given the lack of any objective diagnostic 
marker, this appears quite likely.

Conclusions
Until more is known, it is questionable whether 
gluten is causing NCGS and whether NCGS in-
volves an immune-mediated mechanism. In the 
absence of robust data, the term “sensitivity” 
should be replaced by the generic term “intol-
erance”. Thus, the misleading term “non-celiac 
gluten sensitivity” should be replaced with the 
term “wheat intolerance syndrome,” to reflect 
the causative role of wheat (rather than gluten) 
as well as the lack of a specific underlying 
mechanism, and potential for multiple causes 
of symptoms. 
 At some point, when research will tease 
out the various components of wheat intoler-
ance syndrome and clarify its pathogenesis, 
medicine will abandon this umbrella term for 
more specific ones, much like the evolution 
for the syndrome of “intractable diarrhea of 
infancy” of the 70’s, another term that over 
time was abandoned as new entities were be-
ing uncovered: microvillus inclusion disease, 
milk protein enteropathy, immune deficien-
cies, and others. Until then, let’s all humbly 
take a step back: Change the terminology to 
one that makes sense, stop making diagnostic 
algorithms as if we were dealing with a sin-
gle entity, and go back to the drawing board 
to design rigorous prospective, randomized, 
double-blind placebo-controlled, studies with 
a well standardized approach to answer the 
many outstanding questions.
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CARE PACKAGE 
PROGRAM
The Care Package Program continues 
to grow! This month, we welcome our 
newest Care Package Partner, Barilla, 
whose gluten-free pasta is now wide-
ly available in stores all over the US. 
Please support all our generous Care 
Package Partners. You can support 
them by joining their social media 
pages, buying their products, and if 
you don’t see their products, ask-
ing your local stores to carry them. 
We appreciate their support, and 
note that the Care Package Program 
would not exist without them!
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Barilla

Bob’s Red Mill

Breads from Anna

Cabot Creamery

Celiac Publishing/ 
Cooking Gluten 
Free

Cookies by Design

Crunchmaster

Delight Gluten 
Free

Dr. Lucy’s, LLC

Enjoy Life Foods

Glutino

ginnybakes 

Jones Dairy Farm

King Arthur Flour

Namaste Foods 
LLC

Pamela’s

San-J 
International, Inc.

Udi’s Gluten-Free

Our Answer Bank at 
www.cureceliacdisease.org 
page is a wealth of information 
about celiac disease. 

Please friend us on Facebook 
and join us on Twitter as well: 
facebook.com/cureceliac  
twitter.com/cureceliac.

http://www.barilla.com/
http://enjoylifefoods.com/
http://www.glutino.com/
http://san-j.com/
http://www.delightglutenfree.com/
http://www.bobsredmill.com/
http://breadsfromanna.com/
https://www.cabotcheese.coop/
http://www.ginnybakes.com/
http://www.pamelasproducts.com/
http://www.namastefoods.com/
https://www.crunchmaster.com/home.aspx
http://www.drlucys.com/
http://udisglutenfree.com/
http://www.cookiesbydesign.com/
http://cookingglutenfree.com/
http://www.jonesdairyfarm.com/
http://www.kingarthurflour.com/
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LIFE IS SHORT: ENJOY IT!
One could easily drive right by Enjoy Life Foods’ factory. It is located in a nondescript, single-
story building close to O’Hare Airport, with dull brick walls and a flat roof. A modest sign identi-
fies the building, and parked cars along its side indicate that someone must be around. But walk 
inside, and it is a bustle of activity. Behind a row of offices is the factory, where three quarters of 
the 46 different Enjoy Life products are made. 
 Enjoy Life, founded in 2002 as an outgrowth of a business school class project, was bought 
in February 2015 by snack monolith Mondelez, manufacturer of such iconic brands as Oreos, 
Cadbury chocolate and Ritz crackers. The company had been growing at 40% annually, which 
sounds enviable but expensive. While it still operates as a completely independent entity, and 
retains its own manufacturing facilities, the purchase has enabled it to invest in new equipment 
and upgrades. It is even looking for a larger factory space, to expand operations even more. While 
some worry that its new ownership will compromise its exacting gluten-free and allergen-free 
standards, Enjoy Life’s Warady is confident this is not the case. According to Chief Sales & Mar-
keting Officer Joel Warady, “Mondelez wants us to be the best gluten-free, allergy-free company 
in the world, and they are supporting us accordingly.”
 To maintain those high safety standards, Enjoy Life maintains its gluten-free certification 
through gfco.org in its main facility, and in all offsite facilities that are not completely gluten-free. 
It tests products constantly, and matches the Australian and New Zealand gluten-free standard 
of five parts per million for gluten in its products. There is no contact between Mondelez snacks 
made with gluten and Enjoy Life products. Says Warady, “no Mondelez products ever come here.”
 Enjoy Life is not standing still for a minute. Canada already accounts for 13% of its business, 
and it is looking for new international distribution, particularly in South America, which it sees 
as a huge potential market. And while it shies away from any private label manufacturing, Enjoy 
Life has teamed up with Disney on co-branded snacks, sold in all Disney parks and cruise ships. 
It is always engaged in new product development, and is also on the lookout for new gluten-free 
flours to use in its snacks. Will it develop a gluten-free Oreo one day, to rival its parent company’s 
best-selling cookie? Not according to Warady. But perhaps a black sandwich cookie with a creamy 
white center? Stay tuned...Enjoy Life is moving forward.

INTERNATIONAL  
CELIAC DISEASE 
SYMPOSIUM 2015
The 16th International Celiac Disease Sym-
posium took place in Prague, Czech Republic 
in June. Once again, the meeting was divided 
into tracks, for scientific, clinical and patient 
sessions. The University of Chicago Celiac 
Disease Center was well represented in all 
three tracks, as well as in the poster displays 
and sessions. At least 12 individuals from The 
University of Chicago presented, either with a 
talk, a poster or both. A partial list of the post-
ers and presentations that were presented by 
University of Chicago physicians, researchers 
and dietitians is below:

1  The Impact of Interleukin 15 (IL-15) on 
the Development of Intestinal Disbiosis 

2 The Mechanisms of Host-Viral 
Interactions Mediating Loss of Oral 
Tolerance a Prerequisite for Celiac 
Disease

3 The Prevalence of Comorbidities in 
Patients with Coeliac Disease

4 Towards the Optimal Gluten-Free Diet

5 Do Extra-Intestinal Manifestations of 
Celiac Disease Improve on a GFD?

6 Therapy of Coeliac Disease, Gluten-
Free Diet, Oats

7 Optimizing Behavioral Health Among 
Adolescents with Celiac Disease

8 Gluten-Free Diet and Extra-
Intestinal Manifestations 

Besides the presentations and information that 
came out of our Center, the ICDS 2015 was a 
wonderful opportunity to hear about what is 
going on in different research centers around 
the world, how the different centers are col-
laborating and what the future may hold for 
better treatments and a cure for celiac disease. 
The various sessions covered a huge variety of 
material, from the increasing incidence of ce-
liac disease to its genetics to refractory celiac 
disease, along with potential new treatments 
and therapies. 

The next International Celiac Dis-
ease Symposium will take place 
in New Delhi in September, 2017. 

For more information about the event 

and the discussion, please visit our 

Facebook page, where you can see 

Jonathan Cordova, GI fellow at The 

University of Chicago, give his daily 

ICDS 2015 update. 
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On Saturday, October 17, nearly 500 people at risk for celiac disease came to the University of 
Chicago Medicine to be screened for the condition. They, along with several hundred others, en-
joyed samples of gluten-free foods from many generous vendors and sponsors of the event, and 
an expanded educational program. In addition to the Q&A Panel of Experts that normally takes 
questions from the audience, which featured Dr. Guandalini, Dr. Jabri and Dr. Kupfer, we held two 
educational sessions. Pediatrician Hilary Jericho, MD, presented on Teens and Celiac Disease, 
covering special issues that teenagers with the disease face, and Lori Welstead, RD, MS presented 
on Pitfalls of the Gluten-Free Diet. Special thanks to the B.T. Rocca Jr. Fund, for making our ex-
panded educational program possible, and to all our panelists, sponsors and attendees for making 
this event a fabulous Celiac Education Day. We especially want to thank Prometheus Laboratories, 
which has donated so many tests to our Center over the years. They are an integral part of our 
event, and we could not do it without their support. We look forward to next year!

CELIAC EDUCATION DAY MADE POSSIBLE 
BY OUR GENEROUS 
SPONSORS :

http://www.barilla.com/
http://www.glutino.com/
http://san-j.com/
https://www.thermofisher.com/us/en/home.html
https://www.nestlehealthscience.com/
http://www.prometheuslabs.com/
http://www.peapod.com/
http://www.aleias.com/
http://zemasfoods.com/
http://celimmune.com/
https://www.crunchmaster.com/home.aspx
http://www.marcellos.com/
http://www.vsl3.com/
http://www.wheatsend.com/
http://www.jonesdairyfarm.com/
http://www.sweetalis.com/
http://www.uchospitals.edu/specialties/gi/index.shtml
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Research toward a cure is at the 
forefront of our mission, and as always, 
Dr. Jabri’s team of investigators are 
working hard toward that goal. 

MONTELUKAST STUDY

The University of Chicago Celiac Dis-
ease Center has received funding from 
The Women’s Board of The University 
of Chicago to carry out a pilot study 
on the generic asthma drug, montelu-
kast. Montelukast has a long record of safety 
and tolerability in asthma treatment. This re-
cord, and its generic status, make it an ideal 
candidate as a pharmacological agent in ce-
liac disease. Our preliminary studies show 
that montelukast is effective in decreasing 
intestinal damage. Our overall objective is to 
perform a pilot study in celiac patients to as-
sess feasibility of a larger clinical trial. We hy-
pothesize that it will reduce intestinal inflam-
mation. Successful completion of this study 
will enable us to design a phase II study of 
montelukast, to lead toward the first adjunc-
tive pharmacologic therapy for celiac disease.  
 The montelukast study, if the hypothesis 
proves correct, could be a major step forward 
in terms of celiac disease treatment. It would 
provide important new insights into this in-
creasingly common disease, and could poten-
tially help all celiac patients. Mucosal damage 
in celiac patients has been associated with se-
rious consequences such as lymphoprolifera-
tive malignancy and hip fractures. If success-
ful, this study will lead to a larger randomized 
control trial of montelukast in celiac disease, 
which would be the first pharmacological trial 
in celiac disease in the US. It is fair to say that 
if this study is successful, it could lead to a 
better treatment for all celiac disease patients. 
 Our pilot study will enroll 12 patients, who 
are already diagnosed with celiac disease and 
are willing to undergo an eight-week challenge 
eating gluten. If you are a celiac patient at The 
University of Chicago Medicine and are inter-
ested in learning more about this study, please 
keep checking our website. We will post more 
information as it becomes available. This study 
will involve eating a tiny amount of gluten for 
eight weeks, as well as an intestinal biopsy at 
the beginning and the end of that period. Serol-
ogies will be collected at those points as well. 
During the study, we will assess changes in the 
architecture of the small intestine and celiac 
serologies. Successful completion of this study 
will enable us to design a larger randomized 
phase II study of montelukast, a crucial step 
in the quest for a pharmacological treatment of 
celiac disease.

NEW STUDY:

Do you have Celiac Disease? Are you between the ages 
of 12 - 18? Keep reading, this is for YOU!!!
The University of Chicago Celiac Disease Center is currently conducting a 
research study for teenagers with celiac disease and their parents.  The purpose of 
this study is to better understand the feelings and coping skills of our adolescent patients with 
celiac disease and how this affects their adherence to a gluten free diet later in life.  We are also 
interested in how parents perceive their child to be handling life with celiac disease.  Our goal 
is to use this information to improve adherence to a gluten-free diet for these patients as they 
get older. 

Who qualifies? Patients who:
1  are under the care of a pediatric gastroenterologist at The University of 

Chicago’s Comer Children’s Hospital

2 have a diagnosis of celiac disease

3 are between 12 – 18 years of age

What is involved?
If you qualify for our study, we will ask you (and parents) to fill out a brief electronic survey 
that can be completed at home via a secure-online website hosted by The University of Chicago 
Celiac Disease Center. Upon entering the survey, parent and child will be prompted to complete 
a consent form, after which the survey will start.  The questions relate to celiac disease, coping 
strategies and overall well-being. Parents will complete a separate, yet similar survey related to 
their child.  All answers will be kept strictly confidential and the final report will not contain any 
personalized information.  We anticipate the survey will take about 15-30 minutes to complete.

Is there compensation for joining this study?
Great question!  As a special thank you for participating in this study, we are offering a $20 
Amazon Gift Card to all teen participants and a $10 Amazon Gift Card to all parents who 
complete the survey.

How to get started?
If you meet the inclusion criteria listed above, and are interested in participating in this study, 
we ask that parents contact Celiac Center research coordinator Diane McKiernan by phone at 
773-702-3572 or by e-mail at dmckiernan@peds.bsd.uchicago.edu.  We will verify the above in-
formation and can answer any further questions you may have.  Upon completion of the surveys, 
we will e-mail you an electronic form of the gift cards to use at your discretion.

The researchers conducting this study are: 
Jonathan Cordova, DO, Hilary Jericho, MD, Kate Keenan, PhD and Stefano Guandalini, MD

Thank you for helping The University of Chicago Celiac Dis-
ease Center collect this important information!

RESEARCH WRAP-UP
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November 2-6, 2015 Wildfire Gluten-Free Week
Chicago-area Wildfire Restaurants host gluten-free pre-fixe
dinners. Reservations are required. Please see Wildfire’s website for 
registration details.
Proceeds benefit the Celiac Disease Center.
11/2 - Oak Brook
11/3 - Chicago
11/4 - Glenview
11/5 - Schaumburg
11/6 – Lincolnshire

December 3 and 4, 2015: Annual Preceptorship Program at The University 
of Chicago Celiac Disease Center. 

February 21, 2015: Celiac Skate, at Centennial Rink in Highland Park, IL. 
All proceeds go toward research at the University of Chicago Celiac Disease 
Center.

November 13, 2015: Dr. Carol Semrad will speak on Celiac Disease at the 
American College of Physicians at the Illinois Internal Medicine Conference 
2015. 

May 6, 2016: Mark your calendar now for the 2016 Spring Flours gala! The 
event will take place at the Chicago Cultural Center, and the tasting stations, 
from some of Chicago’s finest restaurants, will be back. Please check our 
website and Facebook pages in the coming months for more information 
about the event and ticket sales. To sponsor this event, please contact us at: 
http://www.cureceliacdisease.org/contact-us. 

Stefano Guandalini, MD
FOUNDER & MEDICAL DIRECTOR
Section Chief The University of Chicago Comer 
Children’s Hospital, Pediatric Gastroenterology, 
Hepatology and Nutrition

Bana Jabri, MD, PhD

Hilary Jericho, MD, MSCI

Sonia Kupfer, MD

Lori Rowell Welstead, MS, RD, LDN

Carol Semrad, MD

Elizabeth Wall, MS, RD, LDN

STAFF MEMBERS

Carol M. Shilson, Executive Director

Ronit Rose, Program Director

Diane McKiernan, Study Coordinator

Trent Eisfeller, Office Assistant

GENERAL OFFICE INFORMATION

5841 S. Maryland Avenue, MC 4069
Chicago IL 60637
773-702-7593 
www.CureCeliacDisease.org 
Facebook: cureceliac  Twitter: @cureceliac

Calendar of Upcoming Events

FROM CARE TO CURE

See our website for many free resources, 
including a Gluten-Free Care Package.

www.cureceliacdisease.org

The University of Chicago Celiac Disease Center has published  
several papers on celiac research so far this year. 

For more information, go to the following links
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Integration of Genetic
and Immunological Insights
into a Model of Celiac
Disease Pathogenesis
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Keywords

gluten intolerance, genome-wide association studies, inflammatory
disorder, autoimmune disease, HLA

Abstract

Celiac disease (CD) is a gluten-sensitive enteropathy that develops in
genetically susceptible individuals by exposure to cereal gluten proteins.
This review integrates insights from immunological studies with results
of recent genetic genome-wide association studies into a disease model.
Genetic data, among others, suggest that viral infections are implicated
and that natural killer effector pathways are important in the patho-
genesis of CD, but most prominently these data converge with existing
immunological findings that CD is primarily a T cell–mediated im-
mune disorder in which CD4+ T cells that recognize gluten peptides in
the context of major histocompatibility class II molecules play a central
role. Comparison of genetic pathways as well as genetic susceptibility
loci between CD and other autoimmune and inflammatory disorders
reveals that CD bears stronger resemblance to T cell–mediated organ-
specific autoimmune than to inflammatory diseases. Finally, we present
evidence suggesting that the high prevalence of CD in modern soci-
eties may be the by-product of past selection for increased immune
responses to combat infections in populations in which agriculture and
cereals were introduced early on in the post-Neolithic period.
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BASIC AND TRANSLATIONAL—ALIMENTARY TRACT

Distinct and Synergistic Contributions of Epithelial Stress and
Adaptive Immunity to Functions of Intraepithelial Killer Cells and
Active Celiac Disease
Mala Setty,1,* Valentina Discepolo,1,2,3,4,* Valérie Abadie,5 Sarah Kamhawi,3 Toufic Mayassi,3

Andrew Kent,3 Cezary Ciszewski,3 Maria Maglio,2 Emily Kistner,6 Govind Bhagat,7

Carol Semrad,3 Sonia S. Kupfer,3 Peter H. Green,8 Stefano Guandalini,1 Riccardo Troncone,2

Joseph A. Murray,9 Jerrold R. Turner,3,10 and Bana Jabri1,3

1Department of Pediatrics, 3Department of Medicine, 10Department of Pathology, 6Department of Health Studies, University of
Chicago, Chicago, Illinois; 2European Laboratory for the Investigation of Food-Induced Disorders, Department of Translational
Medical Science, Section of Pediatrics, University of Naples Federico II, Naples, Italy; 4CEINGE-Biotecnologie Avanzate,
Naples, Italy; 5Sainte-Justine Hospital Research Center, Department of Microbiology, Infectiology and Immunology, Faculty of
Medicine, University of Montreal, Montreal, Canada; 7Department of Pathology and Cell Biology, 8Department of Medicine,
Celiac Disease Center, Columbia University Medical Center, New York, New York; 9Division of Gastroenterology and
Hepatology, Department of Internal Medicine, Mayo Clinic, Rochester, Minnesota

BACKGROUND & AIMS: The mechanisms of tissue destruction
during progression of celiac disease are poorly defined. It is not
clear how tissue stress and adaptive immunity contribute to the
activation of intraepithelial cytotoxic T cells and the develop-
ment of villous atrophy. We analyzed epithelial cells and
intraepithelial cytotoxic T cells in family members of patients
with celiac disease, who were without any signs of adaptive
antigluten immunity, and in potential celiac disease patients,
who have antibodies against tissue transglutaminase 2 in the
absence of villous atrophy. METHODS: We collected blood and
intestinal biopsy specimens from 268 patients at tertiary
medical centers in the United States and Italy from 2004 to
2012. All subjects had normal small intestinal histology. Study
groups included healthy individuals with no family history of
celiac disease or antibodies against tissue transglutaminase 2
(controls), healthy family members of patients with celiac dis-
ease, and potential celiac disease patients. Intraepithelial
cytotoxic T cells were isolated and levels of inhibitory and
activating natural killer (NK) cells were measured by flow
cytometry. Levels of heat shock protein (HSP) and interleukin
15 were measured by immunohistochemistry, and ultrastruc-
tural alterations in intestinal epithelial cells (IECs) were
assessed by electron microscopy. RESULTS: IECs from subjects
with a family history of celiac disease, but not from subjects
who already had immunity to gluten, expressed higher levels of
HS27, HSP70, and interleukin-15 than controls; their IECs also
had ultrastructural alterations. Intraepithelial cytotoxic T cells
from relatives of patients with celiac disease expressed higher
levels of activating NK receptors than cells from controls,
although at lower levels than patients with active celiac disease,
and without loss of inhibitory receptors for NK cells. Intra-
epithelial cytotoxic T cells from potential celiac disease patients
failed to up-regulate activating NK receptors. CONCLUSIONS: A
significant subset of healthy family members of patients with
celiac disease with normal intestinal architecture had epithelial
alterations, detectable by immunohistochemistry and electron
microscopy. The adaptive immune response to gluten appears
to act in synergy with epithelial stress to allow intraepithelial
cytotoxic T cells to kill epithelial cells and induce villous atro-
phy in patients with active celiac disease.

Keywords: Cytotoxic Intraepithelial Lymphocytes; Interleukin-
15; Heat Shock Protein; Natural Killer Receptors.

Celiac disease (CD) is a systemic immune-mediated
disorder with autoimmune features triggered by

the ingestion of gluten and gluten-related dietary proteins
present in wheat, rye, and barley in genetically susceptible
HLA-DQ2 and/or HLA-DQ8 individuals.1,2 Although it is
driven by an exogenous antigen, CD shares many common
features with organ-specific autoimmune disorders, princi-
pally type 1 diabetes.3–5 In particular, CD is a T-cell–
mediated immune disorder associated with autoantibodies
directed against tissue-transglutaminase 2 (TG2)6,7 and
characterized by a specific destruction of surface intestinal
epithelial cells (IECs).5 Destruction of IECs is thought to be
mediated by cytotoxic intraepithelial lymphocytes (IE-CTL).
The mechanisms underlying the licensing of IE-CTL to kill
IECs are not completely understood,8 and whether and how
adaptive antigluten immunity impacts the ability of IE-CTLs
to induce villous atrophy remains to be determined.1,3,9

Potential CD is a form of CD characterized by the
preservation of a normal intestinal morphology despite the
presence of anti-TG2 antibodies.10–19 Because the presence
of anti-TG2 antibodies is dependent on the occurrence of
HLA-DQ2– or HLA-DQ8–restricted gluten-specific CD4þ T
cells,7,20,21 the question arose as to whether CD4þ T cells
may be required, but not sufficient, to activate IE-CTLs and

*Authors share co-first authorship.

Abbreviations used in this paper: CD, celiac disease; GFD, gluten-free
diet; Hsp, heat shock protein; IE-CTL, intraepithelial cytotoxic T lympho-
cytes; IEC, intestinal epithelial cell; IEL, intraepithelial lymphocyte; IL,
interleukin; IQR, interquartile range; MHC, major histocompatibility com-
plex; MV, microvilli; NK, natural killer; TG2, tissue transglutaminase 2.
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destruction and disease need to be initiated 
and then maintained. Thus, conceivably, 
there can be separate triggers and drivers 
of these processes. A trigger can be defined 
as an event that activates the disease pro-
cess in some way, whereas a driver can be 
defined as a factor that powers and main-
tains the disease. We generally assume that 
in an organ-specific autoimmune disorder 
the triggers are exogenous factors that 
break self-tolerance by the induction of 
innate immune responses and the activa-
tion of dendritic cells, whereas drivers are 
self antigens that activate adaptive immu-
nity. Exogenous factors are thought to 
drive the adaptive immune response in the 
context of molecular mimicry, when T cells 
that recognize the exogenous antigen 
cross-react with self antigens that are the 
real drivers of the disease. Thus, exogenous 
antigens are not typically considered to be 
drivers of autoimmune disorders.

Coeliac disease, which has key features 
of autoimmune disorders, challenges this 
view. It was first described by the Greek 
physician Aretaeus, who lived around the 
first century AD, as an intestinal disor-
der that is associated with malabsorption 
and diarrhoea. In the 1940s, the Dutch 

paediatrician Willem-Karel Dicke discov-
ered that coeliac disease is caused by the 
consumption of cereal gluten proteins1,2 
(BOX 1). Later, it was found that the finger-
like projections of the small bowel mucosa, 
the intestinal villi, are absent in patients 
with coeliac disease who consume gluten3. 
This explains why patients can suffer from 
malabsorption. The condition is common, 
with a prevalence of about one in 100, and 
it occurs selectively in individuals express-
ing HLA-DQ2 or HLA-DQ8 (REF. 4). The 
presence of transglutaminase 2 (TG2)-
specific autoantibodies5, which are unique 
to patients with coeliac disease, enables 
the diagnosis of the disease. Similar to 
patients with organ-specific autoimmune 
disorders, patients with coeliac disease 
have autoantibodies and suffer from the 
destruction of a specific tissue cell type by 
CD8+ T cells. However, we also know that 
these autoimmune features require the 
presence of gluten and that HLA-DQ2- or 
HLA-DQ8-restricted gluten-specific CD4+ 
T cell responses have a central role in dis-
ease pathogenesis (FIG. 1).Therefore, we 
propose that, on the basis of coeliac disease, 
we should consider the possibility that 
exogenous antigens can drive autoimmune 
disorders.

In this Opinion we discuss the key 
genetic and immunological features of coe-
liac disease in the context of an unknown 
driver. We also dissect how gluten and the 
gluten-reactive CD4+ T cell response drive 
the autoimmune processes that are charac-
teristic of coeliac disease. Finally, we contrast 
the roles of drivers and triggers in the patho-
genesis of coeliac disease and discuss the rel-
evance of these concepts for understanding 
autoimmunity in general.

Autoimmune features of coeliac disease
Considering the key genetic and immuno-
logical features of coeliac disease, it becomes 
apparent that if we did not know that 
coeliac disease relates to gluten consump-
tion, we would classify it as a typical organ-
specific autoimmune disorder that targets 
the small intestine.

Genetics. Similar to other autoimmune 
diseases, coeliac disease is a polygenic dis-
order for which the MHC locus is the single 
most important genetic factor. The MHC 
locus accounts for 40–50% of the genetic 
variance in the disease. Coeliac disease has 
a very strong HLA association. The major-
ity of patients carry a particular variant of 
HLA-DQ2 (DQA1*05:01, DQB1*02:01; 
also known as DQ2.5). Those who are 
not DQ2.5+ almost all carry HLA-DQ8 
(DQA1*03, DQB1*03:02) or they carry 
another variant of HLA-DQ2 (DQA1*02:01, 
DQB1*02:02; also known as DQ2.2)6. As all 
patients with coeliac disease carry particular 
HLA variants, HLA can be considered a 
necessary, but not a sufficient, factor for dis-
ease development. HLA testing is regularly 
used in the clinic to exclude the diagnosis  
of coeliac disease.

Several non-MHC genes have also 
recently been discovered as susceptibility 
factors in coeliac disease. So far, 39 loci with 
57 independent association signals have been 
described7. Many of these loci harbour  
genes that are  related to the immune 
response, particularly to B cell and T cell 
function. Together, these loci have been 
estimated to account for 14% of the genetic 
variance of the disease7. Interestingly, many 
of the susceptibility loci for coeliac disease are 
shared with those for autoimmune diseases 

O P I N I O N

Triggers and drivers of autoimmunity: 
lessons from coeliac disease
Ludvig M. Sollid and Bana Jabri

Abstract | Coeliac disease, an inflammatory disease of the small intestine, shares 
key features with autoimmune disorders, such as susceptibility genes, presence 
of autoantibodies and T cell-mediated destruction of specific cells. Strikingly, 
however, continuous exposure to the exogenous dietary antigen gluten and 
gluten-specific adaptive immunity are required to maintain immunopathology. 
These observations challenge the notion that autoimmunity requires adaptive 
immune activation towards self antigens. Using coeliac disease as an example,  
we propose that other exogenous factors might be identified as drivers of 
autoimmune processes, in particular when evidence for T cells with specificity for 
self antigens driving the disease is lacking.
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Brief Definit ive Report

Celiac disease (CD) is a complex T helper 1 (TH1) 
cell–mediated immune disorder induced by di-
etary gluten that shares many common features 
with organ-specific autoimmune disorders, in 
particular type 1 diabetes and rheumatoid arthri-
tis (Sollid and Jabri, 2013). IL-15 (Abadie and 
Jabri, 2014) and the activating natural killer re-
ceptor NKG2D have been implicated in these 
three organ-specific immune disorders. A key 
function played by NKG2D and IL-15 is to  
reduce the TCR activation threshold (Bauer  
et al., 1999; Wu et al., 1999; Groh et al., 2001; 
Roberts et al., 2001) and promote lymphokine 
killer activity in cytotoxic effector T cells (CTLs; 
Meresse et al., 2004). More specifically in patients 
with active CD, NKG2D has been shown to be 
up-regulated in intraepithelial CTLs (IE-CTLs; 
Meresse et al., 2004), allowing for the killing of 
intestinal epithelial cells (IECs) expressing the 

stress-inducible molecule MICA (Hüe et al., 
2004; Meresse et al., 2004). In contrast to other 
activating NK receptors that signal through 
the immunoreceptor tyrosine activation motif 
(ITAM)–containing adapter DAP12, NKG2D 
exclusively associates with DAP10 in humans, 
which lacks ITAM sequences (Bauer et al., 1999; 
Wu et al., 1999; Rosen et al., 2004). Consequently, 
NKG2D cannot activate Zap70, and cytolysis 
through this receptor has thus prompted exten-
sive work to elucidate the signaling pathway 
involved. Work by Leibson and colleagues has 
shown that, in addition to phosphoinositide  
3-kinase (PI3K; Wu et al., 1999), Vav, growth fac-
tor receptor–bound protein 2 (Grb2), and phos-
pholipase C  (PLC; Billadeau et al., 2003; 
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Abbreviations used: 5-LO,  
5-lipoxygenase; AA, arachidonic 
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CystLT, cysteinyl leukotriene; 
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intraepithelial CTL; IEC, intesti-
nal epithelial cell; IEL, intraepi-
thelial lymphocyte; TBP, 
TATA-binding protein.
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Cysteinyl leukotrienes mediate lymphokine 
killer activity induced by NKG2D and IL-15 
in cytotoxic T cells during celiac disease

Fangming Tang,1,2* Benjamin Sally,1,2* Kathryn Lesko,1,2 Valentina Discepolo,1,2,3,4 
Valerie Abadie,5 Cezary Ciszewski,1,2 Carol Semrad,1,2 Stefano Guandalini,2,3 
Sonia S. Kupfer,1,2 and Bana Jabri1,2,3

1Department of Medicine, 2University of Chicago Celiac Disease Center, and 3Section of Gastroenterology, Hepatology, and 
Nutrition, Department of Pediatrics, University of Chicago, Chicago, IL 60637
4European Laboratory for the Investigation of Food-Induced Disorders (ELFID), Department of Translational Medical Science, 
Section of Pediatrics, University of Naples Federico II, 80138 Naples, Italy
5Sainte-Justine Hospital Research Center, Department of Microbiology, Infectiology, and Immunology, Faculty of Medicine, 
University of Montreal, Montreal, Quebec H3C 3J7, Canada

Eicosanoids are inflammatory mediators that play a key but incompletely understood role in 
linking the innate and adaptive immune systems. Here, we show that cytotoxic effector  
T cells (CTLs) are capable of both producing and responding to cysteinyl leukotrienes (CystLTs), 
allowing for the killing of target cells in a T cell receptor–independent manner. This process is 
dependent on the natural killer receptor NKG2D and exposure to IL-�5, a cytokine induced in 
distressed tissues. IL-�5 and NKG2D signaling drives the up-regulation of key enzymes impli-
cated in the synthesis of CystLTs, as well as the expression of CystLT receptors, suggesting a 
positive feedback loop. Finally, although the CystLT pathway has been previously linked to 
various allergic disorders, we provide unexpected evidence for its involvement in the patho-
genesis of celiac disease (CD), a T helper � cell–mediated enteropathy induced by gluten. 
These findings provide new insights into the cytolytic signaling pathway of NKG2D and the 
pathogenesis of organ-specific immune disorders. Furthermore, they suggest that the block-
ade of CystLT receptors may represent a potent therapeutic target for CD or potentially other 
autoimmune disorders in which NKG2D has been implicated.

© 2015 Tang et al. This article is distributed under the terms of an Attribution– 
Noncommercial–Share Alike–No Mirror Sites license for the first six months after 
the publication date (see http://www.rupress.org/terms). After six months it is 
available under a Creative Commons License (Attribution–Noncommercial–Share 
Alike 3.0 Unported license, as described at http://creativecommons.org/licenses/ 
by-nc-sa/3.0/).

T
h
e 

Jo
u
rn

al
 o

f 
E
xp

er
im

en
ta

l 
M

ed
ic

in
e

 on August 26, 2015
jem

.rupress.org
D

ow
nloaded from

 

Published August 24, 2015




