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Abstract

Celiac disease (CD) is a common autoimmune disorder
characterized by an immune response to ingested
gluten and has a strong HLA association with HLA-
DQ2 and HLA-DQ8 molecules, but human HLA-DQ risk
factors do not explain the entire genetic susceptibility to
gluten intolerance. CD is caused by the lack of immune
tolerance (oral tolerance) to wheat gluten. In this sense,
the expression of soluble HLA-G in CD is of special
interest because the molecule plays an important role
in the induction of immune tolerance. The enhanced
expression of soluble HLA-G found in CD may be part of
a mechanism to restore the gluten intolerance. In this
editorial, we review recent progress in understanding
CD in relation to its prevalence, diagnosis and possible
mechanisms of pathogenesis.
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INTRODUCTION

Celiac disease (CD) is a chronic inflammatory disease
which develops in genetically predisposed individuals.
CD is a T cell-mediated inflammatory disorder with
autoimmune features and it has environmental and
immunologic Components“’Z]. It is characterised by an
immune response to ingested wheat gluten and related
proteins of rye and barley that leads to inflammation,
villous atrophy and crypt hyperplasia in the proximal

www.wjgnet.com

part of the small intestine™”. The common presentation
symptoms and signs of CD include diarrhea, abdominal
distention, abdominal pain, weight loss, fatigue, and
malnutrition.

The clinical classification of CD is based on the
presence or lack of gastrointestinal symptoms: “classical”
or “symptomatic” CD refers to presentations with
diarrhea and with malabsorption syndrome, whereas
“atypical” or “asymptomatic” form has no gastrointestinal
manifestations'. CD is defined as silent when the typical
enteropathy is found in patients who apparently are healthy.
Potential CD refers to a risk for developing a typical CD
later in life; the patients have Endomysial antibody (EMA)
and tissue transglutaminase (tTG) antibodies with HLA
DQ2 or DQS predisposing genotype'®™”, and normal or
minimal abnormal mucosa. Finally, a specific manifestation
of CD is refractory sprue defined as symptomatic, severe
villous atrophy with increased intraepithelial lymphocytes
(IELs) despite maintenance of a strict gluten-free diet”.

Although there have been major advances in our
knowledge of the disease, there are few advances in
the therapy. The only accepted treatment for CD is a
nutritional therapy with a gluten-free diet for lifelong.
Here, we review recent advances in our understanding
of CD with respect to its prevalence and diagnosis, and
possible mechanisms underlying the gluten intolerance.

PREVALENCE

CD is the most common food-sensitive enteropathy in
humans. The prevalence is estimated in the range of 1:100
to 1:300 in North America and Europe[g’m]. Recently,
it has become clear that CD is much more prevalent
than previously thought. We observed in our pediatric
population (south-east of Spain) a 1:75 prevalence, which
is in good agreement with the studies by Fasano et al ol
and Ciclitira ez a/"” showing a prevalence of 1:133 in the
United States and 1:100 in Europe, respectively.

At the present time, the form of clinical presentation
of CD is changing. In our experience, CD is a very
common disorder, and most affected individuals have the
atypical and silent forms of the disease, which are also the
prevalent forms of disease presentation in our population.
Indeed, we observed a more clevated percentage of
patients associated with HLA-DQ8 molecule in CD
(around 20%-25%) than have been described previously
by other studies, which estimated the percentage of HLA-
DQ8 patients to be about 10%"". Furthermore, the
HLA-DQS8 CD patients are commonly associated with
extraintestinal symptoms presentations, and are frequently



Torres MI et al. New aspects in celiac disease

1157

Manifestations Associated diseases Genetic associated diseases

Classic symptoms: Autoimmune diseases: ~ Down syndrome

Turner syndrome

Abdominal pain Type 1 diabetes William syndrome
Anorexia Thyroiditis IgA deficiency
Diarrhea Sjogren’s syndrome
Weight loss IgA nephropathy
Short stature
Irritability Neurologic disturbances:
Nonclassic symptoms: Autism
Depression

Dermatitis hepertiformis Epilepsy

Hepatitis Cerebellar ataxia
Anemia

Arthritis Other diseases:
Constipation

Alopecia Osteopenia/ osteoporosis

Pubertal delay
Vomiting

Infertility

Intestinal adenocarcinoma
Inflammatory bowel disease Non-Hodgkin lymphoma
Migraine headaches

associated with others autoimmune diseases (unpublished
results).

DIAGNOSIS

We believe that the current diagnostic criteria for CD need
a revision. CD is often missed during diagnosis because
many individuals do not present the disease with the
classical gastrointestinal symptoms. In fact, the percentage
of undiagnosed population has markedly increased, and
significant risks and complications are associated with
untreated CD (Table 1).

As a multi-factorial disorder, CD may present highly
diverse clinical manifestations"”. CD patients typically
display extraintestinal (non-classical) symptoms or lack
classical gastrointestinal symptoms such as diarrhea,
abdominal pain, distention, or weight loss. In our pediattic
population, the non-classical symptoms are often the
most common presentation in newly diagnosed CD cases.
These include autoimmune alopecia, iron deficiency, or
elevated levels of liver transaminases, and they often may
be the only manifestation of CD in an affected individual
(Table 1).

In our experience, small bowel biopsy is critical for
diagnosing symptomatic patients with negative serology for
CD and with HLA compatible with the disease. Although
we consider intestinal biopsy as the gold standard for CD
diagnosis, in many occasions the permission for intestinal
biopsy is refused. Both serologic tests and genetic study
are necessary to select subjects who need intestinal biopsy
(Table 2).

CD is more common in certain risk groups. Family
members of known celiac patients represent the most
important group of study patients. The determination of
HLA typing as a first step is useful as it would exclude
approximately one third of first degree relatives in a
CD family. We found a high prevalence of CD between

relatives, and the highest petcentage was observed among
daughters. The CD relatives ate a population at high risk
of developing gluten intolerance and we propose that
an extensive study of such group should be undertaken.
It is noteworthy that after the first diagnosis of CD, the
family will become more self-aware in recognizing eatly
symptoms related to the disease.

PATHOGENESIS

A defect in antigen processing by epithelial cells, together
with the intrinsic properties of the gliadins, as well as the
HLA-DQ haplotype of the individual are considered the
principal factors involved in the pathogenesis of CD". CD
is strongly associated with HLA class II genes that map
to the DQ locus. It has been shown that CD is associated
with the expression of HLA-DQ2 and HLA-DQ8'"",
Several studies found that the majority of celiac patients
carry DQ2 (DQA1*05/DQB1*02), with the remaining
patients displaying an association with DQ8 (DQA1*0301/
DQB1*0302). Collectively, these HLA genes confer up to
40% of the genetic risk for CD development.

Gliadin peptide presentation and T-cell activation are
critical events in the pathogenesis of CD. Gluten peptides
are not fully digested by the action of gastric, intestinal
and pancreatic enzymes in CD patients. A 33-mer peptide
was isolated and identified as the primary initiator of the
inflammatory response to gluten in celiac patients'®. This
peptide reacted with tissue transglutaminase (tTG), the
major autoantigen in CD that deamidates certain glutamine
residues of gluten to glutamic acid. This in turn produces
a negative chatrge that favours binding and presentation by
HLA-DQ2 and DQ8 molecules, which are responsible for
T-cell activation and subsequent production of cytokines,
leading to tissue damage' ™', The inappropriate CD4+
T-cell activation in the lamina propia commonly observed
in CD is triggered by specific gluten peptides bound to
DQ2 and DQ8 heterodimers on the surface of antigen
presentation cells™. The mucosal intestinal lesion is
believed to be mainly induced by the production of IFN-
gamma from these gluten specific T cells'™?. Moreover,
changes in intestinal permeability, secondary to alterations
in intercellular tight junctions or in the processing of the
food antigen, have also been recently implicated in the loss

of tolerance to gluten'"”

Immune (oral) tolerance

The gut immune system is exposed to a wide variety of
antigens derived from foods, resident bacteria and invading
microorganisms. Oral tolerance is a physiological condition
characterized by induction of immune unresponsiveness
toward intestinal alimentary and bacterial antigens of the
intestinal flora. Multiple cellular and molecular mechanisms
are involved in the regulation of this fundamental property
of the gut immune system””.

CD is the most common food-sensitive enteropathy in
humans and is caused by the lack of immune tolerance (oral
tolerance) to wheat gluten and the prolamin fractions of
rye and barley. Many different gluten peptides recognized
by intestinal T cells have been identified”". The activation
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Diagnostic criteria used in celiac disease Diagnostic propose for celiac disease

Comments

Serological test: With classical symptoms: Positive serology supports a diagnosis of CD, but they are not
Tissue transglutaminase antibody (tTGA) Serological test: essential. Compatible with HLA-DQ2/D8 testing and identify
Endomysial antibody (EMA) Tissue transglutaminase antibody (tTGA) individuals for further biopsy evaluation. Small bowel biopsy
Gliadin antibodies (AGA) Endomysial antibody (EMA) is critical in symptomatic patients with negative serology for
Total IgA Gliadin antibodies (AGA) CD and with HLA compatible with the disease

Endoscopy HLA-DQ2/DQ8 testing Determination of HLA typing as a first step in diagnosis in CD

Capsule endoscopy (with adequate
pathological interpretation)
Without classical symptoms
HLA-DQ2/DQ8 testing

Serologic test:

family

Adequate number of biopsies and well oriented. Estimate
lymphocyte infiltration and partial or total villus atrophy

Primordial role of HLA-typing if serology is negative and with
biopsy refused or equivocal to identify individuals

Adequate number of biopsies and well oriented. Estimate

Tissue transglutaminase antibody (tTGA) lymphocyte infiltration and partial or total villous atrophy

Endomysial antibody (EMA)
Gliadin antibodies (AGA)

Capsule endoscopy (with adequate
pathological interpretation)

of these gluten-reactive T cells represents a key event in
the pathogenesis of CD"™. The mucosa of CD patients
is characterized by a high proportion of intraepithelial T
cells bearing gamma-delta chain of the antigenic T cell
receptors (yd IEL)™,

Ingested gliadin, the triggering agent of the disease,
can cross the epithelial barrier and elicit a harmful T cell-
mediated immune response. Dendritic cells are supposed
to play a pivotal role in shaping the immune responsem].
Immature dendritic cells are characterised by low levels
of MHC class II expression and co-stimulatory molecules
and can mediate tolerance presumably by induction of T
regulatory cells (Treg cells)®. Moreover, IL-10 released
by Treg cells can modulate the function of immature
dendritic cells and inhibit their differentiation, amplifying
the local presence of “tolerizing dendritic cells”™!. 1L-
10-modulated dendritic cells induce anergy of effector T
cells through still undefined mechanisms requiring cell-cell
contact.

Therefore, the direction of the immune response
toward immunity or tolerance depends on the stage of
maturation and the functional properties of the dendritic
cells. Gliadin peptides can contribute to overcoming
the stage of unresponsiveness of immature dendritic
cells by inducing phenotypic and functional dendritic
cell maturation, resulting in more efficient processing
and presentation of gliadin peptides to specific T
lymphocytesl%].

HLA-G: molecule of immune tolerance

HLA-G is a non-classical major histocompatibility complex
class I molecule selectively expressed at the maternal-foetal
interface on cytotrophoblast cells, protecting the fetus
from the maternal immune rejection, and creating a general
state of tolerance”™. HLA-G exhibit tolerogenic properties
via interaction with inhibitory receptors presented in
natural killer (NK) cells, T cells and antigen-presenting
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cells (APC)™,

The presence of soluble HLA-G (sHLA-G) in the
cerebrospinal fluid of multiple sclerosis”™ and allograft
acceptance after transplantationpo} suggests a tolerogenic
function for this molecule against innate and adaptive
cellular immune responses. Interestingly, work from our
lab and others have suggested that HLA-G antigens may
play a protective role in inflammation”", Further analysis
revealed that, sSHLA-G molecules inhibit lytic activity of
NK cells, induce apoptosis of CD8+ CTLs and affect
CD4+ alloproliferation™. Thus, the immune modulatory
properties of sHLA-G may suggest a potentia role in CD.

We have demonstrated an association of CD
with sHLA-G expression (Figure 1A) and we found
a correlation between increased levels of sHLA-G
expression and CD associated with other autoimmune
diseases, being dependent on a genetic link of these
diseases through HLA genesm.

The expression of soluble HLA-G in CD is of special
interest because its molecule plays an important role in
the induction of immune tolerance”™. We propose that
the enhanced expression of sHLA-G found in CD could
be part of a mechanism to restore the gluten intolerance.
HLA-G may act through inhibitory receptor (ILT)
interactions that lead to development of tolerogenic
dendritic cells with the induction of anergic and
immunosuppressive T cells, and an arrest of maturation/
activation of dendritic cells. The expression of these
ILT receptors on dendritic cells is tightly controlled by
inflammatory stimuli, and by cytokines"”.

Thus, a powerful anti-inflammatory response to gliadin
might occur during the development of the disease with
uncontrolled production of HLA-G and anti-inflammatory
cytokines, such as I1.-10 and TGF-beta, which counteract
the inflammation and/or may cause recruitment of intra-
epithelial lymphca)?ytes, maintaining the intestinal lesions

4]

presented in CD",
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Figure 1 Immunohistochemistry analysis in celiac patients. A: Immunohisto-
chemical staining for HLA-G in the Lieberkihn crypts; B: Immunohistochemical
staining for IL-10 at the lamina propria level; C: Immunoreaction for TGF-beta
in areas of infiltrated inflammatory cells. Arrows and asterisks: cells showing
immunoreactivity (x 200).

Cytokines

The characteristics of an intestinal inflammatory res-
ponse depend on the cytokines produced during this
response. The production of cytokines from T cells and
macrophages is of potential importance for the histological
lesions that appear in CD. The CD lesions are associated
with a marked infiltration of Thl cells dominated by the
synthesis of the pro-inflammatory cytokines, IFN-gamma
and TNF—alpham. IL-15 also has an important role in CD,
because it orchestrates intraepithelial lymphocytes changes
in the discase. Certain parts of gluten may stimulate
the innate part of the immune system, and 1L.-15 is a
central player in this immune response-induced by gluten,
inducing the activation of IEL in CD". Engineered
IL-15 over-expression by epithelial cells in the intestine
leads to a massive expansion of CD8+ intestinal T' cells
accompanied by a CD-like enteropathy”™. Furthermore,

Table 3 Future directions in celiac disease

Unanswered questions

Future directions

Immunopathogenesis

How is oral tolerance broken?

Gluten-specific T cells

Diagnosis

What is the significance of the
vast number of currently
undiagnosed people with

the disease?

What is the significance of the

Restoring immunological tolerance
to gluten would represent the ideal
cure for CD

Gluten-specific T cells could be
inactivated or deleted, tolerance

to gluten should be restored

The rate of the diagnosis will
continue to increase with
better diagnosis.

“the suspicion of the disease”

increase number of people with
extraintestinal symptoms or
without classical symptoms in
CD?

Genetics

Identify the genetic risk factors
that predispose to CD

Polymorphic genes located in the
MHC region and CD

Genetic polymorphism of cytokine
genes may influence the risk of CD
Associated polymorphism with
serological markers

HLA-G polymorphism?

IL-15 induces the expression of MICA, the epithelial
ligand of NKG2D™,

We found in the celiac patients increased levels of
anti-inflammatory cytokines IL-10 and TGF-beta at the
lamina propria level in biopsy samples of patients with
villous atrophy and elevated lymphocyte infiltration
(Figure 1B and C). IL-10 predominantly acts as a potent
anti-inflammatory factor and a suppressive agent for
Thi responses[41]. TGF-beta is a major factor for the
production of immunoglobulin A (IgA) and acts as a
potent mediator of the tissue repair[42]. Interestingly,
tTG, described as the major endomysial autoantigen in
CD, is necessary for the activation of TGFE-beta™. The
elevated levels of IL-10 and TGF-beta are insufficient
for the inhibition of the autoimmune reaction, and would
modulate the immune response and induce the activation
of B lymphocytes. These cytokines may play important
roles in inducing HLLA-G. In this regard, the possible role
of IL-10 in inducing HLA-G protein expression has been
already previously described in CD™.

FUTURE DIRECTIONS

There are many unanswered questions about CD. What
is responsible for the collapse of CD oral tolerance?
Restoring immunological tolerance to gluten would
represent the ideal way to treat or cure this disease.
However, if gluten-specific T cells could be inactivated or
deleted, tolerance to gluten should be restored. What is the
significance of the vast number of currently undiagnosed
people with the diseaser What is the significance of the
increased number of people with extraintestinal symptoms
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ot without classical symptoms in CD? As we anticipate
that the rate of the diagnosis will continue to increase,
it will be important to further our understanding of the
pathogenesis of CD and improve its diagnosis (Table
3). The diversity of the clinical presentation in CD can
complicate the diagnosis and delay the treatment initiation.
In our experience, the most important diagnostic test in
CD is “the suspicion of the disease”. The scteening of CD
should start with a serologic test (for IgA and IgG anti-
endomysial and anti-tTG antibodies), and HLA typing. If
the patient is genetically compatible with the disease (even
with negative serology), a confirmatory small biopsy by
capsule endoscopy should be followed.

Recently, many efforts have been made to identify
the genetic risk factors that predispose to CD. The lack
of immune tolerance in CD could occur due to genetic
polymorphisms in any of the non-MHC molecules
involved in the induction, regulation or expression of
mucosal immune responses, such as 1L-10, TGF-beta,
IFN-gamma. Most of these polymorphisms affect gene
transcription influencing the individual susceptibility to
CD™. In addition, several associations between different
polymorphic genes located in the MHC region and CD
have been reported™. Furthermore, we found evidence
that HLA-G is an interesting candidate as susceptibility
gene in CD. These findings should open new perspectives
for the identification of genetic susceptibility to CD.
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