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REVIEW

Novel trends in celiac disease

Torsten Matthias', Sandra Neidhofer!, Sascha Pfeiffer?, Kai Pragerz, Sandra Reuter' and M Eric Gershwin®

Celiac disease (CD) is one of the most common food intolerances in developed world. It affects genetically susceptible individuals and
has severe consequences if it remains undiagnosed. A disease known for more than a century, it is still the focus for experts from various
fields of research and development. Geneticists, pathologists, immunologists, food engineers and dieticians share their knowledge and
expertise to improve the conditions of CD patients. With new insights in the pathomechanism of gluten processing and antigen
presentation in CD, it was possible to improve the diagnostic antigen mimicking the primary epitope in CD. These celiac neo-epitopes
are comprised of a complex of gliadin peptides crosslinked with transglutaminase (tTg). They are an early diagnostic marker for CD

which occurs up to 6 months earlier than classical markers known to miss a certain amount of CD patients.
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CELIAC DISEASE

Celiac disease (CD) is a common inflammatory disease of the small
intestine that is mainly triggered and maintained by the intake of
wheat gluten and related cereals. It is characterized by an autoimmune
response in genetically susceptible individuals resulting in small intest-
inal mucosal damage.

CD was first described in the first to second century by Aretaeus of
Cappadochia. In 1887, Samuel Jones Gee described typical symptoms
of CD, like diarrhea, faintness and growth retardation, and cure by
means of a diet.' In 1950, Willem-Karel Dicke, observed the role of
gluten in CD and thus became the pioneer in gluten-free diet (GFD).”
Four years later, Paulley gave the first description of typical villous
atrophy of the small intestine.” A milestone in the pathology of CD was
the introduction of the Marsh criteria in 1992, wherein the patterns of
the celiac lesions were classified in four gradual stages. Seven years
later, Oberhuber and colleagues further standardized the classification
by introducing three subtypes of stage 3.° In 1997, Schuppan and
Dieterich identified tissue transglutaminase (tTg) as the one of the
main autoantigens in CD.® The most recent milestone was the iden-
tification of digestion resistant gliadin peptides by Shan in 2002.”

This review gives an overview of the latest trends in CD.

EPIDEMIOLOGY

With a currently estimated prevalence of 1% in Western population,
CD is one of the most common inflammatory diseases of the small
intestine.® The statistical probability ranges between 0.5 and 1.26% in
the general population of Europe and the United States.” Recently, a
finish study reported an increase of CD in elderly people wherein a
prevalence of 1:47 was found in randomly selected subjects older than
52 years of age.'®

In general, CD can affect individuals from any age, but two peaks
can be seen in the early childhood (below 6 years) and between the
fourth and fifth decade of life. Whereas the prevalence in children
ranges from 0.31 to 0.9%,>'" CD affects 1-2% of the adults in
Europe'? and 0.4-0.95% of the adults in United States.’

CD occurs more often in women, with a female to male ratio of
between 2:1 and 3:1." Patients older than 60 years of age in which
CD is diagnosed are more frequently male.'*

The prevalence of CD is increasing. This may be a result of improved
screening methods, but also environmental factors are discussed'?
such as the introduction of wheat in modern food industry world-
wide®.

The development of CD is determined by both environmental and
genetic factors. Environmental factors include infant feeding, infections
and socioeconomic features. Onset of gluten introduction plays an
important role in infant feeding. Thereby, it is crucial if the child is still
breastfed or not during the first exposure.'®'” Currently, the European
Society for Paediatric Gastroenterology, Hepatology and Nutrition
recommends the exposure to small amounts of gluten between 4 and
7 months of age during breastfeeding.'® But it still needs to be clarified
whether breastfeeding is a permanent protection against CD or only
delays clinical onset. Association of infection and the development of
CD have been described for HCV infection.' Recently, a prospective
study was published that postulates frequent rotavirus infections as an
independent risk factor.”® The effect of infections with other common
intestinal microorganisms still has to be elucidated.

Besides environmental factors, genetic predisposition contributes
to the development of CD. The most dominant genetic risk factors are
the genotypes encoding the histocompatibility leukocyte Ag (HLA)
class II molecules DQ2 and DQ8. About 90% of CD patients carry the
DQ2 heterodimer whereas most of the remainder expresses DQ8. CD
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in patients who are negative for both DQ2 and DQ8 is extremely
rare.”!

The strong genetic association of CD is indicated by the high con-
cordance between monozygotic twins (80%). In contrast, dizygotic
twins have only a concordance of 11%, which is in accordance with
the risk for first-degree relatives.”*

DQ2 and DQ8 are expressed in 30-35% of the Caucasian popula-
tions. Due to the fact that only 2-5% of gene carriers suffer from CD,
there might be other non-HLA-linked genes that contribute to the
development of CD.**

PATHOMECHANISM

As CD is a complex inflammatory disorder, numerous genetic and
environmental factors are involved in its pathomechanism.***> One
important example of such an environmental factor is gluten which
elicits CD. Briefly, CD evolves as a consequence of an abnormal
immune response to gluten.

Gluten proteins can be differentiated into ethanol-insoluble glute-
nins and ethanol-soluble gliadins. Gliadins are unusually rich in glu-
tamine (eightfold normal content) and proline (threefold).?® These
proline residues protect gluten peptides from proteolytic degradation
by pancreatic and brush border proteases during digestion. Therefore,
undigested gliadin fragments reach the lamina propria. The peptides
are modified by tissue tTg by either deamidation or transamidation.?’”
Tissue tTgis an enzyme that is expressed in many organs, including the
small intestine. In active lesions of celiac patients, it is located in the
extracellular space of the subepithelial region, but also at the epithelial
brush border and can deamidate gluten peptides there.®

In the deamidation reaction, a neutral glutamine residue is con-
verted into a negatively charged glutamate. The negative charges of the
peptide facilitate the binding to the anchor positions of HLA-DQ2 and
HLA-DQ8 on antigen-presenting cells.**' In the transamidation
reaction, the tissue tTg catalyzes the crosslinking of glutamine residues
of the gliadin peptide and a lysine residue of an acceptor protein
resulting in an isopeptide bond.>* A special form of transamidation
of tTg was described in situ, wherein gliadins are covalently coupled to
tTg, resulting in high molecular weight products. This process is
termed autocatalysis.*>> Therefore, the uptake of these complexes
by antigen-presenting cells and the subsequent intracellular proces-
sing may lead to the presentation of peptides from gliadin, tTg and
crosslinked neo-epitopes.

The activation of gluten-specific T cells is a crucial step in the
development of CD. This underlines the important role of HLA genes
in the pathomechanism of CD.*

DISEASE SYMPTOMS

Since the degenerating microvilli of the intestinal mucosa are the main
pathological hallmark of CD, the symptoms are naturally associated
with the uptake and provision of nutrients. Classical symptoms are
therefore related to malabsorption and malnutrition. It is important to
stress that CD can occur during any period of a person’s life. The main
starting points, however, are in early childhood and between 40 and 50

years of age.”* Clinical manifestations vary according to the age group:
in early childhood CD appears with classical symptoms whereas the
spectrum of symptoms in adults is wider than in children. The classical
signs were first observed in the young and may best be summarized as a
direct result of the defects during nutrient absorption: diarrhea,
growth deficits, abdominal bloating, steatorrhea and a wide range of
other symptoms.” In addition, there are a large proportion of patients
who develop symptoms not considered typical for CD. As an example,
the symptoms of anemia which are linked to the lack of iron are
considered. Since the deficient absorption of nutrients is problematic
for the development and metabolic maintenance, CD should be con-
sidered a systemic disease with a plethora of symptoms linked to the
one or the other deficiency. The reasons for this wide range of symp-
toms are considered due to the differences in the age of onset, the
immunological background, the gender and the genetic background.

Disease classification

CD can be classified in several subtypes. The classification is carried
out according to several criteria: the clinical presentation, i.e. clinical
symptoms, the degree of villous atrophy and the presence of antibod-
ies against CD-specific antigens (Table 1). As classical CD, clinical
symptoms such as diarrhea and abdominal bloating are present in
conjunction with a high degree of villous atrophy and the presence
of CD-specific antibodies. As stated earlier, CD can occur with atypical
symptoms such as iron deficiency anemia or extraintestinal symp-
toms. Such cases usually show the presence of antibodies and a variable
degree of villous atrophy. In addition to these overt cases of CD, a large
group of patients develop types of CD which are classified as silent,
potential or latent. Silent and potential CD is characterized by the lack
of clinical symptoms and low or no villous atrophy. In both types,
antibodies specific for CD are present. In the latent type, the remission
after therapy is incomplete and even without symptoms, the villous
atrophy and CD-specific antibodies persist. Finally, the presence of
refractory CD is diagnosed when older patients show no or only tran-
sient response to therapy by GFD and the symptoms are persistent.*®
This group comprises mainly adults over the age of 50 who, even after
strict GFD, have no improved histology.**

Associated disease

A wide range of other conditions can be associated with the CD.*>?”
This group is mainly comprised of other autoimmune diseases. One
example is type 1 diabetes where 2-5% of patients also suffer from CD.
Other associated diseases are, among others, autoimmune thyroiditis,
autoimmune hepatitis and osteoporosis.”® For type 1 diabetes, it has
been shown that this condition is better treatable when CD is diag-
nosed and a GFD is followed.*® Similarly, osteoporosis treatment
shows stronger improvement in CD patients following GFD.*’
Other diseases which are associated with CD are Turner, Williams
and Downs syndrome.*' Of specific importance is the association of
CD with IgA deficiency. Since anti-tTg antibodies of IgA class are used
as the main diagnostic tool, care has to be taken if patients present IgA
deficiency.

Table 1 Celiac disease subtypes with symptoms, histological presentation and serology

CD subtype Symptoms Histology Serology

Classic Diarrhea malabsorption symptoms Villous atrophy Marsh 3a-c Positive

Silent Inconspicuous Normal Positive

Potential Inconspicuous Normal, up to Marsh 1 Positive

Latent Atypical reduced under GFD Marsh 1-2 Positive

Refractory Classic unresponsive to GFD Classic unresponsive to GFD Positive unresponsive to GFD
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Figure 1 Relevant antigens used in CD diagnosis; from left to right: gliadin, the alcohol soluble fraction of gluten mainly used in pediatric diagnosis; tissue tTg
discovered as the main autoantigen from endymosium immunofluorescence; deamidated gliadin peptides resistant to further digestion by pancreatic enzymes and
modified by tTg and celiac neo-epitope: a complex resulting from transamidation of deamidated gliadin peptides with tTg. CD, celiac disease; tTg, transglutaminase.

Therapy

In most cases, a GFD is the appropriate therapy for CD. The patients
respond well to this therapy. Furthermore, the GFD is a save and well-
tolerated therapy which, very much in contrast with other auto-
immune diseases, is free of obvious side effects. The main problems
are associated with the compliance to the therapy. Many common
food products contain at least traces of wheat or grain material. In
order to have a good compliance, patients often have to rely on spe-
cifically labeled gluten-free products. This brings an added financial
and social burden since these products are generally more expensive
and not easily available.*” The GFD can be supported by the supple-
mentation with relevant nutrients like iron, certain vitamins, calcium
and vitamin D.

Several strategies are under way to ameliorate the symptoms of CD
where patients are not able to adhere to strict GFD or where a transient
exposure to gluten cannot be avoided. These strategies are still under
development and aim to reduce the exposure to gluten in the gut. This
can be achieved by the digestion of gliadin with specific enzymes, e.g.
prolyl endopeptidases, which result in the breakdown of gliadin in the
gut.* However, these strategies are not yet finalized.

More problematic issues involve possible non-responders. Patients
displaying refractory CD generally show no long-term response to a
GFD. The treatment of refractory CD involves the use of corticoster-
oids or immunosuppressive drugs.”*

Complications

Since CD is a disease where malabsorption of nutrients is a central
feature, secondary conditions are the logical result. With the associat-
ing diseases already described above, the resulting symptoms are of
relevance in untreated CD. After the initiation of a GFD, special care
has to be taken to consider the associated conditions. The effect of CD
therapy can be reflected by the progress in the therapy of the associated
disease. For example, the changes of the bone mineral density should
be monitored in osteoporosis-associated CD.*

Besides the complication of refractory CD, the risk for the develop-
ment of enteropathy-associated T-cell lymphomas with an overall
incidence is 0.5-1.0 cases per million in Western countries.** The
survival rate in these cases is poor, since the patients are mainly unre-
sponsive to GFD and develop several life-threatening complications.

DIAGNOSIS OF CD

The diagnosis of CD can be separated in three fields: the histological, the
serological and the genetical diagnosis. Whereas the former have a high
positive predictive value, the latter has a high negative predictive value
and is thus mainly used to exclude false positive cases. Currently, less
than one in seven patients (celiac iceberg) is correctly diagnosed with

CD and the diagnostic delay ranges from 5 to 11 years. Due to the
complications which can arise from undiagnosed and thus untreated
CD, it is important to have highly sensitive and specific diagnostic tests.

Histology

The histological findings are based on several small intestinal biopsies
(4-6 well-oriented samples) and are to be interpreted by an experi-
enced pathologist. The samples are classified in the modified Marsh
criteria.” It divides the mucosal damage into four stages: a normal
duodenal mucosa (type 0), a mucosa with increased percentage of
interepithelial lymphocytes (>40 per 100 epithelial cells; type 1),
inflammatory infiltrates and crypt hyperplasia but still well preserved
villi (type 2). Type 3 is further divided into three subclasses based on
thelevel of villous atrophy: mild (3a), moderate (3b) and total (3¢) and
type 4 refers to irreversible total hypoplasia of the mucosa.

Most publications still consider duodenal biopsy as the ‘gold stand-
ard’ for CD (no biopsy and no CD). However, some authors recently
revised this rigid claim if very high levels of and/or several different
serological antibodies and genetic susceptibility are present.*’
Additionally, if serology (positive) and histology (negative) are incon-
sistent and CD is strongly suspected (e.g. family history, persist-
ing symptoms, DQ2/8 positive), the biopsy samples should be
re-examined by an expert pathologist.*®

On the other hand, there are also reports of seronegative, biopsy-
positive CD patients;"” this shows that the classical serological
approach does not cover all the celiac patients.

Serology

Currently, several antigens are used in ELISA-based assays for the
diagnosis of CD including a-gliadin, deamidated gliadin peptides
(DGPs), tissue tTg, tTg mixed with deamidated gliadin and finally
the novel neo-epitopes which consist of a complex of gliadin peptides
modified and crosslinked with tissue tTg (Figure 1).**° In order to
exclude IgA deficiency, a condition which occurs more frequent in CD
patients (10- to 15-fold higher than the normal population), the total
amount of IgA has to be determined.’! In this case, the serology has to
rely on IgG-based assays only.”

As a separate serological test, the detection of endomysial antibodies
(EMAs) is also used for the detection of CD. EMAs utilizing monkey
esophagus as a substrate in immunofluorescence (EMA) lead in 1997
to the discovery of tissue tTg as one of the key auto-antigens in CD.°

Tissue tTg is an enzyme which plays a major role in the toxicity of
gliadin peptides. Antibodies against tTg characterize CD as an
autoimmune disease.” The sensitivity of tTg-based assays ranges from
75.3 to 100% with a specificity from 91.8 to 100%, whereas EMA
sensitivity ranges from 70.5 to 100% with a specificity from 89.8 to
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100%. The sensitivity of tTg IgA is slightly higher in comparison to
EMA IgA, whereas the specificity of EMA is slightly higher than that of
tTg>* Assays utilizing tTg are currently the most widely accepted
serological test for CD.

Assays based on a-gliadin have been used for a long time especially
in the diagnosis of pediatric patients. Their lower specificity and sens-
itivity was tolerated since it was the only antigen available for pediatric
patients younger than 2 years. With the discovery of digestion-resist-
ant gliadin peptides” and their modification by tissue tTg,>> > gliadins
are more and more replaced by DGPs in pediatric samples.*®>’

One of the main motivations to replace gliadin with DGPs lies in
their better specificity, whereas the sensitivity of DGPs is only slightly
increased. Lately, the use of DGP IgG and tTg IgA as the main sero-
logical parameters is often recommended.’® Even though a meta-
analysis of all available publications on DGPs at that time shows that
the tTg assays still outperform DGP-based assays. This meta-analysis
also stresses the fact that many of the analyzed studies are biased in the
way that serologically prescreened serum samples have been used (in 9
of 11 studies) which thus may result in higher sensitivity values.*

Even though, the binding of DGPs to DQ2 molecules and its effects
on T cells have been thoroughly examined and are still the focus in CD
research,” the complete mechanism how autoantibodies develop to
tissue tTg still remains poorly understood. It has been postulated that
the formation of complexes between gliadin peptides and tTg and its
further processing in the antigen-presenting cells is supporting epi-
tope spreading from neo-epitopes to gliadin peptides and tTg.**>°
The authors believe this to be the primary antigen for the induction of
CD since it is completely non-self and unknown to the immune system
(unpublished results).

The neo-epitope assays using a covalently crosslinked complex of
gliadin peptides with tTg in contrast to those assays using only DGP/
tTg mixtures™ are based on this hypothesis and show a good sensitiv-
ity in CD detection.*>*®'=%* Several prospective studies elucidating
the value of these neo-epitope antibodies as a predictive marker for CD
are currently in progress showing promising results and indicate that
these antibodies in some cases occur up to 6 months before antibodies
to tTg, DGPs or mucosal damage.®® These results emphasize the
importance to follow up supposedly false positive results in patients
genetically predisposed to CD with persisting symptoms.

Genetic testing

The DQ2 and/or DQ8 HLA complex is present in 30-35% of the
Caucasian population (genetically susceptible to CD) but only 2-5%
of these develop CD.*' Nearly all (>99.5%) of CD patients share either
the DQ2 or the DQ8 HLA genotype; therefore, a DQ2/DQ8 positive
test is a necessary but not a sufficient condition for CD and can only be
used to exclude false positive results and thus to confirm a CD dia-
gnosis in case of positive serology and histology.®® But one still has to
take into account that about 0.4% of CD patients are DQ2 and DQ8
negative.”!

Decision making
Due to the heterogeneity of CD, diagnosis is a process which has to
take into account several factors and should be done in communica-
tion with geneticist, gastroenterologist, pathologist, dietician and gen-
eral physician. A current review tries to simplify the available
diagnostic algorithms, also considering the most recent findings.®”
They suggest a ‘4 out of 5’ rule: the diagnosis of CD is confirmed
when at last four of the following criteria are fulfilled: typical symp-
toms of CD; positivity of CD IgA class antibodies at high titer; HLA
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DQ2 or DQ8 genotypes; celiac enteropathy at duodenal biopsy and
response to a GFD. In case a HLA genotyping is not performed the rule
can be modified to ‘3 out of 4.

OUTLOOK

Due to the increase in prevalence and the implications of an undia-
gnosed and untreated CD which may lead to such harsh complications
as refractory CD or lymphoma, it is important to stress that all avail-
able information (genetics, histology and serology) is combined to
obtain a correct diagnostic result. With the advancing knowledge in
the pathomechanism of CD, the newly developed diagnostic antigens
(neo-epitopes) take this progress into account mimicking the physio-
logical antibody generation process. The neo-epitopes thus offer an
improved prognostic value especially in cases where the classical anti-
gens and histology are lacking in sensitivity as shown in prospective
studies where they have been preceding these antigens by 6 months
and more. Further studies have to evaluate the value of these novel
antigens which shall help to melt down the celiac iceberg.
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