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STRUCTURED SUMMARY
Background—Celiac disease is managed by life-long gluten withdrawal from the diet. However
strict adherence to a gluten-free diet is difficult and is not always effective. Novel therapeutic
approaches are needed to supplement or even replace the dietary treatment.

Aims—To review recent advances in new therapeutic options for celiac disease.

Methods—A literature search was performed on MEDLINE, EMBASE, Web of Science,
Scopus, DDW.org and ClinicalTrial.gov for English articles and abstracts. The search terms used
include but not limited to “Celiac disease”, “new”, “novel”, Advances”, “alternatives” and “Drug
therapy”. The cited articles were selected based on the relevancy to the review objective.

Results—Several new therapeutic approaches for celiac disease are currently under development
by targeting its underlying pathogenesis. Alternative therapies range from reproduction of
harmless wheat strains to immunomodulatory approaches. Some of these therapies such as
enzymatic cleavage of gluten and permeability inhibitors have shown promise in clinical studies.

Conclusion—Gluten-free diet is still the only practical treatment for patients with celiac disease.
Novel strategies provide promise of alternative adjunctive approaches to diet restriction alone for
patients with this disorder.
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INTRODUCTION
Sensitivity to gluten results in a wide spectrum of manifestations triggered by ingestion of
the gluten-containing grains, wheat, barley and rye. As the most common presentation of
this disorder in genetically predisposed individuals, celiac disease presents with a set of
diverse clinical features which typically includes fatigue, weight loss, diarrhea, anemia,
osteoporosis and depression. Intestinal damage is the main component of celiac disease and
is characterized by intraepithelial lymphocytosis, crypt hyperplasia and villous atrophy.1

These pathologic changes develop in the intestinal mucosa of sensitive individuals in
response to gluten or the other related peptides2 and improvement is usually observed by
gluten withdrawal from the diet.3 Currently, the prevalence of celiac disease is estimated to
be approximately 1% in western countries and increasing incidence of both diagnosed and
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undiagnosed cases has been reported.4–6 Celiac disease is also commonly seen in association
with extraintestinal manifestations, such as the typical skin lesions known as Dermatitis
Herpetiformis, and the neurologic disorders that primarily present with ataxia or
neuropathy.7,8 In addition, patients with longstanding untreated celiac disease may develop
serious complications such as osteoporosis, refractory sprue and malignant lymphoma that
are potentially preventable with early diagnosis and treatment.9 However, due to the broad
spectrum of presenting symptoms, the diagnosis may not be so obvious or easy.10 Thus, it is
important to have a greater awareness and lower threshold for testing for this disorder. When
celiac disease is suspected, serologic testing and subsequently duodenal biopsies are
required to confirm the diagnosis.11 Antibodies to tissue transglutaminase and endomysial of
the IgA isotype (IgA anti tTg) and anti EMA testing have been repeatedly shown to be
highly sensitive and specific for identification of celiac disease,12,13 however as assay
performance is mainly dependent on pretest probability of the disease,14 histologic studies
are still being considered as the gold standard for establishing the diagnosis.

Currently, adherence to a gluten-free diet is considered as the first line and indeed only
therapy for celiac disease, which has been proven to relieve the symptoms in most cases and
effectively prevent potential complications.15–22 The availability of a readily applicable and
safe therapy in the gluten-free diet has reduced the impetus for alternative therapies.
However, the costly and restrictive aspect of complying with a life-long gluten-free regimen
may have a significant adverse impact upon the quality of life of the patients.23,24 Human
nature in dealing with temptation, motivation to resume regular diet especially with milder
disease, and the hidden gluten in the diet are the main issues. In many cases, what should be
naturally considered as gluten-free foods are widely contaminated with wheat.25,26

Moreover, even with achieving and maintaining a truly gluten-free diet, especially in adults,
there might be a lack of complete recovery in the intestine which may impact survival.27,28

All these concerns along with ineffectiveness in some cases have warranted the development
of alternative and complementary approaches to dietary treatment. Improved understanding
of pathogenic pathways that underlay celiac disease has led to development of multiple new
therapeutic approaches, some of which have reached clinical studies. It may be especially
important to provide optimum aids and eventually alternatives to the gluten-free diet for
those with mild or no symptoms for whom the motivation to be gluten free may be less.

As a chronic autoimmune disorder, both adaptive and innate immune responses are involved
in pathogenesis of celiac disease.29 In genetically susceptible individuals who express HLA
DQ2 or DQ8, gluten consumption leads to the recognition of gliadin by T lymphocytes
through antigen presentation process.30 At the intestine level, tissue transglutaminase
interacts with gliadin proteins, resulting in selective deamidation of certain glutamine
residues. The deamidated gliadin peptide-TTG complexes presented by antigen presenting B
cells provoke augmented activation of specific gluten-responsive T cells. Similarly transient
T cell response has been shown with gluten challenge in the peripheral blood of patients
with celiac disease.31,32 Interaction between activated T cells and the B cell response
together lead to stimulation of antibody-secreting cells and produce an inflammatory process
that results in destruction of intestinal mucosa29 and presentations of the disease.

It is well recognized that the role of the T cell-based adaptive immunity, i.e. HLA restricted,
is required for celiac disease and also specific to the disease. However, the innate response
to gluten, which may not be specific to celiac disease, is nonetheless required.33 Hence,
approaches that target either arm of the immune system may be helpful in the containment
of their response to gluten. Though directed at the specific T cell responses to gluten are
more likely to have a degree of specificity not seen with blocking the innate response. It is
also important to preserve particularly innate responses to infections within the intestine.
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In this article, we aim to review the recent advances in novel therapeutic options that have
been suggested as adjuvant therapy for dietary restriction as well as the potential true
alternatives to gluten-free diet in celiac disease. Therapies that focus on detoxification of
gluten are briefly discussed as they have been recently reviewed elsewhere.

An extensive literature search through August 2011 for English articles and abstracts was
preformed on MEDLINE, EMBASE, Web of Science, Scopus, DDW.org and
ClinicalTrials.gov. A combination of controlled vocabulary (MeSH, EMTREE) was used for
MEDLINE and EMBASE. The terms “Celiac disease”, “Coeliac disease”, “diet therapy”,
“drug therapy”, “prevention and control”, as well as text-words; “new”, “novel”,
“strategies”, “developments”, “advances”, “alternatives”, “compared”, “comparison”,
“comparative” and “gluten-free” were applied in the searching process. Subject headings
and publication types, including “clinical trials”, “case reports”, “case series”, “controlled
trials”, “randomized controlled trials”, “cohort studies”, “retrospective/prospective studies”,
“major clinical studies”, “meta-analysis”, and “systematic review,” were used to identify the
relevant literature. Cited articles were selected based on the novelty and the relevancy to the
purpose of this review.

GLUTEN -FREE DIET AND NECESSITY FOR NOVEL THERAPIES
The association of celiac disease with wheat consumption and similar cereals was first
reported by Dicke, and since then gluten withdrawal has been considered as the cornerstone
for the treatment of this condition.33 However, the gluten-free diet, despite being safe and
mostly effective, is not ideal. United States FDA and European Union allow “Gluten free”
labeling only on the food products that contain less than 20 part per million (PPM) of
Gluten. In addition daily amount of tolerable gluten is variable among people but intake of
less than 10 mg of gluten per day has been reported to be safe for patients with celiac
disease.34

Strict adherence to gluten-free diet is frequently affected by patients’ compliance and gluten
contamination is a matter of concern which leads to increased burden of the disease.
Furthermore, the gluten-free diet is expensive and not widely available in many countries,
which makes it even more difficult for the patients to comply with such a treatment.35–37

Additionally, despite high risk of morbidity and mortality in a significant number of patients
with celiac disease, dietary treatment is not completely effective, as many of these patients
could be either unresponsive or require combination therapies.38 Histologic improvement is
not always achievable even in the adult patients with typical celiac disease who are desirably
responsive to a gluten-free diet in terms of symptoms and serologic markers.27,39,40,41 This
lack of complete healing common in adults, is not benign and may be associated with
negative long-term consequences.

A recent study from England documented dissatisfaction with a gluten-free diet by the great
majority of patients with celiac disease. Patients were also asked to describe their preference
for three different potential therapeutic approaches, of which patients preferred a vaccine
approach over an anti-zonulin and peptidase approach by a moderate amount. In addition,
patients with celiac disease also use complementary and alternative medicine approximately
one-fifth of the time.41 Therefore, investigation for developing novel therapeutic approaches
seems to be justified as alternative treatment options are desired. Generation of new
therapies is needed for the patients who have difficulty being gluten free as well as those
compliant patients afraid of inadvertent gluten contamination. Alternative therapies could
free diagnosed individuals from the restrictive diet and provide a passport to eat gluten with
impunity. It is possible that some regimens even prevent celiac disease in individuals with
genetic susceptibility, such as those with a history of the disease in their family.
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It is, of course, difficult to predict what regulatory agencies will require of treatments for a
disease which has not had drug therapy before. However, for a condition such as celiac
disease, it is likely that we will have to prove both safety and efficacy. The threshold for
safety will be particularly high given that the current therapy, i.e. a gluten-free diet, can be
considered particularly safe. Approaches that involve interruption of the immune response,
such as potent biologic therapies, may pose unacceptable risks in this context other than
when being applied to severe disease. It would be hoped that most topically or luminally
active agents would have a very low potential for toxicity. Obviously, before any agent
would be used in humans, extensive toxicology testing is necessary. With regard to efficacy,
much developmental work incorporates the use of cell-based systems using cells particularly
derived from the small intestine of patients with celiac disease or peripheral blood
lymphocyte responses to patients who have received gluten challenges. It is likely that
efficacy of any agent for the treatment of celiac disease will require both objective and
subjective outcome measures. Potential outcome measures could include healing or
protection from histologic worsening of the small intestine, the development of positive
serologic tests for celiac disease, or possibly other measures of inflammation—for example,
intestinal fatty acid binding protein or anti-actin immunity. There are now clear guidelines
provided by the FDA on how patient-reported outcome measures need to be generated, and
such efforts are underway. Once complete, these will provide a powerful tool with which to
study patient responses to therapy. Inherent in the evaluation of any agent may require either
deliberate or inadvertent challenge with gluten. One can only speculate whether the
regulatory authorities will require a natural state experiment or whether they would permit a
study that would include a measured spiking of the diet with gluten. It is also possible that
regulatory agencies may differ on their approach to both safety and efficacy estimations for
celiac disease treatments.

Recent advances in biomedical science have led to a better insights of the molecular
mechanisms behind celiac disease and identification of the pathogenic events that can be
targeted by potential medications.37,42 These novel therapeutic strategies can be classified to
the following categories based on the site of effects and the mechanism of actions [Table 1].

DIETARY MODIFICATION
Wheat Variants

Although baking tactics, such as binding agents like xanthan gum or lactic acid-producing
bacteria residing in the “sourdough,” has been suggested for fermentation of gluten-free
products to increase baking quality, gluten-free bread generally lacks the desirable
mechanical properties that gluten provides for industrial baking.43,44 Modified wheat strains
which lack immunogenic peptides of gluten while maintaining satisfactory baking quality
have been considered as a desired therapeutic option for patients with celiac disease as this
might provide an ideal replacement for gluten containing bread. These strains can be
developed either by reproduction of wheat species lacking harmful gluten epitopes or by
genetically altering the immunogenic peptides.

In the course of wheat evolution, the contribution of two ancient wheat strains; tetraploid
Triticum Turgidum (AABB) and diploid Triticum tauschii (DD), has led to development of
the hexaploid Triticum aestivum (AABBDD) which is currently used globally as the bread
wheat.45 Screening of extracted gluten proteins by using isolated T lymphocytes from the
intestine of celiac patients has revealed the immunogenicity of specific alpha gliadin
sequences that are exclusively encoded by DD genomes and thus lacking in the AA and BB
species.46,47
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Some specific wheat strains which have very low alpha and beta gluten content may have
reduced toxicity. Similarly, genetic modification by deletion of alpha gliadin locus from the
D genome has been shown to reduce T cell stimulatory epitopes, but it also affects baking
quality.48 Obviously this only applies when wheat is consumed and other toxic peptides
from barley (hordeins) or rye (secalins) if ingested could be potentially harmful.49

Therefore, by enhancing baking quality, reproduction of non-immunogenic wheat strains
would be a possible alternative for gluten exclusion, which could be very attractive for
patients suffering from celiac disease. Recently, psyllium has also been suggested as a
gluten replacement with the least effect on odor and texture of the bread. Data of a sensory
analysis study has shown the bread prepared from psyllium dough had a high acceptance
rate among patients with celiac disease and healthy controls.50

Although these approaches are still at the preclinical stages, they theoretically lead to
elimination of harmful gluten from foods which, along with increased quality of life for the
patients, could even prevent celiac disease in the community [Figure 1A]. The economics of
such an approach are limited as commercial wheat is a very cheap and robust industrial
commodity and it is unlikely that these specifically modified grains would ever replace
commercial wheat strains.

Gluten Detoxification
Several strategies have been considered for detoxification of dietary gluten and reduce
immunogenicity of gliadin peptides. These approaches are mainly at the preclinical stage
with a few in early clinical trials. These include, but are not limited to, probiotic
preparations by lactobacilli,51 enzymatic cleavage of gliadin fragments by prolyl
endopeptidase (PEP) from microorganisms,52,53 degradation of toxic peptides by
germinating cereal enzymes,54 and the sequestration of stimulatory epitopes by polymers
designed to inactivate them.55,56 The strategies to detoxify gluten will be discussed in detail
in another section [Figure 1A].

PERMEABILITY MODULATION
In healthy individuals, tight junctions between the epithelial cells protect and control the
exposure of submucosal tissues to the macromolecules that may induce a toxic effect by
passing through the intestinal barriers. They are also an important component of the cell-to-
cell signaling pathways.57 It has been shown that patients with active celiac disease have a
defect in the epithelial barriers that leads to increased permeability and possibly passage of
immunodominant gluten peptides and likely other immunostimulatory luminal antigens,
especially bacterial components.58 These changes in the mucosal permeability have been
hypothesized to be an early pathogenic event in the development of celiac disease by
exposing the immune system of susceptible individuals to the immunostimulatory gluten
peptides.59 Previous studies have identified the human protein Zonulin, a precursor of
prehaptoglobin-2, as a regulator of epithelial permeability highly expressed in celiac
diseases and a likely contributor to its pathology.60,61 This protein is similar in effect to that
of Zonula Occludens Toxin (ZOT) expressed by vibrio cholerae which impairs epithelial
tight junctions integrity.62 A recent study has shown that gliadin binds to the chemokine
receptor CXCR3 releasing Zonulin and subsequently increasing the intestinal permeability
via the My-D88 dependent pathway.63 An octapeptide derived from ZOT (AT-1001), that
antagonizes Zonulin action via receptor blockade and therefore prevents mucosal
impairment has been generated.64 As a part of Phase I clinical trial, the safety and efficacy
of this orally-administrated medication was investigated in a randomized controlled trial.65

In this study, 14 patients with celiac disease challenged by a single dose of gluten while
receiving AT-1001 for three consecutive days were compared with 7 patients in the placebo
group. Intestinal permeability was measured in the two groups by calculating fractional
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excretions of lactulose and mannitol to evaluate the efficacy of the treatment. Interestingly,
intestinal permeability remained intact after gluten challenge in the subjects who received
the treatment, while adverse effects, gastrointestinal symptoms and inflammatory markers
were not observed to be more frequent when compared to the placebo group. Based on these
observations, use of Zonulin antagonists, which has recently completed phase IIb of clinical
trial, presents a complementary therapeutic approach that is undergoing further clinical
trials. [Figure 1B].

ANTIGEN PRESENTATION BLOCKADE
Inhibition of Tissue Transglutaminase

In the pathogenesis of celiac disease, gluten peptides need to be introduced to T cell by
binding to HLA molecules located on the surface of antigen presenting cells. Native gliadin
peptides have very few negatively charged amino acids and that is while celiac predisposing
HLA DQ2 or DQ8 preferably binds to negatively charged residues. Interestingly, through a
deamidation process which is mainly due to effect of intrinsic tissue transglutaminase 2 (TG
2), conversion of specific glutamine residues to glutamate results in increased affinity of
HLA molecules to gluten peptides, the process that leads to more effective antigen
presentation and exaggerated T cell response.29 Thus, selective inhibition of TG 2 and
subsequent blockade of the deamidation process could be an effective therapeutic approach
for celiac disease. To date, several types of competitive, reversible and irreversible inhibitors
of TG2 have been suggested as a potential compounds for the treatment of celiac disease,
neurologic disorders, and some types of cancers. Active compounds with high potency for
inhibition of TG2 have been designed to be used in experimental studies for treatment of
celiac disease.66 However since Glutamine residues are partly modified to the deamidated
form by environmental enzymes prior to absorption and some immunogenic peptides illicit
their T-cell stimulatory effect independent of deamidation process,49,67 practical role of TG2
inhibitors in treating patients with celiac disease is uncertain.

A previous study on the isolated T lymphocytes from the intestinal biopsies of patients has
shown that cystamine acts as a TG2 inhibitor and consequently lead to reduced T cell
response after gluten challenge.68 Others have also suggested 2-[(2-oxopropyl)thio]
imidazolium derivatives, such as L-682777 and R-283, as potential therapeutic agents that
inhibit human TG2 and block activation of gliadin-specific T cells. However, undesired
interaction with biologically crucial macromolecules (e.g. Factor XIIIa blockade by
L-682777) has made some of these agents unsuitable for in vivo studies.69,70 It has been
shown that, although compatible with life, knockout of TG2 mouse models develop
systemic disorders, such as autoimmunity and immune complex glomerulonephritis.71

Therefore, even selective inhibition of TG2 could be associated with adverse complications,
especially when it targets the tissues beyond intestinal level. Recently, dihydroisoxazole
compounds (e.g. KCC009) have been shown to be promising in animal studies; they appear
well tolerated and effective inhibitors of TG2, with excellent bioavailability when given
orally but a short serum half-life with minimal systemic effect.72,73

Generally, despite looking beneficial, the potentially broad effects of TG2 inhibitors are
concerning, and have limited the evaluation in human studies. Clinical trials have not been
undertaken as yet in celiac disease due to the similarity in the catalytic sequences of
different subtypes of transglutaminases and the risk of potential interaction with vital
biologic pathways [Figure 1C].
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Celiac-Specific HLA Inhibition
Celiac disease almost exclusively occurs in subjects with the HLA subtypes (DQ2 and
DQ8.74 Presentation of gliadin peptides that bind to HLA DQ2 and/or DQ8 located on the
surface of antigen-presenting cells leads to activation of T lymphocytes and consequent
adoptive immune response involved in celiac disease.29 Therefore, blocking the binding site
of these HLA molecules by gliadin antagonist peptides could suppress the presentation
process and consequently provide another approach to treatment of celiac disease. Whilst
celiac-specific HLA inhibition would be particularly attractive, a substantial challenge in
terms of the avoidance of rapid degradation of peptide agents and access to the binding
groove of the DQ2/8 on antigen-presenting cells needs to be overcome. Additionally, it
cannot interfere with the necessary class 2 dependent responses so important for
immunosurveillance.

The analogous gliadin peptide, generated by alteration in peptide structure via insertion of
bulky groups or using cyclic or dimeric peptides, developed enhanced affinity for DQ2 and
effectively inhibited HLADQ2 mediated antigen presentation.75,76 Recently use of
positional scanning nonapeptide library has resulted in generation of high affinity binders to
HLADQ2 by combining the optimal residues in each position of HLA binding frame.77

Overall, if active locally in the gut and specificity for gluten, HLA-blocking compounds
may be a potential treatment for celiac disease [Figure 1C].

MODULATION OF INFLAMMATION
Cytokine therapies with either amplification of regulatory cytokines or inhibition of
inflammatory cytokines have been used for severe autoimmune diseases such as IBD and
rheumatoid arthritis.. As such, several strategies targeting the involved cytokines and
chemokines as well as the associated chemokine receptors, are being developed and have
been tested for celiac disease [Figure 1D]. This approach, however may be less applicable to
typical celiac disease due to the associated side effects. On the other hand, patients with
refractory celiac disease who fail to respond to dietary treatments may benefit from the use
of immunomodulators for inhibition of underlying inflammatory process.

Anti-Inflammatory Compounds
There is persistent inflammation due to lack of response, in some patients with celiac
disease. Treatment with corticosteroids and immunosuppressive agents have been
considered in these cases, despite the associated side effects. In a cohort of 30 patients with
collagenous sprue, a combination of gluten-free diet and corticosteroids was found to be
effective in terms of treating the symptoms and healing of mucosal injury.78 Budesonide, a
locally-acting corticosteroid with minimal systemic side effects, inhibits the in vitro
overexpression of DR-molecules and blocks adhesion molecule ICAM-1 and cyclo-
oxygenase pathway. The addition of budesonide to gluten-free diet significantly improved
malabsorptive symptoms of the patients with celiac disease compared to dietary treatment
alone.79 There is also an anecdotal report of the use of mesalamine to treat refractory sprue
patient.80 However, the application of topically active drugs for celiac disease may be less
than ideal when the particular formulation is designed to be delivered in the distal small
intestine or colon beyond where celiac disease occurs.

Anti-Interferon-Gamma and TNF Alpha
The activation of gluten-sensitive CD4+ T cells leads to secretion of IFN-γ which triggers
pro-inflammatory responses including activation of metalloproteinases (MMPs) that results
in mucosal injury and villous atrophy. In a similar fashion, TNF–α also triggers a proteolytic
cascade mediated by MMPs secretion from intestinal myofibroblasts and results in intestinal
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architectural alteration.42 Therefore, blockade of these cytokines may prevent the activation
of proteolytic MMPs and ultimately resume the intestinal hemostasis. IFN-γ-blocking
antibodies prevented damage to healthy intestinal mucosa exposed to the inflammatory
cytokines released by the gliadin-specific T cell lines.81 Another study has demonstrated
that gliadin induced- IFN-γ secretion increases gliadin influx through the intestinal barrier.
Thus, IFN-γ blocking agents may stop this vicious cycle, however the baseline permeability
to gliadin in the absence of inflammation may remain unaffected.82 Phase II clinical trial of
anti IFN-γ monoclonal antibodies has been just completed for Crohn’s disease. Similarly,
use of monoclonal antibodies against TNF–α (infliximab), which is beneficial for patients
with IBD, has been described in case reports of patients with severe refractory celiac disease
and uncontrolled sprue.83,84

Immunomodulatory peptides are another attractive therapeutic option for regulation of the
immune system and antagonizing the inflammatory process that underlies celiac disease.
Altered peptide ligands are modified versions of immunostimulatory epitopes that have been
applied in a number of mouse models of human disease and have been tested against
peripheral blood T cell responses to gluten. By targeting specific amino acids for
substitution, it is theoretically possible and has had some proof of concept supported by in
vitro studies that altered peptide ligands could provide a potential not only to block a pro-
inflammatory response to gluten but also provide a natural suppressive effect by enhancing
the production of IL10 from gluten responsive T cells within the gut85. However, celiac
disease has several challenges to the success of such an approach. Firstly, there is a broad
repertoire of T cells that can react to various gluten peptides, some of which may escape
inhibition by this approach. However, it is possible that bystander suppression may be
elicited in such a way as to inhibit the T cells that are not directly inhibited. Secondly, even
these APLs could drive a TH2 effect, which theoretically could produce dermatitis
herpetiformis or even extragastrointestinal manifestations of celiac disease that are perhaps
driven by humoral response. There are challenges in the effective delivery of APLs to the
intestine in a manner that can effectively prevent inflammatory T cell responses to gluten.
APLs can directly target the TCR or, by binding with DQ2, could inhibit DQ binding to
peptides. One approach has been the use of substituting threonine for certain amino acids in
the immunodominant alpha gliadin peptide 57–73. These ligands have antagonized the T
cell response to gluten in vitro using ELSPOT and, when combined with deamidation, seems
to drive the normally gliadin responsive T cells to produce IL10 instead of interferon. This
approach may overcome the issue of specificity by providing a potent bystander effect
within the intestine.86 A naturally-occurring decapeptide sequence [QQPQDAVQPV] was
identified from durum wheat and appeared to shift a TH1 to TH2 type of response, though
the mechanism of this effect is not entirely clear. This apparently also interrupted apoptosis
of epithelial cells in celiac disease, biopsies ex vivo.87

Anti IL-15
Interleukin-15 (IL-15) secreted from the intestinal epithelium and antigen-presenting cells
plays a key role in the underlying innate immunity of celiac disease. It induces the secretion
of epithelial MICA that binds to NKG2D receptor located on the surface of intraepithelial
lymphocytes.88–91 This ligand receptor interaction is enhanced by IL-15, leading to
stimulation and proliferation of cytotoxic T lymphocytes that induce epithelial apoptosis and
results in development of refractory celiac disease and the associated malignant
transformation.92 A study on transgenic mouse models with overexpression of IL-15 and
consequent development of autoimmune enteropathy demonstrated that blocking antibody
against IL-15 was capable to efficiently reverse the intestinal damage.932 IL-15 also
prevents apoptosis of the cytotoxic intraepithelial lymphocytes that play a central role in
refractory celiac disease via the Jak3/STAT5 signaling pathway. IL-15 blocking antibodies
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were able to induce IEL apoptosis and reduce the number of intraepithelial lymphocytes
accumulated in the intestinal epithelium of human IL-15 transgenic mouse models.94 To
date, anti-IL 15 human monoclonal antibody have been evaluated in clinical trial studies on
patients with other autoimmune disease such as rheumatoid arthritis, but despite the
promising findings, a human study for celiac disease is still awaited. Theoretically, targeting
IL-15 could treat both responsive and refractory celiac disease.

IL-10
Interleukin-10 (IL-10) is considered to be an immunoregulatory cytokine in the intestinal
tissue by suppression of inflammatory cytokine secretion from Th1 cells. Thus, it has been
suggested as a candidate for the treatment of Th1 mediated autoimmune disorders such as
IBD and celiac disease. A phase I clinical trial on patients with Crohn’s disease has been
successfully conducted by using transgenic bacteria expressing human IL-10, however more
advanced studies failed to prove the therapeutic role of IL-10 for these patients.95 Although
IL10 was shown to be able to suppress gliadin induced T cell activation in an ex vivo study
of cultured intestinal biopsies for celiac disease,96 a pilot study on patients with refractory
celiac disease did not show any pharmacological efficacy in managing this condition.97

LYMPHOCYTE RECRUITMENT BLOCKADE
Alpha 4 beta 7 and MAdCam-1

T cells express the integrin α4β7 which permits gut homing by binding to mucosal addressin
cell adhesion molecule 1 (MAdCAM-1) located on vascular endothelial cells and is
necessary in migration of lymphocyte to the intestinal mucosa.98,99 MAdCAM-1 could be a
potential therapeutic target in celiac immunity and is significantly upregulated in untreated
patients with active celiac disease.100 Moreover, Natalizumab a monoclonal antibody
against α4 integrin, has been shown to be effective in Crohn’s disease,101 thus suggesting it
may be worthy of for evaluation in only select cases of celiac disease, considering its
potential side effects including immune suppression-related infections. Other components of
the integrin could be targeted but a number of concerns remain. [Figure 1E].

CCR9 and CCL25
Chemokine ligand 25 (CCL25) secreted by the intestinal epithelial cells binds to the CCR9
located on the surface of T lymphocyte and results in selective recruitment of these cells
from peripheral blood to the intestinal tissue.102 Using a mouse model of chronic ileitis,
blocking the interaction between CCL25 and CCR9 effectively improved the intestinal
pathology that was treated on its early stages.103 A blocking agent has shown therapeutic
efficacy in studies for patients with Crohn’s disease;104 and effectiveness of this approach in
celiac disease is under investigation though results of a completed trial are awaited (NCI #
NCT01318993). [Figure 1E].

CXCL10 and CXCR3
CXCL10 is another T cell recruiting chemokine that elicits its effects by binding to the
receptor CXCR3 that is primarily expressed by T lymphocyte.105 Recently, gliadin
stimulation of human monocytes was shown to increase the expression of CXCL10,
suggesting a key role for this chemokine in the recruitment of T cells to the epithelium as
part of the HLA-independent innate response to gliadin. These findings support the role of T
cell-recruiting chemokines as a future therapeutic target not only for celiac disease but also
for gluten sensitivity at general.106
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TOLERANCE INDUCTION AND IMMUNOMODULATION
Previous observations have reported that some patients with celiac disease or the associated
skin disorder do not present with any immunological or histological evidence of the disease
activity on resuming a gluten-containing diet. This is indicative of tolerance development
that can occur in some cases and introduces another potential approach for treatment or even
cure of celiac patients.107,108

Mucosal Tolerance Induction
Generally, mucosal tolerance to specific antigens occurs by two different mechanisms,
which include exposure of immune system to low doses of antigen that leads to tolerance
induction by the regulatory T cells and production of anti-inflammatory cytokines such as
IL-10 and TGF-β. On the other hand, high-dose tolerance usually results from lymphocytic
anergy or clonal deletion that are driven by T cell/APC interaction or FAS-mediated
apoptosis respectively.109

One of the early studies of tolerance has shown interanasal administration of α-gliadin in a
mouse model inhibited T cell proliferation and IFN-γ secretion, and it effectively suppressed
the immune response to gluten.110,111 With a different approach for induction of tolerance in
a previously sensitized transgenic DQ8 mouse model, oral administration of Lactococcus
lactis with capability of secreting deamidated DQ8 gliadin epitope resulted in activation of
Foxp3(+) regulatory T cells and significant inhibition of systemic immune responses.112

Tolerance induction with these methods still lacks human studies; however, clinical trials for
nonspecific immunomodulation with parasite infection have been conducted [Figure 1F].
(NCI # NCT00671138). Infection with parasites has been suggested for treatment of
autoimmune diseases via regulation of host immune system. Interestingly, a pilot study on
nine patients with Crohn’s disease has revealed the effect of hookworm infection in
reduction of disease activity.113 Furthermore, the potential role of infection with hookworm
Necator Americanus in inhibition of immune response to gluten challenge as well as the
safety and feasibility of this method has been studied in a randomized double blind study
which did not show any significant effect on gluten induced enteropathy.114,115

Vaccination
Vaccination was chosen as the preferred option among alternative treatments to GFD by
patients with celiac disease when compared to genetically modified wheat, peptidases and
anti-zolulin.41 This could be explained by the prophylactic aspect of immunization and
single dose administration as oppose to daily intake of other potential options that may raise
the issue of compliance. Immunization of a mouse model with repeated administration of an
immunodominant DQ2 restricted gluten peptide was well tolerated and resulted in a dose
dependent decrease in T cell proliferation and development of tolerance in CD4 T
lymphocytes without any significant side effect in these animals.116 A gluten vaccine
(Nexvax2) has been developed based on a mixture of the frequently recognized gluten
peptides and recently completed phase I clinical trial on HLA DQ2 + volunteers with celiac
disease. (NCT00879749). Immunization with this method was shown to be well tolerated
and fairly safe without any serious adverse events in volunteers. It also resulted in activation
of gluten specific T cells in these patients which is indicative of bioavalability of the
vaccine. This method will be investigated in a phase II clinical trial to evaluate its efficacy.
It should be noted that vaccine therapy despite being attractive for management of celiac
disease could be associated with the risk of immune system activation and consequent flare
of the disease.
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MISCELLANEOUS THERAPEUTIC STRATEGIES
Alterations of the gut microbiota have been thought to be associated with celiac disease.117

Additionally, persistence of gastrointestinal symptoms after gluten withdrawal in some cases
of celiac disease has been attributed to the small intestinal bacterial overgrowth (SIBO),
especially as antibiotic therapy has been shown to be effective in this subgroup of
patients.118

An epithelial mitogen (R-spondin 1) with the ability of inducing mucosal reconstruction in
the intestine has been studied in a mouse model of drug (Dextran Sulfate Sodium) induced
enteropathy. This agent improved mucosal architecture of the small intestine and colon by
stimulating crypt cell growth and reducing the inflammatory infiltration. These findings are
thus suggestive of a future pharmacological role of this compound for patients with
inflammatory bowel diseases or celiac disease.119

CONCLUSION
The increasing number of patients diagnosed with celiac disease as well as recent advances
in characterization of its underlying pathology has driven development of adjunctive or even
alternative therapeutic approaches that could effectively manage or even cure this condition.
Although several pharmacological agents for celiac disease are currently underdevelopment
or has been tried in clinical studies, gluten-free diet is still the only treatment options for
these patients which regardless of the social aspect, lacks any significant or potentially life
threatening side effects. Therefore in addition to efficacy in terms of preventing both
symptoms and histologic damage, the ideal alternative therapy to lifelong gluten withdrawal
will need excellent safety and efficacy. For example, anti-rejection medication may be
effective but could be associated with increased long term consequences.120

Nonetheless, the potential therapeutic approaches that can be applied as either replacement
for gluten withdrawal or an adjunctive treatment for celiac disease have raised hopes in
management of this condition and its adverse complications.
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Figure 1. New therapeutic approaches for celiac disease
(A) Detoxification of gluten. Polymeric binders or endopeptidase enzymes act in the
intestinal lumen to reduce immunogenicity of harmful gluten peptide. Non-toxic wheat
strains lacking immunostimulatory gluten peptides can be an alternative for gluten-free diet.
(B) Permeability Modulation. Zonulin antagonist (AT-1001) binds to ZOT Receptors and
reduces mucosal permeability by prevention of tight junction impairment. (C) Antigen
Presentation Blockade. Inhibition of adaptive immunity by use of TG2 inhibitors and
HLA-blocking compounds (D) Cytokine Therapy. Monoclonal antibodies against
inflammatory cytokines such as INF-gamma, TNF-alpha and IL-15 reduce mucosal injury in
celiac disease. Regulatory cytokines such as IL-10 can be used for suppression of Th1
activation. (E) Inhibition of T cell recruitment. Anti adhesion compound such as anti α4
antibodies lock immune cell migration to the intestinal tissues. (F) Oral tolerance
induction. Low dose tolerance is driven by regulatory T cells via IL-10 secretion. High dose
of antigen mediates lymphocyte anergy via interaction between effector T lymphocyte and
Antigen presenting cells.

Rashtak and Murray Page 18

Aliment Pharmacol Ther. Author manuscript; available in PMC 2014 February 04.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Rashtak and Murray Page 19

Table 1

New therapeutic Approaches for celiac disease

Underlying Pathology Therapeutic Approach Compound/Organism Development stage

Immunodominant Gluten Peptides Dietary Modification

Wheat Variants Preclinical

 - Non-immunogenic ancient wheat species

 - Genetically modified harmless wheat
strains

Gluten Detoxification Preclinical/phase I cliical
trial

 -Enzymatic cleavage of gluten fragments Prolyl Endopeptidases

 -Inactivation by polymeric binders P (HEMA-co-SS)

 -Probiotic preparation Lactobacilli

Impaired Mucosal Barrier Permeability inhibition and mucosal
reconstruction

Zonulin /ZOT receptor Blockade AT-1001 Phase IIb clinical trial

Mitogenic compounds R-spondin 1 Phase III clinical trial for
Crohns Disease

Adaptive Immunity Antigen Presentation Suppression

Tissue Transglutaminase 2 Inhibition KCC009, L-682777 Preclinical

HLA DQ2/ DQ8 blockade Preclinical

Inflammatory Response Cytokine therapy and Anti Inflammation

Anti Inflammatory compounds Budesonide Preclinical

Regulatory Cytokines augmentation Preclinical

 - IL-10

Inflammatory Cytokine blockade Preclinical

- Antagonist peptides

- Anti INF-gamma

- Anti TNF –alpha Infliximab

-Anti IL-15 AMG 714

Lymphocyte Recruitment Adhesion Blockade

Anti α4β7/MAdCAM-1 Natalizumab Preclinical

Anti CCR9/CCL25 Ccx282-B, CCX025 Preclinical

Overreactive Autoimmune Response Immunomodulation

Tolerance Induction
Nexvax2 Phase I clinical trial

Gluten Vaccination

Parasite Infection
Necator Americanus Phase II clnical trial

Chemotherapy and stem cell Transplant
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