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Abstract
Coeliac disease is a widespread, lifelong disorder for which dietary control represents the only
accepted form of therapy. There is an unmet need for non-dietary therapies to treat this condition.
Most ongoing and emerging drug discovery programmes are based on the understanding that
coeliac disease is caused by an inappropriate T-cell-mediated immune response to dietary gluten
proteins. Recent genome-wide association studies lend further support to this pathogenic model.
The central role of human leukocyte antigen genes has been validated, and a number of new risk
loci have been identified, most of which are related to the biology of T cells and antigen-
presenting cells. Here we review the status of potential non-dietary therapies under consideration
for coeliac disease. We conclude that future development of novel therapies will be aided by the
identification of new, preferably non-invasive, surrogate markers for coeliac disease activity.
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Introduction
Coeliac disease is a common, lifelong disorder with an incidence of about 1:100, and
awareness of this condition is increasing. The disease is precipitated in genetically
susceptible individuals by the ingestion of wheat gluten and related cereal proteins derived
from barley and rye [1, 2]. The coeliac lesion is characterised by villous atrophy, crypt
hyperplasia and infiltration of inflammatory cells, both in the epithelium and in the lamina
propria of the small intestine. The disease can be considered to be due to food
hypersensitivity as well as being an autoimmune condition. On ingestion of gluten, patients
with coeliac disease typically develop disease-specific autoantibodies that recognise the
enzyme transglutaminase 2 (TG2) [3]. It is striking that both the intestinal lesions and the
autoantibodies are reversibly dependent on oral gluten exposure [4, 5]. At present, a lifelong
gluten-free diet is the only accepted form of treatment for coeliac disease. Thus there is an
unmet need for alternative therapies [6–9]. In this article we will review the current status of
potential non-dietary therapies under consideration for coeliac disease.
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Pathogenesis of Coeliac Disease
Intestinal enteropathy in coeliac disease is caused by a combination of genetic and
environmental factors. Gluten is clearly the most critical environmental component, whereas
both human leukocyte antigen (HLA) and non-HLA genes are predisposing hereditary
factors. Recent genome-wide association studies have underscored the fact that HLA is the
single most important genetic factor [10]. The vast majority of patients with coeliac disease
carry a variant of HLA-DQ2, (DQ2.5; DQA1*05/DQB1*02), and most of the remaining
patients carry HLA-DQ8 (DQA1*03/DQB1*0302). HLA-DQ2 and HLA-DQ8 predispose
patients to coeliac disease by preferential presentation of gluten peptides to CD4 helper T
cells in the lamina propria. These T cells become activated upon recognition of gluten
peptides and produce many different cytokines, of which interferon-γ (IFN-γ) predominates
[11]. In turn, a cascade of inflammatory reactions is triggered, leading eventually to the
hallmark small intestinal lesion.

Although genome-wide analysis has also identified numerous non-HLA loci associated with
coeliac disease, each individual locus contributes very modestly to the overall genetic risk
[10, 12]. Moreover, a majority of these non-HLA loci harbour genes involved in the biology
of T cells and antigen presenting cells [13]. Together, these genetic findings have validated
the most well-accepted model for coeliac disease pathogenesis, which originated from the
identification of HLA susceptibility alleles and their role in gluten antigen presentation to T
cells [2]. The emerging picture from the genetics of coeliac disease also bodes well for
ongoing drug discovery programmes, as most are based on the assumption that gluten-
reactive T cells play a central role in controlling disease onset and severity. Furthermore, the
loci discovered in genome-wide association studies also reveal additional potential targets
for coeliac disease drug discovery.

A number of distinct disease-specific T cell epitopes are known to exist in dietary gluten. A
common feature of these epitopes is the presence of multiple proline and glutamine residues.
The high proline content renders the peptides resistant to breakdown by gastric, pancreatic
and intestinal digestive proteases [14]. As a result, an elevated intestinal concentration of
potentially immunoreactive peptides is maintained following a gluten-containing meal. At
the same time, some glutamine residues in these gluten peptides are catalytically deamidated
by TG2 [15, 16]. Deamidation enhances their immunogenicity due to high-affinity
interactions between the modified residues and specific pockets in the ligand-binding sites
of HLA-DQ2 and HLA-DQ8 [17, 18].

Whereas the HLA-mediated response to gluten antigens in patients with coeliac disease is
well understood, three features of gluten enteropathy in coeliac disease remain unclear at
present. Firstly, dietary gluten reversibly increases small intestinal permeability in patients
with coeliac disease. It has been proposed that enhanced intestinal permeability is the
consequence of increased expression of zonulin [19]. Alternatively, or in addition, this
phenomenon may be caused by the cytokines (especially IFN-γ) produced by activated CD4
T cells [11]. Secondly, dietary gluten also appears to activate the innate immune system in
patients with coeliac disease, leading to production of interleukin-15 (IL-15) both in the
lamina propria and in the epithelium. In turn, IL-15 causes aberrant MIC expression on
enterocytes and increased NKG2D expression on intra-epithelial lymphocytes. Upon
engagement, these proteins trigger the killing of the enterocytes [20, 21]. However, the
molecular basis of this innate immune response to dietary gluten has not yet been defined
[22]. Thirdly, gluten consumption also induces anti-TG2 autoantibody production in those
with coeliac disease [3]. The cause and pathogenic consequences of such autoantibody
production remain unclear. Any or all of these lines of investigation may reveal important
new targets for coeliac disease therapy.
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Potential non-dietary therapies
Based on our current understanding of coeliac disease pathogenesis, several therapeutic
modes of action can be considered for this unmet medical need. We will first discuss
pharmacological mechanisms for which an investigational new drug (IND) has either
already been identified, or there is good reason to anticipate that one may be identified
within the next few years. Then we will focus on therapeutic modes of action that are being
investigated by the pharmaceutical industry in the context of other disorders, and could have
relevance to coeliac disease therapy.

The drug pipeline for coeliac disease
For several pharmacological mechanisms, results from in vitro, ex vivo and/or in vivo studies
have already set the stage for the identification of one or more IND candidates. Broadly
speaking, these approaches to the development of a drug for the treatment of coeliac disease
fall into three categories. In a few cases, a generic drug could be repurposed via
reformulation for potential use in coeliac disease. In other situations, IND candidates have
already been advanced into human clinical trials. The third category includes modes of
action for which a compelling pharmacological case can be made, and lead molecules have
also been identified. However, the identification of an IND candidate is hampered by the
lack of a suitable animal model for coeliac disease.

Glucocorticosteroids with low systemic bioavailability
Budesonide is an example of a topically active glucocorticosteroid with low oral
bioavailability. As a result, systemic exposure to this anti-inflammatory agent is
insignificant, and its pharmacological effects are localised to the gut mucosa. Budesonide is
used for the treatment of asthma and inflammatory bowel disease. Pilot studies in patients
with refractory [23, 24] and non-refractory [25] coeliac disease have demonstrated that
budesonide may provide clinical benefit in both groups of patients. Oral budesonide may
also have acceptable safety characteristics for use in patients with active coeliac disease; for
example, 6 mg budesonide has been administered daily to patients with primary biliary
cirrhosis for up to 3 years with no change in budesonide pharmacokinetics and only minor
changes in bone mineral density [26]. However, because the predominant use of oral
budesonide is for illnesses of the lower intestine, available formulations of this generic drug
are unsuitable for coeliac disease. Pending development of a new budesonide formulation
that targets the drug to the upper intestine, controlled clinical trials are warranted to
investigate its safety and efficacy in patients with coeliac disease.

Oral proteases for gluten detoxification
It is now well accepted that the most immunotoxic gluten peptides are also highly resistant
to breakdown by pepsin, pancreatic proteases and intestinal brush border membrane
peptidases [14, 27]. This unusual stability is principally due to two factors: the inability of
gastric and pancreatic endoproteases to cleave after proline or glutamine residues and the
inability of dipeptidyl peptidase IV and dipeptidyl carboxypeptidase I in the brush border
membrane to cleave long peptides. Together, these two features lead to the accumulation of
long, metastable intermediates in the small intestinal lumen, which in turn elicit an HLA-
DQ2- or HLA-DQ8-restricted T-cell response in patients with coeliac disease. Therefore, it
is anticipated that co-administration of exogenous proline-and/or glutamine-specific
proteases with food could provide therapeutic benefit to patients by accelerating gluten
detoxification (Figure 1) [14, 27]. This possibility has subsequently gained support from a
range of in vitro, in vivo animal, and ex vivo human studies [28–36], and has led to the
introduction of at least two drug candidates, ALV003 [37] and AN-PEP, into clinical trials
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(Table 1). It has also led to the identification of STAN1, a combination of over-the-counter
dietary enzymes with modest gluten detoxification capacity [38]; this cocktail is undergoing
clinical evaluation (Table 1). A key question that must be addressed for all such
experimental therapies is the gluten dose that can be effectively detoxified in vivo by a given
enzyme dose.

Gluten-sequestering polymers
An alternative strategy for blocking the immunotoxic manifestations of dietary gluten in the
gut lumen of patients with coeliac disease relies on the use of an oral polymeric resin,
poly(hydroxyethyl methacrylate-co-styrene sulfonate) (P(HEMA-co-SS) (Figure 1). In vitro
studies have demonstrated that P(HEMA-co-SS) can bind to gluten proteins under simulated
gastric and intestinal conditions [39, 40]. The polymer also reduced the mucosal toxicity
induced by oral gavage of gliadin in HLA-DQ8 transgenic mice that had been systemically
sensitised with gliadin [41]. While awaiting safety testing, P(HEMA-co-SS) could be tested
in the foreseeable future in controlled clinical trials involving patients with coeliac disease
(Table 1). Again, the gluten dose that can be effectively detoxified in vivo by a given dose of
polymer must be established.

Zonulin antagonists
Zonulin is overexpressed in intestinal tissue of patients with coeliac disease compared to
healthy controls [19]. When exposed to gliadin peptides, intestinal biopsies from patients in
remission showed a sustained zonulin release and an increase in trans-epithelial
permeability, whereas a less-pronounced effect was observed in biopsies from controls [42].
Pilot studies in patients with coeliac disease [43], and the related disorder dermatitis
herpetiformis [44], revealed a correlation between serum zonulin levels and intestinal
permeability. Recently, zonulin was identified as prehaptoglobin-2 [45]. The zonulin
antagonist AT-1001, based on what now appears to be an erroneous partial sequence of
zonulin [46], is undergoing Phase II clinical trials in patients with coeliac disease [47]
(Table 1).

Inhibitors of TG2
As summarised above, TG2 plays a critical role in coeliac disease pathogenesis by
unmasking gluten-derived T-cell epitopes via deamidation. Therefore, TG2 may be a
suitable target for non-dietary therapy (Figure 1). The observation that TG2-null mice do not
have any gross physiological, developmental or reproductive characteristics [48, 49] lends
further support to the hypothesis that TG2 inhibitors may be well tolerated in humans. The
structure–activity relationships of a number of different classes of small molecule TG2
inhibitors have been analysed. These include both active site-directed irreversible inhibitors
such as thiadiazoles [50], epoxides [51], α,β-unsaturated amides [51] and dihydroisoxazoles
[52, 53], as well as reversible inhibitors such as thienopyrimidines [54], cinnamoyl
compounds [55], β-aminoethyl ketones [56] and acylidine oxindoles [57]. Until recently, a
key barrier to further lead optimisation has been the absence of an appropriate animal model
to quantify TG2 inhibitory activity of drug candidates in the upper small intestine (i.e. the
primary site of the disease). Now that it has been shown that Toll-like receptor-3-mediated
inflammation of the mouse small intestine is associated with rapid TG2 activation [58], this
may provide a suitable assay system to compare the in vivo activity of alternative
compounds. In the next few years, it is probable that one or more TG2 inhibitors will
undergo proof-of-concept clinical evaluation in coeliac disease. Parenthetically, it should be
noted that aberrant TG2 activity has been implicated in the pathogenesis of a number of
unrelated disorders including certain neurological and renal diseases as well as some cancers
[59–61]. Therefore, inhibitors of human TG2 could also be of use in the treatment of other
disorders. Whereas this treatment modality could be assessed with virtually any TG2

Sollid and Khosla Page 4

J Intern Med. Author manuscript; available in PMC 2012 June 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



inhibitor that enters human clinical trials, the activity of the ideal drug candidate for coeliac
disease should presumably be localised to the small intestinal mucosa due to high first-pass
metabolism.

Blockers of HLA-DQ-mediated T-cell activation
HLA (i.e. HLA-DQ2 or HLA-DQ8) is a necessary factor for developing coeliac disease, but
insufficient by itself. Because homozygosity for HLA alleles is not associated with apparent
increased susceptibility to infections, blocking of HLA-DQ2- or HLA-DQ8-mediated
presentation of gluten peptides is an attractive therapeutic target in coeliac disease (Figure
1). Although the feasibility of blocking HLA-mediated peptide presentation has previously
been explored for other HLA-associated diseases, such programmes were abandoned
principally due to the difficulty of delivery of HLA-blocking compounds into the affected
organs (i.e. central nervous system in multiple sclerosis or joints in rheumatoid arthritis). By
contrast, topical delivery of HLA blockers to the small intestine in coeliac disease should be
considerably easier. Indeed, lead peptide blockers have been engineered using gliadin-
derived T-cell epitopes as scaffolds [62, 63] (Table 1), but these blockers have only shown
moderate efficacy in inhibiting gluten-induced T-cell activation. One reason for this could
be the relatively modest binding affinity of the gluten-derived T-cell epitopes. Effort has
thus been focused on identifying optimal HLA-DQ2 binders [64, 65]. These ligands bind
with at least 50-fold better affinity to HLA-DQ2 than the immunodominant the gluten
epitope DQ2-α-I, but this is probably still insufficient to completely suppress the activation
of gluten-reactive T cells in the intestine in coeliac disease, raising some concern regarding
the viability of this approach.

Gluten tolerisation
Protein-based desensitisation therapy is used to treat allergic diseases [66]. For example,
peptide-based vaccination by intradermal injection of cat allergen peptides has shown
efficacy in the treatment of cat allergy [67]. In patients with this allergy, CD4-positive T
cells with regulatory capacity are induced by peptide vaccination, implying that induction of
regulatory T cells is the likely mode of action of this treatment [68]. With the identification
of the major HLA-DQ2-restricted T-cell epitopes from wheat, barley and rye [69, 70], a key
prerequisite for peptide-based desensitisation is now in place, and two fundamental
questions can be addressed with a candidate vaccine against coeliac disease (Figure 1).
Firstly, do its peptide constituents tolerise gluten-reactive T cells in the intestinal mucosa of
patients with coeliac disease? And secondly, because a synthetic peptide vaccine can only
include a finite number of antigens, to what extent does this immune tolerance extend to
other less immunodominant epitopes? Clinical trials have been initiated with Nexvax2, a
prototypical vaccine based on a set of gluten peptides that are recognised by HLA-DQ2 in
an immunodominant manner (Table 1). As is the case with HLA-blocking strategies, a
separate vaccine must be designed for HLA-DQ8-positive coeliac disease, because HLA-
DQ2- and HLA-DQ8-restricted T-cell epitopes are largely non-overlapping [71].

An alternative delivery system for tolerogenic gluten antigens is a genetically modified
Lactococus lactis bacterium. Oral administration of an immunodominant, HLA-DQ8-
restricted T-cell epitope in this engineered vehicle led to induced suppression of local and
systemic T-cell responses to the corresponding gliadin peptide in a transgenic mouse model,
along with the induction of Foxp3+ regulatory cells [72]. Here too, it remains to be
established whether T-cell responses to other gluten epitopes can be suppressed via this
approach.
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Other therapeutic targets
Beyond the drug pipeline for coeliac disease summarised above, a number of promising
pharmacological mechanisms are being actively targeted in the context of other medical
conditions. Some of these approved or experimental drugs could have relevance to coeliac
disease therapy. Here it is important to differentiate between target validation and drug
development per se. As long as an animal model that captures the signature features of
coeliac disease is unavailable, validation of a new mode of action may be most effectively
achieved via an experimental drug, even one that is unsuitable for long-term chronic use by
most patients with coeliac disease. If successful, such an exercise in target validation would
prepare for a next-generation drug that acts upon the same target albeit with a more
acceptable safety–efficacy profile for coeliac disease therapy. Alternatively (or additionally),
it could lead to a more focused effort to identify a pharmacologically superior drug target in
the same pathway. Below we discuss some examples of such sentinel drug development
programmes.

Rho/Rho kinase inhibition
As discussed above, patients with coeliac disease undergo a rapid increase in intestinal
permeability upon exposure to dietary gluten, and at least one modulator of this
phenomenon (AT-1001) is already undergoing clinical studies. IFN-γ is another important
trigger of epithelial permeability [73]. Pharmacological analysis with T84 intestinal
epithelial cells has shown that this increase in intestinal permeability is dependent on Rho
kinase (ROCK) activity [74]. In addition to regulating tight junction structure and function
[75], RhoA and ROCK are known to regulate axon growth [76]. The benefits of blocking
RhoA or ROCK have been well documented for the treatment of spinal cord injury. For
example, fasudil, an inhibitor of ROCK, is an approved drug in Japan for the treatment of
cerebral vasospasm, and the RhoA inhibitor BA-210 is in clinical trials (Table 1). Whereas
the side effects of fasudil make it inappropriate for chronic, long-term use in patients with
coeliac disease, the drug could be used to establish whether ROCK inhibition can reverse
gluten-dependent increase in intestinal permeability in these patients (Figure 1). If so, a
number of next-generation ROCK inhibitors are under active evaluation for other indications
such as asthma, pulmonary hypertension and multiple sclerosis [77], and some of these
drugs may hold greater promise for coeliac disease therapy.

Anti-IFN-γ therapy
IFN-γ is the main pro-inflammatory cytokine produced by gluten reactive CD4-positive T
cells of the coeliac disease lesion. Therefore, anti-IFN-γ therapy would not only be
invaluable for validating the role of these T cells, but may also prove useful in some
circumstances for the treatment of coeliac disease (Figure 1). Pharmacologically relevant
doses of the anti-IFN-γ antibody fontolizumab (Table 1) were well tolerated by patients with
inflammatory bowel disease [78]; however, further product development was discontinued,
presumably because of the lack of efficacy in this indication. The exploratory use of
fontolizumab in patients with coeliac disease may be justifiable, pending availability of
additional data.

Anti-CD3 therapy
The CD3 protein complex is a co-receptor for the T-cell receptor. Several anti-CD3
monoclonal antibodies are undergoing clinical evaluation in type 1 diabetes and ulcerative
colitis (Table 1) [79–81]. Anti-CD3 therapy seems to be mainly effective in the context of a
primed and ongoing immune response, and the mode of action of anti-CD3 therapy is likely
to involve both the elimination of effector T cells and the induction of regulatory T cells
[82]. For reasons discussed above, anti-CD3 therapy could yield insights into the pathogenic
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significance of T cells in coeliac disease, and may even prove to be clinically useful in the
management of this disease under certain circumstances (Figure 1).

Anti-CD20 therapy
Selective B-cell depletion with anti-CD20 therapy has shown clinical benefit in many
autoimmune diseases such as rheumatoid arthritis [83], multiple sclerosis [84] and type 1
diabetes [85], suggesting that B cells play an important, and in some diseases an unexpected,
role in the pathogenesis of these HLA associated disorders. A possible explanation for this is
that, by presenting disease-associated antigens to T cells, B cells act as an amplifying loop
for the T-cell response. B cells may also play a critical role in the pathogenesis of coeliac
disease, as both gluten-specific and TG2-specific B cells should be able to present gluten
antigens to T cells in this disorder [86] (Figure 1). However, it is now known that the steady-
state generation of immunoglobulin A plasmablasts in the gut mucosa is not abrogated by
anti-CD20 treatment despite peripheral B-cell depletion [87]. Therefore, if mucosally
produced antibodies play a pathogenic role in coeliac disease, anti-CD20 therapy may not be
effective. Several monoclonal antibodies against CD20 have already been approved for
clinical use (Table 1).

Anti-IL-15 therapy
As discussed above, the cytokine IL-15 appears to play a central role in the innate immune
response to gluten in coeliac disease, and may be particularly important in refractory
disease. Moreover, antibody-mediated blockade of IL-15 reverses intestinal damage in
transgenic mice that over-express IL-15 in enterocytes [88]. Therefore, anti-IL-15 therapy
warrants investigation in patients with coeliac disease (Figure 1). An anti-IL-15 monoclonal
antibody, AMG 714, is undergoing Phase II clinical studies in rheumatoid arthritis and
psoriasis (Table 1).

CCR9 antagonists
Lymphocytes homing to the gut mucosa have specific receptors such as the chemokine
receptor CCR9 and the α4β7 integrin. Interfering with the homing of gluten-specific T cells
could therefore curb the immune response to gluten in coeliac disease. CCX282-B is a
selective, orally bioavailable antagonist of human CCR9 that affects lymphocyte migration,
and is undergoing clinical trials in Crohn’s disease [89]. A Phase II trial has also been
undertaken in coeliac disease (Table 1). If the drug is effective, the possibility of an
increased risk of gastrointestinal infections must be carefully monitored, because this mode
of action is not antigen specific.

Hookworm
Infestation with the hookworm Necator americanus has been suggested as a possible
treatment for autoimmune diseases. The rationale behind this therapy is that the increased
prevalence of autoimmune disorders in developed countries is closely paralleled by a
disappearance of intestinal parasites. These parasites are thought to play an important role in
modulating the host’s immune system. A Phase II clinical trial has been undertaken with this
hookworm in coeliac disease (Table 1).

Monitoring the treatment effect
Although biopsy of the small bowel is the gold standard to assess the effects of dietary or
non-dietary treatments for coeliac disease, it is extremely challenging to implement in the
context of controlled clinical trials (especially large-scale trials), because it requires invasive
and expensive endoscopic procedures and is subjective. Non-invasive alternatives to small
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bowel biopsy are therefore urgently needed in order to propel coeliac disease drug
development efforts.

Due to the extreme variability of symptoms associated with coeliac disease, symptom scores
will probably be unsuitable for this purpose. Serum antibodies have high disease specificity
but inadequate sensitivity, and are therefore unsuitable for monitoring the effects of low-to-
moderate gluten consumption. By contrast, measures of intestinal permeability such as the
lactulose:mannitol excretion ratio are sensitive but not specific. A detailed discussion of
current surrogate endpoints for clinical trials of experimental therapeutic agents is beyond
the scope of this review. Recent studies have led to the observation that disease-specific T
cells enter the bloodstream after short-term gluten challenges [70, 90, 91], and can be
adopted for early (proof-of-concept) clinical trials of new drug candidates [37]. Surrogate
markers, which reflect key features of coeliac disease pathogenesis and are suitable for
larger and/or longer clinical trials, are also needed.

Conclusions
The pathogenic disease model on which most ongoing drug discovery programmes for
coeliac disease are based has been confirmed by recent genetic studies. This encouraging
trend could gain momentum in the coming years, if one or more early clinical trials yield
promising results. Notwithstanding this trend, drug development for coeliac disease is
hampered by the lack of good surrogate markers of disease activity. The development of
such markers should therefore be a priority.
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Figure 1. The coeliac lesion in the proximal small intestine
Schematic depiction of factors that contribute to the development of coeliac disease, and that
could be novel therapeutic targets. Long, proline-rich fragments of gluten survive digestion
by luminal and brush-border enzymes; as a result, they are able to gain access to the lamina
propria. Gluten-sequestering polymers and oral proteases may reduce the exposure of the
immune system to immunogenic gluten peptides. Similar effects may be derived from
zonulin antagonists or RhoA/ROCK inhibitors, all of which reduce epithelial permeability.
Most gluten peptides that survive gastrointestinal breakdown are excellent substrates for
TG2. The resulting deamidated products are recognised by CD4-positive T cells, when
bound to HLA-DQ2 or HLA-DQ8 molecules on the cell surface of antigen-presenting cells.
Therefore, TG2 inhibitors and HLA blockers are candidates for future coeliac disease
therapy. Alternatively, activation of gluten-reactive T cells may be suppressed by peptide
vaccines or by anti-CD3 treatment. Upon activation, gluten-reactive CD4-positive T cells
produce IFN-γ, which is a major contributor to the development of the coeliac lesion. IFN-γ
is also produced by intra-epithelial T cells. Therefore, anti-IFN-γ therapy could be
considered a drug candidate. Similarly, IL-15, produced by either mononuclear cells in the
lamina propria or by enterocytes themselves, attracts T cells with the capacity to kill
enterocytes. IL-15 production is stimulated by gluten in the intestine in coeliac disease.
Therefore, compounds that neutralise the effect of IL-15 are interesting drug candidates.
Finally, B cells receive help from T cells to differentiate into plasma cells, which then
produce autoantibodies against TG2. Because the interaction with CD20-positive B cells
may amplify the anti-gluten T-cell response, anti-CD20 antibodies could be useful for the
treatment of coeliac disease.
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Table I

Overview over non-dietary therapies for coeliac disease

Mode of action Compound Compound
class

Company/
university

Status

Topical steroid Budesonide Small molecule Generic drug Approved

Rho kinase inhibition Fasudil Small molecule Generic drug Approved

Glutenase ALV003 Enzyme Alvine, USA Phase II

Glutenase AN-PEP Enzyme DSM, Netherlands Phase I + II

Glutenase STAN1 (enzyme supplements) Enzyme Heim Pal Childrens Hospital,
Hungary

Phase I + II

Zonulin antagonist AT-1001 Peptide Alba, USA Phase II

CCR9 antagonist CCX282-B Small molecule ChemoCentryx, USA Phase II

Immune modulation Necator americanus Parasite Princess Alexandra Hospital,
Australia

Phase II

Peptide vaccination Nexvax2 Peptide Nexpep, Australia Phase I

Anti-IL-15 AMG 714 Monoclonal antibody Amgen, USA Phase II in
RA1,
psoriasis

Anti-IFN-γ Fontolizumab Monoclonal antibody PDL and Biogen Idec, USA Phase II in
IBD1,
(discont.)

Anti-CD3 Visilizumab Monoclonal antibody Facet, USA Phase II in
UC1,,
GvHD1,

Anti-CD3 Teplizumab Monoclonal antibody MacroGenics, USA Phase II in
T1D1,

Anti-CD3 Otelixizumab Monoclonal antibody Tolerx, USA Phase III in
T1D1,

Anti-CD20 Rituximab Monoclonal antibody Biogen Idec, USA Approved

Anti-CD20 Tositumab Monoclonal antibody GlaxoSmithKline, USA Approved

Anti-CD20 Ibritumomab Monoclonal antibody Spectrum, USA Approved

RhoA inhibition BA-210 Recombinant protein Alseres, USA Phase II in
spinal cord
injury

TG2 inhibitor Dihydroisoxazoles Small molecule Stanford University, USA Discovery

TG2 inhibitor ZED-101 Small molecule Zedira, Germany Discovery

TG2 inhibitor Cinnamoyl triazoles Small molecule University of Montreal, Canada Discovery

HLA-DQ2 blocker Dimeric analogue of gluten
peptide

Peptide Stanford University, USA &
University of Oslo, Norway

Discovery

HLA-DQ2 blocker Azidoproline analogue of
gluten peptide

Peptide Leiden University, Netherlands Discovery

Gluten tolerisation Genetically modified
Lactococus lactis

Bacteria ActoGeniX, Belgium Discovery

Gluten-sequestering polymers P(HEMA-co-SS) Polymer resin University of Montreal, Canada Discovery

1
RA: Rheumatoid arthritis; IBD: inflammatory bowel disease; UC: ulcerative colitis; GvHD: graft versus host disease; T1D: type 1 diabetes,

J Intern Med. Author manuscript; available in PMC 2012 June 1.


