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SUMMARY

The review discusses the latest non-dietary therapies

currently in clinical development for the management of
celiac disease.

Celiac Disease (CeD) is defined as a chronic small intestinal
immune-mediated enteropathy that is precipitated by
exposure to dietary gluten in genetically predisposed in-
dividuals. CeD is one of the most common autoimmune
disorders affecting around 1% of the population world-
wide. Currently, the only acceptable treatment for CeD is
strict, lifelong adherence to a gluten-free diet (GFD) which
can often present a challenging task. A GFD alone is not
sufficient to control symptoms and prevent mucosal dam-
age that can result from unintentional gluten exposure.
Moreover, long-term complications can occur in many
patients. Consequently, there is an unmet need for non-
dietary therapies for the management of CeD. Such thera-
pies could serve as an adjunct to the GFD but eventually
may replace it. This review will focus on and discuss non-
dietary therapies currently in clinical development for the
management of CeD.

METHODOLOGY: We searched clinicaltrials.gov and PubMed to
extract articles about celiac disease. We used keywords
including, but not limited to, “celiac disease,” “non-dietary,”
“therapeutics,” “pathophysiology,” “Endopeptidases,” “tight
junction modulators,” “vaccine,” and “Nexvax2”. We focused
mainly on articles that conducted pathophysiologic and thera-
peutic research in human trials. (Cell Mol Gastroenterol Hepatol
2019;8:335-345; https://doi.org/10.1016/j.jcmgh.2019.04.017)

Keywords: Celiac Disease; Drug Therapy; Latiglutenase; Lar-
azotide Acetate; Nexvax2; Necator americanus.

C eliac disease (CeD) is defined as a chronic small
intestinal immune-mediated enteropathy that is
precipitated by exposure to dietary gluten in genetically
predisposed individuals." CeD is one of the most common
autoimmune disorders, affecting around 1% of the popula-
tion worldwide.” There has been a notable rise in the
prevalence of CeD in the last 50 years and a rise in the rate
of diagnosis in the last 10 years.® According to the Corazza-
Villanacci classification, histopathology of duodenal biopsy
tissue in CeD is divided into nonatrophic lesions (grade A)
and atrophic lesions (grade B), grade B lesions are further
divided into grade B1, in which the villous to crypt ratio is

less than 3:1, with detectable villi, and grade B2, in which
the villi are no longer detectable.*

Currently, the only acceptable treatment for CeD is a
strict, lifelong adherence to a gluten-free diet (GFD), which
often presents a challenging task.® Despite the rigid nature
of the GFD, strict adherence is highly encouraged. Untreated
and partially treated CeD is associated with an increased
risk for poor outcomes such as infertility, osteoporosis,
neuropathies, and lymphomas. Adhering to a GFD is asso-
ciated with a reduction of these outcomes.”

However, the GFD alone is frequently not sufficient to
control symptoms and prevent mucosal damage that can
result from unintentional gluten exposure. Adherence to the
diet can pose a challenge and lead to frustration, and many
CeD patients are exposed to gluten inadvertently via
contamination of food, medications, and supplements.6
Owing to the substantial difficulties associated with adher-
ence to the GFD, most patients with CeD are highly inter-
ested in nondietary therapies for the management of their
condition, as shown by patient survey data on this topic.”

Pathogenesis of Celiac Disease

The pathogenesis of CeD is summarized in Figure 1. The
pathways that are targeted for nondietary therapies of celiac
disease discussed below are summarized with the respec-
tive therapy in Figure 2. Other therapies are discussed in
this section. The pathogenesis of refractory celiac disease
(RCD) is not elaborated here, as it is beyond the scope of
this review.

A critical step in CeD pathogenesis is the ingestion of
gluten which encompasses the insoluble prolamin poly-
peptides found in wheat (gliadins and glutenins), rye
(secalin), barley (hordein), and other closely related grains.”
Gluten is resistant to proteolytic breakdown by gastric,
pancreatic, and intestinal digestive proteases due to its high
proline content. These nondigested gliadin polypeptides
cross into the intestinal submucosa by mechanisms that are

Abbreviations used in this paper: AN-PEP, Aspergillus niger endo-
peptidase; CeD, celiac disease; GFD, gluten-free diet; IEL, intra-
epithelial lymphocyte; IFN-vy, interferon gamma; IL, interleukin; PEP,
prolyl endopeptidase; RCD, refractory celiac disease; TG2, trans-
glutaminase 2; TNF-«, tumor necrosis factor alpha.
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Figure 1. Pathophysiology of celiac disease. Gliadin resists digestion in the duodenal lumen and may be directly toxic to the
enterocytes of CeD patients. Undigested gliadin peptides cross into the intestinal submucosa via paracellular and transcellular
passage. Tissue transglutaminase (tTG) deaminates gliadin peptides in the lamina propria. Deaminated gliadin is then
recognized by HLA-DQ2 or HLA-DQ8 molecules on antigen-presenting cells (APCs), stimulating an immune reaction. This
leads to the activation of Th1 and Th2 inflammatory pathways. Th1 cells stimulate CD8+ and natural killer (NK) cells, which
causes apoptosis of the enterocytes via the Fas/FasL system. Th2 cells stimulate B cells to differentiate into plasma cells that
produce antibodies (anti-tTG and antigliadin). The interaction between extracellular tTG and anti-tTG may cause further
epithelial damage. Modified with permission from Di Sabatino and Corazza.’® NK, natural killer; TJ, tight junction.

not well understood but are considered to involve both In vitro studies have shown that Th1 and Th2 cytokines
paracellular and transcellular passage.” The gluten peptides such as interferon gamma (IFN-y), IL-4 and IL-10 are
are deamidated in the lamina propria by transglutaminase 2 elevated in the serum of untreated celiac subjects. They
(TG2) enzyme."’ decrease significantly in treated celiac subjects on a GFD."'
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Figure 2. Novel therapies for celiac disease. (1) Endopeptidases: latiglutenase (formerly ALV003), AN-PEP, and STAN-1
degrade gluten into nonimmunogenic particles, thereby alleviating mucosal injury. (2) Gluten-sequestering polymer: BL-
7010 binds to intraluminal gliadin and prevents its release and breakdown into immunogenic peptides. (3) Probiotics: Bifi-
dobacterium infantis protects epithelial cells from damage caused by gliadin by downregulating the proinflammatory immune
response. (4) Tight junction modulator: larazotide acetate/AT-1001 works as a tight junction modulator to prevent gliadin-
induced epithelial permeability. (5) TG2 inhibitor: blocks the transformation of native gliadin peptides to the far more anti-
genically potent deamidated gliadin peptides. (6) DQ2/DQ8 blocking peptide analogues prevent presentation of gliadin from
activating T cells. (7) Gluten tolerization: Nexvax2 and hookworm (Necator americanus) inoculation aim to downregulate the
immune response to gluten. (8) CCR9 antagonist: CCX282B blocks this chemokine receptor to block lymphocyte homing. (9)
Anti-IL-15 is a monoclonal antibody that may prevent immune-mediated tissue destruction. (10) Anti IFN-y may prevent
inflammation. (11) Anti-CD3 antlbodles suppress gluten activated T cells; anti-CD20 antibodies suppress B cells. Modified with
permission from Castillo et al.*® MMP, matrix metalloproteinase.

Similarly, activated intraepithelial lymphocytes in CeD have
been shown to express tumor necrosis factor alpha (TNF-«)
in the mucosa.'? A study has shown that RNA transcripts of
TNF- o were significantly upregulated in patients with RCD
when compared with patients with active uncomplicated
CeD. Thus, anti-TNF-« agents such as infliximab do not have
a therapeutic role in uncomplicated CeD."?

The interleukin-15 (IL-15) and IL-21 cytokines appear to
play an important role in CeD pathogenesis. High numbers
of IL-21-producing lamina propria T cells were observed in
pediatric CeD lesions including early/mild Marsh 1-2

lesions."* Furthermore, IL-15 upregulates IL-21 production
in CeD." Increased expression of IL-15 in enterocytes,
lamina propria mononuclear cells, and the mucosa of un-
treated CeD and RCD results in overexpression of IL-15
receptor « on intraepithelial lymphocytes (IELs) causing
increased cell proliferation and production of inflammatory
cytokines. Thus, in turn, results in cytotoxicity and
decreased apoptosis of IELs.'*'® Antiapoptotic signals pro-
duced by IL-15 have been found to be due to Bcl-2 and/or
Bcl-xL, IL-15R(, Jak3, and STAT5. Murine models have
shown that treatment with this antibody induces IEL
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apoptosis and abolishes the massive [EL accumulation in
mice overexpressing human IL-15 in their gut epithelium."”

During antigenic stimulation of T cells via their T cell
receptor, CD28 and CTLA-4 molecules (expressed by T
lymphocytes) interact with their respective ligands, B7-1
(CD80) and B7-2 (CD86). As part of this interaction, CD28
provides a costimulatory signal to T cell activation, while
CTLA-4 acts as a negative regulator of T cell activation. As
such, these molecules may also have a role in the patho-
genesis of CeD and, therefore, a potential role in CeD
therapeutics.*®

NonDietary Therapies for CED

Endopeptidase

Latiglutenase (formerly ALV003) is a combination of
ALV001, an EP-B2 cysteine endopeptidase that is derived
from the endosperm of germinating barley, and ALV002, a
Sphingomonas capsulata prolyl endopeptidase (PEP)."’
ALV001 degrades gluten proteins and reduces the immu-
nogenic potential of gluten.””*" Similarly, ALV002 catalyzes
the postproline hydrolysis of proteins and peptides, simi-
larly reducing the immunogenic potential of gluten.**** A
phase 0 study found that ALV003 pretreatment can abolish
peripheral blood T cell IFN-y ELISpot responses to an
immunogenic gliadin-derived 33mer induced by gluten (16
g daily for 3 days) in patients with CeD.”* The results of 2
phase I, single, escalating-dose clinical trials showed that
ALV003 appears to be stable in the fed stomach and de-
grades dietary gluten in this compartment.** All escalating
dose levels of ALV003 (100, 300, 900, and 1800 mg) were
well tolerated with no serious adverse events or allergic
reactions.’* In phase II clinical trial, ALV003 was shown to
attenuate gluten-induced small intestinal mucosal injury in
patients with CeD who underwent a 6-week gluten chal-
lenge. Histologic changes in duodenal biopsies in the pla-
cebo group showed evidence of mucosal injury after gluten
challenge. However, no significant mucosal deterioration
was observed in duodenal biopsies in the ALV003 group,
which is a promising finding. Interestingly, there were no
statistically significant differences in symptoms between
CeD patients who received ALV003 and the CeD control
group.”” Another phase II clinical trial in CeD patients with
persisting symptoms showed no improvement of histologic
findings and symptom scores in patients who received lat-
iglutenase when compared with placebo.”® In a post hoc
subgroup analysis of seropositive CeD patients, those
receiving the highest dose of latiglutenase while on a GFD
had some improvement in bloating and tiredness. There was
no improvement in abdominal pain and constipation, which
is a major concern.”’” While additional studies are required
to fully evaluate the therapeutic potential of endopeptidase
therapy in celiac patients on a GFD, the previous studies
suggest they could represent a viable therapeutic option
given improvement in both mucosal inflammation and
clinical symptoms, at least as seen in the post hoc subgroup
analysis. See Table 1 for a summary of phase II clinical trials.

An additional endopeptidase that has been explored is
STAN-1, a cocktail of microbial enzymes designed to
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degrade gluten before absorption in the gastrointestinal
tract. It was hypothesized that treatment with STAN-1
would lead to a clinical decrease in tTG-IgA levels in CeD
patients. In a randomized, double-blinded, placebo-
controlled trial, 35 patients with CeD on a GFD for at least 1
year with persistently elevated tTG-IgA were randomized to
STAN-1 or placebo for 12 weeks in conjunction with a daily
load of 1 g of gluten. The primary endpoint of the study was
the tTG-IgA titer. The authors found no significant difference
between the 2 groups, suggesting that a therapeutic role for
this agent remains unclear.’

Aspergillus niger endopeptidase (AN-PEP) is a second
PEP derived from the fungus Aspergillus niger. In a ran-
domized, double-blinded, placebo-controlled study of 16
adult patients with CeD on a GFD, AN-PEP was well toler-
ated. The CeD quality of subjects consuming gluten with
placebo or gluten with AN-PEP did not deteriorate signifi-
cantly and no difference was observed between the 2
groups. This can be attributed to small sample size and the
short duration of the gluten challenge; as no significant
deterioration was observed regarding immunohistological
and flow cytometric evaluation between the groups. It re-
mains to be seen whether AN-PEP can be effective in pre-
venting mucosal damage induced by gluten.

Gluten-Sequestering Polymers (BL-7010)

BL-7010 is a synthetic, nonabsorbable copolymer of
styrene sulfate with hydroxyethyl methacrylate. This poly-
mer is reported to have high affinity to «-gliadin peptides.
Its proposed mechanism of action is to sequester intra-
luminal gliadin and prevent its breakdown into immuno-
genic peptides.”” A preclinical study in a NOD-DQ8 mouse
model showed that BL-7010 was effective at preventing
gluten-induced reduction in villous-to-crypt ratios, intra-
epithelial lymphocytosis, and alterations in paracellular
permeability.?’ The study also showed that BL-7010 inter-
acted with high affinity with gliadin and had no interaction
with tested vitamins and digestive enzymes.”’ A phase I/II,
randomized, double-blind, placebo-controlled study was
conducted to evaluate the safety and systemic exposure of
single escalating administrations and repeated administra-
tion of BL-7010 in well-controlled CeD. This clinical trial has
been completed, and the results are yet to be published
(NCT01990885). While the concept of sequestering gluten
before it reaches the small intestine is an attractive one,
more data are needed regarding the safety profile of such an
agent given the potential that it could bind nonspecifically to
other important medications.

Probiotics

The intestinal microbiota plays a significant role in
maintaining a healthy status. As we learn more about the
microbiome and its relationship to health and disease, it
appears that imbalance in the microbiome might be impli-
cated in various disease states. In particular, dysbiosis has
been associated with chronic inflammatory disorders,
including CeD. A condition called small intestinal bacterial
overgrowth has been well described in the literature, and


https://clinicaltrials.gov/ct2/show/NCT01990885

2019 Novel Nondietary Therapies for Celiac Disease 339

Table 1.Summary of Phase Il Clinical Trials

Treatment Class Agent Mechanism of Action ClinicalTrials.gov =~ Summary of Clinical Trial Results
Endopeptidases Latiglutenase = Enzymatic degradation NCT00959114/ Attenuated gluten challenge-induced small
(formerly of gluten NCT01255696 intestinal mucosal injury and increases in
ALV003) intraepithelial lymphocyte counts.

NCT01917630 Showed no improvement of histologic
findings and symptom scores when
compared with placebo. In a post hoc
subgroup analysis of seropositive CeD
patients, symptomatic improvement was
observed in those received the highest
dose of latiglutenase while on a GFD.

AN-PEP PEP derived from the NCT00810654 It was not effective in preventing mucosal
fungus Aspergillus niger damage induced by 7 g of gluten per day
for 2 weeks
Gluten-sequestering polymer BL-7010 Sequesters intraluminal NCT01990885 Not available

gliadin and prevents its
breakdown into
immunogenic peptides

Probiotics Bifidobacterium Protect epithelial cells NCT01257620 Significantly improved CeD symptoms. Final
infantis from damage caused vs baseline IgA tTG and IgA DGP
by gliadin antibody concentration ratios were lower

than the control group. Intestinal
permeability, measured by LAMA
fractional excretion ratio, was
nonsignificant.

Tight junction modulators Larazotide Tight junction modulator ~ NCT00362856 Limited gluten-challenge induced
acetate (AT- preventing gliadin- gastrointestinal symptom severity.
1001) induced permeability

NCT00492960 Reduced gluten-challenge induced
symptoms and serum tTG increase. No
significant difference in the designated
primary outcome measure of intestinal
permeability (LAMA ratios).

NCT01396213 In patients with NRCD on a GFD a dose of

0.5 mg reduced CeD symptoms better
than placebo.

TG2 inhibitors ZED 1227 Direct and specific 2017-002241-30 Not available
inhibitor of TG2 (Clinical Trials
Register
[European
Union])
Gluten tolerization Hookworm Regulate the immune NCT01661933 Hookworm infection group: experienced less
and immunomodulation infection: system by inhibiting lethargy than control, showed unchanged
Necator Th1 immune response intraepithelial lymphocyte counts and
americanus Marsh scores following gluten challenge.

Intestinal T cells expressing IFN-y were
reduced following hookworm infection
with an increase in CD4(+) Foxp3(+)
regulatory T cells.

NCT00671138 Hookworm infection imposed no obvious
benefit on CeD pathology.
Immune cell-targeted AMG 714 Anti-IL-15 monoclonal NCT02637141/ Not available
therapies antibody NCT02633020/
NCT03439475
CCR9 Block the chemokine NCT00540657 Not available
antagonist receptor CCR9 to
(CCX282-B) prevent intestinal T-cell
homing

AN-PEP, Aspergillus niger endopeptidase; CeD, celiac disease; DGP, deamidated gliadin peptide; GFD, gluten-free diet;
IFN-vy, interferon gamma; IL, interleukin; LAMA, lactulose-to-mannitol; NRCD, nonresponsive celiac disease; PEP, prolyl

endopeptidase; TG2, transglutaminase 2; TNF-«, tumor necrosis factor alpha; tTG, tissue transglutaminase.
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associated with diseases such as celiac and irritable bowel
syndrome. Probiotics work by downregulating the proin-
flammatory immune response in CeD patients.*’?' A
recently published study compared fecal bifidobacterial
concentrations among celiac patients and healthy in-
dividuals before and after the daily intake of 100 g of yogurt
containing probiotic for 30 days.** Fecal bifidobacterial
concentration was markedly increased in celiac patients
after the probiotic supplementation, but it did not reach the
concentration found in healthy individuals prior to probiotic
consumption.** Another recently published study confirmed
that probiotic Lactobacillus strains have enzymatic abilities
for hydrolyzing gluten peptides.*® The results suggested
that probiotic formulas may be used as an adjunctive di-
etary treatment for CeD patients.*® The use of Bifidobacte-
rium natrum life start strain was assessed in the treatment
of CeD. The testing period was approximately 3 weeks be-
tween the results of the serological testing and before the
intestinal biopsy procedure during which time participants
were consuming a gluten-containing diet. B. infantis inges-
tion was associated with improved gastrointestinal symp-
toms based on the Gastrointestinal Symptom Rating Scale
compared with placebo. The final: baseline IgA tTG and IgA
DGP antibody concentration ratios were lower in the pro-
biotic group. Intestinal permeability, measured by the uri-
nary lactulose-to-mannitol fractional excretion ratio, was
not significantly affected by treatment.** Currrently, there
are no firm guidelines to recommend probiotic use indis-
criminantly in all patients with CeD. However, the data
suggest a strong adjunctive role in symptom management
and management of conditions like small intestinal bacterial
overgrowth.

Tight Junction Modulator: Larazotide Acetate
Larazotide acetate (or AT-1001) is a synthetic octapep-
tide whose sequence was derived from similarity to the
zonula occludens toxin secreted by Vibrio cholerae. Lar-
azotide acetate acts to improve tight junction integrity,
preventing gliadin-induced permeability and thereby
reducing small intestinal inflammation. Several phase I and
phase II clinical trials involving larazotide acetate have been
completed. In phase I, double-blind, randomized placebo-
controlled safety study, larazotide acetate was found to be
safe, well tolerated and diminished diarrhea after gluten
exposure. However, there was no statistical difference in
permeability and proinflammatory cytokine production.’” A
phase II, placebo-controlled study showed that larazotide
acetate was well tolerated and prevented the increase in
gastrointestinal symptom severity induced by gluten chal-
lenge.*® A recently completed phase II clinical trial showed
that larazotide acetate 0.5 mg taken 3 times daily reduced
the symptoms in CeD patients on a GFD better than a GFD
alone.*” The study represented a successful trial of larazo-
tide as a novel therapeutic agent in patients with CeD who
are symptomatic despite a GFD.?’ larazotide acetate was
also found to reduce gluten-induced immune reactivity (ie,
tTG response) and symptoms in patients with CeD under-
going gluten challenge and was generally well tolerated.*®

Cellular and Molecular Gastroenterology and Hepatology Vol. 8, No. 3

While these data are promising with regard to symptom
improvement, lack of information on histologic improve-
ment despite symptom improvement is a drawback in these
studies; the implications of that are unknown.

HLA-DQ2 or HLA-DQ8 Blockers

Nearly all CeD patients carry either human leukocyte
antigen DQ2 or DQ8.*’ In susceptible individuals, the dea-
midated gliadin peptides bind with high affinity to DQ2 or
DQ8 expressed on antigen-presenting cells which, in turn,
stimulate gliadin-specific T cells.*” The activation of gliadin-
specific Thl and Th2 inflammatory pathways may have a
self-perpetual role in ensuring the entry of additional gliadin
peptides to the lamina propria through increased intestinal
permeability and/or a CD71- sIgA-gliadin complex transport
mechanisms.*** HLA-DQ2 and HLA-DQ8 lead to the pref-
erential presentation of gliadin peptides to CD4+ helper T
cells in the lamina propria, leading to induction of secretion
of IFN-y dominated inflammatory cytokines.*'’ DQ-2/DQ-8
blocking peptide analogs act by preventing immune activa-
tion. This novel therapy remains in the preclinical phase.
Modified gluten peptide has been shown to have a higher
binding affinity for HLA-DQ2 compared with natural gluten
peptides, but it is considered insufficient to markedly sup-
press the activation of gluten-reactive T cells in the intestine
in CeD patients. Moreover, some of these peptides were
found to be nonimmunogenic and block gluten-induced
immune responses.“'44 Overall, it remains unclear
whether this therapeutic strategy can be successful in the
management of CeD as there is no available data on in vivo
efficacy and safety of DQ-2/DQ-8 blockers.

TG2 Inhibitors

TG2 plays a major role in CeD pathogenesis via deami-
dation and transamidation of gluten peptides leading to an
immune-based response characterized by inflammation in
the small intestinal mucosa. Thus, inhibition of TG2 may
prevent the presentation of gluten peptides by HLA-DQ2
and HLA-DQ8.*° A proof-of-concept study was conducted
to investigate whether 2 TG2 inhibitors, cell-impermeable
R281, and cell-permeable R283, can prevent the toxic ef-
fects of gliadin in vitro (using intestinal Caco cells) and
ex vivo (using organ culture of celiac patients’ derived small
intestinal biopsies). TG2 inhibitors proved to be protective
against gliadin induced toxic effects, an increase in CD25
and IL15 positive cells, upregulation of T regulatory cells,
and crypt cell proliferation.*® A new generation of TG2 in-
hibitors was developed in 2009 based on a high-affinity
thiol-binding group. This generation of TGZ inhibitors
showed 70- to 225-fold specificity for intestinal TG2 over
other TGs on in vitro testing. ZED1227 is a new drug that
acts as a direct and specific inhibitor to TG2 in patients with
CeD. The drug was already tested in phase I clinical trials
and have been shown to be safe in healthy volunteers. A
proof-of-concept study will enroll patients with CeD in a
phase II clinical trial aiming to show the protective effect of
ZED1227 during a 6-week gluten challenge (Clinical Regis-
ter: 2017-002241-30). As TG2 plays a pivotal role in
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inflammation and wound healing in the intestines, the safety
and efficacy of these drugs remain unclear.

Gluten Tolerization and

Immunomodulation

Nexvax2

Nexvax2 is a peptide-based, epitope-specific, gluten
tolerizing agent utilizing the principles of immunotherapy
in a similar fashion to the desensitization strategies used
for allergic conditions. A randomized, double-blind, pla-
cebo-controlled phase I study showed that antigenic pep-
tides recognized by CD4+ T cells in CeD can be safely
administered to patients at high maintenance dose levels
without immune activation if preceded by gradual dose
escalation.”” Two randomized, double-blind, placebo-
controlled phase I studies showed that the maximum
tolerated dose of Nexvax2 (150 ug) given intradermally,
twice weekly over 8 weeks had modified the immune
responsiveness to Nexvax2 peptides without deterioration
in the duodenal histology.*® The gastrointestinal symptoms
that followed the first intradermal administration of the
vaccine resembled those symptoms associated with oral
gluten challenge.”® We believe that gastrointestinal symp-
toms induced by Nexvax2 administration indicate intestinal
immune activation similar to that of oral gluten ingestion.
Overall, Nexvax2’s safety profile was considered to be
acceptable. Further data are required to determine its role
in CeD management.

Hookworm Infection (Necator americanus)

It is hypothesized that intestinal parasitic infections help
regulate the immune system and prevent autoimmune and
allergic diseases. According to the “hygiene hypothesis,” the
lack of early childhood exposure to intestinal parasites has
created a predisposition to develop autoimmune diseases in
developed countries.*”*° A randomized, double-blind, pla-
cebo-controlled trial was conducted to study the effect of
hookworm infection on gluten challenge in CeD.”' There
was no statistical difference in the histological damage and
induction of IFN-y producing cells in the peripheral blood
after a 5-day gluten challenge in patients inoculated with
the hookworm Necator americanus and the placebo group.””
The study was continued for another 12 weeks of gluten
challenge. The study results have not been published yet
(NCT01661933). Another study examined the influence of
experimental hookworm infection in preventing intestinal
damage and symptoms using escalating gluten challenges in
CeD patients. Twelve CeD patients on a GFD were inoculated
with N. americanus larvae within a 52-week duration and
were given escalating doses of gluten. The median villous
height-to crypt depth ratios did not decrease as predicted
after the gluten challenge, quality of life indices improved
and the mean tTG-IgA titers declined despite the escalating
doses of gluten.”” Based on these findings, we believe that
induction of infection with N. americanus can promote im-
mune regulation with tolerance to gluten in CeD. Given the
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nature of this novel therapy, it is difficult to imagine the
routine clinical use of N. americanus in the management
of CeD.

Nanopatrticle

TIMP-GLIA (Cour Pharmaceuticals, Northbrook, IL) is a
nanoparticle-based investigational product, which proposes
to develop immune tolerance to gluten exposure through
noninflammatory antigen presentation. The Food and Drug
Administration has granted Fast Track Designation for the
product, and a phase I study is underway to characterize its
safety and tolerability when either 1 or 2 intravenous doses
are given to subjects with CeD (NCT03486990).

Cathepsin S Inhibitor

Cathepsin is a lysosomal cysteine protease that has a role
in antigen presentation to MHC class II. RO5459072 is an
orally administered competitive inhibitor of cathepsin S.°* A
phase 1 randomized, double-blind, placebo-controlled,
multiple dose, parallel study to investigate the pharmaco-
kinetics, pharmacodynamics, safety, and tolerability of
R0O5459072 in subjects who have well-controlled CeD. The
primary outcome of this study was measured by the
numbers of participants who responded to a gluten chal-
lenge. The study has been completed, and we await the
publication of results (NCT02679014).

Immune Cell-Targeted Therapies
IL-15 Antagonists

IL-15 is a cytokine that regulates the activation and
proliferation of T lymphocytes and natural killer cells. IL-15
overexpression leads to increased numbers of IELs, a
characteristic finding in CeD. IL-15 has antiapoptotic prop-
erties. Many antiapoptotic pathways of IL-15 have been
identified, including Bcl-2 or Bcl-XL, JAK 1, and JAK 3.
Tofacitinib is a pan-JAK inhibitor that blocks 1L-15
signaling. It has been approved by the Food and Drug
Administration for the treatment of rheumatoid arthritis.
Tofacitinib has been effective in a transgenic mouse model
of CeD in which there is overexpression of human IL-15.
Tofacitinib therapy led to a lasting reversal of pathologic
manifestations.”” Currently, tofacitinib is being considered
for use in celiac disease patients with RCD in the future.
Another potential agent is AMG 714, a human monoclonal
antibody to IL-15. Three phase II clinical trials investigating
this agent are underway in patients with RCD and nonre-
sponsive CeD (NCT02637141, NCT02633020, and
NCT03439475). Moreover, a phase I clinical trial is under-
way in RCD patients using Hu-Mik-3-1, a monoclonal anti-
body that blocks IL-2 and IL-15 (NCT01893775).

IL-10 Agonists

Although this review does not focus on the management
and treatment of RCD, it is worth mentioning an exciting
possible therapeutic, the IL-10 agonist. IL-10 is an immune-
modulating interleukin secreted by T regulatory cells and it


https://clinicaltrials.gov/ct2/show/NCT01661933
https://clinicaltrials.gov/ct2/show/NCT03486990
https://clinicaltrials.gov/ct2/show/NCT02679014
https://clinicaltrials.gov/ct2/show/NCT02637141
https://clinicaltrials.gov/ct2/show/NCT02633020
https://clinicaltrials.gov/ct2/show/NCT03439475
https://clinicaltrials.gov/ct2/show/NCT01893775
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may have a protective role in CeD when exposed to low
doses of gluten. So far, it has only been studied in the RCD
patient population. Its role in the treatment of CeD has not
yet been defined.

Anti-CD3 and Anti-CD20

CD3 antigen is part of the T cell receptor complex that
helps activate both T helper cells and cytotoxic T cells.
Theoretically, therapy with anti-CD3 antibody may suppress
gluten-activated T cells and therefore reduce inflammation
in CeD. Studies have identified that T regulatory cells can be
induced in vitro by anti-CeD3 antibodies and may promote
tolerance to gluten in CeD.””> However, published data are
lacking to support the use of anti-CD3 in CeD.

Also, B cells play a major role in the pathogenesis of CeD
via the production of various antibodies. CD20 is a B-cell
marker that is targeted by various monoclonal antibodies.
However, it is known that the generation of IgA plasma-
blasts in the gut mucosa is not abolished by CD20 antago-
nists.”® Therefore, CD20 antagonists may not be effective in
the treatment of CeD. Although several monoclonal anti-
bodies against CD20 have already been approved for clinical
use, their role in the treatment of CeD has not yet been
established.

CCR9 Antagonist

CCR9 is a chemokine receptor known to be essential for
lymphocyte migration into the intestine. CCX282-B is a
CCR9 receptor antagonist that was studied as a therapeutic
option for CeD and inflammatory bowel disease. A phase II
clinical trial was performed in patients with CeD who fol-
lowed a strict GFD for at least 24 months to evaluate the
effect of CCX282-B on villous height /crypt depth ratio of
small intestinal biopsy specimens before and after gluten
challenge. This study has been completed, but the results
have not been published yet (NCT00540657). Given that the
lymphocyte homing mechanism involving CCR9 is not
antigen-specific, concerns have been raised that this sort of
agent could increase the risk of infection, particularly,
gastrointestinal infections. The safety of these drugs re-
mains unclear.

Expert Commentary

The GFD is the only available treatment for CeD and will
remain the mainstay of treatment until safe adjuncts and
alternatives are available. While the majority of CeD patients
respond to the GFD, a significant proportion continues to
have symptoms and/or laboratory abnormalities consistent
with CeD. The ubiquitous nature of gluten makes adhering
to a GFD difficult and requires patient education, continuous
motivation, and follow-up, all of which add to the disease
burden. Hence, there is an unmet need for potential non-
dietary therapies for CeD. Currently, the aim of these non-
dietary therapies is to serve as adjunctive agents in
conjunction with the GFD to control symptoms not
controlled by the GFD alone and eventually to protect the
mucosa from the action of gliadin peptides. While many

Cellular and Molecular Gastroenterology and Hepatology Vol. 8, No. 3

trials are ongoing or underway to explore nondietary
treatments for celiac disease, there is no consensus on
outcome measures in CeD trials. This issue was explored
by expert-based recommendations in an article
published earlier this year. To increase transparency and
comparability of CeD therapeutic trials, careful evaluation
and reporting of outcomes are needed.”’
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