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ABSTRACT

Celiac disease (CeD) is a widespread autoimmune enteropathy caused by dietary gluten
peptides in genetically susceptible individuals, which includes a range of intestinal and
extraintestinal manifestations. Currently, there is no effective treatment for CeD other than
strict adherence to a gluten-free diet (GFD). However, persistent or frequent symptoms and
also partial villus atrophy were observed in some patients with CeD due to intentional or
inadvertent gluten exposure during the use of GFD. It means that GFD alone is not enough
to control CeD symptoms and long-term complications. Accordingly, new therapeutic
approaches for CeD treatment such as gluten proteolysis, removing gluten from the
digestive tract, promoting tight junction assembly, inhibiting intestinal tissue transglutaminase 2,
using probiotics, and developing immunotherapeutic methods have been proposed through
different strategies. This review focused on discussing the novel therapeutic strategies for
CeD management.
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INTRODUCTION

Celiac disease (CeD), an autoimmune and chronic inflammatory
condition of the small intestine that is caused by dietary gluten and
related prolamins in genetically predisposed subjects, affects around
1% of the world population.'* Gluten is a protein present in various
cereals, including wheat, rye, and barley that can induce the intense
innate and adaptive immune responses in some cases.>® Absorbent
apparatus atrophy and nutrients malabsorption are the two main features
of CeD.*7 CeD manifestations vary from gastrointestinal (e.g., chronic
and persistent diarrhea, abdominal pain, weight loss) to extra-intestinal
(e.g., iron-deficiency anemia, osteoporosis, mouth ulcers, muscle weakness,
fatigue) symptoms.®® Exact adherence to a gluten-free diet (GFD) is
the only treatment of CeD. It means that patients should eliminate all
gluten-containing foods from the diet throughout their life. It is difficult
to follow GFD in some situations such as social events, eating outside
the home, or for those with mental or psychological impairment.'*-!3
On the other hand, persistent or frequent symptoms and also partial
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villous atrophy were observed in some CeD cases
despite dietary compliance; therefore, GFD is not a
fully effective treatment for patients with CeD .41
There remains a need for finding new pharmaceutics
to protect against CeD and other gluten intolerance
disorders and to make gluten ingestion safer for such
patients.'®!'” In recent years, due to the expansion in the
understanding of CeD pathophysiology, several studies
have focused on finding a novel therapeutic approach
for this disease by using different strategies including
gluten neutralization, mucosal gluten transportation
disruption, antigen processing enzymes disruption,
developing immunotherapeutic, using probiotics
and numerous other approaches.!®!®! This review
focused on discussing the mentioned therapeutic
approaches for CeD treatment.

Gluten neutralization

Latiglutenase

Gluten is known as the causative agent in CeD and
is resistant to enzymatic proteolysis due to its high
proline and glutamine residues. The entry of these
undigested peptides into the lamina propria of the
intestine is a trigger for the CeD pathogenesis.*?*2!

Latiglutenase (ALV003), which is a mixture of
barley cysteine endoprotease B, isoform 2 (EP-B2),
and Sphingomonas capsulata prolyl endopeptidase
(PEP) that proteolyze gluten at glutamine and proline
residues, respectively, has an important role in
diminishing the immunogenic potential of gluten-
derived peptides.?** This enzyme can be used as
an oral enzyme supplementation therapy for patients
with CeD to aid in the digestion of dietary gluten
peptides in the stomach before immunological response
formation.!”” Léhdeaho and colleagues ** in 2014 per-
formed a 6-week randomized, placebo-controlled study
by comparing duodenal biopsy samples of proven CeD
patients at baseline and after using latiglutenase or
placebo together with the optimal daily dose (up to 2 g)"
of gluten challenge. They reported that this glutenase
could attenuate gluten-induced mucosal dam-
ages in CeD patients who were on a GFD with daily
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consumption of gluten up to 2 g. They concluded that
latiglutenase could be considered as a potential treat-
ment for CeD. On the other hand, Murray and col-
leagues *° in 2017 evaluated the effects of varying
doses of latiglutenase on symptomatic CeD patients
who had duodenal mucosal injury despite GFD for
at least one year. The result of their study showed
that latiglutenase did not have any improving effect
on the patient’s baseline histological and symptom
scores when compared with placebo. Syage and co-
workers, %° in their double blind, placebo-controlled
study in 2017 investigated the efficacy of 12-week
latiglutenase treatment on seropositive and sero-
negative symptomatic CeD patients on a GFD for at
least one year. They found that taking latiglutenase
with meals caused symptomatic improvements in se-
ropositive but not seronegative CeD patients, and this
improvement was directly correlated with symptom
severity. Syage and others believed that other etiolo-
gies such as, fructose and lactose intolerance, small
intestinal bacterial overgrowth, microscopic colitis
that are not related to gluten exposure could be the
cause of CeD persistent symptoms. Therefore the
lack of significant responses to a glutenase treatment
in seronegative patients can be justified.?® Syage and
his co-workers,? in a similar study in 2019, reported that
latiglutenase could improve the quality of life of
patients with CeD. They also confirmed that latiglutenase
was well tolerated by patients, as no serious adverse
reactions after taking this enzyme were shown.

BL-7010

BL-7010 or P(HEMA-co-SS)?, is a non-absorbable
synthetic polymer with a high affinity for gluten-
derived gliadin peptides. By binding to the gliadins,
BL-7010 excretes these peptides from the digestive
tract and protects them from enzymatic degradation.
Therefore, BL-7010 significantly reduces the immuno-
toxicity of gliadins in the CeD patient’s body.?”%

Pinier and others *® in 2009 evaluated BL-7010
ability to diminish gliadin-induced intestinal changes
and demonstrated that BL-7010 was effective in revoking
gluten-associated toxic effects on cell permeability and

2. Poly (hydroxyethyl methacrylate-co-styrene sulfonate)




inflammation. Their group concluded that BL-7010
could successfully bind to gliadin and neutralize its
pathological effects. In an ex-vivo study in 2012, the
effects of the BL-7010-gliadin complex on cytokine
releasing in intestinal biopsies of patients with CeD
were measured.?! As a result, they reported that BL-
7010 could reduce the secretion of TNF-ao? in CeD
intestinal samples.

Mucosal gluten transportation disruption
Larazotide acetate

The intestinal epithelial tight junction (TJ) barrier
is critical for controlling foreign particle entrance
into the lamina propria.’> Untreated CeD patients
have increased intestinal permeability resulting from
abnormal expression of ‘Zonulin’, a tight junction
reversible permeability regulator protein. Increased
expression of zonulin leads to the augmented passage
of gluten peptides into the lamina propria and
autoimmune response formation in genetically pre-
disposed individuals.**"** Following the removal of
gluten from the diet, the intestinal TJ’s status improves
partially.** However, intentional or inadvertent gluten
exposure during GFD results in ongoing or persistent
CeD symptoms.® It suggests that zonulin antagonist
therapy can be used as a therapeutic option to improve
CeD symptoms more than what is possible with the
GFD alone.””

Larazotide acetate (AT-1001) is a tight junc-
tion regulator derived from the Vibrio cholerae re-
lated toxin that can prevent the opening of intestinal
TJs and reaching gluten to the intestinal submucosa.
Thus, it prevents gliadin-induced inflammatory re-
sponse formation and represents an important
therapeutic option for CeD patients with persistent
symptoms. %3637

Kelly and colleagues *® in their study in 2013,
conducted an exploratory challenge with a daily
intake of larazotide acetate or placebo and gluten
for 6 weeks on patients with > 6 months strict GFD.
They evaluated the effect of larazotide acetate on in-
testinal permeability, tTG antibodies development,

3. Tumor necrosis factor-o

and CeD symptoms in their subjects. The results of
their study demonstrated that larazotide acetate could
reduce CeD pathological manifestations after gluten
exposure. Furthermore, Leffler and colleagues,*
in their double-blind, placebo-controlled study in
2015, assessed the impact of larazotide acetate (0.5,
1, or 2 mg) on CeD patients with gastrointestinal
symptoms despite a GFD for > 12 months. They
reported that 0.5 mg of larazotide acetate was the
optimal dose that had a positive effect on reducing
gastrointestinal (GI) and non-GI manifestations in
this group of patients.

Antigen processing enzymes disruption

ZED1227

Upon entry of the partially digested gluten peptides
into the lamina propria region, transglutaminase 2
(TG2) enzymes modify them to more immunotoxic
deamidated form with high HLA* affinity. This is
the initial and crucial step of CeD pathogenesis.**#!
Therefore, TG2 inhibitors such as ZED1227 have
shown great potential as a treatment for reducing
CeD inflammatory responses.!®

ZEDI1227 is an intestinal TG2 specific inhibitor
that covalently binds to TG2 active site in patients
with CeD and has high intestinal solubility and stability,
which is in its initial phases of clinical trials.'**
Encalada and co-workers # in their animal study
in 2018 reported a decrease in TG2 enzyme activity
to a normal state following the administration of
ZED1227.

Immunotherapeutic

NexVax2

Nexvax2 is a novel gluten tolerizing vaccine
candidate, which consists of three proprietary peptides,
and aimed at restoring long-term tolerance to gluten for
CeD patient’s immune system, using the desensitization
strategies of immunotherapy. Nexvax2 has been
designed to protect patients with CeD against the
inadvertent gluten consumption side effects by

4. Human leukocyte antigen
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Table 1: Summary of novel CeD therapeutic methods

Agent

Definition

Latiglutenase

Proteolyze gluten at glutamine and proline residues.

Gluten neutralizer

BL-7010 Sequester gliadins in the small intestinal lumen.
Gluten transportation disruptor Larazotide acetate Zonulin antagonist and tight junction agonist.
Antigen processing enzymes disruptor ZEDI1227 TG?2 inhibitor by covalently binding to its active sites.
Restore gluten tolerance of the patient’s immune system by
NexVax2 . .
reprograming the gluten responsive T-cells.
Immunotherapeutic Nanoparticle Targeted delivery and inducing the immune response through

different ways.

HLA-DQ2/ DQ8 blocker

Block gliadin-binding sites on HLA-DQ2/ DQS alleles and
prevent immune activation.

Budesonide

Suppress the immune system as a locally active steroid.

IL- 15 blocker

Prevent IL-15 signaling.

Refractory celiac disease therapeutic

approaches TNF-a blocker Prevent TNF-a inflammatory effects.
Combination thera The combination of azathioprine with different drugs has been
Py used to improve the condition of RCD patients.
Probiotics Bifidobacterium lactis, VSL#3 Ameliorate intestinal dysbiosis and digest gluten peptides.

reprograming the gluten responsive T-cells and help
patients recover their normal diet and quality of life.**4
Daveson and others ¢ in their study in 2017,
assessed the safety and tolerability of the different doses
of Nexvax2 on CeD patients who were on a GFD. They
demonstrated that high-dose administration of Nexvax2
preceded by gradually increased dose levels was
not accompanied by an increase in adverse events
or inflammatory cytokine levels. They supported the
Nexvax2 protection against dietary gluten. Additionally,
Goel and others ¥’ also evaluated adverse events
and safety of repeating Nexvax2 administrations
on CeD patients compliant with GFD in 2017 and
concluded that Nexvax2 therapy did not have any
undesirable immune responses during treatment.

Nanoparticle

Nanoparticle (NP)-based drugs are known as the
most effective factors on the GI tract, which can be
synthesized in different sizes and perform diverse
functions to provide the most powerful treatment
for GI disorders.*®* Attarwala and colleagues *°
in their study showed that gelatin nanoparticles
containing small interfering RNA (siRNA) with
the ability to silence the TG2 or IL-15 gene had
an appropriate therapeutic capability in an in vitro
model of CeD.*® He and his colleagues, in their next

study, found that these nanoparticles, which were
encapsulated within microspheres, could efficiently
facilitate oral intestinal delivery of siRNA and had
the potential to be used to combat CeD."!

TIMPs’ are negatively charged synthetic nanopar-
ticles with intravenous injection capability that can in-
duce immune tolerance to peptide and protein antigens
through interaction with MARCO+ macrophages.®>%
Gliadin containing TIMPs (TIMP-GLIA) proposes
to introduce gliadin peptide epitopes to CeD patients’
immune systems in a tolerogenic manner. Freitag
and co-workers,> in their recent study, reported that
intravenous administration of TIMP-GLIA in gliadin
sensitive murine models could restore peripheral tol-
erance to gluten.>* Phase 1 and 2 of human clinical
trials for this nanoparticle is currently underway
with promising results.>*

HLA-DQ2 or HLA-DQS8 blocking

HLA class II genes (DQ2 or DQS8) are positively
charged pockets and have a tendency to interact
with deamidated gliadin peptides. HLA DQ2/8
plays a role in presenting gliadin peptides to gliadin
specific CD4+ T cells and are considered as predisposing
genetic factors for CeD.*% Therefore, HLA DQ2/
DQ8 blocking can be a potential strategy for

5. Tolerogenic Immune-Modifying nanoParticles
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diminishing the toxic effects induced by gliadin in
CeD patients.>® Several DQ2/ DQ8 blocking peptide
analogs have been designed to block gliadin binding
sites on these alleles and prevent immune activation.
This novel therapy is in its preclinical phase, and
there is not enough available information about the
efficacy and safety of these blockers.'#!%-%

Refractory celiac disease therapeutic approaches

A subgroup of CeD patients who have severe GI
symptoms (despite 6-12 months on a GFD) and ab-
normal small bowel histopathology are categorized
as refractory CeD (RCD). RCD is divided into two
subtypes RCD I and II. RCD II can be an early
stage of enteropathy-associated T-cell lymphoma
(EATL).5% Strict gluten exclusion from the diet
and administration of corticosteroids, either alone
or in combination with other immunosuppressive drugs,
are common therapeutic methods for RCD.%! As
different results have been reported about the extent
of corticosteroid responses in RCD patients, and
this group of drugs has some systemic adverse effects,
studies have focused on finding new appropriate
therapy for RCD.%

Glucocorticoid therapy

Budesonide is a glucocorticoid with poor oral
bioavailability and local functions that has pharma-
cological effects on the gut mucosa and less harmful
effects than other corticosteroids.* Daum and col-
leagues ° in 2006 analyzed the efficacy and toxicity
of budesonide in the treatment of RCD patients and
found that budesonide could act as an effective ther-
apeutic option for patients with RCD type I. Brar
and co-workers °' in another study in 2007 assessed
budesonide effects on patients with RCD type I and
IT and confirmed the role of budesonide in the control
of refractory CeD.

IL- 15 blocking

Interleukin-15 (IL-15) is a potent pro-inflammatory
cytokine with the ability to disrupt intestinal immune
homeostasis and mediate the inflammatory response
and has overexpression in the intestinal mucosa of
the CeD patients.®*% The degree of its intestinal

Middle East J Dig Dis/ Vol.12/ No.4/ October 2020

upregulation is directly related to the intensity of
CeD mucosal damage and villous atrophy and is
supposed to have a critical role in the refractory
CeD expansion (especially type 11).6¢7 Thus, IL-15
is considered as an attractive target to achieve RCD
suppression approach.®

Humanized Mik-Beta-1¢ is a monoclonal antibody
that is capable of suppressing IL-15 action by satu-
rating the IL-2/IL-15Rp subunit (also known as
IL2RB, CD122) and inhibiting the production of
IL-2 or IL-15 stimulated cytokines.® Mik-Beta-1
is in phase 1 clinical trials for the treatment of re-
fractory CeD.!*?” Moreover, Vicari and colleagues ™ in
2017 discovered a new anti-IL-15 monoclonal antibody,
called CALY-002 that can prevent IL-15Rpy complex
signaling and has potential therapeutic use in the
treatment of RCD.

TNF blocking

As TNF-a is a potent pro-inflammatory protein
with the ability to induce intestinal inflammation,
different studies have focused on evaluating the
effectiveness of anti-TNFa antibodies such as
infliximab in the treatment of RCD patients.”! The
results of studies indicate the ability of infliximab to
ameliorate histological damages, especially in patients
with RCD 1. Costantino and others,” reported that long-
term treatment of patients with RCD I with inflix-
imab could progressively return the small intestinal
condition of these patients to near normal. Gillett
and colleagues,” in their report about a 47-year-
old white woman with RCD, found that infliximab
might be an effective treatment for patients with
refractory CeD. However, there is a need for long-
term data for establishing the safety and utility of
this therapeutic method before wider use.”

Combination therapy

Azathioprine is another immunosuppressive
agent with the ability to inhibit the clonal expansion
of B- and cytotoxic T-lymphocytes that is reported
to be effective in RCD treatment, especially when

steroids fail. Few studies have examined the effect of

6. A murine monoclonal antibody directed against the beta subunit of
the interleukin-2 receptor
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azathioprine on improving the condition of RCD
patients, and the results are more promising regarding
the RCD 1. In different cases, the combination of
azathioprine with diverse drugs has been used.
Sebastian Lasa reported the positive effect of
combination therapy with budesonide and azathi-
oprine on a 54-year-old man with RCD 1.7 It can
also complement the action of prednisone, as Goerres
and others 7 reported the appropriate efficacy of the
combination of azathioprine and prednisolone for
1 year to achieve remission in patients with RCD
1. However, it was not effective for patients with
RCD I1.7° There is still a need for further studies
with more patients for this type of treatment to get
a definite conclusion.

Probiotics

Several studies worldwide reported intestinal
microbiota dysbiosis in patients with CeD, which
can hurt their health condition.”” Moreover, there
are some probiotics with the ability to ameliorate
intestinal dysbiosis and digest gluten peptides.’®”’
Therefore, there is a rising interest in the use of probiotics
for CeD treatment.”®

Lindfors and colleagues 7 investigated the ability
of Lactobacillus fermentum and Bifidobacterium
lactis to reduce the toxic effects of gliadin peptides
on Caco-2 cell line in 2008. They reported that
Bifidobacterium lactis could counteract the harmful
effects of gliadin polypeptides on epithelial cells.
VSL#3 is a probiotic cocktail encompassing eight
bacterial species (Bifidobacterium breve, B. longum, B.
infantis, Lactobacillus plantarum, L. acidophilus, L.
casei, L. delbrueckii subsp. bulgaricus, and Strepto-
coccus thermophiles).?® De Angelis and co-workers ®!
designed a study to evaluate VSL#3 capacity to
hydrolyze wheat flour allergens into less immunogenic
peptides in 2007. The result of this study supported
the role of VSL#3 in effectively hydrolyzing gliadin
polypeptides compared with other probiotics.

CONCLUSION

Currently, the mainstay of treatment for patients with
CeD is complete adherence to a dietary regimen without
gluten-containing foods. However, following a GFD
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requires comprehensive education for paying careful
attention to food selections and is not a simple task,
especially at social events, eating outside the home, or
for those with a mental or psychological impairment.
This adds to the disease burden. However, while most
CeD patients respond to the GFD, some patients con-
tinue to develop CeD symptoms and/or pathological
abnormalities despite dietary compliance. Currently,
by increasing the prevalence of this disease, there is a
need to find complementary or alternative, non-dietary
pharmaceutics to control symptoms that are not con-
trolled by the GFD alone. Several novel therapeutic
approaches are ongoing or underway for CeD. In the
present study, we have summarized a number of these
CeD emerging therapies. It is noteworthy to mention
that all of these treatments are investigative, and further
studies on their efficacy and safety are still needed
for decisively introducing one of them as a CeD
non-dietary treatment.

ACKNOWLEDGMENTS
This study was supported by Shahid Beheshti University
of Medical Sciences, Tehran, Iran.

ETHICAL APPROVAL
There is nothing to be declared.

CONFLICT OF INTEREST
The authors declare no conflict of interest related
to this work.

REFERENCES

1.  Mol.Mahadov S, Green PH. Celiac disease: a challenge for
all physicians. Gastroenterol Hepatol 2011;7:554-6.

2. Gujral N, Freeman HJ, Thomson AB. Celiac disease: preva-
lence, diagnosis, pathogenesis and treatment. World J Gastro-
enterol 2012;18:6036-59. doi: 10.3748/wjg.v18.i42.6036.

3. Asri N, Rostami-Nejad M. The Facts of Celiac Disease; A
Comprehensive Review. Int J Celiac Dis 2019;7:48-52. doi:
10.12691/ijed-7-2-7.

4. Rostami Nejad M, Karkhane M, Marzban A, Nazemalhosseini
Mojarad E, Rostami K. Gluten related disorders. Gastroenterol
Hepatol Bed Bench 2012;5:S1-7.

5. Wieser H, Koehler P. The Biochemical Basis of Celiac Disease.
Cereal Chem 2008;85. doi: 10.1094/CCHEM-85-1-0001.

6. Asri N, Rostami-Nejad M, Barzegar M, Nikzamir A, Rezaei-
Tavirani M, Razzaghi M, et al. Suppressive Mechanisms In-
duced by Tregs in Celiac Disease. lran Biomed J 2020;24:140-




10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Middle East J Dig Dis/ Vol.12/ No.4/ October 2020

7. doi: 10.29252/ibj.24.3.140.

Gasbarrini G, Mangiola F. Wheat-related disorders: A broad
spectrum of ‘evolving’ diseases. United European Gastroen-
terol J 2014;2:254-62. doi: 10.1177/2050640614535929.

Ludvigsson J, Leffler D, Bai J, Biagi F, Fasano A, Green P, et
al. The Oslo definitions for coeliac disease and related terms.
Gut 2013;62:43-52. doi: 10.1136/gutjnl-2011-301346.

Ehsani-Ardakani MJ, Rostami Nejad M, Villanacci V, Volta
U, Manenti S, Caio G, et al. Gastrointestinal and non-gastroin-
testinal presentation in patients with celiac disease. Arch Iran
Med 2013;16:78-82.

MacCulloch K, Rashid M. Factors affecting adherence to a
gluten-free diet in children with celiac disease. Paediatrics &
Child Health 2014;19:305-9. doi: 10.1093/pch/19.6.305.

Leffler D, Edwards-George J, Dennis M, Schuppan D, Cook
F, Franko D, et al. Factors that Influence Adherence to a
Gluten-Free Diet in Adults with Celiac Disease. Dig dis sci
2008;53:1573-81. doi: 10.1007/s10620-007-0055-3.

Cadenhead JW, WolfRL, Lebwohl B, Lee AR, Zybert P, Reilly
NR, et al. Diminished quality of life among adolescents with
coeliac disease using maladaptive eating behaviours to man-
age a gluten-free diet: a cross-sectional, mixed-methods study.
J Hum Nutr Diet 2019;32:311-20. doi: 10.1111/jhn.12638.

Barzegar F, Rostami-Nejad M, Mohaghegh Shalmani H,
Sadeghi A, Allahverdi Khani M, Aldulaimi D. The effect of
education on the knowledge of patients with celiac disease.
Gastroenterol Hepatol Bed Bench 2017;10:S15-S9.

Itzlinger A, Branchi F, Elli L, Schumann M. Gluten-Free
Diet in Celiac Disease-Forever and for All? Nutrients
2018;10:1796. doi: 10.3390/nul0111796.

Leonard M, Cureton P, Fasano A. Indications and Use of the
Gluten Contamination Elimination Diet for Patients with
Non-Responsive Celiac Disease. Nutrients 2017;9:1129. doi:
10.3390/nu9101129.

Tye-Din JA, Galipeau HJ, Agardh D. Celiac Disease: A Re-
view of Current Concepts in Pathogenesis, Prevention, and
Novel Therapies. Front Pediatr 2018;6:350.

Makharia G. Current and Emerging Therapy for Celiac Disease.
Front Med 2014;1:6. doi: 10.3389/fimed.2014.00006.

Alhassan E, Yadav A, Kelly CP, Mukherjee R. Novel Non-
dietary Therapies for Celiac Disease. Cell Mol Gastroenterol
Hepatol 2019;8:335-45. doi: 10.1016/j.jcmgh.2019.04.017.

Yoosuf'S, Makharia GK. Evolving Therapy for Celiac Disease.
Front Pediatr 2019;7:193. doi: 10.3389/fped.2019.00193.

Balakireva A, Zamyatnin A. Properties of Gluten Intolerance:
Gluten Structure, Evolution, Pathogenicity and Detoxification
Capabilities. Nutrients 2016;8:644. doi: 10.3390/nu8100644.

Ciccocioppo R, Sabatino A, Corazza GR. The immune
recognition of gluten in coeliac disease. Clinical and experi-
mental immunology 2005;140:408-16. doi: 10.1111/5.1365-
2249.2005.02783.x.

Murray JA, Kelly CP, Green PHR, Marcantonio A, Wu T-T,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Maéki M, et al. No Difference Between Latiglutenase and Pla-
cebo in Reducing Villous Atrophy or Improving Symptoms in
Patients&#xa0; With Symptomatic Celiac Disease. Gastroenter-
ology 2017;152:787-98.¢2. doi: 10.1053/j.gastr0.2016.11.004.

Syage J, Green P, Khosla C, Adelman D, Sealey Voyksner J, Mur-
ray J. Latiglutenase Treatment for Celiac Disease: Symptom and
Quality of Life Improvement for Seropositive Patients on a Gluten-
Free Diet. Gastro Hep 2019;1:293-301.doi: 10.1002/ygh2.371.

Lahdeaho ML, Kaukinen K, Laurila K, Vuotikka P,
Koivurova OP, Karja-Lahdensuu T, et al. Glutenase ALV003
attenuates gluten-induced mucosal injury in patients with celiac
disease. Gastroenterology 2014;146:1649-58. doi: 10.1053/;.
gastro.2014.02.031.

Murray JA, Kelly CP, Green PHR, Marcantonio A, Wu T-T,
Miki M, et al. No Difference Between Latiglutenase and Pla-
cebo in Reducing Villous Atrophy or Improving Symptoms in
Patients With Symptomatic Celiac Disease. Gastroenterology
2017;152:787-98.¢2. doi: 10.1053/j.gastro.2016.11.004.

Syage JA, Murray JA, Green PHR, Khosla C. Latiglutenase
Improves Symptoms in Seropositive Celiac Disease Patients
While on a Gluten-Free Diet. Dig Dis Sci 2017;62:2428-32.
doi: 10.1007/s10620-017-4687-7.

Plugis NM, Khosla C. Therapeutic approaches for celiac dis-
ease. Best Pract Res Clin Gastroenterol 2015;29:503-21. doi:
10.1016/j.bpg.2015.04.005.

McCarville JL, Nisemblat Y, Galipeau HJ, Jury J, Tabakman R,
Cohen A, et al. BL-7010 demonstrates specific binding to gliadin
and reduces gluten-associated pathology in a chronic mouse
model of gliadin sensitivity. PLoS One 2014;9:¢109972. doi:
10.1371/journal.pone.0109972.

Alhassan E, Yadav A, Kelly CP, Mukherjee R. Novel Non-
dietary Therapies for Celiac Disease. Cell Mol Gastroenterol
Hepatol 2019;8:335-45. doi: 10.1016/j.jecmgh.2019.04.017.

Pinier M, Verdu EF, Nasser-Eddine M, David CS, Vezina
A, Rivard N, et al. Polymeric binders suppress gliadin-induced
toxicity in the intestinal epithelium. Gastroenterology
2009;136:288-98. doi: 10.1053/j.gastr0.2008.09.016.

Pinier M, Fuhrmann G, Galipeau H, Rivard N, Murray J, David
C, et al. The Copolymer P(HEMA-co-SS) Binds Gluten and
Reduces Immune Response in Gluten-Sensitized Mice and
Human Tissues. Gastroenterology 2011;142:316-25.el. doi:
10.1053/j.gastro.2011.10.038.

Koénig J, Wells J, Cani P, Garcia-Rédenas C, MacDonald
T, Mercenier A, et al. Human Intestinal Barrier Function in
Health and Disease. Clin Transl Gastroenterol 2016;7:€196.
doi: 10.1038/ctg.2016.54.

Drago S, El Asmar R, Di Pierro M, Grazia Clemente M,
Tripathi A, Sapone A, et al. Gliadin, zonulin and gut perme-
ability: Effects on celiac and non-celiac intestinal mucosa and
intestinal cell lines. Scand J Gastroenterol 2006;41:408-19.
doi: 10.1080/00365520500235334.

Schumann M, Siegmund B, Schulzke JD, Fromm M. Celiac
Disease: Role of the Epithelial Barrier. Cell Mol Gastroenterol




RIM Therapeutic Strategies for Celiac Disease

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Middle East J Dig Dis/ Vol.12/ No.4/ October 2020

Hepatol 2017;3:150-62. doi: 10.1016/j.jemgh.2016.12.006.

Syage J, Kelly C, Dickason M, Cebolla A, Leon F, Dominguez
R, et al. Determination of gluten consumption in celiac disease
patients on a gluten-free diet. Am J Clin Nutr2018;107:201-7.
doi: 10.1093/ajen/nqx049.

Gopalakrishnan S, Durai M, Kitchens K, Tamiz A, Somerville
R, Ginski M, et al. Larazotide acetate regulates epithelial tight
junctions in vitro and in vivo. Peptides 2012;35:86-94. doi:
10.1016/j.peptides.2012.02.015.

Gopalakrishnan S, Tripathi A, Tamiz A, Alkan S, Pandey
N. Larazotide acetate promotes tight junction assembly in
epithelial cells. Peptides 2012;35:95-101. doi: 10.1016/j.pep-
tides.2012.02.016.

Kelly CP, Green PH, Murray JA, Dimarino A, Colatrella A,
Leffler DA, et al. Larazotide acetate in patients with coeliac
disease undergoing a gluten challenge: a randomised placebo-
controlled study. Aliment Pharmacol Ther 2013;37:252-62.

Leffler DA, Kelly CP, Green PH, Fedorak RN, DiMarino A,
Perrow W, et al. Larazotide acetate for persistent symptoms
of celiac disease despite a gluten-free diet: a randomized
controlled trial. Gastroenterology 2015;148:1311-9 6. doi:
10.1053/j.gastro.2015.02.008.

Sabatino A, Vanoli A, Giuffrida P, Luinetti O, Solcia E,
Corazza G. The function of tissue transglutaminase in celiac
disease. Autoimmun Rev 2012;11:746-53. doi: 10.1016/].
autrev.2012.01.007.

Szondy Z, Korponay-Szabo I, Kiraly R, Sarang Z, Tsay GJ.
Transglutaminase 2 in human diseases. Biomedicine (Taipei)
2017;7:15. doi: 10.1051/bmdcn/2017070315.

Sulic A-M, Kurppa K, Rauhavirta T, Kaukinen K, Lind-
fors K. Transglutaminase as a therapeutic target for celiac
disease. Expert Opin Ther Targets 2015;19:335-48. doi:
10.1517/14728222.2014.985207.

Encalada M, Sajko K, Hils M, Pasternack R, Greinwald R,
Tewes B, et al. Sull61 - The Oral Transglutaminase 2 (TG2)
Inhibitor Zed1227 Blocks TG2 Activity in a Mouse Model of
Intestinal Inflammation. Gastroenterology 2018;154:490-1.
doi: 10.1016/S0016-5085(18)31861-4.

Sabatino A, Lenti M, Corazza G, Gianfrani C. Vaccine
Immunotherapy for Celiac Disease. Front Med 2018;5:187.
doi: 10.3389/fimed.2018.00187.

Plugis N, Khosla C. Therapeutic approaches for celiac dis-
ease. Best Pract Res Clin Gastroenterol 2015;29:503-21. doi:
10.1016/j.bpg.2015.04.005.

Daveson J, Ee H, Andrews J, King T, Goldstein K, Dzuris J, et
al. Epitope-Specific Immunotherapy Targeting CD4-Positive
T Cells in Celiac Disease: Safety, Pharmacokinetics, and Ef-
fects on Intestinal Histology and Plasma Cytokines with Es-
calating Dose Regimens of Nexvax2 in a Randomized, Dou-
ble-Blind, Placebo-Controlled Phase 1 Study. EBioMedicine
2017;26:78-90. doi: 10.1016/j.ebiom.2017.11.018.

Goel G, King T, Daveson AJ, Andrews JM, Krishnarajah J,
Krause R, et al. Epitope-specific immunotherapy targeting

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

CD4-positive T cells in coeliac disease: two randomised,
double-blind, placebo-controlled phase 1 studies. Lancet
Gastroenterol Hepatol 2017;2:479-93. doi: 10.1016/S2468-
1253(17)30110-3.

Mittal R, Patel AP, Jhaveri VM, Kay SS, Debs LH, Parrish
JM, et al. Recent advancements in nanoparticle based drug
delivery for gastrointestinal disorders. Expert Opin Drug Deliv
2018;15:301-18. doi: 10.1080/17425247.2018.1420055.

Laroui H, Wilson DS, Dalmasso G, Salaita K, Murthy N,
Sitaraman SV, et al. Nanomedicine in GI. Am J Physiol
Gastrointest Liver Physiol 2011;300:G371-83. doi: 10.1152/
ajpgi.00466.2010.

Attarwala H, Clausen V, Chaturvedi P, Amiji MM.
Cosilencing Intestinal Transglutaminase-2 and Interleukin-15
Using Gelatin-Based Nanoparticles in an in Vitro Model of
Celiac Disease. Mol Pharm 2017;14:3036-44. doi: 10.1021/
acs.molpharmaceut.7b00233.

Attarwala HZ, Suri K, Amiji MM. Pharmacokinetics and
Biodistribution Analysis of Small Interference RNA for
Silencing Tissue Transglutaminase-2 in Celiac Disease
After Oral Administration in Mice Using Gelatin-Based
Multicompartmental Delivery Systems. Bioelectricity
2020;2:167-74. doi: 10.1089/bioe.2020.0008.

Kishimoto TK, Maldonado RA. Nanoparticles for the Induction
of Antigen-Specific Immunological Tolerance. Front Immunol
2018;9:230. doi: 10.3389/fimmu.2018.00230.

Getts DR, Shea LD, Miller SD, King NJ. Harnessing nanopar-
ticles for immune modulation. Trends Immunol 2015;36:419-
27. doi: 10.1016/.it.2015.05.007.

Freitag T, Podojil J, Pearson R, Fokta F, Sahl C, Messing M,
et al. Gliadin Nanoparticles Induce Immune Tolerance to Gli-
adin in Mouse Models of Celiac Disease. Gastroenterology
2020;158:1667-81.¢12. doi: 10.1053/j.gastro.2020.01.045.

De Re V, Magris R, Cannizzaro R. New Insights into the
Pathogenesis of Celiac Disease. Front Med 2017;4:137. doi:
10.3389/fmed.2017.00137.

Rashtak S, Murray JA. Review article: coeliac disease, new
approaches to therapy. Aliment Pharmacol Ther 2012;35:768-
81. doi: 10.1111/.1365-2036.2012.05013 x.

Rubio-Tapia A, Murray JA. Classification and management of
refractory coeliac disease. Gur 2010;59:547-57. doi: 10.1136/
2ut.2009.195131.

Nijeboer P, van Wanrooij RL, Tack GJ, Mulder CJ, Bouma
G. Update on the diagnosis and management of refractory
coeliac disease. Gastroenterol Res Pract 2013;2013:518483.
doi: 10.1155/2013/518483.

Malamut G, Afchain P, Verkarre V, Lecomte T, Amiot A,
Damotte D, et al. Presentation and long-term follow-up of
refractory celiac disease: comparison of type I with type
II. Gastroenterology 2009;136:81-90. doi: 10.1053/j.gas-
1r0.2008.09.069.

Daum S, Ipczynski R, Heine B, Schulzke JD, Zeitz M, Ullrich
R. Therapy with budesonide in patients with refractory sprue.




61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Middle East J Dig Dis/ Vol.12/ No.4/ October 2020

Digestion 2006;73:60-8. doi: 10.1159/000092639.

Brar P, Lee S, Lewis S, Egbuna I, Bhagat G, Green PH.
Budesonide in the treatment of refractory celiac disease.
Am J Gastroenterol 2007;102:2265-9. doi: 10.1111/j.1572-
0241.2007.01380.x.

Tack GJ, Verbeek WH, Al-Toma A, Kuik DJ, Schreurs MW,
Visser O, et al. Evaluation of Cladribine treatment in refractory
celiac disease type 1. World J Gastroenterol 2011;17:506-13.
doi: 10.3748/wjg.v17.14.506.

Perera PY, Lichy JH, Waldmann TA, Perera LP. The role of
interleukin-15 in inflammation and immune responses to in-
fection: implications for its therapeutic use. Microbes Infect
2012;14:247-61. doi: 10.1016/j.micinf.2011.10.006.

Abadie V, Jabri B. IL-15: a central regulator of celiac dis-
ease immunopathology. Immunol Rev 2014;260:221-34. doi:
10.1111/imr.12191.

Sarra M, Cupi ML, Monteleone I, Franzé E, Ronchetti G, Di
Sabatino A, et al. IL-15 positively regulates IL-21 production
in celiac disease mucosa. Mucosal Immunol 2013;6:244-55.
doi: 10.1038/mi.2012.65.

Faghih M, Barartabar Z, Nasiri Z, Rostami Nejad M. The
role of Thl and Th17 in the pathogenesis of celiac disease.
Gastroenterol Hepatol Open Access 2018;9: 83-7. doi:
10.15406/gh0a.2018.09.00300.

Fehniger TA, Caligiuri MA. Interleukin 15: biology and rel-
evance to human disease. Blood 2001;97:14-32. doi: 10.1182/
blood.v97.1.14.

Yokoyama S, Watanabe N, Sato N, Perera PY, Filkoski L,
Tanaka T, et al. Antibody-mediated blockade of IL-15 revers-
es the autoimmune intestinal damage in transgenic mice that
overexpress 1L-15 in enterocytes. Proc Natl Acad Sci U S A
2009;106:15849-54. doi: 10.1073/pnas.0908834106.
Zyzynhska-Granica B, Trzaskowski B, Dutkiewicz M, Zegrocka-
Stendel O, Machcinska M, Bocian K, et al. The anti-inflammatory
potential of cefazolin as common gamma chain cytokine inhibi-
tor. Sci Rep 2020;10:2886. doi: 10.1038/s41598-020-59798-3.

Vicari AP, Schoepfer AM, Meresse B, Goffin L, Leger O,
Josserand S, et al. Discovery and characterization of a novel
humanized anti-IL-15 antibody and its relevance for the treat-
ment of refractory celiac disease and eosinophilic esophagitis.
MADbs 2017;9:927-44. doi: 10.1080/19420862.2017.1332553.

Chaudhary R, Ghosh S. Infliximab in refractory coeliac
disease. Eur J Gastroenterol Hepatol 2005;17:603-4. doi:
10.1097/00042737-200506000-00002.

Costantino G, della Torre A, Lo Presti MA, Caruso R, Maz-
zon E, Fries W. Treatment of life-threatening type I refrac-
tory coeliac disease with long-term infliximab. Dig Liver Dis
2008;40:74-7. doi: 10.1016/5.d1d.2006.10.017.

Gillett HR, Amott ID, Mclntyre M, Campbell S, Dahele A,
Priest M, et al. Successful infliximab treatment for steroid-

refractory celiac disease: a case report. Gastroenterology
2002;122:800-5. doi: 10.1053/gast.2002.31874.

Lasa JS. Complete Resolution of Type 1 Refractory Celiac

75.

76.

77.

78.

79.

80.

81.

Disease after Combined Treatment with Budesonide and Aza-
thioprine: A Case Report and Literature Review. Int J Celiac
Dis 2015;3:40-3. doi: 10.12691/ijcd-3-1-3.

Goerres MS, Meijer JWR, Wahab PJ, Kerckhaert JAM,
Groenen PJTA, Van Kriecken JHIM, et al. Azathioprine
and prednisone combination therapy in refractory coeliac
disease. Aliment Pharmacol Ther 2003;18:487-94. doi:
10.1046/j.1365-2036.2003.01687.x.

Chander AM, Yadav H, Jain S, Bhadada SK, Dhawan DK.
Cross-Talk Between Gluten, Intestinal Microbiota and Intesti-
nal Mucosa in Celiac Disease: Recent Advances and Basis of
Autoimmunity. Front Microbiol 2018;9:2597. doi: 10.3389/
fmicb.2018.02597.

Bull MJ, Plummer NT. Part 2: Treatments for Chronic
Gastrointestinal Disease and Gut Dysbiosis. Integr Med (En-
cinitas) 2015;14:25-33.

Cristofori F, Indrio F, Miniello VL, De Angelis M, Francavilla
R. Probiotics in Celiac Disease. Nutrients 2018;10:1824. doi:
10.3390/nul10121824.

Lindfors K, Blomgqvist T, Juuti-Uusitalo K, Stenman S, Ven-
alainen J, Maki M, et al. Live probiotic Bifidobacterium lactis
bacteria inhibit the toxic effects induced by wheat gliadin in
epithelial cell culture. Clin Exp Immunol 2008;152:552-8. doi:
10.1111/j.1365-2249.2008.03635..x.

Chapman TM, Plosker GL, Figgitt DP. VSL#3 probiotic
mixture: a review of its use in chronic inflammatory bowel
diseases. Drugs 2006;66:1371-87. doi: 10.2165/00003495-
200666100-00006.

De Angelis M, Rizzello CG, Scala E, De Simone C, Farris
GA, Turrini F, et al. Probiotic preparation has the capacity to
hydrolyze proteins responsible for wheat allergy. J Food Prot
2007;70:135-44. doi: 10.4315/0362-028x-70.1.135.




