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Abstract

Animal models and clinical studies have shown that
helminth infections exert immunomodulatory activity,
altering intestinal permeability and providing a potential
beneficial action on autoimmune and inflammatory
disorders in human beings, such as inflammatory
bowel disease (IBD) and celiac disease. This is
consistent with the theory that intestinal microbiota
is responsible for shaping human immunological
responses. With the arrival of the immunobiologic era
and the use of antibodies, we propose a distinctive
pathway for treating patients with IBD and celiac
disease. We have some evidence about the safety and
tolerability of helminth use, but evidence about their
impact on disease activity is lacking. Using worms
to treat diseases could be a possible way to lower
treatment costs, since the era of immunobiologic
agents is responsible for a significant rise in expenses.
Some questions remain to be investigated regarding
the use of helminths in intestinal disease, such as
the importance of the specific species of helminths
used, appropriate dosing regimens, optimal timing of
treatment, the role of host genetics, diet, environment,
and the elucidation of the exact mechanisms of action.
One promising approach is the use of helminth-derived
anti-inflammatory molecules as drugs. Yet there are
still many challenges with this method, especially with
regard to safety. Studies on intestinal permeability point
to Strongyloides stercoralis as a useful nematode for
these purposes.

Key words: Helminths; Strongyloidiasis; Immunology;
Inflammation; Inflammatory bowel diseases; Intestinal
diseases; Intestinal permeability; Celiac disease

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Inflammatory bowel disease and celiac
disease are immune-mediated pathologies that remain
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a treatment challenge for gastroenterologists. Despite
the recent introduction of novel therapies, notably
biological agents and newer management strategies,
there are still many patients who do not respond,
or have a poor response to current treatments.
Helminth therapy seems a promising pathway to newer
drugs, because it has been proven to alter intestinal
permeability, altering the host’s immune response to a
Type 2 cytokine-mediated response in animal models
and pre-clinical studies. This editorial aims to stimulate
further research in this field, hoping for better care for
our patients.

Sipahi AM, Baptista DM. Helminths as an alternative therapy
for intestinal diseases. World J Gastroenterol 2017; 23(33):
6009-6015 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i33/6009.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i33.6009

INTRODUCTION

The intestinal epithelium functions as an important
part of the digestion and absorption of fluids and
nutrients. It also plays an immunologic role because
it protects the host from environmental pathogens
and antigens'. When this barrier is altered, it leads
to ease of antigen entry and subsequently to immune
stimulation and inflammation'®’.

Many intestinal diseases have immunogenic com-
ponents that alter intestinal permeability. Some
pathologic processes increase intestinal permeability,
such as inflammatory bowel disease (IBD)®™Y, atopic
eczema''?, celiac disease, dermatitis herpetiformis**,
cystic fibrosis™***! alcohol consumption™®!, use of
nonsteroidal anti-inflammatory drugs'”’*”, and acute
infectious diarrhea™*%", In contrast, some infections,
such as those caused by Blastocystis hominis®?, can
decrease intestinal permeability and alter the barrier
function of the epithelium. These may thus provide an
alternative pathway for treating patients by deviating
the host's immunologic response.

Intestinal permeability can be measured in
many ways. One is via measuring urinary clearance
of radioactive chromium-51 labeled ethylenedi-
aminetetraacetic acid (°’Cr-EDTA). When urinary
clearance of *'Cr-EDTA is decreased, this indicates
decreased intestinal permeability. Werneck-
Silva et a/'”' demonstrated that infection with
Strongyloides stercoralis can diminish intestinal
permeability compared to healthy volunteers (P =
0.0001). Intestinal infection with S. stercoralis led
to abnormalities in mucus secretion and intestinal
motility, as well as possible loss of macromolecules.
S. stercoralis is a soil-transmitted helminth and is one
of the most common parasites that affects patients

Baishidenge ~ WJG | www.wjgnet.com

living in tropical areas™. It infects 100 to 200 million
people worldwide!®, It predominantly compromises
the mucosa of the duodenum and upper jejunum,
although the whole intestinal wall or more extensive
segments of the intestine can be involved, especially in

immunocompromised patients®®?,

DISCUSSION

Hygiene hypothesis

The hygiene hypothesis was initially described in the
1970s. It suggests that the higher incidence of allergic
diseases in predominantly urban white communities,
compared to those rural and indigenous, is due to the
less frequent viral, bacterial and helminth infections™”.
A decade later, Strachan proposed that reduced
exposure to infections in early childhood, owing to
a combination of diminished family size, improved
living standards and higher levels of personal hygiene,
might result in an increased risk of allergic disease
later in life®®”. In addition to allergic disease™ %, it is
believed that the recent increase in other autoimmune
and inflammatory disorders, especially in developed
countries, could be explained by a similar hypothesis.
Many factors may be involved, such as changes in
intestinal microbiota during childhood™*.

Helminth infections, in specific intestinal worms,
are a particular area of research interest, since they
can modulate the host response, inducing immunologic
tolerance. Aoyama et al®! have demonstrated an
inverse relationship between autoimmune liver
diseases, such as primary biliary cirrhosis, autoimmune
hepatitis, and primary sclerosing cholangitis, and
S. stercoralis infection. Recent studies point to the
negative effects of deworming, since the helminths
are able to not only downregulate specific immune
responses, but also to modulate autoimmune and
allergic inflammatory responses, contributing to
metabolic homeostasis®®. The study on the use of
helminths and their products as anti-inflammatory
treatments is a growing field.

Helminth-induced immune responses

Parasitic helminths evolved with the mammalian
immune system, promoting their own survival by
altering host immune responses®!. The immune
response induced by these worms is dependent on a
Type 2 cytokine response, involving the secretion of
interleukin (IL)-4, IL-5, IL-9 and IL-13, accompanied
by the activation of intestinal mast cells®®, eosinophils,
goblet cells, enterocyte proliferation and intestinal
contractility™. Granuloma formation then occurs,
isolating the eggs and larvae, and inducing tissue
repair®®!. Other accessory pathways are activated,
including the upregulation of regulatory T cell and IL-10
and/or transforming growth factor beta levels, leading
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to a predominantly anti-inflammatory response. It has
been shown that IL-10- deficient-mice with helminth
infections have higher mortality and/or morbidity™..

The role of CD4+ T cells in expressing Thi,
Th2 and Th17 cytokines in human infection with S.
stercoralis is better explored by Anuradha et a**, who
demonstrated a decrease in functional Thl and Th17
cells and an increase in functional Th2 cells, compared
to uninfected individuals. The regulation of Thl, Th2
and Th17 cells was predominantly dependent on IL-10,
while the regulation of Th2 but not Thl or Th17 cells
was also dependent on TGFB. Anuradha et a/*¥ also
examined the circulating levels of cytokines in infected
individuals (n = 32) compared to those uninfected,
discovering significantly lower circulating levels of pro-
inflammatory cytokines (gamma interferon, tumor
necrosis factor alpha and IL-1) and significantly higher
levels of anti-inflammatory cytokines (IL-4, IL-5, IL-9,
IL-10, IL-13, IL-27, IL-37, and TGF-B). In addition,
treatment of infection led to an opposite immunological
response in the two studies. The question is whether
these anti-inflammatory properties could be used in
intestinal disorders with a predominant Type 1 cytokine
response.

Helminth therapy for intestinal inflammation

The ability of helminth infections to alter and/or
to suppress immune responses and intestinal
inflammation could be useful in IBD®”. To date, only
two species of helminths have been used as clinical
treatment: Trichuris suis, the pig whipworm, and
Necator americanus, the human hookworm.

The first is acquired by ingestion of ova and
colonization of the caecum and proximal colon of the
human gut by worms, which only lasts a few weeks.
The second infection develops after percutaneous
administration of larvae that migrate to the small
intestine, where they survive by feeding on blood from
the mucosa. T. suis, due to the species-specificity
and the lack of chronic infection, requires repeated
treatments, although it poses lesser health issues. In
the case of N. americanus, the long lasting infection
means greater risk of anemia and gastrointestinal
symptoms, which could be deleterious side effects™”.
To date, there are no studies of S. stercoralis for
treating intestinal inflammation.

Evidence of helminth therapy in inflammatory bowel
disease

Approximately 15 years ago, the first clinical studies
of helminth therapy for intestinal disease in humans
utilized embryonated viable eggs of T. suis in the
treatment of ulcerative colitis (UC) and Crohn’s disease
(CD). These studies showed safety, tolerance and a
significant disease remission when oral administration
of viable and embryonated eggs was performed
repeatedly™*“**!, A placebo-controlled, double-blind,
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randomized trial in UC patients significantly improved
the disease activity index and showed no side effects,
although the remission rate was not different than
placebo™®. Another double-blind, placebo-controlled,
randomized study (NCT01434693) reported that a
single dose of T. suis ova (TSO) up to 7500 ova was
well tolerated and did not result in short- or long-term
treatment-related side effects in CD patients™®”..

A brief review of Clinicaltrials.gov reveals three
interventional studies of TSO in CD and two in UC.
In CD, the studies were sponsored by Coronado
Biosciences, which changed its name to Fortress
Biotech, and by Dr. Falk Pharma GmbH. TRUST-1
(NCT01576471), a Phase 2 clinical trial evaluating
250 North American patients with moderate-to-severe
disease did not improve the disease activity index or
remission rates, although a nonsignificant improvement
was noted in patients with a more severe disease
score.

TRUST-2 (NCT01279577), a double-blind,
placebo-controlled, randomized trial of 252 Eur-
opean adults with mildly-to-moderately active ileo-
colonic, uncomplicated CD, documented that the
administration of fortnightly doses of 250, 2500, or
7500 TSO/15 mL suspension/day over 12 wk, with
a four-week follow-up, was safe, with no serious
adverse drug reactions. There was a dose-dependent
immunological response, but no TSO dose showed a
clinically relevant effect over placebo for the induction
of clinical remission (CD Activity Index < 150) or
response*®.

In UC, the first study was sponsored by the New
York University School of Medicine, and the second
by the National Institute of Allergy and Infectious
Diseases. Both were terminated due to a small
sample size and because it was not possible to draw
meaningful conclusions. MUCUS (NCT01433471), a
randomized, double-blind, placebo-controlled crossover
study, was conceived to examine mucosal immunity
after therapy with 2500 eggs by mouth every 2 wk
for 12 wk. Primary outcomes were designed to better
understand the mechanism of action of TSO on the
intestinal mucosa and secondary outcomes were to
bring about changes in the Mayo Score and in the
Simple Clinical Colitis Activity Index.

A second, more controversial approach, was the
use of N. americanus. Croese et al*' showed that 7 of
9 patients with CD infected with 25-50 larvae followed
over 20 wk experienced an improved CD activity index,
while the other 2 worsened. There were no search
results for interventional studies regarding the use
of Strongyloides, Ascaris, Ancylostoma, Wuchereria,
Onchocerca, Toxocara or Enterobius in CD or UC on
Clinicaltrials.gov.

Evidence of helminth therapy in celiac disease
There are few studies examining the use of helminths
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in celiac disease, most of which with small samples.
McSorley et al®” and Daveson et a/*" examined 20
celiac patients followed by wheat challenge after 20 wk
exposed to 5-10 larvae of N. americanus, compared to
placebo, at Princess Alexandra Hospital, in Brisbane,
Australia. The dose was well tolerated and analysis
showed reduced gamma interferon and interleukin-
17A in duodenal biopsies. No difference in symptoms
was observed.

Another Australian clinical trial, NaCeD study
(NCT016619330), evaluated the desensitization and
gluten tolerance of 12 diet-managed celiac patients.
They were previously infected with N. americanus
and exposed to small incremental doses of gluten,
in the form of pasta, over 12 wk. The mucosal
histopathology before and after gluten challenge was
examined. There were no significant differences in
terms of duodenal villus height and crypt depth ratio
and intraepithelial lymphocyte count.

Another clinical trial (NCT02754609) was registered
in 2016 by James Cook University in Queensland,
Australia, on Clinicaltrials.gov. This trial aims to be
a phase 1b multicenter, multinational, randomized,
double-blind, placebo-controlled clinical trial with
a single-blind arm and an open label extension
phase. The objective is to evaluate the safety and
predictability of escalating gluten consumption to
activate celiac disease. The cohort with diet-managed
disease will be treated with placebo or with low-
and medium-dose hookworm inocula. The primary
outcome is to measure the difference in duodenal villus
height and crypt depth ratio between baseline (week 2)
and week 42.

There were no search results for interventional
studies about Trichuris, Strongyloides, Ascaris,
Ancylostoma, Wuchereria, Onchocerca, Toxocara or
Enterobius use in the treatment of celiac disease on
Clinicaltrials.gov.

Other uses for helminth therapy

There are other studies examining the role of helminth
therapy in allergy, atopy and asthma, with conflicting
results. The biggest problem seems to be that these
studies proved that preventing allergic reactivity is
possible, but only a handful have reported the ability
to impact an already established process. In addition
to allergy, a number of clinical trials are currently
registered for the use of TSO in patients with multiple
sclerosis®, psoriasis, autism and rheumatoid
arthritis®”!, and for the use of N. americanus in
patients with multiple sclerosis.

Helminth products as possible new drugs

Helminths are complex organisms that have a variety
of immunomodulatory substances, such as lipids,
carbohydrates and proteins, and jointly defined
excretory-secretory products (ES). The identification
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of helminth products that can be used as biologicals
in place of whole parasites is an engaging area of
research. The ES-62 glycoprotein from the filarial
nematode Acanthocheilonema vitae is one of the most
studied compounds and is capable of promoting a Th2
response, inhibiting Thl and Th17. Animal studies
have demonstrated the ability of various ES products
to inhibit intestinal inflammation in colitis models.
These studies suggest a potential way for discovering
new drugs for IBD. Concerns about antigenicity and
safety need to be clarified prior to clinical testing™,

Most published studies focus on the use of ne-
matodes and their products in the treatment of
intestinal disease. Unlike most studies, there is an
ongoing multicenter phase 2 clinical trial, in the
recruiting phase, sponsored by the University Hospital,
Lille, France, named ACROHNEM (NCT02281916). It
is designed to assess safety and tolerability of P28GST
(protein 28 Kd glutathion S transferase), aiming to
control inflammation in moderate CD, before or after
intestinal resection surgery. P28GST is a parasite
enzyme molecule from Schistosoma with potent
immunogenic and anti-oxidant properties. Based on
the experimental evidence of its anti-inflammatory
properties, investigators hypothesized that the
administration of P28GST could protect against
recurrence after intestinal resection surgery in CD. To
carry out this study, 24 moderate CD patients will be
enrolled. Patients with moderate CD will be included
after intestinal resection surgery. Drug therapy will
consist of three injections of 100 ug of P28GST for
3 mo (one injection per month). The main objective
of this study is to assess safety and tolerability in a
1-year follow-up. Secondary objectives are to control
immunologic and inflammatory blood and tissue
markers and evaluate clinical recurrence as assessed
by CDAI (CD Activity Index).

CONCLUSION

The intestinal microbiota is responsible for shaping
the human immune system, and the composition
of the microbiome can alter and deviate specific
host immune responses. Although much has been
written about bacteria, we cannot forget that other
organisms, such as the helminths, may possibly play
an important role in maintaining a “healthy intestinal
community”™4,

Mouse models™>' and human cross-sectional studies
have shown that chronic helminth infections exert
immunomodulatory activity and are able to regulate
the host immune response, providing a potential
beneficial action on autoimmune and inflammatory
disorders in humans, such as IBD, celiac disease,
asthma, atopy, allergy, multiple sclerosis, psoriasis,
autism and rheumatoid arthritis®®”".

We have some evidence about the safety and

[55]

September 7, 2017 | Volume 23 | Issue 33 |



tolerance of helminth use, but evidence about the
impact on various intestinal diseases is lacking. We
need more clinical studies with larger samples, longer
follow-ups and standardized doses of helminths
and helminth products. Some questions remain to
be investigated regarding the use of helminths in
intestinal disease, such as the importance of the
particular species of helminths used; appropriate
dosing regimens (low or high); optimal timing of
treatment (before the onset of disease, in acute or
chronic disease, or at younger ages); the role of host
genetics, diet and environment, and elucidation of the
exact mechanisms of protective effect.

In regard to the species of helminth, we believe
that the majority of the studies had negative results
because of the use of T. suis. This pig whipworm
induces a less intense and persistent inflammatory
response, although Williams et a/®® verified that
T. suis can mature to adult size and reproduce in
humans. That is why we see S. stercoralis as a
more potentially useful nematode, as it has proven
to significantly diminish the intestinal permeability
in humans!®, altering the interleukin profile in a
more systemic way™?. The prolonged interaction
between S. stercoralis and its host induces a greater
immunomodulatory action. Regarding the appropriate
dose and duration of treatment, we have little
comprehension of how much and how long is required
to exert a significant and beneficial effect; therefore,
safety concerns limit the dose that can be applied.

One important challenge is the high polymorphism
of the human species, which reacts in a spectral
manner to helminth infection. The genetic profile of
each individual alters this response. In this context, the
identification of helminth-derived anti-inflammatory
molecular mediators may be a better and promising
approach, since it replicates the benefits without the
detriments®”), There are many challenges with this
method, such as the selection of a substance with a
good safety profile and low antigenicity that is easily
produced and that has a significant impact on clinical
trials.
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