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Inflammatory Bowel Disease (IBD) comprising of Crohn’s
disease (CD) and Ulcerative Colitis (UC), is a chronic and relapsing
inflammatory condition of the gastrointestinal tract [1]. There has
been an alarming increase in the incidence of IBD during the past
decade, leading to long-term morbidity that considerably affects
the quality of patient’s life [1]. The incidence of UC has been rising
globally since the mid-20th century [2]. Genetic factors are thought to
play an important role in the pathogenesis of UC. Studies by Bengtson
et al. [3] showed that the risk of developing colitis rises by 4.6-fold
when a sibling has colitis. Similarly, if one of the monozygotic twins
develops colitis, the risk of the other twin developing the disease is
relatively 95 times higher [4]. Dietary factors have also been reported
to play a role in the development of colitis. A diet containing high
amounts of refined fat, meat, and sugar are risk factors for developing
colitis [5]. Unfortunately, the mainstream therapies available
currently for treating colitis are largely non-specific with short-term
immunosuppressive effect and nearly all of them predispose the
patients to opportunistic infections and/or increased risk for cancer
development [6]. The most preferred method for treating mild to
moderate UC is the administration of 5-aminosalicylates (5-ASA).
Patients suffering from moderate to severe UC or those who do not
respond to 5-ASA can be treated with antibiotics or corticosteroids
but these treatment options come with various side effects like nausea,
headache, diarrhea, insomnia, osteoporosis, and non-Hodgkin
lymphoma [7, 8]. Similarly, anti-TNF-a therapy against UC is
associated with the risk of hepatosplenic T cell lymphoma [9] and the
effect of anti-TNF-a therapy reduces with time [10]. Recent advances
to study the mechanism of inflammation in UC has provided a better
understanding of the underlying molecular basis of the disease, which
is helping in the development of new therapeutic approaches for UC
[11, 12].

Parasites, more specifically the helminth parasites are notorious for
suppressing the inflammatory- immune responses in their host [13].
This immunosuppression or immunomodulation is a strategy used by
the parasites to survive and reproduce in their host. We are beginning
to unravel the complex mechanisms by which the helminth parasites
are able to achieve the immunomodulation in the host, despite the
vigorous immune responses generated by the host against the parasites.
In general, the host-derived inflammatory responses create a hostile
environment for the helminth parasite resulting in the trapping of the
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parasite in the tissue leading to the killing of the parasite by antibodies
and inflammatory cells or seriously damaging the fecundity of the
female worms so the future generations of the parasites are suppressed
or prevented. Thus, the major purpose of immunosuppression by the
parasite in the host appears to be to evade the host attack and escape
[14]. The helminth parasites predominantly achieve this by secreting
key molecules that have potent anti-inflammatory activity [15].
Even though the host inflammatory responses towards the helminth
parasites are largely local, the parasite-induced immunosuppression
is more generalized with a non-specific suppressive effect on other
inflammatory conditions in the host [16].

It is well established that acute infection with the filarial parasites,
Brugia malayi and Wuchereria bancrofti is associated with generalized
immunosuppression [17]. Clearing of the parasites with chemotherapy
reverses this immunosuppressive state, confirming a role for the live
parasite in this generalized immunosuppression [18]. Similarly, in
filarial infected subjects, immunizations with Tetanus and BCG are
found to be ineffective [17]. Similar generalized immunosuppression
also occurs in the host during infections with gastrointestinal
nematode parasites [19]. In 1989, David Strachan [20] reported a
higher incidence of allergic rhinitis and hay fever in children who have
better living conditions with good water quality, hygiene, improved
sanitation, and medical care. However, children from smaller families,
who were exposed to several parasitic infections, do not exhibit these
allergic conditions. Based on this finding, he postulated the theory
of ‘Hygiene Hypothesis. Since then, several studies demonstrated
the therapeutic potential of filarial parasitic infections in a variety
of immune-mediated disorders such as arthritis, diabetes, multiple
sclerosis, allergic and atopic conditions, and IBD [21-25]. Although
controversial, several Phase 2 clinical trials show significant remission
in the symptoms of IBD, MS, allergic rhinitis, autism, and peanut/tree
nut allergy in patients following the treatment with live parasites [26].
Unfortunately, live parasites or ova are aesthetically not acceptable for
many patients as a treatment. Another major hurdle is in obtaining
regulatory approvals and product stability for live parasites because
of the potential batch to batch variations. Few studies showed that
worm homogenates can induce immunosuppressive activity similar
to the live parasite [27]. This suggested that molecules produced by
the live parasites can be used instead of the live parasites to induce
the immunosuppressive effect. Since then, several laboratories started
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focusing on screening the parasite and its genome for identifying
molecules that may have potential immunomodulatory activity.

Host immunomodulatory molecules have been isolated from
several parasites such as Acanthocheilonema viteae, Schistosoma
japonicum, Brugia malayi, Wuchereria bancrofti, Heligmosomoides
polygyrus bakeri and Schistosoma mansoni [27, 28]. Lymphatic filarial
parasites are notorious for suppressing host immune responses,
especially during acute infections. Few reports suggest that lymphatic
filariasis infected patients often do not suffer from autoimmune
diseases [29]. Therefore, there has been significant interest among
researchers to identify the immunomodulatory molecules of
lymphatic filarial parasites that have significant immunosuppressive
effect in experimental autoimmune diseases [27, 30-34]. Several
filarial derived molecules have been identified as immunomodulatory
agents, such as mammalian cytokine homologs, Abundant Larval
Transcript (ALT) antigens, macrophage migration inhibitory factor
(MIF), cysteine proteases and venom allergen-like proteins [35-38].
This commentary will focus mainly on the biotherapeutic properties of
cysteine proteases and MIF. Both these molecules possess significant
anti-inflammatory property in experimental arthritis and in IBD
animal models [22, 27, 32, 39-41].

Cystatins, belong to the family of cysteine protease inhibitors
superfamily. The three major families of cystatins include stefins
(cystatins A and B), cystatins (Cystatin C, E, and S) and kininogens
[42]. The cystatins are present in almost all living organisms. They
are involved in a wide array of physiological and pathological
processes. Misregulation of cystatins may lead to the disease state [42].
Nematode cystatins were first described in Onchocerca volvulus [42].

Subsequently, it was shown that the parasite cystatins are involved in
the regulation of the molting of the parasites, establishment of active
parasitism within the hosts, modulation of cathepsin activities and
suppression of inflammation, antigen presentation, and lymphocyte
activation in the host [17, 42, 43]. Experiments have demonstrated that
Bm-Cystatin protease inhibitor-2 (CPI-2) blocked antigen processing
of tetanus-toxoid protein in vitro by purified B cells and asparaginyl
endopeptidases [42].

Although filarial and vertebrate cystatins do not share significant
similarities, X-ray crystallographic studies showed conserved motifs in
cystatins that form a wedge-shaped structure (Fig. 1), which blocks the
active site of cysteine proteases [43]. Some of the conserved structural
elements include N-terminal signal peptide, an approximately 100 aa
domain, two disulfide bonds, a central Gln-XVal-X-Gly motif and a
C-terminal Pro-Trp hairpin loop [43]. Three types of cystatin proteins
were identified from B. malayi. At the genomic level, the intron
positions are highly conserved among the three types of B. malayi
cystatins, which might indicate the possible adaptation to the parasitic
life cycle [43]. The conserved catalytic domains of cystatins could
interfere with the cysteine proteases involved in the degradation of
antigens within the endosomal compartment of APC, thus preventing
the presentation of peptides to MHC class I molecules [42-44]. In
addition to interfering with antigen presentation, the filarial cystatins
can suppress antigen-induced proliferation of human Peripheral
Blood Monocytes (PBMC), and down-regulate expression of human
leucocyte antigen (HLA-DR) and the costimulatory molecule CD86
on human PBMC [42, 44]. These studies demonstrate potential
mechanisms by which the filarial cystatins are inducing their
immunomodulatory activity.
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Figure 1. Homology modeling of cystatin-2 of B. malayi filarial parasite (157 a.a.) [69, 70]; 3D structure showing conserved papain-binding site (pink) and asparaginyl

endopeptidase (AEP) inhibitory site (red).
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Given its potent immunoregulatory role, cystatins of helminth
parasites such as Ascaris Ilumbricoides, Schistosoma japonicum,
Acanthocheilonema viteae, Clonorchis sinensis, B. malayi and Fasciola
hepatica have been extensively studied for their therapeutic potential
in various inflammatory immune conditions including UC [32, 45-
50]. Schnoeller et al. [51] were the first one to uncover the therapeutic
efficacy of a recombinant cystatin from A. vitae (Avl7) in murine
models of OVA-induced allergic airway responsiveness and DSS-
induced colitis. Subsequent studies confirmed thisimmunomodulatory
potential of AvCystatin for their ability to amelioration DSS-induced
intestinal inflammation, characterized by decreased loss of body
weight, reduction in the shortening of the colon length and minimal
histopathological changes and myeloperoxidase activity in the colon
tissues [48, 52]. Cystatin from S. japonicum has also been widely tested
against different experimental disease models [53-55]. S. japonicum
recombinant cystatin (rSj-Cys)-treated DBA/1 mice were protected
from CIA-induced arthritis [53]. Similarly, rSjcystatin administration
has also significantly ameliorated the TNBS-induced colitis condition
[54]. Likewise, recombinant cystatin from A. lumbricoides (rAl-CPI)
was able to ameliorate the DSS-induced colitis in a dose-dependent
manner [45]. Type I cystatin (CsStefin-1) of the liver fluke, C. sinensis
has also been shown to attenuate the DSS-induced colitis [49].
Recently, the therapeutic effect of S. japonicum cystatin (Sj-Cys)
was demonstrated in an experimental animal model of sepsis [55].
Similarly, administration of filarial cystatin is shown to suppress the
severity of mBSA-induced arthritis in mice [22, 40].

Our studies using B. malayi cystatin (rBmaCys) showed that this
protein could alleviate the pathology of Ulcerative Colitis (UC) in a

mouse model [32, 56]. Intraperitoneal administration of rBmaCys
led to the reduction in the overall disease severity, decreased clinical
symptoms and histopathological changes in both acute and chronic
colitis [32, 56]. Although, the immunomodulatory function of
rBmaCys is repeatedly demonstrated, the mechanism by which
the rBmaCys achieves this anti-inflammatory effect is not fully
understood. Some of the evidence shows a role for Treg cells and IL-10
in this immunosuppressive mechanism [unpublished observations].

Another parasite-derived molecule that has potent host
immunomodulatory activity is the Macrophage Migration
Inhibitory Factor (MIF) (Fig. 2). This molecule is different from the
mammalian homolog of the MIF. The mammalian MIF is a potent
pro-inflammatory molecule and is involved in several inflammatory
diseases such as psoriasis, asthma, and IBD [57]. The mammalian MIF
possesses two catalytic activities a Pro-2 dependent tautomerase and
a Cys-Ala-Leu-Cys (CALC) dependent thiol oxidoreductase [58]. The
association between catalytic activities of MIF and its immunogenic
functions is not fully studied. Mutation in Cys60Ser abolishes the pro-
inflammatory function of mammalian MIF [59]. Peptide fragment
(50aa-65aa) with redox activity is present in mammalian MIF [60].
This suggested that oxidoreductase activity is directly involved in
some of the immunological functions of MIF. In contrast, Pro2
dependent tautomerase activity failed to establish a link between the
catalytic activity of MIF and its glucocorticoid overriding activity [58].
The testing of these catalytic mutants should assist further dissecting
the molecular basis of the catalytic activities of mammalian MIF and
their immunological roles in inflammatory diseases.

Tautomerase
catalytic site

Figure 2: Homology modeling of macrophage migration inhibitory factor -2 of W. bancrofti filarial parasite (120 a.a.) [69, 70]; 3D structure showed the position of Pro-2-
mediated tautomerase catalytic site (red) and Cq3 & Cys mediated oxidoreductase catalytic site (pink).
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Two homologs of mammalian MIF, MIF-1, and MIF-2 are
reported from nematode parasites with 22% and 40% similarity with
mammalian MIF respectively [61]. Similar to cystatin, the parasite-
derived MIF can interact with CD74 receptor on antigen presenting
cells and interfere with antigen presentation, suggesting that the
parasite-derived MIF may be immunomodulatory [62]. B. malayi
MIF-1 and MIF-2 are abundantly secreted in the excretory-secretory
products of the larval stages of the parasite (microfilariae and
molting L3 stages) [61, 63]. Infection with the filarial parasite results
in less phagocytic and antigen processing ability in the host splenic
macrophages. When soluble recombinant BmMIF-1 and BmMIF-2
were administered to mice, Yml expression was upregulated in
the macrophages polarizing them to M2 phenotype that expressed
high levels of IL-4R [64, 65]. Similar results were obtained when
macrophages were incubated in vitro with the filarial MIE Thus, it
appears that parasite-derived MIF can promote the differentiation
of alternatively activated macrophages (AAM), which can regulate
inflammation, promotes wound healing and tissue repair, and
probably contribute to the clearance of helminth parasites [66].
These findings suggested that the helminth-derived MIF may have
an immunomodulatory function. Subsequent studies showed that
in a mouse model of asthma, the MIF protein of A. simplex parasite
can completely prevent the accumulation of eosinophils and prevent
hyperplasia of goblet cells in the lungs a resulting in the amelioration
of hypersensitivity reaction in the lungs [67]. Similarly, MIF-2 protein
from A. simplex parasite can also ameliorate symptoms of colitis in
a DSS induced colitis mouse model [57]. This immunomodulatory
effect appears to be mediated by Treg cells because MIF-2 treatment
increases the Treg population in the mouse [68]. One of our recent
studies showed that filarial MIF-2 also has potent immunomodulatory
effect in reducing the inflammation in the colon of a mouse with DSS-
induced colitis (unpublished observations). These findings suggest
that both cystatin and MIF-2 from filarial parasites have potent
immunomodulatory activity in reducing inflammatory changes in
colitis and IBD.

In summary, IBD and other inflammatory conditions greatly
hamper the normal life of the patients and there is an urgent need
to develop better therapeutics. Developing biotherapeutics from
helminths, more specifically filarial parasites have tremendous
potential to be used as complementary and alternative medicine. Our
studies identified two such molecules (cystatin and MIF-2) from the
filarial parasites that have tremendous potential as small molecules for
the treatment of colitis. Since the administration of these molecules
significantly reduces inflammation and reverses clinical symptoms,
there is significant potential for developing these molecules as
biotherapeutic agents for IBD.

Keywords: Inflammatory Bowel Disease, Helminth Therapy, Cystatin,
Macrophage Migration Inhibitory Factor-2, Brugia malayi, Wuchereria bancrofti,
Ulcerative Colitis
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