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Abstract
Crohn’s disease and ulcerative colitis are chronic remitting and relapsing inflammatory bowel
diseases. We present a typical case of Crohn’s disease in a young woman and discuss potential
treatment options. Crohn’s disease and ulcerative colitis likely result from interaction of multiple
genetic and environmental risk and protective factors. Both are diseases ultimately caused by immune
dysregulation. Medical therapy is with mesalamine compounds, corticosteroids, immunomodulators
and/or biologics that target TNFα signaling or α4-integrin-mediated trafficking. Investigational
agents include those targeted against other cytokines and costimulatory molecules or designed to
promote immune regulation such as exposure to helminths which is a focus of this review.

Introduction
Case Presentation

A 30-year-old woman with a history of Crohn’s disease (CD) was admitted to the hospital with
fever, severe crampy abdominal pain, and diarrhea. The patient was first diagnosed with CD
at the age of 26, when she developed intermittent bouts of sharp abdominal pain, accompanied
by fevers and diarrhea. Initial colonoscopic examination revealed apthous ulceration at the
terminal ileum and around the ileocecal junction. The patient was treated initially with oral
prednisone (0.5 mg/kg/day) to good effect. She remained in remission on azathioprine (2.5 mg/
kg/day) maintenance therapy for approximately four years, at which point she experienced a
recurrence of symptoms, including frequent episodes of abdominal pain, severe diarrhea,
dehydration and weight loss. Colonoscopy studies revealed discrete patchy segments of
ulceration and inflamed mucosa throughout the colon (Figure 1). A biopsy revealed ulceration
and mixed (lymphocytic and neutrophilic) infiltration, and deep inflammation of the intestinal
mucosa. Her symptoms showed moderate improvement with administration of high dose
corticosteroids (solumedrol 60mg/day IV), however she failed attempts at tapering the dose.
The patient underwent an induction course of infliximab (5 mg/kg at 0, 2, and 6 weeks) without
significant improvement. Azathioprine was discontinued and she is currently on a trial of
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weekly low-dose methotrexate. She may be a candidate for alternative biologics, surgery, or
investigational therapies.

Discussion
Idiopathic Inflammatory Bowel Disease

Idiopathic Inflammatory Bowel Disease (IBD) is a chronic inflammatory disorder of the
gastrointestinal tract that presents as either ulcerative colitis (UC) or Crohn’s disease (CD).
UC and CD are both characterized by chronic remitting/ relapsing inflammation of the
intestinal mucosa, often resulting in intermittent abdominal pain, fever, and diarrhea. Each
disease also possesses distinguishing clinical, pathological, and endoscopic features [1].
Inflammation in UC typically involves the rectum, and extends continuously in a retrograde
fashion. In severe cases, it can involve the entire colon. Endoscopic features include edema
that obscures the normal vascular appearance, granular erythema and mucopurulent exudate,
areas of extensive superficial ulceration, and the presence of inflammatory pseudopolyps. As
illustrated in the case above, CD is characterized by sharply demarcated, non-contiguous
inflammatory lesions that can become transmural (Figure 1). Non-caseating granulomas are
occasionally present. While CD lesions may involve any segment of the gastrointestinal tract,
they occur most commonly in the terminal ileum.

Genetics and Immunopathogenesis
Current evidence strongly suggests that IBD arises from a disruption of mucosal immune
homeostasis in genetically susceptible individuals, resulting in altered processing of enteric
antigens, pathogenic T cell activation, and chronic inflammation. The essential role of enteric
microflora is supported by studies showing responsiveness of UC and CD to antibiotics and
CD to fecal stream diversion, as well as experiments with induced mutant germ-free mice in
which spontaneous colitis is dependent on reconstitution with normal luminal microflora [2;
3]. Various innate, adaptive, and regulatory immune mechanisms have been implicated in IBD.
These include dysregulated cellular stress responses, microbial recognition, autophagy, and
processing of antigens by innate immune effector cells, pro-inflammatory CD4+ T cell
polarization, and blunting of cytokine or T cell-driven tolerance [4]. Genetic factors contribute
significantly to IBD pathogenesis. Approximately 5–10% of patients have at least one affected
first degree relative and twin studies demonstrate a 50% concordance rate of CD among
monozygotic twins, with lower rates (~18%) for UC [5–7]. In addition, specific genetic
correlates have recently been identified in IBD, shedding new light on the underlying
mechanisms involved and providing a useful framework for future research into the
pathogenesis of these diseases. Nevertheless, like many complex-trait diseases, no single
genetic factor determines development of IBD. Rather, a collection of environmental and
genetic factors must coincide to produce the disease.

The first specific gene unequivocally associated with IBD was the NOD2/ CARD15 gene for
CD [8;9]. Multiple genome-wide analyses have confirmed that specific NOD2 polymorphisms
increase the risk for developing ileocolonic CD. NOD2 codes for a cytosolic microbial
molecular pattern-recognition protein, which is part of a larger class of broadly expressed innate
immune receptors (toll- and nod-like receptors). In Caucasian populations, compound
heterozygotes and homozygotes for NOD2 mutations carry an odds ratio of 17.1 for CD, while
simple heterozygosity carries an odds ratio of 2.4 [10]. The NOD2 gene product recognizes
the bacterial protein muramyl dipeptide (MDP), regulates NFκB and MAP kinase signaling
pathways [11]. The exact mechanism by which NOD2 variants contribute to disruption of
intestinal immune homeostasis and precipitation of CD is not entirely clear. NOD2 variants
may increase the risk of CD by causing hyporeactivity of certain innate responses, thereby
forcing excess responses in other pathways disrupting homeostatic mechanisms. Alternatively,
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CD-related NOD2 mutations may impair negative regulation of TLR-mediated responses to
enteric microflora, promoting excessive inflammation. Recently, antigen-presenting cells from
mice carrying CD-associated NOD2 polymorphisms were found to exhibit resistance to the
normal IRF4-mediated tolerizing effects of MDP-stimulation [12].

Genome wide association searches have found multiple other loci contributing to the risk of
developing CD (Table 1). Currently, at least 30 loci show unequivocal association with CD
risk, 2 show highly probable association, and another 8 show likely association [13]. Other
searches have found additional loci [14]. Some CD loci also influence the risk for ulcerative
colitis [15]. Identified gene products include NOD2, XBP1, ATG16L1, IRGM, and IL23R.

Crohn’s disease and UC are organ-specific inflammatory diseases. NOD2 is expressed by
intestinal Paneth cells which produce bacteriocidal α-defensins. NOD2 variants confer risk
only for the subtypes of Crohn’s disease that involve the ileum where Paneth cells are
numerous. In addition to the NOD2 effects discussed above, impairment of Paneth cell function
may explain the organ-specific distribution of inflammation associated with NOD2 variants.
Intestinal epithelial cells are components of the innate immune system. Recently, variations in
the gene for XBP1, a transcription factor that directs endoplasmic-reticulum (ER) stress
responses, were found to probably contribute to the risk of CD [16]. Intestinal epithelial cells
are highly secretory and are susceptible to ER stress. Mice that lack XBP1 specifically in
intestinal epithelial cells develop enteritis, lack Paneth cells, zand have fewer goblet cells
[16]. This suggests that disturbed epithelial cell function can contribute to CD risk by impairing
innate defenses.

Further evidence implicating innate immune mechanisms in CD is the identification of
autophagy-related gene ATG16L1 as a susceptibility variant for CD [17]. ATG16L1 codes for
part of a multimeric protein complex that is involved in degradation of cytoplasmic material.
Autophagy is both an important cellular homeostatic function and an evolutionarily conserved
innate defense mechanism against invading viruses and intracellular bacteria or parasites
[18]. The exact role of autophagosomal mutations in CD pathogenesis is not yet clear, but
initial evidence from experiments using S. typhimurium and intestinal epithelial cells have
shown that altered gene products from ATG16L1 impair pathogen clearance and elimination
of intracellular bacteria [19]. IRGM is another autophagy gene product involved in the isolation
and degradation of intracellular bacteria [20] that is associated with CD risk. These findings
highlight the role of innate mechanisms in mucosal immune homeostasis. Interestingly, recent
studies using murine macrophages have revealed considerable overlap between TLR-signaling
pathways in phagocytosis and autophagy, and that autophagy is itself specifically inducible
with LPS via a TLR4-mediated pathway [21;22]. In addition to it’s innate immune functions,
autophagic processing helps direct cytosolic antigens toward MHC class II presentation [23]
and T helper cell responses.

Classically, the inflammatory profiles of CD and UC differ in that CD is characterized by Th1-
mediated inflammation while UC displays Th2-like pathology. Early evidence from mouse
models of CD revealed IL-12 to be key a mediator of Th1-directed mucosal inflammation
[24]. Ablation of IL-12 signaling with gene deletion or targeted antibodies improved intestinal
inflammation in mice [25]. However, the functional role of IL-12 in IBD pathogenesis has been
reconsidered in light of recent findings from functional and genome-wide analyses that
implicate IL23 and its receptor gene (IL23R) in CD [26]. IL-23 is a pro-inflammatory
heterodimeric cytokine with a unique p19 subunit and a p40 subunit shared in common with
IL-12. IL-23 participates in multiple inflammatory pathways [27]. In particular, IL-23 has been
demonstrated to upregulate and maintain (but not induce) expression of IL-17 by a distinct
subset of pro-inflammatory CD4+ Th17 cells [28]. Evidence from functional studies in vitro
and in vivo have shown that IL-17 induces expression of multiple pro-inflammatory
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chemokines and matrix metalloproteins and is negatively regulated by Th1 and Th2 cytokines
[29]. Elevated levels of IL-17 expression have been demonstrated in serum and intestinal
mucosa of patients with active CD and UC [30].

Many of the proinflammatory processes previously ascribed to IL-12 may in fact be attributable
to IL-23. This suspicion has been born out in a number of studies demonstrating an essential
and independent role for the IL-23/IL-17 cytokine axis in models of colitis, encephalitis, and
arthritis [31–33]. Experiments using murine models of colitis show that selective targeting of
the IL-23p19 subunit with monoclonal antibodies attenuates intestinal inflammation and
inhibits spontaneous colitis in the context of IL-10 deficiency. In contrast, targeted depletion
of IL-12p35 has little effect on development of innate or T cell-mediated intestinal
inflammation [31;34] . Mouse models suggested that antibodies specific to IL-23 and IL-12p40
could be effective in the treatment of intestinal inflammation [35]. This finding has been
translated into clinical trials of monoclonal anti-IL-12p40 antibody in mild to moderate CD
[36;37].

Epidemiology
Despite the promising advances in our understanding of the genetic basis of IBD, the
polymorphisms identified thus far only account for 10–20% of the overall disease risk in CD
[13]. The genetic contribution is less for UC. This suggests that multiple genetic influences
and non-genetic contributions have yet to be identified. The epidemiology of IBD strongly
suggests an environmental contribution to disease expression. Approximately 1–2 million
people have CD or UC in the US and Canada [38]. Multiple studies have demonstrated lower
rates of UC after appendectomy or in people that smoke, and a positive correlation between
smoking and CD [39–41]. Thus, life events alter disease risk.

The highest historical rates of IBD are observed in industrialized countries of North America,
the UK, and Europe. Although the disease is considered rare in tropical regions of the world,
rising rates of IBD have been documented in India and East Asia in recent decades [42;43].
Moreover, first and second generation immigrants coming from areas of low incidence to areas
of high incidence acquire levels of risk similar or higher than that of their adopted country
[44;45]. These findings suggest that the varying rates of IBD observed among racial and ethnic
groups reflect shared environmental influences [46]. Indeed, it appears that as countries
develop economically, the risk for IBD increases [38;47].

Economic development brings many changes, but one of the most dramatic is change in
hygienic practice. In addition to basic plumbing and sewage treatment, development results in
improved food processing, cement side walks, and access to a daunting array of cleaning
products. Increasing hygiene limits exposure to previously ubiquitous infectious agents such
as helminths. Helminths are parasitic worms that infect humans throughout the world, although
exposure is concentrated in tropical areas and places with poor sanitation and high levels of
poverty [48]. Helminths are the class of organisms most dramatically restricted by economic
development. For example, prevalence of Trichuris trichiura infections in South Korean
schoolchildren fell from 74.2% in 1969 to 0.02% in 2004 [49]. Concurrently, the prevalence
of IBD increased substantially in Seoul, South Korea from 1986 through 2000 [43].
Epidemiological data suggest that the prevalence of helminth colonization is inversely related
to economic and human development indices as well as rates of IBD, multiple sclerosis, asthma
and allergic disorders [50–53]. These observations provide circumstantial evidence that
helminthic infection could be protective against autoimmune inflammatory diseases, including
IBD [54].

Helminths are complex organisms with long lifespans. They have developed strategies for
evading attack by the immune system of their host, such as molecular mimicry, degradation
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of host immunoglobulins, blocking of pro-inflammatory cytokines, and induction of regulatory
T- and B-cell responses [55]. A recent study of Cameroon school age children evaluating
peripheral blood lymphocyte cytokine production found that levels of regulatory cytokines
IL-10 and TGF-β correlated directly to intensity of infection with Ascaris lumbricoides and
Trichuris trichiura and inversely with total immune reactivity [56]. It is likely that induction
of immune hyporesponsiveness helps protect the parasite from eradication by the host.
However, it is also probable that the host benefits from the helminth-induced immune
regulation as it could prevent excessive and potentially pathogenic inflammation [53;54;57].

Specific immunomodulatory effects of helminthic infection have been characterized in mouse
models of inflammation. Mice exposed to a range of helminths (e.g. Schistosoma. mansoni,
Trichinella spiralis, Hymenolepis diminuta or Heligmosomoides polygyrus) are protected from
colitis induced by rectal challenge with di- or trinitrobenzene sulfonic acid [58–61].
Colonization with these helminths inhibits the expression of the pro-inflammatory cytokines
IFNγ, IL-12p40, and IL-17A, while augmenting expression of regulatory factors such as IL-10,
TGFβ, and FoxP3+ T cells [58;60–63]. The induction of multiple regulatory circuits permits
suppression of colitis even in the congenital absence of IL-10 [64]. However, congenital loss
of STAT6 [58] or T cell TGFβ signaling (Ince, unpublished observation) or acute loss of IL-10
signaling [59] circumvents helminth-associated protection from colitis. Thus, at least some
regulatory circuits are non-redundant. Specific critical regulatory pathways induced by
helminth exposure may differ by helminth species, mouse strain, and inflammatory model.
Helminths also protect from inflammation in murine models of type 1 diabetes, reactive airway
disease, and multiple sclerosis [65–71]. Immunomodulatory effects similar to those found in
colonized mice have been observed in people with helminth infections possibly suppressing
ulcerative colitis [72], allergen reactivity [73], or multiple sclerosis [74].

If helminth exposure offsets a genetic predisposition toward IBD, then eradication of helminths
would result increased IBD prevalence. Genomic surveys suggest that variation in IL12p40,
IL23R, and CCR6 (expressed on Th17 cells [75]) contribute to the risk of CD (Table 1). In
mice, helminth colonization suppresses mucosal IL12p40, IL23 and IL17 expression [63]. If
this effect occurs in people, then helminth exposure could obscure any genetic tendency toward
CD conferred by variation in these genes. A proper ER stress response, regulated in part by
XBP1, is critical for epithelial cell innate immune function. Helminths promote IL-10
production and IL-10 modulates intestinal epithelial cell ER stress responses [76]. Elevated
IL-10 could obscure a XBP1-mediated genetic tendency toward dysregulated ER stress
response in a subset of patients with CD. Helminths induce alternatively activated macrophages
[77] as does MST1 [78]. Helminthic induction of alternatively-activated macrophages could
prevent effects due to variation in MST1. Further speculation about the effects of helminths
on genetic predisposition toward IBD is possible but obviously all of this awaits verification.

Treatment
The patient in the case presented above received an initial course of oral prednisone, followed
by long-term remission on azathoprine maintenance therapy. Corticosteroids and mesalamine
are standard first line therapies for induction of remission in mild to moderate IBD. In one
recent analysis 44% of patients with CD required corticosteroids for induction of remission,
with 58% achieving complete remission at 4 weeks and 32% showing prolonged response at
1 year; 28% of cases became steroid-dependent and 40% required surgery [79]. Mesalamine
medications differ with respect to mechanism and timing of 5-aminosalicylic acid release
[80], and are more efficacious in UC than CD [81]. In addition to inhibiting cyclooxygenase
and lipoxygenase, mesalamine likely functions as an agonist of peroxisome proliferator-
activated receptor γ (PPAR-γ). PPAR-γ inhibits NFκB-dependent inflammatory pathways
[82].
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The effectiveness of cytotoxic immunosuppressant therapies with azathioprine, 6-
mercaptopurine, or methotrexate for induction and maintenance of remission in CD is well
established [83]. However, while they have been shown to reduce steroid-dependence and
maintain remission it is not clear that they reduce the need for surgery in CD [84]. The
thiopurines also are effective for UC. Thiopurines have a narrow therapeutic window and must
be dosed properly to be effective. Azathioprine is metabolized to 6-mercaptopurine and then
to 6-thioguanine nucleotides (6-TG), which interfere with proliferation and promote apoptosis
of activated lymphocytes. Rare patients with thiopurine methyltransferase (TMPT) deficiency
are at high risk for myelosuppression. While this risk has prompted recommendations to test
for TMPT expression prior to starting treatment with a thiopurine, most patients that develop
significant myelosuppression have normal TMPT genotypes. Thus, close monitoring is
required regardless of TMPT test result [85]. Mesalamine can inhibit TMPT promoting
myelotoxicity. Methotrexate is an immunomodulator that is efficacious in CD, but less so for
UC [86;87]. It inhibits dihydrofolate reductase and thymidylate synthase to suppress
lymphocyte proliferation. Since this patient has not yet been treated with methotrexate, this
drug remains an option.

After four years of remission, the patient experienced an exacerbation of her CD, which became
corticosteroid dependent and significantly more severe than her initial presentation. She
subsequently underwent a course of infliximab therapy, with unsatisfactory results. Infliximab
is a chimeric monoclonal antibody (mAb) to TNFa. Multiple randomized clinical trials have
shown that infliximab or adalimumab, another anti-TNFα mAb, are effective therapeutic
options for many patients whose symptoms no longer respond to maintenance therapy or
become steroid-dependent despite use of immunomodulators [88]. However, use of this class
of drugs is complicated by development of specific anti-immunoglobulin antibodies as well as
increased susceptibility to opportunistic infection [89]. While anti-TNFα mAb show improved
effectiveness relative to previous therapies, long-term response rates are limited to about 50%
of those who initially respond to anti-TNFa agents [88]. Certolizumab pegol is a humanized
Fab fragment of an anti-TNFa mAb, conjugated with polyethylene glycol. Early studies
reported a 64% response rate to initial induction at 6 weeks, with 40% remaining in remission
at 26 weeks [90].

Patients with CD that becomes refractory to multiple interventions may have “fixed” disease
due to extensive scaring, strictures and/or fistulae. These anatomic changes do not reverse with
medications and often require surgery. Historically, about 80% of patients with CD require
surgery within 10 years of diagnosis. This patient’s response to high dose corticosteroids
suggests that she has an ongoing inflammatory component to her disease. However, she should
be evaluated for fixed anatomic change. She may become responsive to medications once a
dominant stricture or fistula is resected. Patients with IBD can also become truly refractory to
medications. In such cases, a treatment option for UC is total colectomy, which is “curative”
for ongoing inflammation. CD can affect any part of the GI tract, so cannot be permanently
cured by surgery.

Another therapy for refractory CD is natalizumab, a humanized antibody that blocks α4
integrin-mediated adhesion [91]. Sustained remission rates with natalizumab are significantly
better than placebo (26% vs. 16%). Natalizumab may increase the risk for progressive
multifocal leukoencephalopathy. To address this concern, patients taking natalizumab must be
enrolled in the TOUCH prescribing program and not be given additional immunomodulators.
Recently two patients on natalizumab monotherapy for multiple sclerosis were reported to have
developed PML. With over 12,000 patients having been treated with natalizumab for at least
one year, development of PML is a rare complication. However, the risk/benefit profile of
natalizumab must be addressed for each patient.
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Other potential treatment options under active investigation, and recently reviewed in [92],
include monoclonal antibodies to cytokines IL-12/23p40 (ustekinumab [37] and ABT-874)
and IL-6 (tocilizumab); antibodies to T cell surface receptors such as CD25 (basiliximab);
fusion proteins that block costimulatory receptor function such as CD80/86 (abatacept); small
molecules or antibodies to block chemokines or adhesion molecules; and mucosal delivery of
recombinant human regulatory cytokines like IL-10 [92]. Although patients need referrals to
specialized care centers to access these investigational therapies, it is exciting to have a number
of treatments “in the pipeline”.

Helminths and helminth-associated molecules are under active investigation as potential
therapy for CD and UC. Two clinical trials have suggested that colonization with Trichuris
suis is effective for reducing disease activity in both CD and UC [93;94]. T. suis is a porcine
whipworm closely related to the human whipworm T. trichuria. It is an attractive candidate as
a therapeutic organism since it only briefly colonizes human hosts, does not multiply or migrate
out of the intestine, and it is not known to cause disease. The results of the initial studies were
promising. Of the 29 patients with CD who received T. suis ova (2500 ova, every 3 weeks for
24 weeks), 79% responded with significant reduction in symptoms [94]. In a double-blind
placebo-controlled trial of 54 patients with active UC, 43.3% of the patients given T. suis ova
(2500 ova every 2 weeks for 12 weeks) showed improvement, compared to 16.7% of those
given placebo (p < 0.04) [93]. Additional studies in UC, CD, multiple sclerosis, and allergic
rhinitis are underway or planned for the near future.

Conclusions
Novel genetic analyses and insights into the molecular mechanisms of intestinal inflammation
have shed considerable light recently on the underlying processes that give rise to IBD. It is
clear that multiple stimulatory and regulatory circuits are involved in maintaining the balance
between host defense and pathogenic inflammation in the gut. Patients with IBD require
medications that broadly suppress immune and inflammatory pathways. Currently, these
medications have significant adverse effects. Patients, like the one in the vignette can loose
responsiveness to a previously effective regimen. Novel medications targeted to specific
pathways are being developed to provide alternatives and hopefully reduce complications. In
addition, an intervention based on the epidemiology of IBD (helminthic therapy) is being
clinically evaluated.
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Figure 1. Colonoscopic view of the transverse colon in health (Normal) and disease (Crohn’s)
The normal colon shows regular haustra and a transparent intact mucosa. The colon from the
patient with Crohn’s disease shows numerous deep ulcerations and areas of more normal
appearing mucosa.
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Table 1
Genetic loci with identified or candidate genes associated with the risk of
developing Crohn’s Disease

Locus Gene/Candidate Function

Loci with confirmed or with highly probable contribution to CD risk

16q12 NOD2/CARD15 MDP sensor (recognition of bacteria)

2q37 ATG16L1 Autophagy

5q33 IRGM Initiates autophagy of intracellular bacteria

22q12 XBP1 ER stress response

18p11 PTPN2 Cell signaling (tyrosine kinase), growth factor stimulation

12q12 MUC19, LRRK2 Mucus protein, Unknown (Parkinson’s disease, autophagy)

5p13 PTGER4 (EP4) Prostaglandin receptor

9q32 TNFSF15 Induces endothelial cell apoptosis

10q21 ZNF365 Unknown (zinc-finger protein)

1p13 PTPN22 Cell signaling (tyrosine kinase) associates with CBL

1q23 ITLN1 Galactose-binding lectin (recognition of bacteria)

6p22 CDKAL1 Unknown (regulation of a cyclin-dependent kinase)

6q27 CCR6 Chemokine receptor

9p24 JAK2 Cell signaling (tyrosine kinase), cytokine stimulation

11q13 C11orf30 Unknown (oncogene)

17q21 ORMDL3 Unknown (also associated with asthma risk)

17q21 STAT3 Cell signaling, cytokine stimulation

21q22 ICOSLG ICOS ligand (costimulation)

Loci with confirmed or with highly probable contribution to CD and UC risk

1p31 IL23R IL23 receptor

5q33 IL12B (IL12p40) Component of IL12 and IL23

6p21 MHC genes Epitope selection

10q24 Nkx2-3 Regulates epithelial cell and lymphocyte development

3p21 MST1 Cytokine, macrophage stimulatory protein

Loci with likely contribution to CD risk

2p23 GCKR Cell signaling (e.g. Wnt signaling)

2p16 PUS10 Unknown (tRNA pseudouridine synthesis)

17q12 CCL2, CCL7 C-C chemokines, macrophage recruitment

6p25 LYRM4 Unknown (protein folding)

6p25 SLC22A23 Organic ion transporter

2q11 IL18RAP IL18 receptor component
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