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ABSTRACT

BACKGROUND: Severe pouchitis (SP) and Crohn's disease (CD)-like complications
confound the success of the ileal pouch anal anastomosis (IPAA) in patients with
ulcerative colitis. Furthermore, there are no clear criteria for judging the severity of
disease in patients with CD. Yet classification of patients into low- and high-risk severity
groups would benefit both medical and surgical management. To date, approximately 83
single nucleotide polymorphisms (SNPs) within 55 genes have been associated with IBD.

OBJECTIVE: (1) To determine whether the NOD2 gene correlated with post operative
IPAA complications (CD-like/pouchitis) (2) To identify SNPs that correlate with
complications after IPAA that could be utilized in a gene signature fashion to predict
IPAA postoperative complications aid in preoperative surgical decision making. (3) To
identify genetic determinants (SNPs) that could be markers of CD severity by the use of
frequency of ileocolic surgery as a surrogate for disease severity.

DESIGN: IPAA patients were retrospectively sub-classified into the following groups:
1) IPAA with CD-like complications (perianal fistula, pouch inlet stricture/upstream
small-bowel disease, or biopsies showing granulomata) occurring at least 6 months after
ileostomy closure; 2) IPAA with mild pouchitis (<3 episodes/y for 2 consecutive years);
3) IPAA with SP (>4 episodes/y for 2 consecutive years or need for continuous
antibiotics); 4) IPAA without complications or pouchitis; The severity of CD was
quantified by dividing the total number of ileocolectomy procedures by the time between
IBD diagnosis and the patient's last clinic visit, the rationale being that more severe
disease would be associated with a more frequent need for surgery. The 3 NOD2 SNPs
(rs2066844, 1rs2066845, and rs2066847) were genotyped using polymerase chain
reaction. Genotyping for 83 IBD associated SNPs was performed on a customized
INlumina Veracode genotyping platform.

RESULTS: NOD2 mutations were significantly higher in the SP group (67%) compared
with both asymptomatic (5.4%, P < .001) and CD-like pouch groups (14.3%, P = .008)
groups. The top 2 SNPs for CD-like complications were in the 10921 locus and the gene
for PTGER4 (p = 0.006 and 0.007), whereas for SP it was NOD2 and TNFSF15 (p =
0.003 and 0.011). Probability equations suggested that the risk of these 2 complications
greatly increased with increasing number of risk alleles, going as high as 92% for SP and
65% for CD-like complications. The average number of ileocolectomies per patient was
1.7 (range, 1-5) with an average duration of disease of 14.7 years. SNP rs4958847 in the
IRGM gene was the most significant SNP as being associated with ileocolectomy.
Patients carrying the "at-risk" allele for this SNP (n = 20) had an average of 1 surgery
every 6.87 & 1.33 years in comparison with patients carrying the wild-type genotype (n =
46) who averaged 1 surgery in 11.43 £+ 1.21 years (p = 0.007).

CONCLUSIONS: In this IPAA patient cohort, asymptomatic IPAA patients have a low
incidence of NOD2 mutations not significantly different from patients with mild
pouchitis or healthy controls. Patients with SP had the highest incidence of NOD2
mutations vs. CD-like, suggesting a different genetic makeup in these 2 patient groups.
Preoperative genetic analysis and use of gene signatures hold promise for improved
preoperative surgical patient selection to minimize these IPAA complications. SNP
rs4958847 in the IRGM gene correlated very significantly with frequency of surgery in
patients with ileocolonic CD. This SNP may be a marker for disease severity and/or early
recurrence after ileocolectomy and may assist in surgical and medical decision making.
i
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Chapter 1

Introduction

Idiopathic inflammatory bowel disease (IBD) is a chronic, relapsing inflammatory condition
affecting the gastrointestinal tract (GI) that most commonly affects young adults aged 15-30
years (Loftus EV.2002) " and results in lifelong need for medical and surgical care. The etiology of
IBD still remains largely unknown however the working paradigm incorporates the interplay
between the gut microbiome, environmental and genetic factors that lead to a deregulated
host immune response. The two major categories of IBD are Ulcerative colitis (UC) and
Crohn's disease (CD), and each disease is distinct both clinically and histologically. CD is
characterized by transmural, patchy, granulomatous inflammation that can affect any part of
the gut in a skip-like fashion, but most commonly the terminal ileum and colon. In contrast,
the inflammation in UC is limited to the rectum and colon, affects only the mucosa and sub-
mucosal layers of the bowel, is continuous, and is not associated with granulomas. " ¢-ones
1989, Friedman 2008) qy1ch differences between CD and UC produce the varied clinical symptoms
seen in patients (Table 1.1). The diagnosis of CD versus UC is usually made using these
clinical characteristics that imperfectly define the two diseases. In up to 16% of cases there

are overlapping histologic features present that make the diagnosis uncertain, and the term

Indeterminate Colitis (IC) is used. M5 T- 2009

In the past two decades, genetic variants and their role in the pathogenesis of IBD have been
the subject of intensive research. The essence of this exciting work is to identify the possible
etiology of IBD by identifying and then correlating genetic mutations found in large
populations of IBD patients compared to healthy controls. To date, much of this work has
focused on identifying specific pathways of immune function and inflammation, looking to
develop newer medicines. However little work has focused on how such genetic discoveries
can assist the surgeon in surgical decision making. At the time of this work approximately 80
single nucleotide polymorphisms (SNPs) in 55 genetic loci have been associated with IBD.
Thus, it is clear that IBD is a ‘complex-trait> disease, potentially involving many mutations in
several different genes affecting a multitude of different biological pathways. This wide
variability of genetic mutations presumably results in many variations in disease
characteristics or clinical phenotype. Thus the old paradigm of IBD being made up of only
CD vs. UC is now being refined into smaller categories of disease subtype, based on the

presence or absence of individual mutations in various genes.
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The goal of the present work was to correlate these 80 IBD specific genetic variants (Single
Nucleotide Polymorphisms, SNPs) with specific UC and CD phenotypes in surgical patients.
We sought to implement surgical relevancy to these recently identified genetic mutations
associated with IBD. This work, which represents a largely retrospective study, will lay the
basis for subsequent prospective trials that will seek to use genetic analysis to predict surgical

outcome in the various forms of IBD that are treated with surgery.



1.1

Clinical Manifestations of Inflammatory Bowel Disease

The clinical presentation of IBD is characterized by a chronic relapsing and remitting
spectrum of symptoms. Most patients symptoms are present for a variable amount of time,
ranging from months to even years. The type of symptoms varies depending on the
anatomical location affected by the disease (Table 1.1). Though CD can affect any region of
the GI tract, it however most commonly affects the terminal ileum and cecum, accounting for
up to 40% of cases, followed by the small bowel in 30% of cases, and the colon in 25% of
cases ®uthruff B200D) 50 g ysually restricted to the colon and rectum and propagates in a
continuous fashion for a variable distance proximally. The inflammation in UC can involve
the entire colon (pancolitis) and sometimes spreads as far back to involve the ileum, a

condition known as backwash ileitis.

General symptoms that are common in both forms of colitis (CD and UC) include colicky
abdominal pain, increased frequency of bowel movements, urgency, tenesmus, pyrexia, loss
of appetite, weight loss and fatigue. Patients with CD may present with obstructive symptoms
due to narrowing of the bowel lumen by stricture formation and present with symptoms such
as abdominal distention, nausea and vomiting. CD patients are also more prone to penetrating
(fistulizing) and perianal disease. UC patients can sometimes present as a surgical emergency
with grossly dilated colon, a condition known as toxic megacolon, perforation, and
hemorrhage. Several scoring and classification systems have been developed that utilize such
features in order to aid in assessing disease severity, effectiveness of medication and

predicting outcomes for this complex condition (see below).

IBD is a systemic disease and can involve other organ systems with a reported frequency
ranging from 6-47%. ®otiss KS 2006 Thege extraintestinal manifestations (EIMs) most
commonly involve the joints (eg: peripheral arthritis, axial arthropathies, ankylosing
spondylitis and sacroiliitis), eyes (eg: episcleritis and uveitis), liver (eg: primary sclerosing
cholangitis) and skin (eg: erythema nodosum, pyoderma gangrenosum and oral ulcerations).

Development of one EIM carries an increased risk of developing other EIMs. (RothfisKSt2000)



Table 1.1

Comparisons of various clinical factors in Crohn's disease and ulcerative colitis

i Crohn's disease

Incidence | 3.1-14.6 per 100 000

| Higher rates in northern

| latitudes and in industrialized,
urban

‘ and richer populations

Socio-geographic

Terminal ileum involvement | Common

" Colon involvement l Common
Rectum involvement | Possible
~ Anal disease " Common
Bile duct involvement i Low
Distribution of Disease | Entire gut possible, skip
‘ lesions

Endoscopy

| ulcers

Depth of inflammation | May be transmural, deep into

‘ tissues
Fistulae | Common
Stenosis

“ Common
Granulomas on biopsy | Can have granulomas
Crypt abscesses on biopsy | Seldom present

| Often returns

Surgical cure following

removal of affected part

Smoking | Higher risk for smokers

i Geographic and serpiginous"

_ﬁcerz_ﬁ:i\_re colitis |
6-14.3 per 100 000 |

' Higher rates in northern latitudes and in |
industrialized, urban and richer
populations |

reflux ileitis

Usually_

| Higher rate . I

Continuous inflammation from rectum |
proximal |

Continuous mucosal inflammation |

Shallow: mucosal '

!
| Rare

“ Rare

| Granulomas not seen

-‘ Commonly present

| Usually cured by removal of colon & |
| rectum

\ Lower risk for smokers

Table adapted from Lennard-Jones 1989 and Friedman 2008.



1.2

Scoring Systems in Inflammatory Bowel Disease

Historically, the lack of a single effective and sensitive test for IBD has posed a great
challenge in assessing disease severity, effectiveness of medication and predicting outcomes
for this complex condition. The chronic relapsing and remitting nature of IBD also adds to
the dynamic clinical picture that physicians face; for example, the clinical picture that a
patient initially presents with may not necessarily be the same after a 10-year period of
disease. Several IBD scoring and classification systems have been developed over many
years to classify and characterize IBD patients, with the goal of helping to better define the
disease status and effectiveness of therapy. Recent genetic investigations have revealed the
complexity of IBD at the pathophysiologic level, revealing numerous genetic mutations
associated with the disease. Thus, these clinically based IBD classification systems can
provide the basis for the eventual correlation between the underlying genotype with clinical
expression of disease and lead to better characterization of disease subtypes in order to

customize treatment regimens.
1.2.1 Rome/Vienna classification system

Since the publication of Dr Burrill B Crohn’s 1932 landmark article ‘Regional ileitis: a

i i GD 1984 :
> (Crohn BB, Ginzburg L, Oppenheimer 9 )’ much work has gone into

pathologic and clinical entity
trying to classify the disease. Farmer et al. based the earliest classification on the anatomical
location of disease in 1975. In his study entitled ‘Clinical patterns in Crohn’s disease: a
statistical study of 615 cases’ ™™ RG- 197 parmer hypothesized that disease location may
directly determine the clinical course and prognosis of the disease. Disease locations were
segregated into ileocolic, small intestine, colon and anorectal. Farmer noted that patients who
had colonic involvement required operations less frequently than those with ileocolic disease.
However, it was the colonic group that most often presented with rectal bleeding, perianal
fistulae, toxic megacolon and arthritis. Those with small bowel disease presented earlier with
obstructive symptoms and, thus, had a more frequent need for surgery. With the ileocolic
subgroup of patients, the main presenting symptoms were perianal and rectal fistulae,

abscesses and intestinal obstruction. Building on this, in 1988, Greenstein ef al. observed that

surgical indications remained the same for repeated operations and influenced the speed with



which reoperation occurred (@ee™tin AT1988) The authors noted two different clinical patterns,
independent of anatomic distribution: the perforating disease type, which was shown to be
more aggressive; and the non-perforating type, which had a more ‘indolent course’. This
behavioral classification, in conjunction with Farmer’s anatomic classification, allowed the
Working Party of Gastroenterologists to introduce the 1991 Rome Classification, where
further phenotypic characterization was carried out by looking at: location (i.e.,
stomach/duodenum, jejunum, ileum, colon, rectum or anal/perianal); behavior, defined as
primarily inflammatory, primarily fistulizing or primarily fibrostenotic; extent of disease (i.e.,
localized or diffuse); and operative history (i.e., primary or recurrent). By using this
classification, it was recognized that there could be as many as 756 subgroups of CD.
Steinhard et al. found that there were insufficient definitions of disease behavior, which
resulted in only a ‘fair interobserver agreement” when used by multiple different caregivers
(Steinhart AH. 1998) ‘The aim of the International Working Party became, therefore, to develop a

simpler classification of CD based on objective and reproducible clinical variables.

The Working Party made many revisions and modifications to the Rome Classification and
came up with their final draft in 1998, which is now known as the Vienna classification
(Table 1.2.1) (©asche € 20000 Thjg classification was created in order to standardize the
description of study populations in clinical trials and to aid in correlating putative etiologic
factors with particular clinical phenotypes. The final version incorporated three main disease
descriptors: age of diagnosis (A1-2), location of disease along the GI tract (L.1-3) and
clinical behavior, such as stricturing, inflammatory or fistulizing disease (B1-3). Validation
of this classification using population clusters from Europe, Scandinavia and the USA

showed a high degree of interobserver agreement in classifying patients #saei J2006)

1.2.2 Montreal classification system for Crohn’s Disease

The Montreal classification was introduced in 2005 (Table 1.2.1).5asa8! %, 2006) Thjg \yag o
further refinement of the Vienna classification, in that there was no change in the three major
categories, but modifications were made within each of the categories. An additional age
subgroup allowed pediatric CD to be defined (below 16 years of age). In the location
category, upper GI disease (L4) could now be added to each of the L1-3 subclasses, as it had
been noted that upper GI involvement was relatively common, and could coexist with ileal

and colonic disease. The behavior category was amended in that perianal disease (‘p”) was
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added to the B1-3 classes as it was shown that perianal fistulizing disease can be variably
associated with intestinal fistulizing disease. Patients with intestinal fistulizing disease,
however, had a higher frequency of surgery compared with those with perianal fistulizing

disease.

The Montreal classification system is still in its relative infancy and studies are underway to
validate and assess this new scoring system among different populations. Chow ef al. recently
showed that the Montreal classification was more sensitive to behavioral phenotypic changes
compared with the Vienna classification, after excluding perianal disease from the fistulising
disease category. "% PX- 209%) Eyrthermore, it was useful in predicting the clinical course and
the need for surgery. Their retrospective longitudinal study looked at a total of 109 patients
with CD who were followed-up for an average of 4 years. Using the Montreal classification,
CD behavior changed 3 years after diagnosis with an increase in stricturing and penetrating
phenotypes, but this was only detected by the Vienna classification after 5 years, suggesting a
better sensitivity to disease behavior characteristics. Disease location remained stable on
follow-up in both classification systems. In total, 31% of patients with stricturing and
penetrating phenotype underwent major surgery during the follow-up period, as determined

by the Montreal classification.



j Table 1.2.1 Vienna and Montreal classifications for Crohn’s Disease

Vienna Montreal

| Age at onset I Al <40 years | Al below 16y
i ' A2> 40 years | A2 between 17 and 40 y

I A3 above40y
| :
' Disease location L1 terminal ileum L1 ileal

| L2 colon L2 colonic

| g L3 ileocolonic

L3 ileocolon

| L4 isolated upper disease*

| Disease behavior ‘ B1 inﬂarn_mat_ory B1 non-stricturing, non-penetrating
| ' B2 stricturing B2 stricturing
| B3 penetrating B3 penetrating

(199}

p” perianal disease modifier

|
|
I, 1
| *L4 is a modifier that can be added to L1-L3 when concomitant upper gastrointestinal disease
is present.

| ¢c.300

p’’ is added to B1-B3 when concomitant perianal disease is present.

Table adapted from: Sehgal R, Koltun WA Scoring systems in inflammatory bowel disease, Expert Rev GastroentérolHepatol. 2010
Aung;4(4):513-21

1.2.3 Crohn’s Disease Activity Index

To assess disease severity, CD activity indexes have been developed. In 1976, Best et al.
published their proposed Crohn’s Disease Activity Index (CDAI), Best WR 1976. Singleton JW 1987.
Yoshida EM.19%9) which was ultimately adopted by the National Cooperative Crohn’s Disease
Study Group. To create the index, 18 proposed predictor variables were initially gathered
from 112 patients with CD at each clinic visit. Clinic scores were compared with scores from
previous visits and critiqued by a consultant gastroenterologist. By using multiple regression
analysis, the 18-predictor variables were eventually consolidated down to eight clinical
variables. Three of the eight variables were derived from a 1-week patient diary (Table 1.2.2).
Each independent variable was coded so that 0 corresponded to good health and increasing
positive values corresponded to greater degrees of illness. A formula assigning weighting
factors to multiply each disease value by was devised. A CDAI value of 150 and below was
defined as quiescent disease. Values above that indicated active disease, while those above

450 reflected extremely severe disease. Changes in CDAI values from each visit correlated

well with physicians’ assessments of change in patient status.



The CDAI has become the most commonly used clinical severity-scoring index, especially in
therapeutic research protocols. For example, Loftus ef al. evaluated the effects of
adalimumab maintenance therapy on health-related quality of life (HRQOL) in patients with
moderate to severe Crohn's disease. In this Phase I1I, randomized, double-blind clinical trial
of moderate to severe Crohn's disease patients, HRQOL outcomes were compared between
the adalimumab maintenance treatment groups (every other week and weekly injection) and
the adalimumab induction-only group. The Zung Self-Rating Depression Scale, functional
assessment of chronic illness therapy (FACIT)-Fatigue, visual analog pain scales,
Inflammatory Bowel Disease questionnaire (IBDQ), and Medical Outcomes Study 36-item
Short Form Health Survey (SF-36) were analyzed for 499 randomized responders (defined as
a decrease of > 70 points from baseline in the CDAI) at baseline and weeks 4, 12, 26, and 56.
They found that at baseline, overall HRQL was reduced. However, following a 4-week
adalimumab induction therapy, patients experienced statistically significant improvements in
all HRQOL measures (P < 0.0001). When compared with patients who were assigned to
placebo after induction therapy, patients who continued adalimumab at 40 mg every other
week maintenance therapy reported less depression (P < 0.01), fewer fatigue symptoms (P <
0.001), greater improvements in the IBDQ (P < 0.05), greater SF-36 physical component
summary scores (P < 0.05), and less abdominal pain (P < 0.05) from weeks 12 to 56. They
also had greater SF-36 mental component summary scores at week 56 (P < 0.05). Patients
who continued adalimumab at 40-mg weekly maintenance therapy reported less depression
and fewer fatigue symptoms at week 56, greater improvement in IBDQ, and less abdominal
pain from weeks 12 to 56 (all P < 0.05 vs. placebo). Therefore, adalimumab maintenance
therapy provided sustained improvements in HRQOL for patients with moderate to severe

Crohn's disease through week 56, -0 EV 2008)

Furthermore, Smith e al. performed an open-labeled pilot prospective trial, investigating the
safety and efficacy of low-dose nalirexone, an opioid antagonist, in patients with active CD.
Eligible subjects with histologically and endoscopically confirmed active CDAI score of 220-
450 were enrolled in a study using 4.5 mg naltrexone/day. Infliximab was not allowed for a
minimum of 8 weeks prior to the study initiation. Other therapy for Crohn's disease that was
at a stable dose for 4 weeks prior to enrollment was continued at the same doses. Patients
completed the IBDQ and the SF-36 quality of life surveys and CDAI scores were assessed

pre-treatment, every 4 week on therapy and 4 week after completion of the study drug.
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Seventeen patients with a mean CDAI score of 356 +/- 27 were enrolled. CDAI scores
decreased significantly (P= 0.01) with low-dose naltrexone, and remained lower than baseline
4 weeks after completing therapy. Eighty-nine percent of patients exhibited a response to
therapy and 67% achieved a remission (P < 0.001). Improvement was recorded in both
quality of life surveys with low-dose naltrexone compared with baseline. No laboratory
abnormalities were noted. The most common side effect was sleep disturbances, occurring in
seven patients. The authors concluded that low-dose naltrexone therapy does appear to be

effective and safe in subjects with active Crohn's disease. (SmitgE2oog)

Table 1.2.2. CDAI items and weighting factors

Item (cumulative 7 day score) Weighting factors (multiply item)
e Number of liquid or very soft stools 2
e Abdominal pain score in one week (rating, 0-3) 5
e General well-being (rating, 1-4) 7

Sum of physical findings per week: 20

e Arthritis/arthralgia

e Mucocutaneous lesions (e.g. erythema nodosum,
aphthous ulcers)

o Iritis/uveitis

e Anal disease (fissure, fistula, etc)
External fistula (enterocutaneous, vesicle, vaginal,

etc)

Fever over 37.8°C
Antidiarrheal use (e.g. diphenoxylate) 30
Abdominal mass (no = 0, equivocal = 2, yes =5 10
47 minus hematocrit (males) or 42 minus hematocrit 6
(females)
100 x (1- [body weight divided by a standard weight]) 1

Remission of Crohn's disease is defined as a CDAI of less than 150. Severe disease was defined
as a value of greater than 450. Most major research studies on medications in Crohn's disease
define response as a fall of the CDAI of greater than 70 points.
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1.2.4 Truelove—Witts Severity Index in UC

In 1955, Truelove and Witts published their landmark paper ‘Cortisone in ulcerative colitis:
final report on a therapeutic trial’ in the British Medical Journal (Truelove SC. 1959) "1n order to
study the effects of cortisone versus placebo in their randomized controlled trial, the authors
devised a method to segregate patients according to their disease severity. Six parameters
were studied that included: number of bowel movements in 24 hours, blood in stool, core
body temperature, heart rate, hemoglobin and erythrocyte sedimentation rate (ESR) (Table
1.2.3).

A total of 210 UC patients were studied, out of which 109 were treated with 100 mg of
cortisone for 6 weeks and 101 patients received placebo. For every stage of disease severity,
patients treated with cortisone did much better compared with the corresponding control

patients.

The Truelove—Witts Severity Index was the first attempt to classify disease severity of UC
patients into mild, moderate and severe disease (Table 1.2.3). This scoring system is popular
in the clinical arena owing to its objectivity and ease of use. It has stood the test of time
amongst other similar scoring systems that incorporate added clinical and biochemical
parameters in their criteria. It continues to be used today in assessing response to therapy in
the acutely flaring patient, because of its simplicity and clinical relevancy. For example,
Guijarro et al. recently evaluate the effectiveness and safety of oral N-acetyl-L-cysteine
(NAC) co-administration with mesalamine in UC patients. Thirty seven patients with mild to
moderate UC were randomized to receive a four-week course of oral mesalamine (2.4 g/day)
plus N-acetyl-L-cysteine (0.8 g/day) (group A) or mesalamine plus placebo (group B).
Patients were monitored using the Truelove-Witts Severity Index (TWSI). The primary
endpoint was defined as clinical remission (TWSI < or = 2) seen at 4 weeks. Secondary
endpoints were clinical response (defined as a reduction from baseline in the TWSI of > or =
2 points) and drug safety. The serum TNF-alpha, interleukin-6, interleukin-8 and MCP-1
were evaluated at baseline and at 4 weeks of treatment. There was clinical remission of 63%
and 50% after 4 week treatment with mesalamine plus N-acetyl-L-cysteine (group A) and
mesalamine plus placebo (group B) respectively. Analysis of variance of data indicated a
significant reduction of TWSI in group A (P = 0.046) with respect to basal condition without

significant changes in the group B (P = 0.735) during treatment. Clinical responses were 66%
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(group A) vs. 44% (group B) after 4 weeks of treatment. Clinical improvement in group A
correlated with a decrease of IL-8 and MCP-1. Rates of adverse events did not differ
significantly between both groups. In conclusion, group A (oral NAC combined with
mesalamine) contrarily to group B (mesalamine alone), the clinical improvement correlated
with a decrease of chemokines such as MCP-1 and IL.-8. NAC addition did not produce any

side effects (Guijarro LG 2008)

Mild Severe

Bowel Movements <4 >6

Fever Absent >99.5°F. (37.5°C) x 2days
Heart Rate (beats/min) <100 >100

Haemoglobin Normal <75% of normal for sex
Blood in stools Streaks Grossly bloody

ESR (mm) <30 >30

Table adapted from: Sehgal R, Koltun WA. Scoring systems in inflammatory bowel discase. Expert Rev Gastroenterol Hepatol. 2010
Aug;4(4):513-21.

1.2.5 Montreal Classification for Ulcerative Colitis

The Montreal Working Party decided to not only make improvements to the initial Vienna
CD classification, but to also introduce a classification system for UC as well. (SmisangiJ; 2006)
The Working Party devised a classification system by first defining anatomical disease extent
and then including disease severity characteristics (Table 1.2.4). Extent of disease categories
defined proctitis (E1), left sided colitis (E2) and pancolitis (E3). Severity of disease category
definitions took into account clinical parameters very akin to the Truelove-Witts criteria
where SO defined clinical remission while S3 had at least 6 bloody bowel movements a day,
tachycardia, fever, anemia and elevated ESR. This system therefore utilized criteria that were
very clinically relevant from both an anatomic and symptomatic perspective and which were

past accepted features of disease severity found in other grading schema.
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| EXTENT el SEVERITY
El: Ulcerative proctitis (involvement limited to  SO: Clinical remission (asymptomatic)

' the rectum) S1: Mild UC
E2: Left sided UC (involvement limited to e passage of four or fewer stools/day with
colorectum distal to the splenic flexure) or without blood, absence of any systemic
E3: Extensive UC (involvement extends illness, and normal ESR)
proximal to the splenic flexure) S2: Moderate UC

e passage of more than four stools per day
but with minimal signs of systemic toxicity
S3: Severe UC

e passage of at least six bloody stools daily
pulse rate of at least 90 beats/min
temperature of at least 37.5°C
Haemoglobin of less than 10.5g/100ml
ESR of at least 30 mm/h

Table adapted from: Satsangi J, Silverberg MS, Vermeire S, Colombel JF. The Montreal

classification of inflammatory bowel disease: controversies, consensus, and implications. Gut.
2006 Jun;55(6):749-53.
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1.3

Diagnosis and medical management of Inflammatory Bowel Disease

Making an accurate diagnosis of CD vs. UC is a crucial first step in order to appropriately
manage these conditions. IBD patients should be cared for by a multidisciplinary team
consisting of gastroenterologists, colorectal surgeons, clinical nurse specialists, a dietician,
pharmacist, pathologist and GI radiologist. ™" €201 The diagnosis is usually made based
on a thorough clinical history and examination, blood tests, endoscopic, radiographic, and
histopathological findings that correlate with the disease pattern. In approximately 5% of
cases, IBD affecting the colon is unclassifiable even after clinical, radiological, endoscopic
and pathological criteria due to considerable overlap. This is now known as ‘IBD, type
unclassified (IBDU).” The term ‘indeterminate colitis (IC)’ is usually reserved for situations
when the pathologist is unable to classify the disease after a through examination of a

colectomy specimen, Mo¥a € 201D

1.3.1 Clinical history and examination

The salient points that one should cover in an IBD focused history include the presence or
absence of any constitutional symptoms such as pyrexia, malaise, weight loss, and abdominal
pain. Potential risk factors such as smoking, family history, previous appendectomy, any
recent foreign travel (especially to rural areas) and recent episodes of infectious
gastroenteritis should also be covered. A detailed history pertaining to bowel movements is
important and should include stool frequency, consistency, urgency, tenesmus and rectal
bleeding. A through medication history should be taken and the presence of any
extraintestinal manifestations should be sought out, MWt € 2011 Stange EF, 2006. Stange EF 2008 Sands/BE
2004)

A full physical examination should be conducted covering all organ systems and to assess the
patient’s health status globally. It is important to check the patient’s weight, body mass index,
signs of anemia, and hydration status. The abdomen should be formally examined and

perineal evaluation conducted.

14



1.3.2 Blood, Fecal and Serological Investigations

So far there is a lack of a single effective blood or fecal test that is diagnostic for IBD. Blood
tests aid in providing information regarding the patient’s overall nutritional status and level of
disease severity. Standard blood tests that should be performed include full blood count, urea
and electrolytes, liver function tests, Vitamin B12, erythrocyte sedimentation rate (ESR) and
C reactive protein (CRP). Elevated CRP levels have been shown to correlate with moderate
to severe CD disease activity in approximately 45% of cases. However, when taking both

CRP and endoscopic findings together, the correlation was shown to be as high as 65%.
(Langhorst J, 2008. Benevento G, 2010.Vermeire S, 2006)

Fecal calproctectin and lactoferrin levels help gauge the amount of intestinal inflammation as
they reflect the amount of polymorphonuclear leukocyte-derived proteins that have migrated
within the inflamed intestinal mucosa.®"¢¥e" % 2019 These markers are sensitive for intestinal
inflammation however lack specificity as other conditions of the bowel can present similarly
(eg- neoplasias, polyposis, NSAID use and increasing age). B & 2010) Of the two fecal
markers, calproctectin levels have been shown to be more stable and resistant to degradation
therefore making calproctectin a more accurate and attractive marker for colonic

. . 2011.B : i 2006, R
infla ation. (Mowat C 20 enevento G, 2010, Vermeire S, 2006, Roseth AG, 1999)

Serological markers such as anti-Saccharomyces cerevisiae antibodies (ASCA) and
perinuclear antineutrophil cytoplasmic antibodies (pANCA) have a 90% sensitivity for IBD
overall. ASCA is more associated with CD whereas pANCA has a greater association for UC
and both markers have been utilized to differentiate the two conditions. However, there is
much variation of these markers amongst different ethnic and geographic populations as well
as before and after surgery. Therefore, the current guidelines for the management of IBD do

not reco end their routine use (Mowat C 2011.Benevento G, 2010. Li X, 2008.)

1.3.3 Imaging Modalities

Radiological modalities play an important role for the clinician to appreciate the extent of the
disease, type of disease behavior (eg- stricturing, penetrating, and abscess formation) and
visualize any suspected complications. The mainstay of imaging include small bowel
enteroclysis and small bowel series (or follow through), intestinal ultrasound, computer

tomography (CT) and magnetic resonance imaging (MRI). Out of all these options,
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ultrasound and MRI carry the least radiation risk and are safe in pregnancy. Ultrasound is
advantageous for detecting disease of the terminal ileum and intra-abdominal abscesses in
thin individuals; however, its use is limited by that fact that it is highly operator dependent.
Some IBD patients will require numerous x-ray studies during their lifetime; a recent
suggestion has been that MRI of the abdomen be used to detect intestinal disease, especially
when studying youthful patients in order to minimize long term radiation risk, Messaris E2010)

The main imaging modality for diagnosing IBD is the use of small bowel enteroclysis and
follow through. Both modalities have been shown to carry similar sensitivity and specificity.
The former carries a much higher radiation risk and is more expensive compared to the latter.
Both CT and MRI are popular in appreciating transmural inflammation, extraluminal
complications and accurately delineating fistulizing disease. The decision to use such scans is

dependent largely on the availability and on institutional protocols, (M"at € 2011. Benevento G, 2010)

1.3.4 Endoscopy

Upper and lower GI endoscopy allows the physician to directly visualize the colonic mucosa
and objectively assess the degree of muscoal involvement and severity. Current guidelines
recommend at least two biopsies to be taken from five sites including the distal ileum and
rectum. ™ € 2011 Endoscopy is relatively contraindicated during times of active disease or

possible toxic megacolon due to the increased risk of perforation and haemorrhage.

Histopathological features which are consistent with CD include the presence of transmural
inflammation that is present in a skip like fashion (segmental colitis or enteritis), cobblestone
mucosa, rectal sparing and ulcerations (aphthous, discrete, serpiginous). Furthermore, the
presence of granulomata is suggestive of CD, however are infrequently found (15% to 36%)
on biopsy specimens. These aforementioned features are not present in UC as the
inflammation is restricted to the mucosa and submucosa, thus helping to differentiate the two
conditions. (Table 1.1) ®eighton JA. 2006) Athough when UC is particularly severe, i.e. “toxic,”
the gross and microscopic pathology can be difficult to differentiate and can in fact even

appear Crohn’s like.
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1.3.5 Conventional Medical Management

The main objective of medical management for IBD is to maintain remission and prevent
relapse of the disease. Conventional management options depend largely upon disease
activity and extent. Patients are usually managed in a step up fashion, with more aggressive
medications being used in each step until disease is controlled. UC patients are initially
treated with 5-Aminosalicylic acid (5-ASA, mesalamine). There are several delivery options
available which include oral tablets, sachets or suspensions by using prodrugs (eg-
balsalazide, olsalazine, or sulfasalazine) in order to reduce systemic absorption and maximize
colonic delivery; and rectal mesalamine formulations in the form of enemas or suppositories.
Patients who fail to respond to 5-ASA are usually commenced on a 2-4 week course of oral
corticosteroids. If after this time the patient responds favorably, the steroids should be tapered
off (typically Smg/week to complete withdrawal) and put back on 5-ASA maintenance
therapy. If the patient is steroid dependent, i.e.- unable to taper off steroids or relapses within
3 months of stopping steroids, then such patients should be commenced on a 8-12 week
course of immune modulators such as azathioprine (2-2.5mg/kg/day) or 6-mercaptopurine (1-
1.5mg/kg/day) with regular full blood counts performed to monitor for the development of
any potential toxic side effects such as myelotoxicity and leukopenia. Should such patients
show improvements, then it is recommended that they continue on thiopurine maintenance.
However in moderate-to-severe disease or if the steroid dependent patient is still noted to
have refractory disease, then a trial with biologics such as anti-TNF antibodies Infliximab
(5mg/kg at week 0, week 2, and week 6) or adalimumab can be used and/or surgical opinion

should be SOU.ght (Burger D, 2011. Baumgart DC, 2007. Mowat C 2011)

Similarly, CD patients who have mild-to-moderate ileocolonic disease are usually
commenced on a 2-4 week course of oral Budesonide (9mg/day) and are discouraged to
smoke tobacco. A Cochrane review showed 5-ASA (mesalamine) to have a limited beneficial
effect in maintaining medically induced remission in CD patients.(Gordon M, 2011.) If a
favorable response is observed, then such patients should be tapered off over the next 2-3
months and followed up routinely. However, in case of an inadequate response, patients
should then be commenced on oral Prednisolone (40mg/day). If the patient is steroid
responsive or dependent (ie- unable to reduce to <10mg/day), then an 8-12 week course of
either Azathioprine (2-2.5mg/kg/day), 6-mercaptopurine (1-1.5mg/kg/day) or Methotrexate
(25mg/kg) should be attempted with regular full blood counts performed to monitor for the
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development of any potential toxic side effects such as myelotoxicity and leucopenia. If a
favorable response is seen, then the patient should be maintained with such
immunomodulators. However if they are refractory to immunomodulators or intolerant to
steroids then objective surgical assessment for fibrostenotic and/or fistulizing disease is
warranted followed by either active surgical management or consideration of anti-TNF

ther apy. (Burger D, 2011. Baumgart DC, 2007. Mowat C 2011)
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1.4

Surgical Management of Inflammatory Bowel Disease

1.4.1 Surgical Management of Crohn’s Disease

Although medical management helps to control symptoms, approximately 70% of patients
with CD will require surgical resection of the affected bowel during the course of the
disease, (Bemell O» 2000. Regueiro M, 2010) gypoery for CD is by no means curative and recurrence of
symptoms is part of the natural history of the disease. Surgery for CD is usually considered as
a last resort or performed only when complications of the disease have occurred. The
indications for surgery can be subdivided into elective and emergent. Elective surgery can be
performed for failed medical management, multiple bouts of sub-acute bowel obstruction (eg-
secondary to stricture formation), the development of intra-abdominal fistula or abscess,
failure to thrive/growth retardation (in the pediatric population) and the development of
carcinoma. Emergent indications for surgery would include bowel perforation, haemorrhage

and toxic-colitis, (Strone A 2001)

Surgical options are individualized depending on the pre-operative indications and intra-
operative finding. In general, ileocolectomy is the most commonly performed operation as
ileocolonic disease is the most frequently affected location in CD. Resection is the preferred
option especially when it is the first surgery as this provides an adequate sized colectomy
specimen that the pathologist can examine in detail in order to confirm the diagnosis.
Furthermore, bowel resection with primary anastomosis is the mainstay of surgical
management for CD as recurrence rates are significantly higher with other available surgical
options such as bypass procedures. "2 The type of anastomotic technique used (ie- end-

g 0 0 : + ]
to-end vs. side-to-end anastomosis) does not play a role in disease recurrence. 718 54 2001 Scott

NA, 1995. McLeod 2009)

In difficult circumstances where patients suffer frequent bouts of intestinal obstruction
secondary to multiple CD associated strictures within the small bowel, alternative bowel
conserving surgical procedures are performed in order to avoid short-gut syndrome. In 1982
Lee and Papaioannou published a study that followed 9 CD patients with extensive small
bowel involvement that underwent ‘minimal’ surgery (i.e. strictureplasty) to simply relieve
intestinal obstruction. Their long-term results showed a marked improvement in general

health in a short period of time post-operatively with dramatic improvements in weight gain
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and food tolerance and sustained patency of the bowel lumen despite diseased bowel being
Jeft in-sity (e EC. Papaioannou N. 1982, Swong SA 2001. Hull TL 1999) g pycerent studies have shown
comparable recurrence and reoperation rates following strictureplasty versus conventional
small bowel resections.©@2mer G: 1995 Ozmer G, 1996. Fazio VW, 1993) Therefore strictureplasty is
considered to be a safe and appropriate procedure especially in the setting of diffuse
involvement of the small bowel with multiple strictures; in patients who have undergone
previous small bowel resections (>100cm); in patients with already established short gut

: : 2 . 11 TL 1999. Strong SA 2001
syndrome and in the setting of nonphlegmonous fibrotic strictures, ! T 199 Strong )

Depending on definition, 70-90% of patients have endoscopic evidence of recurrent CD
within one year after intestinal resection. €™ M 2010 powever, clinically relevant
recurrence is often delayed and up to one-third of patients will not develop clinically
significant disease for approximately 15-20 years.®itchic JK. 1990. Lennard-ones JE, 1967. Bemell O 2000)
Several risk factors that are associated with disease recurrence include an early age of
diagnosis (younger than 25 years), active smoking (carries five-fold increase recurrence risk),
the presence of granulomas on biopsy, duration of CD before resection, site of bowel
involvement (ileocolic> small bowel > colonic), and type of disease (perforating CD > non-
perforating type),(H Buhr 2001 Swoger M. 2010) A i TNF-alpha medications such as infliximab
(Remicade®) have been shown to delay recurrence rates however currently there is no way to
accurately identify patients who would develop early disease recurrence and therefore
warrant the institution of such potentially dangerous and expensive medications versus the
patients who will have relatively quiescent disease. Radical resections do not protect against
early recurrence, therefore whenever possible, the surgeon should perform bowel conserving
operations especially in patients who are prone to multiple CD recurrences in order to
preserve intestinal length and to always document the total length of the gut prior to and after

resection, ¥ Buhr2001)
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1.4.2 Surgical Management of Ulcerative Colitis

1.4.2.1 Total Proctocolectomy with lleal Pouch Anal Anastomosis

Despite advances in medical therapy, approximately one third of patients with UC eventually
require surgery. MeLaenin 8D 2008) Barly surgical management for UC involved performing a
subtotal colectomy with completion protectomy and creating a permanent end ileostomy.
However the fact that patients were left with a stoma was less than ideal. In 1947, Ravitch
and Sabiston described an operation for benign lesions that involved restoring gastrointestinal

continuity by performing a proctocolectomy with a straight ileoanal anastomosis. (Ravitch MM,

Sabiston DC Jr 1947. Bach SP 2006) Thiq technique was further refined by Sir Alan Parks and John
Nicholls in 1978 at St. Mark’s Hospital, London, where they developed an operation that
removed the inflamed colon and upper third of the rectum, stripped the remaining rectal
mucosa down to the dentate line followed by bringing down the terminal ileum to create a 30-
40cm ileal reservoir (pouch) and performing an ileoanal anastomosis using a hand sewn
technigue P AG. Nicholls RJ. 1978 MeLaughlin SD 2008 Bach SP 2006) (g0 Figure 1.4.1). Now, the use of
staplers have superseded the hand sewn technique, which leaves a 1-2cm cuff of residual
rectum which improves continence but has the potential to become symptomatic or
cancerous. The most common configuration of the pouch is the ‘J* or two-loop pouch due to
the ease of construction by utilizing less amount of intestine. Other designs include the S, H
and W pouches, which however are more technically challenging to construct, MeLaventin SD 2008)
This operation can be performed in several stages (1, 2, or 3). The majority of surgeons
perform this operation in 2 stages, i.e.- performing a total proctocolectomy with pouch
reconstruction with a diverting ileostomy which is reversed in 6-8 weeks. This method allows

the distal anastomosis to heal and avoids risk for potential pelvic contamination, 8" 57 2006)
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Before IPAA After IPAA

Figurel.4.1: Ileal Pouch Anal Anastomosis involves performing a total proctocolectomy followed
by fashioning an ileal pouch reservoir that is anastomosed to the anal canal. The most common

configuration is a J-pouch as shown here on the right. (Original iliustration created by the artists at Hershey Medical
Center)
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1.5

Complications of IPAA

Total proctocolectomy with ileal pouch-anal anastomosis (IPAA) is now considered the gold
standard for the surgical treatment of UC. The advantages of this procedure include: (1) the
re-establishment of gastrointestinal continuity; (2) elimination of the symptoms of IBD and
improvement of health-related quality of life; (3) the decreased need for UC-related
medications, particularly immune modulators and biological agents with avoidance of their
associated potential adverse effects, and (4) reduced risk for dysplasia and eventual cancer.
However, adverse outcomes or complications can occur after IPAA surgery. These include
early postoperative complications which usually are technically related such as breakdown of
the ileoanal anastomosis leading to pelvic sepsis that are usually conservatively managed, or
ones occurring later that can suggest recrudescent IBD. Such later complications include
pouch-anal or pouch-intestinal fistuli, afferent limb stricture and mild or severe pouchitis.
The severity of such complications can sometimes suggest a diagnosis of CD, which usually
is a pre-operative contraindication for IPAA, because of its known high failure rate (typically
50%).(Braveman M 2009 Both of these late complications (severe pouchitis and CD-like) are the

leading causes of pouch failure, pouchectomy and permanent stoma, Sen B 2009)

1.5.1 Pouchitis

Pouchitis, an idiopathic inflammatory condition, is the most common long term post
operative complication of the ileal pouch,Mieholls RI 1998. Macafee DA, 2004) [y g first described in

1977 as an inflammatory condition of the Koch continent ileal reservoir. The term soon

gained widespread acceptance in 1978 to be associated with the TPAA.(C™ & 2009)

Depending on definition and duration of follow up, it can affect 15-70% of UC pouch

(Beliard A, 2010) 4nd on average develops within 34 months post operatively (range 2-102

patients
months).Macatee DA, 2004, Madiba TE, 2001) 1, contrast, the incidence of pouchitis in patients who
have undergone the IPAA for other reasons such as Familial Adenomatous Polyposis (FAP)

is rare and ranges from 3-14%, (Macafee DA, 2004)
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1.5.1.1 Pouchitis: Etiology/Risk Factors

The exact aetiology of pouchitis still remains unclear. However, the fact that this condition is
almost exclusively seen in UC patients and rarely in FAP, that it only occurs after the
restoration of GI continuity (i.e. ileostomy closure), and responds to antibiotic or probiotic
therapy, points towards a dysregulated immune response to overgrowth of certain commensal
gut microflora in a genetically susceptible host, (Y4 EP 2007 Shen B, 2009 Thig can sometimes

suggest a recurrence of a UC-like disease in the ileal pouch in a subset of patients.(Yu EPPO0:

Shen B, 2004)

Within weeks to a few months after ileostomy closure, the ileal pouch undergoes a number of
nonspecific adaptive changes (“colonic metaplasia™) in order to accommodate the fecal
stream and gut microbes. Biopsies taken from functioning pouches commonly show partial
villous atrophy, crypt hyperplasia, mucosal inflammation, increased crypt cell proliferation
and change in mucin type from small bowel type sialomucin to a large bowel type
sulphomucin, Nicholls RI. Banerjec AK. 1998. de Silva HI1991) yhen comparing pouches performed for UC
to those created for FAP, increased intraepithelial lymphocyte counts, leucotriene B4 and

prostaglandin E2 are found in patients with colitis compared with those with polyposis. MNicholls

RJ, Banerjee AK. 1998. De Silva, H.J.1991. Goldberg, P.A 1996. Gertner, D.J.1954)

So far, no single causative organism has been identified as an etiologic factor in pouchitis.
However, a 100:1 increased anaerobe/aerobe ratio within pouches has been observed. ™"
RJ, Banerjee AK. 1998. Coffey IC, 2009) 1y, ffy e al have shown the presence of sulfate-reducing bacteria
exclusively within UC pouches when compared to FAP pouches and ileostomy effluent. This
most probably is related to fecal stasis after ileostomy closure and may play a role in the
pathogenesis of pouchitis. Furthermore, there was no significant difference in the levels of
Lactobacilli, Bifidobacterium, Bacteriodessp, Clostridium perfrigens, enterococci, and

coliforms in the UC and FAP pouch groups. Pufty M. 2002 Coffey JC, 2009)

Several risk factors for developing pouchitis have been suggested however with conflicting
and often limited data in the literature. Some proposed risk factors include: the presence of
extraintestinal manifestations of UC, in particular primary sclerosing cholangitis (PSC),

d: (Pardi DS, 2009. Penna C, 1996)
2

which has been shown to increase the risk by 1.5-2 fol a more severe

preoperative disease course as judged by the use of preoperative steroids or the presence of
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thrombocytosis; villous blunting of the ileal mucosa prior to the creation of the pouch;
mucosalischemia; backwash ileitis; the use of nonsteroidal anti-inflammatory drugs
(NSAIDs);Crohn’s disease; the presence of perinuclear Anti-Neutrophil Cytoplasmic
Antibodies (pANCA) and Anti-CBir 1 antibodies (Pardi DS, 2009. Shen B 2004. Nicholls RJ, Banerjee AK, 1998)
and current smoking is protective against developing pouchitis compared to nonsmokers or

ex-smokers.
1.5.1.2 Pouchitis: Clinical Symptoms and Classification

Pouchitis typically presents clinically with a spectrum of symptoms which include, increased
stool frequency, anal bleeding, urgency, abdominal cramping and pelvic discomfort, M2 P4
2009 Depending on severity, patients can also present with fever, dehydration, and

(Yu ED 2007 Qych symptoms are thought to

malnutrition which may warrant hospitalization.
represent a recurrence of UC and is associated with an increased patient morbidity and
negative health related quality of life. Therefore it is important to be able to precisely classify
the degree of severity in order to tailor management accordingly. Classification systems also
aid in comparing results among different medical centres and assess the response to therapy

in both clinical practice as well as in clinical trials, Fievschen UA 2002)

There is no one universally accepted classification systems for pouchitis. Shen et al proposed
a clinical classification schema based on response to therapy.®"" B 2% He proposed three
main sub-groups, (1) antibiotic-responsive pouchitis, a condition in which patients have
infrequent episodes (< 4 episodes per year) responding to a 2-week course of a single
antibiotic, (2) antibiotic-dependent pouchitis is a condition with frequent episodes (> 4 per
year) or with persistent symptoms requiring long-term, continuous antibiotic or probiotic
therapy, and (3) antibiotic-refractory pouchitis is a condition in which patients fail to respond
to a prolonged course of antibiotics and require 5-ASA, corticosteroids or immunomodulator
(Imuran, 6MP or Remicade) therapy (Figure 1.5.1). Some other examples of classification
systems for pouchits include categorizing severity into mild, moderate or severe and/or based

on the frequency of flare ups (infrequent-2 episodes vs. relapsing > 3 episodes vs
continu Ous).(Macafee DA, 2004. Coffey JC, 2009)

Several scoring systems have been developed that incorporate clinical, endoscopic and

histological parameters to assess the severity of pouchitis. Examples of such scoring systems
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include the most commonly used Pouch disease activity index (PDAI) devised at the Mayo
Clinic, Rochester, Minnesota; the modified PDAI;, St Mark’s (Moskowitz) criteria and
Heidelburg pouchitis activity score, Macafee DA, 2004. Heuschen UA 2002) The PDAT uses an 18 point
scoring system which incorporates clinical (range, 0-6 points), endoscopic (range, 0-6 points)
and histology (range, 2-6 points) parameters. A score of > 7 has been shown to be associated
with clinically significant pouchitis (Table 1.5.1). (Sandoorm Wi. 1994 Heuschen UA 2002 Shen B, 2003)
However, despite the wide acceptance of the PDAI as an objective assessment tool for
severity of pouchitis, several criticisms have been made towards it such as the increased costs
and delay in calculating the histological component which therefore hinders the routine use of
this scoring system as a diagnostic modality.®"" B 2099 The modified PDAI proposed by Shen
et al excludes the histopathological component and has been shown to be more economic and
with comparable sensitivity and specificity to the PDAT Shen B. 2003 Kohyama M, 2009) gy pthermore,
it has been suggested by Heuschen et al that a PDAI score of 7 still may be too high for
making the diagnosis of pouchitis and it fails to predict the success of treatment in that

antibiotics have been shown to be effective in patients with PDAI scores <7. (Fleuschen UA 2002

Kohyama M, 2009)

The lack of a universally accepted clinical classification system for diagnosing pouchitis has
made it challenging for both clinicians and researchers alike to speak the same language

when it comes to this debilitating condition.
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Clinical Classification Schema

Shen et al. Drugs, 2003,63(5):453-61

Antibiotic Antibiotic Antibiotic

Responsive Dependent Refractory

<4 episodes/yr. =>4 episodes/yr. sFailure to respond to 2-4wk single

*Responds to 2-wk *Persistent symptoms, Abx

course of single Abx. require long-term Abx. *Require >4wk with 2 Abx/5-
SA/steroids/immunomodulators

Figure 1.5.1: Pouchitis Clinical Classification Schema.
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' Criteria Score

Clinical:

Stool frequency |
Usual postoperative stool frequency 0
1-2 stools/day > postoperative usual 1
3 or more stools/day > postoperative usual 2

Rectal bleeding
None or rare 0
Present daily |

' Fecal urgency or abdominal cramps
None 0
Occasional I
Usual 2

Fever (temperature >37.8° C)

Absent 0
~ Present 1

Endoscopic inflammation:

Edema 1
Granularity 1
Friability 1
Loss of vascular pattern 1
Mucous exudates 1
Ulceration 1

' Acute Histologic inflammation:

" Polymorphic nuclear leukocyte infiltration

- Mild 1
Moderate + crypt abscess 2
Severe + crypt abscess 3

Ulceration per low-power field (mean)

>25% 1
25-50% 2 |

- >50% 3

The PDAI uses an 18 point scoring system which incorporates clinical (range, 0-6 points),
endoscopic (range, 0-6 points) and histology (range, 2-6 points) parameters. A score of > 7 has
been shown to be associated with clinically significant pouchitis
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1.5.1.3 Pouchitis: Diagnostic Evaluation

Diagnosing pouchitis is based on a through assessment of clinical symptoms, endoscopic and
histologic evaluation. It is important to use a multi-modal approach in order to distinguish
pouchitis from other inflammatory disorders of the pouch such as Clostridium difficile or
cytomegalovirus (CMV) infection, pouch stricture, cuffitis, or functional disorders such as
Irritable Pouch Syndrome(Y® EP 2007 Pardi DS. 2008. Coffey IC. 2009 11y addition, endoscopy with
biopsy is a powerful tool for dysplasia surveillance and can aid in therapeutic intervention

such as stricture dilation. " 22007

Endoscopy is usually performed in the clinic setting by using a paediatric proctoscope or a
flexible sigmoidscope. The characteristic features of pouchitis on endoscopy are similar to
those for acute inflammation which include erythema, edema, increased granularity, loss of
vascular pattern and friability with superficial ulcers,(Cofey IC: 2009 Pardi DS, 2008) oy 1o six
biopsies from the body of the pouch are usually sufficient for making a histological diagnosis
of pouchitis and assessing the degree of severity. It is not uncommon for pouches to have
some degree of chronic and acute inflammation present as baseline secondary to adaptive
changes of the pouch mucosa to fecal stasis and does not necessarily indicate active
pouchitis, (Y? ED 2007.Pardi DS, 2008. Coffey IC, 2009) 1y3ct0]0gical features that are characteristic of
active inflammation of the pouch include the presence of neutrophil infiltration with
occasional crypt abscesses and mucosal ulceration. These findings are oftentimes present on a
background of chronic changes such as villous atrophy, crypt distortion or hyperplasia and

chronic inflammation, ®4 DS, 2008)

Once the diagnosis of pouchitis is made, subsequent biopsies are not routinely performed
unless there is a change in the clinical parameters and/or the patient stops responding to

his/her routine course of antibiotics. F21 DS, 2008)
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1.5.1.4 Pouchitis: Treatment

Pouchitis typically responds well to a short course of antibiotic therapy. Up to 80% of
patients respond favorably to a seven day course of metronidazole (15-20 mg/kg three times
daily) thus further strengthening the argument for a microbial component to the aetiology of
pouchitis. (Coffey I, 2009. Nicholls R, Bancrjce AK. 1998) Apart from its bactericidal property against
anaerobic microbes, metronidazole has been shown to inhibit superoxide associated free
radical induced mucosal damage,(CofY C. 2009. Nicholls RJ, Banegjec AK. 1998 Levin KE, 1992)
Metronidazole is usually used as a first line medication for pouchitis as it is cheaper than the
other treatment options available and most commonly in the acute setting in order to avoid

potential associated side effects such as nausea, dyspepsia, dysgeusia and neuropathy, ey 1€

2009)

Alternatively, a 2 week course of Ciprofloxacin (500mg twice a day) has also shown to be
efficacious against acute pouchitis. Shen et al performed a randomized clinical trial to
directly compare metronidazole with ciprofloxacin and found that although both antibiotics
were effective in treating acute pouchitis, ciprofloxacin was much better tolerated and had a
larger reduction in the PDAI with greater improvements in clinical symptoms and endoscopic

B, 2001. . « . . .
(lieni: Yu BD 2000 11y chronic cases, combination therapy with metronidazole and

scores
ciprofloxacin is recommended at monthly intervals so as to avoid associated adverse effects
and to reduce antibiotic resistance.M@®c DA 2009 (yher antibiotics that are acceptable
alternatives to the aforementioned antibiotics include tetracycline, clarithromycin,
amoxicillin/clavulanic acid, doxycycline, and rifaximin. Several enemas are also available
such as budesonide enemas, and alicaforsen (an antisense inhibitor of intercellular cell

adhesion molecule-l) enemas (Yu ED 2007, Macafee DA, 2004. Miner P 2004)

As mentioned above, due to the fact pouchitis responds favorably to a course of antibiotics in
the majority of cases, there most likely is a microbial component to its aetiology.(coffey et
Antibiotic refractory pouchitis usually requires long term maintenance therapy with
antibiotics in the majority of cases and probiotics have been shown to be efficacious in a
smaller subset. VSL#3® is a probiotic consisting of 4 strains of Lactobacillus, 3
Bifidobacterium species, and Streptococcus salivarius subsp.(Yu ED2007) probiotic use has been
shown to delay the relapse rate and maintain clinical remission in antibiotic refractory

(Yu ED 2007. Gionchetti P,

pouchitis patients. 2003) However, maintaining remission can be challenging
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and several other concomitant therapies are sometimes used which include steroids, NSAIDs,

immunomodulators and biologics such as azathioprine/6MP and infliximab respectively. (Y
ED 2007. Coffey JC, 2009)

1.5.2 Crohn’s Disease-Like Complications

The IPAA is generally considered a pre-operative contraindication in patients with known
Crohn’s disease because of its high failure rate (typically 50%, range 25-100%). 2" PM 199
Shen B 2009) patients who develop CD-like complications of the IPAA have an approximately 5-
fold estimated increased risk of pouchectomy and permanent stoma. (Shen B 2009) pyrthermore,
CD of the pouch carries an increased risk for developing dysplasia or adenocarcinoma of the
IPAA.Kalv R 200D Hywwever, the development of de novo CD of the pouch which can occur
weeks (early onset) to years (late-onset) has perplexed clinicians and surgeons alike for quite
some time. Despite the fact that the TPAA has been a popular surgical choice since 1978, data
pertaining to the pathogenesis, diagnosis and treatment options for CD-like complications of
the pouch is still largely lacking. ®"82%) The true incidence of CD of the pouch in patients
who initially undergo surgery for pre-operative diagnosis of UC is not exactly known.
Reported cumulative frequencies however range from 2.7% to 13%, depending on diagnostic

o : . Shen B. 2009. Peyrégne V, 2000. Goldstein NS,
criteria used, studied sample size and degree of follow up. Shen B- 2009 Peyregne V. 2000. Goldstein NS

1997. Harley JE, 2004)

1.5.2.1 CD-like Complications: Etiology and Pathogenesis

The etiology and pathogenesis of post-IPAA CD still remains to be fully elucidated. Several
studies have investigated risk factors that correlate with the development of this complication
which include: pre-operative diagnosis of IC or CD, having a pouch for an extended period of
time, a positive family history of CD, active smoking, and seropositive anti-Saccharomyces
cerevisiae (ASCA)-IgA, Melton OB, 2008:Wu H, 2009. Shen B, 2006. Delaney CP 2002. Melmed GY 2008. Shen B, 2009)
Different phenotypes of CD of the pouch have been shown to correlate with different risk
factors. For example, the development of fistulizing CD of the pouch correlated with younger
age, female gender, a preoperative diagnosis of IC, without the use of nonsteroidal anti-

inﬂammatory drugs (Wu H, 2009. Shen B, 2006)

It is not clear as to how exactly de novo CD of the pouch arises. It has been speculated that

post operative changes in bowel anatomy alters the luminal microbial environment (i.e.
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dysbiosis) within the pouch thus creating a ‘CD-friendly’ environment. This is supported by
the clinical observation that CD of the pouch most commonly originates at the anastomosis
and the bowel segments proximal to it. (V" H- 2009 Shen B, 2009 By thermore, fecal stasis within the
pouch combined with surgically-induced ischemic injury in a genetically susceptible host

could potentially increase the risk of developing CD of the pouch. Ui D)

1.5.2.2 CD-like Complications: Clinical Symptoms and Diagnosis

The features of CD of the pouch can be difficult to differentiate from that of chronic
refractory pouchitis and thus makes diagnosing this condition challenging. CD-like
complications of the pouch carries a 5-7-fold increased risk of pouch failure, resulting in
pouch resection or permanent diversion (Shen B, 2008. Shen B 2009) qipsifar to conventional CD and
pouchitis, CD of the pouch is associated with a wide spectrum of clinical symptoms,
endoscopic, histological features and prognosis. Several general, non-specific symptoms
include an increased stool frequency, fecal urgency and/or incontinence, nocturnal seepage,
abdominal and pelvic discomfort, and the development of extraintestinal manifestations such

(Wu H, 2009. Shen B, 2009) ©\fore specific symptoms that

as arthralgias and pyoderma gangrenosum.
may indicate that a patient has developed CD-like complications include, an active smoking
status, the development of pyrexia, weight loss, nausea and vomiting, bowel obstruction, iron
deficiency anemia, perianal disease and fistulae (eg. pouch-cutaneous, pouch-vesicular and
pouchvaginal) and/or abscess formation outside the pouch-anal anastomosis in the absence of

postsurgical complications such as anastomotic leak, or sepsis. """ H-2%% Shen 2005+ Shea BEY))

Pouch endoscopy is considered to be the first-line investigation of choice for the diagnosis of
CD-like complications. Endoscopic features that may suggest CD of the pouch include (1) the
presence of discrete small and large mucosal ulcers, loss of vascular pattern, hemorrhage,
inflammatory pseudopolyps within the pouch, cuff, or neoterminal ileum; (2) ulcerated
lesions in the afferent limb proximal to the pouch and/or strictures at the pouch inlet, in the
absence of active NSAID use; and (3) the presence of granulomas, although rare (present in
only 10-20%), on pouch or small bowel histology remote from any anastomosis. Typically,
the presence of such clinical and endoscopic findings is considered to be consistent with the
diagnosis of CD of the pouch if the patient is 6-12 months status post IPAA with full
restoration of GI continuity, and especially if the patient is an active smoker due to the fact

that ex-tobacco usage or having never smoked is protective for UC and/or pouchitis. (Wu H,

2009. Shen B, 2009. Shen B 2005. Hyman NH, 1991. Wolf M, 2004. Shen B, 2004) Other modalities that can be used to
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diagnose CD of the pouch include upper GI endoscopy and radiologic evaluation such as
small bowel contrast studies, computer tomography (CT) and/or magnetic resonance imaging
(MRI) enterography. The uses of push enteroscopy, capsule endoscopy, and serologic
markers, however, have yet to be fully evaluated. If however the endoscopic and radiological
modalities are inconclusive or if surgical intervention is indicated, a formal examination
under general anesthesia (EUA) should be undertaken for both diagnostic and therapeutic

purposes (Wu H, 2009. Shen B, 2009. Shen B 2005.Melmed GY, 2008)

1.5.2.3 CD-like Complications: Treatment

Once diagnosed with CD of the pouch, patients are commonly managed medically to
maintain remission and in order to retain their pouch. The use of NSAIDs and smoking
tobacco is discouraged. The treatment for CD of the pouch depends on the type of
predominant complications present, ie- Inflammatory CD vs. Fibrostenotic CD vs. Fistulizing

CD of the pouch.

Patients with inflammatory CD of the pouch are often managed with topical or oral 5-
aminosalicylates, topical or oral corticosteroids, oral antibiotics and immunomodulators. In
refractory cases, the use of biologics such as the anti-tumour necrosis factor-alpha (anti-

TNFo) agent infliximab and adalimumab has shown to be efficacious, (V" H- 2009 Havaran L.2011)

Fibrostenosing CD of the pouch is often managed with a combination of medical and
endoscopic modalities. Medical therapy is similar to the inflammatory CD complications
subtype which includes the use of topical or oral 5-aminosalicylates, topical or oral
corticosteroids, oral antibiotics, immunomodulators or biologics. Dilatation of the pouch
stricture via endoscopic balloon dilation with or without infiltration of long-acting
corticosteroids provides symptomatic relief especially for short length (<1 cm) strictures.
Long and high grade strictures can be managed with endoscopic needle knife ‘stricturoplasty’
with or without intralesional injection of the long-acting synthetic corticosteroid

triamcinolone (Wu H, 2009. Shen B, 2009)

The mainstay for treating fistulizing CD of the pouch is by the use of antibiotics,

immunomodulators and biologics. Several studies have shown the use of infliximab and

adalimumab to be beneficial in both the short and long term maintenance of patients with an
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IPAA performed for a pre-operative diagnosis of UC who subsequently develop CD-related
fistulae, (WuH.2009. Shen B, 2009. Colombel J-F, 2003. Coburn LA, 2006. Shen B, 2009. Ricart F, 1999. Haveran LA, 2011)

Surgery is reserved for patients who fail to respond to medical management. Surgical options
range from strictuloplasty, incision and drainage of pouch-related abscess with or without
seton or mushroom catheter placement, fistulotomy/fistula repair, and diverting ileostomy
with or without pouch excision, (V¢ H: 2009 Shen B, 2009 4 should be mentioned that pouch
excision or permanent diversion performed for CD-like complications does not guarantee a
cure for the disease as CD can recur in other bowel segments and/or present as perineal
disease. Furthermore, patients who undergo pouch excision can develop persistent perineal
sinuses which warrant further surgery. These patients will also require to be kept on life long

medical ther apy. (Wu H, 2009. Shen B, 2009)
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1.6

Etiology of Inflammatory Bowel Disease

The overall incidence of IBD, especially the rates of CD, has steadily increased since the
1920s with approximately 100-200 per 100,000 of Western Caucasians living with the

(Binder, 2004. Crohn, 1932. Cho JH. 2008) 1, strialized countries such as north America and

disease.
Europe have the highest incidence of IBD. Within the United States, the prevalence of IBD
varies amongst ethnic groups and reflects that seen globally with individuals of European
ancestry having the greatest prevalence followed by African Americans, Hispanic and Asian
subgroups. Individuals of Jewish decent have a 2-4 times greater prevalence of IBD when
compared to any other ethnic group irrespective of geographic location, A" T 2000
particular the Ashkenazi Jews have the greatest prevalence for the disease when compared

with Sephardic or Oriental Jews, “"mad T- 2001, Roth MP, 1985)

1.6.1 Etiological Clues

The etiology of IBD still remains largely unknown. However, the proposed mechanism of
pathogenesis incorporates the interplay of environmental factors including most notably the
gut microflora, and host genetic factors that cause a dysregulation of the immune response,

leading to unsuppressed inflammation within the GI tract (Figure 1.6.1).
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Figure 1.6.1: Current Proposed mechanism of IBD Pathogenesis incorporates Environmental,
Microbial flora and Genetic components. There is this genetic predisposition to the illness
that combines with some form of environmental insult that then combines to create intestinal
inflammation that we interpret as IBD. We can make that paradigm a little more complicated
or a little more clear if we sub-segregate the Genetic component into an immune deregulatory
component, and an epithelial barrier dysfunction component. Similarly, the environmental
half of that paradigm can be further sub-classified into the gut microbiome component and
various miscellaneous factors that affect the prognosis of these diseases such as smoking. In
some fashion genetic defects occur in either immune dysregulation or epithelial barrier
dysfunction that then interact with luminal agents such as the gut microbiome or other factors
that then result in intestinal inflammation.

1.6.2 Environmental Factors:

The prevalence of IBD has steadily increased in the latter half of the 20th century.
Immigration studies have provided some clues towards an environmental cause in that
individuals who migrate from low risk geographic areas to higher risk areas acquire an
increased risk for developing IBD as that of the native population, ®nder 2004 Probert €5, i2ucamy
1999. Montgomery SM, 19%9) 1Ry tends to be more prevalent in industrialized, urban areas and
amongst higher socioeconomic cohorts, MmN, 2001, Hou J& 2009 Ahmad T. 2001) Thjs has given rise
to the ‘hygiene hypothesis’ that suggests the lack of exposure of the immune system to
normal commensal antigens, including microbes, early in life leads to a lack of tolerance and

thus an exaggerated immune response later in life.
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Of the environmental factors, tobacco smoking is the strongest IBD associated risk factor.
Patients who actively smoke are at an increased risk for CD while patients who are ex-
smokers or have never smoked are at a greater risk for UC.AP™ C 2009 Active smoking has
repeatedly been shown to be associated with more aggressive disease course, a higher rate of

clinical recurrence and the need for surgery in CD patients, Bermstein €. 2006. Cottone M 1994, Sutherland L

. 2008. Ah :
1990. Reese G 2008. Ahmed T 2011) (yther factors such as the use of oral contraceptives (0%t PG 1999),

(de Hertogh G 2008)

various dietary factors, and vaccination have shown conflicting results and are

inconclusive.
1.6.3 The Gut Microbiome

The commensal microflora within the gut play an important role in maturation of the immune
system, assisting in metabolizing nutrients, and in maintaining overall gut homeostasis.
Several studies have demonstrated that certain gut commensals possess anti-inflammatory
properties such as the ability to regulate CD4+ T lymphocyte differentiation and
function, fvanov It 2008, Mazmanian SK. 2008) 6 diversity of the resident microflora is kept relatively
stable in the normal healthy individual and are found in the greatest concentration >10") in
the distal ileum and colon which can partly be the reason for CD affecting these areas most
commonly.(Ahmed 72010 1BD patients however, have an imbalance in the composition of the
microbiota within the gut, known as a dysbiosis, that leads to a disinhibited host immune
response and the development of inflammation. CeFBensussan N. 2010) e of the best examples of
such alterations in the gut flora is seen in the setting of the pseudomembranous colitis caused
by an inappropriate overgrowth of Clostridium difficile secondary to overuse of broad
spectrum antibiotics. Further clinical evidence of the role of bacteria in the development of
IBD comes from the observation that diverting the fecal stream and thus the bacterial load
away from the inflamed intestinal segment will lead to considerable reduction of the
inflammation and improvement of symptoms especially if diseased bowel has been resected.
However, disease tends to recur rapidly after restoration of GI continuity. &'« P 1% gome
patients with IBD can have symptoms ameliorated with a course of antibiotics. Probiotic
therapy has been shown to be of benefit in small studies of IBD patients, a finding much

more consistent in well controlled animal studies, *eipem - 2008)

There is strong evidence suggesting that there is a change in the symbiotic relationship of the

gut flora and the host in the setting of IBD. B2 PL 2099 1By patients have a 30-50% overall
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(Abmed T 2011) [yoreased numbers of the

reduction in the diversity of enteric bacteria.
Mycobacterium avium subspecies paratuberculosis (MAP), the causative agent of Johne’s
disease in cattle, a condition very similar to CD in humans, has been shown within the
mucosa in CD patients when compared to healthy controls. Baker 1. 2009 Friswell M, 2010) o 1 8
strain of ‘adhesive and invasive’ Escherichia coli (AIEC) has also been shown to be present
in markedly increased numbers within the mucosa of CD patients. This particular strain, as
the name suggests, has the ability to adhere to and disrupt the intestinal barrier by the
production of an alpha haemolysin. It is able to replicate within macrophages and is
associated with granuloma formation and increased release of pro-inflammatory cytokines
such as IL-8 and TNF-alpha. Vel M. 2000 The bacterium Faecalibacterium prausnitzii
belonging to the Firmicutes phylum is a common gut commensal that has been shown to
possess anti-inflammatory properties by way of secreting active metabolites that block
nuclear-factor-kappa-B (NF-kB) activation and reduce IL8 secretion in murine models, as
well as secreting increased anti-inflammatory cytokine IL10 and decreased IL12 levels in
blood monocytes. Very low levels of F. prausnitzii have been strongly associated with ileal
Cp.(Friswell M. 2010) Byyrthermore, reduced inflammation has been seen upon oral administration

of live F. prausnitzii in animals with active colitis.‘A"¢ T 201D

Overall dysbiosis of the gut microbiome fails to fully explain the entire pathogenesis of IBD.
Not all patient symptoms respond favorably to a course of antibiotics due to disease
heterogeneity, and symptoms tend to recur upon completing their course of antibiotics. It is
not uncommon for IBD patients to require other concomitant regimens such as the use of

steroids, aminosalicylic acid, and even anti-tumor necrosis factor alpha (TNF-a)) medications.

1.6.4 Genetic Role:
A positive family history of IBD has been shown to increase an individual’s overall risk of

(Grant SF

having the disease. 2008 The risk of developing IBD in first-degree relatives in

Caucasian non-Jewish individuals has been estimated to be 5% for CD and 1.6% for UC. ™"
SF2008) Iy contrast, the risk for developing IBD within the Jewish population increases to 8%
and 5.2% respectively. @™ SF 208 However, patients with two family members with the
disease have an approximately 30% risk for developing the disease themselves. (" SF 2008
Ahmad T, 2001 Orholm M, 1991) Therefore the relative risk for a sibling to develop IBD is
approximately 30-40 for CD and 10-20 for UC when compared to the general population.

(Grant SF 2008) 1 759% of families only single types of colitis (CD only or UC only) runs within
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them while in the remaining 25% of families have a mixed pedigree i.e. having both CD and

UC affected members, Binder V- 1998, Cho JH 2007, RK. Russell, 2008) gyy0h <IBD families’ are generally

concordant for age of onset, location and behavior thus further strengthening the argument for

the genetic basis of IBD pathogenesis (Peeters M, 1996, Colombel J-F, 1996, Satsangi J, 1996, Bayless TM, 1996,

Ahmad T, 2001)

The strongest evidence for the genetic basis for IBD however is provided by twin studies.
Several studies have shown a strong disease concordance for both CD and UC in
monozygotic twins when compared with dizygotic twins. @™ 5F 29 There is an overall 37%
concordance rate in monozygotic twins which changes to approximately 7% in dizygotic

twins (Lees CW, 2009, Halfvarson J, 2003, Orholm M 2000, Thompson NP 1996) Orholmet al showed disease

concordance for CD to be as high as 58% in monozygotic twins and 18% in monozygotic UC

twins, while for dizygotic twins the rate are 0% and 4.5% for CD and UC respectively. @
M 2000) Fyrthermore, the majority of studies pertaining to monozygotic twins have shown
observed concordance for the same type of TBD, ©reot SF 2008, Orholm M, 2000, Thompson NP 1996, Tysk 1988,
Halfvarson I, 2003) H{5wever there are rare instances where this is not been borne out therefore
suggesting that environmental factors may play a role in disease expre:ssion.(Gm"t SF2008) Such
familial association provides strong evidence for a genetic component playing a strong role in

disease pathogenesis.
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1.7

Overview of IBD Genotvping Methodology

Similar to most other immune mediated diseases such as multiple sclerosis, systemic lupus
erythematosus, type 1 diabetes mellitus and rheumatoid arthritis, IBD is a ‘complex
multigenic’ disease that does not follow a ‘one gene, one discase’ Mendelian pattern of
inheritance. These disorders are difficult to classify due to variations in severity of symptoms,
clinical features, variable prognosis and age of onset. 134(Holly K. 2002) Such complex
diseases tend to involve an unknown number of multiple genes that affect various biological
pathways and usually interact with a variable number of environmental factors, Holly K. 2002,

Motulsky AG. 2006, Schork NI 1997) Thjs wide genetic variation presumably results in the diverse

clinical phenotype that is seen in IBD. (Figurel.7.1)

Patient

b 7

Bacterial Luminal Immune Epithelial Barrier
Factors Dysregulation Dysfunction

Figure 1.7.1: Complex diseases such as IBD have a variable phenotype owning to various
combinations of environmental and genetic factors.

Several strategies have been used to identify and characterize the genes that are associated

with IBD. Earlier methods, including linkage analysis and candidate gene studies showed
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promise however were limited largely due to the relatively small patient numbers in studied
cohorts and often leading to false-positive reports. firenom N, 2002, Xavier 2008 ) g0 Jinkage
studies also only identified notably large areas of the human genome associated with 1BD,
typically containing numerous genes. Ever more fine mapping using relatively tedious
microsatellite markers was used to identify the NOD2/CARDI1S gene in 2001 as being
associated with CD, but the field stalled for several years due to these relatively tedious
mapping techniques. These limitations of mapping were soon overcome by technological
advancements that led to the development of high throughput commercially available
genotyping microarray platforms (discussed in section 1.9) facilitated by the completion of
the Human Genome Project in 2003 and International Haplotype Map (HapMap) Project
(http://www.hapmap.org/) in 2005. Intemational HapMap Consortium 2005) Thege projects provided an
open access database to more than four million of the most abundant and validated genetic
variants (known as single nucleotide polymorphisms, SNPs) seen in the human genome
across several populations including those from Nigeria (Yoruba), Japan, China and the
United States (which included people of European ancestry).™M2"to TA 2009E,ch SNP is
assigned an identification number called a reference SNP (rs) number and cataloged in the
National Center for Biotechnology Information’s dbSNP database, (National Center for Biotechnology
Information, National Library of Medicine. Database of Single Nucleotide Polymorphisms. http://www.ncbi.nim.nih.gov/sites/entrez)
Currently the dbSNP database totals 12 million SNPs out of which up to 9 million have been
annotated as  validated  (validation  criteria  are available  online  at
hitp://www.ncbi.nlm.nih.gov/projects/SNP/snp_legend.cgi?legend=validation). P 2%

This resource permitted companies to develop novel genotyping arrays that allowed
researchers to study over a million SNPs in as little as 72 hours using automated equipment
(see genotyping chapter). This rejuvenated interest in identifying the possible etiology of IBD
by introducing the concept of genome wide association studies (GWAS) that attempt to
identify genetic variants associated with disease by studying large populations of IBD
patients compared to healthy controls without having any prior knowledge of gene function

and have led to a myriad of studies of genetic association in IBD and other diseases. (BudarfiML,

2009. Xavier 2008. Ishihara S 2009.)
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1.7.1 Genetic Linkage Studies

Genetic linkage mapping approaches were the first methods used to identify relatively large
regions of the genome that most likely contained genes that predisposed to IBD. Linkage
analysis is performed by studying defined areas along the genome that possibly have disease
associated variants and statistically evaluating how these areas segregate (to affected or

unaffected individuals) in multigenerational familjes. € /2007, Dawn Teare M2003. Schork NI 1997)

Recombination (or ‘shuffling’) of genetic material occurs during the process of meiosis. If
two genes are within close vicinity to each other on a chromosome, then they have a small
chance to recombine or become separated by DNA fractures and cross over to the
homologous strand of DNA. In contrast, two genes that are positioned far apart on the
chromosome have a greater chance to recombine. Two genetic loci are said to be linked if
they are transmitted together during meiosis from parent to offspring more often than is
expected under independent inheritance, (Pa"n Teare M. 2005. Cho JH 2007 1f e Jinkage is observed
across a population, the term linkage disequilibrium (LD) is used and reflects the association

of that part of the genome with the studied phenotype or clinical characteristic. ™ Teae M.

2005)

Linkage between two genomic sites is usually reported as a logarithm of the odds (LOD)
score. In general, a large positive score correlates with linkage and a low or negative score is
evidence against, (P*W0 Teare M. 2003) 1 41 ders and Kruglyak developed specific LOD criteria for
interpreting and reporting linkage results. Areas of ‘suggestive linkage’ correspond to a LOD
score of 2.2 with a P-values of less than 7 x 10™, areas of ‘significant linkage’ correspond to
a LOD score of 3.6 and P-values of less than 2 x 107, and areas of ‘highly significant
linkage’ have a LOD score of 5.4 with P-values of less than 3 x 10”. Areas are said to have
‘confirmed linkage’ if significant linkage has been replicated in an additional larger cohort,

preferably by an independent group of investigators with a nominal P value of 0.01,2der &

1995)

Early work in linkage analysis revealed several genetic loci (termed IBD1 through IBD9)
within several chromosomes to be linked (Table 2 and Figure 3) and having an association
with CD only, UC only or both. These initial studies that were conducted in the early 1990s

- n___p 148-1 DR, 2006.
have been replicated since in much larger cohorts,'*¥-150(Gaya DR, 2006. van Heel DA, 2004. Cavanaugh J
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2001)The landmark discovery of the first IBD susceptibility gene, NOD2/CARDI5 (found in
locus IBDI) on chromosome 16q12 in 1996 is one of the best examples of applying linkage

analysis with positional cloning techniques, ! (t?u8°t 1P 1996)

Linkage Chromosome Linked Gene References
region Disease association
IBD1 1 6q 12 CD i NOD2/CARDI15 Hugot JP, 1996 Hugot [, 200T. Ogura Y, 2001.Hampe
J, 1999.Williams CN, 2002.Paavola-Sakki P, 2003.
IBD2 12p13 2 ; =M UC>CD ~ | Satsangi J, 1996. Hampe J, 1999.Ma 'Y, 199Y. Paavola-
' q24 1 Sakki P, 2003.Barmada MM, 2004.Parkes M, 2000.
g Williams CN 2002.Barmada MM 2004. van Heel DA,
2004,
IBi)4 1 4q1 l_q 12 CD “Ma'Y, 1999 Duerr RH, 2000.Vermeire S, 2004
IBD 5 } = 5 q3 1 CD OCT‘I\ﬁ ” _"'—MEY, 1'9997[’61{61{0\'_21‘\7, ZOUAIPeIte]EBVEV,
OCTN2 2004.Williams CN, 2002.
IBD6 === 19p13 CD. UC | Rioux JD, 2000.Paavola-Sakki P, 2003. SR
IBD7 ~ 1p36 CD, UC Sigizapt o i
IBDS8 16p CD | B | Hampe J, 2002: B
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Figure 1.7.2: IBD susceptibility loci confirmed by non-parametric linkage analysis.
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1.7.2 Candidate Gene Studies

In contrast to Linkage Analysis, the Candidate gene approach focuses on studying specific
genes that are thought to mechanistically play an important role in key inflammatory
pathways associated with disease pathogenesis. Such candidate genes should have been
shown to reside within areas of linkage that are associated with disease and/or are selected
based upon experimental animal models that suggest a role in IBD. (Cho JH 2000 Thege
hypothesis driven studies are population based and are conducted as case-control studies,
comparing diseased cohorts with healthy controls. This is advantageous as such studies
provide insight into gene function and potentially identify proteins responsible for disease
pathogenesis and may provide targets for novel drug development. Furthermore candidate
gene studies involve larger study samples that aid in statistical correlation between specific
genetic variants and the disease phenotype.(H""y K. 2002) However, concerns regarding false
positive reports, failure of data replication and poor choice of candidate genes due to

inadequate experimental justifications are some of the criticisms of this approach.(H(’"y Kii2002)

The highly polymorphic human leucocyte antigen (HLA) complex on chromosome 6p21.3
(IBD3) is one of the most consistently linked regions associated with IBD. Candidate gene
studies have been used to identify many genetic regions within the HLA region and help

provide further insight into disease pathogenesis, (™24 T. 2006. Ishihara §, 2009)
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1.7.3 Genome Wide Association Studies (GWAS)

The limitations associated with linkage analysis and candidate gene studies were overcome
by (1) advancements made in microarray-based technologies that allowed for the testing of
millions of SNPs in a very affordable single genotyping reaction and (2) the completion of
the Human Genome Project in 2003 and the International Haplotype Map (HapMap) Project
in 2005. These two resources provided researchers with powerful tools for identifying disease
susceptibility genes by scanning large populations, either as case-control cohorts or in
families, for millions of SNPs located throughout the human genome. By comparing genetic
variants between diseased and non-diseased subgroups on such a grand scale, it was possible
to detect genetic variations that correlated with the disease process and phenotype in
question. Unlike candidate gene studies, GWAS does not require any previous knowledge
about particular disease associated genes or mechanisms behind the phenotype and is thus

much more suited for studying complex diseases.

Performing genotyping in such a large sample size requires a multi-step study design that
incorporates stringent quality control and replication along the way in order to ensure the
validity of the results. ¥®®29%) GWA scans typically begin by scanning an initial group of
individuals with the disease or trait of interest and an appropriate number of non-diseased
matched controls for comparison. This is known as the discovery set. Before any kind of
replication study can be undertaken, statistical thresholds are set to ensure strong association
between the SNPs and the disease. The next step is to use the identified SNPs from the first
stage and replicate them in a second and even third independent case-control group,
undergoing further quality checks thus further narrowing down the most promising SNPs in
each run. Those SNPs that are significantly detected on both the discovery set and replication

sets are felt to have a true association with disease, (avier R 2008. Pearson TA2008. Witte JS. 2010)

To date there have been several GWA studies that have been conducted specifically for IBD
(Table 1.7.2). A detailed discussion about each study is beyond the scope of this review. One
study that warrants discussion however is the GWAS that was performed by The Wellcome
Trust Case Control Consortium (WTCCC) (Wetleome Trust Case-Control Consortium 2007) e WTCCC is
a group of 50 research groups across the United Kingdom which was established in 2005. By
utilizing the Affymetrix 500K GeneChip Mapping Array Set they examined 14,000
individuals each for 7 common diseases (2000 individuals per disease) which included

bipolar disorder, coronary artery disease, CD, hypertension, rheumatoid arthritis, type 1
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diabetes, and type 2 diabetes. Control groups included ~3000 healthy individuals. By using
the multi-step process as laid out above and a threshold of significance of P<5x107, a total of
9 novel genetic risk factors were identified for CD which was more than the total number of
IBD associated genes already known at the time and provided great insight into various

(Xavier RJ 2008)

pathways involved in disease pathogenesis. These results have been highly

replicated since. The WTCCC study provided strong validation of the GWAS approach.

So far, GWA studies have identified approximately 80 SNPs in 55 genetic loci to be
associated with CD and/or UC. Many (but not all) of these SNPs have had the genes within
which they reside identified and then their IBD association confirmed by separate
independent study of large groups of patients. However not all SNPs have been confirmed
and since many such studies are done on patients from only a certain region or ethic or
national background, what may be a disease-related SNP in one study may not be such in
another. This large number of SNPs and genes nonetheless seems in a general way to relate to
various categorical functions of the GI tract (Figure 1.7.3 and 1.7.4). NOD2/CARDI15, TLR4
and CARDY and the autophagy genes (ATGI6L1, IRGM) relate to innate immunity against
enteric commensal organisms. Transcription factors (STA73, NKX2-3), HLA-region,
TNFSF15/TL1A, and cytokine receptors (IL23R) are critical players in acquired immunity.
OCTNI and DLGS5 promote normal function and integrity of a healthy gut mucosa. Thus
these SNPs and their genes ‘make sense’ from the standpoint of pathophysiology of IBD and
work is presently proceeding to identify the specific mechanisms that result in intestinal
inflammation when one or more of these mutations are present in any one individual. What
follows below is a discussion of some of the key genes and inflammatory pathways that have

been implicated in IBD pathogenesis.

47



Table 1.7.2 . Genome-wide Association Studies in Inflammatory Bowel Disease

(Lees CW, Satsangi J. 2010)

Study (year) Country Platform/SNP (n) Dlszce):/ery Replication set
Yamazaki et al. 94 CD;
(2005) Japan 73k 752 HC 484 CD
Duerr et al. . . ® 567 CD; 401 CD; 433 HC,; 833
(2006) North America Illumina™ 300k 571 HC families
Hampe et al. German Nonsynonymous 735 CD; 498 CD; 1032 HC; 380
(2007) % SNP 20k 368 HC families
Franke et al. German Affymetrix™ 393 CD; 942 CD; 1082 HC; 375
(2007) 4 100k 399 HC trios
Raelson et al. Quebec founder ® 2. .
(2007) population; Germany Perlegen™ 165k 382CD 521 trios; 752 CD; 828 HC
Liobelle et al. . . 547 CD; .
(2007) Belgium; France [llumina 300k 928 HC 1266 CD; 559 HC
WTCCC/Parkes . 1748 CD; i
et al. (2007) UK Affymetrix 500k 2938 HC 1182 CD; 2024 HC
Barrett et al. UK/North Meta-analvsi 3230 CD; | 2325 CD; 1809 HC; 1339
(2008) America/France/Belgium cla-analysis 4829 HC trios
Fisher et al. Nonsynonymous | 905 UC; ]
(2008) Uk SNP 14k 1465 HC 20S6TEG; SUAITC
Franke et al. . 1167 UC; ]
(2008) Germany Affymetrix 500k 777 HC 1855 UC; 3091 HC
Kugathasan et al. . . 1011 IBD; ]
(2008) North America; Italy Illumina 550k 4250 HC 173 IBD; 3481 HC
Barrett et al 7 2361 UG; .
(2009) UK Affymetrix 6 5417 HC 2321 UC; 4818 HC
Silverberg et al. . Illumina 550k 1052 UC; ,
(2009) North America and 300k 2571 HC 1405 UC; 1115 HC
Asano et al Illumina 550v3 752 UC; ]
(2009) agan Affymetrix 10k | 2062 HC e
Imielinski et al ]7623461(;8; RS ACE DI
Europe/ North America Illumina 550k £ 73 IBD-U; 1696 HC and
200 53 IBD-Us | Ro.'531 CD; 4109 HC
6158 HC ' ’ '
McGovern et al . 2693 UG; ]
(2010) Europe Ilumina 550k 6791 HC 2009 UC; 1580 HC
Franke et al Germany Affymetrix 6 1043 UC; 2539 UC; 5428 HC
(2010) 1703 HC
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Figure 1.7.3: Genes associated with IBD can be subcategorized into several functional categories.
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Figure 1.7.4. Genes associated with IBD can be subcategorized into several functional categories.
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1.8

Genetics of Inflammatory Bowel Disease

1.8.1 INNATE IMMUNE SYSTEM: NOD2/AUTOPHAGY/TLR

1.8.1.1 IBD1: NOD2/CARD15

1.8.1.1.1 NOD2 Discovery

Hugot et al were the first to identify the pericentromeric region on chromosome 16 to be
associated with CD by linkage analysis in 1996, MUt P 199) Thiq Jinkage association was
initially not fully replicated by several other groups due to discrepancies in the number of

affected family members studied, mixed ethnicitics, and genetic markers used. “*aueh !

2001.0Ohmen JD 1996.Parkes M 1996, Mirza MM 1998. Brant SR 1998, Hugot J-P 1996. Rioux JD 1998 . Vermeire S 2000) However
3

these discrepancies were laid to rest when in 2001 The IBD International Genetics

Consortium (Cavanaugh J 2001)

conducted a multicenter linkage trial involving 12 centers spanning
three continents with a total of 613 white nuclear families that had greater than two affected
sibling pairs with IBD and both parents available for genotyping. By using specific LOD
criteria for interpreting and reporting linkage results laid out by Landers and Kruglyak,
(Kruglyak L 1996 Lander E1993)  ¢hromosome 16 was shown to be in strong linkage overall with a
LOD score of 4.96. When the families were segregated for CD only, a LOD score of 5.79
was observed. No such association was observed in the UC or mixed families. Thus, this
study confirmed chromosome 16 to be associated specifically with CD. This study was soon
followed by three landmark studies, two of which were published in the same issue of Nature
conducted by Hugot er al. €7 200D and Ogura et al. 8" Y 20D followed by a report a month
later in The Lancet by Hampe J et al. M#™¢ ! 2000that identified several CD susceptibility
SNPs within the NOD2/CARDI15 gene on chromosome 16q12 by using positional-cloning

strategies, based on linkage analysis followed by fine mapping technique.
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1.8.1.1.2 NOD?2 Structure

Within the gut, NOD2 is expressed in several cell types such as monocytes, dendritic cells,
and intestinal epithelial cells however is highly concentrated within Paneth cells of the ileum
which is also the most commonly affected site in CD.( ™ohera 2005 Rosenstiel P'2003. Yuan Q 2004 Gutierrez
02002) The structure of this cytoplasmic protein is comprised of three domains, an amino (N)
terminus which contains caspase activating recruitment domains (CARD) that attach to a
central nucleotide-binding domain (NBD) which facilitates self-oligomerization during
activation and a carboxy- (C) terminus that contains leucine rich repeats (LRR) which is the

main site of bacterial recognition (Figure 1.8.1), (0gura Y, 2001. Creagh EM 2006 Martinon F 2005)

NOD2/CARD15

7 744 1,044

128 124 220 57

R702W G908R
1,007fs

Figure 1.8.1: NOD2 cytoplasmic protein consists of a tripartite structure: 1) N-terminal
CARD domains, a central nucleotide-binding domain (NBD) and a C-domain with multiple
leucine rich domains (LRR). The 3 most common NOD2 polymorphisms (R702W and
G908R are point mutations and L1007fsinsC leads to a frame-shift mutation) lie in and /or in
close proximity to the LRR region shown.
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1.8.1.1.3 NOD?2 Signaling Pathway

The protein product of this gene acts as a sensor for bacterial cell wall component N-acetyl
muramyl dipeptide (MDP, also known as MurNAc-L-Ala-D-isoGln) which is found on both
Gram positive and Gram negative bacteri o (Meylan E 2006 Kanneganti TD 2007.Coulombe F2009 Bonen DK 2003,
Chamaillard M 2003. Girardin SE 2003.Inohara N 2003) e the LRR region is stimulated, NOD2 undergoes
conformational changes and self-oligomerization that leads to the exposure of CARD
domains which permits the activation and binding of the adaptor protein receptor interacting
protein-2 (RIP2, also known as RICK or CARDIAK), a serine threonine kinase that binds
with complimentary CARD-CARD regions. %2 ¢t al., 2001.Lecat A 2010.Ting JP 2010.Inchara N2000. Abbott
DW2004) The NOD2-RIP2 complex then activates the IkB kinase (IKK) complex through
Lys®-linked polyubiquitination of its main regulatory gamma subunit (IKK v , also known as
NEMOQ) (Cameiro LA 2007. Lecat A 2010. Ting IP. 2010) ;s i5 followed by the recruitment of the TAK1
complex which phosphorylates the IKKp subunit. & #4219 The phosphorylated IKKp
subunit leads to the release and activation of transcription factor Nuclear Factor-kappa-B
(NF-xB, which consists of p50/RelA and p52/RelB dimers) that translocate into the nucleus

and act on target genes. (et A 2010)

NF-xB plays a key role in the orchestration of the
inflammatory and immune response and is involved in regulating genes responsible for
producing several proinflammatory cytokines such as IL-1f, IL-8, IL-6, TNF-0. and IL-12,
adhesion molecules, chemokines, and growth factors. It also maintains normal gut

homeostasis by expressing antimicrobial peptides such as o/p-defensins, Spehtmam ME

2009. Wehkamp 2005)
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1.8.1.1.4 NOD?2 Clinical Correlation

The three most common CD susceptibility variants found within the NOD2 gene lie within or
in close proximity to the carboxy terminus LRR region (Figure 1.8.1). The two missense
mutations (rs2066845/SNP12/G908R and rs2066844/SNP8/R702W) and one insertion
mutation (rs2066847/SNP13/3020insC) that leads to a frameshift substitution at Leul007
causing a premature stop codon of the LRR protein are associated with aberrant bacterial
sensing ability and decreased activation of NFxB and inflammatory cytokines.®*""
2003 Chamailtard 2003. Yuan Q 2004-Lees CW 2009.) Thoge three common mutations have been found in up to
40% of European and North American CD patients when compared with 10% to 15% of the
healthy population. ®€r 92019 patients carrying one risk conferring allele have a 2.39 fold
(95% CI: 2.76-3.59) increased chance of developing CD. However the risk increases 17 fold
(95% CI: 10.7-27.2) when two risk conferring alleles are present, 0™ M20%%) Tncreaging
numbers of these NOD2 mutations have been shown to be correlated with ileal involvement,

. . . 2 . 2 H;
early age of onset, and stricturing and/or penetrating phenotype. """ M 2002 Cuthbert AP 2002 Hampe

12002, Lesage S 2002, Radlmayr M 2002.)

NOD?2 has been shown to be highly expressed within Paneth cells that are in the base of the
crypts of Lieberkuhn of the small intestine and have been implicated in playing a role in
degranulation of antimicrobial peptides such as cryptidins and a-defensins HDS5 and HD6
(Ouellette AJ 2006, Simms LA 2008. Wehkamp J. 2005) o4 in regulating host-microbe homeostasis. (™" ©
20098everal studies have shown NOD2’s involvement against gut pathogens such as Listeria,
Pneumococci, Mycobacterium tuberculosis and Helicobacter pylori most likely owning to
this antimicrobial property,Hisamatss 2003.Till 2008 Billmann-Bomn § 2010) Ary1y2 has also been shown to
promote the process of autophagy mediated endocytosis and is involved in the modulation of

Toll-like receptor (TLR) signaling.(Brai" 0 2010. Watanabe T 2004. Watanabe T 2005)
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1.8.1.2 Toll-like Receptors

Similar to the NOD-like receptors (NLRs), Toll-like receptors (TLRs) play a key role in
innate immunity by constantly sampling a variety of highly conserved molecular patterns
(pattern recognition receptors, PRRs) of microbial pathogens in order to differentiate between
‘self’ and ‘non-self>,(C®0 - 2010.  Testro AG, 2009) There are a total of 13 different types of
mammalian TLRs of which 10 (TLR 1-10) are found in humans. They all have an internal
cytoplasmic component that has a highly conserved region which is similar in structure to the
interleukin-1 receptor and thus known as the Toll/IL-1 receptor (T1R) domain (Testro AG, 2009), 5
central transmembrane protein, and an extracellular component which consists of several
variable leucine-rich repeats that constantly scan their environment for specific pathogen
associated molecular patterns (PAMPs). (Cario B 2010) The yarious TLR subtypes in humans are
programmed to detect specific PAMPs. For example, TLR2 detects bacterial lipoproteins,
lipoteichoic acid, peptidoglycan and zymosan; TLR3 is specific for sensing double strand
RNA, TLR4 and TLRS are mainly responsible for detecting lipopolysaccharide (LPS, an
outer membrane component of Gram-negative bacteria) and flagellin respectively.(Rhee SH2011)
Once the intracellular TIR domain is activated, downstream signaling takes place mainly via
the adapter protein myeloid differentiation factor 88 (MyD88) dependent pathway (TLRI, 2,
4,5, 6,7, 8 and 9) and the subsequent production of several proinflammatory cytokines.
TLR3 on the other hand activates an alternative ‘MyD88-independent’ pathway and results in
the production of type 1 interferons, V™ A Shibolet © 2008. Testro AG, 2009) ©fytations within

intestinal TLRs have been shown to be associated with IBD however their function still

remains to be fully deciphered.

TLR4 warrants special mention as it is the only receptor that is capable of activating both
MyD88 dependent and independent pathways (i.e. the activation of proinflammatory
cytokines such as TNF-q, IL-1, IL-6, IL-8 and type 1 interferons respectively). The TLR4
gene is located on the long arm of chromosome 9 and plays an important role in the detection
of Gram-negative outer membrane LPS. Human intestinal epithelial cells (IECs) normally
express TLR3 and TLRS5 and only minimally express TLR2 and TLR4. Functional studies
have shown IBD patients to have a significantly higher expression of TLR4 within the
intestine especially when comparing inflamed colonic mucosa with non-inflamed
controls, (€2 B Podolsky DK. 2000. Szebeni B) p 51y grphisms within the TLR4 gene (Asp299Gly and

Thr3991le) and its associated coreceptor CD14 have been shown to be associated with
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aberrant sensing of LPS and reduced activation of the NF-kB inflammatory pathway, R@llebhand:

P, 2006. Corr SC, 2009) Geveral studies have imperfectly linked these polymorphisms with UC, CD,
or both most likely due to disease heterogeneity amongst IBD patients from different
locations and limited study sample size. (ranchimont D, 2004, Tordk P, 2004. Brand S, 2005) A meta-
analysis performed by Browning et al showed that IBD patients carry a significantly higher
frequency for the Asp299Gly polymorphism that causes structural alterations of the TLR4
extracellular domain, when compared to controls (odds ratio 1.36, 95% CI 1.01-1.84). (Browning
BL. 2007)pyrthermore, the 1-260C>T polymorphism within the CD14 promoter has been shown
to be associated with UC but not CD in a German cohort. However this finding was

inconsistent amongst the Hungarian population where the converse disease association was
Observed.(Baumgart DC, 2007. Levin A, Shibolet O 2008.)

1.8.1.3 AUTOPHAGY: ATG16L1, IRGM

Autophagy (literally meaning ‘self-eating’) is a highly conserved process which is stimulated
during times of cellular stress and produces more energy in order to remove unwanted
cytoplasmic waste materials such as damaged organelles, apoptotic bodies, intracellular
viruses, bacteria and parasites (xenophagy).(FritZ T201D) 1n general terms, this process can be
divided up into three distinct steps: (1) the formation of a crescent or cup shaped isolated
membrane known as ‘phagophore,” which is stimulated by the help of Beclin/VPS34 that is
found within several membrane systems such as the endoplasmic reticulum (ER). These
membrane systems are regulated by three key pathways: (a) the inhibitory target of
rapamycin (mTOR), (b) the class I phosphatidylinositol-3-kinase (PI3K) cascade, and (c) the
autophagy-promoting JNK1 (cJun N-terminal kinase 1) signaling pathway; (2) the elongation
step involves the extension of the phagophore which eventually fuses into a spherical double
membrane shaped structure known as the ‘autophagosome’ within which dangerous materials
are sequestered. This is followed by (3) lysosome binding with the autophagosome to form an

‘autolysosome’ leading to the contents being degraded by acidic lysosomal hydrolases
(Figure 1.8 2) (Billmann-Born S 2010. Deretic 2011.Bao 2010.Eskelinen and Saftig 2009.Glick 2010 Baker PI 2009.Mizushima N

2007 Rubinsztein DC 2005.Cecconi and Levin 2008.)
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INFLAMMATION

Autophagy: cells maintain intracellular homeostasis by degrading potentially
dangerous waste materials such as viruses, bacteriaand parasites by
sequestering them within mes which are then presented to

' mmesfor degradation.

Figure 1.8.2.Autophagy overview.

Autophagy has been shown to be associated with a wide variety of conditions such as
Alzheimer’s disease™ ™ 219 Huntington’s diseaseMattinez-Vicente M 2010)  1yiahetes mellitus
(Meijer A 2008) 5 g1 5(Cuervo AM 2008) g cancer(Levine B 2007 Deretic 2011 11 9007 several independent
large GWA studies including the Wellcome Trust Case Control Consortium showed strong
association of two AuTophaGy-related (ATG) genes, (1) autophagy-related 16-like 1

(ATG16L1) gene and (2) the immunity-related GTPase family M (IRGM) gene to be

: : ST i . 2007. 1 1 ium. 2007.
associated with CD susceptlblhty.(HampeJ 2007. Rioux JD. 2007. The Wellcome Trust Case Control Consortium. 2007.)

ATGI6L1 is directly involved with the basal autophagy apparatus, while IRGM is part of the

immunity-related GTPases (IRGs) family which is responsible for innate immunity.Peete V-

Levine B. 2009.)
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1.8.1.3.1 ATGI6L1

The ATG16L1 gene is found on chromosome 2g37.1 and codes for the Atgl6L protein which
is involved in the formation of the autophagosome. It does this by initially binding to two
other autophagy proteins Atgl2 and Atg5. The formation of this 800 kDa complex binds to
the ‘phagophore’ that elongates to form a double membrane autophagosome. (Rubinsztein DC 2005.
Massey DC 2007) The human Atgl6L protein consists of a central ATG16 domain in its N-
terminus which is responsible for Atg5 binding and eight tryptophan-aspartic acid dipeptide
(WD) repeat domains in the C-terminus whose role is as of yet still unknown (Figure 1.8.3).
The ATG16L1 SNP rs2241880 within the ATG16L1 gene has most significantly been
associated with CD susceptibility. This variant leads to a point mutation, replacing threonine
for alanine at position 300 of the amino acid sequence (T300A),(Chene JF. 2010. Hampe 2007 Billmane-
Bom § 20100 A deficiency in ATGI6L1 has been shown to be associated with aberrant
recruitment of the Atg5-Atgl2 complex thus decreasing the ability of the cell to form
autophagosomes and clear unwanted waste. 246(Hruz P 2010) 1 yhalla er al studied the role of this
T300A variant in human intestinal epithelial cells (Caco-2) and showed the inability of these
cells to form autophagosomes around internalized Salmonella enteric serovar
typhimuriym, &baa P 2008. Hiue P2010) By hermore, IBD patients carrying this particular SNP are
more prone to ileal CD with no association seen with UC patients, FoVier FV 2008 Prescott NJ 2007
Recent studies have shown that CD patients who are homozygous for the ATG16L1 risk
allele (G) have Paneth cell granule abnormalities characterized by defective secretion of
antimicrobial peptides therefore leading to an increased expression of acute phase reactants

and cytokines such as IL-1f and I1-18 which potentiate the inflammatory response.(“2ell K

2008. Saitoh T 2008.Méarquez A, 2009.)

Recently, Cooney et al have shown a link between NOD2 and ATGI6L1 associated
susceptibility genes in a single functional pathway. In their study, the stimulation of NOD2
by MDP was shown to induce autophagy and subsequent bacterial clearing, (€°°"Y K- 2010 g
observation was also noted by Travassos et gl T4 L. 2010 ¢y patients who carried a gene
variant within either the NOD2 (3020insC) or ATGI6L1 (T300A) gene were shown to have
an aberrant formation of autophagosomes, antigen presentation and thus decreased clearing of

pathogens (Netea MG, 2010)
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Figure 1.8.3: Structure of ATG16. The N-terminal domain of the ATG16 protein is essential
for binding with ATGS5 and ATG12 in order to form the autophagosome. The C-terminus
contains 8 WD repeats whose function is not known. It is this area that contains the CD
associated SNP (T300A), (Billmann-Bom §2010)

IRGM

The human immunity-related guanosinetriphosphatase (GTPase) gene on chromosome
5g33.1 was first shown to be associated with CD susceptibility in 2007 by the WTCCC GWA
study. Although there are 23 Irg genes in the mouse that are regulated directly via interferon-
v (IFN- v), there are only 3 IRG genes identified in humans and the functional role of any of
these human IRG genes is unknown. Human IRG is not directly controlled by IFN- v,
however it has been shown to be responsible for IFN- v induced autophagy and protecting
against Mycobacterium tuberculosis in human macrophages.Si"gh S8 2010 Singh SB2006) Ry A
knockdown of IRGM has shown defective autophagy and increased survival of Toxoplasma

m = & : . (Singh SB 2006, M, 2
gondii, Listeria monocytogenes and Mycobacterium tuberculosis. ®™® 2009~ Parkesihg, 2007)

The initial WTCCC study reported two non-coding IRGM SNPs that most significantly
correlated with CD, rs13361189 and rs4958847, however no causative mutation was shown
when the IRGM exon was resequenced. Several subsequent studies have since confirmed the
association of these IRGM SNPs with €D, (Fuett A, 2008. Roberts RL. 2008, Latiano A, 2009, Weersma RK 2009,
Barrett JC 2008. Fisher SA 2008 Franke A 2008) The SNP 154958847 has been shown to be associated with
fistulizing CD phenotype.!"®1@° A 20)Recently, McCarroll ef al showed a 20-kb deletion
polymorphism 1.6 kb upstream from the IRGM gene which was in perfect linkage
disequilibrium with rs13361189,MeCarmell 84 2008 Lees CW 2009)They followed up this finding by
genotyping 685 North American case-controls for this polymorphism and found a 10%
frequency in unaffected healthy individuals, and an elevated frequency in IBD patients.

McCarroll et al also studied the other IRGM SNP reported in the WTCCC rs4958847 and
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found only a partial correlation with rs13361189 and the upstream deletion polymorphism
with CD susceptibility (P = 0.003),McCamoll SA 2008) This probably suggests that there is an
alternative mode by which these SNPs cause disease such as gene splicing and expression, or

interacting with other yet to be identified SNPs found in linkage disequilibirium,®™e 1 2009
19817674)
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1.8.2 Genetic Variants Affecting Mucosal Transport and Integrity: OCTN 1, OCTN 2

The IBD5 gene found on chromosome 5q31 is the second most significant locus (after
IBDI/NOD2 on chromosome 16) to be associated with CD. This locus was initially
discovered in the year 2000 by Rioux ef al when they performed a GWAS in 158 Canadian
families and through higher-density mapping in the 5q31-q33 region revealed a locus of
genome wide significance (LOD score 3.9) that contributed to CD susceptibility in families
with early-onset disease. & P> 2000 peltekova et al identified two SNPs within the organic
cation transporter cluster that are thought to be the main disease associated variants in the
IBD5 gene loci. These two coding variants include (1) the solute carrier family 22, member 4
(SLC22A4) also known as an organic cation transporter 1 (OCTN1) and (2) solute carrier
family 22, member 5 (SLC22A5), also known as organic cation transporter 2
(OCTN2). (Peltekova VD 2009) 1) the same study, Peltekova et al explained the functional defect
that was caused by the two SNPs in OCTN1 (rs1050152) and OCTN2 (rs2631367). The SNP
in OCTNI1 causes a C1672T point mutation on exon 9, while the SNP in OCTN2 results in a
G-207C transversion mutation at the promoter region, thus disrupting a heat shock element
(HSE) upstream of the start codon, Fetickova VD, 2004. - Wang 1, 2011) B oy SNPs have been shown to
be in LD and the ‘TC” is significantly increased in CD patients."<"¥® VP20 Thjs agsociation
is compounded with the concurrent presence of NOD2/CARD1S5 variants with an odds ratio
of 7.28-10.5. OCTN2 is responsible for transporting carnitine, a molecule responsible for
transporting long chain fatty acid through the mitochondria, e M 2008) Mice that are

deficient in OCTN2 have been shown to develop intestinal lymphocytic infiltration. '8

MS. 2006)

Recently Wang et al performed a meta-analysis encompassing 26 studies to evaluate the
association of the IBDS5 locus to the predisposition of IBD. They confirmed that the SNPs of
OCTN1/2 “TC’ haplotype contribute to the susceptibility of CD in pediatric, adults and
Caucasians IBD populations. The locus only contributed to the susceptibility of UC in a
recessive manner in adults and Caucasian populations. ™™ * 2910 Pyrther studies are

warranted in order to unravel the functional effects of OCTN1/2.
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1.8.3 Genetic Variants Affecting The Adaptive Immune System:11.23-Th17 Axis;
TNFSF15/TLA1

1.8.3.1 Interleukin-23-Thl7 axis

Duerr RH et al were the first to show an active role of the adaptive immune system in
[BD.Budat ML 2009 13 2006 they performed a GWA study interrogating for 308,332 SNPs in a
population consisting of 567 non-Jewish ileal CD patients compared with 571 non-Jewish
healthy controls. This study identified three SNPs that were the only variants to remain
significant after Bonferroni correction. Two of the three SNPs were found within the
NOD2/CARDI5 gene and the third SNP rs11209026 (Arg381Gln) belonged to the IL-23

(Duerr RH 2006) patiants who are carriers of the

receptor (IL-23R) on chromosome 1p31.
glutamine allele are three times less likely to develop CD when compared to those carrying
the arginine allele.Pvem R 2000 yyery e al also demonstrated several other intergenic SNPs for
IL23R and the adjacent IL-12 receptor beta-2 (IL12RB2) gene that were also shown to be
significantly associated with non-Jewish, ileal CD,(Puem RH 2006 he 11 23R gene has since
been shown to be significant in a number of other geographical CD populations including

Libi C 200 0 Rael 20 200 20
French( ibioulle 7)’ Canadlan( aclson JV 07)’ Dutch(Weersma RK 8, Weersma RK, 08),

F-lnnish(Lappalainen M, 2008) and British (Cummings JR 2007, Tremelling M, 2007, Van LJ 2007, Lees CW 2009}

Furthermore, this gene has been linked to other autoimmune conditions such as rheumatoid

arthritis, psoriasis and anklosying spondylitis.(Shih DQ2008)

IL23R plays an important role in the 11.23/Th17 inflammatory pathway which involves
several other important IBD associated genes such as STAT3, JAK2, CCR6 and
TNFSF1 5, (Shih DQ2008. Abraham C, Cho JH 2009 Budarf ML 2009 Barcett IC 2008) 4 fiorms part of the membrane
receptor for the IL23 cytokine. IL23 is made up of two subunits, the p19 subunit which is
specific to IL23 and the p40 subunit that is shared with the IL-12 (IL12f) cytokine. IL23 is
predominantly secreted by macrophages and dentritic cells, (Abraham C, Cho JH 2009 gtimylation of
the IL23 receptor leads to the activation of the janus kinase 2 gene (JAK2) and signal
transducer and activator of transcription 3 (STAT3) gene signaling pathway. JAK2 is closely
related to IL23R and leads to autophosphorylation and tyrosine phosphorylation of IL23R.
This subsequently leads to the recruitment, phosphorylation and homodimerization of STAT3
that translocates into the nucleus to transcribe pro- and anti-inflammatory cytokines.(Shih DQ

2008) Interestingly, Mannon et al recently performed a double-blind trial to evaluate the safety
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and efficacy of a human monoclonal antibody against the p40 subunit of interleukin-12 (anti-
interleukin-12) in 79 patients with active Crohn's disease. Patients who received anti-
interleukin-12 therapy showed improvement compared to placebo group as evidenced by
decreased levels of interleukin-12, interferon-gamma, and tumor necrosis factor alpha within
mononuclear cells of the colonic lamina propria and an overall clinical improvement in the

studied CD cohort of patients, 2mon P 2009

The IL23 signaling pathway plays an important role in CD4" T helper cell differentiation via
activation of retinoic acid-binding orphan receptor-yt (ROR- yt) signaling, and the production
of IL-17A, IL-17F, IL6 and TNF-alpha cytokine g, (Shih DQ2008. Abraham C, Cho JH 2009. Abraham C, Cho J
2009. Budarf ML 2009 q)dies in mice have shown the development of fatal multi organ
inflammation when TL23p19 is over expressed. ™ ekovski MT 2001 Lees 2009) gy rthermore, Elson ef
al demonstrated an exaggerated inflammatory response in severe combined immunodeficient
(SCID) mice after bacterial-reactive CD4+ Th17 cells were injected. Conversely, an
improvement in active colitis as seen by the down-regulation of several inflammatory
cytokines and chemokines was shown when monoclonal anti-IL-23p19 was administered in
these SCID mice.®" €O 200D Other similar studies conducted in animals highlight the
importance of [L.23 in mediating inflammati oy, (Abraham C. Cho JH 2009. Hue S 2006 McGeachy MJ 2007. Yen D
2006)1y addition, increased levels of 1123 and Th17 cytokines have been demonstrated within

the colonic mucosa in IBD patients, (Abraham €. Cho JH 2009)
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1.8.3.2 TLIA (TNFSFI5)

Tumor necrosis factor superfamily member 15 (TNFSF15) gene also known as TNF
superfamily ligand A (TL1A), is found on chromosome 9932 and is the only gene to be
associated with CD in both Asian®™%%i K. 2009 and Caucasian populations, Tremeling M- 2008.
Bamett JC, 2008 Picomell Y, 2007. Shih DQ 2011) 77 1 A 5 also associated with UC in British populations
however not in Japanese cohort,(Yamazaki K, 2005 Kakuta ¥ 2006) Hap)otypes composed of 5 TL1A
SNPs have been associated with an increased risk of CD (haplotype A) in Japanese
populations however haplotype B is protective in British and American populations.
Furthermore, haplotype B is associated with a more severe disease course in Jewish
populations as evidenced by an increased frequency of small bowel surgery,
fibrostenosis/perforation behavior, and perianal manifestations. Michelsen KS, 2009, Shih DQ 2011) ¢
association of TL1A with IBD has now been confirmed by several genome wide association
studies including the Wellcome Trust Case Control Consortium, NIDDK IBD Genetics

Consortium and the Belgian-French IBD Consortium, 32t /¢2008)

TL1A is expressed in endothelial cells, lymphocytes, plasma cells, monocytes, and dendritic
cells and acts as a ligand which binds to death domain receptor 3 (DR3).5"% % 2019 Microbial
stimulation of Toll-like receptors causes an up-regulation of this complex that activates the
NF-kappa B and MAP kinase pathways, thereby leading to the increased production of the
antiapoptotic protein c-IAP2 and interferon gamma (IFN-y) cytokine by human CD4'T and
NK cells, thus participating in the T-helper-1 (Thl) mediated immune response which is
more commonly seen in CD.End K. 2010 Shih DQ 2009) geyera] studies have shown increased

expression of TL1A within the inflamed gut mucosa in CD patientsShih PQ 2009, Endo K, 2010

ias G, 2003. , 2008, . . -
Bamias G, 2003. Prefn JL, 2004. Takedatsu H, 2008) Ty odatsy ef al have showed a significant increase in

TL1A, DR3, IFN-y and IL-17 in gut associated lymphoid tissue (GALT) after inducing colitis

by using dextran sodium sulphate (DSS) in mouse models. The inflammation was shown to

regress after the administration of anti-TL1A monoclonal antibodies, (Tokedaisu H. 2008) 1)

addition, Michelsen et al have demonstrated a synergistic effect of TL1A with IL-23 to

induce IL.-17 production in CD4" T cells in murine models, Michetsen K5, 2009)
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Furthermore, TL1A is associated with other inflammatory conditions such as rheumatoid

r : . Fang L, 2008. MeylanF 2008. Michel 2009.
arthritis, autoimmune encephalomyelitis, and asthma, (718 - 2008 Meylanf 2008 Michelsen KS, 2005

Pappu BP 2008)

1.8.3.3 Human Leukocyte Antigen (HLA)

The highly polymorphic gene dense human leukocyte antigen (HLA) complex on
chromosome 6p21.3 (IBD3) is one of the most consistently linked regions associated with
[BD,(Ahmad T. 2006) andidate gene studies have been used to identify many genetic regions
within the HLA region that have provided further insight into disease pathogenesis. Based on
family studies, it is estimated that the HLA region contributes approximately 10-33% of the

total genetic risk of CD and between 64-100% of the total genetic risk of Y. (Ahmad T, 2006 Yaoe

H, 1999.Satsangi J, 1996)

The HLA complex is sub-categorized into type I (A, B and C) and type II (DR, DQ, DP)
genes that predominantly play a role in lymphocyte function. The majority of studies in IBD
have focused on the role of HLA type II as they play an important role in presenting antigens
to T-lymphocytes. This subsequently leads to B-cells to produce antibodies against that

particular anﬁgen_(Ahmad T, 2006.)

Of the HLA type II subtypes, HLR-DRBI is the most extensively studied gene in IBD. An
example of a HLA type Il complex gene that is associated with IBD severity is the
HLADRB1*0103 allele. The overall frequency of the HLA-DRB1*0103 allele is less than
2% amongst European and white North American populations. This allele was initially
shown to be associated with UC in 1996 and later confirmed as a CD susceptibility gene in

2000, (Abmad T, 2006)  Qovera] studies since have repeatedly correlated this rare allele with

isolated colonic CD phenotype with odds ratios ranging from 5.1 to 18.5,(acock I 2008 Ahmad
12002 Newman B2004. Fenandez L, 2004) p o cantly, Hancock et al confirmed the association of isolated
colonic (Montreal classification 1L2) CD with HLADRB1*0103 in their cohort of 675
patients. In addition the authors found a novel association of this allele with earlier time to
first surgery.neock L 2008) pyrthermore, this allele has also been shown to correlate with
perianal and fistulizing CD phenotype most likely owning to its strong affinity to colonic

disease (Ahmad T, 2006. Ahmad T 2002. Femandez L, 2004)

64



In addition, the association of this allele with UC amongst Spanish, British, North American
and Mexican cohorts is well documented. In particular this allele has a strong correlation with
extensive or severe disease as defined by the need for colectomy for failed medical
management. Similar to CD, the frequency of this allele is not high enough for it to be

clinically useful as a marker of disease severity, A" 2006)

Other HLA Class II associations with IBD include the HLA-DRB1*07 allele with ileal
involvement in CD patients; HLA-DRB1*04 especially in conjunction with NOD2/CARD15
and ileal (L1) CD phenotype; HLA-DRB1#1502 is unique in that it is common in both
Eastern and Western UC populations. Furthermore several HLA Class II loci are associated
with extra-intestinal manifestations of IBD. For example, HLA-DRB1*0103 has been shown

. 5 . JE . . ) d i hard
to be associated with migratory large joint arthritis and uveitis,(A"mad T 2006. Orchard TR, 2000 Orchar

TR, 2002.)

Even though there is strong correlation of disease susceptibility genes within the HLA
complex with IBD phenotype, their use as genetic makers still remains elusive due to limited
sensitivity and speciﬁcity.(Ahmad 1:2008) However it is thought that such genetic markers could
be used in conjunction with other genetic polymorphisms and serological markers in order to

increase the statistical power to predict IBD phenotype.(Ahmad Lo
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1.9

Mass-Throughput Genotyping Technology

The DNA sequence is coded by four nucleotides: adenine (A), cytosine (C), thymine (T), and
guanine (G). Single Nucleotide Polymorphisms (SNPs, pronounced as ‘snip’) are genetic
variations that occur within an individual’s DNA sequence and account for >90% of all
sequence polymorphisms with an estimated frequency of 1 out of every 1,000 bases in the
human genome, SYvamen AC 2001 Callegaro A 2006) - 1y {hose polymorphisms that have a minor
allelic frequency of at least 1% in a given population are considered as SNPs, MNowak D 2009)
The position at where such SNPs occur within the DNA sequence can potentially have an
effect at the phenotypic level S0 A€ 2001) Those SNPs that lie in a coding region are further
sub-divided into synonymous or non-synonymous based upon whether they cause a change in
the amino acid sequence or not.No"& D 2009) The work done by the Human Genome and
International HapMap Projects has provided great insight into the variations observed within

the human genome across populations, 5YYanen A€ 2001)

Human genetic diversity is maintained by genetic recombination during meiosis. The
important property of the genome is that it is organized into discrete blocks of information
that are transferred together during human reproduction, >3l 882002 There i5 very limited
haplotype diversity within each block which means that SNPs that reside in a particular block
tend to be correlated. Therefore, not all SNPs within each block need to be assayed. The
number of SNPs needed to be assayed is dependent on the size of the genomic block and the
strength of LD present. The stronger the LD, the fewer amounts of SNPs needed to represent
that particular block and vice versa,Mresso K 2008. Grant SE2008) Tig hag substantially reduced the
overall number of SNPs that need to be studied in order to capture the overall variation within
the genome. This has led to the development of high-throughput SNP microarray technology
which has revolutionized the field of genetics by allowing researchers to study such genetic

variations in a highly efficient, reliable and cost effective manner, (G SF 2008

At the moment, there are two high throughput SNP genotyping platforms commercially
available for performing GWA studies; the Affymetrix Gene Chip® and Illumina Bead Chip®.
An overview of both platforms is shown in Figure 1.9.1 and Figure 1.9.3. Each platform

comes with its unique arrays, reagents, fluidics system, hybridization oven and scanner, and
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data analysis software. These microarrays require a DNA concentration between 250-750ng

per sample which is used to interrogate over 500,000 SNPs simultaneously. Processing time

is different between the two platforms, with 5 days for the Affymetrix protocol compared to 3

days for Illumina. It should be mentioned that there is a lot of flexibility within these

platforms and researchers are now able to choose from a variety of scalable and customizable

platforms depending on the number of samples and number of SNPs of interest (Figure

1.9.2). A brief general overview of the protocol used by the two platforms is laid out below.

Day1 'Day2

*Make an amplified DNA sFragment amplified DNA
sIncubate amplication sPrecipate & resuspend

*Prepare BeadChip
eHybridize samples on BeadChip

Day3

sExtend & Stain samples on
BeadChip

elmage BeadChip

sAuto-call genotypes and
generate reports

Figure 1.9.1. Illumina BeadChip Workflow.
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# of Analytes (SNPs)

lllumina BeadExpress

1005 1.000
# of Samples

Figure 1.9.2: The choice of appropriate technology is a balance between the # of SNPs to be
analyzed and the # of samples to be analyzed (and costs).

1.9.1 Affymetrix (Santa Clara, CA, USA) GeneChip®

Once DNA is appropriately quantified, it is digested by restriction enzymes which results in
a 4 bp overhang fragment. Specific adaptor sequences then bind to these fragments and the
complex is then amplified by the use of a generic primer. The PCR reaction is programmed
so that only fragments that are of 200-1100bp in size are amplified in order to reduce
genomic complexity. The amplified DNA is subsequently fragmented, labeled with a
fluorochrome, and hybridized to millions of probes (oligonucleotides) which have been pre-
synthesized on a 1.28 cm? area made of quartz(Figurel.9.3). In addition, a number of control
probes and platform specific quality control measures are installed that act to ensure quality
control. The samples are scanned and results are analyzed using the AffymetrixGeneChip
Operating genotyping software provided. (Grant SF 2008 Maressok  2008. Xavier R1 2008) Dyata is then
reported as (1) intensity which provides information regarding the DNA copy number, and

(2) SNP alleles that provide genotyping information, Nowak P» 2009
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I 0.005cm

Affymetrix Chip

Figure1.9.3. AffymetrixGeneChip®: Once the DNA is digested into fragments by restriction
enzymes, it is ligated and undergoes PCR to produce fragments of selected size (200-
1,100bp). These are then labeled with a fluorochrome and hybridized to the microarray.
Within the microarray the DNA fragments bind to their allele-specific perfect matched
probes. The array is scanned by a laser which detects the fluorescent signals that are bound to
the DNA. Data is then reported as (1) intensity which provides information regarding the
DNA copy number, and (2) SNP alleles that provide genotyping information, ™%k P-2009)

1.9.2 Hlumina

In contrast, the Illumina Bead Chip® platform utilizes 2 pm-sized silica beads that are coated
with probe sequences. Once DNA samples have been adequately quantified (between 250-
750ng), they are amplified 1000-2000x and subsequently fragmented to yield strands that are
of approximately 300 to 600 bp in size. The samples then undergo alcohol precipitation, are
resuspended and applied onto a BeadChip where they are left to hybridize overnight onto
locus-specific 50-mer capture probes to SNP loci. Once hybridized, the SNP locus-specific
primers undergo a base extension step in order to determine allelic specificity and are then
fluorescently stained. The BeadChip is then put through a high-resolution confocal scanner
that determines the intensity of the each of the fluorescently stained samples. Quality control
probes are also inserted within the assay to ensure optimal reaction for every step. Genotype
and control results are then automatically called and analyzed using Illumina’s Genome

Studio software (Grant SF 2008. Maresso K. 2008. Gunderson KL 2006)
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1.10
Study Aims

Specific Aim # 1: Chapters 3 and 4

1.1 (Studies #1 and 2)
To recruit and retrospectively sub-classify patients who have undergone the IPAA operation
by the Division of Colon and Rectal Surgery at the Penn State Milton S. Hershey Medical

Center into the following categories based on criteria set by Shen ef al:

a. IPAA without complications: no CD-like complications, no pouchitis for 2
consecutive years.

b. IPAA with CD-like complications: defined as the presence of a peri-anal
fistula, pouch inlet stricture, upstream small bowel disease, pouch biopsies
showing granulomata, any and all occurring at least 6 months after closure of
ileostomy.

c. IPAA with Mild pouchitis: defined as 3 or fewer episodes per year for 2
continuous years.

d. IPAA with Severe pouchitis: defined by the need for continuous medical
therapy (antibiotics or immunosuppressants) OR 4 or more episodes per year
for 2 consecutive years.

e. Control populations will be identified and will include:

i. Ulcerative Colitis treated with colectomy + end ileostomy.

ii. Crohn’s Colitis treated with colectomy + end ileostomy.

1.2 (Study #1)

To genotype IPAA patients for the three most common SNPs within the NOD2 gene using
standard PCR gel electrophoresis. The hypothesis for this specific aim is to determine
whether patients experiencing complications after [PAA (CD-like fistulae, strictures,
granulomata, and/or pouchitis) carry a higher than expected rate of NOD2 mutations

compared with IPAA patients without such complications.
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1.3 (Study #2)

Perform DNA SNP analysis on IPAA patients so recruited, assaying for 80 previously
identified SNPs shown to be associated with IBD (CD or UC) using a customized Illumina
Bead Xpress Veracode technology array.

1.4 (Study #2)
To then statistically correlate genotype (single SNP and multi-SNP haplotypes) with the
categories of IPAA patients in the attempt to define genetic correlates and/or predictors of

surgical outcome after [IPAA.

1.5 (Study #2)
Such identified specific SNPs then will be used to develop hypothetical predictive gene
signatures which could possibly be utilized to predict post-operative complications and thus

aid in preoperative surgical decision making.

Specific Aim # 2: Chapter 5

2.1 (Study #3)
To recruit CD patients who have previously undergone ileocolectomy for ileocolic disease by
the Divison of Colon and Rectal Surgery at the Penn State Milton S. Hershey Medical Center

and determine their surgical frequency.

2.2 (Study #3)

Perform DNA SNP analysis on CD patients so recruited, assaying for 80 previously identified
SNPs shown to be associated with IBD (CD or UC) using a customized [llumina Bead Xpress
Veracode technology array.

2.3 (Study #3)
To then statistically correlate genotype (single SNP and multi-SNP haplotypes) with the
frequency of ileocolectomies in the attempt to identify genetic mutations that correlate with

rapid recurrence of CD after Ileocolectomy.
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Chapter 2
Methods

The following methods were used as necessary to perform the subsequent studies (1 - 3)

2.1 Patient Recruitment/creation of IBD Patient Registry

The Division of Colon & Rectal surgery care for a large group of IBD patients at The Milton
S. Hershey Medical Center situated in Central Pennsylvania. This is a 500 bed medical center
with attatched medical school. In excess of 800 surgical procedures are done per year with
approximately 200 for IBD. There are in excess of 1,000 IBD patients seen in clinic per year.
The medical center has a General Clinical Research Center where research patients receive
education, and have clinical trials performed. Institutional Review Board (IRB) and Human

Subjects Protection Office (HSPO) oversight is present.

In 1998, the Division of Colon & Rectal Surgery established an IBD Family Registry, which
now has expanded to include any and all patients with IBD cared for at the Penn State Milton
S. Hershey Medical Center. The core goal of this project is to enroll patients for the purpose
of investigating the genetic basis for IBD. This registry stores the patients’ demographics,
personal medical history, and characteristics of illness and then a blood donation is used to
create a DNA cell bank by immortalizing the patient’s white cells using Epstein Bar Virus
transformation. During the past years, the division have recruited over 167 families with IBD
(defined by at least two family members with IBD) and harvested white cells from cach
diseased and healthy family member and created over 581 immortalized cell lines to perform
genetic analysis. In addition, over the past 3 years the division have also recruited patients
with sporadic IBD (142 UC, 108 CD), cancer associated IBD (18 UC) and a large group of
otherwise healthy controls (344 individuals). This has created a DNA library with
approximately 1000 cell lines for the study in perpetuity (by virtue of the EBV
immortalization process) of these individuals’ genetic make-up. This resource allows ongoing
research into the genetics of IBD without the difficulties associated with having to
repetitively draw blood from patients for each new experiment. This registry and the clinical
patient population who have undergone the Ileocolectomy and IPAA procedure will

specifically be used to investigate the research projects so defined.
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2.2 Human Subijects

The subject recruitment process began by making telephone contact to potential candidates
based on surgical log evaluation. The purpose, requirements, and risks and benefits of the
study were explained during this initial contact and subjects were given the option to
participate. A clinic appointment was then scheduled with one of the study investigators and
the consent and release of medical record documents reviewed and signatures obtained. All
documents had been reviewed by the institutional review board and approval granted. The
study subjects received a copy of the consent document (see Appendix I). At this time
registered specialists performed venipuncture and the blood samples were given to one of the

study investigators for processing of DNA.

Once permission was granted, the medical charts from the Milton S. Hershey Medical Center
were evaluated for the specific clinical characteristics listed below. If the medical record
indicated relevant care been received at an outside institution, those institutions were
contacted and the required records requested. Documentation of release of medical records
were faxed to the appropriate institution and request made for the appropriate records to be
mailed to the principal investigator. The information obtained was entered into a computer
protected database with net-work security. Access was only available to those involved with
the project. Upon entry into the study the subjects were assigned a code number and all future
documentation referred to this code system. An official master list of study subjects and code

numbers were kept in a locked file in the principal investigator’s office.

The Milton S. Hershey Medical Center Institutional Review Board granted approval for this
study. A copy of the certification of approval has been included in Appendix 2.
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2.3 Resources

Three laboratories of 800 square feet in area each was available with all essential equipment
to perform genetic assays, cell cultures, EBV transformation, PCR, and gel blots which
include sterile hood, 38° incubator, PCR machines, UV projector, camera apparatus, -70°
freezer, liquid nitrogen (LN) storage facilities, electrophoretic equipment, and gel

densitometry.

2.4 Medical Record Chart Review

Patients’ medical records were obtained including progress notes, hospital admission and
discharge documents, surgical operative notes, endoscopy reports, and pathology reports. The
review included patient demographics and documentation of clinical parameters of disease
including: 1) sex, ancestry, family history, prior number of surgeries, smoking history, 2)
extent of disease (defined by surgical pathology), 3) medications/dose including Imuran,
Remicade, steroids, 4) Frequency of pouchitis attack and medications used in management,
5) presence or absence of primary sclerosing cholangitis, 6) presence or absence of
arthropathy, uveitis, aphthous stomatitis, or dermatological manifestations. Data was saved
on Penn State Hershey Medical Center, Division of Colon & Rectum’s IBD registry database
using Microsoft Infopath 2007 and SQL Server 2005. Please refer to the detailed clinical
questionnaire that all IBD patients were required to complete upon recruitment to the IBD
Registry in Appendix 3.

2.5 Mononuclear Cell Isolation;®P'awski B, 1991)

The following procedure was performed within the Colon and Rectal Surgery research
laboratory at Milton S. Hershey Medical Center. A standard lymphocyte cell isolation
technique was followed as referenced in Current Protocols in Immunology. Briefly, in a
sterile, laminar flow bio-safety cabinet, 10 ml blood is diluted 1:2 and mixed with sterile
Dulbecco’s phosphate buffered saline (DPBS) and slowly layered on top of 10 ml 1.077 g/ml
Ficoll-Paque (Amersham Biosciences). The blood-Ficoll-Paque gradient was centrifuged at
400g for 30 minutes at room temperature. The mononuclear cell interface was collected and

washed two times with DPBS and the cells collected by centrifugation at 250 g for 8 minutes.
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2.6 Epstein Barr Virus Transformation; e /L 1991

The mononuclear cells were then used to create immortalized B-cell lines using Epstein Barr
virus (EBV) to provide an indefinite source of DNA from each recruited individual. Epstein
Barr Virus lymphoblastoid B cell lines are created by infecting cells with EBV obtained from
the high-titer supernatant of the cotton-top marmoset lymphoblastoid cell line, B95-8 (CRL-
1612, ATCC Manassas, VA). Briefly, B95-8 cells are grown to confluence and stimulated to
produce virus by treatment with 40 ng/ml phorbol ester (phorbol 12-myristate 13-acetate).
Following exposure, cells are washed with DPBS and the media replaced. Virus is allowed to
accumulate in the culture media for 72 hours, whereupon the high-titer EBV supernatant is

0.2 um filtered and stored in 2.5 ml aliquots in liquid nitrogen.

Washed peripheral blood mononuclear cells (PBMC) were infected by re-suspension in
RPMI-1640 media containing 12% fetal bovine serum (FBS) and 25% EBYV supernatant then
incubated in a 5% CO, incubator at 37°C. Media of the mononuclear culture was replenished
as needed and transformation of B lymphocytes into lymphoblastoid cell lines (L.CLs)
typically achieved within 3 weeks as indicated by development of large, round, unattached
clumps of cells. LCL B-cell lines were stored at 1x107 cells/ml in FBS with 10% DMSO in

secure liquid nitrogen tanks.

2.7 DNA Isolation

DNA was extracted from 1x10° transformed B-cells using a DNA isolation kit (QIAAmp
DNA Blood silica-membrane-based DNA purification Midi Kit, Qiagen, 51185) following
the manufacturer’s recommended protocol. Transformed B-cell vials were thawed out of
liquid nitrogen and transferred to labeled 15ml tubes. Cells were pelleted at 1500 rpm for 5
min. The pellet was then resuspended in 2 ml Dulbecco's Phosphate-Buffered Saline (DPBS,
Invitrogen) and 200 pl Qiagen Protease added and tubes vortexed for 3 sec. 2 ml Buffer AL
was then added and tubes quickly invert approximately 15 times (together in a rack), then

vortexed again for 30 sec. Tubes were then incubated at 70°C for 30 minutes followed by the
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addition of 2 mls of 200-proof EtOH. They were then inverted 10 times and vortexed for 1
min. Qiagen 15ml midi columns were labeled and half of the lysate added to the column.
There were then centrifuged at 3300 rpm for 3 min. The filtrate was discarded and the
remaining lysate added and centrifuged at 3300 rpm for another 3 minutes. Filtrate was
discarded. 2mls Buffer AW1 was added to the column and centrifuged at 4200 rpm for 2 min.
2 mls of Buffer AW2 was then added and columns centrifuged at 4200 rpm for 20 min. The
filtrate was discarded and the columns placed in new, labeled 15ml tubes. 300 pl Buffer AE
was added to the column, capped and centrifuged at 4200 rpm for 5 minutes. DNA was then
quantified using a spectrophotometer at 260nm. A working solution of DNA was then created

by diluting the sample with Tris-EDTA to create stock of 10 ng/pl.

2.8 Polymerase Chain Reaction (PCR)

In order to study specific segments of DNA, many copies first need to be produced in order to
have enough DNA to work with. The polymerase chain reaction (PCR) was developed by
Dr. Kary Banks Mullis in 1983 while working as a DNA chemist at Cetus Corporation in
Emeryville, California. This invention earned Dr. Mullis the Nobel Prize in chemistry in 1993

and is hailed as one of the monumental scientific techniques of the twentieth century. et ™.

Stirling D 2003)

The process of PCR begins by first denaturing the double helix of DNA by applying heat
(94-98 °C for 20-30 seconds) in order to yield two single-stranded DNA molecules. Next is
the annealing step (temperature is lowered to 50-65°C for 20—40 seconds) whereby two sets
of primers (short pieces of DNA) that are specific for sequences located on either end
(flanking region) of the DNA segment of interest are attached to the single-stranded DNA via
complementary base pairing (adenine with thymine and cytosine with guanine via hydrogen
bonds). The temperature is increased to 72—80°C which is ideal for the enzyme DNA
polymerase to function in the extension and elongation step. During this step two new strands
of DNA are formed from the original template by the addition of complementary nucleotides
(base pairs). This process results in the duplication of the original DNA, with each of the new
copies comprised of one old and one new strand of DNA. Each of these strands can then be
used to create another two new copies, and this cycle of denaturing and synthesizing new
DNA is repeated as many as 30 or 40 times, leading to more than a billion exact copies of the

original DNA segment of interest. This entire process takes place within a DNA Thermal
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Cycler machine that is fully automated and is programmed to alter the temperatures needed
for optimal denaturing and synthesis of DNA. The PCR product is then confirmed by
visualizing the anticipated DNA bands by employing an agarose gel electrophoresis
technique and comparing the size of the DNA fragment to a standard DNA ladder that acts as

a marker for molecular weight.

2.9 Agarose gel electrophoresis

Agarose gel electrophoresis is a technique used to separate protein/DNA based on the charge
or size of the fragment. The components of this procedure include: an electrophoresis
chamber and power supply; gel casting trays; sample combs around which agarose forms the
sample wells in the gel; electrophoresis buffer, usually Tris-acetate-EDTA (TAE); Ethidium
bromide (EtBr) which is a fluorescent dye used for staining nucleic acids and transilluminator

(an ultraviolet light-box), which is used to visualize ethidium bromide-stained DNA in gels.

To make a 2% gel, 2 grams of agarose powder is mixed into 100 ml 1x Tris-Acetate-EDTA
buffer. This mixture is heated in the microwave until the agarose power is completely
dissolved into solution. This is followed by the addition of 4ul of ethidium bromide, an
aromatic intercalating agent that is commonly used as a nucleic acid stain. When exposed to
UV light it will fluoresce with an orange color thereby intensifying almost 20-fold after
binding to DNA. The solution is left to cool and quickly poured into a gel casting tray
containing appropriate sized combs and left alone to solidify at room temperature. Once
solidified, the combs are removed carefully and the gel is securely placed into the
electrophoresis chamber and filled completely with TAE buffer solution. Samples of DNA
plus loading dye (loading dye helps keep the DNA inside the wells and help to locate how far
the fragment has travelled on the gel) are carefully pipetted into each well and the chamber
lid closed and connected to an electric supply. The DNA fragments will travel towards the
positive electrode (i.e. from the black lead towards the red). The electricity is switched on
and the gel is run for approximately 30-40 minutes at 100 volts. Once the bands have
travelled enough distance, the gel is placed under a UV light box which aids in visualizing
the ethidium bromide-stained DNA. The DNA bands are compared to a standard DNA ladder
that acts as a marker for molecular weight. A photograph of the DNA bands is usually taken

soon after.
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2.10 DNA Genotyping using Illumina® BeadExpress VeraCode Technology

In the past, genotyping patients for a large number of SNPs (dozens to hundreds) has proven
quite challenging, time consuming, and expensive. However, since the development of DNA
microarrays (also known as ‘DNA chip’) in the early 1990s, such robust genotyping is now

possible.

With the help of Illumina®, a customized DNA microarray specific for 83 SNPs associated
with IBD was developed (see Chapters 3-5). This customized DNA microarray uses
Ilumina’s VeraCode technology and is capable of analyzing 96 patient DNA samples at a
rate of 80 samples per hour. The VeraCode technology utilizes digital holographic codes to
provide a robust detection method for multiplex assays. Comprised of cylindrical glass
microbeads measuring 240 microns in length by 28 microns in diameter, VeraCode
microbeads provide an ideal surface for numerous bioassays including genotyping, gene
expression, and protein-based assays. Digital holographic elements are embedded within each
microbead to create unique bead types. When excited by a laser, each VeraCode bead emits a
unique code image, allowing for quick and specific detection by Illumina’s BeadXpress
Reader System. Depending on desired multiplex levels, assays are created by pooling
microbeads with code diversities from one to several hundred. VeraCode beads are highly
stable and the digital coding provides customizable tracking of not only the target(s) of
interest, but also of critical identifiers such as sample ID, laboratory ID, and reagent kits. This
allows for extremely efficient high-throughput genotyping. The steps for running this DNA

microarray are laid out below:

o In order to obtain accurate DNA concentrations in our samples, an ultrasensitive
fluorescent nucleic acid stain Quant-iT™ PicoGreen® dsDNA Assay Kit (Invitrogen™)
was used. The major advantage of using this reagent is that it can quantitate as little as
25pg/ml of dsDNA with a standard spectrofluorometer thereby being extremely
sensitive for dSDNA and not taking into account other contaminants commonly found

in nucleic acid preparations.
o Once dsDNA concentrations are optimized, they were diluted and loaded into 96 well

plates. The samples were run on Illumina’s BeadXpress Reader in Penn State Hershey

Medical Center’s Functional Genomics Core Facility.
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o BeadExpress data was reported for risk and wildtype alleles based on the current
literature and latest The National Center for Biotechnology Information (NCBI) Single
Nucleotide Polymorphism database (http://www.ncbi.nlm.nih.gov/SNP/) and correlated
with the clinical subgroups as detailed in Specific Aim 1 and 2. Single/multiple SNP

statistical analysis was then performed.
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Chapter 3
Study #1: NOD2/CARDI15 Mutations Correlate with Severe Pouchitis after Ileal Pouch-Anal

Anastomosis

3.1 INTRODUCTION

Ulcerative colitis (UC) is an inflammatory condition of the colon that has no clear etiology or
medical cure. Although medical therapy aids in controlling the inflammation, approximately 25-
330Shen B. 2005) o p patients will eventually require surgery in order to alleviate their symptoms
and improve quality of life. Total proctocolectomy with ileal pouch-anal anastomosis (IPAA) is
now considered to be the operative gold standard for the treatment of UC. This procedure avoids
a permanent stoma, decreases the risk of dysplasia and cancer, and allows patients to discontinue

steroids and other immune therapies that can have significant side effects.

Post-operative complications related to the IPAA can occur, however. These include early
complications which are usually technically related, or ones occurring later that can suggest
recrudescent inflammatory bowel disease (IBD), such as perianal fistuli, afferent limb stricture or
severe pouchitis recalcitrant to conventional management with antibiotics. The severity of such
complications can sometimes suggest a diagnosis of Crohn’s Disease (CD), which is usually

considered a pre-operative contraindication for IPAA, because of historic high failure rates.®""

2010)

In the past two decades, genetic variants and their role in the pathogenesis of IBD (both UC and
CD) have been the subject of intensive research. The goal of this exciting work is to discover the
possible etiology of IBD by identifying genetic mutations associated with IBD through studying
large populations of IBD patients. One of the earliest genes in which mutations have been
shown to be associated with Crohn’s disease was the NOD2/CARDI15 gene on chromosome
16, (ugot [P 2001 Ogura Y 2000 i sene encodes a protein that functions as an intracellular sensor of
muramyl-dipeptide (MDP), a component of bacterial cell walls. Three common mutations
within this gene lead to a compromised host immune response to enteric bacteria. Pouchitis is in
part, due to an over-growth of bacteria as evidenced by its responsiveness to antibiotics.

Mutations in the NOD2/CARD15 gene could possibly contribute to pouchitis and/or be
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predictive of Crohn’s-like complications such as fistuli or strictures in patients thought to have
UC. The present study therefore was undertaken to test the hypothesis that patients suffering
complications after IPAA (CD-like fistuli, strictures, granulomata and/or pouchitis) have a
higher than expected rate of NOD2 mutations compared to IPAA patients without such

complications.

3.2 METHODS

3.2.1 Patients

A retrospective patient chart review was conducted looking at all patients who underwent a total
proctocolectomy with IPAA reconstruction at The Milton S. Hershey Medical Center from July
1990 to July 2009. From a total of 382 IPAA patients, 107 patients were subsequently recruited
into the study population presented here. All CD-like and severe pouchitis patients were fully
recruited. Mild pouchitis and asymptomatic pouch patients were recruited without sclection bias
based on availability defined by follow up clinic visits during the study period (September 2008
— September 2009). Patients were classified into the following groups: (1) IPAA without
complications or pouchitis; (2) IPAA with mild pouchitis; (3) IPAA with severe pouchitis; and
(4) IPAA with CD-like complications. Control populations of patients were CD patients with
colitis undergoing total proctocolectomy/ileostomy and otherwise healthy controls. Criteria
defining these patient groups are presented in Table 3.1. Medical records, including progress
notes, hospital admission and discharge documents, surgical operative notes, endoscopy reports,

and pathology reports were reviewed.
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Table 3.1. Definition for each Pouch Sub-group

| Pouch Sub-groups

"IPAA without conTpEatibﬁs or

pouchitis

'IPAA with mild pouchitis

IPAA with severe pouchitis

IPAA with CD-like complications*

"CD colitis patients (Controls)
Healthy Patients (Controls)

N
37

33

28

11
269

Definition

IPAA without complicaEidns or i)(_)uchitis for at least 2§rs_after.

stoma closure.

<3 episodes/year for 2 consecutive years, effectively treated with

7-10 days of ciprofloxacin or metronidazole

>4 episodes/yr for 2 consecutive years OR the need for

continuous antibiotics.

the presence of any of the following:
e peri-anal fistula (N=12)
e pouch inlet stricture/proximal small bowel disease
(N=11)
e biopsies showing granulomata (N=3)
e Antibiotic resistant pouchitis (N=5)

Any or all occurring at least 6 months after ileostomy closure

No immunologic based disease, no gastrointestinal surgery

*Patients in IPAA with CD-like complicati;)ns may have had more than 1 defining complication.
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Individual episodes of pouchitis were defined by conventional clinical criteria including
symptoms (increased frequency of bowel movements, diarrhea, tenesmus), pouchoscopy (gross
inflammation) and biopsy showing inflammation superimposed on chronic inflammation.

Patients were defined as having severe versus mild pouchitis according to criteria established by

Shen et al,Shen 2003)

Patient demographics and documentation of clinical parameters of disease were gathered and
included: 1) sex, family history, date of IBD diagnosis, prior number of surgeries, smoking
history, 2) extent of disease, defined by surgical pathology; 3) medication/dose history
including 6-mercaptopurine/azathioprine, infliximab and steroid use; 4) frequency of pouchitis
attacks and medications used in management, and 5) presence or absence of extraintestinal
manifestations  including primary sclerosing cholangitis, arthropathy, uveitis, aphthous
stomatitis, or dermatological manifestations. The study was approved by The Milton S. Hershey

Medical Center Institutional Review Board (IRB).

3.2.2 DNA/Cell Bank

The identified IPAA patients were contacted and recruited into our IRB approved genetic IBD
cell/DNA bank originally established in 1998. Informed consent was obtained and patients
donated blood samples which were used to create immortalized B-cell lines using Epstein Barr
virus (EBV) to provide an indefinite source of DNA from each recruited individual.“"™e
2099)Briefly, blood was placed into sterile phosphate buffered saline (PBS), mixed, and slowly
layered onto sterile Ficoll-Paque (Amersham Biosciences) solution. The blood-Ficoll mixture
was centrifuged in a Sorvall RT centrifuge at 1000 RPM for 30 minutes at room temperature
until the cellular gradient was achieved. The lymphocyte interface was carefully extracted. These
cells were washed with PBS, mixed, and centrifuged at 1000 RPM for 10 minutes. The cellular
pellet was resuspended in media containing Epstein Barr virus for transformation and incubated.
Once transformed, cells were stored by placing 1x107 cells/ml in 1 ml aliquots of fetal bovine

serum with 10% dimethyl sulfoxide in secure liquid nitrogen tanks till use.
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3.2.3 DNA Isolation

DNA was extracted from 1x10° transformed B-cells using a DNA isolation kit (QJAAmp DNA
Blood silica-membrane-based DNA purification Midi Kit, Qiagen, 51185) following the
manufacturer’s recommended protocol. Transformed B-cell vials were thawed out of LN2 and
transferred to labeled 15ml tubes. Cells were pelleted at 1500 rpm for 5 min. The pellet was then
resuspended in 2 ml Dulbecco's Phosphate-Buffered Saline (DPBS, Invitrogen) and 200 pl
Qiagen Protease added and tubes vortexed for 3 sec. 2 ml Buffer AL was then added and tubes
quickly inverted approximately 15 times (together in a rack), then vortexed again for 30 sec.
Tubes were then incubated at 70°C for 30 minutes followed by the addition of 2 mls of 200-proof
EtOH. They were then inverted 10 times and vortexed for 1 min. Qiagen 15ml midi columns
were labeled and half of the lysate added to the column. There were then centrifuged at 3300 rpm
for 3 min. The filtrate was discarded and the remaining lysate added and centrifuged at
centrifuged at 3300 rpm for another 3 minutes. Filtrate was discarded. 2mls Buffer AW1 was
added to the column and centrifuged at 4200 rpm for 2 min. 2 mls of Buffer AW2 was then
added and columns centrifuged at 4200 rpm for 20 min. The filtrate was discarded and the
colums placed in new, labeled 15ml tubes. 300 pl Buffer AE was added to the column, capped
and centrifuged at 4200 rpm for 5 minutes. DNA was then quantified using a spectrophotometer
at 260nm. A working solution of DNA was then created by diluting the sample with Tris-EDTA
to create stock of 10 ng/ul.

3.2.4 PCR Genotyping:

Once patients were classified into their respective clinical subgroups, PCR for the 3
NOD2/CARDI15 mutations was performed after appropriate annealing temperatures and reaction
conditions were optimized (Table 3.2, Figure 3.1). PCR products were separated by
electrophoresis on a 2% Tris-Acetate-EDTA-Ethidium Bromide agarose gel at 100V for 30
minutes and visualized on a UV transilluminator. PCR data was further verified using a
customized [llumina® BeadArray using VeraCode technology programmed for two of the three
NOD2/CARD15 polymorphisms (rs2066844 p.Arg702Trp, and rs2066845 p.Gly908Arg) with
100%  agreement between PCR data and BeadArray on all patients.
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3.2.5 Statistical Analysis:

The R statistical software system (version 2.9.2, http://www.r-project.org/) was used to perform

statistical analysis. Data (reported as mean + standard deviation) was analyzed using Chi-square

with Yates correction with statistical significance reported as p <0.05.

3.3 RESULTS

107 IPAA patients were recruited into the various groups and their associated clinical data is
summarized in Table 3.3. The overall mean follow-up for each group was over 5 years. The
average time to the development of complications was over 3 years in the CD-like and severe

pouchitis groups, and 2.8 years in the mild pouchitis group.

The incidence of NOD2/CARDI15 mutations amongst the various study groups is shown in
Figure 3.2. The mutation incidence amongst the healthy population cohort was 8.5% (23/269)
while the known CD group was 45.5 % (5/11). The severe pouchitis group had the highest
NOD2/CARD1S5 frequency which was significantly elevated when compared with the
asymptomatic IPAA group and healthy controls (66.6% vs. 5.4% vs. 8.5% respectively, p <
0.001). There was no significant increase in NOD2/CARD15 mutations observed in the mild
pouchitis or CD-like IPAA groups compared to healthy controls or asymptomatic IPAA patients
(18.2% VS. 14.8% VS. 8.5% Vs. 5.4%, respectively).
The allelic distribution of NOD2/CARDI15 mutational variants for each patient subgroup is
summarized in Table 3.4. Though not statistically significant, all groups had the R702W
(rs2066844) as the most common except in the severe pouchitis group, where the C-insertion

mutation (rs2066847) was greatest in incidence.
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Table 3.3: Patient Demographic/Operative Data

Sex M/F
FHx for IBD (Yes/No)

Smoking
(Current/Ex-smoker/Never)

Extraintestinal Manifestations
PSC
Dermatologic
Ocular
Arthritis

Average follow-up after IPAA (yrs)

IPAA
(Open/Lap-assisted)

IPAA # of stages:
1
2
modified 2*
3

Indications for IPAA
(Failed Medical Mg/Dysplasia, Cancer/Toxic
Colitis)

Average time from IPAA to 1¥ pouch
complication/episode of pouchitis (yrs)

Gronnine Severs
(N=28) Pouchitis
(N=9)
1612 5/4
. Ana 45
1/6/21 0/3/6
1 1
1 0
1 0
3 0
57454 | 58470
9.1453 10.746.6
25/3 9/0
2 0
18 7
2 0
6 2
18/2/8 4/2/3
3.23:+4.08 3214244

Mild
Pouchitis
(N=33)
17/16

9/24
0/10/23

SO O W

21/7/5

2.82+2.85

| Asymptomatic

(N=37)
26/11
10127

0/6/31

—_0 O W

| 112490
|  5.5+56
|

33/4

26/5/6

N/A

*Modified 2: patients who underwent IPAA without ileds_t()ay after p;evious total abdominal

colectomy.

Family history, Smoking history, Extraintestinal Manifestations, Follow up, IPAA stage &
Indications were all NSD amongst subgroups.
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Prevalence of NOD2 mutation in pouch subgroups
Percent (%) with
NOD2 mutations
100 P =0.008
0T P <0.001
80
70+
60+
501
40T P=02
301
20
10 L .
Severe Mild Asymptomatic  CD-like Crohn’s with Healthy
pouchitis pouchitis IPAA phenotype colectomy+ controls
N=9 N=33 N=37 N=28 ileostomy N =269
N=11

FIGURE 3.2. Prevalence of NOD2/CARD15 mutations for each subgroup. The incidence of
NOD2/CARDI1S5 mutations was significantly higher in the severe pouchitis group compared
with the asymptomatic and Crohn’s disease (CD)-like groups. No difference was seen in the
mild pouchitisvs asymptomatic groups. Rate of NOD2/CARD15 mutations was unexpectedly
lower in the CD-like complication group compared with patients with Crohn’s colitis.
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Table 3.4. NOD2/CARD1S Allelic distribution for each subgroup

Severe Mild CD-like S}?Tt;egfe‘il | Healthy
Pouchitis Pouchitis Complications i Control
—— | =St )\ leostomy |
1007fsCins
(rs2066847) 3/6 (50%) 2/6 (33%) 0/3 (0%) 2/5 (40%) 6/29 (21%)
R702W |
(rs2066844) | 2/6 (33%) 416 (67%) 3/4 (75%) 3/5 (60%) 17/29 (59%)
L . = il =
G90SR | | {
2
(RPN 1/6 (17%) 0/6 (0%) " 1/4 (25%) 0/5(0%) | 6/29 (20%)
| | ﬁ |

“No _Siéniﬁcant‘[ifference for the distribution of SNP’s amongs-‘;study groups.

DISCUSSION

Total proctocolectomy with IPAA is the operative gold standard for the surgical treatment of
UC. This procedure removes the diseased colon and re-establishes gastrointestinal continuity.
It leads to an improved health-related quality of life, decreased risk of side effects from UC-
related medications and nearly eliminates the risk of dysplasia and eventual cancer. However,
pouchitis and Crohn’s like complications confound the benefits of this operation. Whether
such complications after surgery are the result of an incorrect preoperative diagnosis or
unrelated postoperative events remains unclear. However, if patients prone to such
complications could be preoperatively identified, such information could assist in surgical

decision making.

Pouchitis is a relatively common complication after the IPAA. Depending on definition, it
can affect 24-59% of IPAA patients®"™%%  Clinically, pouchitis presents with increased
stool frequency, urgency, abdominal cramping, and pelvic discomfort. Endoscopic evaluation
together with symptom assessment and histologic evaluation is the key to an accurate
diagnosis of pouchitis. Specifically, endoscopy, stool culture and histologic evaluation can
distinguish pouchitis from other inflammatory conditions (such as C. difficile or

cytomegalovirus pouchitis) or functional disorders of the pouch (such as irritable pouch
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syndrome). There is no one universally accepted diagnostic or classification criteria for

(Shen B 2003) "~ hroposed a pouchitis severity classification based on

pouchitis but Shen et al
response to therapy (Figure 3.1). He suggested three distinct groups: (1) antibiotic-responsive
pouchitis, a condition in which patients have infrequent episodes (< 4 episodes per year)
responding to a 2-week course of a single antibiotic; (2) antibiotic-dependent pouchitis is a
condition with frequent episodes (> 4 per year) or with persistent symptoms requiring long-
term, continuous antibiotic or probiotic therapy, and (3) antibiotic-refractory pouchitis, where
patients fail to respond to a prolonged course of antibiotics and require 5-ASA,
corticosteroids or immunomodulator (Imuran, 6MP or Remicade) therapy. The antibiotic

refractory group is commonly considered to have a variant of conventional UC more akin to

CD, which is clinically reinforced by the observation that immune modulators and/or Tumor

Necrosis Factor alpha (TNFa) antagonists can often effectively treat such patients, (Papadakis KA
2003. Shen 2009)
Pouchitis: clinical classification schema
IPAA patient
Environmental Host susceptibility
~ (bacteria) (genetic) =
! |
I >;*_/-/ :
| |
| Pouch inflammation I
! |
! |
| [
\ 4 2 s
Antibiotic Antibiotic Antibiotic
responsive dependent refractory

Figure 3.3.Shen et al proposed 3 distinct pouchitis severity subgroups based purely on clinical response to therapy: 1) ‘Antibiotic-
responsive’ group, a condition in which patients have infrequent episodes (<4/y) responding to a 2-week course of a single antibiotic; 2)
‘antibiotic dependent’ pouchitis, a condition with frequent episodes (>4/y) or with persistent symptoms requiring long-term, continuous
antibiotic or probiotic therapy; 3) ‘antibiotic-refractory’ pouchitis, where patients do not respond to a prolonged course of antibiotics and
require S-aminosalicylic acid, corticosteroids, or immunomodulator therapy. Patients with wild-type/functional NOD2/CARDIS genes
probably have the molecular machinery to prevent the development of severe pouchitis, While those patients with NOD2/CARDIS

mutations lack the innate ability to protect themselves and are more prone to antibiotic refractory pouchitis.

91




In spite of many years of research and clinical experience, the etiology of pouchitis is still
largely unknown. However, the fact that it is rarely seen in patients with familial
adenomatous polyposis (FAP) and that antibiotics are frequently an effective treatment
suggests roles for both a host susceptibility factor and enteric bacteria in disease
pathogenesis. Recent studies have also shown an increased number of sulphate-reducing
bacteria within pouches created for UC as compared to those given for FAP, (o I¢
209 Furthermore, the use of oral probiotic therapy has been shown to be often effective in
delaying the onset and preventing relapses in patients with pouchitis, Meier €B 2005 Mimura 2004,
Gionchetti 2000) ‘Thys, the bacterial component of this pathophysiologic process seems clear, at
least in those that respond to antibiotics. However, those patients with severe pouchitis or
antibiotic resistant pouchitis clearly must have other factors that play a significant role, and

their lack of responsiveness to antibiotics suggests a different or an additional mechanism in

those with severe disease compared to the antibiotic responsive pouchitis patient group.

In the past two decades, genetic variants and their role in the pathogenesis of IBD has been
the subject of intensive research. The essence of this exciting work has been to identify the
possible etiology of IBD by identifying genetic mutations associated with IBD. Much of this
work has focused on identifying specific pathways of immune function and inflammation
with the hope of developing new therapies for IBD. However, little work has focused on how
such genetic discoveries can assist the surgeon in surgical decision making. Work done in
linkage analysis, candidate gene studies and more recently genome wide association studies
(GWAS) has identified numerous genetic mutations associated with IBD.(Wellcome Trust Case
Control Consortium 2007. Barrett JC 2008. Duerr RH 2006, Fisher SA 2008. Franke A 2008. Hampe J 2007. Libioulle C 2007. Parkes M
2007. Silverberg MS 2009. Mathew CG 2008. Noomen CG 2009. Huebner C 2010. Scherr R 2009. Nakagome S 2010. McGovern DP
2010) The landmark discovery of mutations in the NOD2/CARDI15 gene on chromosome 16 as
being associated with CD susceptibility is an example of linkage analysis®&* ¥ 200D
Mutations within this gene have been found in up to 40% of European and North American
CD patients when compared to 10-15% of the healthy population. ®%8" & 2919 Thege figures
are comparable to our data which shows NOD2/CARD15 mutations in 45% of CD patients
versus 8.5% in healthy controls. The NOD2/CARD15 gene encodes for an intracellular
protein sensor of MDP, a bacterial cell wall component. Activation of this protein leads to an

increase in nuclear factor kappa B (NFkB) and mitogen-activated protein (MAP) kinase

signaling pathways, leading to the production of cytokines (TNFo, interleukin-1f) and the
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promotion of autophagy of endocytosed bacteria. Hugot /7 2001 Ogura ¥ 2001. Brain 0 2010 T ree single

nucleotide polymorphisms (SNPs) (G908R rs2066845, 1007{sCins 152066847, R702W
1s2066844) in this gene account for approximately 82% of the mutated alleles, et 1P 2007
These variants within the NOD2/CARD15 gene have repeatedly been shown to be associated

with ileal CD, early age of onset and stricturing and/or penetrating phenotype, Fampe 1 2001 Abreu

MT 2002. Ahmad T 2002. Cuthbert AP 2002. Hampe J 2002. Lesage S 2002 Vermeire S 2002. Oostenbrug LE 20003 141 hecause
of its role in innate immunity against enteric bacteria and its association with CD, we
investigated whether patients manifesting CD-like complications and/or severe antibiotic
resistant or antibiotic dependant pouchitis would have an increased incidence of
NOD2/CARD15 mutations. Theoretically, if positive, such a genetic association could lend
itself to preoperative testing and possibly playing a role in surgical decision making by

avoiding an IPAA in those patients with a high risk of such complications postoperatively.

This study was limited by the small number of recruited patients (107/382). However this did
include all of the patients with CD-like complications and severe pouchitis from our
practice, since all such patients are repeatedly evaluated in clinic due to their difficulties and
readily agreed to inclusion in this research protocol. The mild pouchitis and asymptomatic
groups admittedly represented a subset of the much larger total volume of IPAA patients.
These two groups nontheless were the largest of the groups studied and represented an
unselected subset of the larger group of uncomplicated IPAA patients. Future studies
clearly should be prospective and all inclusive to definitively evaluate whether the genetic

findings discovered in this smaller trial are borne out.

We found that asymptomatic IPAA patients had an extremelylow incidence (5.4%) of
NOD2/CARDI15 mutations, not significantly different from healthy controls (8.5%) or mild
pouchitis patients (18.2%). However, patients with severe pouchitis had the highest incidence
(66.6%) of NOD2/CARDI15 mutations suggesting that this group may have a compromised
host defense mechanism to enteric bacteria. Similar findings were seen by Meier et qI™Meer
CB 2009who found an 8% incidence of NOD2/CARDI15 mutations in patients without
pouchitis, versus 24% in patients with more than 2 episodes of pouchitis per year. Our
study found a higher mutation rate in the severe pouchitis group, but our definition of severity
was more rigid with 4 or more episodes per year or the continuous need for medical therapy,
as compared to only two episodes/year in the Meier study. Nonetheless, both studies suggest

that more severe pouchitis patients have an intrinsic defect in innate immunity against
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commensal pouch bacteria. In both studies, the frequency of the C-insertion frameshift
mutation (rs2066847) was the most prevelant in the severe pouchitis group suggesting that
the C-insertion mutation may be the highest risk allotype for pouchitis. Some authors have
suggested that NOD2/CARD15 compound heterozygosity may increase the risk of
CD.WHeresbach D 200 11y oyr study only 2 patients carried compound mutations prohibiting
statistical analysis. Interestingly, however both of these patients belonged to the severe
pouchitis group. Overall, these data suggest a genetic basis for mild versus severe pouchitis
(Figure 3.3). Severe pouchitis may be due to a genetic defect in host responsiveness to pouch
bacteria, while mild pouchitis could be caused by a transient overgrowth of pathologic bateria

that can be treated by antibiotics.

The frequency of Crohn’s like complications (fistula, pouch inlet strictures, granuloma
formation, proximal small bowel disease) after IPAA ranges from 2.7-13% depending on
diagnostic criteria. S"" B 219 A diagnosis of CD should be considered in the IPAA patient if 1)
a perineal fistula or abscess develops greater than 6 months after IPAA, 2) there are
granulomas on pouch or small bowel histology remote from any anastomosis, and 3) there are
ulcerated lesions in the afferent limb proximal to the pouch and/or strictures at the pouch inlet
in the absence of current NSAID use. Though such complications can often be treated with
the reinstitution of immune modulators or other medications, the prognosis for pouch
function is worse and specifically, the risk of pouch loss or need for diversion is higher than

Uoyce MR 2009)  As mentioned above,

in those IPAA patients without such complications.
mutations within the NOD2/CARDI15 gene have repeatedly been associated with CD, thus
one might expect the frequency of NOD2/CARD15 mutations in IPAA patients with CD-like
complications to be similar to that found in CD patients treated with total proctocolectomy
and end ileostomy. Somewhat surprisingly, this was not borne out in this study. Our data
showed that the frequency of NOD2/CARDI1S in the CD-like IPAA subgroup was only 15%
which was significantly different when compared with the severe pouchitis group (66.6%
p=0.008) but not much different than asymptomatic [IPAA patients or healthy controls. This
is consistent with clinical and laboratory evidence, however, since NOD2/CARD15 positive
CD patients most commonly have ileocolonic stricturing disease and such patients would
rarely be confused as having UC and thus would never come to IPAA. It is noteworthy that
the CD-like IPAA group was significantly different statistically than the severe pouchitis

group, suggesting that the pathophysiologic mechanisms for the respective complications in

these two groups were different at least from a genetic standpoint. Thus fistuli, afferent limb
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strictures, and pouch granulomata probably have a disease mechanism not related to
NOD2/CARD15 dysfunction. In the context of the increasing number of genes now being
identified as being associated with CD, further studies are needed to investigate a possible
association of these CD-like complications with these more recently discovered gene

mutations.

Besides gene haplotypes, serum antibodies (pANCA/ASCA) have also been investigated as

(Targan SR 1999) and possible predictors for pouch complications.

prognosticators of IBD severity
Some investigators have shown pANCA levels to be significantly greater in chronic pouchitis
when compared to control groupseshner PR 2001 Sandborn WII993)p, wever, this has been refuted by

(Aisenberg J 2004. Yasuda N 1998) " qy)0h inconsistencies may be due to fluctuations in serum

others
levels of these antibodies associated with disease activity, which would not be an issue with

genetic testing.

In summary, we have identified a significant association of mutations in the NOD2/CARD15
gene with severe pouchitis after IPAA but not with mild pouchitis nor CD-like complications.
This suggests an intrinsic defect in host immunity to commensal pouch bacteria in severely
affected IPAA pouchitis patients that might explain their recalcitrance to conventional
antibiotic management. These findings need to be confirmed in larger cohorts of patients
from different demographic and geographic locales, as well as in a prospective study. If
confirmed, the preoperative measurement of NOD2/CARD 15 status may assist the surgeon
and patient being considered for IPAA surgery, especially when the patient is a marginal
operative candidate. Future studies looking at other potential genetic associations that could

predict CD-like complications are necessary.
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Chapter 4

Study #2:Genetic Risk Profiling and Gene Signature Modeling to Predict Risk of Complications

after Ileal Pouch Anal Anastomosis

4.1 INTRODUCTION

Ulcerative colitis (UC) is a chronic relapsing and remitting inflammatory disease limited to the
mucosa and submucosa of the colon and rectum. Despite advances in medical therapy,
approximately 33% of patients with UC eventually require total proctocolectomy with Ileal
Pouch-Anal Anastomosis (IPAA).S"" B 299Thjs procedure is now considered the gold standard

for the surgical treatment of UC.

However, post operative complications confound the success of the IPAA in UC patients. These
include early complications that are usually technically related, or ones occurring late that can
suggest recrudescent inflammatory bowel disease (IBD). Two late complications that will be
discussed in this study include pouchitis and Crohn’s disease (CD) like complications. Pouchitis
is an inflammatory condition characterized by increased frequency of bowel movements,
diarrhea, tenesmus, malaise and arthralgias that can affect between 15-70% of patients depending
on definition and duration of follow-up. B4 A 2010 CD.like complications include the
development of fistulas, strictures and granulomatous inflammation that can affect up to 13% of
patients.®"" B 299 Ni1d pouchitis (MP) a phenomenon that commonly occurs in the IPAA
patient, is an acceptable complication since it can be effectively treated with a short course of
antibiotics. However severe pouchitis (SP) requires more aggressive therapy sometimes with
immunosuppressive medications and like CD-like complications are associated with an increased
risk of pouch failure, pouchectomy and permanent stoma. If these more severe post IPAA
complications could be predicted, it could assist in pre-operative decision making, possibly

avoiding the operation in high risk patients.

In recent years, much work has been done to unravel the possible etiology of IBD by identifying

and then correlating genetic mutations found in large populations of IBD patients compared to
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healthy controls. We have previously shown that mutations in the NOD2/CARDIS5 gene are

associated with SP, but not mild pouchitis nor CD-like complications. S R 2010)

More recently, genome wide association (GWA) studies have identified approximately 83 single
nucleotide polymorphisms (SNPs) within 55 genetic loci to be associated with IBD and were
thus investigated in the present study. The aim of this study therefore was to correlate these 83
SNPs with pouchitis (mild vs. severe) and CD-like complications seen after IPAA. Such
identified specific SNPs then were used to develop predictive gene signatures which could
possibly be utilized to predict post operative complications and thus aid in preoperative surgical

decision making.

4.2 METHODS

4.2.1 Patient Recruitment

At The Milton S. Hershey Medical Center from July 1990 to July 2010, a total of 382 patients
underwent the IPAA procedure for a pre-operative diagnosis of UC or indeterminate colitis (IC).
A subset of 142 patients were recruited into the present study population as they presented to
follow up clinic appointments over the study time period September 2008 to September 2010. By
the nature of symptomatology, patients with complications, specifically severe pouchitis and
CD-like, were seen more frequently, thus recruitment was relatively complete for these patient
groups. Patients with asymptomatic pouch function would regularly be seen annually and were
thus recruited as they presented for their routine follow up appointments during the study period.
These patients were classified into the following categories: 1) IPAA without complications or
pouchitis; 2) IPAA with mild pouchitis; 3) IPAA with severe pouchitis; and 4) IPAA with CD-

like complications. The exact definitions for each category are shown in Table 4.1.
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Table 4.1. Definition for each pouch subgroup

Group n Definitions
Asymptomatic 63 IPAA without complications or pouchitis for at least 2yr after
Pouch stoma closure.
Mild Pouchitis 41 <4 episodes/yr for 2 consecutive years, responding to 2-wk course
of single Abx.
Severe Pouchitis 12 >4 episodes/yr for 2 consecutive years or persistent symptoms,

requiring long-term continuous Abx.
CD-like 26 The presence of any of the following':
e Fistula (n=12)
e Pouch inlet stricture/proximal small-bowel disease (n = 11)
¢ Biopsies showing granulomatous inflammation (n = 3)
CD = Crohn’s Disease

1= Any or all of these complications occurred at least 6 months after ileostomy closure.

4.2.2 Patient Classification

Individual episodes of pouchitis were defined by standard clinical, endoscopic and histologic
criteria. Symptoms of pouchitis included increased frequency of bowel movements, diarrhea, and
tenesmus. Endoscopy showed gross inflammation and biopsy showed acute inflammation
superimposed on chronic inflammation. There presently is no one way to classify severity of

hen B 2 . o
(Shen B 2003) mroposed a clinical classification schema based on

pouchitis however Shen et al
response to therapy. He proposed three main groups: (1) Antibiotic responsive pouchitis, a
condition which has <4 episodes per year and responds to a 2 week course of a single antibiotic;
(2) Antibiotic dependent pouchitis, defined as >4 episodes per year requiring long-term
antibiotics; and (3) antibiotic refractory pouchitis, where patients fail to respond to a 2-4 week
course of a single antibiotic and require more than >4 weeks with 2 antibiotics or 5-
ASA/steroids/immunomodulator therapy. For the purpose of this study, we considered the

antibiotic responsive group to be mild pouchitis (MP) and combined the antibiotic dependent and

antibiotic refractory groups together to form our severe group. (Table 4.1)
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Features that suggest CD in the post IPAA patient include pouch-anal or pouch-intestinal
fistulas, afferent limb strictures, and granulomas on pouch or small bowel histology remote from
the anastomosis. For the purpose of this study, we considered the diagnosis of CD-like
complication only after symptoms developed more than six months post restoration of

gastrointestinal continuity.

4.2.3 Patient Demographics

Demographic data and clinical parameters of disease were obtained by reviewing paper and
electronic patient charts. These included (1) gender, family history, date of IBD diagnosis, prior
number of surgeries, and smoking history; 2) extent of disease, defined by surgical pathology; 3)
medication/dose history including 6-mercaptopurine/azathioprine, infliximab, and steroid use; 4)
frequency of pouchitis attacks and medications used in management; and 5) presence or absence
of extraintestinal manifestations including primary sclerosing cholangitis, arthropathy, uveitis,
aphthous stomatitis, or dermatological manifestations. (Table 4.2) The study was approved by
The Milton S.  Hershey  Medical Center  Institutional = Review  Board.
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4.2.4 DNA/Cell Bank

Patients were recruited into our institutional review board-approved genetic IBD cell/DNA
bank originally established in 1998. Informed consent was obtained and patients donated
blood samples that were then used to create immortalized B-cell lines using Epstein Barr
virus (EBV) that provided for an indefinite source of DNA from each recruited individual. In
brief, blood was diluted with sterile phosphate-buffered saline (PBS), and layered onto Ficoll-
Paque (Amersham Biosciences). The blood-Ficoll gradient was centrifuged at 1500 rpm for
30 minutes at room temperature. The mononuclear cell interface was extracted and washed
with PBS. The washed cell pellet was resuspended in RPMI-1640 (VMR) media containing
12% Fetal bovine serum (Gemini Bioproducts) and 25% EBV supernatant. Inoculated cells
were incubated at 37°C in a CO, incubator. Once transformed, cells were stored at 1x10’
cells/mL in 1-mL aliquots of fetal bovine serum with 10% dimethyl sulfoxide in secure liquid

nitrogen tanks till use.

4.2.5 DNA Isolation

DNA was extracted from 1 x 10° transformed B cells using a DNA isolation kit (QIAAmp
DNA Blood Midi Kit, QIAGEN) following the manufacturer’s recommended protocol. DNA
was quantified by use of a spectrophotometer at 260 nm. A working solution of DNA was

then created by diluting the sample with Tris-EDTA to create stock of 10 ng/uL.

4.2.6 Genotyping

With the help of Illumina® (Illumina, San Diego, CA)©derson KL 2009 " we developed a
customized DNA microarray specific for 83 SNPs previously identified by genome wide
association studies (GWAS) to be associated with IBD (Table 4.3). This platform allows for
high-throughput genotyping for 96 DNA samples at once interrogating for all 83 SNPs
simultaneously. dsDNA concentrations were optimized using an ultrasensitive fluorescent
nucleic acid stain Quant-iT™ PicoGreen® dsDNA Assay Kit (Invitrogen™). The samples
were then run on Illumina’s BeadXpress Reader in Penn State Hershey Medical Center’s

Functional Genomics Core Facility.
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'Table 4.3. List of Gene/SNP on Illumina Array

SNP Chromosome GENE

1s2476601 1p13 PTPN22

| 153737240 121 ECM1

113294

rs3180018 122 'SCAMP3, MUC1
152274910 1923 ITLN1

14656940 1¢23 CD244, ITLN1
rs1801274 19233 FCGR24

| 159286879 1q24 1q24

157517810 1q24 TNFSF18, TNFSF4, FASLG
11998598 1931 DENNDIB

rs1363670 1p31 IL-12B

rs3024505 1932 IL-10

rs2797685 1p36 VAMP3
156426833 1p36 'RNF186

rs10753575

rs3806308

rs10733113 1q44 NLRP3 ey
1s917997 2ql1 IL-18R

1513003464 2p16 PUSIO
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1510181042 | 2p16b C2orf74, REL
1512612347 2935 ARPC2

| 152241880 2q37 ATG16L1
rs3828309

rs3792109

15780094 2p23 GCKR o
156738825 2q33 PLCLI
1s3197999 3p21 MST1
14833103 4pl4 TLR1, TLR10, TLR6
rs7720838 5p13 PTGER4
154613763

rs17234657 5p13.1

19292777

rs10044354 5q15 ARTS-1
rs1050152 5q31 OCIN1
12522057 5931 'IBD5
rs10077785

rs10045431 5933 IL-12B
rs6887695

rs13361189 5933 IGRM
rs4958847

rs11747270

rs7714584

rs9268480 6p21.3 BTNL2
rs1059276 6p | MEP1A
rs7746082 6921 HLA region
152844480

rs9271568
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1s3794996

152066847

rs2395185

rs3763313

rs660895

1$6908425 6p22 CDKALl i
rs17309827 6p25 SLC22A423

12301436 7pl12 CCR6

151456893

1s7849191 9p24 JAK2 )
rs10758669

rs3810936 9q32 TNFSF15

rs6478108

rs7848647

rs7869487

154986790 9932-933 TLR 4

rs10870077 9934.3 CARDY

13936503 10p11 CCNY

1510761659 10g21 | ZNF365
110995271

151248696 10q23-q24 |DLG5 -
rs1248634

1510883365 | 10q24 NKX2-3 B
rs7081330

rs951199 11p15.1 NELL1

rs11175593 12q12 LRRK2

rs2066844 - | 16q12 - | NOD2 o
152066845
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1916977 [ 15q13.1 HERC2

rs7712957 15q13 S100z

15744166 17q21 STAT3

| 1s363617 17q24.3 TNFR2

rs2542151 18pl1 PTPN2

15762421 21922 ICOSLG o
|

T — |

rs12704036 U7

1$6927210 | U6

4.2.7 Statistical Analysis

The R statistical software system (version 2.13.0, http://www.r-project.org/) was used to
perform statistical analysis. A 4-sample of equal proportions and a one-way analysis of
variance was used to test for significant differences in patient demographics over the four
clinical subgroups (Table 4.2). Statistical assessment of the genetic associations was
evaluated with the Fisher's exact test with power to detect general forms of genetic
associations. The SNPs identified as statistically associated with each of CD-like and severe
pouchitis groups were used in a multivariate logistic regression model. A backward stepwise
selection algorithm was implemented to remove redundant SNPs and yield a parsimonious
model with two SNPs in each model. The multivariate logistic regression model yielded
probability equations used to predict overall chance of a positive or negative outcome from
the SNP-based genetic signature. The final predictive models provide an estimate of the
probability a person with a certain genetic signature would display symptoms of the specific

modeled complication after undergoing IPAA.
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4.3 RESULTS

1. Genetic correlation with Pouchitis and CD-like complications after IPAA
A total of 142 JPAA patients (55 females) were recruited for this study with an overall mean
follow up time from the creation of the pouch of 7.4+4.9 years. A detailed account of clinical
and demographic data is summarized in Table 2. Patients in the CD-like group developed
symptoms within an average of 18 + 4 months after stoma closure. These patients suffered
from pouch-enteric fistulae (n=12), pouch inlet stricture (n=11) and granulomatous

inflammation (n=3). (Table 4.1)

Table 4.4 lists the top 6 genes and their respective SNPs with p-values for each sub-group.
The genes ATGI16LI1, U6 and JAK2 were most significantly associated with MP but their p-
values were no better than 0.02. The highest statistical correlation was found in the SP and
CD-like complication groups most likely due to the more clearly defined phenotype in these
two groups as opposed to the mild pouchitis group. NOD2, TNFSF15 and S100Z were
associated with SP and the 10q21, CARD9Y and TLR genes were strongly associated with CD-
like complications. Of the top 3 genes for each group, only one has been shown to be
associated with only UC (S7100Z), four are associated with both CD and UC (JAK2, CARDY,
TLR, TNFSF15); however, the majority are associated with Crohn’s disease only (4TGI6L1,
U6, NOD?2, and 10q21).
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| Asymptomatic

Mild Pouchitis

Severe Pouchitis

CD-like

complications

Specific allelic SNP determinants in 9 individual genes/loci appear to correlate with specific
complications after IPAA. The majority of these genes have been previously associated with
CD and play a role in enteric bacterial recognition and destruction (NOD2, ATG16L1, TLR,
CARD 9) and/or NF-kappa B activation (NOD2, TNFSF15).
significance was found in the CD-like and severe pouchitis groups. This could be due to the
more clearly defined phenotype in these two groups, but may also reflect a more Crohn’s-like
pathophysiology in these originally diagnosed UC patients.

N=142

63

41

26

rs2241880
rs6927210
rs7849191
rs17309827
rs10758669
rs1004819

152066844
rs7869487
rs7712957
rs7848647
rs1050152
rs6908425

rs10761659
rs10870077
rs4833103
rs3810936
rs17234657
rs4613763
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ATGl16L1
U6
JAK2
Céorf85
JAK?2
IL23R

NOD2
TNFSF15
S5100Z
TNFSF15
OCTNI1
CDKALI1

10g21
CARD9
TLR
TNFSF15
5p13.1
PTGER4

0.02
0.03
0.04
0.05
0.06
0.08

0.0008
0.01
0.02
0.07
0.07
0.09

0.006

0.018
0.02
0.02
0.04
0.04

The highest statistical



II. Gene Signature modeling to predict Risk of Crohn’s Disease like Complications or

Severe Pouchitis after Ileal Pouch Anal Anastomosis.

In order to develop a gene signature to predict adverse outcome after IPAA, we first
combined the asymptomatic pouch and MP groups together to form our ‘Favorable outcome’
group since these two groups are considered to be acceptable outcomes post operatively as
well as to increase the total number within the group which would aid in a more robust
statistical calculation (N=104, defined as no CD-like complications or SP for at least 2 yrs

after IPAA). This combined group was compared to the SP group and the CD-like groups

individually to develop the gene signature equations (Table 5).

Favorable Outcome 104 - - -

(Asymptomatic pouch + Mild

Pouchitis)

Severe Pouchitis 12 rs2066844 NOD2 0.003
rs7869487 TNFSF15 0.011
rs1050152 OCTN1 0.058
rs7848647 TNFSF15 0.064

CD-like complications 26 rs10761659 10921 0.006
rs4613763 PTGER4 0.007
rs3810936 TNFSF15 0.011
rs17234657 5p13.1 0.011
rs4833103 TLR 0.014

Asymptomatic pouch and Mild Pouchitis groups were combined to form a ‘Favorable
Outcome’. This combined Favorable Outcome group was then compared to the Severe
Pouchitis and the CD-like groups and the top 2 SNPs associated with each of these
complications were used to develop gene signature equations.
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The top 2 SNPs identified as statistically associated in an independent fashion with each of
CD-like and SP in this analysis were then used in a multivariate logistic regression model.
These SNPs were used to create probability equations to predict overall chance of a positive
or negative outcome for that complication. The top 2 SNPs for CD-like complications were
in the 10921 locus and the gene for PTGER4 (p= 0.006 and 0.007 respectively) while for SP
it was NOD2 and TNFSF15 (p= 0.003 and 0.011 respectively). Table 4.6 summarizes the
respective predictive formulae and the overall probability of suffering these specific
complications based on the various genotype combinations for each gene under each
probability equation. These probability equations suggest that the risk of these two
complications would markedly increase with increasing number of risk alleles, going as high
as 92% for SP and 65% for CD-like complications should both genes in each equation be

homozygous for the deleterious or ‘at risk’ allele.

The mean follow-up time for the combined ‘Favourable’ group was 6.6+ 4.5 years and was
not statistically significant when compared to the SP group (7.6+5.0 years, p=0.51).
However, the follow up time for the Favorable group was significantly different when
compared to the CD-like complication group (10£5.6 years. P=0.005). Since it is unlikely
but possible that a patient in the Favourable group may change their phenotype to CD-like
with longer follow-up, two additional statistical analyses were performed to evaluate the
possible effect of this follow up time difference, by weighting the individual contributions of
the patients in the logistic regression model by 1) a linear weighting system proportional to
follow up time (ie a patient with ten years of follow up would be weighted twice as much as a
patient with 5 years of follow up) and 2) a non-linear log of follow up (where a 10 year
follow up patient would get 34% more weight than a 5 year follow up and a 5 year follow up
would get 64% more weight than a 2 year follow up). The weighted logistic regression to
adjust for follow-up time has been shown to yield informative and reasonable estimates
involving patients with variable lengths of follow-up compared to conventional logistic
regression and Kaplan-Meier estimation®" ¢ 2007 Fang MC 2008) “rpaqe additional analyses
yielded only minor changes in the CD-like gene signature and did not change the order or the
identification of the most relevant SNP’s, therefore confirming the validity and relative

accuracy of the phenotype characterization in spite of the different follow up times.
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4.4 DISCUSSION

Similar to most other immune mediated diseases such as multiple sclerosis, systemic lupus
erythematosus, type 1 diabetes mellitus and rheumatoid arthritis, IBD is a ‘complex
multigenic’ disease that does not follow a ‘one gene, one disease’ Mendelian pattern of
inheritance. These disorders are difficult to classify due to variations in severity of symptoms,
clinical features, variable prognosis and age of onset. " H¥ 2002 gyi0h complex diseases tend
to involve an unknown number of multiple genes that affect various biological pathways and
usually interact with a variable number of environmental factors.Motvisky AG 2006. Moonesinghe R
2019This wide genetic variation presumably results in the diverse clinical phenotype that is
seen in IBD. A single polymorphism is estimated to account for 1-8% of the overall disease
risk in such complex diseases.Monesinghe R 2010) yyith the advent of genome wide association
studies (GWAS) approximately 83 SNPs within 55 genetic loci have been shown to be
associated with IBD (at the time of this study). Genomic profiling is the concept by which
multiple genetic loci are tested simultaneously thereby resulting in a more robust prediction
of disease outcome, Moonesingtie R 2010. Yang Q 2003. Evans DM 2009 Therefore, this study investigated
142 UC patients who underwent total proctocolectomy with IPAA and correlated 83 IBD
SNPs with specific post operative complications. The identified at risk SNPs were then
utilized in a gene signature fashion to predict the likelihood of developing these

complications (SP and CD-like) based on genotype in a theoretical attempt to fashion a

preoperative decision making aid.

We first sought to determine which SNPs/genes correlated with various pouch associated
complications. Our patients were first subcategorized into mild pouchitis, severe pouchitis
and CD-like complication groups. This yielded several SNPs that were uniquely associated
with each subgroup. In the mild pouchitis group, the most significant SNP was rs2241880 (a
threonine-to-alanine substitution at amino acid position 300 of the protein- T300A) within the
autophagy-related 16-like 1 (47GI6L1) gene found on chromosome 2q37.1.This CD

associated gene was first discovered by Hampe er a/*™®™¢ ! 2Din 2007 and has since been

replicated in several other Caucasian populations.(R'oux JD 2007. Wellcome Trust Case Control Consortium 2007.
Baldassano RN 2007)q.: .. . .

This gene has been shown to be intimately associated with the process of
autophagy, a process by which cells remove unwanted cytoplasmic waste materials such as
damaged organelles, apoptotic bodies, intracellular viruses, bacteria and parasites by

sequestering them into double membrane autophagosomes which are then presented to
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lysosomes for degradation.(FritZ T20IDA deficiency in ATGI6LI gene is associated with an
aberrant formation of the autophagosome and thus in the compromised clearance of unwanted
intracellular waste."™ * 219K yballa er af studied the role of this T300A variant in human
intestinal epithelial cells (Caco-2) and showed the inability of these cells to form
autophagosomes around internalized Salmonella typhimurium, o P 2010 Kuballa P 2008) 1R1
patients carrying the SNP rs2241880 are more prone to ileal CD with no association seen
with UC patients. " N 200 Recent studies have shown that CD patients who are
homozygous for the ATG16L1 risk allele (G) have Paneth cell granule abnormalities that lead
to increased expression of acute phase reactants and cytokines such as IL-10 and I1-18 which
potentiate the inflammatory response. (el K 2008 Saitoh T 2008)pyey  though statistical
significance was found within the mild pouchitis group, the lowest p-value was no better than
0.02 most likely owing to the relatively vague definition of this group, that may represent the
inclusion of patients with other causes for mild diarrheal states, such as viral infections or
dietary indiscretion. Thus this correlation has probably the least pathophysiologic relevance

but nonetheless suggests a possible mechanism for mild pouchitis that can direct future

research.

The highest statistical correlation was found in the SP and CD-like complication groups most
likely due to the more clearly defined phenotype in these two groups as opposed to the mild
pouchitis group. The NOD2 gene highly correlated with SP (p=0.0008) as described in our
previously published study. S R 2019 This finding has recently been replicated in a much
larger retrospective multicenter study.®"¢ ! 29DThe NOD2 gene which is found on
chromosome 16 was first discovered to be associated with CD in 2001, ©gur ¥ 2001. Hampe 1 2001.
Rogler G 2010) NOD2 mutations have been found in up to 40% of European and North American
CD patients compared with 10% to 15% of the healthy population. SPehimaen ME 209 e 1rotein
product of this gene acts as a sensor for the bacterial cell wall component muramyl] dipeptide
(MDP), which is found on both Gram positive and Gram negative bacteria. Activation of this
protein leads to an increase in nuclear factor kB and mitogen activated protein (MAP) kinase
signaling pathways, which play key roles in orchestrating the inflammatory and immune
response by regulating genes involved in producing several proinflammatory cytokines such
as IL-8, IL-6, TNF-o and antimicrobial peptides.(Brain 02010k yrthermore, NOD?2 has also been
shown to promote the process of autophagy mediated endocytosis. " M 2001h¢reasing
number of NOD2 mutations have repeatedly been shown to be correlated with ileal

involvement, early age of onset, and stricturing and/or penetrating CD phenotype. "¢ AP
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2002. Hampe J 2002. Lesage § 2002. Haveran LA 2011) oy guch a genetic defect relates pathophysiologically

to SP is unclear, but correlates with the observation that severe pouchitis frequently requires
treatment of both enteric bacteria (with antibiotics) and host inflammation in the pouch using

(Yamazaki K 2005)

ASA derivatives, or even immunosuppressive medications suggesting its

pathophysiology is more related to a host immune defect than simply enteric super infection.

Tumor necrosis factor (ligand) superfamily, member 15 (TNFSF15) is unique as it is the only
gene to be associated with CD in both Asian and Caucasian populations.(Endo =
2WI0TNFSF15°s protein product, vascular endothelial cell growth inhibitor (VEGI) is
expressed in endothelial cells, lymphocytes, plasma cells, monocytes, and dendritic cells and
can bind to the death domain receptor 3 (DR3).¢1aritunians T201D) N fi o robial stimulation of Toll-
like receptors causes an up-regulation of this complex that activates the NF-kappa-B and
MAP kinase pathways, thereby leading to the increased production of the anti-apoptotic

proteins, interferon gamma (IFN-y) and IL-8 cytokines, (eritunians T 2011)

The rs10761659 SNP within the 10g21 gene locus most significantly correlated with CD-like
complications (p=0.006). Several European GWA studies have identified SNPs within this
locus to be associated with CD in a region closely related to the zinc finger protein 365
(ZNF365) gene. Riowx D 2007. Welleome Trust Case Control Consortium 2007. Vermeire 8 2010) [yata yaoarding the
function of this gene locus is largely lacking and other causal variants remain to be identified.
Recently, Haritunians et al provided strong evidence for the ZNF365 gene being responsible
for CD susceptibility in the 10g21 locus. They identified the major allele (G) of SNP
rs7076156 in ZNF365 isoform D to be strongly associated with CD. This SNP rs7076156
was in linkage equilibrium with other previously identified CD associated SNPs within 10g21
including rs10761659 that was investigated in this study. The SNP rs7076156 in ZNF365
isoform D alters the expression of several genes, including the transcription factor ZNF148

which is known to play a role in gut homeostasis.temeire S 2010)

Even though GWA studies have provided great insights into IBD by identifying specific
pathways of immune function and inflammation, little work has focused on how such genetic
discoveries can assist the surgeon in surgical decision making. Several studies have attempted
to use clinical parameters and serological markers as prognosticators in IBD, however these

are largely inconsistent and none are able to accurately predict the disease course pre-
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operatively. Using genetics as a marker for predicting outcomes is an attractive prospect as
these markers are present long before the onset of disease and remain stable during disease
flares,(Weedon MN2008) The majority of SNPs that have been implicated in IBD so far carry only
a low to moderate overall risk for developing disease and predicting outcome with an allelic
odds ratio less than 1,5 (Weersma R 2009, Haritunians T 2010y cvever an increase in the overall
relative risk for developing IBD has been shown when several low-penetrance SNPs are
combined together. For example, Weersma et al showed a combined increase in the number
of risk alleles (NOD2, IBDS5, DLG5, ATGI6LI, IL23R) had a much greater risk for
developing CD and with a more severe disease course as seen by the greater need for surgery,
a stricturing and/or penetrating behavior and an earlier age of disease onset, ("eersma RK 2009
Haritunians T 201011 oyr study, we attempted to combine the top two SNPs identified as
statistically associated with each of CD-like and SP group to create probability equations
which could theoretically be used to predict overall chance of a positive or negative outcome
for that complication based on genotype. The top 2 SNPs used for the gene signature were
dissimilar to the SNPs determined in Table 4.5 as the order of significance changed once the
Asymptomatic and MP groups were combined together to form the ‘Favorable’ group.
Additionally, the gene signature was constructed from a multivariate model that selected out
redundant SNPs due to linkage or correlation of the SNPs remaining in the model thus
yielding a parsimonious genetic signature. The SNPs that most strongly correlated with SP
compared with the Favorable group were NOD2 and TNFSF15 while for CD-like
complications the /0q21 locus and PTGER4 were most significant. These gene-signatures
predict that the overall risk for developing these complications increases markedly as the
number of risk alleles increases. Individuals who would be homozygous mutant for both
genes will have a 65% probability of for developing CD-like complications and be at a 92%
risk for of developing SP. Should such predictions be borne out by prospective studies of
patients undergoing the IPAA by preoperative genotyping, the utility of such formulae in
assisting the surgeon in preoperative decision making could be powerful indeed, especially
since genotyping would be free of variability commonly seen in serologic or other clinical

measurements.

Phenotype can change over time, however our average follow up for the asymptomatic pouch
and mild pouchitis groups was on average 6 and 8 years respectively thus giving us

confidence that our clinical classification for the large majority of these patients was robust,
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especially since the average time to the development of CD-like complications, severe and
mild pouchitis averages 3.2, 3.2 and 2.8 years respectively S R 2010 pyrthermore,
performing additional statistical analyses using a weighting system based on individual
patient follow up times in the groups with statistically significant different follow up times,
yielded the same identity and priority of SNP’s in the gene signatures, confirming that our

phenotype characterization with this length of follow up was accurate.

Several other studies have attempted to use data from GWA studies to predict outcome in
complex diseases. Haritunians et al developed a genetic scoring system for predicting the
need for surgery in medically refractory UC patients. A combination of 46 SNPs were
associated with medically refractory UC and genetic risk scores were calculated from the
total number of risk alleles (0,1 or 2) with greater risk of colectomy associated with an
increased number of risk alleles present in their model. Hamians T 2010y/ery interestingly, the
gene loci found to be most predictive of lack of response to medical management and thus
requiring colectomy were the major histocompatibility complex (MHC) and TNFSF15, as we
found in the SP group in our present study. TNFSF15’s protein product is a vascular
endothelial cell growth inhibitor (VEGI), an anti-angiogenic protein. This suggests that
severity of disease whether it be UC, needing colectomy or severe pouchitis, in part relates to
the process of healing and angiogenesis. Thus alternative forms of pouchitis therapy that
target apparent defects in healing may be proposed. Similarly, Weedon et al studied the
effects of several known type 2 diabetes SNPs on disease risk in a large case control study.
They showed that combining information from several known common risk variants allowed
for better identification of patients at higher risk of developing type 2 diabetes when
compared to assessment using single variants."<*%" MN 2006 pyyrthermore, Yang ef al have
showed a substantial improvement in the ability to predict the risk of developing a
multifactorial complex disease by using both a panel of genetic variants and environmental

factors concurrently, as compared to using only one parameter.Y2"& Q2003

Though our results are exciting and represent essentially the first attempt to use genetics in
the surgical prognosis and decision making process of the IBD patient, they should
nonetheless be viewed as preliminary. This was a relatively small study done retrospectively
in a unique demographic group of patients from the Central Pennsylvania area of the United
States. Other genetic associations, specifically the NOD2/CARD15 association with ileal CD,

(Yamazaki K 2002)

for example, was not replicated in a Japanese population exemplifying the need
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to carefully control for ethnicity, demographics and possibly even environmental factors that

may affect the expression of disease causing genetic determinants.

In conclusion, this study has utilized data from GWA studies to identify genetic variants that
correlate with complications after IPAA. The majority of these genes have been previously
associated with CD and play a role in enteric bacterial recognition and destruction. The
NOD2 and TNFSF15 gene had the highest correlation with SP. The 10g21 gene locus and
PTGER4 most statistically significantly correlated with post IPAA CD-like complications.
Similar to other complex diseases, the risk for developing these complications markedly
increased when greater number of risk alleles were present. This small retrospective study
needs to be confirmed in a much larger cohort of UC patients and can provide the basis for a
prospective multicenter trial to evaluate these SNPs in predicting the development of post
IPAA complications. Such risk profiling holds promise for playing a role in both surgical and
medical decision making in the clinical management of IBD patients. Genetic profiling pre-
operatively could both provide improved counseling to patients regarding their prognosis and

assist the clinician with choice of surgery, especially in the marginal operative candidate.
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Chapter 5

STUDY # 3: Mutations in IRGM are associated with more frequent need for surgery in

ileocolonic Crohn’s disease patients.

5.1 INTRODUCTION

Crohn’s disease (CD) is an idiopathic inflammatory condition affecting the gastrointestinal
tract (GI) that most commonly affects young adults and results in lifelong need for medical
and surgical care. Within North America, the prevalence of CD ranges from 26 to 200 cases
per 100,000 and most commonly presents between the age of 15 and 30 years. The majority
of affected patients have a chronic intermittent disease course, with 13% having an

unremitting progressive course, while only 10% live in remission. - EV 2002)

Although medical management helps to control symptoms, up to two-thirds of patients with
CD will require surgical resection of the affected bowel during the course of the
disease. R0 M20ID) gyroery for CD is by no means curative and recurrence of symptoms is
part of the natural history of the disease. Depending on definition, 70-90% of patients have
endoscopic evidence of recurrent CD within one year after intestinal resection, (Regueire M 2011)
However, clinically relevant recurrence is often delayed and up to one-third of patients will

not develop clinically significant disease for approximately 15-20 years,&ichie /K 1990. Lennard-

fones 1967. Bemell O 2000)  qych patients, if they could be identified, could avoid the use of
potentially dangerous and expensive anti-TNF therapy. Conversely, some patients develop
rapid recurrence that can lead to early and even repetitive surgery that can result in short gut
over the long term. Such patients would be candidates for more aggressive medical therapy
such as anti-TNF therapy. CD patients are at an increased risk of experiencing postoperative
recurrence if they are a current smoker, are positive for granulomas, have undergone previous
CD related surgery, and have penetrating disease (e.g. fistula formation, perforation, and

abSCCSS).(SWOger JM 2010)

Ileocolonoscopy in the early post operative course is the only other
diagnostic method by which to identify the patient who will develop early recurrence versus

the one who will avoid surgery for many years.

Recently, genome wide association studies (GWAS) have allowed the discovery of single
nucleotide polymorphisms (SNPs) and corresponding genes associated with CD. At the time

of this study, approximately 80 SNP’s within 55 genes (Table 5.1) had been identified to be
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associated with inflammatory bowel disease (IBD). This wide variability of disease
predisposing genetic haplotypes is presumably one of the reasons for the many variations in
disease characteristics or clinical phenotype of IBD patients. Correlation of such genotypes
with clinical phenotype promises to allow the sub-classification of IBD patients into
categories beyond the simple ulcerative colitis (UC) or CD diagnoses. Therefore, the overall
aim of this study was to identify genetic determinants (SNPs) that could be markers of CD
severity in surgical patients that may assist in surgical and medical decision making. Though
there is no one definition for disease severity in CD, the more frequent need for surgery can
be generally accepted as reflecting a more severe disease phenotype. Ileocolonic disease is
the most common form of CD and ileocolectomy (IC) is the most commonly performed
operation. Therefore this study targeted the most commonly performed intestinal surgery
done for CD, namely IC, and attempted to define genetic markers associated with the more

frequent need for surgery in this CD patient population.

5.2 METHODS

5.2.1 Patient Recruitment

Operative records were retrospectively reviewed and a total of 275 CD patients who
underwent ileocolectomy by the Division of Colon and Rectal Surgery at the Milton S
Hershey Medical Center, Penn State College of Medicine were identified over a 10 year
period (01/1990- 12/2010). A total of 66 patients were subsequently recruited into our IBD
registry started in 1998 and make up the study population presented here without selection
bias based on follow-up clinic visits during the study period (September 2008 — September
2010).

Severity of CD was defined as number of ileocolectomy procedures done over the time
period between disease diagnosis and patient’s last clinic visit, the rationale being that more
severe disease would be associated with more frequent operations. Only patients with
ileocolonic disease were studied since this is the most common form of CD and also provided

for a more uniform study population (Figure 5.1).
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lleocolectomy Frequency =

y

Duration of CD disease [yrs)

Figure 5.1. The surgical frequency was determined by dividing the total number of IC
procedures by the time between IBD diagnosis and the patient’s last clinic visit, the rationale
being that more severe disease would be associated with more frequent need for surgery.

Patient demographics and documentation of clinical parameters of disease were gathered and
included the following: 1) gender, family history, date of IBD diagnosis, prior number of
surgeries, and smoking history; 2) Montreal classification (age of diagnosis, disease location,
behavior) of disease 3) medication/dose history including 6-mercaptopurine/azathioprine,
infliximab, and steroid use; and 4) presence or absence of extraintestinal manifestations
including primary sclerosing cholangitis, arthropathy, uveitis, aphthous stomatitis, or
dermatological manifestations. The study was approved by The Milton S. Hershey Medical

Center Institutional Review Board.

5.2.2 DNA/Cell Bank

The identified CD ileocolectomy patients were recruited into our institutional review board-
approved genetic IBD cell/DNA bank originally established in 1998. Informed consent was
obtained and patients donated blood samples that were then used to create immortalized B-
cell lines using Epstein Barr virus (EBV) that provided for an indefinite source of DNA from

each recruited individual. In brief, blood was diluted with sterile phosphate-buffered saline
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(PBS), and layered onto Ficoll-Paque (Amersham Biosciences). The blood-Ficoll gradient
was centrifuged at 1500 rpm for 30 minutes at room temperature. The mononuclear cell
interface was extracted and washed with PBS. The washed cell pellet was resuspended in
RPMI-1640 (VMR) media containing 12% fetal bovine serum (Gemini Bioproducts) and
25% EBV supernatant. Infected cells were incubated at 37°C in a CO; incubator. Once
transformed, cells were stored at 1x107 cells/mL in 1-mL aliquots of fetal bovine serum with

10% dimethyl sulfoxide in secure liquid nitrogen tanks till use.

5.2.3 DNA Isolation

DNA was extracted from 1 x 10° transformed B cells using a DNA isolation kit (QIAamp
DNA Blood Midi Kit, QIAGEN) following the manufacturer’s recommended protocol. DNA
was quantified by use of a spectrophotometer. A working solution of DNA was then created

by diluting the sample with 10mM Tris-HCl to create stock of 10 ng/ pL.

5.2.4 DNA Genotyping using lllumina® BeadExpress

With the help of Illumina (Illumina, San Diego, CA), we developed a customized DNA
microarray specific for 83 SNPs previously identified by GWAS to be associated with IBD
(Table 4.3 pg. 106-108) 2. dsDNA concentrations were quantified using an ultrasensitive
fluorescent nucleic acid stain Quant-iT™ PicoGreen® dsDNA Assay Kit (Invitrogen™). The
samples were then run on Illumina’s BeadXpress Reader in Penn State Hershey Medical

Center’s Functional Genomics Core Facility.
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5.2.5 Statistical Analysis

Severity of CD in the individual ileocolonic patients was quantified by dividing the total
number of ileocolectomies by the time between IBD diagnosis and the patient’s last clinic
visit (Figure 5.1). A log transformation of severity was performed in order to yield a more
homogenous and more robust measure of severity. Treating log-severity as the primary
outcome, three genetic models (generic model, additive model, and dominant model) were

considered to identify a possible genetic association with severity (Table 5.2).

Table 5.2. Three Genetic Models for identifying possible genetic

association with severity

Generic Model: AA, AB, BB
Additive Model: AA > AB > BB

Dominant Model: AA+AB > BB

Three genetic models were considered to identify a possible genetic association with
frequency of surgery. The three models are powered for different types of genetic
associations. The generic model is powered to detect an imbalance in any of the three
genotypes; the additive model is powered to detect an increasing or decreasing risk with the
number of ‘A’ alleles; the dominant model is powered to detect a change in risk with one or
both risk alleles present.

The regression-based genetic models accounted for potentially confounding variables such as
age, sex, smoking, location of disease and behavior, and a stepwise model selection
procedure was used to retain only the most relevant covariate variables. The Benjamini &
Hochberg false discovery method was used to provide adjustments of the p-values for
multiple comparisons,( Bewamini Y. Hochberg Y. 1995) pah of the three genetic models involved the

testing of 83 SNPs each, therefore a total of 249 hypotheses were considered. Due to the
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high level of correlation among the SNPs and among the three different models, this multiple
adjustment correction is expected to be highly conservative. The p-value adjustments were

implemented by using the p.adjust function within R (www.r-project.org). The R software is

a language and environment for statistical computing and graphics. R provides a wide variety
of statistical (e.g. linear and nonlinear modeling, classical statistical tests, time-series

analysis, classification, clustering etc) and graphical techniques.
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5.3 RESULTS

A total of 66 (30 male, 36 female) CD patients who underwent ileocolectomy were recruited
for this study. The mean follow up time from the time of disease diagnosis was 14.7 years.
The average number of ileocolectomies per patient was 1.7 (range 1-5). The majority of
patients had their disease onset within the 17-40 years age group (A2), had predominantly
purely ileal involvement (L1) of stricturing type (B2) based on the Montreal classification

system. The remaining demographic information is summarized in Table 5.3.

Gender:
Male
Female

Smoker:
Current
Ex-smoker
Never

FHx of IBD:
Yes
No

Medications:
No IFX/AZA
IFX only
AZA only
Both (IFX/AZA)

Age: A1/A2/A3
Location: L1/L2/1.3
Behavior:B1/B2/B3

Indication for Surgery:
Fistula
Obstruction/Pain
Abscess

*Montreal Classification: Age of IBD dia_g;osis_(A1= below_16_y;, A2= between 17-40yrs, A3=above
40yrs); Location (L1= ileal, L2=colonic, L3=ileocolonic); Behavior (Bl1= non-stricturing, non-

penetrating, B2=stricturing, B3=penetrating)

Montreal Classification:*

Failed Medical Management
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36

15
21
30

8/54/4
38/0/28
5/35/26

7
37
8
14




Of the 83 SNPs within 55 IBD associated genes that were interrogated, both SNPs
(rs4958847, 1rs13361189) within the IRGM gene, 1021 (rs10761659), ATGI6LI
(rs2241880), S100Z (rs7712957) and IBDS5 (rs10077785) remained highly significant
irrespective of the genetic model used. The conventional statistical p-values for these
gene/SNPs are listed in Table 5.4. The SNP rs4958847 within the IRGM (immunity-related
GTPase family, M) gene was the most significant SNP in all three genetic models (p = 0.007,
Table 5.4) and remained significant even after applying a Benjamini-Hochberg false
discovery method for multiple observations. However there were no patients homozygous for
the rs4958847 SNP in our patient cohort making it impossible to assess which genetic model
(genetic, additive, or dominant) was responsible for its effect. Patients carrying the ‘at risk’
allele for this SNP (N=20) had an average of 1 surgery every 6.87+£1.33 years as compared to
patients carrying the wild type genotype (N=46) who averaged 1 surgery in 11.43+1.21 years
(p-value = 0.007, Mann—Whitney U test) (Table 5.5).

Patients with ileocolonic disease commonly have a NOD2 mutation. The overall frequency of
NOD2 mutations for the entire cohort was 30% (N=20, Table 5.5). There was no correlation
between IRGM SNP rs4958847 with NOD?2 status as there was 25% NOD?2 positivity in the
‘at risk® IRGM group compared to 35% in the IRGM wild-type group
(p-value = 0.937, Table 5.5).
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Table 5.4

Top SNPs: General Genetic Model

. p-Value after FDR
SNP name Gene Name p-Value _ .
correction

154958847 IRGM 0.00009 0.00712
513361189 IRGM 0.00738 0.291
10761659 10q21 0.0255 0.496
152241880 ATGI6LI 0.0262 0.496
17712957 S100Z 0.032 0.496

Top SNPs: Dominant Genetic Model
154958847 IRGM 0.00009 0.00712
rs10761659 10q21 0.00705 0.194
1513361189 IRGM 0.00738 0.194
rs10077785 IBD3 0.0241 0334
1s2241880 ATGIG6LI 0.0268 i

Several SNP/Genes were shown to be highly significant by using conventional statistics. However, when

performing a false discovery rate (FDR) correction for multiple comparisons, only SNP rs4958847 within the

IRGM gene remained significant.
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Table 5.5

Surgical P-Valu | NOD2**
SNP Genotype* N Frequency AUC | mutations
(yrs = SEM)
IRGM [Py
rs4958847 | mutation 20/65 6.87+1.33 (N=2) 297
R | Sape 1 S S | | 0.007 =
IRGM (N=15)
wild-type 46/66 11.43+1.21 33%

*‘IRGM mutation’ represents patients carrying at least one copy of the at-risk allele. TRGM
wild-type’ represents homozygous wild-type.

** Patients with ileocolonic disease commonly have a NOD2 mutation. There was no
correlation between IRGM SNP rs4958847 with NOD2 status (p-value = 0.94)
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5.4 DISCUSSION

The completion of the International Haplotype Map (HapMap) Project in 2005 and
advancements made in microarray-based technologies, promoted interest in identifying the
possible etiology of IBD by identifying SNPs and corresponding genes associated with IBD.

At the time of this study approximately 80 SNP’s within 55 genes had been associated with
IBD ( Lees CW 2009. Wellcome Trust Case Control Consortium 2007. Barrett JC 2008. Duerr RH 2006. Fisher SA 2008. Franke A 2008.

Hampe J 2007. Libioulle C 2007. Parkes M 2007. Silverberg MS 2009. Mathew CG 2008. Noomen CG 2009. Huebner C 2010. Scherr R

2009. Nakagome § 2010. McGovern DP 2010 ;¢ notential wide variability of genotype is presumably the

reason for the many variations in disease characteristics or clinical phenotype of IBD
patients. Correlation of such genotypes with clinical phenotype promises to allow for the sub
classification of IBD patients into categories beyond the simple ulcerative colitis (UC) or CD
categories. In the extreme, genotype may segregate and predict patients’ disease
characteristics such as anatomic location, behaviour (fistulising vs. stenosing) and even
prognosis. Genotypic determinants may even predict responsiveness to specific therapies, or
as we suggest in this study, the early recurrence of disease after surgical resection. Genotype
may define a ‘rapid recurrence’ phenotype that would justify early and more aggressive
medical management after surgery. To this end, this study investigated 66 CD patients who
underwent surgery in order to identify genetic factors that might correlate with high vs. low
risk of CD recurrence after ileocolectomy with the goal of identifying patients at high risk for
such recurrence. Thus we used frequency of ileocolectomy as a surrogate for disease severity
which was determined by calculating the total number of ileocolectomies from the time of
initial IBD diagnosis to the last clinic visit, with the rationale being that the more surgeries a

patient has to undergo, the more severe the disease course.

After considering three statistical models to identify SNPs that most significantly correlated
with severity of CD, the SNP rs4958847 within the JRGM gene was the only SNP to maintain
its significance even after Benjamini-Hochberg correction in all three genetic models.
The Benjamini-Hochberg method is a conservative correction, particularly since many of the
SNPs considered in this study were in linkage disequilibrium, which suggests that the JRGM
gene is strongly statistically associated with severity. CD patients carrying an ‘at risk’ allele
for SNP rs4958847 had an overall more severe disease course, i.e. greater number of

surgeries compared to those who were ‘wild-type.’
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In general, the JRGM gene located on the long arm (q) of chromosome 5 at position 33.1
encodes a p47 immunity-related GTPase family member which is involved in the process of
autophagy. Huett A 2008) Autophagy is a teleologically highly conserved process by which cells
maintain intracellular homeostasis by degrading potentially dangerous waste materials such
as damaged organelles, apoptotic bodies and intracellular pathogens such as viruses, bacteria
and parasites by sequestering them within autophagosomes which are then presented to
lysosomes for degradation.' " W 20%) siRNA knockdown of /RGM in human macrophages
has demonstrated an impaired handling of intracellular pathogens such as Mycobacterium

. . ; . Sj B2
tuberculosis, leading to prolonged intracellular survival, ¢ bees €W 2009. Singh B 2006)

The two non-coding JRGM SNPs (rs13361189 and rs4958847) investigated in this study were
first identified in 2007 by the Wellcome Trust Case Control Consortium genome wide
association study (GWAS), Welkcome Trust Case Control Comsorium 2007) Several studies have since confirmed the
association of these IRGM SNPs with CD in various ethnic cohorts, however the exact

functional roles of these SNPs are still unclear despite many resequencing attempts.! 7" =

2008. Roberts RL 2008. Latiano A 2009. Weersma RK 2009. Barrett JC 2008. Roberts RL 2008. Fisher SA 2008, Franke A 2008.
McCarroll A 2008) N feCarroll ef al have recently shown SNP rs13361189 to be in perfect linkage
disequilibrium with a 20kb deletion polymorphism that affects the expression of
TRG M, MeCarroll SA 2008) Thiq deletion polymorphism is associated with a SNP (¢.313C>T) that
has been shown to alter microRNA miR-196 regulation of IRGM expression in CD.(Brest? 200D
Our study investigated both these IRGM SNPs, but only rs4958847 maintained significance
after Benjamini-Hochberg correction. The other SNP rs13361189 failed to remain significant
most probably due to the smaller number of CD patients within this study population. Latiano
et al have shown the rs4958847 SNP to be associated with fistulizing behavior including

perianal fistulas L2421 A 2009)

This study also attempted to correlate the frequency of NOD2/CARDIS5 variants with IRGM,
however failed to show any association with severity of disease. Similarly, Latiano er al also
failed to show any significant interaction between NOD2/CARD15 and IRGM variants in

both of their pediatric and adult populations, 414 4 2009)

Other investigators have evaluated other modalities to identify early CD recurrence after
ileocolectomy. These include changes seen on endoscopy, radiologic studies and serological

biomarkers. Rutgeerts et al proposed a five grade scoring system in order to predict CD
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recurrence based on endoscopic findings. ®v'™ P 1990 patients who showed no ulcers or <5
aphthous ulcers in the neoterminal ileum on ileocolonoscopy at 1 year post surgery were at
low risk for clinical recurrence. However, patients who showed >5 aphthous ulcers, deep
ulcers with more extensive inflammation or severe inflammation with nodularity and
stenosis, had a 3 year clinical or surgical recurrence rate of 15, 40 and 90%
respectively. " oeer M 2010) Calabrese et al showed strong correlation of the Rutgeerts scoring

(Calabrese E2009) and similarly Sailer J et al

system with small intestine contrast ultrasonography
correlated the Rutgeerts score with MR enteroclysis.(saﬂer 12008 pyrthermore, a recent study
conducted by Lamb CA et al has demonstrated that the quantitative measurement of faecal
calprotectin and lactoferrin levels significantly correlated with disease recurrence in post
operative CD patients. These faecal markers were much more sensitive than C-reactive
protein, platelet count or endoscopic appearance at predicting clinical disease activity. Lamb ca
209 Although using ileocolonoscopy to predict CD recurrence post operatively does show
promise, it is an invasive procedure and still carries potential adverse risk. Radiological
modalities are less invasive and certainly ultrasonography is advantageous as it carries no risk
of radiation exposure, however none of these modalities help to predict the disease course
pre-operatively and especially not prior to the actual recurrence of the disease that is
visualized by these tests. The potential advantage of our finding is that high risk patients can

be identified with a simple blood test and then undergo the initiation of prophylactic medical

management well before the onset of disease recurrence.

This study has identified a genetic variant within the JRGM gene that could potentially be
used as a predictor of early recurrence after ileocolectomy. This small study will need to be
confirmed in a much larger cohort of CD patients and can provide the basis for a prospective
multicenter trial incorporating populations from different backgrounds to evaluate the IRGM
SNP rs4958847 in predicting early disease recurrence after ileocolectomy. Genotyping holds
promise for playing a role in both surgical and medical decision making in the clinical

management of IBD patients.
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Chapter 6

General Discussion and Future Prospects

Idiopathic inflammatory bowel disease is a chronic, relapsing inflammatory condition
affecting the GI tract that most often affects young adults and results in lifelong need for
medical and surgical care. The overall incidence of IBD, especially the rates of CD, has
steadily increased since the 1920s with approximately 100-200 per 100,000 of Western

Caucasians living with this debilitating disease.

In the past decade, much research has been carried out to aid in understanding the underlying
pathophysiology of IBD. The widely accepted basis for the disease is that there is an
abnormal immune response to intestinal microflora in a genetically susceptible patient. There
has been an ever increasing list of gene loci, mutations or alleles (SNPs) found using
genome-wide association studies that are associated with either or both UC and CD. This
large number of disease predisposing mutations (SNPs) is presumably the reason for the wide
variation in clinical phenotype seen in IBD. To date, most of the research conducted in the
realm of IBD genetics has focused on identifying specific pathways of immune function and
inflammation, looking to develop newer medicines. However little work has focused on how

such genetic discoveries can assist the surgeon in surgical decision making.

The present series of studies performed in this research project sought to bring surgical
relevancy to the recently identified genetic mutations associated with IBD. Studies #1 and 2
focused on UC patients who had undergone the IPAA procedure. These patients were
retrospectively classified based on the presence or absence of developing an adverse outcome
post-operatively. These studies have identified and validated the association of the
NOD2/CARDI5 mutation with severe/chronic pouchitis. Several other genetic loci were also
identified and used to develop a hypothetical gene signature model in order to predict the
overall probability of developing such post-operative adverse outcomes. The results from
these small studies need to be confirmed in a much larger cohort of UC patients by
conducting a prospective multicenter study to evaluate these SNPs in predicting the
development of post IPAA complications. Such risk profiling holds promise for playing a

role in both surgical and medical decision making in the clinical management of IBD
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patients. Genetic profiling pre-operatively could both provide improved counseling to
patients regarding their prognosis and assist the clinician with choice of surgery, especially in

the marginal operative candidate.

In addition, we sought to identify gene/SNPs that correlated with rapid recurrence of CD after
ileocolectomy. The frequency of surgery was determined by dividing the total number of
ileocolectomy procedures performed by the time between IBD diagnosis and the patients’ last
clinic visit, the rationale being that more severe disease would be associated with more
frequent need for surgery. After genotyping our cohort of CD patients, we identified one SNP
(rs4958847) within the IRGM gene that significantly correlated with rapid CD recurrence
post-operatively. Similar to studies #1-2, this study has identified a genetic variant that could
potentially be used as a predictor of early recurrence after ileocolectomy. This small study
will need to be confirmed in a much larger cohort of CD patients and can provide the basis
for a prospective multicenter study incorporating populations from different backgrounds to
evaluate the IRGM SNP rs4958847 SNP in predicting early disease recurrence after
ileocolectomy. Similar to studies #1 and 2, genotyping holds promise for playing a role in
both surgical and medical decision making in the clinical management of IBD patients. If
borne out, this SNP could be a marker used to predict the need for more aggressive

prophylactic medical regimens, such as infliximab (Remicade®).

This series of studies has identified several IBD associated genes that are involved in disease
pathogenesis and warrant further investigation. For example, NOD2 and IRGM play an
important role in the innate immunity against enteric commensal organisms. However, the
exact mechanistic relationship between these two genes still needs to be fully elucidated.
More functional studies investigating the downstream effects of MDP stimulation and release
of cytokines and their effects on the autophagy pathway are warranted. Furthermore, gene-
gene interactions should be studied using statistical models and epistasis analysis. The
effects of deficient IRGM and ATG16L1 autophagy genes should be investigated in murine
models. In particular, interrogating the effects of certain bacteria in mice deficient in these

genes and the resultant enhanced and/or deficient immune response should be investigated.

The field of IBD genetics is only in the nascent stages of correlating such genetic variants
with the clinical features of IBD, but, as this is carried out, a more accurate picture of the

individual patient and their disease will be created. Mutations in the NOD2/CARDI5 gene,
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for example, correlate with disease in the terminal ileal region, usually at a younger age.
Similarly, other genetic determinants will be associated with clinical features or disease
behavior. Increasingly, patients will be sub classified not just on anatomic location and
clinical characteristics (as the Montreal classification for example does), but also on
genotype. This will provide a third dimension to the classification of the IBD patient, namely
one that relates to a pathophysiologic basis of the disease in a particular patient. Such a
classification will provide a more uniform patient recruitment into clinical trials and may
‘rediscover’ treatments that are very effective in certain subgroups of patients that may have
been formerly discarded because of the wide genetic variability in the studied patient groups.
These genetic data will complement the clinical classification of patients and will also have a

direct impact on patient care paradigms.
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Matters, Ph.D., Robin Wilson, Ph.D., Wei Yu, M.D., Ph.D. John Hegary, M.S,,
Rishabh Sehgal, M.D., Sue Deiling, B.A. Kevin McKenna, M.D., David Stewart,
M.D., Nathan Hansen, M.D., David Brinton, C.P.N.P.

Consent: Adult with IBD

Participant’s Printed Name:

This 1s a research study. Research studies include only people who voluntarily choose to take part.
This consent form gives you information about this research, which will be discussed with you. This
consent form may contain words or procedures that you do not understand. You atre urged to ask
questtons about anything that is unclear to you. Discuss it with your family and friends and take your
time to make your decision. You will receive a copy of the signed and dated consent form to keep.

1. Purpose of the Study: You have been given the opportunity to participate in this study because:
®  You have inflaimmatory bowel disease (IBD).

¢ You may or may not have family members with inflammatory bowel disease (IBD).

There are two main forms of IBD: Crohn’s disease and ulcerative colitis. IBD is a chronic
inflammatory condition affecting the intestines and resulting in abdominal pain, diarrhea,
anemia, and malnutrition. There is no cure for IBD, and its cause remains unknown. Some
studies have suggested that this disease may be, in part, hereditary. This study will investigate
the role of genes in IBD. Approximately 2000 people will be enrolled in this study at Hershey
Medical Center.

2. Procedures to be Followed: If you agree to participate in this study, you will complete a
questionnaire about your health and family history. You are free to skip any questions you would
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prefer not to answer. If a question is unclear and you would prefer to try to answer it, you are
encouraged to call us for clarification (see Contact Information, Section 12).
A sample of your blood (4 to 5 teaspoons) will be taken to examine the possible genes that are
associated with IBD.

We will create a “cell line” from your blood by treating the white blood cells with something
which causes them to repeatedly divide under specific laboratory conditions. This enables us to
grow the cells over time which we cannot do with untreated blood cells. We then prepare and
store frozen stocks of each cell line so that we have “fresh cells” as we need them. It is from this
supply of cells that we extract the DNA (genetic or hereditary material) which we use to conduct
our genetic research on IBD.

Additionally a portion of your blood will be used to isolate serum, which we will look at to study
protein expression. This information will be considered in light of the genetic findings to better
study IBD. Unlike the cells we cannot “grow” the serum in the lab, so we will isolate a given
amount of it from your blood and divide it up into small quantities. We will then freeze these
samples and use them as needed until they are depleted.

The cell and serum samples we collect from you will be entered into our “IBD Registry,” a bank
of samples we catalogue and store as possible for the duration of this study.

In addition, 1f you are undergoing surgery to remove a patt of your intestine, you give permission
for some of your removed intestine, which would be otherwise discarded, to be used in our
research. We will process small segments of the tissue for genetic and metabolic analysis.
Agreeing to this does not alter your surgery or your cate in any way, and no additional tissue will
be removed, only that tissue which would be removed due to your disease will be studied in such a
fashion, and only after all other test necessary for your care are done first. We may also take and
store a digital photograph of your removed intestine for future reference.

If and only if you agree, your samples will be stored beyond the duration of this study and used for
other research studies. If you refuse to have your samples stored for these other research studies,
you will still have the opportunity to participate in this IBD research study. This option and
related details are addressed in the last section of this document.

In order to determine the extent of your disease, your medical records will be obtained from your
primary physician, gastroenterologist(s), and/or surgeon(s) for review.

Additionally, 1t 1s possible that over time it will be necessary for an investigator to call you to
update your questionnaire information. Typically this type of communication takes 5 to 15
minutes. Additionally it is possible that at some point your cells and/or serum will need to be
replenished. If that is the case you may be contacted by an investigator to atrange for another
blood draw. This could occur as soon as a month after your first draw or as late as years later, and
in each case your participation is, as always, entirely voluntaty. You are not agreeing to any future
participation at this time. You will be asked to sign an addendum to this consent form for any
additional blood samples requested.

3. Discomforts and Risks: The discomfort associated with removing blood by insertion of a
needle into a vein (venipuncture) in your arm, using standard procedure, is a slight pinch ot
pin prick when the sterile needle enters the skin. The risks from removing blood by needle
include mild discomfort and/or black and blue mark at the site of puncture. Less common
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risks include a small blood clot, infection, ot bleeding at the puncture site, and on rare

occasions fainting during the procedure.

If you are undergoing surgery, and agtree to allow us to study your removed intestine, there will
be no difference in risk or discomfort beyond that which your planned surgery would be
expected to incur.

You may be uncomfortable discussing your health. You may refuse to answer any questions that
make you feel uncomfortable. There is also a risk of loss of confidentiality if your medical
information is obtained by someone other than the researchers but precautions will be taken to
prevent this from happening.

(a) Benefits to You: There is no promise or guarantee of any medical benefits to you resulting
from participation in this study. Neither you nor your doctor will receive results of these research
tests.

(b)_Potential Benefits to Society: This study may provide the medical community and society
with information about the genetic factors that contribute to the development of IBD, potentially
resulting in better treatment of IBD.

Other Options That Could Be Used Instead Of This Research: You may choose not to
participate in the study.

Time Duration of the Procedures and Study: The initial visit for the consenting and blood-
draw typically takes one half hour. The questionnaire which is typically sent home with the
participant takes about 1 to 2 hours to complete. Since this is an ongoing study with stored
samples, we do often contact participants months to years after the initial consent. Future
participation is likely to be in the form of a 5 to 15 minute phone call to update the questionnaire
information. As described in the procedure section (2), it is also possible that you will be called at
a future date and asked to donate a blood sample again. If you agree that usually takes about one
half hour.

Statement of Confidentiality:

(a) Privacy and confidentiality measures: The research records that we generate from your
participation will be reviewed, stored, and analyzed at The Milton S. Hershey Medical Center
(HMC) and Penn State College of Medicine (PSU). Research results generated in the laboratory in
this study will be labeled with a code, and stored at-large in the secured laboratories of Dr. Koltun.
Likewise, the samples we collect from you for research purposes will be labeled with a code, and
stored at the requisite temperature in the secured laboratories of Dr. Koltun.

The research information we collect from you that has identifying information, such as the
questionnaire you will be asked to complete, will be stored in a locked filing cabinet in the secured
laboratories of Dr. Koltun.

A list linking codes to identifiers will be kept in a separate locked filing cabinet in the secured
laboratortes of Dr. Koltun.

In the event that research data and/or samples are sent to an institution outstde of HMC/COM

you will not be identified by name, social security number, address or phone number. The data
and/or samples will be labeled with a code and will not be identifiable to you in any way. The list
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that matches your name with the code number will be kept in a locked file at this institution and
will not be shared with another institution.

In the event of any publication resulting from the research, no personally identifiable information
will be shared.

(b)y The use of private health information: Health information about you will be collected if
you choose to be part of this research study. Health information is protected by law as explained
in the HMC Privacy Notice. If you have not received this notice, please request a copy from the
researcher. At The Milton S. Hershey Medical Center (HMC) and Penn State College of Medicine
(PSU) your information will only be used or shared as explained and authorized in this consent
form or when required by law. It is possible that some of the other people/groups who receive
your health information may not be tequired by Federal privacy laws to protect your information
and may share it without your permission.

To participate in this research you must allow the research team to use your health information. Tf
you do not want us to use your protected health information you may not participate in this
research.

Your permission for the use, retention, and sharing of your identifiable health information will
continue indefinitely. Any research information in your medical record will be kept indefinitely. If
you consent to the storage of your samples for future research, the period for the use of the
samples is unknown.

If you choose to participate, you are free to withdraw your permission for the use and sharing of
your health information and your samples at any time. You must do this in writing. Write to Dr.
Koltun and let him know that you are withdrawing from the research study. His mailing address is
500 University Drive, Department of Colon and Rectal Sutgery, H137, Hershey, PA 17033.

If you withdraw your permission, we will no longer use or shate medical information about you or
your samples for this research study, except when the law allows us to do so. We are unable to
take back anything we have already done or any information we have already shared with your
permission, and we may continue using and sharing the information obtained prior to your
withdrawal if it is necessary for the soundness of the overall research. Also we will keep our
records of the care that we provided to you as long as the law requires.

The research team may use the following soutces of health information from you, your ptimary
physician, your gastroenterologist(s), and/ot your surgeon(s):

*  Blood drawn for this research

*  Progress Notes, as they relate to this reseatch

*  Endoscopy Reports, Radiology Repozts, Operative Reports, and Pathology Reportts,

as they relate to this research

*  Questionnaire about your health and family history.

In most cases records are pulled from the date of IBD diagnosis and onwatd.

Representatives of the following people/groups within HMC/PSU may use your health
information and share it with other specific groups in connection with this research study.
*  The principal investigator, Dr. Koltun
*  The HMC/PSU Institutional Review Board
*  The HMC/PSU Human Subjects Protection Office
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. The Research Team

The above people/groups may share your health information with the following people/groups
outside HMC/PSU for their use in connection with this research study. These groups, while
monitoring the research study, may also review and/or copy your original PSU/HMC tecotds.

*  The Office of Human Research Protections in the U.S. Department of Health and

Human Services

e The Philadelphia Health Care Trust Fund

*  American Society of Colon and Rectal Surgeons

*  Pennsylvania Department of Health's Health Research Formula Funding Program —

Tobacco Settlement Grant

Costs for Participation: There are no costs to you for participating in this research study.

Compensation for Participation: There is no financial compensation for participation in this

study. In the event of the development of commercial products from the findings of this research,
there are no plans to share any of the profits with you.

Research Funding: The institution and investigators are receiving a grant from the Philadelphia
Health Care Trust Fund, the Catlino Gift Fund for IBD Research and the Tobacco Settlement
Grant to support this study.

Voluntary Participation: Taking part in this research study is voluntaty. If you choose to take patt
in this research, your major responsibilities will include: providing a venipuncture blood sample and
the completion of questionnaires. You do not have to patticipate in this research. If you choose to
take part, you have the right to stop at any time. If you decide not to or if you decide to stop taking
part in the research at a later date, there will be no penalty or loss of benefits to which you are
entitled. In other words, your decision to not participate in this teseatch or to stop taking part in the
research will not affect your medical setvices.

Contact Information for Questions or Concerns: You have the right to ask any
questions you may have about this research. If you have questions latet or concerns related
to this study, or if you believe you may have developed an injury that is related to this
research, you should contact Dr. Walter Koltun at (717) 531-5164 or Ashley Kelly (717)
531-5325.

If you have questions regarding your rights as a research participant ot you have concerns or general
questions about the research or about your privacy and the use of yout personal health information,
contact the research protection advocate in the HMC Human Subjects Protection Office at 717-531-
5687. You may also call this number if you cannot teach the research team or wish to talk to
someone clse.

For more mnformation about participation in a research study and about the Institutional Review
Board (IRB), a group of people who review the research to protect your tights, please visit the HMC
IRB’s Web site at http://www.hme.psu.edu/itb. Included on this web site, undet the heading
“Participant Info”, you can access federal regulations and information about the protection of
human research participants. If you do not have access to the intetnet, copies of these federal
regulations are available by calling the HSPO at (717) 531-5687.
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Signature and Consent/Permission to be in the Research
Before making the decision regarding enrollment in this research you should have:

e Discussed this study with an investigator,

¢ Reviewed the information in this form, and

e Had the opportunity to ask any questions you may have.
Your signature below means that you have received this information, have asked the questions you
currently have about the research and those questions have been answered. You will receive a copy of
the signed and dated form to keep for future reference.

Participant: By signing this consent form, you indicate that you are voluntarily choosing to take patt in
this research.

Signature of Participant Date Printed Name

Person Explaining the Research: Your signature below means that you have explained the research
to the participant/participant representative and have answered any questions he/she has about the
research.

Signature of person who explained this research Date Printed Name

Optional Storage of Samples and Questionnaires for Future Research Studies: By definition
this study is establishing a collection of stored samples (cells, serum, and DNA) and questionnaires to
be used for ongoing research for the duration of this study.  However, these samples and
questionnaires may not be stored beyond the duration of this study or used for other research without
your explicit permission.

Agreeing to the storage of your samples and questionnaire beyond the duration of this study and use
for other research is optional and will not affect your participation in this research study. You can
participate in the main part of the research without agreeing to allow your samples or questionnaire to
be used for this optional part.

These future studies may provide additional information that will be helpful in understanding IBD,
but it is unlikely that these studies will have a direct benefit to you. Neither you nor your doctor will
recetve results of these future research tests. The results of these tests will not have an effect on your
care, nor will the results be put in your health record. Sometimes a sample and questionnaire is used
for genetic research about diseases that are passed on in families. Even if your samples and
questionnaire are used for this kind of research, the results will not be put in your health records. If
you have any questions, you should contact Dr. Walter Koltun at (717) 531-5164.

Your samples will be labeled with a code number and stored. Specifically, your cells will be labeled with a
code, the date they were frozen down, and stored in a tank of liquid nitrogen in the secured laboratories of
Dr. Koltun. Your serum and DNA will be labeled with a code, the date extracted, and stored in a -80C
freezer in the secured laboratories of Dr. Koltun. Your questionnaire will remain in your file in a locked
filing cabinet. If you agree to allow your samples and questionnaite to be kept for future research, you will
be free to change your mind at any time. You should contact Dr. Walter Koltun at (717) 531-5164 and let
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him know you wish to withdraw your permission for your samples and questionnaire to be used for future
research. In that case your unused samples and your questionnaire would be destroyed at the termination
of this study and not used for future studies.

Please INITIAL one of the following:

Your samples and questionnaire may be stored beyond the duration of this study
initial and used for any future research studies involving this or any other project
without your further permission.

OR

Your samples and questionnaire may not be used for future research studies.
initial Your samples and questionnaire may be stored for the duration of this study only.
When this study is over your samples and questionnaire will be destroyed.

Participant: By signing below, you indicate that you have read the information written above and have
indicated your choices for the optional part of the research study.

Signature of Participant Date Printed Name

Person Explaining the Research: Your signature below means that you have explained the optional
patt of the research to the participant/participant representative and have answered any questions
he/she has about the research.

Signature of person who explained this Date Printed Name
research
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PENNSTATE

Instiwtiomul Review Board The Millon S. Hershey Medicul Center Fux: (717) 531-3937
Room - H630W | Human Subjetis Protection Office, H138  E-muil: hepo@psu,edu
500 University Drive .
Hershey, PA 17033-2390

ﬁ Humin Subjects Protection Office Penn State College of Medicine (717) 531-5687

DATE: July 23, 1998

TO: Walter A. Koltun, M.D,, Surgery/General Surgery

FROM:  Kevin Gleeson, M.D,, Chairman ey 1Y)
Institutional Review Board -

RE: TRB Protocol No. 98-057 - A Proposal for the Creatién of an Inﬂammatory
Bowel Disease Reglstry .

Thank you for your application for the above research The Instltutlonal Rewew Board
(IRB) granted approval for this investigation for a one year period, effective July 20, 1998, This
“approval includes the consent form (dated 7/15/98). A total of five hundred (500) subjects may
be cnro]led. -You may proceed with the research, as outlined.

Please include the IRB protocol number on all future correspondence and documents
+ related to this i mvestlgation :

All original, signed consent forms for this research must be forwarded to the IRB for the
central files. Please ensure that both an approved investigator and the participant sign and date
the consent form." Provide a copy of the form to the participant. If the participant is a patient,

- include a copy of the signed consent form and the protocol abstract in the medical record.

Federal regulations require prompt reporting to the IRB of any proposed changes in a
research activity and prior approval before changes are initiated, except where necessary to.
eliminate apparent immediate hazards to the subject, Any serious, life-threatening or unexpected
adverse events related to this project should be reported immediately to the IRB using the
Adverse Bvent and Safety Report form, All other adverse event’s‘(such as mild or expected
reactions) should be reported on the Progress Report for continuing review.

The Institutional Review Board appreciatés‘ your efforts to conduct research in
compliance with the federal regulations that have been established to ensure the protection of
human subjects.

KG\dme

The Milton S. Hershey Medical Center of The Pennsylvania State University « College of Medicine
An Equal Opportunity University
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PENNSTATE HERSHEY PENNSTATE HERSHEY

E Milton S. Hershey Colon and Rectal

Medical Center Surgery

Walter A, Koltun, MD

Division Chicf

Peler & Marshin Carlino Chair in
Iofiammatory Bowel Discase

Lisa Poritz, MD

Associale Professor of Surgery and
Cellular & Molecular Physiology

Director of Colon & Reclal Research

Kevin J, McKenna, MD
Associate Professor of Surgery

David B, Stewart, MD
Assislant Professor of Surgery

Livanpgelos Messaris, MDY, PhD)
st prossorof ey IRB# 98-057 Inflammatory Bowel Disease Registry
Mavjoric Lebo, MSN, CRNP

Nurse Practitioner

David Drinton, MSN, CRNP
Nurse Praclilioner

Ay Sheranko, MA STUDY PARTICIPANT QUESTIONNAIRE

Medical Assislant

This packet contains a questionnaire that we ask all study participants to fill out in addition to giving a
blood sample. It can take anywhere from 30 minutes to 2 hours to fill out.  Please mail this packet back
to us in the pre-stamped self-addressed envelope provided by us.

The Complete Family History section is quite extensive, but can only be filled out according to the size of
your family and your knowledge of your family’s health history. Please fill it out to the best of your
ability. Please take care to note if someone is a “half” or “step” relation, if there are twins, or any other
details that could be important to our genetic studies.

While you should not answer any question that makes you uncomfortable as we explained in the consent,
please do not hesitate to contact us if it is just a matter of a question being unclear.

If you have questions about the questionnaire or need further information, please contact me:
Sue at 717-531-0003 x 285223 or sdeiling@psu.edu

We sincerely thank you for your participation in this study.

Sue Deiling, B.A.
Walter A. Koltun, M.D

Milton S. Hershey Medical Center ¢ Penn State Cellege of Medicine
Department of Colon and Rectal Surgery, Mail Code HE37, 500 University Drive, P.O. Box 850, Hershey, PA 17033-0850
Tel: 717-531-5164 « Fax: 717-531-0646 ¢ wwv.pennstatecolonandrectal.com

Au Equal Opportunity University



IBD

Inflammatory Bowel Disease Registry

Subject ID:

Date Completed: __ __ /__ _ [/ ____

Month

day year

1. Subject Name:

2. Address:

3. Phone Number:

4, E-mail Address:
(If applicable)

5. Family Physician:

6. Physician's Address:

7. Physician’s
Phone Number:

8. Gastroenterologist:
(If applicable}

9. Gastroenterologist's
Address:

10. Gastroenterologist’s
Phone Number:

e ——"

Version: 08/03/2011

Personal Information

Last First Middle Initial
Street Address

City State Zip Code

( ) (H) ( ) - (W)

Area code Area code

Last First Middle Initial
Street Address

City State Zip Code

( )

Area code

Last First Middle Initial
Street Address

City State Zip Code

( )

Area code

© 2011 The Pennsylvania State University. All rights reserved.

Page 2 of 14



IBD SubjectID: __ - -

Date Completed: _ _ /__ _ /__

[nflammatory Bowel Disease Registry Relative: Month  day year

Complete Family History

Please indicate whether the following members of your immediate (biologic) family have ever
been diagnosed with IBD, Diverticulitis, or colorectal cancer. Enter Yes, No, or Unknown.

Comments (twin?,
Relationship IBD Diverticulitis | Cancer step?, deceased?, other
disease, type cancer, etc)

Grandfather 009
Paternal | Grandmother 010

Grandfather 011
Maternal | Grandmother 012
Father 013
Mother 014
Spouse 019
Brother 015
Brother 015
Brother 015
Brother 015
Sister 017
Sister 017
Sister 017
Sister 017
Son 020
Son 020
Son 020
Son 020
Daughter 021
Daughter 021
Daughter 021
Daughter 021

=aaaa——
Version: 08/03/2011 © 2011 The Pennsylvania State University. All rights reserved. Page 3 of 14



IBD

[nflammatory Bowel Disease Registry

Date Completed:

Subject ID: - -

B/ L /O e s

Month day year

Relationship

IBD

Diverticulitis

Cancer

Comments (twin?,
step?, deceased?,
other disease, type
cancer, etc)

Son’s son 022
Son’s son 022
Daughter’s son 024
Daughter’s son 024
Son’s Daughter 023
Son’s Daughter 023
Daughter’s Daughter 025
Daughter’s Daughter 025

Please indicate whether members of the your extended family, such as cousins, uncles, aunts, etc, have
ever been diagnosed with IBD, Diverticulitis, or colorectal cancer. Enter Yes, No, or Unknown.

Comments (Mother’s
Relationship side?, Father’s side?,
IBD Diverticulitis | Cancer twin?, deceased?,
other disease, type
cancer?, etc)
1.
2.
3.
4,
5.
6.
7.
8.
0.
10.
11.
12,
13.
14.
15.

#

Version: 08/03/2011 © 2011 The Pennsylvania State University. All rights reserved.
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IBD SubjectIlD: _ __ - -__

Date Completed: __ _ /__ _ [/ __
Inflammatory Bowel Disease Registry Month  day year

Demographic Information

13. What is your date of birth?

14. What is your race/ethnic?
O Aleut, Eskimo, or American Indian
L Asian
U Black, Hispanic / Latino
U Black, Not Hispanic / Latino
L Pacific Islander
L White, Hispanic / Latino
L White, Not Hispanic / Latino
0 oOther

15. Where were you born?

City State

Zip (if known)

{Admin use) Country

16. Where did you spend the majority of your childhood?

City State

Zip (if known)

(Admin use) Country

17. Where do you currently live?

City State

Zip (if known)

{Admin use) Country

—
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IBD

Subject ID: __ - -

Date Completed: __ _ /__ [/ __

Inflammatory Bowel Disease Registry

Month day year

18. Has a doctor ever told you that you have Inflammatory Bowel Disease (Crohn’s Disease,
Ulcerative Colitis, Indeterminate Colitis)?

D Yes

O No (= Please go to question #19.)

18a.

If Yes, please specify what type:

] Crohn’s Disease
L) Ulcerative Colitis
(] Indeterminate Colitis

D Unknown

19. What is your biologic father’s ethnic background? (Use Ancestry Codes below)

20. What is your biologic mother’s ethnic background? (Use Ancestry Codes below)

ANCESTRY CODES

Most people in the United States have ancestors who came from other parts of the world. This lists some
ethnic backgrounds. Please choose the one or two that most closely describe your ancestry.

AfTican oo 11
American Indian ...........c..e.... 17
Canadian .........ccovcvveeeeiinreniinn 24
Central American ................. 21
Chinese .....cooevirirericvescinnnnns 14
Croatia coceeeveveeesrerenieeeereneneenes 07
Cuban .......ceeererere aerasisEams 23
Czech Republic .......cccccuveueeee. 07
Danish ....coeevvevvireeiniiinreeieens 08
English ...........cciiiiniiiiiiiiinn 01
Finnish ..ocoeeveevveveeeenrneneeeeennns 08
French ........coooorevene giisiiatoissns 04
GErman .......ccceeevvvvevrvevesssnnnnes 03
Greek ovvvvveeereieneece e eeeienen 06
Hungarian ... 07
INdian .coeeveveviiiiiiiiireiiinneeeens 13
IriSh ...coovecrnrereecnn. s 02
Ttalian ....coceevevvneeeiviiiniereeeeeins 05
Japanese .......c.coovveinneeiiinninne 15
Jewish / Ashkenazi ................ 28
MEXICAN .ovevvvevierinrerranrnennesenes 18

Middle Eastern ..........ccoeeeene. 12
Norwegian susseiaanssisissi 08
Pacific Islander ...........ccccvunee. 16
Pakistani ......cecceveeviiiieiiieneinnan. 13
Pennsylvania Dutch .............. 26
Polish ....evvvveiiniieirerreneeeeeeeeeeeee. 07
Portugese wuwsssuseammsan 09
Puerto Rican .........cccvvvvvveennnnas 19
Russian ...... om0/
SCOISH ciiiviiiiiiiiiiiiiiiiiisennnnes 01
NT= o) I I, 07
Slovakia wussnvenssisas 07
South American .........ooeeee.. 22
Spanish st 09
Swedish ..o 08
UKIaIng......ooovvevvvnvrvernrennernnennes 07
Welsh sssinummmiiosiii. 01
West Indian .......cccceveeeeeriennnnn. 20
Yugoslavia .......ccceeevreveeennns 07

Other Asian (Please specify) .16

Other European (Please specify)

............................................... 10
Other (Please specify) .......... 25
Unknown ......ccceeeeveveenecnsnnnn. 27

—

Version: 08/03/2011
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IBD SubjectID: _ - -

Date Completed: __ __/__ _ [/ __
Inflammatory Bowel Disease Registry Month  day year

21. In which religion were you raised (pick one)?
Amish

Baptist

Catholic

Jewish

Lutheran

Mennonite / Brethren

Methodist

Other Protestant (Please specify)

Other (Please specify)

cooooooooo

None

22. Smoking History (Cigarettes only)
22a. Are you......

L Current Smoker
O Ex-Smoker
O Never Smoked (Skip to Question 23)

22b. How many years have you, or did you, smoke?
____ years

22c. What is the average number of packs per day that you smoke(d)?
« __ packs per day

22d. If you did quit smoking, how long ago did you quit?
____years ____ months

23. Have you ever spent at least 2 consecutive years living in an active agricultural
area with cows?

D Yes
D No
D Unknown

24. Were you breast fed as a baby?

D Yes
D No
L Unknown

Version: 08/03/2011  © 2011 The Pennsylvania State University. All rights reserved. Page 7 of 14



IBD

[Inflammatory Bowel Disease Registry

Subject ID:

Date Completed: __ __ /__ _ [/ __
Month day year

Medical History

Do you now, or have you ever been diagnosed with... (Please select only one answer for each
question)
No Yes Unknown
25a. | Measles?
25b. | Chicken Pox?
25c. | Mumps?
25d. | Lupus?
25e. | Rheumatoid Arthritis?
25f. | Diabetes?
25g. «If yes, how controlled? (Circle only one) Insulin, oral meds, diet only
25h. | Multiple Sclerosis (MS)?
251 Celiac Disease
No | Currently | Previously | Unknown

25j. | Pyoderma Gangrenosum?
25k. | Anal Abscesses or Fistulae?
251. | Recurrent Mouth Sores?
25m. | Uveitis, Iritis, or Chronic Irritation of the Eyes?

Erythema Nodosum or other persistent skin
24n. | disorders? (Please specify)

Primary Sclerosing Cholangitis (PSC) or other
250. | liver disease, excluding gallstones? (Please specify)

e —
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Inflammatory Bowel Disease Registry

Subject ID: -

Date Completed: __ __ / _ _ [/ __

Month day year

Have you ever been diagnosed, by a physician, with any of the following

disease or conditions: (Please select only one answer for each question)
o | e ot

26a. Anal Cancer?

26b. Anemia?

26c. Appendicitis?

26d. Collagenous Colitis?

26e. Colon Cancer?

26f. Diverticulitis?

26g. Infectious Colitis?

26h. Intestinal Cancer?

26i. Irritable Bowel Syndrome?

26j. Proctitis?

26k. Prostrate Cancer

26]1. Rectal Cancer?

26m. Reflux?

26n. Stomach Cancer?

260. Ulcer Disease?

26p. Whipple’s Disease?

26q. Other (Please specify)

27. Have you ever had a stoma?

Version: 08/03/2011

L Yes
O No (= Please go to question #28.)

27a. If Yes, do you currently have a stoma?

O Yes (= Please go to question #33, if applicable.)

O No (= Please go to question #28.)

© 2011 The Pennsylvania State University. All rights reserved.
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IBD SubjectID: __ - __ - __

Date Completed: _ _ [/ __ _ [/
[nflammatory Bowel Disease Registry Month  day year

28. How many Bowel Movements (BMs) do you have in a typical day?
L Lessthan 1 per day
Q1 per day
Q 13 per day
 More than 3 per day

29.  Are your BMs typically:
Diarrhea without form?
Loose?

Soft with form?
Formed?

Constipated?

¢ UpoOpDOo

30. ow often do you have blood in your stools?
Never

Rarely

Sometimes

Often

Always

coo00

31. Do you suffer from diarrhea (watery, loose stools)?
Q Rarely
O Occasionally (2-3 times per year)
W Regularly (every month)
Q Frequently (every week)

32. When you suffer from diarrhea, it typically:
L Resolves in a few days, requiring no medication.
O Lasts longer than a week, but resolves with no medication required.

Q Requires medical treatment (Kaopectate, Imodium, or a visit to the doctor) to resolve.

8 If you have never been diagnosed with IBD, you can stop here! Thank you for

taking the time to complete this form. Don'’t forget to mail it back to us!

If you have EVER been diagnosed with IBD, please continue to complete the next

section.
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IBD SubjectID: __ - __ _ -__

Date Completed: _ __ /__ _ [/
[nflammatory Bowel Disease Registry Month  day year

IBD Characterization

(Please complete if you have ever been diagnosed with IBD)

33. When were you diagnosed with Inflammatory Bowel Disease (IBD)?

35. Are you currently being treated by a Gastroenterologist for your Inflammatory Bowel Disease?

O Yes
O nNo

36. Have you had any hospitalization or surgeries related to your Inflammatory Bowel Disease?
L Yes (= Please complete the table below.)
O No (= Please go to question #35.)

If Yes, please complete. Total In the past 2 years

How many hospitalizations?

How many surgeries?

37. Have you ever had emergency abdominal surgery because of your Inflammatory Bowel Disease?

L Yes
U No

38. How many Bowel Movements (BMs) do you have in a typical day? (When your disease is in its
usual state of activity (i.e., not during a flare) and when you are taking your medicine.)

BMs

39. How often do you experience belly pain with your Inflammatory Bowel Disease?
Q Every day

Q Every week

| Occasionally

O Only when I eat wrong or don’t use my medicine
0 Never

Version: 08/03/2011  ©2011 The Pennsylvania State University. All rights reserved. Page 11 of 14



IBD SubjectID: - -

Date Completed: _ __/ ____ [/ __
Inflammatory Bowel Disease Registry Month  day year

40. Have you ever received a blood transfusion?

O Yes
O nNo

41. How many total days in the past 12 months have you spent in the hospital or visited your
physician (1 office visit = 1 day) because of your Inflammatory Bowel Disease?

42. Please characterize your disease:
Q Rarely gives me problems; minimal need for medicine.
Q Rarely gives me problems as long as I take my medicine.
M Occasionally gives me problems, but generally is under control.
(| Frequently gives me problems.
L A constant battle; severely affects my life and ability to function.

43. Please rate on a scale from O (None) to 9 (Most Severe) the following Inflammatory Bowel
Disease symptoms for when your disease is in its usual state of activity (i.e., not during a
flare) and when you are taking your medicine(s).

(= Circle the number that is most clearly associated with the severity of each

symptom.)
None Mild Moderate Severe
a. Abdominal pain 0 1 2 3 4 5 6 7 8 9
b. Abdominal bloating 0 1 2 3 4 5 6 7 8 9
c. Nausea/Vomiting 0 il 2 3 4 S 6 7 8 9
d. Diarrhea 0 1 2 3 4 5 6 7 8 9
e. Rectal Bleeding 0 1 2 3 4 S 6 7 8 9
f. Anal Fistuli/Abscesses O Il 2 3 4 5 6 7 8 9

e Y
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IBD

[nflammatory Bowel Disease Registry

Subject ID: __ - -

Date Completed: ____ /__ [/ __

Month day year

Please provide us with a complete list of all medications you have ever taken for IBD. Remember if

the medication was taken in the past to indicate how long ago the medication was last taken.

Answer for each of the Never Currently | Taken in How lone ago did vou stop?
following medications. Taken Taking the past £ 88 Y b
N O Less than 3 months ago
Imur.an.® ox (0-ME 00 D D a - O 3 - 12 months ago
(azathioprine) 1 O More than 12 months ago
O Less than 3 months ago
Flagyl.® | U a - O 3 - 12 months ago
(metronidazole) 002 O More than 12 months ago
O Less than 3 months ago
AsaC01® D | a - O 3 - 12 months ago
(mesalamine) 003 O More than 12 months ago
O Less than 3 months ago
Pentas?® 0 a 4 a > O 3-12 months ago
(mesalamine) 04 O More than 12 months ago
: O Less than 3 months ago
lero® ) i D D D > O 3 - 12 months ago
(ciprofloxacin hydrochloride) 005 O More than 12 months ago
Azu c O Less than 3 months ago
lﬁdu_le® [l | d g - O 3 - 12 months ago
(sulfasalazine) 006 O More than 12 months ago
O Less than 3 months ago
Folic Acid 007 | | a - O 3 - 12 months ago
O More than 12 months ago
O Less than 3 months ago
Bi2 Shots 008 d d I O 3 - 12 months ago
O More than 12 months ago
O Less than 3 months ago
Prednisone 009 d 4 a - O 3 - 12 months ago
O More than 12 months ago
O Less than 3 months ago
Remicade 0l6 d | a > O 3 - 12 months ago
O More than 12 months ago
O Less than 3 months ago
Humira® 067 | d a - O 3 - 12 months ago
O More than 12 months ago
O Less than 3 months ago
Lialda® 069 d Q @ - | O 3-12monthsago
O More than 12 months ago
O Less than 3 months ago
Cimzia® 075 ad 4 a > O 3 - 12 months ago
®)

More than 12 months ago

List any other medications you are ¢

urrently using, or used in the past, for IBD:

Q

U

0 -

Less than 3 months ago
3 - 12 months ago
More than 12 months ago

Q

Q

Q >

000|000

Less than 3 months ago
3 - 12 months ago
More than 12 months ago

Version: 08/03/2011
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Inflammatory Bowel Disease Registry

Date Completed:

Subject ID: __ -

Month day year

a1/ /pSy iy

Answer for each of the
following medications.

Never
Taken

Currently
Taking

Taken in
the past

How long ago did you stop?

Q

Q

Q -

Less than 3 months ago
3 - 12 months ago
More than 12 months ago

Q

Q

a -

Less than 3 months ago
3 - 12 months ago
More than 12 months ago

a

a

a -

Q000|000 |000

Less than 3 months ago
3 - 12 months ago
More than 12 months ago

44. What one medication do you feel best controls, or controlled, your Inflammatory Bowel Disease?

- Thank you for taking the time to complete this form. Don't forget to mail it

back to us!

#
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PURPOSE: Pouchitis and Crohn’s-like complications can
plague patients after IPAA. NOD?2 is an intracellular
sensor for bacterial cell wall peptidoglycan. NOD2
mutations compromise host response to enteric bacteria
and are increased in Crohn’s disease. We hypothesize
that IPAA patients with complications (Crohn’s disease-
like/pouchitis) have a higher rate of NOD2 mutations
compared with asymptomatic IPAA patients.

METHODS: Patients were retrospectively subclassified
into the following groups: 1) IPAA with Crohn’s-like
complications (n = 28, perianal fistula, pouch inlet
stricture/upstream small-bowel disease, or biopsies
showing granulomata) occurring at least 6 months after
ileostomy closure; 2) IPAA with mild pouchitis (n = 33,
=3 episodes/y for 2 consecutive years); 3) IPAA with
severe pouchitis (n = 9, =4 episodes/y for 2 consecutive
years or need for continuous antibiotics); 4) IPAA
without complications or pouchitis (n = 37); 5) patients
with Crohn’s disease with colitis undergoing total
proctocolectomy/ileostomy (n = 11); and 6) healthy
controls (n = 269). The 3 NOD?2 single-nucleotide
polymorphism mutations (rs2066844, rs2066845, and
rs2066847) previously identified as associated with
Crohn’s disease were genotyped using polymerase chain
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reaction. Groups were compared by use of x* with Yates
continuity correction.

RESULTS: NOD2 mutations were found in 8.5% of
healthy controls. NOD2 mutations were significantly
higher in the severe pouchitis group (67%) compared
with both asymptomatic IPAA (5.4%, P < .001) and
IPAA with Crohn’s disease-like complications (14.3%,
P = .008) groups.

CONCLUSIONS: 1) Asymptomatic IPAA patients have a
low incidence of NOD2 mutations not significantly
different from patients with mild pouchitis or healthy
controls. 2) Patients with severe pouchitis had the highest
incidence of NOD2 mutations, suggesting that this group
may have a compromised host defense mechanism to
enteric bacteria, 3) Patients with Crohn’s-like complications
after IPAA have a significantly lower incidence of NOD2
mutations than patients with severe pouchitis, suggesting
a different genetic makeup in these 2 patient groups.
Preoperative assessment of NOD2 in the equivocal IPAA
candidate may predict severe pouchitis and might assist
in preoperative surgical decision making.

KEY WORDS: Classification; Crohn’s disease; Genetics;
Inflammatory bowel disease; NOD2/CARD15; Pouchitis;
Ulcerative colitis.

of the colon that has no clear etiology or medical

cure. Although medical therapy aids in controlling
the inflammation, approximately 25% to 33% of patients
will eventually require surgery to alleviate their symp-
toms and improve quality of life. Total proctocolectomy
with IPAA is now considered to be the operative standard
for the treatment of UC. This procedure avoids a perma-
nent stoma, decreases the risk of dysplasia and cancer, and
allows patients to discontinue steroids and other immune
therapies that can have significant side effects.

U Icerative colitis (UC) is an inflammatory condition

1487



1488

Postoperative complications related to the IPAA can
occur, however. These include early complications that
are usually technically related, or ones occurring later that
can suggest recrudescent IBD, such as perianal fistulae,
afferent limb stricture, or severe pouchitis recalcitrant to
conventional management with antibiotics. The severity
of such complications can sometimes suggest a diagnosis
of Crohn’s disease (CD), which is usually considered a pre-
operative contraindication for IPAA, because of histori-
cally high failure rates.?

In the past 2 decades, genetic variants and their role in
the pathogenesis of IBD (both UC and CD) have been the
subject of intensive research. The goal of this exciting work
is to discover the possible etiology of IBD by identifying
genetic mutations associated with IBD through studying
large populations of IBD patients. One of the earliest genes
in which mutations have been shown to be associated with
Crohn’s disease was the NOD2/CARD15 gene on chromo-
some 16.>* This gene encodes a protein that functions
as an intracellular sensor of muramyl-dipeptide, a compo-
nent of bacterial cell walls. Three common mutations
within this gene lead to a compromised host immune re-
sponse to enteric bacteria. Pouchitis is due, in part, to an
overgrowth of bacteria as evidenced by its responsiveness
to antibiotics. Mutations in the NOD2/CARDI5 gene
could possibly contribute to pouchitis and/or predict
Crohn’s-like complications such as fistulae or strictures in
patients thought to have UC. The present study therefore
was undertaken to test the hypothesis that patients experi-
encing complications after IPAA (CD-like fistulae, stric-
tures, granulomata, and/or pouchitis) have a higher-than-
expected rate of NOD2 mutations compared with IPAA
patients without such complications.

METHODS

Patients

A retrospective patient chart review was conducted by re-
viewing all patients who underwent a total proctocolec-
tomy with IPAA reconstruction at The Milton S. Hershey
Medical Center from July 1990 to July 2009. From a total of
382 IPAA patients, 107 patients were subsequently re-
cruited into the study population presented here. All pa-
tients with CD-like complications and severe pouchitis
were fully recruited. Patients with mild pouchitis and
an asymptomatic pouch were recruited without selection
bias based on availability defined by follow-up clinic visits
during the study period (September 2008 to September
2009). Patients were classified into the following groups:
1) IPAA without complications or pouchitis; 2) IPAA with
mild pouchitis; 3) IPAA with severe pouchitis; and 4) IPAA
with CD-like complications. Control populations of pa-
tients were CD patients with colitis undergoing total proc-
tocolectomy/ileostomy and otherwise healthy controls.
The criteria defining these patient groups are presented in

SEHGAL ET AL: NOD2 MUTATION IN POST-IPAA COMPLICATIONS

Table 1. Medical records, including progress notes, hospi-
tal admission and discharge documents, surgical operative
notes, endoscopy reports, and pathology reports were re-
viewed.

Individual episodes of pouchitis were defined by con-
ventional clinical criteria including symptoms (increased
frequency of bowel movements, diarrhea, tenesmus),
pouchoscopy (gross inflammation), and biopsy showing
inflammation superimposed on chronic inflammation.
Patients were defined as having severe vs mild pouchitis
according to criteria established by Shen et al.”

Patient demographics and documentation of clinical
parameters of disease were gathered and included the fol-
lowing: 1) gender, family history, date of IBD diagnosis,
prior number of surgeries, and smoking history; 2) extent
of disease, defined by surgical pathology; 3) medication/
dose history including 6-mercaptopurine/azathioprine,
infliximab, and steroid use; 4) frequency of pouchitis at-
tacks and medications used in management; and 5) pres-
ence or absence of extraintestinal manifestations including
primary sclerosing cholangitis, arthropathy, uveitis, aph-
thous stomatitis, or dermatological manifestations. The
study was approved by The Milton S. Hershey Medical
Center Institutional Review Board.

DNA/Cell Bank

The identified IPAA patients were contacted and recruited
into our institutional review board-approved genetic IBD
cell/DNA bank originally established in 1998. Informed
consent was obtained and patients donated blood samples
that were used to create immortalized B-cell lines using
Epstein Barr virus to provide an indefinite source of DNA
from each recruited individual.® In brief, blood was placed
into sterile phosphate-buffered saline, mixed, and slowly
layered onto sterile Ficoll-Paque (Amersham Biosciences)
solution. The blood-Ficoll mixture was centrifuged in a
Sorvall RT centrifuge at 1000 rpm for 30 minutes at room
temperature until cellular gradient achieved. The lympho-
cyte interface was carefully extracted. These cells were then
washed with phosphate-buffered saline, mixed, and centri-
fuged at 1000 rpm for 10 minutes. The cellular pellet was
resuspended in media containing Epstein Barr virus for
transformation and incubated. Once transformed, cells
were stored by placing 1 X 10 cells/mL in 1-mL aliquots of
fetal bovine serum with 10% dimethyl sulfoxide in secure
liquid nitrogen tanks till use.

DNA Isolation

DNA was extracted from 1 X 10° transformed B cells us-
ing a DNA isolation kit (QIAAmp DNA Blood Midi Kit,
QIAGEN) following the manufacturer’s recommended
protocol. DNA was quantified by use of a spectrophotom-
eter at 260 nm. A working solution of DNA was then cre-
ated by diluting the sample with Tris-EDTA to create stock
of 10 ng/uL.
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TABLE 1. Definition for each pouch subgroup

Pouch subgroups n Definition
IPAA without complications or pouchitis 37 IPAA without complications or pouchitis for at least 2 y after stoma closure
IPAA with mild pouchitis 33 =3 episodes/y for 2 consecutive years, effectively treated with 7-10 d of
ciprofloxacin or metronidazole
IPAA with severe pouchitis 9 =4 episodes/y for 2 consecutive years OR the need for continuous antibiotics
IPAA with CD-like complications® 28 The presence of any of the following®:
e Perianal fistula (n = 12)
o Pouch inlet stricture/proximal small-bowel disease (n = 11)
e Biopsies showing granulomata (n = 3)
e Antibiotic-resistant pouchitis (n = 5)
Patients with CD colitis (controls) 1 Treated with total proctocolectomy with end ileostomy
Healthy patients (controls) 269 No immunologically based disease, no gastrointestinal surgery

CD = Crohn's disease.

“Patlents in IPAA with CD-like complications may have had more than 1 defining complication.

PAny or all of these complications occurred at least 6 months after ileostomy closure.

Polymerase Chain Reaction Genotyping

Once patients were classified into their respective clinical
subgroups, polymerase chain reaction (PCR) for the 3
NOD2/CARD15 mutations was performed after appropri-
ate annealing temperatures and reaction conditions were
optimized (Table 2). PCR products were separated by elec-
trophoresis on a 2% Tris-acetate-EDTA-ethidium bro-
mide agarose gel at 100 V for 30 minutes and visualized
on an ultraviolet transilluminator. PCR data were further
verified with a customized Illumina BeadArray using
VeraCode technology programmed for 2 of the 3 NOD2/
CARDI5 polymorphisms (rs2066844 p.Arg702Trp and
152066845 p.Gly908Arg) with 100% agreement between
PCR data and BeadArray on all patients.

Statistical Analysis

The R statistical software system (version 2.9.2, http://
www.r-project.org/) was used to perform statistical analy-
sis. Data (reported as mean * SD) was analyzed using x*
with Yates correction with significant as P < .05.

RESULTS

One hundred seven IPAA patients were recruited into the
various groups and their associated clinical data are sum-
marized in Table 3. The overall mean follow-up for each
group was more than 5 years. The average time to the de-
velopment of complications was over 3 years in the CD-
like and severe pouchitis groups, and 2.8 years in the mild
pouchitis group.

The incidence of NOD2/CARDI15 mutations among
the various study groups is shown in Figure 1. The muta-
tion incidence among the healthy population cohort was
8.5% (23/269), whereas mutation incidence in the known
CD group was 45.5% (5/11). The severe pouchitis group
had the highest NOD2/CARDI15 frequency, which was sig-
nificantly elevated when compared with the asymptomatic
IPAA group and healthy controls (66.6% vs 5.4% vs 8.5%
respectively, P <<.001). There was no significant increase in
NOD 2/CARD15 mutations observed in the mild pouchitis
or CD-like IPAA groups compared with healthy controls

TABLE 2. NOD2 PCR reaction summary

SNPs Mutation Primer Primer sequence PCR reaction Fragment length (bp)
rs2066844 R702W Wild-type forward:  5'-ATC TGA GAA GGC CCT GTT CC-3/ Denature 95°C 5 min. 438
Mutant forward: 5'-ATC TGA GAA GGC CCT GTTCT-3’ 94°C 305s,60°C30s,72°C30s
Reverse: 5'-CCCACACTTAGCCTT GATG-3’ 30 cycles
Extension 72°C 2 min.
rs2066845 G908R Forward: 5'-CCCAGC TCCTCCCTCTTC-3’ Denature 95°C 5 min 380
Reverse: 5'-AAG TCT GTAATGTAA AGC CAC-3’  94°C305,56°C 305s,72°C30s
30 cycles
Extension 72°C 2 min
1s2066847  3020insC  Forward: 5" CTT CAA CCA CAT CCC CATTCC-3' Denature 95°C 5 min 330

Wild-type reverse:
Mutant reverse:

5'-AAG CCCTCCTGC AGG CCCT-3'
5'-AGC CCT CCT GCA GGC CCC-3’

94°C 305, 67.0°C60s, 15 cycles
94°C 155,63.0°C305s,72°C

30 s 20 cycles

Extension 72°C 2 min

SNPs = single-nucleotide polymorphisms; PCR = polymerase chain reactlon.
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TABLE 3. Patient demographic/operative data

Crohn’slike  Severe pouchitis ~ Mild pouchitis ~ Asymptomatic
(n = 28) (n=29) (n=233) (n=37)

Sex M/F 16/12 5/4 17/16 26/11
Family history for 1BD (yes/no) 4/24 4/5 9/24 10/27
Smoking (current/exsmoker/never) 1/6/21 0/3/6 0/10/23 0/6/31
Extraintestinal manifestations

PSC 1 1 3 3

Dermatologic 1 0 0 0

Ocular 1 0 0 0

Arthritis 3 0 0 1
Average time to IPAA after diagnosis (y) 57+t54 58*+70 7.9+84 11.2+£90
Average follow-up after IPAA (y) 9.1+53 10.7 £ 6.6 7.6 42 55x56
IPAA (open/lap-assisted) 25/3 9/0 32/1 33/4
IPAA stage

1 2 0 0 7

2 18 7 24 23

Modified 2° 2 0 3 2

3 6 2 6 5
Indications for IPAA (failed medical mg/dysplasia, cancer/toxic colitis) 18/2/8 4/2/3 21/7/5 26/5/6
Average time from IPAA to 1st pouch complication/episode of pouchitis (y)  3.23 * 4.08 321244 2.82 *+ 2.85 N/A

Family history, smoking history, extraintestinal manifestations, follow-up, IPAA stage and indications were all not significantly different among subgroups.
PSC = primary sclerosing cholangitis; lap = laparoscopically; mg = management; N/A = not applicable.
*Modified 2: patients who underwent IPAA without lleostomy after prevlous total abdominal colectomy.

or asymptomatic IPAA patients (18.2% vs 14.8% vs 8.5%
vs 5.4%, respectively). The allelic distribution of NOD2/
CARDI5 mutational variants for each patient subgroup is
summarized in Table 4. Although not statistically signifi-
cant, all groups had the R702W (rs2066844) as the most
common, with the exception of the severe pouchitis group,
where the C-insertion mutation (rs2066847) had the great-
est incidence.

DISCUSSION

Total proctocolectomy with IPAA is the operative standard
for the surgical treatment of UC. This procedure removes
the diseased colon and reestablishes gastrointestinal conti-
nuity. It leads to an improved health-related quality of life,
results in a decreased risk of side effects from UC-related
medications, and nearly eliminates the risk of dysplasia

Prevalence of NOD2 mutation in pouch subgroups

Percent (%) with
NOD2 mutations
100 P=0.008
90 P < 0.001
80+
704
601
50
40T P=02
30
20
1 0 L .
Severe Mild Asymptomatic  CD-like Crohn's with Healthy
pouchitis pouchitis IPAA phenotype  colectomy+ controls
N=9 N=33 N=37 N=28 ileostomy N =269
N=11

FIGURE 1. Prevalence of NOD2/CARD15 mutations for each subgroup. The incidence of NOD2/CARD15 mutations was significantly higher in
the severe pouchitis group compared with the asymptomatic and Crohn'’s disease (CD)-like groups. No difference was seen in the mild
pouchitis vs asymptomatic groups. Rate of NOD2/CARD15 mutations was unexpectedly lower in the CD-like complication group compared
with patients with Crohn's colitis.
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TABLE 4. NOD2/CARD15 allelic distribution for each subgroup
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Severe Mild CD-like CD treated with Healthy

pouchitis pouchitis complications TPC + end ileostomy control
1007fsCins (rs2066847) 3/6 (50%) 2/6 (33%) 0/3 (0%) 2/5 (40%) 6/29 (21%)
R702W (rs2066844) 2/6 (33%) 4/6 (67%) 3/4 (75%) 3/5 (60%) 17/29 (59%)
G908R (rs2066845) 1/6 (17%) 0/6 (0%) 1/4 (25%) 0/5 (0%) 6/29 (20%)

Not significantly different for distribution of single-nucleotlde polymorphisms among study groups.

CD = Crohn's disease; TPC = total proctocolectomy.

and eventual cancer. However, pouchitis and Crohn’s-like
complications confound the benefits of this operation.
Whether such complications after surgery are the result
of an incorrect preoperative diagnosis or unrelated post-
operative events remains unclear. However, if patients
prone to such complications could be preoperatively iden-
tified, such information could assist in surgical decision
making.

Pouchitis is a relatively common complication after
IPAA. Depending on its definition, it can affect 24% to
59% of IPAA patients.” Clinically, pouchitis presents with
increased stool frequency, urgency, abdominal cramping,
and pelvic discomfort. Endoscopic evaluation together
with symptom assessment and histologic evaluation is the
key to an accurate diagnosis of pouchitis. Specifically, en-
doscopy, stool culture, and histologic evaluation can dis-
tinguish pouchitis from other inflammatory conditions
(such as Clostridium difficile or cytomegalovirus pouchitis)
or functional disorders of the pouch (such as irritable
pouch syndrome). There are no universally accepted diag-
nostic or classification criteria for pouchitis, but Shen et al’
proposed a pouchitis severity classification based on re-
sponse to therapy (Fig. 2). He suggested 3 distinct groups:
1) antibiotic-responsive pouchitis, a condition in which
patients have infrequent episodes (<4 episodes per year)
responding to a 2-week course of a single antibiotic; 2)
antibiotic-dependent pouchitis, a condition with frequent
episodes (>4 per year) or with persistent symptoms re-
quiring long-term, continuous antibiotic or probiotic
therapy; and 3) antibiotic-refractory pouchitis, where pa-
tients do not respond to a prolonged course of antibiotics
and require 5-aminosalicylic acid, corticosteroids, or im-
munomodulator (Imuran, 6-mercaptopurine, or Remi-
cade) therapy. The antibiotic-refractory group is com-
monly considered to have a variant of conventional UC
more akin to CD, which is clinically reinforced by the ob-
servation that immune modulators and/or tumor necrosis
factor o antagonists can often effectively treat such pa-
tients.>’

Despite many years of research and clinical experi-
ence, the etiology of pouchitis is still largely unknown.
However, the fact that it is rarely seen in patients with
familial adenomatous polyposis, and that antibiotics are
frequently an effective treatment, suggests roles for both a
host susceptibility factor and enteric bacteria in disease

pathogenesis. Recent studies have also shown an increased
number of sulfate-reducing bacteria within pouches cre-
ated for UC compared with those given for familial adeno-
matous polyposis.'® Furthermore, the use of oral probiotic
therapy has been shown to often be effective in delaying
the onset and preventing relapses in patients with pouchi-
tis.!'™'? Thus, the bacterial component of this pathophys-
iologic process seems clear, at least in the patients that re-
spond to antibiotics. However, patients with severe pouchitis
or antibiotic-resistant pouchitis clearly must have other
factors that play a significant role, and their lack of respon-
siveness to antibiotics suggests a different or an additional
mechanism acting in those with severe disease compared
with patients with antibiotic-responsive pouchitis.

In the past 2 decades, genetic variants and their role in
the pathogenesis of IBD have been the subject of intensive
research. The essence of this exciting work has been to
identify the possible etiology of IBD by identifying genetic
mutations associated with IBD. Much of this work has fo-
cused on identifying specific pathways of immune func-
tion and inflammation with the hope of developing new
therapies for IBD. However, little work has focused on how
such genetic discoveries can assist the surgeon in surgical
decision making. Work done in linkage analysis, candidate
gene studies, and, more recently, genome-wide association
studies has identified numerous genetic mutations associ-
ated with IBD."'*?® The landmark discovery of mutations
in the NOD2/CARDI5 gene on chromosome 16 as being
associated with CD susceptibility is an example of linkage
analysis.” Mutations within this gene have been found in
up to 40% of European and North American CD patients
when compared with 10% to 15% of the healthy popula-
tion.?” These figures are comparable to our data that show
NOD2/CARDI15 mutations in 45% of CD patients vs 8.5%
in healthy controls. The NOD2/CARDI15 gene encodes
for an intracellular protein sensor of muramyl-dipeptide, a
bacterial cell wall component. Activation of this protein
leads to an increase in nuclear factor kB and mitogen-
activated protein kinase signaling pathways, leading to the
production of cytokines (tumor necrosis factor o, interleu-
kin-18) and the promotion of autophagy of endocytosed
bacteria.>*?° Three single-nucleotide polymorphisms
(G908R rs2066845, 1007fsCins rs2066847, and R702W
rs2066844) in this gene account for approximately 82%
of the mutated alleles.?" These variants within the NOD2/
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Pouchitis: clinical classification schema
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FIGURE 2. Shen et al® proposed 3 distinct pouchitis severity subgroups based purely on clinical response to therapy: 1) Antibiotic-responsive
group, a condition in which patients have infrequent episodes (<4/y) responding to a 2-week course of a single antibiotic; 2) antibiotic-
dependent pouchitis, a condition with frequent episodes (>4/y) or with persistent symptoms requiring long-term, continuous antibiotic or
probiotic therapy; 3) antibiotic-refractory pouchitis, where patients do not respond to a prolonged course of antibiotics and require 5-
aminosalicylic acid, corticosteroids, or immunomodulator therapy. Patients with wild-type/functional NOD2/CARD15 genes probably have the
molecular machinery to prevent the development of severe pouchitis, Although those patients with NOD2/CARD15 mutations lack the innate
ability to protect themselves and are more prone to antibiotic refractory pouchitis.

CARD15 gene have repeatedly been shown to be associated
with ileal CD, early age of onset, and a stricturing and/or
penetrating phenotype.””° Both because of its role in in-
nate immunity against enteric bacteria and its association
with CD, we investigated whether patients manifesting
CD-like complications and/or severe antibiotic-resistant
or antibiotic-dependant pouchitis would have an in-
creased incidence of NOD2/CARDI15 mutations. Theoret-
ically, if positive, such a genetic association could lend itself
to preoperative testing and possibly playing a role in sur-
gical decision making by avoiding an IPAA in those pa-
tients with a high risk of such complications postopera-
tively.

The present study was limited by the small number of
recruited patients (107/382). However, it did include all of
the patients with CD-like complications and severe pou-
chitis from our practice, because all such patients are re-
peatedly evaluated in clinic owing to their difficulties and
they readily agreed to inclusion in this research protocol.
The mild pouchitis and asymptomatic groups admittedly
represented a subset of the much larger total volume of
IPAA patients. These 2 groups nonetheless were the largest
of the groups studied and represented an unselected subset
of the larger group of patients with uncomplicated IPAA.
Future studies clearly should be prospective and all-inclu-
sive to definitively evaluate whether the genetic findings
discovered in this smaller trail are borne out.

We found that asymptomatic IPAA patients had an
extremely low incidence (5.4%) of NOD2/CARD15 muta-

tions, not significantly different from healthy controls
(8.5%) or patients with mild pouchitis (18.2%). However,
patients with severe pouchitis had the highest incidence
(66.6%) of NOD2/CARD15 mutations, suggesting that this
group may have a compromised host defense mechanism
to enteric bacteria. Similar findings were seen by Meier et
al,’! who found an 8% incidence of NOD2/CARDI15 mu-
tations in patients without pouchitis vs 24% in patients
with more than 2 episodes of pouchitis per year. Our study
found a higher mutation rate in the severe pouchitis
group, but our definition of severity was more rigid with 4
or more episodes per year or the continuous need for med-
ical therapy, compared with only 2 episodes per year in the
Meier study. Nonetheless, both studies suggest that pa-
tients with more severe pouchitis have an intrinsic defectin
innate immunity against commensal pouch bacteria. In
both studies, the frequency of the C-insertion frameshift
mutation (rs2066847) was the most prevalent in the severe
pouchitis group suggesting that the C-insertion mutation
may be the allotype with the highest risk for pouchitis.
Some authors have suggested that NOD2/CARDI5 com-
pound heterozygosity may increase the risk of CD.** In our
study, only 2 patients carried compound mutations pro-
hibiting statistical analysis. It is interesting, however, that
both of these patients belonged to the severe pouchitis
group. Overall, these data suggest a genetic basis for mild vs
severe pouchitis (Fig. 2). Severe pouchitis may be due to a
genetic defect in host responsiveness to pouch bacteria,
whereas mild pouchitis could be caused by a transient
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overgrowth of pathologic bacteria that can be treated by
antibiotics.

The frequency of Crohn’s-like complications (fistula,
pouch inlet strictures, granuloma formation, proximal
small-bowel disease) after IPAA ranges from 2.7% to 13%
depending on diagnostic criteria.®> A diagnosis of CD
should be considered in the IPAA patient if 1) a perineal
fistula or abscess develops more than 6 months after IPAA,
2) there are granulomas on pouch or small-bowel histol-
ogy remote from any anastomosis, and 3) there are ulcer-
ated lesions in the afferent limb proximal to the pouch
and/or strictures at the pouch inlet in the absence of cur-
rent nonsteroidal anti-inflammatory drug use. Although
such complications can often be treated with the reinstitu-
tion of immune modulators or other medications, the
prognosis for pouch function is worse and, specifically, the
risk of pouch loss or need for diversion is higher than in
those IJPAA patients without such complications.”' As
mentioned above, mutations within the NOD2/CARDI15
gene have repeatedly been associated with CD; thus, one
might expect the frequency of NOD2/CARD15 mutations
in IPAA patients with CD-like complications to be similar
to that found in CD patients treated with total proctoco-
lectomy and end ileostomy. Somewhat surprisingly, this
was not borne out in this study. Our data showed that the
frequency of NOD2/CARDIS5 in the CD-like IPAA sub-
group was only 15%, which was significantly different
when compared with the severe pouchitis group (66.6%,
P = .008), but not much different than asymptomatic
IPAA patients or healthy controls. This is consistent with
clinical and laboratory evidence, however, because NOD2/
CARDI15-positive CD patients most commonly have ileo-
colonic stricturing disease and such patients would rarely
be confused as having UC and thus would never come to
IPAA. It is noteworthy that the CD-like IPAA group was
significantly different statistically than the severe pouchitis
group, suggesting that the pathophysiologic mechanisms
for the respective complications in these 2 groups were
different at least from a genetic standpoint. Thus, fistulae,
afferent limb strictures, and pouch granulomata probably
have a disease mechanism not related to NOD2/CARD15
dysfunction. In the context of the increasing number of
genes now being identified as being associated with CD,
further studies are needed to investigate a possible associ-
ation of these CD-like complications and these more re-
cently discovered gene mutations.

Besides gene haplotypes, serum antibodies (pANCA/
ASCA) have also been investigated as prognosticators of
IBD severity** and possible predictors for pouch compli-
cations. Some investigators have shown pANCA levels to
be significantly greater in chronic pouchitis compared
with control groups,*>** but this has been refuted by oth-
ers.*>*¢ Such inconsistencies may be due to fluctuations in
serum levels of these antibodies associated with disease ac-
tivity, which would not be an issue with genetic testing,
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CONCLUSIONS

We have identified a significant association of mutations in
the NOD2/CARDI15 gene with severe pouchitis after IPAA,
but not with mild pouchitis or CD-like complications.
This suggests an intrinsic defect in host immunity to com-
mensal pouch bacteria in severely affected IPAA pouchitis
patients that might explain their recalcitrance to conven-
tional antibiotic management. These findings need to be
confirmed in larger cohorts of patients from different de-
mographic and geographic locales and in a prospective
study. If confirmed, the preoperative measurement of
NOD2/CARDIS5 status may assist the surgeon and patient
being considered for IPAA surgery, especially when the
patient is a marginal operative candidate. Future studies
looking at other potential genetic associations that could
predict CD-like complications are necessary.
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for long-term therapy to maintain remission) and a
“Crohn’s disease-like” group (n = 26, presence of
fistulae, pouch inlet stricture, proximal small-bowel
disease, or pouch granulomata, occurring at least 6
months after surgery). Genotyping for 83 single-
nucleotide polymorphisms previously associated with
Crohn’s disease and/or ulcerative colitis was performed
on a customized Illumina genotyping platform. The top 2
single-nucleotide polymorphisms statistically identified
as being independently associated with each of Crohn’s
disease-like and severe pouchitis were used in a
multivariate logistic regression model. These single-
nucleotide polymorphisms were then used to create
probability equations to predict overall chance of a
positive or negative outcome for that complication.

RESULTS: The top 2 single-nucleotide polymorphisms
for Crohn’s disease-like complications were in the 10g21
locus and the gene for PTGER4 (p = 0.006 and 0.007),
whereas for severe pouchitis it was NOD2 and TNFSF15
{p = 0.003 and 0.011). Probability equations suggested
that the risk of these 2 complications greatly increased
with increasing number of risk alleles, going as high as
92% for severe pouchitis and 65% for Crohn’s disease-
like complications.

CONCLUSION: In this IPAA patient cohort, mutations in
the 10921 locus and the PTGER4 gene were associated
with Crohn’s disease-like complications, whereas
mutations in NOD2 and TNFSF15 correlated with severe
pouchitis. Preoperative genetic analysis and use of such
gene signatures hold promise for improved preoperative
surgical patient selection to minimize these IPAA
complications.
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mitting inflammatory disease limited to the mu-

cosa and submucosa of the colon and rectum. De-
spite advances in medical therapy, approximately 33% of
patients with UC eventually require total proctocolectomy
with IPAA." This procedure is now considered the stan-
dard for the surgical treatment of UC.

However, postoperative complications confound the
success of the IPAA in UC patients. These include early
complications that are usually technically related, or com-
plications occurring late that can suggest recrudescent IBD.
Two late complications that will be discussed in this study
include pouchitis and Crohn’s disease (CD)-like compli-
cations. Pouchitis is an inflammatory condition character-
ized by increased frequency of bowel movements, diar-
rhea, tenesmus, malaise, and arthralgias that can affect
between 15% to 70% of patients depending on definition
and duration of follow-up.> CD-like complications in-
clude the development of fistulas, strictures, and granulo-
matous inflammation that can affect up to 13% of pa-
tients.> Mild pouchitis (MP), a phenomenon that
commonly occurs in the IPAA patient, is an acceptable
complication because it can be effectively treated with a
short course of antibiotics. However, severe pouchitis (SP)
requires more aggressive therapy, sometimes with immu-
nosuppressive medications, and, similar to CD-like com-
plications, SP is associated with an increased risk of pouch
failure, pouchectomy, and permanent stoma. The ability to
predict these more severe post-IPAA complications could
assist in preoperative decision making, possibly avoiding
the operation in high-risk patients.

In recent years, much work has been done to unravel
the possible origin of IBD by identifying and then correlat-
ing genetic mutations found in large populations of IBD
patients in comparison with healthy controls. We have
previously shown that mutations in the NOD2/CARDI5

U Icerative colitis (UC) is a chronic relapsing and re-
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gene are associated with SP, but not MP or CD-like com-
plications.”

More recently, genome-wide association studies
(GWAS) have identified approximately 83 single-nucle-
otide polymorphisms (SNPs) within 55 genetic loci to be
associated with IBD, and these SNPs were thus investigated
in the present study. The aim of this study therefore was to
correlate these 83 SNPs with pouchitis (mild vs severe) and
CD-like complications seen after IPAA. Such identified
specific SNPs were then used to develop predictive gene
signatures that could possibly be used to predict postoper-
ative complications and thus aid in preoperative surgical
decision making.

METHODS

Patient Recruitment

At the Milton S. Hershey Medical Center from July 1990 to
July 2010, a total of 382 patients underwent the IPAA pro-
cedure for a preoperative diagnosis of UC or indeterminate
colitis (IC). A subset of 142 patients were recruited into the
present study population as they presented to follow-up
clinic appointments over the study period from September
2008 to September 2010. By the nature of symptomatol-
ogy, patients with complications, specifically SP and CD-
like complications, were seen more frequently; thus, re-
cruitment was relatively complete for these patient groups.
Patients with asymptomatic pouch function would regu-
larly be seen annually and were thus recruited as they pre-
sented for their routine follow-up appointments during
the study period. These patients were classified into the
following categories: 1) IPAA without complications or
pouchitis; 2) IPAA with MP; 3) IPAA with SP; and 4) IPAA
with CD-like complications. The exact definitions for each
category are shown in Table 1.

Patient Classification

Individual episodes of pouchitis were defined by standard
clinical, endoscopic, and histologic criteria. Symptoms of
pouchitis included increased frequency of bowel move-
ments, diarrhea, and tenesmus. Endoscopy showed gross

TABLE 1. Definition for each pouch subgroup

Group n Definitions

Asymptomatic pouch 63 IPAA without complications or pouchitis for at least 2 y after stoma closure.

Mild pouchitis 41 <4 episodes/y for 2 consecutive years, responding to 2-wk course of single antibiotic.

Severe pouchitis 12 =4 episodes/y for 2 consecutive years or persistent symptoms, requiring long-term continuous antibiotics.
CD-like 26 The presence of any of the following®:

Fistula (n = 12)

Pouch inlet stricture/proximal small-bowel disease (n = 11)
Biopsies showing granulomatous inflammation (n = 3)

CD = Crohn's disease.
>Any or all of these complications occurred at least 6 months after ileostomy closure.
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inflammation, and biopsy showed acute inflammation su-
perimposed on chronic inflammation. There presently is
no one way to classify severity of pouchitis, but Shen” pro-
posed a clinical classification schema based on response to
therapy. He proposed 3 main groups: 1) antibiotic-respon-
sive pouchitis, a condition that has <4 episodes per year
and responds to a 2-week course of a single antibiotic;
2) antibiotic-dependent pouchitis, defined as =4 episodes
per year requiring long-term antibiotics; and 3) antibiotic-
refractory pouchitis, where patients do not respond to a 2-
to 4-week course of a single antibiotic and require >4
weeks with 2 antibiotics or 5-aminosalicylic acid/steroids/
immunomodulator therapy. For the purpose of this
study, we considered the antibiotic-responsive group to
be MP and combined the antibiotic-dependent and an-
tibiotic-refractory groups together to form our severe
group (Table 1).

Features that suggest CD in the post-IPAA patient in-
clude pouch-anal or pouch-intestinal fistulas, afferent
limb strictures, and granulomas on pouch or small-bowel
histology remote from the anastomosis. For the purpose of
this study, we considered the diagnosis of CD-like compli-
cation only after symptoms developed more than 6 months
postrestoration of gastrointestinal continuity.

Patient Demographics

Demographic data and clinical parameters of disease were
obtained by reviewing paper and electronic patient charts.
These included 1) sex, family history, date of IBD diagno-
sis, previous number of surgeries, and smoking history;
2) extent of disease, defined by surgical pathology; 3) med-
ication/dose history including 6-mercaptopurine/azathio-
prine, infliximab, and steroid use; 4) frequency of pouchi-
tis attacks and medications used in management; and
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5) presence or absence of extraintestinal manifestations
including primary sclerosing cholangitis, arthropathy,
uveitis, aphthous stomatitis, or dermatological manifesta-
tions (Table 2). The study was approved by The Milton S.
Hershey Medical Center Institutional Review Board.

DNA/Cell Bank

Patients were recruited into our institutional review
board-approved genetic IBD cell/DNA bank originally es-
tablished in 1998. Informed consent was obtained, and pa-
tients donated blood samples that were then used to create
immortalized B-cell lines using Epstein Barr virus that pro-
vided for an indefinite source of DNA from each recruited
individual. In brief, blood was diluted with sterile phos-
phate-buffered saline, and layered onto Ficoll-Paque (Am-
ersham Biosciences). The blood-Ficoll gradient was centri-
fuged at 1500 rpm for 30 minutes at room temperature.
The mononuclear cell interface was extracted and washed
with phosphate-buffered saline. The washed cell pellet was
resuspended in RPMI-1640 (VMR) media containing 12%
fetal bovine serum (Gemini Bioproducts) and 25% Epstein
Barr virus supernatant. Inoculated cells were incubated at
37°C in a CO, incubator. Once transformed, cells were
stored at 1 X 107 cells/mL in 1-mL aliquots of fetal bovine
serum with 10% dimethyl sulfoxide in secure liquid nitro-
gen tanks until use.

DNA Isolation

DNA was extracted from 1 X 10° transformed B cells
using a DNA isolation kit (QIAAmp DNA Blood Midi
Kit, QIAGEN) according to the manufacturer’s recom-
mended protocol. DNA was quantified by use of a spectro-
photometer at 260 nm. A working solution of DNA was

TABLE 2. Patient demographics

CD-like Severe pouchitis Mild pouchitis Asymptomatic
(n = 26) (n=12) (n=41) pouch (n = 63) p?
Sex
Female/male 10/16 4/8 21/20 20/43 0.25
IBD family history
No/yes 23/3 7/5 33/8 46/17 0.17
IPAA stages:
| 2 0 1 7 0.23
I 16 7 29 42 0.81
Modified 11 3 2 4 4 0.66
1l 5 3 7 10 0.89
Mean pouch length, cm= SD 21 %5 24+ 9 21+4 21*3 0.24
Average time to surgery after IBD diagnosis, y = SD 6.2 +6.42 6.5 + 6.42 9.0 +£9.17 10.3 £ 8.10 0.15
Average age of IBD at diagnosis, y= SD 31.0 £ 10.56 36.0 = 13.69 29.5 *+ 11.04 29.0 £ 10.85 0.23
Total time of follow-up since the time IPAA, y = SD 10.0 = 5.55 7.5 +498 8.0 x3.77 6.0 = 4.77 0.002
Smoking:
Current 1 0 4 4 0.5954
Ex-smoker 11 6 12 13 0.07696
Never 14 6 25 46 0.2058

2A 4-sample of equal proportions and a 1-way analysis of variance was used to test for significant differences in patient demographics over the 4 clinical subgroups.
Y g p group.
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TABLE 3. List of genes/SNPs on lllumina array TABLE 3. List of genes/SNPs on lllumina array—Continued

SNP Chromosome Gene SNP Chromosome Gene

152476601 1p13 PTPN22 157869487

rs3737240 121 ECM1 rs4986790 9q32-q33 TLR 4

rs13294 rs10870077 9q34.3 CARD9

rs3180018 1922 SCAMP3, MUC1 rs3936503 10p11 CCNY

rs2274910 1923 ITLN1 rs10761659 10921 ZNF365

154656940 1923 CD244,1TLN1 rs10995271

rs1801274 19233 FCGR2A rs1248696 10q23-q24 DLG5

rs9286879 1924 1924 rs1248634

rs7517810 124 TNFSF18, TNFSF4, FASLG rs10883365 10924 NKX2-3

rs1998598 1931 DENND18 rs7081330

rs1363670 1p31 IL-12B rs951199 11p15.1 NELL1

rs3024505 1932 IL-10 rs11175593 12q12 LRRK2

rs2797685 1p36 VAMP3 152066844 16912 NOD2

rs6426833 1p36 RNF186 152066845

rs10753575 52066847

rs3806308 rs916977 15q13.1 HERC2

rs10733113 1944 NLRP3 rs7712957 15913 $100z

rs917997 2q11 IL-18R rs744166 17q21 STAT3

rs13003464 2p16 PUS10 rs363617 17q24.3 TNFR2

rs10181042 2pléb C2o0rf74, REL 52542151 18p11 PTPN2

1512612347 2q35 ARPC2 15762421 21q22 ICOSLG

152241880 2q37 ATG16L1 1512704036 u7

rs3828309 rs6927210 U6

S22l SNP = single-nucleotide polymorphism.

rs780094 2p23 GCKR

rs6738825 2q33 PLCLT

rs3197999 3p21 MST1 then created by diluting the sample with Tris-EDTA to
rs4833103 4p14 TLR1, TLR10, TLR6 create stock of 10 ng/L

157720838 5p13 PTGER4

rs4613763 .

1517234657 5p13.1 Genotyping

159292777 With the help of Illumina (Illumina, San Diego, CA),5 we
’513234354 §q15 gFéTH developed a customized DNA microarray specific for 83
::,;522(1)? 53?1 IBDENT SNPs previously identified by GWAS to be associated with
1s10077785 IBD (Ta})le 3). This platform allm:vs for high-throughput
rs10045431 5q33 IL-128 genotyping for 96 DNA samples interrogating for all 83
rs6887695 SNPs simultaneously. dsDNA concentrations were opti-
’51336129 SED IGRY mized by the use of an ultrasensitive fluorescent nucleic
::??723270 acid stain Quant-iT PicoGreen dsDNA Assay Kit (Invitro-
1s7714584 gen). The samples were then run on Illumina’s BeadXpress
159268480 6p21.3 BTNL2 Reader in Penn State Milton S. Hershey Medical Center’s
rs1059276 6p MEP1A Functional Genomics Core Facility.

rs7746082 6q21 HLA region

rs2844480 s .

150271568 Statistical {In.alys:s .

rs3794996 The R statistical software system (version 2.13.0, http://
rs2395185 www.r-project.org/) was used to perform statistical analy-
rs3763313 sis. A 4-sample of equal proportions and a 1-way analysis
(3660835 of variance was used to test for significant differences in
rs6908425 6p22 CDKAL1 ent d hi he 4 clinical sub (Tabl
1517300837 6p25 SIC22A73 patient demographics over the 4 clinical subgroups (Table
12301436 7p12 CCR6 2). Statistical assessment of the genetic associations was
rs1456893 evaluated with the Fisher exact test with power to detect
rs7849191 9p24 JAK2 general forms of genetic associations. The SNPs identified
e as statistically associated with each of CD-like and SP
rs3810936 9g32 TNFSF15 : ca—— e ;
156478108 groups were used in a multivariate logistic regression
rs7848647 model. A backward stepwise selection algorithm was

Continued

implemented to remove redundant SNPs and yield a
parsimonious model with 2 SNPs in each model. The
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multivariate logistic regression model yielded probability
equations used to predict overall chance of a positive or
negative outcome from the SNP-based genetic signature.
The final predictive models provide an estimate of the
probability that a person with a certain genetic signature
would display symptoms of the specific modeled compli-
cation after undergoing IPAA.

RESULTS

Genetic Correlation with Pouchitis and CD-Like
Complications After IPAA

A total of 142 IPAA patients (55 females) were recruited for
this study with an overall mean follow-up time from the
creation of the pouch of 7.4 * 4.9 years. A detailed account
of clinical and demographic data is summarized in Table 2.
Patients in the CD-like group developed symptoms within
an average of 18 = 4 months after stoma closure. These
patients had pouch-enteric fistulas (n = 12), pouch inlet
stricture (n = 11), and granulomatous inflammation (n =
3) (Table 1).

Table 4 lists the top 6 genes and their respective SNPs
with p values for each subgroup. The genes ATG16L1, U6,
and JAK2 were most significantly associated with MP but
their p values were no better than 0.02. The highest statis-
tical correlation was found in the SP and CD-like compli-

TABLE 4. Top 6 SNP/genes for each subgroup

No. of patients

Group (N=142) SNP Gene p
Asymptomatic 63 - - —
Mild pouchitis 41 rs2241880 ATG16L1 0.02

rs6927210 U6 0.03
rs7849191  JAK2 0.04
rs17309827 Cé6orf85 0.05
rs10758669 JAK2 0.06

rs1004819  IL23R 0.08
Severe pouchitis 12 rs2066844 NOD2 0.0008
rs7869487 TNFSF15 0.01
rs7712957  S100Z 0.02
rs7848647 TNFSF15 0.07
rs1050152  OCTN1 0.07
rs6908425 CDKAL1 0.09
CD-like 26 rs10761659 10qg21 0.006
complications rs10870077 CARD9  0.018

rs4833103 TLR 0.02
rs3810936 TNFSF15 0.02
rs17234657 5p13.1 0.04
rs4613763 PTGER4  0.04

Specific allelic SNP determinants in 9 individual genes/loci appear to correlate with
specific complications after IPAA. The majority of these genes have been previously
associated with CD and play a role in enteric bacterial recognition and destruction
(NOD2, ATG16L1, TLR, CARD 9} and/or nuclear factor kB activation (NOD2,
TNFSF15). The highest statistical significance was found in the CD-like and severe
pouchitis groups. This could be due to the more clearly defined phenotype in these
2 groups, but may also reflect a more Crohn’s-like pathophysiology in these origi-
nally diagnosed UC patients.

CD = Crohn's disease; UC = ulcerative colitis; SNP = single-nucleotide polymor-
phism.
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TABLE 5. Top SNP/Genes comparing severe pouchitis and CD-

like groups with the favorable group

No. of patients

Group (N=142) SNP Gene p
Favorable outcome 104 - — —
(asymptomatic
pouch -+ mild
pouchitis)
Severe pouchitis 12 rs2066844 NOD2  0.003
rs7869487 TNFSF15 0.011
rs1050152 OCTN1 0.058
rs7848647 TNFSF15 0.064
CD-like complications 26 rs10761659 10g21  0.006

rs4613763 PTGER4 0.007
rs3810936 TNFSF15 0.011
rs17234657 5p13.1  0.011
rs4833103 TLR 0.014

Asymptomatic pouch and mild pouchitis groups were combined to form a "favor-
able outcome.” Thls combined favorable outcome group was then compared with
the severe pouchitis and the CD-like groups, and the top 2 SNPs associated with
each of these complications were used to develop gene signature equations,

CD = Crohn's disease; SNP = single-nucleotide polymorphism.

cation groups, most likely because of the more clearly de-
fined phenotype in these 2 groups as opposed to the MP
group. NOD2, TNFSF15, and S100Z were associated with
SP, and the 10421,CARDS, and TLR genes were strongly
associated with CD-like complications. Of the top 3 genes
for each group, only one has been shown to be associated
with only UC (S100Z), 4 are associated with both CD and
UC (JAK2, CARDSY, TLR, TNESF15); however, the major-
ity are associated with CD only (ATG16L1, U6, NOD2, and
10921).

Gene Signature Modeling to Predict Risk of CD-Like
Complications or SP After IPAA

To develop a gene signature to predict adverse outcomes
after IPAA, we first combined the asymptomatic pouch
and MP groups together to form our “favorable outcome”
group, because these 2 groups are considered to have ac-
ceptable outcomes postoperatively and to increase the total
number within the group, which would aid in a more ro-
bust statistical calculation (N = 104, defined as no CD-like
complications or SP for at least 2 years after IPAA). This
combined group was compared with the SP group and the
CD-like groups individually to develop the gene signature
equations (Table 5).

The top 2 SNPs identified as statistically associated in
an independent fashion with each of CD-like and SP in this
analysis were then used in a multivariate logistic regression
model. These SNPs were used to create probability equa-
tions to predict the overall chance of a positive or negative
outcome for that complication. The top 2 SNPs for CD-
like complications were in the 10421 locus and the gene
for PTGER4 (p = 0.006 and 0.007), whereas for SP it was
NOD2 and TNFESF15 (p = 0.003 and 0.011). Table 6 sum-
marizes the respective predictive formulas and the overall
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TABLE 6. Gene signature models for predicting SP and CD-like

complications

SP gene signature?

. Patient
No.ofriskalleles  propability of distribution
NOD2  TNFSF15 SP, % 95% Cl (n=12)
0 0 5.8 0.6-11.0 4
0 1 7.7 1.5-13.9 1
0 2 10.1 0.0-24.7 2
1 0 38 8.3-67.7 4
i 1 453 14.4-76.3
1 2 52.8 6.2-99.5 1
2 0 85.9 56.0-100
2 1 89.2 65.2-100
2 2 91.8 70.1-100
CD-like complication gene signature®
. Probability Patient
No.afrisk aifeles of CD-like distribution
10921 PTGER4  complication, % 95% CI (n = 26)
0 0 5.9 0.0-12.2
0 1 135 0.4-26.6
0 2 28 0.0-59.9
1 0 12 5.1-18.9 8
1 1 253 12.7-37.9 5
1 2 45.8 13.1-784 2
2 0 228 10.0-35.6 7
2 1 42.4 23.6-61.2 3
2 2 64.7 32.9-96.5 1

Predictive formulae and overall probability of experiencing these specific complica-
tions based on the various genotype combinations for each gene are shown. These
probability equations suggest that the risk of these 2 complications would mark-
edly increase with Increasing number of risk alleles, going as high as 92% for SP
and 65% for CO-like complications, The distributions of the patientsin the present
study are listed on the right.

SP = severe pouchitis; CD = Crohn’s disease; SNP = single-nucleotide polymor-
phism.

2probability = logit ™' (—2.9 4 2.3(NOD2) + 0.3(TNFSF15)). Number of "at- risk”
alleles (0, 1, or 2) in respective SNP/gene.

PProbability = logit ™' (—2.7699 + 0.7746 (10g21) + 0.9131(PTGER4)). Number of
"at- risk” alleles (0, 1, or 2) in respective SNP/gene.

probability of experiencing these specific complications
based on the various genotype combinations for each gene
under each probability equation. These probability equa-
tions suggest that the risk of these 2 complications would
greatly increase with increasing number of risk alleles, go-
ing as high as 92% for SP and 65% for CD-like complica-
tions should both genes in each equation be homozygous
for the deleterious or “at risk” allele.

The mean follow-up time for the combined “favor-
able” group was 6.6 = 4.5 years and was not statistically
significant in comparison with the SP group (7.6 = 5.0
years, p = 0.51). However, the follow-up time for the fa-
vorable group was significantly different in comparison
with the CD-like complication group (10 % 5.6 years; p =
0.005). Because it is unlikely, but possible, that a patient in
the favorable group may change their phenotype to CD-
like with longer follow-up, 2 additional statistical analyses
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were performed to evaluate the possible effect of this fol-
low-up time difference, by weighting the individual con-
tributions of the patients in the logistic regression model
by 1) a linear weighting system proportional to follow-up
time (ie, a patient with 10 years of follow-up would be
weighted twice as much as a patient with 5 years of follow-
up) and 2) a nonlinear log of follow-up (where a 10-year
follow-up patient would get 34% more weight than a
5-year follow-up and a 5-year follow-up would get 64%
more weight than a 2-year follow-up). The weighted logis-
tic regression to adjust for follow-up time has been shown
to yield informative and reasonable estimates involving
patients with variable lengths of follow-up in comparison
with conventional logistic regression and Kaplan-Meier
estimation.”® These additional analyses yielded only mi-
nor changes in the CD-like gene signature and did not
change the order or the identification of the most relevant
SNPs, therefore confirming the validity and relative accu-
racy of the phenotype characterization despite the different
follow-up times.

DISCUSSION

Similar to most other immune-mediated diseases, such as
multiple sclerosis, systemic lupus erythematosus, type 1
diabetes mellitus, and rheumatoid arthritis, IBD isa “com-
plex multigenic” disease that does not follow a “one gene,
one disease” Mendelian pattern of inheritance. These dis-
orders are difficult to classify because of variations in se-
verity of symptoms, clinical features, variable prognosis,
and age of onset.” Such complex diseases tend to involve an
unknown number of multiple genes that affect various bi-
ological pathways and usually interact with a variable
number of environmental factors.”'® This wide genetic
variation presumably results in the diverse clinical pheno-
type that is seen in IBD. A single polymorphism is esti-
mated to account for 1% to 8% of the overall disease risk in
such complex diseases.'” With the advent of GWAS, ap-
proximately 83 SNPs within 55 genetic loci have been
shown to be associated with IBD (at the time of this study).
Genomic profiling is the concept by which multiple genetic
loci are tested simultaneously, thereby resulting in a more
robust prediction of disease outcome.''™'* Therefore, this
study investigated 142 UC patients who underwent total
proctocolectomy with IPAA and correlated 83 IBD SNPs
with specific postoperative complications. The identified
at-risk SNPs were then utilized in a gene signature fashion
to predict the likelihood of developing these complications
(SP and CD-like) based on genotype in a theoretical at-
tempt to fashion a preoperative decision-making aid.

We first sought to determine which SNPs/genes cor-
related with various pouch-associated complications. Our
patients were first subcategorized into MP, SP, and CD-
like complication groups. This yielded several SNPs that
were uniquely associated with each subgroup. In the MP
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group, the most significant SNP was rs2241880 (a threo-
nine-to-alanine substitution at amino acid position 300 of
the protein-T300A) within the autophagy-related 16-like 1
(ATGI6L1) gene found on chromosome 2g37.1. This CD
associated gene was first discovered by Hampe et al" in
2007 and has since been replicated in several other white
populations.’>™"” This gene has been shown to be inti-
mately associated with the process of autophagy, a process
by which cells remove unwanted cytoplasmic waste mate-
rials such as damaged organelles, apoptotic bodies, intra-
cellular viruses, bacteria, and parasites by sequestering
them into double-membrane autophagosomes, which are
then presented to lysosomes for degradation.'® A defi-
ciency in ATG16LI gene is associated with an aberrant for-
mation of the autophagosome and thus with the compro-
mised clearance of unwanted intracellular waste."” Hruz
and Eckmann'® and Kuballa et al*® studied the role of this
T300A variant in human intestinal epithelial cells (Caco-2)
and showed the inability of these cells to form autophago-
somes around internalized Salmonella typhimurium. IBD
patients carrying the SNP rs2241880 are more prone to
ileal CD with no association seen with UC patients.”’ Re-
cent studies have shown that CD patients who are homozy-
gous for the ATGI6LI risk allele (G) have Paneth cell gran-
ule abnormalities that lead to increased expression of
acute-phase reactants and cytokines, such as interleukin
(IL)-1B and IL-18 that potentiate the inflammatory re-
sponse.>”* Even though statistical significance was found
within the MP group, the lowest p value was no better than
0.02, most likely owing to the relatively vague definition of
this group that may represent the inclusion of patients with
other causes for mild diarrheal states, such as viral infec-
tions or dietary indiscretion. Thus, this correlation proba-
bly has the least pathophysiologic relevance, but nonethe-
less suggests a possible mechanism for MP that can direct
future research.

The highest statistical correlation was found in the SP
and CD-like complication groups most likely because of
the more clearly defined phenotype in these 2 groups as
opposed to the MP group. The NOD2 gene highly corre-
lates with SP (p = 0.0008), as described in our previously
published study.” This finding has recently been replicated
in a much larger retrospective multicenter study (A. D.
Tyler, Ph.D., unpublished data, 2011). The NOD2 gene
that is found on chromosome 16 was first discovered to be
associated with CD in 2001.**7?® NOD2 mutations have
been found in up to 40% of European and North American
CD patients compared with 10% to 15% of the healthy
population.”” The protein product of this gene acts as a
sensor for bacterial cell wall component muramyl dipep-
tide, which is found on both gram-positive and gram-
negative bacteria. Activation of this protein leads to an in-
crease in nuclear factor kB and mitogen-activated protein
kinase signaling pathways, which play key roles in orches-
trating the inflammatory and immune response by regu-
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lating genes involved in producing several proinflamma-
tory cytokines such as IL-8, IL-6, tumor necrosis factor-a,
and antimicrobial peptides.”® Furthermore, NOD2 has
also been shown to promote the process of autophagy-
mediated endocytosis.”” Increasing number of NOD2 mu-
tations have repeatedly been shown to be correlated with
ileal involvement, early age of onset, and stricturing and/or
penetrating CD phenotype.’®~>* How such a genetic defect
relates pathophysiologically to SP is unclear, but it corre-
lates with the observation that SP frequently requires treat-
ment of both enteric bacteria (with antibiotics) and host
inflammation in the pouch by the use of 5-aminosalicylic
acid derivatives, or even immunosuppressive medica-
tions,>* suggesting that its pathophysiology is more related
to a host-immune defect than simply enteric superin-
fection.

Tumor necrosis factor (ligand) superfamily, member
15 (TNFSF15) is unique because it is the only gene to be
associated with CD in both Asian and white populations.®
TNESF15’s protein product, vascular endothelial cell
growth inhibitor is expressed in endothelial cells, lympho-
cytes, plasma cells, monocytes, and dendritic cells and can
bind to the death domain receptor 3.”® Microbial stimula-
tion of Toll-like receptors causes an upregulation of this
complex that activates the nuclear factor kB and mitogen-
activated protein kinase pathways, thereby leading to the
increased production of the antiapoptotic proteins, inter-
feron 1y, and IL-8 cytokines.”

The rs10761659 SNP within the 10921 gene locus most
significantly correlated with CD-like complications (p =
0.006). Several European GWAS have identified SNPs
within this locus to be associated with CD in a region
closely related to the zinc finger protein 365 (ZNF365)
gene.'>%%7 Data regarding the function of this gene locus
are largely lacking, and other causal variants remain to be
identified. Recently, Haritunians et al’’ provided strong
evidence for the ZNF365 gene being responsible for CD
susceptibility in the 10421 locus. They identified the major
allele (G) of SNP rs7076156 in ZNF365 isoform D to be
strongly associated with CD. This SNP rs7076156 was in
linkage equilibrium with other previously identified CD-
associated SNPs within 10g21, including rs10761659 that
was investigated in this study. The SNP rs7076156 in
ZNF365 isoform D alters the expression of several genes,
including the transcription factor ZNF148 that is known to
play a role in gut homoeostasis.

Even though GWAS have provided great insights into
IBD by identifying specific pathways of immune function
and inflammation, little work has focused on how such
genetic discoveries can assist the surgeon in surgical deci-
sion making. Several studies have attempted to use clinical
parameters and serological markers as prognosticators in
IBD, but these are largely inconsistent and none are able to
accurately predict the disease course preoperatively. Using
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genetics as a marker for predicting outcomes is an attrac-
tive prospect, because these markers are present long be-
fore the onset of disease and remain stable during disease
flares.”® The majority of SNPs that have been implicated in
IBD so far carry only a low to moderate overall risk for
developing disease and predicting outcome with an allelic
odds ratio less than 1.5.3>*° However, an increase in the
overall relative risk for developing IBD has been shown
when several low-penetrance SNPs are combined together.
For example, Weersma et al*® showed that a combined
increase in the number of risk alleles (NOD2, IBD5, DLG5,
ATGI6L1, IL23R) had a much greater risk for developing
CD and, with a more severe disease course as seen by the
greater need for surgery, a stricturing and/or penetrating
behavior and an earlier age of disease onset. In our study,
we attempted to combine the top 2 SNPs identified as sta-
tistically associated with each of CD-like and SP group to
create probability equations that could theoretically be
used to predict overall chance of a positive or negative
outcome for that complication based on genotype. The top
2 SNPs used for the gene signature were dissimilar to the
SNPs determined in Table 4, because the order of signifi-
cance changed once the asymptomatic and MP groups
were combined together to form the “favorable” group. In
addition, the gene signature was constructed from a mul-
tivariate model that selected out redundant SNPs because
of linkage or correlation of the SNPs remaining in the
model, thus yielding a parsimonious genetic signature. The
SNPs that most strongly correlated with SP compared with
the favorable group were NOD2 and TNFSF15, whereas,
for CD-like complications, the 10421 locus and PTGER4
were most significant. These gene signatures predict that
the overall risk for developing these complications increase
greatly as the number of risk alleles increases. Individuals
who would be homozygous mutant for both genes will
have a 65% probability for developing CD-like complica-
tions and at 92% risk for developing SP. Should such pre-
dictions be borne out by prospective studies of patients
undergoing the IPAA by preoperative genotyping, the util-
ity of such formulas in assisting the surgeon in preopera-
tive decision making could be powerful indeed, especially
because genotyping would be free of the variability com-
monly seen in serologic or other clinical measurements.
Phenotype can change over time, but our average fol-
low-up for the asymptomatic pouch and MP groups was
on average 6 and 8 years, thus giving us confidence that our
clinical classification for the large majority of these patients
was robust, especially because the average time to the de-
velopment of CD-like complications, SP, and MP averages
3.2, 3.2, and 2.8 years.* Furthermore, performing addi-
tional statistical analyses using a weighting system based
on individual patient follow-up times in the groups with
statistically significant different follow-up times, yielded
the same identity and priority of SNPs in the gene signa-
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tures, confirming that our phenotype characterization
with this length of follow-up was accurate.

Several other studies have attempted to use data from
GWAS to predict outcome in complex diseases. Harituni-
ans et al developed a genetic scoring system for predicting
the need for surgery in patients with medically refractory
UC. A combination of 46 SNPs were associated with med-
ically refractory UC, and genetic risk scores were calculated
from the total number of risk alleles (0, 1, or 2), with the
greater risk of colectomy associated with an increased
number of risk alleles present in their model.*! Very inter-
estingly, the gene loci found to be most predictive of lack of
response to medical management and thus requiring co-
lectomy were the major histocompatibility complex and
TNFSF15, as we found in the SP group in our present
study. TNFSF15’s protein product is a vascular endothelial
cell growth inhibitor, an antiangiogenic protein. This sug-
gests that severity of disease, whether it be UC needing
colectomy or SP, in part relates to the process of healing
and angiogenesis. Thus, alternative forms of pouchitis
therapy that target apparent defects in healing may be pro-
posed. Similarly, Weedon et al*” studied the effects of sev-
eral known type 2 diabetes SNPs on disease risk in a large
case control study. They showed that combining informa-
tion from several known common risk variants allowed for
better identification of patients at higher risk of developing
type 2 diabetes in comparison with assessment using single
variants. Furthermore, Yang et al have shown a substantial
improvement in the ability to predict the risk of developing
a multifactorial complex disease by use of both a panel of
genetic variants and environmental factors concurrently,
compared with using only one parameter.'?

Although our results are exciting and represent essen-
tially the first attempt to use genetics in the surgical prog-
nosis and decision-making process of the IBD patient, they
should nonetheless be viewed as preliminary. This was a
relatively small study done retrospectively in a unique de-
mographic group of patients from the central Pennsylva-
nia area of the United States. Other genetic associations,
specifically the NOD2/CARD15 association with ileal CD,
for example, were not replicated in a Japanese popula-
tion** exemplifying the need to carefully control for eth-
nicity, demographics, and possibly even environmental
factors that may affect the expression of disease-causing
genetic determinants.

CONCLUSION

This study has utilized data from GWAS to identify genetic
variants that correlate with complications after IPAA. The
majority of these genes have previously been associated
with CD and play a role in enteric bacterial recognition and
destruction. The NOD2 and TNFSF15 gene had the highest
correlation with SP. The 10921 gene locus and PTGER4
most significantly correlated with post-IPAA CD-like
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complications. Similar to other complex diseases, the risk
for developing these complications greatly increased when
a greater number of risk alleles were present. This small
retrospective study needs to be confirmed in a much larger
cohort of UC patients and can provide the basis for a pro-
spective multicenter trial to evaluate these SNPs in predict-
ing the development of post-IPAA complications. Such
risk profiling holds promise for playing a role in both sur-
gical and medical decision making in the clinical manage-
ment of IBD patients. Genetic profiling preoperatively
could both provide improved counseling to patients re-
garding their prognosis and assist the clinician with choice
of surgery, especially in the marginal operative candidate.
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BACKGROUND: There are no clear criteria for judging the
severity of disease in patients with Crohn’s disease. Yet
classification of patients into low- and high-risk severity
groups would benefit both medical and surgical
management. At the time of this study, approximately 80
single-nucleotide polymorphisms within 55 genes had
been associated with IBD.

OBJECTIVE: The aim of this study was to identify genetic
determinants (single-nucleotide polymorphisms) that could
be markers of Crohn’s disease severity by the use of frequency
of ileocolic surgery as a surrogate for disease severity.

DESIGN: Sixty-six patients (30 male) with ileocolonic
Crohn’s disease who previously underwent ileocolectomy
were retrospectively studied. The severity of Crohn’s
disease was quantified by dividing the total number of
ileocolectomy procedures by the time between IBD
diagnosis and the patient’s last clinic visit, the rationale
being that more severe disease would be associated with a
more frequent need for surgery. Genotyping for the 83
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single-nucleotide polymorphisms associated with IBD
was done on a customized Illumina Veracode genotyping
platform. Three genetic models (general, additive, and
dominant) were used to statistically quantify the

genetic association of the studied single-nucleotide
polymorphisms to the frequency of surgery after
adjusting for covariates (age, smoking, family history,
disease location, and disease behavior).

RESULTS: For the entire group the average number of
ileocolectomies per patient was 1.7 (range, 1-5) with an
average duration of disease of 14.7 years. Single-nucleotide
polymorphism rs4958847 in the IRGM gene (immunity-
related GTPase family, M) was the most significant single-
nucleotide polymorphism in all 3 models tested (p = 0.007)
as being associated with ileocolectomy, and it remained
significant even after a Benjamini-Hochberg false-discovery
correction for multiple observations. Patients carrying the
“at-risk” allele for this single-nucleotide polymorphism

(n = 20) had an average of 1 surgery every 6.87 = 1.33 years
in comparison with patients carrying the wild-type genotype
(n = 46) who averaged 1 surgery in 11.43 * 1.21 years (p =
0.007, Mann-Whitney U test).

CONCLUSIONS: Single-nucleotide polymorphism
rs4958847 in the IRGM gene correlated very significantly
with frequency of surgery in patients with ileocolonic
Crohn’s disease. IRGM is a mediator of innate immune
responses and is involved in autophagy. The presence of
this IRGM SNP may be a marker for disease severity and/
or early recurrence after ileocolectomy and may assist in
surgical and medical decision making.

KEY WORDS: Classification; Crohn’s disease; Genetics;
Genome-wide association studies; Inflammatory bowel
disease; Infliximab; Surgical recurrence.
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condition affecting the GI tract that most com-

monly affects young adults and results in lifelong
need for medical and surgical care. Within North America,
the prevalence of CD ranges from 26 to 200 cases per
100,000 and most commonly presents between the ages of
15 and 30 years. The majority of affected patients have a
chronic intermittent disease course, with 13% having an
unremitting progressive course, whereas only 10% live in
remission.

Although medical management helps to control
symptoms, up to two-thirds of patients with CD will re-
quire surgical resection of the affected bowel during the
course of the disease.” Surgery for CD is by no means cu-
rative, and recurrence of symptoms is part of the natural
history of the disease. Depending on definition, 70% to
90% of patients have endoscopic evidence of recurrent CD
within 1 year after intestinal resection.” However, clinically
relevant recurrence is often delayed, and up to one-third
of patients will not develop clinically significant disease
for approximately 15 to 20 years.”™ Such patients, if
they could be identified, could avoid the use of poten-
tially dangerous and expensive anti-tumor necrosis factor
(anti-TNF) therapy. Conversely, some patients develop
rapid recurrence that can lead to early and even repetitive
surgery that can result in a short gut over the long term.
Such patients would be candidates for more aggressive
medical therapy such as anti-TNF therapy. CD patients are
at an increased risk of experiencing postoperative recur-
rence if they are a current smoker, are positive for granu-
lomas, have undergone previous CD-related surgery, and
have penetrating disease (eg, fistula formation, perfora-
tion, and abscess).® Ileocolonoscopy in the early postoper-
ative course is the only other diagnostic method by which
to identify the patient who will develop early recurrence
versus the one who will avoid surgery for many years.

Recently, genome-wide association studies (GWAS)
have allowed the discovery of single-nucleotide polymor-
phisms (SNPs) and corresponding genes associated with
CD. At the time of this study, approximately 80 SNPs
within 55 genes (Table 1) had been identified to be associ-
ated with IBD. This wide variability of disease-predispos-
ing genetic haplotypes is presumably one of the reasons for
the many variations in disease characteristics or clinical
phenotype of IBD patients. Correlation of such genotypes
with clinical phenotype promises to allow the subclassifi-
cation of IBD patients into categories beyond the simple
ulcerative colitis or CD diagnoses. Therefore, the overall
aim of this study was to identify genetic determinants
(SNPs) that could be markers of CD severity in surgical
patients that may assist in surgical and medical decision
making. Although there is no one definition for disease
severity in CD, the more frequent need for surgery can be
generally accepted as reflecting a more severe disease phe-
notype. Ileocolonic disease is the most common form of

C rohn’s disease (CD) is an idiopathic inflammatory
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CD and ileocolectomy is the most commonly performed
operation. Therefore, this study targeted the most com-
monly performed intestinal surgery done for CD, namely
ileocolectomy, and attempted to define genetic markers
associated with the more frequent need for surgery in this
CD patient population.

METHODS

Patient Recruitment

Operative records were retrospectively reviewed and a total
of 275 CD patients who underwent ileocolectomy by the
Division of Colon and Rectal Surgery at the Milton S. Her-
shey Medical Center, Penn State College of Medicine were
identified over a 10-year period (January 1990 to Decem-
ber 2010). A total of 66 patients were subsequently re-
cruited into our IBD registry started in 1998, and these
patients make up the study population presented here
without selection bias based on follow-up clinic visits dur-
ing the study period (September 2008 to September 2010},

Severity of CD was defined as number of ileocolec-
tomy procedures done over the period between disease di-
agnosis and the patient’s last clinic visit, the rationale being
that more severe disease would be associated with more
frequent operations. Only patients with ileocolonic disease
were studied because this is the most common form of CD
and also provides for a more uniform study population
(Fig. 1).

Patient demographics and documentation of clinical
parameters of disease were gathered and included the fol-
lowing: 1) sex, family history, date of IBD diagnosis, pre-
vious number of surgeries, and smoking history; 2) Mon-
treal classification (age of diagnosis, disease location,
behavior) of disease; 3) medication/dose history including
6-mercaptopurine/azathioprine, infliximab, and steroid
use; and 4) presence or absence of extraintestinal manifes-
tations including primary sclerosing cholangitis, arthrop-
athy, uveitis, aphthous stomatitis, or dermatological man-
ifestations. The study was approved by The Milton S.
Hershey Medical Center Institutional Review Board.

DNA/Cell Bank

The identified CD ileocolectomy patients were recruited
into our institutional review board-approved genetic IBD
cell/DNA bank that was originally established in 1998. In-
formed consent was obtained and patients donated blood
samples that were then used to create immortalized B-cell
lines by the use of Epstein-Barr virus that provided for an
indefinite source of DNA from each recruited individual.
In brief, blood was diluted with sterile phosphate-buffered
saline, and layered onto Ficoll-Paque (Amersham Biosci-
ences). The blood-Ficoll gradient was centrifuged at 1500
rpm for 30 minutes at room temperature. The mononuclear
cell interface was extracted and washed with phosphate-buff-
ered saline. The washed cell pellet was resuspended in RPMI
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TABLE 1. List of gene/SNP on lllumina array TABLE 1. List of gene/SNP on lllumina array—Continued

SNP Chromosome Gene SNP Chromosome Gene

rs2476601 1p13 PTPN22 rs7869487

rs3737240 1921 ECM1 rs4986790 9q32-q33 TLR 4

rs13294 rs10870077 9q34.3 CARD9

rs3180018 1922 SCAMP3, MUC1 rs3936503 10p11 CCNY

152274910 1923 ITLN1 rs10761659 10q21 ZNF365

rs4656940 123 CD244, ITLN1 110995271

rs1801274 1923.3 FCGR2A rs1248696 10g23-924 DLG5

rs9286879 1924 1924 rs1248634

rs7517810 1924 TNFSF18, TNFSF4, FASLG rs10883365 10q24 NKX2-3

151998598 1931 DENND1B rs7081330

rs1363670 1p31 IL-12B rs951199 11p15.1 NELL1

rs3024505 1932 IL-10 rs11175593 12q12 LRRK2

rs2797685 1p36 VAMP3 rs2066844 16q12 NOD2

156426833 1p36 RNF186 152066845

rs10753575 rs2066847

rs3806308 rs916977 15q13.1 HERC2

rs10733113 1q44 NLRP3 rs7712957 15q13 $100z

rs917997 2911 IL-18R rs744166 17921 STAT3

rs13003464 2p16 PUSTO rs363617 17q24.3 TNFR2

rs10181042 2p16b C2orf74, REL rs2542151 18p11 PTPN2

rs12612347 2q35 ARPC2 rs762421 21922 ICOSLG

rs2241880 2q37 ATG16L1 rs12704036 u7

rs3828309 rs6927210 ueé

153792109 SNP = single-nucleotide polymorphism.

rs780094 2p23 GCKR

156738825 2933 PLCLT

rs3197999 3p21 MST1

rs4833103 4p14 TLR1, TLR10, TLR6 1640 media containing 12% fetal bovine serum (Gemini Bio-
rs7720838 5p13 PTGER4 products) and 25% Epstein-Barr virus supernatant. Infected
Sl cells were incubated at 37°C in a CO, incubator. Once trans-
:2;;3;??7 2Pl formed, cells were stored at 1 X 107 cells/mL in 1-mL aliquots
rs10044354 515 ARTS-1 of fetal bovine serum with 10% dimethyl sulfoxide in secure
rs1050152 5q31 OCTN1 liquid nitrogen tanks until use.

52522057 5q31 IBDS

rs 3812725 25 . DNA Isolation

::;8876351 = b DNA was extracted from 1 X 10° transformed B cells by the
rs13361189 5q33 IGRM use of a DNA isolation kit (QIAamp DNA Blood Midi Kit,
rs4958847 QIAGEN) according to the manufacturer’s recommended
rs11747270 protocol. DNA was quantified by the use of a spectropho-
’S;Z;gigg - L2 tometer. A working solution of DNA was then created by
::1 059276 62 ’ MEPTA diluting the sample with 10 mM Tris-HCl to create stock of
157746082 6921 HLA region 10 ng/pL.

rs2844480

rs9271568

rs3794996

:zg;zg;fg IBD (iiqqnoﬂs Surgery #1 Surgery #2 Present day
rs660895 !

156908425 6p22 CDKAL1

1517309827 6p25 SLC22A23 i of surgeries

52301436 7p12 CCR6 Surgery frequency =

rs1456893 Present day = IBD Dx

rs7849191 9p24 JAK2

SRR FIGURE 1. Assessing the severity of Crohn's disease. The surgical
EELICE Jq52 TNFSF15 frequency was determined by dividing the total number of
rs?g;g;g? ileocolectomy procedures by the time between IBD diagnosis and

rs

Continued

the patient’s last clinic visit, the rationale being that more severe
disease would be associated with a more frequent need for surgery.
Dx = diagnosis.
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TABLE 2. Three genetic models TABLE 3. Patient demographics

Generic model: AA, AB, BB
Additive model: AA > AB > BB
Dominant model: AA + AB > BB

Three genetic models were considered to identify a possible genetic association
with frequency of surgery. The 3 models are powered for different types of genetic
associations. The generic model is powered to detect an imbalance in any of the 3
genotypes; the additive model is powered to detect an increasing or decreasing
risk with the number of "A” alleles; and the dominant model is powered to detect a
change in risk with one or both risk alleles present.

DNA Genotyping With the Use of lllumina BeadExpress
With the help of Illumina (Illumina, San Diego, CA), we
developed a customized DNA microarray specific for 83
SNPs previously identified by GWAS to be associated with
IBD (Table 1).”722 dsDNA concentrations were quantified
using an ultrasensitive fluorescent nucleic acid stain
Quant-IT PicoGreen dsDNA Assay Kit (Invitrogen). The
samples were then run on Illumina’s BeadXpress Reader in
Penn State Milton S. Hershey Medical Center’s Functional
Genomics Core Facility,

Statistical Analysis

Severity of CD in the individual ileocolonic patients was
quantified by dividing the total number of ileocolectomies
by the time between IBD diagnosis and the patient’s last
clinic visit (Fig. 1). A log transformation of severity was
performed to yield a more homogenous and more robust
measure of severity. Treating log severity as the primary
outcome, 3 genetic models (generic model, additive
model, and dominant model) were considered to identify a
possible genetic association with severity (Table 2).

The regression-based genetic models accounted for
potentially confounding variables such as age, sex, smok-
ing, location of disease and behavior, and a stepwise model
selection procedure was used to retain only the most rele-
vant covariate variables. The Benjamini-Hochberg false-
discovery method was used to provide adjustments of the p
values for multiple comparisons.>” Each of the 3 genetic
models involved the testing of 83 SNPs each; therefore, a
total of 249 hypotheses were considered. Because of the
high level of correlation among the SNPs and among the 3
different models, this multiple adjustment correction is
expected to be highly conservative. The p value adjust-
ments were implemented by the use of the p.adjust func-
tion within R (www.r-project.org).

RESULTS

A total of 66 (30 male, 36 female) CD patients who under-
went ileocolectomy were recruited for this study. The
mean follow-up time from the time of disease diagnosis
was 14.7 years. The average number of ileocolectomies per
patient was 1.7 (range, 1-5). The majority of patients had
their disease onset within the 17 to 40 years age group (A2),

Sex

Male 30

Female 36
Smoker

Current 15

Ex-smoker 21

Never 30
FHx of IBD

Yes 34

No 32
Medications

No IFX/AZA 14

IFX only 7

AZA only 15

Both (IFX/AZA) 30
Montreal classification®

Age: A1/A2/A3 8/54/4

Location: L1/L2/L3 38/0/28

Behavior:B1/B2/B3 5/35/26
Indication for surgery

Fistula 7

Obstruction/pain 37

Abscess 8

Failed medical management 14

FHx = family history; IFX = infliximab; AZA = azathioprine.

aMontreal classlfication: age of IBD diagnosis (A1 = below 16 y; A2 = between 17 and
40y; and A3 = above 40 y); location (L1 = ileal; L2 = colonic; L3 = ileocolonic); and
behavior (B1 = nonstricturing, nonpenetrating; B2 = stricturing; B3 = penetrating).

and had predominantly purely ileal involvement (L1) of
stricturing type (B2) based on the Montreal classification
system. The remaining demographic information is sum-
marized in Table 3.

Of the 83 SNPs within 55 IBD-associated genes that
were interrogated, both SNPs (rs4958847, rs13361189)
within the IRGM gene, 10421 (rs10761659), ATGI6L1
(rs2241880), S100Z (rs7712957), and IBD5 (rs10077785)
remained highly significant irrespective of the genetic
model used. The conventional statistical p values for these
gene/SNPs are listed in Table 4. The SNP rs4958847 within
the IRGM (immunity-related GTPase family, M) gene was
the most significant SNP in all 3 genetic models (p = 0.007;
Table 4) and remained significant even after applying a
Benjamini-Hochberg false-discovery method for multiple
observations. However there were no patients homozy-
gous for the rs4958847 SNP in our patient cohort, making
it impossible to assess which genetic model (genetic, addi-
tive, or dominant) was responsible for its effect. Patients
carrying the “at risk” allele for this SNP (n = 20) had an
average of 1 surgery every 6.87 = 1.33 years compared with
patients carrying the wild-type genotype (n = 46) who
averaged 1 surgeryin 11.43 * 1.21 years (p = 0.007, Mann-
Whitney U test; Table 5).

Patients with ileocolonic disease commonly have a
NOD?2 mutation. The overall frequency of NOD2 muta-
tions for the entire cohort was 30% (n = 20; Table 5).
There was no correlation between IRGM SNP rs4958847
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TABLE 4. Top single-nucleotide polymorphisms

Gene p after FDR
SNP name name p correction
General genetic model
rs4958847 IRGM 0.00009 0.00712
rs13361189 IRGM 0.00738 0.291
rs10761659 1021 0.0255 0.496
rs2241880 ATGI16LT 0.0262 0.496
rs7712957 S100Z 0.032 0.496
Additive genetic model
rs4958847 IRGM 0.00009 0.00712
rs13361189 IRGM 0.00738 0.291
rs7712957 51007 0.032 0.758
rs10758669 STAT3 0.0506 0.758
rs10077785 18D5 0.0562 0.758
Dominant genetic model
rs4958847 IRGM 0.00009 0.00712
rs10761659 10q21 0.00705 0.194
rs13361189 IRGM 0.00738 0.194
rs10077785 IBD5 0.0241 0.334
rs2241880 ATGI6L1 0.0268 0.334

Several SNP/genes were shown to be highly significant by the use of conventional
statistics. However, when performing an FDR correction for muitiple compari-
sons,>® only SNP rs4958847 within the /RGM gene remained significant.

SNP = single-nucleotide polymorphism; FDR = false-discovery rate.

with NOD2 status, because there was 25% NOD2 positivity
in the “at risk” IRGM group compared with 35% in the
IRGM wild-type group (p = 0.937; Table 5).

DISCUSSION

The completion of the International Haplotype Map
(HapMap) Project in 2005 and the advancements made in
microarray-based technologies promoted interest in iden-
tifying the possible etiology of IBD by identifying SNPs and
corresponding genes associated with IBD. At the time of
this study, approximately 80 SNPs within 55 genes had
been associated with IBD.”~2 This potential wide variabil-
ity of genotype is presumably the reason for the many vari-
ations in disease characteristics or clinical phenotype of
IBD patients. Correlation of such genotypes with clinical
phenotype promises to allow for the subclassification of
IBD patients into categories beyond the simple ulcerative
colitis or CD categories. In the extreme, genotype may seg-
regate and predict patients’ disease characteristics such as
anatomic location, behavior (fistulizing vs stenosing), and
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even prognosis. Genotypic determinants may even predict
responsiveness to specific therapies, or, as we suggest in
this study, the early recurrence of disease after surgical re-
section. Genotype may define a “rapid recurrence” pheno-
type that would justify early and more aggressive medical
management after surgery. To this end, this study investi-
gated 66 CD patients who underwent surgery to identify
genetic factors that might correlate with the high versus
low risk of CD recurrence after ileocolectomy with the goal
of identifying patients at high risk for such recurrence.
Thus, we used frequency of ileocolectomy as a surrogate
for disease severity, which was determined by calculating
the total number of ileocolectomies from the time of initial
IBD diagnosis to the last clinic visit, with the rationale be-
ing that the more surgeries a patient has to undergo, the
more severe the disease course.

After considering 3 statistical models to identify SNPs
that most significantly correlated with severity of CD, the
SNP rs4958847 within the IRGM gene was the only SNP to
maintain its significance even after Benjamini-Hochberg
correction in all 3 genetic models. The Benjamini-Hoch-
berg method is a conservative correction, in particular, be-
cause many of the SNPs considered in this study were in
linkage disequilibrium, which suggests that the IRGM gene
is strongly statistically associated with severity. CD patients
carrying an “at risk” allele for SNP rs4958847 had an over-
all more severe disease course, ie, greater number of sur-
geries in comparison with those who were “wild-type.”

In general, the IRGM gene located on the long arm (q)
of chromosome 5 at position 33.1 encodes a p47 immunity-
related GTPase family member that is involved in the pro-
cess of autophagy.”* Autophagy is a teleologically highly
conserved process by which cells maintain intracellular ho-
meostasis by degrading potentially dangerous waste mate-
rials, such as damaged organelles, apoptotic bodies, and
intracellular pathogens, such as viruses, bacteria, and par-
asites by sequestering them within autophagosomes,
which are then presented to lysosomes for degradation.”
siRNA knockdown of IRGM in human macrophages has
demonstrated an impaired handling of intracellular patho-
gens such as Mycobacterium tuberculosis, leading to pro-
longed intracellular survival.”*>

The 2 noncoding IRGM SNPs (rs13361189 and
rs4958847) investigated in this study were first identified in
2007 by the Wellcome Trust Case Control Consortium

TABLE 5. Summary of IRGM rs4958847

Surgical frequency

SNP Genotype® N (v = SEM) p NOD2® mutations
rs4958847 IRGM mutation 20/66 6.87 £ 1.33 0.007 (n=5)25%
IRGM wild type 46/66 11.43 £ 1.21 (n=15)33%

SNP = single-nucleotide polymorphism.

"IRGM mutation” represents patients carrying at least 1 copy of the at-risk allele. "IRGM wild type” represents the homozygous wild type.
bpatients with ileocolonic disease commonly have a NOD2 mutation. There was no correlation between IRGM SNP rs4958847 with NOD2 status (p = 0.94).
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GWAS.® Several studies have since confirmed the association
of these IRGM SNPs with CD in various ethnic cohorts, but
the exact functional roles of these SNPs are still unclear de-
spite many resequencing attempts.**?®>> McCarroll et al*>
have recently shown that SNP rs13361189 is in perfect linkage
disequilibrium with a 20-kb deletion polymorphism that af-
fects the expression of IRGM. This deletion polymorphism is
associated with a SNP (c.313C>T) that has been shown to
alter microRNA miR-196 regulation of IRGM expression in
CD.** Our study investigated both these IRGM SNPs, but
only rs4958847 maintained significance after Benjamini-
Hochberg correction. The other SNP rs13361189 failed to re-
main significant most probably because of the smaller num-
ber of CD patients within this study population. Latiano et
al®® have shown that the rs4958847 SNP is associated with
fistulizing behavior, including perianal fistulas.

This study also attempted to correlate the frequency of
NOD2/CARD15 variants with IRGM; however, it failed to
show any association with the severity of disease. Similarly,
Latiano et al* also failed to show any significant interac-
tion between NOD2/CARD15 and IRGM variants in both
of their pediatric and adult populations.

Other investigators have evaluated other modalities to
identify early CD recurrence after ileocolectomy. These in-
clude changes seen on endoscopy, radiological studies, and
serological biomarkers. Rutgeerts et al’® proposed a 5-grade
scoring system to predict CD recurrence based on endoscopic
findings. Patients who showed no ulcers or <5 aphthous ul-
cers in the neoterminal ileum on ileocolonoscopy at 1 year
postsurgery were at low risk for clinical recurrence. However,
patients who showed >5 aphthous ulcers, deep ulcers with
more extensive inflammation, or severe inflammation with
nodularity and stenosis, had a 3-year clinical or surgical recur-
rence rate of 15%, 40%, and 90%.° Calabrese et al*” showed
strong correlation of the Rutgeerts scoring system with small-
intestine contrast ultrasonography and similarly Sailer et al*®
correlated the Rutgeerts score with MR enteroclysis. Further-
more, a recent study conducted by Lamb et al’>® demonstrated
that the quantitative measurement of fecal calprotectin and
lactoferrin levels significantly correlated with disease recur-
rence in postoperative CD patients. These fecal markers were
much more sensitive than C-reactive protein, platelet count,
or endoscopic appearance at predicting clinical disease activ-
ity. Although using ileocolonoscopy to predict CD recurrence
postoperatively does show promise, it is an invasive proce-
dure and still carries potential adverse risk. Radiological mo-
dalities are less invasive and certainly ultrasonography is ad-
vantageous because it carries no risk of radiation exposure,
but none of these modalities help to predict the disease course
preoperatively, and especially not before the actual recurrence
of the disease that is visualized by these tests. The potential
advantage of our finding is that high-risk patients can be iden-
tified with a simple blood test and then undergo the initiation
of prophylactic medical management well before the onset of
disease recurrence.

SEHGAL ET AL: IRGM ASSOCIATED WiTH EARLY CD RELAPSE

This study has identified a genetic variant within the
IRGM gene that could potentially be used as a predictor of
early recurrence after ileocolectomy. This small study will
need to be confirmed in a much larger cohort of CD patients
and can provide the basis for a prospective multicenter trial
incorporating populations from different backgrounds to
evaluate the IRGM SNP rs4958847 in predicting early discase
recurrence after ileocolectomy. Genotyping holds promise
for playing a role in both surgical and medical decision mak-
ing in the clinical management of IBD patients.
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Scoring systems in
inflammatory bowel disease

Expert Rev. Gastroenterol. Hepatol. 4(4), 513-521 (2010)

Inflammatory bowel disease (IBD) is a chronic, relapsing condition affecting the Gl tract that
can affect individuals of any age and results in lifelong treatment, frequently including the need
for surgery. Historically, the lack of a single effective and sensitive test for IBD has posed a great
challenge in assessing disease severity, effectiveness of medication and predicting outcomes
for this complex condition. Several IBD scoring and classification systems have been developed
over many years to classify and characterize IBD patients, with the goal of helping to better
define the disease status and effectiveness of therapy. Recent genetic investigations have
revealed the complexity of IBD at the pathophysiologic level, revealing numerous genetic
mutations associated with the disease. Thus, these clinically based IBD classification systems
can provide the basis for the eventual correlation between the underlying genotype with clinical
expression of disease and lead to better characterization of disease subtypes and, hopefully,

customized treatment regimens.

Kevworps: dlassification ® Crohn’s disease  genetics ® inflammatory bowel disease o scoring e ulcerative colitis

Inflammatory bowel disease (IBD) is a chronic,
relapsing inflammatory condition affecting the
Gl tract that most often affects young adults and
results in lifelong need for medical and surgi-
cal care. There are two main subtypes: Crohn’s
disease (CD), where inflammation can affect
any part of the gut, but most commonly the
terminal ileum and colon; and ulcerative colitis
(UC), where the disease is limited to the colon
and rectum. The location of bowel affected in
CD and UC produce the much varied clinical
Symptoms among patients (Tasie 1),

There is still no known exact etiology for
these conditions; however, both environmen-
tal and genetic factors have been implicated in
the pathogenesis of IBD. The generally agreed
mechanism is that there is an exaggerated or
poorly regulated immune response to an envi-
ronmental agent in a genetically susceptible
individual [1]. The discovery in CD patients of
mutations in the NOD2/CARDIS5 gene, which
produces a protein that identifies a cell wall
component of certain bacteria, reinforces this
concept of a host—environment interaction as
the basis of the disease. Apart from smoking,
which has repeatedly been shown to worsen
CD and conversely be protective in UC [2-4],
other environmental factors, such as the use
of oral contraceptives, high sugar and fat diet,

breastfeeding, appendectomy and vaccinations,
have shown conflicting results [s]. More recent
discoveries suggesting defects in autophagy that
play a role in innate intestinal immunity again
point to commensal bacteria as being the envi-
ronmental trigger for disease in a genetically
susceptible patient [6].

The lack of a single effective and sensitive test
for diagnosing IBD or assessing its severity has
posed a great challenge in managing this complex
condition. Several IBD classification systems and
scoring schema have thus been developed to char-
acterize disease severity and clinical phenotype,
with the goal of helping to better define therapy
and prognosis. These classification systems are
generally of three broad types: anatomically
based systems that define areas of the gut affected
by discase; severity-based systems that generally
use clinical symptoms or simple tests to assess
the severity of disease; and quality of life systems
that generally use patient questionnaires to assess
overall well-being and social functioning. The
first two types of classification schema will be
discussed here, since intuitively the measurement
of discase severity and extent can potentially lend
insight into disease pathogenesis.

Using such classification systems theorerically
promotes reproducibility between different care
centers, as well as providing improved prognostic
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Common
Colon involvement Common
Rectum involvement Possible
Anal disease Common
Bile duct involvement Low

Distribution of disease Entire gut possible, skip lesions

Endoscopy Geographic and serpiginous ulcers
Depth of inflammation May be transmural, deep into tissues
Fistulae Common

Stenosis Common

Granulomas on biopsy Can have granulomas

Surgical cure

Smoking Higher risk for smokers

information by better defining patient disease and objective response
to therapy. The chronic relapsing and remitting nature of IBD also
adds to the dynamic clinical picture that physicians face; for exam-
ple, the clinical picture that a patient inirially presents with may not
necessarily be the same after a 10-year period of disease. Another
key advantage of using such classification systems is, therefore, their
ability to define and follow disease progression over time. With
the significant genetic research that is being carried out in IBD, it
is becoming increasingly important to correlate such genetic find-
ings with a clinically accurate picture of diseased patients. Thus,
these clinical classification systems should now provide the basis
for evolving genetic definitions of discase that will become increas-
ingly relevant in the future, both for clinical investigation and the
administering of newer therapies that may target specific disease
subtypes determined by both clinical and genetic criteria.

Crohn’s disease (anatomic) classification systems
Rome/Vienna classification system

Since the publication of Dr Burrill B Crohn’s 1932 landmark
article ‘Regional ileitis: a pathologic and clinical entity’ (7,
much work has gone into trying to classify the disease. Farmer
et al. based the earliest classification on the anatomical loca-
tion of disease in 1975. In his study entitled ‘Clinical patterns
in Crohn’s disease: a statistical scudy of 615 cases’ [8], Farmer
hypothesized that disease location may directly determine the
clinical course and prognosis of the disease. Disease locations
were segregated into ileocolic, small intestine, colon and ano-
rectal. Farmer noted that patients who had colonic involvement
required operations less frequently than those with ileocolic
discase. However, it was the colonic group that most often pre-
sented with rectal bleeding, perianal fistulae, toxic megacolon
and arthritis. Those with small bowel disease presented ear-
lier with obstructive symptoms and, thus, had a more frequent
need for surgery. With the ileocolic subgroup of patients, the
main presenting symptoms were perianal and rectal fistulae,

Often returns following removal of affected part

Reflux ileitis

Usually

Always

Rare

Higher rate

Continuous inflammation from rectum proximal
Continuous mucosal inflammation

Shallow, mucosal

Rare

Rare

Granulomas not seen

Usually cured by removal of colon and rectum

Lower risk for smokers

abscesses and intestinal obstruction. Building on this, in 1988,
Greenstein et a4l observed that surgical indicarions remained
the same for repeated operations and influenced the speed with
which reoperation occurred [9]. The authors noted two differ-
ent clinical patterns, independent of anatomic distribution: the
perforating disease type, which was shown to be more aggres-
sive; and the nonperforating type, which had a more ‘indo-
lent course’. This behavioral classification, in conjunction with
Farmer’s anatomic classification, allowed the Working Party of
Gastroenterologists to introduce the 1991 Rome Classification,
where further phenotypic characterization was carried out by
looking at: location (i.e., stomach/duodenum, jejunum, ileum,
colon, rectum or anal/perianal); behavior, defined as primarily
inflammatory, primarily fistulizing or primarily fibrostenotic;
extent of disease (i.c., localized or diffuse); and operative history
(i.e., primary or recurrent). By using this classification, it was
recognized that there could be as many as 756 subgroups of CD.
Steinhard er a/. found that there were insufficient definitions
of disease behavior, which resulted in only a “fair interobserver
agreement’ when used by multiple different caregivers [10]. The
aim of the International Working Party became, therefore, to
develop a simpler classification of CD based on objective and
reproducible clinical variables.

The Working Party made many revisions and modifications
to the Rome Classification and came up with their final draft in
1998, which is now known as the Vienna classification (Taste2) [11].
This classification was created in order to standardize the descrip-
tion of study populations in clinical trials and to aid in correlating
putative etiologic factors with particular clinical phenotypes. The
final version incorporated three main disease descriptors: age of
diagnosis (A1-2), location of disease along the GI tract (L1-3)
and clinical behavior, such as stricturing, inflammatory or fistuliz-
ing discase (B1-3). Validation of this classification using popula-
tion clusters from Europe, Scandinavia and the USA showed a
high degree of interobserver agreement in classifying patients [11].
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Age at onset Al: below 16 years
A2: >40 years

A3: above 40 years

Disease location L1: terminal ileum L1: ileal
L2: colon L2: colonic
L3: ileocolon L3: ileocolonic

L4: isolated upper disease’

Disease behavior
B2: stricturing
B3: penetrating

B2: stricturing
B3: penetrating
‘P

]

*L4 is a modifier that can be added to L1-3 when concomitant upper Gl disease is present.

'p” is added to B1-3 when concomitant perianal disease is present.
Adapted with permission from [12].

Montreal classification system
The Montreal classification was introduced in 2005 (TasLe2) [12].
This was a further refinement of the Vienna classification, in
that there was no change in the threec major categories, but
modifications were made within each of the categories. An
additional age subgroup allowed pediatric CD to be defined
(below 16 years of age). In the location category, upper GI dis-
ease (L4) could now be added to each of the L1-3 subclasses,
as it had been noted that upper GI involvement was relatively
common, and could coexist with ileal and colonic disease. The
behavior category was amended in that perianal disease (‘p’)
was added to the B1-3 classes as it was shown that perianal
fistulizing disease can be variably associated with intestinal
fistulizing disease. Patients with intestinal
fistulizing disease, however, had a higher

A2: between 17 and 40 years

B1: inflammatory B1: nonstricturing, nonpenetrating

: perianal disease modifier

location remained stable on follow-up in
both classification systems. In total, 31%
of patients with stricturing and penetrating
phenotype underwent major surgery during
the follow-up period, as determined by the
Montreal classification.

Crohn's disease severity systems
Crohn’s Disease Activity Index

To assess disease severity, CD activity
indexes have been developed. In 1976, Best
et al. published their proposed Crohn’s
Disease Activity Index (CDAI) [14-16],
which was ultimately adopted by the
National Cooperative Crohn’s Disease
Study Group. To create the index, 18 pro-
posed predictor variables were initially
gathered from 112 patients with CD at each clinic visit. Clinic
scores were compared with scores from previous visits and cri-
tiqued by an attending physician. By using multiple regression
analysis, the 18-predictor variables were eventually consolidated
down to eight clinical variables. Three of the eight variables were
derived from a 1-week patient diary (Tasiz3). Each independent
variable was coded so that 0 corresponded to good health and
increasing positive values corresponded to greater degrees of ill-
ness. A formula assigning weighting factors to multiply each dis-
casc value by was devised. A CDALI value of 150 and below was
defined as quiescent discase. Values above that indicated active
discase, while those above 450 reflected extremely severe disease.
Changes in CDAI values from each visit correlated well with

able » Disease A ge e and elqg 0 Tacto
frequency of surgery compared with those . - .
with perianal fistulizing disease. 3 SN AVERAC St (i _ SIGDHI ¢ oF; I.| I:-“I IbL_l 3
The Montreal classification system is still Y < 4 | Tab e multiply ite S N
in its relative infancy and studies are under- ~ Number of liquid or very soft stools 2
way to validate and assess this new scoring  Apdominal pain score in 1 week (rating, 0-3) 5
system among different populations. Chow el vl g, =l ;

et al. recently showed that the Montreal

classification was more sensitive to behay- UM of'physical fin.dings per week: 20
ioral phenotypic changes compared with =it il

h VE') Ylp i 'g P P ludi - Mucocutaneous lesions (e.g., erythema nodosum,

t C' 1enn.a classinication, a tffr‘cxc1-1 lng aphthOUS Ulcers)
perianal disease from the fistulising disease  _ |ritis/uveitis
category [13]. Furthermore, it was useful in ~ — Anal disease (e.g., fissure, fistula)
predicting the clinical course and the need - External fistula (e.g., enterocutaneous, vesicle, vaginal)
for surgery. Their retrospective longitudi- ~ — Fever over 37.8°C
nal study looked at a total of 109 patients  Antidiarrheal use (e.g., diphenoxylate) 30
with CD who were followed-up for an aver- x40 minal mass (no = 0, equivocal = 2, yes = 5) 10
age of 4 years. Using the Montreal classifi- i ] .

47 minus hematocrit (males) or 42 minus 6

cation, CD behavior changed 3 years after ;

] .. . . . . hematocrit (females)
diagnosis with an increase in stricturing
and penetrating phenotypes, but this was
only detected by the Vienna classification
after 5 years, suggesting a better sensitivity

to disease behavior characteristics. Disease

100 x (1- [oodyweight divided by a standard weight]) 1

Remission of Crohn's disease is defined as a Crohn’s Disease Activity Index of less than 150. Severe disease
was defined as a value of greater than 450. Most major research studies on medications in Crohn’s disease
define response as a fall of the Crohn’s Disease Activity Index of greater than 70 points.

Adapted with permission from [14].
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Box 1. Harvey-Bradshaw Index (1980).

General well-being

0 = Very well

1 = Slightly below par
2 = Poor

3 = Very poor
4=Terrible
Abdominal pain

0 =None

1=Mild

2 = Moderate

3 = Severe

Number of liquid stools per day
Abdominal mass

0 = None
1 = Dubious
2 = Definite

3 = Definite and tender
Complications (score 1 per item)
e Arthralgia

o Uveitis

e Erythema nodosum

e Aphthous ulcers

® Pyoderma gangrenosum

¢ Anal fissure

e New fistula

* Abscess

Adapted with permission from [17,19].

physicians® assessments of change in patient status. The CDAI
has become the most commonly used clinical severity-scoring
index, especially in therapeutic research protocols. However, the
need to keep a 7-day patient diary has been a major criticism of
the CDAL It is also highly dependent on subjective variables
(e.g., abdominal pain and general well-being) and the score
can potentially become skewed secondary to the use of medica-
tions, such as antidiarrheals, that influence the number of bowel
movements. Furthermore, CD patients who have undergone a
colectomy may have a higher defecation rate and produce looser
stools in the absence of active disease, which again can affect
the score.

Harvey—Bradshaw Index

In order to overcome the drawbacks associated with the
subjective aspect of the CDAI, a number of other different
scoring systems have been devised. One such system is the
Harvey—Bradshaw Index, also known as the Simple Index or the

~ Modified CDAI (Box1). This system uses a 24-h diary entry and

excludes body weight, hematocrit and the use of antidiarrheals
or narcotics. It reduces the original eight variables in the CDAI
down to five and the values are simply added together rather
than summing the products of weighted values. The Harvey—
Bradshaw Index showed a 93% correlation with the CDAI [17).
Its easier practical application and amenability to immediate
calculation at a clinic visit makes this scoring system advanta-
geous. However, using only a single day’s symprom calculation

raises the possibility of less reliability compared with the CDAT’s
7-day patient diary and some studies have shown less consistent
intraclass correlation [18].

van Hees Index

Shortly after the publication of the CDAI, van Hees ez al. pub-
lished their retrospective study of 63 patients who underwent
83 clinical examinations [19]. An initial list of 18 independent
variables (known as the ‘measurement set’) was used in the
development of this activity index. The measurement set was
analyzed by three gastroenterologists from outside institutions
to assess for correlation between evaluation scores and disease
activity. The measurement set was then further reduced to nine
variables by using a multiple regression model, which achieved
a correlation coefficient of 95% with the corresponding physi-
cian’s rating. The final variables selected in the van Hees Index
were: sex, serum albumin, erythrocyte sedimentation rate and
clinical features, which included the presence of an abdominal
mass, temperature, stool consistency, bowel resection for CD and
extraintestinal manifestations (e.g., arthritis, stomatitis, erythema
nodosum, episcleritis, iritis and iridocyclitis). Scores were deter-
mined by inserting values into the multiple regression equation
(Tane 4). A van Hees Index score of less than 100 correlated with
indolent disease, less than 150 indicated mild disease, less than
210 implied moderate discase and a score greater than 210 indi-
cated severe disease activity. Although this scoring system is a
great deal more objective than the CDAL, relying less on subjective

Table 4. van Hees Index (1980)".

Albumin (g/l)

Erythrocyte sedimentation (mm after 1h) ~ 0.29

Quetelet Index: weight (kg)/H*(m) -0.22
Abdominal mass: 7.83

1=No

2 = Dubious

3 = Diameter <6 cm

4 = Diameter 6-12 cm

5 = Diameter >12 cm

Sex: -12.3
1 = Male

2 = Female

Temperature (°C) 16.4

Stool consistency 8.46

1 = Well-formed

2 = Soft, variable

3 = Watery

Resection: -9.17
1=No

2 =Yes

TActivity Index = b0 + ¥i bixi
b0: Constant (-209); bi: Regression coefficient; xi: Variable.
Adapted with permission from [17,19].
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Table 5. Truelove-Witts Severity Index for ulcerative colitis.

T

Bowel movements

appearance of the mucosa was: grade 0 or
nonhemorrhagic when there was no spon-
taneous bleeding upon light touch; grade 1

or hemorrhagic when bleeding was seen on
Fever PRm— »99.5°F (37.5°C) x 2 days light touch but no spontancous bleeding
. was seen ahead of the instrument; and
Heart rate (beats/min) <100 >100 grade 2 or hemorrhagic when spontancous
Hemoglobin Normal <75% of normal for sex bleeding was scen ahead of the instrument
Blood in stools Streaks Grossly bloody upon initial inspection. Clinical factors in
. ) | the Powell-Tuck Index included bowel fre-

Erythrocyte sedimentation (mm) <30 >30

Adapted with permission from [20].

clinical criteria, determining the final score using the somewhat
complicated equation is more cumbersome. van Hees reported
a marginal correlation of only 0.57 with the CDAI making this
scoring system less popular overall.

Ulcerative colitis classification systems
Truelove-Witts Severity Index

In 1955, Truelove and Witts published their landmark paper
‘Cortisone in ulcerative colitis: final report on a therapeutic trial’
in the British Medical Journal [20]. In order to study the effects of
cortisone versus placebo in their randomized controlled trial, the
aurhors devised a method to segregate patients according to their
disease severity. Six parameters were studied that included: number
of bowel movements in 24 h, blood in stool, core body temperature,
heart rate, hemoglobin and erythrocyte sedimentation rate.

A total of 210 UC patients were studied, out of which 109 were
treated with 100 mg of cortisone for 6 weeks and 101 patients
received placebo. For every stage of disease severity, patients treated
with cortisone did much better compared with the corresponding
control patients.

The Truelove—Witts Severity Index was
the first attempt to classify disease severity
of UC patients into mild, moderate and

severe disease (Tane5). This scoring system Stool frequency

is popular in the clinical arena owing to 0 = Normal
its objectivity and ease of use. It has stood

the test of time amongst other similar scor-

quency, bloody stools, sense of well-being,

abdominal pain, stool consistency, nausea,

weight loss, extraintestinal signs and fever.
Powell-Tuck noted a significant correlation between the severity
of diseased mucosa on endoscopic evaluation and the overall clini-
cal picture of disease severity as defined by the studied clinical
criteria; for example, patients whose mucosa only bled upon touch
experienced less rectal bleeding and bowel frequency than those
with a spontaneously hemorrhagic mucosa. In spite of this endo-
scopic correlation with clinical picture, this scoring system has
not been broadly accepted owing to its ambitious use of numerous
clinical variables, which does not seem to add much to the more
simpler indexes.

Mayo Clinical Score/Disease Activity Index

In 1987, Schroeder et 2/. published their double-blind, placebo-
controlled study of an oral 5-aminosalicylic acid preparation
using a pH-sensitive polymer coating in 87 patients with mild-
to-moderately active UC [23]. In their study, discase severity was
judged by both clinical and endoscopic criteria that included:
the frequency of bowel movements in 24 h, presence of visible
rectal bleeding, flexible sigmoidsocopic findings and the physi-
cian’s global assessment of discase status (Box 2). Each category

Box 2. Mayo Score/Ulcerative Colitis Disease Activity Index.

1 = 1-2 stools/day more than normal
2 = 3-4 stools/day more than normal
3 = 4 stools/day more than normal

ing systems that incorporate added clini-
cal and biochemical parameters in their
criteria. It continues to be used today in
assessing response to therapy in the acutely
flaring patient, because of its simplicity
and clinical relevancy.

Powell-Tuck Index (St Mark’s Index)

In 1964, Baron et /. had observed certain
sigmoidoscopic features of colitic mucosa
that were relatively characteristic with
minimal interobserver variation [21]. In
1982, Powell-Tuck took these endoscopic
findings and corrclated them with other
clinical and laboratory parameters [22]. The

Rectal bleeding

0 =None

1 = Visible blood with stool less than half the time

2 = Visible blood with stool half of the time or more

3 = Passing blood alone

Mucosal appearance at endoscopy

0 = Normal or inactive disease

1 = Mild disease (erythema, decreased vascular pattern, mild friability)
2 = Moderate disease (marked erythema, absent vascular pattern, friability, erosions)
3 = Severe disease (spontaneous bleeding, ulceration)

Physician rating of disease activity

0 = Normal

1 = Mild

2 = Moderate
3 = Severe

Adapted with permission from [23].
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Box 3. Montreal classification of ulcerative colitis.

Extent
e E1: ulcerative proctitis (involvement limited to the rectum)

e E2: left-sided ulcerative colitis (UC; involvement limited to colorectum distal to the splenic flexure)
e E3: extensive UC (involvement extends proximal to the splenic flexure)

Severity
o S0: clinical remission (asymptomatic)
e S1:mild UC

— Passage of four or fewer stools/day with or without blood, absence of any systemic illness and normal erythrocyte sedimentation

e S2: moderate UC

— Passage of more than four stools per day but with minimal signs of systemic toxicity

e S3:severe UC
— Passage of at least six bloody stools daily

Pulse rate of at least 90 beats/min
Temperature of at least 37.5°C

— Hemoglobin of less than 10.5 g/100 ml
Erythrocyte sedimentation of at least 30 mm/h

Adapted with permission from [12].

ranged from 0 to 3, with a maximum score of 12. A high score
was associated with an increase in disease severity. Owing to its
simplicity and the fact that this scoring system takes into account
both clinical and endoscopic parameters, the Mayo Clinical Score
has become one of the more popular scoring system used for
assessing severity in UC.,

i Genes associated with inflammatory bowel disease

Montreal classification for ulcerative colitis

The Montreal Working Party decided to not only make improve-
menits to the initial Vienna CD classification, but to also introduce
a classification system for UC [12]. The Working Party devised a
classification system by first defining anaromical disease extent
and then including disease severity characteristics (Box 3). The
extent of disease categories are defined as
proctitis (E1), left-sided colitis (E2) and
pancolitis (E3). The severity of disease cat-
egory definitions took into account clinical

parameters very akin to the Truelove—Witts

CD only CD +UC
PTPN22 NCF4 IL23R
ITLN1 ICOSLG Z L:g ,’?i 4
NLRP3 PTPN2 ok
ATG16L1  ORMDL3 A
PHOX2B  FAMS2B BSN |
SLC22A5  NOD2 IRF5 '
IRGM C110rf30 é?qug
CDKALT DMBT1 ot
TNFAIP3 CCR6 NKX2-3
TNFSF15  TLR4 NELL1
ZNF365 DLGS HERC2
LRRK2 MUC19 STAT3
TNFRSF6B
PSMG1
XBP1

Figure 1. Genes associated with inflammatory bowel disease.

CD: Crohn’s disease; UC: Ulcerative colitis.

criteria, where SO defined clinical remis-
sion, while S3 had at least six bloody bowel
movements a day, tachycardia, fever, ane-

uc only mia and elevated erythrocyte sedimenta-
PLA2G2E tion. Therefore, this system utilized criteria
ECM1 that were very clinically relevant from both
iL1o an anatomic and symptomatic perspective
ARPC2 and which were previously accepted fea-
I tures of disease severity found that are in
S100Z )

IENG other grading schema.

Towards a genetic classification

of disease

In che past decade, much research has been
carried out to aid in understanding the
underlying pathophysiology of IBD. The
widely accepted basis for the disease is that
there is an abnormal immune response to
intestinal microflora in a genetically sus-
ceptible patient. There has been an ever
increasing list of gene loci, murations or
alleles (now approaching 100) found using
genome-wide association studies that are
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Scoring systems in inflammatory bowel disease

Review

associated with either or both UC and CD (Ficure 1) [24-27]. The
wide variation in clinical phenotype of IBD patients, which his-
torically dictated the development of the aforementioned classifi-
cation schemas, in fact predicted this complexity of genetic vari-
ability. The field is only in the nascent stages of correlating these
genetic findings with the clinical features of IBD, but, as this
is carried out, a more accurate picture of the individual patient
and his/her disease will be created. Mutations in the NOD2/
CARDIS5 gene, for example, correlate with disease in the terminal
ileal region, usually at a younger age [28]. Similarly, other genetic
determinants will be associated with clinical features or disease
behavior. Increasingly, patients will be subclassified not just on
anatomic location and clinical characteristics (as the Montreal
classification presently does), but also on genotype. This will
provide a third dimension to the classification of the IBD patient,
namely one that relates to a pathophysiologic basis of the dis-
ease in a particular patient. Such a classification will provide

Table 6. Scoring systems summary.

Detailed classification:
— Location
— Behavior
— Extent of disease
— Operative history

Vienna C Simpler than Rome:

— Age
— Location
— Behavior
More detailed:
- Age
- Location and upper Gl
— Behavior and perianal involvement

Montreal C

Crohn's Disease S
Activity Index

Assesses disease activity over 1 week

Harvey- S
Bradshaw Index

24-h diary
Easier to calculate
Obijective variables

van Hees Index S More objective than Crohn’s Disease

Ulcerative coliti

Truelove-Witts S Objective variables, easy to use

Index

Powell-Tuck S Endoscopic, clinical and

Index laboratory indices

Mayo Score S Simplified endoscopic and
clinical assessment

Montreal C/s Assesses extent of disease and

clinical indices

C: Classification system; S: Severity scoring system.

more uniform patient recruitment into clinical trials and may
‘rediscover’ treatments that are very effective in certain subgroups
of patients that may have been formerly discarded because of
the wide genetic variability in the studied patient groups. These
genetic data will complement the clinical classification of patients
and will also have a direct impact on patient care paradigms.

Conclusion
The lack of a single effective sensitive test for IBD has historically
posed a great challenge in classifying patients and assessing disease
status in this complex condition. Disease classification and sever-
ity systems have, thus, been developed to not only classify a varied
patient population, but also provide criteria by which to assess the
success of therapy and help in predicting disease behavior (Tasie6).
New evidence from genome-wide association studies have con-
tributed great insight into the understanding of the patient’s genetic
predisposition to IBD. The aforementioned clinical classification

Disadvantages

Numerous patient groups

Identifying uniform
patient groups for
clinical trails

Not as detailed as Rome Identifying uniform
patient groups for

clinical trails

Limited number of validation studies Identifying uniform
patient groups for

clinical trails

Need to keep 7-day diary
Subjective variables (pain, diarrhea)

To assess response
to therapy

Variability due to calculation based on a
single day

To assess response
to therapy

Cumbersome mathematical equation

To assess response
to therapy

No anatomic variables

Clinic setting/response
to therapy

Numerous clinical and
endoscopic variables

Clinic setting/response
to therapy

Does not assess extent of disease Clinic setting/response

to therapy

Limited number of validation studies Clinic setting/response

to therapy
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and scoring systems can help in the correlation of this new found
genetic information with the clinical phenotype. Disease subtypes
and behavior will be more objectively defined and therapeutic
management can be more effectively tailored when it is based on
both the clinical phenotype and underlying genotype.

Five-year view

In recent years, great technological advancements have led to
exciting new insights into the pathogenesis of IBD. Data from
genome-wide association studies are providing a better under-
standing of the molecular pathways involved in the inflammatory
process called IBD. In earlier years, IBD was classified by clini-
cal criteria that related to disease extent and severity of inflam-
mation, as suggested by patient subjective complaints, physical
exam findings and some basic laboratory testing. Now, the trend
is towards subclassifying IBD patients by correlating the rele-
vant clinical features that were defined in earlier classification
schema with contemporay genetic discoveries that relate to disease

pathogenesis. The landmark discovery of mutations in NOD2/
CARDI5 and its association with the early onset of ileal disease
is just one example of the way genetic factors are redefining our
understanding of this complex disease. Categorizing patients as
having either UC or CD may soon be replaced by many subgroups
based on both phenotypic and genotypic determinants. With our
better understanding of the undetlying genetic and immunologic
pathophysiology of IBD, it is hoped that patients will receive
specific treatment strategies tailored for each individual based on
specific clinical and genetic correlates.
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Currently, there is no single effective marker that can be used to grade disease severity or outcome in inflammatory bowel disease.
Scoring systems help in subclassifying patient disease and provide a common basis for the scientific and clinical community to

compare results.

Clinically subclassifying patients provides a more uniform phenotype that can be used to more effectively assess therapeutic outcomes

and disease progression.

Clinical classification and scoring systems are the foundations upon which to integrate new genetic data.
Clinical classification schema help to identify relatively uniform groups of patients that allow accurate correlation of genetic mutations

relevant to disease pathogenesis.
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Inflammatory bowel disease

ORIGINAL ARTICLE

The NOD2insC polymorphism is associated with
worse outcome following ileal pouch-anal
anastomosis for ulcerative colitis

Andrea D Tyler,"? Raguel Milgrom,? Joanne M Stempak,” Wei Xu,> John
Hunter Brumell,"*> Aleixo M Muise,"*® Rishabh Sehgal,” Zane Cohen, '
Walter Koltun,”® Bo Shen,® Mark § Silverberg-

ABSTRACT

Background Inflammatory complications after ileal
pouch-anal anastomosis (IPAA) for ulcerative colitis (UC)
are common.

Objective To investigate whether genetic factors are
associated with adverse pouch outcomes such as chronic
pouchitis (CP) and a Crohn’s disease-like (CDL)
phenotype.

Design 866 patients were recruited from three centres
in North America: Mount Sinai Hospital (Toronto,
Ontario, Canada), the Cleveland Clinic (Cleveland, Ohio,
USA) and Penn State Milton S Hershey Medical Center
(Hershey, Pennsylvania, USA). DNA and clinical and
demographic information were collected. Subjects were
classified into post-surgical outcome groups: no chronic
pouchitis (NCP), CP and CDL phenotype.

Results Clinical and genetic data were available on
714 individuals. 487 (68.2%) were classified as NCP,
118 (16.5%) CP and 109 (15.3%) CDL. The presence of
arthritis or arthropathy (p=0.02), primary sclerosing
cholangitis (p=0.009) and duration of time from
ileastomy closure to recruitment (p=0.001) were
significantly associated with outcome. The NODZ2insC
(rs2066847) risk variant was the single nuclectide
polymorphism (SNP) most significantly associated with
pouch outcome (p=7.4x10~°). Speifically, it was
associated with both CP and CDL in comparison with
NCP (OR=3.2 and 4.3, respectively). Additionally, SNPs
in NOX3 (rs6557421, rs12661812), DAGLB (rs836518)
and NCF4 (rs8137602) were shown to be associated
with pouch outcome with slightly weaker effects. A
multivariable risk model combining previously identified
clinical (smoking status, family history of inflammatory
bowel disease), serological (anti-Saccharomyces
cerevisiae antibody 1gG, perinuclear antineutrophil
cytoplasmic antibody and anti-CBir1) and genetic
markers was constructed and resulted in an OR of 2.72
(p=8.89x1077) for NCP versus CP/CDL and 3.22
(p=4.1 1%107%) for NCP versus CDL, respectively.
Conclusion Genetic polymorphisms, in particular, the
NODZinsC risk allele, are associated with chronic inflammatory
pouch outcomes among patients with UC and IPAA.

INTRODUCTION

Ulcerative colitis (UC) is a chronic inflammatory
disorder of unknown aetiology. About 20% of
affected individuals will require colectomy at
some point in their disease.”™  Restorative

Significance of this study

What is already known on this subject?

» Several genetic factors have previously been
associated with inflammatory pouch outcomes
in small cohorts.

» Patients with familial adenomatous polyposis
and a pelvic pouch do not typically develop
inflammatory pouch complications, suggesting
that genetic factors are important in pouchitis
and a Crohn's disease-like phenotype among
individuals with ulcerative colitis.

What are the new findings?

» The NOD2insC polymorphism, which is
important in innate immune recognition of
microbial muramy! dipeptide, is associated with
inflammatory pouch outcomes.

» Additional genes which are mediators in the
generation of reactive oxygen species may also
have a role in pouch inflammation.

How might it impact on clinical practice in

the foreseeable future?

» These polymorphisms may be useful for
predicting which patients are at an increased
risk of developing pouch inflammatory
complications after surgery for ulcerative colitis.

» A combination of clinical, serological and
genetic factors may be a useful clinical tool for
assisting in decision making for patients
considering a colectomy and pelvic pouch for
ulcerative colitis.

proctocolectomy with ileal pouch-anal anastomosis
(IPAA) is the preferred surgical procedure in ful-
minant or chronic, treatment-refractory UC and
UGC-associated colonic neoplasia.” ¢ However, de
novo inflammation of the ileal reservoir (pouchitis)
is a common post-surgical complication with a
prevalence ranging from 12% to >50%.° 7 An
additional subset of patients (up to 17%) will
develop a Crohn’s disease-like (CDL) phenotype
characterised by abdominal or perianal fistulae and/
or inflammation of the small bowel proximal to the
pouch (afferent limb)."°
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The causes of ileal inflammation in the pouch in patients with
a preoperative diagnosis of UC are unknown. Clearly, evolution
of the microbiome of the pouch after closure of a diverting ile-
ostomy plays a role, as patients rarely develop pouchitis before
restoration of continuity of the fecal stream. The decreased risk
of inflammation among those with familial adenomatous polyp-
osis and reports by some groups that a family history of CD
may increase the risk for the CDL phenotype in the pouch, sug-
gests that heritable susceptibility may be a critical factor in
disease pathogenesis.'’ '> However, previous genetic studies
have been small in scale and have not yielded consistently repro-
ducible results.'® '* Among others, variants in ILIRN'® !¢ and
TLR1' have been associated with pouch inflammation.
Additional studies have tentatively linked NOD2 variants with
chronic pouchitis.'®® The aim of this study was to evaluate
whether inflammatory bowel disease (IBD) susceptibility poly-
morphisms which have been previously implicated in CD, UC
or pouchitis are associated with chronic pouch inflammatory
outcomes after surgery for UC in a large [PAA cohort.

METHODS

Study population

All study protocols were carried out in accordance with the
research ethics boards at each centre and informed consent was
obtained from all patients before their enrolment. Patients who
had undergone colectomy with IPAA at Mount Sinai Hospital
(MSH), Cleveland Clinic and the Penn State Milton S Hershey
Medical Center (HMC) were contacted by research staff
between 2007 and 2010. The demographic and clinical features
of subjects from MSH have been previously reported and
described in detail,?’ and the NOD2 genotype status has been
previously reported for the HMC cohort.2? Any patients with a
confirmed precolectomy diagnosis of UC and who had had
their ileostomy closed a minimum of 1 year before study enrol-
ment were included in the study. UC diagnosis was confirmed
based on clinical, endoscopic and pathological evidence—par-
ticularly from the colectomy specimen. Those who had under-
gone their procedure outside any of these institutions were
included only if the medical documentation was available.
Patients with CD, IBD of the colon-type unclassified or indeter-
minate colitis based on precolectomy medical chart review or
colectomy surgical pathology were excluded.

Clinical data collection

Study data were obtained through a detailed retrospective chart
review and patient questionnaire with investigators blinded to
patients’ genetic results. To ensure uniformity between sites,
rigorous definitions were agreed upon and applied to classify
patients into outcome groups. Data collected directly by patient
interview included gender, age, family history of IBD, smoking
status and clinical symptoms of pouch function after surgery
(daily number of bowel movements, incontinence, presence or
absence of blood in stool). UC diagnosis date, surgical history
and dates, presence of any extraintestinal manifestations of IBD
such as arthritis or arthropathy, osteoporosis/osteopenia, ery-
thema nodosum, pyoderma gangrenosum, primary sclerosing
cholangitis (PSC) or ocular inflammation, as well as the post-
surgical outcome were confirmed through medical chart review.
The extent of precolectomy disease was classified based on the
Montreal classification.”* The presence of backwash ileitis
(inflammation of the terminal ileum in individuals with pan-
colitis) precolectomy was documented and patients were
included only if all other findings were consistent with UC.

Post-surgical classification

Patients were classified into one of three outcome groups based
on clinical, endoscopic and histological factors. The ‘no chronic
pouchitis” (NCP) group included individuals without an episode
of pouchitis, and those who had had fewer than four clinical
acute pouchitis episodes per year, each responding to 2 weeks
or less of antibiotics (ciprofloxacin, metronidazole, or combin-
ation). This clinical definition of acute pouchitis has been previ-
ously described.”® Typically, these subjects may not have had a
full clinical assessment but clearly represent a distinct category
as demonstrated by their immediate response to antibiotics. The
‘chronic pouchitis’ (CP) group included antibiotic-dependent
and antibiotic-refractory patients who required prolonged
(>1 month) antibiotic treatment, or medical intervention for
pouchitis more than three times a year, or the use of second- or
third-line drugs (5-acetylsalicylic acid, steroids, immunomodula-
tors, biological agents). All such subjects had endoscopic assess-
ment at some point during their disease.”” The final group was
the CDL phenotype. Individuals classified into this group met at
least one of the following criteria: (a) development of a perianal
fistula more than 1 year after ileostomy closure documented
through physical examination, examination under anaesthesia or
imaging; (b) development of a stricture proximal to the pouch
which was not related to a surgical complication and was con-
firmed by endoscopy or small-bowel imaging; (c) evidence of
inflammation (ulceration, erythema, friability) extending above
the pouch inlet and into the afferent limb/pre-pouch ileum or
more proximal small intestine detected on pouchoscopy or
upper endoscopy. Anastomotic ulceration or ulceration around
the pouch inlet alone was not sufficient to classify patients into
the CDL outcome group. Additional post-surgical outcomes,
including mechanical or surgical complications or cuffitis, were
also documented.”® Time to diagnosis of pouchitis was defined
as the time from ileostomy closure to the time of onset of symp-
toms and diagnosis.

DNA collection and genotyping

Whole blood (3-6 ml) was obtained by venepuncture using
standard EDTA collection tubes at both MSH and HMC. DNA
was extracted using the QIAGEN Gentra Puregene blood kit
(Qiagen, CA, USA). DNA samples from the Cleveland Clinic
were extracted from clotted blood using the Maxwell 16 Tissue
DNA purification kit (Promega, WI, USA), according to manu-
facturer’s protocol. DNA from all study sites was then stored in
sealed Matrix screw top tubes at 4°C before a spectrophotomet-
ric quality and quantity check using the NanoDrop 1000
(Thermo Scientific, IL, USA). Most DNA samples had concen-
trations ranging from 100 to 300 ng/ul with all concentrations
>20 ng/ul. Those falling below 18 ng/ul were whole-genome
amplified using the Illustra Genomiphi HY DNA Amplification
Kit (GE Healthcare, NJ, USA). Single nucleotide polymorphism
(SNP) genotyping was performed using the Illumina Goldengate
custom SNP assay on the Illumina BeadStation500G (San Diego,
California, USA) at The Center for Applied Genomics (TCAG,
Toronto, Canada) and the Sequenom iPLEX platform (Génome
Québec, Montreal, Canada). NOD2insC genotyping was per-
formed using the TagMan SNP genotyping platform (TCAG).

Statistical analysis and quality control

Descriptive statistics were reported as mean and range for con-
tinuous variables and frequencies and proportions for categor-
ical variables. For phenotypic results, Fisher’s exact test and
Pearson’s x> test were used to compare proportions; non-
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parametric tests were used to compare the continuous variables.
PLINK version 1.06%* was used to obtain descriptive statistics of
the SNPs such as the allele frequency, genotype distribution and
to test for Hardy—Weinberg equilibrium (HWE) for each marker
based on Pearson’s x> test. All SNPs which were successfully
genotyped in at least 95% of the study cohort, satisfied HWE
criteria (p HWE >0.001) and had a minor allele frequency
>0.01, were included in the analysis. To ensure that results
were not due to population stratification, only Caucasian indivi-
duals were included in the genetic analysis. Logistic regression
models were applied for the association analysis. Although an
additive genetic model was used for the primary analysis,”> we
also explored dominant and recessive genetic models.
Throughout this report the p values are those obtained from the
additive genetic model unless otherwise stated. ORs and 95%
CIs were calculated. Two-sided statistical tests were applied and
all analyses were performed with SAS V9.2 (SAS Institute).

A list of 646 SNPs was generated and chosen for the analysis
in the initial cohort based on their previous known associations
with CD, UC or pouchitis. To accommodate the Sequenom plat-
form, the top 46 hits from the initial analysis as well as 20 pre-
viously described important CD/UC/pouchitis-associated SNPs
were selected for genotyping in the replication cohort (online
supplementary table 1). Owing to the large number of tests per-
formed, nominal significance was defined in both the prelimin-
ary analysis and the combined cohort as p<0.01. Stringent
Bonferroni correction was applied to the final p value to adjust
for multiple comparisons with p<7.5x10™* required to declare
significance.

Finally, multivariate analysis was performed with factors pre-
viously shown by our group and others to be associated with
pouch outcome. These included the serological markers
anti-Saccharomyces cerevisiae antibody (ASCA) IgG, perinuclear
antineutrophil  cytoplasmic  antibody =~ (pANCA)  and
anti-CBir1®'; clinical factors included smoking and family
history of IBD; and the SNPs which were significantly associated
with outcome in our Caucasian cohort. This analysis was per-
formed in a subset of 341 patients in whom all of the preceding
data was available. A stepwise procedure was performed to gen-
erate a risk score based on the significant risk factors from the
multivariate analysis. The risk score was based on the weighted
combination of the risk factors with the standardised logistic
regression coefficient as the weight.?® Receiver operating charac-
teristic curves were generated to calculate the area under the
curve and the sensitivity and specificity of the risk score.?®

RESULTS

Study cohort

The initial cohort consisted of 399 patients recruited from MSH
and the second included 467 patients recruited from MSH,
Cleveland Clinic and HMC, for a total cohort of 866. Within both
the first and second cohorts, 339 and 401, respectively had both
genotype and phenotype information available for a total genetic
cohort of 740. Among these individuals 714 (96.5%) were
Caucasian and only these subjects were subsequently analysed.

Clinical variables associated with pouch outcome

Clinical and phenotypic characteristics of the study population
are shown in table 1. A description of the pouch outcome
groups among the combined Caucasian cohort is shown in
figure 1. Of the 714 individuals, 487 (68.2%) were classified as
NCB 118 (16.5%) CP and 109 (15.3%) CDL. The mean age at
UC diagnosis (29, range 2-59 years) and at I[PAA (37, range 7-
61 years) was the same between groups. Within the CDL group,
56.6% were diagnosed based on the presence of a fistula or
abscess developing more than 1 year after surgery, 36.4% based
on inflammation extending into the afferent limb and 7.0% met
both criteria. Factors previously related to pouch outcome such
as smoking and family history of IBD'® 2 were not found to be
significantly associated in this cohort. However, the presence of
large-joint arthritis (p=0.02) and PSC (p=0.009) were signifi-
cantly associated with both the CP and CDL outcomes. A
longer duration of time from ileostomy closure to study enrol-
ment was associated with a worse pouch outcome (p=0.001).
The mean time to diagnosis of CP and CDL was 2.4 and
4.4 years, respectively, well below the mean post-surgical
follow-up time for any of the outcome groups.

Association of SNPs with pouch outcome

Of the 646 SNPs selected for analysis in the initial cohort of
subjects (n=369), 66 SNPs which met initial criteria for signifi-
cance or were SNPs of importance in prior IBD genetic studies
were genotyped in the additional cohort (n=345). Of these, 12
had a low call rate and were not included in the analysis. Of the
remaining 54 SNPs, five were significantly associated with
outcome at a p value threshold of p<0.01 in a three-way com-
parison. However, only the NOD2 insertion variant
(NOD2insC, rs2066847) remained significantly associated with
pouch outcome after stringent Bonferroni correction
(p=7.4%10"%; peorr=4.9%x107%) (table 2). Specifically, the
NOD2insC variant was detected significantly more frequently

Table 1 Clinical and phenotypic characteristics of the study population
Feature No chronic pouchitis (n=487) Chronic pouchitis (n=118) Crohn's disease-like (n=109) p Value
Gender (% female) 47.0 432 50.5 0.55
Mean age at UC diagnosis {years, range) 30 (7-59) 30 (11-55) 28 (2-55) 0.85
Mean age at surgery (years, range) 37 (7-61) 37 (12-59) 36 (8-56) 0.84
Ashkenazi Jewish (% Jewish) 6.0 10.2 8.3 023
Smoking (n=704)
Never 59.5 58.5 541 0.72
Ex-smoker 333 34.7 33.9
Current 5.7 6.8 9.2
Family history of 1BD (%) 9.8 4.2 11.0 0.16
Duration of pouch (years), mean (SD) (n=665) 8.6 (6.4) 9.1 (6.3) 11.0 (6.3) 0.001
Arthritis or arthropathy (%) (n=447) 10.6 19.4 222 0.02
Primary sclerosing cholangitis (%) (n=617) 1.4 6.7 4.2 0.009
1BD, inflammatory bowel disease; UC, ulcerative colitis.
Tyler AD, et al. Gut 2013;62:1433-1439. doi:10.1136/gutjnl-2011-301957 1435



Inflammatory bowel disease

Vo= No Chronic
) Pouchitis

G6B8%

Figure 1 Proportion of individuals in each specific outcome group.

among individuals with CP and CDL than among those with
NCB with an OR of 3.21 (CI=1.38 to 7.47) and 4.30
(CI=1.90 to 9.77), respectively (table 3). This association
remained significant even when the previously reported samples
obtained from HMC were excluded.

Given the low minor allele frequency of the NOD2insC allele
in our cohort, to fully assess the risk associated with variants in
NOD2 and pouch-related inflammatory complications, we
examined the risk associated with compound heterozygosity or
homozygosity for combinations of markers (rs2066847,
rs2066845 and rs2066844). We found that increased numbers
of variants at this locus were associated with increased risk of
CDL in comparison with NCB (p=0.002; OR=2.08; CI=1.31
to 3.50); however, no increased risk was seen when NCP was
compared with CP

Additional SNPs associated with outcome in the three-way
analysis (p<0.01) were variants in NOX3 (rs6557421) and
DAGLB (rs836518); however, these did not remain significant
after correction for multiple testing (table 2). In the pairwise
analysis, rs6557421 showed a trend towards being protective
for both of the inflammatory outcomes, and rs836518 was pro-
tective against only the CDL phenotype (table 3). Additional
variants in NOX3 (rs12661812) and NCF4 (rs8137602) were
found to be associated with outcome (p<0.01) using the dom-
inant genetic model, with variants at both loci more common in
individuals with inflammatory pouch phenotypes. However,
these polymorphisms did not remain significantly associated
with outcome after correction for multiple testing.

We next conducted analyses in which we compared the NCP
group with the combined CP/CDL cohort (n.omp,=227). We
found that both rs2066847 (NOD2insC) and rs6557421
(NOX3) were associated with outcome with the minor allele of
rs2066847 (p=3.3x107" increasing disease risk and that of
rs6557421 (p=2.8x10~* protective against inflammatory phe-
notypes (table 3).

Variants which had been previously associated with pouch
complications, including those in TLR1,'” CD14, TLR9' and
other NOD2 variants, were not found to be associated with
outcome among our cohort (table 4). ILIRN'® showed a trend
towards significance in our initial analysis, but did not remain
significant after correction for multiple testing. Additionally,
many of the other well known IBD-associated genetic poly-
morphisms including those specific to CD (ie, ATG16L1) and
those associated with both CD and UC (ie, IL23R), were not
associated with any of the outcome groups.

Multivariate analysis and risk score

In the preliminary multivariate analysis, five factors were found
to be independently associated with outcome and were included
in the subsequent multivariate analysis, including rs2066847
(NOD2insC), rs6557421 (NOX3), rs836518 (DAGLB),
anti-CBirl and smoking (table 5). These factors were used to
generate a weighted risk score, with the comparison of both
NCP with CDL (p=4.11x107%; OR=3.22, CI=2.12 to 4.89)
and NCP with combined CP and CDL (p=8.89x107";
OR=2.72; CI=1.89 to 3.91) resulting in highly significant asso-
ciations. The sensitivity and specificity were assessed by generat-
ing receiver operating characteristic curves. The best model was
that comparing CDL with NCP and containing all three genetic
markers, as well as the serological and clinical factors (sensitivity
= 80.0%; specificity = 70.3%). This model performed signifi-
cantly better than those generated using smoking alone, or
smoking and anti-CBir1 (figure 2).

DISCUSSION

Our results demonstrate that phenotypic characteristics, including
PSC and arthritis, as well as several SNPs are associated with
pouch outcome after IPAA in individuals with UC. PSC has previ-
ously been associated with chronic pouchitis,>” as have general
autoimmune disorders including arthritis.”® The co-occurrence of
additional inflammatory disorders previously documented in CD
and UG, such as those described above, with pouch complications
suggest overlapping disease mechanisms may be important in the
onset and propagation of inflammatory outcomes. Interestingly,
we did not observe any association between a family history of
IBD or smoking and pouch outcome.’® 2! The sample size of this

Table 2 Single nucleotide polymorphisms (SNPs) associated with outcome at a nominal significance threshold of p<0.01

Cohort 1 (n=369)

Cohort 2 (n=345)

Combined cohort (n=714)

MAF
Gene SNP p Value p Value NCP cP DL p Value p Value corr
NOD2insC 152066847 0.09 5.0x10~? 0.01 0.05 0.06 7.4x10~° 49x1073
NOX3 rs6557421 0.03 0.04 0.26 0.16 Q.17 8.2x107* 0.05
NOX3* 1512661812 >0.1 0.05 0.08 0.1 0.16 7.5x1073 0.50
DAGLB 15836518 0.02 3.3x1073 0.22 021 0.22 3.4x1077 0.22
NCF4* 158137602 9.3x10~* >0.1 0.09 0.12 0.10 7.2x10~1 0.05

Bonferroni corrected p values are also listed. The additive genetic model was applied except where indicated by * (dominant genetic model).
CDL, Crohn's disease-like; CP, chronic pouchitis; MAF, minor allele frequency; NCP, no chronic pouchitis.
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Table 3 ORs and Cls for the five single nucleotide polymorphisms (SNPs) which are associated with outcome

CP vs NCP CDL vs NCP CDL vs CP CP/CDL vs NCP
Gene SNP OR a] OR Cl OR a OR d
NOD2insC rs2066847 3.21 1.38 to 7.47 430 1.90 t0 9.77 1.28 0.57 t0 2.88 3.67 1.81 t0 7.45
NOX3 rs6557421 0.55 0.36 to 0.82 0.56 0.37 to 0.87 1.05 0.62 to 1.79 0.56 0.40 t0 0.76
NOX3* 1512661812 1.25 0.71 t0 2.19 1.09 0.59 to 2.00 0.87 0.41 t0 1.83 117 0.7410 1.84
DAGLE 15836518 0.93 0.63 10 1.38 0.45 0.27 to 0.74 0.49 0.27 t0 0.88 0.69 0.50 to 0.96
NCF4* 158137602 1.01 0.58 to 1.74 1.10 0.63 to 1.93 1.09 0.54 to 2.21 1.05 0.69 to 1.61

*Dominant genetic model.
CDL, Crohn's disease-like; CP, chronic pouchitis; NCP, no chronic pouchitis.

study, which was approximately double that of previous studies,
provided us with increased power to detect true associations. Our
data describing no correlation between IBD family history or
smoking and outcome suggest that these previously described asso-
ciations may have been the result of a type [ error.

We have shown that several genetic polymorphisms are asso-
ciated with pouch inflammation, confirming that host genetic
factors are critical in the aetiology of both pouchitis and the CDL
phenotype. The well established NOD2insC polymorphism,
which has previously been implicated in ileal CD* *° and which
results in a truncation of the leucine-rich repeat region of the
NOD?2 protein, ' is associated with CP and a CDI. outcome in our
large cohort. While the precise effect of this polymorphism is
unknown, gene knockout studies have demonstrated that loss of
NOD?2 is associated with reduced ability to detect microbial patho-
gens.*' 32 Further, NOD2 variants have been implicated in intes-
tinal allograft rejection and graft-versus-host disease after
allogeneic stem cell transplantation.®* ** Our findings demonstrat-
ing the association between NOD2 and pouch complications,
confirm results seen in several smaller cohorts,?® *5 and suggest
that studies failing to detect significant associations were likely
underpowered.’” This growing body of evidence demonstrates
that pathways which are important in ileal CD may also be critical
in inflammation of the ileal pouch after surgery.

It is interesting to note that the NOD2insC variant is typically
only rarely found in UC. In the MSH UC patient population,
for example, the NOD2insC allele frequency is 0.014 which is
comparable to the reported allele frequency in this study for
those without inflammatory pouch complications.*® However,
in the 227 subjects with CP or CDL, the NOD2insC allele fre-
quency is >0.05. These patients were all carefully chart
reviewed to exclude any clinical or pathological evidence of CD
or IBD of the colon-type unclassified before colectomy.
Additionally, the colectomy pathology was all carefully reviewed
and no features of CD were seen in these subjects. These data

therefore suggest that the utility of traditional clinical and histo-
logical diagnostic classification and phenotyping is not sufficient
to categorise subjects for prognosis after pelvic pouch surgery.
Thus, a diagnosis of clinical UC may not imply that pouch com-
plications are less likely to arise but rather that the subject’s
genotype may be a more important determinant of outcome.
Other variants which demonstrated modest association with
outcome include those which are located in the non-coding
regions of NOX3 and DAGLB or adjacent to NCF4. NCF4,
encoding p40phox which is a component of the NADPH
oxidase complex, was recently identified in a genome-wide asso-
ciation study as an ileal CD susceptibility gene.’” Mechanistic
studies have demonstrated that patients with CD who are car-
riers of risk alleles at this locus have significantly reduced
amounts of reactive oxygen species—important for host innate
immunity and defence from microbial pathogens—generated
from granulocyte-macrophage colony-stimulating factor-primed
neutrophils compared with patients not carrying these muta-
tions.”® NOX3, another component of this complex in various
tissue types, is also important in the production of reactive
oxygen species.>® 4 Together, these findings suggest an import-
ant role for this pathway in the pathogenesis of pouch inflam-
matory outcomes and IBD, in general. The function of DAGLB
and a potential role for it in IBD pathogenesis remains unclear;
however, the SNP in this gene is in a region of high linkage dis-
equilibrium with RACI—a gene involved in host immune
defence and which has been previously associated with UC.*!
Other variants which have been previously associated with
pouch outcome among smaller cohorts were not associated with
outcome in our group. A possible explanation for the difference
between our results and others is that this study has a much
larger sample size, which would help to reduce type I error.
Additionally, population stratification may account for different
results as some previous studies did not control for ethnicity.'” *2
To limit these effects, only Caucasian individuals were analysed

Table 4 Single nucleotide polymorphisms (SNPs) previously associated with pouch outcome. /LTRN did not meet specified quality criteria for

combined analysis (successfully genotyped in <95% of the cohort)

MAF
Gene SNP NCP cp DL p Value p Value corr
TLR1V 154833103 0.47 0.43 0.51 4,0x1072 NS
cp14 152569190 0.49 0.52 0.40 NS NS
NOD2 (SNP8)*® 152066844 0.04 0.05 0.06 NS NS
NOD2 (SNP12)%° 152066845 0.02 0.01 0.02 NS NS
ILTRN2* 15419598 0.25 0.20 0.35 3.0x1073 NS
TLR9'* 1s352140 0.46 0.47 0.51 NS NS
*Replication genotyping did not pass quality control measures.
CDL, Crohn’s disease-like; CP, chronic pouchitis; MAF, minor allele frequency; NCP, no chronic pouchitis.
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Table 5 Factors significantly associated with outcome by multivariate analysis

CP vs NCP CDL vs NCP CDL vs CP
Factor OR (Cl} p Value OR (CI) p Value OR (Cl) p Value
NOD2insC* rs2066847 2.62 (0.39 to 17.64) 0.32 13.51 (2.00 to 90.9) 0.008 2.99 (0.45 1o 20.0) 0.26
NOX3* 156557421 0.54 (0.31 to 0.94) 0.03 0.35 (0.15 to 0.78) 0.01 0.62 (0.24 to 1.59) 0.32
DAGLB* rs836518 1.10 (0.69 to 1.74) 0.70 0.29 (0.12 to 0.67) 0.004 0.25 (0.10 to 0.66) 0.005
Anti-CBir1 () 2.30 (0.84 t0 3.21) 0.15 6.38 (2.81 to 14.43) <0.0001 3.48 (1.36 to 8.90) 0.009
Smoking
Current smoking vs never smoked 2.30 (0.55 t0 9.71) 0.38 11.96 (3.07 to 46.53) 0.0002 5.68 (1.10 to 29.25) 0.04
Ex-smoker vs never smoked 1.52 (0.83 to 2.77) 0.99 2.20 (0.95 to 5.10) 0.30 1.16 (0.44 to 3.05) 0.18

*For the genetic markers an additive genetic model to compare homozygote recessive versus heterozygote vs. homozygote dominant genotypes was applied.

CDL, Crohn's disease-like; CP, chronic pouchitis; NCP, no chronic pouchitis.

in our study. We also applied very rigorous statistical correction
to our data in order to reduce the likelihood of reporting false
positive results, which may have been too stringent to allow
detection of weaker associations. The four variants discussed in
this paper which did not remain significant after multiple testing
correction, may therefore warrant further investigation in an
additional cohort to definitively assess their importance in pou-
chitis pathogenesis. This would ideally be attempted in the
setting of the large International IBD Genetics Consortium
Cohort but would require detailed phenotyping of precolect-
omy data as well as of pouch outcomes, both of which may not
be readily available in existing databases.

We hypothesise that patients with NOD2insC may be more
likely to develop inflammatory pouch complications owing to
alteration in the microbial composition of the pouch mucosa. This
hypothesis is supported by our data showing that patients with UC
with a CDL phenotype after pelvic pouch surgery are more likely
to be positive for ASCA and anti-CBir1,%" scrological markers
more typically associated with CD, and by the data from other
groups demonstrating a strong association between the common
UC-associated serum marker, pANCA and pouch outcome.®®
Additional evidence that NOD2 variants affect the composition of
the ileal flora suggests that there may be a relationship between
IBD-associated genetic polymorphisms and the presence of serum
antibodies.>* ** Our findings of the presence of both serological
markers of CD and genetic polymorphisms which have been previ-
ously associated with ileal CD showing association with pouch
outcome, suggest that the mechanism of ileal inflammation which
leads to a CP or CDL outcome in the pouch may be similar to
those which lead to the development of inflammation within the
ileum. Additionally, the inclusion of individuals with non-chronic
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CBir1,
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N
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Figure 2 Receceiver operating characteristic curves generated for
the risk score analysis. NOD2insC—rs2066847; NOX3—rs6557421;
DAGLB—1s836518. AUC, area under the curve.

pouchitis in the NCP group and the lack of evidence for any asso-
ciations between genotype and this outcome, suggests that the
chronic inflammatory phenotypes proceed via diverging mechanis-
tic pathways from those which lead to antibiotic-responsive pou-
chitis. Furthermore, the overlap in genetic susceptibility between
CP and CDL suggests that distinction between these outcomes
may be of limited consequence compared with the more clinically
relevant phenotype of chronic, medication-refractory inflamma-
tion which is characteristic of both disorders and results from a
common aetiology.

While it is conceivable that these patients with CDL phenotype
were misclassified before colectomy, the stringent phenotypic clas-
sification which was used to determine which patients were
included in this analysis would suggest that this is unlikely to be
the case. Rather, our results combined with recent data published
by Waterman ez al showing few differences in the prevalence of
several IBD-associated SNPs between those with UC and those
with CD,*¢ support the concept of IBD as a mosaic of inflamma-
tory disorders. The varying phenotypes associated with overlap-
ping genetic susceptibility loci suggest that while genetic
predisposition may be a key inflammatory mediator, other factors
such as bacteria or as yet unknown environmental stimuli are
necessary for immune dysregulation and inflammation to occur.

The aetiology of pouch complications remains unknown.
However, the data presented in this paper emphasise the similar-
ities between pouch inflammation and IBD in general and suggest
that the pelvic pouch model may be useful for evaluating factors
which contribute to de novo inflammation. It will be important to
evaluate the impact of the pouch microbiome and the impact of
host genotype on the composition of the microbiome to fully
understand the mechanisms of pouch inflammation. Our data also
demonstrate that a model for assessing risk of pouch complications
which encompasses genetic and serological factors may be a more
useful tool than current clinical assessment.
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