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GENE EXPRESSION MARKERS FOR CROHN’S DISEASE

Field of the Invention

The present invention relates to gene expression profiles in inflammatory bowel disease

pathogenesis, including use in the detection and diagnosis of inflammatory bowel disease.

Description of Related Art

Immune related and inflammatory diseases are the manifestation or consequence of fairly
complex, often multiple interconnected biological pathways which in normal physiology are critical to
respond to insult or injury, initiate repair from insult or injury, and mount innate and acquired defense
against foreign organisms. Disease or pathology occurs when these normal physiological pathways cause
additional 1nsult or injury either as directly related to the intensity of the response, as a consequence of
abnormal regulation or excessive stimulation, as a reaction to self, or as a combination of these.

Though the genesis of these diseases often involves multistep pathways and often multiple
different biological systems/pathways, intervention at critical points in one or more of these pathways can
have an ameliorative or therapeutic effect. Therapeutic intervention can occur by either antagonism of a
detrimental process/pathway or stimulation of a beneficial process/pathway.

Many immune related diseases are known and have been extensively studied. Such diseases
include immune-mediated inflammatory diseases, non-immune-mediated inflammatory diseases,
infectious diseases, immunodeficiency diseases, neoplasia, etc.

The term inflammatory bowel disorder (“IBD”) describes a group of chronic inflammatory
disorders of unknown causes in which the intestine (bowel) becomes inﬂaméd, often causing recurring
cramps or diarrhea. The prevalence of IBD in the US is estimated to be about 200 per 100,000
population. Patients with IBD can be divided into two major groups, those with ulcerative colitis (“UC”)
and those with Crohn’s disease (““CD”). Both UC and CD are chronic relapsing diseases and are complex
clinical entities that occur in genetically susceptible individuals who are exposed to as yet poorly defined
environmental stimuli. (Bonen and Cho, Gastroenterology. 2003; 124:521-536; Gaya et al. Lancet.
2006;367:1271-1284).

Clinically, IBD 1is characterized by diverse manifestations often resulting in a chronic,
unpredictable course. Bloody diarrhea and abdominal pain are often accompanied by fever and weight
loss. Anemia is common, as is severe fatigue. Joint manifestations ranging from arthralgia to acute
arthritis as well as abnormalities in liver function are commonly associated with IBD. Patients with IBD
also have an increased risk of colon carcinomas compared to the general population. During acute
“attacks” of IBD, work and other normal activity are usually impossible, and often a patient is
hospitalized.

Although the cause of IBD remains unknown, several factors such as genetic, infectious and
immunologic susceptibility have been implicated. IBD is much more common in Caucasians, especially

those of Jewish descent. The chronic inflammatory nature of the condition has prompted an intense
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search for a possible infectious cause. Although agents have been found which stimulate acute
inflammation, none has been found to cause the chronic inflammation associated with IBD. The
hypothesis that IBD is an autoimmune disease is supported by the previously mentioned extraintestinal
manifestation of IBD as joint arthritis, and the known positive response to IBD by treatment with
therapeutic agents such as adrenal glucocorticoids, cyclosporine and azathioprine, which are known to
suppress immune response. In addition, the GI tract, more than any other organ of the body, is
continuously exposed to potential antigenic substances such as proteins from food, bacterial byproducts
(LPS), etc. The subtypes of IBD are UC and CD.

There is sufficient overlap in the diagnostic criteria for UC and CD that it is sometimes
impossible to say which a given patient has; however, the type of lesion typically seen is different, as is
the localization. UC mostly appears in the colon, proximal to the rectum, and the characteristic lesion is
a superficial ulcer of the mucosa; CD can appear anywhere in the bowel, with occasional involvement of
stomach, esophagus and duodenum, and the lesions are usually described as extensive linear fissures. CD
differs from UC in that the inflammation extends through all layers of the intestinal wall and involves
mesentery as well as lymph nodes. CD may affect any part of the alimentary canal from mouth to anus.
The disease is often discontinuous, i.e., severely diseased segments of bowel are separated from
apparently disease-free areas. In CD, the bowel wall also thickens which can lead to obstructions. In
addition, fistulas and fissures are not uncommon.

The current therapy of IBD usually involves the administration of antiinflammatory or
immunosuppressive agents, such as sulfasalazine, corticosteroids, 6-mercaptopurine/azathioprine, or
cyclosporine, which usually bring only partial results. If anti-inflammatory/immunosuppressive therapies
fail, colectomies are the last line of defense. The typical operation for CD not involving the rectum is
resection (removal of a diseased segment of bowel) and anastomosis (reconnection) without an ostomy.
Sections of the small or large intestine may be removed. About 30% of CD patients will need surgery
withjn the first year after diagnosis. In the subsequent years, the rate is about 5% per year. Unfortunately,
CD 1s characterized by a high rate of recurrence; about 5% of patients need a second su;gery each year
after initial surgery.

Refining a diagnosis of inflammatory bowel disease involves evaluating the progression status of
the diseases using standard classification criteria. The classification systems used in IBD include the
Truelove and Witts Index (Truelove S.C. and Witts, L.J. Br Med J. 1955;2:1041-1048), which classifies
colitis as mild, moderate, or severe, as well as Lennard-Jones. (Lennard-Jones JE. Scand J Gastroenterol
Suppl 1989;170:2-6) and the simple clinical colitis activity index (SCCAI). (Walmsley et. al. Gut.
1998;43:29-32) These systems track such variables as daily bowel movements, rectal bleeding,
temperature, heart rate, hemoglobin levels, erythrocyte sedimentation rate, weight, hematocrit score, and
the level of serum albumin.

In approximately 10-15% of cases, a definitive diagnosis of ulcerative colitis or Crohn's disease
cannot be made and such cases are often referred to as "indeterminate colitis." Two antibody detection

tests are available that can help the diagnosis, each of which assays for antibodies in the blood. The
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antibodies are "perinuclear anti-neutrophil antibody" (pANCA) and "anti-Saccharomyces cervisiae
antibody" (ASCA). Most patients with ulcerative colitis have the pANCA antibody but not the ASCA
antibody, while most patients with Crohn's disease have the ASCA antibody but not the pANCA
antibody. However, these two tests have shortcomings as some patients have neither antibody and some
Crohn's disease patients may have only the pANCA antibody.For clinical practice, a reliable test that
would indicate the presence and/or progression of an IBD based on molecular markers rather than the
measurement of a multitude of variables would be useful for identifying and/or treating individuals with
an IBD. Hypothesis free, linkage and association studies have identified genetic loci that have been
assoclated with UC, notably the MHC region on chromosome 6,(Rioux et al. Am J Hum Genet.
2000;66:1863-1870; Stokkers et al. Gut. 1999; 45:395-401: Van Heel et al. Hum Mol Genet.
2004;13:763-770) the IBD2 locus on chromosome 12 (Parkes et al. Am J Hum Genet. 2000:67:1605-
1610; Satsangi et al. Nat Genet. 1996;14:199-202) and the IBDS5 locus on chromosome 5. (Giallourakis
et. al. Am J. Hum Genet. 2003;73:205-211; Palmieri et. al Aliment Pharmacol Ther. 2006;23:497-506;
Russell et. al. Gut. 2006;55:1114-1123; Waller et. al. Gut. 2006;55:809-814) Following a UK wide
linkage scan identifying a putative loci of association for UC on chromosome 7q, further studies have
implicated variants in the ABCB1 (MDRI1) gene which is involved in cellular detoxification with UC.
(Satsangi et. al. Nat Genet. 1996;14:199-202; Brant et.al. Am J Hum Genet. 2003;73:1282-1292; Ho et.
al. Gastroenterology. 2005;128:288-296)

A complementary approach towards the identification and understanding of the complex gene-
gene and gene- environment relationships that result in the chronic intestinal inflammation observed in
mflammatory bowel disease (IBD) is microarray gene expression analysis. Microarrays allow a
comprehens‘ive picture of gene expression at the tissue and cellular level, thus helping understand the
underlying patho-physiological processes. (Stoughton et. al. Annu Rev Biochem. 2005;74:53-82)
Microarray analysis was first applied to patients with IBD in 1997, comparing expression of 96 genes in
surgical resections of patients with CD to synovial tissue of patients with rheumatoid arthritis. (Heller et.
al. Proc Natl Acad Sci U S A. 1997;94:2150-21.55) Further studies using microarray platforms to
interrogate surgical specimens from patients with IBD identified an number of novel genes that were
differentially regulated when diseased samples were compared to controls. (Dieckgraefe et.al. Physiol
Genomics. 2000;4:1-11; Lawrance et. al. Hum Mol Genet. 2001;10:445-456).

Current evidence suggests that the inflammatory bowel diseases, Crohn’s disease (CD) and
ulcerative colitis (UC) are complex non- Mendelian polygenic disorders with important environmental
interactions and stimuli. (Gaya et al. Lancet 2006;367:1271-1284) The finding that variants of the
NOD2/CARDI1S5 gene are associated with susceptibility to CD is regarded as a landmark discovery and
has catalysed widespread interest in the role of the innate and adaptive immune response in the
development of CD. (Hugot et al. Nature 2001;411:599-603; Ogura et al. Nature 2001;411:603-606)

Recently genome wide scans (GWS) have identified a number of genetic variants that are

associated with CD. The first genome wide association study was carried out in the Japanese CD
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population (Yamazaki et al. Hum Mol Genet 2005;14:3499-3506), and subsequent studies have now been
undertaken in CD populations in North America and Europe.

Polymorphisms in the IL-23R gene on chromosome 1p31 were observed to be associated with

CD mutially in a US study (Duerr et al. Science 2006;314:1461-1463), and this has now been widely

replicated in Europe catalyzing interest in the IL-23/ Th17 pathway. (The Wellcome Trust Case Control

Consortium, Nature 2007;447:661-678) In the past 2 years, a number of genome-wide association

studies (GWAS) in populations of European descent and a subsequent meta-analysis have identified 32

confirmed CD susceptibility genes/loci. (Barrett et al. Nat Genet 2008, Aug;40(8):955-62) These include

innate immune genes that are specific to CD; NOD?2, originally described in 2001 (Hugot et al. Nature

2001;411(6837):599-603; Ogura et al. Nature 2001;411(6837):603-6) and the autophagy genes
ATGIO6L1 and IRGM (The Wellcome Trust Case Control Consortium, Nature 2007;447:661-678),

clearly indicating that defects in the intracellular processing of bacteria constitutes a central feature in the
pathogenesis of CD. The discovery that germline variants of IL-23R were protective in CD coincided

with murine experiments detailing the contribution of IL-23 (rather than IL.-12 with which it shares the

- p40 subunit) to Thl7 driven chronic intestinal inflammation. (Duerr et al. Science

2006,314(5804):1461-3; Maloy et al. Mucosal Immunol 2008;1(5):339-49) The meta-analysis and

subsequent studies in UC have demonstrated that 3 other IL-23 pathway genes (IL12B, JAK2 and
STAT3) are all IBD susceptibility genes. (Barrett et al. Nat Genet 2008, Aug;40(8):955-62)

At present there are no large scale intestinal genomé—wide expression studies in CD. There is
now an immediate need to explore in detail the function and expression of the novel genetic associations.

We have previously applied the technique of genome-wide expression to examine gene profiles in

colonic biopsies from patients with UC. (Noble et al. Gut 2008, Oct;57(10):1398-405) Findings included

an expression gradient in the healthy adult colon and a change in expression of a number of novel genes

as well as established candidate genes such as the alpha defensins 5 and 6. In the healthy adult colon
cluster analysis showed differences in gene expression between the right and left colon and the
developmental genes HOXA13, HOXB13, GLI1 and GLI3 primarily drove this separation. In
UC expression of serum amyloid A1 (SAAT1) and the alpha defensins A5&6 were increased, and
the increase in DEFA5&6 expression was further characterized to Paneth cell metaplasia by
immunohistochemistry and in-situ hybridization.

Increasingly intestinal epithelial cells (IEC) are observed to play a critical role in immune
homeostasis in the gut. Indeed the discovery of the role of NOD2/CARD15 and other pathogen-
associated molecular pattern (PAMP) receptors play in recognizing intestinal pathogens and

responding to cellular stress signals have put IECs at the forefront of intestinal immunological

detense.(Strober et al., J.Clin.Invest 2007;117(3):514-21.) The IEC response targets the nuclear
transcription factor NF-xB, the central regulator of this pathway.

A number of microarray studies have now been carried out in immune cell subsets to try to

understand differences in gene expression during activation and inflammation. Genome wide expression
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from a compendium of six immune cell types has allowed investigators to identify a collection of
immune response in silico genes that have specific expression signatures in immune cells. (Abbas et al.
Genes Immun 2005;6:319-331) These genes have allowed investigators to differentiate signaling
pathways in immune cell subsets and to characterize the inflammatory response of genes known to play a
role in immune response and genes of unknown function.

Endoscopic pinch mucosal biopsies have allowed investigators to microarray tissue from a larger
range of patients encompassing those with less severe disease. Langmann et. al. used microarray
technology to analyze 22,283 genes in biopsy specimens from macroscopically non affected areas of the
colon and terminal ileum. (Langmann et. al. Géstroenterology. 2004;127:26-40) Genes which were
involved in cellular detoxification and biotransformation (Pregnane X receptor and MDR1) were
significantly downregulated in the colon of patients with UC, however, there was no change in the
expression of these genes in the biopsies from patients with CD. Costello and colleagues (Costello et. al.
PLoS Med. 2005;2:€199) looked at the expression of 33792 sequences in endoscopic sigmoid colon
biopsies obtained from healthy controls, patients with CD and UC. A number of sequences representing
novel proteins were differentially regulated and in silico analysis suggested that these proteins had
putative functions related to disease pathogenesis — transcription factors, signaling molecules and cell

adhesion.

In a study of patients with UC, Okahara et al. (Aliment Pharmacol Ther. 2005;21:1091-1097)

observed that (migration inhibitory factor- related protein 14 (MRP14), growth- related oncogene gamma
(GROy) and serum amyloid A1 (SAA1) were upregulated where as TIMP1 and elfin were down

regulated in the inflamed biopsies when compared to the non- inflamed biopsies. When observing 41

chemokines and 21 chemokine receptors, Puleston et al demonstrated that chemokines CXCLs 1-3 and 8
and CCL20 were upregulated in active colonic CD and UC. (Aliment Pharmacol Ther. 2005;21:109-120)
Overall these studies illustrate the heterogeneity of early microarray platforms and tissue collection.
However, despite these problems differential expression of a number of genes was consistently observed.

Despite the above identified advances in IBD research, there is a great need for additional
diagnostic and therapeutic agents capable of detecting IBD in a mammal and for effectively treating this
disorder.

All publications mentioned herein are incorporated herein by reference to disclose and describe
the methods and/or materials in connection with which the publications are cited. Publications cited
herein are cited for their disclosure prior to the filing date of the present application. Nothing here is to be
construed as an admission that the inventors are not entitled to antedate the publications by virtue of an
earlier priority date or prior date of invention. Further the actual publication dates may be different from

those shown and require independent verification.

Summary of the Invention

The present invention provides polynucleotides and polypeptides that are overexpressed in

inflammatory bowel disease (IBD) as compared to normal tissue, and methods of using those
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polypeptides, and their encoding nucleic acids, for to detect or diagnose the presence of IBD i1n
mammalian subjects and subsequently to treat those subjects in which IBD is detected with suitable IBD

therapeutic agents.

The present invention also provides methods for detecting the presence of and determining the
progression of IBD, including Crohn's disease (CD).

The invention disclosed herein provides methods and assays examining expression of one or
more gene expression markers in a mammalian tissue or cell sample, wherein the expression of one or
more such biomarkers is predictive of whether the mammalian subject from which the tissue or cell
sample was taken is more likely to have IBD. In various embodiments of the invention, the methods and
assays examine the expression of gene expression markers such as those listed in Table 1 and determine
whether expression is differentially expressed relative to a control sample.

[n one aspect, the invention concerns a method of detecting or diagnosing an IBD 1n a
mammalian subject comprising determining, in a biological sample obtained from the subject, a
differential expresSion level of (1) one or more nucleic acids encoding one or more polypeptides selected
from Table 1, or (11) RNA transcripts or their expression products of one or more genes selected from
Table 1, relative to the expression level in a control, wherein the differential level of expression is
indicative of the presence of an IBD in the subject from which the test sample was obtained. In all
embodiments, the expression level of a nucleic acid encoding a polypeptide shown as any one of SEQ ID
NOS: 5,6,8,11,12,2, 14,16, 18, 20, and 22, 1s determined.

In one embodiment, the methods of diagnosing or detecting the presence of an IBD in a
mammalian subject comprise determining that the expression level of (1) one or more nucleic acids
thereof of one or more genes selected from Table 1 in a test sample obtained from the subject is lower
relative to the level of expression in a control, wherein the lower level of expression is indicative of the
presence of IBD in the subject from which the test sample was obtained. In all embodiments, the lower
expression level of a nucleic acid encoding a polypeptide shown as any one of SEQ ID NOS: 5, 6, 8, 11,
12, 2, 14, and 16, 1s determined.

In another embodiment, the methods of diagnosing or detecting the presence of IBD in a
mammalian subject comprise determining that the expression level of (1) one or more nucleic acids
encoding one or more polypeptides selected from Table 1; or (i1)) RNA transcripts or expression products
thereof of one or more genes selected from Table 1 1n a test sample obtained from the subject is higher
relative to the level of expression in a control, wherein the higher level of expression is indicative of the
presence of IBD 1n the subject from which the test sample was obtained. In all embodiments, the higher
expression level of a nucleic acid encoding a polypeptide shown as any one of SEQ ID NOS: 18, 20, and
22 1s determined.

In one aspect, the methods are directed to diagnosing or detecting a flare-up of an IBD in
mammalian subject that was previously diagnosed with an IBD and is currently in remission. The subject

may have completed treatment for the IBD or 1s currently undergoing treatment for the IBD. In one
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embodiment, the methods comprise determining a differential expression level of (1) one or more nucleic
acids encoding one or more polypeptides selected from Table 1; or (i1)) RNA transcripts or expression
products thereof of one or more genes selected from Table 1 in a biological sample obtained from a
mammalian subject relative to the expression level of a control, wherein the difference in expression
indicates the subject is more likely to have an IBD flareup. In all embodiments, the differential
expression level of a nucleic acid encoding a polypeptide shown as any one of SEQ ID NOS: 5, 6, §, 11,
12, 2, 14, 16, 18, 20, and 22, 1s determined. In all embodiments, the test sample may be compared to a
prior test sample of the mammalian subject, if available, obtained before, after, or at the time of the intial
IBD diagnosis.

In all aspects, the mammalian subject preferably 1s a human patient, such as a human patient
diagnosed with or at risk of developing an IBD. The subject may also be an IBD patient who has
recetved prior treatment for an IBD but is at risk of a recurrence of the IBD. '

For all aspects of the method of the invention, determining the expression level of one or more
genes described herein (or one or more nucleic acids encoding polypeptide(s) expressed by one or more
of such genes) may be obtained, for example, by a method of gene expression profiling. The method of
gene expression profiling may be, for example, a PCR-based method.

In various embodiments, the diagnosis includes quantification of the expression level of (1) one
or more nucleic acids encoding one or more polypeptides selected from Table 1; or (i) RNA transcripts
or expression products thereof of one or more genes selected from Table 1, such as by
immunohistochemistry (IHC) and/or fluorescence in situ hybridization (FISH).

For all aspects of the invention, the expression levels of the genes may be normalized relative to
the expression levels of one or more reference genes, or their expression products.

For all aspects of the invention, the method may further comprise determining evidence of the
expression levels of at least two, three, four, five, six, seven, eight, or nine of said genes, or their
expression products.

In another aspect, the methods of present invention also contemplate the use of a “panel” of such
genes (1.e. IBD markers as disclosed herein) based on the evidence of their level of expression. In some
embodiments, the panel of IBD markers will include at least one, two, three, four, five, six, seven, eight,
or nine IBD markers. The panel may include an IBD marker that is overexpressed in IBD relative to a
control, an IBD marker that 1s underexpressed in IBD relative to a control, or IBD markers that are both
overexpressed and underexpressed in IBD relative to a control. Such panels may be used to screen a
mammalian subject for the differential expression of one or more IBD markers in order to make a
determination on whether an IBD is present in the subject.

In one embodiment, the IBD markers that make up the panel are selected from Table 1. In a
preferred embodiment, the methods of diagnosing or detecting the presence of an IBD in a mammalian
subject comprise determining a differential expression level of RNA transcripts or expression products
thereof from a panel of IBD markers in a test sample obtained from the subject relative to the level of

expression 1n a control, wherein the differential level of expression is indicative of the presence of an
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IBD 1n the subject from which the test sample was obtained. The differential expression in the test
sample may be higher and/or lower relative to a control as discussed herein.

For all aspects of the invention, the method may further comprise the step of creating a report
summarizing said prediction.

For all aspects, the IBD diagnosed or detected according to the methods of the present invention
1s Crohn’s disease (CD), ulcerative colitis (UC), or both CD and UC.

For all aspects of the invention, the test sample obtained from a mammalian subject may be
derived from a colonic tissue biopsy. In a preferred embodiment, the biopsy is a tissue selected from the
group consisting of terminal ileum, the ascending colon, the descending colon, and the sigmoid colon. In
other preferred embodiments, the biopsy is from an inflamed colonic area or from a non-inflamed colonic
area. The inflamed colonic area may be acutely inflamed or chronically inflamed.

For all aspects, determination of expression levels may occur at more than one time. For all
aspects of the invention, the determination of expression levels may occur before the patient is subjected
to any therapy betore and/or after any surgery. In some embodiments, the determining step is indicative
of a recurrence of an IBD in the mammalian subject following surgery or indicative of a flare-up of said
IBD 1n said mammalian subject. In a preferred embodiment, the IBD is Crohn’s disease.

In another aspect, the present invention concerns methods of treating a mammalian subject in

which the presence of an IBD has been detected by the methods described herein. For exaniple,

following a determination that a test sample obtained from the mammalian subject exhibits differential

expression relative to a control of one or more of the RNA transcripts or the corresponding gene products
of an IBD marker described herein, the mammalian subject may be administered an IBD therapeutic
agent. .

In one embodiment, the methods of treating an IBD in a mammalian subject in need thereof,
comprise (a) determining a differential expression level of (i) one or more nucleic acids encoding one or
more polypeptides selected from Table 1; or (ii) RNA transcripts or expression products thereof of one or
more genes selected from Table 1 in a test sample obtained from the subject relative to the expression
level of a control, wherein said differential level of expression is indicative of the presence of an IBD in
the subject from which the test sample was obtained; and (b) administering to said subject an effective
amount of an IBD therapeutic agent. In all embodiments, the expression level of a nucleic acid encoding
a polypeptide shown as any one of SEQ ID NOS: 5, 6, 8, 11, 12, 2, 14, 16, 18, 20, and 22, is determined.

In a preferred embodiment, the methods of treating an IBD comprise (a) determining that the
expression level of (1) one or more nucleic acids encoding one or more polypeptides selected from Table
1, or (1) RNA transcripts or expression products thereof of one or more genes selected from Table 1 in a
test sample obtained from the subject is lower relative to the level of expression in a control, wherein the
lower level of expression is indicative of the presence of an IBD in the subject from which the test
sample was obtained; and (b) administering to said subject an effective amount of an IBD therapeutic

agent. In all embodiments, the lower level of expression of a nucleic acid encoding a polypeptide shown

as any one of SEQ ID NOS: 5, 6, 8, 11, 12, 2, 14, and 16 is determined.
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In another preferred embodiment, the methods of treating an IBD comprise (a) determining that
the expression level of (i) one or more nucleic acids encoding one or more polypeptides selected from
Table 1; or (ii)) RNA transcripts or expression products thereof of one or more genes selected from Table
1 1n a test sample obtained from the subject is higher relative to the level of expression in a control,
wherein the higher level of expression is indicative of the presence of an IBD in the subject from which
the test sample was obtained. In all embodiments, the higher level of expression of a nucleic acid
encoding a polypeptide shown as any one of SEQ ID NOS: 18, 20, and 22, is determined.

In some preferred embodiments, the IBD therapeutic agent is one or more of an aminosalicylate,
a corticosteroid, and an immunosuppressive agent. '

In one aspect, the panel of IBD markers discussed above is useful in methods of treating an IBD
in a mammalian subject. In one embodiment, the mammalian subject is screened against the panel of
markers and if the presence of an IBD is determined, IBD therapeutic agent(s) may be administered as
discussed herein.

In a different aspect the invention concerns a kit comprising one or more of (1) extraction
buffer/reagents and protocol; (2) reverse transcription buffer/reagents and protocol; and (3) qPCR
butter/reagents and protocol suitable for performing the methods of this invention. The kit may comprise
data retrieval and analysis software.

In one embodiment, the gene whose differential expression is indicative of an IBD is one or more

of: CCL23, CXCL13, IRTAl, ATGI16L1, ATG4D, ATG3, ATG12, ATGI16L2, LC3B, or any

combination thereof.

These and further embodiments of the present invention will be apparent to those of ordinary

skill in the art.

Brief Description of Drawings

Figure 1 depicts the nucleic acid sequence (SEQ ID NO:1) encoding human IRTAI
polypeptide )

Figure 2 depicts the amino acid sequence (SEQ ID NO:2) encoded by the nucleic acid
sequence of Figure 1.

Figure 3 depicts the nucleic acid sequence (SEQ ID NO:3) encoding the CKbeta8-1
transcript of the human CCL23 polypeptide.

Figure 4 depicts the nucleic acid sequence (SEQ ID NO:4) encoding the CKbeta8
transcript of the human CCL23 polypeptide. o

Figure 5 depicts the amino acid sequence (SEQ ID NO:5) encoded by the nucleic acid
sequence of Figure 3. '

Figure 6 depicts the amino acid sequence (SEQ ID NO:6) encoded by the nucleic acid

sequence of Figure 4.
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Figure 7 depicts the nucleic acid sequence (SEQ ID NO:7) encoding human CXCL13
polypeptide.

Figure 8 depicts the amino acid sequence (SEQ ID NO:8) encoded by the nucleic acid
sequence of Figure 7.

Figure 9 depicts the nucleic acid sequence (SEQ ID NO:9) encoding human ATG16L1
polypeptide (isoform 2).

Figure 10 depicts the nucleic acid sequence (SEQ ID NO:10) encoding human ATG16L1
polypeptide (isoform 1).

Figure 11 depicts the amino acid sequence (SEQ ID NO:11) encoded by the nucleic acid
sequence of Figure 9. _

Figure 12 depicts the amino acid sequence (SEQ ID NO:12) encoded by the nucleic acid
sequence of Figure 10.

Figure 13 depicts the nucleic acid sequence (SEQ ID NO:13) encoding human ATG4D
polypeptide. ' |

Figure 14 depicts the amino acid sequence (SEQ ID NO:14) encoded by the nucleic acid
sequence of Figure 13. ‘

Figure 15 depicts the nucleic acid sequence (SEQ ID NO:15) encoding human ATG3

polypeptide.

Figure 16 depicts the amino acid sequence (SEQ ID NO:16) encoded by the nucleic acid

sequence of Figure 15.

Figure 17 depicts the nucleic acid sequence (SEQ ID NO:17) encoding human ATG12
polypeptide.

Figure 18 depicts the amino acid sequence (SEQ ID NO:18) encoded by the nucleic acid
sequenZe of Figure 17.

' Figure' 19 depicts the nucleic acid sequence (SEQ ID NO:19) encoding human ATG16L2

polypeptide.

Figure 20 depicts the amino acid sequence (SEQ ID NO:20) encoded by the nucleic acid
sequence of Figure 19.

Figure 21 depicts the nucleic acid sequence (SEQ ID NO:21) encoding human LC3B
polypeptide. o

Figure 22 depicts the amino acid sequence (SEQ ID NO:22) encoded by the nucleic acid

sequence of Figure 21.

Figure 23 illustrates hierarchical clustering of terminal ileal biopsies from females with Crohn’s
disease and controls. The data comprises terminal ileal biopsies from 8 patients with CD, three healthy

controls with normal terminal ileal pathology and one patient with UC who had normal terminal ileal
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pathology were clustered. The CD, UC and control patients are annotated with the inflammation status of
the biopsy. The degree of upregulation measured in red and downregulation measured in blue can be
quantified using the logarithmic key. Two areas appeared to be driving this separation and these have

been highlighted in solid line oval- downregulated and dashed line oval - upregulated.

Figure 24 depicts fold changes in gene expression, comparing CD biopsies to controls.
Gene Annotation: SAAl-serum amyloid A1, REGL- Rat regenerating islet-derivedlike human
homolog, SI00A8 & 9-calcium binding protein A8 and A9, TNIP3-TNFAIP3 interacting protein
3, IL-8- Interleukin 8, IF- I factor (complement), KCND3- Potassium voltage-gated channel
(Shal-related subfamily) member 3, CLECSF12- C-type (calcium dependent, carbohydrate-
recognition domain) lectin, regenerating islet-derived 3 gamma- Pancreatitis-associated protein
2, TFECTranscription factor EC, IGSF6- Immunoglobulin superfamily member 6,
A 32 P90385- unknown, GW112- Olfactomedin-4 Precursor (OLM4), MGC27165-Protein
containing four immunoglobulin (Ig) domains, MMP3- matrix metalloproteinase 3, KLK12-
kallikrein 12, TZFP- testis zinc finger protein, REG4-regenerating islet-derived family, member
4, CLECSF9- C-t ype (calcium dependent, carbohydrate-recognition ddmain) lectin,
superfamily member 9, IF- I factor (complement), AVP- Prepro-arginine vasopressin-
neurophysin II, AATK- apoptosisassociated tyrosine kinase, ECT2- epithelial cell transforming
sequence 2 oncogene, SLC26A2- solute carrier family' 26, XRRA1- X-ray radiation resistance
associated 1, RPS28- ribosomal protein S28, ISL1- Insulin gene enhancer protein 1,
MGC29643-LY6/PLAUR domain containing 1, AQP8- aquaporin 8, FLJ25770- Hypothetical
protein, ANKRD17- ankyrin repeat domain 17, A 32 P191066- Weakly similar to PN0099,
FLJ12572- Hypothetical protein, LOC339881- similar to eukaryotic initiation factor 4B, NKD1-
naked cuticle homolog 1, CA1 & 2- carbonic anhydrase 1 & 2, PRAC- Prostate, rectum and
colon expressed gene protein, LOC389023-hypothetical gene, SLC14A2- solute carrier family
14.

Figure 25 depicts fold changes in gene expression, comparing CD and control biopsies of
the terminal ileum. Gene annotation: UBD- Diubiquitin, TIMD4- T-cell immunoglobulin and
mucin domain-containing protein 4 Precursor, FLLJ25393 & FLJ27099- hypothetical proteins,
SOX14- SRY (sex determining region Y)-box 14, BX108833- Soares infant brain 1NIB, HK2-
Hexokinase-2, RP11-653A5.1- novel protein, TEX12- testis expressed sequence 12, III-
prostate-specific membrane antigen-like protein, S100P- S100 calcium binding protein P,
Clort34- DEME-6 protein, Sprn-shadow of prion protein, FOLH1- folate hydrolase,
LOC92552- similar to homologue of MJD, EYA2- Eyesabsent homolog 2, CEACAMS3-
carcinoembryonic antigen-related cell adhesion molecule 3, Cl14orf81- hypothetical protein

LOC90925, MUC4- mucin 4, TNFRSF13C- Tumor necrosis factor receptor superfamily
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member 13C, HEBP1-Heme-binding protein, ARHGAP24- Rho GTPase-activating protein 24,
LOC375180-Homo sapiens LOC388920, SUSD2- sushi domain containing 2, AGXT?2-
alanineglyoxylate aminotransferase 2, CYFIP2- Cytoplasmic FMRI1 interacting protein 2,
FNBP1- Formin binding protein 1, SLC28A2- Solute carrier family 28 member 2,
OTTHUMPO00000011522- hyporthetical protein MGC27169, PAXS8- paired box gene 8,
CXCR4- CXC chemokine receptor 4, APOA1- apolipoprotein A-I, C6orf32-chromosome 6 open
reading frame 32, NPPC- C-type natriuretic peptide, CCL23-chemokine (C-C motif) ligand 23,
APOC3- apolipoprotein C-III, IRTAIl-immunoglobulin superfamily receptor translocation
associated 1, MGC27169-hypothetical protein.

Figure 26 depicts fold changes in gene expression, comparing non- inflamed CD and
control sigmoid colon biopsies.

Figure 27 depicts fold changes in gene expression, comparing inflamed and non- inflamed

CD sigmoid colon biopsies.

Figure 28 illustrates expression analysis of the IL.-23/ Th17 pathway in Crohn’s disease and
controls. The IL-23 pathway is depicted along with gene expression of constituent molecules in CD and
control biopsies separated by inflammation status. Gene expression is shown as box- whisker plots. The
boxes are 25th to the 75th centile. The IL-23 pathway is upregulated in CD biopsies compared to controls
and 1n inflamed CD biopsies compared to non- inflamed CD biopsies. '

Figure 29 illustrates the expression analysis of the autophagy pathway in Crohn’s disease and

controls. The autophagy pathway with gene expression is shown as box-whisker plots. Differential gene

expression was observed in 6 of the 20 genes that were examined with ATGI16LI, ATG4D and ATG3
being downregulated and ATG12, ATG16L2 and LC3B marginally upregulated. PE —
Phosphatidylethanolamine, a lipid which covalently attaches to ATG8/LC3 and mediates its attachment
to autophagic membranes.

Figure 30 shows sigmoid colon Crohn’s Disease and control biopsies clustered by epithelial cell
markers. The colonic biopsies are annotated along the top of the figure: controls (e.g., numbers 1-5, and
7-11), non- inflamed CD (numbers 6, 12, 34, 50-51, and 57), inflamed CD (numbers 15, 45, 49, 52-55,
58, and 60-61), untreated CD ( numbers 42, 46-48, 56, and 59). On the right of the figure the epithelial
cell cytokines are annotated. The degree of upregulation measured in red and downregulation measured

in blue can be quantified using the logarithmic key.

Detailed Description of the Invention

A. Definitions

Unless defined otherwise, technical and scientific terms used herein have the same meaning as

commonly understood by one of ordinary skill in the art to which this invention belongs. Singleton et al.,
Dictionary ot Microbiology and Molecular Biology 2nd ed., J. Wiley & Sons (New York, NY 1994), and
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March, Advanced Organic Chemistry Reactions, Mechanisms and Structure 4th ed., John Wiley & Sons
(New York, NY 1992), provide one skilled in the art with a general guide to many of the terms used in
the present application.

One skilled in the art will recognize many methods and materials similar or equivalent to those
described herein, which could be used in the practice of the present invention. Indeed, the present
invention is in no way limited to the methods and materials described. For purposes of the present
invention, the following terms are defined below.

The term "inflammatory bowel disease” or “IBD" is used as a collective term for ulcerative
colitis and Crohn's disease. Although the two diseases are generally considered as two different entities,
their common characteristics, such as patchy necrosis of the surface epithelium, focal accumulations of
leukocytes adjacent to glandular crypts, and an increased number of intraepithelial lymphocytes (IEL)
and certain macrophage subsets, justify their treatment as a single disease group.

The term “Crohn’s disease” or “CD” is used herein to refer to a condition involving chronic
inflammation of the gastrointestinal tract. Crohn's-related inflammation usually affects the intestines, but
may occur anywhere from the mouth to the anus. CD differs from UC in that the inflammation extends
through all layers of the intestinal wall and involves mesentery as well as lymph nodes. The disease is
often discontinuous, i.e., severely diseased segments of bowel are separated from apparently disease-free

areas. In CD, the bowel wall also thickens which can lead to obstructions, and the development Qf

fistulas and fissures are not uncommon. As used herein, CD may be one or more of several types of CD,

including without limitation, ileocolitis (affects the ileum and the large intestine); ileitis (affects the

1leum); gastroduodenal CD (inflammation in the stomach and the duodenum); jejunoileitis (spotty

patches of inflammation in the jejunum); and Crohn's (granulomatous) colitis (only affects the large
intestine). .

The term “ulcerative colitis” or “UC” is used herein to refer to a condition involving
inflammation of the large intestine and rectum. In patients with UC, there is an inflammatory reaction
primarily involving the colonic mucosa. The inflammation is typically uniform and continuous with no
intervening areas of normal mucosa. Surface mucosal cells as well as crypt epithelium and submucosa
are involved 1n an inflammatory reaction with neutrophil infiltration. Ultimately, this reaction typically
progresses to epithelial damage and loss of epithelial cells resulting in multiple ulcerations, fibrosis,
dysplasia and longitudinal retraction of the colon.

The term “inactive” IBD i1s used herein to mean an IBD that was previously diagnosed in an
individual but is currently in remission. This is in contrast to an “active” IBD in which an individual has
been diagnosed with and IBD but has not undergone treatment. In addition, the active IBD may be a
recurrence of a previously diagnosed and treated IBD that had gone into remission (i.e. become an
inactive IBD). Such recurrences may also be referred to herein as “flare-ups” of an IBD. Mammalian
subjects having an active autoimmune disease, such as an IBD, may be subject to a flare-up, which is a

period of heightened disease activity or a return of corresponding symptoms. Flare-ups may occur in
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response to severe infection, allegic reactions, physical stress, emotional trauma, surgery, or
environmental factors.

The term "modulate" is used herein to mean that the expression of the gene, or level of RNA
molecule or equivalent RNA molecules encoding one or more proteins or protein subunits, or activity of
one or more proteins or protein subunits is up regulated or down regulated, such that expression, level, or
activity is greater than or less than that observed in the absence of the modulator.

The terms “inhibit”, “down-regulate”, “underexpress” and “reduce” are used interchangeably and
mean that the expression of a gene, or level of RNA molecules or equivalent RNA molecules encoding
one or more proteins or protein subunits, or activity of one or more proteins or protein subunits, is
reduced relative to one or more controls, such as, for example, one or more positive and/or negative
controls.

The term “up-regulate” or “overexpress” is used to mean that the expression of a gene, or level of
RNA molecules or equivalent RNA molecules encoding one or more proteins or protein subunits, or
activity of one or more proteins or protein subunits, is elevated relative to one or more controls, such as,
for example, one or more positive and/or negative controls.

The term "diagnosis" is used herein to refer to the identification of a molecular or pathological
state, disease or condition, such as the identification of IBD.

The term "prognosis" is used herein to refer to the prediction of the likelihood of IBD

development or progression, including autoimmune flare-ups and recurrences following surgery.

Prognostic factors are those variables related to the natural history of IBD, which influence the recurrence

rates and outcome of patients once they have developed IBD. Clinical parameters that may be associated

with a worse prognosis include, for example, an abdominal mass or tenderness, skin rash, swollen joints,
mouth ulcers, and borborygmus (gurgling or splashing sound over the intestine). Prognostic factors may
be used to categorize patients into subgroups with different baseline recurrence risks.

The “pathology” of an IBD includes all phenomena that compromise the well-being of the
patient. IBD pathology is primarily attributed to abnormal activation of the immune system in the
intestines that can lead to chronic or acute inflammation in the absence of any known foreign antigen, and
subsequent ulceration. Clinically, IBD is characterized by diverse manifestations often resulting in a
chronic, unpredictable course. Bloody diarrhea and abdominal pain are often accompanied by fever and
weight loss. Anemia is not uncommon, as is severe fatigue. Joint manifestations ranging from arthralgia
to acute arthritis as well as abnormalities in liver function are commonly associated with IBD. During
acute “attacks” of IBD, work and other normal activity are usually impossible, and often a patient is
hospitalized.

The aetiology of these diseases is unknown and the initial lesion has not been clearly defined;
however, patchy necrosis of the surface epithelium, focal accumulations of leukocytes adjacent to
glandular crypts, and an increased number of intraepithelial lymphocytes and certain macrophage subsets

have been described as putative early changes, especially in Crohn's disease.
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The term “treatment” refers to both therapeutic treatment and prophylactic or preventative
measures for IBD, wherein the object is to prevent or slow down (lessen) the targeted pathologic
condition or disorder. Those in need of treatment include those already with an IBD as well as those
prone to have an IBD or those in whom the IBD is to be prevented. Once the diagnosis of an IBD has
been made by the methods disclosed herein, the goals of therapy are to induce and maintain a remission.

Various agents that are suitable for use as an “IBD therapeutic agent” are known to those of
ordinary skill in the art. As described herein, such agents include without limitation, aminosalicylates,
corticosteroids, and immunosuppressive agents.

The term “test sample” refers to a sample from a mammalian subject suspected of having an IBD,
known to have an IBD, or known to be in remission from an IBD. The test sample may originate from
various sources in the mammalian subject including, without limitation, blood, semen, serum, urine,
feces, bone marrow, mucosa, tissue, etc. The test sample may originate from a tissue biopsy of the
gastrointestinal tract including, without limitation, ascending colon tissue, descending colon tissue,
sigmoid colon tissue, ileocolon, and terminal ileum tissue.

The term “control” or “control sample” refers a negative control in which a negative result is
expected to help correlate a positive result in the test sample. Controls that are suitable for the present
invention include, without limitation, a sample known to have normal levels of gene expression, a sample
obtained from a mammalian subject known not to have an IBD, and a sample obtained from a

mammalian subject known to be normal. A control may also be a sample obtained from a subject

previously diagnosed and treated for an IBD who is currently in remission; and such a control is useful in

determining any recurrence of an IBD in a subject who is in remission. In addition, the control may be a

sample containing normal cells that have the same origin as cells contained in the test sample. Those of
skill in the art will appreciate other controls suitable for use in the present invention.

The term "microarray" refers to an ordered arrangement of hybridizable array elements,

- preferably polynucleotide probes, on a substrate.

The term "polynucleotide,” when used in singular or plural, generally refers to any
polyribonucleotide or polydeoxribonucleotide, which may be unmodified RNA or DNA or modified
RNA or DNA. Thus, for instance, polynucleotides as defined herein include, without limitation, single-
and double-stranded DNA, DNA including single- and double-stranded regions, single- and double-
stranded RNA, and RNA including single- and double-stranded regions, hybrid molecules comprising
DNA and RNA that may be single-stranded or, more typically, double-stranded or include single- and
double-stranded regions. In addition, the term “polynucleotide” as used herein refers to triple-stranded
regions comprising RNA or DNA or both RNA and DNA. The strands in such regions may be from the
same molecule or from different molecules. The regions may include all of one or more of the molecules,
but more typically imvolve only a region of some of the molecules. One of the molecules of a triple-
helical region often is an oligonucleotide. The term “polynucleotide” specifically includes cDNAs. The
term includes DNAs (including cDNAs) and RNAs that contain one or more modified bases. Thus,

DNAs or RNAs with backbones modified for stability or for other reasons are "polynucleotides"” as that
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term is intended herein. Moreover, DNAs or RNAs comprising unusual bases, such as inosine, or
modified bases, such as tritiated bases, are included within the term “polynucleotides” as defined herein.
In general, the term “polynucleotide” embraces all chemically, enzymatically and/or metabolically
modified forms of unmodified polynucleotides, as well as the chemical forms of DNA and RNA
characteristic of viruses and cells, including simple and complex cells.

The term "oligonucleotide" refers to a relatively short polynucleotide, including, without
limitation, single-stranded deoxyribonucleotides, single- or double-stranded ribonucleotides, RNA:DNA
hybrids and double-stranded DNAs.  Oligonucleotides, such as single-stranded DNA probe
oligonucleotides, are often synthesized by chemical methods, for example using automated
oligonucleotide synthesizers that are commercially available. However, oligonucleotides can be made by
a variety of other methods, including in vitro recombinant DNA-mediated techniques and by expression
of DNAs in cells and organisms.

The terms “differentially expressed gene,” “differential gene expression” and their synonyms,
which are used interchangeably, refer to a gene whose expression is activated to a higher or lower level in
a subject sutfering from a disease, specifically an IBD, such as UC or CD, relative to its expression in a
normal or control subject. The terms also include genes whose expression is activated to a higher or
lower level at different stages of the same disease. It is also understood that a differentially expressed

gene may be either activated or inhibited at the nucleic acid level or protein level, or may be subject to

alternative splicing to result in a different polypeptide product. Such differences may be evidenced by a
change in mRNA levels, surface expression, secretion or other partitioning of a polypeptide, for example.

Dafferential gene expression may include a comparison of expression between two or more genes or their

gene products, or a comparison of the ratios of the expression between two or more genes or their gene
products, or even a comparison of two differently processed products of the same gene, which differ
between normal subjects and subjects suffering from a disease, specifically an IBD, or between various
stages of the same disease. Differential expression includes both quantitative, as well as qualitative,
differences in the temporal or cellular expression pattern in a gene or its expression products among, for
example, normal and diseased cells, or among cells which have undergone different disease events or
disease stages. For the purpose of this invention, ‘“differential gene expression” is considered to be
present when there is an at least about one-fold, at least about 1.5-fold, at least about 2-fold, at least about
2.5-fold, at least about 3-fold, at least about 3.5 fold, at least about 4-fold, at least about 4.5-fold, at least
about 5-fold, at least about 5.5-fold, at least about 6-fold, at least about 7-fold, at least about 8-fold, at
least about 9-fold, or at least about 10-fold difference between the expression of a given gene in normal
and diseased subjects, or in various stages of disease development in a diseased subject.

The term “over-expression” with regard to an RNA transcript is used to refer to the level of the
transcript determined by normalization to the level of reference mRNAs, which might be all transcripts
detected in the specimen or a particular reference set of mRNAs.

The phrase “gene amplification” refers to a process by which multiple copies of a gene or gene

fragment are formed in a particular cell or cell line. The duplicated region (a stretch of amplified DNA)
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is often referred to as “amplicon”. Usually, the amount of the messenger RNA (mRNA) produced, i.e.,
the level of gene expression, also increases in the proportion of the number of copies made of the
particular gene expressed.

In general, the term “marker” or “biomarker” or refers to an identifiable physical location on a
chromosome, such as a restriction endonuclease recognition site or a gene, whose inheritance can be
monitored. The marker may be an expressed region of a gene referred to as a “gene expression marker”,
or some segment of DNA with no known coding function. An “IBD marker” as used herein refers those
genes listed in Table 1.

"Stringency" of hybridization reactions is readily determinable by one of ordinary skill in the art,
and generally is an empirical calculation dependent upon probe length, washing temperature, and salt
concentration. In general, longer probes require higher temperatures for proper annealing, while shorter
probes need lower temperatures. Hybridization generally depends on the ability of denatured DNA to
reanneal when complementary strands are present in an environment below their melting temperature.
The higher the degree of desired homology between the probe and hybridizable sequence, the higher the
relative temperature which can be used. As a result, it follows that higher relative temperatures would
tend to make the reaction conditions more stringent, while lower temperatures less so. For additional

details and explanation of stringency of hybridization reactions, see Ausubel et al., Current Protocols in

Molecular Biology, Wiley Interscience Publishers, (1995).

"Stringent conditions" or "high stringency conditions", as defined herein, typically: (1) employ

low ionic strength and high temperature for washing, for example 0.015 M sodium chloride/0.0015 M
sodium citrate/0.1% sodium dodecyl sulfate at 50°C; (2) employ during hybridization a denaturing agent,

such as formamide, for ‘example, 50% (v/v) formamide with 0.1% bovine serum albumin/0.1%
Ficoll/0.1% polyvinylpyrrolidone/S50mM sodium phosphate buffer at pH 6.5 with 750 mM sodium
chloride, 75 mM sodium citrate at 42°C; or (3) employ 50% formamide, 5 x SSC (0.75 M NaCl, 0.075 M
sodium citrate), 50 mM sodium phosphate (pH 6.8), 0.1% sodium pyrophosphate, 5 x Denhardt’s
solution, sonicated salmon sperm DNA (50 pg/ml), 0.1% SDS, and 10% dextran sulfate at 42°C, witﬁ
washes at 42°C in 0.2 x SSC (sodium chloride/sodium citrate), 50% formamide, followed by a high-

stringency wash consisting of 0.1 x SSC containing EDTA at 55°C.

"Moderately stringent conditions" may be identified as described by Sambrook et al., Molecular

Cloning: A ILaboratory Manual, New York: Cold Spring Harbor Press, 1989, and include the use of

washing solution and hybridization conditions (e.g., temperature, ionic strength and %SDS) less stringent

that those described above. An example of moderately stringent conditions is overnight incubation at
37°C m a solution comprising: 20% formamide, 5 x SSC (150 mM NaCl, 15 mM trisodium citrate), 50
mM sodium phosphate (pH 7.6), 5 x Denhardt’s solution, 10% dextran sulfate, and 20 mg/ml denatured
sheared salmon sperm DNA, followed by washing the filters in 1 x SSC at about 37-50°C. The skilled

artisan will recognize how to adjust the temperature, ionic strength, etc. as necessary to accommodate

factors such as probe length and the like.

17



10

15

20

25

30

35

CA 02768711 2012-01-19
WO 2011/011339 PCT/US2010/042487

In the context of the present invention, reference to "at least one," "at least two," "at least five,"
etc. of the genes listed in any particular gene set means any one or any and all combinations of the genes
listed.

The terms “splicing” and “RNA splicing” are used interchangeably and refer to RNA processing
that removes introns and joins exons to produce mature mRNA with continuous coding sequence that
moves 1nto the cytoplasm of an eukaryotic cell.

In theory, the term “exon” refers to any segment of an interrupted gene that is represented in the

mature RNA product (B. Lewin. Genes IV Cell Press, Cambridge Mass. 1990). In theory the term

“intron” refers to any segment of DNA that is transcribed but removed from within the transcript by
splicing together the exons on either side of it. Operationally, exon sequences occur in the mRNA
sequence of a gene as defined by Ref. SEQ ID numbers. Operationally, intron sequences are the
intervening sequences within the genomic DNA of a gene, bracketed by exon sequences and having GT
and AG splice consensus sequences at their 5° and 3’ boundaries.

An “interfering RNA” or “small interfering RNA (siRNA)” is a double stranded RNA molecule
usually less than about 30 nucleotides in length that reduces expression of a target gene. Interfering
RNAs may be identified and synthesized using known methods (Shi Y., Trends in Genetics 19(1):9-12
(2003), WO/2003056012 and WO02003064621), and siRNA libraries are commercially available, for
example from Dharmacon, Lafayette, Colorado.

A “native sequence” polypeptide is one which has the same amino acid sequence as a
polypeptide derived from nature, including naturally occurring or allelic variants. Such native sequence

polypeptides can be isolated from nature or can be produced by recombinant or synthetic means. Thus, a

‘native sequence polypeptlde can have the amino acid sequence of naturally occurring human polypeptide,

murine polypeptide, or polypeptide from any other mammalian species.

The term “antibody” herein is used in the broadest sense and specifically covers monoclonal
antibodies, polyclonal antibodies, multispecific antibodies (e.g. bispecific antibodies), and antibody
fragments, so long as they exhibit the desired biological activity. The present invention Sarticularly
contemplates antibodies against one or more of the IBD markers disclosed herein. Such antibodies may
be referred to as “anti-IBD marker antibodies”.

The term “monoclonal antibody” as used herein refers to an antibody from a population of
substantially homogeneous antibodies, i.e., the individual antibodies comprising the population are
identical and/or bind the same epitope(s), except for possible variants that may arise during production of
the monoclonal antibody, such variants generally being present in minor amounts. Such monoclonal
antibody typically includes an antibody comprising a polypeptide sequence that binds a target, wherein
the target-binding polypeptide sequence was obtained by a process that includes the selection of a single
target binding polypeptide sequence from a plurality of polypeptide sequences.

The monoclonal antibodies herein specifically include “chimeric” antibodies in which a portion
of the heavy and/or light chain is identical with or homologous to corresponding sequences in antibodies

derived from a particular species or belonging to a particular antibody class or subclass, while the
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remainder of the chain(s) is identical with or homologous to corresponding sequences in antibodies
derived from another species or belonging to another antibody class or subclass, as well as fragments of
such antibodies, so long as they exhibit the desired biological activity (U.S. Patent No. 4,816,567; and
Morrison et al.,, Proc. Natl. Acad. Sci. USA, 81:6851-6855 (1984)). Chimeric antibodies of interest
herein include “primatized” antibodies comprising variable domain antigen-binding sequences derived
from a non-human primate (e.g. Old World Monkey, Ape etc) and human constant region sequences, as
well as “humanized” antibodies.

“Humamzed” forms of non-human (e.g., rodent) antibodies are chimeric antibodies that contain
minimal sequence derived from non-human immunoglobulin. For the most part, humanized antibodies
are human immunoglobulins (recipient antibody) in which residues from a hypervariable region of the
recipient are replaced by residues from a hypervariable region of a non-human species (donor antibody)
such as mouse, rat, rabbit or nonhuman primate having the desired specificity, affinity, and capacity.

An “intact antibody” herein is one which comprises two antigen binding regions, and an Fc
region. Preferably, the intact antibody has a functional Fc region.

“Antibody fragments” comprise a portion of an intact antibody, preferably comprising the
antigen binding region thereof. Examples of antibody fragments include Fab, Fab', F(ab'),, and Fv
fragments; diabodies; linear antibodies; single-chain antibody molecules; and multispecific antibodies
formed from antibody fragment(s).

“Native antibodies” are usually heterotetrameric glycoproteins of about 150,000 daltons,

composed of two identical light (L) chains and two identical heavy (H) chains. Each light chain is linked

to a heavy chain by one covalent disulfide bond, while the number of disulfide hnkages varies among the
heavy chains of different immuno globulm isotypes. Each heavy and light chain also has regularly spaced
intrachain disulfide bridges. Each heavy chain has at one end a variable domain (Vy) followed by a
number of constant domains. Each light chain has a variable domain at one end (V) and a constant
domain at its other end. The constant domain of the light chain is aligned with the first constant domain .
of the heavy chain, and the light-chain variable domain is aligned with the variable domain of the heavy
chain. Particular amino acid residues are believed to form an interface between the light chain and heavy
chain variable domains.

The term “variable” refers to the fact that certain portions of the variable domains differ
extensively in sequence among antibodies and are used in the binding and specificity of each particular
antibody for its particular antigen. However, the variability is not evenly distributed throughout the
variable domains of antibodies. It is concentrated in three segments called hypervariable regions both in
the light chain and the heavy chain variable domains. The more highly conserved portions of variable
domains are called the framework regions (FRs). The variable domains of native heavy and light chains
each comprise four FRs, largely adopting a B-sheet configuration, connected by three hypervariable
regions, which form loops connecting, and in some cases forming part of, the B-sheet structure. The
hypervariable regions in each chain are held together in close proximity by the FRs and, with the

hypervariable regions from the other chain, contribute to the formation of the antigen-binding site of
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antibodies (see Kabat et al., Sequences of Proteins of Immunological Interest, 5th Ed. Public Health
Service, National Institutes of Health, Bethesda, MD. (1991)).

The term “hypervariable region,” “HVR,” or “HV,” when used herein refers to the regions of an
antibody-variable domain that are hypervariable in sequence and/or form structurally defined loops.
Generally, antibodies comprise six HVRs; three in the VH (H1, H2, H3), and three in the VL (L1, L2,
L3). In native antibodies, H3 and L3 display the most diversity of the six HVRs, and H3 in particular is
believed to play a unique role in conferring fine specificity to antibodies. See, e.g., Xu et al. Immunity
13:37-45 (2000); Johnson and Wu in Methods in Molecular Biology 248:1-25 (Lo, ed., Human Press,
Totowa, NJ, 2003)). Indeed, naturally occurring camelid antibodies consisting of a heavy chain only are
functional and stable in the absence of light chain. See, e.g., Hamers-Casterman et al., Nature 363:446-
448 (1993) and Sheriff et al., Nature Struct. Biol. 3:733-736 (1996).

A number of HVR delineations are in use and are encompassed herein. The Kabat
Complementarity Determining Regions (CDRs) are based on sequence variability and are the most
commonly used (Kabat et al., Sequences of Proteins of Immunological Interest, 5th Ed. Public Health
Service, National Institutes of Health, Bethesda, MD. (1991)). Chothia refers instead to the location of
the structural loops (Chothia and Lesk J. Mol. Biol. 196:901-917 (1987)). The AbM HVRs represent a
compromise between the Kabat HVRs and Chothia structural loops, and are used by Oxford Molecular's

AbM antibody modeling software. The “contact” HVRs are based on an analysis of the available

complex crystal structures. The residues from each of these HVRs are noted below.

Loop Kabat AbM Chothia  Contact

L1 L24-1L34 124134 126132 130-L36

L2 150-L56 L50-L56 L50-L52 LAG-LSS

L3 L89-L97 L89-L97 1L91-L96 L89-196

Hl H31-H35B H26-H35B H26-H32 H30-H35B
(Kabat Numbering) . }

HI H31-H35 H26-H35 H26-H32 H30-H35

~ (Chothia Numbering)

H2 H50-H65 H50-HS58 H53-H55 HA47-H58

H3 H95-H102 H95-H102 H96-HI101 H93-H101

HVRs may comprise “extended HVRs” as follows: 24-36 or 24-34 (L1), 46-56 or 50-56 (L.2) and
89-97 or 89-96 (L3) in the VL and 26-35 (H1), 50-65 or 49-65 (H2) and 93-102, 94-102, or 95-102 (H3)
in the VH. The variable domain residues are numbered according to Kabat et al., supra, for each of these
definitions.

The expression “variable-domain residue-numbering as in Kabat” or “amino-acid-position
numbering as in Kabat,” and variations thereof, refers to the numbering system used for heavy-chain

variable domains or light-chain variable domains of the compilation of antibodies in Kabat et al., supra.
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Using this numbering system, the actual linear amino acid sequence may contain fewer or additional
amino acids corresponding to a shortening of, or insertion into, a FR or HVR of the variable domain. For
example, a heavy-chain variable domain may include a single amino acid insert (residue 52a according to
Kabat) after residue 52 of H2 and inserted residues (e.g. residues 82a, 82b, and 82c, etc. according to
Kabat) after heavy-chain FR residue 82. The Kabat numbering of residues may be determined for a
given antibody by alignment at regions of homology of the sequence of the antibody with a “standard”
Kabat numbered sequence.

Papain digestion of antibodies produces two identical antigen-binding fragments, called “Fab”
fragments, each with a single antigen-binding site, and a residual “Fc¢” fragment, whose name reflects its
ability to crystallize readily. Pepsin treatment yields an F(ab'), fragment that has two antigen-binding
sites and 1is still capable of cross-linking antigen.

“Fv” 1s the minimum antibody fragment which contains a complete antigen-recognition and
antigen-binding site. This region consists of a dimer of one heavy chain and one light chain variable
domain in tight, non-covalent association. It is in this configuration that the three hypervariable regions
of each variable domain interact to define an antigen-binding site on the surface of the Vy-V; dimer.
Collectively, the six hypervariable regions confer antigen-binding specificity to the antibody. However,
even a single variable domain (or half of an Fv comprising only three hypervariable regions specific for

an antigen) has the ability to recognize and bind antigen, although at a lower affinity than the entire

binding site.

The Fab fragment also contains the constant domain of the light chain and the first constant

domain (CH1) of the heavy chain. Fab' fragments differ from Fab fragments by the addition of a few

residues at the carbéxy terminus of the heavy chain CH1 domain including one or more cysteines from
the antibody hinge region. Fab'-SH is the designation herein for Fab' in which the cysteine residue(s) of
the constant domains bear at least one free thiol group. F(ab'), antibody fragments originally were
produced as pairs of Fab' fragments which have hinge cysteines between them. Other chemical couplings
of antibody fragments are also known. )

The “light chains” of antibodies from any vertebrate species can be assigned to one of two clearly
distinct types, called kappa (k) and lambda (L), based on the amino acid sequences of their constant
domains.

The term “Fc region” herein is used to define a C-terminal region of an immunoglobulin heavy
chain, including native sequence Fc regions and variant Fc regions. Although the boundaries of the Fc
region of an immunoglobulin heavy chain might vary, the human IgG heavy chain Fc region is usually
defined to stretch from an amino acid residue at position Cys226, or from Pro230, to the carboxyl-
terminus thereof. The C-terminal lysine (residue 447 according to the EU numbering system) of the Fc
region may be removed, for example, during production or purification of the antibody, or by

recombinantly engineering the nucleic acid encoding a heavy chain of the antibody. Accordingly, a

composition of intact antibodies may comprise antibody populations with all K447 residues removed,
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antibody populations with no K447 residues removed, and antibody populations having a mixture of
antibodies with and without the K447 residue.
Unless indicated otherwise, herein the numbering of the residues in an immunoglobulin heavy
chain 1s that of the EU index as in Kabat et al., Sequences of Proteins of Immunological Interest, 5th Ed.
>  Public Health Service, National Institutes of Health, Bethesda, MD (1991), expressly incorporated herein
by reference. The “EU index as in Kabat™ refers to the residue numbering of the human IgGl EU
antibody.
A “native sequence Fc region” comprises an amino acid sequence identical to the amino acid
sequence of an Fc region found in nature. Native sequence human Fc regions include a native sequence
10 human IgG1 Fc region (non-A and A allotypes); native sequence human IgG2 Fc region; native sequence
human IgG3 Fc region; and native sequence human IgG4 Fc region as well as naturally occurring
variants thereof.
A “vanant Fc region” comprises an amino acid sequence which differs from that of a native
sequence Fc region by virtue of at least one amino acid modification, preferably one or more amino acid
15  substitution(s). Preferably, the variant Fc region has at least one amino acid substitution co<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>