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PATENT
Attorney Docket No.: 88473-023440PC-855377

ABSTRACT OF THE DISCLOSURE
The present invention provides methods and systems to predict and diagnose
inflammatory bowel disease (IBD) and subtypes such as ulcerative colitis (UC) and Crohn’s
disease (CD) by detecting the presence, absence, level, and/or genotype of one or more sero-
genetic-inflammation markers. Advantageously, with the present invention, it is possible to
provide a diagnosis of IBD versus non-IBD, to rule out IBD that is inconclusive for CD and

UC, and to differentiate between CD and UC with increased accuracy.
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METHODS FOR IMPROVING INFLAMMATORY BOWEL DISEASE DIAGNOSIS

CROSS-REFERENCES TO RELATED APPLICATIONS
[0001] The present application claims priority to U.S. Provisional Application No.
61/550,293, filed October 21, 2011, U.S. Provisional Application No. 61/553,853, filed October
31,2011, U.S. Provisional Application No. 61/567,096, filed December 5, 2011, and U.S.
Provisional Application No. 61/570,271, filed December 13, 2011, the disclosures of which are

hereby incorporated by reference in their entirety for all purposes.

BACKGROUND OF THE INVENTION
[0001a] Any discussion of the prior art throughout the specification should in no way be
considered as an admission that such prior art is widely known or forms part of common

general knowledge in the field.

[0002] Inflammatory bowel disease (IBD), which occurs world-wide and afflicts
millions of people, is the collective term used to describe three gastrointestinal disorders of
unknown etiology: Crohn's disease (CD), ulcerative colitis (UC), and indeterminate colitis (IC).
IBD, together with irritable bowel syndrome (IBS), will affect one-half of all Americans during
their lifetime, at a cost of greater than $2.6 billion dollars for IBD and greater than $8 billion
dollars for IBS. A primary determinant of these high medical costs is the difficulty of
diagnosing digestive diseases and how these diseases will progress. The cost of IBD and IBS is
compounded by lost productivity, with people suffering from these disorders missing at least 8

more days of work annually than the national average.

[0003] Inflammatory bowel disease has many symptoms in common with irritable
bowel syndrome, including abdominal pain, chronic diarrhea, weight loss, and cramping,
making definitive diagnosis extremely difficult. Of the 5 million people suspected of suffering
from IBD in the United States, only 1 million are diagnosed as having IBD. The difficulty in
differentially diagnosing IBD and determining its outcome hampers early and effective
treatment of these diseases. Thus, there is a need for rapid and sensitive testing methods for

determining IBD and its subtypes.

[0004] Over the years, little progress has been made in precisely diagnosing clinical

subtypes of IBD. Thus, there is an urgent need for improved methods for diagnosing an
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individual with IBD, and determining the subtype, such as Crohn's Disease (CD) or ulcerative
colitis. Since 70% of CD patients will ultimately need a GI surgical operation, the ability to
diagnose those patients early in their disease state to mitigate unnecessary surgery in the future

is important.

[0004a] It is an object of the present invention to overcome or ameliorate at least one of

the disadvantages of the prior art, or to provide a useful alternative.

[0004b] Unless the context clearly requires otherwise, throughout the description and the
claims, the words “comprise”, “comprising”, and the like are to be construed in an inclusive
sense as opposed to an exclusive or exhaustive sense; that is to say, in the sense of “including,

but not limited to”.

BRIEF SUMMARY OF THE INVENTION
[0005] The present invention provides methods and systems for the diagnosis of
inflammatory bowel disease (IBD) and/or the determination of subtypes including ulcerative
colitis (UC) and Crohn's Disease (CD) or categorizing the sample as inconclusive (e.g., IBD
sample that is inconclusive for CD and UC). Advantageously, with the present invention, it is

possible to diagnose patients with IBD, and if the patient has IBD, diagnose either UC or CD.

[0005a] According to a first aspect, the invention provides a method for diagnosing
inflammatory bowel disease (IBD) and/or a clinical subtype thereof in an individual, said
method comprising:

(a) analyzing a sample obtained from said individual to determine the presence,
level or genotype of one or more markers selected from the group consisting of a serological
marker, a genetic marker, an inflammation marker, and a combination thereof in said sample to
obtain a marker profile;

(b) applying a first random forest statistical analysis to said marker profile to obtain
a decision whether said sample is an IBD sample or a non-IBD sample to diagnose IBD;

(c) applying a decision tree or set of rules to said sample designated as an IBD
sample to determine if said IBD sample is categorized as an inconclusive sample; and

(d) if said IBD sample is not an inconclusive sample, then applying a second

random forest statistical analysis to said IBD sample to diagnose a clinical subtype of IBD.
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[0005Db] According to a second aspect, the invention provides a method for diagnosing
inflammatory bowel disease (IBD) and/or a clinical subtype thereof in an individual, said
method comprising:

(a) analyzing a sample obtained from said individual to determine the presence or
level or genotype of at least each of the following markers to obtain a marker profile: (i) the
presence or level of each of the serological markers ASCA-A, ASCA-G, ANCA, pANCA, anti-
OmpC antibody, anti-CBirl antibody, anti-FlaX antibody, and anti-A4-Fla2 antibody; (ii) the
presence or level of each of the inflammation markers VEGF, ICAM, VCAM, SAA, and CRP;
and (iii) the genotype of each of the genetic markers ATG16L1, ECM1, NKX2-3, and STAT3;

(b) applying a first random forest statistical analysis to said marker profile to
compute a first model score and comparing said first model score to a first cut-off value to
obtain a decision whether said sample is an IBD sample or a non-IBD sample to diagnose IBD;

(c) if said sample is an IBD sample, then applying a decision tree to said IBD
sample to determine if said IBD sample is or is not an inconclusive sample,

wherein said IBD sample is an inconclusive sample when said IBD sample has an
ANCA level greater than a quartile score of 3 (> Q3), is pANCA2 positive, and has a level of
anti-CBirl antibody or anti-A4-Fla2 antibody or anti-FlaX antibody > Q3, or

wherein said IBD sample is an inconclusive sample when said IBD sample is pANCA2
positive and expresses two out of three markers selected from anti-CBirl antibody, anti-A4-
Fla2 antibody, and anti-FlaX antibody > Q3, and

wherein the presence or level of pANCA is used to determine the value of pANCAZ2;
and

(d) if said IBD sample is not an inconclusive sample, then applying a second
random forest statistical analysis to said IBD sample to compute a second model score and
comparing said second model score to a second cut-off value to diagnose a clinical subtype of

IBD.

[0005c¢] According to a third aspect, the invention provides a method for diagnosing
inflammatory bowel disease (IBD) and/or a clinical subtype thereof in an individual, said
method comprising:

(a) analyzing a sample obtained from said individual to determine the presence or
level or genotype of at least each of the following markers to obtain a marker profile: (i) the
presence or level of each of the serological markers ASCA-A, ASCA-G, ANCA, pANCA, anti-

3
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OmpC antibody, anti-CBirl antibody, anti-FlaX antibody, and anti-A4-Fla2 antibody; (ii) the
presence or level of each of the inflammation markers VEGF, ICAM, VCAM, SAA, and CRP;
and (iii) the genotype of each of the genetic markers ATG16L1, ECM1, NKX2-3, and STAT3;

(b) applying a first random forest statistical analysis to said marker profile to
determine whether said sample is an IBD sample or a non-IBD sample to diagnose IBD with a
sensitivity of at least 70%;

(c) if said sample is an IBD sample, then applying a decision tree to said IBD
sample to determine if said IBD sample is or is not an inconclusive sample,

wherein said IBD sample is an inconclusive sample when said IBD sample has an
ANCA level greater than a quartile score of 3 (> Q3), is pANCA?2 positive, and has a level of
anti-CBirl antibody or anti-A4-Fla2 antibody or anti-FlaX antibody > Q3, or

wherein said IBD sample is an inconclusive sample when said IBD sample is pANCA2
positive and expresses two out of three markers selected from anti-CBirl antibody, anti-A4-
Fla2 antibody, and anti-FlaX antibody > Q3, and

wherein the presence or level of pANCA is used to determine the value of pANCAZ2;
and

(d) if said IBD sample is not an inconclusive sample, then applying a second
random forest statistical analysis to said IBD sample to diagnose a clinical subtype of IBD with
a sensitivity of at least 85% for Crohn’s disease (CD) and a sensitivity of at least 95% for

ulcerative colitis (UC).

[0006] In certain aspects, the present invention provides a diagnostic model that
comprises two separate random forests, one for IBD vs. non-IBD and the other for UC vs. CD.
In another embodiment, the present invention provides a model comprising four class outcomes
(non-IBD, CD, UC, Inconclusive). In still yet another embodiment, the present invention

provides a single model comprising a 3 class outcome (non-IBD, CD, UC).

[0007] In particular embodiments, the present invention provides methods and systems
to diagnose IBD or nonIBD and/or to differentiate between clinical subtypes of IBD such as UC
and CD or categorizing the sample as inconclusive by analyzing a sample to determine the
presence or absence of one, two, three, four, or more variant alleles (e.g., single nucleotide
polymorphisms or SNPs) in the ATG16L1 (e.g., rs2241880, rs3828309), ECM1 (e.g.,
1s7511649, rs3737240 and rs13294), NKX2-3 (e.g., rs1190140, rs10883365 and rs6584283)

3a
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and/or STAT3 (e.g., rs744166) genes. In certain aspects of these embodiments, the present
invention may further include analyzing a sample to determine the presence (or absence) or
concentration level of one or more serological and inflammation markers such as, e.g., ASCA-
A, ASCA-G, anti-OmpC, anti-CBirl , anti-Fla2, anti-FlaX, VEGF, CRP, SAA, ICAM, VCAM,
ANCA (e.g., by ELISA) and/or pANCA (e.g., by one or more indirect fluorescent antibody
(IFA) assays to detect an IBD-specific pANCA perinuclear pattern and/or pANCA DNase
sensitivity), pANCAZ2 to diagnose IBD or non-IBD, and/or to differentiate between clinical

subtypes of IBD such as IC, UC and CD or categorizing the sample as inconclusive.

[0008] In one embodiment, the present invention provides a method for diagnosing
inflammatory bowel disease (IBD) and/or a clinical subtype thereof in an individual, wherein
the clinical subtype is ulcerative colitis (UC) or Crohn's disease (CD) or inconclusive, the
method comprising:

(a) analyzing a sample obtained from the individual to determine the presence, level
or genotype of one or more markers selected from the group consisting of a serological marker,
a genetic marker, an inflammation marker, and a combination thereof in the sample to obtain a
marker profile;

(b)  applying a first random forest statistical analysis to the marker profile to obtain a
decision whether the marker profile is an IBD sample or a nonIBD sample;

(c) optionally applying a decision tree or set of rules to the sample designated as an
IBD sample to determine if the IBD sample is an inconclusive sample; and

(d)  optionally applying a second random forest statistical analysis to the IBD sample

to determine a clinical subtype.

[0009] In certain embodiments, the IBD diagnostic assay comprises an initial node for
determining whether a sample is pANCAZ2 negative as a first step to direct individual specimens
to either a Decision Tree Method or the Random Forest Algorithm depending on their pANCA?2
value. In certain instances, pANCA?2 samples with either a negative (0 or "not detected") or a
weak (+1) pANCA determination are removed and subjected to a decision matrix or set of rules

for making a clinical prediction of IBD.

[0010] In another embodiment, the present invention provides for diagnosing

inflammatory bowel disease (IBD) and/or a clinical subtype thereof in an individual, wherein

3b
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the clinical subtype is ulcerative colitis (UC) or Crohn's disease (CD) or inconclusive, the
method comprising:

(a) analyzing a sample obtained from the individual to determine the presence, level
or genotype of one or more markers selected from the group consisting of a serological marker,
a genetic marker, an inflammation marker, and a combination thereof in the sample to obtain a
marker profile;

(b)  applying a first random forest statistical analysis to the marker profile to obtain a
decision whether the marker profile is an IBD sample or a nonIBD sample;

(c) applying a decision tree or set of rules to the sample designated as an IBD
sample to determine if the IBD sample is an inconclusive sample; and

(d)  if the sample is not inconclusive, but is an IBD sample, applying a second

random forest statistical analysis to the IBD sample to determine a clinical subtype.

[0011] These and other aspects and embodiments will become more apparent when read

with the following detailed description and figures.

3c
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BRIEF DESCRIPTION OF THE DRAWINGS
[0012] Figure I illustrates a flowchart for an exemplary embodiment of an IBD diagnostic

assay of the invention comprising a two-step random forest algorithm.

[0013] Figure 2 illustrates a flowchart for another exemplary embodiment of an IBD
diagnostic assay of the invention comprising a two-step random forest algorithm (right

pathway) and a separate pANCA decision tree (left pathway).

[0014] Figure 3 illustrates an exemplary embodiment of a disease classification system

(DCS) of the present invention.

[0015] Figure 4 illustrates the pANCA staining pattern by immunofluorescence followed
by DNAse treatment on fixed neutrophils.

[0016] Figure 5 illustrates training and validation cohort characteristics and the area under

the ROC curve for the sgi algorithm and for individual markers.

[0017] Figure 6 illustrates an exemplary embodiment of a logistic regression model for

predicting IBD diagnostics.

[0018] Figure 7A illustrates that the IBD model is a good classifier system for predicting
IBD. Figure 7B illustrates that the UC model is a good classifier system for predicting UC.

[0019] Figure 8A illustrates a scatter plot of predicted p-values for an IBD logit model
versus an IBD random forest model created in R. Figure 8B illustrates a scatter plot of an

IBD random forest model created in Matlab versus an IBD logic model.

[0020] Figure 9 illustrates a density graph of predicted p-values for an IBD logit model and
two IBD random forest models. The graph compares the similarities of the models at

predicting non-IBD, CD and UC.

[0021] Figure 10A illustrates a scatter plot of predicted p-values for a UC logit model and a
UC random forest model created in R. Figure 10B illustrates a scatter plot of predicted p-

values for a UC logit model and a UC random forest model created in Matlab.

[0022] Figure 11 illustrates a density graph of predicted p-values for a UC logit model and
two UC random forest models. The graph compares the similarities of the models at

predicting non-IBD, CD and UC.

. [0023] Figure 12 illustrates a scatter plot of logit modeling vs. random forest modeling for

predicting IBD vs. non-IBD.
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[0024] Figure 13 illustrates a scatter plot of logit modeling vs. random forest modeling for

predicting UC vs. CD.

[0025] Figure 14 illustrates a scatter plot for two random forest IBD vs. non-IBD models

created in either R or Matlab.

[0026] Figure 15 illustrates a scatter plot for two random forest UC vs. CD models created

in either R or Matlab.
[0027] Figure 16 illustrates IBD sgi cohort serological markers.
[0028] Figure 17 illustrates IBD sgi cohort inflammatory markers.

[0029] Figure 18 illustrates an embodiment where more IBD than non-IBD patients are

positive for two or more genetic markers.

[0030] Figure 19 illustrates one embodiment of a comparison between IBD sgi and IBD
Serology 7 for differentiating CD from UC.

[0031] Figure 20 illustrates a comparison of the overall diagnostic performance between

IBD sgi and IBD Serology 7 for IBD vs. non-IBD and CD vs. UC.

DETAILED DESCRIPTION OF THE INVENTION
L Introduction
[0032] The present invention is based, in part, upon the surprising discovery that the
accuracy of diagnosing inflammatory bowel disease (IBD) and subtypes thereof can be
substantially improved by detecting the presence, level, or genotype of certain markers in a
biological sample from an individual. As such, in one embodiment, the present invention

provides diagnostic platforms based on a serological and/or genetic panel of markers.

[0033] The present invention provides methods and systems to improve the diagnosis of
IBD and subgroups thereof such as, e.g., indeterminate colitis (IC), ulcerative colitis (UC),
Crohn’s disease (CD), and inconclusive for CD and UC (“Inconclusive™). In some instances,
the methods described herein accurately predict IBD, a disease which is known to be very
difficult to diagnose and predict outcome. In other instances, the methods described herein
utilize multiple serological, protein, and/or genetic markers, alone or in combination with one
or more algorithms or other types of statistical analysis, to provide physicians valuable
diagnostic or prognostic insight. In some instances, the methods and systems of the present
invention provide an indication of a patient’s projected response to biological therapy. In

other instances, the methods and systems of the present invention utilize multiple markers
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(e.g., serological, protein, and/or genetic) in conjunction with statistical analysis (e.g.,
quartile analysis) to provide prognostic value by identifying patients with complicated
disease or a risk of developing disease complications (e.g., internal stricturing or internal
penetrating disease) and/or a need for surgical intervention, while also assisting in assessing
the rate of disease progression. In certain instances, the methods enable classification of
disease severity along a continuum of IBD subgroups including IC, UC and CD. Moreover,
the methods guide therapeutic decisions of patients with advanced disease. In other
instances, the use of multiple markers (e.g., serological, protein, and/or genetic) provides the
ability to distinguish responders from non-responders and guides initial therapeutic options
(e.g., whether or not to prescribe aggressive treatment), with the potential to change disease

behavior.

[0034] Figure 1 illustrates a flowchart for an exemplary embodiment of an IBD diagnostic
assay of the present invention comprising a two-step random forest algorithm. In certain
embodiments, the IBD diagnostic assay applies the measurements from 17 sero-genetic-
inflammation (sgi) biolqgical markers (e.g., ANCA, ASCA-A, ASCA-G, anti-FlaX, anti-A4-
Fla2, pANCA, anti-OmpC, anti-CBirl, ATG16L1, CRP, SAA, ICAM, VCAM, ECM1,
STAT3, VEGF, NKX2-3, and combinations thereof) and computes a score based on a first
random forest model for predicting IBD vs. non-IBD (110). The first random forest model
determines if a patient has IBD. If the score is less than the IBD vs. non-IBD cut-off (e.g., <
0.64), the sample is predicted to be from a patient having IBD (125). Otherwise, the sample
is predicted to be from a patient having non-IBD (120). Samples predicted to have IBD
proceed to the next step of the algorithm, which is a decision tree or set of rules designed to
rule out categorizing the sample as inconclusive (130). If a sample matches the pattern for
either of the “indeterminate” rules, the algorithm predicts the sample as having IBD, but is
inconclusive for UC and CD (135). Otherwise, the sample proceeds to the next step of the
algorithm (140), which is a second random forest model for predicting UC vs. CD (150). The
IBD diagnostic assay applies the measurements from 11 sgi biological markers (e.g., ANCA,
ASCA-A, ASCA-G, anti-FlaX, anti-A4-Fla2, pANCA, anti-OmpC, anti-CBirl, ECMI,
STAT3, VEGF, and combinations thereof) to compute a model score based on the second
random forest model for predicting UC vs. CD. If the score is less than the UC vs. CD cut-
off (e.g., 0.35), the algorithm predicts the sample as having CD (153). Or else, the algorithm
predicts the sample as having UC (155).
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[0035] Figure 2 illustrates a flowchart for another exemplary embodiment of an IBD
diagnostic assay of the invention comprising a two-step random forest algorithm (right
pathway) and a separate pANCA decision tree (left pathway). In certain embodiments, the
IBD diagnostic assay comprises an initial node (201) for determining whether a sample is
pANCA2 negative as a first step to direct individual specimens to either the Decision Tree
Method (205) or the Random Forest Algorithm (210), depending on their pANCA?2 value. In
certain instances, pANCA?2 samples with either a negative (0 or “not detected”) or a weak
(+1) pANCA determination are removed from the sgi algorithm queue (right pathway) and
subjected to a decision matrix or set of rules for making a clinical prediction of IBD (207).
An exemplary decision matrix for predicting IBD following pANCA decision tree analysis is
described in Example 9. As such, in certain aspects, the pANCA decision tree (205) can be
implemented as an alternate path for making predictive IBD diagnoses in clinical specimens

with pANCA2 (-) assay results.

[0036] Figure 2 also illustrates an exemplary path for analyzing pANCA?2 positive samples
(right pathway). In certain embodiments, pANCA?2 samples with a positive (+2, +3, or +4)
pANCA determination are processed using an IBD diagnostic assay and subjected to a two-
step random forest algorithm analogous to the two-step random forest algorithm described in
Figure 1. In certain instances, the IBD diagnostic assay applies the measurements from 17
sero-genetic-inflammation (sgi) biological markers (e.g., ANCA, ASCA-A, ASCA-G, anti-
FlaX, anti-A4-Fla2, pANCA, anti-OmpC, anti-CBirl, ATG16L1, CRP, SAA, ICAM,
VCAM, ECM1, STAT3, VEGF, NKX2-3, and combinations thereof) and computes a score
based on a first random forest model for predicting IBD vs. non-IBD (210). The first random
forest model determines if a patient has IBD. If the score is less than the IBD vs. non-IBD
cut-off (e.g., <0.64), the sample is predicted to be from a patient having IBD (225).
Otherwise, the sample is predicted to be from a patient having non-IBD (220). Samples
predicted to have IBD proceed to the next step of the algorithm, which is a decision tree or
set of rules designed to rule out categorizing the sample as inconclusive (230). If a sample
matches the pattern for either of the “indeterminate” rules, the algorithm predicts the sample
as having IBD, but is inconclusive for UC and CD (235). Otherwise, the sample proceeds to
the next step of the algorithm (240), which is a second random forest model for predicting
UC vs. CD (250). The IBD diagnostic assay applies the measurements from 11 sgi biological
markers (e.g., ANCA, ASCA-A, ASCA-G, anti-FlaX, anti-A4-Fla2, pANCA, anti-OmpC,
anti-CBirl, ECM1, STAT3, VEGF, and combinations thereof) to compute a model score

based on the second random forest model for predicting UC vs. CD. If the score is less than
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the UC vs. CD cut-off (e.g., 0.35), the algorithm predicts the sample as having CD (253). Or
else, the algorithm predicts the sample as having UC (255).

[0037] In certain instances, the methods and systems of the present invention comprise a
step having a “transformation” or “machine” associated therewith. For example, an ELISA
technique may be performed to measure the presence or concentration level of many of the
markers described herein. An ELISA includes transformation of the marker, e.g., an auto-
antibody, into a complex between the marker (e.g., auto-antibody) and a binding agent (e.g.,
antigen), which then can be measured with a labeled secondary antibody. In many instances,
the label is an enzyme which transforms a substrate into a detectable product. The detectable
product measurement can be performed using a plate reader such as a spectrophotometer. In
other instances, genetic markers are determined using various amplification techniques such
as PCR. Method steps including amplification such as PCR result in the transformation of
single or double strands of nucleic acid into multiple strands for detection. The detection can

include the use of a fluorophore, which is performed using a machine such as a fluorometer.

[0038] In certain embodiments, the methods further comprise comparing the results from
the statistical analysis (i.e., diagnostic profile) to a reference (i.e., diagnostic model) to aid in
the diagnosis of IBD. In particular embodiments, the methods utilize multiple serological,

protein, and/or genetic markers to provide physicians with valuable diagnostic insight.

[0039] Advantageously, by using a diagnostic profile composed of multiple markers (e.g.,
serological, genetic, inflammatory, efc.) alone or in conjunction with statistical analysis, the
assay methods and systems of the present invention provide diagnostic value by identifying
patients having IBD and IBD subgroups such as IC, UC, CD, and inconclusive. In certain

instances, the present invention enables classification of disease severity along a continuum

of IBD subgroups including, but not limited to, IC, UC, CD, and inconclusive.

II. Definitions
[0040] As used herein, the following terms have the meanings ascribed to them unless

specified otherwise.

[0041] The term “classifying” includes “associating” or “categorizing™ a sample or an

individual with a disease state or prognosis. In certain instances, “classifying” is based on
statistical evidence, empirical evidence, or both. In certain embodiments, the methods and
systems of classifying use a so-called training set of samples from individuals with known

disease states or prognoses. Once established, the training data set serves as a basis, model,
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or template against which the features of an unknown sample from an individual are
compared, in order to classify the unknown disease state or provide a prognosis of the disease
state in the individual. In some instances, “classifying” is akin to diagnosing the disease state
and/or differentiating the disease state from another disease state. In other instances,
“classifying” is akin to providing a prognosis of the disease state in an individual diagnosed

with the disease state.

[0042] The term “inflammatory bowel disease” or “IBD” includes gastrointestinal disorders
such as, e.g., Crohn’s disease (CD), ulcerative colitis (UC), indeterminate colitis (IC), and
IBD that is inconclusive for CD vs. UC (“Inconclusive™). Inflammatory bowel diseases (e.g.,
CD, UC, IC, and Inconclusive) are distinguished from all other disorders, syndromes, and
abnormalities of the gastroenterological tract, including irritable bowel syndrome (IBS). U.S.
Patent No. 7,873,479, entitled “Methods of Diagnosing Inflammatory Bowel Disease” is

incorporated herein by reference in its entirety for all purposes.

[0043] The term “sample” includes any biological specimen obtained from an individual.
Suitable samples for use in the present invention include, without limitation, whole blood,
plasma, serum, saliva, urine, stool, tears, any other bodily fluid, tissue samples (e.g., biopsy),
and cellular extracts thereof (e.g., red blood cellular extract). In a preferred embodiment, the
sample is a serum sample. The use of samples such as serum, saliva, and urine is well known
in the art (see, e.g., Hashida et al., J. Clin. Lab. Anal., 11:267-86 (1997)). One skilled in the
art will appreciate that samples such as serum samples can be diluted prior to the analysis of

marKker levels.

[0044] The term “marker” includes any biochemical marker, serological marker, genetic
marker, or other clinical or echographic characteristic that can be used in the diagnosis of
IBD, in the prediction of the probable course and outcome of IBD, and/or in the prediction of
the likelihood of recovery from the disease. Non-limiting examples of such markers include
serological markers such as an anti-neutrophil antibody (e.g., ANCA, pANCA, and the like),
an anti-Saccharomyces cerevisiae antibody (e.g., ASCA-IgA, ASCA-IgG), an antimicrobial
antibody (e.g., anti-OmpC antibody, anti-I2 antibody, anti-Fla2 antibody, anti-FlaX antibody,
anti-CBirl antibody), an acute phase protein (e.g., CRP), an apolipoprotein (e.g., SAA), a
defensin (e.g., B defensin), a growth factor (e.g., EGF, VEGF), a cytokine (e.g, TWEAK,
IL-1B, IL-6), a cadherin (e.g., E-cadherin), a cellular adhesion molecule (e.g., ICAM-1,
VCAM-1); genetic markers (e.g., SNPs) such as ATG16L1, ECM1, NKX2-3, STAT3, and
NOD2/CARDI5; and combinations thereof. Non-limiting examples of genetic markers

9
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include variant alleles in the GLI1 (e.g., rs2228224 and/or rs2228226), MDRI (e.g.,
rs2032582), ATG16L1 (e.g., rs2241880, rs3828309), ECMI (e.g., rs7511649, rs373240,
rs13294), NKX2-3 (e.g., rs1190140, rs10883365, rs6584283), STAT3 (e.g., rs744166), and
NOD2/CARDI15 (e.g, rs2066847, rs2066845, rs5743293) genes. In some embodiments, the
markers are utilized in combination with one or more (e.g., a plurality of) statistical analyses
to aid or provide a diagnosis or prognosis of IBD in an individual. In certain instances, the
diagnosis can be IBD or a clinical subtype thereof such as Crohn’s disease (CD), ulcerative
colitis (UC), indeterminate colitis (IC), or inconclusive IBD. In certain other instances, the
prognosis can be the need for surgery (e.g., the likelihood or risk of needing small bowel
surgery), development of a clinical subtype of CD or UC (e.g., the likelihood or risk of being
susceptible to a particular clinical subtype CD or UC such as the stricturing, penetrating, or
inflammatory CD subtype), development of one or more clinical factors (e.g., the likelihood
or risk of being susceptible to a particular clinical factor), development of intestinal cancer
(e.g, the likelihood or risk of being susceptible to intestinal cancer), or recovery from the

disease (e.g., the likelihood of remission).

[0045] The present invention relies, in part, on determining the presence (or absence) or
level (e.g., concentration) of at least one marker in a sample obtained from an individual. As
used herein, the term “detecting the presence of at least one marker” includes determining the
presence of each marker of interest by using any quantitative or qualitative assay known to
one of skill in the art. In certain instances, qualitative assays that determine the presence or
absence of a particular trait, variable, genotype, and/or biochemical or serological substance
(e.g., protein or antibody) are suitable for detecting each marker of interest. In certain other
instances, quantitative assays that determine the presence or absence of DNA, RNA, protein,
antibody, or activity are suitable for detecting each marker of interest. As used herein, the
term “detecting the level of at least one marker” includes determining the level of each
marker of interest by using any direct or indirect quantitative assay known to one of skill in
the art. In certain instances, quantitative assays that determine, for example, the relative or
absolute amount of DNA, RNA, protein, antibody, or activity are suitable for detecting the
level of each marker of interest. One skilled in the art will appreciate that any assay useful
for detecting the level of a marker is also useful for detecting the presence or absence of the

marker.

[0046] The term “marker profile” includes 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 30, 35, 40, 45, 50, or more diagnostic and/or prognostic
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marker(s), wherein the markers can be a serological marker, a protein marker, a genetic
marker, and the like. In some embodiments, the marker profile together with a statistical
analysis can provide physicians and caregivers valuable diagnostic and prognostic insight. In
other embodiments, the marker profile with optionally a statistical analysis provides a
projected response to biological therapy. By using multiple markers (e.g., serological,
protein, genetic, efc.) in conjunction with statistical analyses, the assays described herein
provide diagnostic, prognostic and therapeutic value by identifying patients with IBD or a
clinical subtype thereof, predicting risk of developing complicated disease, assisting in
assessing the rate of disease progression (e.g., rate of progression to complicated disease or

surgery), and assisting in the selection of therapy.

[0047] The term “diagnostic profile” includes 1, 2, 3, 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 30, 35, 40, 45, 50, or more marker(s) of an individual,
wherein the marker(s) can be a serological marker, a protein marker, a genetic marker, and
the like. A statistical analysis transforms the marker profile into a diagnostic profile. A
preferred statistical analysis is a quartile score and the quartile score for each of the markers

can be summed to generate a quartile sum score.

[0048] The term “diagnostic model” includes serological models, genetic models, sero-
genetic-inflammatory models, and a combination thereof. In a preferred aspect, a
retrospective analysis is done on a cohort of known disease outcomes with known
complications and surgical procedures performed. In one aspect, a regression analysis (e.g.,
logistic regression) can be performed on the presence or concentration level of one or more
serological markers and/or the genotype of one or more genetic markers to develop a
diagnostic model. The model can be illustrated or depicted in, e.g., a look-up table, graph or
other display. A diagnostic profile of an individual can then be compared to a diagnostic

model and the diagnosis determined (e.g., the risk or probability of having a disease).

[0049] The term “individual,” “subject,” or “patient” typically includes humans, but also
includes other animals such as, e.g., other primates, rodents, canines, felines, equines, ovines,

porcines, and the like.

[0050] As used herein, the term “substantially the same amino acid sequence” includes an
amino acid sequence that is similar, but not identical to, the naturally-occurring amino acid
sequence. For example, an amino acid sequence, i.e., polypeptide, that has substantially the
same amino acid sequence as an I2 protein can have one or more modifications such as amino
acid additions, deletions, or substitutions relative to the amino acid sequence of the naturally-
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occurring 12 protein, provided that the modified polypeptide retains substantially at least one
biological activity of 12 such as immunoreactivity. Comparison for substantial similarity
between amino acid sequences is usually performed with sequences between about 6 and 100
residues, preferably between about 10 and 100 residues, and more preferably between about
25 and 35 residues. A particularly useful modification of a polypeptide of the present
invention, or a fragment thereof, is a modification that confers, for example, increased
stability. Incorporation of one or more D-amino acids is a modification useful in increasing
stability of a polypeptide or polypeptide fragment. Similarly, deletion or substitution of
lysine residues can increase stability by protecting the polypeptide or polypeptide fragment

against degradation.

[0051] The term “clinical factor” includes a symptom in an individual that is associated
with IBD. Examples of clinical factors include, without limitation, diarrhea, abdominal pain,
cramping, fever, anemia, weight loss, anxiety, depression, and combinations thereof. In some
embodiments, a diagnosis or prognosis of IBD is based upon a combination of analyzing a
sample obtained from an individual to determine the presence, level, or genotype of one or
more markers by applying one or more statistical analyses and determining whether the

individual has one or more clinical factors.

[0052] The term “symptom” or “symptoms” and variants thereof includes any sensation,
change or perceived change in bodily function that is experienced by an individual and is
associated with a particular diseases or that accompanies a disease and is regarded as an
indication of the disease. Disease for which symptoms in the context of the present invention
can be associated with include inflammatory bowel disease (IBD), ulcerative colitis (UC) or

Crohn’s disease (CD).

[0053] In a preferred aspect, the methods of invention are used after an individual has been
diagnosed with IBD. However, in other instances, the methods can be used to diagnose IBD
or can be used as a “second opinion” if, for example, IBD is suspected or has been previously
diagnosed using other methods. In preferred aspects, the methods can be used to diagnose
UC or differentiate between UC and CD. The term “diagnosing IBD” and variants thereof
includes the use of the methods and systems described herein to determine the presence or
absence of IBD. The term “diagnosing UC” includes the use of the methods and systems
described herein to determine the presence or absence of UC, as well as to differentiate
between UC and CD. The terms can also include assessing the level of disease activity in an

individual. In some embodiments, a statistical analysis is used to diagnose a mild, moderate,
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severe, or fulminant form of IBD or UC based upon the criteria developed by Truelove ez al.,
Br. Med. J., 12:1041-1048 (1955). In other embodiments, a statistical analysis is used to
diagnose a mild to moderate, moderate to severe, or severe to fulminant form of IBD or UC
based upon the criteria developed by Hanauer et al., Am. J. Gastroenterol., 92:559-566
(1997). One skilled in the art will know of other methods for evaluating the severity of IBD

or UC in an individual.

[0054] In certain instances, the methods of the invention are used in order to diagnose IBD,
diagnose UC or differentiate IC from UC and/or CD and differentiate between UC and CD or
categorizing the sample as inconclusive. The methods can be used to monitor the disease,
both progression and regression. The term “monitoring the progression or regression of IBD
or UC” includes the use of the methods and marker profiles to determine the disease state
(e.g., presence or severity of IBD or the presence of UC) of an individual. In certain
instances, the results of a statistical analysis are compared to those results obtained for the
same individual at an earlier time. In some aspects, the methods of the present invention can
also be used to predict the progression of IBD or UC, e.g., by determining a likelihood for
IBD or UC to progress either rapidly or slowly in an individual based on the presence or level
of at least one marker in a sample. In other aspects, the methods of the present invention can
also be used to predict the regression of IBD or UC, e.g., by determining a likelihood for IBD
or UC to regress either rapidly or slowly in an individual based on the presence or level of at

least one marker in a sample.

[0055] The term “gene” refers to the segment of DNA involved in producing a polypeptide
chain; it includes regions preceding and following the coding region, such as the promoter
and 3’-untranslated region, respectively, as well as intervening sequences (introns) between

individual coding segments (exons).

[0056] The term “genotype” refers to the genetic composition of an organism, including,
for example, whether a diploid organism is heterozygous or homozygous for one or more

variant alleles of interest.

[0057] The term “polymorphism” refers to the occurrence of two or more genetically
determined alternative sequences or alleles in a population. A “polymorphic site” refers to
the locus at which divergence occurs. Preferred polymorphic sites have at least two alleles,
each occurring at a particular frequency in a population. A polymorphic locus may be as
small as one base pair (i.e., single nucleotide polymorphism or SNP). Polymorphic markers
include restriction fragment length polymorphisms, variable number of tandem repeats
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(VNTR’s), hypervariable regions, minisatellites, dinucleotide repeats, trinucleotide repeats,
tetranucleotide repeats, simple sequence repeats, and insertion elements such as Alu. The
first identified allele is arbitrarily designated as the reference allele, and other alleles are
designated as alternative alleles, “variant alleles,” or “variances.” The allele occurring most
frequently in a selected population is sometimes referred to as the “wild-type” allele. Diploid
organisms may be homozygous or heterozygous for the variant alleles. The variant allele
may or may not produce an observable physical or biochemical characteristic (“phenotype”)
in an individual carrying the variant allele. For example, a variant allele may alter the

enzymatic activity of a protein encoded by a gene of interest.

[0058] The term “single nucleotide polymorphism (SNP)” and variants thereof refers to a
change of a single nucleotide with a polynucleotide, including within an allele. This can
include the replacement of one nucleotide by another, as well as deletion or insertion of a
single nucleotide. Most typically, SNPs are biallelic markers although tri- and tetra-allelic
markers can also exist. By way of non-limiting example, a nucleic acid molecule comprising
SNP A\C may include a C or A at the polymorphic position. For combinations of SNPs, the
term “haplotype” is used, e.g. the genotype of the SNPs in a single DNA strand that are
linked to one another. In some embodiments, the term “haplotype” can be used to describe a
combination of SNP alleles, e.g., the alleles of the SNPs found together on a single DNA
molecule. In further embodiments, the SNPs in a haplotype can‘ be in linkage disequilibrium

with one another.

[0059] The term “specific” or “specificity” and variants thereof, when used in the context
of polynucleotides capable of detecting variant alleles (e.g., polynucleotides that are capable
of discriminating between different alleles), includes the ability to bind or hybridize or detect
one variant allele without binding or hybridizing or detecting the other variant allele. In some
embodiments, specificity can refer to the ability of a polynucleotide to detect the wild-type
and not the mutant or variant allele. In other embodiments, specificity can refer to the ability

of a polynucleotide to detect the mutant or variant allele and not the wild-type allele.

[0060] As used herein, the term “antibody” includes a population of immunoglobulin
molecules, which can be polyclonal or monoclonal and of any isotype, or an immunologically
active fragment of an immunoglobulin molecule. Such an immunologically active fragment
contains the heavy and light chain variable regions, which make up the portion of the

antibody molecule that specifically binds an antigen. For example, an immunologically
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active fragment of an immunoglobulin molecule known in the art as Fab, Fab’ or F(ab’), is

included within the meaning of the term antibody.

[0061] In quartile analysis, there are three numbers (values) that divide a range of data into
four equal parts. The first quartile (also called the ‘lower quartile’) is the number below
which lies the 25 percent of the bottom data. The second quartile (the ‘median’) divides the
range in the middle and has 50 percent of the data below it. The third quartile (also called the
‘upper quartile’) has 75 percent of the data below it and the top 25 percent of the data above
it. Asa non-limiting example, quartile analysis can be applied to the concentration level of a
marker such as an antibody or other protein marker described herein, such that a marker level
in the first quartile (<25%) is assigned a value of 1, a marker level in the second quartile (25-
50%) is assigned a value of 2, a marker level in the third quartile (51%-<75%) is assigned a

value of 3, and a marker level in the fourth quartile (75%-100%) is assigned a value of 4.

[0062] As used herein, “quartile sum score” or “QSS” includes the sum of quartile scores
for all of the markers of interest. As a non-limiting example, a quartile sum score for a panel
of 6 markers (e.g., serological, protein, and/or genetic) may range from 6-24, wherein each of
the individual markers is assigned a quartile score (Q) of 1-4 based upon the presence or

absence of the marker, the concentration level of the marker, or the genotype of the marker.

III. Description of the Embodiments

[0063] In one embodiment, the present invention provides a method for diagnosing
inflammatory bowel disease (IBD) and/or a clinical subtype thereof in an individual, the
method comprising:

(a) analyzing a sample obtained from the individual to determine the presence,
level or genotype of one or more markers selected from the group consisting of a serological
marker, a genetic marker, an inflammation marker, and a combination thereof in the sample
to obtain a marker profile;

(b) applying a first algorithm (e.g., a random forest or logistic regression) to
the marker profile to obtain a decision whether the marker profile is an IBD sample or a
nonIBD sample;

(c) optionally applying a decision tree or set of rules to the sample designated
as an IBD sample to determine if the IBD sample an inconclusive sample; and

(d) optionally applying a second algorithm (e.g., a random forest or logistic

regression) to the IBD sample to determine a clinical subtype.
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[0064] In a second embodiment, the present invention provides for diagnosing
inflammatory bowel disease (IBD) and/or a clinical subtype thereof in an individual, the
method comprising:

(a) analyzing a sample obtained from the individual to determine the presence,
level or genotype of one or more markers selected from the group consisting of a serological
marker, a genetic marker, an inflammation marker, and a combination thereof in the sample
to obtain a marker profile;

(b) applying a first algorithm such as a random forest to the marker profile to
obtain a decision whether the marker profile is an IBD sample or a nonIBD sample;

(c) applying a decision tree or set of rules to the sample designated as an IBD
sample to determine if the IBD sample is an inconclusive sample; and

(d) if the sample is not inconclusive, but an IBD sample, applying a second

algorithm such as a random forest to the IBD sample to determine a clinical subtype.

[0065] In certain embodiments, the methods further comprise comparing the results from
the statistical analysis (i.e., diagnostic profile) to a reference (i.e., diagnostic model) to aid in
the diagnosis of IBD. In particular embodiments, the methods utilize multiple serological,

protein, and/or genetic markers to provide physicians with valuable diagnostic insight.

[0066] In certain embodiments, the methods and systems herein measure a first serological
marker of pANCA to determine a value of pANCA2. In certain aspects, pANCA is assigned
a value of 0 when it is not detected or when it is DNAse cytoplasmic sensitive. pANCA is
assigned a value of 1 when it is DNAse Sensitive 1+P, DNAse Sensitive 2+P, DNAse
Sensitive 3+P, or DNAse Sensitive 4+P, wherein 1+P through 4+P indicate increasing
amounts and intensity of fluorescence label based on visual assessment. For example, if the

pANCA values are +2, +3 or +4 in a sample, then the pANCA?2 value is positive.

[0067] In certain other aspects, pANCA?2 is assigned a value of 0 (negative) when pANCA
is not detected, pANCA is DNAse cytoplasmic sensitive, or DNAse Sensitive 1+P. pANCA2
is given a value of 1 (positive), when pANCA is DNAse Sensitive 2+P, DNAse Sensitive
3+P or DNAse Sensitive 4+P.

[0068] As is explained in detail herein, when pANCA?2 is negative, the methods and
systems further comprise:
a) determining whether the pANCA2 negative sample is directly predictive of
Crohn’s disease by measuring a serum marker panel, wherein the serum marker panel
is a member of the group consisting of ASCA-IgA, ASCA-IgG, and OmpC-IgA and
16
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comparing each of the serum markers of the serum marker panel to a cutoff value to

determine if the sample is consistent with Crohn’s disease; or

b) determining whether the pANCA2 negative sample is consistent with Crohn’s
disease by measuring a CD count panel, wherein the CD count panel is a member of
the group consisting of ASCA-IgA, ASCA-IgG, OmpC-IgA, CBirl-IgG, A4-Fla2-
IgG and FlaX-IgG to form a CD count value, wherein when the CD count value is

greater than or equal to 2, the sample is consistent with Crohn’s disease; or

c) determining whether in the pANCA?2 negative sample having a pANCA value
of zero, is consistent or inconsistent with IBD by measuring ANCA ELISA and
comparing the ANCA ELISA value to a reference value and designating the sample

as being consistent or inconsistent with IBD based on the ANCA ELISA value; or

d) determining whether in the pANCA2 negative sample having a pANCA value
of zero, is consistent with IBD or is inconclusive of IBD by measuring ANCA ELISA
and comparing the ANCA ELISA value and considering the CD count value to
determine whether the sample is consistent or inconsistent with IBD or is consistent

with IBD and inconclusive for Crohn’s disease or ulcerative colitis; or

e) determining whether in the pANCAZ2 negative sample having a pANCA value
of one, is consistent or inconsistent with IBD by measuring ANCA ELISA and
comparing the ANCA ELISA value to a cut-off value to determine whether the

sample is consistent with IBD or is inconsistent with IBD.

[0069] In certain instances, if the value for ASCA-IgA in part a above is greater than or

equal to 69 EU/mL, then the sample is consistent with Crohn’s disease.

[0070] In other instances, if the value of ASCA-IgG in part a above is greater than or equal

to 40 EU/mL, then the sample is consistent with Crohn’s disease.

[0071] In still other instances, if the value for OmpC-IgA in part a above is greater than or

equal to 60 EU/mL, then the sample is consistent with Crohn’s disease.

[0072] Moreover, the systems and methods provide assigning a Crohn’s disease (CD) count
value. For example, in part b above, the CD count value is determined using the following

rules.

i. ~ if ASCA-IgA is greater than or equal to 8.5 EU/mL (above the ASCA-IgA

reference range), then adding +1 to the CD count value;
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il. if ASCA-IgG is greater than or equal to 17.8 EU/mL (above the ASCA-IgG

reference range), then adding +1 to the CD count value;

iii. if OmpC-IgA is greater than or equal to 10.9 EU/mL (above the OmpC-IgA

reference range), then adding +1 to the CD count value;

iv. if 2 or more flagellin markers are above their respective reference ranges, then

adding +1 to the CD count value;

V. if any flagellin is greater than or equal to 100EU/mL, then adding +1 to the
CD count value; and if the total CD count value is greater than or equal to 2, then

designating that the sample is consistent with Crohn’s disease.

[0073] In certain instances, the reference value for CBirl-IgG is greater than or equal to

78.4 EU/mL.

[0074] In certain other instances, the reference value for A4-Fla2-IgG is greater than or

equal to 44.8 EU/mL.

[0075] In yet other instances, the reference value for FlaX-IgG is greater than or equal to

33.4 EU/mL.

[0076] In certain other aspects, the methods and systems herein further comprise for part ¢

above, if pANCA is zero (not detected), then:

i. designating the sample as being inconsistent with IBD if ANCA ELISA is less
than 20 EU/mL; or

il. designating the sample as being consistent with ulcerative colitis if ANCA

ELISA is greater than 27.4 EU/mL; or

iii. designating the sample as being inconsistent with IBD if ANCA ELISA is
greater than or equal to 20 and less than or equal to 27.4 EU/mL and the CD count

value is zero; or

iv. designating the sample as being consistent with IBD but inconclusive for
Crohn’s disease or ulcerative colitis if ANCA ELISA is greater than or equal to 20

and less than or equal to 27.4 EU/mL and the CD count value is one.

[0077] In yet other aspects, the methods and systems herein further comprise that when

PANCA is one:
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i designating the sample as being inconsistent with IBD if ANCA ELISA is less
than 13.7 EU/mL; or

ii. designating that the sample as being consistent with ulcerative colitis if ANCA

ELISA is greater than or equal to 13.7 EU/mL.

[0078] The present invention provides methods and systems for improved diagnosis of
inflammatory bowel disease (IBD) and to differentiate ulcerative colitis (UC) and Crohn’s
disease (CD). In certain instances, the methods and systems enable classification of disease
severity along a continuum of IBD subgroups rather than merely as CD or UC. In certain
instances, the methods categorize the sample as being inconclusive. By identifying patients
with complicated disease and assisting in assessing the specific disease type, the methods and
systems described herein provide invaluable information to assess the severity of the disease
and treatment options. In some embodiments, applying a statistical analysis to a profile of
serological, protein, and/or genetic markers improves the accuracy of predicting IBD, UC and
CD, and also enables the selection of appropriate treatment options, including therapy such as

biological, conventional, surgery, or some combination thereof.

[0079] The present invention provides methods and systems improved for diagnosis of
ulcerative colitis (UC) and to differentiate between UC and Crohn’s disease (CD). In certain
instances, the methods and systems enable classification of disease severity along a
continuum of IBD subgroups rather than merely as CD or UC. By identifying patients with
complicated disease and assisting in assessing the specific disease type, the methods and
systems described herein provide invaluable information to assess the severity of the disease
and treatment options. In some embodiments, applying a statistical analysis to a profile of
serological, protein, and/or genetic markers improves the accuracy of predicting UC, and also
enables the selection of appropriate treatment options, including therapy such as biological,

conventional, surgery, or some combination thereof.

[0080] The present invention provides methods and systems for improved diagnosis of
Crohn’s disease (CD) and to differentiate between UC and CD. In certain instances, the
methods and systems enable classification of disease severity along a continuum of IBD
subgroups rather than merely as CD or UC. By identifying patients with complicated disease
and assisting in assessing the specific disease type, the methods and systems described herein
provide invaluable information to assess the severity of the disease and treatment options. In
some embodiments, applying a statistical analysis to a profile of serological, protein, and/or
genetic markers improves the accuracy of predicting CD, and also enables the selection of
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appropriate treatment options, including therapy such as biological, conventional, surgery, or

some combination thereof.

[0081] The present invention provides methods and systems for improved diagnosis of
inflammatory bowel disease (IBD) and to differentiate it from non-IBD. The present
invention also provides methods and systems to diagnose non-inflammatory bowel disease
(non-IBD) and to differentiate it from IBD. In certain instances, the methods and systems
enable classification of disease severity along a continuum of IBD subgroups rather than
merely as CD or UC. By identifying patients with complicated disease and assisting in
assessing the specific disease type, the methods and systems described herein provide
invaluable information to assess the severity of the disease and treatment options. In some
embodiments, applying a statistical analysis to a profile of serological, protein, and/or genetic
markers improves the accuracy of predicting IBD and non-IBD, and also enables the
selection of appropriate treatment options, including therapy such as biological, conventional,

surgery, or some combination thereof.

[0082] The present invention provides methods and systems for improved diagnosis of
inconclusive as well as differentiate it from UC and CD. In certain instances, the methods
and systems enable classification of disease severity along a continuum of IBD subgroups
rather than merely as CD or UC. By identifying patients with complicated disease and
assisting in assessing the specific disease type, the methods and systems described herein
provide invaluable information to assess the severity of the disease and treatment options. In
some embodiments, applying a statistical analysis to a profile of serological, protein, and/or
genetic markers improves the accuracy of predicting subtypes, and also enables the selection
of appropriate treatment options, including therapy such as biological, conventional, surgery,

or some combination thereof.

[0083] In some embodiments, the method of the present invention is performed in an
individual with symptoms of UC. In additional embodiments, the symptoms of UC include,
but are not limited to, rectal inflammation, rectal bleeding, rectal pain, diarrhea, abdominal

cramps, abdominal pain, fatigue, weight loss, fever, colon rupture, and combinations thereof.

[0084] In some embodiments, the method of the present invention entails analysis of a
biological sample selected from the group consisting of whole blood, tissue, saliva, cheek
cells, hair, fluid, plasma, serum, cerebrospinal fluid, buccal swabs, mucus, urine, stools,
spermatozoids, vaginal secretions, lymph, amniotic fluid, pleural liquid, tears, and
combinations thereof.
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[0085] In some aspects, the present invention provides methods and systems to diagnose
IBD and to differentiate between subtypes of IBD such as UC and CD. In particular
embodiments, the methods and systems of the present invention utilize one or a plurality of
(e.g., multiple) genetic markers, alone or in combination with one or a plurality of serological
and/or protein markers, and alone or in combination with one or a plurality of algorithms
(e.g., random forest model and decision tree or set of rules) or other types of statistical
analysis (e.g., quartile analysis), to aid or assist in identifying patients with IBD, CD and/or

UC and providing physicians with valuable diagnostic insight.

[0086] In some embodiments, the method of diagnosing IBD comprises detection of the
NKX2-3 (rs1190140) variant allele. In other embodiments, the method of diagnosing IBD
preferably employs detection of the NKX2-3 (rs10883365) variant allele. In yet other
embodiments, the method of diagnosing IBD employs detection of the NKX2-3 (rs6584283)
variant allele. In some preferred embodiments, the method of diagnosing IBD comprises
detection of the ATG16L1 (rs2241880) variant allele. In further embodiments, the method of
diagnosing IBD comprises detection of the ATG16L1 (rs3828309) variant allele. In some
embodiments, the method of diagnosing IBD employs detection of the ECM1 (rs7511649)
variant allele. In other preferred embodiments, the method of diagnosing IBD comprises
detection of the ECM1 (rs373240) variant allele. In yet other embodiments, the method of
diagnosing IBD comprises detection of the ECM1 (rs13294) variant allele. In some preferred
embodiments, the method of diagnosing IBD comprises detection of the STAT3 (rs744166)

variant allele.

[0087] In some embodiments, the method of diagnosing UC comprises detection of the
NKX2-3 (rs1190140) variant allele. In other embodiments, the method of diagnosing UC
comprises detection of the NKX2-3 (rs10883365) variant allele. In yet other embodiments,
the method of diagnosing UC comprises detection of the NKX2-3 (rs6584283) variant allele.
In some embodiments, the method of diagnosing UC comprises detection of the ATG16L1
(rs2241880) variant allele. In further embodiments, the method of diagnosing UC comprises
detection of the ATG16L1 (rs3828309) variant allele. In some embodiments, the method of
diagnosing UC comprises detection of the ECM1 (rs7511649) variant allele. In other
embodiments, the method of diagnosing UC comprises detection of the ECM1 (rs373240)
variant allele. In yet other embodiments, the method of diagnosing UC comprises detection
of the ECM1 (rs13294) variant allele. In some embodiments, the method of diagnosing UC
comprises detection of the STAT3 (rs744166) variant allele.
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[0088] In some embodiments, the method of diagnosing CD comprises detection of the
NKX2-3 (rs1190140) variant allele. In other embodiments, the method of diagnosing CD
comprises detection of the NKX2-3 (rs10883365) variant allele. In yet other embodiments,
the method of diagnosing CD comprises detection of the NKX2-3 (rs6584283) variant allele.
In some embodiments, the method of diagnosing CD employs detection of the ATG16L1
(rs2241880) variant allele. In further embodiments, the method of diagnosing CD comprises
detection of the ATG16L1 (rs3828309) variant allele. In some embodiments, the method of
diagnosing CD comprises detection of the ECM1 (rs7511649) variant allele. In other
embodiments, the method of diagnosing CD comprises detection of the ECM1 (rs373240)
variant allele. In yet other embodiments, the method of diagnosing CD comprises detection
of the ECM1 (rs13294) variant allele. In some embodiments, the method of diagnosing CD
comprises detection of the STAT3 (rs744166) variant allele.

[0089] In other embodiments, the method of diagnosing IBD comprises detection of one or
more variant alleles selected from the group consisting of ATG16L1 (e.g., rs2241880,
rs3828309), ECM1 (e.g., rs7511649, rs373240, rs13294), NKX2-3 (e.g., rs1190140,
rs10883365, rs6584283), and STAT3 (e.g, rs744166).

[0090] In other embodiments, the method of diagnosing IC and/or categorizing a sample as
being inconclusive comprises detection of one or more variant alleles selected from the group
consisting of ATG16L1 (e.g., rs2241880, rs3828309), ECM1 (e.g., rs7511649, rs373240,
rs13294), NKX2-3 (e.g., rs1190140, rs10883365, rs6584283), and STAT3 (e.g., rs744166).

[0091] In other embodiments, the method of diagnosing UC comprises detection of one or
more variant alleles selected from the group consisting of ATG16L1 (e.g., rs2241880,
rs3828309), ECM1 (e.g., rs7511649, rs373240, rs13294), NKX2-3 (e.g., rs1190140,
rs10883365, rs6584283), and STAT3 (e.g., rs744166).

[0092] In other embodiments, the method of diagnosing CD comprises detection of one or
more variant alleles selected from the group consisting of ATG16L1 (e.g., rs2241880,
rs3828309), ECMI1 (e.g., rs7511649, rs373240, rs13294), NKX2-3 (e.g, rs1190140,
rs10883365, rs6584283), and STAT3 (e.g., r1s744166).

[0093] The presence or absence of a variant allele in a genetic marker can be determined
using an assay described herein. Assays that can be used to determine variant allele status
include, but are not limited to, electrophoretic analysis assays, restriction length

polymorphism analysis assays, sequence analysis assays, hybridization analysis assays, PCR
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analysis assays, allele-specific hybridization, oligonucleotide ligation allele-specific
elongation/ligation, allele-specific amplification, single-base extension, molecular inversion
probe, invasive cleavage, selective termination, restriction length polymorphism, sequencing,
single strand conformation polymorphism (SSCP), single strand chain polymorphism,
mismatch-cleaving, denaturing gradient gel electrophoresis, and combinations thereof. These
assays have been well-described and standard methods are known in the art. See, e.g.,
Ausubel et al., Current Protocols in Molecular Biology, John Wiley & Sons, Inc. New York
(1984-2008), Chapter 7 and Supplement 47; Theophilus et al., “PCR Mutation Detection
Protocols,” Humana Press, (2002); Innis et al., PCR Protocols, San Diego, Academic Press,
Inc. (1990); Maniatis, et al., Molecular Cloning: A Laboratory Manual, Cold Spring Harbor
Lab., New York, (1982); Ausubel et al., Current Protocols in Genetics and Genomics, John
Wiley & Sons, Inc. New York (1984-2008); and Ausubel et al., Current Protocols in Human
Genetics, John Wiley & Sons, Inc. New York (1984-2008); all incorporated herein by

reference in their entirety for all purposes.

[0094] In particular embodiments, the method described herein improves the diagnosis of

UC compared to ANCA and/or pANCA-based methods of diagnosing UC.

[0095] In other embodiments, the method of diagnosing IBD and/or subgroups including
UC and CD comprises an additional step of analyzing the biological sample for the presence
or level of a serological marker, wherein detection of the presence or level of the serological
marker in conjunction with the presence of one or more variant alleles further improves the

diagnosis of IBD and/or subgroups including UC and CD.

[0096] In yet other embodiments, the method of diagnosing IBD and/or subgroups
including UC and CD comprises detection of a serological marker selected from an anti-
neutrophil antibody, an anti-Saccharomyces cerevisiae antibody, an antimicrobial antibody,
an acute phase protein, an apolipoprotein, a defensin, a growth factor, a cytokine, a cadherin,

a cellular adhesion molecule, or any combination of the markers described herein.

[0097] In further embodiments, the method of diagnosing IBD and/or subgroups including
UC and CD utilizes an anti-neutrophil antibody that is selected from one of ANCA and
pANCA, or a combination of ANCA and pANCA. In one embodiment, the anti-neutrophil
antibody comprises an anti-neutrophil cytoplasmic antibody (ANCA) such as ANCA detected
by an immunoassay (e.g., ELISA), a perinuclear anti-neutrophil cytoplasmic antibody
(pPANCA) such as pANCA detected by an immunohistochemical assay (e.g., IFA) or a
DNAse-sensitive immunohistochemical assay, or a combination thereof.
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[0098] In yet further additional embodiments, the method of diagnosing IBD and/or
subgroups including UC and CD utilizes an anti-Saccharomyces cerevisiae antibody that is
selected from the group consisting of anti-Saccharomyces cerevisiae immunoglobulin A
(ASCA-IgA), anti-Saccharomyces cerevisiae immunoglobulin G (ASCA-IgG), and a

combination thereof.

[0099] In yet other embodiments, the method of diagnosing IBD and/or subgroups
including UC and CD utilizes an antimicrobial antibody that is selected from the group
consisting of an anti-outer membrane protein C (anti-OmpC) antibody, an anti-I2 antibody,
an anti-flagellin antibody (e.g., anti-CBir1 antibody, anti-Fla2 antibody (i.e., anti-A4-Fla2),

and anti-FlaX antibody), and a combination thereof.

[0100] In yet other embodiments, the method of diagnosing IBD and/or subgroups
including UC and CD utilizes an acute phase protein such as, but not limited to C-Reactive

protein (CRP).

[0101]) In yet other embodiments, the method of diagnosing IBD and/or subgroups
including UC and CD utilizes an apolipoprotein such as, but not limited to serum amyloid A

(SAA).

[0102] In yet other embodiments, the method of diagnosing IBD and/or subgroups
including UC and CD utilizes a defensin that is selected from the group consisting of 3

defensin (BD1), B defensin-2 (BD2), or combination thereof.

[0103] In yet other embodiments, the method of diagnosing IBD and/or subgroups
including UC and CD utilizes a growth factor that is selected from the group consisting of
epidermal growth factor (EGF), vascular endothelial growth factor (VEGF), or combination
thereof.

[0104] In yet other embodiments, the method of diagnosing IBD and/or subgroups
including UC and CD utilizes a cytokine that is selected from the group consisting of TNF-
related weak inducer of apoptosis (TWEAK), IL-13, IL-6, or a combination thereof.

[0105] In yet other embodiments, the method of diagnosing IBD and/or subgroups

including UC and CD utilizes a cadherin such as, but not limited to, E-cadherin.

[0106] In yet other embodiments, the method of diagnosing IBD and/or subgroups

including UC and CD utilizes a cellular adhesion molecule selected from the group consisting
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of inter-cellular adhesion molecule 1 (ICAM-1 or ICAM), vascular cellular adhesion

molecule 1 (VCAM-1 or VCAM), or combination thereof.

[0107] In other embodiments, the serological marker comprises or consists of ANCA,
pANCA (e.g., pANCA IFA and/or DNAse-sensitive pANCA IFA), ASCA-IgA, ASCA-IgG,
anti-OmpC antibody (OmpC), anti-CBir-1 antibody (CBirl), anti-Fla2 antibody (Fla2 or A4-
Fla2), anti-FlaX antibody (FlaX), or a combination thereof.

[0108] In other embodiments, the inflammation marker comprises or consists of VEGF,

CRP, SAA, ICAM, VCAM, or a combination thereof.

[0109] The presence or (concentration) level of the serological marker or the inflammation
marker can be detected (e.g., determined, measured, analyzed, etc.) with a hybridization
assay, amplification-based assay, immunoassay, inmunohistochemical assay, or a
combination thereof. Non-limiting examples of assays, techniques, and kits for detecting or
determining the presence or level of one or more serological markers in a sample are
described herein. Non-limiting examples of assays, techniques, and kits for detecting or
determining the presence or level of one or more inflammation markers in a sample are

described herein.

[0110] In particular embodiments, the methods and systems of the present invention utilize
one or a pluralitiy of (e.g., multiple) genetic markers, alone or in combination with one or a

plurality of serological and/or inflammation markers.

[0111] In one aspect, the present invention provides a method for diagnosing ulcerative
colitis (UC) in an individual diagnosed with inflammatory bowel disease (IBD) and/or
suspected of having UC. In some embodiments, the method comprises: (i) analyzing a
biological sample obtained from the individual to determine the presence, absence or level of
a plurality of sero-genetic-inflammation markers in a biological sample, wherein the gene is
one or more of ATG16L1, ECMI1, STAT3, or NKX2-3, the serological marker is one or more
of ANCA, pANCA (e.g., pANCA IFA and/or DNAse-sensitive pANCA IFA), ASCA-IgA,
ASCA-IgG, anti-OmpC antibody, anti-CBir-1 antibody, anti-Fla2 antibody, anti-FlaX
antibody, and the inflammation marker is one or more of VEGF, CRP, SAA, ICAM-1, or
VCAM-1, in the sample to obtain a marker profile; and (ii) applying a statistical analysis to
the marker profile to obtain a diagnostic profile for the individual to aid in the diagnosis of

UC.
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[0112] In another aspect, the present invention provides a method for diagnosing Crohn’s
disease (CD) in an individual diagnosed with inflammatory bowel disease (IBD) and/or
suspected of having CD. In some embodiments, the method comprises: (i) analyzing a
biological sample obtained from the individual to determine the presence, absence or level of
a plurality of sero-genetic-inflammation markers in a biological sample, wherein the gene is
one or more of ATG16L1, ECM1, STAT3, or NKX2-3, the serological marker is one or more
of ANCA, pANCA (e.g., pANCA IFA and/or DNAse-sensitive pANCA IFA), ASCA-IgA,
ASCA-IgG, anti-OmpC antibody, anti-CBir-1 antibody, anti-Fla2 antibody, anti-FlaX
antibody, and the inflammation marker is one or more of VEGF, CRP, SAA, ICAM-1, or
VCAM-1, in the sample to obtain a marker profile; and (ii) applying a statistical analysis to
the marker profile to obtain a diagnostic profile for the individual to aid in the diagnosis of

CD.

[0113] In another aspect, the present invention provides a method for diagnosing
indeterminate colitis (IC) in an individual diagnosed with inflammatory bowel disease (IBD)
and/or suspected of having IC. In some embodiments, the method comprises: (i) analyzing a
biological sample obtained from the individual to determine the presence, absence or level of
a plurality of sero-genetic-inflammation markers in a biological sample, wherein the gene is
one or more of ATG16L1, ECMI, STAT3, or NKX2-3, the serological marker is one or more
of ANCA, pANCA (e.g., pANCA IFA and/or DNAse-sensitive pANCA IFA), ASCA-IgA,
ASCA-IgG, anti-OmpC antibody, anti-CBir-1 antibody, anti-Fla2 antibody, anti-FlaX
antibody, and the inflammation marker is one or more of VEGF, CRP, SAA, ICAM-1, or
VCAM-1, in the sample to obtain a marker profile; and (ii) applying a statistical analysis to
the marker profile to obtain a diagnostic profile for the individual to aid in the diagnosis of

IC.

[0114] In some embodiments, the method of the present invention includes an additional
step comprising associated the diagnostic profile for the individual to a diagnostic model to

aid in the diagnosis of UC, CD or IC.

[0115] In some embodiments, the method of differentiating between IBD and non-IBD
involves detection of the presence, absence, or level of a plurality of sero-genetic-
inflammation markers in a biological sample. In particular embodiments, the detection of the
presence, absence or level of a plurality of sero-genetic-inflammation markers is indicative of

IBD and not indicative of non-IBD.

26



10

15

20

25

30

[0116] In particular embodiments, the method of differentiating between UC and CD
involves detection of the presence, absence, or level of a plurality of sero-genetic-
inflammation markers in a biological sample from a patient determined to have IBD. In some
embodiments, the detection of the presence, absence or level of a plurality of sero-genetic-
inflammation markers is indicative of UC and not indicative of CD. In other embodiments,
the detection of the presence, absence or level of a plurality of sero-genetic- inflammation

markers is indicative of CD and not indicative of UC.

[0117] In other embodiments, the present invention provides methods for detecting the
association of at least one sero-genetic-inflammation marker selected from the group
consisting of a serological marker such as an anti-neutrophil antibody, an anti-Saccharomyces
cerevisiae antibody, an antimicrobial antibody, an acute phase protein, an apolipoprotein, a
defensin, a growth factor, a cytokine, a cadherin; a genetic marker such as gene variants of
ATGI16L1 (e.g, rs2241880, rs3828309), ECM1 (e.g., rs7511649, rs373240, rs13294),
NKX2-3 (e.g., rs1190140, rs10883365, rs6584283), and STAT3 (e.g, rs744166); and any
combination of the markers with the presence of ulcerative colitis (UC) in a group of
individuals. In some specific embodiments, the method comprises: (i) obtaining biological
samples from a group of individuals diagnosed with IBD and/or suspected of having UC; (ii)
screening the biological samples to determine the presence, absence or level of at least one
sero-genetic-inflammation marker selected from the group consisting of a serological marker
such as an anti-neutrophil antibody, an anti-Saccharomyces cerevisiae antibody, an
antimicrobial antibody, an acute phase protein, an apolipoprotein, a defensin, a growth factor,
a cytokine, a cadherin; a genetic marker such as gene variants of ATG16L1 (e.g., rs2241880,
rs3828309), ECMI1 (e.g., rs7511649, rs373240, rs13294), NKX2-3 (e.g., rs1190140,
rs10883365, rs6584283), and STAT3 (e.g., rs744166); and any combination thereof; and (iii)
evaluating whether one or more of the serological markers show a statistically significant
distribution that is skewed towards a group of individuals diagnosed with IBD and/or
suspected of having UC, wherein the comparison is between a group of individuals diagnosed

with IBD and/or suspected of having UC and a group of control individuals.

[0118] In yet another embodiments, the present invention provides methods for detecting
the association of at least one sero-genetic-inflammation marker selected from the group
consisting of a serological marker such as an anti-neutrophil antibody, an anti-Saccharomyces
cerevisiae antibody, an antimicrobial antibody, an acute phase protein, an apolipoprotein, a

defensin, a growth factor, a cytokine, a cadherin; a genetic marker such as gene variants of
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ATGI16L1 (e.g., rs2241880, rs3828309), ECM1 (e.g., rs7511649, rs373240, rs13294),
NKX2-3 (e.g., rs1190140, rs10883365, rs6584283), and STAT3 (e.g., rs744166); and any
combination of the markers with the presence of Crohn’s disease (CD) in a group of
individuals. In some specific embodiments, the method comprises: (i) obtaining biological
samples from a group of individuals diagnosed with IBD and/or suspected of having CD; (ii)
screening the biological samples to determine the presence, absence or level of at least one
sero-genetic-inflammation marker selected from the group consisting of a serological marker
such as an anti-neutrophil antibody, an anti-Saccharomyces cerevisiae antibody, an
antimicrobial antibody, an acute phase protein, an apolip;)protein, a defensin, a growth factor,
a cytokine, a cadherin; a genetic marker such as gene variants of ATG16L1 (e.g, rs2241880,
rs3828309), ECM1 (e.g., rs7511649, rs373240, rs13294), NKX2-3 (e.g., rs1190140,
rs10883365, rs6584283), and STAT3 (e.g., rs744166); and any combination thereof; and (iii)
evaluating whether one or more of the serological markers show a statistically significant
distribution that is skewed towards a group of individuals diagnosed with IBD and/or
suspected of having CD, wherein the comparison is between a group of individuals diagnosed

with IBD and/or suspected of having CD and a group of control individuals.

[0119] In other embodiments, the genetic marker is at least one of the genes set forth in
Tables A-E (e.g., Table A, B, C, D, and/or E). In some embodiments, the genetic marker is
NKX2-3. In other embodiments, the genetic marker is ATG16L1. In yet other embodiments,
the genetic marker is ECM1. In certain embodiments, the genetic marker is STAT3. The
genotype of the genetic marker can be detected (e.g., determined, analyzed, erc.) by
genotyping an individual for the presence or absence of one or more variant alleles such as,
for example, one or more single nucleotide polymorphisms (SNPs) in one or more genetic
markers. In some embodiments, the SNP is at least one of the SNPs set forth in Tables B-E
(e.g., Table B, C, D, and/or E). Non-limiting examples of techniques for detecting or
determining the genotype of one or more genetic markers in a sample are described herein.

In certain embodiments, the genetic marker is ATG16L1, ECM1, NKX2-3 and/or STAT3. In
certain instances, the presence or absence of one or more ATG16L1, ECM1, NKX2-3 and/or
STAT3 SNPs is determined in combination with the presence or level of one or more markers
selected from the group consisting of an anti-neutrophil antibody, an anti-Saccharomyces
cerevisiae antibody, an antimicrobial antibody, an acute phase protein, an apolipoprotein, a
defensin, a growth factor, a cytokine, a cadherin, a cellular adhesion molecule, and a
combination thereof.. Non-limiting examples include ASCA-IgA, ASCA-IgG, anti-OmpC
antibody, anti-CBir-1 antibody, anti-flagellin antibody, pANCA (e.g., pANCA IFA and/or
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DNAse-sensitive pANCA IFA), CRP, SAA, ANCA, VEGF, ICAM, VCAM, or a

combination thereof.

[0120] In further aspects, a panel for measuring one or more of the markers described
herein may be constructed to provide relevant information related to the approach of the
invention for diagnosing IBD and/or differentiating UC and CD. Such a panel may be
constructed to detect or determine the presence (or absence) or level of at least 1, 2, 3, 4, 5, 6,
7,8,9,10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, or more individual markers
such as the genetic, biochemical, serological, protein, inflammatory, or other markers
described herein. A marker profile of the present invention comprises the measurement of
one or more of the markers described herein. The analysis of a single marker or subsets of
markers can also be carried out by one skilled in the art in various clinical settings. These
include, but are not limited to, ambulatory, urgent care, critical care, intensive care,
monitoring unit, inpatient, outpatient, physician office, medical clinic, and health screening

settings.

[0121] In some embodiments, the analysis of markers could be carried out in a variety of
physical formats. For example, microtiter plates or automation could be used to facilitate the
processing of large numbers of test samples. Alternatively, single sample formats could be

developed to facilitate treatment, diagnosis, and prognosis in a timely fashion.

[0122] In certain embodiments, the methods further comprise comparing the results from
the statistical analysis (i.e., diagnostic profile) to a reference (i.e., diagnostic model) to aid in
the diagnosis of IBD. In particular embodiments, the methods utilize multiple serological,

protein, and/or genetic markers to provide physicians with valuable diagnostic insight.

[0123] In the methods of the present invention, the marker profile can be determined by

detecting the presence, level, or genotype of at least 2, 3, 4, 5,6, 7, 8, 9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, or 20 markers. In particular embodiments, the sample is serum, plasma,
whole blood, and/or stool. In other embodiments, the individual is diagnosed with Crohn’s

disease (CD), ulcerative colitis (UC), or inconclusive.

[0124] The statistical analysis applied to the marker profile can comprise any of a variety
of statistical methods, models, and algorithms described herein. In particular embodiments,
the statistical analysis is a quartile analysis. In some instances, the quartile analysis converts
the presence, level or genotype of each marker into a quartile score. As a non-limiting

example, the diagnosis of IBD can be made based upon a quartile sum score (QSS) for the
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individual that is obtained by summing the quartile score for each of the markers. In other
embodiments, the statistical analysis comprises one or more learning statistical classifier
systems as described herein. In particular embodiments, the statistical analysis comprises a
combination of at least two learning statistical classifier systems. A non-limiting example of
such a combination includes a decision/classification tree (e.g., a classification and regression
tree (C&RT), a random forest, etc.) and a neural network, e.g., applied in tandem. In certain
instances, the methods comprise applying a first statistical analysis (e.g., a
decision/classification tree or a random forest) to the presence, level, or genotype determined
for each of the markers to generate a prediction or probability value, and then applying a
second statistical analysis (e.g., e.g., a decision/classification tree or a random forest) to the
prediction or probability value and the presence, level, or genotype determined for each of the
markers to aid in the diagnosis of IBD (e.g., by classifying the sample as an IBD sample or
non-IBD sample)and/or differentiating UC and CD. In certain embodiments, a first random
forest is applied to a marker profile, followed by a decision tree or set of rules, followed by

yet anther random forest.

[0125] In other embodiments, the diagnostic profile is a quartile sum score (QSS) for the
individual and the QSS is compared to a diagnostic model (e.g., a serological model, a sero-
genetic-inflammatory model, standardized risk scale, etc.). In certain embodiments, the
individual is predicted to have a higher probability of disease when the QSS is greater than 5,
6,7,8,9,10,11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, etc. (e.g., preferably greater
than 10).

[0126] In certain embodiments, the diagnostic model is established using a retrospective
cohort with known outcomes of a clinical subtype of IBD (e.g., CD, or UC). In preferred
embodiments, the diagnostic model is selected from the group consisting of a serological
model, a sero-genetic-inflammatory model, a genetic model, and a combination thereof. In
one particular embodiment, the serological model is derived by applying logistic regression
analysis to the presence or level of one or more serological markers determined in the
retrospective cohort. In another particular embodiment, the sero-genetic-inflammatory model
is derived by applying logistic regression analysis to the presence or level of one or more
serological markers and the genotype of one or more genetic markers determined in the
retrospective cohort. In other embodiments, the sero-genetic-inflammatory model is derived

by applying a random forest model to the presence or level of one or more serological
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markers and the genotype of one or more genetic markers determined in the retrospective

cohort.

[0127] In particular embodiments, the methods described herein provide a prediction of UC
or CD diagnosis at a rate of (at least) about 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%,
45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% (or any range
therein) based on an individual’s diagnostic profile, e.g., the individual’s QSS, optionally in
combination with the presence or absence of one or more variant alleles in one or more
genetic markers, e.g., ATG16L1, STAT3, ECMI, and/or NKX2-3, and the level of one or
more serological markers, e.g., ASCA-IgA, ASCA-IgG, anti-OmpC antibody, anti-CBir-1
antibody, anti-flagellin antibody, pANCA (e.g., pANCA IFA and/or DNAse-sensitive
pANCA IFA), CRP, SAA, ANCA, VEGF, ICAM, VCAM, or a combination thereof.

[0128] In certain embodiments, the reference (concentration) level corresponds to a
(concentration) level of one of the markers in a sample from an individual not having CD
(e.g., healthy individual, non-CD individual, non-IBD individual, UC individual, etc.). In
certain other embodiments, the reference genotype corresponds to a wild-type genotype (e.g.,

non-variant allele or SNP) of one of the genetic markers.

[0129] In particular embodiments, the methods described herein provide a prediction of
disease at a rate of (at least) about 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%,
55%, 60%, 65%, 70%, 75%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% (or any range therein) based on
an individual’s diagnostic profile, such as, e.g., the individual’s QSS, optionally in
combination with the presence or absence of one or more variant alleles in one or more
genetic markers, e.g., ATG16L1, ECM1, NKX2-3 and/or STAT3, and the level of one or
more serological markers, e.g., ASCA-IgA, ASCA-IgG, anti-OmpC antibody, anti-CBir-1
antibody, anti-flagellin antibody, pANCA (e.g., pANCA IFA and/or DNAse-sensitive
pANCA IFA), CRP, SAA, ANCA, VEGF, ICAM, VCAM, or a combination thereof.

[0130] In certain embodiments, the reference (concentration) level corresponds to a
(concentration) level of one of the markers in a sample from an individual not having IBD
(e.g., healthy individual, non-IBD individual, non-CD individual, non-UC individual, efc.).
In certain other embodiments, the reference genotype corresponds to a wild-type genotype

(e.g., non-variant allele or SNP) of one of the genetic markers.
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[0131] In particular embodiments, the methods described herein provide a probability of

IBD (or a clinical subtype thereof) of (at least) about 5%, 10%, 15%, 20%, 25%, 30%, 35%,
40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% (or any range

therein) based on an individual’s marker levels and/or genotypes.

[0132] In certain embodiments, the methods further comprise comparing the results from
the statistical analysis (i.e., diagnostic profile) to a reference (i.e., diagnostic model) to aid in
the diagnosis of IBD. In some instances, the diagnostic model comprises a display, print-out,
and/or report such as a look-up table or graph. In other instances, the diagnostic profile is a
quartile sum score (QSS) for the individual and the QSS is compared to a diagnostic model.
In some embodiments, the individual is predicted to have a higher probability of having IBD
when the QSS is greater than 5, 6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23, 24, etc.

[0133] In certain preferred embodiments, the IBD diagnostic algorithm of the present
invention uses measurements from 17 sero-genetic-inflammatory biological markers (e.g.,
ANCA, ASCA-A, ASCA-G, pANCA, FlaX, SAA, Fla2, ICAM, OmpC, CBirl, VCAM,
CRP, NKX2-3, ATG16L1, STAT3, ECM1, and VEGF) to compute a model score based on
the first random forest model for predicting IBD vs. non-IBD (110). The first random model
determines if a patient’s sample is an IBD or a nonIBD sample. If the score is less than the
IBD vs. non-IBD cut-off (e.g., < 0.64), the sample is predicted to be from a patient having
IBD i.e., an IBD sample (125). Otherwise, the sample is predicted to be from a patient
having non-IBD (120). Samples predicted to have IBD, proceed to the next step of the
algorithm, which is a decision tree or set of rules designed to rule out Indeterminate Colitis
(IC) or rule out categorizing the sample as inconclusive (130). If a sample matches the
pattern for either of the IC rules, the algorithm predicts that the IBD sample is IC or it
categorizes the sample as inconclusive (135). Otherwise, the sample proceeds to the next
step of the algorithm (140), which is a second random forest model for predicting UC or CD
(150). The diagnostic algorithm of the present invention uses measurements from 11 sero-
genetic-inflammatory biological markers (e.g., ANCA, ASCA-A, ASCA-G, FlaX, Fla2,
pANCA, OmpC, CBirl, ECM1, STAT3, VEGF and combinations thereof) to compute a
model score based on the second random forest model for predicting UC or CD. If the score

is less than the UC vs. CD cut-off (e.g., 0.35), the algorithm predicts the sample as having
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CD (153). If the score is greater than the cut-off, the algorithm predicts the sample as having
UC (155).

[0134] In certain embodiments, an IC rule or inconclusive rule can be ANCA > Q3,
pANCA? positive, and either anti-Cbirl antibody or anti-Fla2 antibody or anti-FlaX antibody
> Q3. In other embodiments, an IC rule can be pANCA2 positive, and any two of the
serological anti-flagellin antibody (e.g., anti-Cbirl antibody or anti-Fla2 antibody or anti-

FlaX antibody) markers > Q3. In certain aspects, an IC rule is also an inconclusive rule.

[0135] One skilled in the art would know that the methods of the present invention
comprise using 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, or 17 sero-genetic-
inflammation markers for an IBD diagnostic test, wherein the diagnostic test comprises a
diagnostic algorithm, wherein the algorithm is developed from a sample set (e.g. training set)
comprising 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, or 17 sero-genetic-inflammatory
markers. Non-limiting examples of serogenetic markers include e.g., ANCA, ASCA-A,
ASCA-G, pANCA, FlaX, SAA, Fla2, ICAM, OmpC, CBirl, VCAM, CRP, NKX2-3,
ATGI16L1, STAT3, ECMI1, VEGF and combinations thereof.

[0136) In some embodiments, the diagnostic model comprises a display, print-out, and/or
report such as a look-up table or graph. In particular embodiments, the look-up table or graph
provides a cumulative probability of the individual having or not having IBD. In certain
other embodiments, the look-up table or graph provides a cumulative probability of the
individual having or not having IBD. In certain other embodiments, the look-up table or
graph provides a cumulative probability of the individual having or not having IC. In other
embodiments, the look-up table or graph provides a cumulative probability of the individual
having or not having CD. The look-up table or graph can also provide a cumulative

probability of the individual having or not having UC.

IV.  Clinical Subtypes of IBD

[0137] Inflammatory bowel disease (IBD) is a group of inflammatory conditions of the
large intestine and small intestine. The main forms of IBD are Crohn’s disease (CD) and
ulcerative colitis (UC). Other less common forms of IBD include, e.g., indeterminate colitis
(IC), collagenous colitis, lymphocytic colitis, ischemic colitis, diversion colitis, Behget’s
syndrome, infective colitis, and the like. IBD that is inconclusive for CD and UC is also

included herein as a form of IBD.
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A. Crohn’s Disease

[0138] Crohn’s disease (CD) is a disease of chronic inflammation that can involve any part
of the gastrointestinal tract. Commonly, the distal portion of the small intestine, i.e., the
ileum, and the cecum are affected. In other cases, the disease is confined to the small
intestine, colon, or anorectal region. CD occasionally involves the duodenum and stomach,

and more rarely the esophagus and oral cavity.

[0139] The variable clinical manifestations of CD are, in part, a result of the varying
anatomic localization of the disease. The most frequent symptoms of CD are abdominal pain,
diarrhea, and recurrent fever. CD is commonly associated with intestinal obstruction or
fistula, an abnormal passage between diseased loops of bowel. CD also includes
complications such as inflammation of the eye, joints, and skin, liver disease, kidney stones,

and amyloidosis. In addition, CD is associated with an increased risk of intestinal cancer.

[0140] Several features are characteristic of the pathology of CD. The inflammation
associated with CD, known as transmural inflammation, involves all layers of the bowel wall.
Thickening and edema, for example, typically also appear throughout the bowel wall, with
fibrosis present in long-standing forms of the disease. The inflammation characteristic of CD
is discontinuous in that segments of inflamed tissue, known as “skip lesions,” are separated
by apparently normal intestine. Furthermore, linear ulcerations, edema, and inflammation of
the intervening tissue lead to a “cobblestone” appearance of the intestinal mucosa, which is

distinctive of CD.

[0141] A hallmark of CD is the presence of discrete aggregations of inflammatory cells,
known as granulomas, which are generally found in the submucosa. Some CD cases display
typical discrete granulomas, while others show a diffuse granulomatous reaction or a
nonspecific transmural inflammation. As a result, the presence of discrete granulomas is
indicative of CD, although the absence of granulomas is also consistent with the disease.
Thus, transmural or discontinuous inflammation, rather than the presence of granulomas, is a
preferred diagnostic indicator of CD (Rubin and Farber, Pathology (Second Edition),
Philadelphia, J.B. Lippincott Company (1994)).

[0142] Crohn’s disease may be categorized by the behavior of disease as it progresses.
This was formalized in the Vienna classification of Crohn’s disease. See, Gasche et al.,
Inflamm. Bowel Dis., 6:8-15 (2000). There are three categories of disease presentation in

Crohn’s disease: (1) stricturing, (2) penetrating, and (3) inflammatory. Stricturing disease
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causes narrowing of the bowel which may lead to bowel obstruction or changes in the caliber
of the feces. Penetrating disease creates abnormal passageways (fistulae) between the bowel
and other structures such as the skin. Inflammatory disease (also known as non-stricturing,

non-penetrating disease) causes inflammation without causing strictures or fistulae.

[0143] As such, Crohn’s disease represents a number of heterogeneous disease subtypes
that affect the gastrointestinal tract and may produce similar symptoms. As used herein in
reference to CD, the term “clinical subtype” includes a classification of CD defined by a set
of clinical criteria that distinguish one classification of CD from another. As non-limiting
examples, subjects with CD can be classified as having stricturing (e.g., internal stricturing),
penetrating (e.g., internal penetrating), or inflammatory disease as described herein, or these
subjects can additionally or alternatively be classified as having fibrostenotic disease, small
bowel disease, internal perforating disease, perianal fistulizing disease, UC-like disease, the

need for small bowel surgery, the absence of features of UC, or combinations thereof.

[0144] In certain instances, subjects with CD can be classified as having complicated CD,
which is a clinical subtype characterized by stricturing or penetrating phenotypes. In certain
other instances, subjects with CD can be classified as having a form of CD characterized by
one or more of the following complications: fibrostenosis, internal perforating disease, and
the need for small bowel surgery. In further instances, subjects with CD can be classified as
having an aggressive form of fibrostenotic disease requiring small bowel surgery. Criteria
relating to these subtypes have been described, for example, in Gasche et al., Inflamm. Bowel
Dis., 6:8-15 (2000); Abreu et al., Gastroenterology, 123:679-688 (2002); Vasiliauskas et al.,
Gut, 47:487-496 (2000); Vasiliauskas et al., Gastroenterology, 110:1810-1819 (1996); and
Greenstein et al., Gut, 29:588-592 (1988).

[0145] The “fibrostenotic subtype” of CD is a classification of CD characterized by one or
more accepted characteristics of fibrostenosing disease. Such characteristics of
fibrostenosing disease include, but are not limited to, documented persistent intestinal
obstruction or an intestinal resection for an intestinal obstruction. The fibrostenotic subtype
of CD can be accompanied by other symptoms such as perforations, abscesses, or fistulae,
and can further be characterized by persistent symptoms of intestinal blockage such as
nausea, vomiting, abdominal distention, and inability to eat solid food. Intestinal X-rays of
patients with the fibrostenotic subtype of CD can show, for example, distention of the bowel

before the point of blockage.
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[0146] The requirement for small bowel surgery in a subject with the fibrostenotic subtype
of CD can indicate a more aggressive form of this subtype. Additional subtypes of CD are
also known in the art and can be identified using defined clinical criteria. For example,
internal perforating disease is a clinical subtype of CD defined by current or previous
evidence of entero-enteric or entero-vesicular fistulae, intra-abdominal abscesses, or small
bowel perforation. Perianal perforating disease is a clinical subtype of CD defined by current
or previous evidence of either perianal fistulae or abscesses or rectovaginal fistula. The UC-
like clinical subtype of CD can be defined by current or previous evidence of left-sided
colonic involvement, symptoms of bleeding or urgency, and crypt abscesses on colonic
biopsies. Disease location can be classified based on one or more endoscopic, radiologic, or

pathologic studies.

[0147] One skilled in the art understands that overlap can exist between clinical subtypes of
CD and that a subject having CD can have more than one clinical subtype of CD. For
example, a subject having CD can have the fibrostenotic subtype of CD and can also meet
clinical criteria for a clinical subtype characterized by the need for small bowel surgery or the
internal perforating disease subtype. Similarly, the markers described herein can be

associated with more than one clinical subtype of CD.

B. Ulcerative Colitis

[0148] Ulcerative colitis (UC) is a disease of the large intestine characterized by chronic
diarrhea with cramping, abdominal pain, rectal bleeding, loose discharges of blood, pus, and
mucus. The manifestations of UC vary widely. A pattern of exacerbations and remissions
typifies the clinical course for about 70% of UC patients, although continuous symptoms
without remission are present in some patients with UC. Local and systemic complications
of UC include arthritis, eye inflammation such as uveitis, skin ulcers, and liver disease. In
addition, UC, and especially the long-standing, extensive form of the disease is associated

with an increased risk of colon carcinoma.

[0149] UC is a diffuse disease that usually extends from the most distal part of the rectum
for a variable distance proximally. The term “left-sided colitis” describes an inflammation
that involves the distal portion of the colon, extending as far as the splenic flexure. Sparing
of the rectum or involvement of the right side (proximal portion) of the colon alone is unusual
in UC. The inflammatory process of UC is limited to the colon and does not involve, for
example, the small intestine, stomach, or esophagus. In addition, UC is distinguished by a

superficial inflammation of the mucosa that generally spares the deeper layers of the bowel
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wall. Crypt abscesses, in which degenerated intestinal crypts are filled with neutrophils, are

also typical of UC (Rubin and Farber, supra).

[0150] In certain instances, with respect to UC, the variability of symptoms reflect
differences in the extent of disease (i.e., the amount of the colon and rectum that are
inflamed) and the intensity of inflammation. Disease starts at the rectum and moves “up” the
colon to involve more of the organ. UC can be categorized by the amount of colon involved.
Typically, patients with inflammation confined to the rectum and a short segment of the
colon adjacent to the rectum have milder symptoms and a better prognosis than patients with

more widespread inflammation of the colon.

[0151] In comparison with CD, which is a patchy disease with frequent sparing of the
rectum; UC is characterized by a continuous inflammation of the colon that usually is more
severe distally than proximally. The inflammation in UC is superficial in that it is usually
limited to the mucosal layer and is characterized by an acute inflammatory infiltrate with
neutrophils and crypt abscesses. In contrast, CD affects the entire thickness of the bowel wall
with granulomas often, although not always, present. Disease that terminates at the ileocecal
valve, or in the colon distal to it, is indicative of UC, while involvement of the terminal

ileum, a cobblestone-like appearance, discrete ulcers, or fistulas suggests CD.

[0152] The different types of ulcerative colitis are classified according to the location and
the extent of inflammation. As used herein in reference to UC, the term “clinical subtype”
includes a classification of UC defined by a set of clinical criteria that distinguish one
classification of UC from another. As non-limiting examples, subjects with UC can be
classified as having ulcerative proctitis, proctosigmoiditis, left-sided colitis, pancolitis,
fulminant colitis, and combinations thereof. Criteria relating to these subtypes have been

described, for example, in Kornbluth et al., Am. J. Gastroenterol., 99: 1371-85 (2004).

[0153] Ulcerative proctitis is a clinical subtype of UC defined by inflammation that is
limited to the rectum. Proctosigmoiditis is a clinical subtype of UC which affects the rectum
and the sigmoid colon. Left-sided colitis is a clinical subtype of UC which affects the entire
left side of the colon, from the rectum to the place where the colon bends near the spleen and
begins to run across the upper abdomen (the splenic flexure). Pancolitis is a clinical subtype
of UC which affects the entire colon. Fulminant colitis is a rare, but severe form of
pancolitis. Patients with fulminant colitis are extremely ill with dehydration, severe

abdominal pain, protracted diarrhea with bleeding, and even shock.
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[0154] In some embodiments, classification of the clinical subtype of UC is important in
planning an effective course of treatment. While ulcerative proctitis, proctosigmoiditis, and
left-sided colitis can be treated with local agents introduced through the anus, including
steroid-based or other enemas and foams, pancolitis must be treated with oral medication so

that active ingredients can reach all of the affected portions of the colon.

[0155] One skilled in the art understands that overlap can exist between clinical subtypes of
UC and that a subject having UC can have more than one clinical subtype of UC. Similarly,
the prognostic markers described herein can be associated with more than one clinical

subtype of UC.

C. Indeterminate Colitis

[0156] Indeterminate colitis (IC) is a clinical subtype of IBD that includes both features of
CD and UC. Such an overlap in the symptoms of both diseases can occur temporarily (e.g.,
in the early stages of the disease) or persistently (e.g., throughout the progression of the
disease) in patients with IC. Clinically, IC is characterized by abdominal pain and diarrhea
with or without rectal bleeding. For example, colitis with intermittent multiple ulcerations
separated by normal mucosa is found in patients with the disease. Histologically, there is a
pattern of severe ulceration with transmural inflammation. The rectum is typically free of the
disease and the lymphoid inflammatory cells do not show aggregation. Although deep slit-
like fissures are observed with foci of myocytolysis, the intervening mucosa is typically
minimally congested with the preservation of goblet cells in patients with IC. In certain
aspects, the set of rules or decision tree or set of rules categorizes the sample as inconclusive

or IC.

V. IBD Markers

[0157] A variety of IBD markers, including biochemical markers, serological markers,
protein markers, genetic markers, and other clinical or echographic characteristics, are
suitable for use in the methods of the present invention for diagnosing or predicting IBD, or
for aiding or improving the diagnosis or prediction of IBD. See, e.g., U.S. Publication No.
20110045476 and PCT Application No. PCT/US2011/039174, the disclosures of which are
hereby incorporated by reference in their entirety for all purposes. In certain aspects, the
diagnostic methods described herein utilize the application of an algorithm (e.g, statistical
analysis) to the presence, concentration level, or genotype determined for one or more of the

IBD markers to aid or assist in diagnosis or prediction of IBD.
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[0158] Non-limiting examples of IBD markers include: (i) biochemical, serological, and
protein markers such as, e.g., cytokines, growth factors, anti-neutrophil antibodies, anti-
Saccharomyces cerevisiae antibodies, antimicrobial antibodies, acute phase proteins,
apolipoproteins, defensins, cadherins, cellular adhesion molecules, and combinations thereof;,
(ii) genetic markers such as, e.g., any one or a combination of the genes set forth in Tables A-

E; and (iii) a combination of serological and genetic markers.

A. Cytokines

[0159] The determination of the presence or level of at least one cytokine in a sample can
be useful in the present invention. As used herein, the term “cytokine” includes any of a
variety of polypeptides or proteins secreted by immune cells that regulate a range of immune
system functions and encompasses small cytokines such as chemokines. The term “cytokine”
also includes adipocytokines, which comprise a group of cytokines secreted by adipocytes
that function, for example, in the regulation of body weight, hematopoiesis, angiogenesis,

wound healing, insulin resistance, the immune response, and the inflammatory response.

[0160] In certain aspects, the presence or level of at least one cytokine including, but not
limited to, TNF-a, TNF-related weak inducer of apoptosis (TWEAK), osteoprotegerin
(OPG), IFN-a, IFN-B, IFN-y, IL-1a, IL-1p, IL-1 receptor antagonist (IL-1ra), IL-2, IL-4, IL-
5, IL-6, soluble IL-6 receptor (sIL-6R), IL-7, IL-8, IL-9, IL-10, IL-12, IL-13, IL-15, IL-17,
IL-23, and IL-27 is determined in a sample. In certain other aspects, the presence or level of
at least one chemokine such as, for example, CXCL1/GRO1/GROa, CXCL2/GRO2,
CXCL3/GRO3, CXCLA4/PF-4, CXCLS/ENA-78, CXCL6/GCP-2, CXCL7/NAP-2,
CXCL9/MIG, CXCL10/1P-10, CXCL11/I-TAC, CXCL12/SDF-1, CXCL13/BCA-1,
CXCLI14/BRAK, CXCL15, CXCL16, CXCL17/DMC, CCL1, CCL2/MCP-1, CCL3/MIP-1a,
CCL4MIP-1B, CCL5/RANTES, CCL6/C10, CCL7/MCP-3, CCL8/MCP-2, CCL9/CCL10,
CCL11/Eotaxin, CCL12/MCP-5, CCL13/MCP-4, CCL14/HCC-1, CCL15/MIP-5,
CCL16/LEC, CCL17/TARC, CCL18/MIP-4, CCL19/MIP-38, CCL20/MIP-3a, CCL21/SLC,
CCL22/MDC, CCL23/MPIF 1, CCL24/Eotaxin-2, CCL25/TECK, CCL26/Eotaxin-3,
CCL27/CTACK, CCL28/MEC, CL1, CL2, and CX;CL1 is determined in a sample. In
certain further aspects, the presence or level of at least one adipocytokine including, but not
limited to, leptin, adiponectin, resistin, active or total plasminogen activator inhibitor-1 (PAI-

1), visfatin, and retinol binding protein 4 (RBP4) is determined in a sample.

[0161] In certain instances, the presence or level of a particular cytokine is detected at the

level of mRNA expression with an assay such as, for example, a hybridization assay or an
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amplification-based assay. In certain other instances, the presence or level of a particular
cytokine is detected at the level of protein expression using, for example, an immunoassay
(e.g., ELISA) or an immunohistochemical assay. Suitable ELISA kits for determining the
presence or level of a cytokine in a sample such as a serum, plasma, saliva, or urine sample
are available from, e.g., R&D Systems, Inc. (Minneapolis, MN), Neogen Corp. (Lexington,
KY), Alpco Diagnostics (Salem, NH), Assay Designs, Inc. (Ann Arbor, MI), BD Biosciences
Pharmingen (San Diego, CA), Invitrogen (Camarillo, CA), Calbiochem (San Diego, CA),
CHEMICON International, Inc. (Temecula, CA), Antigenix America Inc. (Huntington
Station, NY), QIAGEN Inc. (Valencia, CA), Bio-Rad Laboratories, Inc. (Hercules, CA),
and/or Bender MedSystems Inc. (Burlingame, CA).

B. Growth Factors

[0162] The determination of the presence or level of one or more growth factors in a
sample can be useful in the present invention. As used herein, the term “growth factor”
includes any of a variety of peptides, polypeptides, or proteins that are capable of stimulating

cellular proliferation and/or cellular differentiation.

[0163] In certain aspects, the presence or level of at least one growth factor including, but
not limited to, epidermal growth factor (EGF), heparin-binding epidermal growth factor (HB-
EGF), vascular endothelial growth factor (VEGF), pigment epithelium-derived factor (PEDF;
also known as SERPINF 1), amphiregulin (AREG; also known as schwannoma-derived
growth factor (SDGF)), basic fibroblast growth factor (bFGF), hepatocyte growth factor
(HGF), transforming growth factor-a (TGF-a), transforming growth factor-f (TGF-f), bone
morphogenetic proteins (e.g., BMP1-BMP15), platelet-derived growth factor (PDGF), nerve
growth factor (NGF), B-nerve growth factor (B-NGF), neurotrophic factors (e.g., brain-
derived neurotrophic factor (BDNF), neurotrophin 3 (NT3), neurotrophin 4 (NT4), ezc.),
growth differentiation factor-9 (GDF-9), granulocyte-colony stimulating factor (G-CSF),
granulocyte-macrophage colony stimulating factor (GM-CSF), myostatin (GDF-8),
erythropoietin (EPO), and thrombopoietin (TPO) is determined in a sample. Preferably, the

presence or level of VEGF is determined.

[0164] VEGEF is encoded by the vascular endothelial growth factor gene (VEGF; Entrez
GenelD:7422) and is produced after differential splicing of the transcript (see, e.g., Genbank
Accession No. NM_001025366.2 (isoform a), NM_003376.5 (isoform b), NM_001025367.2
(isoform c), NM_001025368.2 (isoform d), NM_001025369.2 (isoform e), NM_001025370.2
(isoform f), NM_001033756.2 (isoform g), NM_001171622.1 (isoform h), NM_001171623.1
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(isoform i), NM_001171624.1 (isoform j), NM_001171625.1 (isoform k), NM_001171626.1
(isoform 1), NM_001171627.1 (isoform m), NM_001171628.1 (isoform n),
NM_001171629.1 (isoform o), NM_001171630.1 (isoform p), NM_001204384.1 (isoform
q), and NM_001204385.1 (isoform r)), and processing of the precursor polypeptide splice
isoform (Genbank Accession No. NP_001020537.2 (isoform a), NP_003367.4 (isoform b),
NP_001020538.2 (isoform c¢), NP_001020539.2 (isoform d), NP_001020540.2 (isoform ¢),
NP_001020541.2 (isoform f), NP_001028928.1 (isoform g), 001165093.1 (isoform h),
NP_001165094.1 (isoform i), NP_001165095.1 (isoform j), NP_001165096.1 (isoform k),
NP_001165097.1 (isoform 1), NP_001165098.1 (isoform m), NP_001165099.1 (isoform n),
NP_001165100.1 (isoform o), NP_001165101.1 (isoform p), NP_001191313.1 (isoform q),
and NP_00191314.1 (isoform r)).

[0165] In certain instances, the presence or level of a particular growth factor is detected at
the level of mRNA expression with an assay such as, for example, a hybridization assay or an
amplification-based assay. In certain other instances, the presence or level of a particular
growth factor is detected at the level of protein expression using, for example, an
immunoassay (e.g., ELISA) or an immunohistochemical assay. Suitable ELISA kits for
determining the presence or level of a growth factor in a sample such as a serum, plasma,
saliva, or urine sample are available from, e.g., Antigenix America Inc. (Huntington Station,
NY), Promega (Madison, WI), R&D Systems, Inc. (Minneapolis, MN), Invitrogen
(Camarillo, CA), CHEMICON International, Inc. (Temecula, CA), Neogen Corp. (Lexington,
KY), PeproTech (Rocky Hill, NJ), Alpco Diagnostics (Salem, NH), Pierce Biotechnology,
Inc. (Rockford, IL), and/or Abazyme (Needham, MA).

C. Anti-Neutrophil Antibodies

[0166] The determination of ANCA levels and/or the presence or absence of pANCA in a
sample can be useful in the present invention. As used herein, the term “anti-neutrophil
cytoplasmic antibody” or “ANCA” includes antibodies directed to cytoplasmic and/or nuclear
components of neutrophils. ANCA activity can be divided into several broad categories
based upon the ANCA staining pattern in neutrophils: (1) cytoplasmic neutrophil staining
without perinuclear highlighting (cCANCA); (2) perinuclear staining around the outside edge
of the nucleus (pANCA); (3) perinuclear staining around the inside edge of the nucleus
(NSNA); and (4) diffuse staining with speckling across the entire neutrophil (SAPPA). In
certain instances, pANCA staining is sensitive to DNase treatment. The term ANCA

encompasses all varieties of anti-neutrophil reactivity, including, but not limited to, cANCA,
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pANCA, NSNA, and SAPPA. Similarly, the term ANCA encompasses all immunoglobulin
isotypes including, without limitation, immunoglobulin A and G. Preferably, the presence or
level of ANCA IgG is determined. In particular embodiments, both the presence or absence of a
perinuclear pANCA staining pattern and the presence or absence of pANCA staining that is
sensitive to DNase treatment are detected, e.g., using separate indirect fluorescent antibody

(IFA) assays.

[0167] ANCA levels in a sample from an individual can be determined, for example,
using an immunoassay such as an enzyme-linked immunosorbent assay (ELISA) with alcohol-
fixed neutrophils. The presence or absence of a particular category of ANCA such as pANCA
can be determined, for example, using an immunohistochemical assay such as an indirect
fluorescent antibody (IFA) assay. In certain embodiments, the presence or absence of pANCA
in a sample is determined using an immunofluorescence assay with DNase-treated, fixed
neutrophils. In addition to fixed neutrophils, antibodies directed against human antibodies can
be used for detection. Antigens specific for ANCA are also suitable for determining ANCA
levels, including, without limitation, unpurified or partially purified neutrophil extracts; purified
proteins, protein fragments, or synthetic peptides such as histone HI or ANCA-reactive
fragments thereof (see, e.g., U.S. Patent No. 6,074,835); histone Hl-like antigens, porin
antigens, Bacteroides antigens, or ANCA-reactive fragments thereof (see, e.g., U.S. Patent No.
6,033,864); secretory vesicle antigens or ANCA-reactive fragments thereof (see, e.g., U.S.
Patent Application No. 08/804,106, corresponding to WO1998/037415); and anti-ANCA
idiotypic antibodies. One skilled in the art will appreciate that the use of additional antigens

specific for ANCA is within the scope of the present invention.

[0168] In certain embodiments, the pANCA biomarker is a binary rather than a
numerical variable since its value is either positive or negative. In some embodiments, a
pANCA-positive status is associated with a lower rate and/or risk of complications (e.g.,
internal stricturing disease, internal penetrating disease, and/or surgery). In some instances, the
quartile scoring for pANCA is inverted, such that a positive status is scored as "1" and a
negative status is scored as "4".

D. Anti-Saccharomyces cerevisiae Antibodies
[0169] The determination of the presence or level of ASCA (e.g., ASCA-IgA, ASCA-

IgG, ASCA-IgM, etc.) in a sample can also be useful in the present invention. The term "anti-
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Saccharomyces cerevisiae immunoglobulin A" or "ASCA-IgA" includes antibodies of the

immunoglobulin A isotype that react specifically with S. cerevisiae. Similarly, the term
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“anti-Saccharomyces cerevisiae immunoglobulin G” or “ASCA-IgG” includes antibodies of

the immunoglobulin G isotype that react specifically with S. cerevisiae.

[0170] The determination of whether a sample is positive for ASCA-IgA or ASCA-IgG is
made using an antibody specific for human antibody sequences or an antigen specific for
ASCA. Such an antigen can be any antigen or mixture of antigens that is bound specifically
by ASCA-IgA and/or ASCA-IgG. Although ASCA antibodies were initially characterized by
their ability to bind S. cerevisiae, those of skill in the art will understand that an antigen that
is bound specifically by ASCA can be obtained from S. cerevisiae or from a variety of other
sources so long as the antigen is capable of binding specifically to ASCA antibodies.
Accordingly, exemplary sources of an antigen specific for ASCA, which can be used to
determine the levels of ASCA-IgA and/or ASCA-IgG in a sample, include, without
limitation, whole killed yeast cells such as Saccharomyces or Candida cells; yeast cell wall
mannan such as phosphopeptidomannan (PPM); oligosachharides such as oligomannosides;
neoglycolipids; anti-ASCA idiotypic antibodies; and the like. Different species and strains of
yeast, such as S. cerevisiae strain Sul, Su2, CBS 1315, or BM 156, or Candida albicans
strain VW32, are suitable for use as an antigen specific for ASCA-IgA and/or ASCA-IgG.
Purified and synthetic antigens specific for ASCA are also suitable for use in determining the
levels of ASCA-IgA and/or ASCA-IgG in a sample. Examples of purified antigens include,
without limitation, purified oligosaccharide antigens such as oligomannosides. Examples of
synthetic antigens include, without limitation, synthetic oligomannosides such as those
described in U.S. Patent Publication No. 20030105060, e.g., D-Man $(1-2) D-Man $(1-2) D-
Man B(1-2) D-Man-OR, D-Man o(1-2) D-Man a(1-2) D-Man a(1-2) D-Man-OR, and D-Man
a(1-3) D-Man o(1-2) D-Man o(1-2) D-Man-OR, wherein R is a hydrogen atom, a C; to Cy

alkyl, or an optionally labeled connector group.

[0171] Preparations of yeast cell wall mannans, e.g., PPM, can be used in determining the
levels of ASCA-IgA and/or ASCA-IgG in a sample. Such water-soluble surface antigens can
be prepared by any appropriate extraction technique known in the art, including, for example,
by autoclaving, or can be obtained commercially (see, e.g., Lindberg et al., Gut, 33:909-913
(1992)). The acid-stable fraction of PPM is also useful in the statistical algorithms of the
present invention (Sendid et al., Clin. Diag. Lab. Immunol., 3:219-226 (1996)). An
exemplary PPM that is useful in determining ASCA levels in a sample is derived from S.
uvarum strain ATCC #38926.
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[0172] Purified oligosaccharide antigens such as oligomannosides can also be useful in
determining the levels of ASCA-IgA and/or ASCA-IgG in a sample. The purified
oligomannoside antigens are preferably converted into neoglycolipids as described in, for
example, Faille et al., Eur. J. Microbiol. Infect. Dis., 11:438-446 (1992). One skilled in the
art understands that the reactivity of such an oligomannoside antigen with ASCA can be
optimized by varying the mannosy! chain length (Frosh et al., Proc Natl. Acad. Sci. USA,
82:1194-1198 (1985)); the anomeric configuration (Fukazawa et al., In “Immunology of
Fungal Disease,” E. Kurstak (ed.), Marcel Dekker Inc., New York, pp. 37-62 (1989);
Nishikawa et al., Microbiol. Immunol., 34:825-840 (1990); Poulain et al., Eur. J. Clin.
Microbiol., 23:46-52 (1993); Shibata et al., Arch. Biochem. Biophys., 243:338-348 (1985);
Trinel et al., Infect. Immun., 60:3845-3851 (1992)); or the position of the linkage (Kikuchi et
al., Planta, 190:525-535 (1993)).

[0173] Suitable oligomannosides for use in the methods of the present invention include,
without limitation, an oligomannoside having the mannotetraose Man(1-3) Man(1-2) Man(1-
i) Man. Such an oligomannoside can be purified from PPM as described in, e.g., Faille et al.,
supra. An exemplary neoglycolipid specific for ASCA can be constructed by releasing the
oligomannoside from its respective PPM and subsequently coupling the released

oligomannoside to 4-hexadecylaniline or the like.

E. Anti-Microbial Antibodies

[0174] The determination of the presence or level of an anti-OmpC antibody in a sample
can be useful in the present invention. As used herein, the term “anti-outer membrane protein
C antibody” or “anti-OmpC antibody” includes antibodies directed to a bacterial outer
membrane porin as described in, e.g., U.S. Patent No. 7,138,237 and PCT Patent Publication
No. WO 01/89361. The term “outer membrane protein C” or “OmpC” refers to a bacterial
porin that is immunoreactive with an anti-OmpC antibody. The term anti-OmpC antibody
encompasses all immunoglobulin isotypes including, without limitation, immunoglobulin A

and G. Preferably, the presence or level of anti-OmpC IgA is determined.

[0175] The level of anti-OmpC antibody present in a sample from an individual can be
determined using an OmpC protein or a fragment thereof such as an immunoreactive
fragment thereof. Suitable OmpC antigens useful in determining anti-OmpC antibody levels
in a sample include, without limitation, an OmpC protein, an OmpC polypeptide having
substantially the same amino acid sequence as the OmpC protein, or a fragment thereof such

as an immunoreactive fragment thereof. As used herein, an OmpC polypeptide generally
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describes polypeptides having an amino acid sequence with greater than about 50% identity,
preferably greater than about 60% identity, more preferably greater than about 70% identity,
still more preferably greater than about 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99%
amino acid sequence identity with an OmpC protein, with the amino acid identity determined
using a sequence alignment program such as CLUSTALW. Such antigens can be prepared,
for example, by purification from enteric bacteria such as E. coli, by recombinant expression
of a nucleic acid such as Genbank Accession No. K00541, by synthetic means such as
solution or solid phase peptide synthesis, or by using phage display. Determination of anti-
OmpC antibody levels in a sample can be done by using an ELISA assay or a histological

assay.

[0176] The determination of the presence or level of anti-12 antibody in a sample can also
be useful in the present invention. As used herein, the term “anti-I2 antibody” includes
antibodies directed to a microbial antigen sharing homology to bacterial transcriptional
regulators as described in, e.g., U.S. Patent No. 6,309,643. The term “I2” refers to a
microbial antigen that is immunoreactive with an anti-12 antibody. The microbial 12 protein
is a polypeptide of 100 amino acids sharing some similarity weak homology with the
predicted protein 4 from C. pasteurianum, Rv3557¢c from Mycobacterium tuberculosis, and a
transcriptional regulator from Aquifex aeolicus. The nucleic acid and protein sequences for

the I2 protein are described in, e.g., U.S. Patent No. 6,309,643.

[0177] The level of anti-I2 antibody present in a sample from an individual can be
determined using an I2 protein or a fragment thereof such as an immunoreactive fragment
thereof. Suitable I2 antigens useful in determining anti-I2 antibody levels in a sample
include, without limitation, an 12 protein, an 12 polypeptide having substantially the same
amino acid sequence as the 12 protein, or a fragment thereof such as an immunoreactive
fragment thereof. Such I2 polypeptides exhibit greater sequence similarity to the I2 protein
than to the C. pasteurianum protein 4 and include isotype variants and homologs thereof. As
used herein, an 12 polypeptide generally describes polypeptides having an amino acid
sequence with greater than about 50% identity, preferably greater than about 60% identity,
more preferably greater than about 70% identity, still more preferably greater than about
80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% amino acid sequence identity with a
naturally-occurring I2 protein, with the amino acid identity determined using a sequence
alignment program such as CLUSTALW. Such I2 antigens can be prepared, for example, by

purification from microbes, by recombinant expression of a nucleic acid encoding an 12
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antigen, by synthetic means such as solution or solid phase peptide synthesis, or by using
phage display. Determination of anti-I2 antibody levels in a sample can be done by a

histological assay or an ELISA assay as described in in, e.g., U.S. Patent No: 7,873,479.

[0178] The determination of the presence or level of anti-flagellin antibody in a sample can
also be useful in the present invention. As used herein, the term “anti-flagellin antibody”
includes antibodies directed to a protein component of bacterial flagella as described in, e.g.,
U.S. Patent No. 7,361,733 and PCT Patent Publication No. WO 03/053220. The term
“flagellin” refers to a bacterial flagellum protein that is immunoreactive with an anti-flagellin
antibody. Microbial flagellins are proteins found in bacterial flagellum that arrange

themselves in a hollow cylinder to form the filament.

[0179] The level of anti-flagellin antibody present in a sample from an individual can be
determined using a flagellin protein or a fragment thereof such as an immunoreactive
fragment thereof. Suitable flagellin antigens useful in determining anti-flagellin antibody
levels in a sample include, without limitation, a flagellin protein such as CBirl flagellin, A4-
Fla2 flagellin (Fla2), flagellin X (FlaX), flagellin A, flagellin B, fragments thereof, and
combinations thereof, a flagellin polypeptide having substantially the same amino acid
sequence as the flagellin protein, or a fragment thereof such as an immunoreactive fragment
thereof. As used herein, a flagellin polypeptide generally describes polypeptides having an
amino acid sequence with greater than about 50% identity, preferably greater than about 60%
identity, more preferably greater than about 70% identity, still more preferably greater than
about 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% amino acid sequence identity with a
naturally-occurring flagellin protein, with the amino acid identity determined using a
sequence alignment program such as CLUSTALW. Such flagellin antigens can be prepared,
e.g., by purification from bacterium such as Helicobacter Bilis, Helicobacter mustelae,
Helicobacter pylori, Butyrivibrio fibrisolvens, and bacterium found in the cecum, by
recombinant expression of<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>