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(57) ABSTRACT 

The present invention relates to methods of prognosing 
responsiveness to anti-TNFC. therapy by determining the 
presence or absence of risk factors in the individual. In one 
embodiment, the risk factors are genetic markers, serological 
markers and/or clinical phenotypes associated with non-re 
sponsiveness to treatment with anti-TNFC. therapy in an indi 
vidual diagnosed with IBD. 
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METHODS OF DETERMINING 
RESPONSIVENESS TO ANT-TNF ALPHA 
THERAPY IN INFLAMMLATORY BOWEL 

DISEASE 

GOVERNMENT RIGHTS 

0001. This invention was made with government support 
under Contract Nos. PO1 DK046763, MO1 RR00425 and 
DK063491 awarded by the National Institutes of Health. The 
government has certain rights in the invention. 

FIELD OF THE INVENTION 

0002 The invention relates generally to the field of 
inflammatory bowel disease and, more specifically, to genetic 
methods for diagnosing, prognosing, and treating inflamma 
tory bowel disease. 

BACKGROUND 

0003 All publications herein are incorporated by refer 
ence to the same extent as if each individual publication or 
patent application was specifically and individually indicated 
to be incorporated by reference. The following description 
includes information that may be useful in understanding the 
present invention. It is not an admission that any of the infor 
mation provided herein is prior art or relevant to the presently 
claimed invention, or that any publication specifically or 
implicitly referenced is prior art. 
0004 Natural history observations in both early and later 
onset inflammatory bowel disease (IBD) have prompted the 
increasing use of anti-TNFC. therapy for IBD patients. Vari 
ous past studies have demonstrated that infliximab has the 
potential to be effective for the induction and maintenance 
response and remission in some CD patients. However, the 
clinical trial data for all anti-TNFC. therapies among adult CD 
patients report that 40% of patients do not respond to the 
induction phase (primary non-responder) and that approxi 
mately 40% of those patients who do enter the maintenance 
phase of the trial lose response over time. The pediatric 
REACH trial, for example, reported that close to 90% of 
children responded to induction, Suggesting a more robust 
acute response to anti-TNFC. therapy in children as compared 
to adults with CD. This primary response outcome did not, 
however, require children to have weaned corticosteroids to 
meet response criteria. This would be a more clinically robust 
outcome definition given that the importance of steroid spar 
ing in the induction and maintenance phase of these therapies. 
Moreover, approximately 40% of children, like their adult 
counterparts, who entered the maintenance phase lost 
response and were no longer in remission and off steroids at 
12 months. More studies are needed to assess the true inci 
dence of primary non-response in children in a non clinical 
trial setting. The adult UC trials (ACT 1 and ACT 2) reported 
similar response rates among adult UC patients receiving 
infliximab as the CD trials. Infliximab is being used off label 
in children with UC and the official clinical trial for indication 
is currently underway. There are many differences in the 
patient population and outcome measures making a compari 
son across trials difficult and hard to interpret. 
0005 Inter-individual variability in therapeutic response 
may be best explained by genetic variability as it relates to 
disease pathogenesis and mechanism of action of this class of 
therapies. Other than NOD2 and IBD5, IBD susceptibility 
genes identified via genome wide linkage approach or 
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Genome Wide Association Studies (GWAS) have not been 
evaluated as predictors of response to anti-TNFC. therapies. 
NOD2 was not found to be associated with therapeutic 
response to infliximab in these limited studies. It is conceiv 
able that disease Susceptibility genes do not influence the 
ultimate response to therapeutic targets given the multifacto 
rial influences on disease and the relatively unknown func 
tionality of these susceptibility genes. However, the GWAS 
approach, which identifies portions of the genome that con 
tain genetic variants associated with specific phenotypes, can 
also identity novel variants that contribute to therapeutic out 
come i.e. discovery of genetic loci that are responsible for the 
mechanism of altered drug response, such as to anti-TNFC. 
There may also be important non genetic factors that influ 
ence or modify primary response to anti-TNFC. Among the 
serologic immune responses, pANCA has been shown to be 
negatively associated with primary response in both CD and 
UC patients. PANCA is present in both CD and UC and 
defines a specific colitis phenotype suggesting a degree of 
overlap in the underlying pathway biology of these two dis 
ease subtypes. Other than duration of disease at initiation of 
therapy, there are likely important clinical and demographic 
variables that also influence therapeutic outcomes. To date, 
however, it remains unknown whether these are independent 
of genetic variability. Thus, there is a need in the art to study 
associations of known IBD susceptibility loci as well as novel 
loci identified by pharmacogenetic GWAS with anti-TNFC. 
response in pediatric IBD patients, and to develop predictive 
models of anti-TNFC. primary non-response using clinical 
phenotype, serologic and genetic variables. 

BRIEF DESCRIPTION OF THE FIGURES 

0006 Exemplary embodiments are illustrated in refer 
enced figures. It is intended that the embodiments and figures 
disclosed herein are to be considered illustrative rather than 
restrictive. 
0007 FIG. 1 depicts, in accordance with embodiments 
herein, associations of genetic variants with primary non 
response to anti-TNFC. therapy as the outcome in patients 
with IBD. Results of SNPs with significance >10 
0008 FIG. 2 depicts, in accordance with embodiments 
herein, associations of genetic variants with secondary loss of 
response to anti-TNFC. therapy as the outcome in patients 
with IBD. 
0009 FIG. 3 depicts, in accordance with embodiments 
herein, associations of genetic variants with failure for any 
reason to anti-TNFC. therapy as the outcome in patients with 
IBD. 
0010 FIG. 4 depicts, in accordance with embodiments 
herein, genotype associations of known IBD Susceptibility 
loci with primary non-response. The dominant rare allele 
model (i.e. presence of the rare allele) was assumed for the 
statistical analyses). The relative risk (RR) and frequency of 
non-response are shown for the genotypes for each locus that 
met p value significance in univariate analysis. 
0011 FIG. 5 depicts, in accordance with embodiments 
herein, relative risk (RR) of non-response based on number of 
risk factors derived from Model V (the most general model). 
Risk of non response was compared between patients with 2 
or less risk factors as compared to 3-4 markers and then as 
compared to at least 5 of the 6 risk factors for non-response. 

SUMMARY OF THE INVENTION 

0012 Various embodiments include a method of deter 
mining a high risk relative to a normal Subject of non-respon 



US 2011/0229.471 A1 

siveness to treatment with an anti tumor necrosis actor alpha 
(TNFC) therapy in an individual, comprising obtaining a 
sample from the individual, assaying the sample for the pres 
ence or absence of one or more genetic and/or serological risk 
factors, and determining the high risk relative to a normal 
subject of non-responsiveness to the anti TNFC. therapy based 
on the presence of one or more risk factors carried by the 
individual. In another embodiment, the presence of each 
genetic and/or serological risk factor has an additive effect on 
increasing the risk of non-responsiveness in the individual. In 
another embodiment, the individual is diagnosed with inflam 
matory bowel disease (IBD). In another embodiment, the 
individual is diagnosed with ulcerative colitis (UC). In 
another embodiment, the individual is a child. In another 
embodiment, the one or more genetic risk factors comprise 
genetic variants at the loci oftachykinin receptor 1 (TACR1), 
family with sequence similarity 19 member A4 (FAM19A4), 
phosphatase and actin regulator 3 (PHACTR3) and/or bro 
modomain and WD repeat domain containing 1 (BRWD1). In 
another embodiment, the one or more genetic risk factors 
comprise SEQ. ID, NO. 1, SEQ. ID. NO. 2, SEQ. ID, NO. 
3, SEQ. ID NO. 4, SEQ. ID. NO 5 and/or SEQ. ID. NO.: 6. 
In another embodiment, the one or more genetic risk factors 
comprise SEQ. ID, NO.: 7, SEQ. ID. NO.: 8, SEQ. ID, NO.: 
9, SEQ. ID. NO.: 10, SEQ. ID, NO.: 11, SEQ. ID, NO.: 12, 
SEQ. ID, NO.: 13, SEQ. ID, NO.: 14, SEQ. ID. NO.: 15, 
and/or SEQ. ID. NO.: 16. In another embodiment, the one or 
more genetic risk factors comprise SEQ. ID. NO.: 17, SEQ. 
ID, NO. 8, SEQ. ID, NO.: 19, and/or SEQ. ID, NO.: 6. In 
another embodiment, the one or more genetic risk factors 
comprise genetic variants at the loci of ATG16, Orf13, induc 
ible T-cell co-stimulator ligand (ICOSLG) and/or major his 
tocompatibility complex class II DQ alpha 1 (HLADQA1). In 
another embodiment, one of the one or more serological risk 
factors comprise perinuclear anti-neutrophil cytoplasmic 
antibody (pANCA). In another embodiment, the anti TNFC. 
therapy comprises infliximab. In another embodiment, the 
anti TNFC. therapy comprises cyclosporin. 
0013. Other embodiments include a method of determin 
ing a significant likelihood of responsiveness to treatment 
with anti tumor necrosis factor alpha (TNF-C) therapy in an 
individual, comprising obtaining a sample from the indi 
vidual assaying the sample for the presence of one or more 
serological markers associated with responsiveness to anti 
TNFC. therapy, and determining a significant likelihood of 
responsiveness based on the presence of one or more sero 
logical markers associated with responsiveness to anti TNFC. 
therapy. In another embodiment, the individual is diagnosed 
with inflammatory bowel disease (IBD). In another embodi 
ment, the individual is diagnosed with ulcerative colitis (UC). 
In another embodiment, the individual is a child. In another 
embodiment, one of the one or more serological markers 
comprises anti-saccharomyces cerevisiae antibodies 
(ASCA). 
0014. Other embodiments include a method of predicting 
a high risk relative to a normal Subject of non-responsiveness 
to anti tumor necrosis factor alpha (TNF-C.) therapy in an 
individual with inflammatory bowel disease (IBD), compris 
ing determining the presence or absence of one or more 
nonresponsive genetic risk variants, determining the presence 
or absence of positive expression of perinuclear anti-neutro 
phil cytoplasmic antibody (pANCA), determining the pres 
ence or absence of an ulcerative colitis phenotype, and pre 
dicting a high risk relative to a normal Subject of non 
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responsiveness to anti TNF-C. therapy based on the presence 
of one or more responsive risk variants, the presence of posi 
tive expression of p ANCA, and/or the presence of the ulcer 
ative colitis phenotype. In another embodiment, one of the 
one or more nonresponsive genetic risk variants comprise 
variants at the genetic loci oftachykinin receptor 1 (TACR1), 
family with sequence similarity 19 member A4 (FAM19A4), 
phosphatase and actin regulator 3 (PHACTR3) and/or bro 
modomain and WD repeat domain containing 1 (BRWD1). In 
another embodiment, the high risk relative to a normal Subject 
of non-responsiveness comprises a range of 7 to 10 fold 
increase in risk of non-responsiveness to treatment with anti 
TNFC. therapy. 
00.15 Various embodiments include a method of diagnos 
ing an inflammatory bowel disease (IBD) subtype in an indi 
vidual, comprising obtaining a sample from the individual, 
assaying the sample for the presence or absence of one or 
more genetic and/or serological risk factors of nonrespon 
siveness to anti TNFC. therapy, and diagnosing the IBD sub 
type based upon the presence of one or more genetic and/or 
serological risk factors of nonresponsiveness to anti TNFC. 
therapy. In another embodiment, the individual is a child. In 
another embodiment, the one or more genetic risk factors 
comprise genetic variants at the loci of tachykinin receptor 1 
(TACR1), family with sequence similarity 19 member A4 
(FAM19A4), phosphatase and actin regulator 3 (PHACTR3) 
and/or bromodomain and WD repeat domain containing 1 
(BRWD1). In another embodiment, the one or more genetic 
risk factors comprise SEQ. ID. NO.1, SEQ. ID. NO. 2, SEQ. 
ID, NO.:3, SEQ. ID NO. 4, SEQ. ID. NO.: 5 and/or SEQ. ID. 
NO.: 6. In another embodiment, the one or more genetic risk 
factors comprise SEQ. ID. NO.:7, SEQ. ID. NO.: 8, SEQ. ID. 
NO.: 9, SEQ. ID. NO.: 10, SEQ. ID. NO.: 11, SEQ. ID. NO.: 
12, SEQ. ID, NO.: 13, SEQ. ID. NO.: 14, SEQ. ID, NO.: 15, 
and/or SEQ. ID. NO.: 16. In another embodiment, the one or 
more genetic risk factors comprise SEQ. ID. NO.: 17, SEQ. 
ID, NO.: 8, SEQ. ID. NO.: 19, and/or SEQ. ID. NO.: 6. In 
another embodiment, one of the one or more serological risk 
factors comprise perinuclear anti-neutrophil cytoplasmic 
antibody (pANCA). 
0016 Other embodiments include a method of treating an 
individual, comprising diagnosing the individual as Suscep 
tible to non-responsiveness to anti tumor necrosis factoralpha 
(TNF-C.) therapy, and treating the individual. In another 
embodiment, treating the individual comprises administering 
a therapeutically effective dosage of natalizumab. In another 
embodiment, the individual has inflammatory bowel disease 
(IBD), 
0017. Other features and advantages of the invention will 
become apparent from the following detailed description, 
taken in conjunction with the accompanying drawings, which 
illustrate, by way of example, various embodiments of the 
invention. 

DESCRIPTION OF INVENTION 

0018 All references cited herein are incorporated by ref 
erence in their entirety as though fully set forth. Unless 
defined otherwise, technical and scientific terms used herein 
have the same meaning as commonly understood by one of 
ordinary skill in the art to which this invention belongs. 
Singleton et al., Dictionary of Microbiology and Molecular 
Biology 2nd ed., J. Wiley & Sons (New York, N.Y. 1994); 
March, Advanced Organic Chemistry Reactions, Mecha 
nisms and Structure 4th ed., J. Wiley & Sons (New York, N.Y. 
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1992); and Sambrook and Russel, Molecular Cloning. A 
Laboratory Manual 3rd ed., Cold Spring Harbor Laboratory 
Press (Cold Spring Harbor, N.Y. 2001), provide one skilled in 
the art with a general guide to many of the terms used in the 
present application. 
0019. One skilled in the art will recognize many methods 
and materials similar or equivalent to those described herein, 
which could be used in the practice of the present invention. 
Indeed, the present invention is in no way limited to the 
methods and materials described. 
0020. One skilled in the art will recognize many methods 
and materials similar or equivalent to those described herein, 
which could be used in the practice of the present invention. 
Indeed, the present invention is in no way limited to the 
methods and materials described. 
0021 “IBD” as used herein is an abbreviation of inflam 
matory bowel disease. 
0022. “CD as used herein is an abbreviation of Crohn's 
Disease. 
0023 “UC as used herein is an abbreviation of ulcerative 
colitis. 
0024 “GWA' as used herein is an abbreviation of genome 
wide associations. 
0025 “IFX' as used herein is an abbreviation of inflix 
imab. 
0026 “TNFO as used herein is an abbreviation of tumor 
necrosis factor alpha. 
0027 “SNP' as used herein is an abbreviation of single 
nucleotide polymorphism 
0028 ATI' as used herein is an abbreviation of antiinflix 
imab antibodies. 
0029. “CDAI as used herein is an abbreviation of Crohn's 
Disease activity index. 
0030) “PCDAI' as used herein is an abbreviation of pedi 
atric Crohn's Disease activity index. 
0031 “p ANCA as used herein is an abbreviation of peri 
nuclear anti-neutrophil cytoplasmic antibodies. 
0032 “RSCA as used herein is an abbreviation of Anti 
Saccharomyces cerevisiae antibodies. 
0033. As used herein, the term “biological sample” means 
any biological material from which nucleic acid molecules 
can be prepared. As non-limiting examples, the term material 
encompasses whole blood, plasma, saliva, cheek Swab, or 
other bodily fluid or tissue that contains nucleic acid. 
0034. As used herein, the term “normal subject’ means an 
individual who has an average likelihood of successful treat 
ment. 

0035. As used herein, the term “positive likelihood ratio of 
non-response' means the value that when multiplied by the 
odds of non-responsiveness in a normal Subject yields the 
total odds of non-responsiveness in an individual. 
0036. As readily apparent to one of skill in the art, any 
number of examples may be used for various genetic loci and 
variants described herein and the invention is in no way 
limited to specific examples of sequences used and described 
herein. For example, SNPs rs2241880, rs2188962, 
rs3764147, rs762421, rs9271568, rs283.6878, described 
herein as SEQ. ID, NO.: 1, SEQ. ID. NO. 2, SEQ. ID. NO.: 
3, SEQ. ID NO. 4, SEQ. ID. NO. 5, and SEQ. ID, NO.: 6, 
respectively, are not limited to the specific sequences 
described and various additional genetic sequences may also 
be used while still containing the relevantallele. Similarly, as 
apparent to one of skill in the art, various examples of 
sequences may be used to represent SNPs rs13079040, 
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rs4855535, rs17048128, rs17048129, rs17039556, 
rs 12640159, rs380330, rs2057917, rs298.3478, rs4776127, 
rs975664, rs6100556, and rs2836878, and thus the aforemen 
tioned genetic variants are not specifically limited to the 
sequences described herein as SEQ. ID. NO. 7, SEQ. ID. 
NO.: 8, SEQ. ID. NO.:9, SEQ. ID, NO. 10, SEQ. ID. NO.: 
11, SEQ. ID, NO.: 12, SEQ. ID. NO.: 13, SEQ. ID, NO.: 14, 
SEQ. ID, NO.: 15, and SEQ. ID, NO.: 16, SEQ. ID, NO.: 17, 
and SEQ. ID. NO.: 19, respectively. 
0037. As further described herein, inter-individual varia 
tion in response to anti-TNFC. therapy may be explained by 
genetic variability in disease pathogenesis or mechanism of 
action. Recent genome wide association studies (GWAS) in 
IBD have increased understanding of the genetic susceptibil 
ity to IBD. 
0038. As described herein, the inventors have developed 
various predictive models, including a predicted model of 
primary response by testing associations of known IBD Sus 
ceptibility loci and novel “pharmacogenetic' GWAS identi 
fied loci with primary non-response to anti-TNFC. in pediatric 
IBD patients. Primary non response was defined using the 
HBI for CD and partial Mayo score for UC. Genotyping was 
performed using the lumina Infinium platform. Chi square 
analysis tested associations of phenotype and genotype with 
primary non-response. Genetic associations were identified 
by testing known IBD susceptibility loci and by performing a 
GWAS for primary non-response. Step-wise multiple logistic 
regression was performed to build predictive models. 
0039. As further described herein, non-response occurred 
in 22 of 94 subjects. Six known susceptibility loci were asso 
ciated with primary non-response (p<0.05). The 21q22.2/ 
BRWDI loci remained significant in the predictive model. 
The most predictive model included 3 novel “pharmacoge 
netic” GWAS loci, previously identified BRWD1, p.ANCA 
and a UC diagnosis (R=0.82 and AUC=0.98%). The relative 
risk of non-response increased 15 fold when number of risk 
factors increased from 0-2 to 23. 
0040. As further disclosed herein, the inventors have 
described the combination of phenotype and genotype as 
most predictive of primary non response to anti-TNFC. in 
pediatric IBD. Defining predictors of response to anti-TNFC. 
allows the identification of patients who will not benefit from 
this class of therapy. 
0041. In one embodiment, the present invention provides a 
method of evaluating the prognosis of anti-TNFC. therapy in 
an individual undergoing inflammatory bowel disease treat 
ment by determining the presence or absence of a non-re 
sponse genetic variant and/or non-response serological 
marker, where the presence of the non-response genetic vari 
ant and/or non-response serological marker is indicative of 
inflammatory bowel disease that is non-responsive to anti 
TNFC. therapy. In another embodiment, the non-response 
genetic variant and/or non response serological marker is 
described in Tables 1, 2 and/or 3(A)-(D). In another embodi 
ment, the non-response genetic variant is at the genetic loci of 
ATG16, Orf13, ICOSLG, HLADQA1 and/or BRWD1. In 
another embodiment, the non-response serological marker is 
pANCA. In another embodiment, the anti-TNFC. therapy 
includes the use of Infliximab. In another embodiment, the 
individual is a child. 
0042. In one embodiment, the present invention provides a 
method of evaluating the prognosis of anti-TNFC. therapy in 
an individual undergoing inflammatory bowel disease treat 
ment by determining the presence or absence of a non-re 
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sponse genetic variant and/or a response serological marker, 
where the absence of the non-response genetic variant and/or 
the presence of the response serological marker is indicative 
of inflammatory bowel disease responsive to anti-TNFC. 
therapy. In another embodiment, the non-response genetic 
variant and/or response serological marker is described in 
Tables 1, 2 and/or 3(A)-(D). In another embodiment, the 
non-response genetic variant is at the genetic loci of ATG 16, 
Orf13, ICOSLG, HLADQA1 and/or BRWD1. In another 
embodiment, the response serological marker is ASCA. In 
another embodiment, the anti-TNFC. therapy includes the use 
of Infliximab. In another embodiment, the individual is a 
child. 

0043. In one embodiment, the present invention provides a 
method of diagnosing an inflammatory bowel Subtype in an 
individual by determining the presence or absence of a non 
response genetic variant and/or non-response serological 
marker, where the presence of the non-response genetic Vari 
ant and/or non-response serological marker is indicative of 
the inflammatory bowel disease subtype in the individual. In 
another embodiment, the individual is a child. 
0044. In one embodiment, the present invention provides a 
method of treating inflammatory bowel disease in an indi 
vidual by determining the presence of a non-response genetic 
variant and/or non-response serological marker, and treating 
the individual. In another embodiment, the individual is a 
child. In another embodiment, the treatment includes the use 
of anti-TNFO, therapy. 
0045. As disclosed herein, the inventors conducted asso 
ciation studies of anti-TNFC. responsiveness against the 
whole genome. Three (3) outcomes were evaluated (primary 
non-response, loss of response, and failure for any reason), 
with the analysis of such outcomes described in Table 4 and 
FIGS. 1-3 herein, including novel findings in the FAM19 
genetic locus. 
0046. In one embodiment, the present invention provides a 
method of evaluating the prognosis of anti-TNFC. therapy in 
an individual undergoing inflammatory bowel disease treat 
ment by determining the presence or absence of a non-re 
sponse genetic variant, where the presence of the non-re 
sponse genetic variant is indicative of inflammatory bowel 
disease that is non-responsive to anti-TNFO, therapy. In 
another embodiment, the non-response genetic variant is 
described in Table 4 and/or FIGS. 1-3 herein. In another 
embodiment, the anti-TNFC. therapy includes the use of 
Infliximab. In another embodiment, the individual is a child. 
0047. In one embodiment, the present invention provides a 
method of evaluating the prognosis of anti-TNFC. therapy in 
an individual undergoing inflammatory bowel disease treat 
ment by determining the absence of a non-response genetic 
variant, where the absence of the non-response genetic Vari 
ant is indicative of inflammatory bowel disease responsive to 
anti-TNFC. therapy. In another embodiment, the non-re 
sponse genetic variant is described in Table 4 and/or FIGS. 
1-3. In another embodiment, the response genetic variant is at 
the FAM19A4 genetic locus. In another embodiment, the 
anti-TNFC. therapy includes the use of Infliximab. In another 
embodiment, the individual is a child. 
0.048. As disclosed herein, the inventors tested associa 
tions of genetic loci with anti-TNFC. response in pediatric 
IBD patients by pursing a variety of strategies. The result was 
the development of various predictive models of anti-TNFC. 
response using phenotype, serologic and genetic variables. 

Sep. 22, 2011 

0049. In one embodiment, the present invention provides a 
method of evaluating the prognosis and/or predicting respon 
siveness of anti-TNFC. therapy in an individual undergoing 
inflammatory bowel disease treatment by determining the 
presence or absence of a non-response genetic variant, where 
the presence of the non-response genetic variant is indicative 
of inflammatory bowel disease that is non-responsive to anti 
TNFC. therapy. In another embodiment, the non-response 
genetic variant is a known IBD Susceptibility locus. In 
another embodiment, the non-response genetic variant is 
described in Tables 6-10 herein. In another embodiment, the 
anti-TNFC. therapy includes the use of Infliximab. In another 
embodiment, the individual is a child. 
0050. In another embodiment, the present invention pro 
vides a method of evaluating the prognosis and/or predicting 
responsiveness of anti-TNFC. therapy in an individual under 
going inflammatory bowel disease treatment by determining 
the presence or absence of one or more risk factors, where the 
presence of each risk factor has an additive effect for an 
increased risk of nonresponsiveness to anti-TNFC. therapy. In 
another embodiment, one of the risk factors is a non-response 
genetic variant. In another embodiment, the non-response 
genetic variant is described in Tables 6-10 herein. In another 
embodiment, one of the risk factors is positive expression of 
a serological marker. In another embodiment, the serological 
marker is paNCA. In another embodiment, one of the risk 
factors is the diagnosis of the individual, where a diagnosis of 
ulcerative colitis predicts non-responsiveness to anti-TNFC. 
therapy. In another embodiment, the anti-TNFC. therapy 
includes the use of Infliximab. In another embodiment, the 
individual is a child. 

0051. In one embodiment, the present invention provides a 
method of treating inflammatory bowel disease in an indi 
vidual by determining the presence of one or more risk factors 
and treating the individual. In another embodiment, one of the 
risk factors is a non-response genetic variant. In another 
embodiment, the non-response genetic variant is described in 
Tables 6-10 herein. In another embodiment, one of the risk 
factors is positive expression of a serological marker. In 
another embodiment, the serological marker is paNCA. In 
another embodiment, one of the risk factors is the diagnosis of 
the individual, where a diagnosis of ulcerative colitis predicts 
non-responsiveness to anti-TNFO, therapy. In another 
embodiment, the individual is a child. In another embodi 
ment, the treatment includes the administration of a therapeu 
tically effective amount of anti-TNFC. therapy to the indi 
vidual. 
0052. In one embodiment, the present invention provides a 
method of diagnosing an inflammatory bowel Subtype in an 
individual by determining the presence or absence of one or 
more risk factors, where the presence of one or more risk 
factors is indicative of the inflammatory bowel disease sub 
type in the individual. In another embodiment, one of the risk 
factors is a non-response genetic variant. In another embodi 
ment, the non-response genetic variant is described in Tables 
6-10 herein. In another embodiment, one of the risk factors is 
positive expression of a serological marker. In another 
embodiment, the serological marker is paNCA. In another 
embodiment, one of the risk factors is the diagnosis of the 
individual, where a diagnosis of ulcerative colitis predicts 
non-responsiveness to anti-TNFO, therapy. In another 
embodiment, the individual is a child. 
0053 A variety of methods can be used to determine the 
presence or absence of a variant allele or haplotype. As an 
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example, enzymatic amplification of nucleic acid from an 
individual may be used to obtain nucleic acid for Subsequent 
analysis. The presence or absence of a variant allele or hap 
lotype may also be determined directly from the individual's 
nucleic acid without enzymatic amplification. 
0054 Analysis of the nucleic acid from an individual, 
whether amplified or not, may be performed using any of 
various techniques. Useful techniques include, without limi 
tation, polymerase chain reaction based analysis, sequence 
analysis and electrophoretic analysis. As used herein, the 
term “nucleic acid means a polynucleotide Such as a single 
or double-stranded DNA or RNA molecule including, for 
example, genomic DNA, cDNA and mRNA. The term 
nucleic acid encompasses nucleic acid molecules of both 
natural and synthetic origin as well as molecules of linear, 
circular or branched configuration representing either the 
sense or antisense Strand, or both, of a native nucleic acid 
molecule. 
0055. The presence or absence of a variant allele or hap 
lotype may involve amplification of an individual's nucleic 
acid by the polymerase chain reaction. Use of the polymerase 
chain reaction for the amplification of nucleic acids is well 
known in the art (see, for example, Mullis et al. (Eds.), The 
Polymerase Chain Reaction, Birkhauser, Boston, (1994)). 
0056. A Tagman Ballelic discrimination assay available 
from Applied Biosystems may be useful for determining the 
presence or absence of a variant allele. In a TagmanB TO 
allelic discrimination assay, a specific, fluorescent, dye-la 
beled probe for each allele is constructed. The probes contain 
different fluorescent reporter dyes such as FAM and VICTM 
to differentiate the amplification of each allele. In addition, 
each probe has a quencher dye at one end which quenches 
fluorescence by fluorescence resonant energy transfer 
(FRET). During PCR, each probe anneals specifically to 
complementary sequences in the nucleic acid from the indi 
vidual. The 5' nuclease activity of Taq polymerase is used to 
cleave only probe that hybridize to the allele. Cleavage sepa 
rates the reporter dye from the quencher dye, resulting in 
increased fluorescence by the reporter dye. Thus, the fluores 
cence signal generated by PCR amplification indicates which 
alleles are present in the sample. Mismatches between a probe 
and allele reduce the efficiency of both probe hybridization 
and cleavage by Taq polymerase, resulting in little to no 
fluorescent signal. Improved specificity in allelic discrimina 
tion assays can be achieved by conjugating a DNA minor 
grove binder (MGB) group to a DNA probe as described, for 
example, in Kutyavin et al., “3'-minor groove binder-DNA 
probes increase sequence specificity at PCR extension tem 
perature, “Nucleic Acids Research 28:655-661 (2000)). 
Minor grove binders include, but are not limited to, com 
pounds such as dihydrocyclopyrroloindole tripeptide (DPI.). 
0057 Sequence analysis also may also be useful for deter 
mining the presence or absence of a variant allele or haplo 
type. 
0058 Restriction fragment length polymorphism (RFLP) 
analysis may also be useful for determining the presence or 
absence of a particular allele (Jarcho et al. in Dracopoliet al., 
Current Protocols in Human Genetics pages 2.7.1-2.7.5, John 
Wiley & Sons, New York: Innis et al., (Ed.), PCR Protocols, 
San Diego: Academic Press, Inc. (1990)). As used herein, 
restriction fragment length polymorphism analysis is any 
method for distinguishing genetic polymorphisms using a 
restriction enzyme, which is an endonuclease that catalyzes 
the degradation of nucleic acid and recognizes a specific base 
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sequence, generally a palindrome or inverted repeat. One 
skilled in the art understands that the use of RFLP analysis 
depends upon an enzyme that can differentiate two alleles at 
a polymorphic site. 
0059 Allele-specific oligonucleotide hybridization may 
also be used to detect a disease-predisposing allele. Allele 
specific oligonucleotide hybridization is based on the use of a 
labeled oligonucleotide probe having a sequence perfectly 
complementary, for example, to the sequence encompassing 
a disease-predisposing allele. Under appropriate conditions, 
the allele-specific probe hybridizes to a nucleic acid contain 
ing the disease-predisposing allele but does not hybridize to 
the one or more other alleles, which have one or more nucle 
otide mismatches as compared to the probe. If desired, a 
second allele-specific oligonucleotide probe that matches an 
alternate allele also can be used. Similarly, the technique of 
allele-specific oligonucleotide amplification can be used to 
selectively amplify, for example, a disease-predisposing 
allele by using an allele-specific oligonucleotide primer that 
is perfectly complementary to the nucleotide sequence of the 
disease-predisposing allele but which has one or more mis 
matches as compared to other alleles (Mullis et al., Supra, 
(1994)). One skilled in the art understands that the one or 
more nucleotide mismatches that distinguish between the 
disease-predisposing allele and one or more other alleles are 
preferably located in the center of an allele-specific oligo 
nucleotide primer to be used in allele-specific oligonucleotide 
hybridization. In contrast, an allele-specific oligonucleotide 
primer to be used in PCR amplification preferably contains 
the one or more nucleotide mismatches that distinguish 
between the disease-associated and other alleles at the 3' end 
of the primer. 
0060 A heteroduplex mobility assay (HMA) is another 
well known assay that may be used to detect a SNP or a 
haplotype. HMA is useful for detecting the presence of a 
polymorphic sequence since a DNA duplex carrying a mis 
match has reduced mobility in a polyacrylamide gel com 
pared to the mobility of a perfectly base-paired duplex (Del 
wart et al., Science 262:1257-1261 (1993); White et al., 
Genomics 12:301-306 (1992)). 
0061 The technique of single strand conformational, 
polymorphism (SSCP) also may be used to detect the pres 
ence or absence of a SNP and/or a haplotype (see Hayashi, K., 
Methods Applic. 1:34-38 (1991)). This technique can be used 
to detect mutations based on differences in the secondary 
structure of single-strand DNA that produce an altered elec 
trophoretic mobility upon non-denaturing gel electrophore 
sis. Polymorphic fragments are detected by comparison of the 
electrophoretic pattern of the test fragment to corresponding 
standard fragments containing known alleles. 
0062) Denaturing gradient gel electrophoresis (DGGE) 
also may be used to detect a SNP and/or a haplotype. In 
DGGE, double-stranded DNA is electrophoresed in a gel 
containing an increasing concentration of denaturant; double 
Stranded fragments made up of mismatched alleles have seg 
ments that melt more rapidly, causing such fragments to 
migrate differently as compared to perfectly complementary 
sequences (Sheffield et al., “Identifying DNA Polymor 
phisms by Denaturing Gradient Gel Electrophoresis” in Innis 
et al., supra, 1990). 
0063. Other molecular methods useful for determining the 
presence or absence of a SNP and/or a haplotype are known in 
the art and useful in the methods of the invention. Other 
well-known approaches for determining the presence or 
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absence of a SNP and/or a haplotype include automated 
sequencing and RNAase mismatch techniques (Winter et al., 
Proc. Natl. Acad. Sci. 82:7575-7579 (1985)). Furthermore, 
one skilled in the art understands that, where the presence or 
absence of multiple alleles or haplotype(s) is to be deter 
mined, individual alleles can be detected by any combination 
of molecular methods. See, in general, Birren et al. (Eds.) 
Genome Analysis: A Laboratory Manual Volume 1 (Analyz 
ing DNA) New York, Cold Spring Harbor Laboratory Press 
(1997). In addition, one skilled in the art understands that 
multiple alleles can be detected in individual reactions or in a 
single reaction (a “multiplex' assay). In view of the above, 
one skilled in the art realizes that the methods of the present 
invention for diagnosing or predicting Susceptibility to or 
protection against CD in an individual may be practiced using 
one or any combination of the well known assays described 
above or another art-recognized genetic assay. 
0064. Similarly, there are many techniques readily avail 
able in the field for detecting the presence or absence of 
serotypes, antibodies, polypeptides or other biomarkers, 
including protein microarrays. For example, some of the 
detection paradigms that can be employed to this end include 
optical methods, electrochemical methods (voltametry and 
amperometry techniques), atomic force microscopy, and 
radio frequency methods, e.g., multipolar resonance spec 
troscopy. Illustrative of optical methods, in addition to 
microscopy, both confocal and non-confocal, are detection of 
fluorescence, luminescence, chemiluminescence, absor 
bance, reflectance, transmittance, and birefringence or refrac 
tive index (e.g., Surface plasmon resonance, ellipsometry, a 
resonant mirror method, a grating coupler waveguide method 
or interferometry). 
0065. Similarly, there are any number of techniques that 
may be employed to isolate and/or fractionate biomarkers. 
For example, a biomarker may be captured using biospecific 
capture reagents, such as antibodies, aptamers or antibodies 
that recognize the biomarker and modified forms of it. This 
method could also result in the capture of protein interactors 
that are bound to the proteins or that are otherwise recognized 
by antibodies and that, themselves, can be biomarkers. The 
biospecific capture reagents may also be bound to a solid 
phase. Then, the captured proteins can be detected by SELDI 
mass spectrometry or by eluting the proteins from the capture 
reagent and detecting the eluted proteins by traditional 
MALDI or by SEMI. One example of SELDI is called “affin 
ity capture mass spectrometry,” or "Surface-Enhanced Affin 
ity Capture' or “SEAC, which involves the use of probes that 
have a material on the probe Surface that captures analytes 
through a non-covalent affinity interaction (adsorption) 
between the material and the analyte. Some examples of mass 
spectrometers are time-of-flight, magnetic sector, quadrupole 
filter, ion trap, ion cyclotron resonance, electrostatic sector 
analyzer and hybrids of these. 
0066 Alternatively, for example, the presence of biomar 
kers such as polypeptides maybe detected using traditional 
immunoassay techniques. Immunoassay requires biospecific 
capture reagents, such as antibodies, to capture the analytes. 
The assay may also be designed to specifically distinguish 
protein and modified forms of protein, which can be done by 
employing a sandwich assay in which one antibody captures 
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more than one form and second, distinctly labeled antibodies, 
specifically bind, and provide distinct detection of the vari 
ous forms. Antibodies can be produced by immunizing ani 
mals with the biomolecules. Traditional immunoassays may 
also include Sandwich immunoassays including ELISA or 
fluorescence-based immunoassays, as well as other enzyme 
immunoassays. 
0067 Prior to detection, biomarkers may also be fraction 
ated to isolate them from other components in a solution or of 
blood that may interfere with detection. Fractionation may 
include platelet isolation from other blood components, sub 
cellular fractionation of platelet components and/or fraction 
ation of the desired biomarkers from other biomolecules 
found in platelets using techniques such as chromatography, 
affinity purification, 1D and 2D mapping, and other method 
ologies for purification known to those of skill in the art. In 
one embodiment, a sample is analyzed by means of a biochip. 
Biochips generally comprise Solid Substrates and have agen 
erally planar Surface, to which a capture reagent (also called 
an adsorbent or affinity reagent) is attached. Frequently, the 
Surface of a biochip comprises a plurality of addressable 
locations, each of which has the capture reagent bound there. 

EXAMPLES 

0068. The following examples are provided to better illus 
trate the claimed invention and are not to be interpreted as 
limiting the scope of the invention. To the extent that specific 
materials are mentioned, it is merely for purposes of illustra 
tion and is not intended to limit the invention. One skilled in 
the art may develop equivalent means or reactants without the 
exercise of inventive capacity and without departing from the 
Scope of the invention. 

Example 1 
Generally 

0069 Genetics, immune responses and environmental 
factors for disease Susceptibility and development, as well as 
their interactions, are important determinants of inflamma 
tory bowel disease phenotype and disease progression. These 
factors may also interact in Such a way that influences the 
outcome of therapies used to treat these heterogeneous phe 
notypes. Recent genomic discoveries from Genome Wide 
Association (GWA) studies in both Crohn's disease (CD) and 
ulcerative colitis (UC) have increased understanding of the 
genetic susceptibility to IBD. This novel genetic information 
provides important insight regarding the various mechanisms 
of inflammation involved in disease pathogenesis. Targeting 
these various pathways with effective therapies is the key to 
the successful management of the IBD patient. When intro 
duced, the monoclonal antibodies targeting tumor necrosis 
factor alpha (TNFC.) represented the largest advance in 
decades made in the realm of IBD therapeutics. However 
there is clear inter-individual variability in both efficacy and 
safety outcomes to this class of therapy which has yet to be 
explained. The inventors have demonstrated that therapeutic 
outcomes to anti-TNFC. in children and young adults with 
IBD are associated with inter-individual genetic variability, 
and determined that genetic loci identified by Genome Wide 
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Association (GWA) studies alone or in combination with 
clinical and/or immune markers are associated with and pre 
dictive of therapeutic responsiveness to anti-TNFC. therapy in 
pediatric IBD patients. 

Example 2 
Significance of Defining Predictors of Response to 

Anti-TNFC. 

0070 Defining predictors of response to anti-TNFC. will 
allow clinicians to choose the appropriate therapy for the 
appropriate IBD patient with the goal of maximizing efficacy 
and minimizing toxicity. Research described herein will 
allow the individualization of therapy based on who will or 
perhaps more importantly will not respond to different 
classes of therapeutic interventions currently available to IBD 
patients. The development of lymphoma, particularly a rare 
almost uniformly fatal sub-type of hepatosplenic T cell lym 
phoma in individuals receiving infliximab along with immu 
nomodulators have resulted in clinicians wanting to carefully 
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0072 1) primary non-response: patient did not respond to 
the induction regimen as defined by patient did not receive a 
clinical benefit from the first 3 infusions of infliximab and did 

not receive any further treatment doses. All significant asso 
ciations are shown in Table 1 below. Remainder of analyses 
are detailed in Table 3. 

0073. 2) secondary loss of response: patient responded to 
the induction regimen and despite dose escalation and/or 
frequency intensification of infliximab the drug was discon 
tinued as of last follow up. Time to loss of response was also 
analyzed and data are shown in Table 3. 

Example 4 

Table 1-Significant Associations Between GWAS 
Loci and Primary Non-Response 

0.074 

TABLE 1 (A) 
Primary Non 

Response (YES = Genotype Genotype P Gene of 
1, NO = 0) 12,22 11 value OR* interest 

O 30(58.8%) 21 (41.2%) 0.04 ATG16 
1 7(100.0%) 10.6 
O 45(83.3%) 9(16.7%) 0.03 6.7 unknown 
1 3(42.9%) 4(57.1%) 
O 31(57.4%) 23(42.6%) 0.004 20.1 Orf13 
1 7100.0%) 
O 34(63.0%) 20(37.0%) 0.03 10.2 ICOSLG 
1 1(14.3%) 6(85.7%) 
O 31(58.5%) 22(41.5%) 0.004 21.0 HLADQA1 
1 7(100.0%) 
O 29(53.7%) 25(46.3%) 0.01 17.4 BRWD1 
1 7(100.0%) 

*If there is any zero cell, 0.5 is added to each cell count to calculate OR. 

select those patients who are appropriate candidates for these 
therapies. The novel pharmacogenetic information described 
herein can not only improve the management of patients in 
the clinic with an existing anti-TNFC. agent but also ulti 
mately change the way large scale clinical trials are con 
ducted, such that only patients with a higher probability of 
response to specific therapies will be enrolled to negate expo 
sure to ineffective therapies and protect patients from treat 
ment related serious and potentially fatal adverse events. The 
data described herein will aid in the translation of significant 
genetic findings into the clinical setting for IBD patients and 
for other patients receiving anti-TNFC. for other immune 
mediated disorders. 

Example 3 
Pharmacogenetic GWAS and Primary Non-Response 

0071. The inventors tested the association of the most 
significant CD susceptibility loci previously identified with 
infliximab responsiveness in pediatric IBD patients receiving 
infliximab from which there was complete clinical follow up. 
For these preliminary analyses, two (2) outcomes were evalu 
ated: 

(0075. As described in Table 1 (A), there were 6 SNPs that 
were found to be significantly associated with primary non 
response. Interestingly there was no overlap with any SNP 
found to be associated with secondary loss of response and 
time to loss of response. This shows that there may be differ 
ent genetic predictors and biological explanations for the 2 
therapeutic response outcomes. 
0076. In conjunction with the various genotypes and SNPs 
listed in Table 1 (A) above, the alleles are listed in Table 1 (B) 
below: 

TABLE 1 (B) 

SNP Alleles Corresponding to Genotype 

rS224188O 11 = CC, 12 = CT, 22 = TT 
rS2188962 11 = CC, 12 = CT, 22 = TT 
rs3764147 11 = AA, 12 = AG, 22 = GG 
rS762421 11 = AA, 12 = AG, 22 = GG 
rs9271568 11 = GG, 12 = GA, 22 = AA 
rS283.6878 11 = GG, 12 = GA, 22 = AA 
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Example 5 
Serological Immune Responses and Therapeutic 

Response 

0077. The associations between ASCA, p-ANCA, OmpC, 
I2 and CBIr-1 antibodies and therapeutic outcome was ana 
lyzed. Only significant associations with primary non-re 
sponse are illustrated in Table 2. p-ANCA positivity was asso 
ciated with primary non-response and ASCA positivity was 
protective against primary non-response. There was no asso 
ciation found anti-Ompo, anti-I2 and anti-CBir-1 for primary 
non-response and none of the serologies were associated with 
loss of response. 

Example 6 
Table 2 Significant Associations Between Serologi 
cal Immune Responses and Therapeutic Outcome 

0078 

TABLE 2 

Positive - 1 - Primary non response 

Immune Responses Negative = 0 yes O P OR: 

pANCA 3(30.0%) 44(69.8%) O 
1 6(85.7%) 12(25.5%) 0.002 17.5 

ASCA IgA and/or IgG O 1(14.3%) 35(74.5%) 
1 30(47.6%) 0.004 0.05 

*If there is any zero cell, 0.5 is added to each cell count to calculate OR. 

Example 7 

Table 3 (A)-(D) Details of SNPs Analyzed and 
Includes Outcomes: Primary Non-Response, Sec 
ondary Loss of Response, and Time to Loss of 

Response 

0079 

TABLE 3(A) 
Table 3(A) depicts top IBD risk loci from GWA studies and 

primary non-response. 

Primary non response Genotype Genotype P 
SNP Yes = 1 No = O 12,22 11 value 

rS24766O1 O 7(12.96) 47(87.04) O.311 
7(100.00) 

rS227.4910 O 23(42.59) 31(57.41) O.1SO 
5(71.43) 2(28.57) 

rs928.6879 O 28(51.85) 26(48.15) O.654 
3(42.86) 4(57.14) 

rS2241880 O 30(56.82) 21(41.18) O.04 
7(100.00) 

rs3197999 O 34(62.96) 20(37.04) O.O82 
2(28.57) 5(71.43) 

rS4613763 O 4(7.41) 50(92.59) O.S33 
1 (14.29) 6(85.71) 

rS10044354 O 38(70.37) 16(29.63) 0.477 
4(57.14) 3(42.86) 

rS2188962 O 45(63.33) 9(16.67) O.O3 
3(42.86) 4(57.14) 

rS10045431 O 22(40.74) 32(59.26) 0.535 
2(28.57) 5(71.43) 

rS6908425 O 13(24.07) 41(75.93) O.066 
4(57.14) 3(42.86) 

Table 3(A) depicts top IBD risk loci from GWA studies and 

Sep. 22, 2011 

TABLE 3(A)-continued 

l Oil-eSOSc. 

Primary non response Genotype Genotype P 
SNP Yes = 1 No = 0 12,22 11 value 

rS284.448O O 22(40.74) 32(59.26) 0.535 
1 2(28.57) 5(71.43) 

rS23.01436 O 36(66.67) 18(33.33) O.618 
1 4(57.14) 3(42.86) 

rS1456893 O 29(53.70) 25(46.30) O.211 
1 2(28.57) 5(71.43) 

rs1551398 O 32(59.26) 22(40.74) 0.535 
1 5(71.43) 2(28.57) 

rS2456449 O 31(57.41) 23(42.59) O466 
1 3(42.86) 4(57.14) 

rs10758669 O 43(79.63) 11(20.37) O.618 
1 5(71.43) 2(28.57) 

rS4574921 O 21 (38.89) 33(61.11) O.2O2 
1 1 (14.29) 6(85.71) 

95% CI 

19-160.6 

TABLE 3(A)-continued 
Table 3(A) depicts top IBD risk loci from GWA studies and 

rimary non-response. 

Primary non response Genotype Genotype P 
SNP Yes = 1 No = 0 12,22 11 value 

rS10995239 O 35(64.81) 19(35.19) O.259 
3(42.86) 4(57.14) 

rS11190140 O 39(72.22) 15(27.78) O.445 
6(85.71) 1(14.29) 

rs3764147 O 31(57.41) 23(42.59) O.004 
7(100.00) 

rS1968752 O 26(51.65) 26(48.15) O.654 
3(42.86) 4(57.14) 

rS8049439 O 25(46.30) 29(53.70) O.864 
3(42.86) 4(57.14) 

rS2O76756 O 32(59.26) 22(40.74) O.409 
3(42.86) 4(57.14) 

rS2872SO7 O 41 (75.93) 13(24.07) O.143 
7(100.00) 

rS744166 O 27(50.00) 27(50.00) O.285 
5(71.43) 2(28.57) 

rS762421 O 34(62.96) 20(37.04) O.O3 
1 (14.29) 6(85.71) 

rS104896.30 O 36(66.67) 18(33.33) O.OSO 
2(28.57) 5(71.43) 

rs917997 O 26(46.15) 28(51.85) O.792 
3(42.86) 4(57.14) 

rs9271568 O 31 (58.49) 22(41.51) O.004 
7(100.00) 

rS11174631 O 9(16.67) 45(83.33) O.242 
7(100.00) 

rS991804 O 24(44.44) 30(55.56) O424 
2(28.57) 5(71.43) 
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TABLE 3(C)-continued 
Table 3(C) depicts time of loss of response: Kaplan 
Meier Survival Analysis (time to loss of response). 

Sep. 22, 2011 
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Example 8 
Enrollment Criteria 

Inclusion Criteria: 

0080) 1. IBD patients <21 years of age 
SNP genotype number duration P % censored P 2. Active CD or UC patients initiating infliximab therapy as 

prescribed by the treating physician. 
0. 

rS1968752 26 19.231 O.O29 73.10% 0.86 3. No predetermined minimum Crohn's Disease Activity 
2.22 28 32.429 67.90% 9. W. 

rS8049439 29 27.OOO 0.746 82.80% O.O7 Index (CDAI) or Pediatric Crohn's Disease Activity Index 
2.22 25 2S.OOO S6% (PCDAI) or Partial Mayo score will be necessary for inclu 

rS2O76756 f 22, 26.909 O.822 68.20% 0.89 sion (see justification below) 
2.22 32 2SSOO 71.90% - - - - 

rS2872SO7 13 31.462 0.323 61.50% 0.63 4. Willingness to participate 
2.22 41 24.366 73.20% 5. Able to give consent by patient or legal guardian 

rS744166 27 21.519 O.13S 70.40% 0.68 6. Willing to provide blood 
2.22 27 30.630 70.40% 

rS762421 2.22 i. 2. O428 70 C. O.89 Exclusion Criteria: 
0. 

rS104896.30 18 31.SS6 O.2OS 77.90% 0.42 I0081 1. IBD Patients not receiving infliximab 
2.22 36 23.333 66.70% finitiating infliximab 

rs917997 28 27.571 O.614 67.90% 0.57 2. Patients In remission at time O initiating 1 1X1a 
2.22 26 24.462 73.10% 3. IBD patients who are on low dose prednisone for adrenal 

rs9271568 22 30.045 0.34O 68.20% 0.99 insufficiency and unable to wean in designated time frame. 
2.22 31 24.06S 71.9% 4. CD patients with exclusi ianal fistulizing di ( rS11174631 45 22.622 OO1O 64.40% O.O3 4. pauents win exclusive perianal Isluizing aisease (see 
2.22 9 43.333 100% justification below) 

rS991804 30 27.5OO O.6OS 76.70% O24 
2.22 24 24.292 62.50% Example 9 

rS283.6878 2S 29.OOO O.376 76% 0.42 

2.22 29 23.552 65.50% Association of Anti-TNF Responsiveness Against the 
rS3749946 18 31.SS6 O.2OS 77.80% 0.42 Whole G 

2.22 36 23.333 66.70% Ole O 
rsf228236 28, 27.571 O.614 67.90% 0.57 

2.22 26 24.462 so I0082. Three (3) outcomes were evaluated: 
I0083. 1) primary non-response: patient did not respond to 
the induction regimen as defined by patient did not receive a 

TABLE 3(D) 
Table 3(D) depicts serological immune markers and 

anti-TNFC responsiveness (n = 63). 

Immune Positive = 1 Primary non response 

Response Negative = 0 yes O P OR 95% CI 

pANCA 1 6(85.71) 12(25.53) 0.002 17.5 1.91-160.5 
O 1 (14.29) 35 (74.47) 

ASCA IgA 1 30(47.62) 0.004 0.05 
and/or IgG O 10(100.00) 33 (52.38) 
OmpC 1 1 (10.00) 16(25.40) 0.29 0.33 O.04-2.78 

O 9(90.00) 47 (74.60) 
I2 1 3(30.00) 19(30.65) 0.97 0.97 0.23-416 

O 7(70.00) 43 (69.35) 
CBir1 1 5(50.00) 28(45.16) 0.78 1.20 0.32-4.62 

O 5(50.00) 34(54.84) 

Secondary Loss of response 

Yes O 

pANCA 1 4(36.36) 8(22.22) 0.35 2.000 0.47-8.60 
O 7(63.64) 28(77.78) 

ASCA IgA 1 6(33.33) 24(53.33) 0.15 0.438 0.14-1.37 
and/or IgG O 12(66.67) 21 (46.67) 
OmpC 1 6(33.33) 10(22.22) 0.36 1.750 0.52-5.85 

O 12(66.67) 35(77.78) 
I2 1 8(44.44) 11 (25.00) 0.13 2.400 0.76-7.60 

O 10(55.56) 33 (75.00) 
CBir1 1 7(38.89) 21 (47.73) 0.53 0.697 0.23-2.13 

O 11 (61.11) 23(52.27) 
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clinical benefit from the first 3 infusions of infliximab and did 
not receive any further treatment doses. 
0084. 2) secondary loss of response: patient responded to 
the induction regimen and despite dose escalation and/or 
frequency intensification of infliximab the drug was discon 
tinued as of last follow up. 

1. 
Sep. 22, 2011 

Example 11 
Methods—Patient Population 

I0088 94 pediatric CD and UC patients (age <21 years), 
followed at CSMC. Each received at least 2 doses (week 0 and 
2) of infliximab. Clinical data was collected and stored in a 

I0085 3) failure for any reason. secure database at CSMC. Serological immune responses 
I0086. The results and analysis of the three outcomes are (ELISA EU/ml) collected and analyzed at CSMC. Specifi 
further described in Tables 1 (A-C) and 2 (A-C) below. cally, ASCA (IgG and IgA), anti-Cbirl (IgG), pANCA (IgG) 

I2 (IgA), OmpC (IgA). Genotype data was also obtained. 
Example 10 Example 12 

Table 4(A-C) Results of Top Ten(10) Most Sig- Methods—Primary Outcome Definitions 
nificant Associations I0089. Primary non-response was evaluated for patients. 

0087 For Crohn's Disease, primary nonresponse was defined by no 

TABLE4(A) 

Analysis oftop ten (10) most significant associations for primary non-response as an outcome. 

Snip CHR BP A1 F. A F U A2 fisher p OR l p loci 

rS13079040 3 68.988334 C 0.7143 0.1574 T O.OOOO3361 13.38 4.473S3149 FAM19A 

rs48SSS35 3 69.017124 G. O.S714 O.OSSS6 T 6.987E-06 22.67 S.15570926 FAM19A 
rS17048.128 3 69028SO2 A. O.S714 O.OSSS6 G 6.987E-06 22.67 S.15570926 FAM19A 

rS17048129 3 6903.1452 A. O.S714 O.OSSS6 G 6.987E-06 22.67 S.15570926 FAM19A 
rs17039556 4 161545059 A. O.7143 0.1296 G 8.744E-06 16.79 S.OS828985 

rS1264O159 4 161586O73 A. O.7857 0.1944 G. O.OOOO1882 15.19 4.72538038 
ris88O330 7 67842S75 T 0.7857 0.213 C OOOOO3927 13.SS 4.40593.91 

rs2O57917 7 67867804 C 0.8571 O.2778 T OOOOO4331, 15.6 4.36341182 

rs298.3478 14 94.433843 C 1 O4167 T OOOOO1555 4.8O826961 

rs4776127 1S S1373815 G. O.7857 0.213 A. O.OOOO3927 13.SS 4.40593.91 

TABLE4(B) 
Analysis of top ten (10) most significant associations for secondary loss of response as an outcome. 

Snip CHR BP A1 F. A F U A2 fisher p 

rS1838990 3 63142891 C 0.09375 0.5132 T O.OOOO2815 
rS11713998 3 1686.13099 T 0.437 S O.O6579 C OOOOO1437 
rS13144587 4 67295867 C 0.437 S O.O7895 A. O.OOOO3895 
rs6928.719 6 1661 17879 C 0.1875 O.6711 A S.292E-06 
rs6928.737 6 166118611 G. O.1875 O.6579 A 7.617E-06 
rS6904237 6 166121014 C 0.1875 O.6316 T OOOOO4141 
rs4762SO7 12 97.659769 T O O3SS3 C OOOOO171 
rS12857230 13 426546SO G. O.7188 O.25 T 8.917E-06 
rS1291.8939 16 6469806O G 0.437 S O.O7895 A. O.OOOO3895 
rSS999636 22 3366.1041 T O O.3289 C OOOOO416S 

TABLE4(C) 

OR l p loci 

O.O9814 4.SSOS216 
11.04 4.84254323 
9.074 4.4094.9254 
O.1131 S.27638O16 
O.12 5.1.1821604 
O.1346 438289477 
O 4.767OO389 ANKS1B 
7.667 S.O4978.123 
9.074 4.4094.9254 
O 4.38O38499 

Analysis oftop ten (10) most significant associations for failure for any reason as an outcome. 

Snip CHR BP A1 F. A F U A2 fisher p OR l p loci 

rS11695174 2 97.05766 T 0.295S O.O2S64 C O.OOOO2682 15.94 4.57154123 
rs1702O744 2 81.845572 A. O.25 O.O1282 G. O.OOOO4771. 25.67 4.321390.58 
rs1549.599 3 37SO 6369 G. O.6818 O.2692 A. O.OOOO1852 5.816 4.73235902 ITGA9 
rs1569091 7 94356064 A 0.6136 O.23O8 G. O.OOOO3676 S.294 4.4346245 
rsf335910 13 24220725 G. O.O9091 O-461S. A. O.OOOO1775 0.1167 4.7SO8O164 
rS4326996 15 61567335 G 0.25 O.O1282 T O.OOOO4771. 25.67 4.321390.58 
rs155.4983 16 7742S340 A. O.3182 0.7179 G. O.OOOO2387 0.1833 4.62214758 
rs991.5945 17 6089S42 A. O.3636 O.OS128 G. O.OOOO1539 10.57 4.81276138 
rs4794558 17 SO702952 A. O.S682 0.1923 G. O.OOOO4.192 S.S26 4.377S7873 HLF 
rS323391 17 69 1991.93 A. O.4773 0.1154 C. O.OOOO1732 7 4.76.145211 
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change or increase in HBI from baseline at week 10 or earlier 
if drug discontinued before week 6 infusion. For ulcerative 
colitis, primary non response was defined by no change or 
increase from baseline in the sum of stool frequency and 
rectal bleeding subscores of the partial Mayo score and no 
improvement in the physician's global assessment Subscore. 

Example 13 
Methods—Association Variables 

0090 SNP selection of known IBD susceptibility SNPs 
(GWA significance) were taken from previous adult CD meta 
GWAS (32 loci), adult UC GWAS (5 loci), and pediatric IBD 
GWAS (2 loci). SNP selection was also taken of top 10 
significant SNPs from pharmacogenetic GWAS, using chi 
square test. Serology status, of positive or negative, was deter 
mined with chi square test. Finally, demographic and pheno 
type data was taken with t-test for continuous variables and 
chi-square test for categorical variables. 

Example 14 
Methods Predictive Models 

0091 Predictive models of non-response were created 
using Strategy A, B and C. Strategy A utilizes known Suscep 
tibility IBD SNPs, using logistic multiple regression, and 
stepwise selection of phenotype, serologic and genetic vari 
ables with univariate association p-0.1. Strategy B utilizes 
the top 10 SNPs from pharmacogenetics GWAS (p<2*10), 
using logistic multiple regression, and stepwise selection of 
phenotype, serologic and genetic variables with univariate 
association p<0.1. Strategy C is the combination of Strategy 
A and B (also known as Final Model). 

Model 

II (known IBD 
Susceptibility 
SNPs only) 

Model 

III: 
I & II 

(Combined) 

Sep. 22, 2011 

0092. With regard to clinical utility, the sensitivity, speci 
ficity, accuracy, ROC, positive likelihood ratio calculated for 
the models. 

Example 15 

Table 5 Results of Demographic and Phenotype 
Associations with Primary Non Response 

0093. From 94 patients meeting inclusion criteria, 22 
exhibited primary non response, and 72 exhibited primary 
response. 

TABLE 5 

NON 
CLINICAL VARIABLE RESPONSE RESPONSE PValle 

UC vs. CD 14:8 6:66 <O.OOO1 
Mean age at diagnosis (years) 10.1 1O.S O.71 
Gender M:F 8:14 40:32 O.12 
Disease duration at start of 26 25 O.96 
IFX (months) 
IMM use at start of IFX (%) 79% 92.8% O.1 
Duration of IMM at start of 12.7 15.3 0.57 
IFX (months) 
pANCA+ 76.2% 29% O.OOO1 
ASCA+ O% 46.9% O.OOO3 

Example 16 

Table 6 Results of Strategy A: Models of Primary 
Non-Response with Known Susceptibility Loci 

0094) 

TABLE 6 

OR 
Variable Description P value (95% CI) R-square 

Diagnosis UCws. CD O.OOO1 1S.O O.48 
(4.1, 55.8) 

pANCA Pos vs. Neg O.O1 5.4 
(1.5, 19.9) 

rS2188962 CC vs. CTTT O.04 3.3 O.30 
5q31.1 (1.03, 10.9) 

rS6908425 CTTT vs. CC O.04 3.2 
6p22.3 (1.01, 10.4) 
CDKA1 
rS283.6878 GG wSAGAA O.OS 3.3 
21q22.2, (0.98, 11.2) 
BRWD1 
rs239518S GG vs. TG-TT O.O1 4.6 
6p21/HLA-DQA1 (1.4, 14.9) 

Example 17 
Table 7 Results of Strategy A: Models of Primary 
Non-Response with Known Susceptibility Loci 

0.095 

TABLE 7 

Variable Description P value OR (95% CI) R-square 

Diagnosis UCws. CD O.OOO8 14.7 O.S9 

(3.1, 70.4) 
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TABLE 7-continued 

Model Variable Description 

pANCA Pos vs. Neg 

rS6908425 CTTT vs. CC 

6p22.3 
CDKA1 

rS2836878 GG vs. AGAA 

21q22.2, 
BRWD1 

rS239518S GG vs. TG-TT 

6p21/HLA-DQA1 

Example 18 

Table 8 Results of Strategy B: Model of Primary 

P value OR (95% CI) R-square 

O.004 15.3 

(2.4, 96.2) 
O.OS 4.6 

(1.0, 21.0) 

O.O2 9.8 

(1.5, 64.0) 

O.047 5.4 

(1.0, 28.6) 

Example 19 

Sep. 22, 2011 

Results—Strategy C: Final Model of Primary Non 
Response with Pharmacogenetic GWA and Known 

Non-Response with Pharmacogenetic GWAS Loci 

0.096 

TABLE 8 

Model Variable 

IV rs975664 
(pharmacogenetic 2p12 
GWAS genes only) TACR1 

rs48SSS35 
3p14 
FAM19A4 
RS4796.606 
17q21 
KRT35, 
32, 36, 13 
Keratin gene 
cluster 
Rs765132 
Xq26 

Description 

TT vs. CTCC 

GGGT vs. TT 

CCCT vs. TT 

TTTC vs. CC 

Susceptibility SNPs and Clinical Phenotype and 
Serology Status 

O097 

TABLE 9 

Model Variable Description P value R-square 
P R 

Value Square V: Dx UC ws. CD O.OO8 O.82 
III & IV paNCA Pos vs. Neg O.O3 

O.OOO6 0.67 rs975664 TT vs. CTCC O.O1 
2p12/TACR1 
rs48SSS35 GGGT vs. TT O.O2 

O.OO6 3p14/FAM19A4 
rS61OOSS6 TG-TT vs. GG O.O2 
20q13/PHACTR3 

O.O1 rS2836878 GG vs. AGAA O.O7 
21q22/BRWD1 

Example 20 
O.O3 Table 10 Results Demonstrating Diagnostic Utility 

of Final Model for Non-Response to Anti-TNFC. 
0098 

TABLE 10 

Positive 

Likelihood 
Model Variable Description ROC SN SP ACC Ratio of NR 

V: Dx UC vs. CD O.98 O.9S O.88 O.92 8 

III & IV p ANCA Pos vs. Neg (cut-off: 23 
rs975664 TT vs CTCC risk factors 

2p12/TACR1 
rs48SSS35 GGGT vs TT 

3p14/FAM19A4 
rS61OOSS6 TG-TT vs GG 

20q13/PHACTR3 
rS283.6878 GG wSAGAA 

21q22/BRWD1 

SN = sensitivity; SP = specificity; ACC = accuracy, 
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Example 21 
Conclusions 

0099 4 known IBD susceptibility genes were associ 
ated with non-response to infliximab. 

0100 UC independent predictor of non-response to 
infliximab and may be the most important predictor. 

0101 p.ANCA positive independently predicts non-re 
sponse to infliximab. 

0102 Pharmacogenetic GWAS top loci improved pre 
diction of non-response compared to known Susceptibil 
ity loci. 

0103) The combination of genotype, phenotype and 
serotype was best predictor of non-response to anti 
TNFO. 

0104 Defining predictors of response to anti-TNFC. aid 
clinicians in choosing the right therapy for the right 
patient. 

0105 Trial design may be enhanced using genetic 
markers. 

Example 22 

Genotyping 

0106 Genotyping may be performed at Cedars-Sinai 
Medical Center in the GCRC phenotyping/genotyping Core 
Facility. Genotyping for single nucleotide polymorphisms 
(SNPs) is performed using ABI Taq Man MGB chemistry 
with an ABI 7900 instrument in 384 well format. A robotic 
workstation (Tecan Genesis) is used to set up the PCR plates 
and the current throughput is 6x384 assays per day. TaqMan 
chemistry results in the release of dye as the 5'-nuclease 
activity of Taq polymerase degrades a probe?cuencher bound 
to a particular allele. The use of two dyes, one for each allele, 
allows the SNP genotyping in a single PCR reaction. The 
“MGB system has several advantages over earlier version of 
this chemistry for SNP genotyping and is therefore a “second 
generation” technology that includes: 1) a more sensitive VIC 
dye rather than TET. 2) an improved optical system in the 
ABIT900 instrument eliminates missed reads due to scratches 
in the caps, 3) primer and probe design Software that consid 
erably lowers the amount of trouble-shooting 4) 384-well 
format for high throughput, and 5) use of a minor groove 
binder (MGB) shortens the length of the probe and thus 
increases discrimination between the two alleles of the SNP. 
This technology has been used extensively in the CSMC 
genotyping core. 

Example 23 

Definitions of Therapeutic Responsiveness 

0107 Response criteria described below have been 
employed in phase 3 clinical trials in both pediatric and adult 
IBD patients receiving infliximab. It is important to determine 
whether a patient is responding to their induction regimen. 
This will negate any non responders from continuing to 
receive ineffective therapy. The primary goal of using anti 
TNFC. is to induce and maintain a steroid free remission. The 
side effect profile and the potential growth stunting effects of 
corticosteroids make this steroid sparing agent very impor 
tant in IBD patients, especially children. Having a strict cor 
ticosteroid specification for response makes for a more robust 
end point and potentially more clinically meaningful. 

14 
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(0.108 Primary Non-Response: 
0109 CD: Inability to achieve a drop in PCDAI of >15 
points from baseline or CDAI drop of >70 points and >75% 
reduction in corticosteroid dose at week 10 if on steroids at 
initiation of infliximab. 
0110 UC: Inability to achieve an improvement of at least 
2 points in the Sum of stool frequency and rectal bleeding 
Subscores of the partial Mayo score, and no worsening in the 
physician's global assessment Subscore OR the Sum of the 
Subject's stool frequency and rectal bleeding Subscores is less 
than or equal to 1, and no worsening in the physician's global 
assessment subscore and >75% reduction in corticosteroid 
dose at week 10 if on corticosteroids at initiation of inflix 
imab. 
0111 Response: 
(O112 CD: Drop in PCDAI of >15 points from baseline or 
CDAI drop of >70 points from baseline for CD and >75% 
reduction in corticosteroid dose at week 10 if on corticoster 
oids at initiation of infliximab. For example a patient started 
on 40 mg/day will need to be weaned to <10 mg/day. 
0113 UC: An improvement of at least 2 points in the sum 
of stool frequency and rectal bleeding Subscores of the partial 
Mayo score, and no worsening in the physician's global 
assessment subscore OR the sum of the subject's stool fre 
quency and rectal bleeding Subscores is less than or equal to 
1, and no worsening in the physician's global assessment 
subscore and >75% reduction in corticosteroid dose at week 
10 if on corticosteroids at initiation of infliximab. 
0114. Forced Corticosteroid Taper: (Standard Corticoster 
oid Wean Based on Clinical Trials and Routine Clinical 
Care): 
0115 Subjects on oral prednisone or equivalent will keep 
their enrollment dose stable for 2 weeks as anti-TNFC. may 
take 10-14 days to have a clinical effect. Starting at week 2. 
corticosteroids will be tapered at the following rate: 
0116 Prednisone or equivalent: >20 mg/day 5 mg/q 5 days 
0117 >10-<20 mg/day 5 mg/week 
0118 <10 mg/day 2.5 mg/week 
0119 Sustained Remission: 
0120 CD: PCDAI <10 or CDAI <150 for CD and off 
corticosteroids at week 10 and week 54 without rescue 
therapy with steroids or infliximab dose increase or frequency 
escalation in between. 
I0121 UC: partial mayo score s2 points, with no indi 
vidual subscore >1 and off corticosteroids at week 10 and 
week 54 without rescue therapy with steroids or infliximab 
dose increase or frequency escalation in between. 
0.122 Loss of Response: 
I0123 Recurrence of symptoms as determined by the treat 
ing physician necessitating rescue therapy with corticoster 
oids or an increase dose of infliximab from 5 mg/kg to 10 
mg/kg or the patient requires infliximab more frequent then 
every 8 weeks. Physician Global Assessment Score will be 
used to document the condition of the patient at time of the 
visit determining loss of response and change in clinical 
condition from week 10 assessment. The physician global 
assessment of change is a 5-point scale used to assess the 
change from baseline (week 10) in the subject's disease activ 
ity from the perspective of the physician. 
0.124 Immunogenicity and Infliximab Trough Drug Lev 
els: 
0.125 Immunogenicity may be determined based on the 
development of antibodies to infliximab. Antibody levels will 
be measured as detectable vs. non detectable. Levels >8 ug/dl 
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have been shown to be associated with loss of response and 
will be chosen as cut point for detectable vs. non detectable. 
0126 Trough drug levels: levels of infliximab in the blood 
at the time of the infliximab infusion. Levels <12 ug/ml have 
been shown to be associated with loss of response and will be 
chosen as threshold for detectable vs. non detectable. 
0127 mRNA Expression: 
0128 Subject's mRNA expression may be classified as 
respondents or non-respondents. Respondents will be deter 
mined by a more than 2-fold increase in mRNA expression 
after induction. 
0129. Clinical Phenotype: 
0130. The baseline clinical features to be analyzed 
include: age at diagnosis, gender, disease location (upper 
tract, Small bowel, large bowel, perianal), disease behavior 
(fistulizing and or stricturing disease), duration of disease at 
baseline, disease activity at baseline, Smoking (active or pas 
sive) history and use of concomitant immunomodulators. 

Example 24 

Serological Immune Response Processing 

0131 ASCA/ANCA ELISA: 
(0132 ASCA: the samples will be analyzed by ELISA with 
phosphopeptidomannan extracted from Saccharomyces cer 
evisiae serving as the antigen. Briefly, plasma diluted 1:80 
(for IgA detection) or 1:800 (for IgG detection) will be added 
to plates previously coated with mannan at 100 ug/ml. After 
incubation and washing, alkaline phosphatase labeled goat 
anti-human IgA and IgG are added to their respective plates. 
Finally, after another incubation and wash, Substrate (p-nitro 
phenyl phosphate) is added and color change is detected at 
405 nm. All samples are compared to standard positive con 
trol samples and expressed as ELISA units (EU). 
0.133 ANCA?p-ANCA: the samples will be quantitatively 
analyzed by ELISA and ELISA positive samples will be 
further characterized qualitatively by immunofluorescence 
binding pattern including DNase treatment of samples with 
pANCA binding. For ELISA analysis, microtiter plates are 
coated with a monolayer of neutrophils (25,000/well) and 
air-dried, fixed with 100% methanol, dried again and stored at 
-20°C. For use, the plates are blocked for non specific bind 
ing by 0.5% bovine serum albumin in phosphate buffered 
saline (BSA/PBS), the blocking material is discarded and 
samples at a 1:100 dilution in BSA/PBS are added. After 
incubation and washing, alkaline phosphatase labeled goat 
anti-human IgG (gamma chain specific) is added. Finally, 
after another incubation and wash, Substrate (p-nitrophenyl 
phosphate) is added and color change is detected at 405 nm. 
All samples are compared to standard positive control 
samples and expressed as ELISA units (EU). For indirect 
immunofluorescence analysis of ANCA, slides are prepared 
by cytocentrifugation of 100,000 neutrophils. The slides are 
air-dried and fixed in 100% methanol, then air-dried and 
stored at -20°C. For use, the slides are rehydrated in PBS and 
samples diluted 1:20 in BSA/PBS are added. After washing, 
fluoroscein labeled goat F (ab) anti human IgG (gamma 
chain specific) is added. The slides are washed again and 
evaluated by fluorescence microscopy. For evaluation of 
DNase sensitivity of p ANCA patterns, slides are pretreated 
with 100U/ml of RNase free DNase for 30 minutes. Slides are 
stained as above with a pair of DNase-treated and untreated 
slides used for each sample. 
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0.134 CBirl ELISA: 
0.135 ELISA analysis of anti-CBirl was performed as 
previously described 21 but using NH2-terminal fragment of 
CBirl (147aa) without knowledge of diagnosis or other serol 
ogy results. Briefly, ELISA plates were coated overnight with 
100 ng/well of CBirl, then blocked with 1% BSA in PBS for 
2 hours. Plates were washed and serum was added at a 1:200 
dilution in 196 BSA-PBS for a 30 minute incubation. After 
washing, horseradish peroxidase conjugated anti-human IgG 
at a 1:10,000 dilution was added and incubated for 30 min 
utes. After another wash, the plates were incubated with tet 
ramethylbenzidine substrate for 15 minutes. The reaction was 
stopped with 1 N sulfuric acid and read at 450 nm. Positive 
was defined as the mean+2 SD of the healthy controls. For 
Cohort 2 and the longitudinal cohorts and phenotype cohorts, 
this assay was modified to be more similar to the ANCA, 
OmpC and I2 protocols: alkaline phosphatase was substituted 
as the secondary conjugate and incubated for 1 hour followed 
by paranitrophenyl phosphate as substrate for 30 minutes. 
I0136. OmpC/I2 Purification 
0.137 Trimeric OmpC is biochemically purified from an 
OmpF-/-/OmpA-/- disruptive insertion mutant E. coli K12 
(provided by R. Misra). Mutant E. coli glycerol stocks are 
inoculated into 10-20 ml of Luria Bertani broth supplemented 
with 100 ug/ml Streptomycin (LB-Strep), and culture vigor 
ously at 37°C. for -8 hours to log phase followed by expan 
sion to 1 liter in LB-Strep over 15 hours at 25°C. Cells are 
harvested by centrifugation, washed twice with 100 ml of ice 
cold 20 mM Tris-Cl pH 7.5, and resuspend in cold spheroplast 
forming buffer (20 mM Tris-Cl pH 7.5, 20% Sucrose, 0.1M 
EDTA pH 8.0, 1 mg/ml Lysozyme). Spheroplasts are allowed 
to form for 1 hour on ice with occasional mixing, and then 
lysed by 14 fold dilution into ice cold 10 mM Tris-Cl pH 7.5, 
1 mg/ml DNase-1, and vigorous Vortexing followed by pulse 
Sonication (4x30 seconds. On time-1 second at high power). 
Cell debris is by low speed centrifugation, and membrane 
preparation collected by ultra centrifugation at 100,000 g in a 
swing bucket rotor. Membrane pellet is resuspended by 
homogenizing into 20 mM Tris-Cl pH 7.5, and extracted for 
1 hour in 20 mM Tris-Cl pH 7.5+1% SDS by rotating at 37° 
C. Pre-extracted membrane preparation is then pelleted by 
ultracentrifugation and resuspended by homogenizing into 20 
mM Tris-Cl pH 7.5 as above, and OmpC is extracted for 1 
hour rotating at 37°C. with 20 mM Tris-Cl pH 7.5, 3% SDS, 
and 0.5M NaCl. Membrane is then pelleted by ultracentrifu 
gation and the Supernatant containing trimeric OmpC is col 
lected. SDS is removed from OmpC preparations by deter 
gent exchange dialysis against >10,000 volumes of 0.2% 
triton x 100 followed by dialysis against >10,000 volumes 
Tris-Cl pH 7.5. Purified OmpC is quantified using the Brad 
ford reagent (Biorad, Hercules, Calif.) and purity of 95% is 
validated by SDS-PAGE and Silver staining (Biorad). Puri 
fied protein is aliquoted and stored at -20°C. until used. 
0.138. The 100 amino acid open reading frame (ORF) of I2 

is subcloned into pGEX-KG and expressed in E. coli XL-1 
blue (Stratagene, La Jolla, Calif.). I2-GST fusion protein is 
present as an inclusion body, and purified according to manu 
facturer's instructions by differential solubilization in 0.1% 
sodium dodecyl sulfate (SOS). The glutathione-S-transferase 
(GST) control is produced with unmodified pGEX-KG and 
XL-1 blue cells, and is present about 50% in the soluble and 
inclusion body fractions. The latter is purified exactly as 
I2-GST, and the former is purified by G-Sepharose affinity 
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chromatography. All protein preparations are >90% pure by 
SDS polyacrylamide gel electrophoresis (PAGE) and Coo 
massie blue protein staining. 
0139 Determination and Characterization of the OmpC/ 
I2 Response: 
0140 Human IgA antibodies that bind I2 or OmpC will be 
detected by direct ELISA assays. Plates (Greiner, USA Sci 
entific, Ocala, Fla.) will be coated overnight at 4 C with 100 
ul/well of GST alone and I2-GST (5 g/ml) or OmpC (0.25 
ug/ml) inborate buffered saline, pH 8.5. After three washes in 
0.05% Tween 20 in phosphate buffered saline (PBS), the 
plates will be blocked with 150 ul/well of 0.5% bovine serum 
albumin in PBS, pH 7.4 (BSA-PBS) for 30 minutes at room 
temperature (RT). The blocking solution will then be dis 
carded and 100 ul/well of sera diluted 1:100 will be added and 
incubated for 2 hours at RT. The plates will be washed as 
before and alkaline phosphatase conjugated goat anti-human 
IgAL-chain specific, Jackson ImmunoResearch, West Grove, 
Pa.) at a dilution of 1:1000 in BSA-PBS will be added for 2 
hours at RT. The plates will be washed three times with 0.05% 
Tween 20 in phosphate buffered saline followed by another 
three washes with Tris buffered normal saline, pH7.5. Sub 
strate solution (1.5 mg/ml disodium P-nitrophenol phosphate 
(Amresco, Solon, Ohio), 2.5 mM MgCl2, 0.01 M Tris, pH 
8.6) will be added at 100 1/well and color will be allowed to 
develop for one hour at which time the plates will be read at 
405 nm. Nonspecific binding of sera to GST alone (typically 
<0.1) will be subtracted from raw values of I2-GST binding to 
obtain I2 specific absorbances. Levels will be determined 
relative to a standard consisting of serum obtained from a 
well-characterized CD patient. Results will be expressed as 
ELISA units (EU/ml). Sera with antibody levels exceeding 
the normal reference range value will be termed positive. 

Example 25 

Blood Stimulation 

0141 Anti-TCR antibody (IgG1) or controls (control 
IgG1 BioLegend, San Diego, Calif.) may be stored at -20°C. 
in 6-well strip microtubes until use. Sixty microliters of 
whole blood will be added into 6 wells of microwell strip (3 
wells for control IgG and 3 wells for anti-TCR antibody) and 
incubated at 37°C. for 4 hours with the cap closed. Following 
each treatment, blood samples were stored frozen at 80°C. 

Example 26 

Final Predictive Model Overall 

0142 Inter-individual variation in response to anti-TNFC. 
therapy may be explained by genetic variability in disease 
pathogenesis or mechanism of action. Recent genome wide 
association studies (GWAS) in IBD have increased under 
standing of the genetic susceptibility to IBD. 
0143. As disclosed herein, the inventors tested associa 
tions of known IBD susceptibility loci and novel “pharmaco 
genetic' GWAS identified loci with primary non-response to 
anti-TNFC. in pediatric IBD patients and developed a predic 
tive model of primary non-response. Primary non response 
was defined using the HBI for CD and partial Mayo score for 
UC. Genotyping was performed using the Illumina Infinium 
platform. Chi square analysis tested associations of pheno 
type and genotype with primary non-response. Genetic asso 
ciations were identified by testing known IBD susceptibility 
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loci and by performing a GWAS for primary non-response. 
Step-wise multiple logistic regression was performed to build 
predictive models. 
0144. As further disclosed herein, non-response occurred 
in 22 of 94 subjects. Six known susceptibility loci were asso 
ciated with primary non-response (p<0.05). The 21q22.2/ 
BRWDI loci remained significant in the predictive model. 
The most predictive model included 3 novel “pharmacoge 
netic” GWAS loci, the previously identified BRWDI, 
pANCA and a UC diagnosis (R=0.82 and AUC=0.98%). The 
relative risk of non-response increased 15 fold when number 
of risk factors increased from 0-2 to 23. The combination of 
phenotype and genotype is most predictive of primary non 
response to anti-TNFC. in pediatric IBD. Defining predictors 
of response to anti-TNFC. will allow the identification of 
patients who will not benefit from this class of therapy. 

Example 27 

Final Predictive Model Patient Population 
0145 A total of 94 pediatric CD and UC patients (age at 
diagnosis <21 years) followed at Cedars-Sinai Medical Cen 
ter (CSMC) by one clinician (MD) were enrolled in this study. 
All subjects must have received at least 2 doses of (weeks 0 
and 2) of infliximab to be eligible. Infliximab was chosen as 
the first line anti-TNFC used in both CD and UC for children. 
This study was approved by the institutional IRB. 

Example 28 
Final Predictive Model Phenotyping 

0146 All data was collected by chart review and stored in 
a secured database. For the purpose of this study phenotype 
was defined as all variables that were not genetic. 
0147 Clinical Phenotype: These included demographic 
and clinical variables: age, gender, IBD subtype (CD vs. UC), 
disease duration, age at diagnosis, age at initiation of inflix 
imab, immunomodulator history, Steroid history, Harvey 
Bradshaw Index (HBI) activity scores, Partial Mayo scores 
and reason for infliximab discontinuation. 
0.148. Immune Phenotype: Serum was collected on all 
patients and analyzed at CSMC. Serum immune responses: 
anti-saccharomyces cereviciae antibodies (ASCA IgG and 
IgA), perinuclear anti-nuclear cytoplasmic antibody 
(pANCA), anti-flagellin (antiCBirl), anti-outer membrane 
porin C (anti-Ompo) and anti-Pseudomonas fluorescens-as 
Sociated sequence I2 (anti-I2) were analyzed blinded to thera 
peutic responsiveness by ELISA as previously described. 

Example 29 

Final Predictive Model—Genotype 
0149 Genotyping was performed at Children’s Hospital 
of Philadelphia (CHOP) using the Illumina Human550 plat 
form (n=70) and the Medical Genetics Institute at CSMC 
using the Illumina Human610 platform for CD samples 
(n=17) and HumanCNV370 platform for UC samples (n=11) 
(23). First, genotype data were tested for association between 
previously reported IBD susceptibility SNPs and anti-TNFC. 
response. Table 11 illustrates the 28 SNPs included in this part 
of the analysis and references the GWAS that first reported 
these associations with disease. Twenty-one SNPs from a 
previous CD meta-analysis GWAS, 5 SNPS from various UC 
GWAS and 2 SNPs from a pediatric IBD GWAS were ana 
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lyzed. Second, the genome wide data were tested for associa 
tion with anti-TNFC. response (“pharmacogenetic” GWAS, 
see below). 

TABLE 11 

Known Genetic Susceptibility Loci 

GWAS Reference 
1 = Adult CD (14) 

2 = Adult UC (15-17) 
3 = Pediatric IBD (18) 

Chromosome 
Loci of interest 

2 

Example 30 
Final Predictive Model Outcomes and Definitions 

0150. The primary outcome of this study was to identify 
genetic loci associated with primary non-response defined as: 

0151 CD: Failure to decrease HBI 23 points (24) or 
increase from baseline at week 10 or 4 weeks after their 
last infusion if they did not receive the3" induction dose 

0152 UC: Failure to decrease 22 points or increase 
from baseline in the Sum of stool frequency and rectal 
bleeding subscores of the partial Mayo score (7) and no 
improvement in the physician's global assessment Sub 
score at week 10 or 4 weeks after their last infusion if 
they did not receive the 3" induction dose 

Example 31 

Final Predictive Model Univariate Analysis 
0153 Association between clinical and demographic vari 
ables and primary non-response: The Chi-square test was 
used to check the association of primary non-response with 
the following categorical variables: CD vs. UC, male vs. 
female, serum immune response positivity, percentage of 
immunomodulator use at the start of infliximab and primary 
non-response. The Student t test was used for associations of 
continuous variables; age of diagnosis, disease duration and 
duration of immunomodulator use at the start of infliximab. 
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0154 Association between known IBD susceptibility loci 
and primary non-response: The Chi-square test was applied to 
test the association between each SNP (Table 11) and primary 
non-response. A dominant model based on the presence of the 
rare allele was assumed. Relative risk was calculated by com 
paring the risk of non-response in the patients with a specific 
genotype versus those without the genotype. 
0155 Pharmacogenetic Genome Wide Association Study 
(GWAS): 
a. Principal components (PC) analysis (using Eigenstrat) was 
conducted to examine population stratification (25). All the 
subjects formed one cluster with no significant outliers. There 
was no need to correct for population stratification during the 
association analysis, as the first ten PC evaluated were not 
significantly associated with primary non-response. 
b. For the purpose of quality control, SNPs with a minor allele 
frequency (MAF)<0.01, genotype failure rate >0.10, HWEP 
value <0.001 were excluded from the analysis. Allelic asso 
ciation between an individual SNP and primary non-response 
was carried out by chi-square test in PLINK (26). The first 10 
SNPs with the most significant results were then retained for 
modeling. Following quality control, 301.742 SNPs were 
available in all data sets for analysis. 

Example 32 

Final Predictive Model Multivariate Analysis 

0156 Predictive models of primary non-response: Models 
to predict non-response were built using step-wise multiple 
logistic regression, combining a) IBD susceptibility SNPs, b) 
the top 10 hits from the pharmacogenetic GWAS analysis, c) 
serology status and d) IBD subtypes. Since rs5975493 and 
rs70598.61 are in high linkage disequilibrium, only 
rs7059861 was kept in the model. Exact logistic regression 
was used if the estimate from a regular regression model was 
not available. The significance level for a variable to enter and 
stay in the model was 10%. The likelihood based pseudo-R 
squared from the logistic regression model was used to mea 
Sure the strength of association as well as the proportion of 
variance of the outcome accounted by the model's indepen 
dent variables. 

O157 
0158 I. demographic variables, serology status and 
IBD subtype only 

Models were built at five different levels: 

0159 II. known IBD susceptibility SNPs only 
0.160 III. model I and II combined 
(0161 IV. pharmacogenetic GWAS SNPs (dominant 
model assumed) only 

0162 V. model III and IV combined (final model). 
(known IBD susceptibility SNPs, pharmacogenetic 
GWAS top hits, serologic status and clinical variables) 

0163 Clinical Utility Measures: The area under the 
Receiver Operating Characteristic (ROC) curve (AUC) was 
used as a measure of the predictive performance of the final 
model. The risk score was calculated based on the final model 
by assigning each risk phenotype or genotype as 1 point. 
Sensitivity it true positives/(#of true positives+ iof false 
negatives), specificity Hof true negatives/(#of true nega 
tives+Hof false positives), accuracy (sensitivity+specific 
ity)/2 and positive likelihood ratio test (sensitivity/(1-speci 
ficity)) for primary non response were also calculated for the 
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final model (28). All statistical analysis was conducted by 
SAS software v9.1 (SAS Institute; Cary, N.C.). 

Example 33 

Final Predictive Model Results of Patient Popula 
tion and Phenotype Associations 

0164. Of the 94 patients evaluated, 22 patients (23%) met 
the criteria of primary non-response. Table 12 illustrates the 
key demographic data for both responders and non respond 
ers. A diagnosis of UC (p<0.0001) and pANCA positivity 
(p=0.0001) were associated with primary non-response. Gen 
der, mean age at diagnosis, disease duration at initiation of 
infliximab, percentage of immunomodulatoruse and duration 
of use at start of infliximab did not differ between the two 
groups. 

TABLE 12 

Phenotype Associations with Therapeutic 
Outcomes to Anti-TNFC. 

CLINICAL VARIABLE NON-RESPONSE RESPONSE PValle 

UC vs. CD 14:8 6:66 <O.OOO1 
Mean age at diagnosis 10.1 1O.S O.71 
(years) 
Gender M:F 8:14 40:32 O.12 
Disease duration at start 26 25 O.96 
of IFX (months) 
IMM use at start 79% 92.8% O.1 

of IFX (%) 
Duration of IMM at start 12.7 15.3 0.57 
of IFX (months) 
pANCA+ 76.2% 29% O.OOO1 
ASCA+ O% 46.9% O.OOO3 

Example 34 
Final Predictive Model Results of Genetic Associa 

tions: Univariate Analysis 
(0165 Known IBD Susceptibility Loci: Of the 28 previ 
ously identified genetic loci (Table 11), 6 were found to be 
significantly associated with primary non-response. FIG. 4 
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herein illustrates the frequency of primary non-response for 
the different genotypes of these 6 SNPs. Four of the 6 SNPs 
are from the CD meta-analysis, 1 from the UC GWAS and 1 
from pediatric IBD GWAS. For this analysis, the dominant 
model of the rare allele was assumed. The common allelic 
variant was associated with non-response in 4 of the 6 SNPs. 
Table 13 compares the reported IBD risk allele with the allele 
found to be associated with non-response in this study for all 
6 SNPs. In only 2 of the SNPs was the disease risk allele the 
same as that found to be associated with non response to 
anti-TNFC. 

TABLE 13 

Allelic Variants 

GWAS Reference 

1 = Adult CD (14) 
SNP and 2 = Adult UC (15-17) IBD Risk Non-Response 
Gene Locus 3 = Pediatric IBD (18 Allele Allele 

rS2241880 1 C T 

2a37/ATG16L1 
rS2188962 1 T C 

rS6908425 1 C T 

6p22/CDKAL1 
rS762421 1 G A. 

21q22/ICOSLG 
rs239518S 2 G G 

6p21/HLA-DAQ1 
rS283.6878 3 G G 

21q22/BRWD1 

(0166 Pharmacogenetic GWAS: Table 14 lists the results 
of the chi square analyses for the pharmacogenetic GWAS. 
Only those SNPs with a p value <10 are listed. 

TABLE 1.4 

Pharmacogenetic GWAS. p is 0.0001 

Chromosome SNP 

13 
5 
X 

rs1155848 
rs1592749 
rsf65132 

rs470793O 
rsfC)5482 

rs5975453 

Position* 

78786477 
1599.04599 
13315O270 

72463O40 
81853944 

577O1043 
133191S6S 

133212999 

Gene 

db129*, 

PHACTR3 

Other 

347475 
40242S 
644403 

PLAC9 
389988 
642SO6 
642S21 
642S38 
727879 
PHACTR3 
347475 
40242S 
347475 
40242S 

OR 

35.73 
S.949 

35 

6.603 
4.875 

4.951 
8.333 

8.333 

5.35E-07 
109E-06 
109E-06 

1.23E-OS 
162E-OS 

162E-OS 
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TABLE 14-continued 

Pharmacogenetic GWAS. p is 0.0001 

Gene Other 
Chromosome SNP Position* db129*, loci'88, OR P 

22 rS3O881.03 25250.048 TPST2 CRYBA4 4308 7.77E-05 
|TPST2 
TFIP11 
HPS4 
6443.80 
653715 
729905 
1OO1284O1 
HMGB1L10 

6 rS4711716 423752O1 TRERF1 TRERF1 8.727 7.82E-OS 
387535 
6538O2 

7 rS10464448 141433796 MGAM MGAM O.134 8.32E-OS 
X S12559781 4225952 7.973 8.49E-05 
7 rS2S4O678 36.227249 EEPD1 EEPD1 4.6 8.54E-OS 
4 rs7659.755 182246126 hocG 2025798 728081 4.461 8.62E-OS 
13 sf70389 SOO43157 LOCA301.94 7301.94 S.1 8.96E-OS 
21 rS282S699 1993.4102 S.1 8.96E-OS 
12 sf309734 395.6421 O CNTN1 CNTN1 4.171 9.7E-OS 
2 rS11903O32 384O992 S.469 9.78E-OS 
8 rS108O87SS 6867923S CPA6 CPA6 O.08701 9.87E-OS 

*Defined using dbSNP Build 129 
**Loci include genes that overlap each SNP within 100 kb of 5' end and 10 kb of 3' end of each gene. Numbers refer to 
dbGene (NCBI). 

Example 36 
TABLE 1.5 

Final Predictive Model Results of Multivariate 
Analysis - Model III susceptibility SNPs and phenotype 

Model Variable P value OR R squared 
0167 Predictive models of non-response: Logistic mul 

tiple regression was employed to develop models of primary III: Nes es O.S9 
non-response. Five different models were developed. Model rS6908425 O.OS 4.6 
1 examined the significance of pANCA and IBD subtype (UC 5K, 
vs. CD). Both pANCA (OR 5.4; p=0.01) and the diagnosis of rS2836878 O.O2 9.8 
UC(OR15.0; p=0.0001) remained significant in model I, with 5.BRWD1 O.047 5.4 
an R squared (R) of 0.48. Model II (R=0.30) examined the 6p21 
6 SNPs from the univariate analysis. Four (4) of the 6 IBD HLA-DQA1 
susceptibility SNPs remained significant: rs2 188962 (5q31) 
(OR3.3; p=0.04), rs6908425 (6p22/CDKAL1) (OR12; p=0. 
04), rs2836878 (21q22/BRWD1) (OR 3.3, p=0.05) and TABLE 16 
rs2395185 (6p21/HLA-DAQ1) (OR 4.6; p=0.01). Table 15 Model V: Final Model 
shows the results of Model III which included serology, IBD 
subtype and susceptibility SNPs (combining the variables of Mel " P value OR R squared 
models 1 and II). 3 SNPs survived the model when combined V: Diagnosis: UC vs. CD O.OO8 28.9 O.82 
with these other independent variables. Model IV analyzed PSPs vs neg 9. . 
the top 10 SNPs from the pharmacogenetic GWAS and only 2p12/TACR1 
4 SNPs remained significant: rs975664 (TACR1) (OR17.6, SES 19A4 O.O2 10.8 
p=0.0006), rS4855.535 (FAM19A4) (OR 8.8, p=0.006), rS61OOSS6 O.O2 13.8 
rs4796606 (KRT32 KRT35 KRT36 KRT13) (OR 13.4, p=0. 20q13/PHACTR3 
01) and rs765132 (OR 30.1, p=0.03). The R squared for this Swd O.O7 8.0 
particular model was 0.67. The results of the final model (V) 
are shown in Table 16. Model V (R-0.82, including all 
variables) examined the associations of pANCA, diagnosis of Example 37 
UC, the 6 known susceptibility SNPs and the top 10 SNPs Final Predictive Model Results of Clinical Utility 
from the pharmacogenetic GWAS. UC, pANCA, 3 SNPs Measures 
from the pharmacogenetic GWAS, and rs283.6878 (21q22/ 0.168. The potential clinical utility of the final model (V) 
BRWD1), a susceptibility SNP remained significant. was calculated. Table 17 lists the AUC, sensitivity, specificity, 
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accuracy and positive likelihood ratio of non response in a 
patient who had at least 3 of the 6 risk factors of non response 
based on model V. In addition, the negative likelihood ratio, 
i.e. the likelihood that a patient will not be a non-responder if 
at least 3 risk factors are absent, was calculated at 0.06. 

TABLE 17 

Clinical Utility Measures 

Positive 
Sensi- Speci- Accu- Likelihood 

Model Variable AUC tivity ficity racy Ratio 

V: Diagnosis O.98 O.95 O.88 O.92 8 
pANCA 
rs9756642p12 
TACR1 
rS485SS3S 
3p14 
FAM19A4 
rS61OOSS6 
20g 13 
PHACTR3 
rS2836878 
21q22 BRWD1 

The relative risk of non-response was calculated based on the 
number of risk factors (model V) carried by an individual 
patient. Both the frequency of non-response and the relative 
risk increase with increasing number of risk factors (p<0. 
0001) (FIG. 5). 

Example 38 

Final Predictive Model 

(0169 

TABLE 18 

MODEL MODELDESCRIPTOR RSQUARED AUC 

1 Diagnosis and paNCA O.48 O.9 
II Known Susceptibility SNPs only O.3 O.8 
III Diagnosis, paNCA and known O.S9 O.93 

Susceptibility SNPs 
IV Pharmacogenetic GWAS SNPS only 0.67 O.94 
V Diagnosis, paNCA, known O.82 O.98 

susceptibility SNPs AND 
pharmacogenetic GWAS SNPs 

0170 Anti-TNFC. is an important and effective class of 
therapies for the management of both adult and pediatric IBD 
patients. Clinical experience Suggests inter-individual varia 
tion in efficacy, both induction and maintenance, and in the 
occurrence of side effects. There are likely multiple host 
factors that influence these variations such as disease and 
immunephenotype as well as genetic background. The ability 
to predict which patient would have a lower likelihood of 
response before treatment is initiated in order to minimize 
exposure to potentially ineffective therapies may be an impor 
tant consideration in IBD patients. In the current era of risk/ 
benefit balance, this concept may be very timely. 
0171 As described herein, the inventors tested the asso 
ciations of known and novel genetic loci with primary 
response outcome and developed a predictive model of pri 
mary non response using clinical phenotype, serologic and 
genetic variables. Six of the 28 known susceptibility loci 
tested were found to be associated with primary non response 
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in the univariate analysis. The relative risk of primary non 
response ranged from 2.1-2.9. When tested in the multivariate 
analysis, 4 of these loci remained significant. However when 
combined with the novel pharmacogenetic GWAS loci, only 
1 loci remained significant. This one locus was initially 
reported in the pediatric IBD GWAS reported by Kugathasan 
et al. The functional significance of this locus remains 
unknown. Of the 10 novel pharmacogenetic GWAS loci 
tested in the predictive model, 3 remained significant in the 
final model. TACR1 is a receptor for substance P a known 
pro-inflammatory molecule. PHACTR3 (phosphatase and 
actin regulator 3) is associated with the nuclear scaffold in 
proliferating cells. While there is little known about 
FAM19A4 it is thought to be structurally related to MIP1C. 
and function as a chemokine. The pharmacogenetic GWAS 
identified top loci did substantially improve the strength of 
the prediction of non-response compared to known Suscepti 
bility loci. In addition, a diagnosis of UC and pANCA posi 
tivity was independently associated with primary non-re 
sponse. Table 18 compares the r-squared and AUC values for 
all 5 models. The combination of genotype, phenotype and 
serotype was the best predictive model of non response to 
anti-TNFC. with an r-squared of 0.82 and an AUC of 0.98, and 
substantially better than the models that included only known 
IBD SNPs. (models II or III). 
0172. The findings suggest that the majority of the known 
IBD susceptibility loci do not appear to greatly modify or 
influence primary response outcomes to anti-TNFC. in pedi 
atric IBD patients. This raises the possibility that the majority 
of genes that are associated with risk of disease may not 
influence the immune pathways that should be targeted to 
control or modify disease activity. The results of previously 
reported candidate gene association studies with anti-TNFC. 
response have not been translated into the clinic and the 
functional significance of the genes tested remain unknown 
(8-13). The functionality of the cytokines and/or receptor 
renders them of interest as it relates to therapeutic outcome. 
With the GWAS approach, however, no a priori assumptions 
need to be set, as there is not a prior focus on a particular 
protein or target or enzyme as it relates to drug response. This 
hypothesis generating approach allows the identification of 
genetic variants that are associated with response and non 
response and thus potentially identify pathways that are 
responsible and may well be apparent from a functional and 
mechanistic perspective. In this study the inventors have ana 
lyzed the associations with primary non-response only, as 
believed this was of the greatest clinical relevance. 
(0173 As described herein, the inventors have included all 
pediatric IBD subjects receiving anti-TNFC. therapy. Cur 
rently clinicians treat both CD and UC with anti-TNF therapy 
and the clinical trial data Suggest similar primary non 
response and steroid free remission outcomes for both disease 
Subtypes. Moreover there is genetic and serologic evidence 
that there is pathway biology overlap within the spectrum of 
CD and UC phenotype. The inventors analyzed UC, CD and 
shared susceptibility loci and the pharmacogenetic GWAS 
would identify loci that are independent of disease pheno 
type. 
0.174 Defining predictors of response to anti-TNFC. will 
assist clinicians in choosing the appropriate therapy for the 
appropriate IBD patient, with the goal of maximizing efficacy 
and minimizing toxicity. As research progresses in defining 
the characteristics of patients who require biologics, of equal 
importance will be the research as proposed herein to indi 
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vidualize therapy based on who will or will not respond to 
different classes of IBD therapeutic interventions. The devel 
opment of adverse events to anti-TNF therapies such as lym 
phoma, and sepsis naturally induce caution in clinicians who 
would like the ability to appropriately select patients who are 
most likely to respond to these therapies. 
0.175. As readily apparent to one of skill in the art, after a 
diagnosis of nonresponsiveness to anti TNFC. in an indi 
vidual, the invention also includes the administration of any 
number of treatments that may act as an alternative to anti 
TNFC. therapy, such as natalizumab for example. Similarly, 
after a diagnosis of responsiveness to anti TNFC. therapy, any 
number of examples of anti TNFC. therapy may be used, such 
as infliximab or cyclosporin. Additionally, as apparent to one 
of skill in the art, the various embodiments described herein 
may be used in conjunction with any number of additional 
inflammatory bowel disease treatments, therapies and meth 
ods of diagnosis and prognosis. Finally, as apparent to one of 
skill in the art, the invention may be applied to any number of 
conditions and diseases related to or potentially affected by 
anti TNFC. therapy and the invention is not limited to inflam 
matory bowel disease. While the description above refers to 
particular embodiments of the present invention, it should be 
readily apparent to people of ordinary skill in the art that a 
number of modifications may be made without departing 
from the spirit thereof. The presently disclosed embodiments 
are, therefore, to be considered in all respects as illustrative 
and not restrictive. 

(0176 Various embodiments of the invention are described 
above in the Detailed Description. While these descriptions 
directly describe the above embodiments, it is understood that 
those skilled in the art may conceive modifications and/or 
variations to the specific embodiments shown and described 
herein. Any such modifications or variations that fall within 
the purview of this description are intended to be included 
therein as well. Unless specifically noted, it is the intention of 
the inventor that the words and phrases in the specification 
and claims be given the ordinary and accustomed meanings to 
those of ordinary skill in the applicable art(s). 
0177. The foregoing description of various embodiments 
of the invention known to the applicant at this time offiling 
the application has been presented and is intended for the 
purposes of illustration and description. The present descrip 
tion is not intended to be exhaustive nor limit the invention to 
the precise form disclosed and many modifications and varia 
tions are possible in the light of the above teachings. The 
embodiments described serve to explain the principles of the 
invention and its practical application and to enable others 
skilled in the art to utilize the invention in various embodi 
ments and with various modifications as are Suited to the 
particular use contemplated. Therefore, it is intended that the 
invention not be limited to the particular embodiments dis 
closed for carrying out the invention. 
0.178 While particular embodiments of the present inven 
tion have been shown and described, it will be obvious to 
those skilled in the art that, based upon the teachings herein, 
changes and modifications may be made without departing 
from this invention and its broader aspects and, therefore, the 
appended claims are to encompass within their scope all Such 
changes and modifications as are within the true spirit and 
scope of this invention. Furthermore, it is to be understood 
that the invention is solely defined by the appended claims. It 
will be understood by those within the art that, in general, 
terms used herein, and especially in the appended claims 
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(e.g., bodies of the appended claims) are generally intended 
as “open’ terms (e.g., the term “including should be inter 
preted as “including but not limited to the term “having 
should be interpreted as “having at least, the term “includes’ 
should be interpreted as “includes but is not limited to.” etc.). 
It will be further understood by those within the art that if a 
specific number of an introduced claim recitation is intended, 
such an intent will be explicitly recited in the claim, and in the 
absence of Such recitation no such intent is present. For 
example, as an aid to understanding, the following appended 
claims may contain usage of the introductory phrases “at least 
one' and “one or more' to introduce claim recitations. How 
ever, the use of such phrases should not be construed to imply 
that the introduction of a claim recitation by the indefinite 
articles 'a' or “an limits any particular claim containing 
Such introduced claim recitation to inventions containing 
only one Such recitation, even when the same claim includes 
the introductory phrases “one or more' or “at least one' and 
indefinite articles such as “a” or “an” (e.g., “a” and/or “an 
should typically be interpreted to mean “at least one' or “one 
or more'); the same holds true for the use of definite articles 
used to introduce claim recitations. In addition, even if a 
specific number of an introduced claim recitation is explicitly 
recited, those skilled in the art will recognize that such reci 
tation should typically be interpreted to mean at least the 
recited number (e.g., the bare recitation of “two recitations.” 
without other modifiers, typically means at least two recita 
tions, or two or more recitations). 
(0179 Accordingly, the invention is not limited except as 
by the appended claims. 
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cc ct catgct agcaatcctt totcagt cag citctgccatt acagaggatg gttgtaacaa 60 

attttgtcct ctdaaactaa goaaaatata totaatttctic acagctgaca gagccaaaag 12O 

gtggaaaggc ttgatataag taaaacaatig gaatgct tag ctgcaggcct agaaaggacc 18O 

Ctttaattgc caggctctgt caccatatca agcgtggtag ggttcggggc tigaagcatac 24 O 

ttacgaaga C acaca aggca gtagctggta cc ct cactt C tttaccagaa cc aggatgag 3 OO 

yat coacatt gt cctggggg actgggalagg aagagacaga gCdt ct cota agaaataa.ca 360 

taalagacaaa tattaga cag gattgcagag gttt actgct catcaaattg ttagaaagga 42O 

ctic caagacg accttgctta agcagactgc ct citgttgat agcctgtc.ct tctagatt ct 48O 

tdaaactaca gaacaattica caaaaaaatc aaaag.caccc to actcaaat gagaaagaga 54 O 

gcc agcacat gcct tact ct cotgcacact aacctgtgga ct coaaaacc caacaatgaa 6 OO 

a. 6O1 

<21 Os SEQ ID NO 2 
&211s LENGTH: 646 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs SEQUENCE: 2 

aagatttatt gggggtaaga agagctaatg cc tatgaaag at aaaggaga aaggagcaga 60 

agtacggaga gaaaaga cag ctitt Cagact gcagticciaga totalactctg ggacgcaaga 12O 

gagggaagga taattctgtt gaaagagcat Cagactgttga tigcggctgta agagtgtctic 18O 
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- Continued 

ytcagt ctitc atc.ttggcct g tatttittaa cc cattaggc atcct cittgg ggtaactitca 360 

gcaggcticca tagg tacaac aacct tcacg tdatctittaa attagct coa taatagtgat 42O 

aatgaggcag galaccttgag ataaaaag.ca gat attacag gttcc actitt CCttctago 48O 

actaatgatt acatggaaag togct caa.cc caagttatag ctitccacatt catatggaag 54 O 

gaataacaac aagaattata cct cactic ct acticagggac atgcagg tag gaaccacaac 6OO 

a. 6O1 

<210s, SEQ ID NO 8 
&211s LENGTH: 4 O1 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 8 

aacggat cat caactic cagg atact cactt ttgctaaatt citcaatactt totaaagata 6 O 

t catgtc.cag gtgaacgtta aaataatctt accttgggga cct catalaga tigtggttcta 12 O 

gtcaaacaca cittatt coag gatatattitc agagtgactic caaattic cca totgttgcta 18O 

gaac caat catttctg.ccgt kccaaaaaat tat cqtagct cagaagacct atgttaaaaa 24 O 

ggccaaaaaa aaaaaaggaa totaattagca ttittaatgtt aaaatgaaac taattitccag 3OO 

tagcaaaata atggitttitta accatgacac ctgcagtttic aggcaagtgg Cagacagc.ca 360 

alacat atcca tagttgtaag gtgtc.ctact attagggagg a 4O1 

<210s, SEQ ID NO 9 
&211s LENGTH: 2O1 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 9 

agctgatgtc. ttcticatgg gcaaatacaa caaat actga Catagatggc Ctcaa.gagaa 6 O 

gaaaaagtgg caaaac acct tattgactgc titgttcgcag rctaaggttg tacgagaag 12 O 

tacaagagaa taatttggc cagct atctg gagagtaggg tacctgttgaa gcc caggcct 18O 

ctaaatgggg toctict caca t 2O1 

<210s, SEQ ID NO 10 
&211s LENGTH: 4 O1 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 10 

citt cattt ca aaaaaagttt toggcatttac gigaaggctitc ttaaactitct tccatggittt 6 O 

gacat cattg act cagataa aggcc tagga agc catt cot cot attcagg atctaaaaaa 12 O 

gcagoagttc acatttataa cqcattacaa ccagaacttig aggcc talaga aatttctatg 18O 

tcqagt ccac agtttcaaac roaaattcac toatcaaggc tittgttcagg catcagggaa 24 O 

a catcc tiggc agcaagtata cctatataag gaaat attag gtcacgatcc cataact coa 3OO 

acacacaaga gatgcaccac acactittagg agact tccaa agcagaaaaa Cacaa.gagac 360 

tagggagaat gacct ct citt cotagtttat gcc ttcaagg t 4O1 

<210s, SEQ ID NO 11 
&211s LENGTH: 4 O1 
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- Continued 

&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 18 

tittgataagg aagtgagtgg ttgaaatcc aggct caaga acaaaag.ccc 

taccCaacgg ggccactggc ctagaatggit aataaataga attgggtgac 

gtcaccc.gtg gttcagct ct ggaggtgtcc ttgtttgtact cactittgag 

cittataaata gcct caggcc aattgcc.cag tdatgattitt gactgtc.gct 

Ctgggcttgt ggtttggttg tagt ctitc atggit ct ct tacct Caga 

ggaagatgat gatggatgct tct agtgatg caa.gcaacaa acatttittgg 

caataccatt citctgtactic togcatgagtt aaccott cag kct tcaaaca 

gtaggtgagg agactgagca Ctaaaaaggit gaatgcggag ccagtgtgag 

Ctggttcc ct gct agaccgt gcct cct citt ggctggagct ctatggaaag 

agggagcctt ggittaaaata t cagotc.cat coctitatgac cittgggcaac 

c caaatctgt attitt cacct tittaactaga ataatgitatgtcaattatag 

ttaaatgaga aaatgtacat aaaacttittggggcattgtc. tigcactggg 

atgaaaaaag gtaatggttt tittaacttgt ttaatgtttc taagcct tag 

tataaaatga aagcgt catt a 

1. A method of determining a high risk relative to a normal 
Subject of non-responsiveness to treatment with an anti tumor 
necrosis factor alpha (TNFC.) therapy in an individual, com 
prising: 

obtaining a sample from the individual; 
assaying the sample for the presence or absence of one or 
more genetic and/or serological risk factors; and 

determining the high risk relative to a normal Subject of 
non-responsiveness to the anti TNFC. therapy based on 
the presence of one or more risk factors carried by the 
individual. 

2. The method of claim 1, wherein the presence of each 
genetic and/or serological risk factor has an additive effect on 
increasing the risk of non-responsiveness in the individual. 

3. The method of claim 1, wherein the individual is diag 
nosed with inflammatory bowel disease (IBD). 

4. The method of claim 1, wherein the individual is diag 
nosed with ulcerative colitis (UC). 

5. The method of claim 1, wherein the individual is a child. 
6. The method of claim 1, wherein the one or more genetic 

risk factors comprise genetic variants at the loci oftachykinin 
receptor 1 (TACR1), family with sequence similarity 19 
member A4 (FAM19A4), phosphatase and actin regulator 3 
(PHACTR3) and/or bromodomain and WD repeat domain 
containing 1 (BRWD1). 

7. The method of claim 1, wherein the one or more genetic 
risk factors comprise SEQ. ID. NO.1, SEQ. ID. NO. 2, SEQ. 
ID, NO.:3, SEQ. ID NO.:4, SEQ. ID. NO. 5 and/or SEQ. ID. 
NO.: 6. 

8. The method of claim 1, wherein the one or more genetic 
risk factors comprise SEQ. ID. NO.:7, SEQ. ID. NO.: 8, SEQ. 

tacaa.gc.ctg 6 O 

aac Cttgaag 12 O 

talaccat Caa 18O 

tgcCagggg.c 24 O 

ggaggaggaa 3OO 

acaatgtgcc 360 

acgctttgag 42O 

Cacaaaaggc 48O 

agttggalacc 54 O 

ttacaaatct 6OO 

ggtgttagga 660 

taagtactica 72 O 

gttitt coact 78O 

ID, NO. 9, SEQ. ID, NO.: 10, SEQ. ID. NO. 11, SEQ. ID. 
NO.: 12, SEQ. ID. NO.: 13, SEQ. ID. NO.: 14, SEQ. ID, NO.: 
15, and/or SEQ. ID. NO.: 16. 

9. The method of claim 1, wherein the one or more genetic 
risk factors comprise SEQ. ID. NO.: 17, SEQ. ID. NO.: 8, 
SEQ. ID. NO.: 19, and/or SEQ. ID, NO.: 6. 

10. The method of claim 1, wherein the one or more genetic 
risk factors comprise genetic variants at the loci of ATG16, 
Orf13, inducible T-cell co-stimulator ligand (ICOSLG) and/ 
or major histocompatibility complex class II DQ alpha 1 
(HLADQA1). 

11. The method of claim 1, wherein one of the one or more 
serological risk factors comprise perinuclear anti-neutrophil 
cytoplasmic antibody (pANCA). 

12. The method of claim 1, wherein the anti TNFC. therapy 
comprises infliximab. 

13. The method of claim 1, wherein the anti TNFC. therapy 
comprises cyclosporin. 

14. A method of determining a significant likelihood of 
responsiveness to treatment with anti tumor necrosis factor 
alpha (TNF-C.) therapy in an individual, comprising: 

obtaining a sample from the individual; 
assaying the sample for the presence of one or more sero 

logical markers associated with responsiveness to anti 
TNFC. therapy; and 

determining a significant likelihood of responsiveness 
based on the presence of one or more serological mark 
ers associated with responsiveness to anti TNFC. 
therapy. 

15. The method of claim 14, wherein the individual is 
diagnosed with inflammatory bowel disease (IBD). 

16. The method of claim 14, wherein the individual is 
diagnosed with ulcerative colitis (UC). 
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17. The method of claim 14, wherein the individual is a 
child. 

18. The method of claim 14, wherein one of the one or more 
serological markers comprises anti-saccharomyces cerevi 
siae antibodies (ASCA). 

19. A method of predicting a high risk relative to a normal 
Subject of non-responsiveness to anti tumor necrosis factor 
alpha (TNF-C.) therapy in an individual with inflammatory 
bowel disease (IBD), comprising: 

determining the presence or absence of one or more non 
responsive genetic risk variants; 

determining the presence or absence of positive expression 
of perinuclear anti-neutrophil cytoplasmic antibody 
(pANCA); 

determining the presence or absence of an ulcerative colitis 
phenotype; and 

predicting a high risk relative to a normal Subject of non 
responsiveness to anti TNF-C. therapy based on the pres 
ence of one or more responsive risk variants, the pres 
ence of positive expression of pANCA, and/or the pres 
ence of the ulcerative colitis phenotype. 

20. The method of claim 19, wherein one of the one or more 
nonresponsive genetic risk variants comprise variants at the 
genetic loci of tachykinin receptor 1 (TACR1), family with 
sequence similarity 19 member A4 (FAM19A4), phosphatase 
and actin regulator 3 (PHACTR3) and/or bromodomain and 
WD repeat domain containing 1 (BRWD1). 

21. The method of claim 19, wherein the high risk relative 
to a normal Subject of non-responsiveness comprises a range 
of 7 to 10 fold increase in risk of non-responsiveness to 
treatment with anti TNFC. therapy. 

22. A method of diagnosing an inflammatory bowel disease 
(IBD) Subtype in an individual, comprising: 

obtaining a sample from the individual; 
assaying the sample for the presence or absence of one or 
more genetic and/or serological risk factors of nonre 
sponsiveness to anti TNFO, therapy; and 
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diagnosing the IBD Subtype based upon the presence of 
one or more genetic and/or serological risk factors of 
nonresponsiveness to anti TNFC. therapy. 

23. The method of claim 22, wherein the individual is a 
child. 

24. The method of claim 22, wherein the one or more 
genetic risk factors comprise genetic variants at the loci of 
tachykinin receptor 1 (TACR1), family with sequence simi 
larity 19 member A4 (FAM19A4), phosphatase and actin 
regulator 3 (PHACTR3) and/or bromodomain and WD repeat 
domain containing 1 (BRWD1). 

25. The method of claim 22, wherein the one or more 
genetic risk factors comprise SEQ. ID. NO.: 1, SEQ. ID. NO.: 
2, SEQ. ID. NO. 3, SEQ. ID NO. 4, SEQ. ID. NO.: 5 and/or 
SEQ. ID. NO.: 6. 

26. The method of claim 22, wherein the one or more 
genetic risk factors comprise SEQ. ID. NO. 7, SEQ. ID. NO. 
8, SEQ. ID, NO.: 9, SEQ. ID, NO. 10, SEQ. ID. NO. 11, 
SEQ. ID. NO.: 12, SEQ. ID. NO.: 13, SEQ. ID, NO.: 14, SEQ. 
ID, NO.: 15, and/or SEQ. ID. NO.: 16. 

27. The method of claim 22, wherein the one or more 
genetic risk factors comprise SEQ. ID. NO.: 17, SEQ. ID. 
NO.: 8, SEQ. ID. NO.: 19, and/or SEQ. ID. NO.: 6. 

28. The method of claim 22, wherein one of the one or more 
serological risk factors comprise perinuclear anti-neutrophil 
cytoplasmic antibody (pANCA). 

29. A method of treating an individual, comprising: 
diagnosing the individual as Susceptible to non-responsive 

ness to anti tumor necrosis factor alpha (TNF-C.) 
therapy; and 

treating the individual. 
30. The method of claim29, whereintreating the individual 

comprises administering atherapeutically effective dosage of 
natalizumab. 

31. The method of claim 29, wherein the individual has 
inflammatory bowel disease (IBD). 

c c c c c 


