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DESCRIPTION

Cross-Reference to Related Applications

[0001] The present application claims priority to British patent application GB 1611738.4, filed July
5, 2016,

Field of the Invention

[0002] The present invention relates to methods of assessing whether an individual is at high risk
or low risk of inflammatory bowel disease (IBD) progression, including progression of Crohn's
disease (CD) and ulcerative colitis (UC). The individual may optionally further be subjected to, or
selected for, treatment for IBD, the treatment being selected on the basis of whether the individual
is at high risk or low risk of IBD progression.

Background to the Invention

[0003] It has been established that early introduction of aggressive therapies in CD leads to better
outcomes, compared to the standard step-up approach (D'Haens et al., 2008; Colombel et al.,
2010). In particular, patients treated with early combination therapy (infliximab in combination with
Azathioprine; D'Haens et al., 2008) experience longer periods of steroid-free remission, are more
likely to achieve mucosal healing and, ultimately, to avoid surgical resection (D'Haens et al., 2008;
Colombel et al., 2010). However, this strategy is not suitable for all patients because a non-
negligible proportion of patients would have achieved prolonged remission even with the
conventional treatment approach (Jess et al.,, 2007), and thus their treatment with combination
therapy would expose them to unnecessary side effects and toxicity. For this reason, the ability to
predict prognosis would be a major step toward improving care for patients with CD, and IBD
generally (IBD Research Priority, 2015; Gerich et al., 2014).

[0004] A number of different variables have been associated with prognosis in CD; namely clinical
factors, serological markers, and genetic variants (Gerich et al., 2014, Billiet et al., 2014). However,
the predictive power of these markers, used alone or in combination, has proven to be limited so
far, and none are suitable for routine use in the clinic (Loly et al.,, 2008; Markowitz et al., 2011;
Ananthakrishnan et al., 2014). As a consequence, developing a reliable prognostic test for IBD,
including CD and UC, remains a priority, and is currently recognised as one of the most important
unmet needs in gastroenterology (IBD Research Priority, 2015).

[0005] To accomplish this goal, genetic variants are promising candidate prognostic markers,
because they are stable, can be easily measured, and because the genetic architecture of CD has
already been studied extensively, at least with regard to susceptibility (Jostins et al., 2012).
However, the genetic factors discovered so far may only explain 5-6% of the phenotypic variance
observed in CD outcome between patients. Even if this figure were to increase, as better-powered
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studies discover other outcome-associated variants, it seems unlikely that genetic factors will be
sufficient, in isolation, to enable accurate prediction of outcome in CD, and IBD generally. This is
consistent with the notion that environmental factors, including smoking, play an important role in
the natural history of IBD (Kaser et al., 2010).

[0006] Gene expression markers may be better candidates to overcome these limitations,
particularly if measured directly in tissues or cell types which are involved in the disease
pathogenesis (McKinney et al., 2010; Lee et al., 2011). In fact, gene expression may capture more
information about interactions between organism and external environment (Choi et al., 2007),
while still reflecting some aspects of individual genetic background. On the other hand, gene
expression is not normally expected to be stable over time, and isolating particular cell populations
without affecting gene expression levels is technically challenging (Lyons et al., 2007). Outside a
controlled research environment, all of these factors limit the use of gene expression markers in a
clinical context.

[0007] It has recently been reported that a distinctive gene expression signature, detectable in
CD8+ T cells, can be used to predict prognosis in IBD (Lee et al.,, 2011). In particular, such a
signature was able to identify, at the time of diagnosis and before therapy, two distinct groups of
patients (IBD1 and IBD2), associated with different clinical courses in both CD and UC (Lee et al.,
2011). More precisely, when managed with the standard step-up approach (Peyrin-Biroulet et al.,
2008), patients classified as belonging to the IBD1 group consistently showed significantly higher
risk of treatment escalation than patients in the IBD2 group (Lee et al.,, 2011), thus providing a
rationale for treating these patients with more aggressive therapies at an earlier stage (Lee et al.,
2011). Accordingly, WO2010/084312 describes methods for determining whether a subject is at
high or low risk of autoimmune disease progression by determining the CD8 cell subtype of the
subject.

[0008] The aforementioned signature represented a major advance towards prediction of outcome
in IBD (Friedman et al., 2011) for three main reasons. Firstly, the difference in outcome between
patient strata is marked enough to be potentially useful to guide therapeutic decisions (Lee et al.,
2011; Friedman et al., 2011), unlike previously reported prognostic markers (Gerich et al., 2014).
Secondly, an overlapping CD8+ gene expression signature was previously reported to predict
disease outcome in Systemic Lupus Erythematosus (SLE) and ANCA-associated vasculitis (AAV)
patients, thus suggesting the hypothesis that common biological processes may underlie the
prognosis of different inflammatory diseases (McKinney et al.,, 2010). Finally, a partial but
compelling mechanistic explanation for the underlying biological processes was recently proposed
(McKinney et al., 2015). These last two points are particularly important. In fact, investigating
prognosis necessarily requires longitudinal studies where data collection is both time consuming
and expensive, thus limiting the study size. As a consequence, it often remains in doubt whether a
small cohort of patients can capture enough complexity from the underlying population and whether
the proposed prognostic marker is indeed reproducible. In view of this, observing consistency with
regard to disease outcomes across different cohorts of patients with different diseases, together
with credible mechanistic insights, strongly increases the confidence in the reproducibility of the
aforementioned CD8+ T cell gene expression signature (McKinney et al., 2010; Lee et al., 2011).

[0009] However, an important problem remains to be solved before the CD8+ T cell gene
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expression signature can be routinely used to stratify patients in a clinical setting. Assigning a
patient to IBD1/IBD2 groups currently requires RNA extraction from purified CD8+ T cells
(McKinney et al., 2010; Lee et al.,, 2011). It has been repeatedly observed that this step adds a
considerable amount of complexity to a potential prognostic test, thus limiting its applicability to
small numbers of samples in a controlled research setting (Friedman et al., 2011; Billiet et al.,
2014).

[0010] On the contrary, being able to detect the IBD1/IBD2 subgroups in a readily accessible
biological sample, such as whole blood, would greatly facilitate its clinical utility and, potentially, its
applicability as a prognostic marker. Furthermore, because whole blood samples, but not purified
CD8+ T cells, have been routinely collected during some clinical trials, this would open the
possibility of reanalysing past IBD drug trials in order to re-evaluate drug efficacy after patient
stratification.

[0011] Despite being potentially useful, it should be noted that detecting the IBD1/IBD2 signature in
samples different from purified CD8+ T cells has previously proven to be challenging (Lee et al.,
2011). In fact, it was repeatedly observed that gene expression signatures derived from CD4+ T
cells could not be used to stratify patients by disease outcome in IBD (Lee et al., 2011), SLE, or
AAV (McKinney et al.,, 2010). Consistent with these observations, it was not possible to identify
equivalent prognostic signatures in peripheral blood mononuclear cells (PBMC) using the same
unsupervised clustering methods (Monti et al., 2003) originally used to discover the CD8+ T cell
expression signature (McKinney et al., 2010; Lee et al., 2011). This is may be due to the fact that
CD8+ T cells represent a very small and variable fraction of the PBMC population (Lyons et al.,
2007). WO2010/084312 discloses a method for assessing whether an individual is at high or low
risk of IBD progression by determining the expression level of one or more genes in CD8+ cells.
Lee et al. (2011) discloses the use of a gene expression signature in CD8+ T cell for prognosing
autoimmune disease including IBD. The gene expression signature allows to classify the patients
into high and low risk.

[0012] Moreover, while prognostic signatures can be discovered using high throughput gene
expression profiling technologies, such as microarrays (Schena et al.,, 1995), a viable prognostic
test needs to rely on a smaller scale gene expression platform such as real time quantitative PCR
(RT-gPCR) (Freeman et al., 1999). In fact, most of modern prognostic tests developed for different
conditions, such as AlloMap, Oncotype Dx and CorusCAD are qPCR based tests (Micheel et al,,
2012), while only a few older tests, such as MammaPerint, rely on microarrays (Micheel et al., 2012).
For this reason, if a signature that recapitulated the IBD1/IBD2 subgroups could be discovered in
whole blood, the possibility of detecting it by gPCR would be crucial for its application in a clinical
setting.

There thus remains a need in the art for an IBD1/IBD2 gene expression signature which can be
detected in whole blood using methods such as qPCR.

Statements of Invention

[0013] The present inventors have surprisingly identified a gene expression signature that can be
used to assess whether an individual is at high risk or low risk of IBD (e.g. ulcerative colitis or
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Crohn's disease) progression by analysing gene expression in a whole blood sample obtained from
the individual. The expression of these genes in whole blood can be determined, for example, by
RT-qPCR. Specifically, the present inventors have discovered that a high risk (IBD1) phenotype is
characterised by upregulated expression of genes ARRDC4, GBP5, P2RY14, VTRNA1-1, IL18RAP,
HP, NUDT7, GZMH, TRGC2, and GZMK, and downregulated expression of genes LGALSL,
FCRLS5, IFI44L, LINC01136, LY96, and TRGV3 in whole blood, relative to the level of expression of
these genes in an individual who has a low risk (IBD2) phenotype.

[0014] In one aspect, the present invention as defined by the appended claims thus provides a
method of assessing whether an individual is at high risk or low risk of IBD progression comprising
establishing, by determining the expression level of four or more genes in a whole blood sample
obtained from the individual, whether said individual has a high risk (IBD1) or low risk (IBD2)
phenotype, wherein the four or more genes are selected from the group consisting of: ARRDC4,
GBP5, P2RY14, VTRNA1-1, IL18RAP, HP, NUDT7, GZMH, TRGC2, LGALSL, FCRLS5, IFI44L,
LINC01136, LY96, GZMK, and TRGV3, and wherein the four or more genes include IL18RAP,
LINC01136, TRGC2 and VTRNA1-1. An IBD1 phenotype is characterised by upregulated
expression of genes ARRDC4, GBP5, P2RY14, VTRNA1-1, IL18RAP, HP, NUDT7, GZMH, TRGC2,
and GZMK, relative to the level of expression of these genes in an individual who has an IBD2
phenotype, and downregulated expression of genes LGALSL, FCRLS5, IFI44L, LINC01136, LY96,
and TRGV3, relative to the level of expression of these genes in an individual who has an IBD2
phenotype.

[0015] In one embodiment, the method may comprise determining the expression level of said two
or more genes using e.g. RT-qPCR, digital PCR, or whole transcriptome shotgun sequencing. In
this case, the method may comprise: (i) providing a whole blood sample obtained from the
individual; (ii) extracting RNA (e.g. mRNA) from the whole blood sample; (iii) converting the RNA
(e.g. the mRNA) into cDNA, and (iv) performing RT-gPCR, digital PCR, or whole transcriptome
shotgun sequencing to determine the expression level of the four or more genes.

[0016] The present invention as defined by the appended claims also provides an inflammatory
bowel disease progression risk assessment system for use in a method of the invention, wherein
the system comprises a tool or tools for determining the expression of four or more genes selected
from the group consisting of:

ARRDC4, GBP5, P2RY14, VTRNA1-1, IL18RAP, HP, NUDT7, GZMH, TRGC2, GZMK, LGALSL,
FCRLS5, IFI44L, LINC01136, LY96, and TRGV3, wherein the four or more genes include IL18RAP,
LINC01136, TRGC2 and VTRNA1-1, and a computer programmed to compute an IBD progression
risk score from the gene expression data of the subject.

[0017] The tool(s) for determining expression of the genes may be, or comprise, reagents for
establishing the expression level of the genes in question using any technique described herein,
such as RT-qPCR, digital PCR, microarray analysis, whole transcriptome shotgun sequencing, or
direct multiplexed gene expression analysis. For example, the tool(s) may be, or comprise, primers
suitable for establishing the level of expression of the genes in question using e.g. RT-gPCR, digital
PCR, whole transcriptome shotgun sequencing, or direct multiplexed gene expression analysis.
The design of suitable primers is routine and well within the capabilities of the skilled person. Where
the method comprises multiplexed gene expression analysis, the tool(s) may in addition, or
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alternatively, include fluorescent probes for establishing the level of expression of the genes in
question. The tool(s) may also be, or comprise, RNA extraction reagents and/or reagents for
reverse transcription of RNA into cDNA. The tool(s) may also be, or comprise, one or more articles
and/or reagents for performance of the method, such as buffer solutions, and/or means for
obtaining the test sample itself, e.g. means for obtaining and/or isolating a sample and sample
handling containers (such components generally being sterile). The computation of an IBD
progression risk score may be achieved in a number of ways and exemplary methods are set out
below.

[0018] The present invention further provides an anti-inflammatory drug or an anti-inflammatory
steroid, or a TNF alpha inhibitor for use in a method of treating IBD in an individual. The method
comprises: (i) identifying the individual as one who is at high risk or low risk of IBD progression
using a method of the invention, and (ii) subjecting the individual to treatment with the anti-
inflammatory drug or anti-inflammatory steroid, or TNF alpha inhibitor.

[0019] In an alternative embodiment, the method may comprise: (i) reviewing test results that
classify said individual as IBD1 (high risk of IBD progression) or IBD2 (low risk of IBD progression),
wherein said test determines the expression level of four or more genes in a whole blood sample
obtained from the individual, wherein the four or more genes are selected from the group
consisting of: ARRDC4, GBP5, P2RY14, VTRNA1-1, IL18RAP, HP, NUDT7, GZMH, TRGC2, GZMK,
LGALSL, FCRLS, IFI44L, LINC01136, LY96, and TRGV3, wherein the four or more genes include
IL18RAP, LINC01136, TRGC2 and VTRNA1-1, wherein upregulated expression of genes ARRDC4,
GBP5, P2RY14, VTRNA1-1, IL18RAP, HP, NUDT7, GZMH, TRGC2, and GZMK relative to the level
of expression of these genes in an individual who has a low risk (IBD2) phenotype, and
downregulated expression of genes LGALSL, FCRL5, IFI44L, LINC01136, LY96, and TRGV3
relative to the level of expression of these genes in an individual who has a low risk (IBD2)
phenotype, indicates that the individual has a high risk (IBD1) phenotype, and wherein
downregulated expression of genes ARRDC4, GBP5, P2RY14, VTRNA1-1, IL18RAP, HP, NUDT?7,
GZMH, TRGC2, and GZMK relative to the level of expression of these genes in an individual who
has a high risk (IBD1) phenotype, and upregulated expression of genes LGALSL, FCRLS5, IFI44L,
LINC01136, LY96, and TRGV3 relative to the level of expression of these genes in an individual
who has a high risk (IBD1) phenotype, indicates that the individual has a low risk (IBD2) phenotype,
and (i) treating the individual determined to have an IBD1 or IBD2 phenotype for IBD with the anti-
inflammatory or immunosuppressive therapy.

Brief Description of the Figqures

[0020]

Figure 1 shows a Kaplan-Meier plot comparing treatment escalation-free survival between the
original CD8 T-cell based IBD1/IBD2 groups (left) and the IBD1/IBD2 groups predicted using the
whole blood qPCR classifier described in Example 1 (right; see Table 1 for detail of genes included
in classifier). Obs: observed original groups; pred: groups predicted using whole blood qPCR data;
p: Log-rank test p-value. CL1 and CL2 refer to the IBD1 (high risk) and IBD2 (low risk) subgroups,
respectively.



DK/EP 3481964 T3

Figure 2 shows a plot demonstrating the predicted probability of each patient belonging to the IBD1
group, according to the qPCR classifier (Table 1). Empty dots: IBD1 patients; filled dots: IBD2
patients.

Figure 3 shows a Kaplan-Meier plot showing treatment escalation-free survival in the IBD1/IBD2
groups predicted using the optimised whole blood qPCR classifier described in Example 2 in an
independent cohort of 85 newly diagnosed IBD patients (see Table 2 for detail of genes included in
classifier). qPCR PAX1 and qPCR PAX2 refer to subgroups IBD1 and IBD2, respectively. The
hazard ratio for subgroup IBD1 relative to subgroup IBD2 was 3.52, as indicated in Figure 3.

Figure 4 shows Kaplan-Meier plots comparing treatment escalation-free survival between the
IBD1/IBD2 groups predicted using the gene expression signatures described in W02010/084312.
p: Log-rank test p-value. CL1 and CL2 refer to the IBD1 and IBD2 subgroups, respectively.

Detailed Description of the Invention

[0021] As mentioned above, the present inventors have identified a gene expression signature that
can be used to assess whether an individual is at high risk or low risk of IBD progression by
analysing gene expression in a whole blood sample obtained from the individual, for example by
real time quantitative PCR (RT-gPCR).

[0022] Specifically, the present inventors have discovered that a high risk (IBD1) phenotype is
characterised by upregulated expression of genes ARRDC4, GBP5, P2RY14, VTRNA1-1, IL18RAP,
HP, NUDT7, GZMH, TRGC2, and GZMK, and downregulated expression of genes LGALSL,
FCRLS5, IFI144L, LINC01136, LY96, and TRGV3, relative to the level of expression of these genes in
an individual who has a low risk (IBD2) phenotype. The NCBI accession numbers (as well as Gl
numbers) for these genes are set out in Table 2 below.

[0023] As explained above, while methods for assessing whether an individual has a high risk
(IBD1) or low risk (IBD2) phenotype have been described previously, these methods cannot be
applied directly to whole blood samples, but rather require the isolation of e.g. CD8 T cells from
blood samples, thus severely limiting their clinical applicability. In contrast, the gene expression
signature identified by the present inventors can be detected in whole blood samples, thus
eliminating the need for isolating a particular cell type from the blood sample and vastly increasing
the clinical utility of diagnostic methods employing this gene expression signature. In particular,
avoiding the need to isolate a particular cell type prior to gene expression analysis reduces the
technical complexity of the methods of the invention, as well as making said methods less time
consuming and more cost effective to perform.

[0024] A method disclosed herein, such as a method of assessing whether an individual is at high
risk or low risk of IBD progression, may thus comprise determining the expression level of four or
more genes selected from the group consisting of ARRDC4, GBPS5, P2RY14, VTRNA1-1, IL18RAP,
HP, NUDT7, GZMH, TRGC2, GZMK, LGALSL, FCRLS5, IFI44L, LINC01136, LY96, and TRGV3.
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Genes ARRDC4, GBP5, P2RY14, VTRNA1-1, IL18RAP, HP, NUDT7, GZMH, TRGC2, GZMK,
LGALSL, FCRLS5, IFI44L, LINC0O1136, LY96, and TRGV3 represent the top 16 marker genes for
determining the presence of a high risk (IBD1) or low risk (IBD2) phenotype in a whole blood
sample obtained from an individual, as identified by the present inventors. According to the
invention, the four or more genes include IL18RAP, LINC01136, TRGC2 and VTRNA1-1.

[0025] Determining the expression level of four or more of said genes is expected to be more
robust than determining the expression level of only a single gene. For example, determining the
expression level of four or more genes may allow the presence, or absence, of a high risk (IBD1) or
low risk (IBD2) phenotype to be accurately determined even if the expression level of e.g. one gene
cannot be determined, or is inaccurate.

[0026] For example, a method disclosed herein, may comprise determining the expression level of
three or more, four or more, five or more, six or more, seven or more, eight or more, nine or more,
ten or more, eleven or more, twelve or more, thirteen or more, fourteen or more, fifteen or more, or
all sixteen genes selected from the group consisting of ARRDC4, GBP5, P2RY14, VTRNA1-1,
IL18RAP, HP, NUDT7, GZMH, TRGC2, GZMK, LGALSL, FCRLS5, IFI44L, LINC01136, LY96, and
TRGV3. According to the invention, the method comprises determining the expression level of four
or more genes. Preferably, a method disclosed herein comprises determining the expression level
of at least five of the genes selected from the group consisting of ARRDC4, GBP5, P2RY14,
VTRNA1-1, IL18RAP, HP, NUDT7, GZMH, TRGC2, GZMK, LGALSL, FCRLS5, IFI44L, LINC011386,
LY96, and TRGV3.

[0027] For example, a method as disclosed herein may comprise determining the expression level
of IL18RAP and TRGC2. Such a method may optionally further comprise determining the
expression level of one or more, two or more, three or more, four or more, five or more, six or
more, seven or more, eight or more, nine or more, ten or more, eleven or more, twelve or more,
thirteen or more, or all fourteen genes selected from the group consisting of ARRDC4, GBP5,
P2RY14, VTRNA1-1, HP, NUDT7, GZMH, GZMK, LGALSL, FCRLS5, IFl44L, LINC0O1136, LY96, and
TRGVS3.

[0028] As another example, a method as disclosed herein may comprise determining the
expression level of IL18RAP, TRGC2 and TRGV3. Such a method may optionally further comprise
determining the expression level of one or more, two or more, three or more, four or more, five or
more, six or more, seven or more, eight or more, nine or more, ten or more, eleven or more, twelve
or more, or all thirteen genes selected from the group consisting of ARRDC4, GBPS5, P2RY14,
VTRNA1-1, HP, NUDT7, GZMH, GZMK, LGALSL, FCRLS5, IFI44L, LINC01136, and LY96.

[0029] In one aspect, the invention concerns a method of assessing whether an individual is at high
risk or low risk of inflammatory bowel disease (IBD) progression, the method comprising
establishing, by determining the expression level of four or more genes in a whole blood sample
obtained from the individual, whether the individual has a high risk (IBD1) or low risk (IBD2)
phenotype, wherein the four or more genes are selected from the group consisting of ARRDC4,
GBP5, P2RY14, VTRNA1-1, IL18RAP, HP, NUDT7, GZMH, TRGC2, GZMK, LGALSL, FCRL5,
IFI44L, LINC01136, LY96, and TRGV3, and the four or more genes include IL18RAP, LINC01136,
TRGC2 and VTRNA1-1. According to the invention, an IBD1 phenotype is characterised by the
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upregulated expression of genes ARRDC4, GBP5, P2RY14, VTRNA1-1, IL18RAP, HP, NUDT7,
GZMH, TRGC2, and GZMK, and downregulated expression of genes LGALSL, FCRLS5, IFI44L,
LINC01136, LY96, and TRGV3, relative to the level of expression of these genes in an individual
who has an IBD2 phenotype. The method of the invention may further comprise determining the
risk of progression of IBD in the individual by calculating a risk score for the patient by a) weighting
the measured expression levels of the selected genes; b) applying a logistic regression model to
the weighted expression levels to determine the risk score, wherein a risk score of less than 0.5 is
indicative of low risk of IBD progression and a risk score of more than 0.5 is indicative of high risk of
IBD progression; and c¢) creating a report summarizing the result of the determination.

[0030] In certain aspects of the invention, the method may comprise selecting an individual
identified as one who is at high risk or low risk of IBD progression for treatment for IBD. The
method of the disclosure may further comprise, in unclaimed embodiments, subjecting an individual
identified as one who is at high risk or low risk of IBD progression to treatment for IBD.

[0031] In certain aspects of the invention, the expression level of the four or more genes is
determined using real time quantitative PCR (RT-qPCR), digital PCR, microarray analysis, whole
transcriptome shotgun sequencing, or direct multiplexed gene expression analysis.

[0032] In certain aspects of the invention, the method comprises: (i) providing a whole blood
sample obtained from the individual; (ii) extracting RNA from the whole blood sample; (iii)
converting the RNA into cDNA; and (iv) performing RT-gPCR, digital PCR, or whole transcriptome
shotgun sequencing to determine the expression level of the four or more genes.

[0033] In certain aspects, the disclosure concerns an anti-inflammatory or immunosuppressive
therapy for use in a method for treating IBD in an individual, the method comprising (i) identifying
the individual as one who is at high risk or low risk of IBD progression and (ii) subjecting the
individual to treatment for IBD with the anti-inflammatory or immunosuppressive therapy.

[0034] Other aspects of the invention include an autoimmune disease progression risk assessment
system for use in the method of the invention, the system comprising a tool or tools for determining
the expression of four or more genes selected from the group consisting of: ARRDC4, GBP5,
P2RY14, VTRNA1-1, IL18RAP, HP, NUDT7, GZMH, TRGC2, GZMK, LGALSL, FCRLS5, IFI44L,
LINC01136, LY96, and TRGV3, wherein the four or more genes include IL18RAP, LINC01136,
TRGC2 and VTRNA1-1, and a computer programmed to compute an IBD progression risk score
from the gene expression data of the subject. The system may comprise a tool or tools for
determining the expression of two or more genes by RT-gPCR, digital PCR, microarray analysis,
whole transcriptome shotgun sequencing, or direct multiplexed gene expression analysis.

[0035] In certain aspects, the invention concerns an anti-inflammatory or immunosuppressive
therapy for use in a method for treating IBD in an individual who is determined to be at high risk or
low risk for IBD progression, the method comprising (i) reviewing test results that classify said
individual as IBD1 (high risk of IBD progression) or IBD2 (low risk of IBD progression), wherein the
test determines expression levels of four or more genes, wherein the four or more genes are
selected from the group consisting of ARRDC4, GBP5, P2RY14, VTRNA1-1, IL18RAP, HP, NUDT?7,
GZMH, TRGC2, GZMK, LGALSL, FCRLS5, IFI44L, LINC01136, LY96, and TRGV3, in a whole blood
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sample obtained from the individual, wherein the four or more genes include IL18RAP, LINC01136,
TRGC2 and VTRNA1-1, and wherein upregulated expression of genes ARRDC4, GBP5, P2RY14,
VTRNA1-1, IL18RAP, HP, NUDT7, GZMH, TRGC2, and GZMK, and downregulated expression of
genes LGALSL, FCRLS5, IF144L, LINC01136, LY96, and TRGV3 relative to the level of expression of
these genes in an individual who has a low risk (IBD2) phenotype, indicates that the individual has
a high risk (IBD1) phenotype, and wherein downregulated expression of genes ARRDC4, GBPS5,
P2RY14, VTRNA1-1, IL18RAP, HP, NUDT7, GZMH, TRGC2, and GZMK, and upregulated
expression of genes LGALSL, FCRLS5, IFI44L, LINC01136, LY96, and TRGV3 relative to the level of
expression of these genes in an individual who has a high risk (IBD1) phenotype, indicates that the
individual has a low risk (IBD2) phenotype, and (ii) treating the individual determined to have an
IBD1 or IBD2 phenotype for IBD with the anti-inflammatory or immunosuppressive therapy. The
method may further comprise requesting a test providing the results of an analysis to determine the
expression level of the four or more genes by RT-qPCR, digital PCR, microarray analysis, whole
transcriptome shotgun sequencing, or direct multiplexed gene expression analysis.

[0036] In certain unclaimed aspects, the disclosure concerns a kit for assessing whether an
individual has a high risk IBD1 or low risk IBD2 phenotype, wherein the kit comprises reagents for
establishing the expression level of two or more genes selected from the group consisting of:
ARRDC4, GBP5, P2RY14, VTRNA1-1, IL18RAP, HP, NUDT7, GZMH, TRGC2, GZMK, LGALSL,
FCRLS5, IFI44L, LINC01136, LY96, and TRGV3, wherein an IBD1 phenotype is characterised by
upregulated expression of genes ARRDC4, GBP5, P2RY14, VTRNA1-1, IL18RAP, HP, NUDT7,
GZMH, TRGC2, and GZMK, and downregulated expression of genes LGALSL, FCRLS5, IFI44L,
LINC01136, LY96, and TRGV3, relative to the level of expression of these genes in an individual
who has an IBD2 phenotype, and wherein an IBD2 phenotype is characterised by downregulated
expression of genes ARRDC4, GBP5, P2RY14, VTRNA1-1, IL18RAP, HP, NUDT7, GZMH, TRGC2,
and GZMK, and upregulated expression of genes LGALSL, FCRLS5, IFI44L, LINC01136, LY96, and
TRGV3 relative to the level of expression of these genes in an individual who has an IBD1
phenotype. The kit may comprise reagents for establishing the expression level of the two or more
genes by RT-qPCR, microarray analysis, digital PCR, whole transcriptome shotgun sequencing, or
direct multiplexed gene expression analysis.

[0037] In certain aspects of invention, IBD is ulcerative colitis (UC) or Crohn's disease.

[0038] Also described is an in vitro method of identifying a substance capable of inducing a low risk
(IBD2) phenotype in an IBD patient, the method comprising providing (i) a whole blood sample
obtained from an IBD patient prior to treatment with a substance of interest, and (ii) a whole blood
sample obtained from the IBD patient following treatment with the substance of interest, wherein
the IBD patient has been determined to have a high risk (IBD1) phenotype; and determining the
expression level of two or more genes selected from the group consisting of ARRDC4, GBPS5,
P2RY14, VTRNA1-1, IL18RAP, HP, NUDT7, GZMH, TRGC2, GZMK, LGALSL, FCRLS5, IFI44L,
LINC01136, LY96, and TRGV3 in samples (i) and (ii); wherein a lower expression of genes
ARRDC4, GBP5, P2RY14, VTRNA1-1, IL18RAP, HP, NUDT7, GZMH, TRGC2, and GZMK, and a
higher expression of genes LGALSL, FCRLS5, IFI44L, LINC01136, LY96, and TRGV3 in sample (ii)
relative to sample (i) indicates that the substance is capable of inducing a low risk (IBD2)
phenotype in an IBD patient. The method may further comprise formulating a substance identified
as capable of inducing a low risk (IBD2) phenotype in an IBD patient into a medicament.
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[0039] Also described is an in vitro method of identifying a substance capable of treating IBD in an
individual, the method comprising (i) identifying an individual who is at high risk or low risk of IBD
progression; and (i) comparing the level of IBD progression in the individual following treatment
with the substance of interest with a control, wherein a lower level of IBD progression in the
individual compared with the control indicates that the substance is capable of treating IBD. The
method may further comprise further comprise formulating a substance identified as capable of
treating IBD into a medicament.

[0040] Also described is a method of providing an array of patient-identified selected gene
expression products from a whole blood sample of a patient, the method comprising a) providing
RNA from a whole blood sample of said patient; b) converting the RNA into cDNA; ¢) placing
individual aliquots of the cDNA on an array such that the cDNA aliquots are identified as patient
sample cDNA aliquots; d) performing RT-qPCR, digital PCR, or whole transcriptome shotgun
sequencing on the individual cDNA aliquots for each gene of three or more genes selected from the
group consisting of ARRDC4, GBPS5, P2RY14, VTRNA1-1, IL18RAP, HP, NUDT7, GZMH, TRGC2,
GZMK, LGALSL, FCRL5, IF144L, LINC01136, LY96, and TRGV3 so as to provide RT-gPCR, digital
PCR or whole transcriptome shotgun sequencing products on the array, thereby providing an array
of patient-identified selected gene expression products consisting essentially of the three or more
gene expression products. The method may further comprise the step of the step of quantifying the
RT-qPCR, digital PCR or whole transcriptome shotgun sequencing products. RT-gPCR product may
be provided by contacting the cDNA with a primer set specific for each of the three or more genes.
The primer set may comprise a forward primer, a reverse primer, and a probe primer. In some
embodiments, four, five, thirteen, fourteen, or sixteen of the genes are selected from the group
consisting of ARRDC4, GBP5, P2RY14, VTRNA1-1, IL18RAP, HP, NUDT7, GZMH, TRGC2, GZMK,
LGALSL, FCRL5, IFI44L, LINCO1136, LY96, and TRGV3.

[0041] Also described is an array of patient-identified selected gene expression products from a
whole blood sample of a patient, said array comprising individual cDNA aliquots identified as patient
sample cDNA, wherein each of three or more cDNA aliquots of the array comprises an RT-qPCR
primer pair specific to amplify in the cDNA aliquot a selected gene expression product, wherein the
array comprises primer pairs specific for three or more genes selected from the group consisting
of: ARRDC4, GBP5, P2RY14, VTRNA1-1, IL18RAP, HP, NUDT7, GZMH, TRGC2, GZMK, LGALSL,
FCRLS5, IFI44L, LINCO1136, LY96, and TRGV3. The array may further comprise an RT-gPCR
probe specific for the three or more of the genes. In some embodiments, four, five, thirteen,
fourteen, or sixteen of the genes are selected from the group consisting of ARRDC4, GBP5,
P2RY14, VTRNA1-1, IL18RAP, HP, NUDT7, GZMH, TRGC2, GZMK, LGALSL, FCRLS5, IFI44L,
LINCO01136, LY96, and TRGV3.

[0042] Also described is a method of providing an array of quantified patient-identified selected
gene expression products from a whole blood sample of a patient, the method comprising a)
providing RNA from a whole blood sample of the patient; b) converting said RNA into cDNA; ¢)
placing aliquots of said cDNA on an array such that the cDNA aliquots are identified as patient
sample cDNA aliquots; and d) performing RT-qPCR, digital PCR, or whole transcriptome shotgun
sequencing on said cDNA aliquots so as to provide RT-gPCR, digital PCR or whole transcriptome
shotgun sequencing gene expression products on the array; and e) quantifying the amount of a
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gene expression product for each selected gene of three or more genes selected from the group of
genes consisting of: ARRDC4, GBPS5, P2RY14, VTRNA1-1, IL18RAP, HP, NUDT7, GZMH, TRGC2,
GZMK, LGALSL, FCRL5, IFI44L, LINC01136, LY96, and TRGV3; thereby providing an array of
quantified patient-identified selected gene expression products from a whole blood sample of a
patient. In certain aspects of the method, for each selected gene expression product on the array,
the amount of gene expression product for a gene selected from the group consisting of: ARRDC4,
GBP5, P2RY14, VTRNA1-1, IL18RAP, HP, NUDT7, GZMH, TRGC2, and GZMK, is lower than a
control for the gene; and the amount of gene expression product for a gene selected from the
group consisting of: LGALSL, FCRLS5, IFI44L, LINC01136, LY96, and TRGV3 is higher than a
control for the gene. In another aspect of the method, for each selected gene expression product
on the array the amount of gene product for a gene selected from the group consisting of ARRDC4,
GBP5, P2RY14, VTRNA1-1, IL18RAP, HP, NUDT7, GZMH, TRGC2, and GZMK, is higher than a
control for the gene; and the amount of gene product for a gene selected from the group consisting
of: LGALSL, FCRLS5, IF144L, LINC01136, LY96, and TRGV3 is lower than a control for the gene. In
some embodiments, four, five, thirteen, fourteen, or sixteen of the genes are selected from the
group consisting of ARRDC4, GBPS5, P2RY14, VTRNA1-1, IL18RAP, HP, NUDT7, GZMH, TRGC2,
GZMK, LGALSL, FCRL5, IFI44L, LINC01136, LY96, and TRGVS3.

[0043] Also described is an array of quantified patient-identified selected gene expression
products, the array comprising individual quantified gene expression products of a whole blood
sample of a patient, the quantified gene expression products consisting of amplified cDNA products
of three or more genes selected from the group consisting of ARRDC4, GBP5, P2RY14, VTRNA1-
1, IL18RAP, HP, NUDT7, GZMH, TRGC2, GZMK, LGALSL, FCRL5, IFI44L, LINC01136, LY96, and
TRGV3. In some embodiments, for each selected gene expression product on the array, the
amount of gene expression product for a gene selected from the group consisting of ARRDC4,
GBP5, P2RY14, VTRNA1-1, IL18RAP, HP, NUDT7, GZMH, TRGC2, and GZMK, is lower than a
control for the gene; and the amount of gene expression product for a gene selected from the
group consisting of: LGALSL, FCRLS5, IFI44L, LINC01136, LY96, and TRGV3 is higher than a
control for the gene. In some embodiments, the amount of gene product for a gene selected from
the group consisting of ARRDC4, GBP5, P2RY14, VTRNA1-1, IL18RAP, HP, NUDT7, GZMH,
TRGC2, and GZMK, is higher than a control for the gene; and the amount of gene product for a
gene selected from the group consisting of: LGALSL, FCRLS5, IFI44L, LINC01136, LY96, and
TRGV3 is lower than a control for the gene. In some embodiments, four, five, thirteen, fourteen, or
sixteen of the genes are selected from the group consisting of ARRDC4, GBP5, P2ZRY14, VTRNA1-
1, IL18RAP, HP, NUDT7, GZMH, TRGC2, GZMK, LGALSL, FCRL5, IFI44L, LINC01136, LY96, and
TRGVS3.

[0044] As used herein, the term "array" or "panel" is defined to mean a pool of nucleic acid
molecules that is contained within or affixed to a one or more receptacles, substrates, or solid
supports in a manner that permits the identification and quantitation of individual nucleic acid
members during the course of experimental manipulation. Non-limiting examples of receptacles,
substrates, or solid supports include a series of reactions tubes, microarrays, multi-well plates (e.g.,
16-well, 32-well, 48-well, 96-well, 384-well, and 1536-well plates), microfluidic devices, and other
receptacles, substrates, or solid supports well known in the art.

[0045] As used herein, "patient-identified" is defined to mean marked, labeled, coded, or otherwise
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indicated to have come from, originated from, or derived from an individual patient. Non-limiting
examples include the patient's name, the patient's social security number, a barcode, a patient
number, a code, a symbol, or other suitable unique identifiers.

[0046] As used herein, "gene expression product" is defined to mean a nucleic acid produced from
the transcription of a particular gene. Non-limiting examples of a gene expression product include
MRNA transcripts, cDNA and cDNA fragments created or derived from said mRNA, DNA or DNA
fragments created from or derived from said mRNA or said cDNA and cDNA fragments. Non-
limiting examples of gene expression products include mRNA, cDNA and ¢cDNA fragments thereof
created from said mRNA via reverse transcription, and DNA created or derived from said mRNA,
cDNA, or cDNA fragments thereof produced via amplification using polymerase chain reaction
(PCR), ligase chain reaction (LCR), and other nucleic acid amplification techniques well known in
the art.

[0047] As used herein, "consisting essentially of' is defined as meaning "optionally comprising"
other elements or products that do not materially affect the result, outcome, or read-out of the
claimed method, assay, or product.

[0048] As used herein, "quantified" is defined as meaning a determined amount of a gene
expression product of a sample obtained from a patient. Non-limiting suitable methods of
determining an amount of a gene expression product present in a sample derived from or obtained
from a patient include RT-gqPCR, digital PCR, whole transcriptome shotgun sequencing, direct
multiplexed gene expression analysis, and other methods well known in the art.

[0049] As used herein, "primer pair" is defined as meaning two primers or oligonucleotides
consisting of a forward and reverse primer or oligonucleotide, which are capable of amplifying a
specific cDNA or DNA sequences, or fragments thereof via the polymerase chain reaction (PCR).

[0050] As used herein, "primer set" is defined as meaning one or more primer pairs that are
capable of amplifying one or more specific cDNA or DNA sequences, or fragments thereof, via
PCR.

[0051] As used herein, a "severe disease course" is defined as meaning the presentation of an IBD
patient with relatively short periods between IBD flares and/or an increased rate of IBD disease
flares over time. IBD flares are characterized by a Harvey Bradshaw (disease activity) index >5;
and (i) a C Reactive Protein (CRP) level of >10 mg/l, (ii) a calprotectin level of >200 ug/g, or (iii)
endoscopic evidence of disease activity.

[0052] As used herein, a "mild disease course" is defined as meaning the presentation of an IBD
patient with relatively long periods between IBD flares and/or a rate of IBD disease flares that do
not increase over time. IBD flares are characterized by a Harvey Bradshaw (disease activity) index
>5; and (i) a C Reactive Protein (CRP) level of >10 mg/I, (ii) a calprotectin level of >200 pg/g, or (iii)
endoscopic evidence of disease activity.

[0053] An individual who has high risk (IBD1) phenotype, and thus is at high risk of IBD
progression, is characterised by upregulated expression of genes ARRDC4, GBP5, P2RY14,
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VTRNA1-1, IL18RAP, HP, NUDT7, GZMH, TRGC2, and GZMK, and downregulated expression of
genes LGALSL, FCRLS5, IF144L, LINC01136, LY96, and TRGV3, relative to the level of expression
of these genes in an individual who has a low risk IBD2 phenotype.

[0054] Similarly, an individual who has low risk (IBD2) phenotype, and thus is at low risk of IBD
progression, is characterised by downregulated expression of genes ARRDC4, GBP5, P2RY14,
VTRNA1-1, IL18RAP, HP, NUDT7, GZMH, TRGC2, and GZMK, and upregulated expression of
genes LGALSL, FCRLS5, IF144L, LINC01136, LY96, and TRGV3, relative to the level of expression
of these genes in an individual who has a high risk IBD1 phenotype.

[0055] An upregulated or downregulated expression of a gene may refer to a significantly
upregulated, or significantly downregulated, level of expression of said gene, respectively. Whether
an individual has an upregulated or downregulated level of expression of the genes in question
may be determined by any convenient means and many suitable techniques are known in the art
and described herein.

[0056] As is the case with most biomarkers, accuracy of prediction may not be absolute. Individuals
are thus classed as being either at high risk or low risk of IBD progression. This risk may expressed
in a number of ways.

[0057] For example, whether an individual is at high risk or low risk of IBD progression may be
expressed in terms of a hazard rate. The hazard rate here describes the instantaneous probability
of IBD progression in an individual who has a high risk (IBD1) or low risk (IBD2) phenotype.
Alternatively, the risk of IBD progression may be expressed in terms of a hazard ratio (HR), where
the hazard ratio describes the probability of IBD progression occurring in an individual who has a
high risk (IBD1) phenotype relative to an individual who has a low risk (IBD2) phenotype.

[0058] The present inventors have shown that individuals who had a high risk (IBD1) phenotype
had a hazard ratio of 3.52 with regard to the probability of IBD progression relative to individuals
who had a low risk (IBD2) phenotype (see Example 3 and Figure 3).

[0059] In a preferred embodiment, an individual who is at high risk of IBD progression may thus
have a hazard rate with regard to IBD progression which is at least 2, at least 2.5, at least 3, or at
least 3.5 times higher than the hazard rate of an individual who is at low risk of IBD progression.
Similarly, an individual who is at low risk of IBD progression may have a hazard rate with regard to
IBD progression which is at least 2, at least 2.5, at least 3, or at least 3.5 times lower than the
hazard rate of an individual who is at high risk of IBD progression. Thus, an individual who is at high
risk of IBD progression, may have a hazard ratio with regard to IBD progression of at least 2, at
least 2.5, at least 3, or at least 3.5 relative to an individual who is at low risk of IBD progression.
More preferably, an individual who is at high risk of IBD progression, has a hazard rate with regard
to IBD progression which is at least 3.5 times higher than the hazard rate of an individual who is at
low risk of IBD progression, i.e. has a hazard ratio with regard to IBD progression of at least 3.5
relative to an individual who is at low risk of IBD progression, and an individual who is at low risk of
IBD progression, has a hazard rate with regard to IBD progression which is at least 3.5 times lower
than the hazard rate of an individual who is at high risk of IBD progression.
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[0060] Alternatively, an individual who is at high risk of IBD progression, may be at least 1.1 times,
at least 1.2 times, at least 1.3 times, at least 1.4 times, at least 1.5 times, at least 1.6 times, at least
1.7 times, at least 1.8 times, at least 1.9 times, at least 2 times, at least 2.1 times, at least 2.2
times, at least 2.3 times, at least 2.4 times, at least 2.5 times, at least 2.6 times, at least 2.7 times,
at least 2.8 times, at least 2.9 times, at least 3 times, at least 3.1 times, at least 3.2 times, at least
3.3 times, at least 3.4 times, or at least 3.5 times, more likely to experience IBD progression than
an individual who is at low risk of IBD progression. Similarly, an individual who is at low risk of IBD
progression, may be at least 1.1 times, at least 1.2 times, at least 1.3 times, at least 1.4 times, at
least 1.5 times, at least 1.6 times, at least 1.7 times, at least 1.8 times, at least 1.9 times, at least 2
times, at least 2.1 times, at least 2.2 times, at least 2.3 times, at least 2.4 times, at least 2.5 times,
at least 2.6 times, at least 2.7 times, at least 2.8 times, at least 2.9 times, at least 3 times, at least
3.1 times, at least 3.2 times, at least 3.3 times, at least 3.4 times, or at least 3.5 times, less likely to
experience IBD progression than an individual who is at high risk of IBD progression. The likelihood
of IBD progression may refer to the likelihood of IBD progression over a one year, two year, three
year, four year or five year period.

[0061] Thus, an individual who is at high risk of IBD progression may have at least a 10%, at least
a 20%, at least a 30%, at least a 40%, at least a 50%, at least a 60%, at least a 70%, at least a
80%, at least a 90%, at least a 100%, at least a 110%, at least a 120%, at least a 130%, at least a
140%, at least a 150%, at least a 160%, at least a 170%, at least a 180%, at least a 190%, at least
a 200%, at least a 210%, at least a 220%, at least a 230%, at least a 240%, at least a 250%, at
least a 260%, at least a 270%, at least a 280%, at least a 290%, at least a 300%, at least a 310%,
at least a 320%, at least a 330%, at least a 340%, or at least a 350%, higher probability of IBD
progression than an individual who is at low risk of IBD progression. Similarly, an individual who is
at low risk of IBD progression may have at least a 10%, at least a 20%, at least a 30%, at least a
40%, at least a 50%, at least a 60%, at least a 70%, at least a 80%, at least a 90%, at least a 100%,
at least a 110%, at least a 120%, at least a 130%, at least a 140%, at least a 150%, at least a
160%, at least a 170%, at least a 180%, at least a 190%, at least a 200%, at least a 210%, at least
a 220%, at least a 230%, at least a 240%, at least a 250%, at least a 260%, at least a 270%, at
least a 280%, at least a 290%, at least a 300%, at least a 310%, at least a 320%, at least a 330%,
at least a 340%, or at least a 350%, lower probability of IBD progression than an individual who is at
high risk of IBD progression. The probability of IBD progression may refer to the probability of IBD
progression over a one year, two year, three year, four year or five year period.

[0062] There are many suitable methods which may be used to establish whether an individual has
a high risk (IBD1) or low risk (IBD2) phenotype (also referred to herein as an IBD progression risk
score), by determining the expression levels of four or more genes selected from the group
consisting of: ARRDC4, GBP5, P2RY14, VTRNA1-1, IL18RAP, HP, NUDT7, GZMH, TRGC2, GZMK,
LGALSL, FCRL5, IFI44L, LINC01136, LY96, and TRGV3 in a sample obtained from the individual
(i.e. the test sample), wherein the sample is preferably a whole blood sample.

[0063] For example, the level of expression of four or more genes selected from the group
consisting of ARRDC4, GBP5, P2RY14, VTRNA1-1, IL18RAP, HP, NUDT7, GZMH, TRGC2, GZMK,
LGALSL, FCRL5, IFI44L, LINC01136, LY96, and TRGV3 in a sample obtained from the individual
may be compared to a collection of data that links expression of the genes in question to a high risk
(IBD1) or low risk (IBD2) phenotype. In a preferred embodiment, the level of expression of four or
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more genes selected from the group consisting of ARRDC4, GBPS5, P2RY14, VTRNA1-1, IL18RAP,
HP, NUDT7, GZMH, TRGC2, GZMK, LGALSL, FCRLS5, IFI44L, LINC01136, LY96, and TRGV3 in a
sample obtained from the individual is compared to expression data for the genes in question
obtained from individuals known to have a high risk (IBD1) or low risk (IBD2) phenotype and, from
said comparison, it is assessed whether the individual is at high risk or low risk of IBD progression.
The comparison may use a linear regression model.

[0064] Alternatively, the level of expression of four or more genes selected from the group
consisting of ARRDC4, GBP5, P2RY14, VTRNA1-1, IL18RAP, HP, NUDT7, GZMH, TRGC2, GZMK,
LGALSL, FCRL5, IFI44L, LINC01136, LY96, and TRGV3 in a sample obtained from the individual
may be used to establish whether an individual has a high risk (IBD1) or low risk (IBD2) phenotype
through use of a computational model based on gene expression data for the genes in question
obtained from individuals known to have IBD and a suitable machine learning technique (such as
logistic regression, support vector machines, or decision tree-based methods). For example, the
computational model may be based on gene expression data for the genes in question obtained
from individuals known to have a high risk (IBD1) or low risk (IBD2) phenotype. Alternatively, the
computational model may be based on gene expression data for the genes in question obtained
from individuals which are known to have IBD and which are known to have or to have not
experienced IBD progression.

[0065] In a further example, the level of expression of four or more genes selected from the group
consisting of ARRDC4, GBP5, P2RY14, VTRNA1-1, IL18RAP, HP, NUDT7, GZMH, TRGC2, GZMK,
LGALSL, FCRLS5, IFI44L, LINC01136, LY96, and TRGV3 in a sample, which is a whole blood
sample obtained from an individual (i.e. the test sample), may be compared with a threshold level
for each gene in question. A suitable threshold level for a gene can be determined, for example,
using gPCR expression data and machine learning methods (such as logistic regression, support
vector machines, or decision tree-based methods) to establish an optimal expression threshold that
allows maximal separation of patients into the discrete prognostic subgroups IBD1 and IBD2.
Comparison of the level of expression of four or more genes selected from the group consisting of
ARRDC4, GBP5, P2RY14, VTRNA1-1, IL18RAP, HP, NUDT7, GZMH, TRGC2, GZMK, LGALSL,
FCRLS5, IFI44L, LINC0O1136, LY96, and TRGV3 with a threshold level for each of the genes in
question may thus indicate whether the individual has high risk (IBD1) or low risk (IBD2) phenotype.

[0066] Alternatively, the median expression level of each of the genes in question (i.e. four or more
genes selected from the group consisting of ARRDC4, GBP5, P2RY14, VTRNA1-1, IL18RAP, HP,
NUDT7, GZMH, TRGC2, GZMK, LGALSL, FCRL5, IFl44L, LINC01136, LY96, and TRGV3) in
samples obtained from a group of individuals may be used as a control value, wherein the group
consisted of individuals, preferably at least 100, at least 50, or at least 10 individuals, who did not
have IBD progression. In this case, an above median expression level of genes ARRDC4, GBP5,
P2RY14, VTRNA1-1, IL18RAP, HP, NUDT7, GZMH, TRGC2, or GZMK, or a below median
expression level of genes LGALSL, FCRLS, IFI44L, LINC01136, LY96, or TRGV3 in a whole blood
sample obtained from an individual may indicate the presence of a high risk (IBD1) phenotype,
while an equal or below median expression level of genes ARRDC4, GBP5, P2RY14, VTRNA1-1,
IL18RAP, HP, NUDT7, GZMH, TRGC2, or GZMK, or an equal or above median expression level of
genes LGALSL, FCRLS, IFI44L, LINC01136, LY96, or TRGV3 in a whole blood sample obtained
from an individual may indicate presence of a low risk (IBD2) phenotype.
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[0067] As a further alternative, the median expression level of each of the genes in question in
samples obtained from a group of individuals, preferably at least 100, at least 50, or at least 10
individuals, may be used as a control, wherein the group consisted of individuals who had IBD
progression. In this case, an equal or above median expression level of genes ARRDC4, GBP5,
P2RY14, VTRNA1-1, IL18RAP, HP, NUDT7, GZMH, TRGC2, or GZMK, or an equal or below
median expression level of genes LGALSL, FCRLS5, IFI44L, LINC01136, LY96, or TRGV3 in a
whole blood sample obtained from an individual may indicate the presence of a high risk (IBD1)
phenotype, while a below median expression level of genes ARRDC4, GBP5, P2RY14, VTRNA1-1,
IL18RAP, HP, NUDT7, GZMH, TRGC2, or GZMK, or an above median expression level of genes
LGALSL, FCRLS5, IFI44L, LINC01136, LY96, or TRGV3 in a whole blood sample obtained from an
individual may indicate presence of a low risk (IBD2) phenotype.

[0068] As a yet further alternative, the median expression level of each of the genes in question in
samples obtained from a group of individuals, preferably at least 100, at least 50, or at least 10
individual may be used as a control, wherein the group comprised individuals who did and did not
have IBD progression. Preferably the group comprised an equal number, or essentially equal
number, of individuals who did and did not have IBD progression. In this case, an above median
expression level of genes ARRDC4, GBP5, P2RY14, VTRNA1-1, IL18RAP, HP, NUDT7, GZMH,
TRGC2, or GZMK, or a below median expression level of genes LGALSL, FCRL5, IFI44L,
LINC01136, LY96, or TRGV3 in a whole blood sample obtained from the individual may indicate the
presence of a high risk (IBD1) phenotype, while a below median expression level of genes
ARRDC4, GBP5, P2RY14, VTRNA1-1, IL18RAP, HP, NUDT7, GZMH, TRGC2, or GZMK, or above
median expression level of genes LGALSL, FCRLS5, IFI44L, LINC01136, LY96, or TRGV3 in a
whole blood sample obtained from the individual may indicate presence of a low risk (IBD2)
phenotype.

[0069] The level of expression of genes ARRDC4, GBP5, P2RY14, VTRNA1-1, IL18RAP, HP,
NUDT7, GZMH, TRGC2, GZMK, LGALSL, FCRL5, IFI44L, LINC01136, LY96, and TRGV3 may be
determined by any convenient means and many suitable techniques are known in the art. For
example, suitable techniques include: real time quantitative PCR (RT-qPCR), digital PCR,
microarray analysis, whole transcriptome shotgun sequencing (RNA-SEQ), direct multiplexed gene
expression analysis, enzyme-linked immunosorbent assays (ELISA), protein chips, flow cytometry
(such as Flow-FISH for RNA, also referred to as FlIowRNA), mass spectrometry, Western blotting,
and northern blotting. A method of the invention may therefore comprise bringing a whole blood
sample obtained from an individual into contact with a reagent suitable for determining the
expression level of four or more genes selected from the group of ARRDC4, GBP5, P2RY14,
VTRNA1-1, IL18RAP, HP, NUDT7, GZMH, TRGC2, GZMK, LGALSL, FCRLS5, IFI44L, LINC011386,
LY96, and TRGV3, wherein the four or more genes include IL18RAP, LINC01136, TRGC2 and
VTRNA1-1, e.g. a reagent or reagents suitable for determining the expression level of two or more
of said genes using RT-qPCR, digital PCR, microarray analysis, whole transcriptome shotgun
sequencing, direct multiplexed gene expression analysis, ELISA, protein chips, flow cytometry,
mass spectrometry, or Western blotting. For example, the reagent may be a pair or pairs of nucleic
acid primers, suitable for determining the expression level of one or more of said genes using RT-
gPCR, digital PCR, or whole transcriptome shotgun sequencing. Alternatively, the reagent may be
an antibody suitable for determining the expression level of said one or more genes using ELISA or
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Western blotting. Preferably, the level of expression of said genes is determined using RT-qPCR,
digital PCR, microarray analysis, whole transcriptome shotgun sequencing, or direct multiplexed
gene expression analysis. Most preferably, the level of expression of said genes is determined
using RT-gPCR.

[0070] RT-gPCR allows amplification and simultaneous quantification of a target DNA molecule. To
analyze gene expression levels using RT-gPCR, the total mRNA of a whole blood sample may first
be isolated and reverse transcribed into cDNA using reverse transcriptase. For example, mRNA
levels can be determined using e.g. Tagman Gene Expression Assays (Applied Biosystems) on an
ABI PRISM 7900HT instrument according to the manufacturer's instructions. Transcript abundance
can then be calculated by comparison to a standard curve.

[0071] Digital PCR is a new approach to nucleic acid detection and quantification that offers an
alternate method to conventional real-time quantitative PCR for absolute quantification and rare
allele detection. Digital PCR works by partitioning a sample of DNA or cDNA into many individual,
parallel PCR reactions; some of these reactions contain the target molecule (positive) while others
do not (negative). A single molecule can be amplified a million-fold or more. During amplification,

TaqMan® chemistry with dye-labeled probes is used to detect sequence-specific targets. When no
target sequence is present, no signal accumulates. Following PCR analysis, the fraction of negative
reactions is used to generate an absolute count of the number of target molecules in the sample,
without the need for standards or endogenous controls. The use of a nanofluidic chip provides a
convenient and straightforward mechanism to run thousands of PCR reactions in parallel. Each well

is loaded with a mixture of sample, master mix, and TaqMan® Assay reagents, and individually
analyzed to detect the presence (positive) or absence (negative) of an endpoint signal. To account
for wells that may have received more than one molecule of the target sequence, a correction
factor is applied using the Poisson model.

[0072] RNA-SEQ uses next-generation sequencing (NGS) for the detection and quantification of
RNA in a biological sample at a given moment in time. An RNA library is prepared, transcribed,
fragmented, sequenced, reassembled and the sequence or sequences of interest quantified.

[0073] NanoString technology uses unique color-coded molecular barcodes that can hybridize
directly to many different types of target nucleic acid molecules, and offers a cost-effective way to
analyze the expression levels of up to 800 genes simultaneously, with sensitivity comparable to
gPCR.

[0074] Flow-FISH for RNA employs flow cytometry to determine the abundance of a target mRNA
within a sample using fluorescently-tagged RNA oligos. This technique is described, for example, in
Porichis et a/., Nat Comm (2014) 5:5641. The advantage of this technique is that it can be used
without the need to separate the cells present in a sample.

[0075] Microarrays allow gene expression in two samples to be compared. Total RNA is first
isolated from, e.g. PBMCs or whole blood using, for example, Trizol or an RNeasy mini kit (Qiagen).
The isolated total RNA is then reverse transcribed into double-stranded c¢cDNA using reverse
transcriptase and polyT primers and labelled using e.g. Cy3- or Cy5-dCTP. Appropriate Cy3- and
Cy5-labelled samples are then pooled and hybridised to custom spotted oligonucleotide
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microarrays comprised of probes representing suitable genes and control features, such as the
microarray described in (Willcocks et al., J Exp Med 205, 1573-82, 2008). Samples may be
hybridised in duplicate, using a dye-swap strategy, against a common reference RNA derived from
pooled PBMC or whole blood samples. Following hybridisation, arrays are washed and scanned on
e.g. an Agilent G2565B scanner. Suitable alternatives to the steps described above are well known
in the art and would be apparent to the skilled person. The raw microarray data obtained can then
be analyzed using suitable methods to determine the relative expression of genes ARRDC4, GBP5,
P2RY14, VTRNA1-1, IL18RAP, HP, NUDT7, GZMH, TRGC2, GZMK, LGALSL, FCRLS5, IFI44L,
LINC01136, LY96, and TRGV3, as applicable.

[0076] Enzyme-linked immunosorbent assays (ELISAs) allow the relative amounts of proteins
present in a sample to be detected. The sample is first immobilized on a solid support, such as a
polystyrene microtiter plate, either directly or via an antibody specific for the protein of interest.
After immobilization, the antigen is detected using an antibody specific for the target protein. Either
the primary antibody used to detect the target protein may be labelled to allow detection, or the
primary antibody can be detected using a suitably labelled secondary antibody. For example, the
antibody may be labelled by conjugating the antibody to a reporter enzyme. In this case, the plate
developed by adding a suitable enzymatic substrate to produce a visible signal. The intensity of the
signal is dependent on the amount of target protein present in the sample.

[0077] Protein chips, also referred to as protein arrays or protein microarrays, allow the relative
amounts of proteins present in a sample to be detected. Different capture molecules may be affixed
to the chip. Examples include antibodies, antigens, enzymatic substrates, nucleotides and other
proteins. Protein chips can also contain molecules that bind to a range of proteins. Protein chips
are well known in the art and many different protein chips are commercially available.

[0078] Western blotting also allows the relative amounts of proteins present in a sample to be
determined. The proteins present in a sample are first separated using gel electrophoresis. The
proteins are then transferred to a membrane, e.g. a nitrocellulose or PVDF membrane, and
detected using monoclonal or polyclonal antibodies specific to the target protein. Many different
antibodies are commercially available and methods for making antibodies to a given target protein
are also well established in the art. To allow detection, the antibodies specific for the protein(s) of
interest, or suitable secondary antibodies, may, for example, be linked to a reporter enzyme, which
drives a colorimetric reaction and produces a colour when exposed to an appropriate substrate.
Other reporter enzymes include horseradish peroxidase, which produces chemiluminescence when
provided with an appropriate substrate. Antibodies may also be labelled with suitable radioactive or
fluorescent labels. Depending on the label used, protein levels may be determined using
densitometry, spectrophotometry, photographic film, X-ray film, or a photosensor.

[0079] Flow cytometry allows the relative amounts of proteins present in e.g. a PBMC or whole
blood sample obtained from a subject to be determined. Flow cytometry can also be used to detect
or measure the level of expression of a protein of interest on the surface of cells. Detection of
proteins and cells using flow cytometry normally involves first attaching a fluorescent label to the
protein or cell of interest. The fluorescent label may for example be a fluorescently-labelled
antibody specific for the protein or cell of interest. Many different antibodies are commercially
available and methods for making antibodies specific for a protein of interest are also well
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established in the art.

[0080] Mass spectrometry, e.g. matrix-assisted laser desorption/ionization (MALDI) mass
spectrometry, allows the identification of proteins present in a sample obtained from a individual
using e.g. peptide mass finger printing. Prior to mass spectrometry the proteins present in the
sample may be isolated using gel electrophoresis, e.g. SDS-PAGE, size exclusion chromatography,
or two-dimensional gel electrophoresis.

[0081] Also disclosed according to an unclaimed aspect, is a kit for use in assessing whether an
individual has a high risk (IBD1) or low risk (IBD2) phenotype, or for assessing whether a high risk
(IBD1) or low risk (IBD2) phenotype is present in a whole blood sample obtained from an individual.
The kit may comprise reagents for establishing the expression level of two or more genes selected
from the group consisting of: ARRDC4, GBP5, P2RY14, VTRNA1-1, IL18RAP, HP, NUDT7, GZMH,
TRGC2, GZMK, LGALSL, FCRL5, IFI44L, LINC01136, LY96, and TRGV3. The NCBI accession
numbers (as well as Gl numbers) for these genes are set out in Table 2. The kit may comprise
reagents for establishing the expression level of three or more, four or more, five or more, six or
more, seven or more, eight or more, nine or more, ten or more, eleven or more, twelve or more,
thirteen or more, fourteen or more, fifteen or more, or all sixteen of the genes selected from the
group consisting of: ARRDC4, GBPS5, P2RY14, VTRNA1-1, IL18RAP, HP, NUDT7, GZMH, TRGC2,
GZMK, LGALSL, FCRL5, IFI44L, LINC01136, LY96, and TRGV3. Preferably, the kit comprises
reagents for establishing the expression level of at least five of the genes selected from the group
consisting of: ARRDC4, GBP5, P2RY14, VTRNA1-1, IL18RAP, HP, NUDT7, GZMH, TRGC2, GZMK,
LGALSL, FCRL5, IFI44L, LINCO1136, LY96, and TRGV3.

[0082] The kit comprises, in some examples, reagents for establishing the expression level of
IL18RAP and TRGC2, and optionally reagents for establishing the expression level of one or more,
two or more, three or more, four or more, five or more, six or more, seven or more, eight or more,
nine or more, ten or more, eleven or more, twelve or more, thirteen or more, or all fourteen genes
selected from the group consisting of ARRDC4, GBPS5, P2RY14, VTRNA1-1, HP, NUDT7, GZMH,
GZMK, LGALSL, FCRLS5, IFI44L, LINC01136, LY96, and TRGV3.

[0083] In a further example, the kit comprises reagents for establishing the expression level of
IL18RAP, TRGC2 and TRGV3, and optionally reagents for establishing the expression level of one
or more, two or more, three or more, four or more, five or more, six or more, seven or more, eight
or more, nine or more, ten or more, eleven or more, twelve or more, or all thirteen genes selected
from the group consisting of ARRDC4, GBP5, P2RY14, VTRNA1-1, HP, NUDT7, GZMH, GZMK,
LGALSL, FCRLS5, IFI44L, LINC01136, and LY96.

[0084] For example, the reagents may be reagents suitable for establishing the expression of the
genes in question using any technique described herein, such as RT-gPCR, digital PCR, microarray
analysis, whole transcriptome shotgun sequencing, or direct multiplexed gene expression analysis.
For example, the kit may comprise primers suitable for establishing the level of expression of the
genes in question using e.g. RT-qPCR, digital PCR, whole transcriptome shotgun sequencing, or
direct multiplexed gene expression analysis. The design of suitable primers is routine and well
within the capabilities of the skilled person. A kit for direct multiplexed gene expression analysis
may in addition, or alternatively, include fluorescent probes for establishing the level of expression
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of the genes in question.

[0085] In addition to detection reagents, the kit may also include RNA extraction reagents and/or
reagents for reverse transcription of RNA into cDNA.

[0086] A kit may also include one or more articles and/or reagents for performance of the method,
such as buffer solutions, and/or means for obtaining the test sample itself, e.g. means for obtaining
and/or isolating a sample and sample handling containers (such components generally being
sterile). The kit may include instructions for use of the kit in a method for assessing whether an
individual has a high risk (IBD1) or low risk (IBD2) phenotype, or whether high risk (IBD1) or low
risk (IBD2) phenotype is present in a whole blood sample.

[0087] A major advantage of the present invention is that the expression level of the genes
identified by the inventors can be determined in a whole blood sample obtained from an individual
to assess whether the individual has a high risk (IBD1) or low risk (IBD2) phenotype. Thus, a
sample as referred to in the context of the present invention is a whole blood sample. The terms
whole blood sample, peripheral blood sample, and peripheral whole blood sample are used
interchangeably herein. A whole blood sample refers to a sample of blood, e.g. peripheral blood,
obtained from an individual with all its components. The term "whole blood sample" as used herein
therefore does not encompass a sample of (a) specific blood cell type(s) isolated from whole blood,
such as isolated peripheral blood mononuclear cells (PBMCs) or isolated T cells, such as isolated
CD8+ or CD4+ T cells, as employed in the methods of the prior art. The whole blood sample may
be subjected to processing following sample collection, such as cell lysis and/or addition of one or
more enzyme inhibitors to inhibit RNA degradation in the whole blood sample.

[0088] Although the present invention is directed to the a method of assessing whether an
individual is at high risk or low risk of IBD progression by determining the expression level of four or
more genes in a whole blood sample (rather than e.g. a PBMC sample) obtained from the
individual, it is expected that determining the expression level of four or more genes selected from
the group consisting of ARRDC4, GBP5, P2RY14, VTRNA1-1, IL18RAP, HP, NUDT7, GZMH,
TRGC2, GZMK, LGALSL, FCRL5, IFl44L, LINC01136, LY96, and TRGV3, in a PBMC sample
obtained from an individual could similarly be used to assess whether the individual is at high risk or
low risk of IBD progression. However, this is not claimed.

[0089] The term "individual" refers to a human individual. An individual may also be referred to as a
patient, i.e. a human patient. In the context of the present invention, the individual has IBD unless
the context dictates otherwise. Preferably the individual has been diagnosed with IBD. As IBD is
characterised by periods of severe symptoms (flare-ups) and periods of remission, the individual
may be experiencing a flare-up of IBD or be in remission from IBD.

[0090] IBD refers to a group of conditions characterised by inflammation of the gut. Symptoms of
IBD can include abdominal pain, recurring or bloody diarrhoea, loss of appetite and weight loss,
tiredness and fatigue, as well as anaemia. The two main types of IBD are ulcerative colitis (UC) and
Crohn's disease (CD). Other types include collagenous colitis and lymphocytic colitis. UC and
Crohn's disease affect more than 300.000 people in the UK alone. Ulcerative colitis primarily affects
the colon and the rectum, whereas Crohn's disease affects the small intestine and large intestine,
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and can also affect the mouth, esophagus, stomach and the anus. UC and Crohn's disease are
chronic conditions characterised by periods of severe symptoms (disease flare-ups) and periods of
remission. There is no cure for either disease but treatments are available, including anti-
inflammatory and immunosuppressive therapy, as well as surgery.

[0091] "IBD progression" refers to the progression of IBD after initial presentation of the disease in
an individual. IBD, including UC and Crohn's disease, is characterised by relapses of the disease.
These relapses are also referred to as flare-ups. Accordingly, IBD progression may refer to
relapses, or flare-ups, of IBD after initial presentation of the disease. In particular, IBD progression
may refer to a high frequency of relapses, or flare-ups, of IBD after initial presentation of the
disease. The present inventors found that the individuals identified as belonging to the IBD1 and
IBD2 subgroups in Example 3 respectively had an average of 0.66 and 0.34 relapses, or flare-ups,
of IBD over a period of 12 months after initial presentation of the disease. A high frequency of
relapses, or flare-ups, may therefore refer to an average of 0.5 or more, or 0.6 or more, preferably
an average of 0.6 or more, relapses, or flare-ups, over a period of 12 months after initial
presentation of the disease, or within 12 months of initial presentation of the disease.. A relapse or
flare-up may be an event that requires increased therapy, e.g. increased immunosuppressive or
anti-inflammatory therapy or surgery. Such a requirement for increased therapy may also be
referred to as treatment escalation. A relapse or flare-up may result in bowel damage or
destruction if left untreated, or if inadequately treated. A high risk of IBD progression may
accordingly refer to a high risk that the individual will experience relapses or flare-ups of the
disease after initial presentation, in particular a high risk that the individual will experience on
average 0.6 or more relapses or flare-ups of the disease over a period of 12 months after initial
presentation of the disease, while a low risk of IBD progression may refer to a low risk that the
individual will experience relapses or flares of the disease after initial presentation, in particular a
low risk that the individual will experience on average 0.6 or more relapses or flare-ups of the
disease over a period of 12 months after initial presentation of the disease.

[0092] The diagnosis of a relapse or flare-up of the disease is well within the capabilities of the
skilled practitioner. For example, a relapse or flare-up of IBD in an individual may be characterised
by a Harvey Bradshaw (disease activity) index >5; and (i) a C Reactive Protein (CRP) level of >10
mg/l, (ii) a calprotectin level of >200 ug/g, or (iii) endoscopic evidence of disease activity; and the
individual having achieved remission following a previous flare-up of the disease. CRP is a blood
marker of inflammation produced by the liver. Levels rise during an inflammatory event. CRP levels
are usually measured in a blood sample obtained from the individual, while calprotectin levels are
usually measured in a stool sample.

[0093] The Harvey Bradshaw (disease activity) index usually measures the following parameters:

1. (i) general well-being (0 = very well, 1 = slightly below average, 2 = poor, 3 = very poor, 4 =
terrible)

2. (ii) abdominal pain (0 = none, 1 = mild, 2 = moderate, 3 = severe)

3. (iii) number of liquid stools per day

4. (iv) abdominal mass (0 = none, 1 = dubious, 2 = definite, 3 = tender)

5. (v) presence of complications (with one point for each complication present): arthralgia,
uveitis, erythema nodosum, aphthous ulcers, Pyoderma gangrenosum, anal fissure, new



DK/EP 3481964 T3

fistula, abscess

[0094] A Harvey Bradshaw index score > 5 indicates the presence of mild to severe disease.

[0095] Known treatments for IBD include anti-inflammatory therapy, immunosuppressive therapy,
and surgery. Examples of anti-inflammatory therapy include treatment with steroids (such as
corticosteroids, e.g. prednisolone, or budesonide), and/or mesalazine. Examples of
immunosuppressive therapy include treatment with TNFa inhibitors (such as infliximab),
azathioprine, methotrexate, and/or 6-mercaptopurine.

[0096] Treatment may refer to treatment of ongoing disease intended to manage the disease (also
referred to as maintenance therapy), as well as treatment of relapses or flare-ups of the disease.

[0097] A standard "step-up" treatment involves escalating therapy only in response to ongoing
disease flare-ups or a failure of the disease to respond to initial treatment. For example, the initial
flare-up of disease (at which a diagnosis is made) would be treated with an anti-inflammatory
steroid, such as prednisolone, or an anti-inflammatory drug, such as mesalazine (e.g. in UC), but
no maintenance therapy would be commenced. If a subsequent flare-up occurs, this treatment
would be repeated and a maintenance therapy would then also be added (e.g. treatment with
azathioprine, methotrexate, or 6-mercaptopurine). If flare-ups of the disease continued despite this
maintenance therapy, a stronger maintenance therapy, such as treatment with a TNFa inhibitor
(infliximab or adalimumab) would then be added. This treatment strategy prevents overtreatment -
by only escalating therapy in response to inadequately controlled disease - but risks exposing
patients with more progressive disease to substantial disease-related complications as treatments
that are ultimately not effective at controlling the disease are trialled.

[0098] As already explained above, it has been found that early introduction of aggressive
therapies in IBD, leads to better outcomes, compared to the standard step-up approach.
Specifically, most patients who have active Crohn's disease are treated initially with corticosteroids.
Although this approach usually controls symptoms, many patients become resistant to or
dependent on corticosteroids, and prolonged exposure to corticosteroids is associated with an
increased risk of mortality. A comparison of early use of combined immunosuppressive therapy
using infliximab and azathioprine with conventional disease management showed that combined
immunosuppressive therapy was more effective than conventional disease management for
inducing remission and reducing corticosteroid use in patients who had been recently diagnosed
with Crohn's disease. Initiation of more intensive treatment early in the course of the disease could
therefore result in better outcomes for patients with IBD (D'Haens et al.,, 2008; Colombel et al.,
2010). In particular, Crohn's disease patients treated with early combination immunosuppressive
therapy (D'Haens et al., 2008) experience longer periods of steroid-free remission, are more likely
to achieve mucosal healing and, ultimately, to avoid surgical resection (D'Haens et al., 2008;
Colombel et al., 2010). However, this strategy is not suitable for all Crohn's disease patients as a
proportion of patients would have achieved prolonged remission even with conventional
corticosteroid treatment (Jess et al, 2007), and thus their treatment with combination
immunosuppressive therapy would expose them to unnecessary side effects and toxicity.
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[0099] The whole blood gene classifier identified by the present inventors predicts disease course
in IBD, including Crohn's disease and ulcerative colitis. Specifically, patients in the IBD1 subgroup
have a substantially higher incidence of relapses or flare-ups of the disease, resulting not only in a
need for earlier treatment escalation but also more treatment escalations per unit time of follow up
(compared to patients in the IBD2 group). This pattern of relapses or flare-ups of the disease is
associated with considerable morbidity, and patients in the IBD1 subgroup are therefore most likely
to benefit from early aggressive therapy, such as use of TNFa inhibitors.

[0100] Patients identified as being at high risk of IBD progression may therefore be treated with
more aggressive therapy than normally administered early in the disease course, such as a "top-
down" approach where patients are treated with a TNFa inhibitor, such as infliximab, in combination
with azathioprine, methotrexate or 6-mercaptopurine at diagnosis, with subsequent relapses or
flare-ups being treated with additional administration of an anti-inflammatory steroid, such as
prednisolone, an increased administration of the TNFa inhibitor, or treatment with an anti-integrin
antibody, for example.

[0101] In the case of an individual identified as one who is at high risk of IBD progression,
treatment may thus comprise treating, or selecting the individual for treatment, with a more
frequent or more aggressive disease treatment regimen, or with a disease regimen not normally
administered during the maintenance phase of IBD. A more frequent or more aggressive disease
treatment regimen may refer to a disease treatment regimen that is more frequent or more intense
than the treatment normally administered during the maintenance phase of IBD. An example of a
more aggressive disease treatment regimen is treatment with one or more immunosuppressants,
such as treatment with a TNFa inhibitor, such as infliximab, in combination with azathioprine, 6-
mercaptopurine, or methotrexate, e.g. at diagnosis.

[0102] In the case of an individual identified as one who is at low risk of IBD progression, treatment
may comprise treating, or selecting the individual for treatment, with the standard step-up treatment
approach described above. The standard step-up approach avoids unnecessary overtreatment of
such patients. Thus, an individual identified as one who is at low risk of IBD progression, may be
treated, or selected for treatment, with an inflammatory steroid, such as prednisolone, or an anti-
inflammatory drug, such as mesalazine, at initial presentation of the disease. A subsequent
relapse, or flare-up, of the disease may be treated with an inflammatory steroid, such as
prednisolone, or an anti-inflammatory drug, such as mesalazine, in combination with administration
of a maintenance therapy, such as treatment with azathioprine, methotrexate, or 6-mercaptopurine.
Further relapses, or flare-ups, of the disease may be treated with an inflammatory steroid, such as
prednisolone, or an anti-inflammatory drug, such as mesalazine, in combination with administration
of a TNFa inhibitor (such as infliximab or adalimumab) as maintenance therapy.

[0103] The methods of the present invention involve the use of whole blood samples obtained from
one or more individuals and thus are in vitro methods.

[0104] The present invention provides an in vitro method comprising determining the expression
level of four or more genes selected from the group consisting of: ARRDC4, GBP5, P2RY14,
VTRNA1-1, IL18RAP, HP, NUDT7, GZMH, TRGC2, GZMK, LGALSL, FCRLS5, IFI44L, LINC011386,
LY96, and TRGV3, wherein the four or more genes include IL18RAP, LINC01136, TRGC2 and
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VTRNA1-1, in a whole blood sample obtained from an individual.

[0105] The methods of the present disclosure are expected to find application in methods to
identify a substance capable of treating IBD in an individual, such as clinical trials. The individual
employed in such a method may be at high risk or low risk of IBD progression, preferably the
individual is at high risk of IBD progression. An individual who is at high risk of IBD progression is
expected to experience more frequent relapses or flare-ups of the disease than an individual who is
at low risk of IBD progression, thus making it easier to evaluate the efficacy of the putative
treatment, e.g. in reducing the frequency and/or severity of such flare-ups or relapses.

[0106] A method, preferably an in vifro method, of identifying a substance capable of treating IBD
in an individual may comprise:

1. (i) identifying an individual who is at high risk or low risk of IBD progression, preferably at
high risk of IBD progression, using a method of the invention; and

2. (ii) comparing the level of IBD progression in the individual, wherein the individual has been
subjected to treatment with the substance of interest, with a control. A lower level of IBD
progression in the individual compared with the control indicates that the substance is
capable of treating IBD. A lower level of IBD progression may refer to a reduction in the
frequency and/or severity of flare-ups or relapses of IBD compared with the control. The
method may further comprise a step of subjecting the individual to treatment with the
substance of interest following step (i) and prior to step (ii) in the above method. The control
may be the level of IBD progression observed in an individual, or group of individuals,
identified to be at high risk or low risk, preferably at high risk, of IBD progression using e.g. a
method of the present invention, which have not been treated with the substance of interest.

[0107] A method of identifying a substance capable of treating IBD in an individual may thus
comprise:

1. (i) identifying a first individual who is at high risk or low risk of IBD progression, preferably at
high risk of IBD progression, using a method of the invention;

2. (ii) identifying a second individual who is at high risk or low risk of IBD progression, preferably
at high risk of IBD progression, using a method of the invention; and

3. (iii) comparing the level of IBD progression in the first individual with the level of IBD
progression in the second individual, wherein the first individual has been subjected to
treatment with the substance of interest, and wherein a lower level of IBD progression in the
first individual compared with the second individual indicates that the substance is capable of
treating IBD. The method may optionally further comprise a step of treating the first individual
with the substance of interest following step (i) but prior to step (iii).

[0108] The methods of the present disclosure are also expected to find application in methods to
identify a substance capable of inducing a low risk (IBD2) phenotype in an IBD patient. The patient
employed in such a method is at high risk of IBD progression. Specifically, also described is a
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method, preferably an in vifro method, of identifying a substance capable of inducing a low risk
(IBD2) phenotype in an IBD patient, the method comprising:

providing (i) a whole blood sample obtained from an IBD patient prior to treatment with a substance
of interest, and (ii) a whole blood sample obtained from the IBD patient following treatment with the
substance of interest, wherein the IBD patient has been determined to have a high risk (IBD1)
phenotype using a method according to the present invention; and

determining the expression level of two or more genes selected from the group consisting of
ARRDC4, GBP5, P2RY14, VTRNA1-1, IL18RAP, HP, NUDT7, GZMH, TRGC2, GZMK, LGALSL,
FCRLS5, IF144L, LINC01136, LY96, and TRGV3 in samples (i) and (ii);

wherein a lower expression of genes ARRDC4, GBP5, P2RY14, VTRNA1-1, IL18RAP, HP, NUDT7,
GZMH, TRGC2, and GZMK, and a higher expression of genes LGALSL, FCRLS5, IFI44L,
LINC01136, LY96, and TRGV3 in sample (i) relative to sample (i) indicates that the substance is
capable of inducing a low risk (IBD2) phenotype in an IBD patient.

[0109] A substance identified as capable of treating IBD or inducing a low risk (IBD2) phenotype in
an |IBD patient may further be formulated into a medicament. In addition to the substance, such a
medicament may comprise, for example, a pharmaceutically acceptable excipient.

[0110] "and/or" where used herein is to be taken as specific disclosure of each of the two specified
features or components with or without the other. For example "A and/or B" is to be taken as
specific disclosure of each of (i) A, (i) B and (iii) A and B, just as if each is set out individually
herein.

[0111] Unless context dictates otherwise, the descriptions and definitions of the features set out
above are not limited to any particular aspect or embodiment of the invention and apply equally to

all aspects and embodiments which are described.

[0112] Certain aspects and embodiments of the invention will now be illustrated by way of example
and with reference to the figures described above.

Examples

Example 1 - Identification of an IBD1/IBD2 gene signature in whole blood

Materials and Methods

Patient recruitment for gene expression profiling
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[0113] Sixty-nine patients with active Crohn's disease (CD) (n = 39) and ulcerative colitis (UC) (n =
30) were recruited prior to commencing treatment and follow-up data subsequently collected as
already described in (Lee et al.,, 2011). Ethical approval for this work was obtained from the
Cambridgeshire Regional Ethics Committee (REC08/H0306/21). All participants provided written
informed consent.

CD8+ T cells samples

[0114] CD8+ T cells were positively selected from blood samples obtained from the sixty-nine
patients according to the methods described in (Lyons et al., 2007) and RNA was extracted using
RNEasy Mini Kits (Qiagen) according to the manufacturer's instructions, as previously described in
(Lee et al., 2011).

Whole blood samples

[0115] 2.5 ml of whole blood was collected from the sixty-nine patients into RNeasy mini or
PAXgene Blood RNA Tube IVD (Qiagen) in order to immediately fix the RNA (Rainen et al., 2002).
Collected samples were stored according to the manufacturer's instructions and RNA was
subsequently extracted using the PAXgene Blood RNA Kit IVD (Qiagen).

RNA quantification

[0116] RNA quantity and quality were determined using a Nanodrop 1000 spectrophotometer
(Thermo Scientific) and an Agilent 2100 Bioanalyser (Agilent Technologies) respectively.

Whole blood gene expression profiling

[0117] 200ng total RNA was processed and hybridized onto Affymetrix Human Gene ST 1.0
microarrays (CD8+ RNA samples) or Affymetrix Human Gene ST 2.0 (whole blood RNA samples)
which were then washed and scanned according to the manufacturer's instructions.

Microarray data processing

[0118] Microarray raw data were processed in R using the preprocessCore package (Bolstad,
2013) in BioConductor (Huber et al., 2015). Briefly, raw data were background corrected, quantile-
normalised and summarised using the code reported in listing 4.1. Presence of potential outliers
was assessed using the package arrayQualityMetrics (Kauffmann et al., 2009). Batch correction
was performed using ComBat (Johnson et al.,, 2007). Importantly, knowledge about IBD1/IBD2
membership of individual samples was not incorporated in the batch correction procedure, in order
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to avoid any downward bias in the generalisation error estimate by leave-one-out cross-validation .
Only probe sets detecting expressed transcripts (defined as probe sets showing a log2 expression
signal > 7.0 in at least 75% of samples) were retained. Unexpressed probe sets and probe sets
without annotation were removed from the dataset, leaving 12,874 probe sets for the whole-blood
gene expression dataset.

Quantitative PCR

[0119] Levels of mRNA for candidate genes and three reference genes were determined using
TagMan Expression Assays (Life Technologies) on a Roche LightCycler 480 real time PCR
instrument according to the manufacturer's instructions. PCR conditions were optimised to minimise
intra- and inter-plate variation. Transcript abundance was calculated using the AACT method (Livak
et al., 2001). A cDNA sample derived from pooled RNA extracted from whole-blood of healthy
individuals was included in each plate and used as a calibrator. Each measurement was repeated
three times and the median of the three technical replicates was used in the final analysis.

IBD1/IBD2 patient classification based on CD8+ T cell gene expression data

[0120] To assign IBD1 (poor prognosis) or IBD2 (good prognosis) status to the sixty-nine patients,
normalised expression data from the patients' CD8+ T cell samples was merged with data from the
inventor's existing IBD patient cohort. Consensus clustering of the merged dataset was then used
to stratify the cohort into the two previously identified prognostic groups, as described in Lee et al.,
2011.

[0121] Patients in the IBD1 subgroup have a substantially higher incidence of relapses or flare-ups
of the disease, characterised not only by an earlier need for treatment escalation but also by a
requirement for more treatment escalations per unit time of follow up (compared to patient in the
IBD2 group).

IBD1/IBD2 patient classification based on whole blood gene expression data

[0122] In parallel, a dataset of whole blood gene expression data from the sixty-nine IBD patients
was also generated. A number of genes necessary to stratify patients into the two prognostic
groups (IBD1 and IBD2) based on the whole blood gene expression data were selected by applying
a logistic regression model with adaptive elastic net regularization to the whole blood gene
expression dataset. The selected candidate genes and several closely correlated genes were taken
forward for testing using real time PCR analysis.

[0123] Tagman real time PCR assays were performed for each candidate gene together with 10
invariant reference genes. An elastic net regularised regression model was applied to the real time
PCR data to identify an optimal model, comprised of 15 genes, that was able to stratify the cohort
of 69 IBD patients into the two original prognostic groups, IBD1 and IBD2 (PPV = 0.87, NPV = 0.94,
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sensitivity 0.94, specificity 0.85; Figures 1 and 2). The IBD1 and IBD2 subgroups also
demonstrated an equivalent association with disease course, both in terms of escalation-free
survival (P = 0.0074) and number of escalations over time (P = 0.0003, mean number of treatment
escalations: 1.62 (IBD1), 0.70 (IBD2). The 15 genes are listed in Table 1.

Table 1

No. Gene symbol Gene name

1 ARRDC4 Arrestin domain containing 4

2 GBP5 Guanylate binding protein 5

3 P2RY 14 Purinergic receptor P2Y, G-protein coupled, 14

4 VTRNA 1-1 Vault RNA 1-1

5 IL18RAP Interleukin 18 receptor accessory protein

6 HP Haptoglobin

7 NUDTY/ Nudix (nucleoside diphosphate linked moiety X)-type motif 7
8 GZMH Granzyme H

9 TRGC2/TARP/ T cell receptor gamma constant 2 / T cell receptor

TRGJI gamma joining 1

10 ZNF493 Zinc finger protein 493

11 LGALSL Lectin, galactoside-binding-like

12 FCRLS Fc receptor-like 5

13 IFl44L Interferon-induced protein 44-like

14 LINC01136 Long intergenic non-protein coding RNA 1136

15 LY96 Lymphocyte antigen 96

Example 2 - Optimisation of the whole blood classifier for RT-qPCR analysis

[0124] The genes identified in Example 1 were taken forward to real time qPCR assay
development, where the final content of the whole blood classifier (16 informative and 2 reference
genes) was optimised and finalised. The informative genes forming part of this classifier are listed
in Table 2 below.

[0125] Through being detectable in whole blood by methods such as RT-gPCR, stratification of
patients using this whole blood gene classifier will be simpler and more cost effective than tests
requiring the isolation of particular cell types prior to determining gene expression, as described in
WO2010/084312, for example.

[0126] Furthermore, the whole blood gene classifier is expected to have wide-ranging healthcare
benefits, including leading directly to major improvements in IBD management; enabling patients
with aggressive disease to receive appropriately potent therapy from diagnosis, while ensuring that
those with indolent disease are not exposed to the risks and side-effects of unnecessary
immunosuppression. This is expected to improve clinical outcomes, by minimising treatment toxicity
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and reducing disease complications and healthcare costs. The whole blood gene classifier is also
expected to facilitate the pre-selection of patients for clinical trials based upon likelihood of disease
flare, thereby reducing the number of patients required for trials of flare prevention or treatment by
a factor of 2 to 3.

Table 2
No.{Gene Gene name {Upregulated/ ;Gene {NCBI accession {NCBI Gl
symbol downregulated{ID number number
in subtype
IBD1
1 {ARRDC4 {Arrestin upregulated 91947 iNM_183376.2 190886441
domain
containing 4
2 {GBP5 Guanylate {upregulated 115362 {NM_052942.3 197333735
binding
protein 5
3 {P2RY14 {Purinergic jupregulated 9934 {NM_001081455.1125625353
receptor
P2Y, G-
protein
coupled, 14
4 {VTRNA1-1 {Vault RNA {upregulated 56664 {NR_026703.1 222352136
1-1

5 {IL18RAP {Interleukin jupregulated 8807 {NM_003853.3 588480507
18 receptor
accessory
protein

6 |HP Haptoglobin jupregulated 13240 {NM_005143.4  {970259872

7 {NUDT7 Nudix upregulated 283927 {NM_001105663.2 { 343887368
(nucleoside
diphosphate
linked
moiety X)-
type motif 7

8 {GZMH Granzyme {upregulated 2999 {NM_033423.4 399124766
H

9 |{TRGC2/ {T cell upregulated 6967 {BC039116.1 25058606
TARP/ receptor
TRGJI gamma
constant 2 /
T cell
receptor
gamma
joining 1
10 {GZMK Granzyme {upregulated 3003 {NM_002104.2 73747815
K

11 {LGALSL {Lectin, downregulated {29094 {NM_014181.2 156151365
galactoside-
binding-like
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No.{Gene Gene name {Upregulated/ ;Gene {NCBI accession {NCBI Gl
symbol downregulated{ID number number
in subtype
IBD1

12 {FCRLS Fc receptor- idownregulated {83416 {NM_031281.2 157694525
like 5

13 {IF144L Interferon- jdownregulated {10964 {NM_006820.3 732662992
induced
protein 44-
like

14 {LINC01136§Long downregulated {730227{NR_034151.1 300796286
intergenic
non-protein
coding RNA
1136

15 {LY96 Lymphocyte idownregulated {23643 {NM_015364.4 307775406
antigen 96

16 {TRGV3 T Cell downregulated {6976 {BC071739.1 47938244
Receptor
Gamma
Variable 3

Example 3 - Independent validation of the gqPCR-based whole blood assay

[0127] Independent validation of the prognostic performance of the 16 gene classifier identified in
Example 2 was then performed using a second, independent, cohort of 85 newly diagnosed IBD
patients from 4 sites around the UK (Cambridge, Nottingham, Exeter, and London). Analysis of
whole blood gene expression using the qPCR-based test developed in Example 2 replicated the
prognostic stratification seen in the discovery cohort with a IBD1/IBD2 Hazard ratio of 3.52 (95
percent confidence interval [CI]: 1.84 - 6.76, P = 0.0002, Figure 3). This performance compares
favourably to that of existing gene expression based in vitro diagnostic tests. For example, the
Hazard ratio for Oncotype DX, a gene expression diagnostic that predicts breast cancer
recurrence, is 2.81 (95% CI: 1.70 4.64) (Paik et al., NEJM, 2004).

Example 4 - Minimal gene classifier

[0128] To determine the minimum number of genes of the optimised whole blood classifier
developed in Example 2 necessary to stratify patients into the two prognostic groups, IBD1 and
IBD2, the inventors performed an exhaustive computational analysis of all possible combinations of
the 16 genes identified in Example 2 to determine the minimum number of genes which could be
used to accurately stratify IBD patients into the IBD1 and IBD2 subgroups.

[0129] For each possible combination of n genes (with 1 <= n <= 16), an L2 regularised logistic
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regression model was fitted to the relevant gPCR gene expression data and the associated
predictive performance for each model was evaluated as already described in Example 1.

[0130] The results listed in Table 3 below show that whole blood gene expression data from as few
as two genes selected from the optimised 16-gene whole blood classifier identified in Example 2
could be used to accurately stratify IBD patients into the IBD1 and IBD2 subgroups. Specifically,
measuring expression of genes IL18RAP and TRGC2 in whole blood samples obtained from IBD
patients was sufficient to stratify patients into the IBD1 and IBD2 subgroups with an accuracy of
0.71 (sensitivity: 0.73; specificity: 0.69; PPV: 0.69; NPV: 0.74).

[0131] Similarly, whole blood gene expression data for three genes selected from the optimised
whole blood classifier developed in Example 2 was shown to be suitable for accurately stratify IBD
patients into the IBD1 and IBD2 subgroups. For example, measuring expression of genes IL18RAP,
TRGC2 and TRGV3 in whole blood samples obtained from IBD patients was sufficient to stratify
patients into the IBD1 and IBD2 subgroups with an accuracy of 0.74 (sensitivity: 0.74; specificity:
0.74; PPV: 0.74; NPV: 0.74).

[0132] Combinations of 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 and 15 genes from the genes listed in
Table 2 were similarly tested and found to be suitable for stratifying IBD patients into the IBD1 and
IBD2 subgroups with an accuracy of 0.7 or above, as shown in Table 3.

[0133] It must be noted that for each number of genes tested, Table 3 only reports the combination
of genes which resulted in optimal stratification of the IBD patients into the IBD1 and IBD2
subgroups. For example, only the combination of four genes allowing optimal stratification of the
IBD patients into the IBD1 and IBD2 subgroups is shown in Table 3. However, other combinations
of four genes selected from the 16-gene classifier identified in Example 2 were also suitable for
stratifying IBD patients into the IBD1 and IBD2 subgroups with an accuracy of 0.7 or above.

[0134] Measuring expression of all 16 genes in whole blood samples obtained from IBD patients
stratified patients into the IBD1 and IBD2 subgroups with an accuracy of 0.971 (PPV = 1.000; NPV
= 0.941; sensitivity: 0.946; and specificity: 1.000)

Table 3
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ALSL,
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, : | TRGV3,VTRNA1T 1
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: i : ; JL18RAP,
LINCO1136,LY96 TRGC2,
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12 0.928 0.917 0.939 0942 0912 2.588 | 0.004515272 - ARRDC4,FCRLS,GBP5,HP,[Fl44L
| : JL18RAP,LGALSL,
LINCO1136,LY96,
‘ P2RY14TRGC2VTRNAT 1
13 0928 0.917 0.939  0.943 0912 @ 2.711  0.003123373 | ARRDC4,FCRL5,GBP5 GZMHH
! : P,IFi44L,IL18RAP,LGALSL, :
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14 0913 0.892 0.938 05943 0882 2023  0.034300476 FCRL5GBP5 GZMK,HP IFI44LIL
: ! 18RAP LGALSL,
LINCO01136,LY98,NUDT7,
P2RY14, TRGC2,
. (S S LD TRGVBVIRNAL Y
15 0942 0.897 1.000 = 1.000 . 0.882 2573 & 0.005854707 A ARRDC4,FCRL5,GBP5GZMH,G
! ! ! . ZMK HP,IFI44L,IL18RAP,LGALS,
LINCO11236, LY98, NUDT7, j
e o [ P2RY14, TRGV3VIRNAT 1
16  0.971 0.946 1.000 | 1.000 0941 2616 . 0.004390451 - ARRDC4,FCRL5,GBP5,GZMH,G
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_VTRNAT 1

Comparative Example 5

[0135] The present inventors tested the ability of the gene expression signatures previously
described in WO2010/084312 to correctly stratify patients into the high risk IBD1 and low risk IBD2
subgroups based on whole blood gene expression data, as already described in Example 1.
Measuring expression of the genes disclosed in Tables 1 or 2 of WO2010/084312, or genes
KAT2B, ANKRD32 and ZNF26, or ITGA2, PTPN22 and NOTCH1, described in WWO2010/084312, in
whole blood did not result in an accurate classification of the IBD patients into the IBD1 and IBD2
subgroups, as indicated by the Log-rank test p-values reported below the relevant graphs (see
Figure 4). These results demonstrate that the gene signatures disclosed in W0O2010/084312 are
not suitable for assessing whether an individual is at high risk or low risk of IBD progression when
gene expression is measured in whole blood.

Example 6 - Patient classification using a 3-, 4-, 5-, 13-, 14-, and 16-gene model

[0136] The method of the invention stratifies patients into patient's having a high or low risk of IBD
progression, requiring collection of only 2.5ml of whole blood in a collection tube that facilitates
stability of RNA material and may be posted internationally (as the RNA remains stable at room
temperature for up to 3 days). The assay returns a rapid result within 48 hours and measures gene
expression via quantitative RT-PCR for a patient diagnosis, prior to starting treatment.

[0137] The result of each RT-PCR measurement relies upon an algorithm to apply specific
weighting to return an outcome prediction (high/low risk of IBD progression) with a validated odds
ratio of 3.5 between high and low risk outcome groups.

Patient classification using a 3-. 4-. 5-. 13-, 14-, and 16-gene model
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[0138] To determine their likely disease course patients 429 and 483 provided blood samples in

PAXGene® Blood RNA tubes. Following RNA extraction and cDNA synthesis, the expression levels
of 16 informative genes (ARRDC4, FCRL5, GBP5, GZMH, GZMK, HP, IFI44L, IL18RAP, LGALSL,
LINCO1136, LY96, NUDT7, P2RY14, TRGC2, TRGV3 and VTRNA1-1) and 2 reference genes
(RNA18S5 and CDV3) were determined by quantitative PCR using a Roche Lightcycler 480 (Ct,
Table 4). The raw data was normalised by subtracting the mean value of the 2 reference genes
from each informative gene (dCt, Table 4), and then standardised by mean centring (dCt', Table 4).

Table 4. Raw and normalised expression data for individual test assays
Assay Patient 429 Patient 483

Ct dCt dCt' Ct dCt dCt'
ARRDC4 35.84 14.64 0.52 35.11 15.00 -1.48
FCRLS 35.01 13.81 -0.34 35.24 15.13 0.81
GBP5 29.07 7.87 -0.53 26.32 6.20 -1.70
GZMH 31.46 10.26 -0.21 27.77 7.66 -2.61
GZMK 33.44 12.24 -0.86 31.86 11.74 -0.88
HP 32.31 11.11 -0.10 30.72 10.61 -0.72
IFI44L 34.85 13.65 -0.43 33.03 12.92 -0.55
IL18RAP 31.14 9.94 -1.43 31.22 11.11 -0.67
LGALSL 32.28 11.08 0.32 30.56 10.44 -1.31
LINC01136 35.40 14.20 -0.46 34.97 14.85 0.11
LY96 35.40 14.20 -0.32 34.22 14.11 -1.18
NUDT7 37.35 16.15 0.32 36.54 16.43 0.62
P2RY14 37.56 16.36 -0.91 34.90 14.79 -1.63
TRGC2 38.25 17.05 2.34 32.99 12.88 -1.06
TRGV3 40.86 19.66 -0.32 37.41 17.30 -0.65
VTRNA 1-1 33.45 12.25 1.26 31.81 11.70 0.56
CDV3 (Reference) 30.10 - - 28.79 - -
RNA18S5 (Reference) 12.30 - - 11.44 - -

[0139] The risk score, expressed as probability (P), of either patient experiencing mild disease (low
risk of IBD progression) can be determined by applying the following logistic regression model to
the standardised gene expression data using a 3-gene model (equation (7)), a 4-gene model
(equation (2)), a 5-gene model (equation (3)), 13-gene model (equation (4)), a 14-gene model

(equation (5)), and a 16-gene model (equation (6)).
Logit(Psevere) = Po + B1(IL18RAP) + B,(TRGC2) + B(TRGV3) (1)

Logit(Psevers) = Bo + P1(IL18RAP) + B2(LINCO1136) + Bs(TRGC2) + Bo(VTRNAT-1) (2)
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LOGIPsevere) = Bo + B1(ILTBRAR) + Ba(LINCUT136) + Ba( I RGC2) + Pa | RGV3) + Bs(V | RNA1-
1) (3

Logit(Psevere) = Po + B1(ARRDCA4) + Bo(FCRLE) + Ba(GBPS) + Pa(GZMH) + Ps(HP) + Ps(IF144L)
+ Br(IL18RAP) + Bo(LGALSL) + Pa(LINCO1136) + Pro(LYDE) + B11(P2RY14) + Pro(TRGV) +
B1a(VTRNA1-1) (4)

Logit(Psevere) = Bo + P1(FCRLS) + Bs(GBP5) + Pa(GZMK) + Bs(HP) + Bs(IFI44L) + B+(IL18RAP)
+ Pa(LGALSL) + Po(LINCO1138) + Pro(LY96) + P11(NUDT7) + Pr2(P2RY 14) + B1s(TRGC2) +
Bu(TRGV3) (5)

Logit(Psevers) = Bo + PI(ARRDC4) + B2(FCRLS) + Ps(GBP5) + P4(GZMH) + Ps(GZMK) + s(HP)
+ Br(IF144L) + Bs(IL18RAP) + Bo(LGALSL) + P1o(LINCO1136) + B11(LYI6) + Pr2(NUDT7) +
B1a(P2RY14) + B1a(TRGC2) + B1s(TRGV3) + P1s(VTRNA1-1) (6)

[0140] Individual weightings ranging from -60 to 60, -30 to 30, or -10 to 10 are then applied to the
standardized gene expression data for each gene in the model. Individual weightings (beta) for
each assay are as shown in Table 5.

Table 5. Gene weightings for 3-, 4-, 5-, 13-, 14-, and 16-gene models
Beta values

3 gene 4 gene 5 gene 13 gene | 14 gene §{ 16 gene

model model model model model model
Model intercept 0.07 0 0.03 -0.74 0.04 0.81
term (Bg)
ARRDC4 - - - -2.39 - -3.13
FCRLS - - - 2.78 1.22 5.56
GBP5 - - - -7.12 -2.88 -9.38
GZMH - - - -2.84 - -2.86
GZMK - - - - -1.28 -3.25
HP - - - -3.18 -1.32 -5.12
IFI44L - - - 5.86 1.51 5.22
IL18RAP -0.75 -1 -0.27 -3.47 -1.6 -5.19
LGALSL - - - 1.97 1.54 417
LINC01136 - 0.9 0.24 4.33 -1.14 5.97
LY96 - - - 4.51 1.43 5.98
NUDT7 - - - - -1.14 -3.91
P2RY14 - - - -4.08 -1.03 -2.73
TRGC2 -0.85 -0.8 -0.25 - -1.35 -1.85
TRGV3 1 - 0.25 1.47 1.71 3.89
VTRNA 1-1 - -0.8 -0.22 -5.96 -2.25 -6.83
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3-gene model

[0141] Rearranging equation (1) the probability of patient 429 following a severe disease course is
given by:

@Xp 007T+C0T541.42)+(0.85°2 34)+(1-0.31)

Psevere =

1 + exp 0.07+(0.75"1.42+(0.85°234)4(1%031)

Psevere = 0.24

[0142] Since Pgeyere < 0.5 patient 429 is predicted to follow a mild disease course.

[0143] Similarly, for patient 483:

exXp 007+(0.75-0.67)+(-0.85"1.05/+(1"-0.65)

Psevere =

1 + exp 007+(0.75"-067)+(0.85*1.05)+(1°-0.65)

Psevere = 0.45

[0144] Since Pgeyere < 0.5 patient 483 is predicted to follow a mild disease course.

4-gene model

[0145] Rearranging equation (2) the probability of patient 429 following a severe disease course is
given by:

EXp O+ 11427+(0.9"0.45)+(:0.8°2.34)+(:0.61.26)

Psevere =

1 + @xp UHC1142+(0.9-045/4(0.672.34)+(-:0.81.26)

Psevere = O 13

[0146] Since Pgeyere < 0.5 patient 429 is predicted to follow a mild disease course.

[0147] Similarly, for patient 483:

EXp O+(1-0.67)+(0.90.101+(-0.6°1.01+(0.80.55)

Psevere =

1 + exp UHC1067+(0.8-0.10/+(0.6%1.0y+(-0.8:055)

Psevere = 0.73
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[0148] Since Pgeyere > 0.5 patient 483 is predicted to follow a severe disease course.

5-gene Model

[0149] Rearranging equation (3) the probability of patient 429 following a severe disease course is
given by:

@XPO O3*+(0.27"1 42)+(0.240 45)+(-0.25°2.34)+(0 25"0.31)+(-0.22"1 26)

P severe =

1 + ExpO-03+(0.27°1.42)+(0.24"0.45)+(.0.25"2.34)+(0.26™0.31)+(:0.22"1.26)

Psevere = 0.35

[0150] Since Pgeyere < 0.5 patient 429 is predicted to follow a mild disease course.

[0151] Similarly, for patient 483:

EXpO03+(0.27087)+(0.24°0.1)+(0.25™1.05)+(0 250.65)+(-0.22°0.55)

P severe =

1 + expO03+(0-27-0.67)+(0.24°0.1)(0.265"-1.05)4(0.25"-0.65)+(:0.22°0 55)

Psevere = 0.55

[0152] Since Pgeyere > 0.5 patient 483 is predicted to follow a severe disease course (high risk of
IBD progression).

13-gene Model

[0153] Rearranging equation (4) the probability of patient 429 following a severe disease course is
given by:

exp 074+(239°0.52+ (2780 334 712-0.53)+(-2.84™0.21)+(:3.18"0.10)+(5.86"-0.42)+(:3.47"

1.42)+(1.9770.31)+(4 33%-0.45)+(4.51*-0.31)+(-4.08"-0.91)+ (1 .47*-0.31)+(-5 961 26)

Psevere =

1 4+ ExpOT4HC2.39°0.52+(2.T80.33+(7.12"-0.53) (2,84 0.21)+(3.18"0.10)+(5.86*-0.42)+ (347"

1.42)+(1.9770.31)+(4.337-0.45)+(4.517-0.31)+(-4.08"-0.91)+ (1.47"-0.31)+(-5 961 .26)

Psevere = 0.058

[0154] Since Pgeyere < 0.5 patient 429 is predicted to follow a mild disease course.

[0155] Similarly, for patient 483:

X0 TAH(2391 4Ty (2780 80) (-7 12°-1 TO)+(-2.84"-2.60)+(:3.18"0.72)+(5.86*-0.54)+(:3.470.67)+(1 97"

1.30)+(4.33*0.10)+ (4. 51%1.18)+(-4.08* 1.62)+ (1.47%-0.65)+(-5.96*0.55)
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Psevere =

1 4 @XOTA4H(Z391 4THH2 T80 80)+(712°1 TOM(:2 84"-2 BOM(:3.18"0.72)4(5.86™-0.54)4(:3 4T 0.67)+(1 97"

1.30)+(4.33*0.10)+(4.51%-1.18)(-:4.08*-1 .62)+(1.47*-0.65)+(-5.96*0.55)

Psevere = 1

[0156] Since Pgeyere > 0.5 patient 483 is predicted to follow a severe disease course (high risk of

IBD progression).

14-gene Model

[0157] Rearranging equation (5) the probability of patient 429 following a severe disease course is
given by:

X0 04+(1.22°-0 33)+(:2.88"0.53)4(-1 280 8511 320, 1)+(1.51-0.42)+(-1 6-1.424(1 540 3Tp4(-1 14™

0.45)+(1.43%0.31)+(-1.14*0. 32)+(-1,03*-0.81)#(-1.35*2.34)+(1.71%0.31)+(-2,25*1 26)

Psevere =

1+ EXpO04+(1:2270 33)+(:288 0 534(-1.28"0:8504(-1 32-0.1)+(1 510 42)4(-1 81 42)+(1 540 314114~

0.45)+(1.43%-0.31)+(-1.14*0. 32)+(-1.03*-0.91)+(-1.352.34)+(1.71%.0.31)+(-2.25*1 26}

Pse\[ere = 0201

[0158] Since Pgeyere < 0.5 patient 429 is predicted to follow a mild disease course.

[0159] Similarly, for patient 483:

EXpO-04+(1:22:0.80)+(:2.88"1.70)+(1.280.88+(-1.320.72)+ (1. 51:0.54)+(-1.6-0.67)+(1.84"1 30p+(-

1.14°0.10)+(1 4371 18)+(-1.14"0.82)+(-1.03"-1.62)+(-1.35"-1 05)+(1.71*-0.65)+ (-2.25"0 55)

Psevere =

1 4 @xpO-04+(1.22°0.80)+(2.88*1.70)+(1.28*0.88)+(-1.32-0.72)+(1 510.54+(-1 60 67y+(1.54*1.30)+(

1147010+ (1.43%1.18)+(-1.14"0.62)+(-1.03%1.62)+(-1.36"-1.05)+(1.71-0.65)+ (-2.25*0.55)

Psevere = 0.98

[0160] Since Pgeyere > 0.5 patient 483 is predicted to follow a severe disease course (high risk of

IBD progression).

16-gene model

[0161] Rearranging equation (6) the probability of patient 429 following a severe disease course is
given by:

X 0B1+(3.1370.52)+(5.560.33/+(-0.36"0.53)+(-2.86*0.21)+(:3.25"0 85)+(-5.12"-0.10)+(5.22"-0 428)+(-5.19"

1.42)+(4 1770 31)+(5.97*-0.45)+(5.987-0.31)+(-3.9170.32)+(-2.73"-0.91)+(- 1.85"2 34)+(3.897-0.31)+(-8.85*1.26)

Psevere =
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1 + Exp 0-81+(3.1370.52)+(5 56"-0.33)+(-0.38"0.53)+(2.86-0.21)+(:3.25*0.85)+(-5.12°0.10)+(5.22"-0.428)4(:5 19"

1.42)+ (41770 31)+(5.97*-0.45)+(5.98%-0.31)+(-3.91%0.32)+(-2.73*0.91)+(-1.85°2.34)+(3.89*-0 31)+ (-6.83*1.26)

Psevere = 0.008

[0162] Since Pgeyere < 0.5 patient 429 is predicted to follow a mild disease course.

[0163] Similarly, for patient 483:

EXP 0814031371 47)+(5.56°0.80)+(-0.38"-1 70)+(-2.86"2 B0)+(-3.26"-0 B8)+(-5.12"0.T2)4(5.22"-0 54)4(-5.19"

0.67)+{4.17%1.30)+(5.9720.10)+(5.98"-1 18)+(-3.91°0.62)+(-2.73*-1.62)+(-1.85% 1. 05)+(3.89*-0.65)+(-6 83*0.55)

Psevere =

1 + exp O81+(3.13%1 47)+(5.56°0.800+(:0.38"1 70)+(-2.86-2.60)+(:3.250.88)+(-5.12°0.72+(5.220.54)+(:5.19"

0.67)+(4.17%1.30)+(5.97*0.10)+(5.98"- 1. 18)+(-3 91°0.62)+(-2.73*-1.82)+(-1.85"- 1 05)+(3.59"-0.65)+ (-6 83*0.55)

Psevere = 1

[0164] Since Pgeyere > 0.5 patient 483 is predicted to follow a severe disease course.

[0165] The above, not limiting example, exemplifies one embodiment of the disclosure as applied
to three, four, five, thirteen, fourteen, and 16 genes selected from the group consisting of ARRDC4,
GBP5, P2RY14, VTRNA1-1, IL18RAP, HP, NUDT7, GZMH, TRGC2, GZMK, LGALSL, FCRLS5,
IFI44L, LINCO1136, LY96, and TRGV3. However, the method can readily be adapted by those of
skill in the art to two, three, four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen,
fifteen, or sixteen genes selected from the group consisting of ARRDC4, GBP5, P2ZRY14, VTRNA1-
1, IL18RAP, HP, NUDT7, GZMH, TRGC2, GZMK, LGALSL, FCRLS5, IFI44L, LINC01136, LY96, and
TRGV3.

METHODS

RNA Extraction

[0166] A blood sample obtained from a subject is incubated in a PAXgene® tube (PAXgene Blood
RNA Kit, Cat. No. 762164, BD Biosciences, San Jose, CA) at room temperature (15-25 °C) for 3
hours. The tube containing the sample is then centrifuged for 10 minutes at 4,000 x g and the
supernatant is decanted from the tube and discarded. Following decantation of the supernatant,

the tube is closed using a fresh secondary BD HemogardTM (PAXgene Blood RNA Kit, BD
Biosciences, San Jose, CA) closure. The tube is then vortexed until the pellet is visibly dissolved
and centrifuged for 10 minutes at 4,000 x g. Following centrifugation, the entire supernatant is
removed and discarded using a pipette. 350 ul of resuspension buffer BR1 (PAXgene Blood RNA
Kit, BD Biosciences, San Jose, CA) is then added and the tube is vortexed until the pellet is visibly
dissolved. The sample is then pipetted into a 1.5 ml microcentrifuge tube to which 300 pl of binding
buffer BR2 (PAXgene Blood RNA MDx Kit, BD Biosciences, San Jose, CA) and 40 pl of proteinase K
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are individually added. The tube is then vortexed for 5 seconds and incubated for 10 minutes at
55°C using a shaker-incubator at 1000 rpm. Following incubation, the lysate from the

microcentrifuge tube is pipetted directly into a PAXgene® Shredder spin column (lilac) (PAXgene
Blood RNA Kit, BD Biosciences, San Jose, CA) placed in a 2 ml processing tube and centrifuged for
3 minutes at 15,000 x g. The entire supernatant of the flow-through fraction is then carefully
pipetted to a fresh 1.5 ml microcentrifuge tube without disturbing the pellet in the processing tube.
350 ul of 96-100% ethanol is added to the supernatant, vortexed for 2 seconds, and centrifuged for
1 second at 500 x g to remove drops from the inside of the tube lid. 700 pl of the sample is pipetted

into the PAXgene® RNA spin column (red) (PAXgene Blood RNA Kit, BD Biosciences, San Jose,
CA) placed in a 2 ml processing tube and centrifuged for 1 minute at 15,000 x g. The spin column
is placed in a new 2 ml processing tube and the old processing tube containing flow-through is

discarded. The remaining sample is pipetted into a PAXgene® RNA spin column (PAXgene Blood
RNA Kit, BD Biosciences, San Jose, CA) and centrifuged for 1 minute at 15,000 x g. The spin
column is placed in a new 2 ml processing tube and the old processing tube containing flow-

through is discarded. 350 pl of wash buffer BR3 is pipetted into the PAXgene® RNA spin column
and centrifuged for 1 minute at 15,000 x g. The spin column is placed in a new 2 ml processing
tube and the old processing tube containing flow-through is discarded.

[0167] In a separate 1.5 ml microcentrifuge tube, a DNase | incubation mix is made by mixing 10 ul
of DNase | solution (PAXgene Blood RNA Kit, BD Biosciences, San Jose, CA) with 70 ul of buffer
RDD (PAXgene Blood RNA Kit, BD Biosciences, San Jose, CA). 80 ul of the DNase | incubation mix

is then added directly onto the PAXgene® RNA spin column membrane and incubated for 15

minutes at room temperature (20-30°C). 350 pul of buffer BR3 is pipetted into the PAXgene® RNA
spin column and centrifuged for 1 minute at 15,000 x g. The spin column is placed in a new 2 mi
processing tube and the old processing tube containing flow-through is discarded. 500 ul of wash

buffer BR4 (PAXgene Blood RNA Kit, BD Biosciences, San Jose, CA) is pipetted into the PAXgene®
RNA spin column and centrifuged for 1 minute at 15,000 g. The spin column is placed in a new 2 ml
processing tube and the old processing tube containing flow-through is discarded. 500 pul of buffer

BR4 is pipetted into the PAXgene® RNA spin column and centrifuged for 3 minutes at 15,000 g.
The spin column is placed in a new 2 ml processing tube and centrifuged for 1 minute at 15,000 x

g. The PAXgene® RNA spin column is placed in a 1.5 ml microcentrifuge tube, 40 pl of elution
buffer BR5 (PAXgene Blood RNA Kit, BD Biosciences, San Jose, CA) is pipetted directly onto the
PAXgene RNA spin column membrane and centrifuged for 1 minute at 15,000 x g to elute the RNA.
Repeat the elution step using 40 yl of elution buffer BR5 and the same microcentrifuge tube.
Incubate the eluate RNA sample at 65°C for 5 minutes and immediately chill the RNA sample on
ice.

RNA Quantification

[0168] Spin a ready to use aliquot of the Agilent RNA 6000 gel-dye mix tube (Agilent RNA 6000
Nano Kit, Cat. No. 5067-1511, Agilent, Santa Clara, CA) at 13,000 x g for 10 minutes, and then
allow the gel-dye mix to equilibrate at room temperature (15-25°C) for 30 minutes. Place a new
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RNA Nano chip (Agilent RNA 6000 Nano Kit, Cat. No. 5067-1511, Agilent, Santa Clara, CA) onto a
ready to use chip priming station (Cat. No. 5065- 4401, Agilent, Santa Clara, CA). Pipette 9 pl of the
gel-dye mix at the bottom of the well marked "G." In the chip priming station, position the plunger at
1 ml and close the chip priming station. Wait for exactly 30 seconds and then release the plunger
with the clip release mechanism and visually inspect that the plunger moves back at least to the 0.3
ml mark. Wait for 5 seconds, then slowly pull back the plunger to the 1 ml position. Open the chip
priming station and pipette 9 ul of the gel-dye mix in each of the reaction wells. Place a ready to
use aliquot of the Agilent RNA 6000 Ladder (Cat. No. 5067-1529, Agilent, Santa Clara, CA) on ice
for 15 minutes for complete thawing and then incubate at 70°C for 2 minutes. Pipette 1 pl of the
Agilent RNA 6000 Ladder into the well marked with the ladder symbol. Pipette 5 ul of the Agilent
RNA 6000 Nano marker (Agilent RNA 6000 Nano Kit, Cat. No. 5067-1511, Agilent, Santa Clara, CA)
into the well marked with the ladder symbol and each of the reaction wells. Pipette 1 ul of the RNA
sample into the upper left well of the RNA Nano chip. Vortex the RNA Nano chip horizontally for 60
seconds at 2400 rpm. Place the chip carefully into the receptacle of the Agilent 2100 Bioanalyzer
(Agilent, Santa Clara, CA) and close the lid and run the chip. Following completion of the run the
integrity of the RNA is checked and if RIN > 7 the RNA is quantified using a Nanodrop
spectrophotometer prior to proceeding with cDNA synthesis.

cDNA Synthesis

[0169] In labelled 0.2 ml thin wall tube on ice combine the following to create a mix (Table 6):
Table 6

Number of patient samples to be
analyzed (+Reference;+10%)

Component 1 2 3 4

5x VILO Reaction Mix (SuperScript™ VILO™ {15.4 4l {19.8 ul 242l 128.6 pl
cDNA Synthesis Kit, Cat. No. 11754050,
ThermoFisher Scientific, Grand Island, NY)

10x SuperScript Enzyme Mix (SuperScript’”  {7-7Hl  {9.9ul {1214 {143

VILO™ cDNA Synthesis Kit, Cat. No.
11754050, ThermoFisher Scientific, Grand
Island, NY)

Nuclease-free water 154 {198yl {242yl {286

[0170] For each sample, add 10yl of the mix prepared in to 10pul of the RNA sample diluted to 15
ng/ul (150 ng of RNA). For the Reference RNA, add 25 ul of the cDNA synthesis mix prepared in
(2.) to 25 pl of the Reference RNA diluted to 15 ng/ul (375 ng). Gently mix and place tubes in a
thermocycler (Eppendorf MasterCycler Nexus SX1, SKU # 8125-30-1030, Eppendorf AG,
Germany). Incubate at 25°C for 10 minutes. Incubate at 42°C for 60 minutes. Terminate reaction at
85°C for 5 minutes. Let it cool to 4°C. Briefly centrifuge tube to collect contents at the bottom of the
tube and store cDNA samples at -20°C prior to gPCR.

gPCR
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[0171] Resuspend the thawed cDNA samples vortexing gently, then centrifuge briefly to collect
liquid at the bottom of the tube. For each sample, transfer contents to a labeled 0.5 ml tube and
dilute 20x by adding 380 ul nuclease-free water. For the reference cDNA, transfer contents to a
labeled 0.5 ml tube and dilute 5x by adding 200 ul nuclease-free water.

[0172] Depending on the number of cDNA samples to be analyzed, for each assay combine the
following components in a labeled nuclease free 1.5 ml tube (Table 7):
Table 7

PCR reaction mix component Number of cDNA samples to be
analyzed (+Reference +1)

1 2 3 4
20x Primer/Probe Mix (each primer at 50 8 pl 11 i 14 ul 17
micromolar, each probe at 10 micromolar)
2x Tagman Gene Expression Master Mix 80 pl 110 ul 140 pl 170 ul
ThermoFisher Scientific, Grand Island, NY)
Nuclease-free water 40 pl 55 ul 70 pl 85 ul

[0173] The following exemplary RT-qPCR primers (Table 8) may be used. However, the skilled
artisan is readily capable of designing other suitable primers to perform the presented exemplary

RT-qPCR assay.
Table 8

Gene

Forward primer

Reverse primer

Probe sequence

long intergenic non-

protein coding RNA CCACATGATTTCCAG | CCAGGGCTTAGAGAGAC | AGCAGAAATAGCTGTGG

1136 (LINC01136) CTGAT ccT CAG

nudix hydrolase 7

(NUDT?) GTGGCTAAAGAAGGA | CGCTTACCTCCAGGGAA | CATTTGTTGTTCACCGT
AAACT GCA CCG

purinergic receptor

P2Y14 (P2RY14) GCGAATGGGAAAGG | GCCATGTCTCCAGAAGT | TTTCTTAGAAAGCAAAT
AGACCA AAA AAA

interleukin 18 receptor

accessory protein CCTATTTCCTGATGT §{ TTGACATAGTTGGGGCT | AAACAAATATGGATATA

(IL18RAP) TTTAG CAA GCC

granzyme H (GZMH)
CTGAGAAAATGCAGC | AGGCCATGTAGGGGCGG § TCCTCCTGTTGGCCTTT
CATTC GAG cTT

interferon induced
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Gene

Forward primer

Reverse primer

Probe sequence

protein 44 like (IFI44L) | AATGTTGGCAAAAGT | CACTTTAGTAAGCAAGG | AGTTCACAAAGAAGTAT
GAAGC CCA TAA

guanylate binding

protein 5 (GBP5) GGCAAAGTACTATCG | TCCTTGGACTTTAAATAT | TCGGAAAGGAATACAG
GGAGC TT GCTG

Fc receptor like 5

(FCRLS5) AAATGTGGTTTACTC | TTCAGAGTAGATGATAG | ACGGATCATCCAAGAGA
AGAAG GGG AAA

lymphocyte antigen 96

(LY96) TGAATACAACAATAT { AAGAGCATTTCTTCTGGG | CCTTCAAGGGAATAAAA
CATTC cT TTT

arrestin domain

containing 4 (ARRDC4) { GCTGTCTTCTCGGAG | GATGGAAGTTGAAAGCG | TACCTGAACGTGCGCCT
GTGGA AAA CAG

Haptoglobin (HP)
TTTTGCAGTGGACTC | GTGCTCCACATAGCCAT | TGATGTCACGGATATCG
AGGCA GTG CAG

vault RNA 1-1

(VTRNA1-1) GGTTACTTCGACAGT | CGCCCGCGAGTCTCGAA | ATTGAAACAAGCAACCT
TCTTT CAA GTC

T cell receptor gamma

constant 2 (TRGC2) CAAATGATGTCACCA | CAGTAGTGTATCATTTGC | ATCCCAAATACAATTATT
CAGTG AT CA

lectin, galactosidase

binding like (LGALSL) GCAATCCCTTACTTT | CCACAAACACTCGGAAA | ATTCCAGACCAGCCATT
CCATT CGT CAG

granzyme K (GZMK)
CTGTGCAGGAGATG | AGACACCTTTACAGATCA | CCAGAAGGATTCCTGTA
CCAAAG AG AGG

T cell receptor gamma

variable 3 (TRGV3) TTTCTATTTTAATGCC § TGATATGGACTTCTTTAT § TATATTTTCGTTCTGATA
ATAT GC 1T

CDV3 homolog (CDV3)

(Reference) GATTACAGCGGCCTC §{ GATCTTGTCTCTTTTCAT | CAGGCAATGCAAATAAG
AGGGT TA CAG
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Gene Forward primer {Reverse primer Probe sequence
RNA; 458 pre-

ribosomal 5:RNA: 18S | TGGTCGCTCGCTCCT | CGTCGGCATGTATTAGC | CTTGGATAACTGTGGTA
ribosomal 5 (RNA18S5) { ctceT TCT ATT

(Reference)

[0174] Cap the tube and invert several times to mix. Centrifuge briefly to collect the reaction mix in
the bottom of the tube. The protocol below exemplifies an assay conducted on cDNA samples from
four patients, measuring the expression levels of 16 genes along with two reference controls.
However, the assay can be performed on one or more cDNA samples and can readily be designed
by one of skill in the art to measure the expression levels of two or more genes of the 16 genes
using one or more reference controls.

[0175] Pipette 4 ul of each cDNA template into the wells of a labeled 384-well plate as follows:

. a. Reference cDNA (CDV3 and RNA85S5) wells A1-C6
. b. cDNA sample #1 wells D1-F6

. ¢. cDNA sample #2 wells G1-16

. d. cDNA sample #3 wells J1-L6

. €. cDNA sample #4 wells M1-O6

o AW N -

[0176] Pipette 4 of nuclease-free water into each No Template Control well (wells P1-P18).

[0177] Add 16 ul of each Tagman Gene Expression Assay into the following wells:

. a. Assay 1: Wells A1-A3, D1-D3, G1-G3, J1-J3, M1-M3, P1

. b. Assay 2: Wells A4-A6, D4-D6, G4-G6, J4-J6, M4-M6, P2

. ¢. Assay 3: Wells A7-A9, D7-D9, G7-G9, J7-J9, M7-M9, P3

. d. Assay 4: \Wells A10-A12, D10-D12, G10-G12, J10-J12, M10-M12, P4

. €. Assay 5: Wells A13-A15, D13-D15, G13-G15, J13-J15, M13-M15, P5

. f. Assay 6: Wells A16-A18, D16-D18, G16-G18, J16-J18, M16-M18, P6

. g. Assay 7: Wells A19-A21, D19-D21, G19-G21, J19-J21, M19-M21, P7

. h. Assay 8: Wells A22-A24, D22-D24, G22-G24, J22-J24, M22-M24, P8

. i. Assay 9: Wells B1-B3, E1-E3, H1-H3, K1-K3, N1-N3, P9

. j. Assay 10: Wells B4-B6, E4-E6, H4-H6, K4-K6, N4-N6, P10

. k. Assay 11: Wells B7-B9, E7-E9, H7-H9, K7-K9, N7-N9, P11

. 1. Assay 12: Wells B10-B12, E10-E12, H10-H12, K10-K12, N10-N12, P12
. m. Assay 13: Wells B13-B15, E13-E15, H13-H15, K13-K15, N13-N15, P13
. n. Assay 14: \Wells B16-B18, E16-E18, H16-H18, K16-K18, N16-N18, P14
. 0. Assay 15: Wells B19-B21, E19-E21, H19-H21, K19-K21, N19-N21, P15
. p- Assay 16: Wells B22-B24, E22-E24, H22-H24, K22-K24, N22-N24, P16
. g. Assay 17: Wells C1-C3, F1-F3, I11-13, L1-L3, 01-03, P17

. . Assay 18: Wells C4-C6, F4-F6, 14-16, L4-L6, O4-0O6, P18

0w N O O~ WN =

- A A A A A a3 .
0 ~N O 01 AW N-= O ©
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[0178] Seal the 384-well plate with the sealing foil (Cat. No. 04729757001, Roche Diagnostics
Corporation, Indianapolis, IN). Centrifuge the plate briefly to mix the contents of the wells and load
the plate into the thermocycler (Roche LightCycler480 IlI, Roche Diagnostics Corporation,
Indianapolis, IN). Select detection format to Dual Color Hydrolysis Probe/UPL Probe, set the gPCR
program as follows for 70 cycles, and run the assay:

1. a. 95°C for 10 minutes
2. b. 95°C for 10 seconds
3. ¢. 60°C for 1 minute
4.d. 40°C for 30 seconds.
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Patentkrav

1. Fremgangsmade til vurdering af, om et individ har hgj eller lav risiko for
progression af inflammatorisk tarmsygdom (IBD), hvilken fremgangsmade om-
fatter at fastsla, ved at bestemme ekspressionsniveauet af fire eller flere gener
i en fuldblodsprave, som er opnaet fra individet, om individet har en hgjrisiko-
(IBD1) eller lavrisiko-(IBD2)-feenotype, hvor de fire eller flere gener er udvalgt
fra gruppen bestaende af:

arrestin-domeaene-holdigt 4 (ARRDC4);

guanylat-bindende protein 5 (GBP5);

purinergisk receptor P2Y, G-protein-koblet, 14 (P2RY14);

vault-RNA 1-1 (VTRNA1-1);

interleukin 18 receptor-accessorisk protein (IL18RAP);

haptoglobin (HP);

nudix (nukleosid-diphosphat-bundet enhed X)-type motiv 7 (NUDT7);
granzym H (GZMH);

T-celle-receptor gamma-konstant 2 (TRGC2),

lectin, galactosid-bindende-lignende (LGALSL);

Fc-receptor-lignende 5 (FCRLY5);

interferon-induceret protein 44-lignende (IF144L);

lang intergenisk ikke-proteinkodende RNA 1136 (LINC01136);
lymfocytantigen 96 (LY96);

granzym K (GZMK); og

T-celle-receptor-gamma-variabelt 3 (TRGV3);

hvor en IBD1-feenotype er kendetegnet ved opreguleret ekspression af ge-
nerne ARRDC4, GBP5, P2RY14, VTRNA1-1, IL18RAP, HP, NUDT7, GZMH,
TRGC2 og GZMK, i forhold til ekspressionsniveauet af disse gener hos et in-
divid, som har en IBD2-feenotype,

og nedreguleret ekspression af generne LGALSL, FCRLS5, IF144L, LINC01136,
LY96 og TRGV3, i forhold til ekspressionsniveauet af disse gener hos et indi-
vid, som har en IBD2-faenotype, og

hvor de fire eller flere gener indbefatter IL18RAP, LINC01136, TRGC2 og
VTRNA1-1.
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2. Fremgangsmade ifglge krav 1, hvor risikoen for progression af IBD hos in-
dividet bestemmes ved hjeelp af:

beregning af en risikoscore for patienten ved hjeelp af

a) veegtning af de malte ekspressionsniveauer af de udvalgte gener;

b) anvendelse af en logistisk regressionsmodel pa de veegtede ekspressions-
niveauer til bestemmelse af risikoscoren,

hvor en risikoscore pa mindre end 0,5 tyder pa lav risiko for IBD-progression,
og en risikoscore pa mere end 0,5 tyder pa hgj risiko for IBD-progression, og
c) dannelse af en rapport, der opsummerer resultatet af bestemmelsen.

3. Fremgangsmade ifglge krav 2, hvor ekspressionsniveauet af de fire eller
flere gener bestemmes under anvendelse af kvantitativ realtids-PCR (RT-
gPCR), digital PCR, mikroarray-analyse, whole transcriptome shotgun-se-
kvensering eller direkte multiplekseret genekspressionsanalyse.

4. Fremgangsmade ifelge krav 3, hvor ekspressionsniveauet af de fire eller
flere gener bestemmes under anvendelse af RT-gPCR.

5. Fremgangsmade ifalge krav 4, hvor fremgangsmaden omfatter:

(i) tilvejebringelse af en fuldblodsprave, som er opnaet fra individet;

(ii) ekstrahering af RNA fra fuldblodspraven;

(i) omdannelse af RNA'en til cDNA; og

(iv) udfgrelse af RT-gPCR, digital PCR eller whole transcriptome shotgun-se-
kvensering til bestemmelse af ekspressionsniveauet af de fire eller flere gener.

6. System til vurdering af risiko for progression af inflammatorisk tarmsygdom
(IBD) til anvendelse i en fremgangsmade som defineret i et hvilket som helst
af kravene 1 til 5, hvilket system omfatter et veerktgj eller veerktajer omfattende
reagenser til bestemmelse af ekspressionen af fire eller flere gener udvalgt fra
gruppen bestédende af: ARRDC4, GBP5, P2RY14, VTRNA1-1, IL18RAP, HP,
NUDT7, GZMH, TRGC2, GZMK, LGALSL, FCRLS, IFI44L, LINCO1136, LY96
og TRGV3, hvor de fire eller flere gener indbefatter IL18RAP, LINC01136,
TRGC2 og VTRNA1-1, og en computer, der er programmeret til at beregne en
fremgangsmade som defineret i et hvilket som helst af kravene 1-5 til vurdering
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af en IBD-progression-risikoscore ud fra individets genekspressionsdata.

7. System til vurdering af risiko for progression af inflammatorisk tarmsygdom
ifelge krav 6, hvilket system omfatter et veerktej eller veerktajer omfattende re-
agenser til bestemmelse af ekspressionen af fire eller flere gener ved hjeelp af
RT-gPCR, digital PCR, mikroarray-analyse, whole transcriptome shotgun-se-
kvensering eller direkte multiplekseret genekspressionsanalyse.

8. Fremgangsmade ifalge et hvilket som helst af kravene 1 til 5, endvidere om-
fattende:

(i) udveelgelse af et individ, der er identificeret som et individ med hgj risiko
eller lav risiko for IBD-progression i trin (i), til behandling for IBD.

9. Anti-inflammatorisk lzegemiddel eller anti-inflammatorisk steroid eller TNF-
alpha-inhibitor til anvendelse i en fremgangsmade til behandling af IBD hos et
individ, hvilken fremgangsmade omfatter:

(1) identificering af individet som et individ med hgj risiko eller lav risiko for IBD-
progression under anvendelse af en fremgangsmade ifelge et hvilket som
helst af kravene 1 til 5 og

(il) udseettelse af individet for behandling med det anti-inflammatoriske laege-
middel, anti-inflammatoriske steroid eller TNF-alpha-inhibitor.

10. Anti-inflammatorisk leegemiddel eller anti-inflammatorisk steroid eller TNF-
alpha-inhibitor til anvendelse i en fremgangsmade til behandling af IBD hos et
individ, som bestemmes at have hgj risiko eller lav risiko for IBD-progression,
hvilken fremgangsmade omfatter:

(i) gennemgang af testresultater, der klassificerer individet som IBD1 (hgj ri-
siko for IBD-progression) eller IBD2 (lav risiko for IBD-progression), hvor te-
sten bestemmer ekspressionsniveauer af fire eller flere gener, hvor de fire eller
flere gener er udvalgt fra gruppen bestaende af: ARRDC4, GBP5, P2RY14,
VTRNA1-1, IL18RAP, HP, NUDT7, GZMH, TRGC2, GZMK, LGALSL, FCRLS5,
IFI44L, LINC0O1136, LY96 og TRGV3, i en fuldblodspreve, der er opnaet fra
individet, hvor de fire eller flere gener indbefatter IL18RAP, LINC01136,
TRGC2 og VTRNA1-1,
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hvor opreguleret ekspression af geneme ARRDCA4, GBPS, P2RY 14, VTRNA1-
1, IL18RAP, HP, NUDT7, GZMH, TRGC2 og GZMK i forhold il ekspressions-
niveauet af disse gener hos et individ, som har en lavrisiko-{IBD2}-faenotype,
og nedreguieret ekspression af generne LGALSL, FORLS, IFM44L, LINCO1136,
LYS6 og TRGV3 i forhold 8 ekspressionsniveauet af disse gener hos el individ,
som har en lawrisiko-(IBD2}-feenotype, tyder pa, at individet har en hejrisiko-
{iBD1)-feenotypse, og

hvor nedreguleret ekspression af geneme ARRDC4, GBPSH, P2RY14,
VTRNA1T-1, IL18RAP, HP, NUDT?7, GZMH, TRGC2 og GZMK i forhold til ek-
spressionsniveauet af disse gener hos el individ, som har en hgjrisiko-(IBD 1)-
feenotype, og opreguleret ekspression af generne LGALSL, FCRLS, {Fld44L,
LINCO1136, LYS6 og TRGV3 i{orhold til ekspressionsniveauet af disse gener
hos et individ, som har en hejrisiko-(IBD1)-faznotype, tyder pa, at individet har
en lavrisiko-{IBD2)-faenotype, og

(i} behandling af individet, om hvem det er bestemti, al individet har en IBD1-
eller IBD2-feenotype, for IBD med et anti-inflammatorisk lasgemiddel eller en
anti-inflammatorisk steroid eller en TNF-alpha-inhibitor.

11. Anti-inflammatorisk leegemiddel eller anti-inflammatorisk steroid eller TNF-
alpha-inhibitor tit anvendelse Hgige krav 10, hvor trin {) omfatter anmodning
om en test, der tilvejebringer resultaterne af en analyse til bestemmelse af ek-
spressionsniveauet af fire eller flere gener ved hjeelp af RT-gPCR, digital PCR,
mikroarray-analyse, whole transcriptome shotgun-sekvensering eller direkte
multiplekseret genekspressionsanalyse.

12. Anti-inflammatorisk laegemiddel eller anti-inflammatorisk steroid eller TNF-
aipha-inhibitor til anvendeise ifglge krav 10 eller krav 11, hvor trin (i) omfatter
behandiing af individet med en TNFa-inhibitor, hvis individet bestemmes at
have en hejrisiko-(1IBD1)-feenotype, eller behandling af individet med et anti-
inflammatorisk leegemiddel eller en anti-inflammatorisk steroid, hvis individet
baestemmes at have en lavrisiko-{IBD2}-feenotype.

13. Anti-inflammatorisk leegemiddel eller anti-inflammatorisk steroid eller TNF-
aipha-inhibitor 8l anvendelse ifpige krav 9, hvor trin (i) omfaller udseetiteise af
individet for behandling:
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med et anfi-inflammatorisk leegemiddel eller en anti-inflammatorisk steroid,
hvis individet § trin (i) er blevet identificeret som et individ med lav nisiko for
iBD-progression, eller

med en TNFo-inhibitor, hvis individet § trin (i) er blevet identificeret som et in-
divid med hgj risiko for IBD-progression.

14. Fremgangsmade, system til vurdering af risiko for progression af inflam-
matorisk tarmsygdom eller anli-inflammatorisk lsegemiddel eller anti-inflamma-
torisk steroid eller TNF-alpha-inhibitor {it anvendelse ifgige et hvilket som helst
af kravene 1 i 13, hvor IBD'en er ulcergs kolitis {UC) eller Crohns sygdom.
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