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METHODS OF DIAGNOSING BLADDER CANCER

Field of the Invention

The present invention relates to methods of diagnosing bladder cancer in a
patient, involving determining the methylation status of Methylation Variable Positions
(MVPs) in DNA from the patient and providing a diagnosis based on methylation status
data. The invention also relates to methods of treating bladder cancer comprising
providing a diagnosis of bladder cancer by the diagnostic methods defined herein
followed by administering one or more anti-cancer agents to a patient. The invention
also relates to methylation-discriminatory arrays comprising probes directed to the

MVPs defined herein and kits comprising the arrays.

Backeround to the Invention

Bladder cancer represents one of the most common malignancies in the western
world, ranking as the 5th most common cancer in the United States and causing
approximately 3% of all cancer-related deaths [1, 2]. The foremost clinical sign at
presentation is hematuria, and bladder cancer is detected in about 10% of all such cases
investigated [3]. Bladder cancer is more likely in older male patients, current or past
smokers and patients exposed to industrial carcinogens [4]. Younger females with
nonvisible hematuria are less likely to harbor bladder cancer and for these patients delay
in detection of bladder cancer, following misdiagnosis of haematuria, is a frequent event
[5]. Cystoscopy is the current gold standard for detecting bladder cancer and is an
invasive, uncomfortable procedure requiring clinic or hospital attendance and posing a
small but significant risk of infection [6-9].

Each year in the UK, approximately 10,300 people are diagnosed with bladder
cancer and 5,000 die from the disease. However, more than 100,000 cases per year are
referred from primary care to urology haematuria clinics for cystoscopy and imaging.
Bladder cancer is detected in only 10% of patients referred.

Of those with confirmed disease, two thirds are non-muscle invasive bladder
cancer (NMIBC) and of these, 70% will recur and 15% will progress to muscle invasive

bladder cancer (MIBC). Surveillance by cystoscopy is necessary to detect recurrence
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and is performed as frequently as 3 monthly for 2 years then 6 monthly and annually
thereafter for cases at high risk of recurrence. The investigation of haematuria and the
subsequent surveillance for recurrence poses a significant health economic cost
estimated as £55.39 million, ranking bladder as one of the most expensive cancers to
manage [10, 11]. There is therefore a great need for improved assays which can better
identify patients harbouring disease and reduce the need for unnecessary cystoscopy.

No urinary-based biomarker has FDA approval as a standalone test for the
detection of bladder cancer, and consequently guidelines recommend cystoscopy of all
patients with visible haematuria and persistent nonvisible haematuria [10, 11]. Urine
cytology is frequently used as a diagnostic aid in conjunction with cystoscopy but has
low sensitivity to detect cancer other than high grade disease and carcinoma in sifu, and
cannot replace cystoscopy [12, 13]. Similarly commercially available assays based on
single targets or small panels of targets fail to detect bladder cancer with sufficient
sensitivity and are approved for use only in conjunction with cystoscopy [14].

Several studies have now shown the potential utility of DNA methylation
biomarkers in body fluids, including urine [15-23], plasma/serum [24-26], and sputum
[27, 28], for the non-invasive detection of cancer. Changes in DNA methylation play a
key role in malignant transformation, leading to the silencing of tumor-suppressor genes
and overexpression of oncogenes [29]. The ontogenic plasticity and relative stability of
DNA methylation makes epigenetic changes ideal biomarkers for diagnosis.

Detection assays involving the presence of specific proteins in voided urine have
been developed and commercialised. In these cases the number of proteins detected per
assay is low and specificities and sensitivities remain unsatisfactory [14]. Detected
protein biomarkers include human complement factor H-related protein,
carcinoembryonic antigen (CEA), bladder tumor cell-associated mucins and nuclear
mitotic apparatus protein 22 (NMP22).

In terms of assays assessing the expression of certain proteins, W02014042763
describes a nine-biomarker panel consisting of IL-8, MMP9, SDC1, CCLI8,
SERPINEI1, CD44, VEGF-A, CA9, and ANG for detection of protein in urine samples;
a further nine-biomarker panel consisting of CA9, CCL18, MMP12, TMEM45A,
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MMP9, SEMA3D, ERBB2, CRH, and MXRARS; as well as a three-biomarker panel
consisting of CCL18, CD44, and VEGF-A.

To date, DNA methylation biomarker assays for the detection of bladder cancer
have been centered on the analysis of only a small number of loci, in part due to
technological limitations and derivation of targets with cancer specificity [11-19]. In
general, reported sensitivities and specificities are high relative to established assays,
but would fail to attain performance characteristics achieved by cystoscopy.
Methylation markers for bladder cancer previously studied include DAPK, BCL2,
TERT, TWISTI, NID2, RARbeta, E-cadherin and p16. International patent application
publication W0O2013/144362 describes a diagnostic assay for bladder cancer involving
detecting methylation of the promoter of the ECRG4 and/or the ITIHS5 gene. US patent
application publication US2013224738 describes a diagnostic assay for bladder cancer
involving assessing the methylation status of genes consisting of BCL2, CDKN24 and
NID2.

Improved assays for the accurate diagnosis of bladder cancer are sought and
would be of significant clinical and economic benefit, particularly assays which are

non-invasive.

Summary of the Invention

Diagnostic methods are provided which can detect bladder cancer from a
biological sample, particularly a voided urine sample, with robust and high sensitivity
and specificity, and which have the potential to reduce the need for cystoscopy in
patients referred with haematuria and in patients undergoing surveillance for disease
recurrence. Avoiding cystoscopy will reduce the cost of bladder cancer management
and positively impact on patient wellbeing, reducing both the number of hospital visits
and the inconvenience of an invasive investigation. Thus the invention provides the
following:

The invention provides a method of diagnosing bladder cancer in an individual
comprising:

(a) providing DNA from a sample from the individual;
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(b) determining whether each one of a group of MVPs selected from a panel
comprising the MVPs identified in SEQ ID NOS 1 to 150 and denoted by [CG]
is methylated, wherein the group comprises at least 25 of the MVPs identified in
SEQ ID NOS 1 to 150 and denoted by [CG]; and

(c) diagnosing bladder cancer in the individual when at least 25 of the MVPs of the
group of (b) are methylated.

In any such method the group of MVPs may comprises at least 40 of the MVPs
identified in SEQ ID NOS 1 to 150 and denoted by [CG], and wherein bladder cancer is
diagnosed when at least 25 of the MVPs identified in SEQ ID NOS 1 to 150 and
denoted by [CG] are methylated.

The group of MVPs may comprise at least 50 of the MVPs identified in SEQ ID
NOS 1 to 150 and denoted by [CG], or may comprise at least 100 of the MVPs
identified in SEQ ID NOS 1 to 150 and denoted by [CG].

The group of MVPs may comprise all 150 of the MVPs identified in SEQ ID
NOS 1 to 150 and denoted by [CG].

In methods described above, cancer may be diagnosed in the individual when at
least 40 of the MVPs selected from the MVPs identified in SEQ ID NOS 1 to 150 and
denoted by [CG] are methylated, or when at least 50 of the MVPs selected from the
MVPs identified in SEQ ID NOS 1 to 150 and denoted by [CG] are methylated, or
when at least 100 of the MVPs are methylated, or when all 150 MVPs are methylated.

In methods described above, the MVPs determined to be methylated may
include the MVPs identified in SEQ ID NOS 1 to 3 and denoted by [CG], or may
include the MVPs identified in SEQ ID NOS 1 to 5 and denoted by [CG], or may
include the MVPs identified in SEQ ID NOS 1 to 10 and denoted by [CG], or may
include the MVPs identified in SEQ ID NOS 1 to 40 and denoted by [CG].

In methods described above, the group of MVPs may comprise all 150 of the
MVPs identified in SEQ ID NOS 1 to 150 and denoted by [CG], wherein bladder cancer
is diagnosed in the individual when at least 40 of the MVPs selected from the MVPs
identified in SEQ ID NOS 1 to 150 and denoted by [CG] are methylated, and wherein
the MVPs determined to be methylated include the MVPs identified in SEQ ID NOS 1
to 10 and denoted by [CG].
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In any of the methods described above, the step of determining whether each
one the MVPs is methylated may comprise bisulphite converting the DNA.

In any of the methods described above, the step of determining whether each
one the MVPs is methylated may comprise:

1) performing a sequencing step to determine the sequence of MVPs;

2) hybridising DNA to an array comprising probes capable of discriminating
between methylated and non-methylated forms of MVPs and applying a
detection system to the array to discriminate methylated and non-methylated
forms of the MVPs; or

3) performing an amplification step using methylation-specific primers, wherein
the status of an MVP as methylated or non-methylated is determined by the
presence or absence of an amplified product.

Before the sequencing or hybridization steps, an amplification step may be
performed, wherein loci comprising each MVP are amplified. Amplification may be
performed by PCR.

A capturing step may be performed before the sequencing or hybridization steps.
The capturing step may involve binding polynucleotides comprising the MVP loci to
binding molecules specific to the MVP loci and collecting complexes comprising MVP
loci and binding molecules; and wherein:

1. the capturing step occurs before the step of bisulphite converting the
DNA;
ii.  the capturing step occurs after the step of bisulphite converting the DNA
but before the amplification or hybridization steps; or
iii.  the capturing step occurs after the step of bisulphite converting the DNA
and after the amplification step.

The binding molecules may be oligonucleotides specific for each MVP,
preferably DNA or RNA molecules each comprising a sequence which is
complementary to the corresponding MVP.

The binding molecule may be coupled to a purification moiety.

The purification moiety may comprise a first purification moiety and the step of

collecting complexes comprising MVP loci and binding molecules may comprise
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binding the first purification moiety to substrates comprising a second purification
moiety, wherein first and second purification moieties form an interaction complex.

The first purification moiety may be biotin and the second purification moiety
may be streptavidin; or the first purification moiety may be streptavidin and the second
purification moiety may be biotin.

The step of amplifying loci comprising MVPs may comprise the use of primers
which are independent of the methylation status of the MVP.

The step of amplifying loci comprising MVPs may be performed by
microdroplet PCR amplification.

In any of the methods described above, the biological sample obtained from the
individual may be a sample of urine, blood, serum, plasma or cell-free DNA.

In any of the methods described above, the method may achieve a ROC
sensitivity of 95% or greater and a ROC specificity of 90% or greater; preferably a ROC
sensitivity of 96% and a ROC specificity of 97%, preferably a ROC AUC of 95% or
greater, preferably 98%.

In any of the methods described above, the method may achieve a negative
predictive value (NPV) of 95% or greater, preferably 97%.

In any of the methods described above, the step of diagnosing bladder cancer in
the individual may further comprise:

I.  stratifying the grade of the tumor; and/or
II.  determining the risk of recurrence of the tumor; and/or
1. determining the risk of progression of non-muscular invasive disease;
and/or
determining the likely response to treatment therapy.

The invention additionally provides a method of treating bladder cancer in an
individual comprising:

(a) obtaining DNA from a sample from the individual and determining whether
each one of a group of MVPs selected from a panel comprising the MVPs
identified in SEQ ID NOS 1 to 150 and denoted by [CG] is methylated, wherein
the group comprises at least 25 of the MVPs identified in SEQ ID NOS 1 to 150
and denoted by [CG];
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(b) diagnosing bladder cancer in the individual when at least 25 MVPs of the group
of (a) are methylated; and

(c) administering one or more bladder cancer treatments to the individual.

The invention additionally provides a method of treating bladder cancer in an
individual comprising:

(a) providing DNA from a sample from the individual and determining whether
each one of a group of MVPs selected from a panel comprising the MVPs
identified in SEQ ID NOS 1 to 150 and denoted by [CG] is methylated, wherein
the group comprises at least 25 of the MVPs identified in SEQ ID NOS 1 to 150
and denoted by [CG];

(b) diagnosing bladder cancer in the individual when at least 25 MVPs of the group
of (a) are methylated; and

(c) administering one or more bladder cancer treatments to the individual.

The invention additionally provides a method of treating bladder cancer in an
individual comprising:

(a) determining whether each one of a group of MVPs selected from a panel
comprising the MVPs identified in SEQ ID NOS 1 to 150 and denoted by [CG]
is methylated in DNA from a sample from the individual, wherein the group
comprises at least 25 of the MVPs identified in SEQ ID NOS 1 to 150 and
denoted by [CG];

(b) diagnosing bladder cancer in the individual when at least 25 MVPs of the group
of (a) are methylated; and

(c) administering one or more bladder cancer treatments to the individual.

The invention additionally provides a method of treating bladder cancer in an
individual comprising administering one or more bladder cancer treatments to the
individual, wherein the individual has been diagnosed with bladder cancer by steps
comprising:

(a) providing DNA from a sample from the individual and determining whether
each one of a group of MVPs selected from a panel comprising the MVPs
identified in SEQ ID NOS 1 to 150 and denoted by [CG] is methylated, wherein
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the group comprises at least 25 of the MVPs identified in SEQ ID NOS 1 to 150

and denoted by [CG]; and

(b) diagnosing bladder cancer in the individual when at least 25 MVPs of the group
of (a) are methylated.

The invention additionally provides a method of diagnosing bladder cancer in an
individual comprising:

(a) obtaining data which identify whether each one of a group of MVPs selected
from a panel comprising the MVPs identified in SEQ ID NOS 1 to 150 and
denoted by [CG] is methylated, wherein the group comprises at least 25 of the
MVPs identified in SEQ ID NOS 1 to 150 and denoted by [CG]; and

(b) diagnosing bladder cancer in the individual when at least 25 MVPs of the group
of (a) are methylated;

wherein the data were obtained by a method comprising:
i.  obtaining DNA from the sample; and
ii.  determining whether MVPs are methylated in the DNA.

In any of the methods described above the cancer may be a non-muscle invasive
bladder cancer (NMIBC). The cancer may be a muscle invasive bladder cancer
(MIBC).

The invention additionally provides an array capable of discriminating between
methylated and non-methylated forms of MVPs; the array comprising oligonucleotide
probes specific for a methylated form of each MVP in a MVP panel and oligonucleotide
probes specific for a non-methylated form of each MVP in the panel; wherein the panel
consists of at least 25 MVPs selected from the MVPs identified in SEQ ID NOS 1 to
150.

In certain embodiments the array is not an Infinium HumanMethylation450
BeadChip array. In certain embodiments the number of MVP-specific oligonucleotide
probes of the array is less than 482,421, preferably 482,000 or less, 480,000 or less,
450,000 or less, 440,000 or less, 430,000 or less, 420,000 or less, 410,000 or less, or
400,000 or less.

In an array as described above, the panel may consist of at least 40 MVPs

selected from the MVPs identified in SEQ ID NOS 1 to 150; preferably at least 50
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MVPs, at least 60 MVPs, at lecast 70 MVPs, at least 80 MVPs, at least 90 MVPs, at least
100 MVPs, at least 110 MVPs, at lecast 120 MVPs, at least 130 MVPs, at lecast 140
MVPs, at least 145 MVPs, or all 150 MVPs identified in SEQ ID NOS 1 to 150.

In an array as described above, the panel may include the MVPs defined by SEQ
ID NOS 1 to 3, or the MVPs defined by SEQ ID NOS 1 to 5, or the MVPs defined by
SEQ ID NOS 1 to 10, or the MVPs defined by SEQ ID NOS 1 to 20, or the MVPs
defined by SEQ ID NOS 1 to 30, or the MVPs defined by SEQ ID NOS 1 to 40, or the
MVPs defined by SEQ ID NOS 1 to 50, or the MVPs defined by SEQ ID NOS 1 to 60,
or the MVPs defined by SEQ ID NOS 1 to 70, or the MVPs defined by SEQ ID NOS 1
to 80, or the MVPs defined by SEQ ID NOS 1 to 90, or the MVPs defined by SEQ 1D
NOS 1 to 100, or the MVPs defined by SEQ ID NOS 1 to 100, or the MVPs defined by
SEQ ID NOS 1 to 120, or the MVPs defined by SEQ ID NOS 1 to 130, or the MVPs
defined by SEQ ID NOS 1 to 140, or the MVPs defined by SEQ ID NOS 1 to 150.

The panel may include all MVPs defined by SEQ ID NOS 1 to 150.

In array as described above, the array may further comprise one or more
oligonucleotides comprising a MVP selected from any of the MVPs defined in SEQ ID
NOS 1 to 150, wherein the one or more oligonucleotides are hybridized to
corresponding oligonucleotide probes of the array.

The one or more oligonucleotides may comprise at least 20 MVPs selected from
the MVPs identified in SEQ ID NOS 1 to 150; preferably at least 50 MVPs, at least 60
MVPs, at least 70 MVPs, at least 80 MVPs, at least 90 MVPs, at least 100 MVPs, at
least 110 MVPs, at lcast 120 MVPs, at least 130 MVPs, at least 140 MVPs, at lcast 145
MVPs, or all 150 MVPs identified in SEQ ID NOS 1 to 150.

The one or more oligonucleotides may comprise the MVPs defined by SEQ ID
NOS 1 to 10, or the MVPs defined by SEQ ID NOS 1 to 20, or the MVPs defined by
SEQ ID NOS 1 to 30, or the MVPs defined by SEQ ID NOS 1 to 40, or the MVPs
defined by SEQ ID NOS 1 to 50, or the MVPs defined by SEQ ID NOS 1 to 60, or the
MVPs defined by SEQ ID NOS 1 to 70, or the MVPs defined by SEQ ID NOS 1 to 80,
or the MVPs defined by SEQ ID NOS 1 to 90, or the MVPs defined by SEQ ID NOS 1
to 100, or the MVPs defined by SEQ ID NOS 1 to 110, or the MVPs defined by SEQ ID
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NOS 1 to 120, or the MVPs defined by SEQ ID NOS 1 to 130, or the MVPs defined by
SEQ ID NOS 1 to 140, or the MVPs defined by SEQ ID NOS 1 to 150.

The one or more oligonucleotides may comprise all MVPs defined by SEQ ID
NOS 1 to 150.

Arrays as described above may be obtainable by hybridizing to an array as
described above a group of oligonucleotides each comprising a different MVP selected
from any of the MVPs defined in SEQ ID NOS 1 to 150, and wherein the group
comprises at least 40 oligonucleotides.

In such a hybridized array, the group may comprise at least 50 oligonucleotides.
The group may comprise at least 60, at least 70, at least 80, at least 90, at least 100, at
least 110, at least 120, at least 130, at least 140, at least 145, or at least 150
oligonucleotides.

In a hybridized array, the group may comprise at least 40 oligonucleotides
comprising the MVPs defined by SEQ ID NOS 1 to 20, or wherein the group may
comprise at least 50 oligonucleotides comprising the MVPs defined by SEQ ID NOS 1
to 50, or wherein the group may comprise at least 60 oligonucleotides comprising the
MVPs defined by SEQ ID NOS 1 to 60, or wherein the group may comprise at least 70
oligonucleotides comprising the MVPs defined by SEQ ID NOS 1 to 70, or wherein the
group may comprise at least 80 oligonucleotides comprising the MVPs defined by SEQ
ID NOS 1 to 80, or wherein the group may comprise at least 90 oligonucleotides
comprising the MVPs defined by SEQ ID NOS 1 to 90, or wherein the group may
comprise at least 100 oligonucleotides comprising the MVPs defined by SEQ ID NOS 1
to 100, or wherein the group may comprise at least 110 oligonucleotides comprising the
MVPs defined by SEQ ID NOS 1 to 110, or wherein the group may comprise at least
120 oligonucleotides comprising the MVPs defined by SEQ ID NOS 1 to 120, or
wherein the group may comprise at least 130 oligonucleotides comprising the MVPs
defined by SEQ ID NOS 1 to 130, or wherein the group may comprise at least 140
oligonucleotides comprising the MVPs defined by SEQ ID NOS 1 to 140, or wherein
the group may comprise at least 145 oligonucleotides comprising the MVPs defined by
SEQ ID NOS 1 to 145, or wherein the group may comprise at least 150 oligonucleotides

10



10

15

20

25

30

WO 2016/207656 PCT/GB2016/051903

comprising the MVPs defined by SEQ ID NOS 1 to 150. The group may comprise at
least the 150 oligonucleotides comprising the MVPs defined by SEQ ID NOS 1 to 150.

The invention also provides a process for making the hybridized array as defined
above, comprising contacting an array as defined above with a group of
oligonucleotides each comprising a different MVP selected from any of the MVPs
defined in SEQ ID NOS 1 to 150, and wherein the group comprises at least 25
oligonucleotides.

The invention also provides a process for making a hybridized array as defined
above, comprising contacting an array as defined above with a group of
oligonucleotides as defined above.

The invention also provides a kit comprising any of the arrays described above.

The kit may further comprise a DNA modifying regent that is capable of
modifying a non-methylated cytosine in a MVP dinucleotide but is not capable of
modifying a methylated cytosine in a MVP dinucleotide, optionally wherein the
dinucleotide is CpG. The DNA modifying regent may be a bisulphite reagent.

Brief description of the Figures

Figure 1. Heatmap of 9786 MVPs (1746 hypermethylated MVPs, 8040 hypomethylated
MVPs) between bladder cancer (red) and 30 normal urothelium (blue).

Figure 2. Heatmap of the 150 UroMark loci for non-cancer urine (n=10), normal

urothelium (n=30), bladder cancer (n=81) and blood (n=489).

Figure 3. Heat map of the 150 loci involved in the UroMark assay for normal
urothelium (Blue) bladder cancer (Red) compared with the predicted (Light blue/light
red) and actual (Blue/Red) status of bladder cancer.

Figure 4. MDS plots for bladder tumour and normal urothelium based on the
methylation state of 150 loci in bladder cancer samples from UCL and TCGA Bladder
Cancer. The MDS (Multidimensional scaling) plot represents the dissimilarly of

11
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phenotypes based on the methylation state of the 150 loci with the panel, and clearly
shows that the 150 marker can accurately separate tumour from normal bladder. Axis

represent the Euclidean distance between samples.

Figure 5. ROC plot for UroMark model for the detection of bladder cancer in urine.

Figure 6. ROC plots for top performing (A) 3, (B) 5 and (C) 10 marker panels. Top 3
MVPs are listed as SEQ ID NOs: 1 to 3, Top 5 MVPs are listed as SEQ ID NOs: 1 to 5,
Top 10 MVPs are listed as SEQ ID NOs: 1 to 10, all in rank order (see Table 1).

Figure 7. ROC plot for UroMark model for the detection of bladder cancer from 176

unique urine samples (98 non-cancer urines and 78 cancer urines).

Figure 8. Comparison of DNA quality (concentration, purity and integrity) from
patients’ urine. A) Concentration and purity of samples collected in clinic (n=123)
compared with samples collected at home (n=41) where red indicates low yield or
purity, amber indicates moderate yield and intermediate purity and green is high yield
and purity. B) Percentage of samples exhibiting low, intermediate or high yield and
purity. C) Representative Bioanalyzer electropherogram demonstrating recovery of
high molecular weight of DNA in samples with concentrations quantifiable by
spectrophotometry. D) Increased median yield and improved purity of urinary DNA
using an extended digest step at 21°C compared with the manufacturer’s standard
protocol of 56°C for 1 hour. E) Comparison of two urine preservation methods: UCL
established standard operating procedure versus Norgen urine preservation tubes. The
number of bacteria were quantified by qPCR for the rpoB gene and expressed as copies

rpoB per copy of human YWHAZ. Data are the mean +/- standard deviation.

Figure 9. ROC plot for UroMark model for the detection of bladder cancer from
Validation Cohort 2 - 96 unique urine samples (64 non-cancer urines and 32 cancer

urines).

12
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Figure 10. ROC plot for UroMark model for the detection of bladder cancer from

Validation Cohort 3 - 92 urine samples (65 non-cancer urines and 27 cancer urines).

Detailed Description of the Invention

Bladder cancer

As discussed above, bladder cancers represent one of the most prevalent groups
of cancers in the western world. Transitional cell carcinoma is the most common type,
and accounts for approximately 90% of bladder cancers. Transitional cell carcinomas
arise from the transitional epithelium, which is a tissue lining the inner surface of the
bladder. The remaining 10% of bladder cancers are mainly comprised of squamous cell
carcinoma, adenocarcinoma, sarcoma, and small cell carcinoma. Squamous cell
carcinoma also arises from epithelial tissue, from squamous cells. These are thin, flat
cells found in the most superficial epithelial layer. Adenocarcinomas form from
epithelial cells having glandular characteristics and/or origin. Sarcomas derive from
cells of mesenchymal origin, such as the cells of the fat and muscle layers of the
bladder. Small cell carcinomas have a rapid doubling time and are capable of earlier
metastases, making them particularly aggressive.

Bladder cancers may also be classified as non-muscle invasive bladder cancer
(NMIBC) and muscle invasive bladder cancer (MIBC).

The diagnostic and treatment methods described herein are capable of positively
identifying malignant cells of all classifications of bladder cancer. Thus, any of the
methods described herein may be used to diagnose transitional cell carcinoma of the
bladder, squamous cell carcinoma of the bladder, adenocarcinoma of the bladder,
sarcoma of the bladder, small cell carcinoma of the bladder, metastatic bladder cancer,
leiomyosarcoma (a tumor arising from smooth muscle), lymphoma (a tumor that usually
arises in the lymph nodes), malignant melanoma (a tumor that usually arises from the
skin) and large cell neuroendocrine carcinoma. Primary forms and recurrent forms of
bladder cancer are included. The cancer to be diagnosed or treated as described herein
may be a urothelial cell cancer. Thus, the cancer may be cancer of the ureter, urethra or

renal pelvis.
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The most preferred patient type to which the diagnostic assays described herein
are applicable are humans. The diagnostic assays described herein may also be used to
identify bladder cancer in a non-human animal. For example, non-human animals may
contain tissue derived from humans, e¢.g. xenografts. Thus, diagnostic assays may be
used to diagnose human bladder cancer in an animal model of human bladder cancer.
Typical non-human animals to which the diagnostic assays described herein are

applicable are rodents such as rats or mice.

Methylation Variable Positions (MVPs)

Methylation of DNA is a recognised form of epigenetic modification which has
the capability of altering the expression of genes and other elements such as
microRNAs [51]. In cancer development and progression, methylation may have the
effect of e.g. silencing tumor suppressor genes and/or increasing the expression of
oncogenes. Other forms of dysregulation may occur as a result of methylation.
Methylation of DNA occurs at discrete loci which are predominately dinucleotide
consisting of a CpG motif, but may also occur at CHH motifs (where H is A, C, or T).
During methylation, a methyl group is added to the fifth carbon of cytosine bases to
create methylcytosine.

Methylation can occur throughout the genome and is not limited to regions with
respect to an expressed sequence such as a gene. Methylation typically, but not always,
occurs in a promoter or other regulatory region of an expressed sequence.

A Methylation Variable Position (MVP) as defined herein is any dinucleotide
locus which may show a variation in its methylation status between phenotypes, i.e.
between tumour and normal tissue. An MVP is preferably a CpG or a CHH
dinucleotide motif. An MPV as defined herein is not limited to the position of the locus
with respect to a corresponding expressed sequence.

Typically, an assessment of DNA methylation status involves analysing the
presence or absence of methyl groups in DNA, for example methyl groups on the 5%
position of one or more cytosine nucleotides. Preferably, the methylation status of one
or more cytosine nucleotides present as a CpG dinucleotide (where C stands for

Cytosine, G for Guanine and p for the phosphate group linking the two) is assessed.
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By assessing the methylation status of an MVP or determining whether an MVP
is methylated it is meant that a determination is made as to whether an MVP was
methylated or unmethylated in the starting sample of DNA obtained from the individual
prior to subsequent processing,.

An MVP is herein defined as methylated if one or more alleles of that MVP in a
sample of genomic DNA from the patient is determined to possess one or more
methylated CpG dinucleotide loci.

In any of the methods described herein, the MVPs determined to be methylated
are methylated relative to normal urothelium control and/or whole blood control.

Specific MVPs useful for diagnostic purposes are set forth in Table 1 and are
identified by SEQ ID number, as well as Illumina ID number (Ilmn ID). Exemplary
primers for amplifying the defined MVPs are set forth in Table 2 and are also identified
by SEQ ID number.

Identification and assessment of Methylation Variable Position (MVP) status

A variety of techniques are available for the identification and assessment of
Methylation Variable Positions (MVPs), as will be outlined briefly below. The
diagnostic methods described herein encompass any suitable technique for the
determination of MVP status.

Methyl groups are lost from a starting DNA molecule during conventional in
vitro handling steps such as PCR. To avoid this, techniques for the detection of methyl
groups commonly involve the preliminary treatment of DNA prior to subsequent
processing, in a way that preserves the methylation status information of the original
DNA molecule. Such preliminary techniques involve three main categories of
processing, i.e. bisulphite modification, restriction enzyme digestion and affinity-based
analysis. Products of these techniques can then be coupled with sequencing or array-
based platforms for subsequent identification or qualitative assessment of MVP
methylation status.

Techniques involving bisulphite modification of DNA have become the most
common methods for detection and assessment of methylation status of CpG

dinucleotide. Treatment of DNA with bisulphite, e.g. sodium bisulphite, converts
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cytosine bases to uracil bases, but has no effect on 5-methylcytosines. Thus, the
presence of a cytosine in bisulphite-treated DNA is indicative of the presence of a
cytosine base which was previously methylated in the starting DNA molecule. Such
cytosine bases can be detected by a variety of techniques. For example, primers
specific for unmethylated versus methylated DNA can be generated and used for PCR-
based identification of methylated CpG dinucleotides. A separation/capture step may
be performed, e.g. using binding molecules such as complementary oligonucleotide
sequences. Standard and next-generation DNA sequencing protocols can also be used.

In other approaches, methylation-sensitive enzymes can be employed which
digest or cut only in the presence of methylated DNA. Analysis of resulting fragments
is commonly carried out using microarrays.

Affinity-based techniques exploit binding interactions to capture fragments of
methylated DNA for the purposes of enrichment. Binding molecules such as anti-5-
methylcytosine antibodies are commonly employed prior to subsequent processing steps
such as PCR and sequencing.

Olkhov-Mitsel and Bapat (2012) [51] provide a comprehensive review of
techniques available for the identification and assessment of MVP-based biomarkers
involving methylcytosine.

For the purposes of assessing the methylation status of the MVP-based
biomarkers characterised and described herein, any suitable method can be employed.

Preferred methods involve bisulphite treatment of DNA, including amplification
of the identified MVP loci for methylation specific PCR and/or sequencing and/or
assessment of the methylation status of target loci using methylation-discriminatory
microarrays.

Amplification of MVP loci can be achieved by a variety of approaches.
Preferably, MVP loci are amplified using PCR. MVP may also be amplified by other
techniques such as multiplex ligation-dependent probe amplification (MLPA). A
variety of PCR-based approaches may be used. For example, methylation-specific
primers may be hybridized to DNA containing the MVP sequence of interest. Such
primers may be designed to anneal to a sequence derived from either a methylated or

non-methylated MVP locus. Following annealing, a PCR reaction is performed and the
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presence of a subsequent PCR product indicates the presence of an annealed MVP of
identifiable sequence. In such methods, DNA is bisulphite converted prior to
amplification. Such techniques are commonly referred to as methylation specific PCR
(MSP) [53].

In other techniques, PCR primers may anneal to the MVP sequence of interest
independently of the methylation status, and further processing steps may be used to
determine the status of the MVP. Assays are designed so that the MVP site(s) are
located between primer annealing sites. This method scheme is used in techniques such
as bisulphite genomic sequencing [54], COBRA [55], Ms-SNuPE [56]. In such
methods, DNA can be bisulphite converted before or after amplification.

Preferably, small-scale PCR approaches are used. Such approaches commonly
involve mass partitioning of samples (e.g. digital PCR). These techniques offer robust
accuracy and sensitivity in the context of a highly miniaturised system (pico-liter sized
droplets), ideal for the subsequent handling of small quantities of DNA obtainable from
the potentially small volume of cellular material present in biological samples,
particularly urine samples. A variety of such small-scale PCR techniques are widely
available. For example, microdroplet-based PCR instruments are available from a
variety of suppliers, including RainDance Technologies, Inc. (Billerica, MA;

http/fraindanceiech.cony) and Bio-Rad, Inc. (http://www.bio-rad.com/). Microarray

platforms may also be used to carry out small-scale PCR. Such platforms may include
microfluidic network-based arrays e.g. available from Fluidigm Corp.

Cwvww. Sudiemcom).

Following amplification of MVP loci, amplified PCR products may be coupled
to subsequent analytical platforms in order to determine the methylation status of the
MVPs of interest. For example, the PCR products may be directly sequenced to
determine the presence or absence of a methylcytosine at the target MVP or analysed by
array-based techniques.

Any suitable sequencing techniques may be employed to determine the sequence
of target DNA. In the methods of the present invention the use of high-throughput, so-

called “second generation”, “third generation” and “next generation” techniques to

sequence bisulphite-treated DNA are preferred.
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In second generation techniques, large numbers of DNA molecules are
sequenced in parallel. Typically, tens of thousands of molecules are anchored to a
given location at high density and sequences are determined in a process dependent
upon DNA synthesis. Reactions generally consist of successive reagent delivery and
washing steps, e.g. to allow the incorporation of reversible labelled terminator bases,
and scanning steps to determine the order of base incorporation. Array-based systems
of this type are available commercially e.g. from Illumina, Inc. (San Diego, CA;
http://www.illumina.con/).

Third generation techniques are typically defined by the absence of a
requirement to halt the sequencing process between detection steps and can therefore be
viewed as real-time systems. For example, the base-specific release of hydrogen ions,
which occurs during the incorporation process, can be detected in the context of
microwell systems (e.g. see the lon Torrent system available from Life Technologies;
http://www lifetechnologies.com/). Similarly, in pyrosequencing the base-specific
release of pyrophosphate (PPi) is detected and analysed. In nanopore technologies,
DNA molecules are passed through or positioned next to nanopores, and the identities
of individual bases are determined following movement of the DNA molecule relative
to the nanopore. Systems of this type are available commercially e.g. from Oxford
Nanopore (https://www.nanoporetech.com/). In an alternative method, a DNA
polymerase enzyme is confined in a “zero-mode waveguide” and the identity of
incorporated bases are determined with florescence detection of gamma-labeled
phosphonucleotides (see e.g. Pacific Biosciences; http://www.pacificbiosciences.com/).

In other methods in accordance with the invention sequencing steps may be
omitted. For example, amplified PCR products may be applied directly to hybridization
arrays based on the principle of the annealing of two complementary nucleic acid
strands to form a double-stranded molecule. Hybridization arrays may be designed to
include probes which are able to hybridize to amplification products of an MVP and
allow discrimination between methylated and non-methylated loci. For example,
probes may be designed which are able to selectively hybridize to an MVP locus
containing thymine, indicating the generation of uracil following bisulphite conversion

of an unmethylated cytosine in the starting template DNA. Conversely, probes may be
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designed which are able to selectively hybridize to an MVP locus containing cytosine,
indicating the absence of uracil conversion following bisulphite treatment. This
corresponds with a methylated MVP locus in the starting template DNA.

Following the application of a suitable detection system to the array, computer-
based analytical techniques can be used to determine the methylation status of an MVP.
Detection systems may include, e.g. the addition of fluorescent molecules following a
methylation status-specific probe extension reaction. Such techniques allow MVP
status determination without the specific need for the sequencing of MVP amplification
products. Such array-based discriminatory probes may be termed methylation-specific
probes.

Any suitable methylation-discriminatory microarrays may be employed to assess
the methylation status of the MVPs described herein. A preferred methylation-
discriminatory microarray system is provided by Illumina, Inc. (San Diego, CA;

ttpyfwww.illuming.cony). In particular, the Infinium HumanMethylation450

BeadChip array system may be used to assess the methylation status of diagnostic
MVPs for bladder cancer as described herein. Such a system exploits the chemical
modifications made to DNA following bisulphite treatment of the starting DNA
molecule. Briefly, the array comprises beads to which are coupled oligonucleotide
probes specific for DNA sequences corresponding to the unmethylated form of an
MVP, as well as separate beads to which are coupled oligonucleotide probes specific for
DNA sequences corresponding to the methylated form of an MVP. Candidate DNA
molecules are applied to the array and selectively hybridize, under appropriate
conditions, to the oligonucleotide probe corresponding to the relevant epigenetic form.
Thus, a DNA molecule derived from an MVP which was methylated in the
corresponding genomic DNA will selectively attach to the bead comprising the
methylation-specific oligonucleotide probe, but will fail to attach to the bead
comprising the non-methylation-specific oligonucleotide probe. Single-base extension
of only the hybridized probes incorporates a labeled ddNTP, which is subsequently
stained with a fluorescence reagent and imaged. The methylation status of the MVP
may be determined by calculating the ratio of the fluorescent signal derived from the

methylated and unmethylated sites.
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Because the bladder cancer-specific diagnostic MVP biomarkers defined herein
were initially identified using the Illumina Infinium HumanMethylation450 BeadChip
array system, the same chip system can be used to interrogate those same MVPs in the
diagnostic assays described herein. Alternative or customised arrays could, however, be
employed to interrogate the bladder cancer-specific diagnostic MVP biomarkers defined
herein, provided that they comprise means for interrogating all MVPs for a given
method, as defined herein.

Techniques involving combinations of the above-described methods may also be
used. For example, DNA containing MVP sequences of interest may be hybridized to
microarrays and then subjected to DNA sequencing to determine the status of the MVP
as described above.

In the methods described above, sequences corresponding to MVP loci may also
be subjected to an enrichment process. DNA containing MVP sequences of interest
may be captured by binding molecules such as oligonucleotide probes complementary
to the MVP target sequence of interest. Sequences corresponding to MVP loci may be
captured before or after bisulphite conversion or before or after amplification. Probes
may be designed to be complementary to bisulphite converted DNA. Captured DNA
may then be subjected to further processing steps to determine the status of the MVP,
such as DNA sequencing steps.

Capture/separation steps may be custom designed. Alternatively a variety of
such techniques are available commercially, e.g. the SureSelect target enrichment

system available from Agilent Technologies (ftip:/ wwvw.agtient.comvhome). In this

system biotinylated “bait” or “probe” sequences (e.g. RNA) complementary to the DNA
containing MVP sequences of interest are hybridized to sample nucleic acids.
Streptavidin-coated magnetic beads are then used to capture sequences of interest
hybridized to bait sequences. Unbound fractions are discarded. Bait sequences are then
removed (e.g. by digestion of RNA) thus providing an enriched pool of MVP target
sequences separated from non-MVP sequences. In a preferred method of the invention,
template DNA 1is subjected to bisulphite conversion and target loci are then amplified by
small-scale PCR such as microdroplet PCR using primers which are independent of the

methylation status of the MVP. Following amplification, samples are subjected to a

20



10

15

20

25

30

WO 2016/207656 PCT/GB2016/051903

capture step to enrich for PCR products containing the target MVP, e.g. captured and
purified using magnetic beads, as described above. Following capture, a standard PCR
reaction is carried out to incorporate DNA sequencing barcodes into MVP-containing
amplicons. PCR products are again purified and then subjected to DNA sequencing and
analysis to determine the presence or absence of a methylcytosine at the target genomic
MVP [31].

The MVP biomarker loci defined herein are identified e.g. by Illumina®
identifiers (IlmnID). These MVP loci identifiers refer to individual MVP sites used in
the commercially available lllumina® Infinium Human Methylation450 BeadChip kit.
The identity of each M VP site represented by each MVP loci identifier is publicly
available from the Illumina, Inc. website under reference to the MVP sites used in the
Infinium Human Methylation450 BeadChip kit.

Further information regarding MVP loci identification used in lllumina, Inc
products is found in the technical note entitled “Technical Note: Epigenetics. CpG Loci
Identification. A guide to Illumina’s method for unambiguous CpG loci identification
and tracking for the Golden Gate® and Infinium® Assay for Methylation” published in
2010 and found at:

hitpfovwer dlumina.convdocuments/producty/techootesfiechnote ooy loe_iden

Further information regarding the Illumina® Infinium Human Methylation450
BeadChip system can be found at:

htn Y www huming conveontent/dam/iluming-

marketing/docoments/produgts/datashects/datasheet humanrnethyvlationdS0.ndfs
and at:

hitn:ooww dluming comveontent/dam/ i lumina~

marketing/documents/products/technotes/icchnote hmdS0 data analvsis_optimization,

........

To complement evolving public databases to provide accurate MVP/CpG loci
identifiers and strand orientation, lllumina® has developed a method to consistently
designate MVP/CpG loci based on the actual or contextual sequence of each individual

MVP/CpG locus. To unambiguously refer to MVP/CpG loci in any species, [llumina®
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has developed a consistent and deterministic MVP loci database to ensure uniformity in
the reporting of methylation data. The Illumina® method takes advantage of sequences
flanking a MVP locus to generate a unique MVP locus cluster ID. This number is based
on sequence information only and is unaffected by genome version. Illumina’s
standardized nomenclature also parallels the TOP/BOT strand nomenclature (which
indicates the strand orientation) commonly used for single nucleotide polymorphism
(SNP) designation.

IMumina® Identifiers for the Infinium Human Methylation450 BeadChip system
are also available from public repositories such as Gene Expression Omnibus (GEO)
(http://www.ncbi.nlm.nih.gov/geo/).

An MVP as defined herein thus refers to the CG dinucleotide motif identified in
relation to each SEQ ID NO. and Illumina Identifier (Ilmn ID) as listed in Table 1,
wherein the cytosine base of the dinucleotide (noted in bold and square brackets in the
sequences listed at Table 1) may (or may not) be modified. Thus by determining the
methylation status of a CpG defined by or identified in a given SEQ ID NO., or
determining whether such a CpG is methylated, it is meant that a determination is made
as to whether the cytosine of the CG dinucleotide motif identified in bold and in square
brackets in a sequence shown in Table 1 is methylated or not at one or more loci in the
sample of DNA from the individual, accepting that variation in the sequence upstream
and downstream of any given CpG may exist due to sequencing errors or variation
between individuals.

The invention provides a method of diagnosing bladder cancer in an individual
comprising:

(a) providing DNA from a sample from the individual;

(b) determining whether each one of a group of MVPs selected from a panel
comprising the MVPs identified in SEQ ID NOS 1 to 150 and denoted by [CG] is
methylated, wherein the group comprises at least 25 of the MVPs identified in SEQ ID
NOS 1 to 150 and denoted by [CG]; and

(c) diagnosing bladder cancer in the individual when at least 25 of the MVPs
of the group of (b) are methylated.
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In any such method described herein, the group of MVPs (i.e. those MVPs the
methylation status of which are to be determined) may comprise 26 or more of the
MVPs identified in SEQ ID NOS 1 to 150 and denoted by [CG]; or the group may
comprise 27 or more, 28 or more, 29 or more, 30 or more, 31 or more, 32 or more, 33 or
more, 34 or more, 35 or more, 36 or more, 37 or more, 38 or more, 39 or more, 40 or
more, 41 or more, 42 or more, 43 or more, 44 or more, 45 or more, 46 or more, 47 or
more, 48 or more, 49 or more, 50 or more, 51 or more, 52 or more, 53 or more, 54 or
more, 55 or more, 56 or more, 57 or more, 58 or more, 59 or more, 60 or more, 61 or
more, 62 or more, 63 or more, 64 or more, 65 or more, 66 or more, 67 or more, 68 or
more, 69 or more, 70 or more, 71 or more, 72 or more, 73 or more, 74 or more, 75 or
more, 76 or more, 77 or more, 78 or more, 79 or more, 80 or more, 81 or more, 82 or
more, 83 or more, 84 or more, 85 or more, 86 or more, 87 or more, 88 or more, 89 or
more, 90 or more, 91 or more, 92 or more, 93 or more, 94 or more, 95 or more, 96 or
more, 97 or more, 98 or more, 99 or more, 100 or more, 101 or more, 102 or more, 103
or more, 104 or more, 105 or more, 106 or more, 107 or more, 108 or more, 109 or
more, 110 or more, 111 or more, 112 or more, 113 or more, 114 or more, 115 or more,
116 or more, 117 or more, 118 or more, 119 or more, 120 or more, 121 or more, 122 or
more, 123 or more, 124 or more, 125 or more, 126 or more, 127 or more, 128 or more,
129 or more, 130 or more, 131 or more, 132 or more, 133 or more, 134 or more, 135 or
more, 136 or more, 137 or more, 138 or more, 139 or more, 140 or more, 141 or more,
142 or more, 143 or more, 144 or more, 145 or more, 146 or more, 147 or more or 148
or more of the MVPs identified in SEQ ID NOS 1 to 150 and denoted by [CG]. The
group may comprise 149 or 150 of the MVPs identified in SEQ ID NOS 1 to 150 and
denoted by [CG].

In any of the methods described above, bladder cancer may be diagnosed when
at least 25 of the MVPs identified in SEQ ID NOS 1 to 150 and denoted by [CG] are
methylated. Bladder cancer may be diagnosed when 26 or more of the MVPs identified
in SEQ ID NOS 1 to 150 and denoted by [CG] are methylated; or when 27 or more, 28
or more, 29 or more, 30 or more, 31 or more, 32 or more, 33 or more, 34 or more, 35 or
more, 36 or more, 37 or more, 38 or more, 39 or more, 40 or more, 41 or more, 42 or

more, 43 or more, 44 or more, 45 or more, 46 or more, 47 or more, 48 or more, 49 or
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more, 50 or more, 51 or more, 52 or more, 53 or more, 54 or more, 55 or more, 56 or
more, 57 or more, 58 or more, 59 or more, 60 or more, 61 or more, 62 or more, 63 or
more, 64 or more, 65 or more, 66 or more, 67 or more, 68 or more, 69 or more, 70 or
more, 71 or more, 72 or more, 73 or more, 74 or more, 75 or more, 76 or more, 77 or
more, 78 or more, 79 or more, 80 or more, 81 or more, 82 or more, 83 or more, 84 or
more, 85 or more, 86 or more, 87 or more, 88 or more, 89 or more, 90 or more, 91 or
more, 92 or more, 93 or more, 94 or more, 95 or more, 96 or more, 97 or more, 98 or
more, 99 or more, 100 or more, 101 or more, 102 or more, 103 or more, 104 or more,
105 or more, 106 or more, 107 or more, 108 or more, 109 or more, 110 or more, 111 or
more, 112 or more, 113 or more, 114 or more, 115 or more, 116 or more, 117 or more,
118 or more, 119 or more, 120 or more, 121 or more, 122 or more, 123 or more, 124 or
more, 125 or more, 126 or more, 127 or more, 128 or more, 129 or more, 130 or more,
131 or more, 132 or more, 133 or more, 134 or more, 135 or more, 136 or more, 137 or
more, 138 or more, 139 or more, 140 or more, 141 or more, 142 or more, 143 or more,
144 or more, 145 or more, 146 or more, 147 or more, or 148 or more of the MVPs
identified in SEQ ID NOS 1 to 150 and denoted by [CG] are methylated. Bladder
cancer may be diagnosed when 149 or 150 of the MVPs identified in SEQ ID NOS 1 to
150 and denoted by [CG] are methylated.

Preferably, bladder cancer may be diagnosed when 40 or more of the MVPs
identified in SEQ ID NOS 1 to 150 and denoted by [CG] are methylated.

Bladder cancer may also be diagnosed when 50 or more, 60 or more, 70 or more
or 80 or more, 90 or more or 100 or more of the MVPs identified in SEQ ID NOS 1 to
150 and denoted by [CG] are methylated.

In any of the methods described above the MVPs determined to be methylated
may include the MVPs identified in SEQ ID NOS 1 to 3 and denoted by [CG], or may
include the MVPs identified in SEQ ID NOS 1 to 5 and denoted by [CG], or may
include the MVPs identified in SEQ ID NOS 1 to 10 and denoted by [CG], or may
include the MVPs identified in SEQ ID NOS 1 to 20 and denoted by [CG], or may
include the MVPs identified in SEQ ID NOS 1 to 30 and denoted by [CG], or may
include the MVPs identified in SEQ ID NOS 1 to 40 and denoted by [CG], or may
include the MVPs identified in SEQ ID NOS 1 to 50 and denoted by [CG], or may
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include the MVPs identified in SEQ ID NOS 1 to 60 and denoted by [CG], or may
include the MVPs identified in SEQ ID NOS 1 to 70 and denoted by [CG], or may
include the MVPs identified in SEQ ID NOS 1 to 80 and denoted by [CG], or may
include the MVPs identified in SEQ ID NOS 1 to 90 and denoted by [CG], or may
include the MVPs identified in SEQ ID NOS 1 to 100 and denoted by [CG].

In one embodiment, the group of MVPs (i.e. those MVPs the methylation status
of which are to be determined) may comprises all 150 of the MVPs identified in SEQ
ID NOS 1 to 150 and denoted by [CG], and in this method bladder cancer is diagnosed
in the individual when at least 40 of the MVPs selected from the MVPs identified in
SEQ ID NOS 1 to 150 and denoted by [CG] are methylated, and in this method the
MVPs determined to be methylated include the MVPs identified in SEQ ID NOS 1 to
10 and denoted by [CG].

Bioinformatic tools and statistical metrics

Software programs which aid in the in silico analysis of bisulphite converted
DNA sequences and in primer design for the purposes of methylation-specific analyses
are generally available and have been described previously [57, 58, 59].

Sensitivity and specificity metrics for bladder cancer diagnosis based on the
MVP methylation status assays described herein may be defined using standard receiver
operating characteristic (ROC) statistical analysis [52]. In ROC analysis 100%
sensitivity corresponds to a finding of no false negatives, and 100% specificity
corresponds to a finding of no false positives.

Based on analyses conducted using a panel of 150 MVP biomarkers, a bladder
cancer diagnostic assay in accordance with the invention described herein can achieve a
ROC sensitivity of 90% or greater, 91% or greater, 92% or greater, 93% or greater, 94%
or greater, 95% or greater, 96% or greater, 97% or greater, 98% or greater or 99%. The
ROC sensitivity may be 100%.

Diagnostic assays in accordance with the invention can achieve a ROC
specificity of 90% or greater, 91% or greater, 92% or greater, 93% or greater, 94% or
greater, 95% or greater, 96% or greater, 97% or greater, 98% or greater or 99%. The
ROC specificity may be 100%.
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Diagnostic assays in accordance with the invention may have an associated
combination of ROC sensitivity and ROC specificity values wherein the combination is
any one of the above-listed sensitivity values and any one of the above-listed specificity
values, provided that the sensitivity value is equal to or less than the specificity value.

Thus, the ROC specificity may be 100% and the ROC sensitivity may be 90% or
greater, 91% or greater, 92% or greater, 93% or greater, 94% or greater, 95% or greater,
96% or greater, 97% or greater, 98% or greater, 99% or 100%.

The ROC specificity may be 99% and the ROC sensitivity may be 90% or
greater, 91% or greater, 92% or greater, 93% or greater, 94% or greater, 95% or greater,
96% or greater, 97% or greater, 98% or 99%.

The ROC specificity may be 98% and the ROC sensitivity may be 90% or
greater, 91% or greater, 92% or greater, 93% or greater, 94% or greater, 95% or greater,
96% or greater, 97% or 98%.

The ROC specificity may be 97% and the ROC sensitivity may be 90% or
greater, 91% or greater, 92% or greater, 93% or greater, 94% or greater, 95% or greater,
96% or 97%.

The ROC specificity may be 96% and the ROC sensitivity may be 90% or
greater, 91% or greater, 92% or greater, 93% or greater, 94% or greater, 95% or 96%.

The ROC specificity may be 95% and the ROC sensitivity may be 90% or
greater, 91% or greater, 92% or greater, 93% or greater, 94% or 95%.

The ROC specificity may be 94% and the ROC sensitivity may be 90% or
greater, 91% or greater, 92% or greater, 93% or 94%.

The ROC specificity may be 93% and the ROC sensitivity may be 90% or
greater, 91% or greater, 92% or 93%.

The ROC specificity may be 92% and the ROC sensitivity may be 90% or
greater, 91% or 92%.

The ROC specificity may be 91% and the ROC sensitivity may be 90% or 91%.

The ROC specificity may be 90% and the ROC sensitivity may be 90%.
Preferably, the assay may achieve a ROC sensitivity of 95% or greater and a ROC
specificity of 90% or greater; preferably a ROC sensitivity of 96% and a ROC
specificity of 97%.
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ROC plots corresponding to example methods representative of the diagnostic
methods defined herein are presented at Figures 5 and 7, demonstrating the exquisite
sensitivity and selectivity of the MVP-based assays. This contrasts with assays
conducted with smaller panels of biomarkers, which have been described previously.
Thus, comparative data demonstrate the superior predictive power of the assays defined
herein.

A further metric which can be employed to classify the accuracy of the MVP-
based assays is ROC AUC. In ROC analysis, the area under the curve of a ROC plot
(AUC) is a metric for binary classification. In a random binary classifier the number of
true positives and false positives will be approximately equal. In this situation the AUC
score for the ROC plot will be 0.5. In a perfect binary classifier the number of true
positives will be 100% and the number of false positives will be 0%. In this situation
the AUC score for the ROC plot will be 1.

Based on analyses conducted using biomarkers described herein, a bladder
cancer diagnostic assay in accordance with the invention can achieve a ROC AUC of
0.90 or greater, 0.91 or greater, 0.92 or greater, 0.93 or greater, 0.94 or greater, 0.95 or
greater, 0.96 or greater, 0.97 or greater, 0.98 or greater, 0.99 or 1. Preferably the
diagnostic assay can achieve a ROC AUC of 0.98 or greater.

Bladder cancer diagnostic tests based on the MVP methylation status assays
described herein may also be characterised using a Negative Predictive Value (NPV)
metric. The NPV is a measure of the proportion of negative results that are true
negative results.

Based on analyses conducted using a panel of 150 MVP biomarkers, a bladder
cancer diagnostic assay in accordance with the invention described herein can achieve
an NPV of 90% or greater, 91% or greater, 92% or greater, 93% or greater, 94% or
greater, 95% or greater, 96% or greater, 97% or greater, 98% or greater or 99% or

100%.

Biological samples

The bladder cancer diagnostic assays described herein may be performed

on any suitable biological material obtained from the patient. Preferred biological
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material is urine. However, samples of bladder tissue, e.g. obtained via biopsy or
aspirates, or obtained from preserved samples (e.g. cryopreserved material, tissue
sections etc.) may be used. Samples of biological material may also include solid tissue
samples, aspirates, samples of biological fluids, blood, serum, plasma, ascitic fluid,
lymph, peripheral blood, cerebrospinal fluid, fine needle aspirate, saliva, sputum, bone
marrow, skin, epithelial samples (including buccal, cervical or vaginal epithelia) or
other tissue derived from the ectoderm, vaginal fluid, semen etc. Tissue scrapes may
include biological material from e.g. buccal, oesophageal, bladder, vaginal, urethral or
cervical scrapes. The cells of the sample may comprise inflammatory cells, such as
lymphocytes.

Any of the assays and methods described herein may involve providing a
biological sample from the patient as the source of patient DNA for methylation
analysis.

Any of the assays and methods described herein may involve obtaining patient
DNA from a biological sample which has previously been obtained from the patient.

Any of the assays and methods described herein may involve obtaining a
biological sample from the patient as the source of patient DNA for methylation
analysis. Procedures for obtaining a biological sample from the patient may be non-
invasive, such as collecting cells from urine. Alternatively, invasive procedures such as
biopsies may be used.

In the methods described herein the level of detection is such that 2 tumor cells
may be detected in a sample comprising 150,000 cells or more. In such methods the
sample may comprise 160,000 cells or more, 170,000 cells or more, 180,000 cells or
more, 190,000 cells or more, 200,000 cells or more, 210,000 cells or more, 220,000
cells or more, 230,000 cells or more, 240,000 cells or more, 250,000 cells or more,
260,000 cells or more, 270,000 cells or more, 280,000 cells or more, 280,000 cells or
more, or 300,000 cells or more.

In any such method, the number of tumor cells that can be detected is 10 or
more, 20 or more, 30 or more, 40 or more, 50 or more, 60 or more, 70 or more, 80 or
more, 90 or more, 100 or more, 200 or more, 300 or more, 400 or more, 500 or more,

600 or more, 700 or more, 800 or more, 900 or more, 1000 or more, 2000 or more, 3000
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or more, 4000 or more, 5000 or more, 6000 or more, 7000 or more, 8000 or more, 9000
or more, 10000 or more, 20000 or more, 30000 or more, 40000 or more, 50000 or more,

60000 or more, 70000 or more, 80000 or more, 90000 or more or 100000 or more.

Methods of treatment

The invention also encompasses the performance of one or more treatment steps
following a positive diagnosis of bladder cancer by the diagnostic methods described
herein.

Thus the invention also encompasses a method of treating bladder cancer in an
individual comprising:

(a) obtaining DNA from a sample from the individual and determining
whether each one of a group of MVPs selected from a panel comprising the MVPs
identified in SEQ ID NOS 1 to 150 and denoted by [CG] is methylated, wherein the
group comprises at least 25 of the MVPs identified in SEQ ID NOS 1 to 150 and
denoted by [CG];

(b) diagnosing bladder cancer in the individual when at least 25 MVPs of the
group of (a) are methylated; and

(c) administering one or more bladder cancer treatments to the individual.

The invention also encompasses a method of treating bladder cancer in an
individual comprising:

(a) providing DNA from a sample from the individual and determining
whether each one of a group of MVPs selected from a panel comprising the MVPs
identified in SEQ ID NOS 1 to 150 and denoted by [CG] is methylated, wherein the
group comprises at least 25 of the MVPs identified in SEQ ID NOS 1 to 150 and
denoted by [CG];

(b) diagnosing bladder cancer in the individual when at least 25 MVPs of the
group of (a) are methylated; and

(c) administering one or more bladder cancer treatments to the individual.

The invention also encompasses a method of treating bladder cancer in an

individual comprising:
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(a) determining whether each one of a group of MVPs selected from a panel
comprising the MVPs identified in SEQ ID NOS 1 to 150 and denoted by [CG] is
methylated in DNA from a sample from the individual, wherein the group comprises at
least 25 of the MVPs identified in SEQ ID NOS 1 to 150 and denoted by [CG];

(b) diagnosing bladder cancer in the individual when at least 25 MVPs of the
group of (a) are methylated; and

(c) administering one or more bladder cancer treatments to the individual.

The invention also encompasses a method of treating bladder cancer in an
individual comprising administering one or more bladder cancer treatments to the
individual, wherein the individual has been diagnosed with bladder cancer by steps
comprising:

(a) providing DNA from a sample from the individual and determining
whether each one of a group of MVPs selected from a panel comprising the MVPs
identified in SEQ ID NOS 1 to 150 and denoted by [CG] is methylated, wherein the
group comprises at least 25 of the MVPs identified in SEQ ID NOS 1 to 150 and
denoted by [CG]; and

(b) diagnosing bladder cancer in the individual when at least 25 MVPs of the
group of (a) are methylated.

In any of the above-described methods of treating bladder cancer, the group of
MVPs which are selected from a panel comprising the MVPs identified in SEQ ID NOS
1 to 150 and denoted by [CG] (i.e. the group of MVPs whose methylation status is to be
determined) may comprise any number of MVPs as described and defined herein,
provided that the group comprises at least 25 of the MVPs identified in SEQ ID NOS 1
to 150 and denoted by [CG]. In any of these methods, bladder cancer may be diagnosed
in the individual when the number of MVPs of the group which are determined to be
methylated is any number of MVPs as described and defined herein, provided that at
least 25 of the MVPs identified in SEQ ID NOS 1 to 150 and denoted by [CG] are
determined to be methylated.

Thus, the invention encompasses administration of one or more surgical

procedures, one or more chemotherapeutic agents, one or more immunotherapeutic
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agents, one or more radiotherapeutic agents, one or more hormonal therapeutic agents
or any combination of the above following a positive diagnosis of bladder cancer.

Surgical procedures include transurethral resection of bladder tumor (TURBT),
cystectomy, open radical cystectomy (ORC), laparoscopic radical cystectomy (LRC)
and robot-assisted radical cystectomy (RARC).

Chemotherapeutic agents include the following. Alkylating agents, which
include the nitrogen mustards, nitrosoureas, tetrazines, aziridines, cisplatin and platinum
based derivatives, as well as the non-classical alkylating agents. Antimetabolites, which
include the anti-folates, fluoropyrimidines, deoxynucleoside analogues and thiopurines.
Microtubule disrupting agents, which include the vinca alkaloids and taxanes, as well as
dolastatin 10 and derivatives thereof. Topoisomerase inhibitors, which include
camptothecin, irinotecan and topotecan. Topoisomerase 11 poisons, which include
etoposide, doxorubicin, mitoxantrone and teniposide. Topoisomerase II catalytic
inhibitors, which include novobiocin, merbarone, and aclarubicin. Cytotoxic
antibiotics, which include anthracyclines, actinomycin, bleomycin, plicamycin, and
mitomyecin.

Combinations of agents include but are not limited to MVAC (Methotrexate,
Vinblastine, Vinblastine and Vinblastine), Gem-Cis (GC) (Gemcitabine and Cisplatin),
Lapatinib and gemcitabine.

Immunotherapeutics include bacilli Calmette-Guérin (BCG) immunotherapy as
well as monoclonal antibodies and antibody-drug conjugates. Antibody-drug
conjugates include antibodies conjugated to microtubule disrupting agents and DNA
modifying agents as described above.

Combination therapies include intravesical, sequential BCG, followed by
electromotive administration (EMDA) of MMC (EMDA-MMC) as well as microwave-
induced bladder wall hyperthermia (HT) and intravesical MMC.

Cancer therapeutic agents are administered to a subject already suffering from a
disorder or condition, in an amount sufficient to cure, alleviate or partially arrest the
condition or one or more of its symptoms. Such therapeutic treatment may result in a
decrease in severity of disease symptoms, or an increase in frequency or duration of

symptom-free periods. An amount adequate to accomplish this is defined as
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"therapeutically effective amount". Effective amounts for a given purpose will depend
on the severity of the disease as well as the weight and general state of the subject. As

used herein, the term "subject" includes any human.

Arrays

The invention also encompasses arrays capable of discriminating between
methylated and non-methylated forms of MVPs as defined herein; the arrays may
comprise oligonucleotide probes specific for methylated forms of MVPs as defined
herein and oligonucleotide probes specific for non-methylated forms of MVPs as
defined herein.

By “specific” it is meant that the probes comprise sequences which are
complementary to those of the oligonucleotides comprising the MVP such they may
hybridize, particularly under stringent conditions.

In some embodiments the array is not an Illumina Infinium
HumanMethylation450 BeadChip array (Infinium HumanMethylation450 BeadChip
array).

Separately or additionally, in some embodiments the number of MVP-specific
oligonucleotide probes of the array is less than 482,421, preferably 482,000 or less,
480,000 or less, 450,000 or less, 440,000 or less, 430,000 or less, 420,000 or less,
410,000 or less, or 400,000 or less, 375,000 or less, 350,000 or less, 325,000 or less,
300,000 or less, 275,000 or less, 250,000 or less, 225,000 or less, 200,000 or less,
175,000 or less, 150,000 or less, 125,000 or less, 100,000 or less, 75,000 or less, 50,000
or less, 45,000 or less, 40,000 or less, 35,000 or less, 30,000 or less, 25,000 or less,
20,000 or less, 15,000 or less, 10,000 or less, 5,000 or less, 4,000 or less, 3,000 or less
or 2,000 or less.

The invention further encompasses the use of any of the arrays as defined herein
in any of the methods which require determining the methylation status of MVPs for the

purposes of diagnosing bladder cancer cells in an individual.
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Kits

Any of the arrays as defined herein may be comprised in a kit.

The kit may comprise any array as defined herein.

The kit may comprise any array as defined herein together with instructions for
use.

The kit may additionally comprise a DNA modifying regent, such as a bisulphite
reagent.

The kit may additionally comprise reagents for amplifying DNA, such as
primers directed to any of the MVPs as defined herein as identified in SEQ ID NOS 1 to
150 (see Table 2).

Methods of determining a methylation profile of a sample

The invention further encompasses a method of determining a methylation

profile of a sample from an individual, the method comprising:
i.  providing DNA from a sample from the individual;

ii.  determining whether each one of a group of MVPs selected from a panel
comprising the MVPs identified in SEQ ID NOS 1 to 150 and denoted by [CG]
is methylated, wherein the group comprises at least 25 of the MVPs identified in
SEQ ID NOS 1 to 150 and denoted by [CG]; and

iit.  based on the methylation status of the MVPs of the group, determining a
methylation profile of the sample.

In any of the above-described methods of determining a methylation profile of a
sample, the group of MVPs which are selected from a panel comprising the MVPs
identified in SEQ ID NOS 1 to 150 and denoted by [CG] (i.e. the group of MVPs whose
methylation status is to be determined) may comprise any number of MVPs as
described and defined herein, provided that the group comprises at least 25 of the MVPs
identified in SEQ ID NOS 1 to 150 and denoted by [CG].

Furthermore, in any such methods, the methylation status of MVPs may be

determined using any of the arrays described herein.
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Further methods

In any of the diagnostic methods described herein, the step of diagnosing

bladder cancer in the individual may further comprise:
I.  stratifying the grade of the tumor; and/or
II.  determining the risk of recurrence of the tumor; and/or

1.  determining the risk of progression of non-muscular invasive disease;

and/or

IV.  determining the likely response to treatment therapy.

The invention also encompasses a method of determining the risk of the
development of bladder cancer in an individual, the method comprising:

(a) providing DNA from a sample from the individual;

(b) determining whether each one of a group of MVPs selected from a panel
comprising the MVPs identified in SEQ ID NOS 1 to 150 and denoted by [CG]
is methylated, wherein the group comprises at least 25 of the MVPs identified in
SEQ ID NOS 1 to 150 and denoted by [CG]; and

(c) based on the methylation status of the MVPs of the group, determining the risk
of the development of bladder cancer in the individual.

In any such method of determining the risk of the development of bladder cancer
in an individual, the group of MVPs which are selected from a panel comprising the
MVPs identified in SEQ ID NOS 1 to 150 and denoted by [CG] (i.e. the group of MVPs
whose methylation status is to be determined) may comprise any number of MVPs as
described and defined herein, provided that the group comprises at least 25 of the MVPs
identified in SEQ ID NOS 1 to 150 and denoted by [CG].

Furthermore, in any such methods, the methylation status of MVPs may be
determined using any of the arrays described herein.

Further uses

The invention also encompasses the use of a group of MVPs in the diagnosis of
bladder cancer in an individual or in determining the risk of the development of bladder
cancer in an individual.

In any such use, the group of MVPs are selected from a panel comprising the

MVPs identified in SEQ ID NOS 1 to 150 and denoted by [CG].
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In any such use, the group of MVPs may comprise any number of MVPs as
described and defined herein, provided that the group comprises at least 25 of the MVPs
identified in SEQ ID NOS 1 to 150 and denoted by [CG].

In any of the above-described uses, the diagnosis of bladder cancer in an
individual or the determination of the risk of the development of bladder cancer in an
individual may be performed by any of the respective methods described and defined
herein. Furthermore, in any such methods, the methylation status of MVPs may be
determined using any of the arrays described herein.

The invention is illustrated by the following Examples:

Examples

Materials and methods

Introduction

Emerging techniques that utilize next-generation DNA sequencing platforms
hold particular promise for the development of highly sensitive epigenetic biomarker
panels. For example, the microdroplet-based PCR amplification of bisulphite converted
DNA, followed by next-generation sequencing of the amplified target loci developed by
RainDance Technologies [30] enables the sensitive, specific and simultaneous
amplification of up to 20,000 bisulfite-converted target loci. Highly parallel
microdroplet-based PCR amplification of bisulphite-converted DNA has shown utility
in the validation of epigenetic alterations in a range of tissues [31-33]. However, as yet
it has not been applied to the development of non-invasive diagnostic biomarkers for the
detection of bladder cancer.

To derive a sensitive assay for the detection of bladder cancer, the inventors
have performed one of the largest independent studies of genome-wide methylation in
bladder cancer to date. From this, a panel of bladder-specific epigenetic biomarkers
have been defined and the sensitivity and specificity of a 150 loci panel using
RainDrop-BS [31] on urinary DNA have been validated for the detection of bladder

cancer with a high degree of diagnostic precision.

35



10

15

20

25

30

WO 2016/207656 PCT/GB2016/051903

Study Population

Genome-wide DNA methylation profiling was performed on DNA from 81
bladder cancers and 30 age-matched normal urothelium samples collected from UCLH
(London) Department of Urology and CIEMAT (Madrid). The cohort included 35 low-
grade non-muscle-invasive cancers. Pathological review of representative H&E
sections was conducted to include specimens with tumor cellularity > 80%. Blood
methylome data was download from the MARMAL-aid database (http:/marmal-aid.org,
[34]).

Independent validation data were obtained from the Cancer Genome Atlas
Project (fattpa://tepa-

datancinih coviicedcsaCancerDetails isn7discase Tvpe=BLC A &diseaseName=1ladd

er%u20Urothelial®o20Carcinoma), consisting of MIBC bladder cancer and 20 normal

urothelium samples.
For validation studies sequential urine samples were collected from patients
attending UCLH one-stop haematuria and surveillance cystoscopy clinics (n= 86

bladder cancer, n= 96 non-cancer controls).

Urine collection
Urine samples were obtained from patients attending haematuria clinics or

undergoing cystoscopy for recurrent bladder cancer at University College Hospital. For
comparison of clinic versus home urine samples, patients were asked to supply three
samples: a clinic sample and two home samples, one of which should be a first void.
40-100ml were obtained per sample. The home urine kit for one sample comprised up
to four 25ml sterile tubes, mailing tubes with absorbent pads and a pre-addressed

padded envelope, designed to fit through a Royal Mail post box.

DNA extraction and quantification
Urinary DNA was extracted using a DNeasy blood and tissue kit (Qiagen, UK)

in accordance with the manufacturer’s instructions. DNA was quantified by
spectrophotometry (Nanodrop 1000) and fluorometry (Qubit ds DNA HS assay,
Invitrogen, UK).
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RainDance Microdroplet PCR
For microdroplet PCR, 7.20 ul of bisulfite-treated (and optionally, whole-

genome amplified) DNA were added to 4.70 ul of 10x High-Fidelity Buffer
(Invitrogen), 1.80 ul of 50 mM MgSOy4 (Invitrogen), 1.62 ul of 10 mM dNTP solution
mix (NEB), 3.60 ul of 4 M betaine solution (Sigma-Aldrich), 3.60 ul of droplet

stabilizer (RainDance Technologies), 1.80 ul of 100% dimethyl sulfoxide (Sigma-
Aldrich) and 0.72 pl of 5 U/ul Platinum Taq Polymerase High-Fidelity (Invitrogen), to a
total volume of 25 ul. The sample plate was sealed using an ALPS 50V microplate heat
sealer (Thermo Scientific).

The bisulfite-treated genomic DNA template mix was then applied to a fully
automated ThunderStorm system (RainDance Technologies) following the
manufacturer’s instructions. In brief, primer panel droplets (MethylSeq Solution,
RainDance Technologies) were dispensed to a microfluidic chip. The DNA template
mix was converted into droplets within the microfluidic chip. The primer pair droplets
and template droplets were then paired together in a 1:1 ratio. Paired droplets passed
through an electric field inducing the discrete droplets to coalesce into a single PCR
droplet (26 pl); approximately 1 million PCR droplets are collected per sample.

PCR droplets were processed in a PTC-225 thermocycler (MJ Research) as
follows: 94°C for 2 min; 55 cycles of 94°C for 30 s, 54°C for 45 s, 68°C for 80 s;
followed by 68°C for 10 min; 4°C until further processing. The ramp rate was set to
1°C per second. Following PCR amplification, 70 ul of droplet destabilizer (RainDance
Technologies) were added to each sample to break the PCR droplet emulsion and
release the amplicons contained within the droplets. The solution was mixed well and
incubated for 15 min at RT. Samples were purified using Agencourt AMPure XP
magnetic beads (Beckman Coulter) following the manufacturer’s protocol. For each
sample, 234 ul of beads were used. Samples were eluted from magnetic beads in 40 pl
of Buffer. The integrity and concentration (fragment range: 120-300 bp) of purified
amplicon DNA were assessed using a High Sensitivity DNA Kit (Agilent Technologies)
on a 2100 Bioanalyzer (Agilent Technologies).
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Methylation Array
500 ng of DNA was bisulphite converted and hybridised to the Infinium 450K

Human Methylation array and processed in accordance with the manufacturer's
recommendations. DNA bisulphite conversion was carried out using the EZ DNA
Methylation kit (Zymo Research) as per the manufacturer’s instructions. Samples were
processed in a single batch. R statistical software (version 2.14.0 [35]) was used for the
subsequent data analysis. The ChAMP pipeline was used to extract and analyze data
from iDat files, samples were normalised using BMIQ [36, 37]. Raw [ values
(methylation value) were subjected to a stringent quality control analysis as follows:
samples showing reduced coverage were removed and only probes with detection levels
above background across all samples were retained (detection P < 0.01). DMRs

(Differentially Methylated Regions) were determined using Lasso [38, 39].

High-throughput DNA sequencing
The pooled sequencing library (12 pM) and custom sequencing primers (0.5

uM) were applied to a MiSeq-cycle PE consumable cartridge (Illumina) according to
the manufacturer’s protocol. The DNA sequences of the custom sequencing primers are
provided in Table 2 below. Sequencing was performed on a MiSeq DNA sequencer
(Illumina) using 75-bp paired-end reads.

The RainDance ThunderStorm® System was also used for the sequencing of

nucleic acids (http://raindancetech.com/targeted-dna-sequencing/thunderstorm/).

Data and statistical analyses
Sequencing adapters were trimmed from the raw sequencing reads using the

fastq-mcf tool of ea-utils v1.1.2-537 [60]. Trimmed sequencing data were mapped to an
in silico bisulfite-converted human reference genome (GRCh37) using Bismark v0.7.12
[40, 61]. Methylation information was extracted using the methylation extractor tool of
Bismark v0.7.12 [61]. Targeted DNA sequencing analyses were performed using the R
package TEQC v3.2.0.25.
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Example 1: Methvylation profiling of low and high erade bladder cancer

The epigenetic alterations associated with bladder cancer were initially defined
by performing genome-wide DNA methylation profiling on DNA from 81 high-grade
and 30 normal urothelium.

Supervised analysis, using a Wilcoxon rank-sum test to assign directionality,
was used to identify MVPs (Methylation Variable Positions) between bladder cancer
and normal tissue. MVPs were selected on the basis of statistical significance
(Wilcoxon P-value>0.001). An additional filter of AB>0.30(+/-) was applied to
compensate for not taking into account the absolute difference in methylation between
the groups. The cut-off is empirically defined to result in a false discovery rate (FDR)
of <2% and reduced candidate loci to those with largest methylation differences and
therefore greatest potential for a discriminatory effect. A total of 9786 MVPs met these
requirements (1746 hypermethylated MVPs, 8040 hypomethylated MVPs) (Figure 1).

Example 2: Bladder cancer specific urinarv biomarkers

To define a DNA methylation biomarker panel, those loci which were
determined to be methylated (f >50%) in at least 50% of cancers and unmethylated in
normal urothelium ( <10%) were identified. By “methylated (B >50%)”, as discussed
herein in relation to the development of this initial DNA methylation biomarker panel, it
is meant that for any given locus, >50% of cells in a patient sample are determined to be
methylated with respect to that MVP. In order to remove potential false positive
biomarkers and better define alterations which are bladder cancer specific, whole blood
and urine from 10 patients attending hematuria clinics and who had a confirmed non-
cancer diagnosis was also profiled. Subsequently, any loci which showed any
methylation (f > 10%) in DNA from these non-cancer control urine and bloods were
removed. A maximum of 432 loci were identified which are unmethylated in non-
cancers and methylated (f >50%) in the majority of cancer tissue.

To derive a bladder cancer DNA methylation signature for detection we used the

Random Forest framework, which resulted in a classification signature consisting of
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150 CpG loci (Figure 2, see Table 1 below). Using this core set of 150 markers we
performed an internal cross validation of the classifier with predicted likelihood values
i.e. likelihood of a sample being cancer or not for each sample independent of its
relationship to the group of samples. This resulted in a cross validated sensitivity of
100% and specificity of 100% for the detection of cancer, showing that 150 epigenetic
loci can clearly stratify normal urothelium from bladder cancer (Figure 3, Figure 4).

To determine sensitivity of the 150 CpG (MVP) marker panel for detection of
bladder cancer using the classification algorithm, we assessed the methylation profiles
of a further 179 bladder cancers (144 muscle invasive and 35 non-muscle invasive) and
20 normal cases. The panel correctly classified all bladder cancers, with a resulting

sensitivity and specificity of 1.

Example 3: Validation of detection panel

To test the 150 loci panel (epi-signature) for the detection of bladder cancer in
urine samples, DNA from urinary sediment cells was obtained from a cohort (n=86)
including 52 patients with bladder cancer (low-grade = 27, intermediate/high-grade =
25) and 34 non-cancer patient controls. Applying the epi-signature to this validation
cohort of give a sensitivity of 95% and specificity of 96% and an AUC of 97% for the
detection of bladder cancer in this independent validation cohort (Figure 5).

The large marker panel was also compared to the best performing single markers
from the training cohort, this includes CpG loci from regions previously published as
potential urinary biomarkers in genes including OTX/, CODI and MEISI. For each
CpG a methylation threshold was defined, based on the highest f-value obtained from
non-bladder cancer controls in the training cohort. This value was then used to predict
the likely presence of bladder cancer in the validation cohort. The best performing
single markers were combined and a predictive classifier developed to explore the
potential for an “oligo panel” based on 3, 5 or 10 markers. Although sensitivities
improve over single markers (best single marker 72%, best combined marker 70%),

they still do not reach the required level to replace cystoscopy.
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These data show that although single markers perform reasonably well alone or
in combination (Figures 4-6, Table 1), the sensitivity to detect cancer using single loci
or an oligo panel approach is limited and below a detection level desirable for clinical
utility. Use of a large panel of markers out performs that of a single marker panel and
Table 3 shows the sensitivity, specificity, AUC, PPV and NPV for the top 10 best

performing markers and the combined 150 loci signature.

Example 4: Validation of detection panel using high throughput technology

RainDrop BS-seq [31], allows large scale targeted bisulphite sequencing of a
large number of regions (up to 20,00 unique amplicons) in parallel. This technology
has been validated previously and shown to be highly correlated with the 450K
methylation array, and its utility with low template input has also been validated [31,
32]. A bisulphite converted sequencing primer panel was designed to measure the
methylation state of the 150 selected genomic loci (see Table 2 below). Primers were
designed to interrogate both Watson and Crick strands independently where possible.
Validation of the urinary epi-signature was conducted using RainDrop BS-seq in a
second independent cohort of 96 cases. DNA from urinary sediment cells was obtained
from 26 patients with bladder cancer and 64 non-cancer patient controls. Methylation
score for each of the 150 loci was generated using the Bismark algorithm, using this
data the urinary epi-signature predicted the likely presence of bladder cancer with a
sensitivity of 96%, specificity of 97% and an AUC of 0.96.

Combining the methylation data from all validation samples allows an increase
in the number of samples tested. Combining samples allowed assessment of 176 unique
urine samples, 98 non-cancer urines and 78 cancer urines. The urinary epi-signature
predicted the presence of bladder cancer with an AUC = 0.98, independent of profiling
technology (Figure 7).
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Conclusion

Biomarker-driven early non-invasive detection of bladder cancer has the
potential to radically improve the management of this disease. Highly sensitive and
specific assays have the potential utility in both the detection of de novo disease in
patients attending haematuria clinic and also in the screening for recurrence in existing
bladder cancer populations.

Several non-invasive tests are commercially available, and are based on
cytology, FISH 311 analysis, and detection of mutations. Despite being FDA approved,
the tests have reported sensitivities of 54% to 86% and specificities of 61% to 90% [12,
13, 41]. Performance characteristics are not sufficient to replace cystoscopy and
therefore have not been taken up into clinical practice. There is therefore significant
room for improvement and development of novel biomarkers, combinations of
biomarker panels and the use of novel technologies may be most helpful for this
purpose.

DNA methylation patterns are highly cell-specific and the ontogenic stability of
these epigenetic events make DNA methylation an ideal biomarker for the detection and
diagnosis of disease. Changes in global DNA methylation patterns are a common
feature of neoplastic transformation and is a frequent event in bladder cancer. Previous
studies have shown that methylation changes between bladder cancer, both non-muscle
invasive bladder cancer (NMIBC) and muscle invasive bladder cancer (MIBC) and
normal urothelium are reflected in urinary sediment cells from bladder cancer patients,
and as such could be a useful diagnostic marker. Several studies now have shown the
utility of urinary epigenetic markers in the diagnosis of bladder cancer. However,
although these studies have shown good sensitivities and specificities, they have failed
to be taken up in clinical practice, predominately because they still do not command the
performance characteristics to replace cystoscopy. DNA methylation biomarker assays
(along with other DNA based markers, e.g. mutations) have been limited by the low
resolution of primary analysis in identifying putative biomarkers, using either a
candidate approach or a low-resolution microarray based platforms, and also by the
limitations in the technology available for analysing candidate markers in urine. This

has resulted in single/small biomarker panels being interrogated in the final biomarker
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panel [15-23]. However, in order for small biomarker panels to show the sensitivity and
specificity to match those of cystoscopy they rely heavily on a low intra and inter
tumour heterogeneity across a wide spectrum of disease states [42].

Novel technologies, such as next generation bisulphite sequencing and large
scale multiplex PCR, now allow for larger panels of epigenetic biomarkers to be utilised
[31, 32]. In order to define the epigenetic alterations involved in bladder cancer
development and define a biomarker panel one of the largest unbiased genome wide
DNA methylation screens of bladder cancer to date was carried out. Besides allowing
an insight into the epigenetic alterations driving bladder cancer development, from these
data a panel of the epigenetic biomarkers which has high sensitivity and specificity for
detection of bladder cancer was also identified.

A biomarker panel of 150 single CpG loci was defined, which are predictive of
bladder cancer. Although only a relatively small cohort, these data show the utility of a
using a large panel of epigenetic markers, compared to single marker and small panel
biomarker panels. With a sensitivity of 96% and a specificity of 97%, the negative
predictive value (NPV) of this test is 97%. This is 1.2 to 8.7 times superior to what can
be achieved by PSA (prostate-specific antigen) testing (PPV = 30%-43%),
mammography (PPV = 9%-19%), or fecal occult blood screening (PPV = 6%—11%;
[43-48]) and similarly to that of cystoscopy (PPV = 66.7%— 98%) [49].

The inventors have shown that by applying a large scale highly multiplexed next
generation assay, which is both highly sensitive and quantitative, the presence of
bladder cancer in urine can be detected with a higher sensitivity and specificity than
previously published methylation assays, and has a PPV comparable to cystoscopy.

The invention demonstrates that the combination of novel technologies, which
allow the interrogation of larger panels, and bladder cancer-specific epigenetic
biomarkers can be utilized to detect bladder cancer, allowing a reduction in the number
of cystoscopies and consequently improve the quality of life for the patients as well as
decrease health care expenditure. Furthermore, the utility of large panel assays allows
for the potential of multiple clinical parameters to be evaluated from within the same

data. For example, the stratification of tumour grade, recurrence or progression of non-
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muscular invasive disease, the likely response to therapy for muscular invasive disease

or the differential diagnosis of multiple conditions.

Example 5: Optimisation of DNA sample handling and processing

Optimisation studies were performed in order to maximise DNA yield from
samples of patient urine. DNA was incubated with proteinase K for either 1 hr at 56 °C
or for 48 hours at 21 °C. Incubation was performed in the presence of RNAse A, 100
mg/mL. An increase in both amount and purity of the DNA was observed with the
extended incubation protocol (Figure 8D).

The UCL home urine collection kit was compared with a commercially available
kit (Norgen, Cat# 18124, https://norgenbiotek com/display-product. php?lD=424). The
standard UCL urine collection tubes contain 70mg/ml of Stabilur™ urinary
preservative. This study was performed on urine from healthy volunteers; half of each
sample was treated with the UCL standard method and the other half with Norgen
preservative.

Little difference was observed in integrity of DNA from urine preserved with
the two methods. No difference in DNA purity or yield was observed between first
void samples and samples voided at other times (for concentration vs. time ¢!(1=0.255,
p=0.614 and for purity vs. time c!(1y=1.046, p=0.306).

However, an apparent increase was noted in DNA yield over 8 days in urine
treated with Norgen preservative, whereas DNA from urine treated with the UCL
standard protocol was of similar amount irrespective of time.

An apparent increase in urine DNA yield with the Norgen system was found to
be attributable to bacterial growth over time whereas growth was effectively inhibited

using the UCL established protocol (Figure 8E).
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Example 6: additional validation of detection panel using high throughput

technology

96 urine samples from 32 confirmed bladder cancer cases and 64 non-cancer
cases (Validation Cohort 2) were analysed as described above. Sequencing of the 150
UroMark loci described above was performed following bisulphite conversion using the
RainDance ThunderStorm® System. Statistical analysis was performed as described
above, and the resulting ROC plot is shown in Figure 9 (AUC=0.96, Sensitivity= 0.97,
Specificity=0.97, NVP= 0.98).

In a yet further study, 92 urine samples from a cohort of haematuria and known
cancer samples (Validation Cohort 2) were analysed as described above. This cohort
consisted of 27 confirmed cancer cases and 65 non-cancer cases. Again, sequencing of
the 150 UroMark loci described above was performed following bisulphite conversion
using the RainDance ThunderStorm® System. Statistical analysis was performed as
described above, and the resulting ROC plot is shown in Figure 10 (AUC= 0.955,
Sensitivity= 0.98, Specificity=0.97, NPV= 0.97).
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Table 3

Table 3 below provides statistical information of exemplary assays involving all 150
MVPs as defined in Table 1 above, the top 3 ranked MVPs (SEQ ID NOs:1-3), the top 5
ranked MVPs (SEQ ID NOs:1-5) and the top 10 ranked MVPs (SEQ ID NOs:1-10).

All 150 Top 3 Top 5 Top 10
Sensitivity 0.93 0.61 0.66 0.70
Specificity 0.97 0.71 0.74 0.80
PPV 0.98 0.79 0.82 0.86
NPV 0.89 0.51 0.55 0.61
AUC 0.95 0.66 0.70 0.75
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CLAIMS

1. A method of diagnosing bladder cancer in an individual comprising:

(a) providing DNA from a sample from the individual;

(b) determining whether each one of a group of MVPs selected from a panel
comprising the MVPs identified in SEQ ID NOS 1 to 150 and denoted by [CG]
is methylated, wherein the group comprises at least 25 of the MVPs identified in
SEQ ID NOS 1 to 150 and denoted by [CG]; and

(c) diagnosing bladder cancer in the individual when at least 25 of the MVPs of the
group of (b) are methylated.

2. The method according to claim 1, wherein the group of MVPs comprises at least
40 of the MVPs identified in SEQ ID NOS 1 to 150 and denoted by [CG], and wherein
bladder cancer is diagnosed when at least 25 of the MVPs identified in SEQ ID NOS 1
to 150 and denoted by [CG] are methylated.

3. The method according to claim 2, wherein the group of MVPs comprises at least
50 of the MVPs identified in SEQ ID NOS 1 to 150 and denoted by [CG], or comprises
at least 100 of the MVPs identified in SEQ ID NOS 1 to 150 and denoted by [CG].

4. The method according to claim 3, wherein the group of MVPs comprises all 150
of the MVPs identified in SEQ ID NOS 1 to 150 and denoted by [CG].

5. The method according to any one of claims 2 to 4, wherein bladder cancer is
diagnosed in the individual when at least 40 of the MVPs selected from the MVPs
identified in SEQ ID NOS 1 to 150 and denoted by [CG] are methylated, or when at
least 50 of the MVPs selected from the MVPs identified in SEQ ID NOS 1 to 150 and
denoted by [CG] are methylated, or when at least 100 of the MVPs are methylated, or
when all 150 MVPs are methylated.
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6. The method according to any one of the preceding claims, wherein the MVPs
determined to be methylated include the MVPs identified in SEQ ID NOS 1 to 3 and
denoted by [CG], or include the MVPs identified in SEQ ID NOS 1 to 5 and denoted by
[CG], or include the MVPs identified in SEQ ID NOS 1 to 10 and denoted by [CG], or
include the MVPs identified in SEQ ID NOS 1 to 40 and denoted by [CG].

7. The method according to claim 1, wherein the group of MVPs comprises all 150
of the MVPs identified in SEQ ID NOS 1 to 150 and denoted by [CG], wherein bladder
cancer is diagnosed in the individual when at least 40 of the MVPs selected from the
MVPs identified in SEQ ID NOS 1 to 150 and denoted by [CG] are methylated, and
wherein the MVPs determined to be methylated include the MVPs identified in SEQ ID
NOS 1 to 10 and denoted by [CG].

8. The method according to any one of the preceding claims, wherein the step of
determining whether each one the MVPs is methylated comprises bisulphite converting

the DNA.

9. The method according to any one of claims 1 to 8, wherein the step of
determining whether each one the MVPs is methylated comprises:

1) performing a sequencing step to determine the sequence of MVPs;

2) hybridising DNA to an array comprising probes capable of discriminating
between methylated and non-methylated forms of MVPs and applying a
detection system to the array to discriminate methylated and non-methylated
forms of the MVPs; or

3) performing an amplification step using methylation-specific primers, wherein
the status of an MVP as methylated or non-methylated is determined by the

presence or absence of an amplified product.

10.  The method according to claim 9(a) or 9(b), wherein before the sequencing or
hybridization steps an amplification step is performed, wherein loci comprising each

MVP are amplified.
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11. The method according to claim 9(c) or claim 10, wherein the amplification step
is performed by PCR.
12. The method according to claim 10 or claim 11, wherein a capturing step is

performed before the sequencing or hybridization steps, and wherein the capturing step
involves binding polynucleotides comprising the MVP loci to binding molecules
specific to the MVP loci and collecting complexes comprising MVP loci and binding
molecules; and wherein:
1. the capturing step occurs before the step of bisulphite converting the
DNA;
ii.  the capturing step occurs after the step of bisulphite converting the DNA
but before the amplification or hybridization steps; or
iii.  the capturing step occurs after the step of bisulphite converting the DNA

and after the amplification step.

13.  The method according to claim 12, wherein the binding molecules are
oligonucleotides specific for each MVP, preferably DNA or RNA molecules each

having a sequence which is complementary to the corresponding MVP.

14.  The method according to any one of claims 11 to 13, wherein the binding

molecule is coupled to a purification moiety.

15.  The method according to claim 14, wherein the purification moiety comprises a
first purification moiety and the step of collecting complexes comprising MVP loci and
binding molecules comprises binding the first purification moiety to substrates

comprising a second purification moiety, wherein first and second purification moieties

form an interaction complex.

16.  The method according to claim 15, wherein the first purification moiety is biotin
and the second purification moiety is streptavidin; or wherein the first purification

moiety is streptavidin and the second purification moiety is biotin.
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17.  The method according to any one of claims 10 to 16, wherein the step of
amplifying loci comprising MVPs comprises the use of primers which are independent

of the methylation status of the MVP.

18. The method according to any one of claims 3 to 17, wherein the step of

amplifying loci comprising MVPs is performed by microdroplet PCR amplification.

19.  The method according to any one of the preceding claims wherein the biological
sample obtained from the individual is a sample of urine, blood, serum, plasma or cell-

free DNA.

20.  The method according to any one of the preceding claims, wherein the method
achieves a ROC sensitivity of 95% or greater and a ROC specificity of 90% or greater;
preferably a ROC sensitivity of 96% and a ROC specificity of 97%.

21.  The method according to any one of claims 1 to 19, wherein the method

achieves a ROC AUC of 95% or greater, preferably 98%.

22.  The method according to any one of claims 1 to 19, wherein the method

achieves a negative predictive value (NPV) of 95% or greater, preferably 97%.

23.  The method according to any one of the preceding claims, wherein the step of
diagnosing bladder cancer in the individual further comprises:
I.  stratifying the grade of the tumor; and/or
II.  determining the risk of recurrence of the tumor; and/or
1. determining the risk of progression of non-muscular invasive disease;
and/or

determining the likely response to treatment therapy.

24, A method of treating bladder cancer in an individual comprising:
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(a) obtaining DNA from a sample from the individual and determining whether
each one of a group of MVPs selected from a panel comprising the MVPs
identified in SEQ ID NOS 1 to 150 and denoted by [CG] is methylated, wherein
the group comprises at least 25 of the MVPs identified in SEQ ID NOS 1 to 150
and denoted by [CG];

(b) diagnosing bladder cancer in the individual when at least 25 MVPs of the group
of (a) are methylated; and

(c) administering one or more bladder cancer treatments to the individual.

25. A method of treating bladder cancer in an individual comprising:

(a) providing DNA from a sample from the individual and determining whether
each one of a group of MVPs selected from a panel comprising the MVPs
identified in SEQ ID NOS 1 to 150 and denoted by [CG] is methylated, wherein
the group comprises at least 25 of the MVPs identified in SEQ ID NOS 1 to 150
and denoted by [CG];

(b) diagnosing bladder cancer in the individual when at least 25 MVPs of the group
of (a) are methylated; and

(c) administering one or more bladder cancer treatments to the individual.

26. A method of treating bladder cancer in an individual comprising:

(a) determining whether each one of a group of MVPs selected from a panel
comprising the MVPs identified in SEQ ID NOS 1 to 150 and denoted by [CG]
is methylated in DNA from a sample from the individual, wherein the group
comprises at least 25 of the MVPs identified in SEQ ID NOS 1 to 150 and
denoted by [CG];

(b) diagnosing bladder cancer in the individual when at least 25 MVPs of the group
of (a) are methylated; and

(c) administering one or more bladder cancer treatments to the individual.

76



10

15

20

25

30

WO 2016/207656 PCT/GB2016/051903

27. A method of treating bladder cancer in an individual comprising administering
one or more bladder cancer treatments to the individual, wherein the individual has been
diagnosed with bladder cancer by steps comprising:

(a) providing DNA from a sample from the individual and determining whether
each one of a group of MVPs selected from a panel comprising the MVPs
identified in SEQ ID NOS 1 to 150 and denoted by [CG] is methylated, wherein
the group comprises at least 25 of the MVPs identified in SEQ ID NOS 1 to 150
and denoted by [CG]; and

(b) diagnosing bladder cancer in the individual when at least 25 MVPs of the group
of (a) are methylated.

28 A method of diagnosing bladder cancer in an individual comprising:

(a) obtaining data which identify whether each one of a group of MVPs selected
from a panel comprising the MVPs identified in SEQ ID NOS 1 to 150 and
denoted by [CG] is methylated, wherein the group comprises at least 25 of the
MVPs identified in SEQ ID NOS 1 to 150 and denoted by [CG]; and

(b) diagnosing bladder cancer in the individual when at least 25 MVPs of the group
of (a) are methylated;

wherein the data were obtained by a method comprising:
i.  obtaining DNA from the sample; and
ii.  determining whether MVPs are methylated in the DNA.

29.  The method according to any one of the preceding claims, wherein the cancer is

a non-muscle invasive bladder cancer (NMIBC).

30.  The method according to any one of claims 1 to 29, wherein the cancer is a

muscle invasive bladder cancer (MIBC).

31.  An array capable of discriminating between methylated and non-methylated
forms of MVPs; the array comprising oligonucleotide probes specific for a methylated

form of each MVP in a MVP panel and oligonucleotide probes specific for a non-
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methylated form of each MVP in the panel; wherein the panel consists of at least 25

MVPs selected from the MVPs identified in SEQ ID NOS 1 to 150.

32.  An array according to claim 31, provided that the array is not an Infinium
HumanMethylation450 BeadChip array, and/or provided that the number of MVP-
specific oligonucleotide probes of the array is less than 482,421, preferably 482,000 or
less, 480,000 or less, 450,000 or less, 440,000 or less, 430,000 or less, 420,000 or less,
410,000 or less, or 400,000 or less.

33. An array according to claim 31 or claim 32, wherein the panel consists of at
least 40 MVPs selected from the MVPs identified in SEQ ID NOS 1 to 150; preferably
at least 50 MVPs, at least 60 MVPs, at least 70 MVPs, at least 80 MVPs, at least 90
MYVPs, at least 100 MVPs, at lcast 110 MVPs, at least 120 MVPs, at least 130 MVPs, at
least 140 MVPs, at least 145 MVPs, or all 150 MVPs identified in SEQ ID NOS 1 to
150.

34, An array according to any one of claims 31 to 33, wherein the panel includes the
MVPs defined by SEQ ID NOS 1 to 3, or the MVPs defined by SEQ ID NOS 1 to 5, or
the MVPs defined by SEQ ID NOS 1 to 10, or the MVPs defined by SEQ ID NOS 1 to
20, or the MVPs defined by SEQ ID NOS 1 to 30, or the MVPs defined by SEQ ID
NOS 1 to 40, or the MVPs defined by SEQ ID NOS 1 to 50, or the MVPs defined by
SEQ ID NOS 1 to 60, or the MVPs defined by SEQ ID NOS 1 to 70, or the MVPs
defined by SEQ ID NOS 1 to 80, or the MVPs defined by SEQ ID NOS 1 to 90, or the
MVPs defined by SEQ ID NOS 1 to 100, or the MVPs defined by SEQ ID NOS 1 to
100, or the MVPs defined by SEQ ID NOS 1 to 120, or the MVPs defined by SEQ ID
NOS 1 to 130, or the MVPs defined by SEQ ID NOS 1 to 140, or the MVPs defined by
SEQ ID NOS 1 to 150.

35.  An array according to claim 34, wherein the panel includes all MVPs defined by
SEQ ID NOS 1 to 150.
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36. An array according to any one of claims 31 to 35, further comprising one or
more oligonucleotides comprising a MVP selected from any of the MVPs defined in
SEQ ID NOS 1 to 150, wherein the one or more oligonucleotides are hybridized to

corresponding oligonucleotide probes of the array.

37.  An array according to claim 36, wherein the one or more oligonucleotides
comprise at least 25 MVPs selected from the MVPs identified in SEQ ID NOS 1 to 150;
preferably at least 50 MVPs, at least 60 MVPs, at least 70 MVPs, at least 80 MVPs, at
least 90 MVPs, at least 100 MVPs, at lcast 110 MVPs, at least 120 MVPs, at least 130
MVPs, at least 140 MVPs, at least 145 MVPs, or all 150 MVPs identified in SEQ ID
NOS 1 to 150.

38.  An array according to claim 36 or 37; wherein the one or more oligonucleotides
comprise the MVPs defined by SEQ ID NOS 1 to 10, or the MVPs defined by SEQ ID
NOS 1 to 20, or the MVPs defined by SEQ ID NOS 1 to 30, or the MVPs defined by
SEQ ID NOS 1 to 40, or the MVPs defined by SEQ ID NOS 1 to 50, or the MVPs
defined by SEQ ID NOS 1 to 60, or the MVPs defined by SEQ ID NOS 1 to 70, or the
MVPs defined by SEQ ID NOS 1 to 80, or the MVPs defined by SEQ ID NOS 1 to 90,
or the MVPs defined by SEQ ID NOS 1 to 100, or the MVPs defined by SEQ ID NOS 1
to 110, or the MVPs defined by SEQ ID NOS 1 to 120, or the MVPs defined by SEQ ID
NOS 1 to 130, or the MVPs defined by SEQ ID NOS 1 to 140, or the MVPs defined by
SEQ ID NOS 1 to 150.

39.  An array according to claim 38; wherein the one or more oligonucleotides

comprise all MVPs defined by SEQ ID NOS 1 to 150.

40. A hybridized array, wherein the array is obtainable by hybridizing to an array
according to any one of claims 31 to 35 a group of oligonucleotides each comprising a
different MVP selected from any of the MVPs defined in SEQ ID NOS 1 to 150, and

wherein the group comprises at least 25 oligonucleotides.
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41. A hybridized array according to claim 40, wherein the group comprises at least
40 oligonucleotides; optionally wherein the group comprises at least 50, at least 60, at
least 70, at lcast 80, at least 90, at lcast 100, at least 110, at least 120, at least 130, at

least 140, at least 145, or at least 150 oligonucleotides.

42. A hybridized array according to claim 40 or claim 41, wherein the group
comprises at least 25 oligonucleotides comprising the MVPs defined by SEQ ID NOS 1
to 25, or wherein the group comprises at least 40 oligonucleotides comprising the MVPs
defined by SEQ ID NOS 1 to 40, or wherein the group comprises at least 50
oligonucleotides comprising the MVPs defined by SEQ ID NOS 1 to 50, or wherein the
group comprises at least 60 oligonucleotides comprising the MVPs defined by SEQ ID
NOS 1 to 60, or wherein the group comprises at least 70 oligonucleotides comprising
the MVPs defined by SEQ ID NOS 1 to 70, or wherein the group comprises at least 80
oligonucleotides comprising the MVPs defined by SEQ ID NOS 1 to 80, or wherein the
group comprises at least 90 oligonucleotides comprising the MVPs defined by SEQ ID
NOS 1 to 90, or wherein the group comprises at least 100 oligonucleotides comprising
the MVPs defined by SEQ ID NOS 1 to 100, or wherein the group comprises at least
110 oligonucleotides comprising the MVPs defined by SEQ ID NOS 1 to 110, or
wherein the group comprises at least 120 oligonucleotides comprising the MVPs
defined by SEQ ID NOS 1 to 120, or wherein the group comprises at least 130
oligonucleotides comprising the MVPs defined by SEQ ID NOS 1 to 130, or wherein
the group comprises at least 140 oligonucleotides comprising the MVPs defined by
SEQ ID NOS 1 to 140, or wherein the group comprises at least 145 oligonucleotides
comprising the MVPs defined by SEQ ID NOS 1 to 145, or wherein the group
comprises at least 150 oligonucleotides comprising the MVPs defined by SEQ ID NOS
1 to 150.

43. A hybridized array according to claim 42, wherein the group comprises at least

the 150 oligonucleotides comprising the MVPs defined by SEQ ID NOS 1 to 150.
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44. A process for making the hybridized array according to claim 40, comprising
contacting an array according to any one of claims 31 to 35 with a group of
oligonucleotides each comprising a different MVP selected from any of the MVPs
defined in SEQ ID NOS 1 to 150, and wherein the group comprises at least 25

oligonucleotides.

45. A process for making the hybridized array according to claim 41, comprising
contacting an array according to any one of claims 31 to 35 with a group of
oligonucleotides as defined according to claim 41; or a process for making the
hybridized array according to claim 42 or 43, comprising contacting an array according
to any one of claims 31 to 35 with a group of oligonucleotides as defined according to

either claim 42 or claim 43.

46. A kit comprising an array according to any one of claims 31 to 35.

47.  The kit according to claim 46, further comprising a DNA modifying regent that
is capable of modifying a non-methylated cytosine in a MVP dinucleotide but is not
capable of modifying a methylated cytosine in a MVP dinucleotide, optionally wherein

the dinucleotide is CpG.

48.  The kit according to claim 46 or 47, wherein the DNA modifying regent is a
bisulphite reagent.
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