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A METHOD OF DETERMINING A RISK OF CANCER

TECHNICAL FIELD

The present disclosure relates broadly to a method of determining a
risk of cancer, a method of treating cancer and related polynucleotides and
Kits.

BACKGROUND

Non-coding DNA constitutes over 98% of the human genome and harbors
numerous functional elements essential for regulating gene expression and
maintaining chromosomal architecture. However, due to primarily reasons of
cost, cancer genomics studies have so far been confined to profiling somatic DNA
alterations in protein coding regions, largely ignoring the non-coding 98% of the
human genome and >95% of the transcribed genome. Important non-coding
regulatory regions such as gene promoters, enhancers, untranslated regions,
and thousands of non-coding RNAs are therefore still largely an uncharted black
box of the cancer genome.

Mutations at non-coding regions may drive cancer by dysregulating proto-
oncogenes and tumor suppressor genes, as exemplified by recent studies
demonstrating recurrent point mutations at the TERT promoter in multiple cancer
types and TALT enhancer insertions in T-cell acute lymphoblastic leukemia.
While previous pan-cancer analyses of tumor genomes have nominated
regulatory driver mutations, these studies have typically not been sufficiently
powered (o ideniify lissue-specific non-coding driver mutations, as hundreds of
samples are usually needed to reliably identify driver mutations in individual
cancer types®. Recently, the whole genome mutational landscapes of breast,
liver® and pancreatic® cancer tumors have been studied to identify cancer-specific
non-coding drivers. However, the prevalence and impact of non-coding tissue
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specific driver mutations is still unknown for most other cancer types, including
gastrointestinal cancers.

Comprehensive genetic and molecular profiing have identified new
molecular subtypes and genetic drivers of gastrointestinal
cancer/adenocarcinoma. Studies have also investigated the extent and impact of
mutational signatures and epigenetic dysregulation in gastrointestinal cancer
genomes. However, not all elements of the disease development of gastric
cancer are known. As a leading cause of global cancer mortality, there is a need
to provide additional understanding of the disease development/progression of
gastrointestinal cancer.

Thus, there is a need to provide alternative methods of determining a risk

of cancer, methods of treating cancer and related polynucleotides and kits.

SUMMARY

In one aspect, there is provided a method of determining a risk of
gastrointestinal cancer in a human subject, the method comprising:
determining in a biological sample of the subject, whether mutation is present
in at least one of the CTCF-binding sites (CBS) overlapping regions set forth
in the table below:

Chromosome Start site End site
6 50570094 50570120
8 71000992 71001012
1 209422184 209422222
2 49173770 49173816
4 182064578 182064613
X 104435106 104435140
14 70285576 70285601
6 73122084 73122123
8 70576141 70576184
13 36552821 36552860
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3

164903700

164903728

or portions or flanking sequences thereof,

or at least one of the non-CBS regions set forth in the table below:

Chromosome Start site End site
7 68391104 68391132
7 136495924 136495948
2 57627616 57627640
18 8381278 8381302
5 23824204 23824224
d 67614923 67614943
8 65161396 65161420
Z 4937707 4937736
12 126996666 126996686
4 5415060 5415082
X 137405623 137405655
3 171164993 171165017
4 144748744 144748764
9 25481736 25481758
2 77150455 77150477
3 104801455 104801477
X 125548690 125548710
14 83046706 83046744

or portions or flanking sequences thereof,

wherein presence of mutation in at least one of the CBS overlapping regions,

or portions or flanking sequences thereof, and/or at least one of the non-CBS

regions, or portions or flanking sequences thereof, is indicative of a risk of

gastrointestinal cancer in the subject.

In one embodiment, the method comprises determining in the

biological sample of the subject, whether mutation is present in at least one
of the CTCF-binding sites (CBS) overlapping regions set forth in the table

below:
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Chromosome Start site End site
6 50570094 50570120
8 71000992 71001012
1 209422184 209422222
2 49173770 49173816
4 182064578 182064613
X 104435106 104435140
14 70285576 70285601
6 73122084 73122123
8 70576141 70576184
13 36552821 36552860
3 164903700 164903728

or portions or flanking sequences thereof.

In one embodiment, the method further comprises determining in the

of the non-CBS regions set forth in the table below:

biological sample of the subject, whether mutation is present in at least one

Chromosome Start site End site
7 68391104 68391132
7 136495924 136495948
2 57627616 57627640
16 8381278 8381302
5 23824204 23824224
7 67614923 67614943
8 65161396 65161420
7 4937707 4937736
12 126996666 126996686
4 5415060 5415082
X 137405623 137405655
3 171164993 171165017
4 144748744 144748764
9 25481736 25481758
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5
2 77150455 77150477
3 104801455 104801477
X 125548690 125548710
14 83046706 83046744

or portions or flanking sequences thereof.

In one embodiment, the method further comprises determining in the
biological sample of the subject, whether mutation is present in at least one of
the genes selected from the group consisting of: KRAS, TP53, RHOA, ARID1A,
PIK3CA, ERBB3 and PTEN, wherein presence of mutation in at least one of
the CBS overlapping regions, or portions or flanking sequences thereof, at
least one of the non-CBS regions, or portions or flanking sequences thereof,
and/or at least one of the genes is indicative of a risk of gastrointestinal cancer
in the subject.

In one embedment, determining whether mutation is present in the
CBS overlapping regions, or portions or flanking sequences thereof, and/or
the non-CBS regions, or portions or flanking sequences thereof, does not
comprise determining whether mutation is present in a region spanning more
than 50 nucleotides.

In one embodiment, determining whether mutation is present in at least
one of the CBS overlapping regions, or portions or flanking sequences
thereof, comprises contacting the biological sample with a primer having at
least about 85% sequence identity to a sequence selected from the group
consisting of: SEQ ID NO. 35, SEQ ID NO. 36, SEQ ID NO. 39, SEQ ID NO.
40, SEQ ID NO. 45, SEQ ID NO. 46, SEQ ID NO. 47, SEQ ID NO. 48, SEQ
ID NO. 49, SEQ ID NO. 50, SEQ ID NO. 51, SEQ ID NO. 52, SEQ ID NO. 57,
SEQ ID NO. 58, SEQ ID NO. 59, SEQ ID NO. 60, SEQ ID NO. 65, SEQ ID
NO. 66, SEQ ID NO. 77, SEQ ID NO. 78, SEQ ID NO. SEQ ID NO. 83, SEQ
ID NO. 84 and combinations thereof.

In one embodiment, determining whether mutation is present in at least
one of the non-CBS regions, or portions or flanking sequences thereof,
comprises contacting the biological sample with a primer having at least
about 85% sequence identity to a sequence selected from the group
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consisting of: SEQ ID NO. 37, SEQ ID NO. 38, SEQ ID NO. 41, SEQ ID NO.
42, SEQ ID NO. 43, SEQ ID NO. 44, SEQ ID NO. 53, SEQ ID NO. 54, SEQ
ID NO. 55, SEQ ID NO. 56, SEQ ID NO. 61, SEQ ID NO. 62, SEQ ID NO.
63, SEQ ID NO. 64, SEQ ID NO. 67, SEQ ID NO. 68, SEQ ID NO. 71, SEQ
ID NO. 72, SEQ ID NO. 75, SEQ ID NO. 76, SEQ ID NO. 81, SEQ ID NO.
82, SEQ ID NO. 85, SEQ ID NO. 86, SEQ ID NO. 87, SEQ ID NO. 88, SEQ
ID NO. 89, SEQ ID NO. 90, SEQ ID NO. 91, SEQ ID NO. 92, and
combinations thereof.

In one embodiment, the method comprises determining whether
mutation is present in at least two of the CBS overlapping regions, or portions
or flanking sequences thereof, set forth in the table.

In one embodiment, the method comprises determining whether
mutation is present in all of the CBS overlapping regions, or portions or
flanking sequences thereof, set forth in the table.

In one embodiment, the method comprises determining whether
mutation is present in all of the CBS overlapping regions, or portions or
flanking sequences thereof, and all of the non-CBS regions, or portions or
flanking sequences thereof, set forth in the tables.

In one embodiment, the method has a detection sensitivity of no less
than about 50%.

In one aspect, there is provided a method of treating gastrointestinal
cancer in a human subject, the method comprising: determining in a biological
sample of the subject, whether mutation is present in at least one of the
CTCF-binding sites (CBS) overlapping regions set forth in the table below:

Chromosome Start site End site
6 50570094 50570120
8 71000992 71001012
1 209422184 209422222
2 49173770 49173816
4 182064578 182064613
X 104435106 104435140




WO 2019/168478

7 PCT/SG2019/050119
14 70285576 70285601
6 73122084 73122123
8 70576141 70576184
13 36552821 36552860
3 164903700 164903728

or portions or flanking sequences thereof,

or one of the non-CBS regions set forth in the table below:

Chromosome Start site End site
Z 68391104 68391132
7 136495924 136495948
2 57627616 57627640
16 8381278 8381302
5 23824204 23824224
z 67614923 67614943
8 65161396 65161420
7 4937707 4937736
12 126996666 126996686
4 5415060 5415082
X 137405623 137405655
3 171164993 171165017
4 144748744 144748764
9 25481736 25481758
2 77150455 77150477
3 104801455 104801477
X 125548690 125548710
14 83046706 83046744

or portions or flanking sequences thereof,

wherein if the biological sample shows a presence of mutation in at

least one of the CBS overlapping regions, or portions or flanking sequences

thereof, and/or at least one of the non-CBS regions, or portions or flanking

seguences thereof, the subject is administered a therapeutic agent for

treating gastrointestinal cancer.
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In one embodiment, the method comprises determining in the

biological sample of the subject, whether mutation is present in at least one

of the CBS overlapping regions set forth in the table below:

Chromosome Start site End site
6 50570094 50570120
8 71000992 71001012
1 209422184 209422222
2 49173770 49173816
4 182064578 182064613
X 104435106 104435140
14 70285576 70285601
6 73122084 73122123
8 70576141 70576184
18 36552821 36552860
3 164903700 164903728

or portions or flanking sequences thereof.

In one embodiment, the method further comprises determining in the

biological sample of the subject, whether mutation is present in at least one

of the non-CBS regions set forth in the table below:

Chromosome Start site End site
7 68391104 68391132
7 136495924 136495948
2 57627616 57627640
16 8381278 8381302
£ 23824204 23824224
H 67614923 67614943
8 65161396 65161420
i 4937707 4937736
12 126996666 126996686
4 5415060 5415082
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X 137405623 137405655
3 171164993 171165017
4 144748744 144748764
9 25481736 25481758
2 77150455 77150477
3 104801455 104801477
X 125548690 125548710
14 83046706 83046744

or portions or flanking sequences thereof.

In one embodiment, the method further comprises determining in the
biological sample of the subject, whether mutation is present in at least one of
the genes selected from the group consisting of: KRAS, TP53, RHOA, ARID1A,
PIK3CA, ERBB3 and PTEN, wherein if the biological sample shows a
presence of mutation in at least one of the CBS overlapping regions, or
portions or flanking sequences thereof, at least one of the non-CBS regions,
or portions or flanking sequences thereof, and/or at least one of the genes,
the subject is administered a therapeutic agent for treating gastrointestinal
cancer.

In one embodiment, the therapeutic agent is selected from the group
consisting of chemotherapy, radiation therapy, immunotherapy and
combinations thereof.

In one embodiment, the biological sample is a fluid biological sample.

In one embodiment, the fluid biological sample is selected from the
group consisting of: blood, plasma, serum and combinations thereof.

In one embodiment, the gastrointestinal cancer is selected from the
group consisting of gastric cancer, colorectal cancer, colon cancer and rectal
cancer.

In one aspect, there is provided a kit for detecting gastrointestinal
cancer in a human subject, the kit comprising: an agent for detecting mutation

in at least one of the CBS overlapping regions set forth in the table below:

Chromosome Start site End site
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6 50570094 50570120
8 71000992 71001012
1 209422184 209422222
2 49173770 49173816
4 182064578 182064613
X 104435106 104435140
14 70285576 70285601
6 73122084 73122123
8 70576141 70576184
13 36552821 36552860
3 164903700 164903728

or portions or flanking sequences thereof,

or in at least one of the non-regions set forth in the table below:

Chromosome Start site End site
7 68391104 68391132
&z 136495924 136495948
2 57627616 57627640
18 8381278 8381302
5 23824204 23824224
7y 67614923 67614943
8 65161396 65161420
7 4937707 4937736
12 126996666 126996686
4 5415060 5415082
X 137405623 137405655
3 171164993 171165017
4 144748744 144748764
9 25481736 25481758
2 77150455 77150477
3 104801455 104801477
X 125548690 125548710
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83046706

83046744

or portions or flanking sequences thereof.

In one embodiment, the kit comprises an agent for detecting mutation

in at least one of the CBS overlapping regions set forth in the table below:

Chromosome Start site End site
6 50570094 50570120
8 71000992 71001012
1 209422184 209422222
2 49173770 49173816
4 182064578 182064613
X 104435106 104435140
14 70285576 70285601
6 73122084 73122123
8 70576141 70576184
13 36552821 36552860
3 164903700 164903728

or portions or flanking sequences thereof.

In one embodiment, the kit further comprises an agent for detecting

mutation in at least one of the non-CBS regions set forth in the table below:

Chromosome Start site End site
7 68391104 68391132
7 136495924 136495948
2 57627616 57627640
16 8381278 8381302
B 23824204 23824224
7 67614923 67614943
8 65161396 65161420
i 4937707 4937736
12 126996666 126996686
4 5415060 5415082
X 137405623 137405655
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3 171164993 171165017
4 144748744 144748764
9 25481736 25481758
2 77150455 77150477
3 104801455 104801477
X 125548690 125548710
14 83046706 83046744

or portions or flanking sequences thereof.

In one embodiment, the kit further comprises an agent for detecting
mutation in at least one of the genes selected from the group consisting of:
KRAS, TP53, RHOA, ARID1A, PIK3CA, ERBB3, PTEN.

In one embodiment, the agent for detecting mutation in at least one of
the CBS overlapping regions, or portions or flanking sequences thereof,
comprises a primer having at least about 85% sequence identity to a
sequence selected from the group consisting of: SEQ ID NO. 35, SEQ ID NO.
36, SEQ ID NO. 39, SEQ ID NO. 40, SEQ ID NO. 45, SEQ ID NO. 46, SEQ
ID NO. 47, SEQ ID NO. 48, SEQ ID NO. 43, SEQ ID NO. 50, SEQ ID NO. 51,
SEQ ID NO. 52, SEQ ID NO. 57, SEQ ID NO. 58, SEQ ID NO. 59, SEQ ID
NO. 60, SEQ ID NO. 65, SEQ ID NO. 66, SEQ ID NO. 77, SEQ ID NO. 78,
SEQ ID NO. SEQ ID NO. 83 and SEQ ID NO. 84.

In one embodiment, the agent for detecting mutation in at least one of
the non-CBS regions, or portions or flanking sequences thereof, comprises a
primer having at least about 85% sequence identity to a sequence selected
from the group consisting of: SEQ ID NO. 37, SEQ ID NO. 38, SEQ ID NO.
41, SEQ ID NO. 42, SEQ ID NO. 43, SEQ ID NO. 44, SEQ ID NO. 53, SEQ
ID NO. 54, SEQ ID NO. 55, SEQ ID NO. 56, SEQ ID NO. 61, SEQ ID NO.
62, SEQ ID NO. 63, SEQ ID NO. 64, SEQ ID NO. 67, SEQ ID NO. 68, SEQ
ID NO. 71, SEQ ID NO. 72, SEQ ID NO. 75, SEQ ID NO. 76, SEQ ID NO.
81, SEQ ID NO. 82, SEQ ID NO. 85, SEQ ID NO. 86, SEQ ID NO. 87, SEQ
ID NO. 88, SEQ ID NO. 89, SEQ ID NO. 90, SEQ ID NO. 91 and SEQ ID
NO. 92.
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In one embodiment, the kit comprises agents for detecting mutation in
at least two of the CBS overlapping regions, or portions or flanking sequences
thereof, set forth in the table.

In one embodiment, the kit comprises agents for detecting mutation in
all of the CBS overlapping regions, or portions or flanking sequences thereof,
set forth in the table.

In one embodiment, the kit comprises agents for detecting mutation in
all of the CBS overlapping regions, or portions or flanking sequences thereof,
and all of the non-CBS regions, or portions or flanking sequences thereof, set
forth in the tables.

In one embodiment, the human subject is an Asian subject.

DEFINITIONS

The term "biological sample” refers to g sample obiained from a biological
subject, including a sample of biological tissue or fluid origin obtained in vivo or
in vitro. Hence, a "biclogical sample” may be g solid biclogical sample or a liguid
biological sample. Examples of a "solid hiclogical sample” include tumor biopsy
and examples of a "fluid biological sample” or “liquid biclogical sample” include
blood, serum, plasma, sputum, lavage fluid (for example peritoneal lavage),
cerebrospinal fluid, urine, semen, sweat, tears, saliva, and the like. As used
herein, the terms “blood,” “plasma’ and “serum” encompass fractions or
processed portions thereof. Similarly, where a sample is taken from a biopsy,
swab, smear, etc., the “sample” encompasses a processed fraction or portion
derived from the biopsy, swab, smear, etc.

The term "mutation”, when used in relation to a nucleic acid sequence, is
to be interpreted broadly to refer to an alteration in a nucleic acid sequence as
compared to a reference sequence (typically a wild-type sequence). A wild-type
sequence generally refers to a sequence found in a normal cell rather than in an
abnormal or cancer cell (for example, a gastrointestinal cancer cell). Examples of
a wild-type sequence include SEQ ID NOs. 1-34. The term "mutation” includes
deletions, additions, insertions and/or substitutions. A “mutation” may be
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inherited, naturally occurring, or introduced. The term "mutation”, when used in
relation to a coding gene, generally refers (but is not limited) to a sequence
variant that encodes for a protein that is distinct (e.g. in terms of function,
conformation, structure etc.) from a protein that is encoded by a wild-type gene.

The term "gene” as used in herein primarily relates to a coding sequence,
but can also include some or all of the surrounding regulatory elements or introns.
Accordingly, a "mutation”, when used in relation to a coding gene, may also
include a deletion, addition, insertion and/or substitution in a regulatory element
or intron of the coding gene. The term "gene" also includes artificial or
recombinant genes created from cDNA or genomic DNA, including recombinant
genes based upon splice variants.

All genomic coordinates delineating chromosomal regions used herein are
specified according to human reference genome build GRCh37. A “start site”
when used herein in relation to a chromosomal region generally relates to the
location of the first sequence defining a beginning the chromosomal region and
an “end site” generally relates to the position of a last sequence defining an end
point of the chromosomal region. For example, a CBS overlapping region with
the genomic coordinates “chromosome 6, start site: 50570094, end site:
50570120" spans the region from position 50570094 (inclusive) to position
50570120 (inclusive) on chromosome 6 according to human reference genome
build GRCh37. A mutation in the above CBS overlapping region therefore
encompasses a mutation occurring anywhere within the region from position
50570094 (inclusive) to position 50570120 (inclusive) on chromosome 6
according to human reference genome build GRCh37.

The term “overlapping region”’, when used herein in relation to a nucleic
acid sequence, is to be interpreted broadly to include a nucleic acid region
containing at least a part of or the whole of the nucleic acid sequence. For
example, the term “CTCF-binding site (CBS) overlapping region” includes a
nucleic acid region containing at least a part of or the whole of a CBS. A “CBS
overlapping region” may thus include sequences that are not part of a CBS, as
long as at least one nucleotide in the region is a component nucleotide of (i.e. a
part of) a CBS.
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The term “flanking sequence(s)”, when used in relation to a nucleic acid
sequence, is to be interpreted broadly to refer to any sequence(s)/base
pair(s)/nucleotide(s) immediately contiguous to the nucleic acid sequence at its
5" end and 3' end. The length of a “flanking sequence(s)” is typically about 1-10
nucleotides/base pairs, such as 2, 3, 4, 5, 6, 7, 8, 9 or 10 nucleotides/base pairs.
Hence, the term “flanking sequence(s)’, when used in relation to a CBS
overlapping region, refers to the continuous sequences of no more than 10
nucleotides/base pairs immediately contiguous to the 5 end of the CBS
overlapping region and the 3’ end of the CBS overlapping region. For example,
the “flanking sequence(s)” of the CBS overlapping region “chromosome 6, start
site: 50570094, end site: 50570120" encompasses nucleotide(s)/base pair(s) at
the positions 50570084 (inclusive) to 50570093 (inclusive) and the
nucleotide(s)/base pair(s} at positions 50570121 (inclusive) to 50570130
(inclusive).

The term ‘isolated" as used herein refers to a nucleic acid or
polynucelotide that is removed from its natural environment. An "isolated" nucleic
acid or polynucelotide is typically partially purified. The term includes, for
example, a recombinant nucleic acid which is incorporated into a vector, into an
autonomously replicating plasmid or virus, or into the genomic DNA of a
prokaryote or eukaryote, or which exists as a separate molecule independent
from any other sequences.

The expression “determining a risk of cancer” when used herein broadly
includes determining/detecting a presence of cancer (including recurrent and/or
metastatic cancer). Accordingly, the expression “determining a risk of
gastrointestinal cancer” includes determining/detecting a presence of
gastrointestinal cancer (including recurrent and/or metastatic gastrointestinal
cancer).

As used herein, the term "therapeutically effective amount” of a compound
will be an amount of an active agent that is capable of preventing or at least
slowing down (lessening) a medical condition, such as autoimmune diseases,
inflammation and cancer. Dosages and administration of compounds,
compositions and formulations of the present disclosure may be determined by
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one of ordinary skill in the art of clinical pharmacology or pharmacokinetics. See,
for example, Mordenti and Rescigno, (1992) Pharmaceutical Research. 9:17-25;
Morenti et al., (1991) Pharmaceutical Research. 8:1351-1359; and Mordenti and
Chappell, "The use of interspecies scaling in toxicokinetics” in Toxicokinetics and
New Drug Development, Yacobi et al. (eds) (Pergamon Press: NY, 1989), pp. 42-
96. An effective amount of the active agent of the present disclosure to be
employed therapeutically will depend, for example, upon the therapeutic
objectives, the route of administration, and the condition of the patient.
Accordingly, it may be necessary for the therapist to titer the dosage and modify
the route of administration as required to obtain the optimal therapeutic effect.

The term “Asian” includes a human classification of persons who descend
from an ethnic group in Asia. For example, a person having origins in any of the
original peoples of the Far East, Southeast Asia, or the Indian subcontinent,
including, for example, China (including Hong Kong), Singapore, Malaysia and
India.

The terms "coupled" or "connected" as used in this description are
intended to cover both directly connected or connected through one or more
intermediate means, unless otherwise stated.

The term "associated with", used herein when referring to two elements
refers to a broad relationship between the two elements. The relationship
includes, but is not limited to a physical, a chemical or a biological relationship.
For example, when element A is associated with element B, elements A and B
may be directly or indirectly attached to each other or element A may contain
element B or vice versa.

The term "adjacent" used herein when referring to two elements refers to
one element being in close proximity to another element and may be but is not
limited to the elements contacting each other or may further include the elements
being separated by one or more further elements disposed therebetween.

The term "and/or", e.g., "X and/or Y" is understood to mean either "X and
Y" or "X or Y" and should be taken to provide explicit support for both meanings
or for either meaning.
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Further, in the description herein, the word “substantially” whenever used
is understood to include, but not restricted to, "entirely" or “completely” and the
like. In addition, terms such as "comprising”, "comprise", and the like whenever
used, are intended to be non-restricting descriptive language in that they broadly
include elements/components recited after such terms, in addition to other
components not explicitly recited. For example, when “comprising” is used,
reference to a "one” feature is also intended to be a reference to “at least one” of
that feature. Terms such as "consisting’, “consist”, and the like, may in the
appropriate context, be considered as a subset of terms such as "comprising"”,
"comprise”, and the like. Therefore, in embodiments disclosed herein using the
terms such as "comprising”, "comprise”, and the like, it will be appreciated that
these embodiments provide teaching for corresponding embodiments using
terms such as “consisting’, "consist”, and the like. Further, terms such as "about”,
"approximately" and the like whenever used, typically means a reasonable
variation, for example a variation of +/- 5% of the disclosed value, or a variance
of 4% of the disclosed value, or a variance of 3% of the disclosed value, a
variance of 2% of the disclosed value or a variance of 1% of the disclosed value.

Furthermore, in the description herein, certain values may be disclosed in
a range. The values showing the end points of a range are intended to illustrate
a preferred range. Whenever a range has been described, it is intended that the
range covers and teaches all possible sub-ranges as well as individual numerical
values within that range. That is, the end points of a range should not be
interpreted as inflexible limitations. For example, a description of a range of 1%
to 5% is intended to have specifically disclosed sub-ranges 1% to 2%, 1% to 3%,
1% to 4%, 2% to 3% etc., as well as individually, values within that range such
as 1%, 2%, 3%, 4% and 5%. The intention of the above specific disclosure is
applicable to any depth/breadth of a range.

Additionally, when describing some embodiments, the disclosure may
have disclosed a method and/or process as a particular sequence of steps.
However, unless otherwise required, it will be appreciated that the method or
process should not be limited to the particular sequence of steps disclosed. Other
sequences of steps may be possible. The particular order of the steps disclosed
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herein should not be construed as undue limitations. Unless otherwise required,
a method and/or process disclosed herein should not be limited to the steps being
carried out in the order written. The sequence of steps may be varied and still

remain within the scope of the disclosure.

DESCRIPTION OF EMBODIMENTS

Exemplary, non-limiting embodiments of the disclosure are disclosed
hereinafter. Unless defined otherwise, all technical and scientific terms used
herein have the same meanings as commonly understood by one or ordinary skill
in the art to which the present disclosure belongs.

In  various embodiments, there is provided a method of
obtaining/predicting a clinical picture of a test subject, the method comprising
determining in a biological sample of the test subject, a biological data associated
with one or more non-coding polynuclectide sequences/regions.

In various embodiments, the clinical picture comprises at least one of: a
presence/likelihood/propensity/risk of a proliferative disease in a test subject, a
presence/likelihood/propensity/risk of recurrence/relapse of a proliferative
disease in a test subject, a presence/likelihood/propensity/risk of metastasis of a
proliferative disease in a test subject, an indication of the life expectancy/survival
rate/time to death of a test subject having a proliferative disease or an efficacy of
a treatment regimen for a test subject having a proliferative disease.

In various embodiments, the proliferative disease is cancer. The cancer
may be metastatic and/or recurrent. In various embodiments, the cancer may
include but is not limited to liver cancer, liver hepatocellular cancer, pancreatic
cancer, pancreas adenocarcinoma, lung cancer, lung adenocarcinoma, lung
squamous cell carcinoma, lymphoma, breast cancer and gastrointestinal cancer.
The cancer may be adenocarcinoma, sarcoma, carcinoid tumors, gastrointestinal
stromal tumor (GIST} and/or lymphoma. In some embodiments, the cancer
comprises gastrointestinal cancer. In some embodiments, the gastrointestinal
cancer may include but is not limited to stomach/gastric cancer, colorectal cancer,

colon cancer and rectal cancer. The gastric cancer may be intestinal type, diffuse
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type and/or mixed type. In some embodiments, the cancer does not include
gastric adenocarcinoma subtype of tumors with high levels of microsatellite
instability (MSI).

In various embodiments, the test subject is a human subject. In some
embodiments, the human subject is an Asian subject. In some embodiments,
the Asian subject is a Chinese subject.

In various embodiments, the biological data comprises a mutation. In
various embodiments, the biological data comprises from 1 to 50 mutations. In
various embodiments, the biological data comprises at least one mutation, at
least two mutations, at least three mutations, at least four mutations, at least five
mutations, at least six mutations, at least seven mutations, at least eight
mutations, at least nine mutations, at least ten mutations, at least 11 mutations,
at least 12 mutations, at least 13 mutations, at least 14 mutations, at least 15
mutations, at least 16 mutations, at least 17 mutations, at least 18 mutations, at
least 19 mutations, at least 20 mutations, at least 21 mutations, at least 22
mutations, at least 23 mutations, at least 24 mutations, at least 25 mutations, at
least 26 mutations, at least 27 mutations, at least 28 mutations, at least 29
mutations, at least 30 mutations, at least 31 mutations, at least 32 mutations, at
least 33 mutations or at least 34 mutations.

In some embodiments, the one or more non-coding polynucleotide
sequences/regions comprises a non-coding sequence/region of a gene or within
a gene. The non-coding sequence/region of a gene or within a gene may
comprise an intron of the gene. The non-coding sequence/region of a gene or
within a gene may comprise a sequence/region that is not an exon of the gene.
In some embodiments, the one or more non-coding polynucleotide
sequences/regions comprises an intergenic sequence/region.

In some embodiments, the one or more non-coding polynucleotide
sequences/regions comprises a sequence/region that is enriched/located in
conserved sequences.

In some embodiments, each of the one or more non-coding polynucleotide
sequences/regions is not in proximity with TERT gene. In some embodiments, at

least one gene, at least two genes, at least three genes, at least four genes or at
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least five genes is present in the region spanning the TERT gene and each of the
one or more non-coding polynucleotide sequences/regions that is not in proximity
with TERT gene. In some embodiments, each of the one or more non-coding
polynucleotide sequences/regions that is not in proximity with TERT gene is
located at least about 180 kilobase pairs (kbp), at least about 177 kbp, at least
about 170 kbp, at least about 160 kbp, at least about 150 kbp, at least about 140
kbp, at least about 130 kbp, at least about 120 kbp, at least about 110 kbp, at
least about 100 kbp, at least about 90 kbp, at least about 80 kbp, at least about
70 kbp, at least about 60 kbp, at least about 50 kbp, at least about 40 kbp, at
least about 30 kbp, at least about 20 kbp or at least about 10 kbp from the TERT
gene.

In various embodiments, the one or more non-coding polynucleotide
sequences/regions is located on a human chromosome selected from the group
consisting of: human chromosome 1, human chromosome 2, human
chromosome 3, human chromosome 4, human chromosome 5, human
chromosome 6, human chromosome 7, human chromosome 8, human
chromosome 9, human chromosome 12, human chromosome 13, human
chromosome 14, human chromosome 16, human chromosome X and any
combinations thereof. In various embodiments, the one or more non-coding
polynucleotide sequences/regions is not located on a human chromosome
selected from the group consisting of: human chromosome 10, human
chromosome 11, human chromosome 15, human chromosome 17, human
chromosome 18, human chromosome 19, human chromosome 20, human
chromosome 21, human chromosome 22, human chromosome Y and any
combinations thereof.

In some embodiments, the one or more non-coding polynucleotide
seguences/regions comprises a polynucleotide sequence/region indicated in
Table 1 below:

Table 1

Chromosome Start site End site Cytogenic
location
8 50570094 50570120 6p12.3
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7 68391104 68391132 7q11.22
8 71000992 71001012 8q13.3
7 136495924 136495948 7933

2 57627616 57627640 2p16.1
1 209422184 209422222 1932.2
2 49173770 49173816 2p16.3
2 239033350 239033370 2037.3
4 182064578 182064613 4q34.3
X 104435106 104435140 Xg22.3
16 8381278 8381302 16p13.2
5 23824204 23824224 5p14.2
7 67614923 67614943 7q11.22
14 70285576 70285601 14024.2
6 73122084 73122123 6q13
8 65161396 65161420 8g12.3
7 4937707 4937736 7p22.1
8 70576141 70576184 8q13.3
12 126996666 126996686 12g24.32
1 153607104 153607124 1921.3
4 5415060 5415082 4p16.2
16 13516145 13516165 16p13.12
X 137405623 137405655 Xq26.3
13 36552821 36552860 13q13.3
4 62653076 62653096 4q13.1
3 171164993 171165017 3026.31
4 144748744 144748764 4q31.21
3 164903700 164903728 3g26.1
5 1472143 1472163 5p15.33
9 25481736 25481758 9p21.3
2 77150455 77150477 2p12
3 104801455 104801477 3q13.11
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125548690 125548710 Xq25
14 83046706 83046744 14g31.1

In some embodiments therefore, there is provided a method of
determining a risk of/predicting the likelihood of/detecting cancer in a test subject,
the method comprising: determining in a biological sample of the subject, whether
mutation is present in at least one of the regions, or portions or flanking
sequences thereof, set forth in the Table 1.

In various embodiments, the one or more non-coding polynucleotide
sequences/regions comprises a sequence set forth in SEQ ID NO. 1, SEQ ID
NO. 2, SEQ ID NO. 3, SEQ ID NO. 4, SEQ ID NO. 5, SEQ ID NO. 6, SEQ ID NO.
7, 8SEQ ID NO. 8, SEQ ID NO. 9, SEQ ID NO. 10, SEQ ID NO. 11, SEQ ID NO.
12, SEQ ID NO. 13, SEQ ID NO. 14, SEQ ID NO. 15, SEQ ID NO. 16, SEQ ID
NO. 17, SEQ ID NO. 18, SEQ ID NO. 19, SEQ ID NO. 20, SEQ ID NO. 21, SEQ
ID NO. 22, SEQ ID NO. 23, SEQ ID NO. 24, SEQ ID NO. 25, SEQ ID NO. 26,
SEQ ID NO. 27, SEQ ID NO. 28, SEQ ID NO. 29, SEQ ID NO. 30, SEQ ID NO.
31, SEQ ID NO. 32, SEQ ID NO. 33 or SEQ ID NO. 34.

In various embodiments, the one or more non-coding polynucleotide
sequences/regions comprises a transcription factor binding site (TFBS) or
portions thereof. In some embodiments, the one or more non-coding
polynucleotide sequences/regions comprises a CTCF (11-zinc finger protein or
CCCTC-binding factor) binding site (CBS) or a CTCF binding motif and a flanking
sequence/region/boundary  thereof, optionally wherein the flanking
sequence/region/boundary is no more than about 10 bp, no more than about 9
bp. no more than about 8 bp, no more than about 7 bp, no more than about 6 bp,
no more than about 5 bp, no more than about 4 bp, no more than about 3 bp, no
more than about 2 bp or no more than about 1 bp in length. In some
embodiments, the CTCF binding motif has the following position frequency matrix
(JASPAR ID: MAO139.1and UniProt ID: P49711):

87 167 281 56 8 744 40 107 851 5 333 54 12 56 104 372 82 117 402
291 145 48 800 903 13 528 433 M 0 3 12 0 8 733 13 482 322 181

76 414 449 21 0 85 334 48 32 903 566 504 890 775 5 507 307 73 266
459 187 134 36 2 a1 A 324 18 3 2 M 8 71 &7 17 37 396 59
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CTCF is a DNA-binding protein essential for the maintenance of genome
architecture by mediating both short and long-range chromosomal contacts.
Together with the cohesin complex, CTCF organizes chromatin into large
topologically associating domains (TADs), insulating the local chromosomal
neighborhoods from adjacent regions. Disruption of CTCF binding can therefore
lead to dysregulation of gene expression. In cancer, CTCF binding is found to be
disrupted through various mechanisms such as DNA copy number alterations
spanning domain boundaries, microdeletions within CBSs, and hypermethylation
of CBSs. These alterations at CBSs may drive cancer progression by allowing
ectopic expression of oncogenes. Notably, a genome-wide elevated somatic
mutation rate across CBSs in several cancer types was found. This suggests that
mutational and DNA repair processes may act differently at CBSs relative to other
genomic regions, thereby resulting in an overall elevated mutational burden at
such sites in cancer. More notably, the inventors have also identified 11 CBS
overlapping regions that are surprisingly significantly mutated even after
controlling for genome-wide elevated mutation rate at CBSs.

In some embodiments therefore, the mutation comprises a mutation at a
CBS or CTCF binding motif or a flanking sequence/region/boundary thereof.

Further, in some embodiments, the mutation within the one or more non-
coding polynucleotide sequences/regions comprises a mutation that cannot be
fully accounted by genome-wide elevated mutation rate of the one or more non-
coding polynucleotide sequence/region. In some embodiments wherein the
mutation is located within a CBS, the mutation comprises a mutation that cannot
be fully accounted by genome-wide elevated mutation rate at CBS (for example,
the mutation is one that remains significant after adjustment with a CBS-specific
background mutation model).

Accordingly, in some embodiments, there is provided a method of
determining a risk of/predicting the likelihood of/detecting gastrointestinal cancer
in @ human subject, the method comprising: determining in a biological sample of
the subject, whether mutation is present in a CTCF-binding sites (CBS)
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Table 2 below:
Table 2
Chromosome Start site End site

6 50570094 50570120
8 71000992 71001012
1 209422184 209422222
2 49173770 49173816
4 182064578 182064613
X 104435106 104435140
14 70285576 70285601
6 73122084 73122123
8 70576141 70576184
13 36552821 36552860
3 164903700 164903728

or portions or flanking sequences thereof, wherein presence of mutation
in at least a CBS overlapping region, or portions or flanking sequences thereof,
indicates a risk of gastrointestinal cancer (for example, an increased or elevated
risk of gastrointestinal cancer} or the likelihood that the subject has
gastrointestinal cancer or is predisposed to gastrointestinal cancer or that the
subject has gastrointestinal cancer or is predisposed to gastrointestinal cancer.

In some embodiments, there is provided a method of determining a risk
of gastrointestinal cancer in a human subject, the method comprising:
determining in a biological sample of the subject, whether mutation is present
in at least one of the CBS overlapping regions set forth in Table 2, or portions
or flanking sequences thereof, wherein presence of mutation in at least one
of the CBS overlapping regions, or portions or flanking sequences thereof, is
indicative of a risk of gastrointestinal cancer in the subject.

In some embodiments, the TFBS or CBS overlapping regions comprises
a sequence set forth in SEQ ID NO. 1, SEQ ID NO. 3, SEQ ID NO. 6, SEQ
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ID NO. 7, SEQ ID NO. 9, SEQ ID NO. 10, SEQ ID NO. 14, SEQ ID NO. 15,
SEQ ID NO. 18, SEQ ID NO. 24 and SEQ ID NO. 28.

In some embodiments, the one or more non-coding polynucleotide
sequences/regions comprises a sequence/region that is not a TFBS (or a CBS)
or portions thereof.

Accordingly, in some embodiments, there is provided a method of
determining a risk of/predicting the likelihood of/detecting gastrointestinal cancer
in a human subject, the method comprising: determining in a biological sample of
the subject, whether mutation is presentin a non-CBS region, optionally wherein
the non-CBS region is set forth in Table 3 below:

Table 3
Chromosome Start site End site
7 68391104 68391132
T 136495924 136495948
2 57627616 57627640
16 8381278 8381302
5 23824204 23824224
7 67614923 67614943
8 65161396 65161420
7 4937707 4937736
12 126996666 126996686
4 5415060 5415082
X 137405623 137405655
3 171164993 171165017
4 144748744 144748764
9 25481736 25481758
2 77150455 77150477
3 104801455 104801477
X 125548690 125548710
14 83046706 83046744
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or portions or flanking sequences thereof, wherein presence of mutation
in at least a non-CBS region, or portions or flanking sequences thereof, indicates
a risk of gastrointestinal cancer or the likelihood that the subject has
gastrointestinal cancer or is predisposed to gastrointestinal cancer or that the
subject has gastrointestinal cancer or is predisposed to gastrointestinal cancer.

In some embodiments therefore, the method further comprises
determining in a biological sample of the subject, whether mutation is present
in at least one of the non-CBS regions set forth in Table 3, or portions or
flanking sequences thereof, wherein presence of mutation in at least one of
the CBS overlapping regions, or portions or flanking sequences thereof,
and/or at least one of the non-CBS regions, or portions or flanking sequences
thereof, is indicative of a risk of gastrointestinal cancer in the subject.

In some embodiments, there is provided a method of determining arisk
of gastrointestinal cancer in a human subject, the method comprising:
etermining in a biological sample of the subject, whether mutation is present
in at least one of the CTCF-binding sites (CBS) overlapping regions set forth
in Table 2, or portions or flanking sequences thereof, or at least one of the
non-CBS regions set forth in Table 3, or portions or flanking sequences
thereof, wherein presence of mutation in at least one of the CBS overlapping
regions, or portions or flanking sequences thereof, and/or at least one of the
non-CBS regions, or portions or flanking sequences thereof, is indicative of a
risk of gastrointestinal cancer in the subject.

In some embodiments, determining whether mutation is present in
each of the one or more non-coding polynucleotide sequences/regions
comprises determining whether at least one mutation, at least two mutations, at
least three mutations, at least four mutations, at least five mutations, at least six
mutations, at least seven mutations, at least eight mutations, at least nine
mutations or at least ten mutations is/are present in each of the one or more non-
coding polynucleotide sequences/regions. For example, determining whether
mutation is present in a non-coding polynucleotide sequences/regions selected
from the group consisting of chr 4: 144748744-144748764, chr 7: 136495924-
136495948, chr 8: 70576141-70576184, chr 2: 77150455-77150477 and chr 7:
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68391104-68391132 comprises determining whether at least three mutations, at
least four mutations, at least five mutations or at least six mutations are present
in the non-coding polynucleotide sequences/regions.In various embodiments,
each of the one or more non-coding polynucleotide sequences/regions is no more
than about 50 bp, no more than about 49 bp, no more than about 48 bp, no more
than about 47 bp, no more than about 46 bp, no more than about 45 bp, no more
than about 44 bp, no more than about 43 bp, no more than about 42 bp, no more
than about 41 bp, no more than about 40 bp, no more than about 39 bp, no more
than about 38 bp, no more than about 37 bp, no more than about 36 bp, no more
than about 35 bp, no more than about 34 bp, no more than about 33 bp, no more
than about 32 bp, no more than about 31 bp, no more than about 30 bp, no more
than about 29 bp, no more than about 28 bp, no more than about 27 bp, no more
than about 26 bp, no more than about 25 bp, no more than about 24 bp, no more
than about 23 bp, no more than about 22 bp, no more than about 21 bp, no more
than about 20bp, no more than about 19bp, no more than about 18bp, no more
than about 17bp, no more than about 16bp or no more than about 15bp in length.
Advantangeously, mutations in the one or more non-coding polynucleotide
sequences/regions are concentrated and focal, and hence the one or more non-
coding polynucleotide sequences/regions are extremely well suited as
biomarkers in liquid biopsy assays.

In various embodiments therefore, determining whether mutation is
present in the CBS overlapping regions, or portions or flanking sequences
thereof, and/or the non-CBS regions, or portions or flanking sequences thereof,
does not comprise determining whether mutation is present in a region spanning
more than 50 nucleotides. In various embodiments, determining whether
mutation is present in the CBS overlapping regions, or portions or flanking
sequences thereof, and/or the non-CBS regions, or portions or flanking
sequences thereof, comprises determining whether mutation is present in a
region spanning no more than 50 nucleotides.

In various embodiments, the mutation may comprise a point mutation. The
mutation may also comprise one of the following selected from the group

consisting of: an insertion mutation, a deletion mutation, a substitution mutation,
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insertion/deletion mutation (indels), or any combinations thereof. The mutation
may also comprise a missense mutation, a splice site mutation, a frame-shift
mutation, a nonsense mutation or the like. In some embodiments, the mutation
comprises a mutation selected from the group consisting of: A.T>C.G
substitution, A.T>G.C substitution, T>G substitution, T>C substitution, T>A
substitution and any combinations thereof.

In various embodiments, the mutation comprises a mutation at a position
selected from the group consisting of: position 1, position 2, position 3, position
8, position 9, position 10, position 11, position 12, position 17, position 18,
position 19 and any combination thereof of a CBS or CTCF binding motif but is
not limited as such. In various embodiments, the mutation does not comprise a
mutation at a position selected from the group consisting of: position 4, position
5, position 6, position 7, position 13, position 14, position 15, position 16 and any
combination thereof of a CBS or CTCF binding motif but is not limited as such.

In some embodiments, wherein the mutation is located in one or more non-
CBS region, a plurality of said non-CBS regions, taken collectively, is not enriched
in a mutation selected from the group consisting of: AT>C.G substitution,
A.T>G.C substitution and any combinations thereof.

In some embodiments, the mutation comprises a mutation at a
sequence/region/boundary flanking a CBS. The sequence/region/boundary
flanking a CBS may comprise a sequence/region/boundary flanking the 5’ end of
the CBS or alternatively/additionally the 3 end of the CBS. The
sequence/region/boundary flanking a CBS may be about 1-10 nucleotides/base
pairs, such as 2, 3, 4, 5, 6, 7, 8, 9 or 10 nuclectides/base pairs.

Advantageously, sensitivity of the method may be increased by combining
mutations in the non-coding polynucleotide sequences/regions with frequently
(and focally) mutated protein coding regions in gastrointestinal cancer. Sensitivity
of the method may also be increased by combining two or more mutations in the
non-coding polynucleotide sequences/regions.

In various embodiments therefore, the method further comprises
determining in a biological sample of the test subject, a biological data associated
with a gene sequence/region or fragment thereof. In some embodiments, wherein
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the biological data comprises a presence of a mutation within the gene
sequence/region or fragment thereof.

In various embodiments, the method further comprises determining from
the biological sample, a mutation in or associated with with at least 1, at least 2,
at least 3, at least 4, at least 5, at least 6, at least 7, at least 8 of the genes
selected from KRAS, TP53, RHOA, ARID1A, PIK3CA, ERBB3, PTEN and
HLA-B. In some embodiments, the method further comprises determining from
the biological sample, whether mutation is also present in at least one of
regions coding for proteins selected from KRAS, TP53, RHOA, ARIDI1A,
PIK3CA, ERBB3, PTEN and HLA-B. In some embodiments, the method
further comprises determining in the biological sample of the subject, whether
mutation is present in at least one of the genes selected from the group
consisting of: KRAS, TP53, RHOA, ARID1A, PIK3CA, ERBB3 and PTEN,
wherein presence of mutation in at least one of the CBS overlapping regions,
or portions or flanking sequences thereof, at least one of the non-CBS
regions, or portions or flanking sequences thereof, and/or at least one of the
genes is indicative of a risk of gastrointestinal cancer in the subject. In some
embodiments, the method further comprises determining in the biological
sample of the subject, whether mutation is present in at least one of the genes
selected from the group consisting of: KRAS, TP53 and RHOA, wherein
presence of mutation in at least one of the CBS overlapping regions, or
portions or flanking sequences thereof, at least one of the non-CBS regions,
or portions or flanking sequences thereof, and/or at least one of the genes is
indicative of a risk of gastrointestinal cancer in the subject.

In various embodiments, the method comprises determining in a biological
sample of the subject, a mutation in or associated with at least 1, at least 2, at
least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least
10, atleast 11, at least 12, at least 13, at least 14, at least 15, at least 16, at least
17, atleast 18, at least 19, at least 20, at least 21, at least 22, at least 23, at least
24, at least 25, at least 26, at least 27, at least 28, at least 29, at least 30, at least
31, at least 32, at least 33 or at least 34 of the non-coding polynucleotide
sequence/region in Table 1.
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In various embodiments, the method comprises determining from a
biological sample obtained from the subject, whether mutation is present in at
least 1, at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8,
at least 9, at least 10 or all 11 of the non-coding regions shown in Table 2 that
overlaps/are TF binding sites or CBS and/or determining from the biological
sample, whether mutation is also present in at least 1, at least 2, at least 3, at
least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least
11, at least 12, at least 13, at least 14, at least 15, at least 16, at least 17 or all
18 of the non-coding regions shown in Table 3 that do not overlap with said TF
binding sites or CBS.

In some embodiments, the method comprises determining whether
mutation is present in at least two of the CBS overlapping regions, or portions or
flanking sequences thereof, set forth in Table 2. In some embodiments, the
method comprises determining whether mutation is present in all of the CBS
overlapping regions, or portions or flanking sequences thereof, set forth in Table
2. In some embodiments, the method comprises determining whether mutation is
present in all of the CBS overlapping regions, or portions or flanking sequences
thereof, and all of the non-CBS regions, or portions or flanking sequences thereof,
set forth in Tables 2 and 3.

In various embodiments, the method has a detection sensitivity/accuracy
of no less than about 15%, of no less than about 20%, no less than about 25%,
no less than about 30%, no less than about 40%, no less than about 45%, no
less than about 50%, no less than about 55%, no less than about 60%, no less
than about 65%, no less than about 70%, no less than about 75%, no less than
about 85%, no less than about 90%, or no less than about 95%. In some
embodiments, the method has a detection sensitivity of no less than about 50%.

In various embodiments, the method is at least one of a diagnosis method,
a prognosis method, a method of disease monitoring, a method of detecting
recurrence or a method of detecting metastasis. In some embodiments, the
method comprises an early detection method or a monitoring method of disease
relapse/recurrence and/or metastasis.
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In various embodiments, the method is an in vitro method. In various
embodiments, the method is an ex vivo method.

In various embodiments, the method further comprises obtaining the
biological sample from the test subject prior to the determining step. In some
embodiments, the step of obtaining the biological sample from the test subject is
a non-surgical step, a non-invasive step or a minimally invasive step. In some
embodiments, the step of obtaining the biological sample from the test subject
comprises withdrawing a blood sample from the test subject or obtaining a tumor
biopsy from the test subject. In some embodiments, the method further comprises
the step of removing particulate blood components from the blood sample to
leave behind blood plasma for use in the determining step. In some
embodiments, the particulate blood components are selected from the group
consisting red blood cells, white blood cells, platelets and combinations thereof.

In various embodiments, the biological sample is a solid biological sample.
In some embodiments, the solid biological sample comprises a solid sample
derived from a tumor tissue, such as a solid bulk tumor. The solid sample derived
from a tumor tissue may comprise a tumor biopsy. In various embodiments, the
biological sample is a fluid biological sample. In some embodiments, the fluid
biological may include but is not limited to blood, plasma, serum and
combinations thereof, and the like.

In various embodiments, the biological sample comprises cell free DNA or
circulating DNA of a tumor cell. In various embodiments, the cell free DNA or
circulating DNA of a tumor cell is no more than about 250 bp, no more than about
240 bp, no more than about 230 bp, no more than about 220 bp, no more than
about 210 bp, no more than about 200 bp, no more than about 190 bp, no more
than about 180 bp, no more than about 170 bp, no more than about 160 bp, no
more than about 150 bp, no mare than about 140 bp, no more than about 130
bp, no more than about 120 bp, no more than about 110 bp, no more than about
100 bp in length, no more than about 90 bp, no more than about 80 bp, no more
than about 70 bp, no more than about 60 bp or no more than about 50 bp in length
but is not limited as such.



10

15

20

25

30

WO 2019/168478 32 PCT/SG2019/050119

In various embodiments, the method requires no more than about 20
millilitres, no more than about 19.5 millilitres, no more than about 19 millilitres, no
more than about 18.5 millilitres, no more than about 18 millilitres, no more than
about 17.5 millilitres, no more than about 17 millilitres, no more than about 16.5
millilitres, no more than about 16 millilitres, no more than about 15.5 millilitres, no
more than about 15 millilitres, no more than about 14.5 millilitres, no more than
about 14 millilitres, no more than about 13.5 millilitres, no more than about 13
millilitres, no more than about 12.5 millilitres, no more than about 12 millilitres, no
more than about 11.5 millilitres, no more than about 11 millilitres, no more than
about 10.5 millilitres, no more than about 10 millilitres, no more than about 9.5
millilitres, no more than about 9 millilitres, no more than about 8.5 millilitres, no
more than about 8 millilitres, no more than about 7.5 millilitres, no more than
about 7 millilitres, no more than about 6.5 millilitres, no more than about 6
millilitres, no more than about 5.5 millilitres, no more than about 5 millilitres, no
more than about 4.5 millilitres, no more than about 4 millilitres, no more than
about 3.5 millilitres, no more than about 3 millilitres, no more than about 2.5
millilitres, no more than about 2 millilitres, no more than about 1.5 millilitres, no
more than about 1 millilitres, no more than about 0.9 millilitres, no more than
about 0.8 millilitres, no more than about 0.7 millilitres, no more than about 0.6
millilitres, no more than about 500 microliters of biological sample, no more than
about 450 microliters of biological sample, no more than about 400 microliters of
biological sample, no more than about 350 microliters of biological sample or no
more than about 300 microliters of biological sample.

In various embodiments, there is provided a method of treating a
proliferative disease in a subject in need thereof comprising: providing a biological
sample from the subject; determining in the biclogical sample of the test subject,
a presence of a mutation associated with one or more non-coding polynucleotide
sequences/regions, wherein if the sample shows a presence of a mutation, the
subject is subjected to treatment with an agent for treating the proliferative
disease, optionally wherein the agent may include but is not limited to
chemotherapy, radiation therapy, combination therapy, alternative
therapy/complementary therapy and immunotherapy. In some embodiments,



10

15

20

25

30

WO 2019/168478 33 PCT/SG2019/050119

there is provided a method of treating gastrointestinal cancer in a human subject,
the method comprising determining in a biological sample of the subject, whether
mutation is present in at least one of the CTCF-binding sites (CBS) overlapping
regions set forth in Table 2, or portions or flanking sequences thereof, or one of
the non-CBS regions set forth in Table 3 or portions or flanking sequences
thereof, wherein if the biological sample shows a presence of mutation in at least
one of the CBS overlapping regions, or portions or flanking sequences thereof,
and/or at least one of the non-CBS regions, or portions or flanking sequences
thereof, the subject is administered a therapeutic agent for treating
gastrointestinal cancer.

In some embodiments therefore, there is provided a method of treating
gastrointestinal cancer in a human subject, the method comprising: determining
in a biological sample of the subject, whether mutation is present in at least one
of the CBS overlapping regions set forth in Table 2, or portions or flanking
sequences thereof, wherein if the biological sample shows a presence of
mutation in at least one of the CBS overlapping regions, or portions or flanking
sequences thereof, the subject is administered a therapeutic agent for treating
gastrointestinal cancer.In some embodiments, the method further comprises
determining in the biological sample of the subject, whether mutation is present
in at least one of the non-CBS regions set forth in Table 3, or portions or flanking
sequences thereof, wherein if the biological sample shows a presence of
mutation in at least one of the CBS overlapping regions, or portions or flanking
sequences thereof, and/or at least one of the non-CBS regions, or portions or
flanking sequences thereof, the subject is administered a therapeutic agent for
treating gastrointestinal cancer. In some embodiments, the method further
comprises determining in the biclogical sample of the subject, whether mutation
is present in at least one of the genes selected from the group consisting of:
KRAS, TP53, RHOA, ARID1A, PIK3CA, ERBB3 and PTEN, wherein if the
biological sample shows a presence of mutation in at least one of the CBS
overlapping regions, or portions or flanking sequences thereof, at least one of the
non-CBS regions, or portions or flanking sequences thereof, and/or at least one
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gastrointestinal cancer. In some embodiments, the method further comprises
determining in the biological sample of the subject, whether mutation is present
in at least one of the genes selected from the group consisting of: KRAS, TP53
and RHOA, wherein if the biclogical sample shows a presence of mutation in at
least one of the CBS overlapping regions, or portions or flanking sequences
thereof, at least one of the non-CBS regions, or portions or flanking sequences
thereof, and/or at least one of the genes, the subject is administered a therapeutic
agent for treating gastrointestinal cancer.

In some embodiments, the therapeutic agent may include but is not limited
to chemotherapy, radiation therapy, immunotherapy and combinations thereof.In
some embodiments, a therapeutically effective amount of the therapeutic agent
is administered to the subject.

In various embodiments, the method comprises a liquid biopsy assay. In
various embodiments therefore, the method may include various existing
experimental steps/approaches for targeted sequencing of the one or more non-
coding polynucleotide sequences/regions in liquid biopsies (for example,
Amplicon sequencing, capture probes and the like).

Detection of a presence of a mutation may be carried out according to any
one of the many methods available to the man skilled in the art. In various
embodiments, the determining step is carried out by performing an assay capable
of detecting a presence of a mutation within the one or more non-coding
polynucleotide sequences/regions. In some embodiments, the assay may include
but is not limited to DNA sequencing methods, next-generation sequencing
(NGS) methods, whole genome sequencing (WGS) methods, whole exome
sequencing (WES) methods, panel sequencing methods, paired-end sequencing
methods, DNA microarray methods, multiplex ligation-dependent probe
amplification (MLPA} methods, single strand conformational polymorphism
(SSCP) methods, denaturing gradient gel electrophoresis (DGGE) methods,
heteroduplex analysis methods, restriction fragment length polymorphism (RFLP)
methods, polymerase chain reaction (PCR) methods, molecular inversion
probes, digital droplet PCR, fluorescent-probe PCR, quantitative PCR, allele-
specific PCR or the like.
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In various embodiments, determining whether mutation is present in
one or more non-coding polynucleotide sequences/regions comprises contacting
the biological sample with an agent for detecting mutation in the one or more
non-coding polynucleotide sequences/regions. In some embodiments, the agent
may include but is not limited to primers, probes, capture agents, dyes, labels,
nucleotides, salts, buffering agents, various additives, PCR enhancers and
combinations thereof. In some embodiments therefore, the determining step
comprises contacting the biological sample with a primer/probe for hybridizing
under stringent conditions to the one or more non-coding polynucleotide
sequences/regions.

In various embodiments, the probe/primer comprises a sequence having
at least about 75%, at least about 80%, at least about 85%, at least about 90%,
at least about 85% or at least about 99% sequence identity to a sequence set
forth in SEQ ID NO. 35, SEQ ID NO. 36, SEQ ID NO. 37, SEQ ID NO. 38, SEQ
ID NO. 39, SEQ ID NO. 40, SEQ ID NO. 41, SEQ ID NO. 42, SEQ ID NO. 43,
SEQ ID NO. 44, SEQ ID NO. 45, SEQ ID NO. 46, SEQ ID NO. 47, SEQ ID NO.
48, SEQ ID NO. 49, SEQ ID NO. 50, SEQ ID NO. 51, SEQ ID NO. 52, SEQ ID
NO. 53, SEQ ID NO. 54, SEQ ID NO. 55, SEQ ID NO. 56, SEQ ID NO. 57, SEQ
ID NO. 58, SEQ ID NO. 59, SEQ ID NO. 60, SEQ ID NO. 61, SEQ ID NO. 62,
SEQ ID NO. 63, SEQ ID NO. 64, SEQ ID NO. 65, SEQ ID NO. 66, SEQ ID NO.
67, SEQ ID NO. 68, SEQ ID NO. 69, SEQ ID NO. 70, SEQ ID NO. 71, SEQ ID
NO. 72, SEQ ID NO. 73, SEQ ID NO. 74, SEQ ID NO. 75, SEQ ID NO. 76, SEQ
ID NO. 77, SEQ ID NO. 78, SEQ ID NO. 79, SEQ ID NO. 80, SEQ ID NO. 81,
SEQ ID NO. 82, SEQ ID NO. 83, SEQ ID NO. 84, SEQ ID NO. 85, SEQ ID NO.
86, SEQ ID NO. 87, SEQ ID NO. 88, SEQ ID NO. 89, SEQ ID NO. 90, SEQ ID
NO. 91 or SEQ ID NO. 92. It is understood that other probes/primers, which may
be obtained by persons of ordinary skill in the art based on the sequences of the
one or more non-coding polynucleotide sequences/regions, and based on well-
known criteria for designing sequence specific probes/primers, may also be used.

In various embodiments, determining whether mutation is present in at
least one of the CBS overlapping regions or portions or flanking sequences
thereof comprises contacting the biological sample with an agent, optionally
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a primer for detecting mutation in at least one of the CBS overlapping regions
set forth in Table 2, or portions or flanking sequences. In various
embodiments, determining whether mutation is present in at least one of the
CBS overlapping regions or portions or flanking sequences thereof comprises
contacting the biological sample with a primer having at least about 85%
seguence identity to a sequence selected from the group consisting of: SEQ
ID NO. 35, SEQ ID NO. 36, SEQ ID NO. 39, SEQ ID NO. 40, SEQ ID NO. 45,
SEQ ID NO. 46, SEQ ID NO. 47, SEQ ID NO. 48, SEQ ID NO. 49, SEQ ID
NO. 50, SEQ ID NO. 51, SEQ ID NO. 52, SEQ ID NO. 57, SEQ ID NQ. 58,
SEQ ID NO. 59, SEQ ID NO. 60, SEQ ID NO. 65, SEQ ID NO. 66, SEQ ID
NO. 77, SEQ ID NO. 78, SEQ ID NO. SEQ ID NO. 83, SEQ ID NO. 84 and
combinations thereof.In various embodiments, determining whether mutation
is present in at least one of the CBS overlapping regions comprises
contacting the biological sample with a primer pair having at least about 85%
seguence identity to a pair of sequences such as but is not limited to SEQ ID
NOs. 35 and 36, SEQ ID NOs. 39 and 40, SEQ ID NOs. 45 and 46, SEQ ID
NOs. 47 and 48, SEQ ID NOs. 49 and 50, SEQ ID NOs. 51 and 52, SEQ ID
NOs. 57 and 58, SEQ ID NOs. 59 and 60, SEQ ID NOs. 65 and 66, SEQ ID
NOs. 77 and 78, and SEQ ID NOs. 83 and 84, and the like.

In various embodiments, determining whether mutation is present in at
least one of the non-CBS regions or portions or flanking sequences thereof
comprises contacting the biological sample with an agent, optionally a primer
for detecting mutation in at least one of the non-CBS regions set forth in Table
3. or portions or flanking sequences. In various embodiments, determining
whether mutation is present in at least one of the non-CBS regions, or
portions or flanking sequences thereof, comprises contacting the biological
sample with a primer having at least about 85% sequence identity to a
sequence selected from the group consisting of: SEQ ID NO. 37, SEQ ID NO.
38, SEQ ID NO. 41, SEQ ID NO. 42, SEQ ID NO. 43, SEQ ID NO. 44, SEQ
ID NO. 53, SEQ ID NO. 54, SEQ ID NO. 55, SEQ ID NO. 56, SEQ ID NO.
61, SEQ ID NO. 62, SEQ ID NO. 63, SEQ ID NO. 64, SEQ ID NO. 67, SEQ
ID NO. 68, SEQ ID NO. 71, SEQ ID NO. 72, SEQ ID NO. 75, SEQ ID NO.
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76, SEQ ID NO. 81, SEQ ID NO. 82, SEQ ID NO. 85, SEQ ID NO. 86, SEQ
ID NO. 87, SEQ ID NO. 88, SEQ ID NO. 89, SEQ ID NO. 90, SEQ ID NO.
91, SEQ ID NO. 92, and combinations thereof. In various embodiments,
determining whether mutation is present in at least one of the non-CBS
regions comprises contacting the biological sample with a primer pair having
at least about 85% sequence identity to a pair of sequence such as but is not
limited to SEQ ID NOs. 37 and 38, SEQ ID NOs. 41 and 42, SEQ ID NOs. 43
and 44, SEQ ID NOs. 53 and 54, SEQ ID NOs. 55 and 56, SEQ ID NOs. 61
and 62, SEQ ID NOs. 63 and 64, SEQ ID NOs. 67 and 68, SEQ ID NOs. 69
and 70, SEQ ID NOs. 71 and 72, SEQ ID NOs. 73 and 74, SEQ ID NOs. 75
and 76, SEQ ID NOs. 79 and 80, SEQ ID NOs. 81 and 82, SEQ ID NOs. 85
and 86, SEQ ID NOs. 87 and 88, SEQ ID NOs. 89 and 80, and SEQ ID NOs.
91 and 92, and the like.

In various embodiments, there is provided a kit comprising an agent,
for hybridising under stringent conditions to the one or more non-coding
polynucleotide sequences/regions or for hybridising to a polynucleotide
having at least about 75%, at least about 80%, at least about 85%, at least
about 90%, at least about 85% or at least about 99% sequence identity to the
one or more non-coding polynucleotide sequences/regions. In some
embodiments, the agent may include but is not limited to primers, probes, capture
agents, dyes, labels, nucleotides, salts, buffering agents, various additives, PCR
enhancers and combinations thereof.

In various embodiments, there is provided a kit for detecting
gastrointestinal cancer in a human subject, the kit comprising an agent for
detecting mutation in the one or more non-coding polynucleotide
seguences/regions set forth in Table 1 or portions or flanking sequences
thereof. In some embodiments, the agent, comprises a sequence having at
least about 75%, at least about 80%, at least about 85%, at least about 90%,
at least about 85% or at least about 99% sequence identity to a sequence set
forth in SEQ ID NO. 35, SEQ ID NO. 36, SEQ ID NO. 37, SEQ ID NO. 38,
SEQ ID NO. 32, SEQ ID NO. 40, SEQ ID NO. 41, SEQ ID NO. 42, SEQ ID
NO. 43, SEQ ID NO. 44, SEQ ID NO. 45, SEQ ID NO. 46, SEQ ID NO. 47,
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SEQ ID NO. 48, SEQ ID NO. 49, SEQ ID NO. 50, SEQ ID NO. 51, SEQ ID
NO. 52, SEQ ID NO. 53, SEQ ID NO. 54, SEQ ID NO. 55, SEQ ID NO. 586,
SEQ ID NO. 57, SEQ ID NO. 58, SEQ ID NO. 59, SEQ ID NO. 60, SEQ ID
NO. 61, SEQ ID NO. 62, SEQ ID NO. 63, SEQ ID NO. 64, SEQ ID NO. 65,
SEQ ID NO. 66, SEQ ID NO. 67, SEQ ID NO. 68, SEQ ID NO. 69, SEQ ID
NO. 70, SEQ ID NO. 71, SEQ ID NO. 72, SEQ ID NO. 73, SEQ ID NO. 74,
SEQ ID NO. 75, SEQ ID NO. 76, SEQ ID NO. 77, SEQ ID NO. 78, SEQ ID
NO. 79, SEQ ID NO. 80, SEQ ID NO. 81, SEQ ID NO. 82, SEQ ID NO. 83,
SEQ ID NO. 84, SEQ ID NO. 85, SEQ ID NO. 86, SEQ ID NO. 87, SEQ ID
NO. 88, SEQ ID NO. 82, SEQ ID NO. 90, SEQ ID NO. 91 or SEQ ID NO. 92.

In various embodiments, there is provided a kit for detecting
gastrointestinal cancer in a human subject, the kit comprising: an agent for
detecting mutation in at least one of the CBS overlapping regions set forth in
Table 2 or portions or flanking sequences thereof, or in at least one of the
non-regions set forth in Table 3 or portions or flanking sequences thereof. In
some embodiments, there is provided a kit for detecting gastrointestinal
cancer in a human subject, the kit comprising an agent for detecting mutation
in at least one of the CBS overlapping regions set forth in Table 2 or portions
or flanking sequences thereof. In some embodiments, the agent for detecting
mutation in at least one of the CBS overlapping regions, or portions or flanking
sequences thereof, comprises a primer having at least about 85% sequence
identity to a sequence such as but is not limited to SEQ ID NO. 35, SEQ ID
NO. 38, SEQ ID NO. 39, SEQ ID NO. 40, SEQ ID NO. 45, SEQ ID NO. 46,
SEQ ID NO. 47, SEQ ID NO. 48, SEQ ID NO. 49, SEQ ID NO. 50, SEQ ID
NO. 51, SEQ ID NO. 52, SEQ ID NO. 57, SEQ ID NO. 58, SEQ ID NO. 59,
SEQ ID NO. 60, SEQ ID NO. 65, SEQ ID NO. 66, SEQ ID NO. 77, SEQ ID
NO. 78, SEQ ID NO. SEQ ID NO. 83 and SEQ ID NO. 84, and the like. In
some embodiments, the kit comprises a primer pair having at least about 85%
seqguence identity to a pair of sequences selected from the group consisting
of SEQ ID NOs. 35 and 36, SEQ ID NOs. 39 and 40, SEQ ID NOs. 45 and
46, SEQ ID NOs. 47 and 48, SEQ ID NOs. 49 and 50, SEQ ID NOs. 51 and
52, SEQ ID NOs. 57 and 58, SEQ ID NOs. 59 and 60, SEQ ID NOs. 65 and
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66, SEQ ID NOs. 77 and 78, and SEQ ID NOs. 83 and 84. In some
embodiments, the kit comprises primer pairs having the following sequences:
SEQ ID NOs. 35 and 36 or a pair of sequences having at least about 85%
sequence identity thereto,SEQ ID NOs. 39 and 40 or a pair of sequences
having at least about 85% sequence identity thereto;SEQ ID NOs. 45 and 46
or a pair of sequences having at least about 85% sequence identity thereto;
SEQ ID NOs. 47 and 48 or a pair of sequences having at least about 85%
sequence identity thereto,SEQ ID NOs. 49 and 50 or a pair of sequences
having at least about 85% sequence identity thereto; and SEQ ID NOs. 51
and 52 or a pair of sequences having at least about 85% sequence identity
thereto. In some embodiments, the kit comprises agents for detecting
mutation in at least two of the CBS overlapping regions, or portions or flanking
sequences thereof, set forth in Table 2. In some embodiments, the Kit
comprises agents for detecting mutation in all of the CBS overlapping regions,
or portions or flanking sequences thereof, set forth in Table 2. In some
embodiments, the kit comprises agents for detecting mutation in all of the
CBS overlapping regions, or portions or flanking sequences thereof, and all
of the non-CBS regions, or portions or flanking sequences thereof, set forth
in Tables 2 and 3.

In some embodments, the kit further comprises an agent for detecting
mutation in at least one of the non-CBS regions set forth in Table 3 or portions
or flanking sequences thereof. In some embodiments, there is provided a kit
for detecting gastrointestinal cancer in a human subject, the kit comprising an
agent for detecting mutation in at least one of the CBS overlapping regions
set forth in Table 3 or portions or flanking sequences thereof. In some
embodiments, the agent for detecting mutation in at least one of the non-CBS
regions, or portions or flanking sequences thereof, comprises a primer having
at least about 85% sequence identity to a sequence selected from the group
consisting of: SEQ ID NO. 37, SEQ ID NO. 38, SEQ ID NO. 41, SEQ ID NO.
42, SEQ ID NO. 43, SEQ ID NO. 44, SEQ ID NO. 53, SEQ ID NO. 54, SEQ
ID NO. 55, SEQ ID NO. 56, SEQ ID NO. 61, SEQ ID NO. 62, SEQ ID NO.
63, SEQ ID NO. 64, SEQ ID NO. 67, SEQ ID NO. 68, SEQ ID NO. 71, SEQ
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ID NO. 72, SEQ ID NO. 75, SEQ ID NO. 76, SEQ ID NO. 81, SEQ ID NO.
82, SEQ ID NO. 85, SEQ ID NO. 86, SEQ ID NO. 87, SEQ ID NO. 88, SEQ
ID NO. 89, SEQ ID NO. 80, SEQ ID NO. 91 and SEQ ID NO. 92. In some
embodiments, the kit comprises a primer pair having at least about 85%
seguence identity to a pair of sequences such as but is not limited to SEQ ID
NOs. 37 and 38, SEQ ID NOs. 41 and 42, SEQ ID NOs. 43 and 44, SEQ ID
NOs. 53 and 54, SEQ ID NOs. 55 and 56, SEQ ID NOs. 61 and 62, SEQ ID
NOs. 63 and 64, SEQ ID NOs. 67 and 68, SEQ ID NOs. 69 and 70, SEQ ID
NOs. 71 and 72, SEQ ID NOs. 73 and 74, SEQ ID NOs. 75 and 76, SEQ ID
NOs. 79 and 80, SEQ ID NOs. 81 and 82, SEQ ID NOs. 85 and 86, SEQ ID
NOs. 87 and 88, SEQ ID NOs. 89 and 90, and SEQ ID NOs. 91 and 92, and
the like.

In various embodiments, the probe/primer is no more than about 30
bp., no more than about 29 bp, no more than about 28 bp, no more than about
27 bp, no more than about 26 bp, no more than about 25 bp, no more than
about 24 bp, no more than about 23 bp, no more than about 22 bp, no more
than about 21 bp, no more than about 20 bp, no more than about 19 bp, no
more than about 18 bp, no more than about 17 bp, no mare than about 16
bp, no more than about 15 bp, no more than about 14 bp, no more than about
13 bp, no more than about 12 bp, no more than about 11 bp, no more than
about 10bp, no more than about 9 bp, no more than about 8 bp, no more than
about 7 bp, no more than about 6 bp or no more than about 5 bp in length.

In various embodiments, the kit further comprises a probe/primer for
hybridising to a gene sequence. In some embodiments, the gene is selected
form the group consisiting of: KRAS, TP53, RHOA, ARIDIA, PIK3CA,
ERBB3, PTENand HLA-B. 1. In some embodiments, the kit further
comprises an agent for detecting mutation in at least one of the genes
selected from the group consisting of: KRAS, TP53, RHOA, ARIDI1A,
PIK3CA, ERBB3 and PTEN. In some embodiments, the kit further comprises
an agent for detecting mutation in at least one of the genes selected from the
group consisting of: KRAS, TP53 and RHOA.
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In various embodiments, the kit comprises at least about 10, at least
about 20, at least about 30, at least about 40, at least about 50, at least about
60 or at least about 68 probes/primers.

In various embodiments, there is also provided an isolated nucleic acid
or polynucleotide comprising a mutation in each of the one or more non-
coding polynucleotide sequences/regions set forth in Table 1, or a
polynucleotide having at least about 75%, at least about 80%, at least about
85%, at least about 90%, at least about 85% or at least about 99% sequence
identity with each of the one or more non-coding polynucleotide
seguences/regions set forth in Table 1.

In various embodiments, there is provided a method, product or use as
described herein.

BRIEF DESCRIPTION OF FIGURES

FIG. 1 is a summary of the data. (A) Gastric tumor samples were grouped
by cohort and ordered by SNV count within each cohort. The panels show
coverage, SNV count, indel count, mutation spectrum, molecular subtype and
Lauren’s classification of each sample. (B) Correlations between epigenetic
features and somatic mutation rates in different tumor subtypes. Error bars
represent s.e.m of the correlation coefficient. (C) Principle component analysis of
contributions of epigenetic features to the variance in the mutation rate of
individual tumours. Stacked bars show the contribution of individual epigenetic
features to the first two principal components.

FIG. 2 shows the genome-wide analysis of non-coding indel recurrence.
(A} Workflow of the method to detect recurrently mutated non-coding regions. (B)
Genome-wide negative log P-values of indel recurrence of 21bp regions with at
least 1 indel. The horizontal line marks the Bonferroni adjusted P-value of 0.01.
(C) Negative log P-value of indel recurrence in merged non-coding regions of
each gene. The top 3 significantly mutated genes are highlighted. The horizontal
line marks the Bonferroni adjusted P-value of 0.01. (D-F) Gene expression of
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LIPF (D), PGC (E) and MUCS (f) in normal gastric samples, tumors wildtype for
the gene of interest, and tumors with non-coding indels in the gene of interest.

FIG. 3 shows the genome-wide analysis of non-coding SNV hotspots. (A)
The negative log P-values of SNV recurrence for all 21bp regions genome-wide,
only regions with at least 3 mutations are displayed. Significantly mutated
hotspots overlapping CBSs are highlighted. The horizontal line marks the
Bonferroni adjusted P-value of 0.01. (B) Log odds ratio of the enrichment of
hotspot mutations and non-hotspot mutations in transcription factor binding
regions and conserved regions. Error bars indicate the s.e.m of the log odds ratio.
(C) Gastric cancer samples sorted by molecular subtype, with each row
representing a significant mutation hotspot. Mutated samples are highlighted in
black in the matrix. The mutation load of each sample is shown in the bottom
panel. The right panel annotates the location of each hotspot with respect to
annotated functional regions.

FIG. 4 is an analysis of CBS mutations in different gastric cancer subtypes.
(A-D) Mutation count per tumor around CBSs in the four gastric cancer subtypes.
(E) Elevated mutation rates at CBSs compared to flanking regions. (F) Somatic
substitution patterns within CTCF motifs for hotspot mutations and all mutations,
respectively. (G) The negative log P-values of mutation recurrence of all CBSs
evaluated with a CBS-specific background model. CBS hotspots identified in FIG.
3A are highlighted and labeled. The horizontal line marks the Bonferroni adjusted
P-value of 0.01.

FIG. 5 shows the association of CBS hotspot mutations and cis-gene
expression. (A, D, G) Association between mutation status of the CBS hotspot
and expression levels of neighboring genes (two-sided Wilcoxon rank-sum test).
Upregulated genes are shown above the x-axis, and down-regulated genes are
shown below the x-axis. Non-expressed genes are shown with empty circles on
the x-axis (normalized count<10 in all samples). (B,E,H) The reference sequence
and mutated alleles at the 3 CBS hotspots. The mutations in tumors with
expression data are underlined (black underline: TCGA tumors, grey underline:
SG tumors). (C, F, I) The gene expression of CENPQ (C), KCNQS5 (F) and SPG20

(I) in normal gastric tissue, and tumors with and without mutations at the
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corresponding CBS hotspot. P-values were adjusted using the Benjamini-
Hochberg method.

FIG. 6 shows the pan-cancer analysis of mutation recurrence at the 11
CBS mutation hotspots. (A) Fraction of samples with mutation in at least one of
the CBS hotspots in different cancer types. (B) Mutation rate of CBSs in different
cancer types. (C) Mutation recurrence of individual CBS hotspots in ditferent
cancer types.

FIG. 7 is an analysis on the association between CBS mutations and
chromosomal instability. (A) Distance to the nearest CNV breakpoint from CBS
hotspots and other non-CBS mutation hotspots. (B) Distance to the nearest CNV
breakpoint from CBSs at loop boundary and non-boundary CBSs. (C) Correlation
of mutation rates with SCNA breakpoint density. (D) Correlation of normalized
mutation rates with SCNA breakpoint density, correcting for the background
mutation rate in each bin. Error bars represent the s.e.m. (E) The violin plots show
the VAF distributions of somatic mutations in diploid regions of individual tumors.
VAFs of the mutations at CBS hotspots are marked by red vertical lines. (F)
Comparison between VAFs of the CBS hotspot mutations and VAFs of non-silent
coding mutation on GC driver genes. The darker points represent the median
VAFs in each group. The dashed lines match mutations from the same samples.
P-value is calculated by paired Wilcoxon rank-sum test.

FIG. 8 is a summary of mutation data of 212 gastric cancer genomes. (A)
A total of 212 gastric cancer whole genome sequences were collated from 4
sources and uniformly processed to obtain high-confidence somatic mutation
calls. (B} Mutation count and coverage of individual tumors from the 4 cohorts.
(C) Individual samples were plotted by their mutation counts on the y-axis against
the fractions of C.G>A.T mutations on the x-axis. Seven samples were removed
due to data corruption. Thirteen tumars with low mutation counts were removed,
as these are likely low-quality samples. Finally, 5 samples showing signature of
oxidative DNA damage (high fraction of C.G>A.T mutations) were removed. (D)
The mutation spectrums of tumors from the 4 cohorts are similar after uniform
alignment and mutation calling.
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FIG. 9 shows the features used in each background mutation model.
Sequence and epigenetic features that are most correlated with somatic mutation
rates were selected by LASSO regression. Selected features in the (A) SNV
background model, (B} indel background model, and (C) CBS-specific
background model.

FIG. 10 shows the log odds ratio of the enrichment of hotspot mutations
and non-hotspot mutations in constitutive transcription factor binding regions.
Error bars indicate the s.e.m of the log odds ratio.

FIG. 11 is a mutation hotspot analysis using 41bp windows. The negative
log P-values of SNV recurrence for all 41bp regions genome-wide, with only
regions with at least 3 mutations, are displayed. 17/34 hotspots remained
significant and only 2 additional hotspots were identified. The horizontal lines
mark the Bonferroni adjusted P-values of 0.01 and 1% FDR respectively.

FIG. 12 shows the correlation between CBS mutation rate of each sample
with COSMIC signatures.

FIG. 13 shows the negative log P-values of mutation recurrence plotted
against the number of mutated samples in each non-coding region. (A} Genome-
wide SNV hotspot model. Significantly mutated hotspots overlapping CBSs are
highlighted in grey. (B) CBS-specific model. CBS hotspots identified in (A) are
highlighted in grey. (C) Genome-wide indel hotspot model. 2 significantly mutated
regions are highlighted in grey. (D) Gene-based indel recurrence model. 3
significantly mutated genes are highlighted in grey.

FIG. 14 shows the distribution of mutations within each CBS hotspot. (A-
R) Somatic substitution patterns within each CBS hotspot. CBS hotspots
identified from genome-wide analysis of non-coding SNV hotspots are highlighted
in grey. Y-axis shows the mutation count and x-axis shows the position relative
to CTCF motif.

FIG. 15 shows the chromatin neighborhood of the CBS hotspot at
chrg:50570094-50570120. Candidate gene with expression change associated
with the mutation status of the hotspot is highlighted in grey. The archs represent
constitutive CTCF loops defined by Hnisz et al., Science, 2016. The heatmap
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shows the normalized Hi-C interaction frequencies in IMR90 cells (Dixon et al.,
Nature,2012). TADs were called by Dixon et al., Nature, 2012.

FIG. 16 shows the chromatin neighborhood of the CBS hotspot at
chr6:73122084-73122123. Candidate gene with expression change associated
with the mutation status of the hotspot is highlighted in grey. The archs represent
constitutive CTCF loops defined by Hnisz et al., Science, 2016. The heatmap
shows the normalized Hi-C interaction frequencies in IMR90 cells (Dixon et al.,
Nature, 2012). TADs were called by Dixon et al., Nature, 2012.

FIG. 17 shows the chromatin neighborhood of CBS hotspot at
chr13:36552821-36552860. Candidate gene with expression change associated
with the mutation status of the hotspot is highlighted in grey. The archs represent
constitutive CTCF loop defined by Hnisz et al., Science, 2016. The heatmap
shows the normalized Hi-C interaction frequencies in IMRS0 cells (Dixon et al.,
Nature, 2012). TADs were called by Dixon et al., Nature, 2012,

FIG. 18 shows the correlation between CBS hotspot mutations and the
expression of candidate genes using expression data from 14 tumors of the
Singapore cohort. (A-C) The gene expressions of CENPQ (A), KCNQ5 (B) and
SPG20 (C) in matched normal gastric tissue, tumors wildtype at the
corresponding CBS hotspot and tumors mutated at the corresponding CBS
hotspot. Wilcoxon ranksum test P-values are shown.

FIG. 19 shows the correlation between CBS hotspot mutations and the
residual expression of candidate genes after correcting for tumor purity and copy
number. (A-C) The gene expressions of CENPQ (A), KCNQS5 (B) and SPG20 (C)
in tumors wildtype at the corresponding CBS hotspot and tumors mutated at the
corresponding CBS hotspot. Wilcoxon rank-sum test P-values are shown.

FIG. 20 shows the evolutionary conservation of the consensus CTCF motif
and flanking sequences. (A) Average PhyloP scores of the CTCF-binding motif
and 5 flanking bases of all mutated CBSs. (B-C) Two CBS hotspots (B relates
to a hotspot upstream of CENPQ) where mutations at 5’ flanks of CTCF-binding
motifs coincide with conserved bases.

FIG. 21 shows the distance to the nearest CNV breakpoint from CBSs at

loop boundary and non-boundary CBSs for GS tumors.
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FIG. 22 shows the mutation rate of tissue-specific CBSs in different cancer
types.

FIG. 23 is an oncoplot showing that mutations were detected in at least
one non-coding hotspot in 44-56% of 9 liquid biopsy samples from colorectal

cancer patients.

EXAMPLES

Example embodiments of the disclosure will be better understood and
readily apparent to one of ordinary skill in the art from the following examples,
tables and if applicable, in conjunction with the figures. The example
embodiments should not be construed as limiting the scope of the disclosure.

The mutation landscape of gastric adenocarcinoma

The whole genome sequences of 212 gastric adenocarcinoma tumors and
matched normal samples collated from four different sources were analysed
(data not shown). All samples were uniformly processed using an accurate
somatic mutation calling pipeline (FIG. 8A-B). Briefly, a random forest classifier
that predicts high confidence somatic mutation calls (SNVs and indels) was
trained by combining the outputs of four independent mutation callers. This
approach achieved >85% accuracy on an independent test data set of curated
somatic mutations. 20 low quality samples with less than 400 mutation calls were
excluded from the discovery cohort (FIG. 8C). In addition, 5 samples with strong
enrichment of C>A substitutions (a sign of oxidative damage during DNA
preparation} were removed (FIG. 8C). Somatic mutations in CDS regions,
immunoglobin loci and poorly mappable regions were also removed from further
analyses. After uniform processing, samples from the four cohorts showed
comparable distributions of somatic mutation counts and similar mutation spectra
(FIG. 1A and FIG. 8A). The ICGC cohort had slightly fewer mutations per tumor,
probably due to the lower sequencing depth of this cohort.
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A previous study identified four molecular subtypes of gastric
adenocarcinoma: tumors that are EBV positive (EBV), tumors with high levels of
microsatellite instability (MSI}, tumors that exhibit copy number instability (CIN),
and tumor that are genomically stable (GS). The correlations between somatic
mutation rates of the four cancer subtypes and epigenetic profiles of gastric tissue
obtained from the Roadmap Epigenomics project were investigated. In general,
somatic mutation rates were negatively correlated with regions of open chromatin
(DNasel hypersensitivity) and histone marks of active promoters (H3K4me3) and
enhancers (H3K27ac) (FIG. 1B). The depletion of somatic mutations in regions
of open chromatin is likely due to enhanced accessibility to the DNA repair
machinery. Notably, somatic mutations in the EBV subtype were less correlated
with histone features and replication timing compared to the CIN and GS
subtypes, suggesting that additional mutational biases may exist in EBV infected
tumors.

Tumors belonging to the MSI subtype displayed strikingly different
associations between epigenetic features and mutation patterns. There was little
association observed between mutation rate and open chromatin marks or
replication timing in MSI tumors. This is likely because mismatch repair (MMR)
deficient MSI tumors have been shown to lose MMR-coupled enhanced repair
efficiency at early-replicating open-chromatin regions. Additionally, it was found
that MSI mutation profiles showed a strong positive association with
heterochromatin (H3K9me3) and repressive domains (H3K27me3) (FIG. 1B).
This is in contrast with a previous study reporting that mutations generated after
MMR inactivation are no longer enriched in heterochromatin regions, arguing that
genome-wide regional mutation rate variation is mostly a result of MMR. Instead,
the present data suggests that, in addition to MMR, other repair or mutational
processes may further contribute to variation of the GC mutation landscape.
Principal component analysis (PCA) on the correlation matrix between the
mutation profiles of individual tumors and the epigenetic covariates also revealed
MSI tumors as a distinct cluster (FIG. 1C). Accordingly, the small number of MSI
tumors (N=19) were removed from the discovery cohort to ensure all tumors had
similar mutational biases.



10

15

20

25

30

WO 2019/168478 48 PCT/SG2019/050119

Statistical framework for mutational hotspot identification

To identify positive selection in cancer genomes, it is essential to build an
accurate background mutation rate model that corrects for covariates (features)
that impact regional mutation rate variation, such as local sequence context and
chromatin profiles. A range of genetic and epigenetic features that could be
correlated with GC somatic mutation rates were considered. The features
included 33 general and 36 gastric-specific chromatin features, 133 transcription
factor binding profiles, and DNA replication timing profiles. To model the effect of
local sequence context on mutation rate, previous studies have considered the
single or tri-nucleotide sequence context of each mutation. However, as mutation
rates may also be influenced by wider sequence contexts, an expanded
sequence context model that considers the effects of tri-nucleotide (1bp flanks)
and penta-nucleotide (2bp flanks) contexts on the mutation probability of each
base was thus used. LASSO logistic regression was used to identify the most
predictive epigenetic and sequence context features (FIG. 9). These features
were used to estimate sample-specific background mutation probabilities, and to
identify individual focal regions (21bp) exhibiting mutational recurrence across
samples beyond chance expectation (FIG. 2A; Methods). Overlapping
significantly mutated regions were merged to obtain a list of unique hotspots.

Recurrent indels in gastric lineage-specific genes

This statistical framework was used to identify somatic mutation hotspots
(both indels and point mutations) across the non-coding genome (FIG. 2B and
FIG. 3A). The top indel hotspot was located ~100kbp upstream of the AFDN
gene, which is frequently translocated in leukemia and down-regulated in multiple
cancer types. The effect of hotspot mutations on AFDN expression could not be
tested, as there was a lack of paired tumor expression data for the mutated
samples. The second most significant indel hotspot was located in an intron of
the PGC gene, which encodes the precursor of gastric proteinase pepsinogen
(see Table 4 below). PGC is expressed at 11940 TPM in the stomach, 39 TPM
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in the lung, and <=2 TPM in all other tissues in GTEXx. Interestingly, a recent study
reported that LIPF, a lineage-specific gastric lipase, has broad enrichment of
indels in gastric cancer. Hypothesizing that other lineage-specific genes could
show similar patterns of indel enrichment, a gene-based recurrence analysis was
performed to identify all genes with broad enrichment of indels in their non-coding
regions (combining promoter, untranslated, and intronic regions for each gene;
Methods). Interestingly, the top 3 genes in this analysis were all lineage-specific
genes highly expressed in stomach tissue: LIPF, PGC and MUC6 (FIG. 2C;
Table 5 below). MUC6 encodes a mucin glycoprotein that is a major constituent
of the gut mucosa, and is expressed at 133 TPM in stomach tissue, 38 TPM in
the pancreas, and <=2 TPM in all other tissues in GTEx. However, consistent
with a previous report, non-coding indels in these 3 recurrently mutated lineage-

specific genes were not associated with expression change (FIG. 2D-F).

Table 4 Indel hotspots. Significantly mutated non-coding indel hotspots identified
by a genome-wide scan of 21-bp windows.

Chr Start End Pyalue Length | & mutated | adjusted
samples P-value
chrf 168136120 | 168136140 | 6.45E-18 21 4 {.63E-08
chrg 41700378 | 41709408 1.83E-14 31 4 4.90E-08
Table 5 Genes enriched for non-coding indels.
Gene Chr Gens Gene Gane # mutated | Pvalue Adjusted
Name Start End Length | samples Pwalue
LIPF chrif | 80424158 | Q0438871 | 14807 |18 1.89E-17 | 6.38E-13
PGC chi | 41704449 | 41721847 | 18717 |7 BATE-(8 | 2.08E-03
ALICE chrit | Q12821 | 1038708 | 178581 8 4 82807 1.66E-02

Mutation hotspots enriched at CBSs in gastric cancer

A genome-wide analysis of SNVs in non-coding regions was then
performed and 34 significant mutation hotspots were identified (Bonferroni
adjusted P-value <0.01; FIG. 3A; Table 6 below). These hotspots were enriched
in conserved sequences and TF binding regions, suggesting that many hotspot
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mutations may disrupt functional elements (FIG. 3B). Strikingly, of the 34
mutation hotspots, 11 were located in CBSs (FIG. 3A and 3C). The majority of
mutations at CBS hotspots occurred in CIN tumors (71%, P=0.012 by two-sided
Fisher's Exact test), which is the most common gastric cancer subtype,
accounting for ~50% of all GC cases (FIG. 3C). The remaining 23 non-CBS
hotspots often overlapped gene regions, but never co-located with TF binding
regions. Furthermore, a depletion of somatic mutations at gastric-specific TFBSs
was observed among the non-hotspot mutations (FIG. 3B). Overall, gastric tissue
TFBSs comprises about 1% of the genome, but only 0.58% of the non-hotspot
mutations were located in these regions. A similar depletion of mutations was
observed for constitutive TFBSs (FIG. 10). This is striking, as two recent studies
have found that somatic mutation rates are elevated at transcription factor binding
sites (TFBSs), and that this higher overall mutation load at TFBSs may be
explained by reduced accessibility to nucleotide-excision repair (NER) enzymes
at these sites. This phenomenon is primarily observed in melanoma and lung
adenocarcinoma where NER plays an important role in repairing carcinogen
induced DNA lesions. In contrast, the present finding demonstrates that NER and
TF occupancy is not a cause of regional mutational bias in GC.

To test if the 21bp window size was adequate to capture most mutation
hotspots, the hotspot analysis was repeated using larger 41bp windows. In
general, the rankings of the hotspots remained stable (FIG. 11). 17/34 hotspots
remained significant and only 2 additional hotspots were identified (P<0.01,

Bonferroni correction).

Table 6 SNV hotspots. Significantly mutated non-coding SNV hotspots identified
by a genome-wide scan of 21-bp windows.
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Chr Start End Poalpe  |Length ﬁ;::;tf::d ﬁ;f‘gﬁ Annotation
chwd  |S08700R4  [BOSTO120 |R40E-23 (&7 i 1ITEAY |CBS
che?  (B83G1I04  [BRASTIIE |B3GER (28 2 232888 |intergavic
chu® FI000%G2  |T100HE | LORES (3 2 275808 |CBS
chr? | 136485034 [ 138405048 |8 73ET (25 & TTIEGY  |intergenin
chw2  |5TBITEIE [BVERTRS0 | 130E8 (28 & 334E.GY  |intergenic
chiry 200422184 | 200420222 | 1 Y4E18 |38 7 4 80887 |OBS
chr®  4BTYIITO (4817381 |408E-18 (&Y g 103808 |OHS
chrd | 238033360 (236033370 [ 1.32E1E |21 & S35E-08  |ESPNL infron
chrd | R20B4BTE | 182064613 [LOBE-S (38 7 THEIEE  |COBS
chr¥X 104435108 | 104435740 | 4.26815 |32 3 108805 |CBS
ot |BERETE  |BR&IB02  |444E-R (28 & TI3E-U5  [interganic
chrly 23824204 23824224 |QIZFE-D |21 & LE8E-88 |intergewic
ofy?  ETE14823 (67614843 |T42E-15 |3 8 LEEEAIS |intemeis
chrid  |TOZESEYE (70085801 |840E-15 (28 & 215808 (CES
chrd  |TII22084  [T3M22123 |B10E-1S (40 7 232808 (OB
chel BHIS1I8E  |85IBMED | I TEE-1S (28 7 TE8E-05  |infergenic
chr?  (4B37TOY  |4B3F7S6  |[SE0E-4 3B 8 147EQ4  |intergenic
chrd  |TOBYEI4T  [FOSTEI84 |H1BEE (4 B 158E-O4 |CES
chriZz  |126506668 | 126006685 |T.21E-14 |31 ¥ LE3EG4  |interganic
chiry 18380 I0S | R30S [ 1 24E18 |21 ] 313884 [CHTOF infran
chird 5418060 (5415082 | 1L38E15 (28 1 AA2E-04  [STRIZE intron
chrfd 13818148 13518165 [1.87E-13 |2t f 473804 |interganic
chrX  [137405823 | 137405655 [ 1.938-13 |33 ¥ 4 BBE-G64  |intergenic
o1l |3608CRZY  [AB5SIRG0 |2AVESIY (40 B 851604 [CBS
chrd  |SZBE30TE (82653098 |Z.88E-13 (& [ 8.80E-04  [LPHNS intron
chrd 179164003 [17 1185017 | 381813 (28 8 §.158-04 | TRIK indrosy
chrg 14748744 [ 194748764 [ 17E1T |24 B 108693 |intergenic
ohwd IB4G0ATO0 | TE4B03TES | B VZES (28 i~ TA5E-UR |CBS
ohwS  [M4TZIE 47283 | LEIER |21 § JOTELY  |LPCATY hwron
chw® (25481736 |25481758 | 144E-12 |23 ¥ JEEE-DY |infergenio
chw2  |T7IE04R8  [TFIS0ATT | LASE-E (23 & REBE-GY  |LRRTIML ntron
chrd [ 1048014ES [ 10AB0N4RT (212812 (83 1 538508 |interganic
chys 1205488080 | 1E0RBTI0 |2 80E12 (2 8 SASE-33  [vergenic
chrfd  (S3D46T06  |BAM4EN4 | 383E-12 (38 7 BETE-US  |intergenic

Differential CBS mutation load across gastric cancer subtypes

Despite the general depletion of somatic mutations at TFBSs in
gastrointestinal tumors, several studies have reported an increased mutation rate
specifically at CBSs in gastrointestinal tumors. Indeed, when all CBS across the
genome were examined, a 3-fold increased mutation rate at CBSs (11
(3.6

mutations/Mb). Additionally, the mutation frequencies at CBSs were very different

mutations/Mb} was found compared to their 1Kb flanking regions

among tumors of different molecular subtypes. The somatic mutation rate was
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7.1 and 4.7-fold higher at CBSs compared to flanking regions in CIN and GS
tumors, respectively (FIG. 4A-E). There was no enrichment of somatic mutations
at CBSs in MSI tumors, likely due to impaired DNA mismatch repair. Surprisingly,
EBV tumors, which are not MMR-deficient, only had a modest 1.7-fold increase
in mutation load at CBSs. The enrichment of somatic mutations at CBSs is
therefore unlikely the result of differential DNA repair alone.

Consistent with another finding in colorectal cancer, the inventors found
that somatic mutations at CTCF motifs, including the CBS hotspot mutations,
were predominately A.T>C.G and A.T>G.C substitutions (FIG. 4F), suggesting
that hotspot mutations are generated by the same mutational process as other
CBS mutations. The mutation pattern at CBS hotspots was overall similar to that
of all CBSs. However, while a conserved base at position 9 of the 19bp CTCF
binding motif was the most commonly mutated position at CBSs in general, the
CBS hotspot mutations had the highest enrichment in the 4bp sequence flanking
the 5" end of the CTCF motif. Furthermore, C>T changes, which are relatively
common among all CBS mutations are much rarer among the CBS hotspot
mutations (Fishers exact test P-value= 4.4 x10?%7). These differences could
indicate a functional difference between CBS hotspot and non-hotspot mutations.

Hotspots remain significant with a CBS-specific model

To explicitly test if the CBS hotspots could be explained by the genome-
wide elevated mutation rate at CBSs, a CBS-specific background mutation model
was constructed. Since CBS mutation rates varied across tumor subtypes, this
model further included the tumor subtype as a covariate. Also, since CBSs
located at chromatin loop boundaries have higher somatic mutation burden than
non-boundary CBSs, the CBS-specific background model differentiated between
CBSs inside and outside chromatin loop boundaries. CTCF loop domains have
not been profiled in gastric tissue but tend to be cell-type invariant. A constitutive
set of CTCF domains shared across 3 cell lines (CM12878, Jurkat and K562) was
therefore used to define CTCF loop boundaries. In addition, since the mutation

spectrum at CBSs is distinct from the overall genomic mutation spectrum, LASSO
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logistic regression was performed to identify sequence context features
correlated with the somatic mutation rate at CBSs. To identify other mutational
processes that might be associated with the occurrence of CBS mutations, the
correlation between the proportion of CBS mutations in each tumor and the
percentage contribution of each COSMIC mutation signature to each tumor was
calculated. While CBS mutations are known to be positively associated with
signature 17, it was found that CBS mutations were also strongly negatively
associated with COSMIC mutation signature 1, an age related signature
(Pearson correlation=-0.41; FIG. 12). Therefore, the percentage contributions of
mutation signatures 1 and 17 in each individual were added as covariates. Finally,
this model also corrected for replication timing and local mutation rate. With this
model, 9/11 CBS hotspots remained significant at the Bonferroni corrected
significance threshold of 0.01 and the other 2 were borderline with adjusted P-
values of 0.025 and 0.086 (FIG. 4G). Furthermore, 7 additional CBSs became
significant with the restricted hypothesis testing (Table 7 below; FIG. 13-14).
Mutations at these specific sites can therefore not be explained by a genome-
wide elevated mutation rate at CBS, indicating that mutations at these focal sites
are may be positively selected in gastric tumors.

Table 7 Recurrently mutated CBSs under the CBS-specific background model

Chr | Start End Poaalue Length sampias Paalue

chri GOATORSZ | GORFOYER | 1.33E-14 28 11 §.28E-10
chel | FOSTS14T | TORVETEF | 231804 29 8 118808
chrd | 71000875 | TIODNO0R | gasBEeid eis a 4, 19808
chrid | TO285585 | 70285813 |4 7HE-13 28 7 2.38E-08
chei | SOR7008G | S0&70108 | 1.2RE-12 2% 1@ & 76E-08
ched | 48173785 | 49173813 | 4.48E-11 28 8 ZAREDE
chiX 108438103 | 104435131 | 3.21E-10 28 7 1LEE-DG
chel | 16400368 | 184005712 | 4.988-10 42 7 2ATEOS
ohtd 115833804 | 115553858 | 222808 28 5 105804
ghed | 10556425 | 10556453 | G.78E-0R 2% H 2.74E-04
chrid | BR242203 | 88242231 |4.01E-08 28 5 180803
chi¥ 137138122 | 137189150 | 458808 28 & 2.4BED3
chetd | TORSR4TES | 108384817 | 49708 it & 2IGE-O3
chel | 20BIIRT | 20WRIES | GO00E08 2% & 2 85¢-03
ofwl | 7122060 | TAIZRUIR | S.OCEGS oz 7 3.28E-03
chril | B1134488 | S1134524 [ 1 45EADY 8 4 545603
chril | 123340084 | 123340312 | 180807 29 5 8.58E03
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CBS hotspot mutations associated with gene expression changes

The possibility that the CBS hotspots were associated with changes in
expression of nearby genes was next examined. Analysis was restricted to the 4
CBS hotspots that had at least 3 mutated samples with gene expression data in
the TCGA cohort (N=35 samples). The results were validated using expression
data from the SG cohort (N=14 samples). Since the chromatin structure is
generally cell-type invariant and there is no published Hi-C data from gastric
tissue, the Hi-C data from IMRS0 cells published by Dixon et al. was used to
examine the 3D chromatin structure around each hotspot (FIG. 15-17). The
flanking TAD boundary nearest to each hotspot was identified, and the
association between the mutation status of each hotspot and the expression of
genes within the two adjacent TADs was tested. Genes with nominally altered
expression were found for 3 of the four hotspots (FIG. 5), and two of them remain
significant after correcting for multiple testing in each region.

The first hotspot that was identified is located in a CBS on chromosome 6
and has mutations in 12 samples (FIG. 5A-C). The expression of two neighboring
genes, CENPQ and MUT, ~1Mb upstream of this hotspot was significantly
elevated in the mutated samples (P=0.007 and 0.0021 respectively, adjusted
P=0.026 and 0.042 respectively, two-sided Wilcoxon rank-sum test; FIG. 5A-C).
A similar trend of CENPQ expression was observed using the expression data
from the SG cohort (FIG. 18A). CENPQ is a subunit of a centromeric complex,
and is involved in mitotic progression and chromosomal segregation.
Interestingly, the tumor with the highest expression of CENPQ was mutated at
the highly conserved position @ of the CTCF motif, while the other two tumors
were mutated at position 2 of the CTCF motif. This indicates that different
mutations in the same hotspot may have different disruptive potentials. However,
a formal evaluation of such effects requires a larger set of tumor samples with
both CBS mutations and RNA-seq data available.

The next hotspot that was tested is located on chromosome 6 with 9

mutated samples. Tumors with mutations at this hotspot had significantly lower
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expression of the KCNQ5 gene (Wilcoxon P=0.0059, adjusted P=0.047), located
~200kb downstream of the hotspot (FIG. 5D-F). A similar trend in KCNQ5
expression was observed using the expression data from the SG cohort (FIG.
18B). A recent study by Umer et al. found the same mutation hotspot by analyzing
motif-breaking mutations. Using an electrophoretic mobility shift assay, Umer et
al. confirmed that the chr6:73,122,103A>G mutation disrupts CTCF binding. In
addition, it has been reported that CTCF is involved in the spatial organization of
the KCNQ5 locus, and knock-down of CTCF down-regulates KCNQS5 expression.

At the third hotspot located on chromosome 13, mutated tumors had on
average a 3-fold decrease in SPG20 expression (Wilcoxon P=0.045, adjusted
P=0.65; FIG. 5G-I}). However, only 3 tumors with expression data were mutated
at this hotspot, and the expression change was not significant after correcting for
multiple testing. A larger sample size is needed to evaluate if this is a spurious or
true correlation. A similar trend in SPG20 expression is observed using the
expression data from the SG cohort (FIG. 18C). SPGZ20 is involved in epidermal
growth factor receptor trafficking and was previously found to be significantly
mutated in the exome of esopheagal cancer.

In all 3 cases, it was confirmed that the expression changes of these genes
were significant after correcting for variation in DNA copy numbers and tumor
purity between samples (FIG. 19). As CBSs are essential in maintaining the
chromosomal architecture, it is likely that these CBS hotspot mutations cause
altered expression of nearby cancer driver genes by disrupting the local
chromosomal organization. Indeed, using the set of constitutive CTCF-CTCF
loops, chromatin contacts between the KCNQ5 and SPG20 loci and their
corresponding CBS hotspots were observed (FIG. 16-17). Interestingly, the 3
genes were also differentially expressed in GC tumors compared to normal
gastric tissue. CENPQ expression was up-regulated in tumors (Wilcoxon
P=0.0028; FIG. 5C), while both KCNQ5 and SPG20 expression was down-
regulated in tumors compared to normal gastric samples (Wilcoxon P=3.2x10"7
and 0.00082 respectively; FIG. 5F and 5I). Therefore, it is plausible that the
expression of these 3 genes could be altered in GC through additional
mechanisms. Indeed, KCNQ5 and SPG20 were found to be down-regulated in
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colorectal cancer compared to the normal mucosa due to promoter
hypermethylation. These results further support the contributions of these genes
to GC tumorigenesis.

Many of the hotspot mutations were located in the &' flanks of the
consensus CTCF motif (FIG. 4F). Previous studies have found increased
conservation of the flanking sequences of weaker CTCF and REST binding sites,
suggesting that the sequence context is important for TF binding at these sites.
The evolutionary conservation at the CTCF binding motifs and their flanking
sequences was examined. In general, the 5’ flanks of the CTCF motifs are not
conserved (FIG. 20A). However, in the hotspot upstream of CENPQ), the mutation
cluster in the &' flank co-occurred with conserved bases (FIG. 20B). In addition,
another CBS hotspot with 9 &'-flank mutations that coincided with a highly
conserved base was found (FIG. 20C). Such hotspot mutations, affecting
conserved & flanks of CTCF motifs, could disrupt context-specific binding of
CTCF.

The possibility that mutations in the flanking regions of CTCF motifs create
or disrupt binding motifs of other TFs was also examined. DeepBind® was used
to predict the binding scores of wildtype and mutated sequences for 472
transcription factors. However, mutations with predicted change in TF binding
were found only at three CBS sites (Table 8 below). Lastly, it is also possible that
some mutations at CBS flanks are passenger mutations arising due to the overall
elevated mutation rates at CBSs. While the present model identifies individual
CBS regions with overall mutation enrichment, it does not allow one to distinguish
between passenger and driver mutations within such regions.

Table 8 DeepBind analysis on hotspot mutations flanking CTCF-binding motifs
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Hotspaot Location Mutation Bample D ﬁg; o gigf::mi -
ch: SOTTATVT-4RIV3E80Y  |che2W8iTE788 TG |apa¥ntd ATFZ
ched: BIFATTF4QI73807 |che2 48175788 128 |MK-pfgide ATFZ
chr2) SRITATTTA0ITABNY  |chrABITHVER TG |1anBD4%T ATEZ
chetd: IB552830-36R50RA0  |chrid 3658280 A>T |MK-plgdse RCGORY
chrid: J6RGI830-36552850 | chrid3R0E2R31 AT |tonVBE2NG4 RCORY
chrid; TORESGTE-T02B6601 | chrid FUEBEERE TG (MK -pighss - SBiN3A
cheid: TORE5578- 70285801  |chrid TORBESRE TG |MR-pigB4d - SINZA
chrid: FOZRGSTE-TO2H5G0T |ochrid THOBEREE T>G | TOGALT-§528 |- SINIA

CBS hotspots are often mutated in gastrointestinal cancers

Taken collectively, 25% of all gastric tumors are mutated in at least one of
the 11 CBS hotspots, representing the second most mutated functional region in
gastric cancer after TP53 (50% of gastric tumors). To study if these hotspots
could also play a role in other cancer types, the recurrence of these 11 hotspots
in 826 non-hypermutated tumors of 18 other cancer types was examined (FIG.
6) Strikingly, it was found that 19% of colorectal cancer tumors were mutated at
one or more of the CBS hotspots (FIG. 6A and Fig. 22). Since colorectal cancer
have pathological and molecular similarities to gastric cancer, the CBS hotspot
mutations may drive cancer progression in colorectal cancer through similar
mechanisms as in gastric cancer. The CBS hotspots were mutated at lower
frequencies in breast cancer, liver cancer, lung cancer, pancreas cancer and
lymphoma. Interestingly, while melanoma and bladder carcinoma also have high
genome-wide mutation rates at CBS, none of the CBS hotspots were mutated in
these two cancer types. Similarly, it was found that mutations at all CBS hotspots
had previously been reported in COSMIC or other genome-wide studies of
gastrointestinal tumors (Table 9 below}. This suggests that the CBS hotspot
mutations are generated and act in a cancer-specific manner.

Table 9 CBS hotspot mutations identified in previous genomewide studies
of gastrointestinal tumors and the COSMIC database.
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Chr | Start End #mutin | ¥mutin | $mutin | Cancer types
COSMIC | Katsinen | Umer et
o gl al.

chri [ BOSTOO4 | BUSFOIZD |2 18 8 BROCA, CRC, ESAD,
G, PACA

chyll [ 7I000882 | TIOOMQME | B 8 a CRC, ESAD, MGG,
LY

chrd 200423188 | 2OR4F3227 | 1 g g BROA, CRC

ched | 491TIVO | 43173818 | 24 4 5 CRC, ESAD, MCC,
PACA, PRAD, OV

chrd | 182084578 | 182084843 | B 8§ 3 GC, NOC

chrX [ 104435108 | 104435140 | B § it BROA, CRO, B8AD,
G0, PACA

chrid | 7O285578 | r0286801 |2 8 Q CRG, BEAD

chr | FR122084 | 73122123 | 18 g 7 BRCA, GC, ESAD,
HECC, PACA

chyl | FOEYSEI4Y | TOEVSI84 | 1D 8 2 BRCA, ESAD, OO,
HOC, LYRP, PACA

chrid | 38552821 |3s&sessd |1 & o BROA, BSAD, GG,
WG, KC, OW,
PaCs,

chrd | 154803700 | 184903728 | 1 0 a ESAD, Q8. HCC,
LYMP, PACA

Legend

# mt i COSMIC: Nuraber of covdirmad gomatin rdations at CBS holspota in

COSMICYR3

# mut i Katainen et al. mutation dlosiers identified by Katainen et al, {Table S4)

& mut in Umer et al.: CBSa with at least 2 moff breaking mutations from Table 85 of
Umer et al.
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CBS mutations are associated with chromosomal instability

Enrichment of CBS mutations was highest in CIN tumors, which are

characterized by increased chromosomal

aneuploidy. This prompted a

subsequent examination if mutations at CBSs in CIN tumors were correlated with
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somatic copy number alteration (SCNA) breakpoints. Strikingly, the distance
between a CBS hotspot and its nearest SCNA breakpoint was significantly
shorter in mutated than non-mutated tumors (P = 0.0018, two-sided Wilcoxon
rank-sum test; FIG. 7A). In contrast, non-CBS mutation hotspots showed no such
association (P =0.53). The median distance between CBS hotspot mutations and
its nearest SCNA breakpoint in the same sample was ~1Mbp, notably shorter
than the ~2Mbp distance for non-CBS hotspots (FIG. 7A). To study whether this
correlation between CBS mutations and SCNA breakpoints was specific to the
CBS hotspots, the analysis was extended to all CBSs. Interestingly, it was found
that CBS mutations were correlated with occurrence of nearby SCNA breakpoints
in the same samples, especially for mutations affecting CBSs at loop boundaries
(Wilcoxon P=5.7x10""%; FIG. 7B). Conversely, when 1Mb windows of the genome
were grouped according to SCNA breakpoint density, it was found that the
normalized CBS mutation rate was positively associated with SCNA breakpoint
density (FIG. 7C-D). Overall, these results highlight a link between regional
chromosomal instability and mutations at both CBS hotspots and boundary CBSs
in general.

As the CBS mutation rate was also elevated in GS tumors (FIG. 4B), it
was next investigated if there was a similar association between CBS mutations
and SCNA in GS tumors. Although it was found that mutated CBSs also tended
to be closer to SCNA breakpoints compared to the non-mutated CBSs in GS
tumors, the difference was not statistically significant (FIG. 21}, and the relative
difference was greater in CIN (2.17-fold difference in distance to nearest
breakpoint} compared to GS (1.58-fold difference) tumors. This may indicate that
the coupling of CBS mutations and nearby chromosomal instability is a process
that is specific to, or exacerbated in, the CIN tumors.

Mutation hotspots at CTCF hinding sites are coupled to chromosomal instability

in gastrointestinal cancers
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The inventors have performed a comprehensive and unbiased analysis of
non-coding SNVs and indels in 212 GC genomes, the largest studied cohort thus
far. In addition to a previously identified indel enrichment at L/PF, the analysis
identified two other gastric lineage-specific genes with broad enrichment of non-
coding indels (PGC and MUCBE). The results show that the accumulation of indels
occur in multiple lineage specific genes in gastric cancer. Yet, indels at these 3
genes were not associated with change in gene expression. The functional
consequences of these indels are therefore still unclear. Strikingly, genome-wide
analysis of somatic SNVs revealed 34 significant mutation hotspots (Bonferroni
adjusted P-value<0.01) that were disproportionately enriched in CBSs. An
increased mutation load at CBSs in colorectal cancer was reported, and another
study confirmed the general hypermutation at CBSs in 11 cancer types. Both
studies generally discounted CBS mutations as passengers, yet they did not
explore the hypothesis that a subset of these mutated CBSs may be undergoing
positive selection within individual cancer types. Indeed, a recent study on motif-
breaking mutations identified a recurrent CBS mutation that disrupts CTCF
binding, confirming the motif-breaking potential of CBS mutations. Here, the
inventors used a large cohort of gastric cancer genomes in combination with
rigorous statistics, to show that mutation rates at 11 specific CBSs are
unexpectedly high and cannot alone be explained by a genome-wide elevated
mutation burden at CBS, indicating positive selection at these sites. Out of the 4
CBS hotspots that were examined, 3 of them were associated with nominally
significant expression changes of neighboring genes (CENPQ, KCNQ5 and
SPGZ20), and these associations were validated in an independent tumor cohort.
Furthermore, it is possible that mutations at these CBS hotspots also have long-
range or spatio-temporal regulatory effects on gene expression that are not
captured by bulk tumor transcriptome profiling. Overall, the analyses nominate
these CBS hotspots as potential drivers in GC, and support the hypothesis that
driver mutations may arise as a by-product of the increased mutation load at
CBSs followed by positive selection at specific CBSs. This is comparable to a
model of genomic rearrangement hotspots in breast cancer, where

rearrangements initially arise from defective homologous-recombination-repair
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and those affecting cancer risk loci are subsequently positively selected, forming
rearrangement hotspots.

It was found that gastric tumors of the genomic instable subtype (CIN)
exhibited the highest mutation rate at CBSs compared to tumors of the other GC
subtypes. Furthermore, CBS mutations were associated with the occurrence of
nearby chromosomal breakpoints, suggesting a general link between CBS
mutations and genomic instability. A previous study has suggested a model
where genome higher-order interactions are directly poised for chromosomal
breaks. One important open question is whether these processes are coupled,
and if so, what is the temporal order of CBS mutations and chromosomal breaks.
Interestingly, somatic variant allele frequencies (VAFs) of the CBS hotspot
mutations supported that these were generally clonal and likely early events in
tumor evolution (FIG. 7E). Furthermore, it was found that the VAFs of CBS
hotspot mutations were comparable to non-silent coding mutations of known
gastric cancer driver genes from the same sample (paired Wilcoxon P-value=
0.49; FIG. 7F).

Previous studies found kilo-base sized regions of hypermutation, termed
"kataegis®, that tend to co-occur with genomic rearrangements in cancer.
Importantly, the present data suggest that the mutational mechanism underlying
the association between CBS mutations and DNA breakpoints is distinct from that
of kataegis. While kataegis is characterized by C>T and C>G substitutions, CBS
mutations are mostly T>G and T>C substitutions. In addition, kataegis is defined
by mutation clusters with inter-mutation distance <ikb. CBS hotspots are
confined focal regions of <30 bps including the CTCF motif and its 5 flanking
sequence.

Only a subset of tumor samples in the cohort used had paired gene
expression data (49/187 samples). This limited the ability to test for functional
consequences of CBS hotspot mutations. Additional focused experiments
involving transcriptome, copy number, and chromatin structure data should
further clarify the regulatory and functional effects of the CBS mutations. The
inventors did not uncover a shared theme for the 23 significant non-CBS
hotspots. Among the non-CBS hotspaots, 7 of them are intronic, 1 is downstream
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of a gene and the rest are intergenic. None of the genes associated with the
hotspots are known cancer drivers. There was no mutation hotspot observed near
TERT, confirming that the reactivation of TERT is very rare in gastric cancer®. For
the non-CBS hotspots that overlapped gene regions, focused functional
validation experiments could be performed on a case-by-case basis.

The statistics of cancer driver identification is still limited by knowledge of
the somatic mutation and repair processes. Although the background model
corrected for many covariates of the somatic mutation rate, such as epigenetic
and sequence context features, false positives and false negatives could still
arise from the current model not considering such unknown mutational biases.

Taken collectively, 25% of gastric cancer tumors and 19% of colorectal
cancer tumors are mutated in at least one of the 11 CBS hotspots. Overall, the
analyses nominate these CBS hotspots as potentially common drivers of
gastrointestinal cancers. Furthermare, the data supports a general link between
CBS mutations and chromosomal instability. This suggests that non-coding
regulatory mutations could potentially drive tumor evolution through interfacing
with cancer genome and epigenome plasticity.

Use of biomarkers in liguid biopsy assays

Dying tumor cells continually release DNA fragments (~160nt in length)
into the blood circulation. Detection and of such tumor-derived cell-free DNA
(ciDNA} has the potential to revolutionize detection and monitoring of cancer.
This is especially important for solid tumors where DNA samples can only be
obtained via invasive procedures. Furthermore, for purposes of early detection of
cancer, relapse or metastasis, liquid biopsies may be the only available approach
to identify the presence of cancer cells. One key limitation of cfDNA assays is
that cancer DNA fragments only exist at very low frequencies in the blood (often
<1%). It is therefore critical to design assays that target specific frequently
mutated regions.

The present disclosure involves a comprehensive and uniform analysis of
212 gastric cancer genomes — a pioneer in gastric cancer. A comprehensive
statistical approach is devleoped, incorporating both epigenetic and sequence



10

15

20

25

30

WO 2019/168478 63 PCT/SG2019/050119

covariates, to identify non-coding mutation hotspots in gastric cancer. 34 novel
non-coding mutational hotspots are identified as potential drivers of gastric
cancer (see Table 12 below). Importantly, because mutations happen in
concentrated regions (“hotspots”), they are extremely well suited as biomarkers
in liquid biopsy assays. Collectively, it is estimated that that mutations in these 34
non-coding hotspots would be detectable in ~54% of gastric cancer patients.
Combining these non-coding regions with frequently and focally mutated protein
coding regions (such as KRAS, TP53, and RHOA) this number may be increased
to about 80% (see Table 10 below).

Table 10
Gene Cov AA Size Probe Cov/ Cumtilative Cumtulative #
(%) length {bp) court  probe Pr. probes
KRAS 3] 5 15 1 6.00 6.0% 1
Hotspots 54 72 0.75 56.8% 73

TP53 50 250 750 37.5 1.33 78.4% 111
RHOA 3] 60 180 9 0.67 79.7% 120

Columns:

Cov : Patient coverage, estimated number of patients with mutations

AA length: Number of amino acids in gene that are frequently mutated

Size: Equivalent number of base pairs

Probe count: Number of non-overlapping 20bp probes needed to cover the region {ignoring exon-intron

gaps)

Cov / probe: Estimated patient coverage pr. probe

Cumulative Pr.; Cumulative probability of patient having a mutation in these targeted regions {assuming
independence of mutations}

Cumulative # probes : Cumulative number of probes needed

Further, mutations in 29 of the 34 potential novel non-coding mutational
hotspots (see Table 13 below) are estimated to be detectable in 45% of gastric
cancer patients. Combining these 29 non-coding regions with frequently and
focally mutated protein coding regions (such as KRAS, TP53, and RHOA), this

number may be increased to about 76% (see Table 11 below).

Table 11
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Gene Cov AA Size Probe Cov/ Cumulative Cumulative #
{%) fength  (bn) count probe Pr. probes
KRAS 3] 5 15 2 6.00 6.0% 2
Hotspots 45 706 58 0.78 48.3% 80
TP53 50 250 750 38 1.33 74.2% 98
RHOA 3] 60 180 9 0.67 75.7% 107

The unique advantage of these non-coding regions in ¢fDNA assays is

that the mutations are extremely concentrated and focal (many comparable to

KRAS hotspot mutations). This allows design of a compact targeted hybridization

approach, which will enable detection of very low frequency cancer DNA

fragments in the blood at low cost.

Additional information on 34 non-coding mutation hotspots

Table 12

chr start

chré 50570094
chr7 68331104
chrg 71000992
chr? 136495924
chr2 57627616
chr 209422184
chr2 49173770
chr2 239033350
chrd 182064578
chrX 104435106

end

50570120

68391132

71001012

136495948

57627640

209422222

49173816

239033370

182064613

104435140

width

27

29

21

25

25

39

47

21

36

35

N

11

g-value

1.37E-13

2.12E-09

2.75E-09

1.71E-07

3.34E-07

4.90E-07

1.03E-06

3.35E-06

7.83E-06

1.08E-05

Region

CBS

intergenic

CBS

intergenic

intergenic

CBs

CBS

intron

CBS

CBS

Alfele
frequency

0.28

0.27

0.35

0.36

0.32

0.28

0.21

0.24

0.38

hotspot sequence

CTCTAGTGGAATTTTTTCAG
TACTGCA

GGATTTTTTTAAAAAAAATT
TTTTTTTAT

CTGGCAAAACTTCGGTGCC
AA

TACTGGCTTAAGTTTTGGC
CCAGCA

ATTTTTCCAAAAATTTTTGC
AATTA

AGGTCCTTTGTTGCCACCT
AGTGGCCATTAATTGCACT
A

TAGCCTGTAGTTACTTGATT
TCACCACTAGATGGTGATC
TTGTATTA

AGGAGAGTACGTGCATGTG
TG

CGCAACCTACAAAACTGCC
ACCAGGTGGCGCTCACG

CAGCTCGCCCTCTAGTGGT
AATTTTATGAATTGCC

SEQIDNC

10
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chrig

chrs

chr7

chr14

chré

chr8

chr?

chr8

chri2

chri

chrd

chr1g

chrx

chr13

chrd

chr3

chrd

chr3

chrb

chr@

chr2

8381278

23824204

67614923

70285576

73122084

85161396

4937707

70578141

126996666

153607104

5415060

13516145

137405623

36552821

62653076

171164993

144748744

164903700

1472143

25481736

77150455

8381302

23824224

67614843

70285601

73122123

65161420

4937736

70576184

126996686

153607124

5415082

13516165

137405655

36552860

62653096

171165017

144748764

164903728

1472163

25481758

77150477

25

21

21

26

40

25

30

44

21

21

23

21

33

40

21

25

21

29

21

23

23

65

1.13E-05

1.59E-05

1.88E-05

2.13E-05

2.32E-05

7.08E-05

1.47E-04

1.55E-04

1.83E-04

3.13E-04

3.52E-04
4.73E-04

4.88E-04

6.51E-04

6.80E-04

9.15E-04
1.08E-03

1.45E-03

3.07E-03

3.68E-03

3.88E-03

intergenic

intergenic

intergenic

CBS

CBS

intergenic

intergenic

CBS

intergenic

intron

intron

intergenic

intergenic

CBS

intron

intron

intergenic

CBS

intron

intergenic

intron

0.34

0.18

0.25

0.32

0.23

0.28

0.22

0.23

0.3

0.18

0.27

0.24

0.25

0.34

0.3

0.31

0.27

0.38

0.2

0.26

0.33

PCT/SG2019/050119

AATAAATAAATAAACAAACA
AACAA

AGCAAGCCTAAGTGTGGTC
TG

TGAGAGAAACTTAGGGTTT
CA

TGCACTTATAAATTCTACCA
CCAGAG

GTGGCGCATCTCAGCCACA
AGATGGCAGCAGTGCTTCG
TG

CATAATCTGAAAATTTTTGC
AAAGA

TGCTGGCTTAAGTTCAGGG
CCACGCTGCCC

GTGTTTTCCAAAATGACCAC
TAGGTGGTAGTCTAGTTCA
ACTAA

GTAAGAAAACTTAGGTGTA
AA

AAGAAGTACAAGACTTTGA
GG

TTTTAGCTGAAGTTCAGTG
GAAT

GATTTTTTTTTAAAAAGTTAT

TATCTCACTAATAAAGGAAG
AATTCATCACTTT

TAATATCACAATTCGCCACT
TGGTGTCACTAGACCTCCA
G

CTTTTTTTTTAAAAAAAAAG
c

AATAAATAAATAAACAAACA
AACAT

AATTTTGTTTGTTTATTTATT

AATGGCCTACTTAGATAAGT
GCCTGCCTC

CTGGTCAGAGAGCAGGAG
GAA

TTCACCTAAAACTTATCCCC
TTA

ATTTGTAGAAAGTTTGTGAG
CTG

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31
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chr3 104801455

chrX 125548690

chri4 830467086

Columns
chr : chromosome

104801477 23

125548710 21

83046744 39

start : start coordinate {Hg19)

end : end coordinate
width : width of hotspot

N : number of samples with mutation (of 168 non-MSI gastric cancer samples)

66

5.38E-03 intergenic

6.33E-03

intergenic

9.67E-03 intergenic

g-value : Bonferroni-corrected p-value for hotspot

Region : genomic location of hotspot
Allele frequency : Mean allele frequency of hotspat mutations in tumor samples

AATGGAGTCAAGTTTTCTGA

5 AAT

TTGACAGAACTTGTTACATT

T

TTGGACAAACTTGACTTAAA

0.28 TAATAGGCAAGGGACACCT

Additional information on 29 non-coding mutation hotspots

Table 13

chr start

chré 50570094
chr7 68391104
chr8 71000992
chr7 136495924
chr2 57627616
chri1 209422184
chra 49173770
chr4é 182064578
chrX 104435106
chrié 8381278
chrb 23824204
chr? 67614923
chri4 70285576
chrb 73122084

chr8 65161396

end

50570120

68391132

71001012

136495948

57627640

209422222

49173816

182064613

104435140

8381302

23824224

67614943

70285601

73122123

65161420

width N g-value

27 11 1.37E-13
29 9 2.12E-09
21 8 2.75E-09
25 9 1.71E-07
25 8 3.34E-07
39 % 4 90E-07
47 9 1.03E-06
36 i 7.83E-06
35 7 1.08E-05
25 6 1.13E-05
21 8 1.59E-05
21 8 1.88E-05
26 6 2.13E-05
40 7 2.32E-05
25 i 7.08E-05

Region

CcBS
intergenic
CBS
intergenic
intergenic
CBS
CBS
CBS
CBS
intergenic
intergenic
intergenic
CBS
CBS

intergenic

PCT/SG2019/050119

Allele
frequency

0.28
0.27
0.35
0.3

0.36
0.32
0.29
0.24
0.36
0.34
0.18
0.25
0.32
0.23

0.28

32

33

34
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4937736
70576184
126996686
5415082
187405655
36552860
171165017
144748764
164903728
25481758
77150477
104801477
125548710

83046744

chr? 4937707
chr8 70576141
chr12 126996666
chréd 5415060
chrX 137405623
chri3 36552821
chrd 171164993
chrd 144748744
chr3 164903700
chr9 25481736
chr2 77150455
chrd 104801455
chrX 125548690
chr14 83046706
Columns

chr : chromosome

start : start coordinate {Hg19}
end : end coordinate

width : width of hotspot

N : number of samples with mutation (of 168 non-MSI gastric cancer samples}
g-value : Bonferroni-corrected p-value for hotspot

Region : genomic location of hotspot

30

44

21

23

33

40

25

21

29

23

23

23

21

67

6 1.47E-04
8 1.55E-04
7 1.83E-04
6 3.52E-04
i 4.88E-04
8 6.51E-04
5 9.15E-04
6 1.06E-03
i 1.45E-03
/i 3.66E-03
6 3.88E-03
6 5.38E-03
6 6.33E-03
7 9.67E-03

intergenic
CBS
intergenic
intron
intergenic
CBS
intron
intergenic
CBS
intergenic
intron
intergenic
intergenic

intergenic

PCT/SG2019/050119

0.22
0.23
0.3

0.27
0.25
0.34
0.31
0.27
0.38
0.26
0.33
0.25
0.3

0.28

Allele frequency : Mean allele frequency of hotspot mutations in tumor samples

Primer sequences

Table 14
Region Forward SEQ Reverse SEQID Size Hotspot
1D NO. NO. sequence
chrB :50570094- 6_50570094_F: 6_50570084_R: CTCTAGTGGAA
50570120 CCTGTCCAGGTAT 35 AACCCCTCCACCTC 38 144 TTTTTTCAGTA
TAGAGAAGG CTTTTT CTGCA
chr7:68391104- 7_68381104_F: 7_88391104_R: GGATTTTTTTA
68391132 CTGACTTGCACCA 37 GATGGGAGGACTG 38 118 AAAAAAATTTT
CTCATGC TTTGAGG TTTTTAT
chr8:71000992- 8_71000992_F: 8_71000982_R: CTGGCAAAACT
71001012 TTCTCCTGCAATG 39 TCACCTTATTTGAGC 40 108 TCGGTGCCAA
TITCTCG TGCTTTGC
chr7:136495924 - | 7_136495924_F: 7_136495824_R. TACTGGCTTAA
136495948 CCATGCAGTGGTT 41 AGAGGTGGTGGAG 42 118 GTTTTGGCCCA
ACAGTGG GTGATTG GCA
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chr2:57627616- | 2 57627616 _F 2_57627616_R: ATTTTTCCAAA
57627640 AGAGCAGGATAA 43 | TGGGACATTTTCCC 44 114 | AATTTTTGCAA
GGCATATTCA TTTCAA TTA
chr1:208422184- | 1_209422184_F 1_209422184_R: AGGTCCTTTGT
209422222 CACTGCCTACAGC | ,o | ACCCTGCCTTTTCT i 44z | TGCCACCTAGT
CAATAATCA TTCATT GGCCATTAATT
GCACTA
chr2:49173770- | 2_49173770_F 2 49173770_R. TAGCCTGTAGT
49173816 GGGGTGCAGAGA ATGCCACCCTTTGT TACTTGATTTC
AGAATCTG 47 | TAGTGG 48 111 | ACCACTAGATG
GTGATCTTGTA
TTA
chra:182064578- | 4_182064578_F 4_182064578_R: CGCAACCTAC
182064613 CTTTGCGTGGTGA | .o | TTGCTGCTGCTCCA 2 1p0 | AMAACTGCCAC
AAAGAAA AAGTTA : CAGGTGGCGC
TCACG
chrX:104435106- | X_104435106_F: X_104435106_R: CAGCTCGCCC
104435140 CCAGCAGTTGGT 5y | GCTAAAAGGGGAAT i 130 | JCTAGTGGTAA
CAATGATAA TGTTGG TTTTATGAATT
Gece
Chr5:23824204- | 5 23824204 F 5_23824204_R. AGCAAGCCTA
23824224 TGATGTCTGTGAT | 53 | TGTCAATTTTGAGC 54 107 | AGTGTGGTCT
GTTTTCAAGTG CCTCATC G
Chr7:67614923- | 7 67614923 F 7 67614923 R. TGAGAGARACT
67614943 TTGGAACTCCCTA | g5 | CATGGATAACCAGC 56 113 | TAGGGTTTCA
CCCCTAAA ACAGACA
chri4:70285576- | 14_70285576_F. 14_70285576_R. TGCACTTATAA
70285601 GGTAGGGCACTT | 57 | CTGCACCTAAGGGA |  gg 128 | ATTCTACCACC
GCTGTGTT CAGCAG AGAG
Chr6:73122084- | 6 73122084 F 6_73122084_R. GTGGCGCATC
73122123 CTGCCCTCTGTTG | oo | TAGCGCATCAGCAT g 147 | TCAGCCACAA
GTGAGAG TGACTC GATGGCAGCA
GTGCTTCGTG
chr8:65161396- | B_65161396_F 8_65161396_R: CATAATCTGAA
65161420 AAATGGACTCTCT | g1 | CAGGACAAAGAGA 62 g7 | AATTTTTGCAA
GCCACTGA CAAGTGGAG AGA
chr7:4937707- 7_4937707_F: 7_4937707_R: TGCTGGCTTAA
4937736 TGCCTTCTAAACC | g3 | GTCTTTGTGATGGC 64 116 | GTTCAGGGCC
CTCCTGA CCATGT ACGCTGCCC
chr8:70576141- | 8_70576141_F: 8_70576141 _R: GTGTTTTCCAA
70576184 AAGAGCATCACCC CTGGAGCCAAGCA AATGACCACTA
CATCAAG 65 | AAGATGT 66 116 | GGTGGTAGTC
TAGTTCAACTA
A
chr12:126996666- | 12_126996666_F: 12_126996666_R: GTAAGAAAACT
126996686 CTGCTGCCTTTAT | g7 | GCAAAACCAGGAA 68 135 | TAGGTGTAAA
GTTGAAATG GAAGCAG
chr1:153607104- | 1_153607104 _F 1153607104 R AAGAAGTACAA
153607124 CAGGGCTTTGAG 69 | CTGGGAATTAGCTC 70 116 | GACTTTGAGG
GATGGTAG GCAAAG
chra:5415060- | 4_5415060_F: 4_5415060_R: TTTTAGCTGAA
5415082 CAAGGAACAAAGA | 71 | ATGGAGAAGGCAG 72 144 | GTTCAGTGGA
GCCCAAC AGCTTCA AT
chr16:13516145- | 16_13516145_F 16_13516145_R: GATTTTTTTTTA
13516165 GCTTCCAGGCTAA | 73 | TCCAGGCTATGTGA 74 142 | AAAAGTTAT
AGCACAA ATGTTGA
chrX:137405623- | X_137405623_F: X_137405623_R: TATCTCACTAA
137405655 TGGACATGGTAG 75 | TGTGGTCCCATATG 78 133 | TAAAGGAAGAA
GTCCTTGA GACTTG TTCATCACTTT
chr13:36552621- | 13_36552821_F 13_36552821_R: TAATATCACAA
36552860 GAACACTCTCAAA | . | AATGGGGCCTTAGA 2 139 | TTCGCCACTTG
CAACCAACA GAAAAA GTGTCACTAGA
CCTCCAG
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chra:62653076- | 4 62653076 _F. 4_62653076_R: CTTTTTTTTTAA
62653096 CCAGACATTATTG | 79 | TCATTCCCAAATCA 80 158 | AAAAAAAGC
GACTTCCTG CTGTCA
Chr3:171164993- | 3_171164993_F 3 171164993 R: AATAAATAAAT
171165017 CACTCCAGCCTG | g1 | GCTATTTGGGGATT g2 121 | AAACAAACAAA
GGTAACAG AACAGTGA CAT
chr3:164803700- | 3_164903700_F 3_164903700_R: AATGGCCTACT
164903728 GGGTCTGTGGAT | gg | CCGGTATCARATTG 84 106 | TAGATAAGTGC
CTCTGGAA GTGGAG CTGCCTC
chr9:25481736- | 9_25481736_F 9 25481736 R, TTCACCTAAAA
25481758 TCATCAGCACCAG | g5 | TGGATTCTAATGGG 88 95 | CTTATCCCCTT
AAACCAG GGAAAA A
chr2:77150455- | 2 77150455 F 2 77150455 R, ATTTGTAGAAA
77150477 CATGAAACCTCTT | g7 | GGCTCTGTTTAACA g8 108 | GTTTGTGAGCT
GCAACCA ACCAGCTC G
chr3:104801455- | 3_104801455_F 3_104801455 . AATGGAGTCAA
104801477 ACACAGCCARACT | gg | AACTATGGGTTGCT %0 108 | GTTTTCTGAAA
GCATCAA CTTGCTTT T
chr14:83046706- | 14 83046706 F: 14_83046706_R. TTGGACAAACT
83046735 GCCACATTCAAAG | o | CTCAAGGTGTCCCT | o1 | TGACTTAAATA
CCATTCT TGCCTA ATAGGCAAGG
GACACCT

Detection of mutations in the non-coding hospots in colorectal cancer patients
using liquid biopsy assay

Blood samples were collected from metastatic colorectal cancer patients
with informed consent. Plasma was obtained from patient blood within 2 hours
of venipuncture, followed by centrifugation of blood at 1900 g and 4 °C for 10 min,
followed by a second centrifugation of the plasma fraction at 16000 g and 4 °C for
10 min. Plasma was stored at —80 °C until extraction. DNA from plasma was
extracted using the QiaAmp Circulating Nucleic Acids Kit (Qiagen), following
manufacturer’s instructions. The inventors performed whole genome sequencing
of the cell free DNA (cfDNA) samples and matched normal samples at 60-90X
raw coverage. Sequencing libraries were constructed from cfDNA using the Kapa
Hyper Prep Kit and 151bp paired-end sequencing was performed on an lllumina
Hiseq4000. Sequencing reads were aligned to the human reference genome
(hg19} using BWA. Pile ups of reads at the 29 non-coding hotspots were
generated using samtools. It was found that 5/9 cfDNA samples have more than
3 mutant reads in at least 1 non-coding hotspot (55.6%}, and 4/9 cfDNA samples
have more than 4 mutant reads in at least 1 non-coding hotspot (44.4%) (see
FIG. 23). This is consistent with the previous estimate that mutations in the 29



10

15

20

25

30

WO 2019/168478 20 PCT/SG2019/050119

non-coding hotspots could be detected in ~45% of gastrointestinal cancer
patients.

Methods

Gastric cancer whole-genome sequence data

Whole genome sequencing of 40 gastric GC tumors and matched normal
samples from patients from Singapore (study protocol approved by National
University of Singapore Institutional Review Board) were performed. Informed
consent was obtained from all participating patients. Genomic DNA of tumors and
matched normal gastric tissues was extracted (QIAGEN). Libraries were
constructed with 300-400 bp insert length, and 101bp or 151bp paired-end
sequencing was performed on lllumina Hiseq instruments. The tumors were
classified into 4 molecular subtypes as described previously by TCGA',

The WGS data of 40 GC tumors from TCGA (https://gdc.cancer.gov), 32
tumors from ICGC (hilps:/ega-archive.org/datasets/EGADGOOD1003132), and
100 tumors were obtained from Wang et al. (HK)?C. The molecular subtypes of
tumors from the TCGA cohort were defined by TCGA. For the HK cohort, only
EBV and MSI subtype status was available. The molecular subtypes of tumors

from the ICGC cohort were unavailable, but 1 MSI sample was identified from the
ICGC cohort using MSlseq®’.

Alignment and somatic mutation calling

Raw sequencing data was uniformly processed using the bcbio-nextgen
pipeline (v0.9.3). Briefly, sequencing reads were aligned to the human reference
genome (hg19) using BWAS2, Duplicated reads marked by Picard were removed.
Indel regions were realigned using GATKS®3. Somatic mutations were called by
four independent mutation callers: VarScan®, MuTect®, VarDict®® and
FreeBayes®” using default parameters of the bcbio-nextgen pipeline. As the
nature of the analyses requires high specificity in somatic mutation calling, a
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random forest predictor, SMuRF, trained on manually curated true somatic
mutations was developed to identify high confidence somatic mutation calls from
the output of the four mutation callers. For each gastric cancer WGS sample, a
set of high confidence consensus calls were obtained by running the random

forest prediction algorithm.

Additional filters to remove sequencing artefacts

False positive somatic calls could arise from sequencing and mapping errors.
More false positives tend to be called in the non-coding regions of the genome
because these regions are enriched for repeats and low sequence complexity
regions. As the downstream mutation recurrence analysis is extremely sensitive
to recurrent artefacts in somatic mutation calling, additional post-processing
filters were applied to eliminate potential false positive calls. The following
candidate somatic mutation calls are removed:

(i) candidate somatic mutation calls that are found at >1% allele frequency

in the 1000 Genomes Project®® (potential germline mutations)

(i) candidate somatic mutation calls that are found in more than 10% of

the matched normal samples (potential systematic sequencing errors)

(i)  candidate somatic mutation calls that are found in more than 1% of the

matched normal samples and are within 20bp to a common indel in the
1000 Genomes Project (potential errors arising from mapping errors
near indels).

In addition, indel calls that overlap mono-nucleotide repeats of 8bp or longer were
removed. The final set of somatic SNVs and indels were obtained (data not

shown).

Gene expression data

RNA-sequencing on 19 matched tumor-normal pairs was performed. Total
RNA was extracted using the Qiagen RNeasy Mini kit. RNA-seq libraries were
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constructed according to manufacturer's instructions using lllumina Stranded
Total RNA Sample Prep Kit v2 (lllumina, San Diego, CA), Ribo-Zero Gold option
(Epicentre, Madison, WI), and 1 pg total RNA. The completed libraries were
validated with Agilent Bioanalyzer (Agilent Technologies, Palo Alto, CA} and the
libraries were applied to an lllumina flow cell via the lllumina Cluster Station. RNA-
seq reads (2x101bp) were aligned to the human genome (hg19} using TopHat2-
2.0.12 (default parameter and --library-type fr-firststrand). Transcript abundances
at the gene level were estimated by Cufflinks®. The normalized counts of RNA
sequencing data of 35 tumors from the TCGA cohort were obtained from the
Genomic Data Commons Portal.

Epigenomic and sequence covariates of somatic mutation rate

The somatic mutation rate is correlated with epigenetic features such as
histone modification and chromatin accessibility, especially those derived from
the cell type of origin of the cancer. 36 gastric specific and 24 general chromatin
features that potentially affect mutation rate in gastric cancer were compiled.
These 66 histone modification profiles and chromatin accessibility profiles were
obtained from Roadmap Epigenomics®® and in-house data. P-value signal tracks
of 853 DNasel and histone modification profiles of 111 primary tissues and cell
types were obtained from the Roadmap Epigenomics project. Among them, 27
epigenetic profiles were derived from gastric related tissues. For the 24 histone
marks that were not assayed in gastric-related tissues, meta histone
modifications profiles were created by taking the median profile of each mark
across all tissues and cell-types assayed. In addition, histone modifications
profiles of H3K4Me1, H3K4me3, and H3K27Ac of 19 GC tumor/normal samples
and 13 gastric cancer cell lines (FU97, KATOS3, MKN7, NCC24, NCC59, OCUMT,
RERF-GC-1B, SNU16, SNU1750, YCC3, YCC7, YCC21, YCC22) were
included® ®. The median signal of each histone mark over all tumour samples,
all normal samples, and all cell lines were used respectively.

Replication timing profiles were not available for gastric tissue. The
inventors therefore used the mean replication timing profile of 13 cell lines (Bj,
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Nhek, K562, Mcf7, Gm06990, Gm12812, Imr20, Hepg2, Helas3, Gm12801,
Huvec, Gm12878 Gm12813) generated by ENCODE™.

Binding profiles of 132 transcription factors and a meta-profile of all
transcription factor binding sites were obtained from the Ensembl Regulatory
Build’2. Generic TF binding profiles were used as there is no comprehensive TF-
binding assay done in gastric tissue. In total, 194 candidate epigenetic covariates
potentially informative of somatic mutation rates in GC were considered (data not
shown).

To identify sequence context features affecting somatic mutation
accumulation in GC, 1-mer, 3-mer, and 5-mer nucleotide motifs centred at the
mutated site, as well as 1-bp and 2-bp left/right flank motifs of the site were
considered. All nucleotide context features were grouped into reverse
compliment pairs. As indels tend to occur in poly-monomer sequences, especially
poly-A and poly-T sequences, the presence of poly-A, poly-T, poly-G and poly-C
sequences at the indel sites was used as features in the indel background
mutation model.

Lastly, local mutation rate was included as a covariate to account for other
unknown factors affecting mutation rate. The local mutation rate was calculated
for 100kb non-overlapping bins across the genome after masking CDS regions,
immunoglobulin loci and poorly mappable regions (mappability score < 1 in the
ENCODE 75mers Alignability track).

PCA on the epigenetic features

The genome was divided into 1Mb non-overlapping windows. CDS
regions, immunoglobulin loci and poorly mappable regions were masked from the
genomic windows. Windows smaller than 250kb after masking were removed.
The mean signal of each epigenetic feature (in FIG. 1B) and the mutation rate of
each tumour in each window were calculated. The Pearson correlations between
the epigenetic features and mutation rates of the tumour were calculated. To
identify the contributions of epigenetic features to the variance in the mutation
rate of individual tumours, PCA was performed on the correlation matrix between



10

15

20

25

30

WO 2019/168478 24 PCT/SG2019/050119

the mutation rates of individual tumours and epigenetic features using the precomp
function in R. The contribution of each feature to a principal component is
calculated as the feature’s loading (rotation) divided by the sum of loadings of all

features for that principal component.

Feature selection using LASSO regression

The least absolute shrinkage and selection operator (LASSO) is a
regularized regression approach commonly used for automated feature selection.
LASSO penalizes the sum of the absolute size of the regression coefficients,
forcing some of the regression coefficients to shrink to zero, thereby selecting a
simpler and more interpretable model. The LASSO objective function can be
written as:

N
1
%MZ Ly Bo + BTx) + Al

Where [ is the negative log-likelihood function and A is the regularization
parameter.

LASSO logistic regression was used to identify the most informative
features for modelling the somatic mutation rate in gastric cancer. As it is
computationally expensive to run a logistic regression on all positions in the non-
coding genome with a large number of predictor variables, the inventors used all
mutated sites and an equal number of randomly sampled non-mutated sites as
the input for feature selection in the LASSO logistic regression model. The
inventors regressed the binary mutation status of each site against the mean
signal of each feature over an 11bp region centred at the site. The regularization
parameter A was chosen by 10-fold cross-validation such that the error of the
selected model was within 1 standard deviation from the minimum error. LASSO
regression and cross validation were performed using the ‘gimnet’ package in R.

glmnet(y~BX, family = logistic)
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The inventors bootstrapped 100 samples with 50% of the data at each
bootstrap, and performed LASSO regression using the bootstrap samples.
Assuming that the most informative features would be robustly selected, features
selected in more than 95% of the bootstrap samples were used for the final

regression model.

Tumor-specific background mutation model

The patient specific background mutation probabilities were estimated by
fitting a logistic regression model on all genomic sites after masking CDS regions,
immunoglobin loci and poorly mappable regions. Replication timing was
discretized into 8 equally sized bins, the local mutation rate was discretized into
10 equally sized bins, and the chromatin features and TF-binding profiles were
binarized. P-value signal tracks of the histone modification profiles from the
Roadmap Epigenomics were binarized using a cutoff of 10*. ENCODE TF-
binding profiles were binarized according to the presence of a peak in any cell
line assayed. Logistic regression was performed using the frequency table of the
counts of mutated and non-mutated sites for each combination of the covariates.
Separate logistic regression models were fit to estimate the background mutation
probabilities of SNVs and indels. This is to account for the different mutational
processes from which SNVs and indels arise, as well as the different uncertainties
associated with SNV and indel calls.

glm(y~rep + epi + sequence + pid, family = logit)
Here rep is the Repli-seq profile, epi represents the epigenomic features,
sequence represents the sequence context features and pid is the patient ID.

Features used in each model are shown in Fig. 9.

Poisson binomial model of mutation recurrence
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For a specific region of interest, the probability, p;, of mutation in tumor i is
a function of the length of that region and the expected mutation rates of individual
nucleotides in that region under the null hypothesis. Assuming g;; is the mutation
probability of nucleotide jin tumor £, and /is the length of the region of interest:

{
p=1-] [a-ap
j=0

Mutation recurrence is then modelled using the Poisson binomial distribution,
which accounts for variation in mutation rate across tumours. For a specific region

of interest, the probability of having mutations in k or more individuals is given by:

n

Pr(K = k) = Z Z Hpin(l—m)

m=k A€Fy, {€A JEA®

Here nis the total number of tumors sequenced, & is the number of tumors with
mutations in the region of interest, Fmis the set of all subsets of k integers
selected from {1,2,... ,n}, Ais a subset of Fm, A¢ is the complement of set A, piis
the probability of mutation in tumor i, and p;is the probability of mutation in tumor
j. The Poisson binomial probability is calculated using an efficient and accurate
normal approximaticon in the ‘poibin’ R package.

Identification of mutation hotspots

The hotspot analysis aims to identify small focal regions with high mutation
rates. The inventors first considered all mutated 21 bp regions by taking 10bp
flanks on each side of each mutation. Then the mutation recurrence scores for all
21bp regions with 3 or more mutated samples (2 or more for indels) were
calculated. The P value of mutation recurrence of each hotspot was calculated
using the Poisson binomial model described in the previous section. The total
number of hypothesis tested is equal to the number of bases in the masked non-
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coding genome. The Bonferroni correction was used to adjust for multiple testing
of 2,5633,374,732 hypotheses, to maintain the overall a at 0.01.

Identification of gene non-coding regions with indel recurrence

Non-coding regions of genes with recurrence of indels were scanned for.
Gene regions were defined by Ensembl v75 annotations. The inventors
considered the merged non-coding regions of each gene by masking all coding
regions of each gene, and extending the gene boundaries by 1kb to take into
account its promoter region. The mutation recurrence scores were calculated for
all protein-coding genes, and their individual merged non-coding regions, using
the Poisson binomial model described in the previous section. The Bonferroni

correction was used to maintain the overall a at 0.01.

Enrichment of mutation hotspots in functional regions

The log odds ratio of the enrichment of hotspot mutations in TF binding
regions and conserved DNA elements was calculated. Gastric-specific TFBSs
were defined as a ChIP-seq peak of a TF in any of the ENCODE cell lines that
overlaps a gastric tissue DNasel hypersensitivity site (data from Roadmap
Epigenomics). Constitutive TFBSs are defined as TFBSs with Pus> 0.75, where
Pu»sis the probability that the TFBS is bound by a TF for any given ENCODE cell
line. Pips for all TFBSs were obtained from the ENSEMBL regulatory build.
Conserved elements generated by GERP” from the alignment of hg19 to 36
mammals were downloaded from the UCSC genome browser.

The expected fraction of hotspot (or non-hotspot) mutations in the
functional region type (pz) is the fraction of the genome that constitutes the
functional region. The observed fraction of hotspot (or non-hotspot) mutations in
the functional region is calculated by adding all mutations in the functional region
type and dividing by the total number of mutations genome-wide (p1). The log
odds ratio of the enrichment of hotspot (or non-hotspot) mutations in a functional

region type is given by,
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78
> p1/(1—p1)
LoD =G Ty

The standard error of the LOD is calculated as,

—(1-p1)?2  p22—(1 - p2)?

The statistical significance of the enrichment was evaluated by the Z-test.

SE, % S
SEioR =Jp12 : + -

Identification of gastric-specific CBSs

The position weight matrix of the CTCF binding motif was obtained from
JASPAR. Genomic locations of CTCF binding motifs were identified using the
FIMO7® function of the MEME tool suite” with a P-value threshold of 0.01. Gastric
specific CBSs were defined as CBS motifs overlapping both a CTCF ChiP-seq
peak in at least one ENCODE cell line and a DNasel hypersensitivity site in
gastric tissue from Roadmap epigenomics. The set of constitutive CTCF-CTCF
loops shared across 3 cell lines (GM12878, Jurkat and K562) obtained from the
supplementary information of Hnisz et al'® were used. CBSs that overlap the
boundaries of these constitutive CTCF loops were defined as boundary CBSs.

The CBS-specific backaround model

For the CBS specific background model, the model and search space were
limited to CBS regions and their 5bp flanking DNA.

gim(ycgs~rep + subtype + boundary + sequence + pid + mutsigl + mutsigl7,
family = logit)

Here subtype is the tumor subtype, boundary indicates if the CBS is located at a
CTCF loop boundary, and muisig! and mutsig!7 represent the percentage
contributions of signature 1 and signature 17 of the tumor. DeconstructSigs’® was
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used to quantify the prevalence of each of the 30 COSMIC consensus mutation
signatures in each tumor.

The P value of mutation recurrence of each CBS was calculated using the
Poisson binomial model described in the previous section. The Bonferroni

correction was applied to maintain the overall a at 0.01.

Motif analysis of hotspot mutations in CTCF motif flanks

The +40bp sequence context around each mutation was extracted, and
DeepBind was used to predict the binding scores of 472 TFs for the reference
(ref score) and mutated sequences (alt score) of each mutation. Since the binding
scores ouiput by DeepBind are on an arbitrary scale and vary between different
TF models, the background distributions of the binding scores of each TF were
estimated by applying DeepBind to 10,000 randomly sampled non-hotspot
mutations. For a particular TF, a mutation is predicted to be motif-disrupting if its
reference sequence scores higher than 99.9% of the random mutations, and the
score difference between its alternate and reference sequences (alt score — ref
score) is smaller than 89.9% of the random mutations for that TF. A mutation is
predicted to create a motif for a specific TF if its alternate sequence scores higher
than 99.9% of the random mutations, and the score difference between its
alternate and reference sequences (alt score — ref score) is greater than 99.9%
of the random mutations for that TF.

Pan-cancer analysis of mutation recurrence at CBS hotspots

Somatic mutations of 858 tumaors from 22 cancer types were downloaded
from the supplementary information of Weinhold et al*. Hypermutated tumors with
more than 200,000 mutations were excluded from the analysis. Cancer types with
less than 10 samples were excluded from the analysis. For CBS mutation rate
calculation in FIG. 6B, CBSs were defined as CTCF motifs overlapping a CTCF
ChlP-seq peak in at least one ENCODE cell line. The inventors further defined
tissue-specific CBSs for 14/19 cancer types for which DNasel profiles in the
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matched tissue types are available in Roadmap Epigenomics. Tissue-specific
CBSs were defined as generic CBSs that fall under DNasel peaks in the

respective tissue. FIG. 22 shows the mutation rates at tissue-specific CBSs.

Analysis of SCNA breakpoints

Copy number segmentations were generated by CNVkit?? using default
settings (bcbio-nextgen v0.9.3). SCNA breakpoints were defined as the ends of
non-diploid segments. Assuming tumor purity of 50%, the estimated mean purity
of these tumors, non-diploid segments were defined as segments with log2(tumor
coverage/normal  coverage)<log2(1.5/2) or log2(tumor coverage/normal
coverage)>log2(2.5/2).

Analysis of variant allele frequencies

The list of known gastric cancer driver genes was collated from the Cancer
Gene Census™ and the driver genes identified by TCGA'™ and Wang et al. 2.
TP53 was excluded from the analysis as TP53 frequently undergo deletions and
loss of heterozyosity. Nonsynonymous and truncating mutations on known
gastric cancer driver genes were identified, and their VAFs were compared to the
VAFs of CBS hotspot mutations from the same samples using a matched
Wilcoxon rank-sum test. Only mutations in diploid regions in each sample were
included in the analysis.

Code availability

R was code used to generate some of the figures and statistics of the
paper (data not shown). Source code for the ensemble somatic mutation caller,
SMuRF, can be found at hitps:/aithub.comy/skandiab/SMuBRF. Source code for

estimating background mutation rate from genomic covariates and identification
of non-coding mutation hotspots is available at:
https:/github.com/skandlab/MutSpot.




10

15

20

25

30

35

40

45

50

WO 2019/168478 81 PCT/8G2019/050119

Data availability

SG tumor data: Sequence data has been deposited at the European Genome-
phenome Archive (EGA), which is hosted by the EBI and the CRG, under
accession number EGAS 00001002872,

TCGA tumor data: https://portal gde.cancetr.gov/projects/TCGA-TAD

ICGC tumor data: https://eqa-archive org/datasets/EGADRRGLG1003132

HK tumor data: hitps://eqa-archive. org/datasets/EGADRRCC0 1000782

Roadmap Epigenomics data: http://www rgcadmapepigenomics.org/data/

Encode data: fip:/fip.ensemblorg/puby/ralease-85/regulation/homs sapiens/
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APPLICATIONS

It is believed that no disclosure before the present disclosure has
rigorously tested the hypothesis that even amidst a general elevated mutational
burden at CBSs, positive selection may still act on specific CBSs to drive cancer
in individual tumor types. Indeed, to accurately identify such genomic sites under
positive selection, statistical tests must take into account regional biases in the
mutation burden. In the present disclosure, the inventors have performed uniform
and accurate identification of somatic single nucleotide variants (SNVs) and
insertions/deletions (indels) in 212 GC genomes using an ensemble mutation
calling approach. A comprehensive statistical approach was developed,
incorporating both epigenetic and sequence covariates, to accurately model
background mutational processes and identify non-coding regions with
significantly higher mutation burdens over background, indicating positive
selection and a role in gastric tumorigenesis.

Performing an unbiased genome-wide scan of focal mutation hotspots
(~20bp, as TF binding motifs are typically <20bp), significant enrichment of non-
coding indels (insertions/deletions) in three gastric lineage-specific genes (LIPF,
PGC and MUCE) was observed. Furthermore, 34 significantly mutated and
recurring focal regions (hotspots), of which 11 overlapped CTCF binding sites
(CBSs) were identified. These 11 CBS hotspots remained significant even after
controlling for genome-wide elevated mutation rate at CBSs. In 3 out of 4 tested
CBS hotspots, mutations were nominally associated with expression change of
neighboring genes (CENPQ, KCNQ5, SPG20). CBS hotspot mutations were
enriched in tumors showing chromosomal instability, co-occurred with
neighboring chromosomal aberrations, and were common in gastric (25%) and
colorectal (19%) tumors but rare in other cancer types (CTCF hotspot mutations
are frequent (20-25%}) in gastrointestinal tumors). Thus, the present disclosure
has identified mutational disruption of specific CBSs as a potential tissue-specific
mechanism of tumorigenesis conserved across gastrointestinal cancers.

The hotspots are further characterised in the present disclosure by
analyzing CBS specific mutation biases, gene expression of neighboring genes,
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chromosomal instability, and incidence of these mutations in other cancer types.
Particularly, the present disclosure has found that mutations at boundary CTCF
binding sites are associated with neighboring chromosomal instability. Overall,
the present disclosure has identified the CBS hotspots as candidate drivers of
gastrointestinal cancers, and elucidated a general link between CBS mutations
and chromosomal instability in gastrointestinal cancers.

Notably, previous cases/examples or studies cover mutations only in
protein-coding regions in gastrointestinal cancers. It is believed that the mutated
non-coding regions identified in the present disclosure have not previously been
reported in gastrointestinal cancers including gastric cancer. Furthermore, it is
believed that there are no prior studies investigating the use of non-coding
mutations in cancer cfDNA assays. Indeed, the identified non-coding
regions/hotspots could only have been reliably discovered with >150
samples/tumors (signal/noise ratio). Before the present disclosure, no such
datasets or studies exist.

Advantageously, the CBS hotspots identified in the present disclosure,
being extremely concentrated and focal, are well suited for use in a liquid biopsy
method for detecting and monitoring of gastrointestinal cancer such as gastric
cancer (via, inter alia, detecting, capturing and sequencing the non-coding DNA
fragments). This includes early detection and monitoring of disease relapse and
metastasis. Further advantageously, the present disclosure also provides
hybridization probes (or PCR primers) useful for capturing and sequencing the
34 potential non-coding mutational hotspot regions (each ~20 nt long).

The present disclosure, in identifying novel cancer-causing mutations, has
the potential to contribute new disease biomarkers, improved patient diagnosis,
and entirely new therapeutic paradigms.

It will be appreciated by a person skilled in the art that other variations
and/or modifications may be made to the embodiments disclosed herein
without departing from the spirit or scope of the disclosure as broadly
described. For example, in the description herein, features of different exemplary
embodiments may be mixed, combined, interchanged, incorporated, adopted,
modified, included etc. or the like across different exemplary embodiments. The
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present embodiments are, therefore, to be considered in all respects to be
illustrative and not restrictive.
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CLAIMS

1. A method of determining a risk of gastrointestinal cancer in a human
subject, the method comprising:

5 determining in a fluid biological sample of the subject, whether
mutation is present in one or more focal regions with high mutation
rates, wherein the one or more focal regions is selected from the group
consisting of:

CTCF-binding sites (CBS) overlapping regions set forth in the

10 table 1 below:

Chromosome Start site End site
6 50570094 50570120
8 71000992 71001012
1 209422184 209422222
2 49173770 49173816
4 182064578 182064613
X 104435106 104435140
14 70285576 70285601
6 73122084 73122123
8 70576141 70576184
13 36552821 36552860
3 164903700 164903728

or portions or flanking sequences thereof,
and non-CBS regions set forth in the table 2 below:

Chromosome Start site End site
7 68391104 68391132
7 136495924 136495948
2 57627616 57627640
16 8381278 8381302
5 23824204 23824224
7 67614923 67614943
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8 65161396 65161420
7 4937707 4937736
12 126996666 126996686
4 5415060 5415082
X 137405623 137405655
3 171164993 171165017
4 144748744 144748764
9 25481736 25481758
2 77150455 77150477
3 104801455 104801477
X 125548690 125548710
14 83046706 83046744

or portions or flanking sequences thereof,

wherein presence of mutation in the one or more focal regions is
indicative of a risk of gastrointestinal cancer in the subject,

wherein the fluid biological sample is selected from the group
consisting of blood, plasma, serum, and combinations thereof, and
wherein the flanking sequence is a continuous sequence of no more
than 10 nucleotides immediately contiguous to the 5' end and the 3’

end of the CBS and/or non-CBS overlapping region.

2. The method of claim 1, further comprising determining in the subject,
whether mutation is present in at least one of the genes selected from
the group consisting of: KRAS, TP53, RHOA, ARID1A, PIK3CA, ERBB3
and PTEN, wherein presence of mutation in the one or more focal
regions, and/or at least one of the genes is indicative of a risk of

gastrointestinal cancer in the subject.

3. The method of claim 1 or 2, wherein determining whether mutation
is present in the one or more focal regions does not comprise
determining whether mutation is present in a region spanning more

than 50 nucleotides.
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4. The method of any of claims 1-3, wherein determining whether
mutation is present in the CBS overlapping region(s), or portions or
flanking sequences thereof, comprises contacting the biological
sample with a primer having at least 85% sequence identity to a
sequence selected from the group consisting of: SEQ ID NO. 35, SEQ
ID NO. 36, SEQ ID NO. 39, SEQ ID NO. 40, SEQ ID NO. 45, SEQ ID
NO. 46, SEQ ID NO. 47, SEQ ID NO. 48, SEQ ID NO. 49, SEQ ID NO.
50, SEQ ID NO. 51, SEQ ID NO. 52, SEQ ID NO. 57, SEQ ID NO. 58,
SEQ ID NO. 59, SEQ ID NO. 60, SEQ ID NO. 65, SEQ ID NO. 66, SEQ
ID NO. 77, SEQ ID NO. 78, SEQ ID NO. SEQ ID NO. 83, SEQ ID NO.
84 and combinations thereof and/or wherein determining whether
mutation is present in the non-CBS region(s), or portions or flanking
sequences thereof, comprises contacting the biological sample with a
primer having at least 85% sequence identity to a sequence selected
from the group consisting of: SEQ ID NO. 37, SEQ ID NO. 38, SEQ
ID NO. 41, SEQ ID NO. 42, SEQ ID NO. 43, SEQ ID NO. 44, SEQ ID
NO. 53, SEQ ID NO. 54, SEQ ID NO. 55, SEQ ID NO. 56, SEQ ID
NO. 61, SEQ ID NO. 62, SEQ ID NO. 63, SEQ ID NO. 64, SEQ ID
NO. 67, SEQ ID NO. 68, SEQ ID NO. 71, SEQ ID NO. 72, SEQ ID
NO. 75, SEQ ID NO. 76, SEQ ID NO. 81, SEQ ID NO. 82, SEQ ID
NO. 85, SEQ ID NO. 86, SEQ ID NO. 87, SEQ ID NO. 88, SEQ ID
NO. 89, SEQ ID NO. 90, SEQ ID NO. 91, SEQ ID NO. 92, and

combinations thereof.

5. The method of any of claims 1-4, wherein the method comprises
determining whether mutation is present in at least two of the CBS
overlapping regions, or portions or flanking sequences thereof, set
forth in the table 1, optionally wherein the method comprises
determining whether mutation is present in all of the CBS overlapping
regions, or portions or flanking sequences thereof, set forth in the table
1, further optionally wherein the method comprises determining

whether mutation is present in all of the CBS overlapping regions, or
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portions or flanking sequences thereof, and all of the non-CBS regions,
or portions or flanking sequences thereof, set forth in the tables 1 and
2.

6. The method of any of claims 1-5, wherein the method of determining
a risk of gastrointestinal cancer has a detection sensitivity of no less
than 50%.

7. The method of any of claims 1-6, wherein if the biological sample
shows a presence of mutation in the one or more focal regions, and
optionally a mutation is present in at least one of the genes selected from
the group consisting of: KRAS, TP53, RHOA, ARID1A, PIK3CA, ERBB3
and PTEN, the subject is to be administered a therapeutic agent for

treating gastrointestinal cancer.

8. The method of claim 7, wherein the therapeutic agent is selected
from the group consisting of chemotherapy, radiation therapy,

immunotherapy and combinations thereof.

9. The method of any of claims 1-8, wherein the gastrointestinal cancer
is selected from the group consisting of gastric cancer, colorectal
cancer, colon cancer, rectal cancer, esophagael cancer, liver cancer,

and pancreatic cancer.

10. The method of any one of claims 1 to 9, wherein the method
comprises determining whether mutation is present in all of the focal
regions set forth in Tables 1 and 2, wherein presence of mutation in
one or more of the focal regions is indicative of a risk of gastrointestinal
cancer in the subject and wherein the gastrointestinal cancer is
selected from the group consisting of gastric cancer, colorectal cancer,
colon cancer, rectal cancer, esophageal cancer, liver cancer and

pancreatic cancer.
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11. The method of any one of claims 1-10, wherein the human subject

is an Asian subject.



