Specification

Title of the Invention: Probe/primer library for diagnosis of cancer

Technical Field
[0001]

The present invention relates to a method for diagnosis of cancer. More
specifically, the present invention relates to a probe and a primer for detecting a
mutation in the TP53 gene useful for early diagnosis of relapse of cancer (especialy
esophageal cancer, gastric cancer, and colorectal cancer).

Background Art
[0002]

Attempts of utilizing circulating DNAs derived from tumor cells contained in
peripheral blood (circulating tumor DNAS, ctDNAS) for diagnosis of cancers are being
examined. For example, in Non-patent document 1, DNAs were extracted from pre-
and post-operational plasmas, primary tumors, and samples containing peripheral blood
mononuclear cells (PBMC) obtained from 44 individuals having atumor in the large
intestine and received a curative resection, and mutations peculiar to tumors, mutation
spectrum of tumors, change of allele frequency of mutationsin ctDNAS observed after
the curative resection of tumors, and so forth were examined. Patent documents 1 and
2 propose, for amethod for monitoring tumor burden, use of copy number of DNA
fragments of genes having a mutation measured in a blood sample of a patient as an
index of tumor burden of the patient. Patent document 3 proposes, as a method for
detecting a K-ras gene mutation, a method utilizing the PNA-clamping method and
direct sequencing in combination, and describes that, according to this method,
treatment susceptibility of a patient for amolecular targeted drug to the K-ras gene can
be evaluated by using blood as atest material substituting for a cancer tissue. Patent
document 4 proposes, as a noninvasive diagnosis method of ovarian clear cell
adenocarcinoma, detection of amplification or deletion in some of chromosomal DNA
regions on the basis of afinding that such an amplification or deletion correlates with
onset, malignancy, prognosis, etc. of ovarian clear cell adenocarcinoma, and describes
that the chromosomal DNAS to be obtained from a patient may be extracted from blood.
[0003]

Further, there is the TP53 gene as one of genes known as antioncogenes. Use
of mutations of the TP53 gene as biomarkers for diagnosis and treatment of cancer is



being examined. For example, Non-patent document 2 reported that, in patients with
high-grade serious ovarian carcinoma (HGSOC), circulating DNASs derived from tumor
cells (circulating tumor DNAS, ctDNAS) contained in periphera blood at the time of the
start of the treatment correlates with tumor volume, and reduction ratio of the TP53
gene mutant allele fraction (TP53MAF) less than 60% compared with before the
treatment and observed after one cycle of chemotherapy relates to shortening of time to
progression, and describes that these results indicate possibility of ctDNAsto be an
early molecular response marker for HGSOC.

[0004]

In the research of Non-patent document 1, digital PCR (dPCR) is used for
detection of ctDNAs. In dPCR, a probe complementary to a specific sequencein a
DNA fragment amplified with primers (usually one nucleotide) is used to detect the
specific sequence at a high sensitivity (0.01to 1%). Although highly sensitive
detection of a specific sequence attracts attention in the field of medicine, especially in
the field of cancer diagnosis, substantially the only technique that can respond to
various characteristics including sensitivity required for the diagnosis, cost, test time,
and requirement of repetitive test is dPCR.

Prior Art References

Patent documents

[0005]

Patent document 1: Japanese Patent Unexamined Publication (KOHY O) No. 2011-
529691

Patent document 2: Japanese Patent Unexamined Publication (KOKAI) No. 2016-
104010

Patent document 3: Japanese Patent Unexamined Publication (KOKAI) No. 2012-
135290

Patent document 4: Japanese Patent Unexamined Publication (KOKAI) No. 2016-
198027

Non-patent documents

[0006]

Non-patent document 1: Sato et al, PLoS One, 2016: PMID: 26727500
Non-patent document 2: Parkinson et a., PLoS Med, 13(12), 2016:€1002198

Summary of the Invention
Object to be achieved by the invention



[0007]

In the conventional detection of ctDNAS, atarget specific sequence can be
determined on the basis of results of preceding sequence analysis, public databases,
literatures, and so forth, but for the highly sensitive detection based on dPCR, it isfirst
required to design and synthesize primers and probes.  Since the specific sequence
generally differs depending on individuals or pathol ogies, the number of the types
thereof is enormous, but frequency of each type in apopulation is low, and therefore
objects for which a synthesized probe can be used are limited. In fact, commercialy
available dPCR probes are designed so that the nucleotides thereof are complementary
to a continuous nucleotide sequence at intervals, i.e., intermittently, and lack flexibility
except those for some highly frequent specific sequences. Therefore, evenif a
characteristic mutation derived from tumor cellsis specified in an objective patient,
existing dPCR probes cannot be used, and thus quick diagnosisis difficult.

Means for achieving the object
[0008]

Therefore, in order to respond to many types of mutations, it is desirable to
comprehensively prepare dPCR probes, and in order to respond to any type of mutation,
itisstill more desirable to prepare dPCR probes with non-intermittent complementarity.
[0009]

By the way, the inventors of the present invention paid attention to mutations of
the TP53 gene confirmed in about 50% of human cancers. Mutations of the TP53 gene
are confirmed at especially high frequency in lung cancer, gastric cancer, colorectal
cancer, breast cancer, and so forth, and according to the researches of the inventors of
the present invention, it was found that the mutations were found in 87% of Japanese
patients of esophageal cancer, gastric cancer, and colorectal cancer.

[0010]

The inventors of the present invention also actually designed and synthesized
29 sets of probes and primers for dPCR for the TP53 gene, which are for detecting
individual case-specific mutations. They also chosen some sets from alibrary
consisting of such probe/primer sets, and used for monitoring of relapsesin cancer
patients. Asaresult, they found that such relapses may be diagnosed by the ctDNA
analysis at an earlier stage than conventionally possible, and accomplished the present
invention.

[0011]
The present invention provides the followings.



[1] A library constituted by a plurality of probes and/or primers or primer pairs for
detecting a genetic mutation relevant to a cancer in the region encoding the DNA
binding domain of the TP53 gene, wherein:

the plurality of probes and/or primers or primer pairs include those for
detecting ¢.524G>A. ¢.743G>A, c.818G>A, ¢.817C>T, ¢.742C>T, ¢.844C>T,
€.637C>T, ¢.733G>A, ¢.747G>T, and c.659A>G.
[2] Thelibrary according to 1, which further comprises a plurality of probes and/or
primers or primer pairs for detecting ¢.586C>T, ¢.469G>T, ¢.536A>G, c.488A>G,
c.527G>T, ¢.818G>T, €.853G>A, €.734G>A, ¢.722C>T, c.578A>G, ¢.535C>T,
€.856G>A, ¢.584T>C, c.574C>T, c.701A>G, c.814G>A, c.711G>A, c.713G>A,
C.743G>T, c.473G>A, c.646G>A, €.832C>T, €.422G>A, ¢.527G>A, c.455C>T,
c.473G>T, ¢.725G>T, ¢.833C>T, ¢.614A>G, and c.641A>G.
[3] Thelibrary according to 2, which further comprises a plurality of probes and/or
primers or primer pairsfor detecting ¢.734G>T, ¢.451C>T, ¢.797G>A, ¢.839G>A,
€.839G>C, c.707A>G, ¢.733G>T, ¢.517G>T, c.404G>A, ¢.581T>G, c.796G>A,
c.517G>A, ¢.380C>T, €.395A>G, ¢.824G>A, ¢.404G>T, ¢.730G>T, c.577C>T,
C.638G>T, €.749C>T, ¢.772G>A, c.578A>T, ¢.824G>T, ¢.736A>G, c.797G>T,
c.476C>T, c.725G>A, ¢.461G>T, c.481G>A, ¢.731G>A, ¢.638G>A, ¢.713G>T,
C.715A>G, c.406C>T, ¢.493C>T, ¢.536A>T, c.811G>A, c.437G>A, c.438G>A,
€.592G>T, ¢.430C>T, ¢.711G>T, ¢.730G>A, ¢.746G>T, €.610G>T, ¢.722C>G,
€.329G>T, ¢.745A>T, ¢.814G>T, ¢.841G>C, ¢.396G>T, ¢.836G>A, ¢.838A>G,
C.799C>T, ¢.830G>T, ¢.583A>T, ¢.832C>A, ¢.844C>G, c.452C>A, ¢.548C>G,
€.569C>T, ¢.833C>G, ¢.396G>C, c.475G>C, c.499C>T, c.427G>A, €.644G>T,
C.775G>T, ¢.700T>C, c.716A>G, c.745A>G, c.841G>A, ¢.298C>T, ¢.310C>T,
€.820G>T, ¢.763A>T, ¢.821T>C, c.464C>A, c.467G>C, c.542G>A, ¢.580C>T,
C.746G>C, ¢.818G>C, ¢.845G>A, c.772G>T, ¢.405C>G, ¢.541C>T, ¢.832C>G,
€.856G>T, €.329G>C, ¢.413C>T, ¢.514G>T, ¢.584T>A, ¢.511G>T, ¢.811G>T,
c.375G>T, ¢.523C>G, ¢.747G>C, ¢.394A>G, c.487T>A, ¢.800G>C, ¢.853G>T,
C.738G>A, €.742C>G, ¢.785G>T, ¢.859G>T, ¢.375G>A, ¢.454C>T, ¢.487T>C,
€.524G>T, ¢.725G>C, ¢.794T>C, ¢.839G>T, ¢.848G>C, ¢.388C>G, €.528C>G,
C.535C>A, ¢.596G>T, €.643A>G, c.722C>A, ¢.796G>T, ¢.374C>T, ¢.377A>G,
¢.517G>C, ¢.523C>T, ¢.530C>T, ¢.817C>A, c.434T>A, c.463A>C, c.503A>G,
¢.535C>G, ¢.658T>A, ¢.700T>A, ¢.743G>C, ¢.843C>G, ¢.380C>A, ¢.400T>C,
C.412G>C, c.421T>C, c.472C>T, c.473G>C, ¢.587G>C, c.706 T>A, C.526T>A,
c.526T>C, c.537T>A, ¢.542G>C, c.659A>C, c.731G>T, ¢.733G>C, c.843C>A,
€.845G>C, ¢.857A>G, €.661G>T, ¢.434T>C, c.451C>G, c.490A>G, .613T>G,



C.718A>G, ¢.808T>C, c.809T>C, ¢.313G>T, ¢.388C>T, c.559G>A, €.623A>T,
€.645T>G, ¢.658T>C, ¢.796G>C, c.809T>G, ¢.823T>C, c.840A>T, c.841G>T,
€.847C>T, c.854A>T, ¢.328C>T, ¢.423C>G, ¢.451C>A, ¢.472C>G, ¢.518T>C,
€.596G>A, ¢.755T>C, c.830G>A, c.833C>A, c.842A>G, c.497C>G, c.395A>T,
c.470T>G, ¢.530C>G, ¢.578A>C, ¢.632C>T, ¢.712T>C, and c.746G>A.

[4] The library according to any one of 1 to 3, which enables detection of all the
mutations at 585 positions in the DNA binding domain of the TP53 gene with aplurality
of probes.

[5] Thelibrary according to 1 or 2, which isfor prediction of relapse or prognosis of
cancer in atest subject after atreatment of the cancer.

[6] The library according to any one of 1 to 5, which isfor detecting a circulating DNA
derived from atumor cell (circulating tumor DNA, ctDNA).

[7] The library according to any one of 1 to 6, wherein the probes and/or primers or
primer pairs are for digital PCR.

[8] The library according to any one of 1 to 7, wherein the probes and/or primers or
primer pairs include an oligonucleotide consisting of any one of the sequences of SEQ
ID NOS: 1 to 116 or alabeled product thereof.

[9] A method for analyzing genetic mutation relevant to a cancer in the region encoding
the DNA binding domain of the TP53 gene in atest subject, the method comprising the
following (1) to (3):

(1) preparing alibrary constituted by a plurality of probes and/or primers or
primer pairs, wherein the plurality of probes and/or primers or primer pairs include
those for detecting mutations of ¢.524G>A, ¢.743G>A, ¢.818G>A, ¢.817C>T,
C.742C>T, ¢.844C>T, ¢.637C>T, ¢.733G>A, ¢.747G>T, and €.659A>G,;

(2) selecting a probe and/or primer or primer pair for detecting one mutation
from the prepared library; and

(3) analyzing amutation in anucleic acid obtained from the test subject by
digital PCR using the selected probe and/or primer or primer pair.

[10] The method according to 9, wherein the cancer is esophageal cancer, gastric cancer,
or colorectal cancer.

[11] The method according to 9 or 10, wherein the one mutation to be selected isa
mutation identified in a primary lesion of the test subject before a treatment, and the
mutation in acirculating DNA derived from atumor cell (circulating tumor DNA,
ctDNA) obtained from blood of the test subject after the treatment is analyzed.

[12] A method for producing the library according to any one of 1 to 8, the method
comprising:



preparing a probe and/or primer or primer pair for detecting one mutation
relevant to a cancer in the DNA binding domain of the TP53 gene, and

preparing a probe and/or primer or primer pair for detecting another mutation
relevant to a cancer in the DNA binding domain of the TP53 gene and different from the
aforementioned mutation.
[13] A set of primer pair and probe pair for usein digital PCR, which is any one of those
of the following (1) to (9):
(1) aprimer pair consisting of the sequences of SEQ ID NOS: 1 and 2, and a probe pair
of oligonucleotides consisting of the sequences of
[Formula 1]
CCT@TGTGCGCCG* GTCT (SEQ ID NO: 3)
TCCTIJTGTGCGCCAFGTCT (SEQ ID NO: 4),
each of which may be alabeled product thereof,
(2) aprimer pair consisting of the sequences of SEQ ID NOS: 5 and 6, and a probe pair
of oligonucleotides consisting of the sequences of
[Formula 2]
ACCACCACACTATGTIG*AAIAAG (SEQ ID NO: 7)
ACCACCAICACTATGTICA*AAIAAG (SEQ ID NO: 8),
each of which may be alabeled product thereof,
(3) aprimer pair consisting of the sequences of SEQ ID NOS: 9 and 10, and a probe
pair of oligonucleotides consisting of the sequences of
[Formula 3]
TGGTGOCCTA* TGAIGCCG (SEQ ID NO: 11)
TGGTGOCCTG* TGA/GCC (SEQ ID NO: 12),
each of which may be alabeled product thereof,
(4) aprimer pair consisting of the sequences of SEQ ID NOS: 13 and 14, and a probe
pair of oligonucleotides consisting of the sequences of
[Formula 4]
TTGTGAIGGCGJTG* CCCC (SEQ ID NO: 15)
TTGTGAIGGCGJTA*CCCCC (SEQ ID NO: 16),
each of which may be alabeled product thereof,
(5) aprimer pair consisting of the sequences of SEQ ID NOS: 17 and 18, and a probe
pair of oligonucleotides consisting of the sequences of
[Formula 5]
TGTAACAGTTTG*TGGGC (SEQ ID NO: 19)

TGTAJACAIGTTICOTT*[CATGGGC (SEQ ID NO: 20),



each of which may be alabeled product thereof,

(6) aprimer pair consisting of the sequences of SEQ ID NOS: 21 and 22, and a probe
pair of oligonucleotides consisting of the sequences of

[Formula 6]

TGGAGTA*TTTGGATGACAIGAIAACA (SEQ ID NO: 23)

TGGAGTG* TTTGGATGAICAIGAIAAC (SEQ ID NO: 24),

each of which may be alabeled product thereof,

(7) aprimer pair consisting of the sequences of SEQ ID NOS: 25 and 26, and a probe
pair of oligonucleotides consisting of the sequences of

[Formula 7]

CCTICOGTCOATGTGOTG* TGA (SEQ ID NO: 27)
ACCTICCGTICATGTGIGTA* TGA (SEQ ID NO: 28)

each of which may be alabeled product thereof,

(8) aprimer pair consisting of the sequences of SEQ ID NOS: 29 and 30, and a probe
pair of oligonucleotides consisting of the sequences of

[Formula 8]

CCCTGGT@GGTTTT@TG* GGAAG (SEQ ID NO: 31)
TGCCCTGGTAGGTTTTCT@* GGAAG (SEQ ID NO: 32)

each of which may be alabeled product thereof, and

(9) aprimer pair consisting of the sequences of SEQ ID NOS: 33 and 34, and a probe
pair of oligonucleotides consisting of the sequences of

[Formula 9]

ACCT*@GCTGTTCCGTCC (SEQ ID NO: 35)
CCTIJAC*AGCTGTTAJGTCC (SEQ ID NO: 36)

each of which may be alabeled product thereof (the boxes indicate modified
nucleotides, and the symbols * indicate nucleotides corresponding to a position of
mutation).

[14] A set of probes and primers for usein digital PCR, which consists of any one of the
following sets of oligonucleotides, each of which may be alabeled product thereof:
oligonucleotides consisting of the sequences of SEQ ID NOS: 1 to 4 for detecting a
mutation at c.844,

oligonucleotides consisting of the sequences of SEQ ID NOS: 5 to 8 for detecting a
mutation at ¢.637,

oligonucleotides consisting of the sequences of SEQ ID NOS: 9 to 12 for detecting a
mutation at ¢.659,

oligonucleotides consisting of the sequences of SEQ ID NOS: 13 to 16 for detecting a



mutation at ¢.527,
oligonucleotides consisting of the sequences of SEQ ID NOS: 17 to 20 for detecting a
mutation at c.725,
oligonucleotides consisting of the sequences of SEQ ID NOS: 21 to 24 for detecting a
mutation at c.614,
oligonucleotides consisting of the sequences of SEQ ID NOS: 25 to 28 for detecting a
mutation at ¢.499,
oligonucleotides consisting of the sequences of SEQ ID NOS: 29 to 32 for detecting a
mutation at ¢.298, and
oligonucleotides consisting of the sequences of SEQ ID NOS: 33 to 36 for detecting a
mutation at ¢.809.

The present invention also provides the followings.
[1] A library constituted by a plurality of probes and/or primers or primer pairs, whichis
for detecting a mutation relevant to a cancer in the DNA binding domain of the TP53
gene.
[2] Thelibrary according to 1, wherein the mutation relevant to a cancer is amutation at
any position selected from the group consisting of ¢.298, ¢.329, ¢.380, ¢.399 400 insert,
c.475, ¢.499, c.524, ¢.527, ¢.536, exon5 splicesite 3, ¢.574, ¢.578, ¢.586, ¢.614, c.637,
€.659, ¢.707, ¢.725, ¢.730, ¢.736, .743, c.764, ¢.780, c.809, ¢.818, ¢.839, c.844, and
c.993.
[3] Thelibrary according to 1 or 2, wherein the plurality of probes and/or primers or
primer pairs include those for detecting a mutation at any position selected from the
group consisting of ¢.524, ¢.527, ¢.536, ¢.578, ¢.614, ¢.637, ¢.659, ¢.725, ¢.730, ¢.743,
and c.818.
[4] The library according to any one of 1 to 3, which enables non-intermittent detection
of mutation with aplurality of probes.
[5] Thelibrary according to 1 or 2, which isfor prediction of relapse or prognosis of
cancer in atest subject after atreatment of the cancer.
[6] The library according to any one of 1 to 5, which isfor detecting circulating DNASs
derived from tumor cells (circulating tumor DNAS, ctDNAS).
[7] Thelibrary according to any one of 1 to 6, wherein the probes and/or primers or
primer pairs are for digital PCR.
[8] The library according to any one of 1 to 7, wherein the probes and/or primers or
primer pairs include an oligonucleotide consisting of any one of the sequences of SEQ
ID NOS: 1 to 116 or alabeled product thereof.
[9] A method for assisting prediction of relapse or prognosis of cancer in atest subject



after atreatment of the cancer, the method comprising:

preparing at least one probe and/or primer or primer pair from the library
according to any one of 1 to 6, and

analyzing a mutation in anucleic acid obtained from the test subject by digital
PCR using the prepared probe and/or primer or primer pair.
[10] The method according to 9, wherein the cancer is esophageal cancer, gastric cancer,
or colorectal cancer.
[11] The method according to 9 or 10, which comprises preparing a probe and/or primer
or primer pair for detecting a mutation identified in aprimary lesion of the test subject
before the treatment, and anal yzing the mutation in circulating DNAs derived from
tumor cells (circulating tumor DNAS, ctDNAS) obtained from blood of the test subject
after the treatment.
[13] An oligonucleotide consisting of any one of the sequences of SEQ ID NOS: 1 to
36, or alabeled product thereof.
[14] A set of probes and primers, which consists of any one of the following sets of
oligonucleotides, each of which may be alabeled product thereof:
oligonucleotides consisting of the sequences of SEQ ID NOS: 1 to 4 for detecting a
mutation at ¢.844,
oligonucleotides consisting of the sequences of SEQ ID NOS: 5 to 8 for detecting a
mutation at ¢.637,
oligonucleotides consisting of the sequences of SEQ ID NOS: 9 to 12 for detecting a
mutation at ¢.659,
oligonucleotides consisting of the sequences of SEQ ID NOS: 13 to 16 for detecting a
mutation at ¢.527,
oligonucleotides consisting of the sequences of SEQ ID NOS: 17 to 20 for detecting a
mutation at c.725,
oligonucleotides consisting of the sequences of SEQ ID NOS: 21 to 24 for detecting a
mutation at c.614,
oligonucleotides consisting of the sequences of SEQ ID NOS: 25 to 28 for detecting a
mutation at ¢.499,
oligonucleotides consisting of the sequences of SEQ ID NOS: 29 to 32 for detecting a
mutation at ¢.298, and
oligonucleotides consisting of the sequences of SEQ ID NOS: 33 to 36 for detecting a
mutation at ¢.809.

Effect of the Invention



[0012]

By using the library of the present invention, about 90 percents of alimentary
canal cancer patients can be diagnosed.
[0013]

According to the present invention, early detection of relapse after atreatment
is enabled.
[0014]

According to the present invention, early detection of alimentary canal cancer
can be expected.

Brief Description of the Drawings

[0015]

[Fig. 1] Positions of mutated amino acidsin TP53 found in 66 cases of esophageal
cancer, gastric cancer, or colorectal cancer. The positions of mutation often overlap.
In such cases, aplurality of cases can be analyzed with one designed probe/primer set.
[Fig. 2] Positions of mutationsin the TP53 gene found in 66 cases of esophageal cancer,
gastric cancer, or colorectal cancer. The exons 4 to 9 of the TP53 gene are underlined.
The positions of the mutation as the detection objects are marked with *, for which
probes and primers for detection were synthesized in the examples.

[Fig. 3] Theresults of operation check of 29 sets of the synthesized primers/probes.
dPCR was performed for primary lesion (or plasma) DNAs. Mutated alleles (blue)
and wild type alleles (red) were detected with al of them.

[Fig. 4] A flowchart of a ctDNA monitoring experiment. For the case-specific
mutations detected in the mutation analysis of primary lesions, probes for each of wild
type DNA and mutant DNA are created, operations thereof are checked by using
primary lesion DNAS, then plasmais extracted from a patient during process of the
treatment, and ratio of the mutant DNAS, mutant allele frequency (%), thereinis
measured. Compared with the mutant DNASs in the plasma obtained before the
treatment ((1)), reduction of the mutant DNAS (blue) was observed after the treatment
((2) and (3)).

[Fig. 5] Monitoring of TP53 mutant DNASs in plasmas of stages | to IV esophageal
cancer cases. MAF stands for mutant alele frequency; CF for cisplatin/5-FU; DCF for
docetaxel/cisplatin/5-FU; CRT for chemoradiotherapy; and PTX for paclitaxel.

[Fig. 6] Monitoring of ctDNAsin astage |1 A esophagea cancer relapse case. MAF
stands for mutant allele frequency; CF for cisplatin/5-FU; and CRT for
chemoradiotherapy.
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Modes for Carrying out the Invention
[0016]

The present invention provides alibrary for detecting a mutation relevant to a
cancer.
[0017]
[Library]

Theterm library means a group of aplurality of oligonucleotides for detecting
mutations at a plurality of positions. Theterm plurality means a number of at least 2.
Thelibrary is preferably such a group that enables detection of mutations at 5 or more
positions, more preferably such a group that enables detection of mutations at 10 or
more positions, further preferably such a group that enables detection of mutations at 20
or more positions.  In view of enabling non-intermittent detection of mutationsin the
portion encoding the DNA binding domain of the TP53 gene (195 amino acid length),
thelibrary is preferably one that enables detection of mutations at all the 585 positions.
The library comprises aplurality of oligonucleotidesin order to detect mutations at a
plurality of positions, but it can be used in variousways. When it isused in order to
analyze atarget mutation (one position) for onetest subject, it may be used for, for
example, judging whether a mutation detected in a primary lesion before atreatment for
acertain patient is detected in blood during process of the treatment. The library may
also be used in order to analyze mutations at a plurality of positions for one test subject.
The library may further be used in order to analyze atarget mutation (one position) for a
plurality of test subjects, in order to analyze a plurality of mutations for each of a
plurality of test subjects, or thelike. The term mutation used in the explanations of the
present invention means a mutation of base (also expressed as nucleotide), unless
especially indicated.

[0018]

The oligonucleotides included in the library are a primer or primer pair for
amplifying a portion including a mutation, a probe for detecting a mutation, or the like.
The library may consist only of oligonucleotides that can function as a primer, consist of
only oligonucleotides that can function as a probe, or consists of both of the foregoing
types of oligonucleotides. A mutation is usually detected by amplifying a potion that
may contain the target mutation by the polymerase chain reaction (PCR) in nucleic
acids, and detecting the target mutation in the amplified product using a probe.
Therefore, the library preferably includes a probe and primer pair for the target mutation
asaset. Theterm amplification product means DNAs amplified by PCR in the case of
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PCR, and may also be called amplicon.
[0019]

The probe included in the library may also be one for detecting a sequence not
having the target mutation (wild type), or may be one for detecting a sequence having
the target mutation (mutant). The library may include both types of probes.

[0020]

The primer included in the library is for amplifying a portion including the
position of the target mutation in anucleic acid contained in asample, and it is usually
preferably included in the library as apair of forward primer corresponding to a plus
strand, and reverse primer corresponding to a minus strand.

[0021]

The primer and probe included in the library are for detecting a mutation
relevant to acancer. The mutation relevant to a cancer is a mutation highly frequently
observed in a population of DNASs derived from atumor site of a cancer patient. The
expression that amutation is highly frequently observed means that the mutation is
observed in 5% or more, preferably 10% or more, more preferably 30% or more, of
cancer patients.

[0022]

The mutation relevant to a cancer is preferably a mutation of the TP53 gene,
more preferably a mutation in the portion encoding the DNA binding domain of the
TP53 gene.

[0023]

The p53 tumor suppressor protein (intranuclear protein consisting of 393 amino
acids) encoded by the TP53 gene is an important transcription suppression factor that
responds to various cell stresses such as DNA damage, ultraviolet irradiation, and
hypoxia. p53 controls the cell processes required for life support such as DNA repair,
advance of cell cycle, angiogensis, and apoptosis, and activation thereof may start
downstream pathways from various moleculesin affected cells. These p53-dependent
pathways suppress proliferation of damaged cells through arresting cell cycle or
apoptosis.  Lossor inhibition of the functions and activity of p53 is afactor that
contributes to many cases of cancer.

[0024]

The library preferably includes a plurality of probes and/or primers or primer
pairs for detecting a mutation at any position selected from the group consisting of
€.298, €.329, ¢.380, ¢.399 400 insert, c.475, ¢.499, c.524, ¢.527, ¢.536, exon5
splicesite 3, ¢.574, ¢.578 (including p.His193Arg and p.His193Leu), ¢.586, c.614,
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€.637, ¢.659, ¢.707, ¢.725, ¢.730, ¢.736, ¢.743, ¢.764, c.780, ¢.809, c.818, ¢.839, c.844,
and ¢.993, which has been elucidated to be highly frequently found in the TP53 gene by
the researches of the inventors of the present invention. More specifically, the library
includes a plurality of probes and/or primers or primer pairs for detecting a mutation
that has been elucidated to be highly frequently found in the TP53 gene by the
researches of the inventors of the present invention, i.e., any mutation selected from the
group consisting of ¢.298C>T, ¢.329G>T, ¢.380C>T, ¢.399 400 insert CAAGATG,
c.475G>C, ¢.499C>T, ¢.524G>A, ¢.527G>A, ¢.536A>G, exon5 splicesite 3,
c.574G>A, c.578A>G, c.578A>T, c.586C>T, c.614A>G, c.637C>T, c.659A>G,
C.707A>G, ¢.725G>T, ¢.730G>A, ¢.736A>T, ¢.743G>A, ¢.764T>C, ¢.780_780delC,
€.809T>G, ¢.818G>A, ¢.839G>C, ¢.844C>T, and c.993C>T. Thetermanyis
distinguished from the term any one, and the number of the objects referred to with the
term any is an arbitrary number, and is not limited to one, but may be a plural number.
[0025]

The library more preferably includes a plurality of probes and/or primers or
primer pairs for detecting a mutation at any position selected from the group consisting
of at least ¢.524, ¢.527, ¢.536, ¢.578, c.614, ¢.637, c.659, c.725, ¢.730, ¢.743, and c.818,
more specifically, any of the aforementioned specific mutations at these positions.
[0026]

The library more preferably includes a set of probes and primer pairs for
detecting al mutations at the aforementioned 11 positions, more specifically, al the
aforementioned specific mutations at these positions.

[0027]

p53 isdivided into several domains according to the functions thereof, and the
domain where mutations are seen at the highest frequency isthe DNA binding domain,
of which mutations account for about 86% of all the mutations. According to the
examination of the inventors of the present invention, 39 mutations (98%) among the 40
mutations that could be identified existed in the DNA binding domain. The DNA
binding domain of p53 consists of 196 amino acids, and mutations are reported for all
theamino acids. Therefore, it is considered that, if thereisalibrary of
oligonucleotides that covers all the mutations that can occur in the DNA binding
domain, i.e., alibrary for non-intermittently detecting mutations that can occur in the
DNA binding domain, it enables effective diagnosis for a considerable number of cancer
patients.

[0028]
Therefore, one of the most preferred libraries is one that enables non-
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intermittent detection of the mutations that can occur in the DNA binding domain. The
objects of such alibrary are mutations of 195 amino acids of the coding region.  If
each set includes a primer pair, a probe for wild type, and a probe for a mutant, the
library should cover 2,340 of theoretical detection object bases. If primers and probes
for these are synthesized, they can constitute a library that enables effective diagnosis
for about 90% of cancer patients with TP53 mutation.  Therefore, one of the most
preferred libraries is one that enables non-intermittent detection of the mutations that
can occur in the DNA binding domain of TP53 gene.  Specifically, it isaset of 1755 of
primers and probes that enables detection of 2,340 of theoretical detection object bases.
Another exampleis aset of about 800 of primers and probes for the about 800
mutations reported for digestive system cancers. According to the examination of the
inventors of the present invention, if the objects are all the cancers
(https://cancer.sanger.ac.uk/cosmic), 30% of the TP53 mutations can be covered with
top ten kinds of mutations as for reported numbers among the 1284 kinds of TP53 point
mutations (total 25,376 mutations) (the same shall apply below), 40% with top 20 kinds,
50% with top 40 kinds, 60% with top 80 kinds, and 80% with top 232 kinds. The
inventors of the present invention already synthesized 4 kinds among the top 10 kinds,
and 6 kinds among the top 20 kinds, and confirmed the useful ness thereof, until the
present. The ranking of the reported numbers summarized by the inventors of the
present invention is shown bel ow.

[0029]

[Table 1]
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CDS CDS
Rank [Mutation |Fraction(%) | Cumulative(%) Rank |Mutation |Fraction(%) | Cumulative(%)
11c.524G>A 5.978 5.978 61|c.772G>A 0.276 56.529
2(c.743G>A 4.094 10.072 62(c.578A>T 0.272 56.801
3|c.818G>A 3.873 13.945 63|c.824G>T 0.268 57.069
4(c.817C>T 3.657 17.602 64|c.736A>G 0.264 57.333
51c.742C>T 3.318 20.920 65|c.797G>T 0.264 57.597
6(c.844C>T 2.865 23.784 66|c.476C>T 0.260 57.857
7|1c.637C>T 2.116 25.900 67|c.725G>A 0.260 58.117
8(c.733G>A 2.025 27.926 68|c.461G>T 0.256 58.373
9|c.747G>T 1.840 29.766 69|c.481G>A 0.256 58.630
10|c.659A>G 1.706 31.472 70(c.731G>A 0.256 58.886
11]1c.586C>T 1.391 32.863 71(c.638G>A 0.252 59.138
12|c.469G>T 0.989 33.852 72(c.713G>T 0.252 59.390
13|¢c.536A>G 0.875 34.727 73(c.715A>G 0.248 59.638
141c.488A>G 0.820 35.547 74(c.406C>T 0.248 59.887
151c.527G>T 0.804 36.350 75(c.493C>T 0.244 60.131
16|c.818G>T 0.788 37.138 76(c.536A>T 0.240 60.371
17|c.853G>A 0.776 37.915 77(c.811G>A 0.240 60.612
18[c.734G>A 0.717 38.632 78|c.437G>A 0.240 60.852
19]c.722C>T 0.615 39.247 79|c.438G>A 0.225 61.077
20(c.578A>G 0.607 39.853 80(c.592G>T 0.221 61.297
21(c.535C>T 0.587 40.441 81(¢c.430C>T 0.217 61.514
22(c.856G>A 0.548 40.988 82(c.711G>T 0.213 61.727
23|c.584T>C 0.536 41.524 83[c.730G>A 0.213 61.939
24(c.574C>T 0.532 42.056 84(c.746G>T 0.213 62.152
25(c.701A>G 0.528 42.584 85(c.610G>T 0.213 62.365
26(c.814G>A 0.516 43.100 86|c.722C>G 0.209 62.574
27|c.711G>A 0.504 43.605 87(c.329G>T 0.205 62.779
28|c.713G>A 0.500 44105 88(c.745A0T 0.197 62.976
29(c.743G>T 0.485 44590 89(c.814G>T 0.197 63.173
30(c.473G>A 0.457 45.047 90|c.841G>C 0.197 63.370
31(c.646G>A 0.453 45500 91(¢c.396G>T 0.189 63.559
32(c.832C>T 0.449 45.949 92(c.836G>A 0.189 63.748
33|c.422G>A 0.441 46.391 93(c.838A>G 0.189 63.937
34(c.527G>A 0.437 46.828 94(¢c.799C>T 0.185 64.122
35(c.455C>T 0.430 47.257 95(¢c.830G>T 0.185 64.308
36(c.473G>T 0.430 47.687 96| c.583A>T 0.181 64.489
37(c.725G>T 0.426 48.113 97|c.832C>A 0.181 64.670
38(¢c.833C>T 0.422 48.534 98(c.844C>G 0.181 64.851
39(c.614A>G 0.414 48.948 99|c.452C>A 0.177 65.029
40|c.641A>G 0.414 49.362 100]c.548C>G 0.177 65.206
41|c.734G>T 0.410 49.771 101(c.569C>T 0.173 65.379
421c.451C>T 0.402 50.173 102(c.833C>G 0.173 65.553
43|c.797G>A 0.402 50.575 103(c.396G>C 0.169 65.722
44|1c.839G>A 0.386 50.961 104(c.475G>C 0.169 65.892
45|c.839G>C 0.382 51.344 105(c.499C>T 0.169 66.061
46|c.707A>G 0.378 51.722 106(c.427G>A 0.165 66.227
471c.733G>T 0.370 52.092 107(c.644G>T 0.165 66.392
48|c.517G>T 0.366 52.459 108(c.775G>T 0.165 66.558
49(c.404G>A 0.363 52.821 109(c.700T>C 0.162 66.719
50(c.581T>G 0.363 53.184 110]c.716A>G 0.162 66.881
51(c.796G>A 0.347 53.531 111]c.745A>G 0.162 67.042
52(c.517G>A 0.335 53.866 112(c.841G>A 0.162 67.204
53(¢.380C>T 0.323 54.189 113(c.298C>T 0.162 67.365
54|¢c.395A>G 0.319 54.508 114[c.310C>T 0.158 67.523
55(c.824G>A 0.311 54.819 115(c.820G>T 0.154 67.677
56(c.404G>T 0.307 55.126 116(c.763A>T 0.150 67.826
57(c.730G>T 0.288 55.414 117]1¢c.821T>C 0.150 67.976
58|c.577C>T 0.284 55.698 118[c.464C>A 0.146 68.122
59|¢c.638G>T 0.280 55.978 119(c.467G>C 0.146 68.268
60(c.749C>T 0.276 56.253 120(c.542G>A 0.146 68.414
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CDS CDS
Rank [Mutation |Fraction(%)| Cumulative(%) Rank [Mutation |Fraction(%) | Cumulative(%)
121[c.580C>T 0.146 68.559 181|c.473G>C 0.099 75.565
122|c.746G>C 0.146 68.705 182(c.587G>C 0.099 75.664
123[c.818G>C 0.146 68.851 183|c.706T>OA 0.099 75.762
124|c.845G>A 0.146 68.997 184|c.526T>A 0.095 75.857
125(c.772G>T 0.146 69.143 185(c.526T>C 0.095 75.952
126|c.405C>G 0.142 69.284 186|c.537T>A 0.095 76.046
127|c.541C>T 0.138 69.422 187|c.542G>C 0.095 76.141
128|c.832C>G 0.138 69.560 188|c.659A>C 0.095 76.235
129]|c.856G>T 0.138 69.698 189|c.731G>T 0.095 76.330
130(¢c.329G>C 0.134 69.832 190(c.733G>C 0.095 76.424
131|c.413C>T 0.134 69.966 191|c.843C>A 0.095 76.519
132|c.514G>T 0.134 70.100 192|c.845G>C 0.095 76.614
133]| c.584T>A 0.130 70.230 193|c.857A>G 0.095 76.708
134|c.511G>T 0.130 70.360 194|c.661G>T 0.095 76.803
135|c.811G>T 0.130 70.490 195(¢c.434T>C 0.091 76.893
136[c.375G>T 0.126 70.616 196(c.451C>G 0.091 76.984
137[¢.523C>G 0.126 70.742 197|c.490A>G 0.091 77.075
138|c.747G>C 0.126 70.868 198|c.613T>G 0.091 77.165
139(c.394A>G 0.122 70.991 199|c.718A>G 0.091 77.256
140| c.487T>A 0.122 71.113 200(c.808T>C 0.091 77.347
141[c.800G>C 0.122 71.235 201|c.809T>C 0.091 77.437
142|c.853G>T 0.122 71.357 202(c.313G>T 0.087 77.524
143|¢c.738G>A 0.118 71.475 203|¢c.388C>T 0.087 77.611
144|c.742C>G 0.118 71.594 204(c.559G>A 0.087 77.697
145|c.785G>T 0.118 71.712 205(c.623A>T 0.087 77.784
146(c.859G>T 0.118 71.830 206|c.645T>G 0.087 77.871
147|c.375G>A 0.114 71.944 207(c.658T>C 0.087 77.957
148|¢c.454C>T 0.114 72.058 208|c.796G>C 0.087 78.044
149|c.487T>C 0.114 72.173 209(c.809T>G 0.087 78.131
150[c.524G>T 0.114 72.287 210|c.823T>C 0.087 78.217
151|c.725G>C 0.114 72.401 211|c.840A>T 0.087 78.304
152[¢c.794T>C 0.114 72516 212|c.841G>T 0.087 78.391
153[¢c.839G>T 0.114 72.630 213|c.847C>T 0.087 78.4717
154|c.848G>C 0.114 72.744 214|c.854A>T 0.087 78.564
155(¢.388C>G 0.110 72.854 215|¢c.328C>T 0.083 78.647
156|c.528C>G 0.110 72.965 216(c.423C>G 0.083 78.730
157|¢.535C>A 0.110 73.075 217|c.451COA 0.083 78.812
158|c.596G>T 0.110 73.185 218(c.472C>G 0.083 78.895
159[c.643A>G 0.110 73.296 219|c.518T>C 0.083 78.978
160|c.722C>A 0.110 73.406 220(c.596G>A 0.083 79.061
161]|c.796G>T 0.110 73.516 221|c.755T>C 0.083 79.143
162|c.374C>T 0.106 73.623 222|c.830G>A 0.083 79.226
163|c.377A>G 0.106 73.729 223(c.833C>A 0.083 79.309
164|c.517G>C 0.106 73.836 224|1c.842A>G 0.083 79.392
165]|¢c.523C>T 0.106 73.942 225(c.497C>G 0.083 79.474
166[c.530C>T 0.106 74.048 226|c.395A>T 0.079 79.553
167|c.817C>A 0.106 74.155 227(c.470T>G 0.079 79.632
168| c.434T>A 0.102 74.257 228|c.530C>G 0.079 79.711
169|c.463A>C 0.102 74.360 229(c.578A>C 0.079 79.790
170|c.503A>G 0.102 74.462 230(c.632C>T 0.079 79.868
1711¢.535C>G 0.102 74.565 231|c.712T>C 0.079 79.947
172]| c.658T>A 0.102 74.667 232(c.746G>A 0.079 80.026
173| c.700T>A 0.102 74.769 233|c.379T>C 0.075 80.101
174|c.743G>C 0.102 74.872 234(c.403T>C 0.075 80.176
175(c.843C>G 0.102 74974 235|c.482C>A 0.075 80.251
176|c.380C>A 0.099 75.073 236(c.644G>A 0.075 80.325
177|c.400T>C 0.099 75171 237|c.706T>C 0.075 80.400
178(c.412G>C 0.099 75.270 238|¢c.752T>G 0.075 80.475
179]|c.421T>C 0.099 75.368 239 c. 776 A>T 0.075 80.550
180(c.472C>T 0.099 75.467 240|c.817C>G 0.075 80.625
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[0030]

As shown above, appearance (reported) frequencies of the mutations are
significantly different. One of the most preferred libraries is one designed so that it
enables detection of a plurality of kinds, for example, 2 or more kinds, preferably 4 or
more kinds, more preferably 6 or more kinds, further preferably 10 or more kinds, still
more preferably 20 or more kinds, of mutations of higher ranking among those
mentioned below. The rankings of the mutations as the objects of the sets of primers
and probes used in the section of Examplesin this specification are as follows.
[0031]
chrl7:7579389 ¢.298C>T (p.GIn100Ter), 113rd place;
chrl7:7579358 ¢.329G>T (p.Argl10Leu), 87th place;
chrl17:7578550 ¢.380C>T (p.Serl27Phe), 53rd place;
chrl7:7578526 ¢.399 400 insert CAAGATG(p.Phel34fs), out of ranking;
chrl7:7578455 c.475G>C (p.Alal59Pro), 104th place;
chrl7:7578431 ¢.499C>T (p.GIn167Ter), 105th place;
chrl7:7578406 c.524C>T (p.Argl75His), 1st place;
chrl7:7578403 ¢.527G>A (p.Cysl76Tyr), 34th place;
chrl7:7578394 ¢.536A>G (p.His179Arg), 13rd place;
chrl7:7578370 exon5 splicesite_3 C>T, out of ranking;
chrl7:7578275 c.574G>A (p.GIn192Ter), 24th place;
chrl7:7578271 c.578A>G (p.His193Arg), 20th place;
chrl7:7578271 c¢.578A>T (p.His193Leu), 62nd place;
chrl7:7578263 c.586G>A (p.Argl96Ter), 11th place;
chrl7:7578235 c.614A>G (p.Tyr205Cys), 39th place;
chrl7:7578212 c.637C>T (p.Arg213Ter), 7th place;
chrl7:7578190 c.659A>G (p.Tyr220Cys), 10th place;
chrl7:7577574 c.707A>G (p.Tyr236Cys), 46th place;
chrl7:7577556 c.725G>T (p.Cys242Phe), 37th place;
chrl7:7577551 c.730G>A (p.Gly244Ser), 83rd place;
chrl7:7577545 c.736A>T (p.Met246L eu), 455th place;
chrl7:757753 ¢.743C>T (p.Arg248GlIn), 2nd place;
chrl7:7577517 c.764A>G (p.1le255Thr), 278th place;
chrl17:7577500 c.780_780del C (p.Ser260fs), out of ranking;
chrl7:7577129 ¢.809T>G (p.Phe270Cys), 209th place;
chrl7:7577120 c.818G>A (p.Arg273His), 3rd place;
chrl7:7577099 ¢.839G>C (p.Arg280Thr), 45th place;
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chrl7:7577094 c.844G>A (p.Arg282Trp), 6th place;

chrl7:7576853 ¢.993C>T (p.GIn331Ter), out of ranking (out of the DNA binding
domain)

[0032]

Asfor the ranking of the appearance frequency, the term high means, for
example, aplace not lower than the 10th place (1st to 10th places), not lower than the
40th place (1st to 40th places), or not lower than the 232nd place (1st to 232nd places).
If mutations of an appearance frequency rank not lower than 10th place are targeted, a
library that enables detection of at least 30% of TP53 mutations can be designed.
Further, if mutations of an appearance frequency rank not lower than 40th place are
targeted, alibrary that enables detection of at least 50% of TP53 mutations can be
designed. Further, if mutations of an appearance frequency rank not lower than 232nd
place are targeted, alibrary that enables detection of at least 80% of TP53 mutations can
be designed.

[0033]

One of specific examples of the library for detection of mutation of ahigh
reported number rank include any one set, preferably any two sets, among the following
3 sets, more preferably all the following 3 sets:
at least one oligonucleotide consisting of any of the sequences of SEQ ID NOS: 1to 4
for detecting a mutation at ¢.844,
at least one oligonucleotide consisting of any of the sequences of SEQ ID NOS: 5to 8
for detecting a mutation at ¢.637, and
at least one oligonucleotide consisting of any of the sequences of SEQ ID NOS: 9to 12
for detecting a mutation at ¢.659.

If the library includes all the sets for detection of mutations of an appearance frequency
rank not lower than the 10th place, which are represented by these three sets, it can be
expected to enable detection of at least 30% of the TP53 mutations.

[0034]

The library preferably includes any one set, preferably any two sets, among the
following 3 sets, more preferably all the following 3 sets, in addition to the
aforementioned 3 sets:
at least one oligonucleotide consisting of any of the sequences of SEQ ID NOS: 13 to
16 for detecting amutation at ¢.527,
at least one oligonucleotide consisting of any of the sequences of SEQ ID NOS: 17 to
20 for detecting a mutation at ¢.725, and
at least one oligonucleotide consisting of any of the sequences of SEQ ID NOS: 21 to
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24 for detecting a mutation at ¢.614.

If the library includes all the sets for detection of mutations of an appearance frequency
rank not lower than the 40th place, which are represented by these 6 sets, it can be
expected to enable detection of at least 50% of the TP53 mutations.

[0035]

The library preferably includes any one set, preferably any two sets, among the
following 3 sets, more preferably all the following 3 sets, in addition to the
aforementioned 6 sets:
at least one oligonucleotide consisting of any of the sequences of SEQ ID NOS: 25 to
28 for detecting a mutation at ¢.499,
at least one oligonucleotide consisting of any of the sequences of SEQ ID NOS: 29 to
32 for detecting a mutation at ¢.298, and
at least one oligonucleotide consisting of any of the sequences of SEQ ID NOS: 33 to
36 for detecting a mutation at ¢.809.

If the library includes all the sets for detection of mutations of an appearance frequency
rank not lower than the 232nd place, which are represented by these 9 sets, it can be
expected to enable detection of at least 80% of the TP53 mutations.

[0036]

Each of the aforementioned 9 setsis useful by itself as a set of probe and
primer for detecting a certain mutation. A certain oligonucleotide included in any of
the aforementioned 9 sets and consisting of a specific sequence (probe or primer) is
useful by itself. The appearance frequency ranks of the mutations as the object of the
detection with the oligonucleotides are not lower than the 10th place, not lower than the
40th place, or not lower than the 232nd place.  All the oligonucleotides for detection of
amutation of an appearance frequency rank not lower than the 10th place are useful for
detection of at least 30% of the TP53 mutations.  All the oligonucleotides for detection
of amutation of an appearance frequency rank not lower than the 40th place are useful
for detection of at least 50% of the TP53 mutations.  All the oligonucleotides for
detection of amutation of an appearance frequency rank not lower than the 232nd place
are useful for detection of at |east 80% of the TP53 mutations.

[0037]

Each of the nucleotides contained in the sequences may be a modified
nucleotide. Examples of the modified nucleotide will be mentioned later.
[0038]

Specific positions and types of the mutations, and nucleotide sequences of the
probes and primers are also shown in the tables mentioned in the section of Examples of
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this specification, Fig. 2, and Sequence Listing.
[0039]

The probes and/or primers or primer pairsincluded in the library can be
designed on the basis of sequence information obtained from a primary tumor sample of
acancer patient. Many of patients as test subjects for detection of a highly sensitive
tumor marker such as ctDNAs mentioned later are in an advanced stage of cancer, and
primary care for them isasurgical operation. Therefore, it is comparatively easy to
obtain the sequence information using a solid material obtained by the operation.

[0040]

Although the probes and/or primers or primer pairs included in the library can
be variously designed so that they enable analysis of mutations in nucleic acids
contained in a sample extracted from atest subject, they are preferably designed so that
they enable analysis of ctDNAs existing in blood of atest subject in freeforms. This
is because, if ctDNAsin blood can be analyzed, mutant DNA characteristic to atumor
can be systemically traced. That is also because such analysis can be easily performed
for along period of time with less burdens on the patient after the treatment, and can be
expected to enable quick transfer to secondary treatment based on quick monitoring of
increase in "tumor burden” after the treatment. The analysis includes detection,
quantification, and so forth. The test subject may be a cancer patient, a person
suspected to have a cancer, or the like.

[0041]

From the viewpoint of analysis of ctDNASs of test subject, the probes and/or
primers or primer pairsincluded in the library are designed so that they can be used in a
method with which a mutant (also referred to as mutant sequence) of asmall ratio can
be analyzed in the presence of alarge excess amount of wild type (also referred to as
non-mutated sequence or reference sequence). Thisis because, in the cancer
diagnoses, blood concentration of ctDNA (existence ratio of mutated sequence relative
to non-mutated sequence, also referred to as allele frequency) is 1% or lower in many
cases, and therefore it is desirable that highly sensitive analysis can be conducted. An
example of such a highly sensitive analysis method is dPCR.

[0042]

dPCR (Vogelstein and Kinzler, Proc. Natl. Acad. USA, 96, 9236-9241, 1999) is
a developed form of the conventional PCR method, and it enables direct quantification
of atarget nucleic acid. dPCR used in combination with a concentration procedureis
suitable for detecting an extremely small amount of mutations. Since aDNA sampleis
diluted even to asingle molecule level in dPCR, the starting material should be either a
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wild type or mutant in each PCR.  The concentration is carried out from asingle
molecule, and thousands of concentration reactions are simultaneously performed in
paralel. A large number of PCRs are performed from the same starting material, and
then mutated molecules are isolated and detected. By performing quantification for
chambers containing the final product of PCR after the PCR amplification, absolute
quantity of the nucleic acid can be calculated. Various dPCR-based systems usable for
the present invention are marketed.  The fundamental methodology of dPCR is
described in, for example, Sykes et al., Biotechniques, 13(3):444-449, 1992.

[0043]

From the viewpoint of analysis of ctDNA, the probes and/or primers or primer
pairs are preferably designed so that they enable amplification of a comparatively short
nucleic acid fragment as atarget sequence, and detection of the target mutation. The
size of amplification product in usual PCR is 100 to 150 bp, and reduction of sensitivity
and accuracy may cause aproblem. It isconsidered that, in order to improve the
analysis performance, it isimportant to shorten the size of amplification product as
much as possible (Antonov J, et al., Lab. Invest., 2005 Aug;85(8):1040-50; Kong H, et
al., Sci. Rep., 2014 Nov. 28;4:7246; and Florent Mouliere et a., PLOS ONE, September
2011, Volume 6, Issue 9, €23418). For example, there have been developed methods
for conducting the analysis with a comparatively short amplification product, for
example, an amplification product of 70 bp or shorter, by the means of inclusion of a
modified nucleotide in oligonucleotides as primers or probes, or thelike. Primers and
probes for such methods are known as Hypercool Primer & Probe™ (Nihon Gene
Research Laboratories, Inc., 1-5-2, Nakano, Miyagino-ku, Sendai-shi, Japan), and a
method for designing them is publicized (http://ngrl.co.jp/wp/wp-
content/uploads/2015/01/eb3607d6¢c1eb4174f 10bb3bde67844fe.pdf).  Asfor detection
of mutated sequences of alow ratio in the presence of alarge excessive amount of non-
mutated sequence, for example, Japanese Patent Unexamined Publication (KOHY O)
No. 2010-535031 can be referred to.  This technique is based on atreatment protocol
performed at atemperature lower than the critical denaturation temperature or melting
temperature Tm of non-mutated sequence.

[0044]

According to one of the preferred embodiments, the oligonucl eotides included
in the library contain amodified nucleotide (also referred to as modified base).
Examples of such a modified nucleotide include a diaminopurine anal ogue (for
example, 2'-O-methyl-2,6-diaminopurine), uracil, peptide nucleic acid anal ogue, biotin-
modified analogue, fluorophore-modified analogue, inosine, 7-deazaguanine, 2'-deoxy-
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2'-fluoro-B-D-arabinonucleic acid (2'F-ANA) nucleotide, locked nucleic acid (LNA), 2'-
0O,4'-C-ethylene crosslinked nucleic acid (ENA), and so forth.  These modifications
can increase the difference between Tms of matched or mismatched bases, and enable
highly precise analysis.

[0045]

The locked nucleic acids mean a class of stereostructurally restricted nucleotide
analogues (refer to, for example, W099/14226; Koshkin, A.A., et al., Tetrahedron
(1998), 54:3607-3630; and Obika, S. et a., Tetrahedron Lett. (1998), 39:5401-5404).
Introduction of alocked nucleic acid into an oligonucleotide improves compatibility of
complement sequence, and increases melting temperature by severa stages (Braasch,
D.A. and D.R. Corey, Chem. Biol. (2001), 8:1-7).

[0046]

Particularly preferred examples of the modified nucleotide are 2-amino-dA
(2aA) and 5-methyl-dC (5mC).

[0047]

The oligonucleotides included in the library can contain mismatched bases or
unmatched bases. Those skilled in the art of nucleic acids can determine stability of a
double strand in consideration of many variables such as length of oligonucleotide, base
composition and sequence of oligonucleotide, ionic strength, and content of mismatch
bases. The stability of nucleic acid double strand is represented by the melting
temperature (also referred to as denaturation temperature) Tm.

[0048]

The probes included in the library may be modified around the ends thereof so
that analysis becomeseasy. A fluorescent substance can be used for the modification.
Examples of the fluorescent substance include 6FAM (also referred to simply as FAM),
HEX, Tide Fluor™ 1, ATTO 390, ATTO 425, LC (registered trademark) 480Cyan500,
ATTO 465, ATTO 488, Tide Fluor™ 2, ATTO 495, ATTO 514, ATTO 520, TET, JOE,
CAL Fluor 540, YakimaYellow, ATTO 532, ATTO Rho6G, LC (registered trademark)
Yellow555, CAL Fluor 560, ATTO 542, Quasar (registered trademark) 570, Cy3, ATTO
550, TAMRA, Tide Fluor™ 3, ATTO 565, ATTO Rho3B, ROX, ATTO Rholl, ATTO
Rhol12, Cy3.5, ATTO Thiol2, ATTO Rho101, LC (registered trademark) Red610, CAL
Fluor 610, Tide Fluor™ 4, ATTO 590, TexasRed (SR101), ATTO 594, ATTO Rho13,
ATTO 610, LC (registered trademark) Red670, ATTO 620, LC (registered trademark)
Red640, ATTO Rhol4, ATTO 633, ATTO 647, ATTO 647N, Quasar (registered
trademark) 670, Tide Fluor™ 5, Cy5, ATTO 655, ATTO Oxal2, ATTO 665, Tide
Fluor™ 6, Cy5.5, ATTO 680, LC (registered trademark) Red705, Quasar (registered
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trademark) 705, ATTO 700, ATTO 725, ATTO740, Tide Fluor™ 7, and Tide Fluor™ 8.
Use of different fluorescent substances for a probe for wild type and probe for mutant
enabl es simultaneous analysis of them.

[0049]

The probesincluded in the library may also be modified with a quenching
substance (also referred to as quencher). Examples of the quenching substance include
Dabcyl, BHQ-O0 (registered trademark), BHQ-1 (registered trademark), BHQ-2
(registered trademark), BHQ-3 (registered trademark), TQ™1, TQ™2, TQ™3, TQ™4,
TQ™5, TQ™6, TQ™7, TAMRA, ATTO540Q, ATTO 575Q, ATTO 580Q, ATTO 612Q,
and BBQ-650 (registered trademark).

[0050]

dPCR using the aforementioned primers and probes can be carried out in the
same scale as that of the conventional dPCR method.  Although amounts of nucleic
acids, primers and probes in a sample to be used can be appropriately determined by
those skilled in the art, for example, the nucleic acids, primers, and probes can be used
in an amount in the range of 0.5 to 50 ng, 0.02 to 2.0 uM, and 0.01 to 1.0 uM,
respectively, per one chip of dPCR. The composition of the system can contain,
besides the nucleic acids, primers, and probes, four kinds of dNTPs, buffering agent,
salt, surfactant, and enzymes that catal yze the chain extension reaction, as apparent to
those skilled in the art.

[0051]
[Useof library]

The library of the present invention can be used in amethod of assisting
prediction of relapse or prognosis of a cancer in atest subject after atreatment of the
cancer. The method of assisting refers to a method conducted by a person other than
medical practitioners, for example, clinical laboratory technologist, nurse, public health
nurse, test subject himself or herself, etc.  Such amethod specifically comprises the
step of preparing at least one kind of probe and/or primer or primer pair from the library
of the present invention prepared beforehand, and analyzing a mutation in a nucleic acid
obtained from atest subject by using the prepared probe and/or primer or primer pair.
To the library that can be used for such a method, all the explanations for the library
already described in this specification are applied.

[0052]

It is considered that the method provided by the present invention is effective
for al kinds of cancersincluding alimentary canal cancers such as esophageal cancer,
gastric cancer, and colorectal cancer.
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[0053]

According to a preferred embodiment, the method of the present invention can
be performed as follows.

A set considered to be appropriate (for example, a set of primer and probe for
analyzing a case-specific mutation detected in mutation analysis of primary lesion) is
obtained from the library of the present invention prepared beforehand, and after
operation thereof is checked by using primary lesion DNA of atest subject as required,
ratio of mutated DNA (mutant allele frequency, %) in a sample appropriately extracted
from the test subject ismonitored. The sampleis preferably plasma, and a mutation
can be analyzed as ctDNA.

[0054]

When atest subject with asmall amount of tumor cells, for example, atest
subject of stage |, isthe object, ctDNAs may not be detected before a treatment, after an
operation, or in the follow-up period. In atest subject with a certain amount of tumor
cells, for example, atest subject of stage I1, reduction of ctDNASs detected before a
treatment to 0% can be confirmed after an operation.  Further, by analyzing presence
or absence or amount of ctDNAs in the follow-up including postoperative adjuvant
chemotherapy, relapse can be predicted.  According to the method of the present
invention, reduction of ctDNAs accompanying shrinkage of tumor caused by
chemotherapy or radiotherapy can be confirmed in some test subjects.  According to
the method of the present invention, relapse may be diagnosed at an earlier stage
compared with the conventional CT diagnosis.

[0055]

Analysisof ctDNA is aso advantageous in the point that it is considered to
realize systemic monitoring of mutated DNASs characteristic to atumor. Moreover, it
makes it easy to perform analysis over along period of time after atreatment with less
burden on patients, and it is expected to enable quick transfer to secondary treatment
based on quick monitoring of increase in "tumor burden” after the treatment.

[0056]

The library of the present invention makes it unnecessary to design and
synthesize primers and probes for each test subject for detecting ctDNAs. By using
the library of the present invention including highly versatile primers and probes, or
primers and probes designed so as to enable non-intermittent detection of mutations,
relapse of cancer after atreatment can be diagnosed at an early stage. It also enablesit
to easily perform individualized post-treatment follow-up of cancer patients.

[0057]
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The library of the present invention can also be used in methods for early
detection or diagnosis of cancers.
[0058]

The present invention will be further precisely explained below with reference
to examples. However, the present invention is no way limited by these examples.

Examples
[0059]
[Creation of library]

Typical examples of sets of primers and probes, which were synthesized by
using Hypercool Primer & Probe, and of which operation was confirmed, are shown in
thefollowing tables. The synthesis was entrusted to Nihon Gene Research
Laboratories, Inc. (1-5-2, Nakano, Miyagino-ku, Sendai-shi, Japan). In the nucleotide
sequences indicated in the tables, the boxed portions are Tm-increasing nucleotide
insertion positions (modified nucleotide positions), and the symbols * indicate mutation
positions.

[0060]
[Table 2-1]

TP53 Primer/Probe sequence
Examples of primers and probes for TP53 point mutations of an appearance ratio
included in top 10, 40 or 232 higher appearance ratios among 1,284 kinds of such
mutations (total 25,376 mutations) for all the cancers, and ratios of theoretically
detectable TP53 mutations

Those for mutations of appearance ratio included in top 10 higher appearance ratios
(enabling detection of 30% of TP53 mutations)

chrl7:7577094

C.844C>T (p.Arg282Trp) oy Stran |Lengt|SEQ ID
Sequence (5'->3) d h NO

Forward primer GGGACGGAACAGCTTTGAG Plus | 19 1

Reverse primer CCCCTTTCTTGCGGAGATTC Minus 20 2

Probe Wt HEX-CCTICTGTGCGCCG*GTCT-BHQ [Minug 17 3
FAM-TCCTICTGTGCGCCAFGTCT-  Minug 18 4

Probe Mt BHOQ

Product length - - 86

chrl7:7578212

c.637C>T (p.Arg213Ter) oy Stran |Lengt|SEQ ID
Sequence (5'->3) d h NO

Forward primer TGTGGAGTATTTGGATGACAGA Plus | 22 5
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Reverse primer AGTTGCAAACCAGACCTCA Minus 19 6
HEX- Minug 22 7
Probe Wt ACCACCACACTATGTICG*AAAAG-
BHQ
FAM- Minug 22 8
Probe Mt IACCACCAICACTATGTICA*AAAAG-
BHQ
Product length - - 82
chrl7:7578190
C.659A>G (p.Tyr220Cys) o Stran|Lengt|SEQ ID
Sequence (5'->3') d h NO
Forward primer TGTGGAGTATTTGGATGACAGA Plus | 22 9
Reverse primer AGTTGCAAACCAGACCTCAG Minus 20 10
Probe Wt HEX-TGGT TA*TGAIGCCG-BHQ Plus [ 17 11
Probe Mt FAM-TGGTGCCCTG* TGAIGCC-BHQ | Plus | 16 12
Product length - - 82
[0061]
[Table 2-2]
Those for mutations of appearance ratio included in top 40 higher appearance ratios
enabling detection of 50% of TP53 mutations)
( g
chrl7:7578403
C.527G>A (p.Cysl76Tyr) Co Stran|Lengt|SEQ ID
Sequence (5'->3') d h NO
Forward primer GTCACAIGCACATGACGGA Plus | 18 13
Reverse primer CACCATICGCTATICTGAGCA Minus 19 14
Probe Wt HEX-TTGTGAIGGCGCTG* CCCC-BHQ| Plus [ 17 15
Probe Mt E,?\_II\(/DI-TTGTG@GGCGCTA CCCcCcC- Plus | 18 16
Product length - - 68
chrl7:7577556
C.725G>T (p.Cys242Phe) oy Stran |Lengt|SEQ ID
Sequence (5'->3) d h NO
Forward primer GTTGGCTCTGACTGTACCAC Plus | 20 17
Reverse primer CCAGTGTGATGATGGTGAGG Minus 20 18
HEX- Plus | 21 19
Probe Wt TGTAACAGTTICCTG*[CATGGGC-
BHQ
FAM- Plus | 21 20
Probe Mt TGTAACAGTTICGTT*[CATGGGC-
BHQ
Product length - - 100
chrl7:7578235
C.614A>G (p.Tyr205Cys) Sequence (5->3) St(rjan Lerrllgt SEI\(IQOID
Forward primer AGTGGAAGGAAATTTGCGTG Plus | 20 21
Reverse primer ACCACCACACTATGTCGAAAAG Minug 22 22
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HEX- Plus | 24 23
Probe Wt TGGAIGTA*TTTGGATGACAGAAAC

A-BHQ

FAM- Plus | 23 24
Probe Mt TGGAIGTG* TTTGGATGAICAIGAAAC-

BHQ
Product length - - 66
[0062]
[Table 2-3]
Those for mutations of appearance ratio included in top 232 higher appearance ratios
(enabling detection of 80% of TP53 mutations)
chrl7:7578431
C.499C>T (p.GInl67Ter) Sequence (5->3) St(rjan Lerrllgt SEI\(IQOID
Forward primer CCATGGCCATCTACAAGCA Plus | 19 25
Reverse primer CTCACCATCGCTATCTGAGCA Minus 21 26

HEX-CCTICCGTCATGTGCTG*TGA- |[Minus 19 27
Probe Wt BHO

FAM-ACCTICCGTICATGTGCTA*TGA- Minus 20 28
Probe Mt BHO
Product length - - 89
chrl7:7579389
€.298C>T (p.GIN100Ter) Sequence (5->3) Stan|Lengt SEQ 1D
Forward primer GCCCCTGTCATCTTCTGTCC Plus | 20 29
Reverse primer CCAGAATGCAAGAAGCCCAG Minug 20 30

HEX- Minus 22 31
Probe Wt CCCTGGTAGGTTTTICTG* GGAAG-

BHQ

FAM- Minus 24 32
Probe Mt TGCCCTGGTAGGTTTTCTA GGAAG-

BHQ
Product length - - 78
chrl7:7577129
€.809T>G (p.Phe270Cys) Sequence (5->3) St(rjan Lerrllgt SEI\(IQOID
Forward primer TCCTGAGTAGTGGTAATCTACTG Plus | 23 33
Reverse primer CCCAGGACAGGCACAAAC Minug 18 34

HEX-ACCTICAA*JAGCTGTTCCGTCC- Minus 20 35
Probe Wt BHO
Probe Mt Eﬁ I\(/DI-CCTIQAC*AGCTGTTC@GTCC- Minug 19 36
Product length - - 65
[0063]

[Operation check of primer/probe]
By using primary lesion (or sufficient amount of plasma) DNAS, operation

check of 29 sets of primers/probes designed and synthesized for each case-specific
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mutation was performed. The operation check was performed by using QuantStudio
3D Digital PCR System (Thermo Fisher Scientific). With al the sets, mutated alleles
(blue) and wild type aleles (red) were separated (Fig. 3).

[0064]

[Monitoring of mutant DNA in circulating plasma (circulating tumor DNA) using case-
specific TP53 mutation probe]

DNAs were extracted from esophageal cancer primary lesion tissues obtained
before treatment, and screening for genetic mutations was performed by using
peripheral blood monocyte DNASs as the normal control.  For the detected genetic
mutations, digital PCR probes that separately |abel wild type allele (normal alele) and
mutant allele (mutated allele) and primers for amplifying regions including mutation
site were designed and synthesized (Hypercool ™ Technology, Nihon Gene Research
Laboratories, Inc., was used).

[0065]

Patient blood samples were extracted before treatment, after treatment such as
chemotherapy, surgical operation, and radiotherapy, and during follow-up period after
the treatment, plasma was separated from each sample by centrifugation, and free DNAs
in the plasma were extracted. The plasma DNAs were extracted by using QIAamp
(registered trademark) Circulating Nucleic Acid Kit (QIAGEN).  Since most of free
plasma DNAs are wild type DNAs derived from normal cells, mutant DNASs derived
from cancer cells usually account for 1% or less, and are not detected in many cases.
Therefore, operation check of the synthesized primers/probes was performed by digital
PCR using DNAs of primary lesions.  After it was confirmed that wild type alleles and
mutant alleles were separated and measurable, analysis was performed with the plasma
samples. Theanalysis was performed according to the protocol of QuantStudio 3D
Digital PCR System (Thermo Fisher Scientific) using a PCR reaction mixture adjusted
to contain 900 nM of primers and 250 nM of probe as final concentrations, and 1 to 20
ng of DNAs for one chip.

[0066]

A flowchart of the ctDNA monitoring experiment is shown asFig. 4. For the
case-specific mutations detected in the mutation analysis of the primary lesion, probes
that separately fluorescence-label wild type DNAs and mutant DNASs were prepared
(HEX for wild type, and FAM for mutant), operation check thereof was performed by
using primary lesion DNAS, and then ratio of mutant DNAs (mutant allele frequency
(%)) in the plasma sample collected during the treatment process was measured. As
shown in the example, reduction of mutant DNASs (blue) was observed after the
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treatment ((2) and (3)) compared with the mutant DNASs observed before the treatment
((1)).

[0067]

[Monitoring of TP53 mutant DNASs in plasmas of esophageal cancer cases at stages| to
V]

In the stage | case with a small amount of tumor cells, ctDNA was not detected
before the treatment, after the operation, and during the follow-up period. In the stage
Il case, ctDNAs detected before the treatment decreased to 0% after the operation, and
ctDNA was not detected during the follow-up including postoperative adjuvant
chemotherapy. In these cases, relapse was not observed until the present.  In the stage
[11 case, although decrease of ctDNASs was observed accompanying shrinkage of tumor
caused by chemotherapy or radiotherapy, ctDNAs increased with re-increase of the
tumor, and the patient died within a short period of time after the end of the follow-up
(Fig.5). MAF stands for mutant allele frequency; CF for cisplatin/5-FU; DCF for
docetaxel/cisplatin/5-FU; CRT for chemoradiotherapy; and PTX for paclitaxel.

[0068]
[Monitoring of ctDNA in stage I1A esophageal cancer]

In mutation analysis of a primary lesion performed before the treatment, a
TP53 mutation, p.Tyr220Cys (c.659A>G), was detected. A set of primer/probe for this
mutation was synthesized, and ctDNAs were detected in a plasma sample collected
during the treatment process. Decrease of ctDNA amount (MAF) was observed with
preoperative chemotherapy (CF, cisplatin/5-FU). After one and a half years from the
operation (day 615), relapse was confirmed at mediastinal lymph node, but by CT
inspection, lymph node suspected of relapse was not detected six months before (day
436), and only 3-mm lymph node was observed even three months before (day 527),
which did not lead relapse diagnosis.  Increase of ctDNA was observed from the day
438, and thus the ctDNA analysis may enable earlier rel apse diagnosis compared with
CT diagnosis. After a chemoradiotherapy was performed for arelapse lesion,
complete response (full effectiveness) was obtained, and ctDNA detection also became
negative (0%) (Fig. 6). MAF stands for mutant allele frequency; CF for cisplatin/5-
FU; and CRT for chemoradiotherapy.

Sequence Listing Free Text

[0069]

SEQ ID NOS: 1 to 36, sequences of primers or probes for dPCR
SEQ ID NO: 37, sequence of DNA binding domain of TP53 gene
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Clams

[Claim 1]

A library constituted by a plurality of probes and/or primers or primer pairs for
detecting a genetic mutation relevant to a cancer in the region encoding the DNA
binding domain of the TP53 gene, wherein:

the plurality of probes and/or primers or primer pairs include those for
detecting ¢.524G>A. ¢.743G>A, c.818G>A, ¢.817C>T, ¢.742C>T, ¢.844C>T,
€.637C>T, ¢.733G>A, ¢.747G>T, and c.659A>G.

[Claim 2]

The library according to claim 1, which further comprises a plurality of probes
and/or primers or primer pairs for detecting ¢.586C>T, ¢.469G>T, ¢.536A>G,
C.488A>G, ¢.527G>T, ¢.818G>T, ¢.853G>A, ¢.734G>A, ¢.722C>T, ¢.578A>G,
¢.535C>T, ¢.856G>A, ¢.584T>C, ¢.574C>T, c.701A>G, c.814G>A, c.711G>A,
C.713G>A, ¢.743G>T, c.473G>A, ¢.646G>A, €.832C>T, €.422G>A, ¢.527G>A,
c.455C>T, c.473G>T, ¢.725G>T, ¢.833C>T, ¢.614A>G, and ¢c.641A>G.

[Claim 3]

The library according to claim 2, which further comprises a plurality of probes
and/or primers or primer pairs for detecting ¢.734G>T, c.451C>T, c.797G>A,
€.839G>A, ¢.839G>C, ¢.707A>G, ¢.733G>T, ¢.517G>T, c.404G>A, ¢.581T>G,
C.796G>A, c.517G>A, ¢.380C>T, ¢.395A>G, ¢.824G>A, ¢.404G>T, ¢.730G>T,
c.577C>T, ¢.638G>T, €.749C>T, ¢.772G>A, c.578A>T, ¢.824G>T, c.736A>G,
C.797G>T, c.476C>T, ¢.725G>A, c.461G>T, c.481G>A, c.731G>A, c.638G>A,
C.713G>T, ¢.715A>G, c.406C>T, c.493C>T, c.536A>T, c.811G>A, c.437G>A,
€.438G>A, ¢.592G>T, ¢.430C>T, ¢.711G>T, ¢.730G>A, ¢.746G>T, ¢.610G>T,
C.722C>G, ¢.329G>T, ¢.745A>T, ¢.814G>T, ¢.841G>C, ¢.396G>T, €.836G>A,
C.838A>G, €.799C>T, ¢.830G>T, ¢.583A>T, ¢.832C>A, ¢.844C>G, c.452C>A,
€.548C>G, ¢.569C>T, ¢.833C>G, €.396G>C, c.475G>C, c.499C>T, c.427G>A,
C.644G>T, ¢.775G>T, ¢.700T>C, c.716A>G, c.745A>G, c.841G>A, ¢.298C>T,
€.310C>T, ¢.820G>T, ¢.763A>T, ¢.821T>C, c.464C>A, c.467G>C, c.542G>A,
¢.580C>T, ¢.746G>C, ¢.818G>C, ¢.845G>A, ¢.772G>T, c.405C>G, ¢.541C>T,
€.832C>G, ¢.856G>T, €.329G>C, ¢.413C>T, ¢.514G>T, ¢.584T>A, ¢.511G>T,
€.811G>T, ¢.375G>T, ¢.523C>G, ¢.747G>C, ¢.394A>G, c.487T>A, ¢.800G>C,
€.853G>T, €.738G>A, ¢.742C>G, ¢.785G>T, ¢.859G>T, €.375G>A, ¢.454C>T,
c.487T>C, c.524G>T, ¢.725G>C, ¢.794T>C, ¢.839G>T, ¢.848G>C, ¢.388C>G,
€.528C>G, ¢.535C>A, ¢.596G>T, €.643A>G, €.722C>A, ¢.796G>T, ¢.374C>T,
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c.377A>G, ¢.517G>C, ¢.523C>T, ¢.530C>T, ¢.817C>A, c.434T>A, c.463A>C,
€.503A>G, ¢.535C>G, ¢.658T>A, ¢.700T>A, ¢.743G>C, ¢.843C>G, ¢.380C>A,
c.400T>C, c.412G>C, ¢.421T>C, c.472C>T, ¢.473G>C, ¢.587G>C, c.706 T>A,
c.526T>A, ¢.526T>C, c.537T>A, ¢.542G>C, c.659A>C, ¢.731G>T, ¢.733G>C,
€.843C>A, ¢.845G>C, ¢.857A>G, €.661G>T, ¢.434T>C, ¢.451C>G, c.490A>G,
€.613T>G, ¢.718A>G, ¢.808T>C, ¢.809T>C, ¢.313G>T, ¢.388C>T, c.559G>A,
C.623A>T, €.645T>G, ¢.658T>C, ¢.796G>C, c.809T>G, ¢.823T>C, c.840A>T,
C.841G>T, ¢.847C>T, ¢.854A>T, ¢.328C>T, ¢.423C>G, c.451C>A, c.472C>G,
¢.518T>C, c.596G>A, ¢.755T>C, c.830G>A, ¢.833C>A, ¢.842A>G, c.497C>G,
€.395A>T, c.470T>G, ¢.530C>G, ¢.578A>C, ¢.632C>T, ¢.712T>C, and c.746G>A.
[Claim 4]

The library according to any one of claims 1 to 3, which enables detection of
all the mutations at 585 positions in the DNA binding domain of the TP53 gene with a
plurality of probes.

[Claim 5]

The library according to claim 1 or 2, which is for prediction of relapse or
prognosis of cancer in atest subject after atreatment of the cancer.
[Claim 6]

The library according to any one of claims 1 to 5, which isfor detecting a
circulating DNA derived from atumor cell (circulating tumor DNA, ctDNA).
[Claim 7]

The library according to any one of claims 1 to 6, wherein the probes and/or
primers or primer pairs are for digital PCR.

[Claim 8]

The library according to any one of claims 1 to 7, wherein the probes and/or
primers or primer pairs include an oligonucleotide consisting of any one of the
sequences of SEQ ID NOS: 1 to 116 or alabeled product thereof.

[Claim 9]

A method for analyzing genetic mutation relevant to a cancer in the region
encoding the DNA binding domain of the TP53 gene in atest subject, the method
comprising the following (1) to (3):

(1) preparing alibrary constituted by a plurality of probes and/or primers or
primer pairs, wherein the plurality of probes and/or primers or primer pairs include
those for detecting mutations of ¢.524G>A, ¢.743G>A, c.818G>A, ¢.817C>T,
C.742C>T, ¢.844C>T, ¢.637C>T, ¢.733G>A, ¢.747G>T, and ¢.659A>G,;

(2) selecting a probe and/or primer or primer pair for detecting one mutation
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from the prepared library; and

(3) analyzing amutation in anucleic acid obtained from the test subject by
digital PCR using the selected probe and/or primer or primer pair.
[Claim 10]

The method according to claim 9, wherein the cancer is esophageal cancer,
gastric cancer, or colorectal cancer.
[Claim 11]

The method according to claim 9 or 10, wherein the one mutation to be
selected isamutation identified in a primary lesion of the test subject before a
treatment, and the mutation in a circulating DNA derived from atumor cell (circulating
tumor DNA, ctDNA) obtained from blood of the test subject after the treatment is
analyzed.
[Claim 12]

A method for producing the library according to any one of claims 1 to 8, the
method comprising:

preparing a probe and/or primer or primer pair for detecting one mutation
relevant to a cancer in the DNA binding domain of the TP53 gene, and

preparing a probe and/or primer or primer pair for detecting another mutation
relevant to a cancer in the DNA binding domain of the TP53 gene and different from the
aforementioned mutation.
[Claim 13]

A set of primer pair and probe pair for use in digital PCR, which is any one of
those of the following (1) to (9):
(1) aprimer pair consisting of the sequences of SEQ ID NOS: 1 and 2, and a probe pair
of oligonucleotides consisting of the sequences of
[Formula 1]
CCT@TGTGCGCCG* GTCT (SEQ ID NO: 3)
TCCTIJTGTGCGCCAFGTCT (SEQ ID NO: 4),
each of which may be alabeled product thereof,
(2) aprimer pair consisting of the sequences of SEQ ID NOS: 5 and 6, and a probe pair
of oligonucleotides consisting of the sequences of
[Formula 2]
ACCACCACACTATGTIG*AAIAAG (SEQ ID NO: 7)
ACCACCAICACTATGTICA*AAIAAG (SEQ ID NO: 8),
each of which may be alabeled product thereof,
(3) aprimer pair consisting of the sequences of SEQ ID NOS: 9 and 10, and a probe
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pair of oligonucleotides consisting of the sequences of

[Formula 3]

TGGTGOCCTA* TGAIGCCG (SEQ ID NO: 11)

TGGTGOCCTG* TGA/GCC (SEQ ID NO: 12),

each of which may be alabeled product thereof,

(4) aprimer pair consisting of the sequences of SEQ ID NOS: 13 and 14, and a probe
pair of oligonucleotides consisting of the sequences of

[Formula 4]

TTGTGAIGGCGJTG* CCCC (SEQ ID NO: 15)

TTGTGAIGGCGJTA*CCCCC (SEQ ID NO: 16),

each of which may be alabeled product thereof,

(5) aprimer pair consisting of the sequences of SEQ ID NOS: 17 and 18, and a probe
pair of oligonucleotides consisting of the sequences of

[Formula 5]

TGTAACAGTTTG*TGGGC (SEQ ID NO: 19)
TGTAJACAIGTTICOTT*[CATGGGC (SEQ ID NO: 20),

each of which may be alabeled product thereof,

(6) aprimer pair consisting of the sequences of SEQ ID NOS: 21 and 22, and a probe
pair of oligonucleotides consisting of the sequences of

[Formula 6]

TGGAGTA*TTTGGATGACAIGAIAACA (SEQ ID NO: 23)

TGGAGTG* TTTGGATGAICAIGAIAAC (SEQ ID NO: 24),

each of which may be alabeled product thereof,

(7) aprimer pair consisting of the sequences of SEQ ID NOS: 25 and 26, and a probe
pair of oligonucleotides consisting of the sequences of

[Formula 7]

CCTICOGTCATGTGOTG* TGA (SEQ ID NO: 27)
ACCTICCGTICATGTGIGTA* TGA (SEQ ID NO: 28)

each of which may be alabeled product thereof,

(8) aprimer pair consisting of the sequences of SEQ ID NOS: 29 and 30, and a probe
pair of oligonucleotides consisting of the sequences of

[Formula 8]

CCCTGGT@GGTTTT@TG* GGAAG (SEQ ID NO: 31)
TGCCCTGGTAGGTTTTCT@* GGAAG (SEQ ID NO: 32)

each of which may be alabeled product thereof, and

(9) aprimer pair consisting of the sequences of SEQ ID NOS: 33 and 34, and a probe
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pair of oligonucleotides consisting of the sequences of

[Formula 9]

ACCT*@GCTGTTCCGTCC (SEQ ID NO: 35)
CCTIJAC*AGCTGTTAJGTCC (SEQ ID NO: 36)

each of which may be alabeled product thereof (the boxes indicate modified
nucleotides, and the symbols * indicate nucleotides corresponding to a position of
mutation).

[Claim 14]

A set of probes and primers for use in digital PCR, which consists of any one of
the following sets of oligonucleotides, each of which may be alabeled product thereof:
oligonucleotides consisting of the sequences of SEQ ID NOS: 1 to 4 for detecting a
mutation at ¢.844,
oligonucleotides consisting of the sequences of SEQ ID NOS: 5 to 8 for detecting a
mutation at ¢.637,
oligonucleotides consisting of the sequences of SEQ ID NOS: 9 to 12 for detecting a
mutation at ¢.659,
oligonucleotides consisting of the sequences of SEQ ID NOS: 13 to 16 for detecting a
mutation at ¢.527,
oligonucleotides consisting of the sequences of SEQ ID NOS: 17 to 20 for detecting a
mutation at c.725,
oligonucleotides consisting of the sequences of SEQ ID NOS: 21 to 24 for detecting a
mutation at c.614,
oligonucleotides consisting of the sequences of SEQ ID NOS: 25 to 28 for detecting a
mutation at ¢.499,
oligonucleotides consisting of the sequences of SEQ ID NOS: 29 to 32 for detecting a
mutation at ¢.298, and
oligonucleotides consisting of the sequences of SEQ ID NOS: 33 to 36 for detecting a
mutation at ¢.809.
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