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(54) METHOD FOR DETECTING OCLN-ARHGAP26 GENE

(57) The object of the invention is to elucidate a new
causative gene of cancer, polynucleotide, and thereby
provide a method for detecting the polynucleotide or a
polypeptide that is encoded by the polynucleotide, as well
as a primer set or a detection kit for such detection. The
detection method detects a fusion gene of a part of an

OCLN gene and a part of an ARHGAP26 gene, or a fusion
protein encoded by such gene. The primer set includes
a sense primer designed from a section encoding OCLN
and an antisense primer designed from a section encod-
ing ARHGAP26.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a method for detecting a novel fusion gene.

BACKGROUND ART

[0002] Occludin (OCLN) gene exists on the long arm of human chromosome 5, and a protein encoded by this gene
is a four transmembrane protein. OCLN forms a complex with a claudin family protein that is also a four transmembrane
protein and constitutes a tight junction (J Cell Biol. 1998; 143(2): 391-401) and enhances electric resistance between
cells by over-expression of OCLN in cells (J Cell Sci. 1996; 109: 2287-2298). As such, OCLN is considered to hold a
role in the barrier function of tight junction. With regards to cancer, over-expression of OCLN in cells is reported to
enhance the apoptosis signal and to suppress metastatic potential (Cancer Res. 2006; 66(18): 9125-9133).
[0003] Rho GTPase activating protein 26 (ARHGAP26) gene, which has GTPase activating function exists on the long
arm of human chromosome 5, same as OCLN, and the protein encoded by this gene is a GTPase activating protein
possessing a Rho-GAP domain at the center. ARHGAP26 gene is known to have a function to enhance the GTP
hydrolase activity of the small GTPase protein family, particularly RhoA and CDC42 (J Biol Chem. 2000; 275(49):
38605-38610.). With regards to cancer, a fusion gene with claudin 18 (CLDN18) gene was found in 3 to 15% of patients
suffered from diffuse type gastric cancer (Nature 2014; 513(7517): 202-209, Cell Rep. 2015; 12(2): 272-285), and a
fusion gene with a mixed-lineage leukemia (MLL) gene was found in leukemia patients (Proc Natl Acad Sci USA. 2000;
97(16): 9168-9173., Genes Chromosomes Cancer 2004; 41(4): 400-404).
[0004] There are no reports so far of a fusion gene composed of OCLN and ARHGAP26.

SUMMARY OF INVENTION

PROBLEM TO BE SOLVED BY INVENTION

[0005] The present invention aims to elucidate a polynucleotide as a novel gene responsible for cancer, and thereby
to provide a method for detecting a polynucleotide or a polypeptide that is encoded by the polynucleotide, as well as a
primer set or a detection kit for such detection.

MEANS FOR SOLVING THE PROBLEMS

[0006] The present inventors isolated and identified a novel fusion gene from a stomach cancer cell line, in which a
part of the ARHGAP26 gene and a part of the OCLN gene are fused together (Example 1), and found that this fusion
gene was the causal cancer gene by the fact that the viability of the stomach cancer cell line declined with the suppression
of expression of fusion genes in the stomach cancer cell line that endogenously expresses such fusion genes (Example
2, Example 4). The present inventors constructed a detection method of a fusion gene based on these findings, and
provided primer sets for such purpose, thereby using the detection of such fusion gene made it possible to select cancer
patients (particularly, stomach cancer patients) that test positive for a fusion gene composed of an OCLN gene and an
ARHGAP26 gene (Example 3).
[0007] In other words, the present invention relates to [1] to [24] shown below.

[1] A method for detecting a fusion gene composed of an occludin (OCLN) gene and a Rho GTPase activating
protein 26 (ARHGAP26) gene, wherein the method comprises a step of detecting whether a polynucleotide that
encodes a polypeptide described by either (1) or (2) shown below exists in a sample obtained from a subject:

(1) a polypeptide that comprises an amino acid sequence having no less than 90% identity with an amino acid
sequence represented by SEQ ID NO: 2;
(2) a polypeptide that comprises an amino acid sequence represented by SEQ ID NO: 2, or a polypeptide that
comprises an amino acid sequence represented by SEQ ID NO: 2, in which 1 to 10 amino acids are deleted,
substituted, inserted and/or added.

[2] The method according to [1], wherein the polypeptide comprises an amino acid sequence having no less than
90% identity with an amino acid sequence represented by SEQ ID NO: 2, and has an ability to develop tumor.
[3] The method according to [1], wherein the polypeptide comprises an amino acid sequence represented by SEQ
ID NO: 2 and has an ability to develop tumor, or the polypeptide comprises an amino acid sequence represented
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by SEQ ID NO: 2, in which 1 to 10 amino acids are deleted, substituted, inserted and/or added, and has an ability
to develop tumor.
[4] The method according to [1], wherein the polypeptide consists of an amino acid sequence represented by SEQ
ID NO: 2.
[5] A method for detecting a fusion gene composed of an OCLN gene and an ARHGAP26 gene comprising a step
of detecting whether a polynucleotide that encodes a polypeptide consisting of an amino acid sequence represented
by SEQ ID NO: 2 exists in a sample obtained from a subject.
[6] The method according to any one of [1] to [5] further comprising a step in which it is judged when a polynucleotide
targeted in detection is detected, that a fusion gene composed of an OCLN gene, and an ARHGAP26 gene exists.
[7] The method according to any one of [1] to [6], further comprising a step of amplifying a nucleic acid existing in
a sample obtained from a subject, or a step of hybridizing a probe with a nucleic acid existing in a sample obtained
from a subject to detect a polynucleotide targeted in detection.
[8] The method according to [7] comprising a step of amplifying the nucleic acid existing in a sample obtained from
a subject using a primer set shown below:
a primer set for detecting a fusion gene composed of an OCLN gene and an ARHGAP26 gene, the primer set
comprising a sense primer designed from a section encoding OCLN and an antisense primer designed from a
section encoding ARHGAP26, wherein the antisense primer consists of an oligonucleotide that hybridizes under a
stringent condition with a polynucleotide targeted in detection, and the sense primer consists of an oligonucleotide
that hybridizes under a stringent condition with a complementary strand of a polynucleotide targeted in detection.
[9] The method according to [8], wherein the sense primer consists of an oligonucleotide that hybridizes under a
stringent condition with a complementary strand of a polynucleotide consisting of base no. 1 to 891 of SEQ ID NO:
1, and the antisense primer consists of an oligonucleotide that hybridizes under a stringent condition with a polynu-
cleotide consisting of base no. 892 to 2064 of SEQ ID NO: 1.
[10] The method according to any one of [7] to [9] comprising a step of amplifying the nucleic acid existing in a
sample obtained from a subject using a primer set shown below:
a primer set for detecting a fusion gene composed of an OCLN gene and an ARHGAP26 gene, wherein a sense
primer consists of an oligonucleotide of at least 16 random consecutive bases between base no. 1 to 891 of SEQ
ID NO: 1, and an antisense primer consists of an oligonucleotide complementary to an oligonucleotide of at least
16 random consecutive bases between base no. 892 to 2064 of SEQ ID NO: 1.
[11] The method according to any one of [7] to [10] further comprising a step of detecting whether an amplified
nucleic acid fragment of a target size was obtained.
[12] The method according to [11] further comprising a step in which it is judged when an amplified nucleic acid
fragment of a target size is obtained, that a fusion gene composed of an OCLN gene and an ARHGAP26 gene exists.
[13] The method according to any one of [7] to [10] further comprising a step of determining a base sequence of an
amplified nucleic acid fragment.
[14] The method according to [13] further comprising a step in which it is judged when an amplified nucleic acid
fragment includes a base sequence of a section encoding OCLN and a base sequence of a section encoding
ARHGAP26 in a same fragment, that a fusion gene composed of an OCLN gene and an ARHGAP26 gene exists.
[15] The method according to [7] comprising a step of hybridizing a probe with the nucleic acid existing in a sample
obtained from a subject, wherein the probe comprises an oligonucleotide that hybridizes with the polynucleotide
under a stringent condition.
[16] The method according to [15] comprising a step of performing in situ hybridization using a sample obtained
from a subject, a probe designed from a section encoding OCLN of the polynucleotide, and a probe designed from
a section encoding ARHGAP26 of the polynucleotide.
[17] The method according to [16] using multiple types of probes designed from a section encoding OCLN, and
multiple types of probes designed from a section encoding ARHGAP26.
[18] The method according to [7], [16] or [17] using multiple types of adjacent probe pairs comprising an oligonu-
cleotide that is complementary to an oligonucleotide of at least 16 random consecutive bases between base no. 1
to 891 of SEQ ID NO: 1, and multiple types of adjacent probe pairs comprising an oligonucleotide that is comple-
mentary to an oligonucleotide of at least 16 random consecutive bases between base no. 892 to 2064 of SEQ ID
NO: 1, in a step of hybridizing a probe with the nucleic acid existing in a sample obtained from a subject.
[19] The method according to any one of [16] to [18] further comprising a step of amplifying hybridization signals.
[20] The method according to any one of [16] to [19] further comprising a step of detecting a signal overlap of a
signal from a probe designed from a section encoding OCLN and a signal from a probe designed from a section
encoding ARHGAP26.
[21] The method according to [20] further comprising a step in which it is judged when two signals are detected at
a same position, that a fusion gene composed of an OCLN gene and an ARHGAP26 gene exists.
[22] The method according to any one of [1] to [21] comprising a step of obtaining a sample from a subject.
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[23] The method according to any one of [1] to [22], wherein the subject is a cancer patient.
[24] The method according to [23], wherein cancer is stomach cancer.

[0008] Further, the present invention relates to [25] to [27] shown below.

[25] A method for detecting whether cancer exists in a subject comprising the step according to any one of [1] to [21].
[26] The method according to [25] comprising a step of obtaining a sample from a subject.
[27] The method according to [25] or [26], wherein cancer is stomach cancer.

[0009] Further, the present invention relates to [28] to [32] shown below.

[28] The method for diagnosing cancer in a subject comprising a step according to any one of [1] to [21].
[29] The method according to [28] comprising a step of obtaining a sample from a subject.
[30] The method according to [28] or [29] further comprising a step in which it is judged when a fusion gene composed
of an OCLN gene and an ARHGAP26 gene is detected in a sample obtained from a subject, that there is a high
possibility of the subject having cancer.
[31] The method according to [28] or [29], wherein cancer is stomach cancer.
[32] The method according to [29] further comprising a step in which it is judged when a fusion gene composed of
an OCLN gene and an ARHGAP26 gene is detected in a sample obtained from a subject, that there is a high
possibility of a subject having stomach cancer.

[0010] Further, the present invention relates to [33] to [36] shown below.

[33] A method for identifying a subject that is a candidate for receiving a treatment by an ARHGAP26 function
inhibitor and/or a pharmaceutical agent for blocking an abnormal signal induced by a fusion gene composed of an
OCLN gene and an ARHGAP26 gene, comprising a step according to any one of [1] to [21], wherein the subject is
a cancer patient.
[34] The method according to [33] comprising a step of obtaining a sample from a subject.
[35] The method according to [33] or [34] further comprising a step in which it is judged when a fusion gene composed
of an OCLN gene and an ARHGAP26 gene is detected in a sample obtained from a subject, that the subject is a
candidate for receiving a treatment by an ARHGAP26 inhibitor and/or a pharmaceutical agent for blocking an
abnormal signal induced by a fusion gene composed of an OCLN gene and an ARHGAP26 gene.
[36] The method according to any one of [33] or [35], wherein cancer is stomach cancer.

[0011] Further, the present invention relates to [37] to [42] shown below.

[37] A primer set for detecting a fusion gene composed of an OCLN gene and an ARHGAP26 gene existing in a
sample obtained from a subject, the primer set comprising a sense primer designed from a section encoding OCLN
and an antisense primer designed from a section encoding ARHGAP26, wherein the antisense primer consists of
an oligonucleotide that hybridizes under a stringent condition with the polynucleotide according to any one of [1] to
[5], and the sense primer consists of an oligonucleotide that hybridizes under a stringent condition with a comple-
mentary strand of the polynucleotide.
[38] The primer set according to [37], wherein the sense primer consists of an oligonucleotide that hybridizes under
a stringent condition with a complementary strand of a polynucleotide consisting of base no. 1 to 891 of SEQ ID
NO: 1, and the antisense primer consists of an oligonucleotide that hybridizes under a stringent condition with a
polynucleotide consisting of base no. 892 to 2064 of SEQ ID NO: 1.
[39] A primer set for detecting a fusion gene composed of an OCLN gene and an ARHGAP26 gene existing in a
sample obtained from a subject, the primer set comprising a sense primer designed from a section encoding OCLN
or an antisense primer designed from a section encoding ARHGAP26 of the polynucleotide according to any one
of [1] to [5].
[40] The primer set according to any one of [37] to [39], wherein the sense primer consists of an oligonucleotide of
at least 16 random consecutive bases between base no. 1 to 891 of SEQ ID NO: 1, and the antisense primer consists
of an oligonucleotide that is complementary to an oligonucleotide of at least 16 random consecutive bases between
base no. 892 to 2064 of SEQ ID NO: 1.
[41] The primer set according to any one of [37] to [40], wherein the subject is a cancer patient.
[42] The primer set according to [41], wherein cancer is stomach cancer.

[0012] Further, the present invention relates to [43] to [48] shown below.
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[43] A probe for detecting a fusion gene composed of an OCLN gene and an ARHGAP26 gene existing in a sample
obtained from a subject, the probe comprising an oligonucleotide that hybridizes under a stringent condition with
the polynucleotide according to any one of [1] to [5].
[44] The probe set comprising multiple probes according to [43], the probe set comprising a probe designed from
a section encoding OCLN and a probe designed from a section encoding ARHGAP26 of the polynucleotide according
to any one of [1] to [5].
[45] The probe set according to [44] comprising multiple types of probes designed from a section encoding OCLN
and multiple types of probes designed from a section encoding ARHGAP26.
[46] The probe set according to [44] or [45] comprising multiple types of adjacent probe pairs comprising an oligo-
nucleotide that is complementary to an oligonucleotide of at least 16 random consecutive bases between base no.
1 to 891 of SEQ ID NO: 1 and multiple types of adjacent probe pairs comprising an oligonucleotide that is comple-
mentary to an oligonucleotide of at least 16 random consecutive bases between base no. 892 to 2064 of SEQ ID NO: 1.
[47] The probe or a probe set according to any one of [43] to [46], wherein the subject is a cancer patient.
[48] The probe or the probe set according to [47], wherein cancer is stomach cancer.

[0013] Further, the present invention relates to [49] to [53] shown below.

[49] A detection kit for detecting a fusion gene composed of an OCLN gene and an ARHGAP26 gene existing in a
sample obtained from the subject, the detection set comprising a primer set according to any one of [37] to [40].
[50] A detection kit for detecting a fusion gene composed of an OCLN gene and an ARHGAP26 gene existing in a
sample obtained from a subject, the detection kit comprising a probe or a probe set according to any one of [43] to [46].
[51] The detection kit according to [50] further comprising a reagent for amplifying a signal of hybridization.
[52] The detection kit according to any one of [49] to [51], wherein the subject is a cancer patient.
[53] The detection kit according to [52], wherein cancer is stomach cancer.

[0014] Further, the present invention relates to [54] to [63] shown below.

[54] A detection method of a fusion protein of OCLN and ARHGAP26 comprising a step of detecting whether a
polypeptide according to either (1) or (2) exists in a sample obtained from a subject:

(1) a polypeptide that comprises an amino acid sequence having no less than 90% identity with an amino acid
sequence represented by SEQ ID NO: 2;
(2) a polypeptide that comprises an amino acid sequence represented by SEQ ID NO: 2, or a polypeptide that
comprises an amino acid sequence represented by SEQ ID NO: 2, in which 1 to 10 amino acids are deleted,
substituted, inserted and/or added.

[55] The method according to [54], wherein the polypeptide comprises an amino acid sequence having no less than
90% identity with an amino acid sequence represented by SEQ ID NO: 2, and has an ability to develop tumor.
[56] The method according to [54], wherein the polypeptide comprises an amino acid sequence represented by
SEQ ID NO: 2 and has an ability to develop tumor, or the polypeptide comprises an amino acid sequence represented
by SEQ ID NO: 2, in which 1 to 10 amino acids are deleted, substituted, inserted and/or added, and has an ability
to develop tumor.
[57] The method according to [54], wherein the polypeptide consists of an amino acid sequence represented by
SEQ ID NO: 2.
[58] A detection method of a fusion protein of OCLN and ARHGAP26 comprising a step of detecting whether a
polypeptide consisting of an amino acid sequence represented by SEQ ID NO: 2 exists in a sample obtained from
a subject.
[59] The method according to any one of [54] to [58], wherein the step for detecting whether the polypeptide exists
comprises a step of bringing an antibody (primary antibody) that recognizes a section derived from an OCLN gene
in the polypeptide and an antibody (primary antibody) that recognizes a section derived from an ARHGAP26 gene
in the polypeptide in contact with a sample obtained from a subject.
[60] The method according to [59] further comprising steps of i) to v) described below:

i) a step of adding secondary antibodies that are connected to oligonucleotides and that respectively bind to
primary antibodies; ii) a step of adding a ligation solution that contains two types of oligonucleotides that are
partially complementary to oligonucleotides connected to the secondary antibodies and a ligase that can ligate
the two types of oligonucleotides to form a circular structure when the oligonucleotides approach each other,
thereby inducing a ligation reaction; iii) a step of elongating a nucleic acid along a circular structure that is
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formed; and iv) a step of hybridizing a labeled oligonucleotide probe that can hybridize with an elongated nucleic
acid, and v) a step of detecting a labeled signal.

[61] The method according to any one of [54] to [60] comprising a step of obtaining a sample from a subject.
[62] The method according to any one of [54] to [61], wherein the subject is a cancer patient.
[63] The method according to [62], wherein cancer is stomach cancer.

[0015] Further, the present invention relates to [64] to [66] shown below.

[64] A method for detecting whether cancer exists in a subject comprising the step according to any one of [54] to [60].
[65] The method according to [64] comprising a step of obtaining a sample from a subject.
[66] The method according to [64] or [65], wherein cancer is stomach cancer.

[0016] Further, the present invention relates to [67] to [71] shown below.

[67] A method for diagnosing cancer in a subject comprising a step according to any one of [54] to [60].
[68] The method according to [67] comprising a step of obtaining a sample from a subject.
[69] The method according to [67] or [68] further comprising a step in which it is judged when a fusion protein of
OCLN and ARHGAP26 is detected in a sample obtained from a subject, that there is a high possibility of the subject
having cancer.
[70] The method according to [67] or [68], wherein cancer is stomach cancer.
[71] The method according to [68] further comprising a step in which it is judged when a fusion protein of OCLN and
ARHGAP26 is detected in a sample obtained from a subject, that there is a high possibility of the subject having
stomach cancer.

[0017] Further, the present invention relates to [72] to [75] shown below.

[72] A method for identifying a subject that is a candidate for receiving a treatment by an ARHGAP26 function
inhibitor and/or a pharmaceutical agent for blocking an abnormal signal induced by a fusion gene composed of an
OCLN gene and an ARHGAP26 gene, the method comprising a step according to any one of [54] to [60], wherein
the subject is a cancer patient.
[73] The method according to [72] comprising a step of obtaining a sample from a subject.
[74] The method according to [72] or [73] further comprising a step in which it is judged when a fusion protein of
OCLN and ARHGAP26 is detected in a sample obtained from a subject, that the subject is a candidate for receiving
a treatment by an ARHGAP26 inhibitor and/or a pharmaceutical agent for blocking an abnormal signal induced by
a fusion gene composed of an OCLN gene and an ARHGAP26 gene.
[75] The method according to [72] or [74], wherein cancer is stomach cancer.

[0018] Further, the present invention relates to [76] to [79] shown below.

[76] A detection kit for detecting a fusion protein of OCLN and ARHGAP26 existing in a sample obtained from a
subject, the detection kit comprising an antibody (primary antibody) that recognizes a section derived from an OCLN
gene in the polypeptide according to any one of [54] to [58], and an antibody (primary antibody) that recognizes a
section derived from an ARHGAP26 gene in said polypeptide.
[77] The detection kit according to [76] comprising secondary antibodies that are connected to oligonucleotides and
that respectively bind to primary antibodies, two types of oligonucleotides that are partially complementary to the
oligonucleotides connected to the secondary antibodies, a ligase that can ligate the two types of oligonucleotides
to form a circular structure when the oligonucleotides approach each other, and a labeled oligonucleotide probe.
[78] The detection kit according to [76] or [77], wherein the subject is a cancer patient.
[79] The detection kit according to [78], wherein cancer is stomach cancer.

[0019] Further, the present invention relates to [80] to [81] shown below.

[80] A polypeptide according to any one of (1) to (3) shown below or a polynucleotide encoding said polypeptide:

(1) a polypeptide that comprises an amino acid sequence having no less than 90% identity with an amino acid
sequence represented by SEQ ID NO: 2;
(2) a polypeptide that comprises an amino acid sequence represented by SEQ ID NO: 2, in which 1 to 10 amino
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acids are deleted, substituted, inserted and/or added;
(3) a polypeptide consisting of an amino acid sequence represented by SEQ ID NO: 2.

[81] The polypeptide or a polynucleotide encoding said polypeptide according to [80] that has an ability to develop
tumor.

ADVANTAGEOUS EFFECT OF INVENTION

[0020] The detection method of the present invention may be used as a method for detecting cancer (particularly,
stomach cancer) that tests positive for a fusion gene composed of an OCLN gene and an ARHGAP26 gene (hereinafter
referred to as OCLN-ARHGAP26 fusion gene). The primer set, probe, probe set and detection kit of the present invention
may be used in a detection method of the present invention.

BRIEF DESCRIPTION OF DRAWINGS

[0021]

[Figure 1] Figure 1 shows the result of the Western blot. It shows the change in the amount of protein expression
of the OCLN-ARHGAP26 fusion protein by the ARHGAP26 siRNA treatment.
[Figure 2] Figure 2 shows the change in the number of viable cells in the stomach cancer cell line caused by the
ARHGAP26 siRNA treatment. Figure 2 compares the number of viable cells cultured in a 0.5% bovine serum
containing RPMI-1640 medium after introduction of siRNA with that of the control.
[Figure 3] Figure 3 shows a result of amplification by PCR of a region containing a fusion point of an OCLN-ARHGAP26
fusion gene.
[Figure 4] Figure 4 shows a change caused by an OCLN siRNA treatment, and an ARHGAP26 siRNA treatment in
the number of viable cells in the stomach cancer cell line over time.

DESCRIPTION OF EMBODIMENTS

〈〈Detection Method of the Present Invention〉〉

[0022] The detection method of the present invention includes a method for detecting a fusion gene, and a method
for detecting a fusion protein encoded in the fusion gene. The method for detecting a fusion gene of the present invention
or the method for detecting a fusion protein of the present invention includes a step of detecting whether a specific
polynucleotide or polypeptide exists in a sample obtained from a subject.
[0023] Items collected from the subject (samples separated from a living body) are used as the sample obtained from
the subject, specifically, any cells, tissues, or body fluids that were collected (blood, oral mucus, circulating tumor cells,
exosome, etc.), biopsied samples (samples from the primary focus, cancer cells in the peritoneal lavage solution, cancer
cells in ascites, etc.), of which the biopsied samples are preferred. It is possible to use genome DNAs extracted from
the collected samples or to use transcription products thereof (products that are obtained by transcription and translation
of a genome; e.g. RNA, protein) or cDNA prepared from RNA. Using RNA or cDNA that had been formulated is preferred.
It is also possible to use a stabilized sample fixed in formalin and embedded in paraffin (Formalin - Fixed Paraffin -
Embedded sample; FFPE Sample). A FFPE sample sliced into a thin FFPE slice may also be used. A use of a FFPE
slice enables a direct detection of a polynucleotide existing in the slice.
[0024] The method for detecting a fusion gene in the present invention is a method for detecting "a fusion gene
composed of an OCLN gene and an ARHGAP26 gene," wherein the fusion gene is a fusion gene comprising a part of
an OCLN gene and a part of an ARHGAP26 gene. An exemplary fusion gene composed of an OCLN gene and an
ARHGAP26 gene includes a polynucleotide consisting of a base sequence represented by SEQ ID NO: 1. The polynu-
cleotide consisting of a base sequence represented by SEQ ID NO: 1 is a polynucleotide with a base sequence of base
no. 207 (corresponding to the 5’ terminal of the coding sequence (hereinafter referred to as CDS)) to 1097 of an OCLN
gene (GenBank registration no: NM_001205254.1) and base no. 1143 to 2315 (corresponding to the 3’ terminal of CDS)
of an ARHGAP26 gene (GenBank registration no: NM_001135608.1), in which thymine at base no. 1280 is substituted
with guanine, and cytosine at base no. 2225 is substituted with thymine. Of the base sequence represented by SEQ ID
NO: 1, the sequence from base no. 1 to 891 is derived from an OCLN gene, and the sequence from base no. 892 to
2064 is derived from an ARHGAP26 gene. The polynucleotide consisting of a base sequence represented by SEQ ID
NO: 1 is also referred to as a "fusion polynucleotide." The amino acid sequence encoded in base no. 1 to 2064 of SEQ
ID NO: 1 is shown in SEQ ID NO: 2.
[0025] In the "step of detecting whether a polynucleotide exists" in the detection method of a fusion gene of the present



EP 3 342 862 A1

8

5

10

15

20

25

30

35

40

45

50

55

invention, the polynucleotide that is the target of detection (referred to in the present specification as the "polynucleotide
targeted in detection") includes, for example, a polynucleotide encoding a polypeptide described in (1) or (2) shown below:

(1) a polypeptide that comprises an amino acid sequence having no less than 90% identity with an amino acid
sequence represented by SEQ ID NO: 2;
(2) a polypeptide that comprises an amino acid sequence having no less than 90% identity with an amino acid
sequence represented by SEQ ID NO: 2, and has an ability to develop tumor.

[0026] In the aforementioned polypeptide, the "identity with an amino acid sequence represented by SEQ ID NO: 2"
is preferably 95% or higher, and more preferably 98% or higher.
[0027] Note that the "identity" as used in the present specification is a value of "Identity" obtained by using a parameter
prepared by default by the NEEDLE program (J Mol Biol 1970; 48: 443-453) search. The aforementioned parameter is
shown below.
Gap penalty = 10
Extend penalty = 0.5
Matrix = EBLOSUM62
[0028] Whether a polypeptide "has an ability to develop tumor" or not may be confirmed by a method shown below in
Example 2. One specific method is to introduce siRNA that suppresses the expression of a polynucleotide encoding the
polypeptide to a cell expressing the polypeptide (stomach cancer cell line OKAJIMA), and to verify that the viability of
the cell decreases.
[0029] In one embodiment of the present invention, the polynucleotide targeted in detection is a polynucleotide encoding
a polypeptide according to any one of (1) to (4) shown below:

(1) a polypeptide that comprises an amino acid sequence represented by SEQ ID NO: 2, in which 1 to 10 amino
acids are deleted, substituted, inserted and/or added;
(2) a polypeptide that comprises an amino acid sequence represented by SEQ ID NO: 2, in which 1 to 10 amino
acids are deleted, substituted, inserted and/or added, and has an ability to develop tumor;
(3) a polypeptide that comprises an amino acid sequence represented by SEQ ID NO: 2 and has an ability to develop
tumor; and
(4) a polypeptide that consists of an amino acid sequence represented by SEQ ID NO: 2.

[0030] In the polypeptide of (1) and (2), the number of amino acids that had been deleted, substituted, inserted and/or
added in the amino acid sequence represented by SEQ ID NO: 2 is preferably one to a few, more preferably 1 to 7, and
even more preferably 1 to 5.
[0031] An example of a polynucleotide that encodes "a polypeptide that consists of an amino acid sequence represented
by SEQ ID NO: 2" includes "a polynucleotide that consists of a base sequence represented by SEQ ID NO: 1."
[0032] The method for detecting a fusion gene of the present invention may comprise a step in which it is judged
whether the polynucleotide targeted in detection exists by whether the polynucleotide was detected.
[0033] The method for detecting a fusion gene of the present invention may further comprise a step in which it is
judged when a polynucleotide targeted in detection is detected, that a fusion gene composed of an OCLN gene and an
ARHGAP26 gene exists.
[0034] The method for detecting a fusion gene of the present invention may comprise a step of amplifying the nucleic
acid existing in the sample obtained from a subject or a step of hybridizing a probe with the nucleic acid existing in the
sample obtained from a subject to detect the polynucleotide targeted in detection.
[0035] The nucleic acid for use may be a genome DNA, RNA or a cDNA prepared from RNA. The methods of extracting
DNA, extracting RNA or preparing cDNA from RNA is commonly known in the field, and it may be performed easily by
using a commercially available DNA extraction kit, RNA extraction kit or a cDNA synthesis kit.
[0036] The step of amplifying a nucleic acid in the sample obtained from a subject may be performed by a commonly
known method of amplifying a nucleic acid. Such method includes PCR (Polymerase chain reaction, e.g. real-time PCR),
LCR (Ligase chain reaction), SDA (Strand displacement amplification), NASBA (Nucleic acid sequence-based amplifi-
cation), ICAN (Isothermal and chimeric primer-initiated amplification of nucleic acids), LAMP (Loop-mediated isothermal
amplification), TMA (Transcription-mediated amplification, e.g. Gen-Probe’s TMA system), and a preferable method is
PCR.
[0037] Specifically, the nucleic acid (e.g. genome DNA, RNA, or cDNA prepared from RNA, etc.) in the sample obtained
from a subject is subjected to a nucleic acid amplification reaction using a primer set designed to specifically amplify a
polynucleotide targeted in detection. The primer set to be used is not particularly limited as long as it can specifically
amplify a polynucleotide targeted in detection. For example, a use of a primer design software (e.g. Primer Express;
Applied Biosystems) allows a person skilled in the art to easily design the primer set based on the base sequence of a
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polynucleotide targeted in detection. More specifically, a primer set includes a sense primer (5’-primer) designed from
a section that encodes the OCLN of a polynucleotide targeted in detection (e.g. any section in an OCLN gene region of
the fusion polynucleotide (particularly, cDNA)) and an antisense primer (3’-primer) designed from a section encoding
ARHGAP26 of a polynucleotide targeted in detection (e.g. any section in an ARHGAP26 gene region of the fusion
polynucleotide (particularly, cDNA)), and the antisense primer consists of an oligonucleotide that hybridizes with a
polynucleotide targeted in detection under a stringent condition (preferably, under a highly stringent condition), and the
sense primer consists of an oligonucleotide that hybridizes with a complementary strand of a polynucleotide targeted in
detection under a stringent condition (preferably, under a highly stringent condition). Otherwise, either the sense primer
or the antisense primer may be designed so that it corresponds to the region comprising the fusion point of the polynu-
cleotide targeted in detection.
[0038] The "stringent condition" in the present specification refers to a hybridization condition of "53SSPE,
53Denhardt’s solution, 0.5% SDS, 50% formaldehyde, 200 mg/mL salmon sperm DNA, at 42°C overnight" and a washing
condition of "0.53SSC, 0.1% SDS, 42°C." "A highly stringent condition" refers to a hybridization condition of "53SSPE,
53Denhardt’s solution, 0.5% SDS, 50% formaldehyde, 200 mg/mL salmon sperm DNA, at 42°C overnight" and a washing
condition of "0.23SSC, 0.1% SDS, 65°C."
[0039] The "fusion point" of the polynucleotide targeted in detection in the present specification is a point in which a
section derived from an OCLN gene and a section derived from an ARHGAP26 gene in the polynucleotide targeted in
detection are fused together, and the "region comprising the fusion point" in the polynucleotide targeted in detection is,
for example, the region comprising bases of base no. 891 and 892 when the polynucleotide targeted in detection is a
polynucleotide consisting of a base sequence represented by SEQ ID NO: 1.
[0040] In an embodiment of the present invention, the sense primer consists of an oligonucleotide hybridizing with a
complementary strand of a polynucleotide that consists of base no. 1 to 891 of SEQ ID NO: 1 under a stringent condition,
and the antisense primer consists of an oligonucleotide hybridizing with a polynucleotide that consists of base no. 892
to 2064 of SEQ ID NO: 1 under a stringent condition.
[0041] In an embodiment of the present invention, the sense primer consists of at least 16 consecutive bases of an
oligonucleotide between base no. 1 to 891 of SEQ ID NO: 1, and the antisense primer consists of an oligonucleotide
that is complementary with at least 16 consecutive bases of an oligonucleotide that consists of base no. 892 to 2064 of
SEQ ID NO: 1.
[0042] In a step to amplify nucleic acid, the sense primer and the antisense primer should preferably be set so that
the fragment size of the nucleic acid to be amplified is 1 kb or lower, since a large fragment size of the nucleic acid to
be amplified leads to poor amplification efficiency. The primers to be used generally have a chain length of at least 15
bases, preferably at least 16 bases, more preferably at least 18 bases, even more preferably at least 20 bases. In one
embodiment of the present invention, the primer has 15 to 40 bases, preferably 16 to 24 bases, more preferably 18 to
24 bases, even more preferably 20 to 24 bases.
[0043] The primer may be produced by chemical synthesis without being particularly limited thereby.
[0044] In a preferable embodiment, the detection method of a fusion gene of the present invention further encompasses
a step of detecting whether an amplified nucleic acid fragment of a desired size was obtained in addition to a step of
amplifying nucleic acid in the sample obtained from a subject. The step of detecting whether an amplified nucleic acid
fragment of a desired size was obtained may be performed using electrophoresis. By using electrophoresis, the nucleic
acid fragment may be analyzed by agarose gel electrophoresis to confirm whether amplified nucleic acid fragments were
produced in the desired size by using ethidium bromide dye, etc.
[0045] Further, by performing a PCR amplification monitor in the amplification process of the gene (real time PCR)
(Genome Res. 1996; 6(10): 986-994), it is possible to perform a quantified analysis of amplified nucleic acid fragments.
A possible candidate to be used in the PCR amplification monitoring method is ABI PRISM7900 (Applied Biosystems).
[0046] When an amplified nucleic acid fragment of the desired size is obtained, that means that a polynucleotide
targeted in detection existed in the sample obtained from a subject. The detection method of a fusion gene of the present
invention may further include a step in which it is judged when an amplified nucleic acid fragment of the desired size is
obtained, that a fusion gene composed of an OCLN gene and an ARHGAP26 gene exists.
[0047] In a separate preferable embodiment, the detection method of the fusion gene of the present invention further
encompasses a step of determining the base sequence of the amplified nucleic acid in addition to a step of amplifying
the nucleic acid of the sample obtained from a subject. The step of determining the base sequence of the nucleic acid
fragment may use sequencing methods commonly known in the field of art including next generation sequencing methods
(Nature Biotechnology 2008; 26: 1135-1145) (e.g. HiSeq2500 (Illumina)), such as the Sanger sequencing (e.g. ABI
PRISM3100 (Applied Biosystems) may be used), or sequencing by synthesis, etc.
[0048] The step of determining the base sequence of the nucleic acid fragment includes not just a step of sequencing
the full length of a nucleic acid fragment, but a step of sequencing partial sequences corresponding to both ends of the
nucleic acid fragment.
[0049] When the sequenced nucleic acid fragment includes a base sequence of a section encoding OCLN and a base
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sequence of a section encoding ARHGAP26 of the polynucleotide targeted in detection in the same fragment, that means
that the polynucleotide targeted in detection existed in the sample obtained from a subject. The detection method of the
fusion gene of the present invention may further include a step in which it is judged when the amplified nucleic acid
fragment includes a base sequence of a section encoding OCLN and a base sequence of a section encoding ARHGAP26
of the polynucleotide targeted in detection in the same fragment, that a fusion gene composed of an OCLN gene and
an ARHGAP26 gene exists.
[0050] The step of hybridizing a probe with a nucleic acid in the sample obtained from a subject may be performed
using a probe including oligonucleotide that hybridizes under a stringent condition (preferably, under a highly stringent
condition) with a polynucleotide targeted in detection, and using a commonly known hybridization method. Such methods
include, for example, Northern hybridization, dot blot method, DNA micro array method, RNA protection method, in situ
hybridization, etc. A preferable method is the in situ hybridization. Detection using the in situ hybridization may be
performed by a commonly known fluorescent in situ hybridization (FISH), chromogenic in situ hybridization (CISH), or
silver in situ hybridization (SISH). The chain length of the probe used in hybridization may be selected as necessary by
a person skilled in the art according to the hybridization method to be used, but the probe preferably has a chain length
of at least 16 bases.
[0051] In one embodiment of the present invention, the probe used in hybridization is an oligonucleotide that hybridizes
under a stringent condition (preferably, under a highly stringent condition) with a polynucleotide targeted in detection,
or a complementary strand thereof, and it includes an oligonucleotide of at least 16 bases upstream and at least 16
bases downstream of the fusion point on the polynucleotide targeted in detection (a specific example being a sequence
of base no. 876 to 907 in SEQ ID NO: 1) or an oligonucleotide that is complementary to said oligonucleotide.
[0052] In one embodiment of the present invention, the step of hybridizing a probe with a nucleic acid existing in a
sample obtained from a subject may be performed according to the commonly known RNA FISH method (J.Mol.Diagn.
2012; 14(1): 22-29). More specifically, in situ hybridization is performed using a sample obtained from a subject (e.g.
FFPE fragment), a probe designed from a section encoding OCLN of the polynucleotide targeted in detection (e.g. any
section in an OCLN gene region of the fusion polynucleotide), and a probe designed from a section encoding ARHGAP26
of the polynucleotide targeted in detection (e.g. any section in an ARHGAP26 gene region of the fusion polynucleotide).
The probes include oligonucleotides that hybridize under a stringent condition (preferably, under a highly stringent
condition) with the polynucleotide targeted in detection.
[0053] In one embodiment of the present invention, the in situ hybridization is performed using multiple detection
probes designed from a section encoding OCLN and multiple detection probes designed from a section encoding
ARHGAP26.
[0054] In one embodiment of the present invention, the in situ hybridization is performed using the following probes:
multiple types of adjacent probe pairs including oligonucleotides that are complementary to at least 16 random consecutive
oligonucleotides in base no. 1 to 891 of SEQ ID NO: 1 (preferably 10 to 25 types, more preferably 18 to 22 types, even
more preferably 20 types of probe pairs), and multiple types of adjacent probe pairs including oligonucleotides that are
complementary to at least 16 random consecutive oligonucleotides in base no. 892 to 2064 of SEQ ID NO: 1 (preferably
10 to 25 types, more preferably 18 to 22 types, even more preferably 20 types of probe pairs).
[0055] The "adjacent probe pairs" in the present specification consist of two types of probes that are arranged next to
each other when they hybridize with the polynucleotide targeted in detection. The probes include an oligonucleotide that
is complementary to the polynucleotide targeted in detection, and the length of the oligonucleotide is generally at least
16 bases, preferably at least 18 bases. In one embodiment of the present invention, the length of the oligonucleotide is
16 to 30 bases, preferably 18 to 25 bases.
[0056] In a preferable embodiment of the present invention, the detection method of the fusion gene of the present
invention further encompasses a step of amplifying a hybridization signal in addition to a step of performing in situ
hybridization. To perform a step of amplifying a hybridization signal, a reagent that amplifies a hybridization signal may
be hybridized with a probe that hybridizes with a nucleic acid contained in the sample.
[0057] Reagents that amplify a hybridization signal used in in situ hybridization include PreAmplifier Mix QT, Amplifier
Mix QT, Label Probe Mix, and Label Probe Diluent QF, which may be obtained from Affymetrix.
[0058] In a more preferable embodiment, the detection method of the fusion gene of the present invention further
encompasses a step of detecting a signal overlap between a signal from a probe designed from a section encoding
OCLN and a signal from a probe designed from a section encoding ARHGAP26. By separating the fluorescent reagent
or the color reagent that detects a probe designed from a section encoding OCLN and a probe designed from a section
encoding ARHGAP26, it is possible to observe whether the signals from the two different probes are in the same area
(inside the same molecule). When it is observed that the signals from the two different probes are in the same area
(inside the same molecule), that would mean that the polynucleotide targeted in detection existed in the sample obtained
from a subject. The detection method of the fusion gene of the present invention may further include a step in which it
is judged when the two signals are in the same area (inside the same molecule), that a fusion gene composed of an
OCLN gene and an ARHGAP26 gene exists.
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[0059] The probes are not particularly limited, but they may be produced by a chemical synthesis method.
[0060] The detection method of the fusion protein of the present invention is a method for detecting "a fusion protein
of OCLN and ARHGAP26" and the fusion protein is a fusion protein encoded by the fusion gene of the OCLN gene and
the ARHGAP26 gene.
[0061] In the "step of detecting whether polypeptide exists" in the detection method of the fusion protein of the present
invention, the polypeptide targeted in detection includes a polypeptide that is encoded by a polynucleotide targeted in
detection.
[0062] The detection method of the fusion protein of the present invention may encompass a step in which it is judged
whether a polynucleotide exists by whether the polypeptide targeted in detection is detected.
[0063] The detection method of the fusion protein of the present invention may further encompass a step in which it
is judged when the polypeptide targeted in detection is detected, that a fusion protein of OCLN and ARHGAP26 exists.
[0064] The step of detecting whether a polypeptide exists may be performed by preparing a lysate derived from a
sample obtained from a subject (e.g. cancer tissue or cell obtained from a subject) and measuring the polypeptide
targeted in detection, contained in the sample by an immunological measurement method or an enzyme active meas-
urement method, which combine antibodies against proteins that constitute the fusion protein, or a detection method
that combines these methods, or by mass spectrometry. Further, this step may be performed by a detection method
using an immunological tissue staining technology performed by combining the polypeptide targeted in detection included
in the sample (e.g. FFPE fragment) obtained from a subject, that had appropriately undergone pretreatment (such as,
removal of paraffin), with the antibodies against proteins constituting the fusion protein. Otherwise, this step may be
performed by exchanging the antibodies against proteins constituting the fusion protein to antibodies that recognize the
fusion section of the fusion protein. Exemplary approaches to these methods include the following methods using
monoclonal antibodies and polyclonal antibodies specific to the polypeptide targeted in detection: enzyme immunizing
measurement, double antibody sandwich ELISA method, fluorescent immunological measurement method, radioimmu-
nological measurement method, Western blot, immunohistologic staining, a detection method combining immune pre-
cipitation and mass spectrometry, etc.
[0065] The "fusion section" of the fusion protein of the present specification refers to a section in the polypeptide
targeted in detection, in which the section derived from an OCLN gene and a section derived from an ARHGAP26 gene
are fused.
[0066] The detection using an immunohistologic staining technology may be performed according to Proximity Ligation
Assay (Nat.Methods. 2006; 3(12): 995-1000). More specifically, whether the polypeptide targeted in detection exists or
not may be detected by using an antibody that recognizes a section derived from the OCLN gene of the polypeptide
targeted in detection, and an antibody that recognizes a section derived from an ARHGAP26 gene of a polypeptide
targeted in detection, and by detecting that the two antibodies recognize the same molecule by the aforementioned
technologies. More specifically, the detection may be performed by i) a step of bringing an antibody (primary antibody)
that recognizes a section derived from an OCLN gene of polypeptide targeted in detection, and the antibody (primary
antibody) that recognizes a section derived from an ARHGAP26 gene of polypeptide targeted in detection, in contact
with the sample obtained from the subject; ii) a step of adding secondary antibodies that are connected to oligonucleotides,
and binds to the respective primary antibodies, iii) a step of inducing ligation by adding two types of oligonucleotides
that are partly complementary to oligonucleotides connected to the secondary antibodies, and a ligation solution con-
taining ligase that can form a circular structure by ligation of the two types of oligonucleotides when they approach each
other; iv) a step of elongating a nucleic acid along the circular structure that was formed, v) a step of hybridizing a labeled
oligonucleotide probe that can hybridize with the elongated nucleic acid; and vi) a step of detecting the labeling signal.
Such detection may be performed using a PLA probe and reagents included in the Duolink II reagent kit or the Duolink
II Bright field reagent kit (Olink).
[0067] In one embodiment of the present invention, the detection method of the present invention encompasses a
step of obtaining a sample from the subject.
[0068] In one embodiment of the present invention, the subject of the detection method of the present invention is a
cancer patient, and in a more specific embodiment, the cancer is stomach cancer. The type of stomach cancer is not
particularly limited, but it may be a diffuse type, an intestinal type, or a mix type in the Lauren classification. Further,
without being limited thereby, the stomach cancer may be any of papillary adenocarcinoma, tubular adenocarcinoma,
poorly differentiated adenocarcinoma, signet ring cell carcinoma, or carcinoma mucoid, etc.
[0069] In the detection method of the present invention, it is possible to judge when the polynucleotide targeted in
detection, or the polypeptide targeted in detection is detected in the sample obtained from the subject, that the subject
has cancer (particularly, stomach cancer).
[0070] The detection step in the detection method of the present invention may be used as a method for detecting
whether cancer (particularly, stomach cancer) exists in a subject or a method for diagnosing cancer (particularly, stomach
cancer) in the subject. The diagnosis method of the present invention may include, in addition to the aforementioned
detection step, a step in which it is judged when the polynucleotide targeted in detection, or the polypeptide targeted in
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detection is detected in the sample obtained from the subject, that there is a high possibility that the subject has cancer
(particularly, stomach cancer). Further, the detection step may be used in a method for identifying a subject (a cancer
patient of stomach cancer, etc.) that is a candidate for receiving a treatment by an ARHGAP26 function inhibitor and/or
a pharmaceutical agent that blocks abnormality signal induced by a fusion gene composed of an OCLN gene and an
ARHGAP26 gene. The identification method of the present invention may include, in addition to the detection step, a
step in which it is judged when a polynucleotide is detected in a sample obtained from the subject, that the subject is a
candidate for receiving a treatment by an ARHGAP26 function inhibitor and/or a pharmaceutical agent that blocks
abnormality signal induced by a fusion gene composed of an OCLN gene and an ARHGAP26 gene.

〈〈The Primer Set, Probe, Probe Set and Detection Kit of the Present Invention〉〉

[0071] The present invention encompasses a primer set, probe, probe set and a detection kit used in the detection
method of the present invention.
[0072] The primer set of the present invention includes a sense primer designed from a section encoding OCLN and
an antisense primer designed from a section encoding ARHGAP26, and the antisense primer consists of an oligonu-
cleotide that hybridizes with the polynucleotide targeted in detection under a stringent condition (preferably, under a
highly stringent condition), and the sense primer consists of an oligonucleotide that hybridizes with a complementary
strand of a polynucleotide targeted in detection under a stringent condition (preferably, under a highly stringent condition).
[0073] In the primer set of the present invention, either the sense primer or the antisense primer may be designed so
that it corresponds to a region in a polynucleotide targeted in detection that comprises a fusion point.
[0074] A specific embodiment of the primer set of the present invention includes the following primer set:
a primer set consisting of a sense primer consisting of an oligonucleotide that hybridizes under a stringent condition with
a complementary strand of a polynucleotide consisting of base no. 1 to 891 of SEQ ID NO: 1 and an antisense primer
consisting of an oligonucleotide that hybridizes under a stringent condition with a polynucleotide consisting of base no.
892 to 2064 of SEQ ID NO: 1.
[0075] A more specific embodiment of the primer set of the present invention includes the following primer set:
a primer set consisting of a sense primer consisting of an oligonucleotide of at least 16 random consecutive bases
between base no. 1 to 891 of SEQ ID NO: 1 and an antisense primer consisting of an oligonucleotide that is complementary
with at least 16 random consecutive bases between base no. 892 to 2064 of SEQ ID NO: 1.
[0076] It is preferable for the primer set to have a space of 1 kb or lower between the selected positions of the sense
primer and the antisense primer, or a nucleic acid fragment amplified by the sense primer and the antisense primer with
a size of 1 kb or lower. Further, the primer of the present invention normally has a chain length of at least 15 bases,
preferably at least 16 bases, more preferably at least 18 bases, even more preferably at least 20 bases. In one embodiment
of the present invention, the primer has a chain length of 15 to 40 bases, preferably 16 to 24 bases, more preferably 18
to 24 bases, and even more preferably 20 to 24 bases.
[0077] The primers included in the primer set of the present invention, without being particularly limited, may be
produced by a chemical synthesis method.
[0078] The probes included in the probe of the present invention and the probe set of the present invention includes
an oligonucleotide that hybridizes with the polynucleotide targeted in detection under a stringent condition (preferably,
under a highly stringent condition). The chain length of the probes included in the probe of the present invention or the
probe set of the present invention may be selected as necessary by a person skilled in the art according to the applied
hybridization method, but the probe preferably has a chain length of at least 16 bases.
[0079] In one embodiment of the present invention, the probe of the present invention includes an oligonucleotide of
at least 16 bases upstream and at least 16 bases downstream of the fusion point in the polynucleotide targeted in
detection (specifically, the sequence between base no. 876 to 907 of SEQ ID NO: 1), or an oligonucleotide that is
complementary thereto.
[0080] In one embodiment of the present invention, the probe set of the present invention includes a probe designed
from a section encoding OCLN (e.g. any section in the OCLN gene region of the fusion polynucleotide) and a probe
designed from a section encoding ARHGAP26 (e.g. any section in the ARHGAP26 gene region of the fusion polynucle-
otide).
[0081] In one embodiment of the present invention, the probe set of the present invention includes multiple types of
probes designed from a section encoding OCLN and multiple types of probes designed from a section encoding
ARHGAP26.
[0082] In one embodiment of the present invention, the probe set of the present invention includes the following:
multiple types of adjacent probe pairs including an oligonucleotide that is complementary to an oligonucleotide of at
least 16 random consecutive bases between base no. 1 to 891 of SEQ ID NO: 1 (preferably 10 to 25 types, more
preferably 18 to 22 types, even more preferably 20 types of probe pairs), and multiple types of adjacent probe pairs
including an oligonucleotide that is complementary with an oligonucleotide of at least 16 random consecutive bases
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between base no. 892 to 2064 of SEQ ID NO: 1 (preferably 10 to 25 types, more preferably 18 to 22 types, even more
preferably 20 types of probe pairs).
[0083] The probes of the probe pair include an oligonucleotide that is complementary with the polynucleotide targeted
in detection, and the length of the oligonucleotide is normally at least 16 bases, preferably at least 18 bases. In one
embodiment of the present invention, the length of the oligonucleotide is 16 to 30 bases, preferably 18 to 25 bases.
[0084] The probe of the present invention and the probe included in the probe set of the present invention, without
being limited thereby, may be produced by chemical synthesis.
[0085] The present invention encompasses a detection kit including a primer set of the present invention, a probe of
the present invention or the probe set of the present invention. The detection kit of the present invention may include in
addition to the primer set of the present invention, the probe of the present invention or the probe set of the present
invention, components that may be used together with the primer set, the probe or the probe set for the detection of a
polynucleotide targeted in detection such as reagents to amplify the signal of hybridization.
[0086] The present invention also encompasses a detection kit for detecting a polypeptide targeted in detection.
Preferably, the detection kit includes an antibody (primary antibody) that recognizes a section derived from an OCLN
gene of polypeptide targeted in detection, and an antibody (primary antibody) that recognizes a section derived from an
ARHGAP26 gene of polypeptide targeted in detection. More preferably, the present invention may include secondary
antibodies connected with oligonucleotides that are respectively bound to primary antibodies, two types of oligonucle-
otides that are partially complementary to the oligonucleotides connected to the secondary antibodies, ligase that forms
a circular structure by ligation of the two types of oligonucleotides when they approach each other, and labeled oligo-
nucleotide probes.
[0087] The primer set, probe, probe set, and detection kit of the present invention may be used for the detection
method, diagnosis method, identification method of a patient, and identification method of a subject of the present
invention. In one embodiment of the present invention, with respect to the primer set, probe, probe set and detection kit
of the present invention, the subject is a cancer patient and more specifically, the cancer is stomach cancer. The stomach
cancer is not particularly limited, but it may be a diffuse type, an intestinal type, or a mix type in the Lauren classification.
Further, without being limited thereby, the stomach cancer may be any of papillary adenocarcinoma, tubular adenocar-
cinoma, poorly differentiated adenocarcinoma, signet ring cell carcinoma, or carcinoma mucoid.

EXAMPLES

[0088] The Examples may be performed by commonly known methods unless otherwise indicated. When using com-
mercially available reagents or kits, the Examples may be performed according to the manuals of the commercial products.

EXAMPLE 1 Isolation of OCLN-ARHGAP26 fusion gene

[0089] Total RNA was prepared from OKAJIMA, a stomach cancer cell line provided from First Department of Pathology,
Hiroshima University School of Medicine (currently, Department of Molecular Pathology, Graduate School of Biomedical
and Health Sciences, Hiroshima University), and reverse-transcribed into cDNA with a reverse transcriptase (Super-
ScriptIII; Life Technologies) and Oligo(dT) Primer (Oligo(dT)20 Primer; Life Technologies) according to the standard
protocol of the reagent.
[0090] Next, primers of OCLN_full fwd21 represented by SEQ ID NO: 3 and ARHGAP26_full rev01 represented by
SEQ ID NO: 4 were used to perform PCR (10 sec. at 98°C, 15 sec. at 55 °C, and 3 min. at 68 °C, 30 cycles, followed
by 5 min. at 68°C) using DNA polymerase (PrimeSTAR GXL; TAKARA BIO INC.) with cDNA obtained in above step as
a template. Then, using the aforementioned PCR product diluted by 10-fold as a template, primers of OCLN_full fwd22
represented by SEQ ID NO: 5 and ARHGAP26_full rev02 represented by SEQ ID NO: 6 were used to perform PCR (10
sec. at 98°C, 15 sec. at 55 °C, and 3 min. at 68 °C, 30 cycles, followed by 5 min. at 68°C) using the same DNA polymerase.
Electrophoresis was performed after the PCR to obtain a PCR product of about 2 kbp. After adding A to the 3’-end of
the PCR product using Takara Taq (TAKARA BIO INC.), it was cloned into a cloning vector (TOPO XL PCR Cloning
Kit; Life Technologies) and sequenced by dideoxy sequencing method (BigDye Terminator v3.1 Cycle Sequencing Kit;
Life Technologies). Consequently, the PCR product that is about 2 kbp derived from the stomach cancer cell line OKAJIMA
was found to be a transcription product (SEQ ID NO: 1) in which a nucleotide sequence of base no. 207 (corresponding
to the 5’ terminal of CDS) to 1097 of OCLN (NM_001205254.1) registered in NCBI is fused to a nucleotide sequence of
base no. 1143 to 2315 of ARHGAP26 (NM_001135608.1) (corresponding to the 3’ terminal of CDS) with substitutions
of thymine to guanine at base no. 1280 and cytosine to thymine at base no. 2225. The amino acid sequence of a
polypeptide encoded in SEQ ID NO: 1 is represented by SEQ ID NO: 2.
[0091] EXAMPLE 2 Evaluation of ability to suppress expression of OCLN-ARHGAP26 fusion protein in a stomach
cancer cell line expressing OCLN-ARHGAP26 fusion gene using ARHGAP26 siRNA, and evaluation of viability of the
cell line under the condition
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[0092] After culturing the stomach cancer cell line OKAJIMA that expresses OCLN-ARHGAP26 fusion gene, as shown
in Example 1 in RPMI-1640 medium (Wako Pure Chemical Industries, Ltd.) containing 10% bovine serum (Gibco), siRNA
was introduced into the cells according to the standard protocol of the transfection reagent DharmaFECT1 (GE Health-
care). Specifically, the above cancer cells were seeded at 23105 cells per well to a 6 well plate (140675, Nunc).75pmol
of siRNA that targets ARHGAP26 (s23013, Life Technologies) and control siRNA (AM4611, Life Technologies) were
added to the cells (final concentration 75 nM), and the cells were cultured at 37°C under an environment of 5% CO2 for
120 h. (hereinafter, the group in which control siRNA was transfected is referred to as the Control siRNA group, and the
group in which siRNA that targets ARHGAP26 is transfected is referred to as the ARHGAP26 siRNA group).
[0093] The suppressive effect of OCLN-ARHGAP26 fusion protein by siRNA treatment was evaluated by the Western
blot analysis. Specifically, the cultured cells were dissolved in 350 mM dithiothreitol (Fermentas)-containing Laemmli
Sample Buffer (Bio-Rad) to extract protein. Protein concentration was measured by Protein Quantification Assay (MACH-
EREY-NAGEL GmbH & Co. KG). The protein extract was loaded onto a 8% or 12% Poly-Acrylamide gel (Serva) containing
SDS (Wako Pure Chemical Industries, Ltd.) so that 5 mg or 20 mg of protein was loaded onto each lane and gel elec-
trophoresis was performed for 1 h. under a condition of 40 mA. After 80 min. of transfer to a PVDF membrane (Millipore
Corporation) under a 60 mA condition using TRANS-BLOT SD SEMI-DRY TRANSFER CELL (Bio-Rad), blocking was
performed for 2 h. at room temperature using PBS containing 5% Membrane Blocking Agent (GE Healthcare) (hereinafter
referred to as the blocking buffer). The membrane was shaken in a primary antibody solution of anti-ARHGAP26 antibody
(HPA035107, Sigma-Aldrich) diluted with a blocking buffer to a rate of 1:500 and anti-β-Actin antibody (4967, Cell
Signaling Technology) diluted with a blocking buffer to a rate of 1:3000, and incubated overnight at 4°C. After washing
with PBS containing 0.05% Tween 20 (Wako Pure Chemical Industries, Ltd.) (hereinafter referred to as the washing
buffer), the membrane was shaken in a secondary antibody solution of HRP labeled anti-rabbit antibody (P0399, Daco)
diluted with a blocking buffer to a rate of 1:3000, and incubated for 1 h. at room temperature. After washing with a
washing buffer, Pierce Western blot Substrate Plus (Thermo Fisher Scientific Inc.) was added onto the membrane, and
the chemiluminescence on a membrane was detected using LAS-4000R (Fuji Film). As a result of Western blotting,it
was confirmed that the expression of OCLN-ARHGAP26 fusion protein was suppressed by the siRNA that targets
ARHGAP26 (Figure 1).
[0094] Next, in order to evaluate the effect of the OCLN-ARHGAP26 fusion gene on the viability of the cancer cells,
siRNA that targets ARHGAP26 and the control siRNA were introduced into the stomach cancer cell line OKAJIMA under
the same conditions as shown above. After 24 h., the medium was changed to a RPMI-1640 medium containing 0.5%
bovine serum, and the cells were seeded at 13103 cells per well to a 96 well plate (167008, Nunc), at 100 mL each, so
that cells of each group were seeded to 6 wells, and cultured for additional 48 h. at 37°C under a 5% CO2 environment.
wells containing only RPMI-1640 medium containig 10% bovine serum without cells was prepared as a control (hereinafter
referred to as the medium group). The number of living cells was measured according to the standard protocol of Cell
Counting Kit-8 (DOJINDO LABORATORIES). Specifically, 10 mL of the reagent was added per well and the cells were
cultured for 4 h. at 37°C under a 5% CO2 environment, then, the number of living cells was determined by measuring
an absorbance of 450 nm by a micro plate reader (BioTek). Total 4 wells excluding the maximum and the minimum
absorbance values of each group were adpoted for the analysis. Viability of the Control siRNA group and the ARHGAP26
siRNA group was determined by subtracting the absorbance of the medium group from the absorbance of each group
(hereinafter referred to as the correction value), and setting the correction value of the Control siRNA group as 100%.
Student’s t-test was used for the significance test between Control siRNA group and ARHGAP26 siRNA group. Statistical
significance was determined when the p-value was given less than 0.05.
[0095] Consequently, the viability of cells decreased significantly (Figure 2) when the expression level of OCLN-
ARHGAP26 fusion protein was suppressed by introducing siRNA that targets ARHGAP26 into the stomach cancer cell
line OKAJIMA, which is a cell line that endogenously expresses OCLN-ARHGAP26 fusion gene. It was thus found that
suppressing the expression of the fusion gene in cancer cells that endogenously express the OCLN-ARHGAP26 fusion
gene inibited the growth of cancer cells and/or decreased the survival of those cells.
[0096] Thus, it was found that the OCLN-ARHGAP26 defined the tumor advancing capacity of cancer cells.

EXAMPLE 3 Detection of OCLN-ARHGAP26 fusion gene

[0097] Total RNA prepared from the stomach cancer cell lines KATO-III (JCRB0611, JCRB cell bank) and HSC-39
(provided from National Cancer Center Japan, Animal Experiment Section) and stomach cancer cell lines NSC-9C,
NSC-6C and NSC-16C that were established at the National Cancer Center Japan, Biomarker Search Section, in addition
to the stomach cancer cell line OKAJIMA that expresses an OCLN-ARHGAP26 fusion gene shown in Example 1, were
reverse-transcribed into cDNA using reverse transcriptase (SuperScriptIII; Life Technologies) and oligo(dT) primer (ol-
igo(dT)20 primer; Life Technologies).
[0098] Next, primers of OCLN-ARHGAP26_O5A12_partial fwd02 represented by SEQ ID NO: 7 and OCLN-
ARHGAP26_O5A12_partial rev02 of SEQ ID NO: 8 were used to perform PCR (2 min. at 94°C, followed by 15 sec. at
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94 °C, 15 sec. at 55 °C, and 1 min. at 68°C, 30 cycles) using DNA polymerase (AccuPrime Taq DNA Polymerase; Life
Technologies) and cDNA obtained above as a template (200 ng when converted to total RNA). Likewise, to confirm the
equal amount of cDNA template in the reactions, primers of ACTB_F2 represented by SEQ ID NO: 9 and ACTB_R2
represented by SEQ ID NO: 10 were used to perform PCR (2 min. at 94°C, followed by 15 sec. at 94 °C, 15 sec. at 55
°C, and 1 min. at 68°C, 25 cycles) using the same DNA polymerase as above. Electrophoresis was performed with 2%
agarose gel (Lonza) after PCR reaction, and about 500bp PCR product was amplified only at the stomach cancer cell
line OKAJIMA which was already confirmed the exression of OCLN-ARHGAP26 fusion gene (Figure 3). The PCR product
amplified by the aforementioned primer set was 511 bp according to the nucleotide sequence of the fusion gene identified
in Example 1. Therefore,it was shown that it is possible to detect the fusion gene expressed in cancer cells with PCR
method.

EXAMPLE 4 Evaluation of the viability of stomach cancer cell line expressing OCLN-ARHGAP26 fusion gene under 
suppression of OCLN-ARHGAP26 fusion protein expression

[0099] The stomach cancer cell line OKAJIMA that expresses OCLN-ARHGAP26 fusion gene shown in Example 1
was cultured in RPMI-1640 medium containing 10% bovine serum, then the target siRNA was introduced according to
the standard protocol of a transfection reagent DharmaFECT1 (T2001-03, GE Healthcare). Specifically, the aforemen-
tioned cancer cells were seeded at 23105 cells per well in a 12 well plate (3815-012, AGC TECHNO GLASS Co.,Ltd.),
then two siRNAs targeting OCLN (Ambion s9814 and s458015 (both by Life Technologies)) and three siRNAs targeting
ARHGAP26 (Ambion s23013, s23015 (both by Life Technologies) and SI03077690 (Qiagen)) were added to the cells
at 75 pmol each (final concentration 75 nM), and cultured for 72 h. at 37°C under a 5% CO2 environment. At the same
time, AllStars Negative Control siRNA (1027280, Qiagen) was similarly added to the cells as a negative control and
siRNA (SI02653770, Qiagen) that targets KIF11 was similarly added to the cells as a positive control of apoptosis, and
the cells were cultured for 72 h. at 37°C under a 5% CO2 environment. Among the siRNAs targeting ARHGAP26, s23015
was expected to target only wild-type ARHGAP26 and not OCLN-ARHGAP26 based on its sequence.
[0100] The suppressive activity of siRNA to the OCLN-ARHGAP26 fusion protein exression was evaluated by Western
blot. Specifically, the cultured cells were dissolved in the Cell Lysis Buffer (9803, Cell Signaling Technology, Japan) of
a 13 concentration comprising a protease inhibitor cocktail (25955-11, Nacalai) and a Halt Protease and Phosphatase
Inhibitor Cocktail (78441, Thermo Fisher Scientific) each at a 1/100 amount to extract protein. The protein concentration
was measured by BCA Protein Assay Kit (23227, Thermo Fisher Scientific). The protein extract was loaded onto a
NuPAGE Novex 4-12% Bis-Tris Gel (NP0322BOX, Thermo Fisher Scientific) so that there will be 4 mg of target protein
extract per lane, and gel electrophoresis was performed for 40 min. under a condition of 180 V, followed by transferred
to a PVDF membrane (162-0176, Bio-Rad) under a condition of 120 min., 190 mA using a twin mini buffer transfer device
(BE-351W, Biocraft). Then, the membrane was blocked with PVDF Blocking Reagent for Can Get Signal (NYPBR01,
TOYOBO) for 1 h. at room temperature. The membrane was shaken in a primary antibody solution of anti-ARHGAP26
antibody (HPA035107, Atlas Antibodies) and anti-β-Actin antibody (4967S, Cell Signaling Technology) respectively
diluted with Can Get Signal Immunoreaction Enhancer Solution1 (NKB-201, TOYOBO) to a rate of 1:1,000, and reacted
overnight at 4°C. After washing with Tris buffer solution containing0.2% Tween 20 (hereinafter referred to as a washing
buffer), the membrane was shaken in a secondary antibody solution of HRP labeled anti-rabbit antibody (NA9340, GE
Healthcare) diluted with Can Get Signal Immunoreaction Enhancer Solution2 (NKB-301, TOYOBO) to a rate of 1:10,000,
and reacted for 1 h. at room temperature. After washing with a washing buffer, the ECL Prime Western Blotting Detection
Reagent (RPN2232, GE Healthcare) was added onto the membrane and the chemiluminescence signal was detected
from the membrane using LAS-4010 (GE Healthcare). As a result of Western bloting experiment, it was confirmed that
the expression of OCLN-ARHGAP26 fusion protein was suppressed by two OCLN siRNAs and two ARHGAP26 siRNAs,
other than s23015 .
[0101] To evaluate the impact of OCLN-ARHGAP26 fusion gene on the viability of the cancer cells, transfection of
siRNAs targeting OCLN, ARHGAP26 and the control siRNA to the stomach cancer cell line OKAJIMA was performed
under the same condition as mentioned above. After 24 h., the medium was changed to RPMI-1640 medium containing
10% bovine serum, and the cells were seeded at 13103 cells per well to a 96 well plate (3860-096, AGC TECHNO
GLASS Co., Ltd.), at 100 mL each, so that each group was seeded in 3 wells, and wells added only RPMI-1640 medium
containing 10% bovine serum without any cells seeded thereto (hereinafter referred to as the medium group), and the
cells were subjected to further culturing at 37°C under an environment of 5% CO2 for 48 h. (hereinafter referred to as
day 3) and 120 h. (hereinafter referred to as day 6). Further, as a control for normalization, plates in which cells are only
seeded and not cultured were prepared (herein after day 1). The number of living cells was determined according to the
standard protocol of Cell Titer Glo Luminescent Cell Viability Assay (G7571, Promega Corp.) at the time point given
above. Specifically, 100 mL of a reagent was added per well and the cells were incubated for 10 min. at room temperature,
then, the number of living cells was determined by measuring the luminescence by a micro plate reader Infinite M1000
(Deccan). The viability of the siRNA treated cell group of each time point was obtained by subtracting the luminescence
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of the medium group from the luminescence of each group (hereinafter referred to as the correction value), and setting
the correction value of the siRNA treated group on day 1 as 100%.
[0102] Consequently, the viability of cells decreased significantly (Figure 4) by the transfection of siRNA targeting a
fusion gene to suppress the expression of the OCLN-ARHGAP26 fusion protein in the stomach cancer cell line OKAJIMA,
which is a cell line that endogenously expresses OCLN-ARHGAP26 fusion gene (Figure 4). It was thus found that
suppressing the expression of the fusion gene in cancer cells that endogenously express the OCLN-ARHGAP26 fusion
gene inhibited the growth of cancer cells and/or decreased the survival of those cells.
[0103] Therefore, it was shown that OCLN-ARHGAP26 is involved in the cancer cell’s ability to expand tumor.

INDUSTRIAL APPLICABILITY

[0104] The detection method of the present invention is a method for detecting a fusion gene composed of the OCLN
gene and the ARHGAP26 gene, and it is useful as a method for detecting and diagnosing cancer in a subject. Further,
the primer set and the detection kit of the present invention may be used in a method of the present invention.
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Claims

1. A method for detecting a fusion gene composed of an occludin (OCLN) gene and a Rho GTPase activating protein
26 (ARHGAP26) gene, wherein the method comprises a step of detecting whether a polynucleotide that encodes
a polypeptide described by either (1) or (2) shown below exists in a sample obtained from a subject:

(1) a polypeptide that comprises an amino acid sequence having no less than 90% identity with an amino acid
sequence represented by SEQ ID NO: 2;
(2) a polypeptide that comprises an amino acid sequence represented by SEQ ID NO: 2, or a polypeptide that
comprises an amino acid sequence represented by SEQ ID NO: 2, in which 1 to 10 amino acids are deleted,
substituted, inserted and/or added.

2. The method according to claim 1, wherein the polypeptide comprises an amino acid sequence having no less than
90% identity with an amino acid sequence represented by SEQ ID NO: 2 and has an ability to develop tumor.

3. The method according to claim 1, wherein the polypeptide comprises an amino acid sequence represented by SEQ
ID NO: 2 and has an ability to develop tumor, or the polypeptide comprises an amino acid sequence represented
by SEQ ID NO: 2, in which 1 to 10 amino acids are deleted, substituted, inserted and/or added, and has an ability
to develop tumor.

4. The method according to claim 1, wherein the polypeptide consists of an amino acid sequence represented by SEQ
ID NO: 2.

5. The method according to any one of claims 1 to 4 further comprising a step of amplifying a nucleic acid existing in
a sample obtained from a subject, or a step of hybridizing a probe with a nucleic acid existing in a sample obtained
from a subject to detect the polynucleotide.

6. The method according to claim 5 comprising a step of amplifying the nucleic acid existing in a sample obtained from
a subject using a primer set shown below:
a primer set for detecting a fusion gene composed of an OCLN gene and an ARHGAP26 gene, the primer set
comprising a sense primer designed from a section encoding OCLN and an antisense primer designed from a
section encoding ARHGAP26, wherein the antisense primer consists of an oligonucleotide that hybridizes under a
stringent condition with a polynucleotide targeted in detection, and the sense primer consists of an oligonucleotide
that hybridizes under a stringent condition with a complementary strand of a polynucleotide targeted in detection.

7. The method according to claim 5 comprising a step of amplifying the nucleic acid existing in a sample obtained from
a subject using a primer set shown below:
a primer set for detecting a fusion gene composed of an OCLN gene and an ARHGAP26 gene, wherein a sense
primer consists of an oligonucleotide of at least 16 random consecutive bases between base no. 1 to 891 of SEQ
ID NO: 1, and an antisense primer consists of an oligonucleotide complementary to an oligonucleotide of at least
16 random consecutive bases between base no. 892 to 2064 of SEQ ID NO: 1.

8. The method according to any one of claims 1 to 7, wherein the subject is a cancer patient.

9. The method according to claim 8, wherein cancer is stomach cancer.
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10. A method for diagnosing cancer in a subject comprising a step according to any one of claims 1 to 7.

11. The method according to claim 10, wherein cancer is stomach cancer.

12. A primer set for detecting a fusion gene composed of an OCLN gene and an ARHGAP26 gene existing in a sample
obtained from a subject, the primer set comprising a sense primer designed from a section encoding OCLN and an
antisense primer designed from a section encoding ARHGAP26, wherein the antisense primer consists of an oli-
gonucleotide that hybridizes under a stringent condition with the polynucleotide according to any one of claims 1 to
4, and the sense primer consists of an oligonucleotide that hybridizes under a stringent condition with a comple-
mentary strand of said polynucleotide.

13. A primer set for detecting a fusion gene composed of an OCLN gene and an ARHGAP26 gene existing in a sample
obtained from a subject, the primer set comprising a sense primer designed from a section encoding OCLN and an
antisense primer designed from a section encoding ARHGAP26 of the polynucleotide according to any one of claims
1 to 4.

14. The primer set according to claim 13, wherein the sense primer consists of an oligonucleotide of at least 16 random
consecutive bases between base no. 1 to 891 of SEQ ID NO: 1, and the antisense primer consists of an oligonucleotide
complementary to an oligonucleotide of at least 16 random consecutive bases between base no. 892 to 2064 of
SEQ ID NO: 1.
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