MARKER AND METHOD FOR CANCER DI AGNCSI S TECHNI CAL FI ELD
The present invention relates to a diagnostic cancer
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granul ocyte colony stinmulating factor (G CSF) and a

nmet hod for preparing the sane, and nore specifically,

relates to a nethod for diagnosing cancer and/ or

assessing the state of cancer progression using an

ol i gonucl eoti de having the 3 -term nal end of exon 2

region linked to the 5 -term nal end of exon 4 region

of a MARKERANDMEJHOD EORCANGERDIAGNOSIS

BACKAROUOND ART Cancer diagnhosis is generally achi eved

by (1) norphol ogi cal analysis using mcroscopes such

as an optical mcroscope or electron mcroscope, (2)

i mmunohi st ochem cal assays whi ch detect proteins

specifically expresse s (lran,

Bi oned. J., 3:99, 1993rEE2§§2t ]ﬁ@l@%ﬂ?1986)’ or (3)

nmol ecul ar di agnosi s whi ch analyzes abnor mal

bi onol ecul es found in cancer tissues, such as nutated
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for cancer. Recently, Health Digit Inc.devel oped

havahgitie 8 htqreyat an éfoexai 2gegisn himkedto dhs SZ:&mmna;l, end of exon 4

and gained on approval for clinical tests fromthe

eEIofek Sr&dd gHggs AdhpanesticAaNes NS for the first

time in the world

BACKGROUND ART

Cancer diagnosis is generally achieved by (1) morpholcigical analysis using
microscopes such as an optical microscope or electron microscope, (2)
immunohistochemical assays which detect proteins specifically expressed in cancer
tissues (Iran, Biomed. J., 3:99, 1999; Lancet, 2:483, 1986), or (3) molecular
diagnosis which analyzes abnormal biomolecules found in cancer tissues, such as
mutated genes. In comparison with the molecular diagnosis, the morpholdgical
and immunohistochemical diagnosis requires much longer time and higher cost.
Since the molecular diagnosis has a relatively simple procedure and a short time to
yield results, it has become a main subject in developing novel diagnostic methods
for cancer. Recently, Health Digit Inc.developed a protein chip system for
diagnosing various cancers, and gained on approval for clinical tests from the
Chinese State Drug Administration (CSDA) for the first time in the world

(www health-digit.com). However, the protein chip system does not use only one
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bi omarkers. To effectively apply such diagnostic

nmet hods to cancer diagnosis, it is nobst inportant to

sel ect and use cancer di agnostic markers capabl e of

nore accurately and easily detecting cancer incidence.
PRYEIREr 96NERghcHL A kMdser aéaﬂcér IS;a't' ﬂseso'lgobiagfﬁore proteins as
20: 3165- 3175, 72002; Sridl har, R , J.

bloemdrRens, 20: 1932- 1941, 2002) and protel ns (Goessl et

al, Urol ogy, 58:335-338, 2001; Zhou, et al, Breast

Cancer Res. Treat 66:217- 224, 2001; Korea Pat.
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sensitivit us generating fal se positive dat a.

é]mologwhe2613d6ﬁ1~&b75a V20020  tsenddhar, ng orgaml., J. Clin. Oncology,

&§5%L°@%@0@§awi p?&kzﬂrggkvt%ﬁlﬂ &1 o1 arld e, S35, 2001;
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ates s ent resu according to
fiini alre gheing (ﬂnﬂczﬂleSJseﬂ o@ircéﬂagﬁ@sﬂ@lldf omna¢si nAmong conventional
m croarray technol o X._ et al, Nat. Genet.
omass -tiemareos, %ﬂg ?c“RA @nd AAP, orlish e low orgag specificity,
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Many researchers have attempted to find genes having diagnostic applications, in
developing diagnostic cancer marker candidates showing different results according
to pathological and physiological condition using microarray technology (Liu, H.X.
et al., Nat. Genet., 27:55~58, 2001; Wilson, C.A. et al., Oncogene, 14:1~16, 1997,
Weissensteiner, T., Nucleic Acids Res., 26:687, 1998; Zolezzi, F. et al., Am. J. Med.
Genet., 71:366~370, 1997; Mottes J.R. and Iverson, L.E., Neuron, 14:613~623,
1995; Crook, R. et al., Nat. Med., 4:452~455, 1998; Jiang, Z.H. and Wu, J.Y., Proc.
Soc. Exp. Biol. Med., 220:64~72, 1999).

However, since diagnostic cancer marker candidates found by the above mentioned
methods are mostly composed of expressed sequence tag (EST), they are just
defined as a characteristic of data and thus it is difficult to select reliable specific
candidates and to catch on the very genes from which they are originated.

Specifically, the number of genes is known by human genome analysis and it is also
2
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sequence tag (EST), they are just defined as a
characteristic of data and thus it is difficult to

sel ect reliable specific candidates and to catch on

the very genes fromwhich they are origi nated.

RS fﬂllf:&ath%lﬂ i$dPErAY Bp%ngﬁts%g Rne%s&l‘ e Forh %H%Ve biological
genome analysis and it i1s al soknown that many i sof orns
funcilan iapdtits @isplexity esstHetelierepitfiasbetombanether big subJect for the
bi ol ogi cal function and its conplexity. Therefore,

fwgrentiocting oahthdien bihichs geneand condition vazrtamtSethr@uglnmn the whole

out that, in which _ gene and condition ri ant
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iﬁbﬂg&h@ﬁ agtl Iﬂﬁwm@lof\@hm@t@n@&o{@hﬁd@m 1ant al., Nat Rev Genet.,

possibility of causing cancer (Cartegni C et al

ms5~m 2@&%;eﬂchwe3g]ﬁﬁ5er2®8 et%O?ha%ndamg@wﬁzﬁe,rl 187~197 2000;

et al, Pharma enom cs, 1:187-197, 2000:; encowe

Blencomeotil- Bl selidhp ks, Sgis SoHG- 16, 20000 0IpavA. and Mattox,
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studies for a long tinme to devel op a new di agnostic
cancer marker which can di agnose various kinds of

Thepedsent ivRERGYBATE Ylsocontucwddtidied folel Ringdtimeofto ésoelop a new
3 region was specifically shown in tumor cells or
diagoestid seanser d orarker twhwbcrcra,m | dagaoseG-@sougerkdnds of cancers,

ERTGABNG <OREBPd ORh e O AR 5 CERRIVART SCdtcally shown in
1/
biASEals S it &) sﬂeéauﬁn PERERPiGH s 1By filing an

n mecr O rray uses
Appitaeioh régardinl aMAEhbd Fof dﬁ‘gﬁbsﬂgfdaﬁéeloﬁsing G-CSF mRNA, cDNA

variants fragment or protein as a diagnostic cancer marker (WO 2003/027288 Al).
In microarray which uses G-CSF gene fragment as a diagnostic cancer marker of
the above application patent, any one or more fragments among exons 1, 2, 4 and 5
DNA fragments of G-CSF gene together with exon 3 DNA fragment of G-CSF gene
are used as nucleic acid probes to detect G-CSF gene fragment having deleted exon
3 region among biological samples. This inventive method for diagnosing cancer,
by detecting deletion of exon 3 region of G-CSF gene expression is one of the
technologies which diagnose cancer using characteristics of gene variants, and is
considered to be a useful diagnostic cancer marker candidate, since the variants

appear in most cancer.

Meanwhile, most genes including G-CSF gene generally express many isoforms
and variants, so, probe fragments fixed on a microarray must have high sensitivity
in detecting the deletion of exon 3 region of G-CSF gene. Also, the expression of

normal G-CSF or their fragments can exist together with that of mutated G-CSF
3
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gene are used as nucleic acid probes to detect G CSF
gene fragnent having del eted exon 3 region anong

bi ol ogi cal sanples. This inventive nethod for

di agnosi ng cancer, by detecting deletion of exon 3

188 iaftufroreEl198n iBsPfiewes aRus diapnesieffof bencer only by detecting
t echnol ogi es whi ch di agnose cancer using

thegprasdreei oft éxom dfregieneofV@rCIktis itsagehe sxpresssond earedeadoto loss of

be a useful diagnostic cancer marker candi ﬁjate, si nce

engdibihby emloyv semsafiyity andomoreQysectt hag2aprakiera In pgsgssing the state

8§nes i ncl udi %G— CSF gene general ly express nmany
CASPRBIORATPSYRY i ants, so, probe fragnents fixed on a

m croarray nust have high sensitivity in detecting the

del eti on of exon 3 region of G CSF gene. Also, the

BXPoRISS PN HY pRYEMBInVENoE have el etteagve iffortaw develop a new
exi st together with that of nutated G CSFisoforns in

nueteic amdiprobe foudotecting SudsSF tgens fngmenssnas fiapring exon 3 region

cancer only by detecting the presence of exon regi on

w?n%_ @Fs;qtﬁfsf%i@ & e Feég%‘?tgﬁ Solit {heatror Proiignd Bs a result
[ / i 1 > it .

FABE) B ks B AR M R SR S adiompred

NRObHeR Prbbed, NWhom eme Bligbmugedtites cbﬂﬁéﬁﬁﬁ%d@ n@¥le@ ik sequence
efforts to devel op a new nucleic acid probe for

Hatiag thad’ -Gribkal gadeo fiaxag Peregionof GalShgear dmkad te theod -terminal
whi ch can satisfy the above requirenent_or solve the
wé 930814 segionref GsCakrgengl is, useduatga idiagnasticpagcer marker, and

é&lﬁs}ﬁ%r kegf @é& g}ﬁi ncﬁr g@:o a?ahgrg]ﬁ%%?esslﬁltroé\él § ’b%%qil%gcfyr diagnosed by using
BSOSy LBy YL I Bh g Tt nd of xon
gaBgioni KEICEP dome 1mkeldetonihead’-terminal end of exon 4 region of G-CSF
gene together with an oligonucleotide having sequences of a part or the entire
region of exon 3 region of G-CSF gene as a diagnostic cancer marker, thereby

completing the present invention.

SUMMARY OF THE INVENTION

Therefore, the main object of the present invention is to provide an oligonucleotide
for diagnosing cancer, essentially containing a nucleic acid sequence of a splice
junction site having the 3’-terminal end of exon 2 region linked to the 5’-terminal

end of exon 4 region of a granulocyte colony stimulating factor gene.

Another object of the present invention is to provide a diagnostic kit for cancer
diagnosis containing the oligonucleotide and a method for diagnosing cancer using

the oligonucleotide.
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usi ng an ol i gonucl eoti de containing nucleic acid
sequence having 3'-termnal end of exon 2 region of
G CSF gene linked to the 5 -term nal end of exon 4
regi on of G CSF gene together with an ol i gonucl eoti de
havi ng sequences of a part or the entire region of
exon 3 region of G CSF gene as a diagnostic cancer
Tankkieye thenkdwe coeplsetliengresdre ipyegamt pndwiﬁstamtmhgonucleotlde for
SUWMWARY OF THE | NVENTI ON Therefore, .the mai h, object of
a weagsiastie rrancer skrken qssentiallyr sontaining sonPgif aridhpegence of a

r dla n03| cance ssent.i al | nt ai
sidice oPBEET e LR e “EeBidleny BRRPHY Efifh finbero the 5~
I f Lon linked to the
‘%Bﬁyggﬁbﬁa?kgég4q?gg§6ﬁ%§g?%§F5%ﬁgT a granul ocyte
colony stinulating factor gene. Another object of the
present invention is to provide a diagnostic kit for
Eraficreblyyi thgn obigenednoadani angotding otd dbaiupticsenti daveatignaessentially

met hod foy .di agnosi ng ca t he

eMtER Burisi 1 S%u%ﬁﬁ@@é%&ﬁgﬁgw Phfects, the
present invention provides an oligonucleotide for a
di agnostic cancer narker, essentially containing a

1FH§ 'p?és%nﬁﬁiv@nﬁ@ﬂ 'elfé@%ﬁo@fde@ aSdihgeesticUaE Fdroanset &a?ﬁ&éi@ gontaining
the 3 -term nal end exon 2 region linked to t 5'-

theroligoalcleotidef exon 4 regi on of a G CSF gene.
Preferably, the oligonucl eotide according to the
present invention essentially contains nucl eic acid

eguences f SE in
i 4 BrSinbonyena R lindndiie s OF RER"HlaghUSs Séferably o
§Bha4IY ’Y for assessing the state of cancer progression which additionally
contains an oligonucleotide essentially containing sequences of a part or the entire

region of the exon 3 region of G-CSF gene.

The present invention also provides a method for diagnosing cancer, the method
comprising the steps of: (a) obtaining a G-CSF nucleic acid sample from a mammal
biological sample; (b) amplifying the obtained G-CSF nucleic acid sample; and (c)
detecting oligonucleotide containing a nucleic acid sequence of a splice junction site
having the 3’-terminal end of exon 2 region linked to the 5’-terminal end of exon 4

region of a G-CSF gene, in the amplified sample.

In the inventive method, the step (c) preferably contains the step in which
simultaneously detects an oligonucleotide containing sequences of a part or the
entire region of the exon 3 region together with an oligonucleotide containing a
nucleic acid sequence of splice junction site having the 3’-terminal end of exon 2
region linked to the 5’-terminal end of exon 4 region of a G-CSF gene, in the

amplified sample.
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progressi on which additionally contains an

ol i gonucl eoti de essentially containing sequences of a

part or the entire region of the exon 3 region of

G CSF gene. The present invention also provides a

met hod for diagnosing cancer, the nmethod conpri sing

the steps of: (a) obtaining a G CSF nucleic acid

Otngr| Eeaturesn andremtaddiimientso off cthke pmmhte ;in\(dn}ioanpzlillfbé: mgore fully
t he obt ai ned G CSF nucl ei c. acid sanp and
anasent; fremdhe flteingaletaiteddrscaphph gng aan%ndﬁd&l@zémsa
sequence of a splice junction site having the
3'-termnal end of exon 2 region linked to the
5'-termnal end of exon 4 region of a G CSF gene, in
the anplified sanple. In the inventive nethod, the

step (c) pref erBRIFF DBDSE@RIPTION OF DRAWINGS
si mul taneousl y detects an oligonucl eoti de contai ni ng
sequences of a part or the entire region of the exon 3

[ ethe th an_.ol i gonucl.eotjde contai.nin

Rfidi Bixa & T Of A5p04EE8 of BRAUCHHE SPEALRO ki and variants
d of exon 2 region linked to the

@JB g?rpnaﬁwdgeﬂé exon 4 region of a G CSF gene, in

the anplified sanple. O her features and enbodi nents of

the present invention will be nore fully apparent from

FHe. 2 shdwwiarjuncieimardgesh dfse exph Qanghmdambmewckad?» region which can

cl ai nms. BRIEFDESCRIPTIO\lOZDFiA Fl,Gflisa

be hetwagd by v agreen(Bica’ pipe doforoprotrgiothet hemam G-CSKE gene.

protein and variants from human G CSF gene.

FIG. 3 shows positions to which primers used in PCR is attached and expected PCR

products according to the positions.

FIG. 4 is a design of DNA chip which consists of probes of each region of amplified
G-CSF gene (E2: a probe designed from exon 2 region of a G-CSF gene; E2E3a: a
probe designed from a junction site having the 3’-terminal end of exon 2 region
linked to the 5’-terminal end of exon 3 region of a type A G-CSF gene; E2E3b: a
probe designed from a junction site having the 3’-terminal end of exon 2 region
linked to the 5’-terminal end of exon 3 region of a type B G-CSF gene; E3-1, E3-3,
E3-4 and E3-6: probes designed from exon 3 region of a G-CSF gene; E2E4a: a
probe designed from a junction site having the 3’-terminal end of exon 2 region
linked to the 5’-terminal end of exon 4 region of a type A G-CSF gene; E2E4b: a
probe designed from a junction site having the 3’-terminal end of exon 2 region
linked to the 5’-terminal end of exon 4 region of a type B G-CSF gene; P: a probe
constructed to distinguish positions by fluorescent labels as a position marker; N: a

negative control (spotting solution).
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an exon 3 region which can be fornmed by two types

WO Qoo7m83929 type B) of exon 2 region of human GPCBKR3eIT$00300

10

15

20

25

FIG 3 shows positions to which priners used in PCRis
attached and expected PCR products according to the
positions. FIG 4 is a design of DNA chip which
consi sts of probes of each region of anplified G CSF
BRNES (Fds TP FaRRs G HyBriddationnsex®@ DNATGEh of IG. @.  Red circles
G CSF gene; E2E3a: a probe designed froma junction
stioveptubes showirg dgnsler mi nal end of exon 2 region
|inked to the 5 -term nal. end of _exon 3 r %I on of
F%é shaw ol tgends o&hﬂamlzamm N step ek i Gohageording to types
on.si.te havin ter d of exon
£ L, AR nfisstier S HEbrimal ki GO Bo o ng GRS (834, C: large
Y ggy K&t 2 63 0
%?%s@g‘; %@g;@gﬁs@@om Stamidfheancr i s8% 2RO Hwang00, E:

Eetal cander peC3RA| IniddLAY, Brrbeeddie (HTMOSOY, &: fbaaasn gancer (MDA-
the 3'-termnal end of exon 2 region linked to the

BIB-281 )yi Halpanergascarsesr{Caprrgh)oh: bvercangse (BKaHeph), J: malignant
E2 rob d.f t t
Ralniga RaRMEDE 0 Teakeatin Grrkek DA BRI 1 eatprygnic kidney

IR e e -
@éhc%fﬁ@s[ﬁ%ﬁﬂhohﬁﬁ?hﬁu% a position marker; N a
negati ve control (spotting solution).Fl G 5 shows the

resul ts of hybridization using DNA chip of FIG 4. Red
circles show probes show n(P;rI signals. FIG 6 shows
FHsuVtis ao$0hwfm¢mdw@m pba P 1 Wiy Clbpomlszs of probes dGSIgned to

e onGedtnel i SEOLGRCNF R8P EIcE Prif 4R o junction
%ﬁin E&fﬂlﬁlgg@§ 32-tenglna§teﬂﬂa(9me§(ﬁf‘ Ofegioh Aiffted %’o the’$&t&minal end of

exon 4 region of two types (type A, type B) of G-CSF gene; E2E3: a probe designed

‘from a junction site having the 3’-terminal end of éxon 2 region and the 5’-terminal

end of exon 3 region of two types (type A, type B) of G-CSF gene; P: a probe
constructed to distinguish positions by fluorescent signals as a position marker; N: a

negative control (spotting solution).

FIG. 8 shows the results of hybridization in DNA chip of FIG. 7 according to types
of cells and tissues. Red circles show a probe which can specifically show signals

in case of cancer.

FIG. 9 is a schematic view of a DNA chip on which probes, designed from each

exon region of G-CSF gene to examine diagnosis efficiency of each probe, are fixed.

FIG. 10 is a schematic view showing positions of each probe in G-CSF gene.

Probes included in an ellipse among probes for G-CSF gene not having exon 3 are



cervical cancer (1: C33A, 2: HelLa), F: breeding
(HT1080), G breast cancer (MDAMB- 231), H. pancreas
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mal i gnant mel anoma (SK-Mel), K |eukem a (Jurket cDNA
library), L: enbryonic kidney (293)). Red circles show
signal s of probes capabl e of distinguishing between
cancer tissues and normal tissues. FIG 7 is a

SN fr6mViheVs OfermidaNAna b e TAn@ RS IS terAinaPERBRYT exon 4 of
designed to detect a splice junction site of G CSF

gdieeng Ediaits.a probe designed froma junction site
having the 3' -term nal end of exon 2 region linked to
the 5 -term nal end of exon 4 regi on of two types

é%gfg%ﬁwgtﬁlgﬂf}] SIP‘EGQSH’&‘C\? IF (#g es %%ggrglqg ﬁéﬁ}tfﬁesgg]ipgﬁs and probe
cg%ﬁ?livéeé' ﬁﬂfvﬂﬂ %mcflg&és Jvﬁfg;{' Jéﬁlb&e(@Eeéd Bl ﬁf%)nli egi on

type type ene;
pr obe constructed to di stinguish positions by
fluorescent signals as a position marker; N a

FEgaltl stowothermbults pbhybmdjzsbonusiog)DNA Gip®fFHENS. t Hed circles
results of hy r|d|zatJ n.in DNAchlgof FIG 7
shoh R BEORE Wblct?‘ﬁf’é‘ss wally shgwsignals i @nlyreayces.r ¢ es

show a probe which can specifically show signals in
case of cancer. FIG 9 is a schematic view of a DNA

FHB P1PBLYWE Bl RISARE D HYBRURAGEEN UsRE PAPA X bf IFEGI 9rhccord1ng to
of G CSF gene to exam ne di agnosi s efficiency of each

typebef calie ahd tissuesFl Gmagls bf hgbsdizetian |rcaat10e1wvsﬂuoh/|1$1 gbtained by

ositi ons of each praobe in G CSF gene. Probes i .uded
e s alm@ﬁgaldql@%@%@) B geén SRt LA, C: SES-N

ﬁéar Ederﬁ?sﬂt SEShle e@zgge 4m 155' $%%ﬁ1§ 8416205 (colon

é’eﬂfcbia@éﬁ line), F: DLD-l (colon cancer cell line), G: Hwang00 (stomach cancer
cell), H: YCC-3 (stomach cancer cell line), J: MDA-MB-231 (breast cancer cell
line), K: NCI-H460 (lung cancer cell line), L: Caki-2 (kidney cancer cell line), M
Capan-2 (pancreas cancer cell line), N: SK-Mel2(malignant melanoma), O: HepG-2
(hepatocellular carcinoma), P: SK-Hep1 (liver cancer cell line)). Red circles show

a probe which can specifically show signals in case of cancer.

FIG. 14 shows DNA chips which are prepared by mixing each probe with spotting
solution. The part marked with a blue square is a region on which a probe

representing cancer is located.

FIG. 15 shows the results of hybridization of products obtained by amplifying
nucleotide sequence of human G-CSF gene derived from normal and tumor clinical
samples using primers of SEQ ID NO: 32 and SEQ ID NO: 33 according to
Example 8 and Example 9 with DNA chip of FIG. 14.



FIG 11 shows signal intensities of probes according
to types of cells and probe candi dates show ng
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12 shows the results of hybridization using DNA chip
of FIG 9. Red circles show a probe which can
specifically show signals in only cancer. FIG 13
shows the results of hybridization using DNA chip of

FIG 9 PETAIEDDESCRIPTIONOF THEANVENERON| ANPS
of hybridization reactions which is obtained by

Scanarray 5000 (APREFEEREIbEYMIBOBDMENTS93
(enbryonic cell line), C SES-N (normal |arge
intestine), D. SES-T (large int esti ne cancer), E:

f@%@g@%g%télﬁ%lﬁtn g{gferl]ﬁg t§ l eéiagf? (ga n&%ﬁ%%ﬁ ec?e? gfei{i‘/o)‘r assessing the
ﬁéteY&Cc%c(eﬁé)g E‘s1§ﬁmﬁ§ﬁ§ Gl bh%mrﬁﬁﬂeotrhe wiloh- 8BeriBally contains a

(breast cancer cell 1ine (l'ung cancer

mediéicl a'\d'n@)scqlhenoﬁankﬁ aaplice dopytiemsiterhavalg 3!-tera)inalMend of exon 2
Capan- 2 ancreas cancer cell line), N

lsglcwe llakﬂfilw dhedt -temniaabenayl, OfO%XOIHeﬁ @szG(%B BeBeeYarianay fragment

G B AR S e S Tt
%&B Sy N 16256he? WoORAE Sthe F &‘enﬁ%n% %té@tesa method for

at’e prepared by m XI ng eac ot't

§abhbdifg cahb& PRd/br @Eﬁéﬁ@ﬁh V\t}fehstatebbﬂ@aﬁéﬁﬂafﬁ@gté%s@n usmg G-CSF
region on which a probe representing cancer Is

geneavathntsolgained lshdmlstmg @nrexon 3 segén iy br-CéFzgariedio lofk an exon

roduct s obtained b [ nucl eoti d sequence of
ﬁﬁ‘?&lﬁn endap cyepd 198 1\1 éd aﬁi‘%&ﬂQ%HP ANCA AR,

clinical sanples using prinmers of SEQ ID NO 32 and
SEQ ID NO 33 according to Exanple 8 and Exanple 9

?kkﬁ/ﬁém%&rﬁﬁ)ﬁf geh&ard hoRBARY UER BERFPRFIH 15 Eprd&dss in normal

human body, however splicing occurs in a form of a variant not having exon 3 in
tumor cells or tumor-progressing cells to produce mRNA not having exon 3 (FIG."
1). Exon 2 region of a human G-CSF gene has two types (type A, type B),
therefore, a junction site of exon 2 region and exon 3 region also has two types
(FIG. 2). Also, as a result of splicing of G-CSF gene, G-CSF mRNA having all
exon l~exon 5 is isolated from a normal cell, and mRNA not having exon 3 is
isolated from a tumor cell, and the above mentioned difference of mRNAs can be

confirmed by PCR using primers specific to G-CSF gene (FIG. 3).

Molecular biological methods which are used in identifying both genes specifically
expressed (or suppressed) in tumor cells and genetic mutation are exemplified by
PCR (Bottema, C.D., Mutat. Res., 233:93~102, 1993; Nelson, D.L., Curr. Opin.
Genet. Dev., 1:62~68, 1991; Pourzand, C. and Cerutti, P., Mutat. Res.,
288:113~121, 1993; Holland, P.M. et al., Proc. Natl. Acad. Sci. USA, 8:7276~7280,
1991), Single-Stranded Conformation Polymorphism (SSCP, Glavac, D., Hum.

Mutat., 19:384~394, 2002; Strippoli, P. et al., Int. J. Mol. Med., 8:567~572, 2001),
9



PREFFERED EMBODI MENTS The present invention relates to
a nethod for diagnosing cancer and/or assessing the

WO 20108399 cancer progression, using an ol i gonRCT/ER20®00300
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whi ch essentially contains a nucleic acid sequence of

a splice junction site having 3" -term nal end of exon

2 region linked to the 5 -termnal end of exon 4 as

G CSF gene variants fragnment generated after

PRA - SéqpRneoP A Rilyds ORmgeRY Faesel i C BARl YRuE. "BEMPASci. USA,
including a mcroarray. |n other words, the present
7416-@613+33167; d087gsPrioteia Teahbatiborf d\esﬁ(la@dgsl(hg clfetierds Mol. Biol.,
and/ or assessing the state of cancer progression using

@7@&%~19(l§a@003},|aa1m@a@%ﬂa¢ ﬁ@a %yem@é@ ianglyals (BeyHngP. ef al., Hum.

0 D ET0333060k Sutay i B S0 A BRUR Bk 2 et al, Clin

&ancd RS B30 995" 90@9%'1311&1}3’ ok'rﬁ‘llé?&a%q{lfenﬁsﬁlg litg ('Fﬁrlan D. et

process i’n norma haman however splicing oc

alr) R Pookion,df97260324600n200R), gbay hndlysix Qt@mg MALDMIIOF (Leushner J,
cell's or tumor- progressing cells to uce nNRNA not

Fepart Reox ddo3 ngn(,al 1_Lb~18|,—‘_)2@ﬁlz gengi amllysﬂs by hybaidizatiogH Wetmur,
fncePBRal Reuledh B BioBent ﬁpﬁw? 20500 70 1987 agge analysis
R et

C&ﬁ’ée@t@é& fﬁ@&?‘ 666“@17@24‘39()01 KB?ea“RNAPﬁthei’tﬁiﬁ N9. 2801L0061173),
3is isolated froma tunor cell, and the above

armihysiowsihglpfdtemenbips oﬁPhazRMAsogmvﬁues c d)ﬁfSﬁﬁﬁﬁbl, BOO®CR Therefore

using priners specific to G CSF gene (FIG
thepe ekilllgd 1pi the st wall upderstangd thet dheaeen @r@seb/ dﬁtect the existence of

f ficall d
055 el s RS G WPl Bitink, B RE S b ption. gencrated
l?lx}%g?ltfafn's&‘?ptl?dnal process of G-CSF by properly using well-known molecular

biological methods including the above mentioned methods. The present inventors

- found that the most effective probes capable of detecting the existence of the

variants are only probe candidates capable of detecting the existence of splice
junction site, thereby inventing a diagnostic method by which the existence thereof
can be detected. However, among the above mentioned methods, the detection of
specific variants generated during post-transcriptional process of G-CSF according
to the present invention is preferably and easily performed by using PCR,

hybridization reaction and DNA chip.

To perform cancer diagnosis according to the present invention, a G-CSF gene or
variants thereof should first be obtained from tissue specimens or cells. Since a
DNA sample for a specific gene is typically obtained from normal tissues or cells at
a very small amount, the specific gene should be amplified by PCR and for such
amplification, primers suitable for such amplification should be designed. In the
present invention, to amplify a part or an entire region of splice junction site of an

exon 2 region and an exon 4 region, DNA nucleic acid fragments to be used as
10



PCR (Bottema, CD., Mutat. Res., 233:93-102, 1993;
Nel son, D.L., Curr. Opin. Cenet. Dev., 1:62-68, 1991,

woPRonTrogimel, C. and Cerutti, P., Miutat. Res., 2B8T/KR2007/000300
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13-121, 1993; Holland, P.M et al, Proc. Natl. Acad.
ScL USA, 8:7276-7280, 1991), Single-Stranded
Conf ormati on Pol ynor phi sm (SSCP, d avac, D., Hum
Mitat., 19:384-394, 2002; Strippoli, P. et al., Int.
Primbly in PBR foBd&edtiny Zhe 3RRincONF Bepiiee jRAcBIALXSi$ required.
%San_ger, F. et al, Proc. Natl. Acad. SCi. USA,
hatedpthepromers] 99ued Rereir irefeT tontigbnucledidds ddgablyof amplifying
C A, I\/ﬁt hods Mol Biol ., 187:87-108, 2002), automatic
nourlegtifle sequenas i oLl gene, qumeRMSIAZ amparbor an entigenregion of the
at.. . 15(2);:201~203, ,2000), study of .| oss of . .
MRyt i ST Rgon greehiand & Fich afein” Riose skilled in the
. , .m o | i1t . .
S e 100 B B dost ot brifelt. O 5 Phixe) Kiffe i agpyill be able
202jly dgeiga saohlpyisness.usTherefreDhH pdmdrk eupdtiebf dmplifying G-CSF
Expert, Rev. Mdl. Dign., 1:1 1-18, 2001), gene ' _ '
gangl xas1antpgompusingiazeart onai wetirawegion of theGplice guhction site, which

Revyj ews .i n Bj ochem |, .Biol., 26:227-2879, 91) ..

GEnte HsipPed bY GBS HRp it it esgtonded dp fallyeiligythe scope of
: = 35 1; Zhou et al, Brest Cancer Res.

t??gg%%n’?’g@»egﬁggzm 2001; Korea Pat. Publication No.

2001- 0061 173), analysis using protein chips

( Phar macogenom cs, 1:385-393, 2000). Therefore those

knka¢doadarioe with an taspédt| ofutitepsesemdintvieation hehere as provided a gene

easi |y detect {he existence of splice junction site of . )
RHILIRFRY:. Of JPSRRFANCoc Wi hg YA hragpieat semprising g sphice junction

L R t-dranscrispf.ipnal procgess ., of. G CSF hy

SR Tk R0t R ABRR T ER Do i SR A4 et 1k G-CSF
gl ib SRt e BREEH 'i@eﬂste'f&’l%g d QS f chigePr elslfen%erﬁ microarray
i nventors found that the nost effective probes capable

iatludes ddNiAnghipiseeffodtileciic deettibhefVardenstisy afBridivation including
probe candi dat es capabl e of detecting the existence of

applyigg to a complementary oligonucleotide probe immobilized on the surface of a
slide glass treated with a specific chemical reagent. Non-limiting examples of the
membrane, which can be used instead of the slide glass in hybridization, may
include all membranes capable of immobilizing DNA fragments; and preferably,

nylon and nitrocellulose membranes.

Fixing the probes on the surface of a slide glass and a membrane can be easily
achieved by the conventional technique known in the art. In addition, preparation
of targets, hybridization and stripping will be performed according to the

conventional techniques common in the art.

In another aspect of the present invention, there is included a composition for
diagnosis of cancer, comprising a DNA fragment containing a splice junction site
having the 3’-end of an exon 2 linked to the 5’-end of exon 4of G-CSF gene and a

diagnostically acceptable conventional carrier. In a further aspect of the present
11



junction site, thereby inventing a diagnostic nethod
by which the existence thereof can be detected.

wORmsER9 anong t he above mentioned nethods, PO®KR2007/000300
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detection of specific variants generated during
post-transcriptional process of G CSF according to the
present invention is preferably and easily perforned

by using PCR, hybridization reaction and DNA chip. To
PEEhO6) thaRcie included adisg e kil SmbRsihpe DNES &l ment containing
invention, a G CSF gene or variants thereof shou

] splsme pmctlbn aitadavingthet 3’ seukot e ek ome Aslimkedctel ths. 5’ end of exon 4

nce e for a specific gene_is typlcally
‘th&(%g?ﬁ%%erﬁ %Jr?r&? NAmicheaTar usng the BNA fagmend ) |
anmount, the specific gene should be anplified by PCR
and for such anplification, priners suitable for such
hﬁ$é§a1|on shoul d be designed. In the present
, to anplify a part or an entire regi on of
splice junction site of an exon 2 region and an exon 4

region, DNA nucleic acid fragments to be used . .
Hepninafiars they (Rt dnvertiet twiblgbe hdesexibed enceond detadl by specific

SR HEWsREn the paisinl fdeation ds ppl mvise edhesseaxamples, and it
ﬁambﬁs ocB @1'5@(1: (Ify bﬂﬂn nyﬁileﬂ} t?ee 1eid ST e gﬁesg%p%llzvention that

ne, conpris an entire region
ﬁﬂhbﬁﬁs]%ﬁﬁhbﬁ@ of 'rﬁ&hﬁ_f;at@dhseé@ﬂd Be1BAHIO %ﬁf‘ﬁi tlé) s And scope of
region. Those skilled in the art will be able to
thagiresentlasiegtioBuch priners. Those skilled in the art
will be able to easily design such priners. Therefore,
all prinmers capabl e of arrpl i fying G CSF gene variants
.eqi the splice
i e et Nf\i].'w.r(‘lu‘gc,ﬂst)hose skill ed
in the art, are |ntended to faII wi thin the scope of
t he present i nvention. In accordance with an aspect of
Thenpreslasel] lineseanid tamortceHrmes sised v Edashpiesgsiithe present invention

are given in Table 1, below. The underlined samples have the same result as those

of the normal cell lines in Table 1.

The tumor cell lines listed in Table 1 can be obtained from the cell collection
centers listed in Table 1. The tumor cell line, obtained from the cancer metastasis
research center at College of Medicine, Yonsei University, was prepared as follows.
After ascitic fluid was aseptically obtained from advanced cancer patients,
supplemented with heparin in an amount of 10 units per ml to prevent clumping of
cells and centrifuged at 400xg for 10 min. The precipitated cells obtained by
centrifuge were cultured in a 25cm? culture flask. In case of containing a large
number of erythrocytes, Ficoll-hypaque density gradient centrifugation at 800xg
was performed to separate mononuclear cells from erythrocytes, and the obtained
mononuclear cell phase was incubated at 37°C under 5% CO,. After incubation
for 1 day (16~18 hours), the culture medium was centrifuged at 400xg for 10 min,

and the precipitated cells were cultured in a new 25cm’ culture flask. During
12



m croarray or nenbrane to which a DNA fragnent
conprising a splice junction site having the 3'-end of

woam7@sm9 2 | inked to the 5 -end of exon 4 of POFKB2BBRH00300

10

15

gene is immobilized, which is useful for diagnosis of
cancer. The gene mcroarray includes DNA chips
effective in detection of a gene by hybridization
i ncludi ng applying to a conpl ementary ol i gonucl eoti de
@Jlﬁtfﬁlg BERR e sbseR dnendidt gﬁﬁ‘seoéorﬁra%{ 'nﬁ@rc%lcéﬁé and the culture
treated wth a specific chem reagent. Non-| ting
axdigh esasfepldvedntvibe aneahreshiities gen vb@kl,lsé\ﬁfhenstum cell colonies
the slide glass in hybridization, i ncl ude al

pias cetl qhmms.wr@.qbgalmé\bmt@ﬁeﬂmswﬁhmsm EDTA

anes.

51{1? ei’ bl g <|91$y20€ S}qﬂlgll@g %%aeéFrg?l c?rcf egﬁﬁg gonlaifiing tumogJ cells was

?%gﬁﬁ?%&ue ﬁr%ggﬁeﬁ%? aY c@ﬁ%1 e'r a%)éﬂﬁﬁ%ﬁﬁ i) g'rélé?lfé‘lovlvqere stored at

fibzés@RisSaiccdiid € thelr Rsaded. stripping will be
perfornmed according to the conventi onal techni ques

common in the art. In another aspect of the present

invention, there is included a,co ition
aﬂumbi@msytecaﬂbwan faiped) ag ToNRQVS: a gk 8mL of blood was

ont | [ unct i h ' ecend of
AR T SECPHO 002 JEAPE O o o
%%tEH@ 9%t fAbtadd 2 a&PEPl L WERIRARE iCHdakRhally.  After

urther aspect of the presentlnventlon there is
cmhtﬁud@ﬂg ahelimaignastat 2,600rpaoapHisifoy 1andhlAnidr @cglﬁmtmg leucocytic

containing a splice Junctlon site having the 3" -end of
nelleix srsupermank atpst wmayeds' TERBG1(rekbloos el WéS deftsraid process

gﬁrﬁ%%%e‘ib?ﬁ% Crg’,%%r%{(ﬁiédg’gsoeﬁgﬁﬁyi Htfegﬁg%%q pgllet to separate

fgegLribed in nore detail by specific

o

Table 1
Cell types Cell collection centers
Culture | Cancer A549 Lung cell line ATCC CCL-185
cell lines HCT116 ATCC CCL-247
Colon cancer cell
Col0205 y ATCC CCL-222
ine
DLD-1 ATCC CCL-221
Hela Cervical cancer ATCC CCL-2
C33A cell line ATCC HTB-231
HT1080 | Crecding cancer ATCC CCL-121
cell line
AGS ATCC CRL-1739

Cancer metastasis research center, College
YCC-2 Stomach cancer o . i
of Medicine, Yonsei University

cell line -
Cancer metastasis research center, College

YCC-3 R .
of Medicine, Yonsei University

MDA-MB- | Breast cancer cell
231 line

ATCC HTB-26

Calid Kidney cancer | Cancer metastasis research center, College
aki-

cell line of Medicine, Yonsei University
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nononugl ear ¢efjkspid 0 m%é‘F‘%/?*WF% 6911) 8s, el 2B 1iRDtAk Red.B3004

nononucl ear ¢ell phase waslinhcubatied at 37 C under 5%

COI ; Af It\Ier i ncubationf f OErfnﬁrygﬁ}{ ( 1@ad&r Retdktasis reieﬁ@h center, College
SH o :J L ° Brec IJT ¢ At Dcent rqllnegrJ gc;slfjhne 409X(%Atle%1cme Yonse1 University
T L P T prrraccu T uUurcu T A II V
25cn®? cul ture ,E D'h[ll g | @nce@ aletastasygiegearch center, College
{
obser vedanteder asp C 8%?‘? gisntC m|cr osefdydeljcia ¥ oshiUniversity
cul turp medi §im Was replaced twce Qfanée? ﬁl%ﬁstﬂi%&afaﬁrcenter, College
week. MWhen t unAwarged | | caémathescer . e
Tissue of Medicine, Yonsei University
Human Cancer metastasis research center, College
Leucocyte . L )
Blood of Medicine, Yonsei University
Normal .
. ) Cancer metastasis research center, College
SES-N intestine

of Medicine, Yonsei University

Example 2: Preparation of mRNA and cDNA from cell lines

Total RNA was isolated from each tumor cell line, normal cell line and normal
tissue using Trizol Reagent (Gibco-BRL, USA). 1ml of Trizol Reagent was added
to a tissue sample ground after quickly freezing using liquid nitrogen, followed by
incubation at room temperature for Smin. 0.2ml of chloroform was added to the
resulting tissue sample, vigorously vortexed for 15sec and incubated at room
temperature for 5 min. After centrifugation at 12,000xg at 4C for 15min, the
resultant aqueous phase was transferred to a new tube. An equal volume of
isopropanol was added to the tube, and the tube was placed at 4C for 10min.

After centrifugation at 12,000xg at 4°C for 10min, the supernatant was carefully

14



were formed, the tunor cell clusters were obtained by
treatnment with trypsin- EDTA or by obtaining col ony or

wOhgo71083m9 scrapers, or the fluid containing tRODKR2eI71080300
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was centrifuged to renove normal cells. The resulting

pure tunor cells were stored at frozen states

according to their passages. Human | eucocyte cells can

be obtained as follows. After 8nmL of bl ood was

?1%@2&8@@ ra[rf%ldth'f;:\'}z31 PP Gk WishERWIG 044 Bhanett %11@\?/68%9 centrifugation
ysis buffer s added and the m xture was

st A600=g ad 4C ffor Shidmi n,Asér beiag i driddpghé lRN)AqﬁletD rWBdSI dissolved in
After centrifuging the mxture at 2,000rpmat 4 C for
RDaserfeggdvatont i rmi ng | eucocytic pellet, a supernant

was renmoved. If RBC (red blood cell) was left, said

process was repeated. TRI ZOL was added to finally

DR e A oA AR T S -t

wnﬁkﬁsanﬁoft&hlawéum RI0PeRedad perfoRAsdad BsTRIws el 2 ug of total RNA
['1ne, nornal Iine and normal tissue using Trizol

wRaagered GaEbt qxb@ Bﬁ[an oBAY(d T g-prafet, ran:chNEsafa@ea twaterswas added up
added to a tissue san%l e ground after cklé free2| ng

t@sa figal velume of 11 ¢4 hﬂs)mlzsmww heatedott90h for msan@nd placed

O aBF.e Bl .gﬁ"%re cofitlor® e SO 2R e 8 st o o

ﬂe'_ﬁéﬁ& Blftet QCH@ Yradnl QPP EPPESARNGS: frﬂh‘iblﬁxrﬂnﬂ 2 [1/@ of reverse
After centrifugation at 12, 000xg at 4 C for 15mn, the

trassdripsaze iacp enothep instse mwtmﬁﬂﬁ:f RN/ednieure wasraddezeto the pre-
An equal volunme of isopropanol was added to the tube
amxturesibey fodlomeed by snasbation 4t dn temperaire Aot &9min.  The reaction

iR i gaatedr af ub4 i GEadlBtn: A9 (e i 199 C yder 15min
ﬂ@ﬁ{%ﬁgatwytal?tg% ﬁ{cﬁﬁ&?&n atf @é Db?‘fféjnﬁ)&uf@aftaﬁ biéé%&toh%e to terminate

reaction, thus yielding a cDNA sample.

Example 3: Preparation of DNA chip 1 for examining effectiveness of probe for

cancer diagnosis

In order to investigate whether a DNA chip can be used as a tool for detection of a
splice junction site of G-CSF mRNA or cDNA, various DNA fragment probes
capable of being immobilized on a glass plate was prepared as follows. On probe
corresponding to a part of exon 2 of G-CSF, four non-overlapping probes
corresponding to exon 3, and one probe corresponding to a part of exon 4, were
designed to consist of 20 nucleotides each. Since two different G-CSF mRNAs
(human G-CSFa and human G-CSFb mRNAs) are generated by alternative splicing
in the exon 2 region (Tshuchiya, M. et al., EMBO J., 5:575~581, 1986), two types
of probes comprising a region corresponding to exon 2 were prepared, based on the
two different G-CSF mRNAs. Nucleic acid sequences thereof are shown in Table

2.
15



at 7,500xg at 4 Cfor 5mn. After being dried, the RNA
pell et was dissolved in RNase-free water. To

wOo290TioR®29 ze cDNA from nRNA i sol at ed from eachPC®KR2007/000300
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l ine, and human-derived tunor and normal cell Iine,

RT- PCR was perfornmed as follows. 2 ng of total RNA was
mxed wwth 1 m of an oligo(dT) 16-priner, and
RNase-free water was added up to a final volunme of 11
m . This mxture was heated at 90 C for 5mn, and

pl aced on ice, imediately after conpletion of the
Tebleing. After puttlng 4 m of a reaction buffer, 2 m

[l o

+orvtdNFPs—t f se T hibirtor—an i —
zobe name [ or n\l';,l&ﬁm o Seanes tube gSEQUD 0 |, Positions

RNA B2 xt ur e@%%@dﬂTGcCTﬁeCTﬁGe"ﬁGﬂ AL t ube, Bol | owedExon 2

byE‘Z!E@Hbat' on HGACRMC FPERAIGTEA@ | Omn. The _Exon 2-3

E?Eg qu Xt uthmIleA 03 ;,f L? . 22rﬁ5n, At pxon 2-3
| nchdtl on aTGQSGCCAI@Mu’r@Gv@ GpT@(ced on ibce to| Exon3
Lerpsnate [ ea@AGTCTGIUFATHICIE 6GONA samp! & Exon 3

TR oroos oA AL T Ol B AT X e | Exon 3

t o Ednfest i|gat &GACAE TETIREGHGE ATC be Lsed &s a | Exon3

t oolg4 or det egCARGGT BGEPTTGABMCIAAN sjte 0f0 G CSF Exon 4

| S A%y C-I U.Q

%ﬁ. RENORE O CHOBRIETRE O0ES| Capap[ € OT | gyon 2.4
f o2 or JEeA GTEAGER AL GGT & part | of ekdn 2 offxon 2-4

G CSF, four non-overl appi ng probes corresponding to
exon 3, and one probe corresponding to a part of exon
Fo ovifer slsitityiebetinmobidized oaf a Aaszusiheptwltessyeakdsizing all DNA

Since two different G CSF nRNAs

fragment probes, a base having an amino group was inserted to the 3’-end of the
probes using an aminolinker column (Cruachem, Glasgrow, Scotland), and slide
glass coated with aldehyde residues (CEL Associates, Inc., Huston Taxas, USA)

were used.

After being dissolved in 3 x SSC (0.45 M NaCl, 15 mM C¢HsNa;0,, pH 7.0), the
DNA probes were immobilized on the slide glass by accumulating the DNA probes
using a microarrayer manufactured by the present inventors (Yoon et al, J.
Microbiol. Biotechnol., 10:21~26, 2000), and reacting for over 1hr under about 55%
humidity, and then leaving the glass at room temperature for 6hrs (FIG. 4). Herein,
the probes were arranged at intervals of 180 ym on the glass at an amout of 100uM,
thus producing a microarray. Immobilization of probes through reaction between
amine groups of probes and aldehyde groups on the glasses was estimated by

staining with SYBRO green II (Molecular Probes, Inc., Leiden, Netherlands).
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(human G CSFa and human G CSFb nRNAs) are generated by
alternative splicing in the exon 2 region (Tshuchiya,
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probes conprising a region corresponding to exon 2
were prepared, based on the two different G CSF nRNAs.
Nucl ei ¢ aci d sequences thereof are shown in Table

2. Table 2 To confer ability to be i mobilized on a

Ek%l@h?l’?egﬂmﬁlﬁwﬁﬂgéﬂ Fimfledfor ded¥etinPGiRic variants

, aving an amno group was Inserted to

the 3'-end of the probes using an am noli nker col umm

‘&ﬁCr uachem_ d asgrow, Scotland), and slide glass coated
ymmatde R wassrartied quirsing saRiNAx 65 cDIWA | isolatesk frigm each cell

Taxas,. USA re used, Afte I ng _gdi ssol y in 3.x o

LS 0T e s o (PR EAP RABEF nENORS . ok at 94 for

i . 0 .

S PO, PR, B8 b o) AR B o 50-56C for i

s ukRatioh € 7DIC HBE 304Rs Esllowed Byt fd dxy@idnedt 21 C fbr Smin. A

M crobi ol . BiotechnolL, 10:21~26, 2000), and reacting

pomenset usddr inuAdpmnetoa P@ASIs hedodows., Antevetssrprimer was labeled
eavin he gl ass at roomtenperature for 6hrs (FIG

Y!’)‘t.%m%ef‘ﬁ,de%q?@oﬁrobes were arranged at intervals of

180 mmon the glass at an anout of | OOrM thus

producing a mcroarray. |Imobilization of probes

thr Ogahvaﬁq&ﬁmeﬂ PACEOCETTE QLT PGJT-8PESEQT NO: 13)

al dehyde groups on the gl asses was estimated by

st ai Riengrsei prim&YBROC6 ¥EHGI CTAVOIGE AT GGAb&GTBI(SEQ ID NO:

Lei den, Net herl ands). Exanple 4: Preparation of target

§4hpl e for detecting specific variants Asymmetric PCR

was carried out using nmRNA or cDNA isolated from each

cell line of Exanple 2 as a tenpl ate under the

PORA IR WiredePALIWLSA A agdrofé g8l. T Gfrom the result of electrophoresis,
double strand DNA and single stranded DNA fragments were produced in each
PCR sample (FIG. 3). After amplifying G-CSF gene by asymmetric PCR, a
hybridization solution (6 x SSPE, 20 %(v/v) foramide) was added to 15 1 of the
amplified product up to a final volume of 200 ¢f. The mixture was applied on a

slide glass (a DNA chip 1 for cancer diagnosis, FIG. 4) having an immobilized
probe, and the glass was covered with a probe-clip pressseal incubation chamber
(Sigma Co., St. Louis, MO.), followed by incubation in a shaking incubator at 30 C
for 6 hours to induce binding of the probe complemantary to the amplified product.
Thereafter, the glass was washed over 5 min with 3 x SSPE (0.45 M NaCl, 15 mM
C¢HsNa;0;, pH7.0), 2 x SSPE (0.3M NaCl, 10mM C¢HsNa;O,, pH7.0), and then 1
x SSPE (0.15 M NaCl, 5 mM C¢HsNa;O,, pH7.0).

Example 5: Test result of DNA chip 1 for cancer diagnosis

After target products amplified by Asymmetric PCR was applied to the DNA chip

prepared in Example 3, they were scanned using Scanarray 5000 (GSI Lumonics
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5mn, 30 cycles of denaturation at 94 C for I mn,
annealing at 50~56 C for Imn and extention at 72 C

woRar7/0882ec, followed by final extention at 72PCr&m®2007/000300
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5mn. A primer set used in Asymmetric PCR is as

follows. A reverse priner was | abeled with FITC for
detection. Forward priner: 5 -ACC CCC CTG GG&C CCT

GCC-3'" (SEQ ID NO 13) Reverse priner: FITC 5 CTG CTG

fHeA BRI MET - B'SA)SEQ ré\@:t 018 GRghf %’Cﬁrébé\‘eﬁﬁ case of the
separated on an agarose gel. Fromthe resu

plasaiid dpknrgeao sdeletborbloé es;bhafh dn BBAC SR dzesien gi@akst erm:l ddtected by
DNA fragments were produced in each PCR sanple

ayplyime en thapgPNEy ichip. G losFonfeass bycafsfy afrdhe |eéomdred61@ted G-CSF-

h. bgié]g{&é%i I gﬂégg’:%%% fw?‘%(id‘gﬁ‘gt?gf Yeaplﬂ %}&18% t{)‘f) mgkagﬁlp, wherein
gl‘*eﬁgésﬁ{%s% fu%&%dﬁ%qﬁ&p@s ot §E B \&Ss: RPLIEsh on a

e or canc r-diagnosis, FIG
4) haV| ng an i mobili zed probe, and the gl ass was
covered with a probe-clip pressseal incubation chanber
ASiagresulCaas, shéwn indtliGs |5, oAly) E2Eéh povedshowvadna gieds oora daletion site.
a shaki ng j ncubat or at C for 6 ours to induce
B e G i 107 G T S Sgse of plasmid

r odugt reafter a e

I P o-GSReEls s M?&%@?#ﬁ?%ﬁ%%ﬁ%ﬁ% 3 region
§h§%@si%ﬁal§.’vl Ne(He sedtbdeRpNAR M orPAHd 89 delefién bP8RorB in G-CSF
x SSPE (0. 15 M Nad’, 5 mM CoH5Na30O7, pH7.0). Exanple

Were heiged,r mixdd resuiltONA thhitp/olcdses oaariteeprerzﬂiic&gmosFK}. 6 shows the
After target roducts anplified %/ ymmetric PCR wa
laplpmd@atw]@)rqsngs b canppay 5000 after target DNA according to each cell was
applied to DNA chip of FIG. 4. As shown in FIG. 6, in case where probes produced
from exon 2 and exon 4 junction region, which only specific variants can have, cells

could be detected by each probe.

Example 6: Preparation of DNA chip 2 for examining effectiveness of probe for

cancer diagnosis and test results

To examine effectiveness of E2E4 for cancer diagnosis, a new type DNA chip 2
was prepared (FIG. 7). To easily decode, the DNA chip 2 was designed to have
two types of exons (E2E4 of FIG. 7 contains both type A and type B, E2E3 contains
both type A and type B of E2E3a and E2E3b). Probes were immobilized by the
same immobilization method described in Example 3, and as a result of
hybridization of a target sample prepared in Example 4, as shown in FIG. 8, it was
confirmed that probes constructed from the junction region of exon 2 and exon 4 is
the most powerful in developing a system which can easily diagnose cancer using
produced DNA chip. To strengthen signal intensity, probes having nucleic acid
sequences in Table 3 below were applied on the basis of a nucleic acid sequence of

splice junction site.
18



prepared in Exanple 3, they were scanned using
Scanarray 5000 (GSI Lunonicslinc., Bedford, MA., USA).

wWOZa7pe®dy ct results regardi ng probe, in case BETKR2007/000300

10

pl asm d having no deletion of exon 3 in G CSF gene,
signals were detected by applying on the DNA chip. In
contrast, in case of the exon 3-del eted

G CSFcontai ning plasm d, signals were detected by
appl ying on the DNA chip, wherein the plasm ds have
nucl eotide sequences of SEQ ID NGs: 26 and 27. As a
Tasdaldt, as shown in FIG 5 only E2E4a probe showed

B gl o e seatig el oo [NSET HPRG | Positions
ol 2R i 1 TGO/ B e WG BT CtiblTetlod. E3E3a | Bxon 2-4

prgbe4Bnd |PrGEFSGAG TN GGCUGONCTPEAd si gnabs. || Exon 2-4

the sequences of ho defetion and of deletion of exond
in GCSF were m xed, mxed results of the two cases

Ean bE Q[Edi ¢ eg. FI@N?A\% oxvg E&hg héol{i' gi %Qt !!lgw f probe for
&ﬁl&?‘iﬁagaﬁs was applied to DNA chip of FIG 4. As

StowT 11 AT G 6, in case where probes produced from

exon 2 and exon 4 junction region, which only specific
variants can have, cells could be det ect ed by each

Do ocremimx aﬁhﬁlt]@erﬁprobp;a spastaasted fogm paanchiandoexasy 4 junction region
ket pos e e D Rerind it Drairyed B SR sienEAERGhss from each
%@gﬁdﬁé@gﬂé% 13} F&h&% 65 eﬁ%(ﬁ@‘)\[)@gh?g w@rtﬁg%@éh position of

SRshi 161086 it G- EiS\FegéﬂéO ahd MRBleod sRFRE ﬁuélEﬁEzﬂmdfseEdléﬁcebf each probe.
contains both type A and type B, E2E3 contains both

Pyqbes Avexe dixed by tBe simeiF@aokitigatiknEsisjhodrdesorbedvr Example 3.
i mmobi lized by the same i mmobilization method
described in Exanple 3, and as a result of

o _)

Table 4
Probe name Nucleic acid sequences SEQ ID NO: | Positions
E2 1 GAG CTT CCT GCT CAA GTG CT 15 Exon 2
E22 AGA GCT TCC TGC TCA AGT GC 16 Exon 2
E23 GCA AGT GAG GAA GAT CCA GG 17 Exon 2
E2 4 CCA GAG CTT CCT GCT CAA GT 18 Exon 2
E25 CAA GTG AGG AAG ATC CAG GG 19 Exon 2
E2E4 CTGGTGAGTGGCAGGCTGCT 20 Exon 2-3-4
E2E4 1 AGA AGCTGG CAGGCT G 9 Exon 2-4
E2E4 2 TGA GTG AGG CAG GCT G 10 Exon 2-4
E2E4a GGA GAA GCT GGC AGG CTG CT 13 Exon 2-4
E2E4b GGT GAG TGA GGC AGG CTG CT 14 Exon 2-4
E2E3 1 AGA AGC TGT GTG CCA A 2 Exon 2-3
E2E3 2 TGA GTG AGT GTG CCAC 3 Exon 2-3
E33 GAG CTG GTG CTG CTC GGA 5 Exon 3
E3 4 GGA CACTCT CTG GGC ATC 6 Exon 3
E3 6 GGA CAC TCT CTG GGC ATC 7 Exon 3
E41 CTT TTC CTC TAC CAG GGG CT 21 Exon 4
E4 2 CAT AGC GGC CTT TTCCTCTA 22 Exon 4
E4 3 TTT TCC TCT ACC AGG GGC TC 23 Exon 4
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hybri di zation of a target sanple prepared in Exanple
4, as shown in FIG 8, it was confirnmed that probes

woceagsingt ed fromthe junction region of exonP@T/&RI007/000300

10

15

20

25

exon 4 is the nost powerful in devel oping a system
whi ch can easily di agnose cancer using produced DNA
chip. To strengthen signal intensity, probes having
nucleic acid sequences in Table 3 helow were applie

on E#d basi STAG GGRUECH] TTdcCAdTsEfAebCe |of srﬂ4| ce Exon 4

j unghison sit ed@lter ket eTA CULRRr gtion of DNA - Eyon 4

G aitbs1 o ToCRVR e b hEs APhBoSAdnds ¢ act 8t 1o Exon 4

exon 2 and exon 4 Junctlon reglon wer e the nost
powerful; DNA chip 3 was prepared by designi ng probes
Example 8 Test bEDNA| ehiie Uen ezaminiexeffecniemesy 6f prolsy for cancer
FI G 10 shows the rough position of each probe in

SMene, and Table 4 shows nucleic acid sequence of
each probe. Probes were fixed by the sane
i mmobi i zation method described in Exanple 3. Table

ARERTRIRt ?rodtfc%st afipligig kg;h'A@ Arh&Fic @RI disBbed in Example 4 was
effectivehess of probe for gncer di agnosi s After

appl gt tophe MNAschayBlprépadd iy EAawnpie? (FIG PORtldgsweteadnned using
in Exanple 4 was applied to the DNA chip 3 prepared in )
Seonaptay J0QUH(GS] Bimarties indor BedfoadnbbA 4375y, Sclanedvaage, the chip

Sa0als oEere tERed ﬂpﬁism' GRgiof edteolic setibnesohy g no fleletign of exon 3
454 ﬂgcéﬁeotstfs e@ﬁ%%&%%@&&%qg ¢ @F ge@‘%\éﬁ,ﬁplymg on

case u5|ng quence no Vi ng~exon
GRIBNRY clapp! Yi ng on the DNA chi p.

FIG. 11 shows the results of each probe according to applied biological samples.
Samples marked with green in the left side of Table show the results of samples
classified as normal, samples marked with red in the middle show the results of
samples classified as cancer. The right side represents the results on final
candidates of diagnostic cancer markers by analyzing all the results thereof. The
degree of yellow in each column of Table shows the presence of a signal and
intensity thereof, and red colors in column of the right side of Table represent strong

probe candidates having effectiveness, which can detect cancer.

As shown in FIG. 11, probes constructed from exon 2 and exon 4 junction region
are a powerful probe which can detect cancer among probe candidates which are
designed from each exon region. Herein, a probe for type A shows signals with
high intensity in most case of cancer and in case where signals are detected on SEQ
ID NO: 4 and SEQ ID NO: 1 simultaneously, it could be interpreted that the probe
has cancer-specific variants having exon 2 of type A. In the same line, in case

where signals are detected on SEQ ID NO: 5 and SEQ ID NO: 2 simultaneously, it
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FIG 11 shows the results of each probe according to
appl i ed biol ogical sanples. Sanples marked with green

woRe7toR®2) ef t si de of Table show the results oPCEER2EH00300
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classified as normal, sanples marked with red in the
m ddl e show the results of sanples classified as
cancer. The right side represents the results on final
candi dat es of di agnostic cancer markers by anal yzi ng

abuldtieintepueted thbﬁﬂ%of)robEhlﬁasd@ﬁfc%ﬁsgémﬂeNa@i\alntsnh&éiﬁﬁl exon 2 of
col um of Table shows the presence of a signal and

tyméﬁéﬂ@ I)hereof, and red colors in columm of the
right side of Table represent strong probe candi dates
havi ng effectiveness, which can det ect cancer. As

SN s R A SRRl Pl oo
ﬁ@qb N B {r S XdnPs ?&%ﬁ: sl St e e WieCd 1?9[1@ are shown in almost

Irgned from each exon redion. Herein, a probe for

hlf pamblehaidngi @imetbs sampleshbogWhioht diis iprybé s applied; adistinguishing
of cancer and in case where signals are detected on
Beiyeen rmmal SahIPl@E@ld pangdr shmplleis npowsshly, usmg thsugxistence of

&S\ in rpr ?n tcgﬁ%lt)% SE%IE%J]S éﬁ] §’reﬁﬁs1§ éf %Eﬂpeé F?g,}gn dogsn’t show

%%Q‘F%&hihgﬁ%‘ffﬁﬁn@oﬂﬁf@ OB e G sensitivity

HixeihghidRing BEtRASndraAt ShmPe ahdl i canvér sAnpIe B amiptgsible using the
exong2 ofﬂg{ype B(FIG 1). On the cont rag?@, poweprajg I S

pabdsdat es whi ch can distinguish normal cells is a
probe (SEQ ID NO 8) from exon 3 region, however
because signals are shown in al nost all sanples anong

r t r
TARET s RPLRAS B B ar REREPER BRReSRlagpnid having exon 2
%mﬁ 88 type ARSRIIfteUs Recib&l RXERABPRS4 hd thY farget sample was
probe. so, because probes fromdifferent site of
epplied3to PN Archilw 8s(FIG. 9howAs a result, as shown in FIG. 12, E2E4a probe
only showed signals in a plasmid sample in which exon 3 of G-CSF gene was
deleted. Nucleotide sequences of plasmids having no deletion of G-CSF gene and

deletion of G-CSF gene are SEQ ID NO: 26 and SEQ ID NO: 27, respectively.

FIG. 13 shows the results of detection by Scanarray 5000 after target DNA
according to each sample was applied to DNA chip 3 of FIG. 11. As shown in
FIG. 13, it was confirmed that the existence of cancer could be detected by
existence of signals on the probes constructed from splice junction site of exon 2
region and exon 4 region, which is the only basis of distinguishing cancer cells by
each probe. Sites marked with red circles are diagnostic cancer markers whose

effectiveness was confirmed by the present inventors.

Example 9: Isolation of RNA from blood or tissues of normal individuals and

patients
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signals in both normal sanple and cancer sanple due to
their weak sensitivity, distinguishing between nornal

wogentpB®2and cancer sanple is inpossible usi ngPCH&ER2007/000300

10

15

20

25

probes. Target sanple was anplified by Asymmetric PCR

using a plasm d having exon 2 region of type A as a

tenpl ate as described in Exanple 4 and the target

sanple was applied to DNA chip 3 (FIG 9). As a

Tetall RN Aadrarhosuchi carfdets. cell2 ]in€s) Edarnpa] obleodnaryd simombl tissues was
si?pgals,in ag agm d sampl e in which exon 3 of

ed\a@ngéﬂ&l ed.” REAIENT {6 1B RlesUSA) pl élsﬁwsof blood, it was

bsg e rlgs?%dgﬁ]g% %%ﬁ&@%@n 6?]:%8;[%&' OBS%) G,ICS prepare a
%ﬁﬁg@cﬂo\b‘ﬁl ndsgggRE%\t%E’ ‘ti’v@re aﬁﬂ&i&ﬁ yl Itaﬁog;f fist e%chEﬂmg to case,

anarra er target according'to

Bnmal SAne “@@@er@uél died it PraticPbf F'thhela]REAGENT\MAn be added

in FIG 13, it was conflrmad that the exi stence of
irmacatio 06Ut be7detleof é“dRIZfDIestReagmt wassidgledlte (025 mé of blood
t he erobes construct ed from S ce junction site of

eX Rg% %|b@rﬁ>it§a0tq¢ea<‘c9ﬁ>r@mg to protocol.

Ef?s' ; %ﬁ%’&%st i %%ﬁ%‘%?t 7 e o B sRRBle sround afier
gﬁfckg)r fredif ﬁsﬁglﬁﬁflﬂ bl t\ﬁﬁ§ol‘é&nﬁNfAT§&o?Hm%A8 1protocol
resent |nv nt o : 1solation o

bl ood or tissues of nornal i ndi vi dual s and

atientsTotal RNA from each cancer cell |ines, normal
Eﬂhg gesulting issnelsample addedadth dgilatoddlizelgeagent was incubated at

?@m&l&pé%?@a%ﬁﬁwﬁ%%pﬁs%s&%ﬁé%iﬁ (stediggpented with
H?A)naLTfif pcf}ﬁ OEﬂgcor 8gdaﬂ)q b S REARNinBitated at room

inara |oo‘f I'ng to case,
temperature for Smin. After centrifugation at 12,000xg at 4C for 15min, the

resultant aqueous phase was transferred to a new tube. An equal volume of
isopropanol was added to the tube, and the tube was placed at 4°C for 10min.
After centrifugation at 12,000xg at 4C for 10min, the supernatant was carefully
discarded, and the pellet was washed with 70% ethanol, followed by centrifugation
at 7,500xg at 4°C for 15min. After being dried, the RNA pellet was dissolved in

RNase-free water.

Example 10: Amplification of G-CSF gene from RNA

To synthesize cDNA from mRNA isolated from each cell line, and human-derived
tumor and normal cell line and to amplity G-CSF gene, RT-PCR was performed as
follows. 1~2 ug of total RNA and 8 4 of ONE-STEP PCR premix (Intron Inc.,
Korea) were mixed with primers of SEQ ID NOs: 28 and 29 in Table 5, and RNase-
free water was added up to a final volum of 20 ¢¢. Then, G-CSF gene can be

directly amplified from RNA by carrying out an amplification reaction under the
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bl ood sanple was previously diluted in a ratio of 1:1,

then REAGENT can be added in a ratio of 1:3. 0.75 m
wWO0Qb07MRIZOL. LS Reagent was added to 0.25 m of POT/&®RI007/000300
sanple (or diluted bl ood sanple) and RNA can be
extracted according to protocol. In case of tissues,
Iml of Trizol reagent was added to a tissue sanple
ground after quickly freezing using liquid nitrogen to
tenlidbe debtitadciar Tatlg X o GAPDIE alas diplified wkingngrimers of SEQ ID
ti ssue sanple added with InL of Trizol Reagent was
Nk lﬂﬂaarthnEQ IDod:t3dnqoest Mtwasaistd s Breionfrol fer RN¥Suamphfjcation.
ti ssue sanple was supplenented with 0.2 nL of
chloroform vigorously m xed for 15sec, and incubated
?éb%ﬁmtenperature for 5mn. After centrifugation at

Oxg at 4 C for 15mn, the resultant aqueous phase

BES) IID NS er r Brintep a [neviNambe. |An &qudéicwacidiseeiuehces (5°—37)

' sopggpanc| “was, addeq T, jIg, TUDCAPOGETTENDRGRPRGC TGA T

-ac at—#4—Cfor—+Orm et
';? xg ar AC for | Qu fX TF‘?p slu 'ktr ngm &GAAGCTCTG

car e3@| | y di scaBded, a6 RDH bel iCé%T\ﬁETMé{h@GW GG AGA CC

70% gf hanol , fohl owed OAMSHE | | upat! RACCPACE B4 ITH CTG TA

G esitved | n Rse: toe BBy oaoe Ok €16 GGETCT GCC

Anpl 33 i cat{ on 06 G C$F EffnliRer om RAVAGTETS) 6iHe §iAE GGT GGT

cDNA from nRNA i sol ated fromeach cell line, and
human-deri ved tunor and nornmal cell line and to
Tablei¢g Y G CSF gene, RT-PCR was performed as follows. 1

2 "m-of tnt nl RPNA_aand Q@ m  ~f ONE--STER-RCR-BE am
TN\XIrw v ATTU J T A\ A |

AV4
LI B I VAN

Qnﬁi?xﬂielnc Korea) were mixed with priners of SEQ 1D
NGs Raae@a&aﬁ&:ripﬁoﬁa*ehai&a and| RNasefree uvst@R0nea

added 4B, Qtidafib'8F RYQSE™M OF 2P M . Then, o4 ysthidene
3-St f; C ycling
Denaturation 94°C/20-60sec

Annealing 50°C/20-60sec

Extension 72 C/1min/kb
Number of cycles: 35
One Cycle

Final extension | 72 C/5min

hG-CSF was amplified using 1~2 @l of first PCR product as template, which was
amplified by ONE-STEP PCR method (Table 2), based on 50 wl of total reaction
10 volume with primers of SEQ ID NO: 32 and SEQ ID NO: 33, wherein SEQ ID NO:
33 was labeled with fluorescence (CyS5 or different kind of fluorescence).
Asymmetric PCR which has a big difference in addition ratio of forward primer
(SEQ ID NO: 32) and reverse primer (SEQ ID NO: 33) from 1:5 to 1:10 was
secondarily performed to obtain final amplification products.

15

GAPDH can be also obtained by labeling reverse primer V(SEQ ID NO: 31) with

fluorescence to perform an amplification reaction, as described the above.
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directly anplified from RNA by carrying out an
anplification reaction under thecondition described in

WO 2a51083939 GAPDH was anplified using prinmers oPCBER20/000300
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NO 30 and SEQID NGO 3 1 and it was used as a control
for RNA anplification. Table 5 Table 6 hG CSF was
anplified using 1-2 m of first PCR product as

tenpl ate, which was anplified by ONE- STEP PCR net hod
(Table 2), based on 50 mof total reaction volume wth

r| mer s of SEQ I D I\IO 32 and SEQ ID NO. 33, whergein
Prepara A ghimmfan applyineto-diagnesis of patients and

f [eqt ki nd_of fl uorescence) AsymTetrl ¢ PCR which
ﬂ&@-&bﬁﬂ&ence in addition ratio of forward
primer (SEQ ID NO 32) and reverse prinmer (SEQ ID NG
33) from1:5 to 1:10 was secondarily perforned to
PN A dhip ivoad bdd bgahi-angReRHUsIobe @R £ FRE48) S8 3X SSC
obt ai ned by Pgéi?gl [ ng9r ever%e primer @Q I D NO 1)b
gpdtting [sobrtescana eohcenpeatioar of ﬁfmuM‘rtHIG i kbt i dihe part marked with a
reaction, as described the abqve. Exanpl e 11:
Plugsapate s 16+ 16N thategigmen a\épvlypr@eﬁ indicatingmeanseppre located.
patients and hybridization results DNA chip was
prepared by m xi ng each probe (E2E4a and E2E4b) in 3X
DR PR o Mo el M (BRIl AR S Jrlers of SEQ

b eNOeQDDﬁlnd) ISBQIIDhNO:ob® svéradiytaidingl eatiee DNAechip according to
| ocat ed. PCR products from nornmal individuals and

Paample § %ndJEiXﬁm@&ﬁ Qs(Hg. prS)mede islentifiQal ntol fep the@xperiment,

%ﬁi %P]tl g(t\ﬁglrﬁ%%}/rgérléwgﬁ& ]g?}_; 35’;1%1@ gﬁé)ID lﬂp 31 were also
LAY, Al S T o SR TG ds, e

éllii)@lcals show signals in probes indicating cancer.

As shown in FIG. 15, as a result of application of DNA chip for cancer diagnosis
according to the present invention to diagnosis of patients, it was confirmed that
probes for cancer diagnosis according to the present invention are excellent as a

diagnostic cancer marker on the prepared DNA chip.

INDUSTRIAL APPLICABILITY

As described and proven above in detail, the present invention provides an
oligonucleotide essentially containing a nucleic acid sequence of a splice junction
site having the 3’-terminal end of exon 2 region linked to the 5’-terminal end of
exon 4 region of a G-CSF gene, a diagnostic kit for cancer diagnosis containing the
oligonucleotide and a method for diagnosing cancer using the nucleic acid molecule.
According to the present invention, cancer can be quickly and exactly diagnosed

using variation of a G-CSF gene.
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hybri di zed. Applied patients were shown in each

figure. In FIG 15, purple ellipticals show signals in
wopewhe3w2y ndi cati ng cancer. As shown in FI G 1BCT/&R2607/000300

result of application of DNA chip for cancer diagnosis

according to the present invention to diagnosis of

patients, it was confirmed that probes for cancer

di agnosi s according to the present invention are

excel l ent as a diagnostic cancer marker on the

prepared DNA chip. I NDUSTRI AL APPLI CABI LI TY As

Adthongh ed spevifip ramkodinizot fi the deresérit, invhetipn dwerhieen described in

inventjon provides an oligonucleaqtide essentially. .

defatlait %@gslﬁﬁﬁ@cmeﬂte arti Wik cppeeriateothat thyy dggeription is merely a

. , . hayi he 3 - Coal e
PUIEER T RARIS AR 875l GRETRA Ny S ielt e presen

5 ﬁ{veﬁti&l?sﬁhaﬁ,%e sab%ﬁﬁg%b}oe dfithe pRéschBRN1iBh ABMOBE defined by
contal ning the oligonucleotide and a nethod for

diecprogipagyimgrdsimssidepiihalentsaheicof.aci d nol ecul e.
According to the present invention, cancer can be

qui ckly and exactly di agnosed using variation of a

G CSF gene. Al t hough a specific enbodi nent of the
present invention has been described in detail, those
skilled in the art will appreciate that this
description is nmerely a preferred enbodi nent and is
not construed to limt the scope of the present

i nvention. Thus, the substantial scope of the present
invention wll be defined by the acconpanying clains
and equi val ents thereof. THE CLAIMS What is Cained is:
1. An oligonucleotide for diagnosing cancer,
essentially containing a nucleic acid sequence of a
splice junction site having the 3 -term nal end of
exon 2 region |inked
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to the 5 -termnal end of exon 4 region of a
granul ocyte colony stinulating factor gene. 2. The

woabd7gesmel eoti de for di agnosi ng cancer accor dPATKR2007/000300
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claim11, which essentially contains nucleic acid
sequences of SEQ ID NGs: 1 or 2. 3. A diagnostic kit
for cancer diagnosis, containing the oligonucleotide
claims 1 or 2. 4. The diagnostic kit for cancer

di agnosi s according to claim4, wherein is preferably
a diagnostic kit for assessing the state of cancer
progressi on whi ch addi ti cFHE ¢I1cAKMSi ns an

ol i gonucl eoti de essentially containing sequences of a
part or the entire region of the exon 3 region of

ggﬁ ne. 3 .The diagnostic kit for cancer diagnosis
3 '8%2'@"%‘8 &'aim 4, wherein said oli gonucl eoti de

essentially contains nucleic acid sequences of SEQ ID

NGs: 1 or 2. 6. The diagnostic kit for cancer

di aghoBgenateniddi fog diagmdstgneancenhessentialdpicdntaitingsa nucleic acid
mcroarray. 7. A nmethod for_ diagnosing cancer, the L
pequUende obaplies mcting site duyings the 3ajtersninal endgf axan Zsegion linked
nucl efc aci.d sanpl e froma manmml bi ol .ogi cal .sanpl.e; . .

e pfSTRRA okl BERTRfHT88IOn Qo SHNHIBFHS Folon Shmplating factor
ggﬁlé c) detecting oligonucleotide containing a nucleic

Cid sequence of a splice junction site having the
3'-termnal end of exon 2 region linked to the

5 -termnal end of exon 4 region of a GCSF gene, in
2h€he otigofiydleatideafop ldeagm®siripheancet dwedrdiog toickgmok,iwlgich essentially
cancer accqrding to claim7, wherein the step (c)
59@@@8&510@‘1% aeidaseAuenges 0?185& 1R Nfschosenul t aneousl y

detects an oligonucl eotide containing sequences of a
part or the entire region of the exon 3 region

Bogedikghostic kit for cancer diagnosis, containing the oligonucleotide claims 1 or 2.

4. The diagnostic kit for cancer diagnosis according to claim 4, wherein is
preferably a diagnostic kit for assessing the state of cancer progression which
additionally contains an oligonucleotide essentially containing sequences of a part

or the entire region of the exon 3 region of G-CSF gene.

5. The diagnostic kit for cancer diagnosis according to claim 4, wherein said

oligonucleotide essentially contains nucleic acid sequences of SEQ ID NOs: 1 or 2.

6. The diagnostic kit for cancer diagnosis according to claim 3, wherein said kit is

microarray.

7. A method for diagnosing cancer, the method comprising the steps of:
(a) obtaining a G-CSF nucleic acid sample from a mammal biological sample;

(b) amplifying the obtained G-CSF nucleic acid sample; and
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with an ol igonucl eotide containing a nucleic acid
sequence of splice junction site having the

wO0 3007108309 nal end of exon 2 region |inked to tRET/KR2007/000300

10

5 -termnal end of exon 4 region of a G CSF gene, in
the anplifying sanple. 9. The nethod for diagnosing
cancer according to claim7 or 8, wherein said

ol i gonucl eoti de essentially contains nucleic acid

sequedCéstedtingSblsbhudiéstidel clitathing a nucleic acid sequence of a splice
junction site having the 3’-terminal end of exon 2 region linked to the 5’-terminal

end of exon 4 region of a G-CSF gene, in the amplifying sample.

8. The method for diagnosing cancer according to claim 7, wherein the step (c)
preferably contains the step in which simultaneously detects an oligonucleotide
containing sequences of a part or the entire region of the exon 3 region together
with an oligonucleotide containing a nucleic acid sequence of splice junction site
having the 3’-terminal end of exon 2 region linked to the 5’-terminal end of exon 4

region of a G-CSF gene, in the amplifying sample.

9. The method for diagnosing cancer according to claim 7 or 8, wherein said

oligonucleotide essentially contains nucleic acid sequences of SEQ ID NOs: 1 or 2.
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