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Di agnosi s- of early gastric cancer Field of the invention 5 The
present invention relates to diagnosis of stomach cancer and concerns
in specific a nethod for detection of gastrilc carcinoma at a
premal i gnant phase by detecting cycl ooxygena- - se-2 expression in a
pati ent sanpl Biagnogispaékgasdidgastrie FAREREI on Gastric cancer is
one of the nost frequent and |lethal malig- nancies in the world

(Col eman et al ., 3992). It is the fourth nost conmon mal i gnancy in
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mal i gnanci es in Finland (Cancer Incidence in Finland 1994. Finnish

Cancer Regi strLy; | sinki,.1996 arly detection of _.stonach, cancer is
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Pat hogenesi s 88-§aSEPFesEafReini 8 BBRHPEE &ABPLAeonpl etely 25 understood,

but in the case of intestinal type certain precursor changes, such as
chronic rophi c, gastri.tig, . intestinal netaplasia, and epithelia
dysplasiib ha@ﬁcbgﬁﬂ“nd °§a§§80FﬁYﬁﬁt%PPh the disease (Antonioli, 1994). In
contrast, the diffuse type | acks well-recogni zed precursor |esions. 30

Since a diffe ' l.on_o0 enet L¢_changes_hav een found.in
t hese two his?ggkﬁgggpkgéé%sgfné?gt§gegﬁgfm§§gt?ngugng 83ﬁcé?Fh?geVaﬁﬁ9'
possess diff enanciganahi theawkgiduhBeleman €8t efmpr hBA)et I&l is tB84fourth
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shared by these two 35 gastTic adenocarci nona tyges are ought to

represen 5t ho@gdles, and accounts for 5 % of all malignancies in Finland
(Cancer Incidence in Finland 1994. Finnish Cancer Registry,
Helsinki, 1996). Early detection of stomach cancer is diffi-
cult, and in most western countries the five year survival
rate is less than 20 % (Wanebo et al., 1993). More than 90 %

20 of stomach cancers are adenocarcinomas, which are divided

into intestinal and diffuse types by the Laurén classificati-

on (Laurén, 1965).

Pathogenesis of gastric cancer is complex and incompletely

25 understood, but in the case of intestinal type certain
precursor changes, such as chronic atrophic gastritis,
intestinal metaplasia, and epithelial dysplasia, have been
associated with the disease (Antonioli, 1994). In contrast,
the diffuse type lacks well-recognized precursor lesions.

30 Since a different combination of genetic changes have been
found in these two histologically distinct types of gastric
cancer, they may possess different genetic backgrounds
(Stemmermann et al., 1994; Tahara et al., 1996). However,
malignancy related genetic changes shared by these two

35 gastric adenocarcinoma types are thought to represent those
that appear already at the premalignant phase of the disease
(Tahara et al., 1996).
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ry prostanoid, thromboxane, by the platelets. In contrast,

20 Cox-2 is an inducible immediate-early gene, and its patho-
physiological role has been connected to inflammation,
reproduction, and carcinogenesis.

Recent studies suggest that Cox-2 is connected to colon

25 carcinogenesis and may thus be the target for the chemopre-
ventive effect of NSAIDs: i) genetic disruption of Cox-2 gene
or treatment with a Cox-2 specific drug suppress the polyp
formation in a mice model for FAP (Oshima et al., 1996), ii)
overexpression of Cox-2 in rat intestinal epithelial cells

- 30 alters their rate of programmed cell death and their adhesion

to the extracellular matrix (Tsujii et al., 1995), and iii)
two different Cox-2-selective inhibitors suppress chemically
induced aberrant crypt foci in the rat colon (Takahashi et
al., 1996; Reddy et al., 1996). Further, elevated levels of

35 Cox—z mRNA and protein, but not those of Cox-1, are found in
chemically induced rat colon carcinoma tissues (DuBois et

al., 1996) and in human colon carcinoma, when compared to
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30 the stompghsi8So¥etlxas hRufrave gastric dysplasias (which are
hi ghly prenallgggﬁt ° ?oun el evated | evel s of Cox-2 MRNA, but not

t hose ofl%®ox-1, in hunan gastri c adenocarci nona
Normal gastrointestinal tissues contain almost exclusively

the Cox-1 isoform, and no functional Cox-2 protein was found
in healthy stomach tissue (Kargman et al., 1996). éome Cox-2
mRNA may, however, be detected with more sensitive methods

20 than the traditional Northern blot hybridization assay of
total RNA, e.g. with RT-PCR (see 0'Neill and Ford-Hutchinson
1993, and Figs 2 and 4 in the present work).

25 Description of the invention

Since it is not known, whether Cox-2 is present in gastric
cancer tissues in vivo, or in premalignant lesions of gastric
carcinoma, we studied its expression in adenocarcinomas of

30 the stomach, as well as in grave gastric dysplasias (which
are highly premalignant). We found elevated levels of Cox-2
mRNA, but not those of Cox-1, in human gastric adenocarcinoma
tissues and grave dysplasias of the stomach. However, the
expression of Cox-2 was not elevated in mild dysplasias that

35 rarely transform to malignancies. In gastric carcinoma, Cox-2

protein was primarily localized in the cancer cells.
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Shown the surroundlng stroma, as detected by immunohistochemistry.

20 Importantly, grave gastric dysplasia specimens that represent

premalignant lesions are strongly Cox-2 positive. This
suggests that Cox-2 may be used as diagnostic marker of early
gastric carcinoma, and in determination of the severity of
premalignant lesions.

25

Egpression of Cox-2 in human carcinomas seems, at least so
far, to be restricted to the gastrointestinal tract. However,
as colon carcinoma and stomach carcinoma are both epidemiolo-
gically, morphologically and genetically distinct diseases,
30 the fact that elevated levels of Cox-2 mRNA and protein have
been found in rodent and in human colon carcinoma tissues,
does not give any indication of their role in gastric tis-
sues. The fact that one gastric carcinoma cell line was shown
to express high steady-state levels of Cox-2 mRNA, is neither

35 any indication of its role in early gastric cancer in vivo.

The objective of this invention is to develop a method for

diagnosis of early gastric carcinoma, which method comprises
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are either formalin fixed (for immunohistochemistry) or

frozen in liquid nitrogen and stored in -70°C (for mRNA

assays).

20
Cox-2 mRNA can be conveniently detected from said patient
samples using methods known in the art. For instance, Nort-
hern blot analysis was shown by us to be extremely specific,
and when combined to RT-PCR also very sensitive.

25
Cox-2 protein detection can be conveniently carried out from
said patient samples using e.g. immunchistochemistry, which
in addition to detection of Cox-2 expression shows the
localization of the protein.

30

The present invention also provides test kits for carrying
out the diagnostic method of the invention. Thus a kit for
detection of Cox-2 mRNA expression comprises RNA or poly-
A+mRNA isolation reagents, Cox-2 specific primers for RT-PCR

35 and cDNA fragments for making either DNA or RNA (both sense
and antisense) probes.
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probes for human Cox-1 and Cox-2 and with GAPDH as the
loading control.

Fig. 1B. Ratio of Cox-2 mRNA to GAPDH mRNA is shown. Values
20 {means*SEM) in the graphs represent the ratic of Cox-2 mRNA
to GAPDH mRNA calculated from the arbitrary densitometric
units, which indicate that gastric carcinoma tissues expres-
sed significantly higher levels of Cox-2 mRNA than did the
control samples (P<0.05).
25 _
Fig. 1C. Ratio of Cox-1 mRNA to GAPDH mRNA is shown. Values
(means*SEM) in the graphs represent the ratio of Cox-1 mRNA
to GAPDH mRNA calculated from the arbitrary densitometric
units. Cox-l mRNA levels were not elevated in the carcinoma
- 30 tissues.

Fig. 2. Cox-1 and Cox~2 mRNA levels were detected by RT-PCR
in gastric carcinoma specimens (identified as b) of the cases
1, 5, 9, and 10 and from their respective controls that were
35 devoid of cancer cells (a, antrum; ¢, corpus). Total RNA was
first reverse transcribed. Then the ¢DNA samples were ampli-
fied with PCR using isoenzyme specific primers for human Cox-

1l and Cox-2. Finally, the PCR products were analyzed and
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Dysplastic glands (black arrows) were positive for Cox-2,

15 whereas normal glands (white arrows) were negative.

Fig. 4A. Cox-2 mRNA levels were detected by RT-PCR in gastric
specimens with mild dysplasia and from their respective
controls that were devoid of dysplasia. Procedure: see Fig.

20 2. The graph shows PCR cycle titration of Cox-2. The cycle
number 40 was used in the Fig. 4C.

Fig. 4B. The graph shows PCR cycle titration of GAPDH. The
cycle number 28 was used in the Fig. 4cC.

25
Fig. 4C. The graph shows the ratio of Cox-2 mRNA to GAPDH
mRNA. There was no statistical difference between mild
dysplasia (Dysplasia I) samples (453+125, mean*SEM) and their
respective controls (424+90).

30
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wer e obt ai nedmRNAamM anhessegget ORNAN{r 2Bonucbeposacidl0). All stomach
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and three of TPPhcs STFOSFELEsnyders PRI te ARSI EF " he came

pat hol ogi st. SDS sodium dodecyl sulfate
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Patient Samples. Twelve gastric adenocarcinoma (Table 1) and
twelve ovarian carcinoma specimens of mucinous histology were
obtained from surgically removed tissues that were frozen in
liquid nitrogen, and stored at -70°C until analysed. One case

20 of gastric carcinoma, because it showed strong autolysis in
histological examination, was excluded from analysis. In the
case of gastric carcinoma, paired samples of gastric mucosa,
which contained no macroscopic tumor tissue or histologically
detectable cancer cells were obtained from antrum (n=10) and

25 corpus (n=10). All stomach cancers were primary adenocarci-
nomas, of which eight were intestinal and three of diffuse
type (Laurén, 1965) as evaluated Sy the same pathologist.
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and Northern Blot Analysis. Total RNA was i sol ated by the nethod of
Chontzynski and Sacchi (1987) with RNAzol [err] B reagent (Tel-Test,

Fri endswood, TX) and quantita- ted by absorbanq_‘e at 260 nm RNA
sanples (15 [err]g) were denatu- 5 red in 1 Mglyoxal, 50 %

di et hyl sul f oxi de, and 10 mM phosphat e buffer & 50[err]C for 60 mn,
el ectrophoresed t hrough an 1.2 % agarose gel, ghd transferred to
Hybond- N nyl on menbr anes (Anersham I nternationagl, Aul esbury, UK),

whi ch were then UV irradiated for 6 mn with adeprostar Il W illu-
10 m nator (Camag, Miuttenz, Switzerland). PurifiedncDNA frag- ment s
of human Cox-1 ORF (1.8 kb), Cox-2 ORF (1.8 kb), and

gl ycer al dehyde- 3- phosphat e dehydrogenase (GAPDH, 0. & kb) were | abel ed
with [[err]P]-[err]-dCTP (3000 G /muol, DuPont, Newtngl and Nucl ear,
Boston, MA) and the Prine-a-Gene kit (Promega, 15 Hvadi son, W). Probes
were purified wth nick colums (Pharnma- cia, @psala, Sweden) and
used at 1 x 10[er®] cpmm in hybridi- zation | ution containing 50 %
formamide, 6 x SS§ (1 x S & E0.15 MMad and 0.GL5 MNa citrate, pH
7.0), 0.1 % Ficol [ < &1 3op8lyvigyl @rroli done,€ 0. 1 % bovi ne serum
albumin, 100 20 & ers BotB hErrEng~sBesi'DNA, 100 [frr]g/m yeast RNA, and
0.5 % sodi unBdote&yE-Sul at € EFSDB)ER 42[err]C%or 16 h. Filters were
washed threestines with 0.1-1 x SSC and 0.1 % SDS atw 50[ err] C.

Northern blats were quantitated with Fujifil mI|P-Reager Bio- | magi ng
Anal yzer BA% 1500%(Fuji Photo Co., Tokyo, Japan) 4nd’ 25 .the MacBas
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Rever se TMamssiset ase- Pol ynerase Chain Reaction (RT-PCR): PCT/FISBEZE RNA (1
[err]g) was converted to cDNA with Superscript 11 30 (Li fe Technol ogi es,
Gai t hersburg, MD) with both oligo-dT (Pharmaci a) and random hexaners
(Life Technol ogies). To obtain sem -difhntitative results, three
paranmeters were nunber of cycles, concentration of priners,

and annBYR; & §°§éﬁﬂ8Pa?BseN°TﬁBeEEhﬁ}PE pBRRLYFiSnalobeR BNBI FRSed in 35
100 [err]I rea&la&adnbytune inBgho@ob¥Facheficzfnakl Taha- sebchpH( 1987 )8w8+n50

mM KO, 0.2 p cox-.1 r X-2)
of sense and glen erﬁﬁQ%ﬁ’ngéﬁs&eﬁgk F%FendS%ogp. nggffhegﬁkgfgggﬂ of
Dynazyne || BHA BglpbspabenCE|BMZ960 nm. ROAOSAADHBES (15 Hg) were denatu-
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Flnland)é Forgghe exp ergﬁgoxalf EO 5 glmﬁthYlSUlfﬁ§ é% mng g%ppmfled for
8
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extended at 72[err]C f anal b 2 %

agar ose gel BEBOE ?AmernhP@sF§thga§%HPBFu i@ﬁPHEYstHK vn&hl?Hewere
anplified pr@ﬁu@tgv 1rrauaaeequaarlsamed wnth a heghopeafommauve1¢ED-canera
( Cohu 4910 h| Di.eqo,

CA) andlanthméga% ggﬁghg SQungPwarew%gé %gﬁgPp BuE a&a gﬁA FF%ET VD)
on a NBC|ntombnmsrsdnahmannﬁakeﬂ ORF (1.8Thb)RTCBERZ2pOBEedar8 kbon,t badFig.
4A and Fig. - \ Vv cles
I ndi cat ed weéQng&a& ?%%Q o ghogﬁka@esugﬁgﬁ égngggn%sAﬁéﬂe o E kgg wefe

| mrunohi st oc hakededy withsd{ EISQhﬁmﬁg’W@ﬁéofﬂ%é@mpﬁ 10ufpnt, New England
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per oxi de forc:ia muppaad aaf Seedehat and nsed at 1 malOfoapm Al ubn (oyBgidbvi ne
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Cox- 2 0.1 % polyvinylpyrrclidone, 0.1 % bovine serum albumin, 100

20 pg/ml herring sperm DNA, 100 pg/ml yeast RNA, and 0.5 %
sodium dodecyl sulfate (SDS) at 42°C for 16 h. Filters were
washed three times with 0.1-1 x $SC and 0.1 % SDS at 50°C.
Northern blots were gquantitated with Fujifilm IP-Reader Bio-
Imaging Analyzer BAS 1500 (Fuji Photo Co., Tokyo, Japan) and

25 the MacBas software supplied by the manufacturer and visuali-
zed by autoradiography.

Reverse Transcriptase~Polymerase Chain Reaction (RT-PCR).
Total RNA (1 ug) was converted to cDNA with Superscript II

30 (Life Technologies, Gaithersburg, MD) with both o0ligo-dT
(Pharmacia) and random hexamers (Life Technologies). To
obtain semi-quantitative results, three parameters were
optimized: number of cycles, concentration of primers, and
annealing temperature. The cDNA (4 pul) was PCR amplified in

35 100 pl reaction mixture that contained 10 mM Tris-HCl, pH
8.8, 50 mM KC1, 0.2 mM dNTPs, 1.5 mM MgCl, 0.2 pg (Cox-1) or
2 png (Cox-2) of sense and antisense primers (Ristimdki et

al., 1994), and 2.5 U of Dynazyme II DNA Polymerase (Finnzy-



25 pepti de Waos/smaen Chenical Co., Ann Arbor, M) in a dil uti ACTHIS/00238
1:300-1: 600 at 4 [err]C overnight. The sections were thereafter

treated with biotinylated secondary antibodies in a dilution of 1:200
(Vector Laboratories, Burlingame, CA) and anttBody bi nding sites were

finally visualized by aV|d|n blotl per- oxi dase co . solutjon
( ABConpl ex, Vect®8d-aiFEPRRctiginlan a’fq'tﬁ erifent B Fig” 2 the
3- ami no- 9- et hyl cs'ﬁnt;ﬁlzené avdrs gmpﬂmmcrafor 30 (anx -5} .ot @2 S(CdE)2) Tdgcles of
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cal cul ated 4/a'tch tdwx ¥ ) cfoon JignedRbrdxtesded antl F20C Ofomeas m:mect ed

?nsaatng gEﬁ/f at ISS ti Cal@%&,ﬁ:i%gl fﬂl&ﬁ ntwé/raé uaenat §|rz|e ek%lrj li S% aargeagohsoe gel electropho..

PCT/ FI1 98/ 00238 resis and ethidium bromide stainingl?r'he amgESEidd® products

Gastri : . )
Cox. 2 nRNA ¢ han TiE T SREEE ALY Mt s YomhdiSl cop SR (Eon

cancer cells, ast¥d esrmied Wi tarerghip oxntegrmtymmdlqmu olng Fi gSan Nieghe
Cox-2 transcri ptea yeika %ﬂﬁ%n Im%}@?'%ﬁﬁéi@'ﬁ%r@'ééfﬁe Frede-

adenocarci nomas. Level s of not correlate with
proportion & ca&kFhoMP) on3 @@f‘euf‘ﬁ’ﬁrhep%‘b%‘?ﬂ%rﬁo.m@fbe.r'lB shows t hat

gastric carcinona 10 ti ssues expressed significantly hi gher | evel s of

Cox-2 nmRNA he con rol anp ) |n Fi
Level s of Cox- 1 E%"g éjt‘pésp%qee %d";'}gﬁ t%g %’éﬁlg' cgarr:z.éd
ti ssues, when cmmaraasj d&s¢m¢®\ﬁb®ren Hclnmver,esthe cycxmtlnda.m&d ofsre

15 Three gasiiiC-£RLs) ngﬁ@ ;@gﬂd)ﬂ r% 0)4&Xxpressed
| ow | evel s of Coal>s<é2 MRNA as tecte ﬁ/ tzﬂéje rthern beg1 assay (Fig.

1A). To furk’her evaluate the |evel of Cox-1 and Cox-2 expression in
these sanpl es, W&m%mmwzonsw@r&&ﬁ@iéyenéﬁe RRkedV ik sonpl e

number 1 as a PORLiiNe pureSfl "Rbimd¥s AN Wbidad Gin Hadd Bl d! | Qa2 2

{appr. 5 pm), deparaffinized and microwaved for 15 min in 0.1
M Na-citrate buffer (pH 6.0). The slides were then immersed
20 in 0.6 % hydrogen peroxide for 30 min and after that in nor-
mal goat serum (5 %)/bovine serum albumin (10 %) for 1 h to
block endogenous peroxidase activity and unspecific binding
sites, respectively. Immunostaining was performed with a
rabbit polyclonal immunoglobulin G against a mouse Cox-2
- 25 peptide (Cayman Chemical Co., Ann Arbor, MI) in a dilution of
1:300-1:600 at 4 °C overnight. The sections were thereafter
.treated with biotinylated secoﬁaary antibodies in a dilution
of 1:200 (Vector Laboratories, Burlingame, CA) and antibody
binding sites were finally visualized by avidin~biotin per-
30 oxidase complex solution (ABComplex, Vectastain, Vector
Laboratories) and 3-amino-9-ethylcarbazole (Sigma Chemical
Co., S8t. Louis, MO). The counterstaining was performed with
Mayer's hemalaum (Merck, Darmstadt, Germany).

35 Statistical analysis. Statistical significance was calculated
with the Wilcoxon Signed Rank test, and P<0.05 was selected
as the statistically significant value. All results are shown
as means*SEM.
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sanpl es that contained no cancer cells. 25 As shown in Fig. 3A
i mmunohi st ol ogi cal staining with Cox-2 speci fic polyclonal antibodies
showed cytoplasmc staining in the canlcer cells (black arrow), but not

in the surroundiﬂg stroma (white arrow). Wien normal rabbit 1gG was
used as BF§ F§ anti body, tissue sections exhibited no staining (Fig.
30 3B). Inportantly, Figs 3C and 3D show that grave gastric

dyspl asi a spec¢j_nens fr . epar pati.en [ LN Wth the
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col orect al_ adenomas and adenocarci nomas. Gastroenterol ogy, 107:
1183- 11882 1994.

Three gastric carcinoma samples (numbers 5, 9, 10) expressed
low levels of Cox-2 mRNA-as detected by the Northern blot
assay (Fig. 1A). To further evaluate the level of éox—l and
Cox-2 expression in these samples, we performed a semi-

20 guantitative RT-PCR, with sample number 1 as a positive
control. As shown_in Fig. 2, the ratio of Cox-2 mRNA to Cox-1
mRNA was higher in carcinoma samples than in paired antrum or
corpus samples that contained no cancer cells.

25 As shown in Fig. 3A, immunohistological staining with Cox-2
specific polyclonal antibodieé showed cytoplasmic staining in
the cancer cells (black arrow), but not in the surrounding
stroma (white arrow). When normal rabbit IgG was used as
primary antibody, tissue sections exhibited no staining (Fig.

30 3B). Importantly, Figs 3C and 3D show that grave gastric
dysplasia specimens from two separate patients were stained
with the Cox-2 antibodies. Dysplastic glands (black arrows)
were positive for Cox-2, whereas normal glands (white arrows)
were negative. The normal rabbit IgG did not show positive

35 staining (not shown).
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C ai ms wo odaishpt hod for determ nation of the significanggygfiosmobysst ol o-
gically detected premalignant lesion as a risk for gastric 5 cancer or:
carcinoma in situ, conprising detecting froma patient sanple

a) cycl ooxygenase-2 (Cox-2) nmRNA expressi omng or b) Cox-2 protein or

Its activity; overexpression of Cox-2 indicatin for
gastric 10 ochains 2. Method according to cl g}"{m mtmﬂi llt‘lllzed in
that the patient sanple to be detected is a biopsy or & brush sanple.
15 3. Method according to claim1l or 2, characterized in that

det ection of ICoMethelferetermindtiammef etherigrificance Nf tohdvis oot~
In situ, RNagficPéPil\gC&é@ébtéH ﬂé&ﬁié&%@@ lesidf QW £1USSsk O£k ?HEWE?}:E I on
2 4. In at

t her eof . t hod according t laim1l or 2, characterize
det ecti or of TIHCET PHIERFCIRORHER e‘blj-fabt usi ng poly- or nmonocl onal

anti bodi es, pephpLesHasede Bt NS SErdi D! pLHOIuIet esample Ot i de based assays.
25 5. A d| agnosti c klt for carr&}r/%g%g out _ti])e nmet hod accordl ng to claim

3, conprising RN2brEXs (GB4 b JYER LXPTesSEQR.H Wpeci f | c
prinmers for RT-P@E acmk-ez)l\#rdtagtram sifractivimgki ng ei ther DNA or

pr obes. 30 6. A diagnpstic kit for, carryin out t he tho cord|
claim4, confPYeFTPITTELE i 1% %oﬁﬁ%%%'g% egﬁ tqatﬁ)tgq
speci fi cipepteassemi th binding affinity to Cox-2, or ollgonucleotldes
with binding affinity to Cox-2.
2. Method according to claim 1, characterized in that the
patient sample to be detected is a biopsy or a brush sample.

15 3. Method according to claim 1 or 2, characterized in that
detection of Cox-2 mRNA expression is carried out using
Northern blot, in situ, RNase protection, or RT-PCR. based
techniques, or a combination thereof.

20 4. Method according to claim 1 or 2, characterized in that
detection of Cox-2 protein is carried out using poly- or
monoclonal antibodies, peptide based analysis, or oligonucle-
otide based assays.

25 5. A diagnostic kit for carrying out the method according to
claim 3, comprising RNA or polyA+mRNA isoclation reagents,
Cok—z specific primers for RT-PCR and cDNA fragments for
making either DNA or RNA probes. |

30 6. A diagnostic kit for carrying out the method according to
claim 4, comprising Cox-2 specific polyclonal or monoclonal
antibodies, specific peptides with binding affinity to Cox-2,
or oligonucleotides with binding affinity to Cox-2.



