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Expression of Metastasis-related Genes in Surgical Specimens
of Human Gastric Cancer can Predict Disease Recurrence
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It was determined whether the expression level of several genes that regulate diVerent steps of

metastasis in formalin-®xed paraYn-embedded archival specimens of human gastric cancers corre-

lated with disease recurrence and metastasis. The steady-state mRNA expression level for epidermal

growth factor receptor (EGF-R), basic ®broblast growth factor (bFGF), E-cadherin, type IV col-

lagenase and multidrug resistance (MDR-1) were examined by a colorimetric in situ hybridisation

(ISH) technique, concentrating on reactivity at the periphery of the lesions. All patients were operated

on for cure. 15 cases were disease-free and 10 had disease recurrence by 4.5 years after resection of the

primary tumours. The expression of EGF-R and bFGF type IV collagenase was higher and expression

of E-cadherin was lower in the disease-recurrence cases than in the disease-free cases. The ratio

between the expression level of collagenase type IV and E-cadherin at the periphery of the surgical

specimens diVered signi®cantly between the disease-free cases and the recurrent-metastatic cases.

These data show that multiparametric ISH analysis for several metastasis-related genes may allow

prediction of disease recurrence of gastric cancer. # 1998 Published by Elsevier Science Ltd. All

rights reserved.
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INTRODUCTION

The prognosis and design of therapy for patients with gastric

cancer, as well as the determination of disease recurrence and

metastasis, are based on clinical staging and histopathological

classi®cation [1±4]. However, routine microscopic examina-

tion of tissue sections from the primary neoplasm and lymph

nodes cannot always identify the patients at highest risk of

recurrence [5]. Recent advances in the understanding of the

molecular regulation of cancer metastasis and the design of

molecular diagnostic tools have provided new procedures

with which to predict the malignant potential of individual

human cancers [6].

The process of metastasis consists of sequential and selec-

tive steps that include proliferation, induction of angiogen-

esis, detachment, motility, invasion into the circulation,

aggregation and survival in the circulation, cell arrest in

distant capillary beds and extravasation into the organ

parenchyma, response to local growth factors, induction of

angiogenesis, and proliferation [6]. The outcome of meta-

stasis is determined by multiple interactions between meta-

static tumour cells and host factors [7, 8]. To produce

clinically relevant metastases, tumour cells must complete all

steps in the metastatic cascade [6±8]. Thus, the failure to

produce a metastasis can be due to diVerent single or multi-

ple de®ciencies [9].

The metastatic potential of neoplasms has been correlated

with the expression level of several independent genes that

regulate cell growth: epidermal growth factor receptor (EGF-

R) [10±18], basic ®broblast growth factor (bFGF) [19, 20],

invasion, type IV collagenase genes [21±26] and multidrug

resistance (MDR-1) [27±31]. There have also been several

reports that the expression of E-cadherin, which is directly

related to cell-to-cell cohesion, is inversely correlated with

tumour progression and metastasis [32±37]. Most of these

correlative studies reached the inevitable conclusion that the

expression of a given gene is necessary but insuYcient to

account for the multistep process of metastasis [38].
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Because each of the discrete steps in the pathogenesis of

metastasis is regulated by one or several independent genes,

the identi®cation of cells with metastatic potential in hetero-

geneous primary human tumours requires multiparametric-

multivariate analysis of gene expression [6].

We have recently developed a rapid colorimetric in situ

hybridisation (ISH) technique for the evaluation of gene

expression in formalin-®xed paraYn-embedded surgical spe-

cimens [39±43]. This technique was used to study the

expression level of several genes that regulate diVerent steps

in cancer metastasis. Analysis of 25 archival specimens of

human gastric cancers suggests that the expression level of

some metastasis-related genes at the periphery (invasive

edge) of the lesions can predict disease recurrence and

metastasis.

MATERIALS AND METHODS

Surgical specimens

Twenty-®ve formalin-®xed, paraYn-embedded archival

surgical specimens of primary gastric cancers from patients

treated at Saitama Medical School were chosen at random.

The specimens were staged according to the UICC TNM

pathological classi®cation of malignant tumours [1±4]. All

stage II and III tumours were operated on `for cure'. The

margins of these neoplasms were free of tumour cells. The

neoplasms were evaluated to determine if the expression

pro®le of the metastasis-related genes correlated with the

development of recurrent disease or metastasis at any point in

the 4.5 years after resection of the primary tumour. None of

these patients received adjuvant therapy. Only specimens

with intact mRNA were evaluated for expression of the

metastasis-related genes.

Oligonucleotide probes

Speci®c antisense oligonucleotide DNA probes were

designed complementary to the mRNA transcripts of EGF-R

[44], bFGF [45], collagenase type IV [46], E-cadherin [47]

and MDR-1 [48], based on published reports of the cDNA

sequences. The speci®city of the oligonucleotide sequences

was initially determined by a GenEMBL database search

Table 1. Sequence of oligonucleotide probes

Probe Sequence 50±30 (GC content) Working dilution [Ref.]

EGFR GGA0GCG0CTG0CCC0CGG0CCG0TCC0CGG (87.5%) 1:800 [24]

bFGF CGG0GAA0GGC0GCC0GCT0GCC0GCC (85.7%) 1:200 [25]

Type IV collagenase TGG0GCG0ACG0GCG0CGG0CGG0CGG0CGT0GGC (88.9%) 1:200 [26]

E-cadherin

(mixture)

TGG0AGC0GGG0CTG0GAG0TCT0GAA0CTG (62.5%) 1:200 [27]

GAC0GCC0GGC0GGC0CCC0TTC0ACA0GTC (75.0%)

MDR-1

(mixture)

CAG0ACA0GCA0GCT0GAC0AGT0CCA0AGA0ACA0GGA0CT (53.1%) 1:200 [28]

GCA0TTC0TGG0ATG0GTG0GAC0AGG0CGG0TGA0G (60.7%)

Poly d(T)20 1:1000

Table 2. Expression level of metastasis-related genes in human colon carcinomas determined by in situ hybridisation

Histology/

diVerentiation

Follow-up

(months)

mRNA expression indexy
Case no. Stage* EGF-R bFGF Collagenase E-cadherin MDR-1 Metz Recx
1 II Moderately 54 7 4 24 54 46 Ð Ð

2 II Moderately 62 3 78 57 62 73 Ð Ð

3 II Moderately 61 62 68 48 82 54 Ð Ð

4 II Well 59 38 31 34 41 30 Ð Ð

5 II Well 60 63 29 35 37 52 Ð Ð

6 II Poorly 64 82 75 46 54 59 Ð Ð

7 II Poorly 52 52 38 33 30 33 Ð Ð

8 III Well 63 17 46 44 50 38 Ð Ð

9 III Moderately 56 38 25 38 38 46 Ð Ð

10 III Moderately 63 51 47 56 49 67 Ð Ð

11 III Poorly 61 64 60 55 55 42 Ð Ð

12 III Well 61 7 28 83 83 86 Ð Ð

13 III Poorly 60 58 62 38 38 44 Ð Ð

14 III Poorly 62 44 67 64 80 36 Ð Ð

15 III Poorly 54 47 69 50 97 59 Ð Ð

16 III Poorly 6k 56 61 46 38 41 Ð Peritoneum

17 III Poorly 6k 51 51 47 49 54 Ð Liver

18 III Poorly 17k 56 77 60 47 53 Ð Bone

19 III Well 45k 58 66 65 59 46 Ð Peritoneum

20 III Moderately 12k 96 73 96 27 67 Ð Peritoneum

21 III Poorly 29k 58 17 50 48 69 Ð Peritoneum

22 IV Moderately 3k 97 82 41 27 25 Liver Ð

23 IV Well 6k 87 67 54 36 59 Liver Ð

24 IV Poorly 6k 61 86 39 38 39 Peritoneum Ð

25 IV Poorly 13k 78 89 67 58 67 Peritoneum Ð

*UICC TNM classi®cation (stage III including stage IIIA and IIIB). yThe intensity of the cytoplasmic staining was quantitated by an image

analyser and compared with the maximal intensity of poly d(T) staining in each sample de®ned as 100. zMetastasis at the time of diagnosis

(organ site). xSite of disease recurrence. kDeath.
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using the Genetics Computer Group sequence analysis pro-

gram (GCG, Madison, Wisconsin, U.S.A.) based on the

FastA algorithm [49], which showed 100% homology with

the target gene and minimal homology with non-speci®c

mammalian gene sequences. The speci®city of each sequence

was also con®rmed by Northern blot analysis. A d(T)20 oli-

gonucleotide was used to verify the integrity of the mRNA in

each sample [39, 40]. All DNA probes were synthesised with

six biotin molecules (hyperbiotinylated) at the 30 end via

direct coupling using standard phosphoramidite chemistry

[TAG-BBB-(TGA)-BBB] (Research Genetics, Huntsville,

Alabama, U.S.A.) [50]. The lyophilised probes were recon-

stituted to a 1mg/ml stock solution in 10 mM Tris (pH 7.6)

and 1 mM EDTA. The stock solution was diluted with Probe

Diluent (Research Genetics) immediately before use. The

probes and working dilutions are shown in Table 1.

In situ hybridisation (ISH)

ISH was performed as described previously [39±41] with a

minor modi®cation. ISH was carried out according to the

Microprobe manual staining system (Fisher Scienti®c, Pitts-

burgh, Pennsylvania, U.S.A.) [51]. Tissue sections (4mm) of

formalin-®xed, paraYn-embedded specimens were mounted

on Silane-treated ProbeOn slides (Fisher Scienti®c). The

slides were placed in the Microprobe slide holder, dewaxed

(10 min in 60�C oven), and dehydrated with Autodewaxer

and Autoalcohol (Research Genetics), followed by enzymatic

digestion with pepsin [52]. Hybridisation of the probe was

carried out for 45 min at 45�C. The samples were then

washed three times with 2� SSC for 2 min at 45�C. The

samples were incubated with alkaline phosphatase-labelled

avidin for 30 min at 45�C, brie¯y rinsed in 50 mM Tris buVer

(pH 7.6), rinsed with alkaline phosphatase enhancer

Figure 1. ISH analysis of metastasis-related genes in a non-recurrent stage IIIB gastric carcinoma. Hybridisation with a
hyperbiotinylated poly d(T)20 probe con®rmed the integrity and lack of mRNA degradation. A positive reaction in this assay
stains red. The expression intensity of the poly d(T)20 probe was assigned the value of 100. The expression intensity values for

EGF-R, bFGF, type IV collagenase, MDR-1 and E-cadherin were 47, 69, 50, 59, and 97, respectively.
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(Biomedia Corp., Foster City, California, U.S.A.) for 1 min,

and ®nally incubated with the chromogen substrate Fast Red

(Research Genetics) for 30 min at 45�C. A positive reaction

in this assay stains red. Control for endogenous alkaline

phosphatase included treatment of the samples in the absence

of the biotinylated probe and use of chromogen in the

absence of any oligonucleotide probes.

To check the speci®city of the hybridisation signal, the

following controls were used: (a) RNase pretreatment of tis-

sue sections; (b) substitution of the antisense probe with a

biotin-labelled sense probe; and (c) competition assay with

unlabelled antisense probes. A markedly decreased or absent

signal was obtained after each of these treatments.

Image analysis to quantify intensity of colour reaction

Stained sections were examined in a Nikon photomicro-

scope (Nikon, Tokyo, Japan) equipped with a three-chip-

charged coupled device colour camera (HOC205, Hitachi

Corp., Tokyo, Japan). The images were analysed using

the Luzex-SF image analyser (Nireco, Tokyo, Japan).

The slides were prescreened by one of the investigators to

determine the range of staining intensity of the slides to

be analysed. Images covering the range of staining inten-

sities were captured electronically, a colour bar was

created, and a threshold value was set in the red, green and

blue mode of the colour camera. All subsequent images were

quanti®ed based on this threshold. The integrated optical

density (OD) of the selected ®elds was determined based

on its equivalence to the mean log inverse grey value multi-

plied by the area of the ®eld. As the samples were not

counterstained, the OD was due solely to the product of

the ISH reaction. Three diVerent ®elds from the periphery

Figure 2. ISH analysis of metastasis-related genes in a recurrent stage IIIB gastric carcinoma. Hybridisation with a hyperbio-
tinylated poly d(T)20 probe con®rmed the integrity and lack of mRNA degradation. A postive reaction in this assay stains red.
The expression intensity of the poly d(T)20 probe was assigned the value of 100. The expression intensity values for EGF-R,

bFGF, type IV collagenase, MDR-1 and E-cadherin were 96, 73, 96, 67, and 27, respectively.
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of each sample were quanti®ed to derive an average value.

The intensity of staining was determined by comparison

with the integrated OD of poly d(T)20, which was set to

100 [43].

Statistical analyses

TNM stage III patients were classi®ed as having recurring

(metastasis) or non-recurring disease according to the disease

status 4 years after surgery. The Mann±Whitney test was

used to compare the level of gene expression in metastasising

(stage III recurring and IV) versus non-metastasising (stages II

and III non-recurring) tumours for each of the genes individ-

ually (univariate analyses). Discriminant analysis [53] was

performed to obtain the linear discrimination function using

a commercial statistical analysis programme (SAS Institute,

Cary, North Carolina, U.S.A.) [54].

RESULTS

Integrity of mRNA in archival human surgical specimens

ParaYn blocks of 25 specimens were cut into 4mm sections

and stained with haematoxylin and eosin for histopathologi-

cal evaluation, or processed for ISH analysis. The integrity of

the mRNA in each sample was veri®ed using a poly d(T)20

probe. All 25 samples had an intense histochemical reaction,

indicating that the mRNA was not degraded. The specimens

consisted of samples from seven stage II, 14 stage III (A and

B) and four stage IV tumours. All the specimens were adeno-

carcinomas with diVerent levels of diVerentiation. Neither the

location of the primary neoplasm nor the state of diVerentia-

tion correlated with production of metastasis. All patients

were followed-up for a minimum of 4 years. The clin-

icopathological data of these tumours are summarised in

Table 2.

Figure 3. ISH analysis of metastasis-related genes in stage IV gastric carcinoma. Hybridisation with a hyperbiotinylated poly
d(T)20 probe con®rmed the integrity and lack of mRNA degradation. A positive reaction in this assay stains red. The expression
intensity of the poly d(T)20 probe was assigned the value of 100. The expression intensity values for EGF-R, bFGF, type IV col-

lagenase, MDR-1 and E-cadherin were 97, 82, 41, 25, and 27, respectively.
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Expression level of metastasis-related genes in human gastric

cancers of diVerent TNM stages

The expression level of the EGF-R, bFGF, type IV col-

lagenase, E-cadherin and MDR-1 genes was examined at the

periphery of each tumour [55]. The results of the analyses are

summarised in Table 2. The ISH images for a representative

case of stage III tumour from a disease-free patient (case 15)

are shown in Figure 1 and for a patient with a representative

stage III tumour that recurred (case 20) are shown in

Figure 2. The ISH images for a representative case of stage

IV tumour from a patient with metastasis (case 22) are shown

in Figure 3.

The median level of expression of each of the metastasis-

related genes is listed in Table 3 by disease stage and recur-

rence status. Univariate analysis revealed that expression of

EGF-R and bFGF was correlated with recurrence-metastasis

(P < 0:013 and 0:04, respectively). A trend towards an

increase in level of expression for collagenase type IV and a

decrease in level of E-cadherin expression was also found in

the recurrent cases (Table 3). No discernible diVerences in

expression of MDR-1 mRNA were detected between the dis-

ease-recurrence and disease-free cases.

We have previously reported an inverse correlation

between the expression of E-cadherin and collagenase type IV

in human neoplasms [55]. We therefore determined the ratio

between the expression level of collagenase type IV and E-

cadherin (C:E) at the periphery of all 25 surgical specimens

(Figure 4). The C:E ratio diVered signi®cantly between the

disease-free cases and the recurrent-metastatic cases (Mann±

Whitney test, P < 0:01). The linear discrimination function

was calculated by using discrimination analysis comparing

the numerical value of collagenase type IV mRNA expression

level with that of E-cadherin mRNA expression level. The

sensitivity and speci®city of discrimination between disease-

free and recurrent cases were 87 and 70%, respectively.

DISCUSSION

The expression levels of several genes that regulate diVer-

ent steps in the process of gastric cancer metastasisÐgrowth

(EGF-R), angiogenesis (bFGF), invasion (type IV col-

lagenase), cell adhesion-cohesion (E-cadherin) and multidrug

resistance (MDR-1)Ðwere examined in archival specimens of

primary human gastric cancers. We have previously reported

that the metastatic potential of human colon cancers can be

identi®ed by multiparametric ISH analysis for the expression

of these genes [42, 43]. Our present data suggest that this

analysis may also diVerentiate between gastric cancers that

will produce recurrent and metastatic disease after surgery for

cure and those that will not.

The prognosis for gastric cancer is routinely determined by

the pathological and clinical TNM classi®cation, which relies

on criteria such as depth of invasion (of the primary cancer)

and presence of regional or distant lymph node metastasis,

respectively [2±4]. However, like other neoplasms, human

gastric cancers are heterogeneous and consist of multiple

subpopulations of cells with diVerent metastatic potentials

[6, 37, 56]. Metastasis can be produced from a small

(< 1:0%) subpopulation of tumour cells with a unique set of

properties, and presumably a unique genotype, that allow

them to complete the sequential and selective steps of this pro-

cess [6, 57, 58]. Histological observations can miss the presence

of a small zone of malignant metastatic cells within a tumour

[59] and, thus, fail to classify the lesion as potentially malig-

nant. In contrast, the expression level of metastasis-related

Table 3. Median level of gene expression (%) by disease stage and recurrence status

TNM stage*

Gene II (n � 7) III (n � 8) III (recurring) (n � 6) IV (n � 4) P valuey

EGF-R 52 (3±82)z 46 (7±64) 57 (51±96) 83 (61±97) 0.013

bFGF 38 (4±78) 54 (25±69) 64 (17±77) 84 (67±89) 0.049

Collagenase 35 (24±57) 53 (38±83) 55 (46±96) 48 (39±67) 0.12

E-cadherin 54 (30±82) 53 (38±97) 43 (27±58) 37 (27±58) 0.071

MDR-1 52 (30±72) 45 (36±86) 54 (41±69) 49 (25±67) 0.68

*UICC TNM classi®cation (stage III including stage IIIA and IIIB). yMann±Whitney test for a diVerence in the median level of gene

expression between stage II and III tumours that did not produce metastasis, and stage III (recurring) and IV tumours that produced meta-

stasis. zThe intensity of the cytoplasmic staining was quantitated by an image analyser and compared with the maximal intensity of poly d(T)

staining in each sample de®ned as 100. The numbers in parentheses are the range of values.

Figure 4. Expression intensity of collagenase type IV versus E-
cadherin for the individual tumours in this study. Stage II and
non-recurrent stage III (~); recurrent stage III (~); stage IV
(&). The broken line represents linear discrimination func-

tion: [Coll] = 1.0076649�[ECD] + 1.5743.
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genes in a tumour sample can be examined by the ISH tech-

nique, which can identify the cellular source of the mRNA as

well as intratumoral heterogeneity in expression.

In general, stage IV tumours expressed a higher level of

bFGF, EGFR and collagenase IV mRNA than stage II

tumours, agreeing with an earlier report that the expression

level of these genes is higher in metastatic human colon car-

cinomas than in non-metastatic lesions [42, 43].

E-cadherin is a cell surface glycoprotein involved in cal-

cium-dependent homotypic cell-to-cell adhesion [60, 61]. E-

cadherin is localised at the epithelial junction complex and is

responsible for the organisation, maintenance, and morpho-

genesis of epithelial tissues [34±37]. Reduced levels of

E-cadherin are associated with a decrease in cellular/tissue

diVerentiation and increased grade in diVerent epithelial

neoplasms [31, 32, 62±66] and transfection of E-cadherin-

encoding cDNA into invasive cancer cells has been shown to

inhibit motility and invasion [67]. Since the adhesion prop-

erties of E-cadherin restrict the detachment of tumour cells

and, hence, their migration±invasion, the use of E-cadherin

expression as a prognostic factor has been widely investigated

[68]. Our results showed a trend (P < 0:071) towards

reduced expression in recurrent metastatic cases.

Invasion of the host stroma and degradation of the blood

vessel basement membrane are necessary for metastasis [21±

26]. The levels of collagenase type IV in human and rodent

neoplasms directly correlate with invasion and metastasis and

speci®c inhibitors of matrix metalloproteinases have been

shown to inhibit tumour cell invasion [69±73]. Thus, a

decrease in the expression of E-cadherin and an increase in

collagenase type IV activity should enhance tumour cell

invasion and metastasis. The present data and published data

in human colon carcinomas [43] support this correlation.

In summary, the ISH technique described here examined

the concurrent expression of metastasis-related genes in for-

malin-®xed, paraYn-embedded surgical specimens of human

gastric cancers. The expression pro®le of EGF-R bFGF, col-

lagenase type IV, and E-cadherin (but not MDR-1) at the

periphery of the lesions may distinguish between neoplasms

that will reoccur or produce metastasis and neoplasms that do

not. The ratio between the expression level of collagenase

type IV and E-cadherin at the periphery of the lesions identi-

®ed most tumours with metastatic potential. The reliability of

this technique should be tested in a larger prospective study

of human gastric cancers.

1. Behrs OH, Meyers MH, eds. Manual for Staging of Cancer. Phil-
adelphia, JB Lippincott, 1983.

2. Kakeji Y, Tujitani S, Baba H, et al. Clinicopathological features
and prognostic signi®cance of duodenal invasion in patients with
distal gastric carcinoma. Cancer 1991, 68, 380±384.

3. Digiorgio A, Botti C, Sammartino P, Mingazzini P, Flammia M,
Stipa V. Extracapsular lymph node metastases in the staging and
prognosis of gastric cancer. Int Surg 1991, 76, 218±221.

4. Secco GB, Fardelli R, Campora E, Rovida S, Lapertosa G,
Motta G. Grading as a prognostic factor: review of 209 primary
gastric cancers. Tumorigenicity 1989, 75, 494±497.

5. Steinberg SM, Barwick KW, Stablein DM. Importance of tumor
pathology and morphology in patients with surgically resected
colon cancer. Cancer 1986, 58, 1340±1345.

6. Fidler IJ. Critical factors in the biology of human cancer metas-
tasis: twenty-eighth GHA Clowes Memorial Award Lecture.
Cancer Res 1990, 50, 6130±6138.

7. Fidler IJ. Orthotopic implantation of human colon carcinomas
into nude mice provides a valuable model for the biology and

therapy of cancer metastasis. Cancer Metastasis Rev 1991, 10,
229±243.

8. Fidler IJ. Modulation of the organ microenvironment for the
treatment of cancer metastasis (commentary). J Natl Cancer Inst
1995, 87, 1588±1592.

9. Aukerman SL, Price JE, Fidler IJ. DiVerent de®ciencies in the
prevention of tumorigenic-low-metastatic murine K-1735 mela-
noma cells from producing metastases. J Natl Cancer Inst 1986,
77, 915±924.

10. Radinsky R. Paracrine growth regulation of human colon carci-
noma organ-speci®c metastasis. Cancer Metastasis Rev 1993, 12,
345±361.

11. Markowitz SD, Molkentin K, Gerbic C, Jackson J, Stellato T,
Willson JKV. Growth stimulation by coexpression of transform-
ing growth factor-a and epidermal growth factor receptor in
normal and adenomatous human colon epithelium. J Clin Invest
1990, 86, 356±362.

12. Gross ME, Zorbas MA, Daniels YJ, et al. Cellular growth
response to epidermal growth factor in colon carcinoma cells
with an ampli®ed epidermal growth factor receptor derived from
a familial adenomatous polyposis patient. Cancer Res 1991, 51,
1452±1459.

13. Tokunaga A, Onda M, Okuda T, et al. Clinical signi®cance of
epidermal growth factor, EGF-receptor, and c-erbB-2 in human
gastric cancer. Cancer 1994, 75, 1418±1424.

14. Karameris A, Kanavaros P, Aninos D, et al. Expression of epi-
dermal growth factor and epidermal growth factor-receptor in
gastric and colorectal carcinomas. Path Res Pract 1993, 189, 133±
137.

15. Bradly SJ, Gar®nkle G, Walker E, Salem R, Chen LB, Steele G.
Increased expression of the epidermal growth factor receptor on
human colon carcinoma cells. Arch Surg 1986, 121, 1242±1247.

16. Mendelsohn J. The epidermal growth factor receptor as a target
for therapy with antireceptor monoclonal antibodies. Semin
Cancer Biol 1990, 1, 339±344.

17. Radinsky R, Risin S, Fan D, et al. Level and function of epi-
dermal growth factor receptor predict the metastatic potential of
human colon carcinoma cells. Clin Cancer Res 1995, 1, 19±31.

18. Lee EY, Cibull ML, Strodel WE, Haley JV. Expression of HER-
2/neu oncoprotein and epidermal growth factor receptor and
prognosis in gastric carcinoma. Arch Pathol Lab Med 1994, 118,
235±239.

19. Singh RK, Bucana CD, Gutman M, Fan D, Wilson MR, Fidler
IJ. The in¯uence of the organ microenvironment on the expres-
sion of basic ®broblast growth factor in human renal cell carci-
noma cells. Am J Pathol 1994, 145, 365±374.

20. Folkman MJ. The role of angiogenesis in tumor growth. Semin
Cancer Biol 1992, 3, 65±71.

21. Grigioni WF, D'Errico A, Fortunato C, et al. Prognosis of gastric
carcinoma revealed by interactions between tumor cells and
basement membrane. Modern Pathol 1994, 7, 220±225.

22. D'Errico A, Garbisa S, Liotta LA, Castronovo V, Stetler-Ste-
venson WG, Grigioni WF. Augmentation of type IV collagenase,
laminin receptor, and Ki67 proliferation antigen associated with
human colon, gastric, and breast carcinoma progression. Modern
Pathol 1991, 4, 239±246.

23. Liotta LA, Steeg PS, Stetler-Stevenson WG. Cancer metastasis
and angiogenesis: an imbalance of positive and negative regula-
tion. Cell 1991, 64, 327±336.

24. Levy AT, Cioce V, Sobel ME, et al. Increased expression of the
Mr 72,000 type IV collagenase in human colonic adenocarci-
noma. Cancer Res 1991, 51, 439±444.

25. Poulsom R, Pignatelli M, Stetler-Stevenson WG, et al. Stromal
expression of 72-kDa type IV collagenase (MMP-2) and TIMP-
2 mRNAs in colorectal neoplasia. Am J Pathol 1992, 141, 389±396.

26. Tryggvason K, Hoyhtya M, Pyke C. Type IV collagenase in
invasive tumors. Breast Cancer Res Treat 1993, 24, 209±218.

27. Fujii H, Tanigawa N, Muraoka R, Shimomatsuya T, Tanaka T.
Clinical signi®cance of multidrug resistance and P-glycoprotein
expression in patients with gastric carcinoma. J Surg Oncol 1995,
58, 63±69.

28. Wallner J, Depisch D, Gsur AM, GoÈtzl M, Haider K, Pirker R.
MDR-1 gene expression and its clinical relevance in primary
gastric carcinomas. Cancer 1992, 71, 667±671.

29. Baldini N. Multidrug resistanceÐa multiplex phenomenon.
Nature Med 1997, 3, 378±380.

564 H. Anzai et al.



30. Bargou RC, Jurchott K, Wagener C, et al. Nuclear localization
and increased levels of transcription factor YB-1 in primary
human breast cancers are associated with intrinsic MDR1 gene
expression. Nature Med 1997, 3, 447±450.

31. Weinstein RS, Jakate SM, Dominguez JM, et al. Relationship of
the expression of the multidrug resistance gene product (P-gly-
coprotein) in human colon carcinoma to local tumor aggressive-
ness and lymph node metastasis. Cancer Res 1991, 51, 2720±
2726.

32. Mayer B, Johnson JP, Leitl F, et al. E-Cadherin expression in
primary and metastatic gastric cancer: downregulation correlates
with cellular dediVerentiation and glandular disintegration. Can-
cer Res 1993, 53, 1690±1695.

33. Oka H, Shiozaki H, Kobayashi H, et al. Immunohistochemical
evaluation of E-cadherin adhesion molecule expression in human
gastric cancer. Virchows Arch A Pathol Anat 1992, 421, 139±156.

34. Dorudi S, SheYeld JP, Poulsom R, Northover JMA, Hart IR. E-
cadherin expression in colorectal cancer. An immunocytochemical
and in situ hybridization study. Am J Pathol 1993, 142, 1±986.

35. Bohm M, Totzeck B, Birchmeier W, Wieland I. DiVerences of
E-cadherin expression levels and patterns in primary and meta-
static human lung cancer. Clin Exp Metastasis 1994, 12, 55±62.

36. Frixen UH, Behrens J, Sachs M, et al. E-cadherin-mediated cell±
cell adhesion prevents invasiveness of human carcinoma cells. J
Cell Biol 1991, 113, 173±185.

37. Shimoyama Y, Hirohashi S, Hirano S, et al. Cadherin cell adhe-
sion molecules in human epithelial tissues and carcinomas. Can-
cer Res 1989, 49, 2128±2133.

38. Fidler IJ, Radinsky R. Genetic control of cancer metastasis (edi-
torial). J Natl Cancer Inst 1990, 82, 166±168.

39. Bucana CD, Radinsky R, Dong Z, Sanchez R, Brigati DJ, Fidler
IJ. A rapid colorimetric in situ mRNA hybridization technique
using hyperbiotinylated oligonucleotide probes for analysis of
mdr-1 in mouse colon carcinoma cells. J Histochem Cytochem
1993, 41, 499±506.

40. Radinsky R, Bucana CD, Ellis LM, et al. A rapid colorimetric in
situ messenger RNA hybridization technique for analysis of epi-
dermal growth factor receptor in paraYn-embedded surgical
specimens of human colon carcinomas. Cancer Res 1993, 53,
937±943.

41. Kitadai Y, Bucana CD, Ellis LM, Anzai H, Tahara E, Fidler IJ.
In situ mRNA hybridization technique for analysis of metastasis-
related genes in human colon carcinoma cells. Am J Pathol 1995,
147, 1238±1247.

42. Kitadai Y, Ellis LM, Takahashi Y, et al. Multiparametric in situ
mRNA hybridization analysis to detect metastasis-related genes
in surgical specimens of human colon carcinomas. Clin Cancer
Res 1995, 1, 1095±1102.

43. Kitadai Y, Ellis LM, Tucker SL, et al. Multiparametric in situ
mRNA hybridization analysis to predict disease recurrence in
patients with colon carcinoma. Am J Pathol 1996, 149, 1541±1551.

44. Ullrich A, Coussens L, Hay¯ick JS, et al. Human epidermal
growth factor receptor cDNA sequence and aberrant expression
of the ampli®ed gene in A431 epidermoid carcinoma cells. Nat-
ure 1984, 309, 418±428.

45. Rogelj S, Weinberg RA, Fanning P, Klagsbrun M. Basic ®bro-
blast growth factor fused to a signal peptide transforms cells.
Nature 1988, 331, 173±175.

46. Collier IE, Wilhelm SM, Eisen AZ, et al. H-ras oncogene-trans-
formed human bronchial epithelial cells (TBE-1) secrete a single
metalloprotease capable of degrading basement membrane col-
lagen. J Biol Chem 1988, 263, 6579±6587.

47. Bussemakers MJG, Bokhoven A van, Mees SGM, Kemler R,
Schalken JA. Molecular cloning and characterization of the
human E-cadherin cDNA. Mol Biol Reports 1993, 17, 123±128.

48. Galski H, Sullivan M, Willingham MC, et al. Expression of a
human multidrug resistance cDNA (mdr-1) in the bone marrow
of transgenic mice: resistance to daunomycin-induced leukope-
nia. Mol Cell Biol 1989, 9, 4357±4363.

49. Pearson WR, Lipman DJ. Improved tools for biological sequence
comparison. Proc Natl Acad Sci USA 1988, 85, 2444±2448.

50. Caruthers MH, Beaucage SL, Efcavitch JW, et al. Chemical
synthesis and biological studies on mutated gene-control regions.
Cold Spring Harbor Symp Quant Biol 1982, 47, 411±418.

51. Reed JA, Manahan LJ, Park CS, Brigati DJ. Complete one-hour
immunocytochemistry based on capillary action. Biotechniques
1992, 13, 434±443.

52. Park CS, Brigati DJ, Manahan LJ. Automated molecular
pathology: one hour in situ DNA hybridization. J Histotechnol
1991, 14, 219±229.

53. Sollberg HE. Discrimiant analysis. Crit Rev Clin Lab Sci 1978, 9,
212±213.

54. Statistical Analysis Systems. SAS/STAT User's Guide. Cary,
NC, SAS Institute, 1990, 677±771.

55. Anzai H, Kitadai Y, Bucana CD, Sanchez R, Omoto R, Fidler IJ.
Intratumoral heterogeneity and inverse correlation between
expression of E-cadherin and collagenase type IV in human gas-
tric carcinomas. DiVerentiation 1996, 60, 119±127.

56. Price JE, Aukerman SL, Fidler IJ. Evidence that the process of
murine melanoma metastasis is sequential and selective and
contains stochastic elements. Cancer Res 1986, 46, 5172±5178.

57. Morikawa K, Walker SM, Jessup JM, Fidler IJ. In vivo selection
of highly metastatic cells from surgical specimens of diVerent
human colon carcinomas implanted into nude mice. Cancer Res
1988, 48, 1943±1948.

58. Fidler IJ, Kripke ML. Metastasis results from preexisting variant
cells within a malignant tumor. Science 1977, 197, 893±895.

59. Xie B, Bucana CD, Fidler IJ. Density-dependent induction of
92-kD type IV collagenase activity in cultures of A431 human
epidermoid carcinoma cells. Am J Pathol 1994, 144, 1058±1067.

60. Takeichi M. Cadherins: a molecular family important in selective
cell±cell adhesion. Annu Rev Biochem 1990, 59, 237±252.

61. Takeichi M. Cadherin cell adhesion receptors as a morpho-
genetic regulator. Science 1991, 251, 1451±1455.

62. Brabant G, Hoang-Yu C, Cetin Y, et al. E-cadherin: a diVer-
entiation marker in thyroid malignancies. Cancer Res 1993, 53,
4987±4993.

63. Kadowaki T, Shiozaki H, Inoue M, et al. E-cadherin and a-
catenin expression in human esophageal cancer. Cancer Res
1994, 54, 291±296.

64. Schipper JH, Frixen UH, Behrens J, Unger A, Jahnke K, Birch-
meier W. E-cadherin expression in squamous carcinomas of the
head and neck: inverse correlation with tumor dediVerentiation
and lymph node metastasis. Cancer Res 1991, 51, 6328±6337.

65. Shimoyama Y, Hirohashi S. Expression of E- and P-cadherin in
gastric carcinomas. Cancer Res 1991, 51, 2185±2192.

66. Umbas R, Schalken JA, Alders TW, et al. Expression of the cel-
lular adhesion molecule E-cadherin is reduced or absent in high-
grade prostate cancer. Cancer Res 1992, 52, 5104±5109.

67. Vleminckx K, Vakaet L Jr, Mareel M, Fiers W, Van Roy F.
Genetic manipulation of E-cadherin expression by epithelial
tumor cell reveals an invasion suppressor role. Cell 1991, 66,
107±119.

68. Birchmeier W. E-cadherin as a tumor (invasion) suppressor
gene. BioEssays 1995, 17, 97±99.

69. D'Errico A, Garbisa S, Liotta LA, Castronovo V, Stetler-Ste-
venson WG, Grigioni WF. Augmentation of type IV collagenase,
laminin receptor, and Ki67 proliferation antigen associated with
human colon, gastric, and breast carcinoma progression. Modern
Pathol 1991, 4, 239±246.

70. Matrisian LM, Bowden GT. Stromelysin/transin and tumor
progression. Semin Cancer Biol 1990, 1, 107±115.

71. Murphy G, Docherty AJP. The matrix metalloproteinases and
their inhibitors. Am J Respir Cell Mol Biol 1992, 7, 120±125.

72. Albini A, Melchiori A, Santi L, Liotta LA, Brown PD, Stetler-
Stevenson WG. Tumour cell invasion inhibited by TIMP-2. J
Natl Cancer Inst 1991, 83, 775±779.

73. DeClerck YA, Yean T-D, Chan D, Shimada H, Langley KE.
Inhibition of tumor invasion of smooth muscle cell layers by
recombinant human metalloproteinase inhibitor. Cancer Res
1991, 51, 2151±2157.

AcknowledgementsÐThis work was supported in part by Cancer
Center Support Core Grant CA 16672 and Grant R35-CA 42107
(I.J.F.) from the National Cancer Institute, National Institutes of
Health. The authors thank Walter Pagel for editorial assistance and
Lola LoÂpez for excellent preparation of this manuscript.

ISH Analyses for Recurrence-related Genes 565


