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over, no analyses have been made to specifically relate different
gene alterations to types and stages of the neoplasia.
We therefore carried out a systematic study on 50 cases of
gastric adenocarcinoma characterized by different clinical pa
rameters. DNAs from neoplastic and control tissue samples
were hybridized by the Southern blotting technique with probes
homologous to seven different protooncogenes: c-myc, c-erbB2,
c-K\-ras, c-Ha-ras, c-N-ras, hst, and c-mos. These genes were
chosen since they are possibly involved in stomach cancer, as
suggested by previous data, or they are frequently activated in
other types of solid tumors.
We found amplification of c-myc, c-erbB2, c-Ki-rai, and hst
oncogenes. Our data indicate that amplification is a relatively
infrequent phenomenon in gastric cancer, is limited to tumors
at advanced stages, and is associated with the presence of
mÃ©tastases.

ABSTRACT

In order to evaluate the relevance of protooncogene alterations in
gastric cancer and to specifically relate these alterations to types and
stages of the neoplasia, we studied oncogenes of possible interest in
gastric tumors with different clinical parameters. Fifty DNAs from
primary gastric adenocarcinoma were analyzed, by the Southern blotting
technique, for the presence of amplification or rearrangements of seven
different protooncogenes: c-myc, c-erbB2, c-Ki-ros, c-Ha-ros, c-N-ros,
hst, and c-mos. All the tumors analyzed were histologically classified and
staged. Amplification of the following genes was found: c-myc (2 of 50),
hst (3 of 50), c-Â«*B2 (3 of 50), and c-Ki-rai- (5 of 50). The simultaneous
amplification of hst (3 cases), c-myc (1 of 3), or c-Ki-rus (2 of 3) was
observed. Analysis of DNAs from atrophie and metaplastic gastric mu
cosa (which can be regarded as preneoplastic lesions) of the 10 patients
showing gene amplification demonstrated that this was limited to ncoplastic cells. Considering protooncogene amplification in general (i.e.,
involving different genes and occurring to different degrees) and clinical
parameters of tumors, we found a statistically significant association
between amplification and both tumor progression and presence of mÃ© MATERIALS AND METHODS
tastases. Therefore, at least for the genes analyzed, amplification is a
relatively infrequent phenomenon and represents a late event in the
Patients. We examined SO untreated patients affected by gastric
temporal development of gastric cancer.
adenocarcinoma who were all from the Province of ForlÃ¬,a small area
of north-central Italy, characterized by an incidence of stomach cancer
among the highest in the world (14).
INTRODUCTION
Tissue Samples. Primary tumors were obtained during surgery. Con
Protooncogenes are cellular genes with a fundamental role in trol tissues, both atrophie and metaplastic mucosa, were available in
most cases. Tumors were histologically classified and staged according
cell growth, development, or differentiation. They can be acti
to
both the Lauren (15) and the World Health Organization (16)
vated (oncogenes) by a variety of molecular mechanisms result
classifications. Tissue fragments were stored in liquid nitrogen until
ing in qualitative and/or quantitative changes of their products.
utilized as a source of DNA.
These mechanisms include point mutations, rearrangements,
Samples (about 10 ml) of peripheral blood from patients were taken
and amplification (for a review, see Ref. l).
in the presence of an anticoagulant and bufi y coat cells were stored at
Numerous findings suggest that oncogenes are involved in -20Â°Cuntil utilized for DNA extraction.

human cancer both in the initial conversion of normal to
malignant cells and in the progression of less aggressive cell
types to more aggressive ones (1). A specific mutation of the
Ki-ras gene has been found in human colon cancer, not only in
neoplastic cells but also in premalignant lesions (2). This indi
cates that the mutation precedes the development of the malig
nancy. On the other hand, amplification of N-wyc gene in
neuroblastoma (3) and of erbB2 in breast cancer (4) has been
correlated with a more advanced stage of the neoplasia and a
poorer prognosis.
Although stomach cancer is a common malignancy in man,
little is known about the oncogenes which may be associated
with the origin or development of the tumor. Findings on
amplification and single base mutations of several oncogenes
have already been reported (5-13). However, in most cases the
available data derive from sporadic observations, making it
difficult to evaluate the relevance of these alterations. More-

DNA Extraction and Southern Blotting. Frozen tissue fragments were
converted to fine powder with a Brown Mikro-dismembrator (17). The
powder was resuspended in the extraction buffer (18). High molecular
weight DNA was isolated by proteinase K digestion and phenol/chlo
roform extraction (18).
Frozen buffy coat cells were used as a source of DNA, as previously
reported (19).
DNA (10 ng) was digested to completion with the EcoRl restriction
enzyme, fractionated on 0.8% agarose gel, and transferred to Zetabind
filters (CUNO) as described ( 19). Filters were hybridized, washed, and
exposed as reported previously (19). Suggestions from the membrane
supplier were followed to remove probes and rehydridize filters.
Probes. The various probes, inserts from recombinant plasmids, were
32P-labeled at high specific activity (>1 x 10*cpm/jig) by nick-transla

tion (20).
The following oncogene-specific DNA fragments were used as
probes: 1.4-kilobase Clal-EcoRl fragment corresponding to the III exon
of the c-myc gene, from the pMC413RC clone (21); 1-kilobase Hindi
v-Ki-ras fragment, from the pHiHi3 clone (22); 6.4-kilobase /Â¿Â«/Â»III
fragment corresponding to the c-Ha-ras 1 locus from the pT24-C3 clone
Received 3/20/90; accepted 9/17/90.
(23); 1.5-kilobase EcoRl N-rai-specific fragment, from the p52c+ clone
The costs of publication of this article were defrayed in part by the payment
of page charges. This article must therefore be hereby marked advertisement in
(24); 1.1-kilobase EcoRl hst (KS) fragment, from the KS3 clone (25);
accordance with 18 U.S.C. Section 1734 solely to indicate this fact.
2.7-kilobase EcoRl mos-specific insert, from the pHM2A clone (26);
1This work was supported by a grant from Istituto Oncologico Romagnolo,
4.6-kilobase Hindlll-Sall fragment corresponding to a full-length com
ForlÃ¬,Italy (Research Program 87111.1).
* To whom requests for reprints should be addressed.
plementary DNA of the rat neu gene, from the pSV2neuNT clone (27).
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RESULTS
We studied a total of 50 tumors from patients with gastric
adenocarcinoma. Table 1 shows a clinical classification of the
tumors examined.
Genomic DNAs extracted from neoplastia tissue samples
were digested with EcoRl and hybridized by the Southern
blotting technique to seven different probes, homologous to the
following cellular protooncogenes: c-myc, c-erbB2, c-Ki-ras, cHa-ras, c-N-ras, hst, and c-mos.
In all cases, probes detected the genomic DNA fragments
expected on the basis of restriction maps previously reported
(5, 22, 25, 27-30). In 2 cases only was an extra fragment
observed in addition to the EcoRl fragment commonly detected
by the c-myc probe (5). Its presence in DNA from peripheral
blood leukocytes of the same patients indicated that it was due
to a genomic alteration rather than to a somatic rearrangement
in neoplastic cells. (Molecular characterization of the c-myc
variants will be given elsewhere.)
In 13 cases, with probes homologous to c-erbB2, c-myc, cKi-ras, and hst genes, we found an increased intensity of hy
bridization signals (Fig. 1). Rehybridization of all filters with
at least three different protooncogene probes allowed us to
exclude the possibility that this was due to a difference in the
amount of DNA bound to filters (Fig. 2).
An increased hybridization signal could result from a true
gene amplification or from the presence in neoplastic cells of
extra copies of the chromosome carrying the gene under analy-

sis. We ruled out this last possibility by rehybridizing relevant
samples with a second probe lying on the same chromosome.
In particular, c-mos was used as a control probe to rehybridize
filters with samples showing c-myc amplification since both
genes map to chromosome 8. c-Ha-ras was used as a control
for hst (both genes lying on chromosome 11), /nil for c-Ki-ras
(both on chromosome 12) and clO-HOX 2.1, for c-erbB2 (both
on chromosome 17) (see Fig. 2 for an example).
Dilution experiments (Fig. 3) and densitometric scanning
allowed us to estimate the degree of gene amplification. This
was low (3- to 5-fold) in all samples except two, in which the
hybridization signal obtained with the c-erbB2 and c-Ki-ras
probes was increased at least 20-fold. The simultaneous ampli
fication of hst (3 cases) and c-myc (1 of 3 cases) or c-Ki-ras (2
of 3 cases) was observed. Amplification was found to occur in
tumors of different histolÃ³gica! types at progression stages III
or IV. Six of 10 DNAs showing amplification were from the
12 patients with mÃ©tastases.All these observations and a clas
sification of the tumors which were characterized by gene
amplification are summarized in Table 2.
Additional analysis of DNA from atrophie and metaplastic
mucosa of patients showing gene amplification demonstrated,
without exception, that the amplification was only detectable
in neoplastic cells (Fig. 3).
DISCUSSION

Using the Southern blotting technique we hybridized 50
DNAs from gastric adenocarcinoma with seven different probes
homologous to c-myc, c-erbB2, c-Ki-ras, c-Ha-ras, c-N-ras, hst,
and
c-mos protooncogenes. The hybridization patterns allow us
No. of tumors
Classification
to
exclude
the occurrence of gross rearrangements (such as
HistolÃ³gica!
typeLauren's
(15)Worldclassification
deletion/insertion, translocation) involving the genes analyzed.
The two unexpected patterns found with the c-myc probe can
be explained by a genomic alteration of the c-myc locus.
Health Organization clas
ringMucinousTubularPapularT,-TÂ¡T,TÂ«N.N,N,N,I-IIIIIIVM,Mâ€ž38Â°3925412822201418144158271238
(16)DimensionI
sification
Ten of 50 DNAs showed gene amplification involving differ
ent protooncogenes, namely: c-myc (4%), c-erbB2 (6%), c-Kiras (10%), and hst (6%). Our finding that these genes can be
amplified in gastric cancer is in agreement with previous obser
vations (5-7, 31). The amplification frequencies we estimate
statusStageMÃ©tastasesIntestinalDiffuseMixedSignet
>iiililuinoil.il
for c-myc, c-Ki-ras, and AsÃ-genes are comparable to those
obtained by other authors (31-33) surveying a more limited
number of cases. During a recent study of Japanese patients,
Yokota et al. (30) observed that the amplification of the cerbB2 gene is frequent (5 of 13) in tubular adenocarcinoma and
absent (0 of 30) in other histological types of stomach cancer.
Â°Including 19 poorly differentiated tumors.
Our studies show an occurrence of only 3 of 41 cases in tubular
Table 1
Classification of tumors

c-Â«rbB2

c-myc

Fig. 1. Southern blot analysis of Â£coRl-digested DNAs from neoplastic tissues of differ
ent patients. The sizes of the fragments hybrid
izing to the different protooncogene-specific
probes are indicated in kilobase on the left side
of the autoradiograms. Patterns 4-A, 2-B, I-C.
2-C, and 2-D are characterized by gene ampli
fication.

c-Ki-ras

11 â€”

.8â€”

r s

2345

1234

567
D

A
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Table 2
Cases characterized by gene amplification
classificationWorld
Health
Patient
type"B.C.Â»M.
Organization

Adenocarcinoma

of
oncogenec-mycc-mycc-erbB2c-erbB2c-erbB2c-Ki-rasc-K
amplification3-43-4>20S32-32-3>202-3
statusN,N2N,N2N,N,N,N.N,N2StageIIIIVrvIVrvIVIVIVIVIVMÃ©tastasesMoM,M.M,M,M,M,M,M.M,Am

type"
DimensionM
Tjr

T,I

R.V.M.R.A.CE.C.

TÂ«IÂ«
T,I
T4I
E.cV.
E.L.R."R.

Tâ€žD
T3I
T4IÂ«
T4I'

R.N.
A.C.

T,Lymphonodal

E.cL.R."B.C.*MTTTTMSTTTLauren's
" M, mixed or mucinous; T, tubular; S, signet ring; I, intestinal; D, diffuse.
t'c''i Same patients in this table.
* Poorly differentiated.

hst

c-Ha-ras

c-KÂ¡-ras
234567

ft

8

Â«mÂ»<iâ€”-22

Mâ€”I

Kb
6 â€”

2.9â€”Â»

4.6â€”
3

1 2 3456

-*â€¢

A M

B
Fig. 2. Autoradiograms obtained by hybridizing the same filter with hst (A)
and c-Ha-ras (B) probes. Lane 5 is characterized by hst gene amplification. This
control experiment allows us to exclude both differences in the amount of DNA
bound to the filter and the presence in sample 5 of extra copies of chromosome
11, on which hst and c-Ha-ras genes are located.

adenocarcinoma. Variations in genetic and environmental back
ground might account for the different frequencies found for
the C-Ã‰TÃ”B2
gene amplification between Italian (see "Materials
and Methods") and Japanese (30) patients.
During our survey, we found hst amplified simultaneously
with c-myc or c-Ki-ras. Cases of coamplification involving hst
in gastric cancer have been so far reported for the int2 gene
which maps to the same chromosomal band (1 Iql3) (31). Our
observation suggests that a cooperative expression of amplified
hst and c-myc or c-Ki-ras might be involved in the genesis and/
or progression of gastric cancer.

N

Fig. 3. c-Ki-ras hybridization patterns of Â£coRI-digestedDNAs from atrophie
(A), metaplastic (M), and neoplastic (N) gastric mucosa of the same patient. The
c-Ki-ras gene is only amplified in DNA from cancer tissue (compare lanes I, 2,
and 4, where 10 /jg of DNA are loaded). Decreasing amounts of DNA (12.5-1
fig) from cancer tissue are loaded in lanes 3-8 in order to evaluate the c-Ki-raj
amplification degree (>20-fold).

Our results also show that gene amplification is limited, in
all cases, to transformed gastric mucosa. It is, in fact, completely
undetectable in atrophie and metaplastic tissue areas, which
can be regarded as preneoplastic lesions. The observed gene
amplification should therefore represent a late event in the
temporal development of gastric cancer. Obviously, we cannot
exclude the presence of a small number of cells, in preneoplastic
areas, harboring amplified oncogenes and having some proliferative advantage. These cells would be undetected due to the
dilution of their DNA during extraction from the whole tissue
sample.
We checked for correlations between protooncogene ampli-
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fication and the clinical parameters reported in Table 1 (i.e.,
tumor type, dimension, stage, lymphonodal status, and mÃ©tas
tases). We considered one gene at a time and found no statis
tically significant correlation, probably because of the low num
ber of cases showing amplification. However, for all genes,
amplification was mostly observed in patients with advanced
and metastatic tumors. Due to this precise trend, data were
pooled to check for correlations between amplification in gen
eral (i.e., involving different protooncogenes and occurring to
different degrees) and clinical parameters. In this way, although
involving oncogenes coding for different functions, amplifica
tion was regarded as a general phenomenon deeply affecting
cell growth regulation. We found a significant x2 value for the
association between tumor progression and gene amplification
which turned out to be typical of stage IV tumors (9 of 27 versus
1 of 23; P < 0.025, 1 d.f.). Moreover, 6 of 10 DNAs showing
amplification were from the 12 patients with mÃ©tastases.The
X2 for the association between amplification and presence of
mÃ©tastaseswas highly significant (6 of 12 versus 4 of 38; P =
0.003, 1 d.f.).
In conclusion, protooncogene amplification in gastric adenocarcinoma is a relatively infrequent phenomenon and gener
ally occurs at a low degree. Amplification is absent in tissue
areas showing preneoplastic characteristics, being limited to
advanced or metastatic tumors. If our findings are considered
as a whole, amplification seems to represent a late event in the
temporal development of gastric cancer and a marker of pro
gression in this type of tumor. We cannot, however, completely
exclude the possibility that amplification occurs early in the
neoplastic process and results in a more aggressive phenotype.
In this case it should represent a negative prognostic marker.
Two groups of patients with advanced tumors showing and
not showing amplification are being followed up clinically on a
long-term basis. If amplification actually represents a negative
prognostic marker, patients with advanced tumors character
ized by amplification will have a poorer prognosis. Otherwise,
the idea that amplification represents a late event in the devel
opment of gastric cancer could be definitively confirmed.
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