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(CANCER RESEARCH 49. 6675-6679. December I. 1989]

Genetic Alterations of c-myc, c-erbB-2, and c-Ha-ras Protooncogenes and Clinical
Associations in Human Breast Carcinomas1

IrÃ¨neGarcia,2 Pierre-Yves Dietrich, Matti Aapro, GeneviÃ¨ve Vauthier, Lucien Vadas, and Eric Engel
Division ofOnco-hemalology Â¡I.C., P- X. D., M. A./; Institute of Medical Genetics Â¡G.( '., E. E.J and Central Â¡Mboratory[L. t'.J, L'niversity Hospital. Faculty of Medicine,

Â¡211Geneva 4, Switzerland

ABSTRACT

We have analyzed genomic DNA sequences from 125 prospective!}'

collected single unilateral primary breast carcinoma samples for the
presence of alterations of c-myc, c-erbB-l, t-erbB-2, c-Ki-raj and c-Ha-
ras protooncogenes. Amplification of the c-myc gene was found in 18%
of the samples, and in one sample a non-germ line c-myc related DNA

fragment or rearrangement was detected. We have found a significant
association ( /' = 0.0010) between amplified c-myc gene and inflammatory

carcinoma, a particularly aggressive breast cancer. The c-erbB-2 gene

was amplified in 22% of the tumor samples and a rearrangement was
observed once. Alteration of the c-erbB-2 gene was significantly linked
to histolÃ³gica! grade III tumors (P = 0.005) and the absence of estrogen
and progesterone receptors (P = 0.036). No amplifications were observed
for c-erbB-\, c-Ki-rai, and c-Ha-rus genes. About 40% of breast carci
nomas contain either amplified c-myc or c-erbB-2 protooncogenes,

whereas simultaneous amplification of both was seen in only one sample,
suggesting the involvement of two distinct molecular mechanisms in
breast cancer. Comparison of DNA from peripheral blood and tumor
samples indicated loss of one c-Ha-ras alÃ­elein 29% of patients hetero
zygous for this polymorphism. A significant correlation (/' = 0.016)

between c-Ha-nu locus (11 pl4) alÃ­eleloss and patient survival was found.

These data suggest that Ilpl4 alleile loss plays a role in the evolution
of human breast cancer, amplification of c-erbB-2 gene is associated with
increasing stage of malignancy, and alteration of the c-myc gene in

inflammatory breast carcinoma may contribute to the rapid progression
of this human tumor subtype.

INTRODUCTION

Alteration of oncogenes by point mutation, amplification, or
rearrangement may be important in the etiology of human
tumors. Activation of the c-Ki-rai oncogene has been detected
in approximately 40% of human colorectal tumors (1,2) and
in more than 95% of the exocrine pancreas carcinomas (3).
Amplification of myc and ras family oncogenes has been ob
served frequently in tumor cell lines and human tumors (4-11).
For example, alterations of c-myc, c-myb, and c-Ha-ras may
occur in more than one-third of tumors from different tissue
origins and may correlate with progression and metastasis of
cancer (12). Detection of specific oncogene alterations may
have a prognostic significance in some tumors, such as neuro
blastoma where amplification of N-myc is associated with rapid
tumor progression (13).

Breast carcinoma is the most frequent cancer in women,
representing 25% of all female cancers in Geneva (14). Ampli
fication of c-myc protooncogene has been found in 33% of
breast tumors, with high levels of myc expression (15, 16).
Alteration of the c-myc gene may be correlated with short-term
prognosis (17). The c-erbB-2 protooncogene (HER-2 or neu),
which encodes a transmembrane glycoprotein related to the

Received 7/1.1/89; accepted 9/5/89.
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
accordance with 18 I'.S.C. Section 1734 solely to indicate this fact.

1This work was supported by Grants 3.856-0.85 and 3.842.0.85 from the

Swiss National Funds for Scientific Research and Grant 250.86.4 from the Swiss
Cancer League.

2To whom requests for reprints should be addressed, at Division of Onco-
hematology. University Hospital. Faculty of Medicine. 1211 Geneva. Switzerland.

epidermal growth factor receptor, has been studied extensively
in breast cancers (18-30). This gene is amplified and overex-
pressed in 10-40% of breast cancer samples (20-30). A high
number of c-erbB-2 gene copies has been associated to poor
prognosis (17, 21).

Chromosomal allelic deletions are a second type of genetic
alteration found in breast tumors. Allelic deletions of genes in
chromosomes 11, 13, and 17 have been reported (31-34). The
loss of the c-Ha-ras locus in chromosome 11 correlated with
breast cancer aggressiveness (31, 32).

The present study attempts to characterize genetic alterations
of c-myc, c-erbB-\, c-erbE-2, c-Ki-ras, and c-Ha-ras protoon
cogenes occurring in 125 unilateral primary breast carcinomas.

MATERIALS AND METHODS

Human Tissue Samples. One hundred twenty-five single unilateral
breast carcinoma samples were obtained prospectively from female
patients immediately after surgical excision in several clinics collabo
rating with the University Hospital of Geneva, Switzerland. These
include 102 patients with infiltrating ductal tumors and 23 with various
breast cancer histologies. Peripheral blood samples (10-20 ml) from
57 patients were collected in tubes containing EDTA. Breast tumor
samples were frozen after surgical removal and stored at -80Â°C.

Histology and Hormonal Receptor Determination. HistolÃ³gica! ex
amination was performed by independent pathologists, mainly from
the Division of Pathology, University Medical Center, and classified
according to standard criteria (35). Determination of estrogen and
progesterone receptors was performed by a routine dextran-charcoal
method (36).

DNA Analysis. Total genomic DNA was extracted from fresh tumors
or from the pellet obtained after mechanical disruption of frozen tissues,
suspended in 10 mivi Tris (pH 7.5)-l.5 mM EDTA-10% glycerol, and
centrifugation at 25,000 rpm. The supernatant containing the cytosolic
fraction was used for biochemical hormone receptor determination.
The nuclear fraction was suspended in 10 mM Tris-HC! (pH 7.5)-l mM
EDTA-100 mM NaCl. treated with proteinase K (200 mg/ml) for 16-
18 h, and extracted with phenol-chloroform before ethanol precipita
tion. DNA samples were treated with restriction enzymes, fractionated
by electrophoresis in a 0.8% agarose gel, transferred to nylon Hybond-
N membranes (Amersham), and cross-linked by UV irradiation.

Hybridization Conditions. Prehybridizations were carried out at 42Â°C

for at least 6 h in heat-sealed plastic bags with 50% (v/v) formamide, 3
x SSC,3 10 x Denhardt's solution (0.2% Ficoll-0.2% polyvinylpyrroli-

done-0.2% bovine serum albumin), and 20 /ig of salmon sperm DNA
per ml. Hybridizations with "P-nick-transIated probes were done at
42Â°Cfor 24 h in 50% formamide, 3 x SSC, 1 x Denhardt's solution,

10 Â¿ig/mlpolyadenylic acid, 8% dextran sulfate, and 20 ng salmon
sperm DNA per ml. Five ng of 32P-nick-translated probe per ml were

added to the hybridization solution. Unbound probe was washed from
the membranes by treating twice at room temperature for 30 min with
2 x SSC, then twice at 65Â°Cfor 30 min with 1 x SSC/0.1% sodium

dodecyl sulfate, and finally twice with 0.1 x SSC/0.1% sodium dodecyl
sulfate at 65Â°Cfor 30 min. Membranes were exposed to Kodak X-
Omat XAR-5 at â€”70Â°Cfor 1-4 days. After autoradiographic exposure

the membranes were treated for 30 min in 0.4 M NaOH and then
neutralized in 0.2 MTris-HCl (pH 7.5)-0.1 x SSC to remove the probe.

3SSC, standard saline-citrate; cDNA. complementary DNA; G-CSF, granu-
locyte-colony-stimulating factor.
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The same membrane was rehybridized 4-5 times with different probes.
Probes and Measurement of Protooncogene Amplification. The probes

we have used are: c-myc, a subclone of the genomic c-myc gene con
taining a 1.8-kilobase Cla\-EcoR\ fragment comprising exon III (37)
and a 1.5-kilobase Sac\ fragment including exon II of the c-myc gene;
c-mos, a 2.75-kilobase fragment from human placenta! DNA inserted
in pSP65 (38); c-erbB-l, a 2.5-kilobase //mdlll-EcoRI human DNA
fragment from the recombinant plasmid pHE-B (39) subcloned in
pSP65; c-erbB-2, a 0.714-kilobase BamH\-EcoR\ human cDNA frag
ment inserted into pSP64 (19); G-CSF, a EcoRl-Rsal cDNA fragment
containing the G-CSF gene (40); c-Ki-rai, a Pstl-BamHl fragment
derived from c-Ki-raj cDNA (9); c-Ha-ras, a 3.0-kilobase Sad fragment
from c-Ha-ras human gene pEJ plasmiti (5); /S-globin, a 4.4-kilobase
Pstl fragment cloned in pBR322 (41). Protooncogene amplification
was first measured by densitometry of the hybridizing signals due to
protooncogene probe and control probe in tumors and patient's or
normal donor's DNA. Control probes were c-mos for c-myc gene and

G-CSF for c-erbB-2 to distinguish between gene amplification and the
presence of extra copies of chromosomes 8q and 17q, respectively. In
DNA samples with gene amplification, serial dilutions of the tumor
DNA were performed to obtain a Southern hybridization signal of
about one copy as reported by Slamon et al. (21). Quantification of
gene amplification was done by scanning densitometry of autoradi-
ograph bands using a Bio-Rad VD620 soft laser densitometer.

Clinical Observations. Patient data were collected from the collabo
rating pathologists' and surgeons' reports. Patient survival is being

prospectively observed.
Statistical Analysis. The classical prognostic parameters for breast

carcinoma were compared with the oncogene alterations by the x2 or
Fisher exact test (2-tailed) using a commercially available software
package (BMDP).

RESULTS

c-myc Protooncogene Amplification in Human Breast Cancers.
We have looked for the presence of genetic alterations of the c-
myc protooncogene in 125 breast cancers. DNAs from tumor
samples were digested with EcoRl restriction enzyme and the
12.5-kilobase EcoRl c-myc hybridizing fragment was analyzed
for abnormal amount and the presence of variant restriction
fragments. Filters hybridized with c-myc were probed with c-
erbB-2 and c-erbB-l probes (Fig. 1) and with control probes, c-
mos, G-CSF, and 0-globin genes (data not shown). DNAs were
digested with BamH\ restriction enzyme and hybridized with
the same probes. Amplification of the c-myc protooncogene
was observed in 18% of samples (Table 1). In infiltrating ductal
carcinoma 15 of 102 samples (15%) contained more than one
c-myc gene. The extent of amplification was between 2- and 10-
fold. The frequency of c-myc amplification in inflammatory

carcinoma was significantly higher than that in other tumors
(P = 0.0010; Table 2).

There was no correlation between amplification of c-myc
protooncogene and histolÃ³gica! grade, estrogen-progesterone
receptors, or lymph node mÃ©tastases.

Rearrangement of the c-myc gene was detected in one infil
trating ductal cancer. By Southern hybridization with c-myc
exon III, we observed an additional 9.5-kilobase EcoRl restric
tion fragment and an additional 8.2-kilobase Hindl\\ fragment.
These new bands were absent in DNA from the patient's

lymphocytes, indicating that the alteration is specific for the
tumor tissue. Use of the PvuH restriction enzyme did not reveal
any additional bands in this tumor (Fig. 2). The intensity of the
additional EcoRl or Hindlll bands was similar to the intensity
of the normal c-myc bands, indicating that tumor tissue was
homogeneous. Amplification of c-erbB-2 oncogene was also
found in this tumor sample as was loss of a c-Ha-ras alÃ­ele.

c-erbB-l and c-erbB-2 Protooncogenes in Breast Tumors. No
alterations of the c-erbB-\ protooncogene were observed in the
samples analyzed. In contrast, amplification of c-erbB-2 se
quences were found in 27 of 125 tumors (22.0%). Alteration of
c-erbB-2 protooncogene was found only in infiltrating ductal
breast carcinomas (25%) and one comedocarcinoma. No alter
ations were observed in tumors of better clinical prognosis as
papillary, mucinous, or lobular (Table 1). We found that 13 of
125 tumors (11%) had 2 to 5 copies of the gene, and 11% had
6 to more than 20 copies (Table 3).

Alteration of c-erbB-2 was significantly (P = 0.005) more
frequent in advanced histological grade III breast tumors. Sig
nificant association (P = 0.036) was observed between the
presence of amplified c-erbB-2 and the absence of estrogen and
progesterone receptors. There was no significant association
between lymph node mÃ©tastasesand c-erbB-2 amplification.

In one infiltrating ductal carcinoma non-germ line restriction
fragments were found with the c-erbB-2 probe. Additional
hybridizing bands were detected: an 8.4-kilobase EcoRl; an 8.3-
kilobase BamHl fragment; a 4.6-kilobase Pvull fragment; and
a 3.2-kilobase Sad fragment (Fig. 3). Unfortunately, DNA from
peripheral lymphocytes was not available from this patient.

c-Ki-ras and c-Ha-nu Genetic Alterations in Human Primary
Breast Carcinomas. One hundred nineteen primary breast car
cinomas were evaluated for genetic alterations of the c-Ki-ra5
and c-Ha-ras protooncogenes. No gene amplifications or re
arrangements were seen.

The c-Ha-ras locus has a restriction fragment length poly
morphism with a BamHl restriction enzyme (42). This poly
morphism is generated by the variable length of a segment at

Fig. 1. Southern blot analysis of breast cancer
DNA for alteration of c-erbB-2. c-myc. and c-
erbB-l. Tumor DNA (10 ng) was digested with
KcoRl restriction enzyme and hybridized first to
the c-erhB-2 probe, then to the c-myc probe, and
finally to the c-erhB-l probe. This shows ampli
fication of c-erbB-2 (Lane 5, 18-fold). Some back
ground is observed on the c-erhB-2 band of tumor
5 after washing and hybridizing with c-myc or c-
erhB-\.KB, kilobase.

KB

c-ERBB-2

123456

23.8

9.6

6.6

4.3

2.3

C-MYC

123456

c-ERBB-1

123456
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Table I Unilateral breast carcinoma histology-and frequency of gene alterations
ofc-myc and c-erhB-2

Table 3 Correlation ofc-erbB-2 protooncogene amplification with clinical
parameters for single unilateral primar)- carcinoma patients

Type of No.ofcarcinoma
patientsInfiltrating

duclal102Lobular
4Comedo
2Mucinous

6
Papillary4Carcinoma

in situ 3
Medullary4Total

125"
Numbers in parentheses, percentage.Amplifiedc-myc15(15)Â°202

01

222(18)c-eroo-2.26

(25)01000027

(22)Table

2 Amplification of c-myc protooncogene in relation to clinicalparametersin
single unilateral primary breast cancerpatients1Histological

gradeIIIIIIEstrogen/progesterone

receptorsE+P+E+P-

E-P+E-P-Tumor

sizeTlT2T3T4InflammatoryPositive

nodes0S3>3copy2058251036010

62737507725519272-10copies610622113261070051118Total

P2668

NSÂ°311257113

NS
8331254757777

0.00101256620

NS35121Histological

grade11IIIEstrogen/progesterone

receptorsE+P+"

E+P-E-P+E-P-Tumor

sizeTlT2

T3T4InflammatoryPositive

nodes0S3>31

copy2552219860

107213647

555521528"

E. estrogen; P. progesterone;NS,KBX9*5

cÂ¿J
.09.6â€”6.61

O1

2N

X<â€¢â€¢Â»f^l^^^^2-5

6-20
copies copiesTotal011_213820356110814not

significant.3N

XN(

^'^^"**15J514319641264326683112571

138331254757

7771256620351214X

N-Â»

4gp/>0.0050.036NSNS

* NS. not significant; E, estrogen; P. progesterone.

KB

23.8

1

X N

2

X N

3

X N
2.3

9.6

6.6

4.3

*

2.3

Fig. 2. Southern blot analysis of human breast cancer DNA (Nb 46) for
alteration of c-myc. DNA (10 ng) from tumors (7") or peripheral blood cells (A/)

was digested with Â¿VoRI(/). ///ndlll (2). and Pvu\\ (3) restriction enzymes.
Additional restriction fragments are found in tumor tissue DNA after EcoR\. |9.5
kilobases (AÂ«>|and //indlll |8.2 kilobases| digestion.

Fig. 3. Southern blot analysis of human breast cancer DNA (Nb 54) for the
alteration of c-frAB-2 protooncogene. Ten ^g of tumor (T) DNA and DNA from
peripheral blood cells of another patient (A7)were digested with EcoKl (I). BamHl
(2). Prull (3). and .Voci (4) restriction enzymes. New restriction fragments are
observed in tumor tissue DNA after EcoRl [8.4 kilobases (A7?)|. BamHl (8.3
kilobases). Prull [4.6 kilobases|. and Sad [3.2 kilobases] treatment.

the 3' region containing 28-base pair tandem repetitive se

quences. We have compared peripheral blood DNA to tumor
DNA after digestion with BamHl restriction enzyme and hy
bridization with c-Ha-ras probe. Peripheral leukocyte DNA
from the same patient was available in 57 cases. We found 29
patients homozygous at this site and 28 patients heterozygous,
having two alÃ­eles.In 7 of 28 heterozygous individuals one c-
Ha-ras alÃ­elewas lost in the tumor DNA (Fig. 4). Four of these
7 patients died 10 to 30 months after surgery. Only 2 of 21
heterozygous patients with alÃ­eleloss died during this period of
time. There is a significant link (P = 0.016) between loss of c-
Ha-ras alÃ­eleand patient death. In two of the dead patients with
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123
KB X N X N T N

23.8

9.6

6.6

4.3

Fig. 4. Autoradiograph of tumor (T) and blood cell (A^ DNA from three
breast cancer patients, digested with BamH\ and hybridized with c-Ha-ras probe.
Tumor tissue from patient 1 shows a fine band which comes from normal tissue
and presents about 10% of the intensity of the remaining alÃ­ele.Tumor tissue
from patient 2 shows no alÃ­eleloss and patient 3 tumor tissue shows complete
absence of one alÃ­ele.KB. kilobase.

alÃ­eleloss (one infiltrating ductal, one inflammatory), we ob
served complex abnormalities. Both tumors contained c-erbB-
2 amplification (more than 6 copies) together with c-myc re

arrangement and amplification, respectively.

DISCUSSION

We have analyzed the genomic organization of several pro-

tooncogenes in human breast carcinoma samples to better
understand the influence of these genetic abnormalities in the
evolution of breast carcinoma patients. This analysis was per
formed with prospectively collected samples, which represent
about three-fourths of all patients operated on in Geneva. Our
data should thus be truly representative of the value of such
analyses in a nonselected patient population.

Amplification of c-myc gene in breast and other tumors has
been correlated with clinical aggressiveness (12, 17). We found
alteration of this gene in 18% of the samples. This is comparable
to the frequencies found in previous studies (15, 17, 43). Al
though the number of samples is low, we detected a significant
link (P = 0.0010) between alteration of c-myc gene and inflam
matory breast carcinomas. Because inflammatory breast tumors
are an aggressive breast cancer subtype, we could expect fre
quent genomic changes in these tumor DNAs. Indeed all 7 such
samples show gene change and in 5 of 7 tumors the c-myc
protooncogene was amplified. The 2 tumor samples not pre
senting amplification of c-myc showed amplification of c-erbB-
2 gene and the loss of a c-Ha-ras alÃ­ele,respectively. Our data
thus suggest that in this type of breast cancer the frequency of
easily detectable genomic alterations is 100%.

No statistically significant correlations were found between
c-myc gene amplification and other clinical parameters in our
results. Varley et al. (17) detected amplification of c-myc in 8
of 37 (22%) infiltrating ductal breast tumors and no correlations
with the class, grade, estrogen receptor status, and age of
patients at surgery, but they report a significant association
between an altered c-myc gene and a poor prognosis. We
detected a non-germline c-wyc-related DNA fragment or re
arrangement in one tumor sample. Our data suggest that the
genetic alteration, probably a deletion of about 3.4 kilobases,
could happen at the 5' region of the c-myc gene. The same

sample showed amplified c-erbB-2 gene and deletion of a c-Ha-
ras alÃ­ele.

We have investigated alterations in the structure of the c-
erbB-2 oncogene in the same tumor samples. We detected
amplification in 27 of 125 samples (22.0%) and one tumor with
a c-erbB-2 gene rearrangement. In our patients, time after
surgery is still short (average, 27 months) to discuss any clinical
meaning of single c-erbB-2 or c-myc protooncogene amplifica
tion. Nevertheless, we found good correlation between grade
III tumors and high copy number of c-erbB-2 oncogene confirm
ing previous reports (24, 28). Association of c-erbB-2 gene
amplification and the absence of estrogen and progesterone
receptors was detected. From our data and those of others (24,
28) it is still impossible to conclude if amplification of c-erbB-

2 (neu) gene is an independent prognostic factor once tumor
grade is considered. No significant correlations were observed
for the presence of positive lymph nodes. Recently, Van de
Vijver et al. (29) have also reported no association of neu
overexpression with lymph node status in a group of 189 tumors
from patients with stage II breast cancer. Association with
comedo-type ductal carcinoma in situ was reported by the same
authors (29). Our results suggest that c-erbB-2 gene alteration
is associated with increasing stage of malignancy, whereas c-
myc may play a role in rapidly proliferating inflammatory
carcinomas.

Amplification of c-erbB-2 together with c-myc was observed
in only 1 case, compared to 16% in another report (25). Our
data and those from Varley et al. (17) rather suggest that
alteration of either the c-myc or the c-erbB-2 genes occurs in
two different groups of breast carcinomas the clinical outcome
of which remains to be determined. Oncogene products of c-
myc and c-erbB-2 seem to cooperate rarely in the malignant
phenotype of mammary cancers.

Loss of chromosomal regions inactivating tumor suppressor
genes may be an additional step in the evolution of human
tumors. AlÃ­eleloss on the short arm of chromosome 17 was
found in 61% of breast tumors analyzed indicating that this
region may contain a breast cancer susceptibility gene (34).
Previously, loss of a c-Ha-ras alÃ­eleon the short arm of chro
mosome 11 (Ilpl4) has been shown to be associated with
aggressive human primary carcinomas. We found loss of this
locus in 29% of breast tumors. The 57% of patients with alÃ­ele
loss died 10 to 30 months after surgery as compared to 2 of 21
without alÃ­eleloss (P = 0.016). Interestingly, two of the patients
with alÃ­eleloss were the only two cases showing more than one
simultaneous genetic alteration. The deletion of a c-Ha-ras
locus may indicate an additional step leading to rapid evolution
of breast cancer.

Human breast cancer is a heterogeneous and complex neo-
plastic disease where many factors may influence biological
behavior. Activation of several oncogenes may occur at the
same time as deletion of genetic material, inducing loss of
recessive antioncogene alÃ­eles.Several combinations of genetic
defects must be responsible for tumor progression. To find out
which are those primarily causing tumor formation and those
related to its evolution we need more extensive studies including
investigation of the alteration of many other oncogenes, growth
factors, hormone receptors, and cytoskeletal proteins.
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