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ABSTRACT

We analyzed the epidermal growth factor receptor gene using a com
plementary DNA probe of the epidermal growth factor receptor gene in
21 uncultured primary breast carcinomas and found that the gene was
amplified in three of these tumors. We further demonstrated by immu-
nohistochemistry using a monoclonal antibody to the epidermal growth
factor receptor that the receptor protein product of this gene was over-
expressed and displayed elevated kinase activity. Our data indicate that
one of the molecular mechanisms for overexpression of epidermal growth
factor receptor in human breast cancer is epidermal growth factor recep
tor gene amplification without rearrangement in a subset of tumors.

INTRODUCTION

EGF-r4 is a M, 170,000 membrane protein exhibiting an

extracellular binding domain that serves to bind the ligand,
EGF or transforming growth factor a, a transmembrane region,
and an intracellular domain facing the cytoplasm exhibiting the
tyrosine kinase function (1). EGF has been shown to stimulate
the growth of human breast cancer cells (2), and human breast
cancer cell lines secrete a factor with transforming activity (3).
Amplification of EGF-r and of an EGF-r-related gene has been
reported in two cell lines derived from human breast tumor (4,
5). Although EGF-r is detected in nearly Viof uncultured human
breast tumors by a radioreceptor binding assay or by immuno-
histochemical studies (6-9), an extensive analysis of the EGF-
r gene for a possible mechanism to explain this overexpression
has not been reported in these tumors.

To determine the EGF-r gene structure in uncultured human
breast tumors, we analyzed 45 breast tissues (21 carcinomas,
20 adjacent nontumorous breast tissues, 3 adenomas, 1 gyne-
comastia) by Southern blot analysis and/or DNA dot blot
analysis. In a limited number of these samples, we studied EGF-
r expression and kinase activity.

MATERIALS AND METHODS

Procurement of Tissue. Forty-five diagnostic specimens were obtained
at the University of Texas, M. D. Anderson Hospital and Tumor
Institute (Table 1) and reviewed by a member of the Department of
Pathology. Table 1 details the clinical, pathological, and biochemical
features of the 21 patients from whom the breast carcinomas were
removed. Breast tissue specimens were obtained immediately after
surgery and stored at -70"C or processed immediately by placing them

in a mortar containing liquid nitrogen. The frozen tissue was then
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pulverized with a pestle. High-molecular-weight DNA was prepared
from the pulverized tissue powder (10).

Blot Hybridizations. All DNAs were digested with 2 or 3 restriction
endonucleases (EcoRI, Hindlll, and Pstl), size fractionated in a 0.8%
agarose gel, denatured, neutralized, and transferred to a nylon mem
brane as described (11). The filters were hybridized for 48 h at 42Â°C,
washed in 0.1 x standard saline citrate with 0.1% SDS at 60Â°Cfor 60
min, and exposed to X-ray film at -70Â°C. Sequential hybridizations

were carried out on the same filter after boiling them for 10 min to
remove the previous probe.

To estimate the gene copy number, DNA (64 ^g) was serially diluted,
denatured, neutralized, and dot blotted onto a nylon filter. Hybridiza
tion, rehybridizations, and washings were carried out as described
above.

Immunoperoxidase Staining. Frozen section slides were prepared,
and anti-EGF-r antibody (Rl) (1:100 Amersham International. Amer-
sham. United Kingdom) was incubated for 1 h on these tissue sections.
Antibody reactivity was determined using the Vectastain ABC (perox-
idase) anti-mouse IgG procedure (Vector Laboratories, Burlingame,
CA), with diaminobenzidine ( l mg/ml in Tris-HCl, pH 7.2) as substrate
as described (12). The sections were counterstained with hematoxylin.

Immune Complex Kinase Assay. For kinase assays, tissue was lyoph-
ilized, and 0.1 g dry weight was solubili/ed in lysis buffer containing
1% Triton X-100, 150 mM NaCl, 5 mivi EDTA, 1% trasylol, 5 mM
PMSF, and 10 fig/ml leupeptin. Lysis was accomplished by dounce
homogenization with 20 strokes in a type "A" Wheaton homogenizer.

Lysates were clarified by centrifuging at 10,000 x g for 10 min. Clarified
lysates were incubated for 2 h with 5 M!of Rl EGF receptor antiserum
(Amersham). Immune complexes were harvested by addition of Staph-
ylococcus aureus (Cowan strain) for 30 min. The immune complexes
were then washed twice with a buffer containing 0.1% Triton X-100
and 150 mM NaCl in 10 mM sodium phosphate, pH 7.4. Pellets were
resuspended in 25 M' of a solution containing 0.1% Triton X-100, 20
mM HEPES, and 100 ><Msodium vanadate. The kinase reaction was
initiated by addition of an equal volume of a solution containing 5 Â¿tCi
of [7-32P]ATP, 6 mM MnCl2, 0.1% Triton X-100, and 20 mM HEPES,
pH 7.0. The reaction was allowed to proceed for 10 min at 25Â°Cand

terminated by addition of a buffer containing 1% Triton X-100, 0.1%
SDS, 0.5% sodium deoxycholate, 150 mM NaCl, 5 mM EDTA, 1%
trasylol, 5 mM PMSF, 10 Mg/m' leupeptin, 1 mM sodium vanadate, 5
mM sodium pyrophosphate, and 20 mM sodium phosphate, pH 7.4.
Complexes were washed twice in the above buffer, and the phosphoryl-
ated proteins were resolved by SDS-polyacrylamide gel electrophoresis
(8% acrylamide resolving gels) by the procedure of Laemmli (13).

Probes Used. Cloning of the EGF-r complementary DNA, HER-
A64, has been described ( 14). Â£coRIsubclones were prepared and used
as probes (Fig. 1). Preparation of the c-myb DNA probe, used as an
internal control to compare relative amounts of DNA on the filters,
has been described ( 15).

RESULTS

The EGF-r gene was amplified 64-, 8-, and 64-fold, respec
tively, in tumors obtained from Cases 1, 2, and 3 (Figs. 1 and
2). The extent of gene amplification in the tumors from Cases
1 and 3 was comparable to that seen in the DNA from the
A431 cell line which is reported to be amplified 10- to 50-fold.
Adjacent nontumorous tissues from Cases 1 and 3 were avail
able and processed. The EGF-r gene was not amplified in these
adjacent normal tissues. The signal intensity noted in these
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Table I Characteristics of 21 patients with breast carcinoma analyzed for EGF-r
gene structure abnormalities

XHER-A64

Case1234S6789IO11121314IS161718192021Age396351676755445434597637587460526461648138Meno
pausa!
statusPrePostPostPostPostPostPrePostPrePostPostPrePostPostPostPostPostPostPostPostPostClinicalstageIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIVInuuuNuclear

ER
grade Histology(fmol/mg)IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIInf.

DC*Int.

DCInf.
DCInf.
DCInf.
DCInf.
DC/ILCInf.
DCInf.
DCInf.
DCInf.
DCInf.
DCInf.
DCInf.
DCInf.
DCInf.
DCInf.
DC/ILCInt.
DCILCILCILCILC7<11985455480553316<1.062442ND67132ND13866PgR(fmol/mg)00360032451027776ND001970ND123716ND0ND

" Inf. DC, infiltrating ductal carcinoma: Int. DC. intraductal carcinoma; ILC.

infiltrating lobular carcinoma: ND. not done.

adjacent normal tissues was equal to that observed in the other
tumor tissues analyzed (data not shown). The EGF-r gene was
not rearranged in the DNA from Cases 1 and 3 when we used
the restriction endonucleases EcoR\ and Pstl and both EGF-r
probes. There was not enough DNA from Case 2 to perform
similar Southern blots.

To determine whether or not EGF-r gene amplification re
sulted in overexpression of the receptor protein product, an
immunohistochemical analysis using a monoclonal antibody
against the EGF-r was performed on the tumor tissue from
Case 3 (Fig. 3). This analysis showed that more than 90% of
the tumor nests showed intense positively stained cytoplasmic
membranes. There were a few areas of tumor which were
negative, which demonstrates the intratumoral heterogeneity of
this breast tumor. There were no remaining available tissues
from Cases 1 and 2 for this analysis. An additional 2 tumor
tissues (Cases 7 and 18) without EGF-r gene amplification and
their adjacent normal tissues were analyzed, and they did not
react with the antibodies in this assay (data not shown).

To determine if the EGF-r proteins possessed functional
tyrosine kinase activity, an immune complex kinase assay was
performed on material from Case 3 as well as on 3 additional
samples (Cases 7, 11, and 18) without EGF-r gene amplifica
tion. The results showed that, in tumor tissues, the normal M,
170,000 protein was phosphorylated. The level of kinase activ
ity in Case 3 was similar to that described in the A431 cell line,
a line known to have amplified EGF-r (Fig. 4, compare Lane 1
with Lane 7).

Cases 1 and 2 did not have axillary lymph node involvement,
were postmenopausal, and had been taking conjugated estro-
genie hormones for 9 mo and 6 yr, respectively, before their
mastectomies. The tumors from Cases 1 and 2 were negative
for ER and PgR, whereas the tumor from Case 3 was mildly
positive for ER and PgR. In addition, the tumors from Cases 1
and 3 had Black's nuclear Grade 1(16), which is consistent with

a high degree of proliferation (Table 1).

DISCUSSION

EGF is a single chain polypeptide of 53 amino acids that is
involved in the growth and differentiation of many types of
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Fig. 1. Top, schematic view of the human EGF-r complementary DNA and
probes used. EcoRI subclones were used as probes. HER-A64-I corresponds to
most of the external (E]) and transmembrane (â€¢)domain of the gene, while HER-
A64-3 represents the COOH terminus and part of the cytoplasmic protein kinase
domain (li). Bottom, Southern blot analysis of high-molecular-weight DNA (IS
fig/lane) from the breast tumors of Cases 1 (Lanes A2, BI), and 2 (Lane A3) and
adjacent normal breast tissue from the same mastectomy specimen of Case 1
(Lane Al) and from the A43I squamous carcinoma cell line (Lane B2). The
DNAs were digested with the restriction endonucleases, ///mil 11(A) and Pstl (B).
Aa, Ab. Ba, and Bb represent results using the HER-A64-1 probe. Au and Ba
represent long exposure autoradiographs; Ab and Bb are short exposures. The
filter was boiled for 10 min and rehybridized with a second probe, c-myb, to
confirm that equal quantities of DNA had been loaded onto each lane (Ac, Be).
The niter was again boiled for 10 min and rehybridized with the HER-A64-3
probe which confirmed that the 3' portion of the gene was also amplified but not

rearranged (data not shown).
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Fig. 2. LÃ/r,estimation of EGF-r gene copy number by DNA dot blot analysis
in the A431 squamous carcinoma cell line DNA (Lane 6), in the DNA obtained
from the tumors of Cases I (Lane /), 2 (Lane 3), and 3 (I^ane 5), and in the DNA
obtained from the normal breast tissues of Cases 1 (Lane 2) and 3 (Lane 4). The
nylon filter was then boiled for 10 min and rehybridized with c-myb to confirm
that equal amounts of DNA had been loaded onto each lane (right).

cells including mammary epithelium through a specific binding
to a cell surface receptor (17, 18). EGF-r has been detected in
the breast cancer cell lines, as well as fresh human breast
tumors, by a binding assay and immunohistochemistry with a
monoclonal antibody (6-9). Although one-third to one-half of
breast tumors are positive by these assays (19, 20), a structural
analysis of EGF-r gene in fresh human breast tumors thus far
has not demonstrated that EGF-r gene amplification is actually
associated with high expression and high EGF-r kinase activity.
Our results indicate that one of the underlying molecular mech
anisms of high expression of EGF-r in breast cancer is gene
amplification without gene rearrangement in a subset of human
breast tumors. The EGF-r gene was not rearranged, and the
protein size was normal in our study, which is dissimilar to the
findings in the A-431 squamous cancer cell line which showed
amplification and rearrangement of the EGF-r gene (14, 21).

Oncogene amplification in certain fresh tumor types is asso
ciated with unique clinical and pathological subsets. For in
stance, N-myc amplification in neuroblastoma was found in

-

Fig. 3. Immunoperoxidase staining of frozen breast cancer tissue sections
from Case 3 with the Rl anti-EGF-r antibody. The arrows show tumor cell
clusters which have antibody-positive staining of cytoplasmic membranes, x 100.

tumors resected from patients with advanced stages of disease
and was associated with poor prognosis (22, 23). Similarly,
EGF-r gene amplification was reported in 4 of 10 patients with

primary glial tumors of the brain (24). All 4 of these tumors
were glioblastoma multiforme, representing clinicopathologi-
cally a more aggressive form of disease than astrocytomas that
did not show gene amplification (24). Amplification o(c-erbB2/
neu gene in breast cancer was recently reported as a significant
predictor of both overall and relapse-free survival in patients

with breast cancer (25). In another report the presence of any
altered protooncogene correlated with the clinical stage, tumor
progression, and recurrence of breast cancer (26).

EGF-R

-200K

Fig. 4. Immune complex kinase assay of
tumor tissue from Case 3 (Lane 7), of A431
cells (Lane I), of normal tissue from Case 3
(Lane 6), of additional tumor tissues without
EGF-r gene amplification (Lanes 3, 5, and 9),
and of the adjacent normal tissues from these
same cases (Lanes 2, 4, and 8). Molecular
weight markers are given on the right.
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More recently, Sainsbury et al. (19) reported that the relapse-
free and overall survival for patients with estrogen receptor-
negative but EGF-r-positive breast cancer was significantly
worse than for patients with both receptor-negative tumors. It
is possible that EGF-r gene amplification and/or high EGF-r
levels, as determined in this study, may be a biological predictor
for poor prognosis in breast cancer. It is also important to point
out that the tumors analyzed in this study were obtained from
patients who had received no prior radiation therapy or chemo
therapy. Hence, the amplification could not have been induced
by either of these forms of anticancer therapy.

It is widely held that one of the characteristics of human
breast cancer is its heterogeneity. The immunohistochemistry
done in our study demonstrated this intratumoral heterogeneity
and suggests that clones of cells within a tumor may harbor an
amplified and overexpressed EGF-r gene, which may not be
detected by methods which do not analyze individual cells.

Finally, just as elevated ER/PgR is predictive of hormonally
sensitive breast cancer (27, 28), perhaps EGF-r gene amplifi
cation and/or high EGF-r levels indicate EGF-sensitive breast
cancer. It is known that the addition of EGF in vitro inhibits
the growth of A431 cells and the MDA-MB-468 cells, two cell
lines known to have an amplified and overexpressed EGF-r (4,
21). EGF may, therefore, have a therapeutic role in patients
with breast cancer who have EGF-r gene amplification and/or
high EGF-r levels.
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