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Amplification of the HER-2/neu proto-oncogene in
breast cancer has been reported to correlate with
poor patient prognosis. The proliferation, or
growth fraction, of cells has also been shown to be
ofprognostic importance in breast cancer. A study
was conducted to evaluate the correlation between
HER-2/neu gene expression and proliferation in
breast cancer. Quantitative immunohistochemical
methodsfor the detection ofthe HER-2/neu protein
expression andfor assessing theproliferation frac-
tion on frozen sections of tumor cells were used.
The detection of epidermal growth factor receptor
(EGFR) along with quantitative DNA ploidy analy-
sis, also wasperformed on the same breast cancers.
The results indicated two subgroups of invasive
ductal carcinoma; 1) HER-2/neu overexpressing
cases that were negative for EGFR expression and
had low proliferation fraction, and a tetraploid
DNA pattern (22 cases), and 2) other combina-
tions of HER-2/neu expression and EGFR expres-
sion, with a highproliferationfraction and an an-
euploidDNA pattern (38 cases). Eight cases ofcar-
cinoma in situ were positive for HER-2/neu
overexpression and negative for EGFR expression,
and had a high proliferation fraction and a tet-
raploid DNA pattern. Twenty-six cases of low-
grade carcinoma exhibited low proliferation and
a diploid DNA pattern. (Am J Pathol 1990, 137:
103-111)

Breast cancer is a common cancer in women, and in spite
of major advances in chemotherapy and hormonal ther-
apy, the death rate has remained unchanged. Therefore,
it is important to establish reliable and reproducible prog-
nostic tests that will help to choose the optimal therapy
for each cancer.1 Biologic parameters such as tumor

ploidy,25 cell proliferation,67 and estrogen and progester-
one receptor status8 9 are becoming useful as a prognos-
tic adjunct to histologic grading. Other major efforts in
breast cancer research are directed at evaluating the cor-
relation between gene alteration and clinical behavior of
cancers. In particular, alterations of proto-oncogenes in
cancer are of major interest.

Proto-oncogenes, including the HER-2/neu gene, rep-
resent a family of normal cellular genes involved in cell
growth and differentiation, and there is evidence that alter-
ations either in gene structure, gene copy (amplification),
or overexpression may play a role in the pathogenesis of
some human cancers. The HER-2/neu gene encodes a
185-kd transmembrane protein homologous to the epi-
dermal growth factor receptor,10 11 suggesting a possible
role as a membrane receptor. Amplification of the HER-2/
neu gene, which results in elevated levels of expression
of HER-2/neu mRNA and protein, have been shown to
correlate with shorter time of overall survival in women
with breast cancer.1213 Applying immunohistochemical
methods for the assessment of sections of breast tumors,
using antibodies to the HER-2/neu protein, allows investi-
gation of tumors for overexpression of the protein, and
relating protein expression to tumor prognosis.13'14

A growing body of literature exists describing the im-
portance of proliferation measurements in breast cancer.
The proliferating fraction of tumor cell populations has
been reported to have prognostic significance. Low prolif-
eration has been found to correlate with a favorable prog-
nosis in most cases. In contrast, high proliferation has
been found to be associated with a poor prognosis.6'5

The present study was initiated to evaluate the rela-
tionship between HER-2/neu gene expression and prolif-
eration patterns in breast cancers. Immunohistochemical
methods were used for the determination of HER-2/neu
overexpression and proliferation fraction. The monoclonal
antibody Ki-67,1119 which reacts with a nuclear antigen
present in cycling cells but not in resting cells, was used
for the determination of proliferation fraction. The tumors
also were tested for the presence of epidermal growth
factor receptor (EGFR)20 because of its involvement in the
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control of cell proliferation. Furthermore, increased ex-
pression of epidermal growth factor receptor also has
been linked to unfavorable disease course in breast can-
cer." In addition, for each tumor the DNA ploidy status
also was determined using the Feulgen method.

Materials and Methods

Tumor Tissue

Ninety-four breast cancers were evaluated. The tissues
used for immunohistochemical studies were snap-frozen
using isopentane in dry ice or liquid nitrogen. The frozen
tissues were stored at -70°C until they were sectioned.

Cell Culture

Three tumor cell lines were obtained from the American
Type Culture Collection (ATCC). The breast cancer cell
line SKBR3, which contains amplified human HER-2/neu
gene,22 and overexpresses the HER-2/neu protein, and

MCF7 breast cancer cell line, which contains one gene

copy of HER-2/neu22 and expresses normal amounts of
HER-2/neu protein, were used as controls for antibody
to the HER-2/neu protein quantitation. The A431 human
epidermoid carcinoma cell line, which contains large num-
ber of EGF receptors (2 to 3 X 1 06/cell),20 was used as a

control for EGFR staining.

DNA Staining

DNA quantitation was performed on touch imprints made
from the breast tissues and stained with the Feulgen reac-

tion as described previously.18'23

Immunohistochemical Staining

HER-2/neu

Detection of the HER-2/neu oncogene product was

performed by using a rabbit polyclonal antibody to the
HER-2/neu protein in a double-link alkaline phosphatase
anti-alkaline phosphatase technique. The HER-2/neu anti-
body (1:2000 dilution) was provided by Dr. Dennis Sla-
mon, UCLA School of Medicine, Los Angeles, Califor-
nia.13 The control or negative antibody was rabbit gamma
G immunoglobulin (IgG) (1:2000 dilution of a 1 -g/ml con-

centration) from ICN (Costa Mesa, CA). The linking anti-
bodies used were mouse anti-rabbit IgG (concentration
of 10 mg/ml) from Jackson Labs and goat anti-mouse

IgG (concentration of 10 mg/ml) from Bethesda Research
Labs. The mouse alkaline phosphatase anti-alkaline phos-
phatase (1:100 dilution) used was from Dako Corp (Santa
Barbara, CA). The chromogen was CAS Red (Red Chro-
mogen Kit, Cell Analysis Systems, Inc., Elmhurst, IL) and
the counterstain used was the CAS DNA Stain. Periodate-
lysine paraformaldehyde (PLP), followed by post-fixation
in 10% buffered neutral formalin, were the fixatives used.

Epidermal Growth Factor Receptor Expression

Staining of the EGFR expression was obtained by us-
ing a mouse monoclonal antibody to the epidermal
growth factor receptor in dilution 1:100 (provided by Dr.
Bradford Ozanne, University of Texas, Dallas, TX)' in an
alkaline phosphatase anti-alkaline phosphatase tech-
nique as previously described for the HER-2/neu staining.

Ki-67 Immunohistochemical Procedure

The proliferation fraction was obtained using the Ki-67
antibody17 (DAKO-PC: Dako Corporation, Santa Barbara,
CA) as previously described.18

Quantitation of Histochemical-
immunohistochemical Staining

Quantitative DNA Analysis

For quantitation of the DNA staining the CAS 200 Image
Analysis System (Cell Analysis System, Inc., Lombard, IL)
was used. This is a microscope-based, two-color system,
using two solid state image sensing channels. Quantita-
tion of DNA relies on the Feulgen staining reaction, to spe-
cifically and quantitatively stain DNA. Quantitation of DNA
was performed on the first image sensor of the CAS Sys-
tem, which is spectrally matched to the Feulgen reaction
color product. The principles of this system have been
described previously,18.24 and normal values and error tol-
erances for the assay have been determined.25 The analy-
sis is based on assigning an optical density to each pixel
of the nuclear image and finding the summed optical den-
sity of the pixels for each nucleus in the image that corre-
sponds by the Beer-Lambert absorption law to the sum
of DNA in each cell. For DNA analysis, in each case, 100
tumor cells from each touch imprint were analyzed and
were compared with predeposited control cells on the
same slide.

Quantitation of Immunohistochemical
Staining

For quantitation of the staining to HER-2/neu protein and
Ki-67, the two solid state image-sensing channels of the
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CAS 200 were used. The image channels are specifically
matched to two-component immunohistochemical stain-
ing to specifically enhance the image of one stain in each
channel. Thus, in the case of the Ki-67 analysis, one chan-
nel was used to identify all components in the tissue coun-
terstained with ethyl green (ie, all the nuclear compo-
nents), and the other channel was used to identify the
proportion of nuclear components where specific nuclear
proteins (antigens) were stained immunohistochemically.
This imaging technique has been referred to as 'nuclear
masking.'18'26 The report for the percent positive stained
nuclei for Ki-67 consists of the proportion of the positive
nuclear area for the antibody stained versus the total
nuclear area.

In the quantitation of HER-2/neu protein, both imaging
channels were used, one for the nuclear component and
the other for the cytoplasmic plus membrane component.
The total optical density of the nuclear component was
calculated from the first image sensor; this correlated to
the total tissue DNA in the field. For each field, the total
optical density of the cytoplasm and membrane compo-
nent then was calculated from the second image sensor;
this correlated to the total stained protein in the field. The
system then calculated the density of protein per pico-
gram of DNA for that field, using both results. Because
the total amount of DNA per cell was known (using the
DNA quantitation program), the average total HER-2/neu
density of protein per cell could be computed.

This calculation also relied on using predeposited cali-
bration cells with a constant amount of HER-2/neu protein
per cell. Using these calibration cells, the system was able
to compensate for staining variability from day to day, as
these cells were stained together with the cancer tissues.
One lot of SKBR3 cell line that was known to overexpress
the HER-2/neu protein22 (obtained from ATCC), was used
as control cells for overexpressing the HER-2/neu protein.
This cell line was given a value of 100% of HER-2/neu
protein content. Thus, our protein quantitation was rela-
tive to the SKBR3 cells and not absolute. One lot (ob-
tained from ATCC) of an MCF7 cell line that was known
to express normal amounts of HER-2/neu protein22 was
used as a normal control. The staining of MCF7 cells also
was used to derive a cut-off point for normal HER-2/neu
protein content for each staining batch. In addition, to es-
tablish an objective quantitative cut-off point of the HER-
2/neu normal protein expression, we quantitated the
HER-2/neu protein in normal tissue. This was performed
on benign epithelial structures, in cases where residual
normal tissue could be identified. A cut-off point for normal
expression was established as 10% of HER-2/neu protein
per cell as compared with SKBR3 protein content. Cases
expressing distinct membrane staining), and by quantita-
tive image analysis exhibiting more than 10% of SKBR3

HER-2/neu protein content per cell, were considered pos-
itive for HER-2/neu protein overexpression.

The expression of epidermal growth factor receptor
(EGFR) was confirmed independently by two of the au-
thors (SB and SR). Cases with no staining with the anti-
body to the EGFR were scored as negative. Cases ex-
pressing a very distinct membrane staining were scored
as positive. There was no attempt to subclassify these
cases for high or low expression, as our main goal was to
quantitate the Ki-67 staining and the HER-2/neu staining.

Results

Table 1 summarizes the results of this study. The data
were grouped according to the following criteria; first by
histology, as invasive ductal carcinoma, carcinoma in
situ, and low-grade carcinomas. Second, the invasive
ductal carcinomas were subdivided into four subgroups,
according to the possibilities for positive or negative ex-
pression for HER-2/neu and EGFR, ie, +/-, +/+, -/-
and -/+. This resulted in six subcategories of breast can-
cer, and for each subcategory the average and standard
deviation by proliferation fraction over the number of
cases in that category is listed, as well as the DNA histo-
gram type, ie, aneuploid or tetraploid/polyploid, and the
average and standard deviation of the GO/G1 peak DNA
index over the number of cases in that category.

As described above, immunohistochemical staining
patterns of tumors for HER-2/neu protein expression was
obtained from frozen sections with a rabbit-derived poly-
clonal antibody to the HER-2/neu protein.13 Figure 1
shows characteristic immunostaining patterns obtained
with the HER-2/neu antibody for various types of breast
tissue. The immunostaining with antibody to HER-2/neu
showed distinct membrane staining, with some cytoplas-
mic staining, in cases overexpressing the protein (Figure
1A). In cases expressing normal amounts of HER-2/neu
protein, various degrees of faint cytoplasmic staining
were seen (Figure 1 B). Only cases exhibiting distinct
membrane staining in all or a majority of tumor cells, and
HER-2/neu protein content by imaging measurements of
more than 10% as compared to SKBR3 protein content,
were identified as positive for HER-2/neu in Table 1. The
other cases, which exhibited various amount of diffuse
cytoplasmic staining and had less than 10% protein per
cell as compared with SKBR3 cells, were scored as nega-
tive cases. Thirty-five breast cancers (37%) were defined
as positive for HER-2/neu overexpression. Of these can-
cers, 21 (60%) had more than 15% of HER-2/neu protein
as compared with the SKBR3 cell line, which is known to
contain four to eight copies of the HER-2/neu gene and
to express 100 times the normal amount of mRNA and
protein.22 Thus, relative to normal expression, these can-
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Table 1. Comparison ofProliferationt, DNA Index, and Overexpression ofHER-2/neu in Breast Cancers

No. of Ki-67 percent
Histology cases HER-2/neu EGFR proliferation DNA index

Invasive ductal carcinoma 22 + - 6.6 ± 5.21 1.98 ± 0.19
tetraploid t

Invasive ductal carcinoma 19 - - 27.74 ± 14.71 1.58 ± 0.42
aneuploid

Invasive ductal carcinoma 14 - + 38.36 ± 15.9 1.39 ± 0.38
aneuploid

Invasive ductal carcinoma 5 + + 35.86 ± 16.84 1.7 ± 0.39
aneuploid

Carcinoma in situ 8 + - 26.09 ± 10.28 1.93 ± 0.42
tetraploid

Low-grade carcinoma 26 - - 4.05 ± 3.98 1.05 ± 0.14
diploid

For the positivity to HER-2/neu protein overexpression a cut-off point of 10% of protein content per cell relative to SKBR3 protein content was used.
t EGFR positivity was established if a distinct membrane staining with an antibody to EGFR was present.
t One case was diploid, the other 21 cases were tetraploid.

cers were definitely overexpressing the HER-2/neu pro-
tein.

The immunoperoxidase staining of the frozen sections
for Ki-67 revealed distinct nuclear staining of the proliferat-
ing cells (Figure 2). Breast tumors in our study demon-
strated variable numbers of Ki-67-positive nuclei, ranging
from cases with only scattered proliferating nuclei (Figyre
2A) to cases with abundant proliferation (Figure 2B, C).
Quantitative image analysis was used to measure the per-
cent positive nuclear area staining for Ki-67 over the entire
tissue section. Figure 3 shows the correlation between
the proliferation as depicted by the percent Ki-67 positivity
and HER-2/neu protein expression for the 41 cases of
invasive ductal carcinoma that were EGFR-negative. The
figure reveals an interesting relationship, in that there is a
negative correlation or inverse relationship between prolif-
eration fraction and HER-2/neu expression in this sub-
group of cases. In fact, as shown in Table 1, the invasive
ductal carcinoma cases that were HER-2/neu-positive
and EGFR-negative formed a distinct group of cases with
low proliferation fractions, with a mean value of 6.6%.
Low-grade breast cancers that did not overexpress the
HER-2/neu protein also exhibited low proliferation
(4.05%), but had diploid DNA patterns.

Five cases that overexpressed the HER-2/neu protein
also exhibited positive staining for the EGFR. These cases
had high levels of proliferation (mean value, 35.86). The
highest amount of proliferation was obtained in cases of
breast cancer that were positive for EGFR and negative
for HER-2/neu overexpression (mean value, 38.36). Eight
cases of carcinoma in situ also expressed HER-2/neu
membrane staining (Figure 1 C). In situ carcinomas had a
large cell, comedo histology, and exhibited high prolifera-
tion (26.09%). EGFR-positive cases uniformly showed
high proliferation without exception, although proliferation
also was present in many cases that were not EGFR-posi-
tive.

The results of this study for the 94 breast cancers re-
garding their DNA ploidy analysis are also indicated in Ta-
ble 1. All of the cancers positive for HER-2/neu and nega-
tive for EGFR exhibited tetraploid/polyploid DNA content,
confirming our prior results.23 A tetraploid/polyploid DNA
distribution is a DNA histogram pattern in which GO/G1
phase cells have a DNA content that is a multiple of the
normal two copies (4C, 8C, and so on). Tumor cells hav-
ing DNA content between 2C and 4C in GO/Gl are termed
'aneuploid.' Of 35 cases overexpressing HER-2/neu, 21
cases of invasive ductal carcinoma had DNA indices (Dl)
close to tetraploid (mean DNA index, 1.98), and one case
had a diploid DNA distribution (1.0). Eight cases of carci-
noma in situ overexpressing HER-2/neu protein had DNA
indices close to tetraploid (4C) (mean value, 1.93). Five
cases overexpressing HER-2/neu and EGFR showed an-
euploid DNA patterns (mean DNA index, 1.7). Thirty-three
cases of high-grade cancers that did not overexpress the
HER-2/neu protein showed aneuploid DNA patterns
(mean DNA index of 1.58 for EGFR-negative cases and
1.39 for EGFR-positive cases). Twenty-six low-grade tu-
mors that did not overexpress the HER-2/neu protein ex-
hibited diploid or near-diploid DNA index (mean DNA in-
dex, 1.05).

Discussion

Comprehensive analysis of breast cancer for HER-2/neu
expression at the DNA, RNA, and protein levels has pre-
viously shown13 a positive correlation between gene am-
plification and overexpression, and also has indicated that
immunohistochemical analysis of frozen sections for on-
cogene expression is a sensitive method for detecting
the gene abnormalities.1327 Immunohistochemical tech-
niques enable the assessment of the protein status spe-
cifically in tumor cells, and is not subject to dilution by
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Figure 1. A: Tumor section derived from
infiltrating breast carcinoma showing
over-expression of HER-2/neu protein.
Strong membrane staining is evident.
Stroma cells and lymphocytes do not stain
with the antibody (X200). B: Tumor section
derived from fibroadenoma of the breast.
The staining reaction was carried out us-
ing the antibody to the HER-2/neu protein
with the APAAP procedure and counter-
staining by the Feulgen method. Notice
some diffuse cytoplasmic staining with the
antibody of the nonmalignant breast cells
(X200). C: Immunohistochemical staining
with the antibody to HER-2/neu protein
shows positive cells in the intraductalpart
ofthe carcinoma (X200).
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other tissue components. However, the shortcoming of
immunohistochemical techniques has been lack of objec-
tive quantitation.13 The use of objective quantitation by
image analysis makes it possible to quantitate immuno-
histochemical staining and to correlate HER-2/neu protein
content with other tumor cell features, such as the tumor
proliferation. It is important to note that image analysis
combined with immunohistochemistry makes it possible
to perform these measurements on very small tissue sec-

tions, such as those derived from biopsy material, or on

cells derived from needle aspirates. Quantitative image
analysis also makes it possible to establish objective cut-
off points for elevated expression of gene products, such
as the HER-2/neu protein, which are expressed in normal
breast tissue as well as by tumors. These measurements
are objective and do not rely on subjective criteria such
as strong versus weak staining, or distinct cytoplasmic
staining, which are the common criteria used until now for
assessing HER-2/neu protein expression. Also the use of
calibration cells known to overexpress HER-2/neu pro-

tein, with constant HER-2/neu protein, with image analy-
sis enables the compensation for day-to-day staining vari-
ations.

This study confirmed our past findings23 of the correla-
tion between positive HER-2/neu overexpression and
polyploid DNA content, except in EGFR-positive cases. In

contrast, cases that did not overexpress the HER-2/neu
protein ranged from euploid (diploid) to varying degrees
of aneuploid. This observation, that tumors overexpress-

ing HER-2/neu tend to have tetraploid DNA content, may
have some biologic significance, suggesting that the tet-
raploidy may be related to the overexpression of the HER-
2/neu gene.

The Ki-67 antibody distinguishes all actively proliferat-
ing cells (G1, S, and G2M phases) from resting cells (Go
phase cells); thus, the amount of Ki-67 staining reflects
the proliferating fraction of the cancer cells. Previous stud-
ies,'"19 have demonstrated that immunohistochemical
staining for Ki-67, coupled with image analysis, is a valid
method for determining the growth fraction of cancers.

The highest degree of Ki-67 staining was found in tu-
mors that expressed epidermal growth factor receptors
(EGFR). This observation is in keeping with the fact that
EGF is one of several polypeptide growth factors that are

involved in normal cell growth. Epidermal growth factor
receptor status has previously been shown to be predic-
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tive of early recurrence and death from breast cancer.21
Breast tumors that overexpressed the HER-2/neu protein
and demonstrated staining for EGFR also had a high
growth fraction, and demonstrated aneuploid DNA con-
tent. Tumors with these features have been shown in the
past to carry the worst prognosis.29

Because HER-2/neu protein is structurally related to
the EGF receptor,1' our findings concerning the differ-
ences in the proliferation fraction between the cases over-
expressing HER-2/neu protein and negative for EGFR
(ie, +/-) and negative for HER-2/neu overexpression but
EGFR-positive (ie, -/+) are interesting. Our results sup-
port the possibility that the HER-2/neu protein may not
function as a growth promoter in these tumors, while
EGFR does. Of interest is also the high rate of overexpres-
sion of the HER-2/neu protein in ductal carcinoma in SitU'4
and the association of these cancers with a high prolifera-
tion fraction.16 Because of the relatively small number of
cases of this study, we cannot conclusively state that
HER-2/neu overexpression in the absence of EGFR is al-
ways associated with a low proliferation rate. In fact, the
cases of ductal carcinoma in situ do not exhibit this rela-
tionship. However, it appears the HER-2/neu overexpres-
sion is also not always accompanied with a high growth
fraction. This point is intriguing, as previous work demon-
strated reduced survival in connection with either high
proliferation index6 or overexpression of the HER-2/neu
protein.12"13 However, there is a growing body of evidence
that demonstrates that HER-2/neu amplification relates to
shorter survival time, but does not correlate to disease-
free interval,'4273 which may reflect that these cancers
do not proliferate quickly, but act aggressively with regard
to overall survival.

Overexpression of erbB-2 protein in fibroblasts has
been shown to affect the ability of cells to avoid immune
surveillance, by reducing their susceptibility to tumor ne-
crosis factor.28 The aggressive course of HER-2/neu-
overexpressing cancers might be due to other reasons
than highly proliferative cancers. Thus, although prolifera-
tion may reflect cell growth, it is probably not the sole cri-
teria that predicts biologic behavior of breast cancer.

It is also not clear why overexpression of the HER-2/
neu protein is associated with low proliferation in some
invasive human breast cancers, yet correlates with higher
proliferation rate in carcinoma in situ. Several possible
mechanisms or their combination may account for this
phenomenon: 1) The HER-2/neu-encoded P185 protein
might be a dual function receptor, stimulating cell growth
in carcinoma in situ cells, but inhibiting cell proliferation in
other breast cancer cells. 2) The P185 protein may be a
growth factor receptor in the presence of its ligand, or
when it is normally expressed; however, P185 protein
may play an inhibitory role in regulating cell proliferation in
the absence of its ligand or when it is overexpressed. 3)

Finally, the P185 protein may be involved in the cell cycle,
but binding to the receptor does not directly induce DNA
synthesis and cell cycle completion. The receptor might
be a growth factor receptor that is affiliated with other cell
functions such as membrane formation, or differentiation.
We are currently pursuing experiments to explore these
findings and other related issues, to explain the reported
more aggressive nature of breast cancers with the HER-
2/neu gene overexpression.

References

1. Clark GM, Dressler LG, Owens MA, Pounds G, Oldaker T,
McGuire WL: Predictions of relapse or survival in patients
with node-negative breast cancer by DNA flow cytometry. N
Engl J Med 1989, 320:627-633

2. Fallenius AG, Auer GU, Carstensen JM: Prognostic signifi-
cance of DNA measurements in 409 consecutive breast
cancer patients. Cancer 1988, 62:331-341

3. Fallenius AG, Auer GU, Carstensen JM: Prognostic signifi-
cance of DNA measurements in 409 consecutive breast
cancer patients. Cancer 1988, 62:331-341

4. Cornelisse CJ, van de Velde CJH, Caspers RJC, Moolenaar
AJ, Hermans J: DNA ploidy and survival in breast cancer
patients. Cytometry 1987, 8:225-234

5. Auer G, Eriksson E, Azavedo E, Caspersson T, Wallgren A:
Prognostic significance of nuclear DNA content in mammary
adenocarcinomas in humans. Cancer Res 1984, 44:394-
396

6. McDivitt RW, Stone KR, Craig RB, Meyer JS: A comparison
of human breast cancer cell kinetics measured by flow cy-
tometry and thymidine labeling. Lab Invest 1985, 52:287-
291

7. Meyer JS, Coplin MD: Thymidine labeling index, flow cyto-
metric S-phase Measurement, and DNA index in human tu-
mors, Am J Clin Pathol 1988, 89:586-595

8. National Institutes of Health Consensus Development Con-
ference: Steroid receptors in breast cancer, Bethesda, MD;
Dept. of Health, Education, and Welfare, Public Service, Na-
tional Health Consensus Development Conference Sum-
mary, Vol. 2, No. 6.

9. DeSombre ER, Green GL, Jensen EV: Estrogen receptors,
antibodies and hormone dependent cancer, Hormones and
Cancer. Breast Cancer: New Concepts in Etiology and Con-
trol 69-87. Edited by MJ Brennan, CM McGrath, MA Rich.
New York: Academic Press, 1980, pp 69-87

10. Schechter AL, Stern DF, Vaidyanathan L, Decker SJ, Drebin
JA, Greene Ml, Weinberg RA: The neu oncogene: An erb-B-
related gene encoding a 185,000-M, tumour antigen. Nature
1984,312:513-516

11. Coussens L, Yang-Feng TL, Liao YC, Chen E, Gray A, Mc-
Grath J, Seeburg PH, Libermann TA, Schlessinger J,
Francke U, Levinson A, Ullrich A: Tyrosine kinase receptor
with extensive homology of EGF receptor shares chromo-
somal location with neu oncogene. Science 1985, 230:
1132-1139



HER-2/neu Oncogene in Breast Cancers 111
AJPJuly 1990, Vol. 137, No. 1

12. Slamon DJ, Clark GM, Wong SG, Levin WJ, Ullrich A, Mc-
Guire WL: Human breast cancer: Correlation of relapse and
survival with amplification of the HER-2/neu oncogene. Sci-
ence 1987, 235:177-182

13. Slamon DJ, Godolphin W, Jones LA, Holt JA, Wong SG,
Keith DE, Levin WJ, Stuart SG, Udove J, Ullrich A, Press MF:
Studies of the HER-2/neu proto-oncogene in human breast
cancer. Science 1989, 244:707-712

14. Van De Vijver MJ, Peterse JL, Moot WJ, Wisman P, Lomans
J, Dalesio 0, Nusse R: Neu-protein overexpression in breast
cancer. N Engl J Med 1988, 319:1239-1245

15. Bousubar N, Walker KJ, Griffiths K, Ellis I0, Elston CW, Rob-
ertson JFR, Blamey RW, Nicholson RI: Ki-67 immunostaining
in primary breast cancer: Pathological and clinical associa-
tions. Br J Cancer 1989, 59:943-947

16. Gerdes J, Lelle RJ, Pickartz H, Heidenreich W, Schwarting
R, Kurtsiefer L, Stauch G, Stein H: Growth fractions in breast
cancers determined in situ with monoclonal antibody Ki-67,
J Clin Pathol 1986, 39:977-980

17. Gerdes J, Schwab U, Lemke H, Stein H: Production of a
mouse monoclonal antibody reactive with a human nuclear
antigen associated with cell proliferation. Int J Cancer 1983,
31:13-20

18. Bacus SS, Goldschmidt R, Chin D, Moran G, Weinberg D,
Bacus JW: Biological grading of breast cancer using anti-
bodies to proliferating cells and other markers. Am J Pathol
1989,135:783-792

19. Schwartz BR, Pinkus G, Bacus S, Toder M, Weinberg DS:
Cell proliferation in non-hodgkin's lymphomas. Am J Pathol
1989,134:327-335

20. Waterfield MD, Mayes ELV, Stroobant P, Bennet LP, Young
S, Goodfellow PN, Banting GS, Ozanne B: A monoclonal
antibody to the human epidermal growth factor receptor. J
Cell Biochem 1982,20:149-161

21. Sainsbury JRC, Farndont JR, Harris AL, Sherbet GV: Epider-
mal growth factor receptors on human breast cancers. Br J
Surg 1985, 72:186-188

22. Kraus MH, Popescu NC, Amsbaugh SC, King CR: Overex-
pression of the EGF receptor-related proto-oncogene erbB-
2 in human mammary tumor cell lines by different molecular
mechanisms. EMBO J 1987, 3:605-610

23. Bacus SS, Press MF, Bacus JW, Slamon DJ: HER-2/neu on-

cogene expression and DNA ploidy analysis in Breast Can-
cer. Arch Pathol Lab Med 1990,114:164-169

24. Bacus JW, Grace LJ: Optical microscope system for stan-
dardized cell measurements and analyses. Applied Optics
1987,26:3280-3293

25. Taylor SR, Titus-Ernstoff L, Stitely S: Central values and varia-
tions of measured nuclear DNA content in imprints of normal
tissues determined by image analysis. Cytometry 1989, 10:
382-387

26. Bacus S, Flowers JL, Press MF, Bacus JW, McCarty KS: The
evaluation of estrogen receptor in primary breast carcinoma
by computer-assisted image analysis. Am J Clin Pathol
1988,90:233-239

27. Paik S, Hazan R, Fisher ER, Sass RE, Fisher B, Redmond C,
Schlessinger J, Lippman ME, King CR: Pathological findings
from national surgical adjuvant breast project (protocol B-
06): Prognostic significance of erbB-2 protein overexpres-
sion in primary breast cancer. Am J Oncol 1989

28. Hudziak RM, Lewis GP, Lessalu TE, Hudziak RM, Lewis GD,
Shalaby MR, Eessalu TE, Aggarwal BB, Ullrich A, Shepard
HM: Amplified expression of the HER-2 oncogene induces
TNF-a resistance in NIH 3T3 cells. Proc NatI Acad Sci USA
1988,85:5102-5106

29. Wright C, Angus B, Nicholson S, Sainsbury JRC, Cairns J,
Gullick WJ, Kelly P, Harris AL, Horne CHW: Expression of c-
erbB-2 oncoprotein: A prognostic indicator in human breast
cancer. Cancer Res 1989, 49:2087-2090

30. Shou DJ, Ahuja H, Cline MJ: Proto-oncogene abnormalities
in human breast cancer: c:ERBB-2 amplification does not
correlate with recurrence of disease. Oncogene 1988, 4:
105-108

Acknowledgments

The authors thank Dr. Bradford Orzanne, University of Texas,
Dallas, Texas, for providing the antibody for EGFR; Dr. Dennis
Slamon, UCLA School of Medicine, Los Angeles, California, for
providing the antibody for the HER-2/neu protein; Dr. Mein-Chie
Hung, M.D. Anderson Cancer Center, Houston, Texas, for fruifful
discussions; and Phyllis Simons from Cell Analysis Systems for
excellent technical support.


