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Abstract Purpose: Retrospective analysis to assess the
prognostic and predictive value of HER-2/ neu expres-
sion in breast tumors, quantified by enzyme immuno-
assay (ELISA).Methods: Quantification of HER-2/neu
was performed on cytosolic extracts from 914 cases of
primary invasive breast carcinomas. Relapse-free and
overall survival data were available from 889 patients.
The prognostic value of HER-2/neu levels was assessed
considering them as a continuous, dichotomic or quar-
tile variable. Results: Cytosolic HER-2/neu levels ranged
widely in breast carcinomas (median: 746.5 NHU/mg;
range: 2.8-80,000 NHU/mg protein). HER-2/neu pro-
tein levels were significantly higher in either moderately
or poorly differentiated tumors, as well as in those
showing a ductal histological type, aneuploidy or a high
S-phase fraction. There was a significant and positive
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association between cytosolic and membranous HER-2/
neu levels (n=162, r sub S=0.53; P<0.0001). In addi-
tion, cytosolic HER-2/neu level correlated weakly with
progesterone receptors but not with estrogen receptors.
Elevated cytosolic HER-2/neu levels (21,400 NHU/mg
protein) were associated with a high probability of both
shortened relapse-free survival and overall survival. This
same cut-off value was obtained when we divided the
overall group of patients in a training set. However, this
HER-2/neu value did not achieve any statistical signifi-
cance in a validation set used to make sure that the cut-
off was correct. Nevertheless, when we divided the ob-
tained data into three different groups with respect to
the quartile values (Q) of the intratumoral oncoprotein
levels (< Q; vs Q;—Q> vs > (3), we observed that
patients with either low HER-2/ neu levels (< Q) or
high HER-2/neu levels (> Q3) had shorter both relapse-
free survival and overall survival curves than those pa-
tients with intermediate HER-2/neu levels. On the other
hand, high HER-2/neu levels predicted a poor response
to adjuvant chemotherapy but not to adjuvant hor-
monal therapy with tamoxifen.Conclusions: The results
of the present investigation indicate that by quantita-
tively determining the content of HER-2/neu oncopro-
tein, groups of high-risk breast cancer patients could be
identified, for a more effective clinical management.

Keywords c-erbB-2 - Prognosis - ELISA - Breast
cancer - Her-2/neu

Introduction

The proto-oncogene HER-2/neu, also referred to as c-
erbB-2, is localized in chromosome 17q (Popescu et al.
1989) and encodes a transmembrane glycoprotein
receptor of 185 kDa with intrinsic tyrosine kinase
activity (King et al. 1985). Although the exact ligands
for this receptor are not well defined yet, the oncoprotein
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is thought to function as a growth factor receptor and
seems to be involved in cellular differentiation, adhesion,
and motility. In addition, HER-2/neu is the preferred
co-receptor to form dimers with the epidermal growth
factor receptor (EGFR, or HER-1), with HER-3 and
HER-4. The heterodimers between HER-2/neu and
these receptors show a greater capacity for translating
mitogenic signals than the homodimers, being synergetic
for cellular transformation (Pinkas-Kramarski et al.
1996; Graus-Porta et al. 1997).

Approximately 25-30% of invasive female breast
carcinomas overexpress HER-2/neu (Slamon et al.
1987). In 90-95% of these cases, overexpression is a
direct result of gene amplification (Pauletti et al. 1996).
In some clinical studies, overexpression of the HER-2/
neu gene has been associated with a number of adverse
prognostic factors, including absence of estrogen
receptors (ER) and/or progesterone receptors (PgR),
aggressive histological subtypes, high histological grade,
nuclear atypia and young age (Berger et al. 1988; Wright
et al. 1989; Hoff et al. 2002; Konecny et al. 2003; Sapino
et al. 2003; Varga et al. 2004; Tsuda et al. 1990). Like-
wise, the use of HER-2/neu as a prognostic factor in
breast cancer has followed the original work by Slamon
and coworkers (Slamon et al. 1987). Since then, several
authors have reported a significant relation between the
oncogene overexpression in primary tumors and a poor
outcome in breast cancer patients (Rilke et al. 1991;
Andrulis et al. 1998; Yamauchi et al. 2001). HER-2/neu
status in breast cancer is also potentially useful for
predicting the response to adjuvant therapy. Thus, ret-
rospective analyses have demonstrated that there is a
greater probability of tamoxifen resistance in patients
overexpressing HER-2/neu (Wright et al. 1992; Borg
et al. 1994; Carlomagno et al. 1996; Houston et al.
1999). Likewise, HER-2/neu overexpression has been
reported to serve as a marker for resistance to adjuvant
ciclophosphamide, metrothexate and 5-fluoruracil
(CMF) (Allred et al. 1992; Gusterson et al. 1992; Stal
et al. 1995; Pegram et al. 1997) as well as for anthracy-
cline and taxanes sensibility in breast cancer (Muss et al.
1994; Paik et al. 1998, 2000; Petit et al. 2001; Moliterni
et al. 2003; Stearns et al. 2003). On the other hand,
overexpression of HER-2/neu on the surface of a tumor
cell provides a potential target for the genetically engi-
neered anti-HER-2/neu monoclonal antibody (Mab)
trastuzumab (Hudziak et al. 1989). This antibody has
been found to inhibit the proliferation of human breast
cancer cells overexpressing HER-2/neu, both in vitro
and in vivo. Likewise, a recent meta-analysis has sug-
gested that amplification and/or overexpression of
HER-2/neu in patients with metastatic breast cancer is a
strong predictive factor for the response to adjuvant
therapy with trastuzumab, either alone or in combina-
tion with cytotoxic agents such as taxanes and anthra-
cyclines (Slamon et al. 2001).

In summary, we believe there could be three the
principal reasons for the determination of HER-2/neu
status in breast cancer patients: (a) to establish prog-

nosis, (b) to predict response to adjuvant chemotherapy
and endocrine therapy, and (c) to select patients for
trastuzumab immunotherapy. Based on these concepts,
determination of HER-2/neu status is now an integral
part of the clinical-pathological workup in breast cancer.
Currently, immunohistochemistry (IHC) and fluores-
cence in situ hybridization (FISH) are the most widely
used techniques to detect HER-2/neu expression because
both of them are ideally suited for routine and archival
paraffin-embedded tissue, evaluating them by direct
visualization of tumor cells. Screening by IHC and
confirming indeterminate results by FISH testing has
been advocated by many investigators (Kakar et al.
2000; Lebeau et al. 2001; Bilous et al. 2003). Neverthe-
less, these semiquantitative methods are subject to dif-
ferences in methodology between laboratories,
variability in operator interpretation, and disparity
among the reagents utilized. Although FISH technology
is reproducible, its major drawback is that the FISH
equipment is expensive and not widely available in
diagnostic pathology laboratories. In addition it is
remarkable that despite all clinical research focused on
this oncogenic receptor system, approximately 80% of
patients with HER-2/neu-overexpressing breast cancer
do not respond to trastuzumab (Pegram et al. 1999;
Benz and Tripathy 2000), the prognostic impact of
HER-2/neu in breast cancer is considered to be weak or
poor, and present data are mostly inconsistent (Ya-
mauchi et al. 2001).

HER-2/neu expression quantification by enzyme-
linked immunosorbent assay (ELISA) is a method lim-
ited by the need of milligram quantities of fresh or fro-
zen tumor sample, but it averts the potential antigen
damage associated with fixation, embedding, and
uncontrolled storage, yielding a highly reproductive
continuous value obtained on the instrument readout
(units per milligram of tumor protein). In addition, re-
cent studies suggest that ELISA-based measurement of
HER-2/neu protein concentration in breast cancer tissue
extracts correlates with tumor aggressiveness and poor
outcome (Eppenberger-Castori et al. 2001; Bohn et al.
2002; Konecny et al. 2003, 2004).

In the present work, we retrospectively investigate the
potential clinical value of the HER-2/neu oncoprotein,
quantitatively determined by using ELISA on cytosolic
samples of primary tumors from a large series of breast
cancer patients.

Materials and methods
Patient characteristics and tissue specimen handling

This study comprised 914 consecutive women with a
histologically confirmed diagnosis of invasive breast
cancer, who were treated at Hospital de Jove (Gijon,
Spain) and at Hospital Central de Asturias (Oviedo,
Spain), between 1990 and 2002. The mean age was
59.6+13.4 years (range, 30-92 years). None of them



had undergone any neoadjuvant therapy nor shown
evidence of any other malignant tumor at the time of
diagnosis. Patients’ characteristics with respect to age,
menopausal status, and clinical tumoral stage are listed
in Table 1. Histological grade was determined according
to criteria reported by Bloom and Richardson (Bloom
and Richardson 1957), whereas nodal status was as-
sessed histopathologically.

Patients underwent either a modified radical mastec-
tomy or a partial mastectomy with axillary lympha-
denectomy. Postoperative radiotherapy was given to 119
patients (13.4%). Although the criteria for systemic
adjuvant therapy varied somewhat during the study
period, in the majority of cases they were as follows: (1)
node-negative patients with ER and/or PgR-positive
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tumors received tamoxifen (20 mg per day during
5 years); (2) node-negative patients with ER and PgR
negative tumors received six cycles of intravenous CMF
every 3 weeks, if their tumors were either larger than
1 cm, moderately or poorly differentiated, or if the pa-
tients were younger than 35 years old; (3) node-positive
patients received six cycles of intravenous (5-fluoroura-
cil, epirubicin and cyclophosphamide FEC) every
3 weeks, plus sequential tamoxifen if they had ER and/
or PgR-positive tumors. Overall, 265 patients received
chemotherapy, 307 patients received tamoxifen, and 125
patients received both types of systemic therapy.

All patients were followed for disease recurrence and
survival status by clinical and biological studies every
3 months for the first 2 years and then yearly. Radio-

Table 1 Tumoral HER-2/neu cytosolic levels in 914 breast carcinomas: correlation with different clinicopathological parameters

Patient and tumor characteristics

HER-2/neu (NHU/mg protein)

Ne Median Range P >746.5(%) P
Total 914 746.5 2.8-80,000 - 457(50) -
Age (years) 0.7 0.89
<60 453 751 2.8-31,500 228(50.3)
> 60 461 738 6.3-80,000 229(49.7)
Menopausal status 0.6 0.61
Premenopausal 274 721.5 38.8-31,500 133(48.5)
Postmenopausal 640 765 2.8-80,000 324(50.6)
Size 0.3 0.61
Tl 368 785 2.8-31,500 191(51.9)
T2 391 738 15.7-37,209 194(49.6)
T3 75 713 49-80,000 37(49.3)
T4 80 608 49-23,789 35(43.8)
Nodal status 0.16 0.15
N(-) 523 723 2.8-49,881 251(47.9)
N(+) 383 838 15.7-80,000 203(53.0)
Unknown 8 - - -
Metastasis 0.5 0.6
MO 889 747 2.6-80,000 446(50.2)
Ml 25 623 49-23,789 11(44)
Histological grade 0.001 0.0001
Well dif. 223 607 15.7-37,209 88(39.5)
Mod. dif. 420 868.7 2.8-49,881 236(56.2)
Poorly dif. 192 739.5 49-80,000 96(50)
Unknown 79
Histological type 0.02 0.028
Ductal 808 779 2.8-80,000 413(51.1)
Lobular 63 715 6.3-5,753 31(49.2)
Others 43 522 36.4-37,209 13(30.2)
ER 0.65 0.94
Negative 406 743 2.8-80,000 202(49.8)
Positive 506 749 15.7-30,329 254(50.2)
Unknown 2 - - -
PgR 0.09 0.10
Negative 476 814 2.8-80,000 252(52.9)
Positive 392 713 36.4-14,016 185(47.2)
Unknown 46 - - -
Ploidy 0.001 0.03
Diploid 208 657.0 28.3-20,000 94(45.1)
Aneuploid 336 839.5 2.8-80,000 184(54.7)
Unknown 370 - - —
Phase S 0.008 0.01
<17.7 276 699.5 28.3-37,209 124(45.6)
>17.7 268 874.0 2.8-80,000 149(56.2)
Unknown 370 - - -
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logical studies were performed either yearly or when
considered necessary. The median follow-up period was
54 months (range, 1-168 months). The end-point was
relapse or disease-specific survival. The median follow-
up period in surviving patients was 60 months. Two
hundred and thirty out of the 889 patients developed
tumor recurrence, and 122 of them died of it.

Invasive breast carcinoma tissue samples were ob-
tained at the time of surgery. Immediately after surgical
resection, samples were processed for pathological
examination while the remainder tissue was divided in
aliquots, approximately 100 mg of the tissue was snap-
frozen after removal of fat and connective tissue and
stored in liquid nitrogen pending biochemical studies.
Tissue samples were obtained with prior informed con-
sent from the patients.

Immunohistochemical staining

P185MER2 gyerexpression was assessed using the Dako
Corporation (Carpinteria, CA, USA) HercepTest kit
which uses a polyclonal antibody. It was chosen for its
high affinity for the HER2 antigen in formalin-fixed,
paraffin-embeded tissues. Following the manufacturer’s
guidelines, 5 mm sections were prepared and mounted
on silanized slides (Dako Corp). After routine elimina-
tion of the paraffin and rehydraion, the slides were
treated with an epitope retrieval solution for 20 min.
After cooling to room temperature, the slides were
treated with an epitope retrieval solution for 20 min, and
this solution was then discarded and replaced by a wash
buffer. Excess buffer was removed from each slide and a
peroxidase-blocking reagent was applied for 5 min. The
excess blocking reagent was decanted, and the slides
were placed in a fresh wash buffer bath. The primary
antibody (affinity purified rabbit anti-human HER2/
neu) was applied for 30 min. Excess reagents were then
applied for 30 min. After a final wash, tissue sections
were treated with 3,3’-diamino-benzidine tetrahydro-
chloride (DAB) chromogen for 10 min. The slides were
then rinsed in tap water, counterstained with hematox-
ylin, rinsed again in tap water, dehydrated, cleared, and
coverslipped. Negative and positive controls were re-
viewed by two pathologists, who were unaware of the
tumor pl85"ER2 content. Each slide was scored
according to the following scale:

1. 0, no staining.

2. 1+, incomplete membrane staining. These cases were
easily confused with 0 staining at low power: Exam-
ination under high power revealed faint (usually fo-
cal) staining with a discernible but incomplete plasma
membrane pattern.

3. 2+, complete membrane staining in 10% of the cells.
Tissue staining in this type of case was recognized at
low power, but examination under high power was
necessary to identify a complete, unequivocal mem-
branous staining pattern.

4. 3+, strong, complete plasma membrane pattern in
the majority of cells, which could be appreciated at
low power.

Tissue processing and assays

The specimens obtained from neoplastic tissues were
pulverized with a microdismembrator (Braun Biotech
International, Melsungen, Germany) at —70°C and
homogenized in Tris—hydrochloride buffer (10 mM of
Tris, 1.5 mM of EDTA, 10% glycerol, 0.1% of mo-
nothioglycerol). Homogenates, kept at 4°C, were then
centrifuged at low speed (800 g for 10 min, at 4°C),
and the supernatant was ultracentrifuged at 100,000 g
for 60 min, at 4°C. We obtained in this way a super-
natant containing the cytosol and a precipitate with
the cell membranes. The membrane pellets were
resuspended in Tris buffer and stored at —70°C until
further analysis. Then the membrane pellets were
homogenized in a glass-Teflon (E.I. du Pont de Ne-
mours and company, Wilmington, USA) potter. The
membrane samples were treated with Antigen Extrac-
tion Agent, used in sample preparation for the
extraction of c-erbB-2 from membrane following the
protocol included in the commercial kit.

HER-2/neu assay

The oncoprotein pl85 was analyzed in membranous
samples by an ELISA (Oncogene Research Products,
Boston, MA, USA) that uses a mouse Mab for the
antigen capture and a rabbit polyclonal serum for its
detection, both binding specifically to the extracellular
domain of the molecule. The analytical sensitivity of
the method was 10 NHU/ml. The intra-assay and in-
ter-assay coefficient of variations for concentrations of
33 and 104 NHU/ml of pl185 were 4.3% and 2.4%
(n=16) and 12.8% and 9% (n=19), respectively. The
results were expressed as NHU/mg of protein
homogenate (400 NHU/mg of protein correspond to
1 ng/mg of protein). The quantification of the onco-
protein was achieved by the construction of a standard
curve using known concentrations of c-erbB-2 (pro-
vided by the commercial kit). By comparing the
absorbance obtained from samples containing an un-
known amount of c-erbB-2 with that from the stan-
dards, the concentrations of c-erbB-2 were determined.

Samples found to contain greater than 1,200 NHU/
mg of protein homogenate (i.e., outside the range of
the standard curve) were diluted with sample diluents,
so that the c-erbB-2 concentration would fall within
the range of the standard curve, and assayed again.
Using this protocol, dilutions ranged from 1:10 to
1:1,000, thus being determined empirically. The protein
content was quantified by the Bradford method
(Bradford 1976).



Flow cytometry

DNA content was evaluated by flow cytometry in 544
tumors (Bectron Dickinson, San José, CA, USA), on
nuclei stained with propidium iodide. DNA ploidy was
expressed as DNA Index. Proliferative activity was ex-
pressed as the fraction of cells in the ““S” phase of the cell
cycle and calculated with the CellFit software program
(Bectron Dickinson), according to the DNA Cytometry
Consensus Conference recommendations (Hedley et al.
1993). Median S-phase fraction value was used as the
cut-off point. Tumors were divided into those with a
high or a low S-phase fraction.

Hormone receptor assays

ER and PgR receptor measurements were performed on
cytosol extracts by using a solid phase enzyme immu-
noassay based on the “sandwich™ principle (ER-EIA
and PgR-EIA Monoclonal from Abbot Laboratories,
Diagnostics Division, Wiesbaden, Germany). ER and
PgR values were expressed as fentomols per milligram of
protein. Protein concentration was quantified according
to the described Bradford method (Hedley et al. 1993).
For data analysis, a value higher than 10 fmol/mg total
protein was considered as positive for ER and PgR.

Statistical analysis

After analyzing the distribution of HER-2/neu values by
the Kolmogorov-Smirnov test, non-parametric rank
methods were used. HER-2/neu content was expressed
as median (range). Patients were subdivided into groups
based on different clinical and pathological parameters.
Comparison of the HER-2/neu content between groups
was made with the Mann-Whitney and Kruskal-Wallis
tests. Correlations between continuous variables were
calculated by the Spearman test. Differences in per-
centages were calculated with the chi-square test. Prob-
abilities of survival were calculated with the Kaplan-
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Meier method. Differences between curves were evalu-
ated with the log rank test. The Cox’s regression hazard
proportional model was also used to examine several
combinations and interactions of different prognostic
factors in a multivariate analysis. In the multivariate
analysis we included only parameters that achieve sta-
tistical significance for relapse-free survival or overall
survival in the log rank test. The SPSS 11.5 program was
used for all calculations. Statistical significance was
considered at 5% probability level (P <0.05).

Results

There was a wide range of cytosolic HER-2/neu protein
levels among the breast carcinoma samples studied (2.8—
80,000 NHU/mg protein; median: 746.5). The distribu-
tion of tumoral HER-2/neu protein levels is represented
in Fig. 1. Table 1 shows the distribution of intratumoral
HER-2/neu protein levels in relation to patient and tu-
mor characteristics including age, menopausal status,
tumor size, axillary node involvement, histological type,
histological grade, ER and PgR status, ploidy and S-
phase fraction. Statistical analysis showed that HER-2/
neu protein levels were significantly lower in well-dif-
ferentiated tumors than in moderately or poorly differ-
entiated tumors (P=0.001), as well as in those of ductal
histology than any other histological types (P=0.002).
Likewise, HER-2/neu protein levels were also signifi-
cantly higher in aneuploid than in diploid tumors, as
well as in tumors with a high S-phase fraction than in
those with a low S-phase fraction (P=0.001 and
P=0.008, respectively). However, statistical analysis
demonstrated that there was no significant relationship
between HER-2/neu protein levels and age, menopausal
status, tumor size, nodal status or ER and PgR status
(Table 1). Nevertheless, HER-2/neu protein levels
showed a weak but negative correlation with intratu-
moral PgR content in the overall group of patients (n=
912; rsub S= —0.07; P=0.03) as well as in the subgroup
of patients with ER-positive tumors (n=1506; r sub S=
—0.1; P=0.025). On the other hand, previous studies

Fig. 1 Distribution of HER-2/
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had pointed out the prognostic importance of mem-
branous HER-2/neu levels measured by ELISA in breast
cancer (Eppenberger-Castori et al. 2001; el-Ahmady
et al. 2002). We therefore analyzed also the possible
relationship between membranous and cytosolic levels of
the oncoprotein in samples from a series of 162 breast
carcinomas. In these 162 cases, membranous HER-2/
neu protein levels (66.4-16,910 NHU/mg protein; med-
ian: 4,370) were significantly (P <0.0001) higher than
those found in the paired cytosolic samples (28.9-49,881;
median: 923). Our study also demonstrated a significant
and positive correlation between the HER-2/neu levels
of these paired sets of tumoral samples (n=162; r sub
S=0.53; P<0.0001) (Fig.2). Likewise, our results
showed a significant and positive relationship between
cytosolic levels of HER-2/neu and the staining values
obtained by immunohistochemical assays in 77 tumors
(Table 2).

These findings suggested a relationship between high
intratumoral HER-2/neu levels and an unfavorable
prognosis in breast cancer. To examine this hypothesis,
the potential relationship between tumoral HER-2/neu

Table 2 Relationship between p'®> immunostaining values and p'%°

levels by ELISA

p'® Staining N ELISA levels (NHU/mg

protein)

Median Range
0/+ 41 612 2.8-25,55 P=0.004
+ + 23 811 36.4-23,789
++ + 13 2851 592-49,881

protein levels and both relapse-free survival and overall
survival were evaluated in the 889 patients without dis-
tant metastasis at the time of the initial diagnosis in-
cluded in the present study. Firstly, we examined the
possible prognostic value of the cytosolic HER-2/neu
levels as a continuous variable. Our results showed a
significant and positive association between the onco-
protein levels and relapse-free survival (y°=6.2;
P=0.014), but not with overall survival (y*>=2.4;
P=0.11). Successively, we examined all possible HER-2/
neu values as cut-off points for predicting relapse-free
survival. As depicted in Fig. 3, our results demonstrated
a continuous association between HER-2/neu values
from 1,150 to 1,700 NHU/mg protein and relapse-free
survival (P <0.05). This analysis led us to define a value
of HER-2/neu of 1,400 NHU/mg protein as the optimal
cut-off (y~ = 6.3; P=0.01) giving us the possibility to
identify a subgroup of 257 patients (28.1%) showing
high HER-2/neu levels and a high risk of tumor recur-
rence that was also associated with overall survival
(x>*=17.3; P=0.006). Figure 4a,b shows both relapse-free
survival and overall survival curves, respectively, con-
sidering the already mentioned cut-off value. This same
value was the optimal cut-off for predicting the overall
survival (P=0.047) when we divided the patient group
in a training set, which was randomly selected including
the 66% of the data (the remaining data actuated as the
validation test). However, this HER-2/neu value did not
achieve statistical significance in a validation set to en-
sure that the cut-off was correct. Nevertheless, consid-
ering previous data regarding the non-monotone
relationship between HER-2/neu tumoral levels by
ELISA and prognosis in breast cancer patients (Dittadi
et al. 1997; Koscielny et al. 1998), we divided all the
data into three different groups with respect to the
quartile values (Q) of the oncoprotein levels (< Q; vs
0,—0, vs > (03). As depicted in Fig. 5a,b, we observed
that patients with either low HER-2/neu levels ( £ Q)
or high HER-2/neu levels (> Q3) showed both shorter
relapse-free survival and overall survival curves than
those patients with intermediate values (Q;—0»)
(P=0.08 and P=0.01, respectively).

Considering the possible influence of HER-2/neu
status in predicting response to systemic treatment,
survival analyses were also performed separately on the
different subgroups of patients stratified according to the
type of adjuvant systemic therapy received. In each one
of these subgroups, patients were dichotomized into two
different groups with regard to the optimal cut-off value
of intratumoral HER-2/neu levels (1,400 NHU/mg
protein). As it can be seen in Table 3, intratumoral
HER-2/neu levels were not significantly associated with
a higher probability of both relapse-free survival and
overall survival in the subgroup of patients treated only
with tamoxifen or in those patients without any type of
systemic adjuvant treatment. However, high HER-2/neu
levels were in correlation with shortened both relapse-
free survival and overall survival in patients who re-
ceived only chemotherapy (Fig. 6a,b) and in those
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determination of the cutoff
value for the cytosolic HER-2/
neu tumoral content (NHU/mg
protein) to predict relapse-free
survival in 889 patients with
breast cancer. P-values
obtained for each cutoff value
are plotted against the value
itself. Statistical significance is
indicated by the horizontal line
at the 0.05 level. Analyses lead
to the definition of a HER-2/
neu content of 1,400 NHU/mg
protein as the optimal cutoff (x>
=6.3; P=0.012) 0.05

0,8 1

p values

0.4

0,2 1

T T T /

treated with chemotherapy plus tamoxifen as adjuvant
therapy (Table 3; Fig. 7a,b). On the other hand, we did
not find any significant differences in both relapse-free
and overall survival curves with regard to the adjuvant
systemic treatment when patients were stratified in three
groups according to their intratumoral HER-2/neu lev-
els as indicated above (< Q; vs Q1—0> vs > Q3) (data
not shown).

Finally, multivariate analysis according to Cox model
demonstrated that tumoral size, nodal status, ER status
and HER-2/neu levels (as dichotomized in 1,400 NHU/
mg protein) were significantly associated with both re-
lapse survival and overall survival in all the patients.
Likewise, histological grade was also associated with re-
lapse-free survival (Table 4). Nevertheless, multivariate
analysis confirmed that intermediate HER-2/neu levels
(Q1—0Q5) were significantly related with a more prolonged
overall survival [RR=0.65; CI (95%)=0.43—0.9] com-
pared with patients with low (< @;) or high (> Q5)
HER-2/neu intratumoral levels (P =0.043).

Discussion

This is, to our knowledge, the largest clinical study
evaluating the prognostic value of cytosolic HER-2/neu
levels in breast carcinomas determined quantitatively by
ELISA. Our results show a wide range of intratumoral

500 1000 1500 2000 2500

Cutoff points (NHU/mg prot)

3000

oncoprotein levels, which seems to correspond to the
biological heterogeneity of these tumors. Likewise, high
HER-2/neu levels correlate with tumor parameters
indicative of tumor aggressiveness and with a poor
outcome. Nevertheless, the relationship between HER-
2/neu levels and prognosis was non-monotone. Thus, we
also found a subgroup of patients with low HER-2/neu
levels having a short overall survival.

IHC and FISH are the most commonly employed
methods to assess the HER-2/neu status in clinical
samples of breast carcinomas. In this study, we chose
ELISA technology because it is the only large scale
testing method able to measure HER-2/neu protein
expression levels in a quantitative fashion, this way
being a more objective method of detecting the onco-
protein expression and perhaps being biologically a
more realistic model as a continuous variable. Several
authors have reported that ELISA-based measurement
of HER-2/neu protein concentration in breast cancer
tissue extracts correlates with immunohistochemical
staining or gene amplification (Dittadi et al. 1993; Nu-
gent et al. 1994; Piffanelli et al. 1996; Eppenberger-
Castori et al. 2001; Muller et al. 2003). Similarly, in a
prior report (Lamelas et al. 2003) as well as in the
present study, we have found a significant and positive
relationship between the IHC staining for HER-2/neu
protein, using the HercepTest Kit (Dako Corp., Car-
penteria, CA, USA), and the cytosolic oncoprotein

Table 3 Univariant analysis of the relationship between intratumoral HER-2/neu cytosolic levels and relapse-free and overall survival in
patients with breast cancer, stratified according to the received adjuvant systemic therapy

Group Patients Relapse-free survival Overall survival

HR* (CI) p HR* (CI) p
Chemotherapy 265 1.5(1.02-2.4) 0.04 2.3(1.2-4.3) 0.007
Tamoxifen 307 1.2(0.6-2.1) 0.50 1.3(0.6-2.9) 0.4
Chemotherapy plus sequential Tamoxifen 125 2.3(1.24.3) 0.008 3.1(1.3-7) 0.009
No treatment 158 0.8(0.4-1.8) 0.7 0.6(0.1-2.0) 0.6

Hazard ratio
*HER-2/neu: <median vs >median
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Table 4 Multivariate analysis of the association between HER-2/neu cytosolic levels, relapse-free and overall survival

Tumor characteristics Relapse-free survival

Overall survival

RR CI (95%) P RR CI (95%) P
Overall group
Tumor size 0.001 0.001
T1 1 - 1 -
T2 1.8 1.3-2.6 02.4 1.44
T3 1.9 1.1-3.2 2.7 1.3-5.8
T4 2.6 1.64.2 4.7 2.5-9.1
Nodal status 0.001 0.001
Negative 1 - 1 -
Positive 2.8 2.14 3 1.94.6
Histological grade 0.031 -
Well dif. 1 - - -
Mod. dif. 1.6 1.1-2.4 - -
Poorly dif. 1.7 1.0-2.6 - -
ER 0.005 0.024
Negative 1 - 1 -
Positive 0.65 0.4-0.8 0.6 0.4-0.9
NEU levels 0.021 0.019
< 1,400 NHU/mg prot 1 - 1 -
>1,400 NHU/mg prot 1.4 1.0-1.9 1.6 1.0-2.4

RR relative risk, CI confiance interval

concentration quantified by ELISA in breast carcino-
mas. Nevertheless, it is important to emphasize that
validating ELISA as an alternative method to IHC for
the detection of HER-2/neu overexpression in clinical
practice was not an objective of this study. In addition,
although there are data indicating that measuring HER-
2/neu by ELISA correlates appropriately with the results
obtained by either ICH or FISH, it seems that different
methodological approaches of measuring the oncopro-
tein are not completely equivalent (Dittadi et al. 1993;
Piffanelli et al. 1996; Eppenberger-Castori et al. 2001;
Lamelas et al. 2003; Muller et al. 2003). It has also been
indicated that the observed discrepancies between in situ
hybridization and ELISA measurements could be ex-
plained by the fact that the one single tissue section
needed for FISH does not represent all the tumor
material that is used for tissue homogenization in ELI-
SA (Muller et al. 2003). Likewise, one consideration that
points to the value of direct measurement of c-erbB-2
protein content is that its overexpression in human tu-
mors may also occur without gene amplification,
involving other mechanisms such as up-regulation of c-
erbB-2 transcription (Tandon et al. 1989). A possible
downside of the ELISA technique is the contamination
of tissue homogenates of tumor sample with mixed cell
type populations and/or non-cellular connective tissue
composed largely of extracellular matrix proteins, which
could be the cause of errors due to dilutional artifacts
(Slamon et al. 1989; Press et al. 1993). In addition, the
contamination with ductal cancer “in situ” (DCIS)
(which has often a high HER-2/neu expression) could
alter the HER-2/neu concentration determined in tissue
extracts. Nevertheless, we consider that the large sample

size in the present study allowed us to overcome some of
the potential limitations introduced by stromal cell or
DCIS contaminations in the ELISA.

Our results are in accordance with prior studies where
HER-2/neu was also determined in cytosolic samples of
breast carcinomas using ELISA, and reporting an
association between the elevated concentration of the
oncoprotein and different parameters indicative of tu-
mor aggressiveness, such as ductal histology and poorly
differentiated histological grades (Bohn et al. 2002), as
well as with shortened relapse-free and/or overall sur-
vival (Nugent et al. 1992; Eissa et al. 1997; Bohn et al.
2002; Konecny et al. 2003, 2004). In addition, our re-
sults indicate that HER-2/neu cytosolic levels are sig-
nificantly associated with aneuploidy and with higher S-
phase fraction in breast carcinomas. Besides, it is also
remarkable that previous studies have shown that high
HER-2/neu levels in membranous samples of breast
carcinomas, also evaluated by ELISA, correlated with a
poor outcome (Eppenberger-Castori et al. 2001; el-
Ahmady et al. 2002). With respect to these findings, in
the present study we have demonstrated, for the first
time to the best of our knowledge, that there is a positive
and significant relationship between membranous and
cytosolic HER-2/neu levels in breast carcinomas. Nev-
ertheless, although this finding suggests a connection
between these oncoprotein levels, the low correlation
value found between both (n=162; r sub S=0.528;
P <0.0001) might reflect a different biological significa-
tion and/or a different clinical value. Further investiga-
tions will be necessary to elucidate this question.

An important issue on the quantitative measurement
of biological factors in cancer is being able to define the
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Fig. 4 Relapse-free survival (a) and overall survival (b) as a
function of the cut-off value of HER-2/neu cytosolic levels in 889
patients with breast carcinoma

optimal cut-off value of clinical interest. In previous
ELISA studies on tissue extract from breast carcinomas,
this value was chosen in compliance with several criteria,
such as validation according to the percentages of pos-
itives within the range of the cases observed by using
gene amplification or overexpression of HER-2/neu in
breast carcinomas (Valeron et al. 1997; Koscielny et al.
1998; Bohn et al. 2002) or in cell lines (Konecny et al.
2003; Konecny et al. 2004), defined as the highest level
of expression in non-malignant tissue (Piffanelli et al.
1996), or as an intermodal value of a bimodal distribu-
tion of the oncoprotein levels (Eppenberger-Castori
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et al. 2001). In the present work, we have investigated
the clinical interest of all the obtained values of HER-2/
neu cytosolic levels. Our results show a significant value
as continuous variable of these levels. However, by
dichotomizing the variable we have not been able to
identify an optimal cut-off value with a statistically
independent value to predict both relapse-free and
overall survival. Nevertheless, we have also evaluated
the distribution in quartiles to study also the possible
non-monotone relationship between HER-2/neu and
outcome in breast cancer. Thus, we have observed that
patients with either low HER-2/neu or high HER2/ neu
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levels had shorter overall survival than patients with
intermediate intratumoral concentration of the onco-
protein. These findings, although somewhat surprising,
coincide with those obtained by two other studies in
which HER-2/neu levels were measured quantitatively
using ELISA by a system similar to ours (Dittadi et al.
1997; Koscielny et al. 1998). It has been reported that
the high concentration group corresponds closely to the
positive samples detected by THC and they could be
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Fig. 7 Relapse-free survival (a) and overall survival (b) as function
of the HER-2/neu cytosolic levels in 125 patients with breast
carcinoma and treated with chemotherapy plus tamoxifen as
systemic adjuvant therapy

expected to have a poorer prognosis. With regard to the
finding of high-risk patients with very low HER-2/neu
expression, it has been suggested that the progress to a
more aggressive disease could imply selection against
HER-2/neu over-expression or down-regulation due to a
high binding activity (Hynes and Stern 1994). It has also
been implied that an interaction between various onc-
ogenes could explain this phenomenon, such that the
absence of expression of one of them is counterbalanced
by the overexpression of another in the context of all



deviations from the ‘“normal” expression (Koscielny
et al. 1998). Therefore, it is possible that at least some of
the samples with low HER-2/neu expression correspond
to tumors with an aggressive phenotype. Consequently,
the use of a quantitative method seems to allow for a
more complete identification of patients at risk, who are
not necessarily represented only by those with a higher
HER-2/neu expression.

Although the exact mechanism by which HER-2/
neu regulates this more aggressive phenotypes is not
fully understood, it has been shown that HER-2/neu
overexpression is involved in cell proliferation and
causes enhancement of cell migration in human breast
cancer cells (Verbeek et al. 1998), which may confer a
growth advantage in the early stages of breast carci-
noma. Recent studies have also indicated that HER-2/
neu receptors play an important role in the induction
of angiogenesis (Yen et al. 2000; Izumi et al. 2002;
Konecny et al. 2004). Another mechanism for which
HER-2/neu overexpression may be implicated in tumor
progression is by reducing endocrine responsiveness
and promoting drug resistance. Accordingly, some
authors have reported an inverse association between
HER-2/neu and ER levels in breast carcinomas by
using an ELISA, THC or FISH (Zeillinger et al. 1989;
Borg et al. 1990; Nugent et al. 1992; Marsigliante et al.
1993; Quenel et al. 1995; Tagliabue et al. 1999; Ep-
penberger-Castori et al. 2001; Konecny et al. 2003) .
However, contrary to these previous studies, our re-
sults do not show an inverse relationship between
HER-2/neu oncoprotein and ER levels (Konecny et al.
2003). Nevertheless, an interesting finding from our
investigation is the significant and inverse, although
weak, association between HER-2/neu and PgR levels.
This observation may have arisen from the fact that
PgR expression more accurately represents the func-
tional status of hormone receptors in breast cancer
than does the ER expression, because PgR expression
is linked to a biologically active and functional ER
(Fuqua et al. 1991; Wang et al. 1999). This observed
inverse association between HER-2/neu and steroid
hormone receptors status might explain the data from
different retrospective analyses demonstrating that
there is a greater probability of tamoxifen-resistance in
patients overexpressing HER-2/neu (Borg et al. 1994;
Houston et al. 1999). These clinical observations are
consistent with preclinical data indicating there might
be receptor crosstalk between the HER-2/neu and ER
signal transduction pathways. Thus, there are cell line
data showing that the introduction of additional HER-
2/neu copies into MCF-7 cells and the corresponding
increase in HER-2/neu expression leads to a reduction
in the estrogen-binding capacity of the cells and in ER
and in PgR transcripts (Pietras et al. 1995). Likewise,
it has been shown that the activation of growth factor
receptors such as Her-2/neu may result in a direct
phosphorylation and activation of ER in an estrogen-
independent manner, which may itself be an important
mechanism for tamoxifen resistance (Smith 1998).
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However, although some reports have indicated that
HER-2/neu overexpression reduces both response
duration and survival duration in patients treated with
adjuvant tamoxifen (Stal et al. 2000; De Placido et al.
2003; Osborne et al. 2003), our results are rather in
accordance with other reports which have failed to
observe this association in patients receiving tamoxifen
as a single systemic adjuvant therapy (Berry et al.
2000; Love et al. 2003).

With respect to the value of HER-2/neu overexpres-
sion as a predictor of response to systemic adjuvant
chemotherapy, although our study was not specifically
conducted to evaluate the type and dosing of the che-
motherapeutic agents, while these varied over the stud-
ied period, our results suggest a poorer response to this
general type of adjuvant therapy in patients with high
HER-2/neu intratumoral levels. The implications of
HER-2/neu overexpression on the efficacy of adjuvant
chemotherapy have also been controversial. There are
retrospective studies of adjuvant chemotherapy with
CMF or similar regimens indicating a poor prognosis in
patients with HER-2/neu overexpressing tumors (Allred
et al. 1992; Gusterson et al. 1992; Stal et al. 1995);
whereas a more recent report comparing the efficacy of
CMF relative to observation in HER-2/neu-positive and
HER-2/neu-negative patients has not supported this
finding (Miles et al. 1999). Likewise, several reports
suggest an increased response to anthracycline-contain-
ing adjuvant chemotherapy in patients with HER-2/neu-
positive tumors (Muss et al. 1994; Paik et al. 1998; Thor
et al. 1998; Moliterni et al. 2003). Nevertheless, consid-
ering that in all of these reports HER-2/neu status was
assessed by IHC assays, we might assume that the cor-
responding HER-2/neu values for predicting resistance/
sensitivity to systemic adjuvant therapy may differ from
those found in the present work. Hence, further specific
studies are necessary to evaluate the possible clinical
value of quantitative measurements of intratumoral
oncoprotein levels in order to predict response to adju-
vant therapies in patients with breast cancer.

On the other hand, the importance of HER-2/neu
status as a predictor of tumor response to systemic
therapy using the humanized HER-2/neu antibody
trastuzumab (Herceptin) is evident (Slamon et al. 2001).
At present, a combination of THC and FISH or FISH
alone is being used to evaluate HER-2/neu status, and
these assays can be performed on archival formalin-fixed
parafin embedded tissue should the clinical need arise
(usually in patients developing metastasic brest cancer).
Nevertheless, considering that an increasing number of
centers in Europe and the US are preparing tissue ex-
tracts from primary breast cancer specimens for deter-
mination of urokinase-type plasminogen activator
(uPA) and its inhibitor plasminogen activator inhibitor
type 1 (PAI-1) for prognostic and predictive purposes
(Janicke F et al. 2001; Look et al. 2002), it has been
suggested that these tissue extracts are available for the
additional assessment of HER-2/neu status by an ELI-
SA-based approach (Muller et al. 2003). Thus, as re-
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gards anti-HER-2/neu therapy, future investigations
could address the possible predictive value provided by
this ELISA-based method.

In summary, our results suggest that by quantita-
tively determining the HER-2/neu oncoprotein by the
use of ELISA, groups of patients with high-risk breast
cancer could be identified.

Acknowledgements Supported by grants from ISCIII, Red de
Centros de Cancer RTICCC (C03/10) and Obra Social Cajastur.

References

Allred DC, Clark GM, Tandon AK, Molina R, Tormey DC,
Osborne CK, Gilchrist KW, Mansour EG, Abeloff M, Eudey L
(1992) HER-2/neu in node-negative breast cancer: prognostic
significance of overexpression influenced by the presence of
in situ carcinoma. J Clin Oncol 10:599-605

Andrulis IL, Bull SB, Blackstein ME, Sutherland D, Mak C,
Sidlofsky S, Pritzker KP, Hartwick RW, Hanna W, Lickley L,
Wilkinson R, Qizilbash A, Ambus U, Lipa M, Weizel H, Katz
A, Baida M, Mariz S, Stoik G, Dacamara P, Strongitharm D,
Geddie W, McCready D (1998) neu/erbB-2 amplification
identifies a poor-prognosis group of women with node-negative
breast cancer. Toronto Breast Cancer Study Group. J Clin
Oncol 16:1340-1349

Benz C, Tripathy D (2000) ErbB-2 overexpression in breast cancer:
biology and clinical translation. J] Women’s Cancer 2:33-40

Berger MS, Locher GW, Saurer S, Gullick WJ, Waterfield MD,
Groner B, Hynes NE (1988) Correlation of c-erbB-2 gene
amplification and protein expression in human breast carci-
noma with nodal status and nuclear grading. Cancer Res
48:1238-1243

Berry DA, Muss HB, Thor AD, Dressler L, Liu ET, Broadwater G,
Budman DR, Henderson IC, Barcos M, Hayes D, Norton L
(2000) HER-2/neu and p53 expression versus tamoxifen resis-
tance in estrogen receptor-positive, node-positive breast cancer.
J Clin Oncol 18:3471-3479

Bilous M, Dowsett M, Hanna W, Isola J, Lebeau A, Moreno A,
Penault-Llorca F, Ruschoff J, Tomasic G, van de Vijver M
(2003) Current perspectives on HER2 testing: a review of
national testing guidelines. Mod Pathol 16:173-182

Bloom HJ, Richardson WW (1957) Histological grading and
prognosis in breast cancer; a study of 1409 cases of which 359
have been followed for 15 years. Br J Cancer 11:359-377

Bohn U, Aguiar J, Bilbao C, Murias A, Vega V, Chirino R,
Diaz-Chico N, Diaz-Chico JC (2002) Prognostic value of the
quantitative measurement of the oncoprotein p185(Her-2/neu)
in a group of patients with breast cancer and positive node
involvement. Int J Cancer 101:539-544

Borg A, Tandon AK, Sigurdsson H, Clark GM, Ferno M, Fuqua
SA, Killander D, McGuire WL (1990) HER-2/neu amplifica-
tion predicts poor survival in node-positive breast cancer.
Cancer Res 50:4332-4337

Borg A, Baldetorp B, Ferno M, Killander D, Olsson H, Ryden S,
Sigurdsson H (1994) ERBB2 amplification is associated with
tamoxifen resistance in steroid-receptor positive breast cancer.
Cancer Lett 81:137-144

Bradford MM (1976) A rapid and sensitive method for the quan-
titation of microgram quantities of protein utilizing the prin-
ciple of protein-dye binding. Anal Biochem 72:248-254

Carlomagno C, Perrone F, Gallo C, De Laurentiis M, Lauria R,
Morabito A, Pettinato G, Panico L, D’Antonio A, Bianco AR,
De Placido S (1996) c-erb B2 overexpression decreases the
benefit of adjuvant tamoxifen in early-stage breast cancer
without axillary lymph node metastases. J Clin Oncol 14:2702—
2708

De Placido S, De Laurentiis M, Carlomagno C, Gallo C, Perrone
F, Pepe S, Ruggiero A, Marinelli A, Pagliarulo C, Panico L,
Pettinato G, Petrella G, Bianco AR (2003) Twenty-year results
of the Naples GUN randomized trial: predictive factors of
adjuvant tamoxifen efficacy in early breast cancer. Clin Cancer
Res 9:1039-1046

Dittadi R, Catozzi L, Gion M, Brazzale A, Capitanio G, Gelli MC,
Menegon A, Gardini G, Malagutti R, Piffanelli A (1993)
Comparison between western blotting, immunohistochemical
and ELISA assay for pl85neu quantitation in breast cancer
specimens. Anticancer Res 13:1821-1824

Dittadi R, Brazzale A, Pappagallo G, Salbe C, Nascimben O,
Rosabian A, Gion M (1997) ErbB2 assay in breast cancer:
possibly improved clinical information using a quantitative
method. Anticancer Res 17:1245-1247

Eissa S, Khalifa A, el-Gharib A, Salah N, Mohamed MK (1997)
Multivariate analysis of DNA ploidy, p53, c-erbB-2 proteins,
EGFR, and steroid hormone receptors for short-term prognosis
in breast cancer. Anticancer Res 17:3091-3097

el-Ahmady O, el-Salahy E, Mahmoud M, Wahab MA, Eissa S,
Khalifa A (2002) Multivariate analysis of bcl-2, apoptosis, P53
and HER-2/neu in breast cancer: a short-term follow-up.
Anticancer Res 22:2493-2499

Eppenberger-Castori S, Kueng W, Benz C, Caduff R, Varga Z,
Bannwart F, Fink D, Dieterich H, Hohl M, Muller H, Paris K,
Schoumacher F, Eppenberger U (2001) Prognostic and pre-
dictive significance of ErbB-2 breast tumor levels measured by
enzyme immunoassay. J Clin Oncol 19:645-656

Fuqua SA, Fitzgerald SD, Chamness GC, Tandon AK, McDonnell
DP, Nawaz Z, O’'Malley BW, McGuire WL (1991) Variant
human breast tumor estrogen receptor with constitutive tran-
scriptional activity. Cancer Res 51:105-109

Graus-Porta D, Beerli RR, Daly JM, Hynes NE (1997) ErbB-2, the
preferred heterodimerization partner of all ErbB receptors, is a
mediator of lateral signaling. Embo J 16:1647-1655

Gusterson BA, Gelber RD, Goldhirsch A, Price KN, Save-Soder-
borgh J, Anbazhagan R, Styles J, Rudenstam CM, Golouh R,
Reed R etal (1992) Prognostic importance of c-erbB-2
expression in breast cancer. International (Ludwig) Breast
Cancer Study Group. J Clin Oncol 10:1049-1056

Hedley DW, Shankey TV, Wheeless LL (1993) DNA cytometry
consensus conference. Cytometry 14:471

Hoftf ER, Tubbs RR, Myles JL, Procop GW (2002) HER2/neu
amplification in breast cancer: stratification by tumor type and
grade. Am J Clin Pathol 117:916-921

Houston SJ, Plunkett TA, Barnes DM, Smith P, Rubens RD, Miles
DW (1999) Overexpression of c-erbB2 is an independent mar-
ker of resistance to endocrine therapy in advanced breast can-
cer. Br J Cancer 79:1220-1226

Hudziak RM, Lewis GD, Winget M, Fendly BM, Shepard HM,
Ullrich A (1989) p185SHER2 monoclonal antibody has anti-
proliferative effects in vitro and sensitizes human breast tumor
cells to tumor necrosis factor. Mol Cell Biol 9:1165-1172

Hynes NE, Stern DF (1994) The biology of erbB-2/neu/HER-2 and
its role in cancer. Biochim Biophys Acta 1198:165-184

Izumi Y, Xu L, di Tomaso E, Fukumura D, Jain RK (2002) Tu-
mour biology: herceptin acts as an anti-angiogenic cocktail.
Nature 416:279-280

Janicke F, Prechtl A, Thomssen C, Harbeck N, Meisner C, Untch
M, Sweep CG, Selbmann HK, Graeff H, Schmitt M (2001)
Randomized adjuvant chemotherapy trial in high-risk, lymph
node-negative breast cancer patients identified by urokinase-
type plasminogen activator and plasminogen activator inhibitor
type 1. J Natl Cancer Inst 93:913-920

Kakar S, Puangsuvan N, Stevens JM, Serenas R, Mangan G, Sahai
S, Mihalov ML (2000) HER-2/neu assessment in breast cancer
by immunohistochemistry and fluorescence in situ hybridiza-
tion: comparison of results and correlation with survival. Mol
Diagn 5:199-207

King CR, Kraus MH, Aaronson SA (1985) Amplification of a
novel v-erbB-related gene in a human mammary carcinoma.
Science 229:974-976



Konecny G, Pauletti G, Pegram M, Untch M, Dandekar S, Aguilar
Z, Wilson C, Rong HM, Bauerfeind I, Felber M, Wang HJ,
Beryt M, Seshadri R, Hepp H, Slamon DJ (2003) Quantitative
association between HER-2/neu and steroid hormone receptors
in hormone receptor-positive primary breast cancer. J Natl
Cancer Inst 95:142—-153

Konecny GE, Meng YG, Untch M, Wang HJ, Bauerfeind I, Ep-
stein M, Stieber P, Vernes JM, Gutierrez J, Hong K, Beryt M,
Hepp H, Slamon DJ, Pegram MD (2004) Association between
HER-2/neu and vascular endothelial growth factor expression
predicts clinical outcome in primary breast cancer patients. Clin
Cancer Res 10:1706-1716

Koscielny S, Terrier P, Daver A, Wafflart J, Goussard J, Ricolleau
G, Delvincourt C, Delarue JC (1998) Quantitative determina-
tion of c-erbB-2 in human breast tumours: potential prognostic
significance of low values. Eur J Cancer 34:476-481

Lamelas M, Gonzalez L, Rodil A, Bongera M, Vazquez J, Allende
M, Vizoso F (2003) Determination of cerbB-2/HER-2/Neu
status in breast cancer: comparative analisis between immu-
noenzymatic assay (ELISA) and immunohistochemistry. Rev
Oncol 5:272-279

Lebeau A, Deimling D, Kaltz C, Sendelhofert A, Iff A, Luthardt B,
Untch M, Lohrs U (2001) Her-2/neu analysis in archival tissue
samples of human breast cancer: comparison of immunohisto-
chemistry and fluorescence in situ hybridization. J Clin Oncol
19:354-363

Look MP, van Putten WL, Duffy MJ, Harbeck N, Christensen 1J,
Thomssen C, Kates R, Spyratos F, Ferno M, Eppenberger-
Castori S, Sweep CG, Ulm K, Peyrat JP, Martin PM, Mag-
delenat H, Brunner N, Duggan C, Lisboa BW, Bendahl PO,
Quillien V, Daver A, Ricolleau G, Meijer-van Gelder ME,
Manders P, Fiets WE, Blankenstein MA, Broet P, Romain S,
Daxenbichler G, Windbichler G, Cufer T, Borstnar S, Kueng
W, Beex LV, Klijn JG, O’Higgins N, Eppenberger U, Janicke
F, Schmitt M, Foekens JA (2002) Pooled analysis of prognostic
impact of urokinase-type plasminogen activator and its inhibi-
tor PAI-1 in 8377 breast cancer patients. J Natl Cancer Inst
94:116-128

Love RR, Duc NB, Havighurst TC, Mohsin SK, Zhang Q, DeMets
DL, Allred DC (2003) Her-2/neu overexpression and response
to oophorectomy plus tamoxifen adjuvant therapy in estrogen
receptor-positive premenopausal women with operable breast
cancer. J Clin Oncol 21:453-457

Marsigliante S, Muscella A, Ciardo V, Barker S, Leo G, Baker V,
Mottaghi A, Vinson GP, Storelli C (1993) Enzyme-linked
immunosorbent assay of HER-2/neu gene product (p185) in
breast cancer: its correlation with sex steroid receptors,
cathepsin D and histologic grades. Cancer Lett 75:195-206

Miles DW, Harris WH, Gillett CE, Smith P, Barnes DM (1999)
Effect of c-erbB(2) and estrogen receptor status on survival of
women with primary breast cancer treated with adjuvant
cyclophosphamide/methotrexate/fluorouracil. Int J Cancer
84:354-359

Moliterni A, Menard S, Valagussa P, Biganzoli E, Boracchi P,
Balsari A, Casalini P, Tomasic G, Marubini E, Pilotti S, Bon-
adonna G (2003) HER2 overexpression and doxorubicin in
adjuvant chemotherapy for resectable breast cancer. J Clin
Oncol 21:458-462

Muller V, Thomssen C, Karakas C, Eustermann I, Ramirez Porras J,
Coith C, Berger J, Loning T, Janicke F, Pantel K (2003) Quan-
titative assessment of HER-2/neu protein concentration in breast
cancer by enzyme-linked immunosorbent assay. Int J Biol
Markers 18:13-20

Muss HB, Thor AD, Berry DA, Kute T, Liu ET, Koerner F,
Cirrincione CT, Budman DR, Wood WC, Barcos M (1994)
c-erbB-2 expression and response to adjuvant therapy in women
with node-positive early breast cancer. N Engl J] Med 330:1260—
1266

Nugent A, McDermott E, Duffy K, O’Higgins N, Fennelly JJ,
Dufty MJ (1992) Enzyme-linked immunosorbent assay of c-
erbB-2 oncoprotein in breast cancer. Clin Chem 38:1471-1474

713

Nugent A, Gallagher J, Dolan J, O’Higgins N, Duffy MJ (1994)
Assay of the c-erbB-2 oncogene encoded protein by ELISA and
immunocytochemistry in human breast cancer. Ann Clin Bio-
chem 31(Pt 2):171-173

Osborne CK, Bardou V, Hopp TA, Chamness GC, Hilsenbeck SG,
Fuqua SA, Wong J, Allred DC, Clark GM, Schiff R (2003)
Role of the estrogen receptor coactivator AIB1 (SRC-3) and
HER-2/neu in tamoxifen resistance in breast cancer. J Natl
Cancer Inst 95:353-361

Paik S, Bryant J, Park C, Fisher B, Tan-Chiu E, Hyams D, Fisher
ER, Lippman ME, Wickerham DL, Wolmark N (1998) erbB-2
and response to doxorubicin in patients with axillary lymph
node-positive, hormone receptor-negative breast cancer. J Natl
Cancer Inst 90:1361-1370

Paik S, Bryant J, Tan-Chiu E, Yothers G, Park C, Wickerham DL,
Wolmark N (2000) HER2 and choice of adjuvant chemotherapy
for invasive breast cancer: National Surgical Adjuvant Breast
and Bowel Project Protocol B-15. J Natl Cancer Inst 92:1991—
1998

Pauletti G, Godolphin W, Press MF, Slamon DJ (1996) Detec-
tion and quantitation of HER-2/neu gene amplification in
human breast cancer archival material using fluorescence
in situ hybridization. Oncogene 13:63-72

Pegram MD, Finn RS, Arzoo K, Beryt M, Pietras RJ, Slamon DJ
(1997) The effect of HER-2/neu overexpression on chemother-
apeutic drug sensitivity in human breast and ovarian cancer
cells. Oncogene 15:537-547

Pegram M, Konecny G, Slamon D (1999) Use of HER2/neu for
predicting response to breast cancer therapy. Dis Breast Up-
dates 3:1-9

Petit T, Borel C, Ghnassia JP, Rodier JF, Escande A, Mors R,
Haegele P (2001) Chemotherapy response of breast cancer
depends on HER-2 status and anthracycline dose intensity in
the neoadjuvant setting. Clin Cancer Res 7:1577-1581

Pietras RJ, Arboleda J, Reese DM, Wongvipat N, Pegram MD,
Ramos L, Gorman CM, Parker MG, Sliwkowski MX, Slamon
DJ (1995) HER-2 tyrosine kinase pathway targets estrogen
receptor and promotes hormone-independent growth in human
breast cancer cells. Oncogene 10:2435-2446

Piffanelli A, Dittadi R, Catozzi L, Gion M, Capitanio G, Gelli
MC, Brazzale A, Malagutti R, Pelizzola D, Menegon A,
Giovannini G, Gardini G (1996) Determination of ErbB2
protein in breast cancer tissues by different methods. Rela-
tionships with other biological parameters. Breast Cancer Res
Treat 37:267-276

Pinkas-Kramarski R, Soussan L, Waterman H, Levkowitz G, Al-
roy I, Klapper L, Lavi S, Seger R, Ratzkin BJ, Sela M, Yarden
Y (1996) Diversification of Neu differentiation factor and epi-
dermal growth factor signaling by combinatorial receptor
interactions. Embo J 15:2452-2467

Popescu NC, King CR, Kraus MH (1989) Localization of the
human erbB-2 gene on normal and rearranged chromosomes
17 to bands q12-21 32. Genomics 4:362-366

Press MF, Pike MC, Chazin VR, Hung G, Udove JA, Mark-
owicz M, Danyluk J, Godolphin W, Sliwkowski M, Akita R
et al (1993) Her-2/neu expression in node-negative breast
cancer: direct tissue quantitation by computerized image
analysis and association of overexpression with increased risk
of recurrent disease. Cancer Res 53:4960-4970

Quenel N, Wafflart J, Bonichon F, de Mascarel I, Trojani M,
Durand M, Avril A, Coindre JM (1995) The prognostic value of
c-erbB2 in primary breast carcinomas: a study on 942 cases.
Breast Cancer Res Treat 35:283-291

Rilke F, Colnaghi M, Cascinelli N, Andreola S, Baldini M,
Bufalino R, Della Porta G, Menard S, Pierotti M, Testori A
(1991) Prognostic significance of HER-2/neu expression in
breast cancer and its relationship to other prognostic factors.
Int J Cancer 49:44-49

Sapino A, Coccorullo Z, Cassoni P, Ghisolfi G, Gugliotta P,
Bongiovanni M, Arisio R, Crafa P, Bussolati G (2003) Which
breast carcinomas need HER-2/neu gene study after immu-



714

nohistochemical analysis? Results of combined use of anti-
bodies against different c-erbB2 protein domains. Histopa-
thology 43:354-362

Slamon DJ, Clark GM, Wong SG, Levin WJ, Ullrich A, McGuire
WL (1987) Human breast cancer: correlation of relapse and
survival with amplification of the HER-2/neu oncogene. Science
235:177-182

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

Slamon DJ, Leyland-Jones B, Shak S, Fuchs H, Paton V, Baja-
monde A, Fleming T, Eiermann W, Wolter J, Pegram M,
Baselga J, Norton L (2001) Use of chemotherapy plus a
monoclonal antibody against HER2 for metastatic breast can-
cer that overexpresses HER2. N Engl J Med 344:783-792

Smith CL (1998) Cross-talk between peptide growth factor and
estrogen receptor signaling pathways. Biol Reprod 58:627-632

Stal O, Sullivan S, Wingren S, Skoog L, Rutqvist LE, Carstensen
JM, Nordenskjold B (1995) c-erbB-2 expression and benefit
from adjuvant chemotherapy and radiotherapy of breast can-
cer. Eur J Cancer 31A:2185-2190

Stal O, Borg A, Ferno M, Kallstrom AC, Malmstrom P, Nor-
denskjold B (2000) ErbB2 status and the benefit from two or
five years of adjuvant tamoxifen in postmenopausal early stage
breast cancer. Ann Oncol 11:1545-1550

Stearns V, Singh B, Tsangaris T, Crawford JG, Novielli A, Ellis
MJ, Isaacs C, Pennanen M, Tibery C, Farhad A, Slack R,
Hayes DF (2003) A prospective randomized pilot study to
evaluate predictors of response in serial core biopsies to single
agent neoadjuvant doxorubicin or paclitaxel for patients with
locally advanced breast cancer. Clin Cancer Res 9:124-133

Tagliabue E, Menard S, Robertson JF, Harris L (1999) c-erbB-2
expression in primary breast cancer. Int J Biol Markers 14:16-26

Tandon AK, Clark GM, Chamness GC, Ullrich A, McGuire WL
(1989) HER-2/neu oncogene protein and prognosis in breast
cancer. J Clin Oncol 7:1120-1128

Thor AD, Berry DA, Budman DR, Muss HB, Kute T, Henderson
IC, Barcos M, Cirrincione C, Edgerton S, Allred C, Norton L,
Liu ET (1998) erbB-2, p53, and efficacy of adjuvant therapy in
lymph node-positive breast cancer. J Natl Cancer Inst 90:1346—
1360

Tsuda H, Hirohashi S, Shimosato Y, Hirota T, Tsugane S, Wa-
tanabe S, Terada M, Yamamoto H (1990) Correlation between
histologic grade of malignancy and copy number of c-erbB-2
gene in breast carcinoma A retrospective analysis of 176 cases.
Cancer Lett 65:1794-1800

Valeron PF, Chirino R, Vega V, Falcon O, Rivero JF, Torres S, Leon
L, Fernandez L, Pestano J, Diaz-Chico B, Diaz-Chico JC (1997)
Quantitative analysis of pl85(HER-2/neu) protein in breast
cancer and its association with other prognostic factors. Int J
Cancer 74:175-179

Varga Z, Zhao J, Ohlschlegel C, Odermatt B, Heitz PU (2004)
Preferential HER-2/neu overexpression and/or amplification in
aggressive histological subtypes of invasive breast cancer. His-
topathology 44:332-338

Verbeek BS, Adriaansen-Slot SS, Vroom TM, Beckers T, Rijksen
G (1998) Overexpression of EGFR and c-erbB2 causes en-
hanced cell migration in human breast cancer cells and NIH3T3
fibroblasts. FEBS Lett 425:145-150

Wang H, Zeng X, Khan SA (1999) Estrogen receptor variants
ERdelta5 and ERdelta7 down-regulate wild-type estrogen
receptor activity. Mol Cell Endocrinol 156:159-168

Wright C, Angus B, Nicholson S, Sainsbury JR, Cairns J, Gullick
WIJ, Kelly P, Harris AL, Horne CH (1989) Expression of c-
erbB-2 oncoprotein: a prognostic indicator in human breast
cancer. Cancer Res 49:2087-2090

Wright C, Nicholson S, Angus B, Sainsbury JR, Farndon J, Cairns
J, Harris AL, Horne CH (1992) Relationship between c-erbB-2
protein product expression and response to endocrine therapy
in advanced breast cancer. Br J Cancer 65:118-121

Yamauchi H, Stearns V, Hayes DF (2001) When is a tumor marker
ready for prime time? A case study of c-erbB-2 as a predictive
factor in breast cancer. J Clin Oncol 19:2334-2356

Yen L, You XL, Al Moustafa AE, Batist G, Hynes NE, Mader S,
Meloche S, Alaoui-Jamali MA (2000) Heregulin selectively
upregulates vascular endothelial growth factor secretion in can-
cer cells and stimulates angiogenesis. Oncogene 19:3460-3469

Zeillinger R, Kury F, Czerwenka K, Kubista E, Sliutz G, Knogler
W, Huber J, Zielinski C, Reiner G, Jakesz R et al (1989) HER-2
amplification, steroid receptors and epidermal growth factor
receptor in primary breast cancer. Oncogene 4:109-114



	Sec1
	Sec2
	Sec3
	Tab1
	Sec4
	Sec5
	Sec6
	Sec7
	Sec8
	Sec9
	Sec10
	Fig1
	Fig2
	Tab2
	Sec11
	Fig3
	Tab3
	Tab4
	Fig5
	Fig4
	Fig7
	Fig6
	Ack
	Bib
	CR1
	CR2
	CR3
	CR4
	CR5
	CR6
	CR7
	CR8
	CR9
	CR10
	CR11
	CR12
	CR13
	CR14
	CR15
	CR16
	CR17
	CR18
	CR19
	CR20
	CR21
	CR22
	CR23
	CR24
	CR25
	CR26
	CR27
	CR28
	CR29
	CR30
	CR31
	CR32
	CR33
	CR34
	CR35
	CR36
	CR37
	CR38
	CR39
	CR40
	CR41
	CR42
	CR43
	CR44
	CR45
	CR46
	CR47
	CR48
	CR49
	CR50
	CR51
	CR52
	CR53
	CR54
	CR55
	CR56
	CR57
	CR58
	CR59
	CR60
	CR61
	CR62
	CR63
	CR64
	CR65
	CR66
	CR67
	CR68
	CR69
	CR70
	CR71
	CR72
	CR73
	CR74
	CR75
	CR76
	CR77
	CR78
	CR79

