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Abstract
Background : The HER2 gene, located on the long arm of chromosome 17, codes for a
protein with the characteristics of a growth factor receptor . In a preliminary study, we
reported that high levels of tumor HER2 (erbB-2/neu) protein are associated with a family
history of breast cancer (that is, one or more female blood relatives with breast cancer) .
Methods : We have now collected a larger number of subjects (94) and performed a
multivariate analysis of the independent variables family history of breast cancer, tumor
estrogen receptor, age, and tumor DNA index . Family history of breast cancer was assessed by questioning the patient, in many cases by telephone .
Results : HER2 levels were significantly higher in women with a family history of

breast cancer (p = 0 .015, two-tailed t-test) . The 27 women with family history were
predominantly postmenopausal, mean age 61 ± 2 .3 (mean ± SEM), versus a mean age of
56 ± 1 .7 for the 67 women with no family history . Of the 27 women with a family history
of breast cancer, 13 had a first-degree relative (mother or sister) with the disease . The
remaining 14 women had other relatives (grandmothers, aunts, cousins, or a niece) with
breast cancer . The results of multiple linear regression analysis, with HER2 as the dependent variable, showed that family history of breast cancer was significantly associated
with elevated HER2 levels in the tumors (p = 0 .0038), after controlling for the effects of
age, tumor estrogen receptor, and DNA index .
Conclusions : The association of family history of breast cancer and elevated tumor
HER2 protein suggests that postmenopausal familial breast cancer may be associated
with altered HER2 expression .

THE HER2 GENE, located on the long arm of chro-

mosome 17, codes for a protein with the characteristics of a growth factor receptor (1, 2) . Its
ligand, a molecule which binds to the receptor
and activates it, may belong to a family of proteins called heregulins (3) . HER2 protein overexpression in breast cancers may be associated with
poor prognosis (4), although this connection is
controversial (5, 6) .
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HER2 overexpression is also associated with
higher tumor mitotic activity (7,8) and young age
(6) . HER2 overexpression is negatively correlated
with tumor estrogen receptor and progesterone
receptor content (9) . HER2 overexpression is
found in over 90% of ductal carcinomas in situ of
the comedo type, whereas other subtypes, such as
the cribriform, solid, or papillary, rarely overexpress HER2 (6) .
In a preliminary study (10), we reported that
high tumor HER2 protein levels are also associated with a family history of breast cancer. We
have now collected a larger number of subjects
and performed a multivariate analysis to control
for the effects of other factors which affect HER2
expression.
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Methods
We measured HER2 protein levels in 94
women who had breast cancer excised in Mount
Sinai Medical Center in 1991,1992, and 1993 . We
included in the study only cases in which there
was sufficient tumor tissue to determine HER2
protein level, estrogen receptor protein level, and
DNA index .
Of the breast cancer cases, 57 (60 .6%) were
stage T1, 33 (35.1%) were stage T2, and 4 (4 .3%)
were stage T3 . The smallest tumor was 0 .6 cm ;
the largest was 10 cm . In 50 cases (53 .2%) there
was no node involvement ; in 44 cases (46 .8%)
there was node involvement . A total of 73 cases
(77%) were classified as ductal carcinoma, 11
cases (11 .7%) as lobular carcinoma, 5 cases (5 .3%)
as mixed ductal and lobular carcinoma, and 4
cases as of other histologic structure (malignant
phyllodes tumor, comedocarcinoma, colloid carcinoma) . Ten cases were classified as in situ, and 84
cases as infiltrating .
HER2 protein was extracted from frozen
breast tumor tissue and assessed by a well-behaved competitive enzyme immunoassay (EIA) .
Homogenized tumor tissue is trypsinized, centrifuged, and incubated with tris lysis buffer (10 mM
tris-HCl, pH 7 .6, 1 .5 mM EDTA, 10% glycerol,
0 .1% sodium azide) . The proteins are then detergent extracted (11) . After centrifugation, supernatants are collected and protein values determined by BCA assay (Pierce Chemical Company) .
The enzyme immunoassay employs an affinity-purified sheep polyclonal antibody which was
generated against a synthetic peptide composed
of 19 amino acids derived from the cytoplasmic
domain of the human c-erbB-2 (HER2) oncoprotein . This peptide has two amino acid substitutions which differ from the corresponding aligned
sequence in rat neu. The synthetic peptide has
approximately 50% alignment with the epidermal growth factor-receptor (EGFR) sequence .
The immunogenic synthetic HER2 peptide is used
as the calibrator for the assay . The antibody detects bands at 170 kDa and 185 kDa on immunoblots of SkBr-3 cell membrane preparations
which produce high levels of HER2 protein .
HER2 is the membrane-associated 185 kDa oncoprotein detected by this antibody ; the 170 kDa
band represents a degradation product of the 185
kDa HER2 oncoprotein. These bands can be
blocked by preincubation of the antibody with the
immunogenic synthetic peptide . The antibody
does not recognize any bands on immunoblots
prepared from A431 cells which produce high levels of EGFR . Furthermore, specificity of the antibody has been tested by Western blot ; there is
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no cross-reactivity with EGFR produced by breast
cancer cell lines, or any other significant crossreactivity (data on file, Dianon Systems, Stratford, CT) . The antibody is specially produced for
Dianon Systems and is not commercially available .
Two quality control specimens are run in
each assay to ensure day-to-day precision . The
negative control consists of a pool of 1,000 human
breast biopsy specimens, which possesses a HER2
concentration of less than 2,000 fmol/mL . The
positive control consists of SKBR-3 breast cancer
cells (12), which produce HER2 at a level of
greater than 2,000 fmol/mL, the cutoff point for
overexpression .
The cutoff point was established in two ways :
(a) 14 specimens of pathologically proven benign
tissue, removed during reduction mammoplasty
and fresh frozen, were assayed for HER2 . Only
one of these specimens had HER2 concentration
greater than 2,000 fmol/mg ; (b) more than 800
breast cancer biopsies were assayed for HER2 .
Thirty percent of the specimens were found to
have HER2 levels of greater than 2,000 fmol/mg .
The results of the HER2 EIA are normalized
by the amount of total protein extracted from the
tissue specimen. The total protein in the extracted tissue is measured by a commercial dye
assay method (Biorad Laboratories) . Results of
the HER2 assay correlate well, relative to percent
positive cases, with those obtained by immunohistochemistry (data on file, Dianon Systems,
Stratford, CT) .
Specimens for flow cytometric analysis were
prepared using a modification of the Thornthwaite procedure (13) . The samples were analyzed with the Coulter Epics-XL Flow Cytometer
(Coulter Corporation, Hialeah, FL) . Analysis of
ploidy was performed using Verity Software (Verity Software House, Topsham, ME) with a minimum sample size of 10,000 cells . DNA indices of
1 .00 were considered diploid ; those above 1 .00
were considered aneuploid . Calibration for true
diploidy was done using normal lymphocytes.
Tumor estrogen receptor was determined by
enzyme immunoassay (EIA) (Abbott, North Chicago, IL) . The cutpoint of the assay, 15 fmol/mg,
was determined by the manufacturer . All assays
were performed by Dianon Systems, Stratford, CT .
Family history of breast cancer was assessed
by questioning the patient, in many cases by telephone . In other cases, the patient was interviewed in person . Family history was defined as
any female blood relative with breast cancer . No
attempt was made to verify family history by contacting other family members or their physicians .
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To do multivariate analysis, we logarithmically transformed HER2 and estrogen receptor
values to normalize variances . Statistical analyses were done with the SPSS System (14) .

p = 0 .015
n = 27

Results
HER2 levels were significantly higher in
women who reported a family history of breast
cancer (p = 0 .015, two-tailed t-test, Fig .) . In 67
women without a family history, log of the mean
tumor HER2 level was 2 .99 ± 0 .034 (mean ± SE),
minimum value was 2 .39, maximum value was
3 .66 . In 27 women with a family history, log of the
mean tumor HER2 level was 3 .15 ± 0 .057, minimum value was 2 .57, maximum value was 3 .91 .
The log of the mean difference was 0 .1587 (0 .0310 .286, 95% CI) .
The 27 women reporting a family history
were predominantly postmenopausal, mean age
61 ± 2 .3 (mean ± SEM), versus a mean age of 56
1 .7 for the 67 women reporting no family history ; there is no significant age difference in these
two groups (p = 0.19, two-tailed t-test) .
Of the 27 women with a family history of
breast cancer, 13 (13 .8% of all cases) had a firstdegree relative (mother or sister) with the disease .
This is comparable to the 12% of cases with an affected first-degree relative reported by Slattery and
Kerber (15) . The remaining 14 women had other
relatives (grandmothers, aunts, cousins, or a niece)
with breast cancer . There was no significant difference in HER2 levels between women who had a
first-degree relative with breast cancer and women
who had relatives of other degrees with breast cancer. There were too few patients to compare HER2
levels in women with affected first-degree relatives
to women without family history .
The results of multiple linear regression
analysis (Table), in which log HER2 was the dependent variable, were significant overall (F =
3 .4, p = 0 .01) . DNA index, age, and tumor estrogen receptor concentrations showed the same effects on HER2 levels that have been previously
demonstrated . However, of these, only the effect
of DNA index (p = 0 .02) was significant . Moreover, family history of breast cancer was significantly associated with elevated HER2 levels in
the tumors (p = 0 .0038) .
There was no significant difference in HER2
levels between in situ and infiltrating tumors, nor
was there a significant association between tumor
size, node involvement, or stage and tumor HER2 .
Discussion
Recently, a familial breast-ovarian cancer
gene, BRCA1, has been localized to the long arm
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Family History of Breast Cancer
Fig. Log HER2 protein (mean - SD) in tumors of women
with and without a family history of breast cancer . Number of cases in each group is indicated above the corresponding error bar .

of chromosome 17 (16, 17) . This gene, associated
with breast cancer in women under age 45, is not
the HER2 gene (2, 18), which is also located on
the long arm of chromosome 17 . In addition, there
is evidence implicating at least two genes on the
short arm of chromosome 17 in breast cancer carcinogenesis (19, 20) . Finally, although some studies suggest that the HER2 gene is not involved in
the genesis of breast cancer (21), at least three
new HER2 mutations in breast tumors have recently been identified (22-24) .
Moreover, there is evidence that HER2 is
involved in breast cancer initiation . For example,
HER2 alterations are present in all clinical
stages of the disease, are maintained during
metastatic spread, are homogenously present
throughout tumor sections, and are present in
in situ as well as infiltrating tumors (25) . Our
own data, as mentioned, also showed no significant difference in HER2 levels between in situ
and infiltrating tumors . Therefore, HER2 alterTABLE
Multiple Linear Regression Showing Effects of Family
History of Breast Cancer, DNA Index, Log Estrogen Receptor
(ER), and Age on Log HER2 in the Tumors of 94 Women
Variable
Family history
DNA index
Log ER
Age

Regression
coefficient

Standard
error

T

P

0.19
0.14
-0 .005
-0 .002

0.06
0.06
0.03
0 .002

3 .0
2.3
-0.16
-1 .0

0 .0038
0 .02
0 .87
0 .3

418

THE MOUNT SINAI JOURNAL OF MEDICINE

ations appear early and may be a causal factor
(26) .
HER2 is also implicated in animal studies of
mammary tumor development, for example in
mammary cancer in transgenic mice (27) . And
early mutations of HER2 are implicated in the
development of other tumors, for example nitrosourea-induced neural malignancies in rat
Schwann cells (28) .
Based on these studies and on our finding of
elevated HER2 protein in breast tumors associated with family history of breast cancer, we hypothesize that postmenopausal familial breast
cancer may be associated with altered HER2 expression .
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