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Characteristics of HER-2/neu Oncogene in Korean Women
with Early-onset Breast Cancer by Immunohistochemistry
and Fluorescence In Situ Hybridization
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Purpose: The purpose of this work was to investigate the
prognostic significance of of HER-2/neu (HER-2) oncogene
protein overexpression in Korean women with early-onset
breast cancer by immunohistochemistry. Furthermore, the
results of the test were correlated with HER-2 oncogene
gene amplification assessed by fluorescence in situ hybridi-
zation (FISH).

Methods: HER-2 status in 60 cases of breast cancer
diagnosed at the age of 45 years or younger was investi-
gated by a rabbit polyclonal antibody (Dako) and by ap-
plying the Hercep Test, and the results were compared
with FISH analysis in all Hercep Test 2+ and 3+ speci-
mens (28 cases) and five HER-2/neu negative specimens.
Results: FISH revealed that HER-2 was exclusively am-
plified in cases with Hercep Test 3+ (20/21). Cases with
Hercep Test 3+ or FISH positive tumors were significantly
associated with estrogen and progesterone receptor nega-
tive tumors. No association was found between HER-2 sta-
tus and axillary node status. In univariate analysis, FISH
status was significantly associated with poor prognosis, but
Hercep Test status was not a significant prognostic factor.
Conclusion: The finding of higher positive tumors and poor
prognostic factor of Her-2 in Korean women with early-
onset breast cancer may have potential implication for
local and systemic management of breast cancer. HER-2
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test may be useful for selecting systemic chemotherapy in
Korean patients with early onset breast cancer. And the
specific anti-HER-2 therapy will be helpful to a large
proportion of Korean patients who have more tumors with
HER-2 overexpression than White patients. (Journal of
Korean Breast Cancer Society 2003;6:255-262)
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INTRODUCTION

Breast cancer is the most common malignancy in female
worldwide. It also became the leading incidence of female
malignancy in Korea since 2001.(1,2) A significant feature of
Korean women with breast cancer is that the median age of
onset of breast cancer is around 45 years, approximately 15
years younger when compared with Western women in the
Unites States.(/,2) Young women with breast cancer have
more aggressive lesions than old women with breast cancer
manifested by more elevated S-fraction, higher hormone
receptor negative tumors, and poorer outcomes.(3,4)

It is well known that in approximately 20~30% of breast
carcinoma in Western women, tumor cells show an ampli-
fication and/or over-expression of the tyrosine kinase receptor
HER-2/neu (HER-2).(5,6) HER-2 encodes a transmembrane
protein (p185) with an extracellular growth factor receptor do-
main and an intracellular tyrosine kinase domain, and it is a
member of the EGFR (HER-1), HER-3, and HER-4. HER-2
poised to interact with other receptors in the absence of direct

ligand binding.(7) Over-expression of HER-2 has been shown



256 st=zgutsts| Xl A6 H A4 2 2003

to be associated with a poor prognosis in patients with
node-positive breast cancer and possibly also in patients with
node-negative breast cancer.(5,6,8) Accurate determination of
the HER-2 alteration has now become important because
therapeutic decisions for patients are influenced by this infor-
mation in both the adjuvant and advanced stage settings.
HER-2 alteration is shown to signify resistant to tamoxifen
therapy(9-11) and CMF chemotherapy.(12) On the other hand,
an increase sensitivity to anthracycline-containing regimen
was observed.(/13-15) More importantly, the monoclonal
antiboby Trastuzumab (Herceptin, Genentech, Inc, CA, USA)
directed against the HER-2 protein has resulted in inhibition
of tumor growth in both preclinical and clinical studies.(16,17)
This effect can be increased when used in combination with
chemotherapeutic agents.(18,19) This effect was particularly
apparent in patients with a strong (3+) expression of the
HER-2 antigen or gene amplification on tumor cells or gene
amplification. In the previous study, we reported higher pro-
portion of young Korean patients than White patients had
breast tumors with HER-2 overexpression or amplification.(20)
In this study, we analyzed the HER-2 status by immuno-
histochemistry (IHC) and compared the results with the
clinical parameters including survival rates and failure pat-
terns. Also, the different grades of protein over-expression
were compared with results obtained by fluorescence in situ
hybridization (FISH).

METHODS

The study population consisted of 60 cases of breast cancer
that was diagnosed with the age of 45 years or younger who
had been treated at the Soonchunhyang University Hospital,
Seoul, Korea from 1995 to 2000. These cases were retrieved
from hospital breast cancer registry. The median and range
for the age at onset were 37 and 22 to 45 years, respectively
(Table 1). The median follow-up period for the cohort at the
time of analysis was 4.5 years. Thirty-eight patients under-
went modified radical mastectomy, and 22 patients underwent
quadrantectomy and radiotherapy. Patients who underwent
modified radical mastectomy received adjuvant high dose che-
motherapy and postoperative radiotherapy, if axillary lymph
node was positive in 4 or more than 4 lymph nodes. All the
other patients received 6 cycles of CMF chemotherapy and/or
tamoxifen. Systemic chemotherapy was not delivered accor-
ding to HER-2 or FISH status. Paraffin-embedded tissues
from the primary tumors were obtained from the hospital

archives.

Table 1. Percentage distribution of characteristics for Korean
women with early-onset breast cancer (N=60)

Characteristics No. of patients (%)

Age (years)

Mean 36.9

Median 37

Range 22~45
Tumor size (cm)

Mean 2.8

Median 2

Range 1.0~8.0
T-stage

Tis 2 (3.3)

T1 27 (45.0)

T2 28 (46.7)

T3 3 (5.0
Histology

IDC 57 (95.0)

DCIS 2 (34)

Medullary ca 1 (1.7)
Nuclear Grade

Grade 1 0 (0)

Grade 2 43 (71.7)

Grade 3 17 (28.3)
Axillary node status

Positive 29 (48.3)

Negative 31 (51.7)

IDC= infiltrating ductal carcinoma; DCIS = ductal carcinoma in
situ.

The staining was performed on Sum-thick tissue sections
prepared from paraffin-embedded archival tissues. The
sections were dried in 60°C heated oven for one hour. The
sections were dewaxed in xylene and rehydrated through
graded alcohols to distilled water. The antigen retrieval
method utilized a steam bath at 97°C for 20 minutes for
determination of ER, PR, cyclin D1 and HER-2. The Dako
autostainer was used to perform the immunohistochemical
staining. Tris-buffered saline was used for all the wash steps.
Sections were treated with hydrogen peroxide for 5 minutes.
Since the Dako LSAB plus and Envision detection kits were
used, no blocking steps were required. The sections were
incubated in antibody for 30 minutes at room temperature.
Secondary antigen retrieval was performed by using detection
kits Envision for ER and PR, Dako Lsab+ for cyclin D1
and Hercep Test fo HER-2). Labelling was performed with
DAB. All sections were counterstained with hematoxylin,
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dehydrated with ethanol and permanently coverslipped.

Tumors known to express the markers served as positive
control. For HER-2, primary antibody was omitted for
negative control and DAKO K5204 was used for reference
grade. A cut-point of >10% tumor cells stained without
considering intensity was used to categorize positive results
for ER and PR. For cyclin D1, H-score (defined as the pro-
duct of intensity and distribution) was determined and higher
than H-score 75 was considered positive. For HER-2, only
membrane staining was scored as positive, and cytoplasmic
staining was ignored. A numeric score ranging from 0 to 3
that reflects the staining intensity and patterns in 10% or
more of tumor cell is employed. Numeric score of 2+ or 3+
was considered positive by Hercep Test guidelines. All im-
munostained sections were examined and scored by two of
the authors. Any discrepancies were resolved by subsequent
consultation.

All tumors with 2+ or 3+ Hercep Test scores and 5
samples with HER-2/neu O or 1+ cases were evaluated for
gene amplification by interphase FISH. FISH analysis was
performed with the PathVysion' HER-2 DNA Probe Kit
(Vysis, Downers Grove, IL. USA) using two directly labeled
fluorescent DNA probes complementary to the HER-2/neu
gene locus (LSI HER-2/neu SpectrumRed™) and to chromo-
some 17 peri-centromeric satellite DNA (CEP17 Spectrum-
GreenTM) as previously described.(20) In brief, slides with 5
m tissue sections were baked at 60°C overnight, deparaffin
pretreated in sodium thiocyanate (Vysis), digested with pepsin
(4 mg/ml in 0.01 M HCI; Vysis), and rinsed in graded etha-
nols. Ten 1 of probe/hybridization mixture including blocking
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Fig. 1. Estimated relapse free survival probabilities invasive breast
cancer stratified by conventional immunohistochemistry
criteria (Hercep Test 0/+1 versus 2+ and 3+) by Kaplan-
Meier method.

DNA were applied to each tissue section, sealed with rubber
cement. The probes and tissues were codenatured and hy-
bridized overnight by using the Vysis Hybrite hybridization
system at 37°C. After air drying the slides were counter stained
with 4’,6-diamindino-2-phenylindole (DAPI) and cover-slip-
ped. HER-2 gene amplification was quantified by comparing
the ratio of LSI HER-2 to CEP 17 probe signals in accor-
dance with the PathVysion HER-2 DNA Probe kit criteria.
All cases with more than a mean number of four fluore-
scence signals per two signals of the centromere of chro-
mosome 17 were considered amplified. Scoring was done in
a blinded fashion by a single observer (Bonnie L. King) inde-
pendent of THC results.

All patient’s data including clinical, pathologic, and out-
come measures were entered into a computerized database
employing SPSS (Statistical Package for the Social Science).
For analysis of extent of bivariate correlations, Person’s Cor-
relation Coefficients were used. We used Kaplan-Meier to
calculate disease free survival probabilities, and the log-rank
test was used to compare survival distributions of cases. For
multivariate analysis, Cox proportional hazard model was
used.

RESULTS

A total of three cases were disqualified from the study of
prognosis either on the basis of absence of tumor cells in the
tissue section, DCIS or unsatisfactory FISH analysis. IHC and
FISH assays were conducted as blinded from each other - as

well as to clinical information. No patients were excluded on
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Fig. 2. Relapse free survival rates of patients stratified by fluore-
scence in situ hybridization.
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Table 2. Clinical courses and outcome of FISH amplified cases with relapse

Case  Size (cm) LN status ER PR cyclinD1 Her-2 FISH score Outcome (month)
1 2.5 4+/16 + + - 3+ 5.18 DM (17), dead(51)
2 1.5 0/7 - - - 3+ 6.73 LR (50), alive (87)
3 6.0 1+/16 - - - 3+ 12.5 DM (15), dead (18)
4 1.5 0/30 + + + 3+ 4.7 LR (39), alive (61)
5 2.7 0/10 - - - 3+ 7.9 DM (46), alive (67)
6 3.0 1+/17 - - - 3+ 4.55 LR (43), alive (59)
7 4.0 18+/26 - - - 3+ 8.52 LR (3), dead (14)
8 4.0 2+/15 - - + 3+ 7.12 LR (13), alive (41)
DM = distant metastasis; LR = locoregional recurrence.
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Fig. 3. Relapse free survival rates of patients according

the basis of age or the length of available follow-up.

Mean number of axillary sampling was 16.9 (range 6~39)
and mean number of positive axillary node metastasis was
2.47. Korean women in this study cohort over-expressed
HER-2 in 47.5% of the cases (HER-2 2+ and HER-2 3+ by
Hercep Test), including 55% in node negative patients.
Among the twenty-nine patients with positive axillary lymph
node, thirteen and twelve patients had positive tumors for
Hercep Test and FISH study, respectively. Twelve patients
out of twenty FISH positive tumor also had axillary lymph
node metastasis. The positive percentages of the ER, PR, and
cyclin D1 were 47.5%, 42.4%, and 40.9%, respectively. FISH
analysis was successful on 27/28 (96%) of the tumors, and
gene amplification was detected in 20/27 (74%) of the
evaluative tumors. Of the cases, 19/20 (95%) of the HER-2
3+ and 1/7 (16%) of the HER-2 2+ cases were FISH
positive. All the evaluative tumors with HER-2 0/1+ were

0 10 20 30 40 50 60 70 80 90
Time (month)

to FISH status, subdivided by lymph node status.

FISH negative (score range, 1.05~1.15), and we assumed
and analyzed that all the cases with Hercep Test 0/1+ not
tested by FISH were FISH negative.

Probability of survival of patients according to Hercep Test
demonstrated that patients with HER-2 over-expression had
tendency but did not have decreased survival (Fig. 1; P=
0.0883). However the decreased probability of survival was
observed in HER-2 3+ group (data not shown). HER-2/neu
over-expression had no impact on estrogen receptor status,
but there was a significant proportion of estrogen receptor
negativity in patients with a 3+ staining compared with
those with both 2+ and negative cases (P=0.009). Patients
with FISH positive tumors showed decreased survival (Fig. 2;
P=0.0439), Survival difference was observed rather early in
the cases with axillary node metastasis (Fig. 3). Moreover,
the range of HER-2/CEP ratio in the treatment related failure
group was higher than those without recurrence (4.55~12.5
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CEP 17
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Fig. 4. FISH analysis demonstrating HER-2/neu gene amplification cases with treatment related failure (The bottom panel is case 1 in

Table 2 and the top panel is case 2 in the Table 2).

versus 0.9~7.9). A total of eight cases in FISH positive
patients had locoregional or distant failure (Table 2). Fig. 4
shows 2 cases with FISH+ who experienced relapse after
treatment. Proportional hazard regression analysis was con-
ducted to compare FISH-determined HER-2 amplification
with the most commonly used clinical prognostic markers
including tumor size, histologic grade, hormone receptor,
cyclin D1 and lymph node status. Only lymph node status
was found to be a predictor of disease-free survival, inde-
pendent of other variables (P=0.040). FISH (P=0.057) and
T-stage (P=0.099) were marginally significant prognostic factors.

DISCUSSION

The HER-2 gene was first identified as a transforming
oncogene in the DNA of chemically induced neuroblastomas
in the rat.(21) The HER-2 oncogene is overexpressed in 20~
30% of breast carcinomas from Western women. And in
approximately 90~95% of these cases, overexpression is a
direct result of gene amplification. The HER-2 gene product
is composed of a cytoplasmic domain with tyrosine kinase

activity, a transmembrane domain, and an extracellular do-
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main that may be shed from the surface of breast cancer
cells. Her-2 may be involved in the pathogenesis and clinical
aggressiveness of HER-2 overexpressing tumors.

Tissue-based detection of the HER-2 alteration by IHC and
FISH offers clear advantage over other approaches such as
Southern, Northern, and Western blot and PCR-based analy-
sis, which suffer from dilution artifacts resulting from mixture
of normal and abnormal cell proliferations within tissue. And
the difficulties of dealing with frozen tissue in the clinical
medicine have made testing of HER-2 on formalin-fixed
tissues a necessity. And Hercep Test and FISH have been
approved by the US Food and Drug Administration for use in
the selection of patients for therapy with the Herceptin.

Both THC and FISH permit for the specific detection of the
alteration in individual cells maintaining original architecture,
which permits analysis in its histologic context. With this
aspect and availability of reagents and low cost, IHC was
popularly used. However, it has significant defects including
antigen alterations by fixation procedures, sensitivities of
anti-HER-2 antibody, and inconsistent interpretation of the
results. An advantage of FISH is that it circumvents antigenic
changes that occur in formalin-fixed/paraffin-embedded
tissues, a major limitation inherent to IHC. The polyclonal
antiserum used in the FDA approved Hercep Test is currently
recommended scoring method. Samples scoring at 3+ are
regarded as unequivocally positive and 0/1+ as negative.
Borderline 1+/2+ and 2+ require confirmation with alter-
native methods, preferably FISH.

Concordance between FISH and IHC in this study was
consistent with what has been found in other studies. This
issue has become of paramount importance in the clinical
setting because the HER-2 gene product represents a specific
target for treatment with trastuzumab, and optimal use of this
therapy requires accurate and reliable determination of HER-2
status. Strongly positive (3+) HER-2 tumors were highly
associated with gene amplification in this study, whereas
weakly positive (2+) HER-2 tumors showed only a minor
association. Tsuda et al. reported the concordance rate of the
high-level amplification with an HER-2 score of 3+ was
97%, while only 25% of HER-2 2+ showed high level
amplification (22). Jacobs et al. also found a high level of
concordance (91%) between FISH and IHC by Hercep Test
in the evaluation of HER-2 status in 100 cases.(23) Lebeau et
al. also reported HER-2 3+ were always associated with
gene amplification, with 75% of the HER-2 2+ lacked gene
amplification. HER-2 overexpression was demonstrated in
42% of the tumors with Hercep Test and FISH identified

gene amplification in 28% of the tumors.(24) For HER-2 2+
cases, it is unclear whether they represent highly sensitive
staining or some cases show overexpression without ampli-
fication. Tubbs et al. reported that most Hercep Test-positive
cases with a score of 2+ and a normal gene copy should be
regarded as true false-positive, which means unresponsiveness
to Herceptin.(25) Perez et al. recommended that all specimens
with a HER-2 2+ result should be evaluated by FISH for
HER-2 gene amplification before making a decision to
recommend anti-HER-2/neu therapy,(19) and recent data sug-
gested the necessity of central laboratory testing to confirm
HER-2 status.(26,27)

In the previous study, 47.5% of the tumors have HER-2
overexpressing tumors and the majority of the IHC 3+ cases
have HER-2 gene amplification in Korean women with
early-onset breast cancers.(20) These results are somewhat
higher than those of previous studies in Western countries.
Recently, Jeffrey et al. at Stanford University also observed
higher HER-2/neu gene amplification in Korean patients with
breast cancer than Caucasian breast cancer by cDNA
microarray method (personal communication). These results
suggest that there may be biologic and molecular alterations
not identified yet and supports the necessity for further large
scale research and identification of etiology between the two
racial groups.

The current study shows that the FISH data provide better
prognostic information and segregate higher risk breast cancer
patients more accurately than IHC. But, the high level of
correlation between IHC 3+ staining and amplification
detected by FISH from this study and other reports makes it
difficulty to justify the routine use of FISH for determination
of HER-2 status. Although FISH has many advantages, the
major disadvantages of FISH versus IHC are the high cost,
the time-consuming tissue preparation and evaluation of slides
and requirement of a fluorescence microscope. Recently, a
new chromogenic in situ hybridization (CISH) method allows
detection of gene amplification, using peroxidase reaction
with direct evaluation of the histopathologic features; and it
provides comparable results to FISH, with significant cost
saving.(28-30)

Analyses with HercepTest revealed that 3+ HER-2 tumors
revealed a significantly worse course of the disease. This
finding is corroborated by the fact that in this study, almost
exclusively HER-2 3+ cases were found to be amplified in
the FISH assay. In comparison, HER-2 2+ status was of no
negative prognostic value. Previous studies have demonstrated
that subjects whose tumors have 3+ HER-2 overexpression
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have a marked improvement in clinical response when com-
pared with subjects whose tumors have 2+ overexpression.(31)
Interestingly enough, HER-2 2+ cases had a trend toward a
longer disease-free survival when compared with HER-2
negative cases in this study. This finding was observed in
other reports.(8)

Association between HER-2 receptor positivity (2+ and
3+) and hormone receptor status was not found, but HER-2
3+ or FISH positivity was strongly associated with hormone
receptor negativity in these patients. Many studies also
reported that THC 3+ cases were significantly associated
with estrogen receptor negativity or lower estrogen receptor
level.(8,32) Preclinical studies have suggested that the estrogen-
dependent cultured human breast cancer cell lines are ren-
dered hormone-independent(33) and levels of ER and PR
significantly decreased after transfection with multiple copies
of the HER-2 gene.(34) Further investigations are necessary
to define the responsiveness of HER-2-positive tumors to
hormone therapy with selective estrogen-receptor modulators
and aromatase inhibitors.

Patients with axillary lymph node positive and HER-2
amplification revealed worse survival compared with those
without axillary lymph node metastasis and HER-2 am-
plification. And patients with node negative with gene am-
plification also revealed a clear trend toward poorer survival
in this study. Larger numbers of patients and a longer
follow-up period would be required for the definitive role of
HER-2 in Korean patients with node positive and negative
cancers. Few studies reported outcome of Korean women
with breast cancer by HER-2 status. Han et al. reported erb-B
protein expression as a significant factor to determine re-
currence, but they did not confirm the results by HER-2 gene
amplification.(35) Paik et al. reported the outcome by IHC
and FISH and they could not find prognostic significance of
HER-2 status.(36)

CONCLUSION

In conclusion, the finding of higher HER-2 overexpressing
tumors and their impact on poor prognostic outcome in
Korean women with early-onset breast cancer may have
potential implication for local and systemic management of
breast cancer. HER-2 test may be useful for selecting
systemic chemotherapy in many Korean patients with early
onset breast cancer. And the specific anti-HER-2 therapy will
be helpful to a large proportion of Korean patients who have
more tumors with HER-2 overexpression than those of

Caucasian patients.
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