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Abstract

HER-2/neu oncoprotein overexpression in breast cancer patients has an impact on prognosis and treatment methods so assessment of its
status is therefore much needed. The study group consisted of 90 cases of mammary invasive carcinoma. The distribution of HER-2/neu
immunoexpression for scores 0, 1+, 2+ and 3+ were 54.44%, 11.11%, 18.8% and 15.56% respectively. HER-2/neu-positive cases
comprised 21.42% of patients less than 50-year-old compared to 14.47% of patients of 50-year-old or older. Tumor size was negative
correlated with HER-2/neu immunoexpression: positive tumors comprised 37.5% of tumor larger than 5 cm and this percentage decreases
with tumor dimension to 2.94% in tumors of 2 cm or less. Regarding the histopathological subtype of invasive mammary carcinoma, only
some types were positive, like 17.57% of IDC NOS and one case of mixed ductal-lobular invasive carcinoma. The highest proportion
(21.31%) of positive HER-2/neu cases presented high-grade carcinomas (GIII), comparing with well-differentiated (GI) that were all
negative. Regarding the axillary lymph node status the lowest proportion of positive HER-2/neu cases was 4.54% in the absence of
metastasis, and rises to 34.78% in cases with more than three axillary lymph nodes involved. HER-2/neu-positive tumors showed a
low incidence of ER+ or PR+ cases unlike HER-2/neu-negative cases (35.71% vs. 83.05% for ER, respective 21.42% vs. 76.27% for PR).
Therefore, in conclusion, HER-2/neu-positive tumors are significantly fewer than the negative ones, but these are found in younger women
and are associated with: large tumor size, high grade of malignancy (GIII) and increased number of axillary lymph node involvement.
HER-2/neu immunoexpression is related to histological subtype of invasive breast carcinomas. Hormonal status is negative related to
HER-2/neu expression.
Keywords: invasive mammary carcinoma, Her-2/neu, prognostic factors, hormonal receptors.

 Introduction
HER-2/neu gene is variously known as neu, HER-2,
c-erbB-2 and EGFR2 (epidermal growth factor receptor
2). The encoded oncoprotein shares extensive homology
with epidermal growth factor receptor (EGFR) and
it is one of the four members of Epidermal Growth
Factor Receptors [1]. HER-2/neu overexpression and/or
amplification occur in 25–30% of invasive mammary
carcinomas and are correlated with a more aggressive
phenotype [2]. This protein plays an important role in
regulating cell growth, and by overexpression induces
high mitotic activity and promote tumorigenesis, facilitate
invasion and metastasis, but also stimulates apoptosis
[3, 4]. Slamon DJ et al. revealed, for the first time in the
specialty literature, that HER-2/neu gene amplification
is the most important prognostic factor excepting the
lymph node status, and independently predict overall
survival and disease-free survival [5, 6]. Since then,
larger studies have confirmed HER-2/neu status as a
ISSN (print) 1220–0522

significant independent predictor of prognosis in
mammary invasive carcinoma [7]. HER-2/neu overexpression and/or amplification is a predictive factor
for therapeutic response with humanized monoclonal
antibody anti-HER-2/neu (Trastuzumab, Herceptin) and
anthracyclines which can improve survival in these
patients, while in negative tumors clinical responsiveness
is limited [8–10].
The present study aims to assess HER-2/neu
immunoexpression and its relation with some of
the other prognostic features of invasive mammary
carcinoma like: age, tumor size, histological type of
carcinoma, histological grade, number of axillary lymph
nodes involved and ER/PR status.
 Materials and Methods
The study group consisted of 90 cases of mammary
invasive carcinoma diagnosed in Pathology Department
of Emergency County Hospital of Craiova by usual
ISSN (on-line) 2066–8279
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method of paraffin embedding and Hematoxylin–Eosin
staining, followed by histological and immunohistochemical evaluation. Tumor grade assessment was
made according to World Health Organization (WHO)
for all mammary breast carcinomas, using Nottingham
score (Nottingham’s modification of Scarff Bloom
Richardson’s system).
For immunohistochemistry, we used the EnVision
technique. Section of 4-μm thick were made and
mounted onto Superfrost slides followed by deparaffinization and hydration. Antigen retrieval was done in
citrate pH 6 for HER-2/neu and EDTA pH 8 for ER and
PR, for 20 minutes using microwaves. This stage was
followed by the inhibition of the endogenous peroxidase
for 5 minutes in 6% oxygenated water, washing in current
water, and after, in PBS for 5 minutes. In the next step,
the slides were incubated with anti HER-2/neu primary
antibody (polyclonal, DAKOCytomation), 1:250 dilution
for 30 minutes at room temperature, anti-estrogen receptor
α monoclonal primary antibody (clone 1D5, DAKO
Cytomation, Denmark) and anti-progesterone receptor
monoclonal primary antibody (clone Pgr 636, DAKO
Cytomation, Denmark) 1:50 dilution for one hour, at
370C. After washing them with PBS/Tween, the sections

were incubated with the EnVision HRP detection system
for 30 minutes, at room temperature. After an additional
three washes with water, the signal visualizing was
performed with 3,3’-diaminobenzidine. The slides were
washed well in tap water and counterstained with
Mayer’s Hematoxylin and then dehydrated, cleared,
and mounted. The signal was brown with membrane
distribution for HER-2/neu and nuclear for ER and PR.
For scoring, only the invasive tumor was evaluated and
the in situ area was excluded. In each determination,
external control slides were included; the internal control
was represented by normal glandular structure.
HER-2/neu immunohistochemical staining assessment
was according to ASCO/CAP (American Society of
Clinical Oncology / College of American Pathologists)
recommendation, with the mention that we did not had
tumors with strong complete membrane staining in 10–
30% of tumor cells (Table 1). To quantify the hormonal
status, we used the Allred score. This score is the sum
of the proportion of marked cells (Table 2) and the
medium intensity of the nuclear marking (Table 3). The
tumors that had an Allred score ≤2 were considered
negative, and the ones that had an Allred >2 score were
positive.

Table 1 – HER-2/neu protein assessment
Staining pattern
No staining is observed or membrane staining is observed in less than 10% of the tumor
cells.
A faint/barely-perceptible membrane staining is detected in more than 10% of tumor cells.
The cells exhibit incomplete membrane staining.
A weak-to-moderate complete membrane staining is evidenced in more than 10% of tumor
cells.
A strong complete membrane staining is observed in more than 30% of tumor cells.

Table 2 – Proportion score
Proportion of positive cells

Proportion score

0
0–1%
1%–10%
10%–1/3
1/3–2/3
2/3–100%

0
1
2
3
4
5

Table 3 – Intensity score
Intensity of the staining

Intensity score

Absent
Weak
Moderate
Strong

0
1
2
3

 Results
In this present study, 90 cases of invasive mammary
carcinoma were analyzed. All patients were female with
age range from 29 to 82 years; most of the tumors were
diagnosed at women over 50-year-old. Tumor dimension

Score

HER-2/neu assessment

0

Negative

1+

Negative

2+

Equivocal (borderline)

3+

Positive

ranged from 0.7 cm to 12.3 cm, the most of them being
in the 2–5 cm category. From the point of view of
histological analysis, most of the tumor were poorly
differentiated and were represented in this order by:
invasive ductal carcinoma not otherwise specified (IDC
NOS), invasive lobular carcinoma (ILC), mixed type
ductal-lobular invasive carcinoma, papillary, mucinous,
medulary, tubular and cribriform invasive carcinomas.
Most of the tumors showed no positive axillary lymph
node.
Association of HER-2/neu status with clinicopathological prognostic features is detailed in Table 4,
and briefly explained below.
Immunohistochemical expression of HER-2/neu
oncoprotein was assessed and 65.55% of cases were
negative, from which 49 cases presented score 0
(54.44%) (Figure 4A) and 10 cases presented score 1+
(11.11%) (Figure 3A). The fewest tumors were HER-2/
neu-positive (score 3+) (Figure 1A) in the proportion of
15.56% (14 tumors). HER-2/neu expression indicated a
score 2+ (Figure 2A) (equivocal immunohistochemical
stain) in 17 cases (18.8%).

Table 4 – HER-2/neu receptor status and its association with clinicopathological parameters with prognostic value
Clinicopathological parameters No. of cases
HER-2/neu status
Age
<50 years
≥50 years

Negative HER-2/neu

Equivocal HER-2/neu

Positive HER-2/neu

90

59 (65.55%)

17 (18.88%)

14 (15.56%)

14
76

5 (35.71%)
54 (71.05%)

6 (42.86%)
11 (14.47%)

3 (21.42%)
11 (14.47%)
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Clinicopathological parameters No. of cases
Tumor dimension
≤2 cm
2–5 cm
≥5 cm
Tumor grade
GI
GII
GIII
Histological type
IDC NOS
ILC
Mixed ductal-lobular carcinoma
Papillary
Mucinous
Medullary
Tubular
Cribriform
Lymph node metastasis
Absent
≤3
>3
Hormonal status
ER+
ERPR+
PR-
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Negative HER-2/neu

Equivocal HER-2/neu

Positive HER-2/neu

34
40
16

27 (79.41%)
26 (65%)
6 (37.5%)

6 (17.64%)
7 (17.5%)
4 (25%)

1 (2.94%)
7 (17.5%)
6 (37.5%)

7
22
61

6 (85.71%)
19 (86.36%)
34 (55.74%)

1 (14.28%)
2 (9.09%)
14 (22.95%)

0 (0%)
1 (4.55%)
13 (21.31%)

74
5
4
2
2
1
1
1

46 (62.16%)
4 (75%)
2 (50%)
2 (100%)
2 (100%)
1 (100%)
1 (100%)
1 (100%)

15 (20.27%)
1 (25%)
1(25%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)

13 (17.57%)
0 (0%)
1 (25%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)

44
23
23

35 (79.55%)
15 (65.21%)
9 (39.13%)

7 (15.91%)
4 (17.39%)
6 (26.08%)

2 (4.54%)
4 (17.39%)
8 (34.78%)

63
27
57
33

49 (83.05%)
10 (16.95)
45 (76.27%)
14 (23.73%)

9 (52.94%)
8 (47.05%)
9(52.94%)
8 (47.05%)

5 (35.71%)
9 (64.29%)
3 (21.42%)
11 (78.57%)

The mean age for HER-2/neu-positive was 47 years,
compared with 56 years representing the mean age of
negative cases. HER-2/neu-positive patients comprised
21.42% of patients less than 50-year-old, compared to
14.47% of patients of 50-year-old or older. The mean
size of tumors HER-2/neu 3+ was 5 cm vs. 4.2 cm for
those HER-2/neu-negative. HER-2/neu-positive tumors
B

comprised 37.5% of tumor larger than 5 cm and this
percentage decreases with tumor dimension to 2.94% in
tumors of 2 cm or less (Figures 1–4).
We noticed that same types of invasive mammary
carcinoma were HER-2/neu-negative, as: CLI, papillary,
tubular, medullary, cribriform and mucinous invasive
carcinoma.
C

Figure 1 – Invasive ductal carcinoma NOS, GIII: (A) HER-2/neu-positive (score 3+) (×100); (B) ER-negative, positive
internal control (×100); (C) PR-negative, positive internal control (×200).

A

B

C

Figure 2 – Invasive ductal carcinoma NOS, GIII: (A) HER-2/neu-equivocal (score 2+) (×200); (B) ER-positive (×100);
(C) PR-positive (×200).
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A

B

C

Figure 3 – Invasive ductal carcinoma NOS, GII: (A) HER-2/neu-negative (score 1+) (×100); (B) ER-positive (×200);
(C) PR-positive (×200).

A

B

C

Figure 4 – Invasive ductal carcinoma NOS, GI: (A) HER-2/neu-negative (score 0) (×100); (B) ER-positive (×100);
(C) PR-positive (×200).

The positive cases were IDC NOS, in proportion of
17.57% and mixed ductal-lobular invasive carcinoma
from which one case was HER-2/neu 3+. Tumor grade
assessment revealed the highest proportion (21.31%)
of positive cases in GIII tumors comparing with welldifferentiated (GI) that were all negative.
Lymph node status was positively correlated with
HER-2/neu immunohistochemical expression, so the
tumors with no lymph node metastasis were positive in
proportion of 4.54% and rise to 34.78% in cases with
carcinomatous metastasis in more than three axillary
lymph nodes.
ER and PR tumor immunohistochemical expression
was identified in 71.11%, respective 63.33% of cases
regardless of HER-2/neu score. Compared with HER-2/
neu oncoprotein status, ER- and/or PR-positive tumors
were more frequent between negative HER-2/neunegative cases (Figure 3, A–C; Figure 4, A–C) comparing with the positive one (Figure 1, A–C) (83.05%
vs. 35.71% for ER and 76.27% vs. 21.42% for PR
respectively). ER and PR immunoexpression in HER-2/
neu 2+ tumors (Figure 2, A–C) was present in the same
proportion (52.92% ER+ and PR+ respectively).
 Discussion
Association of HER-2/neu status assessed by
immunohistochemistry with clinicopathological feature
of breast cancer with prognostic value it is not known
with certainty because of conflicting data in the literature.
Immunohistochemistry and in situ hybridization are
used in present for HER-2/neu status assessment.
Ridolfi RL et al. [11] believe that IHC is by far the most
popular and accessible testing modality because of very
accurate results (immunohistochemical expression is
correlated with genic status in 95% of cases [11] and is

relatively easy to perform, has rapid turn-around time
and relatively low cost.
The prevalence of negative HER-2/neu cases is
a well-known fact, because overexpression and/or
amplification is present in only 25–30% of mammary
breast carcinoma [2]. In the present study, we have
similar results because the majority of cases (65.55%)
were negative, with score 0 or 1+. Positive tumors
(score 3+) represent 15.56% and presented a strong
complete membrane, uniform staining in majority of
tumor cells, with chicken-wire aspect. In equivocal cases,
the staining was heterogeneous and represented 18.88%
of tumors, being more than positive cases. Our results
are consistent with those in the literature. Yau TK et al.
[12] published a study of 242 mammary invasive
carcinomas, similar immunohistochemical results, and
also Taucher S et al. [13] on 923 cases. Immunohistochemical signal detected is dependent on the number
of HER-2/neu transmembrane receptors, so, cases with
20 000 receptors do not have any signal (score 0), while
in positive tumors there are two millions HER-2/neu
protein receptors on cell membrane [14], being a good
correlation between gene amplification and protein
expression [15, 16].
Between age and HER-2/neu expression there is a
negative correlation, in a various number of publications
overexpression and/or amplification are more frequent
in young patients [13, 17, 18]. In the present study, we
found concordant results; more accurate, positive cases
were more frequent in patients less than 50-year-old
vs. patients of 50-year-old or more. Also, mean age of
positive cases was much lower than in negative cases,
which conducted us to the conclusion that young women
are at higher risk of having more aggressive mammary
invasive carcinoma, by HER-2/neu overexpression.

Invasive mammary carcinoma: assessment of HER-2/neu status by immunohistochemistry

In the present study, we noticed a tendency of HER-2/
neu overexpression to be associated with large tumor
size. The mean size for positive tumors was with 0.8 cm
larger compared with the mean size for HER-2/neunegative tumors. In a similar manner, the tumor size
was positively associated with HER-2/neu immunohistochemical overexpression, between the tumors over
5 cm we found the most frequent positive cases (37.5%),
and their number declined with decreasing tumor size,
so only 2.49% of tumors under 2 cm were positive. These
observations are in agreement with many other studies
[19–22], but in disagreement with the published paper
of Huang HJ et al. [23] because they did not find any
relation between these two parameters.
The positive HER-2/neu proportion among invasive
ductal carcinoma otherwise not specified is 15–30%,
which contrasts with areas of ductal carcinoma in situ
HER-2/neu overexpressed in 80% of cases [24]. These
observations indicate that HER-2/neu is involved
in early carcinogenesis and promotes invasion. The
frequency of HER-2/neu-positive cases in the analyzed
group that included 74 cases of CDI NOS type was
17.57%. The literature mentions results published by
Dowsett M in 2003 [25], Ridolfi RL et al. in 2000 [11].
In 25% of mixed ductal-lobular carcinomas, we identified
positive immunohistochemical signal involving ductal
component; however, Naeem M et al. [26] have observed
in the analyzed group this histopathological type as
being HER-2-negative.
Invasive lobular carcinomas present extremely rare
HER-2/neu-positivity (1%), except pleomorphic type
that include an increased percentage up to 56% and is
associated with a more aggressive evolution [27]. The
majority of invasive lobular carcinomas included in this
study were negative (75%) presenting an IHC score 0
or 1+ and we did not have any positive case. The lack of
positive HER-2/neu cases is consistent with the results
of Hoff ER et al. [28], which suggest reevaluation of
cases diagnosed as lobular carcinoma when they were
HER-2-amplified to exclude invasive ductal component
omission.
Of the remaining histological subtypes included in
the study, the literature mentions either negative or with
very low incidence of HER-2/neu overexpression. So
medullary carcinoma is known with a very low positivity
for this marker (0–14%), cribriform carcinoma is not
associated with HER-2 protein overexpression, none
of the four cases of papillary carcinoma in two papers
published showed no HER-2 overexpression [29].
Mucinous carcinoma shows no HER-2/neu overexpression in 11 cases reviewed by Hsu YH et al. in
2005 [30]. These observations in the literature are
consistent with the results obtained in this study,
all cases being HER-2/neu-negative on immunohistochemistry.
HER-2/neu status reported to tumor differentiation
and histological type is highly variable, largely as
positivity rate of HER-2/neu in invasive breast
carcinomas as were many conflicting results obtained in
the literature [31–34]. Some authors concluded that
there is a strong a statistically significant correlation
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[28, 33, 34] between tumor grade and HER-2/neu status
and they state that we can reduce the number of cases
tested for HER-2 immunohistochemistry when we
take into account this parameter, by eliminating welldifferentiated CDI NOS [34]. This view is supported by
the fact that after immunohistochemical analysis and
chromogenic in situ hybridization of 130 cases of
invasive breast carcinoma, well-differentiated forms
of CDI NOS and lobular breast carcinomas have not
submitted gene amplification even if they presented
protein overexpression. In this study, we observed a
clear correlation between tumor grade and HER-2/neu
overexpression, HER-2/neu-positivity was present in
21.31% of poorly differentiated cases, 4.55% of
moderately differentiated cases and was absent in the
well-differentiated ones. Lack of positive cases among
the well-differentiated tumors is consistent with the
results obtained by Sapino A et al. [34] as well as
Madrid MA et al. [35], but in the literature there were
identified well-differentiated cases positive for this
protein [11, 25], which entitles us to believe that testing
for HER-2 status is still required for all patients with
breast carcinoma, due to adverse prognosis associated
with this factor and therapeutic implications.
HER-2/neu amplification in breast carcinoma favors
the development of lymph node metastases by inhibiting
E-cadherin transcription or beta-catenin sequestration
[3], but so far is not established whether it represents a
predictive factor for them [36]. After studying the group
we found a positive correlation in the percentage of
cases presenting HER-2/neu overexpression with the
presence of axillary lymph node metastasis, so in cases
with at least three lymph nodes involved 34.78% were
HER-2/neu-positive vs. 4.54% in cases without lymph
node metastases. Concerning the correlation of histopathological type with the other parameters there are
conflicting results in the literature. The lack of
correlation was demonstrated by Almasri Nm and
Al Hamad M [19], whereas a statistical correlation was
observed by Traina A et al. [37].
Many clinical studies have been shown a negative
association between hormone receptor status and
HER-2/neu expression [13, 38], this being one reason
why HER-2/neu-positive tumors may be resistant
to tamoxifen therapy [39]. The immunohistochemical
analysis in this study revealed a negative correlation
between these parameters. Most of HER-2/neu-negative
cases expressed hormonal receptors vs. positive tumors,
where most of them were negative for ER and PR.
Moreover, in women with an ER+ breast cancer,
HER-2/neu overexpression implies a greater likelihood
of the tumor being PR- [40]. Huang HJ et al. [40]
suggest that in postmenopausal women endogenous
estrogen may be too low to induce PR expression and
to repress HER-2/neu expression, so the immnunophenotype HER-2/neu+/ER+/PR- is more frequent in
this category of patients. Lately, it was shown that these
tumors are associated with tamoxifen therapy after two
years of treatment but respond to aromatase inhibitors
[25].
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 Conclusions
Most of the invasive mammary carcinomas are
HER-2/neu-negative regardless of histological subtype.
HER-2/neu-positive tumors are significantly fewer than
the negative ones, but these are found in younger
women and are associated with other histological
factors with negative prognostic impact like: large
tumor size, high grade of malignancy (GIII) and
increased number of axillary lymph nodes involved.
Concerning the histological type of invasive breast
carcinoma, we found that certain subtypes are negative,
such as: papillary carcinoma, tubular carcinoma, invasive
cribriform, medullary, mucinous and ILC. Positive
HER-2/neu cases were IDC NOS and mixed ductallobular carcinoma. Hormonal status is negative related
to HER-2/neu expression.
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