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ORIGINAL ARTICLE
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Summary

Purpose: To investigate the significance of certain immunohistochemical markers, namely estrogen (ER) and progesterone receptors (PgR), c-erbB-2 oncogene, p53 tumor
suppressor gene and E-cadherin adhesion molecule, in invasive ductal breast carcinomas.
Methods: A series of 102 primary breast carcinomas of
the ductal type and a standard immunohistochemical technique was used to detect the aforementioned biological markers. The findings were related to various clinical and pathological tumor characteristics, including lymph node metastases.
Results: ER and E-cadherin were expressed more commonly in tumors of low histological grade and small number

Introduction
Breast cancer is the most common cancer in women with over 1 million new cases being diagnosed annually worldwide [1]. The corresponding figure for Europe
amounted to 429,900 new cases for the year 2006 [2].
Less common is ductal carcinoma in situ which accounts
for approximately 3% of symptomatic breast tumors and
for approximately 20% of breast malignancies in patients
from population-based screening programs [3].
Several clinical and biological characteristics associated with disease-free or overall survival in the absence of adjuvant therapy are used as prognostic factors,
whereas a predictive factor is any measurable characteristic associated with a response or lack of a response to
a specific treatment. For some types of cancer treatment
has become increasingly successful because of the use
of biological markers and their contribution in choosing
the most appropriate type of therapy.
A number of studies demonstrated the existence

(≤3) of metastatic lymph nodes, whereas c-erbB-2 and the
p53 gene were usually expressed in breast tumors of high
histological grade and increased number (>3) of metastatic
lymph nodes. PgR, on the other hand, was detected frequently
in patients with early menarche and metastases in <3 lymph
nodes, but this tendency was not statistically significant.
Conclusion: The use of these biomarkers, preferably in
combination, may provide additional prognostic and therapeutic information which may be proved useful in planning
breast cancer treatment.
Key words: estrogen and progesterone receptors, E-cadherin,
c-erbB-2, p53, primary ductal breast carcinoma

of a correlation between the ER and PgR and the various morphological features of primary breast carcinomas [4,5]. These reports, however, yielded contradictory results [6,7].
Sex steroid hormones are considered to be a risk
to the genesis and progression of breast cancer [8,9].
In 1896 Beatson was the first to observe an improved
clinical outcome in breast cancer patients when he “removed” the endogenous sex steroid hormones [10].
Several decades later Korenman supported this view by
proposing “the estrogen window hypothesis” [11].
Meanwhile, the role of ER as a predictor of response
to endocrine therapy has been well established with a
magnitude that was shown to be proportional to ER levels [12,13]. On the other hand, identification of PgR may
be used as a time-dependent prognostic factor [14], the
predictive value of which has not been validated yet [13].
Thus, the identification of ER and PgR in human breast
cancer cells has been accepted as a tool for both prognosis
and prediction of response to therapy and because of these
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they have received considerable attention.
With regard to p53 gene, this has been extensively investigated, particularly in relation to the genesis of
inherited breast cancer. There is, indeed, increasing evidence linking the development and progression of breast
cancer to the accumulation of mutations at the genomic level [15]. Thus, mutations of p53, such as deletions,
are very common in human malignancies, including invasive breast carcinomas [16]. This tumor suppressor
gene is involved in the development and progression of
breast cancer through the cell cycle by acting as a checkpoint. It has been established that malignant tumors are
generally formed when the p53 gene is homozygously
deficient. Mutations or overexpression of p53 typically
result in conformational or quantitative changes of the
corresponding protein, which may be detected by immunohistochemical techniques [17,18].
The c-erb-B2 (HER2-neu) proto-oncogene, which
encodes a transmembrane growth factor receptor with
tyrosine kinase activity, has become an important area of
study for human cancer research. Overexpression of this
oncogene leads to cell overgrowth. It has been detected
in 9-38% of breast tumors and has been associated with
high grade tumors and increased incidence of metastases
[19-21]. Tumors overexpressing c-erb-B2 are resistant to
endocrine therapy and require blockage of the oncogene
in addition to estrogen deprivation [12].
E-cadherin, a calcium-regulated homophilic adhesion molecule, is a subclass of the cadherin family
which consists of functionally related transmembrane
glycoproteins responsible for the cell-cell adhesion
mechanism; it plays a crucial anti-invasive role [4]. Decreased expression of E-cadherin adhesion molecule is
associated with high histological grade or dedifferentiation, increased invasiveness of the epithelial cells and
development of metastases [22].
The aim of this study was to investigate the presence of any statistically significant association between
the above mentioned immunohistochemical markers and
the clinicopathological characteristics of breast cancer
patients, in order to estimate the possible prognostic or
predictive value of these proteins. Moreover, there is always an epidemiological interest for the precise expression of ER, PgR, c-erbB-2, p53, and E-cadherin in ductal
breast carcinomas in the female Greek population.

Methods
A series of 102 female patients with infiltrating primary ductal breast carcinomas, with mean age 57.85 ±
13.48 years (range 27-92), was analysed. The clinical and
pathological characteristics of the patients studied are il-

lustrated in Table 1. Histological grade was determined
according to the criteria of Elston and Ellis [23]. Tumor
size, the total number of resected lymph nodes and the
number of metastatic lymph nodes were also recorded.
Tissue sections were dewaxed and stained with a
standard immunohistochemical technique [24,25]. Endogenous peroxidase activity was blocked with 1% hydrogen peroxide solution dissolved in methanol for 15
min. Pretreatment of the tissue sections took place in a
microwave oven at 750 W for 15 min, and this was followed by 10 min incubation with normal rabbit serum
(DAKOPATTS Code No. X 902) diluted 1:5 in PBS.
The specimens were then incubated overnight at room
temperature with the appropriate primary antibodies illustrated in Table 2. Secondary antibody (DAKOPATTS
Code No. K 354) incubations lasted 20-30 min. For the
identification of c-erbB-2 protein we used the DAKOPATTS Code No. X 901 serum, and the DAKOPATTS
Code No. K353 secondary antibody. The incubation
lasted 30 min. After staining with 3, 3’-diaminobenzidine tetrahydrochloride (DAB) for 5 min, the sections
were counterstained with Harris hematoxylin for one
min and, thus, were ready for immunohistochemical
evaluation. Prior to each incubation, the tissue sections
were washed in PBS solution. The same solution was
used to prepare all necessary antibody dilutions. Appropriate positive and negative controls were used.
Statistical analysis
Statistical analysis of the data was performed using the Statistical Package for Social Sciences (SPSS),
version 9.0 (SPSS, Inc., Chicago, Il, USA). Continuous
Table 1. Patient histopathological and clinical characteristics
Characteristics
Tumor grade
I
II
III
Tumor size
T1
T2
T3
Metastases
Yes
No
Age (years)
≤45
46-55
>55
Menopause
Yes
No

Number of
patients

(%)

8
63
31

7.8
61.8
30.4

29
61
12

28.4
59.8
11.8

67
35

65.7
34.3

18
27
57

17.6
26.5
55.9

72
30

70.6
29.4
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Table 2. The primary antibodies and their dilutions used in this study
Estrogen
receptors

Progesterone
receptors

Primary
antibody

Monoclonal 6
F 11

Monoclonal
1 A6

Dilution

1:80

1:60

1:70

1:150

1:50

Novocastra

Novocastra

Novocastra

DAKO

Novocastra

Manufacturer

variables were expressed as mean ± standard deviation
and categorical variables were expressed as frequencies and percentages (%). The chi-square test was used
to evaluate any potential association between biomarker expression and the biological and histopathological
features of the patients. Odds ratios (OR) and 95% confidence intervals (CI) were estimated as the measure
of association between biomarker expression and the
patient histopathological parameters. Multivariate logistic regression analysis was performed to explore the
independent effect of the histopathological parameters
on ER expression and survival. All tests were two-tailed
and statistical significance was considered for p-values
less than 0.05

Results
Body weight
The body weight of postmenopausal women was
much higher than that of premenopausal women (74.79
± 10.14 vs. 66.42 ± 15.10 kg, respectively).
Estrogen receptors
ER were detected as distinct brown nuclear staining in 59 of the 102 cases (57.8%) studied. The association of ER expression with the patients' clinicopathological parameters is shown in Table 3. Patients' age
(p=0.018), menopausal status (p=0.033) and the number of metastatic lymph nodes (p=0.016) were significantly associated with the presence of ER (Figure 1).
In particular, patients younger than 45 years of age and
those older than 55 years were almost 6 (OR=5.9, 95%
CI=1.5-23.1, p=0.010) and 3 (OR=2.7, 95% CI=1.16.9, p=0.039) times more likely to express ER, respectively, than patients aged 46-55 years. Furthermore, positive expression of ER was almost 3 times
more frequent in postmenopausal women compared
to premenopausal ones (OR=2.8, 95% CI=1.2-6.8) and
more than 4 times more frequent in patients with ≤3
lymph nodes compared to those with >3 lymph nodes
(OR=4.3, 95% CI=1.4-12.9). No significant association was found between the expression of ER and age

p53

c-erbB-2

Monoclonal
Polyclonal
DO-7		

E-cadherin
Monoclonal
36 BS

at menarche (p=0.316), histological grade (p=0.262),
tumor size (p=0.314) or the presence of nodal metastases (p=0.599). Multivariate logistic regression analysis revealed that <3 lymph nodes (adjusted (a) OR=3.2,
95% CI=1.1-9.7, p=0.012) and postmenopausal status
(aOR=2.9, 95% CI=1.3-7.0, p=0.034) remained independently associated with positive expression of ER.
Progesterone receptors
PgR were also localised in the cell nucleus and
were identified in 28 out of the 102 cases (27.5%) in
the series (Table 4). PgR were not correlated with any
of the clinicopathological parameters studied, although
many patients experienced an early menarche and had
metastases in <3 lymph nodes. There was a tendency
toward higher frequency of positive PgR in premenopausal compared to postmenopausal women (OR=2.3,
95% CI=0.9-5.8, p=0.067) and in patients with ≤3
lymph nodes compared to those with >3 lymph nodes
(OR=2.9, 95% CI=0.9-9.0, p=0.096). No other association was found between the expression of PgR and any
other of the clinicopathological parameters (Table 4).
p53 protein
p53 protein was detected in the nucleus of 31.4%
(30/102) breast carcinomas (Figure 2). This expres-

Figure 1. The presence of estrogens receptors in primary breast
tumors in association with age, menopause and number of lymph
node metastases.
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Table 3. Detection of estrogen receptors in primary breast tumors in association with clinicopathological parameters
Parameters

Estrogen receptors
Absence
Presence
n (%)
n (%)

Age (years)					
≤45
4 (22.2)
14 (77.8)
46-55
17 (63.0)
10 (37.0)
>55
22 (38.6)
35 (61.4)
Menopause					
Yes
25 (34.72)
47 (65.27)
No
18 (60.0)
12 (40.0)
Age at menarche (years)					
≤13
14 (43.8)
18 (56.3)
>13
7 (30.4)
16 (69.6)
Histological grade					
Ι
5 (62.5)
5 (62.5)
ΙΙ
25 (39.7)
38 (60.3)
ΙΙΙ
15 (48.4)
16 (51.6)
Tumor size					
Τ1
15 (51.7)
14 (48.3)
Τ2
22 (36.1)
39 (63.9)
Τ3
6 (50.0)
6 (50.0)
Presence of nodal metastases					
Yes
27 (53.6)
40 (59.7)
No
16 (45.7)
19 (54.3)
Number of nodal metastases					
≤3 lymph nodes
6 (21.4)
22 (78.6)
>3 lymph nodes
21 (53.9)
18 (46.1)

p-value
0.018

0.033
0.316
0.262

0.314

0.599
0.016

sion was significantly correlated only with the number
of nodal metastases (p=0.025); patients with >3 lymph
nodes were 5 times as likely to express this protein as
patients with ≤3 lymph nodes (OR=5.2, 95% CI=1.320.3) (Table 5, Figure 3).
c-erbB-2 protein
The expression of c-erbB-2 protein was membranous and was identified in 31.4% (30/102) breast carcinomas (Figure 4). c-erbB-2 protein expression was
significantly associated only with the number of positive lymph nodes (p=0.032); patients with >3 lymph
nodes were 5 times as likely to express this protein than
patients with ≤3 lymph nodes (OR=4.2, 95% CI=1.116.4) (Table 6, Figure 5). Moreover, there was a trend
for more frequent positive expression of c-erbB-2 protein in postmenopausal women (OR=2.7, 95% CI=0.88.6, p=0.090) and with increasing histological grade
(p=0.033 for linear trend).
E-cadherin
E-cadherin adhesion molecule was detected as a
membrane-bound protein (with cytoplasmic staining

Figure 2. Invasive ductal breast carcinomas immunostained for
p53 oncoprotein (×400).
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Table 4. Detection of progesterone receptors in primary breast tumors in association with clinicopathological parameters
Parameters

Progesterone receptors
Absence
Presence
n (%)
n (%)

Age (years)					
≤45
11 (61.1)
7 (38.9)
46-55
18 (66.7)
9 (33.3)
>55
45 (78.9)
12 (21.1)
Menopause					
Yes
56 (77.8)
16 (22.2)
No
18 (60.0)
12 (40.0)
Age at menarche (years)					
≤13
23 (71.9)
9 (28.1)
>13
19 (82.6)
4 (17.4)
Histological grade					
Ι
6 (75.0)
2 (25.0)
ΙΙ
47 (74.6)
16 (25.4)
ΙΙΙ
21 (67.7)
10 (32.3)
Tumor size					
Τ1
22 (75.9)
7 (24.1)
Τ2
43 (70.5)
18 (29.5)
Τ3
9 (75.0)
3 (25.0)
Presence of nodal metastases					
Yes
49 (73.1)
18 (26.9)
No
25 (71.4)
10 (28.6)
Number of nodal metastases					
≤3 lymph nodes
17 (60.7)
11 (39.3)
>3 lymph nodes
32 (82.0)
7 (18.0)

p-value
0.244

0.067
0.355
0.772

0.850

0.599
0.096

Figure 3. The presence p53 oncosuppressor protein in the primary
tumor in association with the histological grade and the number of
lymph node metastases.

in a few lesions) in 77 of the 102 cases (75.5%, Figure
6). Table 7 illustrates the frequency of E-cadherin detection in breast cancer cells and its correlation with the
clinicopathological parameters measured, which was
negligible, with the exception of the number of metastatic lymph nodes. In this regard, there was a tendency
toward higher frequency of positive E-cadherin in patients with ≤3 lymph nodes compared to those with >3
lymph nodes (OR=2.8, 95% CI=0.9-8.5, p=0.060).

Figure 4. Invasive ductal breast carcinomas immunostained for
c-erbB-2 oncoprotein (×400).
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Table 5. Detection of p53 in primary breast tumors in association with clinicopathological parameters
Parameters

p53 oncoprotein
Absence
Presence
n (%)
n (%)

p-value

Age (years)					
≤45
12 (66.7)
6 (33.3)
46-55
18 (66.7)
9 (33.3)
>55
70 (70.2)
17 (29.8)

0.931

Menopause					
Yes
47 (65.3)
25 (34.7)
No
23 (76.7)
7 (23.3)

0.259

Age at menarche (years)					
≤13
20 (62.5)
12 (37.5)
>13
18 (78.3)
5 (21.7)

0.212

Histological grade					
Ι
7 (87.5)
1 (12.5)
ΙΙ
44 (69.8)
19 (30.2)
ΙΙΙ
19 (61.3)
12 (38.7)

0.343

Tumor size					
Τ1
20 (69.0)
9 (31.0)
Τ2
41 (67.2)
20 (32.8)
Τ3
9 (75.0)
3 (25.0)

0.867

Presence of nodal metastases					
Yes
49 (73.1)
18 (26.9)
No
25 (71.4)
10 (28.6)

0.175

Number of nodal metastases					
≤3 lymph nodes
25 (89.3)
3 (10.7)
>3 lymph nodes
24 (61.6)
15 (38.4)

0.025

Figure 5. The presence of c-erbB-2 oncoprotein in the primary tumor in association with age, menopause and number of lymph node
metastases.

Multivariate immunohistochemical analysis, using ER, PgR, c-erbB-2, p53 and E-cadherin, demonstrated the following correlations: presence of ER and
E-cadherin with simultaneous absence of c-erbB-2 and
p53 proteins were observed in 62 (47.1%) cases.
Sixty-three cases (61.8%) were positive for ER
and negative for p53, whereas in a small percentage
(13.7%) both proteins were positive. Further, ER and cerbB-2 were simultaneously positive in 15.6% of breast
carcinomas.
The simultaneous expression of ER and E-cad-

Figure 6. Invasive ductal breast carcinomas immunostained for
E-cadherin adhesion molecule (×400).
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Table 6. Detection of c-erbB-2 oncoprotein in primary breast tumors in association with clinicopathological parameters
Parameters

c-erbB-2 oncoprotein
Absence
Presence
n (%)
n (%)

Age (years)					
≤45
16 (88.9)
2 (11.1)
46-55
18 (66.7)
9 (33.3)
>55
43 (75.4)
14 (24.6)
Menopause					
Yes
51 (70.8)
21 (29.2)
No
26 (86.7)
4 (13.3)
Age at menarche (years)					
≤13
21 (65.6)
11 (34.4)
>13
15 (65.2)
8 (34.8)
Histological grade					
Ι
7 (87.5)
1 (12.5)
ΙΙ
51 (80.9)
12 (19.0)
ΙΙΙ
19 (61.2)
12 (38.7)
Tumor size					
Τ1
24 (82.8)
5 (17.2)
Τ2
45 (73.8)
16 (26.2)
Τ3
8 (66.7)
4 (33.3)
Presence of nodal metastases					
Yes
51 (76.1)
16 (23.9)
No
26 (74.3)
9 (25.7)
Number of nodal metastases					
≤3 lymph nodes
25 (89.3)
3 (10.7)
>3 lymph nodes
26 (66.6)
13 (33.4)

herin, along with the simultaneous absence of c-erbB-2
and p53 expression was significantly linked with the
number of metastatic lymph nodes (Figure 7) and the
tumor’s histological grade. More specifically, the findings mentioned above were observed in 60.7% of cases with ≤3 metastatic lymph nodes and in 33.3% with
>3 metastatic lymph nodes (OR=3.1, 95% CI=1.1-8.5,
p=0.026). The corresponding frequencies for histological grades were 62.5, 33.3 and 16.1% for tumor grade
I, II and III, respectively (OR=8.7, 95% CI=1.5-48.5,
p=0.007 for grade I, and OR=2.6, 95% CI=0.9-7.7,
p=0.080 for grade II, compared to grade III).

p-value
0.237

0.090
0.975
0.081

0.489

0.838
0.032

pausal patients in our series were, on average, 8 kg heavier than the premenopausal ones, and these data are also
in agreement with those of other investigators who have
reported that overweight postmenopausal women have
a higher risk of developing breast cancer [30-32].
The number of metastatic lymph nodes was proportional to the histological grade. The higher the histological grade the higher the number of metastatic lymph
nodes [33,34]. Tumor diameter was also proportional to
the histological grade and in positive correlation with
lymph node metastases, as was also reported by other

Discussion
As it was expected [26,27], the majority of patients
(70.6%) in this study were postmenopausal, over 55
years of age, and 58.2% experienced menarche when
<13 years of age. This is in accordance with the observations of other authors [28,29] who reported that early
menarche and late menopause maximize the number of
ovulatory cycles and, therefore, the risk for breast cancer.
The effect of endogenous hormones can lead to cell proliferation and the opportunity for accumulation of random genetic errors. along the same lines, the postmeno-

Figure 7. Positive immunoreactivity for the various biomarkers
under investigation in primary breast tumors in association with
the number of metastatic lymph nodes.
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Table 7. Detection of E-cadherin adhesion molecule in the primary breast tumors in association with
clinicopathological parameters
Parameters

Ε- cadherin adhesion molecule
Absence
Presence
n (%)
n (%)

Age (years)					
≤45
6 (33.3)
12 (66.7)
46-55
4 (14.8)
23 (85.2)
>55
15 (26.3)
42 (73.7)
Menopause					
Yes
18 (25.0)
54 (75.0)
No
7 (23.3)
23 (76.7)
Age at menarche (years)					
≤13
3 (9.4)
29 (90.6)
>13
3 (13.0)
20 (87.0)
Histological grade					
Ι
2 (25.0)
6 (75.0)
ΙΙ
15 (23.8)
48 (76.2)
ΙΙΙ
8 (25.8)
23 (74.2)
Tumor size					
Τ1
6 (20.7)
23 (79.3)
Τ2
15 (24.6)
46 (75.4)
Τ3
4 (33.3)
8 (66.7)
Presence of nodal metastases					
Yes
18 (29.0)
44 (71.0)
No
7 (17.5)
33 (82.5)
Number of nodal metastases					
≤3 lymph nodes
6 (21.4)
22 (78.6)
>3 lymph nodes
17 (43.6)
22 (56.4)

p-value
0.328

0.858

0.495

0.977

0.693

0.186

0.060

authors [19,35,36]. However, in some studies the association between histological grade or tumor diameter and
the incidence of nodal metastases was rather weak [37]. It
is apparent that the metastatic potential of tumors differs
significantly in different breast malignancies [38,39].

positive expression was independently associated with
postmenopausal status [36] and metastases in <3 lymph
nodes. In ER-positive patients, the possibility of finding ≤3 lymph nodes was 3-fold higher than finding >3
lymph nodes (Table 3).

c-erbB-2 protein

Progesterone receptors

According to our immunohistochemical results,
c-erbB-2 was expressed mainly in postmenopausal patients having an age at menarche >13 years and tumors
with the following characteristics: size >5 cm, histological grade III, and >3 metastatic lymph nodes. c-erbB2-positive patients had an increased risk of lymph node
metastases. More specifically, the possibility of these
patients to have >3 metastatic lymph nodes was 4 -fold
higher than having <3 metastatic lymph nodes. These
results coincide with those of other authors [40-42].

There was no statistically significant association
between positive PgR and any of the clinicopathological parameters studied. Nevertheless, PgR were
mostly identified in patients with age at menarche ≤13
years, and metastases in ≤3 lymph nodes, but this was
not statistically significant. Our data, as those of others [12,36], may suggest that PgR is a, more or less, favourable prognostic indicator in breast carcinomas.

Estrogen receptors
Primary breast tumors expressing ER had a reduced chance of developing lymph node metastases
and were inversely proportional to the histological
grade, in agreement with recent reports [9,42]. ER-

p53 protein
In the current study, 31.4% of the tumors exhibited a positive immunoreactivity to p53 protein. Expression of p53 was associated with increased nodal metastases (>3 lymph nodes) and high histological grade.
The possibility of nodal metastases in patients with >3
lymph nodes was 3.6-fold higher than in those with
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metastases in ≤3 lymph nodes. Positive p53 expression was proportional to the histological grade (grade
I = 12.5%, grade II = 30.2%, and grade III = 38.7%).
In general, overexpression of p53 was present in high
grade tumors, with increased nodal metastases, lack
of hormone receptors and, as it has been proffered by
other studies, may be associated with poor prognosis [41,43-45]. These patients were most commonly
postmenopausal, with an age at menarche ≤13 years
[41,46]. The association of p53 expression with the size
of the tumor remained questionable [47].
E-cadherin
The E-cadherin adhesion molecule was less frequently expressed in patients with node-positive tumors compared to negative ones. Cadherins are thought
to play an important role in activating the mechanism
of cancer cell invasion and metastasis [48,49].
The likelihood of having nodal metastases was
less common in E-cadherin-positive tumors. Detection
of this particular protein in relation to the number of
metastatic lymph nodes (≤3 lymph nodes: 71.4%; and
>3 lymph nodes: 61.5%) suggests that the absence of Ecadherin is correlated with presence of metastases.
This study demonstrated a weak association between E-cadherin expression and tumor size, while no
significant correlation was found with the rest of the
clinico-pathological parameters. E-cadherin in itself
was not of prognostic value in predicting long-term outcome in women with breast carcinomas [50].
It appears that patients with ductal breast carcinomas expressing E-cadherin in the primary tumors tend to
have metastases in <3, if at all, lymph nodes. Such patients
are usually premenopausal, having menarche at ≤13 years
and tumors of histological grade I and size <2 cm.
multivariate immunohistochemical analysis
A combinatorial immunohistochemical analysis
of our findings indicated that 47.1% of the cases were
both ER and E-cadherin-positive and this was correlated
with a small number of lymph node metastases (67.9%
in ≤3 metastatic lymph nodes; 35.9% in >3 metastatic
lymph nodes) and with low histological grade (62.5%
grade I, 44.4% grade II and 40.9% grade III).
In 61.8% of the patients ER were positive while
p53 and c-erbB-2 proteins were negative, in 13.7% both
ER and p53 were positive, while ER and c-erb-B-2 were
simultaneously positive in 15.6% of the patients.
Other investigators reported comparable results
[51,52]. Such cases with >3 metastatic lymph nodes
bore the poorest prognosis.

E-cadherin was also present in cases where both
p53 and c-erbB-2 were absent [49,53]. We found that the
simultaneous detection of ER and E-cadherin along with
the total absence of p53 and c-erbB-2 expression was associated with low histological grade and a reduced lymph
node metastatic potential (≤3 metastatic lymph nodes).
Such cases may carry a more favorable prognosis.
In agreement with the study of Meijnen et al., the
simultaneous detection of c-erbB-2 and p53 proteins
was high in primary ductal tumors [52], though considerably more profound in patients with >3 metastatic
lymph nodes. Interestingly, markers of well differentiation, such as ER, PgR, and E-cadherin, were higher in
patients with metastases in ≤3 lymph nodes.
In conclusion, the current immunohistochemical
study (correlated with a spectrum of clinicopathological parameters) has shown that the proteins under consideration can be used as prognostic, and probably predictive markers in infiltrating ductal breast carcinomas.
This additional information may be proved indispensable for planning breast cancer treatment.

References
1. Cufer T. Reducing the risk of late recurrence in hormoneresponsive breast cancer. Ann Oncol 2007; 18 (Suppl): viii
18-25.
2. Harbeck N. Never too late reducing late breast cancer relapse
risk. Curr Med Res Opin 2008; 24: 3295-3305.
3. Ernster VL, Ballard-Barbash R, Barlow WE et al. Detection
of ductal carcinoma in situ in women undergoing screening
mammography. J Natl Cancer Inst 2002; 94: 1546-1554.
4. Giancotti V. Breast cancer markers. Cancer Lett 2006; 243:
145-159.
5. Tamini RM, Byrne C, Colditz GA, Hankinson SE. Endogenous hormone levels, mammographic density and subsequent
risk of breast cancer in postmenopausal women. J Natl Cancer
Inst 2007; 99: 1178-1187.
6. Allred DC, Harvey JM, Berardo M, Clark GM. Prognostic
and predictive factors in breast cancer by immunohistochemical analysis. Mod Pathol 1998; 11: 155-168.
7. Reiner A, Reiner G, Spona J, Schemper M, Holzner JH. Histopathologic characterization of human breast cancer in correlation with estrogen receptor status. A comparison of immunocytochemical and biochemical analysis. Cancer 1988;
61: 1149-1154.
8. Pasqualini JR, Chetrite GS. Recent insight on the control of
enzymes involved in estrogen formation and transformation
in human breast cancer. J Steroid Biochem Mol Biol 2005;
93: 221-236.
9. Elliassen AH, Hankinson SE. Endogenous hormone levels
and risk of breast, endometrial and ovarian cancers: prospective studies. Adv Exp Med Biol 2008; 630: 148-165.
10. Stockwell S. Classics in Oncology. George Thomas Beatson,
MD (1848-1933). CA Cancer J Clin 1983; 33: 105-121.
11. Korenman SG. The endocrinology of breast cancer. Cancer
1980; 46: 874-878.
12. Rastelli F, Crispino S. Factors predictive of response to hormone therapy in breast cancer. Tumori 2008; 94: 370-383.
13. Leake R, Filipovic S. Current value and future potential of bio-

88
logical markers in breast cancer. J BUON 2002; 7: 319-323.
14. Giatromanolaki a, koukourakis mi, simopoulos c et al. Cerbb-2 related aggressiveness in breast cancer is hypoxia
inducible factor-1alpha dependent. Clin cancer res 2004;
10: 7972-7977.
15. Walsh T, King MC. Ten genes for inherited breast cancer.
Cancer Cell 2007; 11: 103-105.
16. Kalemi TG, Lambropoulos AF, Gueorguiev M, Chrisafi S,
Papazisis KT, Kotsis A. The association of p53 mutations and
p53 codon 72, Her2 codon 655 and MTHFR C677T polymorphisms with breast cancer in northern Greece. Cancer Lett
2005; 222: 57-65.
17. Lukas J, Niu N, Press MF. p53 mutations and expression in
breast carcinoma in situ. Am J Pathol 2000; 156: 183-191.
18. Davidoff AM, Kerns BM, Iglehart JD, Marks JR. Maintenance of p53 alterations throughout breast cancer progression.
Cancer Res 1991; 51: 2605-2610.
19. Gonzalez-Angulo AM, Morales-Vasquez F, Hortobagyi GN.
Overview of resistance to systemic therapy in patients with
breast cancer. Adv Exp Med Biol 2007; 608: 1-22.
20. Cuadros M, Villegas R. Systematic review of HER2 breast cancer
testing. Appl Immunohistochem Mol Morphol 2009; 17: 1-7.
21. Giatromanolaki A, Sivridis E, Fiska A, Koukourakis MI. Hypoxia-inducible factor-2 alpha (HIF-2 alpha) induces angiogenesis in breast carcinomas. Appl Immunohistochem Mol
Morphol 2006; 14: 78-82.
22. Cowin P, Rowlands TM, Hatsell SJ. Cadherins and catenins in
breast cancer. Curr Opin Cell Biol 2005; 17: 499-508.
23. Elston CW, Ellis IO. Pathological prognostic factors in breast
cancer. I. The value of histological grade in breast cancer: experience from a large study with long-term follow-up. Histopathology 1991; 19: 403-410. Histopathology 2002; 41: 151-152,
discussion 152-153.
24. Sivridis E, Giatromanolaki A, Koukourakis M, Anastasiadis
P. Endometrial carcinoma: association of steroid hormone receptor expression with low angiogenesis and BCL-2 expression. Virchows Arch 2001; 438: 470-477.
25. Giatromanolaki A, Sivridis E, Koukourakis MI, Harris AL,
Gatter KC. BCL-2 and p53 expression in stage I endometrial
carcinoma. Anticancer Res 1998; 18(5B): 3689-3693.
26. Missmer SA, Eliassen AH, Barbieri RL, Hankinson SE. Endogenous estrogen, androgen, and progesterone concentrations and breast cancer risk among postmenopausal women.
J Natl Cancer Inst 2004; 96: 1856-1865.
27. Key T, Appleby P, Barnes I, Reeves G, and the Breast Cancer
Collaborative Group. Endogenous sex hormones and breast
cancer in postmenopausal women: reanalysis of nine prospective studies. J Natl Cancer Inst 2002; 94: 606-616.
28. Baserga R. The insulin-like growth factor 1 receptor: a key to
tumor growth. Cancer Res 1995; 55: 249-252
29. Henderson EB, Feigelson HS. Hormonal carcinogenesis. Carcinogenesis 2000; 21: 427-433
30. Tavani A, Gallus S, La Vecchia C et al. Risk factors for breast cancer in women under 40 years. Eur J Cancer 1999; 35: 1361-1367.
31. Sherman ME, Rimm DL, Yang XR, Chatterjee N, Brinton
LA. Variation in breast cancer hormone receptor and HER2
levels by etiologic factors: a population-based analysis. Int J
Cancer 2007; 121: 1079-1085.
32. Yumuk PF, Dane F, Yumuk VD et al. Impact of body mass index on cancer development. J BUON 2008; 13: 55-59.
33. Hopton DS, Thorogood J, Clayden AD, Mackinnon D. Histological grading of breast cancer: Significance of grade on recurrence and mortality. Eur J Surg Oncol 1989; 15: 25-31.
34. Tot T. The diffuse type of invasive carcinoma of the breast: morphology and prognosis. Virchows Arch 2003; 443: 718-724.

35. Muller D, Kohler G, Ohlinger R. Staging procedure in primary breast cancer. Anticancer Res 2008; (4c): 2397-2400.
36. Bremer TM, Jacquemier J, Charafe-Jauffret E, Viens P, Birnbaum D, Linke SP. Prognostic marker profile to assess risk in
stage I-III hormone receptor positive breast cancer patients.
Int J Cancer 2009; 124: 826-904.
37. Carter LC, Allen C, Henson DE. Relation of tumor size, lymph
node status, and survival in 24,740 breast cancer cases. Cancer
1989; 63: 181-187.
38. Iiyas M. Adhesion molecule expression in breast cancer: the
phoenix in tumour metastasis? J Pathol 2000; 190: 3-5.
39. Fitzgibbons PL, Page DL, Weaver D et al. Prognostic factors
in breast cancer. Arch Pathol Lab Med 2000; 124: 966-978.
40. Thor AD, Liu S, Edgerton S et al. Activation (tyrosine phosphorylation) of erbB-2 (HER-2/neu): a study of incidence
and correlation with outcome in breast cancer; J Clin Oncol
2000; 18: 3230-3239.
41. Reed W, Hannisdal E, Boehler PJ et al. The prognostic value
of p53 and c-erbB-2 immunostaining is overrated for patients
with lymph node negative breast carcinoma. Cancer 2000; 88:
804-813.
42. Yang XR, Pfeiffetr RM, Garcia-Closas M et al. Hormonal
markers in breast cancer: coexpression, relationship with
pathologic characteristics, and risk factor associations in
a population-based study. Cancer Res 2007; 67: 1060810617.
43. Tayi J, Kalman T, Bankfalvi A, Willibald S, Werner R, Laszlo
F. Analysis of p53 mutation and cyclin D1 expression in breast
cancer. Pathol Oncol Res 1999; 5: 90-94.
44. Ioakim-Liossi A, Karakitsos P, Markopoulos C et al. p53 protein expression and oestrogen and progesterone receptor status in invasive ductal breast carcinomas. Cytopathology 2001;
12: 197-202.
45. Gohring UJ, Scharl A, Heckel C, Achr A, Crombach G. P53
protein in 204 patients with primary breast carcinoma: immunohistochemical detection and clinical values as a prognostic
factor. Arch Gynecol Obstet 2001; 256: 139-146.
46. Mazars R, Spinardi L, BenCheikh M, Simony-Lafontaine
J, Jeanteur P, Theillet S. P53 mutations occur in aggressive
breast cancer. Cancer Res 1993; 52: 3918-3923.
47. Adzic M, Niciforovic A, Neskovic-Konstantinovic Z, Radojcic
MB. Superoxide dismutases and p53 protein levels in blood
cells of breast cancer patients. J BUON 2004; 9: 283-287.
48. Madhavan M, Srinivas P, Abraham E et al. Cadherins as predictive markers of nodal metastasis in breast cancer. Mod
Pathol 2001; 14: 423-427.
49. Heimann R, Lan F, McBride R, Hellman S. Separating favorable from unfavorable prognostic markers in breast cancer:
the role of E-cadherin. Cancer Res 2000; 60: 298-304.
50. Goyal A, Martin AT, Mansel ER, Jiang GW. Real-time PCR
analyses of expression of E-cadherin, alpha-, beta- and gamma-catenin in human breast cancer for predicting clinical outcome. World Surg Oncol 2008; 6: 56-61.
51. Korkolis C, Ardavanis A, Yoyis J, Kyroudi A, Gorgoulis V,
Kittas C. HER-2/neu overexpression in breast cancer: an immunohistochemical study including correlations with clinicopathologic parameters. p53 oncoprotein and cathepsin-D.
Anticancer Res 2001; 21: 2207-2212.
52. Meijnen P, Petersen JL, Antonini N, Rutgers EJT, van de Vijver MJ. Immunohistochemical categorization of ductal carcinoma in situ of the breast. Br J Cancer 2008; 98: 137-142.
53. Bukholm IR, Nesland JM, Bukholm G. Expression of adhesion proteins E-cadherin, alpha-catenin, beta-catenin and
gamma-catenin is different in T1 and T2 breast tumours. Pathology 2006; 38: 403-407.

