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Abstract
Introduction and objective. Breast cancer is one of the most frequent malignancies in women. Axillary lymph node 
involvement, tumour size, receptor status, and level of malignancy are the most significant prognostic factors in breast 
cancer, but insufficient to date. More factors are needed for establishing the prognosis and treatment in these patients. 
The aim of the presented study was evaluation of E- cadherin expression and its prognostic value among 89 specimens of 
breast cancer.
Materials and methods. 89 formalin-fixed and paraffin-embedded breast cancer specimens were studied for expression 
of E-cadherin detected by immunohistochemistry. During 10-year observation overall/OS/and disease-free survival/DFS/
of patients were assessed.
Results. Average of OS and DFS were shorter among patients without expression of E-cadherin in comparison to survival 
time of patients with expression of E-cadherin.
The lack of E-cadherin expression was present more often among patients with distant metastasis. No essential changes 
were noticed in the level of E-cadherin depending on the size of the tumour, G, presence of metastasis into the lymph 
nodes, ER, PR and HER-2, hormonal condition and presence of cancerous tissues in lymphatic vessels and the infiltration 
of lymph nodes capsules.
Conclusions. E-cadherin may play an important role in the prognosis of breast cancer patients.
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IntRoduCtIon And objeCtIve

For many years breast cancer has been the most common 
type of tumour among women. Despite significant 
developments seen in diagnostic as well as improvement 
in the early recognition and intensive treatment, every 
fourth women suffering from breast cancer dies because of 
progression of the illness [1]. The mechanism of progression, 
especially metastatic, is not completely recognized. 
Researches in the field of molecular pathology, lasting for 
many years, indicate the crucial involvement of one of the 
adhesive protein-cadherins in the development of the disease.

There are about 30 types of glikoprotein in this group. They 
consist of two main parts: intermembrane and extracellural. 
In correct conditions, the extra cellular part of cadherin, via 
the ions of calcium essential for creation of the connection, 
influences through catenin with similar molecules on 
neighbouring cell. In this way they create an adhesive 
complex which maintains cells in compact connection [2].

The main function of classical cadherins N-neuronal, 
E-epitelial and P-placental is to maintain tissue continuity, to 

convey intercellular signals and cells movement which enables 
regulation of processes such as healing of wounds, apoptosis, 
immunological reactions or migration of leukocytes [3].

In the case of the cancerous process, adhesive proteins play 
a crucial role in the process of regional invasion, in migration 
of cancerous cells, and additionally in later maintenance in 
the remote organs [4, 5]. In the first two processes, it results 
in the reduction of the amount of cadherin, the result of 
which is disorder in the transition of intracellular signals, 
and loosening of intercellular connections [6, 7]. This leads 
to increased cells invasiveness and ability to migrate [7, 8, 9, 
10, 11]. In the process of the development of cancerous cells 
in healthy tissue there is a new augmentation of E-cadherin 
expression which enables the stable settling and further 
development of cells [5].

Much data confirm the statement that diminished 
E-cadherin expression is observed among patients suffering 
from: breast, lung, prostate and stomach cancer [12, 13, 14, 
15], and this correlates with histological grading/reduced 
variations/of cancer, more common presence of distant 
metastasis, and worse prognosis [16, 17].

The results estimating the value of E-cadherin in patients 
with breast cancer remain contradictory. In most of 
them, however, it was proved that the loss of E-cadherin 
expression was a detrimental prognostic factor [18, 19, 20, 
21], and most often it was connected with a higher level of 

Address for correspondence: Anna Brzozowska Department of Oncology, Medical 
University in Lublin, Jaczewskiego 7, 20-090 Lublin, Poland.
E-mail: annabrzo@poczta.onet.pl

Received: 20 October 2011; accepted: 29 December 2011



Annals of Agricultural and Environmental Medicine 2012, Vol 19, No 3

Anna Brzozowska, Tomasz Sodolski, Dariusz Duma, Tomasz Mazurkiewicz, Maria Mazurkiewicz. Evaluation of prognostic parameters of E-cadherin status in breast…

malignancy, presence of metastasis in axillary lymph nodes, 
lack of estrogen and progesteron receptors, and presence of 
recurrence [22, 23, 24, 25].

Despite numerous controversies described in the literature, 
the loss of E-cadherin expression in tumours, including 
patients suffering from breast cancer, is probably a very 
important prognostic factor.

The aim of the presented study was evaluation of E-cadherin 
expression in post-surgical tissue in patients suffering from 
breast cancer. Dependence of E-cadherin from classical 
prognostic factors was analysed. The influence of E-cadherin 
generally and the disease-free survival time of the patients 
was also evaluated.

MAteRIAl And Methods

Patients. 89 cases of radically treated breast cancer were 
selected for the study in Oncology Centre in Lublin during 
1995-1996, and the patients participated in the research. All 
the female patients had undergone radical mastectomy. In 83 
patients, no adjuvant treatment was applied. 30 patients were 
treated with chemotherapy according to CMF scheme and 6 
were treated with chemotherapy according to FAC scheme. 
After chemotherapy, 16 of these patients were additionally 
treated with hormonotherapy with antiestrogenes. 47 
patients were treated only with hormonotherapy with 
tamoxifen. Adjuvant radiotherapy was applied in 15 patients. 
All female patients were examined during check-up visits in 
the Oncology Centre in Lublin. Duration of the observation 
lasted from 6 months to 10 years. The study population is 
presented in Table 1.

Immunohistochemistry. The expression of E-cadherin 
was marked with immunohistochemical staining. In the 
research, sets produced by the DAKO company were used to 
mark E-cadherin. The tissue removed from the tumor during 
the breast cancer operation was cut into pieces and were kept 
in an incubator at a temperature of 60oC for approximately 
12 hours. The microscopic sections were paraffined in xylene 
and then placed into several strengths of alcohol: 100%, 96%, 
and 70% with distilled water. The antigen uncovered was 
diluted with 1:10 Target Retrieval Solution in a container 
which was placed in water baths at temperatures 95-99oC. 
Next, in the buffer solution a t the temperature of 95oC, the 
preparations were placed into and kept in incubators for 
approximately 20 minutes. The preparations were cooled 
for approximately 20 minutes and then were rinsed in Tris 
Buffered Saline (1 sachet was dissolved in a small amount of 
distilled water and made up to 1,000 ml of distilled water) 3 
times for 5 minutes. Peroxidase was blocked by rinsing the 
preparation in a mixture of 10 ml of prehydrol and 90 ml 
of distilled water for 5 minutes, and in Tris Buffered Saline 
for the next 5 minutes. The preparation was then incubated 
with antibody of E-cadherin for 30 minutes, adding 100 µl 
for each piece, and rinsed in Tris Buffered Saline 3 times 
for 5 minutes. Next, the preparations were incubated with 
HRP for 30 minutes, adding 100 µl for each piece, and rinsed 
in Tris Buffered Saline 3 times for 5 minutes. A mixture 
containing 1 ml DAB (3,3 diaminobenzidine) and 1 drop 
of chromogene was prepared, and the preparations were 
sprinkled with this mixture. After 5-10 minutes, the mixture 
was removed from the preparations and rinsed in distilled 

water. Cell nucleuses were stained with hematoxylin water. 
The pieces were renewed in increasing strengths of alcohols: 
70%, 96%, 100% and xylene.

Evaluation of expression of estrogen and progesterone 
receptor. The content of ER and PR receptors was evaluated 
by the immunohistochemical method, using the reaction of 
ER and PR antibody with the right epitope of the receptor 
molecule. For this stage of the research, ER and PR ‘ER/
PR SYSTEM’ (DAKO/Code No. K 1900/sets) to mark the 
receptors were used. The content of the receptors was 
evaluated on the basis of percentage of stained cancerous 
cells. The expression of ER and PR receptors was evaluated 
as positive if it was present in at least 10% of cancerous cells.

Evaluation of expression of HER-2. The immuno-
histo  chemical method used consisted in the reaction of 
polyclonal antibody with receptor HER-2 present in the 
cellular membrane.

The research was conducted with tests from DAKO (DAKO 
Hercep-test for Immunoenzymatic Staining, Code No. 5204) 
according to the procedures advised by the manufacturer. 
The stained reaction of cellular membranes was evaluated 

table 1. Study population

Factors no. of patients

Age average  
58.1 +/- 12.5 years

Menopausal condition
Pre-menopausal

Post-menopausal
16
73

Histopathological subtype
ductal carcinoma
lobular carcinoma
tubular carcinoma

Rother

63
10
 2
14

Malignancy level according to Bloom-Richardson
G1
G2
G3

10
51
20

Size of the tumor
T1
T2
T3

28
53
 8

Presence of mestastasis into axillary lYmph nodes
present
absent

36
53

Presence of cancerous cells in blood vessels
yes
no

 2
87

Presence of cancerous cells in lymphatic vessels
yes
no

 7
82

Cancerous infiltration of capsula of axillary lymph nodes
yes
no

11
78

Expression of estrogen receptor (ER)
present
absent

67
22

Expression of progesteron receptor (PR)
present
absent

57
32

Expression of HER-2 receptor
present
absent

63
26

542
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according to DAKO criteria recommended in ‘Atlas for 
Interpretation of Herceptest Staining’. The result of expression 
of HER-2 receptor evaluated as 0+, 1+ and 2+ meant the lack 
of over-expression. The result of 3+ meant the presence of 
over-expression of HER-2 receptor in the tissue tested.

Evaluation of expression of E-cadherin. The expression 
was evaluated as positive when E-cadherin was present in at 
least 70% of examined cells. When the expression was less 
than 70% in the evaluated cells, in the rest of the preparations 
it was treated as absent.

Statistical analysis. The method of cross-tabulation tables 
was used during the statistic analysis of the results. The 
differences between evaluated groups were examined with 
chi-square test.

The method of the survival analysis by Kaplan-Meier was 
used in the evaluation of the survival time. The 10-year 
disease-free survival was evaluated (from the time of the 
operation to the appearance of failure) and 10-year overall 
survival time (from time of the operation to time of death). 
The Wilcoxon test with Gehan’s modification was used 
in testing the differences between the periods of survival 
among the examined patients. P <0.05 was considered to be 
statistically significant.

Results

Positive expression of E-cadherin was present in 67 patients 
(75.3%). The loss of expression of E-cadherin was typical for 
patients who during the observation had distant metastasis. 
The examination proved that the loss of expression of 
E-cadherin was present slightly more often in patients with 
a high level of malignancy tumours/G3/and with presence 
of metastasis to the axillary lymph nodes. This dependence, 
however, was not essential statistically. The loss of expression 
of E-cadherin was visible in 50% of the patients with lobular 
cancer. In the rest of the patients, the expression of E-cadherin 
was confirmed in 80% of those examined. It was not noted 
whether the hormonal condition of the examined women, 
size of the tumour, presence of thrombosis from cancerous 
cells in blood vessels, infiltration of lymph nodes capsule and 
expression of ER, PR, HER-2 receptors had any influence on 
the level of the expression of E-cadherin. It was observed that 
in patients with the presence of cancerous cells in lymphatic 
nodes, the lack of expression of E-cadherin occurred more 
often. Due to the small number of patients with cancerous 
cells present in lymphatic nodes, however, this result is still 
difficult to interpret (Tab. 2).

During the 10-year observation, 20 patients died because of 
progression of the disease. The total survival time was 6.7 – 
120 months. Average – 97.3 months, median – 113.4 months. 
In 41 patients, the progression of the cancer was present 
during the observation. Local recurrence was present in 3 
patients and distant metastasis were present in the remaining 
38. Disease-free survival time was 0.7-120 months. Average 
– 84.8 months, median – 111.7 months (Fig. 1).

A shorter time of overall as well as disease-free survival 
time in patients with the loss of the expression of E-cadherin 
was observed. The overall survival time in patients with 
the expression of E-cadherin was from 9.6 months to 120 

months. Average – 100.4 months, median – 113.4 months. 
However, in patients with loss of expression of E-cadherin, 
the overall survival time was shorter and lasted from 6.7 
months to 120 months. Average – 87.6 months, median – 
115.5 months (Fig. 2).

Disease-free survival time was also shorter in patients 
without the expression of E-cadherin, compared with other 
patients. In patients without the expression it was: 0.7 months 
– 120 months. Average – 71.2 months, median – 76.2 months. 
In the rest of the patients it was: 0.7 months – 120 months. 
Average – 89.3 months, median – 112.3 months (Fig. 3).

table 2. Presence of expression of E-cadherin dependent on tested 
prognostic factors

examined characteristic Positive 
expression 

of
e-cadherin

no. of 
patients

lack of 
expression 

of 
e-cadherin

no. of 
patients/

p

Menopausal condition
Pre-menopausal
Post-menopausal

 5
43

 6
35

>0.05

Histopathological subtype
ductal carcinoma
lobular carcinoma
tubular carcinoma
other 

50
 5
 2
10

13
 5
 0
 4

< 0.05

Malignancy grade according to  
Bloom-Richardson:
G1
G2
G3

 8
37
16

 2
14
 4

>0.05 

Size of tumour
T1
T2
T3

22
40
 5

 6
13
 3

>0.05 

Presence of mestastasis into axillary 
lymph nodes
present
absent

26
41

10
12

 >0.05 

Presence of cancerous tissue in blood 
vessels
yes
no

 1
66

 1
21

> 0.05

Presence of cancerous cells in 
lymphatic vessels
yes
no

 2
65

 5
17

< 0.01

Cancerous infiltration of axillary lymph 
nodes
yes
no

59
 8

19
 3

>0.05

Expression of estrogen receptor (ER)
present
absent

49
18

18
 4

>0.05

Expression of progesteron receptor 
(PR)
present
absent

43
24

14
 8

>0.05

Expression of HER-2 receptor
Present
absent

46
21

17
 5

>0.05

Presence of metastatic lesions
present
absent

26
41

15
 7

<0.05
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dIsCussIon

Ongoing research and experiments interchangeably 
indicate the enormous role played by E-cadherin in the 
process of cancer development. It especially influences the 

stage of metastasis formation. The lack of possibility to use 
E-cadherin as a prognostic factor in patients suffering from 
breast cancer is the result of numerous controversies in the 
manner of its marking in the research, furthermore, there 
is no straightforward evaluation of its value.

Huge discrepancies relate to the preparation of the material 
taken for evaluation. A part of the research is conducted with 
frozen specimens which are more weakly stained, while the 
major part is conducted on paraffined specimens [23, 24, 26]. 
This is the reason why in the literature such different results 
are cited, and the loss of expression of E-cadherin evaluated 
from 45% – 63% in the case of breast cancer [17, 27]. There 
is also the fact that cytoplasmic staining is very difficult to 
interpret, which is observed in some cases of lobular cancer 
[18]. Even though there is no unequivocal proof, E-cadherin 
present in cytoplasm remains inactive and should not have 
any influence on the adhesive properties of the cell [28]. The 
presence of E-cadherin in cytoplasm of the cell may be caused 
by defects in the mechanism transporting molecules on the 
cell surface, or failure of the alpha positioning of cathenin. 
Most authors, similar to those of this article, do not take into 
consideration the staining of cytoplasm in their analysis.

The interpretation of received staining is also debatable. 
In the immunohistochemical method, the major problem 
is still the subjective evaluation of the pathomorphologists 
and their experience. There are no synonymously accepted 
criteria for considering evaluation of the level of the loss of 
E-cadherin. Most authors, as in the presented study, assume 
that the correct functioning of the cells requires the presence 
of E-cadherin in at least 70% of stained cells. Its expression 
in less than 70% of evaluated cells is treated as the lack of 
E-cadherin [29, 30]. In the literature, there is also the fact that 
there are many evaluation scales of expression of E-cadherin. 
Some of them take into account immensity as well as the 
intensity of cells staining, each evaluated separately in 3 or 
4 ranges [31, 32, 33]. Batistatou et al. took into account the 
simple division of the expression of E-cadherin. Its presence 
was defined as staining at least 50% of the cells; its lack 
defined if the number of the cells were less than 50% [16].

The interpretation of received results is also made difficult 
because the loss of E-cadherin is seen more often, and 
additionally, some authors claim that it is present in almost 
all cases of lobular cancers [24, 26, 28]. This is the reason why 
separate analysis of histopathological cancer is more and 
more often common. In the presented research the loss of 
E-cadherin was observed in 50% of the patients with lobular 
cancer. Because of the small number of patients with this type 
of disease, further analysis was conducted together with all 
histopathological cases.

The obtained results indicate that the loss of expression 
of E-cadherin on the surface of the cell has a great impact 
on the reduction of overall and disease-free survival time. 
It indicates greater invasiveness and tumour malignancy. 
In the examination of 1,665 patients suffering from lobular 
cancer, Rakh et al. confirmed that the loss of expression 
of E-cadherin has a crucial influence on the reduction of 
overall survival time (HR 1.53, 95% CI 1.09, 2.14; p=0.013) 
and disease-free survival time (HR 1.56, 95% CI 1.23, 1.99; 
p<0.001) [34]. Similar results have also been frequently 
obtained in the analysis of the patients suffering from 
ductal cancer where, together with the loss of expression of 
E-cadherin, the overall survival and disease-free survival 
time were shortened [21, 26, 35]. Charpin et al. also observed 

Figure 1. Overall and disease-free survival time in examined patients
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Figure 2. Overall survival time in examined patients depending on expression 
of E-cadherin
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Figure 3. Disease-free survival time in examined patients depending on expression 
of E-cadherin
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a shorter survival time in patients without metastasis to the 
axillary lymph nodes [18]. The shorter time of overall survival 
and disease-free survival time in patients without expression 
of E-cadherin may also be linked with immunity to those 
cancers to some treatments, as observed by Berezhnay et 
al. These authors claim that breast cancer cells with proven 
immunity to cytostatics (cyclophosphamide, doksorubicin, 
5-fluorouracil) were characterized by a significantly lower 
level of expression of E-cadherin than sensitive cells [36].

As many researches have shown, the expression of 
E-cadherin is vitally smaller in tumours with a higher level 
of malignancy [17, 21, 23, 24]. This is also confirmed by our 
research. In the research by Heinmann, 11% of tumours on 
the level of G1 showed no expression of E-cadherin, on the 
level of G3 it was 49% [37]. Most researches which confirmed 
this dependency were performed on frozen specimens. The 
researches carried out on paraffined specimens, the results 
are contradictory [26, 30]. Lipponen et al. did not notice any 
significant differences of expression of E-cadherin dependent 
on the level of malignancy. Suciu et al. stated that even the 
percentage of tumours with E-cadherin was higher, together 
with the level of malignancy [26, 30]. They did not observe 
E-cadherin expression in G1 tumors; in G2 tumors it was 
present in 55.5%, and in G3 tumors it was as high as 62.5%. 
This research was performed in a small group of 22 patients, 
which makes the interpretation more difficult [30].

In the presented study, as in many articles in the literature, 
we did not observe any dependency between the level of 
expression of E-cadherin and such prognostic factors as: 
size of the tumour, presence of metastasis in axillary lymph 
nodes, presence of infiltration in lymph node capsules, 
presence of cells and thrombosis in lymphatics and blood 
vessels, or expression of estrogen and progesteron receptors 
and HER-2 [18, 21, 23, 26, 28, 32, 40]. Some authors, however, 
describe a dependency between the lack of E-cadherin and 
presence of metastasis in axillary lymph nodes [17, 21], size 
of the tumour [17, 38], estrogen and progesteron receptors 
or HER-2 [17, 21, 30, 39].

In the evaluated group of patients in whom during 
observation there was exposure of distant metastasis, this 
more often indicated the lack of expression of E-cadherin 
in the tumour cells. This confirms the theory about the role 
of E-cadherin as an adhesive molecule the lack of which 
leads to the spreading of the tumour. Similar results have 
been obtained by other authors [5, 9, 17] who have proved 
that the presence of distant metastasis is visible more often 
in patients with a lowered level of expression of E-cadherin 
in the primary tumour [5, 9]. There is no confirmation of 
the causes of this phenomenon anywhere in the literature. 
The major role is played by disturbances in the functions 
of all elements of the system of intercellular adhesion with 
genetic defects.

The significant influence of the level of E-cadherin on 
reduction of survival time and increased risk of distant 
metastasis makes it a crucial prognostic factor. The fact that 
it is easy to evaluate by the immunohistochemical method 
which, despite numerous controversies and remarks, is still 
the most available and most usable, will enable its common 
usage. Because of numerous controversies and the lack of 
straightforward results relating to its value as a prognostic 
factor in breast cancer, it still requires much advanced 
research.

ConClusIons

Results of the analysis in the presented study indicate that 
a lowered level of E-cadherin in the cells of invasive breast 
cancer crucially increases the risk of distant metastasis. 
Moreover, it influences the reduction of overall and disease-
free survival time in patients.
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