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ABSTRACT
Objective: Breast carcinoma is the most common malignant tumor detected in women. The hypothesis that increased levels of adhesion molecules
and Cathepsin D affect cancerous cells moving away the primary tumor and contributes to migration of the cancerous cell and may cause remote
organ metastases is defended. The aim of the present study was to search the association of intracellular adhesion molecule-1 (ICAM-1), vascular
adhesion molecule-1 (VCAM-1), Cyclin D1, cathepsin D immunohistochemically with clinicopathological parameters in the patients diagnosed
with invasive ductal breast carcinoma.
Materials and Methods: The pathological slides of 153 patients diagnosed with invasive ductal carcinoma were evaluated retrospectively. Three
groups were created. Group 1 consisted of patients with positive lymph node metastasis and extranodal tumor invasion; Group 2 consisted of patients
with positive axillary lymph node metastasis and negative extranodal tumor invasion and Group 3 consisted of the patients with negative axillary
lymph node metastasis. In all groups, 20 paraffin blocks belonging to the primary tumor in the breast were stained by ICAM-1, VCAM-1, Cyclin
D1 and Cathepsin D. Findings were examined by comparing with clinicopathological parameters.
Results: The highest number of metastatic axillary lymph nodes and the highest rate of cathepsin D staining were statistically found in the cases
with positive axillary lymph node metastasis and extranodal tumor invasion. CerbB2 was negative in the cases with negative ICAM-1 whereas estrogen receptor and progesterone receptor were positive in the cases with positive VCAM-1.
Conclusion: The present study reveals significant results for the patients diagnosed with invasive ductal carcinoma through breast biopsy especially before mastectomy in terms of increased number of metastatic axillary lymph nodes and extranodal tumor invasion by immunohistochemical
Cathepsin D stain without any additional invasive intervention. Results of the present study may contribute to monitoring and treatment of the
patients in the future.
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Introduction
Breast cancer is the most common malignant tumor observed in women and 70 to 80% of the cases with breast cancer have invasive ductal
carcinoma (1). Among the prognostic factors for survey, the most important accepted prognostic parameter is metastasis of the axillary lymph
node. Genetic and molecular studies enabling early diagnosis and treatment of the breast cancer accelerated because of high mortality rate
and incidence of breast cancer (2). It is reported that adhesion molecules of endothelial cell have a very important role in tumor formation
and defense mechanism of the host. Major adhesion molecules are intracellular adhesion molecule-1 (ICAM-1), vascular adhesion molecule-1
(VCAM) and E-Selectin. The hypothesis that increased levels of adhesion molecules affect cancerous cells moving away the primary tumor
and contributes to migration of the cancerous cell and may cause remote organ metastases is defended. This appears as an important factor
to determine survey of the patients (3). Cyclin D1 has a critical role in progression of the cell cycle of the protein. Disruption in expression
regulation of this protein is held responsible from development of many malignant tumors including breast cancer. Since cyclin D1 is a major
oncogene for human and appears as a pathogenic headstone for many breast cancer types, benefit of anti- cyclin D1 therapy is predicted
on selected eligible tumors (4, 5). Cathepsin D is a lysosomal aspartyl protease which acts as a mature active enzyme in the lysosomes in an
acidic pH and synthesized by stromal reactive cells and macrophages. There are studies suggesting that this protein may have a prognostic
value to determine the survey in the patients with breast cancer by facilitating tumor progression by invasion followed by metastasis through
breaking down the proteoglycan substances on the stromal matrix and basal membrane (6, 7). The aim of the present study is to search the
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association of ICAM-1, VCAM-1, Cyclin D1 and Cathepsin D immunohistochemically with clinicopathological parameters in the patients
diagnosed with invasive ductal breast carcinoma.

Material and Methods
This study was approved by Selçuk University Scientific Research Project Coordinatorship of the ethics committee. The pathological slides of
153 patients diagnosed with invasive ductal carcinoma were evaluated
retrospectively. All of the cases were women diagnosed with invasive
ductal carcinoma. All of the patients had modified radical mastectomy
and axillary lymph node dissection.
Microscopic Examination
Slides stained with Hematoxylen & Eosin (H&E) were examined under a microscope. Clinicopathological parameters were age, location
on the right or left breast, tumor diameter, Paget’s disease, axillary
lymph node metastasis, number of metastatic axillary lymph nodes, extranodal tumor invasion, histological grade (Nottingham Histological
Score), multifocality, DCIS, quadrant location, imunohistochemically
stained estrogen receptor (ER) and progesterone receptor (PR), human epidermal growth factor receptor (HER-2/cerbB2) slides. Three
individual groups were created. Group 1 consisted of patients with
positive lymph node metastasis and extranodal tumor invasion; Group
2 consisted of patients with positive axillary lymph node metastasis
and negative extranodal tumor invasion and Group 3 consisted of the
patients with negative axillary lymph node metastasis. In all groups,
20 paraffin blocks belonging to the primary tumor in the breast were
stained by ICAM-1, VCAM-1, cyclin D1 and cathepsin D. Slides were
examined by comparing the aforesaid clinicopathological parameters.
The Immunohistochemical Examination
Twenty cases were selected randomly from three groups 60 slides were
stained immunohistochemically with Thermo Fisher Scientific-Lab Vision CD54/ICAM-1 Ab-4 (Clone 23G12), CD106/VCAM-1 Ab-3
(Clone 1.4C3), Cyclin D1/Bcl-1 (SP4), Cathepsin D Ab-1 antibodies.
Cytoplasmic staining for ICAM-1 and VCAM-1 was accepted positive
and the following classification was done for staining; grade:0 for <10%
of the cells stained, 1+ for 11% to 20% of the cells stained, 2+ for 21%to
75% of the cells stained, 3+ for >75% of the cells stained (8). For cyclin
D1, nuclei of the cells were classified as 0 for no staining, 1+ for up to
50% of the cells stained, 2+ for >50% of the cells stained according to
nuclear staining grade (9). Cytoplasmic staining for cathepsin D was
accepted positive and the following classification was done for staining
grade:0 for no staining, 1+ for <10% cells stained, 2+ for 10-50% of the
cells stained, 3+for >50% of the cells stained (9). Nuclear staining for
ER/PR was accepted positive and the following classification was done
for staining grade; scoring system 0 negative for receptor, 1+ borderline,
2+ to 3+ positive for receptor; criteria 0: 0% nuclear staining, 1+ <10%
nuclear staining, 2+ 10% to 75% nuclear staining, 3+ >75% nuclear
staining. Cytoplasmic membrane staining for cerbB2 was accepted positive and the following classification was done for staining grade: Scoring
system 0 Negative, 1+ Negative, 2+ Weak positive, 3+ Positive;
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Criteria:
0 Negative. No staining is observed, or membrane staining is <10%
of the tumor cells.
1+ Negative. A faint /barely perceptible membrane staining is detected in
>10% of the tumor cells. The cells are only stained in part of the membrane.
2+ Weak positive. A weak to moderate complete membrane staining is
observed in >10% of the tumor cells.

3+ Positive. A strong complete membrane staining is observed in
>10% of the tumor cells (10).
For positive controls, tonsil tissue for ICAM-1, placenta for VCAM-1,
an intestinal tissue diagnosed with mantle zone lymphoma for cyclin
D1, a hepatic tissue for cathepsin D, breast tissue for ER/PR and positive stained breast carcinoma for cerbB2 were used. For such four antibodies, 1000 cells were counted under 40x magnification conditions
on most densely stained areas under a light microscope and values were
expressed in percentages.
Statistical analysis
The Statistical Package for the Social Sciences version 10.0 (SPSS Inc.;
Chicago, IL, USA) was used to analyze the statistical data. Along with
descriptive statistical methods (Mean, Standard deviation), KruskalWallis test was used to compare the quantitative data for evaluation of
the study data. Ki-square test was used for comparison of the qualitative data. Results were evaluated within 95% confidence interval with
a statistical significance value of p<0.05.

Results
The number and percentage of patients in group1, group 2 and group 3
were 24% (n=37), 46% (n=70) and 30% (n=46), respectively (Table 1).
A statistically significant difference was found between the groups for
number of metastatic axillary lymph nodes (Table 2). It was noted
that the metastatic axillary lymph node count was more in group 1
with four or more lymph nodes. A statistically significant difference
was found between the groups for cathepsin D (Table 3). Cathepsin
D positivity was noted in group 1 (Figure 1). There was not any statistical association between the groups and ICAM-1, VCAM-1 and
cyclin D1 (p>0.05). A significant difference was found between the
groups with negative and positive cathepsin D staining in terms of extranodal tumor invasion in metastatic axillary lymph nodes (Table 4).
Cathepsin D was found positive in the cases with positive extranodal tumor invasion. There was not any statistical association in the
metastatic axillary lymph nodes by ICAM-1 VCAM-1, cyclin D1 in
terms of extranodal tumor invasion (p>0.05). A statistically significant
difference was found between negative and positive groups stained
by VCAM-1 and ER staining (p=0.019). It was noted that VCAM-1
positive cases were also positive with ER (Figure 2). There was not
any statistical association between the groups ICAM-1, cyclin D1, cathepsin D and ER (p>0.05). A statistically significant difference was
found between negative and positive groups stained by VCAM-1 and
PR staining (p=0.006). It was noted that VCAM-1 positive cases were
also positive with PR. There was not any statistical association between
the groups ICAM-1, cyclin D1 and cathepsin D and PR (p>0.05).
A statistically significant difference was found between positively and
negatively stained by ICAM-1 and cerbB2 (p=0.03). Negative cerbB2 values were noted in ICAM-1 negative cases. There was not any
statistical association between VCAM-1, cyclin D1, cathepsin D and
cerbB2 (p>0.05).

Discussion and Conclusion
Genetic molecular factors on cell cycle, proliferation and apoptosis
are predominantly considered by many researchers. Increased levels
of adhesion molecules cause cancerous cells to move away from the
primary tumor and contributes to migration of the cancerous cell and
may cause remote organ metastases. This appears as an important factor to determine survey of the patients (3). Metastasis of a tumor is a
complex process including several stages. Invasion to the extracellular
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Table 1. The association between the groups and
clinicopathological parameters
Group I:
(n=37)
Age

Group II:
(n=70)

Table 3. The association of CD staining between the
groups

Group III:
(n=46)

51.85±12.47
60.55±14.17
50.40±8.16
(min: 32, max: 79) (min: 31, max: 78) (min: 33, max: 63)

Right breast

49% (n=18)

51% (n=36)

52% (n=24)

Left breast

51% (n=19)

49% (n=34)

48% (n=22)

Tumor diameter
≤2cm

19% (n=7)

29% (n=20)

48% (n=22)

2.1-4.9 cm

43% (n=16)

50% (n=35)

39% (n=18)

≥5 cm

38% (n=14)

21% (n=15)

13% (n=6)

None

89% (n=33)

97% (n=68)

93% (n=43)

Present

11% (n=4)

3% (n=2)

7% (n=3)

Paget's disease

Lymph node metastasis

%

n

%

n

%

Negative

1

5

9

45

4

20

1 (+)

3

15

5

25

3

15

2 (+)

4

20

5

25

2

10

3 (+)

12

60

1

5

11

55

p=0.001

Table 4. The association between CD staining and
extranodal tumor invasion in the metastatic axillary
lymph nodes
CD negative
n

%

n

%

None

13

32

27

68

1

5

19

95

1-3

16% (n=6)

70% (n=49)

Present

30% (n=21)

p=0.040

I

11% (n=4)

30% (n=21)

41% (n=19)

II

78% (n=29)

60% (n=42)

46% (n=21)

III

11% (n=4)

10% (n=7)

13% (n=6)

1

92% (n=34)

94% (n=66)

100% (n=46)

2

5% (n=2)

6% (n=4)

3

3% (n=1)

Number of foci

DCIS
None

54% (n=20)

80% (n=56)

61% (n=28)

Present

46% (n=17)

20% (n=14)

39% (n=18)

Table 2. The association between the groups and
number of metastatic axillary lymph nodes
Group 1

Group 2

Group 3

n

%

n

%
100

Axillary lymph
node metastasis

n

None

0		

0		

46

1-3

6

16

49

70

0

>4

31

84

21

30

0

%

p=0.001

matrix is required for participation of a tumor cell into the circulation. Function of E-cadherin disappeared in all epithelial cancers by
mutation-induced inactivation of E-cadherin genes or activation of
β-cathenin genes. Modifications appeared in VCAM-1 and ICAM-1
which are adhesion molecules in the immunoglobulin family contribute to the invasion (11).

CD positive

Capsule invasion
0% (n=0)

Histological grade

Group 3

n

0% (n=0)

84% (n=31)

Group 2

CD staining

None

≥4

100% (n=46)

Group 1

A statistically significant association was found between ICAM-1 and
cerbB2. Negative cerbB2 values were noted in ICAM-1 negative cases. There are different outcomes addressing the association between
ICAM-1 and prognostic factors of the breast cancer in the literature.
On the other hand, more studies indicating the association between
ICAM-1 and cerbB2 are required. A statistically significant association
was found between VCAM-1 and ER and PR staining in the present
study. Positive ER and PR results were noted in VCAM-1 positive
cases. Similarly, there are different outcomes addressing the association
between VCAM-1 and prognostic factors of the breast cancer in the
literature.
Cyclin D1 staining rate was found 75%, 45% and 65% in group1,
group2 and group 3, respectively and such results were consistent with
the studies in the literature.
Cathepsin D is a proteolytic enzyme which was first identified in 1980
and released by cancerous and stromal cells. There are studies suggesting that this protein may have a prognostic value to determine the
survey in the patients with breast cancer by facilitating tumor progression by invasion followed by metastasis through breaking down the
proteoglycan substances on the stromal matrix and basal membrane
(6). Cathepsin D is an immunohistochemical marker which may be
used to determine the survey rate for the patients with breast cancer;
clinical studies showed that increased cathepsin D level in the breast
cancer cells is an independent determinant for early recurrence and
death rates (12). There are studies indicating that high cathepsin D levels show poor prognosis. Some studies showed an increase in cathepsin
D expression rate in the stroma cells by increase of tumor grade in
invasive ductal carcinoma (13). Furthermore, a study detected a positive correlation between cathepsin D expression of tumor cells immunohistochemically and survey of the patients with breast cancer (14);
however, some studies showed negative correlation (12). A statistically
significant association was found between cathepsin D and extranodal
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Figure 1. Positive cytoplasmic staining with Cathepsin D in the tumor
cells (x100)

Figure 2. Positive cytoplasmic staining with VCAM-1 in the tumor
cells (x200)
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tumor invasion in the metastatic axillary lymph nodes in the present
study. Cathepsin D was detected positive in the cases with positive
extranodal tumor invasion. Fisher et al. (15) reported the extracapsullary axillary lymph node invasion as an important prognostic factor for
survey and disease-independent survey and suggested radiotherapy on
to the breast/chest wall and supraclavicular region for the patients with
extranodal invasion findings who had positive level 1 and 2 axillary
lymph node dissection regardless of the lymph node count. Yılmaz et
al. (9) compared expression rates of cathepsin D, thymidine kinase 1
and cyclin D1 antibodies in benign and malignant cells in 2008; and
showed increased expression in the malignant cells; such finding was
considered that such three antibodies may help to detect malignant
characteristics of the lesion. They reported that cathepsin D expression
plays an important role for determination of biological behavior of
the tumor to show possible effect on invasion of the tumor cells (7).
A recent study conducted by Jacobson-Raber et al. (16) showed that
a prognostic model depending on staining density scores of cathepsin
D and E-cadherin immunohistochemically in breast tumors may be
useful to decide on the treatment of the patients with early breast carcinoma. Dian et al. (17) considered that increased cathepsin D expression in primary breast carcinomas may be associated with recurrence
and metastasis. It was reported that positive cathepsin D results may

help to determine the patients with risk and to select more or less aggressive adjuvant therapy for the patients with early stage breast cancer
during first 3-year follow-up (18). Huang et al. (19) showed triplenegative breast carcinoma were frequently associated with overexpression of cathepsin-D, and with aggressive disease course through lymph
node invasion and high cancer cell proliferation/Ki-67 index. Guerra
et al. (20) reported high level of p53 and cathepsin D, together with
down-regulation of Bcl-2 is correlated with aggressiveness in breast
carcinoma. A statistically significant difference was not found between
the groups stained negatively or positively by cathepsin D in terms of
location on the right or left breast, tumor diameter, Paget’s disease,
histological grade, multifocality, DCIS, quadrant location, ER, PR,
cerbB2 staining in the present study. On the other hand, a statistically
significant difference was detected for number of metastatic axillary
lymph nodes in the groups of our study. The metastatic axillary lymph
node count with 4 or more lymph nodes was detected higher in group
1 when compared with other groups.
A statistically significant difference was detected for cathepsin D staining between the groups in the present study. Cathepsin D positivity
was noted in Group 1. As a result, number of metastatic axillary lymph
nodes and extranodal tumor invasion in the lymph nodes were found
higher in the group with positive cathepsin D staining. Cathepsin D
can be used instead of sentinel lymph node biopsy or as an auxiliary
method for sentinel lymph node biopsy in the management of breast
cancer patients. There are limited number of studies about the association between number of metastatic axillary lymph nodes and extranodal tumor invasion. Extranodal tumor invasion is an increased risk factor for axillary recurrence. The present study reveals significant results
for the patients diagnosed with invasive ductal carcinoma through
breast biopsy especially before mastectomy in terms of increased number of metastatic axillary lymph nodes and extranodal tumor invasion
by immunohistochemical cathepsin D stain without any additional
invasive intervention. Results of the present study may contribute to
monitoring and treatment of the patients in the future. More and new
studies on this topic are required.
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