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Aims: To compare the expression of the cell adhesion molecules P-cadherin, N-cadherin, and E-cadherin
in invasive and in situ breast carcinomas relative to clinicopathological features (size, node status, type,
grade, and receptors) to determine whether expression patterns relate to specific tumour characteristics.
Methods: Using immunohistochemistry, 110 invasive and in situ breast carcinomas were examined for the
presence, extent, and localisation of all three cadherins. Findings were related to tumour size, type, grade,
node status, oestrogen (ER), progesterone, and epidermal growth factor receptor (EGFR) expression for
invasive carcinomas and to grade and receptors for in situ carcinomas.
Results: P-cadherin was detected in 40% of invasive carcinomas, N-cadherin in 30%, and E-cadherin in
81%. For invasive carcinomas, the presence of P-cadherin significantly correlated with high grade, lack of
ER and presence of EGFR, but not tumour size or node status. Carcinomas containing P-cadherin could be
put into three categories dependent upon receptor and E-cadherin profile. There were no correlations
between E/N-cadherin and size, grade, node status, or receptors. Three of 16 infiltrating lobular
carcinomas expressed cytoplasmic but none membranous E-cadherin, and P-cadherin and N-cadherin
were present in four carcinomas of this type. E-cadherin was found in all ductal carcinomas in situ,
P-cadherin in a proportion of high grade tumours, and N-cadherin in a mixture of grades.
Conclusion: P-cadherin but not E/N-cadherin expression in breast carcinomas shows a strong correlation
with higher grade (poorer differentiation), lack of ERs, and presence of EGFR, and its expression may aid
in the further subdivision of high grade carcinomas.

C

ell adhesion molecules are important in the regulation
of cell differentiation and morphogenesis. The cadherins are a family of transmembrane glycoproteins that
mediate calcium dependent homophilic cell–cell adhesion.1
Cadherins link to the actin cytoskeleton through interactions
between their intracellular domains and cytoplasmic proteins, the a, b, and c catenins and p120.2 Altered expression
or the absence of expression of the cadherin–catenin complex
result in decreased adhesion, and this might be an important
factor in tumorigenesis, particularly tumour cell invasion.3
Many immunohistochemical studies have analysed the
expression of E-cadherin in breast carcinomas, but apart
from the loss seen in infiltrating lobular carcinomas,4 there
are conflicting reports with regard to the behavioural
importance of altered expression.5–10 Other members of the
so called classic cadherin family are P-cadherin and Ncadherin, originally identified in mouse placenta11 and neural
cells,12 respectively. The reported incidence of P-cadherin
expression in ductal carcinomas has ranged from 0%,13 20%,14
35%,15 to 52%,16 with studies suggesting a role in progression15
and poor prognosis.16 In vitro studies of breast cancer cell
lines have shown that N-cadherin can promote motility17 and
induce invasion18 in the presence of E-cadherin. The role of
N-cadherin in primary breast carcinomas is less clear. One
study found staining of small numbers of cells in 48% of
ductal carcinomas,16 although there was no association with
outcome, whereas another found that staining was associated with metaplastic change.19
‘‘Altered expression or the absence of expression of the
cadherin–catenin complex result in decreased adhesion,
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and this might be an important factor in tumorigenesis,
particularly tumour cell invasion’’
Our study compared the expression of P-cadherin, Ncadherin, and E-cadherin in invasive and in situ breast
carcinomas in relation to the features of growth, differentiation, and metastasis to determine whether particular patterns
of expression are related to specific tumour characteristics.

MATERIALS AND METHODS
Tissues
In total, 110 malignant breast cases (100 invasive, 10 in situ)
excised at Glenfield Hospital, University Hospitals of Leicester
NHS Trust, between 1995 and 1998, were studied. None of
the in situ cases was identified mammographically. All
specimens were received fresh and after slicing were fixed
in 4% formaldehyde in saline for 18 to 36 hours, then
processed through graded alcohols to paraffin wax.
Haematoxylin and eosin stained sections of each case were
classified and graded using criteria within the NHSBSP
guidelines (second edition).20
Antibodies
Mouse monoclonal antibody against human E-cadherin was
HECD-1 from R&D systems (Abingdon, UK), which is
specific for human E-cadherin. The P-cadherin antibody
was a mouse monoclonal from Transduction Laboratories
(BD Pharmingen, Oxford, UK; clone 56) that had been
generated against peptide sequence 72 to 259 of human
P-cadherin. The mouse monoclonal antibody to N-cadherin
(clone 3B9; Zymed, South San Francisco, California, USA)
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Expression of P-cadherin, but not E-cadherin or N-cadherin,
relates to pathological and functional differentiation of
breast carcinomas

P-cadherin in breast cancer

Immunohistochemistry
Heat induced antigen retrieval was used with two minutes of
pressure cooking in 0.1M citrate buffer, pH 6.0. The primary
antibodies were applied at either a 1/150 (E-cadherin) or 1/50
(N-cadherin and P-cadherin) dilution and incubated for 18
hours at 4˚C. This was followed by biotinylated rabbit
antimouse immunoglobulin antiserum at a 1/400 dilution
and streptavidin–biotin–peroxidase complex. Peroxidase was
developed with diaminobenzidine–hydrogen peroxide and
sections were counterstained with Mayer’s haematoxylin.
Normal breast was used as a positive control for each batch of
staining for E-cadherin and P-cadherin (epithelium and
myoepithelium, respectively), and cerebellum as a positive
control for N-cadherin. The negative control was omission of
the primary antibody.
Oestrogen and progesterone receptors were detected as
described previously.21 The epidermal growth factor receptor
antibody was applied at a 1/20 dilution following two
minutes of pressure cooking, as above, and was detected
using streptavidin–biotin–alkaline phosphatase with nitroblue tetrazolium/BCIP (5-bromo-4-chloro-3-indoxyl phosphate) development.
Assessment
For all cadherins, the extent of staining was assessed as
described previously,22 and was classified as negative, , 20%
of cells staining, 20–50%, 51–80%, . 80% staining, with
separate categories for membrane and cytoplasmic reactivity
where appropriate. P-cadherin and N-cadherin were assessed
independently by AK and RAW, and E-cadherin by JKD and
RAW. Discrepancies were then discussed using a double
headed microscope and a consensus was reached. Oestrogen
and progesterone receptors were assessed using the quick
score method, with carcinomas having a score less than 2
being considered negative. Carcinomas were classed as
positive for epidermal growth factor receptor when . 50%
of tumour cells had membrane staining stronger in intensity
than the adjacent normal breast and a normal breast control.

Seven of the ductal carcinomas in situ were high grade,
two were intermediate grade, and one was low grade.
P-cadherin expression
P-cadherin was detected in 40 invasive carcinomas (40%) and
three cases of ductal carcinoma in situ. It was present at the
membrane of cells (24% of cases) and within the cytoplasm
(36%), with 20% of invasive carcinomas having both
localisations (fig 1). The extent of reactivity varied, with
more cases having higher cytoplasmic than membranous
staining (table 1).
Expression was related to size, type of carcinoma, grade,
node status, and expression of oestrogen, progesterone, or
epidermal growth factor receptors (table 2). Four of the 16
infiltrating lobular carcinomas (one pleomorphic) showed
cytoplasmic staining, as did one of the tubular carcinomas.
There was a highly significant correlation between both
membrane (x2 = 16.97, 4 degrees of freedom (df),
0.005 . p . 0.001) and cytoplasmic staining (x2 = 26.88,
4 df, p , 0.001) and grade, with a much higher frequency in
grade III carcinomas. Seven carcinomas had high levels of
both membrane and cytoplasmic staining and all were grade
III. There was no relation between P-cadherin reactivity and
size and node status. There was a highly significant
correlation between the presence of membranous P-cadherin
(x2 = 33.9, 2 df, p , 0.001) and cytoplasmic P-cadherin
(x2 = 26.4, 2 df, p , 0.001) in . 50% of cells and lack of
oestrogen receptor expression. The relation with the progesterone receptor was less significant (membrane: x2 = 10.1, 2
df, 0.025 . p . 0.01; cytoplasmic: x2 = 8.7, 2 df,
0.05 . p . 0.025). There was a highly significant relation
between the presence of the epidermal growth factor receptor
and . 50% cells with P-cadherin staining (membrane:
x2 = 37.8, 2 df, p , 0.001; cytoplasmic: x2 = 30.69, 2 df,
p , 0.001).
The three cases of ductal carcinoma in situ that expressed
P-cadherin were all high grade, lacked oestrogen receptor
expression, but were positive for epidermal growth factor
receptor expression.
N-cadherin expression
N-cadherin was detected in 30% of invasive carcinomas and
four of the 10 ductal carcinomas in situ. Reactivity was
predominantly cytoplasmic, but staining of the membrane
was also seen in some cases (fig 2), although membranous
staining was never seen on its own. Under half of the cases
had more than 50% of cells staining (table 1).

Statistics
The extent of staining for the cadherins was compared with
size, grade, node status, and receptor status using the x2 test,
with p values , 0.05 being considered significant.

RESULTS
Clinicopathological features
The carcinomas comprised 82 infiltrating ductal carcinomas
of no special type, 16 infiltrating lobular carcinomas (two
pleomorphic), two tubular carcinomas, and 10 ductal
carcinomas in situ. The size range of the invasive carcinomas
was 15–80 mm, with a mean of 25.5. There was evidence of
lymph node metastasis in 54 invasive carcinomas, 45 were
lymph node negative, and nodal status was unknown in one
case.
The grades for all invasive carcinomas were 12 grade I, 50
grade II, and 38 grade III. The oestrogen receptor was
detected in 83% of invasive carcinomas, the progesterone
receptor in 69%, and the epidermal growth factor receptor in
18%.

Figure 1 Infiltrating ductal carcinoma with many cells showing
membranous staining for P-cadherin, but less cytoplasmic reactivity.
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was raised against a portion of the intracellular domain of
chicken N-cadherin and had been shown not to crossreact
with other cadherins.
The oestrogen receptor was detected using monoclonal
antibody 6F11 from Novocastra (Newcastle, UK), the
progesterone receptor with PgR636 (Dako, Glostrup,
Denmark), and epidermal growth factor receptor with
EGFR.113 from Novocastra. All secondary antibodies were
from Dako.
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Proportion of cells staining

P-cadherin
Membranous
Cytoplasmic
N-cadherin
Membranous
Cytoplasmic
E-cadherin
Membranous
Cytoplasmic

,20% cells 20–50%

51–80%

.80%

13
8

3
3

3
9

5
16

13

5

6

6

7
10

7
12

20
19

34
25

Table 2 shows the correlations with the clinicopathological
features. Four of the infiltrating lobular carcinomas were
positive, and in two . 50% of cells stained. There was no
relation between the presence of N-cadherin and lymph node
status (x2 = 3.8, 2 df, 0.25 . p . 0.1) or histological grade
(x2 = 8.17, 4 df, 0.1 . p . 0.05). Similarly, there were no
significant associations between the presence of N-cadherin
and size, oestrogen receptor, progesterone receptor, or
epidermal growth factor receptor expression.
Of the four cases of ductal carcinoma in situ that showed
staining three were high grade and one was intermediate
grade.

Figure 2 Infiltrating ductal carcinoma showing cytoplasmic staining for
N-cadherin, with occasional membrane staining also.

Infiltrating lobular carcinomas were excluded in comparisons between clinicopathological features and E-cadherin
(table 3). There were no significant correlations between the
presence and extent of membranous or cytoplasmic
E-cadherin expression and size, node status, grade, oestrogen
receptor, progesterone receptor, and epidermal growth factor
receptor expression.
Membranous staining in . 80% of cells and cytoplasmic
staining of , 50–80% was seen in all ductal carcinomas in
situ.

E-cadherin expression
This was detected on cell membranes and within the
cytoplasm of tumour cells. All infiltrating lobular carcinomas
lacked membranous staining, two had , 20% of cells with
cytoplasmic staining, and one of the pleomorphic variants
had . 50% of cells with cytoplasmic staining. There were
four infiltrating ductal carcinomas (all grade III) that
completely lacked E-cadherin, whereas all others showed
either membranous, cytoplasmic, or combined membranous
and cytoplasmic staining. Table 1 shows the extent of
staining for E-cadherin.

Comparison of P-cadherin, N-cadherin, and Ecadherin
This was done separately for the different types of carcinoma.
Of the 16 infiltrating lobular carcinomas, one (pleomorphic)
expressed all cadherins and one expressed both P-cadherin
and N-cadherin, whereas the three cadherins were detected
individually in a total of six carcinomas.
P-cadherin and N-cadherin were detected together in 13 of
the other invasive carcinomas, with 13 being positive for

Table 2 Expression of P-cadherin and N-cadherin in all invasive carcinomas in relation
to clinicopathological features
P-cadherin
Membrane

Size
0–20 mm
21–50 mm
.50 mm
Lymph node
Positive
Negative
Grade
I
II
III
ER
Positive
Negative
PR
Positive
Negative
EGFR
Positive
Negative

Cytoplasmic

N-cadherin

Neg

,50%

.50%

Neg

,50%

.50%

Neg

,50%

.50%

26
50
0

5
11
0

3
5
0

21
42
1

2
8
1

8
16
1

23
47
0

6
11
1

2
8
2

39
36

10
6

5
3

35
28

7
4

12
13

40
29

9
9

5
7

11
44
21

1
5
10

0
1
7

10
41
13

1
5
5

1
4
20

10
38
22

1
8
9

1
4
7

69
7

12
4

2
6

60
4

10
1

13
12

59
11

15
3

9
3

57
19

10
6

2
6

50
14

8
3

11
14

50
20

14
4

5
7

6
70

6
10

6
2

3
61

3
8

12
13

12
58

4
14

2
10

EGFR, epidermal growth factor receptor; ER, oestrogen receptor; Neg, negative; PR, progesterone receptor.
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Table 1 Extent of reactivity for P-cadherin, N-cadherin,
and E-cadherin for all invasive carcinomas
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Take home messages

N

E-cadherin
Membranous

Size
0–20 mm
21–50 mm
Lymph node
Positive
Negative
Grade
I
II
III
ER
Positive
Negative
PR
Positive
Negative
EGFR
Positive
Negative

Cytoplasmic

Neg

,50% .50% Neg

,50% .50%

4
8

6
8

20
38

9
12

7
13

14
29

8
4

7
7

30
27

12
8

10
10

23
20

2
4
6

0
4
10

10
28
20

5
7
9

2
9
9

5
20
18

8
4

10
4

49
9

16
5

17
3

36
7

7
5

6
6

45
13

16
5

11
9

31
12

5
7

4
10

8
50

4
17

3
17

10
33

EGFR, epidermal growth factor receptor; ER, oestrogen receptor; Neg,
negative; PR, progesterone receptor.

N-cadherin alone, 23 for P-cadherin alone, and 35 lacking
both. There was no significant correlation between the
presence of P-cadherin and N-cadherin. There were four
infiltrating duct carcinomas that lacked E-cadherin; all
showed high expression of P-cadherin and were grade III.
Nineteen of the 84 carcinomas had . 50% cells positive for
both E-cadherin and P-cadherin. Forty eight carcinomas
lacked P-cadherin and expressed E-cadherin. Three of the
four carcinomas lacking E-cadherin were negative for Ncadherin, seven had . 50% of cells positive for both, and 55
carcinomas expressing E-cadherin lacked N-cadherin.

DISCUSSION
Our study has shown a clear association between the
expression of P-cadherin in breast carcinomas and high
grade (poor differentiation), along with features that relate to
this; namely, lack of oestrogen receptor expression and the
presence of epidermal growth factor receptor expression.
Within the same group of carcinomas, there was no evidence
of a relation between features of differentiation and altered
expression of E-cadherin or de novo expression of Ncadherin.
In normal breast, P-cadherin is present within myoepithelial but not epithelial cells.14 23 Weak staining can be found in
hyperplastic breast, in relation to intermediate differentiation.23 In preinvasive malignancy, we and others24 have found
an association between the presence of P-cadherin and high
nuclear grade. The frequency of P-cadherin expression in
invasive carcinomas in our study is similar to the 35% found
by others.15 It is higher than some,13 14 but lower than the 52%
found by Peralta Soler et al.16 The carcinomas expressing Pcadherin were predominantly but not entirely grade III. This
association with grade has been reported previously,14 16
although the correlation with grade III was not as striking
in one study.16
When the presence of P-cadherin was considered in
relation to pathobiological features, the invasive carcinomas
could be placed into different categories: those that were Pcadherin and oestrogen receptor positive and retained Ecadherin (24%); those that were P-cadherin and epidermal
growth factor receptor positive, lacked the oestrogen receptor

N

Using immunohistochemistry, we found that P-cadherin
but not E-cadherin or N-cadherin expression in breast
carcinomas correlated strongly with poorer differentiation, as assessed by high grade, lack of oestrogen
receptor expression, and the presence of epidermal
growth factor receptor expression
Assessing P-cadherin expression in breast carcinomas
may identify cancers whose behaviour and response to
treatment might be different

but retained E-cadherin (12%); and a small number (4%)
that were P-cadherin and epidermal growth factor receptor
positive and lacked both the oestrogen receptor and Ecadherin. These last two categories, totalling 16%, may
represent carcinomas that have varying degrees of myoepithelial differentiation, because the presence of P-cadherin
and the epidermal growth factor receptor is a feature of these
cells. Other studies, using different markers of myoepithelial
differentiation (such as cytokeratins 5/6 and 14), have
reported incidences of myoepithelial-like carcinomas ranging
from one of 12 to 16%.25–28 A recent cDNA microarray analysis
that used hierarchical clustering to group breast cancers
according to their similarity in patterns of gene expression
found a ‘‘basal-like’’ group comprising 15% of breast
cancers.29 These studies and our results suggest that there
are a proportion of breast cancers with related myoepitheliallike characteristics.
‘‘The carcinomas expressing P-cadherin were predominantly but not entirely grade III’’
In contrast, no particular relations were found between Ncadherin and clinicopathological features. In vitro studies
have suggested that N-cadherin expression correlates with
invasion and metastasis,17 18 but in our present study no
correlation with nodal metastasis was found. This could
relate to the degree of expression, which is difficult to
determine by immunohistochemical studies. The two breast
cancer cell lines used in the in vitro studies had been stably
transfected with the N-cadherin gene, with resultant high
protein concentrations. Another immunohistochemical study
of breast cancer found N-cadherin in 48% of tumours but in
only small numbers of cells. It was always cytoplasmic and
did not correlate with outcome.16 In our present study, Ecadherin expression did not relate to grade, node status, or
receptor status. There have been many immunohistochemical
studies of E-cadherin in breast reported but no consistent
findings in relation to these parameters. Even when a
correlation with grade has been found the level of significance can vary. For example, one group using frozen tissue
and the 5H9 antibody found a p value of 0.008, but with fixed
tissue and using HECD-1 the same group reported a p value
of 0.03.9 30 Interestingly, strong E-cadherin immunostaining
has been found to correlate with poor survival for both grade
I31 and grade III10 tumours, indicating the problems in
understanding the relevance and dynamics of E-cadherin
expression.
Infiltrating lobular carcinomas are known to lack Ecadherin expression.4 The group of patients that we studied
had no evidence of membranous staining, with only one
pleomorphic variant having . 50% cells with cytoplasmic
reactivity. This carcinoma also expressed P-cadherin and
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Table 3 Expression of E-cadherin in infiltrating ductal
and tubular carcinomas in relation to clinicopathological
features
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N-cadherin, as did a small number of others, but all showed
cytoplasmic staining only.
In conclusion, P-cadherin but not E-cadherin or Ncadherin expression in breast carcinomas shows a strong
correlation with poorer differentiation, in the form of high
grade, lack of oestrogen receptor, and the presence of the
epidermal growth factor receptor, and may identify cancers
whose behaviour and response to treatment might be
different.
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