
Cancer Sci | November 2008 | vol. 99 | no. 11 | 2160–2169 doi: 10.1111/j.1349-7006.2008.00921.x
© 2008 Japanese Cancer Association

Blackwell Publishing Asia

Increased shedding of soluble fragments of 
P-cadherin in nipple aspirate fluids from women 
with breast cancer
Ferdinando Mannello,1,4 Gaetana A. M. Tonti,1 Virginia Medda,1 Andrea Pederzoli2 and Edward R. Sauter3

1Department of Biomolecular Sciences, Section of Clinical Biochemistry, University ‘Carlo Bo’, 61029 Urbino (PU), Italy; 2Section of Anatomic Pathology and 
Cytology, Infermi Hospital, Rimini, Italy; 3School of Medicine and Health Sciences, University of North Dakota, Grand Forks, ND, USA

(Received April 8, 2008/Revised July 4, 2008/Accepted July 6, 2008/Online publication September 22, 2008)

Breast cancer, a worldwide disease with increasing incidence, develops
from ductal/lobular epithelium. Nipple aspirate fluid (NAF), secreted
from the breast ducts and lobules, can be analyzed to assess breast
metabolic activity. P-cadherin is frequently over-expressed in high-
grade invasive breast carcinomas and has been reported to be an
enhancer of migration and invasion of breast cancer cells, being
correlated with tumor aggressiveness. The present study analyzed the
soluble fragment of P-cadherin in milk, NAF and matched plasma
samples of healthy subjects and in women with precancer conditions
and breast cancer. Soluble P-cadherin was detected in all plasma and
milk samples, and in about 31.3% of NAF samples. The lowest levels of
soluble P-cadherin were found in plasma, with no significant difference
among NoCancer, PreCancer and Cancer patients. The highest concen-
tration of soluble P-cadherin was detected in milk collected during the
first trimester of lactation, significantly with respect to all NAF samples.
There were significantly higher levels of soluble P-cadherin in NAF from
Cancer patients than those in women with NoCancer and PreCancer
(P < 0.0001). Although no significant difference was found between
in situ and invasive breast cancer, soluble P-cadherin levels were found
at high concentrations in c-erbB-2-positive tumors, showing a positive
correlation with disease stage grouping and tumor grade, and an
inverse relationship with estrogen/progesterone receptor status. High
levels of the soluble fragment of P-cadherin in Cancer NAF suggest its
possible release via proteolytic processing, favoring cancer cell detach-
ment from breast duct, and suggesting that measuring soluble P-
cadherin in NAF may improve the identification of women with
increased breast cancer risk. (Cancer Sci 2008; 99: 2160–2169)

B reast cancer (BC) is the most common worldwide malignancy
in women.(1) The increasing incidence of BC underlies the impor-

tance of discovering the mechanism(s) involved in breast tumo-
rigenesis,(2,3) and the urgent need to identify early biomarkers for
diagnostic/prognostic accuracy.(2) The etiology of BC is multifac-
torial, and is manifest as inappropriate cell growth, faulty cell
differentiation and improper cell–cell and cell–extracellular matrix
interactions.(4) All of these processes involve cadherin family
members, multifunctional Ca2+-dependent single-pass transmem-
brane glycoproteins; they promote and maintain cell–cell and cell–
matrix adhesion through their extracellular domain, whereas the
intracellular domain interacts with cytoplasmic proteins (e.g.
catenins, actin and cytoskeletal filaments).(5) The result of cadherin-
dependent signaling affects such fundamental cellular processes
as proliferation, survival, differentiation, shape and migration,
which in turn influence tissue morphogenesis and structure, also
in pathogenic events such as cancerogenesis and metastasization.(6,7)

Polarized epithelial cells lining the breast ducts and alveoli face
the lumen and are contiguous with the exterior. They express epi-
thelial cadherin (E-cad), which is linked to both catenins and
cytoskeleton.(8) Basal to the lumen epithelial cell layer, there are
myoepithelial cells, which arise from the differentiation of cap

cells with stem behavior.(9) These cells, playing a role in milk
extrusion and maintaining the ductal phenotype, express only
placental cadherin (P-cad). In this manner, E-cad knits the epi-
thelial cells, whereas P-cad links together the myoepithelial cells,
producing two compartments in the mammary gland, one facing
the lumen and the other the basement membrane.(8,9)

The gene encoding P-cadherin (CDH3) is far less well charac-
terized than is CDH1 (gene encoding for E-cad), although sharing
66% homology and mapping to chromosome 16q22.1, a region
that contains a cluster of several cadherin genes.(10) The mature
P-cadherin glycoprotein has a molecular weight of 118 kDa, and
its structure is similar to that of classical cadherins but different
from those of E-cadherin and N-cadherin in terms of immuno-
logical specificity and molecular mass; it is comprised of three
distinct domains (extracellular, transmembrane and cytoplasmic).(11)

Cadherin cell–cell adhesion proteins are critical for the forma-
tion of tissues from single cells and both P- and E-cadherins play
important roles in the architecture and functions of the normal
mammary gland.(8) In the mouse model, gene manipulation of
P-cad revealed precocious mammary gland development and early
growth and differentiation of epithelial cells, related to abnormal
cross talk between the epithelial and myoepithelial layers.(9) In
the normal, non-lactating mouse mammary gland, P-cad expres-
sion is restricted to the myoepithelium, playing a crucial role in
cell adhesion.(12,13) In human milk during lactation, an 80-kDa
protein, representing the soluble fragment of extracellular domain
of P-cad (sP-cad) secreted by luminal epithelial cells, was found
at significantly higher concentration with respect to serum.(14)

On the contrary, in the non-lactating gland, P-cad was found as
an 118-kDa protein only at sites of cell–cell contact between
myoepithelial cells, while it was not present in ductal epithelial
cells.(8,12,13) A recent review has reported the most important
findings on P-cad expression and functions in normal mammary
tissue and breast cancer cells, with particular emphasis on its
localization in carcinoma with different invasive properties and
its role as prognostic indicator.(15) In particular, several breast
cancer cell lines and a subset of human breast ductal (but not
lobular) cancer strongly express P-cad, which positively corre-
lates with high histologic grade, lack of estrogen/progesterone
receptors, increased tumor aggressiveness, high c-erbB-2 and
proliferation rate and poor prognosis.(16–24) Even though it has
been demonstrated that serum levels of P-cad fragments did not
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correlate with the presence of BC,(25) the secretion of sP-cad
fragments, generated through proteolytic cleavage, in particular
by matrix metalloproteinase,(26) play a role in the breast micro-
environment and in BC initiation/evolution, thus representing
a potential early biomarker to identify women at higher BC
risk.(6,15,18,21,24,27)

Currently available BC screening tools (such as mammography
and breast examination) miss 10–40% of early BC. An invasive
needle or surgical biopsy must be performed when an area of
suspicion is identified to confirm, by cytologic or histologic
evaluation, the presence of malignancy, even though 66–85% of
abnormalities are benign.(28) The development of non-invasive
techniques that would distinguish between women with or
without BC is therefore of crucial importance and a matter of
continuous efforts.(2)

The adult non-pregnant, non-lactating breast secretes fluid into
the breast ductal system that can be easily and non-invasively
obtained through nipple aspiration. It is a low-cost procedure
with minimal or no discomfort providing a fluid that represents
the mirror of the breast ductal microenvironment, potentially ideal
to evaluate the effect of a chemopreventive or a chemothera-
peutic agent.(29) Nipple aspirate fluid (NAF) can be obtained in
more than 90% of pre- and postmenopausal subjects and con-
sists of secreted proteins and cells sloughed from ductal and
lobular epithelium,(30) containing several biomarkers(31–34) and pro-
teinases (35,36) that are potentially useful as epidemiological and
clinical research tools.(2,37,38) Because BC develops from ductal
and lobular epithelium, the analysis of NAF has attracted con-
siderable interest as a window to assess the metabolic activity
within the mammary gland.(38–40) Validation of nipple aspiration
as a technique to screen for BC requires the demonstration that
one or more biological markers in the fluid (such as P-cadherin)
correlate with breast tissue pathology and thus predict the breast
disease. To non-invasively assess the expression of sP-cad in NAF
and to determine its potential clinical utility, we analyzed sP-
cad levels in NAF collected from healthy subjects and patients
affected by breast cancer, directly analyzing the secretion of
sP-cad fragments by breast ductal/lobular cells. Moreover, we
compared the concentration of sP-cad fragments found in NAF
samples with respect to those circulating in plasma and accu-
mulated in human milk samples collected during the first trimester
of lactation. Furthermore, we have also correlated the sP-cad
levels in NAF with the breast tissue expression of P-cad and
several clinico-pathological characteristics of BC. So, the main
focus of the current study was to analyze both systemic (serum)
and organ-specific (NAF and milk) body fluids, breast cells
floating in NAF and breast tissues, to determine if soluble P-
cadherin levels in the specimens were (1) concentrated in NAF
compared with serum and milk, (2) influenced by menopausal
status and correlated to clinico-pathologic variables and (3)
increased in the progression of disease comparing healthy women
with women with precancer and to women with breast cancer.

Materials and Methods

Subjects and sample collection. Women were required to give
written informed consent; the present work was carried out in
accordance with the ethical standards of the Helsinki Declaration
and after the approvals of the Ethics Committee of the University
‘Carlo Bo’ of Urbino (protocol 18/CE). Among all subjects
recruited (313 women), we excluded 29 patients owing to pre-
gnancy within 3 years or who were medically treated during the
previous year. Of the remaining 284 subjects, NAF was success-
fully collected in about 92% (262 women), using a modified breast
pump in calibrated capillary tubes as described elsewhere.(30) The
median volume of NAF collected was 25 μL (range 5–600 μL).
Without pooling, samples were snap-frozen and stored at –80°C
until use. We also collected milk samples from 20 healthy women

during the first trimester of lactation, and after centrifugation
the clear supernatants were stored at –80°C. The median age of
the lactating women did not significantly differ from that of the
other control subjects recruited. Five milliliters of blood were
also collected from the subjects, in citrate-containing devices,
spun for 10 min at 1000g at 4°C, and the plasma supernatant was
drawn and stored at –80°C until use. On the basis of whether the
subject had biopsy-proven newly diagnosed BC, biopsy-proven
evidence of the diagnosis that increased their risk of BC, or
neither of these, enrolled subjects were classified into one of
three risk categories: (1) ‘Cancer’, if there was evidence of ductal
carcinoma in situ (DCIS) or invasive breast cancer (IBC); (2)
‘PreCancer’, if the subject had atypical duct hyperplasia (ADH);
or (3) ‘NoCancer’, if neither precancer nor cancer was present.
NAF and tissue samples were analyzed from only one breast. For
subjects with precancer or cancer, NAF and tissue were analyzed
from the breast with known disease. NAF was successfully
collected from 262 non-lactating women (ages ranged from 29
to 82 years): 154 healthy women without evidence of precancer
or cancer (NoCancer), 17 patients with ADH (PreCancer) and 91
patients with biopsy proven BC (20 DCIS and 71 IBC patients)
(Cancer). NAF samples from Cancer patients were always collected
before the biopsy and/or surgical treatment in the breast with
disease. For subjects with PreCancer or Cancer, NAF and tissues
were analyzed from the breast with known disease and routinely
visualized by ecographic and mammography procedures. Cancer
and PreCancer patients did not show any abnormal nipple dis-
charge. Clinico-pathological characteristics (e.g. disease stage,
tumor size, nodal status, or distant disease spread) were determined
according to the American Joint Committee on Cancer tumor–
node–metastases (TNM) staging system for breast cancer.(41)

Immunoassay for soluble P-cadherin. sP-cad concentrations were
measured using a DuoSet enzyme-linked immunosorbent assay
(ELISA) Development kit, according to the manufacturer’s instruc-
tions (R & D Systems, Abingdon, UK). Briefly, 96-well immuno-
plate was coated with 100 μL per well of the monoclonal mouse
antihuman P-cadherin (capture antibody) and incubated overnight
at room temperature. The wells were washed with phosphate-
buffered saline (PBS) containing 0.05% Tween-20 and quenched
at 37°C with PBS containing 1% bovine serum albumin (BSA)
for at least 1 h. After washing, 100 μL of sample or standards were
added per well for at least 2 h at room temperature. All samples
were eventually diluted in PBS containing 0.1% BSA; a dilution
series of recombinant P-cad/Fc chimera from 1 to 1000 ng/mL was
prepared. Next, the plates were washed four times and subsequently
incubated with 100 μL of diluted biotinylated goat antihuman
P-cadherin (detection antibody) for 2 h at room temperature. After
accurate washing, 100 μL of streptavidin–horseradish peroxidase
was added to each well of the plates and incubated at room
temperature. After 20 min, gentle washing was repeatedly per-
formed with 0.05% Tween-20 in PBS pH 7.4, and 100 μL of sub-
strate solution containing a mixture of hydrogen peroxide and
tetramethylbenzidine (color reagents) was added to each well,
incubating for 20 min at room temperature. Finally, after stopping
the development reaction, the optical density of each well was
determined using a microplate reader set to 450 nm with a
wavelenght correction (FLUOstar Optima, BMG Labtech, Milan,
Italy). In control experiments, we omitted the primary antibody.
A standard curve was prepared using serial dilutions of recom-
binant P-cad/Fc chimera. A linear regression equation was created
from standards of known P-cad concentrations and P-cad levels
of unknown samples were fit to the standard curve regression
equation, corrected for aliquot volume and expressed as μg of
P-cad/mL of original sample. The standard curve, NAF, serum
and milk samples were run in duplicate and the average of
the two values was reported. The goodness of fit for all samples
was 0.989. Total protein concentrations in NAF samples were
determined using bicinchoninic protein assay kit (Pierce,
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Rockford, IL). NAF results are presented based on total protein
concentrations.

Cell culture and reagents. Breast cancer cell lines (BT-20 and
T47D) were purchased from ATCC (American type culture
collection, Rockville, MD, USA) and maintained in cell culture
at 37°C in a humidified 10% CO2 atmosphere in accordance with
the supplier’s instructions (Dulbecco’s modified Eagle’s medium
[DMEM] containing 10% heat-inactivated FBS, 100 IU/mL
penicillin, 100 μg/mL streptomycin and 2.5 μg/mL amphotericin
B). Cultured cells were grown to 80% confluence in 6-cm tissue
culture dishes, washed with PBS and then lyzed as described
below. All unspecified reagents were purchased from Sigma-
Aldrich (Milan, Italy). To prepare whole cell lysates, monolayer
cultures of human breast cancer cells grown to confluence in
10-cm tissue culture plates were washed twice with ice-cold
PBS and lyzed in ice-cold buffer containing 20 mM Tris-HCl
pH 7.4, 150 mM NaCl, 10% glycerol, 5 mM ethylenediaminete-
traacetic acid (EDTA), 10 mM NaF, and 1% Triton X-100 supple-
mented with 1 mM Na3VO4, 1 mM phenylmethylsulfonyl fluoride
(PMSF), 10 μg/mL aprotinin, and 10 μg/mL leupeptin followed
by centrifugation at 13 000 × g for 20 min at 4°C.

Proteolytic digestion of P-cadherin by Nipple Aspirate Fluid pro-
teinases. To preliminarily test the ability of NAF to digest P-
cadherin, we determined the proteinase activity by incubating
1 μL of Cancer NAF sample with 25 μL of 1% recombinant P-cad
in 0.1 M sodium phosphate at pH 3 and 7.5. After 2 h at 37°C,
aliquots of 1 μL were removed, heated for 5 min at 90°C in
sodium dodecylsulfate (SDS)-reducing sample buffer and analyzed
by 10% SDS–polyacrylamide gel electrophoresis (PAGE). For
inhibition assays, aliquots of 1 μL from NAF were preincubated
in 5 μL of 20 mM sodium phosphate pH 7.0 with 20 mM PMSF
and 0.1 M EDTA, serine proteinase and calcium-dependent
metalloproteinase inhibitors. After 1 h at room temperature, 20 μL
of 1% recombinant P-cad in 0.1 M sodium phosphate pH 7.5
were added. The reaction mixture was incubated for 2 h at 37°C
and analyzed by SDS-PAGE as above.

Electrophoretic analyses and quantitative densitometric assays.
Immunoprecipitation of sP-cad present in NAF and milk samples
was performed using an IPeX column, according to the manu-
facturer’s recommendations (GeBA, Gene Bio-Application, Milan,
Italy). Briefly, agarose beads were coupled with P-cadherin mouse
antihuman monoclonal antibody overnight at 4°C (clone NCC-
CAD-299 against extracellular domain; Zymed Laboratories, Milan,
Italy). Ten μL of a 6%-bead slurry has an antibody-binding
capacity of 90 μg. After washing and stabilization of the cova-
lently immobilized antibody for 30 min, the crude samples were
added to the column (range 10–100 μL) and incubated for 5 h
with gentle end-over-end mixing at 4°C. After five repeated washing
and centrifugation at 3500g, the antigen was eluted from the
agarose beads and mixed with Laemmli sample buffer, treated
with denaturing sample buffer in both non-reducing and reducing
conditions, separated by SDS 10% polyacrylamide gels, and
stained with standard Coomassie brilliant blue R-250.

Immunoprecipitated sP-cad, resolved on SDS-PAGE minigels,
were then subjected to Western blot analysis as previously des-
cribed.(42) Briefly, the minigels were transferred to a nitrocellulose
sheet according to the Towbin’s method, using a commercially
available semidry blot apparatus (Bio-Rad, Milan, Italy). Sheets
were saturated in PBS containing 2% non-fat dry milk and 4%
bovine serum albumin (BSA) for 60 min at 37°C, and then incu-
bated overnight at 4°C in the same buffer containing diluted
monoclonal and polyclonal antipan cadherin antibodies (clone
NCC-CAD-299 against extracellular domain, and clone ZyPC7
against pan-cadherin protein, respectively) (Zymed Laboratories,
Milan, Italy). After three washes in PBS, containing 0.1% Tween-
20, the sheet was incubated for 30 min at room temperature with
1:2000 diluted peroxidase-conjugated goat antimouse immu-
noglobulin G (IgG) in PBS/Tween-20 and washed as above.

Immunoreactive bands were visualized by the horseradish per-
oxidase/4 CN colorimetric method, using a commercially avail-
able kit (Bio-Rad). This method detected as little as 30 pg of
soluble protein. Biotinylated low molecular mass markers
(Bio-Rad) and recombinant P-cad (R & D Systems) were used as
molecular weight calibrators and positive control for full-length
intact P-cad, respectively. To quantitatively evaluate the soluble
fraction of P-cad (after immunoprecipitation, electrophoretic sep-
aration and Western blotting) the immunoreactive bands were
submitted to computer-assisted densitometric scan through Image
Pro-Plus software (Media Cybernetics, Silver Spring, MD, USA).
Results were expressed as mean ± standard error of optical
density arbitrary units, and then transformed in μg/mL after the
construction of a reference curve with known amounts of recom-
binant P-cad protein (1.25, 2.5, 5.0, 7.5, 10.0 μg).

Immunohistochemistry of P-cad in breast tissues. After routine
processing, the formaldehyde-fixed, paraffin-embedded breast
tissue was immunohistochemically studied using standard methods;
sections (3-μm thickness) were cut from paraffin blocks, dewaxed
and hydrated. Endogenous peroxidase was blocked with 3%
hydrogen peroxide in methanol for 10 min. Sections were sub-
mitted to protein blockage with normal goat serum and incubated
with a monoclonal antibody against P-cad (clone NCC-CAD-299
against extracellular domain, from Zymed Laboratories, Milan,
Italy). Immunostaining was performed using the avidin–biotin
peroxidase complex, with an antibody dilution of 1:50 (v:v), as
previously described.(17,21) Antigen retrieval was carried out by
a 100°C treatment in 10 mMol citrate buffer, pH 6.0 for 30 min.
Subsequently, the section were counterstained with Mayer’s
hematoxylin, dehydrated, cleared and mounted. Positive and
negative controls were always included with each batch of staining
to ensure consistency between consecutive runs. Paraffin sections
of normal breast tissue were used as a positive control for P-cad
because myoepithelial cells are always positive for this protein.(21)

Immunocytochemical localization of sP-cad in breast cells floating
in NAFs. For electron microscopy analysis, NAF samples (imme-
diately after collection) were prepared for immunocytochemical
studies as previously described.(33,37,42) Briefly, the specimens were
mixed 1:1 (v:v) with the fixative solution (0.1 M Sorensen
phosphate-buffered 8% paraformaldehyde and 1% glutaraldehyde,
pH 7.4) for 1 h at 4°C, after which the cell suspensions were
centrifuged at 340 × g at 4°C for 15 min. The cell pellets were
washed in 0.1 M Sorensen buffer pH 7.4 and embedded in 1.5%
agar-agar. After washing in PBS, free aldehydes were blocked in
0.5 M ammonium chloride in PBS at 4°C for 45 min. Following
washing in PBS, the specimens were dehydrated through graded
concentrations of ethanol and embedded in LRWhite resin that
was polymerized with UV light. Ultra-thin sections were placed
on nickel grids coated with a Formvar–carbon layer and then
processed according to the following protocol for immunocyto-
chemistry: the sections were floated for 3 min on normal goat
serum diluted 1:100 (v:v) in PBS and then incubated for 18 h
at 4°C with mouse antihuman monoclonal and polyclonal antic-
adherin antibodies (clone NCC-CAD-299 against extracellular
domain, and clone ZyPC7 against pan-cadherin protein, respec-
tively) (Zymed Laboratories, Milan, Italy), diluted 1:10 (v:v)
with a solution containing 0.1% BSA and 0.05% Tween-20 in
PBS. After rinsing, sections were floated on normal goat serum
and then reacted for 30 min at room temperature with the secondary
gold-conjugated antibody (Jackson ImmunoRes Laboratories,
West Grove, PA, USA) diluted 1:100 (v:v) in PBS. Following
the last incubation, the sections were rinsed, air-dried and stained
with lead citrate. Control grids were treated with the incubation
mixture without the primary antibody, then processed as described
above. The specimens were observed in a Zeiss EM 902 electron
microscope operating at 80 kV. Gold grains present over cyto-
plasmic areas were analyzed on 15 randomly selected electron
micrographs (final magnification ×42 000).
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Statistical analyzes. For sP-cad levels in NAF, serum and milk
samples, median values (range, minimum and maximum) of
continuous variables were computed for the various groups of
subjects. Because of the potential non-normality of the data,
ranking procedures were used for all analyses with continuous
variables. The Wilcoxon Rank Sum test was used to compare
independent groups (e.g. pre versus postmenopausal women,
Cancer versus Benign group, etc.); the Wilcoxon Signed Ranks
test was used for within group comparison. When three or more
groups were compared, the Kruskal–Wallis test was used. Spear-
man test was used for correlation analyses. The age-adjustment
was based on the gamma distribution.(43) In all instances, signi-
ficance was set at P < 0.05. Data were analyzed using Prism
software (Graph-Pad, San Diego, CA, USA).

Results

Subjects. From two hundred and eighty-four women studied,
in 262 subjects (aged 29–82) we were able to collect NAF samples
(about 92% of successful collection). Median age of the subjects
ranged from 42 years in the NoCancer to 56 in the Cancer group.
In both groups, most subjects were in postmenopausal status;
among the clinical/demographic variables compared, only age
was related to Cancer status. In fact, women with biopsy-proven
BC (Cancer patients) tended to be older than healthy counter-
parts (NoCancer subjects) (Table 1). Although the age was different
between cases and controls, no statistically significant correlation
between sP-cad levels and women age was found; the age-adjustment
did not affect sP-cad concentrations (data not shown).

Consistency of the assays. After dilutions (ranging from 8- to
80-fold) of NAF containing high sP-cad levels, a significant
linearity of dilution, and a correlation with sP-cad was found
(Y = –0.14 + 72.12x, r2 = 0.989). The mean (±SEM) of analytical
recovery percentage of recombinant P-cad added to the samples
was 97(5)%. Intra- and interassay CV with NAF samples were 4%
and 7%, respectively. The curve generated using spiked samples
paralleled the standard curve (data not shown). These data suggest
that the milk and NAF ‘matrix’ (i.e. proteins, hormones, and lipids
present in breast secretions) did not affect the P-cad immunoassay
performance, originally developed for plasma/serum specimens.

Isolation of soluble P-cad in milk and full-length P-cad in breast
cancer cell lines. The IPeX agarose bead columns allowed us to
isolate free soluble P-cadherin fragments from both milk and NAF
samples. In milk samples from 20 healthy women during the first
trimester of lactation, immunoprecipitation with mouse antihuman
P-cadherin monoclonal antibody (against the extracellular domain)
yielded a single band with molecular weight of 80 kDa, the known
size of sP-cad. Full-length P-cadherin with size of 118 kDa was
not detected in human milk, but was found in cell lysates derived
from BT-20 and T47D breast cancer cell lines using the antihuman
pan-cadherin polyclonal antibody. So, while the mouse antihuman
P-cadherin mAb against the extracellular domain detected the
80-kDa protein, the antihuman pan-cadherin (polyclonal antibody
directed to the intracellular domain of all cadherin family members)
did not, suggesting that in milk only the extracellular domain
fragment was present (Fig. 1a).

Using recombinant human P-cadherin as standard and analyzing
the linearity of reference curve, we estimated by both computer-
assisted densitometry and ELISA quantitative assay that the sP-
cadherin median concentration in milk collected during the first
trimester of lactation is 12.40 μg/mg protein (n = 20, range 10.1–
14.7 μg/mg protein). Our results are within the range of the known

Fig. 1. Soluble fragment of P-cadherin and P-cadherin protein in milk, nipple aspirate fluid (NAF) samples and in lysates of BT-20 and T47D breast cancer
cell lines. (a) Immunoprecipitated proteins of milk samples collected 20 days after delivery were loaded in lanes 1–3. When using the pan P-cad antibody
(against intracellular domain of full-length P-cad) no band was found in milk (lane 1), whereas the monoclonal antibody against P-cad extracellular
domain revealed in the same milk sample only the soluble fragment of P-cad (lane 2); this data was also confirmed in milk sample collected 10 days
after delivery (lane 3). Cell lysates of BT-20 and T47D breast cancer cells were also loaded in lane 4 and 5, respectively. In lanes Stds, the standard
proteins with their molecular masses expressed in kDa are visualized. The arrows indicate the position of soluble fragment and full-length P-cadherin,
at molecular mass of 80 and 118 kDa, respectively. (b) Recombinant full-length P-cadherin protein was loaded in lane 1, whereas P-cadherin protein
obtained from BT-20 and T47D breast cancer cell lines was visualized in lane 2 and 3, respectively. The two same NAF samples with high levels of
sP-cad were immunoprecipitated using monoclonal antibody against P-cad extracellular domain (lanes 4 and 5) and with the pan P-cad antibody against
intracellular domain of full-length P-cad (lanes 6 and 7). The standard proteins with their molecular masses expressed in kDa are visualized in
lanes Stds. The arrows indicate the position of soluble fragment and full-length P-cadherin, at molecular mass of 80 and 118 kDa, respectively.

Table 1. Demographic data for women analyzed in the present study
(n = 262)

No cancer† Pre-cancer‡ Cancer§

Samples (%) 154 (58.8) 17 (6.5) 91 (34.7)
Age, median years (range) 42 (29–51) 46 (30–69) 56 (48–82)
Premenopausal (%) 71 (46.1) 6 (35.3) 30 (32.9)
Race (%)

Caucasian 91 (59.1) 13 (76.5) 49 (53.8)
African American 63 (40.9) 4 (23.5) 42 (46.2)

Use of birth control pills (%) 56 58 45

†Subjects in which neither precancer nor cancer was present.
‡Patients with atypical duct hyperplasia.
§Patients with evidence of ductal carcinoma in situ or invasive breast 
cancer.
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levels of human milk soluble P-cadherin,(14) which are one to four
thousand-fold higher than those found in female serum.(25)

sP-cad is present in NAF and significantly increased in breast
cancer patients. The sP-cad fragment with a molecular mass of
80 kDa was detected through immunoprecipitation and subsequent
Western blot (using monoclonal antibody against P-cad extra-
cellular domain) in 31.3% of NAF samples examined (82 out
of 262). On the contrary, using the pan P-cadherin antibody
(detecting intracellular domain of full-length P-cadherin) no
P-cad was isolated and immunologically recognized in NAF,
suggesting that the soluble fragment of P-cad was present in
NAF (Fig. 1b); occasionally, a faint band of about 40 kDa was
detected only in Cancer NAF (data not shown). The pan P-
cad antibody recognizes in both BT-20 and T47D human breast
cancer cell lines a characteristic full-length P-cadherin with
size of 118 kDa.

To evaluate if sP-cad was actively concentrated in breast fluids,
we compared levels of sP-cad in milk and NAF with those in
matched plasma (Table 2). Except for plasma samples (in which
sP-cad was expressed in ng/mg protein), all the results of sP-cad
in breast fluids were expressed in μg/mg of total protein, because
total protein concentration can vary from sample to sample,
expecially in NAF.(30,32,38) sP-cad was detectable in all milk and
plasma samples, and only 31.3% of all NAF collected were found
to be sP-cad positive (82 out 262) (Table 2). In particular, sP-cad
showed appreciable levels in 20.1% of NoCancer (31 out of 154),
52.9% of PreCancer (9 out of 17) and 46.2% of Cancer (42 out of
91) NAF samples examined. Median concentration of sP-cad in
milk was 1.46-fold higher (12.4 μg/mg, n = 20) than in all NAF
samples (8.50 μg/mg, n = 82) (P < 0.0001). Moreover, sP-cad levels
in milk were always significantly higher with respect to NAF
samples collected from NoCancer, PreCancer and Cancer patients
(P < 0.0001; Table 2, Fig. 2a). sP-cad in NAF from healthy subjects
(NoCancer) showed the lowest median concentration (3.1 μg/mg,
n = 31), significantly lower than women with PreCancer (5.8 μg/mg,
n = 9; P < 0.0001) and women with Cancer (10.55 μg/mg, n = 42;
P < 0.0001). In NAF samples collected from patients diagnosed
with atypical duct hyperplasia (PreCancer patients), sP-cad was
detectable in about 52.9%, with a median concentration signifi-
cantly higher with respect to that found in NAF from NoCancer
women and significantly lower than in Cancer NAF (P < 0.0001;
Table 2). Among BC patients, 42 out of 91 women (46.2%) showed

detectable levels of sP-cad, with significantly higher median levels
with respect to both NoCancer and PreCancer women (Fig. 2a).
No statistically significant differences between NAF collected from
DCIS and IBC were found (P = 0.405) (Table 2). Among 42 BC
patients that were sP-cad positive, 22 had tumor confined to the
breast, 16 had spread to axillary lymph nodes and four had distant
disease spread; in these patients, a positive correlation between
sP-cad levels in NAF and disease stage was found (r2 = 0.574,
P = 0.0485) (Fig. 2b). Among 82 women with sP-cad positive NAF,
28 women were in premenopause (median 5.85 μg/mg, range
2.6–11.1) and 54 in postmenopause (median 9.0 μg/mg, range
2.1–12.8); no significant difference of sP-cad levels between
menopausal groups was found (P = 0.302) (data not shown). In
NoCancer and PreCancer subjects, no difference in sP-cad levels
was found between pre- and postmenopause (P = 0.839 and
P = 0.277, respectively) (data not shown); whereas in the 42 Cancer
patients we found that sP-cad levels were significantly higher in
postmenopausal women (n = 30, median 10.95 μg/mg, range 8.9–
12.8) compared with premenopausal patients (n = 12, median
9.5 μg/mg, range 8.3–11.1) (P = 0.0002) (Fig. 2c).

For the comparison between NAF and breast tissue expression
of P-cadherin, we analyzed breast tissue specimens from all BC
patients to evaluate the correlation between P-cad expression and
clinico-pathologic characteristics. As shown in Table 3, there
was a greater proportion of patients in the positive P-cad group
of tumors with negative estrogen/progesterone receptor status
compared with the negative P-cad group; in fact, estrogen or
progesterone receptor negative status was found in 55% of the
P-cad-positive tumors, whereas only 17% of the P-cad-negative
tumors were estrogen/progesterone receptor negative (P < 0.0001).
Moreover, when the frequency of P-cad expression in BC was
divided according to the histologic tumor grade, poorly differ-
entiated BC (Grade 3) was more frequently P-cad positive than
negative (28.6% versus 14.3%, respectively; P = 0.002). In con-
trast, well differentiated tumors (Grade 1) were more frequently
P-cad negative than positive (26.6% versus 7.1%, respectively;
P = 0.0006); no difference in the distribution of P-cad-positive
and negative tumors in moderately differentiated tumors (Grade
2) was found. Finally, the majority of P-cad-positive cases was
significantly related to c-erbB-2 expression (30.9%), whereas
only 10.2% of P-cad-negative tumors expressed HER-2 protein
(P < 0.001).

Table 2. Median levels of soluble fragment of P-cadherin in milk, plasma and nipple aspirate fluid (NAF) samples based on cancer presence 

Soluble P-cadherin, median (range)

Milk 
(N = 20; μg/mg)

NAF 
(N = 82; μg/mg)

Plasma 
(N = 65; ng/mg)

Healthy (N = 20) 12.40 (10.1–14.7)a,b,c,d 1.36 (1.20–1.66)n

Total (N = 82) 8.50 (2.10–12.80)e,f,g 1.30 (1.19–1.73)
NoCancer (N = 31) 3.10 (2.10–3.60)h,i 1.31 (1.20–1.67)
PreCancer (N = 9) 5.80 (4.95–6.40),(1) 1.40 (1.20–1.71)
Cancer (N = 42) 10.55 (8.30–12.80) 1.47 (1.19–1.70)
Ductal carcinoma in situ (DCIS, N = 8) 10.55 (8.30–11.00)m 1.45 (1.24–1.69)
Invasive breast cancer (IBC, N = 34) 10.60 (8.70–12.80) 1.44 (1.29–1.73)

aMilk versus Total NAF: P < 0.0001.
bMilk versus NoCancer NAF: P < 0.0001.
cMilk versus PreCancer NAF: P < 0.0001.
dMilk versus Cancer NAF: P < 0.0001.
eTotal NAF versus NoCancer NAF: P < 0.0001.
fTotal NAF versus PreCancer NAF: Not Significant (P = 0.515).
gTotal NAF versus Cancer NAF: P < 0.0001.
hNoCancer NAF versus PreCancer NAF: P < 0.0001.
iNoCancer NAF versus Cancer NAF: P < 0.0001.
lPreCancer NAF versus Cancer NAF: P < 0.0001.
mCancer NAF–DCIS versus Cancer NAF–IBC: not significant (P = 0.405).
nNot significant differences among all plasma samples.
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Among the BC specimen tissues positive for P-cad (n = 42) and
characterized for some clinico-pathologic characteristics (Table 3),
we have analyzed in the corresponding NAF samples (always
collected before the biopsy and/or surgical treatment in the breast
with disease) the concentrations of the soluble form of P-cad. As
shown in Figure 3, NAF from Grade 2 tumors contained the highest
sP-cad levels (median 11.2 μg/mg, range 8.7–12.8 μg/mg), sig-
nificantly higher with respect to Grade 1 and Grade 3 tumors
(median 8.9 versus 9.8 μg/mg, respectively; P = 0.0086 and
P = 0.0045, respectively). No significant difference was found for
sP-cad levels between NAF from BC of Grade 1 and 3 (P = 0.083).
Moreover, in the higher proportion of BC tissues positive for P-
cad and ER/PR-negative (23 out of 42) NAF samples contained
significantly higher concentrations of sP-cad with respect to BC
P-cad-positive but ER/PR-positive tumors (median 11.2 versus
9.7 μg/mg, respectively; P < 0.0001) (Fig. 3). Finally, the small
proportion of BC tissue specimens positive for c-erbB-2 and P-

cad (13 out of 42) showed in the related NAF samples a signifi-
cantly higher content of sP-cad with respect to those negative
for HER2 (median 11.7 versus 10.15 μg/mg, respectively;
P < 0.0001).

In our series of plasma samples, no significant difference of
sP-cad content between women with and without BC was found;
our range of sP-cad levels in plasma (1.19–1.73 ng/mg protein)
corresponds to a range of approximately 85–125 ng/mL, which
falls within the range of 60–300 ng/mL of sP-cad previously
detected in serum from both healthy and BC women.(25) So, our
results, in accordance with previous studies,(14,25) confirm that
plasma sP-cad concentrations were 1000/7000-fold lower with
respect to those commonly found in human milk during the first
month of lactation; moreover, for the first time, we found that
sP-cad is 6000-fold concentrated in NAF with respect to plasma
and only 1.4-fold lower than in milk, suggesting its accumula-
tion in breast fluids through a shedding mechanism by the cells
lining breast ductal tree.

Proteolytic digestion of P-cadherin by NAF proteinases. From
previous reports,(31,35,36) it seemed reasonable to assume that a
wide range of several proteinases may be present in NAF from
women at high risk and bearing BC. To preliminarily identify
the ability of NAF to digest full-length P-cadherin, we performed
an incubation of protein substrate with NAF aliquots, at different
pH and in the presence of some proteolytic inhibitors. The first
attempts revealed that Cancer NAF did not show any proteolytic
activity against P-cad at acidic pH (only full-length 118-kDa P-
cad was detected, with no band at lower molecular mass).
However, when activity was tested at neutral pH, NAF displayed
strong proteolytic activity on recombinant P-cad, showing the
absence of full length P-cad at 118 kDa concomitantly with the
presence of its soluble forms at 80 kDa (Fig. 4). During the pro-
teolysis, we also detected a protein fragment of 40 kDa, never
found up to now. Inhibition studies showed that this proteolytic
activity could be completely abolished by EDTA, a strong inhibitor
of calcium/zinc-dependent metalloproteinases; by contrast, PMSF
(a serine proteinase inhibitor) did not show any effect (Fig. 4).
These results suggest that the soluble fragment of P-cadherin
found in Cancer NAF may be the result of a specific proteolytic
digestion by EDTA-sensible neutral proteinase (e.g. Ca/Zn-dependent
matrix metalloproteinases).(35) More studies are in progress to
identify the subclasses of proteinases able to cleave soluble
fragments from full length P-cad and to characterize all the soluble
fragments that may be obtained through proteolytic processing
of P-cad.

Immunolocalization of soluble P-cadherin in human breast cells
floating in NAF. Ultrastructural observations of immunolabeled
samples revealed that the breast cells floating in NAF collected

Fig. 2. Levels of soluble fragment of P-cadherin (expressed as μg/mg of
total protein) detected in breast secretions. (a) sP-cad concentrations were
significantly higher in milk (n = 20) than in nipple aspirate fluid (NAF) samples
collected from ‘NoCancer’ women (n = 31, P < 0.0001), subjects affected
by ‘PreCancer’ (n = 9, P < 0.0001) and patients with breast ‘Cancer’ (n = 42,
P < 0.0001). (b) Linear regression analysis (plus confidence interval of the
curve) of soluble fragment of P-cadherin levels (expressed as μg/mg of total
protein) detected in cancer NAF samples based on tumor stage grouping,
according to tumor–node–metastases (TNM) classification (n = 42, r2 = 0.574,
P = 0.0485). (c) Median levels of soluble P-cadherin (sP-cadherin) detected
in NAF collected from ‘Cancer’ patients (n = 42) in pre- and postmenopausal
status (n = 12 and n = 30, respectively) (*P = 0.0002).

Table 3. Correlation between histochemical P-cadherin expression
and clinico-pathologic variables of breast cancer tissue specimens
(N = 91)

Status
P-cadherin positive 

(n = 42)
P-cadherin negative 

(n = 49)

ER/PR negative† 23 8
ER/PR positive‡ 19 41
Grade 1 3 13
Grade 2 27 29
Grade 3 12 7
c-erbB-2 positive 13 5
c-erbB-2 negative 29 44

ER: estrogen receptor; PR: progesterone receptor.
†These include tumors negative for both receptor and tumors negative 
for either ER or PR.
‡These include tumors positive for both receptors.



2166 doi: 10.1111/j.1349-7006.2008.00921.x
© 2008 Japanese Cancer Association

from Cancer localized sP-cad mainly along the cell surface,
displayed a cytoplasmic signal, whereas Golgi complexes were
rarely labeled; cell nuclei, secretory vacuoles, free ribosomes
and mitochondria never showed any labeling (Fig. 5a). Control
samples showed only a negligible signal (data not shown).

Immunohistochemistry of P-cadherin in human breast tissues.
All BC specimens were analyzed for P-cad expression in tissue
(Fig. 5b,c). These specimens were collected and processed from
the enrolled subjects who had undergone breast surgery and/or
biopsy after NAF and plasma collection. P-cad was expressed
in 42 out of 91 specimens (about 46.2%) of Cancer breast tissue
specimens. The staining was predominantly localized on the plasma
membrane, even though some cases demonstrated cytoplasmic
staining. Neither staining intensity nor distribution was influenced
by disease diagnosis, without significant differences among
ADH, DCIS and IBC patients (data not shown).

Discussion

Many reports of serum and tissue-soluble fragment and full-
length P-cadherin and their association with BC have focused
on later-stage disease and prognosis.(15) High levels of this protein

were found in women with basal-like, medullar, metaplastic and
high-grade invasive ductal BC (who had a poor prognosis and
patient survival),(16–21) while not detected in lobular and low-grade
invasive BC.(15,19) The percentage of BC tissues that aberrantly
expressed P-cadherin ranged from 4% to 71%, with an average
of 36% of positive breast tumor, showing moderate to intense
membrane immunostaining, usually associated with cytoplasmic
expression and sometimes focally distributed.(19) The probabilities
of disease-free and overall survival were significantly lower for
patients with P-cadherin-positive tumors, even though P-cadherin
expression was not significantly correlated with tumor size, lymph
node metastases and angiogenesis.(18) In the present study, we found
that 46.2% of BC tissue expressed P-cad, of which 54.8% was
ER/PR negative, 64.3% was of Grade 2 and 30.9% was c-erbB-
2 positive: our immunohistochemical data about P-cad expression
on high-grade BC tissue specimens and the related expression
of ER/PR receptor status and the HER2 expression are in full
agreement with previous studies,(15,17–23) confirming that P-cad
expression in BC tissues is inversely correlated with ER/PR
status, positively correlated with a high histologic grade and
suggesting that P-cad expression may be a marker of aggressive-
ness.(15,18) It is well known that P-cad-expressing tumors are highly
aggressive and may originate from cap cells with stem cell
behavior,(44) which do not express estrogen receptor, a common
characteristic of tumors expressing P-cad. Moreover, several
paracrine growth factors that are known to stimulate the growth
of cap cells are also associated with the up-regulation of matrix
metalloproteinases,(18) a class of proteinases that is known to
degrade full-length P-cad shedding its extracellular soluble
fragment.(26)

Soluble fragments of the extracellular domain of classic cad-
herins have been reported previously in several biological fluids
(e.g. serum, urine, spermatozoa, milk and prostate secretion) and
in conditioned medium from cultured cells,(8,45–47) suggesting
that shedding of soluble fragments of cadherins occurs under
normal and diseased conditions, and accompanies several crucial
processes (e.g. tissue remodelling, apoptosis, invasion).(5,7,48–52)

Altered P-cad expression (at mRNA and protein levels) was found
in human rare autosomal-recessive disorder and in several mouse
organs, differentially expressed in embryonic and adult tissues.(9)

Based on several lines of evidence, P-cadherin expression is
considered a good indicator of poor prognosis in BC patients.(18,20)

Although there is not yet any validated explanation for the increased
expression of P-cadherin in BC cells, its aberrant expression in

Fig. 3. Levels of soluble fragment of P-cadherin (sP-cad, expressed as μg/mg of total protein) detected in breast secretions from breast cancer (BC)
patients before surgery and/or biopsy, according to some clinico-pathologic variables. Median levels of sP-cad concentrations were significantly higher
in nipple aspirate fluid (NAF) collected from Grade 2 tumors (n = 27) than in NAF samples collected from BC patients with Grade 1 and 3 tumors (n = 3
and n = 12, respectively; P = 0.0086 and P = 0.0045). NAF collected from ER/PR negative tumors contained significantly higher levels of sP-cad respect
to estrogen receptor (ER)/progesterone receptor (PR)-positive tumors (n = 23 versus n = 19, P < 0.0001). Median levels of sP-cadherin detected in NAF
collected from ‘Cancer’ patients with c-erbB-2-positive tissues (n = 13) were significantly higher compared with NAF collected from HER2-negative tumors
(n = 29, P < 0.0001).

Fig. 4. Digestion of recombinant full length P-cadherin by nipple aspirate
fluid (NAF) proteinases. 25 μL of 1% recombinant P-cad in 0.2 M sodium
phosphate pH 7.5 and 3.0 were incubated with 1 μL of NAF (lanes 1 and
2, respectively), and 1 μL of NAF previously incubated with 0.1 M ethyle-
nediaminetetraacetic acid (EDTA) and 20 mM phenylmethylsulfonyl
fluoride (PMSF) (lanes 3 and 4, respectively). After 2 h at 37°C, aliquots
of 1 μL were analyzed using sodium dodecylsulfate–polyacrylamide gel
electrophoresis (SDS-PAGE) according to the Laemmli standard method.
In Std lane, proteins of standard molecular masses were loaded; the protein
molecular weight is expressed in kDa.
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certain BC tissues has been hypothesized linked either to the
proliferative ability acquired by tumor cells with high mitotic
index or to its peculiar onco-fetal property.(17–19)

Proteolysis can contribute to the impairment of the cadherin
functions. Several proteolytic enzymes have been shown to be
responsible for the shedding of the extracellular domain of
different cadherins. For example, matrilysin, stromelysin-1,
plasmin, disintegrin and matrix metalloproteinase can cleave the
extracellular portion of the E- and N- full-length cadherins (shed-
ding in biological fluids the soluble fragments of 80 and 90 kDa,
respectively).(45–47) Based on the evidence that cancer cells
(including breast cancer) almost invariably show diminished
cadherin-mediated intercellular adhesion and cadherin ectodo-
main shedding, a recent review highlighted the importance of
soluble cadherin fragments that may retain specific biological
activity during cancer cell invasion and angiogenesis, suggesting
their role as cancer biomarkers.(52)

Soluble fragments of P-cadherin (sP-cad) were found in serum
of healthy subjects as well as in BC patients, but no significant
difference was found between these two populations.(25) Remark-
ably, the sP-cad levels are 20-fold lower than the sE-cad levels
in serum,(25) in addition, sP-cad of 80 kDa was also detected in
milk, demonstrating that in canine and human lactating mammary
gland tissues, P-cadherin is a protein secreted by epithelial cells,
rather than an adhesion protein.(14,53) Further studies through the
degradome analysis are in progress to determine the (common?)
sites of proteolysis of the sP-cad-secreted protein in different
bodily fluids during physio-pathologic conditions (such as milk,
NAF, semen, breast cyst fluid and amniotic fluid).

Our immunocytochemical evidence that breast cells floating
in NAF contains appreciable amounts of the soluble fragment
of the extracellular domain of full-length P-cadherin molecule
is in agreement with the immunohistochemical data of sP-cad
immunolabeling in lactating gland tissue at increased levels respect
to the non-lactating breast tissue.(14,53) Up to now, no alternative
spliced forms of P-cadherin mRNA have been described.(15,54,55)

Moreover, the finding that sP-cad may be shed in milk via pro-
teolysis,(52) strengthens our hypothesis that high levels of sP-cad
accumulated in Cancer NAF may be derived from its shedding
after proteolytic cleavage of the extracellular domain of the full-
length P-cadherin. To add more consistency to our hypothesis,
we have performed preliminar evaluation of the ability of NAF
proteinases,(31,35,36) to degrade in vitro full-length P-cad. Our
observations pointed to the suggestion that neutral proteinase(s)
may be responsible for the shedding of P-cad soluble fragments
(pH-dependent and EDTA-inhibited activity). Further studies
are required to identify the proteinase families that possess the
ability to cleave and shed soluble fragments of P-cad.

Comparing sP-cad content in NAF collected from the Pre-
Cancer and Cancer patients with NAF from NoCancer healthy

subjects, we found that the higher soluble fragment concentra-
tions may better represent a local process of higher biosynthetic
activity rather than a passive accumulation mechanism or plasma
filtration. Although the cellular source and formation mechanism(s)
of NAF sP-cad is unknown, we suggest that its accumulation in
subgroups of Cancer NAF and in NAF from patients at higher
BC risk may derive from the highly metabolizing cells lining
the ductal tree.(30,37) In the present study, we have evaluated the
relationship between P-cad expression in BC tissue and the pre-
sence of sP-cad in NAF collected before surgery from the same
women; our results on P-cad demonstrate that the analysis of NAF
is the mirror of BC tissue microenvironment, and that several
proteinases found in NAF at high concentrations (e.g. matrix
metalloproteinases),(35) may be in part responsible for the degra-
dation of full-length P-cad and the release of extracellular solu-
ble P-cad fragment. Although the shedding mechanism of the
extracellular domain fragment of P-cad from the cell surface is
not known, it has been proposed that it involves the activity of
matrix metalloproteinases.(52,56,57) In this respect, the production
by breast cells and the secretion/accumulation of several matrix
metalloproteinases in NAF (in particular at higher levels in patients
at high BC risk),(35) may represent a potential mechanism for the
release of sP-cad from the breast ductal cell surface, suggesting
the intact transmembrane P-cadherin as a biologically active target
for matrix metalloproteinases activity.(52,58) However, it has also
been hypothesized that the transmembrane P-cadherin is prote-
olytically processed in the cytoplasm of epithelial cells, rather
than at the cell surface, and then secreted into the lumen of the
breast duct.(14,53)

The cleavage of several cadherins by matrix metalloprotein-
ases (and probably by other proteinases found in NAF, such as
urokinase-type plasminogen activator),(35,36) may play a critical
role in promoting the proliferation and invasiveness of tumor cells
through abnormal functioning of the cadherin–catenin signaling
pathway and shedding soluble fragment of cadherins that are
involved in cancer proliferation (pro-invasive activity of sP-
cad).(5,52,54,55,59) On the other hand, the release of soluble cadherin
fragments may up-regulate the matrix metalloproteinase activity
in human cancers (contributing to expression of an invasive phe-
notype by tumor cells by regulating their metalloproteinase pro-
duction/secretion).(56,57,59–61)

In summary, the soluble fragment of P-cadherin, but not full-
length P-cadherin, is detectable in human NAF. In particular, NAF
levels of sP-cad are significantly higher in women with BC, and
in women at increased BC risk, with respect to healthy subjects.
Moreover, increased levels of sP-cad are found in NAF collected
from BC patients with high-grade tumors, with c-erbB-2 positivity
and ER/PR-negative receptor status, indicative of more aggressive
BC phenotype. The reason for the increased expression of sP-
cad in a subset of BC NAF is actually unknown, it may be due

Fig. 5. Immunolabeling of P-cadherin in breast cells. (a) In breast cells floating in ‘Cancer’ nipple aspirate fluid (NAF) the labeling occurs along
the cell surface and dispersed in the cytosol, whereas the cell nucleus (N), secretory vacuole (V), mitochondria and free ribosomes are devoid of
gold grains. (b) Immunohistochemistry of P-cadherin in human normal breast tissues, showing an intense immunostain of P-cad in myoepithelial
cells and not by luminal epithelial cells (10×). (c) Tissue P-cad labeling with high-power view of invasive ductal carcinoma, demonstrating
membrane-bound staining of breast cancer cells (100×). Bar 0.5 μm.
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to enhanced activity of proteinases (in particular matrix metal-
loproteinases and urokinase-type plasminogen activator, prote-
olytic enzymes found at high levels in NAF),(35,36) supporting
the concept that sP-cad is more than a sticky molecule and may
play multiple functional roles in addition to its contribution to
breast cell adhesion.(6,52,61) The higher concentrations in NAF from
postmenopausal women and the significantly higher levels of sP-
cad in NAF collected from PreCancer and Cancer women when
compared with NoCancer subjects (apparently healthy women),
confirm that NAF may have more value in BC risk assessment
than as a diagnostic or screening tool,(38) suggesting also that
measuring sP-cad in NAF from larger cohort/population may

prove useful in BC risk stratification and improve the identifica-
tion of women with more aggressive BC with poor prognosis
and survival.
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