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Abstract
Originally identified as Trop1, epithelial cell adhesion molecule (EpCAM) is a transmembrane glycoprotein that
received great attention because of its putative involvement in metastatic spread of several solid tumors
including breast cancer. Experimental evidence indicated that EpCAM is a key transcriptional target of p53
tumor suppressor, due to the presence of specific p53 response elements within EPCAM gene promoter. Aim of
present study was to investigate the joined prognostic significance of p53 and EpCAM in a cases series of 640
breast cancers with long-term follow-up. In addition, considering the role of EpCAM in modulating cell-cell
interaction by decreasing the cytoskeleton-anchored fraction of E-cadherin, when feasible, we evaluated also
E-cadherin expression. Results indicated that EpCAM overexpression was associated with a high incidence of
relapse and that, when in association with p53 status, EpCAM was able to identify, within p53-positive cases,
those with the highest incidence of relapse. Conversely, E-cadherin overexpression was associated with a low
incidence of relapse. Overall, these findings are of particular clinical relevance taking into account the biological
link between p53 activity and EPCAM gene expression and the functional relationship between EpCAM and
E-cadherin in mediating cell-to-cell adhesion.
Keywords: EpCAM expression, p53 status, breast cancer, prognosis
1. Introduction
Since its discovery in 1979, an intensive investigation has clearly proved that p53 is a pivotal tumor suppressor
playing a central role in cell growth control by induction of apoptosis, cell-cycle arrest and senescence in
response to a plethora of cellular stress signals (Levine & Oren, 2009; Suzuki, 2011). TP53 gene is mutated in
more than half of human cancers, and mutation frequently results in the expression/accumulation of an inactive
protein, which hampers the correct cell cycle control and apoptosis activation (Olivier, 2010). Clinical evidence
indicated that both gene mutations and protein accumulation are associated with poor prognosis (Cheok, 2011).
As regards breast cancer, p53 is mutated in about 30-40% of cases (Olivier, 2006), with a high frequency in some
tumor subtypes including the pathologic class of triple-negative breast cancers (TNBCs). These tumors are
characterized by a negative estrogen (ER) and progesterone receptor (PR) status, a negative HER2 expression,
and the immunohistochemical expression of basal cytokeratin and epidermal growth factor receptor (EGFR) (Di
Leo, 2007; Langerod, 2007; Chae, 2009). Recently, we found that p53 protein expression is able to subdivide
this so critical pathologic class of breast tumors into two distinct subsets with a different outcome, being
p53-expressing tumors associated with short overall and event-free survival (Biganzoli, 2011).
Originally called Trop-1 and also known as ESA and GA733-2, epithelial cell adhesion molecule (EpCAM) is a
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transmembrane glycoprotein that received great attention because of its putative involvement in metastatic
spread of several solid tumors including breast cancer (Cimino, 2010; Spizzo, 2011). Initially identified as a
carcinoma-associated antigen (Schön, 1993), EpCAM was found expressed also on most normal epithelial cells
where it functions as a homotypic calcium-independent cell adhesion molecule between epithelial cells and
intraepithelial lymphocytes (Litvinov, 1994). In normal epithelial tissues, including the luminal epithelium of
mammary gland (Momburg, 1987), EpCAM localizes to the basolateral membrane whereas in carcinomas
(including breast cancer) its expression pattern shifts to an intense membranous overexpression. EpCAM
membranous overexpression has provided clinical evidence as prognosticator in several human carcinomas
(Went, 2004; Went, 2008; Kimura, 2007; Seligson, 2004) including breast cancer, where it correlated with poor
disease-free and overall survival in node-negative as well as in node-positive patients (Gastl, 2000; Schmidt,
2008; Spizzo, 2004).
Despite EpCAM expression has been associated with tumor aggressiveness, its real biological function remains
unclear. On one hand, EpCAM physiological functions include cellular differentiation and maturation during
embryonic development and initiation of tissue regeneration after inflammatory response (Trzpis, 2007). On the
other hand, it can affect cell cycle control upregulating the proto-oncogene c-Myc (Munz, 2004) and disrupts cell
adhesion by decreasing the cytoskeleton-anchored fraction of E-cadherin (Litvinov, 1997).
Experimental evidence indicated that EpCAM is a key transcriptional target of p53 because the presence of
specific response elements within EPCAM gene promoter (Sankpal, 2009).
Based on the relationship between p53 and EpCAM expression, we investigated their joined prognostic
significance in a large cases series of breast cancers with long-term follow-up. In addition, considering the role
of EpCAM in modulating cell-cell interaction by decreasing the cytoskeleton-anchored fraction of E-cadherin,
when feasible we evaluated also the joined effect of E-cadherin expression.
2. Method
2.1 Patients Cases Series
Seven-hundred consecutive patients from the Ferrara Cancer Register treated for a primary breast cancer
between January 1989 and December 1993 at the Surgical Units of Ferrara S. Anna Hospital-University or at
Surgical Units of the Ferrara province’s hospitals were retrospectively included in this study. Informed written
consent was obtained from all patients and the University of Ferrara Research Ethics Committee approved the
study. Eligible criteria were pathologic stage T1 to T3, availability of at least 10 resected axillary lymph nodes,
absence of synchronous bilateral tumors or any other malignancy before breast cancer diagnosis and up to 6
months after surgery, absence of distant metastases at diagnosis and up to 6 months after surgery, and no
neo-adjuvant therapy. At diagnosis, 392 patients were classified as node-negative (pN-) and 308 as node-positive
(pN+).
According to treatment protocols applied, 335 of them received an adjuvant therapy. Clinical baseline and
patient’s follow-up data (date and site of relapse, last follow-up time, and date and cause of death) were extracted
from the Ferrara Cancer Registry. Data on patient age, tumor histology, pathological stage (pT), grading, and
number of involved axillary lymph nodes were also collected (Ambrogi, 2006). After immunohistochemical
assessment of routine biomarkers (ER, PR, HER2 and p53) for 640 patients (Table 1), a residual
paraffin-embedded tissue material of the primary tumor was available for the immunohistochemical evaluation
of EpCAM and E-cadherin expression.
The recommendations for Tumor Marker Prognostic Studies (REMARK) criteria were followed throughout, as
recommended by McShane et al. (2005). The protocol of this study was approved by the board of the Ministry of
the University and Research (“Identification and validation of new markers of metastasizing phenotype of breast
cancer”, prot. MM06095812_006, year 2000).
2.2 Immunohistochemistry (IHC)
Breast cancer tissue microarrays (TMA) were prepared as previously described (Alberti, 2012). Then, the
sections were processed in a microwave oven in a TEC buffer (Tris-citrate-EDTA), pH 7.8, to unmask antigenic
sites after formalin fixation. IHC was performed with an automated immunostainer (Ventana NEXES, Medical
System, Tucson, AZ, USA). Slides were stained for EpCAM using the VU-ID9 antibody (NovoCastra
Laboratories Ltd., Newcastle upon Tyne, UK) or for E-cadherin using the ECH-6 antibody (Medite, Castelnuovo
Del Garda, Italy). Vectastain ABC peroxidase kit (Vector Laboratories, DBA Italia, Segrate, Italy) was used to
reveal antibody binding. Slides treated with normal serum or isotype-matched antibody, were used as negative
controls. Endogenous biotin was saturated with a biotin blocking kit (Vector Laboratories). Two pathologists
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independently examined all TMA sections. For each tumor, at least 400 cells were counted and the percentage of
immunostained cells was recorded. In both cases, protein expression was scored according to the product
between the intensity coefficient (0, negative; 1, low; 2,moderate; 3, strong) and the frequency of positive
coefficient (0, no colored cells; 1, 1-9%; 2, 10-49%; 3, 50-79%; 4, 80-100%), then categorized as follows: 0,
negative score; 1+, score 1-4; 2+, score 5-8; 3+, score 9-12. All routinely evaluated biological variables were
categorized according to conventional cut-offs (Table 1). P53 status was considered as positive (p53+) when a
percentage greater than 10 of positive staining cells was observed.
According to Spizzo et al. (2004), who defined a total score >4 as EpCAM overexpression, in the statistical
analysis, we dichotomized EpCAM expression in low-to-nil (i.e., categories 0 and 1+, corresponding to a total
score ≤4) and intermediate/high (i.e., categories 2+ and 3+, corresponding to a total score >4).
2.3 Statistical Analysis
To evaluate the association between EpCAM and other patho-biological variables adjusted odds ratios were
estimated by multiple logistic regressions. The multivariate associations among EpCAM, p53 and other
patho-biological variables were also investigated and visualized through multiple correspondence analysis (MCA)
that visualizes on a bi-dimensional plot the association of both categorical and continuous variables (Greenacre,
2007). MCA has the advantage of implying neither linearity nor specific distribution characteristics and to
visualize association patterns between markers. The use of a bidimensional plot, easy to interpret, is possible at
the expense of losing some information on the pattern of associations. The markers are represented in a space
defined by factorial axes, characterized by a percentage if inertia (i.e., quantifying the information explained by
each axis). The distance between marker categories (defined according to a 2 metric) indicates their
dissimilarity.
The effect of EpCAM and p53 on patient’s outcome was evaluated considering as endpoints the occurrence of
any first relapse (recurrence, distant metastases, contralateral tumor, other neoplasias whichever occurred first)
over the follow-up period and death without evidence of disease as competing risk. Accordingly, in the analysis,
methodologies accounting for the presence of competing risks were used. Nonparametric estimates of the
probability of occurrence of first adverse events [crude cumulative incidence (CCI)] were obtained (Marubini,
1995). A procedure based on the proportional subdistribution hazard regression model was used to assess the
difference among CCI curves, both in univariate and multivariate analysis, according to the different expression
levels of EpCAM and p53 (Fine, 1999). This model is equivalent of Cox regression model in the presence of
competing risks. In multivariate analysis the effects of EpCAM and p53 were adjusted for established prognostic
factors; in particular, pathologic T stage (T2-T3 versus T1), grading (G2 and G3 versus G1), age, ER protein
level (in log-scale), HER2, E-cadherin and number of metastatic lymph nodes (1-3, 4-9 and >9 versus 0) were
considered. The null hypothesis of regression coefficients equal to 0 was tested by Wald test.
The median follow-up was estimated by reversed Kaplan-Meier method (Schemper, 1996). R software (R
Foundation, 2011) was utilized throughout this study.
3. Results
Table 1 summarized the associations between EpCAM expression and patho-biological variables. There was an
evidence of association with tumor size (P=0.03), ER (P=0.002) and E-cadherin expression (P<0.00001). In
particular, with respect to pT1 tumors, which were prevalently EpCAM-negative (score < 4) (340/411, 82.7%),
38.5% of large tumors (pT3) were EpCAM-positive. Similarly, with respect to ER-positive tumors, which were
prevalently EpCAM-negative (364/419, 86.9%), 32% of ER-negative specimen were EpCAM-positive. The
finding supports the clinical evidence that high EpCAM expression is generally found in tumors potentially more
aggressive. As regards the association between EpCAM and E-cadherin, we found a positive association and an
overall agreement of 73.7%: 383/593 tumors showed a low-to-nil expression of both adhesion molecules
whereas 54/593 overexpressed both proteins. No significant association was found between EpCAM expression
and tumor histotype or grade, lymph node status, PR, HER2 or p53 expression. No statistically significant
association was observed between EpCAM expression and patient age. However, with respect to young or
elderly women, patients with age ranging from 51 to 55 years (the interval of age in which epidemiologically
peaks the incidence of breast cancer) showed an increased percentage of EpCAM-positive tumors. In fact, while
only 19.6% young and 15.1%, elderly women had an EpCAM-positive tumor, patients with age ranging from 51
to 55 years had an EpCAM-positive tumor in a 30.3% of cases (OR=1.99, IC= 0.50-7.90) maybe as a
consequence of the cellular stress induced by unbalanced hormonal stimulus associated with perimenopausal
status.
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Table 1. EpCAM expression and patho-biological features (n = 640)
Overall

Categorical variables

Negative (score
≤4) N (%)

N (%)

Positive
(score >4) N (%)

OR (P value)

Age (n=640; χ2=6.37, P=0.17)
1

34-40

46 ( 7.2)

37 ( 7.1)

9 ( 7.8)

41-50

134 (20.9)

116 (22.1)

18 (15.7)

0.60 (0.42)

51-55

76 (11.9)

53 (10.1)

23 (20.0)

1.99 (0.33)

56-70

252 (39.4)

207 (39.4)

45 (39.1)

1.01 (0.99)

71-90

132 (20.6)

112 (21.3)

20 (17.4)

0.57 (0.44)

Ductal

481 (75.2)

384 (73.1)

97 (84.3)

1

Lobular

100 (15.6)

2

Histotype (n=640; χ =2.69, P=0.26)

59 ( 9.2)

Other types

7 (6.1)

0.37 (0.13)

48 ( 9.2)

11 ( 9.6)

1.37 (0.61)

93 (17.7)

2

Tumor size (n=638; χ =7.18, P=0.03)
pT1

411 (64.4)

340 (65.0)

71 (61.7)

1

pT2

214 (33.6)

175 (33.5)

39 (33.9)

1.23 (0.56)

pT3

13 ( 2.0)

8 ( 1.5)

5 ( 4.4)

16.18 (0.01)

G1

121 (18.9)

103 (19.6)

18 (15.8)

1

G2

388 (60.7)

320 (61.0)

68 (59.6)

1.52 (0.37)

G3

130 (20.4)

102 (19.4)

28 (24.6)

2.38 (0.11)

Negative

357 (55.8)

298 (56.8)

59 (51.3)

1

Positive

283 (44.2)

227 (43.2)

56 (48.7)

1.05 (0.90)

2

Grading (n=639; χ =2.64, P=0.27)

Nodal status (n=640)

Estrogen receptor (n=532)
≤ 10%

113 (21.2)

77 (17.5)

36 (39.6)

1

> 10%

419 (78.8)

364 (82.5)

55 (60.4)

0.23 (0.002)

≤ 10%

159 (30.2)

120 (27.3)

39 (44.3)

1

> 10%

368 (69.8)

319 (72.7)

49 (55.7)

1.03 (0.95)

≤ 10%

433 (68.7)

356 (69.1)

77 (67.0)

1

> 10%

197 (31.3)

159 (30.9)

38 (33.0)

0.89 (0.73)

≤ 10%

283 (45.6)

224 (44.0)

59 (53.2)

1

> 10%

337 (54.4)

285 (56.0)

52 (46.8)

0.72 (0.30)

0/1+

437 (73.7)

383 (79.0)

54 (50.0)

2+/3+

156 (26.3)

102 (21.0)

54 (50.0)

7.36
(<0.00001)

214 (41.4)

177 (41.6)

37 (40.7)

1

89 (17.2)

73 (17.1)

16 (17.6)

0.55 (0.30)

187 (36.2)

155 (36.4)

32 (35.1)

0.61 (0.27)

27 ( 5.2)

21 ( 4.9)

6 ( 6.6)

0.74 (0.71)

Progesterone receptor (n=527)

HER2/neu (n=630)

p53 (n=620)

E-cadherin score (n=593)

1

Adjuvant therapies (n=517; χ2=1.73, P=0.63)
No therapy
Chemotherapy (CT)
Hormone therapy (HT)
CT plus HT

Abbreviation: pT stage = pathological stage; OR = odds ratio
Bold values are statistically significant. χ2 is the value of the Wald statistics obtained from the multiple logistic model and it is
indicated only for variables with more than two categories
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The associations between EpCAM and other patho-biological variables, namely patient age, histologic type,
tumor size, grading, axillary nodal status, ER, PR, HER2, p53 and E-cadherin were explored also by multiple
correspondence analysis (MCA). As shown in Figure 1, MCA indicated that the two first axes explain the 65.7%
of total variability (respectively, 54.9% the first axis and 10.8% the second axis). Specifically, the first axis
separates ER≤10, PR≤10, HER2>10, G3, patient age≤40 years and node-positive tumors (on the left) from
ER>10, PR>10, HER2≤10, G1, patient age>56 years and node-negative tumors (on the right). The second axis
mostly separates high EpCAM and E-cadherin scores, tumor histotypes different from invasive ductal or lobular
carcinoma, p53≤10 and small tumor in size (pT=1) from low EpCAM and E-cadherin scores, lobular histotype
(ILC), p53>10 and large tumor (pT>1). MCA confirms the positive association between EpCAM and E-cadherin
expression.

0.1

ILC

pT>1

Age <=40

0.0

IDC

HER2>10

PR<=10

-0.1

ER<=10

E-cad0/1+
p53>10
Ep-CAM0/1+
Age 41-50
G2 Age 71-90 PR>10
ER>10
HER2<=10
Age 56-70
NpT1
p53<=10

N+

Age 51-55
G1

E-cad2+/3+

Ep-CAM2+/3+

-0.2

Second axis (10.8%)

G3

Other hist.

-0.3

-0.2

-0.1

0.0

0.1

0.2

0.3

First axis (54.9%)
Figure 1. Associations between EpCAM expression and other clinico-biological variables. The associations were
evaluated by multiple correspondence analysis. The triangles represent the categories. The distance between the
labels, based on a χ2 metric, is a measure of the dissimilarity of the corresponding categories
The median follow-up time of the 640 patients was 99 months (range 1-157 months). Time was curtailed at 8
years when the probability of patients of being in follow-up was about 56%. During this period, 96 patients
developed distant metastases (CCI=15.3%), 48 a local relapse (CCI=7.7%), 13 a contralateral tumor (CCI=2.1%),
30 another malignancy (CCI=4.8%) and 91 dead (CCI=14.7%) as first event.
Crude cumulative incidence curves (Figure 2) showed that, as expected, patients with a tumor expressing low
levels of EpCAM had a lower incidence of relapse with respect to those with an EpCAM over expressing tumor
(HR=1.14, CI=0.80-1.64, 2=0.51, P=0.47). Similarly, patients with a p53-negative tumor had a lower incidence
of relapse with respect to patients with a p53-positive tumor (HR=1.10, CI=0.82-1.47, 2=0.40, P= 0.53). When
we analyzed the joined effect of EpCAM expression and p53 status, we found that the subgroups
EpCAM-negative/p53-positive, EpCAM-positive/p53-negative and EpCAM-negative/p53-negative had similar
incidence of relapse, while the subgroup EpCAM-positive/p53-positive had a highest incidence of relapse.
Notably, EpCAM expression was able to discriminate among p53-positive tumors those associated with an
increased incidence of relapse.
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Figure 2. Crude cumulative incidences curves for EpCAM and p53 singly or in association
Analyzing the joined effect of EpCAM expression and p53 status on patients’ outcome, adjusted for other
prognostic factors, we found a statistically significant interaction (2=7.50, P=0.006). Conversely, no interaction
was found between EpCAM and E-cadherin expression. To simplify the presentation of the regression model
results, in Table 2 we included only the effect of EpCAM overexpression in p53-negative and p53-positive cases.
Table 2. Regression model EpCAM/p53
Variable
EpCAM+ vs. EpCAM- in p53EpCAM+ vs. EpCAM- in p53+
Age
G2 vs. G1
G3 vs. G1
pT > 1 vs. pT = 1
log(1+ER)
1-3 nodes vs. 0 nodes
4-9 nodes vs. 0 nodes
>9 nodes vs. 0 nodes
E-cadherin 2+/3+ vs. E-cadherin 0/1+
HER2>10 vs. HER2<10

Coefficient estimate

HR

95% CI

P-value

-0.53
0.75
-0.01
-0.03
-0.10
0.65
-0.06
0.43
0.30
0.98
-0.19
-0.24

0.59
2.11
0.99
0.98
0.90
1.92
0.94
1.53
1.36
2.67
0.82
0.79

0.28-1.22
1.21-3.67
0.98-1.01
0.61-1.56
0.49-1.64
1.35-2.74
0.83-1.06
1.04-2.27
0.77-2.38
1.54-4.61
0.55-1.24
0.53-1.16

0.15
0.008
0.33
0.92
0.73
0.0003
0.29
0.03
0.29
0.0005
0.33
0.22

Abbreviations: CI = confidence interval; ER = estrogen receptor; HR = subdistribution hazard ratio
As regards E-cadherin expression singly (Figure 3), crude cumulative incidence curves indicated that
E-cadherin-negative tumors were associated with a high incidence of relapse with respect to E-cadherin-positive
tumors (HR=0.79, CI=0.56-1.12, 2=1.77, P=0.18). When we analyzed the joined effect of EpCAM and
E-cadherin, we found that the subgroups EpCAM-negative/E-cadherin-negative, EpCAM-positive/E-cadherinnegative and EpCAM-positive/E-cadherin-positive had similar incidences of relapse, while the subgroup
EpCAM-negative/E-cadherin-positive was associated with the lowest incidence of relapse.
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Figure 3. Crude cumulative incidences curves for EpCAM and E-cadherin singly or in association
4. Discussion
In response to cellular stress and DNA damage, p53 tumor suppressor blocks cell cycle progression and induces
apoptosis or senescence through a wide and complex signaling pathway. Because of such a complex regulatory
network, it is not surprising that an impaired p53 activity, due to TP53 gene mutation or protein inactivation,
may affect many fundamental biological processes, trigger neoplastic transformation and eventually promote
cancer development (Levine, 2009; Olivier, 2010). Among the plethora of genes under p53 control, there is
EPCAM, which encodes for a transmembrane adhesion molecule intensively investigated because of its putative
involvement in the metastatic spread of several cancers including breast cancer (Cimino, 2010; Spizzo, 2011).
Experimental evidence demonstrated that in order to repress EPCAM gene transcription, p53 recognizes and
binds to a specific response element within EPCAM gene promoter region (Sankpal, 2009).
In human cancers, most TP53 mutations occur within the central DNA binding domain, thus preventing the
correct binding of mutant p53 to target gene. In the case of EPCAM gene, mutant p53 protein is unable to repress
gene transcription with the subsequent constitutive expression of the protein (Figure 4). Experimental studies
indicated that EpCAM may be overexpressed 100- to 1000-fold in primary and metastatic breast cancer (Osta,
2004) thus providing cancer cells for a gain of function that actually results in the acquisition of advantageous
features. In fact, as a cell signaling adhesion molecule, EpCAM overexpression can promote cell proliferation,
apoptosis resistance and can disrupt the functions normally exerted by other cell adhesion molecules, especially
cadherins, which play an important role in defining cell fate and maintaining tissue integrity. In epithelia, this
critical role belongs to E-cadherin, which is crucial for the establishment and maintenance of epithelial cell
polarity, morphogenesis of epithelial tissues, and regulation of cell proliferation and programmed cell death
(Takeichi, 1995; Hermiston, 1995). Indeed, E-cadherin interacts with the cytoskeleton through - and β-catenins
thus linking extracellular signaling to intracellular environment (Rosales, 1995). As an adhesion molecule,
EpCAM should provide additional intercellular connections to cells, but it has proven to affect negatively the
anchorage of E-cadherin to the cytoskeleton, thereby weakening the strength of cell-cell interactions and altering
signal transduction (Winter, 2003; Litviniv, 1997).
In agreement with these findings, a very recent study (Guerra, 2012) has provided evidence that EpCAM
knockout mice develop congenital tufting enteropathy, a hereditary disease characterized by enteric mucosa
degeneration, through the dysregulation of intestinal E-cadherin/β-catenin axis. These in vivo results support the
functional connection between EpCAM expression and E-cadherin/β-catenin complex previously observed in in
vitro models. In addition, experimental studies, performed in breast cancer cell lines constitutively expressing
high EpCAM protein levels, have clearly demonstrated that EpCAM gene silencing resulted in an improved
anchorage of the E-cadherin/-catenin/β-catenin complex to the cytoskeleton associated with a dramatic
inhibition of cell proliferation, migration and invasion (Osta, 2004).
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a
wt p53

X

EpCAM gene
transcription

mut p53
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p53>10 EpCAM 2+/3+

High incidence of relapse

b
EpCAM

E-cadherin

EpCAM

E-cadherin

EpCAM 0/1+ E-cad 2+/3+

Low incidence of relapse

Figure 4. (a) Specific p53 response elements have been identified within EPCAM gene and functional studies in
breast cancer cells have demonstrated that wild-type p53 negatively regulates EpCAM expression. Conversely,
p53 loss-of-function, because of mutation, results in a significant increase in EpCAM expression. In our cases
series, p53-positive/EpCAM-positive tumors were associated with a high incidence of relapse. (b) Experimental
evidence indicated that EpCAM and E-cadherin expression are inversely associated and that increasing
expression of EpCAM leads to the gradual abrogation of adherens junctions by decreasing the cytoskeleton
-anchored fraction of E-cadherin. In our cases series, EpCAM-negative/E-cadherin-positive tumors were
associated with a low incidence of relapse
Present results indicate that, as expected (Gastl, 2000; Schmidt, 2008; Spizzo, 2004), EpCAM overexpression is
associated with a high incidence of relapse and that, conversely, E-cadherin overexpression is associated with a
low incidence of relapse. In addition, present results indicate that when in association with p53 status, EpCAM
expression is able to identify, within p53-positive tumors, those associated with the highest incidence of relapse.
This finding is of particular clinical relevance taking into account the above-described biological link between
p53 activity and EPCAM gene expression. In fact, although the immunohistochemical evaluation, performed on
surgical specimens, provides knowledge about the mere presence of the p53 protein, nothing tells us about its
functionality. Therefore, EpCAM evaluation gives us additional elements to infer, even if indirectly, on p53
protein functionality and on the putative genetic alteration liable for such a dysfunction. According to the type of
mutation (point mutation, deletion, insertion or stop codon), p53 synthesis may be totally inhibited or generate
functionally altered molecules. Immunohistochemically p53-positive tumors are mainly due to a protein
accumulation resulting from missense mutations that allow protein synthesis but affect its function and
degradation. It is well known that most missense mutations involve DNA binding domain, hence hampering the
correct p53 binding to the corresponding response element on the promoter region of the target gene. According
to this notion, we can assume that, within the subgroup of p53-positive tumors, those over expressing EpCAM
and characterized by the highest incidence of relapse, are de facto tumors carrying a missense mutation in the
DNA binding domain of TP53 gene; that is, a mutation that prevents the correct binding to EPCAM gene and
subsequent transcription repression. Such a fail results in a constitutive overexpression of EpCAM protein,
which provides tumor cells for a more aggressive phenotype as indicated by the fact that about half of them were
hormone steroid receptors-negative and 36.5% were HER2-positive. Conversely, as regards p53-positive tumors
that do not express EpCAM and show a cumulative incidence of relapse similar to that of p53-negative tumors, a
different kind of missense mutation involving ligand binding domain or protein degradation can be hypothesized.
In this case, despite the protein dysfunction, EPCAM gene expression is inhibited and tumor aggressiveness is
reduced as indicated by the high frequency of ER-positive (82%) and PR-positive (76%) cases. Such a tendency
of EpCAM-positive tumors to be more aggressive is corroborated by the finding that when we considered the
joined effect of EpCAM and E-cadherin expression on patients’ outcome, the subgroup of patients with the
lowest cumulative incidence of relapse had an EpCAM-negative/E-cadherin-positive tumor.
The disagreement, observed between the inverse prognostic role of these two adhesion molecules and the strong
positive association found by multiple logistic regression (visualized also by MCA) is only apparent. Indeed, the
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positive association between EpCAM and E-cadherin expression can be explained by the notion that most
epithelial cell types coexpress E-cadherin and Ep-CAM during some stage of embryogenesis (Litvinov, 1995). In
addition, experimental findings have clearly demonstrated that overexpression of EpCAM has no influence on
the expression nor the number of the cadherin molecules, but affects only the interaction of cadherins with the
cytoskeleton leading to the gradual abrogation of junctional complex. In other words, as the cadherin-mediated
cell–cell adhesions diminishes, EpCAM-mediated intercellular connection become predominant whereas
cadherins, which have lost their connection to the cytoskeleton, remain present and detectable as complexes with
β-catenin (Litvinov, 1997).
In our knowledge, this is the first time that p53 status, EpCAM and E-cadherin expression are jointly
investigated in breast cancer clinical specimens, providing information useful for a better characterization of the
group of p53-positive tumors and identification of patients with a high risk of recurrence.
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