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Background: Expression of epithelial cell adhesion molecule (EpCAM) is deregulated in epithelial malignancies. Beside its role in
cell adhesion, EpCAM acts as signalling molecule with tumour-promoting functions. Thus, EpCAM is part of the molecular
network of oncogenic receptors and considered an interesting therapeutic target.

Methods: Here, we thoroughly characterised EpCAM expression on mRNA and protein level in comprehensive tissue studies
including non-cancerous prostate specimens, primary tumours of different grades and stages, metastatic lesions, and therapy-
treated tumour specimens, as well as in prostate cancer cell lines.

Results: Epithelial cell adhesion molecule was overexpressed at mRNA and at protein level in prostate cancer tissues and cell
lines. Altered EpCAM expression was an early event in prostate carcinogenesis with an upregulation in low-grade cancers and
further induction in high-grade tumours and metastatic lesions. Interestingly, EpCAM was repressed upon induction of epithelial-
to-mesenchymal transition (EMT) following chemotherapeutic treatment with docetaxel. Oppositely, re-induction of the epithelial
phenotype through miRNAs miR-200c and miR-205, two inducers of mesenchymal-to-epithelial transition (MET), led to re-
induction of EpCAM in chemoresistant cells. Furthermore, we prove that EpCAM cleavage, the first step of EpCAM signalling
takes place in prostate cancer cells but in contrast to other cancer entities, EpCAM has no measurable impact on the proliferative
behaviour of prostate cells, in vitro.

Conclusions: In conclusion, our data confirm that EpCAM overexpression is an early event during prostate cancer progression.
Epithelial cell adhesion molecule displays a dynamic, heterogeneous expression and associates with epithelial cells rather than
mesenchymal, chemoresistant cells along with processes of EMT and MET.

Hallmarks of cancer are limitless replication of tumour cells,
their highly proliferative phenotype and their ability to
metastasise (Hanahan and Weinberg, 2000). How tumour-
promoting stimuli are achieved can vary among tumour types
and between individual tumours. Some features like the

pathologic deregulation of oncogenic receptors and signalling
proteins, which often turns them into highly overexpressed,
ligand-independent and/or permanently active molecules
are, however, common for all malignancies, including prostate
cancer (PCa).
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One example of such receptors is the epithelial cell adhesion
molecule (EpCAM), which is known to be deregulated in a variety
of carcinomas (Went et al, 2006; Baeuerle and Gires, 2007; Trzpis
et al, 2007). Epithelial cell adhesion molecule is a type I
transmembrane glycoprotein of 314 amino acids (aa), consisting
of a 23-aa signal peptide, a large extracellular domain (N-terminal)
of 242 aa, a single-spanning transmembrane domain of 23 aa and a
short cytoplasmic domain of 26 aa (C-terminal; Strnad et al, 1989).
Epithelial cell adhesion molecule is specifically expressed in normal
epithelia where it is co-localised with E-cadherin and claudins at
basolateral membranes and tight-junction (Moldenhauer et al,
1987; Balzar et al, 1999; Wu et al, 2013). Therefore, EpCAM is
considered a marker for an epithelial phenotype.

Over a long time EpCAM functions were thought to be limited
to its actions as cell surface and adhesion molecule. During
the last years, additional EpCAM functions as signalling molecule
emerged (Maetzel et al, 2009). Epithelial cell adhesion molecule
signalling is activated upon regulated intramembrane proteolysis
(RIP) and subsequent release of the intracellular domain EpICD,
which associates with components of the Wnt pathway (FHL2,
b-catenin, Lef-1), translocates to the nucleus, and functions as
transcription regulator. Epithelial cell adhesion molecule induced
genes, such as c-myc, cyclin D1, mmp7 (Munz et al, 2004; Maetzel
et al, 2009; Denzel et al, 2009; Chaves-Perez et al, 2012), and
regulators of the cell cycle and proliferation machinery, in general
(Maaser and Borlak, 2008). In this context, increased EpCAM
expression was shown to correlate with elevated proliferation, with
cancer development and progression, and with decreased overall
survival of cancer patients (Gastl et al, 2000; Piyathilake et al, 2000;
Munz et al, 2004; Osta et al, 2004; Baeuerle and Gires, 2007; van
der Gun et al, 2011). Thus, EpCAM nowadays needs to be
considered in the molecular network of oncogenic receptors and
represents a promising target for new therapeutic approaches in
numerous carcinomas.

To address the question whether EpCAM is a promising target
for improved PCa therapy, we have conducted a detailed study on
EpCAM mRNA and protein expression, which is characterised by
high sample numbers, several independent analyses, and inclusion
of tissues and cell lines representing a variety of different stages and
grades of PCa. Our study is complemented by findings that
EpCAM expression is reduced after epithelial-to-mesenchymal
transition (EMT) upon chemotherapeutic treatment, whereas
mesenchymal-to-epithelial transition (MET) inducing miRNA-
200c and miRNA-205 reinduced expression of EpCAM. Further-
more, we prove that EpCAM cleavage takes place in PCa, but in
contrast to other cancer entities, EpCAM has no measurable
impact on proliferation of prostate cells, in vitro.

MATERIALS AND METHODS

Databases and meta-analysis data. To get an overview on
EpCAM expression we made queries using the database Oncomine
(www.oncomine.com; Rhodes et al, 2004). Furthermore, we
analysed data of a PCa meta-analysis study which we performed
previously (Massoner et al, 2013).

Tissue samples. Tissue samples were selected from the Innsbruck
PCa biobank (Innsbruck, Austria). This biobank was established in
the course of the Tyrolean early detection programme for PCa at
the Department of Urology, Innsbruck Medical University (Bartsch
et al, 2008). Written consent was obtained from all patients and
documented in the database of the University Hospital Innsbruck
in agreement with statutory provisions and the requirements of the
Ethics Committee of the Innsbruck Medical University. The study
was approved by the Ethics Committee of the Innsbruck Medical
University (Study no. AM 3174 and amendment 2).

Tissue microarrays (TMAs) containing benign and primary
cancer tissue cores from 90 PCa patients who underwent radical
prostatectomy at the University Hospital Innsbruck and metastatic
tissue cores from 16 PCa patients were analysed to evaluate
EpCAM expression during PCa progression. Furthermore, to
assess consequences of the chemotherapeutic drug docetaxel on
EpCAM expression a TMA containing tissue blocks of 14 PCa
patients who underwent neoadjuvant chemotherapy with docetaxel
before radical prostatectomy and 14 untreated PCa patients was
investigated (Puhr et al, 2012).

Immunohistochemistry. Antigen retrieval and immunohisto-
chemistry were performed using a Discovery XT automated
slide-staining system (Ventana Medical Systems, Ventana, Tucson,
AZ, USA). Antigen retrieval was performed by heat pretreatment
at 98 1C for 1 h in CC1 buffer (Ventana Medical Systems).
Anti-EpCAM antibody (1 : 50, clone VU-1D, Novocastra, Milton
Keynes, UK) and anti-p63 antibody (1 : 100, Sigma-Aldrich,
St Louis, MO, USA) were incubated for 1 h at 37 1C, followed by
iView DAB detection (diaminobenzidine visualisation, Ventana
Medical Systems) and haematoxylin counterstaining. Microscope
pictures were taken with a Zeiss Imager Z2 microscope (Zeiss,
Vienna, Austria) using TissueFAXS software (Tissue Gnostics,
Vienna, Austria). Immunohistochemical evaluation was done using
the semiquantitative scoring system ‘quick score’ calculating an
immunoreactivity staining (IRS) score combining the proportion of
positive cells and the average staining intensity (Detre et al, 1995).

Cell lines and culture. Human PCa cell lines Du145, DuCaP,
LNCaP and PC3 were cultured in RPMI 1640 supplemented with
10% fetal calf serum and 1% penicillin/streptomycin glutamine.
The non-cancerous cell lines EP156T and RWPE-1 were cultured
as previously described (Bello et al, 1997; Kogan et al, 2006).
Docetaxel-resistant PC3-DR and Du-145-DR cells were cultured in
the presence of 12.5 nM docetaxel (Sigma-Aldrich) as previously
described (Puhr et al, 2012). The identity of all cell lines was
confirmed by short tandem repeat analysis. Cell proliferation was
assessed by counting total cell numbers.

siRNA, shRNA and miRNA transfection. Transient EpCAM
knockdown was achieved by siRNA transfection (50 nM) for 72 h
using lipofectamine transfection reagent (Invitrogen, Carlsbad, CA,
USA). Sequences: EpCAM siRNA, 50-UGCCAGUGUACUUCA
GUUG-30; control siRNA, 50-UCGUCCGUAUCAUUUCAAU-30.
Stable EpCAM knockdown was achieved by stable shRNA
expression introduced by lentiviral pGIPZ vectors (Thermo
Scientific, Rockford, IL, USA) followed by puromycine selection
as previously described (Ploner et al, 2008; Martowicz et al, 2012).
For miRNA transfection, hsa-miR-200c, hsa-miR-205, and miRNA
mimic negative control were purchased from Dharmacon
(Chicago, IL, USA). Cells were transfected twice during a period
of 6 days with 25 nM miRNAs using lipofectamine transfection
reagent (Invitrogen).

RNA isolation, cDNA synthesis and qRT–PCR. RNA isolation
and cDNA synthesis was performed using the RNeasy mini kit
(Qiagen, Hilden, Germany) and iScript select cDNA synthesis kit
(Bio-Rad, Hercules, CA, USA) following the manufacturers
protocols. qRT–PCR was carried out on a ABI Prism 7500 Fast
RT–PCR System (Life Technologies, Carlsbad, CA, USA) or a
LightCycler 480II (Roche Applied Science, Basel, Switzerland)
instrument. Primer and probe sequences for TBP and HPRT1
(endogenous controls) were as follows: TBP (forward 50-CACG
AACCACGGCACTGATT-30; reverse 50-TTTTCTGCTGCCAGTC
TGGAC-30; probe 50-FAM-TCTTCACTCTTGGCTCCTGTGC
ACA-TAMRA-30), HPRT1 (forward primer, 50-GCTTTCC
TTGGTCAGGCAGTA-30; reverse 50-GTCTGGCTTATATCCAA
CACTTCGT-30; probe, 50-FAM-GTCTGGCTTATATCCAAC

BRITISH JOURNAL OF CANCER EpCAM expression in prostate cancer

956 www.bjcancer.com |DOI:10.1038/bjc.2014.366

www.oncomine.com
http://www.bjcancer.com


ACTTCGT-TAMRA-30). For EpCAM a Taqman gene expression
assay (Hs00158980_m1) was used.

Membrane enrichment assay and immunoblot. Membrane
enrichment assay was performed as previously described (Sastre
et al, 2001). In short, cells were seeded on petri discs and left
untreated or treated with 1 mM of the g-secretase inhibitor DAPT
(Sigma-Aldrich) for 24 h. At 80% confluence and 4 h prior
harvesting the cells were treated with the proteasome inhibitor
MG-132 (10 mM, Sigma-Aldrich), placed on ice and washed in ice-
cold PBS. All following steps were performed on ice using ice-cold
solutions. Cells were harvested by scraping, centrifuged, washed
trice with PBS, homogenised in homogenisation buffer (10mM

MOPS, 10mM KCl and protease inhibitors) and dounced using a
23-gouge needle. Cell membranes were pelleted at 16 000 g. The
pellet containing enriched cell membranes was dissolved in assay
buffer (150mM sodium citrate, 10 mM ZnCl2, 1mgml� 1 phorbol-
12-myristate 13-acetate and protease inhibitors) and incubated at
37 1C or on ice.

Approximately, 5 mg enriched cell membranes or 50 mg total
proteins per lane were resolved in an SDS–PAGE and transferred
onto a nitrocellulose membrane (Invitrogen). The membrane was
blocked for 1 h using Starting Block buffer (Pierce Biotechnology,
Rockford, IL, USA) and incubated at 4 1C overnight with a primary
antibody followed by incubation for 1 h at room temperature with
secondary antibodies. The following antibodies were used for
western blots: anti-GAPDH (1 : 100 000, Chemicon, Vienna,
Austria), anti-EpCAM (1 : 1000; clone VU-1D, Novocastra), anti-
EpCAM (1 : 1000, clone C10, Santa Cruz Biotechnology (Santa
Cruz, CA, USA)¼ anti-EpEX) and anti-EpCAM (1 : 5000, poly-
clonal guinea pig, peptide specific laboratories¼ anti-EpICD), and
anti-GFP (1 : 500, clone B-2, Santa Cruz Biotechnology).

Immunocytological fluorescent staining and laser scanning
microscopy. Cells were seeded on object slides and fixed using
paraformaldehyde and methanol as previously described (Brock
et al, 1999). Blocking was performed at room temperature for
30min using normal goat serum. Primary antibodies were
incubated overnight at 41C, while Alexa-labeled secondary
antibodies (Molecular Probes, Carlsbad, CA, USA) were incubated
for 1 h at room temperature. Antibodies used were anti-EpCAM
(1 : 1000, clone C10, Santa Cruz Biotechnology¼ anti-EpEX) and
anti-EpCAM (1 : 500, polyclonal guinea pig, peptide specific
laboratories¼ anti-EpICD). Pictures were analysed in a fluores-
cence laser scanning system (TCS-SP2 scanning system and DM
IRB inverted microscope, Leica, Wetzlar, Germany).

Statistics. Statistical analysis was performed with GraphPad Prism
5.0 (GraphPad Software, Inc., La Jolla, CA, USA) and SPSS 15.0
software (IBM SPSS Statistics, IBM, Ehningen, Germany). For all
experiments Gaussian distribution was determined using
Kolmogorov–Smirnov test. Differences between treatment groups
were analysed either using Student’s t-test or Mann–Whitney
U test. P values below 0.05 were considered significant. All
differences highlighted by asterisks were statistically significant and
encoded in figures (*Po0.05, **Po0.01 and ***Po0.001). Data
are presented as meanþ s.d. of a minimum of three independent
experiments unless otherwise stated.

RESULTS

EPCAM mRNA overexpression in PCa. In order to get an
overview on EpCAM expression in cancer compared to normal
tissues, we performed an Oncomine (Rhodes et al, 2004) query
including data of 20 different cancer entities investigated in 183
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Figure 1. EpCAM mRNA expression is elevated in PCa. (A) EpCAM is overexpressed in a variety of human cancers. Oncomine query, status
January 2014: number of datasets meeting the threshold (P40.001, fold-change 41.5) for EpCAM compared to total datasets are given. Outlier
analysis revealed high variations of EpCAM expression in all analysed datasets. (B) Meta-analysis on published gene expression data identified a
significantly increased EpCAM mRNA expression in PCa compared to normal prostate tissue. Meta-analysis was performed on 678 prostate tissue
samples deriving from eight independent patient cohorts measured in eight different studies. EpCAMmRNA expression is significantly elevated in
an independent expression analysis on 98 prostate tissues of the Innsbruck PCa biobank. Statistics were calculated using Fisher’s combined P-
value (B) and Mann–Whitney U testing (C). ***Po0.001.
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studies (Figure 1A, number of significant datasets meeting the
threshold Po0.001, fold-change 41.5 for EpCAM compared to
total datasets). Epithelial cell adhesion molecule was overexpressed
in several cancers compared to normal tissue (e.g., oesophageal,
ovarian, lung and PCa). Some cancer entities were characterised by
EpCAM downregulation including kidney cancer and sarcomas.
Strikingly, EpCAM emerged in the Oncomine outlier analysis of
almost every investigated study (www.oncomine.org; outlier
analysis identifies genes regulated in a subset of samples thus
reflecting expression heterogeneity), indicating that there is a high
overall heterogeneity of EpCAM expression within and across
tissues. To further evaluate EpCAM expression in PCa, we
extended our analysis to data from a meta-analysis study
performed on published gene expression data of 678 prostate
tissues measured on the Affymetrix (Santa Clara, CA, USA)
platform in eight independent studies (Massoner et al, 2013;
Figure 1B) and data of an independent expression study performed
on 98 patients of the Innsbruck PCa biobank applying Illumina
BeadChip arrays (Kuner et al, 2012; Figure 1C). In all studies,
EpCAM was significantly elevated in PCa compared to benign,
non-cancerous prostate tissue (2.3±0.9-fold elevated in PCa,
mean±s.d., Po0.001). Different patient cohorts, diverse technol-
ogies and independent data analyses were combined in our
approach and, therefore, we consider our data free of methodo-
logical or population-dependent bias.

EpCAM protein is overexpressed in PCa. We next extended our
study to EpCAM protein data. In total, 179 prostate tissues from
104 patients were stained using immunohistochemistry. Epithelial
cell adhesion molecule was overexpressed in malignant tissues
compared to benign, non-cancerous prostate tissues (Figure 2A).
Overexpression of EpCAM appeared more pronounced at protein
level than at mRNA level (4.2±2.1-fold vs 2.3±0.9-fold over-
expressed in PCa, protein vs mRNA level, respectively). Elevated
expression of EpCAM was an early event in PCa, which was

detectable as early as in local low-grade cancer (Gleason score, GSC
p7 including GSC 7 with Gleason pattern 3þ 4), in high-grade
cancer (GSCX7 including GSC 7 with Gleason pattern 4þ 3) and
in overt metastases (bone, n¼ 10; lymph node, n¼ 6). Epithelial
cell adhesion molecule protein was increased in cancers of high
GSC, in cancers of advanced stages and in metastases (Figure 2B–
D), but remained unchanged in cancers harbouring ERG
rearrangements (Tomlins et al, 2005) compared to ERG normal
cancers (data not shown). Although we observed a further increase
in expression of EpCAM in PCa metastases (Figure 2C), data need
to be considered with caution since sample size was limited because
metastases are not routinely surgically removed. We conclude from
this study that EpCAM is overexpressed in local and metastatic
PCa, and induction of EpCAM expression is an early event in
prostate carcinogenesis.

EpCAM overexpression is more pronounced at protein level. In
our tissue analysis, we found EpCAM overexpression more
pronounced at protein compared to mRNA level. Tissue mRNA
data were mainly derived from array experiments performed on
macro-dissected tissues containing proportions of non-epithelial
cell types such as stromal, endothelial and immune cells. To
discriminate whether the discrepancy between EpCAM mRNA and
protein level is a true biologic difference or arises from tissue
sample composition, we extended our analysis to in vitro cell
culture models. We confirmed overexpression of EpCAM protein
in PCa cell lines compared to non-cancerous prostate epithelial
cells by immunoblot (total protein) and flow cytometry analyses
(cell surface protein). Epithelial cell adhesion molecule cell surface
levels were 16.7±8.8-fold (mean±s.d.) elevated in PCa compared
to non-cancerous prostate cell lines. Epithelial cell adhesion
molecule mRNA levels determined by qRT–PCR (2.5±2.8-fold
overexpression in PCa), however, did not reflect the large
differences observed on protein level (Figure 3A–D). In fact, the
PCa cell lines LNCaP and PC3 express EpCAM mRNA levels
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comparable to non-cancerous cell lines EP156T and RWPE-1,
whereas EpCAM protein levels in LNCaP and PC3 were clearly
detectable by both immunoblot (total protein) and flow cytometry
(cell surface protein), while at the detection limit in EP156T and
RWPE-1 (Figure 3A–D). Thus, our data suggest that not only
alterations in mRNA expression levels, but also changes in protein
stabilities and protein turnover determine EpCAM expression
levels in PCa.

EpCAM is cleaved to EpICD in PCa cells. Besides its role as an
adhesion molecule, EpCAM functions as a signalling molecule and
transcription regulator. This EpCAM function is based on RIP;
Maetzel et al, 2009; Figure 4A). To study whether EpCAM exerts
potential signalling functions in PCa, we investigated EpCAM RIP.
Epithelial cell adhesion molecule is cleaved by proteases present in
cell membranes (sheddases) from EpCAM full length (EpCAM-FL)
to EpCAM C-terminal fragment (EpCAM-CTF), which is a
substrate for g-secretase that is further processed to the
intracellular signalling molecule EpICD Maetzel et al, 2009;
Figure 4A). To visualise EpCAM-FL, EpCAM-CFT and EpICD,
we performed an immunoblot using antibodies, which selectively
recognise the extracellular (anti-EpEX) or intracellular (anti-
EpICD) domain of EpCAM. Cell membranes of EpCAM-positive
PCa cell lines were enriched as previously described (Hachmeister
et al, 2013) and incubated at 4 1C and 37 1C to repress or allow
protease activity. In all four investigated PCa cell lines the first step
of EpCAM cleavage (i.e., generation of EpCAM-CTF) was
observed (Figure 4B). Visualisation of the second step of EpCAM
cleavage (i.e., EpCAM-CTF to EpICD) is challenging in this setting
because EpICD has a low apparent molecular weight of 5–6 kDa
and a short half-live owing to degradation by the proteasome
(Hachmeister et al, 2013). To facilitate the detection of EpICD, we

stabilised and enlarged EpICD by fusion to yellow fluorescence
protein (YFP), as described (Maetzel et al, 2009; Hachmeister et al,
2013). In PCa cells overexpressing EpCAM-YFP, cleavage to
EpCAM-YFP-CTF (first cleavage) and EpICD-YFP (second
cleavage) was observed. Cleavage of EpCAM-CTF-YFP to
EpICD-YFP was inhibited by DAPT, a chemical g-secretase
inhibitor (Figure 4C). Interestingly, also cells, which have very
low endogenous EpCAM levels, such as the non-cancerous
prostate cells RWPE-1, process EpCAM-YFP to EpICD-YFP,
suggesting that the required processing machinery is present even
in the absence of high levels of EpCAM protein. Next, EpCAM and
its cleavage products were visualised using anti-EpEX and anti-
EpICD antibodies in immunofluorescence stainings. The anti-
EpEX antibody recognised full length EpCAM, localised at the
membrane, while the anti-EpICD antibody recognised both, full
length EpCAM localised at the cell membrane as well as cleaved
EpICD in the cytoplasm (Figure 4D). Collectively these data reveal
that EpCAM cleavage and generation of the intracellular signalling
molecule EpICD is detectable in PCa cells, indicating that EpCAM
RIP is active in PCa.

EpCAM has no effect on PCa cell proliferation in vitro. Epithelial
cell adhesion molecule expression was reported to have a major
impact on proliferation of cellular models deriving from several
carcinoma entities including breast (Martowicz et al, 2012),
colorectal (Maaser and Borlak, 2008), lung (Maaser and Borlak,
2008) and various forms of head and neck cancer (Maetzel et al,
2009; Chaves-Perez et al, 2012; Driemel et al, 2013). To test whether
EpCAM has a proliferative effect also on PCa cells, we transiently or
stably knocked down EpCAM by siRNA or shRNA, respectively.
Epithelial cell adhesion molecule knockdown at mRNA and protein
level was controlled by qRT–PCR and immunoblot (Figure 5A and

n =6

n =3

50 kDa

50 kDa

37 kDa

16

12

8

4

0

0

40

80

120

D
u1

45

D
uC

aP

LN
C

aP

P
C

3

E
P

15
6T

R
W

P
E

-1

D
u1

45

D
uC

aP

LN
C

aP

P
C

3

E
P

15
6T

R
W

P
E

-1

D
u1

45

D
uC

aP

LN
C

aP

P
C

3

E
P

15
6T

R
W

P
E

-1

E
pC

A
M

 m
R

N
A

 le
ve

l
(2

^-
dC

t E
pC

A
M

-H
P

R
T

1)

E
pC

A
M

 c
el

l s
ur

fa
ce

 le
ve

l
(M

F
I E

pC
A

M
/is

ot
yp

e 
co

nt
ro

l)

Benign

Benign

Benign

Benign

Cancer

Cancer

Cancer

Cancer

Tubulin

EpCAM

78.5% 97.4%

Isotype control = filled peak
EpCAM = solid line
% = Percentage of positive cells

0.4% 1.2%

93.7%48.9%

200

0

200

0

C
ou

nt
s

200

0

C
ou

nt
s

C
ou

nt
s

200

0

C
ou

nt
s

200

0
100 101 102 103 104 100 101 102 103 104 100 101 102 103 104 100 101 102 103 104

C
ou

nt
s

200

0

C
ou

nt
s

Du145 DuCaP EP156T RWPE-1

LNCaP PC3

EpCAM EpCAM

100 101 102 103 104 100 101 102 103 104

EpCAM EpCAM

EpCAM EpCAM

Figure 3. EpCAM overexpression in PCa prevails at protein level. EpCAM mRNA expression levels were determined by qRT-PCR (A), EpCAM
protein levels by immunoblot (B), and EpCAM cell surface protein levels by extracellular immunostaining and flow cytometry (C and D) in Du145,
DuCaP, LNCaP, PC3, EP156T, and RWPE-1 cells.

EpCAM expression in prostate cancer BRITISH JOURNAL OF CANCER

www.bjcancer.com |DOI:10.1038/bjc.2014.366 959

http://www.bjcancer.com


B). As our shRNA vector contained a GFP gene, we controlled
uniform transduction efficiency of shRNA cells by measuring GFP
expression using flow cytometry (Figure 5C). Next, we investigated
the impact of EpCAM knockdown on cell proliferation using two
different PCa cell lines. We found that neither transient EpCAM
knockdown for 72 h nor stable EpCAM knockdown for a long time
period (cells observed from passage 2–20¼ up to10 weeks) had any
measurable effect on cell proliferation (Figure 5D). In addition,
inhibition of EpCAM signalling via RIP by inhibiting EpCAM
cleavage using the chemical g-secretase inhibitor DAPT had no
inhibitory effect on prostate cell proliferation. For this experiment,
we used three different PCa cell lines (Du145, DuCAP and PC3)
and a non-cancerous prostate cell line (RWPE-1) with comparable
results (Figure 5E). Finally, we tested whether overexpression of the
signalling moiety EpICD mediates proliferative effects since EpICD
was described to have the highest impact on cell proliferation
(Maetzel et al, 2009; Chaves-Perez et al, 2012). Overexpression of
EpICD-YFP had no influence on PCa cell proliferation or on
proliferation of non-cancerous prostate cells (RWPE-1; Figure 5F).
In summary EpCAM did not exert proliferative actions in PCa cells
in vitro indicating that PCa cells are – in contrasts to other cellular
cancer models – not dependent on high EpCAM expression levels
for fast cell proliferation.

EpCAM is downregulated after chemotherapy with docetaxel.
Treatment with the chemotherapeutic drug docetaxel is a
standard therapy for patients with metastatic castration-resistant
PCa. An acquired resistance to docetaxel has been associated with
an EMT of cancer cells and subsequent dysregulation of cell

surface proteins such as E-cadherin (Puhr et al, 2012). Therefore
we anticipated EpCAM to be affected by EMT and analysed
EpCAM expression in a set of PCa patients, who underwent
neoadjuvant chemotherapy with docetaxel before radical prosta-
tectomy and patients who did not got adjuvant treatment.
Epithelial cell adhesion molecule was significantly lower in
docetaxel-treated compared to untreated tumours (Figure 6A and
B). In agreement with these in vivo data, EpCAM expression was
found to be downregulated in docetaxel-resistant sublines of PCa
cell lines (DU145 and PC3) at mRNA and protein level,
respectively, (Figure 6C; Puhr et al, 2012). In summary our data
reveal that EpCAM expression is suppressed by chemotherapeutic
treatment, an effect that correlates with an EMT shift as
previously shown (Puhr et al, 2012).

EpCAM mRNA and protein is affected by miR-200c and miR-
205. miR-200 family members are regulators that balance EMT
and MET. Specifically, miR-200c and miR-205 enforce the
epithelial phenotype by repression of the EMT-inducing transcrip-
tion factors ZEB1 and ZEB2 (Gregory et al, 2008; Park et al, 2008).
Docetaxel-resistant cell lines exert an EMT phenotype and, both,
the expression of epithelial markers and miR-200/205 was
significantly decreased (Puhr et al, 2012). Exposure of docetaxel-
resistant PCa cells to miR-200c and miR-205 reversed EMT, and
led to re-expression of epithelial markers and re-sensitisation of the
cells to docetaxel treatment (Puhr et al, 2012). As EpCAM
represents an epithelial protein, we wondered whether its
expression is influenced by miR-200c and miR-205. Single or
combinatorial treatment of docetaxel-resistant PCa cells with
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miR-200c and miR-205 resulted in re-expression of EpCAM
mRNA and protein in chemoresistant cells. miR-200c/205 treated
docetaxel-resistant cells reached comparable EpCAM levels as
parental, docetaxel-sensitive cells (Figure 6D). In summary, our
data demonstrate EpCAM downregulation following chemother-
apeutic PCa treatment with docetaxel along with features of EMT.
Re-expression of EpCAM was observed in the presence of miR-
200c and miR-205, two accepted inducers of MET.

DISCUSSION

In this manuscript, we present a detailed analysis for EpCAM
expression in PCa. We thoroughly characterised EpCAM on
mRNA and protein level and included both PCa tissues as well as
frequently used PCa cell lines. In our comprehensive tissue study,
we analysed non-cancerous prostate tissues and primary tumours
of different grades and stages, as well as therapy-treated tumour
specimen (4950 samples in total). In summary, we prove that
EpCAM mRNA and protein are overexpressed in PCa. In contrast
to previous studies (Went et al, 2004; Benko et al, 2011; Ni et al,
2013), which were limited by sample size, individual patient
cohorts, and selected methodologies (immunohistochemistry or
expression analysis, only), our study combines data of independent
patient cohorts (i.e., eight cohorts for PCa), applying several
different methodologies (i.e., expression analysis on Affymetrix
and Illumina platforms, qRT–PCR, immunoblot, immunohisto-
chemistry, and flow cytometry), and was further complemented
with functional data in cellular model systems. Thus, we consider
our study free of methodological, statistical, or population-
dependent bias.

Overexpression of EpCAM is more pronounced at protein level
(on average four-fold) than at mRNA level (on average two-fold) in
malignant compared to benign prostate tissues. This is a strong

indicator that EpCAM levels are not only influenced by changes in
gene expression, but also by modifications at the post-transcrip-
tional and post-translational level. In this respect, glycosylation and
endocytosis might play important roles in the regulation of cell
surface expression of EpCAM (Munz et al, 2008; Hachmeister et al,
2013). Therefore, transcriptional mRNA-based data on EpCAM
expression are likely to underestimate the amount of EpCAM
overexpression in cell lines and tissues. Furthermore, our findings
indicate that an increased EpCAM protein expression is an early
event in PCa (present already in local low-grade cancer), which is
further intensified in high-grade PCa tumours and PCa metastases.

Not only in several models of head and neck cancers (Maetzel
et al, 2009; Chaves-Perez et al, 2012; Driemel et al, 2013), but also
in breast (Martowicz et al, 2012), colorectal (Maaser and Borlak,
2008), and lung (Maaser and Borlak, 2008) cancers, EpCAM
expression was reported to have a major impact on cell
proliferation. Tumours with high EpCAM expression are con-
sidered to be highly proliferative and it was shown that EpCAM
downregulation leads to a major reduction in cell proliferation in
these tumour models (Osta et al, 2004; Maetzel et al, 2009;
Chaves-Perez et al, 2012; Driemel et al, 2013). Although an
inhibitory proliferative effect of EpCAM knockdown was recently
described also for PCa cells (Ni et al, 2013), in our experiments we
did not observe any effects on PCa cell proliferation upon EpCAM
downregulation (long term or short term), overexpression of the
intracellular signalling molecule EpICD, or blockage of EpCAM
cleavage by chemical inhibitors, in vitro. Our findings may be
supported by the fact that screened low-grade tumours, which are
known to grow slowly and which are often considered to be
clinically insignificant, display increased EpCAM levels despite a
low proliferative capacity. Furthermore, we did not observe the
presence of nuclear EpICD in the investigated cellular models
(Figure 4D). As nuclear EpICD was described to be the main
mediator of EpCAM-driven proliferation (Maetzel et al, 2009), the
absence of nuclear EpICD in the investigated PCa cell lines

1.25

EpCAM

Control

C
on

tr
ol

C
on

tr
ol

EpCAM

GAPDH

C
on

tr
ol

C
on

tr
ol

C
on

tr
ol

C
on

tr
ol

E
pC

A
M

siRNA shRNA

E
pC

A
M

E
pC

A
M

E
pC

A
M

Du145 PC3

Du145

PC3

GFP+

Wild type
shcontrol
shEpCAM

Wild type
shcontrol
shEpCAM

M1

GFP+

M1

120
100
80
60
40
20
0

FL1-Height

120
100
80
60
40
20
0

GFP fluorescence
100 101 102 103 104

100 101 102 103 104

Du145 PC3

*** *** ** ***

1.00

0.75

0.50

0.25

0.00

2.00
Control

Control

DAPT 10 �M

DAPT 30 �MEpCAM

1.50

1.00

0.50

0.00

siRNA shRNA

D
u1

45

P
C

3

D
u1

45

P
C

3

D
u1

45

D
uC

A
P

P
C

3

R
W

P
E

-1

D
u1

45

D
uC

A
P

P
C

3

R
W

P
E

-1

R
el

at
iv

e 
ce

ll 
nu

m
be

r

R
el

at
iv

e 
ce

ll 
nu

m
be

r

D
u1

45

siRNA shRNA
P

C
3

D
u1

45

P
C

3

E
pC

A
M

/H
P

R
T

1
(2

^-
dC

t)

1.50
YFP

EpICD-YFP

0.50

0.00

R
el

at
iv

e 
ce

ll 
nu

m
be

r

1.00

2.00

1.50

1.00

0.50

0.00

Figure 5. EpCAM has no proliferative effect on PCa cells in vitro. EpCAM knockdown was determined at mRNA level by qRT–PCR (A) and at
protein level by immunoblot (B). Uniform transduction efficiency in shRNA cells was controlled by GFP expression (C). Neither transient EpCAM
knockdown by siRNA for 72 h nor stable EpCAM knockdown by shRNA for a long time period (up to passage 20 after transduction) had any effect
on PCa cell proliferation (D). Inhibition of EpCAM cleavage (first step of EpCAM signalling) by DAPT (g-secretase inhibitor, E) or overexpression of
EpICD-YFP (YFP-stabilised intracellular domain of EpCAM, F) had no influence on prostate cell proliferation.

EpCAM expression in prostate cancer BRITISH JOURNAL OF CANCER

www.bjcancer.com |DOI:10.1038/bjc.2014.366 961

http://www.bjcancer.com


represents a possible explanation for the absence of effect on cell
proliferation. However, we did not experimentally investigate the
influence of EpCAM blockage on cell proliferation in vivo so far. In
other tumour entities, proliferative effects observed in vitro and
in vivo, were, however, comparable (Maetzel et al, 2009; Martowicz
et al, 2012; Driemel et al, 2013). Thus, despite the fact that EpCAM
is overexpressed in PCa, in contrast to other tumour entities its
cancer-associated functions, according to our experiments, seem
not to be related to cellular proliferation.

Due to the fact that EpCAM is significantly increased in many
tumour entities, EpCAM is already under investigation as a
candidate protein for cancer therapies, including vaccination
strategies (Mellstedt et al, 2000; Chaudry et al, 2007; Fournier
and Schirrmacher, 2013), toxin-conjugated antibody fragments
(Di Paolo et al, 2003; Stish et al, 2007), and monoclonal as well as
bi-/tri-specific antibodies (Heideman et al, 2001; Riesenberg et al,
2001; Ammons et al, 2003). The trifunctional bispecific antibody
catumaxomab (anti-CD3, anti-EpCAM) was already approved for
treatment of EpCAM-positive malignant ascites (Seimetz et al,
2010). Thus, it is concluded that EpCAM shows high potential to
be used as target for targeted and target-selective therapy in a
variety of malignancies. However, the selection of the best
treatment group in terms of indications as well as best treatment
responsiveness still remains very challenging. This is also related to
the fact that EpCAM levels are very heterogeneous and, thus, vary
significantly depending on the context and tumour cell phenotype
(Martowicz et al, 2012; Driemel et al, 2013). Mesenchymal cancer
cells display no or only low levels of EpCAM, in contrast to
epithelial cancer cells. Moreover, observed dynamic changes in

EpCAM expression were linked to a changing tumour cell
microenvironment during cancer progression (Driemel et al,
2013). In addition, Thurm et al (2003) were able to demonstrate
that first-line adjuvant chemotherapy resulted in a clonal selection
of EpCAM-negative chemotherapy-resistant breast cancer cells and
concluded that EpCAM-targeting is not a suitable approach for
second-line therapies in breast cancer. On the other hand residual
cells such as circulating and disseminating tumour cells (CTCs/
DTCs) might well decrease EpCAM expression transiently, but re-
induce EpCAM expression when proliferation is required. This
might for example occur in DTCs that have settled at a loco-
regional or distant site and start proliferating again. Accordingly,
Jojovic et al, described a dynamic expression of EpCAM in human
cancer cells after xenotransplantation in immunocompromised
mice. In this study, EpCAM was strongly expressed in primary
tumours and metastases comprised of 430 cells, while it was
substantially reduced in small metastases (o30 cells; Jojovic et al,
1998). In line with these findings, EpCAM is frequently reduced or
missing in CTCs and DTCs (Gorges et al, 2012; Driemel et al,
2013). However, patients suffering from oesophageal cancers and
bearing EpCAM-positive DTCs had the worst prognosis with very
poor overall survival and the presence of lymph node metastases
(Driemel et al, 2013).

In line with these observations, we observed a significantly
reduced EpCAM expression after treatment with the chemother-
apeutic drug docetaxel in PCa patients as well as in docetaxel-
resistant cell lines, in vitro. Due to significant benefits concerning
survival, reduced pain, and enhanced quality of life, docetaxel is
state of the art treatment for different types of cancer.
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Unfortunately, many patients do not respond to docetaxel or
acquire a drug resistance during treatment. In a previous
publication, we linked an acquired docetaxel insensitivity with
EMT and to a reduced expression of miRNAs miR-205 and
miR-200c, which led to a clonal selection of docetaxel-
resistant PCa cells, characterised by a mesenchymal phenotype
(Puhr et al, 2012). It is well known that both miRNAs enforce the
epithelial phenotype by repression of the transcription factors
ZEB1 and ZEB2, and are thus considered inducers of MET
(Gregory et al, 2008; Park et al, 2008). Strikingly, we were able to
demonstrate that single or combined re-expression of miR-200c
and miR-205 resulted in restored EpCAM levels and in an
epithelial cell phenotype. In line with our findings are observation
by Vannier et al (2013), who demonstrated a ZEB1-dependent
repression of EpCAM in human pancreatic and breast cancer cell
lines, which was mediated through direct binding of ZEB1 to the
EpCAM promoter.

In addition to possible application as a therapy target, EpCAM is
widely used as a target protein for isolation of CTCs; (Allard et al,
2004; Cristofanilli et al, 2004; Nagrath et al, 2007; Riethdorf et al,
2008). However, as a consequence of recent findings, we and others
(Gorges et al, 2012; Driemel et al, 2013) have major concerns using
EpCAM as a marker for CTC isolation. It is an accepted fact that
CTCs undergo EMT in order to acquire a migratory phenotype
needed to detach from their tissues of origin. Thus, CTCs are often
characterised by a reduced EpCAM expression, as was shown by
Gorges and colleagues, who identified EpCAM-negative CTC
subpopulations in murine breast cancer xenograft models (MDA-
MB-231, MDA-MB-468 and KPL-4; Gorges et al, 2012; Driemel
et al, 2013). Therefore, assays using EpCAM as a target for isolation
of CTCs may underestimate the total number of CTCs in the
circulation and thereby enrich for cells, which did not undergo a
pronounced mesenchymal switch (Konigsberg et al, 2011).

In conclusion, our data confirm that EpCAM overexpression is
an early event in PCa carcinogenesis. Thus, EpCAM needs to have
major cancer-promoting functions in this cancer entity although
our data showed no effect on proliferation. Additional experi-
mental data are required to get more insights on specific EpCAM
functions on other hallmarks of cancer, for example, adhesion and
invasion, and establish a potential of EpCAM or EpCAM-mediated
targeting therapies for PCa treatment.
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