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The epithelial cell adhesion molecule (EpCAM,
CD326) is a glycoprotein of �40 kd that was originally
identified as a marker for carcinoma, attributable to
its high expression on rapidly proliferating tumors of
epithelial origin. Normal epithelia express EpCAM at
a variable but generally lower level than carcinoma
cells. In early studies, EpCAM was proposed to be a
cell-cell adhesion molecule. However, recent insights
revealed a more versatile role for EpCAM that is not
limited only to cell adhesion but includes diverse pro-
cesses such as signaling, cell migration, prolifera-
tion, and differentiation. Cell surface expression of
EpCAM may actually prevent cell-cell adhesion. Here,
we provide a comprehensive review of the current
knowledge on EpCAM biology in relation to other cell
adhesion molecules. We discuss the implications of
the newly identified functions of EpCAM in view of
its prognostic relevance in carcinoma, inflamma-
tory pathophysiology, and tissue development and
regeneration as well as its role in normal epithelial
homeostasis. (Am J Pathol 2007, 171:386–395; DOI:
10.2353/ajpath.2007.070152)

Cell adhesion is a fundamental process required for the
correct functioning of multicellular organisms. Many cell
adhesion molecules (CAMs) have been characterized in
recent decades and their function in different processes
has been the subject of intense study. It has become
clear that CAMs are involved in a broad range of pro-
cesses, including cell-cell and cell-matrix interactions,
cell migration, cell cycle, and signaling as well as mor-
phogenesis during development and tissue regenera-
tion.1 The pivotal role of CAMs is highlighted by the fact
that CAMs are involved in a variety of pathologies ranging

from cancer, inflammation, pathogenic infections to au-
toimmune disease.1

Four archetypal CAM families have been identified: the
cadherins, the selectins, the integrins, and the immuno-
globulin CAM (Ig-CAM) superfamily. Members of the
cadherin family are calcium-dependent glycoproteins
that contain an extracellular domain CAM with three to
five internal repeats, a single-spanning transmembrane
domain, and an intracellular domain.1 In selectins, the
extracellular domain consists of a calcium-dependent
lectin domain, an epidermal growth factor-like domain,
followed by a domain homologous to epidermal growth
factor, and two to nine consensus repeats. Furthermore,
selectins contain a hydrophobic transmembrane domain
and a short cytoplasmic tail.2 Integrins are composed of
two noncovalently associated membrane-spanning sub-
units, designated � and �. The particular combination of
� and � subunits determines the specificity for the extra-
cellular ligands and, thereby, determines the concomi-
tant intracellular signaling events.3 The integrin family
represents the major receptor family for interaction with
the extracellular matrix. Members of the Ig-CAM family
are calcium-independent CAMs, of which the extracellu-
lar domain is composed of a ligand-binding domain of
four to six Ig-like repeats, up to five fibronectin-like re-
peats, a transmembrane domain, and an intracellular
domain.1

Additionally, several CAMs exist that do not share any
of the structural patterns of the four CAM families. The
most prominent example of this is the epithelial cell ad-
hesion molecule (EpCAM). EpCAM was independently
identified by many research groups, resulting in a
plethora of synonyms (Table 1), although recently a
unified nomenclature has been proposed with the
terms “EpCAM” and CD326.4 The extracellular domain of
EpCAM starts with a signal sequence that is followed by an
epidermal growth factor-like repeat, a human thyroglobulin
repeat (TY), and a cysteine-poor domain.4 EpCAM has a
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single-spanning transmembrane domain and an intracellu-
lar domain containing an NPXY internalization motif and
several �-actinin binding sites.5

EpCAM was initially described as a tumor-associated
antigen by Koprowski and colleagues6 in 1979. It is of
particular interest because of its high level of expression
on a variety of carcinomas. Thus, it comes as no surprise
that EpCAM is a candidate protein for tumor diagnosis
and therapy. Most studies have focused on EpCAM as a
favorable target for tumor therapy, involving monoclonal
and bi-/tri-specific antibodies,7 vaccination strategies,8

toxin-conjugated antibody fragments,9 and an antibody
fragment-targeted sTRAIL fusion protein.10

In contrast to the broad expression pattern of most
other CAMs in normal tissues, the expression of EpCAM
is restricted to normal epithelial cells. Based on the ob-
servation that EpCAM mediates cell-cell adhesion, Litvi-
nov and colleagues11 proposed that EpCAM is a CAM.
However, recent insights revealed a more versatile role
for EpCAM, not merely limited to cell adhesion but similar
to other CAMs, including processes such as signaling,
cell migration, proliferation, and differentiation (Table 2).

Table 1. Names Proposed by Different Groups for EpCAM Are Associated with Monoclonal Antibodies Specific for the Cell
Surface Antigen or cDNA Clones Used to Characterize the Antigen

Abbreviation Name

Based on a monoclonal antibody specific for the cell surface
antigen
CD326 Cluster of differentiation 32664

GA733-2 n.a.66

HEA125 Human epithelium antigen67

KS1/4 Carcinoma-associated glycoprotein65

MK-1 n.a.6,68

MH99 n.a.21,67

MOC31 n.a.37

323/A3 n.a.69

17-1A n.a.70

CO-17A n.a.71

Based on a cDNA clone used to characterize the antigen
EpCAM/Ep-CAM Epithelial cell adhesion molecule72

ESA Epithelial surface antigen73

EGP-2 Epithelial glycoprotein-274

EGP34 Epithelial glycoprotein of Mr 34,00026

EGP40 Epithelial glycoprotein of Mr 40,00075

KSA Adenocarcinoma-associated antigen76

KS1/4 n.a.67

TROP-1 Trophoblast cell-surface antigen40

TACST-1 Tumor-associated calcium signal transducer 177

n.a., not available.

Table 2. Functions Initially Proposed for EpCAM Based on Changes in Expression Pattern and Level and Binding Partners of
EpCAM

Processes associated with EpCAM

Cell-cell adhesion ● Evidenced by an ultrastructural localization of EpCAM11

● Lack of EpCAM affects aggregation of epithelial cells11

● Mediates interactions between intestinal epithelial cells and intraepithelial
lymphocytes50

● An element of tight junctions via interaction with claudin-743

Cell migration ● In vitro knockout of EpCAM (siRNA) decreases migration rate51

● Interaction with �-actinin38

Metastasis ● Interaction with CD44v4-v741 and CD948

Cell differentiation ● Disruption of EpCAM-mediated interactions, affects cell differentiation20,51

● Changes in expression level and pattern during epithelia differentiation20

Cell proliferation ● In vitro knockout of EpCAM (siRNA) enables proliferation51

● Up-regulation of the proto-oncogene c-Myc and cyclins A/E61

Morphogenesis: Involvement in:
organogenesis and regeneration ● Pancreatic development20

● Kidney development (M.T., E.R. Popa, P.M.J.M., H. van Goor, A. Timmer, G.W.
Bosman, L.F.M.H.d.L., and M.C.H., accepted)

● Liver regeneration16

● Kidney regeneration (M.T., P.M.J.M., H. van Goor, G. van Dam, L.F.M.H.d.L.,
E.R. Popa, and M.C.H., submitted)

Cell signaling ● Up-regulation of the proto-oncogene c-Myc and cyclins A/E61

● Reorganization of the actin cytoskeleton via interaction with � -actinin38

Cell cycle ● Up-regulation of the proto-oncogene c-Myc and cyclins A/E61

Metabolism ● Regulation of expression of the epidermal fatty acid-binding protein (E-FABP)62
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Here, we review the current knowledge of EpCAM
biology in relation to other CAMs. We discuss the im-
plications of the various newly identified functions of
EpCAM in light of its prognostic factor in carcinoma, its
use in anti-carcinoma therapy, and its expression on
normal epithelia.

Expression Patterns of EpCAM

The expression pattern of CAMs is highly diverse, both
between the different CAM families and within the fami-
lies. However, most of the CAMs are present on virtually
all cells. This is in contrast to the expression of EpCAM,
which in healthy individuals is restricted to simple epithe-
lia. Moreover, EpCAM is expressed in pathological situ-
ations, most notably in carcinoma but also in inflamma-
tory diseases. Here, we detail the expression pattern and
level of EpCAM during development and in normal
healthy adult tissues as well as in pathological conditions,
such as cancer and inflammatory disease.

Expression of EpCAM in Embryogenesis and
during Differentiation

Embryonic development depends on the appropriate ex-
pression and interactions of CAMs. Most of the CAMs are
expressed during embryogenesis from the earliest devel-
opmental stages in a tissue-specific way. Similarly, Ep-
CAM is expressed in the first developmental stages, ie, in
fertilized oocytes, at the two-cell stage and in the
morula.12

Moreover, expression of classic CAMs is found on
embryonic stem cells, which is not surprising because
cell-cell interactions are crucial for differentiation. Like-
wise, in murine embryonic stem cells, expression of the
murine homologue of EpCAM has been found.13 Thus,
although EpCAM expression is restricted to epithelia in
adult tissues, EpCAM is also present in embryonic stem
cells that are not yet committed to the epithelial cell type
during embryonal development. This early embryonic ex-
pression of EpCAM on nonepithelial precursors is a fea-
ture that EpCAM shares with other CAMs throughout the
different CAM families. In addition, we recently observed
the early expression of murine EpCAM in embryoid bod-
ies (EBs) in vitro (Figure 1). Interestingly, in the EB three
phenotypically distinct populations of cells could be dis-
tinguished with regard to expression pattern of EpCAM
(Figure 1). In the first population, EpCAM was expressed
only intracellularly. In the second population, EpCAM was
distributed homogeneously along the cell membrane
whereas in the third population EpCAM expression was
restricted to only those parts of the membrane that were
in close contact with neighboring cells. No intracellular
EpCAM could be found in a third population. A similar
expression pattern has been found for E-cadherin14 and
platelet endothelial cell adhesion molecule during differ-
entiation of EBs.15 Such a distribution of EpCAM in EBs
may be associated with the differentiation of these cells.

During embryogenesis, EpCAM expression is induced
during the process of maturation and differentiation of
some structures, for instance in comma- and S-shaped
bodies in developing kidney (M.T., E.R. Popa, P.M.J.M.,
H. van Goor, A. Timmer, G.W. Bosman, L.F.M.H.d.L., and

Figure 1. EpCAM expression pattern in murine EBs. A: EpCAM expression along the cell membrane (arrow) and intracellular expression (inset, arrow). B:
EpCAM expression on these parts of the cell membrane, in contact with a neighboring cell (arrow). Staining intensity indicates that EpCAM expression level in
EB differs between cells.
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M.C.H., accepted). However, terminally differentiated, ie,
specialized, adult epithelial cells typically cease to ex-
press EpCAM. For instance, small bile duct epithelium and
bile canaliculi in the adult liver express EpCAM, whereas
hepatocytes and large bile ducts are negative.16 Further-
more, in normal colonic crypts the germinal regions of the
colonic mucosal lining display high EpCAM expression,
which steadily decreases as cells differentiate and mi-
grate toward the top of the villi.17 In addition, progenitor
cells of skin epithelium express EpCAM, whereas differ-
entiated keratinocytes do not.18 Such dynamic changes
in expression pattern are typical not only for EpCAM. For
instance, in developing kidney NCAM is expressed in
S-shaped bodies and early tubules, whereas only mini-
mal expression of NCAM is found in adult tubules.19

One of the classically ascribed functions of CAMs is
their morphoregulatory role. In this respect, EpCAM ex-
pression has also been associated with morphogenesis
based on its up-regulated expression in carcinomas and
the marked variations in expression during development
and regeneration of epithelia.16,20 Indeed, de novo ex-
pression of EpCAM was observed after induction of ded-
ifferentiation in human keratinocytes that are normally
EpCAM-negative.21 In addition, during culture and pas-
sage of human keratinocytes, significant increases in
EpCAM expression were detected in parallel with a de-
crease of expression level of the differentiation marker
BT15.21 Also, in squamous cervical epithelia EpCAM ex-
pression correlates with an enhanced proliferative activity
and with the loss of tissue-specific markers, including
markers for terminal differentiation of squamous epithelial
cells.22 Taken together, in the initial phases of morpho-
genesis, EpCAM is found not only on epithelial precursor
cells but also on cells that are not yet assigned to a
certain cell fate. In later stages of epithelial development,
EpCAM acquires a strictly epithelial-specific expression
whereas in terminally differentiated cells EpCAM is not
expressed.

Expression of EpCAM in Mature Tissue

In mature tissue, EpCAM is expressed in virtually all
simple epithelia, and its expression is usually not subject
to change. However, the expression of EpCAM can
change in epithelial progenitor cells, which are required
for tissue maintenance and turnover. For instance, bipo-
tent progenitor cells of adult human mammary tissue as well
as progenitor cells expressing luminal cell markers are both
EpCAM-positive. These progenitors can give rise to pro-
genitor myoepithelial cells, which do not express EpCAM.23

Interestingly, the loss of EpCAM correlates with a decrease
in progenitor activity,23 which suggests that the level of
cellular differentiation and specialization at least partly de-
pends on EpCAM expression.

In contrast to the epithelia-restricted expression of hu-
man EpCAM, the murine homologue of EpCAM is ex-
pressed not only on epithelia but also on thymocytes, T
cells, and antigen-presenting cells. Several studies have
indicated that the selective expression of CAMs on intra-
epithelial lymphocytes is important for the interaction of

these lymphocytes with epithelial cells.24 Thus, this non-
epithelial expression of murine EpCAM may contribute to
homotypic adhesive interactions between thymocytes
and dendritic cells or epithelial cells, as also described
for the lymphocyte endothelial and epithelial CAM (LEEP-
CAM) or the integrin �E�7-E-cadherin complex.24 Since
the up-regulation of murine EpCAM in mature thymocytes
is one of the sequels of activation in vitro, Nelson and
colleagues25 postulated that EpCAM is involved in thy-
mocyte development and differentiation or peripheral T-
cell trafficking and function.

Expression of EpCAM in Carcinoma

Aberrant expression, such as up-regulation, down-regula-
tion, or de novo expression, is characteristic for most CAMs
during and after malignant transformation. EpCAM is typi-
cally overexpressed in a variety of epithelial cancers, ie,
carcinomas. EpCAM is not expressed on tumors of meso-
dermal and ectodermal origin, such as neurogenic tumors,
sarcomas, melanomas, or lymphomas.26 Its overexpression
usually correlates with a decrease in survival, for instance in
breast and ovarian cancer.27,28 An exception is renal cell
carcinoma, in which EpCAM expression correlates with an
increase in life expectancy.29

In contrast to normal epithelia, in which EpCAM is
expressed mostly on the basal or basolateral cell mem-
brane, EpCAM distribution varies in carcinoma, depend-
ing on the type of carcinoma. For instance in colon car-
cinoma well-differentiated adenocarcinoma cells are
characterized by a homogeneous basolateral distribution
of EpCAM, whereas moderately differentiated adenocar-
cinoma cells typically have a membranous, cytoplasmic,
and luminal EpCAM expression.30 More recently, Xie and
colleagues31 have provided further evidence that Ep-
CAM is distributed differently in normal and various ma-
lignant colon tissues, including squamous cell carci-
noma, signet-ring cell carcinoma, and adenocarcinomas.
These observations may have a diagnostic value in the
correct recognition of carcinoma type.

Expression of EpCAM in Response to
Inflammation

Inflammatory responses require adhesive interactions
between different populations of cells, for instance for the
infiltration of immune effector cells into the site of inflam-
mation, and CAMs are crucial components in this pro-
cess. Furthermore, CAMs are required for the induction of
processes that accompany tissue regeneration after in-
flammatory damage, ie, cell proliferation and differentia-
tion. Consequently, most CAMs are up-regulated or de
novo expressed during and after tissue inflammation, with
the exception of E-cadherin, which is down-regulated
during tissue regeneration.32

In contrast to E-cadherin, but in agreement with other
CAMs, EpCAM is up-regulated during inflammatory re-
sponses, for example during severe mucosal inflamma-
tion in the liver.33 Moreover, hepatocytes that are nor-
mally EpCAM-negative, de novo express EpCAM during
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chronic necroinflammatory diseases.33 In contrast, pri-
mary sclerosing diseases are characterized by down-
regulation of EpCAM expression.33 Thus, the de novo
expression of EpCAM is probably also a part of an in-
flammatory response and might be linked to regenerative
activity and (re-)epithelization in response to inflamma-
tion. In this respect, it has previously been shown that
epithelial damage induces the up-regulation of EpCAM in
regenerating areas of the liver.16 Recently, we found
EpCAM expression to be up-regulated in renal cortex
after ischemic damage (M.T., E.R. Popa, P.M.J.M., H. van
Goor, G. van Dam, L.F.M.H.d.L., E.R. Popa, and M.C.H.,
submitted). Thus, the expression level of EpCAM
changes in regenerating epithelia.

Regulation of EpCAM Expression

To date, little is known about the molecular mechanisms that
govern the pattern and level of EpCAM expression. One
step forward toward deciphering this molecular mechanism
was recently achieved by Gires and colleagues,34 who
showed that tumor necrosis factor (TNF)-� can down-regu-
late EpCAM. This down-regulation coincides with the acti-
vation of nuclear factor (NF)-�B and is mediated by a sig-
naling cascade that involves the TNF receptor 1 (TNF-R1)
and the direct cytoplasmic ligand of TNF-R1, TNFR1-asso-
ciated death domain protein (TRADD). However, the nega-
tive regulation led by TNF-� is in contradiction to the above-
described de novo expression of EpCAM in chronic

inflammatory liver diseases. In addition, Flieger and col-
leagues35 reported a modulating effect of TNF-� on EpCAM
expression, which might be a link between de novo EpCAM
or up-regulated expression level of EpCAM in epithelial
cells under inflammatory conditions. In carcinoma, chemo-
therapeutic agents such as vinorelbine tartrate (Navelbine,
GlaxoSmithKline, Philadelphia, PA) and paclitaxel (Taxol;
Bristol Myers Squibb, Princeton, NJ) have also been shown
to modulate EpCAM expression.36 Because paclitaxel is
known to modulate NF-�B activity, it is tentative to speculate
that the effect of these chemotherapeutics may be attribut-
able to the NF-�B-mediated regulation of EpCAM promoter
activity.

The Pleiotropic Nature of EpCAM

Binding Partners of CAMs

The extracellular domains of CAMs contain regions that
bind proteins of the extracellular matrix, including collagen,
laminin, and fibronectin, as well as other integral cell-sur-
face plasmalemmal proteins. The cytoplasmic domains
comprise regions that bind to cytoskeletal elements, for
instance talin, vinculin, and �-actinin. In the following sec-
tion the interaction of EpCAM with several ligands, all of
which are themselves involved in various regulatory pro-
cesses, will be reviewed (Table 2 and Figure 2).

Figure 2. Schematic representation of ligands identified for EpCAM and possible functions related to them. (1) The extracellular domain of EpCAM interacts with a
second EpCAM molecule resulting in homotypic cell-cell adhesion, hence, the name epithelial cell adhesion molecule. (2) EpCAM directly interacts with claudin-7, a
protein required for the formation of tight junctions, again implying a role of EpCAM in cellular adherence. (3) EpCAM directly interacts with CD44v4-v7 (carcinoma-
associated variants of CD44). The exact consequence of this interaction remains to be elucidated. (4) EpCAM indirectly associates with E-cadherin. The adaptor proteins
that facilitate this complex formation have yet to be identified. (5) EpCAM forms a primary complex with CD9 in the tetraspanin web. (6) Direct interactions of �-actinin
with the intracellular domain of EpCAM links this molecule to the cytoskeletal organization. (7) EpCAM modulates the expression of NF-�B, c-myc, and E-FABP. The
molecular pathway of this modulation has not yet been found. We propose that a proteolytic cleavage in the extracellular domain may initiate a signaling cascade that
results in the augmented expression of NF-�B, c-myc, and E-FABP. The interplay of EpCAM with E-cadherin (4) and CD9 (5), as well as the influence of EpCAM on NF-�B,
c-myc, and E-FABP (7) provides a link for its involvement in cell migration, metastasis, and cell signaling. ECM, extracellular matrix; E-FABP, epidermal fatty acid-binding
protein.
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Early Reports on Binding Partners of EpCAM

The first binding partner of EpCAM reported in literature
was a protein of 30 kd found in EpCAM-expressing car-
cinoma cells.37 Helfrich and colleagues37 used recombi-
nant soluble EpCAM as a probe for the EpCAM-binding
protein. Later, Schön and colleagues21 reported that the
extracellular domain of EpCAM is covalently bound to a
protein of a high molecular weight, which is located in the
extracellular matrix. However, the identity of these Ep-
CAM-binding proteins has not been revealed yet.

Interaction of EpCAM with the Actin
Cytoskeleton

The cytoplasmic intracellular domain of EpCAM contains
two �-actinin binding sites, through which EpCAM inter-
acts with �-actinin and, consequently, with the actin cy-
toskeleton.38 In vitro, ectopic expression of EpCAM in
thymic stromal cells, which are normally EpCAM-nega-
tive, results in a rapid reorganization of the actin cytoskel-
eton. In this process, numerous stress fibers as well as
long cellular protrusions are formed.38 Simultaneously,
E-cadherin-dependent cell adhesion is destabilized.
Moreover, ectopic overexpression of EpCAM leads to
disorganization of epithelial cell layers and enhances
growth of epithelia. Based on these in vitro data, Guil-
lemot and colleagues38 proposed that EpCAM deter-
mines the microenvironment in the thymic epithelium.
Interestingly, in cells characterized by a disorganized
cytoskeleton, eg, rat metastasizing pancreatic adenocar-
cinoma cells, EpCAM mediates stronger adhesions when
compared to cells with a more organized cytoskeleton, ie,
non/low-metastasizing pancreatic adenocarcinoma.39

Therefore, Wurfel and colleagues40 proposed that in the
absence of an organized cytoskeleton, the adhesive
functions of EpCAM take over a more dominant role.
These data show that EpCAM participates in the forma-
tion and regulation of a dynamic stromal cell network in
vitro and thus, like other CAMs, may be involved in these
processes in vivo.

Association of EpCAM with CD44v4-V7 and
Claudin-7

Recently, EpCAM was shown to interact directly with
CD44v4-v7,41 a tumor metastasis-promoting CAM,42 and
with claudin-7, a tight junction protein.43 In complexes
of CD44v4-v7-tetraspanin-EpCAM-claudin-7, found in
pancreatic tumor cell lines, the intracellular domain of
EpCAM directly interacted with CD44v4-v7. In addition, the
extracellular domain of EpCAM interacted with claudin-7.
Interestingly, although EpCAM interacts with CD44v4-v7, it
does not interact with the standard CD44 isoform.

These carcinoma-specific complexes of EpCAM with
CD44v4-v7 and claudin-7 can influence cell-cell adhe-
sion, cell-matrix adhesion, and apoptosis resistance, and
they appear to be involved in processes that promote
carcinogenesis, ie, metastasis.41 The EpCAM-claudin-7
complex is frequently observed in highly metastatic car-

cinomas, such as pancreatic and colorectal. Further-
more, as described above, EpCAM overexpression is
associated with poor prognosis in pancreatic and colo-
rectal carcinomas. Therefore, Ladwein and colleagues43

suggested that these complexes support tumor progres-
sion by promoting metastasis. This notion is supported by
the fact that one of the other members of the complex,
CD44v4-v7, is a surface molecule that promotes tumor
metastasis.42 On the other hand, during invasion and
metastasis in breast and esophageal carcinoma, the ex-
pression level of claudin-7 is reduced.44–46 Furthermore,
claudin-7 is a crucial element of tight junctions43 and,
therefore, may prevent invasion and metastasis by keep-
ing the tissue compact. Interestingly, although ultrastruc-
tural analysis of EpCAM-mediated adhesions did not re-
veal any junctional contacts,5 EpCAM may be associated
with formation of tight junction and/or its maintenance by
the direct interaction between claudin-7 and EpCAM.

EpCAM in the Tetraspanin Web

Tetraspanins are integral membrane proteins, clustered
in specific tetraspanin-enriched microdomains that regu-
late the functions of associated transmembrane proteins,
including CAMs. A small fraction of total cell surface-
expressed EpCAM is associated with the tetraspanin
web via its interaction with D6.1A, a protein that itself is
found in the tetraspanin D6.1A/CO-029/TM4SF3 com-
plex. As such, EpCAM appears to be recruited to tet-
raspanin-enriched microdomains.47 Since tetraspanins
have been associated with metastasis, it is tentative to
speculate that the potential prometastatic function of
EpCAM is a consequence of its association with tet-
raspanin-enriched microdomains. Corroborating evi-
dence for the association of EpCAM with tetraspanin-
enriched microdomains has come from a recent report
in which proteome analysis of the tetraspanin web in
colon cancer revealed that EpCAM is part of the tet-
raspanin web in a newly identified primary complex
with CD9.48

Homotypic Interaction of EpCAM in Mucosal
Defense against Infection

CAMs are used by intraepithelial lymphocytes to adhere
and function in intestinal epithelia cells.49 Such a direct
interaction of intestinal epithelia cells and intraepithelial
lymphocytes provides an immunological barrier against
mucosal infection. Recently, EpCAM was found to medi-
ate homotypic interactions between intraepithelial lym-
phocytes and intestinal epithelia cells.50 Consequently,
one might anticipate that EpCAM could be involved in the
immune response against mucosal infections. However,
further studies are required to confirm this hypothesis.

The Double Face of EpCAM: EpCAM in Cell
Adhesion, Migration, and Metastasis

Typically, CAMs are responsible for proper cell-cell inter-
actions, cell polarity, and tissue integrity. As such, CAMs
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are at the basis of various processes such as cell prolif-
eration, differentiation, signaling, mesenchymal to epithe-
lial transition, as well as the opposite process, epithelial
to mesenchymal transition. However, it is interesting to
note that EpCAM lacks the multiple repeated subdo-
mains characteristic for CAMs of the known subfamilies
of cadherins, integrins, selectins, and CAMs of the immu-
noglobulin superfamily.5 Thus, the tertiary structure of
EpCAM does not resemble that of other adhesion
molecules.

Initially, Litvinov and colleagues11 proposed EpCAM to
be a calcium-independent homotypic adhesion molecule
based on their observation that nonadhesive cancer cells
acquired adhesive properties and formed aggregates on
ectopic overexpression of EpCAM. Corroborating evi-
dence for the role of EpCAM as homophilic CAM has
been obtained in studies on its role in mucosal defense,
as described above.50 However, it appears that EpCAM
might have an opposite role to the classic CAMs. Litvinov
and colleagues11 reported that EpCAM is a functional
antagonist to E-cadherin. More recent studies showed
that EpCAM negatively modulates cadherin-mediated
cell adhesion by disruption of the link between �-catenin
and F-actin. In this way, EpCAM loosens the tight cell-cell
adhesions and modulates proliferation, differentiation,
and tissue maintenance.51,52 As such, it might be antic-
ipated that overexpression of EpCAM, typical for carci-
noma cell lines, is an important mechanism to disrupt
cell-cell contact to enable cell migration required for me-
tastasis. Thus, EpCAM may be a prometastatic molecule.
A role for EpCAM during metastasis was also confirmed
in vivo for the rat ortholog of EpCAM, D5.7A.39 Wurfel and
colleagues39 injected rats with normally low metastasiz-
ing tumors, eg, fibrosarcomas, that were engineered to
ectopically overexpress D5.7A. Only on overexpression
of D5.7A were tumor cells found to metastasize to the
distal lymph nodes and the lung.39 These findings are
further corroborated by the fact that in human cancer
patients elevated EpCAM expression is linked to an in-
crease in lymph node metastases.53 Moreover, on down-
regulation of EpCAM using siRNA in renal and breast
carcinoma cell lines, cell migration does not occur in the
absence of EpCAM.29,51 Together, this clearly links ex-
pression of EpCAM to formation of metastases.

Under physiological conditions, EpCAM may have a
similar role in promoting migration. For instance, EpCAM
is highly expressed in colon and hair follicles, where
epithelial precursor cells move along the villus to reach
the top.17 This migratory process is primarily reminiscent
of metastasis, thus lending further credit for the impor-
tance of EpCAM in the formation of metastasis.

In contrast, in human tumor cells that undergo epithe-
lial to mesenchymal transition, when the epithelial cells
acquire mesenchymal features to locomote, EpCAM ex-
pression is transiently down-regulated to enable migra-
tion.54 Similarly, during structural rearrangements and
cell migration taking place in nephrogenesis, when low
intercellular adhesions are preferable, EpCAM expres-
sion level is also low (M.T., E.R. Popa, P.M.J.M., H. van
Goor, A. Timmer, G.W. Bosman, L.F.M.H.d.L., and
M.C.H., accepted). This phenomenon seems to contra-

dict the correlation between EpCAM and cell migration
processes.

Furthermore, double function of EpCAM might result
from the fact that the extracellular domain of EpCAM
contains a proteolytic cleavage. Such a cleavage of the
extracellular domain of EpCAM can regulate cells adhe-
siveness/nonadhesiveness. Wurfel and colleagues39

showed that protease treatment of the rat-derived pan-
creatic adenocarcinoma cell line strengthened cell-cell
adhesion and significantly increased the proliferative ac-
tivity of EpCAM. A similar regulatory mechanism of pro-
teolytic cleavage of the extracellular domain and release
of the extracellular domain has been shown to be of major
importance for the regulation of cell adhesion guided by
many other CAMs. For instance, proteolytic cleavage of
the extracellular domain of N- and E-cadherin decreases
the adhesiveness of cells.55 Furthermore, without proteo-
lytic cleavage of �(v) integrins, their function in cell ad-
hesions is altered.56 Moreover, cleavage of the CD44
ectodomain plays a critical role in CD44-mediated tumor
cell migration by regulating the dynamic interaction be-
tween CD44 and the extracellular matrix.57

Of note, glycosylation is a highly diverse nontemplate-
driven process that can generate enormous informational
content. In this respect, the epidermal growth factor-like
repeat in the extracellular domain of EpCAM4 may be a
target for differential glycosylation and, therefore, the
choice of specific binding partner of EpCAM, and may
consequently regulate the EpCAM-mediated adhesive-
ness. It is well established that the glycosylation pattern
of EpCAM markedly differs between carcinomas and
normal epithelia, as well as between different carcino-
mas.58 It is interesting to determine whether the positive
effect of EpCAM on patient survival in renal cell carci-
noma, in contrast to the negative effect on survival of
EpCAM in many other carcinomas, is related to a differ-
ence in glycosylation pattern, subsequent signaling, cell
migration, or cell adhesion.

Thus, it seems that depending on the microenviron-
ment, as well as the EpCAM expression level, EpCAM
supports adhesion in normal epithelia, whereas in carci-
noma EpCAM can switch between two functions. In the
first situation, EpCAM prevents strong cell-cell adhe-
sion and thereby enables cell migration and metasta-
sis, similarly to E-cadherin. In the second situation,
EpCAM mediates cell-cell adhesion and thereby pre-
vents cell migration.

Such a double function was reported also for CD44,
another CAM, in neoplasia. CD44 can act as a growth/
invasion-promoting molecule or a tumor suppression
co-factor.59 Herrlich and colleagues59 proposed that
the type of action of CD44 on a given cell depends,
among others, on the nature of the extracellular matrix
and on the interactions with different proteins that link
plasma membrane and the actin-containing cytoskele-
ton. This can be also an explanation for the double
face of EpCAM, because EpCAM can also interact
with ECM and cytoskeleton via functionally different
proteins.
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EpCAM in Cell Proliferation

Studies on the rat ortholog of EpCAM, D5.7A, also re-
vealed that cross-linking of D5.7A provides a proliferative
signal for carcinoma cells.39 Furthermore, Osta and col-
leagues51 showed that down-regulation of EpCAM using
siRNA leads not only to a decrease in migration but also
to a decrease in cell proliferation in breast carcinoma.
These data indicate that EpCAM, like other CAMs, is
required for cell proliferation and differentiation in carci-
noma, which, although not proven, might also be the
case for normal epithelial cells. However, down-regula-
tion of EpCAM only reduces but does not abolish prolif-
eration and migration. Therefore, we suggest that al-
though EpCAM is clearly involved in these processes,
other proteins are also involved in regulating proliferation
and migration.

EpCAM in Cell Cycle Regulation

Already in 1990 Simon and colleagues60 proposed a
receptor-like function for EpCAM, based on the high DNA
sequence homology of EpCAM to nidogen and placental
protein 12, a matrix adhesion molecule and an insulin-like
growth factor-binding protein, respectively. More recent
evidence presented by Munz and colleagues,61 has re-
fined the effect of EpCAM to cell cycle regulation. In their
studies, Munz and colleagues61 ectopically expressed
the intracellular domain of EpCAM in the EpCAM-nega-
tive human embryonic kidney cell line HEK293. This ec-
topic expression resulted in the up-regulation of c-myc as
well as cyclin A and E.61 The net effect was enhanced
cell cycle progression and a resultant increase in prolif-
eration and metabolism.61

In addition, the epidermal fatty acid-binding protein
(E-FABP) was recently identified as another gene indi-
rectly regulated by EpCAM.62 E-FABP expression is rap-
idly up-regulated on induction of EpCAM in squamous
cell carcinoma lines and in primary head and neck car-
cinomas in vivo. Of note, E-FABP has been reported to be
a target gene of c-Myc, thus providing a potential link
between EpCAM-induced c-Myc expression and E-FABP
expression. These results provide evidence for the direct
involvement of EpCAM in signaling processes, gene reg-
ulation, and cellular metabolism and support an impor-
tant role of EpCAM in tumor biology, as well as in normal
epithelial cells.

Based on the diverse functions of the various binding
partners of EpCAM (Table 2) we propose that the local
microenvironmental circumstances set the stage for the
different functions of EpCAM. In other words, the activity
of EpCAM is probably governed by the selective binding
to its respective partners and other associated molecules
that are located either at the cell membrane or in the
cytoplasm.

Summary and Perspectives

Throughout the past 4 decades, the expression of Ep-
CAM has been investigated predominantly in malignant

tissues for diagnostic and prognostic purposes. As a
consequence, a variety of therapeutic strategies have
been designed that specifically target EpCAM based on
its overexpression in carcinomas. However, EpCAM is
more than a carcinoma marker. Although its structure
does not resemble any of the classical CAMs, EpCAM
has been proposed to be a CAM molecule because it can
mediate cell-cell adhesion. Recently, the position of Ep-
CAM as a CAM was strengthened by the observation that
EpCAM, besides adhesion, participates in other CAM-
specific processes that underlie morphogenesis and me-
tastases, such as proliferation, differentiation, migration
cell-cycle regulation, and intracellular signaling. Thus,
EpCAM clearly is a pleiotropic molecule that serves an
important role in the onset, development, maintenance,
repair, and function of epithelia in the organism.

Most of the studies dedicated to the function of EpCAM
come from in vitro studies. The most obvious way to
elucidate further the exact role of EpCAM is by generat-
ing a knockout model. However, because EpCAM is ex-
pressed at very early developmental stages and CAM-
based adhesions and junctions are crucial for the
mammalian epidermal barrier,63 it is to be expected that a
knockout model is embryonic lethal. Therefore, conditional
knockouts dedicated to a particular embryonic stage or
epithelial organ might provide the best way forward and
allow us to identify, at which stage during development,
during tissue repair, or during tumor metastases EpCAM is
critical. To elucidate the role of EpCAM in carcinoma, it
would be interesting to develop a knockin model.

The various roles of EpCAM can also have profound
implications for carcinoma therapy. In certain situations,
blocking EpCAM using monoclonal antibodies may not
only diminish tumor growth but also prevent the formation
of metastasis. In addition, since EpCAM promotes cell
proliferation and, therefore, growth of the tumor, it seems
to be worthwhile to combine EpCAM-targeted therapy
with selective anti-proliferative agents such as paclitaxel
or vinoreline.

In carcinoma, the up-regulated expression of EpCAM
may be considered as a factor that disturbs the regula-
tory balance and facilitates aberrant cellular prolifera-
tion and differentiation. In contrast, in normal epithelia
EpCAM expression provides the flexible plasticity that is
required for normal epithelial development and main-
tenance. This is accomplished because EpCAM is in-
volved in processes underlying morphogenesis.29

Therefore, EpCAM targeted therapies might be of inter-
est to improve the regeneration of epithelial tissues, eg,
after ischemia. This would augment (re-)epithelization
and recovery. Although selective activation of EpCAM
expression in normal tissue is still far from feasible, de-
tailed examination of regulatory mechanisms that guide
promoter activity will in the future help to identify strate-
gies to specifically induce EpCAM expression.

In conclusion, many reports that point to the pleiotropic
nature of EpCAM have recently appeared. Although
much remains to be elucidated, the ongoing research
efforts on EpCAM have paved the way toward an under-
standing of EpCAM biology.
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