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Epithelial cell adhesion molecule EpCAM is expressed on a
subset of normal epithelia and overexpressed on malignant
cells from a variety of different tumor entities. This over-
expression is even more pronounced on so-called tumor-
initiating cells (TICs) of many carcinomas. Taking this rather
ubiquitous expression of EpCAM in carcinomas and TICs into
account, the question arises how EpCAM can serve as a
reliable marker for tumor-initiating cells and what might be
the advantage for TICs to express this molecule. Furthermore,
several approaches for therapeutic strategies targeting exclu-
sively EpCAM on cancer cells were undertaken over the past
decades and have recently been transferred to pre-clinical
attempts to eradicate TICs. In the present review, we will
depict potential functions of EpCAM in tumor cells with a
special focus on TICs and therapeutic implications.

Introduction

Two basic models attempt to explain the initiation and develop-
ment of tumors in vivo. According to the stochastic or clonal
evolution model an accumulation of mutations in somatic cells
leads to an uncontrolled proliferation and finally to transforma-
tion into cancer cells." The second model assumes the existence of
a hierachical arrangement of tumor cells, which implies that only a
subpopulation of cells is able to induce tumor formation.>> These
cells are characterized by two main features, which position them
at the apex of the cancer cascade: self-renewal and multipotency.
Several pieces of evidence, which primarily originated from the
field of leukemia, support the idea that various types of stem cells
might themselves be the targets of transformation.*” First of all,
there is no requirement for an ectopic activation of self-renewal
and multipotency programs in these cells and, second, the longer
life span increases the probability of accumulating mutations that
would uncouple these cells from controlled homeostasis.® In
addition, pathways, which are known to be important in cancer
progression, like the Wnt, the Hedgehog and the Notch signaling
pathway are also involved in maintaining stemness and self-
renewal.”"!
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It must be noted that all assumptions and theories can at best
be challenged and eventually verified in animal models. Accord-
ingly, xenograft transplantations remain at present the gold
standard for the identification and characterization of TICs in
vivo. Purified human tumor cells are transferred into immuno-
compromised mice in varying concentrations and tumor forma-
tion is observed over time. Obviously, with the usage of such
animal models initial steps of transformation and major changes
in cellular homeostasis occurring in vivo and leading to the
development of malignancies in humans are still inaccessible to
our understanding. Nonetheless, these xenogeneic transplantation
models reveal the formation of heterogenous tumors reflecting the
tumorigenic and differentiation capacity of these cells. Cells with
the ability to induce new tumors are known as TICs, tumor-
initiating cells, or cancer stem cells (CSCs). Interestingly, TICs
show a stem-like phenotype including traits of self-renewal and
multipotency. It is however important to keep in mind that the
observed heterogeneity can be also explained by the stochastic or
clonal evolution model,” for example owing to differences in the
microenvironment that determine the diversification of various
cells of the whole tumor.'>"?

Isolation and identification of TICs are commonly achieved
with the use of markers, which revealed more or less selective.
Even if there is no universal marker for TICs of all types of cancer,
some molecules are most frequently shared across entities.'* These
proteins are: CD20, CD24, CD34, CD44, CD90, CD117,
CD133, CDI166, ALDH, nestin and finally EpCAM.'*"
Noteworthy, some of these proteins, such as EpCAM or CD44,
are expressed in an almost ubiquitous manner on most carcinoma
cells and even on selected normal adult tissues, and differ
primarily in their expression amplitude in TICs. Thus, combina-
tions of several markers are more reliable to characterize cells as
TICs. For instance, high expression of EpCAM combined with
CD44 positive or CD44"/CD24" served as an excellent criterium
with regard to the identification of TICs from breast,” colorectal "’
or pancreatic carcinomas.''

Besides its frequent overexpression on TICs of various
entities,'® EpCAM was identified in 2008 as a marker for human
embryonic stem cells in an antibody based screening assay.'”
Several publications of the last years confirmed EpCAM as a
suitable marker for pluripotency and proliferation in murine and

human embryonic stem cells.'®"’
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In this review, we will focus on the functional aspects of
EpCAM in stem cells and TICs, and on possible therapeutic

approaches using this molecule as a target (see also Box 1).
General Facts on EpCAM

EpCAM was first described in 1979 as an antigen, which induced
the production of specific antibodies after immunization of mice
with human colorectal carcinoma cells and subsequent fusion of
splenocytes with myeloma cells to create hybridomas.*® Biochemi-
cal approaches to define the actual antigen recognized by the
Co-17-1A antibody were conducted several years later and identi-
fied EpCAM as a glycosylated protein with an apparent mole-
cular weight of 33-40 kDa.*"** Early on, anti-EpCAM antibodies
were assessed for the capacity to serve as diagnostic and thera-
peutic tools” including early phase I clinical trials.**** The mid
1990s brought about large clinical phase studies utilizing the
monoclonal anti-EpCAM antibody Edrecolomab®®*' and which
resulted in FDA approval and market introduction of Panorex
for the treatment of metastasized colon cancer. In parallel to this
development the group of S. Litvinov concentrated on mole-
cular and functional aspects of EpCAM to reveal his role as a
homophilic cell adhesion molecule and a correlation to prolifera-
tion.>*** In 1999 the same group compiled the first compre-
hensive review on EpCAM expression pattern and function.” It
must be noted that Panorex was retrieved from the German
market in 2000 and the actual benefit of this particular anti-
EpCAM antibody was eventually refuted in a large cohort of
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patients suffering from stage III colon cancer.
discussions and arguments on reasons for such a clinical failure
even after FDA approval,”””® it appears advisable to heed the
following important issues when considering EpCAM as a target
for therapy:

e Expression levels of EpCAM matter with respect to potential
benefit of EpCAM-specific antibody therapy.”

« Effects of anti-EpCAM antibody on EpCAM signaling must
be paid attention to.*

e Inhibition of EpCAM signaling with specific inhibitors of
regulated intramembrane proteolysis is a novel option to be
considered.

In the great majority of cancer entities, EpCAM overexpres-
sion strongly correlates with worse overall survival and bad prog-
nosis,""** and distinguishes patients at high risk for recurrence.”
However, in some entities such as pancreatic and gastrointestinal
cancers EpCAM  overexpression rather correlates with better
prognosis.** The molecular basis for this discrepancy is as yet
unknown.

EpCAM and Metastases

Early work by Jojovic et al. reported on a substantial decrease of
EpCAM expression in micrometastases as compared with primary
carcinomas and established metastases in the mouse model.*
Already at this time, it was postulated that EpCAM was subject
to “regulatory processes in epithelial-mesenchymal transitions
during metastases.” This is in line with a function of EpCAM as a
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cell adhesion molecule and as a promoter of cell proliferation.
Initial steps of metastatic spread, which are associated with
migration and a decreased proliferative rate during circulation and
spreading to distant organs, would rather be expected to be
associated with a loss of EpCAM expression. However, induction
of epithelial-mesenchymal transition (EMT) upon the expression
of regulatory molecules such as FoxM1 correlated with increase of
vimentin and EpCAM expression.“ Thus, at present the actual
role of EpCAM in the process of metastatic spread is not properly
understood. We can speculate on a potential requirement for the
loss of EpCAM during initial phases of metastatic spread, which
could facilitate detachment of tumor cells from the bulk and favor
a dormant state of circulating cells. Upon invasion and formation
of micrometastases, a second phase of EpCAM expression might
be necessary to foster proliferation and formation of multicellular,
large metastases.

Structure of EpCAM

Epithelial cell adhesion molecule EpCAM (murine CD3260) is a
type I transmembrane glycoprotein consisting of a large extra-
cellular (EpEX), a single transmembrane and a short intracellular
(EpICD) domain. Three independent glycosylation sites in the
EpEX part dictate the stability of the whole protein at the cell
surface. N-glycosylation of the most membrane-proximal aspar-
agine'”® in tumor cells resulted in a 3-fold increase of the half-life
of EpCAM at the membrane and might thus impact on the
functionality of EpCAM.? This is of special interest as EpCAM
was shown to be hyperglycosylated in the great majority of head
and neck carcinomas as compared with autologous normal
mucosa.”® EpCAM was shown to mediate cell-cell adhesion via
intra- and intercellular homophilic interactions, which are pro-
vided by an EGF-like domain and a thyroglobulin domain in the
extracellular part.*” Additionally, EpCAM is connected to the
cytoskeleton upon interactions of EpICD with at-actinin, and thus
EpICD is required for proper intercellular adhesions.” Interest-
ingly, the short intracellular domain comprising only 26 amino
acids is crucial for EpCAM-dependent signal transduction from
the plasma membrane to the nucleus,” as will be described in
more detail in the next section.

EpCAM Signaling

Some TIC markers such as EpCAM, CD44, and CD133 are
shared in a number of entities and represent the most frequently
used markers for the enrichment of tumor-initiating cells from
primary human cancer samples.'* Reasons for the high frequency
and high-level expression of CD44 in TICs have been reviewed
recently by Zéller'? and clearly relate to long-known cell com-
munication and signaling properties of CD44. Knowledge on the
functions of CD133 is rather scarce and so are the assumptions
on a particular functional role of CD133 in the generation and/
or maintenance of the TIC phenotype.”> When concentrating
on EpCAM as a marker of TICs, implications of the molecule
in signaling events were for long time no matter of discussion,
since EpCAM  was viewed as cell adhesion molecule only.
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However, as for the case of many cell adhesion molecules,
EpCAM has dual properties in that it can mediate cell-to-cell
contact but also transmit signals from the plasma membrane into
the nucleus in order to regulate gene transcription (see left part
of Fig. 1 for schematic view of EpCAM signaling).”® In addition,
EpCAM is not solely expressed in epithelial cells but likewise
strongly expressed in various tissue stem cells, precursors, and in
embryonic stem (ES) cells of murine and human origin.”>** In
ES cells, EpCAM is mandatory for the maintenance of self-
renewal and the pluripotent phenotype.'®'? Its mode of signaling
proceeds via regulated intramembrane proteolysis (see left part
of Fig. 1). After being cleaved off by the tumor necrosis factor
o converting enzyme (TACE, ADAMI17), the extracellular part
of the protein, termed EpEX, can act as a shed ligand to induce
further cleavage of intact EpCAM molecules.”’ The second
cleavage is mediated by y-secretase complexes, which contain
presenilin 2 and results in the release of the intracellular domain
EpICD in the cytosol of the cell (Fig.1). Soluble EpICD
constitutes the signaling active intracellular compound, which is
found in a large nuclear complex together with FHL2, 3-catenin
and Lef-1. FHL2 is composed of four-and-a-half LIM domains,
which represent protein-protein interaction moieties.”> Known
interaction partners of FHL2 are among many others TACE,*
presenilin 2°” and B-catenin.”® Hence, FHL2 might act as a
scaffold protein, which could be essential for the initial formation
of the EpCAM signalosome. Although additional solid evidence
is required, first hints that indeed FHL2 is of paramount
importance for EpCAM signaling stem from siRNA-mediated
knock down experiments. Knock-down of FHL2 inhibited
EpCAM-mediated proliferation of HEK293-EpCAM cells®' and
carcinoma cells (O.G., unpublished data). Importantdy, FHL2
links EpCAM to the Wnt pathway via interactions with the
major components of this central pathway, i.e., [-catenin
and Lef-1 (Fig.1), as will be discussed in more detail in the
following.

EpCAM and Central Signaling Pathways in TICs

TICs most probably require a multitude of signals in order to
maintain a phenotype characterized by self-renewal and pluri-
potency. These signals include the Wnt/B-catenin pathway,””*
the Sonic Hedgehog and the Notch pathways,®" which play a
decisive role in the regulation and maintenance of stemness, and
in tumor formation. Hence, it is not surprising that all these
pathways are known to be major regulators of TICs.”'"¢?
Uncontrolled activation of these and other pathways are presumed
to play essential roles in the initial formation of TICs and
therefore in tumorigenesis in general.'*® As these pathways are
frequently involved in the regulation of the phenotype of various
stem cells, it is further tempting to speculate that gain-of-function
mutations of members of those pathways are instrumental in the
formation of TICs.

Briefly, binding of Wnt ligands to the frizzled receptor facili-
tates the phosphorylation of the disheveled protein (DSH), which
inactivates glucogen synthase kinase 38 (GSK3-8). Thereby, the
phosphorylation and subsequent degradation of B-catenin by the

32 Cell Adhesion & Migration

proteasome are inhibited. The resulting accumulation of B-catenin
in the cytoplasm allows for its transfer into the nucleus, where it
interacts with transcription factors of the Lefl family (Fig.1).
This functional complex induces the transcription of prominent
targets like CD44,°* cyclin D1 and cmyc,” which is also a
major target of EpCAM signaling.®® Moreover emyc can trigger
the induction of a stem-like transcriptional profile in normal
and cancer cells and represents the central switch from adult
to embryonic stem cells.”” So far, it remains unknown at which
point in the signaling cascades of EpCAM and Wnt/Frizzled
cross-talk occurs (Fig. 1). However, EpICD does not only interact
with B-catenin and Lef-1, it also binds to Lef-1 consensus sites
in the promoter of Wnt target genes such as cyclin D1.°"¢
Interestingly, EpICD appeared to be essential for the formation of
one of the two major nuclear protein/DNA complexes formed
at Lef-1 consensus sites in EpCAM-positive carcinoma cells,’’
suggesting that EpICD can provide additional levels of regulation
to Wnt target genes, which are central in cell cycle regulation
and thus could play important roles in self-renewal. Since Wnt
signaling is reportedly instrumental in TICs””® and because TICs
rely on Wnt pathway inducing signals from their microenviron-
ment for the maintenance of their phenotype,” it is tempting to
speculate that EpCAM overexpression and signaling are instru-
mental in this respect, too. For example, in addition to cmyc other
key factors such as nanog, klf4, sox2 and oct4, which are central
to the conversion of somatic cells into induced pluripotent stem
cells (iPS),”>”® were also described as direct targets of EpCAM
in human embryonic stem cells (hESC).”* Thus, a loss of regula-
tion of EpCAM expression and signaling would equip cells with
some of the characteristic traits of TICs such as proliferative
potential and multipotency.'* Evidence in support of a central
role of EpCAM in the reprogramming of iPS came from studies
involving mouse embryonic fibroblast transduced with expression
constructs for Oct4, Sox2, Klf4 and cmyc (OSKM). Induction
of expression and synergistic effects of Claudin-7 (Cldn7) and
EpCAM during efficient generation of iP$ indicated that Cldn7
regulated the functional activity of EpCAM.” Accordingly,
conventional stem cell markers such as SSEA-1 and alkaline
phosphatase were observed during reprogramming even in
incompletely reprogrammed cells, which did not turn into iPS,
whereas EpCAM and E-cadherin could only be detected in
successfully reprogrammed iPS.”® With these findings in mind
and the knowledge of EpCAM signaling capacities, we suggest a
role for EpCAM in the induction and/or maintenance of the
phenotype of tissue precursors, stem cells, iPS cells, cancer cells,
and TICs. This function most probably relates primarily to
proliferation and the maintenance of an undifferentiation state.
This hypothesis is so far best exemplified in the liver, where
EpCAM expression and Wnt signaling both are associated with a
tissue stem cell phenotype and regenerative capacity of cells.””*" It
is important to note that EpCAM expression was only detected
in regenerating cells like hepatobiliary stem and progenitor cells,
while it was lost in mature hepatocytes””®" and thus a potential
role for EpCAM in the regulation of stemness of liver progenitors
was discussed recently.®® An interrelation of EpCAM and Wnt
in hepatocellular carcinomas was further substantiated upon the
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Figure 1. Proposed cross-talk between EpCAM signaling and the Wnt pathway. Activation of the frizzled receptor by members of the Wnt family of
ligands induces the inhibition of GSK3f and the subsequent stabilization of -catenin. Upon nuclear translocation, -catenin controls Lef-1 dependent
transcription. EpICD interacts with the very same components to form a nuclear complex comprised of B-catenin, FHL2 and Lef-1. This nuclear complex is
licensed to bind promoters of genes involved in cell cycle regulation and stemness. Further research would be necessary to describe in-depth the
mechanism of transcriptional regulation of Nanog, Oct4, KIf4 and Sox2 by EpCAM. The actual composition of EpICD nuclear complexes recruited to the

promoters of stemness genes are unexplored until now.

finding that the ¢pcam gene becomes transcriptionally activated
by Tcf-4, a member of the Lef family of transcription factors.*
Accordingly, EpCAM is a marker for TICs with a stem/progenitor
phenotype in hepatocellular carcinomas® (Fig. 2). Taken together
these facts on EpCAM expression patterns and signaling capacities
present a solid rationale for the frequent overexpression of
EpCAM in TICs of various tumor entities.'® It is conceivable that
EpCAM becomes upregulated or is per se strongly expressed in
tissue progenitors and in cells which regenerate damaged or
injured organs, as for the case of liver and kidney. Under non-
pathological conditions, mature cells of these organs will cease to
express EPCAM and thereby silence self-renewal and pluripotency
traits mediated by EpCAM. Upon mutations and/or abnormal
activation of the Wnt pathway this regulative decrease of EpCAM
expression might be obviated and result in cells, which are primed
for further transformation.
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It must however be noted that controversy exists, as it was
depicted that the regulation of pluripotency genes except for cmyc
were not or just marginally affected by the knockdown of
EpCAM in hESC,” which contradicts work by Lu et al.”
Furthermore, there is still no consensus on the mechanism of
EpCAM regulation during differentiation in human ES cells.
On the one hand it was reported that EpCAM is controlled by
epigenetic modifications, which correlated with a reduced trans-
cription,”* while on the other hand a posttranscriptional regula-
tion was proposed.'” Hence, further research would be necessary
to solve this controversial discussion. Also, EpCAM is expressed in
normal tissue with a differentiated phenotype and lacking both
proliferation and pluripotency. So far nothing was reported on
the actual function of EpCAM in these tissues. A comparison
of EpICD localization in normal colonic mucosa and colon
carcinomas revealed striking differences. EpICD translocated into
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Figure 2. EpCAM expression in normal and regenerating liver, mature hepatocytes, liver carcinomas and TICs thereof. During liver morphogenesis
and regeneration upon injury or chronic inflammation, EpCAM expression correlates with a proliferative and low differentiation. Liver precursors
(hepatoblasts) are characterized by EpCAM"9" and downregulate this EpCAM expression upon differentiation into mature hepatocytes (differentiation'").
This process is partly regulated by the Wnt signaling pathway, which also dictates EpCAM expression. For the case of malignant transformation, EpCAM
remains highly expressed in liver TICs and show an intermediate phenotype in hepatocellular carcinomas (differentiationemediate),

the nucleus, where it deploys its function,®” in malignant but not
in normal colon cells.” Molecular mechanisms underlying these
observations are still unknown.

Besides its expression, a second level of regulation of EpCAM
in stem cells and TICs remains unexplored, namely the induc-
tion of EpCAM signaling. Data available on the induction of
EpCAM cleavage originate from human cancer cells but not from
stem cells or mature somatic cells. In principle, evidence for a
regulated intramembrane proteolysis of EpCAM and nuclear
translocation of EpICD is indirect. Lu et al. reported on chro-
matin immunoprecipitation of EpICD at promoters of stemness
genes,”* strongly suggesting EpCAM cleavage in stem cells too.
However, a formal proof of this notion is still pending. Assuming
that EpCAM is cleaved in stem cells and TICs, and knowing that
cleavage in carcinoma cells is initially induced by cell-to-cell
contact,” we can speculate on the repercussions on stem cells and

TICs. Upon strong overexpression of EpCAM, stem cells and
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TICs might become primed for EpCAM signaling pathways such
that signaling can be induced upon cell-to-cell contacts of stem
cells or TICs among themselves, or with EpCAM-positive cells of
the microenvironment. In line with this hypothesis was the
interesting finding that aldehyde dehydrogenase 1- and EpCAM-
positive cells from patients suffering from chronic colitis were the
cells of origin during transformation to colorectal cancers.*® This
implies that the expression of ALDH1 and EpCAM marks cells
with pre-malignant traits, which are prone to tumor formation in
vivo. Such a mechanism would allow the setting of a threshold for
minimal numbers of TICs required for efficient amplification in
a given microenvironment and promote a self-perpetuating
amplification of EpCAM signals and, as a result, of TICs. In
turn, active shut-down of EpCAM expression and signals in TICs
could participate in the reported aberrant differentiation of
TIC:s into bulk tumor cells, as was observed in normal embryonic

stem cells.'®"?
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EpCAM as a Target in Cancer Therapy

Conventional therapies for the treatment of cancer such as
chemotherapy or radiation target predominantly the tumor
bulk. Unfortunately, TICs are not or only marginally affected
for several reasons: at the time point of treatment it is assumable
that TICs are low proliferating and almost quiescent cells with
an infrequent cell cycle transition. In other words, transient
amplification of TICs to generate the tumor bulk already had
happened at the time point of diagnosis. Hence, TICs will be sub-
optimally affected by conventional approaches®* or even be
rather refractory to standard chemotherapy and increase propor-
8991 The preference for
hypoxic niches makes these cells to inappropriate targets also

tionally in numbers upon treatment.

for angiogenesis inhibitors. Furthermore, the overexpression of
detoxifying enzymes or multidrug resistant pumps makes it
challenging to target TICs with classical treatments. Therefore, a
combination of differentiated treatment strategies against the
tumor mass and TICs are required. In this context, EpCAM
might be a promising target because it is highly expressed on the
bulk of cancer cells as well as on TICs. Since EpCAM is also
expressed endogenously on healthy epithelial tissue and stem
cells the question arises if these cells are also affected by EpCAM-
based strategies or whether differences in expression levels allow
for an appropriate therapeutic window. In normal tissue, EpCAM
is arranged in a complex with CD9, CD44 and Claudin-7, and
is localized to basolateral membranes.*** Thus, the accessibility
for EpCAM-binding antibodies is lower in normal cells than
for cancer cells. In these cells EpCAM is strongly overexpressed
and therefore might be partly unbound and better accessible
for targeting antibodies. In 2001, McLaughlin et al. generated a
transgenic mouse model expressing human EpCAM under the
control of the endogenous human promoter. In this animal
model, the authors observed a favored binding of the mono-
clonal antibody MOC31 to xenotransplanted tumor cells in
comparison to healthy tissue expressing human EpCAM, indicat-
ing a higher accessibility of EpCAM in tumor cells.”” During the
last decades several efforts were made to generate therapeutic
antibodies. The first EpCAM targeting monoclonal IgG2a murine
antibody tested in patients was termed Edrecolomab (Panorex).
First clinical studies enrolling patients treated with Edrecolomab
revealed a reduced tumor recurrence and death rate, whereas these
effects could not be reproduced in larger clinical trials.**"® This
failure of clinical response might be due to the short serum half-
life of the murine antibody and to a lack of randomization of
patients according to their actual EpCAM status on tumor cells.
Clearly, it is expected that only patients with high-level EpCAM
expression on tumor cells would benefit from antibody treatment
and therefore randomization appears mandatory. Nonetheless,
severe doubts on the efficiency and feasibility of EpCAM-specific
antibodies were raised”” and partly rebutted.’® As a matter of fact,
knowledge on the actual function of a target will help to develop
more effective therapeutics with lower side-effect, as has been
beautifully shown for the case of Her and Trastuzumab. By the
time EpCAM-specific antibodies have been developed, knowledge
on EpCAM’s capacities to signal and induce proliferation was not
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available. Accordingly, differences in the influence of EpCAM-
specific antibodies on the proliferation of EpCAM-positive cells
have recently been demonstrated®” and must be taken into con-
sideration for future developments. Several chimeric (chimeric
Edrecolomab), humanized (3622W94), human-engineered
(ING-1), and fully human (Adecatumumab) anti-EpCAM anti-
bodies with different target affinities were designed. Interestingly,
antibodies with highest affinities such as 3622W94 and ING-1
induced acute pancreatitis even at low concentrations (1 mg/kg
body weight).”**> High affinity obviously increases the binding
of EpCAM-specific antibodies to healthy tissue such as pancreas
or the respiratory tract. In contrast, the human antibody
Adecatumumab (MT201), which is characterized by an inter-
mediate affinity, showed only minor side effects like nausea, chill,
fatigue and diarrhea using higher doses (2-6 mg/kg body
weight).”” In this particular clinical phase II, randomization
between high and low EpCAM expression in metastatic breast
cancer revealed that a high EpCAM level is associated with a good
prognosis in terms of overall survival after treatment with
Adecatumumab. In 2009, the first antibody targeting EpCAM,
called Catumaxomab (Removab), obtained approval for the
European market. This trifunctional antibody has the ability to
bind EpCAM expressing cancer cells as well as cytotoxic T-cells
via the CD3 receptor. The Fcy receptor allows the molecule to
further bind and activate accessory cells such as macrophages,
NK cells and DCs.”® Clinical trials revealed humoral responses
against this antibody after treatment. This might be due to the
chimeric structure consisting of mouse IgG2a and rat IgG2b.
Surprisingly, this kind of response against Catumaxomab corre-
lated with the clinical outcome in a positive manner and treat-
ment of patients with malignant ascites with Catumaxomab
caused a prolonged overall survival.””

So far, all clinical trials reported herein did not specifically
deal with the eradication of TICs in particular, but rather with
the treatment of EpCAM-positive cancers. Recently, the bispeci-
fic antibody MT110 was tested for its ability to target TICs
derived from colorectal cancers. This antibody has binding
affinities for EpCAM and CD3, which allow it to initiate the
formation of a cytolytic synapse between T-cells and TICs. A
combination of the antibody and PBMCs (Peripheral Blood
Mononuclear Cells) led to decreased or absent colony formation
in soft agar assays. Additionally, the treatment with MT110
prevented tumor formation in a xenograft model, where mice
were inoculated with TICs.”

Despite considerable improvements in the field of therapeutic
antibodies, there are still challenges to manage. Variations in
carbohydrate compositions, which are related to cytotoxicity can
occur in the production of therapeutic antibody and thereby
exhibit a safety risk during treatment. Additionally, for several
antibodies the short serum half-life is a remaining problem.
Therefore, RNA aptamers represent an attractive alternative. The
advantages of these molecules are a cheap production, higher
stability and chemical synthesis providing better reproducibility.
Shigdar et al. generated a specific nuclease resistant aptamer
targeting EpCAM, known as EpDT3. This molecule consisting of
only 19 nucleotides offers a similar moderate binding affinity as
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instance Catumaxomab or Adecatumumab antibodies.
Importantly, EpDT3 is internalized into the cell via endocytosis
after binding to EpCAM on the surface. Hence, this mechanism
can be used to channel diverse substances such as chemother-

for

apeutic drugs, toxins and therapeutic radioisotopes. The high
accessibility due to the small molecular size is considered to be
an advantage compared with antibodies. For the case of EpCAM
it could however be a disadvantage since EpCAM expressing
healthy tissue might be targeted as well.*®

Based on the novel understanding of the functions of
EpCAM, another interesting approach relies on the interference
with the signaling cascade of EpCAM. The knowledge of
proteases involved in the activating proteolytic cleavage of
EpCAM allows for the systematic testing of combinations
of inhibitors of these proteases, i.e. TACE and presenilin 2,
therapeutic antibodies, and conventional treatments involving
chemotherapeutics. Even more interesting, inhibition of the
EpICD-FHL2 interaction by small molecules generated upon
structure-based rational design and bioinformatics is a promising
and highly innovative strategy to specifically target EpCAM and
its signaling. In vitro experiments support inhibitory effects of
TACE and gamma-secretase inhibitors on EpCAM-dependent
proliferation and target gene induction. Likewise, knockdown
of FHL2 resulted in an inhibition of EpCAM-specific effects.”
Last but not least, the differential cleavage and localization of
EpICD in normal and malignant colon epithelium represents a
solid in vivo rationale for a therapeutic intervention at the level
of EpCAM cleavage and signaling. Future work will concentrate
on the pre-clinical and clinical translation of these therapeutic

Conclusions

Epithelial cell adhesion molecule EpCAM has long been neglected
as a central molecule in cancer development and was rather
perceived as a cell adhesion molecule, whose overexpression in
cancer was rather concomitant than causal. With the emerging
understanding of EpCAM being a signaling active receptor
involved in the transformation of malignant cells, in the
regulation of self-renewal and pluripotency in stem and progenitor
cells, and possibly with a strong impact on the activity of TICs,
novel therapeutic approaches were conceived. Specific inhibition
of the activating cleavage of EpCAM is a major challenge of future
developments and might provide powerful agents to fight TICs
(see also Box 1). Along with these advances, further understand-
ing of the role of EpCAM in the regulation of proliferation and
pluripotency in any given cell type is in great demand.

Box 1. At a glance.

» Tumor-initiating cells (TICs) share a common phenotype with stem cells
including self-renewal, multipotency and increased proliferative capacity.
EpCAM is a well-established marker for TICs, cancer cells and stem cells.
EpCAM belongs to the type | transmembrane glycoproteins.

EpCAM signaling is initiated by regulated intramembrane proteolysis.
After being cleaved off, the intracellular domain EpICD translocates into
the nucleus and regulates transcription in a complex with FHL2,
B-catenin and Lef1.

As TICs are not effectively targeted by conventional cancer treatments
like chemotherapy or radiation, therapeutic strategies have to be
adapted. Recently, an EpCAM/CD3-bispecific antibody analogon, which
engages T-cells was generated. This BiTE antibody was effective in the

.

approaches.

prevention of tumor formation by TICs in a mouse model.
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