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Abstract
The epithelial cell adhesion molecule (EpCAM) is a critical glycoprotein involved in cell cycle progression, proliferation, 
differentiation, migration, and immune evasion. Its role as a target for bispecific antibodies has shown promise in annihilat-
ing cancer cells. EpCAM's potential as a biomarker for tumor-initiating cells, characterized by self-renewal and tumorigenic 
capabilities, underscores its value in early cancer detection, immunotherapy, and targeted drug delivery. While EpCAM 
monotherapies have been met with limited success, bispecific antibodies targeting both EpCAM and other proteins have 
exhibited encouraging results in colorectal cancer (CRC) research. The integration of EpCAM-directed nanotechnology 
in drug delivery systems has emerged as a pivotal innovation in CRC treatment. Moreover, developing chimeric antigen 
receptor (CAR) T-cell and CAR natural killer (NK) cell therapies opens promising therapeutic avenues for EpCAM-positive 
CRC patients. Although preliminary, this review sets the stage for future advances. Additionally, this study advances our 
understanding of the role of non-coding RNAs in CRC, which may be pivotal in gene regulation and could provide insights 
into the molecular underpinning. The findings suggest that lncRNA, miRNA, and circRNA could serve as novel therapeutic 
targets or biomarkers, further enriching the landscape of CRC diagnostics and therapeutics.

Keywords  EpCAM · Colorectal cancer · Non-coding RNA · Diagnosis · Treatment · Prognosis

Abbreviations
EpCAM	� Epithelial cell adhesion molecules
CRC​	� Colorectal cancer
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Introduction

Epithelial cell adhesion molecule (EpCAM), previously 
known as CD326 or TACSTD1, is a single transmembrane 
glycoprotein expressed on the surfaces of some ordinary 
human epithelial cells and most malignant epithelial tumor 
cells [1]. Studies indicate that EpCAM facilitates cell 
interaction and communication. EpCAM is upregulated 
100–1000 folds in various primary carcinoma tumor types 
compared to healthy tissues, rendering it a notable marker 
in cancer biology [2].

The overexpression of EpCAM is not merely a passive 
observation; it correlates with worse survival rates and 
poorer prognoses for cancer patients, including those diag-
nosed with colorectal cancer (CRC) [3–5]. This link is 
further reinforced by clinical trials [6]. Moreover, given its 
consistent expression in carcinoma cells, EpCAM has been 
actively researched as a biomarker for detecting circulating 
or metastatic carcinoma cells across different malignancies 
[7]. Considering that CRC ranks as the third most common 
cancer and leads to mortality, understanding the intricate 
relationship between CRC and EpCAM becomes crucial 
for CRC diagnostic advancements [8].

Furthermore, the role of EpCAM in the cellular processes 
and progression of CRC highlights the escalating interest 
in its therapeutic targeting [7]. The introduction of the 
EpCAM-specific antibody marked the inception of mono-
clonal antibody treatment in oncology in the 1990s [9]. Con-
temporary advancements in biotechnology and molecular 
biology have broadened the spectrum of therapeutic agents 
aimed at EpCAM. This repertoire extends beyond monoclo-
nal antibodies to include bi- and even tri-specific antibodies, 
enabling simultaneous engagement with multiple targets for 
a more comprehensive therapeutic strategy [10, 11]. Addi-
tionally, EpCAM aptamers, single-stranded RNA or DNA 
molecules, are gaining traction as formidable drug delivery 
tools due to their high specificity and modifiability [12]. 
By conjugating these aptamers to specific drugs, they can 
direct treatment precisely to EpCAM-positive cells, poten-
tially enhancing therapeutic outcomes while minimizing 
adverse effects [13]. As insights into the molecular intrica-
cies of CRC deepen, the potential of EpCAM-focused thera-
peutic strategies in clinical scenarios presents an exciting 
frontier for research. Although there has been rapid pro-
gress in developing EpCAM-targeted antibodies and drug 
delivery mechanisms for CRC treatment in both in vivo and 
in vitro contexts, there is a conspicuous dearth of empirical 
evidence regarding their efficacy and safety in human cancer 
patients. This review aims to provide a detailed overview of 
the molecular structure of EpCAM, recent advancements 
in therapies targeting EpCAM-positive CRC cells, and the 
implications for patient prognosis.

As our understanding of cancer biology evolves, the intri-
cate relationship between EpCAM and non-coding RNAs 
has come into the spotlight. Despite not coding for proteins, 
non-coding RNAs have garnered attention due to their piv-
otal roles in regulating gene expression and cellular func-
tions. Notably, three primary classes of non-coding RNAs—
microRNAs (miRNA), long non-coding RNAs (lncRNAs), 
and circular RNAs (circRNA)—have been implicated in the 
pathogenesis of various cancers, including CRC. Emerging 
research suggests potential interactions between these non-
coding RNAs and the EpCAM pathway, which could influ-
ence CRC progression, diagnostic approaches, and treatment 
outcomes. In this review, we delve deeper into this rela-
tionship, striving to provide a holistic understanding of the 
combined role of EpCAM and non-coding RNAs in CRC.

Structure and expression of EpCAM

EpCAM, also known as epithelial cell adhesion molecule 
or CD326 is a type I transmembrane glycoprotein. The gene 
encoding EpCAM, GA733-2, is located on chromosome 
2p21 and is comprised of 9 exons. It falls under the TAC-
STD1 gene family umbrella, which is known for its vital role 
in cell proliferation, tumorigenicity, and growth [14]. Unlike 
classical adhesion molecules in the immunoglobulin super-
family, EpCAM exhibits unique structural characteristics 
[15]. While it shares functional similarities with adhesion 
molecules, it does not belong to the four primary families of 
cell adhesion molecules [16, 17]. Structurally, EpCAM con-
sists of an extracellular domain (EpEX), a single transmem-
brane domain, and a short intracellular domain (EpICD). 
Delving deeper into its molecular structure, EpCAM's extra-
cellular domain (EpEX) is responsible for mediating cal-
cium-independent homophilic cell–cell adhesions, it can be 
cleaved and shed by the tumor necrosis factor α converting 
enzyme, while the intracellular domain (EpICD), upon being 
released by the presenilin 2-containing γ-secretase complex, 
translocates to the cell nucleus. In the nucleus, EpICD forms 
a complex with other proteins, including Lef-1, FHL2, and 
β-catenin. This nuclear complex is instrumental in regulat-
ing the expression of genes associated with the epithelial-
mesenchymal transition (EMT), a process critical in cancer 
metastasis and progression [18] (Fig. 1A).

In normal human tissues, EpCAM is expressed in most 
human epithelial cells. It is expressed on the basolateral 
membrane of epithelial cells and serves as a molecule that 
enhances cellular adhesion to the extracellular matrix and 
other substrates [17]. Typically, EpCAM protein expression 
is minimal in human epithelial tissues during the embry-
onic phase. However, postnatally, it remains consistently 
expressed in most epithelial cells. Among various human 
tissues, the colon showcases the most pronounced EpCAM 
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expression, highlighting its significance in CRC [17]. Con-
trarily, specific cells like epidermal keratinocytes, hepato-
cytes, thymic cortical epithelial cells, and squamous strati-
fied epithelial cells exhibit no EpCAM expression.

Meanwhile, EpCAM is widely expressed in human can-
cer cells, especially adenocarcinoma and squamous cell 
carcinoma, both are common types of CRC. High levels of 
EpCAM can activate oncogenes such as C-myc and cyclin A 
and E, accelerate the cell cycle, and boost cell proliferation. 
Tumor cells with EpCAM overexpression have high prolif-
eration and strong invasion, and EpCAM down-regulation 

through RNA interference was conformed to decrease these 
factors [19]. EpCAM also plays a role in Th2 differentiation 
and immune escape by blocking major histocompatibility 
complex (MHC) class II antigen presentation and creating 
defective CD4+T cells, helping the tumor escape CD4+T 
cell-dependent immune response and promoting tumorigen-
esis [20]. Moreover, overexpression of EpCAM is shown to 
increase levels of the transcription factor slug, and activation 
of the PTEN/Akt/mTOR signaling pathway, both of which 
are associated with EMT, leading to increased cell motility 
and migration in colorectal tumor cells [21].
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Fig. 1   A The structure of EpCAM and overview of events that occur during cleavage of the intracellular domain of EpCAM. B Overview of 
EpCAM-associated non-coding RNAs
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In summary, the functions and impacts of EpCAM are 
diverse and context-dependent, highlighting its dualistic 
nature in maintaining normal epithelial cell behavior and 
contributing to the malignancy of CRC cells.

EpCAM and diagnosis of colorectal 
carcinoma

As of now, surgery remains the primary therapeutic approach 
for most CRC, often supplemented by chemotherapy and 
radiotherapy [22]. To ensure the best therapeutic outcomes, 
early diagnosis is imperative. Consequently, the identifica-
tion of biomarkers, such as EpCAM, plays a vital role in 
improving prognosis [23]. In transplantation experiments 
conducted on NOD-SCID mice, only the cells expressing 
EpCAM were capable of effectively initiating the develop-
ment of invasive tumors, which persisted across serial trans-
plantations [24]. This persistence underscores that EpCAM-
positive cells exhibit characteristics akin to cancer stem cells 
(CSCs). A comprehensive review of over 150 CRC tumor 
specimens revealed a significant trend: cells exhibiting 
heightened EpCAM expression (EpCAM +) shared charac-
teristics with hepatic stem cells and demonstrated a markedly 
enhanced invasive capacity compared to EpCAM- cells [24]. 
These results suggest that EpCAM serves as a biomarker 
for identifying cancer stem cells within a tumor population, 
which is significant in the early diagnosis of malignant can-
cers such as colorectal cancer [25]. Furthermore, in CRC 
diagnostics, elevated EpCAM levels suggest the possible 
prevalence of these aggressive tumor stem cells, thus indi-
cating a heightened cancer risk. Research by Wen-Sy Tsai 
et al. demonstrated that when combined with established 
diagnostic tools like CEA, EpCAM + circulating tumor cells 
(CTCs) notably reduced false positives, thereby augmenting 
disease detection rates [26]. Research by Xin Shou et al. put 
forward a new Six-gene Assay, based on six genes (EpCAM 
and CEA, CK19, MUC1, EGFR, and C-Met), proving that 
it was more sensitive and accurate than CEA Gene Assay in 
diagnosing CRC [27]. These integrated approaches promise 
to refine the accuracy of CRC diagnostics.

In addition, alterations in the EpCAM gene structure 
in CRC have garnered significant academic interest. Prior 
studies have explored its association with clinicopathologic 
and molecular factors, including the expression of DNA 
mismatch repair proteins and the methylation status of the 
MLH1 promoter. Among 168 microsatellite instability-high 
(MSI-H) colorectal carcinomas, complete loss of EpCAM 
was exclusively observed in MSH2-deficient MSI-high 
CRCs [28]. In contrast, partial loss primarily manifested in 
MLH1-deficient tumors. Another investigation evaluated the 
methylation of the EpCAM promoter, microsatellite instabil-
ity (MSI), and the CpG island methylator phenotype across 

extensive cohorts of human CRCs [29]. The results indicated 
that a complete germline loss of EpCAM distinctly marks 
Lynch syndrome-associated CRC, while a partial loss may 
suggest the presence of invasive tumor components in CRC.

Moreover, EpCAM-mRNA has been proposed as a poten-
tial detective marker for assessing CRC metastasis. Zhang 
and colleagues employed quantitative RT-PCR to examine 
EpCAM-mRNA across 60 exudate samples sourced from 
the thorax and peritoneum. Their findings confirmed that 
EpCAM-mRNA can efficiently differentiate benign from 
malignant exudates, boasting a sensitivity of 75.0% and an 
accuracy rate of 81.6% [30]. This diagnostic performance 
surpassed traditional cytological examination. Given the 
correlation between mRNA and protein expression, it is 
worth noting that peritoneal metastasis is a frequent and 
stubborn complication in advanced CRC stages. Thus, 
EpCAM's role in predicting disease progression and out-
comes is invaluable.

Notably, EpCAM has also emerged as a pivotal DNA 
aptamer in advancing CRC diagnostics, particularly in the 
sensitive detection of CRC exosomes. By capitalizing on 
the interactions between graphene oxide and DNA aptam-
ers, researchers have fine-tuned a novel technique that pri-
oritizes EpCAM for CRC exosome detection. When CRC 
exosomes are present, they bind to aptamers, especially the 
EpCAM aptamer, leading to the recovery of fluorescence 
from fluorophore-labeled aptamers that had been previously 
suppressed by graphene oxide. To amplify the diagnostic 
signal, DNase I is employed to digest single-stranded DNA 
aptamers on the exosome surface. This step facilitates more 
interactions between the exosomes and fluorescent aptamer 
probes, particularly the EpCAM probe. Clinical validation 
of this approach using blood serum samples successfully 
differentiated CRC patients from healthy individuals, under-
scoring the significant diagnostic potential of EpCAM in 
CRC [31].

In conclusion, while current EpCAM-centric research 
in CRC diagnosis remains in its infancy, all existing stud-
ies herald its prospective utility. There's a pressing need for 
further research to corroborate these diagnostic mechanisms 
and further delve into the potential incorporation of EpCAM 
in CRC diagnostic practices.

EpCAM and colorectal cancer treatment

Monoclonal antibodies targeting the EpCAM have been 
investigated for their potential to combat CRC. This thera-
peutic strategy employs two principal mechanisms to eradi-
cate cancer cells: activation of the complement system and 
antibody-dependent cell-mediated cytotoxicity (ADCC). 
Edrecolomab, a murine monoclonal IgG2 antibody against 
the EpCAM antigen, recognizes the tumor-associated 
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antigen 17-1A and has been used to treat breast cancer and 
CRC. It has shown benefits in recurrence-free and overall 
survival, especially when used as a part of adjuvant chemo-
therapy [9, 32]. A more recent development is the human 
anti-EpCAM monoclonal IgG1 antibody, Adecatumumab 
(MT201), which has shown increased efficacy in ADCC 
compared to Edrecolomab. Preliminary studies, such as 
those by Schmidt et al., have suggested that MT201 may not 
induce significant tumor regression as a single agent but can 
slow tumor progression, advocating for further investigation 
into its use for tumors with high EpCAM expression or mini-
mal residual disease [33]. Despite these advancements, the 
role of EpCAM monoclonal antibodies in the treatment of 
CRC remains underexplored. Most of the research has been 
confined to breast cancer thus far [34, 35]. The variability in 
response and the complexity of tumor biology necessitates a 
combination of therapies tailored to individual patient pro-
files, and EpCAM monoclonal antibodies' standalone use in 
CRC treatment appears insufficient. Clinical trials targeting 
EpCAM have yielded unsatisfactory results, chiefly due to 
the antibodies' suboptimal specificity and low affinity, high-
lighting that this area is still nascent and requires further 
refinement [36]. Thus, researchers should focus on integrat-
ing these therapies into a multifaceted treatment approach, 
possibly in conjunction with other targeted therapies or 
immune checkpoint inhibitors, to enhance their therapeutic 
potential.

Bispecific antibodies, capable of concurrently targeting 
T cells and cancer cells, are emerging as a promising immu-
notherapeutic modality. An EpCAM/CD3 bispecific single-
chain antibody, MT110, has shown efficacy in activating 
CD8+T cells, leading to the secretion of pro-inflammatory 
cytokines and subsequent lysis of tumor cells. Preclinical 
studies have demonstrated MT110's effectiveness against 
metastatic ovarian cancer in murine models. Encouraging 
results from Phase I clinical trials indicate that MT110 is 
generally well-tolerated and biologically active in patients 
with advanced EpCAM-expressing cancers, including gas-
tric, colorectal, and lung carcinomas [37, 38]. Catumax-
omab, another EpCAM/CD3-targeting trifunctional bispe-
cific antibody, demonstrates promising safety profiles and 
potential efficacy in the treatment of CRC, as evidenced 
by early-phase clinical trials [39]. This therapeutic agent 
engages CD3+T cells via its antigen-binding sites, simulta-
neously targeting EpCAM receptors on the surface of tumor 
cells. The innovative design of catumaxomab includes a 
fragment crystallizable (Fc) domain, which further recruits 
and activates natural killer (NK) cells. This engagement 
results in the phagocytosis of tumor cells and triggers cell 
death through the release of pro-apoptotic cytokines, includ-
ing IL-2, IL-12, and TNF-α [40–42]. What’s more, research-
ers have recently discovered a novel tri-specific T-cell-
recruiting antibody for the treatment of CRC consisting of 

single-domain antibodies directed against CD3, epidermal 
growth factor receptor (EGFR), and EpCAM, which can spe-
cifically kill cancer cells expressing EGFR and/or EpCAM, 
while improving in vitro potency and significantly prolong-
ing survival time in vivo [11]. These findings may help make 
Bispecific antibodies better and improve their anti-tumor 
efficacy in the future.

Moreover, EpCAM-targeted aptamers can facilitate the 
delivery of specific anti-tumor agents, thereby effectively 
eradicating CRC cells. A prevailing challenge in contempo-
rary cancer chemotherapy is the safe and efficient localiza-
tion of therapeutic agents at the site of disease [43]. EpCAM 
aptamers serve as an ideal mechanism for targeting CRC 
cells, as they exhibit a specific affinity for EpCAM. Com-
pared to antibodies, these aptamers offer numerous advan-
tages, including their smaller size, reduced potential for 
immunogenicity, enhanced stability, straightforward synthe-
sis, and versatile modifiability. Research has demonstrated 
that when curcumin-loaded lipopolymer-lecithin hybrid 
nanoparticles are conjugated with EpCAM-targeted RNA 
aptamers, they preferentially bind to and are internalized 
by CRC cells, leading to significantly improved cytotoxic-
ity compared to untargeted nanoparticles. Such function-
alization of nanoparticles with EpCAM aptamers enhances 
the specificity and efficiency of drug delivery to CRC cells, 
signifying a potent strategy for cancer treatment. Furtherly, 
the integration of nanotechnology in drug delivery systems 
presents novel opportunities to augment the therapeutic 
efficacy of treatments like EpCAM aptamers, while also 
reducing adverse effects. For instance, the encapsulation 
of Tanshinone II-A within EpCAM-targeted nanoparticles 
(EpCAM-TSIIA-NPs) not only increases the drug's solu-
bility and cytotoxicity but also provides superior targeting 
capabilities [12]. These nanoparticles specifically inhibit 
tumor growth and metastasis by stabilizing the β-catenin 
destruction complex, thus mitigating the nuclear actions 
of β-catenin that are implicated in tumor progression. The 
potential of this technology extends to various pharmacolog-
ical agents, including chemotherapeutics like 5-fluorouracil, 
the cytotoxic agent DM1, and even common drugs such as 
aspirin, illustrating a versatile platform for cancer therapy. 
EpCAM aptamer-based strategies epitomize a promising 
frontier in the targeted treatment of CRC, showcasing the 
synergy between molecular biology and nanotechnology to 
improve patient outcomes.

Finally, the EpCAM-based treatment landscape for CRC 
is evolving with the advent of novel therapeutic approaches. 
Chimeric antigen receptor (CAR) T-cell therapy, a treatment 
paradigm originally effective in hematological malignan-
cies, is now being explored for its potential in combating 
solid tumors, including CRC. This transition addresses the 
challenge posed by the immunosuppressive tumor micro-
environment characteristic of solid tumors. CAR T cells 
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engineered to target EpCAM have demonstrated selective 
cytotoxicity against cancer cell lines with high EpCAM 
expression [44]. In parallel, the role of EpCAM in activat-
ing oncogenic signaling pathways like AKT and MAPK has 
been targeted by the development of neutralizing antibod-
ies. EpAb2-6, an EpCAM-neutralizing antibody, has shown 
potential in inhibiting these signaling pathways, promoting 
apoptosis, and enhancing the cytotoxic activity of CD8+T 
cells. The combination of EpAb2-6 with Atezolizumab, an 
anti-PD-L1 antibody, has led to near-complete tumor eradi-
cation in preclinical models, thereby revealing a synergistic 
potential that warrants further exploration. Such combina-
tion strategies, which capitalize on EpCAM expression in 
CRC tumors, could represent a significant advance in cancer 
immunotherapy [45, 46]. Collectively, these findings under-
score the promise of EpCAM-associated CAR T-cell therapy 
and associated immunotherapeutic strategies in the treatment 
of CRC, emphasizing the importance of personalized and 
targeted approaches in the future of cancer therapy.

In summary, while the war against CRC is far from won, 
the horizon is brightening with these emerging therapies. 
The breakthrough of monoclonal antibodies, bispecific anti-
bodies, EpCAM-based drug delivery, and so on (Table 1), 
heralds a new era in the management of colorectal cancer, 
bringing hope for more effective and personalized treatment 
options.

EpCAM and colorectal cancer prognosis

The intricate role of EpCAM in oncogenesis underscores a 
multifaceted paradigm in cancer biology and prognostica-
tion. On one hand, EpCAM's loss on the cell membrane 
correlates with increased tumor cell dissociation and locore-
gional metastasis in colorectal carcinoma [47]. This asso-
ciation is reinforced by beta-catenin's nuclear translocation 
in the absence of membranous EpCAM, signifying EMT 
and potential for invasive cancer phenotypes [47]. On the 
other hand, the presence of EpCAM, particularly truncated 
EpCAM variants, portends a dismal clinical prognosis. This 
variant's expression correlates strongly with advanced stages 
of colorectal cancer, higher histological grades, and vascular 
invasion, leading to diminished survival rates [48]. Related 
studies further demonstrated that EpCAM can promote 
colon cancer progression and metastasis by modulating epi-
dermal growth factor receptor signaling [46]. Consequently, 
the EpCAM and its variant emerge as prognostic biomarkers, 
indicative of aggressive cancer behavior and warranting fur-
ther investigation into its oncogenic mechanisms. In cancer 
metastasis, EpCAM's role becomes even more intriguing. 
The discovery of EpCAM-negative CTCs that carry a brain 
metastasis-selected marker signature undermines the con-
ventional reliance on EpCAM as a universal CTC marker 

[49]. These cells exhibit potent invasiveness and the capacity 
to form metastatic brain lesions, suggesting a pivotal role for 
EpCAM-negative CTCs in the metastatic cascade, particu-
larly in the brain [49].

Turning to the practical applications of EpCAM in pre-
dicting colorectal cancer outcomes, the dichotomous nature 
of EpCAM expression demands recognition. Predictive 
models incorporating EpCAM status must consider its 
variable expression patterns, suggesting a nuanced role for 
EpCAM and advocating for a customized approach in its 
clinical use as a biomarker.

The prognostic landscape for CRC has evolved with 
the inclusion of circulating biomarkers, notably EpCAM, 
in liquid biopsies. Studies illustrate EpCAM's significant 
role in enriching CTCs and CTMs for early CRC recur-
rence prediction, highlighting its advantage over traditional 
serum markers like CEA and CA19-9 [50]. The detection 
of EpCAM-positive CTCs/CTMs using a microfluidic chip-
based imaging platform correlates negatively with patient 
survival, suggesting a higher recurrence rate in advanced-
stage CRC [50].

Furthermore, advances in single-molecule array tech-
nology have enabled the development of highly sensitive 
immunoassays for detecting EpCAM-expressing extracel-
lular vesicles (EVs). These assays differentiate cancerous 
from non-cancerous plasma samples, providing a non-inva-
sive diagnostic tool [51]. This assay demonstrates superior 
diagnostic accuracy for CRC patients by comparing CD9-
CD63 and EpCAM-CD63 signals across patient cohorts 
[51]. Flow cytometry has also been instrumental in enu-
merating and subtyping EVs, revealing that metastatic CRC 
patients have higher blood levels of EpCAM-positive EVs, 
correlating with reduced overall survival and lower response 
rates to systemic therapy [52]. This finding underscores the 
prognostic value of EpCAM-positive EVs as a blood-based 
biomarker for risk stratification and treatment optimization 
in CRC.

At the tissue level, the clinical relevance of EpCAM 
extends to its role in Neutrophil extracellular traps (NETs) 
within CRC tissues. High-resolution microscopy has 
revealed the presence of citrullinated histone H3, a marker 
for citrullinated NETs, closely associated with extracellular 
DNA, a NETs characteristic. These NETs, significantly asso-
ciated with higher tumor grades and lymph node metastasis, 
implicate a role in tumorigenesis and metastatic progres-
sion, facilitated by an EpCAM-mediated EMT-like process 
in CRC cells [53].

The cBio Cancer Genomics Portal (http://​cbiop​ortal.​org) 
is an invaluable open-access resource for exploring cancer 
genomics data. Analysis of 13 datasets, including those 
from DFCI, Genentech, TCGA, and MSK, reveals EpCAM 
alterations in CRC. These datasets indicate that mutations 
play a crucial role in EpCAM alterations (Fig. 2A), and 

http://cbioportal.org
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Fig. 2   A changes of EpCAM in colorectal cancer using 13 bowel-
related datasets from cbioportal. B correlation plot for EpCAM, sam-
ples with EpCAM shadow deletion have a significantly higher muta-

tion count. C survival analysis. Patients of colorectal cancer with an 
EpCAM alteration have better 3-year overall survival than those with-
out an EpCAM alteration
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although copy number alterations are infrequent, the pres-
ence of shadow deletions notably increases the mutation 
count (Fig. 2B). This evidence further substantiates the link 
between EpCAM alterations and CRC. Our analysis, based 
on these 13 datasets, indicates that cases with EpCAM alter-
ations exhibit improved 3-year overall survival (Fig. 2C), 
suggesting EpCAM's potential as a prognostic biomarker 
for CRC patients.

In conclusion, while the complete analysis of the mecha-
nisms linking EpCAM to cancer prognosis remains to be 
elucidated, the diverse applications of EpCAM, from liquid 
biopsy markers to tissue-based NETs, provide a compre-
hensive prognostic framework for CRC. There is a need 
for better methods to detect the structure and expression 
of EpCAM for improved prognostication of CRC clinical 
outcomes.

EpCAM and non‑coding RNAs

The emerging complexity of the interaction between 
EpCAM and non-coding RNAs in CRC is beginning to be 
elucidated, offering new insights into the molecular under-
pinnings of CRC pathogenesis and highlighting potential 
therapeutic targets (Fig. 1B). Recent research has shed light 
on the regulatory role of ncRNAs, particularly miRNAs, 
lncRNAs, and circRNAs, in modulating EpCAM expres-
sion and functionality.

Terminal differentiation-induced ncRNA (TINCR), a 
lncRNA implicated in cell differentiation, has been dem-
onstrated to interact directly with EpCAM. Significantly 
reduced in CRC and metastatic CRC cell lines, TINCR's 
downregulation contributes to tumor progression activities. 
What’s more, RNA pull-down assays show that the loss of 
TINCR leads to augmented hydrolysis of EpCAM, facilitat-
ing the release of EpICD and subsequent activation of the 
Wnt/β-catenin signaling pathway, thereby promoting tumori-
genesis [54]. Conversely, metastasis-associated lung adeno-
carcinoma transcript 1 (MALAT1), another lncRNA, has 
been identified as regulating pro-migratory markers, includ-
ing EpCAM, which intimates a tumor-suppressive function 
in CRC. The influence of MALAT1 on EpCAM suggests its 
role as a negative regulator of tumor progression [55].

MiRNAs have been recognized for their preferential 
expression in EpCAM + /CD44 + CRC cells, known to be 
enriched in CSCs. MiR-221, associated with CRC prolif-
eration and metastasis, is observed to increase the orga-
noid-forming capacity—a characteristic of CSCs—in CRC 
cells. Additionally, miR-221 targets the QKI-5 isoform of 
the Quaking gene, affecting EpCAM expression levels and 
thereby influencing CRC cell viability and tumor growth 
[56]. Furthermore, a study conducted by the University of 
Copenhagen has demonstrated that miRNA profiling of 

EpCAM + EVs extracted from plasma and serum can facili-
tate early detection and intervention in CRC. This research 
has identified eight miRNAs derived from tumors that may 
serve as non-invasive biomarkers for CRC detection, includ-
ing miR-16-5p, miR-23a-3p, miR-23b-3p, miR-27a-3p, miR-
27b-3p, miR-30b-5p, miR-30c-5p, and miR-222-3p. This 
work underscores a blood-based, non-invasive approach for 
sensitive cancer detection with clinical application potential 
[57].

In addition to miRNAs and lncRNAs, advancements 
have underscored the significance of circRNAs associated 
with EpCAM. Investigations into public circRNA data-
bases (http://​www.​circb​ase.​org/) have pinpointed EpCAM-
associated circRNAs among the myriad of circRNAs cata-
loged in human samples, presenting new opportunities for 
understanding the functional consequences of EpCAM in 
CRC. Among the 65,731 cataloged circRNAs, 5 EpCAM-
associated circRNAs have been detected, meriting further 
investigation into EpCAM's role.

The complex interplay between EpCAM and these ncR-
NAs forms a sophisticated regulatory network that modu-
lates CRC progression. TINCR and MALAT1 seem to 
exert EpCAM-mediated suppression of CRC proliferation 
and metastasis, while miR-221 appears to augment these 
processes. Unraveling these molecular interactions opens 
avenues for developing targeted therapeutics and identifying 
novel biomarkers for CRC, underscoring the imperative for 
continued research into the EpCAM-ncRNA axis in CRC.

Conclusion and future perspectives

This review has highlighted the complex biological func-
tions of EpCAM within the tumorigenic context, particularly 
in CRC. EpCAM's involvement in cellular processes funda-
mental to tumor progression such as cell cycle regulation, 
proliferation, differentiation, and immune evasion positions 
it as a critical biomarker and therapeutic target.

The therapeutic landscape has been invigorated by the 
advent of EpCAM-specific antibodies, including monoclonal 
and innovative bispecific agents. These agents exploit the 
antigenic specificity of EpCAM to mediate targeted cyto-
toxicity against CRC cells, thus heralding a new frontier in 
immuno-oncology. Despite these advances, the success of 
such targeted therapies has been tempered by the complexity 
of EpCAM's regulation and its multifaceted role in cancer 
pathophysiology, which remains incompletely understood.

Future investigations are mandated to dissect the molecu-
lar intricacies governing EpCAM expression and its down-
stream signaling cascades. This will not only refine our 
current therapeutic approaches but also facilitate the design 
of novel interventions that can be integrated into multi-
modal treatment regimens. Moreover, the emerging role of 

http://www.circbase.org/
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non-coding RNAs in post-transcriptional regulation presents 
a promising area of research, offering potential mechanisms 
to modulate EpCAM activity and thus CRC progression.

As we expand our molecular purview, there is a com-
pelling need for translational studies that bridge the gap 
between benchtop discoveries and bedside applications. 
Anticipated advances in the characterization of EpCAM 
interactions and the impact of non-coding RNAs may lead 
to groundbreaking precision medicine strategies, shifting the 
paradigm of CRC management towards more personalized 
and effective treatment modalities.

The confluence of these future scientific endeavors will 
undeniably enrich the armamentarium against CRC, opti-
mizing patient outcomes through an augmented understand-
ing of tumor biology and the consequent innovation of tar-
geted therapies. The potential of EpCAM-centric research 
in oncology thus will represent a cornerstone in the quest 
for eradicating colorectal cancer, reinforcing the imperative 
for sustained investigative rigor and interdisciplinary col-
laboration in the field.
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