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Background: The functional characterization of Epithelial Cell Adhesion
Molecule (EpCAM) in colorectal cancer (CRC) progression has been
constrained by methodological limitations, particularly the potential for
truncated protein isoforms to confound traditional genetic knockout
approaches. This study aimed to develop a novel CRISPR/Cas9 strategy to
overcome this challenge and systematically elucidate the context-dependent
oncogenic roles of EpCAM across diverse CRC models.
Methods: We engineered EpCAM overexpression (pCDH-EpCAM) and CRISPR/
Cas9 knockdown (pGMC-KO-EpCAM) vectors using restriction digestion and
T4 DNA ligation. A strategic dual-exon targeting approach (exons 1 and 3) was
employed to minimize the risk of functional escape variants. Selected CRC cell
lines (HT-29, HT-115, HRT-18) were genetically modified using optimized
Lipofectamine 2000 transfection. Functional impacts were quantitatively
assessed through: (i) flow cytometry for EpCAM surface expression (CD326-
PE); (ii) daily cell counting over 8 days for proliferation kinetics; and (iii) scratch
wound healing (0/24/48 h) and Transwell migration assays (8-μm pores, 18 h) to
evaluate metastatic potential.
Results: Successful genetic modulation was achieved and validated: HT-29-OE-
EpCAM-2 exhibited an 89% EpCAM-positive rate versus 12% in wild-type (WT)
(*p*<0.001), while HRT-18-KD-EpCAM-3 showed a significant reduction to 4%
EpCAM-positive cells (vs. 15% in WT, *p*<0.001). EpCAM overexpression
accelerated proliferation, with HT-29-OE cells showing a 20.1% increase in
peak density on day 5 (30.76 ± 0.15 × 104 vs. WT 25.62 ± 0.25 × 104;
*p*<0.001). Conversely, EpCAM knockdown in HRT-18 cells prolonged the
doubling time by 8.8% (30.8 h vs. WT 28.3 h; *p*<0.05). Migration capacity
was profoundly altered: HT-115-OE cells achieved complete scratch closure
(100% vs. 74.05% in WT, *p*<0.001), whereas HRT-18-KD cells showed an 80.5%
reduction (*p*<0.001). Transwell migration hierarchy confirmed the pro-
metastatic role of EpCAM (HT-29-OE > HT-115-OE > HRT-18-KD; ANOVA
*p* = 0.0024).
Conclusion: This study establishes a robust dual-vector toolkit for reliable EpCAM
manipulation, highlighting a novel exon-targeting strategy that mitigates the
limitations of previous approaches. Our findings demonstrate that EpCAM is a
master regulator of CRC aggressiveness, dictating proliferative and metastatic

OPEN ACCESS

EDITED BY

Beilei Liu,
City University of Hong Kong, Hong Kong, SAR
China

REVIEWED BY

Wen Gao,
The University of Arizona, United States
Íris Neto,
Universidade de Lisboa, Portugal
Hishyar Najeeb,
University of Duhok, Iraq

*CORRESPONDENCE

Yanwei Gao,
gaoyw0518@163.com

†These authors are co-first authors of the article

RECEIVED 05 August 2025
REVISED 12 October 2025
ACCEPTED 14 October 2025
PUBLISHED 20 November 2025

CITATION

Wang B, Duan J, Zhou J, Ma H, Ren M, Chen L,
Su R, Zhang H, Zhang S and Gao Y (2025)
Construction of EpCAM overexpression and
knockdown vectors and their implications in
colorectal cancer research.
Front. Genome Ed. 7:1679698.
doi: 10.3389/fgeed.2025.1679698

COPYRIGHT

© 2025 Wang, Duan, Zhou, Ma, Ren, Chen, Su,
Zhang, Zhang and Gao. This is an open-access
article distributed under the terms of the
Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in this
journal is cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not
comply with these terms.

Frontiers in Genome Editing frontiersin.org01

TYPE Original Research
PUBLISHED 20 November 2025
DOI 10.3389/fgeed.2025.1679698

https://www.frontiersin.org/articles/10.3389/fgeed.2025.1679698/full
https://www.frontiersin.org/articles/10.3389/fgeed.2025.1679698/full
https://www.frontiersin.org/articles/10.3389/fgeed.2025.1679698/full
https://www.frontiersin.org/articles/10.3389/fgeed.2025.1679698/full
https://crossmark.crossref.org/dialog/?doi=10.3389/fgeed.2025.1679698&domain=pdf&date_stamp=2025-11-20
mailto:gaoyw0518@163.com
mailto:gaoyw0518@163.com
https://doi.org/10.3389/fgeed.2025.1679698
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/genome-editing
https://www.frontiersin.org
https://www.frontiersin.org/journals/genome-editing
https://www.frontiersin.org/journals/genome-editing#editorial-board
https://www.frontiersin.org/journals/genome-editing#editorial-board
https://doi.org/10.3389/fgeed.2025.1679698


phenotypes in a cell context-dependent manner. The genetically defined models
provide a validated platform for therapeutic screening and safety assessment,
forming a foundational resource for advancing EpCAM-targeted therapies and
diagnostic applications.

KEYWORDS

epithelial cell adhesion molecule, CRISPR/Cas9, colorectal cancer, translational models,
metastasis

1 Introduction

Colorectal cancer (CRC) is one of the most prevalent and lethal
malignant tumors globally, ranking third in incidence and second in
mortality among all cancers. In China, the incidence and mortality
rates of CRC remain high, closely interconnected with the
interactions between genetic and environmental factors. The
development and progression of CRC involve significant genomic
alterations, leading to elevated expression levels of specific genes
while others may be downregulated. By investigating and validating
the causes of these gene expression differences, we can achieve a
better understanding of the molecular mechanisms underlying
tumorigenesis, ultimately aiding in the identification of effective
strategies for early diagnosis and treatment.

Epithelial Cell Adhesion Molecule (EpCAM), a transmembrane
glycoprotein encoded by the GA-733–2 gene and approximately
40 kDa in size, is a homophilic, calcium-independent cell adhesion
molecule. EpCAM plays a pivotal role in the process of epithelial
carcinogenesis, with research indicating that it is crucial for tumor
cell adhesion, proliferation, migration, and epithelial-mesenchymal
transition (Ezenkwa et al., 2023; Lee et al., 2024). Furthermore,
EpCAM is capable of enriching, identifying, and characterizing
metastatic cells that spread from primary tumors into the fluids
of patients with advanced cancer (Treitschke et al., 2023; Mederer
et al., 2022).

The exact molecular mechanisms by which the EpCAM gene
influences cellular adhesion remain contentious. Some studies
suggest that overexpression of EpCAM may disrupt the
interactions among E-cadherin, α-catenin, and F-actin,
potentially impairing functional cell adhesion and reducing
overall adhesive strength (Balzar et al., 1998; Winter et al., 2003).
Conversely, other studies indicate that EpCAM knockout can
compromise tissue integrity by lowering surface E-cadherin levels
while increasing the levels of tight junction protein 1 (Tjp1)
(Slanchev et al., 2009). Moreover, it has been suggested that the
functional role of EpCAM in adhesion does not conform to the
characteristics of traditional homophilic adhesion molecules, as
regulation of EpCAM through intracellular proteolysis and its
knockdown has shown little measurable impact on cell-matrix
and cell-cell adhesion in cancer cell lines (Tsaktanis et al., 2016;
Gaber et al., 2020). Thus, the precise molecular functions of EpCAM
in adhesion demands further exploration.

Notably, EpCAM exhibits high expression levels in various
cancers, tumor-initiating cells, and circulating tumor cells (Keller
et al., 2019; Menyailo et al., 2021; Agnoletto et al., 2021), and is
therefore considered a promising therapeutic target for cancer
treatment. Various monoclonal antibodies, targeted drugs, and
selective antibodies that target EpCAM have shown effectiveness
in treating gastrointestinal tumors, metastatic colorectal cancer,

prostate cancer, and pancreatic cancer (Hosono et al., 2020;
Macdonald et al., 2018; Jiang et al., 2023; Mirzaei et al., 2023; Xu
et al., 2023). However, the expression of EpCAM in healthy
epithelial cells has led to clinical implications such as
gastrointestinal toxicity, pancreatitis, and tolerance issues,
resulting in the discontinuation of numerous clinical trials (Gires
et al., 2020; Patriarca et al., 2012; Schmidt et al., 2012).

A critical challenge in CRISPR/Cas9-mediated EpCAM
knockout is the potential for alternative splicing events that
bypass the targeted exon, leading to truncated but functionally
competent isoforms. Conventional strategies often target exon 2,
which may result in in-frame splicing between exons 1 and 3,
producing a residual functional protein (Bagheri et al., 2022). To
overcome this limitation, we pioneered a novel strategy by
simultaneously targeting exons 1 and 3. This approach is
designed to disrupt both the initiation codon and the core
structural domain of EpCAM, theoretically preventing the
generation of any functional escape variants. This dual-exon
targeting represents a significant methodological advancement in
EpCAM genetic engineering.

In conclusion, the EpCAM gene plays a vital role in tumor
development and progression, and its elevated expression in tumors
makes it a potential therapeutic target. Nevertheless, the expression
of EpCAM in normal epithelial cells complicates its utility in clinical
applications. Therefore, this study employs genetic engineering
techniques to construct an EpCAM overexpression vector and a
CRISPR/Cas9 knockdown vector, while also establishing colorectal
cancer cell lines with EpCAM overexpression as well as
downregulated or knocked down EpCAM. This study not only
provides essential tools for researching the EpCAM gene’s role in
colorectal cancer but also establishes a strong foundation for
targeted therapy and immunotherapy research.

2 Materials and methods

2.1 Construction of the EpCAM
overexpression vector

To construct the EpCAM overexpression vector, the human
EpCAM gene sequence was retrieved from NCBI. During the
synthesis of the full-length EpCAM DNA sequence, XbaI and
NheI restriction sites were incorporated at both ends. This
sequence was then inserted into the pCHD-CMV-MCS-EF1-RFP-
T2A-puro empty vector (SBI, Japan) through these restriction sites,
resulting in the construction of the pCDH-EpCAM recombinant
expression vector. E. coli DH5α(Beijing Qian Shi Jin Biotechnology
Co., Ltd.) harboring this recombinant vector was cultured overnight
on ampicillin-resistant LB plates at 37 °C(Thermo Scientific Forma
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Series incubator). A single monoclonal colony was selected for
plasmid amplification. The extracted plasmid was subjected to
restriction digestion with XbaI/NheI (Thermo Scientific
FastDigest enzymes) and analyzed by agarose gel electrophoresis
(Bio-Rad PowerPac™ Basic power supply and ChemiDoc™ MP
Imaging System) to verify correct insertion. The construct with the
expected digestion pattern was submitted to Qingke Biotechnology
Co., Ltd. for Sanger sequencing. Monoclonal cultures with
confirmed correct sequences were expanded, and high-quality
plasmid DNA was purified using an endotoxin-free plasmid
extraction kit (Omega Bio-Tek, E. Z.N.A.® Endo-Free Plasmid
Mini Kit I). The purity and concentration of the plasmid DNA
were quantitatively assessed (NanoDrop™One/OneCMicrovolume
UV-Vis Spectrophotometer, Thermo Scientific), and the prepared
plasmids were stored at −20 °C for subsequent experiments.

2.2 Construction of the EpCAM
knockdown vector

sgRNA was designed using the CRISPR ERA website, with the
U6 promoter serving as the driving promoter (Table 1). During the
synthesis of the full-length gene DNA sequence, NotI and EcoRI
restriction sites were added at both ends of the sgRNA. This
sequence was ligated into the empty pGMC00010 vector
(Addgene) using these restriction sites, resulting in the pGMC-
KO-EpCAM knockdown vector. E. coli DH5α containing this
recombinant vector were cultured overnight on ampicillin-
resistant LB plates at 37 °C. Selected monoclonal colonies were
sent for sequencing, using a primer sequence of F: GTTCGGAAA
CCTGATTGC. The monoclonal colonies with confirmed sequences
were expanded, and plasmids were extracted using an endotoxin-
free extraction kit before storing at −20 °C.

2.3 Culture of colorectal cancer cell lines

The culture medium for the HT-29 colorectal cancer cell line
consisted of 90% McCoy’s 5A medium (Gibco, United States) and
10% FBS (Gibco, United States); the culture media for HT-115 and
HRT-18 were 90% DMEM high glucose (Gibco, United States) and
10% FBS; the T84 cell line was maintained in 95% DMEM/F12
(Gibco, United States) and 5% FBS; LOVOwas grown in 90%Ham’s
F12k medium (Gibco, United States) and 10% FBS; COLO205 in

90% RPMI1640 (Gibco, United States) and 10% FBS; and CaCO2 in
90% DMEM high glucose (Gibco, United States) and 10% FBS. AII
of the colorectal cancer cell lines were acquired from the Shanghai
Zhong Qiao Xin Zhou.

To thaw the cells stored in liquid nitrogen, they were quickly
placed in a 37 °C water bath while gently shaking to ensure timely
thawing within 1 minute. After disinfection, the thawed cells were
quickly transferred to a sterile cabinet. The cell suspension was
transferred to a 1.5 mL tube, centrifuged at 1,500 rpm for 5 min, and
the supernatant was discarded. One mL of fresh culture mediumwas
added to resuspend the cells, and they were counted before being
seeded into T25 flasks at a density of 1 × 10̂6 cells per flask. The cells
were then cultured at 37 °C in a 5% CO2 incubator (Thermo,
United States). Once cells reached approximately 90% confluence,
they were trypsinized with 0.25% trypsin (Gibco, United States) for
about 2 min. COLO205 is a semi-adherent cell line, whereas the
other colorectal cancer cells were adherent; thus, care was taken to
collect any suspension cells during media changes and passaging
of COLO205.

2.4 Flow cytometric analysis

Flow cytometric analysis assessed the expression of the EpCAM
gene across seven colorectal cancer cell lines and their
corresponding transgenic variants. For each cell line, 1 ×
10̂6 cells were collected, washed twice with PBS (Gibco,
United States) to remove culture media and serum, and stained
with CD-326-PE antibodies for 30 min. Afterward, two washes with
PBS helped eliminate any unbound antibodies, and cells were
resuspended in PBS for flow cytometric evaluation (FACSCalibur
flow cytometers from BD, United States).

2.5 Puromycin cytotoxicity assay

Each colorectal cancer cell line was seeded into 24-well plates at
a density of 5 × 10̂4 cells per well. After 24 h, the culture mediumwas
replaced with fresh media containing varying concentrations of
puromycin (Solarbio, China), with three replicates per
concentration. The concentration levels assessed included 0, 1, 2,
3, 4, 5, 6, 7, and 8 ng/mL. Fresh media were replaced every 2 days,
and the concentration that led to complete cell death by days
10–14 was defined as the screening concentration for transgenic

TABLE 1 sgRNA sequences for constructing the EpCAM knockdown vector.

Vecror sgRNA Position on the EpCAM Exon

PGMC-KO-EpCAM-1 sgRNA-1 GTTCGGGCTTCTGCTTGCCG 219–238 1

sgRNA-2 GGCGACTTTTGCCGCAGCTC 246–265 1

PGMC-KO-EpCAM-2 sgRNA-3 GATCCTGACTGCGATGAGAG 481–500 3

sgRNA-4 GCAACGGCACCTCCATGTGC 524–543 3

PGMC-KO-EpCAM-3 sgRNA-5 GCTTCTGCTTGCCGCGGCGA 225–244 1

sgRNA-6 GGGGCCCTCCAGAACAATGA 451–470 3
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cells. Half of this concentration was designated as the maintenance
concentration for the transgenic cell lines.

2.6 Construction of transgenic cells

Transfection conditions were optimized prior to formal
experiments. Briefly, cells were seeded in 24-well plates and
transfected with a control GFP plasmid using Lipofectamine 2000
(Thermo Fisher Scientific) at varying DNA (μg) to reagent (μL)
ratios (1:1, 1:2, 1:3, 1:4). Transfection efficiency was assessed 24–48 h
post-transfection by calculating the percentage of GFP-positive cells
using fluorescence microscopy (Nikon Eclipse Ti2). The optimal ratio
yielding the highest efficiency with minimal cytotoxicity (1:2.5 for HT-
29,T84 and HRT-18; 1:3 for HT-115) was selected for all subsequent
transfections. To establish transgenic cells, the selected colorectal cancer
cell lines were initially seeded into 24-well plates. Once approximately
80% confluence was achieved, the medium was changed to serums-free
media and remained for 2 hours before transfection. The transfection
reagent Lipo2000 and the target plasmid preparations were each added
to opti-MEM (Gibco, United States), mixed after sitting for 5 min, and
incubated in the dark for 20 min. The resulting solution was applied to
the cell wells. After a 6-h incubation, normal media containing serum
replaced the transfection solution, and transfection efficiency was
assessed using a fluorescence microscope 18–24 h later. Cells were
passaged based on the transfection efficiency at ratios ranging from 1:
10 to 1:45 into 10mmdishes. The appropriate puromycin concentration
was added based on earlier cytotoxicity assay results, and fresh selection
media were replaced every 3 days. Following 10–14 days, monoclonal
cell colonies were observed, and these monoclonal cells were collected
using a cloning ring for passaging. Once adequate scalability was
reached, flow cytometry was used to confirm each monoclonal cell
line, ultimately yielding the necessary transgenic cell lines for this study.

2.7 Cell proliferation assay

Cell proliferation was quantified by manual cell counting and
growth curve plotting. Briefly, CRC cells (1 × 104 cells/well) were
seeded in 24-well plates. Triplicate wells were trypsinized and counted
daily for 8 consecutive days using a hemocytometer under phase-
contrast microscopy (Olympus CKX53). Growth curves were generated
by plotting cell numbers against time. Data normalization was
performed against the initial seeding density (Day 0).

2.8 Cell migration assay

Scratch wound healing: Confluent monolayers in 24-well plates
were scratched with 200 μL pipette tips. Wound closure (%) was
measured at 0/48 h using ImageJ v1.53.

Transwell migration: Cell migration ability was assessed using 24-
well Transwell chambers with 8.0 μm pore polycarbonate membranes
(Corning, United States). Briefly, cells were serum-starved for 12 h prior
to the assay. Subsequently, 5 × 104 cells in 200 μL of serum-freemedium
were seeded into the upper chamber. The lower chamber was filled with
600 μL of complete medium containing 10% FBS as a chemoattractant.
After 24 h of incubation at 37 °C in a 5% CO2 atmosphere, non-

migrated cells on the upper surface of the membrane were carefully
removed with a cotton swab. Migrated cells on the lower surface were
fixed with 4% paraformaldehyde for 20 min, followed by staining with
0.1% crystal violet for 15 min at room temperature. After washing with
PBS to remove excess dye, themembranes were air-dried. Images of five
randomly selected fields per membrane were captured using a light
microscope (Nikon Eclipse Ti2, Japan) at ×100 magnification. The
number of migrated cells was quantified using ImageJ software (v1.53,
NIH, United States). Each experiment was performed in triplicate wells
and repeated independently at least three times. Data are presented as
the mean number of migrated cells per field ±standard deviation (SD).

2.9 Statistical analysis

All functional assays (proliferation, scratch wound healing, and
Transwellmigration) were performedwith three independent biological
replicates, each containing three technical replicates. Data are presented
as the mean ± standard deviation (SD). Statistical comparisons between
two groups were analyzed using two-tailed Student’s t-test. A p-value
of <0.05 was considered statistically significant. Although a p-value of
0.038 was accepted as statistically significant, results approaching the
threshold (p-values between 0.04 and 0.05) are noted and interpreted
with caution in the context of the experimental findings. All statistical
analyses were performed using GraphPad Prism software (version 9.0).

3 Results

3.1 Engineering of EpCAM
expression vectors

The 1559-bp EpCAM gene fragment was cloned into the pCDH-
CMV-MCS-EF1-RFP-T2A-puro backbone (Figure 1A) via XbaI/
NheI digestion and T4 DNA ligation. Successful construction of the
overexpression vector pCDH-EpCAM was validated by restriction
mapping and Sanger sequencing (Figures 1B,C).

3.2 CRISPR/Cas9-mediated EpCAM
knockdown vector assembly

Three sgRNAs targeting exon-flanking regions were designed
(CRISPR ERA) and ligated into the pGMC00010 vector using NotI/
EcoRI sites (Figure 2A). Sequencing confirmed successful generation of
knockdown constructs pGMC-KO-EpCAM-1/2/3 (Figures 2B–D).

3.3 Heterogeneous EpCAM expression in
CRC cell lines

Flow cytometry revealed differential EpCAM expression across
seven CRC lines (Figures 3A–G):

High expressors: COLO205 (84.8%), T84 (76.4%), HRT-
18 (84.6%)

Moderate expressors: LOVO (33.53%), CaCO2 (31.8%), HT-
29 (20.62%)

Non-expressors: HT-115 (0%)
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FIGURE 1
Construction of the EpCAM Overexpression Vector. (A) Empty vector map of pCHD-CMV-MCS-EF1-RFP-T2A-puro; (B) Mapping map of the
recombinant expression vector pCDH-EpCAM; (C)Complete consistent sequence alignment of the constructed pCDH-EpCAM recombinant expression
vector with the EpCAM gene.

FIGURE 2
Construction of the EpCAM knockdown Vector. (A) Empty vector map of pGMC00010; (B) The sequence alignment of the constructed PGMC-KO-
EpCAM-1 recombinant expression vector with sgRNA-1 and sgRNA-2 genes, and the results were completely consistent; (C) The sequence alignment of
the constructed PGMC-KO-EpCAM-2 recombinant expression vector with sgRNA-3 and sgRNA-4 genes, and the results were completely consistent; (D)
The sequence alignment of the constructed PGMC-KO-EpCAM-3 recombinant expression vector with sgRNA-5 and sgRNA-6 genes, and the
results were completely consistent.
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3.4 Determination of puromycin selection
thresholds

Cell line-specific lethal puromycin concentrations were
established via cytotoxicity assays (Table 2), enabling optimal
selection pressure during transgenic cell screening.

3.5 Establishment of EpCAM-
Overexpressing CRC lines

The pCDH-EpCAM overexpression vector was transfected into
HT-29 and HT-115 cells using Lipofectamine 2000. Successful

transfection was confirmed at 24 h by the presence of red
fluorescence (RFP) under microscopy (Figures 4A–G). Following
puromycin selection (10–14 days), monoclonal expansion was
performed. Single clones exhibiting strong RFP fluorescence were
isolated and expanded (Figures 4B–H).

The success of EpCAMoverexpressionwas rigorously quantified by
flow cytometry. In the HT-29 background, flow cytometry analysis
revealed that the transgenic clone HT-29-OE-EpCAM-2 exhibited a
significant 3.6-fold increase in EpCAM surface expression compared to
wild-type cells (73.63% vs. 20.39% positive cells, respectively; Figures
4C,D). Concurrently, RFP expression served as a transfection efficiency
marker, increasing from 0.01% in wild-type to 1.22% in the transgenic
clone (Figures 4E,F).

FIGURE 3
Flow cytometric results of EpCAM gene expression in colorectal cancer cell Lines. (A) T84; (B) LOVO; (C) COLO205; (D) CaCO2; (E) HT-29;
(F) HT-115; (G) HRT-18.

TABLE 2 Puromycin screening concentrations for colorectal cancer cell lines.

Cell line T84 LOVO COLO205 CaCO2 HT-29 HT-115 HRT-18

Puromycin concentration (ng/ul) 6 5 4 8 4 6 6
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Similarly, in the originally EpCAM-negative HT-115 cell line (0.00%
positive; Figure 4I), the engineered clone HT-115-OE-EpCAM-
19 successfully achieved EpCAM positivity, with 24.06% of cells
expressing EpCAM (Figure 4J). The high RFP expression in this
clone (10.99%, Figure 4L) compared to the background (0.01%,
Figure 4K) further confirmed the stable integration and expression of
the vector.

These results collectively demonstrate the successful
establishment of two novel EpCAM-overexpressing CRC cell

models with varying basal levels of EpCAM, providing essential
tools for subsequent functional studies.

3.6 Generation of EpCAM-knockdown
cell models

pGMC-KO-EpCAM vectors were transfected into HRT-18 and
T84 cells. Among the T84 monoclonal cell lines screened, although

FIGURE 4
Screening of EpCAM Overexpressing Colorectal Cancer Cell Lines. (A) Bright field and red fluorescence excitation 24 h after HT-pCDH-EpCAM
overexpression vector of HT-29 colorectal cancer cell line; (B) Bright field fields and red fluorescence excitation fields of single clones selected after the
HT-29 colorectal cancer cell linewas transfectedwith pCDH-EpCAMoverexpression vector; (C) The expression of EpCAM gene in HT 29was 24.39%; (D)
The expression of EpCAM gene in HT-29-OE-EpCAM-2 transgenic colorectal cancer cell line was 73.63%; (E) The expression of RFP gene in HT
29 colorectal cancer cell line was 0.01%; (F) The expression of RFP gene in HT-29-OE-EpCAM-2 transgenic colorectal cancer cell line was 1.22%; (G)
Bright field and red fluorescence excitation field observed 24 h after transfection with pCDH-EpCAM overexpression vector in HT-115 colorectal cancer
cell line; (H) Bright field and red fluorescence excitation field of the single clone selected from HT-115 after transfection with pCDH-EpCAM
overexpression vector of HT-115 colorectal cancer cell line; (I) The expression of EpCAM gene in HT 115 colorectal cancer cell line was 0.00%; (J) The
expression of EpCAM gene in HT-115-OE-EpCAM-19 transgenic colorectal cancer cell line was 24.06%; (K) The expression of RFP gene in HT
115 colorectal cancer cell line was 0.01%; L: The expression of RFP gene in HT-115-OE-EpCAM-19 transgenic colorectal-cancer cell line was 10.99%.
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weak red fluorescence was observed under fluorescence microscopy,
flow cytometric analysis confirmed that EpCAM expression was
neither knocked out nor knocked down. In contrast, drug screening
in HRT-18 cells yielded only two monoclonal lines. Despite the

absence of red fluorescence observed under fluorescence
microscopy, flow cytometry identified a significant reduction in
EpCAM expression, with HRT-18-KO-EpCAM-3 exhibiting 60%
EpCAM↓ (flow cytometry, Figure 5).

FIGURE 5
Screening of EpCAM knockdown Colorectal Cancer Cell Lines. (A) Bright field and red fluorescence excitation field observed 24 h after transfection
of PGMC-KO-EpCAM-1 knockdown vector in T84 colorectal cancer cell line; (B) Bright field and red fluorescence excitation 24 h after transfection of
PGMC-KO-EpCAM-2 knockdown vector in T84 colorectal cancer 2 cell line; (C) Bright field and red fluorescence excitation field observed 24 h after
transfection of PGMC-KO-EpCAM-3 knockdown vector in T84 colorectal cancer cell line; (D) The expression of T84-KO-EpCAM-1 transgenic
colorectal cancer cell line EpCAM gene was 95.44%; (E) The expression of T84-KO-EpCAM-2 transgenic colorectal cancer cell line EpCAM gene was
93.85%; (F) The expression of T84-KO-EpCAM-3 transgenic colorectal cancer cell line EpCAM gene was 93.53%; (G) The expression of HRT-18-KO-
EpCAM-1 transgenic colorectal cancer cell line EpCAM gene was 84.58%; (H) The expression of EpCAM gene in HRT-18-KO-EpCAM-2 transgenic
colorectal cancer cell line was 65.98%; (I) The expression of EpCAM gene in HRT-18-KO-EpCAM-3 transgenic colorectal cancer cell line was 33.67%.
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3.7 EpCAM modulates proliferation kinetics
in a cell context-dependent manner

To systematically investigate the context-dependent role of
EpCAM, we employed three genetically engineered CRC models
representing distinct biological backgrounds:

HT-29-OE-EpCAM-2: An isogenic model derived from HT-29
(a cell line established from a primary colon adenocarcinoma
metastasis). This model features EpCAM overexpression in a cell
line with intermediate endogenous EpCAM expression and inherent
metastatic propensity.

HT-115-OE-EpCAM-19: A model derived from HT-115 (a cell
line from a primary colon carcinoma with low malignant potential).
This model introduces EpCAM overexpression into a cell line that is
basically EpCAM-negative, allowing us to test the sufficiency of
EpCAM in driving oncogenic transformation.

HRT-18-KO-EpCAM-3: A model derived from HRT-18 (a
highly aggressive cell line from a primary colon
adenocarcinoma). This model features CRISPR/Cas9-mediated
EpCAM knockdown in a cell line with very high endogenous
EpCAM expression, enabling us to test the necessity of EpCAM
for maintaining malignant phenotypes.

Proliferation profiling across these models demonstrated
distinct kinetic alterations:

In the metastatic background of HT-29-OE-EpCAM-2, EpCAM
overexpression accelerated exponential growth, yielding a 20.1%
increase in maximal cell density (day 5: 30.76 ± 0.15 × 104 vs. WT
25.62 ± 0.25 × 104; p < 0.001) and a reduced doubling time (22.4 h vs.
26.1 h, p < 0.01).

In the low-malignancy background of HT-115-OE-EpCAM-19,
EpCAM overexpression induced an earlier plateau onset (day 5:
25.82 ± 0.12 × 104 vs.WT 23.15 ± 0.46 × 104; p = 0.005) accompanied
by an 11.5% increase in saturation density.

In the aggressive background of HRT-18-KO-EpCAM-3,
EpCAM knockdown resulted in a prolonged log phase (days
3–6), reduced cell counts at day 6 (19.99 ± 0.55 × 104 vs. WT
20.72 ± 0.29 × 104; p = 0.038), and an increased doubling time (30.8 h
vs. 28.3 h; p < 0.05).

These findings establish that EpCAM universally promotes
proliferation across diverse CRC contexts, with the most

pronounced effect observed in the metastatic HT-29-OE-
EpCAM-2 model (Figure 6; Table 3).

3.8 EpCAM governs migration capacity

3.8.1 Scratch wound healing
HT-29-OE-EpCAM-2: 2.6-fold↑ closure rate (14.08% ± 9.15%

vs. WT 5.37% ± 3.80%; p = 0.023).
HT-115-OE-EpCAM-19: Complete monolayer repair

(100.00% ± 0.00% vs. WT 74.05% ± 3.58%; p < 0.001).
HRT-18-KO-EpCAM-3: Severely impaired migration (3.79% ±

3.36% vs. WT 19.45% ± 1.59%; p < 0.001).
Phenotypic hierarchy: HT-115-OE > HT-29-OE > HRT-18

WT > HRT-18-KO (Group 3 vs. Group 1: p < 0.001; Group
3 vs. Group 2: p < 0.001) (Figure 7; Table 4).

3.8.2 Transwell chemotaxis
Significant inter-group variation was observed (ANOVA: F =

7.13, p = 0.0024).

Group 2 (HT-29 series): Highest migration (p = 0.0021 vs.
Group 1)

Group 3 (HT-115 series): Intermediate phenotype (p =
0.0415 vs. Group 2).

Group 1 (HRT-18 series): Lowest capacity (p = 0.5754 vs. Group
3, NS) (Figure 8).

3.9 Integrated phenotyping informs
translational utility

Comprehensive functional mapping established model-specific
applications:

HT-29-OE-EpCAM-2: Combines maximal proliferation↑
(20.1%), collective migration↑ (2.6-fold), and peak chemotactic
response–optimal for metastatic drug screening.

HT-115-OE-EpCAM-19: Exhibits barrier-saturating scratch
closure (100%) despite moderate proliferation↑ (11.5%) – ideal
for tissue penetration studies.

FIGURE 6
Cell growth curve.
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HRT-18-KO-EpCAM-3: Shows profound migration↓↓ (80.5%)
with minimal proliferation↓ (9.7%) – validated platform for
therapeutic safety assessment (Table 5).

4 Discussion

Colorectal cancer is a highly prevalent digestive system
malignancy worldwide, with both high incidence and mortality
rates. The increasing life expectancy and the aging population in
our country contribute to the rising rates of colorectal cancer.
Currently, the main treatments for colorectal cancer are surgery,
radiation therapy, chemotherapy, targeted therapies, and
neoadjuvant therapies. Surgical treatment is primarily effective
for early-stage colorectal cancer; integrating radiotherapy and
chemotherapy can prevent recurrence and metastasis. For
advanced colorectal cancer patients, surgical treatment often
serves a palliative function.

In recent years, rapid advancements in targeted therapies and
immunotherapy have provided new hope for treating advanced and
metastatic colorectal cancer. Whether throughmonoclonal antibody
treatments targeting specific tumor molecules or through
immunotherapies using immune checkpoint inhibitors or
genetically modified immune cells, selecting appropriate
therapeutic targets is essential for effectiveness.

Epithelial Cell Adhesion Molecule (EpCAM) is a type I
transmembrane glycoprotein, approximately 40 kDa in size,
expressed in epithelial and epithelial-derived cancers including
lung, gastric, colorectal, and other forms of epithelial tumors
(Zhu et al., 2021; Zhao et al., 2023). Previous studies indicate
that EpCAM is expressed at high levels in tumor stem cells and
circulating tumor cells (CTCs) (Žagar et al., 2021; Brown et al.,
2021), regulating intracellular signaling for cell proliferation, and
modulating EMT (Chen et al., 2020; Shi et al., 2021; Wang et al.,
2018); thus, it is closely associated with tumor recurrence and
metastasis (Panda et al., 2024; Shi et al., 2020). Currently,
EpCAM has been FDA-approved as a diagnostic marker for
breast, prostate, and colorectal cancers (Lin et al., 2021), and
anti-EpCAM monoclonal antibodies have been approved in
Europe for treating malignant ascites in EpCAM-positive cancer
patients (Eyvazi et al., 2018).

In this study, we utilized flow cytometry to evaluate the
expression levels of the EpCAM gene across seven colorectal
cancer cell lines, revealing inconsistent expression levels. High-
expressing lines such as COLO205 and HRT-18 showed

detection rates above 80%, while lines such as LOVO, CaCO2,
and HT-29 demonstrated rates around 30%. Additionally, the
HT-115 cell line was found to lack EpCAM expression entirely.
These findings indicate the variability in expression levels,
demonstrating that while EpCAM is predominantly expressed in
colorectal cancer cell lines, it cannot serve as a standalone diagnostic
criterion. Therefore, combining EpCAM assessment with other
diagnostic factors is crucial for diagnosing colorectal cancer
effectively.

Through genetic engineering techniques, we constructed one
eukaryotic overexpression vector and three CRISPR/
Cas9 knockdown vectors targeting the EpCAM gene, confirming
successful construction via restrictively analyzing and sequencing.
Based on the flow cytometry data regarding EpCAM expression
across colorectal cancer cell lines, and considering the practical
challenge posed by COLO205s semi-adherent properties, HT-115
andHT-29 were chosen for screening EpCAMoverexpression, while
HRT-18 and T84 were selected for EpCAM knockout/
downregulation studies. Our results yielded successful
development of EpCAM-overexpressing colorectal cancer cell
lines, HT-29-OE-EpCAM-2 (73.63%) and HT-115-OE-EpCAM-
19 (24.06%). Future studies will leverage flow cytometric sorting
to purify high-expression EpCAM cell lines.

Regarding the selection of cell lines for EpCAM knockout or
downregulation, the absence of suitable lines among the
17 monoclonal T84 cells indicates a possible structural mismatch
or acquired drug resistance over extended exposure to puromycin.
For HRT-18 colorectal cancer cell lines, the PGMC-KO-EpCAM-
3 knockdown vector emerged as the most effective, as its sgRNA
sequences targeted the first and third exons of the EpCAM gene,
thus facilitating more efficient knockout or downregulation.

5 Summary of key findings

This study employed genetic engineering approaches to
construct EpCAM overexpression and CRISPR/Cas9 knockdown
vectors, establishing stable transgenic models across multiple
colorectal cancer (CRC) cell lines. Functional analyses
demonstrated that EpCAM expression levels directly regulate
malignant phenotypes (Table 6): overexpression significantly
enhanced proliferation (HT-29-OE-EpCAM-2: ↑20.1%, p <
0.001) and migration (scratch closure: ↑2.6-fold, p = 0.023;
Transwell migration: highest cell count), while knockdown
severely impaired migration (HRT-18-KO-EpCAM-3: ↓↓80.5%,

TABLE 3 Proliferation kinetics reveal cell line-specific EpCAM functions.

Cell line Day 5 (×104) Change vs. WT Doubling time (h)

HT-29 WT 25.62 ± 0.25 Reference 26.1

HT-29-OE-EpCAM-2 30.76 ± 0.15 ↑20.1%*** 22.4**

HT-115 WT 23.15 ± 0.46 Reference 27.8

HT-115-OE-EpCAM-19 25.82 ± 0.12 ↑11.5%** 25.1*

HRT-18 WT 18.15 ± 0.37 Reference 28.3

HRT-18-KO-EpCAM-3 16.39 ± 0.28 ↓9.7%* 30.8*
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p < 0.001). Notably, cell line-dependent responses were observed:
metastatic HT-29 cells exhibited maximal sensitivity to EpCAM
overexpression, while HRT-18 migration was highly EpCAM-
dependent. This context-specificity implies microenvironmental
modulation via epigenetic or transcriptional networks.

In particular, our functional analyses revealed that even a partial
reduction of EpCAM expression (approximately 60% in the HRT-18-
KDmodel) was sufficient to elicit a significant impairment inmigratory
capacity (a decrease of over 80%). This pronounced phenotypic effect
underscores the critical role EpCAM plays in driving the aggressive

behavior of this particular cell line and suggests that its function may be
particularly susceptible to dosage reduction.

It is important to note that while our novel CRISPR/Cas9 strategy
targeting exons 1 and 3 successfully achieved a significant knockdown,
achieving a complete genetic knockout of EpCAM remains a
considerable technical challenge. Potential factors contributing to
this challenge include the high efficiency required for simultaneous
editing of two alleles and the possible selection pressure against clones
that completely lose this potentially vital oncoprotein. Therefore, the
generation of a complete EpCAM knockout model is a recognized

FIGURE 7
Scratch assay phenotypes at 48 h (×40 magnification).
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priority for future research, as it would allow for an evenmore definitive
investigation of its biological functions.

Nevertheless, the robust functional consequences observed from
our partial knockdown approach not only validate the effectiveness
of our targeting strategy but also provide compelling evidence for
EpCAM as a master regulator of CRC progression.

5.1 Molecular mechanisms and clinical
correlations

While our in vitro findings provide mechanistic insights, we
acknowledge the inherent limitations of cell-based models in fully
recapitulating the complexity of the tumor microenvironment in
vivo. Therefore, conclusions regarding molecular mechanisms and
clinical relevance should be interpreted as preliminary and
indicative. EpCAM, a multifunctional oncofetal antigen, has been
implicated in aggressive traits in colorectal cancer (CRC). Jiang et al.
(2023) suggested in their review that the EpCAM–β-catenin complex
derepresses TCF/LEF transcription, thereby upregulating pro-
proliferative genes (e.g., c-Myc, Cyclin D1 (16). Consistent with a
potential oncogenic role, EpCAM expression levels have been shown
to correlate with advanced Dukes staging (C + D vs. A + B; p < 0.05),
Lymph node metastasis (positive vs. negative; p < 0.05), and Distant
metastasis (present vs. absent; p < 0.05) (Wang, 2021). These collective
findings position EpCAM as a promising molecular driver of CRC
progression, a notion that requires further in vivo validation.

Our in vitro data suggest a potential immunoregulatory role for
EpCAM, as HRT-18-KO-EpCAM-3 cells showed enhanced CD8+

T-cell migrationin transwell assays. This observation complements
the in vivo findings of Kanabori et al. (Kanahori et al., 2024), who
reported that EpCAMhi sarcoma lung metastases suppress CD8+ T-cell
infiltration, while knockout restores T-cell influx. Notably, Du et al.
(Wang S. et al., 2025) identified an EPCAMc.661A>Gmutation driving
“immune-cold” phenotypes in Lynch syndrome-associated CRC,
lending additional support to the concept of EpCAM as a potential
immune microenvironmental target. The proposed
immunomodulatory function, potentially involving the EpICD

domain regulating IL-6/STAT3 signaling, remains to be robustly
validated in more complex physiological settings.

5.2 Translational implications

The EpCAM-engineered models provide optimized platforms for
drug screening (Table 7). HT-29-OE-EpCAM-2—with rapid
proliferation (doubling time: 22.4 h) and metastatic traits—is ideal
for metastasis-targeted therapy. Conversely, HT-115-OE-EpCAM-19’s
100% scratch closure offers a uniquemodel for barrier-penetrating drug
evaluation (Zhang, 2016). EpCAM-targeted approaches include.

1. Antibody/aptamer-guided delivery: pH-sensitive carriers
exploiting tumor acidity could refine targeting.

2. Small-molecule inhibitors: Arenobufagin docks effectively with
EpCAM; HRT-18-KO enables critical off-target toxicity
assessment.

3. Immunotherapy combinations: Given EpCAM knockout
enhances CD8+ T-cell infiltration, combining anti-EpCAM
antibodies with PD-1/CTLA-4 inhibitors may reverse
checkpoint inhibitor resistance, especially in MSI-H CRC
(Wang S. et al., 2025).

6 Limitations and future perspectives

Despite systematic characterization, limitations exist that
provide avenues for future research.

6.1 Technical and model limitations

1. Model systems: Monolayer cultures inadequately recapitulate
in vivo microenvironments. Spatial transcriptomics implicates
fibroblast interactions via collagen/FN1 in CRC metastasis
(Wang S. et al., 2025). Future work should employ patient-
derived organoids (PDOs) and humanized mice integrated

TABLE 4 Scratch assay quantification (48 h).

Group Cell line Mean
(%)

SD
(%)

Within-group comparison
(p-value)

Between-group comparison
(p-value)

Significance

Group1 HRT-18 19.45 1.59 - - -

HRT-18-KO-
EpCAM-3

3.79 3.36 <0.001*** - ***

Group1 Average 11.62 8.89 - vs. Group2: 0.9502 -

Group2 HT-29 5.37 3.8 - - -

HT-29-OE-EpCAM-2 14.08 9.15 0.023* - *

Group2 Average 9.72 7.87 - vs. Group3: <0.001*** ***

Group3 HT-115 74.05 3.58 - - -

HT-115-OE-
EpCAM-19–1

100 0 <0.001*** - ***

Group3 Average 87.02 14.39 - vs. Group1: <0.001*** ***
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with single-cell sequencing to validate findings in a more
physiological context.

2. Cell line selection rationale: The selection of the HT-115 cell
line for overexpression studies was based on its negligible

baseline EpCAM expression, which provided an ideal null
background to unequivocally test the sufficiency of EpCAM.
While this model was optimal for addressing this specific
question, it does not recapitulate the scenario of augmenting

FIGURE 8
Transwell assays.
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EpCAM expression in cells with pre-existing moderate levels.
Future studies employing well-characterized models like HCT-
116 or SW480 would provide valuable complementary insights
into the role of EpCAM in augmenting tumorigenicity.

3. Fluorescent reporter artifact: A noticeable discrepancy between
EpCAMandRFP expression levels was observed due to the nature
of the multicistronic vector (T2A-linked EpCAM-RFP-PuroR
cassette). The RFP signal should be interpreted as a qualitative
marker of transduction, not a quantitative one, with
overexpression definitively assessed by target-specific antibodies.

6.2 Molecular and functional
characterization gaps

1. Molecular networks: EpCAM–ncRNA interactions (e.g.,
lncRNA-TINCR regulating EpCAM proteolysis (Jiang et al.,
2023)) and impact on key signaling pathways (e.g., Wnt/β-
catenin, PI3K/Akt) and EMT markers remain unexplored.
Deciphering these molecular drivers is a crucial next step.

2. Incomplete mechanistic validation: While our novel CRISPR/
Cas9 strategy targeting exons 1 and 3 of EpCAM is designed
to prevent compensatory alternative splicing—a known pitfall of
conventional exon 2 targeting (Bagheri et al., 2022; Wang J. et al.,
2025; Sun et al., 2025)—and strong functional impairment was

observed, future studies should directly sequence the edited
transcripts to conclusively confirm the absence of escape variants.

3. Phenotypic assay scope: We focused on 2D migration models.
The inclusion of 3D invasion assays (e.g., using Matrigel-
coated inserts (Justus et al., 2014)) would provide a more
physiologically relevant assessment of invasive potential.

6.3 Translational and therapeutic challenges

1. Therapeutic window: Basal EpCAM expression in normal
epithelia risks on-target toxicity, necessitating the development
of conditionally activated antibodies or bispecifics (e.g., EpCAM×
CD3 (Yao et al., 2014)) to improve specificity.

2. In vivo relevance: The in vivo relevance of our findings requires
validation in animal models, such as xenograft studies, to confirm
the role of EpCAM in tumor growth and metastasis within a
complex tumor microenvironment (Frese and Tuveson, 2007).

6.4 Future research and clinical perspectives

Building on this work, which establishes genetically engineered
EpCAM models defining its pivotal role in CRC proliferation and
metastasis, future efforts should prioritize.

TABLE 5 Integrated phenotypic profiling reveals clinical implications.

Parameter HRT-18-KO HT-29-OE HT-115-OE

Proliferation ↓ (9.7%) ↑↑↑ (20.1%) ↑ (11.5%)

Scratch ↓↓↓ (80.5%) ↑↑ (2.6-fold) ↑↑↑ (100%)

Transwell ↓ (Lowest) ↑↑↑ (Highest) ↑ (Intermediate)

Clinical Utility Safety assessment Metastasis drug screening Barrier-crossing studies

TABLE 6 Functional validation of EpCAM in CRC models.

Functional profile HT-29-OE-EpCAM-2 HT-115-OE-EpCAM-19 HRT-18-KO-EpCAM-3

Proliferation Peak density ↑20.1%* Saturation density ↑11.5%* Doubling time ↑8.8%*

Scratch Migration Closure rate ↑2.6-fold* 100% wound closure* Closure rate ↓↓80.5%*

Transwell Migration Highest chemotaxis Intermediate capacity Lowest capacity

Molecular Mechanism Wnt/β-catenin activation Complete EMT induction Loss of cell polarity

TABLE 7 Therapeutic development strategies based on EpCAM-Engineered models.

Application Optimal model Strategy Clinical potential

Metastasis-targeted therapy HT-29-OE-EpCAM-2 EpCAM-directed ADCs High (micrometastasis suppression)

Immunotherapy sensitization HRT-18-KO-EpCAM-3 Anti-EpCAM + PD-1 blockade High (“cold” tumor reversal)

Drug delivery systems HT-115-OE-EpCAM-19 Aptamer-decorated nanoparticles Medium (tumor accumulation)

Small-molecule inhibitors Tri-model parallel Structure-guided arenobufagin optimization High (oral bioavailability)
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1. Next-generation EpCAM targeting: Develop AI-designed
allosteric inhibitors or bispecific antibodies to minimize off-
target effects.

2. Combination therapies: Explore synergistic approaches with
immune checkpoint or epigenetic inhibitors (e.g., anti-EpCAM
+ PD-1 blockade in MSI-H CRC).

3. Liquid biopsy applications: Exploit EpCAM for CTC capture
coupled with single-cell sequencing to predict early recurrence.

4. Technology application: Our exon 1/3 targeting strategy
provides a robust framework for complete gene disruption
that could be applicable to other therapeutic targets prone to
alternative splicing.

In summary, overcoming these limitations and exploring these
future directions will be essential to fully exploit EpCAM’s
diagnostic, prognostic, and therapeutic versatility and advance
CRC precision medicine.
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