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Proteomic insights into the regulatory function
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Abstract. The AT-rich interacting domain-containing
protein 1A (ARIDI1A) is a tumor suppressor gene that has
been implicated in several cancers, including colorectal
cancer (CRC). The present study used a proteomic approach
to elucidate the molecular mechanisms of ARIDIA in CRC
carcinogenesis. Stable ARID1A-overexpressing SW48 colon
cancer cells were established using lentivirus transduction
and the successful overexpression of ARIDIA was confirmed
by western blotting. Label-free quantitative proteomic
analysis using liquid chromatography-tandem mass spec-
trometry identified 705 differentially altered proteins in the
ARIDIA-overexpressing cells, with 310 proteins significantly
increased and 395 significantly decreased compared with
empty vector control cells. Gene Ontology enrichment analysis
highlighted the involvement of the altered proteins mainly in
the Wnt signaling pathway. Western blotting supported these
findings, as a decreased protein expression of Wnt target
genes, including c-Myc, transcription factor T cell factor-1/7
and cyclin D1, were observed in ARID1A-overexpressing
cells. Among the altered proteins involved in the Wnt
signaling pathway, the interaction network analysis revealed
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that ARIDI1A exhibited a direct interaction with E3 ubiq-
uitin-protein ligase zinc and ring finger 3 (ZNRF3), a negative
regulator of the Wnt signaling pathway. Further analyses
using the The Cancer Genome Atlas colon adenocarcinoma
public dataset revealed that ZNRF3 expression significantly
impacted the overall survival of patients with CRC and was
positively correlated with ARID1A expression. Finally, an
increased level of ZNRF3 in ARIDI1A-overexpressing cells
was confirmed by western blotting. In conclusion, the findings
of the present study suggest that ARID1A negatively regu-
lates the Wnt signaling pathway through ZNRF3, which may
contribute to CRC carcinogenesis.

Introduction

The AT-rich interacting domain-containing protein 1A
(ARIDI1A)isacrucial subunitofthe switch/sucrose non-ferment-
able (SWI/SNF) chromatin remodeling complex (1). It
contains an AT-rich interaction domain (ARID) responsible
for binding to DNA (2) and features multiple LXXLL motifs
in the C-terminal region, known to facilitate interactions with
nuclear hormone receptors (3). ARID1A helps direct SWI/SNF
complexes to specific chromatin targets by interacting with
other transcriptional regulatory factors and enhancing the
affinity for binding to these sites, thereby altering chromatin
accessibility for several nuclear factors (4). ARIDIA serves
essential roles in chromatin remodeling, chromosome organi-
zation, transcriptional and epigenetic regulation (5,6).

ARIDIA is a tumor suppressor gene that has been reported
to undergo mutations in several types of cancer (7-9). These
mutations in ARIDIA include missense or truncating muta-
tions, as well as in-frame insertions or deletions (indels),
which contribute to the loss of protein function (8,9). Previous
studies have demonstrated the participation of ARIDIA in
several biological processes involved in carcinogenesis and
tumor progression, such as cell cycle control, modulation
of the immune response and regulation of several signaling
pathways (10,11).
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ARIDIA mutations are found in 3.6-66.7% of colorectal
cancer (CRC) cases, and they are thought to be caused by
mismatch defects (1,12). Previous studies have reported the
prognostic and tumor suppressive roles of ARIDIA in CRC.
Immunohistochemical analyses have revealed a relatively high
incidence of ARIDIA protein loss (25.8%) in primary CRC
tumors. Loss of ARIDIA protein expression is associated
with clinicopathological characteristics, including advanced
tumor-node-metastasis stage, distant metastasis, poor patho-
logical differentiation and worse overall survival in patients
with CRC (13,14). Additionally, ARID1A expression is asso-
ciated with immune cell infiltration and immunotherapeutic
response in patients with CRC (15). ARID1A knockdown
enhances the proliferation, migration, invasion and chemore-
sistance of CRC cells (16,17). Furthermore, ARIDIA has been
reported to promote the epithelial-mesenchymal transition
(EMT) process by regulating the expression of vimentin and
E-cadherin (18,19). However, the precise molecular mecha-
nisms through which ARIDI1A regulates CRC carcinogenesis
and progression are not yet fully understood.

Proteomics is a powerful tool that enables the compre-
hensive analysis of global protein changes in biological
samples. It has been widely used in cancer research to
unravel the molecular mechanisms of diseases and facilitate
the discovery of biomarkers and therapeutic targets (20,21).
In the present study, a comparative proteomic analysis of
ARIDIA-overexpressing colon cancer cells and empty vector
control cells was performed. Subsequently, bioinformatics
analysis was performed to gain novel insights into the molec-
ular mechanisms through which ARIDIA is involved in CRC
carcinogenesis and progression. Moreover, the potential role of
ARIDIA in the regulation of the Wnt signaling pathway was
assessed using western blotting.

Materials and methods

Establishment of ARIDIA-overexpressing SW48 cells.
The pLenti-puro (cat. no. 39481; Addgene, Inc.) and
pLenti-puro-ARIDIA (cat. no. 39478; Addgene, Inc.) were
donated by Professor Ie-Ming Shih from John Hopkins
University (22). The plasmid vectors were cloned into One
Shot™ Stbl3™ Chemically Competent E.coli (cat.no.C737303;
Invitrogen™; Thermo Fisher Scientific, Inc.) and extracted
using the QIAprep Spin Miniprep Kit (Qiagen GmbH). Vector
sizes were confirmed using 1% agarose gel electrophoresis
and visualized using RedSafe™ (Intron Biotechnology, Inc.).
SW48 and 293T cells were purchased from the American Type
Culture Collection. Both cells were cultured in DMEM supple-
mented with 10% FBS and penicillin/streptomycin (100 mg/ml;
Invitrogen™; Thermo Fisher Scientific, Inc.) at 37°C with 5%
CO, in a humidified chamber. Using a second-generation
lentivirus system, 293T cell transfection was performed using
Lipofectamine® 3000 (Invitrogen; Thermo Fisher Scientific,
Inc.) for 16 h at 37°C. For each transfection, 1.5 pg of either
the pLenti-puro-ARIDIA or pLenti-puro plasmid, 1 ug of
packaging plasmid (psPAX2; cat. no. 12260; Addgene, Inc.),
and 1 pg of envelope plasmid (pCMV-VSV-G; cat. no. 8454;
Addgene, Inc.) (23) were used. The viral supernatants were
harvested 48 h post-transfection, centrifuged at 2,000 x g for
5 min, and filtered through 0.45-pm pore size membrane filters.

Lentivirus at a multiplicity of infection value of 5 was used
to transduce SW48 cells with an 8-mg/ml polybrene reagent
(Sigma-Aldrich; Merck KGaA). After 24 h of transduction,
the medium was replaced with a selection medium (culture
medium supplemented with puromycin at a final concentra-
tion of 500 ng/ml; Invitrogen; Thermo Fisher Scientific, Inc.)
to establish stable ARID1A-overexpressing cells. The stable
cells were maintained in the selection medium (500 ng/ml
puromycin).

Western blot analysis. The cells were lysed using RIPA buffer
(Abcam) and protein concentration was determined using a
Bradford assay (Bio-Rad Laboratories, Inc.). Equal amounts
of protein from each sample (20 ug) were separated by 12%
SDS-PAGE and transferred onto a nitrocellulose membrane.
The membrane was incubated with 5% skimmed milk in
PBS at 25°C for 1 h. Subsequently, it was incubated with
rabbit polyclonal anti-ARIDIA (1:1,000; cat. no. HPA005456;
Sigma-Aldrich; Merck KGaA), rabbit monoclonal anti-c-Myc
(1:1,000; cat. no. 5605; Cell Signaling Technology, Inc.),
rabbit monoclonal anti-T cell factor (TCF)1/7 (1:1,000;
cat. no. 2203; Cell Signaling Technology, Inc.), rabbit mono-
clonal anti-cyclin D1 (1:1,000; cat. no. 2978; Cell Signaling
Technology, Inc.), rabbit polyclonal anti-zinc and ring finger 3
(ZNRF3; 1:1,000; cat. no. DF14289; Affinity Biosciences), or
mouse monoclonal anti-GAPDH (1:5,000; cat. no. ab8245;
Abcam) antibodies at 4°C overnight. Following three washes
with PBS containing 0.05% Tween 20 (PBS-T), the membrane
was further incubated with corresponding horseradish
peroxidase-conjugated secondary anti-rabbit IgG (1:2,000;
cat. no. 65-6120; dilution, Invitrogen; Thermo Fisher Scientific,
Inc.) or anti-mouse IgG (1:5,000; cat. no. ab205719; Abcam)
antibodies at 25°C for 1 h. Following three additional washes
with PBS-T, immunoreactive bands were visualized using
Clarity™ Western ECL Substrate (Bio-Rad Laboratories, Inc.)
and imaged using the ChemiDoc™ Touch Imaging System
(Bio-Rad Laboratories, Inc.). The intensity of immunoreactive
bands was assessed using Image Lab software (version 5.1;
Bio-Rad Laboratories, Inc.). GAPDH was used as a loading
control. The band intensity of the target protein was normal-
ized to the corresponding loading control, and the relative
value was subjected to statistical analysis.

Sample preparation for shotgun proteomics. The cells were
placed in a 6-well plate at a density of 200,000 cells per well and
cultured in a complete growth medium (DMEM supplemented
with 10% FBS and 0.5 ug/ml puromycin) for 48 h at 37°C.
Following two washes with PBS, the cells were lysed with 0.5%
SDS for effective extraction of both membrane-bound and
cytoplasmic proteins. Subsequent precipitation with acetone
was performed to remove contaminants and concentrate the
proteins. The lysate was mixed with 2 volumes of cold acetone
(-20°C) and left to incubate at -20°C for 12 h. Centrifugation
at 10,000 x g for 15 min at 4°C was used to collect protein
precipitates. The resulting pellets were air-dried and stored at
-20°C until they were used for subsequent proteomic analysis.
The protein concentration was determined using the Lowry
assay with BSA as a standard protein (24). Protein samples
(5 pg) were subjected to in-solution digestion. The samples
were dissolved in 10 mM ammonium bicarbonate, disulfide
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bonds were reduced using 5 mM dithiothreitol in 10 mM
ammonium bicarbonate at 60°C for 1 h, and sulfhydryl groups
were alkylated using 15 mM iodoacetamide in 10 mM ammo-
nium bicarbonate at room temperature for 45 min in the dark.
Sequencing grade porcine trypsin (at a 1:20 ratio) was used to
digest the protein sample for 16 h at 37°C. The resulting tryptic
peptides were dried using a speed vacuum concentrator and
reconstituted in 0.1% formic acid for nano-liquid chromatog-
raphy-tandem mass spectrometry (LC-MS/MS) analysis.

LC/MS-MS. The LC/MS-MS method was selected to achieve
high sensitivity and resolution for peptide separation and
identification. Label-free quantitative proteomic analysis
was chosen due to its ability to provide a comprehensive and
reproducible analysis of protein expression levels in complex
biological samples without the need for expensive labeling
reagents and intricate sample preparation (25,26). The
tryptic peptide samples were prepared for injection into the
UltiMate™ 3000 Nano/Capillary LC System (Thermo Fisher
Scientific, Inc.) coupled to a ZenoTOF 7600 mass spectrometer
(SCIEX). Briefly, 1 ul peptide digests underwent enrichment
on a u-Precolumn (300 ym i.d. x 5 mm) containing Acclaim™
PepMap™ 100 C18 HPLC column (5 ym; 100 A; Thermo
Fisher Scientific, Inc.). Subsequently, separation occurred on
a 75 ym I.D. x 15 cm Acclaim PepMap RSLC CI18 column
2 ym, lOOA; nanoViper; Thermo Fisher Scientific, Inc.). The
C18 column was maintained in a thermostatted column oven
set to 60°C. Solvents A and B containing 0.1% formic acid in
water and 0.1% formic acid in 80% acetonitrile, respectively,
were supplied to the analytical column. A gradient of 5-55%
solvent B was used to elute the peptides at a constant flow rate
of 0.30 ul/min over a period of 30 min. The ZenoTOF 7600
system consistently used specific source and gas settings
throughout all acquisitions. These settings included main-
taining ion source gas 1 at 8 psi, curtain gas at 35 psi, CAD
gas at 7 psi, a source temperature of 200°C, positive polarity
and a spray voltage set to 3,300 V. The top 50 precursor ions
with the highest abundance from the survey MS1 were chosen.
MS?2 spectra were collected in the 100-1,800 m/z range with
a 50 msec accumulation time, used the Zeno trap. LC-MS
analysis of each sample was performed in triplicate.

MS data analysis. Protein in individual samples was
quantified using MaxQuant 2.2.0.0 (27), using the
andromeda search engine to match MS/MS spectra with
the UniProt Homo sapiens database (https:/www.uniprot.
org/proteomes/UP000005640) (27). Label-free quantitation
was performed using standard settings, including parameters
such as maximum of two miss cleavages, a mass tolerance of
0.6 daltons for main search, trypsin as the digesting enzyme,
carbamidomethylation of cysteine as a fixed modification, and
the oxidation of methionine and acetylation of the protein
N-terminus as variable modifications. Protein identification
required peptides with =7 amino acids and one unique peptide.
Identified proteins with =2 peptides, including one unique
peptide, were considered for further data analysis. Protein
false discovery rate was maintained at 1%, determined using
reversed search sequences. The maximal number of modifica-
tions per peptide was set to 5. The Homo sapiens proteome
from UniProt served as the search FASTA file, whilst potential
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contaminants listed in the contaminants.fasta file provided by
MaxQuant were automatically included to the search space.
The resulting MaxQuantProteinGroups.txt file was imported
into Perseus version 1.6.6.0 (28), and contaminants unrelated
to any UPSI protein were eliminated from the dataset. The
three maximum intensities for each identified protein were
used for statistical comparisons using an unpaired t-test with
P<0.05 considered to indicate a statistically significant differ-
ence. The log, ratios of the ARID1A-overexpressing sample
and the control sample were calculated. Any intensity value
of 0 was set to 0.001 to prevent division by 0. Differentially
altered proteins between the ARID1A-overexpressing sample
and the control sample were identified using a threshold of
P<0.05 and a log, ratio of = 2 or <-2.

Bioinformatics analysis. The Database for Annotation,
Visualization and Integrated Discovery (DAVID; https://david.
ncifcrf.gov/summary.jsp) online tool (version v2023q4) (29,30)
was used to perform Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway
enrichment analyses on differentially altered proteins. P<0.05
was considered to indicate a statistically significant enrich-
ment. Bubble plot visualization of the enrichment results
was performed using the GraphBio online tool (http:/www.
graphbiol.com/en/) (31). Interaction network analysis of altered
proteins enriched in the Wnt signaling pathway was performed
using GeneM ANIA version 3.6.0 (https://genemania.org/) (32)
with parameters set as follows: Organism ‘Homo sapiens
(human)’ and network weighting ‘Biological process based’.
Survival analysis and expression correlation of ARIDIA with
ZNRF3 were analyzed using The Cancer Genome Atlas-colon
adenocarcinoma (TCGA-COAD) dataset (33) using the
Gene Expression Profiling Interactive Analysis 2 database
(http://gepia2.cancer-pku.cn/) with default parameters (34).

Statistical analysis. GraphPad Prism version 8.0.1 (Dotmatics)
was used for statistical analysis. An unpaired t-test was used
to compare two datasets. P<0.05 was considered to indicate a
statistically significant difference.

Results

Establishment of ARIDIA-overexpressing SW48 cells.
Following selection with puromycin, the level of ARIDIA
proteininthe empty vector controland ARID1A-overexpressing
cells was determined by western blotting. The results demon-
strated that the ARIDI1A protein level was significantly higher
in ARIDIA-overexpressing cells compared with the empty
vector control, confirming the successful overexpression of
ARIDIA in the cells (Fig. 1).

Proteomic analysis of altered proteins in ARIDIA-
overexpressing cells. Proteomic analysis was performed to
identify a set of proteins differentially expressed following
ARIDIA overexpression. Protein samples derived from
ARIDI1A-overexpressing and empty vector control cells
were subjected to label-free quantitative analysis by
LC-MS/MS. The proteomic analysis identified a total of
705 differentially altered proteins, including 310 signifi-
cantly increased proteins (P<0.05; log, ratio of =2) and 395
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Figure 1. ARIDIA protein expression in the empty vector control and ARIDIA-overexpressing cells. (A) Western blot images of ARIDIA and GAPDH
(loading control). (B) Band intensity of ARIDIA relative to GAPDH. The bar graph represents the mean + standard deviation (n=3 per group). "P<0.05.
ARIDIA, AT-rich interacting domain-containing protein 1A; O/E, overexpression; MW, molecular weight.

significantly decreased proteins (P<0.05; log, ratio of <-2) in
the ARID1A-overexpressing cells compared with the empty
vector control cells. Detailed information on differentially
altered proteins is presented in Table SI.

Functional enrichment analysis of differentially altered
proteins. To assess the potential functions of ARIDIA in
colon cancer cells, GO and KEGG pathway enrichment anal-
yses were performed on the differentially altered proteins.
The results from DAVID revealed that differentially altered
proteins in ARID1A-overexpressing cells were significantly
enriched in several biological processes, including the ‘Wnt
signaling pathway’, ‘lipid metabolic process’, and ‘fat cell
differentiation’ (Fig. 2A). The majority of these altered
proteins were located in the ‘cytosol’, ‘cytoplasm’ and
‘nucleoplasm’ (Fig. 2B). This analysis also identified several
significantly enriched GO terms for molecular function, such
as ‘protein binding’, ‘metal ion binding’ and ‘carbohydrate
binding’ (Fig. 2C). KEGG pathway analysis indicated that
these altered proteins were enriched in several pathways,
including ‘herpes simplex virus 1 infection’, ‘calcium
signaling pathway’, ‘chemical carcinogenesis-receptor
activation’ and ‘Wnt signaling pathway’ (Fig. 2D). Detailed
information on significantly enriched GO terms and KEGG
pathways is summarized in Table SII.

Involvement of ARIDIA and altered proteins in the Wnt
signaling pathway. Functional enrichment analysis revealed
the potential involvement of ARIDIA in the Wnt signaling
pathway (Fig. 3A). To assess this finding, the protein levels of
Wht-target genes, including c-Myc, TCF1/TCF7 and cyclin D1
were compared between the ARID1A-overexpressing cells
and the empty vector control cells. The western blotting
results demonstrated that ARIDIA overexpression resulted
in significant decreases of these Wnt-target genes compared
with the empty vector control cells, suggesting a potential
regulatory role of ARIDIA in the Wnt signaling pathway
(Fig. 3B and C).

Relationship between ARIDIA and altered proteins in the
Wnt signaling pathway. To gain a more comprehensive
understanding of the roles of ARIDIA in the aforementioned
pathway, an interaction network was constructed using
GeneMANIA to assess the relationships between ARID1A
and the altered proteins involved in the Wnt signaling pathway.
The results demonstrated that these proteins interact with
each other mainly through ‘Physical interactions’ (77.64%),
‘Co-expression’ (8.01%) and ‘Predicted’ interactions (5.37%).
Notably, ARIDIA was demonstrated to directly interact with
transcription factor 7 like 1 (TCF7L1) and ZNRF3 through
‘Pathway’ and ‘Co-expression’, respectively (Fig. 4A). Further
analyses using the TCGA-COAD public dataset revealed
that only ZNRF3, a negative regulator of the Wnt signaling
pathway (35), had prognostic significance (Fig. 4B). Moreover,
patients with COAD with a low ZNRF3 expression demon-
strated significantly worse overall survival compared with
those with a high expression (Fig. 4C). ZNRF3 expression
was also significantly correlated with ARIDIA expression in
the database (Fig. 4D). These findings highlight the potential
relationship between ARID1A and ZNRF3 in CRC carcino-
genesis and progression.

Expression of ZNRF3 protein in ARIDIA-overexpressing
cells. Finally, the relationship between ARIDIA and ZNRF3
was evaluated in the cells using western blotting. The results
revealed that ARID1A-overexpressing cells had a significantly
higher level of ZNRF3 protein expression compared with the
empty vector control, suggesting a positive regulatory axis
between these proteins (Fig. 5).

Discussion

ARIDIA is an essential component of the SWI/SNF chro-
matin remodeling complex, which serves a crucial role in
modulating the structure and accessibility of DNA (18). The
diverse functions of ARIDIA have been extensively docu-
mented in previous studies. These functions include chromatin
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Figure 2. Functional enrichment analysis of differentially altered proteins. Bubble plot representing the top 10 significantly enriched GO (A) biological
processes, (B) cellular components and (C) molecular functions, and (D) KEGG pathways. GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and
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remodeling, transcriptional regulation (5), oncogenic and tumor
suppressor activity (36), microsatellite instability and immune
checkpoint blockade (37), cell proliferation and differentia-
tion (38), and epigenetic regulation (6). However, the specific
functions of ARID1A can vary depending on the cell type and
the cellular context (5,6,36-38). Thus, an understanding of its
precise function in a specific cancer type is necessary.

In the present study, ARID1A-overexpressing SW48 cells
were successfully established using lentivirus transduction.
Furthermore, western blotting demonstrated two immunoreac-
tive bands of ARIDIA. ARIDIA has a theoretical molecular
weight of ~242 kDa (UniProt accession no. 014497), corre-
sponding to the upper band detected at 250 kDa in the present
study; however, several studies have reported multiple bands
of ARIDIA using western blotting (11,39,40). Therefore, it
appears that the multiple bands detected represent ARID1A
and possibly its degraded forms.

Previous studies have reported that ARIDIA knock-
down promotes carcinogenic behaviors (16-18), whilst its

overexpression reverses such effects in CRC cells (19). These
findings underscored the tumor suppressive role of ARIDIA in
CRC cells. Consequently, the present study primarily focused
on elucidating its underlying mechanisms. Through proteomic
analysis, 705 proteins that were differentially altered in
ARID1A-overexpressing cells compared with empty vector
control cells were identified. Functional enrichment analysis
revealed a significant enrichment of these altered proteins in
the Wnt signaling pathway, suggesting a potential functional
association between ARIDIA and this pathway.

Label-free quantitative proteomic analysis was chosen for
the present study due to its cost-effectiveness and ability to
provide comprehensive protein expression profiles without
intricate sample preparation; however, it has limitations such
as susceptibility to technical variability and lower sensitivity
compared to labeled methods (25,26), potentially missing
low-abundance proteins. To address these issues in future
studies, rigorous sample preparation, use of internal standards,
and validation with complementary techniques such as targeted
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with different levels of ZNRF3 expression, plotted using GEPIA2. (D) Correlation between the expression of ARIDIA and ZNRF3 in COAD, analyzed using
GEPIA2. ARIDIA, AT-rich interacting domain-containing protein 1A; TCF7L1, transcription factor 7 like 1; ZNRF3, zinc and ring finger 3; COAD, colon
adenocarcinoma; GEPIA2, Gene Expression Profiling Interactive Analysis 2; HR, hazard ratio; TPM, transcripts per million.

proteomics or western blotting are recommended. Advances in
instrumentation and software are expected to further enhance
the reliability and accuracy of label-free proteomics (25,26).
The Wnt signaling pathway has been extensively studied
and is known to serve a crucial role in several cellular
processes associated with cancer, including cell proliferation,
apoptosis and EMT (41). A previous study reported that the
loss of ARIDIA inhibited canonical WNT/B-catenin activity
in human gastric cancer organoid lines (42). Downregulation
of ARIDIA and the Notch/Wnt signaling pathway-related
genes have also been reported in gynecological tumors (43).
In addition, ARID1A deletion in the intestines of mice in a
previous study led to a decrease in the expression of target
genes associated with the Wnt signaling pathway, such as
achaete-scute family bHLH transcription factor 2, SRY-box
transcription factor 9, axin 2, transcription factor 4, and hes

family bHLH transcription factor 1 (44). The data of the present
study demonstrated that ARIDIA overexpression resulted in
a decreased expression of the Wnt-target genes in the cells.
These findings suggest that ARID1A may exert its tumor
suppressive activity by regulating the Wnt signaling pathway
in CRC cells. However, the expression of WNT/p-catenin
signaling components, such as -catenin and its phosphory-
lated form, adenomatous polyposis coli, or serine/threonine
kinase GSK-3 and its phosphorylated form, were not assessed
in the present study. Clarifying the involvement of these key
markers in future studies would be essential to validate the
proposed relationship between ARID1A and the Wnt signaling
pathway in CRC.

Through proteomic analysis, a significant increase of
cyclin D1 in ARIDI1A-overexpressing cells was identified in
the present study; however, its decreased level was detected
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Figure 5. ZNRF3 protein expression in the empty vector control and ARIDIA-overexpressing cells. (A) Western blot images of ZNRF3 and GAPDH (loading
control) expression. (B) Band intensity of ZNRF3 expression relative to GAPDH. The bar graph represents the mean + standard deviation (n=3 per group).
"P<0.05. ZNRF3, zinc and ring finger 3; ARID1A, AT-rich interacting domain-containing protein 1A; O/E, overexpression; MW, molecular weight.

by western blotting. Whilst this specific discrepancy in
cyclin D1 levels between LC-MS/MS and western blotting
has not been reported before, such discrepancies between
these techniques are common in proteomic studies (45-48).
For instance, in a study by Pino e al (47), discrepancies
between proteomic and western blot results were observed
for several proteins, which the authors attributed to differ-
ences in sample preparation and detection techniques.
Similarly, Zhang et al (48) reported discrepancies between
2D-difference gel electrophoresis and western blotting
for acyl-coA thioesterase 2. The study attributed these
differences to the low expression levels and issues with
antibody specificity. LC-MS/MS and western blotting
differ in sample preparation, detection methods and quan-
tification approaches. LC-MS/MS quantifies protein levels
using retention time, mass-to-charge ratio and ion intensi-
ties, whereas western blotting uses antibodies to detect
specific proteins (25,26). The most likely explanation for
this discrepancy is that cyclin D1 expression is influenced
by post-translational modifications (PTMs) and isoforms.
Cyclin D1 is a key regulator in cell cycle control and exists
in two major isoforms (cyclin Dla and b) along with other
truncating variants and PTMs (49,50). Aberrant expressions
of cyclin D1 isoforms and variants are involved in the patho-
genesis of cancer (49,50). Therefore, it is plausible that the
observed increase in protein abundance by LC-MS/MS may
include specific isoforms or PTMs that were not semi-quan-
tified by western blotting. The observed discrepancy in the
present study may indicate a potential alteration of cyclin D1
isoforms and PTMs induced by ARIDIA overexpression.
Among the altered proteins associated with the Wnt
signaling pathway, ARID1A was revealed to directly interact
with TCF7L1 and ZNRF3 in the present study; however,
only the expression of ZNRF3 had a significant prognostic
impact on the overall survival of patients with COAD. ZNRF3
is a transmembrane E3 ubiquitin ligase that acts as a nega-
tive regulator of the Wnt signaling pathway (35). A previous
study reported an association between ZNRF3 expression
and survival outcomes in patients with CRC, with ZNRF3
overexpression promoting the apoptosis and inhibiting the

proliferation of CRC cells (51). In the present study, proteomic
analysis identified a significant increase in ZNRF3 levels in
ARID1A-overexpressing cells. Interaction network analysis
revealed a potential interaction with ARIDIA through
co-expression. The TCGA-COAD dataset demonstrated a
positive correlation between ARID1A and ZNRF3 expression,
further confirmed by western blotting. Hence, these findings
suggest that the interaction between ARIDI1A with ZNRF3
may contribute to the carcinogenesis and progression of CRC.
However, the present study did not confirm the physical inter-
action between these two proteins by co-immunoprecipitation
or double immunofluorescence staining experiments. Further
studies are needed to validate these interactions.

To the best of our knowledge, no previous study has
reported a direct relationship between ARIDIA and ZNRF3.
A proposed mechanism for how ARIDIA overexpression
may result in increased ZNRF3 expression is through tran-
scriptional regulation. ARIDI1A functions as a transcriptional
regulator, modulating chromatin accessibility and transcription
factor binding (4). It is possible that ARIDIA could directly
bind or interact with transcriptional co-factors or chromatin
remodelers at the ZNRF3 promoter, leading to enhanced
transcription and an increase in ZNRF3 mRNA levels.
Alternatively, ARIDIA may interact with other proteins that
stabilize ZNRF3 mRNA or prevent its degradation, leading to
increased ZNRF3 protein levels. Further experimental studies
are needed to elucidate the precise molecular mechanisms
underlying this interaction.

Whilst the present study provides insights into the role
of ARIDIA in colon cancer and its potential interactions
with the Wnt signaling pathway, several limitations should
be acknowledged. First, the study primarily focused on
ARIDIA overexpression and its effects on protein expression
profiles in one colon cancer cell line (SW48). Further studies
in CRC cells with different molecular characteristics are
warranted to validate the present findings across a broader
spectrum. Additionally, the lack of physiological assays,
such as proliferation, migration, invasion, apoptosis and cell
cycle progression, is a limitation. These assays are crucial
to comprehensively understand the functional consequences
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of ARIDIA overexpression and its relationship with the Wnt
signaling pathway in CRC carcinogenesis and metastasis.
Experiments involving genetic manipulation or inhibitor treat-
ment specific to Wnt signaling molecules are also necessary
to obtain a deeper understanding. Furthermore, the observed
discrepancy between proteomic and western blot analyses
regarding cyclin DI expression needs to be validated by
different experimental approaches. Finally, further investiga-
tions are required to elucidate the underlying mechanisms of
the regulatory axis between ARIDIA and ZNRF3 in CRC.

In conclusion, a set of 705 differentially altered proteins
were identified in ARID1A-overexpressing cells compared
with control cells. These altered proteins were mainly involved
in the Wnt signaling pathway. Bioinformatics analyses
also highlighted a potential functional interaction between
ARIDIA and ZNRF3 in CRC carcinogenesis and progression.
A better understanding of the role of ARIDIA in CRC would
help in the development of targeted therapies and diagnostic
approaches for CRC.
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