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ABSTRACT

Background: Mutations in the EPCAM gene can lead to the absence of this protein from epithelial cell surfaces, resulting in various
disorders such as Lynch syndrome, congenital tufting enteropathy, cholestatic liver disease, and a range of cancers. Therefore,
analyzing mutations in this gene is significant from diagnostic and prognostic perspectives. This study examines the effect of various
mutations in the EPCAM gene on different attributes of the encoded protein.

Objective: The objective of this study was to analyze the impact of single nucleotide polymorphisms (SNPs) in the EPCAM gene on
the protein's structural and functional properties, aiming to identify potential predictive biomarkers for EPCAM-associated diseases.

Methods: The study focused on the EPCAM gene transcript EPCAM-201, with ENSEMBL transcript ID ENST00000263735.9 and NCBI
Reference Sequence NM_002354.3. The gene sequence was retrieved from the NCBI database, and SNPs were selected from the
ENSEMBL database. A total of 21 variants were selected to design twenty-one cases. These cases were analyzed using various
bioinformatics tools, including EXPASY for nucleotide sequence translation, HOPE server for 3D structure analysis, CELLO2GO for
sub-cellular localization, and PROTPARAM for physicochemical parameter prediction. Data collection adhered to the principles
outlined in the Declaration of Helsinki. Statistical analyses were conducted using SPSS version 25, with descriptive statistics and
appropriate tests to determine the significance of the observed variations.

Results: Analysis revealed that sixteen SNPs, namely rs994384264, rs1280024892, rs1294456118, rs149875996, rs767811939,
rs750826481, rs754293486, rs748292053, rs1460762372, rs1294456118, rs149875996, rs754293486, rs748292053, rs771063031,
rs776854951, and rs267606785, significantly altered the 3D structure of mutated proteins. Among these SNPs, rs994384264 and
rs149875996 also affected the sub-cellular localization of proteins. Additionally, four mutations—rs1280024892, rs1460762372,
rs987919056, and rs771029207—caused alterations in extinction coefficient, isoelectric point (pl), aliphatic index, and instability
index.

Conclusion: These single nucleotide variants might serve as predictive biomarkers for EFCAM-associated diseases, aiding in diagnosis
and prognosis. Variants predicted in this study require further experimental validation to confirm their clinical utility.
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INTRODUCTION

The Epithelial Cell Adhesion Molecule (EPCAM) gene, also known by several aliases including CD326, ESA, and TACSTD1, plays a
critical role in various physiological and pathological processes (1-15). Located on chromosome 2p21, the EPCAM gene comprises
nine exons spanning approximately 41.88 kb. These exons encode different functional domains of the EPCAM protein, including a
signal peptide, EGF-like motif, thyroglobulin domain, transmembrane domain, and intracellular domain (8). EPCAM is a 314 amino
acid protein organized into three main domains: an intracellular C-terminus, a transmembrane region, and an extracellular N-
terminus (16). This protein is implicated in intercellular interactions, acting as an antagonist of E-cadherin, thereby disrupting its
association with the cytoskeleton, regulating claudin-7 protein, and contributing to the formation of apical junctional complexes (17-
25). Additionally, EPCAM is involved in the regulation of material transport across epithelial tissues, the release of exosomes, the
maintenance of epithelial cell polarity, tissue mobilization, and the proliferation of both normal and cancerous tissues. It also plays
a role in cell signaling pathways such as Wnt and nPKC and is essential in stem cell development (17-25).
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Mutations in the EPCAM gene have been associated with various pathological conditions including cholestatic liver disease,
inflammatory bowel disease, Lynch syndrome, congenital tufting enteropathy (CTE), and several types of cancer such as
hepatocellular carcinoma, endometrial, colorectal, breast, ovarian, lung, pancreatic, and stomach cancers (1, 26-37). Previous
studies have identified a frame shift mutation c.499dupC and multiple missense mutations in EPCAM associated with CTE patients,
indicating a strong correlation between these genetic alterations and disease severity (1). For instance, a specific mutation, c.757G>A
(p.Asp253Asn), has been linked to TE, leading to complete lack of EPCAM expression as evidenced by immunohistochemistry in
affected individuals (39).

Given the significant role of EPCAM in health and disease, the present study aims to analyze the effects of single nucleotide
polymorphisms (SNPs) on the encoded protein's attributes. This research focuses on missense SNPs, as most pathogenic mutations
reported in EPCAM are of this type (1). Utilizing SNP data retrieved from the ENSEMBL database, this study examines 21 variants to
evaluate their impact on the protein's 3D structure, subcellular localization, and physicochemical properties using various
bioinformatics tools such as EXPASY, HOPE server, CELLO2GO, and PROTPARAM. Findings reveal that several SNPs, including
rs994384264, rs1280024892, rs1294456118, rs149875996, rs767811939, rs750826481, rs754293486, rs748292053, and
rs1460762372, disrupt hydrogen bond formation, potentially leading to protein misfolding and malfunction. Additionally, SNPs such
as rs267606785 interfere with cysteine bridge formation, further compromising protein stability (43-45).

Moreover, mutations rs994384264 and rs149875996 alter the subcellular localization of the EPCAM protein, while variants
rs1280024892, rs1460762372, rs987919056, and rs771029207 affect the protein's extinction coefficient, isoelectric point (pl),
aliphatic index, and instability index. These alterations underscore the potential of these SNPs as predictive biomarkers for EPCAM-
associated diseases, providing valuable insights for diagnostic and prognostic applications. In summary, the identified SNPs in the
EPCAM gene could serve as crucial biomarkers in the management of Lynch syndrome, CTE, and TE, warranting further experimental
validation to confirm their clinical utility in predicting genetic disorders (43-45).

MATERIAL AND METHODS

The study focused on the EPCAM gene transcript EPCAM-201, with ENSEMBL transcript ID ENST00000263735.9 and NCBI Reference
Sequence NM_002354.3, to investigate the impact of mutations on the EPCAM protein. The gene sequence was retrieved from the
NCBI database. The process involved navigating to the NCBI website (https://www.ncbi.nlm.nih.gov, accessed in June 2023), selecting

"All databases," and using the "gene" option in the search bar to locate the EPCAM gene for Homo sapiens. The GenBank database
was accessed, and the transcript ID NM_002354.3 was selected. The coding sequence (CDS), starting from the start codon ATG at
nucleotide position 196 and ending at the stop codon UAA at position 1140, was highlighted for analysis.

Single nucleotide polymorphisms (SNPs) were retrieved from the ENSEMBL database (https://asia.ensembl.org/index.hotmail,

accessed in June 2023). The database was accessed by specifying "Human" for the organism and "EPCAM" for the gene in the search
bars. The EPCAM (Human Gene) option was selected, followed by the transcript ID ENSTO0000263735.9. Exons were highlighted in
the sequence view, and missense SNPs in the exonic regions were identified by configuring the variation display to show exons only.
A table of SNPs was generated, listing the missense variants selected for analysis (Table 1).

The nucleotide sequence was translated into an amino acid sequence using the EXPASY tool (https://web.expasy.org/translate,

accessed in June 2023). Each case was designed by introducing a single SNP into the CDS, creating individual mutant sequences for
analysis. For instance, in case 1, a SNP (TAT) was incorporated into the codon (TGT) encoding the 66th amino acid of the protein.
The three-dimensional (3D) structures of the mutated proteins were analyzed using the HOPE server (www3.cmbi.umcn.nl/hope/,
accessed in June 2023). This tool assessed the impact of mutations on the protein's structure, interactions, and localization within
the protein framework. Subcellular localization changes due to SNPs were evaluated using the CELLO2GO tool (Jiang et al., 2021).
Variations in the physicochemical parameters of the mutated proteins, such as the number of amino acids, molecular weight,
theoretical isoelectric point (pl), extinction coefficients, estimated half-life, instability index, and grand average of hydropathicity
(GRAVY), were predicted using the PROTPARAM tool (https://web.expasy.org/protparam/, accessed in June 2023).

Data collection followed rigorous standards, ensuring the accuracy and reliability of the results. The study adhered to the principles

outlined in the Declaration of Helsinki, ensuring ethical conduct throughout the research process. Although the study did not involve
direct human subjects, ethical considerations were maintained in data handling and analysis.

The data analysis was performed using SPSS version 25. Descriptive statistics were calculated to summarize the findings, and
appropriate statistical tests were applied to determine the significance of the observed variations in protein attributes caused by
SNPs. The results were interpreted to understand the potential implications of these genetic variations on the EPCAM protein's
function and its association with various genetic disorders.
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In summary, this study employed a comprehensive methodology to investigate the effects of missense SNPs in the EPCAM gene on
the encoded protein. By combining bioinformatics tools and rigorous data analysis, the study provided insights into the potential
use of these SNPs as biomarkers for EPCAM-associated diseases, offering valuable information for diagnostic and prognostic

applications.

RESULTS

Table 1: Detailed Information of SNPs in Exons of EPCAM Gene
Case # SNP ID Exonic Region Nucleotide Change Amino Acid Change Codon Position
1 rs267606785 3 TGT > TAT C>Y 66
2 rs994384264 3 TGG >TGC W>C 117
3 rs987919056 4 GAA > AAA E>K 147
4 rs1280024892 6 TAT > CAT Y>H 186
5 rs1294456118 6 AAA > ACA K>T 202
6 rs1202678365 6 ATA > GTA >V 209
7 rs149875996 6 GAT > AAT D>N 211
8 rs1001841016 6 GTG > GGG V>G 212
9 rs767811939 6 GCT > GTT A>V 213
10 rs750826481 6 TAT > CAT Y>H 215
11 rs754293486 6 AAA > ATA K>1 218
12 rs757963724 6 GAT > AAT D>N 219
13 rs1257057505 6 GTT>TTT V>F 220
14 rs748292053 7 AAA > AGA K>R 221
15 rs779694526 7 CCT>CTT P>L 244
16 rs748065050 7 TAT>TTT Y>F 251
17 rs1460762372 7 GAT > TAT D>Y 253
18 rs771063031 7 GAA > GTA E>V 254
19 rs975353107 7 CCT > ACT P>T 257
20 rs776854951 7 GAA > GGA E>G 258
21 rs771029207 7 CTG > CCG L>P 286

The mutations were analyzed for their localization within the 3D structure of the EPCAM protein. Key findings included: The
mutations rs267606785 and rs994384264 were localized in a domain annotated in UniProt as thyroglobulin-1 and transmembrane
glycoprotein Epcam/Trop-2. Several other mutations, including those documented in cases 3, 5, 6, 7, 8, 10, 11, 12, 13, 14, 15, 16,
17, and 18, were located in the transmembrane glycoprotein Epcam/Trop-2 domain (Figure 2).

The study examined how each SNP altered the properties of the amino acids: Case 1: Cysteine to tyrosine (larger, less hydrophobic).
Case 2: Tryptophan to cysteine (smaller, empty space in protein core). Case 3: Glutamic acid to lysine (larger, positively charged).
Case 4: Tyrosine to histidine (larger, more hydrophobic).

The impact of SNPs on protein-protein interactions was significant: Case 1: Elimination of a cysteine bridge by mutation to tyrosine,
destabilizing the protein. Case 2: Proximity to cysteine amino acid affecting cysteine bridge formation. Cases 3, 5, 6, and others:
Variations in hydrogen bond and salt bridge formations, impacting protein stability and folding (Figure 3).

The sub-cellular localization of the EPCAM protein was altered by certain SNPs: SNPs in cases 2 and 7 changed the protein's
localization from extracellular and cytoplasmic to extracellular only. Other cases showed no significant change in localization.

Table 2: Effect of SNPs on Sub-Cellular Localization of Mutated Proteins

Case ID E PM c CT ER G L M CHL P \Y N

Normal 1.89 0.49 1.06 0.02 0.06 0.11 0.03 0.19 0.38 0.30 0.05 0.37
Casel 1.82 0.50 1.12 0.02 0.06 0.10 0.03 0.20 0.40 0.27 0.05 0.38
Case 2 2.00 0.56 0.96 0.02 0.05 0.10 0.03 0.17 0.32 0.29 0.05 0.38
Case 3 191 0.55 1.01 0.02 0.06 0.09 0.04 0.22 0.32 0.29 0.05 0.40
Case 4 1.92 0.37 1.09 0.02 0.06 0.10 0.03 0.20 0.41 0.32 0.05 0.39
Case 5 1.88 0.54 1.01 0.02 0.06 0.11 0.03 0.17 0.36 0.29 0.06 0.41
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Case ID E PM C o) ER G L M CHL P Vv N

Case 6 1.52 0.29 1.62 0.02 0.07 0.18 0.03 0.11 0.55 0.09 0.04 0.42
Case 7 1.88 0.53 0.99 0.02 0.05 0.11 0.03 0.21 0.39 0.30 0.06 0.38
Case 8 1.90 0.46 1.10 0.02 0.05 0.10 0.03 0.19 0.38 0.31 0.05 0.36
Case 9 1.90 0.50 1.07 0.02 0.06 0.12 0.03 0.17 0.34 0.32 0.05 0.38
Case 10 1.89 0.43 1.15 0.02 0.06 0.12 0.03 0.21 0.34 0.28 0.05 0.37
Case 11 1.28 0.34 1.64 0.02 0.08 0.21 0.04 0.10 0.61 0.10 0.05 0.48
Case 12 1.83 0.56 1.01 0.02 0.06 0.11 0.03 0.20 0.40 0.29 0.06 0.37
Case 13 1.89 0.47 1.09 0.02 0.06 0.10 0.03 0.19 0.38 0.27 0.06 0.39
Case 14 1.89 0.53 1.03 0.02 0.05 0.10 0.03 0.20 0.39 0.28 0.05 0.37
Case 15 1.38 0.30 1.66 0.02 0.07 0.21 0.03 0.10 0.64 0.08 0.04 0.41
Case 16 142 0.30 1.62 0.02 0.07 0.21 0.03 0.10 0.62 0.12 0.04 0.38
Case 17 1.50 0.31 1.60 0.02 0.07 0.18 0.04 0.11 0.55 0.10 0.04 0.43
Case 18 143 0.30 1.62 0.02 0.07 0.18 0.03 0.11 0.58 0.11 0.04 0.44
Case 19 1.38 0.30 1.64 0.02 0.07 0.17 0.04 0.11 0.63 0.10 0.04 0.46
Case 20 1.87 0.54 1.03 0.02 0.05 0.09 0.03 0.21 0.38 0.31 0.05 0.38
Case 21 161 0.26 1.63 0.02 0.07 0.16 0.03 0.11 0.47 0.09 0.04 0.45

E = extracellular, PM = plasma membrane, C = cytoplasmic, CT = cytoskeleton, ER = endoplasmic reticulum, G = golgi apparatus, L =

lysosomal, M = mitochondrial, CHL = chloroplast, P = peroxisomal, V = vacuole, N = nuclear. Six physicochemical parameters were

analyzed for each case, revealing notable deviations caused by SNPs:

Table 3: Effect of SNPs on Physicochemical Parameters of Mutated Proteins

Case ID Theoretical pl Extinction Coefficient | Half-Life Instability Index | Aliphatic Index | GRAVY
(M-1cm-1) (Hours)
Normal 6.82 27390 30 31.22 88.26 -0.218
Case 1 5.23 29505 30 26.82 84.01 -0.320
Case 2 5.23 22640 30 26.68 84.01 -0.298
Case 3 5.41 28140 30 25.56 84.01 -0.310
Case 4 7.44 26650 30 31.99 88.82 -0.212
Case 5 5.15 28140 30 27.40 84.01 -0.299
Case 6 7.42 28140 30 31.75 88.50 -0.207
Case 7 5.32 28140 30 27.65 84.01 -0.309
Case 8 5.23 28140 30 27.14 83.13 -0.323
Case 9 5.23 28140 30 27.17 84.58 -0.302
Case 10 5.30 26650 30 27.08 84.01 -0.314
Case 11 5.15 28140 30 27.98 85.18 -0.283
Case 12 5.32 28140 30 27.40 84.01 -0.309
Case 13 5.23 28140 30 26.80 83.13 -0.313
Case 14 5.23 28140 30 27.48 84.01 -0.311
Case 15 5.23 28140 30 27.40 85.18 -0.292
Case 16 5.23 26650 30 27.02 85.18 -0.280
Case 17 5.32 29630 30 27.39 84.01 -0.302
Case 18 5.31 28140 30 27.31 84.88 -0.286
Case 19 5.23 28140 30 26.87 84.01 -0.306
Case 20 5.31 28140 30 26.87 84.01 -0.299
Case 21 5.23 28140 30 28.56 82.83 -0.325

These results indicate that several SNPs significantly altered the physicochemical properties of the EPCAM protein, potentially

impacting its stability, structure, and function. The highest deviations in theoretical pl, extinction coefficient, and instability index

were observed in cases 4, 2, and 1 respectively.
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Figure 1: Graphical Presentation of SNP Positions in EPCAM Protein Structures

The figure illustrates the positions of 21 single nucleotide polymorphisms (SNPs) within the 3D structure of the EPCAM protein. The
left and right panels show ribbon presentations of the normal and mutated proteins, highlighting the specific amino acid changes
induced by each SNP. The central schematic maps the mutations along the primary sequence of the EPCAM protein, indicating the
locations of the mutations within different functional domains. This visualization aids in understanding how each SNP impacts the
protein's structure and potentially its function.

DISCUSSION

The study explored the impacts of various single nucleotide polymorphisms (SNPs) in the EPCAM gene on the structural and
functional properties of the encoded protein. By analyzing 21 selected SNPs, the study provided insights into how these genetic
variations could influence the protein's stability, interactions, and localization, thereby contributing to the understanding of EPCAM-
associated diseases.

Previous research has established the critical role of EPCAM in maintaining epithelial cell integrity and its involvement in several
pathological conditions, including Lynch syndrome, congenital tufting enteropathy (CTE), and various cancers (1-37). This study
reinforced these findings by demonstrating that specific SNPs could significantly alter the EPCAM protein's 3D structure, leading to
potential misfolding and loss of function. Notably, SNPs such as rs267606785 and rs994384264, which were located in key functional
domains of the protein, caused substantial disruptions in the protein's secondary and tertiary structures, as evidenced by changes
in hydrogen bond formation and cysteine bridge stability.

The study's findings also aligned with previous reports highlighting the importance of EPCAM's role in intercellular interactions and
cellular signaling pathways (17-25). For instance, the mutation rs149875996, which affected subcellular localization and disrupted
hydrogen bonds, could impair the protein's ability to maintain epithelial cell polarity and integrity. Such disruptions are consistent
with the pathological mechanisms observed in diseases like CTE and Lynch syndrome, where EPCAM mutations lead to significant
clinical manifestations (1, 26-37).

One of the study's strengths was its comprehensive approach, utilizing multiple bioinformatics tools to assess the impact of SNPs on
protein structure and function. Tools like EXPASY, HOPE server, CELLO2GO, and PROTPARAM provided a robust framework for
analyzing the physicochemical properties and subcellular localization of the mutated proteins. This multi-faceted analysis ensured a
thorough evaluation of each SNP's potential pathogenicity.

However, the study had several limitations. While bioinformatics tools offer valuable predictions, experimental validation is crucial
to confirm these findings. The study did not involve in vitro or in vivo experiments to verify the predicted effects of SNPs on EPCAM
function. Furthermore, the focus on missense SNPs, although justified by their reported pathogenicity, excluded other types of
mutations that could also impact the gene's function.

Future research should aim to experimentally validate the predicted impacts of these SNPs through cellular and molecular assays.
Investigating the effects of these mutations in cell models or animal studies would provide more definitive evidence of their roles in
disease pathology. Additionally, exploring other types of mutations, such as insertions, deletions, and regulatory variants, could offer
a more comprehensive understanding of the genetic factors contributing to EPCAM-associated diseases.

The study's findings have important implications for the diagnosis and prognosis of EPCAM-related conditions. The identified SNPs,
particularly those significantly altering protein structure and function, could serve as predictive biomarkers for diseases like Lynch
syndrome and CTE. This could enhance early diagnosis and inform targeted therapeutic strategies, ultimately improving patient
outcomes.

CONCLUSION

This study provided a detailed analysis of the effects of missense SNPs in the EPCAM gene, contributing to the understanding of how
genetic variations can influence protein function and disease pathology. While the study's predictions require further experimental
validation, the findings underscore the potential of these SNPs as biomarkers for EPCAM-associated diseases and highlight the need
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for continued research in this area. The integration of bioinformatics predictions with experimental data will be essential for

translating these findings into clinical practice, thereby enhancing the management of patients with EPCAM-related genetic
disorders (43-45).
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