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ABSTRACT

Objective: We aimed to predict the PPI network and in silico analysis of a drug that can potentially inhibit colon cancer, specifically in the Wnt/§-
catenin signaling pathway, based on pharmacophore modeling and molecular docking.

Methods: Target genes involved in colon development were screened for specific genes in the Wnt/b-catenin signaling pathway. Tissue
construction and possible signaling pathways were analyzed using protein-protein interactions. Genes with significant centrality and best-grade
values were made to feature pharmacophore models and their suitability for potential drugs. Validation was carried out using the molecular
docking method for interaction with the best Hits.

Results: Protein-Protein Interaction Network (PPI) revealed BTNNB1, TP53, AXIN, FZD-8, and CDK1 as potential critical targets in the Wnt/3-
catenin signaling pathway and from the suitability of pharmacophore features obtained 27 drugs as the best Hit compounds. The therapeutic effects
of the drugs we found were shown to be related to the synergistic activity (multitarget and multi-path). GO enrichment analysis revealed 36 GO
entries, including 11 biological processes, 10 cellular components, and 15 molecular functions. Molecular docking experiments confirmed the
correlation between three drugs (Clofazimine, Closantel, and Sulindac) with the best binding to 4 target proteins (AXIN1, TP53, CDK1, and FZD-8).

Conclusion: In this study, we found a potent drug that can inhibit colon cancer disease in the Wnt/B-catenin signaling pathway and an essential
target protein responsible for the efficacy of colon cancer treatment, providing a theoretical basis for further research.
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INTRODUCTION

Colon cancer is an abnormal growth of cells in the tissues of the
colon or rectum. Colon cancer is also known as colorectal
adenocarcinoma. This cancer usually arises from the glandular
epithelial cells of the colon. Colon cancer grows when specific cells in
the epithelial tissue undergo a series of genetic or epigenetic
mutations that provide opportunities for these cells to develop [1].
These genetic disorders can be caused by lifestyle, personal
characteristics, and inheritance [2]. Colon cancer that occurs
genetically has hundreds of mutations in different genes, but the
number of mutated genes that promote the development of
carcinogenesis is still limited.

Based on GLOBOCAN data in 2020, colon cancer ranks fourth in the
most cancer cases worldwide, and rectal and colorectal cancer (CRC)
ranks third most frequently diagnosed cancer globally, with 10% of all
cancers diagnosed globally. Interpreted in the world, as well as being
the second leading cause of death from all cancers in 2020, with a total
of 935 173 (9.4%) [3, 4]. In Indonesia, colorectal cancer is the second
most common type of cancer (male and female), with the addition of
396,914 new cases based on GLOBOCAN data in 2020 [5].

The intestine plays a significant role in the digestion of food in living
things, so essentialortant to maintain a balance in the growth of
intestinal tissue. The intestinal growth process is regulated by
several signaling pathways, including Wnt/{-catenin as the primary
driver of intestinal stem cell (ISC) proliferation and maintenance. §3-
catenin signaling is a signaling pathway that plays an essential role
in various regulations in many developmental and biological
processes. Several signaling processes influenced by the-catenin
pathway are proliferation, differentiation, apoptosis, migration,
invasion, and tissue homeostasis [6-8]. The B-catenin-dependent
signaling pathway occurs via the binding of the Cysteine-rich
glycoprotein ligand to the LRP-5/6 and FZD receptors. The signaling
process occurs through the binding of Wnt ligands, and their

receptors on the cell surface induce disheveled (DVL), resulting in
aggregation of complexes (AXIN, GSK3f, CK1D, and APC). Under
pathophysiological conditions, the accumulation of the complexes
(AXIN, GSK3B, CK1D, and APC) did not occur, so the concentration
of-catenin in the cytoplasm increased. Catenin will migrate to the
nucleus and will interact with T-cell specific factor (TCF)/lymphoid
enhancer-binding factor (LEF) and coactivators such as pygopus,
and Bcl-9, thereby triggering the activation of target genes in the
Wnt pathway, namely c-Myc, cyclin D1, and CDKN1A, resulting in
upregulation of TCF/IEF target genes and abnormal cell growth [9].

Targeted drugs used in cancer treatment are still minimal. To date,
targeted therapies that have been approved for the treatment of
colon cancer are limited to the EGFR and VEGF pathways, such as
cetuximab, bevacizumab, panitumumab, Ziv-aflibercept, regorafenib,
ramucirumab, pembrolizumab, nivolumab, and ipilimumab [10]. One
approach to facilitate the discovery of targeted anticancer drugs,
drug repurposing, is the right alternative strategy to find new
indications of drugs that have been approved.

In this study, we used drugs from the class of NSAIDs, antibiotics,
and anti-parasites that have previously been shown to affect cancer
treatment, assuming that drugs from the same class have similar
activity. Our search results obtained 47 drug candidates, which were
then analyzed using protein-protein interactions and compared with
a pharmacophore modeling approach (table 2). The consensus
candidate compounds obtained from both methods were then
validated using molecular docking and molecular dynamics.

MATERIALS AND METHODS

Gene target screening of colon cancer in the wnt/f-catenin
signaling pathway

Target gene screening was conducted using the GeneCards Suite
website (https://genecards.org) [11]. GeneCards is an integrative
database that provides comprehensive human gene information and
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integrates centric genes from 125 sources, including genomic,
transcriptomics, proteomics, genetic, clinical, and functional [12].
We used the keyword "colon cancer [AND] Wnt canonical signaling
[AND] proliferation [AND apoptosis [AND] cell cycle" to search for
colon cancer target genes in the Wnt/b-catenin signaling pathway.

Analysis of protein-protein interaction (ppi) and protein-ligand
interaction (PLI) network

Protein preparation

genes involved in the mechanism of colon cancer in the Wnt
pathway obtained from GeneCard. Before analyzing protein-protein
or protein-ligand interactions, it is necessary to prepare protein to
get good analytical results. In this study, we used Cytoscape 4.2.8
software to assist in protein preparation [13]. The first step is to
separate the coding protein from other impurities. An additional
application needed for protein preparation is STRING which is
installed through the network in Cytoscape to display the stringed
score value (20.99).

Protein-protein interaction analysis

Analysis was carried out via the STRING database website
(https://string-db.org) to show protein-protein interactions
involved in Wnt signaling in colon cancer [14].

Protein-ligand interaction analysis

This study uses the STITCH (https://stitch.embl.de/) databases to
analyze the interaction of target proteins and ligands [15].

Structure-based pharmacophore modeling

Drugs that potentially inhibit colon cancer in the Wnt/f-catenin
pathway were obtained through the literature. A structure-based
pharmacophore model was created, 47 2D drug structures were
obtained through PubChem (https://pubchem.ncbi.nlm.nih.gov)
[16], and receptors that bind to drug candidates were tested through
protein-ligand interactions. The results of the protein-ligand
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interaction showed that five proteins were attached to the drug
candidate (table 1). Five protein structures of the Wnt complex with
a human inhibitor (homo sapiens) were obtained through X-Ray
Diffraction experiments with selected resolution<2.7 A downloaded
from the Protein Data Bank (https://www.rcsb.org) with codes
7AFW, 3ZDI, 6MXY, 4TN6, dan 6TFB. LigandScout 4.3 software was
used in this study to generate a structure-based pharmacophore
model [17].

Molecular docking based on virtual screening
Protein and ligand preparation

In the biology computation process, protein preparation is carried
out to change the macromolecular structure into a form that can be
detected by computer tools [23]. Before the docking process, a
protein crystal structure is needed, obtained from the Protein Data
Bank (https://www.rcsb.org). The protein used in this study has
been demonstrated through protein-protein interactions and
supramolecular interactions with ligands in a pharmacophore
model. From these results, three proteins were selected 7AFW, 3ZD],
and 6TFB. The downloaded crystal structure in 3D is prepared by
adding hydrogen bonds and removing unnecessary atoms or chains
through the BIOVIA Discovery Studio Visualiser Tool v21.1.0
software, which is downloaded at https://discover.3ds.com [24].
The 3D ligand crystal structure was downloaded from PubChem and
saved in PDB format.

Molecular docking

The prepared proteins and ligands were then analyzed by molecular
docking using PyRx virtual filtering software [25]. This device is
used to virtually screen potential drug candidates against colon
cancer. PyRx includes Autodock and Autodock Vina with the
Lamarckian Genetic Algorithm (LGA) to provide assessments. This
study used a PyRx device with Vina's AutoDock tools to view the
molecular docking interactions. The test results show the binding
affinity value (kcal/mol) and are visualized using BIOVIA Discovery
Studio Visualiser Tool v21.1.0.

Table 1: Complex proteins and ligands selected from the PDB database

No PDB Ligand Name Crystal Affinity Reference
code code resolution
1 7AFW  R9Q 3-[(2~{R})-4-methyl-5-oxidanylidene-2,3-dihydro-1,4- 1.814 Kd: 9.15e+5 (nM) [18]

benzoxazepin-2-yl|benzenecarbonitrile

from 1 assay(s)

2 3ZDI uGj 3,6-Diamino-4-(2-chlorophenyl)thieno[2,3-b]pyridine-2,5- 2.65A - [19]
dicarbonitrile
3 6MXY K6M N-[3-(tert-butyl amino)propyl]-3-(trifluoromethyl)benzamide 1.62A LC50: 2.20e+4 (nM) [20]

4 4TN6  PFO
yl]-1H-imidazol-5-yl}pyrimidin-2-amine

5 6TFB  N6W benzo[b][1]benzazepine-11-carboxamide

4-{4-(4-fluorophenyl)-1-[1-(1,2-oxazole-3-yl methyl)piperidin-4- 2414 - [21]

1.68 A Kd: 1.70e+4 (nM) [22]

RESULTS AND DISCUSSION
Gene target screening of colon cancer in wnt/B-catenin pathway

In this study, GeneCards were used to search for target genes of the
Wnt/B-catenin signaling pathway and obtained as many as 5,545
target proteins. Cytocluster used to classify target proteins, the
group with the smallest p-value is 9.195E-8, and 202 nodes are
accepted. Drugs that potentially inhibit colon cancer in the Wnt/f-
catenin signaling pathway were obtained through a literature study
and found as many as 47 drugs (table 2).

Analysis of protein-protein (PPI) and protein-ligand interaction
network (PLI)

A total of 202 nodes obtained from the cluster results were
networked and analyzed using STRING and Cytoscape 4.2.8
software. As a result, 22 targets (consisting of 22 nodes, 159 edges,
14.5 average node degrees, and 18 expected numbers of edges) were
selected based on the stringed score £0.99). The protein -protein
interactions of the target in the Wnt/B-catenin signaling pathway
were made using the STRING database (https://string-db.org), and
the PPI enrichment p-value<1.0e-16 showed that a very significant

interaction occurred (Image 1). Biological process analysis of
interacting proteins showed that CTNNB1, AXIN1, DVL2, GSK3B,
WNT3, and FZD7/8 were defined as critical genes in the PPI score.

The drug-target interactions and protein-ligand interaction analysis
were determined using STITCH (http://stitch.embl.de). A total of 22
protein nodes and 47 drugs were inputted, and an enrichment p-
value of 0<0.05 was obtained, which means it has a good significance
level. The test results found that some drugs can interact with the
target protein while many other drugs only interact with each other
without being able to bind to the target (fig. 2).

Go and pathway enrichment analysis

To further investigate the drug mechanism in treating colon cancer
in the Wnt/f-catenin signaling pathway, target genes were analyzed
for GO enrichment and KEGG pathway. GO enrichment analysis
involves biological processes, cellular components, and molecular
functions. Twenty-two potential target genes for colon cancer in the
Wnt/B-catenin signaling pathway were analyzed using Enrichr
(https://maayanlab.cloud/Enrichr), and the top 10 topics of each GO
enrichment are shown in fig. 3-5 and tables 3 and 4.
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Fig. 1: Colon cancer-related protein network in wnt signaling pathway

Table 2: A list of drugs used for docking against the WNT/B-catenin signaling pathway of colon cancer

Drug name PubChem ID Classification Drug name PubChem ID Classification
Acemetacin CID1981 NSAID Lornoxicam CID54690031 NSAID
Albendazole CID2082 anthelmintic Mebendazole CID 4030 anthelmintic
Allopurinol CID135401907 xanthine oxidase inhibitor Mefenamic Acid CID4044 NSAID
Amfenac CID23663941 NSAID Meloxicam CID54677470 NSAID
Amoxicillin CID33613 penicillin derivative Mofezolac CID4237 NSAID
Ampicillin CID6249 penicillin derivative Nabumetone CID 4409 NSAID
Aspirin CID2244 NSAID Naproxen CID156391 NSAID
Cefadroxil CID47965 cephalosporin antibiotic Niclosamide CID4477 anthelmintic
Clofazimine CID2794 antimycobacterial Nitazoxanide CID41684 antimicrobial
Closantel CID42574 anthelmintic Oxaprozin CID 4614 NSAID
Dexketoprofen  CID667550 NSAID Paracetamol CID1983 analgesic and antipyretic
Diclofenac CID3033 NSAID Piperazine CID4837 anthelmintic
Emorfazone CID3221 Analgetic Agent Piroxicam CID54676228 NSAID
Epirizole CID3242 NSAID Praziquantel CID4891 anthelmintic
Ethenzamide CID3282 NSAID Probenecid CID4911 uricosuric agent
Etodolac CID3308 NSAID Proglumetacin Maleate CID 5282193 NSAID
Etoricoxib CID123619 NSAID Pyrimethamine CID4993 antiparasitic
Febuxostat CID134018 xanthine oxidase inhibitor Pyrvinium Pamoate CID54680693 anthelmintic
Flubendazole CID35802 anthelmintic Salinomycin CID3085092 antibacterial
Flurbiprofen CID3394 NSAID Sulindac CID1548887 NSAID
Ibuprofen CID3672 NSAID Tiaprofenic Acid CID5468 NSAID
Indomethacin CID3715 NSAID Tiaramide Hydrochloride = CID443949 NSAID
Ketoprofen CID3825 NSAID Zaltoprofen CID5720 NSAID
Ketorolac CID3826 NSAID
]
= =)
e

Fig. 2: Protein-protein interaction network of targeted protein and ligand

Fig. 3 shows a bar chart, each representing the top 10 terms
from the search results based on the selected gene with the
smallest p-value. The color of each bar represents a significant p-
value (<0.05)—the sign (*) next to the p-value indicates that the

term also has an appropriate significance level. The higher the
bar, the smaller the adjusted p-value. The results of GO
enrichment in biological processes showed that the Wnt
signaling pathway (4.36e-31) had the smallest p-value indicating
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the highest significance level. GO enrichment in cellular The top 12 pathways of the KEGG enrichment analysis are shown in
components showed that the catenin complex (3.3e-08) had the fig. 4. The paths consist of the Wnt signaling pathway with the
smallest p-value. GO enrichment in molecular function shows highest significance value (fig. 5A) and the colorectal cancer
that Frizzled binding has the highest significance level with the pathway (fig. 5B) with the most negligible significance in the
smallest p-value (3.33e-15). pathway list from the analysis results.
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Fig. 3: GO enrichment analysis of biological process, cellular component, and molecular function
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Structure-based pharmacophore modeling

This study uses a structure-based pharmacophore model using 3D
structural information of the target protein [26]. Five proteins that
have an essential role in the development of colon cancer through
the Wnt/f-catenin signaling pathway have been previously selected
from protein-protein interaction analysis (table 1). Drugs that are
active compounds have been once established and can potentially
treat colon cancer (table 2).

The pharmacophore model of the five proteins was carried out to
determine the unique chemical features that are the site of
interaction between the target protein structure with inhibitors or
ligands. The analysis results are presented in table 4, which shows
the information on the number of chemical features, pharmacophore
models, and the number of drugs that hit the compound with the
target protein structure. All proteins were selected based on their
binding capacity, which had been determined experimentally and
validated by the X-ray diffraction method so that the modeling in
this study provides optimal and reliable results.

Int ] App Pharm, Vol 15, Issue 1, 2023, 111-120

Model-1 shows the structure of the AXIN1 (PDB: 3ZDI) complex
with  UG] compound and produces a structure-based
pharmacophore model. The results show that three different
chemical features, one hydrogen bonding feature and two
hydrophobic interaction features, are presented as protein-ligand
complex interactions. Some features have been intentionally
omitted during pharmacophore modeling to maintain optimal
pharmacophore features. The pharmacophore model of model-1
shows that hydrophobic interactions are formed with the amino
acid residues of the selected proteins. The hydrogen bonding
feature of the donor shown in green is involved in the interaction
with several proteins and amino acids ASP2004A, while the Sulfur
atom in the hydrophobic interaction feature is involved in the
interaction with the amino acids ALA83A, LEU132A, LEU188A, and
VAL70A. On the other hand, the Cl atom interacts with the ILE62A
amino acid and interacts with the N atom and the aromatic ring.
Six hit compounds of 47 drugs were found at omitted 0, thus
representing that the six compounds had the same three features
as in the designed pharmacophore model.

KEGG Enrichment

1.00E<00 1.00E-02 1.00E-04 1.00E-06 1.00E-08

[ularcarcinema

aysincancer

gpluripotency of stem cells

Human glapillomavirus infection

1.00E-10

1.00E-12 1.00E-14 1.00E-16 1.00E-18 1.00E-20

Fig. 4: GO Enrichment of KEGG

Model-2 shows the structure of the protein CDK1 (PDB: 4TN6)
complex with the compound PFO401 that forms the pharmacophore
model is shown in fig. 5B. The results of the pharmacophore
modeling found seven different chemical features, including one
hydrogen bonds donor (HBD), two hydrogen bonds acceptor (HBA),
one positive ionizable area (PI) feature, and three hydrophobic
features (H). In this pharmacophore model, several volume
exclusion features that do not interact with amino acids are
intentionally omitted to maintain optimal pharmacophore features.

The resulting pharmacophore features of the protein-ligand complex
4TN6 show that the hydrophobic interaction features marked in
yellow interact with several selected proteins and amino acids. The
hydrophobic feature that binds Fluorine interacts with the amino
acids MET80A and ILE68A. The hydrophobic feature that binds to
piperidine interacts with the amino acids ALA36A, MET82A, and
ILE32A. One other hydrophobic feature also interacts with the
amino acids ILE148A and LEU85A, which also interacts with one
HBD feature. On the other hand, there are features of PI interacting
with amino acid ASP91A and features of HBA interacting with amino
acid SER88A. This model found 38 hit compounds from 47 drugs at
omitted 4. Each hit compound has three different chemical features.

Model-3 displays the structure of the protein TP53 (PDB: 6MXY)
complex with K6M compounds selected based on the binding capacity
that has been determined experimentally and validated by the X-ray
diffraction method. The protein was modeled pharmacophore and
produced nine different chemical features. Some features that do not
interact with amino acids have been removed to maintain optimal

pharmacophore features. The remaining seven features include three
green hydrogen bonds donor (HBD), one red hydrogen bonds acceptor
(HBA), two yellow hydrophobic (H) features, and one purple positive
in the ionizable area (PI).

Three features of HBD bind to NH and interact with the amino acids
ASP1521A and ASP1521B. One feature of the HBA interacts with the
amino acid ASP1521A, and the feature of PI binds to the NH atom.
On the other hand, two hydrophobic features interact with the
amino acids MET1584A, MET1584B, and TRY1502A.

Model-4 displays the structure of the Frizzled-8 protein (GDP:
4TFB), forming a complex with a benzazepine compound. Model 4
yields two of the hydrophobic features of the pharmacophore model.
These two features interact with the amino acids LEU138A and
MET91A, respectively. Of the 47 drugs screened by model-4, six hit
compounds were found at omitted 0, meaning that each hit
compound had all the features of the pharmacophore model
generated from Frizzled-8.

The last model, model-5, is a protein structure of-catenin (PDB:
7AFW) complex with benzoxazepine compounds and produces three
chemical features of the pharmacophore model, including two
hydrophobic features and one hydrogen bonds acceptor (HBA)
feature. The hydrophobic features interact with the amino acids
MET243A and VAL204A, respectively. At the same time, the HBA
feature interacts with the amino acid SER246A. A total of 35 hit
compounds from 47 drugs were generated from the model at
committed 0, meaning that each hit compound had all three features
of the 7AFW protein pharmacophore model.
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The pharmacophore model of the five proteins in this study was

Int ] App Pharm, Vol 15, Issue 1, 2023, 111-120

appropriate target protein and could be analyzed by molecular

validated using docking with AutodockTools to determine the docking.
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Fig. 5: KEGG pathway, A. Wnt signaling pathway; B. Colorectal cancer pathway

Molecular docking

Twenty-seven drugs (table 2) and five protein target genes (7AFW,
3ZDI, 4TN6, 6MXY, and 4TFB) were selected based on tissue analysis
and pharmacophore modeling with high node scores, confidence,
and active compound hits. Molecular docking studies in this study

were carried out to identify the level of drug interaction and target
proteins related to colon cancer genes specific to the Wnt signaling
pathway molecularly. In this study, AutodockTools 1.5.6 software
was used for structural validation and PyRx for molecular docking.
For optimal docking, the docking locations are arranged in a grid at
the center of the native ligand.
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Table 4: Chemical features of the target protein pharmacophore model and hit compounds

Int ] App Pharm, Vol 15, Issue 1, 2023, 111-120

Protein target genes and features

Pharmacophore model

Hit compound

Model-1: 3ZDI
Two features hydrophobic
One feature HBD

Model-2: 4TN6

One feature HBD

Two features HBA

One feature PI

Three features Hydrophobic

Model-3: 6MXY

Three features HBD

One feature HBA

Two features Hydrophobic
One feature PI

Model-3: 6TFB
Two features hydrophobic

7AFW
Two features hydrophobic
One feature HBA

Asp2008

LEUT38A

Ol
4o

MET91A

Omitted 0: 6 compound

Omitted 4: 38 compound

Omitted 1: 1 compound
Omitted 2: 7 compound
Omitted 3: 14 compound

Omitted 0: 9 compound

Omitted 0: 35 compound

D.

Fig. 6: Docking result validation using BIOVIA discovery studio 2D (left) and 3D (right), A. Interaction of amino acid of AXIN1 protein with
clofazimine; B. Interaction of amino acid of CKD1 protein with closantel; C. Interaction of amino acid of TP53 with sulindac; D. Interaction

of amino acid of FZD-8 receptor with sulindac
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A valid molecular docking process can be assessed from the Root Mean
Square Deviation (RMSD) parameter of heavy atoms between the
molecular docking conformation with experimental results
(crystallography) a maximum of 2A-3A. The target protein was
prepared, and the grid box was set to the center position of the ligands,
namely 3ZDI (X =-8,773,Y =-6.277, Z = 8,429), 4TN6 (X =-22,606, Y =-
2669, Z = 38255), 6MXY (X =-11,162,Y = 26,776, Z =-4,104), 6TFB (X =
2,711, Y = 12,184, Z =-1.573), and 7AFW (X = 59,556, Y =-40,342, Z =
17.8) with respective dimensions 40 each. Validation results with
AutodockTools found four proteins that met the RMSD criteria of less
than 34, namely 3zdi, 4tn6, 6mxy, and 6tfb. Meanwhile, 7afw protein
produces RMSD values more significant than 34, so it cannot be used
for molecular docking.

After the protein and native ligand validation process, several drugs
that were hit compounds were docked again using PyRx Vina to
evaluate their binding capacity. Of the 27 drugs, 12 of them
produced a higher binding affinity than the native ligand, as shown
in table 5. The highest binding affinity for each target protein was
clofazimine with 3ZDI (-9.5 kcal/mol), Etodolac with 4TN6 (-9.5
kcal/mol), Sulindac with 6MXY (-8.1 kcal/mol), and Sulindac with
6TFB (-8.0 kcal/mol). Visualization of docking results using BIOVIA
Discovery Studio software, as shown in fig. 6.
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DISCUSSION

Wnt is a protein that regulates interactions between cells and is
one of the pathways for forming colorectal cancer (CRC). Previous
studies have demonstrated the potential for targeted treatment of
malignant tumors, including colon cancer, but the underlying
effector mechanism remains unclear. In this study, we analyzed
the potential of drugs to inhibit colon cancer-associated target
proteins and found several classes of NSAIDs, anthelmintics,
analgesic agents, antimicrobials, and xanthine oxidase inhibitors
were highly correlated in tissue, exhibiting significant anti-colon
cancer effects [27-29]. For example, aspirin significantly reduced
the number and burden of colorectal tumors tested in mice in vivo
[30]. Niclosamide inhibits CRC growth by targeting the STAT3
pathway [10]. Previous studies have investigated that the Wnt
signaling pathway is a signaling pathway that has a high
correlation to the development of colon cancer [31]. In this study,
we verified that the proteins AXIN1, CDK-1, TP53, and FZD-8
exhibit high binding energies via molecular docking.
Downregulation of these four proteins' expression regulation can
inhibit colon cancer development [32]. Thus it can be speculated
that drugs that can bind to the protein may slow the progression of
colon cancer in the Wnt signaling pathway.

Table 5: The docking affinity and interaction of drugs binding to a protein target

Drugs Binding affinity (Kcal/mol)
3zdi/AXIN 4tn6/CDK1 6mxy/TP53 6tfb/FZD-8

Clofazimine -9.5 -9.3 -7.3 -7.1
Flubendazole -8.4 9.1 -7.4 -7.1
Sulindac -8.3 -8.8 -8.1 -8.1
Mebendazole -8.2 -8.5 -7.4 -7.3
Acetamicin -8.1 -8.5 -6.6 -7.3
Piroxicam -7.9 -8.0 -7.6 -6.5
Oxaprozin -7.9 -8.5 -7.4 -7.2
Etodolac -7.8 -9.5 -6.5 -7.4
Closantel -7.8 -8.0 -7.5 -7.1
Mefenamic Acid -7.5 -8.0 -6.5 -7.1
Amfenac Sodium Hydrate -7.7 -7.3 -7.2 -6.8
Zaltoprofen -7.6 -7.5 -7.1 -8.0

3ZDI protein or AXIN1 is a protein that usually forms complexes with
other proteins such as APC, GSK3B, and Casein Kinase 1 (CK1) and
functions to phosphorylate-catenin. In colon cancer patients, high
levels of catenin expression were found [33]. Previous studies have
demonstrated that activation of the AXIN/GSK3/APC/CK1 complex
can inhibit catenin in the canonical Wnt signaling pathway [34]. 4TN6
is known as Cyclin-Dependent Kinase 1 (CDK1), which is involved in
cell cycle regulation [35]. Previous bioinformatics studies have
revealed that CDK1 is a candidate target for treating CRC [36].
Increased CDK1 expression has also been observed in tumor cells,
including CRC carcinoma, pancreatic ductal adenocarcinoma, and
hepatocellular carcinoma [37, 38]. Research has shown that inhibiting
CDK1-associated signaling pathways can increase the efficacy of
cancer treatment and can reduce 5-Fu resistance [39, 40].

The 6MXY protein, also known as TP53, is a gene that encodes the
p53 tumor suppressor protein. Missense mutations in TP53 have
been reported to promote the development of colon cancer [41].
TP53 aberrations have been traced to the transition process of the
cancer progression sequence from adenoma to carcinoma in
colorectal tumorigenesis [42]. The 6TFB protein is FZD-8, encoding
the Frizzled-8 receptor involved in the Wnt signaling pathway.
Activation of the Frizzled-8 receptor causes Dishevelled activation in
the cytosol to initiate the Wnt signaling pathway and liberate catenin
from the degradation complex [43]. Inhibition of the FZD8 protein is
reported to treat prostate cancer by reducing cell migration,
invasion, and cell growth and simultaneously inhibiting Wnt and
TGF-f signaling pathways [44]. The conclusion is that targeted drug-
drug interactions with target proteins in the Wnt/B-catenin
signaling pathway provide significant advantages in developing
targeted colon cancer therapeutic drugs.

As a result of the PPI network analysis, CTNNB1 was defined as a
critical gene in the Wnt/B-catenin signaling pathway. CTNNB1 is

also known as Catenin Beta 1 or the gene encoding (-catenin.
CTNNB1 gene mutations are associated with increased expression of
the Wnt/f-catenin signaling pathway and decreased quality of life in
colon cancer patients [45]. This discovery may be a potential key
target in the treatment of colon cancer.

GO enrichment analysis found that gene target proteins are involved
in many other activities, such as neuronal differentiation, adherent
junctions, and cytokine activity. The results of the KEGG enrichment
analysis show that in addition to colon cancer-associated
enrichment in the Wnt signaling pathway, target genes are also
concentrated in Alzheimer's disease, the planar cell polarity change
pathway, and are involved in other signaling pathways such as the
MAPK signaling pathway, TP53 signaling pathway, and TGF-$
signaling pathway. Relevant studies have shown that activation of
these pathways further promotes the development of colon cancer
[46]. The MAPK pathway is responsible for cell growth, survival,
angiogenesis, and neoplastic cell metastasis [31]. TP53 signaling
pathway plays a role in cellular processes such as apoptosis and
cancer development linked to the loss of function of p53 [47]. The
TGF-B pathway plays a role in cell growth, division, and adhesion,
stimulating apoptosis and cell differentiation [31].

Based on the results of our investigation using drugs that the FDA
has approved through the PPI network and pharmacophore
modeling, 27 drugs and four target proteins were selected for
docking. The molecular docking results showed 12 drugs with
excellent and stable binding affinity to the four target proteins:
AXIN1, CDK1, TP53, and FZD-8.

From a tissue pharmacology perspective, this study initially
explored the literature regarding potential anti-colon cancer drugs
and cleaves target proteins in the Wnt/B-catenin signaling pathway
in CRC, providing a theoretical basis for further experimental
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verification. Given the limitations of tissue pharmacology, the
pharmacological mechanism of drugs analyzed in treating colon
cancer according to the target on the Wnt/f-catenin pathway is only
predicted through data mining. The interactions between drugs and
proteins need to be verified further through pharmacological and
clinical studies.

CONCLUSION

In summary, this study demonstrates the effector mechanisms of
previously FDA-approved drugs with different indications and
potential in treating colon cancer with specific targets in the Wnt/$3-
catenin signaling pathway based on PPI analysis and in silico studies.
We reveal that Clofazimine, Flubendazole, and Sulindac are essential
in inhibiting the target proteins in the Wnt pathway, namely FZD-8,
AXIN1, TP53, and CDK1. The molecular docking results also show
that the three drugs can combine well with the target protein and
provide an essential basis for further research. However, this study
also has certain pharmacological and clinical limitations, so
validating our findings is still needed.
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