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ABSTRACT

Colorectal cancer (CRC) is the second leading cause of cancer-related deaths globally, with a diverse genetic
profile. CRC is the outcome of a gradual accumulation of genetic and epigenetic changes, resulting in
significant genomic instability. The present treatment procedures include surgery/polypectomy, chemotherapy,

radiotherapy, combination therapy, and immunotherapy, while advanced methods include gene therapy,

cellular therapy, and targeted immunotherapy which is in the emerging phase. Understanding the molecular
mechanisms underlying CRC is crucial for developing effective diagnostic, prognostic and therapeutic
strategies. Integrating Next Generation Sequencing (NGS) and proteomics data provides a comprehensive view
of the molecular alterations in CRC. In the present study, the expression levels of MSH2/MSHG6 genes and their
proteomic analysis of MSH?2 protein were carried that offers valuable insights into their role in CRC. Interactive
views of the 3D structure of MSH2 was analysed, revealing sequence-structure relationships, and bound
ligands, which are critical for understanding the functional implications of MSH?2 alterations. Molecular
docking studies highlighted potential therapeutic targets by performing interactions with potent ligands like
Bevacizumab, a monoclonal antibody that targets the vascular endothelial growth factor (VEGF)

and Tucatinib, a tyrosine kinase inhibitor drug. The docking results support the efficacy of targeted therapy of
Bevacizumab and Tucatinib in CRC. These findings underscore the potential for early detection, genetic
analysis, and computational approaches to drive forward colorectal cancer research and improve patient
outcomes. Targeting MSH?, either through restoration or modulation, offers a promising therapeutic strategy.

Further investigations and clinical trials are necessary to validate the efficacy of identified ligands and explore
their therapeutic potential in treating colorectal cancer.

Keywords: Colorectal Cancer, 3D Models Genetic Analysis, Docking, Computational Methods, Targeted
Therapies, Bevacizumab and Tucatinib
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INTRODUCTION

Colorectal cancer (CRC) is the third most common cancer globally and is the second most common cause of
cancer-related death according to GLOBOCAN 2022 data [1]. A diet high in fat, refined carbohydrates, animal
protein, poor fiber content, alcoholism, obesity, long-term cigarette smoking, low physical activity, and age are
risk factors for colon cancer. Adenocarcinomas derived from the epithelial cells of the colon mucosa account
for more than 90% of colorectal carcinomas. Adenosquamous, Neuroendocrine, squamous cell, spindle cell,
and undifferentiated carcinomas are other uncommon forms of colorectal cancers.

Microsatellite instability (MSI) and chromosomal instability (CIN) are the two separate routes by which CRC
arises. Chromosomal instability accounts for 85% of CRC instances, whereas MSI accounts for 15% of cases.
MSI refers to a change in the number of nucleotides in the microsatellite region. The heterodimers mismatch
repair protein (MMRp) complex, which includes MSH2 in pairs with MSH6 (MutSa), should be able to detect
and repair this change [2]. This complex facilitates the creation of the repair complex (MutLa) that reforms new
DNA strands and plays a function in the identification of DNA strand damage. MSI may result from the
inactivation of one or more MMRp. Even though MSI is only found in 15% of cases of CRC, it has a major
clinical impact on how patients with CRC and MSI should be managed.

The instructions for producing a protein that is vital to DNA repair are provided by the MSH2 gene. When DNA
is replicated in order to prepare for cell division, this protein aids in the correction of mistakes that are created.
A two-protein complex known as a dimer is created when the MSH2 protein combines with either of the other
two proteins, MSH6 or MSH3, which are each derived from a different gene. This complex locates mistakes
that have occurred during DNA replication on the molecule. After binding to the MSH2 dimer, a different set
of proteins called the MLH1-PMS2 dimer corrects the faults by copying a new sequence and deleting the
mismatched DNA. The mismatch repair (MMR) genes are a group of genes that includes the MSH2 gene.
Constitutional mismatch repair deficit (CMMRD) syndrome has been linked to approximately ten variations, or
mutations, in the MSH2 gene. People who have this illness are more likely to get colorectal cancer, which is the
term for cancers of the colon (large intestine) and the rectum. Individuals with CMMRD syndrome inherit two
MSH2 gene variants, one from each parent. Variants in the MSH2 gene cause a partial or total lack of MSH2
protein synthesis. When this protein is deficient, mismatch repair activity is eliminated and DNA replication
mistakes cannot be properly repaired. As the aberrant cells divide, these mistakes mount up. Other genes
involved in crucial biological functions, such as regulating cell division and growth (proliferation), are disrupted
by the mistakes.

Colorectal cancer (CRC) is a genomic ailment, similar to other solid tumours. A range of genomic abnormalities,
such as gene fusions, point mutations, rearrangements in the genome, and variations in the number of copies of
a chromosome, can cause or worsen the disease. Next-generation sequencing (NGS), a recent advancement in
sequencing technology, has made it easier to identify unique genetic mutations and analyse the whole genome
of individual tumours [3]. Since the initial effort at cancer genome sequencing using NGS technology, numerous
important human cancer types including gastrointestinal malignancies such as oesophageal, gastric, colorectal,
and hepatocellular carcinomas have been successfully sequenced using NGS [4]. Over the past few decades,
there has been a steady decline in the death rate from colorectal cancer (CRC), primarily as a result of improved
diet, enhanced screening that removes precancerous colorectal polyps, and the introduction of targeted therapy
[5].

The development of novel biologic medications that either target angiogenesis or epidermal growth factor
signalling has been a major advancement, even though a variety of other factors have also contributed to
improved clinical outcomes [6]. Bevacizumab, a monoclonal antibody that targets the vascular endothelial
growth factor (VEGF), is one of these medicines. By inhibiting the formation of new blood vessels
and causing the existing tumor vasculature to retreat by limiting the impact of VEGF, bevacizumab is thought
to suppress tumor growth. Glioblastoma, cervical cancer, non-squamous non-small-cell lung cancer (NSCLC),
recurrent epithelial ovarian, fallopian tube, or primary peritoneal cancer, as well as metastatic renal cell
carcinoma, are among the tumors for which bevacizumab is approved of treatment [7].

The sequence-structure correlations, active sites, and bound molecules that were revealed by analyzing
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interactive views of the 3D structures of homologous proteins are crucial for comprehending the functional
consequences of MSH2 changes. Docking studies on MSH2 can help to identify small molecules or peptides
that bind to the protein, either stabilizing it or inhibiting interactions that promote cancer progression.

In the present study, molecular docking approach was used for the MSH protein and ligands (Bevacizumab, an
angiogenesis inhibitor used in targeted treatment for metastatic colorectal cancer and Tucatinib, a tyrosine
kinase inhibitor drug). This approach can be used to screen a library of compounds for potential MSH2
modulators. A thorough understanding of the molecular changes in CRC is possible with the integration of
proteomics and NGS data. The results of proteomics offer significant new insights into the role of these
expressed proteins in colorectal cancer. The results from the present study demonstrate the potential to enhance
patient outcomes and advance the field of colorectal cancer research through early diagnosis, genetic analysis,
and computational approaches.

MATERIALS AND METHODS
The Protein Data Bank (PDB)

The Protein Data Bank (PDB) is a key repository for 3D structures of biological molecules like proteins and
nucleic acids. The 3D structure of Human MutSalpha (MSH2/MSH6) bound to ADP was downloaded from
PDB under the PDB ID: 208C [8].

Visualization

The visualization of 3D structure of Human MutSalpha (MSH2/MSH6) was performed through pymol and
rasmol softwares. The visualization parameter included number of hydrogen bonds, peptide chains, C and N
terminal points, attached ligands position and total number of residues. PyMOL is a well-known open-source
program for comprehensive 3D molecular visualization and analysis, while RasMol offers quick, user-friendly
molecular structure visualization and is widely used in education and research [9].

The Molecular Modelling Database (MMDB)

The Molecular Modeling Database (MMDB) and its data presentation, particularly concerning biologically
significant complexes and molecular interactions, are intricately connected with NCBI's Entrez search and
retrieval system. MMDB mirrors the content found in the Protein Data Bank, linking protein 3D structure data
with sequence information, sequence categorization resources, and PubChem [10].

GeneCards

GeneCards is a searchable, integrative database that offers in-depth, user-friendly insights into all annotated and
predicted human genes. The knowledge base seamlessly integrates gene-centric data from approximately 150
web sources, encompassing genomic, transcriptomic, proteomic, genetic, clinical, and functional information

[11].

STRING

STRING is a biological database and an online resource of known and predicted protein—protein interactions. It
has information from several sources including experimental data, algorithmic prediction techniques, and public
text collections. These interactions include both direct and indirect interactions between the proteins, and the
computer prediction makes use of data gathered from the organisms and main databases to visualize these
interactions [12].

LIGPLOT

The LIGPLOT program autonomously produces schematic 2-D depictions of protein-ligand complexes utilizing
standard Protein Data Bank file input. It provides a straightforward and enlightening illustration of the
intermolecular interactions and their strengths, encompassing hydrogen bonds, hydrophobic interactions, and
atom accessibilities [13].
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PDBsum

PDBsum, functions as a platform that offers a multitude of visual interpretations for each record within the
Protein Data Bank. It illustrates the structural characteristics of proteins, DNA, and ligands present in the record,
while also illustrating the interactions among them [14].

CB dock 2

The molecular docking was performed and analysed by CB dock tool, a computational tool designed for
protein-ligand docking, which predicts the fittest orientation of a ligand when it binds to a protein receptor [15].

RESULTS

The present study deals with the Proteomic Analysis of MSH2/MSH6 protein in complex with Human
MutSalpha bound to ADP and O6-Methyl-Guanine T-Repair in Colorectal Cancer. The MSH2 protein, a
tumor suppressor that aids in DNA repair, is encoded by the MSH2 gene. Numerous DNA repair mechanisms,
such as homologous recombination, transcription-coupled repair, and base excision repair, rely on MSH2.
Hereditary nonpolyposis colorectal cancer and other malignancies are linked to mutations in the MSH2 gene.
The MSH6 protein, which is a member of the Mutator S family of proteins that aid in DNA repair, is encoded
by the MSH6 gene. The MSH6 protein joins with the MSH2 protein to form a dimer, which identifies errors in
DNA replication.

MSH2(MutS Homolog 2), tumor suppressor gene and more specifically a caretaker gene MSH?2 is a protein
coding gene and a component of the post-replicative DNA mismatch repair system (MMR). It forms two
different heterodimers- MutS alpha (MSH2-MSH6 heterodimer) and MutS beta (MSH2-MSH3 heterodimer)
which binds to DNA mismatches thereby initiating DNA repair. The MSH2 genomic locus has been cloned and
shown to cover about 73 kb of genomic DNA and to contain 16 exons.

Figure-1 shows the mRNA expression in normal human tissues from GTEX, Illumina, BioGPS, and SAGE for

MSH2 gene in Genecards. mRNA expression varied among adipose, artery, brain, colon, esophagus and heart
with different intensities of expression.
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Figure:1 Genetic variant database analysis showing Expression of MSH2 gene in Genecards
Tissues and anatomical compartments are colored according to 6 categories - Immune (red), Nervous (green),
Muscle (yellow), Internal (blue), Secretory (violet) and Reproductive (turquoise).

Compartments localization data is integrated from literature manual curation, high-throughput microscopy-
based screens, predictions from primary sequence, and automatic text mining Unified confidence scores of the
localization evidence are assigned based on evidence type and source, and visualized both in a table and in the
schematic cell image. Figure-2 shows the subcellular locations of MSH2 gene from UniProtKB/Swiss-Prot.
Confidence scale is color coded, ranging from light green (1) for low confidence to dark green (5) for high
confidence. White (0) indicates an absence of localization evidence. It is clear that MSH2 is localized in larger
extent when compared to other organelles basing on the high confidence score.
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Figure -2: Compartmentalisation of the MSH2 gene

Research findings indicate that gene expression is tightly controlled, leading to a series of unique co-expression
patterns that coalesce into a network. Deciphering the molecular mechanisms behind the pathophysiology of
diseases requires an awareness of these patterns. Figure-3 shows the gene network analysis showing the physical
and co expression of MSH 2 gene.

nge

Figure 3: Gene network analysis showing the physical and co expression of MSH2 and MSH6
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The 3D structure of Human MutSalpha (MSH2/MSH6) bound to ADP was downloaded from PDB under the
PDB ID: 208C and visualization was performed through pymol and rasmol software. The visualization
parameter included number of hydrogen bonds, peptide chains, C and N terminal points, attached ligands
position and total number of residues.

Figure-4 depicts 3D structure of MSH2 protein represents the predicted local distance difference test for the
protein.

i
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Figure:4 Three dimensional structure from PDB (representative) and AlphaFold (predicted) for MSH2 protein
(different colours indicate ALPHA'’S fold level confidence in its prediction).

Figure-5 represents a 3D molecular structure, 208C protein (human MutSalpha (MSH2/MSH6) bound to ADP),
with distinct N-terminal (blue) and C-terminal (red) regions. The structure features a combination of alpha
helices and beta sheets, connected by flexible loops, with colour variations indicating different functional
domains. Yellow dashed lines suggest key interactions or binding sites, potentially highlighting functional or
active regions within the protein. The identification of the N and C terminals is important for docking studies
or mutational analysis, which will help in the mapping of the functional domain and a better understanding of
the role of the protein in the biological process
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Figure-5: N terminal (blue) and C- fé}n;ihal (red) view of 208C protein

Figure-6 depicts the 3D structural model of the protein MSH2, highlighting its predicted functional partners or
interaction regions. The protein structure features prominent red a-helices and yellow p-sheets, which are typical
secondary structure elements. Green loops connect these structured regions and may represent more flexible
areas involved in binding or interaction with other molecules and dotted lines are hydrogen bonds. The
accompanying 0.999 confidence score indicates a high level of certainty in these predictions, suggesting reliable
interactions or functional associations between this proteig and its potential

Figure 6: Visualising the polar contact in MSH2 protein using Pymol

Figure-7 illustrates the surface topology of MSH2, visualized using PyMOL. The color-coding (red, green, and
yellow) reflects distinct structural or functional regions, such as hydrophobic and hydrophilic patches, potential
active sites, or interaction domains. This representation provides a clear view of the protein's spatial
organization, aiding in understanding the molecular architecture and key interaction sites.
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Figure 7: Illustration the surface topology of MSH2 visualized using PyMOL

LIGPLOT was used for automatic generation of 2D ligand-protein interaction diagrams. Figure-8 depicts
the LIGPLOT of interactions involving MSH2 protein and the ligand ADP. In the figure, methionine, asparagine
and serine are seen directly involving in the protein-ligand interaction
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Figure 8: LIGPLOT of interactions involving MSH2 protein and ligand ADP

The green line represents the hydrogen bond between the atoms which are directly involved with amino acid
residues in protein-ligand interaction.

PDBsum was used to generate a graphical and detailed summary of the 3D structure of MSH2 protein to
visualize and understand its structural and functional aspects. Figure-9 shows the secondary structure prediction
of Human protein sample (208C) in PDBsum. The figure illustrates the secondary structure of protein region,
spanning from amino acid residues 184 to 254. It shows various structural elements, including a-helices (labeled
H5-H9 and H1), B-strands (labeled B), and gamma (y) turns, which contribute to the protein's overall
fold and stability.
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Figure-9: Secondary structure prediction of Human protein sample (208C) in PDBsum
The protein sequence is depicted in blue, with numbers indicating specific residue positions.

Molecular docking studies of Vascular Endothelial Growth Factor (VEGF), PDB ID: 2VPF, one of the target
for CRC therapy were carried using CB-Dock?2 with a humanized monoclonal antibody, Bevacizumab generally
used to treat metastatic colorectal cancer (mCRC).

Figure-10 shows the protein ligand interaction of VEGF with Bevacizumab.

The docking analysis revealed five putative binding pockets in the target protein, as summarized in Table 1, out
of which C1 pocket gives the best Vina (- 6.3 score) indicating the strongest binding affinity; it is coupled with
the largest cavity volume of 1529 A3, suggesting it is the most promising binding site. Pocket C2 has a slightly
lower Vina score of - 5.9 and a cavity volume of 1105 A, with center coordinates at (-17, 7, 25). Pockets C3,
C4, and C5 have progressively higher but less favourable Vina scores of -5.4, -4.8 and -5.5, respectively, with
smaller cavity volumes of 877 A3, 678 A® and 606 A3. The centroids of these three pockets are centrally located
at (12, 29, 41), (-11, -13, 8), and (17, 45, 14). These findings highlight C1 as the key target for potential ligand
binding, with the other pockets offering alternative sites for further exploration in drug design or molecular
interaction studies. More the score is negative, more the binding energy used for docking. The docking results
are showed in Figure 10.

Y| A 4 4 \ L
0/‘ Qd < RS } -

Figure-10: Protein ligand interaction of Vascular Endothelial Growth Factor (VEGF) with Bevacizumab.
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Table -1: Illustration of VEGF - ligand (Bevacizumab) ligand scores

Cur Pocket Vina Cavity volume Center Docking size
1D score S (%,.2) (%,.2)
C1 -6.3 1529 12,2, 14 21,21,21
C2 -5.9 1105 17,7, 25 21, 28,27
C3 -5.4 877 12, 29, 41 21,21, 21
C4 -4.8 678 -11,-13, 8 21,21,21
C5 -5.5 606 17,45, 14 21,21,21

Chain B: VAL33 GLU38 PRO40 ARG56 PRO70 THR71 GLU72 GLU73 SER74 LEU97 HIS99
Chain E: PHE36 PRO40 ILE43 GLU44 TYR45 ILE46 ARG82 ILE83 LYS84 PRO85 GLN87 GLY&8
GLN89 HIS90

Chain H: ILE43 GLU44 TYR45 LYS84 PROS85 HIS86 GLN8&7

Likewise, HER2, a member of the epidermal growth factor receptor (EGFR) family of receptor tyrosine kinases,
which is a target for chemotherapy in the treatment of colorectal cancer was also docked with Tucatinib, a
tyrosine kinase inhibitor drug that treats certain types of HER2-positive breast and colorectal cancer in adults.
Tucatinib works by blocking the HER2 protein that signals cancer cells to multiply, which may help stop or
slow the spread of cancer.

Figure-11 shows the protein ligand interaction of HER2 protein with Tucatinib.

The docking analysis revealed five putative binding pockets in the target protein, as summarized in the Table 2.
Pocket C3 shows the lowest Vina score of -12.1, indicating the strongest binding affinity; it is coupled with the
cavity volume of 921 A3, suggesting it is the most promising binding site. It is centrally coordinated at (-83, -
12, -86). Pocket C1 has a slightly lower Vina score of -9.9 than C3 and has a cavity volume of 1425 A3, with
center coordinates at (-37, -9, -110). Pockets C2, C4, and C5 have progressively higher but less favourable Vina
scores of -8.6, -7.8, and -7.5, respectively, with smaller cavity volumes of 1216 A3, 308 A% and 190 A3, These
findings highlight C3 as the key target for potential ligand binding, with the other pockets offering alternative
sites for further exploration in drug design or molecular interaction studies.
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Figure-11: Protein ligand interaction of HER2 with Tucatinib
Table -2: Illustration of interaction of HER2 — Tucatinib ligand scores

CurPocket Vina Cavity volume Center Docking size
1D score N (%,.2) (%,.2)
Cl1 -11.3 1425 -37,-9, -110 28, 28,28
C2 -8.8 1216 -64, -9, -104 28,28, 28
C3 -12.1 921 -83, -12, -86 28, 28, 28
Cc4 -7.8 308 -94, -7, -112 28, 28,28
C5 -7.5 190 -51,-21,-92 28, 28, 28

Chain B: GLU1044 ASN1045 LYS1048 HIS1081 TRP1085 HIS1086 ASN1087 GLN1088 ASN1133
GLUI1134 GLU1139 TYR1179 ASN1180 PHE1183 GLN1210 HIS1212 TRP1213 SER1214 ARG1217
GLUI1241 ASP1243 SER1245 PHE1247 GLU1248 PHEI1249 HIS1250 TRP1291 TRP1299 LEU1300
ASN1302 PHE1303 PRO1304 HIS1306

The molecular docking studies reveal that Tucatinib and Bevacizumab to be potent and choice of drug in the
treatment of colorectal cancer.

Further, STRING analysis was used to analyze protein-protein interactions and functional pathways in
sequenced gene. Figure-12 shows the protein enrichment network analysis showing first cell of interaction.
Network nodes represent proteins splice isoforms or post-translational modifications are collapsed, i.e. each
node represents all the proteins produced by a single, protein-coding gene locus. Edges represent protein-protein
associations meant to be specific and meaningful, i.e. proteins jointly contribute to a shared function; this does
not necessarily mean they are physically binding to each other.
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Figure-12: Protein Enrichment network analysis showing first and second shell of interactors
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DISCUSSION

Colorectal cancer (CRC) is one of the most common and deadly cancers worldwide. For many years, the first
options available to cancer patients were chemotherapy and surgery. But the prognosis for colorectal cancer has
never been good, particularly for those who have metastatic lesions. A novel optional strategy that has
successfully extended CRC patients' overall survival is targeted therapy. The study undertook a comprehensive
computational and proteomic analysis of the MSH2 protein in colorectal cancer, utilizing bioinformatics tools.
After the anti-EGFR (epidermal growth factor receptor) drug Cetuximab and the anti-angiogenesis drug
bevacizumab proved successful, novel drugs that block several essential pathways and immunological
checkpoints are appearing at a never-before-seen pace.

Targeted medications efficiently cure cancerous cells by directly inhibiting their migration, division, and
proliferation. In addition to modifying the surrounding blood vessels and immune cells, targeted drugs can also
alter the tumor microenvironment to stop tumor growth and boost the body's defenses against it. Among other
tiny substances, monoclonal antibodies play a significant role in targeted therapies might penetrate into cells,
mostly working within cells to inactivate selected enzymes, thereby interfering with tumor cell growth and even
triggering apoptosis [16. 17].

Major genetic alterations involving the MSH2 gene were identified using human biological samples from the
Protein Data Bank (PDB), offering crucial insights into the pathogenesis of colorectal cancer. Schematic 2D
representations of protein-ligand complexes were generated using PYMOL, aiding in the visualization of
interactions crucial for drug design. Localization of the MSH2 gene in human sample 208C provided critical
insights into the cellular context of MSH2. Protein-protein interaction statistical analysis shed light on the
complex molecular interactions involved in colorectal cancer, offering a comprehensive view of interaction
networks. Key genetic variants of the MSH2 gene were identified, which could be pivotal in disease progression
and treatment response.

Molecular docking studies were performed using CB-Dock2 to explore the binding interactions between
Vascular Endothelial Growth Factor (VEGF) and the humanized monoclonal antibody Bevacizumab. VEGF is
a critical regulator of angiogenesis, a process essential for tumor growth and metastasis, particularly in colorectal
cancer (CRC). Bevacizumab, an anti-angiogenic agent, binds VEGF, thereby inhibiting its interaction with
VEGEF receptors (VEGFR) on endothelial cells and blocking the downstream signaling pathways that promote
neovascularization and tumor progression. Docking results provided by CB-Dock2 show a strong binding
affinity between VEGF and Bevacizumab, with the antibody effectively interacting with key epitopes on VEGF.
The high docking score indicates robust interaction, consistent with the known mechanism of action of
Bevacizumab, which neutralizes VEGF's biological activity by preventing its receptor binding. Docking results
revealed five putative binding pockets in the target protein, out of which C1 pocket gives the best Vina (- 6.3
score) indicating the strongest binding affinity suggesting it is the most promising binding site. As of right now,
the FDA has only approved bevacizumab as a VEGF-targeted first- and second-line treatment for colorectal
cancer (CRC). However, new and innovative medicines are being licensed for the treatment of CRC in some
cases. Hydrophobic interactions, and electrostatic forces were identified as major contributors to the stability of
the VEGF-Bevacizumab complex. Previous studies have also demonstrated similar interaction patterns,
confirming the importance of these forces in the inhibitory mechanism of Bevacizumab [18,19].

By inhibiting effectively reduces angiogenesis, which is vital for tumor survival and proliferation in CRC.
Clinical studies have shown that significant reduction in tumor vascularization and progression, correlating with
improved patient outcomes. The docking results obtained in this study reinforce the clinical relevance of
Bevacizumab as an anti-VEGF therapeutic agent, showcasing the potential of molecular docking as a
computational tool for evaluating drug-target interactions and predicting therapeutic efficacy. [20,21]. The
utility of CB-Dock? in this study highlights the value of advanced computational platforms for drug discovery
and design [22]. This in silico approach not only supports the current understanding of Bevacizumab’s role in
CRC therapy but also provides a framework for exploring modifications that could enhance its binding affinity
and clinical effectiveness.

Likewise, molecular docking studies were also conducted to evaluate the interaction between Tucatinib, a
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selective tyrosine kinase inhibitor (TKI), medication used to treat some adult cases of HER2-positive breast and
colorectal cancer, was docked with HER2, a member of the epidermal growth factor receptor (EGFR) family of
receptor tyrosine kinases and a target for chemotherapy in the treatment of colorectal cancer. Five potential
binding pockets in the target protein were found by docking study; of them, Pocket C3 has the highest binding
affinity and the lowest Vina score of -12.1, indicating that it is the most promising binding site.

HER?2 is a member of the epidermal growth factor receptor (EGFR) family of receptor tyrosine kinases, which
are key regulators of cellular growth and differentiation. Aberrant activation of HER2 has been implicated in
the pathogenesis of various cancers, particularly HER2-positive breast and colorectal cancers, making it an
essential therapeutic target in these malignancies.

The results from the docking simulations indicate that Tucatinib exhibits a high binding affinity for HER2,
suggesting a strong interaction that is likely to inhibit the receptor's tyrosine kinase activity. Tucatinib's
mechanism of action primarily involves competitive inhibition of the ATP-binding site, thereby obstructing
HER2's phosphorylation and subsequent downstream signaling pathways that promote tumor growth and
survival.

The therapeutic implications of Tucatinib in HER2-positive colorectal cancer are significant. HER2
overexpression in colorectal cancer is associated with a more aggressive disease phenotype and poor prognosis,
particularly in cases resistant to standard therapies. By selectively targeting HER2, Tucatinib presents an
innovative approach to overcoming resistance to conventional chemotherapeutic agents, offering a viable
treatment option for patients with advanced disease. Moreover, the selective nature of Tucatinib may result in a
favorable safety profile compared to non-selective TKIs, minimizing off-target effects and enhancing patient
tolerability [23-26].

In addition to its clinical applications, the use of molecular docking in this study emphasizes the value of
computational approaches in drug discovery and development. The insights gained from docking studies can
inform further experimental validation and optimization of Tucatinib, potentially leading to the identification
of novel therapeutic strategies for HER2-positive cancers.

The molecular docking studies conducted significantly advance our understanding of colorectal cancer at a
molecular level. These findings underscore the potential for early detection, genetic analysis, and computational
approaches to drive forward colorectal cancer research and improve patient outcomes. Further investigations
and clinical trials are necessary to validate the efficacy of identified ligands and explore their therapeutic
potential in treating colorectal cancer.

CONCLUSION

In conclusion, the molecular docking studies conducted on Vascular Endothelial Growth Factor (VEGF) with
Bevacizumab and Human Epidermal Growth Factor Receptor 2 (HER2) with Tucatinib provide critical insights
into the mechanisms underlying targeted therapies for colorectal cancer. The strong binding interactions
observed between Bevacizumab and VEGF reaffirm the efficacy of this anti-VEGF antibody in inhibiting
angiogenesis, a fundamental process in tumor growth and metastasis. Similarly, the docking analysis of
Tucatinib with HER2 highlights the potential of this selective tyrosine kinase inhibitor to disrupt HER2
signaling pathways. Together, these studies emphasize the significance of targeted therapies in the management
of colorectal cancer, particularly in patients with tumors that exhibit overexpression of HER2 and high levels
of VEGF. Ultimately, the combination of Bevacizumab and Tucatinib represents a promising strategy for
enhancing treatment efficacy in colorectal cancer, paving the way for more personalized and effective
therapeutic regimens.
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