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Abstract

Epidermal growth factor receptor (EGFR) signaling plays an important role in cancer by regulating cell growth,
proliferation, and survival. Dysregulation of EGFR signaling leads to uncontrolled cell division and tumor progression in
various cancer types. Studies on EGFR targeting have shown promise as a cancer treatment strategy.

In this study, several genes such as SHC1, SOS1, PIK3CA, EGFR, GRB2, and PIK3R1 were identified that are involved in
the EGFR signaling pathway in cancer and play important roles in cancer progression and progression. It is a possible
target for treatment. They are participating in various signaling pathways that regulate cell growth, survival, and
metastasis. Understanding and targeting EGFR signaling has great potential to advance cancer treatment and
treatment through the development of personalized targeted therapies.
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Introduction

The EGFR is a crucial transmembrane receptor tyrosine kinase that is engaged in the cellular growth
regulation, proliferation, and survival. Aberrant activation and signaling have been extensively linked to
advancement and evolution of different cancer types. Aberrant activation of EGFR signaling pathways has
been widely involved in cancer growth and progression. Upon ligand binding, EGFR undergoes
autophosphorylation at specific tyrosine residues, initiating a cascade of intracellular signaling events. This
leads to the activation of the subsequent signaling cascades, encompassing the ras-MAPK pathway and
the PI3K-Akt pathway, which promote cell proliferation, survival, and migration. Additionally, the Janus
kinase-STAT pathway can be activated by EGFR, contributing to cancer cell survival and immune evasion
[1-3].

Somatic mutations in EGFR are frequent in certain cancer types, particularly non-small cell lung cancer
(NSCLC) and colorectal cancer. These mutations often result in constitutive activation of EGFR, driving
uncontrolled cell proliferation and oncogenic transformation. The most common EGFR mutations, such as
exon 19 deletions and the L858R point mutation, have significant clinical implications as they predict
responsiveness to targeted therapies such as EGFR tyrosine kinase inhibitors (TKIs). Understanding the
mutational landscape of EGFR in cancer has revolutionized precision medicine, allowing for more
personalized treatment strategies [4, 5].

Given the pivotal role of EGFR in cancer progression, therapeutic interventions targeting this receptor have
been explored extensively. EGFR-specific TKls, monoclonal antibodies, and combination therapies have
shown promising results in clinical trials, offering improved outcomes for certain patient subgroups.
Nevertheless, the heterogeneity of EGFR-driven tumors and the emergence of resistance remain substantial
challenges in achieving long-term treatment success. Developing strategies to overcome these obstacles is
a critical area of ongoing research [6, 7].

EGFR signaling is critically involved in the development and progression of diverse cancer types and
contributes to tumor initiation, growth, and metastasis. Understanding the intricacies of EGFR signaling and
its interactions with other cellular pathways is essential for devising effective therapeutic approaches that
can counteract the relentless progression of cancer. Therefore, the aim of this study was to identify key
proteins involved in the EGFR signaling pathway and to highlight their functions. This information provides
insight into the underlying development and progression of cancer, and ultimately helps to develop more
effective cancer treatments in the future.

Materials and Methods

In our previous work, we utilized a specific approach to analyze protein-protein interactions (PPls) by
treating them as a metric space and employing graph theory tools [8]. This involved considering all PPIs
as a metric space and determining the topological center of each network. According to their graph-
theoretical proximity to the central protein, we classified the remaining proteins into different 'zones'. For
instance, zone 1 consisted of proteins one-step away from the topological center, and zone 1 included
proteins two steps away.
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Our results indicated that proteins interacted in a radial manner through a central node, with a high
concentration of proteins near the center and a lower concentration as we move away from it.
Additionally, the distribution of proteins from the center in specific hierarchies held significant biological
importance.

Therefore, we concluded that formally and concisely evaluating PPls as a metric space, with an emphasis
on zones in relation to the center, can unveil crucial distinctions between PPl networks observed in normal
and diseased tissues. We suggested that centrally localized proteins, specifically those implicated in
sensory functions, could be promising therapeutic targets and should be subject to formal evaluation in
subsequent investigations utilizing our metric space methodology. Furthermore, our continuous study has
explored possible uses of this strategy, indicating that the core zones of certain human PPIs are rich in
essential biomolecules and established therapeutic targets. The core zones exhibited even higher
enrichment, supporting the hypothesis that they could be valuable in drug target discovery [9-12].

Based on an extension of previous analytical studies, the current study focuses on zone one, which is
extremely interconnected and enriched with proteins participating in various cellular functions, such as
signaling pathways, immune system responses, blood clotting processes, and disease-related pathways.

Analysis of pathways and functional enrichment

In order to assess the biological significance of distinct zones within the PPl network, we classified proteins
based on their distance from the center. Subsequently, we conducted an overrepresented pathway
analysis to identify particular characteristics associated with these zones. To perform this analysis, we
utilized different web services, such as gene set enrichers for comparative toxicogenomics databases and
gene ontology term enrichment analysis. To establish statistical significance, a threshold of 0.01 was set.
Finally, we determined the ratio of proteins present in each enriched signaling pathway to determine if
the zones displayed functional specialization.

An assessment of pathways involving oncogenes and tumor suppressor proteins

The protein scores underwent a thorough evaluation, particularly focusing on those observed in
oncogenes and tumor suppressors. The analysis involved utilizing data from cancer genome-wide
sequencing studies to pinpoint enhanced signaling pathways. A key aspect of the investigation was
examining interactions that exhibited high scores. The results unveiled a notable trend: these interactions
predominantly involved genes causally linked to cancer [13].

Crucial proteins involved in cellular processes, signaling, growth, cell cycle regulation, and with
potential as therapeutic targets.
For assessing zone 1 of the human functional protein interaction network, we employed a collection of

vital human proteins identified based on the corresponding gene knock-out effects observed in mice [14,
15].
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Ethics approval of research

We would like to clarify that the research article in question does not involve human participants or
patient material. The study primarily relies on data from established databases and does not directly
involve any interaction, intervention, or collection of information from individuals. It is purely a research
article based on existing data sources, with no direct involvement of human subjects.

Results

Our study focused on 374 proteins in zone 1 and examined their involvement in various signaling pathways
related to EGFR in cancer using the KEGG pathway database [16]. Activation and regulation of these
signaling pathways are critical for cancer development and progression. However, successful targeting of
cancer cell signaling pathways is often hampered by alterations and dysregulation within these pathways
that promote cancer cell proliferation and survival. Disruption of these signaling pathways can impair their
ability to support cancer growth [17-21].

Among the proteins analyzed (SHC1, SOS1, PIK3CA, EGFR, GRB2, PIK3R1), signaling proteins accounted for
the largest proportion, accounting for 100% of the total, signaling proteins being the most important over
other functions was emphasized. Essential proteins follow at 83.3%. The remaining functions are expressed
in the following ratios: MAPK cascade (33.3%), negative signal (33.3%), positive signal (16.6%), and cell cycle
(16.6%).

Proteins play important roles in cancer networks, functioning as both cancer-promoting oncogenes and
cancer-preventing tumor suppressor genes. Their interactions strongly influence cancer cell behavior [22,
23]. Remarkably, 33.3% of the proteins were identified as oncogenes, including PIK3CA and EGFR. This
highlights the importance of specific zones with high protein concentrations, some of which may be
potential drug targets. Another function of the protein in this context is tumor suppression (PIK3R1)
(16.6%). Our results identify several key proteins in the EGFR signaling pathway that play critical roles in
cancer development and progression. Here we introduce them and their importance in cancer. SHC1 plays
an important role in carcinogenesis as it functions as an adapter protein, connecting activated receptors
to downstream signaling pathways and promoting cell proliferation and survival [24]. The guanine
nucleotide exchange factor SOS1 is essential for cancer progression because it activates the small GTPase
Ras, which initiates a cascade of signaling events that lead to uncontrolled cell proliferation and
tumorigenesis [25]. PIK3CA, the catalytic subunit of phosphoinositide-3-kinase (PI3K), is frequently
mutated in various types of cancers and promotes activation of the PI3K-Akt signaling pathway, thus
enhancing cancer cell survival; It contributes to proliferation and metastasis [26]. EGFR, a cell surface
receptor tyrosine kinase, is a well-known oncogenic driver in several types of cancer because its defective
activation leads to increased resistance to cell proliferation, angiogenesis, and apoptosis [27]. The adapter
protein GRB2 is important in cancer progression as it mediates downstream signaling of multiple growth
factor receptors and transmits oncogenic signals that support cancer cell survival and proliferation [28].
PIK3R1, also known as p85aq, is the regulatory subunit of PI3K. Dysregulation of PIK3R1 in cancer
contributes to sustained stimulation of the PI3K-Akt signaling cascade, promoting malignant tumor
growth, invasion, and metastatic spread [29].
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Proteins within the EGFR signaling pathway exert significant influence over crucial cellular and
disease-related pathways

To assess the significance of pathway enrichment among proteins in the EGFR signaling pathway compared
to the proteins present in specific KEGG pathways, we conducted a mapping process, aligning proteins from
the EGFR signaling pathway to those within the respective KEGG pathways. The entire set of proteins present
in the EGFR signaling pathway participates in KEGG pathways such as 'pathways in cancer,' 'breast cancer,’
'Endocrine resistance,' and 'MicroRNAs in cancer,' as illustrated in (Figures 1-4).

Figure 2: KEGG breast cancer pathway
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Figure 4: KEGG MicroRNAs in cancer pathway

Discussion

Cancer is an intricate condition marked by dysregulated signaling pathways, leading to uncontrolled cell
growth and proliferation. The EGFR signaling pathway is one of the principal pathways engaged in cancer
development and progression. Understanding the proteins and their roles within this signaling pathway
is critical for identifying potential drug targets and developing effective cancer therapeutics. In this study,
374 proteins in zone 1 were analyzed and their involvement in various signaling pathways related to EGFR
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in cancer was examined using the KEGG signaling pathway database.

Signaling proteins constituted the largest proportion (100%) of the analyzed proteins, highlighting their
paramount importance over other functions. Signaling pathways are crucial in cancer as they regulate
diverse cellular activities, like, cell growth, persistence, and apoptosis. Dysregulation of these pathways
can promote cancer cell growth, and disrupting them presents a promising approach for cancer
treatment.

Proteins play critical roles in cancer networks, functioning as both cancer-promoting oncogenes and
cancer-preventing tumor suppressor genes. The interactions between these proteins strongly influence
cancer cell behavior. Notably, 33.3% of the analyzed proteins were identified as oncogenes, further
emphasizing the significance of specific zones with high concentrations of proteins that could serve as
potential drug targets. Additionally, 16.6% of the proteins in the study were associated with tumor
suppression, suggesting their potential role in inhibiting cancer progression.

The discussed genes, SHC1, SOS1, PIK3CA, EGFR, GRB2, and PIK3R1, play pivotal roles in the advancement
and progression of cancer, making them potential targets for cancer treatment. They are involved in
various signaling pathways that regulate cell growth, survival, and metastasis. Inhibiting these genes or
their downstream signaling pathways could lead to novel therapeutic strategies for different types of
cancer [30-34].

Conclusion

This study highlights that the EGFR signaling pathway in cancer plays an important role in regulating cell
growth, proliferation, and survival. Dysregulation of EGFR signaling contributes to uncontrolled cell
division and tumor progression in various cancer types. The identification of key genes involved in this
signaling pathway, including SHC1, SOS1, PIK3CA, EGFR, GRB2 and PIK3R1, suggests their potential as
therapeutic targets for cancer therapy. By understanding and targeting EGFR signaling, we can develop
personalized targeted therapies to advance cancer treatment. The results of this study move us closer to
more strategies that are effective in the fight against cancer.
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