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Abstract

Signal transduction pathways play a central role in cancer development and progression by regulating various
cellular processes. Dysregulation of these signaling pathways is common in cancer cells and contributes to their
uncontrolled growth and survival. Targeting these aberrant signaling pathways has therefore emerged as a
promising strategy to prevent cancer cell proliferation and promote therapeutic outcomes. This study highlights
the critical role of signaling pathway activation and regulation in cancer biology. Furthermore, our results identified
oncogenes such as PIK3CA, EGFR, AKT1, MAP2K1, AR, JAK2, and JAK1 that are involved in a variety of cellular
processes and signaling pathways involved in cell growth, proliferation, survival, metabolism, and signaling. In
addition, we identify suppressor proteins such as EP300, TP53, CASPS8, PIK3R1, CREBBP, and PTCH1 are of interest
in gene regulation, DNA repair, apoptosis, and cell signaling. It is essential to recognize that the roles of these
signaling proteins can vary depending on cell type and contextual factors. This study highlights that oncogenes and
suppressor proteins critically shape cancer networks and profoundly influence cancer cell behavior. In particular,
key proteins identified in different types of cancer, such as TP53, KRAS, CCND1, EGFR, BIRC5, and PIK3CA,
underscore their importance in promoting uncontrolled cell growth and proliferation. Continued research on these
proteins and their associated signaling pathways will contribute to improved cancer diagnostic and therapeutic
strategies.

Review-Article | Fadhal E. J Can Ther Res 2023, 3(1)-28.
DOI: https://doi.org/10.52793/JCTR.2023.3(1)-28



https://doi.org/10.52793/JCTR.2023.3(1)-28

/Keywords \

Signal transduction pathways; Neoplasms; Cancer progression; Oncogenes; Tumor suppressor genes.

= J

Introduction
Signal transduction pathways play a crucial role in the communication and regulation of cellular processes.

These pathways enable cells to respond to external signals such as hormones, growth factors, and
nutrients, thereby influencing their behavior and function [1]. Understanding the intricacies of signal
transduction pathways is essential for elucidating various biological processes and disease mechanisms.
In this context, the disease signal transduction pathway refers to the aberrant functioning or dysregulation
of these pathways, leading to the development or progression of certain diseases. Signal transduction
pathways are also implicated in immune-related diseases, including autoimmune disorders [2].
Neurodegenerative diseases, such as Alzheimer's disease and Parkinson's disease, are also associated with
altered signal transduction pathways [3,4]. Targeting these pathways has shown therapeutic potential in
preclinical studies, providing a basis for further investigation into novel treatment strategies for
neurodegenerative diseases [5].

Understanding the fundamentals of signal transduction pathways and their dysregulation in disease states
is crucial for elucidating disease mechanisms and identifying potential therapeutic targets [6- 7]. One
prominent example of a disease closely linked to signal transduction pathways is cancer. The
dysregulation of signal transduction pathways is often observed in various types of cancer, playing a
pivotal role in tumor genesis and disease progression [8]. The dysregulation of signaling cascades involving
pathways such as Ras-MAPK, PI3K-Akt, and Wnt/B-catenin has been implicated in oncogenesis, tumor
growth, and metastasis [9-10]. Mutations in the Ras genes or upstream receptors have been found to
cause abnormal activation of Ras-MAPK signaling in multiple types of cancer, such as pancreatic,
colorectal, and lung cancer. [11-12]. Such discoveries have highlighted the therapeutic potential of
targeting these pathways to combat cancer progression [13].

In this study, we leveraged our previously successful analysis of human protein interaction networks to
identify key proteins involved in multiple cancer types and their function to improve cancer diagnostic
and therapeutic strategies [14-15].

Materials and Methods

In this study, a novel approach was used to treat protein-protein interactions (PPIs) as a metric space and
analyze them using graph theory [15]. To achieve this, C++ Boost Graph library (http: //www.boost.org/)
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was used with an implementation of Dijkstra's algorithm to compute the shortest path between pairs of
nodes. The main objective was to identify the network center by identifying nodes with the smallest
maximum distance to other nodes and dividing those nodes into zones according to their distance from
this central point. This method allowed us to efficiently group the nodes based on their proximity to the
network center.

Analysis of pathways and functional enrichment

To investigate the biological importance of different zones within the PPl network, proteins were grouped
according to their proximity to the central point. To identify specific functions associated with these
zones, an analysis of over expression pathways of protein groups associated with each zone was
performed. Several tools were used for zonal enrichment analysis, including gene set enrichers from
comparative toxic genomics databases and analysis of genomic terminology. A statistical threshold of 0.01
was applied to determine the significance of the results. Furthermore, to assess potential functional
specialization within the zone, the percentage of proteins associated with each enriched signaling
pathway was calculated.

Evaluation of signaling pathways associated with oncogenes and tumor suppressor proteins
Evaluations were performed to assess the protein expression levels of oncogenes and tumor suppressors.
In this analysis, we used data from extensive cancer genome sequencing studies to identify abundant
signaling pathways. Analyzes focused primarily on examining high-scoring interactions, revealing
recurring patterns. These interactions often involved genes causally associated with cancer [16].

Proteins essential for cellular processes, signaling, growth, cell cycle regulation, and potential
therapeutic targets

In order to evaluate zones of the functional protein interaction network in humans, we identified a set of
key human proteins by studying the effects of knocking out their corresponding genes in mice [17, 18].

Results

Recently, the importance of protein-protein interactions for understanding cellular function and
discovering potential therapeutic targets has been widely recognized. In our previous work, we found that
interactions between human proteins could be expressed as a metric space. These spaces group proteins
according to their proximity to hub proteins into zones that are highly interconnected and important in
biological networks. Our study found that the zone closest to the network center contains essential
proteins specialized for certain basic functions. Furthermore, we identified proteins located near the
network center as potential targets for therapeutic intervention [19-21].

Based on previous analyses, the current study focuses on all zones of the human functional protein
interaction network expressed in signaling pathways implicated in cancer. We limited our investigation to
9448 proteins and mapped them to a comparative toxic genomics database to associate signaling pathway
diseases in neoplasms such as breast, prostate, stomach, colon, lung, colon, ovary, and urinary tract.
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Identified their involvement in various signaling pathways. Tumors of the bladder, liver, and pancreas [22].
Table 1 provides an overview of the identified signaling pathways in neoplasia.

Type of cancer neoplasm Number of proteins
Breast 149
Prostatic 145
Stomach 79
Colorectal 73
Lung 73
Colonic 47
Ovarian 41
Urinary bladder 40
Liver 39
Pancreatic 38

Table 1: Distribution of signal transduction diseases pathway involved in cancers neoplasm

Distribution of essential signals, signals, growth, cell cycle, MAPK cascades, positive
and negative signals in signaling pathways involved in cancer neoplastic disease

Activation and regulation of signaling pathways play an important role in cancer development and
progression. Cancer cells often have deregulated signaling pathways that promote their proliferation and
survival. It is therefore important to target these signaling pathways to impair their viability [23-26].

As shown in Table 2, signaling proteins show significant predominance in different forms of signaling
pathways in neoplasia, accounting for 28% of the total. It is followed by essential proteins with a 21%
share. The remaining functions are distributed as follows: Positive signal (11.7%), cell cycle (11.1%), MAPK
cascade (9.3%), negative signal (8.7%), MAPK cascade (36%), and growth (6%).

Cancer
n dﬁggii? E s G C M P/S N/S
pathway
Breast (172.2%) (213.421%) (10.57%) 9(6%) | 9(6%) | 12(8%) (6.17?%)
prostatic |, ;‘5‘%) 35(24.1%) | 8 (5.5%) (2.1510 " (2'1510 o | 101;%) 8 (5.5%)
Stomach (221.3%) (302.3%) 3(3.7%) (121.2%) 7(8.8%) (10?1%) (10?1%)
Colorectal | 171;%) (201:%) 4(54%) | 7(0.5%) | 7005%) | 10_89%) 6 (8.2%)
Lung (241.2%) (33%) 7 (9-5%) (12?3%) (1151%) (1151%) 6(8.2%)
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Colonic (231.z11%) (311;%) 2(4.2%) (16.77%) (14.58%) 8 (17%) (12.67%)
Ovarian |, 41.;’%) 1126.8%) | 307.3%) | 4§6%) 4(9.7%) | 3(7.3%) | 3(7.3%)
LJESZZ (321;%) (471.2%) (12?5%) (22?5%) 4(10%) | 8(20%) (17.75%)
Liver 9(23%) | 14(36%) (10?12%) (17.79%) (15.63%) (15.63%) 3(7.6%)
Pancreatic (2%9;,) 11(29%) | 2(5.2%) (15.67%) (10?15%) (15.67%) (15.67%)
Average | 21.10% | 28% 6% | 11.10% | 9.30% | 11.70% | 8.70%

Table 2: Distribution of essential, signalling, growth, cell cycle, MAPK cascde, positive signalling and negative
signalling in signal transduction diseases pathway involved in cancers neoplasm
E= Essential
S=Signalling
G= Growth
C= Cell cycle
M= MAPK cascde
P/S= Positive signalling
N/S= Negative signaling

Distribution of apoptosis, positive apoptosis, negative apoptosis, oncogenes tumor suppressor,
and successful therapeutic target in signal transduction diseases pathway involved in cancers
neoplasm

Proteins play important roles in cancer networks, functioning as oncogenes that promote cancer
development or tumor suppressor genes that inhibit tumor growth. Interactions between these proteins
have profound effects on cancer cell behavior [27, 28]. Oncogenic proteins were found to have the highest
proportion at 4.1%, and suppressor proteins at 2.9% (Table 3). Moreover, in our study, PIK3CA, EGFR,
AKT1, MAP2K1, AR, JAK2, and JAK1 are oncogenes involved in various cellular processes and signaling
pathways that have been extensively studied in genetics and medicine. has been identified. Although they
have distinct functions, some share common features and pathways such as cell growth, proliferation,
survival, metabolism, and signal transduction [29-34]. In addition, we have identified suppressor proteins
such as EP300, TP53, CASPS, PIK3R1, CREBBP, and PTCH1 that have diverse functions and are associated
with key cellular processes such as gene regulation, DNA repair, apoptosis, and cell signaling. [35-38].
However, their specific roles may differ depending on the cell type and context.

Cancer
neoplasm

diseases A P/A N/A © > T
pathway

Breast 3(2%) | 0(0.0%) | 1(0.6%) | 4(2.6%) | 3(2%) 6 (4.1%)
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Prostatic | 0(0.0%) | 0(0.0%) | 0(0.0%) | 8(5.5%) | 3(2%) | 5(8.9%)
Stomach | 2(2.5%) | 0(0.0%) | 0(0.0%) | 2(2.5%) | 2(2.5%) | 5(6.3%)
Colorectal | 4(5.4%) | 1(1.3%) | 1(1.3%) | 4(5.4%) | 3(4.1%) | 4 (5.4 %)
Lung 2(2.7%) | 0(0.0%) | 0(0.0%) | 4(5.4%) | 2(2.7%) | 4 (5.4%)
Colonic | 2(4.2%) | 0(0.0%) | 1(2.1%) | 1(2.1%) | 1(2.1%) | 2 (4.2%)
Ovarian | 0(4.2%) | 0(0.0%) | 0(0.0%) | 3(7.3%) | 1(2.4%) | 2 (4.8%)
Urinary

bladder | 2 (%) | 0(0:0%) | 1(2.5%) | 3(7.5%) | 3(7.5%) | 3(7.5%)

Liver 1(2.5%) | 0(0.0%) | 0(0.0%) | 0(0.0%) | 1(2.5%) | 3(7.6%)
Pancreatic | 1(2.6%) | 0(0.0%) | 0(0.0%) | 1(2.6%) | 2(5.2%) | 3 (7.8%)
Average | 2.40% | 0.10% | 0.50% 4.1 2.90% | 5.10%

Table 3: Distribution of apoptosis, positive apoptosis, negative apoptosis, oncogenes tumor suppressor, and
successful therapeutic target in signal transduction diseases pathway involved in cancers neoplasm
A= Apoptosis
P/A= Positive apoptosis
N/A= Negative apoptosis
O = Oncogenes
S= Suppressor gene
T= Successful therapeutic target

Explore the shared functions of various proteins within the signal transduction diseases

pathway involved in cancers neoplasm

We identify TP53 and KRAS proteins that are present in the all cancer neoplasm diseases pathway we are
studied. Both TP53 and KRAS have been extensively studied due to their significant roles in cancer
development and progression. Understanding their functions and dys-regulation is important for the
development of diagnostic tools, targeted therapies, and potential treatment strategies for cancers
associated with these genes [35-38]. Moreover, in our study, CCND1, EGFR, BIRC5 and PIK3CA have been
observed in various types of cancer and found in many cancer neoplasm signaling pathways associated
with uncontrolled cell growth and proliferation [39-41].

Discussion

Our study highlights the critical role of activation and regulation of signaling pathways in cancer
development and progression. Cancer cells often have dysregulated signaling pathways that promote
their growth and survival. Therefore, targeting these signaling pathways is critical to prevent cancer cell
survival and proliferation. The prevalence of signaling proteins in neoplasia, accounting for 28% of the
total, highlights their significance in cancer biology. Various functions within signaling pathways, including
positive signals, cell cycle regulation, MAPK cascade, negative signals, and growth control, contribute to
the intricate network of cellular processes involved in cancer.
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Additionally, oncogenes and suppressor proteins play critical roles in cancer networks, and their
interactions significantly influence cancer cell behavior. Our study identifies several extensively studied
oncogenes such as PIK3CA, EGFR, AKT1, MAP2K1, AR, JAK2, and JAK1, which participate in diverse cellular
processes and signaling pathways associated with cell growth, proliferation, survival, metabolism, and
signal transduction. We also identify suppressor proteins, including EP300, TP53, CASP8, PIK3R1, CREBBP,
and PTCH1, with varying functions related to gene regulation, DNA repair, apoptosis, and cell signaling.
However, it is crucial to note that their roles can differ based on the specific cell type and context.

Finally, TP53, KRAS, CCND1, EGFR, BIRC5, and PIK3CAare among the important proteins identified in
various types of cancer, underscoring their significance in driving uncontrolled cell growth and
proliferation. Further research on these proteins and their associated signaling pathways will contribute
to the development of improved diagnostic and therapeutic strategies for cancer.

Conclusions

Our study highlights the pivotal importance of signaling proteins and their functions in cancer
development and progression. Oncogenes and suppressor proteins play important roles in cancer
networks, and their interactions have profound effects on cancer cell behavior. This study identifies
several well-studied oncogenes involved in various cellular processes and signaling pathways, including
PIK3CA, EGFR, AKT1, MAP2K1, AR, JAK2, and JAK1. Furthermore, we identify suppressor proteins such as
EP300, TP53, CASP8, PIK3R1, CREBBP, and PTCH1 with distinct functions related to gene regulation, DNA
repair, apoptosis, and cell signaling. In addition, key proteins identified in different types of cancer, such
as TP53, KRAS, CCND1, EGFR, BIRC5, and PIK3CA, underscore their importance in promoting uncontrolled
cell growth and proliferation. Further research on these proteins and associated signaling pathways will
contribute to improved diagnostic and therapeutic strategies in the fight against cancer.
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