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Abstract

kinase inhibitors (RTKIs) used in clinical practice.

Tyrosine kinase receptors (TKRs) are crucial components of cellular signaling that regulate a wide range of
physiological processes such as cell growth, differentiation, metabolism, and survival. These receptors, which are
present on the cell membrane, become activated upon ligand binding, triggering downstream signaling cascades
through the phosphorylation of tyrosine residues in their cytoplasmic domains. Abnormal activation of TKRs is
implicated in various diseases, particularly cancer, where they can drive tumorigenesis. This article explores the
molecular mechanisms underlying TKR activation, their role in cellular signaling, and their involvement in disease
pathogenesis. Additionally, it discusses the therapeutic strategies targeting TKRs, with a focus on receptor tyrosine
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Introduction

Tyrosine kinase receptors (TKRs) are integral membrane proteins
that play a central role in the regulation of cellular functions, including
cell growth, differentiation, metabolism, and survival. These receptors
are activated by the binding of specific ligands [1], such as growth
factors, cytokines, and hormones. Upon activation, TKRs undergo
autophosphorylation on specific tyrosine residues in their intracellular
domain, initiating a cascade of downstream signaling events that
regulate a variety of cellular processes.

TKRs are critical for normal cellular functions, but when
dysregulated, they can contribute to the pathogenesis of numerous
diseases, particularly cancer. Abnormal activation or overexpression
of receptor tyrosine kinases (RTKs) often leads to uncontrolled cell
division, survival, and migration, hallmark features of tumorigenesis.
Given the central role of TKRs in disease [2], they have become
important targets for therapeutic intervention, with several receptor
tyrosine kinase inhibitors (RTKIs) now in clinical use.

This article provides an overview of the mechanisms by which
tyrosine kinase receptors function, their involvement in disease, and
the therapeutic implications of targeting these receptors in various
conditions.

Mechanisms of Tyrosine Kinase Receptor Activation

Tyrosine kinase receptors are membrane-bound proteins
that possess an extracellular ligand-binding domain, a single
transmembrane helix, and a cytoplasmic tyrosine kinase domain [3].
Upon ligand binding, TKRs undergo a conformational change that
activates their intracellular kinase activity. This process typically occurs
in the following steps:

Ligand binding and dimerization: The activation of TKRs begins
when a specific ligand binds to the extracellular domain of the receptor.
This binding induces receptor dimerization or oligomerization, a
process in which two or more receptor monomers associate to form
a functional complex. Ligand binding also induces a conformational
change that brings the intracellular kinase domains of the receptor into
proximity, allowing for cross-phosphorylation of tyrosine residues.

Autophosphorylation and activation of downstream signaling:
Once dimerization occurs, the kinase domains of the receptor become
active and catalyze the transfer of phosphate groups from ATP
to specific tyrosine residues within the intracellular domain. This
autophosphorylation creates docking sites for a variety of signaling
proteins [4] containing phosphotyrosine-binding domains, such as Src
homology 2 (SH2) or phosphotyrosine-binding (PTB) domains. These
docking proteins then initiate downstream signaling pathways that
regulate cellular processes like gene expression, cell cycle progression,
and survival.

Activation of key signaling pathways: Tyrosine phosphorylation
activates several major intracellular signaling cascades, including the
Ras-MAPK pathway (mitogen-activated protein kinase), the PI3K-
AKT pathway (phosphoinositide 3-kinase), and the JAK-STAT
pathway (Janus kinase-signal transducer and activator of transcription).
These pathways control key cellular processes such as proliferation,
differentiation, survival, and metabolism. Disruption of these pathways
can lead to abnormal cellular behavior, contributing to disease.

Types of Tyrosine Kinase Receptors

There are several families of receptor tyrosine kinases, each
associated with specific ligands and cellular functions:

Epidermal growth factor receptor (EGFR) Family: The EGFR
family includes EGFR (HER1), HER2, HER3, and HER4 receptors [5].
These receptors regulate processes such as cell growth, differentiation,
and survival. Overexpression or mutations of EGFR, particularly in
HER?2 (found in many breast cancers), can lead to uncontrolled cellular
proliferation and tumorigenesis.
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Fibroblast growth factor receptor (FGFR) family: FGFRs are
involved in embryonic development, wound healing, and angiogenesis.
Mutations or dysregulation of FGFR signalling [6] are implicated in
various cancers, as well as skeletal disorders and developmental defects.

Insulin-like growth factor receptor (IGFR) family: IGFRs,
particularly IGF1R, are involved in regulating growth and development
by modulating cell survival and metabolism. Altered IGFR signaling
can contribute to cancer, metabolic disorders, and age-related diseases.

Platelet-derived growth factor receptor (PDGFR) family:
PDGEFRs are involved in the regulation of cell proliferation, survival,
and migration. PDGFR signaling plays a critical role in wound healing,
tissue repair, and angiogenesis. Aberrant activation of PDGFRs is
associated with various cancers, including gliomas and sarcomas.

Vascular endothelial growth factor receptor (VEGFR) family:
VEGFRs are key regulators of angiogenesis, the process by which
new blood vessels form [7]. Overexpression of VEGFR signaling
can contribute to tumor growth and metastasis by promoting the
development of a blood supply to tumors.

Tyrosine Kinase Receptors in Disease

Cancer: Abnormal activation of TKRs is one of the primary drivers
of cancer. Mutations in receptors like EGFR, HER2, and FGFR, or their
ligands, often result in uncontrolled cell proliferation and survival,
leading to tumorigenesis. The overexpression of certain RTKs can
promote resistance to apoptosis, facilitate metastasis, and enable the
acquisition of resistance to chemotherapy [8]. Targeting these receptors
with specific inhibitors has become a central strategy in cancer therapy.

Neurological disorders: Abnormal TKR signaling also plays a
role in neurological conditions. For instance, the dysfunction of Trk
receptors, which are activated by nerve growth factor (NGF), has been
implicated in neurodegenerative diseases like Alzheimer’s disease.
Disrupting TKR signaling in neurons can lead to impaired survival and
function of these cells.

Cardiovascular diseases: Tyrosine kinase receptors, such as
VEGFRs and PDGEFRSs, are involved in vascular development and repair
[9]. Dysregulation of these pathways can contribute to cardiovascular
diseases, including atherosclerosis and ischemic heart disease.

Therapeutic Targeting of Tyrosine Kinase Receptors

Given their central role in disease, TKRs have become important
targets for therapeutic intervention, particularly in cancer. Several
receptor tyrosine kinase inhibitors (RTKIs) have been developed to
block the activity of overactive receptors:

Small molecule inhibitors: These drugs, such as imatinib (targeting
BCR-ABL in chronic myelogenous leukemia) and gefitinib (targeting
EGEFR in non-small [10] cell lung cancer), inhibit the kinase activity

of specific RTKs, thereby preventing their activation and downstream
signaling.

Monoclonal antibodies: Monoclonal antibodies, such as
trastuzumab (Herceptin) for HER2-positive breast cancer, bind to the
extracellular domain of the receptor, preventing ligand binding and
receptor activation.

Combination therapies: In many cases, RTKIs are used
in combination with other therapies, such as chemotherapy or
immunotherapy, to enhance treatment efficacy and overcome
resistance.

Conclusion

Tyrosine kinase receptors are essential mediators of cellular
signaling, regulating processes like cell growth, differentiation, and
survival. Their dysregulation is implicated in numerous diseases,
particularly cancer, where aberrant activation of these receptors
promotes tumorigenesis. The development of targeted therapies,
including receptor tyrosine kinase inhibitors and monoclonal
antibodies, has revolutionized the treatment of cancer and other
diseases associated with TKR dysregulation. Continued research into
the molecular mechanisms governing TKR signaling holds the promise
for more effective and personalized treatments in the future.
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