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Abstract- Migraine is a complex neurological disorder 

characterised by recurrent headaches1 and associated 

symptoms such as photophobia, phonophobia, and 

nausea. Recent advances in neurobiology have 

highlighted the pivotal role of cell signalling pathways 

in the pathogenesis of migraine2. This review 

synthesises current knowledge on the involvement of 

neuronal, glial, and immune cell signalling in migraine, 

focusing on molecular mediators, genetic factors, and 

neuroinflammatory processes. We discuss the 

implications of these findings for the development of 

targeted therapies and future research directions. 
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I. INTRODUCTION 

Migraine affects over one billion people worldwide3 

and is a leading cause of disability. Despite its 

prevalence, the precise mechanisms underlying 

migraine remain incompletely understood. 

Traditional theories have focused on vascular 

changes and neuronal hyperexcitability, but 

emerging evidence points to a central role for cell-

signalling pathways involving neurons, glia, and 

immune cells in both the initiation and propagation 

of migraine attacks. Understanding these pathways 

is crucial for identifying novel therapeutic targets 

and improving patient outcomes. 

II. PATHOPHYSIOLOGY OF MIGRAINE: 

AN OVERVIEW 

The Trigeminovascular System 

The trigeminovascular system (TVS) is central to 

migraine pathophysiology. Activation and 

sensitisation of the TVS lead to the release of 

neuropeptides, vasodilation, and neurogenic 

inflammation, which contribute to headache 

pain1. The TVS comprises trigeminal nerve fibres 

that innervate cerebral blood vessels and relay 

nociceptive signals to the brainstem and higher 

cortical centres. 

 

 

Cortical Spreading Depression 

Cortical spreading depression (CSD) is a wave of 

neuronal and glial depolarisation that propagates 

across the cortex and is believed to underlie 

migraine aura. CSD triggers the release of signalling 

molecules that activate the TVS and promote 

neuroinflammation. 

III. CELLULAR PLAYERS IN MIGRAINE 

SIGNALLING 

Neurons 

Neurons are the primary mediators of pain signalling 

in migraine. They release neuropeptides such as 

calcitonin gene-related peptide (CGRP), substance 

P, and pituitary adenylate cyclase-activating 

polypeptide (PACAP)4, which modulate vascular 

tone and nociceptive transmission. Genetic studies 

have identified mutations in ion channels and 

neurotransmitter receptors that increase neuronal 

excitability and susceptibility to migraine. 

 

Glial Cells 

Glial cells, including astrocytes, microglia, 

oligodendrocytes, Schwann cells, and satellite glial 

cells, play active roles in migraine pathogenesis. 

They modulate synaptic transmission, maintain 

homeostasis, and participate in neuroinflammatory 

responses. Astrocytes regulate extracellular 

glutamate and potassium levels, while microglia 

respond to injury and infection by releasing pro-

inflammatory cytokines5. 

 

Immune Cells 

Immune cells, particularly mast cells and B 

lymphocytes, contribute to migraine by releasing 

inflammatory mediators and modulating the 

integrity of the blood-brain barrier. Mast cell 

degranulation in the meninges leads to the 

sensitisation of trigeminal afferents, while specific B 

cell phenotypes may exert protective or risk-

modifying effects. 
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IV. MOLECULAR SIGNALLING 

PATHWAYS IN MIGRAINE 

Calcitonin Gene-Related Peptide (CGRP) 

Pathway 

CGRP is a 37-amino acid neuropeptide released 

from trigeminal nerve endings during migraine 

attacks. It acts on a receptor complex composed of 

the calcitonin receptor-like receptor (CLR) and 

receptor activity-modifying protein 1 (RAMP1), 

leading to vasodilation and pain 

transmission. Elevated CGRP levels are observed 

during migraine attacks, and CGRP antagonists have 

shown efficacy in migraine prevention. 

Serotonin and Tryptophan-Kynurenine 

Pathways 

Altered serotonin (5-HT) signalling is implicated in 

migraine susceptibility. The tryptophan-kynurenine 

(Trp-KYN) pathway influences pain processing, 

stress response, and neuroinflammation. Migraine 

patients exhibit altered Trp-KYN metabolism, 

suggesting a role for these pathways in disease 

pathogenesis. 

Glutamate and Ion Channel Signalling 

Glutamate is the principal excitatory 

neurotransmitter in the central nervous system6. 

Dysregulation of glutamatergic signalling and 

mutations in ion channels (e.g., CACNA1A, 

SCN1A) are associated with familial hemiplegic 

migraine and increased neuronal excitability. 

Toll-Like Receptor (TLR) and Inflammasome 

Pathways 

Toll-like receptors (TLRs), particularly TLR4, are 

expressed on mast cells and microglia. Activation of 

TLR4 leads to the release of pro-inflammatory 

cytokine7 via the MyD88 signalling pathway, 

contributing to central sensitisation and migraine-

like behavior. Inflammasomes, such as NLRP3, are 

multiprotein complexes that amplify 

neuroinflammatory responses and may serve as 

therapeutic targets. 

Cytokine and Chemokine Signalling 

Pro-inflammatory cytokines (e.g., IL-1β, TNF-α, IL-

6) and chemokines mediate cell-cell communication 

during migraine attacks. These molecules promote 

the recruitment and activation of immune cells8, 

enhance nociceptor sensitivity, and sustain 

neuroinflammation. 

Genetic and Epigenetic Regulation of Cell 

Signalling in Migraine 

Genome-wide association studies (GWAS) have 

identified numerous genes associated with migraine 

susceptibility9, many of which are involved in cell 

signalling pathways. Single-cell RNA sequencing 

has localised migraine-associated gene expression to 

specific neuronal, glial, and neurovascular cell 

types. Epigenetic modifications, such as DNA 

methylation and non-coding RNAs, further regulate 

gene expression and cellular responses in migraine. 

Neuroinflammation and Cell Signalling 

Neuroinflammation is a hallmark of migraine 

pathophysiology. Activation of glial cells and 

immune cells leads to the release of inflammatory 

mediators that sensitise nociceptors and perpetuate 

pain10. Imaging studies using PET-MRI have 

demonstrated increased glial activation during 

migraine attacks. The interplay between 

neuroinflammatory signalling and neuronal 

excitability is central to migraine chronification. 

Cell-Type Specificity and Heterogeneity 

Recent advances in single-cell transcriptomics have 

revealed the heterogeneity of cell types involved in 

migraine. Distinct populations of neurons, glia, and 

immune cells express unique sets of genes and 

signalling molecules that contribute to disease 

pathogenesis. This cellular diversity underlies the 

variability in clinical presentation and treatment 

response among migraine patients. 

V. THERAPEUTIC IMPLICATIONS 

Targeting CGRP and Its Receptor 

CGRP antagonists and monoclonal antibodies 

targeting the CGRP pathway have demonstrated 

effectiveness in preventing migraines, marking a 

notable advancement in migraine therapy. 

Modulation of Neuroinflammatory Pathways 

Drugs targeting TLRs, inflammasomes, and pro-

inflammatory cytokines are under investigation for 

their potential to reduce neuroinflammation and 

migraine frequency. 

Personalised Medicine 

Understanding the genetic and cellular basis of 

migraine paves the way for personalised treatment 

strategies. Biomarkers discovered through 

techniques such as single-cell sequencing and 

imaging can help doctors select the most suitable 

treatments and predict a patient's response to them. 

VI. CONCLUSION 

Cell signalling pathways involving neurons, glia, 

and immune cells are central to the pathogenesis of 

migraine. Advances in molecular biology, genetics, 

and imaging have deepened our understanding of 

these processes and identified new therapeutic 

targets. Continued research into the cellular and 

molecular mechanisms of migraine will facilitate the 
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development of more effective and personalised 

treatments11. 
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