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Abstract: Glial fibrillary acidic protein (GFAP), a pivotal intermediate filament protein predominantly expressed in 

astrocytes, serves as a core structural and functional regulator in the central nervous system, and is deeply implicated in 

the pathological cascades underlying a wide spectrum of neurological disorders, ranging from neurodegenerative diseases 

to neuroinflammatory conditions and episodic neurological disorders. In this paper, we reviewed the current research 

progress on the biological function, expression regulation and involvement in the process of neuroinflammation of GFAP, 

and discussed the potential of GFAP as a new target for the treatment of migraine. We reviewed the epidemiological 

characteristics, complex pathophysiological mechanisms, and clinical burden of migraine, a highly prevalent neurovascular 

disorder, while underscoring the inherent limitations of current mainstream therapeutic approaches, including incomplete 

efficacy, frequent recurrence, and prominent adverse effects, which highlight the unmet clinical demand for novel, targeted, 

and mechanism-driven therapeutic strategies. Evidence from preclinical and clinical studies suggests that the regulation of 

GFAP may affect the key mechanisms of migraine, including glial cell activation, neuroinflammation and neuronal 

excitability. Although challenges associated with technical barriers in drug development remain, this review highlights the 

translational potential of targeting GFAP to improve patient outcomes. Future interdisciplinary research and collaborative 

efforts are crucial for the introduction of GFAP based therapy into clinical practice. 
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1 Introduction 

GFAP is a type Ⅲ intermediate filament protein, which 

is mainly expressed in astrocytes of central nervous system 

(CNS). It plays an important role in maintaining cell struc-

tural integrity, supporting synaptic plasticity and regulating 

the function of blood-brain barrier (BBB) [1, 2]. As a typi-

cal marker of astrocyte activation, GFAP is dynamically 

up-regulated in the process of neuroinflammatory stimula-

tion, mechanical injury and neurodegeneration, making it a 

key factor to evaluate glial reactivity in various neuropa-

thologies [2]. In traumatic brain injury (TBI), multiple scle-

rosis (MS), Alzheimer's disease (AD) and neuromyelitis 

optica spectrum disorder (NMOSD), the levels of GFAP in 

cerebrospinal fluid (CSF) and serum increased, reflecting 

the degree of astrocyte injury, and serving as a quantifiable 

biomarker of disease severity and progression [3-7]. Auto-

immune GFAP astrocytopathy is a disease characterized by 

http://www.wjclinmed.com/
http://dx.doi.org/10.57237/j.wjcm.2026.01.001


2 Lina Liao et al.:  Glial Fibrillary Acidic Protein: A Potential Therapeutic Target for Migraine  
 

http://www.wjclinmed.com 

inflammatory CNS disorder. The presence of GFAP auto-

antibodies in CSF is a pathological manifestation, often ac-

companied by typical MRI imaging findings, including 

periventricular linear enhancement and longitudinal exten-

sive lesions in the spinal cord. It is emphasized that astro-

cytes are directly involved in immune-mediated nerve in-

jury. [8]. The imbalance of GFAP expression is not only a 

bystander effect, but also actively involved in astrocyte 

morphological changes, impaired glutamate clearance, ion 

homeostasis disorders and abnormal neurovascular cou-

pling processes, which are increasingly related to the path-

ogenesis of migraine. Cortical diffusion inhibition (CSD) 

is an electrophysiological phenomenon of migraine aura, 

which can cause deep depolarization of neurons and glial 

cells, trigger calcium wave and potassium outflow, activate 

astrocyte signal cascade, and may lead to sustained GFAP 

overexpression [9, 10]. In addition, the activated astrocytes 

release pro-inflammatory mediators, such as interleukin-1 

β (IL-1 β), tumor necrosis factor-α (TNF-α) and nitric oxide 

(NO), which sensitize the trigeminal neurovascular afferent 

and promote the central sensitization, thus promoting the 

transformation from paroxysmal migraine to chronic mi-

graine [11]. Preclinical evidences show that the high reac-

tivity of astrocytes precedes and regulates the pain pathway 

of migraine [12, 13]. In view of the strategic position of 

astrocytes in integrating neurons, blood vessels and im-

mune signals in the trigeminal nociceptive network, GFAP 

is not only a potential biomarker of glial activation in mi-

graine, but also a promising molecular node for the treat-

ment of migraine. 

2 GFAP 

2.1 Definition and Function of GFAP 

GFAP is encoded by the GFAP gene located on chromo-

some 17q21. This structural protein plays a critical role in 

maintaining the morphological integrity and functional sta-

bility of astrocytes. The gene produces multiple isoforms 

through alternative splicing, including GFAP-α, β, δ, and ζ, 

which play different regulatory roles in cell dynamics. 

Among the most abundant isoforms, GFAP-α, the head do-

main is followed by a rod domain composed of four coiled-

coil structures (1A, 1B, 2A, 2B), which are surrounded by 

three connecting regions (1, 1.2, and 2) (Figure 1). [14]. 

Although GFAP is mainly located in the cytoskeleton of 

astrocytes. Its expression has also been detected in non-

CNS cell types (such as Schwann cells, intestinal glia, fi-

broblasts and chondrocytes), indicating a broader physio-

logical correlation outside the CNS [2]. 

 

Figure 1 Linear structure, functional domains and key modifications of Glial fibrillary Acidic Protein (GFAP) 

The primary biological function of GFAP is to form a 

robust intermediate filament network, which imparts me-

chanical strength to astrocytes, enabling them to withstand 

biomechanical stress and maintain the structural stability of 

the neural parenchyma. This cytoskeleton scaffold is cru-

cial for the extension and anchoring of astrocytes to blood 
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vessels, thereby supporting the integrity of the BBB 

through direct interaction with endothelial cells and peri-

cytes [1, 2]. In Alexander's disease caused by dominant 

negative mutation of GFAP gene, GFAP filament breakage 

leads to severe astrocytosis, which is characterized by 

Rosenthal fiber aggregation, progressive white matter de-

generation and neurological deficits [15]. 

In addition to structural support, astrocytes expressing 

GFAP actively participate in synaptic regulation and neu-

rotransmitter homeostasis. They regulate extracellular glu-

tamate levels through excitatory amino acid transporter 

(EAAT), preventing excitotoxicity and maintaining neu-

ronal excitability within optimal ranges [16, 17]. GFAP dy-

namics are closely related to synaptic plasticity. Reactive 

astrocyte proliferation, marked by up regulation of GFAP 

expression, regulates synaptic development and dendritic 

spine remodeling in response to injury or neuroinflamma-

tory stimuli [18]. In addition, GFAP is a key biomarker un-

der various neuropathological conditions. Elevated CSF 

and serum levels of GFAP are closely related to astrocyte 

activation in TBI, MS and neurodegenerative diseases such 

as AD [4, 7, 15, 19]. Our previous study reported GFAP 

antibody -positive in CSF was found in a patient with idio-

pathic intracranial hypertension [20]. Autoantibodies tar-

geting GFAP define a unique clinical entity, autoimmune 

GFAP astrocytosis with meningoencephalitis as the mani-

festation and responsive to immunotherapy, emphasizing 

its important role in neuroimmune regulation [8, 21]. 

2.2 Expression and Regulation of GFAP 

The expression of GFAP is dynamically regulated during 

development, with lower levels in neural progenitor cells 

and significantly upregulated simultaneously with astro-

cyte differentiation [14]. 

The transcriptional regulation of GFAP is controlled by 

complex interactions between signaling pathways and epi-

genetic modifications. The proximal promoter region of the 

GFAP gene contains key response elements for nuclear fac-

tor κB (NF-κB), activator protein 1 (AP-1), and signal 

transducer and transcriptional activator 3 (STAT3), allow-

ing for responses to pro-inflammatory cytokines such as 

IL-6 and TNF-α. The activation of downstream JNK/c-Jun 

cascade induced by injury-induced calcium influx pro-

motes AP-1 binding to the GFAP promoter, thereby driving 

reactive astrocyte proliferation. In epigenetics, histone 

acetylation and DNA demethylation of CpG islands within 

the promoter region promote chromatin accessibility and 

enhance transcriptional activity under pathological condi-

tions. After transcription, alternative splicing produces 

multiple subtypes of GFAP—among which GFAP-α is the 

most abundant, and each subtype exhibits different assem-

bly characteristics and cellular localization. MicroRNAs, 

including miR-125b and miR-146a, it can fine tune the ex-

pression of GFAP by targeting 3' untranslated region of 

GFAP, thus regulating the reactivity of astrocytes in neu-

roinflammation and neurodegenerative diseases [2, 14, 22]. 

The dysregulation of these control mechanisms is associ-

ated with diseases such as Alexander disease, autoimmune 

GFAP astrocytopathy, and glioma progression, highlight-

ing the importance of precise GFAP homeostasis in health 

and disease [15]. 

2.3 Role of GFAP in Neurological 

Disorders 

In pathological context, upregulation of GFAP is a hall-

mark of reactive astrocyte proliferation, which is a con-

servative response to nerve damage or disease progression. 

In AD, elevated GFAP expression is consistently observed 

in brain regions affected by amyloid-beta (Aβ) plaque dep-

osition, particularly in the hippocampus and neocortex. 

This increase is associated with the severity of neuropatho-

logical changes and cognitive decline, indicating that 

GFAP may become an early biomarker for neurodegenera-

tive processes [7, 23, 24]. The astrocytes surrounding the 

Aβ plaque exhibit enlarged morphology and enhanced 

GFAP immunoreactivity, indicating their active involve-

ment in the formation of glial scars. These scars may ini-

tially limit the expansion of the plaque, but ultimately lead 

to synaptic dysfunction through chronic neuroinflamma-

tory signaling [23-25]. In addition, new evidence links 

GFAP positive astrocyte activation to tau pathology, where 

these cells interact with microglia to regulate tau phosphor-

ylation and proliferation, further suggesting their involve-

ment in the cascade of neuronal degeneration [24, 26]. 

In MS, GFAP dynamically reflects the stages of disease 

destruction and repair. During acute inflammation, due to 

the responsiveness of astrocytes to cytokine influx and 

BBB disruption, strong overexpression of GFAP appears at 

the edge of the lesion [27]. These reactive astrocytes se-

crete pro-inflammatory mediators such as IL-6 and chem-

okines, amplifying leukocyte infiltration and exacerbating 

demyelination [28]. On the contrary, in the later stages of 

pathological evolution, astrocytes expressing GFAP con-
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tribute to extracellular matrix remodeling and secrete neu-

rotrophic factors such as brain-derived neurotrophic factor 

(BDNF), supporting myelin regeneration and axonal stabil-

ity [29]. However, persistent gliosis can lead to the for-

mation of dense glial scars, hindering nerve regeneration 

and functional recovery. It is worth noting that soluble 

GFAP levels in CSF and serum have been shown to be as-

sociated with clinical recurrence rates and disability scores 

in MS patients, which enhances their utility as alternative 

biomarkers of disease activity [29]. The dual nature of 

GFAP related astrocyte proliferation - protective and harm-

ful - highlights the complexity of treating this pathway in 

different neurological disease. 

3 Migraine 

3.1 Epidemiology of Migraine 

Migraine is one of the most common and debilitating 

neurological disorders worldwide, affecting approximately 

14-15% of the population worldwide [30]. This situation 

imposes a huge burden on individuals and healthcare sys-

tems, with impacts not limited to occasional headaches, but 

also including severe disruptions to daily functioning and 

long-term quality of life. This disease exhibits significant 

gender differences, with women being affected almost 

three times more frequently than men, mainly due to hor-

monal fluctuations, particularly those involving estrogen 

during the menstrual cycle, pregnancy, and perimenopausal 

transition [31]. 

The age distribution of migraine shows that the inci-

dence peak is between 25 and 55 years old, which is con-

sistent with the peak of occupational and family responsi-

bilities. 3-10% of the cases occurred in children or adoles-

cence, sometimes manifested as atypical abdominal mi-

graine or periodic vomiting syndrome, which delayed the 

correct diagnosis. Although the incidence of migraine may 

decline in later life, persistent or late-onset cases in the el-

derly present unique challenges due to complications and 

multi drug treatment, and need to be carefully differenti-

ated from secondary headache [30]. 

Economically, migraine can cause staggering direct and 

indirect costs. Direct expenditures include outpatient visits, 

neuroimaging and drug treatment, while indirect costs are 

due to absenteeism and productivity decline, amounting to 

billions of dollars per year in the United States alone [31]. 

Although the function is damaged, the presentationism 

phenomenon that individuals are still working further mag-

nifies the economic loss. In the social aspect, migraine can 

lead to the decline of quality of life, social isolation and 

interpersonal tension. According to the global disease bur-

den study, migraine is the main cause of multi-year disabil-

ity [30]. 

3.2 Pathophysiology of Migraine 

Migraine is a multifaceted neurovascular disease, which 

is characterized by recurrent pulsatile headache, often ac-

companied by autonomic and neurological symptoms, such 

as nausea, photophobia, voice fear, and sometimes transi-

ent focal defects in the aura [32]. Potential pathophysiology 

involves dynamic interactions between neuronal circuits, 

vascular responses, and inflammatory mediators in the cen-

tral and peripheral nervous systems (PNS) as shown in Fig-

ure 2. CSD starts in the occipital cortex and spreads across 

the cortex, triggering a series of ion translocation, gluta-

mate release and extracellular potassium accumulation, and 

then activating trigeminal nerve vascular afferent [11]. This 

activation leads to the release of calcitonin gene-related 

peptide (CGRP), substance P and other vasoactive neuro-

peptides from meningeal sensory nerve terminals, which 

promotes neurogenic inflammation, dural vasodilation and 

trigeminal nociceptor sensitization. Central sensitization 

can amplify pain signals, leading to hyperalgesia and pro-

longed headache duration [11]. 

Brain stem plays an important regulatory role in the oc-

currence of migraine. Functional imaging studies showed 

that during the attack of migraine, the activities of rostral 

dorsal pontine, periaqueductal gray matter and locus co-

eruleus are enhanced [33, 34]. These regions are part of the 

endogenous pain control system, which may show dys-

functional regulation in migraine, leading to the reduction 

of trigeminal neurovascular activation threshold. Sero-

tonergic pathway originating from brain stem also contrib-

utes to the pathogenesis of migraine; Fluctuation of 5-hy-

droxytryptamine (5-HT) level affects susceptibility to CSD 

and trigeminal nociception [11, 33, 34]. Reducing the utili-

zation of 5-HT can enhance cortical excitability, promote 

the spread of CSD, and relieve the inhibition of trigeminal 

caudate nucleus neurons, so as to promote the transmission 

of pain [35]. In addition, hormonal effects, especially es-

trogen fluctuations, are associated with menstrual migraine, 

possibly by regulating synaptic plasticity, ion channel ex-

pression and CGRP transcription [35]. Genetic susceptibil-

ity further leads to susceptibility to migraine. Gene poly-

morphisms related to ion transport and synaptic function 
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increase neuronal excitability [10, 36]. Environmental trig-

gers such as stress, sleep interruption, dietary composition 

and atmospheric changes focus on these inherent vulnera-

bilities, which trigger attacks through mechanisms such as 

mitochondrial dysfunction, oxidative stress and glial cell 

activation. In general, these processes reflect a chronic state 

of neural instability, which eventually leads to intermittent 

dysfunction of sensory processing networks [11, 32]. 

 

Figure 2 Potential Pathophysiology of Migraine 

3.3 Current Treatment Strategies 

The treatment of migraine currently relies on dual ap-

proaches including acute and preventive pharmacological 

strategies, each with different mechanisms and significant 

limitations. The purpose of acute treatment is to terminate 

the ongoing attack and restore function. As shown in Table 

1, non-steroidal anti-inflammatory drugs (NSAIDs) such as 

ibuprofen and naproxen are the first-line options because 

they can inhibit cyclooxygenase and reduce prostaglandin 

mediated pain signals [9]. However, in moderate to severe 

migraine attacks, the curative effect will be reduced. Long 

term use will make patients prone to gastrointestinal ulcer, 

renal insufficiency and drug overuse headache, which is a 

contradictory situation characterized by increased head-

ache frequency [9]. Opioid and barbital compounds, alt-

hough occasionally used, are discouraged due to the poten-

tial of high dependence, sedation, and chronic exacerbation 

of headache. Migraine specific drugs such as triptans play 

a role by selectively acting on 5-HT1B/1D receptors, induc-

ing cerebral vasoconstriction and inhibiting the release of 

neuropeptides from trigeminal afferent nerves [9, 35]. De-

spite its clinical application, cardiovascular safety prob-

lems limit its application in patients with ischemic heart 

disease or cerebrovascular risk factors. Ergot derivatives 

have similar vasoactivity, but have a narrow therapeutic in-

dex and a high incidence of adverse events, including pe-

ripheral vasospasm and nausea [37]. The recently devel-

oped small molecule CGRP receptor antagonists, called 

gepants ((such as ubrogepant, rimegepant), provide a non-

vasoconstrictive alternative to targeting the CGRP pathway. 

The CGRP pathway is a key mediator in the pathophysiol-

ogy of migraine, but the risk of long-term hepatotoxicity 

and limited insurance coverage hinder its wide adoption [9, 

38]. 5-HT1F agonist lasmiditan can avoid vascular effects, 

but can induce inhibition of CNS, which limits its applica-

tion in non-bedridden environment [39]. 

Table 1 Major agents for the treatment of acute migraine 

Agent Mechanism Important contraindication 

Ibuprofen COX1/2 inhibitor Gastrointestinal disorders 

Naproxen COX1/2 inhibitor Gastrointestinal disorders 

Ergotamine Selective agonist of 5-HT1D receptor Coronary artery disease 

Dihydroergotamine Selective agonist of 5-HT1D receptor Coronary artery disease 



6 Lina Liao et al.:  Glial Fibrillary Acidic Protein: A Potential Therapeutic Target for Migraine  
 

http://www.wjclinmed.com 

Agent Mechanism Important contraindication 

Rizatriptan Non-selective agonist of 5-HT1B/1D receptor Coronary artery disease 

Almotriptan Non-selective agonist of 5-HT1B/1D receptor Coronary artery disease 

Frovatriptan Non-selective agonist of 5-HT1B/1D receptor Coronary artery disease 

Zolmitriptan Non-selective agonist of 5-HT1B/1D receptor Coronary artery disease 

Naratriptan Non-selective agonist of 5-HT1B/1D receptor Coronary artery disease 

Rimegepant CGRP receptor antagonist Hypersensitivity to the compound 

Ubrogepant CGRP receptor antagonist Hypersensitivity to the compound 

Lasmiditan Selective agonist of 5-HT1F receptors Inhibition of central nervous system 

Celecoxib COX-2 inhibitor Coronary artery disease 

 

Preventive treatment is suitable for individuals who ex-

perience frequent or disabling attacks, including β-blockers, 

anticonvulsants, tricyclic antidepressants and monoclonal 

antibodies against CGRP or its receptors [9, 40]. As shown 

in Table 2, propranolol regulates norepinephrine tension 

and CSD sensitivity, but are poorly tolerated in patients 

with asthma or bradycardia [40]. Although topiramate is ef-

fective, it often causes cognitive retardation, paresthesia 

and metabolic acidosis. Sodium valproate has the risk of 

teratogenicity and hepatotoxicity [40]. Amitriptyline, alt-

hough beneficial to the complications of tension type head-

ache and insomnia, often leads to weight gain and anticho-

linergic side effects [40]. Onabotulinum toxin A reduces 

peripheral sensitization by inhibiting the release of vesicu-

lar neurotransmitters, which has been proved to be effec-

tive for chronic migraine, but requires repeated intramus-

cular injections [40]. The emergence of monoclonal anti-

bodies targeting CGRP represent a milestone in migraine 

prevention, providing well tolerated mechanism. However, 

their high cost, burden of subcutaneous administration and 

uncertain long-term immunogenicity limit their availability 

[41]. In general, these therapies show different response 

rates, with up to 40% of patients classified as refractory, 

emphasizing the urgent need for new therapeutic targets 

based on glial and neuroinflammatory mechanisms [40]. 

Table 2 Major agents for migraine prophylaxis 

Agent Mechanism Important contraindication 

Propranolol β-adrenoceptor antagonist Bronchospastic lung disease and hypoglycaemia 

Topiramate 
Na+ channel blocker, the excitatory glutamate pathway in-

hibitor, GABA activity stimulant and Ca2+ activity inhibitor 

Metabolic acidosis, hyperammonaemia, oligohi-

drosis and hyperthermia 

Valproic acid GABA transaminase inhibitor 
Hepatic dysfunction, hyperammonaemia and hy-

perthermia 

Amitriptyline Tricyclic antidepressant Weight gain and anticholinergic side effect 

Onabotulinum toxin A CGRP release inhibitor, ACh release inhibitor Hypersensitivity 

Erenumab CGRP receptor blocker None 

 

4 GFAP as a Therapeutic Target for 

Migraine 

4.1 Evidence Supporting GFAP as a 

Target 

Although direct studies linking GFAP with migraine are 

still limited, indirect evidence from neuroinflammation and 

glial cell activation models provides convincing reasons for 

its role in migraine related neurological dysfunction. In the 

context of migraine, new evidence shows that the activa-

tion of astrocytes reflects the change of GFAP expression 

in key pathophysiological processes. The pathogenesis of 

migraine involves a complex interaction between neuro-

excitability, neuro-inflammation and glial regulation, in 

which CSD and trigeminal neurovascular system activation 

are the central mechanisms [2, 12, 17]. The upregulation of 

GFAP is observed in the preclinical model after CSD in-

duction, especially in the trigeminal caudate nucleus and 

somatosensory cortex, indicating that reactive astrocyte 

proliferation is related to nociceptive sensitization and pro-

longed pain state in time [13, 42]. This morphological 

change is usually accompanied by functional changes, in-

cluding excessive release of pro-inflammatory cytokines 

such IL-1β, TNF-α, and cyclooxygenase-2 (COX-2)-de-

rived prostaglandins [36, 43]. In addition, elevated GFAP 

may reflect impaired glutamate homeostasis, leading to ex-

tracellular glutamate accumulation and subsequent N-me-

thyl-D-aspartate receptor (NMDAR)-mediated neuronal 

excitability, a marker of migraine aura and central sensiti-
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zation [12]. Previous studies have also shown that mito-

chondrial dysfunction in astrocytes may signal through cy-

toskeleton remodeling involving GFAP aggregation, which 

may damage the metabolic support to neurons, thereby re-

ducing the threshold of CSD transmission [44]. Moreover, 

clinical studies on TBI and stroke have shown that serum 

GFAP levels are closely related to astrocyte injury and neu-

roinflammation [19]. It is suggested that it can be used as 

an alternative marker of CNS stress, which can also be ob-

served during long-term or chronic migraine attacks. Clin-

ical studies reported elevated levels of GFAP in serum or 

CSF during the acute phase of migraine, although the vari-

ability of different cohorts highlighted the need for stand-

ardized biomarker assessment [45, 46]. Although these 

findings do not establish a causal relationship, they posi-

tioned GFAP as a credible indicator of maladaptive glial 

response that may contribute to the transition from parox-

ysmal migraine to chronic migraine, providing a promising 

node for treatment intervention. 

4.2 Mechanistic Insights into GFAP and 

Migraine 

In the pathogenesis of migraine, the dysregulation of 

GFAP expression or post-translational modification may 

damage the structural stability of astrocytes, leading to ab-

normal function of astrocytes that contributes to neuronal 

hyperexcitability. Astrocytes participate in potassium buff-

ering through Kir4.1 channel and glutamate clearance 

through EAATs, both of which depend on the complete 

GFAP cytoskeleton [12]. The destruction of this network 

will damage the spatial potassium buffer, leading to the ac-

cumulation of extracellular potassium ions, membrane de-

polarization and increased susceptibility to CSD [33]. At 

the same time, the reduction of glutamate uptake due to cy-

toskeletal instability may lead to synaptic glutamate over-

flow, promote NMDA receptor overactivation and exci-

totoxic signal cascade, thus reducing the threshold of tri-

geminal neurovascular activation. 

Elevated GFAP levels also indicate reactive astrocyte 

proliferation, which is a marker of neuroinflammatory state 

observed in the chronic process of migraine [47]. Activated 

astrocytes show up regulation of GFAP expression and se-

cretion of pro-inflammatory mediators, such as IL-6, TNF-

α, and NO [2]. This neuroimmune crosstalk amplifies the 

peripheral and central sensitization, leading to hyperalgesia 

and prolonged headache. Moreover, GFAP positive astro-

cytes regulate purinergic and cytokine signaling pathways, 

affect the polarization of microglia to pro-inflammatory 

M1 phenotype, and further maintain the feedforward cycle 

of inflammation [17, 18]. The interaction between astro-

cyte GFAP dynamics and microglia reactivity may be the 

basis for the transition from paroxysmal migraine to 

chronic migraine. 

At the neurovascular interface, GFAP supports the struc-

tural anchoring of astrocytic end-feet and cerebral vessels 

to ensure proper BBB integrity. The change of GFAP tissue 

structure can destroy aquaporin 4 polarization and tight 

junction protein expression in endothelial cells, and pro-

mote BBB leakage [1, 2, 17, 18]. This breakthrough allows 

the paracellular influx of plasma proteins and immune me-

diators into the perivascular space, triggering dural inflam-

mation and activating trigeminal afferents. In addition, im-

paired gap junctional communication through connexin 43 

in GFAP dysregulated astrocyte networks may hinder the 

transmission of intercellular calcium waves and disrupt the 

coordinated neuroregulatory response of brain regions in-

volved in pain processing, including thalamus and cortex 

[48, 49]. The potential mechanism of GFAP and migraine 

is shown in Figure 3. 

 

Figure 3 Potential mechanism of GFAP and migraine 
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4.3 Preclinical Studies on GFAP 

Inhibition 

In the preclinical research model of migraine, the inter-

vention of astrocyte reactive proliferation by regulating the 

expression or function of GFAP has shown potential ther-

apeutic prospects. Animal experiments showed that in the 

nitroglycerin induced migraine model, astrocytes in the 

caudal trigeminal nucleus were significantly activated, 

while the expression of GFAP was up-regulated, and the 

release of pro-inflammatory cytokines such as IL-6, TNF-

α and CCL2 were increased [13, 50]. Adeno associated vi-

rus mediated RNA interference driven by GFAP promoter 

could selectively down regulate the expression of GFAP in 

specific brain regions, which could effectively alleviate hy-

peralgesia and reduce the level of neuroinflammation [51]. 

It is worth noting that targeting GFAP does not directly af-

fect neuronal excitability, but indirectly affects the sensi-

tivity of the trigeminal neurovascular system by remodel-

ing the glial microenvironment, stabilizing the integrity of 

BBB and regulating glutamate reuptake ability. Although 

no specific small molecule drugs targeting GFAP have 

been approved at present, in view of its upstream position 

in the neuroinflammatory cascade, the development of in-

tervention strategies targeting GFAP polymer kinetics or 

its phosphorylation modification status may provide a new 

paradigm for non-neuronal targeted treatment of migraine. 

Future studies need to further verify its role in more com-

plex neural circuits, and evaluate the potential effect of 

long-term inhibition of GFAP on the physiological func-

tion of astrocytes. 

4.4 Potential Therapeutic Applications 

The regulation of GFAP is a promising frontier in the 

development of new treatment strategies for migraine. Tar-

geting GFAP provides a paradigm shift from traditional 

neuron centered therapies (such as triprotan and CGRP an-

tagonists) to glial cell-oriented intervention strategies. By 

regulating the expression of GFAP or post-translational 

modification, it may reduce astrocyte driven inflammation, 

reduce the release of noxious mediators, and stabilize the 

peripheral astrocytes, which are crucial for cerebrovascular 

regulation. Preclinical models of CNS injury have demon-

strated that inhibiting GFAP overexpression is associated 

with improving function and reducing inflammatory mark-

ers [5], suggesting that similar mechanism can be used for 

migraine. Small molecule inhibitors that selectively inter-

fere with GFAP polymerization or its upstream regulators, 

such as Rho related kinase (rock) or signal transducer and 

activator of transcription 3 (STAT3), can precisely control 

the reactivity of astrocytes without damaging basic support 

functions. In addition, the progress of biotherapy, including 

monoclonal antibodies targeting abnormal GFAP frag-

ments or autoantibodies associated with astrocytosis, can 

provide a template for the development of immunomodu-

latory methods for the subgroup of migraine patients with 

autoimmune characteristics. 

The translational potential of GFAP targeted therapy 

has also been extended to precision medical applications, 

in which the level of GFAP in CSF or serum can be used 

as a biomarker to identify patients with significant glial 

cell involvement, so that patients can be stratified for tar-

geted intervention. However, successful implementation 

requires overcoming challenges related to the long-term 

safety of target specificity, BBB penetration, and astro-

cyte regulation. Future studies must clarify the dynamic 

changes of GFAP during migraine attack and evaluate 

whether early intervention can prevent disease progres-

sion. 

5 Limitations in Targeting GFAP 

A pivotal area demanding further research is the devel-

opment of selective GFAP-modulating agents with favora-

ble pharmacokinetic profiles and BBB penetrance. High 

throughput screening platform combined with structure-

based drug design can help identify small molecules or bi-

ological agents, which can normalize pathological GFAP 

aggregation without damaging the basic function of astro-

cytes. At the same time, the potential non targeted effects 

of synaptic plasticity, glutamate homeostasis and neurovas-

cular coupling must be evaluated in safety assessment, be-

cause the abnormal inhibition of GFAP may destroy im-

portant neuroprotective mechanisms. 

6 Conclusion 

GFAP has become an important biomarker of astrocyte 

activation and reactivity in the context of migraine patho-

physiology. More and more evidence shows that GFAP is 

dysregulated in the chronic neuroinflammatory cascade of 

migraine. Elevated GFAP levels were observed in both pre-
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clinical models and clinical cohorts, suggesting that astro-

cyte overactivity is associated with the frequency and se-

verity of migraine attacks. This upregulation is particularly 

significant during CSD. During CSD, astrocytes express-

ing GFAP contribute to the disturbance of potassium buffer, 

the destruction of glutamate homeostasis and the release of 

pro-inflammatory cytokines, thereby reducing the thresh-

old of neuronal hyperactivity [18]. The dynamic expression 

of GFAP after trigeminal neurovascular system activation 

further supports its mediating role in the transition from 

paroxysmal migraine to chronic migraine, and positions it 

as a potential alternative marker of disease progression. Im-

portantly, the experimental regulation of GFAP expression 

by genetic or pharmacological means has demonstrated the 

weakening of CSD transmission and the reduction of nox-

ious signals in animal models [12, 13]. These findings sug-

gest that targeting GFAP related astrocyte reactivity may 

disrupt the key pathway of migraine. These findings are 

consistent with the broader observation of nervous system 

diseases. In nervous system diseases, GFAP acts as a regu-

lator of glial scar formation and synaptic remodeling, but 

in the case of migraine, its involvement seems more subtle, 

reflecting temporary functional plasticity rather than irre-

versible structural damage. Compared with other primary 

headache diseases, the specificity of elevated GFAP in mi-

graine is still under study, although preliminary data show 

that serum and cerebrospinal fluid concentrations are re-

lated to attack duration and response to abortion treatment. 

However, the current treatment strategies are mainly fo-

cused on neuron targets such as CGRP or serotonin recep-

tor [9], The current analysis emphasizes the necessity of 

expanding the target gene pool to include glial components, 

especially considering the limited efficacy of existing ther-

apies in preventing central sensitization. Therefore, GFAP 

is not only a promising diagnostic biomarker, but also a 

feasible node to intervene in the pathogenesis of migraine 

in a complex network. 
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