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Review

Introduction

The global burden of neurologic disorders increased sig-
nificantly between 1990 and 2021, rising from approxi-
mately 540.25 million cases to 823.80 million cases. The 
increase is mainly attributed to demographic changes, 
with population growth accounting for 64.21% and popu-
lation aging for 35.33%. Among these conditions, head-
ache disorders have the highest incidence, followed by 
dementia, seizures, and movement disorders, along with 
various other neurologic diseases (Han et al 2025).

During normal aging, synaptic loss occurs gradually, 
whereas in pathologic conditions involving cognitive 
decline, synaptic loss is substantially accelerated and 
associated with more severe cognitive impairment (Wang 
et  al 2025). Most intracellular membrane fusion events 
are mediated by soluble N-ethylmaleimide–sensitive fac-
tor attachment protein receptors (SNAREs), which also 
play a central role in neurotransmitter release. During 
membrane fusion, vesicle-associated SNAREs interact 
with target membrane SNAREs. Together, these proteins 

assemble into a SNARE complex that forms a stable 
4-helix bundle, providing the mechanical force required 
to drive membrane fusion.

To achieve physiologic conditions, SNARE function 
is influenced by genetic and epigenetic mechanisms. 
Genetic factors provide the template for gene expression, 
while epigenetic mechanisms regulate whether genes are 
transcriptionally active or repressed. Epigenetic regula-
tion plays an important role; for example, histone acetyla-
tion facilitates the binding of the transcription factor Sp1 
to the STX1 promoter, thereby promoting transcription. 
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Abstract
Synaptic dysfunction is a central feature of many neurologic diseases, and the soluble N-ethylmaleimide–sensitive 
factor attachment protein receptor (SNARE) complex plays a critical role in regulating synaptic vesicle fusion 
and neurotransmitter release. Despite the rapidly growing body of research on SNAREs, comprehensive reviews 
addressing their mechanisms, as well as the influence of genetic variants and epigenetic regulation, remain limited. This 
review aims to address this gap. Disruption of SNARE processes can impair synaptic signaling and lead to neurologic 
pathology. Genetic variants in SNARE-related genes, including VAMP2, STX1A/STX1B, SNAP-25, STXBP1, UNC13A, 
SYT1, RIM, and RAB3, have been associated with a broad spectrum of neurologic conditions. In addition to genetic 
variants, emerging evidence indicates that epigenetic mechanisms can regulate the function of SNARE-related genes 
in physiologic processes and contribute to disease pathogenesis. Genetic variants are increasingly used as diagnostic 
markers and may inform the development of targeted therapeutic strategies, whereas epigenetic signatures hold 
promise as diagnostic, prognostic, and treatment-monitoring biomarkers. Although clinical applications remain limited, 
advancing knowledge of SNARE genetics and epigenetics may facilitate the development of novel diagnostic modalities, 
prognostic tools, and precision therapeutic strategies for neurologic diseases.
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