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nervous system (CNS) disorders; however, efficient, safe, and scalable delivery across the blood-brain barrier (BBB) remains
a central challenge for clinical translation. This review provides a comprehensive and forward-looking synthesis of recent
advances in AAV-based CNS gene therapy, focusing on delivery strategies, disease applications, and genome editing
technologies, while highlighting key translational factors influencing clinical outcomes. We first outline the biological
properties of AAV vectors, including capsid diversity, genome packaging constraints, and regulatory elements that govern
transgene expression and durability. We then compare major routes of administration—direct intracranial delivery,
cerebrospinal fluid (CSF)-mediated approaches, and systemic intravenous injection—highlighting their advantages and
limitations in achieving brain-wide versus region-specific transduction. In addition, we discuss key parameters affecting in
vivo performance, including dose, distribution, and tissue tropism. Special emphasis is placed on recent advances in capsid
engineering, including in vivo directed evolution, receptor-guided rational design, and cross-species validation strategies that
aim to bridge long-standing translational gaps between rodent models and nonhuman primates or humans. We next summarize
therapeutic progress across major CNS disorders, including neurodegenerative diseases such as Alzheimer’s disease and
Parkinson’s disease, as well as monogenic neurodevelopmental and lysosomal storage disorders exemplified by Rett
syndrome and mucopolysaccharidosis, together with emerging clinical insights from ongoing trials. In parallel, we describe
the integration of AAV delivery with genome editing modalities—particularly base and prime editing—which offer precise
and potentially safer alternatives to conventional gene replacement strategies, especially for diseases driven by defined genetic
variants. Finally, we outline key translational bottlenecks, including host immune responses, dose-dependent toxicity, limited
packaging capacity, and the need for improved cell-type specificity and regulatory control. We propose a framework for next-
generation CNS gene therapy centered on “human receptor-guided capsid design, multi-layered transcriptional regulation, and
precision genome editing”. Together with advances in scalable manufacturing, quality control, and regulatory standardization,
these developments are expected to improve safety, enhance delivery efficiency, and support more durable therapeutic
outcomes. This review provides an integrated perspective to guide future research and facilitate clinical translation of AAV-
based therapeutics for CNS disorders.

AAV-Based Gene Therapy for CNS Disorders: From Delivery Barriers to Precision Editing
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Tablel Comparison of AAV and other delivery
platforms for CNS disorders gene therapy
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sCAAVTER IR SN 1 2% Hifiar B s FH 3% 5 b B oAb
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Table 2 Comparison and development trends of
SSAAV and scAAV
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WA LW, i SGSH (N-sulfoglucosamine
sulfohydrolase) HISUMF1 (sulfatase modifying factor
1) 2P E HSSZ 75 REA R 1 OB 72 F . SGSH
(AR R 25 T BHS TE Ik 1 A5 ZER0 o i AR, AT 72
P 28 TR ST 240 L N B AR 2R, R B0 iR AR A
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3.4 RettEZSEBRRTHBEFIEHE

Rett ZEA1iE FHMECP23E K X35 8l D B i 2k 28 48
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4 FEEH— . JEICNSEHFEIAAVRETF ik
—FiEFE5EER

4.1 EREM#HFL S CREKEIETFE(CREATE)

CNSE [ A FE i 1% — ELZ 5 BBB 3%k ik .0
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20244, # ] ATfR1AYBI-hTFR17E“ ATFRC
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B VEIE BRI S AREL | Y (o5 B AP 2o bk
W L0204 PRk, T AE S /0N I 5 2 i 2 8 14
AAVZR G Cre RS, IMIRFEALMMEABR . ARk
fiff DRy ARG L T /N I S5 440 L A7 AR 1 A e S 1 s
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AU BESR TS METT K A Cre MR JE N 845 R4 5
JERIFHAAV-LNP R4 88 2 E R dE s ik R 40, 45
A LIRSS I ah i F sh R BUR N , A R0/
IS8 JE 40 M M L 2 S R DA B2 S
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PS5 s REE AL A7 Rt — P
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i, AH A BT 2 A i T L 81 S ARt
B S50 2 9%, s B L ) 2 47 02 A% 0
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5.2 HERNX 0

XFTPD MPS S8 , 5 X TR R A% A1 E 1 7 i v
JEE RIS [ S RO G R A R
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CLTEZ T AAVIG RAF ST A5 28 H (AAAV2-GAD |
AAV-AADC K MPS TIAZ 5 7E 51 ) , IS8 K 44341
AIATIERS 4048 R LT IR ST AR R AR, I X 4
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