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Introduction
Gene therapy, specifically utilizing Adeno-Associated Virus (AAV) vec-
tors, presents immense promise for treating central nervous system dis-
orders. Significant advancements in AAV vector design, delivery meth-
ods, and their application in preclinical and clinical settings for conditions
such as Parkinson’s, Alzheimer’s, and various rare genetic neurological dis-
eases are a current focus. Researchers are working to improve vector ef-
ficiency and specificity while addressing critical challenges related to im-
munogenicity and achieving widespread CNS distribution [1].

Neuroinflammation has become increasingly recognized as a critical driver
in a range of CNS pathologies, includingmajor neurodegenerative diseases,
stroke, and various psychiatric disorders. This recognition has spurred ex-
ploration into novel therapeutic strategies. These strategies often target
specific inflammatory pathways within the brain, focusing on modulating
microglia activation, aiming for specific inflammatory mediators, and em-
ploying broader immunomodulatory approaches to develop more effective
CNS drugs [2].

Delivering therapeutic agents effectively to the central nervous system re-
mains a significant hurdle, primarily due to the formidable presence of the
blood-brain barrier (BBB). Overcoming this barrier is essential for improv-
ing CNS drug efficacy. Recent detailed reviews highlight advanced strate-
gies to achieve this, including the chemical modification of drugs, receptor-
mediated transcytosis, the localized application of focused ultrasound, and
the innovative use of nanoparticle-based delivery systems [3].

Artificial Intelligence (AI) and machine learning technologies are actively
revolutionizing the field of CNS drug discovery. These powerful compu-
tational tools significantly accelerate crucial steps such as target identifica-
tion, optimize the hit-to-lead process, and enhance the prediction of drug-
like properties. Their application involves analyzing complex biological
data, designing novel compounds, and ultimately strengthening preclinical

studies, thereby expediting the development of new treatments for a variety
of neurological and psychiatric disorders [4].

Oligonucleotide therapeutics, a class encompassing antisense oligonu-
cleotides (ASOs) and small interfering RNAs (siRNAs), represent a rapidly
advancing area in drug development for neurological diseases. Progress
in these precision medicines involves understanding their intricate mecha-
nisms of action and confronting challenges related to their effective deliv-
ery and potential off-target effects. Their appeal lies in their potential to
target previously considered ’undruggable’ targets within the CNS [5].

Drug repurposing, a strategic approach focused on finding new therapeutic
uses for existing drugs, offers an accelerated pathway for developing CNS
treatments. This strategy benefits from leveraging compounds with already
established safety profiles. Updated reviews cover recent successes and
methodologies, detailing computational approaches, phenotypic screening,
and clinical trials that underscore the promise of this cost-effective strategy
across a spectrum of neurological and psychiatric conditions [6].

The inherent complexity of the CNS demands increasingly sophisticated
models for effective drug discovery. Researchers are evaluating advanced
in vitro models, such as human Induced Pluripotent Stem Cell (iPSC)-
derived neurons and intricate organoids. These are complemented by re-
fined in vivo models, including genetically engineered animal models, all
emphasizing their utility in better recapitulating human disease pathology
and significantly improving the translatability of preclinical findings to
clinical outcomes [7].

Clinical trials specifically for neurodegenerative diseases encounter dis-
tinct challenges. These often include heterogeneous patient populations,
the characteristically long progression of these diseases, and persistent dif-
ficulties in identifying appropriate biomarkers and clear endpoints. Innova-
tive trial designs, adaptive methodologies, and advanced strategies for pa-
tient stratification are actively being discussed and implemented to enhance
the efficiency and overall success rates of clinical development programs
for CNS disorders [8].

Non-coding RNAs (ncRNAs), a diverse group including microRNAs and
long non-coding RNAs, are understood to play crucial roles in both normal
CNS function and pathological states. This understanding has opened up
an emerging field of ncRNA-based therapeutics for neurological and psy-
chiatric disorders. The discussion centers on their mechanisms as potential
drug targets or direct therapeutic agents, alongside the challenges in devel-
oping stable, specific, and effectively deliverable ncRNA therapies [9].

Human brain organoids, which are three-dimensional cellular models
meticulously derived from pluripotent stem cells, are revolutionizing CNS
drug development. These models provide more physiologically relevant
platforms compared to traditional two-dimensional cultures. Their utility is
highlighted in modeling complex brain diseases, streamlining drug screen-
ing processes, and advancing personalized medicine, all while their current
limitations are actively being addressed to accelerate the discovery of new
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therapies [10].

Description
The therapeutic landscape for Central Nervous System (CNS) disorders is
undergoing a significant transformation with the emergence of novel treat-
ment modalities. Gene therapy, particularly employing Adeno-Associated
Virus (AAV) vectors, demonstrates considerable potential for conditions
like Parkinson’s and Alzheimer’s, focusing on enhanced vector efficiency
and targeted delivery [1]. Alongside this, oligonucleotide therapeutics,
including antisense oligonucleotides (ASOs) and small interfering RNAs
(siRNAs), are rapidly advancing as precision medicines capable of target-
ing previously ’undruggable’ pathways in the CNS [5]. An emerging area
involves non-coding RNAs (ncRNAs), such as microRNAs and long non-
coding RNAs, which are pivotal in CNS function and pathology. Research
now explores their potential as both drug targets and therapeutic agents,
despite challenges in stability and specific delivery [9].

Addressing fundamental physiological barriers and pathological processes
remains paramount. Neuroinflammation is increasingly recognized as a
crucial factor in various CNS pathologies, encompassing neurodegenera-
tive diseases, stroke, and psychiatric disorders. This understanding has led
to the development of novel therapeutic strategies aimed at modulating mi-
croglia activation and targeting specific inflammatory mediators to create
more effective CNS drugs [2]. Furthermore, the formidable blood-brain
barrier (BBB) continues to pose a major hurdle for delivering therapeu-
tic agents to the CNS. Advanced strategies are being developed to over-
come this, including chemical modification of drugs, receptor-mediated
transcytosis, focused ultrasound, and sophisticated nanoparticle-based de-
livery systems, all promising improved CNS drug efficacy [3].

Technological advancements are profoundly accelerating the drug discov-
ery pipeline. Artificial Intelligence (AI) and machine learning are revolu-
tionizing CNS drug discovery by speeding up target identification, optimiz-
ing hit-to-lead processes, and accurately predicting drug-like properties.
These computational tools are vital for analyzing complex biological data
and designing novel compounds, thereby enhancing preclinical studies for
neurological and psychiatric disorders [4]. Complementing this, drug re-
purposing offers an accelerated and cost-effective route for developing new
CNS treatments. By leveraging existing drugs with known safety profiles,
this strategy capitalizes on computational approaches, phenotypic screen-
ing, and ongoing clinical trials to bring therapies to patients faster [6].

Refinements in both preclinical modeling and clinical trial methodologies
are crucial for successful CNS drug development. The complexity of the
CNS demands sophisticated models to accurately recapitulate human dis-
ease pathology and improve the translatability of preclinical findings. This
includes advanced in vitro models like human Induced Pluripotent Stem
Cell (iPSC)-derived neurons and brain organoids, alongside refined in vivo
models such as genetically engineered animal models [7, 10]. These brain
organoids, in particular, provide more physiologically relevant platforms
for disease modeling, drug screening, and personalized medicine [10]. De-
spite these advances, clinical trials for neurodegenerative diseases still face
significant challenges, including patient heterogeneity, lengthy disease pro-
gression, and difficulties in identifying appropriate biomarkers. Therefore,
innovative trial designs, adaptive methodologies, and strategies for patient
stratification are actively being implemented to improve the efficiency and

success rates of these complex clinical development programs [8].

Conclusion
The field of Central Nervous System (CNS) drug discovery and therapy
is rapidly evolving, driven by significant innovations. Gene therapy, par-
ticularly using Adeno-Associated Virus (AAV) vectors, shows substantial
promise for neurological conditions like Parkinson’s and Alzheimer’s, with
ongoing efforts to improve vector efficiency and delivery while manag-
ing immunogenicity. Neuroinflammation is increasingly understood as a
core pathology in many CNS disorders, prompting the development of
new therapeutic strategies that target inflammatory pathways and modulate
microglia activation. A major persistent hurdle remains the blood-brain
barrier (BBB), which restricts drug delivery. Advanced methods are be-
ing explored to overcome this, including chemical modifications, receptor-
mediated transcytosis, focused ultrasound, and nanoparticle systems. Con-
currently, Artificial Intelligence (AI) and machine learning are transform-
ing early drug discovery by accelerating target identification, optimizing
lead compounds, and enhancing preclinical prediction for new treatments.
Precision medicine approaches are gaining traction, with oligonucleotide
therapeutics like antisense oligonucleotides (ASOs) and small interfering
RNAs (siRNAs) showing potential for targeting previously undruggable
CNS targets. Similarly, non-coding RNAs (ncRNAs) are emerging as both
drug targets and therapeutic agents for neurological and psychiatric dis-
orders, though challenges in stability and specific delivery persist. The
strategy of drug repurposing offers a cost-effective and accelerated path to
CNS treatments, leveraging existing compounds with known safety pro-
files, supported by computational approaches and phenotypic screening.
Effective drug discovery also relies on sophisticated models; human In-
duced Pluripotent Stem Cell (iPSC)-derived neurons, brain organoids, and
genetically engineered animal models are crucial for better recapitulating
human disease pathology. Finally, clinical development for neurodegener-
ative diseases faces unique challenges, including patient heterogeneity and
biomarker identification. Innovative trial designs and adaptive methodolo-
gies are being implemented to improve the efficiency and success rates of
these complex programs.
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