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Abnormal epigenetic modifications are involved in central nervous system (CNS)
diseases. Histones play a crucial role in chromatin structure and function,
whose post-translational modifications significantly impact gene expression and
chromatin dynamics. Histone acetylation, governed by the balance between
histone acetyltransferases (HATs) and histone deacetylases (HDACs), is one of
the key modulators of chromatin accessibility and transcriptional activity. Lysine
acetyltransferase 5 (KAT5, aka TIP60), a member of the MYST subfamily of
HATs, is involved in many cellular processes, including DNA repair, apoptosis,
and cell cycle control. Notably, the dysfunction of KAT5 has been implicated
in several CNS diseases. In this review, we explored the roles of KAT5 in
CNS pathophysiology, emphasizing its involvement in neurological disorders
and its potential as a therapeutic target. This review sheds light on the
epigenetic mechanisms in CNS diseases mediated by KAT5 and provides
valuable information for potential treatment strategies.
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1 Introduction

Central nervous system (CNS) diseases are increasingly recognized to involve
dysregulation of epigenetic modifications (Wey et al, 2016). The term “epigenetics”
was first introduced by Conrad Waddington to describe heritable changes in cell
phenotypes that are not related to alterations in the DNA sequence (Dawson and
Kouzarides, 2012). Histone modifications are one of the epigenetic mechanisms. Histones
are proteins that form the octameric core of eukaryotic nucleosomes, consisting
of two copies of each histone H2A, H2B, H3, and H4. DNA wraps around this
histone core to form nucleosome, the basic unit of chromatin (Mai et al., 2025).
Post-translational modifications of histones have significant impact on chromatin
structure, including methylation, acetylation, phosphorylation, ubiquitinylation, etc.
Histone acetylation occurs at the ¢ amino groups of evolutionarily conserved lysine
residues located at the N-termini. The stable acetylation levels of core histones result
from the balance between the activities of histone acetyltransferases (HATSs) and histone
deacetylases (Heard and Martienssen, 2014; HDACs) (de Ruijter et al., 2003). HATs
catalyze the transfer of an acyl moiety from acyl coenzyme A to lysine residues on
the N-terminal tails of the histones. HDACs function to catalyze removal of acetyl
groups from specific and conserved histone lysine residues, causing a compacted
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and transcriptionally repressive chromatin environment (Mai
et al, 2025). However, subsequent studies revealed that the
regulatory functions of HATs and HDACs are not restricted to
histones; these enzymes can also modify a wide range of non-
histone proteins. Therefore, some researchers have proposed that
HATs and HDAC:s should be renamed as lysine acetyltransferases
(KATs) and lysine deacetylases (KDACs), respectively, to more
accurately reflect their broader substrate specificity and biological
functions.
Based on sequence similarity, substrate preference,
KATs can be classified

several distinct families (Mihaylova and Shaw, 2013). Lysine

and functional characteristics, into

acetyltransferase 5 (Kat5) is one of the most representative proteins
in the MYST subfamily of HATs (Mai et al, 2025). The gene
encoding KATS5 is located at 11q13.1 and consists of 14 exons.
It plays a role in various cellular processes, including cellular
signaling, DNA damage repair, cell cycle and checkpoint control,
and apoptosis (Sapountzi et al, 2006). Previous studies have
shown that the HAT activity of KAT5 plays a crucial role in
controlling the neuronal-specific gene expression profile and the
function of the central nervous system (CNS) (Lorbeck et al.,
2011). Therefore, it is essential to discuss the role of KAT5 in CNS
diseases.

In this review, we focused on a detailed examination of
KATS5 as an epigenetic regulator within the CNS. We summarized
its pathological involvement in neurological diseases (Table 1).
A better understanding of KAT5 and its diverse roles in
CNS diseases will provide valuable insights for developing
therapies targeting histone acetylation in the treatment of CNS
disorders (Scheme 1).

Abbreviations: CNS, Central nervous system; HATs, histone
acetyltransferases; HDACs, histone  deacetylases; Kat5,  Lysine
acetyltransferase 5; AD, Alzheimer's disease; PD, Parkinson's disease;
HD, Huntington's disease; ALS, Amyotrophic lateral sclerosis; SCA,
Spinocerebellar ataxia; GBM, Glioblastoma; SAH, Subarachnoid hemorrhage;
IS, Ischemic stroke; CRS, Chronic restraint stress; SD, Sprague—Dawley (rat
strain); NSG, NOD scid gamma (immunodeficient mouse strain); GSCs,
Glioma stem cells; LECs, Lymphatic endothelial cells; APP, Amyloid
precursor protein; AICD, Amyloid precursor protein intracellular domain;
FE65, Amyloid beta precursor protein-binding family B member 1 (adaptor
protein); NICD, Notch intracellular domain; BEST1, Bestrophin-1; GADD45G,
Growth arrest and DNA damage-inducible protein 45 gamma; HDAC2,
Histone deacetylase 2; H4K12ac, Histone H4 acetylation at lysine 12;
H4K16ac, Histone H4 acetylation at lysine 16; ATXN1, Ataxin-1; RORa,
Retinoic acid receptor-related orphan receptor alpha; AXH, Ataxin-1/HBP1
domain; CCL21, C-C motif chemokine ligand 21; CCR7, C-C chemokine
receptor type 7; HMGCS1, 3-hydroxy-3-methylglutaryl-CoA synthase 1; E2F,
E2F transcription factor; MYC, MYC proto-oncogene; PPARy, Peroxisome
proliferator-activated receptor gamma; GalR1, Galanin receptor 1; ERK,
Extracellular signal-regulated kinase; H4K16ac, Histone H4 acetylation at
lysine 16; ATXN1, Ataxin-1; RORa, Retinoic acid receptor-related orphan
receptor alpha; AXH, Ataxin-1/HBP1 domain; CCL21, C-C motif chemokine
ligand 21; CCR7, C-C chemokine receptor type 7; HMGCSI1, 3-hydroxy-
3-methylglutaryl-CoA synthase 1; E2F, E2F transcription factor; MYC,
MYC proto-oncogene; PPARy, Peroxisome proliferator-activated receptor
gamma; GalR1l, Galanin receptor 1; ERK, Extracellular signal-regulated
kinase; GSK-3B, Glycogen synthase kinase-3 beta; TUNEL, Terminal
deoxynucleotidyl transferase dUTP nick end labeling; Bax, BCL2-associated
X protein; Bcl-2, B-cell lymphoma 2; STAT6, Signal transducer and activator
of transcription 6; IL-6, Interleukin-6; IL-10, Interleukin-10; HDAC4, Histone
deacetylase 4; LHX9, LIM homeobox 9; KIRRELZ, Kirre-like nephrin family
adhesion molecule 3; PER1, Period circadian regulator 1; Scrtl, Scratch
family transcriptional repressor 1; Geg, Glucagon; tMCAO, Transient middle
cerebral artery occlusion; Htt128Q, Mutant huntingtin with 128 glutamine
repeats; Vap-33-1, Vesicle-associated membrane protein-associated
protein 33-1; ATXN1[82Q], Mutant ataxin-1 with 82 glutamine repeats.
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2 Major functions and basic
construct of KATS5

KATS5 is a multi-domain protein, comprising an N-terminal
chromodomain, a C-terminal MYST acetyltransferase domain, and
a C-terminal nuclear receptor interaction box (NR-box). Among
these, the MYST domain constitutes the core functional region
of TIP60, containing two key sub-structures: the conserved HAT
domain, which binds acetyl-CoA and substrates, and the Cys-Cys-
His-Cys zinc finger, which is critically essential for acetyltransferase
activity (Sapountzi et al., 2006). The major protein partners of
KAT5 can be generally categorized into two classes. The first
class comprises substrate proteins that are directly acetylated by
KATS5, including PC4 (positive coactivator 4) (Shi et al., 2024),
cGAS (cyclic GMP-AMP synthase) (Song et al., 2020), and histones
(e.g., H4 and H2AX). The second class consists of proteins that
either form functional complexes with KAT5 or engage in direct
physical interactions with it, including PARP1 [poly(ADP-ribose)
polymerase 1], the NUA4 complex, transcription factors (e.g.,
c-Myc and E2F) (Mihalas et al,, 2025), and KCC3 (potassium-
chloride cotransporter 3) (Hishikawa et al., 2021).

3 KATS5 in disorders of the CNS

3.1 Neurodegenerative diseases

Neurodegenerative diseases (NDs) are a heterogeneous group
of disorders characterized by the progressive death of neurons
in the brain and/or spinal cord. NDs differ in the molecular
pathways underlying the disease and subsequent clinical symptoms,
depending on the particular subset of neurons and/or the areas
of the nervous system most severely damaged. Despite the
broad molecular and phenotypic diversity exhibited by NDs, they
share some common features, such as mitochondrial dysfunction,
dysregulation of similar molecular/cellular pathways, protein
misfolding and aggregation, and the loss of chromatin dynamics
(Przedborski et al., 2003).

3.1.1 Alzheimer's disease (AD)

Alzheimer’s disease (AD) refers to the onset and course of
cognitive and functional decline associated with age together
with a particular neuropathology (Soria Lopez et al., 2019). In
human postmortem AD hippocampal tissues and an AD-associated
amyloid precursor protein (APP) neurodegenerative Drosophila
model, KAT5 protein levels were reduced, leading to decreased
KAT5-mediated acetylation at histone marks and concomitant
repression of key neuroplasticity genes. Elevating KAT5 levels can
ameliorate this condition. Furthermore, it is sufficient to prevent
multiple neural processes impaired in the early stages of AD,
including axonal outgrowth/transport, learning/memory, circadian
rhythm, synaptic plasticity, locomotor function, and apoptosis-
driven neurodegeneration. Collectively, these studies indicate that
KATS5 plays an overall neuroprotective role across multiple neural
cognitive circuits impaired in AD (Bhatnagar et al., 2025).

KATS5 regulates AD through multiple mechanisms. Familial AD
is associated with mutations in the APP gene. If APP is cleaved,
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TABLE 1 KATS5 expression and functional mechanisms in central nervous system diseases.

Disease

KAT5 expression

(experimental
model)

Key molecular
mechanism

Functional/phenotypic
outcome

References

Disease

KATS expression

GO-like states, invasiveness,

Key molecular
mechanism

probability]

Functional/phenotypic
outcome

Neurodegenerative diseases AD Postmortem AD 4 APP (AICD)-FE65-KATS5; Transcriptional dysregulation and (Bhatnagar et al., 2025; Kolbe et al.,
hippocampal tissues in KAT5— AICD/AFT-Notch cognitive impairment 2016; Li and Rasmussen, 2020; Mai
humans and Drosophila (NICD); KAT5—BEST1 and etal., 2025)
mushroom body GADD45G
PD Drosophila (a-synuclein 4 Tip60/HDAC2— futsch, dsh, Abnormal synaptic morphology, (Beaver et al., 2020)
A30P) sh, dlg| (H4K12ac and motor disorders, and short-term
H4K16ac) memory deficits
HD Drosophila (Htt128Q) 1
ALS Drosophila (Vap-33-1) 1
SCA Mouse [ATXN1(82Q)] 1 KAT5-ATXN1 (amino acids Molecular layer (postnatal week 2| |, (Tejwani and Lim, 2020; Serra et al.,
425-547)—RORa postnatal week 16,) 2006)
[ATXN1(82Q) x Tip60*/~] 4 KAT5-ATXN1 (AXH, a Molecular layer | (Tip60+/2 was no (Gehrking et al., 2011)
phospho-mimicking Asp at longer protective at 20 weeks), rotarod
776) — RORa deficit and Purkinje cell atrophy
Brain tumor GBM NSG Mouse (GSCs, LECs) 1 CCL21-CCR7—KATS5- Accelerated tumor growth (Zhao et al., 2024)
HMGCS1— cholesterol
synthesis—tumor growth
NSG mouse (GSCs) 4 KAT5 80% of cells in three cycling cell (Mihalas et al., 2025)
knockdown— E2F/MYC|, clusters, tumor volume?, survival

References

M1—M2,1L-6J, IL-101

Depression C57B/6] mouse (CRS) N CRS—KAT5] — depression, Immobility timet (Jietal, 2022)
over-expression KAT5— short-term spatial memory
PPARy?t Latency| frequency and permanence

time to (in) the darkroom,
Cerebrovascular disease SAH SD rat (endovascular 1 GalR11t—ERKt — Neuronal apoptosis and degeneration; (Shi et al., 2021)
perforation) GSK-381— TIP60; modified Garcia score
TUNEL/;Bax/, Bcl-24
1S SD rat (tMCAOQO) 1 KATS5 knockdown— STAT6 Infarct volume?; disorganized (Lietal., 2025)

acetylation |, neurons and disordered cytoplasm,
phosphorylation 1 and neurofibrils |,

Neurodevelopmental disorders

K562 cells in human

Heterozygous de novo

Histone H4 tail acetylation |,

Sleep disturbance, cerebellar atrophy,

(Humbert et al., 2020)

(p.Arg53His, p.Cys369Ser, missense variant HDAC41 and facial dysmorphisms

p-Ser413Ala) LHX9 and KIRREL3
PER11

Tip60"/F; Nes-Cre+ mouse 4 Scrtl] Microcephaly, poor neurosphere (Tominaga et al., 2023)
Geg? formation, proliferation defects,

neural differentiation defects, and
accelerated astrocytic differentiation
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the APP intracellular domain (AICD) formed interacts with FE65
and KAT5 to form the AFT complex. The abnormal formation
and recruitment of the AFT complex may lead to the onset of
AD by disrupting neuronal target genes. KAT5 can also cross-
regulate the balance between AICD/AFT and Notch intracellular
domain (NICD) signaling; Any imbalance in this process can
cause disruptions in neuronal gene expression programs. In
conclusion, the downregulation of KAT5 disrupts the HAT/HDAC
balance, leading to transcriptional dysregulation, which is a key
early step in the pathogenesis of AD (Li and Rasmussen, 2020;
Mai et al, 2025). Furthermore, in an AD Drosophila model,
Kat5 overexpression promotes neuronal survival by activating
pro-survival genes and repressing pro-apoptotic factors. It also
restores axonal growth and transportation in circadian neurons

Frontiers in Molecular Neuroscience

which are impaired by APP overexpression, and rescues the
related behavioral phenotypes such as sleep and locomotion. KAT5
aggregates in the AD brain and participates in the nuclear sphere
formation through interaction with APP and FE65. The nuclear
sphere is related to DNA repair, gene expression and cell cycle
abnormalities (Kolbe et al., 2016). It can be negatively regulated by
APP T668 phosphorylation but enhanced by KAT5. KAT5 works
synergistically with FE65 to regulate nuclear sphere-dependent
gene expression and may participate in the pathological process
of AD by affecting genes such as BEST1 and GADD45G (Loosse
et al.,, 2016). Taken together, KAT5 is a key HAT in the DNA
damage response, regulating chromatin relaxation and repair gene
expression. As DNA damage is considered an early event in AD,
KAT5 may participate in neuronal death or survival decisions
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through epigenetic mechanisms. KAT5 exerts neuroprotective
effects in AD by regulating AICD-mediated gene expression, DNA
damage response, and microtubule acetylation. Enhancing KAT5
activity may become a novel epigenetic therapeutic strategy.

Xu et al. (2014) found Kat5 is constitutively expressed
in the adult Drosophila mushroom body (MB). Loss of Kat5
activity leads to abnormal MB axonal development and impaired
immediate recall memory, while overexpression results in no
morphological abnormalities. Chromatin immunoprecipitation
sequencing (ChIP-seq) revealed that Kat5 targeted genes are
enriched in functional pathways related to cognition, and these
key genes are abnormally expressed in mutants. Importantly,
APP-induced learning and memory deficits can be significantly
ameliorated by increasing Kat5 levels in the MB. This study
reveals that KAT5 influences cognitive function through epigenetic
transcriptional regulation and highlights the potential of targeted
HAT activators for treating cognitive impairment associated with
neurodegenerative diseases (Xu et al., 2014).

Another model of preclinical mild cognitive impairment (MCI)
in AD revealed that disruption of neuronal acetylation homeostasis
in the brain by loss of KAT5 HAT activity and increased
HDAC2 activity can alter KAT5 HAT/HDAC2 balance which
leads to inappropriate recruitment of HDAC2 to neuroplasticity
genes, resulting in their repression (Bhatnagar et al, 2025;
Panikker et al., 2018). Therefore, increasing KAT5 in AD brains
restores HAT/HDAC2 balance, which maintains neuroplasticity
gene expression, brain morphology, and cognition.

3.1.2 Parkinson's disease (PD), Huntington's
disease (HD), and amyotrophic lateral sclerosis
(ALS)
Previous studies have shown that histone acetylation
dysregulation contributes to age-related cognitive impairment
and age-associated NDs, including Parkinson’s disease (PD),
Huntington’s Disease (HD) and Amyotrophic Lateral Sclerosis
(ALS). However, studies examining the relationship between HATs
and these three NDs remain limited. PD is characterized by the
degeneration and loss of dopaminergic neurons, primarily in the
substantia nigra pars compacta within the ventral midbrain. HD
is a fatal, progressive neurodegenerative disorder caused by an
expanded CAG repeat in the huntingtin gene. ALS is referred to as
a fatal ND disease caused by the degeneration of motor neurons
in the cerebral cortex, brainstem, and spinal cord, resulting in
generalized weakness, muscle atrophy, and paralysis. Beaver et al.
(2020) first observed in the early stages of various Drosophila
neurodegenerative disease models (i.e., PD, HD, and ALS) that
the balance between Kat5 HAT and HDAC2 was disrupted,
accompanied by the epigenetic repression of common Kat5 target
genes involved in synaptic plasticity, a phenomenon reminiscent
of that seen in AD. Genes such as Shaker (Sh), Futsch, Disc
large (Dlg), and Dishevelled (Dsh) were directly regulated by
Kat5, and their expression was suppressed in the early stages of
APP-mediated neurodegenerative pathology. This suppression
could be reversed by increasing Kat5 levels in the brain. Notably,
Futsch and Dsh were downregulated in all three ND models,
while Sh and DIg showed specific downregulation in HD and PD
models, respectively. Additionally, pronounced morphological
changes were observed in ALS and PD models. Though no
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significant changes were noted in the HD model. Still, functional
abnormalities may exist. Moreover, increasing the levels of Kat5 in
the MB region of the Drosophila larval brain was able to restore
early motor defects in all three NDs, but it only partially recovered
short-term memory deficits in the PD model, with limited effects
on the HD and ALS models (Beaver et al., 2020; Mai et al., 2025).

3.1.3 Spinocerebellar ataxia (SCA)

Ataxia represents a disordered clinical syndrome and is
also used to refer to a group of specific neurodegenerative
diseases. Spinal cerebellar ataxia (SCA) is one of the genetically
heterogeneous autosomal dominant progressive disorders. Its
clinical features include loss of balance and coordination,
accompanied by speech impairment. SCA is heterogeneous and
currently tends to be classified based on the chronological order
of the discovery of the pathogenic gene or locus. Each subtype
is named SCAn (Gehrking et al., 2011; Klockgether et al., 2019;
Matilla-Duenas et al., 2014).

One of the key domains of the ataxin-1 protein, the ataxin-
1/HBP-1 (AXH) domain, mediates its normal function and
pathogenic behavior in SCA type 1. In Purkinje cells of SCA1
transgenic mouse models, Kat5 was found to directly bind to
the AXH domain of the mutant ATXNI, resulting in the loss
of normal transcriptional activation function of Kat5 as a co-
activator, decreased expression of retinoic acid-related receptor
alpha (RORa), and dysfunction of Purkinje cells. A partial
reduction of Kat5 can delay the progression of the disease at certain
stages, but the long-term effect may disappear or even reverse
(Gehrking et al., 2011; Serra et al., 2006; Tejwani and Lim, 2020).

3.2 Brain tumor

KATS5 plays multiple roles in cancer, influencing key functions
such as DNA repair and transcriptional regulation through direct
or indirect protein interactions. However, the role of KAT5 varies
depending on the cancer type, where it can act either as a
tumor suppressor or as an oncogene (Judes et al., 2015). KAT5
enhances the transcriptional activity of NF-kB (Nesbit et al., 1999),
stabilizes c-Myc protein (Gerritsen et al., 1997), and promotes the
progression of various cancers. KAT5 acetylates and activates the
androgen receptor (AR), facilitating the onset of prostate cancer
(Coffey et al, 2012). In colorectal cancer cells, knockdown of
BRDS, a functional auxiliary subunit of the p400/Tip60 complex,
leads to reduced H4K16 acetylation activity of KAT5/TIP60,
resulting in DNA repair defects and p53-dependent apoptosis
(Lashgari et al., 2018). On the other hand, KAT5 recruits histone
deacetylases to inhibit the transcriptional activity of c-Myb and
downregulates STAT3 expression (Judes et al., 2015). Additionally,
KATS5 acetylates the K120 site of p53, inducing apoptosis (Xu et al.,
2009). KAT5 also acetylates and regulates the balance between
BRCAL1 and 53BP1, influencing the development of breast cancer
(Tarsounas and Sung, 2020).

In brain cancer, glioblastoma (GBM) is the most aggressive
form (Tirpe et al., 2023). Histopathological studies reveal that
certain cells within the GBM tumor are in a transient or prolonged
quiescent state (GO-like states). The cell cycle may be linked to the
cellular diversity of GBM and its resistance to chemoradiotherapy.
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KATS5 has been identified as a key regulatory factor in the transition
to GO-like states in GBM. KAT5 activity inhibits the emergence
of quiescent subpopulations, which possess characteristics of
neurodevelopmental progenitor cells. Furthermore, KATS5, in
conjunction with protein translation, regulates the E2F and MYC
transcriptional networks, promoting the self-renewal of GBM
stem-like cells (GSCs). In contrast, inhibition of KAT5 causes
GSCs and GSC-derived tumor cells to transition into GO-like
states, characterized by neurodevelopmental features. In animal
models, reduced KAT5 activity significantly suppresses tumor
growth, decreases cell proliferation, and exhibits a synergistic
effect when combined with standard therapies (temozolomide ++
radiotherapy), significantly extending the survival of mice. Analysis
of primary glioma samples shows a significant positive correlation
between KAT5 activity and protein translation rate in tumor
cells. High-grade gliomas exhibit significantly higher KAT5 activity
and protein translation rates compared to low-grade gliomas
(Mihalas et al., 2025).

In addition, KAT5 may exert its oncogenic function through
the regulation of cholesterol metabolism. Zhao et al. (2024)
demonstrated that lymphatic endothelial-like cells (LECs)
identified in the GBM parenchyma secrete CCL21, which
triggers widespread acetylation changes in GSCs. Among these
modifications, acetylation at lysine 273 (K273) of HMGCSI,
a key enzyme in the cholesterol biosynthesis pathway, was
upregulated. By knocking out currently known acetyltransferases
in GSCs, they showed that KAT5 deletion most effectively reduced
HMGCS1 K273 acetylation, thereby suppressing GSC proliferation
(Zhao et al., 2024).

3.3 Depression

Depression is one of the most prevalent, diverse, and complex
psychiatric syndromes worldwide. The definition of the depressive
syndrome includes symptoms of sadness or depressed mood
and/or diminished interest in daily activities, accompanied by
other psychological symptoms, including difficulty concentrating,
feelings of hopelessness or expressed guilt, and thoughts of death or
suicide. Additionally, Patients may experience somatic symptoms
such as fatigue, changes in sleep and appetite, psychomotor
retardation, or agitation (Simon et al., 2024). Epigenetics plays a
crucial role in the pathophysiology of depression. For example,
in major depressive disorder, chromatin condensation leads to
reduced accessibility of transcription factors to their binding sites,
which may impair the effectiveness of antidepressants. In such
cases, the combined use of antidepressants and HDAC inhibitors
may help treat patients with treatment-resistant major depression
(Fuchikami et al., 2016; Penney and Tsai, 2014).

The chronic restraint stress model can induce cognitive
impairments and depressive-like behaviors. Wang et al
(2022) injected KAT5 overexpression lentiviral vector into
the hippocampus of mice before the chronic restraint stress
(CRS) experiment and found that KAT5 could ameliorate CRS-
induced damage to long-term potentiation, dendritic spine density
loss, and the decrease in synaptic proteins. Additionally, KAT5
was validated as a specific coactivator of PPARy. Peroxisome
proliferator-activated receptor (PPAR), a regulator of energy

metabolism, is considered a potential therapeutic target for
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depression (Wang et al, 2022). They discovered that PPARy
antagonists significantly weakened the protective effect of KAT5
overexpression in CRS mice, indicating that the antidepressant
efficacy of KAT5 is dependent on PPARY activity (Ji et al., 2022).

3.4 Cerebrovascular disease

Cerebrovascular disease (CeVD) is defined as a range of
diseases that lead to cerebral ischemia or hemorrhage. This
category includes stroke, carotid vertebral or intracranial stenosis,
aneurysms, and vascular malformations (Osorio et al., 2022). Stroke
is commonly classified into ischemic stroke(IS) and hemorrhagic
stroke. Subarachnoid hemorrhage (SAH), a subtype of hemorrhagic
stroke, refers to a series of syndromes caused by the rupture
of intracranial aneurysms, leading to the influx of blood into
the subarachnoid space (Li and Chen, 2023). Shi et al. (2021)
found that 24 h after SAH, the levels of phosphorylated KAT5
were significantly elevated. Through the GalR1/ERK/GSK-3p
pathway, the activity of KAT5 was inhibited, thereby blocking
the p53-mediated neuronal apoptosis program (Shi et al., 2021).
Neuroinflammation leads to secondary brain injury. Microglial
cells in IS, which exhibit pro-inflammatory (M1) and anti-
inflammatory (M2) phenotypes during this process, play a critical
role in neuroinflammation. Li et al. (2025) discovered that during
early IS, KAT5 can acetylate and inhibit the activity of the key
transcription factor signal transducer and activator of transcription
6 (STAT6), thereby promoting M2 polarization (Li et al., 2025).

3.5 Neurodevelopmental disorders

Neurodevelopmental disorders (NDDs) encompass a range of
conditions that affect brain function and development, including
autism, attention deficit hyperactivity disorder, dyslexia, and other
cognitive impairments, affecting millions of children worldwide
(Grandjean and Landrigan, 2014; Yiliyaer et al, 2025). Brain
development is strictly regulated by epigenetic factors, and
variations in genes associated with lysine acetyltransferases, such as
KATS5, KAT6A, and KAT6B (Mousavi and Yang, 2025; You et al.,
2015) have been found in individuals with NDDs characterized
by intellectual disabilities and malformations. Humbert et al.
(2020) reported three cases of neurodevelopmental delay, cerebellar
atrophy, epilepsy, and intellectual disability caused by dominant
missense mutations in the KAT5 gene. These missense mutations
severely impair the histone acetyltransferase activity of the KAT5
protein, particularly its ability to acetylate histone H4. Furthermore,
they observed downregulation of neurodevelopmental genes such
as LHX9 and KIRRELS3 in patient fibroblasts (Humbert et al., 2020).

Tominaga et al. (2023) established a neural stem cell-specific
Kat5F/F; Nes-Cre* (Kat5 cKO) mice model. Postnatally, Kat5 cKO
mice exhibited brachycephaly and microcephaly, with significant
cortical thinning. They further discovered a substantial reduction
in proliferating cells in the embryonic brains of KAT5 cKO mice,
with cell cycle arrest occurring in the M phase. Additionally,
neural stem/progenitor cells prematurely switched from generating
neurons to producing astrocytes, and the distribution of neuronal
migration markers was severely disrupted (Tominaga et al., 2023).
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4 Limitations and future
perspectives

Although KATS5 has gradually emerged as a promising
therapeutic target in central nervous system (CNS) disorders and
other diseases, its clinical translation still faces several critical
challenges. KATS5 is broadly expressed across various human tissues
and cell types, with relatively high expression levels in the brain,
suggesting its important role in neurological functions. KAT5
regulates the transcription of genes essential for cognitive function
and neuronal survival, particularly in the hippocampal CA1 region,
thereby contributing to the maintenance of neuronal homeostasis.

However, due to the complexity and diversity of KAT5
translating KAT5-targeted
strategies into clinical applications remains challenging. First,

biological functions, therapeutic
KATS5 interacts with multiple substrates, and it has been reported
to associate with at least 20 interacting proteins. These diverse
molecular interactions may determine its substrate specificity,
regulatory mechanisms, and cellular functions, leading to
distinct biological outcomes depending on the cellular and
physiological context. Second, given the broad involvement of
KATS5 in transcriptional regulatory networks, global modulation
of chromatin acetylation may induce unintended epigenetic
alterations and potential toxicity. Therefore, the development
of selective KAT5 activators or inhibitors remains technically
challenging, and a universal therapeutic strategy may not
be applicable across all disease contexts. Future therapeutic
approaches should focus on precise regulation of KAT5 based
on disease type, tissue origin, and cellular state to achieve more
effective and safer clinical applications.

Furthermore, the MYST acetyltransferase domain of KAT5
is highly conserved between Drosophila and humans, exhibiting
approximately 89% amino acid sequence similarity and a root-
mean-square deviation (RMSD) of < 1 A between their three-
dimensional structural models. This high degree of conservation
provides an important foundation for using model organisms
to investigate KAT5 functions. However, future studies should
increasingly incorporate mammalian models to further evaluate the
therapeutic efficacy, pharmacological properties, and translational
potential of KAT5-targeting interventions.

Additionally, the histone acetyltransferase activity of KATS5 is
jointly regulated by acetylation and ubiquitination. Acetylation
enhances its activity, while ubiquitination reduces its activity and
promotes its degradation. As both modifications target lysine
residues, the interaction between acetylation and ubiquitination
warrants further investigation. CNS diseases encompass a wide
variety, with complex etiologies. In addition to the diseases
mentioned in this paper, numerous studies have demonstrated that
abnormal expression of HDACs is associated with CNS disorders
such as schizophrenia (Sharma et al, 2008), Rett syndrome
(Castro et al., 2013), substance abuse (Ajonijebu et al., 2017),
and posttraumatic stress disorder (PTSD) (Bahari-Javan et al.,
2012). These findings collectively highlight the critical role of
histone acetylation homeostasis in maintaining CNS function.
Therefore, precise regulation of KAT5, a key HAT, may offer
new combination therapeutic strategies for treating these complex
neurological disorders in the future.
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5 Conclusion

KAT5 emerges as a critical epigenetic regulator in the
CNS, with its involvement in the pathogenesis of various
neurodegenerative diseases becoming increasingly evident.
It regulates the transcription of genes essential for cognitive
functions and neuronal viability, particularly in the hippocampal
CA1l region. The pathological roles of KAT5 in diseases such
as AD and depression highlight its potential as a therapeutic
target for restoring normal epigenetic regulation. Future
research should focus on unraveling the precise molecular
mechanisms by which KAT5 modulates chromatin dynamics
in the nervous system and developing targeted therapies
that could mitigate or reverse the effects of its dysfunction.
Better understanding of KATS5’s

the epigenetic regulation of CNS diseases will pave the

intricate involvement in
way for innovative and precise approaches to treat these
debilitating conditions.
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