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Abstract of Thesis

Histone acetylation is a major epigenetic regulatory mechanism that broadly participates in the
control of gene expression and is closely associated with diverse pathological processes, including
cancer, inflammation, and neurological disorders. Among class I histone deacetylases, HDAC2
plays an important role in neuronal development and synaptic plasticity, serving as a key
regulator of neural function and emotional behavior. HDAC2 activity has been associated with
neuronal structural changes which lead to cognitive impairment and depression-like behaviors
(Figure 1). Although many HDAC inhibitors have been developed and some have advanced into
clinical stages, most existing compounds function as pan-HDAC inhibitors and lack isoform
selectivity, leading to non-specific epigenetic effects and safety concerns that limit their
suitability for long-term treatment of central nervous system disorders. Consequently, the
development of highly selective inhibitors targeting key isoforms such as HDAC2 has become an
important objective in epigenetic drug discovery.
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Figure 1. HDAC2 is involved in neurological disorders.

Our group previously reported a slow-binding HDAC2 inhibitor, KTT-1, which achieved effective
HDAC2 inhibition. However, in vivo studies revealed that KTT-1 suffers from insufficient blood—
brain barrier penetration, thereby limiting its pharmacological efficacy in the central nervous
system. To address this limitation, KTT-1 was used as a lead scaffold for systematic molecular
design to improve in vivo exposure and overall efficacy.

Based on established molecular design principles, heteroaromatic nitrogen atoms were
introduced into the aromatic ring of the lead compound KTT-1 to enable the potential formation
of intramolecular hydrogen bonding, with the aim of improving permeability and in vivo
exposure. Meanwhile, the cap group was simplified from an aryl sulfonyl moiety to more compact
heteroaromatic structures, which was expected to reduce polarity-related parameters in the cap
region and improve physicochemical properties, leading to the design of a series of optimized
compounds. Kinetic analyses demonstrated that a representative compound, compound 2, is a
slow-binding type A inhibitor with selectivity for HDAC2 over HDAC1 and exhibits improved
inhibitory potency toward HDAC2 compared with KTT-1. Meanwhile, compound 2 showed
improved solubility and in vivo exposure and exhibited enhanced blood-brain barrier
permeability relative to KTT-1. Accordingly, compound 2 was selected for further functional
evaluation in central nervous system-related studies. At the cellular level, compound 2
effectively increased histone acetylation levels, while significantly promoting neurite outgrowth
in N2a cells. In vivo studies showed that oral administration of compound 2 significantly




improved social avoidance and anhedonia-like behaviors in an smSDS mouse model and
increased neuronal dendritic spine density, without observable toxicity (Figure 2).
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Figure 2. Optimization and evaluation of compound 2.

Notably, in addition to its inhibitory activity, compound 2 exhibited the ability to selectively
induce HDAC2 protein degradation. Mechanistic studies indicated that this degradation process
primarily depends on the ubiquitin—proteasome system. Further analyses revealed that
compound 2 not only promotes HDAC2 degradation but also reduces the protein levels of LSD1
and CoREST within the associated CoOREST complex (Figure 3).
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Figure 3. Compound 2 induces UPS-dependent protein degradation.

In summary, this thesis successfully identified an inhibitor with HDAC2-selectivity and
favorable in vivo activity. In addition to catalytic inhibition, this molecule was found to induce
the degradation of HDAC2 and its associated complex, thereby exhibiting a mode of action
distinct from that of conventional HDAC inhibitors. The compounds developed in this study may
serve as chemical tools for investigating the roles of HDACZ2 and its associated complexes in
central nervous system function, and provide a reference for exploring epigenetic regulation
across multiple levels.
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