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Histone acetylation status is considered a potential diagnostic biomarker for depression, while inhibitors of histone
deacetylases (HDACSs) have garnered interest as novel therapeutics.
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| 1. Introduction

Depression is characterized by recurrent episodes of sadness and despondency (depressed mood) frequently
accompanied by anhedonia, loss of appetite, reduced concentration and energy, excessive guilt, and recurrent suicidal
ideation (L. Despite treatment, more than 50% of patients experience recurrent episodes and approximately 80% of those
with a history of two episodes experience another relapse [@. Both the incidence and prevalence of depression are
increasing, and depression is now a major global healthcare burden and cause of lost economic productivity . Current
treatment guidelines recommend modulators of monoaminergic transmission such as monoamine oxidase (MAO)
inhibitors and specific serotonin reuptake inhibitors (SSRIs) as first-line therapy based on the theory that depression
arises from abnormal monoaminergic transmission. However, despite the availability of many monoamine modulators,
approximately 50% of patients are unresponsive to these treatments 4.

Indeed, the clinical diagnosis and treatment of depression based on the Diagnostic and Statistical Manual of Mental
Disorders (DSM) or the wide-ranging International Statistical Classification of Diseases and Related Health Problems
(ICD) have focused on observable behaviors (signs) and self-reported feelings and thoughts (symptoms). Classifying
mental disorders according to clinical signs and symptoms has led to a limitation in reflecting the underlying
pathophysiology, and to heterogeneity within groups diagnosed with the same psychiatric disease . Thus, attempts have
emerged to suggest the novel classification of mental disorders that reflects biological mechanisms, such as Research
Domain Criteria (RDoC) and biological classification of mental disorders (BeCOME) study €4, Furthermore, many
studies have aimed to identify the pathomechanism of depression to overcome the limitations of other existing tools for its
diagnosis and treatment.

In addition to the well-known monoaminergic neurotransmitter dysfunction, altered hypothalamic-pituitary-adrenal (HPA)
axis activity, dysfunctional brain network activity, impaired neurotrophic factor signaling, and neuroinflammation have been
implicated in depression and studied for potential diagnostic biomarkers and therapeutic targets BRI Additionally,
changes in brain structure 12 gastrointestinal factors 13141 oxidative stress 2, and endocannabinoid system
components 28 have also been implicated in depression 4. In addition, correlation studies for the aforementioned
biomarkers such as inflammatory factors and brain structural changes also have been conducted in depression 1819
Family, twin, and adoption studies suggest that genetic factors account for 30—40% of the variance in depression risk 29,
but early genome-wide association studies (GWASs) failed to identify genetic variants strongly associated with
depression, suggesting that genetic susceptibility is mediated by heterogeneous combinations of risk alleles [22122][23],
However, recent GWASs have identified several genetic loci reproducibly associated with depression [241[25](26]27]28]

The remaining 60-70% of the variation in depression risk appears to be determined by environmental factors [29].
Environmental stressors such as physical, emotional, and sexual abuse, social rejection, and other early adverse
experiences and stressful life events such as the death of a loved one, illness, injury, disability, and functional decline are
demonstrated risk factors for depression BB |ndividual variations in susceptibility to such stimuli may be explained
in part by genetic factors. Indeed, a gene-environment interaction model positing that penetrant and complex genetic
predispositions interact with environmental factors to determine depression susceptibility is now widely accepted 22!,

In this gene-environmental interaction model, epigenetic mechanisms act as a bridge between genes and environmental
factors B4, Epigenetics refers to “heritable, but reversible, regulation of various genomic functions mediated principally
through changes in DNA methylation and chromatin structure” B3, Thus, epigenetic mechanisms are the processes by



which various types of cells within the same organism acquire unique transcriptional properties and functions during
development 8. This dynamic and reversible process also contributes to the transcriptional plasticity manifested by the
neurons and glia in the brain. Therefore, it is associated with learning and memory, age-related neurodegeneration,
cognitive and behavioral effects of early experiences, repeated drug exposure, chronic stress, prolonged changes in
nutritional status, and exposure to environmental toxins BZ. The functional analyses of DNA methylation quantitative trait
locus (meQTL) and non-coding RNA (ncRNA) in depression-associated single nucleotide polymorphisms (SNPs) revealed
that alterations in DNA methylation and ncRNAs interact with genetic factors in depression, which underscores the
importance of epigenetic regulation for depression 28!,

| 2. Histone Acetylation

Dynamic acetylation and deacetylation of histone lysine (Lys) residues control the packaging of genomic DNA, thereby
influencing DNA replication, transcription, DNA repair, and cell cycle progression 2. Histone acetyltransferase enzymes
(HATs) catalyze the transfer of acetyl groups from acetyl CoA to the e-amino groups of Lys residues within histones 2%,
while histone deacetylases (HDACs) remove these acetyl groups “1. Thus, the balance between HAT and HDAC
activities determines the net histone acetylation status of the genome. By dynamically modulating the interaction between
histones and DNA at the local level, histone acetylation regulates the accessibility of gene promoters to various binding
factors such as transcription factors. In addition, acetylation/deacetylation of non-histone proteins modulated by HATs and
HDACs also regulates diverse cellular functions 42,

| 3. Histone Deacetylase (HDAC) Families and Classes

Human HDACSs are traditionally divided into two families, the Zn%*-dependent amidohydrolases including class I, I, and IV
HDACSs and the NAD*-dependent class Il SIRT enzymes (Table 1). To date, 18 HDACs have been identified in humans
and are grouped by sequence homology and domain organization 3. Class | HDACs share structural homology with the
yeast transcriptional regulator Rpd3 and typically act as the catalytic subunit within a complex of cognate corepressors to
inhibit transcription in the cell nucleus 4, HDAC1 and 2 are present in NURD, Sin3, NODE, CoREST, and MiDAC
complexes, while HDAC3 is a component of SMRT and NCoR corepressor complexes 31481 |n contrast, HDACS8 can
function independently without forming a multiprotein complex 42,

Table 1. HDAC classification.

Class Protein (S. cerevisiae) Protein (Human) Subcellular Localization
Class | Rpd3 HDAC1 Nucleus
HDAC2 Nucleus
HDAC3 Nucleus
HDACS8 Nucleus
Class lla Hdal HDAC4 Nucleusi/cytoplasm
HDACS5 Nucleus/cytoplasm
HDAC7?7 Nucleus/cytoplasm
HDAC9 Nucleus/cytoplasm
Class lIb Hdal HDAC6 Cytoplasm
HDAC10 Cytoplasm
Class IV Hos3 HDAC11 Nucleus/cytoplasm
Class Il Sir2 SIRT1 Nucleus/cytoplasm
SIRT2 Nucleus/cytoplasm
SIRT3 Nucleus/mitochondria
SIRT4 Mitochondria
SIRTS Mitochondria

SIRT6 Nucleus



Class Protein (S. cerevisiae) Protein (Human) Subcellular Localization

SIRT7 Nucleus

Class Il HDACs are highly homologous to yeast Hdal and are subdivided into two groups 8. Class lla HDACs 4, 5, 7,
and 9 each have a single catalytic domain and a unique adaptor domain including a transcription factor MEF2-binding
motif 42, while class Ilb HDACs 6 and 10 contain two catalytic domains, a ubiquitin-binding zinc finger domain and a
leucine-rich repeat domain BYBLE2AGIIE |n contrast to class | HDACs, which are exclusively localized in the nucleus,
class Il enzymes can shuttle between the cytoplasm and nucleus in response to various regulatory cues 49,

HDAC11, a homolog of yeast Hos3, is the only member of Class IV 22, It is primarily expressed in the brain, skeletal
muscle, heart, testis, and kidney, suggesting specific functions in development, inflammation, metabolism (53],

Class Ill HDACs are homologous to yeast Sir2. Like other HDACs, Class Il members are involved in transcriptional
silencing but have a deoxyhypusine synthase-like NAD/FAD-binding domain clearly distinct from the catalytic domains of
other HDAC classes 28, Seven Sir2-like proteins (SIRT1-7), referred to as sirtuins, have been identified in humans 4.
These sirtuins possess additional domain(s) such as a mono-ADP-ribosyltransferase domain. SIRT1 has the strongest
histone deacetylase activity among sirtuins, while SIRT5 shows weak deacetylase activity but robust lysine desuccinylase
and demalonylase activities 581 These enzymes are differentially localized to the nucleus (SIRT1, 2, 3, 6, and 7),
cytoplasm (SIRT1 and 2), and mitochondria (SIRT3, 4, and 5) [43],
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