
  

 

Histone Deacetylase 3 Protein: towards a 
unified structural-functional approach  

Leyla M. Sánchez-Palancar 

Abstract— The inhibition procedure of histone deacetylase 3 (HDAC3) has been intensively studied because of the important 
roles that this protein plays in the regulation of gene expression, epigenetic repression, transcription, replication, recombination, 
and repair. HDAC3 is required for the proper balance of acetylation/deacetylation dynamics of genes, and it is involved in cell 
growth and the apoptotic process of all cell types via the regulation of pro-apoptotic genes. The overexpression of HDAC3 
protein might lead to uncontrolled cell proliferation and inhibition of both differentiation and apoptosis. Therefore, downregulating 
HDAC3 seems to be critical for the treatment of a wide range of diseases, with special emphasis on cancer. In the present work, 
the main structural-functional characteristics of HDAC3 are exhaustively described. A first feature set consisted of the nucleotide 
sequence and from the primary to the quaternary structures of HDAC3. The knowledge of the conformations and coupling of 
this protein in different complexes determines the functionality of HDAC3. Therefore, a second feature set was defined to 
elucidate the interactions, ligands, homologies, and functions of HDAC3. Summarizing most of the characteristics of HDAC3 
into a single structural-functional approach, including histone deacetylase inhibitors (HDIs) to regulate its overexpression as a 
possible practical application, is the key contribution of this review. 
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1. INTRODUCTION
istone deacetylases (HDACs) are part of an extensive 
family of enzymes that have crucial roles in numerous 
biological processes, largely through their repressive 

influence on transcription, cell differentiation, apoptosis, 
and survival. Transcriptional control occurs through regu-
lators that bind specific DNA sequences, leading to the 
histone acetylation/deacetylation modifications in chro-
matin structure. The state of amino acid residues within 
histone tails is the main factor influencing chromatin 
structure. Histone tails serve as targets for a variety of 
reversible post-translational modifications that modulate 
nucleosome structure and gene transcription, both posi-
tively and negatively. Acetylation and deacetylation, which 
are the most widespread modifications of histones, pro-
vide a mechanism for coupling extracellular signals with 
the genome [1]. 

The HDAC superfamily is wide and ancient, dating back 
to prokaryotes. This superfamily is divided into four fami-
lies (class I, IIa, IIb and IV), classified by their differences in 
structure, enzymatic function, subcellular localization, and 
expression patterns. Additionally, mammalian genomes 
encode another group referred to as class III HDACs or 
sirtuins. Class I HDAC family involves zinc-dependent en-
zymes and consists of HDAC1, 2, 3 (or RPD3), and 8. These 
enzymes possess the conserved deacetylase domain. 
Class I HDACs are widely expressed in organisms, whereas 
HDACs of other classes are tissue-specific [1]. 

From the structural point of view, HDAC3 protein is 428 
amino acids long. Although other class I HDACs are found 
mainly in the nucleus of the different cells, HDAC3 is lo-
cated in both the nucleus, the cytoplasm as well as at the 

plasma membrane. The HDAC3 gene in humans is located 
in chromosome 5 [2]. The main function of HDAC3 resides 
in its catalytic activity, in which HDAC3 removes acetyl 
groups from N(6)-acetyl-lysine residues on a histone, re-
sulting in chromatin condensation. HDAC3 is overex-
pressed in some tumors including leukemia, colon cancer, 
lung, and maxillary carcinoma, among others. Thus, inhibi-
tors precisely targeting HDAC3 could be therapeutic drug 
options [3]. In the present study, the most important 
structural-functional characteristics of HDAC3 are re-
viewed and exhaustively described, paying special atten-
tion to HDAC3’s nucleotide sequence, its structures from 
primary to quaternary, the main interactions with other 
proteins, the different types of ligands, its homologies 
with other proteins in different organisms, and its most 
relevant functions. 

2. RESULTS 
2.1. Nucleotide Sequence 
The HDAC3 gene is located in chromosome 5 (location 
5q31.3) of Homo Sapiens and the mRNA transcribed from 
it is between 1920 [4] and 1934 nucleotides long (different 
untranslated region length according to different sources, 
so the 3’ end is filled with adenine) [5], [6]. However, the 
coding region is constant and consists of 1287 nucleo-
tides (from 23 to 1309 with 1920 nucleotides), (see Fig. 1). 

The HDAC3 gene spans 15.97 kilobases (kb) of ge-
nomic sequence on chromosome 5 (in minus-strand ori-
entation). It consists of 15 exons and 14 introns in be-
tween (see Fig. 2). Alternative splicing is the process by 
which different regions of exons and introns are joined to 
produce mature mRNA transcripts, which often lead to 
unique proteins or isoforms [7]. 
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2.2. Primary Structure and Isoforms 
HDAC3 is a protein that consists of 428 amino acids, its 
aminoacidic sequence is illustrated below (see Fig. 3).  
 

 
 
 
 
 
 
 
 
There are two described isoforms of HDAC3 resulting 

from alternative splicing of the mRNA in the 5' region [2]. 
Isoform 1 has a length of 428 amino acids, a mass of 
48848 Daltons (Da), and an isoelectric point (pI) of 4.98. 
On the other hand, Isoform 2 is 429 amino acids long, has 
a mass of 49111 Da and a pI of 5.11. The aminoacidic se-
quence of isoform 2 differs from the sequence of isoform 
1 (canonical) as follows: 1-15 (5’ to 3’): MAKTVAY-
FYDPDVGN → MIVFKPYQASQHDMCR (see Fig. 4). 

 
 

 
 
 
 

2.2.1. Post-translational modifications 
Post-translational modification (PTM) is a term that entails 
dynamic modification of proteins after their translation. 
PTMs are not only involved in homeostasis but also 
pathologic conditions and diverse diseases. Histone 
deacetylases (HDACs), which are known to act as tran-
scriptional regulators, are one example of post-
translational modifiers with diverse roles in human physi-
ology and diseases. Since they cause the deacetylation of 
histones, the regulation and inhibition of HDACs might be 
beneficial for the treatment of certain diseases. Class I 
HDACs have greater enzymatic activity than the other 
classes of HDACs and target various non-histone proteins 
as well as the histone-core complex [11]. Class I HDACs, in 
which HDAC3 is included, not only regulate PTMs in his-
tones and other proteins, but they also undergo post-
translational modifications such as phosphorylation and 
ubiquitination (see Fig. 5), sumoylation, and S-
nitrosylation [8], [12]. 

The activity of HDAC3 is regulated by the phosphoryla-
tion of the Ser424 residue of the protein (Fig. 5) by Casein 
Kinase 2 and the same residue is dephosphorylated by 
protein serine/threonine phosphatase 4 (PP4). It is also 
possible to indirectly regulate the activity of HDAC3 by 
post-translational modification of its associated proteins 
[2]. HDAC3 can also be sumoylated in vitro [4], [13].  

The most relevant post-translational modifications that 
HDAC3 undergo are present in both isoforms of the pro-
tein and are located at the same sites, which indicates that 
these post-translational modifications have specific pur-
poses and functions in regulating the activity of the pro-
tein and the correct functioning of genes and proteins.  

 
 
 
 
 
 
 
 
 
 
 

 
 

2.3. Secondary Structure 
The secondary structure of HDAC3 consists of alpha (α)-
helixes and beta (β)-sheets linked by connecting segments 
and β-turns (see Fig. 6). 
 
 
 
 
 
 
 
 

Fig. 2. Exons and introns along the HDAC3 gene. In the top image, 
the exons are marked (see color coding in the legend) throughout 
the reverse strand (marked with an arrow). In the bottom image, 
introns are marked (see color coding in the legend) along aminoacid-
ic residues (from 0 to 428, amino to carboxy). Data collected and 
modified from: [5], [8]. 

Fig. 1. Nucleotide Sequence of the HDAC3 gene. In green it is 
shown the coding sequence of the gene that will be translated into a 
protein. Data collected and modified from: [4], [5], [6]. 

 

Fig. 3. Aminoacidic sequence of the HDAC3 protein. Data collected 
from: [4], [9]. 

Fig. 4. Alignment of Isoforms 1 & 2 of HDAC3. In green are shown 
the differences in the aminoacidic sequence of isoform 1 (top) com-
pared to that of isoform 2 (bottom); from 5’ to 3’ (left to right). Data 
collected and modified form: [10]. 

Fig. 5. Most relevant post-translational modifications of HDAC3. The 
graph represents the different PTMs along the HDAC3 aminoacidic 
sequence. The y-axis is the total number of references of HDAC3 
and the x-axis shows the residue number. In the top-left of the figure 
the legend describes the color coding for the different PTMs. Data 
collected and modified from: [14].   

Fig. 6. Secondary structure of HDAC3. The aminoacidic sequence is 
represented from the amino to the carboxy terminal, showing the 
corresponding secondary structure below each region. β-sheets 
(yellow/rectangular arrows); α-helixes (purple/cylindrical arrows). 
Data collected and modified from: [15]. 

https://www.uniprot.org/blast/?about=O15379%5B1-15%5D


 

 

2.3.1. Supersecondary Structures (Motifs) 
The main supersecondary structures or motifs that are pre-
sent in HDAC3 are of α-β Class and α-β-α Sandwich Archi-
tecture, their Topology is that of Arginase and they are con-
served in the HDAC domain superfamily (see Fig. 7). 

 
 
 
 
 
 
 
 
 
 
 
 
 

2.3.2. Domains 
Class I HDACs possess simple structures, consisting of the 
conserved deacetylase domain with short amino- and car-
boxy-terminal extensions. As mentioned in the Supersec-
ondary structures section (Fig. 7), the Arginase topology of 
the histone deacetylase domain is characteristic of HDAC3 as 
well as the rest of the HDACs and it consists of a 3-layer (α-β-
α) sandwich. This domain spans throughout the majority of 
the HDAC3 chain (see Fig. 8), acting as the main structural 
and functional unit of the HDAC3 protein. 

 
 
 
 
 
 
 
 
 
 

 
Depending on the references of each database, the 

domains are classified according to different features such 
as the beginning and the end of the domain throughout 
the aminoacidic sequence (see Fig. 9). This way, it is possi-
ble to represent and see their expansion through the pro-
tein’s 3D structure, thus we are able to compare the CATH 
Arginase superfamily and its corresponding Pfam HDAC 
domain for example (see Fig. 10).  

 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 

 
 

2.3.3. Ramachandran Plot 
The Ramachandran plot is used to deduce the secondary 
structure of a protein from the possible distribution of psi (Ψ) 
and phi (Φ) torsion angles found in it. Besides showing the 
common elements of secondary structures, Ramachandran 
plots reveal the regions of unusual arrangement of the pep-
tide skeleton among other quality estimates (see Fig. 11). 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

2.4. Tertiary and Quaternary Structure 
The tertiary structure refers to the three-dimensional ar-
rangement of all atoms in the polypeptide chain. HDAC3 is a 
globular protein and its tertiary structure consists of a single 
polypeptide chain with the corresponding secondary struc-
tures (β-sheets, α-helixes, turns, and loops), (see Fig.12, left). 

The quaternary structure of HDAC3 is composed of two 
HDAC3 subunits (chains A & B), present in specific complex-
es containing two monomers of NCOR2 (chains C & D), and 
an IP4 molecule per NCOR2 chain acting as an intermolecu-
lar glue between the two proteins (see Fig. 12, right) [20]. 

 

 
 

 
 
 
 
 
 
 
 

Fig. 7. CATH (Class, Architecture, Topology, Homologous Superfami-
ly) classification of the main Supersecondary structures and domains 
of HDAC3. The chart and representations in the left refer to the Su-
persecondary structures and domains of HDAC3, color coded in the 
sunburst graph in the right. Data collected from: [16]. 

Fig. 8. Protein domains of the histone deacetylase (HDAC) super-
family, only Class I HDACs showing. The green rectangles (left) 
indicate the conserved HDAC domain; numbers following the HDAC 
domain indicate the number of amino acids in each class I HDAC; S 
represents serine phosphorylation sites. Data collected from: [1]. 

Fig. 9. Domains of HDAC3 protein. Data collected from: [17]. 

Fig. 10. HDCA3 Domains. The most relevant HDAC3 domains are 
shown in orange, in both chains of the protein, which in this case are 
bound to NCOR2. Data collected and modified from: [18]. 

Fig. 11. Ramachandran plot of HDAC3 and regions of unusual ar-
rangement. In the left half, the Ramachandran plot for HDAC3, the 
allowed secondary structures and the color coding (bottom) are rep-
resented. The y-axis represents psi (Ψ) angles, and the x-axis refers 
to phi (Φ) angles. In the right half, goals, relative percentages for 
Ramachandran plot, clash score, torsion angle, C-Beta deviations 
and bad values are shown. In the bottom part of the chart we find 
three graphs for the Quality Estimate (QMEAN, Local similarity Tar-
get and Z-score). Data collected and modified from: [19], [20]. 

 

Fig. 12. Tertiary and quaternary structure of HDAC3. In the left half, 
the tertiary structure of one chain is shown (β-sheets in green, α-
helixes in purple, and turns and loops in white). In the right half, the 
quaternary structure of HDAC3 (chains A & B) bound to NCOR2 
(chains C & D) and to other Het groups, such as IP4. Each chain is 
color-coded (top). Data collected from: [18], [19]. 

 



 

 

2.5. Interactions 
HDAC3 interacts with proteins of the HDAC family, such as 
HDAC1, 7, 9, and 10. It forms a heterologous complex with 
the zinc-finger transcription factor Yin-Yang-1 (YY1), interacts 
with NR2C1 (Nuclear Receptor Subfamily 2 Group C Member 
1), and with XBP1 (X-Box Binding Protein 1) in endothelial 
cells under disturbed flow. Its weak interaction with CRY1 
(Cryptochrome Circadian Regulator 1) is enhanced in the 
presence of FBXL3 (F-Box and Leucine-Rich Repeat Protein 3) 
and ARNTL/BMAL1 (Aryl hydrocarbon receptor nuclear 
translocator-like protein/ Brain and Muscle ARNT-Like 1). It 
interacts with Retinoic Acid Receptor Alpha (RARA), causing 
the inhibition of Retinoic Acid Response Element (RARE) DNA 
element-binding. Interactions with BCL6 (B-cell lymphoma 6 
protein), DAXX (Death Domain Associated Protein), GPS2 (G 
Protein Pathway Suppressor 2), and SRY (Sex-determining 
Region Y) are also present [12], [14]. 

One of the most relevant interactions (mentioned and 
briefly described in the Quaternary structure section 
above) is the one established with NCOR2 in the N-
CoR/SMRT repressor complex and with NCOR1. It is im-
portant to understand the correlation between the inter-
actions and the coexpression of HDAC3 and other pro-
teins (such as those mentioned above and others like 
TBL1X (Transducing Beta Like 1 X-Linked), KAT2A (Lysine 
acetyltransferase 2A), and EP300 (E1A Bind-
ing Protein P300)). Since they work as functional partners, 
they usually depend on each other to function or perform 
a certain activity (see Fig. 13). 

 
 
 
 
 
 
 

 
 

 
 
 
 
 

 

2.6. Ligands 
HDAC3 presents four different types of ligands bound direct-
ly to it in its quaternary structure. These four ligands are 
glycerol (two per chain, four in total), zinc ions (one per 
chain, two in total), acetate ions (one per chain, two in total), 
and potassium ions (two per chain, four in total). Besides 
those four main ligands, when the two chains of HDAC3 are 
bound to two chains of NCOR2, another ligand comes into 
the picture and acts as an intermolecular glue between both 
proteins. This ligand, called D-Myo Inositol 1,4,5,6 
tetrakisphosphate (commonly known as inositol phosphate 
or IP4) plays a crucial role in binding these two proteins for 
their correct function (there is one inositol phosphate per 
chain, two in total) (see Fig. 14). Each one of these ligands 
has specific binding sites throughout the HDAC3 sequence. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

2.7. Homologies 
HDAC3 is very tightly conserved from plants to humans, so a 
very wide range of homologs of human HDAC3 is found in 
other species. These homologs are classified according to the 
percentage of identity with human HDAC3, going from 100% 
identity to only 50% identity among the different HDAC3s in 
other organisms (see Fig. 15). 

Furthermore, the histone deacetylase domain of 
HDAC3 (amino acids 3 to 316) is partly homologous to the 
other class I HDACs (HDAC1, 2, and 8) although the car-
boxy-terminus part of the protein is highly differing. Thus, 
the HDAC3 protein is roughly 50% identical compared 
with other class I HDACs [2]. This is an important feature 
to take into consideration to differentiate the functions, 
activity, and localization of each kind of HDAC. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

2.8. Functions 
HDAC3 is an enzyme that removes acetyl groups from N(6)-
acetyl-lysine residues on a histone (see Fig. 16), resulting in 
chromatin condensation. Histone acetylation plays an im-
portant role in the regulation of gene expression, therefore, 
in eukaryotes [28], HDACs play a key role in the regulation of 
transcription and cell proliferation. Histone deacetylation 
gives a tag for epigenetic repression [2]. 
 

Fig. 13. HDAC3 STRING interaction network and coexpression. The 
network diagram in the left represents the most relevant interactions 
between HDAC3 (center, in red) and other proteins. In the right, 
coexpression scores in Homo sapiens based on RNA expression 
patterns and protein co-regulation are shown, plotting all the interact-
ing proteins against each other. Data collected from: [21]. 

 

Fig. 14. HDAC3 Ligands. HDAC3 ligands are shown, along with their 
2D structure (right), their names and formulas (middle), the chains 
they are bound to (A,B for HDAC3 and C,D for NCOR2), and how 
many molecules are there of each ligand per chain (left). Data collec-
ted and modified from: [19], [20], [22], [23], [24]. 

Fig. 15. HDAC3 homologs classified according to their percentage of 
identity with HDAC3. This figure shows a few examples of homologs 
of human HDAC3 at different identity thresholds (100%, 90% and 
50%). In each chart, the names, lengths, and organisms they appear 
in are shown. Data collected and modified from: [25], [26], [27]. 



 

 

Fig. 16. Catalytic activity of HDAC3. HDAC3 removes the acetyl 
group of the lysine residues. Data collected from: [10]. 

HDACs modulate chromatin accessibility during tran-
scription, replication, recombination, cell maturation, and 
repair. Thus, for re-establishing chromatin structure after 
transcription of a gene or the repair of a DNA double-
strand break, the deacetylation of histones is required 
[29]. HDAC3 is in charge of the deacetylation of lysine 
residues on the amino-terminus of core histones and 
some other non-histone proteins (by associating with the 
acetyltransferases EP300 and CREB-binding protein-
associated factor, it inhibits the myogenesis to reverse 
autoacetylation) [2]. By deacetylating the H3 'Lys-27' on 
enhancer elements, HDAC3 participates in the BCL6 tran-
scriptional repressor activity, antagonizing EP300 acetyl-
transferase activity and repressing expression of proximal 
genes. Moreover, through its binding to YY1 and POU1F1 
(POU Class 1 Homeobox 1), HDAC3 regulates their tran-
scription. It acts as a molecular chaperone for phosphory-
lated NR2C1 to transport it to PML (Promyelocytic Leu-
kemia protein) bodies for sumoylation. HDAC3 works with 
XBP1 isoform 1 in the activation of the gene expression of 
the NFE2L2 (Nuclear Factor, Erythroid 2 Like 2)-mediated 
HMOX1 (Heme Oxygenase 1) transcription factor. The 
NCOR1-HDAC3 complex regulates the circadian expres-
sion of the core clock gene ARTNL/BMAL1 in a deacety-
lase activity-independent manner, and the genes involved 
in lipid metabolism in the liver. HDAC3 plays a role in the 
repression of microRNA-10a and thereby in the inflamma-
tory response when it is associated with RARA [10]. 

Furthermore, HDAC3 plays unique roles in cell physiol-
ogy and has substrates in the different cell compartments, 
in accordance with the restricted homology of HDAC3 
with the other HDACs and its subcellular localization. Un-
like HDAC1 and 2, HDAC3 is necessary for cell growth and 
affects most cell types by regulating pro-apoptotic genes. 
Moreover, HDAC3 plays a role in signal transduction, de-
velopment, inflammation, and metabolism. HDAC3 is 
found in diverse complexes consisting of members of the 
NCOR/SMRT family involved in gene repression (Fig. 17). 

Fig. 17. Regulation of physiology of HDAC3 in the N-CoR/SMRT 
complex. The regulation process performed by the N-CoR/SMRT 
complex and HDAC3 is shown in the left half of the figure. In the 
right half, the structure containing NCOR2 (SMRT) and HDAC3 
linked by IP4 is shown. Data collected from: [30]. 

Many transcription factors interact with HDAC3 and 
target it to certain promoters. HDAC3 is capable of con-
trolling osteoblast differentiation and bone formation 
causing the inhibition of the trans-activity of the osteo-
blast master protein Runx2. Similarly, in hematopoietic 
stem cells, HDAC3, but not other class I HDACs, binds with 
GATA binding factor 2 suppressing its transcription [2]. 

HDAC3 and other class I HDACs are deregulated in a 
variety of cancers such as colon, ovarian, lung, stomach, 
muscle, bone, or skin cancers. Therefore, the downregula-
tion of HDAC3 in cancer cells, in which it is overexpressed, 
results in cell growth inhibition, differentiation, and in-
creased apoptosis. HDAC3 is recruited by MAGE-A (Mela-
noma-associated antigen) to block the activation of the 
tumor antigen p53 which keeps cells from dividing uncon-
trollably. In leukemia, the generation of oncogenic fusion 
proteins causes aberrant recruitment of N-CoR/SMRT-
HDAC3 repressor complexes on promoters. Additionally, 
HDAC3 found in the nucleus plays an anti-apoptotic role 
that is determinant for the uncontrolled growth of cancer 
cells [2]. 

3. DISCUSSION AND CONCLUSIONS 
In addition to the structural and functional characteristics 
of HDAC3, it is important to remark the roles that the his-
tone deacetylase inhibitors (HDI) play in the regulation of 
the overexpression of HDAC3 to maintain the acetyla-
tion/deacetylation balance in genes. Therefore, HDIs are 
being used to treat a variety of cancers and other thera-
peutic uses, so it is essential to understand their action 
and potential side effects. Not only overexpression of 
HDAC3 must be determinant in genomic instability (that 
might lead to different diseases), but also the full inhibi-
tion of HDAC3 because the acetylation/deacetylation bal-
ance may be disrupted [29]. 

The other fundamental issue regards the possible ap-
plications of HDACs as emerging cancer drug targets. 
Several HDAC inhibitors are at various stages in clinical 
trials and two drugs, romidepsin and vorinostat, have 
been approved for the treatment of cutaneous T-cell lym-
phomas [20]. Several studies are performed with particular 
class I HDACs inhibitors for the treatment of pathological 
conditions like Spinal Muscular Atrophy, the Hodgkin 
lymphoma, myeloid leukemia, and myelodysplastic syn-
drome (associated with DNA methylation inhibitors) or 
of pancreatic cancers (associated with antimetabolites).  

HDIs are currently being tested to enhance neuronal 
stability and survival in both in vitro and in vivo models of 
neurodegenerative diseases such as polyglutamine-
related illnesses and amyotrophic lateral sclerosis. When 
joined with other antigens, HDAC3 may become a useful 
molecular biomarker as a diagnostical tool for a subset of 
colon cancer patients [2]. 

In conclusion, the single structural-functional charac-
terization of HDAC3 and the understanding of the role 
that its inhibitors play, are key for present and future ad-
vances in the comprehension of genomic mechanisms 
with critical repercussions in clinical research, medical bio-
technology, and biochemistry (see Fig. 18). 
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