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Abstract: Cancer is the most critical disease distressing humans and a primary cause of death on a global scale.
Lately, the use of targeted anticancer medications as an approach for optimizing antitumor therapy has been urged.
Changes in epigenetics in eukaryotic biological processes can result in the up- or downregulation of regulatory
proteins contributing to disease onset and progression. Histone deacetylases (HDACs) have been one of the most
researched epigenetic targets over the past three decades, also, HDAC enzymes are promising drug targets for the
treatment of cancer. Truly, abnormal HDAC expression is associated with various kinds of cancer and neuro-
degenerative disorders, establishing HDACs promising molecular targets for the design of new drugs. Numerous
HDAC inhibitors (HDACIs) are currently in clinical evaluation for different forms of cancer, and some of them have
reached the market following food and drug administration (FDA) approval. This review summarizes the various
HDAC classes and discuss different classes HDACIs with a dedicated focus on late-stage preclinical candidates and
drugs in clinical trials. Lastly, but just as importantly, we shed light on the future directions in HDACIs design which
may help researchers in development and discovery of new horizons in cancer treatment.
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1. INTRODUCTION

In the current era of science and technology, cancer remains one of the most terrifying and incurable diseases in the world.
It is a dark spot on the face of humanity as the second-leading cause of death and the leading cause among people younger
than 85 years. In 2024, it is anticipated that there will be 2,001,140 new cases of cancer and 611,720 cancer-related deaths
in the United States (1, 2). Regardless, the encouraging clinical progress of chemotherapeutic agents in cancer treatment
and the development of new effective anticancer candidates still represent a challenging endeavor (3, 4). It is caused by
genetic and/or epigenetic alterations leading to the dysregulation of different pathways through diverse molecular
mechanisms (5). Despite significant advances in surgical, radiotherapeutic, and immunological approaches, which have
improved cancer treatment outcomes, With 15 million deaths every year in 2030, according to the estimates, cancer has
increased, raising an alarm as a real crisis for public health and health systems worldwide (6). Therefore, scientists began
to introduce innovative solutions to control the global cancer health problem (7). Chemotherapy continues to be one of the
most effective therapeutic strategies for treating hematological as well as solid tumors. Nevertheless, the clinical efficacy
of drug therapy is often constrained by systemic toxicity, drug-resistance, and lack of selectiveness (8-10). Because of this
dilemma, there is an urgent medical necessity to develop effective anticancer agents with an enhanced safety profile (11).
Recently, there has been a growing interest towards targeting drug discovery to optimize antitumor therapies. One such
target is histone deacetylase (HDAC), which is one of the most extensively, studied and established cancer targets (12).
Page | 35
Novelty Journals



https://www.noveltyjournals.com/
https://www.noveltyjournals.com/
https://www.noveltyjournals.com/
https://doi.org/10.5281/zenodo.14959413

0’& ISSN 2394-9651

International Journal of Novel Research in Physics Chemistry & Mathematics
Vol. 12, Issue 1, pp: (35-52), Month: January - April 2025, Available at: www.noveltyjournals.com

Since aberrant activity and overexpression of HDACs have been confirmed in a variety of cancer types, inhibiting HDACs
has been proven to be an effective approach for developing HDACis as potential anti-cancer drugs (13). Notably, and during
this short period, to date, six HDACis have been approved for the treatment of cutaneous T-cell lymphoma, involving
vorinostat (SAHA), romidepsin, belinostat,panobinostat, chidamide, and pracinostat (Figure 1). The currently effective
histone deacetylase inhibitors (HDACIs) are divided into four categories: (i) Carboxylates, short-chain fatty acids, including
Valproic acid and Phenylbutyrate, (ii) hydroxamic acids or hydroxamates, such as VVorinostat, Panobinostat, and Belinostat;
(iii) benzamides, such as Chidamide and Entinostat; and (iv) cyclic peptides, including depsipeptides and tetrapeptides (14).

Over the years, novel zinc-binding motifs have emerged and could provide complementary selectivity profiles or open the
field to potentially new brain-penetrant HDACIs, in addition to the usual hydroxamic acid and o-aminoanilide ZBG-bearing
HDACIs, N-Alkyl hydrazides have transformed the field, providing innovative and practicalchemical tools for selective and
effective inhibition of specific histone deacetylase (HDAC) enzymes(15).
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Figure 1: HDAC inhibitors approved by the FDA.

HDAC inhibitors can exhibit significant antiproliferative activity against cancer cells by blocking the cell cycle and inducing
apoptosis. Recent studies showed that some class | HDAC inhibitor (SAHA) and HDAC3-selective inhibitors could
augment antitumor immune responses by upregulating expression in tumour cells and enhancing immune cell
infiltration(16).

2. HDACS AND CANCER

A number of factors influence gene expression and may thus modulate the complex process of cancer development. Long-
term studies have focused on the genetic abnormalities of cancer-related genes but epigenetic modulation of gene expression
is an essential regulatory process in cell biology (17) and growing evidence suggests that epigenetic regulation of genes
also plays an important role during carcinogenesis (18, 19). Modifying DNA and/or histones can significantly alter gene
expression, which is a possible explanation for the potential role of epigenetic regulation (18). HDAC is a broad group of
important enzymes that catalyse the acetylation of histone and other intracellular substrates [62, 63]. It is self-evident and
supported by evidence that HDAC dysregulation can result in a variety of tumor malignancies. As a result, HDAC enzymes
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have become a popular target for developing novel anti-cancer drugs, and a novel group of anti-tumor medicines claimed
as HDAC inhibitors has emerged as a result of their ability and potency to stop cell proliferation and maturation and induce
programmed cell death [66, 67]. Dai et al. synthesized a number of SAHA derivatives using reversed amide linkers to
improve SAHA and among these compounds, the indole-based compounds were of higher potency than other
heteroaromatic derivatives [72]. Among these modifications, histone acetylation and deacetylation have vital functions in
epigenetic regulation. There are more and more research results showing that HDACs expression was changed in a number
of cancers. Further studies made out that the changes in the structure or expression of HDACs or HATS can irregulate gene
transcription and cell signalling in cancer cells (20) Figure 2. The research results indicate that HDACLI is increased in
gastric cancer, oesophageal squamous cell carcinoma, hormone refractory prostate cancer (21), and also has a higher
expression in colorectal cancer cells than in normal colon epithelial cells (22). HDAC2 and HDACS3 proteins are increased
in colon cancer samples (23, 24). A truncating mutation of HDAC?2 has been discovered in two colon cancer cell lines and
two endometrial cancer cell lines (25). HDACs are engaged by oncogenic translocation protein complexes in different types
of lymphomas and leukaemia (20, 26). However, there are also some studies that showed contradictory results. Most studies
have shown that HDAC inhibitors can lead to cell cycle arrest and differentiation of many tumour cells in vitro and in vivo
(27), but increased expression of HDAC1 enzymes were found showing better disease-free survival probability during a
study of invasive breast cancer (28). Reduced expression of HDAC5 and HDAC10 is related to poor prognosis in lung
cancer (29). All of these research results indicate that the mechanism of how these enzymes alter the gene transcription
activities is complicated and hard to predict in any type of tumour cell and certain disease situation. It might have complex
tissue-specific and tumour-specific expression patterns (27).

Balance between HDACs and Imbalance between HDACs
HATSs in normal cells. and HATSs in cancer cells.

HDACs i HATs \

Normal cells Cancer cells

Figure 2: Relation between HDACs & HATSs in Normal vs cancer cells.

The FDA approved HDAC:s inhibitors (HDACI) have been used for the treatment of hematological malignancies, and when
used as a single therapeutic agent, they demonstrated a narrow therapeutic application mostly for the treatment of T cell
lymphoma. Furthermore, resistance to HDAC inhibitors was often observed (30), though they remain poorly effective in
solid tumors (31). Combining anticancer drugs with other chemotherapeutic agents usually led to maximize their efficacy,
whilst reducing toxicity by administering lower drug doses. It also led to synergistic effects and contributed to the reduction
in the potential for the development of resistance (32). Evidently, the concomitant and/or simultaneous co-administration
of HDAC inhibitors with other anticancer agents can enhance anticancer effects and this stimulated the design of HDAC
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inhibitor-based hybrid candidates (33-36). Particularly, drug combinations have been sought to achieve improved efficacies,
reduced or delayed development of drug resistance, decreased dosage, simultaneous enhancement of therapeutic actions,
and decrease of side-effects (30, 31). HDAC inhibitors thereby offer an excellent prototypical system to explore and validate
the multi-targeting hybrid drugs concept. In this review, an overview of the main HDAC inhibitors-based hybrids reported
in the recent literature, including kinase inhibitors, epigenetic modulators, cytotoxic agents, hormone and vitamin D receptor
modulators, natural products, and other anticancer drugs is summarized (35-39). In each study, the focus is on the strategy
of the hybridization design as well as the important SARs and suggested the recommendation for future design and
optimizations of similar hybrids.

2.1. Classes of histone deacetylases

The HDAC enzymes appear to be the major target of the histone deacetylase inhibitors (HDACISs). Until now, at least 18
human HDAC enzymes have been identified (27, 40) that are grouped into four main groups (41) based on their similarity
to known yeast HDACs (20). HDAC1, HDAC?2, HDAC3, and HDACS belong to class I, which is homologous to yeast
RPD3. The enzymes of this group are mostly located in the nucleus of the cell. Class Il relates to yeast HDAL and is divided
into the two sub-classes Ila and 1lb. HDAC4, HDACS5, HDAC7, and HDAC9 belong to class lla and are trafficking between
nucleus and cytoplasm. Because of two catalytic sites, HDAC6 and HDAC10 are allocated to class Ilb which they are
mostly located in cytoplasm (20, 24). A conserved residue, which can be shared by class | and 11, is found in the catalytic
center of HDAC11 (42, 43) which is allocated to class IV and located both in nucleus and cytoplasm (44). There are another
seven different HDACs with variable locations that are grouped to class 11 and yeast Sir2 (27).

2.1.1.Mode of action of the HDAC enzymes

The mode of action of the HDAC enzymes involves removing the acetyl group from the histones comprising the
nucleosome. Hypoacetylation results in a decrease in the space between the nucleosome and the DNA that is wrapped
around it. Consequently, tighter wrapping of the DNA diminishes accessibility for transcription factors, leading to
transcriptional repression (Figure 3) (45-47).
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Figure 3: Proposed chemical mode of class I/11/1V histone deacetylases (HDACS).
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The catalytic domain of HDAC is formed by a stretch of ~ C390 amino acids consisting of a set of conserved amino acids.
The active site consists of a gently curved tubular pocket with a wider bottom (48). Removal of an acetyl group occurs via
a charge-relay system consisting of two adjacent histidine residues, two aspartic residues (located approx. 30 amino acids
from the histidines and separated by approximately 6 amino acids), and one tyrosine residue (located approximately 123
amino acids downstream from the aspartic residues). An essential component of the charge-relay system is the presence of
a Zn?* ion. This atom is bound to the zinc binding site on the bottom of the pocket (48, 49).

2.2. Histone deacetylase inhibitors (HDACIS)

In recent years, HDACIs have emerged as a promising new class of targeted anticancer agents, which are potent inducers
of growth arrest, differentiation, and/or apoptotic cell death of transformed cells in vitro and in vivo. A large number of
structurally diverse histone deacetylase inhibitors have been purified from natural sources or synthetically developed. These
agents can generally be divided into seven classes based on their chemical structure. One of the most proven cancer targets
is histone deacetylases (HDACs) (50). Histone deacetylase inhibitors (HDACIs) were developed as a result of the
identification of abnormal activity of HDACs in a number of human malignancies (51, 52). The X-ray structure generally
showed that HDACIs are made up of the following pharmacophores: The first one is the zinc-binding group (ZBG), which
is responsible for coordinating the Zn?* at the bottom of the enzyme cavity. The second is the cap group (CAP), which
facilitates interaction with the enzyme's catalytic tunnel rim. The third is the linker or hydrophobic spacer, which connects
the cap moiety to the zinc-binding group, Figure 4.

Figure 4: General pharmacophore model of HDACIs.
2.2.1. Mechanism of action of HDACIs

HDACIs counteract the action of HDAC enzymes by two possible mechanisms; firstly, by promoting acetylation of histone
which neutralizes the positive charge of the histone tails and reduces the affinity of histone for the negatively charged DNA.
This loosens the structure of the chromatin to an open configuration which enables the transcriptional machinery to access
the DNA and enhance gene transcription (Figure 5). Secondly, HDACIs promote acetylation of non-histone protein
substrates (53, 54). These modifications of the non-histone proteins can affect many vital regulatory processes, including
gene expression, mRNA stability, protein activity, and protein stability (55).
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Figure 5: Proposed mechanism of action of HDACIs.
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The effects of HDACIs on gene transcription are complex and involve multiple transcription factors and downstream
alterations in gene expression. HDACIs induce a broad range of effects on cancer cells as illustrated in Figure 6, including
cell cycle arrest, cell differentiation, production of reactive oxygen species, altered cell migration, autophagy, anti-
angiogenic effects and induction of apoptosis in cancer cell lines in culture and in vivo including human bladder, breast,
prostate, lung, ovary and colon cancer cells (20, 56-61). The cytotoxicity and more recently the DNA damaging effect of
HDACIs is much more pronounced in malignant or transformed cells compared to normal cell lines (62).
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Figure 6: Mechanisms of action of histone deacetylase inhibitors in cancer.
2.2.2. Classes of histone deacetylase inhibitors
2.2.2.1. Carboxylates

Butyric acid, a natural product generated in man by metabolism of fatty acids and bacterial fermentation of fiber in the
colon, was the first identified HDACI from this class (63). The related compounds, such as sodium phenyl acetate, sodium
phenyl butyrate and anticonvulsant valproic acid (64) were later found as antiproliferative agents, proved to be effective
in vivo HDAC inhibitors and displayed marginal potency against solid tumors and leukemias (65). However, these
carboxylates are far less potent in comparison with other inhibitors. The carboxylic acid chelating group is less active than
the other functional groups such as hydroxamic acid; may be due to weak coordination with Zn*? ions. Despite, short chain
fatty acids were extensively utilized as tools in clinicalresearch, reports on their activity continues to be very limited.
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2.2.2.2. Hydroxamic acids

Hydroxamic acid derivatives are one of the well-studied ligand for the active site Zn*? of HDACs. They have constituted
the broadest family of HDACIs. A large number of HDACIs containing hydroxamic acid as functional group are known,
including natural products like trichostatin A (TSA). TSA was first isolated in 1976 by Tsuji et al., (66) from Streptomyces
hygrocopicus as an fungistatic antibiotic active against trichophytin and the HDAC activity of TSA was found by Yoshida
and co-workers in 1990 (67).The general structure of these inhibitors consists of a hydrophobic linker that allow the
hydroxamic acid moiety to chelate the Zn*? cation at the bottom of HDAC catalytic pocket, while the bulky part of the
molecule which is the surface recognition domain, acts as a cap group. The linker domain can consist of linear or cyclic
structures, either saturated or unsaturated, is generally a hydrophobic group (Figure 7).
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Figure 7: Structural dissection of TSA based on crystal structure of HDLP-TSA complex.

TSA is a potent inhibitor of HDACs with activity in the nanomolar concentrations, whereas the corresponding carboxylate,
trichostatic acid, was shown to be ineffective as an HDACI, indicating that the hydroxamic acid is inevitable for the activity
(68). Furthermore, the enantiomer (S)-TSA which was obtained by total synthesis, was demonstrated to be inactive (68, 69).
The interactions of hydroxamic acid functional group at the active site of HDAC are known from the X-ray structure (Figure
4). Based on the structure of TSA and its interaction with HDAC, a large number of HDACIs were designed and
synthesized. Structurally simple TSA like straight chain hydroxamic acid, suberoylanilide hydroxamic acid (SAHA) Figure
1, was reported in 2006 by Breslow and co-workers, as a cytodifferentiating agent and HDACI (70, 71). SAHA,
commercially known as vorinostat (Zolinza®), has the first synthetic FDA-approved non-selective HDAC inhibitor used in
the treatment of cutaneous T-cell lymphoma (CTCL) (72). The synthetic SAHA and natural TSA which represent the
archetypical hydroxamic acid HDACIs, have been instrumental in guiding the design of hydroxamic acid-derived HDACIs.
After the disclosure of this potent synthetic compound, a large number of synthetic HDACIs were reported.

Kern and co-workers (73), via high-throughput transcriptional screening, identified scriptaid as a potent inhibitor of HDAC
with ICsp = 8.9 nM. On the other hand, Jung and co-workers synthesized reverse amide derivatives of TSA as HDACIs
(74). These compounds were tested against both maize histone deacetylase (HD-2) and partially purified rat liver HDAC.

Variation in the substitution at the cap portion of the inhibitor and changing the spacer length enabled studying the inhibitory
activity and the SAR of these compounds and they found that M344 is the most potent derivatives with HDAC1 ICsg =
0.094 uM. This study confirmed the earlier observation that compounds with five and six methylene spacers are the most
active (75). If the hydroxamic acid is changed to carboxylic acids, the activity of these amide analogues diminished.

GHs
N
- ©\,{H :
N N.
\/\/\/\n/ OH
(@] O

Scriptaid M344

Moreover, Kim and co-workers reported another interesting compound, oxamflatin, containing a phenyl sulfonamide
moiety as cap group with a spacer and hydroxamic acid functional group as ZBG (76). This compound was structurally
different from other HDAC inhibitors and it was found to be a potent HDAC inhibitor of partially purified mouse HDAC
(ICso = 15.7 nM), although it was found to be less potent than TSA (ICsp = 1.44 nM) in the same assay.

oxamflatin
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Resminostat (77), is an orally available class I, Ilb, and IV HDAC selective HDACI with a potent inhibition for HDAC1,
HDACS3, and HDACS, with IC50 values in the nanomolar range (42.5, 50.1, 71.8 nM, respectively)(78). It has been used
in clinical trials, for treatment of hepatocellular carcinoma and Hodgkin’s lymphoma.

HO 1
Q0 A0
SN

Resminostat

Panobinostat (Farydak®) (79) Figure 1, has been noted to play important apoptotic roles in cancer cells, is a
pandeacetylase hydroxamic acid-based inhibitor approved for the treatment of adult patients with relapsed and/or refractory
multiple myeloma (RRMM). These patients did not respond (anymore) to at least two previous therapies, such as by
bortezomib or immune-modulatory agents. It is administered orally and has been formulated in capsules containing the
active principle as a lactate salt(80). Belinostat (Beleodaq) (81) Figure 1, is a pan-deacetylase hydroxamate-based inhibitor
approved for the treatment of patients with relapsed or refractory peripheral T-cell lymphoma (PTCL), a heterogenous non-
Hodgkin Lymphoma, with poor outcomes(82). It is found in lyophilized form for intravenous administration.

Givinostat (ITF2357) (15) is a potent inhibitor of class | and 1l HDACs — developed by Italfarmaco approved with the
status of orphan drug for the treatment of arthritis and polycytaemia, and currently in clinical trials for the treatment of
Duchenne Muscular Dystrophy (DMD), juvenile idiopathic arthritis, polycythemia vera, and chronic myeloproliferative

neoplasms
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AR-42 is a nanomolar HDAC inhibitor (ICso = 16 nM) related to hydroxamate-tethered phenyl butyrate. AR-42 has been
evaluated in clinical trials to treat various diseases such as acoustic neuroma, intraocular lymphoma, meningioma, testicular
lymphoma, and vestibular schwannoma, among others (83).
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2.2.2.3. Benzamides or ortho-aminoanilides

Benzamides are the class of compounds which inhibit HDACs by ligating the active site Zn*? ion with a benzamide moiety.
These compounds are generally less potent than the corresponding hydroxamic acid and cyclic tetrapeptide classes.

Tucidinostat (chidamide) (84) Figure 1, the orally bioavailable 2’-aminoanilide was the first benzamide HDACi which
reached the approval for clinical use. It was approved by the CFDA in 2015 for the treatment of peripheral T-cell lymphoma.
It inhibits HDAC1, HDAC2, HDAC3, and HDAC10 with ICso values of 95, 160, 67, and 78 nM, respectively. According
to the crystal structure, this compound coordinates the zinc ion in a bidentate way, mainly via the amine group and much
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more weakly via the carbonyl oxygen. Compared to the hydroxamic acid HDACI, the benzamide derivatives are usually
characterized by class | selectivity or individual HDAC isoform selectivity.

Entinostat (85), is a synthetic benzamide HDAC inhibitor showing selectivity against HDAC1 and HDAC3, with IC50 =
0.3 and 8 uM, respectively. Entinostat is an orally bioavailable drug; its most common adverse events include fatigue,
gastrointestinal effects, hematologic and metabolic abnormalities. Entinostat has been studied in numerous phase | and 1l
trials for solid and liquid tumors, including breast cancer.
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Mocetinostat (86), is HDAC inhibitor with potential antineoplastic activity, inhibiting specifically HDAC1,2. It possesses
antitumor properties mainly in hematological tumors and much less in solid tumors, and it induces cell death, in part via
mitochondrial pathway and via the destabilization of microtubules. The most common side effects are manageable such as

fatigue, nausea, and vomiting.
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Suzuki and co-workers (87, 88) reported a series of synthetic benzamide-based non-hydroxamate HDAC inhibitors. MS-
275 is most potent compound of the series and now it is under clinical trials. It has HDAC inhibitory activity of 5 uM and
showed significant anti-tumor activity in vivo. The SAR study of the benzanilide functionality revealed that a 2’-amino
moiety is crucial for inhibitory activity against HDACs.

Cl1-994, which was investigated by Pfizer through phase Il clinical studies as a single agent in oncology indications, is a
subclass I-selective inhibiting HDACSs 1, 2, and 3, with no significant inhibition of HDACS or the class Ila and I1b HDAC
isoforms. Despite the fact that HDACS is a member of the class | HDACS, it is the least similar with only 30-34 % amino
acid identity with HDACs1, 2, and 3.
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Interestingly, Boissinot et al., (89) reported the discovery of M1-192, a selective HDAC2 and 3 inhibitor, obtained through
modification of the surface-binding motif. MI-192 displays high potency for HDACs 2 and 3 (30 nM and 16 nM,
respectively), and excellent selectivity against all other isoforms (>4 uM on HDACs 1, 4, 6, 7, and 8), although it is difficult
to ascertain the origin of the observed isoform selectivity for HDACs 2 and 3 vs HDAC1. This is the first report describing
a small molecule capable of imparting differential binding in favor of HDAC2 vs HDACL.
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MI-192

Several groups have reported HDAC3-selective inhibitors within the ortho-aminoanilide family. Compounds RGFP106,
and RGFP136 (90) are ortho-aminoanilide HDAC3-selective inhibitors possessing a common saturated alkyl chain-
linking motif. These studies demonstrate that it is possible to achieve selectivity for HDAC3 through careful choice of linker
and surface-binding motifs coupled with the ortho-aminoanilide zinc-binding motif.
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2.2.2.4. Cyclic peptide inhibitors

The first examples of the cyclic peptide class arose from screening natural products for antiparasitic or antiproliferation
activity, with the Aoe-containing cyclic peptides being the first subclass isolated. These compounds include HC-toxins
(91), trapoxin B(92), and chlamydocin (93).
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Romidepsin (82)Figure 1, isolated from the bacterium Chromobacterium violaceum, is a bicyclic depsipeptide antibiotic
with antiproliferative activity. Thiols are not very stable and possess a poor bioavailability, the disulfide in Romidepsin
resulted in higher stability and cell permeability. It is a prodrug, as in the target cells the disulfide is reduced to an active
metabolite containing a thiol group able to chelate the zinc ions in the active site of the class | HDACs. After intracellular
activation, it inhibits HDACs at low nanomolar level; especially, it shows more selectivity for HDAC1 and HDAC?2. This
leads to alterations in gene expression and induction of cell cycle arrest, cell differentiation, and apoptosis. In phase 1l
studies, it produced a response in patients with relapsed or refractory CTCL and peripheral T-cell lymphoma (PTCL).
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2.2.2.5. Other zinc-binding motifs

Recently, Whitehead et al., (94) reported the discovery of a series of class I-selective inhibitors, exemplified by compound
1, which uses an amino acid derivative as a zinc-binding motif. This structurally unique small molecule inhibitor showed
preferential inhibition of HDAC8 (ICs0=90 nM) vs all other HDACs (>18-fold selectivity over HDACs 1, 2, and 6).
Wahhab et al., (95) reported the use of a sulfamide moiety as a ZBG.

The potency and selectivity of the reported inhibitors, such as compound 2, are believed to arise from the capping group
linked to the ZBG by a long alkyl chain.

In 2013, compound 3, with trifluoromethyloxadiazole group as a unique non-classical chelating ZBG, was reported as class
Ila-selective HDACI (96). This structurally unprecedented HDACI exhibited good potency for the class Ila HDACs 4, 5,
7, and 9 (19-126 nM) and approximately 20-fold selectivity vs the class | HDACs. Moreover, Ononye et al., (97) reported
B-thujaplicin (a natural product from the tropolone family) derivatives with interesting HDAC isoform selectivity. While
the tropolone functionality serves as the zinc-binding motif in compound 4, the B-substituent (a cyclopentyl) presumably
gives rise to its exquisite HDAC?2 selectivity and potency (0.04 nM, > 3000-fold selectivity). This series of compounds
represents the first report of highly potent and selective HDAC2 inhibitors. The B-substituted and O-methylated analog,
compound 5, is a highly potent and selective HDACS inhibitor (8 nM, > 1400-fold selectivity).

Etzkorn and co-workers (98) synthesized several phosphorous based SAHA analogues 6 and related compounds as
HDACIs. However, these compounds showed very weak inhibitory activity during HDAC assays.

Jose et al., synthesized a phosphonate 7 with a cap group of cyclic tetrapeptide and a spacer of five methylene units. The
HDAC inhibitory activity study showed that this phosphonate compound 7 is a very weak HDACI. From all these
phosphonate compounds studied for HDAC, it is clear that phosphonates are not good HDACISs, probably due to the high
acidic nature of the phosphonate moiety, instead of the basic nature of the HDAC substrate (99).
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Figure 8: Structural dissection of HDACIs bearing other zinc-binding motifs.
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Hydrazides have emerged as a practical and effective alternative to the traditional hydroxamic acid ZBG-bearing HDACIs.
N-alkyl hydrazides have significantly impacted the field of cancer treatment by introducing advanced chemical tools that
can selectively and powerfully block specific HDAC enzymes. Liao and colleagues (100) identified hydrazide UF010 as a
new HDACI during a high-throughput screening process. The lead compound UF010 shows nanomolar activity on class |
HDACs (HDAC1: ICs = 460 nM; HDAC2: ICso = 133 nM; HDAC3: ICso = 190 nM; HDACS: IC50 = 2.83 uM) and is
selective against other HDACs isoforms, class I b (HDACSG: 1Csp = 9.09 uM; HDAC10: ICsp = 15.3 uM), as well as class

lla (HDAC4, 5, 7, 9: ICs0 > 100 pM).
HN=NH
Sas el
0

UF010
3. CONCLUSION AND FUTURE DIRECTIONS

Cancer is the most awful disease in which classical HDACs are involved. HDACs are crucial for controlling chromatin
structure and gene expression, making them attractive targets for cancer therapy. Presently, there are more than 20 HDACIs
in various stages of clinical evaluation, either alone or in conjunction with radiation therapy or other chemotherapeutic
medicines to treat liquid or solid malignancies. During the last few years, the "network active compound” method has
substantially replaced the "one target-one drug” paradigm in drug development, according to medicinal chemistry
researchers. Therefore, it is perceptive that the traditional ‘single-target” approach is often reduced, insufficient, and delicate
with adverse side effects. In the present scenario, two distinct approaches are applied: i) Combination of two or more drugs
acting on different targets; ii) Hybrid compounds containing in a single molecule two pharmacophore moieties able to
concurrently modulate the activity of multiple targets. At this point, the combination of HDACIs with other anticancer
agents seems to be the most promising approach, which is largely investigated in preclinical and clinical settings as HDACIs
possess limited efficacy as a single treatment. Thus, numerous clinical trials are recently demonstrating that the co-
administration of HDACIs together with other anticancer drugs or other chemotherapeutics can strongly improve the
anticancer effects in comparison with monotherapy. So far, The majority of HDACI presently undergoing clinical trial
review have demonstrated poor selectivity amongst HDAC isoforms, despite research efforts over the past 30 years.
Therefore, the development of isoform-selective inhibitors remains a significant challenge for medicinal chemists in order
to increase the potency of these compounds and solve the issue of the side effects caused by the pan-HDAC inhibitors,
given the distinct roles that each HDAC isoform plays in cancer pathology.
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