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Subjects: Oncology

Contributor: Marc Diederich , Héléne Losson , Michael Schnekenburger

Histone deacetylase (HDAC) 6 is a zinc-dependent enzyme of HDAC class IIb. HDACSG is unique within the HDAC
family due to a particular structure giving it unique biological functions implicated in all major cell pathways. This
isoenzyme is mainly active in the cytoplasm and possesses two functional catalytic sites and an ubiquitin-binding
domain. The deacetylase functions of HDACG6 targets multiple substrates including essentially a-tubulin and heat
shock protein (HSP)90a which are key factors in cell regulatory networks through the regulation of the microtubule
network and many protein functions, respectively. Accordingly, several studies have highlighted the role of HDAC6
in various pathological conditions. For instance HDAC6 overexpression frequently correlates with tumorigenesis

and favor cell survival and metastasis. Therefore, HDAC6 represents an interesting potential therapeutic target.

histone deacetylase 6 inhibitor personalized treatment heat shock protein 90a

leukemia stem cells imatinib resistance targeted therapy

| 1. Introduction

Carcinogenesis is a multistep process whereby normal cells are transformed into malignant cells. The process is
characterized by major biological changes shared by most neoplastic cells called hallmarks of cancer. These
transformational events relies on multiple alterations at genetic and epigenetic levels leading to abnormal cell
growth I,

Over the past years protein lysine acetylation has emerged as a key post-translational modification in the
coordination of tightly regulated biological functions and alterations of the acetylome profiles are associated with
various pathological conditions such as cancer.

The acetylation status of lysine residues within histone and non-histone proteins is finely tuned by the concert
action of histone acetyltransferases (HATs) and histone deacetylases (HDACSs) catalyzing the addition and removal
of the acetyl groups, respectively. Recently, there was a particular focus on HDAC6 coming from its unique
properties to control multiple cellular pathways linked to cell growth, survival, and migration. Accordingly, the use of
HDACS6 inhibitors alone or in combination with additional chemotherapeutic agents appear as a promising strategy

to treat various cancers.

| 2. Histone Deacetylase 6
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The HDACS6 protein is part of the HDAC family, which are enzymes catalyzing the deacetylation of proteins, which
corresponds to the removal of an acetyl group from lysine residues 2. The 18 HDACs found in mammals are
divided into four classes according to their sequence homology. For classes | (HDAC1, 2, 3, and 8), lla (HDAC4, 5,
7, and 9), lIlb (HDAC6 and 10), and IV (HDAC11), the deacetylation of lysine occurs through a transfer of charge,
and their essential component is a zinc ion (Zn2*) present at the bottom of the catalytic pocket of HDAC enzymes
Bl For class Ill [sirtuins (SIRT) 1-7] HDACSs, the presence of a cofactor, nicotinamide adenine dinucleotide (NAD"),

is essential for the reaction 4=,

Class | HDACs are ubiquitously present in many human cell lines and tissues, while class Il HDACs exhibit a
specific expression profile in certain human tissues such as the heart (HDACS5), the breast (HDACG6), the ovary
(HDAC? and 9), and the kidney (HDAC10) 87,

2.1. Structure

Here, we will focus more specifically on HDACG6 belonging to class IlIb. This enzyme is the only HDAC to possess
two functional active catalytic sites, and has a nuclear localization sequence, a nuclear export sequence, and a
repetitive region of eight consecutive serine-glutamic acid tetradecapeptides, a cytoplasmic retention signal, and is
mainly present in the cytoplasm B, HDACS6 also has a C-terminal ubiquitin-binding domain required when binding

to poly-ubiquitinated proteins (Figure 1).

woacs ‘—{H HENIE G- H

NLS NES DD1 DD2 SE14 BUZ

Figure 1. Protein structure of histone deacetylase 6 (HDACG6). The HDACG6 protein consists of 1215 amino acids. It
has a nuclear localization sequence (NLS), a nuclear export sequence (NES), two functional active catalytic (SC)
sites, a cytoplasmic retention signal of eight consecutive serine-glutamic acid tetradecapeptides (SE14), and a

ubiquitin-binding domain (BUZ) at the C-terminal.

2.2. Function

The HDACS protein deacetylates many substrates 2 (Table 1) including a-tubulin, cortactin, and heat shock protein

(HSP)90aq, and is thus involved in many cell processes, some of which are described below 19,

Table 1. List of substrates specifically deacetylated by HDACS.

Localization . Interaction
Substrates of the D(Ia_acs?:‘)él(ast )e d Deacl:::tml:atultzg gfug‘:trate Domains of Reference
Substrate y y HDAC6
a Cytoplasm Regulation of protein binding [11]
La and nucleus GEhiea Bad and AS160 D)
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Localization

Substrates of the
Substrate
B-catenin Cytoplasm
and nucleus

Cortactin

* Cytoplasm
DNAJAL Cytoplasm
ERK1 Cytoplasm
and nucleus

Foxp3 * Nucleus
HDAC9 Cytoplasm
and nucleus

HDAC11 Nucleus

AP Nucleus
HSCT0 Cytoplasm
HSPAS Cytoplasm
HSP90a Cytoplasm
KRASE Cytoplasm
Ku70 Cytoplasm
LC3B-II* Cytoplasm
MSH2 Cytoplasm
and nucleus
MYHS9 Cytoplasm

Deacetylated

Lysine(s)

49

87,124, 161,

189, 198, 235,

272,309, 319

ND

72

ND

ND

ND

ND

353

294

104

539, 542

ND

845, 847, 871,

892

ND

Function of the
Deacetylated Substrate

Epidermal growth factor-
induced nuclear localization

and decreased expression of
c-Myc

Regulation of cell migration
and actin filament binding

Protein folding

Proliferation, mobility, and cell
survival

ND

Modulation of cell survival and
arrest of cellular movement

Transcriptional activation of
interleukin 10

Increased transcription of
STATS

Protein folding

Ubiquitination of HSPA5
mediated by GP78

Degradation and elimination of
misfolded proteins and
regulation of glucocorticoid
receptors

Cell proliferation
Suppression of apoptosis
Regulation of autophagy

Reduced cellular sensitivity to
DNA damaging agents and
reduced DNA mismatch repair
activities by downregulation of

MSH2

Regulation of binding to actin

Interaction

Domains of Reference

HDAC6

ND

DD1 and

DD2

ND

ND

ND

DD2

ND

ND

ND

ND

DD1, DD2 et
BUZ

ND

ND

ND

DD1

ND

[14]

[15]
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e ae Deacetylated Function of the LG
Substrates of the - Domains of Reference
Substrate Lysine(s) Deacetylated Substrate HDAC6
filaments
PrxI Cytoplasm 197 Antioxidant activity ND [22][23]
and nucleus
Prxil gl 196 Antioxidant activity ND 2y
and nucleus filaments
RIG-| Cytoplasm 858, 909 Recognition of viral RNA ND 241 bility and
tituent of
Sam68 Nucleus ND Alternative splicing ND (23] S
binding to
Survivin Nucleus 129 Anti-apoptotic function DD2 Sl cetylation
Suppression of HIV DD2 and g to the
[26]
Tat Cytoplasm e transactivation BUZ dteasome
] , ir and are
a-tubulin Formation of immune
. Cytoplasm 40 synapses, viral infection, cell DD1 or DD2 Q2715 through
migration and chemotaxis ne fusion

with lysosomes via autophagy (Eigure 2C). A decrease in the acetylation of microtubule-associated protein 1 light
chain 3 by HDAC6 was observed during autophagic degradation 2822 The HDACG6 protein is also involved in
piOtrtstnede iR+t anotso degadplidad \by FERTtekdiAS arth oHBRAbvare alsapdzanetytizaedsabHHRE20Hmwt
Brondp 81 s valhen dhbssene i) et Hyy HHIDXNCS ahditS | Rty FaBsicb thrak t 1S 8PS fmt dose $6 ldbap BrxheRicin2 tamsoviaittdlegdsisl
tife aidigidekztionBif Zts biiedihgrofaihsoytithez imotdaBonue dEmytas2Dilodmatc DMAdRdN oinakfbiadlpgpoteindaraiges
dissolcatidn BRKHe exnagleliuleorsajnaleed@Bamh kineat shoBloxfa@idiorkh@a8Fpok, RBaizPongyvajwsiteico A
sty Adéastylasd; HIWCBuimanompiexn odéfieativey fainus duHiigG NBsdigttionpbiléyrejeasp oliel€dsbimautsdthg
ttamsiripRorHS Gahgdt SPe Rigroer2i; disMDACHeit atlovckshivteing [familgfaid¢d PRI@)Nsé#hber 5]; LC3B-II:
microtubule-associated protein 1 light chain 3; MSH2: MutS protein homolog 2; MYH9: myosin heavy chain 9; ND:
non determined; Prx: peroxiredoxin; RIG-I: retinoic acid-inducible gene | protein; Sam: Src-associated substrate in

mitosis; STAT: signal transducer and transcriptional activator; Tat: twin-arginine translocation protein.

https://encyclopedia.pub/entry/12073 4/32



HDACG6 | Encyclopedia.pub

0@

smAophagic memkrang Autephagohyicioma
Lysokoms

| Protessome indegpendent degradation - Autcphagy l

.&& llJmﬂ

Misfolded pratein  Ublguitin Proteasems  Microtubules Dynain LE3  phl

Figure 2. The HDACSG6 protein is involved in many cellular processes. HDACS is involved in F-actin polymerization
(A), microtubule dynamics (B), anti-apoptotic activity (C), proteasome-dependent and -independent degradation
(D), transcriptional activation of chaperone proteins (E), and autophagy (F). Ac: acetylated; HAT: histone
acetyltransferase; HDAC: histone deacetylase; HSF: heat shock factor; HSP: heat shock protein; MTOC:

microtubule organizing center; SIRT: sirtuin; VCP: valosin-containing protein/ATPase.

HDACSG is also involved in apoptosis by deacetylating the Ku70 protein, which then forms a complex with BAX, a
proapoptotic protein, allowing the inhibition of apoptosis (Figure 2F). Similarly, inhibition of the catalytic activity of
HDACG6 promotes the dephosphorylation of AKT and ERK, associated with decreased cell proliferation and death

of cancer cells 28],

Furthermore, HDACG6 regulates endocytosis and exocytosis vesicles. When the epidermal growth factor receptor
(EGFR) receptor is bound to its ligand, it interacts with HDAC6 and inactivates it by phosphorylation, which then
leads to the hyperacetylation of microtubules and finally the internalization of the receptor. The inhibition of HDAC6
induces the increase of the acetylation of peroxiredoxins 1 and 2, which are antioxidant enzymes, increasing their
activity and causing a reduction in cell resistance to chemotherapy 28, HDACS6 is involved in the process of
autophosphorylation of tau protein, giving it the ability to form aggregates called neurofibrillary tangles that can

cause neurotoxicity 29,

2.3. Post-Transcriptional Regulation
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There is a lack of current data explaining the post-transcriptional regulation of HDAC6 protein. Nevertheless, some
microRNAs stimulating cancer cell proliferation and metastasis formation (miR-22, miR-221, miR-433, and miR-
548) (29 and stem cell differentiation (miR-26a) 21, are predicted to interact with HDAC6 protein, thus inducing a

destabilization or repression of the translation of its mMRNA.

2.4. Post-Translational Regulation

Post-translational modifications such as phosphorylation and acetylation have a significant impact on HDACG6
functions. Indeed, although EGFR induces an inhibitory phosphorylation of HDACSG, in the majority of cases it is
established that the phosphorylation of HDAC6 improves its deacetylase activity, whereas acetylation decreases its
enzymatic activity, preventing the deacetylation of o-tubulin. Examples of post-translational modifications of the

HDACSG protein influencing its activity are shown in Table 2.

Table 2. Post-translational modifications regulating the activity of HDACG6.

Post-Translational Target

Modification Enzyme Site Consequences Reference
GSK3p Ser-22 Increased deacetylgtlon activity of a- [10]
tubulin
ERK1 ser Regulation of cellular motilit [10]
1035 d y
GRK2 ND Increased deacetylgtlon activity of a- 132]
tubulin
Phosphorylation Aurora ND Increased deacetqutlon activity of a- [10]
tubulin
PKCZ ND Increased deacetylgtlon activity of a- [10]
tubulin
CK2 Ser-458 Improved formation and elimination of [10]
aggresomes
EGFR Tyr-570 Inhibition of deacetylation activity (23]
Acetylation p300 Lys-16 Inhibition of deacetylation activity (10

In addition to these known post-translational modifications, there are proteins interacting directly with the HDAC6

protein and inducing its inhibition by direct interaction (Table 3).
CK2: casein kinase 2; EGFR: epidermal growth factor receptor; ERK1: extracellular signal-regulated kinase; GRK2:

FabBletsinpraidiRARacRREYaKinhR By RRK&IYERUEH Siitliase kinase 3; Lys: lysine; ND: non determined; PKC(:

protein kinase C isoform ; Ser: serine; Thr: threonine.
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gl Protein Region e
Inhibiting Re uiredgor Domain
HDACSG6 by Protein Function In:leraction Interacting Cellular Impact References
Direct with HDAC6 with the
Interaction Protein
. Cell proliferation, [10]
CYLD Deubiquitinase ND DD1/DD2 . .
ciliogenesis
Skeletal muscle
membrane repair,
Dysferlin myogenesis, cell Domain C2 ND Myogenesis (4]
adhesion, intercellular
calcium signaling
Mdp3 Stab|l|_zat|on factor of Amlno-tgrmlnal ND Cell motility [35]
microtubules region
Paxillin Focal adhesion Reg|on.r|ch " ND Polanza_ltlon_and (10
proline cell migration
Between the
062 Transport of.mlsfolded ZZ domain gnd DD2 Aggresgme [36]
proteins the TRAF6 link formation
area
RanBPM Apoptosis, pr_ohfe_ratlon ND Aggresqme 37]
and cell migration formation
Tau Stabll|;at|on factor of Tubulin .b|nd|ng SE14 domain Aggresqme [36][38]
microtubules region formation
Regulation of
Polymerization and microtubule
TPPP1 acetylation of ND acetylation and [29]
microtubules [-catenin q |
expression And rena
UIOTAUOTO; A0 vvTiIl QAo 11 1nnarnnnniaauvl [@] alivu viiau IUQPUIIQU [E]. 11T 1VIT Ul UIC 1 1wvnNvuwv PIULCIII ni bull\;er IS aISO

now well better understood. Although its oncogenic or tumor suppressor potential is dependent on the type of

cancer 28 jts involvement in oncogenic cell transformation, tumor development, and cancer immunity regulation

@Bk%seﬁcséw@%éhSﬁﬂgfﬁqcﬁaﬂgidﬂ%rﬁjbule-associated protein (MAP) 7 domain-containing protein 3; ND: non

determined; RanBPM: Ran-binding protein microtubule-organizing center; tau: tubulin-associated unit; TPPP1:

HDACSG is overexpressed in many types of cancer (Table 4) and may be implicated in disease progression.
tubulin polymerization-promoting “protein-1.

Table 4. Deregulation of HDACG6 expression in different types of cancers.

Cancer Type Cancers Expression of HDAC6-Comments References
Solid tumors Bladder Overexpressed [41]
Melanoma Overexpressed [41]
Lung Overexpressed (41]
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Cancer Type Cancers

Oral squamous cell
carcinoma

Ovarian carcinoma

Breast

Hepatocytic
carcinoma

Chronic lymphocytic
leukemia

Acute myeloid
leukemia

Acute lymphoblastic
leukemia

Chronic lymphocytic
leukemia

T-cell cutaneous

Hematological lymphoma

Chronic myeloid
leukemia

Multiple myeloma
Mantle cell lymphoma

Diffuse large B cell
lymphoma

Peripheral T-cell
lymphoma

Expression of HDAC6-Comments

Overexpressed-Enhanced expression in advanced
stages

Overexpressed-Enhanced expression in advanced
stages

Overexpressed-Prediction of a good or bad prognosis

Overexpressed-Enhanced expression in advanced
stages

Under-expressed-HDAC6 suggested as a tumor
suppressor

Overexpressed-Observation on patient samples, cell
lines and a transgenic mouse model

Overexpressed

Overexpressed-Enhanced expression in advanced
stages

Overexpressed-Correlated with longer survival

Overexpressed-Correlated with longer survival

Overexpressed-Increased expression in CD34* cells

Overexpressed

Overexpressed

Overexpressed

Overexpressed

References

[28]142]

[28]144]

[42]

(28]142]

[46]

The ability to specifically target HDAC6 would have valuable clinical utility in the treatment of these cancers.

However, despite a large number of pan-HDAC inhibitors, very few compounds are capable of selectively inhibiting

HDACG6 (Table 5). This type of inhibitor can be divided into 2 groups according to their chemical structure:
@@@Uﬁ@%@%ﬁygﬁﬂéﬁmt%& histone deacetylase 6.

Table 5. List of HDACG inhibitors.
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Class HDACS6 Inhibitor
. Trithiocarbonate derivative
Benzamides
(12ac)
NQN-1 (2-benzyl-amino-
naphthoquinone)
Hydroxamates Hydroxamic acid containing

a phenylalanine (4n)

Hydroxamic acid containing
a pyridylalanine (5a)

ACY-738

ACY-775

Clsg (nM)

of the

Binding HDACS
Activity in

Domain
Vitro

ND 65

ND 5540

His215,
His216,
Tyr386,
Phe283,
and
Tyr255 of
DD1 and
His610,
His611, 1690
Tyr782,
Phe620,
and
Phe680
of an
HDAC6
homology
model

Phe566
of DD2 of
an
HDAC6
homology
model

3970

ND 1.7

ND 7.5

Selectivity
Ratio for
HDAC6
Compared
to (Other
HDACS)

19
(HDAC1)

Values
non
available
(HDAC1,
2,3,4,5,
7,8,9, 10,
11)

14
(HDAC1)

25
(HDAC1)

55
(HDAC1),
75
(HDAC2),
128
(HDAC3)

283
(HDAC1),
343

Inhibition of
HDACSG in
Cellulo (pM)®

10 (lung cancer)

4 (chronic myeloid
leukemia)

1 (colorectal
carcinoma)

ND

2.5 (neural cells)

2.5 (neural cells)

Effect on Cancer Cell

Lines or Cancer Type R

Clsg = 8.2 pM (cervical [47]
cancer)

Clsg = 0.8 UM (leukemia) (48]

ICs0: 3 to > 50 UM (various [49]

cancer cell lines)

ICs50: 104 pM (breast [50]
cancer)

ND Gl

ND e
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Class HDACSG Inhibitor

ACY-1083

Bavarostat

BRD9757

Cay10603

Binding
Domain

His573
and
His574 of
DD2

Ser568 of
DD2

ND

His499 of
DD2 of
an

Clsg (nM)
of the
HDAC6
Activity in
Vitro

30

0.002

Selectivity
Ratio for
HDAC6
Compared
to (Other
HDACS)
(HDAC2),
1496
(HDAC3)

260
(HDAC1)

>10000
(HDACT,
2, 3), 188
(HDAC4),
317
(HDACS),
78
(HDACT),
142
(HDACS),
87
(HDACY9),
>17
(HDAC10),
167
(HDAC11)

21
(HDAC1),
60
(HDAC?2),
23
(HDAC3),
727
(HDAC4),
611
(HDACS),
420
(HDACY),
36
(HDACS),
>1000
(HDAC9)

ND

Inhibition of
HDACSG in
Cellulo (pM)®

0.03 (neuroblastoma)

10 (neural progenitor
cells derived from
induced pluripotent

stem cells)

10 (cervical cancer)

<1to 1 uM (several
pancreatic cancer cell
lines)

Effect on Cancer Cell

Lines or Cancer Type R
ND s21[53]
ND 54
ND (58]
ND [561(57]
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Selectivity
Ratio for
HDAC6
Compared
to (Other
HDACS)

C|50 (nM)
. Binding L
Class HDACSG Inhibitor Domain HDAC6
Activity in
Vitro

Inhibition of
HDACSG in
Cellulo (pM)®

Effect on Cancer Cell

Lines or Cancer Type References

HDAC6
homology
model

14
(HDAC1),
17
(HDAC2),
18
(HDAC3 Clsg: 4.6 t0 6.1 UM
Citarinostat (ACY-241) ND 2.6 and 4), 0.3 (ovarian cancer) (ovarian and breast
>7000 cancer)
(HDAC4,
5,9), 2808
(HDACY),
53
(HDACS),

3
(HDAC1),

a3B-cyclic tetrapeptide (23) ND 39 4
(HDAC3),
6 (HDACS)

2 (acute lymphoblastic ~ ICsg: 9 to > 20 pM (various [59]
leukemia) cancer cell lines)

>100000

(HDAC1),

>100000

Compound containing a (HDAC2),

phenylisoxazole group as a  His499 of 0.002 210 ND ICs0: 0.1 t0 1 pM (various [56]

surface recognition group HDAC7 ' (HDAC3), prostate cancer cell lines)

(@) >3000000

(HDACS),

45350
(HDAC10)

52
(HDAC1),
155
- (HDAC2), 1Cs50: <0.5 to 22 uM
STl G ND 1.9 ! ND (several prostate cancer
triazolylphenyl group (6b) ' (HDAC3), lines)
420
(HDACS),
59
(HDAC10)

(60
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Class HDACSG Inhibitor

Compound containing a
peptoid (2i)

3-aminopyrrolidinone
derivative (33)

4-aminomethylaryl acid
derivative (1a)

4-hydroxybenzoic acid
derivative (7b)

4-hydroxybenzoic acid
derivative (13a)

Aminoteraline derivative
(32)

Selectivity
Ratio for
HDAC6
Compared
to (Other
HDACS)

Tyr301 of 126
DD2 of (HDAC2),
an >6000
HDAC6 (HDAC4),
homology 40
model (HDAC11)

Clsg (nM)
- of the
Binding
- HDAC6
LU Activity in
Vitro

Inhibition of
HDACSG in
Cellulo (pM)®

4359
(HDAC1),
11
(HDACS)

ND 17 0.3 (multiple myeloma)

305
(HDAC1),
842
(HDAC2),
237
(HDAC3),
790
(HDACA),
174
(HDACS),
242
(HDACY),
36
(HDACS),
195
(HDACO)

ND 19 0.46 (cervical cancer)

>50000
(HDAC1
2,8),
>500000
(HDAC3,
10, 11)

ND 200 50 (prostate cancer)

25
(HDAC1),
>5000
(HDAC2
3,4,8
10), >2500
(HDAC11)

ND 20000 50 (prostate cancer)

Phe620 50
and

126
(HDAC1),

2 (neuroblastoma)

Effect on Cancer Cell

Lines or Cancer Type R
ICs50: 0.34 t0 2.7 uM [61]
(various cancer cell lines)
Good oral bioavailability 162)
ND (63
ICs0: 41 to 130 (several
prostate and breast cancer (64
cell lines)
ICs0: 19 to 127 (several
prostate and breast cancer (641
cell lines)
ICs0 = 5.4 pM (651

(neuroblastoma)
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Class HDACSG Inhibitor

Benzothiophene derivative
(39)

2,4-imidazolinedione
derivative (10c)

Mercaptoacetamide
derivative (2)

N-
Hydroxycarbonylbenylamino
quinoline derivative (13)

Clsg (nM)
- of the
Binding
- HDAC6
LU Activity in
Vitro

HDAC6

HDACSs)
Phe680
of an
HDAC6
homology
model

ND 14 ND

218
(HDAC1),
63
(HDAC2),
53
(HDACS3),
> 20000
(HDACA,
7,8,9,
11), 3386
(HDACS),
37
(HDAC10)

ND 4.4

34
(HDAC1),
77
(HDAC2),
64
(HDACS),
112
(HDAC10)

ND 95.3

ND 0.291 32817
(HDACY),
42955
(HDAC2),
26632
(HDAC?3),
15250
(HDACA),
10694
(HDACS),
2436
(HDACY),
4089

Selectivity
Ratio for

Compared
to (Other

2 (HDACS)

Inhibition of
HDACSG in
Cellulo (pM)®

Same effect as
tubastatin A

1.6 (acute myeloid
leukemia)

ND

0.1 (multiple myeloma)

Effect on Cancer Cell

Lines or Cancer Type B
Does not target NF-kB and
AP-1 at the transcriptional 1681
level
ICs0: 0.2 t0 0.8 uM [67]

(various cancer cell lines)

At 10 uM protects cortical
neurons from oxidative (68l
stress inducing death

ICs0: 9.1 t0 40.6 UM (691
(multiple myeloma)
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Selectivity
Ratio for
HDAC6
Compared
to (Other
HDACS)
(HDACS),
5258
(HDACY9),
33646
(HDAC10),
1292
(HDAC11)

Clso (nM)
. Binding L
Class HDACSG Inhibitor Domain HDAC6
Activity in
Vitro

Inhibition of
HDACSG in
Cellulo (pM)®

Effect on Cancer Cell

Lines or Cancer Type References

116
(HDAC1),
1625
(HDAC4),
His463, 576
Pro464, (HDACS),
Isoxazole-3-hydroxamate Phe583, 695 70!
derivative (SS-208) and 12 (HDAC?), 5 (melanoma) ND -
Leu712 103
of DD2 (HDACS),
3183
(HDACY9),
427
(HDAC11)

Phe620
Phenothiazine derivative and 538 0.1 (acute myeloid
(7i) Phe680 (HDAC1) leukemia)
of DD2

ND [z

I Clsp: 0.65 to 2.77 (ovarian

RIGIL DRI c 3 27 ND cancer and squamous cell
derivative (2) His614 of (HDAC1) . 4

carcinoma of the tongue)

DD2

(611(72]

33
(HDAC1),
51
(HDAC2),
45
Phenylsulfonylfuroxan ND 74 (HDAC3), 0.013 (acute myeloid ICs0: 0.4 t0 5.8 uM 3]
derivative (5¢) ' 4 leukemia) (various cancer cell lines)
(HDACA4),
46
(HDACS),
82
(HDAC11)

The compounds ACY-241 (Citarinostat) and ACY-1215 (Ricolinostat) are derivatives of hydroxamic acid, which

shows a specific inhibitory activity against HDACG6 with 1Cgg values of 2.6 and 5 nM, respectively. They are the only

https://encyclopedia.pub/entry/12073 14/32



HDACG6 | Encyclopedia.pub

Clsg (nM) SSSEAHY o roved by
Class HDACS6 Inhibitor Binding I-(|)I;It-\hce6 e Inl-?llbtxt(l:%n': f U ek Referencesr| tat
1ot Domain Activity i Compared ! $ Lines or Cancer Type finosta )’
ctivity in Cellulo (M)
Vitro [—M LU
HDACs)
8
HDAC1),
( 50 ) rmed on
HDAC2), .
( 127 ) d patient
HDAC3), .
( 2329 ) and will
(HDAC4), .
Pr;enldSS 2on 2 drug is
Pyridone derivative (11e) Phe210 2.46 (HDACS), ND IQso: 01410038 HM (4
of 1512 (various cancer cell lines)
HDAC2 (HD7A7C7)‘
HDAC6 Clinical Trial Phase of the
Inhibitor Identification Clinical Trial Pathology
ACY-241 NCT02400242 la/lb Multiple myeloma
NCT02935790 Ib Stage Il and IV unresectable melanoma
NCT02551185 Ib Advanced solid tumors
NCT02635061 Ib Non-resectable non-small cell lung cancer
ACY-1215 NCT02632071 Ib Unresectable or metastatic breast cancer
NCT02787369 Ib Relapsed chronic lymphocytic leukemia
NCT02091063 Ib/Il Relapsed or refractory lymphoid malignancies
NCT01997840 Ib/Il Recurrent and refractory multiple myeloma
NCT01583283 il Multiple myeloma recurrent or recurrent and
refractory
NCT02189343 Ib Recurrent and refractory multiple myeloma
NCT01323751 il Multiple myeloma recurrent or recurrent and
refractory
. ) : t or major
NCT02856568 Ib Unresectable or metastatic cholangiocarcinoma
[94] jitors.
NCT02661815 m Ovarian cancer, primary peritoneal cancer or

platinum-resistant fallopian tubes

Despite the observation of a moderate overexpression of the HDACG6 protein in urothelial cancerous tissues, the
inhibition of the protein had limited efficacy compared to the use of inhibitors targeting several HDACs 292 On the
other hand, HDACS6 inhibitors have notable anti-cancer properties in prostate cancer B4 breast cancer 193]
melanoma 88, and ovarian cancer [22]. These effects could be explained by the implication of HDAC6 in metastasis
formation by epithelial-mesenchymal transition induction via its recruitment by TGFB %4 in cell migration via a-
tubulin deacetylation and in angiogenesis via cortactin deacetylation 195, |n contrast to some selective HDAC6

inhibitors, currently approved pan-HDAC inhibitors failed to show any clinical benefits in solid tumors 24, The
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an (HDAC1) melanoma) (melanoma) the pro-

apoptotic protein BIM In acute myeloid leukemia celis 14 voreover, In a model exniping signincant nuclear
HDACSG levels, chemical HDACS6 inhibition reduces its nuclear localization and p53-HDACS6 interactions inducing
cell cycle arrest and apoptosis via changes of p53 target gene expression 113, The specific nuclear localization of

HDACS in leukemia cells might offer a therapeutic advantage to specifically target those cells.
3.3.2. HDACG6 in CML

3.3.2.1.Degradation of BCR-ABL via Deacetylation of HSP90a by HDACS6 in the Cytoplasm

Although little research exists on HDACG6 in the context of CML, this protein has a function that
makes it particularly interesting in the context of such pathology. HDAC6 deacetylates heat shock
protein (HSP90)a, which is involved in the stabilization of the oncogenic tyrosine kinase breakpoint
cluster region-Abelson (BCR-ABL) protein 114! protein. In the acetylated form, HSP90a loses its
chaperone function, which leads to the degradation of its client proteins by the proteasome (Eigure
3A). The importance of the acetylation status of HSP90a in the protein degradation of BCR-ABL
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3.3.2.2. OverExpression of HDAC6 in CML Stem Cells

(57(88](ee]

[91]

I-HDAC

ReferencesHDACG

ation of

It protein
involved
leads to

» chronic

LSCs that are not targeted by TKI and are characterized by a capacity for self-renewal play a crucial role in CML

relapse. Although HDACG is necessary for the repression of genes involved in the differentiation targeted by the

Tip60-p400 complex in embryonic stem cells (ESCs) 118 no study has provided evidence for this in LSCs, more

differentiated. In contrast, studies have shown that several proteins in the HDAC family are overexpressed in LCSs

of CML. Indeed, SIRTL1 is activated by BCR-ABL via STAT5 and its expression is increased in LSCs compared to in
CML cells [119], Finally, overexpression of isoforms of HDAC (HDAC1, HDAC2, HDAC3, HDAC4, and HDAC5) and
in particular HDAC6 was more frequently observed in LSCs (CD34* CD38") isolated from patients with CML than in

K562 cells 48 (Figure 3B), making it a protein of interest in the search for treatments to prevent relapse in patients

with CML.

3.3.3 HDACSG inhibitors in CLL
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cytotoxicity against non-malignant cells 1271,

In AML, inhibition of HDAC6 was essentially investigated in combination with other pharmacologically active
compounds at a pre-clinical level. For instance, a combination of 17-(allylamino)-17-demethoxygeldanamycin (17-
AAG), a synthetic derivative of the ansamycin benzoquinone antibiotic geldanamycin, with the HDACG6 inhibitor
tubacin reduces the viability of primary AML samples, validating HDAC6 as a HSP9O0 client protein also in AML and
that its hyperacetylation facilitates the anticancer potential of 17-AAG 128, | BH-589 and PXD101 inhibit HDAC1
and HDACG6 and synergize with cytarabine to induce cell death in pediatric AML, accompanied by DNA damage
induction and increased Bim expression levels (129 Similarly, Bim protein induction and inhibition of nuclear factor-
kappa B (NF-kB) pathway were identified as a mechanistic basis for the synergistic anti-cancer effects of belinostat
in combination with the proteasome inhibitor bortezomib in AML and ALL cells 139 The selective JAK2/HDAC6
dual inhibitor 20a shows excellent in vivo antitumor efficacy in HEL AML mouse xenograft assays and synergizes
with the antifungal drug fluconazole 131 The selective HDACG6 inhibitor MPT0G211 combined with doxorubicin

displays anti-cancer effect by inducing a DNA damage response associated with increased Ku70 acetylation and
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general and efficient mechanism explaining the synergistic effect observed 39, MPT0G211 combined with
vincristine interrupts ALL mitosis via interference with microtubular dynamics leading to apoptosis. In vivo,

MPT0G211 plus doxorubicin or vincristine reduces tumor growth xenograft models [132],

Remarkably, it has been shown that the inhibition of HDAC6 using either the pan-HDAC inhibitor trichostatin, the
selective HDACG6 inhibitor tubacin, or a genetic knock-down efficiently reduces Notch3 signaling through a post-
Aegnskatimakmissiiatasp gntitencic] d\go remul aéntratleadimybiiin g H0&6 aecdc elpojptaity; IDDT-dddcatglisseaddmaipai@hg
Hutemiz armyti DAQIckisteneg defeet tyitsd-Alis: dabtities alChgricoagehtnazon ThAlbiweds50%tesé cedutiohithlibats
taadinerald ButitopodendahofadD RBB Gir getiipd éral dicidH aditiaddieaoce it3Bhe: phenylalanine; Pro: proline; SAHA:

suberoylanilide hydroxamic acid; Ser: serine; Tyr: tyrosine.
3.3.6 HDACSG inhibitors in other hematological malignancies

Inhibition of HDACG6 activity increases CD20 levels in B-cell tumor cell lines and malignant patient cells,
potentializing the in vivo effect of anti-CD20 monoclonal antibodies like rituximab. Translation of CD20 mRNA is
significantly enhanced after HDACG6 inhibition as CD20 mRNA was abundant within the polysomal fraction,
indicating a post-transcriptional function of HDACG6. Collectively, these findings suggest HDACG6 inhibition is a
rational therapeutic strategy to be implemented in combination therapies with anti-CD20 monoclonal antibodies

and open up novel avenues for the clinical use of HDACS inhibitors 1351,

The HDACSG inhibitor A452 combined with the Bruton's tyrosine kinase inhibitor ibrutinib efficiently kills non-Hodgkin

lymphoma cells, including follicular lymphoma 1351,

The HDACSG inhibitor KT-531 displays the highest anti-cancer potency against T-cell prolymphocytic leukemia (T-
PLL) cells compared to other hematological neoplasms, together with safe differential toxicity compared to non-
transformed cell lines. Accordingly, HDACG6 is overexpressed in primary T-PLL patient samples in which KT-531
exerts a potent anti-cancer activity. Moreover, a combination of KT-531 with various approved drugs including

bendamustine, idasanutlin, and venetoclax shows promising synergistic effects against T-PLL patient cells 1361,
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