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Abstract

anti-cancer agents that target specific HDAC enzym

efficacy as chemotherapy in
ive "HDAC inhibitors. Selective HDAC

cancer cells. Selective HDAC inhibitors isoform provi

inhibiting cancer confirmation compared to
inhibitors suppress Class | HDAC1, HDAC d HDAC11l. HDAC class | inhibitors
induce apoptosis, differentiation, autop ells, and reactive oxygen species(ROS)-
induced cell death and inhibit cell mi asion, and angiogenesis in cancer cells while
the normal cells showed more resistance t© HDAC class | inhibitors. MGCD0103, a benzamide
histone deacetylase, has a po a er therapy that is used in the treatment of many
cancers cell lines, and it has Reen approved by FAD in the treatment of Hodgkin lymphoma
(HL) cell lines. MGC
action HDCA2, HDAC3
anti-cancer drug for trea

S rous inhibitory activity against HDAC1 but also targets
D

g a different variety of human cancer cells.

1. Therefore, MGCDO0103 has expected to be a promising




Introduction:

Histone deacetylase enzymes are a large family of enzymes that remove acetyl groups from
lysine residues of histone and non-histone protein, causing transcription repression. In the
human there are 18 HDAC divided into four classes on basis of similarity to yeast proteins:
Class | Rpd3-like proteins (HDAC1, HDAC2, HDAC3, and HDACS); Class Il Hdal-like proteins
(HDAC4, HDACS5, HDAC6, HDAC7, HDAC9, HDAC10); Class Il Sir2 (SIRT1, SIRT2, SIRT3, SIRT4,
SIRT5, SIRT6 andSIRT7); and class VI proteins (HDAC11) (Seto& Yoshida,2014). In addition to
histone substrate, HADC enzymes may bind to non-histone proteins substrate involved in the
growth and development of cancer cells. The inhibition action of these enzymes largely
contributes to the accumulation of the acetyl group in lysine residue in histone and non-

is, differentiation, cell cycle
arrest, autophagic cell death, and reactive oxygen species (ROS);i e death of cells (Xu et
al,2007). Also, HDAC inhibitors prevent repair damage of DNA do @ nd break (DSB) when

combined with other cancer therapy such as radiation leadi

glioblastoma ( Shabason et al,2011). Histone deacetyla

cancer drug that has construction similarity to HD ce sine substrate (Bieliauskas&
e: selective and non-selective

histone proteins. consequently, these inhibitors will induce apopt

potency (Khan et al,2015). While
agent to target specific HDAC

one deacetylase inhibitor (HDACI) is a novel
HDAC isoform or several isoforms within a single
class of HDAC (Bieliauskas & Rflum,2@08). Selective HDACi has therapeutic effectiveness more
than non-selective H i

ibi ithe killing of cancer cells because of the high similarity in
the active site of the HDAC enzyme family (Min et al,2008).
cells, the overexpression of Class | histone deacetylase (HDAC) has

the structure betwee
However, in glioblasto
been found linked to many biological processes such as cell cycle progression, cell survival, and
differentiation. Inhibition of class | HDAC enzymes might be useful for the treatment of
glioblastoma cancer cells (Was et al,2019 ). MGCDO0103 is a novel class | iso-selective histone
deacetylase inhibitor, that has a broad spectrum in suppressing the growth of cancer cells in
both in vitro and in vivo (Fournel et al,2008). MGCD0103 inhibits a specific class | HADC
enzyme for induction of dead cells and autophagy in tumor cells (Wei,2010). Recent studies
have found that MGCD0103 has good tolerance and favorable pharmacokinetic and
pharmacodynamic profile in clinical trials in patients with Hodgkin’s lymphoma, also the drug
show safe and less toxicity in treatment cancer cells (Bomber, et al,2011; Stanton et al,2018;

Liao et al,2020 ). All these traits of MGCD0103 make them promise anti-cancer drugs to



1- The Role of the class | HDAC in glioblastoma

Epigenetic alteration is altering in gene expression without change of the DNA
sequences, through modulation of specific signaling cascades within the tumor. Histone
deacetylases (HDACs) play critical roles in epigenetic alteration in the human body (Allen et
al,2015). The class | HDACs are part of the HDACs superfamily that have an important role in
several biological activities (Haberland et al,2009). Class | HDAC enzymes consist of HDAC1,2,3
and 8 with a homology similarity to the reduced potassium dependency3(Rpd3) that is a
transcriptional regulator present in yeast protein (Wang et al,2009). These enzymes are
proteins ubiquitously expression, mainly found exclusively in the nucleus for most of the cells
except HDAC3 HDACS present in the nucleus and cytoplasm(Yang et al,2002), they show a high
enzyme activity on histone substrate and attach with transcriptional repressor and cofactor
(Haberland et al,2009; Johnstone & Licht,2003 ). Recent studies haV
expression types of HDACs in GBM. GBM cells and primary GB

tarted investigating the
es showed increased
at both the RNA and
protein levels( Staberg et al,2016). The structure of class ontains a conserved single

HDAC1, 3 expression levels compared to non-neoplastic b

deacetylase domain at the N terminus with short in arboxy-terminal extensions
(Haberland et al,2009). Class | HDAC are classical
active side for enzyme activity (Imai et al,20

familypthat needs zinc ion (ZN*?) on the

brmal HDAC enzyme increases their
expression in cancer cells and acts as an o sing many types of malignancies in the
human body such as glioblastoma (Li et 5y resulsing in high dedifferentiation and cell
proliferation tumor (Weichert,2009 e sion of different families of class | HDAC
enzymes is implicated largely in cancér formation in glioblastoma through several mechanisms
(Yelton and Ray,2018; Was et 019 cent study found that role class | HDAC increased in

high-grade gliomas ifferent, mechanisms (Was et al,2019)(Table 1). There are proofs

indicating to increase expression in glioblastoma, a recent study observed that

overexpression of HDAC# was correlated with induction cell proliferation in glioma cells
through a decrease in tRe expression BIM, BAX, caspase 3, and E-cadherin, and increase
expression of TWIST, Snail, MMP in T98G glioma cell line( Wang et al,2017). Other studies
suggested that HDAC1 is largely attributed to phosphor-special AT-rich Sequence-bind protein
1(SATB1) consider essential in the proliferation and invasion of glioblastoma cells. Phospho-
SATB1 interacts with HDAC in glioma and induces expression of MMP2 and MMP9 in the U87
and SU3 glioblastoma cells line. Consequently, the interaction between phosphor-SATB1 and
HDAC1 consider key in the regulation of glioma cells (Han et al,2013) HDAC2 is a member of the
class | family, and has also a high expression in glioblastoma. The study had been investigated
expression class | HDAC (1,2,3, and 8) in several cells line of glioblastoma U87, A172, U251, and
LN229 cells compared with their expressions in normal cells, the finding found that HDAC2 was
upregulated compared with other types of HDAC Class | and it is involved of cell proliferation,

migration, and invasion in glioblastoma via increased mRNA and proteins expression of MRP1
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(Zang et al,2016 ). While Was et al found that both HDAC 1 and HDAC2 were overexpression in
U87 and LN18 glioblastoma cells and they are responsible for the aberrant activity of an
epigenetic enzyme that causes a decrease in acetyl level from histone H3 and H4 in
glioblastoma (Was et al,2019). HDAC3 plays also an important role in developing brain function
and is associated with the pathological grade of glioma (Norwood et al,2014). And it
upregulates expression in children’s glioma (Zhu et al,2013). Overexpression of HDAC3 is
observed in glioblastoma and it is evaluated in both nuclear and cytoplasmic human astrocytic
glioma tumors (Liby et al,2006). Norwood et al observed that HDAC 3 has an important role in
regulating the development of the adult brain, in which HDAC3 can regulate glial cells growth
and deleted of HDAC3 from neural progenitor cells leading to an increase in astrocytes through
an Increased expression of GFAP in cortex and cerebellum of cKO MICE (Norwood et al,2015).
While Geo et al 2019 demonstrated that HDAC3 attributed to actiVation of the CEBPB and JUN
transcriptional factors induced HIF-1a that played a critical role in therapy and radiation
et al,2019). HDAC3
lon of TGF-B pathway

therapy resistance of glioblastoma under different hypoxia condi
also induces the proliferation and dedifferentiation of G
induced SMAD7, SOX2 activation(Liang et al,2020).

class | HDAC, and it is different
the X chromosome at position q13.

HDACS is similar in sequence to HDAC1,2 ang

from other class | HDAC in the location where
The expression of HDACS8 is wide in the bo
kidney (Van den-Wyngaert et al,2000).
increases cell proliferation in gliobla ts as an oncogene in the induction of tumor
(Qi et al,2015). It is found that HDAC8\can ifiteract with P53 and inactivate p53 resulting in cell
proliferation in neuroblasto (0] et al,2009). Besides, HDAC8 causes resistance

eSpecially in the brain and prostate, and
y of HDAC8 decreases apoptosis and

e, TMZ t t through increased expression of 08-methylguanine -
enzyme(MGMT) in U87 and T98G glioblastoma cells line, this
sion occurs through interaction HDAC8 with proteasome receptor

glioblastoma cell line

methyltransferase DNA
increase in MGMT exp
ADRM1 that lead to pro
showed also that levels of HDAC2, and HDAC8 dramatically increased in the glioblastoma and

oting cell viability (Santos-Barriopedro et al,2019 ). Other studies

caused induction of proliferation, migration, and invasion through upregulation mRNA and
protein expression of multidrug resistance protein 1(MRP1) mediated in increased resistance of
glioblastoma to temozolomide (TMZ) (Zhang et al,2016).



enzymes Cell proliferation Differentiation Invasion
Bim, BAX+ E-Cadrine ¢ SATB1 ¢
HDAC1 ‘v
Capase3,SATB1
HDAC2 MRPlT —_— MRPlT
HDAC3 JUN, CEBPB T GFAPT
TGF-B T SMAD7,SOX2T
P53 | MRP1 4
HDAC8 E—
ADRM1,MRP1,MGMT}
Table(1) show the role of class | HDAC on the regulation of involved in different

biological activities in glioblastoma cancer cells

2- Potential class | HDAC inhibitor in the induction of apoptosi ioblastoma cancer cells:

HDAC class | inhibitors are new promising antip e agents that induce cell cycle arrest,
et al,2017; Chuech et al,2015) (Figure

reatment of glioblastoma cancer cells

differentiation, and apoptosis of cancer cells

1). The inhibitory effects of class | HDAC in S
occur through multiple mechanisms t ea e upregulation of tumor suppressor genes,
immune system, inhibiting oncogenes{and downregulation oncogene (Lee et al,2015).The main
function of HDAC class | inhibijtor in hibition action of HDAC enzymes is happened by

binding to the zinc ion iggthe active,site/of the HDAC leading to accumulating histone acetylation,

thereby promoting trans gene expression for histone and non-histone proteins (Lawlor
&yang,2019 ). These inhik

hydroxamic acid, Benzamid

ors are classified into 4 types depending on the structure of HDAC:
short fatty acid, and cyclic peptide ( Bezecy 2014). HADC class |
inhibitors can act against specific types of HDACs (selective- inhibitors) or all types of HDACs(pan-
inhibitors) (Ceccacci & Minucci,2016). Recently some of the class | HDAC inhibitors is approved by
Food and Drug American (FDA) for treating many types of human cancer cells such as vorinostat,
Depsipeptide, and Belinstat in the treatment of T-cell ymphoma (Kim &Bae,2011; Eckschlager et
al,2017 ), and the mechanisms of action of HDAC inhibitors in cancer cells depend on type and
doses of cancer cells (Eckschlager et al,2017).These are many studies investigated cytotoxic
effects for several types of class | HDAC inhibitors whether selective HDACi such as MC1746,
MC2129, and Compound 106, or pan HDACi such as Vorinostat and Valproic acid on cultured
human GBM cells(Was et al,2019).The main purpose of HDAC inhibitors in glioblastoma is to
create a balance between two enzymes HAT involved in the transcription of gene expression and
HADC-induced gene silence to kill cancer ( Sturm et al,2014).In addition, these inhibitors increase
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cell cycle arrest at the G2/M or GO/G1 phase and induced DNA fragmentation that leads to
apoptosis by increasing the expression of p21 and cleaved caspase 3 and PARP-1 in glioblastoma (
Was et al,2019). These inhibitors have a high ability to cross the blood-brain barrier (BBB) with
low toxicity on normal cells (Chateauieux et al,2010; Sturm et al,2014; Bialer &yagen,2007).
Valproic acid (VPA) pans HDAC inhibitors (Venkataramani et al,2010), as well as it can effectively
cross the BBB with a low cytotoxic profile (Peterson& Naunton, 2005). Valproic acid has also been
studied on the glioblastoma cancer cell and found that VPA effectively inhibits cells proliferation
of cancer cell because of its high capability to increase the production of reactive oxygen species
(ROS),p21, and p27 and downregulation of stress-related molecules such as paraoxonase (PNO2)
cyclin,cdc2, and Bcl-XL in U87 and GBM8410 glioblastoma cells line ( Tseng et al,2017). Entinostat
selectively inhibited class | HDAC enzyme, examined its efficacy as anticancer therapy on the

growth of glioblastoma, and revealed a potent therapy in the treat t of glioblastoma through
direct inhibition of HDAC enzyme thereby, it can reduce cell prolife
cell cycle arrest in the GO/G1 in U89MG, C6, F98 and SMA-560 ( E

found that compound 106 which specifically acts on inhibitio

and induce apoptosis,

@ ot al,2006). Was et al,

be caused an increase

in the level of acetyl-H4 and significantly induce p21 an 2 rotgins in U-87 MG cells (Was et
al,2019). Histone deacetylase (HDAC8) also had bee ibi by HDACS8-specific inhibitor
PCI3405 when the drug was treated with glioblds PCI3405 decrease MGMT level and
increase in phosphorylate H2Ax level that repre DNA damage marker also PCI3405

decrease the expression of HDAC8 required
Barriopedio et al,2019). Influence phe PBA) which is considered one of the pan
histone deacetylase inhibitor class HD as been studied to know the effect on
glioblastoma.PBA was found to cycle arrest and apoptosis by upregulating the
expression of P21 and downregulating antiapoptotic BCL2/Bcl-XL without affecting the expression
of proapoptotic Bax an i
of class | HDAC inhibito
promote apoptosis in glioBlastoma through downregulation of the DNA double-strand break
repair protein RADS (Chinnaiyan et al,2004).Panobinostat (LBH-589) is a pan HDAC inhibitor and it

is in phase Il trials for the treatment of glioblastoma ( Yao et al,2017 ). LBH-589 is used against

oblastoma cells line ( Kusaczuk et al,2016). The capability

xamined in effect on growth glioblastoma. LAQ824 helps

diffuse intrinsic potent glioma (DiPG). The researchers observed that LBH-589 is contributed to
the increasing accumulation of H3 acetylation and H3K27 trimethylation subsequently it can stop
the growth of brain tumors (Bacchi et al,2015). Romidepsin is one of the cyclic peptide
compounds that have a potent inhibition of the growth of glioblastoma cells. Romidepsin has
been trialed in phases | and Il for the treatment of glioblastoma (lwamoto et al,2011).
Romidepsin (FK228) decreased tumor growth and induced apoptosis in the glioblastoma model
through downregulating of antiapoptotic proteins Bcl1-XL and increasing expression of the cyclin-
dependent kinase inhibitor p21 (Sawa et al,2004). Class | HDAC inhibitor DWP0016 effectively
suppressed the growth and induced cell cycle arrest in U251 glioblastoma cells. The molecular



mechanism demonstrated the ability of DWP0016 in the induction of transcription and
acetylation of p53 with p300, CBP, and PCAF. p53 activation involved BAX and PUMA expression
to induce the mitochondrial death pathway (Jin et al,2013). Class, | HDAC inhibitor has been
tested not only as a single agent but also in combination with other cancer therapy for the
treatment of glioblastoma (Tan et al,2010). SAHA also plays a unique role as an HDAC inhibitor
either alone or combined with 4HPR to inhibit the growth of two cells line C6 and t98g
glioblastoma through activating mitochondrial extrinsic and intrinsic pathway-induced apoptosis
(Khathayer et al,2020). Similarly, Sodium butyrate (NaB) and Quercetin (QCT) synergistically have
been tested In C6 and T98G glioblastoma cells line. The data has demonstrated that the
combination of NaB +QCT largely enhanced the increase in inhibition of cell proliferation and
autophagy formation in two cells line of glioblastoma through activating BAX, Caspase 3, cleavage
-1 and LC3Ill induced to
crease the expression

PARP induced to apoptosis and decreases in expression of Be
autophagy(Taylor et al,2019). VPA and radiotherapy (X-ray) significa
of Bcl2 and increase the expression of BAX protein compared with
of C6 glioblastoma (Zhou et al,2014).

ne in the treatment

3- Role Class | HDAC in migration, invasion, and angiog is igblastoma

During the epithelial-to-mesenchymal transition roeess start cells migration to other
organs of the body by a blood vessel, the most ex
of extracellular matrix(ECM) are MMP1, a

of the extracellular matrix that lead t gration and invasion of glioblastoma cell (Rao et

ar metalloprotease in the degradation
act as oncogene mediates degradation

al,2003 ). One of the upstream pathways captrolling MMP expression is the PI3K/AKT pathway
(Crespo et al, 2016; Wang et al 4 Hi e modification has a high ability in regulating EMT
(Sun& Fang,2016; Li et al,2015) Classfil HDAC enzymes play an important role in induction the

of cell migration and i cancer cells and the regulation of gene expression of an

extracellular matrix-rel CM) ( Whestine et al,2005) by reducing histone acetyl group
from histone protein H3 that may lead to increase expression of MMP9, PEG1 ( Li et al, 2015).
Class | HDAC enzymes play an important role in the migration, invasion, and angiogenesis of
glioblastoma in both tumor and non-tumor cells. HDAC1 which belong to HDAC class |
significantly increase its expression during tumor progression in glioma cell compared with
normal cells caused cell invasion in glioma cells by increasing expression of phosphorylated
PI3K/AKT and MEK/ERK signaling pathway in vitro and in vivo ( Li et al,2018) involved in
secretion of MMP2,9 expression (Chen et al,2009). Another study found that overexpression of
HDAC1 involved in migration and invasion of glioma cells was correlated with increase
expression of invasive-related factors (TWIST1, SNAIL, and MMP9) (Wang et al,2017). Zhang et
al investigated expression class | HDAC enzymes (1,2,3 and 8) and found that HDAC2 expression
was significantly higher expression in the glioblastoma than the other class | HDAC and it is

responsible for the progression of tumor glioma cells (Zhang et al,2016). Little studies are



showing the role of the inhibitor in the suppression of migration and invasion of glioblastoma.
Class | HDAC inhibitors induce inhibition invasion of glioma through decreasing expression of
MMP in the glioma cell line (Wang et al, 2014). For example, Entinostat that class | HDAC
selectively inhibited HDAC 1,3 has a cytotoxic effect in suppression migration of glioblastoma
cells, the study suggested that entinostat was the most effective HDACi compared with
trichostatin A (TSA), and MC1568 in decreasing cell migration and invasion of U87 glioblastoma
cell line that reached to 44% as compared to the control that reaches to 100 % without a clear
mechanism (Pastorino et al,2019). Urdiciain et al, demonstrated that Panobinostat may act as
an anti-invasive agent in the reduction of the Epithelial-mesenchymal transition (EMT) that
causes potential cell migration to nearby tissues. The results found that Panobiostat alone or in
combination with temozolomide led to decrease migration in the LN405 glioblastoma cell line

through increased expression of N-cadherin that represents mese
the level of E-cadherin protein (Urdiciain et al,2018). SAHA (voring
with 4HPR significantly limited migration and invasion in the gliol

hymal marker and increase

=

3 lone or in combination
% wand identification as

an anti-invasive compound by suppressing pl3K/Akt a and®downstream its target
transcription factor NFKB and p38 involved in activati P9fand MMP2 responsible for
invasion cells in both cell line C6 and T98G glioblasto Ils (Khathayer et al,2020). Also,

the studies observed that sodium butyrate inhihi gkation and invasion of C6 glioblastoma
cells (Herbert et al,2001) while Nakagawa et a hat sodium butyrate suppresses cell
invasion in human GB A172 cells by increasing phosphorylation of Focal Adhesion Kinase
(FAK) that is a key regulator of adhes;j ity in"cancer and normal cells (Nakagawa et
al,2018).

Further, Glioblastoma mulfiform ) progression can express a transcription factor

called hypoxia to in factor-1 {HIFa-1) and (HIFa-2) that has a large role in GBM

ulates angiogenesis (Wang et al,2017). HIFa-1 stimulates

development and pro
several genes including
glioblastoma (Ho&Kuo,20
multiple mechanisms cause also inhibition of angiogenesis (Kouraklis & Theocharis ,2006).

cular endothelium growth factor (VEGF) mediates angiogenesis in
). The epigenetic therapy that targets the epigenetic alternation by

HDAC enzymes that can remove acetyl groups from histone significantly increase the
expression of HIFa-1 (Wellmann et al,2008). Histone deacetylase inhibitors help in
the suppression of angiogenesis of GBM via inhibiting growth factors (VEGF, EGFR) production
or by blocking vascular channels in GBM ( Chen et al,2020). There are many studies indicating
the role of class | HDAC inhibitors in the suppression of angiogenesis through accumulating
hyperacetylation of histone and regulating heat sock protein 90 induce of HIFa-1 of
histone(Scroggins et al,2007). Yao et al examined mechanisms of Panobinostat (LBH589) on
angiogenesis activity of glioblastoma invitro and in vivo, The results found that LBH589 causes
disruption of heat protein 90/HDAC6 complex and inhibits expression of HIFo and VEGF in U87



glioblastoma cell lines (Yao et al,2017). Other groups of HDAC inhibitors including SAHA, TSA,
and FK228, have also been reported as anti-angiogenic activity in glioblastoma cells line
(Khathayer et al,2020; Sawa et al,2004).

4- Role class | HDAC inhibitors in Differentiation

Neural differentiation of human pluripotent stem cells (hPSCs) inducing human embryonic stem
cells (hESC) and human induced pluripotent stem cells (hPSCs) leads to differentiation into cell
types of three germ layers (Thomson et al,1998). Neural progenitor cells (NPCs) generate from
al,2008). Astrocytes are the
action and development
idic protein (GFAP-
§(Oberheim et al,2006).
Epigenetic alteration of DNA and histone plays i tant role in regulating gene

hPSC and convert finally NPC into neuronal or glial cells (Sikorsk et

most numerous types of glial cells and play an important role in t
brain (Doyle et al,2008). Astrocytes have subtypes of glial fils
positive cell) in the human brain while there are two subtyp

transcription of neural cells ( Sikorska et al,2008) HDA ce e (HDAC) is the main agent to

C group from histone and other
histone proteins thereby preventing transcription at can cause deacetylation a variety of

Overexpression of class | HDAC involy fferentiated tumor (Weichert ,2009). Class, |
HDAC inhibitors are a group of smalldiverse molecules in structure and function known as an
anticancer therapy in the inducti iffereéntiation (Svechinkova et al,2008). HDAC inhibitors
cause the accumulation of acétyl orfflboth the histone and nonhistone proteins resulting in
e arrest (Glozak & Seto,2007). SAHA potent promote the

m cells and developed an astrocytic morphology through

differentiation, apopt
differentiation of gliob
upregulating of glial fibrillary acidic protein (GFAP) and TUBB3 that represent differentiation
marker in glioblastoma anddownregulating both PROM1 and nestin that is dedifferentiation in
glioblastoma. Also, other studies found that some HADC inhibitors can inhibit class | HDAC and
induce differentiation. Svechnikova et al,2008) investigated the inhibitory effect of two types of
the histone deacetylase inhibitor trichostatin A (TSA) and 4- phenylbutyrate (4-PB). They
observed that these inhibitors promote and induce differentiation in GBM-29, U-343MG, and
U-343MGa glioblastoma cells line. The inhibitors TSA and 4-PB separately increased the
expression of differentiation mark (GFAP) and decrease the expression of vimentin and nestin

involved in the dedifferentiation of glioblastoma (Svechnikova et al,2008).
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Figure(1): scheme demonstrates the role sshl C inhibitor on a variety of biological

activites in glioblastoma.
5- Mocetinostat: Structure, Fu

0103 is [N-(2-aminophenyl)-4-[[(4-pyridrin-3-3ylpyrimidin-2-

The chemical name,of M
yl)2amino] methyl] i 0103 was developed by a Methyl Gene company in
. The'molecular weight is 558.279 mol (Zhou et al,2008). It is small

hesized, and orally active in many cancer cells (Buglio et al,2010).

Canada (Buglio et al,2
molecular, chemically s
The MGCDO0103 is a non-hydroxamate HDAC inhibitor that is composed of a benzamide group
instead of the hydroxamate group present in SAHA, Lbh589. MGCD0103 has various
mechanisms in the inhibition of HDAC enzyme different from that of hydroxamate acid
inhibitor. The carbonyl oxygen and the ortho-NH2 group directly attach with the ZN*2 ion,
these two groups also form potential hydrogen bands with the side chains of several amino
acids inactive side. The empty cavity of the arilide ring is partially filling the 14 A hydrophobic
cavity adjacent to the catalytic site causing beneficial interaction (Fournel et al,2008) (Figure
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2).

Mocetinostat drugs may be useful for the treatment of health problems for patients such as
cancer, cardiovascular disorders, and brain disorders.MGC0103 showed a high ability to
increase induction anti-proliferation p57 gene expression and block cardiac fibroblast cell cycle

progression to prevent the
. Figure(2) Chemical Structure of MGCD0103 . . .

formation of cardiac fibrosis

which is the excess deposition of

extracellular matrix in the heart-caused heart dysfunction ( Schuetze et al,2017). Furthermore,
MGC0103 has an important role in regular cardiovascular homeostasis through the increase of

expression NPrl gene transcription via suppressing of HDAC1/HARC2 activity, reducing the
interaction of SP1 promoter with HDAC1 /2, promoting atta

p300/CAMP bind protein-associated factor to NPrl promotor s

al,2014). MGCDO0103 significantly regulate glucose le
ability to protect the pancreas from streptozotocin (

people that have weak in memory f@and difficulty in learning, Mocetinostat also significantly

showed neuroprotective effect te to improving short term and long-term memory
in patients with Alzheimer's disgase through reduction neuroinflammation, the accumulation of
B-amyloid (AB) and
noradrenergic neurons
Mocetinostat (MGCO0103)is an isotype-selective class | Histone deacetylase inhibitor (HDACi)
that binds and inhibits class | HDAC 1,2,3 and 11 (Bonfils et al,2008), and they do not have any
effect the class Il HDACs (Buglio et al,2010). Mocetinostat has a potent effect to inhibit HDAC 1
with little inhibition against HDAC 2,3 and 11 (Ververis et al,2013). It is tested in phases |, and Il

for patients with acute leukemia (Blum et al,2009: Garcia-Manero et al,2008). In the phase |

of Tau protein, also it can increase the numbers of
pression of synaptophysin protein ( Mei hsieh et al,2018).

trial, the MGCO0103 is orally given 3 times weekly for patients with solid tumor acute
myelogenous leukemia (AML) or myelodysplastic syndrome in optimum dose 60 mg/m2/d and
higher for AML and 45 mg/m2/d for solid tumor ( Garcia-Manero et al,2008; Siu et al,2007).
While in phase Il study MGCD0103 treated with chronic lymphocytic leukemia (LLC) is orally
available and also given 3 times/week with a dose starting at a dose of 110 mg/day (Blum et
al,2009). MGCDO0103 is a good tolerated and demonstrated favorable pharmacokinetic and
pharmacodynamic properties better than other HDACs (Boumber et al,2011). Preclinical studies
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showed that MGCDO0103 have significant antitumor activity against a broad spectrum of human
cancer cells both in-vitro and in vivo due to the ability of MGCO0103 in increased induction of
histone acetylation in tumor resulting in inducing apoptosis and cell cycle arrest in a variety of
human cancer cells(Fournel et al,2008; Li et al,2004). They can target and kill tumor cells
without cytotoxic effects on normal non-cancer cells (Chiao et al,2013).In addition, recent
studies have shown potential MGCD0103 in the induction of autophagy in different cancer cells
( EL-Khoury et al,2010), and it affects the expression of the number of immunomodulation
factors in which can act as immune enhancers by increasing the expression PDL-1 mRNA
expression and MHC-class | related (MIC-A) and MIC-B (Briere et al,2018). MGCDO0103 is unlike
SAHA and MS-275 in the inhibitory activity which has activity inhibitory more potent than SAHA
and MS-275(Fournelet al,2008). The HDAC inhibitory activity of MGCD0103 was more 7 — fold
ager than SAHA in HCT116

potent than SAHA in pancreatic cancer cells and more 6 fold stre
colon cancer(Bonfils et al,2008), because of targeting MGCD0103 46"atsp
with the pan HDAC such as SAHA and MS-275 that target multi HD @
6- Role MGCDO0103 in the induction of apoptosis in an cells

ecific HDAC compared
es in the inhibition
of cell proliferation in many cancer cells (Fournel et al,2008

MGCDO0103 are type-specific amino pheylenza
induced apoptosis (Fournel et al,2008). Genera

(7

ysis (Buglio” et al,2011). Studies have shown that

cycle arrest in many cancer cells through i

intrinsic caspase pathway induced to
mocetinostat significantly suppressesthe grewth of colon cancer-initiating cells (CCIC) and non-
CCIC CRC cells by upregulating t ical WNT signaling and Dickkopf-1(DKK-1) involved
in inhibition proliferation and{clonogenicity (Sikandar et al,2010). MGCD0103 has a potent
i a (HL) cell lines. The inhibition effects of MGD0103 on
increase in the expression of TNFo and activates NF-kB
et al,2010). El-Khoury et al observed that MGC0103 has toxicity
more in neoplastic B-cell cbmpared with normal cells, MGCD0103 can decrease the expression

anticancer agent in
lymphoma are associa
transcription factor (Bug

of MCL-1 and induce pro-apoptotic protein BAX mediated in reducing cytochrome C and
activation Caspase C induced to apoptosis (El-Khoury et al,2010) while another the study found
that MGC0103 contributed in treatment of Hodgkin’s lymphoma (CHL) by decreasing Bcl2 level
and increase NFkB and PD-L1 expression in two cells line L1236 and L428. (Huang et al,2018). In
liver cancer, MGCD0103 has an important role in the inhibition of cells proliferation and
induction of cells cycle arrest in two cells line HepG2 and Huh7 liver cancer cells, the result
found that MGCD0103 can induce G2/M arrest via upregulating the proteins level of p21,p27,p-
cdc25¢c and pcdc2 also MGCD0103 triggered apoptosis in liver cancer cells through
downregulating Bcl2, Bcl-xl and upregulating proapoptotic proteins Bim-Bax, cytochrome C, and
cleavage caspase 3,7,3 and PARP-1 in a dose -depend on manner, further the study reported
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role MGCDO0103 in induction autophagy in the liver in which MGCDO0103 can significantly
promote autophagy via increase expression RAGE of Beclin -1, Pbkc3 and LC3Il and decrease
expression of P62 3-MA. Hence, MGCDO0103 is able to induce autophagy cell death in liver
cancer cells (Liao et al,2020 ). The inhibitory efficacy of mocetinostat in killing prostate cancer
was also studied by Zang and colleagues who have shown that proapoptotic miR-31 expression
was significantly upregulated by mocetinostat and downregulated its target the antiapoptotic
protein E2F6 both in vitro and in vivo in prostate cancer cells, this mechanism largely
contributed to induce apoptosis in prostate cancer cells also Mocetinostat triggered the
intrinsic pathway of apoptosis through increase expression of pro-apoptotic protein Bad which
in turn activated (cleaved ) caspase 9,3 and PARP(Zhang et al,2016). Mocetinostat on human
pancreatic cancer was investigated when treated with different concentrations of MGC0103(0-
ed that 1.0 uM MGC0103
a semi-solid medium

10uM) on growth pancreatic cancer tumor cells. The finding sugge

and causes cell cycle arrest through upregulating P21 and p15 exp % ese results refer to
that MGCD0103 might be an effective therapy for pancreati patient ( Sung et al,2011).

approximately inhibits 90% of pancreatic tumor cell colony formg

Gray et al examined effect MGCD0103 effect on cellpi all cell lung cancer (SCLC),
the result suggested that MGCD0103 decreased cell ility By at least 60 % after 24h from
treatment, but a combination of MGCD0103 w rase inhibitors either amrubicin
and epirubicin led to increasing enhance apopte our small cells lung cancer cell line

DMS114, NCL-H69, NCL-H82, and NCL-H3 gh measuring caspase 3 activation that

results in a2.7- to 4 -fold in combinati gcd0103 alone that results in 2.4- to
3.7-fold ( Gray et al,2012). The studigs found that a combination of MGCD0103 led to enhance
the cytotoxic effect of MGC 3 iling many human cancer cells, for example, a

combination of MGCD0103 with gemgitabine induce significantly increase the toxic effect of
mocetinostat in pati ith atic (Chan et al,2018). There are some studies were
investigated MGCDO010
tubule growth of culture

ogenesis activity. MGC0103 has a potent effect inhibiting
uman endothelial cells in a dose-dependent manner in vitro through
inducing transcription of Yanti-angiogenesis factor Thrombospondianl (TSP-1) in the AML
patient while TSP-1 significantly increases its expression when the cell was treated with a

combination of Vidaza and MGCD0103 compared with MGCDO0103 alone(Liu et al,2008).

Conflict of interest: no conflict of interest.

Data availability

The data used to support the finding of this study are available within the article and no addition data
available .

13



References

Seto E, Yoshida M. (2014). Erasers of histone acetylation: the ki etylase

Carey, N, Finn, PW, Collins, LS,
M (2008) Determination of
deacetylase inhibitors.

itchie, JW, Jensen, PB, Lichenstein, HS & Sehested,
s and isoform selectivity of small-molecule histone
urnal 409(2): 581-589.

, Weigelt J, Sundstrom M, Arrowsmith CH, Edwards AM, Bochkarev
tural Genomics Consortium. J. Biol. Chem.3¢-10

Min J, Schuetz A, Loppn
A, Plotnikov AN(2008). Str

Was H, Krol SK, Rotili D etal (2019). Histone deacetylase inhibitors exert anti-tumor effects on
human adherent and stem-like glioma cells. Clin Epigenet 11(11).
https://doi.org/10.1186/s13148-018-0598-5.

Wei Y, Kadia T, Tong W, et al. (2010). The combination of a histone deacetylase inhibitor with
the Bcl-2 homology domain-3 mimetic GX15-070 has synergistic antileukemia activity by
activating both apoptosis and autophagy. Clin Cancer Res 16:3923—-3932.

Boumber Y, Younes A, Garcia-Manero G. (2011). Mocetinostat (MGCD0103): a review of an
isotype-specific histone deacetylase inhibitor. Expert opinion on investigational drugs 20(6):
823-829. https://doi.org/10.1517/13543784.2011.577737.

14



Stanton L G, Paolo FC, Basem M W, Richard JC (2018). Pharmacology and Molecular
Mechanisms of Antineoplastic Agents for Hematologic Malignancies, Hematology (Seventh
Edition),Elsevier,Pages 849-912,

Liao B, Sun Q, Yuan Y, Yin Y, Qiao J, Jiang P(2020). Histone deacetylase inhibitor MGCD0103
causes cell cycle arrest, apoptosis, and autophagy in liver cancer cells. J Cancer 11(7):1915-
1926. doi:10.7150/jca.34091. Available from https://www.jcancer.org/v11p1915.htm

Allen BK, Stathias V, Maloof ME, et al. (2015). Epigenetic pathways and glioblastoma treatment:
insights from signaling cascades. J Cell Biochem 116(3):351-363. d0i:10.1002/jcb.24990

Haberland M, Montgomery RL, Olson EN (2009). The many roles of histone deacetylases in
development and physiology: implications for disease and therapy. Nat Rev Genet 10(1):32-42.
doi:10.1038/nrg2485.

Wang Z, Zang C, Cui K, et al. (2009) Genome-wide mapping of HATs and HDACs reveals distinct
functions in active and inactive genes. Cell 138(5):1019-1031. doi: 10.1016/j.cell.2009.06.049

A

Yang WM, Tsai SC, Wen YD, Fejer G, Seto E (2002) Functional domains of histone deacetylase 3.

J Biol Chem 277(11):9447-9454. doi:10.1074/jbc.M105993200"
™

Johnstone RW, Licht JD (2003). Histone deacetylase inhibitors in cancer therapy: is transcription

the primary target? Cancer Cell 4(1):13-18. d0i:10.1016/s1535-6108(03)00165-x
b a
Imai S, Armstrong CM, Kaeberlein M, Guarente L (2000). Transcriptional silencing and longevity

protein Sir2 is an NAD-dependent histone deacetylase. Nature 403(6771):795-800.

doi:10.1038/35001622 f'\J

A

Lee P, Murphy B, Miller R, et al. (2015). Mechanisms and clinical significance of histone
deacetylase inhibitors: epigenetic glioblastoma therapy. Anticancer Res 35(2):615-625.
\ W a 4

Weichert W(2009) HDAC expression and clinical prognosis in human malignancies. Cancer Lett
280(2):168-176. doi: 10.1016/j.canlet.2008.10.047.

Yelton CJ, Ray SK (2018). Histone deacetylase enzymes and selective histone deacetylase
inhibitors for antitumor effects and enhancement of antitumor immunity in glioblastoma.
Neuroimmunol Neuroinflamm. 5: 46. doi:10.20517/2347-8659.2018.58

Han S, Xia J, Qin X, Han S, Wu A (2013). Phosphorylated SATB1 is associated with the
progression and prognosis of glioma. Cell Death Dis 4(10): e901. Published 2013 Oct 31.
do0i:10.1038/cddis.2013.433.

Zhang Z, Wang Y, Chen J, et al. (2016). Silencing of histone deacetylase 2 suppresses malignancy
for proliferation, migration, and invasion of glioblastoma cells and enhances temozolomide
sensitivity. Cancer Chemother Pharmacol 78(6):1289-1296. doi:10.1007/s00280-016-3188-2

15



Norwood J, Franklin JM, Sharma D, D'Mello SR (2014). Histone deacetylase 3 is necessary for
proper brain development. J Biol Chem 289(50):34569—-34582. d0i:10.1074/jbc.M114.576397.

Zhu J, Wan H, Xue C, Jiang T, Qian C, Zhang Y (2013). Histone deacetylase 3 implicated in the
pathogenesis of children glioma by promoting glioma cell proliferation and migration. Brain
Res. 2013; 1520:15-22. doi: 10.1016/j.brainres.2013.04.061

Liby P, Kostrouchovd M, Pohludka M, et al. (2006). Elevated and deregulated expression of
HDAC3 in human astrocytic glial tumours. Folia Biol (Praha) 52(1-2):21-33.

Gao Y, Liu B, Feng L, et al. (2019). Targeting JUN, CEBPB, and HDAC3: A Novel Strategy to
Overcome Drug Resistance in Hypoxic Glioblastoma. Front Oncol 9:33. Published 2019 Feb 1.
doi:10.3389/fonc.2019.00033.

Ao
Santos-Barriopedro |, Li Y, Bahl S, Seto E (2019). HDACS affects MGMT levels in glioblastoma
cell lines via interaction with the proteasome receptor ADRM1. Genes Cancer 10(5-6):119—

133. doi:10.18632/genesandcancer.197 U
”Q

Van den Wyngaert |, de Vries W, Kremer A, et al. (2000). Cloning and characterization of
human histone deacetylase 8. FEBS Lett. 478(1-2):77-83. doi:1&1016/50014—5793(00)01813—5

Oehme |, Deubzer HE, Wegener D, et al. (209_9). Histone Adeacetylase 8 in neuroblastoma

tumorigenesis. Clin Cancer Res 15(1):91-99. doi: 10.1158/1078-0432.CCR-08-0684
. v
Chueh AC, Tse JW, Togel L, Mariadason JM (2015) Mechanisms of Histone Deacetylase

Inhibitor-Regulated Gene Expression in Cancer Cells. Antioxid Redox Signal 23(1):66—-84. doi:

[ a
Lawlor L,Yang XB (2019). Harnessing the HDAC-histone deacetylase enzymes, inhibitors and
how these can be utilised in tissue engineering. Int J Oral Sci 11(2):20. Published 2019 Jun 10.

doi:10.1038/s41368-019-0053-210.1089/ars.2014.5863.
A .

Bezecny P (2014). Histone deacetylase inhibitors in glioblastoma: pre-clinical and clinical

experience. Med Oncol 31(6):985. doi:10.1007/s12032-014-0985-5
u

Ceccacci E, Minucci S (2016). Inhibition of histone deacetylases in cancer therapy: lessons from
leukaemia. Br J Cancer 114(6):605-611. d0i:10.1038/bjc.2016.36

Kim HJ, Bae SC (2011) Histone deacetylase inhibitors: molecular mechanisms of action and
clinical trials as anti-cancer drugs. Am J Transl Res 3(2):166—179.

Eckschlager T, Plch J, Stiborova M, Hrabeta J (2017). Histone Deacetylase Inhibitors as
Anticancer Drugs. Int J Mol Sci 18(7):1414. doi:10.3390/ijms18071414

Sturm D, Bender S, Jones DT, et al. (2014). Paediatric and adult glioblastoma: multiform
(epi)genomic culprits emerge. Nat Rev Cancer 14(2):92-107. doi:10.1038/nrc3655

16



Chateauvieux S, Morceau F, Dicato M, Diederich M (2010). Molecular and therapeutic
potential and toxicity of valproic acid. J Biomed Biotechnol 2010:479364.
doi:10.1155/2010/479364.

Bialer M, Yagen B(2007) Valproic Acid: second generation. Neurotherapeutics 4(1):130-137.
doi: 10.1016/j.nurt.2006.11.007.

Venkataramani V, Rossner C, Iffland L, et al. (2010). Histone deacetylase inhibitor valproic acid
inhibits cancer cell proliferation via down-regulation of the alzheimer amyloid precursor
protein. J Biol Chem 285(14):10678-10689. d0i:10.1074/jbc.M109.057836.

Peterson GM, Naunton M (2005). Valproate: a simple chemical with so much to offer. J Clin
Pharm Ther 30(5):417-421. doi:10.1111/j.1365-2710.2005. 00671.x

A
Tseng JH, Chen CY, Chen PC, et al. (2017). Valproic acid inhibits glioblastoma multiforme cell
growth via paraoxonase 2 expression. Oncotarget 8(9):14666—14679.
doi:10.18632/oncotarget.14716.

\e 0)

\poglu lY, Hahnen E, Trankle C, et al. (2006). Experimental therapy of malignant gliomas using
the inhibitor of histone deacetylase MS-275. Mol MS(S):1248—1255. doi:

10.1158/1535-7163.MCT-05-0533
P
Santos-Barriopedro |, Li Y, Bahl S, Seto E (20_19_). HDACS zﬂ‘fects MGMT levels in glioblastoma cell

lines via interaction with the proteasome receptor ADRM1. Genes Cancer 10(5-6):119-133.

doi:10.18632/genesandcancer.197 k ’
A

Qi J, Singh S, Hua WK, et al. (2015). HDAC8 Inhibition Specifically Targets Inv (16) Acute Myeloid
Leukemia Stem Cells by Restoring p53 Acetylation. Cell Stem Cell 17(5):597-610. doi:

10.1016/j.stem.2015.08.004
A\
Kusaczuk M, Kretowski R, Bartoszewicz M, Cechowska-Pasko M (2016). Phenylbutyrate-a pan-

HDAC inhibitor-suppresses proliferation of glioblastoma LN-229 cell line. Tumour Biol
37(1):931-942. doi:10.1007/s13277-015-3781-8

Chinnaiyan P, Vallabhaneni G, Armstrong E, Huang SM, Harari PM (2004). Modulation of
radiation response by histone deacetylase inhibition. Int J Radiat Oncol Biol Phys 62(1):223—
229. doi: 10.1016/j.ijrobp.2004.12.088

Yao ZG, Li WH, Hua F, et al (2017). LBH589 Inhibits Glioblastoma Growth and Angiogenesis
Through Suppression of HIF-1a Expression. J Neuropathol Exp Neurol 76(12):1000-1007.
doi:10.1093/jnen/nIx088.

Bagcchi S (2015). Panobinostat active against diffuse intrinsic pontine glioma. Lancet Oncol
16(6): €267. doi:10.1016/51470-2045(15)70230-5

17



Iwamoto FM, Lamborn KR, Kuhn JG, et al. (2011). A phase I/Il trial of the histone deacetylase
inhibitor romidepsin for adults with recurrent malignant glioma: North American Brain Tumor
Consortium Study 03-03. Neuro Oncol 13(5):509-516. doi:10.1093/neuonc/nor017

Sawa H, Murakami H, Kumagai M, et al(2004).Histone deacetylase inhibitor, FK228, induces
apoptosis and suppresses cell proliferation of human glioblastoma cells in vitro and in vivo. Acta
Neuropathol 107(6):523-531. doi:10.1007/s00401-004-0841-3

Jin H, Liang L, Liu L, Deng W, Liu J (2013). HDAC inhibitor DWP0016 activates p53 transcription
and acetylation to inhibit cell growth in U251 glioblastoma cells. J Cell Biochem 114(7):1498-
1509. do0i:10.1002/jcb.24491

Tan J, Cang S, Ma Y, Petrillo RL, Liu D (2010). Novel histone deacetylase inhibitors in clinical
trials as anti-cancer agents. ) Hematol Oncol 3:5. Published 2010 Feb 4. d0i:10.1186/1756-8722-

A

Khathayer F, Taylor MA, Ray SK.(2020) Synergism of 4HPR and SAHA increases anti-tumor
actions in glioblastoma cells. Apoptosis 10.1007/s10495-020-01590-9. doi:10.1007/s10495-020-

%\

Zhou Y, Xu'Y, Wang H, Niu J, Hou H, Jiang Y (2014). Histone deacetylase inhibitor, valproic acid,
radiosensitizes the C6 glioma cell line in vitro. Ongal Le¥7(1):203—208.
d0i:10.3892/01.2013.1666 h

Taylor MA, Khathayer F, Ray SK (2019). Quercetin and Sodium Butyrate Synergistically Increase
Apoptosis in Rat C6 and Human T98G Glioblastoma Cells Through Inhibition of Autophagy.

Neurochem Res 44(7):1715-1725. doi:10.1007/s11064-019-02802-8
ry- W

Sun L, Fang J (2016). E_pigenetic_regulétion of epithelial-mesenchymal transition. Cell Mol Life

Sci 73(23):4493-4515. doi:10.1007/s00018-016-2303-1
. FWa
Li PT, Tsai YJ, Lee MJ, Chen CT (2015). Increased Histone Deacetylase Activity Involved in the

Suppressed Invasion of Cancer Cells Survived from ALA-Mediated Photodynamic Treatment. Int
J Mol Sci 16(10):23994-24010. Published 2015 Oct 10. doi:10.3390/ijms161023994

Li S, Chen X, Mao L, et al. (2018). Histone deacetylase 1 promotes glioblastoma cell proliferation
and invasion via activation of PI3K/AKT and MEK/ERK signaling pathways. Brain Res 1692:154—
162. doi: 10.1016/j.brainres.2018.05.023

Whetstine JR, Ceron J, Ladd B, Dufourcqg P, Reinke V, Shi Y (2005). Regulation of tissue-specific
and extracellular matrix-related genes by a class | histone deacetylase. Mol Cell 18(4):483—-490.
doi: 10.1016/j.molcel.2005.04.006

Chen JS, Wang Q, Fu XH, et al. (2009) Involvement of PI3K/PTEN/AKT/mTOR pathway in
invasion and metastasis in hepatocellular carcinoma: Association with MMP-9. Hepatol Res
39(2):177-186. doi:10.1111/j.1872-034X.2008. 00449.x

18



Wang XQ, Bai HM, Li ST, et al. (2017). Knockdown of HDAC1 expression suppresses invasion and
induces apoptosis in glioma cells. Oncotarget 8(29):48027-48040.
doi:10.18632/oncotarget.18227

Pastorino O, Gentile MT, Mancini A, et al. (2019). Histone Deacetylase Inhibitors Impair
Vasculogenic Mimicry from Glioblastoma Cells. Cancers Basel 11(6):747.
d0i:10.3390/cancers11060747

Urdiciain A, Meléndez B, Rey JA, Idoate MA, Castresana JS (2018). Panobinostat Potentiates
Temozolomide Effects and Reverses Epithelial-Mesenchymal Transition in Glioblastoma Cells.
Epigenomes 2(1) 5. https://doi.org/10.3390/epigenomes2010005

Herbert H E, Holly A D, Samuel K, Peggy SC, Linda Van E (2001). Therapeutic Effects of Sodium
Butyrate on Glioma Cells in Vitro and in the Rat C6 Glioma Model, Neurosurgery 48(3): 616—
625, https://doi.org/10.1097/00006123-200103000-00035

Nakagawa H, Sasagawa S, Itoh K (2018). Sodium butyrate induces senescence and inhibits the

invasiveness of glioblastoma cells. Oncol Lett 15(2):1495-1502. doi:10.3892/01.2017.7518
A. 071N
Ho QT, Kuo CJ (2007). Vascular endothelial growth factor: biology and therapeutic applications.

Int J Biochem Cell Biol 39(7-8):1349—-1357. doi: 10.1016/j.biocel.2007.04.010
f&f O
Sikorska M, Sandhu JK, Deb-Rinker P, et al. (2008). Epigenetic modifications of SOX2 enhancers,

SRR1 and SRR2, correlate with in vitro neural differentiation. J Neurosci Res 86(8):1680—-1693.

doi:10.1002/jnr.21635 U h 2
”

Doyle JP, Dougherty JD, Heiman M, et al. (2008). Application of a translational profiling
approach for the comparative analysis of CNS cell types [published correction appears in Cell.

Cell 135(4):749-762. doi: 10.1016/j.ceIAI.2008.10.029
Q. I
Oberheim NA, Wang X, Goldman S, Nedergaard M (2006). Astrocytic complexity distinguishes

the human brain. TrendSWN#lrosci 29(10):547-553. doi: 10.1016/j.tins.2006.08.004

Di Marcotullio L, Canettieri G, Infante P, Greco A, Gulino A (2011). Protected from the inside:
endogenous histone deacetylase inhibitors and the road to cancer. Biochim Biophys Acta
1815(2):241-252. doi: 10.1016/j.bbcan.2011.01.002

Glozak MA, Seto E (2007). Histone deacetylases and cancer. Oncogene 26(37):5420-5432. doi:
10.1038/sj.0nc.1210610

Chiao MT, Cheng WY, Yang YC, Shen CC, Ko JL (2013). Suberoylanilide hydroxamic acid (SAHA)
causes tumor growth slowdown and triggers autophagy in glioblastoma stem cells. Autophagy
9(10):1509-1526. doi:10.4161/auto.25664.

19



Svechnikova |, Almqvist PM, Ekstrém TJ (2008). HDAC inhibitors effectively induce cell type-
specific differentiation in human glioblastoma cell lines of different origin. Int J Oncol
32(4):821-827.

Bonfils C, Kalita A, Dubay M, et al. (2008). Evaluation of the pharmacodynamic effects of
MGCDO0103 from preclinical models to human using a novel HDAC enzyme assay. Clin Cancer
Res 14(11):3441-3449. doi: 10.1158/1078-0432.CCR-07-4427.

Buglio D, Mamidipudi V, Khaskhely NM, et al. (2010). The class-l HDAC inhibitor MGCD0103
induces apoptosis in Hodgkin lymphoma cell lines and synergizes with proteasome inhibitors by
an HDAC6-independent mechanism. Br J Haematol 151(4):387-396. doi:10.1111/j.1365-
2141.2010. 08342.x

Ververis K, Hiong A, Karagiannis TC, Licciardi PV (2013). Histone deacetylase inhibitors (HDAClIs):

multitargeted anticancer agents. Biologics 7:47—60. do0i:10.2147/BTT.529965
fF N\
Blum KA, Advani A, Fernandez L, et al. (2009). Phase Il study of the histone deacetylase inhibitor

MGCDO0103 in patients with previously treated chronic lymphocytic leukaemia. Br J Haematol.
147(4):507-514. d0i:10.1111/j.1365-2141.20009. 07881.x‘

Garcia-Manero G, Assouline S, Cortes J, et al. (2008). Phase 1 study of the oral isotype specific
histone deacetylase inhibitor MGCD0103 in leukemia. Bl@eod 112(4):981-989.
doi:10.1182/blood-2007-10-115873 h

Boumber Y, Younes A, Garcia-Manero G (2011). Mocetinostat (MGCDO0103): a review of an
isotype-specific histone deacetylase inhibitor. #rt Opin Investig Drugs 20(6):823-829.

doi:10.1517/13543784.2011.577737
-
Fournel M, Bonfils C, Hou Y, et al (2008). MGCDO0103, a novel isotype-selective histone

deacetylase inhibitor, has broad spectrum antitumor activity in vitro and in vivo. Mol Cancer

Ther 7(4):759-768. doi: 10 1158/1535 7163.MCT-07-2026
w
El-Khoury V, Moussay E, Janji B, et al. (2010). The histone deacetylase inhibitor MGCD0103

induces apoptosis in B-cell chronic lymphocytic leukemia cells through a mitochondria-
mediated caspase activation cascade. Mol Cancer Ther 9(5):1349-1360. doi: 10.1158/1535-
7163.MCT-09-1000

Briere D, Sudhakar N, Woods DM, et al. (2018). The class I/IV HDAC inhibitor mocetinostat
increases tumor antigen presentation, decreases immune suppressive cell types and augments
checkpoint inhibitor therapy. Cancer Immunol Immunother 67(3):381-392.
d0i:10.1007/s00262-017

Zhou N, Moradei O, Raeppel S, et al (2008). Discovery of N-(2-aminophenyl)-4-[(4-pyridin-3-
ylpyrimidin-2-ylamino) methyl]benzamide (MGCD0103), an orally active histone deacetylase
inhibitor. ) Med Chem 51(14):4072-4075. doi:10.1021/jm800251w

20



Schuetze KB, Stratton MS, Blakeslee WW, et al.(2017). Overlapping and Divergent Actions of
Structurally Distinct Histone Deacetylase Inhibitors in Cardiac Fibroblasts. J Pharmacol Exp Ther
361(1):140-150. doi:10.1124/jpet.116.237701.

Kumar P, Tripathi S, Pandey KN (2014). Histone deacetylase inhibitors modulate the
transcriptional regulation of guanylyl cyclase/natriuretic peptide receptor-a gene: interactive
roles of modified histones, histone acetyltransferase, p300, AND Sp1. J Biol Chem.
289(10):6991-7002. doi:10.1074/jbc.M113.511444

Mei Hsieh H, Chen Huang H, Huang H (2018). Method for Enhancing Learning Ability and
Memory of Patients with Alzheimer's Disease using Mocetinostat. Patent Application
Publication. 0228801 A1 1-23

Sikandar S, Dizon D, Shen X, Li Z, Besterman J, Lipkin SM (2010). Theilass | HDAC inhibitor
MGCDO0103 induces cell cycle arrest and apoptosis in colon cancer initiating cells by
upregulating Dickkopf-1 and non-canonical Wnt signaling. Oncotarget 1(7):596—-605.
doi:10.18632/oncotarget.101001

.

Huang R, Zhang X, Min Z, Shadia AS, Yang S, Liu X (2018). MGCD0103 induces apoptosis and
simultaneously increases the expression of NF-kB and PD-L1 in classical Hodgkin's lymphoma.

Exp Ther Med 16(5):3827-3834. doi:10.3892/etm.2018.66778
4u A |
Liao B, Sun Q, Yuan Y, Yin Y, Qiao J, Jiang P(2020). Histone deacetylase inhibitor MGCD0103

causes cell cycle arrest, apoptosis, and autophagy in liver cancer cells. J Cancer 11(7):1915—-
v
1926. d0i:10.7150/jca.34091 ﬂ
a

Zhang Q, Sun M, Zhou S, Guo B(2016). Class | HDAC inhibitor mocetinostat induces apoptosis by
activation of miR-31 expression and suppression of E2F6. Cell Death Discov. 2:16036.

doi:10.1038/cddiscovery.2016.36
A . N
Sung V, Richard N, Brady H, Maier A, Kelter G, Heise C (2011). Histone deacetylase inhibitor

MGCDO0103 synergizes with gemcitabine in human pancreatic cells. Cancer Sci 102(6):1201-
1207. d0i:10.1111/j.1349-7006.2011. 01921.x

Chan, E., Chiorean, E.G., O’'Dwyer, P.J. et al. (2018). Phase I/Il study of mocetinostat in
combination with gemcitabine for patients with advanced pancreatic cancer and other
advanced solid tumors. Cancer Chemother Pharmacol 81: 355-364.doi.org/10.1007/s00280-
017-3494-3

Gray J, Cubitt CL, Zhang S, Chiappori A (2012). Combination of HDAC and topoisomerase
inhibitors in small cell lung cancer. Cancer Biol Ther 13(8):614—622. d0i:10.4161/cbt.19848

Liu J, Bonfils C, Dubay M, h Nguyen H, Garcia-Manero G, Yang A, Luger S, Martell R, Besterman
J, Li Z(2008).Induction of an anti-angiogenesis factor, Thrombospondin 1 (TSP-1), by a novel
histone deacetylase inhibitor, MGCD0103, in human cancer cells in vitro and in vivo. American
Association for Cancer Research 68 ( 9): 739.

21



Liang H, Wang Q, Wang D, Zheng H, Kalvakolanu DV, Lu H, Wen N, Chen X, Xu L, Ren J, Guo B,
Zhang L. (2020).RGFP966, a histone deacetylase 3 inhibitor, promotes glioma stem cell
differentiation by blocking TGF-f signaling via SMAD7. Biochem Pharmacol 180:114-118. doi:
10.1016/j.bcp.2020.114118.

Staberg M, Michaelsen SR, Rasmussen RD, Villingshgj M, Poulsen HS, Hamerlik P.(2017).
Inhibition of histone deacetylases sensitizes glioblastoma cells to lomustine. Cell Oncol (Dordr)
40(1):21-32. doi: 10.1007/s13402-016-0301-9. Epub 2016 Oct 20. PMID: 27766591.

Shabason, J. E., Tofilon, P. J., & Camphausen, K. (2011). Grand rounds at the National Institutes
of Health: HDAC inhibitors as radiation modifiers, from bench to clinic. Journal of cellular and
molecular medicine, 15(12), 2735-2744. https://doi.org/10.1111/j.1582-4934.2011.01296.x.

Rao, J. S. (2003). Molecular mechanisms of glioma invasiveness: the role of proteases. Nat. Rev.

Cancer 3, 489-501. doi: 10.1038/nrc1121. A

Whetstine JR, Ceron J, Ladd B, Dufourcq P, Reinke V, Shi Ho (2005). Regulation of tissue-specific
and extracellular matrix-related genes by a class | histone deacetylase. Molecular cell, 18(4),

483-490. https://doi.org/lO.1016/j.moIceI.2005.04.006.‘ U

Wellmann S, Bettkober M, Zelmer A, Seeger K, Faigle M, Eltzschig HK, Bihrer C. (2008). Hypoxia
upregulates the histone demethylase JMJD1A via HIF-1. Biochemical and biophysical research
communications 372(4), 892—-897. https://doi.org/10.1016/j.bbrc.2008.05.150.

F F. .

A

Thomson JA, ltskovitz-Eldor J, Shapiro_SS,\_NaknEcz MA, Swiergiel JJ, Marshall VS, Jones JM.
(1998).Embryonic stem cell lines derived from human blastocysts. Science. 282(5391):1145-

1147. doi: 10.1126/science.282.5391.1145.
;-
Crespo S, Kind Marcus, Arcaro A_(2015_).The role of the PI3K/AKT/mTOR pathway in brain tumor

metastasis. J cancer Metastasis Treat 2016(2)80-89.
. FWa
Chen R, Zhang M, Zhou Y, Guo W, Yi M, Zhang Z, Ding Y, Wang Y(2020). The application of

histone deacetylases inhibitors in glioblastoma. J Exp Clin Cancer Res. 39(1):138. doi:
10.1186/s13046-020-01643-6. PMID: 32682428; PMCID: PMC7368699.

22





