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Chronic lymphocytic leukemiéCLL)

Reactive oxygen species (ROS)
Homologydirected repair (HRR)
Non-hemoeloegous end joining (NHEJ)

Valproic acid, (VPA)

Senescenesassociated B-galactosidase (SA-Gal)
Acute myeloid leukemia (AML

Acute promyeloctyic leukemia (APL)

NUT midline carcinoma (NMC)

Patient derived xenografts (PDX)

Breast cancer cell lines (BCLS)

Long noneoding RNA (IncCRNA)

Cancer stem cell (CSC)

Leukaemia stem cell (LSC)

Chronic myeloid leukemia (CML),
Imatinib,mesylate (IM)

Head and neck squamoesl| carcinoma (HNSCC)
Down syndromeassociated myeloid leukemia (B¥L)
Natural killer cell (NK cell)

Dendritic cell (DC)

This article is protected by copyright. All rights reserved



Cytotoxic T lymphocyte (CTL)

ABSTRACT

It is now well recognised that mutations, de-regulated expression and aberrant
recruitment.of epigenetic readers, writers and erasers is a fundamentally
important process in the onset and maintenance of many human tumors. The
molecular, bielogical and biochemical characteristics of a particular class of
epigenetic erasers, the histone deacetylases (HDACs), have been extensively
studied and small molecule HDAC inhibitors (HDACi) have now been clinically
approved forithe treatment of human hemopoietic malignancies. This review
explores our current understanding of the biological and molecular effects on
tumeorrcellsfollowing HDACi-treatment. The predominant responses include
induction of tumor cell death and inhibition of proliferation that in experimental
modelshave been linked to therapeutic efficacy. However tumor cell-intrinsic
responses to HDACI, including modulating tumor immunogenicity have also been
described and may have substantial roles in mediating the anti-tumor effects of
HDACI! We posit that the field has failed to fully reconcile the biological
consequences of exposure to HDACis with the molecular events that underpin
these responses, however progress is being made. Understanding the
pleiotrophicactivities of HDACis on tumor cells will hopefully fast track the
developmeéntof more potent and selective HDACi that may be used alone or in

combination to improve patient outcomes.
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INTRODUCTION

A highly organised chromatin structure maintained and managed by ‘epigenetic
regulators’ is crucial for the control of vital cellular processes including gene
transcriptionDNA replication and DNA repddr, 2]. In simple terms, epigenetic
regulatars'ean be divided into different functional groups based on their molecular
activities:.epigenetic writers that lay down epigenetic markdMA or amino acid
residues on histone tails (e@INA methyltransferases and histone acetyltransferases
respectively); epigenetic readers that bindp@enetially modified DNA or histones
andrecruitother chromatin or transcriptional regulatge.g. bromodmain
containingproteins)and epigenetic erasethat catalyse the removal of epigenetic
marks such.as histone deacetylaf®s4]. It has recently become apparent ittier
mutations in.genes endad epigenetic regulator®rthe aberrantrecruitmeniof
epigeneticregulatorthrough direct physid¢anteraction with mutant DNA binding
proteins, can be key driver evemsseveral human diseases, including cafice].
Based in part on these findings, small molecules that target epigenetic readers, writers
and erasers have been developedmany have progressed through plieical
development to testing in clinical triale fact, DNA methyltransferase inhibitors and
HDAC inhibitors(HDACIs) have been approvedr clinical useby regulatory bodies
suchras:the.,FDA5]. This review will focus on HDAG in thetreatment of cancer.
Specifically, we will discuss the varied responses of tumor cells to these agents.
number of.excellent reviews haveeoeecentlypublished that detail the chemicaid
molecular properéisof a large number diDACis andtheir current status in clinical
development. The reader is directed towards these papers for background information
[4, 6-9].

As aprecursoto more detailediscussions on the argancer activities of HDACi#

is impatant tohighlighttwo contextual issues regarding these agents. First, HDACis
were not originally developed through a “rational” drug development program based
on the identification of HDACs as important cancer targétDACis such as sodium
butyrate, trichostatin A (TSA) and the now FDA-approved agent, vorinostes,
originally identified through empiric screens for compounds that induced tunhor cel
differentiation[10-12]. Subsequent studi¢$3] demonstrated that these agents
targeed HDACs and this discovery led to more sophisticatemlyeses of the

molecular mechanisms of action of these compounds. Second, while the focus has
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traditionally been on histones as the major substrates of HDACS, it is welktoute
that more than 1700 cellular proteins can be acetylated [14] ancabgpgationof
non-histone proteins can have major effects on cell physi¢dgyrhis second point

is particularly relevant to this review as the tumor-gghtinsic responses to HDACis
may resultfrom histone hyperacetylation and altered transcriptional respanses,
hyperagtylation of non-histone proteins, axaabination of these effec{Big 1). We
posit thatthe field has failed to fully reconcile the biological consequences of
exposure to HDACIs with the molecular events that underpin these responses
however. progresis being made. Herein we will explaitee current understanding of
how tumor cells respond to HDACis and how these responses may impact the anti-

tumor effects of these antancer agents.

BIOLOGICAL RESPONSESOF TUMOR CELLSTO HDACIS

1. Cell death

Cell deathis one of thenmost wellstudiedant-tumor activities oHDACIis and has

been directly linked to therapeutic efficacy in pteical modeld15-20]. There is
unlikely.to be a single molecular pathwaryprocesshat mediates HDACinduced

cell deathand indeed both the intrinsic and extrinsic apoptotic pathways have been
shown'to _be‘functionally important in different experimental sys{&mngs2). We and
others have clearly demonstrated that activation of the intrinsic pathway through
increased expression andaxtivity of preapoptotic BH3enly genes such &m,

Bid, Bmf, Noxa andPuma is essential fothe potent apoptotic and therapeutic effects
of diverseHDACis [20]. Moreover, using isogenic tumor and normal cells, we
recently identified an HDAGiesponsive, tumor cefielective, preapoptotic
transcriptional signature that was heavily weighted towards upregulation-of pro
apoptotic Bcl-2-family genes and downregulation of pro-survivalBgéneg21].

The paradigm that HDACis can mediate tumor cell apoptosis through coordinated up-
and down-regulation of Bcl-2 family proteins is supportedibyilar results from

other studies using variety of different HDAG and different tumor types including,
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but not restricted tochronic lymphocytic leukemiéCLL) [22] and other
hematological malignanci¢23], hepatocellular carcinonj@4] andbreast carcinoma
[25]. The hypothesis that altered expression of apoptotic genes following HDACi
treatment occurghroughdirect histonényperacetylation of promoteds these genes

is experimentally supportefdr Bmf [26-28], Bim [29], Puma [30] andNoxa [29]. In
addition, expression of pro- and anti-apgmraenes can be regulated indirectly
throughHDACI-mediated activation and/or induction of transcription factors such as
E2F1[31], FoxO1[32], p53 [33] and Sp1 [34], altered expression oficro-RNAS
such asniR-15a and miR-16 [35MiR-106b-93-25 [36]and miR17-92 [37].
Collectivelythese studies highlight how HDACIs can trigger a common biological
response (apoptosis) through different molecular mechanistinect and indirect

regulation of apoptotic gene expression (Big 1

In certain circumstances, activationtioé extrinsic pathway through increased
expression of death receptors (e.g. DR4, DR5, Fas) and their cognate ligands (e.g.
TRAIL; FasL)[20], and/or downregulation of intracellular regulatory molecules such
as cELIP can play fundamentally important roles in HDACi-induced apoptosis [38,
39]. Blockade of these pathways aatreasé¢he efficacy oHDACISs in pre<linical
settings.[15,.16]. Furthermore, the induction of death receptors and ligantieen
demonstrated to be tumor cell-selective, providing an additional molecular
mechanisnior the tumor cell specifity of these agents [15, 16, 4@s with the
intrinsie’pathway, a range of regulatory mechanisms have been demorfsirated
death reggtors and their cognate ligands, including both direct promoter

hyperacetylation as well as more indirect eff¢2® (Fig 1).

A third mechanism by whichDAC inhibition inducesumor cell death is the
generation of reactive oxygen species (R(FR) 2) and pre-exposure to antioxidants
has peen shown to protect from vorinostat-induced cell {é&#5]. HDACI-
mediatedROS productiongdecreaseéxpression ofree radical scavengeié6, 47]or

a combination of both leads to loss of mitochondrial mermdbotential, release of
cytochrome ¢ and subsequent tumor cell death [42]. In a panelstafe cancer cell

lines, the most vorinostat-resistant cell line failed to show accumnlatiROS upon
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vorinostat treatment, compared to large increases in ROS lewassitive cell lines
[48]. Vorinostat and M&75 treatment led tspecificaccumulation of ROS and
caspase activatioin transformedells only while normal cellsxhibitedincreased
levels ofthereducing protein thioredomj therebyrevealing a potential mechanism
for tumor<ell selectivity ofHDACIs [46]. In addition, caspase inhibition did not
prevent HDACiinduced cell death, suggesting a non-apoptotic R@8iated cell
death

HDACIis ¢an also induce cell death through accumulation ofDEmage by down-
regulatingthe expression or impang the function of DNA repair proteirj§5, 49]

(Fig 2).HDACI treatment induces tumor cedélectivedownregulation of proteins
required for DNA damage sensing, homolatisected repair (HRR) and neon
homologous end joining (NHEJ) including Ku70, Ku80, RADRAD51, MRE11,
DNA-PKyBRCAL, EXO1, CHK1land GHK2 [49-52]. In addition HDACIis impair
recruitment of DNA repair protegsuch as RAD51 and BRX1 to sites of DNA

damage, correlating with decreased DNpair efficiency and increased YH2AX foci

[53]. Furthermore, HDACI treatmemtas shown to induce hyperacetylation of Ku70

in prostate cancer cells, reducing Ku70 DNA binding and thereby sensitising to DNA
damaging agents, etoposide and doxorubicin [54]. Acetylation of Ku70 also disrupted
its interaction with Bax, resulting in release of Bax and induction of apoptosis through
the intinsiespathway54]. In addition DNA damage can result from HDACI
induced,ROS accumulation [41, &g well as HDACinduced inhibition of DNA
replication[56]. HDACS3 deletionpr inhibition withthe selectie HDACS inhibitor
RGFP966leads to delayed cell cycle progression, increased DNA damage and
apoptosis, indicating th&tDAC3 is a key mdiator of replicatiormediated DNA
damagdb57, 58]. Based on these and other studies, the utilisatidDALis as
therapeutic radiosensitizers has been prep@s9, 60].

The p53 tumor suppressor protein is an important mediator of apoptosis and is itself
functionally regulated through acetylation [6 Hyperacetylated p53 is more stable

than the unmodified form and has enhanced DNA binding activity leading to
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increased expression of apajtayenes such as NOXA1]. The imprtance of p53 in
mediating HDACinduced cell death is somewhat unclear and likely to be context
dependent. We have demonstrated that knockout of p53 does not affect the ability of
different HDACI to kill tumor cell417, 19, 62]however there is evidence that
acetylategp53 may contribute to HDAC-indoed cell deathln one study, HDACis
andy-irradiation synergistically triggered cell death in human sl cell lung

cancer cells, and p53 acetylation at lysine 382 was significantly increased [63].
Interestingly, the apoptotic cell death seen by the combination was suppresskd in cel
transfectedswith mutant K382R p53 and C135Y p53 which also resulted in the loss of
the acetylation at lysine 382. In another st ACis induced cell death via the
mitochondrial apoptotic pathway and activated p53 via lagetylation and nuclear
re-localization, without affecting its protein expression. HDACi-induced kabihg

and p2X"AFYEPL ypregulation was impaired in p53 itize-cells indicating that

functional p53 may be important for the molecular activitieldACI in this

experimental systeifit4].

2. Cell cycle arrest

HDACIs can induce cell cycle arrest, often concomitantly with other effects such as
apoptosis, senescence and differentiatiog 2). HDACI-induced cell cycle arrest
commonly occurs at the G1/S cell cycle checkpoint however arrest at the G2/M
boundary is also observed [65]. Blockiagoptosis results in cell cycle arrest at either
the G1/S.or.G2/M checkpoints suggesting a “hierarchy” of HDACi-induced
biolagical responses where apoptosis is dominant over cell cycle arrest [65].
Mechanistieally it is believed that HDA@duced G1S arrest occurs primarily
through transcriptional changes in cell cycle regulatory genes f6ptominent

negative'regulator of G1/S transitiis the CDK inhibitor p24AF/¢!P1

encoded by

CDKN2Aand HDACI treatment commonly leads to ph8ependent induction of

CDKNI1Atranscription65, 66]. Using a t(8;21) acute myeloid leukemia murine
xenograft model to analyse the cell cycle effecttH&fACis, valproic acid(VPA)

F1/CIP1

inducedhyperacetylation of th€EDKN1A promoter, enhanced p% expression,

suppressed the phosphorylation of retinoblastoma protein and blocked transcription
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activated by E2F, thus inducing a GO/G1 arrest. In addMB@ induced direct
downregulation of genpfoteinexpression of cyclin D1, cyclin E1, CDK4, and
CDK®6 [67]. In a similar study using a model of colon carcinoneainostat decreased
tumor volume in a nude mouse model decreaseéxpression of survivin and cyclin
D1 [68].*@ther CDK inhibitors including p1%“?, p19"**" and p5%"2 that inhibit
entry intoS phase are also upgulated by HDACI treatment [69].

HDACI-induced G2/M cell cycle arreappeas to occur independelyt of DNA
damage-induced G arrest{70]. HDAC inhibition blocks activation of G2/M
regulatory complexesuch aCyclin A/CDK2 and CyclinB/CDK1, through
decreased.levels of Cyclhand CyclinB1, therebyleading to G2/M arreg70]. In
the case.of Cyclin A, HDACI treatment indudeshyperacetylation resulting in
subsequentubiquitination and degradation [AOACIs alsodownregulatéevels of
Aurora”A7and PLK1, both involved in G2/M transition, and induce expression of
Gadd45 which can induce G2/M arrest through inhibiting activity of cdc2/CBclin
[69].

We recently demonstrated that mouse lymphoma cells made resistant to-HDACI
inducedwapoptosis through overexpression of Bcl-2 underwent G1 arrest concomitant
with incréased expression Gélknla andCdknlb (encoding p2'7**) following

HDACI treatment. Knockout dfdknla together withknockdown ofCdknlb in these

cells relieved the HDACInduced block at G1/S, however the cells tharstedn

G2/M [72)=This provides evidence for an additional biological hierarchy where
HDACI-induced apoptosis is dominant over G1/S arrest and G1/S arrest is dominant

over G2/M-arrest.

3. Senescence

Treatment of tumor cell lines witHDACis, or dual knockout of HDACs 1 and @&n
induce senescetike cell morphological changes and biochemical markers such as
senesceneessociated B-galactosidase (Sf-Gal) staining concomitant with
increased expreism of p2L'PYWAFL[73]. Interestingly, functionalDKN1A and

TP53 were dispensabli®r vorinostat-induced senescence of HCT116 colon
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carcinoma cell§74]. More recently, polycomb repressor group proteins such as
Bmil and EZH2 have been shown to mediate HDAdiiced senescence. Two
studies implicatethe downregulation of PRC1 componeBiinil, as a key effector
mechanismn HDACI-induaed senescendéb, 76]. Cho and colleagues
demonstrated that HDAGrduced Bmildownregulatiorwasan indirect
consequence of enhana@iR-31 expession75]. Moreover, the PRC2 comporien
and senescence inhibitor protddZ,H2, wassimilarly downregulated following
HDACigtreatmentalso through activation of miR-31 [75, 77].

4. Differentiation

HDACIs,such as butyrate were first identified as potentiateanticer therapies based
on their ability to induce differentiation [LGInother key ardiumor effect
Oncogenicfusion proteins such as PRARa and AML1-ETO initiate

tumorigenesis at least in part by inhibiting cellular differentiafi@; 79]. These
oncoproteins recruit HDACs amdl the case dPML-RARa-drivenacute myeloid
leukemia AML ), namely acute promyeloctyic leukemia (ARPBHDAC inhibition can
induceadifferentiaticm-mediat@ antitumor response. Repression of RARa-target
genes by PMLRARa results in a myeloid differentiation block that can be reversed
following.treatment wittHDACIs [80], leading to therapeutic benefit in mouse
models of PMLRARa-driven AML [81]. Understanding the mechanistic drivers of
this formwef-AML provided a strong molecular rationale to comIbiDACis with
ATRA to excellent effect in prelinical studied79]. HDACI treatment significantly
enhancedresponses to retinoic acid in sensitive APL cell lines and restored retinoid
sensitivity in resistant APL ling82]. dinical trialsdemonstrated impressive
response ratd83, 84], with one clinical study showing monomyelocytic
differentiation in patients with stable disease following treatment with VPA and
ATRA [84].

Using a genetically engineered mouse model of ANHTI3-drivent(8;21) AML, we
haverecentlydemonstrated th&DACis induce terminal differentiation of AML:1
ETO cellsin vitro andin vivo, resulting in prolonged therapeutic benefit in mice
bearing these leukemi§b]. Induction of myeloid differentiation occurred

concomitantlywith HDACi-mediated induction of tumor cell cycle arrest, decreased
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expression of &it and an increase in the proyeloiddifferentiationgenesPU-1,
GATA-2, SCL andC/EBPa [85]. Additionally, in vitro HDACi-treatment oAML1 -
ETO-positive Kasumil cells led to tumocell differentiationsometimes

accompanied by apoptosis [86, 87].

HDAC inhibition also functiongs a differentiation therapy in NUT midline
carcinama(NMC), a lethal paediatric tumor driven by the BRD4-NUT oncogenic
fusion protein, which prevents squamous cell differentiation. Vorinostat treatment of
NMC celllines restoredormalhistone acetylatio levels and squamous
differentiation transcriptional programsvitro, resulting in tumor growth inhibition
and increased survival of mice transplanted with BRIRAT NMC tumorg[88]. In a
direct benchio-bedside approacla patient with NMGeceivedvorinostatreatment
after differentiation of theiprimary tumor cells was achievedvivo. The patient
showed an-anti-tumor response by FBET, as did xenografted tumors from the
same patient, providing matching poriaical and clinical evidence for HDACI
differentiation therapy ioNMC. More broadlyHDACIis have been shown to induce
differentiation of primarysarcoma cell linef89] and human tumor cells
representative of livg00], lung[91] and breast canc§?2]. Finally, a study
evaluating'the effect of tHeDACI, abexinostatpn cancer stem celthowed
differentiation of putative cancer stem cells in pat@grived xenograft€?PDX) and
breast cancer cell lindBCLs)[93]. Gene expression profiling of BCLs sensitive and
resistantito-HDAGCinduced differentiation identified expressiohthe long non-
coding/RNA(IncRNA)Xist as a predictor ahedifferentiation responsevith
resistanPDX and BCLsxpressing significantly higher levels Xifst than sensitive
cells[93].

HDACiI may be useful as inducers of cancer stem cell (CSC)/Leukaemia stem cell
(LSC) apoptasis and differentiatig@4-96] with studies in the leukemia setting the
most compelling performed to date. In one study using a novel HDACI in acute
myeloid leukemia (AML), HDAC inhibition abolished the chaperone functicmeait
shock protein 90 resulting in degradatiorclént proteirs such as FLTand

mediated selective loss of the LSC populaf@f]. In a separate model of
Philadelphia chromosome (Ph+) chronic myeloid leukemia (CML), the BBR-
inhibitor imatinib (IM) failed to eliminate LSCs alone, however combined with an
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HDACI induced apoptosis in quiescent CML LSCs [F&6hally, thein vivo self
renewal activities of LSCs in AMLETO and PLZFRARa-driven leukemia models
were substantially suppressed by HDA®iatmen{97]. However, it is clear that not
all LSCs will be affected by HDACI as treatment of mice bearing FMWRa acute
promyeloeytic leukemia (APL) with VPA reduced the bulk leukemia population but
had no‘effect on the LSCs [81ljnterestingly, VPA has been recentlyosm to
suppress the seténewal properties dfead and neck squamoeedl carcinoma
(HNSCC)CSCg[98] andother studies have suggested that HDACi can suppress CSC
function.in models of breasaincel{93], glioblastomd99] and sarcom§l00]. In

most cases.the molecular events underpinning the putative effesiBcdb@SC
function’have yet to be revealed and wketiese responses translate fiamitro to

in vivo effects remains unclear.

5. Autophagy

HDACIs camiinduce autophagy tumor cell§101-103] (Fig 2), however whether this
plays anysrole in mediatintpe therapeutic effects 6fDACis is debatableln vitro

studies have shown that autophagy was required for vorinostat-induced death of
hepatocellular carcinoma cell ling04], however induction of autophagy suppressed
vorinostatinduced apoptosis in glioblastoma cell ling&85]. Autophagy can also

play opposing roles in matched HDACI sensitive and resistant cells. Activation of
autophagy promoteapoptosis in vorinostateated U937 parental cells, while
intriguingly, Y937 cells with acquired resistance to vorinostat demonstrated high
basal levels of autophagy that was necessary to protect the cells from vorinostat
induced apoptosis and maintaetresistant phenotyp&06]. Exactly ow HDAC
inhibition.activates an autophagic response remains unclear however a recent study
demonstratethat activation of the FOXOL1 transcription factorddpACis as an
important mediator of this respond®7]. Knockdown of key autophagy genes was
used to address the functional importance of autophagy in mediating HDACi-induced
cell death and therapeutic beih@l anApafl-null, apoptosisdefective model of B

cell lymphomg108]. Ep-myc/Apaf-l"' lymphomas treated with vorinostatderwent
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cell deathn the absence of caspase activation but with hallmark biochemical and
morphological changes associated with autophagRNA-mediated knockdown of
autophagy geneatg5 andAtg7 resulted in a loss of vorinostat-mediated autophagy
changes but had no effect on vorinosteteiated tumor cell death vitro andin vivo.
Furthermore,he therapeutic benefit of vorinostat treatmentivo was unaffected
indicating that autophagy is dispensafolevorinostat's anttumoractivity in this

model.

In contrast'tdhe manystudies demonstrating that HDACI treatmemuces
autophagy, other studies report thatophagy can be repressedHiyACis [109-

111]. HDAGCI treatmenin Down syndromessociated myeloid leukemia (B¥L)
cellsrepressed autophadpelow a critical thresholtb mediate cell death, likely
through transcriptional downregulation&TG7 and ATG7 hyperacetylation resulting

in functional suppression of this key autophagy protein [111]

6. Tumor immunogenicity and immunogenic cell death

HDACIis camenhance immunogenicity and antigeasenting capacity of tumor cells
by increasing expression of putative tumor antigens [MB|C class | and I
molecules and associatadtigen processingpachinery(113-115], costimulatory
moleculeg¥16] andnatural killer \NK) cell-activating ligands [117-119] (Fig 2).
HDACIis caniincrease NK celhediated anttumor responses through increased
NKG2D ligand expression atfie surface oHDACI-treated tumor cellsvhichled to
increased NK cell cytotoxicitjl 20]. Thisincreased cytotoxicity waabrogated by
blocking the NKG2D receptor, suggestitngtHDACI treatment activateNKG2D
signaling pathways [121].

HDACIs can also induce immunogenic tumor cell death, which is characterised by
translocation of the endoplasmic reticulum protein calreti¢@2], release of the
nuclear chaperone HMGH123] and release of cellular ATR24]. Immunogenic

cell death can lead to enhanced tumeaxance by CTL killing [115] and dendritic
cell (DC) phagoytosis [125] We haveestablibedthatimmunestimulating

antibodies intended to augmex®PC andCTL activity strongly enhanced tle vivo
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antitumor effects oHDACIis and resulted in sustained adapt@rgi-tumor immunity
[125]. Moreover, we and others recently showed that an intact host immune system
critical for vorinostat and panobinostatinduce sustained antancer responses

against solid and haematological tumors [116, 126].

In contrast to these studies demonstratingii2ACis engage the immune system to
mediate anttumor effectsothers have reported that HDACI treatment and
knockdown of HDAC2 and HDAC3 reduced levelsBaFH6, an NK cell activating
ligand, reducing NK cell activation and tumor cell killifi27]. Moreover, HDACi
treatment esulted in upregulation of the immune checkpoint molecules PDL-1 and
PDL-2 on the surface of melanoma cells thereby providing a putative mechanism of

immune esé€ape for theaantors following exposure tdDACis.

HDACiscanr egulate the expression and stability of oncoproteins

As detailed.above, HDACisduce a variety of biological responses that may
ultimately be detrimental to tumor cell proliferation and survaradcan regulate the
expressiony'stability and function of oncogenic protensediate these effects (Fig

1). Oncoproteins such as AKTKdT, Her-2, Bcr-Abl, cRAF and BRAF are
chaperoned by Hsp90, a substrate of HDAC6, and HDACi-induced hyperacetylation
of Hsp90can result in their proteasomeediated degradation [53, 128-132] (Fig 1).
For example, Bcr-Abl drives t(9:22) chronic myeloid leukemia and treatment of Bcr-
Abl-positive leukemia cells with the HDAJLAQ824 or vorinostat, led to Hsp90
hyperacetylation andecreased association with B&bl resultirg in its degradation

and subseguent tumor cell apoptosis [131, 133]. Interestingly, tumors that developed
resistance ta’small molecutdl kinaseinhibitorswerestill sensitive tatHDACis via
HDACI=induced degradation &cr-Abl [134]. It is this activity ofHDACIs that
could.prove hugely beneficial when treating patients who have failed to respond to

ongoing treatment with small molecule kinase inhibitors

The importance of the HDACG6/Hsp®tteraction for the therapeutic efficacy of
HDACIs has been the subjedt@nsiderable evaluaticas it remains unclear how

essential the selective inhibition of HDACS is for disruption of Hsp90 chaperone
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protein function [132, 135]While siRNAmediated knockdown of HDACG6 reseit

in Hsp90 hyperacetylation and Bcr-Abl degradation [131], romidepsin, a very weak
HDACSG inhibitor, also disrugtdthe Hsp90/BctAbl interaction, leading to Bcabl
degradation [136]In this case romidepsin disrugd Hsp90 chaperone function
through hyperacetylation of Hsp70, leadingrncreased association of BAbl with
Hsp70/n an unstable HspBaf-Abl complex,resulting insubsequent degradation of
the oncogenic client protein. Interestingly, in our laboratory we found that Hsp90
hyperacetylation and disruption of the Hsp90/Bcr-Abl interaction could be achieved
with both verinostat and the HDAC1/2 selective mtor MRLB-223, further
guestioning.the importance of HDACS in this effect [133].

HDAC inhibition can supress the oncogenic functéord expression af-Myc, which

is a somewhat underappreciatdfbet of HDACIs, particularly in tumors driven by
aberrant Mya@ctivity. Myc target gene expressiaperturbedhrough direct
downregulation oMyc and/or modulation dflyc-mediated transcription
Downregulation oMyc expression has been observed in a wide range of tumor types
[137-143]. EurthermoreMyc interacts witra number of HDACs including HDAC1
[144], HDAC2 [145] andHDAC3 [146, 147]. Myc interactswith HDAC1in a
complexwith Sin3b to regulate Mytarget genescludingMyc itself[144].
Additionally, neuroblastoma and pancreatic cancer cells driven-Mybland cMyc
respectivelyexhibit upregulated HDAC2 expressitratcontributesto Myc-driven
proliferation, at least in part through silencing of cyclin G2 as a reshiyof

reauiting HDAC2 to the cyclin G2 promoter [145]reatment of these cells with
HDACIs, or knockdown of HDAC2reactivated cyclin G2 and inhibited tumor cell
growth'providing strong pharmaco-genetic evidence that HDAC2 can play a
fundamentally important role in Myc-mediated oncogenesisreover, a recent
study demonstrated thiat transformed cells Myc represgbe miR15 and let-7
familiessthat'target antipoptoticBcl-2 andBcl-xL respectively HDAC inhibition
resulteddin Myemediated upregulation ofiR-15 and let-7, downregulation Btcl-2
andBcl-xL:and subsequent apoptosis [148hken together, these data indicate that
under certain conditions, HDACmay indirectly targetMyc expressiorand/or
function ina similar fashiorto the proposed activity of BEf&mily bromodomain
inhibitors that haveecentlygained prominence as putative anti-cancer drugs for the

treatment oMyc-driven tumors[149, 150].

This article is protected by copyright. All rights reserved



CONCLUSION

HDACIs are a group of natural and synthetic compounds that can mediate a diverse
rangeof effectson tumor cel, including alterations iproliferation, survival and
immunogenigcity. Although these agents have been approvetirfimal use their
antitumor.effects as single agents have been limited to a subset of hematological
malignancies, in particulat T cell ymphomas. In light of this, it is likely that in the
future HDAGCI will be most effective as part as combination regimens. In @rms
single agent HDACi activitiest is still unclearpreciselyhow or whysome patients
experience extremely robust clinical responsEks date, there are no clearly defined
biomarkers.for response or genetic, biological or biochemicaldnikers of

resistance. to these ageritss therefordikely that the true therapeutic potential of
HDACis"has'yet to be realisedrurther development of more selective agents that
target individual HDACsmay berequired to enhance the clinical benefit of HDAC
inhibition.; Studying the molecular and biological responsésmbr cells toHDAC-
selectivanhibitorswill likely provide insight into thecritical proteins and pathways
regulating,the ariumor effectsof small molecules that broadly inhibit a range of
different'HDACSs Ultimately, this may lead to the development of even more potent
and predictabléheraputic regimensnd improved patient outcomes. The most
recent'studies indicating that HDACi can modulate tumor immunogenicity coupled
with the.eempelling clinical data demonstrating the effectiveness of immune
checkpeint inhibitors provides a strong rationale to combine these two modaiities
the field"awaits formal demonstration that these combination approaches will provide
clinical‘benefit. Moreover, initial studies showing that HDACI can suppress the self
renewal properties of tumor initiating cells (CSCs and L$@®yide another

direction forfurther investigation. While HDACI have rapidly progredserough the
drug-development pipeline to the point that four have been approved by the FDA for
use in cancer patientsyr view is that they have still not been used to their full
potential as ondogy agents. As stated above, their immunomodulatory effects and
potential effects on tumor initiating cells provide the foundation for future

combination approaches.

This article is protected by copyright. All rights reserved



ACKNOWLEDGMENTS

RWJ is funded by project and program grdrisn the National Health ahMedical
Research Council of Australia (NHMRC), an NHMRC Senior Principal Research
Fellowship, and grants from the Cancer Council Victoria and the Victoriare€anc
Agency(VCA). AN is funded by a postdoctoral fellowship provided by the
Leukaemia-Foundation of Australia. HMP is funded by the NHMRC, VCA and the

Snowdome Foundation

CONFEICTS OF INTEREST

RWJ has received research grants and honorarium from Novartis,Z&sieaa,
Abbvie'and"Roche. H.M.P. has received research grants and honorarium from

Celgene Corporation, Novartis, and Merck.

REFERENCES

1. Berdascoy M. & Esteller, M. (2013) Genetic syndromes caused by mutations in
epigenetic genesjum Genet. 132, 359-383.

2. Suranipik A., Hayashi, K. & Hajkova, P. (2007) Genetic and Epigenetic
Regulators of Pluripotencgell. 128, 747-762.

3. Dawson, M. A. & Kouzarides, T. (2012) Cancer Epigenetics: From Mechanism to
Therapy,Cell. 150, 12-27.

4. Falkenberg, K. J. & Johnstone, R. W. (2014) Histone deacetylases and their
inhibitors.in_cancer, neurological diseases and immune disoid&rs e Reviews

Drug Discovery. 13, 673—691.

5. Mummaneni, P. & Shord, S. S. (2014) Epigenetics and Oncology,
Pharmacotherapy: The Journal of Human Pharmacology and Drug Therapy. 34, 495-
505.

6. Base, P., Dai, Y. & Grant, S. (2014) Histone deacetylase inhibitor (HDACI)
mechanisms of action: Emerging insighiRbarmacology Therapeeutics. 143, 323-

336.

This article is protected by copyright. All rights reserved



7. Chun, P. (2015) Histone deacetylase inhibitors in hematological malignancies and
solid tumorsArch Pharm Res. 38, 933-949.

8. Li, Z. & Zhu, W. G. (2014) Targeting Histone Deacetylases for Cancer Therapy:
From Molecular Mechanisms to Clinical Implicatiohsternational Journal of
Biological*Seiences. 10, 75770.

9. West, A. C. & Johnstone, R. W. (2014) New and emerging HDAC inhibitors for
cancer‘treatmendournal of Clinical Investigation. 124, 30-39.

10. Leder, A. & Leder, P. (1975) Butyric acid, a potent inducer of erythroid
differentiation in cultured erythroleukemic cel@ll. 5, 319-322.

11. Riggs, M. G., Whittaker, R. G., Neumann, J. R. & Ingram, V. M. (1977) n-
Butyrate causes histone modification in HeLa and Friend erythroleukaemia cells,
Letters to Nature. 268, 462 - 464.

12. Richon, V. M., Webb, Y., Merger, R., Sheppard, T., Jursic, B., Ngo, L., Civoli, F.,
Breslow, R., Rifkind, R. A. & Marks, P. A. (1996) Second generation hybrid polar
compounds are potent inducers of transformed cell differentidiaoeedings of the
National.Academy of Sciences of the United States of America. 93, 5705-5708.

13. Richon,/V. M., Emiliani, S., Verdin, E., Webb, Y., Breslow, R., Rifkind, R. A. &
Marks, P."A7(1998) A class of hybrid polar inducers of transformed cell
differentiation inhibits histonéeacetylases, Proceedings of the National Academy of
Sciences of the United Sates of America. 95, 3003-3007.

14. Choudhary, C., Kumar, C., Gnad, F., Nielsen, M. L., Rehman, M., Walther, T. C.,
Olsen, J. V. & Mann, M. (2009) Lysine Acetylation Targets Protein Complexes and
Co-Regulates Major Cellular Funehs, Science. 325, 834-840.

15. Insinga, A., Monestiroli, S., Ronzoni, S., Gelmetti, V., Marchesi, F., Viale, A.,
Altucci;.L., Nervi, C., Minucci, S. & Pelicci, P. G. (2004) Inhibitors of histone
deacetylases induce turmsglective apoptosis through aetiion of the death receptor
pathway;Nature Medicine. 11, 71-76.

16. Nebbieso, A., Clarke, N., Voltz, E., Germain, E., Ambrosino, C., Bontempo, P.,
AlvarezgR., Schiavone, E. M., Ferrara, F., Bresciani, F., Weisz, A., de Lera, A. R,,
Gronemeyer, H. & Altucci, L. (2004) Tumeelective action of HDAC inhibitors
involves TRAIL induction in acute myeloid leukemia ceNgture Medicine. 11, 77-

84.

17. Lindemann, R. K., Newbold, A., Whitecross, K. F., Cluse, L. A., Frew, A. J.,
Ellis, L., Williams, S., Wiegmans, A. P., Dear, A. E., Scott, C. L., Pellegrini, M., Wei,

This article is protected by copyright. All rights reserved



A., Richon, V. M., Marks, P. A., Lowe, S. W., Smyth, M. J. & Johnstone, R. W.
(2007)Analysis of the apoptotic and therapeutic activities of histone deacetylase
inhibitors by using a mouse model of B cell lymphomaceedings of the National
Academy of Sciences of the United States of America. 104, 8071-8076.

18. Newbold, A., Lindemann, R. K., Cluse, L. A., Whitecross, K. F., Dear, A. E. &
Johnstone, R. W. (2008) Characterisation of the novel apoptotic and therapeutic
activities of the histone deacetylase inhibitor romidepdiecular Cancer

Therapeutics. 7, 1066-1079.

19. Ellis, L., Bots, M., Lindemann, R. K., Bolden, J. E., Newbold, A., Cluse, L. A.,
Scott, C. L.,/Strasser, A., Atadja, P., Lowe, S. W. & Johnstone, R. W. (2009) The
histonerdeacetylase inhibitors LAQ824 and LBH589 do not require death receptor
signaling or'a functional apoptosome to mediate tumor cell death or therapeutic
efficacy,Blood. 114, 380-393.

20. Matthews, G. M., Newbold, A. & Johnstone, R. W. (2012) Intrinsic and extrinsic
apoptotic pathway signaling as determinants of histone deacetylase inhibitor
antitumer.aetivity. Advances in Cancer Research. 116, 165-197.

21. Bolden,J. E., Shi, W., Jankowski, K., Kan, C.-Y., Cluse, L., Martin, B. P.,
MacKenzie, K. L., Smyth, G. K. & Johnstone, R. W. (2013) HDAC inhibitors induce
tumor-cell-selective preapoptotic traacriptional response€ell Death and Disease.

4, e519.

22. PérezPerarnau, A., ColMulet, L., RubiePatifio, C., IglesiaSerret, D., Cosialls,
A. M., GonzalezGironés, D. M., de Frias, M., de Sevilla, A. F., de la Banda, E., Pons,
G. & Gll, J. (2011) Analysis of apoptosis regulatory genes altered by histone
deacetylase inhibitors in chronic lymphocytic leukemia cEjtsgenetics 6, 1228-

1235.

23. Inoue, .S, Riley, J., Gant, T. W., M.J., D. & Cohen, G. M. (2007) Apoptosis
induced by-tstone deacetylase inhibitors in leukemic cells is mediated by Bim and
Noxa, LLeukemia. 21, 1773-1782.

24. Chen, M. C., Huang, H. H., Lai, C. Y. L., Y.J., Liou, J. P., Lai, M. J., Li, Y. H.,,
Teng, C.'M:,& Yang, C. R. (2015) Novel histone deacetylase inhibitor MPTOG009
induces cell apoptosis and synergistic anticancer activity with tumor necrosis factor
related apoptosimducing ligand against human hepatocellular carcinoma.,
Oncotarget Nov 7. doi: 10.18632/oncotar get.6352. [Epub ahead of print].

This article is protected by copyright. All rights reserved



25. Cruickshanks, N., Hamed, H. A., Booth, L., Tavallai, S., Syed J, Sajithlal, G. B.,
Grant, S., Poklepovic, A. & Dent, P. (2013) Histone deacetylase inhibitors restore
toxic BH3 domain protein expression in anoikésistant mammary and brain cancer
stem cells,ereby enhancing the response to BRBB1/ERBB2 therapyCancer
Biology & Therapy. 14, 98296.

26. Kang, Y., Nian, H., Rajendran, P., Kim, E., Dashwood, W. M., Pinto, J. T.,
Boardman, L."A., Thibodeau, S. N., Limburg, P. J., Léhr, C. V., Bisson, W. H.,
Williams, D. E., Ho, E. & Dashwood, R. H. (2014) HDAC8 and STAT3 repress BMF
gene activity in colon cancer cel(Sell Death and Disease. 5, e1476.

27. Zhang,.Y., Adachi, M., Kawamura, R. & Imai, K. (2006) Bmf is a possible
mediator in histone deacetylasdibitors FK228 and CBHA-induced apoptose|
Death and Differentiation. 13, 129-140

28. Wiegmans, A. P., Alsop, A. E., Bots, M., Cluse, L. A., Williams, S. P., Banks,
K.-M., Ralli, R., Scott, C. L., Frenzel, A., Villunger, A. & Johnstone, R. W. (2011)
Deciphering the Molecular Events Necessary for Synergistic Tumor Cell Apoptosis
Mediated.by-the Histone Deacetylase Inhibitor Vorinostat and the BH3 Mimetic
ABT-737,Cancer Research. 71, 3603-3615.

29. XargayTorrent, S., Lopetsuerra, M., Sabori¥illarroya, I., Rosich, L., Campo,
E., Roué,G. & Colomer, D. (2011) Vorinostat-Induced Apoptosis in Mantle Cell
Lymphoma'Is Mediated by Acetylation of Proapoptotic BH3-Only Gene Promoters,
Clinical Cancer Research. 17, 3956-3968.

30. Ramsey, M. R., He, L., Forster, N., Ory, B. & Ellisen, L. W. (2011) Physical
association of HDAC1 and HDAC?2 with p63 mediates transcriptional repressibn
tumor maintenance in squamous cell carcino@ancer Research. 71, 4373-9.

31. Zhao, Y., Tan, J., Zhuang, L., Jiang, X., Liu, E. T. & Yu, Q. (2005) Inhibitors of
histone deacetylases target theE¥F1 pathway for apoptosis induction through
activationof proapoptotic protein BirRyoceedings of the National Academy of
Sciencesof-the United Sates of America. 102, 16090-16095.

32. Yang, Y., Zhao, Y., Liao, W., Yang, J., Wu, L., Zheng, Z., Yu, Y., Zhou, W., Li,
L., Feng,Jds. Wang, H. & Zhu, W.-G. (2009) Acetylation of FoxO1 Activates Bim
Expression to Induce Apoptosis in Response to Histone Deacetylase Inhibitor
Depsipeptie TreatmentNeoplasia. 11, 313—-324.

33. Camille Brochier, G. D., Mark A. Rivieccio, Kathryn McLaughlin, Giovanni
Coppola, Rajiv R. Ratan, and Brett Langley (2013) Specific Acetylation of p53 by

This article is protected by copyright. All rights reserved



HDAC Inhibition PreventsDNA Damage-Induced Apoptosis in Neurdns,Journal

of Neuroscience. 33, 8621— 863.

34. Waby, J. S., Chirakkal, H., Yu, C.-W., Griffiths, G. J., Benson, R. S. P., Bingle, C.
D. & Corfe, B. M. (2010) Sp1 acetylation is associated with loss of DNA binding at
promoetersrassociated with cejlate arrest and cell death in a colon cell line,

Molecular Cancer. 9, 1-16.

35. Sampath, D., Liu, C., Vasan, K., Sulda, M., Puduvalli, V. K., Wierda, W. G. &
Keating, M. J. (2012) Histone deacetylases mediate the silencing ef5aiRniR16,

and miR-29b in chronic lymphocytic leukemidlopod. 119.

36. Zhao, Z:-N., Bai, J.-X., Zhou, Q., Yan, B., Qin, W.-W., Jia, L.-T., Meng, Y.-L.,
Jin, B.-Q./Yao, L.-B., Wang, T. & Yang, A.-G. (2012) TSA Suppresses miR-106b-
93-25 Cluster Expression through Downreguolatof MYC and Inhibits Proliferation

and Induces /Apoptosis in Human EM®L0SOne 7, e45133.

37. Humphreys, K. J., Cobiac, L., Le Leu, R. K., Van der Hoek, M. B. & Michael, M.
Z. (2013) Histone deacetylase inhibition in colorectal cancer cells revegietiogn

roles forzmembers of the oncogenic miR-17-92 clustéolecular Carcinogenesis.

52, 459-74.

38. Wood, T. E., Dalili, S., Simpson, C. D., Sukhai, M. A., Hurren, R., Anyiwe, K.,
Mao, X., Swarez Saiz, F., Gronda, M., Eberhard, Y., MacLean, N., Ketela, T., Reed, J.
C., Moffat, J., Minden, M. D., Batey, R. A. & Schimmer, A. D. (2010) Selective
Inhibition of Histone Deacetylases Sensitizes Malignant Cells to Death Receptor
Ligands,Molecular Cancer Therapeutics. 9, 246-256.

39. McCourt, C., Maxwell, P., Mazzucchelli, R., Montironi, R., Scarpelli, M., Salto-
Tellez, M., O'Sullivan, J. M., Longley, D. B. & Waugh, D. J. J. (2012) Elevation of c-
FLIP in.CastrateResistant Prostate Cancer Antagonizes Therapeutic Response to
Androgen. Receptor—Targeted Thera@finical Cancer Research. 18.

40. Lueas;D. M., Alinari, L., West, D. A., Davis, M. E., Edwards, R. B., Johnson, A.
J., BlumpgKeA., Hofmeister, C. C., Freitas, M. A., Parthun, M. R., Wang, D., Lehman,
A., Zhang, X., Jarjoura, D., Kulp, S. K., Croce, C. M., Grever, M. R, Chen, C.-S,,
Baiocchi'R..A. & Byrd, J. C. (2010) The Novel Deacetylase Inhibitor AR-42
Demonstrates P#€linical Activity in B-Cell Malignancies In Vitro and In Vivo.,
PLOoSONE. 5.

41. Ruefli, A. A., Ausserlechner, M. J., Bernhard, D., Sutton, V. R., Tainton, K. M.,
Kofler, R., Smyth, M. J. & Johnstone, R. W. (2001) The histone deacetylase inhibitor

This article is protected by copyright. All rights reserved



and chemotherapeutic agent suberoylanilide hydroxamic acid (SAHA) induces a cell-
death pathway characterized by cleavage of Bid and production of reactive oxygen
speciesProceedings of the National Academy of Sciences of the United States of

America. 98, 10833-10838.

42. RosatoyR. R., Almenara, J. A., Dai, Y. & Grant, S. (2003) Simultaneous
activation of the intrinsic and extrinsic pathwsayy histone deacetylase (HDAC)
inhibitors and tumor necrosis factor-related apoptiwglscing ligand (TRAIL)
synergistically induces mitochondrial damage and apoptosis in human leukdsjia cel
Molecular Cancer Therapeutics. 2, 1273-1284.

43. Yu,,C., Rahmani, M., Conrad, D., Subler, M., Dent, P. & Grant, S. (2003) The
proteasome inhibitor bortezomib interacts synergistically with histone deacetylase
inhibitorsto'induce apoptosis in Bcr/Abl+ cells sensitive and resisteé®iti571,

Blood. 102, 3765-3774.

44. Dai, Y., Rahmani, M., Dent, P. & Grant, S. (2005) Blockade of Histone
Deacetylase Inhibitemduced RelA/p65 Acetylation and N& Activation
Potentiates.Apoptosis in Leukemia Cells through a Process Mediated by Oxidative
Damage, XIAP Downregulatiomnd cJun N-Terminal Kinase 1 Activation,
Molecularand Cellular Biology. 25, 54295444,

45. Dasmahapatra, G., Lembersky, D., Son, M. P., Attkisson, E., Dent, P., Fisher, R.
l., Friedberg, J. W. &rant, S. (2011) Carfilzomib Interacts Synergistically with
Histone Deacetylase Inhibitors in Mantle Cell Lymphoma Cells In Vitro and In

Vivo. , Molecular Cancer Therapeutics. 10, 1686-1697.

46. Ungerstedt, J. S., Sowa, Y., Xu, W.-S., Shao, Y., Dokmanovic, M., Perez, G.,
Ngo, L., Holmgren, A., Jiang, X. & Marks, P. A. (2005) Role of thioredoxin in the
response of normal and transformed cells to histone deacetylase inhibitors,
Proceedings.of the National Academy of Sciences of the United States of America.

102, 673=678:

47. Butlergl. M., Zhou, X., Xu, W.-S., Scher, H. I., Rifkind, R. A., Marks, P. A. &
RichongV. M. (2002) The histone deacetylase inhibitor SAHA arrests cancer cell
growth, up=regulates thioredoxin-binding protein-2, and down-regulates thioredoxin,
Proceedings of the National Academy of Sciences. 99, 11700-11705.

48. Xu, W., Ngo, L., Perez, G., Dokmanovic, M. & Marks, P. A. (2006) Intrinsic

apoptotic and thioredoxin pathways in human prostate cancer cell response to histone

This article is protected by copyright. All rights reserved



deacetylase inhitor, Proceedings of the National Academy of Sciences of the United

Sates of America. 103, 15540-15545.

49. Robert, C. & Rassool, F. V. (2012) HDAC Inhibitors: Roles of DNA Damage and
Repair,Advances in Cancer Research. 116, 87-119.

50. Adimoolam, S., Sirisawad, M., Chen, J., Thiemann, P., Ford, J. M. & Buggy, J. J.
(2007)HDAC inhibitor PCI-24781 decreases RAD51 expression and inhibits
homologous recombinatioproceedings of the National Academy of Sciences of the

United States of America. 104.

51. Lee,J.-H., Choy, M. L., Ngo, L., Foster, S. S. & Marks, P. A. (2010) Histone
deacetylase/nhibitor induces DNA damage, which normal but not transformed cell
can repair. Proceedings of the National Academy of Sciences of the United States of
America. 107, 14639-14644.

52. Wiegmans, A. P., Yap, P.-Y., Ward, A., Lim, Y. C. & Khanna, K. K. (2015)
Differences in Expression of Key DNA Damage Repair Genes after Epigenetic
Induced BRCAnNess Dictate Synthetic Lethality with PARP1 Inhibitidolecular

Cancer Therapeutics. 14, 2321-2331.

53. Kaehhap, S. K., Rosmus, N., Collis, S. J., Kortenhorst, K. S. Q., Wissing, M. D.,
Hedayati, M., Shabbeer, S., Mendonca, J., Deangelis, J., Marchionni, L., Lin, J., HOti,
N., Nortiersd. W. R., DeWeese, T. L., Hammers, H. & Carducci, M. A. (2010)
Downregulation of Homologous Recombination DNA Repair Genes by HDAC
Inhibition in Prostate Cancer Is Mediated through the E2F1 Transcriptioor Falos

One. 5, €11208.

54. Chen, Y., Jungsuwadee, P., Vore, M., Butterfield, D. A. & St. Clair, D. K. (2007)
Collateral Damage in Cancer Chemotherapy: Oxidative Stress in Nontargeted Tissues,
Molecular Interventions. 7, 147-156.

55. PRetruccelli, L. A., Dupéré-Richer, D. D., Pettersson, F., Retrouvey, H., Skoulikas,
S. & Millerdr; W. H. (2011) Vorinostat Induces Reactive Oxygen Species and DNA
DamagesinsAcute Myeloid Leukemia CelRps One. 6, e20987.

56. Conti, C., Leo, E., Eichler, G. S., Sordet, O., Martin, M. M., Fan, A., Aladjem, M.
|. & Pommier, Y. (2010) Inhibitn of Histone Deacetylase in Cancer Cells Slows
Down Replication Forks, Activates Dormant Origins, and Induces DNA Damage,
Cancer Research. 70, 4470-4480.

This article is protected by copyright. All rights reserved



57. Bhaskara, S., Chyla, B. J., Amann, J. M., Knutson, S. K., Cortez, D., Sth, Z.-
& Hiebert, S. W (2008) Deletion of Histone Deacetylase 3 Reveals Critical Roles in
S Phase Progression and DNA Damage Corttolecular Cell. 30, 61-72.

58. Wells, C. E., Bhaskara, S., Stengel, K. R., Zhao, Y., Sirbu, B., Chagot, B., Cortez,
D., Khabele;D., Chazin, W. J., Cooper, A., Jacques, V., Rusche, J., Eischen, C. M.,
McGirty L. Y. & Hiebert, S. W. (2013) Inhibition of Histone Deacetylase 3 Causes
Replication Stress in Cutaneous T Cell LymphoRias One. 8, e68915.

59. Greselj, B., Sharma, N. L., Hamdy, F. C., Kerr, M. & Kiltie, A. E. (2013) Histone
deacetylase. inhibitors as radiosensitisers: effects on DNA damage signalling and
repair.,British Journal of Cancer. 108, 748-54.

60. Zhw, K., Wu, K., Ma, S. & Zhang, S. (2015) HDAC inhibitors: a new
radiosensitizefor nonsmallcell lung cancer.Tumori. 101, 257-62.

61. Reed, S M. & Quelle, D. E. (2015) p53 Acetylation: Regulation and
ConsequenceSancers. 7, 30-69.

62. Peart, M. J., Tainton, K. M., Ruefli, A. A., Dear, A. E., Sedelies, K. A., O'Reilly,
L. A., Waterhouse, N. J., Trapani, J. A. & Johnstone, R. W. (2003) Novel
Mechanisms of Apoptosis Induced by Histone Deacetylase Inhib@anser

Research. 63,4460-4471.

63. Seo,.S+K., Jin, H.-O., Woo, B.; Kim, Y.-S., An, S., Lee, J.-H., Hong, S.-I.,
Lee,K.-H., Choe, T.-B. & Park, IC. (2011) Histone Deacetylase Inhibitors Sensitize
Human Nonsmall Cell Lung Cancer Cells to lonizing Radiation Through Acetyl p53-
Mediated emyc DowrrRegulationJournal of Thoracic Oncology. 6, 1313-1319.

64. Caondorelli, F., Ghemmi, I., Vallario, A., Genazzani, A. A. & Canonico, P. L.
(2008) Inhibitors of histone deacetylase (HDAC) restore the p53 pathway in
neuroblastoma cell8ritish Journal of Pharmacology. 153, 657-668.

65. Bolden,J. E., Peart, M. J. & Johnstone, R. W. (2006) Anticancer activities of
histone"deacetylase inhibitofdature Reviews Drug Discovery. 5, 769-784.

66. Lindemann, R. K., Gabrielli, B. & Johnstone, R. W. (2004) Hisioeaecetylase
Inhibitors'for the Treatment of Canc€ell Cycle 3, 777-786.

67. ZhangyZ., Hao, C., Wang, L., Liu, P., Zhao, L., Zhu, C. & Tian, X. (2013)
Inhibition of leukemic cells by valproic acid, an HDAC inhibitor, in xenograft
tumors. OncoTargets and Therapy 6, 733—740.

This article is protected by copyright. All rights reserved



68. Jin, J.-S., Tsao, T.-Y., Sun, P.-C., YuRC& Tzao, C. (2012) SAHA Inhibits the
Growth of Colon Tumors by Decreasing Histone Deacetylase and the Expression of
Cyclin D1 and Survivin. Pathology & Oncology Research. 18, 713-720.

69. Gabrielli, B., Brooks, K. & Pavey, S. (2012) Defective Cell Cycle Checkpoints as
Targetsfor/AntiCancer Therapie&rontiersin Pharmacology. 3, 1-6.

70. Qiu, L., Burgess, A., Fairlie, D. P., Leonard, H., Parsons, P. G. & Gabrielli, B. G.
(2000)'Histone Deacetylase Inhibitors Trigger a G2 Checkpoint in Normal Cells Th
Is Defective in Tumor Cellsviolecular Biology of the Cell. 11, 2069-2083.

71. Mateo,F., Vidal-Laliena, M., Canela, N., Busino, L., Martinez-Balbas, M. A,
Pagano, M.,/ Agell, N. & Bachs, O. (2009) Degradation of cyclin A is regulated by
acetylationOncogene 28, 2654—-2666.

72. Newbold, A., Salmon, J. M., Matrtin, B. P., Stanley, K. & Johnstone, R. W.
(2014) The role of p21(wafl/cipl) and p27(Kipl) in HDA®Bediated tumor cell

death and cell cycle arrest in the Eu-myc model of B-cell lymphomaQncogene. 33,
5415-23.

73. Romanev, V. S., Abramova, M. V., Svetlikova, S. B., Bykova, T. V., Zubova, S.
G., Aksenoy; N. D., Fornace, A. J., Pospelova, T. V. & Pospelov, V. A. (2010)
p21Waflis required for cellular senescence but not for cell cycle arrest induced by
the HDAC.inhibitor sodium butyrat€ell Cycle. 9, 3945-3955.

74. Xu, W.'S., Perez, G., Ngo, L., Gui, C. Y. & Marks, P. A. (2005) Induction of
polyploidy by histone deacetylase inhibitor: a pathway for antitumor eff€aztscer
Research. 65, 7832-9.

75. Cho, J.-H., Dimri, M. & Dimri, G. P. (2015) MicroRN23t Is a Transcriptional
Target of Histone Deacetylase Inhibitors and a Regulator of CeBala@scence,
Journal‘of Biological Chemistry. 290, 10555-10567.

76. Li,Z.,Wang, Y., Yuan, C., Zhu, Y., Qiu, J., Zhang, W., Qi, B., Wu, H., Jinhai, Y.
J., Jiangy"HyYang, J. & Cheng, J. (2014) Oral and Gastrointestinal Systems;
Oncogeniexroles of Bmil and its therapeutic inhibition by histone deacetylase
inhibitorin tongue cancekaboratory Investigation. 94, 1431-1445.

77. Fiskus; \W., Pranpat, M., Balasis, M., Herger, B., Rao, R., Chinnaiyan, A., Atadja,
P. & Bhalla, K. (2006) Histone deacetylase bitars deplete enhancer of zeste 2 and
associated polycomb repressive complex 2 proteins in human acute leukemia cells
Molecular Cancer Therapeutics. 5, 3096-3104.

This article is protected by copyright. All rights reserved



78. Ablain, J. & de The, H. (2011) Revisiting the differentiation paradigm in acute
promyelocytic leukemiaBlood. 117, 5795 - 5802.

79. Minucci, S., Nervi, C., Lo Coco, F. & Pelicci, P. G. (2001) Histone deacetylases:
a common molecular target for differentiation treaminof acute myeloid leukemias?,
Oncogener20, 3110-3115.

80. Gattlicher, M., Minucci, S., Zhu, P., Kramer, O. H., Schimpf, A., Giavara, S.,
Sleeman, J. P., Lo Coco, F., Nervi, C., Pelicci, P. G. & Heinzel, T. (2001) Valproic
acid defines a novel classdDAC inhibitors inducing differentiation of transformed
cells, The EMBO Journal. 20, 6969-6978.

81. Leiva, M., Moretti, S., Soilihi, H., Pallavicini, I., Peres, L., Mercurio, C., Dal
Zuffo, R%, Minucci, S. & de Thé, H. (2012) Valproic acid induces differentiation and
transient tumor regression, but spares leukemia-initiating activity in rmodels of
APL, Leukemia 26, 1630-1637.

82. Lin, R. J., Nagy, L., Inoue, S., Shao, W., Miller, W. H. & Evans, R. M. (1998)
Role of.the histone deacetylase compleadate promyelocytic leukaemisature.

391, 811-814.

83. Fredly, H., Gjertsen, B. T. & Bruserud, O. (2013) Histone deacetylase inhibition
in the treatment of acute myeloid leukemia: the effects of valproic acid on leukemic
cells, and.the clinical and eepmental evidence for combining valproic acid with
other antileukemic agentS]inical Epigenetics. 5, 1-13.

84. Cimino, G., Lo-Coco, F., Fenu, S., Travaglini, L., Finolezzi, E., Mancini, M.,
Nanni, M., Careddu, A., Fazi, F., Padula, F., Fiorini, R., Spiriti, A., Petti, M. A.,
Concetta, MJ, Venditti, A., Amadori, S., Mandelli, F., Pelicci, P. G. & Nervi, C.
(2006) Sequential Valproic Acid/Atrans Retinoic Acid Treatment Reprograms
Differentiation in Refractory and HigRisk Acute Myeloid LeukemiaZancer
Resear¢h..66,/8903-8911.

85. Bots;"M; Verbrugge, I., Martin, B. P., Salmon, J. M., Ghisi, M., Baker, A,
StanleyyKssShortt, J., Ossenkoppele, G. J., Zuber, J., Rappaport, A. R., Atadja, P.,
Lowe, S#W. & Johnstone, R. W. (2014) Differentiation therapy for the treatment of
t(8;21) acute myeloid leukemia using histone deacetylase inhiliog. 123, 1341

- 1352.

86. Liu, S., Klisovic, R. B., Vukosavljevic, T., Yu, J., Paschka, P., Huynh, L., Pang,
J., Neviani, P., Liu, Z., Blum, W., Chan, K. K.,rRdti, D. & Marcucci, G. (2007)
Targeting AML1/ETGHistone Deacetylase Repressor Complex: A Novel

This article is protected by copyright. All rights reserved



Mechanism for Valproic AcikMediated Gene Expression and Cellular Differentiation
in AML1/ETO-Positive Acute Myeloid Leukemia Celld3gurnal of Pharmacol ogy

and Experimental Therapeutics. 321, 953-960.

87. Yang, G., Thompson, M. A., Brandt, S. J. & Hiebert, S. W. (2007) Histone
deacetylaserinhibitors induce the degradation of the t(8;21) fusion oncoprotein,
Oncogene. 26, 91-101.

88. Schwartz, B. E., Hofer, M. D., Lemieux, M. E., Bauer, D. E., Cameron, M. J.,
West, N. H., Agoston, E. S., Reynoird, N., Khochbin, S., Ince, T. A., Christie, A.,
Janeway, K. A., Vargas, S. O., Perez-Atayde, A. R., Aster, J. C., Sallan, S. E., Kung,
A. L., Bradner, J. E. & French, C. A. (2011) Differentiation of NUT Midline
Carcinema by Epigenomic ReprogrammiQigncer Research. 71, 2686-2696.

89. Hrzenjak, A., Moinfar, F., Kremser, M.-L., Strohmeier, B., Staber, P. B.,
Zatloukal, K.'& Denk, H. (2006) Valproate inhibition of histaeacetylase 2 affects
differentiation and decreases proliferation of endometrial stromal sarcoma cells,
Molecular Cancer Therapeutics. 5, 2203-2210.

90. Yamashita, Y.-l., Shimada, M., Harimoto, N., Rikimaru, T., Shirabe, K., Tanaka,
S. & Sugimachi, K. (203) Histone deacetylase inhibitor trichostatin a induces cell
cycle arrest/apoptosis and hepatocyte differentiation in human hepatoma cells

I nter national"Journal of Cancer. 103, 572-576.

91. Platta, C. S., Greenblatt, D. Y., Kunnimalaiyaan, M. & Chen, H. (2007) The
HDAC Inhibitor Trichostatin A Inhibits Growth of Small Cell Lung Cancer Cells,
Journal of Surgical Research. 142, 219-226.

92. Munster, P. N., Troso-Sandoval, T., Rosen, N., Rifkind, R. A., Marks, P. A. &
Richon, V. M. (2001) The Histone Deacetylase Inhibitor Suberoylanilide Hydroxamic
Acid Induces Differentiation of Human Breast Cancer C&lésicer Research. 61,
8492-8497.

93. Salvadar, M. A., Wicinski, J., Cabaud, O., Toiron, Y., Finetti, P., Josselin, E.,
LeliévrepHy'Kraus-Berthier, L., Depil, S., Bertucci, F., Collette, Y., Birnhddm
Charafedauffret, E. & Ginestier, C. (2013) The Histone Deacetylase Inhibitor
Abexinostat.Induces Cancer Stem Cells Differentiation in Breast Cancer with Low
Xist Expression.Clinical Cancer Research 19, 6520-6531.

94. Guzman, M. L., Yang, N., Sharma, K. K., Balys, M., Corbett, C. A., Jordan, C. T.,
Becker, M. W., Steidl, U., Abdel-Wahab, O., Levine, R. L., Marcucci, G., Roboz, G. J.
& Hassane, D. C. (2014) Selective activity of the histone deacetglabgor AR-42

This article is protected by copyright. All rights reserved



against leukemia stem cells: a novel potential strategy in acute myelogenous
leukemia. Molecular Cancer Therapeutics. 8, 1979-1990.

95. Dickinson, M., Johnstone, R. W. & Prince, H. M. (2010) Histone deacetylase
inhibitors: potential tayets responsible for their asttancer effectinvestigational

New Drugs#28, 3-20.

96. Zhang, B., Strauss, A. C., Chu, S., Li, M., Ho, Y., Shiang, K.-D., Snyder, D. S.,
Huettner, C.'S., Shultz, L., Holyoake, T. & Bhatia, R. (2010) Effective Targeting of
Quiescent Chronic Myelogenous Leukemia Stem Cells by Histone Deacetylase
Inhibitors in.Combination with Imatinib Mesylat€ancer Cell. 17, 427-442.

97. Romanski, A., Schwarz, K., Keller, M., Wietbrauk, S., Vogel, A., Roos, J.,
Oancea, C., Brill, B., Kramer, O. H., Serve, H., Ruthardt, M. & Bug, G. (2012)
Deacetylase inhibitors modulate proliferation and-sstiewal properties of leukemic
stem and pragenitor cell€gll Cycle. 11, 3219-3226.

98. Lee, S. H., Nam, H. J., Kang, H. J., Samuels, T. L., Johnston, N. & Lim, Y. C.
(2015)Valproic acid suppresses the-setfewal and proliferation of head and neck
cancer stem/cellsQncology Reports. 34, 2065-2071.

99. Chiao, M. T., Cheng, W. Y., Yang, Y. C., Shen, C. C. & Ko, J. L. (2013)
Suberoylanilide hydroxamic acid (SAHA) causes tumor growth slowdown and
triggers autophagy in glioblastoma stem ceéllgpphagy. 9, 15091526.

100. Di Pompo, G., Salerno, M., Ratili, D., Valente, S., Zwergel, C., Avnet, S.,
Lattanzi, G., Baldini, N. & Mai, A. (2015) Novel Hane Deacetylase Inhibitors
Induce Growth Arrest, Apoptosis, and Differentiation in Sarcoma Cancer Stiésn Ce
Journal of Medicinal Chemistry. 58, 4073-4079.

101. Robert, T., Vanoli, F., Chiolo, I., Shubassi, G., Bernstein, K. A., Rothstein, R.,
Botrugno, O. A., Parazzoli, D., Oldani, A., Minucci, S. & Foiani, M. (2011) HDACs
link the DNA'damage response, processing of dostrld breaks and autophagy,
Nature 471;-74—79.

102. ShaeyY., Gao, Z., Marks, P. A. & Jiang, X. (2004) Apoptotic and autophagic
cell death induced by histone deacetylase inhibienaeedings of the National
Academy of.Sciences of the United States of America. 101, 18030-18035.

103. Lee, Y.J.,, Won, A. J., Lee, J., Jung, J. H., Yoon, S., Lee, B. M. & Kim, H. S.
(2012) Molecular mechanism of SAHA on regulation of autophagic cell death in
tamoxifenresistant MCF7 breast cancer cell$nternational Journal of Medical
Sciences. 9, 881-93.

This article is protected by copyright. All rights reserved



104. Liu, Y. L., Yang, P. M., Shun, C. T., Wu, M. S., Weng, J. R. & Chen, C. C.
(2010) Autophagy potentiates the acaincer effects of the histone deacetylase
inhibitors in hepatocellular carcinomaytophagy. 6, 105765.

105. Gammoh, N., Marks, P. A. & Jiang, X. (2012) Curbing autophagy and histone
deacetylases to kill cancer celgjtophagy 8, 1521-1522.

106. Duperé-Richer, D., Kinal, M., Ménasché, V., Nielsen, T. H., del Rincon, S.,
Pettersson, F."& Miller Jr, W. H. (2013) Vorinostat-induced autophagy switchras fro
a deatkhpromoting to a cytoprotective signal to drive acquired resistance

Cell Death and Disease. 4, €486.

107. Zhang; J., Ng, S., Wang, J., Zhou, J., Tan, S.-H., Yang, N., Lin, Q., Xia, D. &
Shen, H:-M.(2015) Histone deacetylase inhibitors induce autophagy through
FOXOl-dependent pathwayAutophagy. 11, 629-42.

108. Newboaold, A., Vervoort, S. J., Martin, B. P., Bots, M. & Johnstone, R. W. (2012)
Induction of autophagy does not alter the &mtinor effects of HDAC inhibitorsCell
Death and Disease. 3, e387.

109. El-Kheoury, V., Pierson, S., Szwarcbart, E., Brons, N. H. C., Roland, O.,
CherriekDe Wilde, S., Plawny, L., Van Dyck, E. & Berchem, G. (2014) Disruption of
autophagy by the histone deacetylase inhibitor MGCDO0103 aritkitseutic
implicatiopsin B-cell chronic lymphocytic leukemi&eukemia. 28, 1636—1646.

110. Oehme, I., Linke, J.-P., Bock, B. C., Milde, T., Lodrini, M., Hartenstein, B.,
Wiegand, I., Eckert, C., Roth, W., Kool, M., Kaden, S., Grbne, H.-J., Schulte, J. H.,
Lindner, S., HamacheBrady, A., Brady, N. R., Deubzer, H. E. & Witt, O. (2013)
Histone deacetylase 10 promotes autophaggiated cell survivaRroceedings of

the National Academy of Sciences of the United Sates of America. 110, E2592E2601.
111. Stankov, M. V., El Khatib, M., Thakur, B. K., Heitmann, K., Panayotova-
Dimitrova,.DJ; Schoening, J., Bourquin, J. P., Schweitzer, N., Leverkus, M., Welte, K.,
Reinhardt;D:, Li, Z., Orkin, S. H., Behrens, G. M. N. & Klusmann, J. H. (2014)
Histonesdeacetylasahibitors induce apoptosis in myeloid leukemia by suppressing
autophagy. |.eukemia 28, 577-588.

112. Murakami, T., Sato, A., Chun, N. A. L., Hara, M., Naito, Y., Kobayashi, Y.,
Kano, Y., Ohtsuki, M., Furukawa, Y. & Kobayashi, E. (2008) Transcriptional
Modulation Using HDACI Depsipeptide Promotes Immune Cell-Mediated Tumor
Destruction of Murine B16 Melanomdgurnal of Investigative Dermatology. 128,
1506-1516.

This article is protected by copyright. All rights reserved



113. Magner, W. J. & Tomasi, T. B. (2000) Chromatin-immune connections:
regulation of MHC and other gendsurnal of Reproductive Immunology. 48, 1-15.
114. Manning, J., Indrova, M., Lubyova, B., Pribylova, H., Bieblova, J., Hejnar, J.,
Simova, J., Jandlova, T., Bubenik, J. & Reinis, M. (2008) Induction of MHC class |
moleculercell surface exmsion and epigenetic activation of antigaocessing
machinery components in a murine model for human papilloma virasddeiated
tumours,immunology. 123, 218-227.

115. Setiadi, A. F., Omilusik, K., David, M. D., Seipp, R. P., Hartikainen, J., Gopaul,
R., Choi, K..B. & Jefferies, W. A. (2008) Epigenetic Enhancement of Antigen
Processing.and Presentation Promotes Immune Recognition of T@aoesy,

Research. 68,,9601-9607.

116. Woods, D. M., Woan, K., Cheng, F., Wang, H., P¥lilarroel, P., Lee, C.
Lienlaf, M., Atadja, P. G., Seto, E., Weber, J., Sotomayor, E. M. & Villagra, A.
(2013) The antimelanoma activity of the histone deacetylase inhibitor panobinostat
(LBH589) is mediated by direct tumor cytotoxicity and increased tumor
immunogenicity Melanoma Research. 23, 341-348.

117. Armmeanu, S., Bitzer, M., Lauer, U. M., Venturelli, S., Pathil, A., Krusch, M.,
Kaiser, S.;"Jobst, J., Smirnow, I., Wagner, A., Steinle, A. & Salih, H. R. (2005)
Natural Killer Cel-Mediated Lysis of Hepatoma Cells via Sghednduction of

NKG2D Ligands by the Histone Deacetylase Inhibitor Sodium ValprQaisger
Research. 65, 6321-6329.

118. Skov, S., Pedersen, M. T., Andresen, L., Thor Straten, P., Woetmann, A. &
@dum, N. (2005) Cancer Cells Become Susceptible to N&uiex Cell Killing

after Exposure to Histone Deacetylase Inhibitors Due to Glycogen Synthase-Kinase
3-Dependent Expression of MHC ClasfRklated Chain A and Eancer Research.

65, 11136-11145.

119. WuyXi; Tao, Y., Hou, J., Meng, X. & Shi, J. (2012) Valproic acid upregulates
NKG2Dsligand expression through an ERK-dependent mechanism and potentially
enhances NK celinediated lysis of myelomaNeoplasia. 12, 1178-89.

120. Lopez-Soto, A., Folgueras, A. R., Seto, E. & Gonzalez, S. (2009) HDAC3
repressethe expression of NKG2D ligands ULBPs in epithelial tumour cells:
potential implications for the immunosurveillance of can@ecogene. 28, 2370—

2382.

This article is protected by copyright. All rights reserved



121. Lee, S.-H., Lee, S.-J., Kim, T. M. & Heo, D. S. (2008) The study of NKG2D
ligand expression andK\cell cytotoxicity after HDAC inhibitors in lung cancer cell
lines. ,Cancer Research. 68.

122. Obeid, M., Tesniere, A., Ghiringhelli, F., Fimia, G. M., Apetoh, L., Perfettini, J.
L., Castedo;"M., Mignot, G., Panaretakis, T., Casares, N., Metivier, D., Larochette, N.,
van Endert, P., Ciccosanti, F., Piacentini, M., Zitvogel, L. & Kroemer, G. (2007)
Calreticulin'exposure dictates the immunogenicity of cancer cell detlre

medicine. 13, 54-61.

123. Apetaoh, L., Ghiringhelli, F., Tesniere, A., Criollo, A., Ortiz, C., Lidereau, R.,
Mariette, C.,/Chaput, N., Mira, J.-P., Delaloge, S., André, F., Tursz, T., Kroemer, G.
& Zitvogel; L. (2007) The interaction between HMGB1 and TLR4 dictates the
outcome of‘anticancer chemotherapy and radiothetapgnological Reviews. 220,
47-59.

124. Ghiringhelli, F., Apetoh, L., Tesniere, A., Aymeric, L., Ma, Y., Ortiz, C.,
Vermaelen, K., Panaretakis, T., Mignot, G., Ullrich, E., Perfettini, J.-L., Schlemme
F., Tasdemir, E., Uhl, M., Génin, P., Civas, A., Ryffel, B., Kanellopoulos, J., Tschopp,
J., André, F,, Lidereau, R., McLaughlin, N. M., Haynes, N. M., Smyth, M. J.,
Kroemer, G."& Zitvogel, L. (2009) Activation of the NLRP3 inflammasome in
dendritic cells induces IL-1bold beta—dependent adaptive immunity against tumors,
Nature Medicine. 15, 1170 - 1178.

125. Christiansen, A. J., West, A., Banks, K.-M., Haynes, N. M., Teng, M. W.,
Smyth, M. J. & Johnstone, R. W. (2011) Eradication of solid tumors using histone
deacetylase inhibitors combined with immestanulating antilbdies,Proceedings of

the National Academy of Sciences. 108, 4141-4146.

126. West, A. C., Mattarollo, S. R., Shortt, J., Cluse, L. A., Christiansen, A. J., Smyth,
M. J..& JohnStone, R. W. (2013) An Intact Immune System Is Required for the
Anticancer-Activties of Histone Deacetylase InhibitofZancer Research. 73, 7265-
7276.

127. Fiegler, N., Textor, S., Arnold, A., Rélle, A., Oehme, I., Breuhahn, K.,
Moldenhauer, G., Witzens-Harig, M. & Cerwenka, A. (2013) Downregulation of the
activating NKp30 ligand B7-H6 by HDAC inhibitors impairs tumor cell recognition
by NK cells,Blood. 122, 684 - 693.

128. Banerji, U. (2009) Heat Shock Protein 90 as a Drug Target: Some Like It Hot,
Clinical Cancer Research. 15, 9-14.

This article is protected by copyright. All rights reserved



129. Nimmanapalli, R., Fuino, L., Stobaugh, C., Richon, V. & Bhalla, K. (2003)
Cotreatment with the histone deacetylase inhibitor suberoylanilide hydroxamic acid
(SAHA) enhances imatinilnduced apoptosis of B&bl—positive human acute
leukemia cellsBlood. 101, 3236 - 3239.

130. *FuinoyL., Bali, P., Wittmann, S., Donapaty, S., Guo, F., Yamaguchi, H., Wang,
H.-G., Atadja;, P. & Bhalla, K. (2003) Histone deacetylase inhibitor LAQ824 down-
regulates HeR and sensitizes human breast cancer cells to trastly uaxotere,
gemcitabine, and epothilone Blplecular Cancer Therapeutics. 2, 971-984.

131. Bali, R., Pranpat, M., Bradner, J., Balasis, M., Fiskus, W., Guo, F., Rocha, K.,
Kumaraswamy, S., Boyapalle, S., Atadja, P., Seto, E. & Bhalla, K. (2005) Inhibition
of Histene'Deacetylase 6 Acetylates and Disrupts the Chaperone Function of Heat
Shock Protéein 90: Aovel basis for antileukemia activity of histone deacetylase
inhibitors, Journal of Biological Chemistry. 280, 26729-26734.

132. Kramer, O. H., Mahboobi, S. & Sellmer, A. (2014) Drugging the HDAC6—
HSP90.interplay in malignant cellB;ends in Pharmacological Sciences. 35, 501—

5009.

133. Newbold, A., Matthews, G. M., Bots, M., Cluse, L. A., Clarke, C. J. P., Banks,
K.-M.; Cullinane, C., Bolden, J. E., Christiansen, A. J., Dickins, R. A., Miccolo, C.,
Chiocca, .Sy, Kral, A. M., Ozerova, N. D., Miller, T. A., Methot, J. L., Richon, V. M.,
Secrist, J. P., Minucci, S. & Johnstone, R. W. (2013) Molecular and Biologic
Analysis of Histone Deacetylase Inhibitors with Diverse Specificitiddol ecular

Cancer Therapeutics. 12, 2709-2721.

134. Nguyen, T., Dai, Y., Attkisson, E., Kramer, L., Jordan, N., Nguyen, N., Kolluri,
N., Muschen, M. & Grant, S. (2011) HDAC Inhibitors Potentiate the Activity of the
BCR/ABL Kinase Inhibitor KW2449 in ImatinibSensitive orResistant BCR/ABL+
Leukemia.Cells In Vitro and In Viv&linical Cancer Research. 17, 3219-3232.

135. Johnstone, R. W. & Licht, J. D. (2003) Histone deacetylase inhibitors in cancer
therapyssisstranscription the primary targefancer Cell. 4, 13-18.

136. Wang, Y., Wang, S. Y., Zhang, X. H., Zhao, M., Hou, C. M., Xu, Y. J., Du, Z.
Y. & YU, XyD. (2007) FK228 inhibits Hsp90 chaperone function in K562 cells via
hyperacetylation of Hsp7@Bjochemical and Biophysical Research Communications.

18, 998-1003.

137. Jaboin, J., Wild, J., Hamidi, H., Khanna, C., Kim, C. J., Robey, R., Bakes, S.
& Thiele, C. J. (2002) MS-27-275, an Inhibitor of Histone Deacetylase, Has Marked

This article is protected by copyright. All rights reserved



in Vitro and in Vivo Antitumor Activity against Pediatric Solid Tumo@ancer

Research. 62, 6108-6115.

138. Peart, M. J., Smyth, G. K., van Laar, R. K., Bowtell, D. D., Richon, V. M.,
Marks, P. A., Holloway, A. J. & Johnstone, R. W. (2005) Identification and functional
significance of genes regulated by structurally different histone deacetylase inhibitors,
Proceedings of the National Academy of Sciences of the United States of America.

102, 3697-3702.

139. Stumpel, D. J. P. M., Schneider, P., Seslija, L., Osaki, H., Williams, O., Pieters,
R. & Stam, ,R. W. (2012) Connectivity mapping identifies HDAC inhibitors for the
treatment oft(4;11positive infant acute lymphoblastic leukemiaukemia. 26, 682—

692.

140. Kretzner, L., Scuto, A., Dino, P. M., Kowolik, C. M., Wu, J., Ventura, P., Jove,
R., Forman, S. J., Yen, Y. & Kirschbaum, M. H. (2011) Combining Histone
Deacetylase Inhibitor Vorinostat with Aurora Kinase InhilgtBnhances Lymphoma
Cell Killing with Repression of-tMyc, hTERT, and microRNA LevelsGancer

Resear chs71;/3912-3920.

141. Hideshima, T., Cottini, F., Ohguch, H., Jakubikova, J., Gorgun, G., Mimura, N.,
Tai, ¥.-T., Munshi, N. C., Richardson, P. G. & Anderson, K. C. (215) Rational
combinatien treatment with histone deacetylase inhibitors and immunomodulatory
drugs in multiple myelomalood Cancer Journal. 5, e312.

142. Loosveld, M., Castellano, R., Gon, S., Goubard, A., Crouzet, T., Pouyet, L.,
PrebetP., Vey, N., Nadel, B., Collette, Y. & Payet-Bornet, D. (2014) Therapeutic
Targeting of c-Myc in T€ell Acute Lymphoblastic Leukemia {ALL). Oncotarget.

5, 3168-3172.

143. Shin, D.-Y., Kim, A., Kang, H. J., Park, S., Kim, D. W. & Lee, S.-S. (2015)
Histone deacetylase inhibitor romidepsin induces efficient tumor cell lysis via
selectiverdowsregulation of LMP1 and myc expression in EB\positive diffuse

large Beelllymphoma. Cancer Lett. 364, 89-97.

144. Garcia-Sanz, P., Quintanilla, A., Lafita, M. C., Moreno-Bueno, G., Garcia-
Gutierrez, k., Tabor, V., Varela, I., Shiio, Y., Larsson, L.-G., Portillo, F. & Leon, J.
(2014) Sin3b Interacts with Myc and Decreases Myc Levelsnal of Biological
Chemistry. 289, 22221-22236.

145. Marshall, G. M., Gherardi, S., Xu, N., Neiron, Z., Trahair, T., Scarlett, C. J.,
Chang, D. K., Liu, P. Y., Jankowski, K., Iraci, N., Haber, M., Norris, M. D., Keating,

This article is protected by copyright. All rights reserved



J., Sekyere, E., Jonquieres, G., Stossi, F., Katzenellenbogen, B. S., Biankin, A. V.,
Perini, G. & T Liu, T. (2010) Transcriptional upregulation of histone deacetylase 2
promotes Myanduced oncogenic effect®ncogene. 29, 5957-5968.

146. Zhang, X., Zhao, X., Fiskus, W., Lin, L., Lwin, T., Rao, R., Zhang, Y., Chan, J.
C., Fu; FiyMarquez, V. E., Chen-Kiang, S., Moscinski, L. C., Seto, E., Dalton, W. S.,
Wrighty K. L., Sotomayor, E., Bhalla, K. & Tao, J. (2012) Coordinated Silencing of

MY C-Mediated miR29 by HDAC3 and EZH2 as a Therapeutic Target of Histone
Modification in Aggressive B-Cell LymphomaSancer Cell. 22, 506-523.

147. Zhang, X., Chen, X., Lin, J., Lwin, T., Wright, G., Moscinski, L. C., Dalton, W.
S., Seto, E./Wright, K., Sotomayor, E. & Tao, J. (2012) Myc represses miR-15a/miR-
16-1 expression through recruitment of HDAC3 in mantle cell and other non-Hodgkin
B-cell lymphomasOncogene. 31, 3002—3008.

148. Adams, B. D., V.B., W., Cheng, C. J., Inukai, S., Booth, C. J., Agarwal, S.,
Rimm, D. L., Gyé6rfty, B., Santarpia, L., Pusztai, L., Saltzman, W. M. & Slack, F. J.

(2015) ' miR-34a Silences$RC to Attemate Tumor Growth in Triple Negative

Breast CancerCancer Research. Dec 16. pii: canres.2321.2015.

149. Delmore, J. E., Issa, G. C., Lemieux, M. E., Rahl, P. B., Shi, J. S., Jacobs, H. M.,
Kastritis, E., Gilpatrick, T., Paranal, R. M., Qi, J., Chesi, M., Schinzel, A. C.,
McKeowngM. R., Heffernan, T. P., Vakoc, C. R., Bergsagel, P. L., Ghobrial, I. M.,
Richardson, P. G., Young, R. A., Hahn, W. C., Anderson, K. C., Kung, A. L., Bradner,
J. E. & Mitsiades, C. S. (2011) BET Bromodomain Inhibition as a Pleeit&c

Strategy to Target-Myc, Cell. 146, 904-917.

150. Ito, T., Umehara, T., Sasaki, K., Nakamura, Y., Nishino, N., Terada, T.,
Shirouzu, M., Padmanabhan, B., Yokoyama, S., Ito, A. & Yoshida (2011)TReal-
Imaging, of Histone H4K12Specific Acetylatio Determines the Modes of Action of
Histone Deacetylase and Bromodomain Inhibit@emistry & Biology. 18, 495507.

Figure Legends
Figure 1. Molecular responsesto HDACis. HDACs primarily target histone
proteins however these enzymes also deacetylate other cellular proteins. HDACI

treatment results in histone hyperacetylation, chromatin remodeling and altered
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expression of coding and non-coding genes. Non-coding genes such as microRNAs
(miRs) that can subsequently regulate gene and protein expression. Transcription
factors such as p53 are regulated by acetylation and HDACIi can hyperacetglate a
activate a wide variety of transcription factors that then alter target gene expression.
Hyperacetylation of the protein chaperone Hsp90 folhowHIDACI treatment results

in release of client oncoproteins such as-Blol resulting in their proteasome

mediated degradation.

Figure 2, Biological responsesto HDACis. HDACIs induce a range of anti-tumor
responses including: (i) cell death mediated by various pathways and processes
including theiintrinsic and extrinsic apoptotic pathways, enhanced ROS production
and induction of DNA damage responses; (ii) Cell cycle arrest at the G1/s and G2/M
checkpoints; (iii) Cellular senescence; (iv) terminal déferation; (v) autophagy; (vi)
enhanced immunogenicity through altered cell surface expression of immune

regulatory molecules.
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