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#H# 5 # B Luc 583k
BHA MKN-7 very good
FAA *4T1 good
*5/—=7 G361 very good
*B16-FO very good
*B16-F10 very good
SW420 good
KiaH A HCT-116 very good
HCT-15 good
DLD-1 good
* Colon26 very good
At A (e #RR) NCI-H441 very good
NCI-H2228 very good
HCC-827 very good
NCI-H1975 very good
FERg A A AsPC-1 very good
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FROWTENAEZIZ L LZHTS (High Throughput
Screening) FERDFIRENBENICTOWVWTREE T 7=,
AR 1-2x10E% B9 7 L — MIHEX | 24B5
R LI RILEME I LT, & D48RERIZ IC R &
HD-Ve 7= U URFML, BAEBLBIE L, 96RO
WERX B (control) 2100%& L7227 Y —=2 7 %47
TefER. BRI % LT DAY BN & MK LT
5%RBREDCHETHREINL, KBBAMBTORES
R2ITTT, BITEED TV L Jak2BEEHR], AKTRAZE
Al 7077 Y —AlERZ Y BAOERICITITHE
LEERRVBBES TN D,

INODRBRII N 72T —ERETEMLE LT
n vitro] 7y EARTHDHDD, RIZHEL 72 58
METNTORNEET R M5 LTI . FE—Shi-8
FARRTHBRTE2ERIAREIVLDLEEI B N, L
120 T, AMRERIE. BARAREECBSH,» SITE
ARbOLiEZBNS,

4) Natural Killer (NK) #IB2(C & 2 #Ba{E =5
BANHRT D RBEEREEIC B O TIZ NKRaR EE
REEIZET 25, 7aRIETIZH 5 bO D, NKHRIZ
5 MG E ORI X A5 A3 3 B MR TAE O
AN ZRD L TEERRETH D, LuckteiEic
U 7 BERRLAS A ONKBRRRESZ ME D Tl (RE4EEE) . PAN
C-1.BxPC-3HBARIINKHRARIZ 5t L CRAZMERE NS DD,
KP-3LAR T LB % 7R L=, KP-3LABAZIINOD
/SCID= 7 ZEFNIZB W TREENRS | BV EBie
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B3 ARRRE B & ONKHBFRRESE M 2 b 72 ¥ 2 2K 23 E AN
BT DEEICLETHDZ ENFR SN,



2 DA DI
Category Compound HT; E z
1. A |blank none (OMSO) 100 100 100 100 100
1. g |antitumor (thymidylate U 82
synthetase)
1. G_lantitumor (DNA Mitomycin C_ 1ns
1. F_lantitumor (DHFR) Methotrexate 11
1 antitumor (DNA) lMsmmyCln C 122 61
1-_H_|antitumor (tubulin Vinblastine sulfate 144
2- C_Jantitumor (DNA) Daunorubicin, HCI 106 116 65 143
2- D lantitumor (DNA) Doxorubicin, HCI 21 4
2: F_Jantitumor (RNA) Actinomycin D "7 104
2- G Jantitumor (topol) Camptothecin 8 o8
2: H_{antitumor (topo I/ Aclarubicin 54
3- B Jactn filament Cytochalasin D 88
3- G _|CAMKI KN93 9
3- £ |AKT NL-71-101 72
4- A _|1CDC2 Kenpaullone 101 144 3
4- B _|COK2 Purvalanol A 144
4- F_COX-1 Sulindac sulfide 1
4- G _|Cox-1 Valeryl salicylate 07
4: H_{COX-2 NS-398 0
5 B lcyclicphosphodiesterase | Theophylline 32
S- C_|DNA methyltransterase Azacytidine 9
= DN, lymerase Aphidicolin 72
5. L |EGFR AG1478 35
6- C |GR Dexamethasone 0s
6- D |GSK-3 GSK-3 inhibitor I 1
6. £ _|HDAC Scrptaid 02 121 61
6- F_|HDAC TrichostatinA | 82 2
6t _lprotein synthesis Cycloheximic 141 105
7- B _|HSP: Radicicol 16 29
7- C_|HSP9Y0 17-AAG g 13 13
7-D II!EFJR AG1024 24
71 lJak-2 Cucurbitacin | 48 31 39
8- D IMEK U0126 16
8- G_INF-kB N-Acetyl-L-cysteine 3
9- B |p38 (MAPK) PD169316 02
9- D |p70 56K in 97
10- PI3K LY294002 143
11- A |PKC, PKA, PKG, MLCK Staurosporine 67 18 103
11- B [PLA2 cPLAZinhibitor a7
11- D _|PP2A Cantharidin 48
11- G _|PP2B/FKBP. FK-506 77
11- H [proteasome MG-132 22 34 19
12- A [proteasome Lactacystin 141 0s
12- D [ROCK Y27632 83
12- G_[tubulin depolymerization Nocodazole 88
12- H_|tyr phosphatase (PTP) Dephostatin 104
1- B |ps3 Pifithrin-ir (cyclic 18 5 38 29
1. C_|p5S3 actwator PRIMA-1 01
1- H_lacetyi-CoA (ACC: |TOFA 66
2: C_|Fi-ATPase Oligomycin 12
2: D |V-ATPase Bafilomycin Al 3 54 05
3- E Jcathepsin G Z-GLE-CMK 03
A4- B _|Cdc25 NSC95397 55
A- F_|Naonaphore Monensin 9 65 14 67
A- G _|Na K ATPase Quabain 15 05 126
A-H_INa K Mg ATPase Sanguinanine 1 01 02 a1
5. B K channel Degualinium 108 12
S: D _|K onophore Valinomycin 96 o8 23
S-E Ix ionophare ‘F_‘Jnnencm 62 03 a1
_6- C_ICa ionoptiore A23187 26 16 05
6. D_|Ca ionophore lonomycin 24
G- E_JCa-ATPase Thapsigargin 41 11
7- C_|mitochondrial complex | Rotenone 08
7. D ial complex IIl Antimycin A1 06 16
7. E_|CRMI Leptomycin B* 77
8- G _J|guanylate cyclase LY 83583 39 1 02 16
9.8 lmr Chetomin 103 25 03
9 G 1z ETYA 06
10- B JMdm: MDM2 inhibitor n1
10- MPTP opener Lonidamine 6
12. C lana Jo-Amanitin 92
12. D IMsT-312 76 68
1- C |AKT Akt Inhibitor IV 11 02 144 01
1- F _laMpk C 72
1- G _|aTM ATM_ATR kinase mhibitor 26 96
1. H fatm ATM kinose inhibitor n 107 a1
- Aurora Aurora kinase nhibitor [If 7
2- D _|Bor-abl AGYST 11
2- G _JCAMKI KN-93 95
2- H_ICAMKII KN-62 93
3-8 Jcox Kenpaullone 96 71 38
3- C Jcok purvalanol A 128
- COK 2 141
3- F_JCDK Cdi! 2 inhibitor Il 10.9
3- G |COK Cdk2 ‘9 inhibitor 136
5- D Ipok D kinaze inhibitor 131
Al I
6-F |Fyn SU6656 2
6- G _|GSK GSK-3 inhibitor IX 45 103
- H_]GSK 1A 14 67
7- A _|GsK indirubin-3 -monoxime 14
7- 8B JHER2 AGB25 g5
7- C |IGF-IR AG1024 101
7-F KK IKK-2 inhibitor VI 145
7-H |Jab JAK Inhibitor | 31
- A LJak JAK3 Inhibitor VI 135
8- L Jick PP2 142
8- G _IMEK PD98059 105
8- H_IMEK U-0126 142 137
- A_IMEK MEK inhibitor | 11
- B_IMer SU11274 12
9: G _IPOGFR SU11652 3 73 78 06
10- G_|PKC Go7874 1.9 25 03
h1- A lpkc KT5823 21
11- B _|PKR PKR inhibitor 18
11- D _|Raf ZM 336372 43
11- F_|RroCK Y-21632 9
i1 Hspo0 radwicol 1me 2 51
11- H Jsre PP analog 03
h2- A [su Syk whibitor 22
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774»%%E%ﬂ®m%ﬁ®?—ﬁﬁﬁ%énfw
WL FIBAEID R 7 ) — = 7ol R AT O 1
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T, ZROMRLR ETOLZMIE R OBERRE R %
RBRIZ AR LR, KEHarvard K2 (Simon C



Robson %), R AFKRFEREFZRFRER (REHM
R, BERFEER TR Y — (FOBEE
B, THRELER). EMERXFLERTZERAGE
BER (LEERER #0%), BRZERKRER (B
HE HER) REERKEEZE (REE— HEE)

LOEMAREEDEEFRFRICOBBoTND (£
D IR CHEER L LOMNWEbE L), 4
FARREIR O AR EFIEHEN O OMBREMREELT
mERNIE, SHICAIEWERRBRERESND LD L
LT3,

EAERATo—TL LTRENRALY 7 25 —PiT
ATPERMETH Y, MIRNOATPORESZ KRBT 52 &
b, MEBOEFREE JHETS, SERLEEE
{3600nmf1iE & RERATH B DFBHENEL . in
viveDEEITIZEFITH D, ErFE LTI, BRiCITE
H 017y REBUELRABRETLNG,
L, RV RAERNOTMA CEEREI 2V ik
DTEALRNEWSRBRITIZ LA LRV EEZ BN
Bo EFFNLSMT, FEL LB L CTHRREICE VR
BLYmBRHENSZ L, BEAMBTIIRLDOBRYE
REFMENZ LAZETORE, —F., [#6) Ao
A AT —7 L LTREHZCFPIEILT L L HRAD
TRAFREERBR L2V (EABNEETHIIE, 3
MIETHID) Z&, Nl 7T FRENI Lh
5. RIZEMIBEIRD BRI EERNE T o —T D HN
BWLTWDLEEZLND, LLANL, BEIKE
B AR DRI BN S & AR A TS T 50X
HAT B —T 2B A A=V v TR SRR E
PELNDRTHBANTH D (ThRF Vv —F—EME
X BB , kMR, B (bEW) AEIZX
DfiafE « DBIE (EEE) BABRNTEHETE 54
FEERORRE LREFICES REDL LAY,

AR T, V7 27— P REFOEAL,
Pa—ad eI L > TRIIMNAE S TE T,
Ea—n= 3y VMR BB I TE TR T8 b b
T BERRANYT 2 T —ERKICE S UMK
HZIFEL TV, ZOERIIMBKICEFEL, BH

LBJRE CIRE Th oz, BAY ¥ —JHRTEHICE
2T THEEEE L TV B IREERH -8,
LRI DRER B bl s & L TRIREH
DERBELZET D HERCOVTRITHELBYE L,
TDRER, MESBEKTFELRNDN LU FOA L ARy
5 BHREILRET 2 HFEMED TERTHL I &
Bbhol, FHR0-2IEETIIA Yy av L AREOL
hRTANANRT Z—(pMSCV-1uc) HLTdh - =28, F
BRIVFERENLIEIBEE., Lo F VA NLRRy & —
(pLL3. 7-CMV—luc) 243 i 72 43 & B Ve o 5 =AY,
FR-TE -,

AR LV IFR SN - MEERITRA L LTRE
BERICET AR TIRENZ AT+ — v A 3 RiE
T5, WRKETOMTT v+ 4 LThymidined L < j
BralZ AV MRESHBR LY b BRESE LLGET
HY. LobBE2HTS (High Throughput Screening)
RBERELCHATE ThH 2, 20X ) 2HEIIE
EHESMA L OBEERICL A MREERRICLISH
BFRETH Y, ES<ILAENHR/FTES, ZhETO
in vitroZEBRSEM O FHEIZ R TTEMEAEFI TH Y |
CDFERTHOTH—EDRY V—= v /B8
FINTWe, LAL, EFLVEME B -5 Tk
LiZLidin vitroTEON R ERB LAV &R
IR L 72> T, B, YA AMILER IS
fae UCEBMERMEM L BN gL, 204
HTCENETFMET 2 R0 HRE S McMillin, et
al. Nat Med 2010; 16: 483-489), k¥ TOEMZA
THRBABPDREL IXZEES . MEBBROBETT
REEEEEL LTEHFETA2 L ICEERH B, EB.
v U RAZRWIZin vivoiMBE T L ORBEMRT S
TS, KFFRIC L > THES W ZHBERIT R0
LI RETARTHNETSITINAT 2 Z L B TET
HY, EE3RTBEELOMLAEDRIZEY &b
BRARNPAMOBRELER L - RCRBESEA D LR
TE D, ZOXSRFHER bLucK B &2 AfEICT 5 %E
LIERRERR > TERATH I L TH Y, AMlaE
BERAWEF LVAIERERETNE D L e LT
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ERAFEUETRARTREEEDOR VEN AL
R, £ LT LITARICERT 2RERA AR Y, FIA
HEBERE B L CT& 7, &5z, FindA e/
fiiA) ORBEIZHEEL, TOXR KA N—F
R L S BK-RaskE BRECFRE B4k, FIZ IXEML4-ALKBE
ERERBHEDOL YT =2 5 —PRBMIaKE ERL LT,
IO OMIBERIID FEMNEORBCHRERME: 2
2 TS ERIMMHEER ORRFEHD LRz 5 &
EATWD, TRob, HEREZIHE Lin vitro
HoED b (w7 RED) EEFEEZ D AA—F 32 LM
AIREARTo . BAMBEBFAUORRE & EENEEIC L
PRERDEYA RLHETAZENTES, LR
2T, FRICEFOREBFEREED -4 AAIETFFE
KHLRMTEOR/MEZBMTECEL b0 E B3,

TCIZKETHST L7 INCIB0) #EBD <k E By
CHHFEIZERATHD, BEARABERORAMIE S S
7= TJFCR-39] DIERKIZ & 0 — Bk L 7= 2% A A EAE
RMEBRMNTE TS, RFETIEINLDEHRITin
vivolfE BRI Z LIk, —BAERARI v /i
BB LEBMBELTNS, Bl L-HEME L DA
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Chapter 14

Transcriptional Modulation Using Histone
Deacetylase Inhibitors for Cancer
Immunotherapy

Takashi Murakami

Abstract Epigenetic processes, in addition to well-characterized genetic abnormalities,
play a critical role in cancer initiation and progression. The acetylation status
of histones affects levels of gene expression, and causes aberrant transcriptional
repression in cancer cells. As a result, this is also implicated with unresponsive-
ness to immune-based therapies as well as conventional chemotherapies against
cancer. To sensitize cancer cells to those therapies, histone deacetylase inhibitors
(HDAC:I) have attracted much attention as epigenetic-modulating agents, because
these compounds possess the pleiotropic effects on malignant cells such that they
are more prone to differentiation, growth arrest, and apoptosis. This chapter will
highlight the pleiotropic antitumor effects of HDACi when combined with antigen-
specific tumor immunotherapy, and describe the potential clinical implications for
the improved cancer immunotherapy.

Keywords Adoptive immune cell-transfer  Gene expression » Histone acetylation
» Histone deacetylase inhibitors * Tumor-sensitization

Introduction

Great efforts and innovations in biomedical science have been made in the field of
cancer immunology since the latter part of the twentieth century, and attempts to
enhance cellular immune responses have used various cancer antigens and immunizing
vectors (e.g., [1, 2]). However, the effectiveness of cancer immunotherapy in
humans remains limited [2, 3]. For example, IL-2, a cytokine that nonspecifically
stimulates T cells, is approved by the US Food and Drug Administration for the
treatment of patients with metastatic melanoma or renal cancer, and can mediate
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cancer regression in around 15-20% of treated patients [4]. Cancer vaccine strategies
also allow for the generation of immune T cells that recognize antigenic peptides
present on tumor cells, whereas the regression of growing tumors in patients treated
with active immunization has been very sporadic and rare [2]. In contrast, cell
transfer approaches, such as those using adoptive cell transfer or adoptive immuno-
therapy, may be relatively effective and have been demonstrated in one case to
mediate cancer regression in 50-70% of patients with metastatic melanoma [2].
Although this cell transfer approach has provided important clues concerning
requirements for the successful immunotherapy of cancers in general [5, 6], the fact
that tumors have primarily remained so resistant to T-cell attack requires further
investigation and explanation. This chapter will focus on genetic alterations in
cancer cells and the potential modification of such cells for effective cancer
immunotherapy.

In order to mediate antitumor effects, T cells of sufficient avidity for the recogni-
tion of tumor antigens must be present in sufficient quantities, pass to the tumor site
by extravasating from the circulation, and then mediate effector functions to destroy
cancer cells. Indeed, all of these criteria may be required for effective treatment.
However, the cellular unresponsiveness of solid tumors through aberrant transcrip-
tional regulation remains a critical barrier that limits the therapeutic potential of
adoptively transferred T cells in patients with cancer. Herein, I will highlight aberrant
transcriptional regulation in cancer cells and describe potential tumor sensitization

strategies employing the use of histone deacetylase (HDAC) inhibitors to enhance
adoptive immunotherapy.

Histone Acetylation in Cancer

Histone Acetylation and Gene Expression

Complexes of genomic DNA and histones form the nucleosome of chromatin in
eukaryotic cells, where 146 base pairs of double-stranded DNA are wrapped around
a central core of four basic histones (H3, H4, H2A, and H2B). Each nucleosomal
structure has eight histone proteins arranged in a tripartite structure with one
(H3H4) tetramer and two H2AH2B dimers. Nucleosomes are separated by linker
DNA and compacted into higher-ordered structures by histone H1 [7]. While this
provides a mechanism of inserting several meters of DNA into a single nucleus,
structural compactions can also restrict the access of regulatory proteins to the
DNA. The N-terminal tails of all four histones protrude outward from the core
histones and are thus accessible to histone-modifying enzymes [7]. Many studies
over the past decade have demonstrated that multiple covalent modifications (acety-
lation, phosphorylation, methylation, ubiquitination, sumoylation, and ADP-
ribosylation) take place on histone tail residues and, as more recent data has
demonstrated, within the body of the histone proteins. The histone code hypothesis
suggests that a dynamic constellation of these posttranslational modifications
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determines the binding of chromatin remodeling factors to the nucleosome [8].
These factors regulate the accessibility of transcription factors, cofactors, and the
general transcriptional machinery to DNA by altering the chromatin structure,
which ultimately determines gene expression. All of the epigenetic alterations
currently recognized on histones are reversible, and separate sets of enzymes for
removing these modifications have been identified [9]. The histone acetyltrans-
ferase (HAT) and histone deacetylase (HDAC) enzymes determine the status of
nucleosome histone acetylation, one of the most extensively studied of the chromatin
modifications. It is the balance between the opposing activities of HATs and
HDAC:sS that determines chromatin structure at the gene level and, therefore, at the
gene expression level. Additionally, the relative amount of total cellular HATs and
HDACs determines the global status of acetylation in the genome. This balance is
important in regulating the cellular response to endogenous and exogenous stimuli.
Histone acetylation is generally correlated with gene activation, whereas histone
deacetylation is correlated with gene repression. HDAC enzymes also modulate the
acetylation of numerous other nonhistone proteins such as p53, cytoskeleton
protein a-tubulin, and the molecular chaperone Hsp90 [10-12]. Direct acetylation
of transcription factors and cofactors by HATS is another important mechanism by
which acetylation regulates gene expression [13].

Classification of HDAC Enzymes and Activity
in Normal and Cancer Tissues

There is increasing evidence to suggest that the 18 HDAC enzymes (HDACS) in
humans are not redundant in function. These HDACs are currently divided into four
classes based on phylogenetic and functional properties [14, 15]. Class I HDACs
(1-3, 8) are structurally similar to yeast transcription factor RPD3. Class I HDAC's
(47, 9, 10) possess homology to yeast HDA1 deacetylase and are subdivided into
two classes: class [la HDACs (4, 5, 7, 9) and class ITb HDACs (6 and 10). Class III
HDAC:sS (sirtuins) are structurally similar to yeast SirT2, and the only known class
IV HDAC is HDAC 11.

Class I and class II HDACs are zinc-dependent enzymes containing catalytic
sequences that can be inhibited by zinc chelating compounds [15]. Class IV HDAC
(HDAC11) has conserved residues in the catalytic center that are shared by both
class I and class II HDACs [14, 16}, although the target substrates remain to be
identified [17]. Class II HDACs require NAD+ as a cofactor for enzymatic activity
(they do not contain zinc in the catalytic site) [18]. Given their zinc-dependent
enzymatic activity, class I, class I1, and class IV enzymes are referred to as classical
HDACs, and represent the main targets in current clinical drug development.

While there are structural similarities among HDACs, these enzymes possess
nonredundant roles during embryogenesis. For example, mice lacking HDAC 1, 2,
3, or 7 show aberrant cell cycle regulation or abnormal blood vessel development,
and lead to embryonic lethality (reviewed in [17]). In contrast, knockout mice of
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HDAC 4, 5, 6, or 9 are not lethal, but show markedly abnormal cardiovascular,
bone, and muscle development [17]. These findings suggest that individual HDAC
enzymes possess unique roles in embryonic development and organ-specific functions,
and highlight the potential adverse effects associated with the systemic targeted
inhibition of HDACs.

Given the specific roles of HDACs in normal tissues, it is perhaps not sur-
prising that the effects of targeted inhibition of HDACs in cancer cells seem to
be tissue-dependent. For instance, knockdown of HDAC 1 inhibits proliferation
of colon cancer cells in culture, and induces apoptosis in osteosarcoma and
breast cancer cells [19, 20]. Inhibition of HDAC 2 can induce growth arrest in
colon cancer cells, but not in osteosarcoma and breast cancer cells [19, 20].
However, knockdown of HDAC 2 down-regulates estrogen receptor (ER)
expression, and potentiates tamoxifen-induced apoptosis in ER-positive breast
cancer cells [21]. Knockdown of HDAC-2 enhances p53-dependent gene acti-
vation and repression, and can inhibit the proliferation of cultured breast cancer
cells [22]. These examples suggest that HDAC enzymes in cancers may be
associated with tissue-specific programming.

Histone Modifications in Cancer

The transformation of a cell from a normal to a cancerous state involves multiple
processes, which include both genetic and epigenetic pathways. Chromatin modi-
fication and DNA methylations are epigenetic changes that can regulate gene
expression, thereby influencing cell growth and differentiation without altering
DNA sequences. Aberrant DNA methylation, which is a well-characterized gene
silencing mechanism, is a hallmark of cancer [23]. Furthermore, alterations in
both histone acetyltransferases and HDACs have been found in many human
cancers [14, 16, 24-32]. For example, a mutation in the cAMP response element-
binding protein (CREB) binding protein leads to the inactivation of its histone
acetyltransferase activity (Rubinstein-Taybi syndrome) [33], and loss of
heterozygosity in the CREB binding protein locus has been observed in a subset
of lung cancers [34]. Thus, dysregulation of histone modifications also appears to
induce inappropriate gene expression or repression, thereby contributing to the
pathogenesis of many forms of cancers. To date, there are three major mecha-
nisms known to be involved in epigenetic modifications found in cancer: (1) acti-
vation of silenced genes, particularly oncogenes; (2) silencing of normally active
tumor suppressors; and (3) silencing of certain immune genes involved in the
antitumor response. There is substantial accumulating evidence that oncogenes
and tumor suppressor genes are regulated by HDACs, and that both HAT and
HDAC mutations potentially occur during carcinogenesis (reviewed by [35]).
Although it has been established that tumor suppressor and immune-associated
genes are often silenced by HDAC:s in cancer cells, the events leading to epigenetic
silencing remains poorly understood.
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HDAC Inhibitors and Cancer Cell Death-Sensitivity
Inhibition of HDACs and Gene Expression in Cancer

As described earlier, aberrant transcriptional repression of genes that control cell growth
and differentiation is associated with cancer development, and alteration of HDACS
underlies the transcriptional repression associated with many cancer types [36, 37].
Thus, blockade of HDACs might restore global gene expression in cancer cells, making
these sensitive to cell cycle arrest, differentiation, and apoptotic cell death [38, 39]. The
mode of action of HDAC inhibitors, as transcriptional modulators, differs from that of
other anticancer agents [16]. Indeed, HDAC inhibitors are expected to be effective for
many cancer types that are unresponsive to conventional chemotherapy [16, 39].
Table 14.1 presents a summary of how HDAC inhibitors may function in cancer ther-
apy. Gene expression profiles in cancer cells mediated by HDAC inhibitors of diverse
structural classes are time and dose dependent [40, 41]. However, although many simi-
larities have been observed concerning the effects of various HDAC inhibitors on gene
expression, it is notable that some profiles are agent-specific [42].

HDAC inhibitors have shown cytotoxicity against a variety of human and rodent
cancer cells in vitro and in vivo [43], and some of these inhibitors are being tested in
clinical studies [39] (Table 14.2). For example, depsipeptide (also referred to as
FK228 or FR901228) is regarded as a promising HDAC inhibitor for use in the treat-
ment of human melanoma. Depsipeptide was originally isolated from
Chromobacterium violaceum (No 968) as a compound that reversed the malignant
phenotype of H-ras-transformed fibroblasts by blocking the p21 ras-mediated signal
transduction pathway [44, 45]. Depsipeptide suppressed cell proliferation and
induced apoptosis in human uveal melanoma cell lines at relatively high doses [36],
and produced substantial therapeutic effects against various malignancies [39].

Table 14.1 Representative biological effects of HDAC inhibitors in cancer therapy t1.1
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Table 14.2 Representative histone deacetylase inhibitors in clinical development
HDAC target Clinical phase
Group Compound (effective concentration) trial
Hydroxamates ~ Trichostatin A (TSA) Class L, I, IV (nM) -
Vorinostat, Suberoylanilide Class I, I, IV (uM) m
hydroxamic acid (SAHA)
M-carboxycinnamic acid N/A (uM) -
bishydroxamate (CBHA)
LAQ-824/LBHS89 Class [, IL, IV (nM) I
PXD-101 (Bellinostat) Class I, II, IV (uM) I
Cyclic peptide  Depsipeptide (FK288) Class I (HDAC 1,2)(nM) i
Aliphatic acids  Valproic acid Class I, ITa (nM) o
Pheny! butyrate Class 1, Ia (nM) o
AN-9 (Pivanex) N/A (uM) )i}
Benzamides MS-275 Class [ (HDAC 1, 2, 3)uM) I
MGCD0103 Class I (uM) o
N/A not available

In a clinical trial, Schrump et al. [46] examined global gene expression profiles
in laser-captured tumor cells from pre- and posttreatment biopsies from lung cancer
patients receiving depsipeptide infusions. Pretreatment RNA was used as the refer-
ence for each respective posttreatment array study. Considerable heterogeneity was
detected in baseline as well as posttreatment gene expression profiles. Only 16
genes were induced by at least twofold in one or more patients following depsipep-
tide treatment. In contrast, more than 1,000 genes were repressed by at least two-
fold in one or more patients following depsipeptide infusion [46]. Interestingly, the
genes that were induced or repressed by at least twofold following depsipeptide
treatment seemed to be down-regulated or overexpressed, respectively, in resected
primary lung cancers relative to adjacent, histologically normal bronchial epithelial
cells. In other words, depsipeptide appears to normalize gene expression in lung
cancer cells.

In another in vitro study to determine the molecular basis of the cytotoxic
effect of depsipeptide against melanoma, depsipeptide treatment resulted in sup-
pression of the Ras-MAPK signaling pathway through Rapl up-regulation,
thereby leading to apoptosis in human melanoma cells [37]. Recent investigations
have revealed that abnormalities in the Ras-B-Raf-MAP kinase pathway are
observed in most patients with melanoma [47, 48], and that this aberrant signal-
ing plays a critical role in melanoma development [49]. Thus, gene up-regulation
induced by depsipeptide renders melanoma cells more susceptible to apoptotic
cell death [37]. Additionally, since HDAC inhibitors potentially enhance Fas
death receptor and MHC class I expression on cancer cells (see Table 14.1), the
use of these inhibitors may prove to be a useful adjunct in human immunotherapy
strategies against cancer [50, 51].



