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4B 2 H B Z B BaH0 & 57 ey ez A

Xk HER FhREX OKEPH OB OB OFRA

(TR FEE 2B A, T 315211)

WE ARG CRAEHSEEAE O BL OBLBE o AMELLLE & 09 TERACA L CBER R,
PE G0 CEBACK T, Mmifde B Rk, Xid 5T MTEN AL BTN XEA, AE
&) L L BB 4 ) 18 3438 Jn 4w L ) 4B ) 0 TBAACAZE, AT B AP AR 69 RGA KT k) Y98 4 i
W3EIE . FF IR AT, E AR IR . EF . TR T AR aE

PREFAN T BA-BIAE G BL L BB IR 5] R 6 T ALE], R BANBEME 5k,

ES7 30

21 5 H LI % f(histone acetyltransferase, HAT)
N 4H 25 (1 £ 15k (histone deacetylase, HDAC)4) i)
020 H AT LA R i SR A B A, T A R
(1 R 7K, I T 51 BT S R 2 08 1) 36 ML st A% 1)
#2(E1). HDACHH5(histone deacetylase inhibitor)
18 ok 1 2 g 5 B S HDACHIZn™ T 5 2 & 1), $0
HDACH] W, AT 5 048 i 3 41 28 B 1) S e
5, P BE DA Rk K

HDACH i 771 2 1 47 A e e 968 24 it 7 el
R — o IR 2R A (trichostatin A, TSA) /2 55—
AN I 2 AT PR IS P ) R ARHD ACH i 57
H A% %% 2 Yoshida 55215 70 & I, TSALLAE 52 4+ P 77
A A 5L R e 40 Y P HDACH) v 1, B 5 H e
HDACH I 7] 56 J5 4 A RN T4 e 56— ANk
56 [E & i 25 5 #E )R (Food and Drug Administration,
FDAEAE_E 7 (0 ml T e a4 7 I HDACH i 71 A2
FRAZUFAth (vorinostat). ‘& A& TSARI LSS, XFR
N-¥ WK 7 #4151 (suberoylanilide hydroxamic
acid, SAHA), 1-2006F 4% k. #f 7] FH T~ T-4f Jfd bk 29
Hva 97 ™, Romidepsin (3 FRDepsipeptiden FK228) /&
SE2BI B FDARLAE I 1 (VHDACHI 51, T-20094F 4
FEAE T FH T T-48 itk g a7 ™ IR, k15
HDACH I 525 2590 1 Dy 3k A I R iy sl IR
RIGPY B, W i iz N it

1 HDACHIHF By Fr =4/l 1
HDACHI B HLA A 2 ¥ 1, G450 2
MIHEBE L V5 AN V3 A M TR

20 AR B MM 7R bR ORI R a4

W,
L1 #0%EREE

A0 M 945 5 0 R 3 A e D X R,
0 W 9T LS 0 M . HDACHI 1
BT 20 L SRS T P - AR 1 2

F U A0 1) ER 7~ P2 1 a1 2 d B 1) 2 HDACH
HIFRE R R A2 —. E R DI Re K 40 Mk R
HAR 2 4, WIDNA 0318 52 M40 i oy A6 55 . A
2 b 0 Rg 41 g o, HDACHI )57 ) DA ik 12 5k PR 36
I8, AT BEL 41 B S 37, P21 3R IA 7K T R34 i m] 41
3 240 4 30 2% (cyclin)/4H i Ji) 9] 25 40 8 P 2 13 J iy
(cyclin-dependent kinase, CDK)E &#)1u5 1k, Wi
Hean N IR Y T Go/Gu I s G/MY] . HDACHIHiI5]
5 140 240 1 J) 193 BEL s 3 ) 3 3 5 M P27 1) 3 3k 7K -
RS, HDACHI 5 D i 41 8 1 SRR
()T i, AT LARSE 40 My — b B B e R ——
P53 1, 5 3040 o f8 IR 1P, X Z W], HDAC
VI 52 i 40 i SRR e 22 A 40 i R S9T R 4% AH
KA. HDACHIHIF A3 6 4 M A= A0 ] i o
YRR TG 00 50 25 K PR R s A7 I 5 | AR Ik DR ek (1) A
tt.. HDACHIHIF, Wi TSAW T2 LW T 4l
AR, ik ] AR A0 3 AT 22 73 2

Wk HE: 2011-04-26 232 H A 2011-06-03

LA B AA T RI(N0.200959) Rl 7 117 A SRR 442 (N0.2010
A610044) %% W T

WIS . Tel: 0574-87600758, Fax: 0574-87608638, E-mail: guojun-
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AL A IR R A, BEIR AL ok Z BE AL 1T SO MR I S5 o R/ NI S =2 B AL B ) L0 B B (HAT) AN AL 22 A I 2 L
(HDAC) LA FUer i 8 1 2. A DNAFUIEAC AL 85 5t 20 WL 1 3 0 J0 S8 B e (0 T 46 4, B FE D s B: 4R A Z WAL NIDNA i

L FA B (0 BT E5H, WG SRR B 7 (MU 525 SR AR T8 A 150

Post-translational modification of histone by methylation (Me), phosphorylation (P) or acetylation (Ac) can alter nucleosome structure. Nucleosome

structure can be regulated by histone acetyltransferases (HATs) and histone deacetylases (HDACs) and other regulators. A: DNA methylation and his-

tone deacetylation induce a closed-chromatin configuration and transcriptional repression; B: histone acetylation and demethylation of DNA relaxes

chromatin, and allows transcriptional activation. (adapted from reference [1])

Bl FEREEIBTERIES

Fig.1 Chromatin structure regulates transcriptional activity

s B S AN M R RN, AR AL AT Y K
B, 4-ZR T R T AL A 110 SO st AR 60, 4 40 i S T AH
SCER A, M0 HL e X AN R 23 4 R T 9 40 e ) A= K 1)
A ORI, B9 T HDACH IR R A )
1.2 iFS4HmEs b

Mo S IR R A R AT R LK

o AMAFHEFHNGE, KA KE . 5T
E S, HDACHI 45 155 18 40 it 23 4 1) 1 FH (1)
2)1, ShenZEM% B, 2-14 % I 1% (2-propylpentanoic
acid; M Ffvalproic acid, VPA)I i {i 4 Al ok
AT MR BRI 3R 1A 5 5 BRI 40 M 4> £k,
b7 H g A R ) O AR R A R A S I T
1, Yoshida®$2' 0 4 K L TSA LA %5 5 4540 R AE F;

AE T 2R M R 40 v, D ACHIRI ) LU TR] (R RE BE S w41 P10 LAY TEH A0 oA A SR AR ke S, IR 40 g A2 A L
DNA, BJa 28T BLEEG AT, HE MM A%, RIS H SOIROEE N 0

HDAC inhibitors acetylate histones in normal and tumour cells to the same extent. Normal cells undergo a G, checkpoint and survive. However, tumour cells

can replicate their DNA and subsequently undergo apoptosis. Arrest of cells in G, inhibits apoptosis and is associated with differentiation. (adapted from reference [1])
E2 HDACHIHIFIIATAEEI AR, EFMOL
Fig.2 Regulation of cell growth, survival and differentiation by HDAC inhibitors
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UchidaZ5:"™ 50k AR, 5 ¥ 51 (hydroxamic acids)
Je SLRTE (I SAHARITS AR vf A 1 57 Py JIE i 35
S0 i 534k, 2RI A0 T2 ) 1 40 T A 1 4k,
T Dy RE b B BOBE s 7 110 184 IR S s Isf A A
sePEH F 0 SRR G 15 A B R H glycodelin) i
FAR IR T S, T A A HDACH i 71 & 4515 3
S E RO 21
1.3 FESMEMEAT

A0 B T S A PR R AR I RN 2 —, i
FAMH TRV 2 U A ERINLT . —. HDAC
IR T 40 B N R TR B T AL 2 R
1, B SACPHT- LN (Wi: Bmf. Bim. TRAILFIDR5%E)
()2 IRP, I T R I N R TR R S
JiPgeE A ML T (1813) . ATIFTT R, SAHA ] 0S5 5%
PEIFE2F 1, R 5 AR 08 1 A Bim I 1A 5
1 (apoptosis signal-regulating kinase 1, ASK1)f{] %

ik, PR I AR T AR S IR A B AR T (]
4B,y — T 97 i 7, HDACHT il FILAQ8244 [
L5755 20 P9 7 A2 R R AL 5 P2 LRTpROJBE
FRAL 5 |G TR A ol M ARG P 28 WG e A e 19
SR ARBUG A, AR T X R,
LAQ824/ FHI A I TR — N2 N E S 5L,
WREIZAM TS,
1.4 JRIMERZK

I8 A At JH g A e (1) — > SEERE R, A0l o
BV RZ H AT g et s A i R e — L
HDACH 1l 77 78 400 1 Jie 98 10 A A e g 1t 358 s+ R
GFHIAERT , Gn—oEr 1 HDACHIHI R N-F2 2 -7-(2-2%
048 ) heptanomide [N-hydroxy-7-(2- naphthylthio)
heptanomide, HNHA ] = %23 o #1115 i 5 P 2 A=K
“F(vascular endothelial growth factor, VEGF) ;¢ H: 52 {4
(VEGFR) 1) 3% P 1717 9 A ) H 30 ) fn 8 A= ™o 3

DET-RARIEAR AL T AR RO i e, 3 BUR ARG B H St 1, $H 53 R0 530 3 AR 90T 2 2 DR A S IR S G . X e I R A B 2R 1 i
BE— ST T i PR BON LV DR A R R A o AR A ey R 8 R SR, U i TR A R I BCL2 (BAX/BAK) IR Zebr A L)
SERENE . HDACHIRIR AT AL LR A4 ™ ARG VAR, AR5 I R P DR A U ok (0T U5 S I 10 (N 22 SCR PRGN AE 250

The death-receptor pathway is triggered by the ligation of death receptors, which results in binding of adaptor proteins and the recruitment and activa-

tion of membrane-proximal activator caspases. These caspases in turn activate downstream effector caspases. The intrinsic apoptotic pathway is activat-

ed by internal stresses that induce mitochondrial membrane disruption mediated by pro-apoptotic BCL2 proteins (BAX/BAK). HDAC inhibitors might

still induce cell death in the absence of caspase activation after the production of reactive oxygen species (ROS). (adapted from reference [1])
El3 HDACHIFIFIESAT
Fig.3 Induction of apoptosis by HDAC inhibitors
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El4 SAHARLIES|EERIASKI{ER FE2F1-Bimid iR 12HY
R SETIRB (R IE S SO 131EE R 2 25)
Fig.4 A model of feedback regulation of ASK1 on the
E2F1-Bim apoptotic pathway in response to SAHA treat-
ment (adapted from reference [13])

PUILE B A I AR N . ARSM LIRS, b Y
FLE pobRE 7 R e 40 B 390 52 . 45 4 i O
TR ) AN B, £ 7R HDACH il 71 d ik 22
g2 S B A (IS 34k, RS R I,
HDACH ] 771 A A A0 1) g 240 Jf A 65k 40 3 A 77~ 1
(hypoxia-inducible factor-1 alpha, HIF-1a)[#] 31X, i
H Ay i FC Rt bk T L, HDACHR il 71 A 4%
PUIL T AR ) #E 5 1 S VEGF . VEGFRAI
HIF- 1o WL ) H AT e 2 UL A8 T s A T30 4 L Gk 4
WS RME AT T

2 HDACHDHIFIBY 5> 3

RIRHDACHI I 7 A+ )Lz 2, In EAT
B R RN, X Ll Rk LR, AR G
T AR E . 4% S5 A AN [F], AR HDACH!
G AL JLA: (1) SFR5IRK, Wi TSA. SAHA.
LAQS824. belinostat. LAQ824. panobinostat, CRA-
024781 vorinostat. SB639. ITF-2357F1JNJ-16241199;
(2) FEEENRITRRIS, W VPA; (3) FRIKE, n: K[ BE
Jii b8l 2% 22 (Helminthosporium carbonum toxin, HC-toxin).
trapoxin (TPX)FIchlamydocin®; (4) Toer 280, fufih: O
RN, 0 bR *% (tacedinaline, CI-994), MS-275F!1

El5 HDACHDHIFIFE N SRR # L T3
(RIESZ LR 161EE R 2250
Fig.5 Multiple effects of HDAC inhibitors in human cancer
(adapted from reference [16])

MGCD-0130; @R, i FK228%% . BLK 1: %
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LAQS824. pyroxamide. CBHA. oxamflatin. scrip-
taid, MM232%5 ., TSAJEHDACH] w] i 4151 57, 18 ik
S A U S A T A SR R R R A4 22
T geg AL A G AT HRIE B, TSARERS 38 Inp21
IR IK KA, BELIT A 22 i T e 4 L F) J) 3003 e, AT
T E T TKBAE R, TSAW 5145 i
40 o 9 Ik R——DNAZE 25 #1] K 74 (inhibitor
of DNA binding 4, ID4)[F] 221k 3858, M i $0 51 es 41 o
AR i DR e WA A% O BR 2 L D RE ARG R —
PR, 2085 I 2 0 i 0 61 77 e 8 A ROt 4 52
) 2 WA UK (0 9008 25 DR 7 BB R IA (K1), X
45 H a7 34 TR ie . SAHAZ AT 5
% FTHDACHIHIR, SIS 1B I HTRE SO HoAR
R E )RR R el KimAEPY R HEL, SAHA
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Table 1 The classification of histone deacetylase inhibitors
e g (AERRY TR U HLE 275 3R
Classification Structural Main members Anticancer mechanisms References
characteristics

Hydroxamic ring, aliphatic chain, TSA, SAHA, LAQ824, pyroxamide, Apoptosis, differentiation, [13,18-21]
acid compounds Hydroxamic acid CBHA, oxamflatin, scriptaid, and cell-cycle arrest

MM232
Short-chain Short-chain Butyric acid, valproic acid, Benzene Apoptosis, differentiation, [22]
fatty acids fatty acid acid, and their salts cell-cycle arrest [23,25]
Cyclic peptide Cyclic peptide HC-toxin, TPX, and chlamydocin Apoptosis, cell-cycle arrest [26-27]
compounds
Benzamides Benzamide MS-275 Cell-cycle arrest [28]
derivative
Poxy ketone Diepoxy ketone depudecin Differentiation, cell-cycle arrest [29]

compound

XIAST 254 BAT S . AT 30, SAHATRE
AR £ 25 Tt 24 25 192 (multidrug resistance protein
2, MRP2)[ 335, WIS Ak S 259 () 40 i 4% 1 1k
o LAQ824Z R4 TSAFISAHA 1) 45 ¥4 e v 6 B )
B BSHDACHIEI 7], BATE i, 718 vk
EL 40 1 95 11 400 g 5256 v, Dubovsky 252 ACHR, Tk
FHLAQS24 1 H J Ak, 401 i) 771 5- A% SC 5t 46 I 1ot o A%
(5-aza-2-deoxycytidine, 5-Aza-CdR) ] 4 55 [ Ifi1. 955 4]
JRL ) S Y o 3K — S 5 AR A 1 P A L 4 i 1 o
T S vy SR A TR
2.2 FEHERERAER 2

IX A HDACH il 77 vh 45 44 Ll 82 1) 5 1) — 2K,
FEAAIE TR VPARIUE T IR L LB KMGY.
Cheriyath %5, T FR Y ok 175 5 40 Jf 00 7 40 i
Z R R A A AR, T IR
A 15 5-Aza-CARGT N T i 2 B P A A P
DNA F G A¥ A& 1 R 2H 23 B 145 1 2 3 00 st A%
PRI IR 2 807 A Bk 2 U], M
Tofr 2 W35 A 3 45 05 AR U 87 7 T AT I AT B I
VER o AR ZH S il S 36 B, 4- 2R LT 1R 3l ok B
1E 41 M T Go/G I FGo/ M 1717 A8 5 MGC-803 Al
SGC-7901 41 Ji 1) 75 1< 52 240, e W1 4 4 Mg I 12
AT AW 2 A U H . VPASH & A 84 ik i
¥R G 0T R, sdy-2 B T IR (v-amino-butyric
acid, GABA)SZ 1A If) B4 B0, 7 B4 (18 Bt At Bk A0 £
PR B A 48 e AR H, 7 — il R N H 22 4F 1)
PR 258 IR I, B — R R

R RTHDACH) 7. VPAE 1 F#HCDK1. CDK2.
CDK4RMlcyclin B, | ifp211p27) 22 353105 5 1) [l
Ja 240 L) A= B,
2.3 IR

I IKSEHDACH 512 H #iHDACH) 1 71 v 45
My i SR — Ry st HoAEH J7 U5 B R 2R 40l
FFEA— 3 AR 53 5 Wl 1 A A M 4 e
Je, Dy ik P ek 22 5 R A e 7 | N Tl 1) 7 PR
W, SIEPER S Zn* 85 . FRIKSSHDACHD il 771 H
A XTHDACH) 2N PE SR ANHIE T o AR A2 A5 5 A,
A LA R SSHD A CHI il 71 DX 43 A A 25 B 41 11 551 R
PRI RPN R IEE, E A IKEHDACHI 1 A
HC-toxin, TPXAlIchlamydocinZs, ‘E1]/& N\ Prar 2k
BTG TE AT I R AR A ) h e A3 20, BT
TN AN R I 21 8 1 LA S LT S A AR
Wi 45 ¥ 45 9% o trapoxin Afltrapoxin B+ M Helicoma
ambiens B 4 B R IN, RS ERTH & — NIk
WE FR Ak LM J5 & 35 I 2 BR AR L e AN 3 Ik 2R
HDACHIHIFIF R E Z | Dhfe) 2P
2.4 HAtZEH

HDACH] il 71) &L & 1 FF (entinostat, MS-275) Al
depudecin® [1] 45 #) 55 DL b = P S BY11) 45 # 3 A 1
I, & &5 k) LU SR R ITHD A CHI R . MS-275 72 %%
FH 22 25 A1 42 W) (benzamides derivative), TV g% iiF H1%)
Z T g 40 PR 2R KA I E Y. depudecin A A
PR AN AU 285 4, X R RR R 45 R ] g e AR
1 1) e J2 [4]21,
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3 HDACHPHIFI AR A AL ER =

5 B 25— BE, HDACHIHI 74 5 A
o 25 th A AR B . AT A RO
(1) R 1E 5 40 M 1R 52 Wi 4 /)y o HDACH i 571 d5 KA
AAE T T bR A0 M 11 328 48 KXo 1 A P )
Pk (E12). HDACH il 751 G 52 i di 40 i+ 5 40 it
BB R 3 A6 AT O IR B T 3R, M8 g S R 1)
FIERF D PR TR WA, 10X 1 40 i 4
KEER [ Rk i /N ) 1EH R 2 FE. ¥
Z HDACHIHIFAR [F i B S T 555
A BHLE 40 ) 30/ R a4 TR 5 2 R R (I
5. kDT FMR A ZRES S 2B,
JIt LNHDACHI 1 551 (1) 22 I8 2 4E RS A X Feqloe
MRVE 2 P 259 5y BT 25 1 16 7™ sk i, AR
i B R R A — 1R B, AR SR I,
HDACHN 1 75 1 IR A AL R T 4188 1, i 46—
SRR SR PR AR, B (550 TR
DNAfE 5 8 (255, 3 3T HDACHIHIFI I 254 T
RALBET N R A . (3) BEA 2 ET ST .
HDACHIHIFAILE s 7 T 1) Bl IR VE FAS S A B 1
Tl W35 A4 AE M 7 2R B IR A ), i R IRAE 5 3L
EPURE PN B ARSI S R
AT T/ PUZRRICE YRG0 75 2
) (R W R R, e A AR S At A0 2 1 i A4 1
FUB RS K (bortezomib) kA5 ¥177 £ K kB BEJR 3t
BT THRPEE R, (@) Prilis) . RS0 B
P9 R HD ACHI 1|71 55 W) W FD AL HE B #8 J2 FH T 1
FRGIR, A H AT HE DRI PR 56 1995 36 1
RN S N3P IR N SRR 3 N R T ST
[ Rk G ESL /IS SRil B

SR, TRATT 1% 3], HDACH 71 —Lefh
AW R RCA IR R AN Ly
i AR 37 145 Al sk Romidepsin f5 tHELEYS . = 05, &
oy TR ZE I/ INAR ok A S A P, ok e e i —
SRR R T e AT N IR i T

4 Z5iE

2R A 1 LA R BE 21 A A8 i e B 2
PRI 5 7 2 HDACHI 0 3 %) 20 2 1 £ 19t
AP (R, SEmEE N R (E D) H 31X Rl
FLAT A0 e S 1k A DR R 5 1, A HD ACH 1 51
AT AR ik 2 FE I ST — 258 (EA97E

A Z, HDACH T (¥ 3 L84 1] 3= AT XS b 6
240 1T X T A0 R e AN K (112), DR L ek 88 1
M RAREF Ik FEIE. A LEHDACHI 7 CAE I AR
HAE L AT AN DHDACH 71 L 28 2E N I R BF 5T
BB AEAEARR, Ko 2 0 RAT BE U
SRR AN PR . iy 5% (RTHD ACHI 77 AN W ] 1
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Anticancer Effects of Histone Deacetylase Inhibitors

Lou Wenzhu, Sun Xueyan, Li Longzhu, Song Mengwan, Tao Jing, Guo Junming*
(Department of Biochemistry, School of Medicine, Ningbo University, Ningbo 315211, China)

Abstract Histone acetyltransferase and histone deacetylase are enzymes that having opposite function.
They modulate the level of acetylation of histone and regulate gene expression by addition or removal of acetyl
groups to histone, respectively. They are associated with the occurrence of cancers. Recent researches found that
by upregulating the level of histone acetylation and regulating the expression of target genes, histone deacetylase
inhibitors inhibit proliferation, induce differentiation and apoptosis in tumor cells. The present paper reviewed their
anti-tumor mechanisms in four points including inhibition of cell proliferation, induction of cell differentiation and
apoptosis, and anti-angiogenesis. Finally, the classification of histone deacetylase inhibitors was also summarized.
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