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Abstract

AIM: To construct the HDACT1 specific
recombinant plasmid vector and investigate its
effects on the apoptosis, proliferation and cell
cycle distribution of colorectal cancer cells.

METHODS: HDACI1 specific short hairpin
RNA (shRNA) plasmid vector was construct-
ed and then transfected into the cultured
SW480 cell line with lipofectamine 2000.
Reverse transcription-polymerase chain reac-
tion (RT-PCR) and Western blot were used
to detect the expression of HDAC1 mRNA
and protein, respectively, and p21/"*"/<"
CdK2, and Cyclin E proteins were detected
by Western blot, too. The growth inhibition
of SW480 cells was evaluated by MTT as-
say. Cell apoptosis and cell cycle distribution
were determined by flow cytometry.

RESULTS: The levels of HDAC1 mRNA and
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protein in HDAC1-shRNA group were sig-
nificantly lower than those in negative control
group (30.4% * 4.5% vs 64.6% = 4.4%, P < 0.01;
27.4% * 4.5% vs 58.1% * 3.3%; both P < 0.01).
In comparison with negative control group,
HDACT silence led to a significant increase of
p21/WAFYEPT protein (97.4% + 2.6% vs 62.6% +
3.4%, P < 0.01) and decrease of CdK2 and Cyclin
E protein (27.7% + 6.0% vs 42.6% £ 4.1%, P < 0.01;
42.0% = 8.5 % vs 82.8% £ 3.7%, P < 0.01). MTT as-
say revealed that transfection of HDAC1-shRNA
inhibited the growth of SW480 cells, and the
inhibitory rates were markedly higher at 24, 48,
72, and 96 h time points than those in negative
control group (24 h: 35.9% +4.9% vs 1.2% + 0.6%,
P <0.01; 48 h: 47.5% £ 7.0% vs 1.3% + 0.6%, P <
0.01; 72 h: 45.7% = 6.2% vs 1.0% + 0.5%, P < 0.01;
96 h: 48.2% +4.7% vs 1.2% + 0.7%, P < 0.01). The
percentage of apoptosis cells in HDAC1-shRNA
group was significantly higher than that in nega-
tive control group (31.3% + 2.8% vs 3.9% £ 0.7%,
P < 0.01) and the cells were increased at G,/G,
and G,/M phase (G,/G;: 64.5% = 0.9% vs 57.8%
£1.8%, P <0.01; G,/M: 17.4% + 1.3% vs 14.5% *
0.6%, P < 0.05), but decreased at S phase (17.5%
+1.0% vs 27.7% £ 1.5%, P < 0.01).

CONCLUSION: HDACI silence by shRNA
can inhibit the growth of colorectal cancer cells
through inducing apoptosis and cell cycle arrest.

Key Words: HDAC1; Short hairpin RNA; Colorectal
cancer; Apoptosis; Proliferation; Reverse transcrip-
tion polymerase chain reaction
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:‘ié’iﬁ . 4m ik, JART-PCRF=Western blot#2MshRNA  fil5fll(histone deacetylase inhibitor, HDACI){f
}flp;]%.wg;gﬁ% sten i AHDACIUA B R A 6% eh, RIRERA g AR MIguR 264, 761 50 Bk T 57 4
KM% 4, Western blotx) 4 it Z 25 #8 2 J H HE AT AB, WF5T 22, HDACT ] 38 5k 40 6 J) 0 EL 4 «
ERSTEAT bl ¥ o X / < " _
gl FAMTTEAN A KpRA4ER. )RR m B AL T A 0 I3 2 2 iR -6 1 —

e AR A ) 2w LG OB T L A m L JB) B R

R xR MERGHLEHRADACIH F 1
shRNAR AR, S gaf@atgrt, &%
HDAC1-shRNA#) X # %% 41 BEHDAC1 mRNA
FEORMELNKTFARFTHEGB0.4%E4.5% vs
64.6% +4.4%, P<0.01; 27.4%+4.5% vs 58.1%
+3.3%, P<0.01), p21™ATVCIPUE K 3 A (97.4%
+2.6% vs 62.6%+3.4%, P<0.01), CdK24=
Cyclin E& & T K (CdK2: 27.7%+6.0% vs
42.6%+4.1%, P<0.01; Cyclin E: 42.0%+8.5%
vs 82.8%+3.7%, P<0.01), 2 ft A & dp k) F 3
Hm(24 h: 35.9%+4.9% vs 1.2%+0.6%, P<0.01;
48 h: 47.5%+7.0% vs 1.3%+0.6%, P<0.01; 72
h: 45.7%%6.2% vs 1.0%+0.5%, P<0.01; 96
h: 48.2%+4.7% vs 1.2%+0.7%, P<0.01),
TR R Im(31.3%+2.8% vs 3.9%+0.7%,
P<0.01), Gy/G,#142G,/MHA 2 it Y 45 34 I (G, /
G,: 64.5%+0.9% vs 57.8%+ 1.8%, P<0.01; G,/
M: 17.4%+1.3% vs 14.5%+0.6%, P<0.05), S
2 4w oL e A5 A8 R T 0 (17.5% 1+ 1.0% vs 27.7%
+1.5%, P<0.01).

Z5i8: HDACI14F 7 89shRNARE S A 2 T A
HDACIAR, F#F K MmEmiek £ R 4w
JieLJE) AR ReLi AN i A4 4m LG $G 7A.

XEEE: HDAC1IEH; 58 & FIRRNA; Kigk; H1;
WTH; % IR A B E RN

KRR, BhE, FHE. RNATHRIHDACIERN K7
BPIZENB ORI EFRENBILRE 2008; 16(11):
1173-1178
http://www.wjgnet.com/1009-3079/16/1173.asp
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TEILAZ AN, S WAL AL S WAk 2 0] (1)
A7 o) 5 D] B s RNAS [) 2 13 J5 1) ) e O 5 o 42
MAEH. dEA OB K BRAEA Bk
fif(histone acetylase, HAT)FIZ1 4 11 4 4tk
i (histone deacetylase, HDAC)FL[FIH 1. R
PaAbAT S BERE SR A R YR M, FFHDAC A
4%, MR NAFESH THDACH 77, MRtk
HDACH T it JERIAN, 418 A LA /K T B
0, G 6050 45 0 e A oA, 1 ol i ARG s i A
M, FEUSIEM R L. AEA L R

S A g U SRR A EE AT R
HDACHIHIFNE R 22, SRR, Kahi A
H L FOHD ACHIHIFI BT EARN, V25T
F W, AT 1 27 (g g n] g HAT AR [H] THDAC
AR R I A R R T HD ACHE £ R i
LR EHD A CHIHIFI I OCHE. RNATHLH A
N IEFEAE T B T T E. IATIEFHIRNAT
PBARAE N K9 40 i SW480HHD A C1 K& KT
B, KWFSCHDACUN K 4 s T, H9%H
0 6 03 43 A () e S S RT RERIL.

1 SRIRIE

1.1 ##+ pSilencerTM2.0-U6 itk (Ambion/A 7])
TE N E H R Ampri iR U6 H 3. it
B e AT B DHS o bR (Gibeo) 7 1. T4 DNA
EFEREE 5 Ambion/A H]; Lipofectamine 2000
He AR KInvitrogen A &) 7= . DNA B bk
AT AW TREAF A K. R GenBank 1 #itiE
FJHDAC1 cDNA(accession no.NM_004964)5¢
BIFH), 2%siRNAR %%, FIH Ambion
AR E L TH, ®il—XfshRNAJT4
AR DN AFIAEE S AE M mRN A B DN A
6, 34 R HDACI-shRNA: IE X
#%: 5-“GATCCG CTAATGAGCTTCCATACAA
TTCAAGAGA TTGTATGGAAGCTCATTAGTT
TTTTGGAAA-3'; Jx 3 4%: 5-AGCTTTTCCAAAA
AACTAATGAGCTTCCATACAA
TCTCTTGAA TTGTATGGAAGCTCATTAG
CG-3". control-shRNA: IF X%%: 5-GATCCG
CCGGATGTCGAGAACTTCA TTCAAGAGA
TGAAGTTCTCGACATCCGGTT
TTTTGGAAA-3'; & X 4: 5'-AGCTTTTCCAAAA
AACCGGATGTCGAGAACTTCA TCTCTTGAA
TGAAGTTCTCGACATCCGG CG-3'. PA_ kR
A EFEBamH 1 BEYIA £l 19 ntiE P41, 9
nt loop$%3LJ7 41, 19 nt)x ¥4, RNA PolllI#¢
1 F A Hind I 5.

1.2 7 B g/LiE U X shRNARHR DN A%
2 pLBAMGR K22y (DNA annealing solution)46
uL 78T, INEE90°C, 3 minjii HARAHI A%
. BESCE SCEE B H  SCREIR K S, FTTR K
—ANRMEAZ R W VI EEBamH 1 M Hind 1A 5 M
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K. pSilencer 2.0-U65R1K JTURL A I 43731 BA
BamH 1 FHindIIIFFD) A, gkt i B, IF
bR LB SR/ B alith, AN kA A S5iE
B, F B, I T4 DNAJE B EERAE K5 0
FERZATIR P BUAS N A [ 2 pk: G2 KDNAF Bt
(8 mg/uL)1 uL+PsilencerTM2.0-U6Z% 441 nL+10
X T4 DNA Ligase Buffer 1 pL+T4 DNA Ligase 1
uL+ Nuclease-free water 6 pL78 435, il 16°C
KA RIS S USR5 nLIE A2 254
MIDHSa, 41 T8 AmpriitE (L EE 100 mg/L)
LB L, 37°CHaiR R 7Rt . MARANREFR L
b PRI A B v B TR VR LR T Ampri (&
WFE100 mg/L)FILBEFR3 mL, 37 CIHIE IR
/ST SR OE; v ek 7N 8wl o3 LUK G XY E5'd
ARAT PR A REATDN AT 2041 i LA A 44 2
) T 20 J5ORE fir 44 A pshRNA-HDAC1 FlpshRNA-
control.

1.2.1 HDAC1 mRNA# A : K7dn 41 friSW480
W) B b R R R O L, SR 100
mL/L/N- L7 FIRPMI 1640(Gibeo)is 78, 1
37°C, 50 mL/L CO,F &4 577, T340 sk
FE, SR L6 LR, AL X 104, £F
HAEK 580%-90%pE & 1, #4 B Lipofectamine
200015 5T 4 G 3k 701 2 0 B 15 HEAT % YL 4R AE,
[F) BF 158 37 2% 0 BEFL. 41 i % k48 hs Az 4
J, 4% TRIZzo I 7118 B P # A B2 U4 i S RN A,
HF4 1 AHDAC1 ¢cDNA. PCR5|#)( L4
LAY TRAF A K FHW ~: HDACT L
4 5-GAATCCGCATGACTCATAAT-3', F
4 5-GCTGTGGTACTTGGTCATCT-3'.
[ L AGAPDH A W Z I, 511 Lt v 41
5-ACGGATTTGGTCGTATTGGG-3', Filf/541:
5-TGATTTTGGAGGGATCTCGC-3'. PCRY" 1
ZAEWTR: 94°C TAE TS min; 94°C 48130 s, 60°C
IE4K30 s, 72°CHEMH60 s, 35, 72°CIEMI10
min. HDACIFIGAPDHIFJPCR v B K /N A 107 bp
F1250 bp. PCR™¥)RHE G4 U AT
2 K43 HT, LHDAC1/GAPDHI E AL #
FLARNS B i

1.2.2 HDAC1. p2l. Cdk2ZCyclin E%& &l
A0 % 5548 hJm WA FLAI ML, I\ 40 i 2 i
W, PEECAN R R 1, FIBCARAFI & (3 EBio-
Rad)Rill 85 (1 Ok B, #1100 g/ SDS-PAGE
W, L LFESO g, SRk, FERE, B, N
AHDACI(Santa Cruz), P21™A""™ - Cdk2 Al
Cyclin EGfi3E 2 vl)—Ht, TR T 1 500,

www.wjgnet.com

IR BRAR L SH ALY E AR 2 1) —Pi(Santa Cruz),
TAEMBRIEL © 1000, 1h22 R GIE(ECL) IR 2
S, R, BRSO BE v 4ty K e
{8 S N3 R IE K. B-actin iy 2
1.2.3 MTT: WS 4L 5 AN [F] I [a] B 1) % 2H 48
Ja, R s A1 X 10°/L, BFFL100 pL %Rk
T96FLEE TN, B WIANEAL. FEFLINAS
g/LIAMTTH 20 pL, k285974 h, B0 G /a0
W SR AL S IR, T N200 pL DMSO, Fg R
SEA490 nmi KA REAEA). BAZ O B 2%,
VAR TR 40 A A A (%) = (1-SE32HA /%
TZ1A) X 100%.
1.2.4 20 B R == % m B B B e Adm) . 4 o % 448
ha B S FLA I, $4Annexin V-FIT CHE T8
TR 28 A 7)) U P AR, M EUD BRI R
W 2 B VFAE S5 G i, T A A R R
1 X 10°/L, B41HE100 uL I AFITCHric Annexin
V 5 uLFIPI 10 pLiE6, EiEEHFE 15 min)5
FACSsortiit 2041 B I, CellQuestiK fH(BD 2
FADIRIOE o A s, 5 4 Mt 4ea8 hjs WA #%
LA, 2 BRm AL, R A R, VK ST
il 52, AR A 100 mg/LiJRnase A 10 L,
37°C/K#30 minJi B AN VKIS H 450 LR SR, F0
NLWRPE RS mg/LIIPIEAF10 ul, 4°CREEIR
A7, S Bk, U A SR I 4 it &) 38 A
Bt #4038 K HISPSS10.0%AF HEAT AR,
Hedhi Limean & SD# R, P<0.05 0 HAT G275 X

2 R

2.1 SW480#4m iHDAC1 mRNA# & ik 725 %}
IE 20 FlpshRNA-controlZ1 ¥4 7] UL B 2 THDAC!
HAEIDNA%, 241 /HHDACI mRNAMIFIAF
i 25 5 i M (64.6% +4.4% vs 58.3%+4.6%,
P>0.05). pshRNA-HDAC 15442 SW48041 iy )5,
HDAC1E R mRNAZKPER A 150 FE AT BH S 1 1)
(EI1), WydLie 2 5 A givt 2% 5 (30.4% £ 4.5%
vs 64.6%+4.4%, P<0.01).

2.2 HDACI, p21™AFY™ - cdk2f=Cyclin E&
& 49 & A Western blotf il 45 4 78, HDACI,
p2 1AV cdk2 flCyclin B4R (IR IATE 2
X HEZH fpshRN A-control 4l 2 [0 = # TSt 1124
B (58.1%+3.3% vs 55.2%+3.8%, 62.6%+
3.4% vs 58.5%+1.7%, 42.6%+4.1% vs 44.2%+
1.9%, 82.8%+3.7% vs 89.9%+5.95%, P>0.05,
K2). pshRNA-HDACI1# 4:SW48041 il )i,
HDAC13E Kk W] AL, p21™ TP ay i

mALBE
Archer et al®FF 5%
% PHHDAC 47
F) T B 4h AR 45 A
p21/cw| WAFI{/‘R%ﬁjJ.
R AP HT-2948 #2
Cyclin B1#4 &k
KF, A5
I 4m ReL 6 A& K A7
.
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[ B 30

K Al i R A
AHDACI# %}
PShRNA, HH 46
A ZpSilencer#,
o, St EaE
#ypSilencer i &
HARZ I AR &
E A SW4A80%m
FORR, 45 H A7 H
HDACI1 A B & ik,
HFAHDAC1 AT X
B 9% 4a A T .
¥zt e B B
o T W # el RO
T HEAUH].

payc| 24h 48 h 72h

96 h

1.3+0.6
1.1+05
475+7.0°

TENRA 1.2+0.6
pshRNA-controlZ8 1.3+0.8
pShRNA-HDAC14E 35.9+4.9°

1.0£0.5
1.2+06
457 £6.2°

1.2+0.7
1.2+0.7
482+4.7°

°P<0.01 vs ZEENIRZH, pshRNA-controlZH.

pari:| Gy/G, S Gy,/M

TENRA 578+18 27.7+15 145+06
pshRNA—-controlZ] 56.1+0.2 28.6+05 150=+0.6
pshRNA-HDAC14H 64.5+0.9° 175+1.0° 17.4+1.3°

°P<0.05, °P<0.01 vs ZENIBLH, pshRNA-controlZA.

GAPDH (250 bp)

HDAC1 (107 bp)

B 1 EMEHCXCR4 mMRNAZRIA(RT-PCR). M: marker; 1: 231
FFHBL; 2: pshRNA—controlZH; 3: pshRNA-HDAC14H.

i, CDK2HICyclin EEANH] 8 FiH. 545
FI0 B LG 22 5 Gevt 27 5 L (27.4% £4.5% vs
58.1%+3.3%, 97.4%+2.6% vs 62.6%+3.4%,
27.7%+6.0% vs 42.6%+4.1%, 42.0%+8.5% vs
82.8%+3.7%, P<0.01).

2.3 HDAC1 B 35T B 47 4] S W480 28 ity & % Fn ]
TH % ra MTTRIN 45 4 57K, pshRNA-HDAC1
YL SWAR0ZN 24 ) Ao CL &8 BT (2 1) 2
KA, 48 b5k BNHH]E 0, 4ERF4296 hal i
FHIVE A BT FEE#(ER D). it Annexin V-
FITCHIPDWE bR IC fi F 3 =4 M O 45 3 5
7K, pshRNA-HDAC1# JL 41 fu48 h)m LA &
(R T 0, e T R AT B S G, 22 e
FE(B1.3%+2.8% vs 3.9%+0.7%, P<0.01), I
pshRNA-control 41175 [0 HEZH 4H i 72 2=
FIGEE (E3).

2.4 HDAC1 & B 3% 3 x-S W480 2 it J&] 2 49 %

HDAC1

p21

Cdk2

Cyclin E

B-actin

—_
N
w

B 120 [

[ =iz
pshRNA—controlZH.
W pshRNA-HDACIZH

100

EEEBEFEM%)
N [e)) (o]
o o o

I I I

N
o
T

—

HDAC1 p21 cdk2 Cyclin E

2 EEYBEBHDACI, p21""*FVP1 cdk2, Cyclin EBBRIA
(Western blot).

v YL A A, P A I 45 2R 7R, pshRNA-
HDACI1#;%SW48041 248 h), G/G JHFG,/M
$U140 e LA 3G 0, STU AN e LB AR N T B, ZE
HE i X, M pshRNA-control 21 R4 (4 %]
S 440 P 4 ) A 22 S e et 2 i LR 2).

et A% O 2 R I S A RN 2 2R 5 R
FAR WY, WA RO SRS
FhE, HTHATHTHDAC. HATH Z Bk A L ik
TK LT B 20 B 1N o s R AR 3, vh A
—ANIEHL, (EDNA S 41L& (12 (A 5| ) fl
AR BEIE R, 3 2 ) AR EAE s, v
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A 10* B 10* — C10° iR EE

shRNAJ F 8
, , s HDAC1A F g
107 10° 10° e 45 L7 X 1
" i‘:‘-".;:*_i."‘f,- K s ‘__15_: :i_:-_:::' o 28 l.SW480 T 41
10% | :""'.".""-""!!("’:'E:»: 102 _| L Ll 4‘ “-%‘ 102 | Jo B 20 69Gy/G, A,
: SR W5 A
i e : B A, i B 5y
10t | . 10 ECYANE £ W]

10° [ 2 : &
10° 10 10% 10° 10* 10° 10

10°

10> 10° 10  10° 10' 10  10°

3 AnnexinV. PIXWRRZVARAKUMIRET. A: AR, B: pshRNA—controlZH; C: pshRNA-HDAC14H.

SRS VE S, DNAS) TRSE . #F I, A F)
TR T HDNABR 45 A, WomHsk. MR,
HDACTEZA R FINu i 2 R (e NH3™ E5I N Lk
55, TR 41 AN IR Sk, AL ER IR
HLAT, AT 55 S AT DN A 45 7, Yo ta i
EECEAG MBI LS, s A Ak
LT A Ay YA 5 DAL (0] OB 2 T g, LD Re e
WAL S 5 e (1 & A R R DA S, Hrk
A S, HDACK K2 /b HDAC 7#,
AT T B FE ) Rl Js 1, P HDAC 5
IR O6 ZR e FAR L. HD A CHIHI 1% 22 Folt g
HApusint, Hrp aampkesm., . .
17 A0 i R LR S H A, KR
RAEZHF . 2B BOR 2 P A 0 Hp R] 4
SRR, fEXAN I RR o, W0 R vr 290 3 IR K
5 R/ e IR TR (1 2R T o 35 R ) 0 4
h, RWBALEM A A ELENEM, JLhdlsEn
LAk B E 2T 2 —. WIFLR, ZFh
HD A CHVHI| 71 B8 175 5 KV 440 R ) 2 A 4 g
JEV R REL, A5 ebRa 4 it g AU H R
FOAI SRS 52 FH D A CX K 9 40 L 1 5% g 40
DA HIE. RNATPEA N AL T B b (o
TH.

RN AT il R ke oA ) — B R
BiAR, ReHs 5 Hh B AR A 7 51 I mRN AP,
VLB )R R D e B SR A T BRI T,
1 LIy e 55 DR 4 27001 5 A 43 318K B 22 11 T 4.
VF 2572 BHshRN AZEN FL3h 4 i b n] L
AN P Y S DRUR R S DN kP, AR
TR HF I EHDACTRE T (1 shRN A FLAZ R IA i
LA 4 T 2 AR A T DR M s A T 2R S W40,
EFJLHDACT shRNAJG 2> S IHDACI
mRNAFIE UK, KIMHDAC#2RIA I %
ZAW. SW4AR0K i 4 iu % J*HDAC1 shRNA 24
hJ gt ©4 B B A= KM, 48 h)m ik 240
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il i, AERFA296 hal Mo A HI 1 A A LR B
Fa e AR S A A IR R TN 4 Y R S0 B £
FEE T FCAE FHAL 7 T gk AT . e x4t B SRS
W&k FERHDACTE 4448 hfm, SW4041 il k&
GG Gy MIH B, HorA LLGy/G 3 B A 5
A W . LA A PO 4 R 54T 2k 57 4 R 38
P B S Y B A7 R ) 300 2 Y I PR I
5, I AH SO A2 40 R TR ML A% O, A
A0 i JERAT E A [ 9, RS ] Cy elini F11F)
FIRIREN™). Cdk25Cyclin B45 4 2SI E AN
WHEFAF. Cyclin E/CAk2E G AAfTRbEETR AL, B
TR e S IR T E2F, 3 Cyclindb s, I 4i it J&
WIS G /SKLA 5, HEASH. p21™AT TR )
20 o 348 0 1) B T DR, A A B P
P, flfE S 2 FICDK/cyclin® A1) H 145
4, WHICDKIEES, BLAG,/SILIE. IINA
p2 1/CMPYVARILE il 4 it o (R T ER AL A T i pR 3L
VS ENS BB v (2 44 TS S 3 v B A1 o4
11 SR KT BT i 5o,

it S IRITHD A CLIEE R TR 5 1 G/G,
SR AN SR SRR TR BL A, BRAT TR TN T AT Re v
A0 6 ) S T ) LA B R R R R AL S5 R Kk
I, SW480X i 4 i %% JHDAC1 shRNA 48 h
JEHDAC1HE Al mRN AR (5 K 11K %
5p2 1A UR (KT I T A B AR,
Cdk25Cyclin EfRH&EEAKF Eil. 45500 1
M43, IHHDACT shRNAA] fEil i F i
p2 1MAFVEP R I C dk2 5 Cyclin EfEEIA
125 1) BEL ok 20 P R SRR, R i 4N B B B 1 E 1.
0 PR T R PN A SR DRDRE A R Y T — R e
BET, A IRIIRBEAT 36 A 1) DX 3B, 4 i kA
TS, 4 B PR AR 2 — ot g IR T 22 B R I
6 FEE (17 P9 000 6 810 0 PRLFBE ¥ 7, Annexin VAT
DA S W 4 4 T 440 i 58 5 T 1 Tl R 1 22 200
P Rl 3033 P A% R fik N T ek, ANBE 2 Il 58

JF £ HDAC1 & it
B HDACH 4
MR T R W&
W8I AR R
¥
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