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YRR RERT TR B i 0 ) AS49 20 M (Y358, 654 FH A9 40 11 R . 28 15 T Doc 5 TSA B /EF[ (65.6 £3.1)% vs (30.6 =
2.1)% .(23.3£1.9)%, P<0.05 ], TSA .Doc HLA sk G FZG 3 AT i AS49 AR T 2834 0, e G AR PR PR T 38 Wl 38 i TR
MAEML (58 £3.6 )% vs (17 +2.2)% (14 £1.6 )% ,P <0.05 ], WA 1EFH L BRI AS49 40 i 57 W 5 W BHL A T G, /M 3
[(32.4%3.1)% vs(23.5+2.3)% .(10.5+1.5)% ,P <0.05 ] TSA Bt& Doc Al #E—2E3 i1 acetyl-a-tubulin 3K J8/D sur-
vivin 2 F110F23K , HEHE casapase-3 ITE AL £ P <0.05 ). 4518 : TSA B64 Doc RESSINHI AS49 20 0 (1 134 5 1 3 440 I (¥ %)
T2, HALHI ] 585 94 acetyl-a-tubulin (9338 FPH] survivin B9 IE LKA HE caspase-3 THLA Ko

[ KR ] SRR A TS W i E AR

[ FESZES ] R734.2; R730.54 [ XEfrEfL] A [ XE|HS ] 1007-385X( 2011 )05-0496-06

Trichostatin A combined with docetaxel promote apoptosis of lung adenocarcino-
ma cells and the possible molecular mechanisms

ZHANG Song, ZHANG Qun-cheng, MA Xiao-bin, GUO Hong-lin, JIANG Shu-juan ( Department of Respiratory, Provin-
cial Hospital Affiliated to Shandong University, Jinan 250021, Shandong, China )

[ Abstract ] Objective:To explore the effects of trichostatin A ( TSA ) and docetaxel ( Doc ) on apoptosis of lung adeno-
carcinoma A549 cells and the possible molecular mechanisms. Methods: A549 cells were treated with TSA alone or in
combination with Doc, MTT assay was used to measure the proliferation of A549 cells; cell morphological changes were
observed under light microscope; apoptosis was assessed using Hoechst 33258 staining and flow cytometry; cell cycle was
analyzed by flow cytometry; the expression of acetyl-a-tubulin and survivin protein and activation of caspase-3 were detec-
ted by Western blotting. Results: 10 wg/ml Doc and 250 nmol/L TSA alone or in combination significantly inhibited the
growth of A549 cells in a time-dependent manner, and the combined treatment induced even higher inhibitory rate
([65.6+3.1]% vs[30.6+2.1]%,[23.3+£1.91%, P<0.05). In addition, TSA or Doc alone or in combination
increased the apoptosis rate of A549 cells, and the combined treatment also induced higher apoptosis rate ([ 58 +3.6 %
vs[17+£2.2 1% ,[ 14 1.6 %, P<0.05). The cell cycle was more markedly arrested in G,/M phase in combination
treatment group ([32.4+£3.11% vs[23.5+2.31%,[10.5+1.51% , P<0.05), TSA combined with Doc increased
the expression of acetyl-a-tubulin, reduced the expression of survivin and promoted the activation of caspase-3 ( P <
0.05 ). Conclusion: TSA combined with Doc can inhibit proliferation and induce apoptosis of A549 cells, which is relat-

ed to the up-regulation of acetyl-a-tubulin, down-regulation of survivin and increased activation of caspase-3.

[EETB ] IWARE DATRHITIE 4 5 B35 H ( No. 32009 ); L1 AR 44 BHEE A J 13 % B 350 H ( No. 201060020227 ) . Project supported by the
Foundation from Health Department of Shandong Province ( No. 32009 ), and the Science and Technology Development Foundation of Shandong Province
( No.2010G0020227 )

[fEEET ] sKE(1973 - ), LT RET A B B AL EN, EZNFIE 5 7AW Ir st . E-mail: zhangsongl973@ hotmail. com
[ BE1EH ] ZEMUH( JIANG Shu-juan, corresponding author ), E-mail : shujuan-jiang@ 163. com

[ MZHAR ] hitp://www. cnki. net/kems/detail/31. 1725. R.20110929. 1619. 005. html



si, A5, M IR R A RG22 VU A B A 8 2 4 08 1 S R BE A 3 AL . 497 -

[ Key words ]

AR 25 T A Tt 1 0 700 T L2 3 4 ) 2 Ao
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e (R A PR AT ARAR 22,5 AR A A AT/ N T
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FE X ORI HI ] TSA 5 ZPEfh3E( docetaxel ,
Doc )G Ry FH T i i 98 200 0 ke 38 78 R 8 1 1) 52 i)
PARFLAFAILH, Ry PRI G FH 25 S A S Ak 40

1 #MREFZ*

1.1 2& fetk Ao b4t

NIHFEANIRE AS49 >k [ 1 75 K24 e 2 37 &
B SLEe 3 B R T8 10% M4 LW . 100 wg/ml
BEREER (100 1U/ml 5% R 1Y RPMI 1640 Y5383,
B 37 °C 5% CO, ¥EFRffrh s % , g A K 7 o
2 80% B, I AAL AR, #e 12 3 LUl o3 s Ak 2L
S

TSA 4T Bio Vision A H)( #5247 1606-1 ), Doc
W F & 25 R RIS H20031244 ), TSA
J Doc % T DMSO H, A7 43931 24 3 mmol/L
110 mg/ml, ¥J7E —20 CAR-AF, 45 VK S 56 i FH B e
WA B B TR VR B, (VR 40 Y DMSO A
it 0. 1% . Hoechst 33258 YL A3 [H Sigma 2A#] ™
it , acetyl-a-tubulin BP0 A PR 58 BEPUIA | caspase-3 T
K F Cell Signaling Technology 2 ®l ( it 5 A
5335 ), Survivin( FL-142 )P4 T Santa Cruz 2 &)
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(#t5°~ sc-10811 )., BU-Annexin V-FITC #1351
& T Biouniquer 2 w] , 21 A 5 1150 & 0 T Beck-
man Coulter 22 H) .
1.2 MTT i%#m AS49 2mfie e 38 74

O B A AS49 4 LA AL 100 wl( 6 x
10"/ ml)EF T 96 FLEFFEM . SEERE 250 nmol/L
TSA .10 wg/ml Doc F7lAb 31 25 X G kb R, 75
BEAs AR IR, A s 3 AN E AL UE 37 C 5%
CO, MIREFRAE T, 20 1 F 6,12 .24 48 h kb A0,
FEALIN MTT 20 wI( 5 mg/ml ), ¥R%),37 CHEH 4 h;
IRIG 2B B W, BEFLAN 150 Wl 1Y DMSO , I 4R
10 min, 74K 490 nm AL e 6% FE(E( D), #4E D
BTN 34 A A %, R ( % ) = (1 - S5
H D/ D) x100 % . SLHHEE 3 K.
1.3 KA E TSA 4= Doc 3 A549 20 fTh & 5 89
EAL]

TSA 250 nmol/L.10 wg/ml Doc Bph 5§ B4 4k
P AS49 ZHAf 24 h, G WESAIMIIE Ak s
1.4 Hoechst 33258 4 &, x4 A549 Zm ity A —

VIO o 3 B T 6 fLik b R A, A
A549 AARIEF . #25 F6 IR U TSA 250 nmol/L . Doc
10 wg/ml A TSA 250 nmol/L + Doc 10 wg/ml &b
A549 20l 24 ho WL IR, 0 E W E 10
min , W [ E W, B PBS % 3 3, B S min, il
0.5 ml Hoechst 33258 44 %, 5 min, 5 -5 40 L £
S, PO ARG T LS AS549 ML TAE N
1.5 #X R4 m AS49 2 e A = & 2a it )8 4
o AL

BN $5 A K 01 i 985 AS49 48 g DL 4 AL 100 pl
(6 x10*/m )R FRFRME P, WE LK. #EH
XF & TSA 250 nmol/L. Doc 10pg/ml K TSA 250
nmol/L + Doc 10 pg/ml ZLBRANMI 24 h J5 , BT L
W BE AS49 ZHffL,1 000 x g #5.0> 5 min, PBS ¥ 2 IX,
FEUR 2 min, 42 20 AR ORI T S 200 it JR) 034G I 3K 5]
Vi 484E , B Muticycle for windows #4473 H14H
L9 1 B 4 L 0 A AR A
1.6 Western blotting ¥ acetyl-a-tubulin ., caspase-3
% survivin 4% & 47 T AL

B A2 M) AL B AS49 410 24 h )5, &
P BT & 45 RV 1, T Bradford 32510 5 25
R R, A AR 1 04 SR SDS-PAGE 6474385,
SRIGHEE PVDF I F. 10% - 105 TBST %6 FHE3)
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HHJE A —3$L( acetyl-a-tubulin | caspase-3 Fll sur-
vivin FUFRBEEEHS A 1:1 000 ) ,4 CIFHF R, T
VRS A 4l AR i 4 A0 ) B A i LU =E B B
IscG(H+L), WMBEWEN1:4000 ],F 1 h.
TBST YK 3 ¥, AR 10 min, SR 5 EAT B8, M
AH N B A IR E
1.7 %itsam

SEEEIELL x =5 £ 7%, FH SPSS 13. 0 B AT
Geiter oA AR 25 5ok ¢ A6 A One-way
ANOVA K5, P <0.05 3¢ P <0.01 FREFHE
M-S

2 # R

2.1 TSA #= Doc &L Z2HpH] A549 2mfeLel 38 74

MTT 455 & 1) 7R, TSA . Doc A K2 B4 4
FHXT A549 4 A 185 58 1) 400 6 4 FH 34 A7 B ) 49t 1,
Bt 25 4 Tk B A BEh0 , X5F AS49 40 i 1 1 4 FH 3% i
Mg I HLICA 25 4L A FH B 5 T 0 B2
Bagh F 2520 TSA + Doc vs TSA “H(65.6 +3.1 )% wvs
(23.3 1.9 )% ; TSA + Doc vs Doc H(65.6 +
3.1)% vs (30.6 +2.1)% ,P<0.05 ],

100

—>—Control
—B—TSA 250 nmol/l
A —DoclO pg/m]
—&—Doc 10 pg/m+TSA 250 nmaol/l

e

60

40 F

Inhibitory rate (%)

201

Time (t/h)

BEl1 TSA BIRsiERE Doc X AS49 2 AEHE5E AN HI1E A
Fig.1 Inhibitory effects of TSA alone or in combination

with Doc on proliferation of A549 cells

2.2 TSA 5 Doc B&AAE AT A549 @ ie T 569 T4k

250 nmol/L TSA .10 pg/ml Doc H7H B K A 4k
FH AS49 400 24 h J5, 5 XTI AS49 4R AH L,
TSA ZbFRS A549 4 MR FRAR KA B AR ZE , Doc
AEFESE A549 AN REARFRAE/IN A4 s HoW 3 #nT
TFAET-MI4IH . TSA 5 Doc BEGAEFT S 7T W A549
Gt B R AT, B B R B A B IR SE T A R 1 2 ).
AT WL, TSA B Doc RERZIEHE AS49 4IEAET,
P A P RIVE

(C] D

B2 TSA 5 Doc ST AS49 MR ZSHIZH( %200 )
Fig.2 Morphological change of A549 cells induced
by TSA and Doc ( %200 )

A: Control; B: TSA; C: Doc; D: TSA + Doc

2.3 TSA.Doc 2 F2A% 3t A549 Zm i éd A

Hoechst 33258 44 4 I 25 2R ( &l 3 ) 7R, 250
nmol/L TSA .10 pg/ml Doc Bl 5 B £ &b AS549
YRS , A0 30 Gt T BE AR, 58 YL (A b o, Yt
Jo SBR[ HOR B R IR 986 LA S R T/ IMATE
o SXF AR A549 A AH L, TSA 5 Doc BXA H
S MR TR I B 0 TSA + Doc ws TSA:
(58+3.6)% vs (14 1.6 )% ; TSA + Doc wvs Doc:
(58+3.6)% vs (17 £2.2)% | , 2R A 55X
(P<0.05),

4 A AL HE AS49 4 24 h J5, Annexin V-
FITC bric P T-40 M, PL bRic ST 40, Ji =X ot 45
RN, 5X AL, TSA 5 Doc 4bFHJ5 AS549 41
L A B R T, G 24 S R T SR — 2 g
(P<0.05,K4),

3 Hoechst 33258 &%l TSA 5 Doc 418
& A549 REEAT( x200)
Fig.3 Apoptosis of A549 cells after TSA and Doc treatment
as detected by Hoechst 33258 staining ( x 200 )
A: Control; B: Doc 250 mol/L; C: Doc 10 pwg/ml;
D: TSA 250 nmol/L + Doc 10 pg/ml
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Apoptosis rate (%)

B4 TSA BXE Doc fEM 24 h J5 A549 HRRARAT %
Fig. 4 Apoptosis rate of A549 cells after
TSA and Doc treatment for 24 h
A: Control; B: TSA; C: Doc; D: TSA + Doc
*P<0.05,"*P<0.01 vs control; 2P <0.05 vs TSA or Doc

2.4 TSA 5 Doc 4 FZ 5T AS49 4m fe B 2 o L

525 (X B4 AS49 4 i AH kL, 250 nmol/L
TSA .10 pg/ml Doc FIAEFHIG A549 40 & A= B i
(1) G,/ M WRH S, B A 25 5 G,/M 1 BH Hir 5 B
M, TSA + Doc vs TSA & (32.4 +3.1)% uvs
(16.1+£2.2)% ; TSA + Doc ws Doc F(32. 4 +
3.1)% vs (10.5 £1.5)% , Z3HGH¥2 (P <
0.05).

40
35| -+
30
51
20
15

| I '
0 J i 1 1
A B C D

Cell cycle G,/M (%)

L

5 TSA 70 Doc 1£F 24 h /5 A549 458 G,/M HAS HEIT ik

Fig. 5 G,/M change of A549 cells after
TSA and Doc treatment for 24 h
A: Control; B: TSA; C: Doc; D: TSA + Doc
" P<0.05, ""P<0.01 vs control group;
4P <0.05 vs TSA or Doc group

2.5 TSA 5 Doc £ A2 A549 20 fiet acetyl-o-tubu-
lin %& & #9 & ik

250 nmol/I. TSA 10 pg/ml Doc ZbFE A549 4iifif
J& , 5T R AS49 4 AR L, TSA . Doc #5BE 1S

UL acetyl-a-tubulin 25 H AL, BEA HZY )5 ac-
etyl-a-tubulin £ AR IA U IENCE 6 ).
2.6 TSA 5 Doc B&4&-4F A 2 A549 2 ik caspase-3
A survivin £k 49 %R

TSA 250 nmol/L 5 Doc 10 g/ ml B ul B A
AL FE AS49 4 24 h 5, 5 X R LL , SRNBE 75
252 AS49 40 B survivin 2 3k 3 B g 08 2> ( K]
TA ), NHE—EKM survivin 5 caspase-3 (e
[FIAE 7R i AL B AS49 4G, 50 24 ) b PHAT T AL 1Y
caspase-3 [N A W 284k (HECG 25 A549
AL G AT caspase-3 BB 1G0T, 11 survivin JL-F
JeFRIK( K TB ).

| 2

3 4
.,—Acetyl-u-lubulin
—
WA EDE ..

6 Western blotting #& il TSA #1 Doc 3F A549
20 B acetyl-a-tubulin 3R 3% #9820
Fig. 6 Effect of TSA and Doc treatment on Acetyl-a-tubulin
expression in A549 cells as detected by Western blotting
1: Control; 2: TSA; 3: Doc; 4: TSA + Doc

A
Control TSA Doc TSA+Doc

-

Ty . @ B-actin

—Survivin

B
Control TSA Doc TSA+Doc
b e (0o

—F F L“ h —Active-capase-3

f-actin

7 Western blotting #& il TSA # Doc Xt A549 ZH g b
survivin E B( A )& caspase-3 i&{k( B BN
Fig. 7 Effects of TSA and Doc on survivin expression
( A )and caspase-3 activation ( B ) in A549 cells as
detected by Western blotting

3 #

i g 2 o DL FR R R IR 2 — , AR SR i R
I AL 50 S BRI Sl 38 o F) R 3, 3/ 22 i s A8 35 1
SRR T FARMILE O ik, FoRA il
TR A PR T i A S R ELA R LA 2 H AR S 4K
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THCAR AT 2253 2EF0 73 24 0] S5 40 10 2 RE I 25T 614
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et e 200 G R R T AN R T e e
JeR A AT 22 53 % Ak (o 4 ) 301 45 i B ke a2 40 L o
TR DIFERRSE O IESE, TSA kA A2 I
REGE 1 NI RS M , A1 1 " oA s 400 i 11 4
Too AWFFERW], TSA BEAE IR Doc Xf A549 4/l
(AR, B FI 20 5 Xt AS49 4 it 43 5 1 410 1
YEFIWT B3N . RN AR 25 R R W], 5% 2 AH
FC, TSA 5% Doc £ A549 i I T2 Hg i, 1665 I 24
J5i A549 2L A T A< I o, EL 4 i J 39 B AR
G,/M . Western blotting ¥ il 3% 8 H £ Bk 1k /K
ATk, KB TSA 5 Doc #FRENE I AS49 41 it
acetyl-a-tubulin 8 H W # 5, HEKA M2 5 Rk &
B S

AP TR AR AW, AR At
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PARE A T Wl NS L TG caspase; TF A6 Y
caspase-3 A E Y [FHIE . ASEUESE, TSA 5
Doc B 255, A549 4HHEH 5L A caspase-3 W] ik
B, AT R AR WA S e, S A R T

Survivin & H ATEH R B9 58 Tl R 2 —,
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e 25 G AHE N caspase XT YRR A K fEVEH , B
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AHFFE 45 S B, TSA F1 Doc BRI VR FH #B fig 4% (ff
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BT survivin & H X] caspase-3 F1 caspase-7 45 & 1Y
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s X £ EERFEPHKEIERTE RNA—JPX

e g, vl Dd i X Ge @R 2 15( X chromosome inactivation, XCI )l — 4% X Yo A i) 5% 5% |, 1k 2 356 K 5 AE AN [
P 3 D A A . 2R XCT A8 DX PR g X e (44 22 3% Ak U X-inactivation center, Xic ), 4315 & KB AES 5 RNA. $54H] XCI
B —A GRS RNA O Xist, AL P2 n] DUE X Yo fk 405508 O e & 0k, DUREAE 5 200 i X e (o
RTE . HETRET Xist S& UUa a2 sk N R AR T 25 . Xist 192 . RNA-Tsix, /& — T A Xist (940§ F . Tian 25 E
FIBFSE B, Xic XZmA%AY JPX 1] LAE N Xist FO3LIE . JPX 7 XCI 33 fh 263k B, milsk JPX 2B XCI A &4 5 55 +
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PR B Y AR A B 38 S S T T AR B RBR 10 X Jefatds, RBP4 X Jetadh b Xist BB IIBEMmS . W g ik 0 2k
JPX 0] LA JPX BB AGSEM , it shRNA T4 TPX MPERIS , of DU E0RT JPX BBk [RIRE A9 0, U68 TPX 2 AR A —FhdE
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