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Bm o & e M, A X m IR AW fm 08 T R L KA AR B2 (AP m)Fe 4a B0 B A, 55 BT F B RT-
PCRA=Western blot%~ #| # M Bax. Bcl-2. Fas. Cycs(#8 2 & % C)A=Caspase-33 FImRNAAF= & &
KT, 4REBEF, E—TRETLEN, NARE GITHIASAOMLIE I, FF@ic AT, L2/ R
Bk, N AREAE 48 hid FAE 25 40 R JE 5240 pmol/L, 3478 3 4] F 4 46.73%=1.47%, A= %A
13.18%+0.41%, & itk IE @42 (AYm) T F T F4(P<0.01), 28 e L F G2 f=SHA; Bel-269 Rk 2%
AKX, Bax. Fas. Cycs#=Caspase-349 &L 2 %38 h(P<0.01), &7 ) R Z T feid id L ifBax. Fas.
CycsAnCaspase-3 2 B F= T A Bel-2 2 B 7 AR 52 AS494m it B = .
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Toosendanin Induces the Apoptosis of Human Lung Cancer A549 Cells

Liu Shengnan, Shao Shuli*, Wang Weiyi, Yu Qiufen, Miao Changjiu, Li Shanshan, Feng Yuan, Jiao Kaihe
(College of Life Sciences and Agriculture and Forestry, Qigihar University, Qigihar 161006, China)

Abstract To investigate the apoptosis-inducing effect of Toosendanin in human lung cancer
A549 cells and its mechanisms, MTT assay was used to determine A549 cells activity. Light microscope, fluores-
cence microscope were used to observe the morphology change of apoptosis in A549 cells. The apoptosis, mito-
chondrial membrane potential (AWm) and cell cycle distribution of A549 cells were assayed by flow cytometry. The
mRNA and protein levels of Bax, Bcl-2, Fas, Cycs (Cytochrome C) and Caspase-3 were measured by Real-time
RT-PCR and Western blot. The results showed that Toosendanin inhibited the growth and induced the apoptosis of
A549 cells in a dose-dependent manner. The concentration for the treatment was optimized to 40 umol/L after 48 h
in this study and the inhibition rate was up to 46.73%=+1.47% for the proliferation, the apoptotic rate could be up to
13.18%+0.41%. The level of AYm decreased and caused a significant S arrest at the expense of G, phase cell num-
bers. The results suggested that Toosendanin induced the apoptosis of lung cancer cells through up-regulation of
Bax, Fas, Cycs and Caspase-3 and down-regulation of Bcl-2.

Keywords Toosendanin; A549 cells; apoptosis; Bcl-2; Bax; Fas; Cycs; Caspase-3
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AN MG, (ECAEHIHLERI AN . A ikt ASHITSELL
NI ASA9 G I3 A BT SRS 52, $R3F ) R 2 % 2 ML )
SEFEANEIANG U8 TR AR B

1 MRS
1.1 ##

111 @migfeduds Al ASA9 40 ) -k 5t i
S AEW) AR R Ly . Bax Bel-24 Fas. Cycs. Cas-
pase-3F1B-actin—PuIE H 4L TAEY) TR L) AR T
fEAA;, —Pie A Bl s SRR TRAF .

112 2&2KA  JIBEE A/ AR
HIRAF. P PFI]123(Rhol23)I [HSigmals 7. An-
nexin V-FITCH TR M 6 PR 4R A i
HLAZ A IR & 0 R L E R R R R
F] . RPMI-1640%% 77 3L H Gibeo s ml o i 21 L35
THEEAR. BRNAFRRGAFI G . A RO
B A AT A TR A PR THMTE A .

1.2 A%

12,1 @mpedssc BeHlE10%M iR 2R3 . 100 mg/L
R0 ULEHERN BRI, 137 °CL 5%
CO, S MR JE (5 IR P AT RS 7%

122 @i se hieml  BOSHA K I AS4941
i, INANEHE 40, 10, 20, 30, 40, 50, 60, 70 umol/LIT
JIBRZR, 43 k9724, 48, 72 he JHEEARXAEST0 nmijk
R e RO FE(D)E, AR5 o 2 40 1 1 GE )
H=(SLYG AP ¥ DAE-75 1 41V 38 DALY/ O B34
DAE—25 140 - BIDAE) < 100%, 15 H 40 i 458 410 11
RIF L A ERAFICoH -

123 @mieB AR HOTEUEKIIIMAS494 Ha,
I3 SN E 40, 20, 40, 60 pmol/LIF 1R 2, 1
48 hJig, s WAEE NS4 M LA 45 1 40 I
B R A R 7R EE B, NN T mLIIA JPBSAI1200 uL
WY BERE(0.5 ng/uL)VRA) e, Z i B 3~5 min, %65
BT T LS4 T A 45 e 40 R

124 @A Zegen  HBER AR RSO,
20, 40, 60 umol/LI1] )11 1 2= 1 11148 hifJAS4941 iy, N
TR PBSYER A2, [n) &3 i A500 pL Binding
Buffer 78 7302, IS pL Annexin V-FITC %4
A5 uL Propidium lodide(PT)4 i, & i F B &
15 min/5 8T BRI

125 fmiegiaikeg i wzegiem  HEE M
THAREEZ0, 20, 40, 60 umol/L Y] ) 1#K 2% 1E 48 hif

AS54941 I, hn TR IRIPBS YR 41 o2 vk, 1] B
IOAFRUS 10 2 FFIH123 10 L, 137 °CE A Pkt
Y60 F 30 min, 7 H A IIPBSYES 41 21K J5 217
M, 5z i FH O X 40 SRS 00 4 it 28 e 4 o Ha A7 1)
A

12.6 AR mie e T TR
WAL EEZR0, 20, 40, 60 pmol/LIF ) 1FE 25 /E F48 hif
A549Z1 . 110 mmol/L PBSYEVR 4 fu2k, 52 |
T, A3 B I APBSFITC /K L1, 7850k
5], T4 °ClE 18 hJm, SO IEEd i, HI T4 IPBS
Ve an 2 vk, BT IAS00 puL PISR, FH N
RNaseA(fiff H: 29K 5 50.25 mg/mL), 37 °C. ki
B 730 minJ, HEAT U 41 M 01 EATLAS I o

127 £ Z FPCRA M A54941 il 400, 20,
40, 60 pmol/L I I B 2 1 H148 hJi5 #2 HUERNA, Jf
R 5% eDNA. [ W AR & 2425 pL Hotstart Fluo-
PCR mix, 21 pL ddH,O0, 2 puL cDNAFI L R 5[4 %
1 pL(HHPrimer 5.0347 519 ¥ it). BaxFk K Fij 5]
YIF4) M 5'-AAG CTG AGC GAG TGT CTC AAG-
3, RS T8 K 5-CAA AGT AGA AAA GGG
CGA CAA C-3', #847WK/N 4178 bp. Bel-2X: [
SIS A 5'-ATG TGT GTG GAG AGC GTC
AAC-3, N5 T 514 5-AGC AGC CAG GAG
AAATCA AAC-3', 9 887 K/ 1180 bp.  Fas:[Al
WSS N 5'-TGA TGT GGA ACA CAG CAA
GG-3', Niif51¥744: 5-GGC TGT GGT GAC TCT
TAG TGA TAA-3', ¥ H47=H) K /N 4107 bp. Cyes
WS 41 K 5-CTG GGT GAC GAG TGA
AAC TG-3', N5 1¥IF410: 5'-TGA GCA CAA CAG
GAA CTG GA-3', ¥ #=¥) K-\ Jj104 bp. Caspase-3
B BV 514 A 5-GGA ACG AAC GGA CCT
GTG-3', Nt 51 Jy %1 y: 5-GCC TCC ACT GGT
ACT TCT G-3', ¥ 472 K/NJ135 bp. f-actinF& Al
WSS A 5'-AGC GAG CAT CCC CCA AAG
TT-3, & 51 % 17 %1 H4: 5-GGG CAC GAA GGC
TCA TCA TT-3', #" 54/ ¥) K 7N 1205 bp(B-actiny N
2. SERWBIRTESL, NS 25 2 SEPCRAX H Y
(1153 BT 4504 0 43 B (R CH{EL, 73R H power (2472
VIS 25 S50 41 4N B2 i) Bax. Bel-2. Fas. CycsHl
Caspase-3 mRNA) KL 5.

1.2.8  Western blot# ) A54941 Jifl 220, 20, 40,
60 umol/L 1) I Bk 2% /5 FH48 hJm, $# M4 5 (kAT
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SDS-PAGEHEI VK« AR i K 2 T & 1 Ut FL 7% 3]
PVDFJE b, 35 AW B 1 hs, In BB 4 [ Bax
Bel-2. Fas. Cycs. Caspase-3#IB-actin— $1(1:500),
4 °CHH L B2 PR % & 1k #id. PBSTUL R, hn A 9t
IgG(1:15 000), 4 °CEEIEHFE 1 h, PBSTYLIE G, BT
WISk 7 el
1.3 Hit=0H

U Z2SPSS 16,05k 1 73 #r 4k BE 5, k47 51 A
#5229 M1 (One-Way ANOVA), 41 /8] Lt % FHILSD%:
oD 3L 7 ek, B DA Behr M 25 () Ko, B
P<0.050 2553 3%, P<0.01 253 B, Ba 4%
o

2 #R

2.1 JIIFRZEHNFIAS494H B4 TE RE
JIBRZRAEIRE A310~70 pmol/L 2 [B]XF A5494H iy

(18 384 5L LA 300 5 A A P L 2 7] A o T A 0K

Z(E). NIBRZEAETHAS4941 1148 hir) ek 2k i

340 pmol/L, ICseffi 740.206 pmol/L.

2.2 JIFRZEXT AS49LH AL 75 5 A B 52 M

221 AFEHMETAR@MRMERAL X

I AR TE HOK/NE Y, WRBE A K 45 2 4.4 Ju bt

FH IR L IR, 40 M T A3 & A s, 4

MR (5], AR/, IR T AR N, SILT

A: XTI B: 20 umol/L )1 BE 2541 C: 40 umol/L 1 Z 41; D: 60 umol/L )1 BEZ 41 .

FFAE(E2).
222 RAZMBETUAR@MELESEMEL X
TR A B %2 LSR5 I, ZenY mE R e ta )5, 1%
R, 247 WG 5 9O HA0 s s ; i 2
P JSE R K, A P 25 R Tk D, AR 40N,
T S BRI P 23 40 B S R T N AR (L 3)
23 JIIRERIFSAS4HRE T

B R KT ASAOGN H I 1T 6 5% i 45 SR L IR 4R 36
1o 5 R IR, IBRE BES T AS494 Hu s 1, H.
W 24 A FEE TR AN T 398 K LS 0 T 0 R T B R R
SEHG I b A Horb, 20 pmol/LAI40 pmol/L
JIBRZEAE F48 hit AR b I 1 2% . LI T2 40 e i 40

100
90
804
70
60
504
40 4
30
20
10
0
-10 r
-10 0

Inhibitory rate (%)

1I0 2|0 3|0 4|0 5I0 6|0 7|0 8I0
Concentration (pmol/L)
El1 JIREFEXTAS494 BRIETE BE 11 B 200
Fig.1 Effects of Toosendanin on the proliferation of A549 cells
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A: control check; B: 20 umol/L Toosendanin group; C: 40 umol/L Toosendanin group; D: 60 umol/L Toosendanin group.
El2 ez R T BRI HRE 3T AS4940 s 2SR £

Fig.2 The cell morphological changes in Toosendanin-treated A549 cells under light microscope
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Az XS B: 20 pmol/L) 1R 4L C: 40 pmol/LBREE41; D: 60 pmol/LNBRERAL . FiskBrom A T2/ M.
A: control check; B: 20 pmol/L Toosendanin group; C: 40 pmol/L Toosendanin group; D: 60 pmol/L Toosendanin group. The arrows showed apoptosis bodies.
B3 5ot RAYERE T MR R ZE X AS4920 B2 75 1Y 72

Fig.3 The nuclear morphological changes in Toosendanin-treated A549 cells under fluorescence microscope
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A: control check; B: 20 umol/L Toosendanin group; C: 40 umol/L Toosendanin group; D: 60 pmol/L Toosendanin group.
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Fig.4 The effect of Toosendanin on apoptosis rate in A549 cells

Lt 23 3 910.34%+0.35%1113.18%+0.41%(P<0.05),
H40 pmol/Li 1& 21 5 KA

10°

2.4 JIFRZ=ITAS49LA R L f (AR B B AL (AP m) B B2

JI PR 25 6T AS494H i 1Y) 2 K A4 I R 47 (AW m)
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=2

() 5% i 45 T 0L RIS RN 62, 45 B R, 6 IR 4 g
2 b7 AR B LA 255.66213.17, 4 25 40 40 i 2 )11
P FE AV 48 o 2 R A4 i i A7 2 35 R AR, 4 ik
186.32+10.27. 143.33+12.54H1112.87+8.39(P<0.01).
2.5 JIlFRZE=EXTAS4940 At [E) BA O 820

VAR 20T ASA9AH i Ji 197 114 5% i 45 T AL P&l 6 R [
7o G BOR, XA ASA940 K £ 0 A TG,
DRI AT TSI, GfR /b AR 259 i Ak 2 4
148 him, G 4N HE & & e BRAR S TH . GRS
SR M 5 B e T S B, FLZE40 umol/LAL 34 5|

R AR |1 SAS4948A48 h/m BRI T3
Table 1 FCM analysis of A549 cells apoptosis rate after
treatment with Toosendanin for 48 h

B . Hidr, 7520 pmol/LF140 pmol/Lit, G, iIAI1S
LIEN R R T
2.6 JIIFRZEITAS49ZMARIA T HE X EE mRNAKF
SRpA
JIBR 22 6T AS494H Ji I T FH 5% K& P mRN A K -

QR SE R LS. gE R EUR, SN RALAR B, AR
FEH A54941 148 hJ5 Bax. Fas. CycsFlCaspase-3
FERKIE W2 B, Bel-2FE RIRIA W 2%~ g
BaxH1CyesHE M A8 b o 3, 7 5 BT Gil 24 &
(P<0.05).

R2 IR IT AS49L0 B L5 hi (K R B AL B 2 A (ks m=3)
Table 2 The mitochondrial membrane potential change of
A549 cells treated with Toosendanin (A'¥Ym) (X+£s, n=3)

W (umol/L) FUH T 5 H (%) WSS (umol/L) LA L LA
Concentration (pmol/L) Early apoptosis rate (%) Concentration (pumol/L) A¥Ym

0 8.62+0.23 0 255.66+13.17

20 10.34+0.35%* 20 186.32+10.27**

40 13.18+0.41 %4 40 143.33+12.54*+AA
60 11.25+0.26* 60 112.8748.39%*

*P<0.05, 5% 4 LL %L 4P<0.05, 40 pmol/L) 1Bk 2520 F120 umol/L) 1|
b EITE|= P

*P<(.05 compared with control group; 4P<0.05 compared between
40 pmol/L Toosendanin and 20 pmol/L Toosendanin groups.

FL1 Log

©

-

-

B
C
10° 10’ 10? 10°

FL1 Log

(B)

(D)

210

*#P<0.01, SR L 44P<0.01, 40 pmol/L )1 BR 2541 F120 pmol/L
JIBRER AT LE AL
##P<(.01 compared with control group; 44P<0.01 compared between

40 pmol/L Toosendanin and 20 pmol/L Toosendanin groups.

10° 10

FL1 Log

10? 10°

10°

10
FL1 Log

10? 10°

Az XF G B: 20 pmol/L) B2 4H; C: 40 pmol/LJ 1B 254 ; D: 60 pmol/LJ1BK 254 .
A: control check; B: 20 umol/L Toosendanin group; C: 40 pmol/L Toosendanin group; D: 60 pmol/L Toosendanin group.
El5 )15 3R Xt AS494R B 25 R (4 K R (AL B9 2P

Fig.5 The effect of Toosendanin on mitochondrial membrane potential in A549 cells
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Fig.6 The effect on A549 cell cycle treated with Toosendanin

1
A mm G
mm &
80
== S

[N O R LY. = N |
S o o o o o
| | 1 1 | 1

Cell cycle distribution (%)

—
S
1

0_

20 40
Concentration (umol/L)

60

*P<0.05, **P<0.01, 50 20 LA 4P<0.05.
*P<0.05, **P<0.01 vs control group; 4P<0.05.
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Fig.7 The cell cycle distribution of A549 cells in each group
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<
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*P<0.05, 5% 4 L AP<0.05.
*P<0.05 vs control group; 4P<0.05.
E8 JIl#E 3t Bax. Bcl-2. Fas. CycsFlCaspase-3
mRNA7KF B9 A
Fig.8 The effect of Toosendanin on mRNA level of Bax,
Bcl-2, Fas, Cycs and Caspase-3

Aib P48 h) F] A A54941 Jitd HBax. Fas. CycsHlICas-
pase-3 8% [ FUKF W3 B, Bel- 2 FUIUKE B3 R
W, P BaxMICyesth H UK AR i B 2, 7257 A
HE R XL (P<0.05).
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Fig.9 The effect of Toosendanin on Bax, Bcl-2, Fas, Cycs, Caspase-3 and f-actin protein levels
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Y/l N2 = M R a P ATTI= NP & K (B i)
U e 2 —, HAAT R A R
R e e i 4 A R 8 P 6 SR, A e 4 i 2k
AR 12 il JRa 4 98 T VR T JRERE 1 AT T B
AR B GRS, RS n 5 5 22 8 40 i
AT, an LS RS R s, g8
IR IR, PR 2 ] sead it 5 eSS WIBH iy 175 = FLIIR
FE AN PR T, 3K AR AT B 25 AR Bt4b,
R ZE T N JH- e 240 LR 1 995 40 B 380 B A B A i
FIFER . Ji AR, 72k EIREU3TAN I, NI ER
R 40 i BE 7T Go/ G A S 1 77 2075 5 4 i
T DL RS, JIBRE A i e I Pe e 25
W) HACR S o APORE it 40 R T AL AN BH A
g b, AT ST LA il iE ASA9GH i A B 506 %2, X6 L
ML TALRIEAT THRE

0 A T LD R B B BT o B bR
(1) A A T AR AR A o, X 5 08 T RE 7 19SS FH 4 B
e 1R THE DA ™, g fe i 1ok e R = 4
GRifRIEAT, FET AR TN N i ikt S,
ERARIRAEFIGE T 52 AR A A 15 0 L3 ) 40 oA
T B E AP LE g 0 T 1 3, 2ok AR 25

LRI FE WA, — 7 TH, SRR IR A R E
37 S G N, — S8 n] P A IR TR BURE i3
it Sy — 7 I, SRR I FLA 25 PR, Caspase-8
FEHZHPRIET AN R R T ® AT, eIl
o 50T AR FasAH BLAE H M A 34k, i3 3l Cas-
paseZk [N, WA N Caspase-355, 5 341U L
P, ARSI R, TR ER W] e i 2k A4
AT MIGE T2 2 AR IR A2 WML 3 55 5 il A 549
AP T,

MM TR R — AN W R
. HArRI TIRZ 2 59 Tk +, WFas
M FasL. Bcl-25J%(bax bad. bak%s). Caspase %%
% (Caspase-3+ Caspase-8. Caspase-10%5). CycsZ,
CATT R A S A0 M T A e g e R T, 3L
DyRe MLHIEAE R 2D 9E . AW A AN
PATAHOCIE AT TR, 25 3 o, JIs R b
JiBax. Fas. Cycs. Caspase-33& [K ¢ '~ i Bcl-2%&
PRI IL T T Bl AS4940 BRI T L, Bel-2FE PR A
Cyes{EF PN ML T B R R BRI o Bel-25K 05
B AL RARN g i T iRAEH . E
WO TRk R, R R A B T g, Al
Ji €5, 32 C(Cyces) e r A4 PR RS JEON e 5 OGB4
41 B 6, 25 CRE 2 5 7] 3% Caspase, NI 51K
RN, T EAN AP T gk ARG R TN,
B 22 Ae % 30 1L 0 B Bel-2%5 FE R 1 3 T8 15 5 il
ASA9YN B T # JHAEUIE TR I, 4l K I 3 ] A
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