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[ Abstract ] Background and objective Recent research shows thioridazine which is a kind of phenothiazine anti-
psychotic drugs can inhibit the proliferation of various tumor cells in vitro, but the role of thioridazine on lung cancer has not
been reported. So we choose PC9 cell lines as the research object, the aim is to oberve the killing effect of thioridazine on PC9
cells and investigate its possible mechanism. Methods After being treated with different concentrations of thioridazine, the
proliferation of PC9 cells was determined by methyl thiazolyltetrazolium (MTT) assay. Flow cytometry was used to measure
the cell cycle distribution and apoptosis. The expressions of cell cycle-associated protein CyclinD1 and apoptosis-related
proteins Caspase-3, Caspase-8, Caspase-9, Bcl-2, Bax and Bcl-xl were detected by Western blot. Results The proliferation
of PC9 cells was significantly inhibited by thioridazine in a dose- and time-dependent manner. Flow cytometry showed that
cell cycle was arrested in G,/G, phase and the apoptotic rates were significantly increased with the increasing concentration
of thioridazine. Compared with the control group, the differences were statistically significant (P<0.05). Western blot analysis
showed that, compared with the control group, thioridazine reduced the expressions of CyclinD1, Bcl-2 and Bclxl (P<0.01)
and increased the expression of Bax (P<0.01). In the mean time, thioridazine promoted the activities of Caspase-3, Caspase-8
and Caspase-9 (P<0.01). Conclusion The mechanism of thioridazine inhibiting the proliferation of PC9 cells may be related
to stimulation of Caspase apoptotic pathway, down-regulation of CyclinD1, Bcl-2, Bcl-xl and up-regulation of Bax.

[ Keywords ] Lung cancer; Thioridazine; Apoptosis; Caspase apoptotic pathway
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) H Sigma’\ Al ; Annexin V-FICT /PTXL Y I T4 12 5]
& LA R A0 JR S9AG D 3R) & 0 1 DUIRE A W 5 /N RBT A
CyclinD1, Bcl-2, Bel-xl, Bax#.5gFEPUiAR N F Abcam/y
i ; ﬁ'g,j{fTJ\Caspase—S N Caspase—S%l]Caspase—9$ﬁ|§§ﬁ,1¢
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1.3 MTT A I 20 M3 G A0 280 O A K PCoZ
B, A0 RO A R S %104 /mL, 100 uL A
LA T o6 LR, SCHR L AN BRI S AL, i
GALLIJCHPBSIE T . 37 *CHFE 24 h R AN BEAE K, 5K
BG40 A 10 pmol/L ., 20 pmol/L, 30 pmol/L, 40 pmol/L
S0 pmol /LAY AIR R, X RRATINASEFRIE, il THE 5%
12h, 24h, 48hj5, HFLIMALOUL MTT (Sg/L) , 4k%k
WiFi4h, 3k B3, BFLINA100 uL DMSO, =R
10 min, AR F AN A ALAE490 nmAb G EEAE (optical
density, ODfH ) . %A IHEEAMIAEIE %= (SLEZOD
P /% B ZLODYIE ) x100%, I FHSPSS 16.045 1 #ff:
TR A R B 2 B B (half maximal inhibitory
concentration, IC,; ) .

L4 37 A A AS D00 210 JR 48 Ak OO 250 K TP Co g
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fzi4 °Cl# %212 ho 1,600 r/min.[>S min, 722 [EE K 2
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F°37 °CKIB30 min, B3 BV, TA400 pLAfL A iE
( propidium iodide, P1) Y4k, 4 "CHEEHFF40 min, [
YU, S E A3 .
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A—$t (1:1,000% K ) MFE, 4 °Cild, TBSTHE3IR,
K10 min, 4T (1:5,00045F¢ ) EiEBFHE1h, TBSTE
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2.1 AR XINSCLC PCOAH I FE 50 MTTAG 45
BN, MALGAEMEMA12h, 24 h, 48 hj5 XTPCOZH L[
SESH AT IR, HIC 35y (45.851£2.59 ) umol/
L. (37.726+1.96 ) umol/LAl ( 32.594£1.73 ) pmol/L,
BT B S g XA R, ERAGITFEE X
( F=362.7. 439.6. 911.1,P<0.05) ([&l1) ., FIE ¥
e (%2001 ) TWEAIMIIEAS, ] WLRHE 250k B2 1
HEIN,  TEH R A A L . AR BN L AR
AN TRTBRIE I, AnfE AR B AR s, BRGNS 2 (K
2) .

2.2 YA LA A U BT 35 8 X PCOZN B SR A 52 1S
umol/L, 20 pmol/L, 2S pmol/LHiF| ik %4EFHFPC9

B 1 MTTE BT iR PCO YA A A HE T8 I I 3 KL
REREFAEBREAPCIOMAEI2 h. 24 h. 48 hF, 75l
RAMTTE N EARAEFER. SRRHEDN, FEIRE
BRFXIRER12 hE5XTRAELLE, “°P<0.01;/EM24 h
E5xBALLE, *P<0.05, **P<0.01; {EFA48 hiE 5318
ALk, “P<0.01,

Fig 1 Proliferation inhibitory effect of thioridazine on
PC9 cells detected by MTT. The viability of PC9 cells
treated with different concentrations of thioridazine
for 12 h, 24 h and 48 h was detected by MTT assay.

The statistical analysis was performed with one-way

12h
24h

48 h

analysis of variance. **P<0.01 compared with the
control group after being treated with thioridazine

60 for 12 h, *P<0.05,*#P<0.01 compared with the
control group after being treated with thioridazine
for 24 h, "P<0.01 compared with the control group
after being treated with thioridazine for 48 h.

T30 T40

[ 2 BRFERIER R PCOMBMASZFEHIF M (SP, X200) . #KE 420 pmol/L. 30 umol/L. 40 umol/LESFRFIEBEIERFPCOMAE24 hig, MEEMAMFE.
Fig 2 Effect of cell morphology on PC9 cells by thioridazine (SP, X200). The cell morphology was observed after being treated with different

concentrations of thioridazine (20 ymol/L, 30 umol/L, 40 umol/L) for 24 h. T: Thioridazine/uM.
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MAE24 W5, Go/G WAL LB 5350y (48.9+3.1) %,
(59.742.8) %, (742+3.2) %, AT G,/G M2 L
B B, BRI A R AT 5 S PCOZ Il & A4 G,/ G 1
BHE , SXTHAZE (40.0+2.5) %Aftl, ZEFAGZIFHEX
(F=76.51,P<0.05) (K3) .

2.3 3t XA B AR ARG 0 5 1) 5 W8 X PCOAH LI T R 52 i) 20
pumol/L, 30 ymol/L, 40 pmol/LE‘]@ﬁfFUiﬂjﬂ%{’EFﬁﬂ:PC9éﬁﬂ
Mi24 b5, fEdEAM R AT, HIET R0 500 (9.3
2.1) %, (28.7+4.7) %, (50.0£5.4) %, 5% 4H
I, ZSAE%FE X (F=104.7,P<0.05) ([&4) .

2.4 Western blot# il JE B M FH T-AH B 1715 Western
blotZ5 R /R . SXTRIA L, Bl G R s R 2 v FE 1)
o, I A CycdinD1R A i ( F=23.58, P<0.01), #i
T MBd-27%315 N ( F=16.87, P<0.01), BdxIZiLkF
P (F=51.47, P<0.01), T & HBax#ik Fif ( F=26.44,
P<0.01), igﬁéﬂCaspase—\’a\ Caspase-8 . Caspase—9fﬁ‘f&"ﬁ‘
XTREZ I (ES)

3 e

EGFRZEAF JENSCLCHH UL JE R 58 AR R/ | 22 15
WFSRUESE , EGFRIELIR 545 55 /N5y s G4 U84 1t 400 1) 741
(e e . JmIEEIRE ) MITROCR %Y, Tokumo
ST 2 1 INSCLC R BB 5T R . &R EGFRIEAS I
NSCLC £ % 75 B8 e B3R Y7 I 24 % 1 3 15 TEGFRA %
A o H S BRI R ARG YT R R i B R A 3R AR
PEMN 2, AT 24 () B3 R BLiR T A R 25 —— Tl 4k
B2 KA P EGFREZS RINSCLC /0B, fr LASSE
B Ve EGFRIE A RINSCLCAH MR PCOTE M BFFEXT 42

TR AR R Ay — R B HUR BN 258, %2
FHT RGP BU0E . BAERE SRS MBS IRYT o BEE BT
FERA, 258 R UIBL AR R IE RSN & B & T
PR FH o Mao 5P B A 1 e vl 3 sk L iy 22 E4 i 2
WA SFHESES, IS E5 S E SR SiHa % A4
P, BERERAA G AT REAE A —FE P IPIE 25 . Lu
A1) I 40 ESNU449 . LM3FIHuh7 WIF5Est4:, &
L ) 3 W X P9 24 L5 8 g 400 0 P S22 00 e, T
BES BRI R TR A0 & 2E Go/ GBI BELIHE LA S il HL
TPEHEEICD133 . OCT4HFIEpCam (¥ FRIKA Ko A4S
R R, GRS AT E I PCogr g 4 , LA
A T S22 o ) e R M — — B 2590 0 T i, PCOZH
a4 AR B, T A R B A IR IR S5 A

7N, 25 pmol/LIN ATV E IPCOA LSS, AT Go/G Y]
Y M B B v, Tk 74.2%, Bkt R 2H 40.0% HH I 0 2
SRR A IR 0] 75 S PCOYN I & A= G/ G JHBH A . BIFSY i
7N CyclinD U ¥ 40 ML G A OCHE AR 11, B n] LA k40
NI G IHEASH, X ani R E e Em Y, A
52565 Western blot i} /R B A1) 15 28 0] fifi CyclinD 13635 R, M
T 00 61 A 2E A SHAR UERE , B A B A 7E G/ G,
o R ANIEARLGE R BN, 20 pmol/LAGHLF kM Al
P FPCOMMIR A AT, T h9.33%, HEEEZ WMk
BERRETN, AT R B BT, SRS T BRI A R A
ShEABUMEE

T RN R EEET, SR AL KR
YOG, Bl 25K 8 115 Caspase K& FI7E A LA T
K R R A AN, B 2R R E 1
PR Vi D22 % A N N B 71 s e 3 A = 3
FEL TR ™ Bl-2 B el-xIE Sy 8 S A4 T A
+, A BH3ZE A S A 4 T 2R R S IR SR A
AT L, PR AN IE AP T2 5 R Bf Bel-2 0
Bel-xIt 53 2 il 40 Ml (1.2 C ( Cytochrome C, Cyt C) Y
BB T AR I T 8 A Bax U i i R
BB AR E I, fRIFZRAR R Cyt C, MIMTIE & 4
J T, Caspase FHEAEA FARAII Tt B b R 45
BFEAEH, HrhCaspase-8, Caspase-9J&HT-J3 8K ¥,
Caspase-3/ZJH TP TR o ZRARARBERICE 2K 1 Cyt CHT
i ) 5 Apaf-1[H 7RG AT i Caspase-9 PN I 14 I T 3%
&, YKTE0OE T e Caspase-3, 53K Caspase K i [ 175
KPAT ANIEEJE T 348 P Caspase-8if fb 5 JLT- figd
T AT G S % Wi Caspase AR MR =177

M HIE SR A 1 6 1] 1 3§80 Caspasei #4275 F B
TR T R A s e R & IR A ik O AR
FEANMISKOV3 . A27808 T, Wl fgSIL FiPS3, Bax, fifg
JiiCyt C. active Caspase-3%ik, FI#Bcl-2, ZFifACyt C
FIRA K X PIIFIER BT B A 1 58 75 g 20 B O 1
FIALEI AT BE S B2 1 . Caspase IR 141 Ko A
gy Western blotZ5 4/, BE& 250k B B3 hn, PC9
L AR 8 TR I Bax3Rak EE,  [RIBTIH T8 FIBel-2
Bel-xIZRik T, 5XFRRZHAR L, SC50 4 i N Caspase-3 |
Caspase-8 fllCaspase- 975 M Wi, A F45 R 5Mu,
FERAF TR RN, SR W A 3k 8 5 S P CO 4 il U
T=, AJREJE I M Caspase WANME M T3 48, T
T IB-2, Belxd, FifBackSLHL .
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Fig 3 Effect of thioridazine on the cell cycle distribution of PC9 cells for 24 h. A: Flow cytometry was used to measure the cell cycle distribution
after treating with different concentrations of thioridazine for 24 h. B: The differences were statistically significant by compared with the control
group.*P<0.05,**P<0.01. T: Thioridazine/u M.
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4 HFIEBRIERA24 hIFXTPCOMALATRIZZ M, AiREZ 20 umol/L. 30 umol/L. 40 umol/LHEFIEBEIERA24 hig, X AR FHAnnexin V-FITCHI
PIRURHE T ARBA TR | B: 53 HBAMEL, SR AMMATRBE EF. *P<0.05, **P<0.01,

Fig 4 Effect of thioridazine on the induction of apoptosis in PC9 cells for 24 h. A: After being incubated with different concentrations of
thioridazine for 24 h, the apoptosis rate was analyzed using Annexin V-FITC and PI. B: Compared with the control group, each experiment group
induced an increase in cell apoptosis rate. *P<0.05, **P<0.01. T: Thioridazine/uM.
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& 5 Western bloti&l B HA & B T-#H % B HKFEHIZ., A:20 umol/L. 25 umol/L. 30 umol/LESFEFIiLRRER24 hig, Western bloti& il EHIEXER
CyclinD1#9%iAKFE ;B : 5388£848EL, CyclinD1Z3E T, **P<0.01; C:20 umol/L. 25 umol/L. 30 umol/LEIFEFIiARRERA24 hig, Western blot#&ill
AT #HXEHBcI-2. Bax. Bcl-xl. Caspase-3. Caspase-8. Caspase-9HIFRiLKF ; D: 5xtFEAMLL, WATERBC-2. Bcd-xIRiE T, RATEABaxFIE
Lif. **P<0.01,

Fig 5 Expressions of cycle- and apoptosis-related proteins detected by Western blot. A: The expression of cell cycle-related protein CyclinD1 was
detected by western blot after incubation with different concentrations of thioridazine for 24 h; B: Compared with the control group, thioridazine
down-regulated the expression of CyclinD1. *¥*P<0.01; C: The expressions of apoptosis-related proteins Bcl-2, Bax, Bcl-xl, Caspase-3, Caspase-8 and
Caspase-9 were detected by western blot after incubation with different concentrations of thioridazine for 24 h; D: Compared with the control
group, thioridazine down-regulated the expressions of Bcl-2, Bcl-xl and up-regulated the expression of Bax . **P<0.01. T: Thioridazine/uM.
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