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Effects of the combination of Simvastatin and 5-FU on
proliferation and apoptosis of K562 cells
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[ Abstract] Aim:To study the effects of combination of simvastatin with 5-FU on K562 cells in vitro
and their antitumor mechanisms. Methods: MTT assay was used to determine the inhibitory effects of the
drugs on k562 cells and real time fluorescent quantitative reverse transcription-polymerase chain reaction
(FQ-PCR) used to determine the mRNA levels of bcr/abl fusion gene. Apoptosis was analyzed by using
flow cytometry and Hoechst33258 staining technique. Results: At lower concentrations, combination of
simvastatin with 5-FU had greater inhibitory effects on growth and proliferation of the leukemia cells, and
also induced apoptosis, when comparing with the higher concentrations of the drugs. It was found that all
concentrations of the drugs used in this study showed to be able to suppress the expression of the fusion
gene ber/abl. Conclusion ; Combination of simvastatin with 5-FU has a significantly synergic anti-cancer
effect. The antit\umor mechanism may be associated with induction of apoptosis and suppression of the fu-
sion gene ber/abl of K562 cells.
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A&, % FRMITERA 5-FU X KS62 1M R M - %m 579

fBIT 854 B X8 T I K I6 YT 5 A8 B mE i
5 , L EER LI BA - VT 2525 W R0 1 B Rp T
BT B ST, Xt IE % AR b
BYER o 5-BURMELE(5-FU) 8B T DUDP i DT-
DP fy#7F, 1% DNA M4 & /L, R AR R
o1, RWEIT M BB R E R M IME R R R &
HHNAYZ—, BEWERE K, BATERIET
T I LWk A ST 25 Y%t B 40 AR AE A B R e B 3R
Be/b | @ % W 2E R 7T ( simvastatin, Sim ) & 5-FU
BRAX B IR K562 4R A4 K R, KA RIFITH
EHURTURIER, A D B L5 36 5T IR EERT 8
LK.

1 ST E

1.1 &%

A SRR B A8 K562 4l i B K¥E
FEHRMBRHARTEY, FRMAT(IEENEY
b, #5:20071101) , RPMI-1640 3535 %k (2 E Gibco
AF), /NI (RE GM A7), TRIZOL |
(% E Invitrogen A 7] ) ,M-MLV %% F&§ (£ E Pro-
mega A H] ), Taq B§ (X E TaKaRa A F]), HIEWE
(VBT Biowest 28} ), Genefinder ¥4} ( 52 E MBI
A 7)) ,RealMasterMix( 32 [H TaKaRa 22 %]) . 3|¥1H
EEBEYTBRERERAFE R,

1.2 Hi&

(1) FRAITAE SRR E BTk
LEEREMASFRMEITEYRNVBEKED
NaOH,50 CK% 2 b, {8 pH = 7.20, 5 3BFRHE, ¥
X 10 mmol/ L, 3 ¥J5F -20 CHRELM, A
B RPMI-1640 BREEMAEFER, 5-FU X
BEAELKBBEZHENKRE.

(2) ZHpEHIE K562 BRI %R 10 % /h
4% HBX 100 pg/ mL EBHK 100 ng/ mL K
RPMI-1640 ¥ 3£, £ 37 C .95 % 78 FiE & (R
SR 5% CO, IR PHAER, B2 ~3 RBEK
feRH 3.

(3) MTT ¥ SLI/4H:A 4. Bm3FERAMIT,
KIKEH 8.0,16.0.32.0 umol/L;B 4 . H40 5-FU,
KFERWREN 5.10.20 pg/mL;C 4 : B4 HZ(Sim
+5-Fu &fN: 8.0 umol/L +5 pg/mL,16.0 pmol/L
+10. Opg/mL,32.0 wmol/L +20 pg/mL;2s (% B
H: N5, HHEBUMKER | x10°/mL BfpF

96 fLik +, G FL 180pL, 43 FIAD AR FE ¥ F &) Sim,
5-FU, Sim +5-Fu, R E R LR E ., B MKE
BIHEERRES MEAL BETERBER AL
W, 524.48.72 h JFEM MTT 5:F 570 nm JK
WEHFLBAE(A) I B AR EIR,

MM FH MBI = (1 - KLBH A H/ XA A
{8) x100%

(4) MBS ERIVEN D RASKRAR Q=
E,./(E,+E,-E,xE,) HIB 25 R R 25 ¥k BE A
HERAREARERM, P Ea+b A ERHBYH
MHIR, Ea Eb 535k A Z5.B 255550 FI 25 A i
H, HQTE0.85~1.15 WABWHAE AHLiMm, Q
>1. 15 A HEER, 0< 0.85 MRREHEEH
HEDER.

(5) MAHAEA BT EKIH K562 4
B, AWK EE N 1 x 10%/mL 5 F 12 LR+, S
800 pL, A £ 32.0 umol/L 4 Sim; B 4 Jim 20.0
pg/mL ) 5-FU;C 4 % Sim +5-FU MBIV BE; iR
RInTHRAAEXN BRAHRKE, BMEER3 MR
FL, 353 48 /e G USSR 4R, FITRYS PBS ¥E2 K,
RRDBCH 70% K ZBE4 CEERRE, L 20 pg/mL
BULREEALTE 30 min, MABRAAEREBBRELR
BYRE 50 peg/mL, #6630 min, 28 55X 40 BEAY
BT A5 kR,

(6) Hochest33258 Ju€5, ZHBUALZE[E |, 4048
W48 h 5, WEMM, Fi¥ 0.01 mol/L PBS K&
YERE , B B, IR R R 2% 40 B A v v
BIH ERA . ZREATHR, FE: KERE SR
& %€ 15 min,Hoechst 33258 Ztf8 T fE#k (10 wg/mL)
W YERL 48, 30 min, K MHYE S min, T BB NE
HRATIS.

(7) et ER RT-PCR A HH[E L, %
FE48h 7, MESH4M, A TRizol iz 57 32 B &
RNA, ¥ FRMIAR 4 pL 5 x By 0.75 pL
ET#314%.1.3 pL dNTPs.1 pL orligodT.0.5 pL
RNA B .1 pL M-MLV % # R E§.2 pl &
RNA, FZE/K*NER 20 pL, IBEETF 37 CRE
1h, 95 C KR 10 min, BETE L, BF -20 CI{
FFo 25 pL B PCR AR B4R 1 pL, E TS
14 1 pL,11.25 uL #9 SYBRgreen IR & Ju b, ¥ E
JC RNA B§f9K ZE 25 pL, IBEE , A RIETF L+
HITRRE . KABINTF:95 C 15 s TAE#H,95 C



580 BRREER(EZER)

B29%

45,60 C 155,72 °C 15 s 3L 45 PMEIF, FTAEHIRE
AR E — DA AR AR ) BA XS R, AHERR
FHIERIEER . BIFEARHERTZR, BiE B BT MR
M—BE RS RIOR(4], B RATE 2794 G E%

Pt FRA A A B9 B A9 EE ] mRNA KIFEXS &k
BMZER, U AAC {H(% £5) HEBERBITHITS
¥ REE R AS G FSI(RE L) .

*1 KUBEHESIWFT

R EMA5Y R34 YKE
ber/abl  5'-CCGGGAGCAGCAGAAGAAGTGT-3' 5'-CCGCTGAAGGGCTTTTGAACTC-3’ 214 bp
GAPDH  5'-AGTGCCAGCCTCGTCTCATA-3’ 5'-TTGAACTTGCCGTGGGTAGA-3’ 296 bp

1.3 Zit¥FHE

KA SPSS13. O itk siT . RATE
BEMLIE T A9 38 K 5 225347 (one-way ANOVA) 437
HARERMEENE, BEEZERERN(P <0.05), 57
BEHIEHLL(% £5) TR,

2 &R

2.1 Sim % 5-FU 3§ K562 ZRfut85a R RNy

RFRWEER ) Sim 5-FU 800 FIEK-& B FH 27T
AT B 76 4 S KS62 ZRAR IS A, IR A A
BHE - %R, BR Sim +5-FU K& FHZAMF
TERB A —FZEER(P <0.05) , P PWREH
BK-B P25 2EL T 9 1055 490 D B A A 410 ) R i B S B
B(RFE2),

%2 Sim & 5-FU 3} K562 4B F (T x5, n=3) B9

a3 %%

Uh 48h 7h
boy ] 0 0 0
Sim8 pmol/L 1.322:1.86"  16.2:0.21"  22.39:0.56"
Sim16 mol/L 19.31£0.28" 2432151 32.08+1.25"
Sim32 umol/L. 30.20 1,759 36.80£0.28"  49.12:1,34"
5-FUS pg/mL 16.11£0.362  24.36:0.51  27.6310.65”
5-FUI0 g/ 23.6¢1.692  30.60£0.15  40.75:0.617
5-FU20 pg/ml B12:15%2  40.283:2307 49.5641.23%
Sim8 ymol/L +5-FUS ug/ml  32.0251.637  45.3311,25%)  54.26+0,74%
Siml6 pmol/L+5-FUI0 py/ml  49.12:1.34%  58.37:0.61>  64.07:1.36”
Sim32 pmol/L+5-FU20 p/ml.  60.36£0.257  65.35£0.64>  70.74£2.01%

H3i A, 1).2) 3)P<0.05;5 Sim A H.4%,3) P <0.05; 5
5-FU 4 He8k,3) P <0.05

2.2 WHERKRSH

PIZHER A& B F X K562 4R fE A 24.48.72 h
J& ARWREE , R R BERR & BHR A U R AR A, R B
ERIANEIER(RE3) .

#3 Sim 55-FU BRA{ERAT K562 41faky Q {8
4 5] 24h 48h 72h
Sim 8 pmol/L +5-FUS pg/mL  1.23 1.24 1.23
Siml6 pmol/L +5-FUI0 pg/mL  1.26 1.22  1.07
Sim32 pmol/L +5-FU20 pg/mL  1.13  1.04  0.948

2.3 PIEFHEMBRBAULRE

B RER Sim 5-FU, MBS e B4
48 h J57 , AT REEE B & FA 29 VR BE 5038 I 7 B 3 3
i, SEHYERTHRE , RTR8s g REs
2 EBEER(P<0.05), Sim Bk& 5-FU ERF 3
[EIe st K562 gifaET-HfER (% 4,8 1),

%4 Sim B 5-FU{EAT K562 HRE_f
EE(xxs, n=3)LLE

H5 RT3/ %
PO g 3.26 £0.68
Sim32 pmol/L 8.65 £0. 12"
5-FU20 pg/mlL 9.36 £1.13"
Sim8 pmol/L +5-FU 5ug/mL 13.0 £0.36”
Sim16 pmol/L +5-FU 10 pg/mL 22.39 +1.56%
Sim32 pmol/L +5-FU20 pg/mL 29.68 £2.01?

Sy mAS,1) P<0.05,2) P<0.01

2.4 Hoechst 33258 A URMAMATHEFEL
75 T HR A R LB B PR T B, T Sim 5-FU,
AT RARAT-MIEARFRE : L EE &
B, BB NA—B R/, R/ ME(RE 2) o
2.5 LN ER RT-PCR BMEZER
ber/abl B4 3B PCR P 045 il s SRS 7
86.0 C, GAPDH Hyi&/{E7E 85 C, Bl
WRAREE HG TR Y, SBHBN
A HKEE mRNA WA RABRHEREK, FE
EHER(P<0.01), HAERE mRNA MHEXTRE
BHESAHAREN RS>, REEBRRXR
(RE3),
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1. X4 M4 ; 2. 5-FU20 pg/mL; 3. Sim32 pmol/L; 4. Sim8 pmol/
L +5-FU 5ug/mL; 5. Sim16 pmol/L +5-FU 10 pg/mL; 6. Sim32
pmol/L +5-FU20 pg/mL. SZH4H 55T ERALLLEKE, P <0.01
B3 ber/abl BiaHE mRNA KX K&
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FEARAMIT RATHZ Y —F, BGIR LI R
JE FE R MUAE T 2259 ; b T K25 Wbk B A M AE F EER
YERRSE, % Tt By LA YR TE A, ELAL I 5 4 1 B
AT MR AT A X U, S-FUR
e R— PUB 254, (BR N BIER K, IGR L BBE
%5, H B E T, EE s b L2,

3% F Sim 1 5-FU X} K562 4Hffi4E K94
NEBERMEER B EBKANA, BAE®RKN
W KS62 MM A KKITEA. MIT I8 REH . R
[ ¥ B 3 AT 55 5-FU BR-A BB, 1P R 38
—F YRR, P IREMHR R AE IS, B2
it E] I BB . PIZIRCR AT B RIR
FREKSEARIER, MERERS RN
ARAYE R, IR BI K L o ¥k BE B AR AT SK PR E
5-FU BR&FH25, B8 5 8 B 3= R At 7T SR 88 A 5-FU
T A A 4 A T A0k B 2 R R B T AS BB R Bl T
%, EWZHK PR EBA A R 4 i s e
YEH S SRR AEBEER L.

AT RILARIR N R RIE RS KR
MMERTTHRANEERE, ALHNFARR4E
REERBR:Sim 5 5-FU, B YR BE FI 25 4 B AT %
5 K562 ik AT, (AERA A AMMAT-E
B FHZARE, FAERLAT B AELIT¥
B X (P <0.05) ;{58 : IR BE R BK & FZG i3 4
BETAIEAREARREER, UREERENAR
BERBIRR . BARPERA NS F AT
HEA P RIZA , X 3T M B va I AR MBS B
HEEMEX.

ber/abl & CML i I MIAFIE EAEE,
£ CML &kl ¥, SRLN®LE | RT-

PCR #ll ber/ablmRNA R 3EKFEH7AEtL, #—F
P NG 25 A BIBE T A ber/abl @& ZEFE HWER
%, EBEEE S FZW BRI, B fZE mRNA §)
AEXT RIS R RS W E IS T, RA B
RER,IANHFERMITERE 5-FU A RTUBERS
ber /abl B-& R MRE T HAX,

Agarwal 2 IR 55 i Ah 7T 25 4 T 40 28 40 g 7T
LA fn B FUR S BE FDEH B S MR T, R AR A
ToIPHIZER Bel-2 BIREM T RE, I RBHET-ERE
Bax iKW . FRMIT S 5-FU B &4 AR, %
R BE AN b vk BE K -5 I B A B[R] 0 0 40 B 86 2 A9 1
PR, ELECA0 ) 400 1 7 AR 0 R R T AR R R B
Rzsys  RE2 B A B RARKRENY R AREEIN
BOR, EHLH AT BB A AR TER G 5-FU 7] F i ber/
abl Bi& 2 mRNA HR3K, FAMFA T,

[ &% 30k]
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