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(25~200 pmol/L) 43 (24.48.72.96 h) J§ K562 ZHHaH bel-2 mRNA .bax mRNA .survivin mRNA # B #3528
s K i Western blotting Jr 583l K562 41l BCR/ABL BB E K Paok F. R TRFEAM Ko62 4185,
PuBEHF/KFE T, I 20 R A BRI bax £EREBE 118 bel-2 BERKXRE T, survivin mRNA £
HRETH. it ERFES Kooz ARATHILHTHERZES T A BCR/ABL A& H K Puo.bel-2
survivin mRNA EHRFEE R Eid bax REFEXRZHH.
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Apoptotic mechanism of leukemic K562 cells induced by mangiferin
PENG Zhi-gang', LUO Jun', LAI Yong-rong', SONG Shan-jun?
(1. Department of Hemotology, The First Affiliated Hospital , Guangxi Medical University, Nanning 530021, China;
2. Department of Hemotology, Union Hospital, Tongji Medical College, Huazhong University
of Science and Technology, Wuhan 430021, China)

Abstract: Objective To study the apoptosis mechanism of K562 cell lines induced by mangiferin.
Methods The mRNA expression levels of apoptosis-related genes including bcl-2, bax, survivin of K562
cells treated by mangiferin (25—200 pmol/L) for 24, 48, 72, and 96 h were determined by RT-PCR; the
BCR/ABL protein Py, level was detected by Western blotting. Results Mangiferin up-regulated bax gene
of K562 cells significantly and down-regulated bcl-2 gene slightly, resulting in an enhancement of the ratio
of bax/bcl-2. Mangiferin down-regulated the expression levels of P,, in K562 cells in a time- and
concentration-dependent manner and so is the expression level of survivin mRNA in K562 cells. Conclusion
The mechanism of mangiferin-induced apoptosis in K562 leukemic cells might be involved in up-regulating
the gene expression of bax and down-regulating the mRNA expression of BCR/ABL protein P;;,, bcl-2,

and survivin.
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TR EEILH S AHR, A, ALK RA RT-
PCR. GBI EHAR , #— SRR T H B MR
BEEAMLHE, DR ERFTEIOLRPRER
HELERITME,

1 ##

RPMI-1640 353 3 K Trizol FI W EH EH
Gibco, /NEI3E (Hyclone) ; #i%E F & MMLV, Taq
E#.dNTP.Oligo ¥ B Promega /A #]; EE WS
FRizE (KEEEYAF).PVDF R (XH Bio-
Rad /A #]).BCR-N20 (% Santa Crous A #]) .3k

a5
WA EENA966—), B MHBREN  BE¥ S+ #8. HLESIN, S AEHAEE-WRAERKOBANE ZE, PEEXS
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BEFRCILER % IgG (H+L) deFEPIEHEAR
/A8 . Monoclonal Amti-B-Actin (Sigma A #]) .3
BERCILER AR G (H+L) dtEPILEYE
RAFD . .BEW (Ecl A Wi+Ecl B #) (#E Pierce
8D .FITC #RiEHT IgGl (£ EH Pharmingen 2
A ERFHT T RIKEBEKEETRE 0K
REREZELET RESBEN 99.5%, 8 2%
NaHCO, ) 10 mmol/L, 43k .

2 XBFHE

2.1 #ApEESE. A8 PE BN B % 40 A bk K562
Ml P ER S LS AR R ARE, BT
& 10% Bad & A RPMI-1640 ¥Rk R, 7
37 C.5% CO MMM E R A PR BT E
KPARATER. ARMBERENR 1X10°/mL,
Beos B4, W4 (25.50.100,150,200 umol/
L #£24H) 2 5ER K562 4 24.48.72.96 h,
2.2 RT-PCR % bcl-2.bax K survivin mRNA .
F Trizol RNA #ERA &R E RNA,RNA &
BRAEINDHEEH B 1 ng RNA, 5% % B
MMLV200U, # LA R R AR TR WS &
4 1 cDNA , bel-2.bax fil survivin ZEFE Y K5
RAB M Bactin 51 HHREZEV AR B
actin 1 bel-2 3|9 5 ¥ iS5 B SC#k 77 355, bax
M survivin 3| 4% 4 3 2 B SO 0, B
actin IF X & : 5-GTGGGGCGCCCCAGCACCA-
3, K X #. 5-CTCCTTAATGTCACGCACGA-
TTC-3' , ¥ =4 B X 548 bp;bcl-2 1E 8.5 -
CGACGACTTCTCCCGCCGCTACCGC-3', & X
4 ,5'-CCGCATGCTGGGGCCGTACAGTTCC-3,
P =4 % 318 bp;bax IE X 4.5 -TCCACCA-
AGAAGCTGAGCGAG-3', [ X 4 :5'-GTCCAGG-
CCCATGATGGTTCT-3', ¥ # 7= ¥ R 257 bp;
survivin B 3] Y, IF X & . 5-TTGGCAGGT-
GCCTGTTGAAT-3', & S ¥ .5'-AGCCAGTCCC-
CCCACAGCAT-3', ¥ #7™=#) 2} 465 bp. bel-2 31
% 94 'C WAk 5 min,94 C 24 405,72 C iBA
405,72 C FE{H 50 s, ¥ 1 30 MEIF. bax FHN
94 'C Wi ¥ 5 min,94 C ¥k 405,55 C BK 50
5,70 'C 1Bk 60 s,y ¥ 30 MEHH , survivin R
94 °'C FAE¥: 5 min,94 'C 35 405,55 C Bk 50
s,72 'C JEf# 60 s, 71 30 MER. BHEFRE B
actin fENNZ M. 1.5% HIBHER (FRZE)
100 V & E i ik ML R, L HMERFE S Bactin 1]
FEHEER AN RER.

2.3 Western blotting f&#j BCR/ABL & & H
B PuokF - REBUBEH, —80 C RFF. M Lowry
ENEEEROR K 30 pg BEEBARES . MA
L#%Wﬁ?%% 5 min,EZEﬂE?ZKJ:;ﬂD#,&ﬁ%
Marker, 7 SDS-PAGE ® %, {H# 30 mA X2~3
h, EHBEEMBIHTEARKNREBE PVDF
JB,4 C R 250 mAX2h, BEASHERNL:
PVDF A 5% Biigy#% (TBST Ei#l) #iH,4 C

18 ; TBST &gk PVDF B 10 min X3 &KL MA 1 ¢

1 000 BB —Hifk (BCR-N20),% & 2 h;PBS
¥k PVDF i 10 min X3 ¥, A 13 2 000 FBEMH
BRI ALY EREEN 1gG H+L), ¥R 2h. KX
B-actin fE NS, BEFER L, T ECL &
B, 8%, Photoshop 6. 0 KIFEEBAMTER .
2.4 GHEANAXBWEE 3 KLU L FHEU
zts TR, LHRHA S BAR B L ¢ BB
TRBEHZRHUE . FHARKERHARAERTES -
#t . BLASE T 8k SPSS10. 0 AT A HTAE 3
3 &%

3.1 K562 408 bax 5 bcl-2 mRNA FEik i HE
B .22 100 pmol /L #BHAER 24~96 h J5 , BfE
FA i JB] R K, K562 48 bax mRNA HyAEsT #A R
(5HZ M Bactin M HE) BHM, BB FEHN
MR, S RV EE S LA I, 96 b Y bax
mRNA B & i (1.914+0.02 vs 0.86£0. 01,P<C
0.1 2 ARWELRHEIEM 24 h J5,bcl-2
mRNA K& BEWR R T RE A T 9, SRy
%t B 45 4 H, 100 pmol/L ERFMHEFHAEH I
bcl-2 mRNA M £ B T (1.28+£0.03 vs
1.5240. 05,P<<0.05), S, A ARKEEZREE
F AR RN E G K562 41 bax 5 bel-2 mRNA #ik
A0 Ho 8 B A B R L B R A R BE 0 e [R] B 38 B0, X L
EEREH K, 52 G X BAME, 100 pmol/L M
96 h 1 200 pmol/L {EF 24 h #HAY bax/bcl-2 {HIY
BEEFE,28% (2.8940.05 vs 1. 23£0. 05, P<
0.01) 1 (1.86%0.02 vs 1.2340.05,P<0.05),
GRALELIM2.ELH2, :

3.2 K562 41 survivn mRNA WEZEEBB: L
25~200 pmol /L FERFMHEA 24 h J5,K562 41H
survivin mRNA #2357k F BV & B4R, 5 R 25 %4
B 4 A kb, 200 pmol/L R FIEM 24 h, AL
survivin mRNA #Xf #£EZHBH A (0.8510.02
vs 1. 5140. 02, P<<0. 01) ., £ 100 pmol/L TR HF/E
FJ K562 4 24~96 h 4, FEE B/ 2 K , K562
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£1 EREF 100 pmol/L) {EF K562 FHF FlI R H/E 6 543 2 IM
bax mRNA %35 B0 bax/bel-2  (x£s, n=3)
Table 1 Expression of bax and ratio of bax/bel-2 of K562 i ®
cells treated with mangiferin (100 pmol/L)
for various times (x+s, n=3)
4 % {EAREI/h bax mRNA #ixf#AE  bax/bcl-2 B actin : i
f - 0. 86£0. 01 1.23+0.05 TR
ER8F 24 1.2440.03** 1.7940.04* Bel-2 318 b
48 1.5140.02* * 2.0940.06" * T g
72 1.8240.03* * 2.4740.04* *
96 1.9140. 02 * 2.894-0. 05" * M-Marker 1~6-0,25,50,100,150,200 pumol/L R

xR . *P<0.05 **P<0.01
*P<0.05 **P<0.01 vs control group

M1234 56

548 bp .

257 bp-—

~—bax

= B -actin

M-Marker 1~6-0,25,50,100,150,200 pmol/L #H¥
M-Marker 1—6-0, 25, 50, 100, 150, 200 umol/L mangiferin
M1 FRAREEREMEA K2 AR 240 F

bax mRNA I EE
Fig. 1 Expression of bax mRNA of K562 cells

treated with mangiferin for 24 h

M-Marker 1—6-0, 25, 50, 100, 150, 200 pmol/L mangiferin
2 FERELEREEM K562 41l 240 /7

bel-2 mRNA 938355

Fig.2 Expression of bcl-2 mRNA of K562
cells treated with mangiferin for

24 h at various concentrations

%3 FEREE
mRNA B8

fEF K562 4B 24 h 5 survivin -

Table 3 Expression of survivin mRNA of K562 cells

treated with mangiferin for 24 h at various

concentrations (x+s, n=3)

4 5 &/ (pmol » L71)

survivin mRNA 5 #5 &

i B — 1.5140. 02

TR 25 1.3140.02*
50 1.2340.03**
100 1.1840.02* *
150 0.96+0.03* *
200 0.8540.03* *

ExtmaAts. *P<0.05

at various concentrations
$£2 FRAREERFEM K562 4158 24 h /5 bel-2
mRNA %35 R bax/bel-2 f (x+s, n=3)
Table 2 Expression of bcl-2 mRNA and ratio of bax/ bgl-2
of K562 cells treated with mangiferin for 24 h

at various concentrations (x+s, n=3)

4 5 ME/(pmol + L™1) bel-2 mRNA Mi%f&isE bax/bel-2 f

MR - 1.5240. 04 1.2340.05
LREF 25 1.504+0.03 1.5740.04¢
50 1.4840. 04 1. 68+£0.04*
100 1.28+0.03* 1.7940.03*
150 1.2140.02* 1.8140.05*
200 1.194+0.02* 1.8640.04*

HxfRA L. *P<0.05
"* P<0. 05 vs control group

ZA M survivin mRNA HHN R ABRZH TR, ER
EHREKENE, SFRKE S RAMK,96 h 4
survivin mRNA EEZH BB H (0.79+0.02 vs
1.4340.02,P<<0.01), FM,ERF AT MH K562
4 survivin mRNA K3k, B 52591 W B i
MA X, k3 M4 LHE 3,

*P<0.05 **P<0.01 vs control group
£4 ERHF (100 umol/L) £ K562 BEA RS EE
survivin mRNA B335 (r+s, n=3)
Table 4 Expression of survivin mRNA of X562 cells
treated with mangiferin (100 pmol/L) for

various times (x+s, n=3)

a4 5 & B ] /h survivin mRNA %} %k &
pugil - 1.434:0.02
TR 24 1.2140.03*
' 48 1.1940.02*
72 0.8740.03**
96 0.79+0.02* *

53 MA kS *P<0.05 **P<0.01
* P<{0.05 **P<C0.01 vs control group

3.3 ERFAEME K562 418 BCR/ABL EH R
Poio KRR : & 25~200 pmol/L ERHFEA 72
h,K562 418 BCR/ABL @& EH & P REK
-BEZS vk B R R B AT T R Poo AR X

FEKFE (5B Bactin WHE HXBAK
1.314+0.01 % £ 200umol /L 4 A 0.53 £+ 0.01
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(P<<0.01);%£ 100 pmol/L R HFEH 0~72 h
J& s Pauo/K FREFEFIBT R EK T T M (P<<0.01).
FO, TR DL A0 A R AKOBE M R 1 K562 48 Mg
PuoK¥, WK S 6 KB 4 F15,

6 54321 M

- 548 bp

B -actin
== 465 bp

survivin —-

M-Marker 1~6-0,25,50,100.150,200 pmol/L = R¥
M-Marker 1—6-0,25.,50,100,150,200 pmol/L mangiferin
3 FEAREERBERAKS2 240 5

survivin mRNA §J 3%
Fig.3 Expression of survivin mRNA of K562

cells treated with mangiferin for 24 h

at various concentrations

£S5 FTEAREETREER K562 4 72 h J7 Pl
#ik (x+s, n=3)
Table 5 Expression of P, of K562 cells treated

with mangiferin for 72 h at various

concentrations (x=+s, n=3)

4 F &/ (pmol + L71) PRt ik K F

gl - 1.3140.01

ERE 50 0.98+0.02*
100 0.6740.03**
200 0.5340.01**

534 wE: *P<0.05 **P<0.01
* P<{0.05 **P<0.01 vs control group

£6 ZRHE (100 umol/L) M K562 ARARRMK HE
P RiE (r+s, n=3)-
Table 6 Expression of P10 of K562 cells treated
with mangiferin (100 umeol/L) for

various times (x=+s, n=3)

M5 & At iE] /h Paotfl Xt XK F
oyl — 1.5640.03
TR 24 1.3240.01*
48 0.9240.02**
72 0.7440.02**

Sx AR *P<0.05 **P<0.01
*P<C0.05 **P<0.01 vs control group

4 i
MEATHREIS T ER B EZHT,

ZAHEEWEW, T bel-2 RELBHBEEMRNIAE

BEHRBTMERRE, 2 W . W Ws EE M

PO+l B B -actin

1-%f B4 2~4-50,100,200 pmol/L # R H
1-control group 2—4-50, 100, 200 pmol/L mangiferin

4 FAEAREEREER K562 4182 72 h F PnIRE
Fig. 4 Expression of P,,, of K562 cells treated with

mangiferin for 72 h at various concentrations

1 2 3 4

R Fa

AR N . B -actin

1-%f B4 2~4-24.48.72h 4
1-control group 2—4-24, 48, 72 h group

Bs5 ZRF (100 umol/L) {EM K562 HiM AR B/
| :0F 3 '
Fig. 5 Expression of P, of K562 cells treated with
mangiferin (100 pmol/L) for various times

W HESHE. bel-2 M BERETWH TR B
WEET R4 AR T, B 40 B 25 B9 EEEHLA
Tl bax & FERBAEHAMMAT. bax 5 bel-2 &
REMEEE WET BTSEMEERE/ R R
L ELRR R IR E, A ARAE T H 8
Y B R XEEHEREF B LA bax/bcl-2
ERES IR ARA T A<FF 5% A RT-PCR J7k
KW % B, 100 pmol /L ¥ RHF/EA K562 M 24~
96 h J&,bax mRNA FikBE# 1E 0} 8] 02 K Z ¥
AEAREEEREIEM 24 b J5,bcl-2 mRNA
9 3% 325 0 I ok B 3% o T B 9 ) B O R B R
#RE 118 bax/bel-2 WI{E, 3 2 o BE K I IR 1
ZAARYEST bax/bel-2 EEHRATREHBIE
K. BN, EREES Koz ARATTRER
A% bax X bel-2 HEEMRIE, LH B bax R
RBHEX. '

90%~95% MIB R B & RA Ph Jetalk, Ko
FEAR R ber/abl FHE M, H & H ™ ¥ BCR/
ABL B4 7% H 5 Paoxt CML 40 3 5 18 T i 3
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BREEMEA .Deora EMHR RN, BMA LAY
WMER.SERBRBELTH BCR/ABL Py
BT FES K562 40 M o 4y 4L, ICs 43 3 9. 2.
11.8 mg/mL MMEEMLS LR REIEA K562 4
Me 72 h J5, AT 5510 68% F1 16 %, 3 Py
KEWAFITHE 74% F 77.8% . R FME LB, =
EE BB ber/abl B 57 TS, FEE LR,
FEPRSNE R RELL A B R B KB K 7 T
K562 4ifi BCR/ABL ZEH K Px»oK¥. H K562 4
M=% 5 ber/abl mRNA #1 Py X ik B[ 2
BERMK, RN, = RHTEELMH ber/abl
mRNA F1/8 Py Bk BAR#H T K562 IR
TLEEIN N AR R BRI
B REFh L FATE B, A A F IS JRIR T ber/abl
RIZBHER MR .

Survivin B T-MHEH (TAPs) HKEH A
B BESRAMBRBHFTMH EF. Survivin
EHEMAMBHAER . S5MENRE KR H
5 B ys i T % YA 2%, BB ik , Survivin 5 R BBAE K
R Y6 T BT EE S . BLE R B Survivin EIE ¥ 431k
BBA R P TR 7EH T iR i L R
CERE SERES URAALREORETHENEA
ML 375 40 Je B B 5 A 97 40 A R 40 HL-60.K562 %53
A Survivin #;50%, Nakayama ZUBFR LR, &
FiF 284k & P 4 B2 2 BB 1 45 i 7% 40 MMk survivin B9
ik APHRBER, EREEMNH O M@K K562 4
M survivin BE N RL, ARKELERFEARR
A ] J5 , K562 4B survivin Rk B 25 E XK E
WEHETR, HFESERTHE RN K62 ARATRE
EEBERRX BN, ERFWH survivin FRikT
SEHAFOSMBRARATH S -,

R REREN, ERFEEIMETERA
MmFBAARR K562 MPAE MR T RRE R /A
THAXERREH, EREA{AT L bax/bel-2
B & Fas EHFIL, T survivin 2R KK, &
BB 4 B #t T 38 ber/abl mRNA #F ix 1 BCR/ABL
BHRE Puok . @R, EREAER N —FHEY
PE MR, L HAE ber/abl ik FH M & MR K
WITHREEH.
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