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Abstract  Objectives: To explore the combination applications of homharringtonine (HHT) and the survivin
inhibitor YM155 on the proliferation and apoptosis of human leukemia cell line K562 and its mechanism. Methods :
CCK-8 assay was used to determine the growth inhibition. The combination index CI of HHT and YM155 was cal-
culated using the Chou-talalay methods by CalcuSyn software. The cells were divided into 4 groups:control group,
HHT group, YM155 group, and combination group. The cell apoptosis rates were evaluated by flow cytometry.
The expressions of associated proteins were detected by Western blot. Caspase-3 and -8 activities were determined
using the specific fluorogenic substrates. Results: The inhibitory rates on cell growth by HHT and YM155 alone in-
creased in concertration-dependent manner. The application of HHT and YM155 had synergistic effect (CI<{1).
The apoptosis rate was higher in combination group than those of one drug group and the protein expression levels
of survivin decreased remarkably in combination group ( P<Z0. 05). Caspase-3 and -8 were activated by HHT or
combination treatment, but not by YM155. Conclusion: The combination treatment with HHT and YMI155 on
K562 cells has synergistic effect. The mechanism is related to the apoptosis induced through down-regulation of
survivin,

Key words homharringtonine; YM155;K562 cells

R ARSI CHHT) J2& M F8 [ R A & A8 4
O3 M — T IR A e I R IE B L X 45 R 2
P Mk RS 4B BT Ak, AE R R e In) 2w,
HHT b £ B A 107 Jr 8 02 18 1 k7 40 i 1 i 9
CAERR AT P B AHGERIR A (No:2012ZB159) 5
ZxFosdmpE AR A (No:2012B70066)
'BRTFTARER HF L RFRLER R CGH IR,
312000)
BAEVEH 2 B2 . E-mail:68471104@qq. com

(CML) fiin i K 72 1 58 38 A 80 I6 o7 e it o )= B
T Je 5 T 2 R T A 1 3R . T CMIL 3397,
TIZ R I 259 N RE A8 A s P 5 i 40 B Fn
B 251, HHT B A 0y7 i 2 Z B E L., At
FEEH HHT B4 survivin #1415 YM155 %f
A CML 2781 K562 40 & i 75 AL H
1 R 5H*
1.1 2y 250

HHT Wi R A 25 A BR 2 D . % T RPMI



« 210 - [N RS

i 28 4%

1#7F T 4°C, YMI155 (3 E Selleck Chemicals 2>
AL T DMSO # LA 1 mmol/L i )JE 3, —20°C
PRA7E. RPMIN640 K5 7% Wi K i 4 1l 78 1+ 36 [
Sigma /A ], Annexin V/PLiX#| &M B & = K4
Yy AR F . CCK-8 i3 & [ L v iy 2k A= W B
FAMRAF ., Survivin bt A2 s BEPLR  HRP i
WCEI R 1gG W FIHEE GE AF, &P A\ Bactin
SEREPUIAIS [ 92 [ Sigma 24 ],
1.2 iR K57

CML 2748 8 K562 210 g R W A o B Bb 2 B -
T AE Y 2 5T . T & 1020 i 4R 1 1) RP-
MI1640 32 75 37°C 5% CO, Hu FIGE 5 07 & 46
WHEFE . 2~3 d LA 1 Uk HE HLUE 5 2% 32 D0 22 41 g
16 1 BOG A K 040 i TSR
1.3 CCK 40 itg 18 5 A6 0

FH CCK-8 Jifi P A6 3 570 4 . 4% HR 1 WA P 4521
DABEERR ORI A450 AW YEBE L L A450[ (PE 4 —

4D /GEH 4 — 25 FLAD 12X 100 % 198 Sk 41 il

Z’?{Ei,“l—éﬂiﬂ@ﬁ{ﬁ?”ﬁiﬁ%?ﬁmﬁﬂﬁﬂﬁo v
WA R e BB BE A HHT F1 YM155 B 253897
K562 2l i & P 51 2% 48 h 1% 1C50 fA.,
1.4 HHT 5 YMI155 X K562 40 a5 1677

PO B0 K30 K562 4, LL 12X 10° /ml 20 g
() BE 3 Fh T IO 24 FLALL B A 24 h S IFIRSES .
HRHE P B 24 1) 1C50 {H . SEBEARIMR EE AR /) HHT
5 YMI155 BEAIAYTY K562 4, LI CCK 332 4
FEANHI A, % ] Chou-Talalay HF &g JE 3, 5% i Cal-
cuSyn AT M 25 8K G 5 £ (CD , IF PFE 4 BR G 4
FARONE (CT<<1 B, 25 R Bp [ /E s CT=1 1), A
IVER  CI>1 B, A REEHLERD .
1.5 HHT 5 YM155 % K562 4 ffi ¢ &
05

VEPERT IR T 2 19 YMI155+ HHT BB & 1
FH 25 vk B B A I BsF 8] 0 8 57 4 42 28 AN LA
HHT 41 .YMI155 4 . HHT+ YMI155 & 25 4 .
ARG 4 AT E AL . BRI R AR
K YH ML Annexin V/PI UYL 10 E 25 9 % K562
YA i 98 T R A fk, R ] Western blot 35 & Il
K562 40 08 T A 2245 A (survivin) » KL 328 58
JEYIR I K562 41 M caspase-3.-8 1% PEA8 {k, B4k
PAE TS k(10,020 IREREE S5 1T
R HEAT 4 H RS WA B E YML55 +
HHT B&36 97 7E AL .
1.6 Sil2rub3

it/ ERE 3, SR SPSS17. 0 3
AT R R DL ok s R, 2 4 A B8k 1 AR
FAB ST REAS ¢ K 56 . 22 21 1) B 8RR 36 25 4
Mr. Db P<<0.05 MZESHEI#E L.

97 B

2 H#HR
2.1 HHT F1 YM155 Br2hx K562 4 i 55 1 5
CCK-8 ¥E45H i 7, LA [ e JE B B /9 HH'T
B YMI55 Bz /5 F T K562 20 e, 7 Fl 25 4 35 )
AR UM K562 414 K .48 h i 1C50 4y
K 57.2 ng/ml #1 3.5 ng/ml,
2.2 HHT 1 YMI155 BEA H 245 X K562 4 Jifd 3 7
{14 5% Wi
FRHE b 3R W B2 1 1C50 ff, ¥E B HHT ¥k B
BAEE R 2.5.5.10.20.40.80 ng/ml, YM155 ¥ J& 4
4 0.2.0.4.0.8.1.6.3.2.6.4 ng/ml, 2 fz§¥
PL12.5 ¢ 1.0 9 [ 2 v B L ] — X — 21 & 17 Bk
A9 . 2.5 ng/ml HHTH0. 2 ng/ml YM155,
MR HE, DL CCK WM 25 W 1E T K562 4 g
48 h J5 4% 41 Bh 5 0 1 %, B CalcuSyn B4R
CIfH. &R E/R, WAAYBEE N H CIE<1,H
P IEVE T (R D)

1_|:|__... ________________________________

= & &
= m m

Cl 4= 1.96 5.d

=
n

0.2 0.4 0.6 0.8 1.0
Fractional Effect

B 1 HHT #1 YMI155 Bk & M FI 33 KS62 48 Al B9 & 58
1 # t = 4 A

2.3 HHT 1 YMI155 B H 25 % K562 4 ffg i 1
FHALHI 5T

MR LR B 5, & 57 25 A B4, 80 ng/ml
HHT 41.6. 4 ng/ml YM155 #1 .80 ng/ml HHT +
6.4 ng/ml YM155 BE5 FHZ4H . Annexin V/PI
Pk R B R 5 AN A . AWIEM 48 h
Ji K562 40 ML 98 1 8% ., BE A H 25410 8 T &
(43. 4% B KT HHT 412, 9%) Fl YMI155 44
(11.3%) . U PVEA 48 h B[] 5, R FH West-
ern blot &M survivin 2& FH B9 284k . survivin & F
G A T, WK 2, 5XF2 [ a4
i, HHT MBEE& 25 H 58 1H S caspase-3.-8 1
fb .8 YM155 #2531 K 5| 2 caspase-3.-8 i P 48
1k, WL 3,
3 Wig

HHT 2 M\ T [ A AR & A8 P v 2 25 00 28 P



553 3

HEE L E. B RIS survivin A1) YM155 Xt A H M55 K562 40 R E AT MEmE « 211 -

Con

Iu-|HT W18 HHT+YM135

E 2 HHT # YM155 EE & A 253t K562 40 i survivin

EAFRERmM
15
14F D cAspase—3
" m caspaca-8

I

coktral HHT

. [E

¥hiles  HHT+YMAkS

B 3 HHT #1 YMI155 225 R EE & B 28 3t KS62 40 i
caspase-3 -8 if 1% 5 M

XF Gy F Gy 0140 M 5 1 T SR ot T8 4t ] 30 S
PEZ5% . CML W 20728 B8 3 I PR s R 348
AR G AT J7 S = AR R WE ST J5 a1, DA M9 40
WA 2 AR R, A HHT A0 i 3 A AR 4% S vk 24
Wk -G N FH i T R RE BE M R O I A M. H AT
AN YM155 24 survivin $J#i] 5] , 2 40 g 5 397 4 4%
S 5 ILFS # sk N F45 4 T sur-
vivin &N B 3 FRHIE survivin 3K 555, B sur-
vivin 85 1R IK 55 I 40 fL i T
FATRTIADIFE C K B YM155 F2h JH AT B 2 4
il 2 PEBE R A MR HL-60 A1 U937 40 M4 K &%
ST L 184 1k 6 YM155 X CML
K562 2 il Z 09 4E AL DL KBRS 697 iF ot . ioFk
& HHT 5 YM155 X K562 4 i & M5 A 3A
I7 , RIILHAT B 2 ] K562 4 i 5 3 56 1% P[]
YEH , H7FE 80 ng/ml HHT+6. 4 ng/ml YM155 41
BEAIRIT I LA AR CLME, R & BA ik
() B IR) 80N o PRI I S 82 DA Ik i B e i () A R AL+l
9T, AT R BB HT 25 408 T % W) i 38, £
B survivin 85 H &35 K. H AT E N AN N
YM155 B 1EH HLEIBR 30 6] survivin gk, 1 0] 38
T Mcl-1 #1 EGFR RS T KL=
AW ZMERS Y, AT LB YMI155 K idE
B K562 4 il caspase-3.-8 S A M T, X
HH X HL-60 4 Ml /) BF 58 45 B JF A — B, ik
YM155 7] 58 H A b 83 240 B e S M L B0 R 2 3

YEF 259 . © 040 B 5% AT LASE 3o P 3R 1 A 5

WRE R T AN ] DU ATF R T35 5 W)

s B T, e YMI55 A AT RE 2 GE o AN 4K

caspase I IRAR 5 3 U4 T2, BU# A7 76 45 H ik

BRI T A R Rk E— LR
FIRTE A YMI155 X &7 SR 98 40 il 2 Bk 45 1R

7RO FEARE " [m] B S A IR Rk £ 9 1 1T A

I PRAIF 5% Hh 2 S50 24 4 T 200 B R BUTT SR B 5

BITHEE 1, AR ST 2 E R YMI55

TXF CML 40l & WS I097 . s 5 HHT A

A B E VRSN o CML 2748 W s S22 0 %

B 9 RORR T 7 ST R

5% ik

C1] Eae. A kR . 45, SN-38 X K562 4 Jd i) 4% 5
T R T T B Sk AR A AT I B R A T
L. e rp B K2 = R (BE WD , 2012,41(2) 1156 —
160.

(2] Hpr2e. A, A EE. Suvivin X LEEFRES
K562 2 i I8 T B Ak g7 U 8 4 AR 52 LT, 11 PR 1l ¥ 2=
Zii,2012,25(7) : 454 —456.

[3] Nakahara T,Kita A, Yamanaka K,et al. YM155,a no-
vel small-molecule survivin suppressant, induces re-
gression of established human hormone-refractory
prostate tumor xenografts[ J]. Cancer Res, 2007, 67
8014—8021.

[4] Yamauchi T, Nakamura N, Hiramoto M, et al.
Sepantronium bromide (YM155) induces disruption of
the ILF3/p54 (nrb) complex, which is required for
survivin expression[ ] ]. Biochem Biophys Res Com-
mun,2012,425:711—716.

[5] Feng W, Yoshida A,Ueda T. YM155 induces caspase-
8 dependent apoptosis through downregulation of sur-
vivin and Mcl-1 in human leukemia cells[ ] |. Biochem
Biophys Res Commun.2013,435:52—57.

[6] Tang H,Shao H,Yu C,et al. Mcl-1 downregulation by
YMI155 contributes to its synergistic anti-tumor activi-
ties with ABT-263[J]. Biochem Pharmacol,2011,82:
1066—1072.

[7] Na YS.Yang SJ,Kim SM, et al. YM155 induces EG-
FR suppression in pancreatic cancer cells[ J]. PLoS
One,2012,7:e38625.

[8] Wang YF.,Zhang W.,HE KF,et al. Induction of auto-
phagy-dependent cell death by the survivin suppres-
sant YM155 in salivary adenoid cystic carcinomal J .
Apoptosiss2014,19:748—758.

[9] Kaneko N, Mitsuoka K, Amino N, et al. Combination
of YM155,a survivin suppressant, with bendamustine
and rituximab:a new combination therapy to treat re-
lapsed/refractory diffuse large B-cell lymphomal J].
Clin Cancer Res,2014,20:1814—1822.

(F#% 214 7O



« 214 -

i 28 4%

IEH Skl MRI+ 4458 MRV K WS %, LR FE T
F1 5 A K i TG i AR BT L e bk S AR TR N S R 1R
SECAR AN SRR AT S R A 2 A A sk A
(=R Ik ¢ T A N = S i 0 QT o e US|
FEZ0 M, 40 5 35 92 1P, EB 5 3% . CMV %5 3% DNA
FE 1 B AT BR A AR A 22 2R G iR T AR
FGERRYs A VAR 1 O o T 40 B BOE R A
AEA-AMM B ME ., DB ERA R F 5
R WAL B, 756 GBS 525 = A A (1) FE
Mo B R allooHSCT Jf & GBS "l #f12.

allo-HSCT Jf % GBS 5 K A B, A i) vl A
WAL % . CMV B3 J5 PR o b % 5 Ak i A
X AA WA REH aGVHD i &2 'Y, A &
# allo-HSCT JG % & 4 aGVHD, 167 J5 15 2 %
., ERWEHT 1A A EB R MLAE . B 46 B R
J7J5 EB 3¢ DNA & w6 M 5 A HEBR EB J5
o GBS Hi 8K 2 YL ) v] B . R B 48 aGVHD
BE.

#i2 GBS 5. 45T IVIG B4 8 HLR0 48 0 iz i
WEIRIT A RS B W IR B, B AR
B4 RGiER. 78 allo-HSCT 5 9 &
GBS K Bf 25T TVIG B G 8 #7500 K B i R e
REMHIAIT . T REA RA AL,

25 R, GBS &2 allo-HSCT 5 WL & %E
R R AL A B, o] B8 5 T A B 7 € S BRI R
PR b P AR T A G, A i iE i aGVHD 5%
%o WA L LAY R 6 BR T R 22 g e L K RY
RUBSE Ao EZIG IR R . BRIG IR R BLAL, &
VRS 2T B - 40 M 53 3 b 8 v A RS A I A e
AR R SR 2 W B KR . TR AR
TRORE S 4G I T P Bl 5 H A b 28 R B 0T e A R
IVIG J7 8% &8 % . 51992 Wi fn & B R 97 — i e
it
2% ik
[1] REZESMAERE S SMEN AR EA, PR

e 2 2 2 WAL TR R I DR ol 25 vl 2 B2 41 v A

5 25 2o 206 2 A 4 W 2 S e 2 L rh o 2L

AR IE M )] R AR 223K, 2010,43(8) .

[3]

[4]

[6]

L7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

583—1586.
/T o2 SN L ) A S~ - S P 7 N 1l e
MAHIG I RRE M- R LR G AR 1 BT I IR I 2 4%
#,2008,21(5) :277—278.
Fuyjisaki G, Kami M, Murashige N, et al. Guillain-Barre
syndrome associated with rapid immune reconstitution
following allogeneic hematopoietic stem cell transplan-
tation[ ] . Bone Marrow Transplant, 2006, 37:617 —
619.
Rodriguez V, Kuehnle I, Heslop HE, et al. Guillain-
Barre syndrome after allogeneic hematopoietic stem
cell transplantation [ J ]. Bone Marrow Transplant,
2002,29:515—517.
SRR, P B TR AR I R 25 EAH SE B S AL .
ST BE 25223 ,2010,27(7) 1651 —653.
Hughes RA, Cornblath DR. Guillain-Barre syndrome
[J]. Lancet,2005,366:1653—1666.
Walling AD,Dickson G. Guillain-Barre syndrome [ ] ].
Am Fam Physician,2013,87:191—197.
FEUE e B E BRI A TR TR M- R 2R A
fEYR T A R LD ] b i A A 2012, 25 (7))
672—673.
Shahrizaila N, Yuki N. The role of immunotherapy in
Guillain-Barré syndrome: understanding the mecha-
nism of action[ J]. Expert Opin Pharmacother, 2011,
12:1551—1560.
Hughes RA, Swan AV, Van Doorn PA. Corticoste-
roids for Guillain-Barré syndrome[ J ]. Cochrane Data-
base Syst Rev,2010,17:CD001446.
Rajabally YA. Treatment of Guillain-Barre syndrome:
a review[ ] . Inflamm Allergy Drug Targets,2012,11:
330—334.
Nasilowska-Adamska B, Lysiak Z,Halaburda K,et al.
Guillain-Barre syndrome pathological connection with
GvHD after allogeneic bone marrow transplantation
[J]. Ann Transplant,2006,11:10—11.
Barba P, Pinana JL, Valcarcel D, et al. Early and late
neurological complications after reduced-intensity con-
ditioning allogeneic stem cell transplantation[ ]]. Biol
Blood Marrow Transplant,2009,15:1439—1446.
Hernandez-Boluda JC, Lis MJ, Goterris R,et al. Guil-
lain-Barre syndrome associated with cytomegalovirus
infection after allogeneic hematopoietic stem cell
transplantation[ J]. Transpl Infect Dis, 2005, 7:93 —
96.

Ok A% B #7.2014-07-14)

(E#% 211 7O
[10] Kaneko N,Kita A, Yamanaka K,et al. Combination of
YM155,a survivin suppressant with a STAT3 inhibi-
tor:a new strategy to treat diffuse large B-cell lym-
phomal J]. Leuk Res,2013,37:1156—1161.
[11] Kelly RJ, Thomas A,Rajan A,et al. A phase I/1I stud-
y of sepantronium bromide (YM155, survivin suppres-

sor) with paclitaxel and carboplatin in patients with

[12]

advanced non-small-cell lung cancer[J]. Ann Oncol,
2013,24:2601—2606.
Cheson BD, Bartlett NL, Vose JM, et al. A phase II
study of the survivin suppressant YM155 in patients
with refractory diffuse large B-cell lymphoma []J].
Cancer,2012,118:3128—3134.

Ok A% B #7.2014-08-13)



