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HILEE AR DR BXH IS MR 400 B I %
K562 M At 7E B =2

B AT CHEBMR MR EBZL TR LT
(HE IR BE Bl A6 06 2 2 5 I PR ARG 5612 Wi 2 200 30 A SR =2, ¥ S 400016; 2t ik, 2, b X 2 B2, D8 854000
SH PR RSBt & 25— EE e L N R}, E5 R 400016)

WE ZIEET T IL LIRS F LA Rt IRt tm e @ fn R K562 40 o8 78 69 %5 7h. R
BeIL . AF B % R(imatinib, IM)3 fk Fe B A 4L BEK 562 48 i, CCK 83k Fn 3, 4T AR, 55 3o | 24 4 3
K5624m i 2 K37 4] 69 %ok, A g e A A 25 4 4L 322 Z K562 4m it JB) B 6 AL 18] 3% 05 R ik
VA B € B 3 ik A M 25 4 SF BCR-ABL A A F #JAK/STAT/Z T34 A X o T 9% m. 4R 2T,
5L RIME F Aa L, 25k A 66 A B H K562 40 e 6 £ KBTS R, GEK 56240 i )
B9 H e P £ GY/M . BCR-ABL& A% &) A H T # STATSZ 5 i 5% & 1k BB B AL K- B
RARY . A EZEREH, B KR EIMER AL 22 A W R 2O, fEA R4 4K 562 4m it 6 38
7, EAUE T 4 5 m i B B P A2 BCR-ABL-JAK-STAT 542 5 1@ 3447 5| A 5% .

XiiE  HOLG; BRI B ;e JAK-STAT S5 5 it 5 40 i 39 e

Effect of Sinopodophyllum Hexundrum Combined with Imatinib on Prolif-
eration of K562 Cells in Chronic Myeloid Leukemia

Cai Jia', Zhou Fangzhu', Ren Qingbasong?, Wang Dui’, Huang Zhenglan', Wang Xin**, Feng Wenli'*
('College of Laboratory Medicine, Key Laboratory of Laboratory Medical Diagnostics by the Ministry of Education, Chongqing Medi-
cal University, Chongqing 400016, China; *Tibet Changdu Tibetan Hospital, Tibet 854000, China; *Hematology, The Hospital Group
of the First Affiliated Hospital Of COMU, Chongqing 400016, China)

Abstract To investigate the effects of Sinopodophyllum hexundrum combined with imatinib (IM) on
proliferation of chronic myeloid leukemia K562 cells. K562 cells were treated with Sinopodophyllum hexundrum
Imatinib, and joint processing, the effect of growth inhibition of K562 cells was detected by CCK8 and cell clon-
ing assay method. Cell cycles were measured by flow cytometry analysis (FCM). Indirect immunofluorescence and
Western blotting were used to detect the effects of the fusion BCR-ABL protein and its downstream JAK/STAT
signaling pathway-related molecules. The results showed that compared with the use of Sinopodophyllum hexun-
drum or IM alone, the Sinopodophyllum hexundrum combined with IM can inhibit the growth and clonal formation
of K562 cells more effectively, and block the K562 cell cycle in the G,/M phase. The expression and phosphoryla-
tion levels of BCR-ABL fusion protein and its downstream STATS signaling pathway were significantly reduced.
In conclusion, Sinopodophyllum hexundrum and Imatinib has a synergistic effect and can inhibit the proliferation

of K562 cells in chronic myeloid leukemia, which may be related to cell cycle arrest and inhibition of BCR-ABL-
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P 1 65 41 Pl 19 1975 (chronic myeloid leukemia,
CML), faFRIERL, & —FK Ml R A HEMENE, 90%
DL _E i b i 4 L A7 7E E16(9:22)(q345q1 DI K
IBCR-ABLR 53N, H 2 5 7 4 YBCR-ABLGi!
8 A I S 0 R s R T T, O R
52K i, UM SRR, B
AT, MRV 3 A T T DL R T 2 R g 41
il 7¥)(tyrosine kinase inhibitors, TKIs), 31 {# % 8
(imatinib, IM){E Al IR — 4 H 24, fE18 R HI6IT b
AT T RIEFT R K 7 B E AR IR A
KSR W) SR W AR DL KR TK i 24 [ 30 5 H %
i, DRI, 34T BRI TT 77 1 A WA g o 1) B
[N

k) L-E (Sinopodophyllum hexundrum) & /NEEFR}
HeIL-LIE Y, 5T B SRR ik X R, T
20054 7 A [E] 24 LUSe e, Bk LB — R ik bt
IR 24, DIAEA B FT 523 KN, Bk L-CAR B ER P m]
2 0 AN FUIREEMCE-7T40 M (¥ AE KV, A, F5 3¢
Bk, Bk )L 2R AT DLdE i 1 T HeLaZi A
P DN A5 75 AL il AT 3 436 2 400 1) = 2590 e 4 oL )
HHES . B )LERFER N R ETER, N R
I R A B R AR R RS (BB ) LB R 2
7 HAK S 6244 i 1) 384 58 52 1) (v AN A o R, AR
W15 Tk ) LGB A TMAT K S62 40 fitd 384 5 F) 52 1 e
ATRE AR AL, LA A8 R I R VR TT 52 5 ()
B,

1 RS
1.1 ##

Bk LG Eh 7 BB 0 Hh XK = e e 14 O & e 3
mn o, EE LR AT, 16 F AT FHRPMI 164085 77 5256 %
M F 5t L s B 25 PR A 7 . CCKSRFIY H &
KERHEAMRA T . RPMI 1640557735, a4 1fLiE
(FBS)M H 3 [ElGibco A A . H B 4F 24 1 W [ 48
Sigma/A @] . p-BCR-ABL. BCR-ABIfi 14 LA J2 P73,
P274u/& 1 H 3% [# Cell signaling technology A #] .
NE-«BHLR I [ 3 [E Abcam A 7 . B-actindfi 74 4 [
—HAEM AT -MYCHLIAENY H 3 [E Origene A A .

Sinopodophyllum hexundrum; chronic myeloid leukemia; imatinib; JAK-STATS signal path-

TS BT AR S BORBEAR A A 2 B E BB
N R T K R s Wi L [0 O A A= 0
1.2 4HpE R HiZF

18 oRL 2R HHK S62 40 i F A 8 H AR A7 . K562
A0 1% U0 F1 10% FBSI RPMI 164055 774 |
B T37 °C. 5% AR ES FRAR R B 7R . BN 2R
AT A AT i R ) SR
1.3 CCKS8EMKS6240 psE M

KS56240 g 1% 2 x 1034 /4L 1 % FE 42 00 T 96 4L
W, B FLEARFII00 pL. S SEIrHn R & H
Xt R 4L (RPMI 164055 77 5E). DMSOXT HE £1(0.01%
DMSO). IMAb FEZH (1 pumol/LHI I ik BEIM). #k JL
LA HE Q2 pg/mLBkJL-B). Bk)L-EEAIMANHEZH
(2 pg/mLBk JL LA pmol/L IM). LA | % 4H %54
S5, ¥R FE12 hy 24 h, 48 hy 72 h. 96 hJ5, IIA
CCKS, 37 °Ci# H4 h, T EEFRAC 0 9% 492 nm
A S FEAE
1.4 SEREFASEIEHINIKS62 4R Al AN 52 FE 2

K56241 i 73 2H AT AL EE 7772 (7] 1.2, 48 hji b EE4H
Jitd, 500 r/min® 025 min, 23, £41H30041
Ml 24900, B2 R L. B 137 °C, 5% CO
BRLSEEAS B FR 10K, 81 B BB T T 54 i 7 % 1)
1.5 [EERRRAKENKS62405 F BCR-ABLEE
EEENRIEE

F51 < 10°/mL 4 A 2 FE KK S6241 A4t AR T-10 cm
YR IR, 20 J AL PR3 B 3 AL FE T ik, IR AT
HAR TR JG. 4%% K I =R E 2 15 min, PBSTE
#%33k; 0.1% Triton X-100Z i@ AL FE 15 min, PBSTE
3, 2 Jg 1l 24 °CHAL hy i —$i4 °CiF &
MR, Pz Ja —PuEEm a1 h, PBSTEG; Si%
{4 FDAPIALFE 15 min, PBSHEZ J5 H AR T, o
HiE A, GBI N SR I il sk
1.6 R HEARINKS6240/0 F BRI 1L

F2 HR1 < 105/mL I 20 Mo 2% B2 AR T~ 10 em 9 4 g
BRI, o320 R AL BRI AT 1.3, 48 h o W AR 4 M,
PBSVE 21, 70% 1) £, B 5 2 40 g, 4 °CIil & i 1%,
J 8232 B PR DR R K 2 A ol B 2 AT 7 B O 0 4



SHEAE M) L-BERS O 5 B Je X IR R 4 P K S 6240 i 16 5 F) 52 i 1095

JE

I A IR 6 I BCR-ABL-JAK-STAT 5 51
% % JE BHAR DG 2R A 1 R IE T

B KS6240 i (1 x10%/mL)EEF T 10 em4H g 1%
FRILH, Ab 3 77 5 K B ) [ 1.3, Yioam A, #4825
H; £BCAVENE Ja, FFLINFES0 pgidtiT710% SDS-
PAGEHL VK 73 B8t 1, % M58 J5 5 5% It s 95 %0
TBSTZE MR = iR E 12 h, —Fi4 °Ci & L% Tk
Z G EIRWE P2 he WL RIGEIREA, Hidsk
gER,
1.7 ZirFE D0

S 56 $4s K I GraphPad PrismS# 4+ #E4T 43 #r,
S0 45 BT AR S8 AR 1 2 (o) RO,
I b 55 R ) B[R 2% 5 2 93 M1 (One-Way ANOVN), L
P<0.05 8% R BEA SR L.

2 2
2.1 CCKS8#&M#k )L & 1K K EIMITKS624H
lijake N E S

I3RS ) Lt (RIREEIM B LL K
A AR B, CCKSAS T4 it 4 KA . G242 bk
JLEFIIMIIIC {8 43 7 42.36 pg/mL. 3.379 pmol/L.
RN, 575 X R DL SR kbR AR L, B AL
AL A8 A AN HIKS62 40 A i 1 i, H 2 747 4eit

R (P<0.001)(E1) o FAEH2 pg/mLik ) L-EH
1 pmol/LIJIMAE FH48 hiE N Ab 261
2.2 HHJLEEX AR EIMITKS62 40 A 52 (4 2 AR
EalioA

KS6241 fa 3 Bk )L AR A BETIMUB it 4cb 34 D
KA AL ER48 he J5, R A R EoR, 52 A
ZH.(140.7£17.3) MK ¥ B IM A B 4H.(56.3+2.1) ) o0 [
B e KK B, TB6 A AR B A (10.742.9) ) e [ 0 6 2%
Wb, TERE RN RSN, E R BA S E X
(P<0.001)(K2). waFET® i scin R B, pk)L-EECEIK
TR B IMAL BT K 6220 At 38 5 A B S5 g 3k
23 [EFERER AT LEE SRR EIMET
BCR-ABLAt & & B RIAR N

B B 96 4 R B OR, 4348 hE, & 4.
DMSOZH A M2 AR BEIMAL B2 H s, Bl 22 FABCR-
ABLIFRIEERAILA3). BEILL LRk L-EEk
AARIR FEIMAL B 4 5 % BB 2 40 Lk, HLBCR-ABIEE A
oSy i RN
2.4 R AR B )L £ B S R IR EIMXS
K562 2 A1 [E) BA B4 52

TR AR 45 B (4 EoR, 25 E5T ERZLRTDMSO
X HEZH Gy M P o EE A8 23 1) 72 16.92%112.51%, T Bk
JLEQ2 pg/mL)AIEK 56241148 h2 J&, Go/MEHAH I Fy
5 B R29.51%, SxFIRAMIEL, 257 BA S

3= —e— Blank control
—— DMSO control
—¥— Sinopodophyllum hexundrum
-©- ™M
2 - B Sinopodophyllum hexundrum+IM
o
] -
0 T T T T 1
0 24 48 72 96 120
Time (h)

K56241 A 53 7] CASinopodophyllum hexundrum(2 pg/mL)~ IM(1 pmol/L)F1Sinopodophyllum hexundrum(2 pg/mL)EEATIM(1 pmol/L)YEF 12 hy 24 h.
48 hy 72 hy 96 hJF SR IEEE . ***P<0.001, BkA R HRZH 437 5 0) HE AR 0 24 20 EL A

The absorbance value of K562 cells were treated with Sinopodophyllum hexundrum (2 png/mL), IM (1 pmol/L) and Sinopodophyllum hexundrum (2 pg/mL)
combined with IM (1 umol/L) for 12 h, 24 h, 48 h, 72 h, 96 h. ***P<0.001, the combined treatment group was compared with the blank control group

and the single drug group, respectively.

E1 CCKS8#MBE) LB A RIKEIMANIE ST KS62 40 A S 78 AN

Fig.1 The effects on cell proliferation of Sinopodophyllum hexundrum combined with

low concentration imatinib on K562 cells was tested by CCK8
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(A) Blank control DMSO control M Sinopodophyllum Sinopodophyllum+IM

100 pm 100 pm

(B) 200 -
150 4

100 4

Colonles/100 cells

50 4

A: BELE. IMBAR PG AL BEK 56241 48 b5 4 iR e B 25 51 B: AL BH S (1 e AR . ***P<0.001.
A: cell clone results of 48h after treatment of K562 cells with Sinopodophyllum hexundrum, IM and Sinopodophyllum hexundrum combined with IM; B:
number of cell clones after treatment. ***P<(.001.

E2 HELEBRAERREIMIERITKS62 A5 MR AL RE SRR T
Fig.2 Effects of Sinopodophyllum hexundrum combined with low concentration imatinib
on the colony forming ability of K562 cells

Blank control DMSO control M Sinopodophyllum Sinopodophyllum+IM

DAPI

100 um 100 pwm 100 pm 100 um 100 pm

BCR-ABL

100 um 100 pm 100 um 100 pm 100 um

Merged

100 um 100 pm 100 wm 100 um 100 um

B3 #ILEBESRREIMIERXKS62 fBCR-ABLRES & A& RAIEN
Fig.3 The Effects of Sinopodophyllum hexundrum combined with low concentration imatinib
on the synthesis of BCR-ABL fusion protein in K562 cells
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A: K24 id Bk LB IMERZG LR EG AL BE48 b5, It =R 248 i 5 39, B: GraphPad Prism SECEE & 5 73 b %] JE AL AIAS [R] b BEZH (1 J 3 C:

Xt R AL R AL B AL G/ M SE R . #+4P<0.001 .

A: cell cycle results of flow cytometry after K562 cells were treated with Sinopodophyllum hexundrum, IM monotherapy and combined treatment for

48 h; B: quantitative analysis of cell cycle results of the control group and different treatment groups by GraphPad PrismS5; C: G,/M phase results of the

control group and different treatment groups by GraphPad Prism 5. ***P<(.001.
El4 SRAARARGNIM, #k)L-E 8k U B S 1E R XTKS62 4038 B #AR 7200
Fig.4 Flow cytometry analysis of the effect of Sinopodophyllum hexundrum combined with Imatinib on K562 cell cycle

X (P<0.001). #kJL-GBEA KA EEIMAL BEK 56241 i
48 hZ J&, GyM 41 AL | E680.24%, Lh 13 i . 4% =,
L% e b B AR b, Z R B A SR L
(P<0.001). PLE&55EH, BkL-BBCEIOHK EEIMA
24 B K S624H A A B BH ¥ 72 Go/ M, AT 4061 ¥ 4
SR B S P, B DNAWT 2, 016K 56241 A 1 14
B o

2.5 #HILEBEAKKREIMABCR-ABLE E T
STAT{E S 1B HEX 7 FHIF M

Kse24t etk )L AR BEIM A DL B
AbER48 W, SRR, 525 F0 R A s 2 b B 2H
FIEL, BE A AL FE 4] F BCR-ABL(#% 41 7% FE{1#102.07
96.31. 93.91, 84.82. 55.26) Al STATS(# 41K 18
93.66. 80.48. 49.63. 26.44. 10.07)LL fc-MYCH&
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210 kDa

210 kDa

P-STATS

90 kDa

STATS |1

c-MYC

NF-«xB

90 kDa

57 kDa

65 kDa

73 kDa

27 kDa

B-actin

B

B5 #kILEBEKREIMITBCR-ABLE H TiHSTATS 5 S BB AI ST
Fig.5 Effects of Sinopodophyllum hexundrum on combined with low concentration of Imatinib
on BCR-ABL and its downstream STATS signaling pathway

H 2k &2 598D, B R 1L fp-BCR-ABL. p-STAT5
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NF-«B UL S 4% A A G B P73 P273RIE/KF-
IR T R SEER sl BRI, wk) LGRS (IR B IM AT
fE L 38T T HBCR-ABL-JAK-STATS 1S 5 38 #% 11 25
H IR TR, AT 1) P8R K 5 6 2.4 it (1) 38 5

3 g

R AR — T M T R G A M IR, 7E 1 I
I R R L 5 11%00, PR Rk o e
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(1) 5825 % ) 1) 2 AR G AR, 3 B0 — R AT BUR%
PRSP, H ATIMAE B RLIG T I — 2L 24, I
PRAZ L i 25 2076 60%HU 15 22 fift 14, (R A5 2130%H)
BH A D, BkAb, B — BN S AR B
TR i) P AL 2 ot B M I 4 B T T e
AR IR R I, — M) A TKIsE F fig K15
T [F)R808E, S5 TR s 24 () 1ok 26 2 0 7 A 2k

B 5 1 v IO S = BR N U 14 I BCR-ABL
bG8 EAECMLAO Hg B 2 H, 1% B O
T U#JAK-STATS. PI3K-AKTAHIRAS-MAPK% £ %%
G588, T804 B A0S, H AR JAKR — K47

TR AR 52 AR BT R B 1 B, STATs/2JAKI
il (4 B R 405, TAK/STATAS 5 3 1 2 £ Fih 41 i
DR AR K IRl TR 40 i oA A% 03 15 5 I SR R 42, T
TG . b, TR S B A AR U,
JAK3Z #|BCR-ABLA & & HBOE Ja, H2 A r+—
BAk, SHUME T IAK-JAK S H 1% 2 R B R A4 T
Ak, TS TATs 5 52 14 i g il R ik B 4 & o
BLBERR L. p-STATs ik ) TF &1, HE 18 INJAK-STAT
5T I S N AR DG T (We-MYCE) IR IA, AT
A T R 4 R BT IV Ay TG R U 4D 1
2z —, Bef R B p-BCR-ABL Mlp-STATs £& [ 1)
TR TR 4K 7K S, AT 400 1) 02 e 40 L 1 95 K 56241 fifd
fapiy e

AR TR, REL G 28k ) LB FKS6241
M5 R SMEEALS, IERHGE & A S ik
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(147 354 78 A0 JE HAH G B 1 PR IR S [ B sy A )
it Hf 24 96 97 IR BT B FITAKUSTATAE 5 il B il 1
Mg RIUVNEERS . EIWE . SIS 0 I
B B0 A U AR T AR, RT REIIHLE A T A
JAK-STAT/E 518 i v 8y 1 Rk K1, P4l (s 5
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N TP ERBE LG ECE R FEEIMAD K 562
S H 3G 5E ML, A2 ge LIS KK S 624 M A it 8 %
%, CCK8AI g B T R S i 45 R 0, k)L BB AR
WP IMAE AT R0 4 I K 56240 g 16 A2 K DL K e v %
TR AL B EoR, LA IRIKEIM
REFEKS624H i K 5 L 7EGo/MBH . [H) 2 5 928 ¢ s
SERRI, 55X ZH AR LLER A b 4 HHBCR-ABL#
HEARER D EENEEE LSRRI, K56241
Ffn 25 3sk 5 24 6 FH b #E 5, BCR-ABL. p-BCR-ABL L
K HR W ISTATS . p-STATS R [ 2% 34 Bl ik 2 1k /K
AR, JE I ZONF-kB. -MYCLPA Kp73. p27/&
R E A BRIE, M| 7 KS624 )G 5E . LA
AR, Bk LGB AR B IMA 1] K 56241 i 3
B A AL AT B 5 F HTAK/STATAS 538 % LA J&
BELYT IR OC . AR Sge Ak ) L-LiR T 8RB E 1
FuELAil, tOMIMIBCG FH 23R40 R Bk, AR T
RNTFF RAL e 2518 A U ¥a T R S ANME
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