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[Abstract] Objective To investigate the molecular mechanism of the growth inhibitory effect of
matrine on K562 cells in JAK/STAT3 mediated signal pathway. Methods Western blot analyses were
performed to investigate the differential expression of JAK2, STAT3, phospho-STAT3 (Tyr705 & Ser727)
and phospho- JAK2 proteins after matrine treatment in K562 cells with or without human recombinant
interleukin 6 (IL-6) pretreatment. The expressions of STAT3 response gene products such as Bcl-xL,
Cyclin D1 and c-Myc, were investigated by Western blot and quantitative real time RT-PCR (qRT-PCR).
Expression of IL-6, a potent upstream activating factor of JAK/STAT3 pathway, was analyzed by both real
time qRT-PCR and ELISA. Results Western blot revealed that matrine treatment resulted in a strong
down-regulation of phospho-STAT3 both in Tyr705 and Ser727 sites or phospho-JAK2 proteins expression
without significant effects on the total STAT3 and JAK2 proteins. The expression of phospho- Tyr705
STAT3 and phospho-Ser727 STAT3 was decreased to 0.370£0.024 and 0.700+0.172 in K562 cells treated
with 0.5 mg/ml matrine for 48 h, respectively, from 0.690 £ 0.119 and 1.150 + 0.263 in control cells,
accompanied with a dramatical down-regulation of phospho-JAK2 from 0.670+0.137 to 0.049+0.057 (P<
0.05). In addition, it was found that the expression of Bcl-xL, Cyclin D1, c-Myc was decreased both at the
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transcriptional and protein level in K562 cells after matrine treatment. Matrine treatment resulted in a
significant decrease in the expression level of IL-6 in K562 cells from (35.1+1.93) to (10.74+1.83) and
(8.66+1.24) pg/ml at the dose of 0.5 and 0.8 mg/ml, respectively (P<0.05). Matrine treatment could
diminish the up- regulation of STAT3, JAK2, phospho- STAT3 and phospho- JAK2 protein following

pretreatment with IL-6 in K562 cells. Conclusion

Matrine exerts its anti-leukemia effect by interfering

with the JAK2/STAT3 signaling pathway. The inhibition of IL-6 expression may play a pivotal role in the

disruption of JAK/STAT pathway by matrine.
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WREA . FBS 4 U575 (RPMI 1640 .a-MEM)
A %% [ Gibco 2 F] J7 it o IL-6. STAT3. Bel-xL .
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1. 210 A 3L oA %o S K U K562 4 i, 1]
AR oM (0.5~1.0)x10°/ml, B F 37 °C A AE S |
5% CO 15 FRAR 5 3% . WS i Ab BRI A0 A 10
mg/ml i SR, 29k 5 24 0.5 F10.8 mg/ml,
Ab 3 24 B 48 h, Xf BEZH I A S5 AR PBS 2% vP i .
IL-6 T 40 B4 K A IL-6 R T CHIKEHEE R
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ng/ml, FALE 6 h, FEIIA S S 0807, (1 20k
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21 i, 35 FBCAH I PN s RNA K 25 [ 647 RT-PCR &
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-20 °C, 47 ELISA43# o
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5% A AR HEALE 1Y LU 378 . PCR 34 4% 4
95 °CHi AP 3 min Ji7,95 °C 255,57 °C 25 s (Bcl-xL
360 °C 45'5) .72 °C 50 s, 72 “CHEfH1 5 min, 2 40
a4 H IR B 55 1975 RN 1,

3. Western blot #:43#1 JAK/STAT3 {5 518 % 73
TRIRE ARSI A A, LA RIPA 2L 76
ST LR, PR A B 1 BCA R TR
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IL-6 | : AAATTCGGTACATCCTCGACGG 112
T #:GGAAGGTTCAGGTTGTTTTCTGC
Bel-xL  _Fiif: CCCAGAAAGGATACAGCTGG 448
T : GCGATCCGACTCACCAATAC
Cyclin D1 |-Ji#: CTGGCCATGAACTACCTGGA 483
7 : GTCACACTTGATCACTCTGG
c-Myc % : CTCTCAACGACAGCAGCCCG 250
T : CCAGTCTCAGACCTAGTGGA
GAPDH  hif: ACCACAGTCCATGCCATCAC 450

T¥#: TCCACCACCCTGTTGCTGTA

TEART A3 L 20 F150 pg S FAT I PN A A 1 Bk
WM 155 1 1) 125 g/L SDS-PAGE, 30 mA fH i 21
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P<0.05h 2 7 HA G EE L,

s R

1. 95 2 B8 %} STAT3 i ¥z 3 A Bel-xL . Cyclin
D1.c-Myc %A 152 i : Western blot 45 5 i 71, 0.5
mg/ml 17 2 5 1 Fi 48 h, K562 4 Jitd Bel-xL . Cyclin
D1 }% c-Myc [ kK- R (K 1) ; RT-PCR 43
Mr4h 5 5 7, 0.5, 0.8 ma/ml 15 2 5/ FH I 40 i v
Bel-xL.Cyclin D1 & c-Myc [ mRNA 35 7R [l Fe
(% 2)

2. WX JAK/STAT3 3 % 73 1 W R 1k /K °F-
A 520 : Western blot 25 5 i 7, 0.5 mg/ml 52 b
FH 48 h, K562 41 ifs P JAK2 Fi STAT3 i 7K [ 19235

Cyclin D1

B -actin

c-Myc

B -actin

1:%FI82H 52 0.5 mg/ml 35 S Ak B
B 1 Western blotik /3 #r 208 /E H 48 h J5 %} K562 41 ifl STAT3
FL R F TR B

£2 WS (MAT)E 48 h)5 %t K562 41t Bel-xL , Cyclin
D1 & c-Myc mRNA ik 5201 (n=3, X£s)

215 Bel-xL Cyclin D1 c-Myc
XJHRZH 1 1 1
MAT 15 14
0.5 mg/ml 0.640+0.020° 0.704+0.026 0.840+0.042
0.8 mg/ml 0.573+0.028" 0.580+0.001°  0.721+0.031°

1 5% IR [, °P < 0.05,°P < 0.01

JCHA RS | W R Ak STAT3 (p-Tyr705 Fil p-Ser727)
R R Ak JAK2 (p-Tyr1007 ) 22 ik 34745 %of RE 20 W] bk e
1%, W21k STAT3(p-Tyr705) IR T B 2 (F 2,
#3). LUIL-6 AL , 40P STAT3 JAK2 IR
k. STAT3 (p- Tyr705 £ p- Ser727) Al i & 1k JAK2
(p-Tyr1007) & 1 K AKX B B3 &, in A 0.5
mg/ml 5 S B E , iR F 1A — e R
il , BN S A BEVE B (0.8 mg/ml) , iR 4T 1Y
Tz oA B (181 3,36 4) .

3. WS IHAT IL-6 F IR A2 M0 . ELISA 45 L B
7, 0.5 F10.8 mg/ml ¥ 2 Ab i 48 h &5 , K562 4 fif
Br AR U IL-6 M B 43 51 bl A BT (35.1£1.93)
pg/ml F# fi % (10.74 +£1.83) pg/ml #i1 (8.66 +1.24)
pg/ml(P<0.05) , RT-PCR 43 #fr&h 4 i 7/~ , 0.5 #110.8
mg/ml 52 T3 ) Ab B 24 71148 h, 41 1L-6 5%
SEH B E TR AL (P<0.05) , I HLAG s [] e 88 44 1
BN (FE 4)
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1: %t HE4L52: IL-6 Wb AL ;3. IL-6 +0.5 mg/ml MAT 1 41 ;

4. 1L-6 +0.8 mg/ml MAT { Fi41

B3  Western blot 743 7 % 25 (MAT) 1 H 48 h )5 % 28 50 ng/ml
1L-6 TLAb 31 K562 41l JAK2 . STAT3 2 [ F23A 11 521

FATTHE LA A 5 8 e B, 35 5 041 ) K562 41 i
N7 N EARE 0 C A OB U L REE Y S P i
1 P 20 T VRS T T e R T o i 2 T Wl TR I 1 0%
PEECAR , 2R B 01T 8 38 o 5 M 40 1A % 2R 2
P TR P B TR A /K S, 52 T 200 B P 34 B A A , £
HF T RIS R Bon 75 S0 Ak P X K562
41 il JAK/STAT3 18 % JAK2 . STAT3 43 1 ) B FR
FIR VAT WAE T BT S 2 JAK2 J¢ STAT3
B AR , P25 S0 ] B i B0 ] Ak sy
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K562 4l JAK2 . STAT3 & [ 235 540 (n=3, X+5)

p-STAT3  p-STAT3(Tyr705)  p-STAT3  p-STAT3(Ser727)
A5 JAK2 p-JAK2  p-JAK2/JAK2 STAT3
(Tyr705) ISTAT3 (Ser727) ISTAT3
X I 118054522 7874+293  0.670:0.137 1165821044 8063831 0.690£0.119  13403+731  1.150+0.263
WAL 81474682 392490  0.049+0.057°  9835:846 7 016+965 0.370£0.024° 6878337  0.700£0.172°

T p: WAL ; 5% R4 L% ,°P < 0.05,°P < 0.01

4 Western blot {461 MAT 1] 48 h J5 %145 50 ng/ml 1L-6 AL BE (1) K562 I JAK2 | STAT3 & [ 63k I FE I (=3, X+s )

p-STAT3  p-STAT3(Tyr705) p-STAT3  p-STAT3(Ser727)
205 JAK2 p-JAK2  p-JAK2/JAK2  STAT3
(Tyr705) ISTAT3 (Ser727) /STAT3
PapiiskAEN 22 205+1 873 16 112+1 242 0.799+0.120 25 425+2 473 22 343+2089 0.879+0.254 21 514+1723 0.814+0.243

IL-6

IL-6+0.5 mg/ml MAT 32 308+216° 20 791+1 049° 0.647+0.153" 28 573+2 224 16 333+1519° 0.572+0.136"

IL-6+0.8 mg/ml MAT 18 416573 7 348+607"

26 718+2 143 22 354+1 483 0.841+0.240 36 189+3 186" 24 181+2 703 0.670+0.213"

0.401+0.019" 19 139+1 348"

33 134+2 318" 0.920+0.306

18538+2 862 0.649+0.171°

912+£128°  0.052+0.146° 20 75642 014* 1.024+0.223°

1 MAT 35208 p: iRk ; 5% R4 He#,°P < 0.05,°P < 0.01
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IL-6 J2& 75 A 75 S A 5 1Y JAKISTAT3 1l il 1y 3= 22
JRH 7 J& i A HALHLE S 57 s ) 8 i —
A 1) B G 4 7 i S ST R VR FH AL 38— 25
FHF s I RYA Y7 B S,

2 % Xk

[1]  Yu H, Jove R. The STATs of cancer-- new molecular targets
come of age[ J]. Nat Rev Cancer, 2004, 4(2):97-105.

[2] Bowman T, Garcia R, Turkson J. STATs in oncogenesis [J].
Oncogene, 2000, 19(21):2474-2488.

[3] Burger R. Impact of interleukin-6 in hematological malignancies
[J]. Transfus Med Hemother, 2013, 40(5):336-343.

[4] Reynaud D, Pietras E, Barry- Holson K, et al. IL-6 controls
leukemic multipotent progenitor cell fate and contributes to
chronic myelogenous leukemia development [J]. Cancer Cell,
2011, 20(5):661-673.

[5] Sun M, Han J, Duan J, et al. Novel antitumor activities of
Kushen flavonoids in vitro and in vivo[J]. Phytother Res, 2007,
21(3):269-277.

[6] Zhang S, Zhang Y, Zhuang Y, et al. Matrine induces apoptosis in
human acute myeloid leukemia cells via the mitochondrial
pathway and Akt inactivation [J]. PLoS One, 2012, 7 (10):
e46853.

(7] KA, LM, 0KE A5 & S0 K562 4i i 58 5 73 Ak 1k
FHRBLRIBETE [I]. rhARe Il il 243, 1999, 20(6):793-800.

[8] Liu XS, Jiang J. Molecular mechanism of matrine- induced
apoptosis in leukemia K562 cells[J]. Am J Chin Med, 2006, 34
(6):1095-1103.

[9] Benekli M, Baumann H, Wetzler M. Targeting signal transducer
and activator of transcription signaling pathway in leukemias
[J].J Clin Oncol, 2009, 27(26): 4422-4432.

[10] XU ALt AT , 5. 3 S0t K562 21 L 2 11 i R
T SRR TS VE AR 3] J8E, 2002, 21(12):1292-1295.

[11] Pestell RG.New roles of cyclin D1[J].Am J Pathol, 2013, 183
(1):3-9.

[12] Bretones G, Delgado MD, Leon J. Myc and cell cycle control
[J]. Biochim Biophys Acta, 2015, 1849(5):506-516.

[13] Bharti AC, Donato N, Aggarwal BB. Curcumin (diferuloylmeth-
ane) inhibits constitutive and IL-6-inducible STAT3 phosphory-
lation in human multiple myeloma cells [J]. J Immunol, 2003,
171(7) :3863-3871.

(ki H 191:2014-10-23)
(RS EM)





