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S TR STAT3 1 BEA (45 &850, 46 & : BEA P [A14% 3% Panc-1 . Miapaca-2 41 H X 75 35 8 J& IR (P<0.05) , 4 H %o i 4
JHL ) TC 5o (L35 PRAIC 2R B 1 50% LA R o 75 JE 8 Je Bk A BEA B 5 H 75 4E 8 Je B BEA {233 Panc-1 4 1 - DL R T2 AR B A
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Betulinic acid enhances gefitinib-sensitivity of pancreatic cancer cells via inhibi-
tion of STAT3 activation

WU Haixia"?, MAIMAITI Aikebaier', WANG Shuai', ZHOU Keting', SHI Senlin' (1. College of Pharmaceutical Science, Zhejiang Chi-
nese Medical University, Hangzhou 310053, Zhejiang, China; 2. Department of Pharmacy, the First Hospital of Ningbo City, Ningbo
315010, Zhejiang, China)

[Abstract] Objective: To investigate the effects and the underlying mechanisms of betulinic acid (BEA) on sensitizing pancreatic can-
cer cell lines Panc-1 and Miapaca-2 to gefitinib. Methods: After the cell culture was completed, Panc-1 and Miapaca-2 cells were ran-
domly divided into 4 groups: control group (without treatment), BEA group, gefitinib group and BEA combined with gefitinib group, re-
spectively. The sensitization effect of BEA on gefitinib-insensitive pancreatic cancer cells was detected by MTS assay. The treatment ef-
fects of combined treatment of gefitinib and BEA against Panc-1 and Miapaca-2 cells were evaluated by colony formation assay. Flow
cytometry was used to examine the effect of BEA on apoptosis of Panc-1 cells while WB was applied to determine the effect of BEA on-
apoptosis-related proteins. Surface plasmon resonance (SPR) experiment was used to detect the direct combination between signal trans-
ducer and activator of transcription 3(STAT3) and BEA; Molecular docking and molecular dynamics simulation experiments were ad-
opted topredict the combining mode between STAT3 and BEA. Results: BEA synergistically enhanced the gefitinib-sensitivity of pan-
creatic cancer Panc-1 and Miapaca-2 cells (P<0.05), and ICs, of gefitinib on two cells were reduced by over 50%. Compared with single
treatment, the combined treatment of BEA and gefitinib promoted the apoptosis and up-regulated the expressions of apoptosis-related-
proteins (cleaved-PARP and Bax), but reduced the apoptosis-inhibitory protein Bcl-2 (all P<0.05 or P<0.01). Moreover, the inhibitory
effect of BEA on STAT3 activation in Panc-1 cells was in a dose-dependent mannar (P<0.01). BEA stabilizes its binding to STAT3
by forming hydrogen bonds with Lys-591 and Ser-613 of STAT3; in the meanwhile, BEA stabilized inthebinding site of STAT3,
there by blocking STAT3 dimerization to enhance the drug sensitivity. Conclusion: Combined use of BEA and gefitinib could signifi-
cantly inhibit the proliferation and induce apoptosis of Panc-1 and Miapaca-2 cells, which might be mediated by the inhibition of BEA
on STST3.
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JoR e A — b BB L R RRFE IR B R
I TE A TE SEARYE Y . BT SRR A B
K2 Hg e B vz i ©a S T ARYTER 1) S FE
o1, H el BT AT IR T I 20 4K AT 2
PO A — B M T e R Ik . R
M, H BOK B 25 BIAE FH AR 2 77 A 3RAS 10 i 24 (1) ¢
Mo MR85 7 AR I AR T B R as. AR
K, TR B ) VR T RV UE SIZ R A AR OK M 50 e R
BE S 27 ROMEE 7 I, #O BAR T AT .
O A TR I, 3% B 4 i A= K R 1 32 44 (epidermal
growth factor receptor, EGFR) {55 5 il % 7 i i J22 4
Ji A 5 452 e O, T EGFR #0157 35 JE 5 )8 (gefi-
tinib, Gefi) % 22 Foft [ i 4 6 EL AT (R 4 0 40 o 3 128 o
AN T8 AR ) R S A [ R i e 4 ARG E B e ) UK
PEZE S BLK IRORBR ] 1 3 JE B JB AR ¥R 97 TR i 8
5 TR I PR 2 FH RIS R R (betulinic acid,
BEA) & — i RARKI 2 Thae /Ny 1, R Buig 4t
RAPUETREE Z P AYIENEDS . e ET B 78R B0,
BEA A B A & R B B ios 45 FL T Had & —
b g6 25 V3 Ak & W, L5 AT 24 3 DO At s A
) 24 2R P FE JE H e ™ A R4 10 ik 1) 3% 425 b 96 4 B )
RO G, HEDI BEA BEA 5 9 8 J& 5V [ A RE
B ip 1) 3% 1 g e A L A0 R o TRI e, AR R .
e T RR T A e AR B 1 (1) 16 IR g Panc-1 1
Miapaca-2 4f ffd ¥k , 38 13 BX A & JE & JE f1 BEA, DLt
X ECIRE FH 2577 5 5 B0 ] 3 AR B Je 0 IR i e 4 i 1
FE AT R 520, FE0 BEA B8 3R B JE A ML
HIBEATWIPIRZR , NImPRIG ST SR AL %

1 RS

1.1 @mie 7 A £ 29X F|

N g i 922 41 9 & Panc-1 A1 Miapaca-2 ¥ 14 -
E R4 A2 . 40 5% 77 BT F DMEM &= 55
FEHE0.25% JREE (A B (5 EDTA) i 48 1L 3 Al 5 2%
VR R A AN IUZET A ], PBS 2 H
PO 5 1 AR R 2R A BR A A, MTS B A PMS ¥
T34 H Promega 23 7 , i -20 45 & 80 KW H
Sigma /A 7 , PVDF I« 30% P I Ik i 7 W~ %5 25 o
W5 UL 4 AP TEMED. fiii g %3 ¥ « Tris+ SDS LA &
GLH 0% B A 85 (1 5 B¢ - 35 1 Bt A 4 771 & ProteOn
XPR36 & H AH H.AF H BE %1 % 4t T Bio-Rad A ] ,
Cleaved-PARP. Bcl-2. Bax. % g 1t STAT3 (Y705) .
STAT3. Actin & —Hi 4 H CST A 7 , it % 1gG-

HRP #ii /& H Santa Cruz W) F AR A 7], BEA $) Rl
T AEE JE ¥ K ¥ H Medchem Express H & 2 & ,
(405 2 HPLC #2503 KT 98%)
1.2 mipiEk

FT A7 40 J 27 COL UK EE N 5% (1) 37 °C 1E iR 55 7%
Fo o RE IR, IRAE T S BN 10% I 1G4 I i
DMEM iR 72 0, NN 1% B B R/ B R IE W
Bij IR0 B 5 B o U BE 4 A P o 593 20 0.25% 1 JiR
B AALAR, B 2~3 d AR 1 IR
1.3 MTS & 42 M BEA 3 & JF 8 & T~ 50 % Bk IR /& 4@
RESEE- ¢ &3

Panc-1 Fl Miapaca-2 4l s F & 5 5% [ #4 K i I
%1100 U/ml 5 & 1100 mg/ml 555 & [) DMEM 5%
SEREFRIERE IR, DL Sx10Y/FL R 40 R % FE A AL, T 37 °C
5% CO MM s 7oA 15 9% 24 he ARG ¥ 324k
&) H DMSO % i 51 H H DMEM ¥% 77 25 1% 22 7 B
BEMIRE G . HRAZ A& YL FRE 48
h /5, B DMEM 5 72 0 B Jo 24K B 8 5 mg/ml 1
MTS ¥ N 2 &3 £L , CO, 15 77 46 % & 30 min, T/
FRASCIN 72 % 4K 490 nm Kb 6% 55 (DOE . 20 i 386 5
=S4 D/ R4 D E) x100%. 5256 &
3
1.4 2 %k 5% 2 4e 0 BEA th R & JE 5 R 6908 77

4 Panc-1 41 Jfo £l AR #22 F0 T 6 FLAR (1 10° 4~/4L)
T R MG RERE R IS N 2 P0IBT i DMEM #5577
W, E 24 h 5 EIBE R . AL IR 2 R
AL DL v R A B 2 RS 7R O FE KA TR 2 10~14 d,
WHIR] AF 3 d A4 A o e BT B 15 7R V. AR K 4 e
PBS ¥ — X, F 1 ml FEE & 52 15 min J5 , T F
B, BN 1 ml 0.1% 45 @i 58 G (0 44 5,20 min. [9]
W B 5 FH A I K 32 F e 5k 6 FLAR, F e b
AL 3 B, B 5 34T 40 B 7R B N B TR
K, UK 50 MBI A2 1 ANETE , T AR TS T
M. SEIER 3R
1.5 WB 5245 BEA 3t Panc-1 ‘9 AT X & G
19 %5 76

ESO0H B30 A K 1 N JIR It g 4 ) Panc-1 428 T 6
FLIR 2> 10°A/FL)H , i RN BE B 37 5, T 45 R 0k
JIN DMSO ¥ fift B 25077, 15 & 24 h s, WA 4H
FMEEA. B Z AN MR DR 17T SDS-PAGE.
HL4% 2| PVDF i, F 5% 86 4 95 41 90 min, A
SRS S PE —PT(1:500) F iR E 2 h J5 , 4 °CH¥
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H i, f H HRP ARic (9 =54k (121 000) = 3 5%
F 1.5 h, BB &R AR A F ECL 52 g =
5 1~2 min, I AOGHE G AR, et K FEAE
THEAMREAMMEXNRIAE. LREF 3K,
1.6 7 KX mjo K A5 M) BEA %t Panc-1 4@ it &9 78 = &9
A

H4 Panc-1 2 Jf 5 B 422 B0 T 6 FLAR (2 < 10° 4M/4L)
W, WEBE N2 ), B 2335 R 56, Je A PBS ¥k 2 i, i
FREEIH AL, 1 500xg BS .0 5 min, PBS H &, I O
B BB )R B A 500 wl 1x 45 A 22 ph ] =
W IR R AVE H, RN 5 ul Annexin VA5 pl
PLA 3, 0 NG th 15 min J5 , 7 2040 A0S
Mo S EE 3.
1.7 % @ % # ¥ 4k & 3k (surface plasmon resonance,
SPR) %% 1 12 4E STAT3 A= BEA #9 A5 45 &
1.7.1 X RHATAE K GLH S WIKFE R 5
GRS IR A R, B 1 O I S S AR A i AR
WIUE A0 s FF 38 3 78 508 A 3% T 4 0 4 VRt ik
0.5% SDS.50 mmol/L NaOH 1 100 mmol/L HCI %
KA A Fr 5 [F) B TC ) 4 2 22 i) PBST, Bl PBS+
0.005% M- 75.-20.
1.7.2  #7E & 7 70 B 2 STAT3 K% 40 mmol /L (1)
EDAC LA & 10 mmol/L FJ sNHS & & J& i il ot i %
] PO O P R T ) 2 ZEAR 3244, IFAE 30 min N 7E
ANFREIE Lt STAT3 &, fE45 &5 S E F1A
WG S 2 )5, H 3R R LB B PO i B R R TE
AT i H RG2S AU IS L R a8 Ay
K, ERRARGSAENED.
173 MAEMNNEHEATRERENRN His
W B 7% & B 100 8046040 20 pmmol/L, _E LK
I Aor W &5 SR AE G o 0 B 2 MR TE L 52 i BL &
DMSO ¥ FI5 M J& , i i Langmuir-Kinetic 7 BT 52 56
S TS AR B K il B R B Kd DA il B T 1l
HHKDE-
1.8 5 FatiEAe T 50 /) FAEDLE B M STAT3 F=
BEA #9 45 54% X,

STAT3 (1) £ [ 45 K I3 1 45 749 B2 T 3 Chttps://
www.rcsb.org/) , He 45 4 1IBG1M. K A AutoDock-
Tools # 4K STAT3 [ 8 1 SC A4 A BEA SCAF 64k ik
AutoDock %4 iH 5 i PDBQT # 2., 1% A2 45 A,
JR AN o Al AutoGrid B A 23 75 #2 filr
s B SO B2 AutoDock AT 70
S, A E - E AN . BEG KM Gauss-
ian16 # F 1+ 5 BEA [ HL 47 , AMBER 16 84 1 11
Antechamber 1 £t # {4, ik AMBER 16 X £4F 1R 7 /) Y
Hiff MOL2 4 o #5E , d 1 B AIC A4 /N 231 43 )

¥ Amber f14SB /737 F1 gaff /737 , & il LEaP #5545
B ER AT, K g 81, A E A
BT —MEKH o KET N 25, MR R
HEATREEAAL  THE JNVT &R 52 T4 NPT ik %,
I 4% STAT3 A1 BEA ) & A W4T 60 ns ) NPT &
R . B & R ] CPPTRAJ.PyMol i Chimera
AT HEAT 04T
19 %itzam

K F SPSS 20.0 3 4 2 AT Gt ot F s 7 , A
GraphPad Prism 7 {26 B o tH R Dl v +s R
N P AL TAT LA SR e A 56, 22 4 TR L8R FH B TR 3R
U5 Z 53 Hr . BLP<0.05 5% P<0.01 £ 255 G it 2%

2 # B

2.1 BEA V}R) 38 3% ik IR % fm fo st 35 AE 5 Ray SR M
MTS il 45 52 &7~ , BEA X} Panc-1 fll Miapaca-2
21 0 1 24 B30 ) R B (ICs0) 33 K F 100 pmol/L (&
LA, 17 5 B JE X 2 R4 M )4 ) v 14 [RI A HE AN
ICso ¥ K F 30 pmol/L, o X S5 41 il — M 1Cs0 7E 5
umol/L AT, £ % nmol/L 247 (& 1B .C) . H: T,
AW FE T B A fd H 50 pmol/L BEA (1/2 ICsfH)
A120 pmol/L ) 75 JE 8 J& (UCso ) » 3 F MTS A48
OG0 B A A A E A, S5 R (ENBLO XKW BEA
1 F BEA #H 2 32 5 T Panc-1 Fl1 Miapaca-2 41 ffg X} %5
e Je B BUR A (ICfE FE 22 50% PL ) o BRI TE Ik
SEIGRE I & R (K 2) BoR, FHEE BB A BEA 4%
Panc-1 I Miapaca-2 4 ifg (1) 52 V& T2 R Bk & 24 28 B
B AR (P<0.05).
2.2 BAE A E JEH RAw BEA ¥ 40 Panc-1 4 f 8
T 2R B ARG I 5 R (B 3A) 2718, 20 pmol/L [
FAEE X AN B T — E ROR, 1M #L A 50 umol/L
BEA X 4 B T2 808 T 53 10055 AH 2 P 3 B 2 35
38 0 T Panc-1 40 T2 (P<0.05) . WB L5846
Mt R BN, HAEE Je B & BEA F 250 T d 0 B
1 cleaved-PARP Fl1 Bax 1A L i3E , DA K R T2 i)
A Bel-2 RIS MR, ROR B v T A A
4k # JE 8 BEA (P<0.05 8¢ P<0.01, K 3B.C).
2.3 BEA %t STAT3 13 5 il 34 &9 & 4 = £ Wl 4F F
WB 5256461 BEA X Panc-1 41 ffd HH STAT3 # iz
fb45 B &~ , BEA X Panc-1 40 i ' STAT3 (&1L A
70 B A S P4 4 (P<0.01, I 4AB) . SPR &
Mk F (40 BR,BEA 5 STAT3 R H A A R IFIH
AR, HKDME N 30.5 pmol/L. k&5 R E IR,
BEA it H#: 5 STAT3 45 & , - #li il STAT3 Wl fb. »
X STAT3 {5 5 i % (13 A0 = AR F IR
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A BEA 48 h B Panc-148 h < Miapaca-2 48 h
9 -+ Panc-11C,=104.6 umol/L 9 _ 9 . GefiIC,~31.88 mol/L
< 100 # Miapaca-2 IC,,=113.6 umol/L < 100 s Siglfa"wﬁﬂ“;ﬁ“ ~ ~ Gefi+50 umol/L BEA
2 \ E‘ 1C,~12.59 pmol/L E | 1C,~14.45 umol/L
g 50 £ 50 i
3 S 3
50 100 150 200 250 40 60 20 40 60

BEA [c,/(umol-L1)]

BEA [c,/(umol-L1)]

BEA [c,/(umol-L1)]

A: The anti-proliferative effects of BEA against Panc-1 and Miapaca-2 cells; B: Comparison of the anti-proliferative activities on Panc-1

cells between Gefi treatment alone and combined treatment of Gefi and BEA; C: Comparison of the anti-proliferative activities on Mia-

paca-2 cells between Gefi treatment alone and combined treatment of Gefi and BEA
[E 1 BEA 125 FEBRJE Panc-1,Miapaca-2 ZHBXI & IE % R A0SR

Fig. 1 BEA enhanced the gefitinib-sensitivity of pancreatic cancer cell lines Panc-1 and Miacpaca-2

Panc-1 cells

DMSO G-20

BEA-50 Gefi-20+BEA-50

Miapaca2 cells

DMSO G-20

BEA-50 Gefi-20+BEA-50

E2 HIEB RS BEA th[EHIHIRER Panc-1,Miapaca-2 4R A S5 /2 5K
Fig.2 Gefi and BEA synergistically suppressed the clone formation of Panc-1 and Miapaca-2 cells

2.4 BEA 5 STAT3 494 34 B 4 F 3 /1 S AE

TR 4 (] SA) B8, BEA BT 5
STAT3 (1) Lys-591+ Ser-613 J&£ sl & B AH BAE FH L Faoe
BEA 5 STAT3 &5 & 1EH . 70 T8 J1 22 B 45 31
(K 5B) {7~ , BEA Al STAT3 2 B 48 C AE RIS 72
HH )35 75 i A 22 (RMSDO PR FF S A5 9% 30, H HLR FEAIR
F 0.1 nm, % W] BEA Fll STAT3 7£ 8 AN, o 75 2 1)
giAARERRE . AN, B 5C BoR, BEA f&5E 7E STAT3
() B 1 45 A0 55 Y 5 DL BE T STAT3 — 3R fk & 4438
BBAER

3 %W
R g 1 Bk R e R 2 B R LRI A &R
GeBMEIR 2, R B 5K R B B PR AR

T e A IX T 8 F5 T O R R T T R R, 2018
A ST R B TR 45 75N, T B

PIESET 1 NBCE R mik 43 5Nl T iE
FLIPRE IR B2 B L Xk U2 I, HoI RE 3k PR, 224 AR
I 2 A0 TR AE R L B L T T RVA T I SR
WMo AT, AT R IR T IR B R A R A A Y
BT T B AR, ™ E A 254 AT 2
PRI I PR 8 i ¥ 25 B AT o AR, IR A ) VR T PR
R, FE )2 IR SE RS AR M B SR I U
AER AL TR, EGFR 15 5 38 % 71 e i
o8 20 M rh R 8 3 O T EGFR A1) 771 55 JF 5 e x
25 il B i e 2 L L AT R RS . SR, 7 AR
5 JE of AN 7] g it e 4 L A0 R 2 S K, A0 K R 1)
T ARE R AL IR IR T R R IR . A
2006 4F , 47 24 F I R B T A (R A R A TR X i A
B e U E A+ AR R B AR e UK
PEANANE TGF-a R IE R H VI OC . SR, H A
AL 1o A 8] Y, 9 ELAE 3 v 7 AR 5 JE e v U 1 A
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R FEAHM D
A B Panc-1
DMSO . G-20 DMSO BEA-50 G-20 BEA+G
=) =
- 234% | 281% Cleaved-PARP — —
= =
. o Bcl-2 |‘- i
= =
5 SR Bax | M S ——
o || 1o o & Zon| Aot | m——
7109 100 10 10° 10* T 10° 10! 102 10° 10¢
| B 5 c
200% | 274% Panc-1
= = B DMSO B:G-20
25 CBEA-50 3 G-20+BEA-50
S S : x
=] = =
2 2
= . 8
S B il 8 SRR Wl 2
10° 10" 10° 10° 10¢ —10° 10" 10° 10° 10* =
BEA-50 G-20+BEA-50 & 3
C-PARP/Actin Bcl-2/Actin Bax-2/Actin
Annexin V-FITC

'P<0.05, "P<0.01 vs DMSO group

A: Combination treatment with Gefi and BEA promoted apoptosis of Panc-1 cells; B: The expression of apoptosis-related proteins;

C: Relative expression of apoptosis-related proteins (cleaved-PARP/Actin, Bcl-2/Actin and Bax/Actin) was quantified by

Image J software, and analyzed by Graphpad Prism.
3 HiFERBA A BEA (R AR AR Panc-1 FOAT 5 AT HEXEARIL
Fig. 3 Combinated treatment with Gefi and BEA promoted apoptosis and regulated the expression

of apoptosis-related proteins in Panc-1 cells

A B C
= BEA-25

BEA [c,/(umol-L1)] ;Bﬁ’f_‘g_zs = BEA-50 5056 —

DMS0625 12525 50 & 207 S0 I 80 pmollL

o 10 2 KD=3.05%10°M v 40 pmol/L

= 05 s 0

Actin[s e ———] & —,
-200 -100 0 100 200 300 400

0
p-STAT3/t-STAT3

Time (t/s)

"P<0.05, "P<0.01 vs DMSO group
A: BEA inhibited the phosphorylation of STAT3 in Panc-1 cells; B: Relative expression of phosphorylated STAT3
(p-STAT3/STAT3) was quantified; C: The direct binding of BEA and STAT3 was determined by SPR assay
4 BEA #IIHIBRARAE Panc-1 ZABMA STAT3 ROBEER 1L,
Fig.4 BEA inhibited the phosphorylation of STAT3 in Panc-1 cells

STAT3 1 2 A 52 AR T 28 IR L (receptor tyro-
sine kinase , RTK) & 5 1 i 1 7 2 1) — AN A
T, 12 51 JAK-STAT3 {5 ‘5 @ % /£ RTK /13 )
JeE 20 PR 3G B Ak A7 IS DU RIS 2R i S AR ) 2 it
e BA EEA/EH ; 1A, STAT3 75 5 A % Big & IR T
B ) (TKISO T 25 HETE A B % VIR . K&
BIF FEHONIE S, /1N 43 <7 I ) TK s 254 %F EGFR . 1] 45
R E2 9% 4 ¥ (anaplastic Lymphoma Kinase, ALK) « Ji%,

2 4 41 W A= K R 52 4 (fibroblast growth factor re-
ceptor, FGFR) P J2 N 3 ¢ 4= K [+ 52 44 -2 (human
epidermal growth factor receptor-2, HER2) %% [ % IR
PRI I AN, 2 51 &S STAT3 1 S Wit 1 s » 1 itk
VERAR KR FE b 2 st Sk i T o 40 g xR T
P TR 2451 o ST T 7 I B, B T AR e /)
70T R #E 1] STAT3 , FHL BT JAK-STAT3 {5 5 i %
IS , AXREA R b e AR K 75 3 i 2 i
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T, I HA S8 o R i des 40 i 6t EGFR 011 77U 3R 150
M 24 1A 3 R . B8R 2 AN /N4 T STAT3 41 il 771 C
STA-21.0PB-31121 1 OPB-51602) 7 & P &M i 987
TS B AR RET S (A E S b, B R PR X

3.0

FOA R T R R T R 259 () e RO (R, AR
T H B 7% G AE T AR R BE 1 R AR SR R
STAT3 #1171«

. >
MR I cine3s 4

{ GIn-633 »

Y

STAT3
251 BEA

20t
1.5 ¢

1.0

RMSD (x0.1 nm)

05

10 20 30 40 50

Time (t/ns)

60

A: Binding mode of BEA and STAT3 predicted by molecular docking; B:RMSD of protein backbone C, against 60 ns molecular

dynamics simulation; C: Binding mode of BEA and STAT3 after molecular dynamics simulation

5 BEA I STAT3 B4 &R X T
Fig.5 Binding mode prediction for BEA and STAT3

ISR, BEA R s ik 2 s /B, 2 21
REZWRE BT RIE . R, NAREZ KRR
) — AN RS> T, BEA 52 Rk R F— 2 hins 24
YIBeA R 20T e s, B2 A 552, Hod, SUN
SECVIE VA BEA I JER i i 4110 1) 3 M 1 (5] I, O
BEA 1F 7 P fth i 850UR 41 i Panc-1 A a] DL 7% 7 Al 52
KAV E A5G VE . {H BEA 2 75t g 14 B EGFR i
Tt 0 1) 7] A 5 S 35 T2 ) Sk e e e 200 L %) 0 ) 12k
DL K BEA 5 # 6% Je 7= A= R A FH ) 2L AL i) 2 4
ATy, BT AR AT . T b, AT 7 i A e v
Mg R AR . WBLSPR 5256 25 %2 Fh sz 86 T B,
RV A8 BEA fit il 35 312 151 25 ol J i 400 P xof
A6 JE R 604 1 5 TR B e 0 IR i g A e
(1) 384 5 00 161 R % SR T I VE . A R ML 7 T

BEA it B 3454 T STAT3 & [, £ 4 250 40 1) 248 i
W STAT3 {5 5 i % [ 5 44 , 7] B8 2 78 70 1 1 H
B .

BEAL  ARHF AR BRIl b, 28 A T Xy
TFB) IR, T T R E TR A, SR
7~ BEA 1E 7 [A] 45 1) BA B R4 &40 = 1) DL
— PR R . B, B T BEA S STAT3 S A )
S HAEFH , BEA & Bl ) 5 B o L IR ik & , 451
Arg-595.Ser-611.GIn-633.GIn-635.Ser-636 . Glu-638
XS B R TR AL T E E A BT 1A S A FLAE
ik O 2 N R 7y AL P R LT DN
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