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[ E] A . BT 2 R TR 4 i A172/0251 )5 AL P9 B2 AHE( human brain microvascular endothelial cell, HBMEC )
ZI6] STAT3 {5 5 MBI HAEM . 7 ¢k @7 A172 U251 4105 HBMEC (4 Transwell 2353721 2, ELISA 5] A172 U251
YA B H 43 T VEGF SFHBMECS: W IL-6 (5% , Western blotting %l HBMEC 5 A172/0251 4 j3E553% 30 min I} HB-
MEC K HAM T 1IL-6 X A172/U251 40T STAT3 & A F KR ALIRZS p-STAT3 fU520H , CCK-8 \ Transwell 12785256 73 B A
HBMEC KM A 1 TL-6 % A172/U0251 A5 FUS 22 50 . 4 R : VEGF( 50 ng/ml ) 20 AL ES 32 24H( HBMEC 4351
A172,0251 4 3ER55% ) HBMEC 9 T1L-6 (335 I B TXHHRZA( P <0.01 ), LK59% 30 min A, A172/0251 4AEAY TL-6( 50
ng/ml )20 M5 35 20 M ( L35 5% + AZD1480 ) ZH B9 STAT3/p-STAT3 & FH A R B W W m TXF (P <0.01),( 2135 +
AZD1480 )ZH A B BT JRE 20 Bl STAT3/p-STAT3 FE R EfE /1 BE LTI FHRA( P <0.01 ). 11L-6( 50 ng/ml )4, a3 40 K
( HEREFR + AZD1480 VLK A172/U251 43451 K 4272 68 77 B 0 3 T XF BRAH( P < 0. 01 ),( FE85 3% + AZD1480 )21 (1) 20 g 184 7 J2
RZBHE S BEM TS RA( P <0.01 ). £ o« M 28 R A0 -5 AR A% P 2 40 =2 D) A7 A S 2 A, B S JAK2/
STAT3 1553 B VIAH G
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STAT3 activation is involved in the interaction of glioma and human brain
microvascular endothelial cells

Liu Yaqgi, Gu Jinhai, Meng Rui, An Fangling ( Ningxia Key Laboratory of Cerebrocranial Diseases, Ningxia Medical
University, Yinchuan 750004, Ningxia, China )

[ Abstract ] Objective:To explore the role of STAT3 signaling pathway in the interaction of glioma cells and human brain
microvascular endothelial cells ( HBMEC ). Methods: The secretion of IL-6 from HBMEC co-cultured with VEGF,A172,
or U251 cells by Elisa. Immunoblotting was performed to examine STAT3 and its phosphorylation status inglioma cells after
exposed to IL-6( 50 ng/ml ), co-cultured with the endothelial cells, orHBMEC + AZD1480. CCK-8 and Transwell assays
were used to measure the effect of IL-6 ( 50 ng/ml ), HBMEC, and HBMEC + AZD1480 on the proliferation and invasion
of glioma cells A172 and U251. Results: Glioma cells and VEGF promoted the secretion of the IL-6 bythe endothelial
cells( P <0.01 ). The level of pSTAT3 in A172 and U251 was significantly increased after exposed to 1L.-6, HBMEC, or
HBMEC + AZD1480 ( P <0.01 ). Moreover, AZD1480 reduced STAT3 phosphorylationin A172 and U251 co-cultured
with HBME( P <0.01 ). IL-6 ( 50ng/ml ) and co-culturing with the endothelial cells enhanced the growth and invasion of
the glioma cells( P <0.01 ), where as AZD1480 suppressed the growth and invasion of the A172 and U251 cells ( P <
0.01 ). Conclusion: STAT3 activation is involved in the interaction between glioma cells and the human brain microvas-
cular endothelial cells.
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28 58 JE TR A T PN e DL R 2 — , R R T
M bz, N R Y 50% ~ 60% , N K R
H6/10 7,5 SEAFIE R ] 20% ~30%" ") o IR
FRHTFAR JIOTF AT IR AT R
i JE AP A S e R 1 7 AR AE A R 12 ~ 18
AN 2 G TR Y G B 3 B 12 28 5 Noteh3
RSl Wt {5538 6 & Shh {5538 %4
YIRS, PR A0 B I A AR e B R B T AR R T
R PR AR B, T X s 200 A A 348 B R 28 28 6
FEAMER T, (B, KR A5 B A e 40
L PR S 11 155 5 1 28 B B8 A 5 785 3 1 ) 2
JofrgEE A = AR Y R ), T A B ) — A
L RV A8 P B A 7 el 1 3 3 42 28
FErb SO A P B 40 e T BB A VE S R, B
SN AE P Bz 2 6 R fr s 400 i 22 1) () 58 A A
ERHEIS RIS E L. —FKEEW IR MG S
i [ 11-6/STAT3 1R AT REFE X &3 B2 iole T#F R 1EH,
DR I AR T 5 08 430 12308 I DA AT 9 o 2 e it -5 A ik
M55 N B AR Z TR 5 58 AR o

1 R

1.1 E2ZHA5XA

NS S 968 A MO Bk A172 U251 I T b i
PP AR AR A F . FE&A 10% 4 iiE
DMEM K555 56 p K5 95 0 B AN I 1ol i 45 PN R 440 e
( human brain microvascular endothelial cell, HBMEC )
W4T 36 [ Sciencell A H], T A 10% 4 i3 ECM
Brgpdkh i 9: . N VEGF, 4 F 52 [E Pepro Tech 2
], N IL-6 I [ 35 [E Pepro Tech 23 ], JAK2 41l il 5
AZD1480 3 F 3% Selleckchem 23], fabt A STAT3
H1 STAT3 Phospho( pY705 ) 2 7 B B /K g 1 25 [
Cell Signal Technology /3 Fl, fedii A GAPDH £ 5i [
PUIR( AB-P-R 001 ) A o B 2= 4 YR A BRA
F),HRP Fpic IU 3% IgG( H + L)FidA Iy A b5
Y ARG R A, Western blotting 5 1
FING 1 SR E A= R A FRA R, ROGHIE A
F [ Advansta A, 28 FFEBOAH S E N & &
o DU £ 0 T B o LR A R R R A RA A
CCK-8 ikl & [t 2 X & A=W H ARG BRAF,
ELISA {5 & A g0 A YRk A R ), BD
FEFTNE T 36 [ Sigma 23 W], Transwell /N5 14 T 36
[ Corning 23w, A Jili f 1M1 48 P Bz 2 Bl 35 9% 2
( ECM ) F 3¢ E Sciencell 2 7], #4245 i 57988 4H Jifu
DMEM 153230 H € [F HyClone /A 7], PowerWave
XS AP AR F 5E [E Bio-Tek A H] .

1.2 ELISA % # # VEGF. A172., U251 #a j& %+
HBMEC IL-6 4 ik # % v

PR K 5109 HBMEC #5570 T ECM 3535 5L
o VR X IR ; VEGF 4R FH % VEGF165 50 ng/ml
) ECM J5 35 5E . B A172.U251 e S LR P 1%
FEE T70% ~80% LA B, 43 ) 1m FedE F( A172 )4
FEREFE( U251 )ZHEY Transwell FZEAIA 2 ml 1 x 10°
A~ A172.0251 4. #541°F 37 °C 5% CO, KiF=fi
hREFE,24 48 .72 h BPIEE HBMEC B3 5R iE W , 1%
ELISA 551 &5 1 B P 4 A0 1L-6 % . HX
ANTRI VR B o o o RURR B4 A S A ELISA #z £L
o, EIR( 25 ~28 COWFEF 2 h, PEAR 5 K, A Rt
N IL-6 AW R ALHUAR TAER( 100 wl/fL ), 2 i BE
H 1 h,YEHR 5 %K, A HRP FRICHIIL £ 1gG T
YER( 100 wl/fL)BEE 20 min, JIA L 1E#E 50 pl/
FL, BRI 450 nm PERAR IR EC D OE, 2
il e B2 A AR 2, AR A A v il G 33800 B2 B 51
5 2 P I P VA A
1.3 Western blotting # M| Transwell & 3% 7.
HBMEC# 3% 75 2 A172 F= U251 @@ f 73 STAT3 % p-
STAT3 A& 693 M

A172 4HIAESFUAR 1% 35 40 M 70% ~80%
LA, 505 4l X IR, 1-6 41 ( B3RP mA
IL-6 & 50 ng/ml ) A172 + HBMEC £:38% 5% 4H( Tran-
swell F24%F 2 ml 100 x 10* 4~ HBMEC ) #1533
+ AZD1480 ZH( Transwell | Z#F 2ml 100 x 10* 4~
HBMEC, FZE B #t 7 AZD1480 1 wmol/L ) DMEM
REFRdk . U251 diffLsral A VR A172 4.

30 min JERRUCER T = IMORE A i, HH¥S PBS YR
U, PRI I 0 C A 1 24 v ( oKk B8R ), BT
4 CHRFTAT 2 15 min, T F] 751 B0 L, 1%
A EP & ,17 446 x g .4 CEL> 15 min, B W
K FH BCA 35 2 & IV B, BB FI AR AL AT SDS-
PAGE J& , 7 B ¥ 25 1 3% B AN TR 4 4 R I 1 )90
min, 1 PBST Bt B 1 5% 405 1 h, inA—t
( STAT3, p-STAT3 H1 GAPDH i {4 # B & 43 %) Ny
1:500.1:500,1: 1000 ), 4°CHHid % . F PBST ¥
B BARBEARIC LA PR TG R =R RS
1 h, PBST VRAR S T 0% = N IA OGO,
FME BRI IC 5%, H Gelpro32 447 4 H
FEEIT A AR R A 5
1.4 CCK-8 %4l IL-6 . HBMEC *F A172.U251
4m JOL 38 78 69 % vh

16 24 FLARP AR 5 x 10* 4> A172 40, 4R it
WARFR 1 ml, X B AR B 16 20 ) 5 5 h



- 434 -

o [ fosd A M a2 2015 4E 8 H L,22(4)

JIATIL-6 50 ng/ml, 2553540 1] Transwell |23
A2 ml 1 x10° 4> HBMEC; 3L 553 + AZD1480 41 -
FHAP 2 ml 100 x 10* A~ L AT B 2= 4 5
AZD1480 1 pmol/L ) DMEM }5333%E, #4178 37 C
5% CO, EFFETT ISR 24 48 72h )5, BALINA 100
pl CCK-8 &, ARELAE T FRAR TR A 1 h, B AR (I
450 nm PR AL D A, H D {8 A 3R 40 M1 58 K F o
U251 4 e [RI A kil
1.5 Transwell 4% & % 3 4 0 1L-6. HBMEC *F
A172.U251 %mhefz 2 48 h 69 % vh

F BD BEJ5T 5 G I i Ky 95 5 B 2 10 me/
ml, B 100 pl AEFLAR R 8 (14 SR B8 1R M 00 S )
Transwell /NEE P, RGPS, BT 37 CHRA2
h, BEAE T3 B KRS A172 2 U251 40 fi PBS
UE 3 i, JERRE I A, T i Ry 57 2 E A 3 L 200
wl B & 1 x 107 DDA T L%, XTHRAT
ZHNA 800 ml DMEM 5 5% 5 ; S8 2H T % fil A 800
ml % 1L-6 50 ng/ml ) DMEM ; Transwell 245 5% K 22
FEEM 2 ml 100 x 10* >N AIH LR SRR R T

FEHM 2 ml 100 x 10° SN A + b= R E
AZD1480 1 wmol/L ) DMEM 85353, &40 1555 72
h, Bt /NVE M2 EEA0E PBS Uk 3 i ,90%
CERE E 30 min, 0. 1% 45 fh 48 Y4 4 30 min, PBS &
Pk 3 ; W N RN 8 S FEHLALETF( x 200 ) FA
R TR RS A
1.6 %itsam

K JH SPSS17. 0 A 434, i B BERER ] v + 5
PR, A& HIAEHE I BRI 22508, A P <0. 01
5% P <0.05 FnERAGIEE L

2 & R

2.1  A172,U251 %@ e % 3 45k B -F VEGF #2 it
HBMEC % IL-6

ELISA Fli45 5 2% 1,18 1) /R, 35555 24 h B,
VEGF 41 11-6 () 3% 35 & B BH & & X BRI P <
0.01 ), ILHEFRALNY 1L-6 11335 5t B (g & X IR 4l
(P<0.01),{HZMKT VEGF(50 ng/L)4I(P <
0.05 ). HHBEERHEIE K 1L-6 (1)K B &

&1 VEGF X A172,U0251 4R35 5712 HBMEC 5 IL-6[ p,/( ng - L™ ) ]
Tab. 1 IL - 6 secretion in HBMECs was increased by treated with VEGF and co-cultured with A172 or U251 cells

Time ( t/h)
Group F P
24 48 72
Control 790.76 £356.16 2764.19 +£324.03 4711.49 £1 370.94
VEGF( 50 ng/ml ) 6 007.45 £664.35" " 11 722.01 £515.28" " 16 427.42 +3 321.70" "
Co-culture with A172 4 318.51 £808.60" * 8 588.02 £262.63" " 12924.43 £522.00" " 106. 847 0. 000
Co-culture with U251 3787.53+1306.20"" 6693.26+1232.96"" 11201.98 +2 179.64" " 76.842 0. 000

*" P <0.01 vs control group.

2.2 HBMEC % A172 #= U251 43§ STAT3 A p-
STAT3 & ik 69 % @

Western blotting K45 H( & 2 ) B~ , A172
U251 Z0fiEn) 1L-6 2H ILIEFRA AL 3% + AZD1480
2% STAT3 FKib/KF-S5X AL R EZF(H P
>0.05); IL-6 41 JERFFRAEY p-STAT3 ik K4
WBEE TABAHCY P <0.01), M5 +
AZD1480 ZHHY p-STAT3 2K A i ik K P LK 37
B EFAKC P <0.01 ).

2.3 HBMEC & IL-6 423 A172 F= U251 28 e 6938 74

MTT Kzilizs S B 3 ) 7R, HBMEC J Ho 43

P IL-6 WA HE T A172, U251 Wl 28 02 J g
NI HEFE , A172 1 U251 Z0M0f0 1L-6 40 L 55
ZHRNALEEFE + AZD1480 21 4 41 At 3% 4 55 K -t i
TXTHEZA( P <0.01 ), MidLd% 3% + AZD1480 4H 11 2
J K G 0 A AR TG R 4( P <0.01 ),
2.4 R F AR ik B F SRR G fa Rz 2% e
SR e TN g YN 8 TS T
T A172,0251 PRI 2 s 20 B AR 28 16 T
TL-6 21 RN 0% 75 41 1 2 RS 200 e 5 e ok R 4 48 5 T v
(P<0.01), HBE3% + AZD1480 ZH (1% 21 Jifa 21 Jfo 25 Jss
1500 AR T 5 IR P <0.01 X E 3 ),
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A 2 3 4
B4 > 3 4
| — S TAT3
N 11

B 1 HBMEC.IL-6 X A172 ZHAf( A )#0 U251 Z4RAR
( B )STAT3.p-STAT3 RiXHIHNT
Fig. 1 Effects of HBMCEs and IL-6 on the STAT3,
p-STAT3 expression of A172 cells ( A ) and U251 cells ( B )
1: Control; 2: IL-6; 3: Co-culture; 4: co-culture + AZD

@ Control B co-culture
5¢ IL-6 (50 ng/ml Co-culture+AZD 1480
IR 1L-6 (50 ng/ml) @ o-culture
=
g
=2
=
=
0
|
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= -
o
N
24 48
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B
y @ Control B Co-culture
6 B 11-6 (50 ng/ml) [ Co-culture+AZD1480
=
2
=
=
8
2
a
i)
o

Time (t'h)

E2 HBMEC RES5HEF IL-6 3R
4RI U251 ( A )70 A172 ( B )IE5EAI RN
Fig. 3 Effects of HBMECs and its secretion
factor IL-6 on the proliferation of glioma
cells U251 ( A ) and A172 ( B)
**P<0.01 vs control group,

24P <0.01 vs co-culture group
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N Ao 2 SRR e AR 5 A I A AR P, A
RPN A2 P i 45 A s B PR - = KR Y T i yd 4
Mo PR i IR BT LAy Wb 22 R, A VEGE  PD-
ECGF 155 /E % % \EGF & TNF-o %5°), 5x 641
DRI~ 4 T ) 38 P 9 0 L i A5 P B2 S ) A . L
o, VEGF i i — 28 371 B A H 5 AR A 0 1 1l 4 PN
ARG FE T R 0 L6 & —A B LR B
Mg 7, e RSP R PR T EENE
FHLRT R 6B L TL-6 BENS L HE IR IR S 1
WA ZE R . I ARNFIE & e85 VEGE RE SR
PRI AE P B 4 W6 1L-6.. K H 4t ffL X+~ VEGF165
V£ VEGF 133k , 45 R eI, b 22 e Fo e 240 i
J VEGF165 {2 #F T 1 4 P9 Bz 40 M 43 W 1L-6, v
VEGF KT W#/EM. IFHMFR LM, 1L-6 AEWS
P S 1 O Ao 2 R 9 200 M 338 3 IR 2

55 i T I S A - ( signal transducers
and activators of transcription, STAT YKGERESEH
UM F LA A K A S 005 5 7 S i Sk
T FEIEE AU R A BB A DA R PR T A
—ZH A R B B STATS 1F W15 5 5 G s
AL F R i — 5, RIS 5 % 5 O i B
FERVER TS ALY STAT3 JE Rl — SR AR AR 45 T Ui
R DR e 8 — 2 5 4 i 44 i 4 2% A G 04 Tl R AR
TEFEAR M B M T AR 22 0 EA R R E S
M [ 1) S S RS 5 R AR A S, I A7) R g 4
b 5 A B iR b STAT3 & (1, H 5% 2 1EH
ST A N LR A SR A 38 B 1R 28 5 T
FEAEAS EEAR AR B 4 L
I WFFEIEE T STAT3 {5 % %, WF 5% Pl 28 16 o IR
20 5 L A PN B A B B e A I S B R 2
BEZAEBA K. BFIE A, 50 A IR 57
BBk AR B I A T A T A LAY TL-6( 50 ng/ml )Y
JiEg 2P, p-STAT3 48 [ R 153 22 H K 5 40 A i)
WEB A2 RE B R JLER SR T ATP 355
PR JAK2 #7157 AZD1480 J5 40 i) p-STAT3 2 H MK
I8 SRR A0 A 1) 1 4 1 S R I R 3R A
I, HEWTiZ i BN A AT BES5 TG A9 STAT3 {5538 it
eSS

AR S S 3N I AL PN B 200 L5 o 28 S T
IR SR AEAE 6 T STAT3 AIAS S B% b s
SREEAMEM. SEUEAM LR SR A VEGF165
(150 ng/ml ), PN K2 A0 Y TL-6 )68 7K - i 35 44
2, kS AR g 40 e 53 W6 1 VEGF Mot s 3RGR 40
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(1) VEGF V& T P9 5 4t M 30 H 43 6 1L-6 1Y £ 3
% N AR WA Y TL-6 LA FH T4 22 i S5 e
A E Y IL-6 24K, AR SZ IR S5 6 ), JAK2 il &
HEBERR AL, 4k T 2 STAT3 Wk R 1k, BE MR 1k 1y
STAT3 JE R R M, 11 A A0 A% 3857 15 348 B 4= 28 4
SIS , DT At 228 52 I 98 400 A 1 348 1 4= 2 16 1 W
IR AR O STATS 5 AY N i 3%
HLfEZRIA VEGF, 33t /2 i I 25 S Wil Ak 1) Jist 1A

AlT72

U251

AlT2
L]

150 _ il AA
E ]E—
2 100f =
g
o e=s
S —

0 ;
Control [L-6 Co-culture Co-culture+
AZDI1480

Z—o A B A R BUR S Ui A T B AR
A5 5 2 E AR HIALE A L STAT3 {5 518 X
— A EEF IR 2 ARSI LA N B AN S
JoJRA AR I 2 18] 4 56 T A i e i s AR . H
I AR T T 15 5 52 AT FIAL A Y 1 ] 34
Sl PRAR 22 SR B AR AR Ry r R it T 2 B
A

U251
E 23
o ”
=
400
=

Cell Invasion

200

0 .
Control 1L-6 Co-culture Co-culture+
AZD1480

3 HMECs K H 5 EF IL-6 3 B4R U251 71 A172 R m( %200 )
Fig.3 Effects of HBMECs and its secretion factor IL-6 on the invasion of glioma U251 and A172 cells{ x200 )

** P <0.01 s control group; ““P <0.01 vs co-culture group
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