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Effect of Integrin a.5B1-mediated FAK and ERK Signal Pathway
on Proliferation of K562 Cells
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Abstract: [Objective] To investigate the function of integrin a5B1-mediated focal adhesin kinase (FAK) and extracellular
signal-regulated kinase (ERK) signal transduction pathway on the proliferation of K562 cells and explore its mechanism.
[Methods] The inhibitory effect of anti-a5B1 on the proliferatioﬁ of K562 cells was measured by MTT assay, the expression levels
of FAK and ERK mRNA by RT-PCR. The protein expression levels of FAK and ERK were detected by western blot analysis.
[Results] The present study showed that anti-a5B1 antibody could inhibit the proliferation of K562 cells, down-regulate
the expression of total FAK and ERK mRNA and the relative proteins. [ Conclusion] Intergrin a5B1 mediated FAK-ras-ERK signal
transduction pathway might conduct the abnormal proliferation of K562 cells. 7
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Fol 4Bz, F BAE oSPLA BB RLMBEMANLIME T BT E 515 @ BT K562 ISR A 729

HEEATRE A E Bl /-S4 CML & 1 AH 40§
%) 788 RS R0 338 5 100 1) 4 FE, CMIL A8 145 40 i
L5 40 25 K562 2B FR P210 8 1 A 1% S IR 1k it
T P R H AT RE R T AR AR P210 A 40
RECAR B IS LB TS R, BFSTIESE, I A2
B RN RHE S5 T B S e T AR E
BE 18§ (focal adhesion kinase,FAK) 40 84Nz 5
VA9 18 B8 (signal-regulated kinase , ERK) B4 A7 5] 571)
390 450 44 5 40 R 0 B 60 i A — 2 A
A4 R AR ST L K56240 J o St 42, R HL
AR o5B1 HITHEPUIRNT K562 41 il FE & FAK
ERK FEB50 355 CML 9% F 259 IFNa-2b
FIFE AT LS, BRITE A RN 1Y FAK-ras-
ERK {5538 M7E CML #0 jtd 5 % 3 78 o VB FH DA
i CML FIRYT AL L 59T

L A i

1.1 4paiEss

K562 41 fifd | 10 f5i{g R =5 JE 3 B BE ST % 40
(bone marrow mononuclear cells, BMMNC) #1 10 i
CML 275 1 8 3 1) BMMNC 7E4& 100 mL/L Ji§ 4
34 i RPMI1640 ¥5 72 E i F 37 €, B4
5%CO, BARFNEE T ¥ 3%, WX HUE KB K562
YR, VRS E R 5 x 108 i /mL, DAEAL
1.0 mL 80T 24 FLAR , S HESCHR [ 5] DAL IR
3 10 000 U/mL f TFNa-2b Fl 4 pg/mL B & &K
a5B1 BAHT (Anti-aSB1) AL H4SZH 40 48 h,
1.2 Z@mFniKs

FHMTEL/NEIT A AR oS B EDUA (Anti-
a5, /NE 1gG1) 4 BD pharmingen 23 & 7= i, BT
RUNRITAES R Bl S0 MEHUIA (Anti-B1, /N
IgG1) , 18 A 7R PR /R4 B, IFNe-2b T FHE A
A, /NEBT FAK BB AT p-FAK(Tyr™")
ZrEPUAR . Rl ERK, £ BEHURF/N BT p-
ERK . 57 BHi R 4 1 B 55 [ Santa Cruz A F o
Trizol RNA $2BURF & W B Gibco AF, FEHLEI
¥ M-MLV %% 51 K TagDNA 54 B .dNTP %
PCR W% M | Promega 2\ &), FAK #l ERK 5|
Y b 50 B R R AR A PR F AL,
1.3 HXEANENESE o5pl FikAT

AR TR T MABE SR o5(CD49%)
MBI A E B1(CD29) BB E N I (/N L

TgG R 3U %5 BEHLAA ) J5 15 % Y K562 41 il | B 7
J&3& BMMNC #1 CML £ 75 8 /B 35 89 BMMNC, Jf
VR R S5 B R 5 % 105/mlL, BUAH AR 100 pL,
SrBUHIIACERT R FITC 23 10 plL,4 CHEEHE
30 min; ¥ PBS JR¥&JE , FH FCM 4 K562 4046
@& B E BMMNC P F CML 35 5 BMMNC %
AR o5 Bl MFEEHEMN,
1.4 MTT & Anti-a581 ¥ K562 20 i 1 58 &Y
=AU

WS o A B B K562 4 il 3R R 35 N
5 x 10%/mL, K MBI BEFF T 96 FLIEFAR , f5:AL
200 pL, SZEGZH 4R IFNa-2b 41, Anti-a5B1 2N
IFNa-2b + Anti-a5B1 ZH; XF AR 0 A [E XS BEHT
MR IgC)IFE . L IFNa-2b YR E
10 000 U/mL, Anti-a5B1 Y& B 43514 3 pg/mL,4
wg/mL Ml 8 wg/mL, BHEM 3 NEILELIESR
1 ~6d, BHEFREHA 4 h BFLIIA 20 wL MTT ¥
W (5 mg/mL), B3 B3, A 200 wl —F 3
AR (DMSO) 75431 i 45 e 0 , 2R PR T s 43 T
490 nm AL ERE A {E, 225 20 A G B 2R IR T
HEFE R,
1.5 PT-PCR #ill FAK #1 ERK mRNA 7Kk 3

SIS BB 4E | Anti-a5B1 1 IFNa-2b Ab B
48 h Y K562 40 LA K CML 2 38 1 g i il s
JE 8 BMMNC, L TrizolRNA"$2 U= 5 £ 45 140
FLE RNA, 51975 By BT < B-actin b
514 5'-TCA TCA CCA TTG GCA ATG AG-3',
T#EEI¥ 5'-CAC TGT GTT GGC GTA CAG GT-
3 PR BCRE 155 bp, FAK LYi#514) 5'-TTG
CGG AGA ATA TGG CTG ACC TAA-3', Fif#5l
¥ ,5' -TGG TAT TGA TGG CAA AGC CCG TTC-
3", P A BKE 116 bp, ERKL EUF5I#) 5'-
ACC TGC TCA TCA ACA CCA CC-3', TI#51%9,
5'-CGT AGC CAC ATA CTC CGT CA-3'; ¥#4 4
B E 110 bp, SN 494 CHZZME 2 min #EA
PEFR,94 CA M 40 5,54 °CIB K 1 min, 72 CHEfH
1 min, 28 35 MEHY HEE 72 CHEMH 10 min,
1.6 Western blot #&illl FAK #1 ERK B ZE H 7K F

FEHRIGAF SRR ERES, FHER
AEEH ,#1T SDS PV BRI (SDS-PAGE ) H,
K, HEMRER G, USRS B
FAK BATEREHLIR (1:500) . %adi p-FAK(Tyr397) £

TEREBUAR (1: 200). Hdi ERKL ZFREHMAR(L:



730 R R AR (R AR 2R %30 %

500) B¢ /N R AT p-ERK PR 58 FEHLAA (1:200) , 4% 45
em?® EAIA 0.1 mL —3T, BHARANEZREE, £0
KL 6 ho FEVREUHE A IR LT 4 25 155 TTBS YRR yk s
39K, BIR 10 min, LUE D BOR BEHUR it L 1
PRC B L ZEH/NR 196 (1:3 000) 8% LU 2EHT 5 1eG
(1:5000), %% cm® BEAIA 0.1 mL —90, B AL
NERENIFE 2 h,
L7 EEitabiE ‘

BRI LB = bR vE2E (x 2 s) Fom , A A
SPSS 10.0 BAF#ATHR I 40T, A AHEE S
SR HBREE T Z 0 ,P < 005 VEFAES

R,
2 % X

2.1 K562 410 CML 23 HA 5% BMMNC 3
HEGR o5pl HRIE

£ FCM 1, {#REEEHE BMMNC REEA
Z a5 (CD49e) 1 B1(CD29) 3 ik FH 1t 22 43 81| K

(64.0 + 2.4)%FN (724 + 3.6)% ., K562 4i i F0
CML S48 # B 3% i BMMNC R B 4 £ o5p1
FIKFHPEZR ] (97.6 + 1.0)%.(99.2 + 0.5) % FH
(912 + 2.5)% (934 + 1.1)%, SHEEEREX
BMMNC #H Lt % K562 40 g F1 CML & & 1
BMMNC ¥R AEE o5pl BERE, ZRAERE
(P < 0.05), F IFNa-2b T4 3 48 h J5 K562 4
MIAEAR o5 Bl FikFAMERR H Bk AE
22 MEEE oS KA SNH K562 4 EH
I

MTT A3 25 5 7R , Anti-a51 il IFNa-2b )
AT K562 4HRAIE5E . 5 IFNa-2b A L, 26
1.2 K IFNo-2b + Anti-a5B1 % V& B 4 F0 2 F
Anti-a5B1 459 BF 20 1Y K562 41 a3 58 41 4 22 B I
AEFFHMGEITH¥2ER (P <0.01), IR Anti-
aSP1 B E S5 IFNa-2b BEAVE I IFNa-2b
BAAE P, o K562 440 % 18 5 900 /6 e B 4 444
Mo 12 REHALEMN FHES BN 14.748,
8.549, P {E43 7>~ 0.000.0.007(F 1),

&1 MTT ERNE o5B1 HUAEXT K562 405 4= < B HI ) 28
Table 1 The inhibition rate of a:5B1 antibodies on growth inhibition of K562 cells analyzed by MTT test (%, x+s)

Group 1d 2d 3d 4d 5d 6d

[FNa-2b 7.8+3.4 243+ 2.6 19.3+£42 149 +4.4 12.5+4.9 11.2+1.3
Anti-a5B1(2) 28.4 + 1.9 46.5 + 6.1 263+54 18.9 +4.6 11.0+4.4 10.8 £4.2
Anti-a5B1(4) 29.2 + 1.5 50.9 £2.99 23.8+32 15923 11.9+1.6 11.0+14
Anti-a5B1(8) 30.1 4497 532+ 1.9 27.0x2.5 170+ 1.9 11.6 £3.5 11.3+2.0
Anti-a5B1(2) + IFN 28.8 + 1.6V 475 £7.290 19.4+49 176 £2.9 11.8 +4.2 104 +4.8
Anti-a5B1(4) + IFN 29.1 + 1.8 51.0+3.79% 229x1.5 18.1+2.6 12.9+2.3 11.9+£1.3
Anti-a5B1(8) + IFN 29.7 £2.592 533279 269x1.9 16.9+24 12.5+2.3 11614

1) P < 0.05 compared with control group; 2) P < 0.05 compared with IFNa-2b group

2.3 Anti-a581 Tl FAK mRNA 1% 5 H5RiE

RT-PCR Al Western blot %% H & /R ,FAK
mRNA K25 7 @ B i JE % BMMNC ik K4
HH(2.26 + 0.42;2.54 + 0.36) ,K562 i (1.04 =
0.12;1.31 = 0.15) F1 CML &7 % & 3% BMMNC
(0.99 + 0.09;1.10 + 0.13), 5 P40 40 i N FAK
mRNA FIEE H B FRIBKFH 820K TR & R H
BMMNC Fik/KF (P < 0.01), A IFNa-2b 4b B
K562 40l 48 h J5 ,FAK mRNA F1% [ ik K F

(2.19 £ 0.12;1.93 + 0.15) BRAIRA K562 40T

FIEAKF(1.04 = 0.1251.31 + 0.15) B8 _FIE(P <

P

0.01), 53 BIEARALFA NN 111.3%H1 46.9% ., 5
IFNa-2b 20 (2.19 + 0.12;1.93 + 0.15) L%, Anti-
a5B1 2H (0.91 + 0.12;1.34 + 0.12) 1 IFNa-2b +
Anti-a581 20 (0.10 + 0.14;1.26 + 0.16) f{ FAK
mRNA FIEE HREKFEBETE (P<0.01);
IFNa-2b + Anti-a581 4 Anti-Blas 455 R0
(K562 il ) b o B E 2= 5 (P > 0.05,
Kl 1), FAK mRNA FI8E 525 4 B F (B 534
7.831.8.041, P& 4354 0.007.0.006,

2.4 Anti-a581 K FAK Z = BBk F

| S@EREH BMMNC [ p-FAK & B E %K



Boll FHE,E BER oSPLAFIKETEREEMAMILIME S WMERE 515 BE T K562 48 M8 7 Y & 731

155 B-actin
110 ERK

1 RT-PCR #& K562 412 FAK 70 ERK KJ mRNA
Fig.1 RT-PCR analysis of mRNA encoding FAK and
ERK in of K562 cells

1:K562 cells; 2: Anti-a5B1 treated K562 cells; 3: IFNa-2b
treated K562 cells; 4: Anti-a58 + IFNa-2b treated K562 cells; 5:
CML-BC; 6; Health volunteers

F-(1.00 + 0.13) M b K562 40 (1.80 + 0.11) Fll
CML A7 #A 8 (1.70 + 0.11)BMMNC Ay p-FAK
EHRBACFHEAS , ARt #=E L (P<0.01),
K562 40 il 2 TFNo-2b F1 B, Anti-a5B1 ¥ & 48 h
J& ,p-FAK BB F /KPR IR T %, {E Anti-
SRl EFEBE (P < 0.05), SXFIRAML,
IFNa-2b 20 (1.54 + 0.13) Anti-a5p1 26 (1.32 +
0.13) Fll IFNa-2b + Anti-a5B1 2 (1.24 + 0.11) Y
p-FAK 2 H 7K F 4 B R T 13.9% .26.4%
30.8% , 5 IFNa-2b 2] bt 5, Anti-a581 4 0
IFNa-2b + Anti-a5B1 21 p-FAK f %5 FH /K - 1%
FHE.(P < 0.05), 5 N T 17.96%F119.58% ; F
=11.682, P=0.000 5 Anti-Bla5 41 p-FAK FEH

AR H 8, IFNa-2b + Anti-a5B1 2B A4 p-FAK 2

EK- A BT TR (2.2%) (B2 7 TCBEM (P >
0.05,K 2),
2.5 Anti-e581 B T if K562 40 ff ERK mRNA
TMEERIE

RT-PCR Fl Western blot %5 5 & 7~ , K562 4l
M CML 275 3 8 #% BMMNC £ ERK mRNA FlIZE
H 2R K45 (2.56 + 0.05 F1 1.55 + 0.13) I
(2.57 £ 0.07 1 1.54 + 0.10), B @& TEEE
# BMMNC (1.46 + 0.07 1 1.05 + 0.10,P < 0.01),
IFNa-2b F1/8, Anti-a581 403 48 h J& , K562 41l
M ERK £ mRNA A& H 355 CEB i TR, 5%
R4 b8 IFNa-2b 41 (2.41 + 0.06 1 1.32 =
0.11)  Anti-a5B1 £H (1.97 + 0.13 1 1.14 + 0.12)
1 IFNa-2b + Anti-a5B1 2H(1.89 + 0.10 F1 1.12 =
0.10)ERK By mRNA FEE H & iEKF5HIREAR T

ku
125 FAK

125 p-KAK(Tyr 397)

44 ERK1

44 p-KAK1
44 p-KAK2

B-actin

2 K562 #iff1I% CML REHEEMEEEEER
BMMNC #1 FAK, p-FAK, ERK 1 p-ERK HIZEAFRIX
Fig.2 FAK, p-FAK, ERK and p-ERK protein expression
ih K562 cells and BMMNC from CML patients in blast

crisis and from health volunteers
1; K562 cells; 2 Anti-a5B1 treated K562 cells; 3; IFNa-2b
treated K562 cells; 4: Anti-a5B + IFNa-2b treated K562 cells; 5
CML-BC; 6: health volunteers

5.9% 1 14.8% .23.0%F 26.1% ,26.2 F1 27.8% (P
< 0.05), ERK mRNA Ff18 A& H LW F{EH5
5k 14.641.,10.489 P {H 43 55 0.000,0.002, 5
IFNa-2b #H H%8 , Anti-o5B1 2H 1 IFNa-2b + Anti-
o5B1 ZAY ERK mRNA FIZE R BKFEHEET
F&(P < 0.05,&1),

2.6 Anti-a5p1 7 T ERK & H RYBEER (L 7k

Western ‘blot ﬁ}*ﬁ%%ﬁﬂd’\‘ , K562 41 i
CML 2748 ] B8 3% BMMNC fY p-ERK £ FH # ik K
S35 (1.62 + 0.09)F1(1.57 + 0.10), B &
F R EE BMMNC (1.03 + 0.11,P < 0.01),
K562 40 il 22 IFNo-2b FEL Anti-a5B1 ¥ H 48 h
J& , p-ERK M 8E H /K- 30f IA 3 Bl B R (P <
0.05) , HH IFNa-2b 2H (1.32 = 0.11) , Anti-a581
20 (1.20 + 0.12)#1 IFNa-2b + Anti-a5B1 #1(1.06
+ 0.11) HNEIRT 18.2% .25.6%H1 34.7%, 5
IFNa-2b 4 o %, Anti-a5B1 28 il TFNa-2b +
Anti-a581 41 H p-ERK 2 H /K B A% 5 B &8 (P
< 0.05), 5% F/92% 20.2%(F = 9.177,P=
0.004), %5 Anti-Blas HA L, IFNa-2b + Anti-
a5B1 A M p-ERK S H K- TR, [EPFHE ZH R
HILE R (E 2),

3 #

WFoT R BEE 4Pl Fl o5p1 76 CML FH40



732 L R AR (B F R AR 530

M ERERIAN B FEAR Bl UIRRELE , N EE
R A\ 5 0 -5 25 I ) P Rt RS 7R 0 o 40 7
MTHRE, FRiE BSOS R R
PRI TE  HURCS R o5B1 AT AT B i FH s
BER oSBL AT US55 Tl B ) 40
AW,

FAK Il ERK 2N EARFESEKTS
NI TE R e MR, ER A RN FHE R
AL FAZ AL 258 ) FAK 24T Z &GS
o S AE I BTV A, S — Tl A2 Ak B O T R
BOmE FAK A B B 8 1k AT 6 H BOE L p-FAK
(Try397) J& FAK 4rF N—2K ¥ B0 i BR 1k 16 1k 12
AP, FAK 3G4bJE , AT 1 ras-MAPK (ERK) i&12
SRS GER SN, fe 245 I 40 B PR R oG Y R TR 3R
ik, MRUEA IR, SR A T N B R E
BRI, ARFFFTLERIESE, Anti-a5B1 F IFNa-
2b AbFE K562 41 p-FAK 1 p-ERK A9 H
KPEXRABE T, ARTEEREN R, A
523 B CML £ 35 09 B BB R A% 40 i P 5L FAK
B HK4 IFNa-2b IEF 48 h J5 30 40 ] 2
FHE M p-FAK HfB ) 2 35 A, SR A 45 e
FEARL, R FRATHREI | IFNo-2b 1] BB 32 258 1 31 i
JEEER I FAK 28 [ 3Rk, il FAK F1 ERK
AR BEIR LA IR W B A E BL AW
0 TE P05 S e B A K,
PR A RPUART A1 RE RS R RENE, &
= FAK {62, Ml 40 ja g 7 o), B hiE A =R
oSP1 BHL AT AR E B A L PH TR & K o5BL I+
f) FAK-ras-MAPK (ERK) 5 350 {= 538 B, &
fik FAK 1 ERK WBER LR HACY, IREIEH B
WIHAHIE S R8T REIH K562 41
FERIVER o

5B TR A SO B AL R
S ) A B SR R | R R (R S, T 2 M) 40 L Y
HEWEEAT RN, BT R I YRR ERK AT E S
M H T c-fos A c-jun BFERE FIK, AR
MAT R, (e dE g B g, IR T, ERK B
TEAIE c-Jun BEERIL . HIE A c-Jun [FVE Rk
B c-Jun/c-Fos IR BRI, W FEEH T
AP-11107 T 52 0 41 i PN L B BL R ) R 3k, SRK
b R K562 R H M E R R R E A4, AT AE

WREMEZHT IIBER o5pl BHRGER

N 240 B ) 6 B A TR R VR, 5B AT R
Ay A A R Bk A FAK ERK B R VE A, 16
B 5 40 MR AR A OE, BT RS
TE“ER1E" (cross talk ) f Bt — R AMFE ,
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