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OA) , OATHI IS (O+L) . OA 32 A7 M5 i 58 LA VI (ACLT ) AbBEA S5 4 J8 4532 LIPUS 184 4, O+L 241
[FIRETFARALIR, A S5 4 Jil4232 LIPUS i, NC ALY G155 LIPUSYET 6 )G  Ab s sa shyy  BCA fa B, >R
HE e a1 74 K Mankin 3743 H 3845 2B - 5 061 R TR PR A . RIS, SR F Western blot 57 ARG TT 71 e J&
MMP-13, 54 21 8 [ #5K LU & FAK \MAPKs %8 11 (p38 .ERK 1/2  INK) B R AL /K-

LR DA LM I Mankin P43 : LIPUS T35 , OA FUE FRJZFEMONT-4& , Ye e BRI , v] ULAR-E- 40 a3 5
Mankin $£53 ,NC 41 : 4.67+0.57; OA 41 : 10.57+2.55; O+L 4 : 7.66+1.74, 5 NC A, OA 4H . O+L 2H Mankin #4311
IR OA 4138 5o W i (P<0.05) 5 5 OA 40 AR L , O+L 41 Mankin 343 B {5 F& {5 (P<0.05) . @ I Y fi 5t
MMP-13 & i : LIPUS T HUs , AU 5 & i NC 4L T , MMP-13 55 R T . B4 % B1-FAK-MAPKs 5
S B A S 2 0K . LIPUS T Wil & K Pl IR 1L FAK 536 50 5 [ MAPKSs {553 AR 4 245 FH ERK1/2 .p38
WA TL /K F-BH 58 F [, T INK @R 1L /K V- TCRH 284k

L5318 : LIPUS A LUBUR B M SE 1T R ACH ECM B RERE , 55 LIPUS 7= AR MUBUR, 34 56 35 30 vh 4 i 2 v 1 32 ik 22
— AR B I N A G BEB O FAK BERRIL 33814 & , dF— 25 PRI 1k p38 . ERK1/2 ik M AT K. LI-
PUS MBI FT 28 F1 1455 SRRV E T OA SETT 4R, MRy Tt T R AR —Fiobr i SRS .
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Abstract

Objective: To observe the effect of low-intensity pulsed ultrasound(LIPUS) on integrin-FAK-MAPKs mechano-
chemical transduction pathway related protein expression in rabbit knee osteoarthritis cartilage.

Method: Eighteen 2—2.5kg New Zealand rabbits were chosen and randomly divided into three groups, includ-
ing normal control group(NC), OA model group(OA) and OA model plus LIPUS group(O+L). Twelve of these
rabbits underwent anterior cruciate ligament transaction(ACLT) at the right hind limbs, the rest were taken fake
operation. Six of operated rabbits, O+L group, were exposed to LIPUS radiation four weeks after OA models

established. The other six operated rabbits, OA group, were exposed to fake LIPUS radiation. The rest of rab-
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bits acted as normal control. After six weeks LIPUS radiation, the rabbits were sacrificed and pathological
changes of articular surface of femoral condyle were assessed by Mankin Scores. Also, protein expressions of
collagen type II, MMP-13, integrinfl, FAK, ERK1/2, JNK, p38, p-FAK, p-ERK1/2, p-INK, p-p38 were mea-
sured with Western blot analysis.

Result: (Dcollagen type II: Compared with NC group, the expression of collagen type II was significantly low-
er in OA and O+L group, with more significant decrease in OA group(P<0.05); Compared with OA group, col-
lagen type Il expression was significantly higher in O+L group(P<0.05). @ MMP-13: Compared with NC
group, the expression of MMP-13 was significantly higher in OA and O+L group, with more significant in-
crease in OA group(P<0.05); Compared with OA group, MMP-13 expression was significantly lower in O+L
group(P<0.05). (Qintegrin B1 and p-FAK: Compared with NC group, the expressions of integrin Bl and phos-
phorylated FAK were significantly higher in OA and O+L group, with more significant increase in O+L group
(P<0.05). Compared with OA group, expressions of integrinl1 and phosphorylated FAK were significantly high-
er in O+L group (P<0.05). @p-ERK1/2 and p-p38: Compared with NC group, the ratio of p-ERK/ERK, p-p38/
p-38 were significantly higher in OA group and O+L group (P<0.05). Compared with OA group, expressions
of these two ratios decreased significantly in O+L group (P<0.05). ®p-JINK: Compared with NC group, the ra-
tio of p-JNK was significantly higher in OA group and O+L group (P<0.05). Compared with OA group, there
was no significant p-JNK expression change in O+L group (P<0.05).

Conclusion: LIPUS inhibits the ECM degradation in rabbit knee osteoarthritis cartilage by activating integrin-
FAK-MAPKs mechanochemical transduction pathway. Integrinfl, as one of the stress receptors on the surface
of chondrocytes, was activated by mechanical loading produced by LIPUS and induced the phosphorylation of
FAK and MAPKSs. The results show that LIPUS might repair the ECM of OA via integrin-FAK-MAPKs mecha-
nochemical transduction pathway, providing a new possibility for OA treatment.

Author's address Department of Rehabilitation Medicine, Nanjing First Hospital, Nanjing Medical University,
Nanjing, 210006
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B 575 9% (osteoarthritis, OA ) 7F 4 # L) —
b 22 DAL 2R B0 5 1R AR PR BN , LA AT 38 (1) 56 15 K
B FERR S KR EREHKREESEAZ
BE AN I 28 1, e I Y i 5t (collagen type 1)
90% 1Y 41 il ¥ AL 5t (Extracellular matrix , ECM) /b
HHCE Al A Y. ECM 8% 45 J& B A % (ma-
trixmetalloproteinase, MMPs., H: H iz T8 %2 (19 il Jy
MMP- 13%) 7K fif Ji 7 A2 04 35 1SR B A0 1128 e it
Bt EZWUANSMIFSE TR R I, H X R ECM A9 i 2%
ANAT I, Ry ST R R AR DG B — 25T, OA Y
DK B R AS T RE 9 S ) A o+
TR AR DG R o 3 B2 AL, g 77 ) e
% Jin R B A0 L 434k 3G 5E A2 E ECM A& A Gl
6 80, YRR B 1 e RS MU T R AR
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A4 # (integrin 1) &M MR H N 1 2K 2
— , 52 FH AN [R] o F B JE A4 % 1 S5 — SR AR BE 2 11 P
A RO T AR ECM Z 0] 38 A AE B
JIHEZ A% , RERS (i 240 LAz MIUARLNY, 77 31, 7E ECM
T A A A KT AR | ST A M N A A A
JENE o BUAF TR 8 3R PR i M rh 8RR
R HRALoSBL, MFCE AR - FE R IR E SR
FEBL,AE R BB A S B LAY, A2 A a8 Y
(19 77 2 AT AR A 200 B TR 1 SRR R Ak B A
b R ECM A8

#h # BEI I (focal adhesion kinase, FAK) J2: 2%
G RG5O T BB R A R
PTG o BEIRAL MY FAK A] DAK S 5 Z R0 T iiE o 45
G LB IR AL, WS T iR BT R i — 4%
{538 [ A 22 58 )% A B 11 B (mitogen-activat-
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ed protein kinases, MAPKs) {5 %5 if %", 4 35 H —
FRONE RGN EE I - 22 24 3% A6 25 1 3 p38
(mitogen activated protein kinase38, p38) . 4 ifd #|
{55 Y9 25 B 1/2 (extracellular-signal regulat-
ed protein kinases, ERK1/2) ,CON 7K ¥ {4 fiff (C-Jun
N-terminal Kinase, JNK)", #§f21L ) ERKs.JNKs.
P38 H IR , 76 VA 9% B 4R A 3 1 MMPs H i 5¢
FEMERT, NI 520 ECM 194, 2 BOCT el i
Pt

PR 5 FiE ik vp 8 75 32 (low-intensity pulsed ultra-
sound, LIPUS ) DAL iz i JE X BB XF 1 FH 1 41 247
A — 8 FIAIUBBN TP . LIPUS A —F i 77 )
B 3K RERS I U AR, e E T8 ORI -
S, AT T Im A s T @ G (AR IR A T4
HABEAZ BRGNS, BB, LIPUS AT ARG N
B up g b e | IR AR R SRE NG L, AR
HETE R 38 P R 3B ECM, RE 5 15 408 2
4552 % B A LA I ALBRN 3155, BOE BCE 4
Jg, fe st ECM & A" fE , LIPUS £ —FfrLbK
J1EE R, eniE o AR S R R E R B
R B DR VR ) AR BLIRIAT AN TR 2

AWFFEH, A Td 1 R H ACLT i 437 4 g OA
BEAY i 0L H 2R G322 5 W TR W4
LIPUS 15y —FUAR 1 BB TE 2, X 55 p1
FAK B 1k, LA K T iiiE MAPKs {55 5 38 5% 5 5 8 1
4 B p- ERK1/2, p- INK | p-p38 Y 4 35 5% Wi , il 1
Mankin $F437% . 11 B J5 . MMP-13 4845 3 1F-f LI-
PUS X 5 OA BRI T FF B S e, 1 i ml
RE AR PR APV TR

1 #R5HEE

1.1 iy Kbk

111 LY v 2 R 18 H, (K EH 2.5—
3.0kg, MEMEANRI , 530 g% , B AR {EERRE , BRI H
B FR G . BT SR 55 T R R R R 2
Bt P o I o (Rl o T 28— R 5 ) sh ) S 56 s, 24h
B /RAEI AN FRE LN K T BB BN . LT
SR 3 [ NTH A A5 10 5256 sh ) i 45 7 L 26 r
SRR AE B R e e (Rt Tl AR — P B ) 1 B2
AR
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112 F 8 LA : LIPUS {X (Osteoarthritis
I, HA#R 254t , Western HL Tk {X (Bio-Rad, 25 [H ,
145 :164-5051) , = 348 VR B oML (S5 ERMR AU 2
F),SH03014) , 73766 T (SHIMADZ, UV-2540),
Y] A ML (& [E Reichert HistoSTAT),PVDF Jii& (PALL,
RIS 65421) s 28R HARBUAF & (B RAY AR
Al ),ECL fb 2% & ik il & (WL A A FRA A,
KGP1123) , DAB i &5 Chi MM 3 5 2B R A BR A
Al ARG -F L Gt (R M B AR R AT IR
AL I B0 e R AR (Acris 23 ) , MMP-13 $1{A&
(Thermo Scientific A H]) , 24 2 B1 P& (Abcam 2
Al ), FAK $L & (Abcam 2% ] ) , 8 B2 fk FAK bt 14
(Cell Signaling Technology 7y 7] ) , ERK1/2 $it {&
(Abcam 2~ H] ) , Bl 4k ERK1/2 FLiA& (Santa cruz 2>
A INK LA (Abcam 24 w] ) , B 1R fb INK HT44 (Ab-
cam /A #] ), p38 il (Abcam 23w ) , g b p38 Bk
(SantaCruz 2\ #)) o
1.2 SLmsrd

B BbL g 5 g 1—18 5 BENL > W 3 41, 40
6 H 5 8 IE & % B 2H (normal control, NC) , OA
FERIZH (OA) , OA LAY HR 41 (O+L) . NC ALY TF
KTRE MRS R OA 1532 A5 I Ji iy 58 SLB)Hy
YW (anterior cruciate ligament transection, ACLT)
AEFRAR S5 4 Ji 4% % LIPUS {48 54179, O+L 4L [Rl #
TARIEIR, AR5 4 J8425Z LIPUS 4@ 55
1.3 ik
1.3.1  OA Zh¥ st . R F ACLT 35 il % OA Zh#y
BERL, A k2 A R 2—2.5kg B vE 22 e, 45—
VERE SR AT 5 R T AR ST R TR TG )
TR Ik )2 50 8 K T AR LA, D00 G 1o 3, $R51
FEBY TR A ST, TR IS A o Wi s 1)
JRC Ak A, A FEER K B O 1 B R AE A T
JEE Rz ko XTI RO e . RS LIRS
FR 207U, 2%/d, 33 K. 3 KIFHHEIMTF
Lh, AN B 8 JE . OABIT TR )5 4 4
Ao
1.3.2  LIPUS T )i F§ HT2009 -1 % LIPUS{Y( H
A AT ), FREE #EX, 38 K b 20% , 4 %8
3MHz, & 57 38 B 5 40 mW/em?®, 20min/¥K, & K 1
U, 6d/E KR 6 M, Hi  O+L 4 TR 5 4 J5E
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152 LIPUS 69T ; OA 4H LIPUS JA¥7 7 & SiGyT 4
HATR] B ICHE R H s NC AR BEE FIB 7 T

K FEE LA TR T e S shy) %
i, S A R AMIBE | B PR DG 1T R IR 7
JPSE e 500 IR 2 Tmm FR R P A 50 R Sk
5T BRI B R B A o
1.3.3  HUOM 69T 6 UG, A3 e O S5 T B4
SEIS G AT RS, BUIR B 5 T0H 45 O 2R B
Guta, BUR BB £ il BE B I
1.3.4  ZURHE2 LR S A LR RIBUT iR
V-5 BB PR A 5% F [ 5, 10% 0 —Hih &
P25 (EDTA) 48 45 3 J&] , A5 58 i , 7 B E] i
b JRARASE I FFBURE , H BERE I K IR0 | KA I A
OOUE A B AN D) R (R 4pm) 178 MLHE Q4 )5
RSB o BT A U0 R e Rl —dit 58 B, DASE T34
Hr 2251

W1 R AT AR T e B S, N A dG
BB HE YRR BRI TE A 45 s IR A el
K Mankin P20 33P0, GG £ 4E AL | A 5L T 4y
AR N B g R B AN AR VR S5 T Hh 246
T ST SR 01 TR PR I HLAR A, 25 SR B
B
1.3.5 I EN £ AR R H Western blot £l 1T %4
JKE I, MMP-13 , B4 % 81 .FAK .p-FAK ,p38 .p-p38.
ERK1/2,p-ERK1/2 ,JNK , p-INK [ £ 11 % 5 KK,
Y JBEB R OG THT K B 24 50, AU S 2k AR,
ZL i WL 500, 1F 24 5 4>, 10000r/min,4°C &5 .
Smin, fHEC 10p] BB IEAG I &R vk R, i B
WA ARG wiil B kA1, F-80°CHR-AT . IR
SN 20—25pg i R SDS-PAGE HELIK , e 4 i
{8 i 80V HL K , 40 B S AH K 100V, HL gk &5 o, 2R
Bio-Rad Mini ¥ 3% #% H UK DL AE I 200mA #% Ji5
2h, PVDF EAE 5% i i B 25 0% , 8 i 37°C Hh J 1]
2h; 43 0 T B2 )5, MMIP-13, %8 45 % 1, FAK, p-
FAK,p38.p-p38 . ERK1/2 .p-ERK1/2 . JNK ,p-INK $i
A(1:500 7 ) , 4°CIFE B 20 7% ; PBST EEVE IR 4 1K
B UK Smin; ABAR L E AL YRGB —40(1: 5000
i B), 37°C % 7 2h, PBST IZ ¥k % JIE 4 W%, 451K
Smin; # 0. 1ml/em’ g 52 W0 T34 FH i K W mom 1
PVDF I |, 25 IR A0S Tmin.  FH AR RIS 540, 17

RO B2 P R AR W X R
A BB YR ML R RS TR RG], B
F A, 25 R A Image too 3.0 BUGA Bt
AR T IR 53T o
1.4 it

K SPSS18.0 e it 3k Ak kA7 43 #r o a1
BEARfE 22 FR , L8243 R F S5 9008 kIR RN
o I, A1) BRI 2 22 0BT, P<0.05 &R
P ATE

2 #R
2.1 LIPUS X9 OA AT B B LH L1 F52 i

LIPUS 101 6 il , Y645 T WES I b4 4% 4 h) 4k
B HE Ye 884k b A (R 200 f%) o NC 4%k H HE
et O HRE RZRN S Al AR e a1
51BN HES 4L, A 35T OA G LT 3K
B RIZIEATAE N, Ge s o EEER R A HE
FIZERL, B> . 15 O+L 4, WERERB A%
Je@ BB, nl DL A A . LR 1

Mankin 343 : NC 2H : 4.67+0.57; OA 2 : 10.57+
2.55;0+L4:7.66+1.74, 5 NCIAH,0A4] . O+L
24 Mankin 743 B {34 5, {H OA ZH 3 /&5 5 Sy B i
(P<0.05) ; 5 OA 4 AH ., O+L £ Mankin 43 W] i
R#AI% (P<0.05) .
2.2 Western blot Kl G OA &7 #CE TR it |
MMP-13 #4281 . FAK KX H Bk K- 19 56 1 3%
ik

AL 5 5 NC 1A L, OA 41 . O+L 4 T ALJi
JE 5 R 5 BEAIR, {3 OA 4 T RS S BH iR (P<0.05)
5 OA4IAHEL , O+L 41 &8 & 1 = (P<0.05) . MMP-
13: 5 NCHA I, 0A 4 . O+L 41 MMP-13 & #H iE
HZ (HOA 4 Z 5l B (P<0.05) ;5 OA 4141
o, O+L 41 i &K (P<0.05) . 5 %B1 . BifR ik
FAK & & 5 NCHIFL , OA H# 4 %P1 Bl ik FAK
T Z (HO+L A2 I i (P<0.05) ;5 0A 4
FHEE , O+L 4148 48 15 (P<0.05) , W& 1.
2.3 Western blot £l 5[ OA 577 4K B ERK1/2
INK . p38 F IR ALK - (1 8 1 e ik

ERK1/2,p38 B R 1k /K1 : 5 NC A A Lk, OA
2 .O+L 41 ERK1/2 . p38 Wi lid fb /K 7B . 44 &, OA
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Y134 Z 5 R 5 (P<0.05) ;5 OA4AHEL , O+LA
e T4 B 6 (P<0.05) . INK BEFR LK T+ 55 NC 41
FHLG, OA 41 . O+L 2H INK B R fb K Y- B i 1 w5 (P<
0.05) ; 5 OA ZH A I, O+L 2H INK i 1% Ak K F- ¢ Bl
B (P>0.05), W2,

E1 LIPUSX & OA XTEREM
HAZEZMN (HE J&f,x100)

e\ 1 A

TR X B2 (NC 2 ) - AT HCE RZ N -4 A SNk B (1 1Y
51 AN HES TR S A8 ) s OA BRI ZH (OA )  E W R
JEMEATEAE MU, e e | B A HES ZEAL B> 5
OABIRU R ST ZH (O+L 241 W HUH RIZ RBP4, G (0 B2 ke
I, T DL I

1 BAXTFTREBDERNEKE . MMP-13,

BAER. B FAKSEHE  (vi5,n=6)
NC 4 OA 4 O+L 4]
T RY R it 0.739+0.032 0.457+0.055 0.63140.051
MMP-13 0.471+0.091 0.853+0.031 0.713+0.041
BAEZEBL 0.270+0.056 0.532+0.057 0.703+0.061
MR FAK  0.167+0.035 0.331+0.026 0.517+0.035

NCZH : 1EF X HRZH ; OA 2H : OAMETIZ ; O+L 21 : OA # I HE B 41

R2 BEHXTREPERBERL

ERK1/2. JNK.p38 &8tk  (x+s,n=6)
NC4H OA 4] O+L#4
p-ERK1/2 0.494+0.045 0.841+0.066 0.718+0.093
p-JNK 0.432+0.046 0.750+0.046 0.747+0.059
p-p38 0.498+0.031 0.801+0.037 0.667+0.074

NCL: 1EF X HRZL ; OA 21 : OA BT ; O+L 41 : OA F I HR 5 41

3 itig

AHESE ) H ITE T HA R IR IR H 5 OA B,
25 LIPUS T , 2H 2155 B~ ok 38 % #4 % -FAK-
MAPK Jj fb 2545 5 i 5 38 B A 56 25 11 3635 DA K
TR A K-8 4k, 404 LIPUS T-Hix) T Eik oy H
)22 IR R AE F, T f# LIPUS AT 68 0 4B R AL
il o

A S DL ACLT 3218 37 S I OA s i Al
LIPUS M 6 il J5 , A 74180 2% ) Western blot £
W, ACLT 35857 OA iRl — i 75 2 4—6 JH] 1
HIAE SURIHE U)W I 3 [ A 8 2B 240 Bl 2>, 4
WA BT RE A , A7 Al S B R, HLRE AR 5 s
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[F1) 165 002 I e, R 8 4 T S OA SR IR AT PR 72
PRE R P AR ARSI A A ST L A 2

=

TR : OA 2 AT HCE R AN KX F-4%  HE 4
s A RS, R A HE S ZE L B b, S
NC 41t , Mankin #7453 {2 2 T+ (P<0.01)
Western Blot 2578 B/~ : 5 NCZHAH L, OA 4H
I Y Jie Jt % sk /b 5 X MMP-13, 5 NC 414 L,
OA 41 &5 & I S 38 i o T 78 Jg D 1 Sy 20 i A/ 5
JE—Fp RSy, RERS LR ST I e s 4
JRE I, 4 MMP-13%%5 53/ DX 71 32 /K e i
S0 47N SR A T AR 1 T B B
BCE B AR BRI DL SRR 2 S B A
F5E R B ACLT k1 B OA B, £ 4 L 22
95 T A% S5 0 4 R CE 0 % 3MHz, 8 40mW/
em?2 [ LIPUS %3 K T 20min, 5745 6 J& , 45 R B
O+L ZH 5 OA 4 7] WA B R IZ AT 58, B 4
I 54 5 S R PR PR A, L TR D R Tk R b
MMP-13 Eik & T . $#2m LIPUS HA B8 80
{33, A 5256 h LIPUS B 80 (740 I8 2%
PRSI RRE S5 R B 25 AR,
i1 Western blot il 25 5, FA 18 & L OA 41
sk 4 2 B1 B3k M2 FAK .ERK1/2 . JNK . p38 1%
BERR ALKV 45 NC AL i 4 B i 3 3n 38 &
K -FAK-MAPKSs {55 5 i 8 (1R iA B0 5 OA K1y
HOE W B AR B DA OG . A HBLAE M CE 4
O e S SN (O E S A R VA 25 S TR G =
fh2f2e 5 5 Sl s A EE A, 2 5%
CE AL BETE Ak R SR AR R B R R
PHER Y, FAKZREBEGRIIHE5HSFERETH
(RSB 001, W IR AL FAK X T3 1 2B 4 it 4
B, A3 Ak AR IE LAY i J e ik, e 5 AR A,
ik FAK il iff — 4 Ja sh i G R M2 ME 9/ S
W %, Hoth 2 — i MAPKSs {5 53 8%, & E 0 $5
ERK1/2 . JNK 1 p38™, MAPKs {5 5 i 5 #0 8
JiT G B B R A DR, L Sl B ek AR 2
SEE NREZRAL, rTRES 5 OA IR BEML , 4 2t
PR UERER, ERK1/2 . p38 SHcE Bk, B 4y
NER AL AT A 0, T2 S 5 T R IR 1T
AR S S SRR ECM R f 45 1 AR,
LIPUS #£47F T )5 Western blot 4l 45 514 K&
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M, O+L 4 ZE P R & DL K FAK R fb /K P
B OA 3B A 3 W B 3, [5] B RE R I ERK1/2 .
p38 WEER LK. JEHi ST LIPUS X4 1B K K 1
A RS 38 1o T 0 KA67 S5 15 BObRic , B0 4n it
285 LIPUS TS i A 354, $2 4L T LIPUS 842 4k
BRI REN AR, LIPUS A {E #F#& 4 B 7k,
75 FAK B R 1L , H 3005 ERK1/2, p38 15 5 F% T3
%, A AE TR ) A 0 AR SE 45 SR 2R B LI-
PUS XtF OA HCHA [RIFE R LR TE T, AT OA Bk
BT T fie Dt R B i, i/ AT e S S A 5= -
FAK-MAPKs {5558 B A ¢ , i 28 4 K - MMP-13
OF. ST e s

AU 5T L R IK S % LIPUS + F6 6 g
OA J B IIVE I Bxt #8432 -FAK-MAPKs {55553 #
(RIEZI , H 2 58 B D AR A il 39, AR
FEUEBH LIPUS X808 09/ F 2 1o 1238 % 56 B
o ASURBFFE 1 T 9l OA 3CH , & F LIPUS Xf
TN OA BCH 2 A R VR B T JCIRIESE

AW 5T K& B A I OA %K 1 w3 4 % - FAK-
MAPKs JJ b 2545530 1% BH B0 |, [ 17
JE BB [ LA K MIMIP-13 1 T 1 , 2 1% 12308 8 1 38
16 A X OA BKE ECM F= A= 521, ¢ B30 6 7F OA
L AR R R FEE A . W LIPUS -1 OA #X
B I A S Uk /U TR f B ) At LA KA il MIMIP-13
(Tt , [ EHA & B 6 25 -FAK-MAPKSs J1fb 215
S B B A , $ 1 LIPUS 75 Ry — R LY /7
W, 7E OA J A= st T RE LA B 40 it 2 T AL B g 52
TRAE G ZE BT, S 20 B OA JCH 7= 1 —
SEMBRTER . S5l 2R, B ATE OA XF
E ECM 1520 5 48 & 2 -FAK-MAPKSs {55 538 #
HAKEE R AE—iE , 2007 1 LIPUS XF F OA #B (4
L ARGIESE T LIPUS XFF OA Bl — & AR
YERT, W3R TIiZR 9 VE 55 % -FAK-MAPKs
IG5 i VA5G . H AT LIPUS F Fi6R97
OA TEIf PR i A )2 T , i WF 55K S LIPUS |
L2 TG ARG Y7 SR A A B Ak

4 it
LIPUS BE % I /b 2 15 8 ECM 1Y [ it , it 3]
—E M YR, HAE VLS AT 685 PTE G

K -FAK-MAPKSs JJfb2# {55 B A

S 3Lk
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