IZBISE4HE LPAZBHBORKE T 07
7 AINFARB DI, O 5 H
i & 72 RNA % 857012 U TRT-PCR %47
ST, FDFER, LPA, ® mRNA 23EN T
BIENTZA, LPA, O mRNA X EN B
B SN o, TOMBIZBWT,
LPA, DFETL & LPA ~D K% " L
TWAZLIF—RFPELTVWSE LS T
HBD. LPA ITRRTHZEMNTEA
WERE LD LPA, 55 F2 ZOMKIZIX
BB L TWRWEEDTIRRWD EER
LTW3, £ELLIIIEZ. BEHERDY
PR FREIA mRNA B LY NI E
HREOROA—BZEZHBTNDHD00 D

A

Vector

LPA,

Cell Number

1 10 100

K1 LPA:1& LPA.® B103 fliIRICE T2 ZRERR. (A) 70—

200 LPA,

Lz, WFEhiZH k. B103 faiz
B B 4%\ LPA, mRNA DRI EZ R D
WS E R L, ZOMBED LPAND
At L wRE e Lo =R H
LT, #RRMRIZ I 5 LPA, OFERE %
HMRBZ L E L
LPA, & LPA, O R EFEHBEDBLIZ H
720, filRER EORBELNIVEBIC
FTRADIZNERIZIAZ Y b —F %4
MUtz THFgEhEE] OBETRER LI ES
VEBESB LAY P =T iEE
1232 R R S8 T B 0D 18 U SE A 1 S e A
Za—% A hA =¥ —THHR LK, C
HSLTHELNLE 7 —C0REHE
ERHOVAIE, H—
ra—ryhleEic
EFRTHLDE LA
WIERER R R A
BgRITHIVR I %
KT B LT
&%, Tk
SR Z R T 2 [0l
o/

1000 Bk e FEBL e

Fluorescence Intensity

TOHRBL N %
7Zua—4% A pA—
Y~ T
%. LPA, ® /5 H
LPA, XD BV C
EBRH - (K
W LA LEDS,

A RANY—FHF. NRKICHAIEN—TZAL &= LPAIE L
F LPAsDRBEARIARX—ZBISHIBICNS Y AT7I923a>LT
SRAUERERBREEE, A HA a7 T VAU TER
Lotk zE> THiEEREL, BVLARILTZREREZRR
TR EBEEILY —F—ToBLE, COTWME_EKRVIEL T
BoNLEHBRBCBT2ZREREBLARILERT, BERIEZ—%
RSUR7zo>arvlklazERdBY 7 )lelk, (B)
mEFETICSH (3 B103-vector, B103-LPA1, B103-LPA: & #H A
DR, MBRZEEL T 24 BEARICEE UL, BFEE 40 um Z
/j__\j-o

M5~V L7z LPA
YN RELE
WET vkATiX
mAMBER (B,
A5 B103-LPA, Tl
0.8 pmol/mg % >
NI ETHY



BNz iz,

A
Vector LPA, LPA, _ v
§15°' -1~ None %':’150' -1~ None %150 —- None B103 LPA4 iﬁmﬁ@ci
_%125_ -=-PTX _% 1251 =P E s -=-PTX L&%mﬂ@%@%%
%moxl—{w % 1m,4tﬁ2 % 100 %-: /__J:\' l./
e 75 g 75 § 75 i
N IR (O U - —- N R I B103-vector #HAE
£ » .9 8 -7 6 5 £ o 9 .8 -7 6 5 £ . .9 .8 7 6 -5 .
LPA (log[M]) LPA (log[V) LPA (log[M]) L HpEES L
B TBHEWIZIEEL
Vector LPA, LPA, TWrk. L EDZ
o 2500+ —O-None = 2500 —o—None %2500 -1~ None
é:::: % PTX =fg§: -=-PTX gfx = PTX M5, LPAI &
£1%7 £ £
ggg;nm ;5;1:32 gy gggg g LPA, 1% B103 #mia
Q o 1 o 0 1 o a. L - e ¥
s e A AR TR AR IZ 735 oMk B
LPA (tog[M}) LPA (log[M]) LPA (log[M]) %ﬁ% % TC 6?—3&1%
K 2 LPA #" B103-LPA: & B103-LPA#If2 O cAMP E % IZ R IF DOHIAN Y 7
TR (A) 7HNLATVFETO cAMP BEEL N, EINE . Lo
RETHEEL - EMMB%E 05 mM IBMX & 50 yM 7 # )L 2O  BEEEOILH
FETTECOBED LPATERCSVT 0 0BMAMLZ. B  mip Xz,
REARMRE, BRERPO CAMP EEZREL £, LPAEFETT
D cAMP EE % 100%& L TRU 2o PTXE(E 100 ng/ml T 24
BET 23T > ERBROSERENET—RERIT(n=4)% —r
(B) 724N AIUVKBFEETD cAMP EE L ARJL, EmFIRE LPAL&L‘PAiﬂ__)Ti
THBELESHEBEE 05 MM IBUX ZETTCEYDEED LPA T =N 2 F—
FRICBVWT 30 oEEBELE, iz AHEE. BERBRGS O cAMP fgﬁ‘/\@?;g
EBEERAEL L, PTX B 100 ng/ml T 24 BT 1=, 3 EIT M =2
~ R EA MR IR EEM = Ak m e [ o 0N LPA40)?‘§H]H@W“/

B103-LPA,® B, fE (6.0 pmol/mg ¥ >
NI kL EIhok. ZTO—RL
FER. D EET veA TIIBEE
PAIZHBEANNSBEORS EEN T
%, 2) ZODRABKTH ¥ 7OHR
HIZEBEVWED T, RETHPEBTE
B b LRI, LPA, E 721k LPA, O &
EFBIZ XY ZREYIZH O LPA 25K
DORBEPREIL TR LXK, &
RREFEBMIEA RO RNA 28Rz Uiz
RT-PCR THEFEZ L7z (F—HFWE),

Zh & ZAEBLE TR EREE
BIZIIEIRE R o2, WEFET
TOBEPENZNTHERDLDIZR -
TWwi (X 1B)., B103-LPA, M2
B103-vector #ifE L Y 3 WET. BB
POMEEREOBEBEZ R L TV, Bk

TFNREEWHSPIZT HDITE S,
LPA, 250D LPA 32784k (LPA,,) & [RIkE
W7 FoIVEEY 7 5 — B2 i3
BPIZONTHREZIT> 7 (K 20,
TTFIWVEBY 75 —8% GP(R JEIKRTE
PZEHAE T 57+ V22 ) T
L7z B103-LPA, HHNL T, LPA I s Ik
FRNZ T F VY 75 —BiGit e
L (IC 1 10nM ELTF) . Z D
SRITEHEER PTX) LWETRER2IC
Tuy 7E&Nko7T, 6, B0 6 ¥
NIEOBEPRENTZ, LIALAEY
5. B103-vector & B103-LPA, #il Tl
10 uM @ LPAIZH LT cAMP L)L D
BRRIIED S o, TDZ LT
LPA, 78 G ICHBLTORWE &5 R
13 A

DLAG. A E 31X LPA, 2R XL



300 W1 uMLPA 300
& %0 10 uM ATP £ 20
Q 200 é“‘ 200
3 €5
£Z 150 < g 180
H] 8
g 100 £ 100
o [
£ 50 £ 50
o

LPA;

Control YM-254890 Contro}

BN oM LPA 300 B M LPA
110 uM ATP & 280 2116 uM ATP
S 200
=
= 5150
23
§ 100
[*3
£ 50.
| ;
YM-254890 Control YM-254890

K3 LPA/& LPAGEN L CalRiSe (A)EIMBRETHEEREL LEMIEIC 3 uM Fura-2 AM
ZO—~RUZE#%, LPAEL ATP TRIBL £, YM-254890 B & 5 M T 10 2 BT 2 =,
IEIToIERBOS ERENBT—RETRT (n=3)

CHO #MEAS, LPAIZK )G LT cAMP L X
N LRIEBRZEEHE L, &C
A%, B103-LPA, #ifix B103-vector
%> B103-LPA, flIAE & RARIZ cAMP L)L
ERX®E3ZZ 1% < (X 28), B103
IR TIX LPA, & LPAIX G, Z 2N 0E
TEBLTOHWARWZ EHREINT.

LPA; & LPA, D Ca JRhts ~ D E

% < O TLPAIZHIIEM Ca R %
LEREEZZEPREINTVS . EEE,
LPA X &N 3 BLO3 HIIZ R & ¥/
LXIZ Ca RInZEBIZEZTZ LAH
HEINTW3B, 2T T, LPA, 7 B103
HIlET Ca KIGZEBIZEZTHIZONV
Thiat L7z, B103-vector #ifIX 1 uM
LPA IZInET B Z &R >,
B103-LPA, & B103-LPA, #fifa T iX 0
Ca BED LAPED SN, LPAIXF
ZHRY N—E (%4 Ll Ca Kt % FHE
THMB, TITIE PTX 2k 6, ¥ v
NIBEEPIXEERMG,,, Y NTE
B LIBEPD S, BlO3-LPA, &
B103-LPA, #if T Ca RIGICED Y /'
IWRBERARDZDIZ, £F 6, BR
RIBHEH TH B YM-254890 THIM % ML
ML (B3, B, 6, L&BTS
P2YSZAEGEENMLTCaRILEZEB[ERZ
T ATP ZRBRHERBY A FE L,

B103-LPA, fifEIZ B3 LPA Iz Xk 3 Ca
K& & B103-LPA, & B103-LPA, wifH
FRIZB1F 5 ATPIZ X % Ca KIRiX 5 pM
YM-254890 TREIZTuvy ZrXhi
(K 3). —&. B103-LPA, g <X
YM-254890 IX 5Bz LA Ca v % 7
ay 7 Lighokd (XK3). PIX 2
RRIZIER S BB eI Tuy 7 &h
Iz (F—% W), YN-254890 DIEE % 20
uM ¥ T EIFT3 B103-LPA, HilAO Ca
RIRZX 3 BHEHRIIED S P>
ez 5. 5 uM O YM-254890 i G,y
ZHETLDILTHRBRRBELEZILN
Tzo BLEDFERA 5. B103-LPA, #iE T
i Ca KIBIZ Gy & Gy DT B 53
%5—7 T, B103-LPA, il TI% G,y A
FIZBEG T3 EPRBEINT,

LPA, & LPA, DRIEITTE AL~ D55 &

LPA W Rl F= M Sl AR B, Pk 22 B H .
HIRRMBALR EORBELZEDODLD
MR TH ER T EBAHE SN
TW3RHIZ B103 Mg o LIz B W
TiX, ¥ Z LPA, & LPA, ZLTE b
LPA, THEDBH B, £ T, b b LPA,
DAL D F HIZHOWTHRE %
1otz (B4 4A & B). B103 ffEiX. LPA,
£/ LPA, 2 RERB S B Z 2IC
kv, LPA B 5MiOBRBETHELZRET



Control T 100
E [ None
2z 75 Il 1uMLPA
53
If
£EO
g w
EF 25
2
5 o
e Control C3  Control C3
Vector LPA,
Vector LPA, LPA,
100 100 100
_ 1 None 1 None 1 None
L 7 Bl 1.MLPA 3 ;5 Bl 1uMLPA & 4 Bl 1.MLPA
2 o e
§ 50 S S »
§ g i
3 25 3 25 3 25
& @ «

Control PTX YM-254890 Y-27632

Control PTX YM-254890 Y-27632 Control PTX YM-254890 Y-27632

B 4 Gi213-Rho-ROCK 28 Z N L 7= LPA I &k % B103-LPA: & B103-LPA«#iFa ®» A F 1L

(A)B103-LPAs #IFB D AAL DR F. MILFRETHEEL MR E LPA TREL =, B&
(& 100 um 2R ¥, (B) PTX, YM-254890, Y-27632 A AFILICRIF T 2L, sk
RTEEL MR %Z 100 ng/ml PTX T 24 B¥@, £/ 5 uM YM-254890 T 10 9. F£i
(& 5uMY-27632 T 10 £ B, BIEL =, 200 B EOMBIC OV THANESESOHEFELL
EHREOBEEZETRT (n=3)% 3ET>LERBROSERERNAETF—X%ERT, (C)C3MEI
BEREA B103-LPARROAFXNLICRETNR., CSHEABZRORBRIZ—FLREFERY
B—Z EGFPREARIZ—EEEIZINTVRT IV L EMBRETHEL -k
Z1uMLPAT 15 70 EBL  BERICEXBEHRESHRICK > TEGFP BHMERZREL.
ChZE CSHIRABRANSVAT7IVavenkliBEe L, 100 AR EDERBEICDWV
THEAXNESBEOAXNLLEHROEEZRT (n=3)% 2ET2ERBOS5RENEFT—

55DDBEPEMZER LTV,
LPA I8 15 43 LLPIZ % 80% 0D B103-LPA,
ML L., iRk Rigs &
TWie. il EDHE L ARIZ B103-LPA,
i T b O AT AL BEE S 7o d8,
ZDEIE1X B103-LPA, IO D Xk Y
HIEA > 72, B103-vector #ilE TiX LPA
IZ X BHMBMAIBILIZERD Shish o T,
LPA 12 X B0 FBARIZIZIES F
G INI2ED—DTH3 Rho DR
BHBLESDOR TS, ZLT. Gy
BO=8k G ¥ > N7 E D Rho %Gk
ftFasZsdmbohTnDd, HIC,
G110 25 Rho RFR B L < IXIEIRFRIRR
RTHROMBILZIZREIITZED

moEhTwsd, 22T Eo=8K G
BUNIB LY TFIVEEEH LPAIZ X
5HIRMBALIZE D 2 D 2N 5 72
HIZ. HilZE PTX % YM-254890, Z L
TRhoDZ7 =7 ¥ —T&H%ROCKDEH
EH (Y-27632) THLEE L 7z, B103-LPA,
HIRRIZ BT PTX % YM-254890 1% LPA
IZ KSR MBLIZREE RIFX /L
Moo, Y-27632 X ZoBELEILE
SEAITINE] Uiz, Y-27632 1% B103-LPA,
ML D FBAL K 2wt UT S RARIC
Wb REZmR U, E£72 YM-254890 D &)
IE01X Y B103-LPA, M & kR Iz 4 <
RBOLNEP T, BRFENC LT,

PTX L¥H X B103-LPA, #ifE D LPAIZ & B



Vector - PA1 J LPA,
Control
None
PTX
LPA
(1 uM) -
YM-254890 &
Y-27632
B
Vector LPA, LPA,
g £ . g
s b ]
g R R P goﬁ}f & & g O L g
° 4“? 47 (¢ ﬁ;» 4 I3 *“? <

B 5 ROCK ZM L 7z B103-LPAIREDERERG. (A) BIFRETHEEL MRZ LPA
TI3RBERBMTAEIC. 100 ng/ml PTX T 24 @, £/ 5pM YM-254890 T 10 2@, &
7=l 5 uM Y-27632 T10 o, SHMREQEL -, BRE 100 ym 277, (B) MAR%E
EnEEL. ANHRZEE/NLRIC, KORBEKEL . HREEFOEBEZRINT X —
22— "THRAE CRLUEFIBEICE>TFHEL, IZ70fE@EL TRLE. T—2E,
BABPVINTERELLEIRBOEOFEATH S, 2ET2LERROSERRNET—2 %

MBS ZRE L. TOMBILK  C3fifasEEEEa—F35DNA %2 5

Iz B3 Rho OB 5 2R T 5780 VA7 ¥ ary iz, (3 EEE
Z. B103-LPA, MIMRIZRY VY X ZE D 1% ADP Y B LIRIZ X 5 T Rho 2736



AL T H1ERPH 5. C3 MR EER
DNA IZIRETHB W2 EGFP @ DNA 2 < —
H—IZLT, b2 RA727var&
AT 2 8RB BE T IR E L T,
EGFP Bt i, 372bH C3 BEo
B103-LPA, #ifidix LPA 12 X B E
fEAEREZ IR ->THWI (K40),

LPA D ROCK 16 77 B il (eE 4E (/1
Loz, mMEHFEETFTT
B103-LPA, #ifaiZ B103-vector #AM &
HXTIXVEELTHEMBL WL (X
1B) o LPA, 23 LPA IZ X )Jn 35 Z & A3 B103
Ml OMREES 2R T O ZHRETT
BT, I ERRE T 24 BefilRE# L
7z B103-LPA, il % 1 pM LPA THI# %
Lize ZOEBRTIX. B LICHBED
EEZHMBHEBILEROLZI LD LR
 Liciz, A oo MBALIZE
BTERWVWRDYIZHIROEEILY B
BTXDL91T>TVWS (X 5A-1),
B103-LPA, ffRIZ — B IZ B E Ui, £
DFREEL LPA J##% 2-3 RF ] THR KIS
2 L. 24 R gl oic =
0Bl ELUST (F—FE),
MM EEEIZEED B LPA, ROV
TNV EWHLEPIZT HDHIT,
B103-LPA, i % 3& D 5> D [ Al T
B U7z, LPAIZ X % B103-LPA, filR DI
REE LI Y-27632 TRAEIZIHI I
(B 5A-0), T EiTxREyIZ, PTX
X YM-254890 Tl LTz 5 Z
EPTERPoT (B5A-i -1, Z
DO EE DR R E THZE k] DR
WA LIPIETERIL L. X 5B IZxRL
Tzo Sl EOFERE, B103-LPA, flIZ B W
T Rho 1%, G, & Gy FEHAERIIZ LPA
IZ K DHIMERIZEED D Z LR S

0.4+ -~
] [—IControl
1 uMLPA

tﬁﬁﬂ

Vector LPA, LPA,

TCITE

o

Control 1 uMLPA
Vector LPA, LPA, Vector LPA; LPA,

WB: N-cadherin

c Control 1 uM LPA (3 h)

Vector

LPA,

K 6 B103-LPA; fil@ TEEES N-BH RA
D2k FrsflREsS. (A)MREESED
Ca fkEMH. EMBERETHEEL Liilzz
LPA T2 BRI L. 2mM CaClz ( TC &
B )Fk EDTA(TEARE ) %#&E HBSS
THiRRZE®RZL I, BIEHEE., 0.01% K1
T UEMAT37°CICHE VT 30 5 e
L., BYAIC10BERYF12T0LT
R E s e, Mo -{ERED
BEMBRADZ—THA L, HMRBES
BER TCITE HTRLE (ZONT X —
B—FEHRAUEHEEHEBELTWDS
CEWEE L SENEROFEEZTRT,
* p<0.05 ** p<0.001, (B)B103 #A
BT N-ARAUOREK, EmBER
RETRELLCHREZ LPAT3EBREL.,
BRELE. BLEOZNIDBZRITY
DLPIRZLBSKBFR L. 9IA
AUOTJAYFATT N-ARAUER
H L 7%=, ( C) B103-vector & B103-LPA4
MBEICBEFS N-ARAVUORERE,
EMBRETHEEL L#MR%E LPA TRIE
L. BEZIZ; N-ARAUZRGEETIL
N7z, Rho 1. 77 F L BROBRER
24r U CHINaREE 2 5 5 & a8
MoENTWS, Bt LPAIZ X B0k



BERBIZT 7F L BROBEEISE
b2 ERFT572HIZ. Bl03-LPA,
MleEz7 7F  BEELEERTHS Y
A AV D TUEE L, FOH
B, LPA Iz kAo BEELITRC
BRI BH2K(GF—=F), LIch-> T,
LPA 12 X B MR E R INIZIE T 7 F

DEHBEPBLETH S I EHPRENT,

B103-LPA, #ifE & M &Rz, PTX THLEL%
U7z B103-LPA, #ifig & LPA AL¥REZIZHE
#£ L7 (¥ 5A-h),

LPA, Z0 LJe N-% B~ Y AR EE PR
M

LPA T B103-LPA, #HRRZH# L T
R ENTHIREEMIT. Ry T4 v
THLTHIREEAEEZEI BT
(F—FWg). MRS Ca kT
DL LIEREED DD BN, H
RAY VITHIEDOEFERELESTFTH
Bo B EANY MRFEHEE TR, Ca
EETFTTRMY Y UETHY. o
Ca EFELETTHMY IV U EZETH
BLEBINTWS, FZT. B A
D UEBRERS D OMBEEESET v
A D—DOTHAHHBEYET v 1]
ZIFOZ&ITko T, LPA Iz kBN
RIEEDL I RN VIRERLZOPIZTD
WThstEfroZ e Lk, ZOkKD
W2 TR R TRt LI FIHIZHE - T
Ca FEFTHMY Y ML L E
DR OB (TC) & EDTAFEET T h
V7V B LE XD
(TE) %R, wEODOL (IC/TE) Z2H
Hilk, EH50MBTHETRER
HMEBRERASEL, ChE2EXRYF ¢
VU TIERST LMo BAFITE L
Bo 1 FANY REEHIRREES X Ca

S MY TV MBHBRIZ BRI S B,
EDTA bV 7" BT X - THIMR
EHITFEREITHETE IR,
TC/TE EeVZ A KAV 2R F P i s 4
BOREBIZHEHTEINGA—F —L
LTRZBZIEHRTES, LPA HB#E
IZ B103-LPA, #IBE D 71 KNV KT
TS OBRER ER Uiz (K 6A),
B103-vector & B103-LPA, #ifE Tlk LPA
FIBIZ XD EIITBD SIBHI - T
2B, LPA HBIT HHTOERBE» S,
B103-LPA, #MAE D £ DR EE X fth D il
R BT LT,

B ENYZE T Iy 7 H B
Vo, FREY—NVH RNV, 7
b RANY v, BEOH FANY VR
Y UNRIBIREDRDY, KRERA—N
—773IV—EBEELTNS, MER
TRETREEINBZ OS5V v >
B ENY U FTRODHLN-B FAY v &
E-B FNY CORBEL XN eI RAY
vouvs g v TN, B103 Hiid
TIXBEOWEBY., N-F R OH»
BEIZEBE LTS (X 6B). E-%
FANY CORBIEIBRETERP- K
(F—F W) LPALEIZ L 5 N-F72 B\
VY DFEELNNVOEITIEP ST,
Ca,/  PUTL B D N-T7 KANY
Yidv Ay TuyF 4 L THRS
RO EETHo7H, EDTA/ b)) TV
VL LU L 2RIy Eh Ty
B ENBRINSE (F—FE). LPA
THIE# D B103-LPA, #NLTI. HN
BHZEWIZ N-F KD D OERBBK
SHBZVWAY RELTEDLONE (K
6C). B103-vector #ilETIXZ D k572
ZlIIBD NI > T,



1-D. Z%8

BEDL < O T, Rho-ROCK #E#%
4 UT LPA D phiRfiic p e &b %
BIERITIEPREINTE K, 2O
HEOHRMEZFKLLTIE, LPA &
LPA, B EN TV B il & i,
p2y,/GPR23 A% 4 FHH D LPA AR T
HBHZE, ZFLTZOHTHB—RES
EEDG77 IV —D LPAZEEBIZIIE
RN LE2HE Uiz, LPA, g
FUZ3E T B Z &k, 2O FHuk
RIZBOWTHERERHZREDOZ LR
Mg %, ABFZETIX. LPA, 25 B103 k%
HIBIZ LR N-F FAY VIRER
BRI EOBEELED LT
LEBHLMZ L, LA IN6DW
HEZS LA Rho-ROCK B &ML TS
TELHERTHLRMIZ L,

Ca RIGETFoIVEEY 75 —EiE
PEIEIBOR X, LPA 5% 72 & 3G
EDERDBDTH D, EBE. B103 phig
MBIz RBBLUZEDG 77V —D 3D
D LPA ZRER, Zhd 220k
BEERTHIENIBREIN TS,
LPA 1% Ca KIb%& G, 2t LTERL
TW3 k5 THs (B3, 77 =I)VEE
¥ 5 — BRI RO A PTX B2
THBHZ LT (X 20). LPA D G, 1T
HEBFBLTVWBRIEEZRBLTVS,
4[El, LPA, 75 B103 Hifid T Ca Kb &
B LerpR LN, ZORRITLL
RIZEA & D5 LPA, 2 REZEH Lz CHO
MBTEELLIPAIZ LS Ca B &P
J& LIV, YM-254890 % {# - 745 RED
MR, LPA, BZBEHL Gq/ll 2L
TlaRIh2ERTSEEZLONS. L
LA S, B103-LPA, HIE Tik LPA
X7 FoNVEBEY 75— L

mhrote. (K 20) Wziz, o> LPA
SRk LEN, LPAIZ ZoMBIZBY
T G i EEL TRV S LN,
PRI DR L ERIL, PRI A
¥ AROMBRMBEOY) 7Y IR
VFFRAORBHEOIDIZEETH D,
MREROBHIE. 7Y R
M) Y. = 7Y 2%, LPA A7
43IV -1-Y VB (S1IP) &Y
VIUVIEBIZE->TH b H6EN 5,
B103 #HMIZ 3 L7z LPA, & LPA, X LPA
FlEEHBENICE L. RERDBYE
ko CHilEZMNBILEES Z &N
BT > TS L TERMETIE,
LPA, % B103 iR ML EHZ L
Ul (X 44), Sugiura Hi. 5 v
FORMA 1 ¢ H72V 3.73 nmol ® LPA
EPELIEERELTWS, D EDZ
Cix, LPA Tk AR EDRBRIEIC
LPA, BB G- T B Z R LT S,
REROBTIZIEIT 7F o BEOHR
BRPLETHY., ZORHRERTFLL
TOD Rho DFEIIRZ W, Hl XX, S1P
% S1P,. S1P,. S1P. %846 % 4 L T Rho
IREFER R REDORBE R T
ZEBHMENTVS EOPDFET.
LPA IZ L AP R DBHEIZ Rho &
ROCK DEERFHPBELMNMIZENT
W3, C3 HfaslBEsR & Y-27632 Z W
AMETHLIIZR LS IT,
LPA 12 &% B103 HifED HBALIE %
Rho & ROCKIZHEFE L TW /2 (R 4B & C),
— BT Gy DIEHEILIX Rho R
ROCK itk 77 F L BEEES,
Gq/ll 3 FE 7z Rho ZiEHILT 585D D
3 M. Y-27632 A B103-LPA, K O
B103-LPA, HiE D M ALK & 5B 41T
MHIL7z VIR ROFRIZ. 2D



HIMLIZ BT LPA, & LPA, > 5 Rho DiF
PALIZE D RBEICIEEIZ 6y BATTE
LT3 LB b, LPA ITKS
R R OBMESITSL < DR THR
bhTVn3h, BEZEBIZSELE
{DIF7% <. mRNA DFEH % & 21T LPA,
R LPA, DIRFZABR L LTREIL
TWBIZE EE->TWS, KFRIT.
BEORILTHREIN TV LPA B
BEDEDOMIT LPA, BArTET B A hE
HERBLTVS,

LPA 130N 2 fE L. £ /e
MOBMEZRAGH T A PRI TH
ZH, WFITIZEI LPA, & G, BAEE
LTWwW3, MBERFETFTIZBWVT,
B103-LPA, MIMII W ERERELZ L TH
D, T vaeBizhERIgHL
TWiz (K 1B) ., T DB ZRIF X,
BZ 5 < LPA-G, ,-Rac ¥ 7 F ViR %
AL LPADERIZEZ 3D TH A S,
B103-LPA, #B B & 1% % 8 iz .
B103-LPA, #RMIX M EHFAE N T L
TWwk (K 1B)., ZH 562k
Gip/13-Rho-ROCK ¥ 77 F )L BEEHriE L
TWB EHiIzBbh3 (K5 . TOHM
BRSEEE 121X de novo B DR
N-5 FNY OB 5D (K 6),
Rho X7 7 F L BROBEREZRT D
T, LPA THREEIWSMEEKOEL
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Abstract

Defensins comprise a family of cationic antimicrobial peptides characterized by the‘
conserved cysteine residues. They are produced in various organs including skeletal
muscle, and are identified as key elements in the host defense system as potent effectors.
At the same time, defensins have potential roles in the regulation of inflammation and,
furthermore, can exert eytotoxic effects on several mammalian cells. Here, we developed
transgenic mice overexpressing mouse B-defensin-6 to explore the pathophysiological
roles of defensin family as a novel mediator of inflammatory tissue injury. Unexpectedly,
the transgenic mice showed short life-span, poor growth, and progressive myofiber
degeneration with the functional muscle impairment, predominant centronucleated
myofibers and elevated serum creatine kinase activity, as seen in human muscular
dystrophy. Furthermore, some of the transgenic myofibers showed IxBo accumulation,
which would be related to the myofiber apoptosis of Limb-girdle muscular dystrophy
type 2A. The present findings may unravel a concealed linkage between the innate

immune system and the pathophysiology of degenerative diseases.
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Introduction

Antimicrobial peptides have emerged as a part of the host defense mechanism in
animals and plants (1, 2). Defensins comprise a family of mammalian cationic
antimicrobial peptides, and o-, -, and 6-defensin subfamily exist, which conserve 3
specific disulfide pairings. They are produced by leukocytes and various types of
epithelial cells constitutively or in response to microbial signals and inflammatory
cytokines (3-7).

While immune response is indispensable for the survival of humans, the chronic
inflammatory response is harmful and leads to various common disorders. In addition
to the potent antimicrqbial effects, defensins could act on diverse immune cells and
epithelial cells through CCR6, Toll-like receptor 4 (TLR4) or other mechanisms,
regulating the whole immune response (8-13). Furthermore, they exert cytotoxic effects
on mammalian cells themselves (14). o-defensin causes cell lysis of variable cultured
cells through the permeabilization of cell membrane (15) and subsequent DNA injury
(14, 16). Although little evaluation had been reported as for p-defensin cytotoxicity (13,
17), treatment of mouse blastocysts with human B-defensin-2 (hBD-2) led to their
degeneration and death (18). So, some participation of defensin family would be likely in

the pathogenic immune response of various diseases (19).
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Recently, we identitied mouse B-defensin-6 (mBD-6); a f-defensin subfamily member
expressed in skeletal muscle (20). mBD-6 expression was also augmented by bacterial
endotoxin, maybe under the regulation of NF-xB pathway like hBD-2 and mouée
p-defensin-3 (21). To explore the novel effects of this molecule, we generated transgenic
mice overexpressing mBD-6 cons»titutively. Here, we show that the dysregulated
p-defensin expression resulted in extensive myofiber degeneration, reminiscent of
human muscular dystrophy.

Muscular dystrophy is an inherited disorder characterized by progressive muscle
degeneration. The most common form, Duchenne muscular dystrophy, is caused by the
mutations in dystrophin gene, and other causative molecules like dystroglycan and
sarcoglycan organize dystrophin-glycoprotein-complex binding to laminin (22-24).
Another form of muscular dystrophy, Limb-girdle muscular dystrophy type 2A
(LGMD2A), has proved to be due to the defects of calpain 3, a proteolytic enzyme (25-27).
While the identification of responsible genes for muscular dystrophy has improved, the
patﬁogenic mechanisms are not clear enough to date. Multiple factors, including
immune response, are related to the pathophysiology of muscular dystrophy (28). The
present finding may give a clue to the novel involvement of innate immunity in

degenerative diseases like muscular dystrophy.
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Materials and Methods

Generation of transgenic mouse

The transgene was constructed by inserting the mBD-6 cDNA 8’ downstream to the
chicken B-actin promoter in the pCAGGS plasmid (Gift from J. Miyazaki) (29). The
excised transgene was microinjected into fertilized C57BL6/J mouse oocytes. The
genomic DNA was isolated from the mice tail and was analyzed by Southern blotting
and/or PCR. On Southern blot analysis, the genomic DNA was digested with BglII,
resolved on 1.0% agarose gel, and transferred to the membrane. A 250-bp fragment
containing 27 exon of mBD-6 was labeled by [32P]dCTP using a random primed DNA
labeling kit (Roche). The labeled probe was hybridized to the membrane using
ExpresHyb (Clontech). PCR was performed using the primers spanning mBD-6 ¢cDNA
(forward primer: 5-GGTTATTGTGCTGTCTCATC-3’; reverse primer:
5-ATTTGTGAGCCAGGGCATTG-8). The PCR condition was 94 °C for 40 sec, 60 °C for
30 sec, 72 °C for 60 sec, carried out for 35 cycles. The one line, Tg(CAG-mBD#6)1 mice
were maintained on ICR mice, and the other line, Tg(CAG-mBD6)2 mice were
maintained on C57BL6/J mice. The immunohistochemical analysis was performed on

Tg(CAG-mBD6)1 mice after backerossed to C57BL6/J strain. Animal care and use in





