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CIDEA (Cell Death-inducing DNA Fragmentation Factor Alpha-like Effector A) Efs
FIEI P FYTRBTAERASEZN L THEERBICEELRET 2RI LA
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BEOY ZRZ7EFTHHZ ERBELNTR-T-, BIHEE, BMIL, V=X A, & v 7H,
WHR. THERERS (TG) 1238\ T, CIDEA EETF D TT +16 EEFEEL 66 BIZFREIZHE L
THBZIZE -1 (P€0.05), IBENRBRE. EXEHE AFR) v 7 Fr—LL0
FERERY TT +16 BWEFEIT 66 BEFHEICHE L THFERIZE D272 (P0.05), BV AT
4w PRI LB E TT LAENEET UIZEWTA U A7 HITBIEE (0R=1. 83, 95% CI:
1.13-2.97). ABss (@ 1.91. 1.08-3.36), HEERACG ([ 2.38, 1.45-3.92), IEEGHE
# (2,09, 1.28-3.43) L AZRY v 7iEEER (F2.36, 1.42-3.92) ThH-oT,
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AZRY v VIEGRE MetS) 1TER, EEHRE L W7o T4 TAX A VRFIUKD L ZARZNEOD, BIE T
HZOIIECRE G LTRY ., ZOMKFIERE > TRIET D LB ZHND, MetSOIFEEIZITA A >
B, FRBORIERUGN A DIV TR Y . AU Lo TR E 5 S 2 &b, JF, EHMetS
(ZBHET 5% < OB AV SN2, 2D OFERIZR R > - RIECHHEERESND N E D Pt s
DD DD,

CIDEAMHE FEET L~ T ADFRE Y | =3 L F—REPNCEIEREREZ > QO DL N Sz, iz
CIDEA [IARHAER N & BBE L CWL B ENEI DAL TN D, I HI IR R A mRIC Al 5 &, A a2l v
B LOWRMBIMAE & 72 223, Z OBl & U T b FFSTODGEE, SIEMEYA b A INF- o OFEME
A5 2 & &5 LT, CIDEADSRIHE O fRZAR N S5, & DV NICIDEAR AR 2 =27 k35 Z &
Lo TR IFER A R F ST 2 L ThDH EBZ LTS, 2D X 9 IZCIDFAORSREREEIZ L - T,
MetSIZEES 2 Fdi 2 DREHERF 035555 S D FTREMED VIR STV D,

—J7. FRMEATRE L0 I, TPPENRIDREE, ZERERRIEE, BRI & BRET DA & L T ERI8pLIANEN B
ATz, CIDEAIX Z OFEIOHIZ & Dl s - & LCH RH &S, CIDEAIL, 4201 > har b5o0DxT
VU EE R X323, 223 rHEESk 3 %, CIDEAICIIME—DIERIFESNP, VIIBFAMFET D, A7 =—F 2 AITHU
T, GT v VEa—R) BIEmOY A7 ThdH Z LdiE Sz, —J7,. BARNIET 5185857 TlL, CIDEA
T7 v FZa—FR) BEHARANDY R ThsdZ EEFRETRE Lz, T HOCIDEAE S -2 & i - MetS
OB OBIRIL T DAERTH Y | HRDIGHDUETH D, T 2 TABIIETIL, MetS & ZDOBTE L 7= KBV
O _ECHIENEMAN TSR OB fEt LTz, FAEOMBHIRY TiE, ZiuFHEIZBOTERSNZITT
D TOCIDEADEERRENSE CTH 5,
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ST, 2007 AR ERIR AT R ZRIAPE 36U T L < ARREMERIIE & 2 S A7 o DATEEICEER S
TRBETHD, ZNERFIBLA, 163ANDFHEL 1B ADLLETH Y, HHnlE50. 86D 6. 1447, AFflin/AmiL18
RN H86m% Ch D, TEVENEE;, BFEOLMAEGE, RIEPAZEMEREER (COPD) | J. f5E, BRI SIE
foehE, BYYEEOEELRPR AR OEEITIN Lc, B2 OSMEITmR L, S NZT o r— Mito Tz,
HIRA L A ¥ B a—Id, ISV F# R L EEIC Lo TiThbhdz, oL x7a—L (10) | EHEY R
By g-ab A7 a—L ({DLC) . U7 V'Y R (16) &ZeiGRFisE FPG) 1%, /—F » HETHIE LT,
TRTCOBNME LY EBEHICE DA VT4 —b Rarty FaBTEY ., A7 m b b, BEERKRFEOMIEZE
BTk ExzIT T,
AER, MetSOEZLHEIZIS NV THESE S TN D 20054 IDFECETRR DB A - 7o, Bl Ui (1EBH « 55
PEDIOem, ZeMED80emAHFS, H-ol) @i : 140/90m Hebh b, F 721 3EiERIROBEE;2) m kU 27U+ Y
NfE : B R Y 77U Y K1 Tmmol/1, LAE;3) KHDL : ZEiGIRFDHDL = L A7 2 —/L Bk 1. Ommol/1LLF,
bk 1 3mmol /1LAF, 54) @it - ZSRERFMEES. 6mmol /1A E, OWT i —HEHNHLHFTH 5, DNAIL, -80C
CHHEIRAE S VALY o 7V 0 EEERD 72 5 K 0 it U7z, PCREUEIE 50 Lk : 5ul. 10 XPCR Buffer
(50mM, KC1, 20mM, Tris-HC1) . luL: F5A~— (20pmol/L) . luL: R7J A ~— (20pmol/L) . 4uL dNTP
BAY ©@.5mM) | 0.250U Tagih U A 77—, 2uL DNA, TfT-o7- (BORMREIDI4° CAME, 30RfED52° C7=—
Vo7, 1Mo RIS 4 OB IR LTz, s -2 A B2 Z713PSQIM 96 VAR (27— 4t HK) T
1To77, BfkIZ94° CTEMEL, pyrosequencinglBZ CTH A B 7% Uiz, #atEITIZIZY 7 7 =7 SPSS 13.0
(SPSS Inc, Chicago, IL,USA) ZfER L. B4 ZFHMRE, 71 v ¥ —IEMERE. —HIaEaiotr, v A7
A 7 I EAT STz, N TOMEEREIITHAIRE Tp< 0. 05DIHZHERH AN AR TH D HIE LT,

HER

CIDEAJEAR 7-Z7HIVI15F (G/T) ZIE L7= & Z A, GG, GT, TT#fm AL, 29. 91%, 50. 71%, 19.48% Tdh o7z,
B TAAIE, Hardy-Weinberg DA ZHE - TuVe, (REE, NEPH. MR, MEREELER, BMI, 8 K OWMABNNIC
BT, THICT N—T W66 N—T7"L 0 mEfitii= » 7= (p<0.05) , 4F#in, SBP, DBP, TC, HDLC &FPGIZREL CTi% 3
ODOBIGFI T N—TF X DHEZT -T2,

MetSOBTEEDOFIRZRIT, MetS : 46. 64%, NI : 28. 21%, NEHII : 65. 81%, EllRIAE : 41. 10%, fEifi)E : 69. 80%,
ZERERFEIILNE « 35. 04%77 72, AEEROO MM & FREIMetSOWA T, BEASNHIIEI XTI TG/ L—7C66 7/ N—7" (P
0.05) DFNLY EoTz, EEREZRAEEIZIVT, 2ol v BIECEo72 (32, 5%%122. 9%) .

T N—7" LG —T 1 3MetSIZBHE L 7 K3 DA T 7V —7 L0 [Al CRREEI S RO L~V 7R LT DT,
PUFOHHITTHIC I N—T DI E LD TTF v U 7 —¢ L, GG N—T LWl LT, GGZ N—7 & il LT
X U —CII MRS L AHBE L TV B /3T A— 2 3EETE 5 7=, (RE (74. 080D+ 17. 50%166. 760D £12. 39) |
FEEE  (90. 260> +12. 085184. 64D +12.08) . FEPFH (103. 070>+9. 615199. 550>+ 11.83) . WHR (0.88.11+0. 11
%$0. 85> +0. 07) | HDLC (50. 640D +46. 18%}53. 58D +27. 72) BMI (26. 590D+ 5. 40%24. 540> +3. 78) . FPG (104. 95
D+34. 12%198. 0600 +22.01) . TG (176. 660D+ 126. 525%138. 810D +96.96) THEFEA D= (p<0.05)
ERIEIF M OFER, T 4 ) Y —2—72 66 7N —F1THA~TROEREL, AR (0R=1. 82, 95%CI:
1.14-2.90) B 1.92 (1.10-3.36) . FEHEBAEM 2.16 (1.35-3.46) . mfEIMAE 2.10 (1.29-3.42) &
MetS2. 17 (1. 35-3. 39) Thr o7z, Ffiin, M, Bl THEiSNDOZER VAT v 7 BYRHHT T, BhEIEEs L
25, HEHAEMH MR S e, DAEX Y CIDEA st~ VI15F (/1) #fnFHliE MetS OREHMEREFZOE & D
M ERBERD B 5 &b LT,
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3B CHIENERGEIZ R 5 MetS IR E & BhE L QWD H A2 4AO TR L7, CIDEA [ZAE D= DH L
VMEREIG & L CINETHER SNTE T, BDITA Y =—F 2 NZBIT A2 T, CIDEA VIISE (G/T)
DI & BRI 8 B FHHE STz, VO THANZIB T CIDEA VIISE (G/T) 25 MetS DIFE LFHBI L T
HTEDWRENTZ, LNLAT =TV NZBWTE, VAZ T LUIGC T LV THY, HARNZBNTL, Y
AT T VIET T LV THY | IERKRIOFER L 725 T, Al HEANZx G L LIFFEORER, CIDEA VI15F
G/T) D2 EOMNBIEEL EBREL, T 7TLANY AT T LV THLZ ENHLMNE o7, ZHUTH
ANERGE UTAERER L HARIZF L TH Y D7 LT VT NZBOTUIT 7 Lbd ¥ U 7 —03E U A
JTChHDHZ EETFFT D, FEAN, BARANE AT =—F U AOBITI O X 9 28 WA FN IR, Y%
{6128 %ETe haplotype 7 1 v 7 OEEMEH D NIAL T —1 /3L T U7 OBREGE N L > TRl S B 0
LIV, AR LRI E Sk 2 O BE T T hs, BIEOA T, CIDEA s 2R oshEs
92 & B S 2NSEIIERED ST COME - MetS FZE & OBBEA RS RSN, 202 L idEiiEss CIDEA s
TEEZEERAZE I LTCWAHEERELTRY ., ZOMIIERDENLETH D,
DIk, ABFFEE CIDEA S5 1~ T 7 LIVISHIELAD MetS Z L Z IR EORBIE OGN - ThoH 2 L &
SN LT,

¥« AGHIC “Cell Death—-inducing DNA Fragmentation Factor Alpha—like Effector A (CIDEA) Gene V115F (G/T)
Polymorphism Is Associated with Phenotypes of Metabolic Syndrome in Chinese Population.” Zhang L. et

al [ IHEERET,
YERKH : 20104F 3 H 5 H
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I w bHREEEEETIVICBWT, BRIBE S O —B{LEREMNY > N7 ot Z2fro>72 LT 5,
BEMCAEZIC O N 7O EERREEN. —h. BT - ML )L TOMET ORER,
NI TLZRXFT—FOHINET 2 (CaM) FFH—F 1 A, SEERNE TV FF Aulg
fMizSTs Lk TREESENTENICHEINSGZEZRHELE. TOT @ HEEHICBT
B L WER BRI D b s,

KRERMXF

SERR 214 10 A 21 A-24 B 8 2 B AE{LESRE (M) ICTOEAER. HE FEBS
Lett TekaETH. Rk 22 463 H 16 H—18 HEE 83 mIH AR ZES (Kk) ITTI ATy
LFEETIE.

4. HHZEAARE
A A K4 S RS k4 B
T B RS A 4 < IR SRR K MEL . WY
EIRT I 4 R W4 : HHds

PB4 TEEMKFEMNEE W HWEAL  HEH
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MR L BL RY DARIS TLAV> 3> (BR) EAFRITFTA423 (L ) ZEARELTHERFENTVS, ik
F. ZOLRYVZRFICREERI TN, BIEE, SHEEE. NGEEIEREBZSOE DRBICERICBSL TV
ZAREMAB<ERENTVD, £, hSOPRGERZIC—BMILER (NO ) FBEE5TRIENBETNTVS,
ZL T, 0 NO IZ&kDHPREHEMIIESE: NO FISRD RIS ERIR LIIC & D EMMEED FOL RY U AHIEBEDEL N
(CRDAEHHEM THD TN EFAARZNOVILZN L THRATD CEETREN TV, —F. REERICB VT,
BRERR. HRACBEDDMRABERIEER NI D LAIINETLY (CaCaM ) ICK 2 TEHLE D ANV LRR
UZERUEER, CaM FFT—EENRA TV R AREMAN TRE TV, JEF, Z0 CaMFF—ERESTICNO A, &
REAMEEEOEL OBIEERICERCBESL TL S AN R<ERNE TV, LAL, ChETIC, HREEERS
DANZAL% CaM FFH—EED NO [SBEMASTICL RY VARISHICEER L TIThNEARIEV, I T, A6
Tt Cld, HHERMEBENOS FREE NO E NSV LAZRBFFT—HEOHERERATERL, FhhE AREOERER
KZE&ZBWEL, TORR. Y NEHHHBETT/ILICHS VT, BEBED O NO B2 /NI DREZET> &
3, BEAICEREICZ AOVIEEO NI O L& RHEn Iz, —F. 5F HRELRILTOBTOZER. CaM FF—tH |
7. ERENETINEFAABHEZFD LR > TRREEN TENICHEESE D e Z2RELE, ChsL R
Y D ANEDFELTOFFT—ERBSTICE 2 /ND OHHEHERERG, RMEMEEICETDMIEL Ry JAHHHERED

ERIERMSEE L TLER TS hD,

_23_



Key Words ##EEMARE, CaM F+—t, —BLEXR, Z AV, JILZFH AL

#s
A, NIEE, THRBICKDDIREREESIC—BLERENO)EROERLBENIE) UV BENBEST LN

HEETNTVS, FTE, DLV LAIILETL

LTP INDUCTION PROTOCOL

1)> (Ca2ICaM ) IC& 2> TEMALE D U UBIL

" ~ o s = NMDAR IAMW\'Z[—]| PSD | | I
BER CaM £ —tl, ST 7 AR, fEiR: . p@@ - e
Ca2*iCaM = 60 epsc | ¥
no \ oo / MJ\PK 1
FHBICBOIMED FTEH D ENTELSHZEE : o) ?IU-‘HNQ
(5]-]
NTETLB, ChFETIC, AKRHRICHTD S TAERBOYT T ARERICE T 5CaNF T —CIOER . 57 7 AN

IDMEENESILY S VB (A) ANMDABBKICEEL, &7 7 2EMRIC

ALYDLTNDHRRT B, EHICLDEHEEhECaMFF—LIlid (KI) . &

. B0 SADYF T REEES VI CHBEE D VELT 5, BERED 1 D

NO EXNEFRETH I HZE NO SlEE E8 (NNOS) THD. Ser8d7U VE{EN L TNOFERES CHHL TS
CEERRLE (@) .

(NOS) @ CaM FF—EIZ K BIPLAEFERN) >

BRALA'NO S JFI)LEAICHIHIL TVWD C & IC &RV RFEPHHMEENE RN EERICBVWTEESRAERELT

WBZEERBLTERE (K) 14

ECAT, NOILKRBITFIUREICR AT T L — A U5 —EDFEMILIZL D GMP 21T 24K L. GMP

ICEFELBEVEDN BB, Ak, MERNERKFYE NOS IC &2 MEEEHMMERIGICRERE NBEEEXNZALT

BRCMERHI_EET D, REDHFE. NO TOEOEVS &KV, NO HRORIGHERRLYIC & 4D

ATAVFA=IDTIEFA AL (RSSG ) _RAVAL (RSNO ) RISENTDENTH D, ITFE, COEEORS

MEZRRLYE EICRDEMAD B, BHEEMREFOEY DRBICHEICESL TV AaeM @<iEfEhT

W3, HERFCIETIC, CaM FF—H | DEFMARENS AT A 2 FA—ILOZ NOVALIC & > THRF—EEML ANER

(CFREE N AR MO CaM &3 — ITEM QR T A" C DEMAFRA NOBHHIC & B Z & 2 RIRL 12 [5), AHSEREE Tl

IEF, W< 2D OFEHEEN ThICKFBE ATV D T hD CaMFF—EIDOL RY JASEMO D FEBZ ST,
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T ORNHEHIIMREZBAS IS TR CEZBANE LTz, ZL T, RAVIVIY U TEEERE TH I HERMEREOX
NZALZHEED FOL RY JASEMERTOR, Y MEEEMERTTILICE TR ERIBEI TOL Ry JABESR

YINVEOBRTRET I,

73k
HERMARTETILZ Y M. FERNGESN DSV ERIERERTET IV ZAV . BERRED TOMIESHOE

RN ORI, R SOVEE N5 E AW EOIAR7OY NETHEF Lz, CaMFF—HEIDL kY Y
AISEMOFATICE, BICANL ARIHE LT SH EBRMBR( LA damide)s STNCETBI N F A #ERL 1z, 1)
JVEFT N CaM FH—E | BABERRRICTERL, F—EEHAEICKY-2PATP HSERRTF REE (2
BAR2 ) A\ P IEUDKRHICK 2 TT2 oo BAUISERERAIE K OETIE, CaM FF—E I DD FRDIATA >
BEORZEREB RV ESHUERA MS ICLDEERIITEICTIT21ze TNEFAACRU NI OEIZERI N ZTFF

AR AW EDIAZ 7 OY NETETL 2.

LEES
1) CaMFF—E I DTN EFA AU KR DTEMEE

E1 Diamide/7 IWEF4 L RBIZLSHCaMFF—HEMEEE

125 uMT IV EZF 4 FETTD TIBLEXL AR DENERE
Diamide R EKFHIEEEE ERRT WAFF A (TE)

)2EF> h CaM FF—t | % Diamide

O3 mMM) B LTETET I ZTF7F>/(125 uM)

600

g 500 ? =1 Enonc

E oy . _'E: 400 +Gr/GSH
mEL, BEFEENETSE 100 M E @ E ol

= 300 = |

£ & I

'-E 200 g 200/
Diamide TIRIFTELICAEE N, COLRE £ in \ 2 100 |

° o oo1 01 A U 125/0 125/100 GSH/Diamide (uM)
‘:CkU CaM ;Fj—_t | b\‘ﬁ)bga:jﬁ/ﬂsé Concentration of diamide {mM) -

57 pssG

NTWBZEN AT NRF A HthEA T A

P CE I, TSI, EESNIEEEENR. BRIILXTFAABRTHDIINEL RFIUICE>TEES A, FFIC
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BN RFAACEEBRE AL (K1)

2 ) Oys179 {E8IC & B CaM F4—+ |5EMAE

CaM FF—F | OFEMHERED Cys179 DERMEI179CVZ 1—2 2 ~

OVIVESFY FEERZERL 1z L T, Damide/J LB F A AEIC K

% CaM F7F—t EMBEEEHFER E B 1=, 179CV & 125 (M I ILER

FAZ. 0-300uMDiamide FET T, BSEMICAEBEMERS BN -

E2 Cys179%rLiz¥ L3F4 1t
[Z&5CaMFF—FI0EEEE

10

& ~.
3 - \‘f)--

<

€ 6 179CV e
g

ol

' t \

2 \W

L} I'.

0 50 100 150 200 250 300 350

Diamide (uM)

(B2 ) CaMFF—E 11F OO BN 9 D0 O BEEZE TN EDKRLBEMEE Damide/ VL EF A AEBIZKDTE

MHETICHIERMERE D 2 12 (F—ERTET ),

3 ) CaMFF—E 1 O Ol ERED T )L X FF A USRI

Diamide/ I )L 2 F A ARBIZE 2T

7077 —EREROCYsSREZSECRTFROTLEAFA LR

ORI WA FA AUERN R B D

Amino acid sequence Modification ESI (m/fz)
D, WBREROT 07T — Bk, 170-188 DPGSVLSTACGTPGYVAPE 1063.47
ESHUEEH MS (LD EEDTEICK 176-190 STACGTRGYVAPEVL 285.50

176-195 STACGTPGYVAPEVLAQKPY T86.38
DU EIT OO0 7 3%NOARTF RE 265-275 FTCEQALQHPW 832.87

336-349 ELLTPTAGGPAAGC 781.86

IRET 1 0fHD Cys BEND>5 320

Oy BEAESEARTF K (Oys179, Cys267, Cys30) AEURE iz, TDOED Cys BRIZE S ILZF A AUEHA BIEE h i

(&)
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Y O AGUHEEA", SMHREZEDERICEDNTVS, LALBYS, BL RY JARBLCSVWTEREBIBILAR
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ARLAOOOAN—OBHBIEVTHREATH V), #Fl-zL Ry O AFUIROERNERHRE L TEN TSN,

HRERMETT /L TEERTONOEENTHEL TVB ZEAHBHL TVWDNOT, SEES hi-EERAIDOERERED

TOZNAVILE NI OBREIESETOERND FOREZEL T, EHERRICH T2H L WMERBEEBZESHICTEC

ENTEDERDND, BE. CaMFF—ERFHO_NOVIBSTICINEZTFAALOEZL TVWRECATHD, S

RIFREEM., SRS, U ERTHIVE EQFRBRRED D FREELA< EHEEED FOL Ry O AHHHEE U TR

Z. L RY OAFIHEREROEBMRZRFEE B 2L,
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Z2FHRAIETMMIBITEZ Y F Y F U BO H. pylori B E HBE~D TR E

3. REDOHE
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PO L CRERE B OB RO R DB LI Z LD, BARMRENREH
TAEPHER N,

KERMEF
68 B A AT FHES (20094610 A 1 H, #ik, TRHER)
(2> XINCBIFE T Y FNALYF O H pylori BEILE K~ DOIEIZHE |
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— HYEZHSEFE —
AFRAXZETIVIZEITZT ) FILY FUBED H. pylori BB REA~D TR

AAMIZES K4 dEEdR BRI
rom # B 4 IRORERTAE R E TR T
TEMFEE K4 RIER W SR
groJe & B o4 EHREE Wk

®E B:

~YanRyF— - vn ) E(H pylorDE8ud, 8MEE %, HREICHEEICEERERHARZLTEY, TOkk
B DWTRIEOHIIC LA e FEHEOFHNREHE THSH, LivL, PiIAEMERER O LBSCREICE S o=
FOREGREAEL TR, FhICbaH LWEli->ZEe RKINEROBERAEH ShTnb, 4FE, A )
RARIETNERNT, HREICEENDIERWE S ) F ) F 0 H. pylori BT X H18HEE & OHFIER
ERET LI, AT ARX T H pylori #5061 HMIES L, 28%06 70 FLU FoBOMKSREY THD Y
UFLF Ui (GA) % 0.1%DIRE GRS L, 20 B#%ICES L, H pylori e A+ 3 A 3 0 IEIRA
FEZBIT DI ERE L OBEEERRBORE (A7 :0-3) i3, RS 1.620.1, 1.3+0.1 2% LT, GA 5
T3, 0.920.2 (P<0.05), 0.8+0.2 (P<0.05) & & i Lo, £/, MM BUESIEIZ 8 ) C b, SHBREDS 2.9£0.3,
3.0£0.2 IZxF LT, GA BG5BT, 2.240.4 (P<0.05), 2.0£0.2 (P<0.05) L A& EL AL LN, ARFEIC L
D, ZUVFNYFUBOBREIZLY, H pylori YD B RBMIN S, BEBEIC LRI TH 5 aThENE
DIRIE X LTz,

Key Words Mongolian gerbils, stomach cancer, Helicobacter pylori, Glycyrrhizic acid

LI

B 7 VAL H R AT DD D IBE T & R OMHT-E S T UiE D OB EE T DI A &
Ezon, ~Yany gy —-vu U EH plor)BEICE D b FEEREDOFUIHRBERICBOTHf ST
WA,

HEIX. T T 2T
MR SR VR AR A
CTERERLTWVWD, H
pylori G IT A 28,
HER IR (T R
TR R-LCRBY ., F
DR B D VT RED
flfcLse PHE®
Quioren TEHAHE T B, LD
L M EERE O
E x Bom 2 ko RS 3
suld} . HLTHY  Ehicfib
i FUFILLF B B L WE2E A
Glycyrrhiza glabra Liquorice root glycyrrhetinic acid Fo TR D BRI

HESALTna, Hii#HE 6
MFE LA F R AL

O QALOAICH

1. HE (hovw) EFUFILLF U
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HIEHEE T ML E BB D B BIE T & REER O TR E O/ 123G+ S ICA AT
b, el hEClo, X2, U7 F o3, E6ICEMEPICEER 2T 20 AFH W E Canolol @
FEIEIER & H3B TR EHLNMIL TETEBY,, KAWHEHO HRE~OREEIZ W TONF RS 1
SLLTW A,

TVFN)F gL, Wl () ORG SIS A HRIE - 7 LAX— 5y ThbbH, H -+
ARG O A RGE L, IIEO T BS - SIEOWHEBENH Y, H pylori OIHIEM LB ST D, RIiFFRIZ
BWTIE, H pylori AT A X I T NA AT, KEWME 7 ) T ) F U BOMKGREMTHD 7)) Fu
LT R DOEAIEN T A it L, 8 L il g 2445 2 4 A & 45, (K1)

WREFE :
SR . 7 ) F ) FEEIC L D H. pylori MY PEY 28 o miil 25k

5 JFfs Specific pathogen-free [E
=+ & X I (Meriones
unguiculatus; MGS/Sea) IZ . H.
02 20 (waeks) pylori FE ¥ Bk (ATCC43504,

Groups

A: Cantrol Y ] n=t0 American Tissue Culture
B: Hp Y w0 Collection) # % M B P9 5 L Ik

cHproanea W] n=t0 Yo Sz, H. pylori &Gk, L
GA: glycyrrhetinic acid D: Hp + Metronidazole !” | n=10 BEEE B EE L, 2 WG

0.1% 7'V FN)F U mERML
fofmh &R s L CRiEE Lz, £,
S _ Abho=g = ERE LR
B2, EERFHA L EEUT, BREDROBHESRE L
7= (D BE), FEREHei 2 it i
B L L7z (554 Brucella broth

DOHPE, AR,

FWREE 20 TR L, BN K O RIS 50 B A7 hER (Neutrophils), V) 37 ERSCTZE Mifa /e & o 1L
%2R (Mononuclear cells), FSIRDBIEZRLOERE, EEOREICOWT, HIHARMFIICA =T U 7 (0 IEEFE
LR, 1 R, 2 . 3 @) L. Mann-Whitney U #E & JHWO THFHRTE 21T 72, P<0.05 248
&I L7,

V H.pylori (ATCC43504) §/ Broth

| Metronidazole

L

B OREYERIT 0% LL ETHh -T2, H. pylori IEGUZ L0, d@OEFRER, U 2 8ER, BEMRREIEE SR
Too HHREOIREDFAE L. HREONEE L4 3380 Lz,

TYFN T oG RrE (CH), A be=FY—feE58E (DB <k, R B &bl L T, &
HRIZE, U 2 BRI O R D3 B U, i, MAEO L b IR L7z, RMEHERE (A #5) T
B & R RIERT ISR S hig o 72,

EE:

H. pylori BBREIC L D b FERBO THARESBEEICBO TR ST TR Y., FAWEI b 58 LW RRER
OBERMER SR TS, 7V F ) F B (Glycyrhizinic acid, GA) 1%, flfhh >/ w (HE) OB 5 HIH
ENHHRE - M7 VA —linThsd, B | HBEORREEREL, BEOTE - KIEOUHEDRD L<
MBITWD, RERTIE, H pylori 12 £ 5 SIEOIMEIVEHBIBIEE Sz, WOEROEHEN L, IREDRE
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Feo b F WL, SR SiE b E ORI 2 HE L, REMSOEICHE T LTS b0 L 4HE
Ens, BAE, 7Y FLLF BRI LD BENHERSETRTH Y, HEBEOMSIZH L TEHR D,
Culy/ RSl = B2 e o Al
Do 5 BB RBBCF DORE
BREE B R oo fifthir | b2 T Bl
WE ORI EFMT HICH
AcHy ., HEFRSHHET O
e £l LT Z EIT L
0 RERWE D HHET LD A
i E OB E AIRRIZT 5 &
Exbhbd,
ARAFFEL, H R AT D

Hp Hp +0.1% GA Hp + Metronidazole S AR LC. W R T

O & BB OH LuEE+

B3 ZRE12BISH T HRAF X 3 BHIEOHEMBMEHR, 572 3> Ok % ST BT b
HE# & (3:#1X50). o, gy S TS,

#1. BEERCBITAIREFRR

Corpus
Groups No. Treatments Infiltration of T Itration of . .
mononuclear ~ Hyperplasia Peptic ulcer
neutrophils e

A 10 Broth 0.0£0.0 0.0£0.0 0.0£0.0 0.0+0.0
B 10 Hp 1.6+0.1 1.3+0.1 1.5£0.1 1.8+0.3
C 10 Hp — GA 0.9+02% 0.8+0.2% 0.7+02* 0.9+0.2%
D 10 Hp — Metronidazol 09+02 0.7+02 0.6+03 0.8+02

Hp, Helicobacter pylori; GA, glycyrrhetinic acid.

* P <0.05, compared with group B. Values for results are expressed as means + SD.

F 2. HMBRIZBIT B RIET R

Antrum
Groups  No. Treatments filatisnge  Tparon gl , _
. mononuclear ~ Hyperplasia  Peptic ulcer
neutrophils |
A 10 Broth 0.0+0.0 0.0+0.0 0.0+0.0 0.0£0.0
B 10 Hp 29+03 3.0+0.2 22+£03 2.1+03
C 10 Hp — GA 22+04% 20+02% 1.5+0.1%* 1.2+03%
D 10 Hp — Metronidazol 2.0+ 04% 1.6 0.1 1.64+0.3 1.0+0.0

Hp, Helicobacter pylori; GA, glycyrrhetinic acid.

* P <0.05, compared with group B. Values for results are expressed as means + SD.
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B OB B E DB EZED L2, OZOICENEY T, TORRITILLTO®EY TH D,

O B HREFEFEOHEE | FREBEORRIE L L THEHR I TV D RMREEE ML (0EC) DBAED
AEEOHET 2 PIEERRT & HFE L CHFE L, MBS B ESICER SN2 HARERFTH 5
FRAEPEREE OFERL 2 I 5 2 & CTHik AR L EENgRERIE 2 BT 2 2 L A R72 L7z (Neural
Regeneration Research, 2010, EIRIHY) .

Q@ HEOWMEE OE R L B OFFE R EERIINES 5 A1 3 B BIARAFIZHTE L, MR A E
7R EOEA A EG L, IwmER. PEERRFOBHBSLRFFAEICEDEEZHZ TVWD, I HIT,
WEAE 9 HITIZN Pt B3 E ER R P2 3600, MR T 25E 2170, FHBEEOREED
HFIEIC DN THRE LT,

LiED XS, HELIFHOBNEY Oz ETFIZEF 25,

Key Words FH#fEE, MfkF4, MMEMEEEE, 27V 7HHE, Z v b

# 5

AR =Y FECCIEEH e PIC X O EMAREGEEZ T 5 L BB XY TALOMES) « SRR I L A
ENEL D, BHED L Z AEMBEO A RIBFRIEIHLENTE LT, 2L OBRENFE/HFELZEZ VO
AIEERERL STV 5, FHEBEOIRENSREE BRI, 5L T REHEN T L A EFAEET,
KONTHEZRIETEZ 20N ETHDH, MRRFHAENEZDIC WHEBE & LT, MM B & DfFAERED K
MZA T, ZUVTHHESCay RaAfFUmerasr A7) vy, BAMBOMELZHET A DR
BRTFOFENRET LN TE T, Lo LICEMOBE T2 O HRER T O & 28l L, ki Aez %
BLSELI) LWIOIRLPMY IR ULITONTEZR, 2L OHAETIIMINI R LELTHRY,
OIOIITEAMERNF & LT, SHEMRERICER LT 72, SRR IR 5% . B a2 8 558
WIRAL, a7 =7 rnlofilast~ ) v 7 225W L TERT 2, WhiE T 7 2] oX57bDT
»H5, ZhETlz, O~ AHET Kawano et al., 2005). @IVl =2 5 —4 o OE KR E Kawano et al.,
2005) . QOFRIK T kK% (Homma et al., 2006), @2 Ru A FURBEORBEEN R (Li et al., 2007) 72
EOBBMDET VMR L2 2 A, WTFNOETIZENT S, BHEMEREE SR SR VRIL T, #8
BEAENEZ > T e, ZO—#HOBFFEAR R BAEERSE 2SR 1 72 AR ER 7 TH D EE/R LTV D,
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Y OFREEGT T VBT, BRx el 2 B EMICBET 5 2 & CHRREA & BRI & (e
DRBNDEEHRE SN TND, & ATHAPIREEMIE (0EC) IXERFBH MO L, & LI-RICBMET
D2 ENARERTZD, T TICWLS DN DETITEE 2RI LB FbiThuTnd, Ll #ilk
BRI X DR AMRED A ) = XA LTWELICAATHY . BE~OBEFHbEHH TR ONTIZED
ISR O SGEITE Z > TR, bivbivudsil, MEGET Vv~ U XDBGE~ECEBIET 5 &, #
HEVERBE O TR INH] S AV R B AEDMEET 2 2 L 2 A LT (Teng et al., 2008) ,

AHFFEIX, T v b OFRHEEE~ OBC 2B L, T OMREAMRED A W =X LEZWH LN TEHZ 2 HN
ELTCEMEI S L7z, b L, OEC BAEEE CHEHIZI T 2 BAHEMERHE O IH] S v, MR AMEE ST
WIUE, BRHEMERBE S EEARFAER T TH L L0 ) | bl OGN FRIREICS W THiE s s 2
LD,

MR EFE

1. WLERZ Y 7 flE O Fh L

% AN SD RIET v b OMRSHEE L BEROREKIBEZ A Y 77 VAR TRV H L, /MRICL T
L0%IEA 4 Mi% & & de Eagle/F12 B5 IR T 4-6 HHEEE L, Mk ofifan+olcilEE Lo, #EEL
ToMIRR 72T 248D . S HITK 2 MR L7z, MillZ 2t fsE Th D Hoechst33342 TR L 72, MU 7o
VBRI K DT 4 v an bR L, BEEEIK TR 5-8X107/nl DEEICHE L., FAFhOM~—H—T
el 2 A, BERMIICE £ 5 0EC &ML OEIS X E LTI, 40%E 60% T -7z,

2. MERZ Y TR OB

1% 8 TERD SD RIET ~ FE XL hoLE X — L Na (50mg/kg {KHE) THEREL ., SO RE & #hZ2 0B L
2%, THEBSMIMEDHES L2 29I L, 08 2 nm OF A 7 THEBZER2ICOW Lz, ~A4 27 a2 %
WT 2l (R 1X10°M#) @ OEC & MR MO RBIL 2 FRERETICEA Uiz, ith, il zfea L, s
WE &S Uiz, Sham 22> b a— UIIHREZ BT 57200 T, A ZIIBA LR o7z,

3. BEAYERL L s b

e 1B HVE2BIZ, 7y MIA Y 7T VT T, DIRE Y 4%37 7 4V AT VT b RiRE W
THEREITD, FHEZETE L, FHEZROH L, SOIC—BEE L7BIC, RIATAAFTHEL, 40 um
JE DG RAIRWTEI 7 A AR L 72,

TR L A0 Y alZIE, GRAP, TV Bl o — 4> RECA-1, & wu h= ' CGRP |Z%f9 D&Piik%E H =,
HiYL(a |3 ABC WA 1T\, DAB THEIZH M LT, 7 2 ARG IT R A9 e a3 CREER L= Hiik % v,
o b= UBHEIC OV T, KS400 (Ziess fh, FA ) ZHWTHEBHINT 21TV, FAERMEOEZFHIIL 7,

#w B

AL v NI, #BIEOAZR3 9PE (1M 5P, 23 4 PS) | OEC BAEAS 11 S (13EM 5 P8, 2 EH
6 VL) | sham FHifE AU L2 ha—) BNILTHo7e, FABEE MU A 712 L0 Bl
L, TREOEBNIFE L, 2 B%ETIZEALRE LR -7, kNIRRT & BESIzE v R
27— U OBMEMERPE AR SN TR Y . ZOFEBHICIE GFAP S8 2 R BUGHET A b a1 kA
LT UTHEZEER L T, BT CGnEtE) ob vy b= EaFBE~7F KN (CGRP) % & TeiiHE
&L FATHE GEBIME) otr b= UMW TR ORI A THAET D Z Lidkh ot

—J7. OEC ZBAH L7=7 v MIMTERE CTIX FEORER L SN2, ke lZBiEd 2@m e~ L7z, O0EC B
FERE OB 2 AL FHUTMNT T2 &L 77 TR b AHEMEREE IGO0 HRE L EDV R AFELTWVD
ECRA Tz, ZRUTH D LT, 2ROt r b= UL CGRP #RHEDBRGHARN 2 R L, BIET 48
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ZCHATHBMELAEITHEML TV, BHEMEBEOAMIZSOWTELIZELSHRTARAE, IV HaT—
FATRRHEMERSE OIS A IZ HRBL L TV A 720, A TR RAYZL RECA-1 &0t B Y 24T\ A
DJER I LTz, BEOHORETIL, MAELSMI BFHERD IV I 2 7 — 7 OEPNEFIZR O, B
PERBE A LMD BN (K 1A-C) , ZHUTx L, OEC B TIX, BEDAIT M 2 5 H
MUTWeR, MBSO IV EI 2T —57 ook id e < | BHEEREE O IH STV D 2 &35

>7= (®1D-F) ,

1. HEDOH (LB) & OECEBAE (TEB) OHRMEHIZIS T 5 RECA-1 o4 (A, D, JRf) &
Col IV (B, E. #kfa) DJEfE, HEDOH TITMELIMNT Col IV DILFE (C. Fkfa) NEFITHFIEL,
TRHEMERBRE SRR STV A 2, ORC Bl CIIBMEMERBE OTRIZITE & A E72 v (F)

E %

HBIfE, OEC OBEF~OBMIL, FHEEOREILEL LT bAERIN TV LD, ZOFHARED 2
A=A LNIA G ThboTe, BREEHIZIIE 2 OFARER T BFEET 5, TR HOH T, OEC BHEIZ &
V. FRHEEREE OB IIH SN Tnd Z e 2R L (K1), Rz Bidskit, OEC %7 v M K—s383
VARRMEDO UM I BAE L, OEC BAf 2 % CHBEICHRRBAEMEESI NS Z L2 AT LTS (Teng et al.,
2008)

AT TIE, 7 v NEBERET~D OEC OBAHIZ LV, FITEDEa b=k L EATE0 CGRP A28
B Az THA L, FRFICEEEAEREITE BIEE Lz, 20X 5 220 5E. BAZ EFET 2 HHEIERE O AL
73 OBC Bl X vl sz Z sick s tffmmanz (X2), AMFFEROKET, BE, BOUFRERLE LT
FilH T 5 (Teng et al., 2010)

BEZROFMIITR A 2R M EILERF2AFAEL, SRS MREEPEZ VI VWEBATH L LEZ BN
T&Elz, ZTNETEL OWEEITSUGHET 2 b ath A SBBKT 57 ) TRIEN FERHERFTH L LB R
TEIZH, OECBAEIZ LY . 77U THHE DI S5 LW O fERIFE LN TV, AREIOFKR TS 7
U T RHREIZEAGIT R S v igino 7z,
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1 =a—ay

2. ATEDOE L, BEOHDEE (L) (ZFMOBGEIZITRHEMRIRATE R S, Ui shr
TATHED R b =L BATIED CORP HRMEITFFAE L7avy, OEC BAERE (F) TITBAEIC L U BRHEMERDR D
TERRAS N S v, FAERMES B 282 THERT 2,

LILEDOHIED 5 B 15 & OEC BAEO FIITLFENIEE TH 22Ut (TEERRYE - MHFEE - Bh#EdR)
EHESE 7 £ THRETOREINIIER Th - 72 figih)ll REREFB T « B - Bi#dR) 23, OEC Ok
T HUH AR O BB BN e Y L B BSHFEORIE 21T - 7o,

S, FREREGOIRRIEOMN. Z B L TS OIEEZED TS PETH D, FARYIZIZ. 0EC BAEIZIN
2. PRHEMERBE DR A BT 2 0E IVEa T — 7 v OGRIES 2 Ra A FUmMBRO 53R OfF =0,
R R et 5 MR BN FORER ELEZTVD,
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~HFEFHS B
MBETHESEAEED S VAL—2 a3 FIIL) S—FOEBIE

AAMBIEE KA Mk 15W

FIT A B FACRZER e Ao e pY
HERBTEE KA
AT R B RN S i

E B

AWFZED B YT AAL P EICRB T MR AR EIGREDO N AL — Y a )b U —F OB LK T 5
ZETHD, FALKT: (HA) | RN (hE) | WK (P E) F— 2 TR 28 MR IR R D BRI JE 24 T
577, Fas-ligand (FasL) 1% INF 77V —IZJ& T 57 Rh— ZAFE R T-OOEDTHY, 701K 40kDa D
1T BB EE A E ChOIZAENRTHD Fas LG THILIZEST Fas #%BLTHMACT RN A% 758
T2, FITHMIEEC BT DM FasL (mFasL) OARaAMEEIZ®H722 C Kl 26kDa 75 metalloprotease
DOEDTHD ADAMIO (Z[RESIESHL, soluble Fas-ligand (sFasL) 23EEESHILD, LnLZRA s, MM IC
BT sFasL 230D EOMIIE CEASIVRAIIIELZ FHE T 2006 Tk, AFFETIE 2 O
MR 1L 7 /L% AT ADAML0 OVEMELBERE LM A% D FasL OFBLAIIRZ 91D THLANI LTz, EHIZ,
FasL O#F82 MG 3 o MR BRI EDY — X2 [ LT,
Key Words #iRZEME#RH, Fas—ligand, ADAM10, 7Rh—3/X, Akt

#

BREETTAIYANAAY =W OET VYT RXATHDLBREKMH~Y X2 ] T
bis (1-oxy—2-pyidinethiolato)oxovanadium (IV) [VO(OPT)] %% protein tyrosine phosphataselB %4
LT, PI3 ¥ —E&IEMALT 245 R, MlaDEFL 7L Ths protein kinase B (Akt) ZIEMEALT 2
TEEWELZ (K1) (1), HLW—XTH2D VO(OPT) [EMLERS H -~ AW F SIS ik [E12 3
TOIRREHTEZ AR S, RIS RER B2 B LT (2), BBIMICH VT Akt THMEME FL T, 20k
B Fasl 3FEINAHTE, Fasl OFEIFIHRMIZICE T Caspase 8, Caspase 3 ZIEMALL TTARR—
REFHETHIEEWLMILE (3,4, Ll IR M EERIZ FasL 2O E O CREAS, MR EL
T ONRATH -7, AFZETIE 2 FEOME M ET A% VT Fasl OIFHALEEEZFOINC L, &
HIZ, FasL OIEMALZANE 4 DR MR BRI D — X2 BT,

EBRAE

~ 0 AR AMBIIR— 8 PEPAZE R (B 7 VBB O IR KO ERILT. (3), 12 WD C57BL6] ~V A% HE
BRIZHWz, v Vara—TF o 7 Ul A au sk ad NEB R DIF AL C, FRIMENIRZ 90 43 [HPHZEL7-1%
(CFFBHIR L=, FEBRIRELR (0) | 2, 6. 24 WP #2 IR A HI L Coose 7wy MIgHT 2, HEUT [ 8 L C il
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WA TR T AT o720 ZRMEMIERET VL ThHDHYA/RAT =T IR ET /UL 10-12 WO Wistar &
HEVET o b2 W TBERO HEETERILZ (5), ~A/BA7 =T EAE(0), 0.5, 2,3, 7 HBICKMEE%
LT FasL OFEBLZGE 7 my METHMTL . BEFEE L CHREMBILZ CTOIIT L7z, I/ A 27013 45
mg/kg/day T¥AVBAT=THEADB AN 6 AR, ERENEL L,
ERER

AR OIE~ T AH KN — 1 EPAZERE I 7 /L& FIVC, 90 4y o FFBHImE % (0) . 2, 6, 24 W21
IfLERALCTdrD RN B A L CL M IR 2 TR €| 58 7 oy MENTZATV . ADAMLO ODIE (LD ]
PRI AT ~72, ADAMI0 OFEMALAKITEBBE & OAFIC EA L, D7adid 24 B, £ OFEMRORETLL
ESH U, Sk b F k2 T ADAMI0 OSBRI 2~ D& RFIT, HE L o> A% 28 J i fifda (=27
INZBW TRV RS, £ O OS2 RS G IEMOITZEA L MAP2 [EPEHINE Th o7z, ZDZL
(TA8F U T TR O ERAI AR B\ TR LR ADAMIO AN ML B 2 D R ISR L 2 EAVRIB S LTz,
WA, RIC AR AR H 2 FIN T mFasL & sFasL O3HA R 7 oy MEIZ THTLT-, &M ADAMIO O
FEHL LS ORFFFEEIC BT, sFasL OfIL 2 FRZE—27ELTREIC EAL, 24 BFRETHER B3
DFFRELT, W01Z, mFasL OFBLEIT 0 KO 2 FEHC—@MEIIR T L7, mEWI SR M A mE 24
REf#121E mFasL HREBENAEIC LA U, BEIILIANZ, Fasl @& FRBENEM%E 1-2 BRI EA
FTRHZEERNWEL TR, ZORRE—EL TWD,

Trophic/survival factors » Fas-ligand

Ischemia

Protein tyrosine
phosphatases

= =

Cyto.c release degradation ~_Calpain
\ activation

Phospho-FKHR Caspase-3 Fodrin breakdown

X

1. BEMIZEH TS Fas-ligand DREBRE TR b— AOFEHRE
WIZ, Fo MR 2RI XD | sFasL DIEBUENLIZ DWW THRET LT, (A TIRRE D~ AR B BT

I% sFasL OFEYEIXIZEAE RN, ZHIUCK LT, B~ AR E O~ T 7 6Tl

FELWGREBEMIaO LR N RbNT, MiHilao~—5—Ths NeuN LI7uZ VT Mildd~——Ths
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ED1 CTEYMAEITIE NTEAL D sFasL BtEMARIL NeuN TYLtaII, {725 sFasL BEtEMIfa2Y EDL B
PECdhoT, ZOZETE M EENLIEBLT DIHEIER sFasL 13 EITAF 0 7 IO MR IR BT 528
LTV, EMERED sFasl OB ERIIFAEOAV T TR % R Ths (Fukunaga et al, #a SCHEH
41).,

FFERFFEHE CTHLOMI LT, ORISR T T NV CThDH~v A/ AT =T IR T v M VT
ML AN T FasL OFEZFH- (5), ~A70x7 =T HEA% 2-7 H BT T, Fikii7e FasL
D EFNFBDSIT, MR L RAIMATICEY, Fasl OFBMMEEREL, ~ (7027 =T HEAE 24
RERI LARRICHE LD L9 DI AL ORI EDL BEMEAIIETHY, I7u 7728 T Fasl 28 BR324
RSN, — . DEOMREMIRE T Aha 7 VT fMfEIZ 38U T FasL OFBUL EH-L T, IiZ, 2/m7Y
T OIEMEALZ I 32 A7V v A/ A7 27 EAE 1 HEND 6 G LT, FasL ORBAHK
AUtz ~A7aAxAT7 = TEAE 7 B BICALND Fasl OBAERFHEIII /A7) HIZIE2icmifils
i, RIERC, PRAIRAZEL A B ICHHISNT- (Han et al, FRSCEFET), ZOZLITEMALIZ/ 0 U7 ICR0T
% FasL OFEIIAFEAILOT R—T ADB|E &I/ HZ 2R LTS,
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mFasL -—_—————-_

_._ — R
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sham
Time after reperfusion
mFasL
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B 2. v 7 AP XEBHKFAZEE h#OKXKBEEEICE TS Fasligand OFEFORRES

&

AAFFECRLE (ALK ) Lt L (WL R ) 1L R 72 5 KIMPAZE~ T R~ A 702X 7 = 7 i34 7 Mk
ME7 NV THE U, SURICMRE 2 R T2 TP R INENIRPAZE I B@EL %D FasL 13 ADAMIO (240,
mFasL 736 sFasL 2RIV TREASIV JEMER sFasL 2RI A R S22 8, £/, 24 WFfH
% TlE mFasL DFEESNDHILEDBHALNER-Te, —T7, v AVBAT7 =T IR TIE 12 FFEZS 7 RIZHhH
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(7T wFasL. OFFHENEIY, TR = AEFHEINT, v A7BAT =T MERIZIITSD nFasL OFFEMdIL
ar T THY, /a7 MEIE THHI VA7V NFITFERIT mFasL FE AT EN -T2, —
J7.Qin HEBIT MEMIZIEWNTT Rh—3 REITR 254 — 7 7V — I X OMIA R E S M A 758 952
EEFRNELTZ (6), SHITA— N7 7V —IXDMBSEIZ 35 VO(OPT) &/ A 27U Ol B FIZ-2nT
IL[F) TR 2,
#5E

AHFGE CIIIMFEFE I ED Fasl OFEEIHITD 2 DO —A%BAF L=, VO(OPT) 1L Akt OIFMEALK
JnzSTL T FasL R Bim RE DT Rb— ZFFER FORGEMHI LI (K 1), T A7V RUEME TH
DY ATV NI 07 VT OIEWALS G Z Il 528 T, Fasl OFBAIHEIT D, ZHSOWFIE A RITEL
BEDTN—T DAV FVIRFE R ThY | 4 % O Rt JE S & Hi S E IR T W TR LOAIEB 38 12 BB 3
Do HHITTNEDL — AL AW DFENELEGIR IS IO T A AL o [E T FIRTFSE 23 5 TR AR B 78 0 Hiig 4
(528
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Evaluation of new chemotherapeutic agents for hepatocellular carcinoma with hepatitis B
virus infection
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Abstract

To find effective chemotherapeutic agents for hepatocellular carcinoma (HCC) with hepatitis B virus (HBV) infection,
we evaluated the effects of newly-synthesized compounds 24F and LY 52 on the metastasis of a HBV infected HCC
cell line and the anti-HBV activities of cinobufacini and its active components bufalin and cinobufagin in this cell line.
The effects of  these drugs on the cell  proliferations were detected by
3-(4,5-dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium bromide assays. The effect of 24F on aminopeptidase (APN)
activity was measured by a spectrophotometric method using L-leucine-p-nitroanilide as a substrate of APN. The
effects of LY52 on the MMPs expressions were measured by gelatin zymography. The effects of 24F and LY52 on
cell invasion were performed by 24-well invasion chambers. Effects of Cinobufacini, Bufalin, and cinobufagin on
HBYV antigens and DNA were quantified with a HBV DNA quantitative kit. The APN activity was inhibited in the
presence of 24F in dose-dependent manner. The effects of LY52 on MMP-9 expressions in HepG2.2.15 cells were
not obvious. The inhibition rates of LY52 on pro-MMP-2 levels of HepG2.2.15 cells were in a dose-dependent
manner. 24F could inhibit the invasion of HepG2.2.15 cells, which displayed 56% of inhibition rate in the
concentration of 100 pg/mL. LY52 could also effectively inhibit the invasion of HepG2.2.15 cells, although a dose
dependent manner was not found. The effect of cinobufacini on secretion of HBsAg, HBeAg, and HBcrAg was
promoted in a time-dependent manner. It was more effective than its components bufalin and cinobufagin in
inhibiting the secretion of HBV antigens. These result showed that 24F and LY 52 might be effective anti-metastasis
regents for HCCs, even when the HCC cells were infected by HBV. Cinobufacini may serve as an anti-viral
therapeutic agent for the management of HBV infection, which warrants further investigation.

Key words: Hepatitis B virus, hepatocellular carcinoma, Aminopeptidase N inhibitor, matrix metalloproteinases
inhibitor, Cinobufacini

Introduction

Hepatitis B virus (HBV) is recognized as the leading cause of chronic hepatitis and the cause of 60-80% of
hepatocellular carcinoma (HCC) worldwide. A number of researches have shown that chronic infection by hepatitis
virus, especially HBV, leads to the progression of chronic hepatitis to liver cirrhosis and contribute to HCC. It was
also showed that HBV infection increased the invasion potential of HCC, though the role of HBV in the invasion and
metastasis of HCC was not elucidated clearly. Thus, the discovery and development of novel antiviral drugs for HCC
is urgently needed. Aminopeptidase N (APN/CD13) inhibitor 24F and matrix metalloproteinases (MMPs) inhibitor
LY52 were newly-synthesized compounds by our research group. Our previous studies showed that 24F could inhibit
the activity of the targeted enzyme APN and suppress the invasive capacity of HCC cells, and LY'52 could inhibit the
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invasion and metastasis of HCCs via blocking the proteolytic activities of MMPs. In this study, we evaluated the
effects of 24F and LY52 on the invasion ability of a HBV infected HCC cell line, HepG2.2.15.

Cinobufacini (Huachansu), a Chinese medicine prepared from this toad skin, has been extensively used in clinics to
treat a number of diseases, such as malignant tumors, chronic hepatitis B. In this study, we also evaluated the

anti-hepatitis B virus activities of cinobufacini and its active components bufalin and cinobufagin in HepG2.2.15 cells.

Materials and Methods

Reagents. The hydroxamic acid derivatives 24F was synthesized as one of series of cyclic-imide peptidomimetics
with free amino group by using 3D-QSAR model'. Caffeoyl pyrrolidine derivative LY52, was designed and
synthesized as described previously”. LY52 was dissolved in dimethylsulfoxide and 24F was dissolved in
phosphate-buffered saline for in vitro studies. Cinobufacini was obtained from Anhui Jinchan Biochemical Co., Ltd.,
China. Bufalin and cinobufagin were purchased from Sigma.

Cell culture and treatment. The human HBV-transfected cell line HepG2.2.15 was maintained in RPMI 1640
medium supplemented with 10% fetal calf serum, 100 unit/mL penicillin, 100 pg/mL streptomycin, and 200 pg/mL
G418 at 37 °C in a humidified incubator with 5% CO,. The effects of these drugs on the cell proliferations were
detected by 3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium bromide (MTT) assays. The effect of 24F on APN
activity was measured by a spectrophotometric method using L-leucine-p-nitroanilide as a substrate of APN. The
effects of Y52 on the MMP-2 and -9 expressions were measured by gelatin zymography. The effects of 24F and
LY52 on cell invasion was performed by 24-well BD BioCoat Matrigel invasion chambers. Effects of Cinobufacini,
Bufalin, and cinobufagin on HBV antigens and DNA were quantified with a HBV DNA quantitative kit.

Results

Effects on proliferations of HepG2.2.15 cells

The HepG2.2.15 cell growth could be inhibited by 24F, but there was no significant difference in the inhibition rate
among 1-200 pg/mL of 24F. No acute cytotoxic effect was observed by trypan blue staining. The inhibitory effects of
LY52 on HepG2.2.15 cells proliferations increased as the concentrations and incubation periods increased. No
obvious inhibitory effects of LY52 were found in lower concentrations (<200 pg/mL) and in shorter incubation period
(24 h), which was also verified by trypan blue staining. Cinobufacini at the concentrations below 20 pg/mL, bufalin at
the concentrations below 102 uM, and cinobufagin at the concentrations below 10" uM were non-toxic to
HepG2.2.15 cells. Cinobufacini, bufalin, and cinobufagin could significantly inhibit the growth of HepG2.2.15 cells at
the concentrations above 20 pg/mL, 102 uM, and 10 pM, respectively.

Effects of 24F on aminopeptidase activity

The aminopeptidase activity was inhibited in the presence of 24F in dose-dependent manner and the inhibition rate of
AA/min under 0.27 mM (100 pg/mL) of 24F was around 25% compared with the negative control. In this analysis,
IC5 of 24F (the volume of 24F that displayed 50% inhibition of enzyme activity) was calculated 1.88 mM.

Effects of LY52 on MMPs activities

The effects of LY52 on MMP-9 expressions in HepG2.2.15 cells were not obvious. The inhibition rates of 0.1, 1, 10,
100, and 200 pg/ml of LY52 on pro-MMP-2 levels of HepG2.2.15 cells were 4.0%, 9.4%, 11.5%, 15.8%, and 34.4%,
respectively, compared with the control group (100%).

Effects of 24F and LY52 on the invasion of HepG2.2.15 cells

The number of invading cells was significantly decreased in the presence of 100 pg/mL of 24F compared with that in
non-treated cells. This result suggested that 24F has an ability to inhibit the invasion of HepG2.2.15 cells, which
displayed 56% of inhibition rate in the sample incubated with 100 pg/mL of 24F. LY52 could also effectively inhibit
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the invasion of HepG2.2.15 cells, although a dose dependent manner was not found. The inhibition rates of 0.1, 1, 10,
100, and 200 pg/mL of LY52 on invasion abilities of the HepG2.2.15 cells were 21.8%, 26.4%, 43.3%, 50.2%, and
19.7%, respectively.

Effects of cinobufacini, bufalin, and cinobufagin on the HBV antigens and DNA

The data clearly showed that the inhibitory effect of cinobufacini on secretion of three HBV antigens (HBsAg,
HBeAg, and HBcrAg) was promoted in a time-dependent manner. On day 6 cinobufacini at the concentration of 1
pg/mL significantly reduced the secretion of HBsAg, HBeAg, and HBcrAg, which was more potent than the positive
control 3TC (100 pug/mL) in inhibiting HBV antigen secretion. On day 6, bufalin at the concentration of 10* uM
significantly inhibited secretion of HBeAg and HBcrAg at the rates of 11.36 and 19.58%, respectively. In this
concentration of bufalin was more potent than the positive control 3TC in inhibiting HBcrAg secretion. The data for
bufalin at 10* uM on day 3 and 6 showed that the inhibitory effects of bufalin on secretion of two HBV antigens
(HBeAg and HBcrAg) were time-dependent. After incubation with cinobufagin for 3 days or 6 days, secretion of
HBeAg and HBcrAg in the culture medium was slightly less than that with the control. Moreover, cinobufagin at a
concentration of 10~ M on day 3 exhibited the same potent activity as the positive control 3TC (100 pg/mL) in terms
of the inhibition of HBeAg secretion.

Discussion

Although recent progress in the diagnosis and treatment modalities has improved the prognosis of patients with HCC,
the long-term prognosis remains disappointing because of the frequent recurrence and the development of intrahepatic
metastasis in 16%-65% of HCCs patients. Since APN functions to degrade extracellular matrix and thereby promote
the cancer cell invasion and metastasis, inhibition of APN function would have a significant role in the development
of cancer chemotherapeutic agents. This study showed that our newly-developed APN/CD13 inhibitor 24F can inhibit
the activity of the targeted enzyme APN and suppress the invasive capacity of HCC cell. It was suggested that HBV
infection may facilitate tumor cell invasion by upregulation of MMPs and subsequent destruction of the extracellular
matrix. In this study, we assessed the effects of MMPs inhibitor LY52 on MMPs expressions in HepG2.2.15 cells,
which is originated from the same clone of HCC. It was suggested that Y52 could effectively inhibit invasion of
HCC cells by suppressing MMP-2 expressions. These result showed that 24F and LY 52 might be effective
anti-metastasis regents for HCCs, even when the HCC cells were infected by HBV.

We also evaluated the anti-hepatitis B virus activities of cinobufacini and its active components bufalin and
cinobufagin in HepG2.2.15 cells. It was demonstrated that the effects of cinobufacini on secretion of HBsAg, HBeAg,
and HBcrAg was promoted in a time-dependent manner. It was more effective than its components bufalin and
cinobufagin in inhibiting the secretion of HBV antigens. The present findings suggested cinobufacini may serve as an

anti-viral therapeutic agent for the management of HBV infection, which warrants further investigation.
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UNEYTF— g Z20EET A0 KRMEHRKEEITER GO =y 7 BAEREICE>THLLLED
TEEREICHT, KFE I 2GR VIRIICE D 2 b BEAKRBRAIEFITERKTH D Z DB O
UANEDBEHEEO a2 ANREE) T EIURB I, FREREFEELHEETH L EnEBHEVN
BAMEZIRD RL TV et A L FRABERLILET 2 2 L A BREERMARE TS L.

S%HB LIEHE T 07 T A EFEEIIT O 20, #ZMOHITEB LY, 77 UV 7 —%—DOBFRBHLE L
A, ZDHOOT Y ey MR ELSLEL RS, WIIKHEN D O RLZ I, TIEICHBT S U
EUT—a VEEENESLICEFEL TN Z LR sN5.
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FEDIECR T D EBEFRATICEY 2 RE, o FRFI%E

3. HROBE
200941 1 AICEMLEBMAECAELAY L 70 (E, Fei, 0w

@gmt\ﬁﬁ\ﬁﬁ%&ﬁ%ﬁoto %@%%\SH%K5H5?:7ﬁﬁﬁ

DERERBD3 DI, ]
4. HIBEE
WHWERL: = O & W4 . EEFER
FTB#E%: FECDC - 4 dUsmreir BB 0 NERILE S e o B

5. WEBERERE (BN - THES - TELE)
2H18R. 198 : MRMEE, KiFEHETo%2,
2H22H~26H : T LOMFTEEBLE,
3ALR. 20 : MIRROBES, WXEROEN, TaEeRELL,
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— H R R —
FERNEICE T LERERTICET S2RE. 2 FEFHR

roEE K4 F OEE

mEFTEMEE  PECDC - FAREITZERT
TENER

HAWFZEREEE  JE)IERR S

fBEEMEE  MEER TR R

LEOFEE OHE se B B, PR EXR
SRS 1 /P P N

2 B

HE DY) CIE BB RE (IMEAE, =%/ 2y 7 ZJE) BT L T\ D, AIFETIRZE Tic®
MNEFAT =7 J& 5t 3 F(Taenia solium, Taenia saginata, Taenia asiatica)?’ FIFTAIIC 234 LTV 5 2 & (Li
TY etal. 2006), @T. saginata & T. asiatica ] T O AHEME AR FERR 4172 Z & (Nkouawa A et al. 2009) 726, B
RHEAER OB INHERE . @ZZHEEAR DOBART-EHT. GT. solium 23R S LD RTFIZI T HFEBERE O &
Z OREIEOFHG, ©4 % OWATIHNZ M 726 RIESRE L B9 & 3 2 Bl coLFFHAEZ 2009 4 11
HICERM U7, 11 FICERE LewAh, EROEME, MGz v, 2010 4 2 J W) %4 B THFFERT )
5LITY EEBE~ L, SHEERICBT 27 =T ER L OFEBIEFITOBURFENT 21T o 72, T OREF,
OA EIMAE Lz SAE TR S /27 =7 4RIk T. saginata & T. solium Tho7z, @2HEHNHIT T
saginata 7217 AR S U228, R0 0 1E% 513 T, solium & T. saginata 23 H &7z, @1 £% TEsRic
FHELRF 72 HONC T solium R BF DR S, @ T, solium frEBFIX 1 EDOFRZ2IET Z LT L
AWERFIEEDNTWDIZ DB T, SRR I 2EMTIE S EB X 20 ERMH sz, 7=
THERE b FEEBE O EER & BRI SRIZ SO\ COfET 72 HONS T, solium 7 = THERE O S, rkE
RiZH 1 % 2 RIEDERIEDO A BWHER NS B DOHIET —~ Th 5.

Key Words
PEIINE, Fy MR 7T =76, BHE, Bn AT, g, EENEIn 7T

#®
MNETFAT =7 58 & LT T saginata (BESSeh, v FH Ay) & Tosolium  (Fégch, 7 X047
LY) O2ENELMBMBNTWD, IE, TYVTEMTE 3 OT =72 T. asiatica (7 V7 5H) O
DA A v, T.saginata & T. asiatica O IT xRN S 41T & TU S (lto et al. 2003; Ito A et al. 2010),

ARWFGE T N—T OIfFE %38 L C Lo 3 MO T =7 B ARG LT D MU Bt K E S huth

il
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¥ (Li TY et al. 2006; Aantaphruti et al. 2007), = 512 T. asiatica & T. saginata O A MEE IR NFET D 2 & 3k
fBA-FRAT D> B L AR T % (Nkouawa A et al. 2009; Okamoto M et al. 2010),

AW CTlE, OANKRFAET =7 ESR SHENFRFIIC /AR L, @T. saginata & T. asiatica [ T A2 HEfE (&
DR SN TW5 (Nkouawa A et al. in prep; Okamoto et al. in prep) PU)1144 Yajiang (FE/T) T, @3 T =
7 SRR OBNNHERS . OZZEEIEDO BN, ORI 1T 2 B s TN, OT. solium 235HER S L2 1%
21T 2 FAERE O L ©F O HEOFN, @4 % OFATIHNZ M T 72 xRS EL B L 3 581
T OIFEFHA Z 2009 4F 11 HICHEM Lz, 11 ICERE L= %A m, RO, Mmig4 Ay, 2010 48 2
AP A BITHIE O LITY MEa i~ L, 3REERICE T 27 =7 0E, FERAEICBET 5T
DILRIEAT 24T > 72,

®EREFHE

®4: WA Yajiang CHELIR) OF Xy MEOAEIGHUSER, HIROREETT O FAHFHE O 7 =7 EEH
OIS FTRE & WFF S D AR

ik MRAZE L THRIEREZO B ZHTS - TEKS L, 2009 48 11 H FAICHEE 2OV TR,
T, BELRIL 7=7 SR EP LZFREBRH DRI 7 U0 o7 78 6 NS E OASFER B AT &
DARTF ¥ OFEELTT L, PRl S5 BIROIAR O BT 21T - 7o, MiETiARA ., EENEGTHRA,
A ROBIS AT 2010 4 2 AITENERRF TT TICML SN TV DREIEIC LY B sz, &6
2, HIPRIERARZOM R CEEEN Y — X —2 v TEREL T D 7 T 2 AD Giraudoux P #d712 X 5 15E
DOF, HEER S AT A0 DELNTT — % & K BE O R & OB & R T,

= R

OAEIFHE L7 3K%D 55 1A% 5 T. solium & T. saginata 23 H &7z, T. solium &4kt L 7= 2 2otk
IX5%, 20E2E L TRV, W% 1EFETHD T. solium JEHEOH IR FHENH D & PRI ST,
@3 har KU T EBE T OMNTFE R D T, saginata & T. solium 23R X 7=,

O TIERZA L TN RIZEDIETH D Z LR BRI NI,

@T. solium 2SFERE S U= A5 1T IL O BARFF AL 3 2R CThh o 7=,

E B

A EIFHA LT 3AVEICIIT 27 = T SEGAT O ERERAE 3 S b AvTc, OFFIC iR A D & 28 UE B O fFTED
IMETTHEN, S ROMEIRENLETH D, £/, OQFEFER SN2 > 72 2 K21 5 T. solium
TRBFH DHERN A BRLETH D, QBERIRND L AETT =7 E, BRIEOBENHR SN2, ZOR%E
N COFRERME, TBER RN, 72 b N IUEEDOR % TOBERAEDFREMEIC OV T H A HICHRA D &
HThDH, OHPRERS AT 22 vy, B OJEERIE, £ T. solium £/ 114 & 28 JUiE B3 DAL E BIR O
FRNTIE A OBEBERHIERETH D, £, R TIEI hay Y TEETET RN L2, 5%, &
BARF O 2 FhE L. AR S 4172 T. saginata 52 O H11T T. asiatica & O AZHEE RN E E4L TV D D)
[ZOWTOHELR LT BLETH D,
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1. BIREE: 200000 e
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VAT T F UBREBER T EEGUEEEICR T S NF « BIEELORE| DR
3. REDOHE

VAT T F U BRANE RIS BN NF o B LRSS L, NP«

B iE M OIMHIIL PCNA & HSP72 DFIBET % £V, VA 7T F i % 855
e e b Ui

4. HiBEEE
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5. WEEHREMEEM - T4ESH - TELL)
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-A P EFH SR EE-
DRTSFUBRREUBIEDENMEESETIVIZEITS NFLB D%E
DIRES

WHoea K4 fERE

ERTEME TR R R T R e A
AARIEME ERERRY BN
REREA Hix ZEH W

HKREBFFEE S ZHEHER

HE

VAT T F o (CDDP) G HITE N NF kB IEMEL3A L, BIRMIEREZFICHFES T2 2 eB8mbi
TV 5, CDDP #FHF AN R RS T 7 L CO NF kB OEENIH 522 T7ev, NFrB {E
PEALFL#E S (pyrrolidine dithiocarbamate : PDTC) CNF k B {EMAL D REI % Mgt L7z,

J7i% : CDDP 5mg/kg % #iH#% dayl4 |Z[R A& CDDP % ¥ 5-3° % # (CDDP+CDDP #£) . CDDP 5mg/kg
ZERE% dayl2 XV PDTC 80mg/kg # H | dayl4 & CDDP % % 5.3 % B (CDDP+PDTC+CDDP) , CDDP
5mg/kg % #E% day12 X 0 PDTC 80mg/kg # H P & dayl4 |Z Vehicle % $% 59" % #£ (CDDP+PDTC)
TNF k BIEMEAL, BEHEBE. PCNA, BAS = v 7 & (HSP) 72 Z Al L 7=,

FER : BN NF k B OTEME{IZ, CDDP+CDDP BT day14 LARE & #kfi L. CDDP+PDTC+CDDP T
55, CDDP-+PDTC-+CDDP #f/% CDDP-+CDDP #£& fbiliz L T, fif Cr 23 dayl? CTHEIZHML
(0. 746+0. 191 mg/dl vs 1.35%0.505 mg/dl, P < 0.05), PCNA & HSP72 7% dayl4 TA HIZHH5
L7z, F£7=. PDTC HIEOBHEMEITFRO o7,

E52: CDDP #h% A B RO HPUIEE S 2B N NF « B IEMEL 3% 5- L\ NF « B IGPE 0 il 1% PCNA
& HSP72 DFEBUX T Z £V, CDDP HRFiiE 2 I8y S w72,

Key Words &MEEAr4 KEHilk#HS NFckB A7 750
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=

VAT T FUFBRBEBARERLE T v FCTIERHED VAT ZF U EHEIOS AT T F
# 52 % (dayld) IZH G L CTHRMEB AR RE RS2V L0V D BB AR EOEIEER T 7 LR
MBENTNDR, DA =X LOFEMITA L TR, WHAESICEIT 5 A 7 =X L5
TEIE, BB AR RO R EBRIC T - IGREORRBICORN L, vATTF UL
%N NFeB EMET 5 2 LITH BN TB Y IREBIZED > TWD 2 E DRI TND A,
PG T OB BERICE LTI 6 TR,

Zr[al, NF k B iEPECFL#E S (pyrrolidine dithiocarbamate @ PDTC) T A 7T F Ui R AMEB AR
ERPUEESE T L TO NF k B IGTE L O & Mt Uiz,

*ge & 5k

kf5: : HESD 7 v b (K 200-250g)

FiE LD 3 Zv—TF 2B

CDDP-+CDDP # : CDDP 5mg/kg % ##iE% dayl4 (IR &0 CDDP % §FiE# 5

CDDP-+PDTC+CDDP £ : CDDP 5mg/kg % #{E# day12 X 0 PDTC 80mg/kg # H. dayl4 (Z[FfHED
CDDP % #frit4% 5

CDDP+PDTC #£:CDDP 5mg/kg % #fi{:#% dayl2 & ¥ PDTC80mg/kg 8 HIEFEN L 5- Vehicle % dayl4
B G

CDDP+CDDP #£C day0, 1, 3,5, 7, 11 [ZE#% L .3 DD 7 /L —7"Tld dayl4, 15, 16, 17, 19 ITBFE L .
M. B BB 2 AU

METIE, 7 LT F = fEmEE, B /X7 Tpbb D= AX Ty N TN kB IE
ML 230 L. BHRE S o /%7 T, PCNA, HSPT2 DY = A& 7w & FHE LT,

(R

1) EhgRE (A)

P EST T VBT A MiE 7 VT F =X, CDDP+CDDP £ Tt dayl7 TE—27 & 72
SN, AER EFIFERD R~ T2, CDDP+PDTC+CDDP £ Tid, dayl7 TE—27 L7200
dayl4 & H_THER EH 2R 072, dayl7 TiX CDDP+PDTC+CDDP #: ¢, CDDP+CDDP
BEL AR TIME 2 VT F = lEOFE R EHZ58H 7=, CDDP+PDTC B CldMiEs L7 F=
NEDOHEE R ERERD o7,

2) NF « B &L (B,C)
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AR EEN p65 D FEBLIE dayl LV day7 & B — 27 (TN L, ZH LI dayl9 £ CTEREBHERS
N7z, CDDP+PDTC+CDDP #: Tl dayl4 LAF: CDDP+ CDDP £f & bt LT p65 BNFEHL
TR T L7,

3) PCNA & HSP72 »%H. (B,C)

PCNA (% CDDP+CDDP B¢ T dayl11-16 % £ — 7 |2k 4 |2 L5 L day17.19 L& F L7=,CDDP
+PDTC+CDDP # T day14-19 T PCNA |3 CDDP+CDDP #f & Leiis L TI& F L7, HSP72
DI¥H L, CDDP+CDDP #T day3-5 & dayl5-17 % & —2ZH#hNL7=, CDDP+PDTC+
CDDP #£TiZ CDDP+CDDP # & Hifi L T dayl4 LI HSP72 OFHIIE F L 7=,

B

CDDP #lal# 5% BN NF « B I30EMEL L, dayld £ TZOIEMALITMER &7z, dayl4d 12 2
[6]H &> CDDP # 5% & NF « B iEMALIF: L 72, PDTC |2 & > T dayl4 75 dayl9 £ T 2 [A]
H® CDDP #5125\ T H BN NF « BiEtE il Shiz, & 512 PDTC 2L > T dayl7 IZ
BOTBHERTITAAREICELEINTE, Z0ZE0nL, VAT I FUFEREEBTREOEGINE
JE45Z NF « B iEMHAL DN EE &S 2 RT3 2 LAVRBE Iz,

DNA i~ —H5—Tdb % PCNA & Hilafri&lE Mz £5-> HSP72 |34]5] CDDP & 54 K v 2 [
H CDDP #¢ 5% FHICBENICHE S BB L7, 20 Z &1 2 H CDDP & 5:12%f L CLRFERIZE)
WTUW B ATEEMEZ 7RI L 72, PDTC 12 & » T PCNA & HSP72 OREBUFIEF L TWAH Z &b,
NF«k B 72— R 2 [01H CDDP #51% ® PCNA & HSP72 OFEBLZFHEST 5 X 512l L
TWDAREMENE Z b, kD Z Lnb | BEWN NF « BiEME{LiZ PCNA & HSP72 7 il
% Z & T CDDP #FR AT AR ROMPIEERICEEREH L RI-TLE2x b,
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(A) MmEILT7F =B (mg/dl) day15 day17 day19
CDDP+CDDP 0.502+0.071 | 0.746+0.191 | 0.766+0.265
CDDP+PDTC+CDDP 05740086 | 1.35+0.505% | 1.136+0.786

P < 0.05 v.s. CODP+CDDPE
0 1 2 3 5

(B) Day 1. 384 7 9 1112 15 16 17 19

e e —

HSPT2

Day 0 14 15 16 17 19
© PDTC - + - 4+ - 4+ - 4+ - 4+ - 4+

NF-xB L e e e ————

PCNA

P e e ————
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HMEEAN BHREFHE @
BRHALVBEEEZZHEL TIToEMET—< 220 THEWZ LET,

WATER : FRRESE

s AR
FEANFEERA Rk W F @‘
HEBRTEALA F AR B D ool

FTRERE 4 TN RFE KER Wk . SHEm

BT 7 HERTmEEREH3-1-1

A 7%:092-642-6077 PR

1. BIREEE : 600,000 [

2. RT—<

Nayl.6 & 2 — F9 ZBEFRE~ U R & V7 FiRHA Na*F v R DA FRFR)
e E| D fiERA

3. REDBE
NaVl.6 % 22— K93 SenSa D F /KB~ 7 A (NaVl. 67 <= 7 A) B L UF DA< 7 2

(NaV1, 67*< 7 R) >, NaVl. 6 OFEEIZ THVNZRZR A iE e iR T OREER L

DU ERER U SRR Na™F v RV OABRZRIREIZ B HHNZ U, SESGERICHER LT,
4. HIREE

(1) ZE2WBITEHRR & - (@) (¥L4 - KE)

%51 B HAYEEAHYS - Functional roles of voltage—gated Na' channels,

NaVl.6, in murine vas deferens myocytes.

FASEB Summer Research Conferences 2009 - Biophysical properties of voltage-

gated Na' channels in smooth muscles.

%83 B HAIKEZSHF L - Characterization of Na,l.6-mediated resurgent
Na“ currents in mouse vas deferens myocytes.

(2)RFLERL E-@ (s - BL)

Journal of Cellular Physiology * Characterization of Na,l.6-mediated Na

currents in smooth muscle cells isolated from mouse vas deferens.
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—H P EE B R -
Na,1.6 20— R B EEFRETHIRZAVEEEBHE NaF v RILD
4IRS 0D A EH

WJEE K4 KOMEE

TEPTEER SIS ER AR R
AANITEREE TN KRR BR R AT b A A R 7
fEEMAEA G A EY

LFEMFEHE  SRE EE

2 B

B VEAIR OTE BV BN IS BT 2O D B I 7 78O BH IS CTRIIIICIHAT 5 =
LG FITENETENE Na*F ¥ 2L (voltage—gated Na® channels : NaV) OEMALIZ THI &
T, MRROBRERAEICEERAEHMNERIZRZL TN B2 6N TE L, ARFEIZEW
RN T ¥ R DOF ¥ KV TS R T T TOF ¥ FNVALETBELT D a7 2= b
Z R (NaVl.6) & =3— R§ 5 SenSa DR TRIE~T A (NaVl. 67 =7 R) BLUZ DL
Rl 2 (NaVl. 67 <7 ) Z VN, NaVl. 6 O 8 T miks & s 380 CRERERDH
DE & kRS L O L ~L THI L7e, HRFHR Na'F ¥ xv (NaVl. 6) 13RFEFICEKIT 5
WA & B & E L S & 2 BAL OB Z T, X0 A m & BRI ATEEL I3 0k
RBICER S W) AR R EET DI 2L LT, 2 FEHA Na' T ¥ 2 v
DRI %475 T D BH T = MEOWTHTEWFNFREEZ OV THREL, BLYT
=y NOHBPBH SN, 2O ORENL BN T ¥ RNV EERT D a7 2= b
Gy BEBYTa=y NS EOMBEDEI NaVl. 6 (SenSa BIRTIZTa—F) [/
Bl 7=y b (SenlbBEFIZTa—R) THLHZENHO THLMNERST,

Key Words HENLIKAFIENa"F ¥ /b, VilEH, oVr7==v b, BH¥T72=v b, IFEE]

]

e 1]

B MERI I B W CIRENEALICBIT 2O S BN U 43137 7% (tetrodotoxin : TTX) #%
FAZCRIEINZIHER T 5 Z &b EITEMKGME Na'™F v %L (voltage—gated Na’ channels :
NaV F % /L) OIEMALIZ THIEE Z Sh, BB ORAICEE RARER 2R L D, S
OISR, NaV T v Robid, REIEE O R L OVR RAREIC S FEREHEZ R LTnb 2 L
LT ITR &z, atzacuk

BATHAFNE Na'F ¥ ZL D4 FHEE L, RER o 3 2
Ta=v kb () 260kDa) E/NE7R2 0D LY T =
> & (30-40kDa) NHAERKIND 3EAELTHDL Z &
DAL E ST (K1), aVT2z=y ML, %
FNVIRT ZIR L, TTX AEGERAL, ALz s &
O Na" B D Na'F ¥ RV O EREREEH T 5,
BHEFEFTICa 7=y N2 U ERa—RT 5
Bfa T & LT 10l O35 (Senla~ Senl0ai&fs+-)
MHAGNERD . atTa=y b &7 BITER Tl R
)72 Na' @i A "9 Z & 525 NaVl. X (voltage- 1 BRUKEME NG F v R LD FAEE

_83_



gated Na' channel type 1.X) EFEEND—BEDO 7 7 I U —IZHEEIN TS (Goldin, 2001),
—H. BV T a=y MIaVTa=y b7 78V —2=y k& L THIBAEEST ¥ 1 /VE
PAMSRE DOMIBIA 72 RSB IC B 5 L CRB Y . CNE TR T =y N2 I EE a— RT 5k
frf& LT 4 OBMERT (Senib~Scndb BInT) BRIE ST, L LEEAGIZIT 5 Nav 7
¥ RNV ZE DS FHZRICE T REITITEA ERL  FF0ABEFERNEE L RTZ2A
HOEETHDH, BEMEROMKS %X(%ﬁ%fﬁnﬂjn/74£)#%Wﬁéﬂé@%ﬁ&
O AR EE 2 C 2 DI « R S 28 BRI S TV B TR IZ BV T NaV F v ¢
IVOIEMIC TRl & & SN D IEEHEN O ESCHERIBHT 2 AT 5 Z L3 MR & L
T O OES) - HIEHEE T 2 BT 2 L CIHEFICAERTFICEHEETH DL LB BND, KR
T~ U AWREE R EEAR L L CGRAR, ZOXAHEMBIT, FiROBEANL TH D,
(1) BESE 13 AR T HEE S 4, E DORRSAT-OMRHIERE S S THh D 2 &
(2) ~ v Al E IR OIFEIEALIE TTX 2 /r 32 & (Holman et al., 1995),
(3) ~UANaV F ¥ p/LOY T a=y MNERTRREAEOEB T HERPETHL NI &,
(4)E72 SenaBa KB~ ANRBEICER SN CKE Y ¥ 7 Vo T RENSBEA R RER Z & |
WA, Bx X, Bix o TAEYFNE L OERAEENTIEEZ O, ~ 7 RS FEHIC
BiFD NaV F ¥ 2O FHEEEEZ LT oV T 2=y 8H U RTEIL SenSa (I2Ta—RKEhb
NaVl.6 T 2D EHE L= (Zhu et al., 2008), & LIZZDEAM <72 (NaVl.6”' <~ R) (T
B Dl E IR A Tl Na Bt iR iidk S22, —J5, NaVl. 67/~ o ABksE i <k
Na"EiflTae< stk SN2 o7= (Zhu et al., 2009), LA LEOFREEN S A NaV F ¥ £ /LD
oV T =y FE LRI EDOLFFEKITNaVL. 6 TH D Al FEMEN TR RIB S HL, NaVl. 67/ <7 &
& NaVl. 67" = 2%\, i~ 7 AZE 1T 2 EEE I8 OMSRER 72 Rtk & e 372 2 &2 T
RIZZ DAEFZLAIREN A RIAZREBHA NaV F v RV ORMEZH ST 5 2 Ltk
DOTIERWMNEEZ 2T, ARBFFETIX NaVl. 6 OF BTG E FIRHIc BT 2 B2 DR FE
PEA L U, SR NaV 7 v RV O AEBREEENZ DWW TRRET L7, £72 NaV F ¥ L Ol
BRI 21T > CWD BT 2=y MZOWTHFAEWFNTFIEEZ AN THRE L,

NEERE
NaVl.6 & =2— K53 Sena DR~ A NaVl.6/ <7 R) BLORFOBAER < X
(MW6”V¢X)@%h%ﬂ®ﬁﬁ£$@%%%wto3%71%/F BT OB AT S

7=, HERI primer 2% A B

FtL. i RI-PCR i & Sose “UE  wnw wae

BN AT T, & 1A _

ﬁﬁ%%#ﬁNﬂL6ﬁ%%ﬁmn

FWTyomAZ 7oy b

W L O L e "°°"”_

EA24TUN NaVl. 6 & HE D[R

EB L RZFOMBFEN A B Na,d6 Na,1.6"

ECOVWTRI LI, EBIC o .
I E5 e O 7 A AR B ) SRR
—

P LPICT il
DNy F 7T FEZEM ——— —
L7 (ZhuHL et al., 2010),

B2 Na/l. 6 D5nFEYEHEFE



##w B

1) NaVl.67"<= 7 2 & NaVl. 6/~ 7 RIZET 55 FLEW R B 5 Heilg
NaVl. 67/~ A& NaVl. 6"~ 2%\, [~ 7 AT DEEE gL 05 1AW FE s
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W~ 7 AT D EKEB AR A g U, SRR NaVv F v x/L (NaVl. 6) ORI
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FERAERLIOR L, FEOFER 7 0 b a—/L% NaVl. 67 ~ v AlGkEE i s LT
-7 (K3D, E), NaVl. 67~ o Ak & LB AIRICE T 5 =7 = DV VB MERE R £
W=7 = VIR B TR 51 NaVl. 67~ 7 AWk i s i i OfE R L BB /27413 A
LIRS T, 7 7 R MR R T A< SRk SN o 7o, NaVl. 67~ o AWk i i
FalZ 31T B % % OREEFTR 7 OTEMEA LB O 2 £ 11TR Lz,

Na,1.6++ Na,1.67
BRER -38.5+4.6 mV (n=6) -30.4 £ 3.4 mV (n = 5)
(arra—uN
BER -31.2£4.9mV (n=6) 81.6+51mV(n=5)
+ T8
T BBREES -39.1 +4.0mV (n=6)
=7z PEVERRERS -31.3+3.7mV (n=6) -29.2£4.0mV (n=5)
Sz VEVERRERS -32.2+44mV(n=6) -31.5+£5.1mV(n=4)

&1 NaV1. 6B XU NaVI. 67" REAFEE T BHMARICEH (T BIEERA S OESLEHE

3) RT-PCRIEIZCL D BV T 2= NBIE DR

NaVl.6 L3RBTV D BH T =y FOFEEEZFHD 20, RI-PRIEIZ T U Ak E
PR LOKMICBT 5, YT = Sentb _Secnzb _Son3b _Scndb
=v MBI (Senib~Scndb) Ot xa 'ﬁﬁ!‘l K mu xﬁ mn xn mn
EiToTc, BETHRAEICILTEA
DY Ta=y b (Bl~4 ¥ Ta2=y
N #Za—KT25 Y%7 2=y F&Efs 500bp
Floxt UL TR EICKIS T 5 primer

Rk L7, RIKIZBWTiE g1~4 #
Tazmy hOETORY T 2=y & 100bp
LB Sz, —F, BiiEE e

1000 bp

BoBWTIEBl 7=y MEET M4 <OREBEETRHMBICEITS
5 B

Ty FEEBBICBWTC BT 2=y MBS L TIX Senlb~Scndb DT DEMLFHBHH S
7= (Seda et al., 2007), —Ji. ABFFEIZB W THEANZST 5 primer #i%EF L. w7 A
RIMIZ BN TIE Senlb~Sendh OETOBIE TR S, ~ 7 AEEE FIEHICB VT
Senlb DA STz, ORI L~ 0 AEEE LIBHICIT 5 NaV v 2L E#KT D o
YT o=y NEURITELE B Tazy N2 U RTBEOMAE DRI, NaVl. 6 (Scn8a E@in+IZ
Ta—FR) /B1H 7=y (SenlbBETIZTa—FR) THDHI ENRIRB I, IR
B NaV F ¥ RO FFEBF LN E o7,
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Arachidonic Acid Induces Migration of Vascular Smooth Muscle Cel s Under the Conditions
Where Phosphorylation of Myosin Light Chain is Abolished. Migration of vascular smooth
muscle cells (VSMCs) plays an important role in vascular development as well as
pathogenesis of atherosclerosis. Studying the mechanism involved in VSMCs migration and
ultimately finding a way to block the migration of VSMCs in the development of vascular
lesion, has been a focus of research. Activation of myosin Il by phosphorylating its’
myosin light chain (MLC) is widely accepted to be a major, regulated determinant of
producing contractile forces in cell motility. To reveal the mechanism for
un—phosphorylated myosin to cause migration, we tested the effects of several
chemoattractants on migration of SM3 cells in presence of ML-7, which prevented the
phosphorylation of MLC. Among the several chemoattractants, we report here migration of
VSMCs is induced by arachidonic acid (AA) while phosphorylation level of MLC is totally
abolished by ML-7. To evaluate the migratory activity of SM3 cells toward AA in a
quantitative way, we used various concentrations of AA as chemoattractants in boyden
chamber assay. SM3 cells migrated toward AA maximally at 20 uM, although intracellular
phosphorylation of MLC was totally abolished. Formations of filopodia and lamellipodia
were observed by immunofluorescence staining in this condition, indicating the
involvement of actin inthemigration. However, blebbistatin, specific inhibitor tomyosin
Il head domain, blocks this migration, suggesting the motor activity of myosin II is
producing the force of migration. We studied the signaling pathway of this AA-induced
migration in which the MLC phosphorylation was blocked by ML-7. PTX inhibited this
migration, suggesting the role of G protein coupled receptors (GPCR). Since intracel lular
calcium wasn’ t altered in this condition, we further investigated the down-stream
signal ing factors which were intracel lular calcium increase—independent. We used specific
inhibitors or siRNA to study the role of several known down-stream signaling factor of
GPCR, finding that membrane translocation of PLGB2, phosphorylation of PKCe,
phosphorylation of MAPKs (ERK, p38 and JNK) occurred successively after the stimulation
of AA. It was possible that AA interacted GPCR as its |igand, triggering following signal
pathway. However, we found that AA increased the secretion of 15-HETE in cell media and
15-HETE also induced this migration, indicating that 15-HETE, a LOX metabolite of AA,
is an equal ly possible ligand. We also indicated that AA penetrated the cel lular membrane
of VSMCs followed by the stimulation of the ATPase activity of myosin Il with
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unphosphorylated MLC. Thus, we propose a new signal pathway of the migration of VSMCs
which was independent of MLC phosphorylation

Key words: Vascular smooth muscle cells, Myosin light chain, Phosphorylation,
Arachidonic acid, Migration

#

Migration of vascular smooth muscle cells (VSMCs) plays an important role in vascular
development as well as pathogenesis of atherosclerosis. During atherogenesis, migration
of VSMCs from media to intima is believed to contribute intimal thickening (7). Studying
the mechanism involved in VSMCs migration and ultimately finding a way to block the
migration of VSMCs in the development of vascular lesion, has been a focus of research(2).
In cells migratory process, different forces are needed to perform cellular dynamic
behaviors such as protrusive forces used to extend lamellipodia, and traction forces to
propel the cell body forward (3). Regulation of the contractile forces coupled with
cellular adhesion, protrusion, and actin organization depends on activated myosin
II-based motors, in which the phosphorylation of the myosin light chain (MLC) is widely
believed to be essential (4). Activation of myosin II are attributed for the
phosphorylation of MLC which is regulated by two main distinct mechanisms including
Ca?'-dependent activation of myosin light chain kinase (MLCK) and Ca? -independent
inhibition of MLCP by Rho Kinase (ROCK) (5). The generation of contractile force in
migration of VSMCs was thought to be similar to that of regulating smooth muscle
contraction (6). Interestingly, serum and PDGF induced VSMCs contraction was uncoupled
to elevation of phosphorylation of MLC (7). The production of contractile forces may not
through the elevation in phosphorylation level of MLC (8). In regard tomigration, increase
of MLC phosphorylation was not involved in PDGF-induced VSMCs migration (9). VSMCs
migration may be regulated not only by an MLC phosphorylation—dependent pathway, but also
an MLC phosphorylation—independent pathway. Blebbistatin, specific inhibitor to myosin
II, blocks both MLC phosphorylation—dependent and independent migration of VSMCs

suggesting the essential role of motor activity of myosin in cell migration (Z0).

WK EHiE

In the whole study, we used SM3 cells, which is a vascular smooth muscle cell line
established from rabbit aorta arterial smooth muscle. The block—it RNAi designer
(Invitrogen) was used to design a short hairpin RNA molecules (shRNA) specific to PLC-S2
(5> —-GAACAGAAGTTACGTTGTC-3" ). The ds oligos were transfected into SM3 cells by using
Lipofectamine2000 (Invitrogen). Migration of SM3 cells was assayed by the Boyden chamber
method. Cells were lysed followed by western blot. In some cases, membrane fraction got
subcellular fractionation purification was used. Phosphorylation of MLC was detected with
glycerol-PAGE followed by Western blot. Formation of filopodia and lamellipodia were
visualized by immunofluorescence staining followed by observation with confocal
microscopy (Bio—Rad). [Ca®]; was measured as previously described (/7). ELISA was used
to assay the concentration level of 15-HETE in media. Statistical analysis was performed
by one—way ANOVA test using Sigma Stat v.3.1. A value of p<0.05, p<0.01 was considered

to be statistically significant
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As shown in Fig. 1, SM3 cells migrated toward AA ,
maximally at 20 u M. The migration of SM3 cells toward
AA (Fig. 1A) was hardly affected by ML-7, although
intracellular phosphorylation of MLC was totally
abolished (Fig. 1B). Formation of filopodia and
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lamellipodia as stained by the antibodies to a—actin ;==
and B -actin were clearly detected after the E I I
stimulation of 20 uM AA in presence of 20u M ML-7 : al I
(Fig.1C), indicating the involvement of actin in the

migration. Blebbistatin inhibited the AA induced P
migration of ML-7-treated SM3 cells in a
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dose—dependent way with I1C50=40u M, indicating the myosin—driven nature (Fig. 1 D).
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Fig. 2

was not observed (Fig. 2B). This migration was antagonized by U-73122 in a dose—dependent
manner, indicating PLC was involved in the signal transduction pathway (Fig. 2C). To
clarify the role of PLCB 2 in the migration, we designed the interfering RNA (RNAi) for
PLC B2 to decrease the expression of PLC 82 as detected by antibody against PLCB2 (Fig.
2D). The migration of the SM3 cells treated by PLC 82 RNAi decreased remarkably as compared
with the migratory activity of SM3 cells treated with scrambled RNAi (Fig. 2E). We further
investigate the role of PLC B2 translocation in this migration of smooth muscle cells
as shown in Fig. 2F.

As shown in Fig. 3A, staurosporine, an inhibitor of PKC, depressed this migration. We

further examined the effect of PKC ¢ inhibitory peptide. Fig. 3B showed that the migration
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was inhibited by the peptide. Accordingly, an active form of PKC ¢ was detected by the
antibody against phosphorylated PKC ¢, finding that PKC ¢ was phosphorylated
time—dependently in response to stimulation by AA (Fig. 3C).

" g — Next, we confirmed the roles of MAPKs in this migration.
B o — —— P31 As shown in Fig. 4A, ERK, p38 and JNK were phosphorylated
EEImwT™ :::. after the AA stimulation as examined in the presence of

e ML-7. SB203580, PD98059 and SP600125 inhibited this
e D e migration (Fig. 4B). We examined the effects of inhibitors,
B i.e., PTX for Gi, U73122 for PLC and staurosporine for PKC,

i on the phosphorylation of the MAPKs. Our results indicated

é—‘ ‘ that ERK, p38 and JNK signal pathways were all subjected

g to the Gi followed by PLC signaling (Fig. 4C). ERK and JNK
IIIII II. signaling pathways, but not p38 were under the PKC

m&l",‘;’ = : : IR IR signaling. We speculate that PLC directly regulates the

— : : : ARy phosphorylation of p38.

c Then, we hypothesized that AA metabolic pathways of Cox,
R Lox and p450 may play a role in this signaling. Only the
———— Lox inhibitor of NDGA inhibited this migration, indicating

?‘T?Ej SRR :. X the role of Lox metabolites (Fig. 5A). We found AA

UTHEE (M)
Staurnsporins M)

stimulated the 15-HETE secretion in media(Fig.5B). As
Fig. 4 shown in Fig 5C, we found that it could induce the migration
of SM3 cells in the presence of ML-7, confirming 15-HETE mediated the migration of SM3
cells toward AA. We recently published that AA binds to myosin Il heads to stimulate the
ATPase activity of myosin II of which MLC remains unphosphorylated(72). Fig. 5C confirmed
the stimulatory effect. However, the effect of 15-HETE was much lower stimulatory effect.

A
x = _.
Production of contractile force to g g
induce migration may be regulated by a MLC i~ P
phosphorylation—independent way(9). The g I ‘ ‘ 2 .
present report confirmed this possibility. I I i =
AA is a well-known mediator of “,:"";EE S e oo oo meen 6 v w
atherosclerosis(Z3). We proposed in this o R
B D Vmax

paper that the GPCR that is specific for
15-HETE should be most convincing among o I "
eicosanoid receptors. PTX inhibited the
abnormal migration of VSMCs towards AA,
suggesting the role of GPCRs in this

migration. The role of PLCB2 in this

. . . . . . Lysis medium
abnormal migration is in coincidence to L

4

. Fig. §
previous report (7/4). We reckoned that the 9

activation of PLC 82 by AA was regulated by Gi protein, implying that Gi protein located
in the upstream of PLC B 2. Among more than ten isoforms of PKC, PKC ¢ were closely linked
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to VSMCs migration(75). We confirmed the essential role of PKC ¢ in this abnormal migration
by specific PKC ¢ inhibitory peptide. In short, although increase of [Ca*], and
phosphorylation of MLC were blocked by pretreatment of ML-7, our results suggested that
GPCR, PLCB and PKC ¢ transduction pathway were activated by AA. Our results suggested
activities of MAPKs were mediated by Gi protein, PLCJ and PKC ¢ . To investigate whether
other cellular factors participate in the signal pathway of this migration, we further
tested the effects of tyrphostin AG112, Herbimycin, wortmannin and Y27632 and found any
of the them did not inhibit the AA stimulated migration of SM3 cell with pretreatment
of ML-7, excluding the signal pathways of protein tyrosine kinase, phosphoinositide
kinase-3 and Rho kinase in the migration without phophorylation of MLC In summary, AA
induced the migration of smooth muscle cell SM3 when phosphorylation of MLC was inhibited
by ML-7. AA metabolites via Lox, 15-HETE, mediated this effect onmigration. The successive
signaling pathways we hypnotized were: Gi — PLCB2 — PKC e —MAPKs. This “unusual”

migration may contribute to the understanding of the vascular pathology.
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Abstract:

In this study, we examined the effect of silibinin on the fear-conditioning memory deficits, inflammatory response
and oxidative stress induced by the interacerebroventricularly (i.c.v.) injection of AP peptidess.;s (APas.3s) in mice. Mice
were treated with silibinin from the day of the Ap,s.;5 injection (day 0). Memory function was evaluated in cued and
contextual fear-conditioning tests (day 6). Nitrotyrosine levels in the hippocampus and amygdala were examined (day 8).
The mRNA expression of inducible nitric oxide synthase (iNOS) and tumor necrosis factor o (TNFa) in the hippocampus
and amygdala was measured 2 hours after the AB,s.35 injection. We found that silibinin significantly attenuated memory
deficits caused by Af,s.3sin the cued and contextual fear-conditioning test. Silibinin significantly inhibited the increase in
nitrotyrosine levels in the hippocampus and amygdala induced by AP,s;s. Moreover, real-time RT-PCR revealed that
silibinin inhibited the overexpression of iNOS and TNFa mRNA in the hippocampus and amygdala induced by Ap,s.3s.
These findings suggest that silibinin (i) attenuates memory impairment through amelioration of oxidative stress and

inflammatory response induced by Ap,s.35s and (ii) may be a potential candidate for an AD medication.
Key Words AP, memory, silibinin, TNFa, iNOS

Introduction:

Alzheimer’s disease (AD) is a progressive neurodegenerative disorder characterized by extraneuronal deposits of
amyloid B (AP) peptide. The deposition A is invariably associated with oxidative stress and inflammatory response
(Butterfield et al., 2007). TNFa, a pro-inflammatory cytokine, has been shown to increase in AD patients (Perry et al.,
2001). AB-induced expression of TNFa leads to overexpression of inducible nitric oxide synthase (iNOS) in experimental
animals. Peroxynitrite (ONOOQO") is one of the products formed from nitric oxide and superoxide, and has a variety of
chemical reactions producing componds such as nitrotyrosine (Tran et al., 2003). Interestingly, the accumulation of
nitrotyrosine correlated with increased levels of cerebral AB and the severity of cognitive impairment (Tran et al., 2003).

AP»s.35 is the core fragment of full-length AP and possesses many of the characteristics of the full-length Ap peptide,
including aggregative ability and neurotoxic property. There are reports that the i.c.v. administration of A,s.35 peptide
into rodent brain is useful animal model for screening new candidates for AD therapy worldwide.

Silibinin is a flavonoid derived from the herb milk thistle, and has been reported to have anti-inflammatory and
antioxidative effects. Recently, we have reported that silibinin ameliorates Af,s3s-induced recognition memory
impairment in mice (Lu et al., 2009). However, it is unclear whether silibinin ameliorates impairments of other types of
memory such as fear memory. In this study, we investigated the effect of silibinin on memory impairment induced by
Apss.3s5 in cued and contextual fear-conditioning tests. We also examined its effect on changes in nitrotyrosine levels as

well as TNFo and iNOS mRNA expression in the brain of mice.
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Methods:
Animals.

Male ICR mice (5 weeks old) were obtained from Japan SLC Inc. (Shizuoka, Japan). They were housed in plastic
cages and kept in a regulated environment (23 + 0.5°C, 50 =+ 5% humidity) with a 12/12-h light/dark cycle (lights on from
08:00 to 20:00). The mice received food and water ad libitum.

Treatment.

ABss3s (1 mg/ml) was aggregated, by incubating it in %  Secescssmemcimben Fig:1
distilled water at 37°C for 4 days before the injection. APys.s ;Lc-u'mlmlnm;“;::;m,cm,mmm P [ st |
was injected i.c.v. in a volume of 3 pul (3 nmol/mouse) on day 0 G s ‘;/

Pain throshold tost [ Cued and contextual fear-conditioning tests |

as in our previous report (Fig.1, Lu et al., 2009). Mice were

administered orally (p.o.) silibinin (2, 20 or 200 mg/kg/day) or @  Acuetesimentolsiibinin.

|Lov. injaction of & 1 5

the 0.3% CMC solution by gavage for 8 days after the treatment ' 1 e
with ABps ss. el : :

[ Acuta treatment with sifibinin |

Cued and contextual fear-conditioning tests.

For conditioning, mice were placed in the conditioning cage, and then a 15-sec tone (80 dB). During the last 5 sec of
the tone stimulus, a foot shock of 0.6 mA was delivered. This procedure was repeated four times with 15-sec intervals.
Cued and contextual tests were carried out 24 hours after the fear-conditioning phase on day 7. For the cued
fear-conditioning test, the freezing response was measured in a neutral cage for 1 min in the presence of a continuous
tone stimulus identical to the conditioned stimulus. For the contextual fear-conditioning test, mice were placed in the
conditioning cage, and the freezing response was measured for 2 min without tone and the unconditioned stimulus.
Western blotting.

The hippocampus and amygdala were homogenized an ice-cold extraction buffer. Equal amounts of protein (20 pg),
were separated by 10% SDS-polyacrylamide gel electrophoresis, and transferred electrophoretically to a polyvinylidene
difluoride membrane. It was then incubated in 5% skim milk in a TBS-T washing buffer for 2 hours at room temperature.
Then the membranes were incubated with mouse anti-nitrotyrosine clonel A6 (1:1000) or mouse anti-actin primary
antibody (1:1000) at 4°C overnight. The membrane was incubated with horseradish peroxidase-labeled anti-mouse I1gG
(1:1000). Immunoreactive complexes on the membrane were detected using Western blotting detection reagents and
exposed to X-ray film.

Real-time reverse transcription-polymerase chain reaction (real-time RT-PCR).

The hippocampus and amygdala were homogenized and total RNA was extracted using an RNeasy total RNA
isolation kit. The primers used were as follows: For iNOS, forward primer: 5’-GGGCAGCCTGTGAGACCTT-3’;
reverse primer: 5’-GCATTGGAAGTGAAGCGTTTC-3’; TagMan probe:
TGTCCGAAGCAAACATCACATTCAGATCC; For TNFa, forward primer:
5’-CTTTCGGTTGCTCTTTGGTTGAG-3’; reverse primer: 5-GCAGCTCTGTCTGTTGGATCAG-3’. PCRs were
performed using the One Step SYBR® PrimeScriptTM RT-PCR Kit. The reaction profile consisted of a first round at
95°C for 3 min and then 40 cycles of denaturation at 95°C for 10 sec, annealing at 60°C for 34 sec, and extension at 72°C
for 1 min, with a final extension reaction carried out at 72°C for 10 min.

Statistical analyses.

The results are expressed as the mean = S.E.M. Statistical significance was determined with the one-way ANOVA

followed by Tukey’s multiple comparisons test. A Pearson correlation analysis was performed to elucidate the

relationships. p < 0.05 was taken as a significant level of difference.
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Results:
Effect of silibinin on memory impairment induced by Af,s.;5 in fear-conditioning tests.

ApB,s.3s-injected mice exhibited less of a cued or contextual-dependent freezing response than distilled water-injected
mice (p < 0.05, Fig. 2A; p < 0.05, Fig. 2B), indicating an impairment of associative memory. Silibinin dose-dependently
attenuated the impairment of cued and contextual freezing responses (p < 0.001, Fig. 2A; p <0.001, Fig. 2B).

Fig. 2
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Effect of silibinin on the level of nitrotyrosine.

Silibinin significantly attenuated the increase in nitrotyrosine levels induced by Ap,s.3s (p < 0.05, Fig. 3A; p < 0.05,
Fig. 3B). In addition, nitrotyrosine levels in the hippocampus and amygdala negatively correlated with contextual
freezing responses (r = -0.468, p < 0.05; r = -0.489, p < 0.05, data not shown), although the negative correlation between
nitrotyrosine level and cued freezing response was observed in the amygdala, but not in the hippocampus (r = -0.305,
p=0.136; r = -0.565, p < 0.05, data not shown). We also found that the increase in nitrotyrosine immunoreactivity in the

hippocampus induced by AB,s.3s correlates with that in the amygdala (r =-0.564, p < 0.05, data not shown).
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Effect of silibinin on iNOS mRNA expression.

Silibinin significantly attenuated the increase induced by Ap,s.35 in the hippocampus and amygdala (p < 0.001, Fig.
4A; p < 0.001, Fig. 4B). Silibinin did not affect iNOS mRNA expression in the hippocampus or amygdala of distilled
water-injected mice (p = 0.534, Fig. 4A; p = 0.864, Fig. 4B).
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Effect of silibinin on TNFa mRNA expression.
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Silibinin significantly attenuated the increase in the TNFa mRNA induced by AP,s_3s in both the hippocampus and
amygdala (p < 0.05, Fig. 5A; p < 0.001, Fig. 5B). In addition, iNOS mRNA expression correlated with TNFoa mRNA
expression in the hippocampus and amygdala (r = 0.416, p < 0.05; r = 0.429, p < 0.05, data not shown).

Fig. 5
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Discussion:

In this study, AP,s3s caused memory impairment in both cued and contextual fear conditioning tests. Repeated
silibinin treatment significantly attenuated the memory impairment induced by AB,s.3s without affecting the responses to
electrical foot shock. It has been confirmed that peroxynitrite-mediated damage contributes to AB-induced neuronal
toxicity and cognitive deficits (Tran et al., 2003) and is widespread in the brain of AD patients. In the present study, we
found that nitrotyrosine levels in the hippocampus and amygdala negatively correlated with contextual freezing responses.
Moreover, silibinin significantly attenuated the elevation of nitrotyrosine in the hippocampus and amygdala induced by
Apss.3s. These findings suggest that protection from peroxynitrite may be involved in the ameliorating effects of silibinin
on cognitive deficits.

It has been demonstrated in vitro that the stimulation of neuronal cell lines with TNFa leads to increased
expression of iNOS which catalyzes a high-output pathway of NO production and is capable of causing neuronal
peroxynitrite-mediated dysfunction (Tran et al., 2003). In the present study, silibinin significantly inhibited the increase
in iNOS and TNFo mRNA in the hippocampus and amygdala induced by APjs.3s. It is possible that silibinin prevents
Apss.35-induced peroxynitrite-mediated damage by downregulation of TNFa which inhibits iNOS expression.

In conclusion, the present study confirmed that silibinin could ameliorate memory impairment induced by Af;s.3s.
The effect of silibinin may be attributed to the blocking of inflammatory responses and oxidative stress in the

hippocampus and amygdala.
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Abstract w

* Activation of intrarenal renin angiotensin system (RAS) is involved in the progression
‘of kidney fibrosis in chronic kidney disease (CKD). Although high salt intake suppresses
the circulating RAS activity, it aggravates the kidney injury in CKD. To elucidate the

role of high salt intake in the kidney injury in CKD, we investigated the citculating

and intrarenal RAS activities in 1) rats with chronic ATS nephritis induced by
unineph:ectomy and two consecutive injections of ATS with high salt intake (0. 5% NaCl
_solution as'drinking water; UAH), 2) chronic ATS nephritis rats with normal salt intake
(tap water as drinking water; UA), and 3) rats received sham operation, no ATS injection,
“and with normal salt intake (SN}, Blood pressure was increased in UAH on day 21.
Progressive increases in urinary protein excretion, intrarenal TGF— expression, and
kidney fi'brosis“.were observed in both UAH and UA, however, their levels were
significantly higher in UAH than UA. The levels of intrarenal prorenin and renin were

higher in UA than SN, and were aughmented markedly in UAH on day 14 and 21 despite the

concomitant decreases in plasma renin activity in UAH, Immunoreactivity for total renin

(prorenin and renin) was noted in the afferent arteriole in the juxtaglomerular apparatus

(JGA) in SN. Immunoreactivity for total renin was also observed in some distal and
proicimal tubules in UA, and was markedly augmented in UAH despite its significant

suppressmn in the JGA in UAH. The increase in non-proteolytically activated prorenin

~ was noted mainly in the distal tubules in UA, and was augmented more in the distal and ‘

prox1mal tubules in UAH. The level of intrarenal angiotens:m IT was higher in UA than

3N, and was increased markedly in UAH. No significant changes were noted -in the levels -

of intrarenal ATl-receptor (AT1-R) and intrarenal total (pro)renin receptor ((PYRR)
proteins and mRNA were noted among SN, UA and UAH, but the levels of membrane—bound (P)RR
were increased in UAH. These data suggest that despite significant suppression of

«circulating RAS, and prorenin and renin in the JGA, the increases in tubular prorenin
and renin, which are associated with increased intrarenal non—proteolytically activated
prorenin, membrane-bound (P)RR and angiotensin II, are involved in-the progression of

kidney fibrosis in chronic ATS nephritis rats on high salt intake.

Keywords

chronic kidney disease (CKD); prorenin; renin; (pro)renin receptor
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Introduction ,
It has been known that there are two distinct renin-angiotensin systems (RASs), the
circulating RAS and the tissue RAS, In the kidney, all of the RAS components are present

and the activation of intrarenal (RAS) is involved in the progression of kidney fibrosis

~ in chronic kidney disease (CKD)-™ Prorenin is a precursor of renin and has a prosegment

" which covers the enzymatic clefi and obstructs access of angiotehsinogen to the active

site of renin, On binding to prorenin receptor ((P)RR), prorenin gains renin activity
through non—proteolytic activation mediated by conformational change, leads to

unfolding of the prosegment from the enzymatic cleft, and becomes enzymatically

active. ™ Renin binding to (P)RR displays four to five times higher catalytic activity

than that of free renin. ™ Renin is synthesized mainly by the Juxtaglomerular apparatus
(JGA). However, renin mRNA and protein have been detected not only in JGA but also in

proximal, connecting tubule and collecting duct cells of rat, mouse, and human kidneys

~ as well as in extrarenal tissues. ¥ In the kidney, (P)RR is present in glomerular

epithelial cells, mesangium, distal and collecting tubular cells'[a_’g' i
Although high salt intake suppresses the circulating RAS activity, little is known
about the effect of high salt intake on the levéls of prorenin, renin, (P)RR and

~ non-proteolytically activated (P)RR in the diseased kidneys. In this study, we

investigated whether through the binding to (P)RR, upregulation of tubular prorenin and

renin is involved in the enhanced renal angiotengin II and the progression of kidnev .

fibrosis in chronic anti—thymocyte serum (ATS} nephritis under high salt intske.

Materials and Methods

 Male Wistar rats were uninephrectomized seven days before (day —7) induction of ATS
nephritis and were fad with tap water (normal salt intake) or 0.5% sodium chloride

solution (high salt intake) as drinking water from day -7 to the end of the experiments.

To induce nephritis, rats were'dinjected 1.0 mL ATS through the tail veins twice on day’

0 and 7. Four groups were studiéd: SN, rats received sham operation, normal salt intake,
and were sacrificed on day 14, UA, rats received uninephrectomy and two ATS injections,
normal sélt intake, and were sadfificed on day 14. UAH (14) , rats received uninephrectomy
and two ATS injections, high salt intake, and were sacrificed on day 14. UAH(21), UAH
rats which were sacrificed on day 21. ' '

Renal tissue sections were embedded in paraffin for histological and

- immunchistochemical analyses. The intrarenal levels of prorenin, renin, (P)RR, ATI-R

proteins were examined by western blot and those of renin, (P)RR, TGF-B mRNA were

detected by quantitative real time reverse transcriptioﬁ— polymerase chain reaction
{QRT-PCR). The plasmé renin activity (PRA) and angiotensin II (AnglII) were measured by
radioimmunoassay (RIA). The levels of membrane—bound (P)RR were investigated using

tissue fractionation followed by western blot,

Results ,
1. Proteinuria, renal histology and the expression of TGF—f1 mRNA-
The levels of urinary protein excretion were increased in UAH rats on day 14, and were

enhanced progressively on da_}_f 21. Mesangial proliferation and matrix accumulation were
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observed in UA on day 14. In UAH, mesangial proliferation and matrix_accumulation
associated with interstitial monmonuclear cell infiltration, tubular dilation and
atrophy, and interstitial fibrosis were noted on day 14 and grew more severe on day 21.
" The expression of TGF-B1 mRNA in renal cortex was enhanced in UA and UAH rats, and was
increased vrogressively on day 21 in UAH. '

2. Bleood pressure .

No significant differences in the levels of blood pressure were noted among SN, UA
and UAH on day 14. The levels of mean blood presslre were increased in UAH on day 21
compared with other groups. '
3. PRA

PRA was decreased in UA and was further repressed in UAH,

4. Intrarenal renin and prorenin

The levels of prorenin and renin proteins were increaséd in the proximal, distal
tubules, and collecting ducts in UA and UAH, Especially, the levels of cortical prorenin
and renin protein were enhanced markedly in UAH on day 14, and were maintained on day
21, despite significant suppression of prorenin and renin in the JGA. Marked 1ncreases

in 1mmunostaln1ng of non-— proteolytlcally activated prorenin were noted in the

tubulointerstitial lesions in UAH kidneys. In contrast, the renal levels of renin mRNA -

expression were decreased in UA and UAH compared with SN,
5. Intrarenal AT1-R and (P)RR .

No significant changes were noted in the levels of intrarenal AT1-R and total (P)RR
proteins and its mRNA were noted among SN, UA and UAH, but the levels of membrane-bound
(P}RR were markedly increased in UAH
6. Intrarenal AngII

‘Cortical Angll contents were enhanced in UA and were progresslvely augmented in UAH
on day 21,

Discussion

Increases in prorenin and renin were noted in YA and were-further augmented in UAH
despite marked suppression of prorenin and renin in the JGA, and PRA on high salt intake.
The levels of Angll, non-proteclytically activated prorenin, and membrane—bound
prorenin were also increased in UAH kidneys, while no significant changes in the levels
of AT1-R were noted. Ichihara et al alsd_ reported that non—proteolytically activated
prorenin was present in podocytes of the kidreys from diabetic rats and stroke-prone
spontaneously hypertensive rats fed a high salt diet' %% It is suggested that the
augmentation of non—proteolytically activation of prorenin through the binding to (P}RR
7cou1d be involved in the enhanced generation of renal Angll, resulting in the progress1on
of tubulolnterstltlal fibrosis in chronic ATS nephritis under high salt intake.

It is known that JGA renin release is directly suppressed by pressure, anglotensin
II and sedium chloride via intracellular concentration of calcium, Prieto-Carrasquero
MC et al showed collecting ducfc lr‘enin protein and mRNA were upregulated in chronic Ang

I and these increases are prevented by AT1-R blockers (ARB), suggesting

IT infused rats-
the enhanced tubular renin expression through an AT1-R-mediated mechanism. "% In the

present study, however, in contrast to the increassed renal prorenin and renin protein
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levels noted in UA and UAH, the levels of renin mRNA measured by QRT-PCR were decreased
in these kidneys. These data suggest that the increases in renal prorenin and renin were
not due to enhanced renin expression but to increased tubular uptake, However, it could
also be-possible that the steady state levels of renin mRNA measured by QRT-PCR cannot
slmp]y represent the dynamic renih expression in the nephrltlc kidneys, resulting in
the discrepancy between the steady state mRNA levels and protein levels, It is likely
that renin can be pértially filtered through the glomerular membrane and most of the
filtered load is reabsorbed by the proximal tubule cells under normal physiological
conditions, ! But in nephritis rats, some proximal tubular cells were damaged

accompanying the decfease of reabsorption funetion, and renin may be accumulated in renal
interstitial. The sfudy. which investigates the effect of ARB on kidney fibrosis and

intrarenal RAS activity in UA and UAH is now in progress in our laboratory.
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Nishioka Y, Sone S, Yano S. Crosstalk to stromal fibroblasts induces resistance of lung

cancer to EGFR tyrosine kinase inhibitors. Clin Cancer Res. 2009 Nov
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EI\'?l]ost EGFR mutant NSCLCs initially respond to EGFR tyrosine kinase inhibitors, gefitinib and erlotinib, but
these tumors invariably develop drug resistance. Wang W, et al, found that lung cancer cells recruited human
fibroblasts whereas fibroblasts induced resistance of lung cancer to EGFR-TKIs by secreting HGF.
Co-localization of fibroblasts and HGF was detected in both xenograft tumors and lung cancer patient
specimens. Anti-HGF antibody, HGF antagonist and MET-TKI could overcome the resistance to EGFR-TKIs of
lung cancer. Therefore, crosstalk to stromal fibroblasts plays a critical role in lung cancer resistance to
EGFR-TKIs and maybe an ideal therapeutic target for lung cancer.

Key Words  EGFR-TKI, HGF, Tumor microenviroment, Fibroblast, Drug Resistance
&

(]

Lung cancers with EGFR activating mutations show good clinical response to gefitinib and erlotinib,
selective TKls to epidermal growth factor receptor (EGFR), but these tumors invariably develop drug
resistance. Host stromal cells have been found to have a considerable éffect on the behavior of cancer cells.
Little is known, however, about the role of host cells on the sensitivity of cancer cells to receptor tyrosine
kinase inhibitors (TKIs). We have therefore assessed the effect of crosstalk between stromal cells and lung
cancer cells harboring EGFR mutations on susceptibility to EGFR-TKIs.

PUE-Jalpibi

We evaluated the gefitinib sensitivity of lung cancer cells with EGFR activating muations, PC-9 and HCC827,

when co-cultured with fibroblasts and co-injected into SCID mice. We also examined ihe effect of lung cancer

cells to fibroblasts recruitment.
=

1. Fibroblast-derived HGF induces gefitinib resistance in lung cancer cells.
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4. Fibroblast-derived HGF restores PI3K/Akt pathway via MET but not EGFR or ErbB3.
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5. Anti-HGF antibody, NK4, or SU11274 abrogate HGF induced gefitinib resistance in lung cancer cells.
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These findings indicate that crosstalk to stromal fibroblasts plays a critical role in lung cancer resistance to

EGFR-TKIls and may be an ideal therapeutic target in lung cancer with EGFR activating mutations.
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Islet transplantation is a method for the treatment of type 1 diabetes mellitus (DM) and has been
widely performed around the world. The long-term cryopreservation of islets shows many advantages in
the field of islet transplantation. Previous studies have described the development of sheet-type polyvinyl
alcohol (PVA) macro-encapsulated islet (MEI) to treat type 1 DM without any immunotherapy. The
present study examined their beneficial effects on islet cryopreservation. PVA MEI of Wistar rats were
divided into three groups of 1-day, 7-day and 30-day cryopreservation at -80°C. The 30-day group
showed a lower recovery rate of the islet number and impaired insulin release in comparison to the 1-day
group, whereas no significant differences of the in vitro results were observed between the 1-day and
7-day groups. The MEI transplantation recipient mice in the 1-day and 7-day groups reached
normoglycemia for a 4-week observation period, and the recipients in 30-day group also showed a
significant decrease followed by a slightly higher non-fasting blood glucose level. These results suggest
that the PVA MEI are useful for islet long-term cryopreservation, and that the use of cryopreserved PVA

MEI may therefore be a promising modality for performing DM therapy.

Key Words Polyvinyl alcohol (PVA), Macro-encapsulated islet (MEI), Islet cryopreservation, Islet

transplantation.

1

Islet transplantation is a method for the treatment of type 1 diabetes mellitus (DM) and has been widely
performed around the world [1]. The long-term cryopreservation of islets shows many advantages in the
field of islet transplantation: 1. Isolated islets can be shipped to other institutions worldwide. 2. Islets
isolated at different time can be accumulated to obtain a sufficient number for transplantation.3.
Cryopreservation provides the time for quality control of islets before transplantation [2]. This study
tested 2 periods (7 days and 30 days) of freezing and examined their functions in vitro and in vivo in

comparison to the original method of cryopreservation (1-day freezing).
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PVA MEI of Wistar rats were divided into three groups of 1-day, 7-day and 30-day cryopreservation at
-80°C. Morphological changes of islets, islet recovery rate and insulin secretion test were
performed in vitro. In vivo, Eight hundred encapsulated Wistar rat islets were transplanted into the
peritoneal cavity of diabetic C57BL/6 mice. Non-fasting blood glucose (NFBG), the body weights, and
IPGTT were observed after transplantation. Blood samples were collected from the sacrificed mice 4
weeks after transplantation, serum insulin and c-peptide levels were measured. Transplanted MEI and
recipients’ pancreas were retrieved from mice sacrificed 4 weeks after transplantation, HE and insulin

staining were performed.

mR -
1 .Morphological changes and islet recovery rate

The MEI in the three groups showed a normal morphology after freezing-thawing, without islet
fragments, and no obvious differences were observed between the three groups. The islet recovery rate in
the 1-, 7- and 30-day groups were 74.411.72%, 69.6 ==3.97% and 62.8 = 3.2%, respectively (7-day vs.
1-day: p>0.05; 30-day vs. 1-day: p<0.05).
2. Static incubation

The MEI in the three groups showed good insulin secretion abilities in response to high glucose
concentration. The stimulation index in the 1-, 7- and 30-day groups was 1.84+0.07, 1.71£0.1 and 1.66
10.07, respectively. No significant differences were found between three groups. However, the insulin
release in the basal (3.3 mM) and stimulation (16.7 mM) medium of the 30-day group was lower than
1-day group (p<0.05).
3. MEI xeno-transplantation

Mice in the 1-, 7- and 30-day groups showed a significant decrease in the NFBG levels in comparison
with those in DM group after PVA MEI xeno-transplantation. Moreover, mice in the 1- and 7-day groups
achieved normoglycemia (NFBG<200mg/dl) within 1 week after transplantation, and maintained
normoglycemia for 4 weeks. Although mice in the 30-day group did not achieve normoglycemia, the
NFBG significantly decreased from 485.8£25.1mg/ml to 246.31-19.6mg/dl (at the 4th week) after
transplantation. The MEI groups maintained their body weight for 4 weeks. In contrast, the DM group
showed a significant decrease in body weight in a time-dependent manner.
4. IPGTT

IPGTT was performed 2 weeks after transplantation. The 30-day group and DM group showed

significantly higher area under the curve (AUC), and the normal group showed a significantly lower AUC
in comparison to the 1-day group. No significant difference was observed in the AUC between the 1-day

and 7-day groups. Moreover, the AUC in 30-day group was lower than that in DM group (p<0.05).
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5. Serum insulin and C-peptide
The 1-, 7- and 30-day groups showed higher serum insulin and C -peptide concentrations than the

DM group (p<0.05), and no significant differences were observed among the 1-, 7- and 30-day groups.
6. Histological findings

HE staining of the pancreas of recipient mice was performed in each group to check the regeneration of
islets in STZ-induced diabetic mice. No intact islets were observed in the STZ-induced diabetic mice
(DM, 1-, 7- and 30-day groups). In contrast, large islets with intact morphology were found in the normal
group. These results indicated that the regeneration of islet did not happen in the STZ-induced diabetic
mice. Insulin staining was performed in the MEI group (1-, 7- and 30-day groups) to confirm the
surviving islets in the PVA MEI 4 weeks after transplantation. The islets in each MEI group were positive

for insulin staining.

g

Although MEI in the 30-day group showed a slightly worse function in vitro in comparison to that seen
in the 1-day group, and the recipient mice in the 30-day group did not achieve normoglycemia, there were
still some therapeutic benefits with 30-day cryopreserved PVA MEI in comparison to the DM group in
vivo . In fact, the survival rate of recipients 4 weeks after transplantation was 100% in the 30-day group
and 17% in the DM group. The results of the NFBG, body weight and IPGTT in the 30-day group also
showed apparent improvements from the DM group. In addition, the MEI in the 7-day group showed
similar results to the 1-day group in vitro and in vivo. These results indicated that the immediate use of
PVA MEI after 1 day freezing is not mandatory, furthermore, 7 days is sufficient for islet accumulation
for transplantation, islet shipping worldwide and an evaluation of islet quality before transplantation.
These results lead us to conclude the use of PVA MEI therefore appears to be an effective modality which

can be used for clinical islet transplantation in the near future.

A

Long- term cryopreserved PVA MEI showed similar effects to the original PVA MEI (1-day group)
both in vitro and in vivo. These results suggest that the PVA MEI have advantages over other MEI which
may therefore make it possible to overcome the obstacles of insufficient donors and the side effects of
immuno-suppressive drugs, because the encapsulation process with cryopreservation technique allows
islet accumulation, as well as the shipping and quality control in the field of islet transplantation.

Therefore, the use of PVA MEI appears to be an effective modality for improving clinical DM therapy.
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