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BOE MHHMEZVN\JERFONODERRET = /BOHh

& CoblT

T2 BONEE, TS B, ZVRIE - RTFROTI/BER . T/ BEEREETAFETH S,
TUTHITARIEY 2 3T 1 7 RIx EDHELY - L LV o BRI FED DB - TERDIH 7R EDEXEF]
F, EEFZORER - oY, BEZSKHZEOERISHE TT 2/ BOWEOIAEHIILN > TWa, T, X8
EOMINERICEL TR, HEEDHEAGKNEET S RONBTRELL, BREEGEREZVIVEDEBERTE
1, BRI BOBERRINICEKELZ VNI BEIC L > TEET 5720, BfE, 2V BOBBEICKISTERICK
VIRV BEEEBTERZORT I/ BATEDOHRTH B, £z, 7073 I AMHERLIEY 2 2T 4 7 AWHFRICHBNT
&, RV EOBRBEHOEENRITNER TH SN, ZEMENGNIZE, 73/ BONEZRVTEHRRBENST
B EDEETI/BORE - EBLIAMETH B, COXSICT I/ BOFEOEENERZ, XV VESCBNT
JERICH AR Y —IVTHY, =V RYVERRWEHET I/ BAOTEBLTRENTWVWS, LML=V R Vi
BRHREMEL, MEITITEAT2DRE Loz, MEDOX VNIV EZINTT 57DICE, MEXV/SVERZE
BIICIK RS 2500, BoNkT7 I/ BEGHHTHETE VAT L, 73/ BERRETHRET 3720 0OFE K
(bt L faigs, TRNTOBREEERENSOBER (A ZIx—ay) B{A3HEM, chodXTHOITOREZ
ROZEERELEL TS, BARZNOODERERZHEILTE LT, YTEaATNVILNVOT I/ BEEETES, @
ERET S BONERER UL Y, AETRBLAOBELEBERET I/ BOWIELIERDOT 2 Bk & g
L5, e R 2T BRENTT 5 T DICE s, MMEMKOREN, 73 /BOFERL, /a5 7 10—
Fc OV THET %,

1. TI/BOHOESE

TR B OREEIRE L, 1948 £EIC, Moore & Stein ML NA 4 VRIS NS T4 —IC KBTI B E
LoV RUVICKBHEREBERREEL Y, VI /BANET I/ BEINSTERVHRATHD TESE (JRXIL
7—1) OEEEBLEY, TOYREICLD, Wl —UEEEEZE L, 1950 £RICE 7 I /BEEY
BB EIN, REOCT I/ BESSHFOREM oY, £72597 AEhh > TWizsatrd, 1970 £RIc
EEEAEI < N5 T 0 — (HPLC) DHEHL, 2 REBREICEMI NI,

Moore DRIFE L7z =k RUVED L3I, ASLTT I/ BENHELTHOHEKLL TRIETZHEEZRA N
SLoNUEEE VS, COHEDOR SRR TEZICEERLT S I-0RENOFEERZZ FICd VT L, ERHOEENS
BLABNOMEEEETER T END, BONET—XOEEENEL AR T L TH B, BETNEDHELCDNT
i, 1A VRBIaR 5T 4 =AWV EBRENME S 2R D, =2 B U VBRI K 2 REME,
THbBEZEOHRRAELEL TS, LV oREMERIN TV, BREICBEL T, 3o 72V T7ILTE R
(OPA) ZRHVERA N AT LI NULEDSEREN, 1HFEEELLE Y OPA BFA—IULAMOBFEET L7 IV
ERIGTAD, 2/ 7IERRIELEV. LA UREEERET MY AR ETHRILLFERLT 5 LT, TryY
MED2H/T IO EATREIC R B,

55 —DORHYMAIIEL LTT I/ BEDET BRICHERIT 5T LIS LINULERS B, TLAT LI
TLEOREIF, BUKEOSVHERIERERRVS T LT, DEBEOSVEHIZ O NS T ¢+ —TOREA TR
B, B & SRBEOm N TE SR e, HAFEREAEZAVS LT, Ve FY VELD 3, 44D
BERLNTERTENETENS, FORDTLAT LEMAORL REEFERAEIHEI N ™, — KA
ELTRE, FEALHEL 7/ BEORGATEMCESTEVRAYNH S C &, FEMEKLT 2/ BOZEEMEVE
EhbB L, T/ BOMMCHEKLT 3 DRENCTHEY GEMREARERIET ST 2/ BUNDORTIC LS
PHEY—7 %, HETZERFEEERIC & > THEKERGHIHEINS) TL, KBHOFEKRELRET S

182

-87-



BERESH T L, LVl T B NG, AT TR, ThEORENTIRE MBS EREE 673 /%
DU N-E REFSAT A DI A— k (AQC) & N T M 51T - 1= M0, C OOV TIdERT 5,

Fio, FBEHEEETDEWTTY 2/ WESWT 5L LT, v €50 —EB& kil HPLC » HRoWEic Lk 3
BIHEHH EDEIELREENTOS W,

2. 22 INTEDIKfE

RIS ERT X WY BT, TR SV EERT %7 2 BB O T F RIS E KD I &
O YT Ui 2/ BIC T 20880 H %, T ONIKAROFTEE UT, Killd % &, ko iRz VW2 751%E, 87
WV V%7518, s8OS TENRS B, NUKIREEEZ AV 5 A I E R B D 2 Tcd, SOl
FEMPHPEDETE AN EARTERICTNTT I/ BICHRT 5T L RNHETH 2, MKDREROT I /BOT+ 3
bEBGE, JEERMEARERIEUIEE O LIRWEES, TIVaI Y, TANRTFUEERLILVEERE, REOH
BICHOWBNE T EHZNY, 7 VA ERVEHER, BHICN) T N7 7 v O9ET HBIclibns 9, ik
B FUN B /5 71E, 1820 4E1C Braconnot ASAME 7 FIW THIZKMEZIT - e ODBAITH B 17, F 0% 1849 4E1C, Bopp
IRl S TR IRETT 5 7o W BIE TIE I IEREZ IO o K RE D R & RN 55 TH 5 W, EHlkE
ARNCERRING, FREZREEE U TRy 20k s, BREBRE 2 ANTCASRCERZ N A, WEHE L
Te B RRIN TR 78 UK 2 ZAHED 2 DW D %, Hillh b O RIE DB AZREE, Mtz fzoic
W RAEED K0,

MEAHT T, FHBOBREIN S DAV X I 32— 3 YIMEC 5BV K S ICHLODEERZEST 5, 72/ BAaFORE,
FRHCHIK ARSI D Z VR ENBALTLES &, 72 /BLNIVETHHI N L ZICKRIB DN RN
B, DHICKREGXEZE LB, 2T T, HEX KR ZITS T EHARETH M, MK RERIEEER O,
B (BXURBERIGEART o/ —)UiS&E) O, BEEE &M TRz EdT 5, 2T T, 53X ADF2NE
Tk iz BEtd 2 ERDZFE LWV, LA L, BEEEAWZIUKSREZOEEEBET 5D, EBICK>T
FEENERINZ R ELTH LW, BaLAlE, Hiioic BB E F Ve 2 V8 0 BONKSREZFFET 5 C
& THUKA RO BEMLIC R LT 0 BEIESIHRICKD S0, AHTTIIREHERI 72 Tk ik & U CHRRE SR Ik o iR
IZDWTEIBAT %,

EFENKROSE, EH, 110°C 20 BRIMEAETT S, CUCk D, FEALORTF REEVUIRTENT I BN
EINENEM, PUTRT7y, YATFAY, YAFUIE, BINHEIND, TANRSFY, JIVEAIVEIENE
N, TANRSFUE, FIVAIVBELTERENS, Tbikctk)y, rLFzy, AUV -V A T YOEINE
MEL T BEANDH S, TNIKBEEFOEY Y « NLAZVROBINTRDT 20, Bz~
W, Avassy D ZEEXTF R (V-V, VLIV, FD SR fRE DM DR T F REEGICHANEL GBWD T
H3 W, TTT, WMKDMRRE 24 BERE, 48 BERE, T2BERIE 2L, VY, bLA Ui 0 BRSRER LV,
NYY, AVaAY V&7 2 BENED—EICE > Tl GBE 72 BRIk L@ Z8RAT 5, Tz, YAT
AV s VAF L TR Z RO E R IKORANCERTT - 7IVFIET 575 8 UTHRE L TIKARZTTS L EEM
WKENTE S, M) T N7 7 NHEBIKAR TSR ENTLES DN, FA—IVESEICHINT 3 & THENx
bhb, £, EICM) T 77 v EEELEVREICE, 20LDO M) TEIVEFLAMAR Y ZA)VRVBEE
5 EEBNICEINTE 3, MERARORE, EMIVKABRICF Oy Y, XAFAZUBNRPTE 852D, 72/ —
WWeBMUTERBICL3Fay yonafbziz, HKzZT2Ici7d TETAFA = OBz < L EEMICEINT
x5,
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21 HEGHE #E

EIERE, 7 =/ — )V, 10pmol/uL D7 X/ BEHEAW (THRDIIK2MEY V TIVAMAD 118D 7 X /8 (Z
NZFN 2.5mmol/L) ZELHEHET I/ BIRATARZEFIRUZE D), 10pmol/uL DPIE (/LY iz &) KA, R =F—
FNVT, BOINARL—&—, HERYT, Ty rv—&—, NKDBENRBRE (Jz& 2136 X 32mm), ik
RS ZNA T IV (Fe b 218 27.75mm X 70mm), TNEDH T ABBEUNRBRE L HT ANATINZ AV EZ I Z—
arvEEIED, HE5H LU 550°C 3 FHEETZDT, R"UTAL8HZ X (borosilicate glass) & FIFHT %,

22 ZFokaiv

(1) HSRBE% 550°C 3 BRIZEAT B,

Q) ZVRTEBERENIZEL &8 ITIKRRA/NRERE ICAN, BOTNRL—Z—TEHET %, K REZET 2
JEBYATR (BREIAYICIEES S0pmol D7 XV #EEL) LRMRICAEEZMA O BICERET %,

) MKDRRFEA S ZNRATIVIC, T2/ —)VkEGEZE 1~2DF5 (1~ 2mg) HINL, EHAERE 2000l ZNZ 3,
@ @) ONRALTIVIC @ ONERBERAN, S=2F— RV TEBALTIVNCE DD, NATIVEBRE-HE L, HE
EEE

(5) 7NITayZe—R—=NA T VEAN, IKDETZ (110°C 20 B,

(6) kg, NRBREZIHL, BOTNARL—X—THBREEOMICHNS,

23 gEA

BIEEERD 2 T EDBAEY S, (FRIETRTIU—T RO THS L L blc, HEOBEN D DELE
BT T R—T Ry Y ANTITS. EBIT, YV TLOBE, HE, MKNRE, o7 VOBEEN kb, 2%
RRTALITO—T Ry & A5 EREEERIETITS < L 2R 5.

3. T7I/BDOFEML

MKDREB DT 2 JBEOGESET X /VBOBELERTH Y, 7057 4 —2 X3 08cEIVTVS, 7
2/ BBIE RIS, FEKCLUTONETS 20, DAE (Fax hF5740—) K6 L TRA GREREREL R
ENTVB, KILT, AFVBMrax IS T4 —T7 I /BN LURBICHERELU TRET 2RA AT L
SNULE, TR /BEHLhUHFERELZBICHHEI O NS T 0 —TCHEET BT LT LT EED 2 18
HORENHZ, RANITLTNUEETRZ Ve UK ZFEREHIREL —RWEFIET, BET I/ BOW
FEMlRENTV S, TOHFEREEWEAH L, REMCLROKE, RA NS LRISET % DI BN
Eixck, ZVERYVORNNSEET 5T-OBHBEENMENE VI REE DB, TV TINVEBE LTI T I/ BHi
D2F /%), ZVRIBRLULTERA OIS LGETH B, T T, REHEREEZR LIS 0IC, TLAHTLE
DizHD, BLATENFERCAEDHEHEIN, BN~ TN LNIVORMAEIR L 70, #RE A
{LREERAN L A5 LI NIUEETIE, BEBRENSWETTEL, FEKET I /Bl ax 757 0 —
THET AT N TER D, PEERI O N TT7 o —OBEEESE, TIIRO HPLC EBZ V2 T LN TE 3,
LV RRIEND B, —T5, BT NVEENIASRENCINZ 7 TR SRV, RRIGERESRHEIET % AJ4E
HHH BT &, PERMBIETE-OFERLT I/ BOLERICEET 2 XEND %, AMETHO TV BEEE
BIREEASE, 6- 73 /F VU N-E ROF VAT VA IINHNA—F (AQC) &, —#k, ZHT7T IVt
BICRIGL, FERICRERFEReHET 2 (iR, —EMELE), £, KRRIGHAEIWKIHEEH, 6-73
JEFRIVEELBZD, HENEENRRZD, SHOBHEIIZELEV, RLXZOHELFRIC LI > THERL
TVBH Y, Waters DB F Y hO—E8E LTHREN TV BED, BHAA—A—BHEAHEOLDRFELIT-
THEH, AFHRETH S,
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31 AEREER
20mM S, 0.2M R R (pH 8.8), AQC /A (AQC ¥i7K’z 3mg/mL, #J 10mM OJEET, 7 = FVUJlC
BREET-60), 10pmol/ul D7 =/ fiskuiteysiy

32 7obhan

TR WY T L— g EEEE © IR - 10pmol/ul A X 24— R4 50pmol 4, 0.2M kv EEREETE (pH 8.8),
AQC W 113 1 DEIGTRAL, EHICHIRE, 55C 10 2HMEAT %,

TG R« DK AR X T/ NG BRAE I 20mM 5, 0.2M K7 [EREM . (pHL8.8), AQC VATZ 1:3:1 DE|
ETRAL, EBICHERE, 55°C 10 DREINET %,

HEIICIE, WINE AT SuL IR XKL, ZO1V/10Z2hT LA V27> ay LTaHT %,

33 BES

(1) AQC I3/KITM B B LT IEBICHUK R ENS T2, IEIRICH VW2 7 & h = F U )Uid HPLC fl7x E/k &R &
DEDIHT 5, HRLIGEBUKT 2= MU VAT 5, AQC AR, HEERIEERIC L0 IEEMNTzDB
i, SS°CTHRL, AQC ZFERITIEMT,

(2) AQC IEWRIZY v VBRI U T, TR BIcH#d 3,

(3) SERFMTEMAN D ZBRELEFELTVWTE, FEMCKIGIEERENTESD, MY A-ERBEERAROL S 17 I
JEREDOLDIE, AQC EKIGEL AQC ZHE L TUES 28, #H LGV,

@ YD T I /BEREELELTAQC M HHEAVESR, RIGHRSIHETENS X, 73 /Blck->T%
DREENED RIS, FHEFTEENTEELIRS, 72/ BEEE(LIIROEREICDNT, &k TEMRMEME
ENBMERLTHEL L, RUICHEADRDT X/ MEMERRZ —ERD AQC BB % Al TFHEA(L LTz D,
TX/WERMEE T Oy P U, TOHE, £7 3 /& 14nmol FRE E TRISOEMMEMEZNTNSA, 170mol T
& AQC DEMN T TR, EREMES B> T3, R8T EIKDRYIZ ST ZHEEICE, BICR27 I /8
BN ENL SWVICEZ RIS, HBEA DI MRBICY V TIVEFRIRT 5 EPRETH S,

16+
14+
12—

10

& Ni-8 nmol
T

6]
p
2
77
0 4 8 12 16
FEMA(LL28, nmol

1 7 I/BBRERRE—-EEN AQC HEE AUV THEEMAE L0 AQC SR DR IGERME,
BRlEhie27 I /BE%, FERLLLe7 I /BaiciL T oy MLz,
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4, s NI T4 —

FEEILLET I /BOSEE, FHEIZLTK-7EFZ MIIVROBEERZRY, 7= MU VBERELE
B35y MEHTITONS, —RIC, B FOFRCREIIKERH TIHHEENGE, ERBEFTHE A5,
ZOIHHHEIAT N5 7T 4 —TENFERIL LT X /BBl T 2158, BERY CHREROEBARIEBEDHE
mysE, E—I@ENRECAS, LEN>T, 7ux i 7 0 —BFIBEHENBZBKEDE T X /B L
ICAHENZBUKEDT I VBRE TR, E—VIRENKESERD, EBWDEWT I/ B2aid 358 ICdERRED
THBHEND B, T T, BLE, AFRTHEELLTT ST FNTVEZVLTRI FRAY, 73 /BHEO
E— T INEDENEZNNELZRB XIS LT0E M (K 2), |

* 2
=
> % MH.J
w2 E*< &) i {
=
o] i |0
o) =
~ 5 v
5 v
I L
g
ﬁ T LA A S T T T T T UL S
B 15 20 25 30 35 min
B
B o m M
2 o
<
[a)] &) > I
&
a3
15 20 ' 25 ' 30 35 min
AR

2 TE/BEESKREBITAIVREY AFIAL LT BSA TIKSERHOD 7 A< M 7S5 L
AQC ML LT T 2/ BBIEHEVAY Spmol D7 R S5 L (A) & MU TV UEIEL, BraRE
¥ AF AL UTz BSA fiska i@y (BSA) O ux b5 L B), 73 /EBIE—YFELTRLTNVS,

—XFRILICDOVWTIEE 1 EBSHB, AMQ:6- 73 /F /U GEFE| AQC DIKSEETEL %), CMC:
HWVRFVRAFIVIATFAY, -V JjwNY v

TI/BOERZ, BEYIBESHESNTL, FOV—r S EdmBErERICTS, EET I BESRIE
MNITRT7y, TARSFY, JIVEIVEROVEZ1TEOT I/ Bhbk5, Tt ZENEGETHSERBIN
IKDRC K -TC, BROEBO RV T NI 7 VBB LACHIEING L, TANRTFY, TVEAIVEEREN, T
ZNSGEVEE, TVEIVBILEEHTH B, LEDNSTTANSE VR, JIVEIVBOSHER, FhEFnT7 A
IRGEU+T ZNSEVE, TIVEIV+TIVEIVBOELRS,

EESNET I/ BEND, RVINVERKDBZHECIET 2BV S, GLDiE, Bonk7 I /BOEIVEIC, Z
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NENDOY 2 /R AERZ DS TEAT 25 TH S, 287 EDO7 2/ BEHOERNE T 220800
DB EVHFEDH BN, HKAEPICHEINTUES 7 I /BB T S ENTEIV, &5 —DDFEIE, #
VITEDT 2 BRIIDNEOEE, BeNe T I JBOEIVEEST 2 OB ERERCE S T kTR
JRERDBFETH S, MBI, SOV I/ Waflio CAHE L TER—OF (=227 &) MEEN313TT
BB, WHR Uiz k5, MKSRHICIEEENTZD, TSR ENZNT 2 /L5578, TOHEZRY
% & ZFIPEROE NG T 2 /IR 5 L X, FAGEYE, 7oy, Jx)VTS5my, aA v rOEn
LIFoNfc 2y B UTHIHL TV,

DX IITEREITOHE, MEZROIGEDEMIEC BETH 5, HCMIHAROEE, MEa it 2 7Hic,
HEFIEE & WS EE5ENIET 2EE 205, CONETFIEEL, HNT2EE2ZHT3EE, BENEG R
BN/ AR KEL DI, BEEZEZONZEETHNUE, Y7 )VEEEICHIEL G4 aEBERBEIRT % & &
Vo FFHDERIENE, AJMESICH LT, M 2 KD 4 HiOEFMEZR T KD ICRFENTWSD, £ OFEIZH
MEBEC L > THENTZDT, fib>TFov 7 LTHBLEX, VIVFZVORZEZT AQCHEALL, B85
N/ WIS LOE—=ZHREE Oy b LELOWK 3 THB, TOHE, 100 7 hE/VHDE 500 ETE)LD
HPH CEARRISE DG BT,

log (¥—ZTHif, LUs)
[ o)
|

T T T T J T
— 14 — 12 — 10 —8

log (7 X/ #& mol)

B3 SARHEBOSEERE

AQC FHEMAT VForDBlicwLTr7ux S LOE—7HEER 7oy k
L#zo 100 7 2 L FEILAS 500 ¥ 28V OFEHE CERNZISENE S NI,

41 WHEGHE - EEB
TABER A195% 30mM V) VESREENR (pH73) +5mM 7 RS T FIVT VEZTLTOI F,5% 7 = R UL (HPLC
F1L—F)
VABET B © 50% 30mM V) VEEREEWE (pH 7.3), 50% 7+ F =~ UL (HPLC ¥ L—R)
HPLC : 2WIRE T IV MNAMMNTEZ8 0D, BINEI T ~F 5T+ —, Agilent 1200 SL 72 &
5L B EEAEA S L, InertSustain CI8HP (3 X 250mm, 3pm, [ii/E 50MPa) 7% &

42 ZFobaw

TEDTSY 2y FTAQCHFEMRLT I /BEBEH Uik, 1.8 0Mh T Lk (99%B), 124 7[H T LSF#L
LRDY > TIVORHEIT > Tz,

551k %B 2-7.3-72.3-99 / 0-2.7-35.4-36.3 min
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AR @ 5ul

717 LNRE 42T

PR3 © 0.4mL / min

HYURH ¢ IR 250nm, HOEEE 3950m

5. BRI

BRXEHr—U AT —77./0ad—X&BGEEN TR T 5t —LAZ VE—R GRIE7 IVFIUERIC N 7o
EEUTEE 7 VT I > (BSA) 10 ETE)V (0.66 A 71155 L)) FEBSMEE TS L, AQC FHEMkil
UaHi Uiz, DD 7 0= b 7S LO—filZR 2 1R Uiz, BoN 9V TIVOT I/ BHEEOFEES X UZHE
REEE LICOW Tz, EEFEZE (EBE—THE)/2)"” T3E L. HEmi/z BSA O, BSA D7 I/ EEES|
(Swiss-Prot 77— Z\— X, P02769[25-607])) M5, TANSF, TIWRIVNTANSF B, TIVAIVBICES
TEEERL, N7 URREREINS LINELTEHE LR, RLIIRLELDIC, BoNE7 I/ BHERE
BEEGINITHAR E — 8 Lice VAT A VBT VFIAEENT VBT, HIVRFVAFIVIRATA e L TER L,
BLDY AT LT, IWKDREREEEITRTERZEERTALLERR/O—T Ry F XA TIT>o>TW0E D, AF+=
OERLEH ST EMNTES, BLORLELSIC, AFAZVEEENCENRTETVLS,

&1 BEKAENMKSE (110°C 20 B5R) Lz BSA D7 = /EEMER

TEERARELAK tBSA®
T8
% %

Arg (R) 4.0 42 + 01
His () 2.8 27 £ 00
Ser (S) 48 48 + 02
Gly (@) 28 29 £ 01
Thr (T) 5.7 57 + o1
Pro (P) 4.8 46 £+ 0.1
Ala (A) 8.1 91 + 03
Asp (D) 9.5 91 £ 02
Glu (E) 14.0 147 = o1

CMC 6.0 66 =+ 01
Tyr (Y) 34 27 £ 00
val (V) 6.2 54 + 03
Met (M) 0.7 08 =+ 00
Lys (K) 10.0 108 =+ 01
He (D 24 22 01
Leu (L) 10.0 97 + 01
Phe (F) 4.6 40 =+ 00

a7 I/BAHDINFRIL. FMNE I XFREZRL TV S,
b. 9 DDY VT OFIGE LiFHERE

BoUic

HHFEEAEAQCEA VD C L THEX VR VEDBRET X /BONHAREIC A>Tz LM LHMESX /%Y
BOFWRERZITD eI, BEL L OBERERG S OMEY > TIVER DD EMRNY RV TREETH S,
KRS, KD AT OERER@N AT D, MODOEENKETH S, RETEERET I /BomO7 1k uuicon
T, MEBR VNV EDIIKGRI DRz, TOTahaNcE>T, W0 EIENEEOHUEZ LV NVETLERE
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FNCOMT CE BT AR LT, AT DIy > IO 7 2 IO AT S Il stz gy, BEE7 o A
FEVLAJLDT I/ BEEREATREL It T W05, BIEOD %751 ik BIE Ncn ™Y, T D ORI A EREFZE
DRHIE5T, EEFIFADEFCLEI DT EBWHEL TS,

74 ik
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Abstract

While there are many blood and/or tissue biomarkers as well as algorithms clinically
used to assess hepatic fibrosis, a good biomarker and therapeutic target of hepatic
fibrogenesis, which reflects prefibrotic changes, has not been established. The most
fibrogenic cytokine, transforming growth factor (TGF)-p, is produced as a latent
complex, in which TGF-f is trapped by its propeptide. On the surface of activated
hepatic stellate cells, plasma kallikrein activates TGF-p by cleaving LAP between R’®
and L’ residues, releasing active TGF-p from the complex. We made specific
antibodies that recognize neo C-terminal (R*®) and N-terminal (L>?) ends of LAP
degradation products (LAP-DP) and found that LAP-DP may serve as a novel surrogate
marker of TGF-f activation, namely generation of active TGF-f, thereby a therapeutic
marker for TGF-f-mediated liver fibrogenesis in patients and is also used to monitor
effects of anti-fibrogenic factors or compounds for discovery of a novel anti-fibrosis

drug.
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Introduction of liver fibrogenesis

Hepatic fibrosis is the excessive accumulation of extracellular matrices (ECM;
mainly collagen) in the perisinusoidal space (or space of Disse) in the liver, and an
important pathological step developing from chronic hepatitis to liver cirrhosis
irrespective of etiologies [1], whereas hepatic fibrogenesis means fibrosis progression or
an ongoing reaction producing excessive ECM, sometimes nonsymptomatic, in the liver
[2]. While there are many blood and/or tissue biomarkers as well as algorithms
clinically used to assess hepatic fibrosis [3-7], a golden standard is still scoring stained
collagen fibers in the biopsy sample [3]. However, biopsy is invasive and risky. Imaging
techniques including ultrasound elastography have been developed [3]. In contrast, a
good biomarker and therapeutic target of hepatic fibrogenesis, which reflects prefibrotic
changes, has not been established [2, 3]. Therefore, development of a noninvasive
biomarker for hepatic fibrogenesis, which will lead to not only establishment of a novel
diagnosis useful to prevent liver fibrosis/cirrhosis, but also acceleration of drug

discovery and development against liver fibrosis, is in high demand [3].

Activation of hepatic stellate cells (HSCs)

Hepatic stellate cells (HSCs) play a central role in the pathogenesis of hepatic fibrosis
by virtue of their ability to undergo a process termed activation [1, 2]. During this
process, HSCs transform into myofibroblast-like cells accompanying several key
phenotypic changes, which collectively increase extracellular matrix accumulation [1-3].

These include (1) cellular proliferation caused by upregulation of mitogenic cytokines
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and their receptors; (2) morphologic changes with loss of stored vitamin A droplets; (3)
contractility caused by increased o smooth muscle actin (adSMA), which may constrict
sinusoidal blood flow; and (4) fibrogenesis mainly caused by increased synthesis and

release of collagen.

TGF-f and its activation reaction

Among many cytokines and growth factors related to fibrogenesis, the most potent
therefore “the most fibrogenic” cytokine is the 25 kD homodimeric cytokine,
transforming growth factor (TGF)-f [8]. The TGF-f family is composed of 3 subtypes
(TGF-B1, TGF-p2, and TGF-B3), with biological properties that are nearly identical [8].
TGF-B is produced as an inactive latent complex, in which active TGF-f3 is trapped by
its propeptide, latency associated protein (LAP), and for exerting its biological activities,
must be released from the complex [9]. This reaction is called activation of TGF-p (Fig.
1). TGF-B1 is produced as a 390 amino acid precursor protein consisting of a signal
peptide of 29 amino acids, an N-terminal LAP, and a C-terminal region that becomes
the active TGF-1 molecule, and each region dimerized through S-S bonds. After
processing by cleavage at R”7*-A*” by a furin-like protease, the LAP still
non-covalently captures the active TGF-$1, forming small latent complex (SLC) and
preventing active TGF-B1 from binding its cognate receptors [9]. The active TGF-f1
and the LAP homodimers are 25 kD and 75 kD, respectively. SLC is S-S bonded to
another gene product, the latent TGF-B binding protein (LTBP), via C** residues,

forming the large latent complex (LLC). This complex can be sequestered in the ECM
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(Fig. 1) [10] because LTBP is a member of an ECM protein family, fibrillin [11].

Activation of latent TGF-p is performed through different mechanisms depending on
the tissue and cell types and experimental conditions and several molecules are known
to activate TGF-f31 in animal models [12-21]. These include integrins [12-15],
thrombospondin [16], and proteases, such as matrix metalloproteinases and serine
proteases [17-21]. The integrin av36 binds to and activates latent TGF-p and plays a
role in regulating pulmonary inflammation and fibrosis as well as biliary fibrosis
[12-15]. Thrombospondin 1 is another major activator of latent TGF-[3, especially in the
lung and pancreas, by binding to a defined site within LAP and inducing a
conformational change in the latent complex [16]. In the normal liver, TGF-p is
produced and secreted from sinusoidal endothelial cells and Kupffer cells (KCs,
resident macrophages in the liver) at low levels. Elevated production of TGF-§ was
seen first in all cell types and then mainly in hepatocytes and HSCs after partial
hepatectomy, whereas elevated production of TGF- was seen solely in HSCs after
inflammation and fibrosis [22]. TGF-f secreted from HPCs is entirely in the latent form,
whereas TGF-p secreted from HSCs is 50%—90% in the active form [22]. Thus, HSCs
are recognized as the major source of active TGF-3, namely the site of TGF-3
activation, particularly in the damaged liver [22, 23].

We have addressed a potential proteolytic mechanism for latent TGF-3 activation in
HSCs by surface plasmin (PLN) and plasma kallikrein (PLK) during the formation of
hepatic fibrosis [20, 21]. PLN releases latent TGF- from the extracellular matrix and

activates it by cleaving LAP from latent TGF- molecules on the HSC surface [9, 20].
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Lyons R.M. et al. first reported that PLN digests LAP and activates TGF-f1 in vitro
[24]. Using a protease inhibitor, Camostat Mesilate, we demonstrated that PLN and
PLK are involved in the TGF-f31 activation associated with liver fibrosis and impaired
liver regeneration in animal models [20, 21]. However, it remained to be elucidated
whether PLN- and/or PLK-dependent TGF-f31 activation also occurs during the
pathogenesis of liver fibrosis in patients as there was no good biomarker reflecting
protease-dependent TGF-p1 activation reaction. To answer this question, we determined
cleavage site within LAP and made specific antibodies that recognize LAP degradation

products (LAP-DP) bearing neo amino or carboxyl terminus [25].

TGF-3 LAP-DP serves as a surrogate marker for its activation reaction

To identify the cleavage sites in LAP during latent TGF-f1 activation by PLN and
PLK, recombinant human LAP 1 was digested with these proteases, the resultant
fragments were separated by SDS-polyacrylamide gel electrophoresis (PAGE), and the
N-terminal sequence of each LAP-DPs were determined using a pulsed liquid protein
sequencer Precise 494cLC, which revealed that PLN and PLK primarily cleave LAP 31
between K® and L residues, and R*® and L™ residues, respectively, during proteolytic
activation of latent TGF-f1 (Fig. 2) [25].

To detect PLK-produced LAP-DPs, we made two monoclonal antibodies. One is the
R58 antibody detecting N-terminal side LAP-DPs terminating on R*® residue (R*®
LAP-DPs), and another is L59 antibody detecting C-terminal side LAP-DPs starting

from L residue (L*° LAP-DPs). We established techniques to detect each LAP-DP
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using these antibodies [25]. The R*® LAP-DPs remaining in tissues or cell surfaces
through S-S bonded LTBP can be detected mostly in aSMA- positive activated stellate
cells in liver tissues from both fibrotic animals and patients by immunostaining with the
R58 antibody, whereas the > LAP-DPs was not detectable by immunostaining with the
L59 antibody [25]. Figure 3 is the results obtained from bile duct ligation (BDL) mice.
Those mice often exhibited granulomatous lesions (panel a), in which fibroblastic cells
infiltrated and started ECM production (panel b). Importantly, the R>® LAP-DPs were
detected in granulomatous lesions prior to Sirius red positivity, namely before collagen
accumulation (arrowheads in panel ¢). In contrast, L59 antibody failed to stain the >
LAP-DPs with although various antigen unmasking procedures were treated (parnel d).
We found that the L LAP-DPs were released into blood and could be measured by the
ELISA using the .59 antibody (Hara et al., unpublished data). In panels e-#,
nonparenchymal regions were recognized by antibody R58 (arrowheads in panel e), and
mostly overlapped with aSMA-positive HSCs (arrowheads in panel f), but not with
CD31-positive liver sinusoidal endothelial cells (panel g) nor with CD68-positive
Kupffer cells (hepatic macrophages) (panel h). We further found that the R58 antibody
detected TGF-B1/3 LAP-DPs but not TGF-B2 LAP-DPs due to the similarity and
difference of the R58 side sequence, respectively (Fig. 2). Finally, we succeeded to
detect R’®* LAP-DPs in patients with chronic hepatitis B and C virus (HBV and HCV,
respectively) infection categorized as A1F2 and A2F2 as well as in patients with
non-viral hepatitis, such as autoimmune hepatitis and non-alcoholic steatohepatitis

(NASH) [25]. A specific cell shape called crown-like structure or CLS is referred to a
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biomarker for NASH both in an animal model and patients [26]. Recently, we found
that R*® LAP-DP positivity well matched emergence of CLS (Konuma et al.,
unpublished data).

These data suggest the occurrence of a PLK-dependent TGF-f3 activation reaction in
patients and indicate that the LAP-DP may be useful as a surrogate marker reflecting
PLK-dependent TGF-f31/3 activation and subsequent fibrogenesis in fibrotic liver both

in animal models and in patients.

Conclusion and future subjects

The most fibrogenic cytokine, TGF-p, is produced as a latent complex, in which
TGEF-p is trapped by its propeptide, LAP. On the surface of activated HSCs, PLK
activates TGF-P by cleaving LAP between R’ and L residues, releasing active TGF-p
from the complex. We made specific antibodies that recognize neo C-terminal (R*®) and
N-terminal (L*®) ends of LAP-DP and found that LAP-DP may serve as a novel
surrogate marker of TGF-B activation, namely generation of active TGF-p, thereby a
therapeutic marker for TGF-B-mediated liver fibrogenesis in patients [25].

Utilizing the LAP-DP antibodies, we are developing techniques to visualize
fibrogenic area by positron emission tomography (PET), planning to eliminate activated
HSCs with Pertussis toxin, and challenging to solve the co-crystal structure of LAP and
a LAP-DP targeting inhibitor, which binds to the LAP cleavage site, thereby inhibiting
the TGF-p activation and liver fibrosis in the HBV-infected chimeric mice (Hara et al.,

unpublished data). The effectiveness of an inhibitor against TGF-} activation reaction
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has been reported in the integrin-mediated activation of TGF-B (3, 15, 27). LAP-DP is
also used to monitor effects of anti-fibrogenic factors or compounds for discovery of a
novel anti-fibrosis drug. For example, we recently found that HCV NS3 protease
mimics TGF-B2 and enhances liver fibrosis via binding to and activating TGF- type I
receptor, and that an anti-NS3 antibody raised against the predicted binding sites
attenuates liver fibrosis in HCV-infected chimeric mice [28]. In this study, R58 LAP-DP
staining nicely showed the anti-fibrogenic potentials of the anti-NS3 antibody [28].

The technique developed accelerates the drug discovery targeting TGF-B-dependent

fibrogenesis in patients suffering from chronic hepatitis.
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