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UPA/SCID 7RI MITMRlZ 2 ML . v 7 A MPOE FFAT
IUBERREELLE, 7Y ERSLTVWENR X (mm)D S5,
ErPLTIRENImogmi(--=)EH AT IR, BT EL
MAFERKEL ok, 7Y 25 LTI (—)EE 7N
FELBENImgMIERATHEETIIEN TE. ErTLT
ZILREMOmgmIEHE BT IRLR SN,

E1 ¥omdke bPILIIVEER

T AMPRE bTILT I VERE
2. 2mg/mELTTHY =V AR
BOHLAREERT S ETHEF L.
—FH, BRYO2ETL bT AT
YIRENImg/mIMlEEBA D
. REMSREAL., BCTZEHE
FEREEL ) B - BERIL 72
Epix, ) v 8BRS HUE. NK
MR L ORI T 5 RIS LA
I WERICE D EBEHRT S
BhER-o>Twd, MikRIZEAN
2 FAE ORI EH ALV L (A
ERHoTwD, LTI
BTfEbn s 2o, uPA/SCID®
YADMPZBNTS, BT
TIyomE bz, € Mk
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BFoiREo EAMFBRES R,
ERICE VT VT I CBREAS
mg/mlEl ECHIBRE L o /2
T ADHEREFRL &, RIS
PRAE e MEFETR. MR
BEMDDH B HIEROBEEN T
bbb FEREHEESHA (MAC)
OBV BRE SN, L2H o T,
BRELZ-E MNTHRESEE L
HETA. w7 AOBRTIEEL
Eh, BREELLICIYTTAHTE
MY A YAL PR G = G/ IRY D5 AL
BESEIHRE LTER SR
% 7% > (nafamostat mesilate,
BERE;OGHE) 23 ATV
A E L, ZD#ER. 7HY
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DFEIZED, BFTATIVE
EA3mg/ml LD< v ADHKE
AR, F20 REBMAE
FEEBIEMTREE ol Z
OEFOREILL Y, =7 A0
LM77 BEREDL. B
WHDOTIOmg/mIxEBL5LD
bEESRL: (K1), BHEED
T0~80B D= A =ME L, FriE
REMCEETA L, vUAM
FOL FTATICHELALR
BEhhhofzwr AOFEIIE
WEEELTW: (B2a), v
Afipne b T AT I VIBRENS
W A OFFRRIT AR Eg A
ML, b 7RT3IVikEMNS
mg/mll Fd = A Tlt, FE
DRIEFHPRVBEZZL T
{E2b).

FRAT2Y AOFBOHLETH
#{EE L. b MFRSTREA 2R
&, e bHA b5 F 8 /180
RIZE D RBREETS &, =
ADHBOPICHFET S A
FDOAERDFITHIENTES
(B2c)e =7 ADOFFHYA R
67":')0)!: ML RFFF8
/1SR ETEOEE%. B b
FAlEIZ L 2EREELTEKL
Fro FOREFR, EFTATI ViR
BELBEREBIZIIECHMIED L
h, 1mg/mld <7 A T#H20%.
2mg/miT#30%. 3mg/mlTH
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(a) w72Mfh P PILT I RED

0 mg/mlEREDT I XDIFR,
RROEEAEFBERF TEAVES
LT3,

7.7 mg/ml, BHREIQW DI AN
B, BEEEOvIAOHRIIEMD
R TELACERINTEV.
i={eE TN

e SN ———

(b) v Rk bFPRTILBESF {c) THIXMPE FFILT I BEYN

6.6 mo/ml. BiRZT4HDTIIOHF
ROBREDE EEMERIPIR S
FUOMBHIE TR B LAEEOMERE
&, Bdh - e s L
WBBRANEEATHD, 1<—I25mm,

B2 b hFHEFXSIUAORES SUE MRRSERGERULCRERE

50%. 4mg/mIT#H60%. 5mg/
mlA ETH70% L EOB#RET
Hot, Tz BlO ¥+ —iFiEE
THOLBELRBEREENED
F A ALY

4 L b LuPA/SCID< 7 AR
BEEZFoTWwA LD, MiFFD
GPTHEL. BTV 73 VER
Hv, b RO BEIREGE L
AI2oN T, GPTIFETL.
BT VT I rEEHEMT AN
Hole Lo T, b MR
IEREhsZ LY, FEE
FUFE SN LEL LB,

COXHITLTHERE SR b
PRS2 5o 5%, BRECR
Rl L ICEESHBICFIATE
BEHEIDPERDDIT, FAF
< AFBICEBITA e FERH
BEORRELW . FH—F
e F ATy AR L D total

RNAZ#H L. & FCYPAFH
DAHEIRIEL. % ACYPHF
HlzgRELEWSS M <—%2H
W, real-timex® EMRT-PCR#%
fTo72o total RNA 1 ng7=h d
v MNCYPATFHEOCYPIAL 1A2,
2C9, 2C19, 2D68 k UF3A4D
mRNAD IV —HERDI, &
DEFE. FATITAFRIIBT
LENENOCYPHTFEOY
—HIERELEOHMIED S
hize BIRFOWLUEDF X 5=
o AFFETCIE. NP ER
EOIE—-HPBHEI R T,
NI AF—E VX BIZEFO—DT
%k FGAPDHICERM 275
A FHVWTRHRBIZE b
GAPDH mRNA®D 2 ¥ — ¥4k
B, ThENDGFED IV -
REIAZEIZEY, FA5<oR
oSO MRS -y 0%
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FE6E b MEGELE

L B2E LA TOE MEEM

FIE b MFREEALZAFy e 2

B  REIREERN TG 887 S A —RIRkEE FBuYzs b
FEEH REREAER HEMER £DREER BRSEE RAeAYREE

1. (T BHIZ
BERCABEDBRRIIAE TIL. RVMEA LEHARBRZMITI v b, =URA, 41X &
U ip EOEREMW) TER L BEEPBIES N TWD, & 250, BREW EREA
DRI, b b EEW CORYEIREDREZENFRE & 72V BRIREBRO R TR L
2oTWS, b L, b NEOFEYEELBEICNRT D Z LT 38 ET AR HIUE,
IO RREIIEgES NS THAS D, b b b7 o —AP4S0(CYP) HFREERETS
NV Az 7w ABERINTWA, UL, v UAREER SV F 7 a—0
P450 DREBFEIMZ B Z ERTERWED invive IZB1T A ZBREROMBIRIZE LV, B L,
v 7 AHEE E N T T RTER TS Z LB TENE, Zov 22 AT, BEEE
RO MIBT 23 EECHEEEZ TR 322 ENTEBR LEZ NS, THET,
WS ODDBFES N—T 73, = U Akt Ml CER S §ARAETV. 15-50%
BWTED &R LT, FibidEal, ~ 7 AFED 0% La b FTHig Tl
BAHZEITFI LI, ZOETI., fMOMEIN—TORYBRERBN T & BT,
EORE LI-HERY 2 F~ U AOERGER O MRS A 77 ADERMBFERE~
OFIFAD TRz OV TIRR S,

2. ¥ AT REMERA - DOEE L OEREN

BRA M ERBE< U AFEBEBHE L FH— R CERI TS5 2DITi, &0 T
FEEETNL T ARNEL 2S5, T, TOFEENRRR b RICE > TRFESTIT
RN ERNETHD, 2081, FFEELLIFEEIBE L M —FlaicEER S
2z b, 308BiE. AR MNTHESBE LTI - TESE - BT ABRETH
LI ENRFATEND, BEMIZIE, AR MOFROEESME S, N —fTHianiE
FERIU L D ARAEY— R TCRA MNFHRBFEA T ZEREF L, Z0k 5 s
FRFOovORE LT, ATy YT oE—F—TuXxF—¥F ST ZI J—
FUoTIFR—F— NG AV oy 72U R (WPA 7 7RV RUTF B L mide 7 A
MENTW3,

uPA <=7 R}1, Sandgren HIZL Y uPA DAEFNTORIEL A Z L2 BAE LT, wPA
IR TRRIZEA LAWT 37 R & LTIEHERT: (R1) O uPA <7 A 11FFE
BEWVWDRE LTEENRD, AVEBEZ~< bV 2 =33 (H&E) THfEd
5 & HREMEITIRE SN, NITTERE UISIERED bD, BFESETHET S L.
FFBRED I SR EAEA S EEEIN D, ZOZ Lk, wPA ITHIREERDH L%
ARLTWD, ZOTAOuPA EABGFITN S DEETORB-TWA Y, ffasZn
BB ARHETF ORENE L, S ER LA EET 3 2 itk an=—2%
REN (®1), ~IFESETIIESRY S BTEEFIRE L~ R R TRAITE
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BEND, Lo T, ~IESETIIAERN 8§ BAUB CIIEFR R IR EL R L.,
STALFREL R D, REESEOFETIE, 2 208 AHET 2R OT-ORIETOXK
OBEEERAN ISR~ THLME (K1), FEEESEYT T AT 14x 10°EIS
1 BB ROMEE T, wPA BEFORENELHZ EBMLNTVS Y,

Rhim B3 A Z 0FAHA v MT) OFOT—F—{2-HF 7 N F—PEInTiiEkRk
SNEBETFREAINSE P VRV oy 7= U AOFHIRREZSEEL, 7.5-17.0x10°
OFFERE%E uPA ~ 3= U A BB L, 4-58TH FI o LAZBE8mI L (&
1) 2, g% X-gal pETHZ8ICED, FPr—HREZFVEIRE LTRAFT 52 &53T
X%, BHE LMD 3-17% OFK2 N~ U AT AS Uiz, BEIhEZEE~ U 2T
MrtEsiRe T LT AR ASE Lan=—%2FR L, &5 T~ XFHED 80%53

Fr—FlE BRI, 100 ao=—% L{EOHRR LR SN EETH L,
4-5 EDOMITHRIET RESE L LESNE D,

Overturf H1E, F 2 ¥ MIEET V< 7 A Ch D fumarylacetoacetate hydrolase (FAH) /K15
< ZRHOE (E1) P, Z0Oww AL FAH ¥ EETE RV, 2(2-nitro-4-
trifluoromethylbenzoyl)-1,3 cyclohexane dione NTBC) &K THE. LtiT 2 Z Lz L v iFlE
TN Z SNAERTH I LATE S, &% 638HO FAH K~ 7 A~D NTBC DR 5%
FlEL, BT 7 b A—EEBEFREAINEZ NI VAV 22y 7w TR (ROSA-26)
> & TR 2 2y LR AR O U7, B L 72 AR I R MR A LR LT,
D=7 ZAOHEN GRS 8E L. NTBC s a2 ik Li-jloF o v mE~ v X
IR LT, ZOBMERERVIRTZ LITL Y, ROSA-26 O~ 7 AfFHlilas 7 o o MiE
< 7 ZAOFFEN ST~ 2T o T, ZORBE. < U AIFREOERITEZ 5 Z L 72<,
BIET6 EHH L EHEZNEY, :

3. RIESITAREFE >3 A 7~ v AD{ER]

Rhim 5}, uPA ¥V A & nude = Y A& #T &, uPA/iude vV AEAERILT. (R 1D
4, nude = 7 RITHIIREA A2 T BRI 23F72720, uPA (+/+) /nude = 7 A2 T M
BEBHE LA, Ty TN oPA (+/4) /ude = 7 AfHBIZAS L. BH%81EH
Wik, = U RHBEOTRTHT v MR TEREINAVALRONE, ZOFAT~
7 ADEOBEIE OO TERE T, EgiEZR LT\, d0bb, ERERHRAEGT
N EOROFRIRFA O 02u-globumin % LTV 5, $Hlo2u-globumin s
Tx R T AHER 2 EkEd 5 L. EFEAFREE R U< PLEFRED O a0
HPYPEENT- Y, ZOFATURET v MEHEIRE < U AFEEEMR CER I TW
AR, Mk, 7 AFEREMAR OIS~ Y v 7 2 LT v MTHaOHEEERIZL Y
= 7 AO/NEEITBIT AR ES LI b0 L Bbhiz,

Petersen B, uPA <=7 & & recombination activation gene-2 (RAG-2)/ v 777 b=
ZEENTEHE, WPARAG2 = U R E{ER L (F1) ¥, RAG2 /v 77U h<wURiX
V (D) J recombinase 7EME% K8 L TV A7 HHRERY2 T Hild & B AR 1972721, uPA (+/-)
RAG2 =D ALY v NF ¥ v 7 OFEREZZBHE LI, vy FF¥ v 7O WHV IZ, HBV
LIEFITIIN T A BN TV, 5-10x 100D Y v FF % v 7 OFFREE% uPA (+/-)
/RAG2 =D RIZHHE L. 30BHBIZIMER I UIFRESEIT L=, =7 A MiED SDS/PAGE
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DX % Coomassie blue IC L VBT B LIZED, TURTATIL Wy KFry
ZTNT I RFEBOBBEDBVCEIVREL, Uy FFv v 7 FRBRMS - 7 R0 4%
LTHDDRHER L, 7y FF¥y v 7 FFBREZ S L7z uPA (+/-) /RAG-2 = 7 R FFiEh
5%/ ADNA ZHIHL, vy FFxv v 7 D4/ A DNA % BT Southem blotting 12 & ¥
BERLRDIELZA, 30-95% Thotz, WHVIZERLTWE Y v RF% v 7 fFHlas
BAHE L 72 uPA (+-) /RAG-2 ¥ 7 A MIER L URHRIZIZ. WHY 7 4 LR F 7 AB LR Whe
BEEARE SV E70 WHV IZRBR L TWRNWD v FF v v 7 FREES % uPA (+/-) /RAG-2
TURCEAEL, 1x10 2 —0O WHV 28 1ME2HE L2 24, 4 » ARIZIE WHY
DNA IR S, 10 » Bizi7z » fiiEhiz WHY DNA 23 &, 510,
BOIEWHV IZER L TV AR AT RIIA v E—T7 0 o BET3 212k,
= AMIEF O WHY 2 B —$ 25 &4, dexamethasone 25332 Lok v ImE
WHZEERLET,

Petersen H1E, I HIZ, uPA(+-) /RAG2 =7 A2t MiTHIBAZBE L (1) 9 #F
IR o 22 d > T FEARE ORI DBE L= & MiTHIE & . RS mEE0E
BERIARRED HERER L 72 FFAIRS 2 45 BEGR005 T uPA (+-) /RAG-2 = 7 RIZFN-Eh ik

L. TURABA~DEELZ <V AMBEROL b TAT I VBRE TR, FORER. ME
BE FF— b OFFMEENE 10 Bl 7 flo<= T 2z SN, —F, SRR LAoE L
T-FEHERI 26 B 1 b S hiedeoTe, Z0Z Lid, CUISIFISSIER = T2 90 s
5 4 B OIRFAMEATEL, FRIBROLETFERY 40-80% L{E -2 L AERE £
b, =V AMERDOE AT I CRBER, v U RAE ) F u—FAFRIC LD Western
blotting DFEENLRDF, RFZLF—RL LT, vTARMEL L MjEE IS ERE
STRALELBEZAV, TORR. BETYYRMBIZ 15% FIEE2ES L-iE
WSS M I VAR ENE, £n, FEY I AmbE5 ) A DNA R L,
t +7/ ADNA b MERH Alu BEFUIZ5 5 PCR & dot blot hybridization 1= & 0 #8
HL7, #Hbid, 207251052 —0OHBY 28tk MBS 5 L, 0O
F. HBV IV RS L, ~ 7 AMiE DNA $iz HBV &, £, b Mg
% 2 T8 HBs HURICR D HUEIZ & ) Western blotting 21T /=5 R, FhEhoiE
DT Y AL LU TNB A RE LTWRVYISY RSN, LEXR-T, A5
VAMFITIE, BV A AAMEOE FOERIZRONDDEERRIZ, T4 NRRIFEFD
FREBFETDLOEBb D, AT Y A 4. HBc FURICR A HmiE % FH
VVTREREERIT o7, HBe FURIIBIZEE L TV A3 b T s, HBV IR L7
FATTUROHED D B, K& T 15%0OTHIFES HBe FURE Th o7, LI EDkE
KL, WODIERLIZH A T = U RILIEE T~ U RO 15%3 . MR TR S
h, 2ot MFHRIZHBVIZERL S 32 L 2R LTWS 9,

Mercer HiZuPA =7 2 L SCID-bg = A %4> L uPA/SCID = 7 X 2 {ERI L 7= (&
1) 7, SCID = 7 2% DNA-dependent protein kinase gene IZ /S Z38%5#243% Y . immunoglobulin
& T #Hika L& 7% — D recombination IEFIZTE RV, IR OSEE L b NFRERE
Z AT L7 b O ZEHE L T uPA (+/-) /SCID = 7 A % 7213 uPA (+/+) /SCID == 7 A1 10
Eloe MFERE BEE S OSBHE L, ~ 7 RIETOL FTAT I VBERFE FTAT
I AUETO dot blotting 12 & VR & Z A, uPA (+/4) /SCID = 7 A Tl 78
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T YRMEFOE bTAT I RETEML, RETH2ug/m IZELEDE—ED
BEZR LTz, —7. WPAW-) /SCID =V AT, ~VAMEFEFE M7 T7 I U BEILuPA
(+H+H/SCID =T ALY HELS, S-6 BEAELIVIETLIILYDE, ZOZ &2, JORHE
D uPA BEFORKIZIVEC - AR =—NBREL T A7HEEX LN
7ro Hib MIFHERICHT 2MEIc LY, S AT AR 26l 25, v VR
AFEED 50%LL LA TH D L O LBE SN 5 513, & MTHEZ %52 uPA (+4) /SCID
v ALK T4x 106 2 ©—D HCV #EIENIZERE L, TOMR, B5% 3BEEITE
10°-10° 2 &°—D HCV A sz, ¥ A F< 7 AFEFIT negative-strand viral RNA %11
EHREE 2S5 BRIREHENEZ 205, FBIZET 2 HCV OFRDEER S, HCV
MBI LT D AMBEERIOF AT A~NEREL, EOIZZNERY IR LT, £ORR,
WTNO= U RMFITE HOV BRI ER, v U AMb =T A0 HCV OFERITARZI LT 7,

4, b MFFHIBRO 43k

Fi-bi, TITKBE S OEBEITREOESIEIREIT S BE ML, YRFITEEh
AIEFHORITRIBIZTT A A VT4 —b Ravty FEWEES | KEREERSR
W R IEEE S DOERTID L L2 ER L W5, BIRFLOIEESMEZEIV L,
UW B GER LIRM L7z, 4COUWIRIZIZEL CE MBIEFERD S J—n— LT CEH
Uiz, 70— R FHNTEGTA %8s Hanks 78 TH 20 HRER L. 005% =2 47— .
B THRENRCOL B E TR Uiz, Z0%, FFEROWESZ & v Iz Lk,
R 8% 50g, 2 3 CiEOBEL, FOIEREEGMIRL L, bRz AREF
TEBEEE. TulS A7) —F—52BNTERB L, BEREZRIEELE [®2) 8,

5. BEHRYE MTHRZEFOX A T+ AOER

INFE TITHRTE - MFHES X T~ A0S Tld, b MAEREREIIERT
50% ThoTm, Fl-bit., FFH—2t M TH-> T IR TIUIESIT~ 7 A FHI
EEBTEXHOTRVWNEELZT, uPA~v VR E SCID vV AL #ENT&HH. uPA/SCID
< T RAEVERILT (321) Y, &£ 20-30 H B @ uPA (+/-) /SCID = 7 2 £ 7= 11 uPA (+/+) /SCID
TR 3 FG 12 7D R —HkOSHIES 72 i EERAE L7 5-10x 1° O & T
M EEERR TEBE L, BE3IBBICYAOHREOUIF Z/EE L, b MEESYA
NS (hCK) 818 Hik ChRERE LT, FOBR. FFr—itkoT, apn=—
DERRIZRZD OO0, HREEREIIFEERAE L - b MTHEIE, hCKS/18 Bt
=—BERINEY,

b FFHIBED uwPA/SCID = 7 AFFIBA~DARE L R F RFNICHEE T2 72012, Bh D
WML, v ARRHPOE MTAT I VREERE MERERT VT I g ERCT
ELISA LY EE L, ZOELSA I~ AMPIZEET D FTAT I VEBEEZH1
pg/ml P EA G RIEFAETH 77, uPA (++4) /SCID = 7 A £ 72X uPA (+/-) /SCID = 7 AT
FEORGD Nl EBE Lz, 8%, BEEN2 ALy ~oxmfice ¢7
NT I UBBEHENT, FO#%, uPA (#+) /SCID = 7 A TidfBER 7T BAEE T T
7 URETHERNTEENL, FOB—TEDEEF LTc, —F. uPA(+-)/SCID = 7 R{Z
BHELESIT. 4 RBEMNSE NTAT I VEEMET Lie, Fr—0@EEaMEn a8,
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U AMFOE NTAT I VEEOEREAY— FRRL I mg/ml Y EDFENWE FTAT
IVEESTCETAEAILh o7, FH—SERAENE, E RTAT I VEEOLRAY
— F2EL, BET Imgml BETTZ h—ZELEY,

& 2T R HITFEMEN 12 F D FF—28R U uPA (+/4) /SCID = 77 X 4 [E{Z 5% 10
Eov MNHRIREZBHE L, TORR, b MBI 4RO~ 7 2 TS b AS
L. ¥ UAMFDOE hFAT I VBERER U, 20EOE FTAT I HBER 3 mg/ml
(TR, BiER 80 AU TAETAER L, BYD2IEDH S 1 LEe h 7L
7R VREDR 3mgiml FRE X ARENSBICED LET L, BYO1EEETCL & F
TNT I ARER 3myml ZBR, EO%, RERDSEE, % 63 B BICHSIRE
(IR DTHRF Ui, O~ AN MIHREIZ L D EBEITHN 50% T IRE
VRO ONT, BRLBRIZEARR LN, ThOOBERERM L, BEL, v VA
O THEME Lt NP RRAEAT WL FA M D REHEL THHO TN
hEFz T,

RIS S T RIS U AR L. BN L SRR ES R S
(MAC) & 72> THIBEMRIZ N2 BT 2, ZOERIIFEE LEbO LSRN
DOWHDHH, FIBLBRANTNEDIXSCID ~ YA THHT-D, Hilkd A Li-RiitE
ZHZLVy, L, SCID ¥ A {d Leaky B L\ o T, ﬂuﬁ%& HiZER TN THS
PBEETLHZEBMLATNED, FilRE I LERIGOTEREELZ 2 20ENH D & B
b, bt FlaEmERmT2EET 370, b MNF#E e H&%{ZF%EE
L. PORAAKII BB L T L-OTIE RV e ELF, #2C, v URMHOLE MNE
R Ca ZAEL/LEZ A, B MTATIVEEO LR LML, B~ T AD
BigZt hC3 &k P MAC FUATRERE L L Z A, RIREL REEIZBHRIGSR
Hhi- ¥,

FIT, ¥ MTAT I BEN 3me/ml U EDF A TSI 22 ERIT5-HIZI%, B b
FEOEH LRI 2 0ERH D L E X T, —RITHEEFIME L LT, a7 5EM8
HONTWAD, B TRIT Y FrERIDTZDAERTER, Fbi, mkmsiz
- RBEVEES L LTLL TV D nafamostat mesilate (73>, BB LY ft5) %%
5522 LiTLiz, 7 uPA(4) /SCID =7 ADMERENITRE 1g 4720 & ML 30 pl
ZREL, IERBONFEEZERTS L, ELLEOLLTBY, GPT b EHF LTV, £
fe. ZOROMBEFOL k ClhaBENL, FAT<VAOMEFOEE LT -7, B F
WHERE 2 HHEAMC 7 2H%E53 5 L, BOLOBRERIUGPT O LT : b ?,
TNEDERERND, 7&/@#%77¢2L@ﬁﬁ00ﬁ%%TT_kﬁﬁ%é%wa%
Z bbb,

uPA (+/+) /SCID = 7 A2t MFEIEZB L, <~ U AMFDOL FTAT I VEEL<Y
AEEOEEZTRRT, vURALFPOL hTAT I VEBER 2mgml 2825 LT A
O LisdT2, 150 ug/ml D 7422200 ul F A 7= 22 BIZ 1 ERE L=,
FORER, vV AOEEIM 2D, E NFATIVH ER L, B FFAT I UEER
S OIZHEINT 5 &< U AEEIRFOR Uiz, £2C, 79 0485% 1 B 1[EIZHEER
Liz, TOFRR, vV AOEEIIFUEAAD, b b TATIVREELENLE, T
VT I VBERELITEMT S LT ABENFUED LikDi-ib, 7% #5% 1 H
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2@ Lz, FORER, <7 AOERERERE LERTH ETEFLE (M3), Zhbo
FERNS, v VAMFOE FTAT I REN 24 mg/ml DU AT oBRE5E 1E
/' 2H, 46mgml =Y A ZIE1E 10, 6mgml LLED=D R ZiZ2E,/"1HEL
e CDEIRAT D a—NTTH U EF ATV ARETHILIZLY, =URAF
Db FTAT I EED 3mgml B THL U XITEFL, tb7»7 vBEITE
T 13 mg/ml BLEIC 257 (D4) °,
vﬁzﬁﬁm%%wﬁﬁﬂﬁ%mﬂbcmwmﬁ%vﬁﬁ%@&tmabdmAfn
—7 % VT in site hybridization 23k L, < 7 AHEO S 2 EiEH7- ¥ OBERED
E|55RD, b MTHRIC L 5BHREL Li- (J5), BREEOE MNTATIVREELE
BRIIIFOHERERD LN 0, vV RAMFOE FTAT I VRBENPLBBLED
BRELTRTAIEBFRETHS Y,

FRFECE-T, ZRET, BAAO R F0 FH—RUKENGEA LI » B &
13 F O Fr—DEsFaIaZ AVWT, BHRE 0% LEDOF A T 7 ZAO/EHICHIIL T
W5, BETBEREBICHRDF AT AO/EELRIREL -7 ¥,

6. & MFHAX A 5= 7 AOEH

wUAMPIZE FTAT I UBBREBEINT, WDBERETH T+ U ADHELIZE A
ERPRAETHIN, WPABGFORKICL D an=—Nb LEEIN, vV AMFOE
FEAT I UBREHERET Y AT, MEEEIC LS ono—2El8B s, wPAE
BFORKIZEL D a0 =o— 3 ER02REaE LTS, & MifllRERoao=—{3t
FUZHAD R REE LTV AT HIRAIC LB TE 5, B T LD ¥ A
T ADFRILSIEFRSEIBREIN TR O0HENREZEL TS (H6) 9,
EEHRE MFIEE A T U AL, KRR M7 AR DRV ), b MTHERES
A>TV D b MUOEWEEERZFER LTV, ERSHEOTZDOEYEMER
B VICHRRREEEZ bID, 2T, ¥ AT AOHBIZEIT 5 CYP @ mRAN OF
RMETAT-, FAT VRS OHRNA ZHH L, 1 ng FBRNA 235 cDNA IZHERE L,
DDA EFLTL—FELTE FCYPIAL, 1A2, 209, 2C19, 2D6, 3AM IZHRrRHIRTZ
A v—EFAVWTEEM real-time PCR #{To7r, FORR. THTHORE 2 ©—H11,
BERZENEVIZEEWERZ TR L, TRNEROX A T U XAFBICBT 57 23—
TFEIEFTHDHE b GAPDH o= E—# 3k, B b CYP1AL, 1A2, 209, 2C19, 2D6, 3A4
D —FEEDZEITED, FATUAFEOE MEHIRIZEIT MR v
KT, FORSE, MR O MR BT B a v —# LiiE—-E LT
= (®7), ZOZEND, AT AFRICET 3 MR, Fr—fEe g
F UL~ UL TP - FREDELRFERE LTS LD EEZOND Y,

rifampicin X CYP3A4 %, 3-methylcolanthrene (3-MC) 1L CYP1Al B LTR1A2 DEFH A
FETLHZEBHLNTVWS, 2T, b MTHIES A T <7 A2 rifampicin £/03 3-
MC % 4 HRREMENIRE Ui, TONFEIZISIT S CYP @ oRNA OFEREF - & 25,
rifampicin 25 L=< U AT CYPAL 258645 (7)., 3I-MCE2RE LI TVATIT
CYP1AL 2357 1045lT, =7, CYPIAZ IFM 6 FITFEI TV, IhbDZeéhnb, Z
Dt MY A Tw R T, EELERICRT A EERERR VIR TR 3 L ER
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TS,

7. SHOER

b MFlE A T U R, B TR A Y OBEE LR L 512, HBV & HCV
BB IEBH T EMTE, HBV R HCV OREYLD A 1 = X LDFEERR, iy 4 VAFID
FARICHIAFIEE L Z 2 b D, AESERLEEERDOF A T IRIZB N TH, HBV
RLHCV OFERIFERETH o7, 5. THETHONTWAH Y 4 L AZEDEHRIZ S0
THRRDFETHD,

INETOREORRNL, F AT URARFUTE S F—FER LT3,
{BFED B —Dh~ 0 RFHEA~DEZE LR EVD, BEHTH-oTHe T RILE
ELRWV IR LTEET S, 4%, <72~ FMHRBROAR B LU LS
TEZRODDEFERAONITLINEZEZ TS, T, &S &ERE
D, E7-FEx DFEEF O MFERALERISN~ U AFRLERTE 20 T4
WL EZTND, TRBRAEEE 21UE, BEOFMIAZHE ST AT 22BWT, %
NENDBENZD > T FPEELTEFEORINVITZ DO TRV L HIIF LTV 3,
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ABSTRACT:

Recently, a chimeric mouse line in which the liver could be re-
placed by more than 80% with human hepatocytes was estab-
lished in Japan. Because the chimeric mouse produces human
albumin (hAlb), replacement by human hepatocytes could be esti-
mated by the hAlb concentration in the blood of chimeric mice, In
this study, we investigated human major cytochrome P450 (P450)
in the livers of chimeric mice by mRNA, protein, and enzyme
activity using real-time polymerase chain reaction, Western blot
analysis, and high-performance liquid chromatography, respec-
tively. Chimeric mice with humanized liver generated using hepa-
tocytes from a Japanese and white donor were used. Human P450
mRBRNAs were expressed in the liver of chimeric mice, and major
human P450 proteins such as CYP1A2, CYP2CS, and CYP3A4 were
detected. The expression of P450 mRNA and protein was cotre-

lated with the hAlb concentration in the blood. The enzyme activ-
ities such as diclofenac 4'-hydroxylase activity, dexamethasone
6-hydroxylase activity, and coumarin 7-hydroxylase activity, activ-
ities that are specific to human P450 but not to murine P450, were
increased in a hAlb concentration-dependent manner. The chi-
meric mice with nearly 90% replacement by human hepatocytes
demonstrated almost the same protein contents of human P450s
and drug-metabolizing enzyme activity as those of the donor. it
was confirmed that genomic DNA from the livers of the chimeric
mice and that from the liver of the donor exhibited the same
genotype. In conclusion, the chimeric mice exhibited a similarly
efficient capacity of drug metabolism as humans, suggesting that
they could be a useful animal model for drug development.

Recently, efforts have been made toward optimizing drug treatment
by taking into account individual differences in drug metabeolism,
which are regarded as major determinants of the interindividual vari-
ability in pharmacokinetics, clinical efficacy, and toxicity of drugs
(Lu, 1998), Cytochrome P450 (P450} plays a central role in drug
metabolism in human liver. One of the isoforms, CYP3A4, is pre-
dominantly expressed in human liver and has been reported to be
responsible for the metabolism of more than 50% of the clinical drugs
{Pelkonen et al., 1998). In addition, several human P450s have been
shown to be polymorphic due to single nucleotide polymorphisms,
gene deletions, and gene duplications (Ingelman-Sundberg, 2002).
These polymorphisms can also affect the pharmacokinetics, safety,
and efficacy of the drugs. Detailed analyses of drmg metabolism
catalyzed by human P450s are very important in dreg development.

Various approaches have been used to evaluate the metabolism of

This work was supported by a Research on Advanced Medical Technology,
Heatth, and Labor Sciences Research grant from the Ministry of Health, Labor,
and Weltare of Japan.

Article, publication date, and citation information can be found at
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drug candidates in humans at early preclinical stages. In vitro ap-
proaches using human liver microsomes (HLM), recombinant human
P450 microsomes, human hepatocytes, and cDNA-expressing cells
have been reported. These in vitro models have various advantages
and limitations, as have been described previously (Gomez-Lechon et
al.,, 2003; Rodrigues and Rushmore, 2003). Briefly, HLM are com-
mercially available and can be stored for years with minimal or no
loss of P450 enzyme activities, but it is impossible to use them for
P450 induction studies. Although human hepatocytes retain all the
drug-metabolizing enzymes, the enzyme activities are decreased dur-
ing culture. These human-derived samples are Limited in supply. In
addition, although in vivo approaches using experimental animals are
able to clarify the pharmacokircetics of drugs in the whole body,
human and animal P450s are known to often be functionally distinct.

Several attempts have been made to develop bioartificial livers.
Watanabe et al. (2003) established the immortalized human hepatic
stellate scavenger cells that could be used as a bioartificial lLiver.
Although this model was shown to express CYP3A4 and CYP2C9
proteins, the enzyme activities in these cells were not clarified. It was
reported that the livers in urokinase-type plasminogen activator
(uPA)/recombinant activation gene-2 mice could be repopulated with

ABBREVIATIONS: P450, cytochrome P450; HLM, human liver microsomes; uPA, urckinase-type plasminogen activator; SCID, severe combined
immunodeficient; hAlb, human albumin; RI, replacement index; PCR, polymerase chain reaction; COH, coumarin 7-hydroxylase activity; HPLC,
high-performance liquid chromatography; PTXOH, paclitaxel Ba-hydroxylase activity; DICOH, diclofenac 4'-hydroxylase activity; MPOH, S-
mephenytoin 4’-hydroxylase activity; DBOH, debrisoquine 4'-hydroxylase activity; DEXOH, dexamethasone 8-hydroxylase activity.
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TABLE 1 TABLE 2
Sequence of the primers used in the present study Chimeric mice used in the present study
Primer Sequence Mouse No. Donor hAlb cong, RI

CYPIAL S 5'-ATGACCAGAAGCTATGGGTC-3' mg/ml %
CYPIAL AS 5'-GCACGCTGAATTCCACCC-3' 1 A 00 0
CYPIA2 § 5'~GCTTCTACATCCCCAAGAAAT -3 2 A 16 1
CYPIAZ AS 5'-TCCCACTTGGCCAGGACT-3’ 34 A 21 52
CYP2A6 S 5'-AGCAACAGGCCTITCAGTT-3' M A 15 57
CYP2A6 AS 5'-CCCAATGAAGAGATTCAAC-3' 5 A 77 29
CYP2CR 5° 5'-AGATCAGAATTTTCTCACCC-3'
CYP2C8 AS” S'-AACTTCGTGTAAGAGCAACA-3’ 11 B 0.0 [}
CYP2C9 S 5'-CAGATCTGCAATAATTTTTCTC-3" 12 B 0.6 19
CYP2C9 AS 5 -CTTTCAATAGTAAATTCAGATG-3" 13 B 2.1 60
CYP2C19 §° 5" =ATTGAATGARAACATCACGATTG-3' 14 B 9.3 71
CYP2C19 5'~GAGGGTTGTTGATGTCCATC-3" 15 B 13.7 71

AS? 16 B 10.8 83
CYPZD6 S 5 -GGTCTCACCCATATGACATC-3' 17 B 137 93
CYPZD6 AS 5’ ~CTCCCCGAGGCATGCACG-3"
CYP3A4 S 5'-CCAAGCTATGCTCTTCACCG-3' A, Japanese, male, 12 years; B, white, male, 9 months.
CYP3A4 AS 5’ - P CAGGCTCCACTTACGGTGC—3" * Total hepatic RNA inn no. 3 could not be obtained in this study.
CYP3AS S 5’ =AGTGTTCTTTCCTTCACTTTA- 3
CYP3AS AS 5'-TTCAACATCTTTCTTGCAAGT-3' study was approved by the Ethics Committees of Kanazawa University and the

§. sense primer; AS, antisense primer,
*From Klose et 2l. (1999).

approximately 15% normal human hepatocytes isolated from adult
liver and that these mice could be inoculated with human hepatitis B
virus (Dandri et al.,, 2001). Mercer et al. (2001) have reported the
generation of chimeric uPA™*/*/SCID mice with human cells occu-
pying a portion of the cross-sectional liver area, and these mice could
be successfiily infected with human hepatitis C virus. These studies
were valuable for the development of new treatments against hepatitis
virus and for the progress of regenerative medicine; however, the
replacement of mouse liver with human hepatocytes was low and
insufficient in these reports (Dandri et al., 2001; Mercer et al., 2001).
Recently, chimeric mice in which the livers could be replaced by more
than 80% with human hepatocytes were established by Tateno et al.
(2004). We speculated that such mice could be used for predicting
drug metabolism in humans, since the livers of the chimeric mice were
almost completely replaced with human hepatocytes. In the present
study, we investigated the expression of human P450s in the livers of
such mice to determine whether they can be used as a new tool for
studies in drug development.

Materials and Methods

Materials. All primers shown in Table 1 were commercially synthesized at
Hokkaido System Sciences (Sapporo, Japan). Polyclonal rabbit anti-human
CYP1A2 antibody, polyclonal rabbit anti-human CYP2A6 antibody, and poly-
clonal rabbit anti-human CYP2C$ antibody were purchased from Nosan
{(Yokohama, Japan). Polyclonal rabbit anti-human CYP2C9 antibody and
human CYP2D6, CYP3A4, and CYP3AS5 Western blotting Kits were obtained
from BD Gentest (Worburn, MA). Recombinant human CYP1A2, CYP2AS5,
CYP2C8, CYP2C9, CYP2DS6, and CYP3A4 expressed in baculovirus-infected
insect cells were also obtained from BD Gentest. Recombinant human
CYP3AS was obtained from Invitrogen (Carlsbad, CA). Debrisoquine, diclofe-
nac, and paclitaxel were purchased from Sigma-Aldsich (St. Louis, MO).
Coumarin, 7-hydroxycoumarin, and dexamethasone were purchased from
Wako Pure Chemical Industries (Osaka, Japan). S-Mephenytoin was obtained
from Toronte Research Chemicals (Toronto, ON, Canada). (+)-4'-Hydroxy-
debrisoguine and (2)-4"-hydroxymephenytoin were purchased from Ultrafine
Chemicals (Manchester, UK). Pooled HLM, 4'-hydroxydiclofenac, and 6a-
hydroxypaclitaxel were purchased from BD Gentest. Nicotinamide adenine
dinucleotide phosphate (oxidized form, NADP*) and glucose-6-phosphate
dehydrogenase were purchased from Oriental Yeast (Tokyo, Japan). Nafamo-
stat mesilate was kindly provided by Torii Pharmaceutical (Tokyo, Japan). All
other chemicals and solvents were of the highest grade commercially available.

Generation of the Chimeric Mice with Humanized Liver. The present

Hiroshima Prefectural Institute of Industrial Science and Technology Ethics
Board. The human liver sample from donor A (Japanese, male, 12 years old}
was obtained at autopsy after receiving written informed assent. The eryopre-
served human hepatocytes from donor B (white, male, ¢ months old) were
purchased from In Vitro Technologies (Baltimore, MD). The chimeric mice
with humanized liver were generated by the method described previously
(Tateno et al., 2004). Briefly, uPA™'*/SCID mice at 20 to 30 days after birth
were injected with human hepatocytes through a small left-flank incision into
the inferior splenic pole. When necessary, the chimeric mice wete treated
intraperitoneally with nafamostat mesilate. The concentration of human albu-
min (hAlDb) in the blood of the chimeric mice and the replacement index (RI;
the rate of the replacement from mice to humans) were measured using
enzyme-linked immunosorbent assay and anti-human specific cytokeratin 8
and 18 antibody, respectively. There was a good correlation between the hAlb
concentration and the RI (Tateno et al., 2004). The male chimeric mice used
in this study were 11 to 14 weeks old (Table 2). The uPA*Y*/SCID mice,
uPA™*"/SCID mice, and uPA™"/SCID mice were obtained as previously
reported (Tateno et al., 2004).

Hepatic RNA Extraction and Real-Time Reverse Transcription-PCR.
Human P450 mRNA was quantified by real-time reverse transcription-PCR.
Total hepatic RNA was extracted using ISOGEN (Nippon Gene, Tokyo,
Japan}, and cDNAs were synthesized as described previously (Iwanari et al.,
2002}, The sequences of primers that were specific to each human P450 are
shown in Table 1. PCR was performed using the Smart Cycler (Cepheid,
Sunnyvale, CA) with Smart Cycler software (version 1.2b). The PCR condi-
tions were as follows. After an initial denaturation at 95°C for 30 sec, the
amplification was performed by denaturation at 94°C for 4 s and annealing and
extension at 64°C for 20 s for 45 cycles. Amplified products were monitored
directly by measuring the increase of the dye intensity of the SYBR Green I
(Molecular Probes, Eugene, OR) that binds to double-strand DNA amplified
by PCR. The copy number of mRNA in the cDNA samples was calculated
using standard amplification curves. It was confirmed that the primer for
human P450s used in this study did not cross-react with murine P450 mRNA.
We could not obtain total RNA from chimeric mouse 3.

Genomic DNA Preparation from Livers. Genomic DNA from the liver of
donor A and that of the chimeric mice were extracted with phenal/chloroform
followed by ethanol precipitation (Brilliant et al, 1991). The genotyping of
CYP24A6+4, CYP2CI9*2, CYP2C19*3, and CYP3A5*3 was performed as described
previously {de Morais et al., 1994; Fukuen et al,, 2002; Nakajima et al., 2004).

Liver Microsomes. Liver microsomes were prepared as described previ-
ously (Yarnazaki et al., 1999a) and stored at —80°C until analysis. The protein
concentration was determined using Bradford protein assay reagent (Bio-Rad,
Hercules, CA) with bovine gamma globulin as the standard. We could not
obtain liver microsomes from donor B.

Immunoblot Analysis of Humnan P450 Iseforms, SDS-polyacrylamide gel
electrophoresis and immunoblot analysis of human CYP1A2, CYP2AS,
CYP2C8, CYP2C9, CYPZD6, CYP3A4, and CYP3AS were performed ac-
cording to Lasmmli (1970), with slight modifications. The Liver microsomes
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