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Abstract

Human hepatocytes were transplanted into
urokinase-type plasminogen activator-transgenic
SCID mice (uPA/SCID mice), which are
immunodeficient and undergo liver failure. The
transplanted cells were characterized in terms of
their in vivo growth potential and functions. The
human hepatocytes progressively repopulated the
murine host liver when treated with a drug that has
anti-human complement factor activity, and these
mice developed livers with replacement index
values as high as 96%. The human hepatocytes in
the murine host liver expressed mRNAs for a
variety of human cytochrome P450 (hCYP)
subtypes, in a manner that was similar to the donor
liver. The mRNAs for hCYPs were induced in the
liver in a CYP type-specific manner when the mice
were treated with drugs. From these results, we
conclude that the chimeric mouse developed in the
present study is a useful model for assessing the
functions and pharmacological responses of human
hepatocytes.

Introduction

Researchers have developed humanized (chimeric)
mice by partially repopulating the mouse liver with
human hepatocytes. Dandri and colleagues transplanted
fresh human hepatocytes into mice that were generated by
crossing mice transgenic for urokinase-type plasminogen
activator (uPA) with mice that carried a deletion of the
recombinant activation gene-2 (RAG-2)". The
replacement index (RI) of the resulting chimeric liver was
15% at most. Human hepatitis B viruses were able to
infect and replicate in the humanized uPA/ RAG-2 mice".
Humanized mice were also produced by transplanting
human hepatocytes into uPA/SCID mice, and these mice
have been utilized for infection studies with human
hepatitis C viruses®,

Recently we succeeded in generating uPA/SCID
mice with livers that were almost completely repopulated
with human hepatocytes. The livers of the chimeric mice
were tested for normal expression of the various forms of
human cytochrome P450 (hCYP), which play central
roles in metabolizing medicines in the human liver®. We
also examined whether the chimeric liver showed
induction of the appropriate hCYP subtype when the
mouse was administered a drug with known specificity
for a certain CYP subtype in the human liver?.

1-3-1 Kagamiyama, Higashihiroshima, Hiroshima 739-8526, J apén.
Fax: (+81) 82-424-1492  E-mail: kyoshiz@hiroshima-u.ac.jp
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1. Repopulation of mouse livers with human
hepatocytes in the presence
of complement inhibitor

The present study was performed with the approval
of the ethics board of the Hiroshima Prefectural Institute
of Industrial Science and Technology. The uPA**/SCIDr#
mice were generated by crossing uPA mice {B6SJL-
TgN(Alb1Plau)144Bri} with SCID mice (Fox Chase
SCID C.B-17/Icr-scid Jcl). Liver tissues were isolated
from a 12-year-old Japanese donor. Hepatocytes were
isolated and stored in liquid nitrogen. We also used
commercially available frozen human hepatocytes, which
represent hepatocytes from a 9-month-cld-Caucasian boy
(IVTO79; In Vitro Technologies Inc.)?. These hepatocytes
were thawed and transplanted with 5.0-7.5 X 10° viable
hepatocytes via spleen into the uPA**/SCID** mice at 20
to 30 days after birth.

Blood samples were collected periodically from
the tail vein, and the levels of human albumin (hAb) was
determined by ELISA. In this instance, the chimeric
mice could not survive when the level of hAb in the host
blood exceeded 3 mg/ml, which corresponded to Rl >
50%. Atrophy and necrosis of the kidney and pancreas
were observed in these mice. However, there was neither
severe necrosis nor inflammation in the human
hepatocyte-repopulated livers. Depositions of human
complement 3 (hC3) and human membrane attacking
complexes (hMAC) were observed in the kidneys®. The
currently available data strongly suggest that chimeric
mice die due to human complement-induced disorders in
organs other than the liver, particularly the kidneys. The
administration of Futhan (nafamostat mesilate, 6-
amidino-2-naphthy! p-guanidinobenzoate dimethane-
sulfonate; gifted by Torii Pharmacentical Co., Ltd.),
which is an anti-complement drug that inhibits the C5/C3
convertase®. The host animals were injected intra-
peritoneally with 200 ptl of 1.5 mg/ml Futhan "once
every 2 days", "once per day”, and "twice per day”, when
the hAb concentrations are between 2 and 4 mg/ml, 4
and 6 mg/ml, and > 6 mg/ml, respectively. The
administration of Futhan had a remarkable effect on the
chimeric mice, in that these mice survived for long

W EETheCel 36 (8), 2004

periods of time (> 6 months) and showed stcady gains in
body-weight within the two months post-transplantation,
and sustained high levels of hAb, ranging from 3 to 13
mg/ml (Fig. 1). The animals appeared normal and
showed high Rl values (-96% maximally). Thus, it seems
likely that Futhan functions as an anti-complement
factor(CF) agent, as one would expect. We believe that
activated hCFs produced by propagated human
hepatocytes attack the cells of the host mouse. Futhan
has been shown to be effective in the therapy of acute
pancreatitis® and pulmonary vascular injury®, and in the
prolongation of xenograft survival”. Thus, it appears that
Futhan not only suppresses CFs, but also functions as a
serine protease inhibitor to prevent secondary injuries
caused by proteases that leak from iﬁjured tissues.

The chimeric livers were characterized
morphologically and histologically with respect to the
extent of chimerism, as estimated by the concentrations
of hAb in the host blood. The red nodules that were
distributed sporadically in the livers of mice whose hAb
levels were below the level of detection may represent
colonies of transgene-deleted host hepatocytes, as
reported previously®. The livers of mice that had 1-5
mg/mi hAb in the blood were chimeric, in that they
contained both white and red areas. The livers of mice
with hAb blood levels of > 5 mg/m! were all red-colored.

To identify human hepatocytes in the chimeric
livers, liver sections of mice were subjected to human
specific cytokeratin 8/18 (hCK8/18) immunostaining
(Fig. 2). We confirmed that the regions that were
positive for the immunostaining coincided almost exactly
with those that showed positive in situ hybridization
staining with human DNA probes in the corresponding
serial section”. We calculated the RI as the ratio of area
occupied by hCK8/18-positive hepatocytes to the entire
area examined in immunochisto-chemical sections of
seven lobes. RI values correlated well with the hAb
concentrations in the blood of chimeric mice (Fig. 3).
The correlation graph suggests that mice with > 5 mg/ml
hAb in the blood should have RI > 70%. Thus,
approximately 30% of transplanted mice with human
hepatocytes were considered to have RI > 70%.

262 {(329)31
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Fig. 1

Humanized mice with human hepatocytes.

The uPA~*SCID* mice were transplanted with human hepatocytes. The mice were treated
with Futhan according to the regimen described in the text.

2. Expression of hCYP proteins and mRANAs
in the livers of chimeric mice

CYP isoforms play central roles in the
metabolism of chemicals and medicines. The livers of
the chimeric mice were tested for normal expression of
the various forms of human hCYP.

hCYP2C9 protein was detected in the microsome
fraction of chimeric liver by Western blotting®. CYP2C9
preferentially catalyzes diclofenac via its diclofenac 4'-
hydroxylation activity”. Diclofenac is an appropriate
substrate for measuring the activity of human-specific
CYP in chimeric mouse livers, because the microsome
fractions of the control uPA*/SCID** mice showed very
low levels of activity for this enzyme. Liver microsomes
were prepared from chimeric mice and treated with
diclofenac, to test their ability to metabolize the drug.
The level of diclofenac 4'-hydroxylase of the mouse with
RI = 0% was similar to those of the contro! mice, while
the levels of this enzyme in the remaining chimeric mice

increased with increasing RI values®. From this, we
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conclude that human hepatocytes in chimeric livers
retain pharmacological activity against diclofenac via the
production of hCYP2CO.

Total RNA samples were isolated from the liver
tissues of the donor and chimeric mice. The mRNAs for
six hCYPs, hCYPIA1, 1A2, 2C9, 2C19, 2D6, and 3A4,
were quantified by quantitative RT-PCR using the total
RNA samples. The hCYP sequences were not amplified
in the control uPA"'/SCID*f‘ mouse livers, which
indicates that the primers used are specific for human
genes. The mRNA level for each hCYP in each
individual chimeric mouse correlated well with the RI
value for that mouse. The relative copy numbers of the
hCYPs were obtained by normalizing the observed copy
numbers against the copy number of human
glyceraldehyde 3-phosphate dehydrogenase. The hCYP
expression profile of each chimeric mouse was similar to
that of the donor. This suggests that the human
hepatocytes in the chimeric mice express the six hCYP
genes in a semi-normal fashion, as is the case in the

human body.

B B2 The Cell 36 (8), 2004
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Fig. 2 Demonstration of mouse liver chimerism.
Histological serial sections were prepared from six liver lobes of a chimeric mice, and stained with anti-hCK8/18 antibodies. (A) Photos are
tissues of one of the median and the left lateral lobe, one of the right lateral lobes, and one of the caudate lobe from left to right. RI was
determined from the stain as 84%. Bar, 5 mm. (B) Donor liver stained with anti-hCK8/18 antibodies. (C) uPA*/SCID** mouse liver stained
with anti-hCK8/18 antibodies. (D) Chimeric liver stained with anti-hCKZ8/18 antibodies. (E} Chimeric liver stained with in situ hybridization

using human DNA probes. Bars from (B) to (E), 100 pm.

We also examined whether the chimeric liver was
capable of responding to CYP-inducing chemicals.
Rifampicin and 3-methylcoranthrene (3-MC) were used
as specific inducers of CYP3A, and CYP1Al and 1A2,
respectively' '», Chimeric mice were injected
intraperitoneally with rifampicin or 3-MC. The mRNA
levels of six hCYPs in the liver tissues were measured 24
hours [ater. Rifampicin treatment enhanced the
expression 5.8-fold. This level of induction was specific
for hCYP3A4 among the six hCYPs tested. The
administration of 3-MC enhanced the expression levels
of the CYP1Al and CYP1A2 mRNAs to 10.0-fold and

M B2 The Cell
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6.4-fold, respectively.

Conclusion

The prediction of human responses to test drugs
based upon data obtained from experiments with
laboratory animals such as rodents is not practical
because there are considerable differences in the
metabolism of drugs between animals and humans.
Recently, we developed the method to yield "chimeric
mice"/"humanized mice"” whose hepatocytes are near-
completely replaced with human hepatocytes®. These

(331)33
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Fig. 3 Correlation between RI and the hAb concentration in mouse blood.
The hAb concentration is plotted against the comresponding RIimmunology. The Rlimmunology
values were obtained by immunostaining with anti-CK8/18.

mice show the humanized metabolism toward test drugs.
The utilization of chimeric mice into pre-clinical
evaluation for the metabolism and toxicity of test drugs
will much shorten the period of discovery and
development of new chemical entifies, and will much

reduce the cost for such activity.
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. 1lmg/mlo< s 2 T#H20%.
2mg/mlITH30%. 3mg/mlTH



[k bR EZFO>< Y X

. 3
N S e b SMOA !
(b) v XMehb bPATILBEY (c) vORMOGE bTATIVBEN

7.7 mgiml, BEREHOT IO 6.6 mg/mi, EHELAR DT IO

I R T
(a) v XMLt bPALTILBEY
0 mg/m! B FEH DI ADNRE.

FEOREALFBEFTAVER B, BEEEOTIADOMRIEEND RORSOREEMERNYIN TS
LTu%, HRBETEEAEBREATEY. T FLeM8 B THRELEEDIAME

iz1k & AN

1%, BLah-EErcrMialcs
BBRINAESTES, 1 —135mm,

®2 E FFEREFASTUIAORES UL MHIRBEAGERVWCRERE

50%. 4mg/mlTH60%. 5mg/
mlM L TH70% L EDOERET
Hote T/ B FF—ErHERE
ERCBELRRLERNES
h72%

b &b LuPA/SCID< 7 A ILHF
g2 TWwaA D, miFEH
GPTHEL. BT VT I VEWN
fEvio b FFMROEBEBEENEL
ZAW2ohT, GPTIRETL,
BT NI RGN S MEE
Holze LizhoT, b MFFR
KERIRLILIZLD., FEE
A EShIEELLNDY,

oXHiLTEES e b
X A <7 A0 Bl
Rz LI CEERERICFRATS
ENEIPIARBLDIT. FAF
v 7 AFFEICBT D e YRS
BEORBERLANI, FIF—F
e x 25w AR L D total

RNAZ#HH L. & FCYPHTE
ORI L, =7 ACYPHF
BiliiREL2wr54<—%H
W, real-timeEEMRT-PCR%
T-72c total RNA 1 ngi7: 9 ?
v FCYPATFHOCYPIAL 1A2,
2C9, 2C19, 2D63 X UF3A4D
mRNAD 2 —HBEr KD, £
DR, FAFTTTAFREIZBG
AENEFROCYPHFHO2Y
— B EBE L EOHEYIED L
Wiz BRFOBULDFX T
v AR T, 2V - FERE
Eoaob—EiBEEshiz. $7:,
NI RF -V FBIEFDO—D2T
HBHb FGAPDHICHREM L 75
fx—2HvTHIKCL b
GAPDH mRNA® I ¥ —¥ %k
H, FREROGFFREN IV K
FEDHIEIZED, FRASTTA
frigomor s h oF
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LTk ia¥—Hid, BifEo
B3 2577 AHTHIRERE
BETHh, Fr—ILdlaiz—
LT LidoT, 27
<7 ADRRICEIT S e M
., Fr—FRicBdse M EY
RMEFEOMRNARIR ¥4
LTwab I edbdolz.d bil,
IheCYPHTHOREORERD
JUBEFHEIERLTWL I,
HEER L,

SEOEE

hooe MfilRT AT
ZERERSL, FATFITR
CBITAEYEEEHEALE S
5. B FTOBREIIAENT-F )
BohTwnd, 72, £X7<7
AN FFMEIZIEHBVSHCY
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E6E b MERMAEE

FE235 BEEL~<ATOE MEEi

H|UE b MTMRZEALLAXY FwUR :

STEFAITE A RFEERIEHINTER M7 A —AIREE FR7eP=s b
*E%ﬂ BERERER BENER 4AYRTFEY @%ﬂ%ﬁr RAELYERE

I ZU®IZ

BUISCREED SR TIL, BVERA LEFERBAZNITI vy b wUAL 41X &
V72 ¥ DEBREN CES L BAMEBBIESNTWS, & 240, BiRIWESFER
OEPEEA, & b LB COIRMEIREOTEENEE & e D BB OB THREPILL L
s TWA, b L. b MNOEMEREE BRI D I ENRTEIEYET NI,
T D RRERERENS THASH, B b b a—LPA5S0(CYP) o FREEZREETD
RV Az 7w ABERERTWS, UL, v YRABRERER>T 7 a—A
P450 DRIEA I D Z LW TERVD invivo (BT D ERFEROARIZELV, b L,
< A NI T _TBET A2 R TENE, 20w VRAEHANT, EFRE
WO MIBITARGEECTEE A THT AN TEL LEZIONDS, TRET,
W OMDFIEE S A—TH, < U AFEY £ MR TERIEARLEZITV, 15-50%
BHRTE DT L AR UL, BbAEE. <7 AHRED 0% E% v M Elg CERS
BB EWHEI Ui, TOETIL, MOWFEINA—T DRV BEHERITT5 L L BIT
EOR%E L-EEBERI A <7 A0EEGERVE MTHIEX A 7<= 0 2ADOERMLFEE~
OFBOREEHIZ DWW TR D,

2. ¥ ATy AT B HOEE L OEREW

A2 R LA U AFIES B L N TER ST 572D %#@%ot
FIEEEFA+ Y ARKEE D, FT. FOFEENGA MU RIZE > TEFRITIT
NI ERMETHD, 208, FFFES L R3FEEIBH L Mr—FiRicEE 5
zZhNC Y. 308K, FA MNEHESBE LRI o TES - B TEARETH
LI ERRTLND, BEMCE, AR NOFFHBIOEIARE S, F—ITHROE
FLAULLEHBRAY— FTHRR MEHBESEA T ZEREE LV, 2ok S RifEE
FHEOTRE LT, TATIvzynyg—rae—F—yuxf—E€772I/—
By IFR—H— TR =y IR WPA = U R RTF L rmEey AR
HERTWD,

uPA = 7 A%, Sandgren HIZ XY uPA DEFNTOMRELZMD Z L ZBAE LT, uPA
AR CRBRICEE LW 5= R e LTHEHENRE (R % uPA w7 AT
NEVeTRE LTETNS, AWFEZ~< b3 ) v =4 (H&E) THRET
4L AEEEM I K, ETCEE LIRS oG, EFERETEET O L,
BRI NS 2P SHEEE S NS, TOT LiL, vPA ITHEEESHLZ L7
SRLTWA, 0= A0 uPA BABETFITN 5 DEEE ToRB- TS D, HlHED
B AR EFORENE L. FFARSIER LB T2 Z L2 ¥ an =—3
mEh (1), ~IEAETREBN S ETEREFHRRE LU AT TEallE
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BEhd, Lldio T, ~IESECIIESEN 8 8 BUB TRER 2 MiRA A EE T L.
SFELVREL 2D, FEESBOFERTIE. 2008 ABEGETF2HODBREFOKRE
DERER~ IS EILEAATHLNUEY (K1), SEZAE~ 72T 14X 10°EIC
1 EOHRI S HDOBEE T, wPA BIEFORENELD Z LN TNB Y,

Rhim HIZAZ BFFHRA 2 MT) OTBE—F—{IB-HTF 7 b ¥ —PREFI B
SNEBETREAINL T VA ey 7= RO ESEEL ., 7.5-17.0x10°18
DRTHIREE wPA ~I =7 A ZEASBE L., 4-5 BTH FI o asB5ugime L &
1) %, FE%E Xga et 22 Lick ). FH—RLZHFIEL LT3 2 28T
&5, BRELIZHIEO 3-17% 048~ 7 AFHEIZ AR U, BIlEh-EE~ v 2T
RUIEFREZ N L TV AFBICES Lo =—2F L. 55T Y2 FED 80%28

FI—Hlld CESRENT, 1 20ao=—% 1 fOMRNLER IS LIRETD L.
45 WOMICHFIET REISE L LR SR,

Overturf Hid, Fo L VMFEET N~ A THD fumarylacetoacetate hydrolase (FAH) /K18
TUAZAWE (R1) Y, ZOYYRAIFAH 2EATE RV, 2(2-niro-4-
trifluoromethylbenzoyl)-1,3 cyclohexane dione (NTBC) 28K T & ListiT 5 = Liz L v fiFfE
FIMZONEFTH LN TED, &4k 638 H O FAH K~ 7 A~0D NTBC D 5%
FIEL, B-H T 7 P —BREFHEASNEZ I VAT 2=y 7 <2 (ROSA-26)
D> DITHERAZ: S B UMREARH CRE U7, B U7 TR R R Rl AR LIERA LT,
Z D 7 AQHED DI Y 5B L. NTBC D5 %1k LIRIOF o< ™ 2
IR L7, ZOO8ERRDIETZ LI2X 0. ROSA-26 D~ 7 AFFMRE % F 1 30 e
v U ZADRHRED DI~ E T o7z, TORER, ~ VAFIROBEIIEZ 2 L #2<,
RIETOESH L LHESREY, |

3. REEEWMFAIL 2[5 o% A 5~ U AD{EH

Rhim 5id, uPA =7 A L nude v U 2 EHITEH, uPA/mude =7 X 2/ER L7 (F 1)
% nude = 7 ZPIHIREDRV N2 T MR A 272V, uPA (+4) /mude = 7 R25 » M
REBHELEZAS, T v FTHIERIL uPA (W4 /nude = 7 AFFIGICASE U, B s HE
(I, U RFFEOTSTHET v MR TERINA YV ALAON, 20X AT~
U ADHBOEEITE bDTEE T, SR RL T, Thbb, BRI
TINEREED FLOERIRE L ORI A o2u-globumin £ FE LTV 5, Hio2u-globumin ik
TXA T2 AFBOR 2 RBReT5 L, EERFRE R U hOEBIREI ORFEIaD
HBREINTY, ZOF AT TRALT v MNTHIE S < U AEETI CHER h T
D03, ML, <V REREHIAR UM~ h v 7 2 & Ty MEEROMBE/ERIZL Y
< U RO/NEIZBIT AR EE L2 b0 & B,

Petersen ©1d, uPA < 17 X & recombination activation gene-2 (RAG-2)./ v 77 7 h=17
AT e, WPARAG2 -V AZMERL (K1) 2, RAG2 /v 777 bew Rk
V (D) J recombinase &% KR LT B 72 OMEERT72 T HEBR L B MR Z#57- 7220\, uPA (+-)
RAG2 <D RIZT y FF¥ v 7 OFFMIREZBH L, vy FF¥ v 7O WHV iZ, HBV
EFHEFITENZ LML TS, 5-10x ICEDY v FF¥ v 7 OIS uPA (+/-)
RAG-2 =V AL, 3ARICIIFE X OFHSEART U7, =7 AMIED SDS/PAGE
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D4 % Coomassie blue IZE WIRET AR EIZEY, SURTAT I LUy FF¥y
JTNT I EREIOBBEOENIIVEBHEL, Uy FFY v 7 fFlas~ o RICES
LTWADERER LT, 7y FFyv v 7B % BHI L7 uPA (+-) /RAG-2 = U A fiFHEn>
54 7 ADNA ZHIH L, 7y RF¥ o7 D4 7 5 DNA % FV T Southern blotting {2 & ¥
FR A RO L T A, 30-95% Thol, WHVIZERIEL TWE Yy FF v v 7 iFla:
4 L7 uPA (+/-) /RAG-2 = 7 A MIEE L UFFIZIZ. WHV VA VR T 7 2B LT Whe
BABREENT, £/ WHV IZBI L TWiRWY v RF v o 7 T2 % uPA (+/-) /RAG-2
T ZICBML, 1x100 2 —O WHV 2 80EEMELLE 25, 4 » ARIZITWHV
DNA MFfgc R X, 10 » Bizh- v miEHIZ WHY DNA 23 &z, Ebil,
WO WHV DB L TWAF AT RIS 23— T zaraiRET5Z LiTd Y,
< W AMFEFO WHY 2 B —8 484 &4, dexamethasone 2535 Z LIZ L VM
HARZEERLE?,

Petersen H1E, X 5iZ. uPA (+-)/RAG-2 =V ALt MTHIRRAZBME L RD % AF
I e ) o TN ERE ORI OB LT v MiFHRa L . RTREGUIRREAR D&
SEEDAERE D SRR L7 FFHIRE & RS EP)NT uPA (+-) [RAG-2 = U RIZENENHBIE

L. = A~ OEEF< Y AMEFOL s TVT I ARE TR, TORR, BT
B F—0 b O 10 Bk 7 Flo< v AT E L, —F, CIRE»LSEEL
T FFAERE 26 B1R 1 Blb R ENRdofe, ZOZ &3, YIRRATIRIIHRTE TIZ 90 557°
5 4 BEREOOIRFAMAEEATEE L. FRAROAETEED 40-80% LB o Z LR REEE X
S, v P AMEROE FFAT I VBREE, VAT 7 r—FAHHKIZ KD Western
blotting DEEENBRDF, RFF—FRELT, wVAMFE L MfFEEZ S S E7E
ATCRA LELEX AV, FO/R, BETYUAMEIC 15%t MuEERS LIZF
IHST A e P I Uk ERNT, E, R ANSS ) LA DNA BRI L,
b k4 ADNA % b MERE2 Alu BFIIZ5T 3 PCR & dot blot hybridization {Z & Y %
HLE, #6513, Zo=7 A 5x10° a8 —D HBV #81t MFEERE L, £0OF
B HBV e RCRE L, <7 AMEDNA FIZHBY 23t ahiz, ¥k, b hMjE
% 2 FEXE O HBs FUEIZRHT AHUAIZ X Y Western blotting 21To72fER. £hENOHUR
DTV UL L TWBNRL FE L TWRVWRY Rl ENT, LEEdoT, FAT<
o ZAMHIZEE. BY 4 ARIEOE MIFERICROALD LERRIZ, VA NVARIFEZD
HRHAREET A bR E B, ¥ A T~ A#%. HBc FURICH T 2HuiiE% A
WS AT 7=, HBc BEIIIZEEEL TWH Ao T3, HBV IZEHR LT
XA S AOFHEAD S B, BET 15%0OFFHE HBe FURGIE Ch o7, LALDHE
By HLOERLF A 5= 0 A IEE T VAFHIRD 15%5 . Tl CERS
., —ot MNFBRITHBVIZEEL Y B LERLTVNS Y,

Mercer 513 uPA ¥ 7 R & SCID-bg =7 A& A4 L uPA/SCID v 7 A BAER L 7= (R
1) ?, SCID < 7 A% DNA-dependent protein kinase gene {2 AZSRZEE53% ¥ |, immunoglobulin
& T #ifa L& 7 % —O recombination ASEZIZTX 72V, GIRAFNO08E Lz MNFHERR
ZEUEIRTE L7 b O % BE L C \uPA (+/-) /SCID <= 7 A £ 7213 uPA (+/+) /SCID = 7 AZ 10°
FEo b MNTERER B LBE L, < v ROEFOE hTAT I VBERRE TAT
I LHIETO dot blotting 12 £ W RDIz & 25, uPA (++4) /SCID = U A TIIRHER 7 HE
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TTUAMEROL NFAT IV BEENL, BETH 2ug/ml iSZELEDE—ED
EZR LT, —5., uPA(+/-)/SCID v 7 AT, =V RIERE 7L T I B uPA
(+HH) SCID =7 AL D HES, -6 HBRIVETUICHE, ZoZdid, oL
D wPA BEFOREKIZEVEU - AT oo =M LT AHEEL N
7. Hit MFRBRIZ X AMEIC LY, F AT U AR 2R L= 25, v R
FHED 50% L LB TH D O LRI 51, b TR -5 uPA (+/4) /SCID
< AR 74x 10 2 —D HCV ZIEREMNIZIRE U, £ORR, 5% 3FBICIT

10-10° = &= HCV B &Nz, F 2 T Z[FlEHIZ negative-strand viral RNA # i
FErE# 2SS EBICBHESNZZ &b, FAICEIT A HCV OBBUASEER -, HCV
PR LI Y AMBERDF AT T R~ERE L, SHIZINERVIRE L, FORE,
WO~ U AMIEIZ S HCV BRI S = 7 2 b~ 7 A0 HCV ORERITRESh L= 7,

4. v MO EE ,

T bid, EICKBE: & OLBHIFEOEAFTRETT ) BEMDL, YIRFIZE TN
BDIERELOMFEFIRCHT B4 v 73 —b Farvty MenwkEs | KEREERSE
AR BEE RS OFRD L LR EFE L T3, TR LIEFER 280 L,
UW K CHES LB U7, 4COUWHIZIE LT MIRREAD 7 U — 2 — L TEll
L7z, 70— FNTEGTA % &% Hanks #& T 20 2RFHER L. 0.05% =5 4 F—
ETHRENIRCOORDECER L, FO%, FEBROWESL L 0 #aZIE< L,
REAYBR % 50g, 2 3 CELABEL, FOWBREFREMERL Lz, T b0MIas5sE
THERE. 7r/ A7) —VP—2BAWTER L, REEZIEELE (F2) 9,

5. miEt MNFHREZRFOX A T ADMER

INETITRATERE MRS A T 7 XOWETIE, & MNTHEERSIIRE T
50%ThH ol FIzHiL, Fr—nt MR TH- T IR TSz~ 7 ARk
ZBBTELDOTRUVDNEE XTI, uPA w72 & SCID < U A ZHT &4, uPA/SCID
< U A{ERL7- (R 1) ¥, £ 20-30 B HD uPA (+/-) /SCID < 7 A £ 721X uPA (+/4+) /SCID
TURZITD 2F O R —HEOSBEE S 2 HEEE L7 5-10x 1° B0t M
HfEE RN TR L., BHE3EBICYROBROMA 2L, & MEE8T A
FrZF o (hCK) 8/18 TR TRERAZFIToT-, TOER, RF—izk-T, ap=—
DERRIZELR SO0, HEFES S /IIEERE Lzt MTHRR4E, nCKY/18 Bitam
=PRI,

t MR D uPA/SCID = 7 A FHEA~D RS & T2 I E T 5 72 0iz, B) 6
2ulfFi L, vV AMFOE hFATI UBEYE MERRRT AT I UHRERNT
ELISAIZEVEEL, ZOELSA XY AMPICHEETAE b TAT I VBER 1
pg/ml YL L2 BEEREETH 572, uPA (+/4) /SCID = 7 A E 7% uPA (+/-) /SCID = 7 Aiz
EfpORRD M BE L. 8%, BHEEN2 B Xv~r R0z b7
NT I UBBH I, FO%, uPA (++) /SCID =7 A TIIBH% 7 BEEE e b7
7 X BETRBENEML, ZO%—EDHEER Lz, —F. uPA(+-) /SCID = 7 AT
BRELTZGEEIL. 4 BRENOE FTAT I VBEMET Lz, NF—0@EiiMEn s,
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< ZAFDE FTAT I VEBEO EREAE—FBREL, 1 mg/ml B EOFEWE T
I UPREE CET AERAICh T, R —ESAENE, B M TAT IVREDOERAY
— F2EL, BET Imgm BBETTT h—IZBELLY,

Z 7 T R BIERIMEN 12 70 FH—%ER L uPA (+/4) /SCID v 7 A4 B2 5x 10
SEOE MTEEE B L, FORE. b MEHIRIT4Ro= 7 2O T b &S
L., <UAMHOL NFAT I VBERER L, 2[E0E FTAT L REN 3 mg/ml
IidEE . BN 80 HUABMEHIT A TAEE L, BVO2EDN S S 1[EidE TV
72 UPEER 3 mgml RB X EAMEESEBICES LEC L, BYO1TELREECE b
FAT I BER Imeml 28R, FO%, BREROREE ., BiE% 63 B BIZEBTINE
2ol OTHES L, ZO= 7 A0 MR & 5 BEEITH 50% CHImIIIRE
BEH LT, Bl BERICEERAR NS, TNOOBERRND, FEE vV A
BSOS TR L7~ b MNIFERASEE T AWENRA b U ARHE L THHD TR
hEEZT,

IR S N - RIEEa R S AT L. L S B B A
(MAC) & 72> CHIECHIaIZ A2 BT 5, ZOERBICIIHHEN LcbDEM SRV
ORH B, BIEBRAANTWADIZISCID v 7 A THDHID, Filkdh LiKGEE
ZIz<Vy, UL, SCID < 7 Ak Leaky B &V o T, M & ITHUAD T HTHD
ﬁ%i?é:tﬁﬂ%hfwétb\ﬁwéﬁbtﬁmwﬂﬁﬁ%%iéﬁgﬁhéaﬁ
bhs, Bibit, FRERELHEEFLEEST S, b MNTMlasr e MiEEEE
L. =9 ARKICERES K Lm0 TIRIRVNEEXT, £ITC, < VALFDOE ME
MR C3a 2RIELE A, B RTATIVEBED LR LITEM LT, @R TAD
AL R C3 &b P MAC FUETHRERA L&A, RERE L REICHBERSBR
¥, '

FIT, B FFAT I UBEN 3mg/ml EALDF A T U AEERT S22, B b
BEOEECE IR A UERH S L E LT, —fCHERRSEL LT, a7 788
MR TVAR, BETIET VY M rFEROTDAFRTERY, Hi-bi, Bz
BEREVEES E LT L LA TV S nafamostat mesilate (73>, BEEL L D5 2H
E457 iz Lim, 7. uPA(4-)/SCID = U ADKEEMIZEE 1g %Y b MjE 30ul
A5 L. OB OMBFERERTAE, ZELLEMLTEY, GPT b EFLTW:, %
7. ZOMOMBEPROL b Ca B, FATUAOMEFORELEN-Z, £ b
S 2 BRI 79 28573 L, BhOBESIGPT O LEHITMmZ bl ¥,
TRLOEENS, TR AT T RIHEFRY OPRETTIENTEDIHOLE
zbhb,

UuPA (+/4) /SCID =7 Rzt MTHIIZBEL, v~ VAP0 MNTAT I REL<Y
AEEOBEE TN, vV AMBOE hTAT I VBED 2mgml #BR D ETTA
OEENED Ligd T, 150 pg/ml D7 H %200l F A 7<= A2 BIC 1 ERES L
ZORE, < AOKEIEIED, E bTATIVLER L, B FTAT I URER
ELITHT B L T ARERFUREY LisHT, TIZTC, 7hrREE 1B 1EICHES
L=, FOE. wUAOEKEITEURE LD, © NTATIBELEMLL, B b
NT R BERES HIZEINT S & AEERFURED Lk, 79 -&E%Z 1 H
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2@E L, £ORE, ~VAOKEREHE LBETHETERELE (E3), 2hbo
FERDD, v TAMFDOE R TT I ARED 24 mg/ml D= AT TV USSR 1
/2R, 46myml DU RIZIX1EL1H, 6mgml Ak RTiZ2E,18LL
oo ZOXIRARTVa—NTT7HUEXATITRAIRETEZLICLY, =Y RMP
De FTAT I UPEER 3mgml AL THY U RARERL, b 1\7»7 R
BT 13mgml B iz 272 (R4) 9,
7?Zﬁﬁ®%ﬁ®ﬁ?@ﬁ%ﬁib\G@Rﬁ%ﬁﬁﬁ%ﬁitﬁtbdmAfm
—7 %W~ in situ hybridization 2 L, ~ 7 AJFED 5 5 ERH - Y OPAERED
FE%ERD, b MNFHRIC L 2EHEL L (®5), BREOL NTAT I BELE
BRI EOMERENGEDO NI b, = UROBOL " TAT IV BRENLBRIEO
BHREFHETHZ ERTRETHD Y,

EREAFHBIZE ST, THhET, BRAD 2F0O FF—RUHKENLEALE9 » A &
13 F D P —OFFERFHRE AVWT, BRE 0% EDF A T =0 ROERICREI LT
W3, Im CEBREICDDF AT+ ADIER G AIEEL o7 8,

6. ¥ MTHIEX A T< 7 AOMEE .

RYAMPIZE FTAT I UBREENT, OBBRETHoT- T ADEITIZE A
ERBETHIH, wPABETFORKIZLZan=—p3 LEESNE, w7 OF0L
AT IVBRHERTE AT, b MFBIC X Do =— 8B h, wPAE
BFORKIZE D o =—FEERRRESZ LTWAA, b MNiFEaXoan=—|3%
FUTEEARB L OREVRESE LTV A DBIRAIC LRI TE 5, BHE 1058 EDF 2
7= U ADRIIZIIIFREENERINTE IV OLENFRELZEL TS (H6) 2,

EEft MY A w0 RiT, SRR M U ROFFHBEAD V=D, b iestiiliahi
FRFF-> TV B b MIOEKDRBRESRZREH L TWiE, EELBRO - OESEhEES
BRip LICRIRTEEL B2 6D, 22T, ¥ ATV AORHBIZEIT S CYP @ mRAN D%
Baii~ic, ¥AT<U AFEN G RNA ZRhH L. 1 ng B2 RNA 235 cDNA IZEE L.
TDcDNA BT 71— k& LTE b CYPIAL, 142, 209, 2C19, 2D6, 3A4 |Z4EREG2TS
A =—% AN TEEM real-time PR #1To72, FOHE, FNFNORKE I C—HiT,
BHRENEWVIZEEWVEZ TR L., TNFThOX A S T RARICBIT AT 2% —
SEEFTHDE b GAPH o —#hsk, b b CYP1AL, 1A2, 209, 2C19, 2D6, 3A4
DRL—FERDZLIZEY, FA T RO MFEIIZIT A E0H 7 2 v —E
RO, FTORR, AR o v —T F TR B 3 2 v— L isiF—E LT
c (®@7, ZOZENL, FATUARIBIT A ML, FH—FlEsiag
FC LAV TP o FREOBETEREELTVWALOLEEZLNS Y,
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