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in the present study, and

Substitution Identification Body weight | Drug
grade number (g) treatment
CTE68-2 22.86 vehicle
(water)
Higher CTE68-3 10.91 vehicle
(water)
CTE65-2 14.35 vehicle
(water)
CTE66-11 20.23 genipin
CTE73-2 18.54 genipin
CTE74-3 16.37 genipin
CTE72-3 16.37 geniposide
Median CTE72-9 9.09 geniposide
CTE66-11 18.56 geniposide
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Fig. 2-1 Immumohistochemical localizations of keratino-8 and Mrp2 in the livers of
chimeric mice (light microscopic view). Liver tissue sections were prepared from livers 2
hours after oral administration of wvehicle or genipin. (A) Antl-human Keratino-8
polyclonal antibody immninostaining shows human hepatic cells, and (B) Mrp2
polyclonal antibody immunostaining shows a diffuse and linear patterm outlining the
canalicular membrane (CM) domain of each keratino—-8 stained liver section from vehicle
and genipin-treated chimeric mice. (Bars = 50 pm)
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Fig. 2-2 Hepatic GSH levels in the chimeric mice. GSH concentrations were measured as
according to GSH assay kit’s method. The GSH levels were expressed as mean + SEM of
three determinations.
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Abstract

Human hepatocytes were transplanted into
urckinase-type plasmincgen 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 compiement 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 pharmacolegical 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 urokihase-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 hepaldcytes 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 hepatocyies. 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, Japan.
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*/SCID*
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-old-Caucasian boy
(IVT079; 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 RI >
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-naphthyl p-guanidinobenzoate dimethane-
sulfonate; gifted by Torii Pharmaceutical Co., Ltd.),
which is an anti-complement drug that inhibits the C5/C3
convertase®. The host animals were injected intra-
peritoneally with 200 pl 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

B R TheCell 36 (8), 2004
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periods of time (> 6 months) and showed steady 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 RI values (~96% maximally). Thus, it scems
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 injured 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 hepaiocytes, 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/ml were ail 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 immunohisto-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 Rl > 70%.
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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 mRNAs
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
Rl = 0% was similar to those of the control 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 hCYP2C9.

Total RNA samples were isolated from the liver
tissues of the donor and chimeric mice. The mRNAs for
six hCYPs, hCYP1Al, 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** 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.
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' hAb=7.1 mg/ml, Rl = 84%
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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 Iobe, one of the right lateral lobes, and one of the caudate lobe from left 1o 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-hCK8/18 antibodies. (E) Chimeric liver stained with in sizu 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 CYPIAl 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 later. 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 B TheCel 36 (8), 2004

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 yicld "chimeric
mice"/"humanized mice" whose hepatocytes are near-
completely replaced with human hepatocytes®. These
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Fig. 3 Correlation between RI and the hAb concentration int mouse blood.
The hAb concentration is plotted against the corresponding Rlimmunology. The RIlmmunofogy
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 entities, and will much

reduce the cost for such activity.
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