DESCRI PTI ON A Met hod of Proliferating Hunman Hepat ocytes and A Method Cot
bt ai ni ng Human Hepatocytes 5 Technical Field The present invention rel ates
to a method for proliferating hunman 10 hepatocytes in a nouse body, a
chimeric nouse carrying human hepatocytes in the liver thereof, a nethod
for obtaining human hepatocytes fromsaid chinmeric nouse, and human

hepat ocyt es obt ai ned thereby. HuimpkEdaPRhgew €s obtained from said
chinmeric nouse may be used as a material of a hepatocyte kit or an
extracorporeal artificial liver. 15 Background Art A liver has 500 or nore
types of various specific functions. For exanple, 20 mgjor functions of a
liver are plasma protein synt hesi s and excretion, blood sugar control by

gl uconeogenesi s and g‘g 0 %lgitb | i ureogenesis, bile
synt hesi s and excr ef é&%g?{)g? © gﬁﬂ‘ Bn%ﬁ Pﬁs\&ﬁgﬁ ances
incorporated into a bad¥reah8d i ObtaifBh gliﬂhh&ﬁch Be liver. In the
field of pharmaceutical devel opnent, what type o rret ol i sm pharnaceuti cal
candi dat e substances will be received in a liver and what type of effect

i s gi ven to a liver or other organs and tissues are essential data.
Further® many chenical substances have been synthesized and di scharged |
into environnment up to now. To e CI dat e %r??il'& kind of effect these
substances have exerted indivi d ]’3’“8?" onbi nation to a human body is
socially very inportant. Toxicity test on liver functions are essenti al
for evaluation of the effects of such chem cal substances to a human body.
5

The present invention relates to a method for proliferating human
10  hepatocytes in a mouse body, a chimeric mouse carrying human hepatocytes in
the liver thereof, a method for obtaining human hepatocytes from said chimeric
mouse, and human hepatocytes obtained thereby. Human hepatocytes
obtained from said chimeric mouse may be used as a material of a hepatocyte
kit or an extracorporeal artificial liver.
15

Background Art

Aliver has 500 or more types of various specific functions. For example,
20 major functions of a liver are plasma protein synthesis and excretion, blood
sugar control by gluconeogenesis and glycogen metabolism, lipogenesis,

ureogenesis, bile synthesis and excretion, detoxication and so on.

Most substances incorporated into a body are mainly metabolized in a

25 liver. In the field of pharmaceutical development, what type of metabolism
pharmaceutical candidate substances will be received in a liver and what type

of effect is given to a liver or other organs and tissues are essential data.

Further, many chemical substances have been synthesized and discharged



Mce, rats, rabbits, dogs, nonkeys, etc are used at present for safety
tests and drug netabolismtests of chem cal substances incl uding
pharmaceutical candi date substances. Especially in pharmaceuti cal
devel opnment, toxicological tests and safety tests using aninmals are
conpul sive before 10 entering phase 1 study for human; therefore, |ong

period and; : I h r | ' ts.
Fovever -t Aare ooty POFGRRLS sBo KR CHE el AT
exper i ment shavarexbiedppdivie@lie or Gn Refiinatich t@athui@l bodASESodhBy kagwn 15
wherein a substance not recogni zed toxicity in animal experinments exhibited
toxicity i nmpen@ntorToray tesl e livaofiswiigpatary essentiad faxgyatastbrugf the now

t hat devel gpnent. of ny .phar paceut i cal candi date substances is aborted
after enté%gﬁﬁcﬁﬁuﬁﬁggﬁx¥ggﬁﬁ SR iaRu e PR des expected that there
i s manyg case wherein although a substance has actually no toxicity in
human and the 20 devel opnent thereof is aborted before entering a clinical

trial due to exMibé rhfigratififsOages) onkiely, ctda@niseBlat Brdaeht FRBASLy tEBisS My be
caused by difference in netabolic functions in a human liver and netabolic
functi ons iand dpgmebolitwdeatscofchemicRendbstdnces imcluidineopheetrevelitical25 t est s
and toxicity tests us%ggg?unan hepat ocyt es have been perforned. However,

amount of [FPErEH r &t CRS-deat PRSI Nt & wRPeRmdeTEiabt deselaprspt,
transpl ant gl eang) UYL, 1, AU DR 06 YL BR,RDLAL ned g hesalect omy

. iy
I n tunor exclsion are ewer 1han dena gpnent of

t echnokogy _eﬁa@éﬁﬁ%%ﬁéhél%%ﬁﬁ?ﬁﬂlﬁnﬁéﬁ! iHe@sBtd, Whd ﬁerﬁﬁﬁﬁ'&l Edrtd 85 well as
phar maceut i cal devel opnent. 2 Necessity of high anount of hunman

hepat ocyt esnige opetsyaneuefiuiatd kethiesedestsext racorporeal artificial liver. The
artificial liver is nedical device acting liver function artificially. It
I's vigorously in progress to develop a hybrid artificial 5 Iiver conbining

with the artifigl gl actdol haggd, 0N RAXSHERCHST §RbiRY OF ' RLE animal
experiments can be applicable to human. In fact, many cases are known

15 wherein a substance not recognized toxicity in animal experiments exhibited

toxicity in human or vice versa. Consequently, it is expected up to now that

development of many pharmaceutical candidate substances is aborted after

entering in phase I study on human, and besides expected that there is many

case wherein although a substance has actually no toxicity in human and the

20 development thereof is aborted before entering a clinical trial due to exhibiting

strong toxicity in animal experiments.

This may be caused by difference in metabolic functions in a human liver

and metabolic functions in livers of mice and rats. Recently, in vitro metabolic

25 tests and toxicity tests using human hepatocytes have been performed.
However, amount of livers from brain death patients which were not used for
transplantation and amount of human hepatocytes obtained from hepatectomy

in tumor excision are far fewer than demanded. Consequently, development of
technology for human hepatocyte proliferation is essential for pharmaceutical

3¢  development.



such as adsorption, dialysis and filtration, along wth biological actions
using perfusion of an excised liver and liver tissue. In such a

devel opment of an artificial liver, it is essential to inprove nenbrane
and circuit for enhancing physicochem cal function, along with to supply
hi gh amount of hepatocytes 10 applicable to human use. However, in a case
of human hepatocytes, it has been considered inpossible to serially
subcultivate primary cells, which are separated from matured individual

Nanel y, the mat WNeedsdigpabigtyiesuit sfhadhesiepatotited epaidencdh ane ihangel y
damaged when cells are detached fromculture substrate for subcultivation
oper ati on ¥dragpeparpdlfqreificial liver eThael Aetticialdiver is medicat dbgte atng Guertrary to

that, th t i of .thi licati ' ted t t hod

For prol i f APRERHY FERGEbEy 118 VieEREs IhaHaFIechapACUAgP Sulo W PR aFonal

prolifesat g, %Bidﬂiﬁj%/}g‘%'ﬂ? the AhaiaQ 1dRM DB pﬁ?&&&&)@hﬁéaﬁ%ﬁﬁ% rat ed
an ou | cu

fromhuman |iver, further, 1t was carrie O primar ure the
smal | hepatsanit @sadpdptibietitigssubeuitiation! Aongwith bRtodi@nal-a6x$ asingand

whi ch were granted patents (JP-A-08-112092, JP No. 3266766. USP

No. 6, 004, 8 IErfusmmof @n12@ised, P axyl Breridssite. Jip-stich7a 2iEdg60medP of an

No. 3157984, dﬁai.f} A-09-313172, JP No.3014322). 25 Although the nethods of
t hose pat erﬁlgglc Ut HolSSSERNAL de HRAPVE BERTTate and Gt for irmhgrcong

ey ide | e o i o
o s o A OBt Cep RiGE Rkl dlonld WA, & QTR Bl HIRPRNSS . [ oa

subcul 49r e.apPliesBlab Burhfes8e.cel | s obtai ned by the 30 above-described

nmet hods are useful, for exanple, for a screening systemof 3 nedical drug
for maintaining liver function, or for a testing systemof toxicity and
efficacy of nmedical drugs in terpns of certain functions remained after |ong
peri od subcul t uF®VeNBeler, c1%5elk hegrany hepatqcytess iy diasnpearp coraidgred

substituti %p%fssible to serially subcultivate primary cells, which are separated from
matured individual. Namely, the matured hepatocytes with adhesion
15 dependency are largely damaged when cells are detached from culture
substrate for subcultivation operation and are difficult to re-adhere to culture
substrate. Contrary to that, the present inventors of this application have
invented the methods for proliferating hepatocytes, wherein small hepatocytes
having clonal proliferative ability were isolated from normal hepatocytes
20  separated from human liver, and further, it was carried out to primarily culture
the small hepatocytes and then to subculture the cultured hepatocytes; and
which were granted patents (JP-A-08-112092, JP No.3266766. USP
No0.6,004,810; JP-A-10-179148, JP No0.3211941; JP-A-07-274951, JP

N0.3157984; and JP-A-09-313172, JP No.3014322).

25

Although the methods of those patented inventions provide new
technique to obtain human hepatocytes in large scale by in vitro proliferation of
hepatocytes, there remains a problem of diminishing some liver functions
during long period subculture. Therefore, these cells obtained by the

30  above-described methods are useful, for example, for a screening system of



human |iver function, or for a material of a hybrid-type artificial liver.
5 As a neasure to solve the above problens in proliferation of hepatocytes
in vitro, a nmethod for proliferating human hepatocytes in animal body (in
vivo) has been proposed. 10 For exanple, Heckel, et al. prepared the
al bum n-ur oki nase-type plasm nogen activator transgeni c nouse (uPA-Tg

DU e PSS AL SRR S ORI BSL B ) e

is attache ncer a pronoter ern-is

speci fi cal | sheuficasssfinédica drngein {drieslotleerthin funSabEYF8NaiEEd aReIRMgIL,
Pal mter RD, and Brinser RL; Neonatal bleeding in 15 transgenic m ce

expr essi ng peArsid svdsaltuyg dopleasniimeg eollaateinatfbicienCal Wse B2nb4TtukEG) 0f1990) .

The col or aof hepatocytes, of said nmouse | goks white by  naked eye due to
injury by Mﬁggm nChqy, %ﬁ’é apeterinl of B yBrdddPhgridicialiiver failure. It

has beeg known that when normal hepatocytes of lacZ transgenic nouse were
transplanted into a spleen of the above-nenti oned nouse, the 20

transpl anted hepaiDE¥heSreadbBoRt tREAESelfoblRend ihRbliRAdidRY GlHebatayrd, and
finally the recipient hepatocytes are replaced by the donor hepatocytes

(Rhim JA, iSamtigr @meliyd Pegeolifdtatingdiurie heRiocpted ilBahirsdldrodRl(in Regl acenment
of diseased npuse |iver_ by hepatic cell transplantation. Science

263: 1149- 114858 beengeipposedyrt her, Rhim et al. prepared the uPA-Tg/ NUDE nouse
by mati ng 25 between the uPA-Tg nouse and a NUDE nobuse which has no T-cell
function due to hereditary deletion of thynus. A nouse having rat

hepat oggt es was popr 8RAHSEHK, hye&éﬁnéplﬂ.n?eﬁ&edoﬁmr A ERALAO%h S0 the
uPA- Tg/ NUDE nouse (Rhim JA, Sandgren EP,” Palmter RD and Brinster RL;

Conpl et e r gdassindgehiashivaiel troisgenici menseuHA-Ye hogesepi in keigahotyd, es. Pr oc.
Nat|. Acad. Sci. USA 30 92:4942-4946, 1995). However, there is no report on
a chi meri c fsigekinageplagmigogenasHvaop Y geagispitashed &9 an phgecer and

a promoter of albumin, uPA protein is specifically expressed in a liver (Heckel JL,
Sandgren EP, Degen JL, Palmiter RD, and Brinser RL; Neonatal bleeding in
15 transgenic mice expressing urokinase-type plasminogen activator. Cell
62:447-456, 1990). The color of hepatocytes of said mouse looks white by
naked eye due to injury by uPA protein, and some mice die by bleeding or liver
failure. It has been known that when normal hepatocytes of lacZ transgenic
mouse were transplanted into a spleen of the above-mentioned mouse, the
20 transplanted hepatocytes are attached to the liver and proliferated, and finally
the recipient hepatocytes are replaced by the donor hepatocytes (Rhim JA,
Sandgren EP, Degen JL, Palmiter RD, and Brinster RL; Replacement of
diseased mouse liver by hepatic cell transplantation. Science 263:1149-1152,
1994}. Further, Rhim, et al. prepared the uPA-Tg/NUDE mouse by mating
25  between the uPA-Tg mouse and a NUDE mouse which has no T-cell function
due to hereditary deletion of thymus. A mouse having rat hepatocytes was
prepared by transplantation of rat hepatocytes into the uPA-Tg/NUDE mouse
{Rhim JA, Sandgren EP, Palmiter RD and Brinster RL; Complete reconstitution
of mouse liver with xenogeneic hepatocytes. Proc. Natl. Acad. Sci. USA

30 92:4942-4946, 1995). However, there is no report on a chimeric mouse



Dandri, et al. prepared the uPA-Tg/Rag2 nouse by mating the uPA-Tg nouse
and Rag2 nouse which is a knockout nobuse having an 5 i munodefi ci ent
characteristics. It has been reported that 15 % of the nouse |iver was
repl aced by human hepat ocytes when human hepat ocytes obtained froma human
liver were transplanted into a |iver of the uPA-Tg(+/-)/Rag2 nouse.

Further th %9@? L. DV LV 4 Df lon with hepatitis B virus to
sai d nouse %%no@?ﬁﬁ u&’%&‘%\’?ﬁ‘#%’%ﬁ%@‘%ﬁ%ak JM Iwanska A, Somrer 10 .
G Rogiers X, Rogler CE, Gupta S, WII H Geten H and Petersen J;

Repopul ati on of nouse liver with human hepatocytes and in vivo infection
with hepatitisDBndry gt al. Heppdaretl dhy uB3- D Ra@238no280hy matingothetuiA-Tgvent or s
of this present invention have disclosed in a prior 15 patent application

(JP- A- 2002 298%7) a4 a8 MAkemeVhichndis@ prrrorl Beusearl gt 88 on of
h h - ' PA: ;] Cl bt ai A ' the uPA-T
oroe o8h RREEHE AR TeRC Db Dtn, AL Bty BBIAERALE, U0

nouse and o iI'S an | nmunode MOUSE,

human hepatReyas roaueed BP Sludikid BbpatotAKE WHRhaGfnah HephidpesPntAnERUSE
liver. In this chinmeric nouse of the prior invention, 20 house hepatocytes

have been dysf inbtinemebvatueeteotrengplesidomtofa lifed afethe, uPAaiTd(H/AURapgRe | i ver
function is maintained hy the transpl anted human hepatocytes. Therefore,
sai d chi mefreuseouERrther tigymere seecaeded inin vivadsdaatioprith hepatitig B visps

eval uati ng xicity apnd effi 0 t t anc becaus he in vivo
function of &? ?ﬁ%ﬁﬁ%%@%%%?%gﬁy%%gg %br’r%?ﬁ‘giés% gy et PBHEE sel y.
Howevegg the RBLEEY ix RBHSE OF, difpiRr §0WillNYe N+ Qbn o Phic¥EerrY;days or
| onger after transplantation of human hepatocytes. A'so, due to

prol i f er at iRepopolatiphicf etbuse liser With &g kepdtacittbeasd i Geo Dife @loping ,
proliferation ef_fici_encx of transgl anted human hepat ocytes was | ow and

r epl acenenthepatitis Bofirgsy Hapapelpat 88184 <28% 2804kd about 50 % 30 5

Also, the inventors of this present invention have disclosed in a prior

15 patent application {JP-A-2002-45087} that in a chimeric mouse produced by
transplantation of human hepatocytes into an uPA-Tg/SCID mouse obtained

by mating the uPA-Tg mouse and SCID mouse which is an immunodeficient
mouse, the transplanted human hepatocytes have substantially taken place
functions of a mouse liver. In this chimeric mouse of the prior invention,

20 mouse hepatocytes have been dysfunctioned due to expression of uPA gene,
and thus the liver function is maintained by the transplanted human
hepatocytes.  Therefore, said chimeric mouse is quite useful as an
experimental animal for evaluating toxicity and efficacy of test substances
because the in vivo function of transplanted human hepatocytes may be

25  evaluated precisely. However, the chimeric mouse of the prior invention
cannot live 50 days or longer after transplantation of human hepatocytes. Also,

due to proliferation normalized mouse hepatocytes in the course of growing,
proliferation efficiency of transplanted human hepatocytes was low and

replacement ratio of human hepatocytes remained about 50 %.

30



Above finding has al so been supported by a recent report published by
Mercer, et al. (Mercer DF, Schiller DE, Eliiott JF, Douglus DF, Hao C,
Ricnfret A, Addison WR, Fischer KP, Churchill TA, Lakey JRT, Tyrrell DLJ
and Keteman NM Hepatitis Cvirus replication in mce with chineric human
livers. 5 Repopul ation of nouse liver with human hepatocytes and in vivo

infection wth Mepatt L1 LGJ : - . .
Mercer, et al. haveétﬁlrrﬁei%o%r%%éltsﬁzﬁee%%g%%&%@g?%& %eﬁ%%één%gfbgggrgg@ by
simlar prodetheras aAS(MeleadDF Shildt DREELOUCIR, dughis DR Hap (xR Fedtifret
application, was transplanted with thawed human hepatocytes which had been
stored in aAfidsienn WiRaFischgs KPhehughilb T kakeylJ&SS Tyralh D2Jrgidrifetematiuman

al bum n was _detect ed. i n, nouse serum (equivalenf to. approxi mately |ess than
Sbout 1 WL [HERATGC (R FOPHER TaBBE S0hosBIERS, SRR e n

repl aceg b | . C i o whi ch
< bt opsy oo By P B RO er A 1RREE RER0 RS apl 1 PRI USURR

| munodef | chgnititiReP atinpat Mytue® VseditiBAY 537 333D Jnpus.e) Mvasr, asHf, fislent as
nmeans to proliferate transplanted human hepatocytes in large scale.in a
nmouse, everreppgadithat tiediukédeTe/ $0lls mauss e pfegagel] byefililae gzo¢ddrresxanpl e,

for in vivo,testi of toxicity  or efficacy_to human hepatocytes). 20
Mor eover, t9f8C fﬂ?‘ggyitge ARYFogors of 1815 Reseent Wﬂhﬁaﬂﬁrﬁa‘ﬁaﬁgﬁﬁ’ﬁ@@?{e&m@an not

live for | %Q“Bﬁrﬂtﬂﬁaﬂfhéa@%%e%ﬁ?{ﬁ}hg?aed g«?%nsgto%ﬁcﬁ’% oc%(tjzeﬁ%ugg%_igse %t ein a

course of its grow ng, suc i er as an in vivo

eval uaflpon Byeke e tHAxXD Ghi dnPbf Bhhis 3RS WS dMMBNINARALOGKRES has
been 25 |imted. Scope of the present invention is to provide, as a nethod

for prolifdegquivalgnt buapprokapatichclgse tharaaboutpl meg thliie tthad]) implypigthdter at i ng

human hepatqcytes sufficiently in a npuse body. 30
about 50 % of liver have béen replaced by human hepatocytes.

As described above, a chimeric mouse which is prepared by a
15 transplantation of human hepatocytes into an immunodeficient hepatopathy
mouse (uPA-Tg/SCID mouse] was insufficient as means to proliferate
transplanted human hepatocytes in large scale in a mouse, even though a
chimeric mouse itself had usefulness (for example, for in vivo testing of toxicity
or efficacy to human hepatocytes).
20
Moreover, the chimeric mouse transplanted with human hepatocytes
can not live for long period of time; and since mouse hepatocytes proliferate in
a course of its growing, availability of such a chimeric mouse as an in vivo
evaluation system of toxicity or efficacy against human hepatocytes has been

25 limited.

Scope of the present invention is to provide, as a method for proliferating
human hepatocytes, an improved method for proliferating human hepatocytes

sufficiently in a mouse body.

30



b Also, to provide a nethod for separation and recovery of human

hepat ocyt es propagated in a nouse body by extension of life tinme is al so

i ncluded in the scope of the present invention. 5 Further, the scope
includes to provide a nethod for obtaining a |large nunber of chineric mce
carrying human hepatocytes with certain specifications by neans of

transpl antati OnA@éo,S@p%E-&Ii&Q AuBRcheRAt £8on | HP r,@éd%freﬁk]ﬁlﬁl%ﬁg%gt ocyt es

proliferation in mce bodies, and a nethod for obtalning

Wit h cert aibepapeytdsi painagatedsapar moede fhody Bpiegtampitte of life tithd & gioscal e.
Furthernore, to provide a nethod for application of separated human

hepat ocyt ednflydgd ép the,sqqpgead the present gjsations | n addition, the scope of the
present application is to provide a useful nonoclonal antibody useful to
operate the above-described each invention, and a new hybridoma cell |ine

broduci g sai d_ IRk OfiR s@f!iReRities 40 dbaL AHEmAY o LA, HigePr esent

application provides, as t 1st 1 nvention to solve t ri bed

probl ems, matrthbel fafr chimbiit ehdté ngarttyimgn Hepah Obypekcytebi &ith Cesrpdihses
transpl anti ng human hepatocytes into a liver of an i mmunodeficient 25
hepat opat hyepgsifisations by mieansf efcngpleh@tivpucfeseperatsd llaman hepatocytee human

h t t h it bei rotected fromthe attack b
aan oo TR B By a0 8 AE PR e, £68 AREORyon PO BRat | g
t he transpl i . i 0.l referred
oot mon e HRHARRASRAPEL' 68 bctRDRY eVl fromChaid sl Sh ol =

prot ecied fiagmdchr. attack by human conplenent is at |east one of the
following (a) and (b): (a) the nouse transplanted with the hunman
hepat ocytes is adm ni stered at

Furthermore, to provide a method for application of separated human

hepatocytes is also included in the scope.

15 In addition, the scope of the present application is to provide a useful
monoclonal antibody useful to operate the above-described each invention, and

a new hybridoma cell line producing said monoclonal antibody.

20 Disclosure of Invention

The present application provides, as the 1st invention to solve the
above-described problems, method for proliferating human hepatocytes, which
comprises transplanting human hepatocytes into a liver of an immunodeficient

25 hepatopathy mouse, and then feeding the mouse transplanted with the human
hepatocytes under such a condition as being protected from the attack by
human complement produced by the human hepatocytes thereby proliferating

the transplanted human hepatocytes in the mouse liver.

30 In a preferred embodiment of the method of the 1st invention, the



| east once with a conplenent inhibitor; 5 (b) a progeniture nouse obtai ned
by mati ng between an i nmunodefi ci ent hepat opat hy nouse and a

decay-accel erating factor (DAF/ CD55) transgenic nouse is utilized as the
i mrunodefi ci ent hepat opat hy nouse. Also, in the nmethod of the 1st
invention, a preferred enbodinent is that 10 the inmunodeficient

hepat opat hy, 56, | : i @Jgggﬂ |P§p o en a
geneti cal | ycl mﬁé%ﬁ?é’ﬁggﬁ?&%‘%ﬁg@%n a g‘g{ngﬂq@a ycg}ﬁ%%gﬂte%)lggﬁ %@%&n%use.

Addi ti onal | ¢he of theddlirwiag (£medibirent of the nmethod is that the progeniture
nouse i s a hem zygous i mmunodefi ci ent hepatopathy nouse, and this

heni zygous (Ehmuribdafdusedranspépded pathihedpusan hepdtbcudsimadmmistdrad ath a
hepat ocyte growth inhibitor and then the human hepatocytes are

transpl ant elga G RICE D B foRRlymeR '9fet hod of the 1st invention and

preferr odi .t he i L5 r rred
enbodi rreg?]t e[tg?lat ﬁ%@ﬁ%%ﬁgggg ?%%‘%f?sﬁé—‘g%?y g?%eirlmsaﬁlse pglﬁ(sl%ﬁcg%ﬁed wth
the human hepabeauy etohse &E‘dﬁan&ﬁa?re@ﬂel‘éféﬂh factt (DARYECISS Sy asarddpeh0dy .

Al so, in the 1st invention the follow ng each nethod is also a preferred
enbodi ment ,mehee & wtilided asuianmtapaidefigicas hepatopathyamspsant ed i nto t he 25

i munodefi ci ent hepatopat hy nouse are proliferative human hepatocytes, and
the proliferative human hepatocytes are human hepat ocytes recogni zed by a

nmonocl onal anti Whi ecifical recogni zes human. hepat qcyt.es whi ch
proliferate, an(tj)ﬁ g‘?\;éﬁ%o%glgﬁgoncg?g%ﬁﬁis%gfnﬁg banBreg?%ﬁ‘g_‘?%l Oﬁgﬂ?ﬁ%ﬂ%&]}_é%- Mouse
hybri dage K$@2entERMBRnBBSdatop Ay Indil IREESSilscRibRid ABh4OSLIRERUIYES, as
the 2nd invention, a nethod for  pfoliferating human hepatocytes in |arge
scal e, whi chatingpbé¢tsesnt hegdnetically noymushepsiclehr tmouéd)andand gehetictigps ( 2)

and (3) are repeated at |east once; )
hepatopathy mouse. Additionally, a preferred embodiment of the method is

that the progeniture mouse is a hemizygous immunodeficient hepatopathy
mouse, and this hemizygous immunodeficient hepatopathy mouse is
15 administered with a hepatocyte growth inhibitor and then the human

hepatocytes are transplanted therein.

Further, in the method of the 1st invention and preferred embodiments
thereof described above, it is another preferred embodiment that the
20 immunodeficient hepatopathy mouse transplanted with the human

hepatocytes is administered with an anti-mouse Fas antibody.

Also, in the 1st invention the following each method is also a preferred
embodiment, wherein the human hepatocytes to be transplanted into the
25 immunodeficient hepatopathy mouse are proliferative human hepatocytes, and
the proliferative human hepatocytes are human hepatocytes recognized by a
monoclonal antibody which specifically recognizes human hepatocytes which
proliferate, and the monoclonal antibody is one produced from Mouse-Mouse
hybridoma K8223 (FERM BP-8334).
30



(1) a step conprising transplanting human hepatocytes into a liver of an 5
I mmunodefi ci ent hepat opat hy nouse, and then feeding the nouse transplanted
wi t h human hepat ocytes under such a condition as being protected fromthe
attack by human conpl enent produced by the hunman hepatocytes thereby
proliferating the transplanted human hepatocytes in the nouse liver; 10

(2) 2 step | sol aidigrehiif AElcali8h.3560 0B leBRY Sy OB, U

liver; and (3) a step conprising transplantingt uman 'hepat ocyt es

i sol ated frmolifdretin@hatan Meyatddytes inftardel stale, @fhidh comptisadele Bileking

hepat opat hy nouse, and then feeding the nouse transplanted with the human

hepat ocyt esstees (Ihée (3lbandtha steps K rng3Hasesrennated ad ledst ancandi ti on as bei ng
enent  produced by the human

protected fromthe attack. by hu coml
hepat ocyt est!) | n %?%P&Omsé%%%nﬁ@ nﬁ“?ﬁ@nr]f’c?ﬁ’ﬁ%’y?ﬂs Nt adiygr ioheent i on,

the cogdi ti ' f he t b n nt in

t he ste% 20 %?B%%%FQ t egago'ﬁ}gggjf 3§r&?ﬂssteat a‘ﬁgagﬁg%nﬁeo hé[ﬁfgﬁl%%ng (a)
and (b): (atahdiBamtedsaithr ﬁﬂﬁiﬁrﬂ%@dtd&%ﬁe@ A& sheRak Okotidesorl Sas2BBingl St er ed
at least once with a conplenent 1 nhibitor; (b) a progeniture nouse

obt ai ned bypmetecterd) foat Wee rttankiynbnodef cohplmertigpatiopat by theusemand a
decay-accelerating factqr (DAE/ CD55) transgenic .25 npuse is utjilized as

t he immnod’é‘fﬂ%?%’%‘?s %@5%95'0%@!1@}%% > trapglanted hpman RenafRaaiRs Bntheeach of

the follow ng. oefhod is preferable, wherein the i munodeficient
hepat opat hy nouse 1Th said steps (1) and/or (3) is the progeniture nouse

obt ai ngd by(szt laNGePROVBRE tRe PRIMEIhEA Him A hEPARBREE fbfl @RimAMEIRANd a
genetical ly hepat opat hy nouse; the progeniture 9
and
(3) a step comprising transplanting the human hepatocytes isolated from
the mouse liver into the liver of an immunodeficient hepatopathy mouse, and
then feeding the mouse transplanted with the human hepatocytes for not
15 shorter than 50 days under such a condition as being protected from the attack

by human complement produced by the human hepatocytes.

In preferred embodiments of the method of the 2nd invention, the
condition of being protected from the attack by human complement in the step
20 (1) and/or the step (3) is at least one of the following (a) and (b):
(a) the mouse transplanted with human hepatocytes is administered at least
once with a complement inhibitor;
{b} a progeniture mouse obtained by mating between an immunodeficient
hepatopathy mouse and a decay-accelerating factor (DAF/CD55) transgenic

25 mouse is utilized as the immunodeficient hepatopathy mouse.

Also, in the 2nd invention, each of the following method is preferable,
wherein the immunodeficient hepatopathy mouse in said steps (1) and/or (3) is
the progeniture mouse obtained by mating between a genetically

30 immunodeficient mouse and a genetically hepatopathy mouse; the progeniture



nouse i s a hem zygous i mmunodefi ci ent hepat opat hy nouse; and said

hem zygous i nmunodefi ci ent hepatopathy nouse is adm nistered with a
hepat ocyte growt h inhi bitor and then human hepatocytes are transpl anted
therein. 5 Further, in the method of the 2nd invention and its preferred
enbodi nents, another preferred enbodi nent is the i mmunodefi cient

e ot e R LAY, 1058 i ()

and/or (3) Is admnistered™™wth an anti-nous SO, in the
2nd i nvent ilemizydRre dhtirdetciphe TRbERDHEIND QIR IS adnBsRRelelVRith, awher ein

t he human hepatocytes to be transplanted into the inmunodeficient

hepat opat hyhapetaete gravwid inhépitqriand t¢m hunhan depptocliesame trpnspladtedat | ve
human hepat ocytes; the proliferative human hepatocytes are 15 hunan

hepat ocyt e P’é&%‘gni zed by a nonocl onal antibody which specifically

recogni ges human hepatocytes which proliferate with form ng colony; and the
nonocl onal anti body is one produced from Mouse- Mouse hybri dona K8223 (FERM

BP-8334). 20 FumigHerDrifl, thé beéhodeiohotheOridnendiidion W@l &N préferded a
preferred enbodinment that only human hepat ocytes are substantially

i sol at ed i remshahimeny, lynother| gasfermde wiibedimenol iowilieg iprouaddefeserita) and
(b); (a) tgjtreat a liver tissue separated fromthe nouse liver with

col | agenas&€PaRPathy myyse; angplpated with| Rupan hpnageatis HetrigystapsrbHoc! onal
ant i body ' Lfi.cally recognizes..hunman hepatocytes but not recognizes
non- humn%gggfggg%gs. rsf’y rﬁ‘??%n%é?ﬁé’ﬁ??seaﬁﬁ%%&%% ferabl e enbodinment is

that tipg@ nonoclonal antibody is one produced by Mouse- Mouse hybri dona

K8216 ( FERM BP-8333).
Also, in the 2nd invention, there are also preferred embodiments

respectively, wherein the human hepatocytes to be transplanted into the
immunodeficient hepatopathy mouse in the step (1) and/or the step (3) are
proliferative human hepatocytes; the proliferative human hepatocytes are
15 human hepatocytes recognized by a monoclonal antibody which specifically
recognizes human hepatocytes which proliferate with forming colony; and the
monoclonal antibody is one produced from Mouse-Mouse hybridoma K8223

(FERM BP-8334).

20 Furthermore, in the method of the 2nd invention, it is a preferred
embodiment that only human hepatocytes are substantially isolated in step
(2} by at least one of the following procedures (a} and (b};
(a) to treat a liver tissue separated from the mouse liver with collagenase;
and

25 (b) to isolate cells being recognized by a monoclonal antibody which
specifically recognizes human hepatocytes but not recognizes non-human
hepatocytes. In this embodiment, a more preferable embodiment is that the
monoclonal antibody is one produced by Mouse-Mouse hybridoma K8216
(FERM BP-8333).

30
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30 10 The present application provides, as the 3rd invention, a chineric
nouse carrying in the liver human hepatocytes proliferated by the
above-described nethods of the 1st invention or the 2nd invention. 5

Anot her preferred enbodinent is that in the chinmeric nmouse of the 3rd

I nvention, the proliferated human hepatocytes nake up not |ess than 70 % of
the cells in themnkint&ion: 306 obAdARLSE HES IR0 REHERR ARkl LY. The
present application provides, as the 4th invention, a metho For 0

obt ai ni ng luamBting &p ahe tiyérebufiRmphéEaccyitsd badlifatdd By iieabotepai@medes from
the Iiver of the chineric nouse of the above-described 3rd invention.

Fur t her nor énetheds 98 theel tdavertitiarher ther2ndinmention, a preferred enbodinent is
that only human hepatocytes are substantially isolated by at 15 | east one
of the follow ng procedures (a) and (b); (a) to treat a liver tissue

separatgd from e uiBseidiimBbdih il 3A8RATE: chiflid BbulOot SR Bhe cell's

bei ng recogni ze y a nonocl onal anti1 body whic specifically recogni zes
human hepatifeatites, Bhé prélifera@sDBREOShdodiEPMake ApheRat Qomaaszo gk i n this
enbodi nent, a nore preferabl e enbodi ment is that tﬁ% nonocl onal anti body is
one pr oducdbe fcebsritMhesliverparsd/ drysaid thomse hikg hign{ERN BI5®Ba3B)ity. The present
application provides, as the 5th invention, the human 25 hepatocytes
obt ai ned by the above-described nethod of the above-described 4th

i nvention. Further

1 ) . . d h hi i on,
a cellular kit Coﬁ?%%%ﬁﬁéﬁﬁﬁéhﬁﬁﬁﬁ%*ﬁ%%%?%é@%gﬁﬁ5ﬁa?ﬁ%%a%b§§9%£g§3Y§gé'g?h

i nvent 10n. o#Raihing human hepatocytes comprises isolating the human hepatocytes from

the liver of the chimeric mouse of the above-described 3rd invention.

Furthermore, in the method of the 4th invention, a preferred
embodiment is that only human hepatocytes are substantially isolated by at
15 least one of the following procedures (a} and (b);
(a) to treat a liver tissue separated from the mouse liver with collagenase;
and
(b) to isolate cells being recognized by a monoclonal antibody which
specifically recognizes human hepatocytes but not recognizes non-human
20 hepatocytes. And in this embodiment, a more preferable embodiment is that
the monoclonal antibody is one produced from Mouse-Mouse hybridoma

K3216 (FERM BP-8333).

The present application provides, as the 5th invention, the human
25  hepatocytes obtained by the above-described method of the above-described

4th invention.

Further, the present application provides, as the 6th invention, a cellular

kit containing the human hepatocytes of the above-described 5th invention.

30
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Furthernore, the present application provides, as the 7th invention, a
hybrid-type artificial liver filled with the human hepatocytes of the
above-descri bed 5th invention. 5 Furthernore, the present application
provi des, as the 8th invention, nonoclonal antibody which specifically
recogni zes human hepatocytes but not recognize non- human hepatocytes. An
exanpl e of the ' i | g antl (el lV] rom
Mouse- Mouse hyb?%ggﬁg%ﬁg%f%efgéﬁﬁﬁ%ﬁBﬁg%%%§99%%$%b%%ﬁg€¥§$e, t%§ﬁb%esent
appl i cat i omypHaviyges artaficith divét h filley ewithonthea huiih OHeptboftest bNGthe
pharmaceutical kinetics or toxicity of a candidate substance, which
conpri ses @peverregited HhniMertian.i ng the substance into the chineric nouse
of the above-described 3rd invention. 15 Enbodi nents, ternms and concept

described in the above each invention wll be defined nore in detail in
the secgions of pBest. r ViERg: Qut t - Pre I L.oRn or
Exanpl es. Various tec n?%u%lg ?‘gglé}?tr g@gjfc%afog rz‘ﬁdl%%’gatg%e g&%?@%@?ﬁvent I on

may be avainhéidctored antipoandhpitesiesdcsilnesiizag htitdn e genees20ud ndter at ur e
except for the techniques expressly provided with references, by those
ski | | ed i nre¢agniget nordninaxa sipetocytesh dingessmple gfethet 8th éngintienrisrgpeand

nol ecul ar bi ol o sed_in the present invention are described in the

fol | owi ng P oRasoRa) ABtibadi iR ekoS HoM Pips- Motk hybridemasi s & HERMA
LaboratoryEyag§$éy Col d Spring Harbor Laboratory Press, New York, 1989;
Ausubel , F-'M "et “al., 25 Current Protocols in Mlecular Biology, John WIey
& SonsigNew York, N. Y., 1995 et al. Brief description of drawi ngs 30 12

Furthermore, the present application provides, as the 9th invention, a
method for testing pharmaceutical kinetics or toxicity of a candidate substance,
which comprises systemically administering the substance into the chimeric
mouse of the above-described 3rd invention.

15

Embodiments, terms and concept described in the above each invention
will be defined more in detail in the sections of Best Mode for Carrying Qut the
Present Invention or Examples. Various technigues required for operating the
present invention may be available easily and precisely according to the known

20 literature except for the techniques expressly provided with references, by those
skilled in the art. For example, techniques of genetic engineering and
molecular biology used in the present invention are described in the following
literature; Sambrook and Maniatis, in Molecular Cloning-A Laboratory Manual,
Cold Spring Harbor Laboratory Press, New York, 1989; Ausubel, F.M. et al.,

25  Current Protocols in Molecular Biology, John Wiley & Sons, New York, N.Y.,
1995 et al.

Brief description of drawings
30
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Fig. 1. is test result on the effect of a conplenent inhibitor on human

al bum n concentration. Fig. 2 is neasuring result of blood al bumn
concentration in mce 5 transplanted with human |iver parenchymal cells or
smal | hepatocytes. Fig. 3 is test result on the effect of a conpl enent

i nhibitor on mce body weight. 10 Fig. 4 is conparison on human conpl enent

(hC3a) concentr g4l ong he?é?}é’@ﬁpoﬂ tHOTRLEGY cbﬁ%i&ﬁér&riﬁhfq%%?mrﬁhéﬁl%ed and

not admnistered Tn chineric nouse. FiIg. 5 1s a graph showi ng correl ati ons
bet ween hurAbumilibdohdentddioponcentrati on in mce bl ood and repl acenent rate
by human hepatocytes, along with liver function. Fig. 6 shows images of
i munost ai ning by a human specific cytokeratin 8/18 antibody. 20 Fig. 7
shows nagnifiedELna es of innunostqiniqﬁ qiﬁgphunan specifi.c .cytokeratin
8/ 18 anti body. Fi%.<8S LehBETRs A°BHbf Ngod Py GopseRtralien Aln@ires peci fi ¢
CYP2C9 kn } QRS {ﬁgﬂ : 'ﬁﬁ@j r ] man
hepatoc§te§%§E%%%hgais ahgrap H%%gﬁf%% f%ﬁ%???*%@%?@F’ﬁkg Iclofenac in
nouse or donor liver mcrosones. 30 Fig. 10 is a graph showi ng expression
anount of six types of human P450 13 isozynes in a chineric nouse |iver
with various repiad isdestarsult ofr therfect df epamplymest mhdbiter ahine halynouse
liver admnistered with rifanmpicin. Fig. 11 shows test result on human
al bumi n cor®@®%ation in mice blood 5 from mice re-transpl anted wi th human
hepat ocytes. Fig. 12 is test result on the effect of retrorsine
adm nistering in

10 Fig. 4 is comparison on human complement (hC3a) concentrations

between a complement inhibitor is administered and not administered in

chimeric mouse.

Fig. 5 is a graph showing correlations between human albumin
15 concentration in mice blood and replacement rate by human hepatocytes,

along with liver function.

Fig. 6 shows images of immunostaining by a human specific cytokeratin
8/18 antibody.
20

Fig. 7 shows magnified images of immunostaining by a human specific

cytokeratin 8/ 18 antibody.

Fig. 8 is Western blotting analysis result of human specific CYP2C9 in

25 microsomes from mouse liver transplanted with human hepatocytes.

Fig. 9 is a graph showing metabolic activity of diclofenac in mouse or

donor liver microsomes.
30 Fig. 10is a graph showing expression amount of six types of human P450

13



UPA(+/t)/SCID mce. 10 Fig. 13 is test result on human al bumn

concentration in mce blood admnistered with an anti-nouse Fas anti body
i n human hepat ocytes chinmeric mce. Fig. 14 illustrates a growh curve in
cul turing hepatocytes collected from 15 patients of various ages. Fig. 15
is a phase-contrast mcroscopic inmage of cultured human hepatocytes used

as an anti @zjjngg 1 0 : -1 apt i i 161 i mage
of reacti V|qt$ y ~of She{)rg?‘%{)dnﬂaéﬂf %ggg%cﬁgg{]%?leg%ﬁ%g%?étggﬁg I%ﬁesh(gfniﬁﬁm%gl

hepat ocyt eshepasatyvedakyin chibiefd 16066 BeRCRIminsdtaied wigh rffadpicld. s a resul t
anal yzed by FACS of reactivity of hybridoma (No. 25 23)chture

super nat antat human hepatocytes surface imedi ately after separation. Fig.

18 is a phase-cqptrast mcroscopic inmage in callection and culture of a
cel | popul ati on el agmErey TSR BRI HBUmREP TR iSRRI,  23)
30 cultwre t an s I ' nal yzed by FACS of

reacti v?t y %?}HE%?I g%%”ffi%“%‘%?“@h‘??ﬁ?ﬁ%ﬁ%&%%t ant at subcul tured human
hepat ocytes surface. 5 Fig. 20 is a result analyzed by FACS of reactivity
of hybridoma (K8216) culture supernatant at human, nouse and rat

hepat ocyt es sur faged2 ismbesdi zesulty onf ther effect! af iretrorsife Bebhinidtdeng oin
Carrying Qut_the | tion The nmethod for proliferating human hepat ocytes
of the 1st IFPWEZTVS&]S%IHCE'har acterized in that the transplanted human

hepat ocytes are proliferated in a nouse liver, wherein the hunman
hepat ocytes are transplanted into the liver of 15 an i munodefi ci ent

hepat opet hy mouggs arwlid Rae rédifit bEREAtalPRNSE coficdRation in mice blood
administered with an anti-mouse Fas antibody in human hepatocytes chimeric

mice.

Fig. 14 illustrates a growth curve in culturing hepatocytes collected from

15 patients of various ages.

Fig. 15 is a phase-contrast microscopic image of cultured human

hepatocytes used as an antigen for preparing a monoclonal antibody.

20 Fig. 16 is an image of reactivity of hybridoma (K8233) culture
supernatant on human hepatocytes observed by immunofluorescence

staining.

Fig. 17 is a result analyzed by FACS of reactivity of hybridoma (No.
25 23)culture supernatantat human hepatocytes surface immediately after

separation.
Fig. 18 1s a phase-contrast microscopic image in collection and culture of

a cell population reacted (R2) and non-reacted (R3) with hybridoma (No. 23)

30 culture supernatant).
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under such conditions as being protected fromthe attack by a human

conpl enent produced by the human hepat ocytes. As descri bed above, Mercer,
et al. have reported that they prepared an 20 i mmunodeficient hepat opat hy
nouse (UuPA-Tg/ SCI D nouse) and the thawed human hepatocytes stored at a
frozen state were transplanted therein, and as the results, about 50 % of
the liver was replaced by the hunman hepatocytes (Nature Medicine
7:927-933, 2001). However, the human-hepatocytes-transpl anted nouse
prepared by Mer @ig., 1%is @tesutioatdydtby RSCS8el irexivity @ hiBEHas@N®o! 28at i 0 by
human hepat ocytes. The nethod of the 1st invention enables the

human- hepat@dinre supeemasphiaat stbowbitised hurman bepagooes satfasthor t er t han 50
days by protecting the nouse fromthe attack by the human conpl enent 30
produced by the transpl anted human hepatocytes. Thus, extension of viable

15 tinegof a no gthgi t | he nouse
hepat oc?t es to ggg'rje(ﬁsa&ge b y &&%ﬁ tﬁéﬁ%@%@??ﬁ%@%@?‘%gggﬁﬁgﬁgﬁg % The
1st practi calltureasuperritafy it Glunieh,! ReouRCiide Nat MABSSoEYRR thiffack attack
by the human conplenent is adm nistration of a "conplenment inhibitor" into
a reci pi entimmediatelafterviaplatiohe conpl enent i nhi bitor includes, for

exanpl e, nafanostat nesilate (Futhan(r), Torii Pharmaceutical Co., Ltd.),
gabexate nesilate (FOY(r), Ono Pharmaceutical Co., Ltd.), conpbstat nesilate
(Foi pan(r), Ono Pharmaceutical Co., Ltd.), and cobra venom factor (cobra
toxin). 10 By the way, these conplenent inhibitors are nedical drugs

usual | yoused at cell tBe¥tMbadket CRAYHIp OuddRelIndBALOANt at i On, however, at
ordi nary operation of transplantation, %he conpl ement i nhibitors are used

to protect transplanted cells or organs fromthe attack by a conpl enent
produced by the |iver of the recipient. On the other hand, in the present

invention, as thEhf BEPrbir prptfseatg ymean hepatactesibthe dsiinemicen it s own
conpl enent c%%?aétgri%elg Lfn L glefégnnéplmted human hepatocytes are proliferated in a

mouse liver, wherein the human hepatocytes are transplanted into the liver of
15 an immunodeficient hepatopathy mouse and then the recipient mouse is fed
under such conditions as being protected from the attack by a human

complement produced by the human hepatocytes.

As described above, Mercer, et al. have reported that they prepared an

20 immunodeficient hepatopathy mouse (uPA-Tg/SCID mouse) and the thawed
human hepatocytes stored at a frozen state were transplanted therein, and as

the results, about 50 % of the liver was replaced by the human hepatocytes
(Nature Medicine 7:927-933, 2001). However, the
human-hepatocytes-transplanted mouse prepared by Mercer, et al. could not

25  achieve high replacement ratio by human hepatocytes.

The method of the 1st invention enables the
human-hepatocytes-transplanted mouse to survive for not shorter than 50
days by protecting the mouse from the attack by the human complement

30 produced by the transplanted human hepatocytes. Thus, extension of viable

15



hepat opat hy, a conplenent inhibitor is used to protect the recipient nouse
fromthe attack by a conpl enent produced by transpl anted human

hepat ocytes. 20 The 2nd practical measure of protecting a recipient nouse
fromthe attack by a human conplenent is the utilization of a progeniture
nouse, as a recipient nouse, obtained by mating an i nmunodefi ci ent

hepat opat hytiP s ndide FoHIBGL HEGAHACES Id%ts,é%&h ‘/9&%7‘9‘5 6P BAFL{RR)

transgeni c nouse. It has been reported that, CD55 transgenic
mouse, hDAMegpatdayies DDhecvepiaesd &g Human Gbph@eeles Gy rididessthbace &f
endothelial cells in such an organ as a kidney, a heart, a lung and a
liver, and therefore, said nouse had tol erance against a hunman conpl enent

Murakami H T hagi, Y, .Yoshit at M S, Fuji T, T K,
Shi'gehi s T ShiTAICH PRENSH PIHEE At Pxe oo BBF ErtieREm o o or
di r ect sghi ghid RYRIthE KALESI A 185 ABRANPAR 3 iokh 5éom91§§{ﬁl@gggﬂit8f’m ce.

| mmunobi ol ogy, 201:583-597, 1999/2000; van 16 Denderen rse M,

Kat er el os Nhtd\at fdoipidt midtisé: T AnAavsilable AomislaenW\ihhiblien ancibass, forA,
Lublin DM Shinkel TA, and D Apice AJF.; Expression of functional

decay- accelpgmlagnpfaenestal apsdntd (Feibangdioric Phamngpeotiesht Soagdtdst  human
conpl ement - nedi ated atta Transpl.antation, 61:582-588, 1996). |

Therefore, gtgﬁgx?atgc'?lﬁ? ??ﬁ%g%e %ﬁ%’rﬁ‘@?cﬁu%ﬁi Etﬂ*)e Comasat BEshRiEn an

I mmunodef i Gj @qﬂﬁg n - i factor
(hDAF/CD55§F§%%ﬁ§gen|ggﬁﬁﬁ%gﬁﬁggﬁﬁ?gﬁu?%P%?gﬁggﬁggﬁfﬁggﬁgqﬁﬁﬁgEgm%'nplenent

produced b)Bj therad, @dsedohipi@ifetIABIAGYS S% mddiealfbs GoRAlly Lsansaeni ¢ nouse

may be prepared according to a well known nethod for 10 producing a

t ransgeni ¢ transplarfthtion eranrghe trarspianthiion, héwedr, Stiordiss opdralidB0ei7384,
1980) usi ngja vect or, constructed according to the above-described
literatures @ BPB4 complemsas iuhjhitorsgers) wIRSoto ProtegtdrnsRiaRtedn,

61:582- 588’ceﬁ§ %§ )oréag'lsbf?orﬁ%g att&cﬁw g %§m§31%%’fen‘{%‘1%&u8é’d‘ E)}rr %Lle liver of the

recipient. On the other hand, in the present invention, as the recipient mouse
15 1s considered not to produce its own complement due to suffering from
hepatopathy, a complement inhibitor is used to protect the recipient mouse
from the attack by a complement produced by transplanted human

hepatocytes.

20 The 2nd practical measure of protecting a recipient mouse from the
attack by a human complement is the utilization of a progeniture mouse, as a
recipient mouse, obtained by mating an immunodeficient hepatopathy mouse
and a human decay-accelerating factor (hDAF/CD55) transgenic mouse. It
has been reported that, in hDAF/CDS5 transgenic mouse, hDAF protein

25  expressed in high level on the surface of endothelial cells in such an organ as a
kidney, a heart, a lung and a liver, and therefore, said mouse had tolerance
against a human complement (Murakami H, Takahagi Y, Yoshitatsu M,
Miyagawa S, Fujimura T, Toyomura K, Shigehisa T, Shirakura R, and Kinoshita
T.; Porcine MCP gene promoter directs high level expression of human DAF

30 (CDS595) in transgenic mice. Immunobiology, 201:583-597, 1999/2000; van
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of a pronoter of, for exanple, a nmenbrane cofactor protein (MCP) and H2K
(b) 15 (MHC class |I) which have been expressed in wide variety of tissues
and organs. The "imunodefici ent hepatopat hy nouse" to be used for the

met hod for proliferating human hepatocytes of the 1st invention is a
"hepat opat hy nouse"” in which native hepatocytes are dysfunction, and al so
an "i munodséiren BIRE FERHSAT WRAE 18008 Natle 118, 8t Z maiaﬂﬂ,e&daﬁﬁ' I's from
het er ogeneous ani mals.” Accordingly, theée inmunodefici ént hepatopathy nouse
maybe pr epdiVidShynoygBvari:gApablishBhg Shixdtdd A, and DrApTsnAIES PRpaieion diduci ng
treatnents to the sane individual of nouse. The hepat opat hy-inducing

treat nent ifHerteral decar-aceslerpting facton(CPSOhmransgeniamice trpisaks dgainstopat hy

i nducers uch as carbon 25 tetrachl ori de, D-ga) act osamni

) eety! am PRI e By . SRS tosy o S-gEeal9%)

hepat ecomyrmeaddrd, Nl idthiediMhousTMneASE | £ ?gggyﬁﬂu?g "l BRI

I ncl udes adm ni stration of an I mmune suppressor and surgical thynectony,

and the |i iexmGRodifistere hephatopalley fvuBedndfla htitahsdedapurbélepitingdfaptoef er r ed
embodi ment is 17 utilization of a progeniture nouse obtained by mating a
mouse havi nDAEHEDSS) pRBREIYpemonshelpes dpah hiolenatca geainst callyman

' defi ci ent ' defjcient _h t t . F
genet | cal | FoRBSPERLRTRY dron s F BB e B ERE Ry T SeNBroHaged by
Rhim et aty AllCfo %@%%g%%rﬁegaz%%“%%co % EW&}E&B&&%&! lefpatively,
a transgenic i nodetici e epat opat hy Togs e ey be prepared using a

gene t eodevgbancihgpat @paédinid ddusce gaMixBmpld, SPHR: tNfe ALASTEBRIERA
activator gene, and the |Iike) according to a well known transgenic nethod
(Proc. Nat |I77:A33@738¢i . 1288 70si7886- 788r 1@86jructedl saccoadiggneobehei ng
l'iver function (for exanple, a fuparyl acetoacetate hydrase 10 ?ene, and the
i ke) may BEORFEEREIPSLI LISEAFER nrreraoRIsoey k kS5 e94.  APSRLFHN net hod
(Science 244, = , ) | ticall at.opat nouse.
On the. ot el “Rangn At b3l s4¢, RUefhdL2 SHENB dgRiss hoAIPRRREP Bt

of a promoter of, for example, a membrane cofactor protein {MCP) and H2K (b}

15 (MHC classI) which have been expressed in wide variety of tissues and organs.

The “immunodeficient hepatopathy mouse” to be used for the method for
proliferating human hepatocytes of the 1st invention is a “hepatopathy mouse”
in which native hepatocytes are dysfunction, and also an “immunodeficient

20 mouse” which does not reject transplanted cells from heterogeneous animals.
Accordingly, the immunodeficient hepatopathy mouse maybe prepared by
giving both hepatopathy- and immunodeficiency-inducing treatments to the
same individual of mouse. The hepatopathy-inducing treatment includes, for
example, a treatment with well known hepatopathy inducers (such as carbon

25  tetrachloride, D-galactosamine, 2-acetylaminofluorene and pyrrolidine
alkaloid) or a surgical hepatectomy, and the like. The
immunodeficiency-inducing treatment includes administration of an immune

suppressor and surgical thymectomy, and the like,

30 However, in the method of the 1st invention, a preferred embodiment is
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nmouse, well known nouse, such as SCI D nouse, NUDE nouse, RAR knockout
nouse nmay be used. Hereinafter, a nouse obtained by the above 15 procedures
will be referred to as the "genetically i munodeficient hepatopathy

nouse". As to the genetically inmunodeficient hepatopathy nouse, it is
preferable to use a nouse havi ng honozygote of a hepatopathy gene. In such
20 a honozygeis, , 0, Jitl : e,
proliferation ofﬁ(]‘;ﬂuLb%rrw(sa‘{lr‘lp Iﬁg‘%gtﬁ%rg% @dei @%@%&ﬁyyﬁﬁoﬁlé %r?ﬁ?%s%pga éeqn%gice

hepat ocyt esphdyeitype bdhepatopatHyaindvie geriBichily ilnsmGdddechiedn o vhoiRt Ao an
henozygous mice, provability of obtaining such a honbzygous nouse will be
only 1/ 4. 2Zsganpfeficgriidicpaiomithy mprset i il d geneticalip bepatopetity mepat,opat hy -
nouse havi a heno 0 epat opat h e . "hem _zygously

i mrunodef i c%‘l’?"%%@ﬂé%(gﬂggh’& ﬁ’(?b@ 'p}'o%‘h‘%‘ei&y %‘8{‘51 ted: IREHSSr d630APty of
1/2 by eati ] S | by, i 2 use and
S0 D mogee. (30 sl it SRERpHALLS, ikl Wisphi? EHRAYERMIAE Coy
cost. HoweViggpatopath$ nhdieschBay BY geaiskyd L18MenOdekit6 H@%}oﬁlggﬁéﬁga@}ﬂy{f&ouse, _
since one of diploid chronosones is nornmal gene, normal hepatocytes begin
prol i f er at i eamle htissugr typa glaspliongerbectivater genedehdtthelikegfadveptihgpathy gene,

and at around 7 weeks after birth, normal npuse_hepat ocgt es takeover the
nouse |iver%e ?‘@?B‘raé‘,Sg‘?rﬁcgle@}éﬁ’fLﬁpé‘P‘}- NeleARasl S61- A B 24 §88Q174p84, 1980).

I rnmunodef i g t t e i.Ss not uit.abl e.as_ a recipient nouse

For brol 1 oSt HE R e s SEEn (BpRehg ' hEReRI AT SeccP e By st non
of theipst jemeCrdndtheb@ker endy aRs Mndbkéd | At WebddidptBNahGRAL RA¥RAS 1Nt O
t he hem zygously i munodefi ci ent hepatopat hy nouse, a specific i1nhibitor

f or hepat ocgene-tgrgaling msthadnBnieate Pdd: 1288pt202 108W LA slatmirga @ehétiedly

normal i zed nmouse hepatocytes to form col ony. The hepatocyte
hepatopathy mouse. On the other hand, ’as a genetically immunodeficient

mouse, well known mouse, such as SCID mouse, NUDE mouse, RAG2
knockout mouse may be used. Hereinafter, a mouse obtained by the above
18  procedures will be referred to as the “genetically immunodeficient hepatopathy

mouse”.

As to the genetically immunodeficient hepatopathy mouse, it is
preferable to use a mouse having homozygote of a hepatopathy gene. In such
20 a homozygous mouse, normal hepatocytes grow little, and therefore,
proliferation of human hepatocytes is usually not inhibited by mouse
hepatocytes. Note, however, that when mating is carried out between
hemizygous mice, provability of obtaining such a homozygous mouse will be
only 1/4.
25
On the other hand, a genetically immunodeficient hepatopathy mouse
having a hemizygous hepatopathy gene (a “hemizygously immunodeficient
hepatopathy mouse”} may be obtained with probability of 1/2 by mating
between hemizygous mice, or by mating a hemizygous mouse and SCID mouse.

30  This case enables to perform the 1st invention by reduced cost. However, in
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growt h inhibitor includes, for exanple, a kind of pyrrolidine al kal oi ds
such as retrorsine, |asiocarpine, seneciphylline, nonocrotaline and
trichodesmne. In the nmethod of the 1st invention, human hepatocytes to be
used for 15 transplantation naybe isolated froma healthy human |iver
tissue according to a conventional method. A preferred enbodinment, in
parti cul ar,@f é}ﬁ{sﬁ}p 0 ati ve
~hepat ocyt esthﬁal\lleltn%yact I've pr 8???%1%13% Pgﬁéﬁg %’?P gilé? ﬁcev%mp hﬁﬁa

t he presentclironesbines,is q@rx@nlgeaeahbmahuepﬁtobﬁﬁat&@ﬁ P80 hfemraa dw;ﬁan
hepat ocytes which form 20 colonies as a single cell specie and proliferate
so as to grfémqﬂelo&?ﬁ?ﬁcégs‘a‘hﬁbleﬁqnmfhepa@wﬂmgﬁne et aroond 7Suetkst ype of

rowth ma tiymes be referred to as | onogenic proliferation" because
? he col on§ %%FW%%F% I‘é‘?‘é’*%ﬁﬁﬁ&?@?s %lo‘éﬁr %5? Em&‘gf’ Folv%rpergli"“é'e?c’lf&rlflher ,
SUCh cekl s rdl SRS séﬂ Bu& n%Hgﬁé&' h%ﬁﬁqﬁrﬁéga{ﬁc eexa”p' e

such proliferative human ato ytes s
| nvent ed bysmtmdoa@a emplbﬂvﬁml@é &zqirohﬂtmoﬂumﬁﬁtue@atd@tesbemalg@dn That
is, the present inventors have found that the small hepatocytes having
hi gh pr ol i ftheaprecinresoembodiaterdrof tentsti imedntion,sbefarte Tansplamtationveith and 30
have applied for patents (JP-A-08-112092; JP No. 3266766; USP No.
6, 004, 810, Tumsp eROPFEN 4Bto fhe Ngemizygqunly | imypunedefisiangshepatppalhy

3157984, & i.n r.ti t her eof, have
been publ i sﬂ&dgg(a%]?egfgc “%Eblg%df q;eﬁ’%goz%’t %2“% g“ a?ﬁ%fegltf)fpé?veﬁftl ation
in cul tore fréh gewnp&&mrﬁaahl@&ﬁm&ﬁ@pamyteswmﬁﬁcm{w Phe RebyRepteOf
hepat ocytes and 5 biliary epithelial cells. Am J. Phathol. 149: 1593- 1605,

1996; Hi no,gréwtiTatlehiver inCludsat for ekbmybayaddhd of ﬁyrr&hcﬂmyaMmSS sohashi , T.

Aratani, A Asahara, T. Dohi, K. and Yoshizato, K ; A long-termculture
of human hé'ﬁHPB%??»éé‘S‘ﬂﬁ?W%ﬁSW%P Yhge, HeBosTRtalseand wichadesminsr ess t hei r
differentiated phenotypes. Bi ochem

In the method of the 1st invention, human hepatocytes to be used for
15 transplantation maybe isolated from a healthy human liver tissue according to
a conventional method. A preferred embodiment, in particular, of the method
of the Ist invention, is use of proliferative hepatocytes having active
proliferation potential in vivo. By the way, in the present invention,
“proliferative human hepatocytes” means human hepatocytes which form
20 colonies as a single cell specie and proliferate so as to grow the colonies under
in vitro culture condition. Such type of growth may sometimes be referred to as
“clonogenic proliferation” because the colony forming cells are composed of a
single cell specie. Further, such cells can increase the cell population by
subculture.
25
As an example of such proliferative human hepatocytes, the human
small hepatocytes invented by the present inventors of this application may be
used. That is, the present inventors have found that the small hepatocytes
having high proliferation potential are contained in a rat or human liver, and

30  have applied for patents (JP-A-08-112092; JP No. 3266766; USP No. 6,004,810,
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and Bi ophys. Res. Commun. 256: 184-191, 1999; Tateno, C. Takai-Kajihara, 10
K.; Yamasaki, C. Sato, H and Yoshizato, K.; Heterogeneity of growh
potential of adult rat hepatocytes in vitro. Hepatology 31:65-74, 2000;
and Katayama, S. Tateno, C. Asahara, T. and Yoshizato, K.; Size-dependent
in vivo gromh potential of adult rat hepatocytes. Am J. Pathol. 158:

97- 105, 200jp.a-f@i1%o1 9805 SKB! | sheRalioc ybes7g2shapiel Yo N33s576E4.0! ent
body, and can forma 15 human hepat ocyfe popul ati'on’havi ng nor ma i ver
function i TBAe?-B18172; dife Noo 3GL4829)0r Rulatrd efrtiticontipoédnhsve Suweh smal |
hepat ocytes may be collected by the nmethod using centrifugation described
in the aboviiplished (TaionetG.orsl YeshizataeKh Sowth and giffespntiztiorf maetitwmsat or

h torj at d FACS. Furth t ocyt liferating with
For mi ng. col Srjo Pl ReaoT Paet CIP 0 ReaPROROSPONS hegpipraghgnd.

spect 1 &al | b COHRNCARNGILIAN J THRfBH166: PSofTBDL, IRRREAGY IFSTABY,, P 1 N

vitro proliferat uman hepat ocytes, store epatocytés ' in a state,

i rmor t al i zed. SiepaI.oCheKDC. Kt 4Raug S, BlohakhiS T CAradenigA L la0aes asBotigne, and
a 25 mxture of these hepatocytes and non-parenchymal cells. Another
exanpl e of Mrasd YeshazstoKhdrang-hepateliytesf human depatoanies whidpshoe at es

recogni zed by, t he nocl gnal anti body, (Ex | e 6) specific far

proliferat i]?}éhi% ﬂ@&?&?@ﬁ%@f@éﬁf@ﬁhﬁr ?rép‘é}{a%e\?epwfﬁe&&?w-es 30
recogni zed : 6l oRal-. i,bed \ | i high purity
by 905wl FHBITRSE RLE CTRORRO08G, 154101 0BT HEnS & SHIEE Kl

techni goe, K¢¥pendhkig C0Batdbelsmhdofodhiatant | PeiitogdeRtg o8 kRdwth SBakat i on of
the proliferative hunman hepatocytes can be perforned ereby a nonocl onal
anti body | adedsel rathe¢patecytysim, vitradilepatologpa | : 6mFreR000; bedd&atayarhb Br escent

pignent is brought 5 into contact _w_.th a human hepat ocytes popul ati on and
hepat ocyt esl afaP-cGt iAsgharapbl agd st opugatey K-5i srdepandoieire y¥pngrayded for

| abel ing i - Sp ({ I LinLte a as-d.tocan-satisfy. canditions
| abel g, | S gl aREold e Nepd bt £hm?3. baR% Fsd 0P 3055307 Ys8A
human small hepatocytes grow rapidly in a recipient body, and can form a
15 human hepatocyte population having normat liver function in short time due to

superior proliferation potency.

Such small hepatocytes may be collected by the method using
centrifugation described in the above prior inventions, or a method using a cell

20 fractionator such as an elutoriator and FACS. Further, hepatocytes
proliferating with forming colony can also be collected using a monoclonal
antibody specifically recognizing them. The source of small hepatocytes may

be in vitro proliferated human hepatocytes, stored hepatocytes in a frozen state,
immortalized hepatocytes by introduction of such as a telomerase gene, and a

25 mixture of these hepatocytes and non-parenchymal cells.

Another example of proliferative human hepatocytes includes human
hepatocytes recognized by the monoclonal antibody (Example 6} specific for
proliferative human hepatocytes. Such proliferative human hepatocytes

30  recognized by a specific monoclonal antibody may be obtained in high purity by
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nunber, exhibiting stability in a state of binding to an anti body and
specifically <coloring substrate; and includes enzyne generally used in
El A, such as 10 peroxi dase, (3-gal actosidase, al kaline phosphatase, glucose
oxi dase, acetylcholinesterase, glucose-5-phosphate dehydrogenase and

mal ate dehydrogenase. An enzyne inhibitor and a coenzyne can al so be used.

Bi ndi ng betygef eif nfeltydSGci ad éﬁ?ﬁ%ﬂ%@tﬂﬁr@@&nﬁ%ﬁ%hﬁ%&rﬁ%%hk”OW”

met hod using a crosslinking agent suc s a mal ermde conp 15
regard to sddpehiistn KBEWOS Siehsiboag. Crhdbetelys Seh-4a06M ] the pRaliftRRe Of
enzynme used. For exanpl e, when peroxidase is used as the enzyne,

3,3',5, 5 - thumandehgtdseiesicdirbe neaforived ywdedebnadatvelvnal katibedy jphelsghat ase
is used as the enzgne,.such as p-nitrophenol_ can be used. Wth reqard to

the radi oi 'S5 PE™ETRILAIEGIBRE TPoeRrticP T4 B L wreisent Rercatdy PFought1 251 and
3H ) i [ i ;
can Be %ﬁr&écﬁﬂa%r%‘ég ar}ft&ééﬁ' hkg%éﬁggteg%tﬂg{%g@%%nﬂép%@?&&es H%Zi%ng

conventional 'y use uor es technirque~suc

f1 uor escenaghéls@tsiie Yao adatel] TRle edfithd akéd g RBERRO daRbNSpéERiNyocyanat e
(TRITC) can be used. Wen a enzynme is used, detection of Ia%eled si gnal
can be per flonied] &y laddandgt caulsstisfyt egnditiosh sdelv elsopaving |lanze biyarnover
deconposi tion gue to_enzyne, action, 25 foll owed by assay%&gﬁenz neyactivity

by neasur i iPRRE gERibHREHaPTiRbR Stgte ofihipding e an 2pabpdy
converting t of un nt i_bod and al cul at i t he ,ant i body
amount bygbf:é)l?ong %%gﬁéﬁ’ v‘u“ﬁ“ﬁi‘é 5 5%@5%45 %FgFﬂaéf_y i ﬂnaﬁgﬁd‘?‘%ﬁ’}%@tsope i s

used, nedi YdroAdasant ploki-LMsIdRE, byltdRer aghodRRkARe | ducdRasykgdsdy using
a scintillation counter, and the |like. When a fluorescence 30 pignent is

used, fl uoreestdciodingsierake, s geasarteghbyplapparddhydrapnbsacdnd t hakat2]

fl uorescence_m croscope. As descrjbed above, human hepat ocytes, eiyecially

prol i f er at i4R8YATREERaShepiit cEPYDS, nbifitaseand hspeumed cRmtgsarpe used.

e iyl RGOS P GTRARE, B8 AnTBUEReSPhER0icR SPERELERY 11 1
method using a crosslinking agent such as a maleimide compound. With

15 regard to substrate, known substance can be used depending on types of
enzyme used. For example, when peroxidase is used as the enzyme,
3,3’,5,5-tetramethylbenzidine can be used, and when alkaline phosphatase is
used as the enzyme, such as p-nitrophenol can be used. With regard to the
radioisotope, conventionally used radioisotope in RIA such as 125] and 3H can be

20 used. With regard to the fluorescence pigment, those conventionally used for
fluorescence antibody technique such as fluorescence isothiocyanate (FITC)
and tetramethylrhodamine isothiocyanate (TRITC) can be used. When a
enzyme is used, detection of labeled signal can be performed by adding
substrate, which develops color by decomposition due to enzyme action,

25 followed by assaying enzyme activity by measuring the decomposed amount of
the substrate by photometry, converting to an amount of bound antibody, and
calculating the antibody amount by being compared with the standard value.
When a radioisotope is used, radiation quantity emitted by the radioisotope is
measured by using a scintillation counter, and the like. When a fluorescence

30 pigmentisused, fluorescence yield is measured by apparatus combined with a
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via a portal vein may be possible. Nunber of human hepatocytes to be
transpl anted may be approximtely in the range from1l to 10, 000. Further,
in the preferred enbodi nent of the nmethod of the 1st invention, 10 an
anti-nouse Fas antibody is adm nistered into a nouse transplanted with
human hepat ocytes. An anti-nouse Fas anti body i nduces apoptosis by

reacting Wﬂ{br%g@en%g%ai@msl:gﬁé on nouse hepatocytes. Adm nistration of the
0

anti-nouse Fas anti y 1nto the nouse transplanted with human hepat ocyt es,
causes nmouse hepatocytes apoptosis, and leads themto die. Since this 15
anti body does not affect human hepatocytes, only transpl anted human

hepat ocyt es may 4 iscfibed abowe human/etpato@es, lespeaialypolifareiivalemant rati o
of human hepatocytes in nouse |liver may. further be increased. A nethod for
or ol | f er at | NPARRHSS FeB Be SEARBlente e 58 imamodeficienbheratopaiyy AL | on

wil | bemexpl:ai T . f i | ' ri zed by
Carryi g oot anaouReiiecar oS diRkbeh fmp ntiile. MUEIMAD: (R GBRARER 0
are prolifefat£eoiial &efDwsd; beVisdssHldl | RakibeR %l Kuthhe hePatdBiopds ofe the 1st
invention. Step (2): Human hepatocytes proliferated in a nouse |liver are

i sol at ed. StrapsylaptedFhay bs@bateimhteinin tepainge fitoes 1apd O4@Qhspl ant ed
respectively into imunodeficient hepatopathy m ce, and the human

hepat ocytes are proliferated simlarly as in the method of the 1st

invention. 30 2 ddi .t i.n.th t hod t he 2 invention,. the
above-descri bed%sﬁ%égﬁ%e%g%fﬁh?g')em}}og%}l %%te%f;%{é%méet%"?d;%stbe\oiﬁ{c]]é{veﬁ%?’ is, in
the stap (lan aHHMBBusIERALAGKS@PFid 4BNFRLRMER ) Al Bodsd RS SpMhtdd Witer ease
the cell nunber up to 100 times in the nouse |iver. There]faore, if all the
prol i f er at dduinamahewpegtosyt As dntdmsousec Bue reditiodyt ineluste mpoP)gsis oy
principle, 100 mce_may be transplanted with o )

reacting with the Fas antigen on mouse hepatocytes. Administration of the

anti-mouse Fas antibody into the mouse transplanted with human hepatocytes,

causes mouse hepatocytes apoptosis, and leads them to die. Since this

15 antibody does not affect human hepatocytes, only transplanted human
hepatocytes may proliferate selectively. By this method, replacement ratio of

human hepatocytes in mouse liver may further be increased.

A method for proliferating human hepatocytes in large scale in the 2nd

20 invention will be explained next.

The method of the 2nd invention is characterized by carrying out the
following steps (1) to (3).
Step (1): Human hepatocytes are proliferated in a mouse liver similarly as in the
25 method of the 1st invention.
Step (2): Human hepatocytes proliferated in a mouse liver are isolated.
Step (3): The isolated human hepatocytes are transplanted respectively into
immunodeficient hepatopathy mice, and the human hepatocytes are
proliferated similarly as in the method of the 1st invention.
30
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human hepatocytes at the step (3), and finally, human hepatocytes of 100 x
100 tinmes initially transpl anted hunman hepat ocytes may be obtai ned.
Further, by repeating the steps (2) and (3) tw ce, human hepatocytes of
100 x 100 x 100 times initially transplanted human hepatocytes nay be
recovered. 10 In the nethod of the 2nd invention, the step (1) and/or the

LD ) h SRR e KIS SSRGS o - Sheoe b

met hod of the I nvention and a pre ereo e term

above "and/geps (Z/eans(3) ket ropeaté@atidLiBite. Thihhes, BitHe Gt (1) NBuman
above-described 1st invention 15 nmay be perforned either in the step (1)

only, or i rhegatocsteptraByplanted intyy a impusewhll irstreqee the relhndn(t®y upRorl0éxanpl e,
in the step.(l%, i ve_hunman hepat ocytes recogni zed by the

lif
above- describg 19iﬁé;ﬁ°B§éﬁgﬁht?B@@?”?f%@n§?%P?ﬂﬁ%ﬁﬁﬁ4§HFHQPJWP?%5W§ﬁIanted

into a us ' S 3 . Of tocytes
may be §2e. 5?9 Fg%%p gﬁ%%??&%?hk%@hgpgﬁ&Ppgﬁgﬁgg%ﬁﬁfﬁggggﬁgg%ge- escri bed
1st inventiRimERhePBtcetcdGh Btk SBP mpimﬁﬁﬁdj%v, HapeRdidpatdites ofdouikdeg nouse

i n which human hepatocytes are proliferated, applications of the human
hepat ocyt estimes snitialyltrineplaataibiusman dregatdegtesinkay bd bistagicelp Faithef, Hyhe 2nd

I nvention is a process where the proliferated 25 human hepatocytes in the

step (1) [tiecitie thrpispe (Yral (3)dwigse human heratoeres of 0@ x(¥90 5180(3) are
repeated) are isoha eg_fro use liver. As to the separation method,
various. metgs BRHART ekt dRBR Rl SarfratSno S 8i/00. “and < he
i ke) gay be applied, however, application of at |east one of the followng
nmet hods (a) and (b) is preferable. 30 23 Method (a): By treatnment of a
| iver tissue separthtetthodnf thentntbhvehtiat, thietshep dphhdfanhsetesiBpaiagnti al |y
only human hepatocytes are recovered. As
be conducted by the same procedures as in the above-described method of the
1st invention and a preferred embodiment thereof. The term above “and/or”
means that one requirement in the method of the above-described 1st invention
15 may be performed either in the step (1) only, or in the step {3} only, or in both
steps (1} and (3). For example, in the step (1), proliferative huuman hepatocytes
recognized by the above-described monoclonal antibody (the 8th invention) are
transplanted into a mouse, and in the step (3), all of the recovered human
hepatocytes may be used for transplantation. Each requirement in the
20 above-described lst invention may be selected appropriately depending on

individual mouse in which human hepatocytes are proliferated, applications of

the human hepatocytes recovered from a mouse, and the like.

The step (2} of the 2nd invention is a process where the proliferated

25 human hepatocytes in the step (1) [the just before step, in the case when the
steps {2) and (3) are repeated] are isolated from a mouse liver. As to the
separation method, various methods (for example, a collagenase perfusion
method, and the like) may be applied, however, application of at least one of the

foliowing methods (a) and (b) is preferable.
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cytotoxicity of collagenase is higher for nouse hepatocytes than for human
5 hepat ocytes, nouse hepatocytes may be damaged dom nantly by controlling
di gestion period with collagenase, and only human hepat ocytes may be
col l ected. Treatnent period by coll agenase depends on rati o between human
hepat ocyt es and nouse hepat ocytes, however, for exanple, if content of
human hepajQayhigs:is not lower than 70 % treatnent period may be from8
to 20 10 mnutes. Method (b): By isolation of cells recognized by a

monocl onal ant i Bydyentihedx of pedtivét aaklhy depaegoi zRsmhunmdubepaledCyites but
not recogni zes non-human 15 hepatocytes (the 8th invention), highly pure
hunan hepatcelggassey substantiallyd onludimanphepdtonidts are beedyeredy bés
exenplified t.h nogl onal ant i hody. roduced by Musge- Mpuse hybri doma
KB8216. ( FERGYRITHTRE P Cofeeirge fr P Jhr BIOUHHats O AT PORm: s
"chimergc y 0 | | | I n human
nepat ooyt o o pia HAE AL LA AHAE mihnely Y bontIB0E)

i nvention aligedtign p&N@N Wit . collagetd¥eRmd oiBUSRInhen MephtdcgRlsy neebki ved not
shorter than 50 days, nore preferably not shorter than 70 days from

t ranspl ant gellentedi Theatmrentinepiatlduytodiagenaseattpenidoon ratie betweenrhiwmanuse i s
preferably_one, having 25 replacenent _ratio of nouse |iver by human

hepat ocyt eélePE‘f%&eslaG\%éPo‘ﬂ?é%P%O%es’HBWS"er@Fé?‘%TBP&?’ Heenteghefhuman 9o o
and part | cYBhlotyRat UANbYel ad 9000, 1ARNRE pdbiod MAPEL £ul% FILAR!! €
nmouse i s one having human cytochrone P ac PV|?y. hat "i's, there are
dozensiof ms@nyses i n human-type P450, such as CYP1lAl1, 1A2, 2C9, 2C19, 2D6
and 3A4, however, the chineric nouse of the 30 present invention is
characterized by expressing these human-type P450 24 substantially in the

sanme | evel as huyman hepatocytes. The cytochrone P450 is protein taking
part in met/iHBPE & of ecdeni ¢ chenical substances in a liver,

By isolation of cells recognized by a monoclonal antibody which

specifically recognizes human hepatocytes but not recognizes non-human

15 hepatocytes (the 8th invention}, highly pure human hepatocytes are recovered.

Such a monoclonal antibody may be exemplified by the monoclonal antibody
produced by Mouse-Mouse hybridoma K8216 (FERM P-18751).

The 3rd invention of the present application is a “chimeric mouse”

20  carrying human hepatocytes in the liver, wherein human hepatocytes are
proliferated by the methods of the above-described 1st invention or 2nd
invention. The chimeric mouse is preferably one lived not shorter than 50 days,

more preferably not shorter than 70 days from transplantation of human
hepatocytes. In addition, the chimeric mouse is preferably one, having

25 replacement ratio of mouse liver by human hepatocytes is not lower than 70 %,
more preferably not lower than 90 %, and particularly preferably not lower than

98 %. Further, the chimeric mouse is one having human cytochrome P450
activity. That is, there are dozens of isozymes in human-type P450, such as
CYP1Al, 1A2, 2C9, 2C19, 2D6 and 3A4, however, the chimeric mouse of the

30 present invention is characterized by expressing these human-type P450
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and therefore, a nouse |iver expressing human-type P450 nmay netabolite
chem cal substances or the like substantially in simlar manner as a human
5 liver. Accordingly, the chimeric nouse of the 3rd invention enables a
method for testing, for exanple, influence of efficacy or toxicity of
medi cal drugs on hunman hepatocytes (the 9th invention). By the way, the

di cal drug i invention). By the ua
e e R i K S e N

| n addi ti ons ploteRPialiatd it of nittdlblishl FRIddemi®HSENRAT SiliRshdeR ih Baivet,ver
human hepatocytes proliferated in large scale by the nethod of the 2nd

i nvention, arsl theyeiond,ad imouse livdri enpressing Usenaedype £460ynay métabekice

hunman- deri ved hepat C¥t es, and thus, enables to. conduct a | arge-scale test
under a sulSEEHE aﬁ‘ﬁ&? HiCP GO e dikgiubsirntpadly 1 SR MAPEST A8 R BrmeHe

present =appl.j.caty I : f | selat khng. n.h tocytes .fromthe
chi rrprig m%)g'g g‘)qfc gﬁdéﬁ%%’g%lg%gg%%@%rogtﬁ% %gcgﬁ}‘ﬁg}éﬁ.gnfﬁlgg%ﬁ&rﬁ% Oﬁay be
carried outfos kdBung! kot SEanhple! EIUEhEP of 2icaty bR RoxidRP Ve niler&l Idags 4ad

i nvention. 20 The 5th invention of the present application is human

hepat ocyt eshumngno hapatcitesifiticfihlinvertion. Byethehvaye thepriotiswettyori hetheet hod
for the above-described 4th invention. These human hepat ocytes have

subst ant i alRTgsertiavadars (Pvan20Pgrta08n shigeripapimalslapay be yelesrefto gnhuman
liver tissue virt . of. proliferating in an indi.vi dual se.

acoor di nt Ry edshiet St R PG Ritwsh MRLaRBlvRes Te THE S eh 2

i nvent i@n, AikRBMASRAMREMDE I thé 1480 BbH hdpAYERtdsORblibhEh iﬁ%ﬁe used
for a drug netabolismtest” and a safety test, "or a hybrid-type artificial
l i ver (the sthle bhnttentiietdnyd ofisheb2ng imwendied, isFa pbpealationsifrhimariebahiise (a
modul e filled wth human hepatocytes) to be used for a hybrid-type
artificial 9achefarrsing (thp| s hewaarderiped hepatpepiesh andnthivepsreblese® may be

30 Teoover edoghd: Afah? AaSRR S5 s b st QoY BTk 1 depending

15 The 4th invention of the present application is the method for isolating
human hepatocytes from the chimeric mouse of the above-described 3rd
invention. This method may be carried out similarly as in the step (2) of the

above-described 2nd invention.

20 The 5th invention of the present application is human hepatocytes
isolated from the liver of the chimeric mouse by the method for the
above-described 4th invention. These human hepatocytes have substantially
the same liver functions as normal hepatocytes in a human liver tissue by virtue
of proliferating in an individual mouse. Accordingly, by application of the

25 human hepatocytes of the 5th invention, a human hepatocytes kit (the 6th
invention) which may be used for a drug metabolism test and a safety test, or a
hybrid-type artificial liver (the 7th invention) may be provided. Further, using
amodule (a module filled with human hepatocytes) to be used for a hybrid-type
artificial liver, valuable substances produced by human hepatocytes may be

30 recovered.
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and applications are well known. Therefore, the cellular kit of the 6th
invention may easily be prepared by those skilled in the art by adopting
the 5 human hepatocytes of the 5th invention and conpositions of well known
cellular kits. Also, as the conpositions of nodules and hybrid-type
artificial organs are well known, it is easy for those skilled in the art
to prepare the artificial liver of the 7th invention. 10 In addition, the
8th invention of the present application provides a nonoclonal antibody

whi ch speci fi calak)oeE&b&Rss RPN RPRRS Yt Rits Wefendiag SNl &ReRPNI ze
non- human hepat ocytes. This nonocl onal anti body may be prepared according
to well knewd applicesionsdafeoweflr kpewnt i Gheoffor®, nbaocdllmbal kitndf boelyoth
("Monocl onal Anti obody" Naganmune H?. and Terada H.; Hi rokawashoten, 1990;
" Monoc| onaMMY¥ERtosnsdy casiy be Propaneddihiiose killedei theat bXcadpping theess,

1996), ELor I C di t.ne fol | owi,n rocedures. 1

pr epar ab | of RARiERARERRCH, Phe oy SR FfbRRORY B e Koum

| Munogen cembRk MRy ABUPSUIHUESHRHLIABASs BRMTaIheRad Agkligtypaartifdial
necessary, aninmals are suff|C|en?Iy sensitized by imruni zing properly and
addi t i onal loygandnbarebwdl knprog Ut isngasyeldr $hobey shilled \ihetheoart splpeeparecthles) are
then collected fromthe 25 animals to obtain hybrid cells between these
anti body pestflicirhiye of fae dHyInvEpEPBMa cel | |ines. Cells which produce an
obj ective nonocl onal antibody are selected fromthese hybrid cell |ines
and cultured to obtain hybridoma cells. Each process is explained in

detai | 1gpel ow. 36, ahdRiEPALRL 3@ iRen@Bnl Wgﬁ@&%@g@%@ﬁ%&ﬁﬁ Les

separated fromnormal liver tissues using ¢ agen ured to
prepar e annsmshwgerantibbde wWhithnspdeirally aytamisspainkachépaoehesrand! i ver
ti ssues not ol der than 15 years ol d,

does not recognize non-human hepatocytes.

This monoclonal antibody may be prepared according to well known

15 method for preparation of a monoclonal antibody {(“Monoclonal Antiobody”
Nagamune H?. and Terada H.; Hirokawashoten, 1990; “Monoclonal Antiobody”
James W. Goding, third edition, Academic Press, 1996), for example, according

to the following procedures.

20 1. Preparation of hybridoma cells
Mammalians are immunized by using an immunogen containing
subcultured human normal hepatocytes, and if necessary, animals are
sufficiently sensitized by immunizing properly and additionally. Antibody
producing cells (lymphocytes or spleen cells) are then collected from the
25 animals to obtain hybrid cells between these antibody producing cells and
myeloma cell lines. Cells which produce an objective monoclonal antibody are
selected from these hybrid cell lines and cultured to obtain hybridoma cells.

Each process is explained in detail below.
30 a) Preparation of an immunogen
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whi ch are able to subculture for not |ess than 4 passages, preferably not
less 5 than 6 passages, are preferably used. b) |munization of aninmals
Animal s to be i mmuni zed can be mammal s used for known hybri doma
preparation and include typically, for exanple, mce, rats, goats, sheep,
bovines 10 and equines. Mce or rats are preferable animals for

muni zatti on 1 ofbhe SANMAOAL BhaaARY AUAl LAY Yed! MYEETRLEI IS to

be fused with separate anti body producing cells. There 1s no specific

limtation @llagéiaensrd®f subcgnasd td répaet bl lishniseshenandTEE I Bhfignof m ce
such as A, AKR BALE/c, BDP, BA, CE, ~C3H, 57BL, C57BR, C57L, DBA, FL, HTH,
HT1, LP, NZBpatgtgtesRecpamitiet fr@gilhumsn SWR tivBiesnabtidlder thea b% yednsoldf rats

such as Low, Lew s, rague, .Dawel ey, =~ ACl., BN and Fi sher can be used.
Consi der i ngW%ﬁﬁFia@fﬁF 9 %}ﬁ%ﬂ" tdeseihen 4 PaRFagsSwPIcterBRY gt s¥hed
her ei nb?I omﬁlaﬁ%_?égsa%%a%gpg_anﬁwgg%&nd Low strain for rat are

particularly prefera 0 be immuni zed. Ages of these mce
and rats for inmunization are preferably 5 - 12 weeks old. 20 I nmrunization
of animals can be perfornmed by adm nistering subcultured human hepat ocytes
as the i mundgenunizbton of 84inifl8 cells, intracutaneously or

intraperitoneally into the aninmals. Adm nistering schedule _ of the

i nmunogen depen § ppsirpnugizeriag homgaupalsukeddar knpwahybgdama

differences, etc.. however nerally frequency. of adm nist.eri the 25
mmunogen | &eptatior BN ELARRAREAl, Yor e R ptcRural B e S Bl s
case Qb Mudd BLOnBLMVICS bF #hisON1e: préfer&Sik lanfialORr FANRERZ48 BoB the

| ynphocyt es contai ni ng anti body producing cells are 30 aseptically

col | ect ed fstamipdiat afiicrst aviitatiktyi ofmgeloath aélleto be-fubedlayith bepamatdie 27
final irmunization date on the above adm nistering schedule. The separation

of the anti¥diRpdyrsadiering cells-| Sheedng speefic Hmitagiopon sirpng elmics be
rats actually used, and strains of mice such as A, AKR, BALB/c, BDP, BA, CE,
C3H, 57BL, C57BR, C57L, DBA, FL, HTH, HT1, LP, NZB, NZW, RF, RIII, SJL,

15 SWR, WB and 129, and strains of rats such as Low, Lewis, Sprague, Daweley,
ACI, BN and Fisher can be used. Considering compatibility with myeloma cells,
which will be explained hereinbelow, BALB/c strain for mouse and Low strain
for rat are particularly preferable for animals to be immunized. Ages of these
mice and rats for immunization are preferably 5 - 12 weeks old.

20 Immunization of animals can be performed by administering
subcultured human hepatocytes as the immunogen, about 104-108 cells,
intracutaneously or intraperitoneally into the animals. Administering
schedule of the immunogen depends on types of animals to be immunized,
individual differences, etc., however generally frequency of administering the

25 immunogenis 1 - 6 times and an administering interval is 1 - 2 weeks in case

of multiple administrations.

c) Cell fusion
Spleen cells or lymphocytes containing antibody producing cells are

30 aseptically collected from the animals to be immunized after 1 - 5 days from the
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performed according to a knowmn nethod. The antibody producing cells and the
nyel oma cells are then fused. The 5 nyelona cells used are not
specifically limted and can be selected appropriately from known cel

| ines for use. However, considering convenience in selection of hybridonma
fromthe fused cells, use of HGPRT (Hypoxanthi ne-guani ne

hosphori b hﬁﬁﬂﬁﬁf% LGl iéﬁﬁg ' e ' racedure
Fhergof hagﬁﬁgen estatﬁﬁgiggsﬁfgé%?gféia efﬂﬁgﬁéﬁ§¥“?ﬁog§g% %ﬁ@mﬂ
X63- Ag8( X63f, th¥SAnitigely biddfrcllg EBXGRrAGPIsE B3 Jor lymiidches8. &a3(H¥63. 653) ,
SP2/ 0- Ag14(SP2/ 0), MPCl1-45.6TGL. 7(45.6TG), FO,  5149/5XX0, BU. 1, etc.
derived fr dmarfereed a2eordRey® Almown 1B¢tVRYl, etc. derived fromrats; and

U266 AR( SKO- 007 GM 15007 GIG Al2 1500), UC729- LI.CR- L O HW2( HW2) ,
8226AR{( NI P4- i%@&%&@@&%g&é&ﬁ‘g@nﬁ& Gt ool's aFe S uSFdt HéCant i body
produci 89 GelLiswandchbe, ayuel grmoagel Licaambeypgh! QhIedaas LaPRLARLLR! e

y educi ce I't q

under conditions w thout extrene VI abi y according to a
known met haghprSueitely ioth Raewhrel Udestor (16¢. W&ﬁ,conﬁdéhﬁgts@&enﬁ@{daod for
adm xi ng the anti body producing cells and the nyeloma cells in a high
concent r at iion ssidativhonofof hybrpipinyare froguic thes fipsidy etdild, enmegl ofc dHGPRZO and a
physi cal neghod utilizing,electric stinulation. Selection of fused cells

and non- f udEYPEEAY FIBLRF ShesPhoeyBransderase) defigetpiteainpWher@Rown HAT

(hypoxant hi pe- ani |0t L di |ection. method. This hod is
(ypoxant o AL Dol U LBl SELERUASN o IRENGR. TOLSIRMRS 1o
deficieot shkain WesRogawanot Vi RBheaday 100E 1pr esenpgxel-A28 @ip3ens.erin.
Nanely, fused cells with resistant to am nopterin can selectively "be |eft
and prol i f etGii-ad86p3({63.653)n GPAHM-Ael 98P 6), | MPEhT-4SUSEG 1 .T613.6 TG RAAT

medi um d) Screening of hybridoma 30 Screeni ng of hybridoma cells producing
an obj ect i V%I%ﬁgeq(g@ylggc derived from mice; 210.RSY3.Ag.1.2.3(Y3), etc. derived

from rats; and U266AR(SKO-007), GM1500? GTG-A12{GM 1500}, UC729-6,

LICR-LOW-HMy2(HMy?2), 8226AR/NIP4-1(NP41), etc. derived from human.
15 Fusion of the antibody producing cells and the myeloma cells can be

performed as appropriate under conditions without extremely reducing cell

viability according to a known method. Such a method includes, for example,

a chemical method for admixing the antibody producing cells and the myeloma

cells in a high concentration solution of a polymer such as polyethylene glycol,
20 and a physical method utilizing electric stimulation.

Selection of fused cells and non-fused cells are preferably performed, for
example, by a known HAT (hypoxanthine-aminopterin-thymidine) selection
method. This method is effective for obtaining fused cells by using the
myeloma cells of HGPRT deficient strain which can not viable in the presence of

25 aminopterin. Namely, fused cells with resistant to aminopterin can selectively
be left and proliferated by culturing non-fused cells and fused cells in HAT

medium.

d) Screening of hybridoma

30 Screening of hybridoma cells producing an ohbjective monoclonal
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anti body can be perfornmed by known nethods such as enzyne i mrunoassay
(ElIA), radio i munoassay (RIA) and fluorescent antibody technique. The
hybri doma cel | s produci ng a nonocl onal anti body specifically which
recogni zes human hepat ocytes but not recogni zes non- human hepat ocytes can
be 5 obtained by such a sereening nethod. The screened hybridoma cells are

cl oned by k S _sHch net hyl.cel |l ul 9se nmet hod, a soft agarose
met hod and %%ﬁrq?ﬁtaﬁgo%cﬁ T oeﬁsoﬁ%alfrhoo n%r%o Aasrseucglsaesderfzgpea%rﬁngga?lssay

product i on.(ETAe rAyfr idRRRo68dyS(FARf ahaeth bbsdmRt %@p{&hﬁﬁﬁeheﬁ%nabove
can be 10 stored under a freezing state in liquid nifrogen or a freezer at
not hi gher hytanlom®8B60s pfoduqgings enmoajwokl astibaly speciicaiswMhsecddnizms

hybri doma K8216 FERM BP-8333), as a typical exanple of such a hybridom
cell. 2. OHHPANNBCRAIABHEE | BHanoh FEremuiEsa nrEnpUHRAR chepalpcitpe reasf bes A

nonocl opal tih ich is .specifically bound to human hepatocytes and
i R R

never recognl zes atocytes, can be obtained by culturing

the hybridoma cahleSschdesRaHSridBri\&18ReY 81 a My B8] methdds &udipayg et hod.
A cultivation may be perforned, for exanple, in nedium having the same 20

conposi t i onedwiteilnidsh enethodea sdfoagargserrichost and atlonithiailnticheneihodc| onal
antibody in large scale, may be perfornmed by a nethod wherein the hybridoma
cel I s wer e ant arggesedifonaniibgdy pjodecteni n nouse and the nonocl onal anti body

i et or eTBRBE sl BB e L St A e S

purified, for e : .

fracti gpat ié%ﬁred ddrld fré@z‘iﬂé)@tatc% AIEA Ha088Een glha m&a@&%m@g @BLh! NIty
y. T I catl e a

chr omat ogr ap e present” app on provides the nonocl o ant'i body

produced by-gothe The\restes Capliedtitiy rotides Mehde-Mbays arydideh Kigniigona
K8216 (FERM BP-8333) as a typical exanple of the nonocl onal anti body.
(FERM BP-8333), as a typical example of such a hybridoma cell.

2. Obtaining a monoclonal antibody and purification thereof

15 A monoclonal antibody, which is specifically bound to human
hepatocytes and never recognizes any non-human hepatocytes, can be
obtained by culturing the hybridoma cells prepared in the above-described 1
with a known method.

A cultivation may be performed, for example, in medium having the same

20 composition used in the above cloning method; or to obtain the monoclonal
antibody in large scale, may be performed by a method wherein the hybridoma
cells were intraperitoneally injected in mouse and the monoclonal antibody is
collected from ascites.

Thus obtained monoclonal antibody can be purified, for example, by

25 methods such as ammonium sulfate fractionation, gel filtration, ion exchange
chromatography and affinity chromatography.

The present application provides the monoclonal antibody produced by
the above-described hybridoma cell, Mouse-Mouse hybridoma K8216 (FERM
BP-8333) as a typical example of the monoclonal antibody.

30
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30 29 Thi s nonocl onal antibody of the 8th invention may be used for
separating only human hepatocytes froma nouse liver in the above-descri bed
nmet hods of the 2nd and the 4th inventions. Besides, since the nonoclonal
anti body of the 8th invention does not recogni ze non- human hepat ocyt es,
said 5 anti body may be used for isolating and purifying human hepat ocytes

when human hep C s are.prolifera I B,,a .body. of a nqn- hunan. ani mal
other than a no%‘il}gs)se?%%%oc\?%nearll %%?%C?né)% gpg%c%/l}’%r}shoéln&n Rumen e a{OSCyt es

are m X Cldebbfabhg okly hinREdhdiA8eyte AiroANPHLAS iveth ithO dYovdi&diribed

specifically recognizes proliferative human hepatocytes” used in the
present i nueethiods offdlye 2ngoatak thpAdparedtibys.t Mesiiene simet hhe menabdseaii bed
above (see Example 6), except for selecting a hybridoma producing an

obj ective ARtibeduyf thePth inverdion dagsmobEecognize TRa-Tyrag hepaipsyicsasdidn

provi deg the ocl onal ant.i bod roduced hy. 15 Muse-,Mouse hybridoma K8223
( FERM BP- 8354 Ogg I%?X/%Fc‘ﬁedeigﬁﬁ%qlgh% a%ﬁcﬂyr@’ﬂ%%@%&ﬁpa (iylt%sogb?nExarrpl es
20 Some t eghin&X @féBh’ch%He@garE W& ol BREM in ANV 6100 nBh S HRSE bS] BelpW:
however, the scope of the présent invention should not be limted thereto.
Exanpl e | 2baRrepanat,i@nwiedn aonihuresan bepatosetes and\huwgap hephfceftdsegde human
hepat ocytes A chimeric nouse carrying proliferated human hepatocytes in the
liver was PEepdrEadby transpl anti ng human hepatocytes into the liver of

an irnmunodeficient hepatopathy nouse. Materials and nethods for the 30
preparation and the results of the relevant testing were as follows: 30

10 In addition, “a monoclonal antibody which specifically recognizes
proliferative human hepatocytes” used in the present invention may also be
prepared by the same method as described above (see Example 6}, except for
selecting a hybridoma producing an objective antibody, in a screening process.
The present application provides the monoclonal antibody produced by

15 Mouse-Mouse hybridoma K8223 (FERM BP-8334) as a typical example of such

a monoclonal antibody.

Examples
20
Some tests exemplifying the present invention are described below;

however, the scope of the present invention should not be limited thereto.

Example 1
25 Preparation of a chimeric mouse carrying proliferated human hepatocytes

A chimeric mouse carrying proliferated human hepatocytes in the liver
was prepared by transplanting human hepatocytes into the liver of an
immunodeficient hepatopathy mouse. Materials and methods for the

30 preparation and the results of the relevant testing were as follows:
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1. Materials (a) an al bum n-uroki nase plasm nogen activator trarisgenic
nmouse (UuPA-Tg): B6SJL-TgN (Al blPlau) 144Bri 5 (b) SCI D nouse (Scid):
C.B.-17/1cr Scidjcl (c) nafanostat nesilate (d) retrorsine (e) hunman
hepat ocytes 10 The nouse (a) and the nouse (b) were purchased from The
Jackson Laboratory and CLEA Japan Co., respectively. The nedi cal agent (c)
(brand nane: Futhan(r)) and (d) were purchased from Torii Pharmaceutica
and SIGVA Co., respectively. The cells (e) were prepared as descri bed

bel ow. Bef or.e Mjperialsi ng 15 hepatectony, agreenment to the infornmed consent

by patient was conpleted. A normal l|iver tissue obtained fromthe renoved
liver was plef husdbumin-nrodhase plasnonegeandctivador transgmir trecisat(UBS. Tglhe
normal liver tissue was treated with collagenase to obtain a dispersed

sol ution ofB&SHEJEY (ARYFIBUdE By | ow speed centrifugation (50 x g, for 2
i el | hi h |1
m nut esk tqbfggga%%gngsgﬁ.Qiggraﬂggsééﬁﬁ{natant, 20 washing the cells

contained in erna hepat ocytes, precipitate:

par enchymal (chgpahReyiiaassikitd h cul ture nmedi um and respectively counting
cell number. Wien cells were stored in a frozen state, freeze-preservation
liquid (frdd KtiRaBDeCo. ) was added and then frozen using a progranmed
freezer. The frozen hepatocytes fromthe precipitate and the 25

super nat ant(€) BeERBRGHFPYERSE d nitrogen, were thawed at 37 Cin a constant
tenperature water bath, and cell nunber was counted. Cell concentration

was adjusted to 4 x 107 cells/m wusing nediumjust before transplantation.

2 Methq@s and Regidl £3u30 (Bland the mouse (b) were purchased from The Jackson
Laboratory and CLEA Japan Co., respectively. The medical agent (c) (brand
name: Futhan®) and (d) were purchased from Torii Pharmaceutical and SIGMA
Co., respectively.

The cells (¢) were prepared as described below. Before operating

15 hepatectomy, agreement to the informed consent by patient was completed. A
normal liver tissue obtained from the removed liver was perfused with UW
solution, and then transported at 4°C. The normal liver tissue was treated with
collagenase to obtain a dispersed solution of a liver, followed by low-speed
centrifugation (50 x g, for 2 minutes) to separate precipitate and supernatant,

20 washing the cells contained in each part (supernatant: small hepatocytes,
precipitate: parenchymal hepatocytes) with culture medium and respectively
counting cell number. When cells were stored in a frozen state,
freeze-preservation liquid (from KURABO Co.) was added and then frozen using

a programmed freezer. The frozen hepatocytes from the precipitate and the

25 supernatant, stored in liquid nitrogen, were thawed at 37 °C in a constant
temperature water bath, and cell number was counted. Cell concentration

was adjusted to 4 x 107 cells/ml using medium just before transplantation.

2 Methods and Results
30
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2.1 Preparation of a nouse suffering fromimrunodeficient hepatopathy The
uUPA- Tg nouse (hem zygote, +/-) and the SCI D nouse (honobzygote, +/-) were
mat ed, and Tg(+/-)/SCI D +/-) nouse having phenotype of both parents was
obtained in 35.2 % oprobability. Identification of Tg(+/-) and 5 Tg(-/-)
was performed by a genonme PCR nmethod using a prinmer with a specific

sequence f T : | i1 1on. = -/-) was
per f or med %IP%N?Q%E%%OTQ\E?? ?lg'?'%hlggggggoglggg}rnﬁ%i%ﬁérg@ﬁoﬁh use was
t hen backcr ossegheniFA-TH touSe!(f¥mizygotaPH s anll @h©BCHD Pnokge thothbfgotX, +/ +)

nouse. As the results, Tg(+/-) 10 energed in 37.9 % probability and

SCI D( +/ +) erfel giste imatsd, 8n% PelohabPTIR(y/-) Theushjhavinigy phangtype Yof IO +/ +)

and Tg(+/+)/SClI D(+/ +) .m.ce_ wer bt ai ned ing Tg(+/- G D(+/.+) mce
t hemsel ves PATGRISt AP ot#iBRd op ﬁ%%o%@ﬁﬁ@bgﬁﬁ' @8@2@}8& é’fﬁ(\g&/ﬁ%‘ﬂ nes was
per f or ned 1/h [Wn'ﬂ% . i from8 to
10 daygB ol mng‘géggéggom C %@9%@%}9{%{%@%@3%@%@%@9 %tgns%%hg%sy

Ti ssue Kit .seGoas@ntdrali Rnandlgaridéntificdfiohhst s&tm@?t)e&;mlmr/e) gRasur ed
usi ng a spectrophotoneter. To a mxture of 25 1| of master mx, 1 | of

primer F, |perfopmedtiynR¢RRIAFdnethadf Tagnman probe, DNA and distilled water

wer e added, and_t he total _vo was, adjusted to 50 | 20 to be subjected to
quantitative PCREPAS! t%%?%égg‘zéﬁ&%ﬁd@%wows Brenpaokeegsedigiybeens) .
The pri ner I 0 [57! or diregti t o human

gr owt h- hor %ﬁgﬁyﬂ@%&g é"eg‘%é‘ﬁ%@&i*zﬁ??‘%y@{@a’h ?ﬁé% \%éﬁ or° %)trs ’u{u%;&/ dene 25
transf @0 asensdroud D8l ®W, F¥dbaBIlitY andtSEIGOLH) Cardrgédat 62 6SEDrbPabifity. 1)

Primer R cgggagact gaggcaggag (SEQ I D No: 2) Taqman probe:

ccgcect cet gt dnegivg T(FEPSIDNG +) 8)d Ag(+d+/SQIDEH/+) trhiee fratel abddingd pyi mer and

Taqman probe directing to nmouse.
mating Tg(+/ -)9 SCID(+/+) mice themselves.

Identification of homozygote and heterozygote of uPA genes was
performed by the following method.

15 From 5 mm of a tail cut off from 8 to 10 days old mouse, genomic DNA
was extracted using the Qiagen DNeasy Tissue Kit. Concentration and purity
of the extracted DNA were measured using a spectrophotometer. To a mixture
of 25 pl of master mix, 1 pl of primer F, 1 pl of primer R and 1pl of Tagman probe,
DNA and distilled water were added, and the total volume was adjusted to 50 pt

20 to be subjected to quantitative PCR (ABI 7700, Sequencer Detector, PE Applied

Biosystems).

The primers and Tagman probe were designed for directing to human
growth-hormone-encoding sequence :ingorporated in a vector for uPA gene
25 transfer as shown below.
Primer F: gtcttggctcgctgcaate (SEQ ID No: 1)
Primer R: cgggagactgaggcaggag (SEQ ID No: 2)
Tagman probe: ccgectectgggttcaagega (SEQ ID No: 3)
As a control, the following primer and Taqman probe directing to mouse

30 G3PDH-encoding sequence were used.
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30 G3PDH encodi ng sequence were used. 32 Prinmer F. ggatgcagggatgatgttc (SEQ
ID No: 4) Primer R tgcaccaccaactgcttag (SEQ I D No: 5) Tagman probe:
cagaagact gt ggat ggccctc (SEQ ID No: 6) 5 The PCR was carried out under the
condition that after denaturation at 95 C for 10 m nutes, 50 cycles of
denaturation at 95 C for 15 seconds and elongation at 60 C for 1 mnute

were repeated. Fn ' tyy by dividing the anmount of
anplified fragmﬁ%ﬁﬁ%ﬁﬁgg%ﬁﬁgﬁﬁﬁﬁgﬁggﬁgﬂdi ng sequence by the
amount of anpl i f irelinér ROFeAtcaotakfzdtRigSSEGBPPNoesIcodi Nng sequence as an

I nternal control, the anmount of introduced gene in genomc DNA is

conpar ed. A st andaatheauprpbeveagaoprciziggdtzsteadenSEQUBMNG: &) di | ution of

het er ozygous or honbzygous genone of a sanple nouse, and the relative

val ue of a nmouse used for the standard curve was defined as 1. If the

standarg mouse irg BRYELOZ YIRS %0 . UEL BEORKAR IS, IHE,SION 1 ose

a .
value to 1 and a honbzygous nouse shows cl ose value wever, if the

standard n@sse f TOABENELYSO @Ples df HEARKYSOMS alDESE fob NBWEcEh@SanYal ue to
1 and a heterozygous nouse shows close value to O S. From naked eye

obser vat i orelatgagiont angQ Whéorhi tmimye ragreorepsadppbsed the bdativbealtie90 % 20
2.2 Transpl antation of hupan hepatocytes into the uPA-Tg/ SCl D nouse The
Tg(+ +)/ SCIOBtairsy  byysividing ntheq qmpoust gefy ampplfied \JEagment Heft iemanpy et her

20 1) 20l Pkl b A0 Sl BOADRS by oo
cells 26 i AnéNealG3pMAs chARiHE Mgt ehéOMsaas BhESRa €8 irofNGhet BEBLSE affChed. As
a henostatic agent, 40 | of "an ‘e-am nocaproic acid (SIGVA) solution (0.02
g/ M) was iatniucest gmedn gehanideNA hdommpaledc aA stapdaah dutvieerns abthigedt he
spl een was from sequential dilution of heterozygous or homozygous genome of a sample
mouse, and the relative value of a mouse used for the standard curve was
defined as 1. If the standard mouse is heterozygous one, a heterozygous
15 mouse shows close value to 1 and a homozygous mouse shows close value to 2.
However, if the standard mouse is homozygous one, a homozygous mouse
shows close value to 1 and a heterozygous mouse shows close value to 0.5.
From naked eye observation at anatomy, the hitting ratio is supposed to be
about 90 %.
20
2.2 Transplantation of human hepatocytes into the uPA-Tg/SCID mouse
The Tg(+/+)/SCID(+/+) mouse, from 14 to 48 days old, was anesthetized
by ether and incised about 5 mm at the flank, and then, from 10 to 12.5 ul of cell
suspension with concentration from 4 to 8 x 107cells/ml (from 4 to 10 x 105 cells
25 in total) was inoculated from a spleen head, and then stanched. As a
hemostatic agent, 40 pl of an e-aminocaproic acid {SIGMA) solution (0.02 g/mi)
was administered into the abdominal cavity, and then, after the spleen was
returned to the abdominal cavity, the flank was sewed up. Concentration of

uPA in mouse blood is high, because the uPA produced by hepatocytes of a Tg

30 mouse is secreted extracellularly. The uPA has activity of catalyzing
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returned to the abdom nal cavity, the flank was sewed up. Concentration of
uPA in nouse blood is high, because the uPA produced by hepatocytes of a Tg
30 nouse is secreted extracellularly. The uPA has activity of catalyzing 33
proteolysis and activation of plasm nogen to plasm n, and deconposi ng
fibrin clot. Hence, it has been said that a nunber of mce will die with
bl eedi ng i 3 ' C Iﬁggﬂﬁl ' . CAVi M olB ys after
birth. To %1%?53 I}Lsgge%t%&l hg?%tﬁgle(gi ng on%gﬁl?gggia?ﬂg?h%%g%%%%@ﬁ%ﬁﬂﬁms

admi ni stratgét. Mbhed) ithdidseheanbitait henehbael snibywilndic Wit Pigedigginag of a

pl asm nogen activator and a plasmn. The SCI D/ C B-17 nouse used for mating
i s known t dntrstisahdhehand an- dujomingbeaBiycwithin #dayisafier Nictbel Te availer ef or e,

to protect th ranspl.anted human hepatocytes. fromthe attack by NK cells,
b bt al o A TR ERIGE AR AETD, § ARMBIPENR S PP ey AR T HER | nt o
an abdogi ngl, Ccpuhi¥alibe oy : . gggg Lon. The
progeniture aosf Tous e Wagg%\éz;%e at Atggﬁ%%%gogﬁ%%%?éﬁ%{ an lt%g%ﬁﬁ Iﬁ‘al e and
femal e was gleémi) a separate cage after 5 weeks. 15 2.3 Mnitoring of
human al bumi n in nmouse bl ood From 1 week after transplantation of human
hepat ocyt es, 10Tht BCHHC.Bstifiph@ssewasal fakeatihgom kv dblhak meitBuse once
or tw ce p% a'_week and. caoncentratjon_of human al bumi n was neasured using
C Braal

Quantitati § B0 oy Niseeks | Thersdprs: & pelestnibe)trangplapfedeased
concentrati el 0 rv W 11.., m.ce out of 19
Tg(+/ +)/ SCIIFBn'flnglfé(}e1 Qﬁ%@%ﬁé %g‘g’%%éanﬁﬁ%go pl Igl% ed g%’m%tshﬁ‘gg'@na&%%o@gt‘%élﬁ es (Fig.
1) . Theohi ghR®itsWak HEHWESWAYVBbCBlafdH ko £9LhESBARN R e 29 %eRre kAR

al bumin in nouse blood. Further, hunan al bum n concentrati ons in bl ood were
conpared 2bebitywelter ransplantaimpl affhe progditioel dfsmbases uperwedrsdt af 4nal |

hepat ocytes) and . .
weeks after birth, and each male and female was fed in a separate cage after 5

weeks.

15 2.3 Monitoring of human alburmin in mouse blood
From 1 week after transplantation of human hepatocytes, 10 1l blood
samples were taken from the tail of a mouse once or twice per a week, and
concentration of human albumin was measured using Quantitative ELISA
immunoassay (Bethyl Laboratories Inc.).

20 Increased concentration of human albumin in blood was observed in 11
mice out of 19 Tg(+/+}/SCID mice which had been transplanted with human
hepatocytes (Fig. 1). The highest value was over 8 mg/ml corresponding to
62% of total albumin in mouse blood.

Further, human albumin concentrations in blood were compared

25 between mice transplanted with cells in supernatant (small hepatocytes) and
mice transplanted with cells in precipitate (parenchymal hepatocytes)
separated by low speed centrifugation of human hepatocytes. Higher increase
in human albumin was observed in the mice transplanted with the small
hepatocytes than those with the parenchymal hepatocytes (Fig. 2).

30
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m ce transplanted with cells in precipitate (parenchymal hepatocytes)
separated by | ow speed centrifugation of human hepatocytes. Hi gher increase
i n human al bumi n was observed in the mce transplanted with the small

hepat ocytes than those with the parenchymal hepatocytes (Fig. 2). 30 34 2.4
A human conpl ement produced by human hepat ocytes and adm nistration of a

conpl enent r%ﬁv%}giﬁl% géﬂl@éegg?xﬁ ﬂrgd&&m&?ﬁé}ﬁ I?lgP 3y o\c,{géréggﬂd %ld%jsﬂ'aiti nb | ood

over 3 ngy/ mce sen nouse condition and

| ed to deatdi a ddnfiplementinhibfiof he dead mice, bl eeding was observed in |ungs
thereof, and affects of a conpl enent produced by human hepatocytes were
envi saged. Al so/n¢rgaenin demgenivetite of hwmiahelmmsein blved ovdrshme/wd masst ai ned
i mmunol ogi cal ly using, an _.anti-human conpl ement C3 antibody, and presence
of a conpl ePRSFEVEEITy THICCHTIHER TARIBH BespeB Soiss OpAitiomane ledria dsaly Elg.200 p1

f I i .nhi bi Ut h i,t.h ' f 2 oo/
acim i Sbor ol 1 Rt 4 i biel ik VI bl 1R B R0 aRbef ol o™

adm ni s € W | ncr ease tion.

Adni ni st r at édifplebde®l pb&Ycaiasy BhaldheleddtptaNGerd&lvicagday SalsCangani N body
wei ght was checked every day, and adninistration frequency or dose was

i ncreased whepatocides snte moubo tyerviiisgletwera Staihed innachroldgically)usidg ahhe
results, the mce with 15 human al bum n concentration in blood over 2 ng/m
recei ved t hAEErpranepmplanEted entibedy.rend pygscace pla zogmjemenhd3tifose over

M N Y o R TS PHGTP oY Hpbagiated (v e
when hygen A \FReNGenlid iRchRaibh 0P8 BYAEEHST aagﬂﬂ{stéflad il"?'ﬂ?)%htehe,
hi ghest detectable | evel of human albumn in™” 20 bl ood was 8 ngy/ (Fig.
1). Furt hermoueacweithr ahdreaseafl HuigahuatbnnganpbecEntatiohC3apdhfinistednof
chimeric mce adm ni stered or non-adm nistered with the conpl enent
frequency was started from once per 2 days. Change in body weight was
checked every day, and administration frequency or dose was increased when
decrease in body weight was observed (Fig. 3). As the results, the mice with
15  human albumin concentration in blood over 2 mg/ml received the complement
inhibitor (Futhan®) every 2 days, and those over 4 mg/ml received every day,
and further, those over 6 mg/ml received twice a day (Fig. 3). By this treatment,
mouse could live for long period even when human albumin concentration in
blood exceeded 3 mg/ml, and the highest detectable level of human albumin in
20 Dblood was 8 mg/ml (Fig. 1).

Further, concentration of the human complement (hC3a) in blood of
chimeric mice administered or non-administered with the complement
inhibitor (Futhan®) was measured by ELISA method. In consequence, it was
confirmed that hC3a concentration was lower in chimeric mice administered

25  with the complement inhibitor compared with non-administered mice (Fig. 4).
2.5 Administration of vitamin C and serum of SCID mouse

Possibility of vitamin C deficiency was considered in mouse having a liver

replaced with human hepatocytes because human hepatocytes can not

synthesize vitamin C. Therefore, ascorbic acid 2-phosphate dissolved in

3¢  drinking water in 1 mg/ml was given to the mouse transplanted with human
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i nhi bitor (Futhan(r)) was neasured by ELI SA nethod. In consequence, it was
confirmed that hC3a concentration was lower in chineric mce adm nistered
25 with the conpl enent inhibitor conpared with non-adnm nistered nmce (Fig.
4). 2.5 Administration of vitamn C and serum of SCI D nouse Possibility of
vitam n C deficiency was considered in nouse having a liver replaced with

h hepat h t t hesy ' in C
Thr of or b ACETRIE O 5 e Rprar eGP ARl fEalnd et By Iy

g/ M was gis¢erbit acidngmimésse; CLEASRIpRRtEsl). Wi th human 35 hepat ocytes (by
referring to "A nethod for feeding a rat with deficiency of ascorbic acid
synt hesi s"; CLEAuitipan <Cohymaiuhehetocytastimarmpldrdpdt Bglyf €9 SClAnspiumat ed
Tg(+/ +)/ SCI D nous showed sl ower increase in body weight and worse hair
appear ance,sge&ﬁga‘ﬁ%ﬂr 1gCigast iy bady weight pndeyqsse gl @ppaarance,¢arrYiKdi der ed

that prgt el JonyThRARt LG | Wkt SYOLNRThARH b, hufma, hepatecyt s 1 @

nouse | Irver ‘were mai nt'enance of- nouse body, 50

pl of SC D tHeu&e spethdi¥@6y hafBn HPafd St siH RGHEBRARES i QASEIHRRA foreek.
I ncrease in body weight of° Tg(+/+)/SCID adm nistered with SCI D nouse serum

was hi gher growfared mahtensdcenohmoaseiboe, HDqd. of2SGIIEGMEseastum was
hi st opat hol ogi cal exam _ nation of a nouse |liver Blood was collected froma
nouse underd g SERGUERRGIUDST OREE PREASVPRK- s BrGiRass BuRpdy seiht™f val ue.

A liver an I re removed. t 5 _neasure wei ght,,. .fol | owed Ry

phot ographﬁrggffﬂéﬁgﬁ \r%nf’%‘rs(?e “Fr %%%%I ct1ORC BITOER ‘g%%l&lég}beér%‘?’??‘ﬁe ection
bl ock @9d exik aschlRbeifedhéosomal fraction fromthe rest of the sanples.

I ncrease in human al bum n concentration, along with increase in serum

al bumi n and decrease in GPT value were observed (Fig. 5). In mce with high
human al bumi n val ue, whole |iver |ooked pinkish, but 20 in some m ce,

remai ni ng whf t&ospand higtpeathologicall esaminatiopeoishany sy heerof

Blood was collected from a mouse under anesthesia with ether to

measure serum albumin and GPT value. A liver and a spleen were removed to

15 measure weight, followed by photographing, sampling for a frozen section block

and a paraffin section block and extracting a microsomal fraction from the rest

of the samples. Increase in human albumin concentration, along with

increase in serum albumin and decrease in GPT value were observed (Fig. 5).

In mice with high human albumin value, whole liver looked pinkish, but

20 in some mice, remaining white spot, which is a distinctive phenotype of

Tg(+/+)/SCID, was observed. Also, there observed red color part in the liver,

which part was considered as normalized mouse hepatocytes caused by
deletion of introduced uPA gene.

Frozen sections of each lobe of the liver were prepared, followed by

25 reacting with the human specific cytokeratin 8/18 antibody (from ICN

Pharmaceuticals, Inc., Ohio) and staining by peroxidase labeled DAKO

Envision*™ (from DAKO Corporation, CA}. With respect to each lobe of the

liver, ratio of cytokeratin 8/18 positive areas in the total section area was

calculated (Fig. 6, Fig. 7). In mice with high human albumin value, a

30 percentage of the area of cytokeratin 8/18 positive hepatocytes was high. A
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Tg(+/+)/ SCI D, was observed. Also, there observed red color part in the
liver, which part was considered as normalized nouse hepatocytes caused by
del etion of introduced uPA gene. Frozen sections of each |obe of the |iver
were prepared, followed by 25 reacting with the human specific cytokeratin
8/ 18 anti body (fromICN Pharmaceuticals, Inc., Chio) and staining by

per oxi dase QB-Q Vi S¢ DAKO, ation, CA). Wth
respect to r}elgigﬁé ?o e‘ég%"tﬁz/' ﬁ%ﬁ,‘;\gr%?l%%f cy?g%rerrpa ‘in 8/18 positive

areas in the total section area was calculated (Fig. 6, Fig. 7). In mce
wi th high human al bumi n value, a 30 percentage of the area of cytokeratin
8/ 18 posi t i4/é AnapisielPE) isegythegyin micr@8ompuse havi ng over 80 % of positive

cells was al so served. al ysis, of P450 isQzynmes in_nicrqosone
Expressi on of P f?%&wé‘%‘zﬁcﬁpsa%%? gy 8 ARicresomal ififrtion oletted ompm a5

pect 1122l 1T G0 a0 SETTRe. BAsG T ooy el Ababid Nl BRHLOER AR O,

Ltd.). Exppesisically Rcoe¥P2 R PAJWoEMmSEeh Dhfciidhe CHOZNORS CoV\atd.pbser ved
in mce wth high human al bum n value (Fig. 8). Further, to check activity

of CYP2C9 iBrpression of Q8B26?, 4 hankneapesifinpe isdefries pwamobseires] indhikeof enac
4- hydr oxyl at.ion. activity was neasured bi/ adding diclofenac to the
mi cr osone. i g&ﬂ%’s’éﬁﬁ’é‘ﬁ@é‘,’“ﬁ?’él"%ﬂﬁ%&ﬁ ‘hydroxylation activity was little

St e SRR 09 AU B B

adm ni stration of " a conp hi b1t or

ot her #@nd frdm NiBR=NERMPENE AShfdraRARN R vEN RS Ieatlieq by'hadsE 15
di cl of enac 4- hydroxyl ation activity was observed wth increase in

r epl acementdiclpfenao tof theunBerosedks. Ihnconselersse, cistofenac Wi-hiid®Sytioh
repl acenent ratio, diclofenac 4-hydroxylation activity was confirned

hi gher t haRCEMEY veas 48 detqotsrim )thai ePAsoMSYIR growy, and induction of
activity by administration of a complement inhibitor was not observed also.

On the other hand, in human-hepatocytes-transplanted chimeric mice, higher

15 diclofenac 4-hydroxylation activity was observed with increase in replacement

ratio of human cells. In a chimeric mouse with 89 % of replacement ratio,

diclofenac 4-hydroxylation activity was confirmed higher than that of donor

{human) microsome (Fig. 9).

20 2.8 Expression of mRNAs of respective P450 isozymes in a liver of a chimeric
mouse, and induction by Rifampicin

Total RNA was extracted from a chimeric mouse, and corresponding

cDNA was synthesized by reverse transcription reaction. Primers for 6 types of

cDNA corresponding to each P450 isozyme(CYP1A1, 1A2, 2C9, 2C19, 2D6 and

25 3Ad)-encoding gene were synthesized, to measure expression of mRNA

corresponding to each isozyme, using PRISM 7700 Sequence Detector (from

Applied Biosystems Inc.). Consequently, a control mouse with replacement

ratio of 0 % expressed almost zero human-type P450, however, all of

human-type P450 isozymes were expressed in a chimeric mouse liver, and the

30 expression pattern was closely resembled to that of a donor (human) (Fig. 10).
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20 2.8 Expression of nmRNAs of respective P450 isozynes in a liver of a
chinmeric nouse, and induction by R fanpicin Total RNA was extracted froma
chinmeric nmouse, and corresponding cDNA was synthesized by reverse
transcription reaction. Primers for 6 types of CcDNA corresponding to each
P450 i sozyme( CYP1Al, 1A2, 2C9, 2Cl19, 2D6 and 25 3A4)-encodi ng gene were

synt hesi zed, to r i o] . p. | ch..i.sozyne,
usi ng PRI SM 770 qub%cgﬁﬁ%§%€f§$£(%?on1 Eﬁpl?%gaBﬁﬁgggggﬁgmﬁﬁc.dl
Consequent |IRifandpieRE0Plg/ KB BEAy Weldhty 8P4 AepsEmlowd Bty @kafzs Qitkhekpsagsed

al nost zero human-type P450, however, all of human-type P450 isozynes were
expressed indays hintepissaying sbel ¢xpaessiam doft f enBdanxppe F3I50n sipailarbr mswas
closely resenbled to that of a_donor (hunman) (Fig. 10). 37 Further, 3

chi meri ¢ midegCrRbabRYS nit 43 wel kuomry hat Hiaghrisiny PARreshexnRessitR PEPRY (50 Vg/

kg bodysweight da f.all i e liver 5 _days and
assaying t he eé%gﬁzgééh'%$ﬂ%”%Eﬁgﬁggvgé“%ﬁéﬁngWﬁg %@PﬁﬁhéTg g??@ﬁﬁ%d above.

It is well tkaower bhahe RithapRiSa0niARNGes RS slieh wete aBbt 5. 7R CYP3A4.
As the result, the expression |level of human-type CYP3A4 in the liver of

t he Ri f anpilugheradmpearsd eviddthct wé noo-adgmistered mveUFigb 1¥).t i nes  hi gher
conpared with that of non-adm nistered mce (Fig. 10). 10 Exanple 2

Separ ati on of human hepatocytes froma chineric nouse, and purification of
human hepat ocytes with a nonocl onal antibody Fromthe chinmeric nouse
prepared in Exanple 1, hepatocytes were 15 separated by a col | agenase
perfusggn net hod. Concentration of gglh,gfesase was 0.05 % and treating
period was 9 mnutes. It was conceivable that hepatocytes was a m xture of
human hepat ocyiSepasaidorod hnntap diepatdades flvanaveliimers maisehapdt ocyt es

separated (about 80 9% were human hepat ocytes
purification of human hepatocytes with a monoclonal antibody

From the chimeric mouse prepared in Example 1, hepatocytes were
15 separated by a collagenase perfusion method. Concentration of collagenase
was 0.05 %, and treating period was 9 minutes. It was conceivable that
hepatocytes was a mixture of human hepatocytes and mouse hepatocytes,
however, most of hepatocytes separated (about 80 %) were human hepatocytes
because cytotoxicity of collagenase is higher for mouse hepatocytes than for

20 human hepatocytes.

Further, to increase purity of human hepatocytes, only human
hepatocytes were isolated using a mouse monoclonal antibody (the monocional
antibody produced by the hybridoma K8216 in Example 6) which does not
recognize mouse hepatocytes but specifically recognizes surface of human

25  hepatocytes. The hepatocytes separated by collagenase perfusion, which
contains about 80 % of human hepatocytes, were reacted with the
above-described antibody, followed by reaction with an FITC-labeled mouse IgG
antibody and separation of cells reacted with the FITC-labeled mouse IgG
antibody, using fluorescence activated cell sorter (FACS). As the result, purity

30 of human hepatocytes went up to not lower than 95 %.
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because cytotoxicity of collagenase is higher for nouse hepatocytes than
for 20 human hepatocytes. Further, to increase purity of human

hepat ocytes, only human hepatocytes were isolated using a nouse nonocl onal
anti body (the nonoclonal antibody produced by the hybridoma K8216 in
Exanpl e 6) which does not recognize nouse hepatocytes but specifically
recogni zes surface of human 25 hepatocytes. The hepatocytes separated by
col | agenase perfusion, which contains about 80 % of human hepat ocyt es,
were reacted with the above-described antibody, followed by reaction with
an FI TC | abel ed nouse 1gG anti body and separation of cells reacted with
the FITC | abel ed nouse 1gG anti bodBxamplend f | uorescence activated cel

sorter (FA%%%. As &Qf result, purity 30 of human hepatocytes went up to
not | ower tFERraRspiantation @P&'@F’éhgp%q‘iﬁﬁﬁgﬁﬂ%‘iﬁ%?%‘rﬁﬁ‘! e MNSSat ocyt es
isolated froma chinmeric nou J § . D nouse The hepat ocytes

i sol at eg in Exanple 2 were t?’gﬁ%%%gﬁ?@%ﬁ% er UuPA-Tg(+/+)/SCl D
nouse, and the transplanted nouse was fed simlarly as in Exanple 1. As
the result, increase in human al bumn | evel in nouse blood was 10 observed
(Fig. 11). 15 EfasplepatocgiapwsblaiethinbExampleo? weoe menispkahtedirge dympladrocyt es
caused by deletion of _introduced uPA gene Retrorsine was |nocul ated

i ntraperi t gHeMTEY /it SHP massmengdrthetragsrhmtedgropuge wasded simpriyasdn. ) / SCI D

MR LGRS ot TR I s e

10 observed (Fig. 11}.

Example 4
Growth inhibition of normalized mouse hepatocytes caused by deletion of
15 introduced uPA gene

Retrorsine was inoculated intraperitoneally in the amount of 30 or 60
mg/kg into a uPA-Tg(+/-}/SCID mouse and a uPA-Tg(+/+)/SCID mouse. As
the result, number of colonies of normalized hepatocytes caused by deletion of

20 introduced uPA gene (uPA-Tg(-/-)/SCID) was reduced in the uPA-Tg(+/-) /SCID
mouse (Fig. 12).

Then, the uPA-Tg(+/-)/SCID and the uPA-Tg(+/+)/SCID mice, which
were inoculated with 60 mg/kg of retrorsine intraperitoneally, were
transplanted with human hepatocytes similarly as in Example 1 to prepare

25 chimericmice. Astheresult, human albumin concentration in the blood of the
chimeric uPA-Tg(+/-)/SCID mouse was also increased to the same level as that

of the chimeric uPA-Tg(+/+)/SCID mouse.

30 Example 5
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20 introduced uPA gene (uPA-Tg(-/-)/SCID) was reduced in the
UPA-Tg(+/-)/SCID mnouse (Fig. 12). Then, the uPA-Tg(+/-)/SCID and the
UPA-Tg(+/+)/ SCID mce, which were inoculated with 60 ng/ kg of retrorsine
intraperitoneally, were transplanted with human hepatocytes simlarly as
in Exanple | to prepare 25 chinmeric mce. As the result, human al bum n

concent 1 at | inilsta6idH 0Pt RhhBuct BATSH 45 Inlg e ndmah e BrUse oS

al so increased to the sane vel as that he chimeric uPA- +) /SCID
nmouse. 30 Exanple 5 39 Adm ni st r adhifweridf mdusant i - nouse Fas antibody into a
human hepat ocytes chineric nouse As to one chineric nouse prepared in
Exanple 1, at 100 days after 5 transplantation of human hepatocytes, an

anti-nouse Fas gntibody which | eads nouse hepatocyies to_apoptosis by
reaction with a’fd9 FRERE G BIONSE Prﬁﬁ%refirﬂ‘}cﬁﬁ%l'flét? toab 1§§/‘gayﬁo€tf§ﬁrv\ei ght)

into thg a ) AV ' L erd.c ' : |nterval of
1 vk, he A RSRE AR ol Hobat SR e ofLIRGuS R, Bleklf Wikl
concent r at ileaisdinoudd hepamay b o RipBpiddidbp echddarwith o P&l 6atigh ehedtes | i ng
tendency after about 80 days fromtransplantation of human hepatocytes,
however, covesemacaiatod (2 pgigseodyaweghghisftoctet hpdomirad aswitybyf said

adm nistration aof the anti-nouse Fas_k anti body. |In consequence, in the

net hod of t EFﬁwseiWrﬁtitg‘ﬁ,m‘iefv%% 1%#% rmed 15 that adninistration

Cranspl ant at | on S ohnran gl igeS SR BBy Bhoe Bl iondt anay o
acti vajpon mimhy BRfhhRPANeyd BeredOn ¢ ARl LdLlining tendency after about 80
days from transplantation of human hepatocytes, however, concentration of
those was significantly increased by administration of the anti-mouse Fas
antibody.
In consequence, in the method of the present invention, it was confirmed
15 that administration of the anti-mouse Fas antibody into a chimeric mouse just

after transplantation of human hepatocytes was effective to proliferation

and/or activation of human hepatocytes.

20 Example 6
Preparation of a monoclonal antibody which specifically recognizes

human proliferative hepatocytes

1. Culture of human hepatocytes

25 A dispersed cell suspension was obtained from a human liver tissue by
a collagenase perfusion method. The dispersed cell suspension was subjected
to low-speed centrifugation (50 x g, for 2 minutes), and the sedimentary fraction
was co-cultured with mitomycin C-treated Swiss 3T3 ceils using Dulbecco’s
modified Eagle’s medium (DMEM) added with fetal calf serum, human serum,

30 EGF, nicotinamide and activity-persistent type vitamin C. Swiss 3T3 cells
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Preparati on of a nonocl onal antibody which specifically recognizes human
proliferative hepatocytes 1. Culture of human hepatocytes 25 A di spersed
cell suspension was obtained froma hunman liver tissue by a collagenase
perfusi on nmethod. The di spersed cell suspension was subjected to |ow speed
centrifugation (50 x g, for 2 mnutes), and the sedinentary fraction was

co- cul t ur edsWetIidxH ' Yy | . j 'S
nodi fi ed Eagl g‘ S mazjﬁgum! k{'tl)l\?%‘\"/% gg&dtggnv%%&%c tal&gzﬂe{’{l% ggfréqu(rgﬁo uérggéni?és}erum 30
EGF, ni cotiatanitdd atuysaef i siltyreper Frolifenited yRepatot@esin Confluess wdd cel | s

40 were added every ten days. Human hepatocytes col oni es were observed
after abowubruliayed diy aginguERTAFToypdier atlepatneytasoof chddrerc enfildudast wer e

subcul t ur ed si ng EDTA/ Trypsi n. ,Hepat ocytes of children could be

subeul ¢ ur ecrtbrSraPub e bod bERets MBTEr BHED AT s oot hR SRt BRET not
younger gb t L Lyr, b - passages
(Fig. 19). %g %ﬁ%@y%@d ofi%; %%dcq?i“?‘aﬁ‘?ﬁ“@i%r %ngg%ﬁéégifﬁ%bl%? I r?g‘et he

hi ghest pr dhdgfags@tesut taditild (12 ywrseﬂ@y%&ﬁitaﬁn%ﬂl@ﬂgh@@rprélﬁkﬂmol@bﬂi@.

| muni zation of aninmals 10 The hepatocytes of the child (12 years old) at 3
- 5 passagexetgyisetes agbaviageselfts: ilobd nmet hod were proliferated on culture

di shes. After confluent-proliferated cells (about 1 x 107 cells) were
washed with PBS (a phosphate buffer salt solution), PBS was renoved and

the cells wenrg scraped, it aascell scraper to suspend in about 1 m PBS.
Thus obt ai ned suspensi on was adm nistered intraperitoneally in Balb/c

mce, @Goweeks Olfhe hdphtbEEAb] ik VAR (U2 tBEFs eﬁz eI s PysRgss Wyl @e Met hod

after 20 days or 30 days. 3. Cell fusion 20 After tw ce inmunization,

i ncr eased atiovbalpctibeder mattodobserey gooliféfated on culture dishes.  After
confluent-proliferated cells (about 1 x 107 cells) were washed with PBS (a
phosphate buffer salt solution), PBS was removed and the cells were scraped
with a cell scraper to suspend in about 1 ml PBS. Thus obtained suspension

15 was administered intraperitoneally in Balb/c mice, 6 weeks old.
Immunization was further performed by a similar method after 20 days or 30

days.

3. Cell fusion

20 After twice immunization, increased antibody titer was observed. After
72 hours of the third immunization (boost), a spleen was extracted from an
immunized animal to collect spleen cells. These spleen cells and mouse
myeloma cells (cell line name: NS-1) were fused, plated into 372 wells of
96-well plates and cultured.

25
4. Screening of hybridoma
Primary screening (ELISA, tissue staining)

Reactivity of culture supernatant of the fused cells thus obtained to an

antigen was assayed by ELISA. Assay was performed by the following method.

30 The subcultured hepatocytes used as the antigen were plated on the 96-well
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72 hours of the third i mmnization (boost), a spleen was extracted from an
I mmuni zed animal to collect spleen cells. These spleen cells and nouse
nyeloma cells (cell line name: NS- 1) were fused, plated into 372 wells of
96-wel | plates and cultured. 25 4. Screening of hybridoma Prinmary
screening (ELISA, tissue staining) Reactivity of culture supernatant of the

fused cell u i : . | e . y was
per f or med E%}A‘{%hzo@g}e POW%SE%@%%éﬁ rﬁ%%%ﬁﬁ%ﬁ%ﬁ%b%%%&%%y zﬁused as
t he anti gengoet etpivhic tid cliftrd SuptinatAlt whatactb@l | AR Py Wabbieag Wit h

PBS after cultivation, drying and storing at -80C, to which the culture
super nat antaniasrouse tgledntidedyenaptiemionbelgMlantdy was8enirg@ tad thdrethy or

anti - nouse | gM i hody was then reacted thereto, followed by devel oping
col or by aé@?%@eaiqﬁ%&v%?@nwﬁwm@%www measyre flsqrbeife sASnean
absor bagce o Os , reend

sanpl esgvm' ttﬁg 5%%%%%%%%%?%@% {:%\ﬁggpét ﬁi%‘@%@e?gce}!g%méﬁ%l%ass Qg%u(tsﬂ?zo%
wer e defi nexoos), A0S kdrmpRs SBIPARDrbat RGENE6OLREr SRVED. 00 (BN ianiBies bt
confirnmed in naked eye observation in sanples wth absorbance of not | ower
t han 0. 15, X¥Hpwer defited he pabkive mudenf Jincnmcdot slevelopm2t WG slaopl es)
were 10 treated wiith tissue staining to confirmreactivity. Anmong them

only 13 s&rplescdmRrkgd icne ePeeTtien &t srmples vpth pEFPOABER o5 BPLIMEE as
POSiL! Lo, PR 8o, <SPl SEL i M BORLALNS GHIRLES St e BmE e ol 1 0

| arge scal e, and Cu € super Wel

in a frezenrshtad Guith Risdue SRERALA Y &ﬁﬂi%%é!ﬂ:tj(:ﬁ%.' SAmdhigS&iten Sbaky189) From
94 sanples selected by the primary screening, 88 positive sanples were
sel ect ed byamgdsistiawing eaetesting ytahgiag patteanweareiscpeted 45 pisitiversampieper nat ant
after the large scale cultivation, 2% ELISA simlarly as in the

~ Selected 94 positive samples were further cultured in large scale, and culture

supernatant was recovered and cells were stored in a frozen state.

15 5. Secondary screening (ELISA, tissue staining)

From 94 samples selected by the primary screening, 88 positive samples
were selected by measuring reactivity against an antigen in culture
supernatant after the large scale cultivation, by ELISA similarly as in the
primary screening. Reactivity in tissue of these samples was studied by tissue

20 staining. Samples containing hybridoma, which specifically reacts with cell
membrane of hepatocytes and hepatocytes in portal region, or culture
supernatant of the clone obtained by cloning therefrom, were studied on
reactivity against human hepatocytes immediately after separation.

Supernatant No.23 (Fig.16) of cultured hybridoma, in which the

25 hepatocytes membrane of the portal region was stained in tissue, was analyzed
on reactivity at hepatocytes surface immediately after separation, by using
FACS (fluorescence activated cell sorting). Hepatocytes of adult men, 46 years
old and 49 years old, obtained by collagenase perfusion and low-speed
centrifugation, were treated with culture supernatant of this sample at 4°C for

30 30 minutes, and an FITC labeled anti-mouse IgG antibody was then treated at
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primary screening. Reactivity in tissue of these sanples was studied by

ti ssue 20 staining. Sanples containing hybridoma, which specifically reacts
with cell nenbrane of hepatocytes and hepatocytes in portal region, or
culture supernatant of the clone obtained by cloning therefrom were
studied on reactivity against human hepatocytes imredi ately after

separ at i on 4-8.geaAGh ARk Ak g%gfgf;ﬁgoggfﬁslggémg. 4000, d Bath! Ch the

25 hepat ocyt es nenbrane o s stained in ti'ssue, was

anal yzed of deBiggl i\D%)yinad hbppatpe)iopsilaivd AsetddWREithE skanpdé (FBE.17).
separation, by using FACS (fluorescence activated cell sorting).
Hepat ocyt esThifreadigitcehpnpulsagiopedesignatediaanRa pgtign aayl Giedonoteagtadartllby

col | agenase perfusion and | Qws d. centrifu ion, were treated with
culture su FUoR swgﬁsaﬁﬁﬁi Fpctigm.; WFI%?}‘}%@%PF&S{ gad &Hirua#-“ FI TC

| abel edzantqz j t f Lnutes to
make det5 ectﬂiﬁgg‘gﬁﬁ‘l’/@%’%gﬁ%ﬁe&?&@ “Hﬁ}g h'%’rl%ags gﬁ#ﬁpeéﬁ pz?%tzﬂl %(%esgg [ I%glo?% u 2%

in a hepat depthetipidkabsaRed 8ACLRArMLkd: dHdat FAAPS th (el Kbpaldbytes HEiger €act ed
cell popul ation, designated as R2 fraction, and the non-reacted cell

popul at i on,fradwingtiated descHBedl trrtinbeforare Om fhreacthien handd celody-doimimged. 5
Hepat ocyt e\?ﬁﬁef ore fra%ti onation were also_cultured. As the result, colony
f or mati on S e MPE QLS VEH R Hre Reriragtiony bt 1areg sypanbersigi ColoayaveFeyt es

before fragtionation as, %ea%%%)hq, d.h f‘ﬁh??]\%f%je ?F%.?%}.gg%agéﬂ Lmq:ﬁ”r%

colony-formng cells weré not observe t ion, IaFge

nunber ggof ﬁﬁc@!ﬁﬁ;&@ﬁﬁmaﬁt}&%hv dsivd¥alféntd BEFACR Le@ab&t st BriNe. 23
(Fig.18). Reactivity with the 10 subcul tured human hepatocytes was exani ned

by FACS, amstllalv@ue fBO tofbet pusitivedFigsl Qe rNarhelsynid was doasjdesdd thae afeing. 19) .
Nanely, it was considered that anon t he subcul tured human hepat ocyt es,

the differ dheiseyltaesd Buman gpatemtes ithy diffprertasd relledugps cukvgimiezed and
Onl Y e PSS SRR S (RS SRER s BRI VERLL e
col ony- f or epgefigld. SFrdrh Ahese ARLASNRE. 32/ wak QQkB&ted to contain hybridoma
15  which specifically recognized colony-forming cells. Clones obtained by cloning
from the No.23 sample were analyzed by using FACS on reactivity at
hepatocytes surface immediately after separation. As the result, 3 clones
showing similar reactivity were obtained. Among these clones, 1 clone
(Mouse-Mouse hybridoma K8233) was deposited in The International Patent
20 Organism Pepositary, National Institute of Advanced Industrial Science and
Technology (Deposition No. FERM P-18752) on March 6, 2002, and was
subjected to international deposition on March 20, 2003 (Deposition No. FERM
BP-8334).

25 6. Preparation of a monoclonal antibody
The above hybridoma cell (K8223 strain) was cultured, followed by
intraperitoneal injection in mice and collection of a monoclonal antibody from
ascites to obtain the monoclonal antibody which specifically binds to
probferative human hepatocytes.

30
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fromthe No.23 sanple were anal yzed by using FACS on reactivity at

hepat ocytes surface immedi ately after separation. As the result, 3 clones
showing simlar reactivity were obtained. Anbng these clones, 1 clone
(Mouse- Mouse hybri donma K8233) was deposited in The International Patent 20
Organi sm Depositary, National Institute of Advanced |Industrial Science and
Technol ogy (Deposition No. FERM P- 18752) on March 6, 2002, and was

subj ected to international deposition on March 20, 2003 (Deposition No.
FERM BP-8334). 25 6. Preparati on axaamprwcl onal anti body The above

hybri doma cell (K8223 strain) was cultured, followed by intraperitoneal

i nj ection i n Breparatinh obh mendelonal antihody sthich [spesificallynretogmizesscites to
obtai n the nonocl onal anti body i ch ecifically binds to proliferative
human hepat ocytes. 30 43 Exanpl “‘P"Pré tOEVES® of a nonocl onal anti body
whi ch sgecifically recognizes human hepatocytes 5 A hybridoma producing a
nonocl onal anti body, which specifically recognizes hunman hepat ocytes but

does not recogniaz@yBAfoldNBrodiRR® QC Hidfoclott@SarRe Rlg! &ehibh OspRically
ELI SA-positive sanpl es anong 94 sanples selected at the 1st screening of

Exanpl e 6 bycomdges hofmdn beprtogiteabusdatsmion geawknie pondmrhan epdt®cytessue. As
to 3 sanples of culture supernatant of hybridoma which_stained. cel

menbr ane of VARSHCEY e PAyPesteeRlry amene PReamplet selecksiridhe
oot AP Rl stk S DATBRRL SR B fH e
(such 2o MassteaNd to@ SampleSéf RAARE sSFRAREII O hYRIIRAANIQtHSIAGTACS. The
hepat ocyt es obt ai ned
membrane of hepatocytes equally irrespective of the hepatic zones, reactivity to
cell surface of cultured human hepatocytes, human hepatocytes just after
separation and hepatocytes of non-human animals (such as mouse and rat)
just after separation was analyzed using FACS. The hepatocytes obtained
15 from a liver of adult men (46 or 68 years old} by collagenase perfusion and
low-speed centrifugation were treated with the culture supernatant of the above
selected 3 samples at 4°C for 30 minutes, and then treated with an FITC-labeled
anti-mouse IgG antibody at 4°C for 30 minutes to make detection by FACS
possible. As the result of screening by FACS, 1 sample of hybridoma
20  (pre-cloning} which was reactive with only human hepatocytes and not reactive
with hepatocytes of mouse and rat was selected. In 2 clones of a monoclonal
hybridoma obtained from the above selected hybridoma, each culture
supernatant showed similar reactivity (Fig. 20}. In histological staining of the
culture supernatant of the above selected hybridoma, the region considered to
25 Dbe abile canaliculi of a human liver tissue was stained, but no zone-specificity
in terms of staining properties was confirined. By the way, the liver tissues of
amouse and a rat were both negative on reactivity with the culture supernatant
of the hybridoma. In consequence, the hybridoma that produces an
anti-human hepatocytes monoclonal antibody, which specifically recognizes

30 human hepatocytes and does not recognize non-human hepatocytes, was
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15 froma liver of adult nmen (46 or 68 years ol d) by col |l agenase perfusion
and | ow speed centrifugation were treated with the culture supernatant of
t he above selected 3 sanples at 4C for 30 mnutes, and then treated with
an FITC | abel ed anti-nouse 1gG anti body at 4C for 30 m nutes to nake

detection by FACS possible. As the result of screening by FACS, 1 sanple

of hybri dorgy2felPrBiis h?ﬂhﬁ%a‘@@zﬁl% SMehin %%@M&Féﬂ ol afe Bture
W (6] wWas

hepat ocytes and not reactive th hepatocyte nouse and rat

sel ected. |Depbsiti@n@entef ofTHONAE RN Ahstithydéf AdRan cablrurathliScamct hadabove
sel ected hybridonma, each culture supernatant showed simlar reactivity
(Fig. 20). Tashnplogyindirat asefdfanchd®, 8002 fideposionurenbern EERM Brt876f1).t he

above sel ected ,hyhri do e . regi on considered to 25 be a hile canaliculi
of a humn,aq$?}§¥8?ﬁ%g§%§tﬂi£? E}tsﬁmﬁnﬂﬁﬁ?lﬁ%t%ﬂ@}%eép E{cﬁ'yzo’i%c?of”er nms of
stai ni ng pr(ggﬁgstiﬁ(%n Oteﬁp@ékmr@g_.gggg)j he way, the liver tissues of a

nouse and a rat were negative on reactivity wwth the culture
supernatant  of A henbylbhhDaiEbodywad BEREENESm tHREKIYIT sdeiREhy Bidtilar oduces
an anti-human hepat ocytes nonocl onal anti body, which specifically

r ecogni zes Bocerran ah dgatrdengt iosExadplddes not recogni ze non- human

hepat ocytes, was 44 obtai ned. This hybridona K8216 strain was deposited to
The Patent Creature Deposition Center of The National Institute of
Advanced | ndustrial Science and Technology in Japan as of March 6, 2002
(deposition nunber: FERM P- 18751), and al so deposited to The

| nt ernapi onal Depository Cent emdffstahl Npphtarifity 2003 5 (deposition nunber:
FERM BP-8333). A nonocl onal anti body was obtai ned fromthe K8216 strain by
simlar procedures as described in Exanple 6. 10 Industrial Applicability
By the present invention, as described above in detail, proliferation of
human hepat ocyt & 1§ PEpgy Erentdon andsssebrd ¢bprve in dpgils aroliferation?f can be
attained.  FHLhAS HIbSoyfeoll MIREd ScdlO Uit Wle Gl BRBhAF Bubdidd calBe! 1 VET

are
attained. Furthermore, a chimeric mouse in which many cells in the liver are
15 replaced with human hepatocytes is provided. Drug metabolism tests and
safety tests of compounds can be available by the use of said chimeric mouse or

human hepatocytes.
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15 replaced with human hepatocytes is provided. Drug netabolismtests and
safety tests of conpounds can be available by the use of said chineric
nouse or human hepatocytes. 45 CLAIMS 1. A nethod for proliferating human
hepat ocyt es, which conprises transplanting human hepatocytes into a liver
of an imunodeficient 5 hepatopathy nouse, and then feeding the nouse
transplanted with the human hepatOQéﬂgﬁvgnder such a condition as being
protected fromthe attack by human conplenent produced by the human

hepat ocytes thereby proliferating the transplanted human hepatocytes in
the nouse liver. 10 2. The nmethod for proliferating the human hepat ocytes
of claim1, whdrei nAtthethodrfdr pradiferatingdivmgap hopeatorydsf whishtdempriseack by

human conpl enen s at |least one of the follow ng.(a) and (b):.(a) the
mouse transtﬁ?%%ﬁl@al% ChupRa ﬁ?&ﬁawcmﬁaf%@ytaesh"ﬁg i%}léag%lf{ée teast
once W kh i..nhi_bi ; I Lped by
mat i ng Dot ain o HosR R i seciing e AcBto bR AT B ARALA
decay- accel igatédyesd aaHe st Edhfition RNSGRR IpFotetRdSRoinStHY hithaedyas t he
i mrunodefi ci ent hepat opat hy nouse. 3. The nethod for proliferating human

hepat ocyt eshwhag lcainplement godudl ishdrechumbh depatopied dherebg prolfensdingpat hy
nouse i s the progeniture nouse obtained hy nating bet ween a genetically
4

i mrunodef i dPgitatimlrged hymean Beprderxtss By theparspivdy nouse. 4. The net hod

for proliferating human hepatocytes of claim3, 25 wherein the progeniture
nouse i s a hem zygous i mmunodefici ent hepatopathy nouse. 5. The nethod for

prolifgpating hywran hapatQeYl ¢S Plolfdratiil 4he NYRRLE hBpAtBEyRS B EMEIRUS
i mrunodefi ci ent hepat opat hy nouse is adm ni stered
wherein the condition of being protected from the attack by human complement
is at least one of the following (a) and (b):
(a) the mouse transplanted with the human hepatocytes is administered at
least once with a complement inhibitor;
15 (b) a progeniture mouse obtained by mating between an immunodeficient

hepatopathy mouse and a decay—acceleréting factor (DAF/CDS55) transgenic

mouse is utilized as the immunodeficient hepatopathy mouse.

3. The method for proliferating human hepatocytes of claim 1 or 2,
20 wherein the immunodeficient hepatopathy mouse is the progeniture mouse
obtained by mating between a genetically immunodeficient mouse and a

genetically hepatopathy mouse.

4, The method for proliferating human hepatocytes of claim 3,
25  wherein the progeniture mouse is a hemizygous immunodeficient hepatopathy

mouse.
5. The method for proliferating human hepatocytes of claim 4,
wherein the hemizygous immunodeficient hepatopathy mouse is administered

30 with a hepatocyte growth inhibitor and then the human hepatocytes are
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30 with a hepatocyte growth inhibitor and then the human hepatocytes are 46
transplanted therein. 6. The nethod for proliferating human hepat ocytes of
any one of <clains 1 to 5, wherein the i munodeficient hepatopathy nouse
transplanted 5 with the human hepatocytes is admnistered with an
anti-nouse Fas antibody. 7. The nethod for proliferating human hepatocytes

of claim1, aﬂé}ﬁ LA thbgihuman hepatocytes to be transplanted into the
i mrunodef i ctlrent !ﬂﬁﬂgpat opat hy nouse are proliferative human hepatocytes. 10

8. The method for proliferating human hepatocytes of claim7, wherein the
proliferative human hepatocytes are human hepatocytes recognized by a
monocl onal anti fedy Wat ahethpddpr prelifesatingclyymiancheaioartes hEpay eoptels whi ch

proliferate wth form colony. 15 9. The nethod for proljiferating the
Punn hepat@Enh (op. BRErTH g6 Ferethitae: o uhaImGie BompItane
producegd fr - [Fofo)cr- PN - : : met hod
for proﬁi fe@gllﬁgg ﬁ%ﬁﬁ%a?ﬁ%ﬁgs mg%z%a%%gﬁsﬁgg{:%ﬁl ﬁgﬁ%ﬁ%%ﬁ%ﬁ?dés t he
following steps (1) to (3), and the steps (2) and (3) are repeated at

| east once; (1) a step conprising transplanting human hepatocytes into a

liver of an i nmfinodeTheimathade frat prdiférpting usemaandepdtecytteadi ¢lgin hs nouse

25 transpl anted. wi,t h human hepat ocytes under. such a condition_as _being
protected f¥ ?ﬁ%éleawgeﬁqwagnm odipiraneienishdat e mymbnedeisient

Rgggteoﬂff/g?}etpﬁ%pea‘%ﬁy R e o8E AkitOrE RS RLANLERfUMRN hepatocytes in the
10
8. The method for proliferating human hepatocytes of claim 7,
wherein the proliferative human hepatocytes are human hepatocytes
recognized by a monoclonal antibody which specifically recognizes human
hepatocytes which proliferate with forming colony.
15
9. The method for proliferating the human hepatocytes of claim 8,

wherein the monoclonal antibody is one produced from Mouse-Mouse

hybridoma K8223 (FERM BP-8334).

20 10. A method for proliferating human hepatocytes in large scale,
which comprises the following steps (1) to (3), and the steps (2) and (3) are
repeated at least once;

{1) a step comprising transplanting human hepatocytes into a liver of an
immunodeficient hepatopathy mouse, and then feeding the mouse

25 transplanted with human hepatocytes under such a condition as being
protected from the attack by human complement produced by the human
hepatocytes thereby proliferating the transplanted human hepatocytes in the
mouse liver;

(2) a step isolating the proliferated human hepatocytes from the mouse liver;

30 and
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(2) a step isolating the proliferated human hepatocytes fromthe nouse
liver; 47 (3) a step conprising transplanting the human hepat ocytes

i solated fromthe nmouse liver into the liver of an inmunodeficient

hepat opat hy nouse, and then feeding the nouse transplanted with the human
hepat ocytes for not shorter than 50 days under such a condition as being

protected firpm o . man
hepatocyteéépll.n%ﬁgkﬁgﬁﬁgﬁﬁig%ngagﬁﬁPgﬁggkﬁgﬁ uﬁgégﬁggggécfgggqyﬁﬂlarge
scal e of ahainiodde, liveh el thelliver 60adirhirRmoatfikien e R OpaBY etlolided Bhtihe
attack by human conplenent in the step (1) and/or the step (3) is at |east
one of the theh|feeding thg)mouge dradsphinted ajith tlee fousen thepatsitest fod vwitt h hunman
hepat ocytes.is adm nistered at |east qnce with a conpl epent inhibjtor; (b)
a progeni t &J@%g@@ 5@9%%3%“5@@ WA FREPIAsRIFO HEr heahtack

hepat opgt h RS, - ' c CD55) transgenic 15
- nouse ig u??l|ze%nggqgﬁgggﬁﬁ%ﬁggggé?&3%%ﬂ%g%%{%%%gﬁéﬁgéuse. 12. The net hod
for proliferating human hepatocytes in |large scale of claim11l0 or 11,
wherein the i nmunodefici ent hepatopathy nouse in the step (1) and/or the
step (3) is the lgr og€ht matbodrgeobferatimeuimanriepanrybetindargeasca@ of
genetical ly_i munodefi ci ent nouse and a genetically hepatogathy nouse. 13.

The met hod Fgr pPorhreiathheriifen ohbpagsegiceted fﬁ"‘F‘eFZ‘Sf‘_“s?@ IRy laﬁrﬁaa ai m 12,
rouse. 25 TatnEenb e TPT e, b3 P d PR RS A ORME BT o e Bl B9 Sl s

of cl apm L3d herein the hem zygous i munodefi ci ent hepat opat hy nouse is

adm nistered with a hepatocyte growth inhibitor and then human hepat ocyt es
EY) the mouse transplanted with human hepatocytes is administered at

least once with a complement inhibitor;
{b) a progeniture mouse obtained by mating between an immunodeficient
hepatopathy mouse and a decay-accelerating factor (DAF/CD55) transgenic

15 mouse is utilized as the immunodeficient hepatopathy mouse.

12. The method for proliferating human hepatocytes in large scale of
claim 10 or 11, wherein the immunodeficient hepatopathy mouse in the step (1)
and/or the step (3) is the progeniture mouse obtained by mating between a

20 genetically immunodeficient mouse and a genetically hepatopathy mouse.

13.  The method for proliferating human hepatocytes in large scale of

claim 12, wherein the progeniture mouse is a hemizygous immunodeficient

hepatopathy mouse.
25
14. The method for proliferating human hepatocytes in large scale of
claim 13, wherein the hemizygous immunodeficient hepatopathy mouse is
administered with a hepatocyte growth inhibitor and then human hepatocytes
are transplanted therein.
3¢
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are transplanted therein. 30 48 15. The nethod for proliferating human
hepatocytes in |arge scale of any one of clains 10 to 14, wherein the
i mmunodefi ci ent hepat opat hy nouse transplanted with hunan hepatocytes in
the step (1) and/or the step (3) is admnistered with an anti-nouse Fas
anti body. 5 16. The rret hod for proliferati ng human hepat ocytes in | arge

scal e of clai mkQ, & r tffd into
the liver of the |mmno ?c?tgrﬁyd}q&?%@g y m) se@?'l? lhelg{ét%gﬁgj(%l and/ or
the step (3nyadre: offfl@his B(D&i ﬂ#ewhal@ﬂﬂ’ﬂeﬁﬁhﬁﬁ)ﬁﬂeﬁcmrﬂt(}le}ﬁtopﬂﬂﬁy aRfuzed for
proliferating human hepatocytes in |large scale of claim 16, wherein the

prol i f er at itvansplantad heida thosyar hepatochitesdn tﬂn@p%tmdl')t md/qrdhogmlzdz@ by a
nonocl onal tlbod mhlch S C|f|cally re nlzes human hepat ocytes which
proliferaté WOUES Fpg. QYrethod for proliferating human
hepat ocgt es in | arge scal e of claim17, wherein the nonocl onal antibody is
one produced from Mouse- Mouse hybri doma K8223 (FERM BP-8334). 20 19. The

net hod for proliiker atrhe gndtts@ forl R BRledS €HuirRn a0 18 19fge sthrdi dn 10,
wherein only human hepatocytes are substantially isolated |n step (2) by

at | east orvdeiof lﬂhwhﬁmhrhdwhgnmbhemlo%eqb@bah@népl)ante(chmm the Hemtofa | i ver
ti ssue separated fro C{Q@t he House Iver wth collagenase; and 25 (b) to

i sol ate celPSUBHURPIcEEisghhsrat oy meRscPshasteRrd] HEHprihe §WP§%)E%'Ff ically
recogni zes &H@Patﬂ%%ﬁﬁ%ﬁth%%a&%yte@t recogni zes non- human

10
17.  The method for proliferating human hepatocytes in large scale of
claim 16, wherein the proliferative human hepatocytes are human hepatocytes
recognized by a monoclonal antibody which specifically recognizes human
hepatocytes which proliferate with forming colony.
15
18. The method for proliferating human hepatocytes in large scale of

claim 17, wherein the monoclonal antibody is one produced from Mouse-Mouse

hybridoma K8223 (FERM BP-8334).

20 19. The method for proliferating human hepatocytes in large scale of
claim 10, wherein only human hepatocytes are substantially isolated in step (2)
by at least one of the following procedures (a) and (b);
(a) to treat a liver tissue separated from the mouse liver with collagenase;
and

25 (b) to isolate cells being recognized by a monoclonal antibody which
specifically recognizes human hepatocytes but not recognizes non-human

hepatocytes.

20. The method for proliferating human hepatocytes in large scale of

3G claim 19, wherein the monoclonal antibody is one produced by Mouse-Mouse
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hepat ocytes. 20. The nethod for proliferating human hepatocytes in |arge
scale of 30 claim 19, wherein the nonoclonal antibody is one produced by
Mouse- Mouse 49 hybri donma K8216 ( FERM BP-8333). 21. A chineric nouse
carrying in the liver human hepatocytes proliferated by the nmethod for
proliferating human hepat ocytes of any one of 5 clains 1 to 9, or by the

nmet hod for I%Fb‘?lcioﬁ—&{ﬁébﬂtg (I?ﬁlmnBﬁ'%%%%cht es in large scale of any one of

claims 10 to 20. 22. The imeri ¢ nouse of claim2l, wherein the
proliferated human hepatocytes make up not less than 70 % of the cells in
the liver. 10 23. The chinmeric nouse of clainms 21 or 22, wherein said nouse
has hunan-t ype 22450Aachimgniyy modse Aanirgdnfdie Gixgtrahminman hepatodyegsat ocyt es
conprises isolatin 15 the _h n hepat ocytes frogmthe liver of the

chimeri o mRTSHlcEHea by, the Bethosblop prolfgratig b VHSr Ol AW g human

hepat ocyt es j , rei . ntially
i sol ate byd%%nﬁcggg{@ ’ (%))?;e Y \(,)@%trﬁ%ﬁmﬁlgg# %r%%%gﬁ%%ﬁegétoﬁ%sgﬂa%% ; (@)
to treat a dchieedf drySSitcofst@aisai@eh boom the nouse |iver with col | agenase;

and (b) to isolate cells being recognized by a nonocl onal antibody which
specifically recogni zes human hepatocytes but not recogni zes non-human 25
hepat ocytes. 26. The tgﬁ_g for obtaining human hepatocytes of_ claim 25,
wherein the nordel ohaf CHHRFBOHPUSE ob Hlaihdd idsiip thePraifeatabbemany br i doma

K8216 ( FERI\A%%%@C%@%) make up not less than 70 % of the cells in the liver.
10
23. The chimeric mouse of claims 21 or 22, wherein said mouse has

human-type P450 activity.

24. A method for obtaining human hepatocytes comprises isolating
15 the human hepatocytes from the liver of the chimeric mouse of claims 21, 22 or
23.

25. Themethod for obtaining human hepatocytes of claim 24, wherein
only human hepatocytes are substantially isolated by at least one of the
20 following procedures (a) and (b);
(a) to treat a liver tissue separated from the mouse liver with collagenase;
and
(b}  to isclate cells being recognized by a monoclonal antibody which
specifically recognizes human hepatocytes but not recognizes non-human

25  hepatocytes.

26. Themethod for obtaining human hepatocytes of claim 25, wherein
the monoclonal antibody is one produced from Mouse-Mouse hybridoma
K8216 (FERM BP-8333).

30
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30 50 27, Human hepat ocytes obtai ned by the nethod of any one of clains 24
to 26. 28. A cellular kit containing the human hepatocytes of claim?27. 5
29. A hybrid-type artificial liver filled with the hunman hepat ocytes of
claim 27. 30. A nonoclonal antibody which specifically recognizes human 10
hepat ocyt es but not recogni ze non- human hepatocytes 31. The nonocl onal

anti body of cl akm 30p,WU.£ e jdoma
K8216 (FERM BP- 8333) Huily 3%315 RobEs Bf’fug@se‘éhﬁ% 1o ﬂm&i o :"'é]I§ AE%R?&IQ 78333) .
33. A net had foa26.t esti ng pharnaceutlcal ki netics or tOXICIty of a
candi dat e substance, which conprises systemcally adm nistering the
substance into the chinmeric nouse of clains 21, 22 or 23. 20 51 1/2
SEQUENCE LI STI <11 an.Sci ence and Techn Io COrpo tion_and
i roshi ma | ndusch: al M FELRRD RS e Dk Porroad Sepe7.
prolifegating human hepatocytes and a net hod for obtaining human
hepat ocyt es <130> 03-F-014 <150> JP 2002-84280 <151> 2002-03-25

29. A hybrid-type artificial liver filled with the human hepatocytes of

claim 27.

30. A monoclonal antibody which specifically recognizes human

10 hepatocytes but not recognize non-human hepatocytes.

31. The monoclonal antibody of claim 30, which is one produced from
Mouse-Mouse hybridoma K8216 (FERM BP-8333).

15 32. Mouse-Mouse hybridoma K8216 (FERM BP-8333).
33. A method for testing pharmaceutical kinetics or toxicity of a
candidate substance, which comprises systemically administering the

substance into the chimeric mouse of claims 21, 22 or 23.
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<160> 6 <210> 1 <211> 19 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthesized oligonucleotide <400> 1
gtcttggctc gctgcaatc 19 <210> 2 <21%f19 <212> DNA <213> Artificial
Sequence <220> <223> Description of Artificial Sequence: Synt hesi zed

ol i gonucl eoti de <400> 2 cgggagactg aggcaggag 19 <210> 3 <211> 21 <212>
DNA <213> Artificial Sequence 2/2 <220> <223> Description of Artificial
Sequence: Synt hesi zed ol i gonucl eoti de <400> 3 ccgcctcctg ggttcaagcg a 21
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<160>6

<210>1

<211>19

<212>DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthesized oligonucleotide

<400> 1
gtcttgpcte getgeaate 19

<210>2

<211>19

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthesized oligonucleotide

<400> 2
cgggapgactg aggcaggag i9

<210>3

<211>21

<212> DNA

<213> Artificial Sequence



<212> DNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Synthesized ol i gonucl eoti de <400> 4 ggatgcaggg atgatgttc 19 <210>
5 <211>19 <212> DNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequence: Synthesized ol i gfnucl eotide <400> 5 tgcaccacca
actgcttag 19 <210> 6 <21 1> 22 <212> DNA <213> Artificial Sequence <220>
<223> Description of Artificial Sequence: Synthesized oligonucleotide <400>
6 cagaagactg tggatggccc tc 22

<220>
<223> Description of Artificial Sequence: Synthesized oligonucleotide

<400> 3
cegecteetg ggttcaageg a 21

<210>4

<211>19

<212>DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthesized oligonucleotide

<400> 4
geatgcaggp atgatgttc 19

<210>5

<211>19

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthesized oligonucleotide

<400> 5
tgcaccacca actgettag 19

<210> 6

<211>22

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthesized oligonucleotide

<400> 6
cagaagactg tgpatggccc tc 22



