26 Decenber 2006 DESCRIPTION A Method of Proliferating26irembeef@bocyt es
and A Method fot Ootaining Human Hepatocytes 5 Technical Field } The
invention relates to a nethod for present proliferating human 10

hepat ocytes in a nouse body, a chineric nouse carrying human hepatocytes in
the liver thereof, a nethod for obtaining human hepatocytes from said
chinmeric nouse, and human hepat ocyt es obt ai ned t hereby. Human hepat ocytes
obt ai ned from said chineric nou RIBEHQNed as a material of a hepat ocyt e
kit or an extracorporeal artificial I|ver 15 Background Art A liver has
500 or nore types of various specific functions. For exanple, 20 major
functions of a liver are plasma protein synthesis and excretion, blood
sugar control by gl uconeogenesi s and gl ycogen netabolism Ilpogenesis,
ureogenesis, bil eAsMethediof Froliferacing HomhandHePAtsRteOAndNd so on. Most
subst ances |ncorporated into a body are mainly netabolized in a 25 liver.
In the field of pharvitethodcfet QhtainiagrinmanHepatagygesf met abol i sm

phar maceuti cal .candi date substances will be received in a |iver and what
type of effect is givento a liver or other organs and tissues are
essengi al data. Further, many chemi cal substances have been synthesized
and discharged 1 - --------- - ----- -- 26 Decenber 2006 into

;enV|ronnent up to now. To eIu0|1w$nnmﬁaFuhund of effect these substances

N _ 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 th'ereof; amethod for obtaining human hepatocytes from said chimeric
mouse, and human hepatocytes obtamed 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

j _ Aliver has 500 or more types of various specific functions. For example,

20 major functions of a liver are plasma protein synthesis and excretion, hlood
sugar control by glucbneogcnesis 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 _subétanées will be received in a liver and what type
‘of eﬁ'éct is given to a liver or other organs and tissues are essential data.

Further, many chemical substances have been synthesized and discharged




have exerted individually or in conbination to a human B®8gcanbeszidbal |y
very inportant. Toxicity test on liver functions are essential for

eval uation of the effects of such chem cal substances to a human body. 5
Mce, rats, rabbits, dogs, nonkeys, etc are used at present for safety
tests and drug netabolismtests of chem cal substances including

phar maceuti cal = candi date substances. Especially in pharmaceuti cal

devel opretito envignraen oy warow.e Joslugidats arkatking of effagt thege anbstahsesar e
compul si vie _before .10 .ent er,j ng phase .| study for human; therefore, |ong
period and S FEFEs lﬂglv\’/élfalﬂy a‘g ‘%}0%5‘3388’%% S RemAB APy SPRARIEH t est s.
However , ligifardeS NIAHARNbAGEIAlndRlR HUALOGIR LARSSAT b R)e
experiments can be applicable to human. 1n fact, nmany cases are khown 15
wher ei n aefRcbssfoned demicsicogitandstoXi Kihinbdagni mal experiments exhi bited
toxicity in human ©r vice versa. Consequently, 1t is expected up to now
that Sdevel opnent of nmany pharmaceutical candi date substances is aborted

after enteri r&%ﬁi n phase .| study on human, and besi des expected that there
is many case ‘\WTEr% Snr%‘?‘?‘Fﬁ)&@ﬁS’é“@ﬂ‘fﬁYFéﬁE@I%%ed&fﬁ)ﬁ%qepﬁf%éafe@ﬂ%ﬁy in

h i f _na. l'i ni cal
(il aue R R R et Rt R PR 7 oy e

caused bycaghididse enimstahd¥e! aboksgediiRCt EPNHHaRmACOWIRE |devBlopnitad, Met abol i ¢

functions in livers of mce and rats. Recently, in vitro netabolic 25
- tests andoxigsiogicey tesist end ssafefyhtastn usepataodyiabs avavenipadsive ebéforared.

Hovvei r, anount gf | ivers frombrain death patients which were not used for
~tran §I arfeRs PaARF LethdR dordhumanatherelses. dens rerioshend sHerts pamelagsat ect ony
bodn tunor i isﬁspax%rr% Lﬁ% Elg&ersettgsn demanded. Consequently, devel opnment of

t echnol ogy T or hunman ﬂepa‘flocy € proliferation is essential for

phar maceuti cal 30 devel opnent. 2

However, there is no guarantee that data obtained by these animal
experiments can be applicable to huﬁ:tan. In facf, 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 tﬁereof is aborted before entering a clinical trial due to exhibiting

‘3 _stf_ong toxicity in animal experiments.

- This may be caused by difference in metaboli_c functions in a human liver

and metabolig 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
__transplantaﬁon and amount of huinan hepatocytes obtained from hepatectomy

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

- 30 déVelopment.




26 Decenber 2006 Necessity of high amount of human hepagé Desetrdsr 2086 ver y
much ali ke in an extracorporeal artificial liver. The artificial liver is
medi cal device acting liver function artificially. It is vigorously in
progress to develop a hybrid artificial 5 liver conbining with the
artificial action based on physicochem cal principle such as adsorption,
dialysis and filtration, along with biological actions using perfusion of
an excised liver and liver tissue. In such a devel opnent of an artificial

liver, it is sent.jal..tq i nproye menbrane and circuit fqr enhancing
physi cocher cal T PSHED BFBHEY 0F FRmED TERpRIY g FErBtiTh A Rt ocyt es
10 applicah RRRLSE 15 Lyt if . . : vies, it has
~ been cons?%tﬁéﬂ#kﬁgnpossi%ﬁgvﬁgwgggFg?ﬁeagﬁﬁgaf?ﬁ%%%g@ggfﬁggghgg¥%§, whi ch
ar e separfiretohratficialy.ules$ JigstousHual proNess| ty, ddvBleprahyhed drapahpcyt es
wi th adhesi on 15 dependency are |argely danmaged when cells are detached
f rom 8ul tkies comhiningawidh fibe agtificial acticn besedpe mayisionckamdical prideipld cult to
re-adhere toq culture,. subsirate. ntrary to that, the present |nventors of
this appl ?‘%:%‘[ ?%ﬁémt:}onﬁ Asand g@""l‘%{’h 8&9&&‘@5‘ %?%???@r%ﬁoﬂﬁ Us8Fat ocyt es,
wher ei n . t.oc P\ : [ af. i WAty re
i sol ated ronﬁlér;]&glr%ﬁa }Eecg%tdo%\fee[s{gjngglgggsrtg%’gh %@(i)lmﬁ h%ﬁ%lﬁB Heilllté ro,fv%nd
further, ditifies livar, it RBlesdbhtiditolipBi erbbidanershd &ibsuis M dntheRatpocyt es and
then to subculture the cultured hepatocytes; and which were granted
pat ents (PRrsica@Bemid $anctidn, NdorR2 6666 suySply gh GndmtsfhephPeddtds0- 179148,
JP hg.321191}, P- A-07-274951, JP No.3157984; and JP-A-09-313172, JP
~No. 3 943 8plicaBleAp N Uske et hods of those patented inventions provide
-.hew technique to obtain human hepatocytes in large scale by in vitro
proliferation of hepatocytes, there remains a problem of dimnishing sone
l'iver. functiongowdef, 0 al A BEM@RxS URDAkdHS, i NRIseh&E cohBigereacel | s

obt ai ned by the
: impossible 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
o 20 '_separated from human liver, and further, it was carried out to primarily culture
‘ f\j | the small hepatocytes and then to subculture the cultured hepatocytes; and
| ‘which were granted patents (JP-A-08-112092, JP No.3266766. USP
'No.6,004,810; JP-A-10-179148, JP No.3211941; JP-A-07-274951, JP

No0.3157984; and JP-A-09-313172, JP N0.3014322).

25

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

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




30 above-described nethods are useful, for exanple, for2@Dsemberding system
of 3 ------------ ---- 26 Decenber 2006 nedical drug for maintaining
liver function, or for a testing systemof toxicity and efficacy of

medi cal drugs in terns of certain functions remained after Iong period
subcul ture, however, these cells are insufficient to use as substitution of
human |iver function, or for a material of a hybrid-type artificial |iver.
5 As a ne@pdical ﬂms&rﬁamh@nam@rﬁummnfw prasitineyatam of tkidepat ocyt es

uivey b e R e i e BT B e s R AR e e |
al buni n- u%&k(;,q é?t?c&lé(&@ ho%@ﬂ\tﬂg& 118Gk % 9\5%6&& anggen %t{/%'tt‘éﬁx{ A-Tg

nouse) . I S nouse, e uro I nase pl'asm nogen ac UPA) gene
i's attachidnio ]ﬁ&rﬁﬂhﬁﬂﬁ@brmmt@ﬁaﬂlmhﬂfybﬁﬁ— BufiificiallRArprotein is
specifically expressed in a liver (Heckel JL, andgren EP, Degen JL,
Pal mi tSer RD, and Brinser RL; Neonatal bleeding in 15 transgenic mce

expressi ng uroki nase-type p aip ﬁgen a |vator Cell 62:447-456, 1990).
The col or of A sestestoselvedhg ahgiisRro rﬁ‘m?@@é’&%ﬁesdue to

injury b p n | ure.

haJs bgeny nﬁ‘g\%ﬁ %ﬁﬁe%g £O%$%8ﬁﬂr' Qﬁ& oc%{ g’é“’g% 29 P% %n%oggﬁ%m@ouse vvere
transpl anhgdbédt proposed.een of the above rrentloned nouse, the 20

transpl anted hepatocytes are attached to the liver and proliferated, and
finally the recipient hepatocytes are replaced by the donor hepatocytes
(RhimJA, - Sandgren EP gen JL, Palmter RD, and Brinster RL; Repl acenent
i d0seased rists xRl %?Ckﬁ’épﬁhﬁi darpate s thsp |ahHRIn-gRokisas e hgs

.263: 1149- 1994). Further repay e he uPA- Tg/ NUDE nouse
by mat i ng&%lgm%ne? BITHYAE UJE?A‘SSSH‘C mn}é mTﬁ%ﬁPﬁL g’é iTR"Has®no T-cel |

function the urokinase plasminogen activator (uPA) gene is attached to an enhancer 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
f\) the recipient hepatocytes are replaced by the donor hepatocytes (Rhim JA,
- Sandgren EP, Degen JL, Palmiter RD, and Bﬁqster RL; Replacement of
diseased mouse livér 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 functien
due to hereditary deletion of thymus. A mouse having rat hepatocytes was

: pfepared 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




due to hereditary deletion of thymus. A nouse havi ng r até bepabecpbes was
prepared by transplantation of rat hepatocytes into the uPA-Tg/ NUDE nouse
(Rhim JA, Sandgren EP, Palmter RD and Brinster RL; Conplete reconstitution
of nouse liver wth xenogeneic hepatocytes. Proc. Natl. Acad. Sci. USA 30
92: 4942- 4946, 1995). However, there. is no report on a chinmeric nouse 4 26
Decenber 2006 carrying hunan hepat ocytes using said nouse. Dandri, et at
prepar ed enin@humgRhgpatoeiseubingraid npushe UPA-Tg nouse and RagZ nmouse
which is a knockout nouse having an 5 imrunodeficient characteristics. It
has been reported that 15 % of the nouse liver was repl aced by hunan

{1 Bnspl At od oS ey cpr e RSN meb 8T s MR Do) ver e

succeededmblisé naﬂdVQngQf aabu S Whidh hRpal | khéciButi Hsusd Oh&ahg @ause
(Dandri M Burda MR Torok B, Pollok JM Iwanska A, Sommer 10 G Rogi ers.

X, Ro§l eringEun@igftciers chidfddteriftioss et bas BeerargpoRetiehae S ¥ of tRepopiseat i on  of
nouse |liver with human hepatoc&@es and in vivo infection with hepatltls B

virus. HePAT S1a5FyPesce$y-logpan B&‘)OCYE&PWCWW?HWWOHW present
(3P A 2005 At IP6 etk efobRbieiy P A00S BEA BB ati on o

human hepabesy/t B&rikRE ﬁl@nnete/éuwéea@aﬂlﬁm&@uﬁm@nﬂﬁﬂl hBYaii®d BRElshe UPA-Tg
nouse and SCI D nouse which is an i munodeficient nouse, the transpl anted
human hepatsagl/tnessb fvand lNBtBﬂrﬂaaIIRymrak(Bj Pollak M, flunntkoASSefmngernouse
liver. In this chiperic nouse of the prior invention, 20 nouse hepatocytes

~-have Beerpdfé’ﬂ?ﬁ%t}ﬁ’oﬁ@@eﬂu@Et &etar 8s Vi H;f Gtﬁiﬂzﬂgﬂneﬂnd disterseuslit he | ver

. funct the t | t t f
R T B T R 3 o R
eval uat i ngepha@is & tivud@NdeRfiblogfey.of1-685 thopypst ances

_ Also, the inventors of this preéent invention have disclosed in a prior
.18 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,
fJ ' ‘and thus the liver function is maintained by the transplanted human
‘hepatocytes.  Therefore, said chimeric mouse is quite useful .as an -
‘experimental animal for es‘raluating' 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




because the in vivo function of transpl anted human hepatéDydcaberagsbe 25 -
eval uated precisely. However, the chineric nouse of the prior invention
cannot |ive 50 days or |onger after transplantation of human hepat ocyt es.
Al so, due to proliferation normalized nouse hepatocytes in the course of
growing, proliferation efficiency of transplanted human hepatocytes was

| ow and replacenent ratio of human hepatocytes remai ned about 50 % 30 5
26 Decenber 20U®veAivgling handlseddrasugpipoveddomn seqepordredt pyblisheddent report

publ i she Mercer, et al. rcer DFE.. Schiller DE, Eliiott JF, Douglus
DF, Hao g‘,“ggﬁ%ﬁf t(M%?erilaﬁi é‘lé\r{ﬁhﬁ‘fﬁ?EFFEE’ﬁ%ﬁ’E@“@%ﬁP&ﬁqo GARicEgey JRT,
Tyrrell Dy. ] 4i EaS j i i ] ice wth
chineric %ﬁ%ﬁﬁgﬂ?g@??ga%eﬁggggﬁﬁgg%%E%b¥5ﬁ§ﬁ§§ﬁ| vePQ%%%#qﬁﬁgn epat ocyt es
-and in VviN®;i HESSIHPITC Wikds rBRabdohl $n Bnide! Usth NalMER: Maskheh NBvefs927- 933,
2001). Mercer, et al. have reported that the uPA-Tg/ SClI D nouse, prepared
by si @ | aRepmpodaschir elsnagse likes evifholagimby Hepetdoptasrenolia vofo infectopmithent
application, was_transplanted wt! awed human hepat ocyt es_whi ch had been

h h
P ed | repatiig, By iy, Mattze Mpicins 79041940 TOLY. | NEFCZ, 6P D&Y huwmn

al bum n ' S um (equivalent to .approximately less than
about 1 nepeite T dnt AL Wionel Bt d P S RRTDRE AR Feen
‘repl aced scHHBRByBREHAGHERSo! ths fREEAT ASSlicABEUEwad thlisPRINIEd WRWSe Whi ch
is prepared by a 15 transplantation of human hepatocytes into an
i mmunodef themedthiapatigpatduytesnohih LaPhedy/sBEeD inou ferenvatate;nmufifa ci ent as
means to proliferate transplanted human hepatocytes in |arge scale in a

_ mousd® evErultndgshthan 2ngeel of humes albyelin wasalgiseted imseaiserssFudxanyl e,

orin viwg LERht 09 aShrok Sl oss Har hhbGEE Yug Sl MBS JSRARSY 1ES) - 20

about 50 % of liver have been replaced by human hepatocytes.

As described above, a chiméric 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 hepat;)cytes
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 Tlimited.

Scope of the preéent invention is to provide, as a method for proliferating
-human hepatocytes, an improved method for proliferating human hepatocytes
sufficiently in a mouse body. '

30




Mor eover, the chinmeric nouse transplanted wi th human hepabaeybes2008an not
live for long period of time; and since nouse hepatocytes proliferate in a
course of its growi ng, availability of such a chinmeric nouse as an in vivo
eval uation systemof toxicity or efficacy against hunman hepat ocytes has
‘been 25_Iinitgﬁ Scope of the Eresent invention is to provide, as a nethod
for proliferatfig %Wﬂeﬁeﬁ’&hﬁ Plo &epaggton 7pd 69‘@Herﬁétfh}6’&lapolﬂepﬁtf’@ft?sf erating
hunman hepa d r, 2006
A'so, o proGia n THALARPHY Yabiidh oo Rl e sidhdto BBl i ooyt e
pr opagat edpiekenfinb@uise body by extension of life tinme is also included in
the scope of the present invention. Further, the scope includes to provide
a method for obtaining a | arge nunber of chineric mce carrying hunman
hepatocytes with certain specifications by means of transplantation of
separ at ed hunarurihep MeOsype mclulds Qo Prdlid a MeaRd aBotsifhi hehat indfbéofm ce

bodi es, and a nethod for obtaining human hepatocytes with certain

speci fi cat ichinsric epias atmying fhmom depatbcmps sweithi nertagr geeciicatioss bFumtdmsrefore, to
provide a net hod forgg pllcatlon of se arated hunman hepatocytes is al so

i ncl uded i APERETEEYLY. separictiiman Sapatqcxiss &ite plarahmiqerpad probifsestion &ppriecat i on i s
d
O LA G5 OSSO OO et

sai.d nonocltenahidamdukdadies Jhiscl osure of Invention The present application
provi des, as the 1st aspect to solve the above-described problens, nethod
for proliferating human hepatocytes, which conprises transplanting human
hepat ocytes into a liver of an i nodef j ci ent. hepat gpat hy nouse,_ and then
f egdi n gy T'LI ermore to provide a met%for application of separ%ted h?lman Kepatocytes is

also included in the scope.

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.

Disclosure of Invention

The present application provides, as the lst aspect to solve the above-described

problems, method for proliferating human hepatocytes, which comprises transplanting

human hepatocytes into a liver of an immunodeficient 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

thf_:reby proliferating the transplanted human hepatocytes in the mouse liver.

In a first aspect of the present invention, there is provided a method for proliferating
human hepatocytes, which comprises transplanting human hepatocytes into a liver of an

immunodeficient hepatopathy mouse and proliferating the transplanted human hepatocytes in




t he nouse transplanted with the human hepat ocyt es under 28 Detendecznodi ti on as
being protected fromthe attack by human conpl enent produced by the human
hepat ocytes thereby proliferating the transplanted human hepatocytes in
the mouse liver. In a first aspect of the present invention, there is
provided a method for proliferating human hepatocytes, which conprises
transpl anti ng Hbemmpusedipert wbsreieshd mbe drahspleated efithaie hinmmirpadefyies iseiad

hepat opat h nouge and. pro Lferating t he transpl anted human hepatocytes in

7 26 DeceMBT susp@sonditipn axpringpririesisf frogie atiack Ryrwmap careplerpent BISHYSE BY wi t h

t he human .such a condition as bein rotected from
@g@&hﬁ%&&@(rgﬁ ah tholll Bl eis gp

the attac nt produced by the human hepat ocytes
transplanted therein. In a preferred enbodinent 1 the 7a --- ------ --- 26
Decenber 2006 condition of being protected fromthe attack by human

conpl enent is he, following (a) and (b): (a) the nouse
t ranspl ant ed mﬁﬁ%&fﬁg&ﬂﬁﬂggﬁﬁgdh?%%ytes is adm nistered at | east once with

a conplenent inhibitor; (b) a progeniture nouse obtained by mating between
an i mmunodefi ci ent hepat opathy nobuse and a decay-accel erating factor

( DAF/ CD55) transgenic nouse is utilized as the inmunodeficient hepatopathy
nouse. A preferred enbodi nent is that the innnunodeficient hepatopathy
nouse is the progeniture nouse obtained by mating between a genetically

i mmunodefi ci ent nouse and a genetically hepatopathy nouse. Additionally, a
preferred enbodi nent of the nethod is that the progeniture nouse is a

hem zygous i nmunodefi ci ent hepat opat hy nouse, and this hem zygous

i mrunodefi ci ent hepat opat hy nouse is adm nistered with a hepatocyte growh
i nhi bitor and then the human hepat ocytes are transplanted therein.

Ta




Anot her preferred enbodi nents thereof described above, 2¢Décemasr@nber
preferred enbodi nent that the immunodeficient hepatopathy nouse
transplanted with the human hepatocytes is adm nistered with an anti-nouse
Fas anti body. Yet another preferred enbodi nent, wherein the hunman

hepat ocytes to be transplanted into the i munodeficient hepatopathy nouse
are prol i femditipy ef brineprotehiep &owcthe attack &y dumirecqepdénichb isat lepes dne b the

hepat ocyt ef are h nad; gepat ocytes recogni zed by a nonocl onal anti body

whi ch spec °}P‘613Hf§ﬂ? ®bgni zes human hepat ocytes which proliferate, and the
nmonocl onal gant [ < ' 23 (FERM
P 8334) ) noROebnBRCRLAR MR BRRABR MRS AR SREE° e
present i nyemipléent hhiei@; i S provided a method for proliferating human
hepat ocytes in | arge scale, which conprises the follow ng steps (1) to

(3), and tfhe oterpeenitay mguge CWyined by mefiezbabviceatan| imawnodsficient hengtopathyt ep

conprising_transplantin human_ he into a liver of. a

rmunodef TRP SRR EREBIRENTRAGEO (e RO CHRGREFEREE G LERL ™ nspl ant ed
human hepajRewb&sici B SHoukd ver; (2) a step isolating the
proliferated huﬁﬁeﬁeﬂsgaﬁ%cyt es ufgér omthe nmouse liver; and (3) a step

conprising transplanting the human hepatocytes isolated fromthe nouse
liver into the liver of an immnodeficent hepatopathy nouse, and then

f eedi ng t he nouPeeiered naphiodiveantl isvitieh thehisnmungdedisichie pepatvpatine snougsy isnde short er
than 50 days under such a ndi t.ion as being protected. fromthe attack by
human compliasraHtS &PB%WS@HI@@@YFﬁ@%‘tﬁ?ﬁ%ﬂﬁ@ﬁ%ﬁ&f@w@wﬁﬂﬁ@%}t orsfe™d Aouse
transpl ant . fidnd-he BudlePalqey | - iLion as
being pro eect ec?hfér?onln)t e a‘tltac% gy ‘Pﬁi} ’%ﬁﬁ%%?gﬁgﬁ{m%gggggerg&%%he human
hepat ocyt ehat the @rogpinan hetsd i arneinikygdis ianbadefidait hapophty otiR] fidhik or
proliferating human hepatocytes in large scale, which conprises the

fol | owi ng hemeqygoys1) immgmodeficiesin dhepriopaie pmops®)is adrdin(sByedavith » bpratced at | east

once,. growth inhibitor and then the human hepatocytes are transplanted therein.

_ Another preferred embodiments thereof described above, it is another preferred
embodiment that the immunodeficient hepatopathy mouse transplanted with the human

hepatocytes is administered with an anti-mouse Fas antibody.

Yet another preferred embodiment, wherein the human hepatocytes to be
transplanted into the 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).




(1) a step conprising transplanting human hepatocytes i a6 Deembend®ns of an

i mmunodefi ci ent hepat opat hy nouse, and then feeding the nouse transpl anted
wi th human hepatocytes under such a condition as being protected fromthe
attack by human conpl enent produced by the human hepat ocytes thereby
proliferating the transplanted human hepatocytes in the nouse liver; (2) a
step isol ati nglt hesepongl kdpectatiethehpmsnt hepstionc yhces if pavidetiea metsd fot ver; and
(3) a step conprijsing transplanting the human hepatocytes isolated fromthe
mouse | i veProliftgeiiy@an hepatocyes largqiralsotich &?@ﬂse%@ﬁéllbﬂalgwpﬁﬂﬁé‘é, and

t hen feedi AT eRS 1t h the human hepat ocytes f.or not
shorter i SRERHRT YR RILAE alleh b QIUTRD BERRIBR i B « he
attack by Rub@N heRMmRY MM PlLiagudesh Bimidd@eiidiR hepdispRl A8)is€ Sand! et ef er r ed
enbodi ments, the condition of being protected fromthe attack by hunman
conpl enent pioliferdtiag hegpngpiintedrigmen bephtocgesip tfednouss liwdr; (2pastep Bolatingfthe he
follow ng (a)..and (b): 9 26 Decepber 2006 (a) the mpuse transplanted with
human hepa 643{?{%@ ii’é‘z"ﬁ‘ﬂrﬁeﬁ?t%“tyée}se oy the emayseofiYes {4 Hoh 2 ElERpORRERS

i nhi bitor; : it - [ [

| munodet | crehe iR AP Skt oSS i hicR MG mBRE 1RE: B HEIRLLBE

( DAF/ CD55) irhmhadvdgfiehiChdpatdpahy fotie] bihdZ @@n dsedingthe ok alRplamb® Mith hBpat opat hy
nouse. Also, in the 2nd aspect, each of the followi ng nmethod is preferable,
wher ei n t hBumanhieppfeeiidsi fer v shdrep e PR ety undrrsech smcanditign ot eging frateetechd/ or  (13)

i's the progenitur e obtai.ned by mmting, between a genetjcall
: m"runodgf i Pléllnt{“éjﬂ‘@qﬁgg’yjﬁ%’a%.c&r&ﬂgqlf%ﬁqdyced%%gf gb’&%[}]?pﬁtﬁ & W ?f@nﬁ\?/‘bgeni ture
9a 26 Decepligle #RQ0antEPWRE teShnl HEbAYGRYSs FmHaedalh 6 &blisherabanat hy

nouse; and said hem zygous i mrunodefi €i ent hepat opat hy nouse 1s
adm ni st er pehtested Hroin liepaitaok b ehugian Wohmplemlantbproticed by the human hepatocytes

transplanted therein.

| An embodiment may be 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 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)  astep isolating the proliferated human hepatocytes from the mouse liver; 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 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, the condition of being protected from the attack by human

complement in the step (1) and/or the step (3) is at least one of the following (a) and (b):




and then human hepatocytes are transpl anted therein. Fueébetemben2a0he 2nd
aspect and its preferred enbodi nents, another preferred enbodinment is the
i mmunodefi ci ent hepat opat hy nouse transplanted with human hepatocytes in
said steps (1) and/or (3) is admnistered with an anti-nouse Fas anti body.
Al'so, in the 2nd aspect, there are also preferred enbodi nents respectively,
wherein tf¢ Hhermeutsdpaspbayadesitt e hepatenyiss dnadednistercd at loest poomyrithcref i ci ent
hepat opat hy mouse in the step (1) and/or the step (3) are proliferative
hurman hepatocyPE?FnFﬂémﬁﬁ‘riferative human hepatocytes are hunman
hepat ocyt eg,r ' : ' ' i fi

. &b e&%géﬁtﬁg st oﬂ?\%ﬂig% h? %hfl??&t'wggpyn mhﬁupdefi%f%ﬁtcﬁ%%tﬁ@ﬁﬂf and the

recogni zes hunan hRepat ocytes prolTterate wth tormng

monocl onal mamsei 4a8 Aydecs/-Rbderptinpdticed (5 ANTDI SR Males erobydbik i prm K8223 ( PERM
BP- 8334). Furthernore, in the 2nd aspect, it is a preferred enbodi ment

t hat only #unmqdefivigpbliepatppathy meuse.substantially isolated in step (2) by at

| east one of the follow ng procedures (a) and (b); (a) to treat a liver
-tissue separated fromthe nouse liver with collagenase; and (b) to isolate
cells being I eeRghARIRY :QedDOREIP AR ool inb HioA: GLASRAE ik |nk

recogni zes human hepat ocyt es but not recognfzes non-hunan hepat ocytes. In
thi's enbahuredificica psitepgiiveineusalin €axi¢ rlepd (IRAd/0f @) ik pkdieniten@ehsanal
antibody is _one produced by Muse-Muse hybri doma K8216 (FERM BP-8333). 10
26 Decentdfaipdoly mating hetiveed ngpecticallyf immenogelecienh tmuse and o genetitpllye i s
provi ded ,a %hiﬂsric puse haé%ng proliferated human hepatocytes in its
liver, wHSPEPRRYROUGH ST B4 Gcyt es are proliferated by the method for
proliferating human hepatocytes as defined above or by the nethod for
proliferating human hepatocytes in | arge scale as defined above, wherein
the proliferated human hepatocytes nmake up not |ess than 70% of the cells
-in the liver, and which exists not |ess than 60 days.
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An enbodi nent may be, a chineric nouse carrying in the bkéDetentbenz06

hepat ocytes proliferated by the above-descri bed nethods. Another preferred
enbodi ment is that in the chimeric nouse , the proliferated human

hepat ocyt es nmake up not less than 70 % of the cells in the liver, and/or
said nouse has human-type P450 activity. In the 4th aspect of the present
i nvent i on, e ds i s hpmigygode dmaunedeficidntf bepaopbdtia mionge; dndnseil hepaypoyt es
conprises isolating the human hepatocytes fromthe liver of the chineric
nouse as déﬂnﬁ‘@&i‘?&l‘%‘e’ﬁth@@i’w@s‘ﬁ% Is pdipigisredoyith 2 henstosyte &reugh dpibier nent i s
that only i.ally isolated by at |east one of
the foll ovm%n‘gﬁ%f—lgg@%%@é%%?q%ﬁ‘&“%g?‘?etd?%‘é‘?o treat a liver tissue separated
fromthe nouse liver with collagenase; and (b) to isolate cells being
recogni zed by a nonocl onal antibody which specifically recognizes human
hepat ocyt es buFumthst, inethsgRid aspenio and itsa nrefrened t @dbptiosnts Andother  prigfegred

enbodi nment , re preferable ephodipent is that the nocl onal, anti body is
one produf@go‘ﬂ"r")l% %b e-%’%‘?eﬁ%fﬂti P 1%“{*’#&9?@&%133@?‘. hppan, 5t
aspect of the RresanlidAvED Qe (F R G ini : ﬁ?ﬁ'ﬁ 4.5, provi ded

t he human hg%at gtgyt es1 Sb Sst(injned lr)§/ )?ﬁe m&*%t chéggg{;e inélég?%%ﬁ%ﬁ%th aspect.
Further, in a 6th aspect of the present invention, there is provided a
cellular kit containing the human hepatocytes - 5th aspect. |la 26
Decenber 2006 Alsp, ig tir Ind-asprsk tthess are lso prefereedtentbpdivmnts saspectively,evliereinpr ovi ded
a hybrid-t artificial liver filled wth the human hepatocytes.as
defined i n¥}[éﬁ1e epéigoﬁgtgst !.0. fejranplasted mio Jhe immynogqgicie %Ezétﬁ?aﬂfyn‘é%‘ﬁf "bn, there
i's provi degheRPQD| BB} the Btk BP Y proliferative human hepatocytes; the proliferative human

hepatocytes are 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 (PERM BP-
8334).

Furthermore, in the 2nd aspect, 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) totreat 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 hepatocytes. In this
embodiment, a more preferable embodiment is that the monoclonal antibody is one

produced by Mouse-Mouse hybridoma K8216 (FERM BP-8333).

10




whi ch specifically recogni zes human hepat ocytes prolifepgabegniber @osoOUSE
liver but not recognize non-human hepatocytes. In a 9th aspect of the
present invention, there is provided a Muse-Muse hybridoma K8216 (FERM
BP-8333). In a 10 ' aspect of the present invention, there is provided a
met hod for testing pharmaceutical kinetics or toxicity of a candi date
subst ance, whi bin thodpiped e tleysdseniicahtion, thaenii piositlat 2 clgmefremeusbbsivdopce i nt o
the chineric_ nouse as defined above. Enbodi nents, ternms and concept

descr i bed PRUFRCHIGHE HeBageyieh Rt g FFFR iscomgh heasiasyiwbire PN | | n
t he sectio f t {ar L vin esent ent 1,0
Exampl os. R R ol BBk e SAMRAANS o B BESE b bR aenc i on
may be avgididlifg @ashd Nepafddytsy Bahse kaéleaﬁcaeﬁﬁhd%ow wWHRIHKIN® W litdrdigr at ur e
except for the techniques expressly .provided with references, by those

ski |l ed i nhuhan hepatocyres maksapmpdt dsss thew it qlite cadls in e Hietri mdmhg:hmemslnmg and

“nmol ecul ar ? %rg%/ sed in the present invention are described in the

fol l owi ng I8¢ & Sanmbrook and Maniatis, in Mlecular doning-A
Laboratory Manual, Cold Spring Harbor Laboratory Press, New York, 1989;
Ausubel, F.M et al., Current Protocols in Mlecular Biology, John Wley &
Sons, New Yor kAn Binbodimddd Yy @le, &thimedfs nGiise dashigd P the Aved husibdHépa@sytds? 26

- Decenber 2006 Fig. 1is test result on the effect of a conplement

i nhi bi t or Bl y the dbori-deseded mgthedt i on. Fig. 2 is neasuring result of

bl ood al bum n concentration in mce 5 transplanted with human |iver
parenchymal cells or small hepatocytes. Fig. 3 is test result on the effect
of a conpl enment inhibitor on mce body weight. 10 Fig. 4 is conparison on
human conpl eneMotifd ogéyred embedimend s thatgn tﬂ@@hmeﬂrr@usﬁorﬂ;ﬂ mv&efmated htlmzm tor is

2‘ﬂ(r)nwmn;t g;‘)gd an ?sgrﬁ%k S’.g),[n rwglé%ts ﬁﬁlﬂ&ﬂl "/g‘lo&?]lm mﬁsl; IinCth 1l{|r§re ancﬁor sa1d mouse %asgr aph
human-type P450 activity. -

In the 4th aspect of the present invention, there is provided a method for obtaining
human hepatocytes comprises isolating the human hepatocytes from the liver of the chimeric

mouse as defined in the 3rd aspect.

Furthermore, a preferred embodiment is that only human hepatocyies are
substantially isolated by at least one of the following procedures (a) and (b);
() totreat 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 hepatocytes. And in this
embodiment, a more preferable embodiment is that the monoclonal antibody is one

produced from Mouse-Mouse hybridoma K8216 (PERM BP-8333).

In a 5th aspect of the present invention, there
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15 concentration in mce blood and repl acenent rate by beDatenbvepzioecyt es,
along with liver function. Fig. 6 shows inmages of i mrunostaining by a human
specific cytokeratin 8/18 antibody. 20 Fig. 7 shows magnified i mages of

i mrunost ai ni ng by a human specific cytokeratin 8/ 18 antibody. Fig. 8 is
Western blotting analysis result of human specific CYP2CO9 in 25 m crosones
fromnouse |iver transplanted with human hepatocytes. Fig. 9 is a graph
showi ng netabolic actjvity of diclofenac in nmouse or donor |iver

m crosones. 30iprgvidefothe diugagy hepstocyEo aptagek Ry theswetbord andiined &F thsiddh t ypes of
hunman P450, 13 26 Decenber 2006 isozymes in a chineric nmouse |iver with
vari ous repﬂhcing rates of human hepatocytes and in chinmeric nouse |liver
adm nistered with rifanmpicin. Fig. 11 shows test result on human al bum n
concentration in mce blood 5 frommce re-transplanted wi th human

hepat ocyt es. FFygthef 2nias6thespect ef thietpresantt ineentibd, atbire 0f prostded msiethdar kit
admnistering in UuPA(+/+)/SCID nmce. 10 Fig. 13 is test result on human

al bumi n coReBHERghedHmpHheRAeeYtes- SBPSPSHNI ni stered with an anti-rnmouse Fas
anti body in human hepatocytes chinmeric mce. Fig. 14 illustrates a growh
curve in culturing hepatocytes collected from 15 patients of various ages.
Fig. 15 is a phase-contrast m croscopic image of cul tured human

hepat ocyt es used as an antigen for preparing a nonocl onal antibody. 20 Fig.
16 is an image of reactivity of hybridoma (K8233) culture

o 11a




super nat ant on human hepat ocyt es observed by i nmunof | uorepe&n®er 26ai ni ng.
"Fig. 17 is a result analyzed by FACS of reactivity of hybridoma (No. 25
23) cul ture supernatantat hunman hepatocytes surface i Mmediately after
separation. Fig. 18 is a phase-contrast mcroscopic inmage in collection and
culture of a cell population reacted (R2) and non-reacted (R3) with

hybri doma ( No. n23)h aspéct ofitht pegenSinpatiog tiend i prolile® 6 hideideygeaiti QD GverFi g. 19
is a result _analyzed by FACS of reactivity of hybridoma (No. 23) culture
super nat anfilled Wi the ureanhepptossienes deEpeskindptoéseseesk-f ace. 5 Fig. 20 is a result
anal yzed by FACS of reactivity of hybridoma (K8216) culture supernatant at
human, - nouse and rat hepatocytes surfaces imediately after isolation. 10

Best Mode fOr Gafy i NGpeatbe HBGdsBNSRIcnaSh, The NESDA8ed AbucRloRbii £85aki Ny human

hepat ocytes of the 1st invention is characterized in that the transpl anted
human hepatbeitsesifanily prcogriifee hamed hepataytesrprodiferdiédviar 3 moher Bven birheothuman
hepatocytes are transplanted into the liver of 15 an imunodefi ci ent

hepat opat hiFcRsrs @onhemarisprtegytesr B i aspet ofdieguesed ipveptionythera is rsedded

condi ti ons Yy r.otect ck by a human conpl enment
pr oduced b?/ﬁfoﬁ% 8‘%5%91“@%%?%%%{6;@&%62%%% bed above, Mercer, et al. have

reported that they prepared an 20 inmunodeficient hepatopat hy nouse
(uPA- Tg/ SCI D nouse) and the thawed hunan hepatocytes stored at a frozen
state were transpl@htpecttdicheprsenaitreston, thee is @swlided, 2 mbthod fG0enef t he
liver was replaced by the human hepatocytes (Nature Medicine 7:927-933,
2001) . HowehkrBRaceytical Kinghiaher eyt ¢yrersidas sthugsicathidh compges prstsgusdy by

Mercer, et atﬁllﬂnist(élqﬁﬂ tge Ql?)gtance into the chimeric mouse as defined above.

Embodiments, terms and concept described in the above each invention will be
defined more in detail in the sections of Best Mode for Carrying Out the Present Invention
or Examples. Various techniques required for operating the present invention may be
available easily and precisely according to the known 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, FM. et al.,
Current Protocols in Molecular Biology, John Wiley & Sons, New York, N.Y., 1995 et al.

Brief description of drawings
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25 achi eve high replacenent rati o by human hepat ocyt es. 28 becemtiehzge of . t he
1st invention enabl es the human-hepatocytes-transplanted nouse to survive
for not shorter than 50 days by protecting the nouse fromthe attack by
t he human conpl enment 30 produced by the transpl anted human hepat ocyt es.
Thus, extension of viable 15 26 Decenber 2006 ‘tine of a nouse for not
shorter than 50 days nade possible for the nouse hepatocytes to be
repl aced by hignl ketest sesptesnhenfiect ebs complerentinhiiitorient hpmeet i cal
measur e ofb{l)rot ecti r}]g{the reci pient nmouse fromthe 5 attack by the human
conpl emerft PRI GRS on of a "conpl enent inhibitor” into a recipient
nouse. An avail abl e conplenent inhibitor includes, for exanple, nafanostat
nmesilate (Futhan(r), Torii Pharnmaceutical Co., Ltd.), gabexate nesilate
(FOY(r), Ono Pharpesenthodtingaesultt 6f. bloo80AIBEHRL dBRSEh@hEon ((HOMB&N(r), Ono
Phar maceutical Co., Ltd.), and cobra venom factor (cobra toxin). 10 By the
way, Phedearspipniederith hntids fivar paaerchpilozlls dr sysildsgatdoptessed at cel |
transpl antati on or organ transplantation, however, at ordinary operation of
transpl antation, the conplenment inhibitors are used to protect transpl anted
cells or orgars, fy: I d by . iver of
9aRgs, 19[{%%&}%%@& LAGK. gﬁeﬁn&%h%gaﬁpé@%nf{r&%ﬁ& ) }ﬁléeggo he

the recipient. er han esent 1 nvention,

reci pi entwdightse 15 is consi dered not to produce its own conpl enent due to

suffering from hepatopathy, a conplenment inhibitor is used to protect the
reci pient nouse fromthe attack by a conpl enent produced by transpl anted
humapn hepatocytes. 20 The 2nd practical nmeasure of protecting a recipient

.moustOf rom t h&18 &t s GempRATisoRy ARNIeHR ecreRlement ((hE3g) iconsentrafirnst a

A

it i pi.ent . . obt ai b t.i .
P monodet iR aheoBichon SRIRYEN i RiRTaiafA Bl ndY ARUPBIRR i 1 act or

( hDAF/ CDRhimtFidngaRRel ¢ nouse. |t .

Fig. 5 is a graph showing correlations between huméx_l 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
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has been reported that, in hDAF/ CD55 transgeni c nouse, b®BEcdpibet ®06 25
expressed in high Ievel on the surface of 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 human conpl enment (Mirakam H, Takahagi Y,
Yoshitatsu M M yagawa S, FujinmuraT, ToyonuraK, ShigehisaT, ShirakuraR, and
Kinoshita T.; Porcine MCP gene pronoter directs high | evel expression of
human DAHsGQm«SDELbR ¢himterignegent divar edth vanomo beplhogy, ra@éil obBanGES7

1999/ 2000; van 16 26, Decenber 2006 Denderen BJW  Pearse_ M), Katerel os M
Nottle MBICRSOTLeS Fhimetic mayss livee adspigwggrodewithgampiaing j n DV Shi nkel
TA,. and D Apice AJF.; Expression of functional decay-accelerating factor
(CD55) in transgenic mce protects against human conpl enent - nedi at ed
attack. Transpi@ntiaihods teflreS8R oR3RmAdMlimin HHEESEAS: inlBReHRsdPI ent

nmouse which is a progeniture animal between an . i nmunodefi ci ent hepat opat hy
nous eSandremhuiva nrelbeagphaded witht hvgah depatocy(dsDAF/ CD55) transgeni ¢ nouse
has hi gh tol erance agai nst a hunan conpl enent produced by transpl anted
human hepat ocytes. The hDAF/ CD55 transgeni c nouse may be prepared

according to a.well known nethod fgor 1 roduci ng .a transgeni.c nouse (for
exanpl e, Proc?ﬁ%b##fmAgﬁﬁ.r .OES%“’fg?gégg}?%g%?nid§§?ug§Fﬁ8gaubector

'construcngﬁuapggg@hﬂgﬁhg the above-described literatures (I munobi ol ogy,
1

~

{__Jhepat opat_hy .no

,-
s

201: 583-597, 9/ 2000; Transplantation, 61:582-588, 1996) to be able to
express hDAF under control of a pronoter of, for exanple, a nmenbrane
cofactor protein (MCP) and H2K (b) 15 (WMHC class 1) which have been
expr &8@sed in Kigiel 3 iy test yeuilt opdayasn mbuaiyg sancentTaiéor immice ddddci ent

se", t.g be used for_the methaod. for Broliferath human
hepat ocyt S rﬁg“fg}a’ilwgfﬂlf"dﬁe Fasqpt é&é’f‘(‘j‘b‘gﬂ‘?ﬂ/ fereeytes %h native
hepat ocytggeare dysfunction, and also an "innnunodeficient 20 nouse" which
does not reject transplanted cells from het erogeneous ani mal s.

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.
__2'5 23)culture supernatantat human hepatocytes surface immediately after

_ 'separation.
Fig. 18 is a phase-contrast microscopic image in collection and culture of
a cell population reacted (R2) and nonQreacted {R3) with hybridoma (No. 23)

. 30 cu_ltui'e supernatant}.
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Accordi ngly, the imunodefici ent hepatopat hy nouse naybes pecphecdoby

gi vi ng both hepat opat hy- and i mmunodefi ci ency-i nducing treatnents to the
sanme i ndividual of nobuse. The hepatopat hy-i nduci ng treatnent includes, for
exanple, a treatnent with well known hepatopat hy inducers (such as carbon
25 tetrachl oride, D gal actosam ne, 2-acetylam nofl uorene and pyrrolidine
al kal oi d) .or a surgical hepatectony, and the |like. The

i mrunodefi ci ency-i nduci ng treatnent includes adm nistration of an immune

suppressor and, surgical thymectony, and the |ike. 30 However, in_the nethod
of "The. Tar | nifidioos & tepltamay e Hytuas AL Reaciity o) hubr dederier 23006

f the 1 . . . 2%
genet o uRerOpRRRaR L bR AR AR b nodet i ¢/ ent “mouse

as an i mmunodeficient hepatopathy nouse. For a genetically hepatopathy
nmouse, above-described uPA-Tg nouse produced by Rhim et al. (Science,
263: 18549 5 (199%)20 weyrdsultanaiyed fiydtACRlof ecantivity of ybadomarEg2bb)c

i mrunodefi ci ent hepat opat hy nouse may be prepared using a gene to devel op
hepat opatHyfUe oPuPERatiite att hyanas. ¢ wyRiss £ f8hcheprtorsiss ofudfesss, and the
| i ke) accordi 0 wel |._ known transgenic nethod (Proc. Natl. Acad. Sci.
USA 77: 7@&%&?&%@(}%&&%30, a gene bearing liver function (for exanple,
-a fumaryl acet oacetate hydrase 10 gene, and the |ike) nmay be knocked out
according to a well known gene-targeting nmethod (Science 244:1288-1292,
1989) to obtain a genetically hepatopathy nouse. On the other hand, as a
genetical ly i munodeficient nouse, well known nouse, such as SCI D nouse,

_NUDEM®puse, RAG kndtass Mods forCamyingOys dhe Ingentignf ter, a nouse obt ai ned

(" by the above 15 procedures will be referred to as the "genetically

i mmunodefi ci ent hepatopathy nouse”. As to the genetically imunodeficient
hepat opat hy mOpgEmetfiod fr proliferating human hepatocytes of the 1st invention is

characterizéd in that the transplanted human hepatocytes are proliferated in a
mouse liver, wherein the human hepatocytes are transplanted into the liver of
15 an immunodeﬁcienf 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

(o " 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
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preferable to use a nouse havi ng honbzygote of a hepat opab&emgeramos| n such
20 a honpbzygous nouse, nornal hepatocytes grow little, and therefore,
proliferation of human hepatocytes is usually not inhibited by nouse

- hepatocytes. Note, however, that when mating is carried out between

hem zygous m ce, provability of obtaining such a honbzygous nouse will be
only 1/4. 25 On the other hand, a genetically immnodeficient hepatopathy
nmouse hainagia movisgygouet Repaen garhPOgiaye rhade pessibledondhy mouse

I mmunodef.i ci ent  hepat opat h use") .may be ohtai ned with bability of
1/ 2 by ndi“?ﬂi’gocyls%st ra%zarﬁeﬁﬁgtﬂémﬁg’&’é’}’ambtﬁﬂ? SSsathﬁ’é?n?é?fbous nmouse and

SCI D nouse. 30 This case enables to performthe 1st invention by reduced

- cost. However, in 18 26 Decenber 2006 the hemi zygously i mmunodefi ci ent

hepat opat hy nudgelstspracBcdBeffurdidfl@btctif B REREAPREA nSoule! B @RNE, nor nal
hepat ocytes begin proliferation wwth formng col ony because of del etion of
hepat 8patadtiaakdiyethe ngnart coamplemegny isgehigistedticar oflbi“cotplensmtihhibiiose

hepat ocyt.es take over the nouse liyver. Therefore, in.5 general, the nouse

heni zygod8f & RERIGREMM T Ent e sapbie PRleTent dnhibitor dnrludspe fofs a
[ eci Pl entoARHIE LafaRllht | SLGL Grl NERE! BRALE Ceuﬁ@% W, )t e

preferred entodi men i'nvent1 on ore trans n’atlo'l)l’vm'th
human hepategiicanesitite (PO heRb2MgRERIc¥ulifaIOSdeld i @MtodiePaleanaishy nouse,
a specific inhibitor for hepatocyte growh is admnistered to prevent 10

f r om gr oFbipah® oneBhamescemicaChe ptt.p entlesbtovdromnfactdrdogbraheinlepat ocyt e
growm h inhibitor includes, for exa , a kind of pyrrolidine al kal oi ds

|
_r_..,}tsuchlgs Byethegya:. Haese|camnberaey inbibi gé{f} mEgical drags wsHally Beed ateelland

! Xrichodesni l.n,.th th f th t | tion, hepat to b
e e Aok S R LB NSRS LA oA PSRBIEEH St ® ©°

tissue a%éﬁl&ﬁaﬁgn, the complement inhibitors are used to protect transplanted
cells or organs from the attack by a complement produced by the liver of the

recipient. On the other hand, in the pfesent invention, as the recipient mouse

15 is 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/CD55 transgenic mouse, hDAF protein

25 ekpressed’in high level on the surface of endothelial cells in such anorgan 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 ’i‘, Toyomura K, Shigehisa T, Shirakura R, and Kinoshita

T.; Porcine MCP gene promoter directs high level expression of human DAF-

30 (CD5S5) in transgenic mice. Immunobiology, 201:583-597, 1999/2000; van

16




a conventional nethod. A preferred enbodi nent, in parti esbatembef20obhe net hod
of the 1st invention, is use of proliferative hepatocytes having active
proliferation potential in vivo. By the way, in the present invention,
"proliferative human hepat ocyt es” neans human hepat ocytes which form 20
colonies as a single cell specie and proliferate so as to grow the col oni es
under in vitro culture condition. Such type of growh nay sonetines be
referred Em@enmm&ﬁ MdJpKeterélos M, iNuttle ME; dns8-T, HeninddmoAyAdammi ng cel | s
are conpq singl e cell l\gem e. Further, such cells can increase the

d
cel | popu ﬁgﬁn% Scaipdul-eblinD §W§ﬂ‘%§ﬁﬁﬂ@@?%ﬁo@’ﬁﬁ%ﬁﬁ%¢ ative

human he es Lnvented by the present
mventorgﬁ%?ﬁ%%ﬁ%ec%%% @ﬁ‘g?@%ﬂ us ngﬁ%ﬁenfcmﬁekpembe%s%atm nvent ors
“have founglihhat c&xﬂﬁleﬁfé&'ﬂm&ﬁ@@ﬂoﬁﬁéﬁé TRAY dbl@ﬁtamdim #1898 IgRpatigag) pot ent i al
are contained in a rat or human |iver, 30 have applied for patents
(JP- AS08-THez60Ps, the MeipiS2i6 6weG: vaEehNs. a@,rﬂ@#uﬁﬁre aniiti2l Met@egenher 2006

- JP- A-10-179148; JP.No. 3211941, JP-A-7-274951; JP No. 3157984,

JP- A- 9- 3igmynodeficignt hypeiopetly musgEndg hnman decaytascelsrating facksen

publ i she nd differentiation in

G d h
culture Cthgj ono@% nFégﬁ%%%{‘?zrc“?iZ‘gé O??l%t hlgg ?‘ﬁ%@nﬁ& REHRER Gt yPeL2Bs

hepat OCytc%%zﬂé‘ﬂeﬁt pﬂddh@wb;@a&lfaﬁiah%a i&hlaf heémocﬁesphﬁwﬂbw}éﬂssﬁ% 1605,
1996; Hi no, H Tateno, ato, H Yamasaki, C ~Katayama, S. Kohashi, T.

.~ Arat ani , tPensisatatmusd. mﬁpme prefareah dect@dinigziat 8, wdll kndwhomgtiael forcul t ure of
human hepat ocytes whi ch show a h:ﬁfgh grom h potential and express their
.di f f ¢Pentiradueingha nigaypsesic Bpoeite ffor ea:nmp@ oBmos NﬂésAC@émﬁﬂh USA46:

{184-191, Takai - Kaj i h Yanas ato, H and
~Yoshi zat o7179 'ngo ig%g &%ﬁ@l tY* 188 §r o¥it po‘lﬁoé’ﬁfmﬂed ofcd rtQt "ﬁ@pat ocyt es
I Vi tro.apdepakelad SlicbRuféds AR nANGER 2UABR3-897, 1999/2000;
'I‘_ransplantation, 61:582-588, 1996) to be able to express hDAF under control
of a promoter of, for example, a membrane cofactor protein (MCP) and H2K (b)

15 (MHC class ) 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 hépatocytes 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 hepatopa}thy—inducing treatment includes, for
example, a treatment with well known. hepatoi)athy 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 pre_ferred embodjinent is
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.\

“long as i EeneaRrEcHRE T RAsh SR L4

.Tateno, C. Asahara, T. and Yoshizato, K ; Size-dependenéDaceriben2096owt h

potential of adult rat hepatocytes. Am J. Pathol. 158: 97-105, 2001). Said
human smal | hepatocytes grow rapidly in a recipient body, and can forma 15
human hepat ocyte popul ati on having normal |iver function in short tine due
to superior proliferation potency. Such small hepatocytes may be coll ected
by the nethod using centrifugation described in the above prior

i nvent i onatiligatican ofed pegenurgmause bbtan?f by acitingrainonss having geadtic
elutoriator and FACS. Further, hepatocytes proliferating with form ng

col ony caRbenaypreef hsrptanediay geiny ganefisrdlyl isHannodefideasdpodpreasfakal | y
recogni zi ng._the The, sour.ce of small hepatocyte bedn vitro

b ol 1T er aP A HEACHEL AT GPRRY B Rep SEOYLY HapatoHRERE B S ac

| nmor t al i 266, NERALHBEY LAR-PY rhdlldeQstahEQNbP RIFHC Rt 8B (BoibRbOMRBRERPENe, and
a 25 mxture of these hepatocytes and non-parenchymal cells. Another

exanpl® of199y)| idegr bt | aseniplified. heapRoateBs 4 nehtgeaid Rmnodefidtncyt es
recogni zed by the nonocl onal antibody (Exanple 6) specific for
prol i f er ahfREtoRMMAGERIEY Pe@sePagd Msprbh g¢eg tat deyelopliepatdpapax Beyt es 30

recogni zed b ecific nocl onal anti body ma e qQbtaineq. in high rit
by 90 26 IR AR HERBIOR GRATHEL RO Stk edie AecoRtRedng o
f I uor escegty fAb&AS ldBh Sd;PﬁSH@M'A%Qd%ﬁJ 888 We- Aol P aRbkEEdY -

Concretely, separatio e prolrferative human hepatocytés can be
per f or medAlYBEA g6Ye BedFRTOIG O Mt ctit (A1 @stimiphd) @ fRtharyilabétofb NfEhydragh Oi Sot ope,

-magneti c beads or fluorescent pigment is brought 5, into contact with a
_humadOhepgerse yred Ppdiks) iroay abel kephkedcyukbsadendiiogt ing wellbdinewsi gnal are

jsolated. The enzyme used, for |abeling is not s ecifically limted, as
b D290 A9 o PR ar gm0 EF U ber

exhibiting ééhtﬁ(l a | ndiy n o} : gﬁ% ifically
col oring s?fgagtt at g; g{ﬁge'i ncrﬁ%ggﬁfé%%%gd’g%nér%%%?%%ye m%%l ,a%tgh as
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 hepatopafhy_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 mouée.

. .30  This case enables to perform the 1st invention by reduced cost. However, in
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10 peroxi dase, (3-gal actosidase, al kaline phosphatase, g@b0beas®eoxicdase,
acetyl chol i nesterase, gl ucose-6-phosphate dehydrogenase and nal at e

dehydr ogenase. An enzyne inhibitor and a coenzyne can al so be used.

Bi ndi ng between these enzynes and the anti body can be achieved by a known
met hod using a crosslinking agent such as a nal ei m de conpound. Wth 15
regard to substrate, known substance can be used dependi ng on types of
enzyne usthe. hdmizygxasip iemuiielefipieno ticgaspailyy eede asintd ene 0t i pid

3,3 ,5,5 -tetranet hyl benzi di ne can be_used, and when al kal i ne phosphat ase

i s used @YOMPSOBNES yigenorsra RS, mopal dispatnsytesabediie niglilgratign Withegard to
the radigisoto nventi | | ed radipi sotope,in R A such.as 1251 and
3H can bdOPBIEOTPRURE gETdeqdh ohherar o B Be ang pERERRI L WoRS

convent i h¥rtiS I ' igque S;

fl uorescgﬁgéé isofﬁ%@fﬁﬁ%ﬁﬁ& aﬁ?ﬁ?ﬂﬁ%ﬁ%@ﬁ%aﬁﬁ%‘?bt | ocyanat e
(TRITS) cgemebs, tisethoudh dendzygenglyimmanodsitiend ¢lepatopathyoimoliad el mek si gnal

can be perforned by adding substrate, which devel ops color by
deconposifWitapleiaearecipieny mousedonprolifsatiog huwen spatecyiss. nfndseyime activity

by nmeasuring the deco sed a nt . of. the supstrate b hat onet ry,
cgnvert i ﬁbe?gegq{r%ﬁsﬁawe%% aAES HB’&?POQHECEOE%F@HF 9NNt | body
anount b LAY ' h ]55-2?% FhsNR [.ohhsot ope is
used, rag}%?gnhgg%ﬁtﬁg %ﬂﬁéﬁ%dﬁ%y gaélgdl?ﬁg%nggtog%e 'S ﬁﬁ%%ggge by using

a scinti lthahsqm epetifi€ inhibii6r fdichdpaksoytybeswih isl ARhiBsterRaco3srepetrent i s
~used, fluorescence yield is nmeasured by apparatus conbined wth a 21 26
..DeceMBer frgogrovthuoimmomliced moase depptocyks td émor cdlenly.afbe &ephipomre

hepatocytee oRSELA L PlOLLELALNe W hephecn e, can e
oo oo e R SRR o e AR B hgle o V12 @
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 lst invention, is use of proliferative hepatocytes having active
proliferation potential in vivo. By the way, in the present invention,
“proliferative human hepétocytes” means human hepatocytes which form
20 colonies as a single cell specie and proliferate so as to grow the colonies under
invitro culture condition. Such type of growth may sorﬁetimes bereferred 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 hepatocyfe_s
~ 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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transpl anted may be approximately in the range from 1 t25D€&etbér.20B@rt her,
-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 with the Fas antigen on nouse hepatocytes. Adm nistration of the
anti-nouse Fas antibody into the nouse transplanted w th human hepat ocyt es,
causes nolBA-Hepdpbes;t e alopt 331 K94 landPHAedda7495dm UB tNve. 38b7ee4.t his 15
anti body does not affect hunman %gfat ocytes, onIy transpl anted human

hepat ocyt@?s ey 131674 1T Ale 3@14E¥44}y el Relatiye tEH’Fl§eﬁe‘ffW(§ hayt séhent rati o

f . h | d hod f
or ol i1 or AU ARG KLt Ehey 2o SRy T ShiraS] k7o g%la B S
will be E‘dfFHl@ﬂJg%ﬁld‘ﬁé‘ﬁatoﬁﬁs iEAhegbebs H?Jﬁl %Hgnét?ﬁ&%f ABpdtdcyiBalagt eri zed by

carrying out the l ow'ng steps (1) Hunman hepat ocytes
are pbol |B1hazazteanhehalaceliem Ui Plesthsl. m4|9an$93-a§05n199&3 H:ﬁB WETdtedo,of the 1st
|nvent|on Step (2): Human hepatocytes proliferated in a nouse |iver are

i sol ated. §%@fé a9, G datpeanay Frddehaslia T otspta, Ardsahesasp Rolied

t f L ath d.the h
e L I #pﬁaamagaﬂa«ﬁ?mé%st
' t i t he 2nd
: Ezggt : 82“#%@%@%%&%%;%82%&%@( 2) JeIte%'i’ﬁ(%(i)dl are re ea[ye}gc}%%ll egst "

once. Thaind Biophfs.tRes. Qodpmiuh) 2560 184-191¢pedacyiteso tCanaplidd@drant o a
nouse Wil increase the cell nunber up to 100 tinmes in the nouse |iver.

__Ther&@or & Yamarsalat Re Sptos H.- famdaY asthizatiossth ; Hepravganpityof Srawih pateatidr ed in the
Lstep (2), ‘of aguﬁ rat e altgcytésolgl vlpcrg eligggfcolt())gygrlagg %a%oeod andtfpatayama S.

Tateno, C. Asahara, T. and Yoshizato, K.; Size-dependent in vivo growth

potential of adult rat hepatocytes. Am J. Pathol. 158: 97-105, 2001). Said

human small hepatocytes grow rapidly in a recipient body, and can form a
15 human hepatocyte population having normal 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'.speciﬁca]ly recognizing them. The ‘source of small hepatocytes. may

be in vitro proliferated human hepatocytes, stored hepatocytes in a frozen s_tate,
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 hepatocytés inchudes human
“hepatocytes recognized by the monoclonal antibody (Example 6} specific fér
pi"o]jferative human hepatocyfes. Such proliferative human hepatocytes

30. recognized by a specific monoclonal antibody may be obtained in high purity b_y

20




human hepatocytes at the step (3), and finally, human he2paeeopee90®df 100 x
100 tinmes initially transpl anted hunman hepat ocytes may be obtai ned.
Further, by repeating the steps (2) and (3) twi ce, hunman 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
step (3) may be conducted by the sane procedures as in the above-descri bed
met hod ofa wied kabosin imeilerd isunh aasdElA, M&fm&ﬁ@owaﬁmﬂi amgittody ectgofiue,The term
above "aggﬁfr" % t hat one_requirement in the nethod of the
above- de dipgon aP%@ﬁmW‘%@%F%Tﬁ'@bﬁ S?W&UEPPF@F nrplifertivet ep (1)
only, ste 1 exanpl e,
ﬁﬁn%.ﬁ?megafogﬂe% agntle&\;%e ormeﬁ ereP]()C >Ilrtl oc orr)eacl:ognl éé;%lagef%{ih

in the st'ep erat Unen h

above- desgiih RagyHP) f\%}h&@&b{)@,@hh%%ht lﬁéem% &tﬂhdrey&m ipfMhert!i€ bréhigiispl ant ed
ep (

into a nouse, and in the s of the recovered human epat ocyt es

may b8 usatb tf:cmtad:mnlspll*almm&mpato@teb popqlatroelmmhmatbct;&eéﬂldadmmg descri bed |

1st inventjion may be sel ected approprlate ndi ng on individual nouse

i n whi ch 1Abelash F%}é’étaé%ﬁ‘%%teére enwans %br:h@aﬂs 86t specifieally human

hepat ocyt,es..recovered fr. t he The .step of the 2nd
imvent i oriietd 8 inges e ?%fﬁ}ga?%tsg SRR IS B Pes | ¢ he

step (1) thihBed, eﬂhbﬁﬁiog)g@bﬁﬁﬁﬁmgﬁaté mlﬁ&ﬁ@ t&’ﬁﬁ@mﬁm@a 8h&BScdifdangnd (3) are
- repeated] are isol ated froma nouse |iver. separatlon met hod,

various reeldrags sGbstiraeyanpl mcladesnlehagﬁaag@epaaryf use@rin B, hedkch ard t he
Iikeé may be applied, however, application of at |east one of the

_fol | 8@ ng)eﬁ@slﬁm (lérgala:ﬁaaseciﬂse» s afffalingr aphespletass 28uteseenbEidasn06  Met hod
AR By R R Qe | Viiodee % BRoSIRAL A E R AR PSS | Ll
dehydrogenase. An enzyme inh_ibitor and a coenzyme can also be used.
Binding between these enzymes and the antibody can be achieved by a known
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

N
o

ﬂuorc_scence antibody technique such as fluorescence isothiocyanate (FITC)

| and tetramethylrhodamine | isothiocyanate (TRITC) can be used. When a
enzyme is used, detection of labeled signal caﬁ be performed by adding
_substrate, which develops color by decomposition due to enzyme action,

25 followed by assaying enzyme activity by measuring the decofnposed 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 pigmentis used, fluorescence yield is measured by apparatus combined with a
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col | agenase, substantially only human hepat ocytes are re&Duv=mbd: 2006
cytotoxicity of collagenase is higher for nouse hepatocytes than for human
5 hepatocytes, 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 hdbmiressenes niisrasoopd.omer than 70 % treatnment period nay be from 8
to 20 10 mnutes. i) Method (b): By isolation of cells recognized by a
nonocl onal anti body which specifically recognizes human hepat ocytes but

not. recogni ze - n 5 atocvtes (the 8th,invention hi ghly pure
%s%%cﬁﬂ@abo&é hﬂ%?ansﬁ%%atocytés (g:gpem%l]ly Bo Ieggﬁg/ﬁ) l’ﬁlé:g/lage

human hepat ocytes are recoveére a-non on

exenpl i f iypghal f&é&,@cﬁ%@ﬁlamgimﬁéu RO imBh iedicRY ndRItsSah S oy br i dona
K8216 (FERM P-18751). The 3rd invention of the present application is a
. "chi nBri ciaraus@ise lecrq as yiengibadninrthb @xaigiyt edsd, didebetrbhsdantanioar ei n human
hepat ocytes are roliferated by the nethods of the above-described 1st
i nventi ort'®@ gﬁﬁaP VA Ao e massiiei nifembernl duiman phesfasoqitsy toks | i ved not

shorter than 50 .days more preferably not shorter, t 0 days from
transpl arﬁaéﬁpg?ﬁntgaléﬂ%gﬁapﬁgg%ﬁ@\}’f g’sﬁ“e.raﬂge ’E?(Wﬁi%nqb?@%o; chi meric nmouse is
pref erably one, having 25 replacenent ratio of nouse |iver by human

hepat ocytes is not |ower than 70 % nore preferably not |ower than 90 %
and parti cul aFuythet ghahaplsferiot enbsdimétast thOfhethodofithbast inkBetiahi neri c
mouse i s one having human cytochrone P450 activity. That is, there are

. dozeh8 ofan aptiypase Fashandbodyiscadmamisterndcinta g moyse ixansplapted>egh 2C19, 2D6

. Jand 3A4, .howev r,éﬁhe chinpric nmouse of the %% Ere ent inventio% IS
char act et 2GR By RBIROUES | Mo (HISETaRet ybegBoRdsRes apoptosis’ by
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 6f

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 sitnilarly 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
'li.mmunodeﬁcient hepatopathy mice, and the human hepatocytes are
_ -proliferated simﬂarlj as in the method of the 1st invention.
30
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26 Decenber 2006 substantially in the sanme |evel as hup@bedeepat290§tes. The
cytochrone P450 is protein taking part in netabolismof ecdem c chemi cal
substances in a liver, and therefore, a nouse |iver expressing human-type
P450 may netabolite chem cal substances or the like substantially in
simlar manner as a human 5 liver. Accordingly, the chineric nouse of the
3rd invention enables a nethod for testing, for exanple, influence of
efficacy or tdriadditionfimtd orthett ofjsho Andhinventidie ght ahpvesicftiileedt h

i nvention). By the wz?y, the prior invention of the present inventors

- (JIP- A- 200288 G ANE ki) FEF TEPSRTHAF d92stngpcBe Thef dt-radhe stem (DaBBmadati on of
this kin | ' o | Lion. | atj | meric
nouse caﬁ?%aﬁg%%@{rhés |V1Ze(r?i %t%%%ﬂﬁiesﬁa og?/'%eeggegéﬁgl%%jflgl?la eed‘qllx#%l f<'§nge scal e

by the nefihedi®ihd hRudBUvéMVERéieRite, if 8113h0 PRsliAlak QI @S dRtbGtéPUSe  each
carrying the sanme human-derived hepatocytes, and thus, enables to conduct

a | ar §e- sorlrecovesed imtier stap $2ib 81 prihcipld, \1 O0ninfeermay ba didnsplantdd withe 4t h
i nvention of the present application is the nethod for isolati nlgbonhuman

hepat ocyt@amaphiepatacytasiatihs stepbll sandiingllye humapdsapateqitesedf 180 IY%vent i on.

Thi s met hod nay.. arri.ed t sim.lar s inih tep, ( f the
above dectreb iy SRRGRRR IS SeR R akdortR fbdnbr Sheie h Bupes it

~appl i cat '&Eeét%n H@&eb@%twiiﬁ%mdéﬂh%zﬁﬂhgﬁﬁﬂbﬁt@@d W98 Pho khrpochi neric
nouse by the nethod for tthe above-described 4th invention. These human
hepat ocyttimed initdally bahaplangdd Jumiahch ganecytes/miay fberetdvensd.as nor mal
hepatocytes in a human liver tissue by virtue of proliferating in an
indi ¥Pdual nouse. Accordingly, by application of the 25 human hepat ocyt es

B S T RS S el R T

artificiale ddn¥eictdd W%%ﬂﬁﬁ%&&&f@sd&ﬁtﬁ@aﬂ&ﬁﬂt{%& bedid % ;ofgﬁé ng a

‘nodul e (a nodul e fi man hepat ocyt es e use
hybri d- t yps inddtiticnl #hdh prefefed embodiletit SHESbANTRS tdho dHewd“dad /brman
hepat ocyt es may be ) ) '
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 human 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 1st 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 huma.n 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 me'thodsl {ffor 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.

30
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30 recovered. 25 26 Decenber 2006 As to a hepatocytes Rké Decerndenad00& types
of kits depending on cell species and applications are well known.
Therefore, the cellular kit of the 6th invention nay easily be prepared by
those skilled in the art by adopting the 5 human hepatocytes of -the 5th

I nvention and conpositions of well known cellular kits. Al so, as the
conposi tions of nodul es and hybrid-type artificial organs are well known,
it is eadyethod (@hose skilled in the art to prepare the artificial liver of
the 7th inventjon. 10 In addiition, the 8th invention of the present
appl i cation prBvigatmgnt ﬁ%éﬁﬁﬁéﬁﬁﬁﬁtﬁﬁﬁﬁﬁmﬂhgeﬁl§b§%FFFcHW?y“? ogni zes

human he ggﬁm z es. ThIS
nonocl ona h%%tﬁ%é b gng%gyq%%%%%oﬁﬁﬁgﬂqgggagr$%E%%%%&{15 et hod f or
pr epar at ic@fbt@facity@@@ﬂé@i‘ﬁ'seaﬁtﬂl Yiot HBRRChERRbeyBE tRRP Y huMagamune H?:
and Terada H.; H rokawashoten, 1990; "Monocl onal Antiobody" Janmes W

CGodi n§, theipatbaythst nonsefocredmdstesPneyshe 4906 ed flombeaaipbe contobingi ng to

t he follgﬁggg_proced res. 2Q 1. Preparation of hybridoma cells Manmalians
are i mmu Ofy PERIP ‘?%ﬁ%@% %toal# hﬁ)@na%dmtm%%m nor mal
hepat ocyt ¢ d ffici ntI Ltized by
i o1 regnectBlC ixea BRGSTRAN A BeSad dopshts on el nelig el

(1 ynphoc HepatdyictRnAgRo6 &) ﬂleq;)ataéﬁeé MRRreoSY, fo@%k&&pié ﬁ@ohk&taﬁh%aﬂal s to
obtain hybrid cells between these antibody producing cells and myel oma
cel | |i ndspateyies ishmatHopeo duae 78n%0 ifeatinent period ahan bk feorhid oa@oar e

sel ect ed fronlthese hybrid cell. lines and cultured to obtain hybridom
cel 130  maNteS ocess is explained in detail below 30 a) Preparation of an

1 rmunogen

Method (b}:
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 meﬂiods 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
CYP1A1, 1A2, 2C9, 2C19, 2D6 and 3A4, however, the chimeric mouse of the

3¢ present invention is characterized by expressing these human-type P450

24




26 26 Decenber 2006 Human hepat ocytes separated from n@é Bedenben206t i ssues
'usi ng col | agenase are subcultured to prepare an i nmunogen. The human

hepat ocyt es separated from human |iver tissues not ol der than 15 years old,
which are able to subculture for not |ess than 4 passages, preferably not
less 5 than 6 passages, are preferably used. b) Imunization of aninmals
Animals to be i mmuni zed can be mamual s used for known hybri doma

pr epar at i subshaatialhcinudie sappi leadllag hifoan dcaaiicgtesi Tie; cytatlsongpd®®), sheep,
bovines 10 and equines. Mce or_rats are preferable animls for

i nmuni zat FEROERY Pattin dpiphelisor oberdemig shemigal pubstancen/ia aliigrcel |'s to
be fused wi ti bod duc; | ls. i i fi
o et oid InSERRE Sk Sfoullin B0 Lo REERE T IRAR DS Pabt iy ScfheBR ot i ce

such as AshetkiRal BB €cesBIPRheBike %stax@elﬂy 1'5.7%3%53161'%74‘1111% FL, HTH,
HT1, LP, NZB, NZW RF, RIIIl, SJL, 15 SWR, "WB and 129, and strains of rats

such & Uwer. Lenpsiingpr tiguchimBaiceheyse of ALk 3r8ihwndiohi clablescametiodused.
Consi dering conpatibility with nyeloma cells, which will be explained
her ei nbeligivtessinenfer examplen infBiengs pf effigagy 105\iosicitsiol mediealrdmga o

articul referabl e for.ani mal.s to be.i munized.. Ages af these nice
gnd Ira'tJ salﬁ%%allq e ﬁfofﬁqs ﬁlea? l}p}?’%“ftécfpgbl% %"Ie-wijéltéﬁé’ r V&?lg% OPﬁWuni zation
- of ani malsre6aHt iRferiBEd @fpgmow-mw icﬁhﬁéﬁ@&nﬁﬁéi@ﬁﬂh%yeggge?ﬁﬁ% dJaepat ocyt es

as the i munogen, abou 04-108 cell's, intracutaneo
| nt r aper i dpplieatibry of nthis kiiel ahchinbeic Adtise Sleaddigions ehpspiligtied of e
I rmunogen depends on types of animals to be i muni zed, i ndividual

di f f dPencddmess gnouseouavEpg dge ke Averyhimaq lepeyocytesapralifiratedrinrgrgene 25
.} mmunogen is .1 - 6 tine d an.admnistering interval iis 1 - 2 weeks in
“case of Sr?‘ﬁfetl?yppbe ﬁ‘ﬁm‘?ffgﬂl?ft ?’b%ét?ve?fwfﬁeﬁ a PEEHsEion of chitmeric mouse
each carrying the same human-derived hepatocytes, and thus, enables to

conduct a large-scale test under a substantially uniform condition.

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

aid
ket

isolated from the liver of the chimeric mouse by the method for the
above-described 4th invention. These human hepatocytes‘have substantialljr
the same liver functions as normal hepatocytes in é.human liver tissue by virtue
of proliferating in an individual mouse. - Accordingly, by application of the
25 human hepatocytes of the Sth 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, usihg
a module (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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Spl een cells or |ynphocytes containing antibody produci BgPewiiber 2008 30
aseptically collected fromthe animals to be immunized after 1 - 5 days
fromthe 27 26 Decenber 2006 final imrunization date on the above

adm ni stering schedul e. The separati'on of the antibody producing cells
fromspleen cells or |ynphocytes can be perfornmed according to a known
nmet hod. The anti body producing cells and the nyeloma cells are then fused.
The 5 rryel oma cells used are not specifically limted and can be sel ected
appropriately fromknown cel| lines for use. However, considering

conveni ence ' 19 henateytes mymfﬂtﬁrﬁfpﬁﬁ@ﬂﬂqﬁéiep%@@gcm ¢all spegiesof  HGPRT

th h i b I nsf fi wh
sol bt ot 6r SeEHBRIENE, BRI RORRY, Tl SRELoRITIE bt bt Bhanery, |

X03. AgB. Gosi ey, Bag e br Pt Qv%%%@%%%%@%& FQ

5149/ SXX@unkih hepatarytateoi v Sftlﬁ dfﬁfdéﬁﬁkﬂl aRHOcHBYBsien . .02 . VAl Bhowst C.
derived fromrats; and W66AR(SKO-007), GML500? GIG Al2( GML500), UC729-6,
LI CR- LOWCEHmyar HWQ)AISQQ%M mrmo%mm of mosiudes aed hybddftyperaificial. 15

Fusion of the antib CI 0 c and .tyvel oma cells cap be

per f or me &Y’ aﬁ’ﬁ?r?fﬁ q%'to irt 8rS S@Qﬁdﬂt&@ﬂqéﬂ@rﬁp?@d ing cell

vi abi | i t w8669 KipOs Hife ?.ﬂ-_{(ﬁlﬂ,% thod. Such a nethod includes, for exanple,
a chem cal nethod for adm xing the antibody producing cells and the nyel ona
cells in a high concentration solution of a polynmer such as pol yet hyl ene

glycol, 20 and a physical nmethod utilizing electric stimulation. Selection
of fl@ed cel | | @ﬁdlttmm thgs@ twehtionrd freepessabt appbedtiompdovifler a exanpl e,

“ by a known ant hi ne-amn in-thym dj ne) selection nethod. This
‘met hod .91%% Ydﬁ*ﬂ’ﬁbrﬁﬂ?ﬁ%gﬂﬁ%deﬁ‘ﬁm@s byuRerneRatecy ey @ cel | s
of HGPRT qlef h6i Fé&%gﬁ%ﬂoﬁnﬂﬁ}h% HeBlediPlesVi @Dl € in the presence of

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, 1‘996), for example, according

to the following procedures.

20 1. Preparation of hybridoma cells
Mar_nmalians are immunized by using an immunogen containing
subcultured human normal hepatocytes, and if necessary, anlmals are
sufficiently sensitized by immunizing properly and additionally. Antibody
. iaroducing cells (lymphocytes or spleen cells) are then collected from the
25 _anirnals 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 expléined in detail below.
30  -a) Preparation of an immmunogen
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25 am nopterin. Nanely, fused cells with resistant to agfdbeghdei2006an
selectively be left and proliferated by culturing non-fused cells and
fused cells in HAT nedium d) Screening of hybridoma 30 Screening of
hybri doma cells produci ng an objective nonocl onal 28 26 Decenber 2006
anti body can be perfornmed by known nethods such as enzyne i mrunoassay

. (ElA), radio imunoassay (RIA) and fluorescent antibody techni que. The
hybri doma cel |Bumaaddepapcatesdzephened fbii hodynapeioef | daddeg wisigd
recogni zes _ human hepat ocytes but not recogni zes non-human hepatocytes can
be 5 obtéqllfgandse e hsubadivsedi iy pPrephksd anTHemsenessned ASr h¥omn cel |'s are

| oned by, k t hod h t hyl cel | ul th f.t
method anREER AR PG SieR T B HEER Ger HAtoas AP O0er TR MPPRR o o
product i Oghichere WU L AQIBEEIL SorORsAEREth V4 ﬁ%‘%ﬂ%&i ﬁf%?éx%bﬁﬂ%o rtheése' nabove

can be 10 stored under a freezing state In nitroge a freezer at

not hiSghethainhGpassa30s;. ard pecipraddenbedppl i cati on provi des Muse- Muse”
- hybri doma K8216 (FERM BP-8333), as a typical exanple of such a hybridonma

cell. 2. Qntaining a nonoclonal antibody and purification thereof 15 A
nmonocl ona| ntibodﬁ, m@ich I.S specifically bound to human hepatocytes and
never rec BRZEHOP QbR n hepatocytes, can be obtained by culturing

'the.hybridonajﬁﬁhk%%gggf orﬁ%%ﬁd&g%“ﬁpg%ﬁFggéqﬁkHqﬁ?ﬂHO h i paidopan met hod.

A cul tivation may for exanple, in nmediumhaving the same 20
_conposi t i prRpfaibn ahdifeludb eMgcdly) frkganipld) otice, @hts, ﬁo@c@;@dap; b&ingnocl onal

anti body in large scale, nmay be perforned by a nethod wherein the hybridoma
 cel | 40nerand aquiager Mionealréty dmmjprcieeable mnimalsefon idntrezativrofoontiie ant i body
) s ~ standpoint of easy availability of myeloma cells to be fused with separated
antibody producing cells. There is no specific limitation on strains of mice and
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 pérticularly 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 10%-108 cells,
intracutaneously or intraperitoneally into the animals. Administering
's_chedule‘ of the immunogen depends on types éf animals to be immunized,

“individual differences, etc., however generally frequency of adm:inisten'ng the
.25 immunogen is 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 immuﬂzed'after 1 - 5 days from the
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collected fromascites. Thus obtai ned nonocl onal anti bod§Deambee2goarifi ed,
for exanple, by 25 nethods such as ammoni um sul fate fractionation, gel
filtration, ion exchange chronmatography and affinity chronatography. The
present application provides the nonoclonal antibody produced by the
above-descri bed hybridoma cell, Muse-Muse hybridoma K8216 (FERM BP-8333)
as a typical exanple of the m)nocl onal antibody. 30 29 26 Decenber 2006

Thi s nonoﬁndnalmwmbmlsiawfortthe aBohe admensterng selyedude usiie deparagigmar at i ng
only huma at oggéxes from a use liver in the above-described nethods
of the 2nff PrPAuENE s [fresasriesn vy bmephasitsel 6#albe ant i body

of the 8t Qﬁ%t C non- human hepat ocytes, said 5
ant i.body ﬁaﬂf uéscgg (gﬂgﬁl sg%lagh%nlglg{aﬂnéiepuri fying hunman hepat ocytes when
human hepat Ocymtﬁ:wﬁdpb%dd@agé@gahataeﬁw%ﬁicalmeu@éﬂfﬁﬁ anidRl ot her
than a nouse, or when non-human hepat ocytes and human hepatocytes are m X
cul t ured. mlreloma adllst heed dm mnos;bem’aiallynhnhmdy anldl adans pecistleetdd y

recogni zes prolijferative human hepatocytes" used in the present invention
may al so BRPTOBHR{shF semispormeelmgs t“l‘féd HeweyssonpidgringevevqmierceEx anpl e

) corcert { Qe oAb AT LS %oR g epBbir Y 1 2
anti body prypdrmedityalmilbysitsposso %ga%?@%eﬂtFmB% %) as
atypi cal exanple of such a rmnocl onal antibody. Exanpl es one tests
exenpl i f yselgptiohgrpeeelteathdravidrisivesn asebigisat, ibpbfdiablV, Namely, those

- 10 are X63-Ag8(X63), NS1-Ag4/1(NS-1), P3X63-Ag8.U1(P3U1),

- - X63-Ag8:653(X63.653), SP2/0-Agl4(SP2/0), MPC11-45.6TG1.7(45.6TG), FO,
5149/5XX0, BU. 1, etc. derived from mice; 210.RSY3.Ag. 1.2.3(Y3), etc. derived
from rats; and U266AR(SKO-007), GM1500? GTG-A12(GM1500}, UC729-6,
LICR-LOW-HMy2(HMy?2), 8226AR/NIP4-1(NP41), etc. derived from human.

15 E Fusion of the antibody pfoducing 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 cheniical 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 {hypoxant‘tﬁne—aminopteﬁﬁ-ﬂlynﬂdme) selection
method. This method is effective for obtaining fused cells By using the
- myeloma cells of HGPRT deficient strain which can not viable in thé 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 objective monoclonal
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however, the scope of the present invention should not Be&Dk¢ambize2D0B6her et 0.

Exanple 1 25 Preparation of a chineric nouse carrying proliferated human
hepat ocytes A chineric nouse carrying proliferated human hepatocytes in
the liver was prepared by transplanting human hepatocytes into the liver
of an i mmunodeficient hepatopathy nouse. Materials and nethods for the 30

~preparation and the results of the relevant testing were as follows: 30 26

Decenber afififodylcanMbd perfaised(1s) ktswiabietiibds sidkanassnp asrnogeayact i vat or
transgeni c_nouse_ (uPA-Tg): B6SJL-TgN (Al bl Plau) 144Bri 5 (b) SCI D nouse
(Scid): dERANaRdy lrsmu!]O@ISSélY( @Ahaﬂdnﬂ@@@scmsmtdm@y( trhnismeor Jhge (e)

- human hepat oc tes m)us e e urchased from
" The JacksoP™{andf Sd?rﬁ @E‘E)&‘O)\?};?Bé'ﬂmﬁ%bo ME ﬁ‘gg?bﬁ)(/‘\é\ﬁ?g i cal agent

(c). (brang, ( 9%“% r
Phar maceut | ca %E&;Eﬁég ]5%on%9%§ép ctl vg‘]oatﬁﬁfﬂe ce éa&géyt%%/\(;eal‘rne prepared as
descrEberthairMbyBﬁi@iﬁsﬁﬁeﬁﬁfglrﬂ@ho&5 hepat ectony, agreenent to the

i nformed consent by patient was conpleted. A normal l|iver tissue obtained
fromthe r enm?l?sh!ﬁ gareenedipdrisordfaucadld an chongidvbysioawm orethedsdsudheas ar anspor t ed
at 4C. The | iver tissue was treated with_ coll agenase t btain a

di sper sed®§ 7 sgrnethpgl, 2 poft pgareasEtetipsd padhadivuitne ddutiormetiadi on (50 x

. g, for 2 E‘M‘bﬁte@eéfgfﬁﬁﬂgéﬁ ()%‘éﬁbxﬁ"tate and supernatant, 20 W?.S.hi ng the

cells contained in eac supernatant: small hepat ocyt es, _
preci pitate: Hﬁeﬂﬂﬁﬁﬂﬁﬁia&ﬁﬁ%b%ﬂé&ﬁ}ni@tﬁ&ﬂs%xbwﬁédﬁeﬁmﬁﬂoﬂédaﬁ%peﬂ ively

10 stored under a freezing state in liquid nitrogen or a freezer at not higher than

R4 -80°C. The present application provides Mouse-Mouse hybridoma K8216

(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 culturinig 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
chromatpgraphy 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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counting cell nunmber. When cells were stored in a frozeaﬁgemprzooe

freeze-preservation liquid (from KURABO Co.) was added and then frozen

using a programmed freezer. The frozen hepatocytes fromthe precipitate
and the 25 supernatant, stored in liquid 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 nmediumjust before
transpl ant ati Ghis Zoddeichad amibddys ol tthe 8th Jdvaflicheaeybéie 26866 fo?. 1
Preparation of a nmouse suffering fromimunodeficient hepatopathy The

uPA- Tg nﬁﬁﬁ@w{qﬂ?@rﬁr%sy@mr@n hopatocyies from ssopBsebives dn thoaevggdiseribed/ - ) wer e

ob ;’neﬁr}ﬂ%ﬂé f%‘l%‘?‘aﬁ( 19 P e Ftp g BRoREDY gt Hhe ohastaarg </ ) uas
For To gy SR o e ¥R} Pl PO e i Do e

by PGR- Rekfibogy hedy bdhiseddbt sdodaéhel ghd/purdfeeNurhan hEpusRywaswhaen

backcrossed with the SC D(+@1ué nmouse, to obtain Tg(+/-)/SCl D(+/+) nouse.
As the rdsuhar hepgioeyicy arg Pr raje@llm @ 3rdyoofos po@mm apimalkotber D( +/ +)
energed in 52.8 % probabilit The ctlve +/ %;} /+) and

Tg(+ +) / APgYiSqoZ VhGH o g e Bgfocyigs Pﬂéifwe F VERALS i ce

"t hensel Vgl%%‘ycl'ﬂlﬁl%éfl cation of honobzygote and heterozygote of uPA genes was

per forne ‘ol lowing nethod. 15 From5 nmof a tail cut off from8 to
10 days ol d nouse, genomc DNA was extracted using the Q agen DNeasy

- Tissue Kit. Concentration and purity of the extracted DNA were neasured

. usintPa spect hophistitgorst & . mFpocomalx rotibody fwizish pépasificaiiyt ercogiiees 1 pl . of

“priner F,1.p1 of primer Rand i,pl of Tagmanprobe,

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.

Examrles
20
.S‘ome tests 'exemp]j'fying 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 hepétocytes

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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DNA and distilled water were added, and the total vol umes dasnrbd;2086ed to 50
pl 20 to be subjected to quantitative PCR (ABl 7700, Sequencer Detector, PE
Applied Biosystens). The prinmers and Tagnan probe were desi gned for
directing to human growt h- hor none- encodi ng sequence incorporated in a
vector for uPA gene 25 transfer as shown below. Priner F:
gtcttggctcgctgcaatc (SEQ ID No: 1) Prinmer R cgggagactgaggcaggag (SEQ I D
No: 2) Tagnan probe: ccgcctcctgggttcaagcga (SEQ ID No: 3) As a control,
the follow ng priner and Taqman probe directing to nouse 30 G3PDH encodi ng
sequence leldalgsials 32 26 Decenber 2006 Primer F: ggatgcagggatgatgttc (SEQ

| D No: 4), Pri R. tgcaccaccaactgcttag (SEQ | D No: .5) Ta be:
cagaagact aﬁaﬁéﬁ%ﬁ%’%ﬁf IF%SI%‘Q‘O%SH g“%’ﬁs‘gdﬁﬁf%%“% %sggggﬁ'ﬁr nder the
conditiontgggqgﬁggnﬂQ@ggtygggﬁon at 95 C for 10 minutes, 50 cycles of
denaturation at 95 C for '15 seconds and elongation at 60 C for 1 mnute

wer e Bepefd) 841D hicawset (Seid):et. -1V Hcy Skidgel obt ai ned by dividing the amunt of
anplified fragnent of human growt h- hor none- encodi ng sequence by the anount

- of anpliflickd tatrmesilata 0 nopuse G3PDH- encodi ng sequence as an i nternal

control, @Qe anmount of introduced gene in genonmc DNA is conpared. A

st andar d ‘CUFRFEPTREE obt ai ned from sequential dilution of heterozygous or
honozygous) B8RANE,htdve@ Pl € nouse, and the relative value of a nouse
used forW?Le standard curve was defined as 1. If the standard nouse is

het er ozygous one, a heterozygous 15 nmouse shows close value to 1 and a
honozygous nouse shows cl ose value to 2. = However, if the standard nouse is

_honmodPgous on&heamhuap fa)goud thousaise (b) were purchased from The Jackson

3

B

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 (e} 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

céntrifugation (50 x g, for 2 minutes) fo 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 hepétbcytes 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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shows cl ose value to 1 and a heterozygous nouse shows cbepeceretumoso O S.
From naked eye observation at anatomny, the hitting ratio i s supposed to be
about 90 % 20 2.2 Transplantation of human hepatocytes into the

uPA- Tg/ SCI D nouse The Tg(+/+) /SCI D(+/+) nouse, from 14 to 48 days old, was
anesthetized by ether and incised about 5 nmat the flank, and then, from

10 to 12.5 1 of cell suspension with concentration from4 to 8 x

107cel | s/l ﬁmﬂmﬁon@f aonwmf&eidgr@ﬁ mnmumnsdefirienabepatopathat ed from a
spl een head, %\[} stanch a hem)statlc agent 40 1 of an

e- ani nocapr oi Slr@\}ﬁﬁe( gB‘i‘F t6) @adghaiSCID aeuse{hompstdied into t he

abdorm nal 4 LAYYdr 1 m a&% LD mef T RCIOG AP fEREe Wivind BRERASH 2 ﬁ(ﬂ;ﬁ abdoni nal

cavity, t ank was’sewe I'on use ood is

hi gh, becpguisstd hasUdthaiticadis 88 .20y, pesmitagit e?dé?fufi%aﬁf&l%@ Pahg secreted
extracellularly. The uPA has activity of catalyzing 33 2 cenber 2006

prot edl ysTg- /ahdaapclrfmam:d)byafgcpbmsrﬁ%ggmacbuphgsmmneﬁwﬂhdemenﬂﬁosi ng
fibrin clot. He it has been said that a nunber of mce will the with

bl eedi ng JEARERCE | ‘?Ft ggt%ﬁﬁ‘&f Aleretidgpbficationn g MARI*/casne SEHirh asdays af ter
birth. T gln%d ﬁég”lﬁpﬁb#‘ E(ljl g on surgery, e-am nocaproic acid was
I Ni I”C €

adm ni strate nostatic effects by inhibiting actions of a

pl asmi nogen aghiaiRainadd: gﬁ’_*/ yls@m +)-) thB8seSrhPlerbdeckPRNsEwitdatlef Or mating

~i's known to have neither cells nor B-cells but have NK cells. Therefore,
t 0 pr ot ec3CH{e/ ) mamssH, amdbichin Mgy / Befade)ymeasds.r amthé eesalltsaT(+pPy NK cel | s,
an asialo GM 1 anti body which 10 inhibits NK activitg was i nocul ated into

_.an aBQonisvagreedin 8yY-Q PW"H@Y@P@ AP+ fHeraprgediin 82-& Yoamepalilibat i on. The
 PLo0eTI . e RNIGE LR B VRSBl B9 L e BRS¢ o
mating Tg(+/-)/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 1ul of Tagman probe,
DNA and distilled water were added, and the total volume was adjusted to 50 pl
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 sequenée in_corporated' in a vector for uPA gene
25 ‘transfer as shown below.
Primer F: gtcttggctegetgeaate (SEQ ID No: 1)
Primer R: cgggagactgaggcaggag (SEQ ID No: 2)
Tagman probe: ccgectectgggtteaagega (SEQ ID No: 3)
As a control, the following primer and Tagman probe directing to mouse

30 ‘G3PDH-encoding sequence were used. -
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weeks. 15 2.3 Monitoring of human al bunin in nouse bl oodesBreesmbkr ek after
transpl antation of human hepatocytes, 10 Pl blood sanples were taken from
the tail of a nouse once or twi ce per a week, and concentration of hunman
al bumi n was neasured using Quantitative ELI SA inmunoassay (Bet hyl

. Laboratories Inc.). 20 Increased concentration of human al bum n in bl ood
was observed in 11 mce out of 19 Tg(+/+)/SCID m ce which had been

transpl ant ed wi PdimhuRageatiepriaputas: (SEQYID Bp: 4iThe hi ghest val ue was over 8
ng/ M corresponding to 62%of total albumn in nouse bl ood. Further, human

al bumi n concent¥aFbRs tgcACEIcsBactgltes CHRD AP M9: 5P5 bet ween mi ce transpl ant ed
with cells in ernatant (small hepatocyte mce transplanted with
cells in preci ;S#’an aenFlboa%ree%W%thﬁg%i@%cjésﬁqg)eﬁ%r@t ed by | ow speed

centrifugation of human hepatocytes. Hi gher increase in human al bum n was
observed in the mce transplanted with the small hepatocytes than those
w t h Bhe par eritieyPER wae patrial besuhderdthe ZpndididnIhal aitddedaiHderatitnlg 2.4 A
human conpl enent produced by human hepatocytes and admi nistration of a
conpl emazéDS A% H’%ig Frinpes; 88<wcles of slepatnation @ 945 “Chiorel® sgcuds andn bl ood

over 3 mg/m ) erved in mce which rapidly worsen use condition and
Ped to depedtinyaf 80% B 1 mSE Nt reie it o Fa g S G FORA | n | ungs
ther eof , il a5t Saidjaiddy COIEP! GEBOAc PLPUISEHALY BUBRENCHAIAGHLES were
envi saged. Al so,. "human epatocytes in the nouse ver tissue were stained
i mrunol ogireath $houpioneebodiag iseqhieid by OhP beitRit oE3niificl FEhsmandofpr esence

of a conplenent C3 in hunman hepatocytes was confirnmed. Therefore, 200 pl
. of al@o ngpgthSPDH-encodmg sequence as an internal control, the amount of
: introduced gene in genomic DNA is compared. A standard curve was obtained
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 pl of cell
suspension with concentration from 4 to 8 x 10%cells/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/ml}
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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10 inhibitor (Futhan(r)) with concentration of 2 ng/nm u&Be@tierdost er ed
into the nouse with increased human al bum n concentration. Adm nistration
frequency was started fromonce per 2 days. Change in body wei ght was
checked every day, and admi nistration frequency or dose was increased when
decrease in body wei ght was observed (Fig. 3). As the results, the mce
with 15 human al bumi n concentration in blood over 2 ng/m received the
conpl enenprot¢qliip iand actiFatidmm of plrpmavegen 12 plagrsin, and decomposing fibginng/

recei ved ever dag,_ and further, those over 6 no/m received tw ce a day
" (Fig. 3).aﬁ§ Hienediit has said thafan Fﬂoﬁm’\?é“ggth‘éﬁ‘ibbb@ﬂ%né‘&’en when
human al bhlﬁ% : %sph}]atailpg '%9 ‘E!]%ggitgéﬁﬁvﬁg%ddgs glj if%nd th% i ghest
det ect abl e evei 0 uman aP umn in ood S n% ’ ZP iagf)1 ).

Further, eenBeaitBlaédian oaf surBery)dBRNCOARIREAl AR BhidiftrNe@0GnRE chineric
m ce adm ni stered or non-adm nistered with the conpl enent inhibitor

( Fut han( r)3s hemontatis effedtstyy ElilStingeichiods of a plamseggen aetivator wad a conf i r med
t hat hC3a 1con(;entrati on was lower in chinmeric mce admnistered 25 with the
conpl emen®*@Pf-pi t or conpared with non-administered mce (Fig. 4). 2.5

Adm nistratio f oM i seru f SCID nouse Possjbility of vitamn
C defi ci ency \?%1% gtg%é‘l ger_égrﬁﬁg?ﬁ)&g g]ﬁ-g{/frh 15 g’é?wnrté’p AW Eh hunan

hepat ocytPeelie 68+ BecdldB NARAMRGHISS TERPHNY to PYNBEBIZEaMEM1aRIA C.
Therefore, ascorbic acid 2-phosphate dissolved in 30 drinking water in 1

mg/ M washyines hepatdachies fmns ehe attadbaNK edlls)iznhsialo@M 1 3htidédDenaber 2006
hepat ocytes_(by referring to "A nethod for feeding a rat with deficiency of
_ascotfi ¢ BBiRitsK pelddtyswas igopnlateghinto ep apdominalsayity therdaydrefore and

. hepatocytes-transpl anted Tg(+/ +)/SCI D nouse showed sl ower increase in body
wei ght an%%m%aﬁs%ﬁﬁraﬁ?nﬁglﬁﬁ%% = e%f

( _ oﬁIC?, & RIBEF B TPl iPHSS WRg(¥Fa5ed &f D nouse.
As It WaSyEREe beth Al e P8I Bnd RABMIBS:s 30 in a separate cage after 5

~weeks.

15 2.3 Monitoring of human albumjn‘ in mouse blood
From 1 week after transplantation of human hepatocytes, 10 11l 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
iﬁr_nmunoassay (Bethyl Laboratories Inc.).

20  Increased concentration of hﬁman albumin in blood was observedin 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. |

Furthgr, human albumin concentrations in blood were compared

25 between mice transplanted with cells in supernatant (small hepatocytes) and
mice transplanted with cells in precipitate (parenchym_ai 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

34




the |li ke synthesized by human hepatocytes in a nouse |i 2&Dessstber 2006

i nsufficient for growh and mai nt enance of nouse body, 50 pl of SCI D nouse
serum was adm ni stered subcut aneously once per a week. Increase in body
wei ght of Tg(+/+)/SCID adm nistered with SCI D nouse serum was hi gher
conpared 10 with non-received mce. 2.6 G oss and hi stopat hol ogi cal

exam nation of a nouse |liver Blood was coll ected froma nouse under

anest hesi 24vi hilmehemplencnegaduecd By hinanihpatocyted daddnsihistratidnl | ver and
a spleen were renoved to_ 15 nmeasure weight, foll owed by photographing,
sanpl i ng 96 camplesyay iglaibitobn bl ock and a paraffin section bl ock and
extracting a nicrosonmal fracti.on ffomthe rest. t.he s les. Increase in
urmn_ al bor n IBGHAER T SRS a4p0 A5 hian Sbhere in Blooft ey A MRAAT I and

decrease {Ps Rl YALNE WEIR rlaggg% ﬁr@f&eﬁ'ﬁngﬁses%olﬁdiﬂ%rghﬁﬁ 184 fohdAhg fguman

al bum n val ue, whole Iiver pi nki sh, I n some mce, remaining
whi t eSspot). hhilehdé=l mich, Hldeditid was ghanedd/Reludlss tHed!, And)aflec8@fR, Was
observed. Al so, there observed red color part in the liver, which part was
consi der eeomplemmmtdirpdueedrby bammsphepatpcdss weus edvibggedd eflspi onmah
introduceﬁI?uPA ene. Frozen sections of each | qQbe of theqllyi ver were

pr epar ed, PERALPEVEEY Th{he B0use bver figsug werertarsd drrenlesrally CYP8©8r atin 8/ 18

anti body ££& 980 m [ | ' d‘3 ' y..per oxi dase
| abel ed DAK En%:l\lgioo +'II %ﬁggrﬁ&gﬁg‘(’o%?%gf%%hgé,Oi%bxoiﬁ]%%ﬁﬂ?g?plgct to each
| obe of th&mah WepatoticsOwaE coniinked at The®fck8, POBI {1l & LAke@Pldnierdthe total
section area was calculated (Fig. 6, Fig. 7). In mce with high human

...al buin viahikitordFathel) satit egeeniratine of Remginl eyscldeniaistere8/id® thesi ti ve
¢ hepatocytes was high. A 36 26 Decepber 2006 nouse havi ng over 80 % of
“positive PEPFE M5y drvrean  albpming cpreentyrtion 5 o Adggniptssionn

mcr Osonefrequency was started from once per 2 days. Change in body weight was

8]

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/mlreceived 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 detectablé level of human albumin in
20  blood was 8 mg/mtl (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
replaééd with human hepatocytes because human hepatocytes can not
synthesize vitamin C. Therefore, ascorbic acid 2-phosphate dissolved in

- 30  drinking water in 1 mg/ml was given to the mouse transplanted with human
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Expression of P450 isozymes in a microsomal fraction cokébedeatbef2006n a 5
nouse was detected by western-blotting anal ysis using anti bodi es which
specifically recogni ze the P450 isozynme (from Daiichi Pure Chem cals Co.,
Ltd.). Expression of CYP2C9, a human specific P450 isozynes, was observed
in mce wth high human al bum n value (Fig. 8). Further, to check activity
of CYP2C9 in the mcrosonmal fraction sanpled 10 from a nouse, dicl of enac
4- hydr oxyhepdtoeytas by referves tordAsmedtbd foraitdding a aaic wathe deficiéncyt he
m crosone. |In consequence,, diclofenac 4-hydroxylation activity was little
det ect ed F9FOF prgthesig o Bifdaran Gad i nduction of activity by
adm nistratio C nt, 1 nhi bitor was not ry | so.  On the
other hand, in uﬁ%ﬁ-ﬁggg ocy€5§£P¥:ﬁ%ﬁ?%ﬂﬁ%ﬁ“@ﬁiﬁgaﬁénﬁgg . HYY¥er 15
di cl of enashdiwdiyslo@sy e 00 iﬁ%ﬁ?/ hky%ﬁm&b&%e\h%ﬁ WgBrdlle! 43Badl
repl acement ratio of human cells. Tn a chineric nmouse wth 89 % of
r epl adenewithradTg(s/-) / ST mivenac Ad-ihwes erysidtiedrthat piotéihy, svesmeenfhid med
hi gher than that of donor_ (human) mcrosone (Fig. 9). 20 2.8 Expression of
mRNAs of thedikssynthespad by hagambepatacyies inammouse lives Wereinsufficienider, and

I nductio 1 f I.¢in Total -RNA was extracte m a_chi neric nouse, and
~corr espog%{gﬁ’éﬁlaér%mv%tsm%ﬁ ﬁ%g}%\g@% Yy g?e?‘tgidﬁbgﬁéﬁ?lﬁﬁ PO S i on.
Priners fQimfittRRE s@bcutabbbhEPbhes RRAY Reeit O Iﬁé}féﬁse%?%oﬁﬁ %ng( GYPLA,
1A2, 2C9, 2C 19, 2D6 and 25 3A4)-encodi ng gene were synthesized, to neasure
expressi dPg(of+)fBNAD atiminés@eddivith SCOIDe atdu seSREMIE wabl HiglgerPRISPMAEA00
Sequence Detector (from Applied Biosystens Inc.). Consequently, a control
mous&0wi t¥ith denaressized migait i 0 of 0 % expressed al nbst zero human-type P450,

¢ however, all of human-type P450 isozynes were expressed in a chineric

nouse liver, and the 30 expression pattern was closely resenbled to that of

~a donor  (Dge@ieks bl histbBAtholopfcat ExIRGEIRE! 0P Buse liver

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

7 20 in some mice, remaining white spot, which is a distinctive phenotype of

‘\ . Tgf+/+)/SCID, was observed. Also, there observed red color part in fl_helliver,

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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Further, 3 chinmeric mce were adm nistered intraperitoneabkyembetvos

Ri fanmpicin (50 pg/ kg body weight) for 4 days, followed by taking out the
liver at 5 days and assaying the expression of 6 human-type P450 simlarly
as described above. It is well known that Rifanpicin induces expression of
only 5 human CYP3A4. As the result, the expression |evel of human-type
CYP3A4 in the liver of the Rifanpicin-admnistered chneric m ce were about
5. 7 ti nesmohsgheyvingonpade do of pbsitibatellsf waoalsadbserivedered m ce (Fig. 10). 10
Exanpl e 2 Separation of human hepatocytes froma chinmeric nouse, and
purification of human hepatocytes with a nonocl onal antibody Fromthe

chinmeric ﬁﬂ?%ealfsr@%ﬁfgo%%ﬁn%%%&#orshepat ocytes were 15 separated by a

col | agenase "perfusion ne gﬁeon_ of collagenase was 0.05 % and
treating peri G&kpp@ssich B PUSG Ssozinclas aGARGElfRA! adiidd! corBERAlRN hES Was a
m xture of human hepatocytes and nouse hepatocytes, however, nost of

hepat 5cytresuse peasatiectcieab byt w8tets)-blutting harimysid apin® GintidedicB eBiche
cytotoxicity of collagenase is higher for mouse hepatocytes than for 20

human hepdcsidigaligrecngnizn the P42 ispaymae feom Dajicki Ryfrekihearicale Got.dégd.es, only

human hepat ocytes 1.so] at ed usi use nonocl opal apti body (the
nonocl on _Xprgﬁ%?%%&%?%%& BBy ‘TH‘?&{%)’% BTS2 Y8 S PRS BG)  whi ch
does not i iREAAhARIONBERIERANACKKLS) bUt specifically recogni zes surface
of human 25 hepat ocytes. The hepa ocyg es separated by col |l agenase

per f usi on, whiFutheg ptotchietR aghivitt of 8V PRCY inhthBRfichRpRiad E%E86n sBpRdr eact ed
with the above-described antibody, followed by reaction with an

__FI TClRabdray ampise] glofanas Yoklydrandatep activity wasf meabiusedrimaeddiigwi t h t he

. /FITC | abel.ed, nouse G .anti body,_ using fluorescence activated cell sorter
" (FAGS) . Aéaf’ﬁélaf’et?uﬁ]% TREHOPRRE. 30 FOnRT AR e sHtlBiERE SHIBHAEOXFIRECE not | ower

than 95 %ctivlly was little detected in the uPA(-/-)/SCID mouse, 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 c‘hjxﬁeﬁc'
‘ \ o ‘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 3A4d)-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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26 Decenber 2006 Exanple 3 Re-transplantation of human 2b®gednaeyeEs

I solated froma chinmeric nouse 5 into a uPA-Tg/ SClI D nouse The hepat ocytes
isolated in Exanple 2 were transplanted into another uPA-Tg(+/+)/SCl D
nouse, and the transplanted nouse was fed simlarly as in Exanple 1. As
the result, increase in human al bum n | evel in nouse blood was 10 observed
(Fig. 11). Exanmple 4 Gowth inhibition of nornmalized nouse hepatocytes
caused by del dt&ieTof3 dBMEHE, BUek avraPrdginetered ioiraperitoneally madui at ed

i or | J Ly 4.t t. 30 6 / into a yPA-Tg(+/-)/SCID
muse and B e R el oA Sl BEn Y oot tetEBron oo of
ormal i t . r . e
(P To( - TR Ry BRC SRPIAFR bR Bhpih bRl PRIG ISR 3RS 1)
Then, t hedasPAbdd @bbve./ BGsBvahkindww thR RTghpich) ikl dds Rkpessiohigflanigner e

inocul ated with 60 ng/kg of retrorsine intraperitoneally, were
t ransfl arft@@apiGF3Afras Heprasydly thesexairasdion leyebef HumaEx-dypd YB3Abimr epare 25

' ' 1.Ge. he,. l.t, I I n_.concentrati in_the bl ood of
The chi PG AR U] (3 e o et FPRE e PP T R ERsive | ool
S as that - ibhdiNGfBhTaNfn Wikt dioH 2SR dPHAG, 0 ffarple 5 39 26

Decenber 06 Adm nistration of an antl-nouse ‘anti body into a hunman
hepatocytes chineric nouse As to one chineric nouse prepared in Exanple 1,
-at 100 days. after

10 _ Example 2
Separation of human hepatocytes from a chimeric mouse, and

purification of human hepatocytes with a monoclonal antibody

- From the chimeric mouse prejpared m Example 1, hepatocytes were
7 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.
k\\ | Further, to increase purity of human hepatocytes, only human
R hepatocytes were isolated using a mouse monoclonal antibody {the monoclonal
-antibody produced by the hybridoma K8216 in Example 6) which does not
recognize mouse hepatocytes but specifically recognizes surfélce 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, pul_-ity

30 of human hepatocytes went up to not lower than 95 %.
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5 transpl antation of human hepatocytes, an anti-nouse FaéDasdntaoghoswhi ch

| eads npbuse hepatocytes to apoptosis by reaction with a Fas anti gen thereof
was inoculated (0.2 lig/g body weight) into the abdom nal cavity of said
chimeric nouse twice at the interval of 1 week. As the results shown in
Fig. 13, in this chineric nouse, concentration of 10 hunman albumin in

‘bl ood thereof indicates a declining tendency after about 80 days from
transpl antati on of human hepat ocytes, however, concentration of those was
significantly increased by adm nistration of the anti-nouse Fas anti body.

I n consequence, in the nethod of the present invention, it was confirned

15 that adm nistration of the anthmggﬁ' 3{:as antibody into a chineric nouse
just after transplantation of hu epat ocytes was effective to

prol i f er aké-ffanspladidticiCof MhAhePatBePRR iSRS PRHLES chitlleFitaHBhSe 6
Preparation of a nonoclonal antibody ich specifically recognizes hunman
proli Berative hepatocytes IntaluRA-FgySCIDMaousepat ocytes 25 A di spersed
cell suspension was obtained froma hunman |liver tissue by a collagenase
perfusion nmethod. The di spersed cell suspension was subjected to |ow speed

Gorcul tured vt HeReatyer eI RS €2 erd tediloen it BBt o s
modi fi ed Jraghel +mgtml6@§@mldaﬂé%ﬂ@pamwmdus%ws 128 sHfiadly A0, Serum 30

EGF, nlcotlnanlde and activity-persistent type vitamn C. Sw'ss 3T3 cells

40 26 - DedEuhnphZOOﬁsﬂMBEEuhﬁﬂedmsyﬁihumehaﬂMMMnkhﬂEmnhﬁﬁahmndWﬁsCO|Onles
wer e observed after - about 7 days of culture. Proliferated hepatocytesin
_conf 19entobgerved Eighddl-t ur ed by usi ng EDTA/ Trypsin. Hepatocytes of children

¥ Jcoul d be

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 1n 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 mnaperitonea]ljr, were
transplanted with human hepatdcytes 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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subcul tured up to 6 - 9 passages, however, hepatocytes aéDpairbenttss not

- younger 5 than 60 years old, could only be subcultured until 3 - 4 passages
(Fig. 14). The hepatocytes of the child (12 years old) exhibiting the

hi ghest proliferation ability were used as an antigen (Fig. 15). 2.

| muni zation of animals 10 The hepatocytes of the child (12 years old) at 3
- 5 passages by the above-described nethod were proliferated on culture

di shes. Mdministrationyefdin pnti-mbuse Rag oetibaly iniod hdmanlhépatetites wer e
washed with PBS (a phosphate buffer salt solution), PBS was renoved and
the cells were scraped with a dmericmanse to suspend in about 1 ni PBS.
Thus obt ai ned suspension 15 was adnministered intraperitoneally in Balb/c
mce, 6 weeks old. Imunization was further performed by a simlar nethod

after 20 days AQrto3the RiSeriSmdelb! prepaiednin? BxALBRY 11 Wt 080! JajnkfZat | on,

i ncreased antibody titer was observed. After 72 hours of the third

i mun® z attrarsplddaton of dnsphe drepadscyeed, raac hed-rhoase Fas artihodyzehicani mal to
col l ect spleen cells. These spleen cells and nouse nyeloma cells (cel

| i ne nandcadygneysqbepatogeiey to spaptasis RY seartpnisith £ Bas apggemtherpfat es and
| t d. 25.4,. [ f h id Pr.i ' ELI SA,. ti
e ni o RoIerBES B ek SRR R i, sy bR RO o PSS

obt ai ned chimdhAc niseIRTLRTHRTIRYRA Y WdkoA Assay was performed by the
foll owi ng nethod. 30 The subcul tured hepatocytes used as the antigen were

- plated on theASGhasdshiltséhoh iRDEIEIBem POEhinRrRiBouéq cbavattrdtiondshi ng with
.PBS after cultivation, drying and storing at :
10  human albumin in blood thereof indicates a declining tendency after about 80

¢ Y )
s days from transplantation of human hepatocytes, however, concentration of -

those was significantly increased by administration of the anti-mouse Fas
antibody.

In consequence ,‘ in j:he 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
Y\ ‘  Preparation of a monoclonal antibody which specifically recognizes

huinan 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 cells 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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-80C, to which the culture supernatant was reacted. An e6bysanmbeetnebed
anti-nouse | gG anti body or anti-nouse IgM anti body was then reacted
thereto, followed by devel opi ng col or by addi ng substrate to neasure
absorbance. As 5 the results, nmean absorbance of the 372 fused cell sanples
was 0.149 (SD: 0.099), and sanples with absorbance of not |ower than 0.20
(81 sanmpl es, about 20% were defined as positive sanples. Since color
devel opnewerenaddesl esery tondaysareHummambdmdoeytes otisaiesatdro wbservedaftees W t h
“absor bance, of not |ower than 0.15, sanples with the absorbance of from

0.15 to 02 4 daspIdsyuliere 10Pwhksred Wepataavtesine sanflusniigwere confirm

tivit t . | Dl hqwi i nteresti i ni
Dattern viinallBRda BF el BoPRnSRER. et il bl es
vere furthesctit@iagdo b 9lRk88:3CRbWever bbb Sof pRHPEI AL A

recovered and cells were stored 1n a frozen state. "15 5. " Secondary
scr eerdi ngthaBloBAsars bkl veukltailnbagibdulamet i BplepassakeciFadly Tie primary
screening, 88 positive sanples were selected by neasuring reactivity
agai nst aReRateegetcfithe child (2oreasyold} erdribitingahe bigheheptolifayation abitity
cul ti vativc‘),n béédELl SA s{im' I ﬁ;.l ﬁ]d:‘ﬁs inthe primary screening. Reactivity in
tissue of “PIeLEIANHt 8RUFEL "8 led by tissue 20 staining. Sanples
cont ai ni ng hybridoma, which specifically reacts with cell nenbrane of
~hepat ocytes and hepatocytes in portal region, or culture supernatant of
t he cl one2.dmraiunedtiby of hathslg t herefrom were studied on reactivity
agai nst human hepatocytes imedi ately after separation. Supernatant No.23
_(Fi g1016) of diltet beratoesios iofldhe child (MAixears bbd) 4153 heparssageasbyntimbr ane of
i the portal, regjon.was stained in tissue, s analyzed .on reactjivity at
“hepat ocytad%ovg%ief‘ﬁ%lée nﬁ?g"ﬁfeWﬁreaf?‘?ﬁ?@ﬁgfa‘P} ofit u‘%‘?ﬂﬁf FAEEer
(fluor escﬁ?ﬁ%eﬂﬁb&%&&%}& ehhs S ddt"Px 16% Q:@ﬁ%c%&%swggh&g%gl ﬁ% ga46 years

, OW-

old and 49 years o obt al ne y coll agenase perfusion an peed
centri f ugstidsphateifert s805sdtivh), PBSNAS F@nsHREAN@ UM LelRf wiilti ergsupl e at 4C

for 30 30 mnutes, and an FITC | abel ed anti-nouse |gG anti body was then
t r eat ed awith 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 immunizatioﬁ {boostj, a spleen was extracted from an
immunized animal to colIect_ 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 subculturcd hepatocytes used as the antigen were plated on the 96-well
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42 26 Decenber 2006 4C for 30 m nutes to make detecti ons bycdnieS2qpessi bl e.
As the result, a part of cells (1 - 2% in a hepatocyte popul ation reacted
with the sanple (Fig. 17). The reacted cell popul ation, designated as R2
fraction, and the non-reacted cell population, designated as R3 fraction,
were fractionated and cultured. 5 Hepatocytes before fractionation were

al so cultured. As the result, colony formation was observed on culture

af ter abopitte] folysed by teshivep alithc PBB saftef @nlgvatiom elrropadnd stamglascr i bed
herei nbefore. On the other hand, colony-formng cells were not observed in
the R3 fr&ffofke Hueh|the galinratsensetapbwasyrepctes. dbsenayoit labeldte R2

B
Lo 16 ot il A i SERALAS I, 2910 1

subcul tured human hepat oCyt es, urrng cul turing

process vkercsoalts, @eaq rbsefbagiad ofithy 37RefupedIckll ebaiploewhspal aTydps wer e
recogni zed. Fromthese results, No.23 was suggested to contain hybridoma 15

wlhi ch spébDBPbtaEd)%am%wﬁﬂze?wbmmelthgt%@hD:.%O (@ﬂgi@glma}ad»meg_ byt t
cl oni ng . e No. sanple were anal yze usin on reactivity a
hepat ocytge(g/gg]ﬁ’refeaggg\"ﬁi@ﬁi UINe SHPRIeSs e St‘ﬁ‘%ﬂ'. 3%90(1’%“11@%? taffsos cl ones
showi N9 Sigided i athdeHi ' %,n&ng | one

( Mouse- I\/?use hfgrﬁg%&ﬁggﬁg?é%gg g%%gﬂ}pé I'n 1%1%%?%3 (e\cfi(r?g?l?)(’%rlé?&Patent 20

- O gani smtbBap@s1$ afaynplbiivitaiBé abssbhhed 6f edm AdVaRc@doi4slsshpicd] wae ence and
Technol ogy (Deposition No. FERM P-18752) on March 6, 2002, and was

_.subj &8t edreaded rwith ridgsusnstiairdep dei ¢ordirmomeddtividy. 2Bm@R) Shdide pody tlidon No.
. FERM BP- 833%). 25 6. Preparatiqon of a nonoclonal antibody The above
hybr i doneS2EuHPs Phasving INeresting sipuingnatiera were lecsoies BSIUYSHABRIEs t oneal

| nj ecti onsd kel 68 e Yahfiitd RBrHarthdIRARENH 12208 LOAMarld Slfkure

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

a

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 (_ﬂu‘orescence. activated cell sorting). Hepatocytes of adult men, 46 years
old and 49 years old, obtained bjr 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

2




f;__,to

ascites to obtain the nonocl onal antibody which specifi eabDkgenbdenzi®st o
proliferative human hepatocytes. 30 43 26 Decenber 2006 Exanple 7
Preparati on of a nonocl onal antibody which specifically recognizes hunman
hepat ocytes 5 A hybri doma produci ng a nonocl onal anti body, which
specifically recognizes human hepatocytes but does not recognize non-human
“hepatocytes, was selected from 88 ELI SA-positive sanples anong 94 sanpl es
sel ect ed 4fC fdre30 mhénuteste mﬁkttgieméct@nlnspFACS togsitiieanas the hissdtohqgircal
staining o :ﬁmurran | i ver 10 tissue. 0 3 sanples of culture super nat ant
of hybrid Lche 4t 4t Adyratqate H%E’FB‘PH% 1”6"1‘“%&5%3% sample Hig- 7).

I rrespect C surface.of. cul tured
human hep‘I‘ 81— Cté&]ceefqg)%ﬁi%eona 8%1%‘ %’fﬁj%us tmn a?@%?%?ﬁl&ﬁac ﬁ%c‘?‘ﬂspat ocytes
of non- humuaﬂbﬂal&s HEdM 28 TBULScRb, r\@ér)e frhéléénékfeaeéné CAARGLON was
anal yzed using FACS. The hepatocytes obtained 15 froma I|iver of adult nen
~ (46 orS 68Hypatosyieh deidy feadticagtioaseeenlsosiuituradd Ad oke spadt cdoty | f ugati on
wer e treat ed with the culture supernatant of the above selected 3 sanples
at 4C for %@aﬁ‘PHG‘faé? bsgrygdoneilivre aftetaheuty %YSWT@ heprtpextes Before nouse 1 gG

~anti body 4C for n 0s |bLe As the
resul t ofﬁé%trl%ne H1O8, 3%9"’ K&gski ’é%%?o 1 %‘h% aZ'QFSCS‘P bR ™Mg) whi ch
was reacttyg m&m&mbsgemﬂﬁ RERES RAVIGS, ﬁ\[ﬁafgétnﬁﬁl%@}é Yool a,eic@pat ocytes
of nmouse and rat was selected. In 2 ciones of a nmonoclonal Hybridoma

obt ai ned élssavddhin eroRe feeitivet edctedbwitd @23 qRighl 8} Ul Radceivity wigs fdad ant
showed simlar reactivity (Fig. 20). In histol ogical staining of the

~cul t dG stifearadhugranirpatenyies wes exareined P FACSrandeheout 8gfomfthonsi der ed

cells were found to be positive (Fig,19). Namely, it was considered that among
the subcultured human hepatocytes, the differentiated cells during culturing
process were not recognized and only the proliferative hepatocytes were
recognized. From these results, No.23 was suggested to contain hybridoma
15  which specifically recogrﬁzed 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

pettg

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
proliferative human hepatocytes. |
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25 be a bile canaliculi of a human liver tissue was staiepgserddt 2000
zone-specificity in terns of staining properties was confirmed. By the
way, the liver tissues of a nouse and a rat were both negative on
reactivity with the culture supernatant of the hybridonma. In consequence,
t he hybridoma that produces an anti-human hepat ocytes nonocl onal anti body,
whi ch specifically recogni zes 30 human hepatocytes and does not recogni ze
non- human hepatocytes, was 44 ---- - -------oomo-- -- 26 Decenber 2006
obt ai ned. This hybridoma K8216 strain was deposited to The Patent Creature
Deposi tion Center of The National Example it e of Advanced I ndustrial Science

and Techn n_a rch..6,. 2002, (depo on nunber FERM
P-18751), and a "Js%%f} %o%lloflgﬁ Q(%{??Hgbl We?ﬁ%’lﬂ%‘é §PPSent er as of
March 20, 2003 5 (deposition mypkes hephfMyEs 8333). A nnnoclonal ant i body
was obtained fromthe K8216 strain by sim’lar procedures as described in
ExanplBbe 6. 10 Industrial Applicability By the present invention, as
descri bed above in detail, proliferation of human hepatocytes in |arge
scale with kedp hﬁ&nﬂf)@%rﬁf weing f a risenesioraln aptibodt, t wi spegifieir nore, a
chinmeric muse. | mhlc in the liver are 15 repl aced mnth human
hopar ooy RRoREns g Re PRt R bt abh Adl et e b PP v
conpound&mg@&l&% @ﬂamls?éﬂméw L6 b fes S0 JHUGEQ B th hum’ﬂm
hepat ocytes. 45 %6 Decenber2086 ¢ Iﬁ%'s |%§%§%¥#ﬁs proli d eratlng human
hepat Octhﬁ,scre&hirfgbeE)\fmﬁj)l&%bﬁhﬁaﬁsloahisltﬂggi&um@uﬁﬁgafé(ﬂtﬁﬁ@m iivgro a |iver
of an
1

- tissue. Asto 3 samples of culture supernatant of hybridoma which stained cell
Lo | 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 df screening by FACS, 1 sample of hybridoma

‘20 (pre-cloning} which was reactive with only human hepatocytes and not reactive
| .f‘.j _ 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  be a bile canaliculi of a human liver tissue was stained, but no zone-specificity
in terms of staining properties was confirmed. By the way, the liver tissues of
a mouse and arat 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 recognizé non-human hepatocytes, was -

44




i mmunodefi ci ent hepat opat hy nouse and proliferating the2¢bDesepbaatbed human
hepat ocytes in the nouse liver, wherein the nouse transplanted wth the
human hepatocytes is fed under such a condition as being protected from
the attack by human conpl enent produced by the human hepat ocytes
transplanted therein. 2. The nmethod for proliferating the human hepat ocytes
of claiml, wherein the condition of being protected fromthe attack by
human coalplaéireeint This Igbrideasi KENS sthaihivead ddgosited & (iag Patetlt Chdatufea) t he
mouse transplanted with the human hepatocytes is admnistered at | east
once wi t hDapesitign efeter of Kh¢ Dational Inplituge p}/@mwd fedysitisbSaence ael by
mat.i ng be en. an. immunodefj cien opat hy nouse
decay-acci%%?’é’fqgﬁdngﬁg?%ﬁso%%ﬁ?;&@@aﬂi&gﬂ?@% EHWE?&E@W& 13750y as the

i mmunodef L ci fQr I hgrsddng human
hepat ocyt%ﬁdggbgfg@n@f%g?@ , er eﬂa%Dte éggltﬁg%gl éﬂfa%é)llrfeafna?hhggh%sc)d&gt hy nouse
i's the prEgpodition @unibis BERM BPE3B3py mating between a genetically

i mmunodeficient nmouse and a genetically hepatopathy nouse. 4. The net hod
for proliferatA mproglal kaphodicyre obtdined fiom ghe KGREP simajn bhsipiageni t ure

~nmouse is a hem zygous i pdeficient hepatopathy nouse. 5. The nethod for
proli feraPﬁoﬁﬁg]‘Fﬁ?% cf?éﬁ’an{’%gb“( §a.‘BPﬁ3c@-ai m 4, wherein the hemi zygous
~ i mmunodefici ent hepatopathy nouse is admnistered with a hepatocyte growth

i nhi bitor and then the human hepatocytes are 46 26" Decenber 2006

~ transpl anted therein.

10 ) Industrial Applicability

By the present mvention, as described above in detail, proliferation of

‘human hepatocytes in large scale with keeping its original function can be
attained. Furthermore, a chimeric mouse in which many cells in the liver are

15 replaced with human hepatocyteé is provided. Drug metabolism tests and
safety tests of compounds can be available by the use of said chimeric mouse or

human hepatocytes.

L
Pt
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6. The nethod for proliferating fitrman hepatocytes of angeDaembef20bai ns 1
t'o 5, “wherein the i munodeficient hepatopathy nmouse transplanted with the
human hepatocytes is admnistered with an anti-nouse Pas antibody. 7. The
met hod for proliferating human hepatocytes of claim1l, wherein the human
‘hepatocytes to be transplanted into the i mmunodeficient hepatopathy nouse
~are proliferative human hepatocytes. 8. The nethod for proliferating human
hepat ocytes of claim?7, wher kA She proliferative human hepatocytes are
human hepat ocytes recognized by a nonocl onal anti body which specifically
recogni zes human hepatocytes which proliferate with form ng colony. 9. The
met.hod for proliferating the human hepatocytes of claim@8, wherein the

nonocl onal antibody is one produgced from..Muse- Nbuse hybrido K8223 (FERM
BP- 8334) . 10ﬁ'A met hod f%"ﬁ?@ﬂ e{r?%t ipﬁghfﬁfﬁg’%l% -Lé’flgﬁ'y%b? qﬂgj‘?ﬁegrge scal e,
whi ch aohjeh esmpriged akasplagtisigeMiihdh hephficytéfdntden Ji@RSof 2n and (3)
are repeated at | east, once; gl) a step conprising transplanting human

hepat od§tBYIPAEGCiENt hepatopathy meanencud rsplifnrahagatipatansnisated and then
Prol i aifhbAdnEperocktANAPIAL G BUTRA: NGAR-BRY RS dhouldEdRitiEtdy e ! (2) 2

step isolating the proliferated human hepat ocytes use |iver;
and 47 vigh Ddeetbena0bgpat®ytes dsefedc anpidrsisnght aacspdidivn rg beengunan
hepat ocytes .isqQl ate fro he mouse |liver into the |iyer  of, an
minodePreER i e dieopHRRS DY BTRER sopirmt 25aged B SHARERA NS pl ant ed
Wi th t hepuatseyteshiiepabpleyites theFeinot shorter than 50 days under such a
condition as being

j

o 2. The method for proliferating the human hepatocytes of
claim 1, wherein the condition of being protected from the attack by human
complement is at least one of the following (a) and (b): SR
(a) the mouse transplanted with the human hepatocytes is
administered at least once with a complement inhibitor; ‘

- (b) a progeniture mouse obtained by mating betweeﬁ an
immunodeficient hepat0pathjr mouse and a decay-accelerating factor
(DAF/'CDSS} transgenic mouse is utilized as the immunodeficient

 hepatopathy mouse.

3. The method for proliferating human hepatocytes of claim 1
’ or 2, 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,
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 with a hepatocyte growth -inhibitor and then the human
- hepatocytes are o : :
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:protected fromthe attack by human conpl enent produced b§Deduenbarzoas
‘hepat ocytes, wherein the nmouse transplanted with the human hepatocytes is
fed under such a condition as being protected fromthe attack by human
conpl ement produced by the human hepat ocytes transplanted therein. 11. The
met hod for proliferating human hepatocytes in large scale of claim 10,
wherein the condition.of being protected fromthe attack by human
conpl eF@RSPIaRIshENEIEy (1) and/or the step (3) is at |east one of the
following (a) and (b): (a) the nouse transplanted with human hepatocytes is
adm nistered at |east once with a conplenent inhibitor; (b) a progeniture
nouse obtai néd by mMihleimgtlomd feprodiferdtimg hadedn hiepatody@pabdpaylvneouse and
nouse js utilized as the

a decay-acgcel erating factor . (DAF/ CD55) trapsgen

i munodds F@?’E’rﬁ 1 hté’pa{’o g’iel’i?%&seefmﬁ‘?m?ﬂ%gﬁgflﬁoﬁe?ﬁo%‘ﬁ Vi PERS ng human
hepat ogyiRsplanté@r @8th SUR Grgthatl dlepatfchieslis AGLSIstelddde WitHURRdef i ci ent
hepat opat hy nouse in the step (1) and/or the step (3) is the progeniture

nmouse dBttamegsoifas patibrfibet ween a genetical |y i munodefici ent nouse and a
genetically hepatopathy nouse. 13. The nethod for proliferating human
hepatocytes in large scale of claim12, wherein the progeniture nouse is a
hem zygous i7nmmuno@ekimeddd frepgablifatdiihbusein hépaidigtaebhadimor,

proliferating hyman_hepatocytes in large scale of claim 13, wherein the
heni zydB%%reﬂM&d_emﬁ?%t RenpieBBiathy © ndiR e TROSRIRPAL L dPkR vifeh a
Pﬁgfg ?%ﬂxﬁgﬁb&%&eh@ RicBht P atBYdnbRed aPL I PRYifcPERAE RAYISS hap&tddyaBsp! ant ed

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.

9. The method for proliferating the human hepatocytes of
claim 8, wherein the monoclonal antibody is one produced from

-Mouse~Mouse hybriddma K8223 .(FERM BP-8334j.

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 proliferating the
transplanted human hepatocytes in the mouse liver;
{2) a step isolati_né the proliferated human hepatocytes from the mouse

liver; and
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L il ool 26 Decentber 2006 15. The nethod-fom&ﬁ%a%ﬂbemmming

human hepatocytes in |large scale of any one of clains 10.to 14, wherein
t he i munodefici ent hepatopathy nouse transplanted with human hepat ocytes

in the step (1) and/or the step (3) is admnistered with an anti-nouse Fas §

antibogé 16. The nethod for proliferati ng human hepatocytes in |arge
scal e df) cl aitnPHeP COPMITEIRE AN ARkmtine pae duybes hepamcytaniplarmided int o
the |ivegmOofhd R§oh SOy Lcient::hepat opat hy mouse.i.n fhe step (1) and/or
the step D(HB) are prol ?’%gﬁialit <|9\}§@ hlﬁ‘rn%ngi%af%%‘f%%‘igl‘;}?nérﬁ’@pﬁﬁ for

prol i f enevuseg andetheme fatdiong ¢bei mddegaranspl-aitofl igi MLk hwhanei n t he

roliferative hungan hepat ocytes e human _hepatocytes recogni zed by a
ﬁonocl glr? at%?ﬁ?ﬁggﬁr\%ﬁisg'ﬁf‘s%éf*@%%ﬂﬁys UG Fe s demddtionapakeiagt es whi ch
prol i f gratetad thohans zﬂﬂa@l@'b?'l-)‘uméﬁ-co-mﬁlﬁéﬂpﬁréﬁc&f B 'Ct)fgﬁfﬁmaﬁ huran

hepatoqﬁﬁgﬁo&ﬂﬁgarge- scale of claim17, erern e no onal "anti body is
one prodaced “from Mouse-Muse hybri doma K8223 (FERM BP-8334). 19. The

met hod Wierepr dhé fisnatd trgnisphaitelepiah abytlasmian hésgecy®edkfe@unieri m 10,
i solated in step (2) by

wherein opnly hug; hepat-ocytes are bst anti al

at e[e;%cg‘n%c Ugf,t%{‘%l ?%Ef: W%E?f&éémﬂlé%lsu ¥ E(aéita%iﬁéymm, ancgmplemendat a | i ver

tissuega‘rs@aé@a%gt fHeORU he: Hegﬁ&dyitéfse&a\ﬂstﬂﬂa%&gi {1-5%%_ ﬂﬁse: and (b) to isolate
I body I C

cell s being recogni zed by a nonocl onal ant specifically
recogni zes human hepat ocytes but not recogni zes non-human hepatocytes. 20.

The et hod T b o LShabiae S Re heBetacHLebad Bl g cscal R0l ¢l el m 1o

wher ei n the nonocl onal —anti
scale of claim 10, wherein the condition of being protected from the attack

by human complement in the step ( Ij 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;

L | (b) a progeniture -mouse obtained by mating between an
immunodeficient hepatopathy mouse and a decay-accelerating factor

| (DAF/CDSS5) transgenic 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 genetically immunodeficient mouse ap.d a genetically

hepatopathy mouse.

13. The method for proliferating human hepatocytes in large
scale of claim 12, wherein the progeniture mousé is a hemizygous

immunodeficient hepatopathy mouse.

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. 7




49 26 Decenber 2006 hybridoma K8216 ( FERM BP-8333). 2126 Bechibaeaobe nouse
-~ having proliferated human hepatocytes. in its liver, wherein the human
hepat ocytes are proliferated by the nethod for proliferating human

hepat ocytes of any one of clainms 1 to 9, or by the nmethod for

pr ol i f er at i ng NUMTRCARAGY LGP hidUBFA%S RlRaAlhdPitocoRR af 164 M8 10 to

20", wherein the prolifterate man hepatocytes nakKe up not |ess than 70 %
of the swall¢ sof muyhene wér clagmd WHi ¢h a2 swhenein [the simmamodsdicients. 22. The
chi mer %p@?@t}@f e rdh s plaMied Shith 384 aA0NSSa tocARS iAW sdepPa) P450
activity. 23. A nethod for obtaining human hepatocytes conprises’isol ating

t he huming/ohdbpatsept(8t 19 ndminisdered/ withhantandi-ohowses Fas moodst. cl ai ns 21 or
22. 24. The nethod for obtaining human hepatocytes of claim 23, wherein
only human hepatocytes are substantially isolated by at |east.one of the
fol | owi ng praéedur ®ae(@mptlacd {60 )prolifratingt heaiard Hepuescyite s Suelasgpar at ed

fromthe u liver wyth_ collagenase; and (b) to isolate cells being
recogn FE%@D %@Cﬁélrﬁd’%c%ﬁ’éﬂ@éﬁﬁM?WOC%&WW%QWPF%&?&HW%S hunan
hepat ogy¢ &%cPot tﬂeimhe&a&aaﬂﬁénmepm@ﬁﬂhy*ﬁ?&@é&ﬁy&f‘éstﬁ%% ahldg ot hod for
obt ai ni ng human hepat ocytes of claim 24,,  wherein the nocl onal anti body

i s onethe stier é3) arcopyolfraiéva/busean ypatemites.K8216 ( FERM BP-8333). 50 26
Decenber 2006 26. Human hepat ocytes obtai ned by the nethod of any one of

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.

[—— R

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).

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
(b} to isolate cells being recognized by a monoclonai antibody which
specifically recognizes human hepatocytes but not recognizes non-human

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

scale of claim 19, wherein the monoclonal antibody is one produced by

Mouse-Mouse

4




clainms 23 to 25. 27. A cellular kit containing the hunaps bepabecybes of
claim?26. 28. A hybrid-type artificial liver filled with the human

hepat ocytes of claim26. 29. A nonoclonal antibody which recogni zes human
hepat ocytes proliferated in a nouse liver but not recogni ze non-hunman
hepat ocytes. 30. The nonocl onal antibody of claim29, which is one produced .
from Mouse- Mouse hybridoma K8216 (FERM BP-8333). 31. Muse-Muse hybridoma
K8216 (EFRNVIBmM®3ES2)16 FERM BRt&HHIBK or testing phar maceuti cal kinetics or
toxicity of a candidate substance, which conprises systemcally

adni ni stering the substance into the chineric nouse of clains 21 or 22 51
26 Decenber 2006 1/2 SEQJENCE LI STI NG <110> Japan Sci ence and Technol ogy
Cor por ati on?and  Hi r oshfrechiffrde r meusechasinggyPrrlifaratest | BHmerpo> A

et Noflebafodyial b HSAlgwiTRD, HRPR g i ni ng
human h pa‘% cyt esﬁrglg Rt Bhefs o 5%%%98%%;“ - 03-25
<160>tlse uRibndfor p?dﬁ&réﬁngdﬁiﬁmd]h@paﬁﬂ:ﬁtes%ﬁaﬂy cnebi Seguenk o 9,

or by the method for proliferating human hepatocytes in large scale of any

one of claims 10 to 20, wherein the proliferated human hepatocytes make
up not less than 70 % of the cells in the liver, and which exists not less than

60 days.

22. The chimeric mouse of claim 21 , wherein said mouse

has humén—type,P.élﬁo activity.

23. A method for obtaining human hepatocytes comprises isolating the human

hepatocytes from the liver of the chimeric mouse of claims 21or 22.

24, The method for obtaining human hepatocytes of claim 23,
wherein only human hepatocytes are substantially isolated 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
. (b} to isolate cells being recognized by a monoclonafantiquy which
specifically vrgcogrﬁzes human hepatocytes but not recogﬁiies nb_n—humén

hepatocytes.

25, ‘The method for 6btaining humén héi)atocytesr of claim 24

. wherein the monoclonal a_ntlbody is one produced from Mouse-Mouse

'hybndoma K8216 (FERM BP-8333).
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<220> <223> Description of Artificial Sequence: Synthesiabdceetibegmaec| eoti de
<400> 1 gtcttggctc gctgcaatc 19 <210>2 <211> 19 <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 26 Decenber 2006 2/2 <220>
+<223> Description of Artificial Sequence: Synthesized oligonucl eotide

<400> 3 ccgcogect 9pgghhg ofyrel ostahidey by Al metflod A ary bhie 51213>

Artificial Sequence <220>°< Descriptio Artificial "Sequence:
Synt hesiaeds: oP$ tpotbucl eot i de :
27. A cellular kit containing the human hepatocytes of claim 26.

28. A hybrid-type artificial liver filled with the human hepatocyte; of claim 26.

29. A monoclonal antibody which recognizes human
hepatocytes proliferated in a mouse liver but not recognize non-human

hépatocytcs.

30.The monoclonal antibody of claim 29,Which is one produced '

from Mouse-Mouse-hybridoma K8216 (FERM BP-8333).
31. . Mouse-Mouse hybridoma K8216 (FERM BP-8333).
32. A method for testing pharmaceutical kinetics or toxicity of a candidate

substance, which comprises systemically ad_ministering the substance into the chimeric

mouse of claims 21301', 22.

N




<400> 4 ggatgcaggg atgatgttc 19 <210> 5 <211> 19

<21236 Dbiendi2d 386

Artificial Sequence <220> <223> Description of Artificial Sequence:
Synt hesi zed ol i gonucl eotide <400> 5 tgcaccacca actgcttag 19 <210> 6 <211>
22 <212> DNA <213> Artificial Sequence <220> <223> Description of

Artificial Sequence: Synthesized oligonucl eotide
t ggat ggccc tc 22
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<220>
<223> Description of Artifictal Sequence: Synthesized oligonucleotide

<400> 3
cegectectg geticaapeg a 21

<210>4

<211>19

<212>DNA

<213> Artificial Sequence

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

<400> 4
ggatgeagge atgatpite - 19

<210>5

<211>19

<212>DNA :
<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: Synthesized oligonucleotide -

<400> 5
tgeaccacca actgetiag 19

<210>6

<211>22

<212>DNA

<213> Artificial Sequence

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

<400> 6
cagaagactg tggatggoce tc 22
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