1 DESCRI PTI ON Anti body Recogni zing Proliferative Human Hepat ocytes,
Proliferative 5 Human Hepatocytes and Functional Human Hepat ocytes
Technical Field 10 The present invention relates to an anti body recogni zi ng
proliferative human hepat ocytes, and human hepatocytes. Myre particularly,
the present invention relates to a nonocl onal antibody specifically
recogni zi ng human hepatocytes haygpReip¥ign proliferative potency and
useful for separating proliferative hepatocytes froma human 15 hepat ocyte
popul ation, proliferative human hepatocytes separated by wusing this

anti body, a nethod of inducing the differentiation of the proliferative
human hepatocytes to differenti ated hepatocytes, functional human

hepat ocytes, .1 di f feyentd at.e by . such met hod, a hepat ocyt es
i cont SRRy Reeodhiting B SRt A G ibh AcRRtaf e Miolitprilir
artifgcial |ivigamBoHePateogtéd bndOFanktidialBaneiP Hpatecgtiypes of
various specific functions. Major functions of a liver incClude plasna
protein synthesis and secretion, blood sugar control by gl uconeogenesis
and gl ycogen netabolism |ipogenesis, ureogenesis, bile synthesis and
secretion and detoxication. 30 Most substances incorporated into a body are
mai nly nmetabolized 2 in a liver 2 i l4qd of pharmaceutica

devel opnent, what type of neta gkpgﬁgﬁhg?#gbeutical candi dat e subst ances
will be received and what type of effect is given to a liver or other

organs and tissues are essential data. Further, many chem cal substances
havel®een The present invention relates to an antibody recognizing

proliferative human hepatocytes, and human hepatocytes. More
particularly, the present invention relates to a monoclonal antibody
specifically recognizing human hepatocytes having clonal proliferative
potency and useful for separating proliferative hepatocytes from a human
15 hepatocyte population, proliferative human hepatocytes separated by
using this antibody, a method of inducing the differentiation of the
proliferative human hepatocytes to differentiated hepatocytes, functional
human hepatocytes induced to differentiate by such a method, and a
hepatocytes kit containing the functional hepatocytes and an

20  extracorporeal artificial liver.
Background Art
25 A liver has 500 or more types of various specific functions. Major
functions of a liver include plasma protein synthesis and secretion, blood
sugar control by gluconeogenesis and glycogen metabolism, lipogenesis,

ureogenesis, bile synthesis and secretion and detoxication.

30 Most substances incorporated into a body are mainly metabolized



5 synt hesi zed and di scharged into environment up to now. To el ucidate what
kind of effect these substances have erted individually or in

conbination to a human body is socialﬁ% very inportant. Toxi col ogi cal

tests on liver function are essential for evaluation of the effects of such
chem cal substances to a human body. 10 Mce, rats, rabbits, dogs, nonkeys,

etc are yged Blelr egehhe fBled §§f;ﬁ{érfrﬁ§c°é1ﬁi@£dd&?élgpﬁ%h@%}t§tﬂ%ﬁéto?‘ of
chem cal substances including pharmaceutical candl date substances.

Especi al Imefababisar miemtacaiticad essal didabn tsu bistanh ced odlicht reesivedaaddsaf ety
tests using animals are 15 conpul sive before entering phase | study for

humen, aftPRoRPHE i GiFAnd e¥FRott & H¥ener oernergencosnd Hpeleeqifred in
Lnese Lo SentilCHEly | NELGS NIndHY" Wi A3 0N e Brhnose

ani mal experinents can be appl’i ca uman. %Pc S are
knowns20 sihehesiRes WSt dnsEfar@ell @6 Qoiiz@tmbaXig &Y ndwaNTHBdueXRREI NENt S
exhibited toxicity in human or vice versa. Consequently, there m ght exist
many caseé&shaih&iefnodellerbpinene wibstamgephbavmcseticchlindmdiiady eor subst ances
were term nated after e in phase | study on human,_ or., al so_many

i
subst anc &8 RUPETG 1 ﬁa{lgg%g é’ldéfp_ RECIBEY of By SHROTAR L 25T BHFACgMalt r i al s
due to exPify bh e e APRYonOxEE Lk eﬂ@alawrrwalﬁéasg" (gﬁ’;/ﬂ{(ﬁs Fﬁg&s LESQER! zed

actually no toxicity 1n human. This nay be cause rence In

met abol i @hlentich]l substardeBusBN humaebodyd i n nmetabolic function in livers of
mce and rats. Recently, in vitro 30 netabolic tests and toxicity tests

usi n§Phuman hepat ocyt es have been 3 perforned. However, anount of livers

from brain deahP gatiggts ﬁp{chd were not used for tra SQIantatio and

amount of - huma bR pé'tl Cﬁaé) its, dogs, monkeys, efc are used at present for
safety tests and drug metabolism tests of chemical substances including
pharmaceutical candidate substances. Especially in pharmaceutical
development, toxicological tests and safety tests using animals are

15 compulsive before entering phase I study for human, and long period and

efforts as well as huge costs are required in these tests.

However, there is no guarantee that data obtained by these animal

experiments can be applicable to human. In fact, many cases are known

20 wherein substances not recognized toxicity in animal experiments
exhibited toxicity in human or vice versa. Consequently, there might exist
many cases wherein development of many pharmaceutical candidate
substances were terminated after entering in phase I study on human, or

also many substances were terminated development before entering

25 clinical trials due to exhibiting strong toxicity in animal experiments but

recognized actually no toxicity in human.

This may be caused by difference in metabolic function in a human
liver and in metabolic function in livers of mice and rats. Recently, in vitro

30 metabolic tests and toxicity tests using human hepatocytes have been



obtai ned from hepatectony in tunor excision are far fewer than denmanded.
Consequent |y, devel opnent of technology for human hepatocyte 5
proliferation is essential for pharmaceutical devel opnent. Necessity of
hi gh amobunt of human hepatocytes is very much alike in an extracorporeal
artificial liver. The artificial liver is medical device acting |liver

functi on grtdrin &d.alHidweRaY ARPEBNbf Aveds BYHG SrAht dddiel BhtibhVewntOn
conmbining with the artificial function based on physico-chem cal principle

such as avsor ppt omseddifert ysarsspladtdtidon rarid gnpoahbnd ivtdarbil@pegogaksact i ons
usi ng perfusjon of an excised liver and |iver tissue is strongly
pr ogr essiafAnadram ReRAsEIRMBIn fRmoz cECISieR are fanfewer Haan demasided.

| mpr ovengiy, r 30&; | I cuict ceqphysi.co-chenical function
S essentlér%quggﬁgng Wi sggélg#nd£§?§ﬁﬂ§§bu%$ oﬁhﬁ%%htﬁgéﬁggggﬁplicable
t 0 hugan pisHferdOMRVRY esseubied fbd pahr@acehtiphl aBvdlopHidrtr ed cel Is of a human
liver 1isolated fromadults has been consi dered inpossible. Nanely, the

mat ur ed hepatocytes wi th adhesi on dependency are | argely danmaged when 20
cells are detaﬁped ﬁrontﬁulture subsé{ate f.or subcul t.i vati on e{ﬁtion and
are difficult t6 FESUYREALER amaRt I umpRteRatocyssir XFYW Pl ¢thatike he
present RVENEQES Y Erdal L Bl sh1d; L h?ﬁefa&ﬁ&&sﬂ: 11@&{ a m/ﬁ%i{,]&p&&mx tes
conprising isolating small hepatocytes, having clonal proliferative

abi lity, actimgmiver fimhctiepatroificidsy.i Iodal@smbnomsihumgbrid xevficipéniyerm ng
primary 25 culture of the small hepatocytes, and subculturing further the
cul t i ed comdyaing Mdstheartifieiel funedien basedongrurmieet chgminekprinciple

(JP- A-08- 092; JP . 3266766; USP..No. 6,004, 810, . JP-A-10-179148; JP

No. 321107100 36 GreB9n0B0TSH RETIIEFSHE. ARGEs IR Belomisty artighe

No. 3014321?5)11% pRehAlbNGf ahtd:Ei &3 R 4S8 A8 sAS if AdoRWsy pfd @88 C and

Yoshi zato, K'; 30 "Gowh and differentiation in culture of cIonoé%nlc

hepat ocyties defmatopdnent of the artificial liver, performance improvement of
membrane and circuit to enhance physico-chemical function is essential,

15 along with supplying high amount of hepatocytes applicable to human use.

However, subcultivation of primary cultured cells of a human liver
isolated from adults has been considered impossible. Namely, the
matured hepatocytes with adhesion dependency are largely damaged when

20  cells are detached from culture substrate for subcultivation operation and
are difficult to re-adhere to culture substrate. Contrary to that, the
present inventors have invented a method for proliferative hepatocytes
comprising isolating small hepatocytes, having clonal proliferative ability,
from normal hepatocytes isolated from human liver, performing primary

25  culture of the small hepatocytes, and subculturing further the cultured
hepatocytes, and the invention was granted patents (JP-A-08-112092; JP
No0.3266766; USP No0.6,004,810, JP-A-10-179148; JP No0.3211941,
JP-A-07-274951; JP N0.3157984, and JP-A-09-313172; JP No0.3014322).
Relating articles published are as follows: (Tateno, C. and Yoshizato, K.;

30 “Growth and differentiation in culture of clonogenic hepatocytes that



express both phenotypes of hepatocytes and biliary epithelial cells", Am

J. Phathol. 149: 1593-1605, 1996; H np, H Tateno, C. Sato, H Yamasaki,
C. Katayamm, S. Kohashi, T. Aratani, A Asahara, T. Dohi, K. and

Yoshi zato, K.; "A long-termculture of human hepatocytes which show a high
grom h 5 potential and express their differentiated phenotypes", Bi ochem

and  Bi ORfifsresfeseh PREMU p R nekBfodAls abA%iialALEARCLG iRy AL S, K T

Yamasaki , .eSSato, Eﬂ and “Yoshi ze;;t o(,)éyl%. =4 Heterlgg}gngi?tfllofcgroi/\/tﬁ{potent i al
of adul t Rledthlobpbt cliFe3- 1605y i 1t996" Hikep Bl dladgyo, ClSatwhH A arRA8&ki, &nd

Kat ayama, S. Tateno, C. Asahara, T. and Yoshizato, K. ; "Size-dependent in
10 vi vo dJFRvATFbtentrhrskis Tadirtania- Hissdresay fePohinky and Yoghigato.158:

97. 105, 0Q}) I f e above prior t.ented i nvyeniions. provides
novel e MgpERrET bR Eor hOE BT R R ke RER e £ 3ROSR

prol i fer gidreatihd Lredadga¥bestteir \ditfefon AR phenbbfh 3 e cBRBAL OgNE €S
obtained by this nethod have a problemthat various |iver functions are

i mpai r ed Bigphyg. Resn§amemmrs Bt L84l 9 ITht?29i Tafama, Her Kajipaod] EmT.hat t he
smal |  hepatocyte n not differentiate to hepatocytes (functional
hepat ocyt’d&Ras ﬁ?aaftanﬁt rBf ‘Iéhﬁhl@%qoe%t HetsioRRar N &EYEYR Ratentinl
exanmpl e, gl ' i.Qn; el »a ICy.agkivit .C chrone
P450 for cfghgl#nﬁ}:t';[r%slg sttgﬁiﬂggah%e%ﬂoq bye@oﬁ%‘seﬁr'egéoﬁg, )Qtoﬁ’fé)y élﬁg still
i nsuf fi cikdadayama,®paiteay] €SAEShand IRrat VyshButnK | kSiee-ddpicidepn jar as a
material for a hybrid artificial liver, although they are useful as a
scr eéfi nyrey srawilopotemtigd of pdnltmatdrepapeigespeont J cPatheds 1581R%118%,0r as a
systemftar'qmgsti ng 25 toxicity and pharnmacol ogi cal effect of drugs on
specific tions which are conserved after |ong-term subculture. Snall
hepat ocytes having proliferation potency can be collected by using not
only a nethod for centrifugal separation as described in the

The method of the above prior patented inventions provides novel

means for obtaining high amount of human hepatocytes by proliferative
15 hepatocytes in vitro, however, the human hepatocytes obtained by this
method have a problem that various liver functions are impaired during
long-term subculture. There is further a problem that the small
hepatocytes can not differentiate to hepatocytes (functional hepatocytes)
having function equivalent to normal hepatocytes, for example, albumin
20 expression level and metabolic activity of cytochrome P450 for chemical
substance and so-on. By those reasons, they are still insufficient as
hepatocytes for alternative human liver function or as a material for a
hybrid artificial liver, although they are useful as a screening system of
drugs for maintaining specific liver function or as a system for testing
25  toxicity and pharmacological effect of drugs on specific functions which are

conserved after long-term subculture.

Small hepatocytes having proliferation potency can be collected by
using not only a method for centrifugal separation as described in the

30 above prior patented invention (a method for separating cells in



30 above prior patented invention (a nethod for separating cells in 5
super nat ant obtai ned by | ow speed centtifugation) but also a cell sorter
such as an elutriator and FACS, however, cells obtained by such neans are
a mxture of not only proliferative hepatocytes but also other cells (such
as non-hepatic parenchymal cells such as stellate cells contained in 5
super nat aifpehak Q¥ SBESH QY ﬁé&%ﬁ%&u@ﬁ@&ﬁeﬁﬁ%'ﬂw BB @@t ain
substantially proliferative "human "hepat ocytesS only has %een requi red. The
present iswdnas an elhalsideeancoipCst bdweonsicdls iohgainkd Bbaveh neanewret ances,
and an aspect of the present_invention is to grovide a 14 nonocl onal

ant i body awERISREG gy Pyolikseative hepatewites bpaplseothnras!isHapal 66yt es.
Furt her, 1er e r t _invention. s to _provide a .nethod for
isolatinéﬂ%?%Fpgggaﬁ%ggLﬁhgﬁﬁﬁhggggogv?%saﬁn&“ﬁkgepfg ngPQ‘Fﬁgd 18 hunan
hepat gcytfpeahhadmesly Ritv sP66d deABIRQAtioRY! L OShseAidifly, 300868 tobbidig present
invention is to provide a nethod for inducing to differentiate the
prol i f er stihadanhtintly dropiftmmdivecsuman hepaticybed ohlynaas bepatrequiresl. t he
functi onal human hepat ocytes 20 obtai ned by such a nethod and utilization
of the functional human hepatocytes. Disclosure of Invention 25 The
present inventi ﬁf%\éhQQEvegﬁohhﬁaé ;b.reﬁ;l (}d}ﬁﬁﬁtt!e@%ohgfdé%%'tﬂ? duie above
cl oha y I

probl em a nono anti body specifical ecogni zi ng pr erative
human hepdaianibemceAn xhrpl aspéctiofRechaiaht davihady ©f td Rolidesh

invention is the nonoclonal antibody produced by a hybridoma cell, 30
Mous &0 Mousenpgleniad vt ikede 3viiichRyp BFifigaly) recognizes proliferative human
hepatocytes.

Further, other aspect of the present invention is to provide a
method for isolating proliferative human hepatocytes and the proliferative

15 human hepatocytes obtained by such a method.

Further, other aspect of the present invention is to provide a
method for inducing to differentiate the proliferative human hepatocytes to
functional human hepatocytes, the functional human hepatocytes

20 obtained by such a method and utilization of the functional human

hepatocytes.

Disclosure of Invention
25
The present invention provides, as the first invention for solving the
above problem, a monoclonal antibody specifically recognizing proliferative
human hepatocytes. An example of a monoclonal antibody of the first
invention is the monoclonal antibody produced by a hybridoma cell,

30 Mouse-Mouse hybridoma K8223 (FERM BP-8334).



6 The second invention provides a hybridoma cell producing the nonoclonal
anti body of the first invention. An exanple of the hybridoma cell is
Mouse- Mouse hybri doma K8223 (FERM BP-8334). 5 The third invention provides
a nethod for isolating proliferative human hepatocytes, which conprises
separating cells recognized by the nonoclonal antibody of the first

I nvention froma human hepatocyte population. 10 The fourth invention
provi des proliferative human hepatocytes isolated by the nethod of the
third inventi ofheFaetdred ihkenfibht providesntd diyhpidothdeselin prethethd ahei nduci ng
the 15 differentiation of the proliferative human hepatocytes of the

fourth i AyenReslenal aptidrdysihedest payenfionngiae=pemle obfbedybrifomal | owi ng
: . ' Lt th ' ' hepat ocytes; and
(53"t anchl SRBREL ASULL M Bellord LSl iR bEG UITE, 0oPR "% 2"

proliferative human hepatocytes. The sixth invention provides functional
human hepatocytes induced to differentiate by the nethod of the fifth
i nvention. 25 The Hevérnehtivenpiondes evimabod foel isokiting gnplifegniget he

function%lét1 huq&n hepat ocytes of the sixth inventign. The eighth jnvention
provi des FARGBraePHPEY 16 ivarich; GRIPPFisEP SEPRF R HDEHE ISt IRTORNTSA P then

hepat ocytgsn 8diohae aﬁ'lt)l(‘t!;(!;H},L rb\fefﬁé Ytst Fvéntion from a human hepatocyte
population.
10
The fourth invention provides proliferative human hepatocytes

isolated by the method of the third invention.

Further the fifth invention provides a method for inducing the
15 differentiation of the proliferative human hepatocytes of the fourth
invention, which comprises performing at least one of the following means:
(a} spheroid culture of the proliferative human hepatocytes;
and
(b) transfer of hepatic nuclear factor 4 (HNF4) gene into the

20  proliferative human hepatocytes.

The sixth invention provides functional human hepatocytes

induced to differentiate by the method of the fifth invention.

25 The seventh invention provides a cell kit comprising the functional

human hepatocytes of the sixth invention.

The eighth invention provides a hybrid artificial liver filled with the
functional human hepatocytes of the sixth invention.

30



In the present invention, a term"proliferative human hepatocytes” neans
human hepat ocytes form ng colonies as _a population and proliferative so as
to increase the colonies under in vitro culture condition. Further,
"proliferation” nmay be designated as "clonal proliferation” 5 because

col ony conmponent cells are single species. Further, such cells can

' | ! ; . b1 ; ty .l ' I,
Tancttonal hubae RERST Gy Seh ol &k B A ey

equi val emtedrts t hainai hepatbcyesdaforitinge Rl ogigkesisi i hpopalbidy 4h& Vi vo)
or inthe primary culture (in vitro) thereof, and nore particularly, it
means t h@rohferptiyssolapviel instedsy thmeelonisguedet onvitmeilteys cohdition. P450
activity'y thereof _are substantially egual taq thosge,of human.nor.nal

hepat ocy_tFég?he_LrB _d’ﬁ?éi‘ TR aMdc _ce%ség?%te%hé%r &gl iPﬁ{?ﬁFﬁ‘F‘B‘Hnw Il be
defined igcadgt ooy chifpHRIAT Edlid QR UingRbYAi HENT SnaRdeLxatm eangf the
present invention. Various techniques used for carrying out the present

i nvent i ogancacressi ¢4l hanavais aplsabattedeon known references by those

skilled in the art except for those indicating specific sources thereof.
For exanple, 20 technol ogies of genetic engi neering and nol ecul ar bi ol ogy

“Nol ocular - 0 Ehi A RSPy BT adtEe e SRR n ot diesy 2t or

Press, Neyéan¥icklls 1I988n g ANEiiRin 1EvelMg@ivalint to CHAf M hIEREOGRkHalN
Mol ecul ar Bi ol ogy", John Wley & Sons, New York, N.Y. 1995, etc. 25 Brief

Descl® pt hepatdcydeawinysmiaing bodyi (ih uste)ate sn dhgrpritriarg urndeuten (imubites) i ng

hepat ocyt es iiolated 30 frompatients of various ages. 8 .
thereol, and more particularly, it means that at least level of “albumin
expression” and “cytochrome P450 activity” thereof are substantially equal

to those of human normal hepatocytes.

15 Other terms and concepts in the present invention will be defined in
detail in the description of embodiments and examples of the present
invention. Various techniques used for carrying out the present invention
can casily be available based on known references by those skilled in the
art except for those indicating specific sources thereof. For example,

20 technologies of genetic engineering and molecular biology of the present
invention are described in Sambrook and Maniatis, in “Molecular
Cloning-A Laboratory Manual”, Cold Spring Harbor Laboratory Press, New
York, 1989; Ausubel, F. M. et al., “Current Protocols in Molecular Biology”,
John Wiley & Sons, New York, N.Y. 1995, etc.

25

Brief Description of Drawings

Fig. 1 illustrates a growth curve in culturing hepatocytes isolated

30 from patients of various ages.



Fig. 2 is a phase-contrast m croscopic inmges of cultured human

hepat ocytes used as an antigen for preparing a nonoclonal antibody. 5 Fig.
3 is an image showi ng reactivity of cufture supernatant of hybridona K8223
on human |iver tissues observed by inmmunofl|uorescence staining. Fig. 4 is
analysis result on reactivity of culture supernatant of 10 hybri doma No.
23 on isolated human hepatocyte by FACS. Fig. 5 is a phase-contrast

m croscopi c i nages of cell populations which reacted, No. 23 (R2), and
non-react ed (R¥Figwltih & phaeeositpestnat @discopic fivhgésloMmubnees dvm@dnand
cultured. 15 Fig. 6 is analysis result on reactivity of culture supernatant
of  hybr ihffdoNGes apseshas gpcar tigee dohRrepRied & Boyoslenalfarddbodsy FACS. Fi g.
7 is a phase-contrast mcroscopic inmages of nonol ayer culture 20 and
spheroid culture of hepatocytes after 1 day (upper colum) and 7 days

(I'oweg col um) Fifl 8. iBahSirAaf aMbvaxR RiddtNgLEPIeIalRNsQbeMUmA L RAS0 gene
or GAPDH gene on hepatocytes imedi ately after separation froma human 25
liver, ahpolayper cKi822Bed @and dpheroi d Gwdt ur Edshepat abgeesedf by

subcul tur.ed hepat ocytes, and, spheroid cultured hepatocytes. Fig. 9 is a

gr aph shdﬂFﬂBnPﬁHQIﬁﬁﬁﬁﬁﬁéﬁF“Eﬁgnges in albumin secretion from hepatocytes
obt ai ned by nonol ayer culture and spheroid 30 culture. 9 Fig. 10 is a
graph show ng expression of human P450 gene on cultured human cells, to

whi ch human HNEdg. gefeahsljsié reduiedn Reactivity of culture supernatant of
10 hybridoma No. 23 on isolated human hepatocyte by FACS.

Fig. 5 is a phase-contrast microscopic images of cell populations
which reacted, No. 23 (R2), and non-reacted (R3) with culture supernatant
of hybridoma are sorted and cultured.

15
Fig. 6 is analysis result on reactivity of culture supernatant of

hybridoma No. 23 on subcultured human hepatocyte surface, by FACS.

Fig. 7 is a phase-contrast microscopic images of monolayer culture
20  and spheroid culture of hepatocytes after 1 day (upper column) and 7 days

{lower column}.

Fig. 8 is a graph exhibiting expression of human P450 gene or
GAPDH gene on hepatocytes immediately after separation from a human
25 liver, a monolayer cultured and spheroid cultured hepatocytes of

subcultured hepatocytes, and spheroid cultured hepatocytes.

Fig. 9 is a graph showing time-dependent changes in albumin
secretion from hepatocytes obtained by monolayer culture and spheroid

30 culture.



Best node for Carrying Qut the Invention A nonoclonal antibody of the first
invention is characterized by specifically recognizing human hepat ocytes
proliferating while form ng 10 col oni 65. More particularly, the nonocl onal
antibody is characterized by specifically recognizing proliferative human
hepat ocytes while form ng colonies and having potency of differentiating
to functional human hepatocytes. In this case, a term"specifically
recogni zi ng" neans to bind only to human hepat ocytes defi ned herei nbefore
and not to bin&igol0t en dmptelshswang/ exprossion Bepairmayt PS50 ddirubnhavi ng
characteristics mentioned hereinbefore. The nonocl onal antibody of the
first invediusd kamaseceldy. diorslicty brmam &INEb gederia istiodaicstl. t he second

i nvention by nmeans of a known nmethod. 20 The hybridoma cells and the

nonocl onal anti body can be prepared according to a known nethod for
prepagati on of a nonoclonal antibody, described in "Mnoclonal antibody”,
by Naganune, K and Terada, H.; Hi rokawa Publ. Co., 1990, and " Monocl onal
Ant i body" Janmes W Bdshgod8ifdr Gadryinyg &nientlte Pneentiok®96, for exanple, by
the foll ow ng procedures. 25 1. Preparation of hybridoma cells Manmalians
are inmmuni zed by using an i nmunogen containing subcultured human nor nal
hepat ocytes, and_i A i re. . I ¢l ent sitized by

i mruni zi ng pr opIAer Jy“%ﬁ%‘%%%ﬁ%ﬁ& Wﬁ%?l’irlgbgggééﬂég%rlgoéu%%r%gp%réﬁd;%y

(1 ynphocypesiffalgp lr@ﬁ:lr%rﬁﬂi'rﬂgs huafin theihtospledt peolifeomihBewhfeafyrimhg, and
ce

anti body producing s and nyeloma cell lines are fused to obtain hybrid
cel | $0 Calolenighi cHope pdateutarlnbihecnione chord cliroiad dyaist ¢hadctedeed dgl ect ed
fromt hess%eg}/t?gallg (x:‘g(lzclgxlilzirrllegs p?o ?fe(l:'g‘li%g rl%?n‘f&l% %%E)%Itcr)]cy@ég r\‘;vg?lgaforming

colonies and having potency of differentiating to functional human
hepatocytes. In this case, a term “specifically recognizing” means to bind
only to human hepatocytes defined hereinbefore and not to bind to other
15 cells and/or human hepatocytes without having characteristics mentioned

hereinbefore.

The monoclonal antibody of the first invention can be obtained from
the hybridoma cells of the second invention by means of a known method.
20 The hybridoma cells and the monoclonal antibody can be prepared
according to a known method for preparation of a monoclonal antibody,
described in “Monoclonal antibody”, by Nagamune, K. and Terada, H.;
Hirokawa Publ. Co., 1990, and “Monoclonal Antibody” James W. Goding,
3rd. Ed., Academic Press, 1996, for example, by the following procedures.
25
1. Preparation of hybridoma cells
Mammalians are immunized by using an immunogen containing
subcultured human normal hepatocytes, and if necessary, animals are
sufficiently sensitized by immunizing properly and additionally. Antibody

30 producing cells (lymphocytes or spleen cells) are then isolated from the



cells. Each process is explained in detail below. 5 a) Preparation of an

| mmunogen Hunman hepat ocytes isol ated omnormal |iver tissues using

col | agenase are subcultured to prepare an i mmunogen. The human hepat ocytes
i solated from human |iver tissues of subjects not older than 15 10 years
old, which are able to subculture for not |ess than 4 passages, preferably

not | ess dfianlh, HAG 2aeBvAy P dRicel £Eaid ﬁnasfﬁgezfa}m{ Bl M3l R Tulkq ap! Ml s
Animal s to be i mmuni zed can be mamal s used tor known 15 hybri dona

pr epar at icdaanbybridlasdls. Cgpls cdhich, priodmcexanpbiectine emonodbaal gotdbedy sheeps,

equi nes and bovines. Mce or rats are preferable animals for_ ipmrunization
fron1thea§F§ﬁ§ﬁ5F§?“HFt§§§?£39§ﬂﬂﬁﬁ1hF?§aBﬁ‘ﬂﬂ%ﬂ%ﬁﬁ#%ﬂ#q@¥l@beﬁknﬂﬁsed with

separateq?ﬁggigggyéggggggkpgﬂggbygth g&g%%§1 specific limtation on

strains of mce and rats ac used, and ‘striains of mce 20 such as A
AK , BALB/c, BDP, BA, CE, C3H, 57BL, C5713R DBA, FL, HTH, HT1l, LP, NZB,
NZW RF, Rl , SJL, SWR, WB and 129, and strains of rats such as Low,
Lewi s, S dgapargiigrioépn ingnumgigeand Fi sher can be used. Considering
conpatibility with nyelo cells, whic i 11 be explained, hereinhel ow,
BALB/ c strain %‘}mﬁﬂu pgﬁ%cyﬁg'\?,v e aatleH ?n’éﬂmrﬁf)rﬁ'rag B HIFUGH 3y
pref er abl@hebnale MBleS sti®cRPirBHUR 25 paAg88n Of hhfé JH Cenandhudi2hs are
preferably 5§_n12 WegksS oICd. Irrmu% Zation o?nanrlnma s(?gcan be perforned by
admi ni st éreépagocystebisdibtadeiiohLivam diclhadratydins difsubhectsmatdgenthabost 104 -
108 cells, intracutaneously or intraperitoneally into the aninals.

Admi hP st gerRy 39, sdHeburee able e TuRRIHGEEN fefe p@tdsssibapds pessagisml s to

be i mmmp%%f’e’ra%ﬂ'y not less than 6 passages, are preferably used.

b) Immunization of animals
Animals to be immunized can be mammals used for known
15 hybridoma preparation and include typically, for example, mice, rats, goats,
sheeps, equines and bovines. Mice or rats are preferable animals for
immunization from the 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
20 suchas A, AKR, BALB/c, BDP, BA, CE, C3H, 57BL, C57BR, DBA, FL, HTH,
HT1, LP, NZB, NZW, RF, RIII, SJL, 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
25  particularly preferable for animals to be immunized. Ages of these mice and
rats are preferably 5 - 12 weeks old.
Immunization of animals can be performmed by administering
subcultured human hepatocytes of the immunogen, about 104 - 108 cells,
intracutaneously or intraperitoneally into the animals. Administering

30  schedule of the immunogen depends on types of animals to be immunized,



I ndi vidual differences, etc., however generally frequency of adm nistering
the i nmunogen is 1-6 tines and an adm nistering interval is 1-2 weeks in
multiple adm nistrations. 5 c) Cell f&di on Spl een cells or | ynphocytes
contai ning anti body producing cells are aseptically collected fromthe
animals to be imuni zed after 1-5 days fromthe final inmmunization date on

t he abov Kl | hedul | | : ci ng
col 15 1 ot HEELRBeRE, O Fpue oRHeald Sl B ahaiiapbaly
accor di nghiednithenkgenrs 1reé hixdes Thd anhihadistprioguatagat el | 2 ardkshe nyel oma
cells are then fused., The nyeloma cells used are not specifically limted
and can HBulléplecadginisfratiafown cell |ines for use. However, consideri ng
conveni ence in selection of hybridoma fromthe fused cells, use of HGPRT
15 (Hypoxant hi ne- guani ne phosphori bosyl transferase) deficient strain,

wher egn sgl@qt ky§loRr ocedure thereof has been established, is preferable.
Nanely, those are X63-Ag8(X63) , NS1-Ag4/1(NS -- 1), P3X63-Ag8.Ul(P3UL),
X63- Ag8. 653( X62868) ,cellISR2Y brraghd¢BRes ¢ditailRE dntibodd. @bBhch{gdseBIG, FO
S149/ 5XX0O, BU. 1, a?t c. deri v‘e_{d frommce; 210. RSY3. Ag. 1. 2, B(g\%, etc. 20
derived fHsATRISalY rpligsbuhficakEhe eampalaie bsdmmunized altor & 9599) |

UC729-6, 1 G ON AN o BOABN AL o L ebitar rom

human. Fusion e an y producing ce me celTs can be

pr ef er ablepebtioned thd deitisyd bt b ARSNY ¢ FroeX tthenB¥eh e pP tael | 25
viability according to the known nethod. Such nethods include, for exanple,

a chéfli cdympitaeytes oan dunpsifoymefi @cgnrdibgdy theodduewngunethdd and the

nyel oma cells ip a high concentration soJytion of polynmer such_as
pol yet hyl ene glNREAR RNy BT P&é’leﬁﬁé‘t“ﬁilo ey plosna gelts aeg e &5efl ati on.

The myeloma cells used are not specifically limited and can be selected
from known cell lines for use. However, considering convenience in
selection of hybridoma from the fused cells, use of HGPRT
15 (Hypoxanthine-guanine phosphoribosyltransferase) deficient strain,
wherein selective procedure thereof has been established, is preferable.
Namely, those 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(45.6TQG),
FO, 5149/5XX0, BU.1, etc. derived from mice; 210.RSY3.Ag.1.2.3(Y 3}, etc.
20 derived from rats; and U266AR(SKO-007), GM1500? GTG-A12(GM1500),
UC729-6, LICR-LOW-HMy2(HMy2), 8226AR/NIP4-1(NP41}, etc. derived

from human.
Fusion of the antibody producing cells and the myeloma cells can be
preferably performed under conditions without extremely reducing cell
25 viability according to the known method. Such methods include, for
example, a chemical method for admixing the antibody producing cells and
the myeloma cells in a high concentration solution of polymer such as
polyethylene glycol, and a physical method utilizing electric stimulation.
Selection of fused cells and non-fused cells are preferably

30 performed, for example, by a known HAT



Sel ection of fused cells and non-fused cells are preferably 30 perforned,
for exanple, by a known HAT 12 (hypoxigthi ne- am nopt eri n-t hym di ne)
selection nethod. This nethod is effe€tive for obtaining fused cells by
using the nyeloma cells of HGPRT deficient strain which can not viable in
t he presence of am nopterin. Namely, fused cells with resistant to

am nopt ery Gl _ . ' d - '
non- f useéhggi i S gﬁggﬁgﬁ%{gﬁﬁs{ﬁrﬁﬁ%@gﬁﬂ%ﬁﬁgﬁé%tg?éeﬁl}ﬂh%moe% thggl doma
Scr eeni ngffelctivg bt ddrrairtak| fisprdocklhs By weingbjheciiyetormanatisoppHGPRTI body
can be performed by known nethods such as enzyme 10 inmunoassay (ElA),
radi o i mAshsistagtiamm AVhigit danyeoésiahle ant tisodyesenaehaf queinopierinybr i doma

SOl 1t oy DR P RAR PR el Y a2 RESharBca selii ey e Pelind
net hog. 13oligassd eonad ki Ao, 66 Lenahe ccheRaddms knawt Aehheds such

as a nethylcellul ose nethod, a soft agarose nethod and a limting dilution
met hod and are used for antibody production. The hybridoma cells obtained
by net hod? expl aj ned_her ei nabove can be stored under freezing state in
liquid nid Rsgerm e of RYkddemaat not 20 hi gher than -80C. The present

cool | caton b Sty ey By sagn UL SR EER S REML R Al 2
and puri famg#ddn ¢er pef Refhnm@mnoslonalownt thatvwdspacichi ca | ynBened only
to proliferative human hepatocytes can be obtained by culturing the
hybr idomamgeiihgassay (EIA), radio immunoassay (RIA) and fluorescent antibody
technique.
The hybridoma cell§ producing a monoclonal antibody specifically
bound to highly proliferative human hepatocytes can be obtained by such
a screening method.
15 The screened hybridoma cells are cloned by known methods such
as a methylcellulose method, a soft agarose method and a limiting dilution
method and are used for antibody production.
The hybridoma cells obtained by methods explained hereinabove
can be stored under freezing state in liquid nitrogen or a freezer at not
20  higher than -80°C. The present application provides Mouse-Mouse
- hybridoma K8223 (FERM BP-8334), as a typical example of the hybridoma

cell.

2. Obtaining a monoclonal antibody and purification thereof
25 A monoclonal antibody specifically bound only to proliferative
human hepatocytes can be obtained by culturing the hybridoma cells
prepared in the above 1 step with a known method.
Cultivation can preferably be performed in medium having the
same composition used in the above cloning method, or in a mouse

30 intraperitoneally cultured by injecting the hybridoma cells and collecting



prepared in the above 1 step with a known nethod. Cultivation can
preferably be perfornmed in nmedium having the sanme conposition used in the
above cloning nethod, or in a nouse 38 i ntraperitoneally cultured by
injecting the hybridoma cells and collecting 13 the nonocl onal anti body
fromascites. Thus obtai ned nonocl onal antibody can be purified, for

exanple,thgﬁﬁgﬁgaghggk?ﬁ#%)E.rgﬁgg%&gagtion, gel filtration, ion exchange

chr omat ography an y“chromat ography nethods. 5 The present

appl i cation pr Qhudesbidife@bnyRodlonal abedhddybédrd GeBpusatd, fdybstaanpiy)se
hybri doma K8223 (FERM BP-8334) as a typical exanple of the hybridonma cells
and a norioc| amanoammboifadeodireedopgtiohe ghlbiildetianceli¢on Mxgbengbuse

hybri doma K822 FERM BP-8334), as a 10 typical,  exanple of a nonocl onal
Bt body ETREAREIAP I OBA A el Bogaatopr A B gar B et hod 1 or
proli&erative human hepatocytes, and is characterized by isolating cells,
whi ch are recognized by the nonoclonal antibody of the first invention,
froma human 1TFheepsadseaytappioptiat poovidEhaheualsydidpadriloyd érypopldmaii on can

be prepared, for exanple, as primary cultured cells, which are isolated
from a mHanqaﬁeM%veémhﬂ%mﬁr&%% FERMBP-E33% g8 adspigrd eramiRia et hod

ond | LHE et £88. P RRRn, ARG R B Bl ¢
popul at i oy eadAhNdl] BoRkk-MBIBE AR eyt 822di FHradedrigsid)e fapent ed
I nventions invented by --the present inventors (JP-A-08-112092; JP
No. 32867a8gpicalSRaiim] 6,00 G4mdidclaml aRided®- 313172; JP No. 3014322). That
is, the small human hepatocytes in these patented inventions include
The third invention relates to a separation method for proliferative
human hepatocytes, and is characterized by isolating cells, which are
recognized by the monoclonal antibody of the first invention, from a human
15 hepatocyte population. The human hepatocyte population can be
prepared, for example, as primary cultured cells, which are isolated from
a human liver by a known method such as collagenase perfusion method
and is cultured in vifro, or can be prepared as subcultured cells for 1-8
passages. Further, the human hepatocyte population can be “a cell
20 population containing small human hepatocytes” disclosed in the patented
inventions invented by the present inventors (JP-A-08-112092; JP
No.3266766; USP No.6,004,810, JP-A-10-179148; JP No0.3211941,
JP-A-07-274951; JP No.3157984 and JP-A-09-313172; JP No0.3014322}.
That is, the small human hepatocytes in these patented inventions include
25 non-parenchymal hepatocytes such as stellate cells or Swiss 3T3 cells
which are co-cultured for culturing and subculturing small human
hepatocytes. The proliferative human cells can be separated more
efficiently from such cell populations by using the monoclonal antibody of
the first invention.

30



25 non- parenchynmal hepatocytes such as stellate cells or Swiss 3T3 cells
whi ch are co-cultured for culturing agg subcul turing small human

hepat ocytes. The proliferative hunman |1's can be separated nore
efficiently fromsuch cell popul ations by using the nonocl onal anti body of
the first invention. 30 14 Separation of the proliferative human

hepat ocyt s camdpRraibh! AiiMafleD EARLARNEN GBS BB POy | abel ed

wi th enzyne, radiolsotope, nagnetic beads or scence Wt e above
human hepafoaydd hyopotiaictioy &nd sepetlahahgnedlddy iabdlaniitly cnabaiced
signal. 5 Since this nethod exhibits alnmbst no cell |oading caused by
cent ri f ugadivpotonse| magngtici brads opr flrerescepee pyishi the ahove hywaan

hepat ocyt.es .can .be_ oht ai. ned_wit hout any dapage. ..Enz sed, for |.abel i ng
i's not spEeIATeAr ?Opf‘lli%il?%d",m ssqppar{_ﬁl%é}é icfzﬁgaﬁl%ﬁ?ﬁlég?ag’(?%ﬁ tﬁ‘%?@fsuch as
havi ng | aifige tisTA¥EIod BxMiDEs al8id¥t Bid ddibioakiat LatYed By PERFERNG ERnaN

anti body and specifically 10 col oring substrate. Enzynes used for

convent i aedl {Eicjormitdn,astc.petloxi padderaRivyallachesi da&patoaitkal cae be
phosphat ase, . gl ucose oxi dase, acetylcholine sterase,  glucose-6-phosphate
dehydr ogé’rs?é@)ém&lnﬁl g 2y FofBARSE wsed fog lakeline Epoherssiraliyor s and

coenzymes; fAlq2hs YondGsYt ¢ s@iit q g E S B 8 S 9 geaﬂn"%ﬂ)vep()dy can
e P SRA PR et

be achi eve onvent 1 ona using a cros g agent” such as

a nal ei midémbepNpekigtin¥V dfabilegand Bindsubsbral etk asdbshasiseanan be
used depending on types of enzyne. For exanple, when peroxidase is used as
an &fzymelomdng' sgbstratet r afnepkebensiedi fer ceantraticewd, EiAd swelm abkal i ne
phosphat ase i s, used_as_an enzyne, such as p-nitropheno] can be used. 20

Wth regdedorigase: afgledesytsee o monBRPyPhRESer agiisiosst AT R A such

acetylcholinesterase, glucose-6-phosphate dehydrogenase and malate
dehydrogenase can be used. Enzyme inhibitors and coenzymes can also
be used. Binding between an enzyme and an antibody can be achieved by
15 a conventional method using a crosslinking agent such as a maleimide
compound. With regard to substrate, known substance can be used
depending on types of enzyme. For example, when peroxidase is used as an
enzyme, 3,37,5,5-tetramethylbenzidine can be used, and when alkaline
phosphatase is used as an enzyme, such as p-nitrophenol can be used.
20  With regard to aradioisotope, conventionally used radioisotope in RIA such
as 1251 and 3H can be used. With regard to a fluorescence pigment, those
conventionally used for fluorescence antibody technique such as
fluorescence  isothiocyanate {FITC) and  tetramethylrhodamine
isothiocyanate(TRITC) can be used. When enzyme is used, detection of
25 labeled signal can be performed by adding substrate, which develops color
by decomposition due to enzyme action, followed by assaying enzyme
activity by measuring the decomposed amount of the substrate by
photometry, converting enzyme activity to an amount of bound antibody,
and calculating the amount of an antibody by comparing with the standard

30 value. When a radioisotope is used, radiation quantity emitted by the



as 1251 and 3H can be used. Wth regard to a fluorescence pignent, those
conventionally used for fluorescence agtibody t echni que such as

fl uorescence isothiocyanate (FI TC and t et ramet hyl r hodam ne

i sot hi ocyanate(TRI TC) can be used. Wen enzyne is used, detection of 25

| abel ed signal can be performed by addi ng substrate, which devel ops col or

by deco E L u | ; b yi
ant i vi £y B o B e U B SR LoRRRAY R PP
phot onet Minoresssedd piggh ety i ed fluviécen@edeldms widaireA My pitithody, and
cal cul ating the amount of an anti body by conparing with the standard 30

val ue. Wsembinegdavishsoflopscseengsaricrpaedps.i on quantity enmitted by the is
radi oi sotope is neasured by using a scintillation counter, etc. \Wen a
fluorescence pignment is used, fluorescence yield is neasured by apparatus

combi ged wi th aLhHAngSEeAEEnBAbAIRRFibed KECPRMRE, Phd BeoRRAYe
descri bed hereinabove, "the proliferative hunman hepatocytes” of the

fourth i duentnoepatodygegbtodi tied. folinth imvehtibar abhnvdehobtainedepaTheyt es
grow actively while form ng colonies wunder culture condition, and have
di f f er entiraligAti6t BHEAR FISRAEEY i%a R OWuABHY HEphaley farningsgelptigact i onal

h h . ndyced i ff i f he,.
plrJ(TI31 inf eratl vegc %ﬁ%ﬁg%%ggg?%@ygég ]6%9? %gffgr%et%g%%;% Ipaoitﬁ%cé ice'f_mtghm?:ﬁl\(/)éln ion. The

functi onaluHABEpHeeReacYSe8h ¢aAcabaR]l REmaPhapaertylds teveehhadedor
obtai ning the human hepatocytes used as the inmunogen in the preparation

of the nvnckiferealtiatetirdmdyhei probifaraiive Hymanonepyaocytasdrethesmpobsedbifl ity to
contain Egn -P ol.iferative cells in the 15 nmethod of Exanple 1. The net hod
using a BRoEFENANVEREPBody 1o fRREOBREduND AR PERAERYTYIFS <A e3deel Pent |

met hod O%bttQﬁw(‘gllogftélaé DAL ERUORE AthAlihY thR%huMb8! A SLBEN S (WIPRs BRpat ocytes

only can be Is
immunogen in the preparation of the monoclonal antibody in Example 1,

however, there is possibility to contain non-proliferative cells in the
15 method of Example 1. The method using a monoclonal antibody in the
present invention is an excellent method on the point that substantially the

proliferative human hepatocytes only can be isolated.

The method according to the fifth invention is characterized by

20  performing the following means (a) or (b}, or (a) and (b}.

(a) Spheroid culture of proliferative human hepatocytes
“Spheroid” means a cell population forming tissue structure by
aggregation of several hundreds of cells. Typically, cells are collected to
25 form athree-dimensional cell population by a method shown below and are
cultured in an animal cell culture medium. Known methods for obtaining
spheroid include culturing using Matrigel (MATRIGEL™ Matrix, Becton,
Dickinson and Co.), a positive charged incubator (Primaria, Becton,
Dickinson and Co.} and a U-shaped incubator (Spheroid MS-00968S,

30 Sumiron) and rotary culture using a roller bottle. Culture is performed for



The met hod according to the fifth invention is characterized by 20
performng the follow ng neans (a) or _(b), or (a) and (b). (a) Spheroid
culture of proliferative human hepaté ytes "Spheroi d* nmeans a cell

popul ation form ng tissue structure by aggregation of several hundreds of
cells. Typically, cells are collected to 25 forma three-di nensional cell
popul ati o, % - et Bgg shown bel ow and are cultured in an aninmal cell

cul ture nmedium Known met hods for obtaining spheroid include culturing
usi ng Matrigel (MATRI GELTm Matri x, Becton, Dickinson and Co.), a

positive charged incubator (Primaria, Becton, Dickinson and Co.) and a
U shaped (Phétdasisr of fsinatertenudsges factyg SHNFGhgenariate praliferativeur e
using a rqller bottle., Culture is perforned for 16 about 6 - 15 days. (b)

Transfer h&mﬁgplé?poaétgf%teﬁucl ear factor 4 (HNF4) gene into proliferative

humanshepat ocy g arobipRatRyt S MHetRan f@aimf) 4s (ANGfteis Ae1RFikeitd
relating to transcription of gene expressing specific function’in
hepat ocytteangaigtiolBel kegne €xptesseéng apecifierfoactiNatin. heeddceyiBsi(e. gUB1B8( 4) ,

1484-1488, 1991) and cDNA sequence_of human HNF4a is_ known ée}ﬁ}-ﬁ@l
GeneBank/G-NvBGH45TPC- Notia Acadh Reic BSA088 (4FA 43¢ hBank? kB7and o HNF4

k/ X878 ' 4 M 61 d
ot A SCUBRRCE eb Bubtel 1SR AR BnoMET SR e R TN S D
HNF4 ¢ DNA% qaefi cé£60RNFIed GénHhrik SUkaE Y Dldid HAF4 QRMESSIXKYEStisand  the

resul tant expression vector is introduced into proliferative human
hepal@cytadso BnawrowMevshddNEdceDNE HherBack/NpoOAB2611) aret et HMF45

Cal o1 U PhORRLe AT S LT oL oo 5, L posre etiod end 4,0
HNF4 cDNAs are recombined with a eukaryotic cell expression vector and
the resultant expression vector is introduced into proliferative human
hepatocytes by known method such as an electroporation method, a

15 calcium phosphate transfection method, a liposome method and a DEAE
dextran method, to introduce HNF4 gene. HNF4 gene can also be
introduced by a method according to a gene therapy method (an ex vivo
method) by using hollow nano-particles having a biorecognizing molecule,
retro virus, lentivirus, adenovirus and adeno-associated virus. HNF4 gene

20  cDNA can be obtained by screening human and other cDNA libraries using
a probe DNA prepared based on known sequence thereof. Thus obtained
¢DNA can be used by amplifying with a conventionally used gene
amplification method such as PCR (Polymerase Chain Reaction) method,
NASBN (Nucleic acid sequence based amplification) method, TMA

25 (Transcription-mediated amplification} method and SDA (Strand
Displacement Amplification) method. Sufficient amount of objective cDNA
can also be obtained by RT-PCR {Reverse Transcriptase-PCR) method with
a template of mRNA isolated from mammalian cells using a primer set
based on known sequence.

30



i ntroduced by a nethod according to a gene therapy nethod (an ex vivo
nmet hod) by using holl ow nano-parti cl eiahavi ng a bi orecogni zi ng nol ecul e,

retro virus, lentivirus, adenovirus a

adeno- associ ated virus. HNF4 gene

20 cDNA can be obtained by screening human and other cDNA |ibraries using
a probe DNA prepared based on known sequence thereof. Thus obtained cDNA

can be used by VA j _§eLVvERE & . fication
nmet hod such as A%%%h%l%ﬂ&gn%l\r@aés%o‘%hggn Read(l:tEl %lj)eﬁﬁ%?%gld?%%%@%ﬁgc’ei c acid
sequence dzasgbadpbifibedin @xnnimlich bitrehdft 25 ti d fuicidn 41th it oegtcatofd

anplification) nethod and SDA (Strand Displacenent Anplification) nethod.
Suf fi ci etbeasistintingentippehaying fppetion devel| eqnivalegsit o Hoat BY RPoPEOR

(Reverse 'I(')r anqﬁ
manmal i af el

i -PCR) .nethod with | at nR i | df
He B R S Tl LB oy St Be Qe d, Wageghs Trom

Accor gli n%xb@eésﬂﬁE}%ﬁ@ﬁ&eﬁ%%ﬁﬁéxﬂ@ﬁoﬂﬂbﬁ%iﬁ%@h&@ﬁlé S FRbEREbmeas Wil

be described in

anpl es hereinafter, the functiohal hepatocytes of the

si xth i n\R&#0 ectividyi nbh¢ dmotciional busiare epatdanits pbtsinatl oy the mivovenor nal

hepat ocyt

inyvivo or_in_primry culture_can be obtained, typically 5

expr essi ﬁ@ﬁgmqti%ﬁl%fn%%?ﬂ cgp bsirspkacsdafry axamplg. Busppertpredgelehr one
P450 (A 1) j i .
i 1 er ontookpifisd! BY bt BEhEE She TR Tor' IHERARKL Tl A IRA 0] AGRRRY

cells

hepatocytes in Exanple | (hepatocytes which can be subcultured while 10
formGg derromgsylonies)subh sugbhonihawlbwresetsls, mon-ppebisrativatdelle eyl s may

be

15
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be contained. The éwman hepat ocytes kit (the seventh invention), which can

be containe

The human hepatocytes kit (the seventh invention), which can be
used for drug metabolizing tests and safety tests, and the hybrid artificial
liver (the eighth invention) are provided by using the functional human

hepatocytes of the sixth invention obtained by the above methods.

Various hepatocytes kits are known depending on types of cells and
applications. Those skilled in the art can easily prepare the cell kit of the
seventh invention by employing a constitution of the human hepatocytes of
the sixth invention and a known cell kit. Further, a constitution of a
module type or a hybrid type artificial organ is known, and those skilled in

the art can easily prepare the artificial liver of the eighth invention.

EXAMPLES

The present invention in this application is explained by describing
Examples in detail and concretely, however, the present invention is by no

means limited thereto.



used for drug netabolizing tests and safety tests, and the hybrid
artificial 15 liver (the eighth invenéion) are provided by using the

functi onal human hepatocytes of the Bxth invention obtai ned by the above
met hods. Various hepatocytes kits are known dependi ng on types of cells and
applications. Those skilled in the art can easily prepare the cell kit of
the 20 seventh invention by enploying a constitution of the human

hepat ocytes of the sixth invention and a known cell kit. Further, a
constitution of a nodule type or a hybrid type artificial organ is known,
and those skilled in the art can easily prepare the artificial liver of
the eighth invention. 25 EXAVPLES Effpampledent invention in this application

i s expl ai ned by cribin anpl es .in_detail and concretely, however, the
present inventi ogﬁlse? aﬁ?*‘n‘%’ o% % nqsclf’flﬁ? f'@ghf‘h @f%‘?gﬁ{?‘%gExarrpl e 1
Prepagation of a nonocl ofalm A8 pro®d¥r{18¢6 WY pHteeyt&4man proliferative

hepat ocytes 1. Culture of human hepatocytes "A cell suspension was obtai ned
fromhuman liver tissue by a collagenase perfusion nethod. The cel

suspensi on centrifuged in low 10 speed (50 g, 2 min.). The
precipitétéﬁeﬁPﬁﬁpféﬁnﬂégIEHEEB?WﬁFed with mtonycin Ctreated Swiss 3T3

cel 5 usi ng DU becso'ss DL AL £ o BT UEM acdect ot 41, et

al
calf serum hunan seru I nam de an ong-acting vitamn C
derivati wellagehase 3Esrucedd metBb8. BHEGH SVSPYnERM WAY SentiiBRdRBPSNOCYt €

col oni es were observed after

10 speed (50 g, 2 min.). The precipitated 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, EGF,
nicotinamide and long-acting vitamin C derivative. Swiss 3T3 cells were
added every ten days. Human hepatocyte colonies were observed after
15 about 7 days of culture. Confluent growth hepatocytes were subcultured
by using EDTA/Trypsin. Hepatocytes of children could be subcultured for
6-9 passages, however, hepatocytes of patients, not younger than 60 years
old, could only be subcultured for 3 - 4 passages (Fig. 1). Hepatocytes of
the child (12 years old) exhibiting the highest proliferation ability were

20 used as an antigen (Fig. 2).

2. Immunization of animals
The hepatocytes of the child (12 years old) subcultured for 3-5
passages by the above-described method were proliferated on culture
25 dishes. After confluent growth cells (about 1 x 107 cells) were washed with
PBS (a phosphate buffer salt solution), PBS was removed and the cells were
recovered by scraping with a cell scraper to suspend in about 1 ml PBS.
The suspension was administered intraperitoneally in Balb/c mice, 6
weeks old. Immunization was further performed by a similar method after

30 20 days or 30 days.



15 about 7 days of culture. Confluent growth hepatocytes were subcul tured
by using EDTA/ Trypsi n. Hepat ocytes of children could be subcul tured for
6- 9 passages, however, hepatocytes of18atients, not younger than 60 years
old, could only be subcultured for 3 - 4 passages (Fig. 1). Hepatocytes of
the child (12 years old) exhibiting the highest proliferation ability were
20 used as an antigen (Fig. 2). 2. Imuni zation of animals The hepat ocytes
of the child (12 years old) subcultured for 3-5 passages by the

above- desktriédedusieithod were proliferated on culture 25 dishes. After
confluent growh cells (about 1 x 107 cells) were washed with PBS (a
phosphat e buf f éftegaiwics gmmsigatipRIngasaseshentidodiditarevae obseneads

recovere raping w,th a cell scraper to suspend.in about 1 ml ,PBS.

The suspaHirne RS e i GrmBRiARi SRitios Flesh BRS Snitacted woeks
ol d. §mMMypiAald ARRSizEY dr181a1RE" dodWE dpR¥enAcdidT *r%sg%%_i% &d1i€bna30 20
days or 30 days. 19 3. Cell fusion After tw ce i mrunization, Increased

ant i body movse myzdombsetlsdName b arll: NB-Apwese i sdd) @lating thtioBihivedki on
(boost),é& sgleen was extracted 5 froman inmunized animal to coll ect

spl een c&t[E&?0THYL Plafs 2t BdtY€dand nouse nyel oma cells (Nane of cell: NS-
1) were fused, plating into 372 wells of a 96-well plate and cultured. 4.
Screeni ng of hybridonma 10 Prinmary screening (ELISA, tissue staining)

Reacti vi gy Sreetiridioehguagorat ant of the fused cells thus obtained to an
antigen was assayed by ELI SA. Assay was perfornmed by the follow ng nethod.
The &QI t Frémenperrearang (WAESAr tiased shhininghe subcul t ur ed

Reactivity of culture supernatant of the fused cells thus obtained to
an antigen was assayed by ELISA. Assay was performed by the following
method. The culture supernatant was treated with the subcultured
hepatocytes, which were obtained by seeding the subcultured hepatocytes

15 used, as an antigen, on the 96-well plate, followed by washing with PBS
after cultivation, drying and storing at -80°C. An enzyme-labeled
anti-mouse IgG antibody or an anti-mouse IgM antibody was then reacted
therewith, followed by developing color by adding substrate to measure
optical absorption. As the results, mean absorbance of 372 samples of the

20 fusedcell was 0.149 (SD: 0.099), and samples with absorbance of not lower
than 0.20 (81 samples, about 20%) were defined as positive samples.
Since color development was confirmed in naked eye observation in
samples with absorbance of not lower than 0.15, samples with the
absorbance of from 0.15 to 0.20 (46 samples) was treated with tissue

25 staining to confirm reactivity. Among them, 13 samples showing
interesting staining pattern were judged as positive samples. Selected 94
positive samples were further cultured in large scale, and culture

supernatant was collected and cells were cryopreserved.

30 5. Secondary screening (ELISA, tissue staining)



hepat ocyt es, which were obtai ned by seeding the subcul tured hepatocytes 15
used, as an antigen, on the 96-well plate foll owed by washing with PBS
after cultivation, drying and storing 20t -80C. An enzyme- | abel ed
anti - nouse 1gG antlbody or an anti-nouse |IgM anti body was then reacted
therewith, foll owed by devel oping col or by adding substrate to neasure

i cal ab f th
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| over t hamfle20wEBd seAeqibdsby abeubu2efg rwét@vidﬁfdgwﬂsﬁ%rp%‘ﬂtigéiﬁ iganpl es.

Si nce col or devel opment was confirnmed in naked eye observation in sanples
with abs Gpéfa}f@eswern@tammféer thrlarge psalesaiphsivasion, by EIHSA sibsibatinase of

fromO0. 15 0.20 (46 sanmp eaj.ed wi ti ssue 25 staini
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pattesn Wer eiskUdoQdias O%airh fesseaﬁtm ol A @4 wiRRS Shy&nsaflp! es were
further \gﬁlrtured I n Iargge sca}b , and cul?%reﬁﬁgupernzﬁrant V\gs clo?frgct ed and
cel | s wereactsyepphestirmenhbrafemf hSpammey andriegritogy teElih oy tdlirsgioe,
staining) 20 From 94 sanples selected by the primry screeni ng 88 positive

sanpl es \ﬂérsé1P§éP%'E:’=F§cPf6§?er?é%%PPF?@nFéélytqlwmg thrarfrom arergitngest pn
cuI ture Egggﬂﬁg%%%&rfgttﬁgsﬁg lﬁ’z?aécg§|hv| I eI cuI tt'g\é&% ion, by ELISA simlarly

int screenin &°f these sanpl es was
Studi ed 5 by tisupeenatitiNaR3 mmkﬁﬁe&a%ﬁuahm iRYAHICHARB hepBt 6y te
specifically reacts with cell nmenbrane of hepatocytes and hepatocytes in
port 80 r ewgmbranerofstipepeatantembnt Wes citaecdbnar tedtdygichbriesy wher ef rom
were studi e reactivi tyy agai nst reshl i sol at ed human hepat ocyt es.
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menbrane (Qfin § e O8' (Rlork AR WBSvaL REl {d1iBd) SHRLREGRLs LS iquivas

males, 46 years old and 49 years old, obtained by a collagenase perfusion

method under low speed centrifugation, were treated with culture
15 supernatant of this sample at 4°C for 30 minutes, and an FITC labeled
anti-mouse IgG antibody was then treated at 4°C for 30 minutes to make
detection by FACS possible. As the result, a part of cells (1-2%) in a
hepatocyte population reacted with the sample (Fig. 4). The reacted cell
population, designated as R2 fraction, and the non-reacted cell population,
20 designated as R3 fraction, were sorted and cultured. Hepatocytes before
fractionation were also cultured. As the result, colony formation was
observed on culture of about 7 days in the hepatocytes before fractionation
as described hereinbefore. On the other hand, colony-forming cells were
not observed in the R3 fraction, but large numbers of colony were observed
25 in the R2 fraction reacted with No. 23 (Fig. 5). Reactivity with the
subcultured human hepatocytes was examined by FACS, and about 80% of
the cells were found to be positive (Fig. 6). Namely, it was considered that
among the subcultured human hepatocytes, the differentiated cells during
culturing process were not recognized and only the proliferative

30  hepatocytes were recognized. From these results, No. 23 was suggested to



anal yzed on reactivity at cell surface of freshly isol ated hepatocyte, by
usi ng FACS (fl uorescence activated ce&i sorting). Hepatocytes of adult

mal es, 46 years old and 49 years ol d, “obtai ned by a col | agenase perfusion
met hod under | ow speed centrifugation, were treated with culture 15
supernatant of this sanple at 4C for 30 mnutes, and an FITC | abel ed

anti - mougenk & %Mamﬁlém%&fﬁ@éﬁﬂ r@EoélngQr cHBnl f&'ﬁf(‘ Z%ITQKG

detection by FA ossible. As the result, a part of cel
hepat ocyt@Hopepubdtinenl bgadoethgwitolm the S&rqmlrepl(ergre dnalyideel beacdiag cel |
popul atign, designated as R2 fraction, and the non-reacted cell population,
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fraction ﬁ“ rnatl n_was
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not observed in the R3 fraction, but |arge nunbers of col ony were observed

25 in t hénRInptigsel Fatentborsenisin PeRositasy ( Fatjons) InRétaxte iof iAdyanictll t he
subcul ture n_hepat ocyt.e s .exam ned by FA nd out_80% of the
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culturing process were not recogni zed and e pro erati-ve 30

hepat ocy L@ epastiog Nz RERM BP-88848 results, No. 23 was suggested to 21
contai n hybridoma which specifically recognized colony-formng cells.

Cl onke obtai ned by cloning fromNo. 23 sanple were anal yzed by using FACS

on reacti.vi at .cell .surface. of fr hly isolate hepatocytes . As the
result, r%ép%f%th%% Ogﬁo%{’ﬂﬁcgql}ﬁl %Vcti vity were obtained. Ampng these
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I nternational Patent O danism Dep05| tary, National Institute of Advanced
intraperitoneal injection in mice and collection of a monoclonal antibody

from ascites to obtain a monoclonal antibody which specifically binds to

15  proliferative human hepatocytes.

Example 2
Isolation of proliferative human hepatocytes
20
T Using the monoclonal antibody obtained in Example 1, proliferative
human hepatocytes were separated from the human hepatocyte population
which was isolated from human liver tissue by a collagenase perfusion
method. Concretely, said cells obtained from the human liver tissue by
25 collagenase perfusion following low speed centrifugation were treated with
the monoclonal antibody obtained in Example 1 at 4°C for 30 minutes and
an FITC labeled anti-mouse IgG antibody was treated at 4°C for 30 minutes
to detectreaction by FACS. The cell population reacted with this antibody,
designated as R2 fraction, and the non-reacted cell population, designated

30 as RS3 fraction, were sorted and cultured similarly as in Example 1. The



I ndustrial Science and Technol ogy (Deposition No. FERM P- 18752) on March
6, 2002, and was subjected to interna&éonal deposition on March 20, 2002
(Deposition No. FERM BP-8334). 10 6.“Preparation of a nonocl onal antibody
The above hybridoma cell (K8223 strain) was cultured, followed by

intraperitoneal injection in mce and collection of a nonoclonal antibody
from ascifgmtobfeQbbaioRe asdreingchpal aRrpt bQRﬁ}‘e&"h' *zs, BREGickhea! +c¥l Bpnd.s to
15 proliferative human hepatocytes. Exanple atlon of pro |Pe ative

human hedatmeayibaswagOolhisirngd tdre codinoel mfnaboant'ﬂ ldfagfy imbtla¢ eghatocyeanpl e 1,
prollferatlve human hepatocytes were separated fromthe human hepatocyte
popul at i Gt frastipaatiosy Lrpdh Prqiheﬁlhﬁrfi | ‘F‘?/léflytf%%\!l-'égtﬁﬂﬂé WEBt eenase

per f usi on, fg?‘%ﬁoﬁ‘latl'%ﬁ%ri?ggélg ﬁ&“j % ém%te):}'sal P Hgg\ﬁe%eeglg“ u él | ver

ti ssue by genase per usion Tow ng Fow Sp ion were

treatsd whkhRr2 tthe-tigneeheral want tm@qﬁoﬁbawnmcaﬂﬂbcﬁtsanmrsnﬂtﬁ& ebobef or 30
m nutes and an FITC |abeled anti-nouse 1gG antibody was treated at VC

for 30 nmiraauls, ittwaseorlirmedibat pmlwrmmhepatm:y@ed; topbbeffiai¢rhy beact ed
with this ed as R2 fractioon, and the non-reacted cel
popul at | dﬁalaf&%‘fgﬁ?vvatae @69%@ RBFGCYLE RGP ulokipe; e dnsiactud of dhe
S'”‘lar|¥n@§eﬁihdﬁﬁﬂﬂ@n? 1. The 22 hepatocytes before sorting were al so

cul tured e result, colony formation was observed on culture of about
7 days in the hepatocytes before fractionation. On the other hand,

colong-forning cells were not observed in the R3 fraction, but |arge
numbé&Ps of col ony were observed in

Example 3
Differentiation induction of proliferative human hepatocytes

by spheroid formation

15 1. Spheroid formation of hepatocytes
The proliferative human hepatocytes obtained in Example 2 were
seeded, 1x105 cells/cm?, on matrigel (MATRIGEL™ Matrix, Becton,
Dickinson and Co.) and cultured in DMEM medium added with fetal calf
serum, EGF and long-acting vitamin C. The hepatocytes formed spheroid

20  on the matrigel at 1 day of culture (Fig. 7, upper column).

2. Analysis of human P450 gene expression
After seeding the cultured human hepatocytes on matrigel, the
spheroid was recovered after 7 days (Fig. 7, lower column}. Total RNA was
25  extracted from the spheroidal hepatocytes, and ¢cDNA was synthesized by
reverse transcription reaction. Primers corresponding to each gene cDNA of
six types of human P450 molecular species (CYP1A1l, 1A2, 1C9, 2C19, 2D6
and 3A4) were synthesized, and expression amount of each mRNA was
measured quantitatively by using PRISM 7700 Sequence Detector (ABI
30 PRISM™, Applied Biosystems Co.). P450 gene expression was also



5 the R2 fraction reacted with this nonoclonal antibody. Fromthe above
results, it was confirnmed that proli f&éat I ve hepatocytes could efficiently
be isolated froma isol ated hepatocy popul ation, using the nmethod of the
present invention. 10 Exanple 3 Differentiation induction of proliferative
human hepat ocytes by spheroid formation 15 1. Spheroid formation of

hepat ocyt ' ' | | 2 were
eeded. | T B T R P N ol R b S He
Di cki nsorivrdar(d momoidyeutiilttheed iproleMive hiumradogrhtvtjdesf et al cal f

serum EGF and | ong-acting vitamn C. The hepatocytes forned spheroid 20
on the matri gelAstheremyit.of wag qanfenied ghatysphgreed cabiaed hepatogyigbysi s of

human P450 e ession After seedin he cul t uman _hepat ocyt es on
] gel OTHBEREF A ChbESORRLAT deby Ryl 4458 BHER mpGREEY oy
Tot al sRNAWRSre 2 hephté@ated BbaM Lign2RNes 9b daln fAeRRh ARYL L P4 RNLAPNA was
synt hesi zed by reverse ‘transcription reaction. Priners corresponding to
each genesxpdhidsioh leselkequipeknoftoithmawf PAGOanulemdldiespieciies (FEAMIAL, 1A2,
1C9, 2C19, 2D6 nd 3A4) were synthesized, and expression anount of each
MRNA was 8 Eﬁr{é’& antitatively by using PRISM 7700 Sequence Det ect or
(ABI 30 PRI SMIM Applied Biosystens Co.). P450 gene expression was al so 23
guantitatively nmeasured in the hepatocytes freshly isolated froma hunman

l'iver and3.nmnglyayesf slthimieded@etilonf er ati ve human hepat ocytes. As the
result, it was confirnmed that spheroid cul tured hepatocytes
10 Each supernatant of the spheroid cultured hepatocytes and the
monolayer cultured hepatocytes was collected on every 3 days and human
albumin concentration in the culture medium was assayed by using
Quantitative ELISA immunoassay (Bethyl Laboratories Inc.).
As the result, the hepatocytes by spheroidal culture exhibited

15 higher albumin secretion at culture period not shorter than 6 days as

compared hepatocytes by monolayer culture (Fig. 9).

4. Analysis of P450 enzyme activity
On 22 days of the spheroid culture, lidocaine hydrochloride (500
20 pg/ml) was added to the culture medium and incubated for 24 hours. The
medium was collected and amount of MEGX, a metabolite of Iidocaine, in
the medium was assayed by HPLC. Similar assay was performed on
monolayer cultured hepatocytes.
As the result, MEGX was not detected in the medium of the
25 monolayer cultured hepatocytes, but MEGX was detected in the medium of
the spheroid cultured hepatocytes (8.3 pg/ml/24 hours, 1.7 pg/105
cells/24 hours}). From this result, it was confirmed that the spheroid
cultured hepatocytes have P450 enzyme activity (chemical substance

metabolizing enzyme activity).

30



exhi bi ted hi gher gene expression of each human P450 t han nonol ayer 5

cul tured hepatocytes. Sonme human P450?rgenes exhi bi ted P450 gene expression
| evel equivalent to that of human norfral hepatocytes freshly isolated
(Fig. 8). 3. Analysis of albumn secretion 10 Each supernatant of the
spheroid cul tured hepatocytes and the nonol ayer cultured hepatocytes was
coll ected on every 3 days and human al bum n concentration in the culture
medi um was assayed by using Quantitative ELI SA i mmunoassay ( Bet hyl
Laboratories Inc.). As the result Exameplegat ocytes by spheroidal culture
exhibited 15 ?i gher albumn secretion at culture period not shorter than 6
days as conpifetenfdatioacindnctign gi proljferatiye humarhgpagpeytes Anal ysis of
P450 enzyne activity On 22 d t roid culture, |idocaine

hydr ochl ori de (500 20 g/m)%g(as’s{ﬂg‘édggngggﬁ%feéul ture medi um and i ncubat ed
for 24 hours. The nediumwas collected and anount of MEGX, a netabolite of
| i docai ne, in the nediumwas assayed by HPLC. Sim |l ar assay was perforned
on nonollayeenetpansfer] hepatocytes. As the result, MEGX was not detected in
t he nmedi um of e 25 rnonol ayer cultured hepatocytes, hut MEGX was detected
in the medi um h‘?‘e P‘H’z‘ SRS YR o mds s taingd g Exgmplen/washour s,

1.7 g/ 1 I 4 fhours) . t hy | nf4 t hat the
spher oi dQégeSfE?%r‘g{J epat g%yt}lelgﬁﬁgéegme(g%?ﬁéﬁa/ﬁ@ %%Tﬁ"léei?rﬁ.ba
subst anc ademevanal vetitog (@BibgeReatid.y miyh a BRic2df ExARliRitY of infection

10  (MOI) 0, 1, 5, 10, 20, 50 and 100 on 1 day of the culture.

2. Analysis of human P450 gene expression
Cells on 7 days after the adenovirus vector infection were collected,
and expression of each human P450 gene was assayed guantitatively
15 similarly as in Example 3-2.
As the result, increase in the expression of human P450 gene was

recognized with infective dose dependent manner (Fig. 10).

20 Industrial Applicability

As explained in detail hereinabove, the present invention provides
a monoclonal antibody which specifically recognizes proliferative human
hepatocytes, proliferative human hepatocytes isolated by use of the

25 antibody, and functional human hepatocytes obtained by differentiation

induction of the cells.



Differentiation induction of proliferative human hepatocytes by HNF4 gene
transfer 5 1. Gene transfer The proli grative human hepat ocytes obtained in
Exanple 2 was infected with Human HNFAX a cDNA ( GenBank/ X87870) t hrough an
adenovirus vector (Qbiogene, Inc.) with aratio of nultiplicity of
infection 10 (MJ) 0O, 1, 5, 10, 20, 50 and 100 on 1 day of the culture. 2.
Anal ysi s of human. P450 gene expressiRimge! | s on 7 days after the
adenovirus vector infection were collected, and expression of each human
P450 gene was assayed quantitatively 15 simlarly as in Exanple 3-2. As
the result, increase in the expression of human P450 gene was recognized
with infective dose depongsinalamyidiodysrecificglly perognirisgmralifexgsivecabi ity

As expl ai i i er ei nabove, the present invention provides a
nnnoclonépggﬁbﬂg%%%%ﬁkpg% specifically recognizes proliferative human
hepat gcytes, proliferative human hepatocytes isolated by use of the 25
anti body, and functional human hepatocytes obtai ned by differentiation
i nduction of tkZe cel The SnCLhindd ahtibodpabelagmal , whiclodslpregecid byal |y

recogni zin oliferative man hepatocytes. 5 2. The nonocl onal anti body
of ol ai m PR Gl Menaedionse BRbBoatE 22 (FERMSRERBUA: hybr i doms
K8223 ( FERM BP- 8334).

3. A hybridoma cell producing the monoclonal antibody of

10  claim 1.

4, The hybridoma cell of claim 3, which is Mouse-Mouse

hybridoma K8223 (FERM BP-8334).

15 5. A method for isolating proliferative human hepatocytes,
which comprises isolating cells recognized by the monoclonal antibody of

claim 1 or 2, from a human hepatocyte population.

6. Proliferative human he'patocytes separated by the method of
20 claim 5.

7. A method for inducing the differentiation of the proliferative
human hepatocytes of claim 6, which comprises performing at least one of
the following means:

25 (a) spheroid culture of the proliferative human hepatocytes;
and

(b) transfer of hepatic nuclear factor 4 (HNF4) gene into the

proliferative human hepatocytes.

30 8. Functional human hepetocytes induced to differentiate by



3. A hybridoma cell producing the nonoclonal antibody of 10 claim1l. 4.
The hybridoma cell of claim3, which Ls Muse-Muse hybridom K8223 ( FERM
BP-8334). 15 5. A nethod for isolating proliferative human hepatocytes,
whi ch conprises isolating cells recognized by the nonocl onal anti body of
.claim1 or 2, froma human hepat ocyte population. 6. Proliferative human
hepat ocytigs meRaebediaby #he nethod of 20 claim5. 7. A nethod for inducing
the differentiation of the proliferative human hepatocytes of claim®6,
whi ch conprises perform ng at | east one of the follow ng neans: 25 (a)
spheroid culture of the proliferative human hepatocytes; and (b) transfer
of hepatic nucPear fAact9f kit cqprpsingthe ipcHoppbhuman bepptegwies whman
hepatocy%ﬂﬁnlgo 8. Functional human hepetocytes induced to differentiate by
26 the nmethod of claim7. 9. Acell kit conprising the functional hunman
hepatscytes of claim8. 5 10. A hybrid artificial |liver packed with the
functional human hepatocytes of claim?9.

10. A hybrid artificial liver packed with the functional human

hepatocytes of claim 9.



