1 21 Septenber 2006 DESCRI PTI'ON Anti body Recognizing Proliferative Human

Hepat ocytes, Proliferative 5 Human IF;fpat ocytes and Furmtg%beﬁgm
Hepat ocytes Technical Field 10 The esent invention relates to an-
anti body recognizing proliferative human hepatocytes, and human

hepat ocytes. Mdre particularly, the present invention relates to a

nonocl onal anti body specifical bfgéﬁ?gﬂ(ﬁ ng human hepat ocyt es havi ng
clonal proliferative potency and usefu or separating proliferative
hepat ocytes from a human 15 hepatocyte popul ation, proliferative human

hepat ocytes separated by wusing this antibody, a nethod of inducing the
differentiation of the proliferative human hepatocytes to differentiated

hepat PRLI togytes | d to differentjate by such
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or nore types of various specific functions. nctrons of a liver
i ncl ude plasma protein synthesis and secretion, blood sugar control by
gl uconeogenesi s and gl ycogen netabolism |ipogenesis, ureogenesis, bile
synt hesis and secretion and detoxication. 30 Mdst substances incorporated

into a body are nainly netaboli tenber 2006 in a liver. In the
filed of pharnmaceutical devel oﬁ%“%‘%’é‘&e@ype of rmetabolism

phar maceuti cal candi date substances will be received and what type of
effect is given to a Liver or other.organs and tissues are essential data.
Furifer, nmany Téenpresentubisventiers haledebedn 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 o ‘Most. substances incorporated into a body are niainl_y metabolized




5 synt hesi zed and di schar ged into environment up to now. To elucidate what
kind of effect these substances have exerted individual}ysQfienititr 2006
conbination to a human body is soci all y 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,

: : t t .S ug netabolismtests of
Chem ool Sotivet, PESEY MO or°Bhalhal E3EaR WvElHh R, AVBhh Fhiicab,

Especi atdeyaboliphaphaaautéattbal dauaiReshbstadtes OhA0eatedBeds Ad safety
tests usi n%; animal s _are 15 conpul sive before entering phase | study for
hunan, What|tgre 9ferffeet ndivat fiora dives erlothers ohgaes cost sissuesraguired in

these tests.. er, there is no guarantee that data obtained by these
E&ehuA BERghp| P@%f ecﬁ‘éml‘ﬁﬁ'}arﬁuhﬁ‘}aﬁﬁ‘é%, haggy hes®es are

ani mal “8xpert mHit 8 ca

knogn %ﬁlt‘ﬁf@@fz%:ﬂ”aﬁ&klﬁﬁéﬁsﬁged"%tor @ﬁQﬂBhﬁ&q&ﬁéi&i Lxﬂ_;, p%mﬁgidggeperi ment s

exhibited toxicity in human or vice versa. equen ere nmght exist

many casbst ihedeofi affact| dprsentubbtamres bhaee nacatdd GaliGandigabe insubst ances
were termnated after entering in phase | study on human, or also nany
subst arft@RPigaten &p # hawean deads bp mentalbevereimapoeaiong Texichlogical trial s

due to i hit toxicity..in_animl experjpnents. but _recognized

act ual Itg)éjlﬁiu’oB oﬁ‘?%i %Jcﬁﬂ&hﬁrn%ﬁ.ssﬁflff ﬁ%ﬂ/_er%u@g’l?g‘ea} @e fects Eﬁé"@_cpn _

met aboldHerhital ki1BBtdrted UM mhhWd4and in nmetabolic functi on in l'ivers of

mce and rats. Recently, in vitro 30 netabolic tests and toxicity tests

ustfg human hepat ocytes have been 3 21 Septenber 2006 perforned. However,
< ampunt of livers frombrain death patients which were not used for.
“~transpl ant at "Offaf@ts i3t dAghmMHEFISo Off eye 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 fér 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 recognizéd' toxicity in animal experiments

o ‘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 anirﬁal 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




obt ai ned from hepatectony in tunor excision are far fewer than denmanded.

Consequent |y, devel opment of technol ogy for human hepatpcyd erer 2
proliferation is essential for pharmiceutical devel opnent .épNecécgs?(%6y of

hi gh amount of human hepatocytes is very nmuch alike 1in an extracorporeal
artificial liver. The artificial liver is medical device acting |liver

f ti LECi I .of a.hybrid.artificial |iver. 10
cg%i In?ﬁaﬁ\[/)vﬁ%tif Ihg[logyf t FB?%%&E’%@’%&%IIIY%IR %8%%&“8’&1 Srod c?é‘-t’cﬁ?éﬁi‘?:@iipri nci pl e

such aswagisarqit ieed Bk alruskplandibhl hhat houd! OPfthif ﬂ?é;?elt%%t‘é%' actions
usi ng perfusion of an excised liver and liver tissue Is strongly

pr ogr es8btggned fiemg b¢phtgatemy ioftuthe ey sibhciralfat fewerr, thpardeon aedat

| mprove menbr.ane and circuit to enhance physico-chem cal function

t_of
i s esse ??qﬁ?‘?“el“sﬂ%:l oGV StPPIReNpptly i trghmodpesandeint harmav pdiarafeesteappl i cabl e
Lo BUMBH:diFeratidiP WU elen SHEL AN RL L IR GY Lur ed cel | s of "a human

liver T1solated fromadults een-consi der éa-1 npossi bl e. Nanely, the
-mat ured hepatocytes with adhesi on dependency are | argely damaged when 20
cells are detached from culture substrate for subcultivation operation and
are difficul tNeGspyadhegh amount efliemsubkepatoeytcoistveay ynach thike, t he

present. ipventors have . nvented .a nmethod for proliferative hepatocytes
conpri slflngﬁieg%f AOTRG St t ﬁcé%g{%%ﬂlt gg’,e "?l%mr‘?f@{ g‘l"Sﬁé‘P medicat de¥ceve

abi | i t yactidd ovenehABlioNeRAUMINTELS 1 r Li48ksa1 REEOF M Ng
primary 25 7c’::ul ture ofmt he_smal Ifhepg‘{‘:gcl)c I?lggft %%m{:huﬁﬁﬁflﬁéqﬁﬁft her the
cull®ur ewmbiepag odth e aatificiah éuhotien biasad WasSplgy €186t eR@cANbSnciple '

- (JIP-A-08-112092; JP. No.3266766; USP No. 6,004,810, JP-A-10-179148; JP
“No. 321 1T%#F as adsprptiony daalysis) pnfdiltna g salomgdwith picdogisaBaztdong P

No. 3014322 Al i l: ubl L shed are as follows: (Tateno, C. and
Yoshi zat o, éﬁerﬁ%gﬁ&? %ﬁa#cé%fiag‘f%‘ Eé?%i’t"?’éf’is(?ﬁeiiﬁ SnELY Brgresfidifogeni ¢
hepat oGt eeveidimén lofSepke '@ﬁﬁci?éioﬁver, 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 2 human liver
-isolated from adults has been considered impossible. N amely, 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
c_omprisihg isolating smail 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

| No.3266766; - USP No.6,004,810, JP-A-10-179148; JP No.3211941,

| JP-A-07-274951; JP No.3157984, and JP-A-09-313172; JP No.30 14322).
,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 epi thelial cells", Am

J. Phathol. 149: 1593-1605, 1996; 'Hi no, H Tateno, C saki ,

C. Katayamm, S. Kohashi, T. Aratani#4 A Asahara, T. ﬁaée%ltfnlﬁgaeﬁgm
.Yoshizato, K ; "Along-termculture of human hepatocytes which show a high
growh 5 potenti al and express their differentiated phenotypes”, Bi ochem
and Bi op ])é Reig Commun %éh 184- 191, 1999; Tateno, C. Kajihara, K T.
YanasakPPESSOGHR phgnoiype toatesytes and by sembielinl sellyy &mJnJ pot enti al

f adul h t 7. 200 d
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Katayama, S. Tateno, C Asahara, épéndent in

10 vi voKgtayutrhapSt Bohiashi,of. Adithhi,r &t AbghatQCy Bshi, KArandl‘{oaeiza% 158:
97-105, 0 2001). The nmethod of the above prior patented inventions

provi de¥-ndvkmg- ﬁ%‘a‘h§uifé?fe@l§tfmmﬁndl¢pa}hcamm10bfslmwrarhlghmtomht es by

rold fe hepat ocyt.es i Q,.h ver, the human hepat ocytes
gbtas: ne‘ég%n\ﬁtaf'ln gg%efs Iﬁfsﬁai}'éelﬁ ‘E’rﬁéﬁ Fhaf‘ﬁg ESH‘%SQ’IH wch Fﬁhgﬁpéng are
i npai reEldi:lH}*S“EResl WERLAL $96CUBUUIGT, TB8HE Tafeddl ENRL;i 50? ofn that the

smal | hepatocytes can not differentiaté o’ hepatacy t s  (Funtty onal

hepat ocV@Jest)sakha(m Satof thanidoyosquansglie r‘l‘Hetté)rd‘geheﬁy om RV ELC pbashtidlor
exanpl e mn 20 expression | evel and netabolic activity of cytochrone
P450 f ot dat §%@F§Fﬁ§e"&nﬂlt§q “untepptalpgg 3 ke &Sofis, 20@@ and still

insuff| c for aIt nctlon or as a
‘materia igr ngéhs ‘é’lr‘]ﬂ ? %“L'm a4 - ‘?&8% Sg‘bﬂk'g&gv Das a
~ scieenivigo gyﬁﬁfﬂﬂpﬁfentﬁh’lltﬁ’%dh@frdfﬁiégkﬁbayt@g” SRCirf P&tHdIVPSSfEW'CI 50” or as a
~-gystem for testing 25 toxicity and pharmacol ogi cal effect of ‘drigs on
“speci fi40Q1ncti ons which are conserved after |ong-term subcul ture. Snall

~hepat ocytes having proliferation potency can be collected by wusing 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 cyfochrome P450 for chemical
¢ ) substance and svon. By those reasonms, they are still insufficient as
hepatocytes for alternative human liver function or ras 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 Iongéterm subculture.

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

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




30 above prior patented invention (a nmethod for separating cells in 5 21
Sept enber 2006 supernatant obtained by | ow speed centrgf ﬁ%ﬂ&%bo&?t al so
a cell sorter such as an elutriatordand FACS, however, cells obtained by
such nmeans are a mxture of not only proliferative hepatocytes but al so
other cells (such as non-hepatic parenchymal cells such as stellate cells

: t ai I uper.nat.ant .by | ow speed.cent.ri ation). Consequently,
(r:rggngl '? %%%%gtgng d E’g &, Ilf}%ﬁ%‘ﬁdfsg?‘éﬁrffygaﬁﬂﬂLﬁ%ﬁéﬁﬁ? (?_c{}?]é_sSOSFﬁry has been
[ equi 1 eslich AbanfEETAor ANERALEN AR VBECRICYHRL BlA% FANS) ALl he above
circunstances, and an aspect of the present invention is to provide a 10
nonoc| onalixtimts dfotht ontly givobifereitiviededdagocyaes Hnit z&so i deflsgbinve dsuman

hepatocytes. Further, ofher aspect of the present invention is to provide a
rref hod *%/‘b?* DG iR eprBY IRl r 8116 e SHGRaRshepeliatey celsaant#iaedr 6hi f er at i ve

15 ] such t hod. Fuyrther, other aspect of
theggrgglnt ?%%gﬁ%fgﬂg?&Q%@%g?gé?ﬁg&%”ﬁhgﬁﬁ%ﬂégg?&hhdﬂ%?%@*?8£H?Pferentiate
the prohibsnatially frelger ARRAAEMEEB o WICLHRNRAs BUBRNHRAOCYt s, the
functional human hepatocytes 20 obtained by such a nethod and utilization
of the functional human hepatoc¥te?: Di splosu:e offlnvenflpn EﬁeTh:bove
t invention provides, .as the first invention for_solvin

B; gﬁfgm a w@fﬁ’&cPﬁ%e?P\{éﬁf’FBHa? %?J%(’E’FPPC%G}IPQITE‘%S@BEﬂjﬁﬁ’lgf)F’?ﬁ i 3 &t |t ve

dfS .ant . e.firs
human hepalQskfiss, A )éﬁnﬁgge&f fol &{/{Q;&?lgeggﬂﬁ c]inﬁ%/ﬁtéoﬁy%r'lod Dravide, )

invention 1s the nonocl ona nti uce

Mot@ e- Mbosecloybt i sdaitiod§8 2Aa chFERMiBRaBP 34kognizes proliferative human
\, hep'atocytes.

30

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 aspéct 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

N 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 -
.ir;v'ention is the monoclonal antibody produced by a hybridoma cell,

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




21 Septenber 2006 6 In a fi st aspect of the present invention, there is

provided an antibody specifically recognizing prolifergtdve hu
hepat ocytes that exist in a hepatocyte popul ation isol azﬁ_eg(fp%rngﬁ{ng@(sadul t
hurmman |iver and have clonal proliferati Vg ability and differentiation

ability to functional hepatocytes. In a Second aspect of the invention,

there is provided_a. _hybridoma _cell producjng the npnocl onal antipody of

the first aspegl%. 2 figs Qﬁﬂﬁ?feo&ﬁ}%g? i bR teen th%rel\/b%é’éQWtfiﬁg

- hybri doma 582%ﬁt'b(d%§RM 5 Th | rd-aspe f | nvention, there
i's provi d%d a rrelt ho f$e$%%%¥ ng?%ér%ljlil%érgt [ &goﬁgﬁgﬁ?ﬁépagg@ﬁq{;s, whi ch

conpri seshepatpayats nhacaixist e GRpaesk e pBpul®es! iRbtedntichehh as

defined above from a human hepatocyte popul ati on. The fourth aspect of the

i nvent i onédelertmimenprldvetiedndprivdvd eckuriale protiferhtivet cahility sephr at ed by

the method. of the third. aspect. Further the fifth aspect of the invention,
there is &’rfg?ﬁed’gbatéon iligy tp qcﬁﬂ?}b@qnlbeﬁq‘f@%ﬁt??-erentiation of the

proliferative human hepatocytes of the fourth aspect, which conprises
"perfornming at eagt sependonspeet fodl thed inyemnsams, theye sishprovilexlila ure of

~the proliferative human hepat ocytes; and (b) transfer_ of_hepatic nuclear
factor 4 ]{‘ﬁ?\fligfmbzbﬁ@ﬁa Hf%g‘t‘?félg éf%lni“?@ pRaleanfibody wéshe Sigt aspecthe si xt h

-aspect of AhNE ¥R b Mhe APEiGoind BLRYS Hobus¥MIbLEybridoma K8223
(PERM BP-8334).

The third aspect of the invention, there is provided a method
for isolating proliferative human hepatocytes, which comprises
separating cells recognized by the monoclonal antibody as defined

above from a human hepatocyte population.

The fourth aspect of the invention, there is provided
proliferative human hepatocytes separated by the method of the third

aspect.

Further the fifth aspect of the invention, there is provided a
method for inducing the differentiation of the proliferative human
- hepatocytes of the fourth aspect, 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
- proliferative hurhan.hepatocytes.

The sixth aspect of the invention, there is provided functional
- human hepatocytes induced to differentiate by the method of the fifth

. aspect.




human hepatocytes i nduced to differentiate by the nethod of the fifth

aspect. 21 Septenber 2006 6a The seventh aspect of th§|§% ;ﬁ ql'sthere IS
provided a cell kit conprising the functional human hepat

si xth aspect. The eighth aspect of the Havention, there is prOV|ded a
hybrid artificial |iver packed wth the functional human hepat ocyt es of

the sixth aspect. 7 21 Septenber 2006 In the present invention, a term
"proliferative human hepat ocyt es” neans human hepatocytes form ng col oni es

as a populatio I . i eas h ql oni@s. under in

VI tro culture cwol?lé;? Y%Hgﬁ A%%EFBT\{EG'J?IV%FIH%) rg{‘] %I{?n" ﬁ’i&fb’ ﬁ%&&egﬁ%ﬁ% ed as
"cl onal Domprfsingtth@ffun@ﬂ@@ﬂ&ﬂ&ﬁaﬁ%e@iﬂo@ﬁ%ﬁ%ﬁ% ¢ §sp%"c? single speci es.
Further, such ce can increase cell nunbers by subcul'ture. In the

present invent t j1an tQc I'ls

havi ng functloEH?elgPEeq va gﬁ}ﬂgbﬁﬁwgﬂﬂg? ﬂ§%§:8n§ ﬁEdfbﬁﬁgﬂgfocytes in
human- bodytifitial Hivee)paeked ﬂvﬁlﬁl%@fmﬁ@ﬂidnﬂuﬁﬁlﬁ%ﬁ Heﬁatwtkg)oftﬂh%rﬁs&h and rnore
particularly, it nmeans that at |east |evel bum™ expression” and
"cyt ochr 88@e®450 activity" thereof are substantlally equal to those of
human normal hepatocytes. 15 Qther ternms and concepts in the present
invention will be defined in detail in the description of enbodi nents and
exanpl es of the present invention. Various techniques used for carrying
out the present invention can easily be avail able based on known
references by those skilled in the art except for those i ndi cating

speci fic sources thereof. For exanple :




20 technol ogi es of genetic engineering and nol ecul ar bi ol ogy of the present
invention are described in Sanbrook and Maniatis, in "Mlecul ar oni ng- A
Laboratory Manual ", Cold Spring Harbgr Laboratory Press@_%g%m%%%ﬁﬁl%a
Ausubel, F. M et al., "Current Protocols in Ml ecular Biology", John
Wley 8s Sons, New York, N. Y. 1995, etc. 25 Brief Description of Draw ngs
Fig. 1 illustrates a growh curve in culturing hepatocytes isolated 30

f rom pat i ent dnghewrnesent ingadions, 2te1Sefpevibfera?ddBbunkighePatacyaes”
phase-contras rricroglcopi c i.mages of cultured human hepat ocytes used as an

anti gen” T 8P pr&gatin CRAONEEF oh T ™EME | 5‘618?.1635 # g2 PopPYiafon magd showi ng
react i ioy;sQfatfidl M@téﬁﬂﬁfe??& ML BlonilY BLIATR vli@%ltz,lglt%ge P:éﬁgg%(% y Ver

ti ssues observed by | mrunofl uorescence staining. riisi S result
on readtunthey, dbroliferariendupegnabantcsignalél hydr ideanl NorolrAbd»sol at ed
human hepat ocyte by FACS. Fig. 5 is a phase-contrast m croscopic i nages of
cel P pdisisrRsroidonysioarporert sells Nge siggleRepecignd Fertheeasteold qel8) wit h

cul tur uper n f brido are sorted and cultured. 15 Fig. 6 is
anal ysf\cgir%?ﬁ?%gegﬁ&rlélglcrfl%ﬁ %’yosfqﬁ%ﬁl Y% supernatant of hybridoma No. 23
.on subcul tured human hepat ocyte surface, by FACS. Fig. 7 is a
phase-contrast m croscopic i mages of nonol ayer culture 20 and spheroid
cul ture of hépahecytessnafineentioday {erppéfumalamal) hamein/hepycytdoner
columm). Fi 9. 8 ﬁs .a graph_exhi biting expression of human P450 a%ene or
| means ells aving” function level equivalent to that of human norm

10 hepatocytes in human body (in vivo) or in the primary culture (in vitro)
QI thereof, 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 easily 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
] ‘:j_“-) invention are described in Sambrook and Maniatis, in “Molecular
CI_oning,—A Laboratory Manual”, Cold Spring Harbor Laboratory Press, New
_York, 1989; Ausubel, F. M, et al., “Currre'nt Protocols in Molecular Biology”,
~ John Wiley & Sons, New York, N.Y. 1995, etc.
25

Brief Description of Drawings

F-ig. 1 illustrates a growth curve in culturing hepatocytes isolated

30 ‘-'_from patients of various ages.




GAPDH gene on hepatocytes inmmedi ately after separation fron1a hunan 25
liver, a nonolayer cultured and spheroid cul tured hepat 12 2

subcul tured hepatocytes, and spheroi g cul tured hepatocy es qpéz qus a
graph showi ng tinme-dependent changes in albumin secretion from hepatocytes
obt ai ned by nonol ayer culture and spheroid 30 culture. 9 21 Septenber 2006
Fig. 10 is a graph show ng expression of human P450 gene on cul tured human
cells, to which human HNF4 gene is introduced. 5 Best nopde for Carrying
Qut - the Inve jo A nmonocl onal . an |bod§§of the first invention is

characteri ze ?b@'c’? PPy ITASE SYSF T TRPIR dRRRCH e ey tess hpman f er at i ng
whil e f gephiddy té&u%@&% &5 an'YfEe% RN ﬂeﬁb‘:ﬂrﬂfé% 'm 8’c1HBQP%*}?’I?>%| anti body is

characteri zed by speci fically Tecog ol Tferative human hepat ocytes
while formng colonies and having potency of differentiating to functl onal
human hepat ocyt es In this case, a term"specifically recognizing" neans
to M nd onl y¥ige hiven Hgf?ﬂeoélyt)ngéﬁﬂﬁféﬂlthefrfepnbei’@rSeIIEmdatmt vb bind to

ot her 1 and nan he tocytes.w t hout having characteristics
ment i ong hléir%el nbé or2leyvl 38? al YSEi bb{b‘iﬁl’cﬁs t heb ?qrygﬁci M%nti on can

be obt aizﬂﬂﬁlﬁdmmregb@nwgfdlgg@ cells of the second i nvention by nmeans of a
known nethod. .20 The hybridoma cells and the nonocl onal anti body can be

prepared according to a known nmethod for preparation of a nmonocl onal
ant i body, Wngcrl bed i'n_"Mbnocl gnal anti body", by Naganune, K. and Terada,
H; H rokawd Pufl 1S @ralysigoresudh@r mparievisn af Mum@ypeygﬁ@t\mf Godi ng,

3rdo E%ybtﬁﬁ@ﬁ%nNS PBEST isot Ak hL%a&ﬁa@Lodth%fpgch| Fow ng procedures.
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 microscop.ic images of monolayer culture
20"  and spheroid culture of hepatocytes after 1 day (upper column) and 7 days

(lower column).

L

Fig. 8 is a graph exhibiting expression of human P450 gene or
GAPDH gene on hepatocytes immediately after separatibn 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
secretlon from hepatocytes obtained by monolayer culture and spheroid

30 culture.




25 1. Preparation of hybridoma cells Manmmalians are inmmuni zed by using an
i-nmunogen contai ning subcul tured human nor nal hepatocquﬁgwémm,ép
necessary, animals are sufficiently9gsensitized by |nnun|zphg pt é%ly and
additionally. Antibody 30 producing cells (lynphocytes or spleen cells) are
“then isolated fromthe 10 21 Septenber 2006 aninmals, and anti body
producing cells and nyeloma cell lines are fused to obtain hybrid cells.
Cell s which produce an objective nonocl onal antibody are selected from

these hybrid ggll es 2, G tured to obtain bri do cells. Each
process is exp%al rge Qlangdae&éﬁ%%wﬁn&mexgre@suﬁ é’ﬁ%‘é’?ﬁa&nggfs Oa&eRenfithogen
Human heplaheey hesnass @elleth (Whesh MIHBL II{NY-‘@, %Uﬁﬁréﬁsd&gi col | agenase are
~subcultured to prepare an i munogen. The epatocytes isolated from

human |iver tissues of subjects not ol der than 15 10 years old, which are
able to subculture for not | ess than 4 passages, preferably not |ess than
6 passages, are preferably used. b) Inmunization of aninals Aninmals to be
i muni zed can be ngpgl f rid preparation and
include typically, for %ggﬁ%r eér%qggg?gﬁhﬁélﬁ)’t?ﬁ%eeps, equi nes and
bovines. Mce or rats are preferabl e animals for inmunization fromthe

st andpoi nt of easy availability of nyeloma cells to be fused with '

separ at ed ant/} FeeRogpaalentidpody| o6 thdHmse ingempospscifiaractédizgd alyi on on
and strains of mce 20 such as A

Ak BAERFIT R ead el Byien g Diicyisk prplcrafingrwhile frmings, N5,
NZY% Riooldhiek, bke ﬁ%ﬁcul@ﬁlﬁ%é&%mo@%aﬁt&ﬂﬁﬁéde LRl Sicterized by

3

specifically recognizing proliferative human hepatocytes while forming
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 charaéteristics 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
,éufficiently sensifcized by immunizing properly and addition_élly. Antibody

- .30 prqducing cells (lymphocytes or spleen cells) are then isolated from the




such as Low, Lew s, Sprague, Eameley, ACl, BN and Fi sher can be used.
Considering conpatibility with nyeloma cells which w | X[l ai

her ei nbel ow, BALB/c strain for nousdOand | ow strahif(nz¢$@féébr%@ﬁg
particularly preferable for animals to be inmmunized. Ages of these mice and
rats are preferably 5 12 weeks ol d. |nmunization of animals can be

perfornmed. by adm.ni sterjn uhcul tured human hepatocytes of the inmunogen,
about ﬁhuﬂéfo%néé‘ﬂtktto ﬁﬁi"r‘ﬁt‘ﬂ’f‘&ﬁégﬁw wyelomeg gl ditesrs fupeideo t he

o el s L L bR R R R Al SafiPol Crnccs,

etc., howessdectgdipnmlthysé bgBHRNEN] Ghed GHdNHHLEFdD obRBniHYRINAGER 1S 1-6

- times and an_admnistering interval is 1-2 weeks in nmultiple

adni ni stike: | Bash mogysTiy Expladnoh isplesath bebdws or | ynphocytes containing
ant body producing cells are aseptically collected fromthe animals to be
I mini zed after 1-5 days fromthe final inmunization date on the above

adm ni s)epear SGHE i lad imPRRAALI on of the antibody -producing cells from
the spleen cells or the 10 |ynphocytes can be performed according to the

known net hod Huinenahiciphoekytps othotated dadrhsnanchal hBvely eligseescaldisgare then
fused. I e nmyeloma cells used are not specifically limted and can be
sel ect SPULEBAP K ndhfin SECHliurgds te oprapsse ppwivErUnQEMS| d8ei hynemmveni ence

in sel i . i fromthe fused cells, yse of HGPRT 1
(Fypox Al BB @ PRI ERER R BRR o Vet suByedlinaiollE SAFaTS,  wherei n
sej@ct ipearpraaedirioht e able hassibeantest b nshedss i 0y af Etéé)eiézes,' Narely, -
- -those are X63-Ag8(X63), NS 1-Ag4 / 1(NS-1), P3X63-Ag8.U 1(P3UT),
) preferably 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
immunizatibn 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 - SuchasA,AKR;BALB/c,BDP,BA,CE,CSH,57BL,C57BR,DBAWFL,HTH,
»\ HT1, LP, NZB, NZW, RF, RIIl, SJL, SWR, WB and 129, and strains of rats.
- such as Low, Lewis, Sprague, Daweiey; 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 animails to be immunized. Ages of these mice and

| rats are preferably 5 - 12 weeks old.
Immunization of animals can be performed by administering
subcultured human hepatocytes of the immunogen, about 104 - 108 cells,
iritracutaneously or intraperitorieally into- the animals. Administering

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




' X63- Ag8. 653( X63. 653), SP2/0- Agl4(SP2/0), MPCL1-45.6TGL. 7(45.6TG, FO

S149/5XX0O, BU. 1, etc. derived frommce; 210.RSY3.Ag.é%r§. %QZO@if' 20
derived fromrats; and U266AR(SKO 0074), GVL500? GIG ALZ(( g%%},- >7129- 6,

LI CR-LOMHW2( HW?2), 8226AR/ NI P4-1(NP41) --etc. derived from human. Fusion
. of the antibody producing cells and the nmyeloma cells can be preferably
perfornmed _under conditions wi thout extrenmely reducing cell 25 viability
accor di Bylivistus diffpesnraseehod hosgrhr genémdly fraghedey of ednexastpting a
- chem ca hod for .admxi.ng the antibody producing cells and_ the nyel oma
cell's i_{nhégﬁé?“&n"c%%r‘?&é"n "lﬁaftlF%ﬁ angi ﬁ’f‘iagﬁmé‘fm‘%&i’r%te RS 452 Wsilpdhy | ene
gl ycol ; mandpee RAMShEAbafiBhHod utilizing electric stinulation. Selection of
fused cells and non-fused cells are preferably 30 perforned, for exanple,
by a known HAT 21 Septenber 2006 12 (hypoxanthi ne-am nopterin-thym dine)
sel ectiaon thod. This nmethod is effective for obtaining fused cells by
usi Ny tWéC%EQFﬁﬁﬁ-cells of HGPRT deficient strain which can not viable in

t he presence ' terin. Nangl fused cel | ith resi.stant, to
ani ngpt erin c%%leggl ée]egf}'l §fe|1€m6’él OFgF Sy%?%ataé“m%ﬁwfzﬁf%e%r LaP t'i?}nisng
non- f usaxk £aJpticalyded1UERed Eth Thb Mrih1 S 6 e B mbhi ] 8RB} 195 AfayRlybr i doma

Screeni ng of hybridoma cells producing an objective nonocl onal “anti body
can be fperf therddadyinkmovmzatid cse suc bhasbenz yadmidiStdrimy sehsdaye.( El A) ,

radio i noassa | A) and, fluorescent anti bod techni que. The hybri doma
~cells p ﬂbﬁf@?’f‘?& _éf %ﬁﬁ%}%ﬁy RROT PG %‘fi@ciﬁqu%a!%leysplﬁéﬂrﬁﬁﬂsoohitgﬁl y
- Prabi f agAlinG yRNTBAL IRPALASKEE] £2Br 8GR AR BY 2YEtLa ' |
) - The antibody producing cells and the myeloma cells are then fused. :
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 .phosphoribosy]transferase} deficient strain,
 wherein selective procedure thereof has been established, is preferable.
Namely, those are X63-Ag8(X63), NS1-Agd/1(NS-1), P3X63-Ag8.U1(P3U1), '
X63~Ag8.653(X63.653), SP2/0-Agl4(SP2/0), MPC11-45.6TG1.7(45.6TG),
B FO, S149/5XX0, BU.1, etc. derived from mice; 210.RSY3.Ag.1.2.3(Y3), etc.
20 derived from rats; and U266AR(SKO-007), GM15007 GTG-A12(GM1500),
o 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 afe preferably

30  performed, for example, by  a known_ HAT




a screening method. 15 The scr.eened hybridoma cells are cloned by known

nmet hods such as a nethyl cel lul ose nethod, a soft agarggﬁ% g ?Q a
limting dilution method and are used for antibody prodt PO -

hybri doma cel |l s obtai ned by nethods expl ai ned herei nabove can be stored
under freezing state in liquid nitrogen or a freezer at not 20 higher than
-80C. The present application ﬁroyides Mouse- Mouse hybri doma K82?3 ( FERM
BP- 8334Pypa§aathwr@@nnm@m piidiee) rsytm:itifsb@maim@dt 1 Tklﬂs rﬁllaﬂmdusggda

nmonocl g and i qn thereof 25 A nonocl onal anti body

speci fi gﬁﬁt? oun t@ﬁ’l”ﬁlgtpg“iﬁdof:%?% t Poe Ry epi eells o %ﬁﬁRﬁehobt iu ned
by cult b I r e Q\e th a known
et hod, ‘*‘*&???52’?{%‘% A e e L v R
conposiNamelydaded nellheitibmetstainenb mgnmbtplﬂ@ﬂn cah Jele @iIVEDEBE 1ef8@nd

I nt raperi neaII cultured by injecting the hybridoma cells and collecting
13 21 [5’5‘2 0%“ Itupagrerdispd celstambaysdd eelabt HASS mefhust.obt ai ned

nonocl onal antlbody can be purified, for exanple, by amonium sulfate
fractionation, gel filtration, ion exchange chromatography and affinity

chroma ghﬁﬁbﬁl bhR¢Bridamlfre present application provides the
above- ggscrlbeéﬁﬁ br?dona cell, Mouse- Mouse hybridonma K8223 ( FERM BP-8334)

as a typi cal %xawpilng Of)hybhelohyéarqeﬂenproahidmganﬂoajdmmdrmmlclcafml body
- produced he hybri do cell, Muse-Muse hybridona K8223 (FERM
BP- 833414 : ?Vp.Rf-a‘ TS HpPY daRomeRthedsl saeh saehi bRstly enzyme

10 1mmunoassay (EIA), radio immunoassay {RIA) and ﬂuorescent antibody
: technique.
' The hybridoma cells producing a monoclonal antibody specifically
bound to highly proliferativé 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
YT 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 celis
prepared in the above 1 step with a known method.
Cultivation can preferably be performed in medlum having the
same composition used in the above cloning method, or in a mouse

30 . intraperitoneally cultured by injecting the hybridoma cells and collecting




The third invention relates to a separation nethod for proliferative human
hepat ocytes, and is characterized by isolating cells, i gh are ogni zed
by the nonocl onal antibody of the fiyst invention, froﬁ?%gﬂﬁﬂg%“%@&f

hepat ocyt e popul ati on. The human hepat ocyte popul ati on can be prepared,
for exanple, as primary cultured cells, which are isolated from a human
l'iver by a known nethod such as col | agenase perfusion nethod and is

cul ture'é‘q mogiockenal gntihedh & qm esgited. as subcul tured cells for 1-8

passages. Furt.her he human hepatocyte popul gtion can be "a cell 20

~ popul ati on cg%FE?RP%ﬂnf OnﬁﬁﬁgﬁﬂHEﬁﬁ?%@&P@Eﬁ“HPEEﬂB§béb¥ﬁxﬁﬁﬁﬂ%atented
i nvent i19Rs airientes byarhhe i ventQr - A-08-112092° ]

No. 3266766; USP No. 6, 004 810?%%%{%@17%38%1%&@’&? 94’%?&&“&2

JP- A - Cch2TetSgrapley Nod3dBiis4 cAnsindbb Ara@by3hdlif@ds. JP No. 3014322). That

is, the small human hepatocytes in these patented inventions include 25
non5parenchynal hepat ocytes such as stellate cells or Swiss 3T3 cells

which are co f lturin d subcul turjng . || _hugan

hepat ocyt es. ﬁh&ehg‘%soq}tf%é%ﬁ?%téo%@ﬁgﬁladgeé‘l 3 EEHV "éieé‘gﬁgggtk@ﬂxﬁgﬁ?pé‘a

ef fi ci eflll, MUVl di j i zgggﬁ qg@h] ti body of
the first ?%vention. §%ﬁﬁ34§ﬁﬁﬁgﬁﬁiﬁgﬁ?ﬁ¥%%§’ﬂgzﬂgﬁgt. ng%ﬁ t éﬁg

prol i f éfathe éryhmdemaepatlecgndsacamwrelpedll anttddyy peodiiaadt kg thee
nnnoclgg&%kgptibqu | abel ed with enzéne, radi oi sotope, nagnetic beads or
¥ : ook

fluore e FEE M ORS6 VM RS Rty T PLE3pBF Mt BE83%H, spar at i ng
celhs ith k%?%kﬁﬂli@QﬁE@ﬂuﬁ%ﬂﬁ al%hé%gﬁ ‘this method exhibits al nost no
cell | oading caused by centritugatiron, “cell fractionation, etc., the

f broIiferative hunman hepat ocytes can be obtained without any damage. Enzyne

used for labeling is not specifically
: 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 1is cultured in vitro, 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
No0.3266766; USP No.6,004,810, JP-A-10-179148; JP No.3211941,
J,P—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 subcﬁlturing small human
hepatocytés. The proliferative human cells can be separated more
efficiently from such cell populations by using the monoclonal antibody of

the first invention. |




I'tmted, as long as it can satiéfy condi tions such as having |arge tr{nozgr
nunber, exhibiting stability in binding to an antibody CIB Iy

col oring substrate. Enzymes used forl4onventional ElA, éﬂﬁﬁﬁ%ﬁ?m'§@§X|dase,
(3-gal act osi dase, al kal i ne phosphat ase, gl ucose oxi dase,
acetyl chol i nesterase, gl ucose-6-phosphate dehydaogenase and nala}e o
dehydrogenase_ can be used. Enzyne inhibitors and coenzynes can al so e
useé. Bi ndi ng>PREAEN af! etB§ nBreligrativantivseay dwpabeciicsi enad Iy 15 a

gg%gztnggﬁ\%?%aﬁ%%ro gl%%lggggbts re_(r)a%gogiér\%%ng“gﬁgtgﬁgﬂggegin&’ﬁga %’gl@gnegependi ng

on_typefadibisenayer modictX WeUds oAt oPEEPHdaSEel SSaBofS BlmFNZYME,
3,3 yg 5'-tet ra%g?hyig%%?lzi di ne can be used, and when al kal I ne m[S’J}wsphat ase

i s usedheBatReytn Aonulatigoh agsl pepatratingeodls dadidmingedbelaahwgdmrl ggir d I:I 0
“radi o,sotqgpe, copventional ly used radi oi sotope in R A such as an

3H Pan EC&?@& “W?Bﬁgreé‘bé‘?las almgst rasrideatioe %L@?é_rhxcqrm@ﬁgatmn,

1 lor esmanan o oo TP PRI PR THEb e 28 be

O i LD Loy et D S o 2
Iabeled,ng%?I ﬁan be perforne%abylggding i;s;trgéf, MQ;Fh devel ops col or

' o‘h‘ﬁ‘b%e » SRS 1§ eary §aidsicedruhitiops| § ds naviass rgaguenayare

ggt?ﬁft gx:g;%i ringlth dy onposed,.anount of the substrateTby

phot ometTy: Lo TR 8§azt§}ﬁ'gy g@t‘{%\ﬂ%gt*& ar anthaty andseseifigalivhody, and

caljoul aid hQuiEeLHT of pRfYyaH Y .C( ' it At D andard 30 ,

,«vaﬁge.agﬁgﬁng %gdiois%iope isﬁﬁggd, raﬂ%ﬁt?§ﬁ9§ﬁ§§?¥ﬁﬁgéhﬁEPgﬁ_%% the 15 21

: 'QSept entaro2BBGe, r fcgadbsbisifpesd,S Alkakne e@tﬁb)é%)h&tm@gmgge! |d-aihgs counter,
etc. Wen fhgprescence pignent is used, ftluorescence yield is neasured

by app&stiisholipssteiagenigiicass-Puphesplasice dihodssgopse 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, 3,3’,5,5’—tetram_ethy1benzidine can be used, and when alkaline
phosphatase is used as an enzyme, such as p-nitrophenol can be used.

_20 . Withregardtoa radioisotope, conventionally used radioisotope in RIA such
ey as 1?5 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 i1sed. 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
éctivity by measuring the decomposed amount of the substrate by
phptometry, 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




5 According to the nethod descr i bed her ei nabove, "the proliferative hunman
hepat ocytes” of the fourth invention can be obtained. T roli tive
human hepat ocytes grow actively whilgsform ng col oni es ﬁlﬁ%ﬁg?molﬁeﬁlfzﬁéf?e
condition, and have differentiation potency to functional hunman

hepat ocytes. Such functional human hepatocytes can be induced 10 to

differentiate fromthe proliferative human hepatocytes by the nethod of
the fifFHICIRAEAPEJH. measurashbyi Beile AwrantiHepanooypiercatr.alWhebea obt ai ned

by th f i_ni. t he.h hepat t d t h ' [
Che. prenae RSk s RELRh st DO Ry L ATE Y ORGOBIS 1 hor o | 5

possi bi tbinpihed &AMk Al fMubRcPhet ihgratddf. cells in the 15 nmethod of Exanple
1. The nethod using a nonoclonal antibddy in the present invention is an

excel l ent nethod on the point that substantially the proliferative human

hepat ocyt es o&lé}rcan be isolated. The nmethod according to the fifth

i nvéntion is ChEFERe e 188 Bythoh dgaexibedihegeimabore| (e ppliferative a) or

(b), orpG&laf r,ol lture of proliferative hu

hepat ocytes " Sp eér%icﬁ'%)’rre?ggﬁg (Igg'f ﬂpé%‘ﬁ?%ﬁ‘?%nc%r 'ncgbttail%%‘gengﬁ%cture by
aggrega;bfaiﬁefétiﬁeewmhnhue?aaﬁgrteé &R Sactibeh Gahiy ’fo‘fﬁliﬁg 8hiBns l ected to
25 forma three-dinensional cell population by a nethod shown Bel'ow and are

cul t ur egndar shlanenegndision, and drayerdiffarantiknonnp oty ds foncitddha ni ng

'spheroi,d_ include cul turi sing Matrigel (NMATRI GELTM Matri x, Becton,
Di cki nse AT eRARecy espo%?’tﬁ?'\/‘lél%&}f&édﬂfﬁeﬂm@ﬁowpﬁ gan; ke ingltaedn,
D ¢bi Nsnyidfede A d & Y f [ Oi - 00965,. 30 Suniron)
~-.and rotar yjl cu?tu?%ee ﬁg%ngl%bfﬂﬁ?g%ltgﬁpﬁgg&ﬁgﬁo% t?ssg%gg?é??g’(?df%{? 16 21
- Sept entitre HHOE inabotibnbé -THE faysiord)) hlihans  dpAbcRBALARY hfs el ear

Factor o%tgll_xlﬂalch Ly%%gemiapﬁood orrocllitfalexi;?rlt'gi ‘Elhee human hepatoc
ytes used as the
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 sub stantially 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}.

j (a) Spheroid culture of proliferative human hepatocyfes
“Spheroid” means a cell population forming tissue structure by
aggregation of several hundreds of cells. Typically, cells are collected to
25 fo_rm a three-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,
Di'(_:kinson and Co.), a positive charged incubator (Primaria, Becton,
Dickinson and Co.) and a U-shaped incubator (Spheroid MS-0096S,

30 . Sumiron) and rotary culture using a roller bottle.-Culturé 1s performed for




_-rethod with a tenplate of MRNA'I's om manma
,%)rl nmer c2NA (Shgdsiucin/ X50WA3E ageeNse kndvn. Consequently, these known

e

human hepat ocytes 5 Hepatocyte nuclear factor 4 (HNF4) is a protein
relating to transcription of gene expressing specific ctian i
hepatocytes (e.g. Bell, G |. et alig Proc. Natl. Acadi.f%cﬂtt‘?n%{%w%M),
1484- 1488, 1991) and cDNA sequence of human HNF4a is known (e.g.

GeneBank/ NMD00457) . cDNA sequences of HNF4b (GenBank/ X87871) and HNF4c
(GenBank/ X87872) is 10 al so known. Muse HNF4 cDNA ( GenBank/ NM 008261) and
r at HNF&bOHbﬁA‘% ®rk/ X57133) are al so known. Consequently, these known
HNF4 cDNAs are reconbined with a eukaryotic cell expression vector and the
resul tant expression vector is introduced into proliferative human

hepat ocy)eBrasfécnen e BBt SHEN l,e I 5 cal cium
phospha?lie] transfecti ogantke}?ﬁgd, ae%is;f)%dggﬁg ﬁ%ﬁﬁﬁgé%%?lgt%@%aaet%e}an

met hod, humamhepdtasyteblF4 gene. HNF4 gene can al so be introduced by a

met hod accordj.ng to a gene therapy nethod (an ex vivo nethod) by using

hol Iow nano- %Fg?’?ﬂcﬁe hack§ra fa5teF ed o fANFAh gl elnsitein nedating via us,

lentivi i - iated.virus. HNF4 DNA be
obt i ned By ARy S Koy e e B Pepet i © g Beloe A

pr epar e@. bastesl. pRré A& S AGHANSEi. TISA & (4), Tk aldlsal e, %Bﬁ% be used
by anplifying with a conventionally used gene anplifi cat}i on net hod such as

PCR ( PotsaiareseofdhananfdNEods knmet ¢dg. GRASBhn)NM c00487)d sbyuence based

' lifi i 5 i pti on-nedi d lifi i hod
and. oA Qel<Pks O B KRRk A7 B ol Rnu B AE Kierbeoks ka78ie) tamount of

obhect | 800k C At SO RN TR Bl RIR dGeyerSen T Anshfal ase- PR
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 cralcium 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 naho—pa.rticles having a biorecognizing molecule,
retro virus, lentivirus, adenovirus and adeno-associated virus. HNF4 gene

20" c¢DNA can be obtained by screening human and other ¢cDNA libraries using -
a probe DNA prepared based on known sequence theréof. Thus obtained
c¢DNA can be used by amplifying with a conventionally used gene
_a.mplifiéation method such as PCR (Polymerase Chain Reaction) method,
NASBN (Nucleic acid sequence based amplification) method, TMA
25 (Transcription-mediated amplification) method é.nd 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
o based on known sequence. o

30




17 21 Septenber 2006 Accordi rig‘to t he above-described differentiation

i nduci ng nethod, as will be described in Exanpl es herei ter, tgg
functional hepatocytes of the sixthi7nvention having fur tgbar 20

equi valent to that of human nornal hepatocytes in vivo or in primary
culture can be obtained, typically 5 expressing sufficient amount of

al bum n and having sufficient cytochrone P450 activity. The functional
“human hepat oc‘%“é%r%b‘b%é@ﬁb@l appvetesabibes didferértietivhdniloninigichethbdn can be
repl ace f exanphe,, by.subcul tured cells. obtained by a simlar method
for pr e%%‘r’vid%) % eé;%?l ﬁgg%ﬁ?@px?ﬁﬁﬁrmﬂ_ Foilist Bactiengk GRBRE Y iehebat ocyt es.
whi ch o bEBURAIIHINE hathd SubQebal (B9 RLAIEER Y, dike3diCh pa%u' tured

cells, non-proliferative celTs may be cont&aine uman ocytes kit

(the sevemhhl hepatucytey in Warbok it prihary vaeshrt eandidighbtat @b aybidNg, t ests and
saf gty tests,. and the hybrid artificial 15 liver (the eighth invention)
ar e”pr FHAIEASKE siffisientampuns of sHumin sad hardpasudeient oftadheosiext h

i nventi ' t ve .net hods. Various .hepat tes kits are known
dependilﬁgs%%%?lyp $ g¥ecfgﬁcgﬁ)gln hua%ﬁflﬁl ?t8ﬁ§t.esﬁ1'?)rt§g“%(£?’¥lt§8? P%%he art can
~easi | y diffepaigatiba i6@liktikhicadfbd f@zag&,%yegmﬂa@rgdwmﬂyre%é&y Ing a
constitution of the human hepatocytes of the sixth’invention and a known

cel | kiabtafigd Her a sindast inethodnfoof peepariay | thet ipsmuntoganly it aky pe

artificial .organ js knovvnl, fmﬁ those skilled in the art can easily prepar e
the ar ﬁrqqaépggtqu%anfng fel dRgRRIPYERRthigh cars besaNmrEB rethwhilees ent
i nygnti E 1S | keati an_ | by desce.i.bi n l'es in
e T Ry Ao B Rl Mo LSRG M i RRS5 nmans
)Nt edet bmitelined: -

The human hepatocytes kit {the seventh invention), which can be
used for drug metabolizing tests and safety tests, and the hybrid artificial
15 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 o-f the

20 - seventh invention by employing a constitution of the human hepatocytes of

\ ‘ - the sixth invention and a known cell kit. Further, a coﬁstitu‘tion 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.

25.
| EXAMPLES

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

30 means limited thereto.




21 Septenber 2006 18 Exanple .1 Preparation of a nonoclonal antibody
recogni zing 5 human proliferative hepatocytes 1. Culture, of human '
hepat ocytes A cell suspension was obfgined from human Iui]v%eiptetn? 5&%060y a

col | agenase perfusion nethod. The cell suspension was centrifuged in | ow
10 speed (50 g, 2 min.). The precipitated fraction was co-cultured with
mtonycin C treated Swiss 3T3 cells using Dul becco's nodified Eagle's

medi um (DVEM added with fetal calf serum human serum EG-, nicotinam de
and long-acting vitamn C derivative. Swiss 3T3 cells were added every ten
days. Human hepat ocyte col onies were observed after 15 about 7 days of

culture. Confluent growth hepato e subcultured by using
EDTA/ Trypsi n. Hepatocytes of chi %rra%?rpl\cggal d be subcultured for 6-9

passages, howevPtepietibn @ £3n6hoRbdhLNd8tibba pidgan 60 years old,
could only be subcultured for 3 - 4 passages (Fig. . Hepatocytes of the
chi Pd (12 years ol d) ebwnan; prpliferakiwghbepatoayteser ation ability were 20
used as an antigen (Fig. 2). 2. Imunization of aninmals The hepat ocytes of
the child (12 years old) subcultured for 3-5 passages by the

above- desci:ithed dﬁ{mgnméﬁa&rc%{ég erated on culture 25 dishes. After
confluent growth cells (about X 107 cells) were washed with PBS (a

phosphat e buf& erells ahispsobiatri ovds JRBSINVGD ff@AOMAthANdividRetigShe Shyer €
recovere ]ﬁ%y scraping with a cell scraper to suspend in about I nl PBS.
The su CORSGRSTRRP R M tiodd Theraeblesu snemsiin wasweBatibigedindew 6  weeks

ol do | "UPUA O Y ¥Rk YT Hle BELLRIRE W aluSh ThE RIS 2T LAY |
£ 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 highést proliferation ability were

20" used as an antigen (Fig. 2).

L

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
ﬁveéks old. Immunization was further performed by a similar method after

30 20 days or 30 days.




30 20 days or 30 days. 19 21 Septenber 2006 3. Cell fusion After tw ce

i muni zation, increased antibody titer was observed. ter 72 h of the
third i muni zation (boost), a spleenigas extracted 5 ﬁlo%pé‘??izl?eﬁ%(ﬁﬁs-zed
animal to collect spleen cells. These spleen cells and nobuse nyel oma cells
(Name of cell: NS- 1) were fused, plating into 372 wells of a 96-well
plate and cultured. 4. Screening of hybridoma 10 Primary screening (ELI SA,
ti ssue staining) Reactivity of culture supernatant of the fused cells thus

. obt ai ned 2y fﬁ@ioanti gen was assayed by ELI SA. Assay was performed by the
follow ng ™ net f6d: The culture supernatant was treated wth the subcul tured

“hepat ocytes, AE£RwE 6n i b .00, . i l.t.ur hepat ocytes 15
used, as an antigen, on mﬂggﬁ%l’ﬁn%%gga ?%{ng%gﬁp‘% v&m%sﬁlg%%rv%gth PBS

af t er céfter vat honys df yhaghantlimbounizgtish H306t), ANsElRen®ad akalaetkd
anti_-nouse 1gG anti body or an anti-nouse | gM anti body was then reacted

t hePew }E#En R rrenRaasd aeierbin pelledt| snlepy callgi nfheshspleaneells arshsur e

201 uocloast Fyady (50 PEheRY bR NS ST Sleinde RIS “not

| over éthaeOwell H18le sapt@surapout 20% were defined as positive sanples.
Since col or devel opnent was confirnmed in naked eye observation in sanples

wi t h absorbance of not |ower than 0.15, sanples with the absorbance of
fromO. 15.to0. O. 20f£‘4gﬁs nples) was treated with tissue 25 staining to
confir 'r§‘38FPW%9. K "®Rhem 13 sanples showing interesting staining

pather PRy sudast @S H19§iat E*é%u%%{glr%%' Sel ected 94 positive sanples were
~further cultured | nol a(r ge seale, an culgg ure
s 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
an_ti-mousc 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
3 , than 0.20 (81 samples, about 20%) were defined as positive samples.
' Since color development was confirmed in haked eye observation in
samples with absocorbance 6f 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 Sémples were further cultured in large ‘scale, and culture

supernatant was collected and cells were cryopreserved.

30 5. Secondary screening (ELISA, tissue staining)




- ¢l one

supernat ant was coll ected and cells were cryopreserved. 30 5. Secondary
screening (ELI SA, tissue staining) 21 September 2006 roen%%?8§$ | es
sel ected by the primary screening, 8§positive sanple P d by
measuring reactivity against an antigen in culture supernatant after the

| arge scale cultivation, by ELISA simlarly as in the primry screening.
Reactivity in_tissue of these sanples was studied 5 by tissue staining.
Sanpl es cont aﬁﬂrﬁggﬁwl@mmémsﬁelwmdhbsﬁh@l priosdiyyscreeatds 88 tgosiglid nenbrane

f h es and hepa es in paortal region, or supernatant of the
c epo%"?l% By cPont f‘ﬁjf eI YHMINgeTeAtivily @gabist ﬁ@aé‘fltlgﬁtlylfagal nst

freshl mﬁgkgg It}pe[[g a Ci‘» red
hybri dg(;m V\E tﬁegﬁl%pggggé% %9%&2@?%@110 yFﬁa S% SF]Pé ye%ﬁ on was

st ai nedini ﬁl@phnﬂryls«ngemhgt Behctiviry inalghyeZeidheBe kAAFIIEY W @hdsgl | surface
of freshly isolated hepat ocyte, by wusing FACS (fluorescence activated cell
sor mgﬁy YRS Stainirg.of aHlHIFS mtesmngehyémd@nm F“@mm@dqcmsfbo:cd t
obtain 0 u5| aon tho un er | ow speed centrifugation,
oer o 1 ritaple MERIPIRNSEDE slh ST iR Fnﬁgocga?ﬁparep%tahee% 30

T nut esor ANSiAAEATS iARGLAY obicdBY Efbnllﬁ (BBLIPAY B shilgRqlgeat ed at
4C for 30 mnutes to make detectio y FACS possi result a
part - offeéetlmi}’(ﬁ!lgai%t frnSth anedclyumthubatomeg eact ed W|th t he sanpl e

_ d the
(Fig. 4). react ed fglﬁ popul ation, designated as R2 fraction, an
P ot

non- r eact ed ReTpahyr OQBUH%PQWéHi%aR@WhH%ﬂMCWDey@orted and

' t|o were, also cul.tured. As the
) (r:glégr[ %Hg%{ﬁg%rg?%?%lgé I'gﬁ?&r? Iz%ﬁg}glrs\c/)e(flgﬁ i f‘u}il’e';tB]?’gé%u'tes? 8% in the
" hepat ocytadgzdiebar eeddtBety abajelOBurfi®clss Gldshef ihaLedd l‘l’l%fp(c):trt(‘?cytg,‘l b@e ot her

hand, col ony-form ng cells were
using FACS (fluorescence activated cell sorting). Hepatocytes of adult

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

BN * 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 eolony 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




not observed in the R3 fractidn,r but | arge nunbers of col ony wer e observed

25 in the R2 fraction reacted with No. 23 (Fig. 5). W the
subcul tured hunman hepat ocytes was exzarn ned by FACS, angfla% %({)(gﬁf t he
cells were found to be positive (Fig. 6). Nanely, it was considered that
anmong the subcul tured human hepatocytes, the differentiated cells during

culturin rocess were not recogni zed and only the proliferative 30
hepat oc?f%é ¥ridewgnivdegh Fpesifichlizereagmizes} dwon@Iommingugtiest ed to 21

0] i ch s ecifically recognized
| gg?éﬁ;b {':)Ornr?bﬁ%ngbtcagﬁ][ ?&%@t Ogﬁgéb%% &?fe%f’aﬂp P e ?’éﬂ%’ﬂ% '%Bu%ﬂfﬁal e were
anal yzerABY o6 k& tivFACS: 0811TRaeddevhi ﬂfeéﬁlg?%L)L tﬁﬂrﬁﬁaetog te resA‘us %ﬁq | sol ated

hepatocytes . As the result, three clon show ng r eac PVlty wer e

obt ai nesulirthrea ﬁ@mssmmngssmmlamlreaeu(zﬁ@memuéﬂldwbrméﬁﬁg HhER233) was
Pat ent Organi sm Depositary, Nati onal

|
?ﬁggﬂ L‘E gn%?, Tﬁaﬁ &}g‘?%bfg{fﬁeawbeﬂ@m We@ﬁﬁﬁmil(dibgfls’li‘ol‘;qaf)n No.
- n n
Goposi e it RGP Iiaflif DARRES, Reblosadnrlibuisl) Mansed
Pr epar dhidows ikl Schenac ko Teanhblagy (ThsoANBKENBY HFERRIT. 881 5of 169223

strain). was cultured, followed by intraperitoneal injectioni
col | ectMBFP}b@ %O%rﬂitql viaalsudic¢teddy lntmtmmpobﬁlmbﬁlmﬁHMOd onal

| EX“;'WSF it B SO BR800 nunan nepatocytes 20

) 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 a monoclonal antibody which specifically binds to

.15 proliferative human hepatocytes.

Example 2
Isolation of proliferative human hepatocytes
20 -
S "~ 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 treate.d at 4°C for 30 minutes
to detect reaction by FACS. The cell population reacted with this antibody,
designated as R2 fraction, and the non-reacted cell populatibn, designated

30 - as R3 fraction, were sorted and cultured similarly as in Exan_lple 1. The




Usi ng t he nonocl onal anti body obt ai ned in Example 1, proliferative human

hepat ocytes were separated fromthe human hepatocyte p atiqn | ch was
i solated fromhuman liver tissue by 2pcollagenase perfﬁ@%@iﬁﬁﬁﬁ@@.

Concretely, said cells obtained fromthe human |iver tissue by 25

col | agenase perfusion follow ng | ow speed centrifugation were treated with
t he nonocl onal antibody obtained in Exanple 1 at 4C for 30 m nutes and an
FI TC | aBépPatryfties -hafose segnanvebodysaesultusat.edAat tiiCrésult3Golomyt es  t o

detect - on FACS. The cel opul ation _reacted with this anti body,
-~ desi gnapgfgﬁ%gw?%sr é)&SFBYﬁJ]QHdC‘f#BP‘ﬁ&%-? ot dadess inpirubsprireyteRsi gnat ed
30 as RBefdracrh&fBonHBHE. SOLL &f: 8 r Ly in Example 1. The
- 21 Septenber 200601122 hepat ocyt egq%ée: %%g’g%}‘?ﬁlg‘éh%%&ég% 1518 % Lﬁgéd As the
result, obetey infthuens ifcrctivas abideryedunibend sfdRorf wakeWbséré@yfm i N the

hepat oc te%@s efore fractionation. On the other hand, colony-formng cells
wer & not?® AEgT; Fracked math this manodonal antidodynbEremathecabony wer e

observegd. d . f ti reacted W th this nocl.Qnal. .antj body. From

t he abogeedlmrzszsftf}t%ss ,%%lntf{r\;\ﬁ/gesfi %ﬁfﬁﬂo ﬁg?fatt‘r’(&heﬁ?agf)ﬁ%%é’tqq}g eﬁé‘b‘&f‘&'é’ﬁ%s coul d
ef fi ci elxolateliefronsal RbRAAEPAREFR 1RRRALQG 0Ly ing the
met hod of the present i nveﬁﬁi on.j%léoﬁéEggrrpl e’3 %%gte%%tgﬁio% t|:11f1%uct I on of-
prol i f cPERSORE NVeRiiomepat ocytes by spheroid formation 15 1. Spheroid

. formation of hepatocytes The proliferative human hepat ocytes obtained in
Example 2 were seeded, 1x105 cells/cn2, on natrigel (MATRIGELTM Matri X,

- Beqtgon,
i) Example 3
Differentiation induction of proliferative human hepatocytes

by spheroid formation

15 1. Spheroid formation of hep.atocytes
The proliferative human hepatocytes obtained in Example 2 were
seeded, 1x105 cells/cm2?, on matrigel (MATRIGEL™ Matrix, Becton,
‘Dickinson and Co.) and cultured in DMEM medium added with fetal calf
seruin, 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 e:ﬁpression

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 o_f human P450 molecular species (CYP.lA‘l, 1A2, 1C9, 2C19, 2D6

and 3A4) were synthesized, and expression amount of each mRNA was

measured quantitatively by using PRISM 770(_) Sequence Detector (ABI

30 PRISMT™™, Ap‘plied' Biosystems Co.). P450 gene expression was - also




D cki nson and Co.) and cultured in DVEM nedi um added with fetal calf _

" serum EGF and long-acting vitam n C. The hepatocytes fgr f‘?&g id 20
on the matrigel at 1 day of culture 4%ig. 7, upper col u%n?gi)geZ gg@ysi s of

~human P450 gene expression After seeding the cul tured human hepatocytes on

~matrigel, the spheroid was recovered after 7 days (Fig. 7, |ower colum).

. Total RNA was 25 extracted fromthe spheroidal hepatocytes, and cDNA was

- synt hesA¥égtiigtivelyarsasuseghioctheph ¢ matocptat freshlyRsolmted fimonraespoandi ng t o

h f i t f h P450 | | i CYP1Al, 1A2,
i?:g, g@}geg%ﬁ Iggﬂafal‘a‘%ﬁ)é_%esEas‘gfr#ﬁ%%}tkvéd?u%eé;ﬁ@ﬁ%l S?mt(mt of each
MRNA was  nmeagykRd rgsqit ittwdd g@hﬁrllﬁ\é%o'{%')al@ggggtégleﬂggre%eﬂggg&%yﬁé ector

(ABI 30 PRI SMIM Applied Bi osystens ne expr ession s also 21
Sept enbexhitdtsl hagheugené teapresdiyn nefasadte hiiah R4 HERALACHIGRIRF&shl Y

i sol at ed Lélom a human I|iver and nonol ayer cultured proliferative human
hepat oc§tedredshenatorpisst « Same \lamesn PbRe den tmtexbpbisedi B4 50| garreed

- hepat.oc i i r n ressi on of each human P450. t han
nonol ayée%&% 5 Sgﬁ]%é&}re ieggﬁﬁvpa g"e%??@’sa.e‘ %nﬁ’j’rrﬁﬂr% cRRICY e TRy P450
gene exyotstedomig.esiel equivalent to that of human normal hepatocytes
freshly isolated (Fig. 8. 3. Analysis of al bum n secretion 10 Each
supernat ant of the spheroid cultured hepatocytes and the nonol ayer

'cultureéi hegﬁ; OC%%%@ was collected on every 3 days and human al bum n
concent Y af PER % UM SPEEHOR um was assayed by using Quantitative

o, unoasagy e ik UL SRRl Eplor 8 SURE and
C) monolayer cultured hepatocytes was collected on every 3 days and human
albumin concentration in the culture medium was assayed by using
Quantitative ELISA immunoassay (Bethy! Laboratories Inc.).

As the resqlt, 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 hour.s. The
) | medium was collétted and amount of MEGX, a metabolite of Iidocaine, in
h the medium was assayed by HPLC. Similar assay was performed on
‘monolayer cultured hepatocytes. _
| . As the res_ult, MEGX was not detected in .the medium of the
25 monolayer cultured hepatocytes, but MEGX was detected in the medium of
the spherqid 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
métabolizing enzyme activity). |

30




15 higher al bum n secretion at- culture period not shorter than 6 days as
conpared hepat ocytes by nonol ayer culture (Fig. 9). 4. nggl))( | 450
enzyme activity On 22 days of the sgheroid culture, |i diglcal negﬁtﬁe{/ acr)(())é(?hl ori de
(500 20 g/m) was added to the culture nmedium and incubated for 24 hours.

- The } nediumwas coll ected and anount of MEGX, a netabolite of |idocaine,
~in the nmediumwas assayed by HPLC. Sim | ar assay was perfornmed on

nonol ayer cultured hepatocytes. As the result, MEGX was not detected in the
~nmedi um of the 25 nonol ayer cul tﬁr%’%ﬂﬁg%t ocytes, but MEGX was detected in

t he nmedi um of the spheroid cul tur pat ocytes (8.3 g/m /24 hours, 1.7 g/

105 cel | spiffebontiation iRdukbich be ifesddti i ! the spheroid
cultured hepatocytes have P450 enz%ilggﬁt\ﬁ??l‘?@ﬂ%nﬁ{ os‘%%%fance

met abol i zi ng enzyme acti vi thy) HNEH 2én2ltr3asfanber 2006, Exanple 4

Di ffser entiation induction of proliferative human hepatocytes by HNF4 gene
transfer 5 1. CGene transfer The proliferative hunan hepatocytes obtained in
- Exanpl e1 2gwas tragdgrted with Human HNF4 a cDNA (GenBank/ X87870) through an
adenovirus vector (Qbiogene, Inc.) wth a ratio of nultiplicity of

infection 1@HeVprgliférative hurkfn RépataBy@R0HEa% a0 id ?ie tzhﬁ,agul ture. 2.
"~ Anal ysi.s .of human P450 gene expression Cells on 7 days after the adenovirus
-vect or pfdedi withwdlemes! |IBYF4da cDNA (GenBank/X87870) through an

adenovirus vector (Qbiogene, Inc.) with a ratio of multiplicity of infection

10 (MO} O, 1,5, 10, 20, 50 and 100 on 1 day of the culture.

e

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 quantitatively
13 similaﬂy 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 monqclonal 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.




cells r@é

and expression of each human P450"géne was assayed quantitatively 15
sim:larly as in Exanple 3-2. As the result, increase imng " on of
human P450 gene was recognized with |nfect|ve dose depen%%%% nagﬁ%i (Fig.
10). 20 Industrial Applicability As explained in detail hereinabove, the
present invention provides a nonoclonal antibody which specifically
recogni zes proliferative human hepatsocytes, proliferative human

“hepat ocytes isolated by use of the 25 antibody, and functional human

hepat ocyt es obtained by differentiation induction of the cells. 21

Sept enber 2006 25 CLAIMS 5 1. An antlbody speci fically recogni zi ng
proliferative human hepatocytes CA&IM&ist in a hepatocyte popul ation
isolated froman adult human liver and have clonal proliferative ability
and differentiation ability to functional hepatocytes. 10 2. The

monotl onal anii body of clm naaﬂubndiuyckpecﬁﬁcﬂmcw:egntzynghykalifgmecel I
- 8334) A hybridoma cell prodUC|ng

Nb b K FERM
t hgsﬁo%’é?%ﬁg?‘wéh?‘%ﬁ %FEWTF%BPPQOWWW%?HPPG@?@W@IfIrm?@fancI aim 3,
whi ch | adiviusemidalEeer Mbﬁ@%@oﬂ&ﬁ%l%éﬁ%@&ﬁﬁ}?gd Elffé%‘eﬁ?itatﬂ%gl for

|solat|ng roliferative human hepatocytes conpri ses separatlng
%8ﬁ|2 dinsiionisd hepateasas antibody of claim1 or 2, froma human

hepat ocyt e popul ati on.

.10 2. . The monoclonal antibody of claim 1, which is produced by
hybridoma cell, Mouse-Mouse hybridoma K8223 (FERM BP-8334).

3. A hybridoma cell producing the monoclonal antibody of

claim 1.
15

4. The hybridoma cell of claim 3, which is Mouse-Mouse
hybridoma K8223 (FERM BP-8334).

S. A method for isolating proliferative human hepatocytes,
20 which comprises separating cells recognized by the monoclonal antibody of

claim 1 or 2, from a human hepatocyte population.

6. Proliferative human hepatocytes separated by the method of
 claim 5.
25
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:
(a)r spheroid culture of the proliferative human hepatocytes;
30 and
(b) transfer of hepatic nuclear factor 4 (HNF4) gene into the

proliferative human hepatocytes.




6. Proliferative human hepatocytes separated by the nmethod of claim5. 25
7. A nmethod for inducing the differentiation of the praoji tH uman
hepat ocytes of claim6, which conpri s’e% perform ng at I%elagse?ﬁ%élﬂeeyg?%ht he
foll owi ng neans: (a) spheroid culture ¢ the proliferative human

hepat ocytes; 30 and (b) transfer of hepatic nuclear factor 4 (HNF4) gene
into the prog ifer?ive_hu n hepatocytes. 21 Septenber 2006 26 8.
Functional hutran hepHIGRRA P dEc BPEtP Qites dndnescdhte differentéatesbnod of

cl ai m 7thOmeth6&!df Kditn gonpri sing the functional human hepatocytes of 5
claim8. 10. A hybrid artificial liver packed with the functional hunman
hepat ocytes of claim9. 10

9. A cell kit comprising the functional human hepatocytes of

5 claim 8.

10. A hybrid artificial liver packed with the functional human

hepatocytes of claim 9.

.10




