WD 97/ 34999 PCT/ US97/ 03880 CELL
CULTURE MEDI A FOR MAMVALI AN CELLS FI ELD OF THE | NVENTI ON The present
invention relates generally to cell culture nmedia for mammalian cells. In
particular, the 5 invention relates to cell culture nedia that allow

| ong- term expworsdpeand mai nt enance of a cell popul ati on of pgpARSYG38d
hepat ocyt es, hepatocyte-derived cell |ines, hepatocyte-derived nalignant
cells, and other cells. BACKGROUND OF THE | NVENTI ON 10 It is
wel | - known that specific cell lines can be grown in vitro in optimally
formul ated culture or nut CERDt CUBTVRE NBCIMIFOR MAMMADEANTCELES cul ture nedi a
devel oped for special purposes are: RPM Media 1640 nedi um for grow h of

human B-1ynphoid cells and malignant cells, 15 Changs nedium for growh
of ammiotic fluid cells, Medium 199 for growth of nouse fibroblast cells,

M ni mal Essential Medium (MEM neHIELD GF "THENIINFENTEONI um for growt h of
attached manmmmal i an cells, and Leibovitz nediumfor gromh in absence of

CJ err]. Such various nedia are 20 di stingui shed from one another _in

that they contain criticalbp @refeReninvenficieredaraspgeresl it cgdids,
vi tam ns, organi gubtlte mddiac Eoel nammibiafirstldisher 1ar gast Lo@TEPOWHES Whi ch

promot e the X! THLA O e klCrS UL bl neda that allow 1ond® M®

growt h of Tanmmal i'an Cée )
term expansion and maintenance of a cell population of

mammalian hepatocytes, hepatocyte-derived cell lines,
hepatocyte-derived malignant cells, and other cells.

C 0 HE I I

10 It is well-known that specific cell lines can be
grown in vitro in optimally formulated culture or nutrient
media. Examples of some of the culture media developed
for special purposes are: RPMI Media 1640 medium for
growth of human B-lymphoid cells and malignant cells,

15 Changs medium for growth of amniotic fluid cells, Medium
199 for growth of mouse fibroblast cells, Minimal
Essential Medium (MEM) medium, a "minimal” medium for
growth of attached mammalian cells, and Leibovitz medium
for growth in absence of CO3. Such various media are

20 distinguished from one another in that they contain
critically different components in precise amino acids,
vitamins, organic salts, trace elements, and other organic
compounds which promote the maximum growth of the cultured
cells.

25 For the growth of mammalian cells chemically
defined media are usually supplemented with varius sera,
preferably fetal calf or newborn calf serum, and other
incompletely defined growth factors. A major drawback to
serum, however, is that its constituents may vary widely,

30 thereby introducing undefined biological components into
the nutrient medium which contributes to the variability
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defined nedia are usually supplenented with varius sera, preferably fetal
cal f ‘or néwborn calf serum and other inconpletely defined growth factors.
A maj or drawback to serum however, is that its constituents may vary

wi dely, 30 t her eby i ntroduci ng undefi ned bi ol ogi cal conponents into the
nutrient nmediwyoshied contributes to the variability WO QA 3ss0

PCT/ US97/ 03880 of biochem cal and cellular events. Additionally, serumis
expensive and may result in critical imune-reactions in patients if the
cells are used for clinical purposes. 5 The present

invention is primarily directed to cul turing mammal i an hepatocyte cells
usi ng cheni cal | PEdBEPRBEMHERAR Anthgeldulaw PERRET er MASLFARERGAY of SETRM cel |

popul ?t i on. Thle ilseeRpensive cild wajefriesadtnedi ériticdlsdamufet Fesd€icng t ure
to refer to cul tyr | . O o k C sition. both
gquantitatively é#dsagg%?%t#/e Metls are ‘Q%ge% %rt %ﬁ%&?gimﬁ?g ot

y, as coniras contain
nat ural products such as animal serum Liver regeneration is achieved

g! nﬁri lysby cell d: Vi si OI\hOfpzl‘Eﬁdﬂhg Ziaduhtibﬁpﬁé qsmmé}_a@ Feﬁeew@f&wmﬁh
[ sI ?ngcr?r pg)'r \a/t\tl éd%&f%r%gr?ﬁngsg?cﬁaeﬁgaﬁicgeﬁﬁéégé%%?%is%s tc#%‘g glf fcg%o?'g%f%’ﬁer eo:c C
have a hi gh capseifiped media that allow long-term expansion of the cell

population. The term “chemically defined media" is used

in tissue culture to refer to culture media of known

10 chemical composition, both quantitatively and
qualitatively, as contrasted with media which contain
natural products such as animal serum.

Liver regeneration is achieved primarily by cell

division of mature adult hepatocytes as reported by

15 Grisham, J.W., et al., Capncer Res. 22:842 (1962}, the
disclosure of which is incorporated herein by reference.
These cells, or a fraction thereof, have a high capacity
for clonal growth, as shown by hepatocyte transplantation
experiments in ectopic sites (Jirtle, R.L., et al., Cancer

20 Reg. 42:3000 (1982), the disclosure of which is
incorporated herein by reference) and in transgenic mouse
models (Rhim, J.A., et al., Science 263:1149 (1994), the
disclosure of which is incorporated herein by reference).
It has been shown in several studies, however, that when

25 liver is stimulated to regenerate while proliferation of
mature hepatocytes is suppressed, faculative stem cells
emerge and proliferate. See, for example, Thorgeirsson,

§.8., et al., Broc. Soc. Exp. Biol. Med. 204:253 (1993),
the disclosure of which is incorporated herein by
30 reference. Such cells, sometimes referred to as "oval

cells," can mature into hepatocytes in defined animal
models or ductular structures composed of cells ("ductular
hepatocytes") with mixed hepatocyte and bile duct
epithelial markers. See, Gerber, M.A., et al., Amer. J.
35 Path. 110:70 (1983) and Vandersteenhoven, A.M., et al.,
Arch. Pathol. Lab, Med. 114:403 (1991), the disclosures of
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for clonal growh, as shown by hepatocyte transplantation experinents in
e¢topic sites (Jirtle, RL., et al., Cancer 20 Res. 42:3000 (1982), the
di scl osure of which is incorporated herein by reference) and in transgenic
nouse nodels (Rhim J. A, et al., Science 263:1149 (1994), the disclosure
of which is i nwoopowet ed herein by reference). It has been spomussnismever al
studi es, however, that when 25 liver is stinulated to regenerate while
proliferation of mature hepatocytes is suppréésed, facul ative stemcells
energe and proliferate. See, for exanple, Thorgeirsson, S.S., et al., Proc.

Soc. Exp. Biol. %%@%Atezgicgl'é?:?;te& W?efEﬁP 'b?ﬁ %?e?fenéé‘@' Chiie

|ncorporated hereln erence. | tines re#érred to
as "oval cells, E%ﬁﬂ?mﬂhﬂ“?vﬁﬁboah%bﬁtER%&%%?FH?LHePFﬁeﬂb%Hﬁrﬁﬂerﬁﬁm§F§15r

duct ul.ar structuresamcwqgumateotheeklphé"ahyﬂﬂd alrahepaiony t 196 "Hepsitideyitesed
hepatocyte nd bi} f E%§g§ mar kers. See, Cerber, MA , et al.
Amer. J. Path. 11 0 3) and Vander st eenhoven, A M, et al.
Arch.'PathoI Lab, Med. 114: 403 (1991), the disclosures of WO 97/ 34999

PCT/ US97/ 03880 -3- whi ch apespieer phé ahbsh heapRidithy ofchep£re®tdd ild e i's

known, however, aﬂ§3&1£é¥§6é QB'gigganngggﬁﬁyi:hevﬁgnkggﬁfative stem cell
growth, the conditions that determine their growth
potential and their phenotypic transitions are not

10 thoroughly understood because of only limited success in

hepatocyte growth in primary culture. It is typically the
case that hepatocytes in primary culture under the
influence of primary mitogens enter into one or two
divisions and then the cells degenerate and die.

15 Heretofore various investigators have failed to develop a
medium that allows hepatocytes to both proliferate and
survive.

For example, Berry, N.M., et al., J, C iol.
43:506 (1969), the disclosure of which is incorporated
20 herein by reference, taught the collagenase perfusion

technique which allows liver tissue to dissociate into its
component cellular elements, based on size. Later, :
Bissell, D.M., et al., J. Cell. Biol. 59(3):722 (1973) and
Bonney, R.J., et al., In Vitro 9:399 (1974), the

25 disclosures of which are incorporated herein by reference,
described the first methods for culturing isolated
hepatocytes which perhaps survived for one or two days.
Long term culture of hepatocytes on collagen gels for a
maximum of 7 to 10 days was reported by Michalopoulos, G.,

30 et al., E;pﬁ_ggl;*_zggi 94 (1) :70 (1975), the disclosure of
which is incorporated herein by reference. The common
characteristic of all of the above-referenced systems is
that the hepatocytes in those systems were maintained in
culture without there being any evidence of cell
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that regulate their phenotypic transitions to hepatocytes 5 or ductul ar
cells. Despite the high capacity of hepatocytes to proliferate in vivo,
directly or via faculative stemcell growh, the conditions that determ ne
their growmh potential and their phenotypic transitions are not 10

t horoughly unwernsseed because of only limted success in hepaggssfoSsss’ OWM h
in primary culture. It is typically the case that hepatocytes in primary
culture under the influence of primary n1t§gens enter into one or two

di visions and then the cells degenerate and die. 15 Her et of ore vari ous
i nvestigators haye:fabkedido, deﬂﬂs@ps@seeﬂg%watu@t'egws Bapgt ocytes to
both proliferat and survive. e, . et _al J. Cel

Bi ol . -43: 506 (19@9?teFﬁ%°ﬂ|%H%§ﬁﬁﬁﬁe %ngﬁﬂlEﬁPi%ﬁ%qﬁﬁﬁﬁﬁbFégéﬂ S9r @ herein
by reference, taxdef péeiodl | agenase perfusion technique which allows liver
tissue to dissociate into its conponent ceIIuIar el enents, based on si ze.
Later, Bissell, DM, et al . Cell. Brgl, 59(3):722 (1973) and Bonney,
RJ., et 8., In Vitro 9:3®’ ?11’@7:4)9“°Fﬁ€s§‘3 attepnt: (tesdndsigte PR L are

i ncor por at ed hersynohbgiseirerisspatocyeesr ubed the thersnewiyhddscodesredil t uri ng

| sol ated hepat O%Hﬁ%ﬁéfﬁic&&ﬁmaﬂ%%t%w ‘(t:?f‘,ﬂ’ Loy e%[l&:%rd PQDR%X% nlong term
3;Qsi_ﬁguahisaul___;L___ga

culture of hepatocytes on_ collagen days was
reported by M chafopoBFodl. 73:3589 (1978),
the disclosure of which is incorporated herein by
10 reference. Over the ensuing years several other groups of

researchers used EGF as a mitogen for hepatocytes and
reported con the mitogenic effects of EGF and their
modulation by other factors such as, for example, matrices
such as collagen Type I, zinc, and proline.

15 Hepatocyte growth factor, alsoc known as scatter
factor (hereinafter referred to as "HGF" or "HGF/SF") was
discovered, cloned and ultimately sequenced by the late
1980’'s. See Michalopoulos, G., et al., Federation
Proceedings 42:1023 (1983); Michalopoulos, G., et al.,

20 AAMCR Proceedings 24:58 (1983); Michalopoulos, G., et al.,
Cancer Reg, 44(10):4414 (1984); and Miyazawa, K., et al.,
Biochem. Biophye. Res. Comun. 163:967 (1989), the
disclosures of which are incorporated herein by reference.
HGF/SF was found to be a mitogen for many hepatocytes as

2S5 well as for epithelial cells. HGF/SF’s importance for the
liver is due to the fact that it is the trigger for liver
regeneration through an endocrine mechanism.

Recently, several studies have shown that
HGF/SF, epidermal growth factor ("EGF"), and transforming
30 growth factor a ("TGFa") are the primary mitogens for
hepatocytes in culture by stimulating limited hepatocyte
DNA synthesis in chemically defined media. See, for
example, Michalopoulos, G.K., Fed. Am. Soc, Exp.
Biochem J. 4:176 (1990), the disclosure of which is
35 incorporated herein by reference. These growth factors
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30 et al., Exp. Cell. Res. 94(1):70 (1975), the disclosure of which is
| ncor porated herein by reference. The common characteristic of all of the
above-referenced systens is that the hepatocytes in those systens were

mai ntained in culture without there being any evidence of cell WO
97/ 34999 WO 97734999 PCT/ US97/ 0388@ctAis97/03880
proliferation. These systens were, instead, only maintenance cul tures of
non-proliferating cells for a brief periods5 The first

successful attenpt to initiate DNA synthesis in hepatocytes used the then
new y-di scovered epi dernmal growt h factor, (EGF% as reported by R chman,

RA , et al., Pwsre katerpfewnd &q adddxipiady 91’3(3397%)",°]tenél‘d¥%¥120§’6re of
whi ch i s incorpqiateedrbgeseratiorn Gfter pafreiabchepatdaronyhe dngecngoyears

several other gr re Cc a L4 qgan atpgytes
and reported on ?%ﬁ;%%ﬁ%ggeﬁ‘?g&'ef ec%t(’?si:sgl?1 Egsaﬁaa?ﬁ@e%r mﬁ%ﬁ?gg by ot her
factors sdch as,heRAtOSYsRBE o, S8 i exampdenslivt |1Mden Bp@&dlr zinc, and
proline. 15 Hepatology 1blepseDciigm4r,onhe Bastbssurd f wibdweh as scatter

e (e o o e Re R e f Feenee! 1 S7) v o scover e
In all of these systems, however, it was
reported that hepatocytes entered intc DNA synthesis and
10 mitosis for only a limited time, typically 1-3 days.
After 1-2 rounds of DNA synthesis and cell division, the
cultures degenerated and all the cells were dead in about
7-10 days. Until now, there has also been no documented
expansion of the number of hepatocytes in cell culture by
15 adding either EGF or HGF alone, or in combination. The
cell replication in cultures containing these growth
factors is instead self-limited and the number of
hepatocytes that die exceeds the number of hepatocytes
that are newly generated. The cell replication in
20 cultures containing other hepatocyte mitogens such as
transforming growth factors, such as TGFa, and acidic
fibroblast growth factor is similarly self-limited.

More recently, Mitaka, T., et al., Hepatology

13(1):21 (1991); Mitaka, T., et al., Hepatology 16(2) :440
25 (1992); Mitaka, T., et al., Vi ) athol

Incl. Mol. Pathol. 62:329 (1992); and Mitaka, T., et al.,
Capncer Res. 53:3145 (1993), the disclosures of which have
been incorporated herein by reference, have reported that
adding nicotinamide, dexamethasone and EGF to a

30 conventional culture medium resulted in the formation of
colonies of small hepatocytes arising in a dense culture
of standard size parenchymal hepatocytes. 1In a further
study, Mitaka, T., et al., J. Cell. Physiol. 157:461
(1993), the disclosure of which is incorporated herein by

35 reference, have reported that the numbers of colonies
induced by the combinations of EGF + HGF, EGF + TGF-a, and
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1980's. See M chal opoulos, G, et al., Federation proceedings 42:1023
(1983); Mchal opoulos, G, et al., 20 AACR Proceedi ngs 24:58 (1983);

M chal opoul 0os, G, et al., Cancer Res. 44(10):4414 (1984); and M yazawa,
K., et al., Biochem Biophys. Res. Conmun. 163:967 (1989), the disclosures
of which are wooas@ey ated herein by reference. HG-/ SF was fg g—p,@;,@_,,ag a

m togen for nmany hepatocytes as 25 well as for epithelial I

HGF/ SF' s inportance for the liver is due té-the fact that it is the trigger
for liver regeneration through an endocrine machani sm Recently, several

studi es have sh th HCF/ SE I "E

t ransf orm ng 30% g?%gw?l Y& & &[g F?Bfe °saﬁ'é’ t ff& B%’Fﬁﬁry

m t ogens for hep@@@@?debY|¢BthmunQ§eByaé9nﬁulaimr&hdsansumdlhepahoeqvﬁrEmm
synthesis in cheKegal wsdsélsm%;rﬁ@aat e§§§ns:f.&§ &ewdm_l %at%ceahppoul os,

G K Fed Am 1990), di s ure of which
is 35 i ncorﬁﬁpﬁﬁéﬁgﬁ@reﬁ?l?ﬁ}qggfgrggcﬁi Yﬁij %f§§F5?swas VO
97/ 34999 loss of differentiation. PCT/ US97/ 03880 were | ater
found to additionally play a role in vivo in |liver regeneration after

partial hepatectomy. Injegction of HG- SF a, or in rats | uces DNA
synthesis in 5 hepat ot je]2n°“5 erFoPaécg‘ﬁ‘B‘Fem L‘%}“"ﬁaﬂ' y d F e.$

medium, supplemented or not, which is able to support long
term proliferation, differentiation, and viability of

10 hepatocytes. While for wany. purposes the use of an
undefined supplement is satisfactory, in cases where
studies are made of growth, metabolism, and/or
differentiation of cells in culture, it is most desirable
to have a supplement that is defined. The introduction of

15 undefined components to a cell culture can contribute to
variability, unpredictability, and contamination in study
results and applications of cell cultures. The use of
defined media is particularly important and advantageous
in areas of drug metabolism, artificial organ development,

20 cell transplantation, gene therapy, and basic
investigational cell studies.

The above-described limited capacity of
hepatocytes to proliferate in primary culture has hindered
long-term studies or uses that required long-term

25 viability or proliferation.  Applications of hepatocyte
cultures to cellular transplantation and gene therapy have
thus been hindered. Consequently, there remains a need
for a chemically defined medium that will allow
hepatocytes to proliferate and survive long term. Among

30 the potential applications for such a medium and the
hepatocytes and other cells so cultured are gene therapy,
bioartificial organs, cell transplants, drug production,
and drug and chemical testing.
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Hepat ol ogy 19: 1521 (1994), the disclosure of which is incorporated herein
by reference. In all of these systens, however, it was reported that

hepat ocytes entered i nto DNA synthesis and 10 mtosis for only a
limted time, typically 1-3 days. After 1-2 rounds of DNA synthesis and
cel | divisionwaobmesesl t ures degenerated and all the cells weseErnosagsss
about 7-10 days. Until now, there has al so been no docunent ed expansi on of

t he nunber of hepatocytes in cell culture by’-15 addi ng either EGF or
HGF al one, or in conbination. The cel | replication in cultures containing
these growmh factors is instead se Ilmtgg and_t he n r% %f gepatocytes
that die exceeds the numbe?®di* ta(?(?g)'teés Raf 5 e h eF8Fe®d " The

cell replicationdoes26ot previderadepatogynengubtyes srmt&ﬁrbayt whithogens

such as transfor Qg cQeQved &Bsded sas %ueamsngﬁiﬂ{dn Nduaehdhed
fibrobl ast grovvth ogtor s siml |.f-11

t; e rehr ecent Ig %ﬁ.ka
T., et al.’ HepatR¥Io3dyeTaEigno@ Ii‘?lst akﬁee -OL (SUGR Bt og
16(2) -440 25 prieben?) inkéntien WOVJdesala ﬁulﬂ.yodﬂi/me& @ImltBréIemedﬁatt hol .

Incl. Mol. Patholypyi6 3290&&9&@“1%{8& Mr’iﬂli?erltlo&tatﬁi ‘lonfg@Reeh Res.
53: 3145 (1993), the disclos res of whi ch have been incorporated herein by

ref erence, have refsed™t Rat heRREY WH%cot i nani de, dexanet hasone and EGF to
a 30 conventional culture nediumresulted in the formati on of col oni es

of small hepatocytes arising in agfapsR o THECINVENTION

10 According to the present invention, a new
chemically defined cell culture medium is provided. This
medium supports sustained clonal growth of primary
hepatocytes and hepatocyte cell lines, genetically
transformed hepatocytes, and hepatocytes obtained from

15 neoplastic sources, resulting in expansion of the cell
population. This medium further allows complete
differentiation of metabolic, structural, and secretory
functions of the cells grown therein. Under these
conditions, hepatocytes undergo multiple proliferative

20 cycles. Once confluency is reached, or in the presence of
specific matrix components, nutrients, and/or growth
factors, these proliferating cells stop dividing and
maintain a mature hepatocyte phenotype for many months or
longer.

25 Accordingly it is a primary object of the
present invention to provide a culture medium for
sustained proliferation and viability of hepatocytes.

Another object of the present invention to

provide a culture medium for sustained differentiation and
30 viability of hepatocytes.
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of standard size parenchymal hepatocytes. In a further study, Mtaka, T.,
et al., J. Cell. Physiol. 157:461 (1993), the disclosure of which is

i ncorporated herein by 35 ref erence, have reported that the nunbers of
col oni es i nduced by the conbinations of EGF + HG-, EG-F + TG~-a, and

97/ 34999 WO 97/34999 PCT/ US97/ 038§€Tﬂg3f7 ‘19;[

were not different fromthose of colonies induced by each mtogen a

t hese studi es, however, there was no signit§icant expansion of the total
cell 5 population, no evidence of clonal growth, and there was | oss of
differentiation. Until n\Ntrmﬁikhas been n Fen1cal| defined nmedi um
suppl enent ed or not, Rti ANARYF (PI&REpEFt Snﬁr?iﬁ prYISTEdPRt +8n,

di fferentiati orgo axdwidabal cuitufe repdium fopasusyabsed pNulicferationnyt

pur poses the us;eeﬁtoag}teadeﬁwepeml P'létéa&iéfé’férpcr:}&tﬂo'ﬁ gases wher e
st udi es e made of growth, netabolism and differentiation of cells in
culture, 3t is Qﬁﬁﬁ.hd§§FP§Bre to have a suppl enment that is defined. The
i ntroduction of 15 undeflned conponents to a cell culture can
contribute to varlabllltxn feggf%ég)df Exe RdsEQOT BXG C%plgn;gtudy

ed nedia is

results and applicatjons o tures. use of defin

particul arly i fgot% %#ﬁ 2 EH§%HF§§BH& or °n9 term expansion of
hepatocytes that contains no serum such that the wmedium is
fully defined.

10 Yet another object of the present invention is
to provide a culture medium for sustained proliferation,
differentiation, and viability of hepatocytes on a variety
of matrix substrates.

These and other cbjects of the present invention
15 are achieved by one or more of the following embodiments.

In one aspect, the invention features a
chemically defined HEM culture medium for maintenance,
differentiation, and long-term growth of mammalian
hepatocytes, comprising:

20 {(a) a synthetic stock basal medium designed for
mammalian cell culture; and

(b) a hepatocyte cell growth promoting amount
of components selected from among nicotinamide, amine
acids, transferrin, hormcnes, dexamethasone, trace metals,

25 and simple carbochydrate selected from the group consisting
of D-glucose and D-galactose and any combination thereof.

In a preferred embodiment the invention features

. HBM culture medium further comprising buffer, antibiotics,
and albumin.
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In areas of drug nmetabolism artificial organ devel opnent, 20 cel |
transpl antation, gene therapy, and basic investigational cell studies. The
above-described Iimted capacity of hepatocytes to proliferate in primary
cul ture has hindered | ong-termstudies or uses that required |long-term 25
viability or pwelerhgesati on. Applications of hepatocyte cult peefisé3sso

cel lul ar transplantati on and gene therapy have thus been hindered.
Consequently, there renmains a need for a chem cally defined nedi umthat
will allow hepatocytes to proliferate and survive long term Anong 30

the potential applications for such a nedium and the hepatocytes and ot her
cells so cultured are gendnt heebper aFRast. ftihe anvepgieR, feaffyras anspl ants,

drug production, namsh1dds0 cand elitfhEe ! médiin RYmprisYEy Tha4tiposition
PCT/ US97/ 03880 - 7-

As st ated,abqve curryent ate, of t rt S not
provi de a hepat o‘&flt%mﬁlﬂst .ﬂﬁglgﬁgt é?n *%ﬁ/ﬁ‘ﬁ cfr; al?gpiﬁ(f)cwg e’égeta%d sé"g’%g cel |
popul ationsby subasahesedia of FablefErecemprisesn@ blended SDMEM ey ghasuch a

system The preggotsidhieHon@enBEaliseSof byiukodel iBeprefetalyy mdugm
whi ch al l ows 3“35?6”§7L‘§é"é%%rQ%ESHtaQP 65H¥i£€%%gk is preferably about

2.0 g/L.

Other features and advantages of the invention
10 will be apparent from the following description of the
preferred embodiment, and from the claims.

B : PTION OF WIN

Figures 1A-1C are graphs showing results of
studies in which rat hepatocytes were cultured in HBEM
15 medium as described herein supplemented with growth
factors, as indicated. All points represent the mean and
étandard error of at least three separate cultures.

Figure 1A shows the percent labeled nuclei
(BRAU) of proliferating cell cultures at different times
20 after hepatocyte isolation. The cells were grown in HBM
supplemented with HGF/SF and EGF.

Figure 1B shows the incorporation of [3H]
thymidine (disintegrations per minute) into DNA in
cultures at different times after hepatocyte isolation.

25 Cells were exposed to HGF/SF in HBM (O); EGF in HBM (0);
HGF/SF + EGF in HBM (A); and a control, HBM alone (0O).

Figure 1C shows the amount of DNA per plate at
different days of cells grown in HBM medium alone
(control) (B); HGF/SF in HBM (A); EGF in HBM (V); and

30 HGF/SF + EGF in HBM (e@).
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expansi on of hepatocytes. SUVWARY OF THE | NVENTI ON 10

According‘to the present invention, a new chenmically defined cell culture
mediumis provided. This medi um supports sustained clonal growh of primry
hepat ocyt es and hepatocyte cell lines, genetically transforned hepatocytes,
and hepatocyt e @Bhgbned from 15 neopl astic sources, reg

expansi on of the cell popul ation. This nmedium further alloms conp ete
differentiation of netabolic, structural, -4fd secretory functions of the

cells grown therein. Under these conditions, hepat ocyt es undergo nultiple
proliferative 20 cycl '

S. ce confluency, is, reached, or _i he
presence of specific mat r?kg't':’i) m&h s ?rﬁHBr¥5ﬂ‘f¥,‘g a% gﬁaygﬁémﬁﬂgf%%’f ors,
these proliferatplagecek| sastbgpatiodytiesy garunnin rHBM iwixhiher éndépatetyt e

phenotype for ”?336&8“%9&8{-& ONgAls epresented by conﬁ%%qor(dhygki'(ﬂ tisa
pri nary obj ect resent i nvention to BrOV| a cul turg nedi um f or
r

sust ai ned3pr ol i faAGa éfn 13nWers SF M oM BAERYE AnY STeME8r LB6FRER: of the

present invention to provide a culture nmedium for sustained differentiation
and 30 viability of hgpatipolyd &% a graph showing the amount of DNA

synthesis per plate (ug/culture) of rat hepatocytes at day

15 in HBEM supplemented with HGF/SF and EGF grown on

different matrices. "CC" means collagen coated; "ECL" is

10 a commercial matrix; "m COLL IV" means mouse collagen IV;

"CC VITROGEN" means bovine skin collagen type I; "POLY D

LYS" means poly D-Lysine; "m LAMININ" means mouse laminin;

"h FIBRONECT" means human fibronectin; and "m COL I" means

mouse collagen I.

15 Figures 4A-4G are photographs of rat hepatocytes
cultured in HBM as described herein under various
conditions.

Figure 4A shows hepatocytes in HBM medium with
HGF/SF and EGF at day 1 after isolation showing typical
20 subconfluent non-proliferating hepatocytes.

Figure 4B shows hepatocytes at day 4 in HEM
media induced with HGF/SF showing typical scattered
moxrphology.

Figure 4C shows hepatocyte cultures having
25 reached confluency at day 15 showing typical morphclogy.

Figures 4D and 4E are election photomicrographs
of the cells in Figures 4A and 4C, respectively.

Figures 4F and 4G are photomicrographs of
stained hépatocytes that were transfected at day 3 with a
30 lac-Z-containing replication defective retrovirus and
stained for @-galactosidase expressicn as described below
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WD 97/ 34999 PCT/ US97/ 03880 -8 - Yet
anot her .object of the present invention is to provide a culture mediumfor
sust ai ned proliferation of hepatocytes that revert to conplete
differentiation as 5 growt h ceases. Anot her object of the present
invention is twoprosesle a culture nmedi um for | ong-term expanyconsoioisso
hepat ocytes that contains no serumsuch that the mediumis fully defined.
10 Yet anot her object of the _pjesent invention is to provide
a culture nmedium for sustained proliferation, differentiation, and
viability of hepatocytes on a variety of matrix substrates. These and ot her

]9le fects of Lgedpraeme&hehnpsaa&d@ﬁﬂéd at aa9 @Cmrﬂgedﬁﬂy éi‘iaed%'y ITEF% ”the
ol | owi ng enbodi n nvention eat c em.cal |y
defined HBM cul t ﬁé&eﬁnff%ﬂgﬁﬁﬁﬂf%hangbe ?i%r%ﬁﬁ?eﬁq dnlg%@ term
growt h of nanmmal |m1hetpaupp;'ewt%bnprtahsﬂﬁg/szoand EGF as descnpayi a
synthetic st ock hasglw.nmedi um designed for mammalian cell culture; and (b) a
hepat ocyte cell growh pronoting anmount of conponents sel ected from anong

ni coti nam de, am no acids, transferrin, hornones, dexanethasone, trace
met al s, 25 and si npl e Eagboes hAatands SBearedphotegtdphsycduportherst i ng

blots showing expression of specific genes at different
days in rat hepatocyte cultures maintained in HBM in the
_ presence of HGF/SF and EGF as described herein. GAPDH
10 expression and the intensity of the 28S RNA after ethidium
bromide staining were used as internal controls.

Figures 6A-6F are photographs of proliferating
rat hepatocytes cultured in HBM medium in the presence of

HGF/SF and EGF as described herein and Northern blots
15 thereof.

Figure 6A is a phase contrast photomicrograph of
cultures of proliferating hepatocytes overlaid with
Matrigel at day 8 and photographed at day 18. The
granular cytoplasm and the appearance of typical bile

20 canaliculi appear as bright lines between cells.

Figures 6B and 6C are low and high power
electron photomicrographs, respectively, of cells at day
18 in culture, 10 days after overlay with Matrigel.
Typical features of hepatocyte cytoplasm are shown such as

25 lamellae of endoplasmic reticulum wrapping around

mitochondria, microbodies with crystalline center, bile
canaliculi ("c") {(Figure 6B), abundant mitochondria ("M"),
and glycogen ("G") (both in Figure 6C).

Figure 6D is a photograph of a Northern blot
30 showing increased expression of albumin mRNA after
addition of Matrigel. Albumin mRNA is expressed in
control cultures, immediately after isolation from liver
by collagenase perfusion and before culture. Expression
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of .D-glucose and D-gal actose and any conbination thereof. In a preferred

enbodi ment the invention features HBM cul ture nmedi um further conprising

buffer, antibiotics, and al bum n. WD 97/ 34999

PCT/ US97/ 03880 -9- In another aspect, the invention features a mamual i an

cell culture wrOdzs@eeonprising the conposition of HGM as defgcq@sbod/ghsdidl! €S

| and I'l, wherein the stock 5 basal media of Table | conprises a

bl ended DVEM such that the final concentrat?on of D-glucose is preferably

about 2.0 g/L and the anount of D-galactose is preferably about 2.0 g/L.

O her features on Il b arent from
cﬂYg é d%#)dﬁﬁs\y agd i ﬁ??

the foll ow ng descrlplona!gfcﬁgI 8tp erre f/ofit tTe cl ai ns.

BRI EF DESCRI PTI MRtOFISHER &r @grlml 1G-&h ¢ Jraphseskowragan esul t s

of studies in wWinheheasé mr&tﬂééﬁ%n%ﬁeambhﬁmaﬁnm HRlDbE expre®sisrn as
descri bed hereln sugﬁagnented wth factors, as |nd|cated Al'l points

o]
r epr esent the nean s?%uﬁﬂu%faﬁﬁnop §PP5F°t cast three separate cul tures.
Figure 1A shows the percent |abel ed nucl ei

Figure 6E is a photograph of a Northern blot
showing induction of cytochrome IIBl1 mRNA in cultures
treated with Matrigel at day 8 and exposed to
phencbarbitol ("PB") 2 days later (day 10 of culture).

10 Cells were harvested at day 15 of culture. GAPDH
expression was used as an internal contrcl for mRNA
loading.

Figure 6F is a photograph of a Northern blot of
cells cultured additicnally with Matrigel (added at day 8
15 in culture). Cytokeratin 19, a bile duct marker expressed
by the proliferating hepatocytes, is suppressed by
addition of Matrigel and is not suppressed in control
cultures not receiving Matrigel. 28S rRNA stained by
ethidium bromide was used as an internal control.

20 Figures 7A-7E show the results of studies
showing formation of ductular/acinar structures in
cultures of rat hepatocytes kept from the beginning of
culture between two type I collagen gel layers in HBM in
the presence of HGF/SF. The Figures 7A-7D photographs are

25 of 15 day cultures.

Figure 7A is a phase contrast photomicrograph
(100X) showing the appearance cof the ductular structures
surrounded by collagen fibrils.

Figure 7B is a photomicrograph (100X) of

30 parrafin sections of the Figure 7A type I collagen gels
stained with hematoxylin and eosin.
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(BRdU) of proliferating cell cultures at different tines 20 after

hepat ocyte isolation. The cells were grown in HBM suppl enented wi th HG-/ SF
and EG-. Figure 1B shows the incorporation of [[err]H thym dine
(disintegrations per minute) into DNA in cultures at different tines after

hepat ocyt e i sak@bisy899 25 Cells were exposed to HGF/ SF i nptiysezinssst | ) ;
EGF in HBM (O ; HGF/SF + EGF in HBM ([err]); and a control, HBM al one

([err]). Figure 1C shows the anount of DNA-b®r plate at di fferent days of
cells grown in HBM nedi um al one (control) ([err]); HG/SF in HBM ([err]);

EGF in HBM ([err]); and 3Q, HGE/L.SE in HBM (Jerrl.). WO 97/ 34999
PCT/ US97/ 03880 -10 - Fi gu%@%‘ﬁ?@%?ﬁéhﬁ%ﬁﬁn %%%L&ai?‘uf?%ﬁﬁs?‘bseﬁ | ate
of rat hepat ocyt eelys osurtounddonichr shwei hutemthnt grovififézenors. Cell s

represented by cepbi@loAdlardund) the lumdfAtofidne Bbevehe %QE\G%AP HBM wi t hout
any growt h_factors. F‘%gre 3 1s.a ﬁggﬁ?ssggmnq%tthe anount of DNA synt hesi s
cytes

|
per plate P[err] §FEUFE en it JUrgy £ shRvaRRe St Widkent ed
wi th HGF/ SF and EGrogplogyn sdimfilerend hileidwst ep@Cheddams with agery

coated; "ECL" ispi@allel GdrfHi'sCHalindBt bl many" dddrosbies "BAGSwIDYISE
col lagen 1V, abundant keratin intermediate filaments. Figure 7D shows
cells resembling more of the hepatocyte phenotype, with
10 rough endoplasmic reticulum and mitochondria, densely
stained secondary lysosomes and fewer filaments.

Figure 7E is a photograph of a Northern blot
showing that expressibn of cytokeratins 18 and 19
increases in cultures with ductular/acinar structures
15 whereas albumin is only slightly expressed.

Figure 8 shows photographs of stained human
hepatocyte cultures grown in HBM supplemented with HGF/SF
and EGF as described herein taken at day 1, 3, 5, 7, 10,
12, and 19.

20 LED DE F NT

The present invention provides a hepatocyte
basal medium, designated HBM herein, which allows long-
term expansion, differentiation and survival of the cell
population of hepatocytes, hepatocyte-derived cell lines

25 such as HepG2, hepatic fetal epithelial cells, and hepatic
primary hepatocarcinoma cells jp_vitro. Additionally, the
media of the present invention can be used for culturing
pancreatic islet cells, renal tubular cells, Ito cells,
small intestine epithelial cells, and a variety of cell

30 lines, including MRCS, CaCo, and 3T3 cells, as well as
others. The HBM of the present invention maintains
metabolic pathways and synthesis functions, i.e.,
differentiation of mature adult hepatocytes.

Additionally, the HBM of the present invention, when
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"CC VI TROGEN' neans bovine skin collagen type |I; "POLY D LYS'" neans poly
D-Lysine; ""m LAM NI N' neans nouse |am nin; "h FIBRONECT" neans human
fibronectin; and "m COL |I" means nouse collagen I. 15

Fi gures 4A-4G are photographs of rat hepatocytes cultured in HBM as

described heraigy7ep@der various conditions. Figure 4A shows heRajsemdskRsS 1 N
HBM medium wi th HGF/ SF and EG-F at day 1 after isolation show ng typical 20

subconfl uent non-proliferating hepatocyte§?4Figure 4B shows hepat ocytes at
day 4 in HBM nedi a i nduced with HGF/ SF showi ng typical scattered

mor phol ogy. Fi gpandfed \PYEn hGRAUIGI K ﬁiEH%éh'é esnd'aYr1A 23 jptas 5&@%&%&1

confluency at day 15 show ng t%ﬁ; cal norphol ogy, Figures are

el ection phot oniOMBEFAPHINYf NERALOEYTES| Rali Be B VER &Rd 4C, respectively.
Figures 4F and 4Baasdipberent iategiagbs bdle sdactheki ke satracyueast haThewer e
ransfectgd at Ak Seuthl frelbne 1nl@GefofiBLAINL UbdPR:oBhL] pR-gelLCL i ve
retrovirus and stained for erfﬁ-galact03|dase expressi on as descri bed

bel ow VO 97/ 9augalian hepatocytes, and other cells, includipgybpp 983380
and then phot ogndplheddato deyosle (df Gumah) fa€l, diyg 1Qihi mouse, and

baboon origin.

The HBM medium comprises appropriate levels of
10 essential and non-essential amino acids and bulk ions and
trace elements, buffers, vitamins, carbohydrates, lipids,
proteins, and hormones to function as a nutrient medium
for in vityo mammalian cell culture. '

In its broadest aspect the invention features a

15 chemically defined basal media, HBM, that by itself allows
for long-term survival, differentiation, and growth of
mammalian hepatocytes and other cells. Additionally, in
the presence of growth factors such as HGF/SF, EGF, or
TGFa, as well as other mitogens, cells growing in the

20 supplemented HBM have a more rapid population expansion
and clonal growth. As further demonstrated below, the HBM
of the present invention when supplemented with HGF/SF
causes formation of bile duct-like structures in
conjunction with certain matrix constructs. As stated

25 above, however, such growth factors are not required for
specific differentiation patterns in primary cultures, but
do accelerate growth and population expansion if this is
desired for a specific purpose.

The HBM medium of the present invention
30 comprises a chemically defined stock basal medium
(hereinafter referred to as "SM") designed for mammalian
cell culture. The stock basal medium can be preferably
constructed using Dulbecco’'s Modified Eagle Medium
("DMEM") as one ingredient, but the present invention is
35 not to be so limited as long as the formulations are
within the guidelines set forth herein. Examples of other
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4G after transfection. The cells were cultured in HBM nedi um suppl enent ed
with HGR/ SF and EGF as described 5 bel ow. Figures 5A and 5B are

phot ographs of Northern blots show ng expression of specific genes at
different days in rat hepatocyte cultures maintained in HBMin the presence
of HGF/ SF and wble78®egsiescri bed herein. GAPDH 10 expr essi pqT/Asy/038%0
intensity of the 28S RNA after ethidiumbromde staining were used as
internal controls. Figures 6A-6F are photogtaphs of proliferating rat

hepat ocytes cultured in HBM nediumin the presence of HGF/ SF and EG- as

descri bed herein and rthern blaots 15, t hereof . Fi.gure 6A.I s a phase
contrast photoniéFgénghb?ﬁa%AHQQingngcBr8?Y$éﬁeﬂﬁ eSSFSE??%%ed€Q$1aid
with Matrigel at ttieyp8eaemt plrotesyrisphddciudelaybug. arthacyr dhwibedcyeopl asm
Betveen colle. aﬁ?gfis‘“%%i%a S qfﬁﬁ’kaWD’éﬁg”ﬁi{%’g&;ﬁ‘?“%?ég??oﬁ‘ Lt e
phot omi cr ogr aphs Yoré¥pLL{ i Medirm 399% o Frd 24 Al Tient MigFeTe 1 oF oty s
after -overlay wi t(Haiht NugeienthMixtairef;e Miniesl obsswpdtadc Yedisy {MEMhsm ar e
shown such as 25Wi%%g_éagel ﬂdé’t?'ﬂhaP‘;E;e'quQFh?ﬁm $sd6! 1 Ul W WhaRRI RPe ar ound

m t ochondria, m crobodies w rystalline center, bile canaliculi ("c"
(Fi gure 6B), abuf¥aitaRie o Ermdth %'WMPfP?&ﬁgedT?EHRﬁ%?ﬂ?eé')IPBoth §n :

Fi gure 6C). Gaithersburg, MD, among others. Several versions of many

10 of these media are available, and those that are
particularly useful to construct HBM include, but are not
limited to: DMEM 11966, DMEM 10314, MEM 11095, Williams’
Media E 12251, Ham F12 11059, MEM-alpha 12561, and Medium-
199 11151 (all available from Gibco-BRL/Life Technologies

15 (1995-1996 catalog)). Therefore, for example, if
L-arginine and/or D-glucose are already in the stock basal
media in the necessary amounts, then little or no
additional ingredient will have to be added as a
supplement.

20 Depending on the particular composition of the
stock basal medium, the SM is then supplemented, as
described more fully herein, with D-glucose and/or
D-galactose, nicotinamide, other micronutrients comprising
amino acids and trace metals not already present in the SM

25 such as L-proline, L-glutamine, L-arginine, L-ornithine,
zinc, manganese, copper, and selenium, purified
transferrin to which is bound elemental iron or
apo-transferrin in combination with iron gluconate,
hormones such as dexamethasone and insulin and a pH buffer

30 such as HEPES (N-[2-hydroxyethyl]lpiperazine-N-[2-
ethanesulfonic acidl). Antibiotics such as penicillin and
streptomycin, a pH indicator, albumin and/or dextran,
essential fatty acids, alternative buffers, vitamins,
osmotic agents, and other forms of trace metals may also

35 be optionally added. Typically, a basal medium will have
a pH in the range of 6.5-8.2, preferably 7.0-7.7, and most

SUBSTITUTE SHEET (RULE 26)



Figure 6D is a photograph of a Northern blot 30 showi ng i ncreased
expression of albumn nRNA after addition of Matrigel. Albumn nRNA is
expressed in control cultures, immediately after isolation fromliver by

col | agenase perfusion and before culture. Expression WD 97/ 34999
PCT/ US97/ 0388y g7ksdgeel S M nimal at day 8 in culture. At dayspSr/gdddogsaf t er
Matrigel addition (lanes marked with "+"), #Qere was an increase in
expression of al bumi n nRNA. GADPH expressi oh°b was used as an internal

control. Figure 6E is a photograph of a Northern blot show ng induction of
cytochrome |IBl giRNAeifloLyl+ Wep, o.M edhedoW +&a MY 1d 4Shpiak1daia8ca¥sh exposed
to phenobarbitol (" P "g 2 qus Iiégregdaé 10_of cukég;e . 13 Cells were
harvested at day284e8:t@ #1dri® theaseRtERpreE Fhn %-8ng s suppl eReR LR
control for nRNAtheadtagcompgimes thie H8Mampdibtrogrfaptheopreskintt haventiex. of
cells cultured additionally with Matrigel (added at day 8 15 I n

culture). _Cytokeratin 19, _a hile duyct marker expressed by_the
proliferatPng hepatocytes, Ths F&lh SEJTRY E&Eﬁtﬁ?n?ﬂﬂﬂ°ﬁﬁ}iygel and is not

suppressed i n cosupplemented with one or more growth factors such as, for

example, HGF/SF, EGF and TGFa if accelerated growth is
desired.

Simple carbohydrates D-glucose and/or D-

10 galactose are added to the stock basal media to comprise
HBM. If both D-glucose and D-galactose are used, the sum
of their total concentrations is preferably 8.0 g/L oxr
less but greater than .01 g/L, taking into account the
amount of D-glucose present in the stock basal media, if

15 any. When only one of D-glucose or D-galactose is used,
the concentration is preferably 5.0-0.1 g/L. For example,
in the Example herein, the blended DMEM stock basal medium
that was used contained 2.0 g/L D-glucose and no further
D-glucose was added. 2.0 g/L of D-galactose was then

20 added as a supplement.

Nicotinamide, another HBM component, has been
shown to maintain hepatocyte differentiation, enhance
expression of cytochrome P450, and prolong hepatocyte
survival in conventional culture to 10-14 days. See,

25 Rosenberg, M.R., et al., In Vitro 18: 775 (1982) and
Inoue, C., et al., Biol. Chem, 264(3): 4747 (1983), the

disclosures of which are incorporated herein by reference.

Transferrin is an iron binding protein that
interacts with a transferrin receptor on the cell
30 membrane. It serves to both chelate and transport iron
ions. The transferrin preferably used in the present
invention is either holo-transferrin 30% saturated with
iron or is completely unsaturated (apo-transferrin) and is
combined with iron glucconate.
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cultures not receiving Matrigel. 28S rRNA stained by ethidium brom de was
used as .an internal control. 20 Fi gures 7A-7E show t he
results of studies showi ng formati on of ductular/acinar structures in
cultures of rat hepatocytes kept fromthe beginning of culture between two

type | coll agagogfieedeyers in HBMin the presence of HGF SF. pdiyBsdr/ossds €S
7A- 7D phot ographs are 25 of 15 day cultures. Figure 7A is a phase

contrast phot om crograph (100X) show ng t hd7appearance of the ductul ar
structures surrounded by collagen fibrils. Figure 7B is a photomi crograph

(1OQX) of _ 30 parrafi ngsﬁgcélsgﬁﬁsgget\){)%&géé%g}@&&&%&a&qerlllagel S

stained with hematoxylin
PCT/ US97/ 03880 -l<en ghaym ¢o 2ahande 7EEBrigndicedt P¥A simthegimies of cells

surroundi ng the §@§@,déany§, Rhal Npdiff er@-_ntall ocg&gnsE)ﬁ&%E&glhe llolgmg@gof

f the ductul t 7C shows
cel 15 vi 118 a nor SRSy NIRRT Cmr CRAT T

contacts joi ned bgfemencelesamsoged bmdthe tdresmenndanvekeiat n i nt ernedi at e

filaments. Figurge/ihedti¥one can be any cortisol derivative such as,
predniscone, prednisilone, cortisol, hydrocortisone, and
other derivatives.

10 Insulin and insulin-like growth factors are
required for glucose uptake, amino acid transport, and
maintenance of multiple intermediary metabolic pathways.
These effects help to maintain differentiation and support
proliferation.

1is The inclusion of Li-arginine in HBM, in the stock
basal medium, or supplemental thereto, appears to be
important because hepatocytes in culture tend to lose
their capacity to synthesize arginine through the urea
cycle. In the absence of L-arginine, hepatocytes in

20 culture cannot live for very long because they become
incapable of synthesizing L-arginine, thereby blocking
their protein synthesis. The use of D-galactose in
addition to D-glucose is advantageous for HBM because the
combination gives the greatest growth potential over

25 either substance alone.

HGF/SF, EGF, and TGFa, as discussed above, are
mitogens which as shown below exhibit an enhanced
proliferative effect when used together or alone in
accordance with the present invention. The foregoing list

30 of mitogens that can be used to supplement the HBM of the
present invention is not exhaustive. It is to be noted,
however, that these mitogens are not required for survival
or differentiation of hepatocytes when grown in HBEM.
Hepatocytes grown in HBM will proliferate at a slower rate

35 than if mitogens are added.
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cells resenbling nore of the hepatocyte phenotype, with 10 rough
endopl asm'c reticulumand mtochondria, densely stained secondary |ysosones
and fewer filanents. Figure 7E is a photograph of a Northern bl ot show ng
t hat expression of cytokeratins 18 and 19 increases in cultures with

duct ul ar/ aci Rgh ofidqbgact ures 15 whereas al bumn is only S*’éﬂb%%)()ass
expressed. Figure shows phot ographs of stai ned hunan hepat ocyte cu?tures
grown in HBM suppl emented with HGF/ SF and-E&F as descri bed herein taken at
day 1, 3, 5, 7, 10, 12, and 19. 20 DETAI LED DESCRI PTI ON OF
THE | NVENTI ON The present.i nventi.-qn p id ah asal di um
desi gnat ed HBM herein, valﬁn laﬂﬁu(g\ﬁ?'l (:5:%,! ﬁae?fn %i%%%%h%egi ??e?tgg;]ti ation
and survival of prasenely plpined medigl cRapaibhsy e degembdogntlveri ved cel |

l'ines 25 SUgRoaicEleP Fendteitadilly tgiheepedadt Puradiks £266 hepatdic

primary hepatocarcinoma cells in.vitro. Additionally. the nedia of.the
present iAventi §TEGRZhe ﬁ%%os‘fﬁle@ulcfﬂr ﬁﬁg ?aﬁc?’%ﬂ%lql@'i g‘l‘“ nC(aa??gfn?'enal
tubul ar cells, lguigel|surinml Ipaunice.i pr pkthelial cells, and a variety
of cell 30 | i nes, including MRC5, CaCo, and 3T3 cells, as well as

ot hers. The HBM of the present jnvention.maintains t ahql i c hways and
synthesis functions, i .e.?eﬁ??ﬁferp&%eﬁfgnsﬁ?c ﬁ$ 1 ﬁeﬁlg%%cyt es.
Addi tional 'y, thaseBM DMEMhEOPkdesMEM LIV8AL I and Wikiniams' Medium E 12251
contain the following components per 1000 ml of sterile
10 deionized water as shown below in Table I:

TABLE 1
Compositions of Stock Basal Media (mg/L)

WILLIAMS'’
DMEM DMEM MEM MEDIUM E
15 COMPONENT 11966 10314 11095 —12251
INORGANIC SALTS:
CaCl, (anhyd.) 200.00 200.00 200.00 200.00
CuSO4 - 5H20 -- -~ -- 0.0001
Fe (NO3) 3 - 9820 0.0 0.10 -- 0.0001
20 KC1 400.00 400.00 400.00 400.00
MnCly - 4H30 - -- -~- 0.0001
MgSO4 - (anhyd.) 97.67 97.67 97.67 97.67
NaCl 6,2400.00 6,400.00 6,800.00 6,800.00
NaHCO3 3,700.00 3,700.00 2,200.00 2,200.00
25 NaH,PO4 - H30 125.00  125.00  140.00 --
. NaH,PO4 -- -- -- 140.00
ZnS0y4 * THR0 .- ~- -- 0.0002
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WD 97/ 34999 PCT/ US97/ 03880 -14 -
conbi ned. with specific mtogens and extracellular matrix conpositions,
hepat ocytes can be driven to transdifferentiate into bile duct-1ike
structures. The 5 HBM of the present invention can be used for culture
of mammal i an iveped/zaegt es, and ot her cells, including, but noecrussrozsdot o
those of human, rat, dog, pig, nouse, and bapoon origin. The HBM nmedi um
conprises appropriate |levels of 10 essential and non-essential am no
acids and bulk ions and trace elenments, buffers, vitam ns, carbohydrates,

| i pi ds, proteins OTHER QOMBONENTS-0 function as a nutrient nmediumfor in
vitro manmalian cell culture. In its broadest aspect the invention features
a 15 chem cal |y _defi ned basal nedia, HBM that by itself allows for

| ong-t er m survi val-C14CPPEr enti ati orf,” and 8roRPhOBf IrefRfaI%%n 2n8B9t B8yt es
and ot her cells. GAdtiathdoakly, in the presenee of grow-h factorsososh as
HG-/ SF, EGg or F@‘ﬁ?&%ﬁné‘feml as other nitogens, cells grow Bgo‘i!n t he

20 * suppl enent e ave a nore rapid pagul ati on expansi on and cl onal

growth. As furthétheRoXSerat ed bel’&w9% he HBR B9 t he 3 -&9%nt i APeRPi on

when suppl enent ecsadiium BEEGTate -~ - - 25.00
AMINO ACIDS:
L-Alanine - - -- 90.00
10 L-Arginine-HCl 84.00 84.00 126.00 --
L-Arginine - -- -- 50.00
L-Aséaragine-Hzo -- -- -- 20.00
L-Aspartic Acid -~ -- -- 30.00
L-Cysteine -- ~- -- 40.00
15 L-Cystine -- 48.00 -- --
L-Cystine-2HCL €3.00 63.00 31.00 26.10
L-Glutamine 584.00 584.00 292.00 --
L-Glutamic Acid -- -~ -- 50.00
Glycine 30.00 30.00 -- 50.00
20 L-Histidine-HC1:H;0 42.00 42.00 42.00 --
L-Histidine -- -- -- 15.00
L-Isoleucine 105.00 105.00 52.00 50.00
L-Leucine 105.00 105.00 52.00 75.00
L-Lysine-HCl 146.00 146.00 73.00 87.50
25 L-Methionine 30.00 30.00 15.00 15.00
L-Phenylalanine 66.00 66.00 32.00 25.00
L-Proline -- -- -- 30.00
L-Serine 42.00 42.00 -- 10.00
L-Threonine 95.00 95.00 48.00 40.00
30 L-Tryptophan 16.00 16.00 10.00 10.00
L-Tyrosine'ZNa~2H20 104.00 104.00 52.00 50.70
L-Valine 94.00 94.00 46.00 50.00
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causes formation of bile duct-like structures in conjunction with certain
matri x constructs. As stated 25 above, however, such growmh factors are
not required for specific differentiation patterns in primary cul tures, but
do accelerate growth and popul ati on expansion if this is desired for a
speci fic pur pweszsdbe HBM medi um of the present invention 38crmyseo/RiEe’ | SES
a chemcally defined stock basal nmedium (F einafter referred to as "SM')
desi gned for mammalian cell culture. The s ock basal medi um can be
preferably constructed using Dul becco's Mddified Eagle Medium ("DVEM') as
one ingredient,ygggmiﬁ§3present invention is 35 not to be so limted as
|l ong as the fornulations are within the guidelines set forth herein.
Exanpl es of other SUBSTI TUTE SHEET ( RULE 26) WD 97/ 34999

PCT/ US97/ 03880 AgSoxbilefAqigll basal-medi as which may be used in Zoxordance
W th the preseng;hpygnti on include, but are.pot limted to: Basglgdvedi a
Eagle (BME), DMEM F-12 é DVEM and F-12 5 vol : volﬁ Nbdlun1199 F-12
(Ham). Nut?ient Rr%eupPad qfhﬁ?ﬁﬁ%an)4N89rlent M98 ure: Pral Eskethti al
Media (MEM, W KChoaise dfkdbrids and.BPM 1649.00l | of 1wboch are1.so

Ergocalciferol -- -- -- 0.120
Folic acid 4.00 4.00 1.00 1.00
i-inositol 7.20 7.20 2.00 2.00
10 Menadione
Na Bisulfate ~- -- ~- 0.01
Niacinamide 4.00 4.00 1.00 1.00
Pyridoxine HC1l - 4.00 -- --
Pyridoxal HCl 4.00 -- 1.00 1.00
15 Riboflavin 0.40 0.40 0.10 0.10
a-Tocopherol
Phosphate Disodium -- -- -~ 0.01
Thiamine-HCl 4.00 4.00 1.00 1.00
Vitamin A Acetate -- -- -~ 0.10
20 Vitamine Byg -- -- -- 0.20

In accordance with the preferred embodiment of

present invention, the following supplemental components in
Table II are added tc the stock basal media of Table I in a
total volume of 1000 ml. The preferred amounts listed

- 25 coincide with those described below in the Example for
which the basal stock medium was constructed from 445 ml of
DMEM 10314 and 555 ml 11966 to provide a D-glucose
concentration of 2.0 g/L such that no additional D-glucose
was added. It is to be understood that when using other

30 basal stock media the optimal amounts of these components

that are added may vary.
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avai lable from G bco - BRL/Life Technologies, Inc., Gaithersburg, M, anong
ot hers. Several versions of nmany 10 of these nedia are avail able, and
those that are particularly useful to construct HBM i nclude, but are not
limted to: DVEM 11966, DVEM 10314, MEM 11095, WIlians' Media E 12251, Ham
F12 11059, MEMwvelopB&9ed 2561, and Medium 199 11151 (all avail pblrriséiasee

G bco-BRL/ Li fe Technol ogi es 15 (1995-&&@5 catalog)). Therefore, for
example, if L-arginine and/or D-glucose are already in the stock basal
media in the necessary amounts, then little or no additional ingredient

wi |l have to be added as a supplenent. 2@aABLE II Dependi ng on the
particul ar conposition of the sto 1@;3& éﬂ fo&hﬁa Mis then

suppl ement ed, as described nore f Y ner%gﬁTigﬁ%h-frgﬁucose and/ or

D-gal actose, nicotinam de, other mcronutrients conprising am no acids and
trace netals not already present in tpgefdfda Seehcast tais iRdige

L-gl utam ne, L-arginine, L-ornithine,_ zinc. mnanganese, copper, and

sel eni-um 3urified transferrin to whi % bound el emental iron or
apo-transferrin in conmbination with iron gluconate, hornones such as

dexanet hasone and insulin and a pH buhhetsB0 sughies/HEPES
(N-[ 2- hydr oxyet hyl ] pi perazi ne-N-[2- et hanesul fonic acid]). Antibiotics such
as penicillin and streptonycin, a pH indicator, album n and/ or dextran,
essential fatty BdeGadactxbseernati ve buff2r8,gvitanm ng.01-5.0 g*
D-Glucose 2.0 Qux 0.01-5.0 g*
Nicotinamide 610.0 mg 1-3050 mg
10 L-Proline 30.0 mg** 1-120 mg
L-Arginine 84.0 mg** 1-150 mg
L-Ornithine 100 mg 1-500 mg
human-holo-Transferrin
(30% Fe saturated) 5.0 mg 0.1-100 mg
15 h-Insulin 5.0 mg greater than 10-11 M
Dexamethasone 1x10°7 M 10-12_10-3M
ZnCl, .544 mg** 1-3000 ug
MnSO4 0.025 mg** 1-250 ug
ZnS0g4 * TH20 .750 mg** 1-3000 ug
20 CuSOy4 * SH20 0.20 mg** 1-1000 ug
Selenium 5.0 ug 1-150 ug
L-Glutamine***
(additional to SBM) 5.0 mM 2.0-10.0mM
HEPES 20.0 mM 5-50 mM
25 * If both D-galactose and D-glucose are used, the upper

limit is about 8.0 g/L or less, taking into
consideration the amounts present in the particular
stock basal medium used, if any. The lower limit for
when both or only one of D-glucose or D-galactose is

30 used is about 0.01 g/L or greater. For example, in
the Example herein, the blended DMEM medium used
contained 2.0 g/L D-glucose with no additional amount
added, and 2.0 g/L D-galactose was added.

** Tf not already in SM stock basal medium.
35 **+% J-glutamine is a required nutrient in the present

invention. Many stock basal medias are provided with
L-glutamine included. However, it is well known by
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osnotic agents, and other fornms of trace netals may al so 35 be
optionally added. Typically, a basal nediumw |l have a pHin the range of
6.5-8.2, preferably 7.0-7.7, and nost WO 97/ 34999

PCT/ US97/ 03880 -16- preferably 7.2-7.5. Phenol red is a typical indicator
added to aid wodgegontrol of pH The SM and suppl enents t pehRisPyda8dHPr | Se
t he HBM nedi um of the present invention. 5 The HBM nedi um
may then be optionally supplenmented with od¥ or nore growh factors such
as, for exanple, HGH/ SF EGF and TGH[err] if accelerated growh is desired.

Si rrpl e car bohydr at es. Iucose and/ o. actose are added to the
stock basal nedia t rﬁ@@% Z§Z1§§¢ﬁ££%g§§zsﬁﬁe&f Q3§ are
used, the sum of th é)ﬂaﬁi @ogre %% | ess
but greatgr than O\Jeéléd— fotl@. hv'iﬁg' ﬂéﬁu@&@tﬁlﬁ eégﬁ qse
present in the stock- Fagimitedis, adfedSto theammm m\é&eﬁmoa £ Yt 58 rfsent

D gl ucose or D gal aitiwsietioh asedesthibed noe dangiensatesfpr efieisbly 5.0-0. 1

g/ L. For exanple, in the Exanple herein, the bl ended DVEM st ock basal
medi um t hat was '

2. L of D-gal
wes added. 0 g/Lo %Eif%pggﬁebgﬁgwt{fgks substances which may be

optionally added to HBM medium to optimize cell growth for
10 specific purposes and for specific species origin of

hepatocytes and specific cell lines or malignant cells.

Again, these amounts will vary depending on whether a

particular component is already present in the stock basal
medium being used.

se

15 TABRLE IXI
Optional Additives for HEM

Preferred ion Ral
Amount

20 Albumin® 2.0g 0-10.0 g
Penicillin®*" 100 U 0-2500 U
Streptomycin** 100 ug 0-2500 ug
Sodium Pyruvate 0.15 g 0-2.0 g
Gamma Tocopherol 0.35 mg 0-3.5 mg

25 Alpha Tocopherol 0.15 mg 0-2.5 mg
Vitamin Dy 0.20 mg 0-1.8 mg
Dextran® 2.0 g 0-5.0 g
Iron Gluconate*** 25.0 ug 0-100 ug
Lioleic Acid 1.0 g 0-5.0 g

30 Apo-transferrin*** 5.0 mg 0-20.0 mg
Retinol 0.05 mg 0-2.0 mg
Vitamin By 0.15 mg 0-2.0 mg
Ascorbic acid 3.0 mg 0-10.0 mg
Choline Chloride 1.5 mg 0.2-12.5 mg

35 Biotin 0.75 wmg 0.2-15.0 mg

SUBSTITUTE SHEET (RULE 26)



20 added as a supplenent. Nicotinam de, another HBM conponent, has been
shown to. mai ntai n hepatocyte differentiation, enhance expression of
cytochrone P450, and prol ong hepatocyte survival in conventional culture to
10- 14 days. See, 25 Rosenberg, MR, et al., In Vitro 18: 775 (1982)
and | noue, C. ,webrsbos, Biol. Chem 264(9): 4747 (1989), thepclirgsoiozser es of
whi ch are incorporated herein by reference. Transferrin is an iron binding
protein that interacts with a transferrin receptor on the cell 30

nmenbrane. It serves to both chelate and tr#¥sport iron ions. The
transferrin preferably used in the present invention is either

hol o-transferrin 30@%§$§g%%%§g%2%é3?+éégkéutéqsfggngkgﬁﬁig;unsaturated

(apo-transferrin) an co I'ron gl uconate. WO 97/ 34999
PCT/ US97/ 03880 - 1#* [RaxarebRassiseids Swdy N eer LERSA Sl exlaplBeen
shown to enhance EG-dditdmgaiRNA synthesis as reported by Sand, T.-F., et
al ., Acta. Endocrinol. 109:369 5 (1985), the disclosure of which is
i ncor por at el her et H' Birareigdnenpate fand sapbitransdeprineran by awbisgrituted
dexamet hasone can be iren-sabnrated vielo trapsfegsin.

In instances where accelerated growth is desired
various growth factors can be added to the HBM of the
present invention. While HGF/SF, EGF, and TGFa are

10 presently preferred, it is to be understocod that other
growth factors may also be used. The preferred amocunt of
such growth factors typically vary with the particular
source used. The amounts listed herein are therefore
necessarily limited to the particular sources used herein.

15 In the Example below HGF/SF was preferably added to HBM at
40 ng/ml; EGF was preferably added at 20 ng/ml; and TGFa
was preferably added at 20 ng/ml.

The following examples are included for
illustrative purposes only and are not intended to limit
20 the scope of the invention.

EXAMPLE

Materials

Male Fischer 344 rats from Charles River,

25 (Pennsylvania) were used for all the experiments involving
rat hepatocyte isolation. EGF and Matrigel {a mixture of
matrix components derived from EHS mouse tumor) were
obtained from Collaborative Research (Waltham, MA).

(3R] Thymidine was obtained from ICN Radiochemicals

30 (Irvine, CA). Collagenase for hepatocyte isolation was

obtained from Boehringer Mannheim (Indiannapolis, IN).
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prednlsone predni silone, cortisol, hydrocortisone, and other derivatives.
10 Insulin and insulin-like gromh factors are required for
gl ucose uptake, am no acid transport, and mai ntenance of mnultiple

i nternmedi ary netabolic pathways. These effects help to maintain

di fferenti atiwoasg@egsupport proliferation. 15 /hﬁnh%ﬁbUSion
of L-arginine in HBM in the stock basal nedium or supplenenta ereto,
appears to be inportant because hepatocytestin culture tend to |lose their
capacity to synthesize arginine through the urea cycle. In the absence of
L-argi nine, hepatocytes in 20 cul ture cannot live for ve | ong because
t hey becone i ncﬂﬁm@fbf(cﬁlﬁtrh(?sﬁ?ﬁg Ralg dilfione CA} hHPéb\}S?ﬂloék!I et hei r
p(r]I otein synt hfesc:SnSEH‘\ﬁ:um of Phgatoallageh igeladdi ceaﬁrw &Qﬂ]éﬁwe\relr%
advant ageous or c gi e est

potential over Egﬁatgllr;\%é a lo;&g’ A ISL‘ l’i%:e&él

di scusseds aboveuseqi efcm tl'(hy@#s skHAEes aeas Hdvn ASevewisrhi bi ECTannaé:rﬂmm

prol i ferative ehhpehasbiprErendpbeaes Nefoticaldlogy! NLAREPIFELS, W 1 he
present invention. The foregoing list 30 m t ogens that can be used
to suppl enent the HBM of the present |nvent|on I's not exhaustive. It is to

be noted, however, that these n1togens are not required for survival or
differentiationgg M Q ; :

Rat hepatocytes were isolated by an adaptation

of the calcium two step collagenase perfusion technique as

10 taught by Kost, D.P., et al, J. Cell. Physiol. 147:274
(1991), the disclosure of which is incorporated herein by
reference. All such preparations were designed to obtain
a population of pure hepatocytes. Unlike many other
hepatocyte culture systems, the present invention does not

15 require or use a feeder cell co-culture or feeder-cell
conditioned media. After isolation of hepatocytes, the
cells were suspended in a media used for cell attachment
to the culture plates. This media was MEM (GIBCO 12570)
with NEAA (GIBCO 11140), insulin 5 mg/L, and gentamycin

20 S ug/ml. Hepatocytes were plated on a single layer of
collagen coating as described below and left to attach for
2 hours. Six-well cluster plates (9.8 square centimeters
per plate) from Corning were used. For experiments where
hepatocytes were not going to be induced to proliferate,

25 or where assessments of differentiated function were
performed, the cells were plated at a density of 80,000
hepatocytes per square centimeter of surface area. For
experiments intended to induce proliferation or genetic
transduction with foreign DNA, cells were plated at an

30 initial density of 1,000 or 10,000 hepatocytes per square
centimeter of surface area. The plating medium was
replaced with the invention HBM medium at 2 hours after
the cells were plated and every 48 hours thereafter.
Thymidine, growth factors, and other ingredients, were

35 added at the time of medium change as required.
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Hepat ocytes grown in HBMw ||l proliferate at a slower rate 35 than if
ntt ogens. are added. WO 97/ 34999

PCT/ US97/ 03880 -18- The insulin, EGF, HG, and TGF[err] used in the
presently clainmed nedia can either be reconbinantly produced, genetically

engi neered, omw@sisbgoed from natural 5 sources. The spepcwescoIssbde,
for exanple, human, bovine, equine, nurine, porcine, or rat. Several
preferred stock basal nedia - DVEM 11966, 10314, MEM 11095, and

Wllianms' MediumE 12251 contain the follow ng conponents per 1000 m of
sterile 10 dei oni zed b ﬁﬁp?@8¥2§£%aﬁ?¥é QQEQQEQdIbyTgﬁiéaJ?tatlon

Conpositions of Stock Basa

NEM MEDI UM Ecfsthe c@émsme perfusion t efi’é’e@ue as desquibed byjjg95
12251 .| NORGANI C Sékdy, Sal,[ extr pl( andgdrye 2aficé) i t@
200. 00 Cu err]e [ discl PRI 0 0001
Fe(NJ err] [err]—g#'g ﬁ’ga (1982), §he disc °s“1r§ of which is 0. 0001 20
KCl ) e afed he;@@nogy refexenge. Cg@ésogere cultured as

described above for the rat hepatocytes.

Collagen gels were prepared as described by

Michalopoulos, G.K., et al., Exp. Cell. Reg. 94:70 (1975),

10 the disclosure of which is incorporated herein by

' reference. Dry coating of plates with collagen and

Matrigel was also performed as specified by the
manufacturer. Matrigel gels were made by adding 50 ul of
Matrigel sclution into 0.5 ml of medium directly on the

15 top of attached cells.

DNA synthesis was measured by the uptake of
tritiated thymidine into trichloroacetic acid (TCAa)
precipitable material as described by Kost, D.P., et al.
(1991), cited above. Collagen gels, where necessary, were

20 digested with 2 mg of collagenase per ml of MEM medium
" used. Incubation was then carried out for 30 minutes at
37°C. The digested gels were treated with NaCH followed
by TCA to precipitate DNA, RNA, and proteins as described
by Kost, D.P., et al. (1991), cited above.

25 Composition of the HBM Medium
DMEM, HEPES, L-glutamine, and antibiotics were

purchased from GIBCO/BRL (Gaithersburg, MD). ITS mixture
(Insulin, Transferrin, Selenium) was purchased from
Boehringer Mannheim. All other additives were cell

30 culture grade (Sigma). Unless otherwise indicated for
specific experiments, the stock basal medium consisted of
DMEM 11966 and DMEM 10314 blended to achieve a final
D-glucose concentration of 2.0 g/L. In this case, 445 ml
of DMEM 10314 was blended with 555 ml of DMEM 11966 to
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MiCl[err].4Herr]O - - - - - - 0. 0001
MySO'err]: (anhyd.) 97. 67 97. 67 97. 67 97.67 Nad

6, 400. 00 6,400.00 6,800.00 6,800.00 NaHCJ err] 3, 700. 00
3,700.00 2,200.00 2,200.00 25 NaH err] P err].Herr] O 125. 00
125. 00 140w@@7/34990 -- NaH err] PO err] - - o

- 140. 00 ZnSQ{err]. 7H err] O PCTAUS9TI03880

0. 0002 WD 97/ 34999 -26~

PCT/ US97/ 03880 -19- OTHER COVPONENTS: D- d ucose -- 4, 500. 00
1, 000. 00 2,000.00 Q@ utathione L o-- -- --

0.05 5 Met hpFhiey®| Wukse concentration. The formulas. for these grogk

Phenol red basal lhedih are sbe @6rth idUrdM¥le 1 abb{el0 Padi prriat e
- .. blended megdiup, was %E‘?ggaﬁ}%ﬂ?#’éo'ﬁ%e%s"’ilﬂ‘élsi%gffied 84.00
126.00 S  --Dbpvipgiaihumin 2.0 g/L,.D-galactose 2.0 g/L,-- 50. 00

k—_Agpar agi ne. H eréffithine 0.1 g/L, L-proline 0030 g/L, n2BoffnimiRpartic
Cl - -

& N o.slo'%;.,oozriqalz"o.slggcgpg({.ﬁgzggo}fv 20 81980 mg/z, 45 50
-- CuS04-:5H50 0.20 mg/L, MnSO4 0.025 mg/L, glutamine 5.0 mM,

ITS (rh-insulin 5.0 mg/L, human transferrin 5.0 mg/L [30%

10 diferric iron saturated], selenium 5.0 pug/L),
dexamethasone 10-7 M, and HEPES buffer 20.0 mM.
Penicillin and streptomycin were added at 100 U/L and
100 ug/L, respectively. The mixed basal HBM was
sterilized by filtration through a 0.22-um low protein-

15 binding filter system (Corning), stored at 4°C, and used
within 4 weeks. The growth factors, as required, were

added to HBM fresh at the specified concentrations every
time the medium was changed.

20 Hepatocytes were initially plated at 104/cm? and
grown in HBM supplemented with HGF/SF (40 ng/ml) and EGF
(20 ng/ml). After €8 hours the media was replaced with
supernatant from CRyP-packaged, replication-deficient,
amphotropic retrovirus (MPG ~ 5§ x 105 units per ml)

25 containing the E. coli f-galactosidase gene under an LTR
promoter as described by Zitvogel, L.H., et al., Hum,
Gene. Ther. $:1493 (1994), the disclosure of which is
incorporated herein by reference. Polybrene was added at
2 ug/ml. The supernatant was replaced after 18 hours with

30 HBM that was supplemented with EGF at 20 ng/ml and HGF/SF
at 40 ng/ml. The brief exposure with the virus-containing
supernatant did not have an adverse effect on hepatocyte
survival or proliferation. At indicated times, cells were
fixed with 0.5% glutaraldehyde in PBS for 10 min and

3s developed with X-Gal substrate at 37°C for 16 hours.
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L- Cysti ne. 2HCL 63. 00 63. 00 31. 00 26. 10 L-d utam ne

584.00 . 584.00 292. 00 -- L-Gutamc Acid - - - -

- - 50. 00 d ycine 30. 00 30. 00 - - 50. 00
20 L-Histidine.HO . Herr]O 42.00  42.00 42.00 .-

L- Hi stidine wo097/34999- -- -- 15. 00 L-rcmissmoisse

105. 00 105. 00 52.00 50. 00 L-Leucine 105. 00 105. 00
52.00 75. 00 L-Lysine. HO 146. 0047~ 146. 00 73. 00 87.50
25 L- Met hi oni ne 30. 00 30. 00 15. 00 15. 00

L- Phenyl al ani ne Trar?sqn@%d cells6§x99ess:. gzr%lr%ga‘ co125g8Re LétPé:lQléd]e 42 00
.- 10. 00 EOﬁ?ﬁf‘éfﬁ“nar‘FeSh"m b 55@%‘3 G agg 65- AP&?R)‘E)““ 40. 00
30 L- Tr ypt opbatrols for kG&cBOcompondrf:. Gfre neg@te for X510

L- Tyr osi neg 2Na. 25{;{&%&%104 00 104.00 52. 00 50.70 L-Valine

94. 00 94. 00 50. 00 WO 97/ 34999

PCT/ US97/ 03880 -20- VITAMNS:. Ascorbic Acid - -

2.00 Biotin Transmission Electron-Microscopy - 0.50 5 D Ca
pant ot henat e 4. 00 4. 00 1.00 . 1.00

Samples for transmission electron microscopy

(TEM) were fixed on the culture plates for 1-1.5 hours in
0.1 M sodium cacodylate buffer (pH 7.4) that contained.

10 2.5% glutaraldehyde and 2% formuldehyde. The plates were
then rinsed 2 times with 0.1 M sodium cacodylate buffer
(pH 7.4) and 2 times with 0.1 M sodium cacodylate buffer
containing 5% sucrose (pH 7.4). They were held in the
sucrose buffer for 1-7 days, rinsed 2 times with 0.1 M

15 sodium cacodylate buffer (pH 7.4), and then postfixed for
1 hour in 1% 0804 in 0.1 M sodium cacodylate buffer. The
plates were then rinsed again in buffer, and the fixed and
processed collagen gels were then cut in strips with a
razor blade. The strips were then transferred to glass

20 specimen vials, dehydrated through a graded series of
ethanol (25-100%) and two propylene oxide changes, and
infiltrated with Epon-Araldite resin (BioTec, TX).
Several changes of resin were made over 2 days, as the
collagen gels tended to heold the propylene oxide. The

25 collagen strips were flat-embedded and cured overnight at
60°C.
£ io rth ots
(v] a JA (o] ures.,
Total RNA was extracted from unwashed cell cultures using
30 2.0 ml of RNAzol B (BioTec) per well and purified per the

manufacturer’s guidelines. RNA concentration and purity
were determined by routine spectrophotometry. Size
separation of 20 ug RNA per lane was completed on
denaturing 1% agarose gels and transferred to nylon

35 membranes (Amersham, Arlington Heights, IL) by the

SUBSTITUTE SHEET (RULE 26)



Chol i ne chloride 4.00 4.00 1.00 1. 50 Ergocal ciferol

- - - - - - 0.10 Folic acid 4.00 4.00
1.00 1.00 i-inositol 7.20 7.20 2.00 2.00
10 Menadi one Na Bisul fate -- -- -- 0.01

Ni aci nanm de wo 97/34999 4. 00 4.00 1.00 1.00 ' loase HC

- 4.00 - -~ Pyridoxal HO 4.OHB%--°

1.00 1.00 15 Ri bofl avi n ~28~ 0. 40 0. 40 0.10

0.10 [err]-Tocopherol Phosphate Di sodi um --
0. 01 Thi am ne. HC

Acetate -- capillary mé%ﬂgg.__Afteé“gg%siy;ﬁ§£§%8 und%ft%%?ﬁgxkﬁgg%F A

-- --  membranes were hybridpged rovewuvicidnwatihi shechfi@reits ed
enbodi nent of preseiMdimd iiaNchkhei f@kéHWidiheS BRR! BEBA! BAnSHWQRRRL S i N

Table Il are added st ock basal dia of Table.l in a total volune of
1000 m . %he prg?é?%éléégknﬂﬂﬁgglPgtgﬁeggham raqgﬂmhgfa@eﬁp¥thhose descri bed
bel ow i n t he ExMepbranes weriecisubsequently warliedrwddem hagh camrsingesicad from
445 ml of DVEM 283df asith S hpbb886eb oxax 414 (@aBrghHCRSEaEONCENT T at i on

of 2.0 g/L such_that no addjtiona | ucose _was .aqdded, It s to _be
under st ood t hat RARRKSYRE nd* i3t FEF 05> gay%asaﬁuﬂstd%gcﬁ’éa?% ?%ettb"'pt%l
amount s of t hesbyboigizatition baadsaweredpedfommed byylaser densitometry.

10 So D

cDNA probes used to study gene expression were
obtained as gifts, and are available upon request from the
following'sources: Cytokeratin 8 from Dr. Norman Marceau
(Laval University); Cytokeratin 14 from Dr. Dennis Roop
is (Baylor College of Medicine); Cytokeratin 18 from
Dr. Robert Oshima (LaJolla Cancer Research Foundationm);
Cytokeratin 19 from Dr. Andre Royal (University of
Montreal) ; TGFa (rat) originated from Dr. David Lee
(University of North Carolina at Chapel Hill); EGF-R (rat)
20 originated from Dr. Sheldon Earp (University of North
Carolina at Chapel Hill); aFGF from American Type Culture
Collection (ATCC) (catalog No. 78222); aFGF-R from ATCC
(catalog No. 65796); uPA originated from Dr. Jay Degen
(University of Cincinnati); cytochrome 11B1 from Dr. Steve
25 Strom (University of Pittsburgh); cDNAs for albumin,
o fetoprotein, and transcription factor analysis were
generated by Dr. Joe Locker (University of Pittsburgh).

RESULTS OBTAINED

Role of Media Components and Matrix Substrates on Cell

30 Broliferation

The full description of the HBM medium is given

above. To evaluate the relative importance of different
media components several experiments were performed whose
results are shown in Table IV (A, B, and C) below. The
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WD 97/ 34999 : PCT/ US97/ 03880 -21-

TABLE I1.Additions to SMfor HBM Preferred Concentration Ranae 5
Amount units/L units/L D Gl act ose 2.0 g

0.01-5.0 g* D Qducose 2.0 g** 0.01-5.0 g N cotinam de
610.0 ngy wob7386d ny 10 L-Proline 30 pOTNI7i03880
1-120 ng L-Arginine 84.0 nyg** 1-150 ng L-Ornithine

100 ny 1- 500 ny hunman- hol o- Transf&%i n (30% Fe sat ur at ed) 5.0
ngy 0.1-100 ng 15 h-1nsulin 5.0 ng greater
tzg?gzlo[err] M DXt Sso_rbi-g&uﬁﬁsg. a%@%&%ﬁéhﬁg@%&f{édsé%ﬁg] M

0.025 ng**  1-250 delamiS@,eniForipanide® and trace elemenygOwens *

i'?ggg [err]g %O?ndivfaﬁgify'th@%&@ﬁéackro?)the full HBMOmﬁ@i@%**
|_: d ut agne:él g* ecgrrrlxlagﬂtion as shown in Tgble [IQ; rA-g The totéf‘SDNA eprer).] 9

culture after 14 days of growth is shown therein. As can
be readily seen, removal of dexamethasone had the most
dramatic effect, followed by removal of nicotinamide. 1In
Table VI B, growth of cells achieved by day 14 is compared

10 between HBM medium containing diferric transferrin (iron
saturated) versus iron unsaturated transferrin. Addition
of iron containing diferric transferrin (30% saturation)
was found to be much more effective in promoting growth.
The addition of elemental iron (FeSO4, 0.1 uM) to the

15 unsaturated transferrin failed to overcome the difference.
Table VI C provides information on the relative effects of
D-glucose, D-galactose, and L-ornithine in HBM medium.
All three of these components are potential sources of
energy to the cells. Complete cessation of growth was

20 noticed when all three components were removed. Addition
of D-glucose alone restored most of the response whereas

 the addition of D-galactose alone was less effective.

Ornithine alone had minimal effect. Concentrations of 2 g
per liter each of albumin and D-glucose were found to be

25 optimal though the effects were not statistically
different than 1 or 3 g per liter in each case. The
effect of complete removal of .these components is shown in
Table IV A.
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(additional to SBM 5.0 mM 2. 0-10. OmM HEPES

20.0°'mM - 5-50 nM 25 * I f both D-gal actose and D-glucose are
used, the upper limt is about 8.0 g/L or less, taking into consideration
the amounts present in the particular stock basal nediumused, if any. The
lower limt feowhameboth or only.one of D-glucose or D gal gt .”63§8030
used is about 0.01 g/L or greater. For exanple, in the Exanple herein, the
bl ended DVEM medi um used contained 2.0 g/ L3p-glucose with no additional
anount added, and 2.0 g/L D-gal actose was added. If not already in SM stock
basal nedium 35 *** |-glutamne is a required nutrient in the present
i nvention. Many stock basal nedias are BaBY¥®dEE with L-gl utanine incl uded.
However, it is well known by WO 97/ 34999

PCT/ US97/ 03880 -22- practiti rs of, the_art. of cul ture that
L- gl ut ami ne vwIIA'degU§§§;§%§§é;§2§§: nPQsﬁEﬁcfﬁéﬁ(ﬁﬂq COMBPRERRF N8 Wi | | be
degraded over a peri wWeeks ot tow g erofact ur e.

Thereforeg additional L-glutamne is added to the HBM EEQQQEJQf t he present

i nvention as describggrgotﬁggqﬁafate for this. 13.90 + 3.60

DNA at day 14 in HBM (with HGF/SF and EGF)
supplemented with:

+ All components 84.90 + 0.50

10 - Glucose 69.80 + 2.90
- Albumin 68.70 + 0.50
- Dexamethasone 13.70 £ 0.20
- {(Transferrin and selenium) 63.10 + 2.00
-~ Nicotinamide 35.20 + 1.70

is - Trace elements 65.00 + 2.40
- All components 20.20 + 4.30

B. of I rxi row

Zero time DNA 9.21 + 1.01
Diferric tranaferrin

20 {iron saturated) 70.15 + 1.21
Diferric transferrin plus

added iron (5 uM) ' 1.83 £ 0.41

Iron poor transferrin 24.84 + 4.30
Iron poor transferrin with

2S added iron 1.10 + 0.90

C. Effect of Removal of Glucose, Ornithipe, or Galactose

Zero time 11.0 + 0.4
Control (Gluc.+,0rn.+,Gal+) 59.0 + 2.5
Gluc.-,0rn.-,Gal.- 10.6 + 0.8

30 Gluc.-,0rn.+,Gal. - 14.4 + 0.9
Gluc.-,0rn.-,Gal.+ 44.2 + 6.0
Gluc.+,0rn.-,Gal. - 59.0 + 4.0
Gluc.+,0rn.+,Gal.- 6€2.7 + 1.4
Glue.+,0rn.-,Gal.+ 63.6 + 0.3

35 The indicated HBM components were removed and hepatocyte

were grown in the modified media for 14 days. The total
DNA per culture in micrograms was measured at day 14 to
evaluate growth cell growth. Time zero was the sample of
hepatocyte suspension that was inoculated into the plate

40 immediately after cell isoclation. The data are expressed
as mean + standard error of three separate plates.
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Table I'll below lists substances which nay be optionally added to HBM
medi.umto optim ze cell growh for 10 speci fic purposes and for
specific species origin of hepatocytes and specific cell lines or malignant
cells. Again, these anounts will vary dependi ng on whether a particul ar
conponent is awoeadisepresent in the stock basal nedi um bei ngrusess7oisse

TABLE 111 Optional Additives for HBM Preferred Concentrati on Range
Amount units/L units/L 20 Al burs n 2.0 g
0-10.0 g Penicillin** 100 U 0- 2500 U Streptonycin**

100 [err]g 0- 2500 err%g Sodi um Pyruvate 0-2.0
g Ganma Tocopheré!epatOCY es i fuseéY315t 12‘?}1feral&llﬁﬁa“?§€’ép% ol
0.15 ng 0- 2 2B +ag = Eamr3 -

Dextran* r atg*rx 25 0
[err]g 0-100 [err]g L| o e| C A’IA 5ng 18 sfow &Pe qu;%?é; b thﬁmqsdbne
Apo-transf &rri n*Per ug DNAg s ypell as tQBZERGUn@P¢k§4#u¥abellng index at

0.05 ngy 0- 2. QiTEe¥YeheNddyd[ &l Idulture in cells gkoWindUin the- préséfice

Ascorbic acid of HGF/SF ang BGF (40, 90 ng9mfgrespect1vely) as described
above. As can be seen, most of the proliferation occurs
at days 5-12. By day 15 the cultures were confluent and

10 DNA synthesis slowed down. The high nuclear labeling

index during the times of sustained proliferation
indicates that the proliferating cells derive directly
from the mature hepatocytes.

The growth factors HGF/SF, EGF, TGPa, KGF

15 - (keratinocyte growth factor), SCF (stem cell factor), and
aFGF (acidic fibroblast growth factor) were added
individually to HBM medium. Of the growth factors added,
HGF/SF, EGF, and TGFa (shown in Figure 2 as "TGFa") caused
significant cell proliferation, as shown by the total

20 amount of DNA per culture at day 15. KGF, aFGF, and SCF
when added alone or in combination had no proliferative
effect as shown in Figure 2. TGFa had a stronger
proliferative effect than any of the other mitogens when
added alone to HBM medium. . HGF/SF and EGF together had

25 the strongest proliferative effect for a given time
interval of 15 days together than did any other single
mitogens or combinations. Addition of all the growth
factors together had no more effect than the combined HGF/
SF and EGF as seen in Figure 2. The detailed cell

30 kinetics induced by HGF/SF and EGF alone or in combination
are shown in Figure 1C. The total DNA per culture is
shown as a function of the time in culture. The largest
amount of accumulated DNA at day 15 was seen with the
combination of HGF/SF and EGF. The DNA per culture at day
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Chaol i ne Chloride 1.5 ny 0.2-12.5 nmg 35 Biotin

0.75nmg 0.2-15.0 ny WO 97/ 34999
PCT/ US97/ 03880 -23- * Dextran can be substituted for albunin ** Ot her
antibiotics may be used, such as for exanple, gentanycin. [ ron

gl uconat e andwvaperssggnsferrin can be substituted for iron- s 85

hol o-transferrin. In instances where accelerated growth is eS|re W2 i ous
grow h factors can be added to the HBM of -8Re present invention. Wile

HGF/ SF, EG-, and TGH[err] are 10 presently preferred, it is to be
under st ood t hat ot her 9rom¢h factors may al so be_used. The preferred anount
of such growth f2c¥3PsIeybiees IYPafadf FifR Pherphiedtdnathsodnereasedin The
amounts |isted held nuabert hcHGH ASF amacass'awefey ibdﬂﬁ efndaQ 1yhpoPant i cul ar

sources used her e R b F refe |y
added to HBM at 1?8-@ %ﬁ?e ‘Té%iié:q“v\(/;a]'lslr= pre ggkgf Elll 6&%31#1 %@I’b
TGF[err] wWas préﬂ@P&bly added at 20 ng/nl. The follomﬁng exanples are

i ncluded for illustrative purposes only and are not intended to limt 20

the scope of tNgeFAYENLEarrix Substrates

Several matrix substrates promoted cell growth
in this system. Rat hepatocytes were cultured for 15 days
in HBM supplemented with HGF/SF (40 ng/ml) and EGF

10 (20 ng/ml) grown on various matrices as seen in Figure 3.
The cells were cultured as described above. Dry coating
with collagens type IV (mouse), type I (bovine),
fibronectin, and laminin were equally effective in

' promoting cell growth as assayed by measurement of total

15 DNA per culture at day 15. Dry coating with ECL (a
commercial derivative of EHS gel, UBI) had superior
effects. Coating with type I collagen (Vitrogen
commercial preparation) was the standard method used for
the experiments unless otherwise specified. The effect of

20 matrix gels in promoting specific phencotypic conversions
in these cultures is further discussed below.

The morphology of the proliferating cells

(cultured in HBM as described above supplemented with

. 25 40 ng/ml HGF/SF and 20 ng/ml EGF) varied at different
times after the stimulation of cell proliferation. From a
normal hepatocyte morphology as seen in Figure 4A, the
proliferating cells in the first 4 days acquired long
projections assuming the phenotype typically described as

30 due to the "scattering” effect of HGF/SF on hepatocytes as

seen in Figure 4B as described by Michalopoulos, G.K., et
al, J. Cell. Physiol. 156:443 (1993), the disclosure of
which is incorporated herein by reference. Between days 6
and 8, the proliferating cells lost most of their
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EXAMPLE Materials and Methods Materials Male Fischer 344 rats from Charl es
Rrver, 25 (Pennsyl vania) were used for all the experinents involving
rat hepatocyte isolation. EG- and Matrigel (a mixture of matrix conponents
derived from EHS nouse tunor) were obtained from Col | aborative Research

(Wal t ham MA) .wble®sdoddd] Thym di ne was obtai ned from | CN Radi opbeuseabsse30
(I'rvine, CA). Collagenase for hepatocyte isolation was obtained from
Boehri nger Mannhei m (I ndi annapolis, IN. =-33AD 97/34999

PCT/ US97/ 03880 -24- Vitrogen (Celtrix Labs, Palo Alto, CA) was used for the

construction of the collagen gels. Geperal r.eagent ' forom

Si gma Cheni cal CBY*} a.s"l_"ghig{gnﬁgf' el %%Séénge?'%?gt lgé’sﬂtl;aE Sdi es was
the [err]5 variabhe piedeatdionisxdiminpekedandi theowelpst hegami tr axavlasgy
(Lake Placid, NYy,nLf ae?zt gﬁ?:c%@(i.@h§éﬁ€u£ilﬁ%ﬁ_ﬁs‘écbh%h83tm£@§@i AR eds

bor s on-Fochn GRLLACCGRF Lued, 2 OB, ERAGER 3 gontghugis SOERr as
Physi ol . 147: 274sé4R9i) ,Fiduredid€c| oExvamindtidt dy ied echronpoicxestdmt ei n by
seen in Figures 4D and 4E showed that most of the features
typical of mature hepatocytes were missing. Ry day 15
there were no lamallae of endoplasmic reticulum wrapping
10 around mitochondria and there are no glycogen rosettes or
peroxisomesl Bile canaliculi were absent. There was a
prominent increase in bundles of keratin intermediate
filaments. The nuclei were angular with very prominent
nucleoli. After confluency the morphology gradually
1s revert back to mature differentiated hepatocytes with
endoplasmic reticulum lamallae, mitochondria, glycogen,
peroxisomes, bile canaliculi, etc., similar to that in
Figures 6B and 6C.

Clonal growth of the proliferating rat

20 hepatocytes is demonstrated in Figures 4F and 4G.
Hepatocytes were transfected at day three in culture with
a replication-deficient retrovirus containing the lac-Z
gene under the influence of a viral LTR and were stained
for expression of B-galactosidase. Mostly single cells

25 were stained positive at day four in culture (1 day after
transfection) as seen in Figure 4F. On the other hand,
staining at day 10 and continuing through day 28 showed
patches of positive-stained, hepatocytes, consistent with
clonal growth of the original transfected hepatocytes as

30 seen in Figure 4G. The percentage of lac-Z-positive cells
(~20%) did not appear to change during culture.

Proliferating Hepatocytes Express Altered Levels of
Varjous Genes

The expression of several specific genes was
35 assayed in proliferating hepatocytes. These included mRNA
genes associated with hepatocyte differentiation (albumin,
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reference. Al such preparations were designed to obtain a popul ati on of
pure hepatocytes. Unlike many ot her hepatocyte culture systens, the present
i nvention does not 15 require or use a feeder cell co-culture or
feeder-cell conditioned nedia. After isolation of hepatocytes, the cells

wer e suspendesyg fiamwepedi a used for cell attachnent to the c ctrfifsﬁ'u@kﬁ)t es.
This nedia was MEM (G BCO 12570) with NEAA (G BCO 11140), insu

and gentamycin 20 5 [err]g/m. Hepatotytes were plated on a si ngle
| ayer of collagen coating as described below and |left to attach for 2

hours. Six-well cl us es (,9,8.s uare centjneters per e) from
Cor ni ng were usé’5¥° '&éjp&’qlﬁe‘ﬂ‘ﬁg atﬁ r 8% heht oy n%'e‘guﬁrg ?18 %‘b‘%% to be
i nduced to prol ieneoéieg Q&okeraarinmmrbeassmmtahsdﬂ.ﬂt etentamd ad)
function were perforiRbed i Hep) alt%c?@Ee P&@ﬁﬁd(ﬂoﬁn‘;‘igs'(hﬁApf

hepatocyt s per re centineter ace_ area. Faqr exp eri nment s |ntended
fBfal jpit!

to i nduce prol i FarrereRfeG-Ret Aheheted A7 WETh 1P0Fé9§ﬁeliﬂh?
were plated at ddaBeled as iB@RR)alandefSFryand theilo mr:ei:ﬁ;:BOOadaﬁmct (qut es

per square cent ijogt 0. e pl u W th
Phe invention HAEnEEr roibghe A RorBiP, | M TREL REPEPal i iy 1
48 hours t her eafe&EFReTRBick r?é’algls&\ﬁ/tﬁ f%@?‘oﬁ@m S tyrRsr gFﬁWeHP &hes, were
35 added atprebentéenef aiithadi womblhaadcHEE/SEGWO &d/ml) and EGF
10 (20 ng/ml) (Figures S5A and 5B) or with TGFa alone (20 ng/

ml) (data not shown). Total RNA was isolated from

cultures at days 0, 6, 10, 1S, and 21. No expression of

HGF/SF or TGFfS1 mRNA was seen at any of the time points

examined.

15 As can be seen, albumin and cytochrome IIB1 mRNA
were present at time zero and subsequently decreased.
Albumin mRNA increased by day 21 at which time mRNA for o
feto protein (AFP) was also detected. mRNA for
cytokeratins, 14, 18, and 19 increased through culture.

20 There was a steady increase in mRNA for aFGF and TGFua.

The mRNA of receptors for HGF/SF (MET, Figure S5A) and aFGF
(Figure 5B aFGFR) remained present throughout the culture

time. The EGF receptor (EGFR) mRNA declined from day zero
but remained expressed. GAPDH mRNA expression was used as

25 a reference "housekeeping" gene. Dramatic increases were
noted in expression of urokinase as well as cytokeratins
14 and 19. Some differences from the above pattern were
seen in the cultures that, instead of HGF/SF and EGF, were
maintained in the presence of TGFa (20.0 ng/ml). In these

30 cultures albumin expression and expression of the HGF/SF
receptor were better preserved during proliferation
whereas AFP appeared earlier. (Data not shown.) Despite
the observed differences in gene expression patterns no
morphologic differences were seen between cells growing in

35 the presence of TGFa or HGF/SPF plus EGF, once confluency
was achieved.
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Human hepatocytes were isol ated by an adaptation of the coll agenase
perfusi on techni que as described by Strom S.C., et al., Journal of

Nat i onal Cancer Institute 5 65(5):771-8 (1982), the disclosure of which
i s incorporat edobessedn by reference. Cells were cultured as segosorissgo above
for the rat hepatocytes. Collagen gels mergsprepared as descri bed by

M chal opoul 0s, G K., et al., Exp. Cell. 94:.70 (1975), 10 t he

di scl osure of which is incorporated herein by reference. Dry coating of

plates with col | pgen rde¥Ryr Heghc Q%ﬁ:éﬂ Kevieekl 8bMMsk @fe SRGMHtISEBY the
manuf act urer . N&iﬁdéle|tlﬁe|1$1fMéﬁc uatﬁ@dnngrwn[emé |pre¥endiri gel
solution into O.¥orngaxenchs 1godhd Mieeldn Cultwwe of attached
cells. DNA synthesis was neasured by the uptake of tritiated thymdine into
trichlorodtetic acid ( TCAFhgneMaprigtl avamoveripidsoncswktiures laf Heyt 8,

D.P., et al. (19%dre cwatsee.h acagm (mmgem &%s aﬁﬁ@éﬁaﬁ@@ﬁ&s@ﬂ.e were 20
dlgested with 2

f. nase tion was
then carried out® %ﬁ ﬁ r%? ?ﬁ efNE%% %t t%ﬂf°eﬂ9§axifg €t r eat ed
with NaCOH fol om@rWW@Q toTbeeéepmmse qj\lAheRNAcehm @lreatSéxmm as
described by Kosfighdd’.ea.et agl shoud By  eXddtednaR9¥Loscopy in Figures 6B

10 and 6C, these cells had typical markers of mature

' hepatocytes, including wrapping of the endoplasmic
reticulum around mitochondria, bile canaliculi, and the
presence of glycogen. Preparations of mRNA were made from
cultures exposed to Matrigel for 10 days (days 8-18 in

15 culture). The expression of albumin was compared between
day zero in culture (immediately after collagenase
perfusion), at day 8 in culture (before the overlay by
Matrigel), and cultures at day 3 and 7 after Matrigel
overlay as shown in Figure 6D. Addition of Matrigel

20 caused dramatic increases in expression of albumin mRNA,
compared to control proliferating cultures in which it was
minimally detectable. The effect of Phenobarbitol (PB) on
the levels of cytochrome P450 IIB1 mRNA in the Matrigel-
treated cultures was also measured as shown in Figure 6E.

25 Matrigel was added to the cultures at day 8. PB was added
2 days later (day 10 of culture). The cells were
harvested 5 days after addition of PB (day 15 in culture).
Addition of PB induced cytochrome IIB1 mRNA only in the
Matrigel-treated cultures. Induction of this mRNA by

30 phenobarbitol is typical of hepatocytes and does not occur
in any other cell as reported by Michalopoulos, G., et
al., Science (Wash, DC) 193:907 (1976), the disclosure of
which is incorporated herein by reference. Typically,
hepatocyte cultures rapidly lose the capacity to respond

35 to PB. This finding is supporting evidence that addition
of Matrigel to the cultures of proliferating hepatocytes
induces a mature hepatocyte phenotype, as attested to by

the electron microscopic structure shown in Figures 6B and -
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25 . Conposition of the HBM Medi um DMEM HEPES, L-gl utam ne, and

anti bioti¢s were purchased from G BCO BRL (Gaithersburg, MD). ITS m xture
(I'nsulin, Transferrin, Selenium was purchased from Boehri nger Mannhei m

Al'l other additives were cell 30 culture grade (Signma). Unless

ot herwi se i ndinoateghed or specific experinments, the stock basaglerfiRei ke

consi sted of DVEM 11966 and DVEM 10314 bl ended to achieve a final D-glucose

concentration of 2.0 g/L. In this case, 4436m of DMEM 10314 was bl ended
wth 555 nl of DVEM 11966 to WO 97/ 34999

PCT/ US97/ 03880 -26- [ ' Q ratiop..T I for t e

st ock basal rrediegcﬁ'qr gﬁge§¥$5%$%f?!ﬁ &gg{vgo%teggg\:ig. t‘]ghL&Fi(;gsﬁul i"7g Bl gﬁzed

medi um was t hen & Wipiec AUAE cHaTkeh eXRpgsseddby the pyolikeratiagin 2.0 g/ L,

(E)> g%ac; Es eZ2OO[rgafﬂatdeye§5i bb)fdﬂﬁe Oirﬂtagfducih?pﬂﬂkfégexgt%7 i 1 }eon@&ﬁ@éﬁ@?m de
: e ZN rr . r]. eLk :

cusq e?r] S5H er rﬁ%ﬁJOC%6§ﬁé/ ?p%@%%&r@?hl b%ﬁt%?np?é:%&nﬁf fe¥"

(rh-insulin 5.0 irg/MigukendB.transferrin 5 0 ng/L [30% 10 diferric iron

saturated], selenium5.0 [err]g/L), dexamethasone 10[err] M and HEPES

buf fer 20.0 M Peni ci 11 gang S SPLOTLY ReuELeads il 4k and

exposed to Matrigel and there was a substantial decrease.
To assess whether differentiation to mature hepatocyte

10 morphology required DNA synthesis, 20 mM hydroxurea was
added to the HBM media. This has been shown
(Michalopoulos, G.K., et al., Cancer Res. 38:1866 (1578),
the disclosure of which is incorporated herein by
reference) to abolish scheduled semiconservative DNA

1s synthesis in hepatocytes by inhibiting ribonucleotide
reductase. Hydroxyurea was added to cultures before the
Madrigel overlay and maintained throughout the next 5-day
period. DNA synthesis decreased down to 3.93% of the
control (without hydroxyurea) in the proliferating

20 cultures maintained in the absence of Matrigel and down to
6.27% of control (without hydroxyurea) in the cultures
maintained in the presence of Matrigel. Though DNA
synthesis was decreased down to 6.27% of control
(+Matrigel, no hydroxyurea) levels, the conversion of the

25 proliferating hepatocytes to mature hepatocyte morphology
was entirely unaffected and involved the entire
population.

HGF/SF (but Not TGFa or EGF) Induces Proliferating
Hepatocytes to Differentiate into Ductular/Acinar
30 I

Hepatocytes maintained between two collagen gel
layers retain their morphology and differentiation for
prolonged time periods as described by Michalopoulos,

G.K., et al., J. Cell. Phvsiol. 156:443 (1993), the

35 disclosure of which is incorporated herein by reference.
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100 [err]g/L, respectively. The m xed basal HBM was sterilized by
ftltration through a 0.22-[errJmlow protein- 15 binding filter system
(Corning), stored at 4C, and used within 4 weeks. The grow h factors, as
requi red, were added to HBM fresh at the specified concentrations every
time the nedi wosmsmohanged. Retroviral Transfection and AsSKII568dHbIsed

Cl onal Expansion 20 Hepatocytes were initially plated at
10[err]/cnferr] and grown i n HBM suppl emem3d with HGF/ SF (40 ng/ M) and
EGF (20 ng/m ). After 68 hours the nedia was replaced with supernatant from

CR[ err] P- package replication-deticient, hot r oDk C rowirus. (MFG - 5 x
10[err] units pegéﬂ?s -es ma&&ﬁ?é?%?nlét?é?qu%%b%%i[3%& Yté&ééh%%idase
gene under an LTeuprwres evitds conyentbel wgdis cpsgaiining HGF£FF gndexgem
bGene fTher . 9 é4?§%£ﬂ@@noﬂiff§éﬂ5§6{192%ﬁn rd/mh@htihﬁrbﬁs@i%@t ?ﬁhdher ein

y reference. Pol ybrene was added at_2.[err . € _supernat ant wa

ool aced after 19VRBGIEIIY BECIBS oRbREhrih A EsuchEPE ERP RN B8 at
20 ng/'mM and HGFEBE bepattiglatesTheThe i k¢hawioys ofe hepatocykes

Vi rus-cont ai ni Ngp3 iReA R Be tdiednnloh 27 Hd\RN138g8hf §61 o hepatocyte
survival or prollferatlo.:é§ |nglﬁated | MesS e%%z ¥ere fixed with Q. 5%
gl ut ar al dehyde i R¥PBECHYTY APSGFACHWES exam | BB¥&i the Rreiena S at e

at 37C for 16 hodeM. supplemented with either HGF/SF or EGF as described

10 above. It was noted that in the EGF supplemented media
hepatocytes underwent the typical phenotypic transitions
as described above. On the other hand, in hepatocytes in
HBM supplemented with HGF/SF alone, following expansion of
cells identical in appearance to the proliferating

15 hepatocytes described above, there appeared multiple duct-
shaped structures between days 10 and 1S5. These became
prominent and encompassed most of the cells present in the
cultures. Starting from approximately day 10 and by day
15 most of the cells in the culture were arranged in such

20 ductular structures. The appearance of these structures
is shown in Figure 7A. Histologic sections are shown in
Figure 7B (light microscopy) and Figures 7C and 7D
(electron microscopy). The structures had a ductular or
acinar configuration. Some of the cells surrounding these

25 structures were very attenuated and had light and electron
microscopic appearance identical to bile duct epithelium.
Others however are larger and resemble more closely the
ductular hepatocytes described in previous studies of in
vivo models. The proliferation of cells (data not shown)

30 under either EGF or HGF/SF in the collagen gel sandwiches
was much less (<25% at the highest peak) than that seen in
the cultures on plastic coated with dry collagen. Most
proliferation ceased by day 10 and the duct-like
structures appeared after cell proliferation had ceased

35 (days 10-15). Ductular acinar structures were also noted
in these cultures when HGF/SF and EGF were combined but
were fewer than with HGF/SF alone. As with the Matrigel
overlay, additional of hydroxyurea to inhibit DNA
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Transduced cells expressing the E. coli gene stained positive as shown in
Figures 4G and 4F. Appropriate controls for each conponent were negative
for X-Gal 5 staining. Transm ssion Electron M croscopy Sanples for
transm ssi on &V@6#34699 M croscopy (TEM were fixed on the cul j6eop, s for
1-1.5 hours in 0.1 Msodium cacodyl ate buffer (pH 7.4) that contained 10
2.5% gl ut aral dehyde and 2% f or nul dehyde. PRe plates were then rinsed 2
times with 0.1 M sodium cacodyl ate buffer (pH 7.4) and 2 times with 0.1 M

The sucr ose. but rapuissle JRARELILINh Haut o 0381405 (o lerfioateheghel 4 11
cacodyl at e buff 3Efesh the) foEmat iR P Jher GUEiuUiaF St¥RRiunes Igatacpekr] in
0.1 M sodi um cacdiwmt.e Fughee. 78 M'xciﬂsatte&t\/\leheséheﬂlIs na@ted@ai N i N

but fer. and the LG ARG,PT0CaRRAY £0 JATRNLIEL e TS I Gy St PS

with a razor blad@ ransterre
speci men vi al s, ﬁéﬁydﬁéﬁéﬁathho%gh BogaddyeroRigs 19: %&r&%ﬂﬂz)(zadloowa and

E wo pr ople>e()rle OXSﬂeile”'aH'AQE% &ﬂ&ﬂf_mﬂm_nmdﬁ_hﬁm A(éladsty)tethteﬁl n
I oTec change ,esin were nade a as e
col l agen gels te BYHRS 8§tﬁ5 OW é}?§°5?f’53te¥e}ée %y col | agen

strips were flatrefsrenged)and ematl ameuny @ift adbumin expression was also

10 retained, consistent with the presence of hepatocyte-like
cells within the ductular structures as seen in Figure 7D.
It was noted that the ductular cells maintain CK19
expression in the nonproliferating state (Figure 7F) in
contrast to the cells differentiating toward the mature

15 hepatocyte lineage which cease expressing this bile duct

' marker. '

Sustained Growth and Population Expansion og Human .
H ! in HGM. in the B € HGF/SF 1 EG
Though human hepatocytes cultures have not been

20 characterized as extensively as those of the rat, the
literature available has shown that these cells also
undergo a limited round of DNA synthesis after stimulation
by growth factors and rapidly degenerate in culture. See,
Ismail, T., et al., Hepatoloqy 14:1076 (19%91), the

25 disclosure of which is incorporated herein by reference.
The response of human hepatocytes to HGF/SF (40 ng/ml) and
EGF (20 ng/ml) in HBM medium was studied. Results similar
to those described for rat hepatocytes were found in
primary cultures of human hepatocytes, as seen in

30 Figure 8. The human cells begin to rapidly proliferate at
day 3-4 in culture and reach confluency by day 189.

As stated above, there is a present need for a
media that allows hepatocytes that are cultured in vitro
to expand as a cell population. The HBM of the present

35 invention allows such expansion and therefore enables much
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60[err] C. Analysis of Gene Expression by Northern Blots Extraction of Total
RNA.and mRNA from Cultures. Total RNA was extracted from unwashed cel

cul tures using 30 2.0 mM of RNAzol B (BioTec) per well and purified per
the manufacturer's guidelines. RNA concentration and purity were determ ned
by routine speqig@ph@bonetry. Size separation of 20 [err]g RY&ETHSS7/43880% was
conpl eted on denaturing 1% agarose gels and_transferred to nylon 35

menbr anes (Amersham Arlington Heights, IL53%9 t he WO 97/ 34999

PCT/ US97/ 03880 -28- capillary nethod. After cross-linking under UV |ight,

the membranes W%&xﬁ@dﬁz&&rpv&r Prdl furhbiSpardddvocyRbas (ahel présaited
in the figures) that had

. een | ahel'ed wt . err] P P using an
Aner sham r andom ﬁﬂVﬁBFlRPt?l%rﬂfE‘;ﬂg’? \)@Fgugubrs’e’&ffgrﬁ Y v?/]asg‘%%d under hi gh
stringency condi tappldcantlons pogEldnesd kakowi.| m ( East nan Kodak, Rochester,
NY) for 1-3 days. Quantification of the RNA hybridi zation bands were

performed by | aser densitonetry. 10 ources of c Pr.obes_cDNA probes
used to st fdy gene expressFeh SEAPISyt Flrre FURESRY 1PRENGR 15 g'lé{\?ﬁi'l abl e
upon request fromddyeted gene therapy that achieve stable, long-term

expression of transferred genes require actively dividing
cells during the initial transfection. Normal liver has
only 1 in 20,000 hepatocytes in S phase growth on any

10 particular day. In order to increase cell proliferation,
a large portion (2/3) of the patient’s liver must be
removed. Subsequently the liver-targeted gene carrier
source is intravascularly injected. The altermative to
this drastic measure is to remove a small piece of liver

15 (10%), culture the hepatocytes, transfect them in culture,
and then reinfuse the cells back into the liver. This
latter method, while safer, less expensive and better
controlled than the former, is currently hampered by the
lack of culture media such as HBM which allows prolonged

20 proliferation, clonal expansion of essentially all cells
cultured, and long term viability of the cells.

The design of current extracorporeal liver
devices based on biocartificial liver tissue which include
cellular elements rely on transformed (tumor) hepatocytes

25 or animal hepatocytes. The animal cells do not survive
for more than few days in the bioreactors that are used
and do not proliferate, making it necessary to generate
bioreactors more frequently and in close proximity and to
maintain all necessary facilities, materials and animal

30 donors in anticipation of need. Additionally, animal
cells may have several undesirable aspects which makes
them clinically difficult or dangerous to use. Also,
tumor cells used in these devices carry the risk of
leakage of cells into the patient and therefore

35 potentially could give rise to tumors in the patient. The
HBM media of the present invention will permit production
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foll owi ng sources: Cytokeratin 8 fromDr. Norman Marceau (Lava

Uni versity); Cytokeratin 14 fromDr. Dennis Roop 15 (Bayl or Col | ege of
Medi cine); Cytokeratin 18 from Dr. Robert Gshina (LaJolla Cancer Research
Foundation); Cytokeratin 19 fromDr. Andre Royal (University of Montreal);

TG[err] (ratygo Q;,jggnated fromDr. David Lee (University of ol i na
at Chapel HIl); EG-R (rat) 20 originated fromDr. SheT%m' %alfgg&

(University of North Carolina at Chapel HRPt); aFGF from Anerican Type
Culture Collection (ATCC) (catalog No. 78222); aFG--R fron1ATCC (catal og

No. 65796); uPA_,o nated fromDr. .Ja ver5|t Ci ncinnati);
cyt ochr one 1leff%6ﬁFE?c tg fPYdinin Sﬁpbﬁ??Léﬁéy PP?F%TXﬁiﬁU
cDNAs for aIbummd/orepthete¢Qkﬁ8Haadhpr9Ndderehscunxnueoﬁeﬁaures afial ysi s
were gener at ed lli%rgésul Ecé DL Rimdedd Wik 3kt Maﬂ&tﬂﬂﬂr@bllbﬂg) teRFrSULTS

OBTAI NED_Rol e of onent.s an trix_Sub strates n
Proliferdtion THEMEEFFYdﬁggr??ﬂﬁ%ﬁ?eb%*¥ﬁg TR Het?tim S8CH; ﬁgﬁcﬁﬁﬁ%e To
eval uat e t he r eloafldvelsapoe tusefuloffadi fifegemanuwiatitaureondengnt s sever al

experl ments wer e B. and
SXPEr | TeNt s, WoRArASOLILHT & MRS IR WHha18ET SRl K BLBLOY: b

PCT/ US97/ 03880 studies.

Another potential use for HBM media of the

10 present invention is in autotransplantation of
hepatocytes. Hepatocyte transplant is a relatively new
approach to treating patients with endstage liver disease.
The method relies on use of donor organs which are not
used for organ transplant. Autotransplantation has the

15 advantage of not requiring immunosuppressive drugs, but it
is not practical if it is not possible to expand the
number of cells and keep them alive long enough to place
them back into the donor. Endstage liver explants could
algo provide a donor hepatocyte source under selected

20 conditions, including encapsulation or genetic
manipulation. Regardless of the source of hepatocytes,
expansion of cell number in long term culture and
replantation (into spleen, portal system, peritonium,
renal capsule, etc.), does enhance effective hepatic

25 synthetic and detoxification processes for prolonged
periods of time. The limiting point is the lack of
hepatocytes. HBM has the potential to eliminate this lack
of cells, and thereby dramatically expand the number of
patients that could be treated for liver failure.

30 Similarly, autotransplantation or heterotransplantation
with other cells grown in the media of the present
invention could expand the number of patients and array of
treatments possible with biocellular therapies.
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-29- conmponents D-glucose, al bum n, dexamethasone, transferrin and

sel enium nicotinam de, and trace el enents were individually subtracted
fromthe full HBM nmedi um 5 conposition as shown in Table IV A The
total DNA per culture after 14 days of growmh is shown therein. As can be
readi |l y seen, weendsde of dexanet hasone had the nost dranmati cP@VYSI?038s0

foll owed by renpoval of nicotinamde. In Table VI B, gromh of cells

achi eved by day 14 is conpared 10 bet weert-HBM nmedi um cont ai ni ng
diferric transferrin (iron saturated) versus iron unsaturated transferrin.
Addition of iron containing diferric transferrl n (30% saturation) was found

to be much nore effective idepHBHoPEnENGrRRRIERETHEVEREEPP oFAR A% Ment al
iron (FeSqerr], QsdfieriddVdriug ahd ébemicalinsmtimgt pdotedusé=srrin fail ed

to overcome the dyllaignaea1lalitol] CrPhOMLIeS Jrf BEHE&'H&% il at i ve

effects of D glucose al a and t'hine in , three
of these co$rponenP§°‘§H%"-i)6‘i‘-\§r'ft P&I t?SE?Ge@%fm‘Eﬁ&e&}cﬂ-SYt ARd CEPFICLY AR et e
cessation of growhépaescyte culthebscas piaen @ IFDA)r SBSDAQNNDOSHandVETA

removed. | Addit i OBedly B Ahie0S sk RE1SSLALRY e Abe! BEESRRANISS YAE! cas

the addition of D- actose al one was fess | oné had
mni mal effect. CHERRERFERGSHAN ShoFtytpen ‘I"Fltt'é-lfreeé?@ﬁaﬁﬁea‘l’%ulﬁﬁc &fd long

- D-glucose were foyegmteidieildty or eRghiBicamouypfoliifferatioent s e ausiolof
statistically dif{gpepii{na Latend OnBCfedt i detiBACN16A5Er i
viability), (2) allow longer exposure periods at lower
concentrations, (3) allow observation of mutagenicity and
toxicity on proliferating hepatocytes, and (4) make
available a supply of human hepatocytes which could be
15 used in other toxicologic investigations.

Although the invention has been described in
detail for the purpose of illustration, it is to be
understood that such detail is solely for that purpose and
that variations can be made therein by those skilled in

20 the art without departing from the spirit and scope of the
invention except as it may be limited by the claims.
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effect of conplete renoval of these c;

in Table IV A

WD 97/ 34999 THIS SHEET HAS BEENYS97/ 03880 -30- Tabl e
IV A Ef fect of Renoval of Specific HBM QEPpACEMMt S or] Hepatocyte G owmh 5
[err]g/well Zero time DNA +3~96—-f€rr] 3.60 DNA at day
14 in HBM (W wo HiskodF and EGF) supplenmented with: + Al CO%‘?REWIOS&

84.90 [err] 0.50 10 - Q ucose 6 .%h

2.90 - Al bumn 68. 70 0.50 - Dexanet hasone

13.70 [err] 0.20 - (Transferrin and sel eni um 63.10 2.00 -

Ni coti nam de 35.20-44-70 15 - Iraceelenents
65.00 2.40 - Al conponents 20.20 41RO sKet Has Bleh RELIS:

9.21 [err] 1.01 Diferric transferrin 20 (ir

Iron and Transferrin on Hepatocyte G owmh Zero tinme DNA 4“'"*”"'
70.15 1.21 71 claim:

i

1. A chemically defined HBM culture medium for
maintenance, differentiation, and long-term growth of
5 mammalian hepatocytes, comprising:

(a) a synthetic stock basal medium designed for
mammalian cell culture; and

(b) a hepatocyte cell growth promoting amount
of components selected from among nicotinamide, amino
10 acide, transferrin, hormones, dexamethasone, trace metals,
and simple carbohydrate selected from the group consisting
of D-glucose and D-galactose and any combination thereof.

2. The HBM culture medium of a Claim 1 further
comprising a buffer.

15 3. The HBM culture medium of Claim 2 wherein
said buffer is HEPES.

4. The HBM culture medium of Claim 2 further
comprising antibiotics.

5. The HBM culture medium of Claim 4 wherein
20 said antibiotics are selected from the group consisting of
penicillin and streptomycin and any combination thereof.

6. The HBM culture medium of Claim 4 further
comprising albumin.

7. The HBM culture medium of Claim 6 wherein
25 said albumin is selected from the group consisting of
bovine serum albumin, human albumin, rat albumin, porcine
albumin, and equine albumin.

-
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Difer'ric transferrin plus added ir% A 1.83 [err]
0-41 lron poor transferrin AB BEEN t on poor transferrin

with 25 added iron } 10 0.90 C Ef f ect
of Renpval of d ucose, Onithine, nme

11.0 [err] O. 4woomsamwb (4 uc. +, erﬁﬁﬁaﬂﬂﬂm 59. 0 [err] perhus9rioasso
Quc.-,On.-, &l . AQuc.-,0On.+ @Gl .-
14.4 0.9 d uc.-,Crn.- - 44.2 6.0 duc. +, Crn - Gal.-
59.0 [err] 4.0 4 uc.+,Crn.+,GaI. 62.7 1.4
Quc.+,On.-,@&l .+ 63.6_jgrr] 0.3 35 The i ndi cat ed HBM

conponents were renoved and hepatocyte were grown in the nodified nedia for
14 days. The total DNA per culture in mcrograns was neasured at day 14 to
eval uate growth cell grew ITheliHBM zalouwasmédiouns afplcdadin heyplad it e

suspensi on thasta g{a ghEﬁ&t‘ié‘tseé%dmgﬁsﬂem%P&rﬁ 0 se 1§chggeg£gf§eg%after cell

I sol ati on. are expressed as nean st an ,a_error
separat e plat§§°“P copsysvingpf DMEM, MEM, Wllllams Media E, BME,
PCT/ US9B 0388MMEMYF-12, Media 199, F-12 (Ham) Nutrient Mixture, F-10

(Ham) Nutrient Mixture, and RPMI Media 1640.

9. The HBM culture medium of Claim 1 wherein
said amino acids are selected from the group consisting of
L-glutamine, L-ornithine, L-proline, and L-arginine and

10 any combination thereof. '

10. The HBM culture medium of Claim 1 wherein
said trace metals comprise zinc, manganese, copper, and
selenium.

11. The HBM culture medium of Claim 1 wherein
15 said trace metals further comprise ZnCl,, 2ZnSOy4-7H30,
MnSO4, CuSO,4-5H,0, and NaSeSOy.

12. The HBM culture medium of Claim 1 wherein
said transferrin is selected from the group consisting of
holo-transferrin 30% saturated with iron and

20 apo-transferrin in combination with iron gluconate.

13. The HBM culture medium of Claim 1 wherein
said hormones comprise insulin and dexamethasone.

14. The culture medium of Claim 1 wherein said
synthetic basal medium is DMEM.

25 15. The culture medium of Claim 14 wherein said
DMEM contains about 0.1-5.0 g/L D-glucose, preferably
about 2.0 g/L.

16. The HBM culture medium of Claim 1 further
comprising a hepatocyte cell growth enhancing amount of

30 growth factors. [
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Hepat ocytes Enter Diffusely i nto Proli feratlon under the Influence of

HG-/ SF, EG-. and TGF[err] Fi gures sn frequpt ake of thymdine 5
per [err]g DNA, as well as" The BRJU nuclear H§ i ndex at different
days in culture in cells ghiouhettQHab Beeh aﬁgde 1 of G-/ SF and EGF (40, 20

ng/ m respect woglooas des can be seen,
proliferation occurs at da v 2 ;Usgﬁ‘ﬁfst?ent
and 10 DNA synt hesi s sl e high nucl ear |abeling index

15 the cultures were con
during the tinmes of sustained prollferatlon I ndi cates that the
proliferating cells derive directly frojpthe mature hepatocytes. The growth
factors HG-/ SF, EG-, TGF[err], KG- 15 (keratinocyte growmh factor),
SCF (stemcell factor), and aFGF (acidic fibroblast growh factor) were
added i ndividual |y to14BM rhdi HBM @ilthhﬁe giedduln bACCDatn adlethereih/ SF, EGF,
and TGF[err] o{$§ Oé(y_q e [ G
proliferati oﬁé a vjt% E@gugﬁs a@é ?e e %g#?)‘ug?é % petrm% F’tare at
day 15. KGOt a‘ﬁfﬂ'SFanE CFaRﬂe'ﬁG%ded al one i n combi nati on had no
proliferative effect as shovvn |n Figure 2. TGF[err] had a stronger
proliferative effect an é;&_t;e ISPScYLED one to HBM
medi un’ig HGF/ SF and EG- "t og et her h‘gﬁ' l}ne@lﬁ{é{ §?r%n estsagr:é%lql gratlve
effect for aCePRFEHSiNGE F‘ﬁ?éF%Yt%fce_LJEl cﬁﬁPgtPOSBPW“?%zﬁ?‘%rﬂ ghy ot her
singl e mtogepswtt famvoirsati ons. Addition of all the growth

19. The HBM culture medium of Claim 18 wherein
said growth factors are selected from the group consisting
10 of HGF/SF, EGF, and TGFa.

20. A mammalian cell culture medium comprising
the composition of HGM as defined in Tables I and II,
wherein the stock basal media of Table I comprises a
blended DMEM such that the final concentration of
1s D-glucose is preferably about 2.0 g/L and the amount of
D-galactose is preferably about 2.0 g/L.

21. The culture medium of Claim 20 further
comprising the components listed in Table III.

22. The culture medium of Claim 20 further
20 comprising a hepatocyte cell growth enhancing amount of
growth factors.

23. The culture medium of Claim 22 wherein said
growth factors are selected from the group consisting of
HGF/SF, EGF, and TGFa.

25 24. The culture medium of Claim 21 further
comprising a hepatocyte cell growth enhancing amount of

growth factors.

25. The culture medium of Claim 24 wherein said
growth factors are selected from the group consisting of

30 HGF/SF, EGF, and TGFuo.
) DR L




factors together had no nore effect than the conbined HGF/ SF and EGF as
seen in Figure 2. The detailed cell 30 ki netics induced by HG-/ SF and
EGF al one or in conbination are shown in Figure 1C. The total DNA per
culture is shown as a function of the time in culture. The |argest anount
of accunul at edvddissado day 15 was seen with the conbi nati on OFCRAG/ERsENd
EG-. The DNA per culture at day WO 97/ 34999

PCT/ US97/ 03880 -32- 15 was 12 tinmes that at tine 0, reflecting the increase
in cell nunber. HGF/ SF and EGF were about equally potent. TGF[err] al one
was nore mtogenic than either HG/ SF or EGF 5 al one. Effect of Mtrix
Substrates Several matrix substrates pronntﬁ?] ell growth in this system
Rat hepatocytes were cultured for 15 days i suppl emented wi th HG-/ SF
(40 ng/mM) and EGF 10 (20 ng/m) grown on various nmatrices as seen in
Figure 3. The cells were cultured as descri bed above. Dry coating with
col | agens type |V (nouse), type | (boviagksﬁbﬁér nectin, and |lamnin were
equally effective in pronoting cell gro sﬁﬁWed by neasurenent of
total 15 DNA per culture at day 15. Dry coating with ECL (a

L 12-61 SAeQ

Si-g1 skeQ

| 01-8 sdeQ

Days in culture

- 9-p skeq

- 2-0 skeq

100
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0
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comerci al derivative of EHS gel, UBI) had superior effects. Coating with
type | collagen (Vitrogen commercial preparation) was the standard net hod
used for the experinments unless otherw se specified. The effect of 20
matrix gels in pronoting specific phenotypic conversions in these cultures
is further di swo9¥abel ow. Phenot ypi ¢ Changes of Hepat ocyt eBCDUSI7re3880
Proliferation The norphol ogy of the proliferating cells (cultured in HBM as
descri bed above suppl enmented with 25 40 ng/mM HG-/ SF and 20 ng/m EGF)
varied at different times after the stifildtion of cell proliferation. From
a normal hepatocyte norphol ogy as seen in Figure 4A the proliferating
cells in the first 4 days acquired | ong projections assum ng the phenotype
typically described as 30 due todH@U'[gEa]tBeri ng" effect of HG-/ SF on
hepat ocytes as seen in Figure 4B as described by M chal opoul os, G K. , et

al, J. Cell. Physiol. 156:443 319932, t he di scl osure of whj i's

i ncorporated hefeirn by reference. Between days an , proliferating
cells lost nostjof their WD 97/ 34999

PCT/ US97/ 03880 133- cytoplasm c granules, the nuclei becjurre | ess prom nent,
t he projectionsidimnished and the cells began to grow a
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200000~
50000+
00000+
50000

~— -

sisaypuis YN

SUBSTITUTE SHEET (RULE 26)



nonol ayer patches. Eventually these patches nerged as the 5

cells

continued to grow to forma continuous nonol ayer as seen in Figure 4C.
Exam nation by el ectron microscopy seen in Figures 4D and 4E showed t hat

nost of the features typica

of mature hepatocytes were m ssing. By day 15

t here were no woewabisee of endopl asnmic reticul umw appi ng 10 pcrugsaassd

m tochondria and there are no glycogen rosettes or

canaliculi were absent.

in Figures 6B and 6C. C onal

per oxi somnes.

Bile

There was a prom nent increase in bundles of
keratin internmediate filaments. The nucl@f1dere angular with very promi nent
nucl eoli. After confluency the norphol ogy gradually 15
mature differentiated hepatocytes with endoplasmc reticulumlanall ae,

m tochondria, glycogen, peroxisones, FGURERQculi, etc., simlar to that

grow h of the proliferating rat 20

revert back to

hepat ocytes is denonstrated in Figures 4F and 4G Hepatocytes were

transfected at day three in culture with a replication-deficient
gene under the influence of a viraksl TR and were
b‘%d y [Siergl e cells 25

containing the lac-Z
stai ned for expresst

were stained positive a
seen in Figure 4F. On theNQt her hand, sth i ng at
t hrough day 28 showed patch? f-

with clonal growth of the origd ‘ec

of [err]-gal act ase.

retrovirus

day four in cthQre (1 day affter transfection) as
[

of positiv
Noal trans

70-

= L)
. ) T I T ! =
- o o o o Qo o '
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30 seen in Figure 4G The percentage of |ac-Z-positive cells (~20%
dird .not appear to change during culture. Proliferating Hepatocytes Express
Al tered Level s of Various Genes The expression of several specific genes
was 35 assayed in proliferating hepatocytes. These included nRNA genes
associ ated wi t wadmpsgecyte differentiation (al bum n, WO 9Hc3AS9H03830

PCT/ US97/ 03880 -34- ctyochronme |1B1 (labeled as P450 in Figure 5A)), genes
encodi ng cytokeratin markers (cytokeratins 14, 18, and 19) or related to
hepat ocyte growth (urokinase (uPA), HGFIAAA and its receptor c-net
(label ed as MET in Figure 5A), EGF (| abel’'ed as EGFR) and TGF[err] and their
receptor, acidic FG-F and its receptor, and TGF[err]1l). These genes were
studi ed by Northern blot analysis of E‘%gqlggr?cultures grown in the
presence of either conbined HG-/ SF (4 )Yand EGF 10 (20 ng/m)
(Figures 5A and 5B) or with TGFa alone (20 ng/ m) (data not shown). Tot al
RNA was isolated fromcultures at days 0, 6, 10, 15, and 21. No expression
of HGF/ SF or TG-[err]1l nRNA was seen at any of the time points exam ned. 15

As can be seen, albumn and cytochrome I1Bl1 nmRNA
I BRGS0 R 49 IV
- st eaoL
—R { 403+19H
FiX 2 403
'E d9H
- A04¢
1B A0
HKL 40S
PRS- ST LEP ‘jo3U0)
r ){ L 0=) ‘lonuo)
I ) |13 ] |}
] g R 5 = ©
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were present at tinme zero and subsequently decreased. Al bum n nmRNA
l.ncreased by day 21 at which time nRNA for [err] feto protein (AFP) was

al so defected. nRNA for cytokeratins, 14, 18, and 19 increased through

cul ture. 20 There was a steady increase in nRNA for aFGF and TG-[err].
The nmRNA of rgeopssse for HGF/ SF (MET, Figure 5A) and aFGF PFTESY7&388
aFGFR) remai ned present throughout the culture time. The EGF receptor
(EGFR) nRNA declined fromday zero but 5fm@jned expressed. GAPDH nmRNA
expression was used as 25 a reference "housekeepi ng" gene. Dramatic

I ncreases were noted in expression of urokinase as well as cytokeratins 14
and 19. Sone differences fromthe ab$¥€a5ﬁ¥%$rn were seen in the cultures
that, instead of HGF/ SF and EGF, wer ' ned in the presence of
TGF[err] (20.0 ng/m). In these 30 cul tures al bum n expression and
expression of the HG-/ SF receptor were better preserved during
proliferation whereas AFP appeared earlier. (Data not shown.) Despite the
observed differences in gene expression patterns no norphol ogic differences
were seen between cells growing in 35 the presence of TG-[err] or

HGF/ SF plus EG-, once confluency was achi eved. WO 97/ 34999

PCT/ US97/ 03880 - 35-
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Proliferating Hepatocytes Revert to Mature Hepatocytes under the Influence
of Matrigel or in the Presence Nonparenchymal Cells or Wth Tine in Culture
5 When Matrigel was overlaid on cultures at day 8, there was
a rapid (wwthin 2 days) appearance of bile canaliculi and organi zati on of
the cells into cord-like structures. The features of these cells are shown
in Figure 6A. WONAHAA by el ectron microscopy in Figures 6B RETUSIT/H3480 6C,
these cells had typical markers of matureb Sébtocytes, i ncl udi ng wr appi ng

of the endoplasm c reticul um around nitochondrla, bile-canaliculi, and the
presence of glycogen. Preparations of nRNA were made from cul tures exposed
to Matrigel for 10 days (days 8-18 in 15 culture). The expression of

al bum n was conpared between day zero in culture (inmediately after

col | agenase perfusion), at day 8 in culture (before the overlay by

Matrigel), and cultures at day 3 and 7 after Matrigel overlay as shown in
Fi gure 6D. Addition of . Nhtrlgel 20 caused dramal.g..l '
expression of al bum n i ‘ i ;qrol pr gk
which it was mnimally ¢t of P
| evel s of cytochronme P
al so neasured as shown
cultures at day 8. PB
cells were harvested 5

FIGURE 4D

SUBSTITUTE SHEET (RULE 26)



Addi tion of PB induced cytochronme 11B1 nRNA only in the Matrigel-treated
cultures. Induction of this nRNA by 30 phenobarbitol is typical of
hepat ocyt es and does not occur in any other cell as reported by

M chal opoul os, G, et al., Science (Wash. DC) 193:907 (1976), the

di scl osure of which is incorporated herein by reference. Typlcal

hepat ocyt e cuW®ed9%9api dly | ose the capacity to respond 35 FCT f%}"ﬁg”
This finding is supporting evidence that7¢dd1ﬂfnlof Matrigel to the
cultures of proliferating hepatocytes induces a mature hepatocyte
phenotype, as attested to by the electron m croscopic structure shown in
Fi gures 6B and WO 97/ 34999

PCT/ US97/ 03880 -36- 6C. The expression of cytokeratin 19 (CK19) (Figure
6F), a bile duct marker expressed by the proliferating hepatocytes before
i ntroducing differen ndi al so ceased expression after
addition of Matri gel DNA synthesis was neasured in
the cul tures exposed was a substantial decrease. To
assess whether diffe hepat ocyte 10 nmor phol ogy

requi red DNA synt hes vas added to the HBM nedia. This
has been shown

FIGURE 4F

T

FIGURE 46~
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(M chal opoulos, G K., et al., Cancer Res. 38:1866 (1978), the disclosureof
whi ch is.incorporated herein by reference) to abolish schedul ed

sem conservative DNA 15 synt hesis in hepatocytes by inhibiting

ri bonucl eoti de reductase. Hydroxyurea was added to cultures before the
Madri gel overlay and mai ntai ned. throughout the next 5-day period. DNA
synt hesi s decr W8Ea4Mdwn to 3.93% of the control (w thout hyd®CTASATESE0 i n

the proliferating 20 cul tures naintaiarq i n the absence of Matrigel and
down to 6.27% of control (w thout hydroxyu e25 in the cul tures maintained
in the presence of Matrigel. Though Em?ﬂéﬁﬁ§ge§is was decreased down to
6.27% of control (+Matrigel, no hydrox I | s, the conversion of the

25 proliferating hepatocytes to nature hepatocyte norphol ogy was

entirely unaffected and involved the entire popul ati on. HG-/ SF (but Not

TGFa or EGF) Induces Proliferating Hepatocytes to Differentiate into

Duct ul ar/ Aci nar 30 iStructures in " Type | Collagen Gel s Hepatocytes

mai nt ai ned between two collagen gel |ayers retain their norphol ogy and

differentiation for prolonged tine perf®ds as descri bed by chal opoul os,

GK, et al., J. Cell. Physiol, 156:44 (1&93)'2tﬁ@35g‘ df scl osure of

whi ch is incorporated herein by referegqce. — !
PO e e
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WD 97/ 34999 PCT/ US97/ 03880 - 37-
Hepat ocytes nai ntai ned in collagen gel sandwi ches in cultures with
convential media containing HG/ SF undergo intense proliferation, form
prom nent projections, and 5 eventual | y becone organi zed in structures
rem ni scent ofvéngngﬁgatic pl ates. The behavi or of hepatocytes nuaintai ned
bet ween two | ayer col | agen gel as pra;iﬂasly descri bed wXSCTAISAHIAR0
but in the presence of HBM suppl enent ed l ei ther HG-/ SF or EGF as
descri bed 10 above. It was noted that in the EGF suppl enented nedi a
hepat ocyt es underwent the typical phenbl@hREtDBnsitions as descri bed
above. On the other hand, in hepatocytes in HBM suppl enrented wth HG-/ SF
al one, follow ng expansion of cells identical in appearance to the
proliferating 15 hepat ocyt es descri bed above, there appeared nultiple
duct - shaped structures between days 10 and 15. These becane prom nent and
enconpassed nost of the cells present in the cultures. Starting from
approximately day 10 and by day 15 nost of the cells in the culture were
arranged in such 20 ductul ar structures. The appearance of these
structures is shown in Figure 7A. Histologic sections are shown in Figure
7B (light mcroscopy) and Figures 7C and 7D (el ectron m croscopy). The
structures had a ductul@ar -or acinar configuration.. Sonme of -the cells
surroundi ng these t ' i

2
N
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25 structures were very attenuated and had |ight and el ectron
m croscopi ¢ appearance identical to bile duct epithelium Ohers however
are larger and resenble nore closely the ductul ar hepatocytes described in
previous studies of in vivo nodels. The proliferation of cells (data not
shown) 30 under either EGF or HG-/ SF in the collagen gel sa mn%gﬁs was
much | ess (<2Wdad®dhe hi ghest peak) than that seen in the &

pl astic coated with dry coll agen. Nbst]ﬁLﬁLﬂferatlon ceased by day 10 and
the duct-1like structures appeared after cell proliferation had ceased 35
(days 10-15). Ductular acinar structures were also noted in these cultures
when HGF/ SF and EG- were conbi ned but were fewer than with HGF/ SF al one. As
with the Matrigel overlay, additional of hydroxyurea to inhibit DNA WO
97/ 34999 PCT/ US97/ 03880 - 38-
synthesis (inhibition down to 5.1% of control) did.not affect the formation
of the ductular struct @ Fi gurd 7E shows that these
cells express 5 cyih characteristic of duct cells.
(See, Sirica, AE, Pr& 1992) and Sirica, A E, Hstql.
Hi st opat hol . 10: 433 (1 of which auq mcorpcu;at'

herei n by ra e B
! m B 0O
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t
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reference.) A small anmount of al bum n expression was al so 10 ret ai ned,
consjistent with the presence of hepatocyte-like cells within the ductul ar
structures as seen in Figure 7D. It was noted that the ductular cells

mai ntain CK19 expression in the nonproliferating state (Figure 7F) in
contrast to the cells differentiating toward the mature 15 hepat ocyt e

| i neage whi ch WEE84¥Rpressing this bile duct marker. Sustai nai/nBEowessso and
Popul ati on Expansi on of Human FbpatocyteF]ZmAHGNl in the Presence of HGF/ SF
and EGF Though human hepat ocytes cul tures have not been 20

characterized as extensively as those of the rat, the literature avail able
has shown that these cells also undergo a |imted round of DNA synthesis
after stimulation by gromh factors and rapidly degenerate in culture.
Ismail, T., et al., Hepatology 14:1076 (1991), the 25 di scl osure of
which is incorporated herein by reference. The response of human

hepat ocytes to HG-/ SF (40 ng/m) and EGF (20 ng/m ) in HBM nedi um was
studied. Results simlar to those described for rat hepatocytes were found
in primary cultures of human hepatocytes, as seen in 30 Figure 8. The
human cells begin to rapidly proliferate at day 3-4 in culture and reach
confluency by day 19. As stated above, there is a present need for a nedia
t hat all ows hepat ocytes that are.CuItqrgd:LqEV”' ‘t.p expand as a cel
popul ati on. The HBM of the present - ;.. ; N

GAPIAE

FIGURE &E
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35 I nvention allows such expansion and therefore enabl es much WO

97/ 34999, PCT/ US97/ 03880 -39- needed
research of proliferating hepatocytes. The present invention also will be
useful in nunmerous other applications outlined below 5 For

exanple, all current nethods in |liver- targeted gene therapy that achieve
stabl e, | ong- tWPRY/349PF essi on of transferred genes require actPCVaISy7/a3889 di ng
cells during the initial transfection. I}lgr/rﬁi liver has only 1 in 20,000
hepat ocytes in S phase growh on any 10 particular day. |In order to

i ncrease cell proliferation, a large portion (2/3) of the patient's I|iver
must be renoved. Subsequently the liver-targeted gene carrier source is
intravascularly injected. The alternative to this drastic nmeasure is to
renove a small piece of |iver 15 (10%, culture the hepatocytes,
transfect themin culture, and then reinfuse the cells back into the liver.
This latter nethod, while safer,|ess expensive and better controlled than
the fornmer, is ¢urreptol%,UW)ere . the}lack of culture media g :A’s;,‘ﬂv
whi ch al | ows prol omged ﬂ'r T1epatf on, clonal expansion Sl
essentially all :C@| s cul_,t.uredm ongftermviability of t

FIGURE 7B

FIGURE 7D

FIGURE 7C
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The design of current extracorporeal |iver devices based on bioartificial

| tver tissue which include cellular elenents rely on transformed (tunor)
hepat ocytes 25 or ani mal hepatocytes. The animal cells do not survive
for nore than few days in the bioreactors that are used and do not
proliferate, making it necessary to generate bioreactors nore frequently
and in close pM@A7##% and to maintain all necessary facilitiREH/USIEOISHY al s
and ani mal 30 donors in anticipatioqsy]geed. Addi tional Iy, ani nal
cells may have several undesirable aspects which nakes themclinically
difficult or dangerous to use. Also, tunor cells used in these devices
carry the risk of |eakage of cells into the patient and therefore 35
potentially could give rise to tunors in the patient. The HBM nedia of the
present invention will permt production WO 97/ 34999

PCT/ US97/ 03880 -40- of bioreactors containing ani mal and/or hunan

hepat ocytes and/or other cells and provide the unique features of

i ncreasing cell nunbers while maintaining long term5 viability and
conplete differentiation. Such reactors would also be useful for drug
manuf acture, drug netabolism toxicology studies, and conpl ex bi ol ogi cal

Y)A\ 10

Albumin .

GAPDH
E

FIGURE 7E
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studi es. Another potential use for HBM nedia of the 10 pr esent

I avention is in autotranspl antati on of hepatocytes. Hepatocyte transpl ant

is a relatively new approach to treating patients with endstage |iver

di sease. The nethod relies on use of donor organs which are not used for
organ transplant. Autotransplantation has the 15 advant age of not

requi ring i muwesIsM8ssi ve drugs, but it is not practical i fPOIYUSIZ03geR
possi ble to expand the number of cells d/kgep themalive | ong enough to

pl ace them back into the donor. Endstage |iver explants could al so provide
a donor hepatocyte source under selectﬁ(za condi tions, including
encapsul ati on or genetic nmanipul ati on. gﬁ?% &ss of the source of

hepat ocyt es, expansi on of cell nunber in long termculture and replantation-
(into.spleen, portal system peritonium renal capsule, etc.), does enhance
effective hepatic 25 synthetic and detoxification processes for

prol onged periods of tinme. The limting point is.the |ack of _hepatocytes.
HBM has the potential to elininate this lack of cells, and thereby
dramatically expand the nunber of patients that could be treated foy |iver
failure. 30 Simlarly, autotransplantation or heterotransplantation
with other cells grow in the nedla of the present invention could pxpand
the nunber of patients;apé treatments possible with biocel|ular

t her api es.

DAY 7
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DAY 3 DAY 5
DAY 12 DAY
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DAY 1
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WO 97/ 3499 PG/ USS// ﬁo -41- The,
HBM of the present invention can also be useful for '_"a=n§ ' Jnﬂ:;il .
testing procedures. Virtually all drugs, chemcals, apd:8§f0ss rmrtg:f!ap’tur}é&ﬂ
5 products nust be tested for nmutagenicity and toxicity in hepatocyte
cultures as part of FDA, USDA, NI OSH and EPA regul ations. Currently, these
tests are perforned on rat hepatocytes-42n short termcul ture because of

|l ack of long termviability or significant proliferation. The use of 10
HBMwi Il (1) extend the testing period (longer termviability), (2) allow

| onger exposure periods at | ower concentrations, (3) allow observation of
nmut agenicity and toxicity on proliferating hepatocytes, and (4) make

avai l abl e a supply AfcelWiitdrdaRaiuac ipablobf etpanding chepatotytes in vitse dvithoudt her
t oxi col ogi c investjgations. Although the invention, has, begn degscrj blﬁgq,i n
detai| fGerumsopprisnge weotinamide,r wansisnn jchelated with drony, ipsplan of dngulinliks o

detail is_sol.e for t [. -an [ ' C&necl?{ in
by those %ﬂ‘f"h t%“f‘ﬁ’ %‘&Q&oﬁ%ﬁ@%‘%%&&aﬁggﬁ*%ﬁﬁ orln t ?eﬁ?gﬁﬁlétqggn
scope of &hﬁsﬁ%@ﬂ@@bs@!ﬁ@@ﬂaﬁﬁsé,tuﬁnﬁebprdﬁnaj arebiglwyantine, il amounts
SUBSTI TUTE SHE (RULE 26) .

sufficient to increase the total number of cells in culture above the total number of

viable cells introduced into culture.

2. . A cell culture medium capable of expanding hepatocytes in vitro without

serum comprising:

(a)  stock basal medium for mammalian cell culture; and

()  nicotinamide, transferrin chelated with iron, insulin or insulin-like
growth factors, glucocorticoid steroid, trace metals, carbohydrate selected from the group
consisting of glucose and galactose, arginine, proline, and glutamine, when any of these
are pot contained in -the stock basal medium in amounts sufficient to increase the total
number of cells in culture above the total number of viable cells introduced into culture.

3. The culture medium of either of claims 1 or 2 further comprising one or
more additional growth factors in the cell culture medium of claims 1 or 2, said growth
factor functioning as a mitogen for said cells.

4, The cell culture medium of claim 1 further comprising one or more of the
following: Growth factors functioning as a mitogen for said cells; Albumin, 0-10 g/L;
Sodium Pyruvate, 0-2.0 g/L; Gamma Tocopherol, 0-3.5 mg/L; Alpha Tocopherol, 0-2.5
mg/L; Vitamin D;, 0-1.8 mg/L; Dextran, 0-5.0 g/L; Linolenic Acid, 0-5.0 G/L; Apo-
transferrin, 0-20.0 mg/L and Iron Gluconate, 0-100 ug/L; Retinol, 0-2.0 mg/L; Vitamin
B,,, 0-2.0 'mgIL; Ascorbic acid, 0-10.0 mg/L; Choline Chloride, 0.2-12.5 mg/L; Biotin,
0.2-15.0 mg/L.
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-42 1. A cell culture nedium capabl e of expandi ng hmys? y'nQvi‘tir- g
wkt hout serum conprising: nicotinamde, transferrin cgﬂ@ﬁd,‘w th & gBD 1"0,.}
insulin or insulin-like growth factors, glucocorticoid’ste&rard, trace : ‘a8
netal s, carbohydrate selected fromthe group consisting of glucose and

gal act ose, arginine, proline, and glutam ne, in amounts sufficient to
increase the total number of cells in @3 ture above the total nunber of
viable cells introduced into culture. 2. A cell culture nmedi um capabl e

of expandi ng hepatocytes in vitro wi thout serum conprising: (a) st ock
basal nedium for mammualian cell culture; and (b) ni cot i nam de,

transferrin chelated with iron, insulin or insulin-like growh factors,

gl ucocorti coi &.st erThelculture amedior aif <laima? athyest rineloding | anst aydmpreodd thee gr oup

consi sting_of, glugose apd aci ose, argi.pine,. prokineg. | IAe, when
any of t Wee &rm%%@??&%%? g?fa@mégﬁfﬂi@aﬁ% ﬁ’ﬁmg%%@ﬂ
sufficie [ . lm ; ' : HaUT Scophenet, 0.1 total
number o%@%l%ﬁ’??ﬁ%’duce into gﬁli)%’&jrajes &13;/13 _The Clj?ture nedi um of
ei t her ofmgAaiVientindD;,2.20 nigiky Dextran; 20 g.; dinolenicnaeid, 2ddg/Lt &pat growt h
factors in the.,cell culture,medi,um of | 51 or. 2, ' . h_faegtor

f unct i onitFARSkEIR, %@t"&%én”?‘gh"g%’%cwﬁ’ gS?d4gg/L, %&céﬁfg gﬂﬁ’ﬁ%ﬁi W of
chai m 1 fgi4 by CARREbR 868d.090 /LI Theliné Chitidep 1| Ouig/y: Bictay0IT5 A" S

functioning as a mtogen for said cells; A bumin, 0-10 g/ L; Sodium
Pyruvate, 0-2.0 g/L; Gamma Tocopherol, 0-3.5 ng/L; Al pha Tocopherol, 0-2.5

ng/L; Vitamn err = the . . wwilran Qaf bne bl heesAciid, 0-5.0
G L; Apo- transfer r%h?g&zu.%L%W?%&@ﬂcona{’E %H@bﬁﬁ?@?ﬁ%/ L,
Retinol, Howth) fitidrsis Yeleetsd from the group consisting of hepatocyte growth factor,

epidermal growth factor, and transforining growth factor alpha.

7. The culture medium of claim 2 wherein said stock basal medium is
sclected from the group consisting of DMEM, MEM, Williams’s Media E, BME,
DMEM/F-12, Media 199, F-12 (Ham) Nutrient Mixture, F-10 (Ham) Nutrient Mixture,
and RPMI Media 1640. '

8. The culture medium of claim 7 wherein said basal medium is DMEM.

. | 9.  The culturc medium of claim 8 wherein said DMEM contains 2.0 g/L D-

glucose.

10. The culture medium of either of claims 1 or 2 wherein said trace metals

<

comprise zinc, manganese, copper, and sclenium.

11.  The culture medium of claim 10 wherein said trace metals further
comprise ZnCl, ZnSO,, and CuSO,.,

12.  The cell culture medium of either of claims 1 or 2 in which said

glucocorticoid steroid is selected from the group consisting of cortisol, cortisol

derivative such as prednisone, prednisolone, and hydrocortisone, and dexamethasone.

"MMENDED SHEET
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B[.err]l;' 0-2.0 ng/L;, Ascorbic acid, 0-10.0 ng/L; Cholineschloride, 0.2-12.5

ng/L; Biotin, 0.2-15.0 ng/L. -43 5. The cul ture mQ?c aa
(Y 5998

further including one or nore of the follow ng: G owm & \‘(3?L func

as a mtogen for said cells; Albumin, 2.0 g/L; Sodium Pyruvate, 0.15 g/L,
“Ganma Tocopherol, 0.35 ng/L; Al pha Tocopherol, 0.15 ng/L; Vitamin Derr],
0.20 ng/L; Dextran, 2.0 g/L; Linolenic #Adid, 1.0 g/L; Apo- transferrin, 5 0
mg/L and Iron G uconate, 25.0 [err]g/L; Ret|nol 0.05 ng/L; Vitamn B[err]
0.15 ng/L; Ascorbic acid, 3.0 ng/L; Choline Chlorlde 1.5 ng/L; Biotin,
0.75 ng/L. 6. The culture medium of claim3 wherein said one or nore
additional ~growth factors is selected fromthe group consisting of

hepat ocyte growsh fatiell cukiiedaediom ¢upable off expamiing hephtbeyaess irovimong gr owt h
factor al pha. 7. The culture nmediumof clarm 2 wherein, said stock basal

medi um i scemPHENg P Fpeknbasal mpdbup Wigh thestollayng componentgtfally (anhyda: s Medi a

Not 1 et APOPOPROL AR R0y 019 B Ch ko B MERK Tantys ) 1S gL

wherei n sNaClb6,460. OﬁadgﬂmNaH(ngI\Z 760.00 mg]h;eNaH{ -H,@p 2500 ahg/t; 4-m 8

6i ther of CYPIRENELe S fheq 3000 Erﬁé’/iiiaﬁmﬁ&ﬁé“ o egbnesc.

i sﬁ%hﬁ%ﬁzﬁzgﬁpe@%wmzﬂsﬁ ik i
Methionine, 30.00 mg/L; I..-Phenylalamne, 66.00 mg/L; L-Serine, 42. 00 mg/L L-
Threonine, 95.00 mg/L; L-Tryptophan, 16.00 mg/L; L-Tyrosine-2Na:2H ,0, 104.00
mg/L; L-Valine, 94.00 mg/L; D-Ca pantothenate, 4.00 mg/L; Choline chloride, 4.00
mg/L; Folic acid, 4.00 mg/L; i-inositol, 7.20 mg/L; pyridoxine HCI, 4.00 mg/L;
Pyridoxal HC1, 4.00 mg/L; Riboflavin, 0.40 mg/L; Thiamine-HC1, 4.00 mg/L; D-
Galactose, 0.01-5.0 g/L; D-Glucose, 0.01-5.0 g/L; Nicotinamide, 1-3050 mg/L; L-
Proline, 1-120 mg/L; L-Arginine, 1-150 mg/L; L-Omithine, 1-500 mg/L; human-holo-
Transferrin (30% Fe saturated), 0.1-100 mg/L; h-Insulin, greater than 10™! M;
Dexamethasone, 107210 M; ZnCl,, 1-3000 pg/L; MnSO,, 1-250 pg/L; ZnSO, 7H,0,
1-3000 pg/L; CuSO, 5H,0, 1-1000 ug/L; Selenium, 1-150 pg/L; L-Glutamine, 2.0-10.0
mM; HEPES, 5-50 mM.

14.  The culture medium of claim 11 in which the following components are
found in the specified amounts: purified bovine albumin; D-glucose, 2.0 g/L; D-
galactose, 2.0 g/L; L-ornithine, 0.1 g/L; L-proline, 0.030 g/L; nicotinamide, 0.610 g/L;
ZnC1,, 0.544 mg/L; ZnSO, 7H,0, 0.750 mg/L; CuSO,-5H,0, 0.20 mg/L; MnSO,, 0.025
mg/L; glutamine, 5.0 mM; ITS (th-insulin, 5.0 mg/L; human transferrin, 5.0 mg/L (30%
diferric iron saturated); selenium, 5.0 pug/L); dexamethasone, 107 M; and HEPES buffer,
20.0 mM.

15. A mixture of components that when added to liquid form the cell culture
medium of either of claims 1 or 2.

AR g1,
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12. The cell culture medium of either of clainms 1 or xn .Whi ¢ch _sai d

glucocorticoid steroid is selected fromthe group consi St ?%."of wcortisol ;- C

cortisol derivative such as prednisone, - predni sol one, ang. QX.ngcor,‘t‘j‘s‘bEeu y

and dexanet hasone. -44- 13. A cel|l cul ture nedi um-capéBhadof iegpa & 38

hepat ocytes in vitro conprising a stock basal mediumw th the follow ng

conponents: CaCl [err] (anhyd.), 200.00 ng$L; Fe(NJerr])[err].9Herr]Q

0.10 ng/L; KA, 400 ng/L; MgSO err] (anhyd.), 97.67 ng/L; Nad , 6,400.00

ng/L; NaHCO err], 3,700.00 ng/L; NaH err]PJerr].Herr] O 125.00 ng/L; L-

Cystine.2HCL, 63.00 ng/L; GAycine, 30.00 ng/L; L-Hstidine.Hd .Herr]Q

42.00 ng/L; L-Isoleucine, 105.00 ng/L; L-Leucine, 105.00 ng/L;

L-Lysine. HCl, 146.00 ng/L; L- Methionine, 30.00 ng/L; L-Phenyl al ani ne,

66.00 ng/L; L-Serine, 42.00 ng/L; L- Threonine, 95.00 ng/L; L-Tryptophan,

16.00 ny/L; L-Ti8.0si Acmetiiad 2] reakih@thel Cell odlturg/medium \of| gither of ¢lad@s rigen 2

D- Ca pant ot henat e, .00 /L; Choline.chloride, 4..00 [L; JFolic acid, 4.00

mol Lo oSginE 0458 B commpepiyh, i HEmAe 5 fid e piedides ) TV 4 o0

ng/L; Riboflavin, 0.40 ng/L; Thiam ne.HC, 4.00 ng/L; D @al actose,

0.01-5.0 g/L; D-ducose, 0.01-5.0 g/L; Nicotinanm de, 1-3050 no/L; L-

Proline, 1-120 W/ L; ALcompgsitionecomprising hepatocytesOnrthe ienlture mediom of)pither of

human- hol o~ _.Transferrin (30% Fe saturated), 0.1-100 ng/L; h-Insulin,

greater th"‘(}ﬁnlg[‘gr ‘1 M Dexamet hasone, 10[err]-10[err] M ZnC[err], 1-3000

[err]g/L; MaSOerr], 1-250 [err]g/L; ZnSOerr].7Herr] O, 1-3000 [err]g/L;

Qusgerr].5Herr] O 1-1000 [err]g/L; Selenium 1-150 [err]g/L; L-G utam ne,

2.0-10.0 m\t HEHES, A wethed)for sxpandingehepgtocytes imwifre somprigingiipiraducing whi ch

the follow e ' [ § t.S, Lf 1, ed:

bovine. al %%W&ﬁ@?%?e‘?ﬁf%ﬂg%*%ﬁ BF iR ' s A BY A lahd Ritukihl&did
introduced hepatocytes in said medium.

X

19. A method for expanding hepatocytes in vitro comprising introducing
hepatocytes into the cell culture medium of either of claims 1 or 2 and allowing cell
proliferation to occur by culturing the hepatocytes in said medium.

20.. A method for altering the phenotype of a hepatocyte to a less-
differentiated state in vitro comprising introducing hepatocytes into the cell culture
medium of either of claims 1 or 2, culturing said introduced hepatocytes in the medium
so as to allow cell proliferation to occur, allowing cell proliferation for sufficient time to
produce cells that are less-differentiated than said introduced hepatocytes.

2l. A method for producing hepatocytes in vitro comprising introducing
hepatocytes into the cell culture medium of either of claims 1 or 2, culturing said
hepatocytes to a less-differentiated stage by allowing cell proliferation to occur for
sufficient time, and causing said less-differentiated cells to develop the characteristics of
the introduced hepatocytes, wherein said developing of hepatocyte characteristics is
brought about by a method selected from the group consisting of adding extracellujar

matrix material and allowing the less-differentiated cells to reach confluence.
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gal actose, 2.0 g/L; L-ornithine, 0.1 g/L; L-proline, 40.030. , -

ni coti nam de, 0.610 g/L; zZnC[err], 0.544 ny/L; Znsohr%f.v%ginﬁg RS
mg/L; CuSOerr].5Herr]Q 0.20 ng/L; MiSJerr], 0.025:puld; glutam ne,g’gE::_O
mV ITS (rh-insulin, 5.0 ng/L; human transferrin, % G-k (30% diferri'c”
iron saturated); selenium 5.0 [err]g/L); dexanmethasone, 10[err] M and
HEPES buffer, 20.0 nM 15. A m xture-4% conponents that when added to
liquid formthe cell culture nediumof either of clains 1 or 2. 45 16.
A nmet hod of making the cell culiture nediumof either of clains 1 or 2

conprising adding dry conponents to liquid to formsaid culture nmedium 17.
A conposition conprising hepatocytes in the culture nmedium of either of

claiml1 or 2. 8. T{?&M&dofﬂﬁin?é WHbdif sBRIPALOEY édtfiprises \UnkeTor aerst Si ng
i ntroduci ng hepatocytes into the cell culture nmedium olf, either of clainms 1
or 2 and fibrbheetin) goHagen, laminingand poldysimeocytes in sai d nedium 19. A

nmet hod for expandi ng hepatocytes in vitro conprising introducing

hepat ocytes into the cell culture nmediumof either of clains 1 or 2 and

allowing cell ol i{TRs Mid bOcIame 2 wheréitl! said inaGixt Einprives tepcactings lantinitgi d
medi um -20. A nmethod for altering the phenotype of a hepatocyte to a

| ess- di fandrenllagen dypesIVte in vitro conprising introducing hepatocytes into
the cell culture nediumof either of clains 1 or 2, culturing said

i ntroduced hepatocytes in the mediumso as to allow cell proliferation to

occur, allow nggcelly petodffof ptddusing ol igidvethesft hepaweyteaierived wels dre hvitzo,
that are less-differentiated than said introduced hepat o%yttgs. .
said method comprising introducing. hepatocytes into the medium of either of claims 1
or 2 and allowing cell proliferation and clonal growth to occur by culturing the

hepatocytes in the medium.

25. A method of forming ductular or acinar structures from hepatocytes in
vitro comprising introducing hepatocytes into the cell culture medium of either of claims
1 or 2, culturing said hepatocytes to a less-differentiated stage by allowing cell
proliferation to occur for sufficient time, and causing said less-differentiated cells to
develop the characteristics of the introduced hepatocytes, wherein a matrix is used to
__ develop said characteristics and said structures are formed by adding one or more
growth factors to said cells on said matrix.

26. A method for expanding cells in vitro comprising introducing cells into
the cell culture medium of either of claims 1 or 2 and culturing said introduced cells in
said mediﬁm, wherein said cell is selected from the group consisting of pancreatic islet
cells, renal tubular cells, hepatic pericytes, and small intestine epithelial cells. '

27. A method for expanding cells in vitro comprising introducing cells into
the cell culture medium of either of claims 1 or 2 and allowing cell proliferation to
oceur by culturing the cells in said medium, wherein said cell is selected from the group
consisting of pancreatic islet cells, renal tubular cells, hepatic pericytes, and small
intestine epithelial cells. '
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21. A met hod for produm ng hepat ocyt es in vitro conpri %ntrodum ng,
hepat ocytes into the cell culture nmediumof either of cla B
culturing said hepatocytes to a |less-differentiated stag p Bye al. |-OWI Ebe#b
proliferation to occur for sufficient time, and causing h-(«f' L
| ess-differentiated cells to develop the characteristics of the introduced
hepat ocytes, wherein said devel opi ng @47 hepatocyte characteristics is
brought about by a nmethod selected fromthe group consisting of adding
extracel lular matrix material and allowing the |ess-differeptiated cells to
reach confl uence. -46- 22. The met hod of claim21 wherein said matrix
conprises one or nore of fibronectin, collagen, lamnin, and polylysine.
23. The nmethed ofa gledo | | [ :
| am nin, and %gl | agen tyg]el%%\?“&?{fm %%h&gﬁ@?ﬁ}a&eﬂ%b%@-ﬁbﬁ% ona gs$a(§€\=/vt
of hepatiam;itre cnbmpnsmg mﬁddncmg oells imto thacell buitire dnediumprofseithgr iofitclainiscl ng

hepat ocyt e to t i um of the clainms 1 o al J.ow, cel |

prolifer®t ’o‘ﬁ’ mﬁ‘f’ﬁ?ﬂ[ﬁ‘ﬁ m°dB§F"éa|"Pl}?ﬁh§‘”t?F@dH@b‘£% 9'? & in
the medi gy, 2ﬂlowm£\ c@ﬁtﬂieﬁfeﬁﬂuoﬁ%i’f‘sﬁﬁ‘ic%?ftﬂea{o ]ﬁbdé’&' &Afs Bht Aeljdgses from
hepatocytes in vitro conprising introducing hepatocytes into the cell

cul ture difiérentiated thaniseid iptroducedreslls, wherein soid cell ishsplentedi filoep theognoups to a

| ess-differeptiat ratlonto cur .for .

suf 11 cf oTHEsnE O HmEteRRE il SupoNoRCubHer pBl hepacobfresy B SRl op ¢ ne
char act ejntestihe epithelideeilfit r oduced hepat ocytes, \/\herel namtrix is used to
devel op said characterlstlcs and said structures are fornmed by addi ng one

or nore gromh factors to said cells on said matrix.

29. A method for producing cells in vitro comprising introducing cells into
the cell culture medium of either of claims 1 or 2, culturing said cells to a less-
differentiated stage by. allowing cell proliferation to occur for sufficient time, and
causing said less-differentiated cells to develop the characteristics of the introduced
cells, wherein said developing of cell characteristics is brought about by a method
selected from the group consisting of adding extracellular matrix material and allowing
the less-differentiated cells to reach confluence, wherein said cell is sclected from the
group consisting of pancreatic islet cells, renal tubular cells, hepatic pericytes, and small
intestine epithelial cells.

30. A method for producing clonal growth of cell-derived cells in vitro, said
method comprising introducing cells into the medium of either of claims 1 or 2 and
allowing cell proliferation and clonal growth to occur by culturing the cells in the
medium, wherein said cell is selected from the group consisting of pancreatic islet cells,
renal tubular cells, hepatic pericytes, and small intestine epithelial cells.

31. A method for expanding cells in vitro comprising introducing cells into
the cell culture medium of either of claims 1 or 2 and culturing said introduced cells in
said medium, wherein said cell is selected from the group consisting of the MRCS,

CaCo and 3T3 cell lines.
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26. ‘A net hod for expandi ng ceI s in vitro conprising int rodu0| ng cells

into the cell culture nediumof either of clains 1 or 32 culgy d8

introduced cells in said nmedium wherein said cell is s or{ﬂéh 0
group consisting of pancreatic islet cells, renal tubuld'§ &e}as *hepat.tC i i
pericytes, and small, intestine epithelial cells. 27. A et hod' f or y

expanding cells in vitro conprising intggducing cells into the cell culture
medi um of either of clains 1 or 2 and allowing cell proliferation to occur

by culturing the cells in said nmedium wherein said cell is selected from
the group consisting of pancreatic islet cells, renal tubular cells,
hepatic pericytes, and snmall intestine epithelial cells. -47 28.

met hod for alt |ngt I, - di tate

" Vitro conpr 1%t ng™ AEHRCAP skhibaile Gelin'vind Brpfile ihtoil oBte s

ei t her ofthelcelinsultur® mediung Wi teithernof claint 1 ot Roabdcailbwing Icell iprolifefationdioum so
roliferatjon to occur, allowing cell proliferation for

as to allow cell

suf fi ci er®CHF iw quituging the sclis-in said medium, whersin. saai Fslb isosplecigds fromn the steup

| ntroduce&ngghhg,op/{ﬂgq\ﬂgess@héo%hlngscaﬁl ted fromthe group consisting
eatic | ' '

of pancr l et ce renal tubdlar cells, hepatic pericytes, and
smal | intestine epithelial ceI I s 29. A rret hod for producing cells i n

vistro corrpri5| |ntrod ci,n S, i nt.o c I ure ium of eit
of claims 1 or g Hﬁ EET “E’é'ﬁl‘sl"'f F@rﬁ"ﬂé%d"@‘f’
al | owi ng ﬁ@ihbdl%% eﬁ'ﬂ‘lﬂtﬂiﬂu&lﬁg%ﬂ&“int&%e ﬁié&fnﬁ:?b?'&fthér' mlg@d}]%%éﬂ@ Sa' d

| ess-differentiated cells to devel op the characteristics e introduced
cel I's, whallowing sellpralifecstiopi and elonalgrowthter ogsue by sulturing shebeailsgintthabout by
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mat eri al
3T3 cell lines.

34. A cell produced by the process of claim 18. -

35. A pharmaceutical composition comprising the cells of claim 34.

36. A method for producing a recombinant cell expressing a heterologous
gene comprising transforming any of the cells of claim 34 with nucleic acid capable of

expressing said gene in said cell.

37. A method for using the cells of claim 36 comprising mfusmg said cells
into a patient and sllowing said gene to be expressed,

38. A method for using the cells of claim 34 comprising infusing said cells
into a patient.

39. A method for hepatocyte transplantation comprising introducing the
hepatocytes of claim 18 into a patient.

40. A method for manufacturing a gene product comprising culturing the cclls

of claim 36 and recovering the gene product.
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the less-differentiated cells to reach confluence, wherein said cell is
sélected fromthe group consisting of pancreatic isl e’l,ﬂ_,c'gﬁ] S, & r?galq twbul af
cells, hepatic pericytes, and small intestine epitheldal,geld ' O.i'f‘ "m.;:‘w Y
met hod for producing clonal growth of cell-derived c8 Fs%*iVitro, 4RRq 1998
met hod conprising introducing cells into the mediumof either of clains 1
or 2 and allowing cell proliferation amg clonal growmh to occur by

culturing the cells in the nmedium wherein said cell is selected fromthe
group consisting .of pancreatic islet cells, renal. tubular cells, hepatic
pericytes, and small intestine epithelial cells. 31. A net hod for

expanding cells in vitro conprising introducing cells into the cell culture

medi um of eithgr of i : i in"‘tﬁ:id i tsERfjHﬁx? | S1k N
sai d medi um viuﬁ'er eiAn%%P%angerlt?gt}r% @e gggﬂ%t eqabgup con :jtgtclﬁlkgég% t he
MRC5, Ca6h aayafTdinc a4 land iassaying for tHBeff&t of the datghod for expanding cells in

vitro conprising introducing cells into the cell culture nmedium of either
of clainms 1 or 2 and allowing cell proliferation to é&ur by culturing the

cells in said di i i i : . s Or

consi sting of ‘?'F\e mﬂaﬁﬁlﬁgﬁégﬂﬁ Iclﬁﬁggl&hg%rbhﬂ%‘ gr#eateﬁg%%g? ted
produci negraosferrii. growt h of cell-derived cells in vitro, said method
conprising introducing cells into-the nediumof either of clains 1 or 2 and
.allowing cell proliferation and clonal growmh to occur by culturing the
cell's in the npdi un MétRéE st Mainthikifg |différemedtar heshtddytl) shid emba
consisting of, the MRC5, CaCo and 3T3 cell lines. 34 A cel | f)roduced by

t he proc&empEsing| olturing said hepatocytes in the cell culture medium of either claims 1 or 2.
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