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Certain differentiated pPS cells enbodied in this invention have

nor phol ogi cal features characteristic of hepatocytes, The features are
readi |y appreciated by those skilled in evaluating such thi ng@ﬂ@ i ncl ude
any or all of the follow ng: a polygonal cell shape, a binuCle henot ype,
t he presence of rough endoplasmc 15 reticulumfor synthesis of secreted
protein, M&MAEHPence of Col gi -endopl asm ¢ reticul um | ysarmesocosspl ex for
Intracellular protein sorting, the presence of peroxisones and gl ycogen
granul es, relatively abundant mtochondria, and the ability to formtight
Intercellular junctions resulti WLEH el Makersof bil e canail cul ar spaces. A
nunber Of%ww t he
cell being a nenber e "ffat ocyte | ineage. UfBasedediet er nPiit i on of
whet her ce ave— RSB he-64 & 32"'” charactef I8t of M es can 20
be made by cod2f mi ctograpfete of differentiatletl pPS cell s+ adult-or fetal
hepat ocytes, and,one or nore negagejalve contrq_L16 cells, such as a fibrobl ast,
or RPE (Retinal pignent epi theli al t

cells - en eval uatifg the ~nicrographs
in a blindeRt3®ri on, ,and breaki ng 1he code (g, determne if the _

differenti af@8BPBS cells are accurately identified. Cells of this invention
can al so be charecterpzed ding_to whe t hey exp phenotypic 25
mar kers cha8@8N stic of %giﬁl&g of the hepglpg)(}:%/te Iineag%.ﬁlgell mar ker s
useful In distiguishing |iver progenitorsawzbepat acytes, ;and bilLiary
epithelium are _shown in Table 1- (adapted fromp 35 of Sell & Zoran, Liver
Stem Cells, R &8Landés Co.,*TX, 1997; and &Cshamtat al. - p 242-of "Stem
Cel I s", Acadentgi4Presg, 1997). TABLE 1: Lizw&kn Cel L Markers early, hepat o-
b4l ary early hepato- biliary progenitorswasepitheliunprogenitors cytes

epi t hel i um al bGRBn++-6C. 1 + &t -antitrypsi nHepParOC. 2 ++ + a- fret opr otel n+f et al

& OC 3 + + CEA-ﬂQost nahgl + (?). -BD.1 + y-@ledpny!l +fetal +A6 + - +

tranpepti dase 8 alTMBD. 1 ++ + GST-P gl ucosies 6- +#2 - + + H phosphat ase
--+-. catal asekhg - +,-17 250CT2004, WO 01/ 84549 PCTI USOlln%l%éh?l TABLE 1:
Liver Cell Markers early hepato- biJTIary early hepato- Bi |ary

_ lectin binding
BDS; * + sites + - +
_ blood group
ovt * * antigens + - *
Oovs - - +

It has been reported that hepatocyte differentiation requires the transeription factor HNF-4a (LI et &l., Genes
Dev: 14:464, 2000). Markers independent of HNF-4a, expression include al-antitrypsin, o-fetoprotein, apoE,
glucokinase, insulin growth factors 1 and 2, IGF-1 receptor, insulin receptor, and leptin. Markers dependent on
HNF-4a expression include albumin, apoAl, apoAll, apoB, apoClll, apoCll, aldolase B, phenylalanine

5  hydroxylase, L-type fatty acid binding protein, transferrin, retinol binding protein, and erythropoletin {EPQ).
Other markers of intarest include those exemplified in Examples 1, 2, and 6, below.

Assessmaent of the level of expression of such markers can be determined in comparison with othar
cells. Positive controls for the markers of mature hepatocytes include adult hepatocytes of the species of
interast, and established hepatocyte cell lines, such as the HepG2 line derived from a hepatoblastoma

10 raparted in U.S. Patent 5,290,684, The reader is cautioned that parmanent cell lines such as HepG2 may be
metabolically aliered, and fail to express certain characteristics of primary hepatocytes such as cytochrome
p450. Cultures of primary hepatocytes may also show decreased expression of some markers after prolonged
culture. Negalive controls include cells of a separate lineage, such as an adult fihroblast call line, or retinal
pigment epithelial (RPE} cells. Undifferentiated pPS cells are positive for some of the markers listed abave,

15 but negative for markers of mature hepatocytes, as illustrated in the examples below.

Tissue-specific protein and oligosaccharide determinants listed in this disclosure can be detacted
using any suitable immunological technique— such as flow immunocytochemistry for cell-surface markers,
immunohistochamistry (for example, of fixed cells or tissue sections) for intraceliular or cell-surface markers,
Woestern blot analysis of cellular extracts, and anzyme-linked immunoassay, for cellular extracts or products
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exarrpl esenist. fixed cells or tissue sections) for Intracellular or

cel | - sur f acecymmuirkres (5150 s a key catalytic component of the mono-oxygenase system. It constitutes a family

of hemoproteins responsible for the oxidative metabolism of xenobiotics (administered drugs), and many
endogencus compounds. Different cytochromes present characteristic and overlapping substrate specificity.

25 Most of the biotransforming ability is attrlbutable by the cytochromes designated 1A2, 2A6, 286, 3A4, 209-11,
2Dg, and 2E1 {Gomes-Lechon et al., pp 129-153 in *n vitro Methods in Pharmaceutical Ressarch,” Academic
Press, 1997).

A number of assays are known in the art for measuring cytochrome p450 enzyme activity. For

example, cells can be contacted with a non-flucrescent substrate that is convertible to a flucrescent product by
30 p450 activity, and then analyzed by fluorescence-activated cell counting (U.S. Patent 5,869,243). Specifically,

the cells are washed, and then incubated with a solution of 10 ML 5,6-methoxycarbonylfluorescain

{Molecular Probes, Eugene-OR) for 15 min. at 37°C in the dark. The cells are then washed, trypsinizad from

the culture piate, and analyzed for fluorescence emission at ~520-560 nm. A ceil Is said to have the enzyme

activity assayed for. if the level of activity in a test cell is more than 2-fold, and preferably more than 10- or
35 100-fold above that of a contrel cell, such as a fibroblast.

The expression of cytochrome p450 can also be measured at the protein level, for example, using
specific antibody in Western blots, or at the mANA level, using specific probes and primers in Northern blots or
RT-PCR. See Borlakoglu et al., Int. J. Biochem. 25:1659, 1993. Particular activities of the p450 systam can
also be measured: 7-ethoxycoumarin O-de-ethylase activity, aloxyresorufin O-de-alkylase activity, coumarin

40  7-hydroxylase activity, p-nitrophenol hydroxylase activity, tastosterone hydroxylation,
UDP-glucuronyltransferase activity, glutathione S-transferase activity, and others (reviewed in Gomes-Lechon
et al, pp 411-431 in “In vitro Methods in Pharmaceutical Research,” Academic Press, 1997). The activity level
can then be comparad with the level in primary hepatocytes, as shown in Table 2.
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Other desirable features of differentiated cells of this invention are an abifity to act as target cslls in
drug screening assays, and an abllity to reconstitute liver function, both in vivo, and as part of an
extracorporeal device. These features are further described in sections that follow.

Telomerization of diffarentiated cells

itis desirable that cells of the hepatocyte lineage have the ability to replicate in certain drug screening
and therapeutic applications. The cells of this invention can optionally be telomerized to increase thelr
raplication potential, either before or after they progress to restricted davelopmental fineage cells or terminally
differentiated cells. pPS cells that are telomerized may be taken down the differentiation pathway described
earller; or diffarentiated cells can be telometized diractly.

Before and after telomerization, telomerase activity and expression of hTERT gene product can be
determined using reagents and methods known in the art. For example, pPS cells are evaluated for
telomerase using TRAP activity assay (Kim et al., Sclence 266:2011, 1997; Waeinrich et al,, Nature Genetics
17:498, 1997). Expression of hTERT at the mRNA level is evaluated by RT-PCR.

Cells are lolomerized by genetically altering them by transfection or transduction with a suitable
vector, homologous recombination, or other appropriate technique, so that they express the telomerase
catalytic component (TERT). Particularly suitable is the catalytic component of human telomerase (hTERT),
provided in Intemational Patent Application WO 98/14582. For certain applications, species homologs like
mouse TERT (WO 99/27113) can also be used. Transfection and expression of telomerase in human cells is
described in Bodnar st al,, Science 279:349, 1998 and Jlang et al., Nat. Genst. 21:111, 1999. In ancther
axample, hTERT clanes (WO 98/14592) are used as a source of hTERT encoding sequence, and spliced into
an EcoRl site of a PBBS212 vector undar control of the MPSV promoter, or into the EcoRi site of commercially
available pBABE retrovirus vector, under control of the LTR promoter. Differentiated or undifferentiated pPS
cells are genetically altered using vector containing supernatants over a 8-16 h period, and then exchanged
into growth medium for 1-2 days. Genstically altered cells are selected using 0.5-2.5 yg/mL puromyein, and
recultured. They can then be assessed for hTERT .expression by RT-PCR, telomerase activity (TRAP assay),
immunocytochemical staining for hTERT, or replicative capacity. Continuously replicating colonies will be
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Particular screening applications of this invention relale to the testing of pharmaceutical compounds

in drug research. The reader is referred generally to the standard textbook "In vitre Methods in Phamaceutical
Pesearch”, Academic Press, 1997, and U.S. Patent 5,030,015). In this invention, pPS cells that have
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subjects with Inpaired |iver function. For purposes of henostasis, the cells
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and then heat-inactivated at 80°C for 10 min. Samples were then stored at —20°C till they were processed for

PCR analysis. Standard polymerase chain reaction (PGR) was performed using primers specific for the

40 markers of interest in the following reaction mixture: cDNA 1.0 s, 10 x PCR buffer (Gibco) 2.5 ul,, 10 x MgClz

25 4L, 25 mM dNTP 3.0 pL, 5 uM 3'-primer 1.0 L, 5uM 5-primer, 1.0 ul, Taq 0.4 L, DEPC-water 13.6 yL.
Selected markers and reaction conditions are shown in Table 3.




well (6 well plate). The EBs were fed every other day by the addition of 2
mL of nedium per well. When the volunme of nmedium exceeded 4 mmell, the EBs
were coll ected and resuspended in fresh nmedium After 4-§ g @Uﬂi n
suspension, the EBs were plated onto a substrate and al | owed t
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coat ed WWAONBKH gei (r) according to manufacturer's direr@TU$E/A3BLI ef | y,
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r
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cyt oker ativFsg 8, 18t1mnd 19;i5desmew, ( % A i°5F d SVA
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and 40X G&8TA4g a N R#n Labbphot BRA/ZQuUI ple4d 3tset;T0°CePade] xd6r escence and a spot

CCD canera. -28 250CT2004 WD 01/ 81549 / 344t Qi Ng:
Peri odi c ©&BPY Schi ¥ stailh (PASE was g@mﬁdéﬁﬁ%‘%&%ﬁ%%ﬁ%&?ﬁ] Tech
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nd unt e Unt | I a S were t t
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camePa. SYSBeTBRH eyt ey WRE hangzstef andipisied oy Bravii Fester Beriiers dMatrigqlP epatgd plajeg gqgin
i ndi cat echmyerclivel (Nvexli Qma of he tlidwinb thee donditidra wiOusgvh Bradl) for 24 h. Cells were
then fixed Wit hyediuh ORERAY Wb tet@ &b Sondeirgsyf or 30 minutes, and air-dried
overnight In the dark. ..ﬁgof' ed | s re rinsed once in PBS, and
denatured i n'O.'Bafq‘mcﬂgwgf o("%gﬁ‘?dnscﬂﬂé'gmvﬁwr t%/ls%ﬂls(tk rinses in 15 PBS pH 8.5
and pH7. 4 severBdum Gpataining B Fife OE%PNER (AL Katy samayazensdfiesat! S8 B Bm
(Vecwor Labs) floguinl 5 ngiril EGF.&0enM gkeadvalSighalhi t h anti BrdU anti body (Sigma)
di | ut ed inléabéhsé, thelndanGaa bxebaRtddrevaydhy (an bdfs done Bad ivt idkhundepdchatnidiy ol B 4sanpl es
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in 5
in 0.5%

diluted In 1. ors rum.f or . e S agaln thrice
' PBS, VAR HEPPIREGA PR AU ALt SPAEh TN UBGHIAIBAPS SRR RReRiEl 58 | abel ed
st r et avifapiiaediedeng @ eaheproganecsnPyAen: IHsaniAsed dRRfePlaIg EPIPaSETA and
0. 15M Na@liunphdtygatebhadfadarg® froportion of apparently dead cells, and only some patches comprising a fairly
homogenous population of calls survived. The morphology of these cells was similar to that of primary
hepatocytes, in that the cells were large and became multinucleated after a few days. These cultures wera
compared with cultures of primary human hepatocytes (obtained from Dr. Stephen Strom, University of
20 Pittsburgh), and with HepG2 cells (a permanent human hepatocyte cell line derived from a hepatoblastoma,
similar to what is reported in U.S. Patent 5,290,684). In the condition with 0.5% DMSO and growth factors (no.
3}, the cells lvoked healthy and the culiures contained a remarkably heterogeneous population of cells.



mn in the dark. Hoechst H033258 stain (bl sbenzimde, Signma Cat. No. B2883)
was mxed into the streptavidin solution at 2. 5uMfinal concentration to
stain all the nuclei. The stained cells were washed agai pj U%)ﬁgg@ PBS and
mounted in Vectashiei dYM (Vector Labs). Inmages were taken at and 40X
usi-ng Ni kon LabophotT " equipped with epifluorescence and a spot CCD
camera. 2% B8l se-transcriptase PCR anplification: RT- PERUSHAINEY s of
expression at the transcription | evel was conducted as foll ows: RNA was
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The‘oRNA was denatured for 10 min at 7040, followed by annealing at room

tenperature for 10 min. dNTPs were added at a final concentratron of 1 nmM

along with 0.5 uL of Sup’@&sb’%‘f|‘@P“”P4W°me§‘@°b@69f80qeﬂﬁcubat ed at 424C for 50

m nut e ated - s we+re t hen
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40 markers ofpnd)t erest in the follow ng. reaction m xture: cDNA 1.0 pL, 10 x

PCRbuffer r(-(%ﬂe@ﬁ&‘?& 42.5,uL, 10 x a2 2.5 pL, 2.5 nMdNTP 3.0 pL, 5 pM
-primer 1 L,”5 pM5" -prinmer, 1.0 , UL, Taq 0.4 ulL, DEPCwater 13.6 pL.

-.Sel ect ed mar k& s and reaction condltlorfs are shown in Table 3. 2 50CT

2004 WO 01/ 8abuen PCT/ USO1Ra84#1 TABLE 3 Reacti on- Conditi ore%far Expression
Anal ysi s byq,BlnfgeR Mar ker Eypect ed McCl 2% Anneal i ng, PCR Q/clﬁsos;g,,z@( nmt enp
a-fetoprotei 1. 7559(C( 94&%30 sec; 590 30 sec; 720 30sec) 36
al bum n2331. 5 g:(94C 30 sec. 57C 30 sec: 72C 30 sac) x 35
arantitrypsi n9481. 567C( 9489%08ec; 57C*0 sec; 72C 30 sec) ®%3B HNF1
al501. 562C( 94@x183m n) x 1; 14094 30 sec; #%62C30 sec;+ HNF30170Mbo82@72 *' C 30
sec) X 35; (Péminl0 M n) x | 30 sec; SéPafe 3m n)sx.hb (94C 3@ Hee; 62C . 72C
30 sec) x 35 %YZC 10 m n)u??ég 1 HNF4a4971 61 C(94C 3mn) X {IUO%( 94C 30 sec; 61
C30 sec; ‘% '30 sec) X 72C 10 fin) x
< 1% +va 20% +ve 5% +ve (n.d}
— resulls are given in terms of percentage of cells showing posltive staining
(n.d.) = not determined in this experiment

Yo +ve

Example 2: Markers expressad by differantiated cells
hES cell derived embryoid bodias were harvested after 4 or 5 days in suspension, and plated on
15 Matrigel® coated 6-well plates (for RNA extraction) and chamber slides (for immunocytochemistry) in medium
containing 20% FBS and 5 mM sodium n-butyrate. The medium was changed daily or every other day. There
was a lot of cell death on day 1 followed by less celt death on the subseguent days.

Figure 2 shows the morphology of the differentiated cells after 6 days of culture with n-butyrate. Six
different fields are shown from the same culture (10X in the top row, 20X in the other rows). The cells are

20 remarkably uniform, showing a large polygonal surace and binucleated center characteristic of mature
hepatocytes.

On the sixth day after plating in the differentiation agent, the cells were analyzed for expression of
markers by RT-PCR and immunocytochemistry, following the procedures outlined earlier. Giycogen content in
these cells was determined using periodic acid Schiff stain. The number of cells In S phase of cell cycle was

25  determined by incubating the cells with 10 #M BrdU on day § after plating, and subsequently staining with anti-
BrdU antibody 24 hours later.
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fornms at the site qums sg oryol d body Is Bl ated; the white patch In the
mddle is a small regl dead cells. The other cells in the field show
remar kabl'y honogenous %BPE’PF&F ogy. The left 59%ide shows cells cultured in
serum cont ai ni ng nedi umaaineme. The enbryoi dsbady di sperses over a w de area,
and forns heterogeneou‘é g,nes of cells thggeshow the norphol ogy of many
different cell types ﬁﬁ{] days after plati ?Pg cells growi ng on chamnber
slides were fixed for Plocyt ochem stry, P"h

CKks 100 %

CK18 100 %
Desmin 0

Glycogen staining 60 %

BrdU staining 16 %

RT-PCR analysis was also peiformad after six days of culture with n-butyrate to look at the
20 expression pattern of various genes normally expressed in hepatocytes, These data were compared with the
expression pattem of the same genes in adult hepatocytes, fetal hepatocytes, HepG2 cells (a
hepatocarcinoma ltine) and a non hepatocyte RPE (Retinal pigment epithelial) cell line. Resufts are shown in

Table 6.
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anti bodi es against different liver specific markers. Results are shown in
Table 4. Cultures treated with sodium butyrate did not express AFP, but
about 30% of the cells expressed anti body-detectable |evels of albumn. 10
TABLE 4: | mmunocytochenistry of Cultured Cells specificity?bfiCEdMyonic Stem
Cellis cultured 4 days withprimary human primary anti body Na butyrate FBS

al one F| BYOM/BNROhepat ocytes (none) - - -- non-specific PCRAUSMA34TI-- AFP - +°
+- Al bunmin 30%tve* - -100%tve at-antitrypsin > 60% +ve + +> 80% +ve CK18
100% +ve + +100% +ve CK8 100% +ve + +100% +ve CKI9 I00% +ve + +100% +ve
Desmin - 5% +ve 5% +ve(n.W4E &/iRTRFR analvsk@0Bena Grpreseion 100% +ve SMA ¢ 1% +ve

20%ve I'ls
show ng p03| tive su-lanam n Ima@n m y= not detetyai Neehbysd t I xpeﬁlemant
Exanpl e 2: Marker s- i ffiasemd i Bl t HMEIES Ggel | gabiaved
enbryol d bodi es WeuarrJaar ed er o " Exmmys |cumursiusp Longeiiad pl at ed
on 15 Matrigelt cgahed Gugl ! ‘gt eahtie(aﬂ)or o eﬂ‘g% ih anCindgdanber

slides (for i m’runoec)ﬁfrd)checmmﬁtr
sodi um n- but yr at e—Fhe-ree ‘ = ,
was a | ot 8fBell death on* day 1+fol | owed by+I ess cel | death on % he
subsequend-fettkiitsin  Fi gure 2 shows 4 he noy phol ogy of the diffierentiated cells
after 6 daysmRf culture with n-butyrate. Six, different fields are shown
fromthe sang culture (1 OXin t he top row, 50X in the other rows). The

cel I's ar &P mar Kabl y uhi forry showing a Farge pbl ygondl surfface and

bi nuci eat edNTlant er char acteri sti€ of mature +hepatoeytes. -On t he-si xth day
after platurgsin the. differentiation agent, the cells were analyzed for
expressi onypf,, mar ke+rs by FI T- PCR and i mmunocytochem stry, follow ng the

pr ocedur es outl ined earlier. 4 ycogen content in these célls was deternined
usi ng per’i Bepeeptanci d *Schi f f+ stai it The nunber *of celts In S phase of cell
cycl e was @&Aget er mined by+incubating 4 he cekls with 10 pM BrdU -en day 5
‘after pl atj;,@gqa and spbsequently staining with anti-_BrdU gntibody 24 hours

| at er. éﬁﬁ? OCT 2004 WO 01/81549 PCT/ USOl/ 13471 Fi gure 3 shows the

resul ts nfC’F ohi st aocherhical _%tainihg for*certaih cell *specific arkers.
Figure 3A (40X) shows the results for primary adult hunman hepat ocytes

obt ai ned fr offedfiest eipdiusy Biyrae wek cqpipaed Winotikr poteatiathebrtrdyte difesdntiatiorgegems inhe ri ght
si de, Heiadn sbototdHIDanBidbbdidsavami citueke irsdugpieiion tpr @ ayk, ked Gerepldtédain Plafestoatze ] |

nucl ei Gl coliddBnabfl trné bdl@werk inBtidufturatBn (hgg%)enm\éﬁzhtcmﬁpoﬂ@s*&lstoﬁysf @osdlfaeCel | S

cul tyred,Bnfladygs M th n-butyrate, Both sets of 5 cells show staining in a

hi gh proportion of cells for albumin, al-antitrypsin, and C018, three
markers characteristic of cells of the hepat ocyt e Iineage, and negative for
a-fetoprotein which is a marker for early progenitor cells. Figure 4 shows
the gl ycogen staining pattern of cells cultured 6 days In n-butyrate (10X
and 40X). _

trd)n medi UMmag@nt a|f g 2@%"FBS°%!MI 5 nmM
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The cells were stained with Periodic Acid Schiff s stain for glycogen (pink,
dark color) and with Fast Geen 10 stain to outline the cetlmtgﬂl asm
(background green, light color). About 60% of the butyrate r5 eZ cells
show evi dence of glycogen storage (top row), conpared with 80%in fetal
hepat ocytes (mddle row, positive control) and virtually none in the human .
fi brobl ag¥yooE81s44 | ne designated BJ fibrobl ast (bottom r gwr/vegasdsrve
control). A sunmary of the phenotype analysis is provided in Table 5.

Al bumi n expr essi on wWas Tound T 55% 15 of the Terts—AFP—was conpl etely
absent. dycogen was bei NgraSLET: eldpatdaytetdifietetation AGdfo of the cells. 16% of the
cells labeled with BrdU__indicating that a significant portion of the cells

were proliferating at the tine of anal ysis. HdBblotfhspalcli@not ype of
Differentiated Cells Primary Anti body Specifici pheotypositi ve cells (none)0
non-specific 1gGLO a-fetoprajge NO Al bum n55% arantitrypsi n90 % CK18100%
CK8100% CK19100% Desm n0 d ycogen stai ni ng60% Br dU st ai ni ngl6% RT- PCR

anal ysi s was al so perfor mét lérfcg‘é’? six days of culture with n-butyrate to

| ook at the 20 expressi Ssiuratbuigrate of vari ous genes nornally expressed in
hepatocytes. These datawef Rased with the expression pattern of the
sane genes in adult hepatocytes, tetal hepatocytes, Hep& cells (a

hepat ocar ci noma | i ne) aRdv¥exhywciehat ocyte RPE (Retinal pignment epithelial)
cell line. Results are shewporidacidTable 6. 2 5 OCT 2004 WO 01/ 81549

PCT/ USO01/ 13471 TABLE 6: RTPCR apal ysis of CGene Expression i Enbryold
Enbryoi d Embryold Body BOtR°®8ps Body cells HepG prinmary primary hES
cells cells APE hepat o- hismmiddagtial (undiffer- culf#ured in cultured

epi thellal cyte hepato- hefghQauful tured

lsobutyric acid k-
Trichostatin A +

+ Causes hepatocyte differsntiation and selective elimination of other csll typss
- No Inductlve effact
£ Mild inductive affect; may allow growth or survival of other cell types

At a concentration of 5 mM, sadium chioride had no effect, while butyric acid and sodium butyrate were equally
effective — indicating that the differentiation is not simply due to a change in ion concentration, The reader will

5 appreciate that butyric acid and [sodium] butyrate are conjugate forms of the sams substanca that are within
the buffering capagcity of culture media. Accordingly, the terms are interchangeabie in this disciosure unless
axplicitly required otherwise,

For comparative purposes, a variety of structural analogs of butyrate were tested at 5 mM. The
analogs propionic acid, isovaleric acid, and isobutyric acid were effective in causing hepatocyle differentiation,

10 but were deemed less preferable under these conditions because envichment for cells bearing the hepatocyle
phenctype was less robust,

Trichostatin A, which is another inhibitor for histone deacetylase, was found o be toxic to ceils in the
range of 2.5-100 pM, and ineffective at 10-50 nM. At 75-100 nM, Trichostatin A appeared to both induce
hepatocyte differentiation and select against survival of other cell types. 1ne phanclypa of hapatocyte lineage

16 cells made using 5 mM sodium n-butyrate and 100 ni Trichostatin A is shown in Table 8.



coil Iine cell fine cytes cytes FBS with DMSO (negative positive (positive
(positve entiated) with control) control) control) control)(cell and growh
sodium mxture) factors n-butyrate O-actin + + ++ + + +9 R{piprotein + +
++ + + +- albumin + + +- + + +- c i-antitrypsn + + + + + ++ HNFla + + + +
+ --- HNF3b + + +-- + + -- HNF4a + + +-- - - -- ASOreceptor + + + + + +-
GATA-4 +WONBLMY, + C/EBPa + + +-- + + +- O EBPO + + +- FCTUSIVINAE effect of
sodi um butyrate was conpared with other potential hepatocyte differentiation
agents in a simlar protocol. Enbryod bodies were cultured in suspension
for 4 days, and then repl a8t HFhprereetOepaiaedCeNi t h col | agenase 1. The
cells mreﬂﬁwwmwww&days.

Results are p& j n Tahl &5pe'so5 OCL Qg%ﬁ 01/ 815 A rlinkio01/ 13471 TABLE
7. Hepat ocyt gﬁn@ﬁé d%%g%tia%?%r "u%bde”%'f'gs | nHGErRERGE hep;bagmay@?sphenotype NaCl
n-Butyric Acid Sodi um n- bufsgiumiBetyrata- hydr dsepestatind i ¢ acid _R-hydroxybutyric
acid Propionic gghfl Valerie agid Isovalerlc acid Capreisg acid |sobutyric
aci d

non-specific IgG1 0% 0%
o-fetoprotein 0% 0%
albumin 62% 41% > 80% ‘
on-antitrypsin 80% 81% 90%
CK18 100% > 70% 100%
CK19 100% > 90% 100%
Glycogen staining > 60% > 50% > 80%

Example 3: Augmentation of the differantiating effect of n-butyrate with hepatocyte maturation factors
The effect of varlous possible hapatocyte maturation factors was tested in cells differentiated using n-
5 butyrate. hES were cultured for 4 days in 5 mM sodium n-butyrate, and then switched to a different medium.
The following alternatives were tested:
1. “HCM' medium from Clonetics
2. 10% fetal bovine serum (FBS} supplemented with insulin, epidermal growth factor (EGF),
dexamethazone, and glucagon;
10 3. 10% calf serum {CS) supplemented with Insulin, EGF, dexamethazane, and glucagon,
4, 20% FBS supplemented with insulin, EGF, dexamethazone, and glucagen
Tha cells were maintained under these conditions for 4 days. Ceils survived under all conditions, but
appeared best in 10% FBS with growth faclors (Groups 2 and 4}. These cells were trypsinized and replated in
fresh Matrigel® coated plates. Other growth factors are tested in a similar protocol, or in combination, to
18 determine their effects on hepatocyte maturation and cell phenotype.

Example 4: Telomerization of hES-derived hepatocytes
Several days after differentiation of hES with sodium butyrate, cells are transduced with a retrovirus
encoding the human homolog of telomera<a reverse franseriptase (hRTERT). The vector comprises an hTERT
20  encoding sequence from a plasmid designated pGRN145, into the EcoR1 site of the commaercially available
PBABE puromycin construct. The hTERT enceding sequence Is piaced under control of the retrovirus LTR
pramoter. Control and hTERT pBABE refroviral supernatants are prepared using the PA317 packaging cell
line, and combined with 4 yg/mL polybrene.
Cultures of differentiated hES celis are prepared, and the medium is replaced with a medium
25  containing retrovirus supernatant for 8-16 hours, The medium is replaced again with nommal growth medium,
and the cells are allowed to recover for 1-2 days. Cells are then selected using 0.5-2.5 pg/mL puromygin. The
cells are evaluated morphologically, for growth rate, and for expression patterns using immunocytochemistry
and RT-PCR. Telomerase activily is evaluated using the TRAP assay.
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Trichostatin A + + t + + Causes hepatocyte differentiation and sel ective
elimnation of other cell types No Inductive effect MId inductive effect,
may all ow growth or survival of other cell types At a concentration of 5 nM
sodi um chl oride had no effect, while butyric acid and sodi drb BultPbat e were
equally effective - indicating that the differentiation is not sinply due
to a chary@0/BI5#bn concentration. The reader will 5 appreci/usoa/isdtat butyric
acid and [sodium butyrate are conjugate forns of the sane substance that
kampletSh Bifferavtiton i 05T L «of celfstid foadteeicBBlira. Accordingly, the terns
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10 bt \ip.e581e0peks/MLeld 5009 celisiemBh| Bie mdalter refiating colaned ot indiflerertigedestiecoeir | chnent
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nM Trichostatin A a
sg/} ect gFif’ié“E‘h CAPRPNSrNedig s Whsh fig cellg epghed %@g’.‘ce-,‘ﬁ’ﬁ&"" FRYHR9EY/PYe-of hepat ocyt e
| i nddge 15 Celthisepmele hedidNgS SellaiveeEHvammaintiined yiy fedder-fmm dontifds folvBoTdaycBost at i n
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3:  Augnmnthaitdnton cudtfires thet reliefvéccsremddiaddithdlg bubrdie Ginsiadrabi- daisy d biRerwitibtin R@Rat ocyt e
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cul t or o 7R S gyl bR ey 0 i s G P e
di f f er el igyi oacalisesf] pePhlg thn disr r?é{@/‘i’%?é‘?‘ fi et rgoakq birate) appegmshfeY yp i um
frorfPCl Giffprentipted with a digoxity ¢ phenottpes/i ne serum (FBS) suppl emented with insulin,
epi der mir subsequettexfegicbros, hi 563 malntained in feeder-free conditions are exposed to sadium butyrate at

the time of passaging. The hES cell line designated H9 and maintained for 48 days (8 passages) on Matrigei®

is harvested at confiuence using collagenass, and reseeded on Matrigel®, The cells are passaged Into SR

media containing 5 mM sodium butyrate, and assessed for hepatacyte-like morphology and gene expression

25 at various timas of cuiture, in comparison with cells cultured without butyrate.

Exampie 6: Effect of bulyrate in combination with DMSO
in this expariment, the sffect of the hepatocyle differentiation agent butyrate was
determined in the presence of hepatocyte maturation factor DMSO.

30 Human ES cell derlved embryold bodies were harvested after 4 days in suspension
and plated In the foliowing four conditions.
+ Gelatin coated piates in the presence of 5mM Na butyrate
« Gelatin coated plates in the presence of 5SmM Na butyrate and 1%DMSO
e Matrigel® coated plates in the presence of 5SmM Na butyrate.
35 « Matrigel® coated plates in the presence of 5mhi Na bulyrate and 1%DMSO
Media were changed every other day and cells were analyzed on day 7 for immunocytochemistry
and RT-PCR. Cells in all these conditions looked morphologically alike, comprising colonies of
cells with uniform morphology. There were fewer colonies of cells in the set where butyrate and
DMSO were both present, compared with the ones cultured in butyrate alone. The two sets that
40  wore plated on gelatin had even less cells.
Immunostaining showed a similar marker phenotype in all the conditions. Percenlage
of cells in the culture staining for each of the markers tested is shown in Table 9,
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dexanet hazone, and gl ucagon; 10 3. 10%calf serum (CS) supplenented with

I nsulin, EGF, dexanethazone, and glucagon; 4. 20% FBS supplenented with
insulin, EGF, dexanethazorie, and glucagon The cells were naintained under
these conditions for 4 days. Cells survived under all condizt'ﬁﬂ_srw &but
appeared best in 10% FBS with gromh factors (G oups 2 and 45') gse cells
were tryps¥@arsIsd? and replated in fresh Matriget(r) coatecrpianess O her
grow h factors are tested in a simlar protocol, or in conbination, to 15
determne thelir effects on hepatocyle nmaturation and ceti—phenotype. Exanpl e
4: Tef omeri zati on of hES- defABLEB& Frepabod Dieat@edesal days after

di f f er ent+at+oen—ef—hES—wth-sodivm-butyrate,—cells . are transduced with a
retrovirus encoding the humeap honol ogemdp 2t el omergaugar ever Seryf #NSCri pt ase

(hTERT). The vector comﬁmﬁﬂl‘—&e—aﬁﬁm—wqﬁeﬂ%a pl asm d
desi gnat ed pGRN145," into th&*BEoR sit 8P the cYnE®Ci al | yMa¥E8R abl e pSABE
puromyci n_construct. The hTBRTal®ncoditnge s8¥8RNnce Bugratpl ac ckbtyard@msoont r ol  of
the retroviNcsimby ktibday onot er. o Control and hTERT pBRBE retrovigai

super nat ants arlﬁeﬁr epar ed usi@g t he PA3]O7 packagi ng cell line, and conbi ned
with 4 Ng/nL pofybrene. Cultures of differentiated hES cells 4re pr epar ed,
and the nedi UHPPHEY9Repl aced wifh a nediu® 25 containing retro®irus

super nat ant fofbuinl6 hours. S nmedi um7ss repl acedo@agai n W t fgspor mal growt h
medium and Jhepghls are aghgwed to ggcover for o2 days. Gglls are then
sel ected using -2.5 pg/n gyr onyci n. uFle cell's are eval uat ed

mor phol ogi cal I y*“'for growt h Pafe, and &% expressi®# patt er n€?%si ng

i mmunocyt ochem®{¢y and RT-IPCR Tel oneddase acti vioeys i s evalmwawed using the
TRAP assay. - 3fycaged O CT 20Q40 30 01/ 8153, PCT/ USQlgh 33471 EX Jsge5:

D fferenfiation of mWan enbryorm c to c s T feeder=free—cutture

Undi fferentiated hES col oni es were passaged continuously in feeder-free

condi ti ens, %§= E.ol | og. ia‘uCuOI ;t‘gts we _Lnub%t df | n 1 gg/_ col | agenase for

]
ifect Di qpatacy g PREEYE aping the cells

a 1:8 offhdlstr@edy waabilrgiate-agoh4) Giferaditions prodass(bi dg¢ddg the elalostchi@)ratio haordapsaf t er
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Singl e G&fibsorNpliiieen the colonies were differentiated. Over the next few
days, the u?h%irf er nti at ed_cgl_ | s were seen to proliferate and the col onies
became | arge' Bng ggﬁpwgﬁet'?a'% i PTG RGP copdiiopssioy 758 At GRes PP Aol oni es
al so belistEenBt eele werp 40-60% cprliedt @nd e mediusascrphage with wenditiongd BR dngiwm of bei ng
f ed 1@lai kontaining H%EIS@ t The maltrenmweieded dhenitht SFemediln Br # @aye lved treo Bichangsuciete t hey
wer e splicbndlior@e SAie@ium kontdnty 5% Se-tRYRAKD [T8e clithss Wi RESNG S is RAF R) s Wer e

Mai Nt ai Bge o PnihORE&hs haeR i QRtlet WOB SvalBkq BRIl Ry tdcRemBdS § hanet AL €
differe i L s TQec| ugﬂlffer ntllta e CI? S e[ e e nt | ped o am ni n and
fed witf k/%lt:' condl ?lvgne'&‘_m'r?eaﬂ‘fﬁ?r? Lo galeery B Y POBRIREPTETE PHeRrE ol osur .
To i gduE’l?a"&i"gzehmﬁﬂqcfﬁégﬁ;gﬁ'?wﬂﬁ%“’%m@?d&ﬁé’tﬁf°"%l§'ida¥n was replaced with SR
medilim (w t héushosuip fit ¢ cHF @R wopert iterfigal Se-piing bl uffold iitglyar atbemin Af t er
one day eiprsddpsraiacnantinyisPRLprestcPdnb 2 ik §fokehinGRrdsSioriRal 16k B3R nseePpakdIat had a

hepat 0CYkeQadohde plafy (SFHeRBRAAevedh nﬁ&q&rttﬂqubatoﬁné-lgg &ﬁs.nunber of cells died
t ne di snh.

and appeared to be adhered to the bottomo In the control

.cultures that received SR nedia w thout butyrate, considerable diversity of
differentiation (cells wth different norphol ogi es) was observed. About siXx

days after treatnment, the culture that had received sodiumbutyrate
cont ai ned many patches of hepatocyte-like cells, but a fewcells with other
nor phol ogi es were identified. Many dead cells still adhered to the dish.
Cultures that did not receive butyrate appeared very 20 differentiated,
with a diversity of phenotypes. In subsequent experinments, hES cells

mai ntai ned in feeder-free conditions are exposed to sodium butyrate at the
time of passaging. The hES cell |ine designated H9 and naintai ned for 48
days (8 passages) on Matrigel (r)



is harvested at confluence using coll agenase, and reseeded on Mtrigel (r).
The cells are passaged into SR nedia containing 5 mM sodi um butyrate, and
assessed for hepatocyte-like norphol ogy and gene expressi 012 &ﬁ t varl ous
times of culture, in conparison with cells cultured w thou 3 y2
Example 6: Effect of bu rate in conbination with DML SO In this exper| ment ,
the ef f ecVOSVSIRE hepatocyte differentiation agent butyr BEBUSHA34 et er mi ned
in the presence of hepatocyte maturation factor DVSO 30 Human ES cell
derived enbryoi d bodies were harvested after 4 days I n suspension and
plated In the fol | owi ng folft®: Eb%ﬁ'ih?m'éﬁ?é’m‘“"(%‘faﬁpﬁ coated plates in the
presence of SnVINa butyrate Cet atl\l mcoated—prates—+n—the—presence of 5nV Na
butyrate and 1 %aMds6 speddatyr i gel (1) CHEI'E D at es |nTWEZ?5'P sence of 5nM Na
butyrate. 35_Matrigel (r) coated pl afarsstiver t he presen®eostive 5mM Na but yrat e
and 1%DMVSO Medi aoperaty sefbagyped every otder day and cellg were anal yzed on day
7 for immunocytochediistky and RT-PCR, Cells in all these conditions |ooked
nor phol ogically a vﬁ@ﬂ“‘ corrprl si ng col on| es of cells with uniform
mor phol ogy. There @t ewer col oni es'™0f cells in the &% where butyrate and
DMVSO were both pr asaﬂtypssrcorrpar ed w thet%me ones culturesbs%n butyrate al one.
The two sets that 4@ e plated on gelatin had even less cells.
| nunost ai ni ng Shﬁm ﬁ Efl m | ar marker L}?henotype in ail the conditions.
Percentage of cel'&PH'Yhe culture &%Fning for each B*the narkers tested
|'s shown I n Tabl eC¥pkeratng82 5 OCT 2004804 01/ 81549 PCT/WS®1/ 13471 TABLE 9:
Phenot ype of D ffenseahinabed Cel | s G osypx 1G oup 2G oup gFoup 4 Celatin
Gelatin Matrigel (r)g,ygéagnrl gel (r) ButyrebteButyrate + DMzﬁéityrateButyrate +
DVSO No Pri e y ROO 56 %5 960
%63% al - ant i tryp5| n>90 %90 %90 %90 %CK18100°/<1000/<1000/<100%
CI<19100‘V<100‘V<100‘V<100%G ‘cogen>60 %>60 %>60 %>60 %Exarrpl e 7: Direct

Pes - 5 Eerpntjatip) S cellsr m ng Enb ol d
Bodi es The urh‘:ﬂs fvérelgmetatealfrerd hE\E&éuselféesarw emmsqt/maneahy& n shpedan -ifid R i

condist i Qv plat il\idbd Fegehddiih siiploAvBetsdliith 5 mvBNaldirai lof 8 hRINA bIGR M {eRblusat € a

gl obal q-h‘;@@sr,g@tpqagglopmem Sﬁétn@é addi ng the hepatocyte maturation factors
DVMBO or retgngj confiuent culture. The cells are then

i nduced to for m"??é’” gllpg% P'e an[?gc"f@g‘fQF 'Yt he addition of Na-butyrate. The
hES cel | s werPedRHh F‘)?P‘a' ’F%‘EP"M?‘“WWP éPﬁ?i‘tf?fét“e%lme'nI‘W)r e conditions for 2-3
days after sgl pelaiin (g cofted for 2 h at 37°C)
10 After 6 days in Na-butyrate the cells were evaluated morphologically and using immunocytochemistry far
hepatocyts markers. in al! condmons._ homaogensous patches of hepatocyte-iike cells wers observed.
Howaver, the number of cell ciusters was greatly raduced in the cultures with gelatin coating compared with
other conditions. As shown in Table 11, tha percentage of celis with albumin, cytokeratin, and o-antitrypsin
Immunoreactivity was similar in all conditions. Glycogen storage was also similar in all conditions. These data
15 indicate that all the substrates tested promote hepatocyte diffarentiation, but Matrige!® and collagen 1 coating
suppoit survival better than gslatin,




this time, the cells were 50-60% confluent and the nmedi um was exchanged w th
uncondi tioned SR nedium 10 containing 1% DVSO. The cultures were fed daily
with SR nmedium for 4 days and then exchanged into unconditi q@eﬁ] Sigpedi um
containing 2.5% Na-butyrate. The cultures were fed daily with S msdl um
for. 6 days; at which tine one half of the cultures were eval uated by

i Munocyt We&hYmils®ry. The other half of the cultures wer @ H@SYVES#Hd W t h
trypsin and replated onto collagen, to further pronote enrichnent for

hepat ocyte Tineage cells. Tmunocytochemstry was then perfornmed on the
foll owi ng day. 15 As shown TARETHFhenotyms of Piffigentiatdd|Cetiswhi ch under went t he fi nal
r e- pl at i ng—had—5—-+old-higher—al-bomn—expressi-onr—stmtar—al—anrtHr ypsin
expression and 2-fold IessMetylgeWeratl n exprGelstisu on than theollegehl S not

re-pl ated errr-+ch for
the hepat oAJ:‘&PP‘éfeﬁ ?‘g'&!‘ycel”'“z 3 e *2002““(% oﬁ% ‘39 peE W\?@ouﬁg‘{@gf TABLE 10:
Phenot ype—e body r—zat | on
Trypsi ni zat |('E?rP"'%’¥305| ti vé’% p05| the (no Primary Gnti bod)?) 00 (| g® control)00
al bum nll %@R®1%ndrplt anti t Oypsi N>80% 80 % a fetoprotel NnO® Cyt okewatin 8> 80
%46% Cyt okehadidphieh8> 80 ¥B0% Cypokeratig 19> 80y %30 % g ycogen@> 50 %
Exanpl e 8: Conparison of ffer Matrices for patoct D|ff ntiation
from hES cel | rsm@%s wer e gg}ﬁerat (ea@tui‘ rom I?Eé cel | gé_%n fee er" fre ondl tions.
After 4 dayg-dntiveainspenst ¥ the¥Bs 5 »RBfe pl afe® i n 280% FBS n¥d um

suppl enent echtorérith 1& MM Noodaut yr adoes or 51008 Na- bugbwr at e 1and 1% DdG3O.  The EBs
were pl at edoﬂg gqfoll g nma es ol | 1 (Q.03 ng/ oat ed
over ni ght at 7 % rgmﬂ facb@'ragreduf:ogé&l\/atfﬁgg[(r)q%10 g%)ﬂaatged for I h
at room te 3> gel a it ed_f>0 h At 0 A .
Na- butyrate the cells were eval uated norphol ogi cally and using
i mmuunocytochem stry for hepatocyte markers. In all conditions, honpbgeneous
pat ches EémfedaHuy bptimlzatls@ of@erditicns We DRsciXfhuntatsh However, the nunber of cel |

‘clusters was (p5&afs dhabGH e Bhted: @.%Qﬁ.aﬁdd'p@dﬁc@%a&%éd%ﬁl&' %Lﬂ.rla tﬁ@ﬂdjds%n&@paf ed
Wi th Otch‘x urr COQ‘ gonf s??own in ‘IA"a%JIe bz VW D toc al?ullture ?W%dfum E pu%ﬁ ; F} %&Eﬂe%cs %? (lmlrs:s WI t h

al buni n and at - ant or'eactivi

ARRMUINC G e v G R
dat a 15 sonektigrstobtaipdtizare asbdssadippimyybrstecheraisiy aedsnavhe peteityot e hepat ocyt e
differentiation, but Matrlgel (r) and collagen | coating support survival
better th

Differentiated Cells PCTI t J S@hIEL24 Dileci\iforehtgieh Clofoboe atinCol | agen |

Undifferentiated cells Pre-differentiation Hepatocyte induction Further differentiation
(Groups 1-3 only;
{until confluent) {4 days) (6 days) 4 days)
Feeder-trae conditions 20% SR medium + 20% SAH medium + HCM + 30 ng/mL hEGF +
1% DMSC 1% DMSO + 10 ng/mL TGF-o. +
2.5 mM butyrate 30 ng/mL HGF +
1% DMSO +
2.5 mM butyrate
Feeder-frae conditions 20% SR madium + 20% SA medium + 20% SR medium +
1% DMSO 1% DMSO + 30 ng/mL hEGF +
2.5 mM butyrate 10 ng/mL. TGF-0 +
30 ng/mb. HGF +
1% DMSO +
2.5 mM butyrate
Feeder-free conditions 20% SR medium + 20% SR medium + Strom’s medium +
1% DMSQ 1% DMSO + 30 ng/ml. hEGF +
2.5 mM butyrate 10 ng/mL TGF-o +
30 ng/mil HGF +
1% DMSO +
2.5 mM butyrate
Feeder-free conditions 20% SA medium + HCM + 30 ng/mL hEGF +
1% DMSQ 10 ng/mL TGF-c +
- 30 ng/mi. HGF +
1% DMSO +
2.5 mM butyrate
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Anti body SpecificityButyrateButyrate +ButyrateButyrate +ButyrateButyrate +
DIVBEODMSODMVSO (no primary) 000000 (I gGL control )000000 a fetoprotei no0O0O000

al bum n56%/5%%0%63%¢ 9% 5% a, - anbt r ypsi n>90%90%90%-90%-90£480Va(0yt okerati n
1810094.009400%4.00%4.0094.00% Cyt okerati n 19100%400%400%400%4.00%400%

d ycogen>60%60%60%60%60%60% Exanpl e ,9: Further optim zation of

conditi on¥OP4F ¥ rect Differentiation hES cells under go POEHUBRYIEEM
Differentiation protoco] detailed earlier, meking the adjustnments to 5
culture conditions shown in_Tahle 12. Hepatocyte Culture Mediumis purchased
fromdonetics: Strom's Medithn'F<PiT Bifieprgionfiotet@icr i bed in Runge at al .,

Bi ochem WWWHWOM ai ned
are assesse é&ﬁtm’runsocyt O ChETRRIRIR " and ERESHR nductny i t yrUtHeARfSpentEson Iy et

Di f ferenti atinodiieaty 0ocol s Ungidafspr enti at ed (g gays) (Groups 1-3 only;
cel | sPre-differentiationHepatocyte inductionFurther differ#shtion (G oups

1-3 only; F(eﬁﬁ?t-frelecmrfﬁﬂpuen@"(oﬂﬂd k)« 6 dayee¥ 4R oh + Feeder-free conditi ons20%
% DMSO Feeder-free

SR medi um +20% SR nmedi um +HCREMSS0 ng/ nl” Wpel

conditions 20% SR nedi um + 1% DVSO Feede1§0- m'g%ééb*ndi tions 20% SR nmedi um +
190OM50 1% DVSO + 2.5 nM butyrate 20% SR bMsbr 1% DMSO + 2.5 nM butyrate
20% SR nedi um + 1% DMSO + 2.5 nM but yr at eskeddpatef ree conditi ons 20% SR
medi um + HGbderttradGondidnBl NE6% SH mediRAIVEO 105164 Mbaik@-a + 30 ng/ nL HGE +
19DMBO+ 2.5 mM butyrate 10 mpMsd TGE-a. 38 ng@Onaap+nl HGF + 10DMBO+ 2.5 nv

butyrate 20% SR nmedium + 30 ng/nL hEGF 1 ngiml TGF-o +
30 ng/mL HGF +

1% DMSO +
2.5 mM butyrate

HCM + 30 ng/ml. hEGF + HCM + 30 ng/mL hEGF +
10 ng/mL TGF-&x + 10 ng/mL TGF-o+

Feeder-fres conditions

30 ng/mL HGF + 30 ng/mL HGF +
1% DMSO 1% DMSO +
2.5 mM butyrate
Feeder-free conditions 20% SR medium + 20% SA madium +
' 30 ng/mlL hEGF + 30 ng/mL hEGF +
10 ng/mL TGF-cx + 10 ng/mL TGF -0 +
30 ng/mL HGF + 30 ng/mb HGF +
1% DMSO 1% DMSO +
2.5 mM butyrate
Feeder-free conditions Strom’s medium + Strom’s medium +
30 ng/mL hEGF + 30 ng/mL hEGF +
10 ng/mL TGF-ct + 10 ng/mL. TGF-a +
30 ng/mL HGF + 3¢ ng/mL HGF +
1% DMSO 1% DMSO +
2.5 mM butyrate

Other additives tested In the subsequent (4-day) maturation step include factors such as FGF-4, and
oncostatin M in the presence of daxamethazona,

Figure 5 shows the effect of HCM on maturation of hES-derived cells. Left column: 10X

5 magnification; Right column: 40 X magnification. By 4 days in the presence of butyrate, more than 80% of

cells In the culture are large in diameter, containing large nuclei and granular cytoplasm (Row A). After 5 days

in 8R medium, the cells were switched to HCM. Two days later, many cells are multinucleated, and have a

large polygonal shape (Row B). By 4 days in HCM, multinucleated polygonal cells are common, and have a

darker cytosol {Row C), by which criteria they resemble freshly isolated human adult hepatocytes (Row D) or
10 fetal hepatocytes (Row E).

Example 10: Metabolic enzyme activity
hES-derived hepatocyte lineage cells generated by the direct differentiation protocol were tested for
cytochrorme P450 activity.

15 Aitar completion of the differentiation protocol, cells were cultured for 24-48 hours with or without
5 uM methylchloranthrene, an inducer for the cytochrome P-450 en'zyrnes 1A1 and 1A2 (CYP1A1/2). Enzyme
activity was measuraed as the rate of de-ethylation of ethoxyresorufin (EROD). The substrate was added to the
medium at a concentration of 5 uM, and fluorescence of the cullure supernatant was measured after 2 hours in
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10 ng/mL TGF-a + 30 ng/nL HGF + 1 % DVSO + 2.5 mMbutyrate Stroms medium
+ 30 ng/nmL hEGF + 10 ng/nmL TGF-a + 30 ng/nmL HGF + 1% DMSO + 2.5 nmM
butyrate -39-- 2 5 OC T 2004 WO 01/81549 PCT/ USOL/ 13471 T’?B}Ecﬂ?nm Direct
Differentiation Protocols Undifferentiated
cellisPre-differentiati onHepatocyte inductionFurther differentiation (until
conf | uentY2 o4& dups 1-3 only; ( (6 days)4 days) ays) FeRGEESHAZII
condi tions20% SR medi um +20% SR nedi um + 1 % DMSG30 ng/ mL hEGF + 10 ng/niL
TGF- a + aduerngiifnicqeiate toapes @b nh excitation ArdiSe1 wmemissidp.e Beramonre ef resomi foimen s
Feeder - fwagdptarmingi ubindm staridB¥ B s slirddiar purilidfe oM hidEdrebsed@s pigpmigkedresaunic 10
ng/ M. T@ma pbr MRpdigigBleteldG- + 1% DMSO 20% SR nedi um +d 30 ng/ mL hEGF + le
ng/ nL TG--a % Q Feeder-free conditions Str s medi um
1950 ng e kafie iy Byt BU 55 eihad kBt iponlrsh o s
5 ested — two derived from the H1 ES cell line, and one derived from the H9 ES call line. The level of activity

was inducible by methylchioranthrene (MC), and exceeded the ievel observed in two preparations of freshly

isolated human adult hepatocytes (HH). The lavel of activity in undifferentiated H1 and H9 cells (and in the BJ

human embryonic fibroblast cell line) was negligible.

10

1t will be recognized that the compositions and procedurss described In this disclosure can
sffactively be modified by those skilled in the art without departing from the spirit of the
invention embodied in the claims that follow.




2.5 MM butyrate Stroms nedium+ 30 ng/nL hEG F + 10 ng/nL TGF-a + 30
nglm. HGF + 1% DVMSO + 2.5 nM butyrate HCM + 30 ng/nL hEGF + 10 ng/ nmL
TG-a+ 30 ng/nmL HOF + 1% DVSO + 2.5 mM butyrate 20% SR nedi um +, .30

ng/ MLhEGF + 10 ng/nL TGF-a + 30 ng/mL HOF + 1% DVBO + 2.5 riMbullr at e
Stroms nmedium+ 30 ng/nL hEGF + 10 _ng/nL TGF-a + 30 ng/nL HGF + 1% DVSO
+ 2.5 mMbutyrate Other additives testAMS | n the subsequent (4-day)

mat uration step include factors such as FG--4, and oncostatin Min the
presence of dexanet hazone. Figure 5 shows the effect of HCM on maturation of
hES-derived cells. Left colum: 10 X 5 magnification; R ght colum: 40 X

magni 1 cat’ oft. ARNifrérefidRa) N AShubdtR S° Bar fof ! St ror TR duciiBelR05F e
cells In the culture are large 1 n dianmeter, contalning |arge nuclel and
granul ar cyt ophepato¢y@iline®ge; After 5 days in SR nedium the cells were

switched to HCM T ; : ; t , and have a
| ar ge pol ygonal sh\é@‘eé#%ﬁg'\}\% @)ﬁgfeﬁﬁg@?ﬁ@@bﬁaﬁéﬁﬁa legl?l %@ﬁ@gﬁggtﬁ@d pol ygonal
cell's are common, whérdimval asidabketr 66% of dhe (¢alls D) thepypophlation draveethea t hey

resenble freshly, I ate t t ﬁ*ﬁ@éz‘l ;

hepat ocytes ( Rg%rg?@h%ica%p%ﬁquag%&%%ﬁfﬁ% ég zyrree &E‘?‘ \lg\e@§/g{$gb§%e§r)§\?2%

hepat ocyt e | i nand bavehl leasidhmee atditiotn) chwactristinstfram fHecfollowingti$ton pr ot ocol
tested f t och 450 activity. . Af let f th

i ferentiation protocor, WUPPOrHBRHabls Saregonss Exa MIRsBAETL  or

wi thout 5 pM et hyl chl er agiitibb@yGetedfableskpfedsioh@f albmiryt ochr one P- 450

enzynes 1 Al and 1 A2 (CYP1 Al/2)., Enzynme activit \Aif%gtoge%ure as the rate

of de-ethylation of ethdxyakeeprepfantibpfiy-detectphle axp OPLIHBY to the

medi um at a concentrati gn g+. Aatile RIS RREBE AsialoglyeSprotdin Yeeptor
super nat ant was neasured a?j(frt%%%rs |né)é-b40 ZSOUZSOEQ\X%G%UMMQP

PCT/ US01/ 13471 a fluori met¢ASSMi cropl ate reader at 355 nmexcitation and 581
nm em ssi on. The anount oOfeJic?eﬁ'\%Elbff b@cgﬁﬁm&age;

» evidence of cytochrome p450 activity;
o evidence of glucose-6-phosphatase activity; and
» the morphological features of hepatocytes,
and wherein the system further comprises the undifferentiated pPS cell line
from which the differentiated cells were produced.

2. A set of two cell populations, consisting of :

a) a differentiated cell population wherein at least about 60% of the cells in
the population have the characteristic of being progeny of a line of primate
pluripotent stem (pPS) cells, and have at least three additional characteristics
from the following list;

« antibody-detectable expression of a,-antitrypsin (AAT);

+ antibody-detectable expression of albumin;

e absence of antibody-detectable expression of a-fetoprotein;

o RT-PCR detectable expression of asialoglycoprotein receptor
(ASGR);

+ evidence of glycogen storage;

« evidence of cytochrome p450 activity;

« evidence of glucose-6-phosphatase activity,

¢ the morphological features of hepatocytes; and
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was determ ned using a standard curve neasured for purified resorufin, and
expressed as piconoles resorufin forned per mn per ng protein. Figure 6
shows the results. CYP1Al/2 activity was detected in the three hephilicyte

|l i neage cell lines 5 tested -- two derived fromthe HL ES cell sine, and
one derived fromthe HO ES cell |ine. The level of activity_ was inducible
by met hyl chl or ant hPErike undifferentiated pPScetl ding from whigh thﬂ)@ﬁ?ﬂ?@%ﬁtﬁﬁ celigowvere
preparations oh gsdl y isolated human adult hepatocytes (HH). The |evel of
activity in undi erentlated H and H9 cells (and in the BJ human enbryonic
fibroblast cell line) was negligible. 10 it will be recognized that the
conpositionsqa S di tiapel y be
modi fied by ?hgggpcgﬁ&%ﬁh%%n%ﬂhﬁ&duhfﬂn ?‘h{‘s'ﬁ’t"? de ﬁ'ﬁ%"’“@?ﬁﬁet deféﬁ‘?r‘."ét“ of
the inventi onpepiatifinecccordingdo@ngions of ¢tlaim 2ol | ow. 2 5 OCl1244 CLAIMS 1. A
differentiated cell population as part of a system for producing cells of
the hepatocyte |ineage; wherein the differentiated cell population can be
cul tured in 4. fThe,celMpepelatior(s) bfeclaimsabd8uwhé@in ttfe differeotidted celh popdatienpisl at i on

Ctem (ppS) cat panired b nglord Sonifid Ffibart adheh B nfior R & Rleteed; 70

t he foll ow ng bhisltchar&'ﬂ:téﬂsbmjy det ect abl e expression of a,-antitrypsin (AAT);
anti body- det ect abl e expression of al bunmin; absence of antibody-detectable
expression of a-fetoprotein; RT-PCR detectable expression of

asi al ogl ycops.otTae el populativn(s)(ohSlEihs 1-4$Whé&m:at leﬁstgﬂbpub@m of ther calle jin the

evi dence of cyt p450 actj vit C sphat ase
activity; and Qfl%ﬁ@?'g&fipq?ilp(?&r"@g %‘jgﬁﬁ gﬁ‘f %éﬁ% %8@?@ Ctgﬂgltk%here! n the
system furt her conprises the undifferentiated pPS cell line fromwhich the
differentiat eII e A.set 0 o] at i.ons

consi sting o @papqlﬁﬁgﬁtqqgfagas 3"* IWhSB%'l‘JF'LIFF%{r% Lé%"gﬁ? gae pellzd hen oyt
60% of the cel Hﬁfe'réhtnaiéaecemtﬁaphlaﬂcbrona\}féaawedsh@e\ielhawm Kstécséhatactérisiesng progeny
of a line of primate pluripotent stem (pPS) cells, and have at |east three

additional characteristics fromthe followng list: antibody-detectable

expression of, Q'heaéﬂil'ﬁdpﬁlé‘ilbﬁ(sﬁ M-Ehy pree%'&irigbéldi)h dﬁié?@lhﬁtﬁé QeveX of emcmmf
al bumi n; absence of antib %/ det ect abl e expressi on of a-fet o%rot elsr}as

RT- PCR det ect aBt80 @pgyrae JAJAAR a@@ﬂ%l"bﬁl%ﬁﬂ"ﬁﬂ%@?ﬂ cel Pepylation

evidence of gl yeMARNnPriffaRPRumark ¥4lERGRaitstyteay t ochr ome p450 acti vi ty,
evi dence of gl ucose- ﬁpr)'hggghat ase acti wﬁ}n t he norphol ogi cal features of

hepat ocyt es; and
8. The cell population(s) of any preceding claim, wherein the pPS cells are human

embryonic stem (hES) cells.

9. The cell population(s) of any preceding claim, which has been genetically altered
to express telomerase at an elevated level.

10. The cell population(s) of any preceding claim, obtained by culturing the pPS cells
in a growth environment that comprises a hepatocyte differentiation agent.

11. The cell population(s) of claim 10, wherein the hepatocyte differentiation agent is

n-butyrate.

42. The cell population(s) of any preceding claim, obtained by culturing the pPS cells
in a growth environment that comprises an extracellular matrix.
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2 5 OCT 2004 b) the undifferentiated pPS cell line fromwhich the

differentiated cells were produced. 3. The differentiated cell popul ation

of claim 1, which belongs to a set of cell populations accorgi ngctmyiany one

of claim2. 4. The cell population(s) of clainms 1-3, wherein f15e

differentiated_cell population is cultured in a pedium contajni a hi stone
o el

deacet yl asel13-nAheicelh porwation(s)»f @ny peaceding4laime pRtaied &; cultpgng the. el |
popul ation(s) &f aCPW' ® ehvifonHERN #lah cBnphisés onabgtuine t%%ﬁlﬁt_ob gdﬁaﬁhﬁ'ﬁidnn t he
s

differentiated cell" popul ation have at |east five of
characteristicct®s. The cel |l popul ation(s) of claims 1-4, wherein at |east
about 80% of the cells in the differentiated cell population have at | east

seven of the |isted characteristics. 7. The cell popul ation(s) of any
precedi ng cl4i ithewtadr population(s)eoteiclaim 13t wheremmet lgastonen 2 tee 1hepatosyte

activity in thgfgﬁilr%{iﬁ{e%g{&rg{se&h&el | population is at least as high as in

primary human ocytes. 8. The cell population(s) of any preceding
cl ai m wherein t heapBs argaris selventiselested frorb the listcopsieting ofEtimethyl palfoxd@le The

cell populatio f I ! M i s etical

altered to exgﬁ@)gg?'t ﬁ%?lggégg’t‘&gr{ﬁ@ g\/aﬁe\g@]eﬁ&{%?. b%s&?ﬁg&ée%ﬁ diker

popul ati on(s) eblymethyjenedéshcetpnmitles; or obt ai ned by culturing the pPS cells
in a gromh enviro nt that conprises a_h o] e diff tiati nt.
11 rhe el “popul B BneepREe B aharEge” sHEFEN, TEE ey ST dohbisfi 6

di fferenti ati ogluagedtiicdids, epiderhilr groeth fhdtor TBEFY; ehdulip,OPBFat, iTGH-B) firbblasty

i ronmant ¢ h@toWBBriarPe JeSHn herpiosus: rtmy et o) Opestafollo 173, 1efie cel
popul ation(s) eEFansF efaHBEFal aim obtained by culturing the pPS cells
in a gromh environnent that conprises one or nore hepatocyte nmaturation

factors. 14. The cell population(s) of claim 13, wherein at |east one of the

hepat ocyt e ¢gRAUMBiHOA b itralifg Eﬁh%tee%)lhhﬁténtaélerﬁprPSIJaéIisQoScfblkalﬁ? Aifferetitiatdde d
fromthe list consisting of dinethyl sulfoxide (DVBO, dinethylacetam de
(DMA) ;  hexnet hgplsthabganhe-culyesin VAR COMAETING:pol yret hyl ene bi sacet ani des; or

b) a cytokine or hgg B}mﬁﬁ@q‘ eaipé of pPgchiike group consisting of

gl ucocorti coi ds, epiderna factor (EGF), insulin, TGF-ac, TGF-a,

rowmt
fibroblast grow h b ataring %@:)csallaq@pa@ gupsleatgrigwe reuftite; BrediumEEPaRG & at i n
M 1L-1, 1L-6, hﬁ#?ﬁﬁ;@? diff%cr?rktlatioﬁ‘%gehﬁéfd +-cohditio TRk 4 @f errichfent8f el Bt €
p ce 0

pl uri potent ste s to tain differentiated cells that can be
cul tured in vidifterentiatastdelisng: a) providing a culture of pPS cells; b)
culturing the cells on a substrate in a culture nedium containing a

hepat ocyte differentiati on agent under conditions that |ead to enrichnent of
the differ ¢bt Theaoetbed bEclaim 15, wherein the culture of pPS cells is produced by cutturing

the cells under conditions whereby embryoid bodies form; plating the embryoid
bodies on an extracellular matrix; adding the hepatocyte differentiation agent to
the medium simultaneously or subsequently to the plating of the embryoid bodies,
and then culturing the plated cells with the hepatocyte differentiation agent under
conditions that permit enrichment of the differentiated cells.

17. The method of claims 15-16, wherein the hepatocyte differentiation agent is
added to a culture of pPS cells comprising an extracellular matrix but essentially
free of feeder cells; and then culturing the pPS cells with the hepatocyte
differentiation agent under conditions that permit enrichment of the differentiated

cells.

18. The method of ciaim 17, wherein the extracellular matrix comprises laminin,

collagen, or matrix from Engelbreth-Holm-Swarm cells.
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16. The method of claim 15, wherein the culture of pPS cells is produced by
culturing the cells under conditions whereby enbryoid bodies form plating
the enbryoid bodies on an extracellular nmatrix; adding the itﬁﬁyte
differentiation agent to the nmedi um sinultaneously or subségﬁz J y to the
pl ating of the enbryoid bodies; and then culturing the plated cells with
the hepatocyte differentiation agent under conditions that permt

enrichrent gd. fhe Mbhba GnUbLd598! wherdil -thd RepaRicpRdaRbrertiaidte agént ',

wherein the hepatocyte erentiation agent is a to a culture of pPS
cel I's conpri si sejectad dram deibiratel athermcidioc hydrocasbens thygdfacarbon, sifopates ander

cells; and the | 4hh h 0 dinfi ki dation
agent under coﬂm}rj#%ﬁéﬁ ?%aqttsBﬁ%r rr% q‘%k’@cﬁﬁ@n#%ﬁ"tﬁé%i msﬁgtﬁt Férﬁjg%ag%el | s.
18. The net hodtrichosthti A& arg otiveeinbibitonsio hisjaneateacetylage. mat ri x conpri ses

lam nin, collagen, or matrix from Engel breth-Hol m Swarm cells. -44
250CT2004 19. The nethod of clainms 15-18, wherein the hepatocyte

di f f er ent i a2f.offhageethod of daithecttSetd, ffutnerbeanprising; cultuhing the icdilsc with dnecetr bons,

hydr ocar bon sul fonates.an hy,dr r h Vi 2 rhan
atons; butyrat @oé%ﬁﬂg%&gge; m%ﬁ@%ﬁﬁs%&ﬁ"% %ﬁ@%ﬁ%@er iﬁﬁ'lg'be%tt%@sqgf %i st one
deacetyl ase. 2@ultufing withithe tiepdtogite differebbiatich agaemt.t her conprising cul turing
the cells with one or nore hepatocyte nmaturation factors, sinultaneously or
sequentially to the culturing with the hepatocyte differentiation agent.

21. The met pnd Thé nedthodo2daimvEt: hiereim bt leastsine @f ¢hedtiepataeyteepatuoatiphdactors
maturation factors is either: a) an organic solvent selected fromthe |ist
consi sting of W Ryl sul foxi de (DVSO), dimethyl acetani de (DVA):

hex rrE_t hyl enehbi sacgj aﬁ}d@aniﬁﬂ?ﬁvéﬁt@Lectdﬂoﬂrmﬁ@ﬁétmﬂ_sibii@?ﬁdimmSulfcﬁ_rdeb_) da
cyt oki ne or hornone se|ected fromt royp consjsti 0 ucocprtj coids,
epi der nal groMWﬁ&é-t &amf*ﬁﬂﬁﬁtam@ﬁﬁ@!@&r@ﬂﬁf gga?‘?tﬁ""g}(ﬂ' a?7 ‘Bb%’vw h
factor (FGF), bepmlefflne Higaeatamidesopr (HGF), Oncostatin M It.-1, IL-6,

1

|G-, 1G--11, and HBGF-1. 22. A nethod of treatin Elrirrate pl urjPoten stem
(pPS) cells to obt & na@h&pakipey Peshomaggy seieried.: f'ﬁ’)"'?p BvidiRy LNEGIUr &' of

pPS cell's; b) PMHE&E%@%%H&%&F@MH ﬁ%ﬁiﬂt(teriigﬁbumﬁ. T8e-LABR! fisrob@asd

then8 c) cultufing t |'s wth one or nore atocyte maturation factors

sel ect ed from graydbdaetor Bk hepplogetergrowlly tastan ( oPneestatin M; dls i L6,

TGF-a, TGP, |{;t’_-_li>r|%l?_4_|?sén q_qﬁﬂg factor (FGF), hepatocyte growth factor
(HGF), Oncostalin LJ;.’ -6, IG-I, IG-I1l, and HBG--1 23. The net hod

of clainms 20-22, wherein the cells are cultured with a glucocorticoid, a
growt h fact 82., Aamethodc dreating primate: plupipgtentsiemdpPBi eelisctorrptain fipalosytedn of
cel |l s having c%ﬁ@ng-ﬂ&e p450 activity that proliferate in culture,

conprising increa |n'g tel omerase activity in primate pluripotent stem (pPS)

cel | s before or af agprayidirigea eultureof pBS célisin i nto cel | s having
b) inducing hepatocyte differentiation of the pPS cells; and then8
c) culturing the cells with one or more hepatocyte maturation factors
selected from glucocorticoids, epidermal growth factor (EGF), insulin, TGF-a,
TGF-B, fibroblast growth factor (FGF), hepatocyte growth factor (HGF),
Oncostatin M, IL-1, IL-6, IGF-I, IGF-II, and HBGF-1

23. The method of claims 20-22, wherein the cells are cultured with a glucocorticoid,
a growth factor, and Oncostatin M.

24. A method of producing a population of cells having cytochrome p450 activity that
proliferate in culture, comprising increasing telomerase activity in primate
pluripotent stem (pP$S) cells before or after differentiating them into cells having
cytochrome p450 activity.
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cytochronme p450 activity. -45 250CT2094 25. The nethod of claim 24, wherein
tel omerase activity is increased in the cells by genetically altering the
cells to express tel onerase reverse transcriptase. 26. Thelyﬁﬁpg giof cl ai ns
15-25, wherein the pPS cells are human enbryonic stem (hE% ceIIs 27. A
differentiated cell, produced according to the nethod of clainms 15-26, or
the progeny of such a cell, which belongs to a set of cells that further

conprises the TH@‘i’ﬁétﬁ&! Sﬂ&w Qd nl?&errﬁieiorﬁéra@e Eétﬂﬂ}d\i!”'ln@l‘babb@ irditief @gle byi at ed

cell was derived ferentiated cel aim?27, having at |east
three of the faem&twamgalt%lnam:@ﬁut%ﬁmsss temqreimsﬁva@@é@mampéa%(pr essi on of
a,-antitrypsin (AAT); anti body- det ect abl e expression of al bum n; absence
of antibody-detectabl e expression of a-fetoprotein; RT-PCR detectable
expressi on 28. Zbe anethed ebplaimnseil fr2bewbprest the(n?ﬁsR?"S arg ueat 8MBFYogIcyEeen
storage; evid Rfig.cytochrome p450 activity; evidence of
gl ucose- 6- phosg[gsﬁase ‘activity; and t he norphol ogi cal features of

hepat ocytes. 29. A nmethod of screening a conpound for hepatocellular

L al e SEATA GGG el ijalodd bedhAA) 1R wichldd Geaail floboothe one

of clainms 1- e cofmpoun term ni ng whet her the
conpound i s toprageny)Of mectcalcell, v@tich belmmtma set @foqeaemaﬁ@urﬁ\e@mmm@ her its

ability to nod | 1yl g a

it er ont i at edSnaFrenRBH GRS celiRE froki{Hfith e g RRERNAGH §6) RAVBRGHD B,
conpound, determ ni ng any phenotypic or netabolic changes in the cell that
result fro ont act. e o) n r g chan h an
ability to%dﬁf’%t %'ffﬁ BH?%Q Féiﬁrsg é@ﬂh@? i g’r?%%glgi %ée&st(p?éebgannggne b

cl ai m 29 or 30chavaetedsticst he differentiated cell has been geneti cal I y
altered to express tel oner a reverse ranscrl 2004 32. A
nmet hod of detoxifying a®f I %'g ody-dgte %b C%H{ﬁsﬁg’ﬁr?g Sﬂﬁgiﬁ%n(gp‘i)

differentiated cell acgorgfitibedy-etebtabRExpRissivhdf Bbudirk4 or 27-28 with the
fluid under conditions that permt the cell to renove or nodify a toxin in

the fluid. 33. A phar maCeu@l?S@aFe Bt arpinpdy-fetgctable expeasaleniof ariping" ?'“
suppl ementi ng nepatoce’ Lul af-par!Hetedidbie rbngbs%Bﬂ' 4 dddlogyEBERIc ragertor

plurality of dlfferentlate s accordin any one-o | al s 14 or
27-28 in an excipient or ngSGR). 34. A liver support device, in which a

differentiated cell accordin ains 1-14 or 27-28 is
118 oF B kR Gbreb

situated to detoxify bl Sod®Y Om a patient and then returned
to the patient after belangewl@émlofflcﬁdcﬂirysm'ehssdmtmw 35. Cultured

hepat ocytes and hepatocyte_ precur cel s obtained r| mat e
pl uri potent stem (pPS) Cel?‘g t?ig[&'ﬁ??ea 1@°§E‘We"]‘%ﬂ@f8 % described. 36. A

met hod for produci ng hepat gewhéphalbgicAigorLRe)r Bepitesiesor cells from pPS

29. A method of screening a compound for hepatocellular toxicity, comprising
combining a differentiated cell according to any one of claims 1-14 or 27-28 with
the compound, and determining whether the compound is toxic to the cell.

30. A method of screening a compound for its ability to modulate hepatocellular
function, comprising combining a differentiated cell according to any one of claims
1-14 or 27-28 with the compound, determining any phenotypic or metabolic
changes in the cell that result from contact with the compound, and correlating the
change with an ability to modulate hepatocellular function.

31. The screening method of claim 29 or 30, wherein the differentiated cell has been

genetically altered to express telomerase reverse transcriptase.




cells, substantially as herei nbefore described. 37. A nethod of screening a
conpound for hepatocellular toxicity or its ability to nodul ate
hepat ocel | ul ar function, substantially as hereinbefore desdri BedlllBs. A
Eharnaceutlcal preparation or device for reconstituting or supplenenting
epatocel lul ar function . in an indiyvidual ' '
degcr i bed. 32. A method of detoxifying a uidI exu\ﬁvd, c%%%ﬁgiﬁg tclon lalcﬁ/ngag d%rreeﬂtigpe%fc%rlle
according to any one of claims 1-14 or 27-28 with the fluid under conditions that

permit the cell to remove or modify a toxin in the fluid.

33. A pharmaceutical preparation for reconstituting or supplementing hepatocellular
function in an individual, comprising a plurality of differentiated cells according to
any one of claims 1-14 or 27-28 in an excipient or matrix.

34. A liver support device, in which a differentiated cell according to any one of claims
1-14 or 27-28 is situated to detoxify blood that is flowing from a patient and then

returned to the patient after being detoxified by the device.

35. Cultured hepatocytes and hepatocyte precursor cells obtained from primate
pluripotent stem (pPS) cells, substantially as hereinbefore described.

36. A method for producing hepatocytes and hepatocyte precursor cells from pPS
cells, substantially as hereinbefore described.

37. A method of screening a compound for hepatocellular toxicity or its ability to
modulate hepatocellular function, substantially as hereinbefore described.

38. A pharmaceutical preparation or device for reconstituting or supplementing
hepatocellular function in an individual, substantially as hereinbefore described.
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