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popul ation with an anti body or conjugate ligand, and then separating out
the bound cells - foeagxanpkgio- by bilagbel ed sorti ngeirgchni@ps®s, Obiary
adsorption to a solfagenionr f aees Neepdtive sel ect i onPrdeeral sevidse pertielrnned by
-16 WO 01/ 81549mRCT/ US01/ 13471 i ncubating thegpopul ation with a cytolytic
anti body specific for the undesired marker, in the presence of conplenent.
| f desiredu-ahdmesdst ed+tcel | s ¢an be transferré&$d nto+other culture+
environments, such as thosggg@escri bed el sewhere for the propagation of
other type&™@PoRkBpat otyt e peemarati ons. See, 9%t exdnple, U.S. 5*Patent
Nos. 5,030, 105 d 5,576,207, EP Pa nt Appligation EP 953, 633; Angelll et
al ., Histochem~J. 297205, 1997; Goneéz-Lechor ¢t al [, p. 130 ff. i'n I'n vivo
Met hods i n Riyramaiceut i cal R@ﬁgarch JAcadem c Press, ,1997). _Characteristics
of differ¢itReplidas® cells Cell's can be characterized accordlng to a number of
phenotypi c cridsgpi a. The crigggria inpclude buijgpare 10 not Limted,to the
detection or uantltatlon of expressed cell markers, and enzymatic
activity, ﬁ@ qf char act erikzati on-of nor pholHmi cal features and-

i ntercel | ufar 5|gnaI|ng Certain differentiated pPS cells enbodied in this
i nventi on hawvetalatsr phot-ogi cal +f eatures charactétd stie of hepatocytes. The
features are readily appreciated by those skilled in evaluating such
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any or all of the follow ng: a polygonal cell shape, a binucleate
phenotype, the presence of rough endoplasmc 15 reticulumfor synthesis of
secret ed woahi®isye t he presence of Gol gi -endopl asm ¢ reti cycanpdoysngene
conplex for intracellular protein sorting, the presence of peroxi sonmes and

gl ycogen gramutes,;—Tetativety abundant— i tochondra, and—the—abitity to
formtight intercellular juncti osmEnesw téimakers creation of bile

canal i cular_spaces. A nunber of these features present in a single cell is
consistent with the e®¥| beéemyg a ndimBer of the hepatipcyt ewepaloi neagiy

Unbi ased det er mi natA8H"Ff her ®°¥81Y"s have nor pHRSEtRE ¢ PERSt ur helium
characteristi ereek hepat ocyt esalcan 20 be nmade Iy codeng m ckographs of
differentiated pPS cells, adult or fetal hepatocytes, and one or nore
negative contrd&l*®cel 15, such*as a f4%robl ast, "¢ RPE (Retifial pi gient

epi t hel i al )paswahdns - ttr\en eval+uati ng the mcr gr aphs in a blinded fashion,
and breaki ngvgdnesecode to determne 1 f the di 1H erentiated pI58 cells are
accurately identpfied, Cells of this i nventAcL%) can al so be ctqar acterized
accor di ng togconbenher t hey EPF4ss phRenot ypit'95 marker sPER&Pact eri stic of
cells of the hepatocyte lineage. Cell markeysyaseful in distinguishing
liver progenitors, hepatocytes, and biliary epithelium are shown in Table
1- (adapted froiep 35+of Selk & Zoran, LiveBPGtemeells, R G Landes Co.,
TX, 1997; and 1isham et al., p 242 of "Stem Cel |l s", Acadenic Prc?s§,
1997). TABLE 1*"'fiver*Cel| Markers &arl yhegg‘]feBt-'nbi liaryearly hepat®® biliary
progeni t orscyt egpi t hel i unpregeni t oks cyt esegpiit hel bum al bum n ++-0C. 1 -
ai-antitrypsin ++-0C. 2 + a-fetoprotein +fe{;§l _OC. 3 + postnatal CEA - -+
(?)BD.1 + -luthie Y gty + fetal +A6 + - + tYEIPEDti dase GST+P +fetal +HBD. 1 +
+ + glucose-6- H2 + +- + - phosphatase catalase -+-H 4 - + -17 WD

01/ 81549PCT/ USEK¥X1347t TABLE-1: Liver Cell WNBPRers ear| ycandipdito- Biliary
early hepato- %iksli ar y+progeni tors c¥t €S RRhbhghd urrpiogeni tors cyt es

epi t hel i um M2- PK” sites
blood group _
ov1 + - + antigens + +
Ove - - +

It has been reported that hepatocyte differentiation requires the transcription factor HNF-4o (Li et al., Genes
Dev: 14:464, 2000). Markers independent of HNF-4c, expression include a1-antitrypsin, o-fetoprotein, apoE,
glucckinase, insulin growth factors 1 and 2, IGF-1 receptor, insulin receptor, and leptin. Markers dependent on
HNF-40. expression include albumin, apoAl, apoAll, apoB, apoClll, apoCll, aldolase B, phenylalanine

5 hydroxylase, L-type fatty acid binding protein, transferrin, retinol binding protein, and erythropoietin (EPO).
Other markers of interest include those exemplified in Examples 1, 2, and 8, below.

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

10 reported in U.S. Patent 5,290,684. The reader is cautioned that permanent cell lines such as HepG2 may be
metabolically altered, 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. Negative controls include cells of a separate lineage, such as an adult fibroblast cell line, or retinal
pigment epithelial (RPE) cells. Undifferentiated pPS cells are positive for some of the markers listed above,

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 detected
using any suitable immunological technique— such as flow immunocytochemistry for cell-surface markers,
immunohistochemistry (for example, of fixed cells or tissue sections) for intracellular or cell-surface markers,
Western blot analysis of cellular extracts, and enzyme-linked immunoassay, for cellular extracts or products



H4 ? + - L-PK + fetal + H6 - + - p450 nono- - + fetal HES6 - + -
oxygenase + + - RL16/79 - postnatal - p canaliculi - RL23/36 - + -

gl ycopr ot @igvissis49+ BPC5 + - - CK7 + + + Vinmentin - - fetalpc@ot/13471
HepParl + + - CK14 + + + Cell-CAM + + CK18 - (+) - + 105 CK19 + - + DPP IV

+ canal i Ghbled Tid W ediumt ExSEdsibf ob'ar'ﬂq}\tlagw ﬂiy a bl RDSa  Be %hfxtf%@y dedianier-it bl ood
97 0UD OV S88050 b NP5 BB RGNS R8s, DERRLATIA BTl SEETY L on

r eCIUI re NnScr.i
2000) . WPR‘@YVS%P%%?&&WH%%' W‘%l\‘i\fthﬁée'éxiﬂdé’ggq"ﬂw UPIpG: £ L?a@edaiec%{ﬂi"v taPtsPﬁ‘yu
a-fet oprqjlneepqm;ugeg_@@@,h as a biotin-avidin conjugate) to amplify labeling.

5 The expression of tissue-specific markers can also be detected at the mRNA level by Northern blot

analysis, dot-blot hybridization analysis, or by reverse transcriptase initiated polymerase chain reaction (RT-
PCR) using sequence-specific primers in standard amplification methods. See U.S. Patent No. 5,843,780 for
further details. Sequence data for the particular markers listed in this disclosure can be obtained from public
databases such as GenBank (URL www.ncbi.nlm.nih.gov:80/entrez). Expression at the mRNA level is said to

10 be “detectable” according to one of the assays described in this disclosure if the performance of the assay on
cell samples according to standard procedures in a typical controlled experiment results in clearly discernable
hybridization or amplification product. Expression of tissue-specific markers as detected at the protein or
mRNA level is considered positive if the level is at least 2-fold, and preferably more than 10- or 50-fold above
that of a control cell, such as an undifferentiated pPS cell, a fibroblast, or other unrelated cell type.

15 Cells can also be characterized according to whether they display enzymatic activity that is
characteristic of cells of the hepatocyte lineage. For example, assays for glucose-6-phosphatase activity are
described by Bublitz (Mol Cell Biochem. 108:141, 1991); Yasmineh et al. (Clin. Biochem. 25:109, 1992); and
Ockerman (Clin. Chim. Acta 17:201, 1968). Assays for alkaline phosphatase (ALP) and 5-nucleotidase
(6'-Nase) in liver cells are described by Shiojiri (J. Embryol. Exp. Morph.62:139, 1981). A number of

20 laboratories that serve the research and health care sectors provide assays for liver enzymes as a commercial
service.

Cytochrome p450 is 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
endogenous compounds. Different cytochromes present characteristic and overlapping substrate specificity.

25 Most of the biotransforming ability is attributable by the cytochromes designated 1A2, 2A6, 2B6, 3A4, 2C9-11,
2D8, and 2E1 (Gomes-Lechon et al., pp 129-153 in “In vitro Methods in Pharmaceutical Research,” 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-fluorescent substrate that is convertible to a fluorescent 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 uM/L 5,6-methoxycarbonylfluorescein
(Molecular Probes, Eugene-OR) for 15 min. at 372C in the dark. The cells are then washed, trypsinized from
the culture plate, and analyzed for fluorescence emission at ~520-560 nm. A cell 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 control 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 mRNA 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 system can
also be measured: 7-ethoxycoumarin O-de-ethylase activity, aloxyresorufin O-de-alkylase activity, coumarin

40 7-hydroxylase activity, p-nitrophenol hydroxylase activity, testosterone 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 compared with the level in primary hepatocytes, as shown in Table 2.
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25 Most of the biotransformng ability is attributable by the cytochrones
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telomerase using TRAP activity assay (Kim et al., Science 266:2011, 1997; Weinrich et al., Nature Genetics
17:498, 1997). Expression of hTERT at the mRNA level is evaluated by RT-PCR.

Celis are telomerized 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),
35 provided in International Patent Application WO 98/14592. 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 et al., Science 279:349, 1998 and Jiang et al., Nat. Genet. 21:111, 1999. In another
example, hTERT clones (WO 98/14592) are used as a source of hTERT encoding sequence, and spliced into
an EcoRl site of a PBBS212 vector under control of the MPSV promoter, or into the EcoRl! site of commercially
40 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. Genetically altered cells are selected using 0.5-2.5 pg/mL puromycin, 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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can al so be used to enrich the efferent fluid with synthesized proteins
such as al bum n, acute phase reactants, and unloaded carrier proteins. The
devi ce cawda/spfi M zed so that a variety of these functi oreg/@og1peif or med,
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25 pL, 2.5 mM dNTP 3.0 L, 5 uM 3'-primer 1.0 yL, 5 uM 5-primer, 1.0 uL, Taq 0.4 L, DEPC-water 13.6 yL.
Selected markers and reaction conditions are shown in Table 3.



Production of Enbryoid Bodies (EB): Confluent nonol ayer cultures of hES
cells on or off feeder cells were harvested by incubating in collagenase
for 15-20wo /81801 | owi ng which the cells are scraped fromptdwugah,qjﬁl The
cells were then dissociated into clusters and plated in non-adherent cell
cul tur e ptates—(Costar)Tn a nedirumconposed—of —869% 26 KO DVEM(Gbto) and
20% non- heat - i nact i vaheuk 3-Beadidiyohdioe)ior Eqippbreanapdisagt RMPCh 1 % non- essent i al
amno acids, 1 mMglutamine, 0.1 oM (3-mercaptoethanol. The cells were
seeded aty,a.1: 2 r atiixpeded 2Ma@k: nﬁmealmmper; (%,LI (6 well plate). The EBs were
fed every other day®By thdmiidi ¢98n of 2 n1_ of nmedium per well. Wen the
vol ume of gegidsm exgeeded Asmmgbt, t heglBso WeIse-cRlske o€ tosadpfad esuspended
in fresh nedium After 4-8 days in suspension, the EBs were plated onto a
substrat elbanid al | o8 to di-F f er 8AFI at e P4iFEHese. 57253088 737G a0 P 3eoat ed
culture su S re ted r to
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factor regged Matrisgel (r)q4 Col Ieg:boratl %CB?'U%)CP(éné%I’gg Sagect RawedP &6 4AC for
at least 3 h. It was diluted 1:10 or 1°20%KSP KA BERT f or hES cel |
cultures Qpqd: 30 f0{70hepatp§yte 654l t ur e@4°CUBing x or €943D 38 oercie@2°Bl 8 et and

pi pette t| ps 0.75- 1 nL of Matri gel sol'@t?%ﬂfe%ﬁé Sgde? i xéach wel | (9.6
cnR). The,pl, ate vvas497| ncubat ed at..r oom E&gpeniat ure (fer 30nech6tlC 8t s

over ni ght, ahd t hen"Washed once with col2iC REeONEM72E2Tosm X Add| ng cells.

| nmunocyt c%gem Strys,, 35 qatl) S %5%vm ng ecchanben; sd4raled weer eo°Ci zeded; N 3. 5%
parafor hyde for 5 mn at roomterrp@f’(a@Qﬁeéwaanmnn)M)r 20 minutes in
met hanol @itra2 209C. Jhge fi xges cel6b$00@ere950b@§§ég Hpd & EF%sd Wi ce and bl ocked
for | hour |n 10% goat serumin i] vvere then incubated in primry
ant i body @ligrgt ed i n3g0% goas sersucm and 9 gr 4°C r?Pl Ei?gdﬁ1 Fo3ulBani n,
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were dil at 1: cyt pker atghaqp, 8, @& aﬁ'd'"lg EPY

vi nent i nwﬁmmre 7236 P el 572 BRI X(al | s wer e zhen
washed 3 giwBgonif hodsBS angsppcubai-ed i myspeapdary antibody, which was

FI TG conj-ugat-ed—anti—rpuse—+gG-di-tut-ed—1106—andHeeehst—HH3I3258—(S-gma)
at 1:1000 in 5% goat serumin PBS, and incubated for 1 h. The stained
cells were then washed 3 times in PBS and nmounted in Vectashiel dTM
(Vector baips} 1: Ditaeestioneihemaredmbryos Xlausthg AQMyratei ng a Ni kon Labophot TM
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fixed cells wer enediumsenthiiing 20% fetah povine sesym FEF owed by distilled water. The

cell's were then picattbeithg 20% @86 Yaduann ediué bagiad (Sighdyt i on for 4 nmin at room
tenperature, and eldljfquscglﬂsnlrﬁt gbptgg IO'SL%%E;I .BC@,IC mﬁeiﬁﬁgtﬁazt)&eglghg %qugﬁrq with
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'l NSeS | Kbmogenous population of cells 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 were

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 looked healthy and the cultures contained a remarkably heterogeneous population of cells.
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15 PBS pH 8.5 and pH7.4 several tinmes. They were then bl ocked using 1.5%
goat serum (Vector Labs) for 15 mn, and incubated with anti BrdU anti body
(Sigma) diwlgugigdssd: 500 in 1. 5% goat serum and 0. 05% TweenTM@&Dusofi@s472 h. The
sanpl es were washed thrice in PBS, and then incubated with secondary
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the {granscription | evel was conducted as follows: RNA was extracted from

t he cell i ] ' — S i ons.

Ss—usi-ng—RNAeasy KH-TM{Q-agen)—as—per—ranufacturer—s—instruetd
The final product was thegs 8Logshed,hidst fuddteiet rid of contam nating
genom ¢ DNA. The RNA was incubated in RNA 30 guard (Pharnacia Upjohn) and

DNAse I}(Pha%ﬁyg&%ﬁpj ohn) i BmbHbhk Sfem@eRtcaturtt nGayd Q™ Tris pH 7,5, 10 mv
MiQ 2, and g abdipdayat WW It es.— SQ%KHBQE Pr Qlegdiddytés Om t he
sanpl e, Pttt i on vias d—and—the RNA

preci pitated wWha® 3 M sodi umacetate and-100% col d ®t hanol . Thee RNA was
washed wi t lhod@Qpécied lhanol , and the pellet was air-dried and resuspended in
DEPC-treated water. For the reverse transcriptase (RT) reactiaon, 500 ng of
total RNA was conbined with a final concentration of 1X 35 First Strand
Buf fer (G bcoPdnv DDT ard”2% pg/ nL raiddom hexamefs (Phar me&%&™®ipj ohn) .
The RNA was oschetvgdsir ed f or >B0%mpven at 702€, fol | owedr by anneabB@g+at room
tenperature fogki0 m n. dNTBs,wWere added.,at a final concentrgkine of 1 nM
along with 0.5 of Supersgript Il RT (G bco), incubated at C for 50
m nutes, and tcﬁgn heat - i na@é’f’?ﬁt ed at 862C for 10 Tin. Sarrpl“é%’g%re t hen
stored at -209C€K®i || they Wépe+Erocessed* or PCR ahal ysis. $%ndard

pol ynmer ase chadegmii eacti on (PCR) was personeed usi Bg+ari ners speejfic for
the 40 markerg, of. interest j.p, the follow,ng reactiop m xture: 1.0 pL,
10 x PCR buffglrmgit& bco) 2.5106]’1%'@10 x Mgd'2 2.5 pLdD2.5 mM dlll%démséo pL, 5
pM 3' -primer 1S¥Apl, 5 pM 5 %rener, 12HP°H°  Taq 87451 DEPC-Mfiter 13.6
pL. Sel ect ed nmar ketresuaaedverdgartsioprrcecand pdisison resitve stigffown i n Table 3. -29 WO
01/ 81549 PCT/ US01/ 1347t dqamiefin tBs exRimetit i on Condi ti ons for Expression

Anal ysi s by RT-PCR Marker Expected MCCI 2 Annealing PCR Cycl e size(nMtenp
a-fetoproteinl571. 7559C(94C 30 sec; 59C 30 sec; 72C 30sec) x 30
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al501. 562&)94%%%‘ H?”V?Zg gm”(%h%"‘%?)w‘ésreeci ;?”eé%%ﬁ’gers“e"cr 0 &Sd"é@s"%f‘@?j %%’E!gd%’?zc 10

mi n) 15 1MaigEgaer o-Bgipiates CordA Araption) andghembspslidgs for ipptngsyiedhprhisty) in mediim
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 cell death on the subsequent 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 surface and binucleated center characteristic of mature

nerfor

T oo

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. Glycogen 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 5 after plating, and subsequently staining with anti-
BrdU antibody 24 hours later.



5 .72C 30 sec) x 35; (72C 10 min) x 1 HNF4a4971 61 C(94C 3mn) x 1; (94C 30
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honogendi# '%B@l MEYESh "‘é*Fa"di%‘tht§ S§U’PQ?PRP€'6I°” of Hie °#ip PR 8ol g §ting At “ﬂ‘ﬁ@@é’f ¥evis was
simlar to that of primary hepatocytes, in that the cells were | arge and
becane nul ti nucl eated after @ few days. 1hese cuitures were conpared with
cul tures of primry humamAbiepatroaylesr Ditdundateextlids r om Dr. St ephen Strom
University of 20 Pittshurgh) _and with Hep& cells (a pernmanent human
hepat ocyte cell | i nginthgranttad) dokdtya hepat oblpasivoss sSimlar to what is
reported in U S. -Pat—em——5—2-99—6849—l—n—t—he—e—end4—t—|—en—w—t—h 0. 5% DMSO and
growth factors (no. 3), @& cells | ooked heal $hy and the cultures

cont ai ned a renmar kabl yhohedeeificdg@neous popul ati om of cells.

o-fetoprotein 0
Albumin 55 %
oq-antitrypsin 90 %
CK18 100 %
CKs 100 %
CK19 100 %
Desmin ‘ 0
Glycogen staining 60 %
BrdU staining 16 %

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

Table 6.
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-30 WO 01/ 81549 PCT/ USO1/ 13471 Figure 1 shows the norphol ogy of enbryoid
body cells replated and cultured for a further 2 days (4X, 10X, 20X). The
right sideoshi@socel |l s differentiated by culturing 2 days pdrgdeg1hepat ocyt e
differentiation agent n-butyrate. A round colony forns at the site where
an enbr yord—body—+sptated,—thewhirte patch—Tnthe mddieTs—=a smatd
region of dead cells. The TaBies: RCRER salst of BéreEkdsslorshow r enmar kabl y
honogenqus morphol ogy. The left 5 side shows cells cultured in

serum cont ai ni ng nmegi.gm alpae. Theyenbryoi d hody dissppisesSmavier a w de
area, and forms heisgrogenseus paichesof, cedd sist haty siow g mogiligl ogy of
many different cell J ges'.‘gpiegbur gﬂggs a]§t er Rphatdimg, cuerh! s r o%(vi Neel A
chanber slides were™ I'xed Yor inminocyiiiEhenirsery, vnsker FiF bf}%g@

agai nst different I(Pg\ﬁt'%z sERRer i iggﬁmgr kers. Resffts AF go%howwadiirn  Tedotos 4.
Cultures treated with $odium butyrate did not express AFPPWEEt about 30%
of the cel Igacexpressed antisbody-detectable | ewels of +al bum m. 10 FABLE 4:

| Mmunocyt o istry qof Cul tured | 1's specifigity of _[Enbryonic Stem Cells
cul tured 39%§@eﬁ]w t hgri mar y+ humafl;epri mafy ant iqbody Na butyrate FBS al one
FBS + DVSOf¥PEfocytes (none) - - - non=speciffic 1gGF - - -+ AFP -~ + +-

Al bum n 30%niityesinl 00%++ve a,+ anti t¥ ypsi n-> 60%++ve + +> 80% +ve CKI8 100%
+ve + +100%kye CK8 100% +ve + +100% +ve CK19 ,100% +vye + +100% +ve Desmin -
5% +ve 5% +veF($n.d.) Vinmentin 100% +ve + +100% +ve SMA < 1% +ve 20% +ve 5%
+ve(n.d.) NP asuit & are diven ih terns of pé’rcent ade of cells showi ng
positive sti@difdang (r.d.) = not deternmined in-this experinment Exanple 2:
Mar kers exgsRsped by .differentiated cells hESicell derived enbryoi-d bodies
wer e harveséA§g_4after 4 or 5+ days in suspensi on, and plated gn 15 -
Matrigel (r) coated 6-well|l plates (for extraction) and chanber slides
(for i munddsiFecheni stry) i'n nmeditim containifg 20% PBS and*5 mM sodi um

n-but yrat e.c/dgre nedi um was <hanged daily or ewery other days+ There- was a
| ot of cett—deattron day I fotffowed by eSS cell death on the subsSequent

d . Fi - | i : 6
ays. Figure ﬁ\e%\%%}[’\% S(E]J-ﬂ'ﬁnu 'Eag{bgas 9%?(%?%{1 g!:twrg?b Jnﬁe}[l ﬁébtafo@)ie%ef'\e%ahé\ a@grﬁs‘% a

t
days of culture - ] erent firelds are sho fromthe
same cul YTREPPIREK ﬁ"?ji’ryf"ﬂé’“%' Bereures e SR NG Rt a'}dg(}%’)r?p%ﬁqé’n\é%ef %Oagfje 20
r emar kabWith collipdreserhy Tasheslis vigje &en euiterad i dleyrirsense okadel epeeouA &Pr BidANgc Reatiege
center chawdietrand7’sti c 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 i nmunocytochem stry, follow ng the
procedures outlined earlier. dycogen content in these cells was
determ ned using periodic acid Schiff stain. The nunber of cells in S phase
of cell cycle was 25 determ ned by incubating the cells with 10, uM BrdU on
day 5 after plating, and subsequently staining with anti- BrdU anti body 24
hours later. -31 :
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WO 01/ 81549 PCT/ US01/ 13471 Figure 3 shows the results of
i mmunohi st ochem cal staining for certain cell specific markers. Figure 3A
(40X) shows dgilxgsgeesults for primary adult human hepat ocyt Q:Qjm@,ﬁmd from
t he Uni verS|ty of Pittsburgh - antibody staining on the right side, Hoechst
HH33258 bi'sbenzi mde—starmny of thesame fietdfor ctett—Tucl ei on the
left side. Figure 3B (20X) 19BOWS Heptocyi€SitdrdnGatibrhgetES cel |'s cul tured 6 days
with n-butyrate. Both sets of:5 cells show staining in a high proportion of
cells for albumn, al-antitrypsin, and CD18, tdaustien diedpkiedy® characteristic
of cells of the hepatocyte |ineage, and negati ve #hgmiyae f et oprotein which is
a marker for early progenitqgcfells. Figure 4 shows the glycogen staining
pattern of cells cultured 6 days in n- butyrate (10X and 40X). The cells
were stained with Periodi c &Y% Ad€Ehi ff's stain for §lycogen (pink, dark
color) and wth Fast Geeeoduuﬂr&rmtyaten to outline thescell cytoplasm
(background green, I|ight <59l & t)uf i ?ut 60% of the butyrate treated cells
show evi dence of gl ycogen 5{0F d (: op row), conpared with 80%in fetal
hepat ocyt es (m ddl e row, Bppsaxyhulyée acidontrol ) and virtually none in the human
fibroblast cell line desi gp%hgrchgﬁ fibroblast (bottqmrow, negative
control). A summary of the enotype analysis is provided in Table 5.
Al bum n expressi on was foun@'qr'ﬁa@%% 15 of the cells. AFP was conpletely
absent. G ycogen was bei ngisslaRfiedidi n at | east 60% of: the cells. 16% of the
cells labeled with BrdU, in |cat|é‘|g that a significant portion of the cells
were proliferating at the tiR8°8¥ anal ysis. TABLE 5 Phenotype of
Differentiated Cel I's Prinarsyburiddcdody Specificity% positive cells (none)0
non-specific |gGlO a-fet oprplelf0aA bum nd5 % ai -antitrypsi n90 % CK18100%
CK8100% G(l%OO%De&m—n@—G—yeegen—st—&mmg%@%—BFdH—s%%—%Hg%% RT- PCR
anal ysi s was al so peduéeshapaaytadite@ntia®h and ekipytse dbhinaionlot dtezeigpbh n- but yrate to
| ook at the 20 expressiicrfpattern of vari ous genes nornally expressed in
hepat ocyt es. These: diatraucive efectoenpiar gavtiwt sulivd deheedeply@ssi on pattern of the
same genes in adult—tepatocytes, fetal frepatocytes, Hep& cells (a
hepat ocarci noma |ine) and a non hepat ocyt e RPE (Retinal pignent epithelial)
cell line. Results are shown in Table WO 01/81549 PCT/ US01/ 13471 TABLE
6: RTPCRMANAICFEREN 8 irigdigy pwdshag o F@s@'ﬁwwgﬂ B P PUYRESSE R inan
fetal cyaffectieepdtdigating thpiaihapdiffecsatition i ppbsioply dus teathange inipnonaentiation Jhgstieadey il
(posid i Vepre@@& thatuyricCaiit 4o [spdidhe mtiy@de Jare conjugate forms of the same substance that are within

the buffering capacity of culture media. Accordingly, the terms are interchangeable in this disclosure unless

explicitly 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 hepatocyte differentiation,
10 but were deemed less preferable under these conditions because enrichment for cells bearing the hepatocyte
phenotype was less robust.

Trichostatin A, which is another inhibitor for histone deacetylase, was found to be toxic to cells in the
range of 2.5-100 yM, 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. The phenotype of hepatocyte lineage

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

— 34 —



hES cells (undiffer- entiated) Enbryoid Enbryoid Body cells Body cells
cultured in cultured FBS with DMSO (cell and growh mxture) factors V
Enbryoi d widodw15¥8E cells epithelial cultured cell |ine wgdrndegaive
sodiumcontrol) n-butyrate (3-actin + + + + + + + + a-fetoprotein + + + +
+ + + al bum = —at—= i i = 1 a+ + +
-+ + - - HNR3b + + + - + +7aBLE 8: HNEbBpetof Diftdrertiated Cells - ASG receptor + + + -
+ + + GATA-4 + + + + + + + C/EBPa + + + - + + + - C/EBP(3 + + + - + + +
The effect of sodi um butyrat enssasisconpar ed wdstclBisot her potential hepatocyte
di fferentiati BFaa, E;PLOgV i n aliffersitisted @ing pr o tifeetiatedsiog yoi d PE’B@! wgager e
cultured i n susPERSYN for 4oflavieand t hemchamhat ed on PPAPE°coated with
col | agenas ; i

conpound for 6 d‘é?/’:?). Results ar%®® 5 shown in Table 7. WO 0£/%81549

PCT/ US01/ 134 7donFpdBtiHg@t Hepat ooyte Differentiati on Agents Iloducti on of

hepat ocyte pheng NaCl n-Butyric Acid Sodi um n-butyraty,

a- hydr oxybut yr?ge%golg R- hydro>é¥£)ut yric aci d41P°/r opi oni ¢ aci ?

albumin > 80%
oq-antitrypsin 90% 81% 90%
CK18 100% >70% 100%
CK19 100% > 90% 100%
Glycogen staining > 60% > 50% > 80%

Example 3: Augmentation of the differentiating effect of n-butyrate with hepatocyte maturation factors

The effect of various possible hepatocyte 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, dexamethazone, and glucagon;
4. 20% FBS supplemented with insulin, EGF, dexamethazone, and glucagon
The cells were maintained under these conditions for 4 days. Cells survived under all conditions, but
appeared best in 10% FBS with growth factors (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
15 determine their effects on hepatocyte maturation and cell phenotype.

Example 4: Telomerization of hES-derived hepatocvtes
Several days after differentiation of hES with sodium butyrate, cells are transduced with a retrovirus

encoding the human homolog of telomerase reverse transcriptase (WTERT). The vector comprises an hTERT
20 encoding sequence from a plasmid designated pGRN145, into the EcoR1 site of the commercially available
pBABE puromycin construct. The hTERT encoding sequence is placed under control of the retrovirus LTR
promoter. Control and hTERT pBABE retroviral supernatants are prepared using the PA317 packaging cell
line, and combined with 4 ug/mL polybrene.
Cultures of differentiated hES cells are prepared, and the medium is replaced with a medium
25 containing retrovirus supernatant for 8-16 hours. The medium is replaced again with normal growth medium,
and the cells are allowed to recover for 1-2 days. Cells are then selected using 0.5-2.5 yg/mL puromycin. The
cells are evaluated morphologically, for growth rate, and for expression patterns using immunocytochemistry
and RT-PCR. Telomerase activity is evaluated using the TRAP assay.
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media containing 5 mM sodium butyrate, and assessed for hepatocyte-like morphology and gene expression

25 at various times of culture, in comparison with cells cultured without butyrate.

Example 6: Effect of butyrate in combinationvwith DMSO

in this experiment, the effect of the hepatocyte differentiation agent butyrate was
determined in the presence of hepatocyte maturation factor DMSO.
30 Human ES cell derived embryoid bodies were harvested after 4 days in suspension
and plated in the following four conditions.
e Gelatin coated plates in the presence of 5mM Na butyrate
e Gelatin coated plates in the presence of 5mM Na butyrate and 1%DMSO
e Matrigel® coated plates in the presence of 5mM Na butyrate.
35 e Malrigel® coated plates in the presence of 5mM Na butyrate 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 were plated on gelatin had even less cells.
Immunostaining showed a similar marker phenotype in ali the conditions. Percentage
of cells in the culture staining for each of the markers tested is shown in Table 9.



2. 10% fetal bovine serum (FBS) supplemented with insulin, epidermal growth
factor (EGF), dexanmethazone, and glucagon; 10 3. 10%calf serum (CS)
suppl emeniveh1 Wik i nsulin, EG-, dexanet hazone, and gl ucagger/ushi/120%0 FBS
suppl emented with insulin, EG-, dexanethazone, and glucagon The cells were
mai nt ai ned—mtder“rhese—cenn‘m—ons—hnﬂ—days——eelmm—under—atl
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puromycin. The ceI I's are evaI uat ed m)rphol ogi caI ly, for grovvth rate,
and-f or expreSS| on patter ns u5| ng |mTunocyt ochem stry and RT PCR.
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redia. Vignothe mﬁtuhaytoaeﬁataa%@%t aemeeontpewom?@sy split once nore. 10 For

t hi s, xanpl e, e
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undi ffer entepeete%rm@e%raemwr@xmsnﬂ arrdr?éeld Va2 qy‘akﬁ“ﬁlﬂ AXPERSRIoNTtRa th cells nRiEEPlated.

condi t i oTededvRdhnUMBtingisr tikely is ifidledlo @aich &F e hapatbdytesikalte<| osure. To i nduce
differentiation, the conditioned nediumwas replaced with SR nedium

(wi thout supplenmental bFGF) containing 5 mM sodi um butyrate. After one day
in these conditions, small patches of cells could be seen that had a

hepat ocyte-li ke 15 norphology. In addition, a |large nunber of cells died
and appeared to be adhered to the bottomof the dish. 1In the control
cultures that received SR nedia w thout butyrate, considerable diversity of
differentiation (cells wth different norphol ogi es) was observed. About
six days after treatnent, 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 sodi um butyrate at
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the tine of passaging. The hES cell |ine designated HO and mai ntai ned for
48 days (8 passages) on Matrigel(r) 1is harvested at confluence using

col | agenag®) o1@ishor eseeded on Matrigel (r). The cells are paggaged1s#/i10 SR
medi a containing 5 nmM sodi um butyrate, and assessed for hepatocyte-like
nor phol ogy anmd—gene expressron 25 at—vartous times of—cutture,—n
conparison with cells cul t unscE vt Pheotipeldidifereafisted CEianpl e 6: Ef fect of
butyrate in conhination with DMGQ In this experinent, the effect of the
hepat ocyt e di fferﬁ,pt' gti,?n agent bbb yypsitietiovas det er Myperdzaiian t he presence
of hepatocyte nmatll ‘%flﬁ’l BH"$%ct or  DVBOy, pafhvéuman ES cel ly, gigfjeved enbryoi d

e

bodi es were h-ar—vestetr—affgecr—d—dayrrmmmsrm—aﬂd—m?ﬁedﬁ—n—fh
foll owing four COMIMEYBHECY) Gelatin codted plates in the presence of 5mM Na

butyrate GCel atin (ggasstepl ates in the%resence of 5mM N& butyrate and 1
YOMSO  Matrigel (r) ae@at ed plates in the.presence of 5Sniggda butyrate. 35
Matrigel (r) coated t in the presepce of 5mM Na but te and 1 %OVSO
Medi a were changeda%btgr}'}%ﬁot her day anﬁgbc)"gl | s were anal ;ééé?f on day 7 for

i munocyt ocheni st r§RRENRT- PCR. Cells% n all these cond?tions | ooked

nmor phol ogi cal | y al dykeRerat@enpri si ng cologiwes of cells wi ubhsuni form

nmor phol ogy. Ther e d)gkff pver col oni es, gf, cell's in the sgfowhere butyrate
and DMSO were both present, conpared with the ones cultured in butyrate
al one. The two set¥ 2™ 40 were pl at®on gel atin had ®Bven | ess cells.

| mrunost ai ni ng showsgognsi m | ar mar ker OSphenot ype in al b5#te conditions.
Percentage of cells in the culture staining for each of the markers tested
is showmn in Table 9. -36 WD 01/81549 TABLE 9: Phenotype of Differentiated
Cel | S PCE%H% 5 Z#so%f%reﬂﬂ%agﬂ& fgrgeﬁ)e‘ll&vtgaﬁ D'atﬂr)nggrjn ﬁé‘é_&llsee latin

Mat ri gel (T) Tri W‘r b%%rat(aefuxira.e + \_/_Lbur%/?{]alebut rate + DNVSO No
Primary antib T%‘Eﬂ BFacore S5PHTRT FROBTRDS AR AiCRS N BRReNSiRh eSS o
ai - arft i t¥§pepted-0G0%EBY Mmegigy supignened @It 8 M0N0 FAdOHNg-butyrate and 1% DMSO.
CK19100%ie &3d 0&8diedonthefengenmaiced®60 %60 %60 % Exanple 7: Direct

Di fferentiatipnoRbe odRyheRatessignl-t &ecicel | s wi thout form ng Enbryoid
Bodi es The unéii ffm%rfgcrt]grie E%gMgtlff_le:k/’scoa\{t\éedrg étpto%itnréag in feeder-free
condi tions (origl(?atrl el rc) MATEES (R0 et ra?é)y was to initiate a
gl obal diff erdrfeRU [ BAFRIREEE& HP)addi ng t he hepatocyte maturation factors
DVBSOI0 orAfleet alai i Nadbiigrate R cellp were sudleited frhanenlpgicill andr wing Threungetocismistre far hen
i nduced fepatbopte nmdreiEAt OC Yl Qorlditikie, A@hdgnebys pdihes adrbdphio®e-Ré chis-viawd Yisaivey.

However, the number of cell clusters was greatly reduced in the cultures with gelatin coating compared with

other conditions. As shown in Table 11, the percentage of cells with albumin, cytokeratin, and oy-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 differentiation, but Matrigel® and collagen | coating
support survival better than gelatin.



The hES cells were maintained in undifferentiated culture conditions for

2-3 days after splitting. At this tine, the cells were 50-60% confl uent

and the na@d aums@s exchanged with unconditioned SR nmedi umpchGuwensai ni ng 1%
DMSO. The cultures were fed daily with SR nedium for 4 days and then
exchanged—Tntouncondittonmed—SRnediumcontarning—2-5% Ne=butyrate—The
cultures were fed daily w traBtHM1S PigaGlypd 131 Diffenfateddangs; at which tine one
hal f of the cultures were evaluated by inmmnocytochem stry. The other half
of the cultures were harvaghgdeoW th trypsi geamnd repl ated egf.gengol | agen, to
further pronote enrichaent for hepatocyte—lineage-cells-

| mrunocyt dethemi peqfigtynasBuaen pEetfaered Bivahe PdlBew nPuwme 15ualeshown in
Tabl e 10,_the cells which under MRP t he final rBMlﬁPati ng_had ~5PMEP4 hi gher
al bumi n  expgneggisergn, simdar ai-ahtitrypsin expression and 2-fol d | ess

cyt okerati nggxpeRepi on than the cells notgre-plated. The secondayy plating
for the cell ti s bel i eve%)to enriézh for td’ue hepat(fcyt e-| id<e cells, WO

01/ 81549 PCTIt8F1¥™3471 TABLE 10:° Phenotype of Di%ferentited cells

Ant i body Specdtuiniti t yNo t B§Psi ni zd% eon Tr yp%i ni zaf¥bn % pdstti ve % Phositive
(no primary qpditypady) O 09§ 4gGl somisr ol ) Dof»al busbmdkl % 680 % >90 %
al-antitrypsin>80%> 80 %g-feto tein ,Cyto tin % 45 % .

Cyt oker ati né%c%grg\_g’é?%% | ?"okera@?% 19>01§g A’% 305?6%ycog21§§9°> 50 1062 Ié_"xanpl e
8: Conpari sOFPKFRINGPf f er 9P AVt ri ©R% for Rpat ocy%og%Di f f tOBWt i at i'GR%f r om hES
cell s EBs weGhcgener at ed 66 vsom hESO zel | s>b60%f eedere for ee condi t i ons0%Af ter 4
days in suspension, the EBS 5 were plated in 20% FBS nedi um suppl enent ed
with 5 mM Na-butyrate or 5 mM Na-butyrate and 1% DMSO. The EBs were pl ated
on the_fr?x' Lo Ng, He}tortfm‘%z%f?-noﬁg e . -fféP-_ ”Ué g‘ét ggaﬁgf‘ ‘i"ﬁr g'tg:‘gof‘nt
tenp) 3. gel #RS 9y Wderoe Hier iepct jiferentipjion protpoetidetpitpd gpliery mgkinggihe agipstments to

Na- bl yrattge corgitigs| shevnnerTeblevial irapaayterduipineo Mediune & duych@sad frors iOfpgetics; Strom’s

| MTUNOCYMQMIRBEbSHdral ab QBscridde Pertuage/d: @1, BREHERT Biophld) R3d. Cob@itbés: e S podh aRBGRNEOUS

pat ches QquIQBP?Jb%Xé e Ll%sgs%e @Ii%ﬁlgwo%hemg zyme'é'at ver, the nunber of

cell clusters was great reduce n the cultures wth gelatin coating
conpared with other conditions. As shown in Table 11, the percentage of
cells with album n, cytokeratin, and al-antitr [ i rmunor eactivity was

sin
sinilar in all conditions. GW%BQ]%'rP"§‘Et8Ff%{§{$a%§BQ?°§o sinilar in all
condi tion "Undiffieréntiated,cells .Pr -.i ereptiation o] inductipn urther differentiation te
hepat ocyt e di Ferentrati on, bu NEFP gel ( 3 and 'cof Pagen I""Coating support
survival bet gl cdhitamy gel atin. 1\4QsP1/ 81549 TARbEyd1l: Phenot(§igersdss only;
Differentiated Cells PCT/US01/13471 Matrigel (r)YGel atinCaoll aaérqaﬁ) Ant i body

i)

i fici ' % i 2875 AR Ml hEGF +
Speci fi ci t y@deryreatoa®Bisny r at &0 1?2%%0%488“'[ yr@‘tﬁ%ﬁ%&l@y&at eB@%/rrSde

ng/mL TGF- +
DVBCOMSODMBO 2.5 mM butyrate 30 ng/mL HGF +
1% DMSO +
2.5 mM butyrate
Feeder-free conditions 20% SR medium + 20% SR medium + 20% SR medium +
1% DMSO 1% DMSO + 30 ng/mL hEGF +
2.5 mM butyrate 10 ng/mL TGF-a +
30 ng/mL HGF +
1% DMSO +
2.5 mM butyrate
Feeder-free conditions 20% SR medium + 20% SR medium + Strom’s medium +
1% DMSO 1% DMSO + 30 ng/mL hEGF +
2.5 mM butyrate 10 ng/mL TGF-o +
30 ng/mL HGF +
1% DMSO +
2.5 mM butyrate
Feeder-free conditions 20% SR medium + HCM + 30 ng/mL hEGF +
1% DMSO 10 ng/mL TGF-o +
30 ng/mL HGF +
1% DMSO +
2.5 mM butyrate
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(no primary)000000 (1gGL control)000000 a-fetoprotei nO0O0O0O00 al bum n56 %5
%B0%63%9%5% a, -antitrypsi n> 90 % 90 %90%90%90%90% Cyt okeratin
1810094 00%H0A%192d 00%4.00% Cyt oker atin 19100940094 00%d 00%a@Q9HIOAB471

A3 ycogen>60%-60%-60%60%60%-60% Exanpl e 9: Further optim zation of
conditio

Differentiation protocol det®iBLE®: @asd DitrentiaakProtgeolshe adj ust nents to 5
culture conditions shown in Table 12 Hepatocyte Culture Mediumis

pur chased tUndiferefliatdetiscs; Bterdfprediatioedi unhidpgloguie@dentiend as Faitrerciiffiedordidiionn Runge
et al., Biochem Biogphys. Res. Commun. 265: 376 1999 The (&8lpk 1-3 ul ations
obt ai ned ar "HLVBLERY by | m"ru(ﬁﬂ?f'ﬁ)t ochemi st ry( ) enzyme a((:tl )§deiy§99wl%ABLE 12:
D rect DI TESEENLI ATIAR P OIOGH Sed i T T ET SBLEATR T »

cell sPre-differentiati onHepat@oyse i nduct i prmthiwr+ di fferentiati on (G oups
1-3 only; (until confluent) (4 days) (6 dayspdsdayGa+eeder-free

condi ti ons20% SR nedi um +20% SR nedi um +HCK e/ Gﬁg‘/ mL hEGF + 1% DMVSO
Feeder-free condl tions 20% SR nmedi um + 1%, % der-free conditions 1%
DVSO 1% DVBO + 5 n1\/|but rate 20% SR msdlum+ Yo DMSO + 2.5 mM butyrate
20% SR rredfeﬁﬁﬁr'ﬁ‘e%n}%“@ﬁ rred N%E“EWSO + oo mﬁgg';bhtyr ate Feeder-free
condi tions 20% SR medi um + HCM 0 ng/rrL LTkF(;+/c)DIVBO 10 ng/m. TGF-a +
30 ng/m. HGF + 1% DMSO + 25m\/lbutyrate3 nmg? TG-a + 30 ng/nm HG- +
19OMB0+ 2.5 nM butyrate 20% SR nedium + 3@DW§ORl hEGF + 10 ng/nL TG--a

+ 2.5 mM butyrate
Feeder-free conditions HCM + 30 ng/mL hEGF + HCM + 30 ng/mL hEGF +
10 ng/mL TGF-a + 10 ng/mL TGF-o+
30 ng/mL HGF + 30 ng/mL HGF +
1% DMSO 1% DMSO +
2.5 mM butyrate
Feeder-free conditions 20% SR medium + 20% SR medium +
30 ng/mL hEGF + 30 ng/mL hEGF +
10 ng/mL TGF-o + 10 ng/mL TGF-o. +
30 ng/mL HGF + 30 ng/mL 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-o + 10 ng/mL TGF-o +
30 ng/mL HGF + 30 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 dexamethazone.
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, maore than 80% of
cells in the culture are large in diameter, containing large nuclei and granular cytoplasm (Row A). After 5 days
in SR 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 ctriteria 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
cytochrome P450 activity.

15 After completion of the differentiation protocol, cells were cultured for 24-48 hours with or without
5 uM methyichloranthrene, an inducer for the cytochrome P-450 en’zymes 1A1 and 1A2 (CYP1A1/2). Enzyme
activity was measured as the rate of de-ethylation of ethoxyresorufin (EROD). The substrate was added to the
medium at a concentration of 5 pM, and fluorescence of the culture supernatant was measured after 2 hours in
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30 ng/ ML HGF + 1%OMSO+ 2.5 nmM butyrate Stromls nedium+ 30 ng/nL hEGF +
10 ng/mL TG-a + 30 ng/nL HGF + 1%OVMSO+ 2.5 nmM butyrate -39 WO 01/ 81549
PCT/ USO1/ WaYhik13MABLE 12: Direct Differentiati on Protocol s pdidkidoligsenti at ed
cell sPre-differentiati onHepatocyte inductionFurther differentiation (G oups
1- 3d'0'l[1| Ya fidokifdiic! mirepndid 1edt hi(as AR Y chdibn AlRYSS) ﬁm dadsion. FRedasunt 6f$<%orufln formed/ "
condi ti i n

TP e e e R i e T e
condi t i dﬁ@%@%"@ﬁeh‘ﬂwf&‘ﬁh 1% DMSO HCM + 30 ng/nl hEGF + 10 ng/nL TGF-a +
30 ng/ mL HGF Figurd 6 8ipom/Ber@0%s SK1ADE reiiMiywas @lecied e thrBeGiepatocyte(inaagy ¢ell INPGH- a +
30 ngy/ Mieddd— twoldefbeDVRRiNeeR EBIcelf Ih6,Qing Bithefie® As b HO B SeINM6li tHolicbel oBAbtivRg/ ML
hEGF + vJaQ nQigélﬁa-b SI%: ﬁy%hltrantﬁ’ nen(ﬂ‘{cﬂné_ggeed?dlthe/?]%@@eﬁgd iﬁ% e;!égt:on"s' of f:l'eé‘hIPNSO +

2.5 nmM bu ﬁg: a
tlg{ed human adult hepatocytes l-l’)l The Ievel of acgwty in undi erentlatede-H anéJ 9 cells (and in the BJ
human embryonic fibroblast cell line) was negligible.

10

it will be recognized that the compositions and procedures described in this disclosure can
effectively be modified by those skilled in the art without departing from the spirit of the
invention embodied in the claims that follow.
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30 ng/nL HGF + 1%OMSO+ 2.5 nmM butyrate HCM + 30 ng/ mL hEGF + 10 ng/ nL
TG-a+ 30 ng/nk HGF + 1% DMSO + 2.5 nM butyrate 20% SR nmedium + 30
ng/ mL hEGyoto/gifong/ n TG--a + 30 ng/ L HGF + 1%OMSO+  2.pgpiddolpuasdyg at e
Stroms nedium+ 30 ng/nmL hEGF + 10 ng/nLTGF-a+ 30 ng/nL HGF + 1% DMVSO +
2.5 nM butyrate Other additives testeggd,je the subsequent (4-day) maturation
step include factors such as FG--4, and oncostatin Min the presence of
dexamnet hazone. Figure 5 shows the effect of HCM on maturation of

hES- der i Weadisgleimed as thesiftentioplisurm: 10 X 5 magnification; Right colum: 40 X
magni fication. By 4 days in the presence of butyrate, nore than 80% of
celI's in yhey Giddrvdi€y &N o u@{mhea QanQJeQeUiﬁlFe@rm viffHfkud, BbthBed @rdgferemamg%ma@d

granul ar Cytq_@mé}enﬁ_st@ Rgp )c?lls whereln a? leasq)ég uf !S(QA: §F§hgeq W e gf‘n%t%ﬁ“ hLv% al RS

switched t S are |nuc ed, ~and %ave a
| ar ge pol ygohas °f§ﬁé?$'éw'ﬁq:€6‘waﬁﬁ”s“°8y 4 days in HCM rrul tinucl eated pol ygonal
cells are conmonm, afighdhderetable exbaasti@rof giyantiigpdin (ARDW C), by which criteria

t hey resenbl e fnesﬁkl%&gggc%lggx hadosbs aslidlid; hepatocytes (Row D) or 10 fetal
hepat ocytes (Row E activity hES-derived

Vi
hepat ocyt e |inedgée bE%T:T %ngtgﬁ%’rdﬁieg%@%exp?ﬁ onafeopf tx‘fqgt%h fferentiation protocol
were tested fore cyi-tthdatarisbiPa®@ssigntof ssajoglycopBteinfrecentor¢diilet i on of t he
differentiati on.pr@td@&elof,gm&dehstowe cultured for 24-48 hours with or

wi thout 5 pM ngt hylehl ar fN8so Aflid.nducer for the cytochrome P-450
enzynmes 1Al and 1A2d§ %&\B .Q; Sohg{rré activity was neasured as the rate
‘E°ﬁ8§<%/’r°%s§c?rﬁﬂ?ﬁp

of de-ethylatiofn of'd TREHY: ®"%he substrate was added to the
medi um at a coneenthe abroiorvgiodl fdtuph/pf hapatbeftéauor escence of the culture
supernat ant was neasured after 2 hours in -40 WO 01/81549 PCT/ US01/ 13471 a

fluorimet rzi h@dﬁfgrgmat@& Eell fpgﬁlg:lﬁ(gn dﬂ:lan?] 5 %Hamn%@ésﬁ ?Jobt%@%%ptqe ﬁéh@%t%ﬁlﬁ an.

The anobunt o soruf|n fornme was determ ned using a standard curve
measur ed forsaﬁlfﬁ?r?ﬁteé'ﬁ'c?esoruf| n, and expressed as pi compl es resorufin
formed per min per ng protein. Figure 6 shows the results. CYP1Al/2
activity wasTidelfferettiedd cel pbiuitiérinf damh egetevcy st bioniayef betdls havpetideastSeterst ed
- two deriveg sfid ehatabib@uddl ES cell line, and one derived fromthe HO ES cell
line. The level of activity

4. The differentiated cell population of any preceding claim, wherein the level of cytochrome p450 enzyme

1A1/1A2 activity is at least as high as in primary human adult hepatocytes.

5. The differentiated cell population of any preceding claim, wherein the pPS cells from which the cells
have been differentiated are human embryonic stem (hES) cells.

6 The differentiated cell population of any preceding claim, which has been genetically altered to express
telomerase at an elevated level.

7. The differentiated cell population of any preceding claim, obtained by culturing the pPS cells in a growth
environment that comprises a hepatocyte differentiating agent.

8. The differentiated cell population of claim 7, wherein the hepatocyte differentiating agent is n-butyrate.

9. The differentiated cell population of any preceding claim, obtained by culturing the pPS cells in a growth
environment that comprises an extracellular matrix.

10. The differentiated cell population of any preceding claim, obtained by culturing the pPS cells in a growth
environment that comprises one or more hepatocyte maturation factors.
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was i nduci bl e by nethyl chioranthrene (MC), and exceeded the | evel observed
in two preparations of freshly isolated human adult hepatocytes (HH). The
| evel of @@fdiwiss in undifferentiated HL and HO cell s (anddmydoigsdsd human
enbryonic fibroblast cell line) was negligible. 10 It will be recognized
that the GOMRESittbARSd BNGoRiAGESA BERS 0 d@SeihiabBsbt brid of PAL epdio8fd RAMERN R&Brs
effectively %) Epdl fied by those skilled in the art w thout departl ng from
the spirit o { invention enbodied in the clainms that fo

01/ 81549 PCT/ USOY/ ABABICISAY N SHREd ¥ dealfretnsidng vk dI"}?U‘(‘é'nf‘i'fWe @Msﬁ?

di f f er ent i atduetyikétarpidg@MAL hexmethtiene bigzeatainide. @nd ethar eelyniethyiohe hisgeegamidesir &,

obt ai ned by di f fgreakdkat iongorpbricT@deeted [brh tieP@bupNdonSdtiegTol PiRSYoriz@dd, epidanh@r ei n
au least aboyl, Pl Olkok felifl tek-d, &G%gefo?gggwwm bl Er ool nebdiicie Of

the foll ow n aracteristics ant | etectabl e 'expression of

al-anti tryps?gﬁ“'(me]‘)HGF b et %ﬁ'i/' et A e expression of al bum n; absence
of anti body-detectabl e expression of a-fetoprotein; RT-PCR det ect abl e

expr essi ore. of didebraihieg byfipopgibreadortie ® Rhy pre¢edBERYiM in aevihgbeigessedhtia) reogen

storage; evidrhes, SraliliHGRHQ 'W@pa%ﬁ@dl@?énhéﬁbﬁ dents, BNd %@Bgdf:‘yte%caturaﬁon factors.
gl ucose- 6- phosphat ase activity; and the nor phol ogi cal features of

hepat ocytes. 2. The differentiated cell Eul ation of claim1, wherein at

| east abolt BEUsBEHaEA&elBvMng 3 JRee 1hpe I°EQ§t° FRQRustise stedy neelalp Ay RPN S| P e s .

3. The di f f eraensteditopdhedferentirtqoigk!bitopdatiomdccetiag tereldim Twbrdsrtesd proggoy df eugk & cdlbout
80% of the cells have at | east seven of said characteristics. 4. The

di fferenti@tﬁch.f@éhtlateaoawl LB Hf prdfihg Y AGRA ag.pstbﬁl g%am \m%ls QbR ihheglsiel of
Cyt ochr ore 450 & sentla :’l'reerﬁefeafﬁef fcelfs,enc[u UaI’I{‘I%E(:J'Ie h%% cells ln F n%lalgm coPtaImP%/a

human adul t Wé'mé‘%%
precedi ng cHsﬁpﬁ?cvw%' eiENitignAge Prsiep eongiiions Watrﬁr%H?ec%cet' ﬁ@’“ Iéqwe@f'chﬁﬂafe@elb%%‘h

di f f er ent i at endragierstidfasaians gribpajoyiess ast wbseueRS)havediihg a c@l hatiey Hesk featuentiat ed
cel | popul at h@shrieded 3dpopui@se£di Ng cl ai m whi ch has been genetically altered
to express telonmerase at an elevated level. 7. The differentiated cell

popul ation of any precedi ng cl ai lturing th ceIIs in a
growt h eFﬁll’f\SﬁWﬁ?}P{Y%H'ig rplugpg’ga”tasq Sggbfﬁ/%/é lglhtaf' g'beéﬁll tﬁ‘ff‘ﬂ Mabee 8.
The di f f er eneuteredid vikelcompsigiptal ati on of claim 7, wherein the hepat ocyte
differentiating @gb&am‘t:lmcj)Scmturbuf[ryamah&irlpﬁenta’fhecdhf ferentiated cell popul ation
of any precedi NgyGhiaking th@@éll@brﬂ@ﬁhbgbéteQHhE:Mﬁﬂe%dlhrh%orﬁf@gcﬁrtekﬁodyt@ dfferitiativh h

envi r onnent tht Xtr LI e differenti at ed
cel | popul atl atun er%d&nons%aﬂgad? enrl nt OHL%{lﬁemlééc%cellscul turing the pPS cells

inagrowmh enV| ronnment that corrprl ses one or nore hepatocyte nmaturation
factors. VD D/ r8dedPf PaT Isohgrdd4e kulfe of TRE cellsfif prodused bit eiuroelte qetspunbest i on
of clai m 10, contiiheiwheraly énetadid mohies fm;ti@nd P 2bGyid BodiERt dir At éxbatefudEtratis 1 S

ei ther: a) aghdfﬂj e h d;Fato%;% MfedntitiGi é‘g%ﬂt%ihé %&fﬂﬁ%ltkde@&sly%@%ke%énﬂﬂo 26 innﬁEt hyl

EEJL];?XIDSley rre 1Y %‘ﬁbéyij oggé/ ang %arégultur &g (the plgtéd ceﬁs \m'?n tpé/ Lep&ocype osf%rentla?‘on ageht and

under conditions that permlt enrichment of the differentiated cells.

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

differentiated cells.

18. The method of claim 17, wherein the extracellular matrix comprises laminin, collagen, or matrix from
Engelbreth-Holm-Swarm cells.

19. The method of claim 15-18, wherein the hepatocyte differentiation agent is n-butyrate.

20. The method of claim 15, further comprising culturing the celis with one or mbre hepatocyte maturation
factors, simultaneously or sequentially to the culturing with the hepatocyte differentiation agent.
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b) a cytokine or hornone selected fromthe group consisting of

gl ucocorticoids, epidermal growh factor (EGF), insulin, TG-a, TG-R
fibrobl astvgon®ws factor (FG), heparin, and hepatocyte gicawidaifisgyor
(HGF), IL-1, IL-6, I1G-I, 1G-Il, and HBG--1. 1.2. A differentiated cell
popul ati on according to any preceding claimin a conposition essentially

free of andeﬁg ?\gc! Af%lalm%tvch%%%lal lgzisf(gne gﬁﬁgﬂeéi%%%%hpaﬁ%tfgotoq |LLF1£ent Iation

agents, d cell having
at |l east three oaf %Qrgéﬁ‘l‘érs%l}‘,‘inbrs‘? afgdcleom jther By qeppisting, Piydipethignfuligide SPMPPher

har vest ed f rdimsthylacetaiide (BManbdxamettydene bikdcetpmige laed dtfesnpdyetiygierdgatetamidesiom 1, or
is the progeny of aswaiama of Bbrinonelsblectdd Gorh tiar @fipl @beting &l dlucpdoaiclitze ebidaymal

provi ding a Q&ﬂma @kp%ﬁntmﬁﬁbkp fﬁ)obngﬁlgtow Bt <gé@vwebannemhepawzsﬁ9t
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