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promote cell differentiation, thereby reducing propagation efficacy. As well, some culture
conditions require the addition of factors (e.g., serum or feeder cells) that can introduce

contaminants and thereby limit their application in treating humans.

[0005] Accordingly, there is a need for culture conditions that can provide enhanced ex vivo
propagation of hepatic stem cells and their progeny and a need for conditions that can lineage
restrict stem cells into their appropriate fates. In addition, there is a need for culture

conditions that obviate the heretofore requirement of feeder cells.

SUMMARY OF THE INVENTION

[0006] In one embodiment of the present invention, a method of propagating hepatic

progenitors iz vitro is provided, comprising: (a) providing isolatcd hepatic progenitors and
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[0009] In another embodiment of the present invention, a method of propagating hepatic
progenitors is provided, comprising: (a) providing a first layer comprising one or more
extracellular matrix component(s) found in the stem cell compartment of liver; (b) providing
a second layer comprising one or more extracellular matrix component (s) found in the stem
cell compartment of liver ; and (c) culturing isolated hepatic progenitors between the first and
the second layers. The extracellular matrix component(s) may be a type 111 collagen, a type

IV collagen, a laminin, hyaluronans, a proteoglycan (e.g., heparan sulfate and/or chondroitin
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material substantially coats a surface of or in the container.

[0013] As such, those skilled in the art will appreciate that the conception upon which this
disclosure is based may readily be utilized as a basis for the designing of other structures,
methods and systems for carrying out the several purposes of the present invention. It is
important, therefore, that the claims be regarded as including such equivalent constructions

insofar as they do not depart from the spirit and scope of the present invention.
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hepd’@@? sts (h) engulfed by mesenchymal (up) cells. B.) Flat Plate culture response —

hepatoblast (h) colony with a few mesenchymal cells. C.) Sandwich culture response —

hepatoblast (h) colony immunostained for albumin (red) and CK19 (green).

[0019] Figure 6 shows urea production from cells grown on the various matrices. A.) Urea
functions found in hepatoblasts cultured on collagen III (m), collagen IV (), laminin (o), and
a mixture of collagen IV-laminin (V) are analyzed and compared against plastic control (V)
cultures. B.) Urea functions for hepatoblasts cultured on TCP (e), Flat Plate collagen I (o),
and Sandwich Collagen I (V).



[0018] Figure 5 shows day 10, 10x m crographs of human
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[0025] Figurc 12 provides a schematic of a passaging protocol: HSCs arc initially sccded

on control TCP dishes, as illustrated in A. Next, HSCs are passaged onto 0.4 um porous
inserts maintained in 6-well culture containers as shown in B. Cis a top view of an untreated
insert. D is the top view of a collagenlll precoated insert. E illustrates the final product of

cell passaged onto insert surfaces.

[0026] Figure 13: Al.) HSC aggregated surrounded by hepatoblasts seeded on TCP. A2)
Magnification view of HSC aggregate in Al. B1.) HSC aggregated after purification by
ficol fractionation, seeded on TCP. B2.) Magnification view of HSC aggregate in B1.



hi ghlighted region in A) illustrates the HSC col ony as
it evolved fromdays 3-11, and B) displays the
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provi des a schematic of a passaging protocol: HSCs arc
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uor escence ositive fluorescence)
I) ang fega @}%CQA&GP&BHI&E\]) pBiricgs. EI phase) vs. (D2 positive
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| asti c agen
reprepwhq totad §eed1ng surface (35mmD dish). HSCs seeded on BoTr proliferate earlier

(days5), achieve larger surface coverage (day20) and dissipate from the surface slower
(day30) than control. The detailed image compares colony growth when seeded on the
different matrix substrates of collagen III & IV from BD and collagen I from Vitrogen.

[0031] Figure 18 provides normalized cell quantities for days 5-30 illustrating variations in
log phase growth (days 5-10) versus saturation density kinetics (days 10-20) versus post-
confluence (days 20-30). HSC BoTr seeded cultures illustrate improved proliferation

numbers throughout the culture periods.



[0030] Figure 17 shows the total aggregate

proliferation patterns for HSCs seeded on TCP (bl ack)
W@e00B05938t ei n and Traub (BoTr) col | agen type- |PET/HVBE1060904

substrata (Sigma Type-I111 Collagen (gray). For inmage

normal i zation, the large circle patterns with "wavy"

lines represent the total seeding surface (35mD

di sh). HSCs seeded on BoTr proliferate earlier (dayb),

achi eve | arger surface coverage (day20) and dissipate
10032} oFigure 12 thovaceristignkin 108 2)aw) sre Wi dapne 118). satptiation density

in t/ai _' | [ d o oy??
ki et?cﬁ, (@hysCI-2ORGR] FRBALSrTO Q¥ %rﬁﬁ'fdhslp%g%oiﬁ)iﬁgg &OF \n/Wamng

e different matrix substrates of “co
aspe¢tp ghtBrabferat#in. agen | from Vitrogen. [0031] Figure 18
provi des normalized cell quantities for days 5-30
[0033] | BEfuED0 Bbweahs Bhis@BiS oiof HRIoAB S %ﬁfr}%é o
.. 0 vggrusus sat ur at ?or? %le%si ty k?net i cs1 aysc.lsg?%séorﬁes are
initiallypassaepd s 14 dasineshpassqaing eomparsoiis BoAtritedesd dthssaged HSCs

: . . i : ' <
O B B T SbETD Rl R B 1 i Bl R (S e Collagen,
Sug/eaniraevidesthe mdso gffisfras engranmdnt( days 5- 10), saturati on

density kinetics (days 10-20), and post-confluence

da [ N i ng" " ing". aspect f
0034023205 PRl SR U B0, AL RATRERLE Rl 511,
HSCpard bepatnplosts (8@ 911070 atd HE Guenly (ddyad@s30)17 col oni es

are initially passaged. 14 days post passagi ng

0 i R

005 PRRUE"ST B2 S0 BRI b RIS e g on T

(black hpB)rang Borpsigead Type (BATrDodllagge typetnfpdammdit spbstnated@sgma Type-
LG i [ 4 ' 2
i Cé]%\ﬁg})ﬁ%r}ﬁ%{e??g@r% ldggs\rq (% QriHJ%@—wﬁll ﬂ%ﬁﬁ%gfs: @lrﬂkegrey Jbar) as the

. _ _ ction co g
“basdhimp zpoiphesan”( daydisplags 49tjvitHSGor samaplhepatoibized tsProtkdy §.evels. B.)

c o1 Qe L7): I - .. [0035] Figure 2
disp! el B S PEBIR Rt Kol B Kbk B B
Humew HiSGsdd pbase igRatild eairdlaand itk tdbamarasetpragatbnl r aub
(BoTr) coll agen type-1 fragnent substrata (Sigma Type-

TTT Col | i gt 0O -with
oL P SO o SR RO
020 RIS B, ST B S

been jdentifigdyivhich frsilitateithe attachmest, lsuivivebend ex kMve poglifapition of hepatic

: ol Live nt r.ol.
s 858 RSERE AP0, S, IR ) Ry
deﬁn@ftwommeWSBﬂm tellsoamd theb puigreyt “Brbgeme may include both
self—rg%lsczﬁﬁé hb}gh\ﬁ‘% e Qt‘:lls(,e ﬁ%a@&ﬁ!ﬂté{lpﬁnﬂ@ér{t Ip%'(o g%%lqgr%ncﬁgrtecs)ﬂ and

progenitors committed to differentiate into a particular cell type (e.g., a hepatocyte).

[0037] “Clonogenic expansion” refers to the growth property of cells that can expand from
a single cell and be subcultured and expanded repeatedly with retention of the phenotype of
the parental cell. “Colony formation” refers to the property of diploid parenchymal cells that
can undergo a limited number of cell divisions (typically 5-7 cell divisions) within a week or
two and involvces cclls with limited ability to undergo subculturc or passaging. “Pluripotcnt”
signifies cells that can form daughter cells of more than one fate; “unipotent” or “committed

progenitors” are cells that have a single adult fate.



been identified, which facilitate the attachnent,
survival and ex vivo proliferation of hepatic stem
w@edoresend t heir progeny. The term "hepatic  PCT/US2006/060904
progenitors,” as used herein, is broadly defined to
enconpass both hepatic stemcells and their progeny.
"Progeny" may include both self-replicating hepatic
stemcell s, hepatobl asts, pluripotent progenitors
t hereof , and progenitors committed to differentiate
10038t Heaatpfaﬁ?m&sll%lai%@)mr@ piyapeisnycellsfomebintthbe gl plates (also
calledl Qgrﬁ’?lll% platAN RORMI Gn EXBAREI (Plﬁlclzrsra%gq}fi the @a&aﬁ]seofﬁé}mcé’]i]n] pediatric and
proper of “cells that can expan roma single ce
adultdhygremn ping ewidencaed sekpeniigedon 6pdariduéspression of telomerase and
: i : t rental..cell .
beind GEEBl Aothink I BETRAL KAR Phe D8 SPARERGSY gt sl oxe
EpCANrie NG NG, Addd+, LK $/a8+,0aK 1 AhdeD yRB/ i) dnidh atre de gatib €or 20f

s M 0 P EPALIGRRY L 11T SO B
(CD M@d&@gﬁi‘rsﬂmll]l? tmtdt for ekpl]@aﬁ?ﬁgf B?Os"oﬁlalpﬂap@foi@fﬁtéi?. The HSCs have
igni fies ce t hat, can rm dau r.cells . nore .

been SR 1187 o hepiP s Ape S formute Grut Dy Brpiigpienicors.
are cells that have a single adult fate.[0038J Hepatic

[003%t eHrpabblssts HFBs) araphiriplotmit paltsefoiind elrbsgtoatitid farcrichema of fetal

.pl at e al so lled lLimting pl.ates) _.in fetal
ot AL LR 2B bl Db BB AL oot
Canapeafi Bigririgc 1Bsl dadid frothitheHS Can B Wbt aey itpraepkent on HSCs

sglf-replication (ref) wt ression of telanerase
v TR el s, BEBE 67 55 Bt AL e v
and theaagpéanigdiidane ispuntd be Slgh}@%tbpro@déiﬁ af) %ﬁfonﬁW/%MSOs. These
1 B e Bl B S b B e P a1 progeniors
CD45, CD14) , nesenchymal cell markers (CD146, VEGHr,
[004@:)3??31) e?fcobcﬁmnﬁmdmle gﬁﬁmﬁs akt uﬁﬁﬁﬂ&g qb'fogefnitorsdof either the hepatocytic
. -fetoprotein. The ave been found to give L
and WY T s ARG PR ISR Colfhs PEBG Rl RoHB Rowever, biliary
comminﬂea @rqgenftongfags f@KlE)gﬁB %&n A;Bﬁ ak M%%&réa@%%h@a@oc ic
uri potent cells nd .t hr oughout t he parenchyna o )
com 16?%’?%&?8&91’&%8{65? AFPRRAL IR BRI I Cemiged phangproenitors
derivaggeeljptiem 1ehatekibs defll BRd 8o FOn hepatiidstQf the Canals
of Hering. HBs derive fromthe HSCs. HBs share nmany

ntj.gens, pre HS ut with inportant
[0041}; ¥4 ﬁ%’ﬁ?@%&fg%&@%?ﬁﬁc@&& Pl 2 Jarigts lneagegaeNeAih pmeny
differeat iegenkkiAvh]l @iidybR&Hsted ps 8SSmStud il aaltin pERWMHSeDtheir
alc{jga: f Etgot?r otei n_and fﬁt al. forns %f P450s. These HBs
PrecuiRY” FIeEE e STHR? (MpBrBRTahitgy &fllvoridothelia (puginblatiah stellate
cells (BeARLOCHT prec@Bbts Piahd o RRARIMolBicTelll RARIpoldER RtdrE cells)
Conmitted Progenitors are uni potent progenitors of

004 Wl RS R S8 B AP st Y Fpmalf disopbrogentors herein

will eowitly eeferebitd fodfuynan-derived cell populations, the teachings herein should not be

limited to humans. In fact, one of ordinary skill in the art may be expected to apply the
teachings herein to the expansion of hepatic progenitors from mammals, generally (e.g.,
mice, rats, dogs, etc.) Accordingly, the scope of the present invention is intended to include

hepatic progenitors of any and all mammals.

[0043] 1t is also noted that hepatic progenitors suitable for in vitro propagation in

accordance with the instant invention are not limited to those isolated or identified by any
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commtted progenitors express CKI 9 but not AFP or
ALB, whereas the hepatocytic commtted progenitors
wWe2EressoAFP and ALB but not CKI 9. Committed BCT/US2096/060904

progenitors derive directly fromhepatic stemcells
and al so from hepatobl asts. [0041] Mesenchymal Cells
(MCs) include cells at various |ineage stages of the
many different mesenchymal cell types (listed as the

in parentheses their precursors):

cel |.s and,
Pam‘ir‘r*?f’a Pﬂg By Ol rawe e Fpthads dewie dsollation angridertifishiion of the
hepaﬁcaplgg@tmcﬁé‘; h&ve béeheiekém)%dqﬁlfb?epéﬁﬁlﬁle lgsp Wf l61069,005 and USP

recurso varil ous henn oletic ce

APPI’(CﬁTé%HSP éﬁ/ @8733%1@@3557)00{ oBU)/38%548 theodisclosdrenof which are
incorpbratedMerdil $n ﬁieﬁ%fﬁ?%/\?% qgigre%.éénpl es of hepatic

progenltors herein ? wth reference to

g man- deri ved cell popul ations, the teachings herein
[0044 , ferpticsterp eells and: @@aﬂoblaﬁ@ ey charpctergic, atxbugemofproﬁles and can be

isolated 8i E%t&cﬁg dbdcribBd blﬂ%lcﬁ{sfe)rx MR eggmﬁi%p ﬁﬁlgea%q sie?n aap! Qﬁdthepatoblasts

t eachl ngs herein to ansi on
sharegyuggERst aBtigeny (g mattelesiratins @e h&yraaid) 139 éﬁ)ugnn, @Dd:333/ 1y addsspithelial

cell adRG%on RbfchicACE ?éggfgla}ﬂd abd 18 *f’tg%) ﬁ rcfle{nogme%rg glieﬁ’igers (eg,

invention Is in to InC
glycoghorim\, £ 4a 0D 38 GiHSs CQIGD&B} mICSCrlchythm:llrmhlﬁkdrst (at, CD 146,

ni Vi t.ro at
cos SRS EL LR S A Ll B
distingiliﬂhtthﬂomoeabh ofler bseizat(&xé st tel&ndre 7ie@mbiheai®patoblasts are 10-12
Egartleglar hod By way of exanple, nethods for the

W), PX BeRpRYRE R cY 'Ei‘é‘?ﬂ (e g icaits Brmdsaspe éprphelogically uniform

lonfs O BEADINS HIPMBLIREE Rorde S6tHl]
0. 6. 069, Saarann e Appl | cg{t%lcggrlll ek“éisq‘“ %i’%%h% gIE3F channels,
presufiyg ganabigulih by ditingiqussy the petteraips @mwrcelsofafertm aphigens
(EpCANEid &%%%E’&i’ ﬁﬁ‘ ber &L 'Bef)ﬁlc {Beh e {lgﬂt &L fﬁ%d to l}e ce%l surface in

ref erence. Hepatic stemcells and h epat o
the hﬁh’&‘if’é’l%ﬁér‘ﬁé}t}’e‘hﬁmqt entzgeniqunfites (Nof AMe & Izmstnt amnthb depatic stem

cells, 'w%@%e%ﬁ %ﬂ)hgyfe %Qigl;{é%Pg g?ffsd‘gﬁﬁ sﬂ‘é%ﬁn%g tﬁg h gpatoblasts). In

exanp hepa
fetal aﬂdm@pmtsl lavars.goe he};(a@c gtem cqll;seak@naﬂhe nsctd] p]]l&,s (alsel cdlRd “limiting

v s DB s AT gl 5D B o oy
pediatygraad ragutt disgpes, @b)bcmjhmt@m célls tﬁ%ﬁeseﬁiﬂﬁ&he Ck4ds ofﬂ&ﬂﬂg, whereas

v g0y BERSRE IR BT NG B B 1SS

consifiop sinak masfoersazfrcehe i@ tdahtssus badfduha i ergdnahbet (@g nodules)

sten1cel s are 7-9 nm the hepatoblasts are
n1¢s%%é§5§ gBCH#bFﬁhology in cultures (the stemcells

forn1dense nmor phol ogi cal Iy uni form
[0045] The present inventors have found that extracellular matrix components found in or

near the liver’s stem cell niche, provide for expansion of hepatic progenitors without inducing
differentiation better than existing technology. As will be described in greater detail below,
cells culturcd on the matrix components, found in abundance in or near the liver’s stem cell
niche, aggregate to form spheroid-like structures on some of the matrix components (e.g.,
laminins) and spread into monolayers on others (e.g., type III collagen). Specific types of
extracellular matrix components, found in the stem cell niche, are among the signals requisite
for hepatic progenitor cells to undergo expansion in self-replication mode, that is Symmetric

cell divisions (the daughter cells are identical or nearly identical to the parent cells.



col oni es, whereas the hepatoblasts formcord-1|ike
structures interspersed by clear channels, presunptive
w@anvalbssoH) , by distinctions in the pattern of PCT/US2006/060904

expression of certain antigens (EpCAMis expressed

t hroughout the hepatic stemcells but is confined to

the cell surface in the hepatoblasts), or by distinct

antigenic profiles (NNCAMis present in the hepatic

| s, whereas al pha-fetoprotein (AFP) and | CAM

l004élr e“é& BF@%E@WHW thee threpateioast depatiqstemteglls aoeirs concomitantly
with B%ﬁﬁk%rﬂbhﬂé%ﬁ of bl E0abbfertd &mcﬁ%hﬂe a{@aétqnfﬁgﬁ theig

ductal plates (al so cal mting
diffexspiiatiesp a¥aht egftaselular mmwmmmntsm pemhym farélle_bauc progenitors

o w0 AP 80 PRI AR i G ool v
somcHFfcregtiativre réetothdrs, lbeqaad ablcgions oﬁthse lowek bissucah Retiedfulll§ maturc
. n f th he, he t
hvertggl‘riiss?efs ? &mg gt g %aﬁ‘% JEre ag}g'%%ll E&ger f1afigp ﬁgﬁ"het‘f Su: but
found in Iarge nunbers (e.g., nodules) in diseased
[004T]i vEhus, prringenangé pf hersitis)stenf 6GBSh tH’dileinmle&mforhrma»ﬁW@ issaided by
their _foill\ﬁ?refi@ Hﬁ‘fh){ E(gh]i)&f%h{s rgée inaermliniygmc%ﬁ%u n%? 215 ?‘%131 ci;e 181es)

—inor near i Ver e ¢err nc
Lﬂ{C‘er)spaﬂlsflr diffatntivdjoatmay e aiiﬁmmd iangtravby leolttirei with fiafifk componcents
technal o

t bet t th .
o] DS, B4 L L8 LSS 800 2 i
comp;mbntﬂ ff@chdan asehaeumhrw]m tatgpe paehchyniL o, lbﬁclﬁﬂUﬂyﬁ@[\ 66llagen and

t he. cel |._ni che, re
certale o B irahein i Sedin P g ol BB e Aadreing ofth lver
acinuspdipiieeiuvaly @ad then deass i pi6)ifetitd vaHate achdoint ?aﬂﬁ@& IV

o 5Pl b P S it St e R S on

fibrog&kih, Midchese BEEIANRREY tnErgdirghia |a§015t6§ih| a8l H8ath OHowever, the hepatic
atlc ﬁro enitor, cel]s to undergo expansion in

ngeg‘é’gfs PP R Srendsnis th%fﬁﬁqm#esﬁfs%%pr peaghgsion, survival and

funct@ing] Thes)$hd tBirtALRIB TS spesirl |
nclé%ntlcal t%ﬁtﬁe parentqkel $Wﬁ%gﬁg€&ﬁ%h%% f%&ﬁ.&ﬂﬁ”%rnmnx

compoaents gesdineagst dencadert t!i%ﬁtw @fffq]a'fép aithespseigimmeatittagional stages of
the cQzCUr s concomtantly with a unique conbi nati on of
matri x conponents which direct, at least in part,
hej r dlffe tlatlon Sone extracel | ul ar. matri x
[0048&

HP% 0 Pﬁ%ﬁeﬁ% gypRitons Seukiaeh b dingiedde sy ope magix

compeAEalcd @oRKkRRANSH HbrésTs Ok kedBhk W‘lﬁlhh@%)i@ﬂfﬁésr hé&rein, the present
di visions, that is expansion along w sone

invengiop dgsczibet and isachevdhe wierpfraay ang éb\teéﬁamhluiaé ghasris compphents and
their bMBhalid SRUGe bOnaMMi G off dtbbiYat B Ffrt l:)é %t?lr?eg%l' &x A& maintenance

found, elicit growth arrest and erentiation
of cely eithes fr@xpansiqroe ey diffaentiafighn Manlemenist thepracinparatniwill be

discu§eli 110w 6B Sall SERAANS, ok nc%%{é 13 Qol'l%ngé gl?cgorb%fpe I1I collagens

their cilture in mtrix conpone
will berdbtopsisd @s mese trpr¢sentatinesefenelass|df entra¢ﬁél$1)ar matnx components that

are found in or in high abundance in embryonic tissues or in stem cell niches.

[0049] Non-limiting examples of embryonic matrix components include: specific types of
collagens, including Collagens Type IV (further mcluding al, 02, a3, o4, a5, o6) and
Collagens Type III; Laminins (including, 1, v1, 82, a3, a:5); hyaluronans; forms of
chondroitin sulfate proteoglycans (PGs) or their glycosaminoglycan chains; and forms of

heparan sulfate-PGs or their glycosaminoglcyan chains (e.g., certain syndecans). Non-
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Li kewi se, their differentiation may be affected in
vitro by culture with matri x conponents found in, or
WO poogosasdance in, mature tissue. |ndeed, hepatPCI/US2006/060904
progenitors plated onto matri x conponents found in
association wth mature parenchymal cells, such as
type | collagen and certain forns of fibronectin,
|l ocated in the Space of Disse near the central veins
of the liver acinus, divide slowWy and then cease to
llmltwﬁcﬂ@m@ o410 AR EPMIPRnA BRpE i DG ﬁwy tipjuge Bghude stable forms of
collaf &Rl (LG ity 4Rl 1)) B0 ARRAF BT Yhd Binf ran S fLEPAL | (&g., agrin,

progenitors are unable to attach or survive on
perleearyy gpasintRGs; dednatpoEEst(agt, cavilagezsstrisiad degatampilthte-PG); and
clasti@popt osi s and death. However, the hepatic progenitors
gl ve rise to descendents that require fibronectin for
hesi on, survival and functions. Thus, the

[005% o ‘faélﬁtém@eﬂ shltersersdia mayyhseppmpriehewits th ipstanf invention. By
add1 rr r@ﬁﬁjvi Wﬁ%fd((ﬁ' dEAORAA R'HQ%Sfaét;og ﬂ‘rbrﬂ%ﬁ‘gg lgﬁ‘g %‘Pe%?u% the rate of

ISt correlate wth rmtura
cell pg@lafgéglogfan diférengiation @as] be'l'ihﬁusmuepie Fof exdmeplpﬁhs addition of

d to _any,.one
serumh @élr?%ﬂr)]{évg o%r?lp%![} otﬂ né‘attf%g) !)Hgétrogsoa}ndo ﬁaﬁsilé%e&g% aes\sﬁlcit}?x&tﬂxgards the
hep aipgmfat;g@dh ar 1ea,raﬂ,lclx ¢&e15qara@$da CKp ainpiva ot rrmscmbayﬁfal bﬁBp@ﬁﬂJatlons

| lular matri
t
oA SRl P A0 B S ARG T i rsrion
towa@absthﬁaatacytfmtecan be utilized for ex vivo maintenance
of cells either for expansion or for differentiation.

be di d :
005, BSRAY. ko SBRRTBRLIN Bl Lo ARy SRER Ry nren e
cmpleysid ingembiratidh orith equeum}ﬂrcmbdhaglens smﬁ—ﬂb@nﬂd&{:\umclopcd

prev1§1§slf?gr%eg§tg{)ﬁ§t§?}1§ esgrﬂg)efd 1a(}3§a§$tﬁr?tgzli,\pe Hou 08}678 953, the

mponent's ar e
disclesprenefamicieh umeasﬂpm;amai lﬂbréﬂnaﬁ lite Sntdety. nWSﬂham weeﬂlg héld@HB8Sbound by

f enbr
theor% 19 1% 6;(686 Hy Ibﬁl&e[vﬁa glgat 3%3& &3 cgwgge tlgg iplr:aregtg%’rlsl)r(wentlon provide

manyi qfahmmrmgralitgfdvﬁgaﬁa/oﬂbﬁmfbﬁdh()ﬁ gighBBgch&al | ?i‘(ﬂﬂdéﬁ by feeder cells.
% 9% g and. Cal | agens Tye (N Lami ni ns
Thus AR s fy o Gy Feplfys: inSem Byt TagA gAY HEyRSS stromal

feedeoéemho gk tadni Wialsilityf aﬁeex@a@jl&og&tﬁﬁm%f&ﬁ&%aﬁé pidehitors.
gl ycosam nogl ycan chai ns and forns of heparan

are t cosam no an chains

[ooszier(ﬁ ai enmggﬁlalg%t ‘?‘FJ}E PRy W gLB 1P €§6Wbﬁ€§t’ﬂ way of non-
limitingamnlﬁas.s found in mature tissues include stable

forms of collagens (e.g., type |l and Il), forms of
ExalPreRectin; heparan sulfate-PGs (e.g., agrin,

per ecan) hepari n- PGs; dermatan-PGs (e.g.,
Medi£ & Bifrage- associ at ed dermat an sul fate-PG; and

el ast1ns.

[0053] Unless otherwise noted, serum free media was used during processing of the liver

tissue and maintenance of cell cultures. This media comprises 500 ml RPMI 1640
supplemented with 0.1% bovine serum albumin, Fraction V, 10 ug/ml bovine holo-transferrin
(iron saturated), 5 ng/ml insulin, 500pl selenium, 5 ml L-glutamine, 270 mg niacinamide, 5
ml AAS antibiotic, 500 ul hydrocortisone, 1.75 pl 2-mercaptoethanol and 38 pl of a mixture
of free fatty acids prepared as published in U.S. Patent Application No. 09/678,953. The

media is sterilized and its pH adjusted to 7.4 prior to use.
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[0050] A variety of cell culture nmedia may be
appropriate wth the instant invention. By adding or

WO 2000059301 gr omt h and/ or di fferentiati on fact orBCT/D82006/060904
the culture nedium the rate of cell proliferation
and/or differentiation may be influenced. For exanple,
the addition of serumcan slow growh of the hepatic
progenitors and cause |ineage restriction towards the

patocgﬁ;c fate and, .in Barallel cause rapid

lﬂﬂs‘pra%%ll sB qfr%ﬁemmﬁ 588 ml Biyydnedq mle(nsfmtmﬁhd&’) bovine
n@g I | gs-owt h f a t or "

P0G S 0 T 0015 90 54060, SR, SE D B e

Comm?%lo([ 0%kl Wa@f Buffitd sppplementadevinbo dig@pé 3% cbh@enase and 30

mgdﬁ ﬁrg‘ﬁogf?gé descri bed herein are enployed in

h™a scrumfrcc nmedium A scrumfrcc

rredl a vvas devel oped previously for hepatoblasts and is
Tissudelsmpidiioh &PrepSBatidtat ent Applicati on No. 09/ 678, 953,

t he di sclosure of which is incorporated hereinin its
[0055nt Lavet {issupifiono bitmbie fatgseh bbiveen 16r2200tield daytatitie e wiete obtained
from Idﬁ 49&@&1‘8?%{” %Q/en ng bluel\l/cgbg fctbr:]eaén} 2 y%%er&(l? HEOHGR?S(PMC% of
Alamgd@\,@m @mﬂatalbl}p tisduie ereed teosived g/mmﬁm Y ROGE af {splapio \ehd@tived as

Thus, the.instant venti g

Bl oG a1t Bior oE R Oog AP % RESABERI FRCTaEr yBrcgeral, overall
tlssuﬁta‘lmmiak rdngedetwaeh hBodtd mParid &ot V2 alliahl e¥n@Rd large quantities of
redb%gg%nﬁ%% atential of the hepatic progenitors. 80%
& nt of the instant invention wll now be
descri bed by way of nonlimting exanpl es. EXAMPLES

[0056%‘ dltee BydBsiviess medldfa]ly divsesisted}] dierthe &&sdé@trﬁ%artwlylﬂigested with
the |iver

ur i r ocessi
the criz ssalﬁlg a%céh%ﬁﬁ}#s ﬁlg '%BE? PfEaJP‘F %’E“Sal ot stheaiplmps were
subj eciedm mﬂ&n@@ﬂd bdw B cdi6ifibu Siipphe BRIt RG M ERmbhaldfree floating

hem. nﬂymn Fraction V 10 nmg/ m  bovi ne
c’ﬁ%’le C Erlrastarai PPIOPATERE elhe 1§0ﬁ3g1}qﬁ Iyeg%\yEFerthen segmented

into 35&0qu fem/mah 25 nilk oEEQkHh A0 D%est?&pBﬁﬁ\emé’scéda@m Aer 30
S antibiotic, 500 m hydrocortisone, 1.7

mm‘"fs ﬁiéw Frbetgition ehi° Gdhepursinaiantiwasuemoped mrdeféomdtat ¢ °C. Any

dlﬁtl:uﬁiﬁr enad pellAs werkl s I {
e S S Battd Pirkleidn ERLAR ‘Ilhdo@@eét&ﬁl Bfer for an

addltlaaﬂ&& B, Alersompletiop ofdes poUEYic dazsslionaEhe Bssiedk dgments
the cellBpdnsRBs HPe HénﬁRMsd 3644 éugﬁhgﬂﬁgtc%wéﬁé&é% ?Q&‘P 1%he

serum al bumi n, 500 sel eni um and
superngipnty remneyed; alghﬂl)ﬁz,mﬂpt@ rejugeendied in By gquivalent amount of Cell Wash

Bufter.

Isolation techniques

[0057] Liver cell suspensions from fetal livers are replete with hemopoietic cells, especially
erythroid cells. Tn fact, original cell suspensions of human fetal livers consist, on average, of
only 6-9% parenchymal cells with the remainder being various non-parenchymal cells,
particularly erythroid cells. As routine methods for elimination of erythroid cells, such as use
of a lysing buffer, may be toxic for the hepatic progenitors other methods may be preferable.
For example, the erythroid cells may be separated from the parenchymal cells by repeated
slow speed centrifugations using methods published previously (Lilja et al., 1997; Lilja et al.,
1998).
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conprises 100 m Cell Wash Buffer supplenmented with 60

ng type |V collagenase and 30 ng DNase di ssol ved at 37
wOMo7TA5B8Ue Acqui sition & Preparation [0055] LP@BEDS2006/060904

tissue fromhuman fetuses between 16-22 weeks

gestational age were obtained froman accredited

agency, such as, for exanple, Advanced Bi osci ences

Resources of Al ameda, CA. Preferably, tissues were

received within 18 hours of isolation and arrived as

100581 i giteanate and Bise efficiany methods gqmplsmenbﬁleé@ée&s%?fowgya can be
ut1hzerdQ?§1ﬂH§1k1)iE¥ Y g?é%f dah¥flhte s'té?n gamne rz@fter &Yﬁééﬂalse Hig%%{ﬁl ant1~human

umes ranged between about 4 m about 12 and
red blewhtdi REC) mt@@dma &An be m@b@ftd et ’tbP 6@1(1.1 SespERSio ﬁa&@o dilution)

[005 ver, e
o 1R e R B A T SRR e .
Low’[’diﬁ @ﬁﬁlﬁéalcmg Q@fﬂ;ﬁé’mm’cﬁig(ﬂdﬂgi ((jll Wlhﬁmp‘afc&mclwm incebdtion at 37°C.
These clunps were su cted to shi_n | ow speed
Cell swﬁw%ﬁf besAmePiaki aﬁltl}eéfrqg&ov%P LR rélmfn? GRythrboyics.
SuspehtiBal pitgeh8MRAAbATibEC 642slcondiSlofla@lakiB(IOPRAIgagenchymal cells.
parenchyna The d|3300|ated livers were then segnented

| t t f.
ousohy ey et i e B oS REH A veen pura. s
then sABfd6Ica %S a d8¢dnAtrio@id 8f et&?m@ﬁc didestiGupefexht ilhgstase solution for 30
renoved and stored at 0C. _Any residual unfragnent

min tqelinigtize et @umping &ék%ﬁ‘dl by S 7VTPE BEAVERS Yl gY'On steve. S stimated
cell V{a)bﬁﬁ? B%f Q@/ﬁgﬁ' %fl%rexfcﬂl 10@%&%%{1&‘1&:{3 8 oh3PtHh 048 SA fréf fildation, most

he enzymatic di gestion of the tissue
hepatéblagmt@vlsmdi@eé @b plugu@é@ﬁlés enmdaipimeet tocheqlisgy ageragate. Together

these gc%gmqﬁgflll {J 't(9 g&{éfatg é)ldlgﬁ&nsf éﬁ'bﬁt‘ﬁt nfi ﬁrcc b8 blood cclls yct

eane e pel S resuspended in
enmd&ﬂpaqnuhyﬁ@hhwﬂmﬁﬂﬂt of Cell Wash Buffer. |solation
t echni ques [0057] Li ver cell suspensions from fetal

[0060@ %695 %Fén‘? b‘%‘pt&%&lb DRI RO AL Fficﬁ&{dltl%n fESREGLHG by

original cell suspensions of
hepatnuam Bet:ﬁly, ¢allp eresuspersiedtin 1@:mla>féwp&eg @edmm arithpupplgmpol red and
)]
overl%eg orﬁgr dn & ua? %}J u?nq%ilchélg?% u'@lﬂ%ﬁ(aen? 3%1%?%6?635 élg 4S50 ml
oenmﬁsgertom i @ellsmteisu’dsqﬁcnﬂ}ectanmfnafcd anl O@ﬂ Xeg ﬁ-’tﬂ%’ﬁd‘i‘@%ﬂél Beth the

mteriﬁceepa&datg Slgetgcfi c?qor 1 o{)‘l%eckt)elﬂf fﬁ% ol H‘Qéltlol?l% 1519 giegc%sf e}:%rllb sqgat are

geni ds nay
generkldy nﬁxathahei,o% bareachyntrl oils, emeh'saligaayll DEWQ@ib@mhwthhlm and an

mtertlace ofp l%r ? E WXP%e o%egln{a cetﬁ/p &ﬁ%nevglth diverse antigenic profiles indicating
parenchymal, hemopoietic and endothelial cells. The Ficoll interface cells yield colonies of
ductal plate cells at 0.1%, a 10-fold increase over that from the original cell suspension.
While results with Ficoll fractionation may be consistent for isolation of hepatoblasts, they

tend to be more variable from prep to prep in the isolation of the stem cells.

[0061] Immunoselection is another technique for enrichment and/or isolation of hepatic
stem cells (ductal plate cells) or other subpopulations. Preferable immunoselection protocols
are those which employ antigens with intense expression on cells (e.g., EpCAM found on all
hepatic progenitors) and others on one subpopulation of hepatic progenitor (e.g., NCAM on ductal
plate cells). Immunoselection can be by any of the diverse methods for these procedures and

can be cytometers, panning, or magnetic beads.
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sl ow speed centrifugati ons using methods published
previously (Lilja et al., 1997; Lilja et al.,
wa2®adpsgs0058] An alternate and nore efficient PEL/OSWN6E/060904
conpl enment - medi at ed cytotoxicity, can be utilized to
m nimze the | oss of candidate stemcells. After
col | agenase di gestion, anti-human red bl ood cell (RBQC
anti bodi es can be incubated with the cell suspension
él: 5000 diJution) for 15 mn at 37C. To puncture and
100621, sMagp¢tiqlgpunaseiestion pomnritss pheisolagionpf evhbexptessigg, for example,
EpCARINMEOM HamanadePedll §aFRhEFRNsind PoRSld6h Qilrt'ﬂ%gcgrloﬂEAIZS coupled to

dilution) for a 10 min incubation at 37C.

magnefis apippbages. #id 30 HEeMHACH Mk GliniVArsBanagyletibicnlumn separation
systeﬁ?ﬂ&ﬁmﬁtehmoﬁ&/@f%géﬁ St P%aﬁts %&gé&g%&%g th%fmanufacturer’s

henopoietiC cells consist o
recompme piekcolse Similay DOHBOYs Fhee wsed Giortinmgursussipeici 6fINCAM,
cD14 ' LeLlc cells have been purged, is

t%gﬂnﬁlgggjﬁgﬁfggn “?Igl%g’élg%er%%’ round of enzymatic

di gestion in fresh col |l agenase solution for 30 mn to
ASSayy nj i ze cel | cl unpi ng, followed by sieving through a

75 nm nylon sieve. Estimated cell viability by trypan
[0063]) Korelcassrys oRripemed. SurPhapyl dishpserere ntilizabeed 08 xel0®
parenchirthhidel19 Weré@&ﬁe@ﬁﬁ%&@ BSL e W848 0 oA e ?%tiglsse ding, the

.Clumped cells containing 4 to 8 cells per aggrega?e.
mediyyyesipplemested vath %G fets! belipe saume desdetices that supplementation
with SHSRYISInG Mot SIUASEANE fon' % od gells. vet

~enri ched_gpqu_e_ chy%facmt{il%? Il%gﬁagl.on[ogg%% ot Ililg?dsm tissue

digestipn prdhasists ipitisl aitashendnhcThcteafiircanly séinan fico patdivan wadscd.

Geneta39! Al Q; sBrkefly, cells are
T g pend e%m?% ‘4%1 Q?Lr%t(?%éfd a% géaﬁouﬁén ?rlyér%sv\ﬁl r%dlhl&ff) NSNSy 2t sday
intervalyd (nless|odlerdissoteda experiméntsiohilne wafe Rbeall zePas|U@trient media
Tt R m.ERamecia) in a 50 m centrifuge tube. Cells
VOunglre géggequgg{sly centrifuged at 1000 x g for 25
m nutes. Both the interface and the pelleted cells are
cdlitected. Ficoll fractionation yields pellets that

are generally nore than 80% parenchymal cells,
[0064} s Asseyshasyd am direst indsrastion o6 ures peittodikessylsmonerdmenwere conducted

to detbiigE bRGReOEonkdnttfi) Qi nak, el s RopkaLlon
° e‘vvi tlh di ve?sgorgéﬁ?%étéorﬁ_gcﬁ)ﬁlgﬁe?(E,%e%lkann%fngg?ﬁ' nSéch ards and reagents were
purchpspdeas dingnastic kisnfspoiSegine. Ahdkinvotchmbdificd dot hse. wilthe 96-well

. 1280 ozl : Y L.oni es pof ductal.plate .
o For B ARE L Wtk L SOLOL G g S SRl et
Usinggierigh dilitiops|the stasgrad spusentrifionsovere slatressedit yidti a@bdge of

i anax b istent for isqglation aof
s 8BB4 0o SRS e SR ey e by
mixing dhpplepd-ureattigoggo(ban) acid ofagehearsitiam edd Bagdn@8Bd h 1.3 t0 1.0
| mmunosel ection is another technique for enrichnent
and/ or isolation of hepatic

Al

ratio.

[0065] The assay protocol consisted of first loading 9 ml of the appropriate sample (e.g.
blank, standard, or sample) in each microplate well followed by 100 ml of Reagentcombined.
The loaded microplate was then warmed at 50 °C for approximately 25 minutes or until
distinct standard color changes were visible within the concentration standards. Next, the
base of the microplate was ice-chilled for 3 minutes. Immediately after cooling, the optical

density variances were measured at 535 nm using a cytofluor multi-well reader.
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stemcells (ductal plate cells) or other

subpopul ati ons. Preferable i munosel ecti on protocols
ware@70sisse whi ch enpl oy antigens with intense PCT/US2006/060904

expression on cells (e.g., EpCAM found on all hepatic

progeni tors) and others on one subpopul ati on of

hepatic progenitor (e.g.,NCAM on ductal plate cells).

| mmunosel ecti on can be by any of the diverse nethods

for these procedures and can be cytoneters, panning,

oAmmgnai-itipeads. [ 0062) Magnetic | munosel ection

conprises the isolation of cells expre53|@%§%g .
[0066éx£qi¢lemeE1§@6\MYﬁ basadmmmgactina A3 sath brepep ﬁ? (ﬁ’g‘i"%ﬁl
I(Ortho-Cli 1

S5O A O VAP B i maneh (Pl

D1agr1m’g¢‘seRloch6Estdr Mﬁ) s’@mumrnmd@y@le@sﬁeﬁm@ﬁ M0 pbypmplp) f arnute
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cube. "OLE: MSRE thDEhehiTval ﬁﬁélﬁ]h@@fhe@hdeﬁs MMI fcﬁlhlaﬂlﬁal DRty variations

and 133 Ils. Assays [0063] For al
dndp&§§§f§“ﬁ@ﬂ¥8? Fpte “W@fr d$hetri di shes were utilized
and 0.8 x 106 parenchynmal cells were seeded per well.
Faglubdye first 10 hours after initial seeding, the
medi um was suppl emented with 10% fetal bovi ne serum
[0067t Tis: GEIR@S waoﬁabhaupmysyHMScmm dwiltrepctionsaqubgee-nipitially, the

Odedélﬁ% %hgclgnﬁlg Cgﬁ]ﬂ f aC gtbg é% coasgto!x Lé Q)rk‘oﬁ];l I-f bﬁ Thus] reaction is

ion an assists i
follovaéd B¢ bmn“emdatﬁmaﬁg estalyaad py peroxidaie ux:thmmsama/ﬁsiye precursors,

ST TR TR A

loadid | @8I AR Siptb et odresle (€XN @[anmiﬁ‘ﬁhﬁdar& airlsemplme bﬁto each chemistry
normali zed to nutrient nedia VO|UP%FWagd cel

side. Pege [ro0BA1e AsSgs BASEE. it Ui edt FoFIoH STIeBH PG detions

and pibtidd LhRSEiEaIRACX sEEIMEs.e conducted to determine the
urea concentration of collected nedia sanples.

St andards and reagents were purchased as di agnostic
LEQBEE§§JLE%n1Signa The kits were nndified for use with a

6-wcll mcro For .t hi
100680, o Ra GRS ATlEaP GROR B ARy B ki a0 Ruigere of
acetoB€ bh@kmetiandl 0@ Rsminbifes, @amdagdm@om GmPBSt wahslovlesdewith 10% goat
decreased to yield a range of a%’ ards f A ﬁg]%‘ _ﬂsor'e7c%nt robe
serum o T, REB AT POTYaAE P e SHBNER Gt ReJoredetnt probe,
was 4€€ fOY1 1 Khdds hiohl ©afhetit@d: WhérD@RnfughiR)l peithaly antibody was

reagent and bun col or reagent |n5 a.l.3 &o.ﬁ.o
used, the cells were stained with a secondary antibody conjugated with a fluoroprobe.

Proliferation

[0069] Proliferation of hepatic progenitors was assessed macroscopically by imaging size
changes of colony growth using phase microscopy with 4x, 10x, and 20x magnifiers; the low
magnification objectives allowed observation of entire colonies. Growth curves were
obtained by repetitive colony imaging, and the micrographs normalized against known

dimensions precalibrated on MetaMorph Image Software for statistical comparative analysis.

Preparation of Tissue Culture Matrices

"[0070] Control studies included seeding fetal human liver cells directly onto tissue culture
plastic (TCP) (Figure 1A). Fibronectin plates were prepared at three different concentrations
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rati o. [0065] The assay protocol consisted of first
loading 9 mM of the appropriate sanple (e.g. blank,
wae@ndsaso, or sanple) in each mcroplate wel |l POI/US006060904
by 100 mM of Reagentconbi ned. The | oaded m cropl ate
was then warmed at 50 OC for approximately 25 m nutes
or until distinct standard col or changes were visible
mﬁthin the concentration standards. Next, the base of
he m croplate was ice-chilled for 3 n1nutes

.5, ilf%%l? aleéqr@/ ) &pd adiugie (e pid,7-3-heobpgendupe-liplstistere prepared at
concéfﬁtlra'n@Hé:@ f YW s ﬁﬁ URgHnd Qé%@raﬁ@% g%%kg? r%g?ﬁlﬁg S0 00 (Cohesion

rea . Anmoni a metri
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ry system
in whikdc®.28 tnelrO. l\M)NaGHeOQG miﬁtﬂ)bidblM[EM@e?BSI; écﬁung/eﬂ \ﬁtrd:@emi 00 are

comt BTGy a-EhAC e © QAL s 6 FseBondd pton Dusing this process

it maynbasllammmmto oieintiodedng agibdeblch evithirethea@iviafmingdenlliagen I
e slide is IaQﬁJeg for q&%&cal density vari ations
mpegﬁl&%%?lfgama“gaéﬁ SEOiEe e fPPEFEd standards. G ucose
[0067] The VITROS DT60 Il chem stry system uses a dua
[007eaThe cullagenl empensiblmi werahitized toeproxoatl atiroweld furdarp k@ both Flat

s cat al zed by. gl ucose ox se formH O .
Plate PP ERRE SR SRN B BaHIR E R fG5Re I8 LSEBRG. Tes were
prepatad @ity et pf pellapen dasdpension o paciswolt ef okixdyell plate. The collagen
ecursors,_in whic f dye | neasured
I SHSI%*SIP& PELs %l&OW‘?dgtﬁtgep‘I“r% \ﬁ e ééa?fg 1&% ftep gelpiipw,the
plated/RBHS H@rd £ty & reb&i®e BRMPRIIE plogetidsipl € (e.g., blank,
standard, or sanple) ont o each chem stry sllde Once

de t.he chem c anal e sllde is | abeled for )
lﬂﬂﬁdpt géﬁ@ﬁsgnv S RFPBRS ThiRAdgRGea é‘%ﬁn&@%ﬁoﬁg‘l‘t of FPs. However, in
orderfb e@aaidlvdamat e céltma@aé&lﬁ laydFHF BOMA g2in R kknk@AG8poured onto an FP
|n|ng of cells was done after culture
with f‘ﬁ%?‘g

Stfé‘F‘i?@naA@O’Y@DthﬁlFftsuﬁhé sgirdvacR phis varie prePRiRFarlled at 37
°C arfdof%%(ﬁ}o Y 8Rwr mﬁym&v otblﬂaéeﬁ: §§er aﬁﬁelbée@eﬁl%%dO 5 ml of

0% goat serumfor 45 utes.” Thén a primary
Semﬂhﬁlmm@alm Wb@@l@dedcf@m]ﬂltgmtédpmft h afl uor escent pr obe
was added for 1 to 8 hours at roomtenperature. \Wen

[oo—/sjncgﬁhﬁglat:@ge@mdf@ rYer@Plep R it WRS difetht ct)ﬁ@en@f%hba (\oe:fzeor 1.0
ained wth a secondary anti body conjugated wt
ug/cm{) gBd @éw@@é_to pH 7.5. Collagen coatings were prepared on dlshes utlhzmg 1of5
different protein concentrations (2.1, 4.2, 6.3, 8.3 or 10.4 pg/cm?). Following coating, the
matrix was allowed to attach for 10 hours at 37 °C and 5% CO,. The coating process is
illustrated in Figure 2, where random matrix molecules were heterogeneously distributed
within acetic buffers and inside the dishes. Within about 10 hours, the matrix molecules
stabilized and attached to the well surface in single homogeneous arrays. The plates were
subsequently UV sterilized for 2 hours and rinsed with 1x PBS to neﬁtralize the acidic pH.
Collagen III plates were similarly prepared with pH 3 acetic acid and Collagen IV plates with
0.5 M acetic acid.

[0074] Where plated in combination, type III collagen and laminin were co-plated on TCP

surfaccs such that their individual concentrations werce 6.25 u“g/om2 and 0.52 pg/ om?
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Proliferation [0069] Proliferation of hepatic
progenitors was assessed macroscopically by inmaging
w@rme/osdsanges of col ony grow h usi ng phase m cPOBUSY6/060904
with 4x, 10x, and 20x magnifiers; the | ow
magni fi cati on objectives allowed observation of entire
colonies. Gowh curves were obtained by repetitive
col ony i magi ng, and the m crographs normalized agai nst
known di mensi ons precalibrated on MetaMor
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ug/ cnR) and adjusted to pH 7.5. Collagen coatings were
prepared on dishes utilizing 1 of 5 different protein
w@oencesuspat i ons (2.1, 4.2, 6.3, 8.3 or 10.4 ngPCHE$2006/060904
Fol l owi ng coating, the matrix was allowed to attach
for 10 hours at 37 OC and 5% CO . The coating process
is illustrated in Figure 2, where random matri x
nol ecul es were heterogeneously distributed within
acetic buffers and inside the dishes. Wthin about 10
hours, the matrix nol ecules stabilized and attached to
t he mell surface in singl e honbgeneous arrays The
[00761 A prcae detailet eOrBPATBIECRUBIY§N/IS W%‘N@g in T2klg H.or 2 hours and
rinsed with Ix PBS to neutralize the acidic pH
Collagen Ill plates were simlarly prepared with pH 3
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either amnnin or type or IV collagens or t

For attachrgent) huraandpetie siem eﬁtab‘dﬂheééj@h?ﬂ&hﬁ’é‘ pigtions when cultured
on either laminin or type III or IV collagens or the adult substratum type I collagen. The only

substratum surveyed on which there was minimal attachment was on fibronectin.
Furthermore, cell survival of greater than 10 days is evident on all matrix substrates except
fibronectin, which promoted rapid apoptosis for the few cells that attached. This 1s
noteworthy, since mature parenchymal cells require fibronectin for attachment, survival and

functioning.

[0078] Next, the geometric formations of the cultures were observed. Laminin and

fibronectin induced 3D spheroid aggregates while other substrates induced monolayers of the
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attachnment was on fibronectin. Furthernore, cel
waeoviosebl of greater than 10 days is evident OPCHIUE2006/060904

matri x substrates except fibronectin, which pronoted

rapi d apoptosis for the fewcells that attached. This

is noteworthy, since nmature parenchynmal cells require

fibronectin for attachment, survival and functioning.
eonetric formations of the cultures

the g
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and then wapfeintoagrawili biresh end thqvnmp’entcﬁuhd; yellsfas vidbée amt functional.
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Plate%z?f%g%%f c{Hiregh e Fivg ey oy fwéglgswgé?ﬁai %ﬁﬂéf@p@é@e@ﬂwm are
lineagpyrestrizmadcst ﬂlﬁtrﬁ(l.dohtﬂoﬁént@ An hRHdRhin hMBR ddshe CIOIk&BRP the high
A&&,aqf / glla en and n%%?tlve for those pl ated
é%@vileé P & éﬁngﬁHagq 18ﬁ1§éielmfethYf§alfqu§ upgergoing lineage
restriStigBask srdedinitlt PepRBEytRGIrb ¥ddiloss asﬁrﬁh Sottfborated by data
restrlcted by matri x conponents in abundant in matur

indicgt ?anl%la’é’éﬁi}@? of glyeossiagH WFEPPTQAUCNB acti vi ti es for
cells on collagen. | indicate parenchymal cells

[0080) ndmrgmgrmsi tolRpge: progéditozs %)fanfbil& %ﬁﬁgggpmfe&riace

ti rogenltors
morpg‘gmg&w%é %&C%?%H@d 2eblastrindrhegpiicyigm cgHy abd aggociated
mesetYeg tEID ﬁamﬁ&@%@l}e f&lf)ﬂ'b@ lgvéﬂ d §f—d£}ﬁt1ﬁ1% C%ﬁée‘in}/esugatlon On day 0,

§%$gen| ors plate direct y onto t sur
liver g‘@@é’&?“@ﬁ%b’ déttabyted pato HEP purigasshEpainstildspstoblast (h)

popul@ﬁgngw&%tdrgarﬁie%rﬁs %ghér&datﬁgmﬁ§ §§‘%hﬁaﬁr§d§ %%E%l%ﬂ%”@'(wjﬁut were also

partners vvere wed over
found; asséngle gelts 6h a{}hludiaq;tc@ in fhic\2@x m1efdg$apmdfeFlgure 4A In this figurc,

b d TCP f
the ndbTRAS e‘ﬁ%%éif%% B Y G BBO I AR OFROMEP B Ui (p pbeutA uim,
wher&ip |ﬂl&l’ Ghl1ee lcHIO®ith Qi Ah b N6F 13sGh e Rahelb &k Seke dbomddWither

mesenc d?cells, residual RBCs or hepatic stem cells. Cell cultures were non-confluent

with multiple heterogeneous spheroid aggregates attached on the surface.

[0081] By the 5th day of culturing, the residual RBCs had detached from the TCP surface
and died. The remaining cell populations, largely hepatoblasts and various mesenchymal
cells (mcs), were stabilized into their respective morphologies as shown in Figure 4B. This
stabilization promoted hepatoblast (h) culture confluency as evidenced in hepatoblast

populations that werc flattened, spread, and had initiated ccll-ccll contact. Furthcrmore,
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found as single cells (T), as illustrated in the 20«
m crograph of Figure 4A. In this figure, the

whepansshast s were identified by an average di BCEUS2000660904
about 10 mmto about 12 mm whereas the smaller cells
with a dianmeter of |ess than about 10 mm were deened
ei ther nmesenchymal cells, residual RBCs or hepatic
stemcells. Cell cultures were non-confluent with
mul ti pl e heterogeneous spheroid aggregates attached
hepatetiestsptdinedgogderdlular Bistinpigomst witly alyarp mesihreng ¢S A Smooth

cﬁoplg%&%%r&Bcﬁdﬁﬁgnﬂﬁ; gﬁﬁ@&l cb rcﬁmlfehﬁte}—&aoﬁy%?ecﬁe@ﬁgwnh few and

remal ni n pul ations, largely
d1screl:ﬂeqmt@ﬁbcamﬁsﬂ%ﬁ'ﬂ@btwa¢n mmtd@b@émmncbemabceémss wer e
stablllzed into their respective norphol ogi es as shown

[00822 @#{ ﬁ)’r éﬁggﬁ{f@e he @bﬁlh&?hbc@ngr@f é?ﬁibrlaﬁébaén@myﬁﬁﬂasmw

as evidenced’i n hepat obl ast
featurps)mnsasttm vatht deseriaveting ¢dllat Peldéinnadlyr tha datigbrfweerihepatoblast and

mesenc L a?g ha%ldelqgglﬁ ed, St dl S? Jrgrﬁfh Ec&W@r@Qlcé\%y%g more

ain e i n ct ons shar p
surfadasmﬁds)ar with th)@hdp@Maermmdh This fypling mr@llﬂéétﬁhﬂ' qassic

Addi ti m.t ed i .
pen e B i TG0 S I DRESE e cncion o
medile! Whewr d’lﬁngctsmhtmstcdam}’ mi’sm ccbt;dmdmsoed:r‘p coygheive fop@8¢nchymal

cell eﬁ%ﬁ?g )é/‘r‘?é'g“&’ i elélgl élg Eas? TS rggg%?m?ent R {/jdeed, on day

31, h&Rtcdldsey Rid dithet eledr re!kﬂlguxﬁzanlnatd scaffoliing a mesdnehyvedrcells
e atéﬂﬁ as and senc S ha}:dO e%@ﬁl | . ure4D
over Vgl?g‘@% g BrfSH Hb eI BRI BEEUBY RG hor e

surface area w t h the hepatoblasts elimnated. This
[0083‘] i na icﬁ@paﬁscﬁi wed skt bivelc of hesin hppeivgrreganitoof when cultured on TCP

“fibr ast
oot BRSO M S B ByblD AHRASE Byt .
For tldilfkd Eatted] 00 NekillsicBnECMeshewacn®igire & Af, epatelslests (yradplayed
s b P SRR BB SO Bl pRE5AY) Rbencimat o
(mes)) & 19:%3@%@11@&% ﬁbﬁlﬁﬁsfurﬂiluﬁde@%heﬂﬁpditgmsmﬁﬂbmm OChe appearance of
scaffol ding as nesenchyna S 0O
the HeAaTE U Pr RS RS SHIRE Y e n@wﬁﬁgﬁdﬁﬂ collagen
type- ft@}rfgr HhP-521@QB3 inAUHAPPATEBRIFBYAST Héﬂiébaiﬁﬁﬂi@tb s@hoWedraéfinitive cell
hepatic progenitors when cul tured on]%é e v$$%§ 11
bordgpeid agaRRT Al e6eplagen chyrpeerstpista CE@ it tionally,
meseﬁé@rﬁeﬁ Qs éﬂbv@cﬂﬂﬁﬁecﬁpmﬁ?ératﬁ&i@b\ﬁlﬁhsto%ﬁnﬁeﬂrﬂrﬁﬂneﬁf cell border
cel shown in Figure 4A hepatoblasts (h)

Chara@tegiﬁtla‘yed gr anul ar cytoplasmc features with
i ndi stinct cell borders. Additionally, mesenchynmal

[008zﬂe| H@pa(tm?l%gtb cliRi:g8 hyingRdehdiich @eﬁ@ﬂ ilsdsbriaked i [miguw Adekmonstrated
at obl ast col onies. The ap ‘{‘%"\ie of th

estabHEipuk s R PATSS. RUIES PolE IS Set] A GFTeE T ef hpprocstic and
biliady 8RR as WRRSSLEG Rt £ L F4Abumin (red) and CK19 (green)

expression. The results were indicative of stabilization of bipotency in this progenitor

population.

[0085] Urea is produced uniquely by mature liver cells. Thus, its expression can be
indicative of tissue-specific gene expression and a significant extent of differentiation.

Accordingly, in order to study the extent of differentiation of the immature hepatic cells as a
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type-1 (FP) for the sane time in culture (Figure 5B).

The hepat obl asts showed definitive cell borders and
wagransdsar cell cytoplasm - characteristic of BCHOE®06/060904

hepat obl asts. Additionally, mesenchymal cells showed

limted proliferation but also retained prom nent cell

border characteristics. [0084] Hepatoblasts cultured

using a sandw ch design illustrated in Figure 4C

denopstrated established cell-cell contacts,
funcliQh pripe i RSP PR GT ST, the fanerndiatien pf uxegiip thegpedia was determined

afterRepahldewtd & candrddi | 1 ary functions as evident by
i mrunost ai ni ng for albumin (red) and CKI 9 (green)

£SSi gn results were indicative of
roos§} Hfives Sbors gﬁpﬁpblafté feiuted op i Eagstiylps matdpes which are dominant

in ermwhahh@ PotallIRRBBhsues €A pastiflNRAHS 8 tHBL BLG]Y nfaV TR A Ses

liver Il's. Thus, its expression can be indicative o
collagen HY, é-)s g@&qaen dVd@damiginée)s pasha aridtuse of epilapp é‘ﬂﬂammm ™),
f ol o de
i el e St BRI en e 1OF SRR TS: ol uRdaieb, nopatoblast
wereh@pmtow @,d oaldeygs hs Sandrietii nermofizédarcdamesiltsnee displayed on the vertical
axis Proteins, the concentration of urea in the nedia was
determ ned after several hours in culture. [0086]

Fi gure 6 shows hepatobl asts cultured on extracell ul ar
[008%lat Pivewd. thlqwehtrak elld omi T(ah( Vi) disphiyeq orfecomandivitg tialoughout the

inve ﬁfggﬁén LT ﬁuﬂ‘?ﬁxﬁc} ﬂlllmlﬂuﬁ 1:11%%)11'9agcr:1%rr1? avseofJ 5 Y R 4 1}5) and 1.5x 10°®

trices I ES col I agen gen
mg/dLargspeativel) , Marﬁ:lsmclﬁcnﬂunmnma‘dme) ﬂisagemn'ﬁ\#vdra oberved o) day 1 when
hepa%ﬁl»;aggr_s@&?e&?)glg&é%g | o‘ilfa]. e’ ﬁ/ ogtt %lc g? Co{]‘%{rgl %ure reached

urea feyelsadPss 4 10°° ﬁlgdﬁ:i alheﬁher cmbﬂuml dsgsdd hae ard’aasvéli ﬁea’ltr% x 10
| Y ert i.C Over al |
mg/ déio nc? r%lﬁge\fl%l % hf‘f;}‘hléf i%§ Ye V{@gﬂ ﬁﬁl}%}y Rspa &’{[ars(‘ﬁ teF)?W changes
Weretdotexd@hown thl day m\aﬁatdag atr]lf:ﬂﬂlts é)ﬁvpﬂggapﬁﬂibgdm;fﬁe@diw 061 bgollagen v
nu np.5.x 1 and 1.5 x 1
and g SR ef SR § £ 86%8%%%&%@0? g dleyide however, the

collagrSIV (m)tmmﬂnseswev@uab@le b¢&Gir&i bl ddionlabey reﬁmtg)bb %Sltcﬁs mg/dL,
seeged on either 'collagen IV or the 'collagen
WherF' 3 g

1V a
AR PRI RCxATEsEh ad Tuluer MEsPEelsf By &390, g urea lovels
mergH@ kshninidlal uRhREpPregsibh WRR FISAVEInLAY, éﬁﬁg@stﬂng\fﬁe{t $hd & ffonia was

x 10 nq/dL - or 56% devi ations between highl
dcplcéf‘& frora the gultien padig §ineRTAR SRITERHAN ICHBIRCTHANGRE aplers.
not ed between the day 1 and day 2 results, except
[00881e putcalragiction eeegdeaBd 2§ §lck aﬂﬁrbohyerﬁfh@ohﬁﬂf R (Figure 6B).

Thesesyf)\é\g%p%\éérﬂg Caét?cfen’fsriﬁ%anh(t)f uq"gf (lnlreg ?1824I Irllouli"rp%gozl ligg tall'eolgbeled such
that circular ‘solid black (-)” data points are hepatoblasts on TCP (control), circular ‘solid
white (0)’ data points are hepatoblasts from cultures seeded on of collagen type-I (flat plate,
FP), and triangular (A) ‘gray’ data points are hepatoblasts cultured between collagen type-I
layers (sandwich design), respectively. In this way, the time-lapse evaluations were analyzed

for culturc days 3 thru 6.

[0089] Asillustrated for each system, the urea concentration levels were high at day 3 but
continually decreased throughout the investigation. Also noted were lower urea levels in the
control throughout the entire study. Hepatoblasts cultured in FP and sandwich configurations
had similar activitics of 8.0 x 10”> and 5.0 x 10 mg/dL for days 3 and 4, rcspectively. Thesc
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collagen 1V () cultures reveal ed the best urea
function activity reaching 1.2 x 10 5 ng/dL, whereas
wao b@7os95er cul tures expressed 33 % | ower urea PEWEEDN6/060904
By day 5, all urea |levels nerged to mninmal urea
expression levels of 2 xI O 6 ng/dL suggesting that the
ammoni a was depleted fromthe culture nedia since urea
expression requires annnnia factors. [0088] Urea
production is expressed as 'per cell' concentrations
Valueéfcowaé’n(i#? guttee sgjvityTimpsevehents whepeempaed theontrol cultures on
cultu?é) ‘é@tm r R4 ven, At Fuh $2a:0 F%terﬁ rg‘f&:a%%i{ %I{EE rh%f? o@lg% at%ﬁwty on days 5

el ed such that circu
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and ~ ?ﬁ%%e{’é@écﬁvﬁﬂhan ﬁ‘aﬁ’ #,ggdsc ﬂ[ueeshepatobl asts from

ures seeded on agen type- I (flat plate,
and triangul ar (D) ‘gray' data points are

[009¢)e LEW@W%{OQ&I@&BQ}@W&IG lreqdnée poropdre ég@@ongdmﬁmty &yneueﬁs seeded on
the v£§é\ﬁq¥lﬁtﬁ@e§j %gﬁF@ 7 d%ﬁ%ﬁ%ﬁéo\ég L11¥(i1 é)‘hPi o]?l‘oc 1 jon! resg%cylsvely, on day
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64% i ﬁ%@ %Iﬁ%?ﬁe ‘(ﬁ#’tﬁlm&f)’ J:f S¥%e%6 PBiScul t ures on
cul ture plastic. vveII the Flat Plate system
[009F] e vEigueel 7B|dgﬂp®:ys hapadm:ib lbaatmaationint TCR mlﬁ&y@ at>4.8:x61.0A8mol/L, in

L.snl he EP tivi t xhi ~8°/
FP S}%Jee?l ea?&a |1§/| 1fnm? ah (g 3‘ 1%%""3%‘&611 S1898 T)tef % ol/L
concaxtlta'tiltah hyaghhmiebT(Ilﬁe lemdcéwtbhtwlt&&b hb@?g&]e?ggmnllmomd levels and
IOn assa 0O CO ar e uncti ona
Contrgfg%wl%yf f 81@%%??“@&36 55"90%3%‘[%“19 96% matri ces.

Figure 7 depicts glucose and anmoni a producti on,
[0092] eSﬁjamt(bhl@tgldelmsda’ged3n01\phbkbg1oaﬁsha&géw\&lotatedh@ thB&héfBery of their

B AOGEE L il 88, 3N Y o008 538 o

1mdgd:é&\11€ll cverdl] shrféxé EhBadrgidics of abell @ duliuies OFigtr & 81&3, §B2 dnd 8C2
culture levels at 1.63 x_ 10 3 / dL

showcd%t)al ggyorh 8@{ gjlsgﬁ:t{vgness vi/1t}) hig Hmegs a%gg}ﬁqegppsa entical
cultultey pih Fignuté BAl cthle@ee] Surddce vl precbltedBiitl-6 2k abelsd cbl'[hgen III prior
to sed %agi} g %‘\i@%rl sons, .bet ween. sandwi ch and TCP or FP

e (k%% S0P HiEk GRS Obnirrocemasies s masses and
cohesij g @sléed sy etBuhvady e@fa*bﬁéh&le | A d BHSABT HESRANSE Showed recently

B di spl a anmonj a accunul ation in TCP

devel{?mcf H,l‘re@n ?mlzey %sggrsﬁg ac T /agc,i cirpular subdivisions. For more detailed
image analysis, micrograph Figure 8A2 shows a magnified segment of Figure 8A1. This

enhancement shows human hepatoblast networks in closely grouped patterns.

[0093] To contrast this cell-environmental effect, the hepatoblast stocks were cultured onto
0.52 mg/cm? laminin-coated petri surfaces, as shown in Figures 8B1 and 8B2. In Figure
8B1, large quantities of segmented “white specks” were dispersed throughout the seeding
surface. These groups were validated in Figure 8B2 as tightly compact spheroid aggregates

with elongated spheroid-to-surface contacts. As the spheroids grew and shifting media forces
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FP systens at 2.8 x 10~3 mmol /L and sandw ch col | agen
systens at 2.6 x 10 3 mmol /L concentration magnitudes.
wabh@78sand sandwi ch cul tures had decreased anP@NUS2006/060904
| evel s and controls displayed anmonia | evels at -60%
greater magni tudes. [0092] Hepatobl asts denonstrated
nor phol ogi cal changes dictated by the chem stry of
their substratum as indicated in Figure S. Figures
8Bl and 8CI show | ow magnification i nages and
- ateg1sphagidsde SVahapatst el the sudacettaghyentbonds biokesnd the cells are
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interagfigquy as b8BYeen mdre&BQymdtlnmEI r@uﬁﬁr&ﬁlhynﬂaﬁcﬁ egE‘pcﬂtﬂlaﬂI\ivéﬂe &Bserved.
of segmented "white specks"” were dlspersed t hr oughout

[009 hqssesg xﬂqx%ﬂﬁg‘rﬁhaefouﬂ_@ &% o \g{dgHg Slnve\erﬂbg'y(\élrga Pgsgltﬁe g% (ig\gﬂlaln‘ll'inin and

ure er ol
collag@ngngemdela’) sphscd ISIQbleo?— mur;ﬂf@dx%mm mhacistioAd chiweges in hepatoblasts

and aBBREEOLA TN i) TR Lo RS TR AR e Fure 9

spheroi
bhOWébﬂjlﬁdBOfth]bgy af ﬂetalhafeﬁ eélls&eaﬂeei MBSORdlafdiff) éd1Rgen 111, and collagen

N e e ——
Iammsﬁbsd)lit@eallﬁ; aﬂqu aollageﬁIMQ@vli‘eQéds 8¢ 4aeha@RbnaRY 10Uk &erred to as

eadi or a ntrast of cell-matrix
TCP]Q 'qug‘ﬁ@ %ﬁb'géW§P°1F$3&V§§1IS are cultured onto

pre- coated collagen Ill-lamnin petri surfaces at
[0096t oo r Ehé cogrod TIP3 2ola@iiek, AispRys@lL e 2uhB&PeE hépiedblasts (h)

d in.Fi gure er culture effect
slong 8ot Arl AR P EPaEngnial R LB e Commataysive Mg dsoulures
on larmmm@nfstslttddmﬂmedtmgﬁmlisheﬂd&ibﬂswﬂ SALUSTeRRE l:énsl aMacRd AR

I ssue, an

. f t

mere L BRSB aMSEE sk Seciy hepti s

cells. hhpame:bbﬁ]sd;ﬁna Bidéls P € RecBBhbIE AgtigNBy ac’k@& (R0 @ﬂg uniform
abl e cells were hepatobl asts wth

of
oA VR o e e o S e e A ERasRipRgic asgmssion of
HSC dpetifierantigens (e.g., EpCAM+, NCAM+, albumin+, AFP-, CK19+, CK8+ and 18+).

Additionally, HSC colony cells had characteristic diameters ranging from 7 - 9 mm along

with nuclei that occupy most of the cell cytoplasm. The colony cells materialized around day
3 and remained surrounded by hepatoblasts. As well, liver cells seeded on collagen IV
displayed many hepatoblasts throughout the culture surface along with beginning

devclopments of two small HSC colonics.
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i nteractions are between parenchymal and

non- parenchynmal cell partners were observed. [0095]
woie@70895mat ri x substrata found i n abundance i NPCT/US2006/060904

enbryonic tissues {e.g., lamnin and collagen IIl and

TV) induced specific norphol ogi cal and functiona

changes in hcpatoblasts and al so selected for hepatic

stemcells (HSC), the precursors to hepatoblasts

Figure 9 shows the norphology of fetal liver ce
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other B@P%&ie@ B ﬁ@'\nﬁilglfdg‘ﬁaplﬁthbﬁ)ﬁ% sy Dépal&ﬁgmts subsiseth lﬁaelv«b@fHSC
re recogni zabl e as acked ce uni
prohfﬁz@pbﬁ Gplg&gps Rasty-ite &cgt?%'enljﬁé Op ges&f)‘n d\géo%h he ob?asts and a

newlF &idiSe NHad &ied Pl rdhﬁﬁbﬁv@é@é@s&ﬂﬁrs%d hﬁCedsbcﬁdmf mcdgeb
antlgens (e.qg., EpCAM+, NCAMF, al bum n+, AFP- CK19+,

nd 18+ Addi ti.onal colon
A M B e e B T
figurdd {hR JRHEHBéntl(Btr-RGA WY TBIREeOTV bsteg et 4. 16Wgﬂmh2a5m the hepatic
The colony cells materialized around da

stem pelheqlpey] was FRagRicRd 42y 2h éﬁéb%‘ﬁpa@wsoth%g%hemﬁYP%Were observed
in thecﬁhlnﬁggf@ﬁg gol%ﬁy 6PLls8gBG e Vil sRleesh. MBRYL, this environment may be

asts throughout the culture surface along with
consn:iegd tmsaiept devpdrtprenecl pes: VR5ios ke peques the 10x mictograph shown in

Flgurceoi(ﬂ¥ |8 HROAI Xs mualy‘xﬁofﬁ't&ég ABRLS dBfs 4 D1 DeMridPthis time,

TS were ta na?nlflcatlon to facilitate
the tlghmgcmgp¢du®1 HSCb o gymwfd as omelllgeregsies of tess tpgrabyep) (pells and

prohferatet:({ Qo gﬂr%&{) (8)20&’18? c@x%qilng g'ﬁlgg%%ﬁ% Qf%og Yk Qpé‘éils@l@ Qhown within

ned su ers o hepat obl ast s.
the hi@hhghtsdairbulaohmmj{ab@lmiunrl’egh@ Idissti nct outer thick
ridge with convex mddle. For the lamninlO cultures,

t l | %o cant “ i
b

or om;grhwthscw dlﬁfmeangedreﬂissoc&n@ed ol thr HSG seleny gdass sesubistedie cells with
ant1g81'1% eha %Bl?&lgélcglgé‘[gﬁ & %{pl%réﬁ %F PQ%@ gkt | irf2eWut Bﬁzﬁxs were

taine ten and sprea
distinppiishablesis hed satyapavidd, achfftsnegmteoy cplicwill largqm digraptier and dlstmctwe

channqu ‘(Jbr ecctalm 1cuhs hﬂgu?'g qﬂhr@iﬂay@ efdx%?cqoérgﬁh REBIEREA f8Eus on the

cell outgrowths. In this figure, the outgrowth of hepatic progenitor cells had diameters

ranging between 15 and 21 nm, increased cytoplasmic to nucleus ratios, a single nucleus, and
cell-cell contact sustained with definitive cell borders and extracellular matrix separation.
Additionally, morphological tracking of differentiated cells emerging from HSC colonies

showed about 1200 new cells during the first 8-hours of this expansion.

[0100] Matrix components within the periportal zone and in the liver’s stem cell niche are

distinct from those found in association with the mature parenchymal cells and elicit distinct
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ot her cell types. In the m crograph shown, few
hepat obl asts subsi sted between HSC proliferating
w@odosnsessl Lastly, the collagenVl O cul tures coPCHUSEA6/060904
bot h hepatobl asts and a newly arising HSC col ony with
di stinctive colony borders and rai sed border ridges.
[0098] Further detailed investigations of HSC col onies
are shown in Figure 10. In these figures, the
attachnment substratum was Col |l agen 1V coated at 4.15
blolomabrﬁwonawﬁ@m@uﬁ@ﬁéﬁubp@w&%oe@Pf hgap hepafigstamyptpegniger cells.
e e Bl R o Sl Rifionees and activate
dynainie e4peesgions.oBy algtermiting howdisfinghelnsses némtrmglulbematnx
0
comp%ﬁ@rgc% gnﬁi(l?g zr} &Yﬁ gﬁ{ g{( vz};‘ﬁg efg %?%%ﬂggs %‘g\%i)%lhlrz]lr%u I Se c%’ Irepro duced
in vittdie dﬂﬁﬁhdz micbdi‘ijfcvwﬁ;iatd Hﬁﬁlﬁopulﬁbnmi for éa tchlaocgbntaaryrspopudation of
diseaéleldtlss ring this tinme, the tightly conpacted HSCs
UTor g PH&t ed as snal | aggregates of |ess than about 10
cel I s and proliferated into a | arger col ony containi ng
[010X unlrthigsvayp trahspladedisclsfobysitd whalke apovweplicemient dlhiogether.

u I
FurthFh%%IS] 1%&1'&81 d Vlfés %J%é a%rb?cﬁleelncﬁgg n@ ’t;oegsregéeqy&zﬁh %%%ita: progenitors
cnvclopwdeingm, appmprsutcgcvttfdccﬁwiar ﬂlah-ixpetddmwbl@ slgnalirg anmitoamoht so they
erentiated cells _oggcurs he HSC .c e
polmfr]?lléesffi S Sugc‘?’{n]% RN ARE § % &R ETARE o rlfalﬁ%lsogry tg]g Artificial
devicps edd %eﬂﬂtm&fﬁﬂﬁhnﬁ&xﬂpgy @thﬂﬁs,t\saccﬁﬁb dseclopthgite\Mukisis a bridge

T R s L

investipatichs @ﬁggdst thut ut)hzlﬁg gHesecdlSBnaii B&thrﬁa!\‘a‘enae 2 knprove cell sourcing
m cr ra tr US on e C OUtgrO
tiitfhons A CRT gL eI e S0 eE) QIR GR AR SROYeAPEH toaments

opt10ﬁ§| | s had di arreters rangi ng between 15 and 2 1 nm
i ncreased cyt opI asm c to nucleus ratios, a single

and cel | - ont sust ai ned
ro10ar W2 e fon ik epn SERHOEL i SRR oy thispecitic embodiments
there8 £ prawidit beQhdeABsH d theniais c}épalISIB ) Bﬁﬂ@g ol fidatieak hith@d application is

ferentiated cells energin ro HSC col onj es showed
intend 90T S INGHACETT e P SIS Hi TSR o P e s General.
the pAXAPRS bPihe iLRRA aﬁaﬁﬁdleﬁd@g Wﬁﬁuﬁ%wﬂwﬁebem disclosure as

periportal zone and in the |jver"s stemcell 'niche are

comeishinkBp WP 08 GIRABSE PIRGHREF VHihiadao et St FAHFhGhE FvERRon bertains and
as mAPhHDLRA LG Y sRRkiaCRhtuSesatfbifbdEidtsebicHH eﬁﬂtzl%'fgil&gé fifthe scope
responses frompurified subpopul ati ons of human
Offh%&i%?flii%i Py progenitor cells. These differences are
likely to provide diverse signals that nodify cell
responses and activate dynam c expressions. By
determ ning how distinct classes of extracellul ar
matri x conponents induce in vivo and in vitro cell
activities, mcroenvironnments can be reproduced
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invitro to expand and differentiate HSC popul ati ons
for the replacenent or rcpopul ati on of diseased
wo e@gssso1 [ 0101] In this way, transpl anted cel PGT/US2006/060904
obvi at e whol e organ repl acenent all together.
Furthernore, in vitro devices such as bioreactors nmay
be seeded with hepatic progenitors envel oped in an
appropriate extracellular matrix and sol ubl e signaling
envi ronnent so they popul ate devi ce subconpartnents
We clainih vi abl e tissue structures. In this way,
bioartificial devices can be utilized for pharmacol ogy
1. StUF8d MfReSaBEIHENS 68 itoi@ne v cotpridge bet ween
organ fail ure and organ transplantation. |ndeed, the
r éauirosidisigtisolated hepHiA RREFEIThYELL | gati ons suggest
zﬁtc&fﬁﬁiln %1’15]19 LRASE éﬁg@ﬁi’orggn 3fc BV BREektthckIBOMLrix
sour |ng |mta|on hat currently inhibit both
compomdrit fourerinple siend doll soawettoentiel/ies. medi cal treat ments
opt| ons. [0102] Wiile the invention has been described
2. p]ﬁ%‘?ﬂ@cﬁ&{ bPOaM § B SREGH dhi exeiRadiameiisx Edilﬁf)@iﬂifn,t foind in the stem
Wi e understood that it is capable of furthe
cell cmpiitincattafdnst rvdlectedromp srowpagonsiting of iR dlpotlgeen, a type IV
% tions of the
colla%;e% ﬂ tion %%F%I%g%r%n%gr;bﬁ%#{gﬁ%%rﬁg@pn nci pl es of the
[ nventl on and including such de[:l)art ures fromt

3. prmeneino obrloth2an SN Ghe CreTal Ik A GPSBRRES fapyt in the stem
- cell cBItn?Qltb!ngﬁt 1L s 4 %e ﬁ[tcotlg%é{’[ﬁrchﬂyf)@w bP¥ einbAAtion thereof.

tains and as may be applied to the essentlal
features her ei nbefore .set forth and

n the
5. lpamehon RECAPpErEich e W Enap e RrgehEy hid g an
exﬁa%lﬁ@%gﬁéd& QoL Ge1BERE Bkt Qfesgrdnib éfdﬂ;sfsﬁng ofip Ityp:‘d Imgcollagen a

rovid i sol ated hepatic progeni t 6‘%
basal@dhesier mglqcn@ ﬁﬁmt%ﬁgéﬂcaﬁe(gﬁt)a %glgﬁ?ﬁg’l@ﬂm ngwp 4 syjfate, elastin
an Comr sk Rcgld ul ar matrix conponent found in the stem
conpartnent of liver. 2. The nethod of cI aim1in
V\,hl ch the extracellular matri rrponeni |

5. st'Em wethpd e aigtm diie wehigh theibpgs aidgesé‘é‘}’é‘@ ele {’}’b
consisting of a type Ill collagen, a type IV col I agen,

6. @ TIRMBILBd of claal4n aEsh e FG Godparaatsutfatet NGy @ohdrodtin sulfate
The net hod of cl a| m 2 in which the extracellular

PG“W&%F%@@B%W@WE’ found in the stemcell conpartnent of
liver is atype Ill collagen or a type IV or a

7. comid mathodnfihanedh which the glycosaminoglycan is a heparan sulfate, a

heparin, a chondroitin sulfate, a dermatan sulfate, a hyaluronans or a combination thereof.

8. The method of claim 2 in which the extracellular matrix components are type 111

collagen and laminin.

9. The method of claim 1 in which the isolated hepatic progenitors are isolated hepatic

stem cells, isolated hepatoblasts, committed hepatic progenitors, or a combination thereof.

10.  The method of claim 9 in which the isolated hepatic progenitors are isolated hepatic

stem cells.

11. The method of claim 1 in which the hepatic progenitors are further cultured in the

presence of feeder cells.
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4. The method of claim2 in which hepatic progenitors

are further cultured on an extracellular matrix
w@eowposesnt sel ected fromthe group consi sting PET/EHS1099€50904

[1l collagen, a basal adhesion nolecule, a

prot eogl ycan (PG a gl ycosam nogl ycan heparan sul fate,

el astin an conbi nations thereof. 5. The nethod of

clain14 in which the basal adhesion nolecule is

12. | oeORERal St o i Sl s drasit Pl PROB PO,

conblnatlon thereof. 7. The nmethod of claim4 in which

13. t HEheginpthod aficladgl1Pdamvhich the lfeqirr agllssdtb bagioblasts bepagdtie, stellate
a chopdroitin sulfate, a dermatan sulfate, a

3memﬁ§gpﬁﬁ%nans or a conbination thereof. 8. The nethod of
claim2 in which the extracellular matrix conponents

14. arEhdypehol loff clafrhl1ade rvidctdthledsd deir bellOderiMedrdm bhpthagfmalian tissue.
claim1 in which the isolated hepatic progenitors are

[ epa t.em , AN ts

AP LEaNFR I STy b8 el AL R M ecies s e
hqmﬁh@mgmMKin The nmethod of claim9 in mhlch t he

i sol ated hepatic progenitors are isolated hepatic stem

16. Cehlresme %}d oPaEurHEltl 18{ th%I er ell&a the hepati c
e

progenrtors are further cuI ure presence of

feeder cells.12. The nethod of clalnrll in which the
17. f cBapemethell|of clpira 16rib et e deedee cells arg $TOTfeedereeHad of

claim12 in which the feeder cells are angi oblasts or

18. hepatinemshernia ]%ﬁ:ﬁw&?ﬁdprfs% d SrurhSrecl BB ERNDT

claim1l In which the feeder cells derive fronrany
hod of claim 1l in

manmal i an ti ssue. The
19. ¢ pehe wether o el 1darvrtr}eh rlrgrerprrrepsgﬁet%rpéﬁ Cé%alasd ffﬂ’él adult liver.
hepatic progenitors. , 16. The nethod of claim1l in

20. Whghmethedfofethfh 196h thicd ®er@dit iger it adulf hemarliked of
claim16 in which the feeder cells are STO feeder

celds. 18., The.nmet. f . claim.1l.f rther
21, cottdmptdd o St it Bt i D BB bR iy about 0.1 to
aboui 10 Whice. t he hepatic progenitors are obtained from
adul t Iiver 20. The nethod of claim19 in which the
adﬂle me hoﬁ of clsalm%li in WQu the lammm 1S at a concentration between about 0.5

to about 5 pg/cm?.

23. The method of claim 22 in which the laminin is at a concentration of about 0.5
ug/em?.
24, The method of claim 22 in which the laminin is at a concentration of about 1 pg/cm?.

25.  The method of claim 2 in which the type TIT or TV collagens are individually at a

concentration between about 0.1 to about 15 pg/cm?.

26. The mcthod of claim 25 in which the type III or IV collagens arc individually at a

concentration between about 0.5 to about § pg/cm?.

27. The method of claim 25 in which the type III or IV collagens are at a concentration

between about 1 to about 7 pg/cm?.
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21. The nethod of claim2 in which the lamnin is at a
concentrati on between about 0.1 to about 10 ng/cnR.
wQ2007/0bsotret hod of claim2 1 in which the | am PCTUBB0&060904
a concentrati on between about 0.5 to about 5 ng/cn®.
23. The nethod of claim22 in which the lamnin is at
a concentration of about 0.5 ng/cnR2. 24. The nethod of
claim?22 in which the lamnin is at a concentration of
about 1 /cmR2. 25. The nethod of claim2 in which the
28.  t Yyeethpd of propgeeiing hepeHs PEREELIOME COPRTAIByY at a
c Ak t Bx 1 Shaltli 66Hponent found
2B R o PR U Rilingh Rt ExcaRRbblal it Pepony
in thesl eajeemmpartméntfViveiual | y at a concentrati on between
abaut 0..5 t0 |
29 ot e RBR I FRpfEmg € Seonfil SRy ARl SbMporent
founddn tizxesttmn atll cnmpettweehoflbeut; atdt o about 7 ng/cn®. 28. A
thod of propagating hepat.i j
(15 Bt afiei e ualf rrS Ao UGN B8 SRR Bbliayers.
extracel lular matrix conponent found in the stemcell
29. conpartiimenfor pfofageiden of igpaile proigdiiteys goBpEisng: | ayer
cggpgiosni é&? Aad cond extracel lular matrix conponent
f SUFCI P H2 22 em cel | conpartnment of livers; and (c)
C b} atr insglubleahatdal dvegatsing 3o lageona oscpldtlwematrixneemponcnt
dLiir t .and the secondtlgﬂggrg_. 29. A container for
foun Pé@%ﬁﬁ’i"ic O RREEKE @ VS Geni t ors conprising: (a) a
C Gyticadin @lic indtlablehatarial substhntbilly cvatsert ledst gonprfase nfjthgtcontainer.
| east one extracellular matrix conponent found in the

stemcell co £t -l " i j
s
a lab t¥leocconbahiper . 30. The contai ner of claim29 in which

the container is a tissue culture plate, a bioreactor,

alab cell or a lab chip.

28



