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BACKGROUND OF THE INVENTION

[0003] Maintenance of cells ex vivo is dependent on the use of nutrients, substrata of
specific extracellular matrix components, and mixtures of soluble signals that include
hormones and growth factors. Distinct defined mixtures of nutrients, matrix
components and soluble signals elicit survival, expansion and differentiation of cells.
Moreover, the composition of the defined mixtures is lincage dependent with specific
compositions required for stem cells versus intermediates in the lineage versus mature
cells. The mixtures complexed with hyaluronans offer a native, 3-dimensional (3-D)
signaling scaffold, with an extent of solidity regulated by forms of cross-linking in
addition to base matrix molecules, and all offer considerable advantages for tissue
engineering ex vivo and for forms of grafts for cells to be reintroduced to animals (or
people) in vivo. Such complexes are useful also for stem cells, for example, hepatic

stem cells and their progeny (e.g., hepatoblasts and committed progenitors), that can
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population of cells that can be either progenitors or mature cells. The progenitors
may be stem cells (e.g. hepatic stem cells), transit amplifying cells (e.g. hepatoblasts,
candidate transit amplifying cells of liver), and/or committed (unipotent) progenitors
(e.g. committed hepatocytic or biliary progenitors).
[0006] The extracellular matrix may further consist of hyaluronans complexed with
collagens (such as a type I, IlI, IV or V collagen), basal adhesion molecules (such as

laminins or fibronectins), proteoglycans or their glycosaminoglycan chains (such as

heparin proteoglycan or heparins), and/or hormones (e.g. insulin) or growth factors
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hyatrace hnlansiat tnqingyoadntyaidioolidretones or growth factors to propagate a
population of progenitor cells without inducing their differentiation into committed
progenitors. The lineage stage of the cells can be defined antigenically permitting
recognition of self-renewal versus expansion with differentiation. For example, the
hepatic stem cells can be defined as EpCAM+, NCAM+, Albumin +, CK19+, claudin
3+ AFP- and the liver’s probable transit amplifying cells, hepatoblasts, are EpCAM+,
ICAM-1+, Albumin +, AFP+, CK19+ and claudin 3-.
[0009] The extracellular matrix may further comprise hyaluronans complexed with
one or more collagens, one or more basal adhesion molecules, one or more

proteoglycans (or its/their glycosaminoglycan chains) and one or more hormone(s) or

growth factor(s) or a mixture thereof. Further, in some embodiments the hyaluronans
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Fig 1A shows hyaluaronan receptors on human hepatic progenitors in association
with mesenchymal companion cells on culture plastic and stained for the hyaluronan
receptors CD44 (Green) and Dapi (Blue). (10X). Fig 1B — 1D are images of freshly
isolated hepatic progenitors showing receptors for CD44 (Green) and AFP (Red).
(60x) Panels represented by B. CD44 C. AFP D. Overlay. Fig. 1E is a contrast image
of hyaluronan receptor expression on an hepatic stem cell colony in comparison with
the associated mesenchymal companion cells. Plates were stained with Bodipy
conjugated hyaluronan. (4X). Fig. 1F — 11 are composite images showing the varied
cell types present on cultured plastic. A colony of human hepatic stem cells were
stained for DNA (Dapi-Blue) or EpCAM (Green). Hepatic stellate cells expressing
desmin are shown in red. (40x oil) Panels represented by A. DAPI B. EpCAM C.
Desmin D. Overlay.
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same culture of spheroids of cells as in 3B. Objective: Plan-Neofluar 40x/1.3 Oil
DIC. Wavelength 543 nm. Stack size: 230.3 um x 230.3 um. Scaling 0.22 um X
0.22 um. Albumin expression is shown in red in human hepatoblasts within a
hyaluronan hydrogel. Fig. 3E is a phase micrograph of hepatoblasts within a
hydrogel. Fig. 3F is an overlay image of 3D and 3E. Fig. 3G shows cytokeratin
(CK) 8 and 18 expression (green; Alexa 488 ). Nuclei were stained with Dapi (Blue).
The hyaluronan hydrogel does not stain and appears as “wavy” images in the
background. Use of a 60x Oil Immersion lense (Leica). Fig. 3H shows the
expression of I-CAM/1 (Alexa 488; green) in cells within the spheroid of cells within
a hyaluronan hydrogel. The nuclei are stained with DAPI (Blue). 60x Oil Immersion
(Leica). Fig. 31 — 3L show the expression of EpCAM, AFP, and albumin in cells
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[0014] Figure 3 shows certain antigenic expression of
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heplairecof freshly isolated hepatoblasts, hepatic stem cells and hepatic progenitors
cultured in the HA hydrogels. All values are normalized to the housekeeping gene,
GAPDH and are expressed as the number of strands present per 30ng of total RNA

for the sample.

[0017] Figure 6 shows hepatic stem cell colonies that were picked from plastic and
transferred or passaged to the surface of a hyaluronan hydrogel cross-linked with
disulfide bridges with or without associated collagen.

A. Hyaluronan hydrogel

B. Hyaluronan hydrogel with type I collagen

C. Hylauronan hydrogel with type I1I collagen
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components found in mature liver tissue—have been studied. However, less studied

have been the effects of matrix chemistries found predominantly in embryonic and
fetal tissues.

[0021] Hyaluronans (HAs) are glycosaminoglycans (GAGs) consisting of a
disaccharide unit linked with 3-1-4, B-1-3 bonds between N-acetyl-D-glucosamine
and glucuronic acid moieties, respectively. HAs contribute to matrix structure
stabilization and integrity, water and protein homeostasis, tissue protection, separation
and lubrication, facilitation of cell movement/migration, transport regulation
(including steric exclusion), anchoring of hormones as a reservoir and integration of
the immune inflammation response.

[0022] HAs are found in significant amounts in embryonic tissues and in adult
tissues undergoing cellular expansion and proliferation, wound repair, and

regeneration. In the liver, HAs are present in the matrix of embryonic and fetal
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with disulfide bridges and conplexed with : A Lamnin
B. Lamnin mxed with type |I collagen [0019] Figure 8

W@ h@sgodsspat i c stem cel |l s enbedded i n an hyal uPOFES2008/055881
hydr ogel cross-1inked by disulfide bridges. Note that
the cells are form ng aggregates or spheroids
t hr oughout the hydrogels. A Hyal uronan hydrogels with
enhedd PRfcl frestinfive SlehBeel R HRNG VS IRGRIgS locat
TR e g e € Blchcolt nfe R B el 16 ocated
DiSRic A Td f@iu IDE vaisiE HoMENT HAN 4ro 0@0jclibvedvtiobe in hiseeintion with the
cells interact wth hoth soluble factors {e.qg.,
e reRes el ey rﬁWﬂEOfFa@P@f%Sfmdﬁaewé Vi that HAS could
f e E&l{cﬁdatéﬁﬁﬂix_ac%ﬁﬁﬂbﬁleﬁ§‘é§ 3qsbdaplofis inaéxr\i’il% SRPQIESs,

Interactions with these factors-especially '
c esiectally peddenitors corag sead frdds fau gialftaip retnjrodhctpmeiicplls into hosts.

f s..apnd the,presence or ahsence of s i fi
HPAE e AN S oY S E o RS B dnd ARl byt o

t ifasUaltPuRtdbeS Bffsdtindi tRelr atinwey &k uséEmradtiedi wayshaveed for ex
been the effects of matrix chem stries found

pred sHiteantiPitissHe enginsesing cindriey ca@eraiystems onasgrafty 1]

( r j (13 b 2
cSRHIARAS, HHEREE e Y LRI RGP ape jabilized
bb¥cBerbiealdsoddinkeen INsame teydboDngdntk; dsaip ercasieks-linked through
gl ucuroni ¢ aci d noieti g@”Pfir espectively. HAs contr.ihute

t 8ldsRyqs Bridgey ppd inaghes eqibpinests Be Hindirs piogytinksy vigaisaiide

aggd?gsot ei n honeostasis, tissue protection, separation
and Tubrication, facilitation of cell
mpa2A n (Theipgesentiiovgntdrs &aseddhe biokgidabtffens ¢f melwediang chemically

steric exclusion),. anchoyi of S as ,

- g o TR U P RE BTk A Y s sedidnsolubl
I §5RARE &nd lyPORAh i RoRrfiQURHedted &) @UsEdngiantor RGBS gical
in enbryonic tissues and in adult tissues undergoing ~
cérctipey. Hwpambérorobdath ssedsidiifiterthe Honhydregahowersgannd to retain

and.regeneration. .l.n the.l.Lver, ane present,i.n the
e GRS G il S o e BUR RRESRM s e

priesupaEkibkewrh efllscel dulaanpadticnBnias dib@veadadep@ingly, that the

I_Eglllsnsge’edeldoigt%tpeuge hyaluronans (not complexed with other components) and with a
medium, Kubota’s Medium, designed for stem/progenitor cells and comprised only of
basal medium, insulin, transferrin/fe, lipids, and two trace elements (selenium, zinc),
remained stable (i.e., did not differentiate) and remained as stem cells or as very early
stage hepatoblasts throughout the culture period. Although other culture conditions
are permissive for survival and self-replication of hepatic stem cells (e.g. type 111
collagen and Kubota’s Medium), hyaluronans have been the first culture condition
identified that facilitates survival and self-replication of both stem cells and of
hepatoblasts and the first that permits maintenance and self-replication in a 3-
dimensional format. In monolayer formats, hepatoblasts require various feeders for
survival and demonstrate limited expansion potential on the feeders identified to date;

indeed, hepatoblasts have been found to self-replicate only on hyalurnonans and under

no other conditions tested.



in zone 1 of adult livers. However, HAs are not

believed to be in association with the nature
w@arenefyal cells. Therefore, the present i nvRCI/USH08/055881

surm sed that HAs coul d be candi date matri x conmponents

as 3-D scaffolds for ex vivo cultures of cells,

espeC| ally progenitors, or as scaffolds for grafts for

PAOS] Paieers 08 Blnpfited o d b 37 h bl In YRR B hopati
t baigeantc& detlanghéehemadc pr@bmihjrspbmkrtibnmgl lt\tw conaist of thvp

to be used . in actic ys needed I VO .
c B P BEE o orkl S8l Bretskrt Ha #1A hepas it gnd tvo unipotent
%§1§1ﬁ5‘t§01@f—doﬁlrﬂﬁt@& h@p&&rytlt: PAPRRIAR LAY bORmitlduesiBE9 pRogenitors.
e HA scaffol ds of present invention are
" $00261 | iThe ditpdsi st,dm@mltsatndchlep@gblmthhathdnﬁlvs owerlap in their
odinents, the ar e sI| hr ou ldeh
P TGb o R i B G R P e s Ao
C bRsy-bpdekRyvolrAinsUik {9, dgithdliad g@sadﬂe%ﬁ{ﬂol%ﬁ& PFEARN{CD326

inventors tested the biological effects of hyal uronans

CREREEARS y GRIGH | @ommiBugioresressSonin Koo in
I f

ISP B s e el NS

f eﬁddtlikﬂtat (GD31, O{ﬁ@ﬁi oerJIDRI VoemnVillthramd faeepptodbtst sicsenchymal

ededlntotheHA gels were found tqg retain
%P.l Qidginin; fypmeRth 1tﬂH ?‘i" achi; QriSpNAY @agie% dehep gre dividpguishable

Wﬁ?ﬁtﬁt héﬁﬁﬁ@ ft%ﬁﬁacréllg’ eiaﬁrgé%sN CRNESHd LB @%ﬁérpzis%e%ttoﬁlasts express
ture St It was di scovered

s t[(EﬁM -$i(@DbY), atpihatfetbtm)ténm (AEP) endtthl iP5 0s (@Lg ®450A7) (sce Table

R PRt AL STV o

SHAMPRAISE! b@he&Pihk S 1ANGIASIPKESRGFeRiAf basal

¢l enent FapRrel: eNingiige-dé enfmkmmmaaica[yﬁial €ell Idhéhges:
mot differentiate) and remained as stemcells or as
ery early stageHbepatSebh&zils | Hupetobhstst t he |Adultui@atocytes
period. Although other culture conditions are - oy
perni ssive for survival and self-replication |§fidultBiliary Epithelia)
hepahing stem celTs (e g, type |l 7o1,a8 (ﬁl d .,
I(Ejgota s Medi um, hyal uronans av(g been t fli rst
cul ture conditipn identified that faell)i tat es survivétt)
and—sel+—reptieption—ofboth stemceHs—andof
AFP . -
(--)
Albumin + ++ +++
(--)
CK19 +++ ++ .
(++)
Claudin 3 +++ - -
()
Telomerase +++ +++ ++
(n.t.)
Sonic and Indian +++ ++ -




hepat obl asts and the first that permts maintenance

and self-replication in a 3- dinensiona
hepat obl asts requi re vari ORPGT/US2008/055881
and denonstrate |imted expansion

on the feeders identified to date;

woreoveliassy f or mat s,
feeders for survival
pot enti al

f ornat .

In

i ndeed,

hepatoblasts have been found to self-replicate only on

Yz E%Q%nans anpg—under no ot her condi tions )
i est 0025] Livers are conprnised of a mixture of
heqopdieti c, nmesenchynml , and |hepat ieHpr ogeni|t or ++
cells. The hepatic progenitor |subpopul ations|in Iiverg
consi st of two pluripotent celll popul ations-hepatic +)
$REPWGE! IS and hepatohlasts-amd two uni potent
popul ati ons-conm tted hepatocytic progenitorsg and
committed biliary progenitors, [0026] The hepatic st gm)
cell s —andhepatpblastshave—extensive—overtap—+ntheir
pﬁ@%%@ype expressing al bumn, epithelial-specific .
cytokeratins (CK) 8 and 18, a|biliary-specifilc (+++)
cytokeratin CKI[9, epithelial [cell adhesion nolecule
EpEXBAED326 or| HEA125)-, CD133/ 1 (predinin), RS
tel omerase, Sonjc and I ndi an hedgehog, and being
megati ve for hepopoietic (CD4%, CD34, CD38, (D14, and™)
g 'EFS@Wi‘QéﬁlﬂﬂelAQl el AGIRL R/ th@bcd1 &1 19=VEiR lferé)cfn 1‘9)'5{ blﬁ@? specific
|'ebrand factor), and ot her nmesenchymal

deptokeratis- Is(ﬁﬁM#*unmncsaﬂlu@r adhdsrononolsShiy; N@Ak@r@um’ﬁh@ell adhesion

e A IR

P450s (e. g

GABY-IC3(:GB24)

in that h
%vﬁeeg}sé%e k

In vivo,

et o i du rEERBoro

ochﬁulnmacts‘oe;@@ [Q4R]iM 3 AR jundiiéhn

{31%%5111 (isoform 3),
P450A7) (see Tabl e 1).

pmﬁrﬂﬁﬁﬁéﬁﬁ«hepatlc progenitor cells give rise to the
hepatocytic and biliary |ineages between the 1llth and

13t h weeks of gestation. EpCAM=epit hel i al

cel |

adhesi on

mpdRGY | he Pse@ineantiok @ratide’ alfiethad 6f hb@taymispesipinding and/or

cyt oker at.i n;

1- CAME i ntercel | ul ar adhesi on nol ecul e;

NefEensiating §¢11se Bicludipgrregaion p@%rdplag paviorts of tiet Tl ¢rlls can be

PRET LI

findE By

= cytoc

LV%P fQ

rome

by dy YR

8H chéJhﬁoﬁ

g @eﬁgl&ﬂﬁé bn the

] exat noxtupr @toempofersota@nphe8yd tonhd hyahnonaﬁsemd aﬂthe[w@ﬂs'é]

oD

resent

%lﬁﬁ‘?lhﬁgf

nv

enﬁdél‘)q@ga

vi des. .a

6Peddw1

8’?1? ?ra{)?qa@lelate penatic

' Bng‘éHl‘t&Q l&b%ﬁﬁht‘é OF Repa®¥ &fenl QI1Y, RELLAARA Hork hi¥Ran H&s and

cel |

S can

propagated 0n/1n hyaluronan hydrogels with “Hiroshi Kubota’s Medium,” (HK)

being a serum-free basal medium with low or no copper, low calcium (<0.5 mM), and

supplemented only with insulin, transferrin/fe, lipids (high density lipoprotein and

free fatty acids bound onto purified albumin), and certain trace elements (zinc,

selenium). This method also provides a means for stable propagation of cells having

a phenotype, which under these conditions, is intermediate between that of stem cells

and hepatoblasts. In this way, HA hydrogels, in combination with a serum-free

medium tailored for hepatic progenitors (e.g., HK medium) can provide a suitable

three-dimensional scaffolding for human hepatic progenitors, in this case for stem

cells and early stages of hepatoblasts. The hydrogel plus the medium also enables the
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est abl i shed under survival, expansion or

differentiation conditions dependi ng on the exact
woreoosaewsof conponents conpl exed to the hyal ur PCTEIS20881055881

to the precise conposition of the serumfree, defined

medi um | n one enbodi nent, hepatic progenitors,

hepat obl asts or hepatic stemcells, are obtained from

h els

Wbt eﬁﬁnggé e@@q @Pﬁgﬁkgga&%@? ih ye@%y 5@0@&1@/ qrigo

s prtherhn%cdpa&w wn’élq»h@nmt\wltc Istalbdity drrouml pnomngcd culome pel‘lods

uppl enented, o th insuli
C P Bl o oy P B e ol R baie e
frge fatty acids bound onto purified al bumn), and
certain trace elements (zinc, selenium. This method
all&B28pr JVitlerexs beinghakdso oo bomddm téleqmyoqcb agaeicotly deliovetithat HAs

R PRl B R R rPE kPRI RrERIRRHA TR pdchy

h e ftel 1BsdnSymbfic 4dtivety Wi cdtiy (Bdar@sdISsts dendothelia) that are
conbi nation with a serumfree nediumtail ored for

hepapaiop pAlgdahediopatiestem cekk ang ssuliyn elawep ewvithef ghe hepatic
ﬁg%&gt%ﬁ%&s bi ‘it?eeﬂgk ”EQ&%c%ﬂﬁlﬁr featd Qhghvag i c%dd? Pofthg

rogenitors IS case Tor S emc S an
eaydlyrontiag %1@ﬂlyh£ﬁl&bﬁiph&&ﬁ8n vivbdylendyragéd dipédtion bigeells, an

medi.um al so enabl es t hemai nten e of ce ls as early
s{THERS HBIPAPBHD gset%pﬁwqrb%wswm%w of 9@1 tQufer a fissul or organ,

pmhbé‘ &g fe‘é@nt Q{zefcb’that b n%ﬁ?né%t\bl\;ﬁ &w&}i@'renlabﬂ%to digest the

hrough prol on tur rio
| HAasny orddr m@a;gmnd edhe sta:ﬂfme(m of ‘d)wd&Ad scaéfoﬂch&lso bcpuld affyctoine

t f t .
oGt o £ B eOrE T6Y ey e raye 4 et ViR the
t R3drogéle ThkAFEY dBc ‘15h§9s?e°o‘chérﬁ{%ﬁﬁpr¥5bé}tle§(sgch ad &GO ross-

groups of HA, are poorly nodified enzymatic

abnkmgtdynmybmf delH hyférogel shogid dis| datest toenpiotiteddllagxpansion
9% are conmpani on cells to the hepatic stemcells,

aRd)Fégﬁlt in slowed growth of the hepatic progenitors

on the HAs. Extracellular matrix turnover, including

that of the hyaluronans, typically is acconplished in

vivo by enzymatic digestioE¥Ample$ | s, an intrinsic

PLOGESS bPHLHSnQ§Qa%S'°n and establishnent of cells to
Urnrai?rssue—ur—urgan. Hence, it is presently

beomy e dFerdi dlivaps. dgestitisarcswaxpruvided b qubdcoecdifed agnidyi(Ayvanced

t %10(:10g1(g§1tRetsources San Francisco, CA) from fetuses between 18-22 weeks
gestational age obtained by elective terminations of pregnancy. The research protocol
was reviewed and approved by the IRB for Human Research Studies at the UNC.
[0030] Postnatal Livers. Intact livers from cadaveric neonatal, pediatric and adult
donors were obtained through organ donation programs via UNOS. Those used for
these studies were considered normal with no evidence of disease processes. Informed
consent was obtained from next of kin for use of the livers for research purposes,
protocols received Institutional Review Board approval, and processing was

compliant with Good Manufacturing Practice.

Cell Isolation
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HAs in order to expand. The stiffness of the HA

scaffold al so could affect the maturation of the cells
wa@soosaedesd t he | arge fluidic volume contai ned weTUs2on$1e55881

hydrogel . Therefore, the physi cochem cal properties

(such as flexibility and crosslinking density) of the

HA hydrogel should be nodul ated to optim ze cell

Fgg%ﬁf' P2 RTHEES THE m BT S0 RAURE hlfhaf ot 37(%Pg§s‘u‘g§ﬁasve been

Fetal Livers. Liver tissue S provi
apuvedistyedpagenty ckAdplnneithBicticogi aal. 2066 QSJueme@e;lls$an

Fr ci sco, fromfetuses between 18-

tor e et LBt Bposbiont 6 oI Nae f gal wph buffer
pe&gﬁ@aey)f a_Bﬂﬁal hRARR P 9649 QLipyieBeritey Wethed1 @Mdvine serum
ap roved by the IRB for Human Research Studies at the

unfi0(BOP Fraetiaray A). 1% Signw, St.doatst Mol ésslif peghiron saturated

O%‘?%Y Rl Batet 3Ema ShLpfia AR 260 s HeMPS AR acid 300
TianBendugagdon 050 ﬁms@@ld&huﬂlbaﬁs WeAS, GmslBiaL/ﬁebnm%gdﬂ&torporatlon
with no evidence of disease processes. | nforne

cbudehnd, Galsfogttiai hivar fivsgpviaasebdorided wtg dmluGecraents fetal
l I\’X@Elfeu Iaf?%edr rl‘éﬁnﬂgoar og%§t’101{31rn02:50[ﬁﬂ of 851?&1§§hvﬁﬁfer containing

I ns eV| ew roces
\Naﬁ)edwmﬂla@amtase/\aﬁdrdeﬁﬁgdbdmmﬁmsLgman@hé?maelt(E@: &t D@eisl both at 6
I sol ati aon| OOS%Fet livers. E net hods for i i
p%@w Ingt He with{isAugT pefationdeiy- R vENEEEn This resulied in a

Sﬁflbgéh%% s §fs éHsIo%dof cE@%{g?)é%{lg fRat Wée %ﬁ&%@ 'tl?fﬁ‘ighEa 46 bauge

Ste cessing and
e metsh hmdesptunpat d)%@ilJIBlefhfowﬁlve nuoutdslodfedt resuspensain inseld vash

gg(&]é}elr ﬁ'g@ﬁs Qﬁ? Sﬁ‘f"ﬁ%f as al ¢ di -ﬁ]@a ggzlvs:pﬁ ﬁer%rggﬁatlon or by
Fr‘t@&ttﬂgosﬂsﬁénsfanémth%hgqﬁmaﬁtred b8 Sell blbs@) arltfbRHcS (R@dmand

iron saturated transferrin both at ug (Sigma S

L&l0%4MD)) (165000 dliletiement &5 mf@hmd@yw“dfoxmnwlan d

BRSO Bt B bt £ A0S R ey Ff g migpoth at 37°C.

LiE¥@hatcl S81U ¢iapRsy 51 RYpMl 6188 ekt Qordwid rdutia Rt (HaRH3%. See
supplemental data for further details.
[0032] Postnatal livers. The livers were perfused through the portal vein and
hepatic artery for 15 min with EGTA-containing buffer and then with 600 mg/L
collagenase (Sigma) for 30 min at 34°C. The organ was then mechanical dissociated
in either collection buffer; the cell suspension passed through filters of pore size
1,000, 500, and 150 microns; the single cells collected and then live cells fractionated
from dead cells and debris using density gradient centrifugation (500 x g for 15 min at
room temperature) in Optiprep-supplemented buffer in a Cobe 2991 cell washer. The
resulting hepatic cell band residing at the interface between the OptiPrep/cell solution
and the RPMI-1640 without phenol red was collected.
[0033] In other experiments, viability was assessed in cultures using one of several
vital dyes: Lysotracker Green, Mitotracker Red, and Lysotracker Red (Molecular

Probes). Preferably, a dye was chosen based on its contrast to other fluoroprobes
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vol ume ranged from 2-12 nlL) for digestion in 25 nL of

cell wash buffer containing type IV collagenase and
waele@zgodebonucl ease (Sigma Chem cal Co. St Loui BCT/D81008/055881

at 6 ng per nL) at 32 ECwith frequent agitation for

15 - 20 mnutes. This resulted in a honbgeneous

suspension of cell aggregates that were passed through

;iagn gé‘lé&ﬁnH%Si*h@ﬂ@alﬁ lﬁc%%gt @43‘&5@&@%% P83 and at

ore resuspensi on | uti1 on
Eﬂ;afnﬁmytgmnmmﬁm. 5 mat Eylsohlytcleart(heﬂm §5 oM pesdcker Red, and

c rifugatiqn ar by treating suspensions wth
a??é pmtﬁtr?gﬁrgﬁg'od cell (RBC) antibodies (Rockland,
#109-4139) ( 1:5000 dilution) for 15 mn foll owed by
LowTox Quinea Pig conplenent (Cedarlane Labs, #

ClIA58¢ pulturegslastiaii | ution) for 10 min both at 37C

TR ihny SRR bt S S YRR P S Ao st

f Wet&@%d@iﬁérﬁb bistid ARB2]2. PoFenaBalinkiS¢Rns (FE'skyeadhitmrt(s the HK
were perfused thr oagh the portal vein and hepatic

aPtedpun.f fften B hgugs mﬁu@emab%ﬁawm Ay G ftlg madia vwag eplaced
TR B0 LG LSRR ShATRL L0 (U ver

c ohllu&edl vath nhadfid eltangthereeyel Haypysménss anl fabs edetifreat) gtnells that

filters of pore size 1,000, 500, and 150 cr.ons
s ideg‘FOé attaqh withig Iﬂlleeélisbbé Bry@f cHigHE I“fe\li%asé’é]aﬁeg] at times Ofme‘%a

Rk ORAHRAA 535191%69@ afld, Qﬁé &e‘ils%?e ﬁ%@d bvﬁh H% f}a&afé,ﬁﬁa'd@(yde

gr adl ent centrifugation room
techttfelrtatlw;dyte|aﬁe(mplrpM@pefsthpb]Kenednaed buffer in a Cobe
2991 cell washer. The resulting hepatic cell band
residing at the interface between the Opti Prep/cell

Sﬁdﬂliﬂ)fieﬁlﬁ skdif cEi'fsMnd %0%&@ Rldle PREPRs fﬁﬂ%@onans
colTecte er exXperi nents, Vi apl Y Was
as@¥B3Sk e cllp werd &t@m@ct fqn smngm@ﬂ@or@i‘fceswm prvnaralanﬂb@hes directly
L¥a oﬁer acle itlﬁ,llF %lg% gggrtog}oa;)le Of evlyoa gle]}al stalnué%/\évytv\ggsr{r%%rg antlbodles
b?@ﬁﬂvddfbyl sesoriant 4andibbdy couplldietd thd ﬂﬁﬁr@ﬁﬁ 0b® e@mible 2, below)
co-staining. The vital dyes were incubated for

n At Osstaipingrenpeiaatehul &l of RRospbite &Mff@g Solution (PBS) was placed

CORRSERE Sy 3 BB SRS, RGP pos o

was added for 1 hour to block non-specific binding 51tes within the tissue. Blocking
was removed and the site washed with 1x PBS. Monoclonal antibody was added and
incubated overnight. After an overnight (e.g., 18 hour) incubation at 4°C, the primary
monoclonal antibody solution was removed, and the sample was washed three times
with 1x PBS for 10 minutes each time. Secondary antibody (Alexa 488 or Alexa 594,
Molecular Probes) was added at a dilution of 1:750 or 1:1000. The sample was
covered from light exposure and left for 1 hour incubation at room temperature.
Samples were washed 3 times with 1x PBS and prepared with cover slips using either
DPX mounting media (Electron Microscopy Sciences) for microscopy or Vector

Shield containing DAPI mounting media (Vector Laboratories).
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Tissue culture plastic [0034] Suspensions of the human

hepati c progenitors, enriched for hepatoblasts, were
waemdaaeont o plastic with a 2. 5% Fetal Bovi ne Ber/Us2008/055881

(FBS) addition to the HK nedium After 16 hours of

i ncubation at 370C wwth 5% CO, the nedia was repl aced

with serumfree HK nedia for the remai nder of the

S r I
H 8L BRUIARELARIaRGh s I3 Ryt URE 0 Bl Bolonicy were

Ceilkbé aftdratd dhiyslinmnail tuad tvaﬁ h%@drlﬂ-lf(ﬁmtaﬂt&hﬁldé BtPHS ahd %ld@ked for 1
culture were aspirated at tine nedi a change,

t HRUE B Fﬁémegatémmﬂt HM’&@P‘I @% éréPBﬁ Peldro Wi X%)O Primary
o NP IR L1 b
heyat gipliad irsblneiiag belfepbot dofiat réym tememans; p@083ry antibodies

Cell s re st |ne for of | uor esgence _usin
PR e SO R e G e g g Mplecular
f IPHYOBR e‘ﬁ? ahﬂ@@ﬁ&g?ﬁa@'f&‘ M1 Msfakhi R WERY a\f)phed in blocklng
ant i bodi es | oned by secondary anti body coupled t
t hefféd ool bpniotieodrs éenFaie. Fludresconge Wiy dnptyzedusing a Lelca SP2
aini n wate 1m of . Phosphat er .
SRbT R hip BRI T and Tan i TGP P Sty gLoica
ma@bmﬁﬂymﬁ@brls away. Coat serun1(1096|n PBS sol ution)
was added for 1 hour to bl ock non-specific bindin

s 190391 wiFon pralysieot Gyteplesmigpriiden b SuatbuntirodER) m?eﬂn@ a
t I t d

oGS b b A N R 32 O ptRg B9
h Sumnmg"\@watal onZeéiks S0 Mehdnpertoderagenuaaning G focal Microscope,
anti body sql ution was renoved, and the sa S
naahadoicn BAIRT Fasriah Fhorscesy g Migosphat E«ghvﬁz%& Color

?ﬁ&g ary anti body (Al exa 488 or Al exa 594,

I\/’D[gﬁa ar %?obes) was added at a dilution of 1:750 or
1:1000. The sanple was covered fromlight exposure and
left for 1 hour incubation at roomtenperature.
Sanpl es were washed 3 tines with Ix PBS and prepared
with cover slips using either DPX nounting nedi a
(El ectron M croscopy Sciences) for mcroscopy or
Vect or Shield containing DAPI nounting nedia (Vector
Laboratories).[0036] DAPI concentration was 1.5 ng/n .
Hepatic fetal stemcell colonies were
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fixed after 10 days in culture with 4%
par a-f or mal dehyde in PBS, and bl ocked for 1 hour at

WO omsiewaper at ure with 10% goat serumin PBS OPQB@S2008/055881
Triton-XIOO. Primary anti bodies rabbit 1gG anti desmn
(Abeam) and nouse Igd anti EpCAM (Labvi sion) were
applied in blocking buffer for 1 hour at room
tenperature; secondary anti bodies anti-rabbit
Al exaFl uor 568, anti-nouse 1gd Al exaFl uor 488

conj ugat ed (MBluGRLHAnFEQRRSITMRFARSDL  and DAP

(Sigm) for nuclel staining were a ed in bl ocking

ReagentPUT T €7 TOr 1 Nour at T OOMpiRyieR! at]UsGtypE! UOT PS6&EFREE

was analyzed using a leica SP2 | aser scannl ng conf ocal
m croscope cont roI I eBrlbmere&ntﬂooSRS TCS software (Leica

er nevetlt oane n < ovt Al

S S ST N LR AT g

cytokerati@bel , cells were imged with a Lei caSP2 ACBS Upri ght

Laser Scanning Confocal, |a Zeiss 510 Meta Inyerted
Cytokeratlas&f18$65n&(il$1)g—®jﬂﬂhbdal Ml&06scope,lgand a Le| EaynbM RB
" rted Fl uorescence/ DI C M croscape - with B/W&
spect 10%‘? WPgital caneras.[0038] The rlesults indjcate that

Hyalurod&ﬁﬁ?d&pﬂﬁl@@bﬂ@ atem cel [ s|anm@ohepat/gbGasts ar ENRASular Peobes
for hyaluronan receptors|as evidenced by

hyaladherlmirunost aining of a tightly packed, 25 day-o tngiloger)

. Ul IIUIIuII Ilcpall |9 Dl CTI1 L.CI l || | 1 CDL.CIIt .
Albuming b+ i'hodi es to CD44 as sho mown Fi ch A FreSiEnp

Alpha- fe’w%@dt@ﬂhed hepat obl asts, whijeloar e \I-'Ingo& tivezamed al so
own tao be positive for |the CD44 receptor in gure

ICAM-1(@DB4) CD44, a cel | surfag é:1§09copr dg@i n, is BhlarMatl@@

LIA

4I_ﬁ_g1“e'eﬁ,_Wh| ch—hi gllllglu recept ot—tnne
Desmine,i+ achment . The recept or s 30@8 nearB §; 100% of APfam

EpcaMcCel s in the stemcell colayg 1 n Fiiggre 1A WMdlecular Probes
i ndi vidual cells containing varied anmounts of the

receptor seen as intense|staining|in sone ce|/(lgvidiegen)

L& kbt “ [| it " I + oo [ = PP P |
'TYIir i rcossS TTIUTTIST Dy IIIII Ul ULTITT 5. I'TIar v uudi

cells are contrasted b ‘U’ggp baPl st ai ni ng (blue) of

their nuclelr. [0039] As shown, the iicgdatibRgs|! mply
that each human hepatic progenitor cell has HA
attachnment capabilities. |In Figure Bigssioni nary

Ftures—of —human—hepati+¢ genttror—cetts; ot-ated
Alexa 647 (Tt Fidllan fetal |ivers and®Qul tured on pl as PEHor 4

Alexa SMERIS, 1:750 590/617 Sigma

Alexa 488 (Green) 1:1000 495/519 Molecular Probes
DAPI (blue) 1:1000 358/461 Molecular Probes
HA-Bodipy Conjugate 1:100 485/530 Invitrogen

[0038] The results indicate that human hepatic stem cells and hepatoblasts are
positive for hyaluronan receptors as evidenced by immunostaining of a tightly packed,
25 day-old colony of human hepatic stem cells with fluorescent antibodies to CD44 as
shown in Figure 1A. Freshly isolated hepatoblasts, which are AFP positive are also
shown to be positive for the CD44 receptor in Figure 1B-D. CD44, a cell surface
glycoprotein, is indicated in green, which highlights a receptor for the HA attachment.
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were imaged at 4x and are fluorescently stained for a
HA- BODI PY conj ugate. The hepatic progenitors express

wo ewsliasesd receptors for HA at higher rates theer/os1ves/055881
cells evident in the culture and that include stroma
and endothelial cells. Hepatic progenitors, w th heavy
BCDI PY staining due to uptake of the conjugated HA are
| gpated ﬂofk fo@%r #&\é@rlob@f ¢ tHYaAaR the FQR40 %colo in ]r“irgure 1A,
Cbnpara Ively, 'asts and non- parenc cel ’s
s mathrindiesipelcdalls ebnptainmg wueictl emennts |0Q Hte raw;btmpp@r as intense

quadr.ants ar ess tive i.n thei d blnd

and THt oem RcrioR b G Rt iaRong q]a‘ dpgvidual cetls are
ne&&%s%aqiﬂymabfg%ﬁlsg,tanﬁlsg QRS ot @ ticidi I zing markers
defined by others to identify specific subpopul ations.

T3k s énchgwal the eﬂausngsormiy that gagh hiyplee hepatis ppedeattpeed! has
| ud / CD133-

WE?* PUREBEHERRAR, R T el hgbati

ﬁﬁg@hﬂfdr cchlb, piAatsdaemhumisclerl Aedrs Brig culhﬁmplamocfor 4 weeks,
cells E#ﬁlnC|Udlng red bl ood cells ég cophorin
Awere Wé@ #d aye flupreseontly stagns Ifen aHAs RviBﬁICﬁtl]U@?f@ The
a‘h? attllaga‘?(? eﬁﬁ&ﬁ’% ‘Blrésf 104K 6B el t!)rs(fgreﬁﬁlta{t % ﬁteﬂ"alt ttffan otPer cells
ce I‘I) S 05% Ive ]2(

desm n expression
t evidpAMtpasilthievandsharimdedd Sﬂontdmﬂmnheqhalﬁaleells Hepatlc
rogen|tors%aEe vi abl e _and. expand 3- onal

HRrEF B I get ih nesoy HOIRERAT driomeuede épfék%o Qane@e%‘eﬁ are

r GvBH and Co. (Wl dhofstr,
W@%%ﬁ&‘?*ﬂéqg}”é‘f@ﬁ"&'ﬁ%%?ﬁzi de (ADH) and Ethyl -

[ mﬁallﬂlret(]wyﬂpamnvnb'} fiprobjmagts aodmbmqbiaiem:ldﬁna(l EEIR Jhowarsrespectively in
p hased

dri . .Th .
i BR Reret el e T LR eftiefrotcin i o A hienTiiSinding and

f LRIk Sl i B Shi MR Sal s@iﬂm%)&()ft‘ﬁ@ h&fbaBRR Mall RAY R been done
suitable for practice with the instant invention.

l—ly‘ahmng naimqmdfrﬁméé)y&drﬂrs @ud@mf‘ﬁ' epeceied subpopulaanswdhe

pre de aro n

m&e?nc rcoe%s 6 én ¢ v p?)e U%II%P%IHQH&IOH‘S Q?a(t) c:II chegngloblasts
e (KDRXED €334y $€D KPi+)€tmadhre en&thélhe sC B3 B hd:}fatlystdlkate Cells
De radatlon of hbm1PonvaIentFVdra2|de Cross- Li nked

&lpbp-spapgth mysale ackpites heplopeishE Gefkit (C B ewinglydyng red
éﬁ&%ﬁ ﬁss ?%lggoﬁjhoﬂp +§. ?@oﬁ‘esg&tatﬂles of Q! AGhel 's&l?ﬂo'pﬁﬁtl&fm are

those shown in Figures 1F-I (hepatic stellate cells positive for desmin expression
located adjacent to EpCAM positive stem cells)

Human hepatic progenitors are viable and expand 3-dimensionally in HA hydrogels
[0041] Hyaluronan (average MW: 1,500,000) was obtained from Kracber GMBH
and Co. (Waldhofstr, Germany). Adipic dihydrazide (ADH) and Ethyl-3-[3-dimethyl

amino] propyl carbodiimide (EDCI) was purchased from Sigma-Aldrich (St. Louis,
MO). These, and other reagents disclosed herein, are available from multiple
vendors, all of which supply reagent suitable for practice with the instant invention.
Hyaluronan matrices configured for cell culture were prepared by aldehyde cross-
linking using a method modified from previously published protocol. See, e.g.,
Vercruysse KP, et al., Synthesis and In Vitro Degradation of New Polyvalent
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sust ai ned gene transfer. Journal of Controlled Rel ease
2003; 90: 81-95; the disclosures of which are

w0 psnpesat ed herein in their entirety by ref eP€nug2008/055881
[0042] Briefly, a 1% aqueous hyal uronan sol uti on was
prepared, nmeasured and deposited in alum num nol ds of
proper sizes, snap frozen on dry ice and |yophilized
o L P PR B Pl iBBAT Bikbhsace Ghrgipy
WAD LT, $:68616930andti Kint Ascttad., Ehabtteritdienod iV Athgaluronan matrix for

trafi f the A i DCI .
DI e PR Rkl SRATE D aTELRERRy SN A Betisclosures
agf halch Qe inthPoRtdd MfEiAIn HeirldABrRRbY t&bilecdydr at ed HA

spongy wafers was initiated by adding IN HO to the
r ht Briefyus &% agueeljsiyrluréranpplution ayap prepiredt mkgsuedsand

[Q043] The .reaction t erm.nat ed decanting t o
: d5ihed I baREML AR DT pIEErYR ShpdABERA BF sbffopnitized
| SORIMRBNG! spodHiewefc@S SFHcl Wi wite MRUbAtéEH 4 @CAVADEIsolution
wer e subsequentty extracted with 100 m of 90%

e

i §YPr bwaraprnel(l 0 ewatersfor BOreanes forrnablathagpnniete peegitation of

T j ce r d -

! O ORI oRE BOAT28 BT bl BREIGSP WA Pt &ifor, and quickdy

ddisedlvedtyeondigitardre r Sroof-linkieg of e paltiahiyegdtdfedArsposy wafers

were Q.7 3.5 ¢ respectively. Upon re-hydration,

t H@s Pwlﬁsé) LY a@gng i&&-ﬂ%%%@@g@a T{RYIES t0a914w8¥61|e ELto

hi, %n&&a%Q%‘HA spongy hydrogels. Prior to use in

culture, hydrogel s were sterilized by exposure to a

CE8143 Jdareceti¢d vaShemaratcdNgr dechntipdbt rd@BerCasixtme and replacing

lrradi ator . - art nent of  Radi ati on col o UNC

w oA P o TR RepEpBhge Tor ciSunke! (oR B ereRpyFred were

O\ @dscquchtly Rk akt& REh 1106l m] l9epes A RSEanGHAtIHSES tilnfes by incubating

Hyal uronan Hydrogel s [ 0044] HA hydrogel s were pl aced

i avonght-t TheHdanitsicesewerdrengrapsferred 0 puneasopreraneldo remove all

pol yst yrene r. for. the smaller sized hydr .

PR RRLA R E e pdls D5 IR oI I Re I patrices were 0.7

( bab5TekK respbttiely. Nap&i sMiyidkfion] thy H/ASrRkARE rdaddy agshised water

required no mani pul ation (prinigg) éﬁior to

i aed fAraet Sighly perors Hédhippngisbydieeds. claniqrdo gshidreudthepn Ha
hydrogels were sterilized by exposure to a Cesium source (JL Shepard Mark I Model
68 Cesium Irradiator - Department of Radiation Oncology, UNC) with a deliverable

dosage of 40 Gray (40 Joule/kg), over a 10 minute period.

Hepatoblast Cultures in Hvaluronan Hvdrogels

[0044] HA hydrogels were placed into culture wells, either 6-well culture treated
polystyrene, or for the smaller sized hydrogel matrices, chambered coverglass
culturing slides (Lab-Tek - Nunc, Napersville, IL). Smaller hydrogels required no
manipulation (priming) prior to inoculation with freshly isolated cells other than a
pre-soak with HK media. The larger hydrogels benefited from slight manipulation to
insure the removal of air bubbles from the hydrogels. In most cases, addition of 3 ml

of HK media onto the hydrogel would trap air bubbles, which could be removed

-17-



pre-soak with HK nmedia. The | arger hydrogels benefited

fromslight mani pulation to insure the renoval of air
whoembliessd rom t he hydrogel s. In nost cases, adedT/Us2008655881

3 mM of HK nedia onto the hydrogel would trap air

bubbl es, which coul d be renovednechanically by slight

conpressi on-rel axati on of the hydrogel, forcing air

f 'h%héth@al:x 1@ht c%lnﬂﬁ ssidnOQfhRbtidN §t&he g{fdr%a gforc1ﬁ%%ir frggn the

suspensi ons epatlc progeni t enric
héﬂahbh&asts mere seeded onto | arge HA hydrogels at 2

06. cell s/ hyd el in HK d|u W th 5% FBS and
2 [‘394%35 A:_tijrg g HséﬂeP“ﬂ%‘?’gE‘ ﬁPi‘técrpr%e%%w gnriched Tor
| Rbpdtdladhd) %?@&ée@éh &tto %gQQA ﬁlyd@ogg@ Atncy Wdéﬂs/wchﬁ%el in HK

medi um wi th FBS was rep $ wWwth serumfree
vxmeldmmgwwtbllﬁ% FB@rand 862\psé0 cqilsameesm@léhﬂirngelaﬁcftef o houtre initial

nb d
R BATRG AT N TlrRe BBl O it i b EE el i
mestum-RYEHK. 2Fh3 v@k&kﬁlg VolMSior A% \délﬁplufe&%é e @mdnfor ke 2-

nmedi a conprised of a serumfree basal nedium (e.

RPmbgabwelly wao2ml. | Gellstwesg é\aql}ur@@ fRr i wieaks uﬁ@erékﬁss sfme

ed with insulin
(§$%%ﬁﬁﬁ)%ﬂb%g% errlnp%%ﬂté%ﬁg m gghlgh density
| Qa6 otrsi dischidded igrei, HK seld2niouiprisddelDsdvim-federtmsal rnediurn
nE of a mxture of free fatty aci

bé%&dRPMId@f‘P’fg@ao allBUFPEch) PRI HETERQ PP b Bleiigt (< 0.5 mM)

P Pe?ﬁé?ftédoxﬂltﬁ’[? % gs @?ﬁi&?t@%ﬁ%@gs EEH‘“ %ﬂ?&'densuy

@@Mﬁ@l@%&g/@l@[ﬁ@émmﬁﬁé COH 8 QU5 zina (1 (hep M)Q@MW' ®uBa mixture

|ar i nea are | acking cl assi cal mgj

hpﬁffé% &cids| ptnsd odrpified athugys. Th%lﬁ@tﬂ@féhnetbﬁ@cféé&lengs
1%&6%) r_%_rll'a\%}}%”fx}'qgég%% e u%%h%@\%?s%wilg%% Bot%ﬁ Reid LM.

i'scl osu 'S’ VReOr

hé]i(ﬁiolgeliuﬁ hepaolsadts, rcemmdmpré@frﬁrefwelepe[t@@ﬁf?]an@@il{aﬁy lineages, are
ol ate fron1fresh| di ss C|ated human fetal livers

ngi¢laspicplingigr laléﬁOC%r@@%t 8 PORPlex plansh BgEh Rrﬂ@edmgs of the

B T T
hydnagpM&deehhsha@gm&gayésrebkmbhe end of a 3 week
¢ mﬂfﬁ I%%ll 1so ated’ from%}/\eﬁs]hlglrgilslglogateg %urnan feta% "livers s%ow an%fﬁmty
for aggregation/expansion in the hydrogels. Single cells and aggregates with up to
four cells/aggregate were initially seeded within the HA hydrogels. Cells aggregates,
at the end of a 3 week culturing period, shown in Figures 2A, 2B, 2C and 2D show
much larger cell aggregates. Sampled aggregates of Figure 2B have cell counts
ranging between 63 and 2595 cells per aggregate. Figures 2A and 2B illustrate
visible aggregate spheroids within the HA hydrogel.
[0048] Furthermore, the aggregates in Figures 2C and 2D display cell viability with
fluorescence capture of Mitotracker and Lysotracker activity, where the fluoroprobe is
cleaved into a visible component after active uptake. Figure 2D also represents a
confocal plane that shows the aggregate spheroid is neither hollow nor necrotic within

the interior (Mitotracker-red, stained) frames 2-5. DNA measurement shows a
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much | arger cell aggregates. Sanpl ed aggregates of

Fi gure 2B have cell counts rangi ng between 63 and 2595
w@eioBa09ey aggregate. Figures 2A and 2B il | ustPEX/8S2008/055881

vi si bl e aggregate spheroids within the HA hydrogel.

[0048] Furthernore, the aggregates in Figures 2C and

2D display cell viability with fluorescence capture of

MR ?ectlégérszﬁ%@ i:yrﬁfﬂagé%ﬁbﬁgtcbﬂé(@%/ FORGRE LA of cells on plastic

fluo oprobe 'S 8— eaved into a visible conponent ?

actisvethaptagasioniig tredd A Mydicpel wehaesemrhse éalkyoncfrewlof about 2%

pl ane t ws the.aggregate spheroid is neither
DBl 1 REBRBER B! ot he | nt er | or

(Mtotracker-red, stained) frames 2-5. DNA neasurenent

shovvs acon‘pl ete reversal of quantlfl abI e cell DNA
: i ‘ ; h g . gxison jto those on

tetrree gusi on in the HA hydr ogel wit h an avr age
dﬁg—?—r@gﬂe—ase of about 2% over a 14 day incubati on
PEE049Y. SsRatiehd asths hemal hygatl PRERhItHM, SrRhed R @dBpatoblasts,
hydrogel s in conparlson to those on culture plastic

[ wn@qeeétﬁs%ﬁ@ agiis With at2ndyo figh Boriag eTun ﬁﬁ%@eﬁﬁiﬂtt@mo the HK
cPIARIRSARSE LORSP BPh R un ESP(oBRS 00L AhOTh Mg rotce
Hik/ithiesdiummfreAHKe meda fhothe scrodinddradiat dtady. a(felﬁ_bﬁi(falamtib Rvere

500 CO, the nedia was rep|laced with seruntfree HK
ewued pithipgais aERRETO! Gt YreumiiLiby Sndalithe SHrigIeakt ¢ ells that

Wﬁ[dencﬁ ‘d’ct&dﬁrﬁﬁ’hlﬁ"tﬁé‘ﬁﬁ?% Hrs%@%ﬁ‘ﬂﬁﬁ% W%Y@{L.%l %Yﬁmeé’ Gf 1'nEd1a

he end of the experi nent hat d| not at
\Mchatnga tAhdlef emldsnf tljgﬁeﬁplesnmﬁt cellstwlfrre fiwed wvithsidh pataﬁmimatdehyde

R Ol B TR oS Sk SRR SR s

%hérﬁ)tjhﬁ ihfREm&niste ‘Bg@‘}eeﬂm @(Qﬁieﬁ at\i’enﬁeﬂl @el‘lﬁﬁldl'ﬂép AR Blaktd

nmai nt al ned a stabl e Eshenotype I nt ermedi ate befween
t Haoughopt mepsathpe 4 steghs eledultyreand did patt lmaaesltestnct towards either

t tt1)111 Qggrolyeté)s{m ;ytgct %a?egv\/a earseseel}l%%thve dag a'qre gﬁg/wn Ey h or}11§/t?1:hemlstry
f @ﬁaﬁﬁn%@@@fi BoEghad 3.VEhEI&lIB add epatiopireidhymal progemtors as
i mmunohi stochem stry staining given in Figure 3. The

céV1|d§nC@fié>yﬁlé<‘pa@q @Xm@%mcqwlwalplllwdg@ﬁgq @ﬁ@%@‘ékﬂ wehabymin
I‘gg?%!fsﬁl-g fé{%{ 8 3hML18Tas ERQeRichindteit {RGALSFIBRKSIS (Figure

3G). The I-CAM staining (Figure 3H) found in the majority of the cells and the low

levels of expression of AFP indicates the cells are held in a differentiated state close
to that of hepatoblasts. Indeed, fully differentiated hepatoblasts would be expected to
have very high levels of alpha-fetoprotein, a conclusion corroborated by biochemical
assays for functions (see below). Finally, hepatoblasts are marked by the co-

expression of three markers: EpCAM, AFP, and Albumin (Figure 3i-1).

Cells maintain phenotype of early stage hepatoblasts for longer than 4 weeks in

HA hvdrogels
[0051] Albumin production was measured by enzyme-linked immunosorbent assay

(ELISA). The media supernatant was collected from control (plastic) cultures and the
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(Figures 3A-3F) and are epithelia as evidenced by

their staining for CK8/ 18 (Figure 3G . The |-CAM
war@sniwe (Figure 3H) found in the majority of P€TES2008/055881

cells and the | ow | evel s of expression of AFP

indicates the cells are held in a differentiated state

close to that of hepatoblasts. Indeed, fully

digf{ ﬁ%&@%él?&ﬁéé e'%z@%ﬁd g%%@é ofRlady s tﬁé(ﬁ’tﬁﬁﬁ&{j?ft £4 DA% culture

very hig evel s topro el n, a conclusion

c penimb avladie drony thgi outttmerwe:ra Ifroa&sandsstdimd af -@AcCivnnbar(adyered.

Q Fi nal ato s are marked hy the .
Bug BB i o o Bt R GEARRG PP s Ol
( Eht%ﬂ 2 w?ds'ulséd asQﬁé h%of@kd’l%%@ﬁnﬁ’t%ﬁﬁiylp @\/I&lfsul%ﬁfehﬁé v%r@gﬁ‘lde
hepat obl asts for longer than 4 weeks in HA hydrogels
[ 606 Spaictyomin 2H0 wulfe vich platmscaderdMaleanlasypevices, Sunnyvale, CA).
or.bent ass (EL

ORI SRR TR v ST Sk FBte Tbad P egeR sBhsiiviy

Cubdaiid, @8scdltfih diReHARUHOA GE Lifca GIELdiBXEYIMGHAXIDE. BVARS Y
ot her day for the duration of a 4-week culture period.

MVEQRGEN 3t Wseneasitedspeatplotoms sy gtd b o4 vithzpeytofluor
0 i I h S
e R R S e

u pmgeﬁsorts beltdredior @Aroden @g;avassdonﬁiatﬁdnb tthat Nﬁhqmle rpﬁrgteﬁltors

wer e de vvlth a Spectronmax 250 -wel |l plate
r é‘é]&ng]E pvBlasiaPEr tsespugssol 3 @@ﬁ@%@uﬁ‘c@h@ Ppegspption of

ShFuhff Kp)ér vl gé&@& SEWRAn YRS Qﬁﬁ& Y688} AeduldrdsNf1cha®Blasts

nitroge en3|t ity assays, based on direct

i tesedarictoi 10nlags inuudtaresioniplaiiaeed ;dllabiyrmpretsmd sigrmefacant levels of
nmeasur ed s ct met

S I BY R A Oy P15 o LA Rz in + whell in he
rné{lfrmremlflmqllyafo%erseader Al bum n production of the

he tic progénitors cultured in HA hydrogel s was

ted lglU‘et%IS ﬂ@ﬁ nm“e}aamdcalbmroglepmdmt@n ofi hcpﬁrttéﬂas@wplated into
pkas f cu
B

Dayisveén dih Sl-ﬁhdf IU sﬁtlhllar esthatib R lls bbm{t(ﬁi% agtse pRstieshdlon type I
to 10 days in cul tures on plastic and reliabl

eﬁ@lﬂ?’@@g sebssiatinihic agrmalized amount ofalpyminds mpgked é'rhig%?gt
dﬂﬁlﬁﬁ% la?mﬂ 591%38' I%A g3t l%d Iflé)/{nl r@ﬁ&e&sﬁ%ﬂatﬁbl\ﬁﬁg léﬁltulred on

ures
plastlc are well below the 25x107 rng/rnl basehne When the albumin data for the

cells on plastic (Closed-Filled Circles) is plotted relative to that for cells in the
hydrogels, the normalized data is consistently lower than the same cells cultured in
the HA hydrogels.

[0054] Where collagen gels are utilized in this study, rat tail collagen type I is used.
The collagen matrix has a density concentration of 1.5 mg/ml, unless specified
otherwise. For flat plate cultures of this investigation, 0.4 ml of collagen-I is plated
over the 35 mm diameter culture surface and incubated for 1 hour at 37 °C and 95%
03 - 5% CO;, to allow gelation. Then, 1 million viable hepatocytes are seeded onto

the gelled layer using media supplemented with 10% FBS. Following 8 hours of cell
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[0053] Figure 4A is the normalized al bum n production

of hepatobl asts plated into HA hydrogel s (Open Col or
w@owedo%es? cl es). The al bumin | evel s spi ke and PEI/US2008/055881

bet ween days 8 and 10, simlar to that of cells plated

onto culture plastic and on type | collagen substrat a.

The nornmal i zed anount of albumn is markedly higher,

m‘tﬂb%d m&s fe'hﬁf'\‘igd DEAH 57 o‘k sgu)fn $Qc ulfmb Hedia is added to

er eas epat asts cultured on plastic are
bﬁiectmpbﬁ‘émZuBune,arﬁicﬁlangddﬂalllyasel i ne. When the aI bum n

d or, the cells on G osed-Fi ] cle

" Difiobe et ghdeh GRS o TeaRftion. i gultue fncdidorates o
hzg ‘hﬁﬁ%ssﬁ)e ddhﬁrerb@mmé;deqﬁd 1611l \alfle Becﬂssvtzé:%@b ayedl SWeflat plate
than the sanme cells cultured in the HA hydrogels.

[ oolbgien Wi ansbillcapdrio geidch far & hawislin mediai supplhingntsd wdth, 10%
i,s .ugsed. The colla

nibsf ey 26hoen Eha eyt e remagRd sfaaggnal 04 mi of
SR&IRLh §dapiibe fd’\ﬂhé ?orﬁ (l):fgcﬁe Eél@t ool b??efaﬁ&? $oroff hdubpl 'ats?]7 °C.

i nvesti gation, col f agen-'l plated over t
3Blermd).4 mdmﬂsenunr:ﬁ:éet arlersmediacesadded tochbh@ped thoorultire, and
h WIOCand 95% O - 5% CO2 to allow gel ation.
TREMESA I4Y-| i on vi abl e hepat ocytes are seeded onto the

9fddsef lAYLProdsia, %&hﬁoﬁ%tﬁﬁ?@ﬁ 188 Rdpat@YaEBSrepresented

Fol | owi ng 8 hours of cellincubation, the medium’is
r errpbizdllpimiFiguee #B. Fhe seragnirdticseofouta inigevomenlimgy/dior this assay.

S0 281 05 e DL G LT FOARGh B0 vt
ﬁtel Rt &en thN1OWd EdrRpdrOC QIR RIE Seld o¥bpl MIACH(CRSEE
culture dish. Briefly, 1 mllion viable cells were

plCaicked). spllsgorr manolpyesicellegen| Iy bwrept@pinCiadie). and estlsguttared

=gy 05 L5 T PR SRy G R

adedrtasem@produdion inafl catlilcageath the Haplpj'dr@gblst perfdmlﬁgodblghﬂy
the cells, followed by g Iatlonfor 1 hour at 37 OC
BT e HhstigF andgo TP T kAP et o was added to

L h@yg‘vgp_lwladda%f@dmlaa c %dqﬁgg@ﬁgaagdk Yras BORPRind R ol

uction, a common function re hepatocytwes,
i ssotatipn ps@ndaichbyginajstvigeml Hydﬁogel@iv@m endBed Tioen the culture plates

gglg(g BE: 1tnlcoo£] m?%pgén%%rfl tubegsI gne({] spun at ¥ é 860 rc‘% (1 1t 8%3 34g)ona
microfuge at 4 °C. Supernatant was removed by aspiration and 1ml of TRIzol was
added. In comparative plastic control cultures, where cells were adherent to the
culture plates, TRIzol was added directly to the plates and then collected into tubes
without spinning, but after aspiration of the media.
[0058] RNA was collected via phase separation with addition of 0.2ml chloroform.
After aqueous phase collection, RNA was precipitated via isopropyl alcohol, followed
by a 70% ethanol wash. Final preparations of RNA were air-dried and resuspended in
100 ul of RNase free water. Quantification was done with a DU7400
Spectrophotometer (Becker).
[0059] DNA was isolated by addition of 0.3 ml of 100% ethanol to each tube of the

remaining TRIzol. Tubes were incubated for 2 minutes at room temperature, and then
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Nor mal i zed ng/dl urea production by hepatoblasts in
hyal uronan hydrogel hydrogels (upside down-open
wao eooangles) are conpared to that fromcells on PCEHES1008/055881
(Cosed Circles), cells on nonol ayer collagen |
cultures (Open GCrcle), and cells cultured between two
I ayers of type | collagen (Hash filled triangles).

. i ,
PARERS] o C8} SRR PEMAL Aol groce wes
beetm(sredtfhafmrthbtamalysis oditlek ffrotom. nﬁheaDNlepﬁllet vas W'ashgd twice with

c . [.0057], ILsol ati o RNA cells cu in. HA
St S e At et Ty P DnoF enf siThEEE G et 11,5000z a
l avc t A%@@secbmi 5&9@31%@4&65@&%%\( Qs frern%'@ehhﬂ)% aglsikatﬁéheand the
plates and placed into 2 m Eppendorf tubes, and spun

atsarmzle@@@ arrc;h’led fara] ngmuMg)Th@ rpeléetrwa@rr@*fd@sg@lvad im10Qul of 8 mM

T AR R TR B R T B R B pBf o 70. e

CEAhplES T eroMpeh et CXI0DS fovercemadhsag thet sﬁﬁ&ﬂﬁ@taﬁuxkzﬁslthﬁlsferred to a
pl ates, TRIzol was added directly to t | ates and

t Rew test [N Acantification pas dang weh ﬁhes%@qkmaﬁghomﬁpeogpﬂ@ﬁer
aspiration of the nedia. [0058] RNA was collected via
phase separation with addition of 0.2m chloroform
AlGenk eapiressius aphAasigzabby gﬁilitﬂﬂtlvRMl\ﬁ&Se RTeRCRI t at ed
via i sopropyl cohol, foll owed by O% et hanol
Fi9{o0] pp g%%ﬁcil%%@%? SRIPLC B 0o O Y e FOFIRNA from I ivers was

I SRURRENEAGHE: hD R}s%gsﬂqt @ﬁ%\ﬁﬁlgﬁﬁg‘zg\é@%ﬁ& reverse transcribed by

Quanti fi cati on was
Speptrsapph bkt I@nﬁ’setrar(seapﬂam (nvifrogs9 pnddligord §(12s18) atiettrbgyDNA

ddi t 0.3 f 100% t h b f h
" St s Moty s tnm gl PER S SaC RS b R ma kot
(a:tse({u@ﬁ’égs ts@émﬁf)laguf)ﬁow? Adnt WERE e ﬂbk\{/éiﬁ%glnﬁtr 8Q6[d aft 5°

or m nut es. The phenol / et hanol aqueous phase was
r everhans food 7fpupmpier smnwga@ftcg tae tagraat édarcta PigezeDNBhis

di.
: ﬁm}?ﬁ%ﬁen}’@f f g DtN(;}% wag H%edhfgs o i Dy Cagcqu%%lﬂn w1tlhuﬁ ERIA
580headse 4Pomeph), @éncratipoRnd s@ch‘&ﬂl@NAs(mlﬂl, anﬁ%dlldﬁfolﬂalt spbg

was removed by aspiration, and the sanple was air

d incigled by TSR Wnralwgcragnaserbay ssandggds ip guaitisaieReltPCR using

( %&J splifi ]%)p%%?lﬁgl Qg%ﬁ%g gtaﬁﬁeﬁaﬁ%g%s Werd MEERES 1 to 108

ternplates. Quantitative RT-PCR was done in the LightCycler instrument (Roche)
using the LightCycler RNA Master SYBR Green I kit. RNA from samples was

extracted using RNeasy mini kit (Qiagen).

[0061] Figures SA-C are graphical comparisons of CK19, albumin and AFP RNA
levels normalized to that for the GAPDH housekeeping gene in hepatic progenitors
cultured in HA hydrogel hydrogels, in hepatic stem cells cultured on plastic and in
hepatoblasts freshly isolated from fetal liver cell suspensions. For each 30 ng of total
RNA from freshly isolated hepatoblasts, there were high levels of AFP (130 strands),
albumin (7000 strands), and relatively low levels of CK19 (1.2 strands). By contrast,
the RNA isolated from hepatic stem cells showed no AFP at all, low levels of albumin

(2.6 strands) and high levels of CK19 (100 strands). The hepatic progenitors seeded
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sanpl es were spun at 12000y for 10 m nutes and the

supernatant was transferred to a new tube. DNA
waee@ntlddesrat i on was done with the Becknan PCT/US2008/055881

Phot ospectroneter. Gene expression as anal yzed by

quantitative real tinme RT-PCR [0060] Cene specific

MRNAs were created as followed: total RNA fromlivers
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o B ey Ehp 2\ S RE s A D! Becctavtc
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( ‘dtetﬂbt gRmAckils L diRaheybexess IATFP! dﬁdﬁldAlM 1TButfMAquantitative levels of

pol ynerase) used as standards in quantitative RT-PCR

uéhqlfgfug‘éth?éls apeddoser bo ieistert eclinithanda thoafreshlpeisplaieg hepatoblasts. In
S om1l to 108 tenpl ates.
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i nstrunent (Roche) using the LightCycler RNA Master

SYBR Green | kit. RNA from sanples was extracted using
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* The AFP primers are ones to detect uniquely hepatic-specific AFP, as reported in
US Patent Application No. 20030148329, the disclosure of which is incorporated
herein in its entirety by reference.

[0062]

embodiments thereof, it will be understood that it is capable of further modifications

While the invention has been described in connection with specific

and this application is intended to cover any variations, uses, or alterations of the

invention following. In general, the principles of the invention and including such
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that in the hepatic stemcells, but dramatically | ower
than that observed in the freshly isolated
whepatabast s. Cyp3A4, a P450 cytochronme foundP@TUS2008/055881
mat ur e hepat ocytes, could not be detected in either
the hepatic stemcells or in the hepatic progenitors
naintained in the HA hydrogels. Thus, the hepatic
l1r sQF s kil ﬂrgﬁn{'@isa}f é@ 9@&&%3%&%0%Wcﬁﬁbﬁ1§ry practice
ce ey express AFP an CAM 1, but the
q uairhln lhatart\te WImkﬁhs nofentidrepartainsrantlias nsydbeappliakterthd essential

e ste the f eshly
SRR G o et g Sl indnd S3p 84 ihs agpeded claims.

hepat obl asts. The AFP priners are ones to detect

uni quely hepatic-specific AFP, as reported in US

Pat ent Application No. 20030148329, the disclosure of
which is incorporated herein in its entirety by
reference. [0062] While the invention has been

descri bed in connection wth specific enbodi nents
thereof, it will be understood that it is capable of
further nodifications and this application is intended
to cover any variations, uses, or alterations of the
invention followng. In general, the principles of the
i nvention and includi ng suchdepartures fromthe
present disclosure as cone within known or custonary
practice within the art to which the invention
pertains and as may be applied to the essentia
features hereinbefore set forth and as follows in the
scope of the appended clainms. WHAT IS CLAIMED: | . A
nmet hod of maintaining cells ex vivo under conditions
that are 3-dinensional (3-D) and that are perm ssive
for 1 ong-term nai ntenance, for expansion, and/or for
differentiation conprising: (a) providing cells; and
(b) culturing the cells in serumfree culture medi um
and on a conpl ex of hyaluronans with or w thout other
extracel lular matri x conponents and with or w thout
hor nones or growh factors to maintain, propagate
and/or differentiate a population of cells. 2. The
method of claim1 in which the cells are hepatic stem
cells.
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3. The nmethod of claiml in which the cells are
hepat obl asts. 4. The nethod of claiml in which the

w@eiosaomse comm tted progenitors. 5. The met hoRICD1S2008/055881
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claiml in which the cells are mature cells. 6. The

met hod of claim1 in which the hyal uornans are

conpl exed with other extracellular matrix conponents
and/ or hornones or growh factors. 7. The nethod of

cheii 1614 e Wihviibpt he extracel lular matrix conponents
are one or nore collagens (e.g. type Ill collagen),

ode or Amoréobafalairadhiegicolts aobiecuides cémligons| thatiand frjdjmensional

o hEPRand Baf Rt ER A SR OBt amiiec Bt R FRgot Bor for
t Qeveadtiatin cdhiprisiBt:hod of claim 5 further conprising
one or nore hornmones. 9. The nmethod of claim8 in

whi ch {Heronadingseds:ane insulin, transferrin/fe, tr |
ot OSBRI RATARRR o o

conbi nat’i ons ereo

f ur t hehyglompahsSwil oPWhet o @x @il iar frdai-o¢dnpdnedts and with or
The nethod of claim 10 in which the growh factors are .
epi der HathosthapmanesRitgsew thefegtprs tq MaiRGHPRBRLa: sk er differentiate

factor Lol dot erl eukin, a | eukem a inhibitory
factora%ﬁﬁ@)?)a8§$%%3forning gromh factor- b (TG~

or Too mizithualt df@hesmt lharvéath tht2cllsTire hapdtlvaternotelts. ai m

bp,
11 in which the interleukin is Il-6, IL-1 1, [L-13),

o%: conBhR B R doh W g thmehwmaaatéfrla%ﬁai 1 i
Whi ch triie phviRldrenans! AnehieDaicem b comasiaed pidktlord 4-

The method of claim 13 in which the hyaluronans are
cheni cdht ynethrodsd cldimkled wineclothglveld demyaderciseilsiges. 15.

chom oy Diose Heneda YL G hvalSmers o Brrhiged Magmer
ThetramRtamafrixCdompBndits bid WhhdithohBEoretbwarRkior. ar

matri x _conpri sing hyal uronans cross-|1nked through
d’sul f iThe nisthadgds]aivd] inevhigk thegatpeelluarmatizx corpeonents are one

PES}F Fﬁ)ger é)oglg%rfs: (gjgi'tfgg é%bﬁ&ehﬂ SnESt ﬁl%?eelga!syll AhedIBE {nioi%cules (e.g.
laminin), one or more proteoglycans or their glycosaminoglycan chains (e.g. heparin
proteoglycan) or a mixture thereof.

8. The method of claim 5 further comprising one or more hormones.

9. The method of claim 8 in which the hormones are insulin, transferrin/fe, tri-
iodothyronine, T3, growth hormone, glucagon, or combinations thereof.

10. The method of claim 5 further comprising one or more growth factors.

11. The method of claim 10 in which the growth factors are epidermal growth
factor (EGF), a fibroblast growth factor (FGF), an interleukin, a leukemia inhibitory
factor (LIF), a transforming growth factor-f (TGF-p), or combinations thereof.

12. The method of claim 11 in which the interleukin is I1L-6, IL-11, IL-13), or
combinations thereof.

13. The method of claim 1 in which the hyaluronans are chemically cross-linked.
14. The method of claim 13 in which the hyaluronans are chemically cross-linked

through aldehyde bridges.

5.



or nore specific collagens, one or nore specific
i sof orns of basal adhesi on nol ecul es, one or nore

WG pesilessspeci fic or tissue-specific proteogl yREnBSmns/055881
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t heir gl ycosam nogl ycan chai ns, one or nore hornones,
and/or one or nore growh factors, or m xtures
thereof. 18. The nethod of claim1 in which the cells

1§, Obtrib AReh Jd" B itV h thB By ARIAAmk 4t ¢ érﬁi My clgs-linked
vvh?ch :rﬂe chIs aré a lflt“;l}ﬁ?ver fs 20. T Y %Cgs e
othrohghalmﬂlﬁdehrldgﬁsch the liver is fet al I|ver 21 The

hod cl ai h .t s neonat al
i A AT TS xS s S U E A R iSing
pﬁ%laltohhﬁs drb¥elinked thrbhigh ABLIRAE bﬁﬁgé@' é’dll&i 11§xtfdaeM\AEcpﬂM

liver is adult liver 24. The nethod of claim1l in
V\,Hu7c h tThe n@@fmqimffCiae@ lcmlwmdethmdtrmla@nmt@eﬁlrthnsmmmses one
transferri. oth. 25. The

bl BTt Y i € BB P AT et on

egfRdtules] dné @fmdrd spédld@,stélﬁe of ﬁgsmb@?edlﬁ@pﬂ)&o gbbed dHtheir
zinc and sel enium 26 he nmethod of claim1 in which

t Bbycewnineglyea diains.ane orsyire Reeemsh.snd/os 8@ at ngrd growth factors,
[ Bfﬂf&tﬂrestﬂgeg&sff errin, lipids, calcium zinc and
S

el enl um The rret hod of cI aim1l in which the serum
frige caht ureﬂldaimf cluimi Isinfwititihehe cElesre obtaamey feprowitér.
factors_ or orm)fn s other than insuli

d
t Adnsf dbf msthogle C}eﬂnﬁleltlﬁd&neh thsics %@rstaﬁwgﬂzf@lqegs ex Vi vo
CoOFpri §4,p qletﬂoﬂ)ofreia%' 1%' 1HQ;v1ﬁ8H 'Jh% 1ivEbis f&'a'l' Wi ng the

cells in serumfree culture nedi um and on hyal uronans
t 81 enafihe noting-dfetamslfriviwiach theliyemis inoonagel divor

di,ffer tia |on of .a jpapul.at.i n of cel

mathod Ahi3tei BRI §8 1881 P BediRicTNen, vl 1 s.
303, Th qhmem;a SHclnalah 2hi e ehis bt aRkH S

hepat obl asts. 31. The nethod of claim 28 in which the

céftl s dhe medhad aftckdmply v genich thesedm rFheulmse mediugf comprises
ll}sumlz[ranst%mn Xe Botthhe cells are mature hepatocytes or

25.  The method of claim 1 in which the serum free culture medium consists
essentially of insulin, transferrin, lipids, calcium, zinc and selenium.

26.  The method of claim 1 in which the serum free culture medium consists
essentially of insulin, transferrin, lipids, calcium, zinc and selenium.

27. The method of claim 1 in which the serum free culture medium is further free
of any growth factors or hormones other than insulin and transferrin.

28. A method of propagating cells ex vivo comprising:

(a) providing cells;

(b) culturing the cells in serum-free culture medium and on hyaluronans to
enable long-term survival, expansion and/or differentiation of a population of cells.
29. The method of claim 28 in which the cells are stem cells.

30. The method of claim 28 in which the cells hepatoblasts.

31. The method of claim 28 in which the cells are committed progenitors.
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cells 33. The nmethod of claim28 in which the
extracellular matrix further conprises one or nore

weoeiosagens, one or nore basal adhesi on nol ecul BGT/USIV8/055881
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ore nore proteoglycans or their glycosam noglycan
(GAG chains, one or nore hornones, one or nore growth
factors, or conbination thereof. 34. The nethod of

chai m g‘ﬁe e gR 186 lv&hﬁ%ﬁmo fcé rE ¥&ure hepdt \I\i{l y’teﬁlot\[ﬁ)ieliary

or Vc agen. 35. The net alm33 in
basltsl adhesi on nol ecule is an i soformof |am n| n or

ron tlnor t hod fclalm

whbn TRE B Slayie g ckesh BE s bieh i Bptapf somprises
PoHRE ﬁ%bbé%'ﬂﬁgetﬁ hanRdsrhdrk Basl bR RAGRABAN&, Bﬁ@o@%&et e
pr ot eog ycans, dermatan sul fate/dermatan sulfate

ppustt opoaeisthein gb@ommlgmlﬁwldﬂfe@))afﬁamsmnef qtreore hormones, one

prot e n or canbin ereof. 37. The met hod
of" %]Ioéelgg#’?% §aﬁt°v\§1loéﬁm¥l 1élaﬁ rEans are chenically
CBOSS- IThakthod3F. claTllﬁev,srrﬁtvm@h mfe c6ll e i3 tyipd, WIILCIV érhe

hyal uronans are chem cally cross-1inked through
@ilé"}%?@le bri dges. 39. The nmethod of claim 37 in which

dl 2 uI f ?Jgg I;Igeﬂ?ogis f%{a?%gaelg;'vﬁﬁéﬂ the % Qf Sakdstkefob o ﬁgﬂ 1mforrn of

0Si |on conprising
cwnmumaordfbmﬁchﬁprsethumfree cul ture medl um and an

b o s S GRS o e
C'ﬁ%ﬁ &eo%@@ el EroRin Tﬁllﬁ'te%h%g o1&k nﬁrjaf‘eo ﬁké
ast 43’ The net dofcalm 40 |

c dbﬂns;ltar wlfewidurmbed spifagenittal wanslheparhe sutfitdibepaoin sulfate
claim40 in are mature hepatocytes or

anf%?Oegl%ﬁaP? ar §°@Eﬁnﬁﬁ%l}s tg?re%fel I's

37. The method of claim 28 in which the hyaluronans are chemically cross-linked.
38. The method of claim 37 in which the hyaluronans are chemically cross-linked
through aldehyde bridges.

39. The method of claim 37 in which the hyaluronans are chemically cross-linked
through disulfide bridges.

40. A composition comprising a cell culture of cells, serum-free culture medium,
and an extracellular matrix complex comprising hyaluronans.

41.  The method of claim 40 in which the cells are stem cells.

42. The method of claim 40 in which the cells hepatoblasts.

43. The method of claim 40 in which the cells are committed progenitors.

44. The method of claim 40 in which the cells are mature hepatocytes or mature
biliary epithelial cells

45. The method of claim 40 in which the extracellular matrix further comprises
one or more collagens, one or more basal adhesion molecules, one or more
proteoglycan(s) or its/their GAG chain, one or more hormones, one or more growth
factors, or combination thereof.

46. The method of claim 45 in which the collagen is type III collagen.
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45. The nethod of claim40 in which the extracellul ar
matrix further conprises one or nore coll agens, one or

woros/1ssal adhesi on nol ecul es, one or nore PCT/US2008/055881
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prot eogl ycan(s) or its/their GAG chain, one or nore
hor nones, one or nore growh factors, or conbination
thereof. 46. The nethod of claim45 in mhich t he

Cqbl ag 'n%tﬁ&ﬁpcﬁculﬁl éﬁqglvﬁﬂ&ﬂh%%a aTQ e ) fleaﬁe Rl 18 Rin.

t he basal hesi on nD am nin
488 Th a hemtdtiunﬂ affclarﬂnafiSrm4x511¢h1thwprcamgljmns/GAG is a heparin or a
ote ans/ GAG is a heparin or a heparin
5835 ﬁay%@’ The method of claim40 in which the

h)@l ur qpg ﬁ%tlﬁfdeof“cth@ﬂ' @qh |VM11@1{ ﬂ’l% $3 hlhmﬁﬁgs ar@ @herhe8lly cross-linked.
met hod of claim49 in which K al uronans are

c ﬁ@m C alhb yneghragsd. cllalmlélé?dntxﬁn@u@h haaldmmym?earb chetgisslly spss-linked

$q1§4 %Ia%n149 i n which the hyal uronans are
el §PY8F 884595 nked t hrough disul fide bridges. 52.

A5¢ ont ghe a{etﬁdarof&[a@m@ah veHictothe MO@aEdnanPare @REhICAIN S cross-linked
conpri si a container, and (b) an insol uble

nﬁﬁ@?@h@sgﬁﬁﬁbﬂéwﬁg hyal uronans and at |east one ot her

1 a0o! Lkt TBE B AUROPENL. B8 BERES LEARNNE: or oup

proteogbwa@nmn&ﬂzmhelr glycosanlnoglycan chai ns,
hornDn andﬁgromﬁh factor, mhereln t he |nso#uble

mat er i &) andnaddematarial eqrapyiviag byplyipransangd geleas opg pihsr
o%xﬁé@ﬁﬁlﬁpﬁﬂaﬁ x %nﬁ&)ﬂ%ﬁt sBfecle8m &@%rogdf)r d‘oﬁgﬁnﬁﬁ)fg (E)?lta%een, basal

cont al ner. ont al ner of cl m52 In

c adlllealomeprouem, ardm@t}wenszmi their glypbsireno gy@mmhelas,tlmrmome, and
| ab, chi 4. The, cont ai.ner of cl

i ﬁquﬁﬁ Sty et the it @?%@Pﬁeaalelﬁ pf%i} Iy SuﬁpFﬁl51°11 Wi vzﬂle

Vebitaind dr su&t!nl‘uall?rcoﬁt@ APicBR onO B AR @RS confiner The

container of claim52 in which the basal adhesi on
pbdt ei Aht sortainesefdaim T inlvelntinthe contafriebrsoniéssué eulture plate, a

bioreactor, a lab cell or a lab chip.

54, The container of claim 52 in which the collagen is collagen type I, III, IV, V,
VIII, X1I, XIII, or combinations thercof.

55. The container of claim 52 in which the basal adhesion protein is an isoform of
laminin or fibronectin.

56. The container of claim 52 in which the glycosaminoglycan is heparan sulfate,
heparin, chondroitin sulfate, dermatan sulfate, or combinations thereof.

57. The container of claim 52 in which the glycosaminoglycan chains of a
proteoglycan are heparan sulfate-PG, heparin-PG, chondroitin sulfate-PG, dermatan
sulfate-PG, or combinations thereof.

58. The container of claim 52 in which the hormone is insulin, transferrin/fe,
growth hormone, tri-iodothyronine, glucagon, or combinations thereof.

59. The container of claim 52 in which the growth factor is an isoform of
epidermal growth factor (EGF), an isoform of fibroblast growth factor (FGF), an
isoform of transforming growth factor-p (TGF-p), an isoform of hepatocyte growth
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56. The container of claim52 in which the
gl ycosam nogl ycan i s heparan sul fate, heparin,

wehb@sdewse i n sul fate, dermatan sulfate, or conbCTES10081655881
thereof. 57. The container of claimb52 in which the
gl ycosam nogl ycan chai ns of a proteoglycan are heparan
sul fate-PG heparin-PG chondroitin sulfate-PG
d t u o - 9 1 1 .
B B S o b ol AT hertllan (00
t irserddudar 1 n(IEL.&]), grtavdukirhir (fbhd), ongoistatio dbitdryeombimépns thereof.
gl ucaggn, or conbinatigns thereof. 59. The .contai ner
oFUGT il SRS M Hogr ek FreRBpricaidin Ry B asfingne.
of epidermal growth factor (EGF), an isoform of
fibroblast growh factor (FGF), an isoform of
transformng gromh factor-b (TG b), an isoform of
hepat ocyte growt hfactor (HGF), an isoform of |eukem a
i nhibitory factor (LIF), interleukin 6 (1L6),
interleukin 11 (ILlI 1), interleukin 13 (1L13),
oncostatin M or conbinations thereof. 60. The
contai ner of claim58 in which the glucocorticoid is
hydr ocorti sone.
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