METHOD OF ENGRAFTI NG CELLS FROM SOLI D TI SSUES I nventors: Rachael Turner,
David Gerber, Oswal do Lozoya, Lola Reid Cross-Reference to Rel ated Patent
Appl i cat iwo0{10QkR Thi s application clains the benefit poft/ud2&1/0854081 si onal
Pat ent Application No. 61/332,441, filed May 7, 2010, which is herein
incorporated by reference in its entirety. Field of the Invention [0002]
The present in THQDQF EM@EJIE&GE&ﬁiSyFBQMI%)IW%FIFBSWESi ssue
engrafting. More specifically, the invention concerns conpositions and
methods for yhenemt RabRRITrhe David GRREEIRWATNPE 04038, 1 BisqEGHON [ 0003]
Current nethodol ogi es of cell transplant therapies iIntroduce donor cells
into hosts via a vascular route, a strategy nodel ed after henatopoietic

t her api es. However, Herpas-Bebiren¢ectodiglated Ratenti Applipationg| atively easily
perfornmed as these cells have evolved to be in suspension and have i nherent
feat ur od 12 RUBBAL:ch Aty DRMR! & RO oD AEh: ALSRURS NIS: the
many thousands of  studies on transpl antation or “henmt opdi et 1 ¢ cel |
subpopé6l/as2,eak fiied/®lalyi7t 20 B, mdlidvia heeirt mcoiperdiedinsifanicatin o8 eafirecel | s from
solid organs, such as skin or internal organs (e.g., liver, lung, heart).

| ndeed, when cells from soli dolg.rﬂjznifs are transplanted via a vascul ar route,
there effects are muted due tof eHetthETRYN N af t ment, poor survival of

the cells, and propensity for formation of life-threatening emboli. Hence,
the di pBBES ThE pred&it is@ntion &y daRedRNEaNPlo the flRRl éfiRBheshaastispcrREsf Ul |y as
they mght be if alternate approaches for transplantation were tried.

[ 0004] sPraidicai pdbhinvERiaongerns sompesitinsaad matkedsder the cngrafimgst offcells.
transplanting cells fromsolid organs by grafting protocols using avail able
di verse strategi es. Sumary Betkgneandef ¢ Inyenfiod05] | n one enbodi nent of

t he present invention, a nmethod of engrafting tissue of an internal organ

in a Sth?hgf t c‘i]ﬁ}éﬁt %thgc?a}%égse&ﬂ%g &Pa%lgﬁgntl tHer%i%% gfﬁl%gg g do%? Eéi[&%ﬁo X 4

condit S provi ne npri ses. al ning I'sola 84 cell's
of t heviantvasddar rontganstfatenn modideitter hbaepbrudittgapiéie Mekhdwveri n bi omaterial s
conprised of extracellular matrix conponents, optionally adm xing a

nut ri ePEM3RRATEHE %ﬁ&ﬁ%@p@ﬁ @W&Fkaﬂgelﬁﬁﬁggmeé@np@ﬁi atthpse olls have ev@%@éﬂp hes,

hor mongs)spedidnGhd hld RHMChN@atule 16RshSpdrihir hBfid PlLABEAE @Rbet HifiRESI n the

m xture
Thus, the many thousands of studies on transplantation of hematopoietic cell subpopulations

have little relevance to the transplantation of cells from solid organs, such as skin or internal
organs (e.g., liver, lung, heart). Indeed, when cells from solid organs are transplanted via a
vascular route, there effects are muted due to inefficient engraftment, poor survival of the
cells, and propensity for formation of life-threatening emboli. Hence, the diseases of most
solid organs have yet to be treated as successfully as they might be if alternate approaches for

transplantation were tried.

[0004] The present invention is therefore directed to methods of transplanting cells from

solid organs by grafting protocols using available diverse strategies.

Summary of the Invention

[0005] In one embodiment of the present invention, a method of engrafting tissue of an
internal organ in a subject having the internal organ in diseased or dysfunctional condition is
provided. The method comprises: (a) obtaining isolated cells of the internal organ from a
donor; (b) embedding the cells in biomaterials comprised of extracellular matrix components,
optionally admixing a nutrient medium and/or signaling molecules (growth factors,

cytokines, hormones), and c) introducing the cells into the target organ , wherein the mixture



of cells and biomaterials gels or solidifies in place in the internal organ
or on its surface or both in vivo. The internal organs may be |iver,

biliary tweepiipameseas, |ung, intestine, thyroid, prostace/usbriemsi4os uterus,
or heart. Suitable si gnal ing nol ecules are growh factors and cyt oki nes and

, wt h fact EGF), hepat gcyt wt h
2ot or S #deynd Blangiiiate s SEoliUiea e PbaK fn ths Sty 56w OF Pt HETES oL o g,
Vit am Boh)in vabbf[ﬁb lnﬁ%a%r@ﬁsr}nﬁ)aﬁé mer(l')zggpy t?eegpancFe% Zlungn%t%?t)ne \fﬂﬁ%}ﬂl ar

endot helial cell growh factor GF), insulin ke gro ctor
(| GF- | prostates btqast, biekus, gr bearh $1atabbtr51gnah(1g méletclu)e,s aopngosttiaticrord/pnd eukem a

i nhi bitqry. fact LIF). f I d .g.,
nycr ocBRPRBEREY st ke st RES ot et Sl ERGPhokRdhede eyl
fol I'i caetos (HOW), as,ttﬂoﬂm bélf-ﬂ&%d(g?&bﬂh)fact@ﬁ(g(ﬂgefb‘hnoﬁi@ . ggenémna&ﬂ fibkobiat d
hor nones (e.g or 6] For treatnment of a diseased or

[ 000
dysf ungiomah ﬁqet% r(ﬁﬁﬁ se.8 ta é} FaoheF 10)% vessplas eli*ﬁwhﬁﬁlél etegrontiefactan4M EGH,
reci pi I et 0 ing the
|t er nafoit Bk B8N Fab T (TREDIRRUERLE DR aH P (RS 27 < e
nor mal leuled:rhm mhnbltoﬂytfamne@IF) ammﬁ“epﬂf, irisalin @udolaerticnide,r(lagl Iydgmortisbat), i s not
di seased or . dysfuncti o | .. For stabli h a nodel systemto study a

di seas&ovh ko rarbye‘? eE‘é‘t"ft% gedes e FW@“@P%%Q%@’%&WH&E are

transplaiest, %r@ééﬂgtﬁldrlﬁfth&rhﬁﬁH@(éé] ?3“0?1‘@)6“ mental host. [0007] The
cells may conpriseé stemcells, mature Ctells, angioblasts, endotheli a,

TesencluguBl  FhALARLLAL &H&é’éﬂ% SOMhERInal &Iﬁsh.il e do%%L Lfsceufs'n? LA ARt S oF
m xtures o ese Ition, e lorra npri se”col I'agens,
adhesi olhewﬂhhledmlre@p(eha(mdlngnaﬁ) of inby aise bt ithszubj’dcd@g&jh@goue) las/finge internal

pr ot eo cans. Iu onans (HAs yCcoSs ycan ns, chitosan,

al gi na rggnépn S‘?}? ?lre %S unché)ad Q%CHH%HP@O‘Q&%] g‘@ﬁﬂﬁ’é’t‘fﬁ Slog%ﬁ‘él from

Hyal ur 9pamion 3 theahRridf ofdaR it & R4t lpdadiataR Hyﬁhﬁcndngpfﬁir elﬁalgléﬁ 2hdcicel I's
of the Internal organ maz be solidified ex"vivo wmthin the biomaterial s
pri or sy@termtOrs@diYCa geashe! ¢aoros cilhy @nthﬁ:e)nhmﬁlasha\@rthtt distdve and thet mmt i ve,

i nj ect ednsaﬁm%d o O/m Srlil(?Sta 1ce Elind aX owe ig %ol idify in vivo. Preferably,
the cel T SPAFEY MY ORURET A5 BF WALy Reﬁlgle& 8¥ed or dysftinctional tissue,

and ced a i nject bi ode adabl cove or onge.
[0000] 1P lan S G T RIE ST S RSHT: SR H o o hitnod of

repai rinB@nthyisal@iedd can (frahlemasbu&eg aR1hR RIS Lfmr@&astssw&%ﬁregofﬂh%@ tihe
internal organ in a diseased or dysfunctional condition is providéd. The

met hodadsétins ilsfésomat)m@lbmymong)rmpmagen% lafllkesisin mplecilet @amilinsor gan from a
donor; nb n ter a

opt i on%l§ %ecgglrfbdl%é‘%%)’t Eastlﬁs Ipfosteotgs%cém ﬁﬁ\ﬁﬂaﬂs gﬂgﬁ)a yﬁasaHBP%%ﬁéaéls (growth
fact 0rd)ansyélﬁfﬁsd&f;&)gmat@dﬂdTsylﬁﬁalc Bﬁidbgradzﬂﬂe abiobehpAibte pdigmeaf ; and (d)
introducing the mxture (b)_ into the subject, wherein the m xture becones

i nsol UBrduRRENsF pie af Ye ariferwet ®asralsnto the internal organ in vivo. [0010]
In yet another enbodi nent of the present invention, a nethod of |ocalizing
cel I's 8008 The splated cglrlgahthgmtorna eger mes beisolidifiah ei nve mitin fhertion, or

bot h ided, t.h h
i(rjlzro ulg]i%ﬁ{e% gg)tnolrgor% gucng)r rclefslsl’ lng @ hiogtso‘?rtlﬁ tegfa XT?O&% ﬁﬁ aﬁ%d a

sol ut lﬂlﬁd@ﬁbsmiﬁe and HM\eed'tt)éd;bD@n@yb b Fl@feﬁ)ﬂﬂ?uhé@élls aré ﬁltﬁoﬁﬁcd@rz@%?ﬂ&& of an
effectlve anmount of a cross-linker, onto a surface, into an interior

porti dned Fasséphdbﬂfﬁl%ﬂpaalg@@uq ﬁ@@mawbeemgcawt:%vvumecuqmbmdegﬂaéqm@ ati on
fornms a.By ncggrrprl sing cells of an internal organ on a surface, in an
interior po t|o or both of a target internal organ. The m xture ny

furth tracell ul
L B DY LRSS SR SRR SRS A0S, s o

graft inwriml ardadnigekubjaitsuffadinofrganheintdiail @ par 1TnSa disab@rst, dylsfingflorialt er i or
portion, or hoth. [QOll] The cells be | ocalized for a period of at

| east (OREINGR inpigvided o The gicthod twvcs(émpbtﬁwm&normal tedlsof thegstemal grgap- ei ght
hour s, e i or gan,

whi ch frrr(gf)} agfgn{)legﬁe)rco panfr:l g%s&ﬁgﬁﬁtlhadr%%{r?{ebtégb Hﬁ“&ﬂﬁﬁ) :pggﬁzhﬁﬁestl ne,

br eastconpmuwsg dteesellistigrension lvdthles;grrahngnd]hmalesI(glromleﬁetctmmtcyuﬂqm)| ents, the
donor cells of the internal organ should not be diseased cells (e.g., tunor
or cancer cells). However, diseased cells mght be considered in a graft
when trying to establish an experinental nodel system of a disease. [0012]
The biomaterials that can form hydrogels, or a parallel insoluble conplex,
can conprise glycosam nogl ycans, proteoglycans, collagens” |am nins,

ni dogen, hyal uronans, a thiol-nodified sodi um hyal uronate, denatured forns
thereof (e.g., gelati n) or conbi nat| ons ther eof . A tr| ‘gger for

oy o - Y b1 e



[0013] In still yet another enbodi nent of the present invention, a nethod
of cryopreserving cells is provided, conprising: (a) obtaining isolated
cells; (byocomnbisnizag the cells with gel-form ng bi omat ePCalts2@nd35498
optionally, one or nore of isotonic basal nedium signaling nolecules

cyt oki pes, wh factors, nes) ... and .extracel | ul ar, matr i onent s
Eeyg %ﬁﬁ?eﬁan%r co PP%B’?F‘%’S affﬁe(dtgrrodrwg Teanicgirg (o} loghe sihirly i n a
-90 C @Qhereihdfe Bltthﬁeege%t)meéf ttﬁoruﬁetémlfsmt@gw&@@omm%e }efbi Ghd #) or an

equi val ent isotonic cryopreservation buffer. The signaling nol ecul es can be
Sui t abvigosi gnal i ng nol ecul es are growth factors and cytoki nes and i ncl ude,
for exanple, epidermal growth factor (EGF), hepatocyte growh factor (HGF),
st r omaj00te] | kdgat iatxﬁtlelgamiwtdhmélaaifdne pérS@) invemﬁdmaimtshc(chofgocaliziltgamila o) ,
fibrobl ast growmh factor ﬁl % scul ar e dot hel i al

cel | gt lattaaronc%aﬁfacer e tqrroraoaroawerh bE B et ftpges| grean

i nsul i fobidke, t8E ﬁrétﬂa)dfc%ﬁtp@rsmym&&ﬁﬁdgl a prePRERST @nhptisMg dld @ h ehiéhfil bi t ory
factor' (LIF), transferrin, insulin, glucocorticoids, (e.qg.,

hydr ocengtu smeyolu@wmv&wermmmneydragyl fofminigepreriurseirs, an (heresepercef ave. g. |
follicl , n id

nor moreeepst Tt P RAE:, bt b3 e B RS QRIS ol G,

gl ycosaterﬁmdkgaylanaaw WRhyprepaaditon fomhd zﬁbﬁﬁégel&dﬂ@&smg cam:d &dnl iggrrdl ami ni ns,
fibronectins), proteoglycans, chitosan, inate, and synthetic,

bi odegPEAABN & STkeFehINARGRSECT BPiopotmhesh of a%rgeét%rlﬁla&rgahs Theyixdere my 0014]
For cr I tures,
e s R S R D S e
group "c‘hmmhsliﬁadgnmturel,r sueh hyh hgdrbga xproe(dEd/B@yaft ipto/z trgdt intetnhbdrgemeitlghry col |

et hyl enedr ol et hal enediol, 1, 2- Rr P endiol, 2,-3 butenediol, formam de,

N- et h§t o8 B an FtErienpeztion o5t B opanedi ol by thensel ves, and

conbi nati ons_t hereof and/or. (ii) an additive sel ected from the

consi stﬂrﬂhbl ofheerdlemaay b lpealized fon aapfiriod o Bblle?WW?]IVﬁ)tl?PWét ?td%etw%’%f"gt}lat e, an
apopt qu , P%Q!atbeut’foﬁﬂ f%hlt' m)ullsa&ta(?lf@agﬂ ‘ot 7{3&]}5 Hﬁé/gntoqﬁé(?a?]%ét hasage:
reduced Sodr um i ons, cho anti oxi dant's, hornones, or co nation

t her eocﬁrgaﬂ;hélistuglay bﬂﬂiyelbpamqrasalbldlamy trefey hm’go&tmoi@linncm, beastapostatsi nat i on

thereof an i oxi.d S mnE vitapn A eta car ot ene, or
2 combitFar 3 e AR P Tistieoupnersalibh e dueiabiigfh S o7 <
a schertmtbb%setsea%nertsg ARGRF Gt Bhcboce 1B H(BW@J%Trldiibaﬁhfd @nahtipRdbecel I's to
various target tissues. These nethods include, inplantable grafts,

i nj ectcamsee@danmrafawhergmmgéo estahlishan enperimenialiiaerebaystern hba disedsace of a

target organ ("bandaid grafts”). [0016] Figure 2 provides rheol ogical
meas ur [k sTbﬂ:tbihymtaniatsrthats:aprfepah}ergﬁlt lor Kippod lal istswebllieurmlmm tds). a) The

shear nodulus.| G'1 (re nt o[g nmechani, cal str ffness
o e ehse e A op e e PR AN TR Tl R A 6

def or niatd1 PRodi BEPQIAREN HGABONERO MeRathRHASdms BECDNE. g. |g§ald’iﬁ?|drg:bﬁibﬁ1a%h§“ n the
0.1 Hz - 10 Hz forcing frequency range for each of ornul ati ons tested;

error theresf. A3nggeshir selididisation eanveel angfiagienalisitingetioss-linkingefthe maiency
test ed, ty with
oot el 0 S L e I e i SR SBGRHS Y L1

rate rgpgs dEeQr)ﬂlatHZ)ra diﬁlfh% donkAihing déﬁ@qiwemlwéof PpgrerabBi) ehel ivatiblei Mt s:
power | aw nodel - based. 95% confi dence interval (Cox-Merz rule assunption, R2
> 0. 99MRIex af gellp gprhiomalesiads Pssesprs apviscopity rangyg foma abprdh 1 toggheut Hithe [ 0. 05

Hz g A 1 F A only on
P N e e A e AT

nmor phoprefpyatdyel stpffiads fremagtiomn 1 Hat @boof 3500nRen hepatic stemcells (hHpSCs) in
KM HAs. Col oni es of hHpSCs acquire three-dinmensional configurations and

exhi bi [t()(na:)] spheillojetl ahdther eag@tmﬁmaf'tmrprésleﬁt inoentioaf & etodf adlceyopgeservingd| e,
top right) upon seeding. in KM HAs ane: 900 pm x 1200 pnj. Confocal
mi cr osEYpys Hﬁvw%tcarrwgrsegr @ebtar%lsgﬁ & - (Bheqralin tﬁwltsér}ﬁargg mi xed
cel | nrarrath &Mat@?ﬁ@%&ﬁ%%ﬁoﬂl%ﬁBnelom@% &fls&aﬁlt YA mihiifh, Gpbhyi) zes of b)
about 7 ]I or ¢ t'o 10- 157 )1 m anongst parenchynal cél l[1ce nucl ei

i n bl usokrdas ERKirceLgrdwtisfaaiond, hgrmdieSAhd mtrM11mlermbmm®pMMS®g green
for either b) CD44, or c) CDHl; image franes b) and c¢): 150 i _tmx 150 vim
white highlight in b) and ¢c): 15 1.tmx 15d) Viability of hHpSCs in KM HAs,
measured by Al amar Bl ue netabolic reduction, reveals functional recovery and
proliferation in KM HA hydrogels with31l. 6% CVHA-S and 0. 4% PEGDA
(formulation E, Table 3) throughout 1 week of culture; Al anmarBl ue reduction
measurenents after 24-hr incubation, normalized with respect to
rreasurerrents at 2 3 days post seedr ng; data reported as nean standard
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across KM HA formul ati ons. NCAM expression is positive in all KM HAs, while
CD44 expression is richest in KMHAs with CVHA-S contents of 1.2%or |ess
(letteredwbannui4ed280ns A, B, C, D; Table 3). CDHL expre®€rars2013/0psagsti ve
for KM HA hydrogels with 1G*1 <200 Pa and negative for 1G*1> 200 Pa. Data

f h AFP ti t ted t
| mruncPYLY BRAS B eGP RE N DI AR ISR A SO0 12 e8ied on 15

- 20 | TR 86©hicAR&dilimZah Be @glbiﬁ%ﬁfe? R 6K eqIVRSE i56ta88 LBfoprRert albimbuffsd

i maged by fluorescence mcroscopy [inmage franmes: 100 1.tpmx 100 pm. KM HA
f or nul ‘Bhd Saealipgdeslechles can bedsipable signaling mededulgy ase proviledastqriend = 25 Pa for
A 1G1.5.73 Pa.farB. 1G1 = 140 Pa.for E. |Gl 5,165 or = 220
oa 1 or Otkifh A AhaEie) aiple Hidefdy Ryt (b RaldyleUrafn oot 5701
| evel s(HYF Y Rfo&iReflaterived gidvah DG EB G retiieese. | Vitakivh AA: Gbrovlasth HpSCs

after 1 week of culture, Conp ri sons between the nRNA expression | evels of

heedl %’fPIBEh’%ﬁ

a
mar ker &opdh fasiqs §0St ang - FRERr FERHYdvascalapendogisdia ©WpaYEEFdpeci fi c
AFP, . C@MW ICBHilﬁ— 1 ulSh il . uire early
hHB c%g@ﬁlél% ti c@gﬁ)r?ﬂg}trénsgwgﬁgﬁa hﬂe\%&gﬁl gn pa)s’glﬁg(gt%h ture for 1
week. [Ehkereepnlebsoryfactandds), transfbipBCmsalmt glucesbhitigoids.dleat,dyydivdBgisbor), CD44
are conparabple; the e essi.on |evels for e remai nji.ng, marker e

21 at | SERRHE Py T ThG P i TR G y oSG PP S ATE R (ESEAM 3-1 ol d
decr eag®rolthsChiidte géﬂ%d&h%%ﬁ?h&ﬁmﬁ@ﬁeﬁspfﬁﬂf THN MR ex HRQMulHARRESx
differentration into hHBs. In all K , ean expression |levels of seeded
h Hp SCscdnaponafte camtaBlya pshnampel ¢ yashs, fhyalgranans icddagens adhpdm makrgales owar ds t he
hHB r ange, .whi-l e E expression,.i.s_enr, d ut.., 1 ek of
cul tur g R e SRS PSS el abd R bioa b Blbug i e o
(1G'1 Boldmpaiblopolfméss’ dr contandtionk terddf] G'1 = 140 Pa for E 1G'1 = 165 Pa
for C 1G°1 = 220 Pa for D, and 1G'1 = 520 Pa for F). Expression |evels
(mean (091 4N dBsCr@spredelvaRh O MRy MBltiré£6f Wik And BRoRetdrid fakkk, thassy ement s
inlettered KMHA fornul ati ons (Table 3) conpared to hHpSC col oni es (green)
and f rlessturther eambinesiwithiB<D) crpyotegantselgaied iftoante gramerasisting of digsthyl [ 0020]

Fi gure_6. ' f i . 4 LS > ey vation
and 1 rrhF RS AEY Bab e BEptPReSt ERBnClink A BLTEL PR hRRICES o2
time ibmeiddipl oforhariideeseaathy Sogimhidgrietetedy1)2 -prophhieaiol ryphatsetvedgande! | s
both grafted w th hyal uronans ver susﬁliegtjégct ed as a cell, suspension. [0022]

Fi gur ecanbipiiang gerect angion (e addpiysis &oun the gHUP-qongisng ofUgeieon i n
y . : e “al “POS ! bt
ooael S BRI PSSR ARG By ARG BEfdinei Rt taldel | T Y

phenot ppebivarkerastindsk ptessmethasdneyet gcedrsed mor ivab,icheling, ent@3A@didtex pr essi on,
and fol d changes e norpalized to initial exgression in,colonies. *

denot ATRERenSes AR HREat i it B BF FRRDSH TEOHa-EPERASRE i 1 al

col onycfRh&foH tREreof anddBO A tRSkiRNHE: ARYHS U lithini IS ANaMiP AL WRgRaRXRR! bient al
condition and initial colony expression as well as significant expression
bet weespmbipationshergpler i ment al conditi ons. [0024] Figure 10 provi des data
fromfunctional assays of hepatic function over tine. A albumn, B)
Transferrin, and C) Urea i BriefiDescriptivandsditbadligurgsl ur onan cul ture over tine
for levels are normalized per cell. [0025] Figure 11 provides data from

mechanj characterization of KMHAs. a) Stiffness .of KM i

Cont rolPath cPREEE § A RGhEe Rl mieiierobhesle b iFERIE ofaiblste shear
modul Ugarib tarkAeRaRS e FThidethethdrigdaid)dmpMidb R @ntls, Mifedikble @rirBNAs! draftd owi ng
a power-| aw behavior, thus providing direct control of the final nechanical
pr oper thpleeandre akngled oatn the guitase af gitangal oragnit bgedaidsaftyy: r heol ogi cal
measurenents performed only on lettered formul ati ons shown in Table 3.
Error 9816} Frguse Amdandesdbedlagicdmdasuremeatsondiyehirenang prepered vo Hz - 5 Hz

forci fregyengy.  ffus{on i,n KM . a nts of diffusivity

wn t i i EARAGGR R Pl I LPR: ol (D BT KHPRES: R ales B PR e

si gni fineéfahlcyl %dl STtHes Oemiat s AitaTI v i RREscobllaf i ddnypihy |GTE@S R EMENt S
performed on all formulations shown in Table 3. Error bars: 95% confi dence
i nt er viarasyremgns efidefpepation rpgone] detmjupos exterad doisingn s ngghigidle withigfthgyunan
AFP, i n i i . SCs in
cur paa 1 ) G2 SR QB RRSRERRH (ThP M Ene RROTRR Kl 308 s
human AFP and al bum n found in culture media (KM and equilibration of urea
synthesis by day 7 post-seeding. The netabolic secretion rates of human
AFP, human al bum n and urea are distimctive by day 7 post-seedi ng anongst
KM HA formulations, with minimumrates for AFP, al bumi n and decreased urea
synthesis in KMHAs with 1.6% CVHA-S and 0. 4% PECGDA (fornul ation E, Table
3). Left colum: netabolite concentration in culture nedia collected daily
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[0028] Figure 14 provides both (A) Cell Viability % of cryopreserved fetal
hepatic cells post-thaw and (B) Colony counts after 3 weeks of culture for
each condwoi2onyi4n28mal i zed to fresh sanpl es. Resul ts aPeTrspanbasons nmean
standard error of the nmean. KM= Kubotas Mediumw th 10% DVSO and10% FBS.

CS10=cryostor, CS10+sup=cryostor10 with KM suppl enents. 0.05% and 0. 10%

refer ?%’fldﬁ%‘?w%‘éﬁaﬁgp’@ﬁ%ﬁ%ﬁ“? At 35b Frequsnsh destedr (o XIYI-hEn g etab sheapows t he
rel ati e HINAC LRI S8 PN s ARNTRitha e 4 SHRDRL BYPEERRE AerosVBRArihaR4ar d
error o?nthe’lr?ean. S]égni ?(i%cam *p>8. OSgG?f%oQIEEr esh sanpl es. K&HKU ot as
Medi un®.@ilt$- 60 YsBhEBO rate darigefd BBz — C810—=Horgms frequencd; bpfersngiorardsnior 10 wi t h

KM suppl enent s. 5% 0.10% refer t he, HA% suppl epent i ch

Sampl POy risgebaen 35% dintidendibChv EorSee rup SBRmRRonIEE: oS T

t r ans phipfraful 8ioné MRk Vi3nDs c8ll1%s SRk raRGahgOM.30ME d S0HH 8RSink FreR@EHcOT)TEd
typically via a vascular route, and the results routinely provide

over whBheglegjcd egswrements perfermedomdy pn deitprest fopmplations shopalinyable 3 he order of
about 20-30% for mature cells and |l ess than 5% for stemcells. The

di f f er @7kl Figuge 3fshownsize.gneiphology tidproligiraiea ddtd ehhunmar hepetic sice whal | f or

| L call . 10,1 d | for .th _cel |
iyt O SARPRRRHAS, L8l R Rl GG bR B B RURS R one
st udy, @it @xspRBlofl-likda@iloenabn MosbaiMefpbl ®ldifdiaddale, aipdidiepadionbl ast s

(hHBs) were i gﬁct ed into i munoconprom sed mce by injecting the cells
into tiediggieKM-IR\nldmaghiawg) Whim ondOtun b Gadeqa) migropcoplien| i ver, the

|l . . . ,
ot ot iONeal R ob G IR SHREA KNS WEERs FRRECHnb BrSRRL BhlnonfBEC) *F han
t he i nifesrdedeckaifgatiuieewitbpelt sized &) abp@0Bh, &vernpuben-16gih amphgper |y di d

e ek BRSSP R bnb e nr e P oo

mat ur ey ed) Srben ARLih ) ODA4TBH PPOBRI1 CiRd RRRIN s aRf cf:N80 el k3 sblunfrat Ure
cells were Used and necessitating | ong-term i munosuppressi on. & her
hur dl ewhitnbightightting) sslie)cil hgmot 18 uimdi dalVighbigef hhp§hs quEM-HA G eldasuredhd t he

dt freshly isol | Is,due to difficulti ith .
Cryopr Bx8FErPER a3 B hofciey Fun ol el iehiY pon BiRatieBamin KMHA L ¢ s
not ed, hfdredtPivant a2k OMBA-S ehd 6.4%4 PRGB! (femQil SedSE VI abl3 MBfkidh@lt 1route is

dangerous. The cells fromsolid organs have surface nol ecul es (cell
adhesi weeknwfi @dtures 4 lamargiye fedvdionancaswismentssifter Pdrhr ingrleationeneiglaligedi nd t o

each o i y ian,. [ [ non can
¢ osul tO PP e BPEREOATES Rk ERRtodL: ol S TR i PSRRI o

t hese drordl es and concerns, the present invention is directed to grafting
technol ogies that involve the delivery of transplanted cells as an

aggr egmoEsIoNFiguré B ps&alddsPro@int dxptessian ob giffedelatid® thabierd MEKMI-HRaseded | ssue
to pronote necessary proliferation and engr aftment. Thus, the invention

t akes AP aritesdveckstt colinsg. Codondes qf steghibit ditferaaiil develspf epiesd@Po t he
» o ponoY O - . . 98
ce B%Pﬁlfk&%rﬁf?iﬂpﬁ B‘%ﬁél%e?&nvﬁ%s%{:ag tl?eotpz{n(gﬁl'ﬁ:pgz%lq?\t%'l ﬁgﬁeﬁgﬁg‘ﬂdnﬁ[@ﬂﬁ/@ arting

nmet ho or the nos icle success ran therapi es. Grafting
t echnopropéeress. o¥letabelipseesion ratay efiiinoan AFP coraasimREB expigsiohéeaeut i ¢ uses

in patients and provide al native treatnents for regenerative nedicine to
r econsqur%ﬁﬁwﬁééa%l&at&mdﬁ%%pﬁamﬁ REsifEe 1@_@11|KP§%§%9?}§16[%%]
AcCOr Al d&iBn EORCHAVBIIMOAA s 98 106 A8l donRARWALIRBE | AW it @i ned

directed froma donor having "normal,” "healthy" tissue and/or cells,
meani nigrmniationsA U, @nid/ bable 8). | SDHA&xpiessianm & posttivaffél Kivk-HA lwidrdgetk witlase or

per sonC LT 20 FhgSe Pidn Jgat- offt ke GPRERLN Pt e dherumto (o %7 om

porti omed + bARdRE 8ABr. t @huhchidiédhemicad Sathidy ©PBHCAMNNCANE ©B44 sndrey be
sourced fromany appropriate mammal i an ti ssue, regardl ess of age, including

f et al , CREdrRgrfarmeemi at20gim sesdionsitnt to i EniCs thickehddp$¢ dismetdr: idoens of a
di seasg, i$hak&a 8 Aub@sRicERAHILE) Atiagt AEML1BOGAR x 100 pm]. KM-HA

formulations ordered with respect to increasing stiffness (|G*| =25 Pa for A, |G*| =73 Pa



utilized diseased cells in the grafts that are to be transplanted into an
appropriate experinental host. [0035] Mre specifically, cells may be
sour ced fwo itffses286nt t herapies from"lineage- st aged" pmnmnmtzcilomssmmsed on
the therapeutic need. For exanple | ater-stage "mature” cells may be

o1 Fex el Sl by TEREA foits 19 inedge Padp e s 212200Hheos BC] St pipgp bt O

| i neaggy. dependent virus that preferentially infects the stemcells and/or
progenitors such as occurs with hepatitis C or papilloma virus. In any

event, [08?9]? g glg’utrg 5 pr&Rbds eﬁ@)éxﬁl‘éss'rtﬁlelgvélg’ bg ék@bﬂ@ﬁ Hord®alé ploenildrneage

st ages ect| e tissue(s) For a di scussion of
| i neagmad@wged(MrHAFgrowhthpS@aIaﬁ:en bmelanﬂcumltehoﬁompariﬂaei; betiveoth tiei on, see US

pat ent i cation nog 60, a 13100 the di scl os of whi ch
b e bob RO ESm bRt A ERRER GheHPar s ] R dpmecly ek SRR s Rar of |y
there @eﬁatﬁ:tsde@ﬁ%mm EHC AN NCAINI00BY4 bh@@%ﬂ)%h@«g%t KVAtH &rg@ownt r ahepat i c.
Bel ow are given those stggaf and brief statenents about them [ 0037

Li neagetst@gecquire pritahHRebaraceristiesrt thel transerintesakipvelie passiviei gybtuerer kel | s,
| ocat e&i,e }E“e exépe%mgﬂ?gt a% LRt ﬁ%s%n&lutﬁsﬁ{y 1@&9&8 tf@t Cb' Y et and the

canals 0 ivers. se ceIIs usual |y range
from 7edifipapabile;ithe ehpaemionrlevisfon averehiagtingmatieusart stadyticafy atstinct, mthi os They

t ol t of h be f d d ic Li
D031/ SRR S0 TFOB3RID FRGat e HPereate B L L AT Rt Sta f oi i i
col oni g&pQf RS 8@9{3{9‘5,@5 Hfffe‘ijéﬂctlaﬁ&ﬁﬁﬁb ﬁH‘B@nIﬁ | KWIJH@S &fdah $xp r-ggk@&? cells

constitute ap rOXI % of t arenchyma [ivers of al age
donor slev@@OB&]edtd hidp§Es Brage, NCAMaddefpﬁHd) ishidisd Qu(stdelef) hHp8Ctravegei mTedl ate

descendent e hHpS ethe.liver's bable tr I|fying
cell's. O’ﬂﬁ’é‘ff g? Bhgcf y&’(’%ﬁﬁg‘tﬁ%ﬁd§ﬁﬁr§5?%ms%ﬁ?%{ OUgPAY 2 %@p‘g? hese

cel I's angrd. aREEHA H8mbhtiBnddrdddet Rvith @RIt AMBsRhSnOtifeekopGas M3 far e f ound
in vivo throughout the parenchyma in fetal and neonatal livers and near the

ends ozf\ !é?r*l {akefr B ¢Gtlhe légﬁaﬁ@r li,ﬂGﬁer,lﬁé ParfonedCet ri 220 dforBupnd | i ver s.
Wi ags b6 BERAHPOLASERIGRELID G PUIREES oh) Sr0Adh Al LRG 2T enchy el
O as

ceIIs |n P pu atton o een shown to

expan dreé;bdtrct ROGALDED HKI&&SUY@n@ﬁﬁﬁﬂStSﬁsd EQPETA atrhmlattims €TSS B)mcmtmlehd/uot h
certain diseases such as cirrhosis at S ture into eit

hepat oRPYS colapics fere¢b)aaf éteéleyt@éatechli:e{@ 8} @a Stgpﬁa 13RS SBHqeREs £ 5?553)

[0039] Lineage Stage 3H and 3B: Committed (unipotent) hepatocytic (3H) and
chol an&%&lyt gngwegem sehesapr pf aneepbasiymant fithe disgpsedreayarsesstvaier Bt t he
liver. hg &ﬂb@otent precursors give rise to only one adult cell type,
and no Tonger express sone of the stemcell genes (e.g., lowor no |evels

of exp for 133 eho rote Sonlc di.an ut expr ess

o enoa IOG3TE Pt 7B Lt req S HRAE B Pl el e igBhe ot B e elenfkPl o ana
4B:  Peplopeédddy 1aéltdrin- amﬁ@ymlboqegﬂaﬁe@wmmMyaﬁrdrehewry@d MjestElak a cell
hepatocytes (XH) and |ntrahepat|c b|||ary epithelia (4B). The hepatocytes

are dipisp¢ngionare approximately 18 .t.min dianmeter, and express mul tiple

factors/enzynes associated with gluconeogeneS|s such as PEPCK, connexins 26
and 32[0022] Figure 8 provides serum human albumin at day 7 post-transplantation in grafted

versus cell suspension in both healthy and CCl4 liver injury models.

[0023] Figure 9 shows gene expression of hepatic stem cell phenotype markers.
Expression levels are normalized to GAPDH expression, and fold changes are normalized to
initial expression in colonies. * denotes p<0.05% significance between experimental
condition and initial colony expression. ** denotes p<0.05% significance between
experimental condition and initial colony expression as well as significant expression

between the two experimental conditions.



[ 0041] The chol angi ocytes of this stage (4B) are diploid, are approximtely
6-7 pmin dianeter, line a portion of the canals of Hering, and express
vari ous gwoesiivnrced2edi ng aquaporins 1 and 4, NMDRL, secrefrCm/useciepszawg but
not CL, 71-1CO3" exchanger or somatostatin receptor. [0042] Lineage Stage 5

H and - Cells of this stage. conpri.se relativyely |arger hepatocytes (5H)
Ena oA BtabreLo paisac RS Thistianal pRn s b Benbric T The SR aRD AT o

appr oxiig&h ], B) §2amdRrith,Bnld T AT RARE Bree-AREntiBAM HhRrdRHRAIIR JvBetimk daci nar
zone. The m daci nar hepatocytes express high | évels of al bumin and tyrosine
am notleagls ieermamsmaliZeAPer cdbpecial |y characteristic is that they express
transferrin as a protein (by contrast, |ineage stages 1-4 express it only
as nRNA02500ERjure il heayédes tdagdr&i necbhmer icbaytteszaios od v dxA sraa)ditiffnkds um i n

di anet e ated within the intral rodu nd express CFTR, Secretin
r ecept‘b{;l,ﬂ/l]s']g%ﬁt‘%%‘fné‘iohtﬁ]blf éﬂ‘éa?l%?fl,ds Rb@‘%ﬁas %@?Gg%cqrﬁﬁgﬁﬁﬁé&@g%xc hanger .
[ 0044] sHehin@8@a usi@Y thclidses Wigh Qicﬂia@ihg (MEHIACS Rhd REGMEPab et esllowfinghage 6 can

formcolonies in culture, but have limted capacity to expand and
essent pardrylaydehaypere Hvy preyidiag dubetisbniipled therfipal gegeaancd georsrtigsddeMdec! i nes

with ' rall ' i nc - f tetr i d

peri conte ShRB eIt | ik B DE A EaRG e A QR R AT bab T PR A

expr ﬁsﬁ’“ﬂh&?&‘? sih@lﬁ@ iy T_abmmoﬁhl‘arst hel $edibfasd Seﬁﬁitioasfo%%&ip erg$ 'gttam' Ee

synt het ase eparin proteoglycans, an e genes assocjated with urea

f or mat §-89 Hzm@ﬁfz]fmﬁmefa%e%%d@q#@sw i %éfﬁiﬁé é\%ﬁ%ﬁur%%ﬂ ?%ﬁtgfaw&r d

peric Al 108 bl I S : npl et e
cel | g\l%lf@l %Iﬂ[aﬁéﬁgg canP @? e[?a gf(l;mD[i:NsAC@fsns1 ﬁ?ﬂeeéé ?ig%l%% a{?vihtg%&ﬁieﬁlﬁ egg%g%gci ty for
(r:]yt (r)]k: fnas: I@bo:'aﬁst,eﬁxedhm mtunct] rfliﬁus%eirty medidusemerm@}t)erfdnmle_d on mﬁtfem?ulatdrdlsghqgw&[s 3 046]
ighle e ec.o pparent in |ineage stages 5-6.

Li neag‘é‘ugbg%g %“Orilﬁ?gf){bgl% EO@FP?IHWQE?eQW?IB%S'mr kers of apoptosis and
denonstrate DNA fragnentation. [0047] In addition to th | s. required to
provi d@0¢ble Frevre 7 shavs e pecgigyolugage; _a'“%}smlaygg e RS Grieala

or gan, inlgﬁwmist RN&HE @f%%pso&% YRS RLEkHibP She AHaiE @ ctioRRRANENt s t hat
preferably mmc the categories of cells conprising the

epi t heincmhsing senvehtyatirins o€ hiimae AZPi aod shiumin thendas [chliirg mddoai ) aah of al |

tissues. .Epithelial-nmesenc | cel] relationships.are distinct .at every
e o SCBHERO e ORI YRy e s diele ARE ar BPouR St RSl i ¢
nesenclhuymimd ABP SitingRl disurdinthnt heda ardBisth@live®y day 7CstRt-cdedBiotanvdright IERCHAOL her
as theé mature to all the various adult cell types within a tissue. The

i nter Blagorse ibgninimemirglss freh b @ltanuin apd deraeased pree syntgaas 5 Kivat

conpr i u ' 1S eV QI ) X lar matrix
corrpon%% 3’8{11[ %?fsi : n %ia\l}g?@‘?/o gr@’ Ig&%ﬁ%’gﬁhg {llg’ Egtggg ?cﬁéf?gﬁquéléi | s (HpSCs)

gi ve rins@bblite Repahaaydes caltdretmedif oblisegidatajly @sier Jhbr ieseitiohYomdacpar t ner s

for the HpSCs are, angi obl asts. There is %v',dence to indicate h?)gt

angi obletiied fgmpdationddablg o Reghé Aetyimemetbolite mass serceHiaiale RerlitipgChepat i ¢
stel | al ol cuRhRGHERL hRer 140G REHRAGINSEI @%b%nre 4<08] Selii@lis hithfaphapat i c
Iineage&%@gguZﬁ%aréenc yeﬁa, thle epat’ogﬁaaglts IllBés?é SI:]'Leeelnésbt ea?a cel |

pr ecursausnbrabvfifuaciionas hHpBG welmidsiahemhensta ascaailised bndwbiay assay math becone
t he mesenc | partners for the |ine st ages pof hepat ocytes, .The

St o | R e sr Efipd Girbradie Tompst ST ot Sels oo d5Baler £ hetfien ¢ o

st r omalen&@dd £ mahd: (thehird erryOf 1| br obl asts, the nmesenchynal cell spartners
for choFangi ocytes. [0049] The formation of the liver, called

hepat oggRSs| Figulrs 18 S Skl AUPELSH AN SorbEAM MitmPRAg1GRIGASE Shdse t he
enbryo@i cﬂsrres:agr‘{cﬁyrre asso%‘:jcé)t ed smkgth trhe r%%r%. Duri ng thlg I ni tPaIS st ages
of | i ventropg pedveptieninteriial becodsnzese agd elhows factmatmbleAGRgIngaAe Gsagrsbed fr om
pre-cardi ac mesoder m.whi.l.e bone rphogenet | Ln BMPs) are delivered
P om citerEG BRERAREE i RSBy DL BBt HOrEPRETRER) S HER pielimk " aumy
and m GtdtuGed fok Cridifed HIIAYHEMNY Mesenchyme and interact with precursors to
bot h endot helia and stroma. The nmesenchynal cells remain in contact with
hepat i pos§) | Pighé P4 BRRMes BRI ADRTEN iabllRPSOI dAFRERRAGEIFhPaBBLAR! | S
(thSC@) ;ﬂequlig?le cogt acteswi Fﬁd ?resenclﬁyrra cel Irs fore su_r.viavaefﬁ;.el They will

sel f - rippl-theat @d (Bh&boliny qoenmiafien’ wWeklpStsultherfooeach@eddition,gformalgieddb ast s.
They lineage restrict to hepatoblasts, if cultured on feeders of hepatic
stellate cells. They mature into adult hepatocytes if cultured on mature
endot helia and to chol angiocytes if on mature stroma (e.g. nmature stellate
cells or nyofibroblasts). The control 7of the fate of the stemcells by the
feeders has been shown to be due to the exact conbinations of paracrine
signals produced in each of the epithelial-nesenchymal relationships in the
li neages. [0051] According to one enbodi ment of the invention, the isolated



[0052] Grafts can also be tailored to manage a di sease state. For exanple,
to mnimze effects of |ineage dependent viruses (e.g., certain hepatitis
vi ruses) wbaviivmbest early |ineage stages and then mat ureTasesidiossvel y with
the host cells, one can prepare grafts of later |ineage stage (e.g.,

hepat ogytes and their native partners, sinusoidal endothelial cells) that
are noﬁ%ﬂb%ampé% gés‘\‘hérar‘?/‘ieP%‘ite rraean; Tpndapdgriar of the mean, £ Kubgtas o

est abl pMalidn NihE@SE DRSS lan®dboy ?B@gcdu%&%§@bh@+§#g=@r gEdf 10 ikM S
transplanted into/onto a target organ in” an experi nent gl ani rrall nodel .
[ 0053] sunplaemyp 0566 aral @1 @¥nretsk ko e dfA% supplagehtied éx eablsampleer api es as a
nodel , woul d conprise the hepatic stemcells, angioblasts and hepatic
st el | af0928F| FiguredfisbowsthelralateninRA&A exmegiaf dorohliZzadao G APDH expressioh] s

woul d ri se, hepatocyt es, .ure endathelial ce]ls and pericytes, which
oo+ AR ARt Eripoohe Bions. SEcag eai0s ok sh Stpales. KM= Kiboras
epi t heMealmiRe@NODY DRSO 8hd 105! S, @ 0RryBEiof, iom%piﬁup%%ﬁyo%rﬂ%ﬁﬁk

application no. 11/753, 326, the disclosure of Is’incorporated in its
ent i r esupphnasits O 7 erfdel. eioaclef 80Bd HANesupslsmentod iveasbishmplezat i on i s
inmportant for all grafts, and therefore should be inplanted in |ocation
conduci ve to vascul ari zatDepaileddeseription of the lnyentimst di sease condi tions,
stemcell grafts are preferred, given their expansion potential, their

abilit ure inte .all of the.adult cell, t. their tol erance for

" ochentt®30L AL peeiy b Finsg Bpielintg P bine s et e Fomanlie omals Bt i ni nal |
i T anyperfdiiied @gRedlyi iy a ve¥cald rdlde, Mat elid @bds[ 8RRy phoeidestepihdbmg onni ng

bi omaterials according to the invention provides a scaffold for cell

suppor ¢vigenge of HsHlidentgagrafiment tyniealkyn the erdss of giout Re-3§hafor magiragells

regenefof lieé/seth%{ ?%%P& defis.! *'rﬁé%!i‘?fe e{ tiﬁﬂ%ﬂ %ﬁ&%ﬁ‘égde% 594N 58 Ynder go
constant. rempdel i ng, di'ssoci ated cells Tend to reformthelr natve
st r uct livee sircusmil foa prerrogls dtypically undermdninal anddagtt fod s mdtaee etk (spiva)y be

combi negd wi th_one or re of. a putrient nmedium (e.g., RPM 1640), signaling
nol epuTg@‘ . Qur StP&ﬂ%W,CWﬁgﬁgé]gﬁ‘sr‘?W?%)ﬂ% Shil By cxyrlcelitmatcel | ul ar
Mat I X GRATP HBRMeRs (FHS5Cs) X htR0HR%s (hEMs) BIRMRBjeciadp@en. proteogl ycans).

[0056] I'n all tissues, the paracrine signaling conprises both sol uble
(myr i adnguasbmpfagised i@ty inEcimnths cebnohto the sblebh.eSinex theasplekeh gbmrectyat ri x
(ECM signal s). Synergistic.effects between t sol ubl e and (insql uble)
matri x(%f%(t,?' (ng" hEHVEr ﬁ}eac[egs 8?‘3&5 H’t%ﬂjc‘fqﬂllef W@F@HF?YaYVFVeeXP‘é‘%CgWS%r t he

t r ans pHawtad, ©6étloF theldd@ls ARIIPrior EOSNPARNER oRIRIENth ASLBPSMedBLLMHE nant s of
attachnent, survival, cell shape (as well as the organization of the

cyt os kidfeadehtarged (Retaiastas)-zat i on of requisite cell surface receptors that

prime the cells for responses to specific extracellular signals. [0057] The
ECM i s[ORBbwnEvan whendedls erapstly didbreptivtheydestgratinn reoamersivelof theagellg ntully

expression. Tissue-specific em-stries simlar to that in vivg may be

aohi oviaiCBpal b5 iy iRk BuHPE PLEReiRedioBohobobdhyish dnsdaiiee

avai | ahRreeg asd Blghly antudigenic PRéhesisse it &k lif Aaaviadks Wwirdigkliang that in
vivo. [0058] Suitable matrix conponents include collagens, adhesion

nol eculessssitating long-d¢rm izRegsepprassiase (Piber iundlivs jncludedhe squising pbelénical

(cadhey.d oD I 1 \ br tin .gap

| inct 1SR highadindly R A R0 EPHRshy AT e e B DERURR P AHEE ¢ e

f or m perpdpmegiryatians ( PGs) and gl ycosam nogl ycans (GAGs). Each of these
categories defines a genus of nolecules. For exanple, there are at |east 25
col | ag@032]y pesadditRnad the iaaliti@bRs enCaEReL1s ied, tasiplgRARY JFREIIMEMA Uni que
regul ation and functions. Additional biomaterials include inorganic,

nat ur aolif@rgans yiasa Yaspdagiputegs dangerersallge sallelrom spd preass havesusipes het i c,

bi ode ' ' r hal e.ofte

sl AP aqn B aRi REGARRLNER BRI Spro AR AT LEPEb R B0

met hodsghérrepidlyi angd ehharcerabggehtadn. OFhis ghmpmggrhessmendikiangesultin ¢iken cal
cross-g%nkin or exposure .to mcroenvironnent (e.g., high salt) that elicit
i nsol UBfeRteiPegulmpRarigmbrlial s. Wth each nethod, however, it is necessary
to account for cell danmage (e.g.., from excessive tenperature ranges, W
exposuP@3I3] Fhe address rsemsevg Hiese Burdies and sprssrnst theipsepariainyention isdisedtdd teal | y t he
use of : [ ' 1073,.420, the
i sl dep Bk AR EiY P o Rve BERIRPRY ko 8RR R A el ATl e
100591 The particul ar selection of which matri x conponents nmay be gui ded by
gradients in vivo, for exanple, that 8ransition from conponents found in
association with the stemcell conpartnent to that found in association
with the late lineage stage cells. The graft biomaterials preferably mmc
the matrix chem stry of the particular |ineage stages desired for the

Y —— Y B Y b1 o - o o o o b o Y 1



100611 The stemcell niche of the liver has been characterized partially
and found to conprise hyaluronans, lamnin forns (e.g., lamnin 5) that
bind to avphaiéubesa 4 integrin , type Il coll agen andpamiusa@ 1/oss4os of

m ni mal | y sul fated chondroitin sulfate proteoglycans (CS-PGs) There are
limted ts of t en and no type | coll age n.this, niche.
1006215¢ P‘é‘s ﬂtaé fRn %%Ft?l%e\ﬁ{ﬁ%ﬂt s‘ﬁ%ﬁsﬁdrtgﬁ%‘? 1, %ﬁ@otedlefﬁét‘ryg%@b‘léfaé‘t%&“% th the
transidy drdr Y TRGs, SR lhv&ﬁimaattéaeﬁtb aB&hint BotCPihe el tﬁfe th B @rahdplatd, agen,
forms of lamnin that bind to other integrins (41) , and forns of GAGs and
PGs t hatt alsndhackl type msconfbicgioncsitinihe appioghiate biematarialy ﬁnd gafting method

The tr R ebaIo o1 AR Sk El T PR MRS Coie™

st agespregindlintehtibreac irafdlebis 36 URrdpeagCusek ﬁlﬁpaﬂ’&h’fsl amdq;lﬂ(mﬁs alte;tndje/eo mes nore
stable (e.g., nore highly stable collagens), turns qver and cont ai ns
nor e h‘if@mﬂ?n% forrageagratiye denm@cqaﬁ@tuﬁcﬁsem?eorrﬁy§? ‘ti’i SRl |5 are
associated with fornms of heparin-PG (HP-PGs), neaning that nyriad proteins
(e.g., growEdllBaurcmses and hornones, coagul ation proteins, various enzynes)
can bind to the matrix and be held stably there via bi nd| ng to the discrete
and sp@034) cAsulrfiagitotheparentionsddsived bl @aGRtioTh gy belebtawdrdiseciHdranst r y

tran5|t|ons from“ ;, i em cel he hayi i.le

mat ri X2 dNOENaYIPg 3‘%@5‘; aE‘%ad Pﬁsuﬁ.aa%‘/‘]’t ﬁ@hot?&?ms%an Ssu %fdg? ?a(;n (and
t her ef Qrage RBtRAEMRledRIiHAiBGhsObr SysBiRtisn | Of@o&%@@hﬁqia@hp@hleﬂ@@rmd}obd he cells)
to stable matrix chem stries wth increasing anounts of sul fatl on (and

t her ef@ht@nm fjrera paseprigugfeeing tr@mamor@ﬁn wiithrhdeass ediysimatien. sBicH frdap to t he
cells), [ [ tion that
The. chegiiey s PTidnadi folh SSFTLe AN, 0 SRLRRY bR e ROATHS.  ages.
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pr ogensthges leebimesmndédy asmiRiNAnance of the adult cell types conconitant
with the devel opnment of requisite vascularization. In this way, a conposite
m croenvi ronnment usi ng hyal uronans as a base for a conpl ex containing

mul tiple matrix conponents and sol uble signaling factors and designed to

m m c specific mcroenvironnmental niches conprised of specific sets of
paracrine signals produced by an epittelial cell and a nesenchymal cell at
a specific maturational |ineage stage is achieved. The follow ng are
exanpl es: Tabl e 1: REPRESENTATI VE NI CHE GRAFTS FOR PROGENI TORS STEM CELL
NI CHE GRAFT TRANSI T




AMPLI FYI NG CELL NI CHE GRAFT Cel | ul ar conponents hHpSCs, angi obl asts

Hepat obl asts, hepatic stellate cell precursors, endothelial cell

precur sorwQanimeeeachynmal stemcell) Base Medi um Kubot a’PSTNISdoamss409t i mal
for endodermal progenitors) or a nediumtailored for the specific category
of stemcells, Kubota's _Mediumor a nmedium o tilgelgl for the specifi

endodel0843] pLingass tiaee SB& P’G‘F’%IG.CE“S? areREPIOXYRALY gy it iapy? eIPFiteciddi ti onal
sol ubl &;f,RGhOTrtraldodildr QL&S, dnQlexhitedEEFTR! SecrdEFeceptor, somatostatin receptor,

MDRI1 and MDR3, and the CL’/HCO03" exchanger.

[0044] Lineage Stage 6H: The diploid pericentral hepatocytes of stage 6 can form
colonies in culture, but have limited capacity to expand and essentially no capacity to be
subcultured. The percentage of these declines with age (in parallel with an increase in the
percentage of tetraploid pericentral cells). In addition to albumin, TAT, and transferrin, they
express also strongly a number of the P450s such as P450-3A, glutamine synthetase (GT),

heparin proteoglycans, and the genes associated with urea formation.

[0045] Lineage Stage 7H: This stage comprisese tetraploid pericentral parenchymal cells
that are no longer able to undergo complete cell division. They can undergo DNA synthesis
but with limited capacity for cytokinesis. They are much larger cells (>30 m in diameter) and

express high levels of the genes that become apparent in lineage stages 5-6.

[0046] Lineage Stage 8: Apoptotic Cells: express various markers of apoptosis and

demonstrate DNA fragmentation.

[0047] In addition to the cells required to provide the “functions” per se of a diseased or
dysfunctional internal organ, the graft preferably includes additional cellular components that
preferably mimic the categories of cells comprising the epithelial-mesenchymal cell
relationship, the cellular foundation of all tissues. Epithelial-mesenchymal cell relationships
are distinct at every maturational lineage stage. Epithelial stem cells are partnered with
mesenchymal stem cells and their maturation is coordinate with each other as they mature to
all the various adult cell types within a tissue. The interactions between the two are mediated
by paracrine signals that comprise soluble signals (e.g., growth factors) and extracellular

matrix components.

[0048] In livers, for example, the hepatic stem cells (HpSCs) give rise to hepatocytes and to
cholangiocytes. The mesenchymal partners for the HpSCs are angioblasts. There is evidence
to indicate that angioblasts give rise to both endothelial cell precursors and to hepatic stellate
cell precursors, the mesenchymal cell partners for intrahepatic lineage stage 2 parenchyma,
the hepatoblasts (HBs). The endothelial cell precursors mature in subsequent lineage stages
to be endothelia that become the mesenchymal partners for the lineage stages of hepatocytes.
The stellate cell precursors cells give rise to stellate cells, and then to stromal cells, and then

to myofibroblasts, the mesenchymal cellspartners for cholangiocytes.
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EGF, HGF, VEGF Base Scaffold HA or chem cally-nodified HA as an seECM HA or
chem cally-nodified HA as an seECM Ot her Matri x Conponents Type |11
col | agen,werthriylani28 forns of lamnin (e.g. |lam nin 5 thacThisSeaa/osz986/ f 34
integrin); chondroitin sulfate-PG (novel formfound in niches) Type IV

| am nj ns,

2011/ TVA9EPERT (3550R9P Obbs e ABIE BEPaiREPRESENTATYES fireyeh LRobrEomCR

NATUREth%’%BéN%MtMyoniC mesenchyme associated with the heart. During the initial
stages of liver development, fibroblast growth factors (FGFs) are secreted from pre-cardiac
mesoderm while bone morphogenetic proteins (BMPs) are delivered from the mesenchyme. ‘
These newly specified hepatic cells then break away and migrate into the surrounding

mesenchyme and interact with precursors to both endothelia and stroma. The mesenchymal

cells remain in contact with hepatic cells throughout development.

[0050] Human hepatic stem cells (hHpSCs) require contact with mesenchymal cells for
survival. They will self-replicate, that is remain as hHpSCs when on feeders of angioblasts.
They lineage restrict to hepatoblasts, if cultured on feeders of hepatic stellate cells. They
mature into adult hepatocytes if cultured on mature endothelia and to cholangiocytes if on
mature stroma (e.g. mature stellate cells or myofibroblasts). The control of the fate of the
stem cells by the feeders has been shown to be due to the exact combinations of paracrine

signals produced in each of the epithelial-mesenchymal relationships in the lineages.

[0051] According to one embodiment of the invention, the isolated cell populations are
combined with known paracrine signals (discussed below) and “native” epithelial-
mesenchymal partners, as needed, to optimize the graft. Thus, the grafts will comprise the
epithelial stem cells, the hepatic stem cells, mixed together with their native mesenchymal
partners, angioblasts. For a transit amplifying cell niche graft, hepatoblasts can be partnered
with hepatic stellate cells and endothelial cell precusors. In some grafts one can make a mix
of the two sets: hepatic stem cells, hepatoblasts, angioblasts, endothelial cell precursors,
hepatic stellate cell precursors cells to optimize the establishment of the liver cells in the host
tissue. The microenvironment of the graft into which the cells are seeded will be comprised
of the paracrine signals, matrix and soluble signals, that are produced at the relevant lineage

stages used for the graft.

[0052] Grafts can also be tailored to manage a disease state. For example, to minimize
effects of lineage dependent viruses (e.g., certain hepatitis viruses) that infect early lincage
stages and then mature coordinately with the host cells, one can prepare grafts of later lineage
stage (e.g., hepatocytes and their native partners, sinusoidal endothelial cells) that are non-
permissive for viral infection. Grafts can be used also to establish a disease model by using
diseased cells in a graft that is transplanted into/onto a target organ in an experimental animal

model.
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Li neage stage 4 Hepatocytes Lineage stage 5, Intrahepatic Chol angi ocyte
Cel l ul ar conponents Periportal Hepatocytes (- 18 umin dianeter);

peri port avoendoisteBi al cel |l s | ntrahepatic chol angi ocyt e PCTAB20(mI085398

di anet er) stromal cel | s Base Medi um Kubota's Medium (or a nmediumtail ored

for epat ocyt addi tion _of copper (10E-10 M, calcium (0.6 MV,
EGF (13’ % Fn1“‘)n el’éﬁ‘@ﬁ f§ %HF?}irgfaﬂol"s‘%gv?réﬁeﬁd]?eéél"?%‘i‘s agfel. E’Hblldangl ocytes):

addi ti gt QHiseGRPREatik %@Eﬁ dets '\Qngldi)"l’alsfs' ah'ﬁ‘ atﬁ: s@ﬂa’te gequ: pr(:éllgs& / fﬂé }tfr‘?tdét i onal

sol ubl e factors [tallored for |iver] 0 ng/m
(10E- @ieft,of Gtrummc bthr@gllsjwo(llﬂaﬁn@me hepatocytes mature endothehal cells and

pericytes, which are the mature stellate cells. For a discussion of the epithelial-mesenchymal
cell relationship of livers, see US patent application no. 11/753,326, the disclosure of which

is incorporated in its entirety herein by reference.

[0054] The issue of vascularization is important for all grafts, and therefore should be
implanted in location conducive to vascularization (e.g., liver). For most disease conditions,
stem cell grafts are preferred, given their expansion potential, their ability to mature into all
of the adult cell types, their tolerance for ischemia, enabling their sourcing from cadaveric

tissue, and their minimal, if any, immunogenicity.

Grafting Materials

[0055] The use of gel-forming biomaterials according to the invention provides a scaffold
for cell support and signals that assist in the success of the grafting and regenerative
processes. As tissue of solid organs in an organism undergo constant remodeling, dissociated
cells tend to reform their native structures under appropriate environmental conditions. The
cells may be combined with one or more of a nutrient medium (e.g., RPM 1640), signaling
molecules (e.g., insulin, transferrin, VEGF) and one or more extracellular matrix components

(e.g., hyaluronans, collagens, nidogen, proteoglycans).

[0056] In all tissues, the paracrine signaling comprises both soluble (myriad growth factors
and hormones) and insoluble (extracellular matrix (ECM) signals). Synergistic effects
between the soluble and (insoluble) matrix factors can dictate growth and differentiative
responses by the transplanted cells. The matrix components are the primary determinants of
attachment, survival, cell shape (as well as the organization of the cytoskeleton), and
stabilization of requisite cell surface receptors that prime the cells for responses to specific

extracellular signals.

[0057] The ECM is known to regulate cell morphology, growth and cellular gene
expression. Tissue-specific chemistries similar to that in vivo may be achieved ex vivo by
using purified ECM components. Many of these are available commercially and are

conducive to cell behavior mimicking that in vivo.

[0058] Suitable matrix components include collagens, adhesion molecules (e.g., cell

adhesion molecules (CAMs), tight junctions (cadherins), basal adhesion molecules (laminins,
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(o gl ERET R S AR wh R b e BIPRIGEL BBl BRI
yet avabbsalimidng, or chemical cross-linking or exposure to microenvironment (e.g., high salt) that

elicit insolubility of the materials. With each method, however, it is necessary to account for

cell damage (e.g., from excessive temperature ranges, UV exposure). For a more detailed

discussion of biomaterials, specifically the use of hyaluronan hydrogels, see US patent

application no. 12/073,420, the disclosure of which is incorporated in its entirety herein by

reference.

[0059] The particular selection of which matrix components may be guided by gradients in
vivo, for example, that transition from components found in association with the stem cell
compartment to that found in association with the late lineage stage cells. The graft
biomaterials preferably mimic the matrix chemistry of the particular lineage stages desired
for the graft. The efficacy of the chosen mix of matrix components may be assayed in ex vivo
studies using purified matrix components and soluble signals, many of which are available
commercially, according to good manufacturing practice (GMP) protocol. The biomaterials
selected for the graft preferably elicit the appropriate growth and differentiation responses

required by the cells for a successful transplantation.

[0060] Concerning the liver organ, the matrix chemistry associated with liver parenchymal
cells, and outside of the stem cell and transit amplifying cell niches, is present in the Space of
Disse, the area located between the parenchyma and the endothelia or other forms of
mesenchymal cells. In addition to a change in cell maturity within the different zones of the
liver, a change in matrix chemistries is also observed. The matrix chemistry periportally in
zone 1 is similar to that found in fetal livers and consists of type III and type IV collagens,
hyaluronans (HA), laminins, and forms of chondroitin sulfate proteoglycans. This zone
transitions to a different matrix chemistry in the pericentral zone 3, containing type |

collagen, fibronectin, and unique forms of heparin and heparan sulfate proteoglycans.

[0061] The stem cell niche of the liver has been characterized partially and found to

comprise hyaluronans, laminin forms (e.g., laminin 5) that bind to alpha 6-beta 4 integrin ,
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possi bihe stegn eglbighgRayingslabils wapixeehepngry 4Sé@ﬁ14tﬁféwpf§7dmgig@rnqmmndrmyn@ahs e
damage i t he grafts
it o Aol Bord it el bR el th IS ARG T B ceNDief o

her ei nethide enatdBr cleimhiytries m;thomdrbasm@etmmunmﬁchulfmlm Qahd lth}:refSrd ldghiedndnt o one

si de of ri con needl e o t he ot her syringe containing
t he cr%‘géereii:ﬁ%?frg@%}ﬁ W“Hﬁ“»?ﬁﬂeg Ty eﬁ%” Ynj ected through a 25 gauge
needl e di rectly into the |ivers and instantly cross-linked to forma

hy dr ogl064iTh Bepese therpresopiangenfjonfakssapa CQPSIWaf?Omth% the gBerpisiry ofHapsul at i on

as wel b 2% hole&td aﬁng& \Xéftlgglatlﬁét%ﬁl §t$§e %R Bk N dVARLHIL R QGRYr S W thin
a few mnutes or u 10- mmti ame epenln on the concentration

of t heGmftmsgwith rtiheeapprd;@mmwen@hs ghmild pptumiacreapraftaicat oBtransplaktedchilt msan,

al gi nate, Iaur ni C rin, gelatin, .as well as. many synthetic

oy S e Gt b Bieile i S vBs iyt ot SR ESROb R K ol s ar e

of ten shhheh the ashhwmg Belmbhl%@aterwﬂtmqnmmtshgamF idBLhYdsOiBle. maelteever

cross- | inking, hem cal cross-linking. The cell suspension may alSo be

suppl eﬂmrﬁm@rswthlm ﬁlolgmﬂ eansdlgmied ghosen wpeithize imatunpgentatyponklems.  Si nce

these grafts can be relatively easily injected into a target area, there is

no (or[06b65]i nkd the nasedfthoman hiversi &eélssxwygercyutunddumlderrsedunéﬂeecomdmorpsat| ent

di sconfort, risk of infection C f tion al so be. used
for | rigeeabrtiaien 14 SispappeS SrEags aeBIPR g thiemhed bR tiaRgteast img

ef f ect copMih&ional it Qﬂ%’k‘)ﬁ’l%t@érﬂﬁ)ﬂ’@ﬁt i predu¥sorShRBselldikd NGB Q9 ds 2! SO
maintain the materi bi oconpatibility, and its presence in extensive areas

of reg@fdéﬁrcamb@éumenéqdelnﬁblpbg@iﬁmdmhemmﬂeanﬁhﬁ@d HA @MHA:B awtGlyeosilnj ect abl e

ot aceraheotibotmucty SRTLaREPR OF b Bt Ry ORRINREE . The grar

woul d (eibbel dMediupl)amé 1oded ifo bn@@mse 3yiiidee oA detlifpdRET adabte TRVARENT
("band aid"). For sone abdom nal organs, this covering could be from

aut ol cy&nge fay dgdeadegarithaenpgstiinkeneag: + Py et lqne gycoPeiacsylpie oy PE%atl c
pr oge host

oot Py isPRM ok RERHE LRSS rpdiiTo SR MRS ML BIRBERYIF ocat i on
Wi t hi nThehwoasiydngesrmé cogléd yy anckdig thedfland mtd tve huevleck osimegtiaist Jihmal gl ue
(e.qg., fibrin glue, dermabond) to forma pouch for the transplant material.
The doubl e barrel ed syringe can again be used to inject the matrix materi al
Wi thin the pouch on the exterior of the liver.
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100821 As well, a graft may be fornmed within the omentum pouch, independent
of the target tissue. For exanple, instead of grafting a transplant into or
ont o t he wengatisb428sue, one can use the grafting net hodprConseai opides sites.
The graft coul d be established within an onentum pouch, which pouch would

be for y.fibrin g (or ivalent). This approach may be especially
sui t abl CF § in hydageey P%éj& “EFFecaﬁ(?él"tergq Wgﬁé’nﬁéﬁe‘g%gﬁléﬁv trrapad sone

ot her tonvpAl. itself.
Anot he%&%gﬁ%ﬁ% 0?Eﬁocf endgé}rﬁ:o n(eéétlzgwpﬁfé tgh (&l 02%&5 1ﬂy?§ﬁgtt1 lﬂgl\?tea{ezé%ﬁyrmry

r equi r eltenate neah®. abl e to access the vascul ar suppl y. A graft of endocrine
cells such as islets could be made into an onentum pouch. 100831 The

pr esenf0l6h) ehorall hapensi@ainr@dHA 8tant beosslinkief casls; eitties d@ﬁitl@z&hjeete@ peperties
and viscgsity of KM HA hydrogel s can d?pend on CVHA- S and PEGDA content.

KM HA avgtp%%ﬁhg liveigpsing himomentum fipsus to oamcaomanf\l@maiwwéfs@e&e%@gy b br oad
forci ngnJaRﬁﬂM@éPﬁVny%BQPinﬂbdtQh@iﬁé' dn tpm)ﬂ%&és%ﬁﬁwb LASH tH@g'lﬂsY)bﬁim{ Fi gure
2a) and shear thinning, 1n which their viscosity d rease I ncreasi ng
f or ci ntp starsquiengght(iFaguleadinplo dishifide biid etassiplingge la$oftawsqgue hgdwgeladn modul i
rangin wth different P - ncentrations
when OO ot RaPRah el et dattamcdt Sy e AR EP et i e modul at o
by usi ggndioieh s@fhesalPHIeeHyWwo ddldli@td%lb@h 3o val &R etork Figidlkengthd ishftk gur e

11). 100841 The nechani cal properties of the ECMinto which the cells to
be t r athigriaiay ebpastieulaabehed i yino Hapaotebmanifestasionepelspeptides epnigining,

transp s‘iei_lnea&dthf?)rl] réspf.\ ? A 15 é/o edttg'?n Igéd}ﬁﬁ. aﬁ' idr&s Qc?cg%% Eh% IJEJ(?IEXQE)?@ forces

usi ng mechani sns €O Ive nomm as nec trans Iron.For "exanpl e,
human Gépatil, mllpwmxetlﬁb?ppl}@apdiﬂeeslmmnblbe istceporaret liso teaydibgdler enti at e

when s ?ded i n nmechani cal. V%hg cgrafts such as within stiff HA hydrogels
. havi n§ tgrmativg H»%‘Pfé’& YPGB A FIRFHI £omBonend sugbAs s TN PEF ent

PEGDA a1 QMTBn&&Qz'ﬁ?&ﬁEﬁ@tﬂH?&%cme&c mnéfﬁe h&ﬂé&%iﬁé@%@éﬁ&d& degd wat er
(Figure ng 100851 Hepati'c stem cel oni es have di'stinct netabolic

act i vi sdletson pricade omdnﬁmmtlwm@ammmmre ohingfortdvt pédypoptide geprests ng
them Ab h 4 %ecreti on i s conparable across KM HA fornul ati ons for
i ndi ca‘(no o) patic functl on (AFP, albumin and urea) throughout culture;

hovveve e secr n cou W th lic efficiency depicts a

sel ect “gﬁ?ﬁ gé’éb%m{‘ﬁ'é‘t‘ @ Zﬁi@}@em St%tir)ﬂne Qf gty faégel2) In this

pr ocesgly c&aﬁﬁﬁg %r(@so@ﬁ) f!.n'ﬁﬁfe%%? @arBQl%eratE@taﬁl%@ rlgGofHh &S 81 b QfonitMiditfand
hydroge s with S contents lower than 1.2% 7in’contrast, secretion
rates m@nmomr [alt—B]/eTl}e qﬁb@Tfamuild&IVDmrlhq/me@gemd;omntsmfmns &S]Vg%@o(lﬂc 6% and
hi gher t | ncre as i1 n formulation
e OF ot eaastotptEdefpan St o R AR e SyBRe elaroRi s £

capabi gdlidt@smitdkiheftirsh agRles (FI8N] Sehuesiic hal-ghrddddisine]}) Hepdiifd @rertdrat i on

of hepatic progenitors. 100861 Expression analysis of differentiation

nar ker%lghla HHpiad i&lumefg@cmgbwgsa@@m]w} s kearatan mlfat@sr(&& l[%l@c@?ﬁetl‘é'kes pl ace
wi t hin, as evidenced by an increased overall gene
express&%%&%ﬁﬁbeyond establ i shedyl evel s for thSC col onlges on plastic
pl at es u as en NCAM ex SI on a col oni es
Poar JWOBBE"HEv e sfindtEn e LT GO o B S g P TR Coi Vo
(Fi gurgy g)-4, ED34onas Hl@wgibaﬂyghefﬁl@ﬂleﬂﬁ abRah lm&%e@mlﬂuﬁﬁepe&ts bhe MRNA

expressi on i evel . (Figure 5 i ke NCAM greater CD44 expression was

obser vie¥ undrads Itmawamwe?% Qﬂ/@rmwdga%c&atléﬁwts@ﬁ he 1945 bvel re@lga(lar i gure
4 10 g?NA
hg/dr oglgl?;Sé? i gulrlg)l(ﬁggﬁ%g@ 1![0 ﬁi\()%?i)eaggﬁgaﬁlc@%g%gl ;Sa%fz hgggﬁge’? atlvvo regi mes

(one afluidpt agmafch as iB8E0Ai00D és unbdical gedearsiipe eikons). Becaraseis mghh

i ncreasi ng stiffnes nd one of ene expression recqvery at, high graft
ri gi di haeadvafiiopsesiersiondoh pd 5actsmél X fQust drawing i ey of Dy Bedrationy

E- cadhghi B 'supffot &ir{) c6HPreS§od RAJ. Slmpafe%cate@@ﬁl ANl a%ﬁxmld@{ nd | G'1=
200 Pa despite strong nRNA expression |evels that nmatch ose of softer
hydr ogebst,abidaphincdofitdoanertive tisgsust @idithe npiuesd svamr calfrylﬁg@apﬁwmlmds (Belfure 4).

Th | | h d d f h
{nougrPest it imty el b RRAGRGea br ESEhP R oRa S T R Bt or nal

sur f ac&t@tellula rEatiQoh the QOBSIrfdce ahirsidealie cély S_hOWI ng that translational
control of E-cadherin expression depends on environnental stiffness,

signaling nmechanisns in hHpSCs with their ability to collectively adapt to
the stiffness of their substrate can e |inked. Thus, gene-to-protein
conversi on processes in hHpSCs are subject to stiffness-dependent
bifurcation criteria.



[ 0089] Changes in gene expression for hHpSC colonies cultured in KM HA

hydr ogel s suggest gradual differentiation within these 3D environnents.

Most not awbyep1idisdb428r entiati on in the present culture noeelr/usaniossws in the
absence of biochem cal suppl enentation. These results indicated hHpSCs
enbedded in various KM hydr.ogel s exhibit differentiation to an

i nt er nH02L e Netipe fqrﬁ@ézéélwlﬁwtrnaxﬁewr@ﬁ Theanpgt cepmanrariableyshesiginvat i on
[ 0090] a V. e used
W th cmauo e BTN CRE: FriehiRieRd RGBSl A S T ot Ton
and vi abthk icoyconoof gaHmacergs biuds endinvirebiliod] cohis) pdatbes arsloshaekecilar Fi gur e

6. Wtho h | d,t th b d th |
of i PRigePE o Berbi cBHing (€ dro Pas i Calites: GhereeR ekl tasg 1 O
expr esgla9fa Qby fdl'é fﬁgﬁe Bidldgicdl fﬂ@dch%ﬁ@élidn%at a oW rhwlébﬁlgr %%Apelql (BeidRd

preservation of functions post-thawi ng. Preferably t concentration

r anges 3 PKbM D) maycnduth@hﬁolgeﬁ eetitity thaids aweeiaisd efidr mbirix thmeneing is o

0.10% 9 n her ef i ne I n| cal d sci 3 terns
used vtk eleds el n Sl S B SRR e R By S M i nary
ski |l iy tidtgbiacdll pmhmmm tshnal Haviedpnheits, betwasg s -4 18D, mu@btéhaéhb%% pat ent
applications, patents, and other references nenti oned herein are

i ncor pBYEPEUANEYOHBFLY-ence in their entirety. In case of conflict, the

pr esent ecification, including definitions, will control. In addition,

t he rra[Oé)ﬂBhl Nativiefoiomg of Henbavebemp medifiaddo iintradsee desirpd pmﬂeytwarﬁelgnot i nt ended
to be icularity
W th tﬁg%ﬁ‘%ﬁ%ﬂg%ﬁ%{éﬁl (r?W %@'@@ﬂ aP8W1r‘1’£ntg\%\él€§1rtg%§ (k%l‘e (ggoé béﬂ%lt?g ?fthe pr esent
i nvent other linstrﬁaiomplbherﬁd ethdrmoddes oxaﬁod ns‘kba fbrnizait chgs-linkiig). eAls‘ochbhﬁire

exenpl i.fied_enbodi nents bel ow. Exanp 30 3] Mouse hepatic progenitor

cel I's Rems of sgsstipling ﬂ@ﬁp%p%%flatw# BLGC%FB"H% by axyeend ankyet athesy tithg t o
report E

S T B g e R e e S S S Tl
wi t h hieagenoteas, dkivlslinp pderdg)airsasanded froveyestmbbgshém k)édloahﬁdd HPAs thaf ke | ene

a 1)-Di | at P trod nt bj F
i 7 odEE AP PRGN O i GE (bfe SEHUER SEHECFTRokel Srme

(90- 12(wailkaifieH A%y azi ne (10mg/ kg), and their abdorrens wer e opened. The
cells, with or without HA, were then slowy injected into the front |iver
| obe. D91} NALsdAMaH he lwaanfah%ﬁﬁ Iﬁ&ﬂﬁ@cﬁHQ@aﬁd WeLifu ;Qwrﬁ@n% ble M0/ kg
buprenorphl ne every 12 hrs for 48 hrs. After aninmal s were

eut hanteglzdquesnded fos thesn arpreferred.ethest lteoédxquamhvel@c tdlsaltf&hb drosslihkisg of ogy.

[ 0094] det e £m ne 1] .l | izati ithin |ne nod ontrol"
hepat | BRgr G ERPPRPReEsa iR dincfPt LhMs on vl Faf iy i, 14

luci f ewah @o»eemﬁcﬂs@ﬂﬂgwagﬁn@gl W@QSU%@aOEaIﬁEe wed Rice tRUEMNRKInBUEBREY Was
performed as described above, and cel [ g&)ll 1. 5E6 were injected directly
into t#eulfidger PEGDA, wraatesgrhygragebeft vamahi umlecpﬂfmnzet eﬂhmjglewgweddin&er,mer e

i nj ect f r. Jesgent nal by
the tr B SR ARt RO G Tk R PP RS E e ¥

| ocal i asitinotvodhjectdrss T\l\lilidunﬁblhélﬁGmcGﬁl BEGmehﬁteﬂilahﬁﬁsshRE§uﬂréthha 100951 At
24 hrs, control cells |n%ec ed WIthOUt HA grafting were found both in the
i ver “nalenfregetionrandsn gmatieng ?C%@a? 1Bleagd jafows forgsll |garmthaadwi t h
only a,fewdigntifiable cells r emai ni ng in the liver. The grafted cells
according to the invention, by contrast, were observed as a group of cells
succes |y 4 rs r emai ned
presen[tﬁ’iwl%/l Thﬁ?%‘ﬁ%% \}\o?rgd\}\(gemkg?l&g(gﬁl’lsa*? gr%l?]%sp‘%% %‘tﬁ 553}29? mgs Ogﬂqgc\gﬁ ni che
graft teuecglis@ringefistem detist vize Glyrosit 1sqmﬁt|dfsllla/@hﬁ-sfyﬁthleh(kle)ftrdcbﬁlﬂhle and

were not fou ther ti s. by assays_on random zed hi st ol ogi cal
sanpl ergatfllxl @ﬂ‘sg ﬁc%nology avasllsagf fronX G ycos%i/n B?osmences?n Salt Lake City, U %
variety of products in the Extracel and HyStem trademarked lines are commercially available.

These materials are biocompatible, biodegradable, and non-immunogenic.

17



Exanpl e 2 [0096] Human hepatic progenitor cells were isolated fromfetal
liver tissue (16-20 weeks) according to reported protocols. A

| uci f er aswoerprEgsesng adenoviral vector was introduced iPoraskéia/obspat i c
progenitor cells. The cells vvere then m xed with thiol-nodified

b S t h f th i Pol
(Bt hy 1 OENY bushermors, Guvirles Fpeeinie can bt GatipsbUURERshECH o & Subj ect
mouse. ,Mrigls hefshid &dlineérink B@)l%ﬁﬁ%%AWﬁﬁ b@@%ﬁﬂeﬁ%&&ﬁjnﬁ}iy dbmaRlkaaing HA dry

reagents in KMto give a 2.0% sol ution (wei ght/vol une) and the
cr oss| soukes, widls a g derohacefor bactedal faymghtagion uging Tathesi ytepronaycasretraind (gtd on.

Sanpl e t t letel
ai seor gt [AgeRt NPV EHa" R oHE AR B st b etn BRSO of 1. 0

g/ m padik %dﬁ&iaéﬂﬂh& RogiRas I$Me01 .B&@U}Q@@éss (irflqee tb-MoV‘o&tdn@s). [0097] For
i ntroduction/transplantation, mce were anesthetized with ketam ne (90-

120ny/ [9@)74lan@lhe<ia%§12ﬂaﬁ@s &fkﬁ@gélkﬁapulaafaﬂs thRild rephgasaRse YRma /AP8Bedd id he

cells, or without HA, were then slowy injected into the front |iver

| obe. %rhlesupm@nmf dietiesuga st oo gberlispbowpforanaugtipe OQPKP@ﬁm@rfe%m@m

bupr engr phi ne for a one-tine
dose of*LLPBRH (fﬁ%%/%dé %Irilﬁ&%es(céég%?ﬁa\%\ég gl lﬁ‘%ﬁl&g éj Er % ggleG ul/g. After
48 hr syasaulbfiBdtion Wei ﬂnWhﬁaammqﬂsltéiﬂﬁbrbhﬁﬁmmsingﬂmahdonefns)ﬁ@d bagnfdr
sectioned for histolog 0098] To determ pe cei Iocal Zatlang wi.thin the
mur i ned AATARIEY comélamgrravltlp étflﬁé’oﬁkpég‘éﬁ?’ st sobhle siengling dlesigpeds nrs
at 37 rvival
surge rtgl; ﬁ\ﬁ’)a‘%‘@ per # %tff%%&&fvﬁg g@%&?ﬁ%ﬁ%b%\g@? i@éé%{é@ég ei’l ﬁgts%’e's 0§b%1%gn£evc\§é%nea§r nj ect ed
di r ect prpdiceddytaneepithelénl célbbed avrtcherohymalt detlut a bpeci Gusiatupatiopal lmmagﬂ:ratggmg,

mce were inje Pwth luciferin K salt (150 ng/kg), producing a

| umi ne@@&ﬂ?v‘%ﬂ ;ﬁ%fdﬁ)b?‘”’cnﬁ@r‘? PXRfSant ed cells. Using an IVIS Kinetic opti cal
i mager, the localization of cells within the mcigﬁs éﬁé& ined 10-15

nmi nut es t hefabketde RERREJENSABIVE Né@b‘]E eBAER FOR ERQ secr et ed
human albumn in mouse serum at day was._assessed to determne the
functilon of the transpl §WFM0CWW% progeni t ORART 5. Al buni|n
producti on was neasured by ELISA with horseradi sh pgmxiMSe{umj uc at ed

fl uorqgprobes and coloriinetric absorbance at 450 nm y{&io¥ ﬁgf day 7,
tissue_sanples were renoved frommce and fixed 2 days in PFA rd stored
in 70%GsllWanempongm t NihHRSGsemeipns wer e st ai ned f pHemiobless) kspatical
exami nation. Results [(Q100] At day 7, blood sanpl epswiekeelt gkanromnd |ti ssues
were rlenmoved and fixed|for histology. A slight incy n?otﬁeh 1 elfer um allbum n
was observed in the injlury nodel versus healthy nofé Ad®t he HA-grafting
nmet hods al so showed an|i ncrease when conpared to thECQUQsIﬁPIs from del |
suspensi ons | acki ng HA (Fl gure 8). [0101] Tissue f|Qaedhanatlakficelly eated m ce

wer e stained-for humanlall ed via-grafting-methods
usi ng |HESSMFEF ound gr R SHeAivR OPH;Q ﬁé‘iﬂ’ﬁ‘ﬁ?’ﬁ‘ " cpRiPopgdedum gy a

transpl anted cells wi t hiprogénhers)hostnedhed fadored@elthes t r pnsidinasptieal faritize cel |

suspensi on, however, regulted .0, SfRhl .RI9r egat es diSparagdedfr oughout the
liver.

(U—'

progenitors tailored for the
transit amplifying cells
Additional soluble LIF, VEGF EGF, HGF, VEGF

factors

[tailored for liver}]

Base Scaffold HA or chemically-modified HA as an sECM HA or chemically-
modified HA as an sSECM
Other Matrix Type 111 collagen, embryonic forms of laminin | Type IV collagen, any of a
Components (e.g. laminin 5 that binds to a6/p4 integrin); number of forms of
chondroitin sulfate-PG (novel form found in laminins, CS-PGs, HS-
niches) PGs
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WO 2011/ 140428PCT/ US2011/ 035498 Exanple 3 [0102] Human pancreatic
progenitor cells are isolated frompancreatic tissue. A

| uci f er aswexpriesizag adenoviral vector is introduced i ntPaTiUseo1pOBZYERNI t Or
cells. The cells are then mxed with thiol-nodified carboxynethyl HA
(CGVHA-S) and in the presence of the crosslinker Poly (Ethylene

A ycol)-Di acrylate (PEG DA) as described in Exanple 2. [0103] For

i nt r odpgiii QN RFPIRIBSERTAATVENICOHESG RAF S EORFIA FEREP A RENCHYMAL( 90-
120nmg/ 1 cg) and xyl azine (10ng/kg), and their abdonens are opened. The
cells,CBAIS or without HA, are then slowy injected into the pancreas. The
incision site is closed and aninmals are given 0.1.ng/kg buprenorphi ne every
12 hrg for 48 hrs. Aft eLind&eptage 4 Hepatestltes ar e eut hanhipesge staged ti ssue i s
removed, fixed, and sec¢tioned for histology. [0104]mianddedsier m ne cell
| ocal ijzation within the nurine nodels, "control" pr é)l?oﬁnlior cells are
infectled for 4 hrs at 37 C with a |uciferase-expressingsadehoviral |vector
at 50 |REulaiSumponcatds Sul Geipyrtdl Bepperto-nisdinas ddesod;i pethaptvaéolagmdyteel | s
(1-1.3E6) are injected|dif,6&h tdothdthReishe pancreas WiduRh diiklggut HA. Just
prior {to imaging, mcelare injected [P wth luciferin K Sf’i|t (150 nu/ kg),
produdi ng a |um nescent signal by the transpl ant ed ¥8PH$Usi ng an|IVI S

Ki net i|@asgtedsah | nager | Kubea’d Meialni (@at maiumadiloeeélfdrs WKibatalh Medimitiocae i| S

determned 10-15 m nut ¢ E&\ﬁt*ﬁgﬂaﬁaﬁés%ddnﬁﬁﬁ%oéﬁr(1(550{1005%116% Ghall S, "control

cells |injected w thout ancreas anong |ot her
organg. At 72 hrs, hovm?@rcalcﬁﬁé?‘S@MDIE@Fémgﬁél be %%Qgéﬁytﬁﬁ)t*ﬁ'd‘ﬁ?ﬂ) a few

identijfiable cells remaining in the pancreas. The pgéfabgpediaselolns), acgor di ng
to the invention, by contrast, are observed as a gr | sGF
successfully integrated into the pancreas at both 2%%2'3136'9%%?5, and remain
presernt even after two|weeks. Exanple 4 [0106] Studi'esgwere perforned to

assesy AdaRioNdI AN TY g EGHIRLLAM, BGF (16 Rakhi) Cr3$108M CRbES(16 RBFg EGEN

hydrogel s. Viability wa ess n.cultures using | e r obes
Cal ceild* M 1 i ve cell vi §M§|‘%§‘t°°°°m°?‘ds l\?%lgévi)ul ar Probg¥ 18@@[}2%@5 %.l)rg)egor .
Menbr drieilpred foeéiver] cal cei n AM was cl eaved by est er asegnl).(31(10FeMel | § to

yield |cytoplasm c green fluorescence. Concentrationgh&¢&li®ietiossss et ed,
al bumin, _transferrin_ and urea in culture nedia-we ig 1 week

of cul|tBeeScaliid of |y, mbdiAL Shipispivapediiied HAes M ct IaAﬁ"nﬂe’%if%V‘ed frozen at
-20C unti I anal yzed. Allbum n production was neasur podifed BlAlaSin EEGVINng human

+

al bunmg th_erwatnqualul t

urea ritrogen col orine EIT\VJ‘%;eIﬁW%(} ff%ﬁ‘ﬁﬁ%ﬁ%@ﬁ%&oﬁyp%%ﬁm' bl ood

N

Components (e.g. laminin 5 that binds to c6/B4 integrin); number of forms of
chondroitin sulfate-PG (novel form found in laminin that bind to a/B1,
niches) CS-PGs, HS-PGs

[0075] The microenvironment of a stem cell niche in the liver consists of the paracrine
signals between the hepatic stem cell and angioblasts. It is comprised of hyaluronans, type
I1I collagen, specific forms of laminin (e.g., laminin 5), a unique form of chondroitin sulfate
proteoglycan (CS-PG) that has almost no sulfation and a soluble signal/medium composition
close to or exactly that of “Kubota’s Medium”, a medium developed for hepatic progenitors.
No other factors are strictly required, though effects can be observed by supplementation with
stem cell factor, leukemia inhibitory factor (LIF), and/or certain interleukins (e.g., IL 6, IL11
and TGF-B1). The stem cell niche form of CS-PG is not yet available

[0076] The transit amplifying cell microenvironment in the liver is morphologically

between that of the hepatoblasts and hepatic stellate cells. The components of this
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reagents. All assays were neasured individually with a cytofluor Spectranmax
250 nmulti-well plate reader. Results [0107] The results are provided in

Fi gures 9weandiil@o428fter 3 weeks of culture, cells were aoalugzed/oBzaws genetic
expression. Levels of nMRNA expression were nornalized to GAPDH. Al |l

ts. d f ol ared.to initi.al hepatic stem
Cor T cOImRa Gl e R B R et O RerE Qe il ks LIS Br ogel o
| n bot Bin@tp N iifesidimdiy shiieneas- ey, o FRegirkh QN fatd-phiatlais-aed-paggen
II1+lamnin), there is a significant increase in E M (7.72+1. 42,
9. 04+1asdyolule signpls thah 11(@4@%@@0%,5 Mgpdgim suigmeitiechivehapaitb ¢pidermali t i al

col on ' | grkfy rease.in. t hepat obl ast
G 1 o B TR ORL I GobRR Bl Ralt B SEhy BEERT G b TGS O
addi t i BGF} hed tdAn6ids (erg.anitanimdhY.i on showed a significant decrease in AFP
expressi on when conpared to the basic HA culture. Exanple 5 [0108] The
effects of rafiaid PMethddsoperties of HA hydrogels with diverse
concentrations of HA and PEGDA on enbedded hHpSCs cultured in a serumfree
medi unMowEmE BepasERLon HRAIEQ! Pé, ahiapPRpHERrAifg SIHRHRI thAERe bdleclaP! For3

bel ow. Final contents (4:1 apportionnent) PEGA initial 'solution content (1
part) tissugsavhee\gyafts would replace a diseased or missing tissue (bone, for example), an

implantable graft is suitable. Then, depending on the chosen method, appropriate
biomaterials may be chosen to compliment the method. Different methods will be required.
For example, in the bone example, a solid matrix allows cells to be seeded with necessary

growth factors into the matrix, cultured, and then implanted into the patient. Figure 1.

[0078] Injectable grafts have an advantage in that they can fill any deficit shape or space
(e.g., damaged organs or tissues). According to this method, cells are co-cultured and
injected in a cell suspension embedded in gelable biomaterials, which solidifies in situ using
various crosslinking methods. The mixture may be directly injected into the host tissue or
organ (e.g., liver); injected under the organ capsule, any membrane enveloping an organ or
tissue; injected into a pouch formed by folding over a part of the omentum onto itself and
gluing it to form a pouch; or forming a pouch by using surgical glue to affix another material

(e.g. spider silk) to the surface of the organ and injecting the mixture into it..

[0079] Direct injection can consist of injection under a liver’s Glisson capsule and into the
parenchyma at multiple sites, but as few as possible to avoid hydrostatic pressure from the
hydrogel that may cause damage to the liver tissue. Injection of the hepatic stem cell niche
grafts into the livers is done using a double barreled syringe as described hereinabove.
Briefly, the cells-matrix-medium mixture is loaded into one side of the syringe with
connecting needle to the other syringe containing the cross-linker PEGDA. The mixture can
be injected through a 25 gauge needle directly into the livers and instantly cross-linked to
form a hydrogel. The use of CMHA-S with PEGDA at pH 7.4 allows cell encapsulation as
well as injection in vivo, since the crosslinking reaction occurs within a few minutes or up to

10-20 min time frame depending on the concentration of the cross-linker.

[0080] Inorganic, natural materials like chitosan, alginate, hylauronic acid, fibrin, gelatin,

as well as many synthetic polymers can suffice as biomaterials for injections. These
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4.0% (Wv) 6.0% (wWv) 8.0% (wWv) CVWA-S initial solution content (4 parts)
1.0% (w v) Fornmulation A CVHA-S 0.8% (w v) PEGDA 0.4% (w v) CVHA-S 0.8%
(W' v) WO 2011/140428 PCT/US2011/035498

materials are often solidified through methods including thermal gelation, photo cross-
linking, or chemical cross-linking. The cell suspension may also be supplemented with
soluble signals or specific matrix components. Since these grafts can be relatively easily
injected into a target area, there is no (or minimal) need for invasive surgery, which reduces
cost, patient discomfort, risk of infection, and scar formation. CMHA may also be used for
injectable material for tissue engineering due to its long-lasting effect while maintaining
biocompatibility. Cross-linking methods also maintain the material biocompatibility, and its
presence in extensive areas of regenerative or stem/progenitor niches make it an attractive

injectable material.

[0081] In some embodiments, a graft may be designed for placement onto the surface of an
organ or tissue, in which case the graft would be held in place with a biocompatible and
biodegradable covering (“band aid”). For some abdominal organs, this covering could be
from autologous tissues. For example, grafting of liver cells (e.g., hepatic progenitors) onto
the surface of livers can by done by using the host omentum to form an injection pouch. The
omentum is lifted from its location within the abdominal cavity and glued onto the liver using
surgical glue (e.g., fibrin glue, dermabond) to form a pouch for the transplant material. The
double barreled syringe can again be used to inject the matrix material within the pouch on

the exterior of the liver.

[0082] As well, a graft may be formed within the omentum pouch, independent of the target
tissue. For example, instead of grafting a transplant into or onto the target tissue, one can use
the grafting method for ectopic sites. The graft could be established within an omentum
pouch, which pouch would be formed by fibrin glue (or equivalent). This approach may be
especially suitable for liver grafts when the host liver is too scarred or has some other
parameter that would block success of a graft into the tissue itself. Another example is of
endocrine cells (e.g., islets) that have a primary requirement to be able to access the vascular

supply. A graft of endocrine cells such as islets could be made into an omentum pouch.

[0083] The present inventors have learned that the stiffness, viscoelastic properties and
viscosity of KM-HA hydrogels can depend on CMHA-S and PEGDA content. KM-HA
hydrogels, for example, maintain a constant stiffness across a broad forcing frequency range
while exhibiting perfectly elastic behavior (Figure 2a) and shear thinning, in which their
viscosity decreases with increasing forcing frequency (Figure 2b). These KM-HA hydrogels
can yield shear moduli ranging from 11 to 3500 Pa with different PEGDA and CMHA-S
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PEGDA 0.8% (W v) CMHA-S 0.8% (w'v) PEGDA 1.2% (W v) Formul ation B CVHA-S
0.8% (W v) PEGDA 1.6% (W V) 1.5% (W v) CMHA- S 1.2% (w'v) PEGDA 0. 4% (W V)
WO 2011/140428 PCT/US2011/035498

concentrations when mixed in buffered distilled water, but these values can be modulated by

using diverse basal medium like Kubota’s medium (Figure 2 and Figure 11).

[0084] The mechanical properties of the ECM into which the cells to be transplanted are
seeded can have profound effects on signaling, transport, and on the ability of the cells to
respond to mechanical forces using mechanisms collectively known as mechanotransduction.
For example, human hepatic progenitors, such a hepatic stem cells, can differentiate when
sceded in mechanically rigid grafts, such as within stiff HA hydrogels .having a yield shear
moduli ranging from 11 to 3500 Pa with different PEGDA and CMHA-S concentrations

when mixed in buffered distilled water (Figure 2).

[0085] Hepatic stem cell colonies have distinct metabolic activities in accordance with the
composition of KM-HA hydrogel hosting them. Absolute secretion is comparable across
KM-HA formulations for indicators of hepatic function (AFP, albumin and urea) throughout
culture; however, absolute secretion coupled with metabolic efficiency depicts a selection
process that depends on the HA content. (Figure 12). In this process, secretion rates increase
under metabolic duress for KM-HA hydrogels with CMHA-S contents lower than 1.2%; in
contrast, secretion rates are comparatively poor in KM-HA hydrogels with more CMHA-S
(1.6%) and higher metabolic function — or even increased viability, as in formulation E
(Figure 3d). Because hHpSCs and hHBs exhibit different metabolic capabilities, KM-HA

hydrogels can select for expansion or differentiation of hepatic progenitors.

[0086] Expression analysis of differentiation markers in hepatic progenitors confirms that
differentiation takes place within KM-HA hydrogels, as evidenced by an increased overall
gene expression of EpCAM beyond established levels for hHpSC colonies on plastic plates
(Figure 5), as well as heterogeneous NCAM expression across colonies towards the outer
boundaries and on the apical surface of external cells. (Figure 4). CD44 was found
expressed on both hHpSCs and hHBs at the mRNA expression level. (Figure 5). Unlike
NCAM, greater CD44 expression was observed in KM-HA hydrogels over CMHA-S

contents of 1.2% or less (Figure 4).

[0087] mRNA expression levels depend on the stiffness of KM-HA hydrogels (Figure 5),
that this dependency on stiffness defines two regimes (one at low graft rigidities where gene
expression decreases with increasing stiffness, and one of gene expression recovery at high
graft rigidities with |[G*| > 200 Pa). The effect is even more drastic for E-cadherin: protein

expression is absent past the bifurcation around |G*| = 200 Pa despite strong mRNA
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Formul ation C CVHA-S 1.2% (w v) PEGDA 0.8% (W v) Formulation D CVHA-S 1.2%
(wv) PEGDA 1.2% (W v) CVHA-S 1.2% (W v) PEGDA 1.6% (W vVv) 2.0% (W V)
WO 2011/140428 PCT/US2011/035498

expression levels that match those of softer hydrogels, in which there is protein expression of
E-cadherin. (Figure 4). The cells that are directly exposed to external mechanical forces are
thus thought able to communicate the signal to adjacent cells at the external surface of the

colony.

[0088] In this way, by showing that translational control of E-cadherin expression depends
on environmental stiffness, signaling mechanisms in hHpSCs with their ability to collectively
adapt to the stiffness of their substrate can be linked. Thus, gene-to-protein conversion

processes in hHpSCs are subject to stiffness-dependent bifurcation criteria.

[0089] Changes in gene expression for hHpSC colonies cultured in KM-HA hydrogels
suggest gradual differentiation within these 3D environments. Most notably, differentiation
in the present culture model can occur in the absence of biochemical supplementation. These
results indicated hHpSCs embedded in various KM-HA hydrogels exhibit differentiation to

an intermediate hHB lineage within 1 week of static culture.

Cryopreservation

[0090] In another embodiment of the present invention HA gels may be used with
conventional cryopreservation methods to yield superior preservation and viability upon
thawing. An overview of the process is shown in Figure 6. Without being held to or bound
by theory, it is believed that inclusion of HA improves preservation by stimulating adhesion
mechanisms (e.g., expression of Integrin 1) that facilitate culturing the cells and
preservation of functions post-thawing. Preferably the HA concentration ranges from 0.01 to

1 weight percent, and more preferably from 0.5 to 0.10%.

[0091] Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. All publications, patent applications, patents, and other references
mentioned herein are incorporated by reference in their entirety. In case of conflict, the
present specification, including definitions, will control. In addition, the materials, methods,

and examples are illustrative only and not intended to be limiting.

[0092] The invention now will be described in particularity with the following illustrative
examples; however, the scope of the present invention is not intended to be, and shall not be,

limited to the exemplified embodiments below.

Example 1
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Formul ation E CVHA-S 1. 6% (w v) PEGDA 0.4% (wv) CVHA-S 1.6% (w v) PEGDA
0.8% (wWv) CVHA-S 1.6% (wv) PEGDA 1.2% (w'v) Formulation F CVHA-S 1. 6%
(W v) PEGRA 20116060428/ V) PCT/US2011/035498

[0093] Mouse hepatic progenitor cells were isolated from a host C57/BL6 mouse (4-5
weeks) according to reported protocols. For the “grafting” studies, a GFP reporter was
introduced into the hepatic progenitor cells. The cells were then mixed with hyaluronan
(HA) hydrogels and the HA crosslinked with Poly (Ethylene Glycol)-Diacrylate (PEG-DA)
prior to introduction into a subject mouse. For introduction/transplantation, mice were
anesthetized with ketamine (90-120mg/kg) and xylazine (10mg/kg), and their abdomens were
opened. The cells, with or without HA, were then slowly injected into the front liver lobe.
The incision site was closed and animals were given 0.1.mg/kg buprenorphine every 12 hrs
for 48 hrs. After 48 hrs, animals were euthanized, and tissue was removed, fixed, and

sectioned for histology.

[0094] To determine cell localization within the murine models, “control” hepatic
progenitor cells were infected for 4 hrs at 37 °C with a luciferase-expressing adenoviral
vector at 50 POI. Survival surgery was performed as described above, and cells (1-1.5E6)
were injected directly into the liver lobe with or without HA. Just prior to imaging, mice
were injected subcutaneously with luciferin, producing a luminescent signal by the
transplanted cells. Using an IVIS Kinetic optical imager, the localization of cells within the

mice was determined.

Results
[0095] At 24 hrs, “control” cells injected without HA grafting were found both in the liver
and lung. At 72 hrs, however, most cells could not be located with only a few identifiable
cells remaining in the liver. The grafted cells according to the invention, by contrast, were
observed as a group of cells successfully integrated into the liver at both 24 and 72 hrs, and
remained present even after two weeks. Cells transplanted via this stem cell niche graft were
also seen to localize almost exclusively to liver tissue and were not found in other tissues by

assays on randomized histological samples (Figure 7).

Example 2

[0096] Human hepatic progenitor cells were isolated from fetal liver tissue (16-20 weeks)
according to reported protocols. A luciferase-expressing adenoviral vector was introduced
into the hepatic progenitor cells. The cells were then mixed with thiol-modified
carboxymethyl HA (CMHA-S) and in the presence of the crosslinker Poly (Ethylene Glycol)-
Diacrylate (PEG-DA) prior to introduction into a subject mouse. More specifically, the

hydrogel was constructed by dissolving HA dry reagents in KM to give a 2.0% solution
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[0109] Final KM HA hydrogel conposition for each fornul ati on was achi eved
by m xing the thiol-nodified carboxynethyl HA (CVHA-S) and pol y(et hyl ene

gl ycol) - bwe-2acwipbeese ( PEGDA) solutions at a 4:1 ratio. Bpeaiskeia/o35498
concentrations of CI\/HA S and PEGDA dry reagents were m xed separately in KM
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Exanple 6 [0116] The effects of HA to inprove preservation of adhesion
mechani sns that could facilitate culturing the cells and preservation of
functi onswpastr/tsbsi ng was assessed. Freshly isol ated hlPCp®G301anss49s

hepat obl asts were isolated fromfetal |ivers and cryopreserved in one of a
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vari ations,Resis, or alterations of the invention follow ng. In general,
the principles of the invention and including such departures fromthe
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art to which the invention pertains and as may be applied to the essenti al
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cl ai m;gen Y¥atsd @éll@remaining in the pancreas. The grafted cells according to the invention, by

contrast, are observed as a group of cells successfully integrated into the pancreas at both 24

and 72 hrs, and remain present even after two weeks.

Example 4

[0106] Studies were performed to assess the viability and function of hepatic stem cells
seeded in hydrogels. Viability was assessed in cultures using Molecular Probes Calcein AM
live cell viability kit (Molecular Probes, Eugene Oregon). Membrane-permeant calcein AM
was cleaved by esterases in live cells to yield cytoplasmic green fluorescence. Concentration
levels of secreted, albumin, transferrin, and urea in culture media were measured during 1
week of culture. Briefly, media supernatant was collected and stored frozen at -20°C until
analyzed. Albumin production was measured by ELISA using human albumin ELISA

quantitation sets. Urea production was analyzed using blood urea nitrogen colorimetric
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organ in a subject having the
a.

1. A nethod of engrafting cells of an internal
I nternal organ in diseased or dysfunctional condition conprising:

obt ai ni ngvoanmml40428| | s of an internal organ from a donoPCT/US2011/085498
conbining the cells with one or nore gel-formng biomaterials to forma

m xt ure; c. optionally, conbinpi the mixture with n i ent. i um
Tl el Fiagenis) ol Gud® Wen eesbio iR FHalP paih Shahite Spisanasen s maki gt

t her eoblate reader. d- i ntroducing the mxture of step (b) into the subject,
wherein a substantial portion of the cells introduced in step (d) takes up
resi dence igggﬂtson at least a portion of the internal organ in vivo. 2.The
nmet hod according to claiml1, in which the nornmal cells are stemcells,

corm 7P I9EPL AL g Rl PSP Nt gk 0 o L
bi | i ar yndlyd,foi Fenené expreiomud,evell i aiRNA ek piessio vefzainemaiged to GAPDH.

All measurements are expressed as fold changes compared to initial hepatic stem cell

colonies prior to three-dimensional culture in hyaluronan hydrogels. In both experimental

hyaluronan culture conditions (HA and HA+collagen III+laminin), there is a significant

increase in EpCAM (7.72+1.42, 9.04+1.82) and Albumin (5.57+0.73, 4.84+0.84) when

compared to initial colony expression. There was also a significant decrease in the

hepatoblast differentiating marker AFP in both conditions (0.55+0.11, 0.17+0.03). In

addition, the HA+CIII+Lam condition showed a significant decrease in AFP expression when

compared to the basic HA culture.

Example 5

[0108]
HA and PEGDA on embedded hHpSCs cultured in a serum-free medium were assessed. The

The effects of mechanical properties of HA hydrogels with diverse concentrations of

formulations used are summarized in Table 3 below:

Final contents PEGDA initial solution content (1 part)
(4:1 apportionment) 2.0% (W/v) 4.0% (W/v) 6.0% (W/v) 8.0% (W/v)
Formulation A Formulation B
0 - 0, - [1]
2 "3 p f; CMHA-S 0.8% (w/v) Cpl\ggé AS Oogf, /f’ ((v:% ‘;) Cplggé AS 10'2’?, /f’ ((v:% ‘;) CMHA-S 0.8% (w/v)
CMHALS PEGDA 0.4% (W/v) : : PEGDA 1.6% (W/v)
HA-
T ; Formulation D
S(‘)‘;::'Oln 15% | CMHA-S 1.2% (w/v) CMF}“I’K’;"I";’;Z’ (va M) | CMHAS 1.29% oy | CMHASS 1:2% ()
. o, : - . (1} )
(f:’" te'tl t) (W/v) PEGDA 04% (W) | "LEGDA 0.8% (wiv) PEGDA T 370 PEGDA 1.6% (W/v)
parts
2.0% Formulation E CMHA-S 1.6% (w/v) | CMHA-S 1.6% (wiv) | ., Formulation F
owivy | CMHASS L6% (WN) 1 bpin g 804 (wiv) | PEGDA 1.2% (wiv) | CMHA-S 1.6% (wiv)
PEGDA 0.4% (W/v) ' : PEGDA 1.6% (W/v)
[0109] Final KM-HA hydrogel composition for each formulation was achieved by mixing

the thiol-modified carboxymethyl HA (CMHA-S) and poly(ethylene glycol)-bis-acrylate
(PEGDA) solutions at a 4:1 ratio. Specific concentrations of CMHA-S and PEGDA dry

reagents were mixed separately in KM at pH 7.4 at a specific concentration of CMHA-S and

of PEGDA, and were warmed for 30 minutes at 37 °C to enhance dissolution of dry reagents.

Maximum hydrogel cross-linking occurred without additional media for 1 hour under sterile
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4. The nmet hod according to claim3, in which the internal organ is liver.

5. The net hod according to claim 3, in which the suspension of cells are

| i ver steawoceellwp42Bepat obl asts, committed progenitors ofcChiuscanyp3zpst helia
or hepatocytes, or mature hepatocytes or chol angi ocytes. 6. The net hod

according.to claim1, in whi the donor_is, the subject haying the jnternal
organ FHiiewdean "&ff#’efyg?w/ﬁf?ﬂ?%ﬂam%éﬁ%ﬁ Cort s ﬁ,eh.‘/ﬂ&a%j WegISERPligfle

obt ai nggkhfX O df PRI £k@A aRH idiBatb®bérBRht AGAD k@, | s not diseased or
dysfunctional. 7. The nethod according to claim1l, "in which the donor is a

- | . i L ' - e donor
oo LPEPO S, GOty A RaR PRSP RRRRLEN Sl ol ety o ST
cl ai m platddmtwhi mm thivknesdiTthie dugdfogelsIvese oenpated evithogfi adbiteablsmedindatihel i al

cells, stellate cell precursors, stellate |.I's, st '{EE:J cells, epithelial
st em cBPVEIRETiErIE Cpah AR i ARIUBROE dor s CIDRAR BYY BRG: { frelo@P maxiimum
cross-linking after mixing. Samples were then supplemented with equal volumes of
additional KM supplied with 2.5 mg/ml (0.036 mM) fluorescein-conjugated 70-kDa Dextran

molecules, allowed to diffuse into samples during overnight incubation prior to testing.

[0111] Diffusion coefficients of HA hydrogels were measured using a fluorescence
recovery after photobleaching (FRAP) system. “In-well” testing was performed on samples
after equilibration to room temperature for imaging purposes without prior aspiration of D70-
supplemented KM. A total of 5 individual 30-second photobleaching spots (13.5-mW
458/488 nm excitation Argon laser, bleached geometry: 35-um diameter circle) were tested
per sample, and a single unidirectional scan pre-bleaching image, a single unidirectional scan
image immediately after the end of photobleaching, and 28 unidirectional scan time-series
images at 4.0-second delay intervals afterwards (256 x 256 pixels frame size, 0.9 um/pixel
resolution) were acquired for post-processing through a single channel (LLP 505 nm, green

emission channel).
Results

[0112] Stiffness, viscoelastic properties and viscosity of KM-HA hydrogels depend on
CMHA-S and PEGDA content. KM-HA hydrogels maintained a constant stiffness across a
broad forcing frequency range while exhibiting a perfectly elastic behavior and exhibited
shear thinning, as their viscosity decreased with increasing forcing frequency. The content of
CMHA-S and PEGDA controlled the mechanical properties of KM-HA hydrogels (Figure
11a). In contrast, the diffusion properties of KM-HA hydrogels are optimal because they are

comparable to that of Kubota’s medium alone (Figure 11b).

[0113] Hepatic stem cell colonies were mixed with KM-HA hydrogels and began to
abandon their flat configurations in favor of agglomeration to spheroid-like structures or
folding into complex 3D structures, both signs of differentiation. After 1 week of culture, cell
morphology became diverse and some cells enlarged to about 15 um in size, which is
characteristic of hHBs. Immunostaining with antibodies for cell surface markers for hHpSCs

and hHBs like EpCAM, CD44 and CDHI1 confirmed differentiation.
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10. The nethod according to claim1, in which the one or nore biomaterials
conpri se col |l agens, |am nins, adhesion nol ecul es, proteoglycans,

hyal ur onawe,2oglsee28am nogl ycan chai ns, chitosan, al gi nareT/ianai19y3vheti c,
bi odegradabl e and bi oconpati bl e pol yners, or conbinations thereof.

) whi ch .t h I I
conpr  STA] o ABERERON bl FHESE oM A hispad SeypesiimoH Rk Ry ropt o
gr owt hséd’f‘@t&&AFP‘ﬁ%ﬁ%ﬂxﬁhn%ﬂQ@?eﬁﬁhg @Im&ﬁIrImg{sOI%he a‘n%sfsg&?és hiibrhW i n i ke

grow h factor I, insulin-like growh factor oncostatin-M
| eukentemparhble |1¢\@I%nnfadd{MFHAmyﬁ)qgeIsrhyeddyeMFIgmre 12).aAs$tent meakg og cdnrdy

factor- - , HGF,. trans i [ ulin

o IR A exkissigh REERGRM i hiaptsorbRy edils Yeiedntitn

est r 0gB{Adrog @D WeRIGHS ficAdIN pIkr AMIMTRER Sf 28N groG@NH R b<98§1e§ Bﬁfr@élhiy

12. The nmethod according to claim11l, in ich the interl eukins ‘are/ |L-6,

| L- 11, isplatecehHBy. kwsiehi ofapRYAsexpressienof NCAM, AFPaind Fheadhetim GaDHG & for di nglt4 0
claim fl.hlgge MWﬁAhﬁ%&S%%léw@felaé&%l nl{%rﬂlt]hrq ﬁ&e}f{‘? d&ﬁ‘?ﬁos@%‘ﬁ' bPRrown

The me accordin i'umco S insulin,
transf hHﬂ;Sﬁ,coldn[Hsd(EFlgmﬁ')l um zinc and sel eni um 15 The net hod
according to claiml1, in which the suspension of cells of the internal

organ mespokglﬂnﬁmﬁab @xammm &ﬂwgdﬁeteh@rekul@ﬂ@ﬁcﬁffb@hﬁaml hrkeR font roduci ng
the cells into t . The nmet hod accordlngto claim1l, in

whi ch bHeS Qa%@AM eIFPofCQIéII@du@arkﬁw@@morowblnsps.andbﬁgs;ﬂ Bétmity of the

dlseas I 0, Qo claim
R RIS fali0R ackle BB ingreaging K ER IRLERBARSHLITS D, Sole!
18. Th20hB4 Iamtireacmy dftexgvards (Fligure5L7The celisttiah all hgdﬂogslsmﬁnulatl@ﬂm ntum or
liver. expressed EpCAM, NCAM and CD44 protein; however, CD44 appeared enriched in KM-HA
formulations with 1.2% CMHA-S or less, whereas NCAM remained rich in all KM-HA

hydrogels. (Figure 4).

Example 6

[0116] The effects of HA to improve preservation of adhesion mechanisms that could
facilitate culturing the cells and preservation of functions post-thawing was assessed. Freshly
isolated hHpSCs and hepatoblasts were isolated from fetal livers and cryopreserved in one of
a number of different cryopreservation buffers, with or without supplementation of 0.5 or
0.10% hyaluronans (HA). More specifically, samples were frozen at 2x 10° cells /ml in
cryopreservation solution comprising either culture medium supplemented with 10% DMSO
or CryoStorTM-CS10 (Biolife Solutions), and with 0, 0.05, or 0.10% HA hydrogel by
weight. The cells were allowed to equilibrate in the cryopreservation solution for 10 min at

4 °C, before being frozen in uncrosslinked HA in a controlled manner as shown in Figure 13.

[0117] Upon thawing, the cells were plated onto tissue culture plates coated with collagen

III at 1 ug/cm’ to facilitate stem cell attachment.
Results

[0118] All of the buffers tested yielded high viabilities (80-90%) on thawing (Figure 14).
However, supplementation with HA showed considerable improvement in the ability of the
preserved cells to attach to tissue culture surface(s) and to be cultured. Best results observed

were for cells cryopreserved in CS10 isotonic medium supplemented with small amounts of
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19. The nethod according to claim1, in which the suspension of cells is

I ntroduced via injection, biodegradable covering, or sponge. 20. A

met hod ofwoepaimi4rg ti ssue of an internal organ in a sulpCeatS20mioszbs

internal organ is in a diseased or dysfunctional condition, conprising:
rrmal cells of ap internal organ from.a

Gonor: ARl QUSEN @h) Dne it Sl nStad el (i aahatongt o

bi omat @kt fsolated human hepatic prog@Midr® BRddr ¥erwRITRbOEAMAINIIB, SBdringSHSRENSI ON Wi t h
growt h factors, cytokines, adgltlonal cells, or conbinations thereof and

d. i nt r edistdnt etheds Serssram s¢lbhankingsindyth tepeaseh gned patential theeaps @pplkeationwherein a

substantial portion of the cells introduced in step (d) takes up residence

in or §H18]1 [Tdaskprasspor ofi ewl-aetl ant eclil-miatninadhesiogdactons wasweteridiined. et hod of
ai.ning cells to be

tC ; ggg;?%ﬁ%l\éé/?gf i !génsetic %)?p egsiigri Sl%ﬁles of cell adhesion?ﬁolgc%tles in cryopreserved
samples can be seen in Figure 15. The highest expression of Integrinff1 was seen in samples
frozen in CS10 +0.05% HA (0.130+0.028, n=28). This is significantly different when
compared to expression seen in fresh samples (0.069+0.007, n= 24, p<0.01). As, well, CDH-
1 (E-cadherin) expression in cells frozen in CS10+0.1%HA (0.049+0.006, n=20) and
CS10+0.05%HA (0.064+0.003, n=16) showed significant increases in expression when

compared to fresh samples (0.037+.005, n=36, p<0.05).

[0120] While the invention has been described in connection with specific embodiments
thereof, it will be understood that it is capable of further modifications 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 departures from the present disclosure as
come within known or customary practice within the art to which the invention pertains and
as may be applied to the essential features hereinbefore set forth and as follows in the scope

of the appended claims.
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b. combining the cells with gel-formng biomaterials to forma m xture;

c. optionally conbining the m xture with one or nore of isotonic nutrient
medi um swonraltirg28ol ecul es and extracel lul ar matri x CORPEMSAEII/035498

d. freezing the m xture. 22.The nethod according to claim1, in which the
one or e. biomaterials conprise collagens, |amnins, adhesion nol ecul es,
proteo&?ngﬁﬁg hyal uronans, glycosanm noglycan chains, chitosan, alginate,

and synthetic, bisogle@bddpbhBafing cBil OSMNALkRY grg(aﬁhﬂﬁﬁﬁlﬁect(}favﬁgmé nations
thereof. 23. The nethod according to claim22, in which'the biomateri al

conpr i g¥anphaia prisegsedr. dyp@netiariabepraléticor ehinyising: cl ai m 21, in whi ch the
cel | suspengion Qprof ect ant selected fromthe
group conS|§t|ng ?L%&%égﬁyfgsul %gﬂlé?ﬁwﬁﬁ ¥r0T%ycero et hel yene gl ycol,

et haedi ol , B, 2- peopbiaing tht cel®, with bt @Naclieqel- f(frﬁﬁlﬁ@modﬁteri}iisrtﬁtf&yﬁ hor mam de,

3- et hoxy- 1, 2- propanedi ol by thensel ves, and conbi nati ons thereof. 25.The
nethodn%@Eﬁ%dlng to claim21, in which the cell suspension is further

combi ned with a §b't9(ﬁ{allyg(!o¥r?ﬂlﬁﬁﬁlg i 2 t&%,wﬁpﬁafﬁwxﬁm&{i%a%&%gg q¥duyate, an

apopt osi s |nh|b|tor al cium fFactobionate I nose asone
r educ edxtsmdiluian mems:, pratenisj ores caamtiinaioindberesf; hor nones, or conbi nati on
ther eof d. introducing the mixture of step (b) into the subject,

wherein a substantial portion of the cells introduced in step (d) takes up residence in or on at

least a portion of the internal organ in vivo.

2. The method according to claim 1, in which the normal cells are stem cells,

committed progenitors, or mature cells.

3. The method according to claim 1, in which the internal organ is liver, lung,

gut, intestine, heart, kidney, biliary tree, thyroid, thymus, thyroid, brain, or pancreas.
4. The method according to claim 3, in which the internal organ is liver.
5. The method according to claim 3, in which the suspension of cells are liver

stem cells, hepatoblasts, committed progenitors of biliary epithelia or hepatocytes, or mature

hepatocytes or cholangiocytes.

6. The method according to claim 1, in which the donor is the subject having the
internal organ in diseased or dysfunctional condition and the normal cells are obtained from a

portion of the internal organ that is not diseased or dysfunctional.

7. The method according to claim 1, in which the donor is a non-autologous

donor.

8. The method according to claim 1, in which the donor is a fetus, a neonate, a

child, or an adult.

9. The method according to claim 1, in which the additional cells comprise
angioblasts, endothelial cells, stellate cell precursors, stellate cells, stromal cells, epithelial

stem cells, mature parenchymal cells or combinations thereof.

10. The method according to claim 1, in which the one or more biomaterials

comprise collagens, laminins, adhesion molecules, proteoglycans, hyaluronans,
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26. The nmet hod according to claim 25, in which the sugar is trehal ose,
fructose, glucose, or a conbination thereof 27. The nmethod according to

cl ai m 25,worrowhi4e428t he anti oxi dants are vitam n E, vitamCm/us2011/035498

bet a-carotene, or a conbination thereof. 28.A tissue graft conprising cells
adm xed, with.o Lomateri a raft erein the
conponehFeraytiiiuci, FRpS chua R Shbdie abdortidis il 55t o 520 Pa. wo
2011/ 13%3&5’%1&@219&&&035%1%@% thez&f A net hod of localizing cells of an
internal organ onto a surface, into an interior portion, or both of a

target integpal %gﬁiwﬁ)gruewraiﬂggo IcratuhqdHpmghah@glgmhg%&&&&%ﬁﬂpﬂsgg cells
of an internal organ and a sol ution of one or nore rogel -formng

pr ecur §broblast growtiefastozskapewcpte @W@Tffﬁqgt,|€peleandlgm®wmfaaocwassﬂdrl nker ont o
asurfac rior |on r, both a Jntern an in
Siver " anfoumdtRl St RHR N VECE SR de MatnthaPrl bR R dboan)

or gan HI‘(I@FSI)F&ﬁ!é@tath ABultenti i Hitd FA LI infdéHdukis, t@aﬂsﬁfrﬁﬂﬁg %ﬂab@ﬁ nal
orga The method of claim29 in which cells of an internal

or gan &C@Hﬁo@ﬁﬁ Ebéi%rtraasfsm apubin, tgansfegary/fe, triwiodpthyioning, T glucagan
twent ysi ?%rﬂwjﬁss prdth Bbrh GRS esﬁ%géﬁs Mr&%engltg ld‘f?&ﬁﬁm% aftly | east

sevent onto a surface.” Ihto a portron, or both of a
t ar get combieatials tba*rg&fn.

12. The method according to claim 11, in which the interleukins are/ IL-6, IL-11,

IL-13, or combinations thereof.

13.  The method according to claim 1, in which the cells are cultured in serum-free
medium.
14. The method according to claim 13, in which the medium comprises insulin,

transferrin, lipids, calcium, zinc and selenium.

15.  The method according to claim 1, in which the suspension of cells of the
internal organ are solidified ex vivo within the biomaterials prior to introducing the cells into

the subject.

16.  The method according to claim 1, in which the suspension of cells is

introduced to or in the proximity of the diseased or dysfunctional tissue.

17.  The method according to claim 16, in which the suspension of cells is

introduced directly into a tissue.
18.  The method according to claim 17, in which the tissue is omentum or liver.

19.  The method according to claim 1, in which the suspension of cells is

introduced via injection, biodegradable covering, or sponge.

20. A method of repairing tissue of an internal organ in a subject, which internal

organ is in a diseased or dysfunctional condition, comprising:

a. obtaining a suspension of normal cells of an internal organ from a
donor;

b. combining the cell suspension with one or more biomaterials;

c. optionally combining the cell suspension with growth factors,
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31. The nethod of claim29 in which the cells of an internal organ are not
tunor or cancer cells or diseased cells. 32. The nethod of claim 29
i n whi ch wbeotiel4b£8of an internal organ are normal cel | CTiusp®I/08549€ancer
cells, or cells infected with a pathogen selected fromthe group consisting
of virus,, bacter.i.a aria, .. . 3. The, method of claim?29 in which the
one or Cﬁsllgléle%ﬂg?l&ag‘?l%?’r?f ﬁ@nBPQEmsstg?rgogﬁﬂ%ri se gl ycosani nogl ycans,

hyal uronans, proteogl yfaadeingecduspshsionsRP&BFor (kMR Subjeéther attachment
proteins, plant-derived matrix conponents, denatured fornms thereof, or
conbi natherstsa substaatipl, portion of thggellsiaoduse auster (DItakicmupgesidengpincdr e one or

nor e hye%t%g%g%%pé%ﬁ%P@%%%?I?%vig&e conprised of a thiol-nodified sodium

hyal urona _ d gel atin. 35. The nethod of claim 29
e ok P SRR P8 R0 SRS, yool diacryiace o o
i n which the hydgogel oPQESRSSES t@by tregsPinted; r angi ng
b. combining the cells with gel-forming biomaterials to form a mixture;
C. optionally combining the mixture with one or more of isotonic nutrient
medium, signaling molecules and extracellular matrix components;

d. freezing the mixture.

22.  The method according to claim 1, in which the one or more biomaterials
comprise collagens, laminins, adhesion molecules, proteoglycans, hyaluronans,
glycosaminoglycan chains, chitosan, alginate, and synthetic, biodegradable and

biocompatible polymers, or combinations thereof.

23.  The method according to claim 22, in which the biomaterial comprises
hyaluronans.
24.  The method according to claim 21, in which the cell suspension is further

combined with a cryoprotectant selected from the group consisting of dimethyl
sulfoxide(DMSO), glycerol, ethelyene glycol, ethaediol, 1,2-propaendiol, 2,-3 butenediol,
formamide, N-methylformamide, 3-methoxy-1,2-propanediol by themselves, and

combinations thereof.

25.  The method according to claim 21, in which the cell suspension is further
combined with a sugar, glycine, alanine, polyvinylpyrrolidone, pyruvate, an apoptosis
inhibitor, calcium, lactobionate, raffinose, dexamethasone, reduced sodium ions, choline,

antioxidants, hormones, or combination thereof.

26.  The method according to claim 25, in which the sugar is trehalose, fructose,

glucose, or a combination thereof.

27.  The method according to claim 25, in which the antioxidants are vitamin E,

vitamin A, beta-carotene, or a combination thereof.

28. A tissue graft comprising cells admixed with one or more biomaterials to form

a graft, wherein the components of the graft have a shear moduli ranging from 25 to 520 Pa.
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fromabout 0.1 to about 100 kPa, preferably about 1 to about 10 kPa, nore
preferably about 2 to about 4 kPa. 37. The nethod of claim?29 in
whi ch t hewprepaed28on, in the presence of an effective aooaskoiof3:9s
cross-linker, is introduced into a pocket forned on a surface of a target

i nt er nal 11/ 140428PCT/ 11/ 035498 38. The nethod of
claim37 i n9§)h| ch ‘{“ﬁg‘ é(?%l?éf‘ 17pg E)‘?ltipéraédm?%h?r@ﬁ%ﬁfl@rﬁ SUERCRANtogn| k  and/ or
i nsect jfdids. portlon or bfl-of 1 e oEmhiRALI 6f aﬁlcéfnﬁhglgg 'nﬁrd’éﬁbfh@ ApEpdAet i nternal

organ is selected fromthe group consistin | iver, pancreas, biliary

tree, tbyposing cellstadaniinternal onggn and aselatien of r@astmorb hadmgelsfoeming, bone, ~ or

l;: ?Eeyprecursors 1n4tge p;gs?gncge gr?gf ftlv%la%{orl]?n? fd cross r}:rtor}l 0 aglgrlfgc%elntg orms in
interior portion, or both of a target internal organ in vivo, which preparation forms a hydrogel
comprising cells of an internal organ on a surface, in an interior portion, or both of a target

internal organ.

30.  The method of claim 29 in which cells of an internal organ are localized for a
period of at least twelve hours, at least twenty-four hours, or at least about forty-eight hours
or at least seventy-two hours, onto a surface, into an interior portion, or both of a target

internal organ.

31.  The method of claim 29 in which the cells of an internal organ are not tumor

or cancer cells or diseased cells.

32.  The method of claim 29 in which the cells of an internal organ are normal
cells, tumor or cancer cells, or cells infected with a pathogen selected from the group

consisting of virus, bacteria, malaria.

33.  The method of claim 29 in which the one or more hydrogel-forming
precursors comprise glycosaminoglycans, hyaluronans, proteoglycand, gelatins, collagens,
laminins, other attachment proteins, plant-derived matrix components, denatured forms

thereof, or combinations thereof.

34.  The method of claim 29 in which the one or more hydrogel-forming
precursors are comprised of a thiol-modified sodium hyaluronate and a thiol-modified

gelatin.

35. The method of claim 29 in which the cross-linker comprises polyethylene

glycol diacrylate or a disulfide-containing derivative thereof.

36.  The method of claim 29 in which the hydrogel possesses a viscosity ranging
from about 0.1 to about 100 kPa, preferably about 1 to about 10 kPa, more preferably about 2
to about 4 kPa.

37.  The method of claim 29 in which the preparation, in the presence of an
effective amount of a cross-linker, is introduced into a pocket formed on a surface of a target

internal organ.
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38.  The method of claim 37 in which the pocket if prepared from omentum, spider
silk, and/or insect silk.

39.  The method of claim 29 in which the target internal organ is selected from the
group consisting of liver, pancreas, biliary tree, thyroid, intestine, lung, prostate, breast, brain,

uterus, bone, or kidney.

40.  The method of claim 29 in which the hydrogel forms in situ.
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