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[0004] However, because of the shortage of donor organs, less than a third of all
patients on waiting lists for livers will actually receive one. According to the United
Network of Organ Sharing (UNOS), 15,700 patients await liver transplantation in the
United States currently, but only 4,000 to 5,000 transplantable donor livers are
available annually. Since, with few exceptions, one donor organ helps only one
recipient, over the past decade an increasing gap has grown between available donors
and waiting transplant candidates. Therefore, novel therapies are needed.

[0005] Stem cell therapies present an alternative therapeutic option for those
requiring whole or partial reconstitution of liver function. In many ways, liver cell
therapies are a desirable alternative to whole organ transplantation, because one liver

can be used to treat multiple patients and because the surgical procedures involved in
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[0009] In another embodiment of the present invention, a method of inducing HGF
expression from non-liver stem cells is provided comprising: (a) providing stem cells
derived from non-liver tissue; and (b) culturing the stem cells on an extracellular
matrix comprising at least one fibrilar matrix protein and in serum-free culture
medium comprising EGF, bFGF, or both, in which the stem cells derived from non-
liver tissue produce HGF. The culture medium may further comprise sodium ascorbic

diphosphate.
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ASCs) according to the instant invention. [0011] FIG

2 shows relative albumn (ALB) and al pha-fetoprotein
(AFP) nRNA expression in hepatic stemcells derived
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with reference to adult adi pose tissue, such reference

is merely eRempIBED BESCRIFAUON OBITHEEMBGDIMENTAS
limting. Derivation of non-liver stemcells from
non-liver tissue [0019] Non-Iliver st emcells
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t segeef oot di ha@d metbndmfeh@plabdzry ieatiompay wainerise adult, fetal or
embryonic tissues. What is more, the source of tissue is broadly directed to any non-
liver tissue. Non-limiting examples of “non-liver” tissue include adipose tissue, gut,
brain, umbilical cord blood and bone marrow. Thus, while much of the invention will
be described herein with reference to adult adipose tissue, such reference is merely

exemplary and should not be construed as limiting.

Derivation of non-liver stem cells from non-liver tissue

[0019] Non-liver stem cells may be derived from adipose tissue (i.e., adipose stem
cells, “ASCs”), either from human or other mammalian sources. Human ASCs may
be isolated from subcutancous adipose tissue obtained from preferably healthy, male
or female patients, e.g., those undergoing elective liposuction procedures. Murine
ASCs may also be isolated from subcutancous adipose tissue obtained from,

preferably, male C57BL/6 mice and/or from male ROSA-26 mice. From these
3
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differentiation of otherwise “nascent” stem cells into functional hepatocytes.

Differentiation media

[0022] In the presence of dexamethasone, insulin, isobutylmethylxanthine and a
thiazolidinedione, ASCs undergo adipogenesis. The cells accumulate lipid vacuoles,
which can be stained for neutral lipid and express adipocyte-specific markers,
including the secreted cytokine leptin and the fatty acid binding protein aP2.
However, the differentiation potential of the ASCs is not limited to the adipocyte
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required, they may be used in conjunction with fibrilar proteins according to the
invention. In some embodiments, the extracellular matrix comprises no fibronectin.
[0025] In this way, it is believed that the present method directs the “conversion” of
non-liver stem cells to hepatic stem cells, which in some cases may then differentiate
into mature hepatocytes, rather than a direct differentiation of non-liver stem cells
directly into hepatocytes, bypassing the hepatic stem cell stage all together. This
notion is depicted schematically in Figure 1. Examples of other matrix proteins,
which may be suitable in the present invention, include embryonic liver matrix

proteins.
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[0029] Figure 2 shows AFP and ALB expression of ASCs incubated for 10 days in
differentiation media. Total RNA was purified from cells using commercially
available kits. 2 ug of total RNA was reverse transcribed using MMLV-RT with
Oligo dT at 42 °C for 1 hour in a 20 pul reaction. 40 cycles of PCR were performed
using 2 ul diluted (1:10) cDNA. 5 ul of the amplified products were separated on a
2% agarose gel and visualized with EtBr. (Cyclophilin B (Cyclo) was used as control
for input cDNA.) The data show that while albumin is expressed in the population,
little to no AFP is present in same population, which is indicative of a population of

cells substantially comprising hepatic stem cells. Indeed, it is believed that AFP

expression indicates the presence of more mature hepatic cells which may have
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EXAMPLE 2

[0033] Human ASCs were propagated in DMEM/F12 media supplemented with 3%
serum and the effect of EGF and sodium ascorbate diphosphate on cytokine
production was determined. Triplicate wells, seeded at 5-10 x 10° cells per cm” were
incubated with EGF at concentrations of 0, 0.1, 1 or 10 ng/ml +/- sodium ascorbate
diphosphate. After 72 hours, the media was collected for ELISA detection of HGF.
Figure 5 is representative of the data, normalized to pg HGF /10° cells (n=3). Media
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theory, the present inventors have | earned that the

used of fibrilar matrix proteins (e.g. , collagen 1),
w@emenziehy, are preferred in the inventive nmetPOHUS207/067216

their use appears to better reproduce the in vivo

envi ronment of hepatic stemcells in adult tissue.

What is nore, incorporation of EGF alone or with

S Qb A At %@taﬁlq{@ppm %lattagieﬁl‘égﬁI'ﬁ&ttthl ih Yo EIRANE S FIERR: and

production of cytokl nes un ese cond |t|ons
Ad@ﬂltlmcan@drbéta,ciﬂGFssl sotitisizEd asovieh 40,68@1ng/d 6'heallis b Eoavetver, this

roducti on.of he atlve C k s, i ncl ude,
etea e S TR AR Ml
SMMPQE jconbi nations ther eof EXAMPLE 2 [ 0033] Human

ASCs were propagated in DVEM F12 nedia suppl enented
wil Q0348 ool sdifiierentrated henasf ASCs were (EQRigated i ONIEMY/F12 media

S B3RPV EE SRR AP LGB P bl B ppure 6 shovs

Cetak me IprefSBﬁd&Qif E G aubidfcaschtivet M\ IEFexptesSRIMEERLH BiveRSeater
of O, or 10 ;%{m +/ - sodi um ascor bat e

d.tfp@ﬁo?é)eﬂ ag/émllmntC@Hs iglpigflgcts pefolbiceatguslatiyp rebasglipe levels.

o?ﬂ% El'el %e%@%ﬁc&'}%&g Ic@e W pha't:é Eﬁb@r 1%8%6% dlecpé ﬁ?ﬁ@@\%t ¥Rt of

R
asﬁﬁr%ﬁw Biovglren afgitigge I ® %ﬁe or
?fe%erﬁ‘re%qhd%ﬂﬂe abig 2L @%%&%Pﬁgeél [5%%@42? 68) 1hBe presence of

presence of both factor
UbBGET evpeensioatod ¢ (it pa nn S0 ntietc e hpASfSagas eldo istatistically

oMaSHE (i gRYP RSV GEOERERa G R St Piohtreth
Y El@l?@@ﬁ@ dBfer&datedusid f(ﬁ%ﬁ‘@ '6@ ed ASCS expressed HGF

evel s greater than 30 mllion cells, which

r éQQ3ébt Subscpu¢nslagalysie p&tosd WE@MPVTePfJB dsaxabirated that both
| %H ll’f1 renglé]t%d RLER &B{):(h & Iilffg‘ ﬁe&%a%%d%uggc‘g ex Tf% @%%&F and EGF

I Ncrease I've eftect

25ec%pﬂo@l als UGS itlgd of Hr@re(rc h&@ r&apldr ckpaid 7)ons,
adi i%ocyt e di fferentiated ASCs expressed HG- | evels an
LCS 6.3-fold, in the absence or

R A Ty

bythen flinkfienat nytokines WhabGslusad with $ipopdlgtacsharidal(LPS, 100 ng/ml),
otherwise quiescent ASC cultures exhibit an increased steady state level of the
mRNAs for the interleukins 6, 7, 8, and 11 (IL-6,-7,-8,-11); leukemia inhibitory factor
(LIF); macrophage-colony stimulating factor (M-CSF); granulocyte-macrophage-
colony stimulating factor (GM-CSF); granulocyte-colony stimulating factor (G-CSF);
flt-3 ligand (FI1t3L) as shown in Figure 8 as well as kit ligand (KL, also known as
stem cell factor); tumor necrosis factor o (TNFa); and the bone morphogenetic
proteins 2 and 4 (BMP-2, -4). Both murine and human bone marrow-derived stem
cells also express these same cytokines. As shown in Table 1 below and Figure 8,
the ASCs significantly increase their secretion of 1L-6, IL-7, IL-8, GM-CSF, and M-
CSF within 24 hours after LPS stimulation.

-8-



i ncr eased.

(Figure 6C) However,

HGF expression from adi pocyte differenti ated ASCs.

W@ FiogaewI6D) .

bFG- failed to affect

[ 0035] Subsequent anal ysis of torPEI/URIAI/067216

by RT- PCR denonstrated that both undifferentiated and
adi poctye differentiated huASCs expressed the bFGF and

EG- recept

( ’i‘aB}HF L71)S nﬁ§81®6f%'ébr%€ed%kﬁ%§ emdA

or, as wel

human ASCs s

| as that of HGF (c-net)

2

ecrete’a w

de rang

recept
fl)l n addit

or
i on

herrat op0| d
i nduced w
ot herw se

pfliime uRS ot

Heltoufrunct i

ohhdursyt ok

e bourvhen

tM-dSEpopol

yisagchari d

e510P8g 10

DoTmA Ry ,

qtfq}qf,cent

ASCocuT tur

eF1 22X R DI T

301£1NCT €as

sed

st eady st 4

6’ 7’ 8’ rii lﬁ/ /I I 'S

tory

t;NUIE lll‘(l\ll—\ ID)I the

Q - 1]
fact or (|_I ¥ rrnr‘rnr*h]nfﬁ Pnln I%#Ygﬁdéf 9@4%26%
(M CSF): gibrlul ocyt e- %éﬂ@phaqe‘%%#dh% st | A/ ng
factor (GMCSF) gr anul ocyt e-col ony stinulating factor
flt-3 and (F/t3L) as shown in Fl ure 8 as
S(mn(spapgeé) iRty ossaom fellpying a hepatic

F .
wé?q37b.s T fhis WF‘T@
& a
5105 AL 0808l Iy R o
nMEGFe hrddintivarnf AG(S in@ra memdet hmg the atmmpdishéctbﬁarsoof the
ress.t hese shown il' abl 1
1 ﬂ]@e@égéethod of cell

DO HR Gt &% B eSS incl iy Teckrety
t G@l‘l\relryg %S@ ar®Rafpldricbintd the ?@cq%ﬂeﬁtgnm@{hggig qnt%@rely@g%lal or

hin 24 hours after LPS stinulation. Table 1.
i ﬁmcht:pa@n e ctemcatsr emcapyul@mm e“éral(@ﬂ_anSAg 09@/ fmlbedp@@@?}for

BB A R D) SO R E Rl Bt c
r eyen@lvadohMidnt "ithat Pdptoved HiabilighaftdtembReakioh obeaseviat a higher
HGF and VEGF. Introduction of ASCs Into a manmmal may
baumbeioHsicllstode iByplans: 6F) reREinge HEPSTKIFIVIENA figpportive for

. . ‘ . th
e R A ol R PP AG MR n ¢ RAOR B, row
t fetare of piukiple fmmypd:s asid@sdrided apared peibiyetkangplantation.

intrahepatic .injection after encapsul ati on.
TIUREDI élhﬁqicﬁe%émcg t@ﬁ@ﬁaa@omb? dgpin @w@ﬁ%eé thgyrare less prone to

a'd&b&@é R SR difks ?%E ‘BBQ%%% e@{lerﬁ‘ Vc%@&@g@%heﬁ Bal U8h&Gions are
(a) l's a "3-D en

provi ding ce Ironment” that inproves
v iusdl foi trynspfaneationspl ant at i on; (b) al |l ow ng a higher

&T@gLng@gg{@ etngmk;sg&tlp ; ant ging Eu? afect?gstatlc bead

generation apparatus after mixing cells in a solution of sodium alginate. The beads

N{ﬁl I EUKI l

are resuspended in PBS at a cell concentration equivalent to about 107 cells/ml. A
minilaparotomy incision is performed using sterile technique after achieving adequate
anesthesia and sedation of the donee. The cell suspension is delivered by direct
injection via needle into the periphery of the tissue (delivery of 0.1 ml is usual in
mice) with hemostasis achieved through topical compression. This technique may be
equally applicable to humans and murine models.

[0040]

intrasplenically after attachment to Cytodex 3™

In a second transplantation methodology, up to 10° cells may be injected

(Amersham Pharmacia) microcarrier



grom h and differentiation; and (d) allow ng

co-encapsul ation of factors (e.g., growh factors or
worenoriipiess cel | types as descri bed above) pri orP@DUS2007/067216

transplantation. [0038] In addition, since the cells

are enbedded in a hydrogel, they are |l ess prone to

di sperse to other sites of the body as is frequently

OBSKLY %theM}%ﬁ‘s %Ita{tloﬁu&ﬂ? Qa%d ra‘%ﬁl%cé’cé &thE Hver sinusoids and can be

transpl ant at | fly, cell encapsul ation

i detpeted or tire divaswiigindwo doectaf tehgtlartatbmad gener ati on

apparatus after mxing cells in a solution of sodium

a te. The beads are resuspended in PBS at a cel

CPouAeNt 13k h@RaRgdHyRee st ab@ut@bﬁ wo° kY of 8ol 0¥k rn'QSS when

m ni |l aparotony incision is performed using sterile

t etumwgdnéecamu@tp thchdpatie n@@@temﬁansf@nalﬁ osifereed basachen experience

32&1%"%:}161 13 edagegmtrg el%s%g{h leﬁj (f@e An \r/rlus uz esglsle In %HSOI% %ells is preferred.

paht phieaid Bfghtdb& leiv&ls €4 GAl@ b inviToy: défls,Qes})eéﬁvellyS wseiBdsed on
in mce) with henpbstasis achi eved throu h togjca

c&trplteaist Bt apE dethdnpugy e whgﬁhkgém&xq@ﬁ Wﬂ@ (- ShBPenice
tQ, 0 %dﬁlﬂgstg}éaldgﬁesg;g%eb 3.5, [IQ)OQ@ 1111%20 ﬁ(ﬁprlglf}n %)léler cells in

transplantation net

[ npenﬁlda.diteir b luaspl "Hmﬂl@d‘dnltayloafof éﬁ 211 etmiczh)rmﬂhort celigytsmttedkin 100%
(Anersham Pharmaci a). _.mcrocarrierbeads. Afte

t Fzﬂ% ivanddtangantaieen of 3 mifigh geltsrpipdyced soatalily ipeot 3 mice

| '\x}{ﬁﬁn 50 H&ﬁ?'v@rcer@a@@ LANIGE c@lf‘stﬁae? hidsd &}elten)@eli ﬂoYe‘?zEtec]i "ll;he high

hin two hours of transplantation. Dosing [O
hdcmmf 6 millighosad!s, tofbeaidounist8rod i1 @9. el Hescomluds, ofasIseleetcd

CPreuraT o) LRI PRt i rBl® dadahant Sk geminisiged withou

Wi 1Bnit li‘u}ﬁul@%ﬁ thdmBRHSEOSthe Shifls WHERRPectddtotbleRitdthe dose
dose of mllion cells is preferred. The md and hi gh

dblsee, 4neM§D§ dhe migdesea i millignedlelis prefarsd pe 6 midaioynt between

ba n s of a pilot acute lethality study
W%ﬁ%%h dosgo?ve "mal e NOD-SCI D m ce each were

a‘[KI[MQ] S P@ﬂﬁdlaﬁl@&ﬁfen&f"eaﬁng Burbansball pfdcesdthgastehs4Boutt bk icomducted
human liver cells in one milliliter volune

TRemRsPRan deMErstadands Withoppimprists $OPY-i Taln% fuanangASCs are
mﬁﬁ%&ﬁ@ &ﬁ%@%{%gg%@ g Et¥o anshifs ' Bﬂﬁ%egg&gﬁﬁrﬁgdlgtfebﬁ% .

ion’ce rtallty 'n 1 mce W't
ZGertm&'ved\pﬁmetaSlsél 1Bhet‘riulrhzltn)‘lﬁis(‘Ze,l if srypplresermus evomlrt ke thawed and

wel | | er at ed. h dose cells, to
béusga B AerEY rﬁe és ISNQHC Thy %S‘U 0%@%@?%‘61“&“%

of no less than about 0.1 and no more than 10 million cells per ml. Cell viability may
be assessed by typhan blue exclusion or equivalent assay. Cells would be stored at
room temperature or on wet ice and assessed by microscopic examination for
evidence of any clumping. If observed, the cells would be subjected to selection over
a nylon mesh (40 micron) filter and the final concentration of cells re-determined.
Cells would be infused intravenously into a recipient suffering from liver damage
(e.g., due to acute toxin exposure) at a dose of 1 to 10 million cells per kg of body
weight. Recipients would be monitored for evidence of any acute reactions, such as

fever, chills, or change in mental status, and if these were observed, would be treated
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because it was considered to be the maxi num dose that
can be adm ni stered wi thout splenic rupture and the
woregoon2teys of the ani mal s were expected to tol ePEE/ES1I00B067216
dose (i.e., an MID). The m d dose of 4 mllion cells
is preferred as a m d-point between the | ow and high
dose levels. [0042] Particularly when treating hunmans,
a
S PEPRREAL ShRARL ARG E S Ao b Bred over
atle fpHewmgdhynthgotiad by wegklysymsi cheahlges$ foomsesClivérsfunction
could be used imedi ately or cryopreserved prior to
uS€°VS¥He human ASCs, if cryopreserved, woul d be thawed
almtmsgs pendes tm@ @eﬁﬁ&vm@ h8fofit kO QemBitiof rﬂ’(ﬂ%l@ forms of liver
suita for infusion at a concentration of no |ess
t irhirabotht acotetandrebirandc. mblireeaviaHalilityoofreither aptolegdusor plpgeneic
. Celloviabi |t assessed,.b -
oS sF bl PR e Mo ORGFOREE i AR ki gy paiems
abuff@ip [verpahatdcColarPd avekin kBoané (asmassethhyide,
m croscopi ¢ _exani nation for_ evidence of any cl unping.
| ecsyBEPDA), toRanEatious agefl (Aensditis iyfaseeealpvirgs)s o1 Ocurenl
0 I ol
o SRE R R bt d® & i, i RRE g Bkl gy o
I dfffisediatanintafnecdomsl lyeplatdcgtea and@or 1ol reldbsesgrbfver fan@rs supporting
l'iver damage , due to te toxin exposure) at a
adiepref iy amg dHfretiHon of g OBEROW FERHIOBEINTORETIfTE may
?deﬁ’deee[ 'ﬁlécﬁ’ﬂﬁf&hgtoq gm' dn@ ra@&lérgtre tﬁé’ feg§\5b9$ oPfiv@Minction in these
ute reactions, fever, change I n
meondatiorst at us, and if these were observed woul d be

tr t ed tomatic t.andar d. medi c ] ctic

SHBPET SBLRE ThsaRon eohier bR Spamnrdop BilGReREe
n@ﬁ%Bdﬁ%tsQﬁer@b]f neeiklint WheEMIBog eitSt b4 RB1ctdT fRSK® TFodifications
l'iver function recovery. [0043] As such, this

i ARG Y appligehionbe fré¢nided tgreovier em varations, uﬁ@ﬁ DT fregatfoms g the
of Jlivercfailur cute
2 \1/nave :fol 11%%‘ “n. gt%ﬁéergl glu AN d)éeusso%h[ﬁ % t10n a%d 1nci%ud1n% such

A&éi@ar@ﬁes&’fbrﬂdtﬂ ﬁre@he@ﬂsasédre ﬁmommttmnl Hﬂ]@vvlnl dd‘%ﬁstornary practice
function has value for patients suffering |liver danmage

s SeHHYRE Ptte WRighgRe HveRISRATRINSERE 36 May dC raaﬁmdotput@féessennal
i nf
o ag AREHGRbr P S IR, A coby SR sbbdied claims.
tunDr metastasis or trauma. The ability of the human
ASCs to differentiate into functional hepatocytes
and/or to release gromh factors supporting
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the proliferation and differentiation of endogenous
hepat ocyte progenitors may provide a nechanismto

W0 pproresand accel erate the recovery of |iver PURT$1001067216
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in these conditions. [0044] Wile the invention has
been described in connection wth specific enbodi nents
thereof, it will be understood that it is capable of
further nodifications and this application is intended
t QUAYes @ IWEDigt i ons, uses, or alterations of the
invention followng. In general, the principles of the
invention and including such departures fromthe o
plesentd wrthed o dereving henate st ¢oilln florougn-byerstesm eqtsropmprising:
pract i g@ %\;'Hiinn s{e?nec 3, td 1t*1\9 d"ﬁi Cr}l %Hev H}Vsen't in n
pertai PAnd@as nay & gpp?l S8t he" e¥sental
f eat ur ¢y dugaehbefsenecdBlonfardktagilidlaasndtok tempriding &t€ast one
scope of the appended clainms. WHAT IS CLAIMED IS; 1. A
nEPHEE Mg iofi Agd Wessrm-dres caliyre @pqdiurp compryRg herasie growth
S conprising: (a) providing stemcells
dggggggkﬁﬁbn1non-liver tissue; and (b) culturing the
st em cél hichnhasicraxtladelved if@m nat-tiver tisouwgpdiffsicngatatinto hepatic
| east one fibrilar matrix protein and in serumfree
c PGS medi um conpri si ng hepatic growth factor (HGF),
in which the stemcells derived fromnon-liver tissue
differentiate into hepatic stemcells. 2. The nethod
aécor diThgntethadll agcondingj tn clatindhintvtechibin nbnatieer tissss serdipmse
aﬁi 7%f%se tissue. 3. The nethod according to claim1 in

PEf- the non-liver tissue is tissue froman adult
manmal . 4. The nmethod according to claim1 in which
the at |east one fibrilar matrix protein is selected
f Bom t Hbe gt aseerdingttp slpimfl poyhielyda npndivar e sgesaue from
Ilﬁ'dét Igﬁﬁﬂethod according to claim4 in which the
af" fFeast “one fibrilar matrix protein is collagen
6. The nethod according to claim1 in which the

cul ture nmedi um further conprises Oncostatin M_ DMSO or
bdt h. The method according to claim 1 in which the at least one fibrilar matrix

protein is selected from the group consisting of collagen I and collagen III.

5. The method according to claim 4 in which the at least one fibrilar matrix

protein is collagen I.

6. The method according to claim 1 in which the culture medium further

comprises Oncostatin M, DMSO or both.

7. The method according to claim 1 in which the extracellular matrix further

comprises fibronectin, matrigel, vitrogen or combinations thereof.

8. The method according to claim 1 in which greater than about 70% of the stem

cells derived from non-liver tissue differentiate into hepatic stem cells.
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7. The method according to claim1 in which the
extracel lular matrix further conprises fibronectin,

woredoriigmhg vitrogen or conbi nations thereof. 8PCTH82007/067216

10

15

met hod according to claim 1l in which greater than
about 70% of the stemcells derived fromnon-1liver
tissue differentiate into hepatic stemcells.9. The
mgt hod 1QE nEhiRjdBrkidifh 1 V‘f? %ﬁ%l%@ehéecﬁﬁ&ﬁl‘%ﬂ 1VePHsue
non-1iver tissue were furth deri ve from passage in
c wletawfuethed derivad fenhpadsagk in nuillucre ng HG- expression from
non-liver stemcells conprising: (a) providing stem
cells derived fromnon-liver tissue; and (b) culturing
the st amnembl %f ﬁﬂué‘iﬂg eHGE 8GR sATorRbAIX cCOSRCh &anrlsmg:
at | east one lar matrix protein and in serumfree
cul tur éa)lpé@‘fldﬂﬂig@tm’p%lbldngV@@T-OHlbllﬁGilVeD‘rlSSb@;t&md i n which
the st | .S ved rom no r. tissue produ

L b e PRl oS e Ul Y KBt one
Wﬁ@hlamnfa@tﬁl%)pﬂo"é@ﬁ afeGn @A Blcloultdid mctingn BB pasin@ EGH, BFGF, or
10 in which the culture nmedium further conprises
sb@hum ascor bi ¢ di phosphate. 13. The nethod of claim
11 in W%ﬁﬁhttlbeestgﬁl hﬁ'sr &%r{@g i B(H{ 19& 15&96%5&1§C%SI{GF.

sodi um'ascorb

11. The method of claim 10 in which the culture medium comprises EGF and
bFGF.
12. The method of claim 10 in which the culture medium further comprises

sodium ascorbic diphosphate.

13. The method of claim 11 in which the culture medium further comprises

sodium ascorbic diphosphate.
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