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Repair and/or Reconstitution of Invertebral Discs

FI ELD OF THE I NVENTION This invention relates to a
woredobossefo©r repair and reconstitution of inverP@bAER009/000817

discs in a subject. The nmethod of the invention is

useful in the treatnent of spinal conditions

characterized by degeneratidn of the invertebral disc.

BACKGROUND OF THE | NVENTI ON The i nvertebral disc (1VD)

is the rgest predqp nant|y ,avasF | ar, nelural and
al ynphat3&Par A _/nrﬁmﬁlﬂ&w_ﬁ&mﬂﬁsa_mm i s
critical for the normal function of the spinal colum
inc exibility and nechani cal stability
F@E%S&J TEQE‘MM| on, flexion and extension. The
I VD is conposed of sever al speci al i sed connective

THid ﬁi@&'ﬁﬁ)‘n rE:la es EJ‘& g@ﬂﬁ)ldl fgxere%%r:_éﬁ% Iae\%ﬁns&)gutlola of 1nveﬁtebral discs in a

agl nous en
Sumeﬁtf dde nesfthadef the rrtvemm is kymfelsm(tb@maémyntm ispimalbgomditions

h HEQnedd Sk c; (ii) the
¢ fﬂ:a%ﬂr?(;cartl |e§g§é§§tbs ar%ﬁﬁhﬁlghﬁ}%r(g%ﬁs (AF) which

encapsul at es the nucl eus pul posus (NP); and (iii) the
BAEKGROUND 6F THESINMENFEIONpuUl posus (NP) whi ch

al though i1t contains cartilage like cells is not a

hyaline cartilage. A transitional zone (TZ) has al so
Thgemvertichrahdisé (13D Mk theHargas predomivantlyiavpdculas, anesral acht ed

alﬁﬁﬁﬁ%ﬁ@ @trﬁ&?re/\'lz DR bOEgeTt'lé HfSQ ?@er fclilat%? ﬁl%lﬁ%nﬁﬁ fufiction of

OSE concentric c ayer

th q %pa@a splmaGredt mrvides fleeb @@h@ndrmﬂﬁh@tllcﬁlrﬁéawletb’td@bmalaxml

cob@ﬁ@sﬁ&n ffé’x‘iﬁrﬁﬁﬂ' ey(fe?@%n( R&Ee IV cédpRed bf scIvEral kpdcialiVed
ens

copnssiittisstes: 09 oSy e feg of (e CBRRingie epf Blates (CEPS) which
coveylthd surfacabfithdaertebralsbnds Sodieb)tvhieh afeSpadtivand ebdveand below

ch, have a
the 15 i PRI ERlIad AR il 6 U PR ¥icetalall ey o
HUNPUFoPulp%@a (NRy aad oy the cehieal gstaginoushictsas piiposusgNPEsvhich
altd rlﬂé&ﬁalﬁs MFaQ@ fiRd é&ls% ﬁ@t%‘ﬂyﬁhﬁ\é &ﬁ‘ﬁl‘a dhg tMﬁsﬁlg'ﬁ:él zone
R 6cﬁgﬂatln flbrocartl agenous .
(TZi A OCSAD F4RRH A, W ichy Mo aR}SEIPRES, SelacubmhepeEytic A and
NR.i Emowﬁlhﬁemb AT i @bmpd%ﬂbﬂ@hﬁ(@h@ﬁ%ﬂhg‘@bus layersd
i.es that c utes to namc an
(la@{egfp}e PSP onpe tg‘gF‘{tﬁ’gE(’@f'“ 't f‘ ’{% 85 essenti al
for t he nor mal bi onechani cal function of the spinal
Pr&©b & P¥hns (PGs) and types I, I1, 111, V, VI, IX, X, XI collagens are the major matrix
components of all these disc tissues but their relative abundance and distribution is

dependent on their anatomical locations. PGs, which have a high affinity for water
molecules, are most abundant in the NP of “healthy discs”. The water imbibed by the
PGs generates a hydrostatic pressure within the NP that “inflates” the encapsulating
fibrocartilagenous AF. It is the combination of these specialised connective tissues
with their individual physiochemical properties that contributes to the hydrodynamic
and viscoelastic properties of the IVD that are essential for the normal biomechanical
function of the spinal column.

The IVD undergoes profound matrix changes during ageing and degeneration. Studies
of human cadaveric and disc specimens obtained at the time of spinal surgery have
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The 1 VD undergoes profound matri x changes during
agei ng and degeneration. Studies of human cadaveric
W@ ee9ds®e6 speci mens obtai ned at the tine of spPEEAU2009/000817
surgery haveshown that discs fromindividuals in the
- mddle to ol der age groups %eneral |y have a wi de range
of lesions (1, 2). Three nmajor types of disc |esions
have been identified fromthese specinmens: (i) the rim

[ . Ler .S 0 the attach
shifeR R eisds BRSNS, G Riailed5 Pide niscro s ERERTY hefiea
wide ranga of lesiope(lr @unf erential ) tear, where the annul ar

| anel | ae separate fromeach other; and (iii) the
radi ati ng tear. which results from the propagati on of
Theeeanaier 1yRes oldisclgsians bave besrpidrptified from thpse spacimenss(ibthe rim

lesi¢re a@Kan@&fsfeldéﬂ’lcﬁéloQ%Qh@ﬁtacﬁmgﬁt%ﬂtﬁ@XFQ@ BRHonBY fhe vertebral
n adol escence. an adult life wit

bofi B ke B R BiSR irER il e SuETY LriepauiariGie rcppparee
frqrmta;:htdﬂear;tmﬂe(m:)fthdz fadiaviag teabmwhichriesnls fgge tiei pagpaightédn of clefts

a i resence
N TR, O el IR
appeRd) §‘é’rfb150fellin§e yde géelescariecandisatly gdultlifeswithin ¢leechaneiorr cegion of

thSREGI03E fb%tsﬁ'r@é?‘tlbﬂ‘ Hit6 Ble®ohb 8t th@tv'aﬁébrgﬁtulﬂ‘%hggsﬁﬁé that they may
CysS tic annu

f t
be R DAL MO ) B P R0t FUAERS K1Y (AUPEactilag AF o is the
primangless® pﬁ&t@&e@ﬂ&aﬁsﬁ Blﬁt&hidlfa’sl dnl @d&feric @gel:diﬂéﬁﬂl!;(ﬁ{hdltcate
r n (0]
oD D A0 G B TP Ll S
de]ﬂ)ﬁb@i@nﬂf $hrelyPi Vﬁetedr% onl sysidesnsopdyics land estedanthritib ef the posterior

1nt§H/§n‘t&ﬁﬁl 8ty 8RANK inbar da% Vg?ﬁé?&?ltd é’on?%&&ﬁ% (Itl hﬁt Alﬁlsbﬁlgl? the

ItS assocl| ate romt
te"émf%ﬁbﬁ?w thrse BySREGiyR dissrlesipnsstil aefapiar thei sahjeemf deb@e it is

get&irﬁlﬁ%@tedﬂﬂ t?@tllﬁﬁftff PGyandi |1t§ %ssfoldﬁfédl Vgitért ﬁ(zmghé NE X4 B Erly
nmedi at e
etlglnglcgl ({eet%ﬁmlgglt &g‘?é‘?&r&%{’ @SW thin the KIP A decline
in water content and thus swel ling pressur eI of the NP
f i 0
Astitad] diSsciing B8 RIRRASI S URSILIEHPSARINGL Shffbit Pcecly
meﬂbﬁ‘@dﬁethe aeblibiian qf vesttdreneleadesowithin dlk NPt i deatifie mnwater

coﬁt@@tl@nﬂ a}hd% sWellﬁig esshi@IBf %eSIQP Q\%ﬁf‘ﬁﬁ@%d A nﬁ{)@sltlon of
erl pu ation sone duri ng

SuQrFI }’Flol @g nteéh 00/ strq.ﬁtsqﬁﬁp tgﬁ ggkreg%ltl%glklo%qs?ﬁ flure.

sufficient severi t y to warrant nedical intervention
T T RURKE et e
are(qxperlenced By 90% of the population some time during their lives (5, 6). In man,
back or neck pain of sufficient severity to warrant medical intervention increases in
incidence in the third and fourth decades of life, peaks in the fifties and declines
thereafter (5).

In the USA, back pain is the second most common reason for visit to a physician and
medical conditions related to back and neck pain account for more hospitalisations than
any other musculoskeletal disorder. Back pain is the primary cause of lost working
hours. For example, in the United Kingdom it has been estimated that more than 11

million working days are lost annually from this complaint. Moreover, as the longevity
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In the USA, back pain is the second nost common reason
for visit to a physician and nedi cal conditions

W0 2d0atgsdsé o back and neck pain account for norBCT/AU2009/000817
hospi tal i sati ons than any ot her nuscul oskel et al
di sorder. Back pain is the primary cause of | ost
wor ki ng hours. For exanple, 3in the United Kingdomit
has been estinmated that nore than 11 mllion working

[& | ost annual fro i s, conp| ai nt. Nbreover,
of S50 BBl igh e ASGRIToF HE TS Gt o K GBS Bk broglsms are
expectdd toancreese adesdinglgck and neck pain problens are
expected to increase accordingly. Despite the high

i nci dence and econom ¢ burden of neck and back pain in
Despitrethe héglcineiderss, and keonomie bardan ef seckiand ;bock pain in modern

solBE&! BleQQ8kes If?:es'h? Odroﬁrlg1 ?T’l\@éf'gtf)(l)(? eﬂﬁé’r@}s\}%‘% ferdl gﬁr‘gemem

degenerat | on_and e pr |
that degenestiop andyor glupedf theilvdtisithe mrﬁraaﬁymaeserfefmaés eﬁh@ééierﬁtstly

frdn[l tHehﬁr\Q:@ pBIserifin €e Jut? Mt Hrefr G HRERTAceRdpha sﬁﬁdt&i% tHa€'S

b come lmschanl cal |l¥ tﬁo g]dsegl (ﬁ% lt r{e osts

o R LSS BTt Yoe 155 SBURE By ds ooty upeindg 8.
10). sDrseslmmnbtespcﬁr[srbleB)r&G%% ofadll casa&ﬁ'slowfbablopalhabk 12). The

(=
ou%? elé uﬁrré{/v %@%‘rﬁl eep @g*st% S |n ?ﬁwmge ﬂﬁ@/ﬂms any
inﬁﬁé‘i plsingesi tedhe @lﬁgrn@Eglatyoankép@m(éB H;lﬁiay i nvoke
pal n (13, 14, 15). The existing paradigmfor treating

k f discal origin is enpirical,
Thy %?@E{?é gara lgwef%' ?rs*ﬁ}aagiatﬂf P ;P%@ Q:fﬁléi‘ialen‘g“%’ﬂ i rapigeal,

diracted eithner lt@wnard i i6e-yry Rrhbgees ioe ufb’ (h{gﬁntlﬁﬂﬁmﬂﬂamrﬁ/@ndlgﬁlc drugs to
I nt t.1 on
R R e e T S s
thegdaghnegais issyes or srinal arthrodasy tonmestrict Novesdrits Nahwithstendive the
w1bl‘és§?e%9 "u§@6’f sllb'i;r?al ﬁfsuﬁl%f‘ﬁlle rElgioP Eeékod'r 16@%&519&%&13 fit 19&:‘5\@& khat

| ow back pain it, known his 1s

thlﬁiso‘@é lheRiee PrRCgdyrg émﬁ% &?aﬁwbam%lﬁrégsslmm%@uawent discs by

thesidliradstion @ #eSidky sdglﬁ%nt Bro RARE HilsO Bpaet aéd@%rﬁtbgdékenerate
sc,space accel erate

nent ,.ac ro S degene
oh e R s i R RO ey sk o5 ieR O Flearly
altamatavel mtthpdsofagetnidd pre r€lp@edl y al t er nati ve net hods of
treatnent are required. Intra-discal adm nistration of
the protein, osteogenic protein- 1 (OP-1) (Bone
Imﬁ%ﬁlﬁ% gemenisteation of g1erprcrtym hrieodsaisrproteiol (@Y 1) (Bone

m&blhd(?éhéﬁ@r@teﬁ@?ﬂﬁﬁsr beén rr%?ﬁﬂeﬂ td ﬁi&&l‘ﬁ«ﬂe%cﬁﬁﬂﬁ&'r@@a‘ﬂﬂ i%m)b(/m

ot Seqatlan B b SRactin 8 o0 Ve modiesty
prienizyevtion bﬁﬂxér(iapdilymaﬁﬁng\aﬁylnrﬁ chohi@itthiaS€ ABE into the disc NP -
the procedure being known as chemonucleolysis (17). Both NP and AF cells were
found to be far more efficient at re-establishing a functional matrix after
chemonucleolysis. Disc cells embedded in a normal dense extracellular matrix were
found to be largely un-responsive to the stimulatory effects of OP-1 on PG synthesis

(17).

Studies examining potential cellular therapies to achieve repair of degenerate canine
and human IVDs using autologous chondrocytes have been reported (18, 19). The cells
used were the chondrocytes harvested from healthy NP of the same species and

subsequently re-implanted into the defect disc. The disadvantage of this approach is
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t he procedure being known as chenonucl eol ysis (17).

Both NP and AF cells were found to be far nore
we@tdovaswne at re-establishing a functional matPCRAERWE000817

chenonucl eol ysis. Disc cells enbedded in a norma

dense extracellular matrix were found to be largely

un-responsive to the stlrrula4tory effects of OP-1 on PG

synthesis (17). Studies exam ning potential cellular

o Uoed Qe it BBauacl o amoEFred i slineanheatty

discs pofrbenbthér&ion&ﬁ;)of tH@nrapbdedl SEd]atoh @f tHREAF is required to

ted from,healt f e,s
ob?zpﬁ) E\?crhs GHL %? gsrsprgg' S5 P?t on?yédarﬂ%ﬁeg%%i’ s&rlﬁcﬁ{%glglﬁésoag's)ée&oval
Of dila;bte celll érom @ad{&wt)algelccﬁleram degappatvachangss frathig tissue.
{0 be harvested

Clerantlﬁ %asjﬁ g%g&%rvﬁg,egfi?l ﬁgéj{ﬁﬁgg(gh%@éﬂ 5rjpcg);ﬁngo er donors of

the same species. Violation of the AF is required to
SUMMARYSOEITHEIINVENTIONI s process not only damages AF

structure but also the renoval of viable cells from

the NP woul d accel erate degenerative changes in this
Theipsesant. appliemionydesdrites forabefitst Bmeohd i viimwse loif TTREM1"

mth gr}]t?a?g‘lélkslctﬁtcp'r@ﬂote %%%@RX% %tﬁgn{lﬁw ERI}H ?arrr%lu If{ é)r051 of

eg‘?ﬂemt@/bltm@f@@ﬂﬂ%@l The FROr bdnelﬁpofahtlai@bllswm derivexbfoem
anfafl6gemeid solfce @Rd Werd BEII BIEHLRY i ifﬂe:f:‘a\‘i’iﬁ]‘lal2?1"1‘(511e?sr\f§911~I in this Fg(t)l-l(%y

fibrosi ntervertebral discs
This %B?Sitspfg?%‘ﬂﬁ gi&%c 2‘ Pgltmﬁé‘tlaleﬁef% EamfdanRys£3n Re |g6<g‘@hm large
nustersaad davblwdeaswﬁfﬂ thé sHetft” pt@lhicisoit the tremimEat of@Pehdrate
1n@§%ﬁd&9 ¢S study. This suggests that the STRO1 +
|aI cells fron1donors can be grown in |arge
nunbers and devel oped as "off the shelf products for

A&Bﬁhr{%ﬁ %é‘rﬁ%en@ﬁn\gﬁgﬁ{‘ﬁfoéfd@s h MeRlodab! RS 1tlgin%%ﬁ{j/

Accor I nvent i on provi aes a

rese
rem&fn%%aﬁ@%/qbf%ltdmgn ai5Hbisst, ‘rhéﬁaithqdff@nmﬁlsm&ﬂéml@léﬁeang to the
inveirt8bral mscam‘éb&iicﬁﬁhal préc@uirsR e STRoR T ﬁiuﬁﬂ)o?éillﬁhmeﬁtsﬁiddﬂg
to thq Eve ebral disc nmesenchymal precursor cel
ngﬁ- f ‘tipotential cells) and/ or progeny ceIIs
thereof. In an enbodi nment of t he present invention,

oSS o BRI ol SACE G RERRTN S5 e

Pregsay rellstherepf ae adingustered into the nucleus pulposus of the invertebral disc.

Preferably, the STRO-1" multipotential cells are also TNAP*, VCAM-1*, THY-1%,
STRO-2", CD45", CD146", 3G5" or any combination thereof,

The .STRO-1+ multipotential cells and/or progeny cells thereof may be derived from an
autogenic, allogeneic or xenogenic source. In one embodiment, the cells are derived
from an allogeneic source.

The method of the present invention may also comprise administering a
glycosaminoglycan (GAG), such as, for example, hyaluronic acid (hyaluronan) (HA),
chondroitin sulfate, dermatan sulfate, keratan sulfate, heparin, heparin sulfate, to the
invertebral disc. The GAG can be administered in the same or different composition as
the STRO-1" multipotential cells and/or progeny cells thereof.



10

15

20

25

30

35

Preferably, the STRO-I + nultipotential cells are al so
TNAP+, VCAMI +, THY-1 +, STRO-2 +, CD45+, CD146+,

W@ a9/18865@ny conbi nation thereof. The STRO | + PCT/AU2009/000817
mul tipotential cells and/or progeny cells thereof may
be derived from an autogenic, allogeneic or xenogenic
source. In one enbodi nent, t5he cells are derived from
an al | ogenei c source. The nmet hod of the present

[ ntion 0 co [ adm ni sterjng
1 1) B e b ReNes ot ivaaton 5gy b Berpirgied on any
vehtgbrater dfoir ex&m:plei, théryuiblject aragdk a(tifhmalhehds @htunan, dog, cat,
hosddl &%em mat an sul fate, keratan sul fate, heparin,
epari’n SU ate, to the invertebral disc. The GAG can

be adm nistered in the same or different conposition

Th’é%nétﬁ@d &ﬂﬁ@pf'eﬁeﬂ%\khﬁ&{ £ b us&hih! e ﬁ‘&ﬁﬁ@ﬁt g?él%ﬂtﬁon of

her eof be a preC|ate

SPB‘Fll ?%’éﬁtiorw éhﬂr?%?rlwéyywl@g@@rﬁt@p@é dheointeayrytebeal dispsugheas low

bablopaift xaRRtRtedichenges bf getinteBXrtbifaPdis@sMPondHERsRS 2
human, dog, cat, horse, cow, or sheep. The method of

the present invention may be used in the treatnent or
Thpeughent thrspedifisgtion dlie worddicomerise"ciavaaiatiens suel asbycomprlses or

"c&ﬁgﬁﬁ %aWﬂ‘PBe Bhdebdiod 'ﬁ]ﬁ}f&es o\?gl(%%éfsa stftgc? Qle%[% tbmt?ger or

age-re ate erver
Ste@p %gre\ap g%ﬁawt@uy@g@s OTHER ghiowt theraxslusioif ahy atheodlement,

1ntE§tﬁ dﬁ@feﬁ OrGRERY (bt?efl’emerﬁ?sf iMgdrabi Q8. such as “conpri ses”
or "conprising”, will be understood to inply the

i nclusion of a stat ed el enent, integer or step, or
Thg nmqntlolﬁ isHeesimaftes describepey wapof tHedPBowidd hofdimitin€ Examples

angm h%%fe? c?tot%@%cc%‘ﬁpp%bgn%?{égaers Slt gggger or step, or

enen The invention is
her ei nafter descri bed by way of the foll ow ng

BRYEF DESCRIPTIONGP 195 \ reference to the
acconpanying figu .Eﬁ@ SCRI PTI ON OF THE FI GURES
Figure 1. Schematic representation of the |unber

Figiena Scheﬁﬁﬂi@reﬁ)i‘@%hﬁﬁw\\ﬂ of theSlumtberkpfil 'le‘i’elsrlr@Jtéd WBSTRO-

e 2. Radiologically determ ned
“I%le!f 'ﬁ%ﬂ r("Bplf) X-Ray deternined mean + SEM Di sc

Hei ght I ndex (DHI') at baseline and 3 nonths after

@erd rl@é(ilﬂﬂ??ﬁ?ﬁﬁgehﬂﬂ%&qﬁsgﬁ%%? 'i\’f}\lil]éxodi)l-il?) ;'8 ﬁa§J 8&ermined
mean + SEM Disc Height Index (DHI) at gasehne and 3 months after Chondroitinase
ABC induced degeneration (3 mth pre- STRO-1 cells) for the sheep group who
received low dose (A) and high dose (B) STRO-1 cells.

Figure 3: MRI determined aggregate disc degeneration scores for chondroitinase
ABC injected discs. Mean + SEM of MRI determined aggregate disc degeneration
scores after injection with chondroitinase ABC prior to treatment with low dose STRO-
1 cells +HA or HA alone for 3 months (A) or 6 months (B).

Figure 4: MRI determined aggregate disc degeneration scores for chondroitinase
ABC injected discs. Mean + SEM of MRI determined aggregate disc degeneration
scores after injection with chondroitinase ABC prior to treatment with low dose STRO-
1 cells +HA or HA alone for 3 months (A) or 6 months (B).
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recei ved | ow dose (A) and high dose (B) STRO 1 cells.
Figure 3 : MRl determ ned aggregate di sc degeneration

W@ eweassefor chondroitinase ABC injected di scs.PGEAN2009/000817
SEM of MRl deternined aggregate disc degeneration
scores after injection with chondroitinase ABC pri or
to treatment with | ow dose §TRO- 1 cells +HA or HA
alone for 3 nonths (A) or 6 nonths (B). Figure 4 : M
det .degeneratjon, scores for

FigHTS S AR PR glﬁ%@‘ﬁﬂﬁ) ¥ Regengratign-froressiylpay ofpgeregate
histieptachologyedisedigragatien dors ad@ gRnesqA) afd 6 eondiss (B‘) tf&@rlow dose

SRR SR Sl NSRS GRlekon B3 o s U dn g £ BBSS Tho-1
celhopri BO1(A) or 6 nonths (B).Figure 5: Aggregate

Hi st opat hol ogy Di sc Degeneration Scores. Means of

aggr egat e hi st opat hol ogy di sc degeneration scores at 3

Fighrson gg(g}xsgaéﬁﬁlﬁowh?hgy Digc PegenprationsiseresT Rdeqns of pggregate
hlsﬁ‘opat}ﬁ)ﬂ@yl cflsdic&lgbhéfa@drf dcBfe€ it 3 foathsqAN Euﬁ@b nidnthsqBY - high

dos STRTIGT oty wEEhe Bul il v ol e < QLT Fom

STREY1 eglse<t0.8t opat hol ogy di sc degeneration scores at 3
nont hs (A) and 6 nmonths (B) for high dose STRO I
cells. # nificantly different fromcontrol p <
Fignrg 1 . Awrﬂgﬁtre Pigo Pegeneration Sserd. uggreggta MRI disc
deéiﬂlgfaﬁgﬁts&)réﬁor % Bodeetatsy 1%119& 3351‘65@@ éA 6 ahths\B). 4=

f I [ ] a
e RGN R SRE SBE £ Caf? —fom STBR Ficsiinprd 09
di fferent from control p<005 W—fromSTROI +

I . Di .
Fl@ CEH [Pga%rggg% gE g? ysfsc ]ig%’ P%'g’ esd “&% M diseon
emwa@gn searehiog highalose STRO-1 cedblalt 3 nmintlss (A)ranl$ meytha@). # =
slgﬁxﬂwﬁﬁmffe@m fini co%lhgp%_&'owﬂ ¥F“M §?%8 E angg%gsaéf rol

from ST + cel
Nucl eus PuI posus (NP) Hi stopathol ogy Degener ati on

'F.gSﬂ@Besvudlamsul Bsd‘dF(Nlm) Hlﬁ@ﬁ&th@logﬁ)l) Gﬂﬁﬁﬁbﬁ@c%sSWaﬁ§of

A
Nr bG8 Segsherii Sttesiar [ttt BB -oH S B Rerbh|
6 nBuyke@)at i on Scores. Means of NP hi st opat hol ogy
degeneration scores for high dose STRO I cells at 3

nmont hs )l and
Figure 10: Nucleus Pulposus (NP) Histopathology Degeneration Scores. Means of

NP histopathology degeneration scores for high dose STRO-1 cells at 3 months (A) and
6 months (B).

Figure 11. Biochemically determined glycosaminoglycan (GAG) content for
Nucleus Pulposus. Mean + SD Biochemically determined glycosaminoglycan (GAG)
content for the Nucleus Pulposus for Discs injected with Low dose or High dose
STRO-1 cells for 3 months (A) or 6 months (B). # = significantly different from
control (p < 0.05).

Figure 12. Radiologically determined Disc Height Index (DHI). A: X-ray
determined mean + SEM disc height index (DHI) for chondroitinase ABC induced
degenerate discs 3 and 6 months after injection with HA or HA + low dose STRO-1
cells. B: X-ray determined mean + SEM disc height index (DHI) for chondroitinase
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6 nmonths (B). Figure 11. Biochem cally determ ned

gl ycosam nogl ycan (GAG content for Nucl eus Pul posus.
wo/k@n/13568D Bi ochemi cal |y determ ned gl ycosam negi/xt2009/000817

(GAG content for the Nucl eus Pul posus for Discs

injected with Low dose or Hi_gh dose STROl cells for 3

nmonths (A) or 6 nonths (B). Ty = sj gnificantly

different fromcontrol (p < 0.05). Figure 12.

TR e T e T
dopePTRRoherllsi ti nase ABC i nduced degenerate di scs 3 and

6 nonths after injection with HA or HA + | ow dose
JRO- |1 cells. B: X-ray deternm ned nean + SEM di sc
] RIFCIONQF PREFERRED EMBOBIMENES- OF

D ED; DES, ) F PREFERR BOBIME]
INVINNTRONt € di scs 3 and 6 nonths after injection with

HA or HA + high dose STRO- I cells. DETAILED

DESCRI PTI ON OF PREFERRED EMBODI MENTS OF THE | NVENTI ON
Geagersé Te¢hnipeh aidiBeectedhDefaitions ed Definitions Unl ess

specifically defined otherwi se, all technical and

scientific terms used herein shall be taken to have
Unless spapificattyadelingd sethervrises milytechnienl snd sgientifio iermsf used herein
shall ldllz ﬁg(!éﬁ lt@ kivd thé l@axh@ Fhe%hfng(a%icﬂmmérﬂy ﬁﬁ(ﬁér?tﬁéﬂ byofe of bidthary

| i ol ogy, ecul ar _geneti.cs, | nol ogy,”. .

Sk{TEmIPOAT £ B ek Ty, pe By calrpialngyraelpsplar gepétics, immunology,
impiunohistwickdmiyiyy, prnttashemidngt mbkothedisated, the

reconbi nant protein, cell culture, and inmunol ogi cal

techniques utilized in the present invention are
Undesaridzarvisgrindieated.¢be regonibitandproteio, célbewtusi dndeichmumological

tedhARuBY LitiliRMCH hEGHlAUEReRlich dRSGHARRA ?(ﬁgdlﬁég | @D &fown to

t hr gout the ljiterature in sources such as, 'J .
thosgshified I ths i 1S eshigaes areMisersbadaandpkingg, thowighout the
litdfhduery inagorcBOBEcH ds984Perbdl, A B Tuidd taMolechat €totiAg, John
W%&g%{rdg é)nlsﬁl @Zgjé %%%%&%?;Mcgcb%g %g{érlafqg d%:iraggr%{ory Manual,
Colkg sBpringa HaMisiue c LittzoratBiyo| Ryegs: (198D),adt A c Browpp(aiitol), Essential
YT Ercddh G 8 Qo R, D
Glayssagd EhD. Uamenteditorsy, DNA Clopings A Brgcticah Agpmoadss)V olamds 1-4,
IRE. MessAU99H@hd 81998Y, -anfl FUM. A $slibel R4 41 €itHs Pt OERnE Brbrocols in
Molecular Biology, Greene Pub. Associates and Wiley-Interscience (1988, including
all updates until present), Ed Harlow and David Lane (editors) Antibodies: A
Laboratory Manual, Cold Spring Harbour Laboratory, (1988), and J.E. Coligan et al.
(editors) Current Protocols in Immunology, John Wiley & Sons (including all updates
until present).

As used herein, the terms "treating", "treat" or "treatment" include administering a
therapeutically effective amount of STRO-1" multipotential cells and/or progeny cells
thereof sufficient to reduce or eliminate at least one symptom of the specified
condition.

As used herein, the terms "preventing", "prevent" or "prevention" include administering
a therapeutically effective amount of STRO-1" multipotential cells and/or progeny cells
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Mol ecul ar Bi ol ogy, G eene Pub. Associ ates and

Wl ey-Interscience (1988, including all updates until
w@em@sasicyq Ed Harl ow and David Lane (editors) PCT/AU2009/000817

Anti bodi es: A Laboratory Mnual, Cold Spring Harbour

Laboratory, (1988), and J.E_ Coligan et al. (editors)

Current Protocols in Inmunolfogy, John WIley & Sons

(including all updates untiI present) As used herein,

“tr " nt "in
% 0 RS o Bingse e et el BER] Tt Al of e
SP@MWndltmmLtl potential cells and/or progeny ceI l's
t hereof sufficient to reduce or elimnate at | east one
YRt om of the speC| fied condition. As used herein,
STREQ 1+ Mulgpoetential Galls erfrogeny(eallsnt " or " preventi on”
i ncl ude adm ni st ering a therapeutl cally effective

A #’”‘m&&f@%& Erb-  omElisaBanehrsifortede BLEPH nean

ST(RQLé oot TOFA Pt pfogamtorOCEélssyamanoﬁffohhmgSpﬁxtmﬁdtc&dlal cell
coﬁ)(ﬁfbgl tion. STRO-1+ Miltipotential Cells or Progeny
I's As used herein, the phrase "STRO | +
mul ti potential cells” shall be taken to nean STRO | +

STROU Omultiyfeent Rl 8RMrd @é’lls%hﬁcﬁmcﬁﬁﬁt}hﬁ*r&tr #185dT daftal pulP cells,
drrultlgoten jal cell colonies. Eﬁﬁg rrgltlpotentla

adipgpq S55Hee oKD} PRIST RRACTER BERE RPFBulives| HERs 19t drain, hair
folicleg, m'&bﬂlme,, lan I},Oﬁph fiodeSthemus Kbahe, Bg)dn@@ﬂl,, teﬂ@m} Esl&ﬂétal muscle,

iy , I h
de?ﬁllgl Cc} é%rqgs?éé{ ; afe ?aﬁg%le 9 ﬁgflﬁreﬁgaténg l”ﬂ9 rﬁ%m lbqszﬁ esuch as
mqs{)@f:memd/orteeﬂdddﬁmn mdédr@pwdems dhes, STRGA1S mutipotential cells are

capdld &Sdlﬁyféhtlﬁ[i% ififo% l%f’gg%lnﬁaepf)f ?éllf tfygésglﬂglhaﬁl n&g /n'a{ fimited to,

ermlines such as rreso erm an erman
adipopc gasenbs. rartdaginysorelpstic. myseylpo eadh fibEus connestiye dissues. The

speafia hineagh‘ cahrhftelesntahdt dlﬁgrehMtfbna phﬁh"v@? Wﬁimefhe_%f c@ﬂ*fi lenter
S Seo

i ncl udi ng 0 0S
aeRetS Dyl Wi eBihoct hrog, Bt Bihicalin R ieR cina/B? G Eenous
biaaetiyre factors sucls 98 gmwﬂﬁrfectspe cytbkines, i amelfg docab i toeRvitonmental

coﬁtﬁf:ioﬁy L& _ALd ﬁ% IR5 R%{l WaYn \M]é %qutoﬁﬁﬁ&t CSe]LIié le%l‘ﬁ{lpotentlal

depen S upon varjous i n

cellshane omcienaiongialic RIpERMeR sclls whishtvide 19 aeld .dguglwmlls that

ared&ith@E @Wc&@@r%&@rre@ﬂx‘s%e‘ﬂ@%hléﬁm @he A8l reversibly differentiate
nV|{onne condi ti ons established by host

to%’ﬁe@"h FIOPRIGHE: embodi nent STRO-| + nul ti potenti al

In another embodiment, the STRO-1" multipotential cells are enriched from a sample
obtained from a subject, e.g., a subject to be treated or a related subject or an unrelated
subject (whether of the same species or different). The terms 'enriched', 'enrichment' or
variations thereof are used herein to describe a population of cells in which the
proportion of one particular cell type or the proportion of a number of particular cell
types is increased when compared with the untreated population.

In another embodiment, the cells used in the present invention express one or more
markers individually or collectively selected from the group consisting of TNAP®,
VCAM-1%, THY-1%, STRO-2", CD45*, CD146", 3G5" or any combination thereof.
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cell s are non-henmat opoi etic progenitor cells which

divide to yield daughter cells that are either stem
w@ei0haswer6 are precursor cells which in time w PCT/AU2009/000817

irreversibly differentiate to yield a phenotypic cell.

I n anot her enbodi nent, the STRO-1 + multipotenti al

cells are enriched from a sgrrpl e obtained froma

subject, e.g., a subject to be treated or a rel at ed

SBARELB) 7 BN e R MRS B IR W o
grouparofcmakets saparagely, ad dres, hétevithsthnding thit eddividual mndrRers or

gr&h‘iﬁ Qf 'rﬁﬁk&s hcﬁtﬂeo{épgﬂcateg)q Lt%d 'hﬁre‘fw{h%rh&:&ﬁgﬁ{y%f clta{n?sn may

one part
defipgsich nesrk qsamgrcws af n@éters seppre@ly@ mem@éss&qmmelm other
corrpar ed wth the untreated popul ation. |In another

t,,. the cells used.in the present |nvent|on
Byefﬁﬁ%%’é’e nés B‘Fa’htﬁﬁ tﬁ%l‘%’é?‘é‘“} OAPatesd pRY gymber or combination
of abé¢ Iremtedvmhr;keseblegtaxﬂ)sfcrfopa;inldes g{rﬁumaf; Orﬂﬁw’ﬁhitﬁkgit@é that such

nu%'%‘g % CO%%AUO i nadg i rlcl)(ﬁrst?tr O %ém‘aquf?él? \I}?agula(?tl 'S’f' spegifically

hSWéah‘tfetnhalte taheommemgu shimscoapadediss suvh cembinations or sub-
comBIB6Ss LRparleBURR d?'tflsil'ﬁ%l & ﬁug%ﬁéf @i fibifatidH'GF hilRErs OF groups

notw t hst andi g t hat ers or groups
of MafkeEr s may not be separately listed herein the
acconpanying claims may define such marker or groups

PrflaBBE L SR SR SR D | SORGEE) Wy, e
ST&%@% Sfdkssar@axj,dlmaﬂigronelor nmlrdt)bffﬁNlA(Pﬁ BCAMM Bt EASTRO-

+ groups of peptides, and that
2 g%{/ﬁﬁéfdandl ng that such nunbers or combinations of

mar kers or groups of markers may not be specifically

In bhé %ﬁfﬂ)oﬂﬂ{eﬂt Nhé IS RAS-G O AT dtgtgtsa? Eg'g)d;?rg[%yl)\;g%%lcfﬁl En&fithymal
S_of, .S
pre&PVP%‘f"illsﬁs ?%}ﬁd%&gégﬁg‘ﬂgg i nati on of markers.or

groups of markers. Preferably the STRO I + cells are

A R B B T A g s e
loveftppapim) vcmhrtgh (brlngIH‘bn[) leve5S3RBat Rarkan dépmnd(ﬁ@](#ﬁt-he depree to

whttheth€ '?mgérni? 'E;Yeseﬁtr@}]t%-g%gﬂlsuijfagg‘ lv&HeontthF L re%?elr o m?n%lty of

eri vascul nesenc recursor cells as
fluligsesdm PheBgoTake e ik Hisisortinermspesss abthe solks Hed digtinction of

lo {qraiimt drvdrill) fad bai @ilVBE uliBerkesd il tHFBHnRXPHLER RhlkBElsA on a
particular cell population being sorted. A cell that is referred to as being "negative" for
a given marker is not necessarily completely absent from that cell. This terms means
that the marker is expressed at a relatively very low level by that cell, and that it

generates a very low signal when detectably labelled or is undetectable above
background levels.

The term "bright", when used herein, refers to a marker on a cell surface that generates
a relatively high signal when detectably labelled. Whilst not wishing to be limited by
theory, it is proposed that "bright" cells express more of the target marker protein (for
example the antigen recognised by STRO-1) than other cells in the sample. For
instance, STRO-1"" cells produce a greater fluorescent signal, when labelled with a
FITC-conjugated STRO-1 antibody as determined by fluorescence activated cell
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low (1o or dim or a high (bright, bri) level of that

mar ker dependi ng on the degree to which the marker is
w@e@easiteson the cell surface, where the terns PE/ATU2000/000817

intensity of fluorescence or other marker used in the

sorting process of the cells. The distinction of lo

(or dimor dull) and bri wil0 be understood in the

cont ext of the mar ker used on a particular cell

|ng sorted. A cell that eferred to as
soB 5 NG Garelots iy o i e KBRO KPS, Heeeelt Bent

cellorghstiteley ata kasnbbdut O‘Dnl V«h 3f thel mostTBightlye flé&ll% dﬁﬁe marrow
t hat lt he nigrke{? ﬁ ed at Z[I attl ve veré/t \g/ Bt

morienirleg, ey ontained it it SERIE FAmnlendp e embadinnts,, brie

cel$ gmmatituidhadeadestoat ab %4 at Ebﬁlabeut 5% st leasd ethone | A hieleast about

1. J%o&eatbl%ggi%gﬁ'tng%l BY HeS ﬁl(’loanﬁ‘ r‘Ft ﬁr}lq‘ali)%?feh%ﬁ-‘e m%‘fbﬁ@ tnﬂﬁ'x%guclear

ere|n refers to a mar a’ ce

celie pentained i theettarting sapplRi gh aspigharedyimebpdiraensc SEBOy1 ™™™ cells
hab@@eldgeﬂlangUdbsﬁlﬁlﬁB?t e)éﬂre%E‘l'oﬁgoft WR@ 1 'sﬁi‘fﬁ&de)ﬁ%estsﬁﬁoxre}&twe to

.-bixcihg gk o y ot éhfﬁb%r% %]11%9 Arpl éy teq)é?g{pga?qngoéﬁ-e}{é) 1 aihne '€ Jor
STRL @4 @?ﬂ"@@‘a cllys EaMeQeds) thiah nlogt megniaelk | Hghen ekpRssiaipl STRO-1
éeé grc'etsﬁgﬁ etgﬁnt? Bobo vﬁ C&‘(;rl1 S| eagldt}l&a{?l??a%‘g{ eat er

uor escen abe
FI TG conj ugat ed STROI anti body as determ ned by

Ad 1|1§é9 Hersf ﬂ{éQeﬁﬁt‘TN@tP@Cis ﬁﬁédd%@ rt$ 'eH W Q)?)(?(Jg%ésdf%gfue non-

Spﬁ%g‘f @ﬁﬂapn ‘I?S@%I%Fr?st F?ru%@nmle |th§§%rmaeaﬁ9mp@58fs/oﬂeﬁ hmelsoform
(LAD3t ther batet Isyfdrmb eBARY ahonae rmam@\mmﬁﬂn WARRI Eeh! Sreferred

enfiRBirifeiie AR HAE" 10 BATBNSHy PRk Cmbodiment JNAP as

us@l Herginatfetctast malsoult vhidgandtind e TROSuntibedy ptodheelty the

R Pl el S0 A RO 8PS0 SRb ion

of theeBudagest Iiptys undsr depasit ageessien apmber Ridydds?ent, STRO

| br'eht cells have 2 |og magnitude higher expression

of ST L s LeSSi. on reI at ve to "bhackground",

In PnGe§m0 Podimpd a%ef KOH ghpptentigh e @%@?@%ﬁe oEpR@pg [rise to
clahogeraa @FOFF STRO- |nterned|ate cells have less than 2

| og magni tude hi gher expression of STRO |l surface

expression, typically about 1 log or |ess than
It Tﬂoa@lfngeéufrhdt a srgnifiepat! phapogtion of thet STRO- I'NmRitifjogential cells are

cabdlﬂ@@fjﬁ?feﬁeﬂtlﬁﬂﬁloimsle%{ twd &?fefhrn e llﬁésSSNJ(ﬁl Eﬁ’m"ﬁg examples
S i c al kal | ne at ase. exanpl e
of dhe gWﬁ%\%fée@ Phich) th errlu{O@e?eaP@h %equpylay hgocaBmiads b bone
préciAid) caliy] Hepatodsitel pedgehiars OwRich P ultipotént Fo£ bRE dBE epithelial
cells and hepatocytes; neural restricted cells, which can generate glial cell precursors
that progress to oligodendrocytes and astrocytes; neuronal precursors that progress to
neurons; precursors for cardiac muscle and cardiomyocytes, glucose-responsive insulin
secreting pancreatic beta cell lines. Other lineages include, but are not limited to,
odontoblasts, dentin-producing cells and chondrocytes, and precursor cells of the
following: retinal pigment epithelial cells, fibroblasts, skin cells such as keratinocytes,
dendritic cells, hair follicle cells, renal duct epithelial cells, smooth and skeletal muscle
cells, testicular progenitors, vascular endothelial cells, tendon, ligament, cartilage,
adipocyte, fibroblast, marrow stroma, cardiac muscle, smooth muscle, skeletal muscle,

pericyte, vascular, epithelial, glial, neuronal, astrocyte and oligodendrocyte cells.
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enbodi nent, the TNAP is BAP. In a particularly

preferred enbodi nent, TNAP as used herein refers to a
wWOored0easiess whi ch can bind the STRO 3 anti body proOiatzme/000817

by the hybridoma cell line deposited with ATCC on 19

Decenber 2005 under the provisions of the Budapest

Treaty under deposit accessln number PTA-7282. In one

enbodi mrent the STRO1 + multipotential cells are

mﬁ?@?@ﬁ%@)fderﬁ' V'@%%fﬁfh@& {pgf??l em CFU chéles’fﬁdlpg rise,

upén oulltdringotoeemandpodeticlcallar e capabl e of d| fferentiation
into at least two different germlines. Non-linmting
exanpl es of the |lineages to which the nultipotentia

In ea¢ embagiynent tho elistare thkiem Sondde subjectpp deutreated, cwhired in vitro

usﬁ%%%@&ﬁdttgclﬂ[cﬁg§ Qﬁc% \lﬁyea to Mhﬁ@u?@rﬁaﬂyﬂ dr sBHltbfen{actfo?é' or¥xb&nded

ﬁl pithelial cells and ocyt es: neura
ce %@){ P&'@t%ﬁra@:‘@]ﬂ s thegpbiet ag an a@f@k@paﬁ er 3Jloggneie gpmposition. In an
altpmaguy smbsdlhiaﬁt cBIlsQGf 868 of Motd bﬂﬁii%b@dbﬁ@ﬂédeﬁurﬁﬁﬂjcell lines are

us adS t ihoaﬁ%)}heﬁ ;u%e Opo?npgqt kﬁ%ﬁggmh%g%@gr eosnshuman animal (or
if trhanaelm@nwuytaémmagl ﬁn«nnaeethesqpenss)\aee ugedul i n secreting
pancreatic beta cell lines. O her |ineages include,
but are not |imted to, odontobl asts, dentin-producing
The gresentinyention iooroptearn] atawsemfes@m@@tranrcm Jodubi¢ fackass obtained

or fdeh{/aiglfrﬁﬂl STROL 1rfahu1|ﬁ|rpgtréﬁneu @R% bA@bt BlogeRy L8lls thereof (the latter
br.o

Ki n h as keratlno e
alsae%?% b as eﬁ%anfieff 6P criich arq prod frogs, i virro culture.
Exppideld ekllabf thelinventismmay b handla skdd ﬁrﬁky oftstehetyped deépending on

thd @uclg.\'r& H!)I‘FHIU(B{SO c'ﬁﬁcﬁrg% fnrel nu e%ylggd/sr ¢ e sllt:nﬁ.{l%my é{;fors in the
culrwrﬁ roedism), otha nugwed oﬁpamlaed therbike.h ImUhm erghaelimeinth, the

préfeag |c@115 PR dh& af(é‘i‘sa(BHhtai 'ab%gﬂe§ helohith, anguI't ali)out 6, about 7,

onal astroc te and oli.go n rocyte

ab%‘ﬁof{ HoPUe R Fid 0 papsagesTReom) the pargntgl pmwelrﬁtlpm Hewever, the

pr(igeﬁy nedls Crﬂ@ﬁhieeoﬁtﬁun% VAfieg dnlyS Bumbgobf Cp\dbstaﬁéé f@m tRe parental
MRt ¢ opoietic cells. In one enbodi nent e cells are

KeRn“from t he subject to be treated, cultured in

vitro using standard techni ques and used to obtain

The 359@%&&&51 rly 60 bg@in%d Céu%ﬁn fin %ﬁg%pﬂag %Adluﬁnf %he term

rati o e Su jeC ous
m&fiwabeﬁéﬂ@e% dﬁﬁé@erfmcerto 3 ﬁelérvuawteeﬂm@demthem@@mwmms of the

entieddnSer® furBiRdRig tH E@lISOfM&h@nﬁ§ baRbli® hﬁqup gﬁ@Bu§&| A mlxture of

| ines are u Ln.a he sefu od |ne
PhESEY ad PFEr A Mediaincloao i v e 3 Beliop TaHg media tha
dopmt bwstein icell priwth. Medianalsd frﬁlﬁdalgelahﬁdsus&ﬁaﬁa €&ch &' Rar, agarose,
geldiift dnd collagen matrices. Exemplary gaseous media include the gaseous phase that

poPﬁal

cells growing on a petri dish or other solid or semisolid support are exposed to. The
term "medium" also refers to material that is intended for use in a cell culture, even if it
has not yet been contacted with cells. In other words, a nutrient rich liquid prepared for
bacterial culture is a medium. A powder mixture that when mixed with water or other

liquid becomes suitable for cell culture may be termed a "powdered medium".

In an embodiment, progeny cells useful for the methods of the invention are obtained
by isolating TNAP™ STRO-1" multipotential cells from bone marrow using magnetic
beads labelled with the STRO-3 antibody, and then culture expanding the isolated cells
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The present invention also contenpl ates use of
supernatant or sol uble factors obtai ned or derived

wo e SERO- 1 + nmul tipotential cells and/ or pr oOBENXU2009/000817
cells thereof (the latter also being referred to as
expanded cells) which are produced fromin vitro
culture. Expanded cells of the invention may a have a
wi de variety of phenotypes dependi ng on the culture

PRSP GP Mt Blaor & 52 DS o8 Shesiimil o Haldring

conditipgsages and the like. In certain enbodi ments, the
progeny cells are obtained after about 2, about 3,
about 4, about 5, about 6, about 7, about 8, about 9,

In opnea phpdimenp asichgeandesimeele (prgemdalpreferablyatatoleast after S

paﬁﬁnbzs:ﬁn bEBEI\IRPOQ@(EVr gr%/% ?E@T gﬁlfgmlﬁsggsfﬂ gﬁ‘lgﬁfc@?’ CD3’,
IR B PRSPl SRR el POPU AL THE, e

differedtadnltering donditionshe theserdesdritdd thetein &t te&skptadsion of different
renc 0 el | ..cul t |nclude the co nent
ma{rgér? n%ﬂz sar& R155E Whilt celfén§ tll']l P]léengérlpre% m g tseblén the

envrronmeht sUrro
expoided c‘31I1 popnlationgia deesusotanean thalt)ahene as @frmpbramepomnd of the cells

dorfﬁ)tt %H@{Hf's pl'}é?l@(tﬁ) Ls‘?‘%fo‘t‘@?arln l‘&%‘%ﬁﬁﬁ)@f' P{gﬁg b t}?el'i )&%é{ijed cells

do no SUSt al
*éeo 5% (R engyprefrred Rbadiraend, %xn@hd%dsceélgavll hag%lﬂlss:épamty to

dlmbmtawmamiﬂewnk agefype@tri ces. Exenplary gaseous medi a
i ncl ude the gaseous phase that cells growing on a
petri dish or other solid or sem solid support are
In enp emboditment, Bhexpended ‘ceit populitiad sedneiobtain supermtaat bﬂlsoluble

fa&&@t or c%llls ?ere Eéj “?ﬁirﬁc &&‘f'ls aﬁhw?% ﬁgc eﬁaﬁ%S‘i’}J rr%me?ﬁf?@rabﬁy pat least

oas not ﬁq gen Contact &
0%, plitheicelhs are GG, i qU| d prepared for bacterial cult ure
is a nmedium A powder nmixture that when m xed with

wat er or  other |iquid hecones suitable for cell
T S N TR P B M g Sl pe——

solehledakitomndr, cefls pgresyy campiises uslef wherkiarat 1das: 4004, hinets padferably at
leatspﬁ}n,rb\f‘?ﬁ‘é SN 5 Cﬁggtﬁu ned by isol ating TNAP+ STRO-| +

otenti al f om bone marrow usi ng nmagnetic
beads | abelled with the STRO-3 anti body, and then

In C&J |fﬁl‘ﬂ{e? &fﬂﬁﬁﬂqélﬂg thd %xb%eat %‘ﬂs Chy Se(xgteegT egng g Rﬁ)tr@ tr{larkers

@ Bl ood or an ex of “sul
co fiﬂ“ffale/. My 1%\46?%”%?@90&4 rﬁroahéheemu m,rﬁtstmg WhLFA-3, THY-I,

V@O(Mandﬁ(dAE/BU PECAMIE NYSeleref Esabin, RES5,! epavaaiien/ED29,

C[?@S%\ c@%?gf&%%g@ﬁ[) 989+CD53‘ACY31§S c156r A 328 6-10,

thrombomodulin, CD10, CD13, SCF, PDGF-R, EGF-R, IGFI-R, NGF-R, FGE-R,
Leptin-R (STRO-2 = Leptin-R), RANKL, STRO-1""" and CD146 or any combination
of these markers.

In one embodiment, the progeny cells are Multipotential Expanded STRO-1*
Multipotential cells Progeny (MEMPs) as defined and/or described in WO
2006/032092. Methods for preparing enriched populations of STRO-1" multipotential
cells from which progeny may be derived are described in WO 01/04268 and WO
2004/085630. In an in vitro context STRO-1" multipotential cells will rarely be present
as an absolutely pure preparation and will generally be present with other cells that are
tissue specific committed cells (TSCCs). WO 01/04268 refers to harvesting such cells
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CDl laV, CD31\ CD86 , CD34 and/or CD80 . However, it
is possible that under different culturing conditions
W@ 2000hd%es descri bed herein that the expressi onP@f/AU2009/000817

different markers may vary. Al so, whilst cells of

these phenotypes nay predom nate in the expended cel

popul ation it does not nmeanlihat there is a mnor
proportlon of the cells do not have t hi s phenotype(s)

a .smal rcenta he expanded cel |l s

f | e,
fffi&%%&% Wt pPHtYolﬁ?éelﬁng‘%‘W S8 i aah Yre e Peuiption&gmprising
STRMDA1S mhltipbtehﬁade célize froapachitly progehyf ber detival endynbe directly

hafehlel I S8 oG eSS L PR e R B B aready
beﬁla@smnded exvioel | s se, conprises cells wherein at | east

25% nore preferably at | east 50% of the cells are

CC9+. | n another enbodi nent, an expanded cel |
Fop Sxumelei e Rigesay eavobst abtaingd: S atharesissl. wsxpaided. population

offsammlauy purifiel $ROer @@111p@t@ﬂ®d1lc§1@§ c6 k)h§1n EleBtibddt 0.1, 1,

5. A NaB At s070 26 0k Bt B o et iR Janiy they ar
present. s Tilmesy leerxlprma;; sbeoarmlmdnﬁo*reexampkerlsy sdbdtipt foradeyls ahat are
poklﬁ% éfbp#ta}_hti%f (ﬁ\/ %’E?dmld[ﬁﬁaw E@%??&e?ﬂ%él%{te@ Qro(r)r( the group

consngtagétftTNAP SEROIHS AV AEAS THIBA OGP bpend STRO-2.
CD49d/ CD29, CD 90, CD29, CD18, CD61, integrin beta

MPRER: oo TR e Rom By, e ety ROTB O L epmgiagpial el in
thd?ﬁAh&&LareE‘p'BR@velfobﬂﬂeghirkétﬂSfTR:Dlﬂﬁ afd nagativediob ktHeadb®er Afikaline
phsgz%ﬁ\%aﬁkfﬁi S Ifllpqng'g% ?rnga Iig@%@ilgﬁﬁ?ﬂr? %gg%gﬁﬂiéﬁcells are
pogitive §01P|b9@eﬁ?RQPv?:bf\/F@)i AEPdeln aeprefondd oemblelmentbef] thenpresent
m\\é@tl&goﬁll%g@% ZM%t b@‘%s 46‘90 5@“/ %@% %%g Olb/f': I'%?/ or 95% of the

ati o tial 'ce
ad&}ﬂpgtﬁreﬂlrEf’g'énk)avﬁaﬁhebéhed‘@FYPGeﬁTgpel deddm beln ian ﬁWber preferred
enibdl Deen6 She MEMES 2@@%3&5@3& ohd) oﬁ'ihdré] of ithé ghaFRAS K167, CD44

B WAL el R R RS R,

domet prhakie AERW activiot drelforced hegatihaforahemuikes GB18peci fi ¢
commtted cells (TSCCs). WD 01/04268 refers to

harvesting such cell sfrombone marrow at puri | evel s
The STt neligtensiaboel] Stvﬁ@gpimpula@pnonammgmmdﬁéom any one or

more tissue types set out in WO 01/04268 or WO 2004/085630, namely bone marrow,
dental pulp cells, adipose tissue and skin, or perhaps more broadly from adipose tissue,
teeth, dental pulp, skin, liver, kidney, heart, retina, brain, hair follicles, intestine, lung,
spleen, lymph node, thymus, pancreas, bone, ligament, bone marrow, tendon and
skeletal muscle.

It will be understood that in performing the present invention, separation of cells
carrying any given cell surface marker can be effected by a number of different
methods, however, preferred methods rely upon binding a binding agent (e.g., an
antibody or antigen binding fragment thereof) to the marker concerned followed by a
separation of those that exhibit binding, being either high level binding, or low level
binding or no binding. The most convenient binding agents are antibodies or antibody-
based molecules, preferably being monoclonal antibodies or based on monoclonal
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STRO- 1 + nultipotential cells fromwhich progeny are

derived may be directly harvested froma tissue
waoweassesor alternatively it nmay be a popul at i BET/AN2109/000817

has al ready been expanded ex vivo. For exanple, the

progeny nmay be obtained froma harvested, unexpanded,

popul ati on of substantiallyl$urified STRO-1 +

nmul ti potential cells, conprising at |east abo]yt 0. 1I

1 , 10, 20, .30, 40, .50, 60, 70, 80 or 95% of tota
anel%‘?qs ies becayseedt s snesticd of thegp fattst pgrags. afptibndiesesan be used for
botthstspd, dieeleveraythbreagnby @ved alsb e @é@”ﬂiu@ lighidss RIr&héseNgarkers

th f st k
m Ry B R Py ila Bhe BPHORE R or oup
consi sting of TNAP, STRO- I bright, 3G+, VCAM I,

Th-gl_%’[lbodlgp%fl'QI ar Ves?%(fzan%géq: B ‘5%11@9 ug §xrt't8 l'o%shfcﬁ a crude

fromfresh entl
SeRFRRY At herﬁéparail%n frebnignesepreferab tm@awmlwethe gRadian ofpviability of

th@ﬁ‘ﬁ’cti&bﬂgaibb \éelléddéd. tV&ldi[&rtB&ﬁn Kaf dl‘i‘@rdhh @ﬁ‘féﬁé’}t Maf be employed

t rast
o bR iR IS iR tfé%ﬁfrﬁe@arr P eraesq i depend
upamdffiidacy lof sapqnateﬁe assedlamdh:gdjtmmaty, @hset drel smeaté eflbergormance
R Al g 0 45l D0 Sl o
e 9Dt Ripke wm Ibprre potHimit¢dh tag magrmh@semaifoar ueigg antibody-

11 f
coﬁ@@ﬁﬁg??g beall§ awcgiﬁﬁglﬁ&%ﬁlph Vifid ?inn VQELI}A{iEbe%d9 attached

to 5%11&“‘ MA1X; eCAIANES YL mgearc@rra@c?emtm ishvde prbargmopdimited
to BAOSotMetkbd shfiot pdrftiniag FACStwilldeppireirt6 thegalddvetifar
the marker CD18. The STRO- I + multipotential cell
starting popul ation may be derived fromany one or
Aniibpdies pgajng eaphef themarkers idascvibed he@4P68 comMBcially available

(e. §0%n%81%ﬁ§0am%ﬁfch %g@ﬁ&esﬁ@bflo &%@maﬁ | Ra ?Alé ?rom R&D

| pose tilssue an aps nore roa
Sygamgo‘égAba. availghle from ATQFe A aihey epmmsnwmgamm@n Yandor can be

prddudéteysind@@fdcogrigéd @ehnified N, hair fol licles,
i ntestine, lung, spleen, Iynph node, thynus, pancreas,

bone, |igament, bone marrow, tendon and skel et al
It iﬁwseiheed that thielhetbed fmdmlstirrgo@iTR(})af multlp@eﬁttm ety forexample,
j ty I rEyi a
coﬂpﬁs;eﬁr%:g* Fgﬁg Ufem(:é'ea §@IR€EE§SE gﬁn% sk tﬁ s(i:@ {)o¥ gm {Y, e/ magnetic
aCtb‘fated’1 Feflspeig (WA RSHEcognisiag bigh 1§j\reéﬁmr¢®¢bm®f Sﬁ@ lr e\ yecond

soii@rstdp BaH BEnafdMoRdisAGulBAREM bd Bedred, & result in a higher level of
precursor cell expression as described in patent specification WO 01/14268. This
second sorting step might involve the use of two or more markers.

The method obtaining STRO-1" multipotential cells might also include the harvesting
of a source of the cells before the first enrichment step using known techniques. Thus
the tissue will be surgically removed. Cells comprising the source tissue will then be
separated into a so called single cells suspension. This separation may be achieved by
physical and or enzymatic means.

Once a suitable STRO-1* multipotential cell population has been obtained, it may be
cultured or expanded by any suitable means to obtain MEMPs.
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anti body or antigen binding fragnent thereof) to the
mar ker concerned foll owed by a separation of those
w0 baw/18568é bi t bi ndi ng, being either high | evel PGI/AURIY000817
or low | evel binding or no binding. The nost
conveni ent bi nding agents are anti bodies or
anti bodybased nol ecul es, pr&ferably bei ng nonocl ona
anti bodi es or based on nonocl onal ant i bodi es because of

the s 1fici t he e l.atter ents. Antihodies can .
inig3€ GEBESimsit 5bd pesp ke ey, B SUBNREr Ogdrreisanpyfed 7 viro
usalgsseanderdusehttjques arsd thegamdBtafrmupéﬂne&ﬁt mk@lesfamays @lexpanded

ceﬁ? fcﬁ qﬁ!nﬁ%{ﬁpatl%g .ﬁ? s %gﬁl{;‘ %tqaé Iaé gu 8?0 g%%é ¢ %%lgo%ﬁ%%}c Bn&em}())(gsition In an
altgmatiesh embodgmants sklildos ampor tnotr@ ofiltheoestfhdisheal lumatecell lines are
usSERASAih AR Su-Elaﬁla{Sd?lpalr ﬁﬂﬁ V| a@%‘”'h‘ﬂ Hﬁ@t?é}rlﬁgﬁg %LDXdlment of the

maxi m se the retention raction to

m‘ffém%l qelle pba nogrhumap §ntn@=é KA Hubs Pétfe“él 15 1o aghimasg fioppenpther

spegiys) bt 8P ytRaln sepeRitait bor sallBleif@by, Cr ude
separations. The particular techni que enployed wll

depend upon efficiency of separation, associated
They nyemtidne cary be epraeisad dusipee eello frope rahpr maraeyanaatimal species,

1nagcﬁrl? Sﬁ%ynctto inned hf.fos 'hbﬁ %LEQn epHIan{gE Qéllsh q.ﬁ{l%gfate ecca?nf}{ec alJelme

roce ures 1or separat

lagoaporph, ppdeay avisn, pregfidt gedls s%rpaatatciskbﬁwnh sihich the invention may be
peﬁ'ﬁfrhé?pﬁﬁéﬁﬁ@tb@ﬂ aféaxﬂﬁ ﬂriu@ecpf%a&‘}l’s AfdhiBpdnye&sh 55’6'8359 ) HyABMY 1 gus

anni n tached to a solid

m?P&Fﬁ nd gy %H?ea MS%&? f¥st &/ngulatg eglls gpith which the

invemtibm aimykhﬁ pmfoemlad)ﬁndlmdﬂ e diré aofFivafed F](Etélﬁdﬁf Ho@ines, porcines,
g arent to.t

ovﬂq% c%[‘;Hhél e({:lﬁb%% ué’{éa oaeérédl ng(? ll gﬁnt oc]gH% Wéh%v%tﬁg invention may

bed@sf@rmwemlchxéc diihargmet bomited te imafuiss, raty ghinadbpig, hemefer and gerbil

eﬂ@'%ﬂii@ oiafb%bltﬁ@%heﬁaeéﬁg'vﬁﬁ{ v@&[&ot ﬁl]r\/é‘gﬁﬁ%{/ GdeZ]EiA rmed

able fr
1n@v<?eofiweﬁsﬂa@t5§srﬁ@ba&syJaakgrahblzs&thamq SARITSHilSo AROWROE Tabbits, and

pikais odumeehsu(ﬁaws @mzu@eﬁsgﬁl &@éhple 6hah Qe spetie With which the
e method for isolating S RO +

m&&l%nngygﬁP In? tl's, for exanple, conprises a first
step belng a solid phase sorting step utilising for

CePX AlkRhf f&a%eﬁll‘:ﬁ ?s‘évg ?(}?J fifefifod ey #é %‘%@WP& use, or CPefore

LLecogni si ng expressi on
obtaypng Hig %lp%rpatélatrprtSﬁb&blef fartossw, Metheds and pratocpls fqresnesemng and
stdrmgfoﬂ?%wkdryét[t @118 £09h phre¥Elar RlanPhARHCSIN, afeSldown in the art (cf,

oSSR £ S B, BN s Eab sl pooces

Seoarel loditibnydlwnanaressTBottsansN.J T Reeshiné ) ®J 1.02060)Culgire of Ammal
CeﬁIRQm!lrth E!Hftll(;rf F‘\%S?‘L s%l }fo%l i(g'n nNgI}t l S’yomleﬁxcI umainttarfl%ng the
biological act1v1ty of the isolated stem cells such as mesenchymal stem/progenitor
cells, or progeny thereof, may be utilized in connection with the present invention. In
one preferred embodiment, the cells are maintained and stored by using cryo-
preservation.
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of a source of the cells before the first enrichnent

step using known techniques. Thus the tissue will be
waenogiismbd y renoved. Cells conprising the sourPEI/AUS®YE00817

will then be separated into a so called single cells

suspensi on. This separation may be achi eved by

physi cal and or enzymatic nEans. Once a suitable

STRO-I + multipotential cell population has been

bt ai ned, i he cultured or expanded by any
Adgﬂquér'ﬁmn?:’i‘fﬂqgm%qslwml n MEMPs. | n one enbodi nent, the

cells are taken fromthe subject to be treated,

d d
R R G 1 e o
vagelaceprding tod frctirs tsueh iagrthe olisdase stab, eage, aex,amnd weight of the
in@VidRh0I P43 LY ¢ r%o apeRsy %ecﬁﬁps%ﬁ td gfbvuiéq tl%n%ptlr?um therapeutic

alternative e di nent e or
respopsen | g wEamplsna singlel hohiS. m@sbeaqldemw&deci cserladlwd%éoses may

besddpeihidgtaindved ftm@bﬂﬁk&iofs@ﬁ{asﬂbi prbﬁoxﬁﬁﬁill}ﬁfedu&ﬁif o increased as

inTRRERT B Riecheits pRYRCERPe otIuR Rt P B atageRs ©
fommdate gwm)entaral wsgmbsitone it dosags upi rfoah dot ese of aldnibtistration and
unifaﬁﬁl?}; of dJJAE ' nﬁgpatgk Uit 'bgs t?sreﬁ% {'éﬁ ? fgl’%l q%l‘g?llcélf}'t discrete

romany hunan “ani ma Specl es, cg
unjts rﬁutt%‘H as UIABFY. 19QsARAS 91 ﬁ‘dll@c'i% d0 b, trgzngrm eacd, ugihsontgining a

pré&kdrﬁhﬁhed' QUAHTRY | pbf aﬁﬁd@rﬂom}%\ﬁh@nealéﬂ‘ge(ﬁ i gh p?@ddcé the desired
e.cells hléet an% ntion nma
th%%?ﬁ?‘ﬁ? G ETUHE BRI b TR eeR aTier of

chi npanzees, baboons, cynonnlgus nonkeys, an? any
e ke Iat cell.s.with. .
In \?9{1% %‘a{}ﬁ% the gﬁ?agg n rray]g@ p‘é?lflé??ﬁg j‘l Lﬁifélllﬁﬁ{mr%g in the
rafr&@tOfIOrlrﬁOt"efbxtla eadls| dheflosage magde, fmemmﬁs 0.5 wi loé sells.

caprines, equines, buffalo and bison. Rodent cells
h the invention, % be perforned include but

Cc
1 5 B e Bt Stfdd, multipotepiiahesllsignd/or Reagskiehersnéimay
begﬁd)m&edclﬁ{d SariooX &“Bimhse@: Dfsolua R RENpRAsiSI eoli8 S pdvohs) WdliehMnon-
Hlonlna ?gﬂforne%%%@’%UQE Sonestlcate

BT AR PR e PR P e R I B HGF SBbuchoe

rabbits, and pikas. Chickens {Gallus gallus) are an

ol vent. on

N

TR BBy RS B 1 U6 U o
ST éniuipatenfiabeellsiandiod prageny thereos intora rivelens gulposus to restore
noﬁﬂil&héﬁhﬁﬁcﬁl%d%‘# @ﬁ&@@hé‘i@ﬁl ﬁ?épe?ﬁ’éslftg |aQiafrﬁ%&P {ﬁcwé@&rglocﬁ& For

and protocols for erving storing eu ar&h&
exBBPIEE | SigcPT Ry (R (O nATHHRT CarE I PInOGHE R AR o
mltcbﬁolasatccha:rfdes, such as, for example, hyaluronic acid (HA), chondroitan sulfate,
dermatan sulfate, keratin sulfate, heparin, heparin sulfate,
galactosaminoglycuronglycan sulfate (GGGS), see previous changes and others,
including their physiological salts, may be injected directly into the nucleus pulposus.
It has been suggested that HA plays a role in the stimulation of endogenous HA
synthesis by synovial cells and proteoglycan synthesis by chondrocytes, inhibits the
release of chondrodegradative enzymes, and acts as a scavenger of oxygen free radicals
known to play part in cartilage deterioration. Chondroitin sulfate and glucosamine
injectables have similarly been shown to block the progression of articular cartilage
degeneration. Arguably, other GAG's may provide similar protective or restorative
properties having therapeutic value making them ideal candidates for injection into a
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for exanple, Pollard, J . W and Walker, J . M (1997)

Basic Cell Culture Protocols, Second Edition, Humana
woe@sasseiot owa, N.J.; Freshney, R 1. (2000) Qd1t/aUz000000817

Animal Cells, Fourth Edition, WIey-Liss, Hoboken,

N.J.). Any nethod naintaining the biological activity

of the isolated stemcells slch as nesenchynal

steni progenitor cells, or progeny thereof, may be

.utilized in connectjon.with the prese i nvention, | n :
i HndER g PRt el Tlineass HanfT\GRaple HigResd AT AEAC A utheir
strehgabiditybio atscgandr pei egesry aflueNit Aakyl b spprajriae t@lmix GAG's

. Ny 0 . * t.i pot enti .
with FRRP ot bOP sl RBREE o SR8 L lsedul BricpBERINCT e miccted
intgciBe prAcA greatedi famm appiration of asucless ghlpesuseosaltereativalye added to
anS&Astin@Nehicek PalpRhs bHa élﬁgleﬁiegﬂalNauPle Grdel TanSthERYy be

be adjusted to prqovjde the optinmumtherapeutic, . .
fO%@p%'g@ .arwaelfmajﬂg?g spase iy fhaes, dimppsigps angbacting like packing
maetialithiteresidt ca@hitigabndlienbhbleda diise so Tﬁﬁb’cgﬁfbly absorb the shock

er ed ayer time or the dose nay be

as QI Sheredc 0¥ . be

?)r oaﬁ)grt’ilbﬂlgl f"? Meduced or increased as indicated by

t he exigencies of the therapeutic situation. It may be

. | Qti (N ..

SIAAEATHERS, 0, IR, B4 R0 Rl S TP, ndcuicas
or Reisty, - QoYled dddigholag Sessadwedam) tare siitpbleafor isedn the present
inveatieh.n refers to physically discrete units suited as

unitary dosages for subjects to be treated; each unit

containing a predeterm ned quantity of active conpound
Exaalptaslofbtdr injeqtabielsyoehedticenadesdls edt inag bapsadt foe cehli@bdistration

o RV j t r A ar.qfraceut ical .
inqHMRRAELELRED bl G LARER (A GIRER i ts suspended in
pohiyinylperadidonesarser; Usoplasty BiVs Nathkadlands)i Arteplest®dmyerogpheres of
rdetfyAmethd i iaf i
posfrteth it 21O o%@%éﬁrzp.@“?%@?é@?%‘fﬁ*%%_*; AR Megical, [SA)
Arﬁ?@@fﬁ@?ﬁ"ﬂ%@ SPRTentUsRENded ip Soving cailage sguify; Artepharma
Phhhﬁarzet ofTisohy, GBIBM &S SEFp%rfyl) OF Wéek, 0338 tHeBE Ty dfoBecompositions
- U n._SUsSp ion, soli or ous, .Wwoven, .nonwoven, .

may R el B ilfer sssrielto tebioe nostrpl, shEPE I 4, G P tystoring
nottha bag-seckqraesd funitioms: ous bi ol ogi ¢ and synthetic

materials are contenplated for co-injection with the

+ nul tipotential cells and/or progeny thereof

STRO | . d/ f
Antioxilagts hawing kaoyn (cherdieprotschivg el lidesnse plgo canslidries foninjection

int@NtheO mupleis | PIlRBLS AEXRMPRET bf GReseO iRIRRMAEBPhereol(vitamin E),
e or, nore n?ﬁural

suI ?r}g)g]{q%tecﬁ%?lgtgsleg&@gg ﬁ%&g@&%@"{ Gggtalﬁe and others. Further,
amphgiplel desizvetivearof dedinmsilgihata and fherlikexapeib@conigmaplbted hiezin for
inj@&.ﬁ(gn. (K'@aitioﬁﬁ&nl%ﬁgﬁqﬁﬂgntsgétéo%%ﬁb protein-1 (OP-1) is a good candidate
for injection because of its ability to promote the formation of a proteoglycan rich
matrix by nucleus pulposus and annulus fibrosus cells.

Use of synthetic injectables is also contemplated. These are particularly applicable to
situations where the primary goal is to restore bio-mechanical function to a disc.

Hyaluronic acid alone or in combination with other glycosaminoglycans may be used
as a carrier to deliver a biologically active material. In a preferred embodiment,
Hyaluronic acid and or other GAGs is used as a carrier for STRO-1" multipotential
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dermat an sul fate, keratin sulfate, heparin, heparin
sul fate, gal act osam nogl ycurongl ycan sul fate (GGEGS),
WwW@ee@Ips®sé ous changes and ot hers, including theCF/AU2009/000817
physi ol ogi cal salts, may be injected directly into the
nucl eus pul posus. It has been suggested that HA plays
arole in the stinulation ot8endogenous HA synthesis
by synovial cells and proteogl ycan synthe3|s by
hondrocytes, inhibits the rel ease of
celln R droeRny: it Ped nil;lmgoncs%wget nd, ¥isgosity a0fe Higehyahronic
acaX@geéncdnipesitionds watiselik adjwstet ®o plivy givas puipdsecarti | age
deterioration. Chondroitin sulfate and gl ucosam ne
i nj ectabl es have simlarly been shown to block the
Ingnotheeeximpie, she STROe U] mnltpateniiflagpdls degergenpieltmthereof may be
deMEHRR YamRhhewideNerm JIRY Wh@f{ heey laérgﬂlltﬁé' tefth thﬁﬁ MR" refers

or restg%atlveépropertles aV|n erapeuti c va

to thg inselublsanatiy dammedahiaihg sress- lfnéﬁng sty Bﬂymfsoméb? geesence
ofwaﬁ:elrgdd)r[sg g 6bEA @lievRag lbscfoﬂh@ceﬁ@ﬁ} fib¥gsdeR) oV @ldeadtire or

SHAFLIET, 55 Tt Wi BB o SRS oo
deﬁ‘mﬁ fromi biblogirhktissoe ooflnilr whigh domss anfibeininadteixt Alfearanively, the
fibfinS %gyzn%r e Fiild T tﬂti‘)?iﬂ?ge% o ec?etr%gtl{/{glo n{eth%oﬁ&at%greof or

cre om asplration o
fibging Brodaeqdly] rgcombipen Q}J)Aé??héﬁllogh ng nucl eus puI posus
as a supplenent Natural "hydrogel s" can thereby be

med whi ch able of filling s e in three
Th&. S ER Ay, lsoshe ?cfr@efi %zetfhﬁ a%tﬁfaﬁagrhﬁ? gﬁvm&enmata catalyst of
fibrimsgled formatidn (sgclamdithesmbih end/odiFactod XII&I!)ZI eqsafile by apirsciated by

th(?\lsjg%}(ﬁllgg ‘frg(th%%gt?gibﬁﬁo% V\g ]Sro}enp)xg n@h,plfe%v éﬁﬁeeg&sg(lfcj of a catalyst
(SL(C;F/J@S thrembpn ail’ldﬁ@e\{ﬂtﬁd m 8 fibon nRewmer.aifib¢ fiprin (1@nbewrs may then

fort bbl;’?ﬁﬁksa«ghlgﬁ may%f‘@sg q{h}( t rf&rrr?‘?J 'fi)ﬂﬁ g?uef rﬁEtr&s 6Th]e Rrdsbs Sinking of

pr eséent |nvent|on es o

ﬁbﬂp T8 My éﬁp]&:}@eq h& herpggsepes Qfsae@tqlm{ such as Factor XIII. The

ca’(alysadﬂﬁblins gluatfbmlihtﬂoﬂ Gh d@ﬂieﬁ Fong bRE p‘I:ishiaC @ﬂﬁprempltate or
Cone ar.ticl

. S su
otl%r ;g%s fvfr%ﬁéé%f)rg Hn&}gn br r(lﬂgrep é)f IHH)FB'P aﬁel %gly, CLC catalyst
maﬂebermpﬁumd by recantbemna DINA )echmnlcg)os pher es of
pol ymet hyl met hacryl ate (PMVA) suspended in gelatin
carrier; Artcs Medical, USA), Artecoll(r) (snmooth PMVA
Thepater als Whishpba et formp dy idependant: ipengtheceancertration of thrombin

mlééd fﬁhﬁrmlﬂggﬁ Itrramhm g|a§CQ§z n?\/%gg?ﬁegtn GB4BAY the higher the
ur er | C r
i dE 26 PR b FlosforTpa geter jhﬁé?“%g? s@mﬂbof the

clatas depdndant updrethe byndeasitiuon ofdibrinogen used.

When the fibrin clot is generated in the presence of hyaluronan it undergoes
interactions and becomes interdigitated with the cross-linked matrix. This matrix is
known to play a major role in tissue regeneration and performs cell regulatory functions
in tissue repair [Weigel PH, Fuller GM, LeBoeuf RD. (1986) A model for the role of
hyaluronic acid and fibrin in the early events during the inflammatory response and
wound healing. J Theor Biol. 119: 219 — 34]. The dissolution rate of hyaluronan is also
prolonged in the HA-Fibrin matrix which could be beneficial in prolonging the
therapeutic effects of this GAG (Wadstrom J and Tengblad A (1993) Fibrin glue
reduces the dissolution rate of sodium hyaluronate. Upsala ] Med Sci. 98: 159 — 167).
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nor mal bi o-mechani cal functions. Antioxidants having
known chondroprotective abilities are al so candi dates

wo e009i1s§68€t i on i nto t he nucl eus pul posus. ExanptEavaf09/000817
t hese include tocophereol (vitam n E), superoxide
di snut ase (SOD), ascorbate £vitan1n C), catal ase and
others. Further, anphiphilitdderivatives of sodium
al ginate and the like are also contenplated herein for

eni c

PSRRI B SHORT DL SELEORERE) o
agbmi&aEsxeemfnpild $J. 8 dtértt 980,398 dh?atoeesi ﬁ@rﬁ;ﬂfsi’fﬁinl fonusefasan intra-
B OB B Tl e o
fitrig anéoarbmzml afFatherTHe Se Eﬁt@tpaﬂﬁﬁ? 8 adllsc}oses an injectable
phaRidce Gl %ré;f%lre?tiotnu@&h d \M?eﬁl?ru{oggn Ql'hg N@RFomdA .4 OPatent

t
6 é{ésiﬁ gﬁ%se%ia ggbfpgwmgﬁj Fagﬂlt%pq ]lpe(glphglrri %f varlousubrlc?lg:gl?:al and
noglb((ﬁloglaﬂl ig&lg}smadpécxﬂa)éltéﬁw@tﬁﬁldth@&)oﬂy CHbWe®dr, e 6l dfV@brin +
ca e nmat
r B S5l e bl it el Bt RERDEL & oeensie s hs
nobbeea desgritied prévaousBTRO- | + nul ti potential cell's or
progeny cells thereof. The concentration and viscosity

of the hyal uronic acid/ GAG conposition is routinel
Thg gpppation gomphsing S§RGeh pultipetsatialioglls arsd/ preprogsnymsille thereof

is t"b@gﬁzmdddtdnwd)tth@cmwﬂsp@l: quhhts lsorthsr&lgt%ﬂm ?se'ahéed by the
be delivered in a

t
IR b e aPRREE 1 o AL EBH oot Ko b ddeq o s body's
natugal tgrewihnemotegbresativmt prodesfasr MEh skitjglbilq;rﬁdfdalaﬁe bﬂefﬂﬁﬂﬂ% ifdludes

ln‘]%étBJn thr hé%%d%rﬂn# E)?er(%gea ? I%E ?I]é)errcsﬁr(ggcea ig?olzig'of 11-n ?oducing ‘
thejeql} aﬁ@t‘g%‘?@d énatml afolthe dise h@b’eb@fused i Bor exagde, ubé material may
be ﬁﬁﬁ@dﬂﬁ'éé iffo QQiléé”Ei kir@ieH %oﬁ it Elt}ﬁﬁﬁoégegg{lg, \ffsion
g ?lca n\)tg{sueor WhIC orms a f1brin
thfﬁﬁ% ?ﬁat AFE ARSSHiq %vghtaﬁ@pm%% Freatgd lbé tFRRTNAIS SREEIGAB ncision,

or by othet heangeRjavasiweroranidRhidlyahiastveUepRtidof the Snaterials into the
dlsth?%%of or fibrin, produced by reconbi nant DNA

nology The f|br|n glue may al so be formed by the
interaction of fibrinogen and a catalyst of fibrin

In Qoﬁfae EI‘ABS@Heﬂﬁ 6B YR Bﬁ&{ Olrtran F/b%rn c@gslaﬁr of c{esx)rable to

be appr eci ate those Skl
lme}UBPWPBg‘-‘éﬁ 3 BatisnbPEeT YA |11@aatll<3n ef dhovany witht ¢edlulsr e@emoeltlons

Indbfed Athe &Eﬁilﬁé%ﬁres(eﬁté@rhe?én tshéw TRt rﬂan@ﬁlﬁntﬁ@&ﬁ’ ef téiﬁ&’ge‘h@waSTRO 17
A
muflipdssatial Seli e TRy VErEktoleraird inghe ghsince 9 lmn‘ilwogwéessmn
matri x. The cross-1|inking of
However, in other instances it may be desirable or appropriate to pharmacologically
immunosuppress a patient prior to initiating cell therapy. This may be accomplished
through the use of systemic or local immunosuppressive agents, or it may be
accomplished by delivering the cells in an encapsulated device. The cells may be
encapsulated in a capsule that is permeable to nutrients and oxygen required by the cell
and therapeutic factors the cell is yet impermeable to immune humoral factors and
cells. Preferably the encapsulant is hypoallergenic, is easily and stably situated in a
target tissue, and provides added protection to the implanted structure. These and other

means for reducing or eliminating an immune response to the transplanted cells are
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fibrin polymers may be enhanced by the presence of a

catal yst such as Factor Xill. The catalyst of fibrin
w@bme/15ws6at i on may be derived from bl ood pl asPer/AU2009/000817

cryoprecipitate or other plasma fractions containing

fibrinogen or thronmbin. Alternatively, the catalyst

may be produced by reconbi nd%ht DNA t echnol ogy. The

rate at which the clot forns is dependent upon the

C M glﬁz b{"%%tld gg agfﬁnaglgg{: B\eggrefﬁgglﬁa\é/\n l%zﬁh é%ig:tllrc%lﬁro%%giﬁegetio nrgduce

thtlemumwneltyup to 370C) the faster the clot formation
rate. The tensile strength of the clot is dependent
upon the concentration of fibrinogen used. \Wen the

It Wlllb be APREGatedl ghaydheeb BRO! i multipeteptial sl er pogenyathereofimay be

adhdinisteftar G/Rﬁsoth&t %El?éﬂcia@ nd;ruéfn Or b(ﬁ@l%@f%§l i &ufls gdgrr(?\xzﬁd factors,
trvvlhthftpe cr I g{g é‘r é@ls matrix i s kpown t

iy 1451 o “i“ﬁ‘sfelf BYEN SRS e MRAYp B Pomistered
togethdr  ire gulsmigler phﬁmémtwas dompokBidHe olfe?alsé aEéfél }g&h'mﬁ’d‘é,utlcal

R or_the

E‘w %1%5%s%mlg‘lga% &lﬁ'?]d P S csuen r?l ly w1trlgotglgr(1t§1/er ea\gglﬁtfs( @t&ﬁr t}?gore or
afteh eadmiistaationt of the e@b@n@@enaﬂid & oavdi v efabtorsg whichT meyr be co-
adﬁ’hﬁ’iktere@lkgelugélgntl ap&totic Q%en@é &S%l Eﬁbo ﬁx@gﬁugmafbo dy, TPO, IGF-I

Yy Iuronan Is al so pro (0]
o diifey grpwsenihitionn): iaptipaiaremaiony agenss (e.g., p38 MAPK
1nlﬁ1bﬁd5r§,p @\GF-bete fihkibitersOfstatink,S IGEGakdMOST HHibidor&aNEEMIROLAST,

REREASE AR KB AT, S SR Flmengistoigh anc:
lnﬂanlmifpr)Sevdngs pulslg..cat TEROXISIN, i beTOhBIETEN, of SURROFEN);
1m9r{d1'1%51fp95551t\/@@-ng hb?ﬁgaﬁﬂﬂﬁb %@g@gpﬁﬁcgal@&g%é infiBltors such as

exa Pat ent [foses npositi

CYFIBFPQH@@’ taerolimup i QRaigihthators mrSIR&&ﬁMW%%‘gEI&@aIMw) antl-

pr@lﬂafanvésm(b e SaQJitHideHe 9'&%%6‘&% | M%?{iﬁ) %Qﬁﬂc@&%ldss (e.g.,
a

pr%ﬂiné%’?%‘sg%ydé Of'ilﬁoa %%ﬁ“é"%&“ﬁ%&%ﬁ‘f’ﬂ%%l?mz aatp&%ﬁahwa receptor
anubczmm(e(g ,dfasifliximaty dgﬂmu&faﬁ) tpotyeidhahamn - dfdll&nltlﬁ’({?d%@ﬁ@e , anti-
e r aci | itates
3% BOBRY R TeY S bl SN IAT R Aispt B g T ool
angibrdyt @Kﬁ)éap@@tlfthmmogemcmgdntm (elze bephyin, Hoaparier detivagives,
ur&éﬁas@f PrRK n(d*éx!?bfﬁ{ei‘l%o% ‘31‘311% o@élﬁlnﬁh%ﬂ({ 8&@&#&&0%)

ferentiation of ogenei ¢ ce
anB@é?in‘aéscemps%dsp PE‘\‘:‘?I?}ﬁF%NOWéa&?@WEﬁ@@P‘tlﬁl@iﬁm@mrﬁrtlb@dwg anti-
pleﬁé’lEl(}dceptofmhtﬁbdﬂQiseﬁiplﬂh @19|yh§alﬂ<ﬂg/ otd?ﬁlﬁg,elﬁl)/udh@' ﬁr@sta%landln

1nﬁ191%r$,he mlatFngnﬁ gltg%bzgr%gﬂl nts égc psrggl col, v1tam1n A,

ascorbic acid, tocopherol, coenzyme Q-10, glutathione, L-cysteine, N-acetylcysteine)
as well as local anesthetics.

Genetically-modified cells

In one embodiment, the STRO-1" multipotential cells and/or progeny cells thereof are
genetically modified, e.g., to express and/or secrete a protein of interest, e.g., a protein
providing a therapeutic and/or prophylactic benefit, e.g., insulin, glucagon,
somatostatin, trypsinogen, chymotrypsinogen, elastase, carboxypeptidase, pancreatic
lipase or amylase or a polypeptide associated with or causative of enhanced
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i ntervention of nedical personnel, as distinguished
from bei ng "added" by the body's natural growth or
WO e@engiodd i on processes. The surgical procedurBCT/AU2009/000817
preferably includes injection through a hypoderm c
needl e, al though ot her surgical nethods of introducing
t he col | agen-based material2into the disc nay be used.
For exanple, the material nay be introduced into a

di sc by extrysion.through. a .dil ated annu eni ng
anEigB e Pr A RLRIRSC ESSOHBERIOh SIBERTIGHPN o imie Bancreatic
cebpenivagutareall.ed by trauma or surgical incision, or by

ot her means of invasive or mininmally invasive

deposition of the materials into the disc space. In
Metbods tomigsaetinaly snaslifyirgea cell anll iberappatentiythackilled artisan. For

exBRPRSS AldleiRlacIGRAIER] & é résmmﬂ%sééﬁﬁ ?ﬁ%u@gﬁﬁkéffbta promoter

prior to initiation of erapy w
for, oISt FRHESSIn e &, cq hqure@@mpée pihe srieledel apig i Hinked to a

pr@t’ﬁ@b&f Tobéﬁab{er ang Nafllﬁttyaéﬂ &!Mﬁo(ff alshpgen l%lll@h §|§_ R@r lexdimple, a viral

ten cells in shee we era
erfH L PR BLCRRY Shicion e SSQHSATE Fovo & 6 St promoter.
Additsdrah swtablet pmayotdns%andémbwabh eheoart apd slegdl beatakert @ apply muratis
miR i TRCRE Qs's | hﬁﬁﬁgmgmﬁ&;g RlveRfof Patient prior to

Initratin I's ‘may ‘be acconpl i shed
t hr ough the use of system c or |ocal imunosuppressive

Pr&E&BIyS theoﬁuc'lélc AaY 1@;%0%6@ Piht 3684 op¥n Q)?ﬂréééﬁfn' d'(‘)ﬂstm? As used
enca

1 N at ed I Ce. ce
hefii B T G PTSRoan CAPAE eI @ & Mideiscae 8 Gas the ability to
contigt ekpreistorana a0Mykie aﬁldqbllglr @debo’rtdrfg%né fahh/oaradcounter-selectable
t.l . ors. .t ce y.et
reﬁcﬂgf %Ql? tﬁogylgl?l%talé N era%lg n%onggcftf:%, 16 %%Ige\ggﬁv t{hﬁ é:ontext of the
pr@n@talpsmt@m itjis thhp veddrssogrbthatan pxpresssin gonatmactshaybéomprise or
beSht MadRld, 'H&cérﬁ)ﬁﬂ&@t hb%%ﬂg cBEidP r\g}ﬂsd%?loeggga g or ﬁenomlc

rotectlon to t structure nd
ra&@&ﬂ% of gfhef @Hﬂéicr?ﬁldo‘iapé'l’llﬂ of mAintAgingrandienrmaliqatiag @ﬁ@@logous
DNA it e ekprasisié aopn@€l cel | s areknown in the art. As an
alternative, the cells may be genetically nodified to
reduce their immunogenicity. It will be appreciated
Metheds foh éheSTRSINbctionofilatsupatile ak;braksmebdrstrosft for pgeuryhance of the

h cical
T T e —
Avsygl st @) (Inyferr eaHPﬁomCQtsené\iowmlhr thmy My dlent bltenstnegce ISBN
04MES0BES, ﬂ@ﬂVﬁbﬁS&h&@ok Qo st hRY Mo‘Ibcﬁla?'(leIIuﬁ§ Molecular Clomng A

ut I 0S N separa
LB Tt SRS s S Bl Tt Faion 2001
Fos egareplt] edchyofwhé bompenentshefrthagepressidrietdldauctiiefagiptified from a
suitable template nucleic acid using, for example, PCR and subsequently cloned into a

suitable expression construct, such as for example, a plasmid or a phagemid.

Vectors suitable for such an expression construct are known in the art and/or described
herein. For example, an expression vector suitable for the method of the present
invention in a mammalian cell is, for example, a vector of the pcDNA vector suite
supplied by Invitrogen, a vector of the pCI vector suite (Promega), a vector of the
pCMV vector suite (Clontech), a pM vector (Clontech), a pSI vector (Promega), a VP
16 vector (Clontech) or a vector of the pcDNA vector suite (Invitrogen).
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after adm nistration of the other agents). Bioactive
factors which nmay be coadm ni stered include
W@ RivAseePt ot i ¢ agents (e.g., EPO, EPO m neti bPCyAUIRD000817
IGF-1 and 1G~11, HG-, caspase inhibitors);
anti-inflamuatory agents (e.g., p38 MAPK inhibitors,
TG--beta inhibitors, statin2 I1L-6 and IL-1I
i nhi bitors, PEM RO LAST, TRAN LAST, REM CADE,
non- st eroi dal anti -
Th%:?#%%tssa? ;vﬂg P%@L%fédgltm@m@rw dpopngesTeRguch vectors, such
as FIPEANPN,; InViFE RGOS bipb RSiDh VEIoh fEah BOPREIEAL Or y agent s
(e.g., calcineurin inhibitors, such as cyclosporlne
tacrollnus NTOR i nhi bitors (e g., SIROLI MIS,
Meavis RO | Mﬂﬁ)iuciag]tﬁheu pohatddf endeicv aad( motpculeanatdligepe i eunstruct
I 0 roj d
coH%f)ﬁglﬂE ﬁ(ﬁ%ﬁét% zﬂp%fgdcrogrx e&g‘ﬂ}é )age I?xli {o t?loge glglé%d glsthe art. The
Ghoie | ll?ﬁfélfOIaﬁthftrLOLEaaISph depende pnothe dqmt)wbosﬂlcefsssltué tephpiques.

M@ﬁi? i 1ﬁir8&R1ngdx%%ﬂﬂglﬁtﬁi?t?%Djﬁgg{yo¥%l19 ﬂﬁ:llulji% I'h:x]l'croTul%?Hn transfection
mediat $ %Vn]sﬁé%y‘ieédr’@P’oHﬁlllﬁf?Ft‘@ﬁL@?dla% Ryc ll@?ﬁ&meﬁrﬁuph Pscly [using
lipafectandnky (GIKIG)ND, RIRA)-dnld/ o2 reb D@ etin ml@rmm (UESAQ) PEG-mediated
DY?%R.%E 1 o’p Q&pci%rolrart]lﬁ?)ﬁarélh\éﬁ%lr%ﬁx‘;ﬁcﬁ E]?IH‘)zHgmeﬁt sucﬁ‘ as by using DNA-
coafhdl bimgsten by gdd partisies (Agtacetus b W, dirgoumagst ghatel et
receptor antagoni sts, anti-thronbin antibodies, anti-

| atel et receptor antibodies, aspirin, dlpyrldanole
Allsratiyglynan exprespipmconsiraeltof ghe intientiomisi o Virdrisctoanshitable viral

veabfst &k eltnolvd?lhlnbtﬁeoérS Jand addfhrAéttiatl P )@afgﬂ’%b‘leg (ﬁ&w@nmonal viral-based
acl QCO

syfR% g(ygléé qgfljlv%%ln%fnadtlg fﬁ? gcﬁ(ré gh{m&g&tg}nﬁg thap nuclelc acid into a host

cel\ganmng irrcjnstefmeayam;;la;val retradrdl aeétbr, anlestivied | Ive&or or an adeno-
as&ﬁ?etd' \H?ajl victdP q&lfté %llV%ﬁJ dgnoqpr ‘39"%&0'1* u ftul g goducmg a
MUl | pot en *éeld 8 5n %ﬂ

S an
nu?lﬁ’ér%?tﬁ tfat eer@%mt:m«amlymtm |hf3$tert11 &(lrgl veomxs @xqoaresﬁﬁment and

ve@bll(ﬂléoﬁleﬁlﬁﬁr@ft efe RfALR} rlnofargert‘tc%ﬂgsénd Hses. dﬁftlghﬁl}n high
nd of hyl actic

d|n er.apeyti c prop
“aE ‘ﬁ‘ ior) ﬁ Hnﬁles &ae% 55‘6}10 oYRsk | wsmaw ﬁlffqrﬁryrf@llﬁag%and target
tisgdey.not r ypsi nogen, el astase, carboxypepti dase,
pancreatic |ipase or anylase or a pol ypeptide
associ ated with or causative of enhancedangi ogenesi s
Fopexamplel y pespivirdb vesteogémmiradly wuiniprisds tiseaceng @ty ermikl eepeats

(L“PRE)' witlﬁ‘b&’ck% ﬁ’i E)?xﬁ‘tg @r ﬁﬁo(l) 6olr0 193 Xiaﬁ)?é‘iér?ge +4eb The minimum

f
cisypas éthRs?a%e wf@c@m faratpligetipn apd BEbASing of a vector. which s then

used to integrate the expression construct into the target cell to provide long term
expression. Widely used retroviral vectors include those based upon murine leukemia
virus (MuLV), gibbon ape leukemia virus (GaLV), simian immunodeficiency virus
(SrV), human immunodeficiency virus (HIV), and combinations thereof (see, e.g.,
Buchscher et al., J Virol. 56:2731-2739 (1992); Johann et al, J. Virol. 65:1635-1640
(1992); Sommerfelt et al, Virol. 76:58-59 (1990); Wilson et al, J. Virol. 63:274-2318
(1989); Miller et al, J. Virol. 65:2220-2224 (1991); PCT/US94/05700; Miller and
Rosman BioTechniques 7:980-990, 1989; Miller, A. D. Human Gene Therapy 7:5-14,
1990; Scarpa et al Virology 75:849-852, 1991; Burns et al. Proc. Natl. Acad. Sci USA
90:8033-8037, 1993).
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exanple, a nucleic acid that is to be expressed in a

cell is operably-linked to a pronoter for inducing
wexppassseon in the cell. For exanple, the nucl BAT/AEZG08/000817

is linked to a pronoter operable in a variety of cells

of a subject, such as, for exanple a viral pronoter

e.g., a CW pronoter (e g. 2h OW- 1 E pronoter) or a

SV-40 pronoter. Additional "suitabl e pronnters are

known .in the .art and | be taken to ap
VIR Rgb-b35iREY S AR se e S RE s AR g RAER e bgHoped for
nubleef asidib¢liveryt. oA Wi vettersocaa bie deddslyproastrubeel iising fechrfiguesiknown

Qﬁ ap PLes n r . S el I
S s oy P € gl Pflcarion
NosaVORE/QM70iand W 8RB L9; dxebkewshiaa abnMalasuEleli Biokcl:4988-
3906, 398% Vﬁfé@ﬁtt 8 ab 99@”Q’/a@cfm@s 99“@0@& Sif?fn%cf—lﬁi@o? Laboratory

rte ene ecte I Nn_a
PSS At i i PmoB e e o ¥ $20elh, Do sgka  rren
Topgstin Meretridle et dawhinbiat] 58197eD29r ¢992;0Ko6m) NGlimate GeA® Y herapy
5: fé%”é%ﬁ' 1608 rShQﬁmg aHb 38 SndseR0M] téﬁ‘?{’lgm 2635? f% ﬁgﬁ? angfkhou etal J

nom ¢ or
Ekgt&@d kﬂ%ﬂ&é7d8aéﬂﬁ9éapable of nalntalnlng and/ or
replicating heterol ogous DNA i n an expressible fornmat.
%ﬁtho?s for the construction of a suitable expression
Yl Yestorp ety ion delevesing ianeexprrsaian icopstwict pf the invention

1nc&@c|ﬂaalf@rnéxahfplé hﬁo&kclelrﬂv%I fidyd t}ﬁaﬁbﬁﬂﬂnw 6f ieses,i el »as fv@écinia
in Ausu Current Protocols

il PR, e BoBHEE S i et ik errtieafemiEn A9ctor leg. tha

descsd83 8) FisB8Hodbrer 8anPrivooNarétcad. Seil. ISAN: BB A, 1989).
C oning: Ml ecular Coning: A Laboratory Nhnual, Col d
Spring Harbor Laboratories, New York, Third Edition
2001). For exanple, each of the conponents of the
expression construct is anplified froma suitable
tenpl ate nucleic acid using, for exanple, PCR and
subsequently cloned into a suitable expression
construct, such as for exanple, a plasmd or a
phagem d. Vectors suitable for such an expression
construct are known in the art and/or described
herei n. For exanple, an expression vector suitable for
the nmethod of the present invention in a manmmali an
cell is, for exanple, a vector of the pcDNA vector
suite supplied by Invitrogen, a vector of the pC
vector suite (Pronega), a vector of the pCW vector
suite (Clontech), a pMvector (Contech), a pSI vector
(Promega), a VP
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16 vector (Clontech) or a vector of the pcDNA vector

suite (Invitrogen). The skilled artisan will be aware
w@booadstesé onal vectors and sources of such vecpEI/ap2009/000817
such as, for exanple, Invitrogen Corporation, C ontech
or Pronega. Means for introducing the isolated nucleic
acid nol ecule or a gene congtruct conprising sane into
a cell for expression are known to those skilled in

he art. The techni que used for a given organi sm

on the known successful techniques. Means for

i ntroduci ng reconbi nant DNA into cells include

E rirli cr!oi!.n*é,' ect i.l%n;t ibansf ection nedi ated by DEAE-dextran,
i Bhy |iposomes such as by using

| i pof ectam ne (G bco, MD, USA) and/or cellfectin

T\(' P Bur eepP0eiveBEH %@h@t&dl]@“‘fgu%&k&gomn?se ABC _(cABC)

ectro orati on _an cropartlc

PN aRRn) ig Sremadizcegblumbprdis¢scineminally L3-14, L4-
L5( ﬁﬁdl @6%6)30 |11|ilﬁabe greddpR) dlmﬁéraﬁ’&h e‘fﬁe remalnmg lumbar discs

Ate pressi on construc
(oOTFBY L F 135 RS -
noanal kovowts.i rFifthen aveekarfd I:O«Vﬁﬁﬁ)Cf(ﬂldv&}inQ\aﬂhhﬂlbﬂrﬂlon of cABC,

1njg9tﬂi\ﬁ§%tf'8?ﬁ6 lwhlglﬁlpoye%%g eﬁgg{ P&%{%ia%%g nozrc?vq'(:“cﬂgs gl{ )g ﬁ‘f ?ra() 5x

acid L)
10a chldss trespeftivegonemBrol mcIZQifd’eNOFAo FreszingpViedium (leinze\Walkkrsville

MY ?Chﬂied avitie Nk Véil@ﬂ V&ltm@" of’ Eﬁﬂ%fg%ovi W2 Ghid! %gldl (Ferring

viral vector. rnatively, an a vect or
Phagpacsptiqady mste &d‘&ﬁmﬁ@r%‘ er i ciniae 1o tMiglouseulpasss. of the

1nteﬁ4eﬁelﬁfal dibdyt (Cl‘ ablehgst Aufinhls Wéré ﬂécr&@ﬁédoélﬁleﬂB Qn&ﬂhs or 6 months

pof ST PR 5§ AR TSR g ek e for e
study and theqirpnoldbf theiteatnass. have been observed in many
different cell types and target tissues. For exanpl e,
Tabl¢ RiStady Debig Sunfihagener al |y conprises cis-acting
long term nal repeats (LTRs) with packagl ng capacity

E

drg{, up NOJ[b b f sgqu & THJIIT p
cis-apti ng (lrn;%%igr e @H,fg £3§Z§%§SHJ fo?l{;]sf)g;ﬁ i ¢at |]i£)’{1 mdA Sn:clzf;lsc:t

1 Packaghlg @h-LE VECIRE mjeltSh CTT T NI THEEGHP T 3 '117'6 t‘h '”Wlsfb‘loiy/
t he expregsion construct I nto tlhe target |ce In biochemistry

Lopiesdi (e T OMg-LBer M ENPhR&Ewh ON-  inhahjdotibhs € 13rn%mww THStology/
vectors include thpse based updn nurine lleukem a|WiokHdmistry

3Mdvtbs V) , gi{BBoA ape| Cleukreirinase Vi r{STREALEYV) || 3sionthan | Histology/
i munpdefijciency virus (SrV), Hugpgosgigunodefi ci ¢noyhemistry

Vi Tus| (HV)L4-8N0 CPOkniaihad’S N iR &kiod S€S moatd - - Histology/
Buchsc¢her |et al, J{Virol. 5(5:2731-2739 (11992); JohaRRistry

et al| J. [\si6l . 5SpCHadbitide!0 | HA and NAO | 3 months | Histology/

biochemistry

2 n=6 | LI-L2 No injection No injection 3 months | Histology/
biochemistry

High dose L2-L3 No injection No injection 3 months Histology/
biochemistry

3 months L3-L4 Chondroitinase STRO-17 3 months Histology/
cells 4 x10° biochemistry

L4-LS Chondroitinase No injection | 3 months Histology/
biochemistry

L5-L6 Chondroitinase HA and NAO | 3 months Histology/
biochemistry
3 n= LI1-L2 No injection No injection 6 months Histology/bio

chemistry
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(1992); Sommerfelt et al, Virol. 7(5:58-59 (1990);

Wlson et al, J. Virol. (55:274-2318 (1989); MIller et
W@R00943556%6 r ol . (55: 2220- 2224 (1991); PCT/ US94/PSMA02009/000817

M1l 1l er and Rosman Bi oTechni ques 7:980-990, 1989;

Mller, A D. Human Gene Therapy 7:5-14, 1990; Scarpa

et al Virology 75:849-852, 2991; Burns et al. Proc.

Nat|. Acad. Sci USA 90' 8033 8037 1993) . Vari ous

O+ aRS CI s \AS] a
beeE je@el erfgj;] Bf? B ﬁ s|e\f/i¥§1y AA V\iit omlysm
can be recgﬁ FROES B34Sy g t h i ques kno g
+ £ g U-S an_ 5 1731414 and acrlflce
Lo disﬁg 941; i?r%‘t" ernatw%ﬂﬁft“’ﬁubl i cg‘f"’i ‘Hﬁ“‘ﬂlbs SV ?/ 0 mche nglfs/try
D-93103769 vH ceH i
B0 3998 1085] ORI o TR f999) “IRATt ﬁlog oy

{(Col-d Spritng—Harbor lLaboratory lftelzlg §x’(earfpr Curte

Opi ni pn' i n Bt echn‘é’i°8i§f9’“’5“q533 é‘é"g“ﬂ%‘gz SNAe2YE 2 k lstology/

Corrept—Top S‘L HAVESED T 6158. 97 ng@h’lemls/try
1992; | Kot i|n Purm %'eoﬂ ro'tﬂ?srapy%afg@i@m., paHS . bl(f(t:(t)leorﬁ?/stry

ShetT7ng cno SmithGene Therapy 7. 1651691994, 1ana

4 Zhou eh=eall L1L2 EXD. Ily(?iq;ecn()r{ J. lsem l‘,’%‘}nonths Histology/
Addi t|onall viral vectors useful| for dell\erl NG aNbiochemistry

Highdpgee 5S1 O Le@BST I UCKo @jectohe T NVeNihjediod N¢leWdAths T P Histology/
exanp| e, those derjved fromthg pox famlly of Vi [ uis@Smistry

6rpotbh as vaddilAi a vjChesdraitiisavi RO I U§ 6@fontan | Histology/
al phayirus or a conjugate virug c¢B&s Qs (€. 9. that biochemistry

descr| bed[iLa-LET Shef eddaGhitiRte al ,| N&iREctionNal l6 mdedd- | Hislelogy/
USA 5(5:317-321, 1989). EXAI\/PLE‘> Exanmple 1 : biochemistry

Exper | ment &b-LBesi gnChbwizsitinasef our| HshmepADe( @iméss | Histology/
injections of 1.0 U Chondroitilnase ABC (cABQ) biochemistry

(Sel kagaku Corporati on, Japan) into three adjacent

| unbar discs (nomnally L1-L2 and L2- Lé) wer e not
The ISTRO-¢4 Mlﬁﬁbt&ﬁﬁ&éﬁ%w@fo@ tHe’8 §k&?ﬁ1%t§\9&gﬁkrlved from

ols. Fiftee weeks) follo a.
Fréfhohes ndirenror oy heres (1§ Boon e s B ashirates were
obtairletlifunt thetshedp @l BN radénogutIbRF calsf(B@lJ)DIvINC)gGBﬂ?:E&@@reﬂ4 X

cel tel y) or ProFreeze"
es%l%%lg{aes%f%ﬁ?gi’e%@? V‘O“SLYL% @Wé@?@h lle Mi.) nixed
with an equal volunme of Euflexxa(r) hyaluronic acid

STRIER N + 'nﬁﬂtq?d'iél{tﬂﬂgﬁlét\i’&@ E@se%\fc‘hﬁ 2l i B STRGS bhdbody

into the nucle posus
by magnettlc activated cgl? sortmg as previously descrlbed (W02006/108229).

Example 3: Radiology

Animals had lateral plain radiographs taken of the lumbar spine under induction
anaesthesia at the following time points: Day 0 (Injection of cABC), Day of Test
Article administration (15 + 3 weeks following induction of lumbar disc degeneration)
and 3 months and 6 months following implantation of the Test Article. Evaluation of
the radiographs was undertaken by a blinded observer using an index of intervertebral
height (DHI) calculated by averaging the measurements from the anterior, middle and
posterior parts of the IVD and dividing it by the average of the adjacent intervertebral
body heights as described previously (24).
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Superfrost Plus glass microscope slides (Menzel-Glaser), dried at 85°C for 30 min then
at 55°C overnight. The sections were deparaffinised in xylene (4 changes x 2 min) and
rehydrated through graded ethanol washes (100-70% v/v) to tap water. One section
from all blocks prepared from the sagittal slices was stained with haematoxylin and
20 eosin (H&E). The H&E stained histological sections were coded and reviewed to
assess the extent of degeneration by an independent blinded histopathologist using a
published (26) four-point semi-quantitative grading system (see Table 3). Additional
tinctorial stains including Alcian Blue counter-stained with Neutral Red were also used

to identify the distribution and assembly of matrix components in the disc sections.
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Table 3: Grading system of histologic ¢

Grade
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All animals in the high dose (4.0 x 10° STRO-1* cells) (Groups 2 and 4) and low dose
(0.5 x 10° STRO-1* cells) (Groups 1 and 3) injected groups maintained normal body
weights and showed no evidence of adverse side effects over the duration of the
experiment.

The injection of the chemonucleolytic agent, chondroitinase ABC, into the NP of target
discs resulted in an approximate 50% decrease in disc height index (DHI) over 3
months as shown in Figure 2; confirming a significant loss of PGs and water from the
disc extra-cellular matrix. The DHI pre-treatment data was supported by the MRI
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The disc histopathology scores were complimentary with the MRI assessed disc
degeneration scores. Moreover, in all groups the MRI scores followed the same pattern
of higher scores for the cABC alone and cABC+HA injected discs than for the cABC+
STRO-1" cells and control discs scores irrespective of the dose used. However, for the
MRI degeneration scores, significant differences were observed for both the 3 and 6
months low dose STRO-1" cells injected disc scores relative to the cABC+HA scores
(p < 0.05) (Figures 7A &7B). MRI scores for high dose injected STRO-1" cells were
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different to controls (Figure 11).

As can be seen from Figure 12 all injected discs, irrespective of their treatments
showed some recovery in their DHI over the 3 months of the post treatment period.
However, the largest improvement in DHI was noted for discs injected with low dose
STRO-1" cells where the improvement was shown to be statistically significant (p <
0.02). Moreover, the DHI of the low dose STRO-1" cells injected discs at 6 months
were not significantly different from the non-injected control disc DHI mean values
(Figure 12A).
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The concentrations of PGs in the NP, as determined biochemically from the GAG
content, were only partly supportive of the histopathology findings. The GAG content
of the high and low dose STRO-1" cells injected NPs at 3 and 6 months were found not
to be statistically different from control NP, while the other treated discs were.
However, statistical differences between the GAG levels in the cABC+ STRO-1" cells
injected discs and the cABC or ¢cABC+HA disc NPs could not be demonstrated
suggesting comparable levels of GAGs within the tissues of these groups. As the disc

tissues used for the biochemical analysis had been previously fixed in buffered
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between the NP the CEP and the subchondral blood supply of the vertebrae, as was
seen to occur in the degenerate discs would be expected to impair nutrition to the NP.
This nutritional deficiency could present an upper limit to the number of injected
STRO-1" cells that could survive in this oxygen-deprived environment thereby
resulting in loss of their viability and thus therapeutic benefits.

The therapeutic mechanisms responsible for the recovery of disc integrity in this animal
model following administration of low dose STRO-1" multipotential cells have yet to
be resolved. However, it is possible that anti-inflammatory cytokines and growth
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a subject, the method conprising admnistering to the
invertebral disc STRO-I + multipotential cells and/or
progeny cells thereof. 2. Thé nethod according to
claim1 wherein the STRO-I + nmultipotential cells
gzzgﬂﬁgr progeny cells thereof are adm nistered into the
us pul posus of the invertebral disc. 3. The
nmet hod according to claim1 wherein the STRO- I +

Enél'l't ;h%ﬁ%vftirfs lﬁ'.ﬂ%r ﬁd/%l %%Eég%% _EB %%&%Elral éﬁf uh%iubject the
m%@ircomprﬁmg adonibisteaing omthetinvesigbral disc $SFROvkt moHipotential cells
ana,@(a odERNPIcdIR thdrgdtm 1 wherein the STRO-1 +

i potential cells are derived froman all ogeneic
source 5. The nmethod according to claim 1 which

2. ur tThe mamdcsﬁisnge\xdmlaimsn ®hérd@ thOSTRO-1 Nvelipethall cells

sl e e S TR RBiLare e Peamt B BPR afte om

inventebrgt disp consi sting of hyaluronic acid (HA),
chondroitan sul fate, dermatan sulfate ker at an
sulfate heparln heparin sulfate, an
3. gal 4b¢ Biethadrasgsding orfddigc hwhstain ﬁwé?&%@synultzpowl cells are

alsmpbbmde &crcmAiPn gsmocj)avaMme’rH'Ynll @rmeemhasc@m&
3R con { ¥acter|zed by degeneration of

|hf§?9%??8 wglmhlggm ‘8. The method according to clalm
7 wherein the spinal condition is | ow back pain,

4. ggg'rl;g@ }n%}l{;)gl a%@&lag% oocflaihlh? \&jhglte‘ia’r{ %%@'[%-elh rr(;dllsigotgﬁtial cells are
derlved from an allogenelc source.
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5. The method according to claim 1 which further comprises administering to the
invertebral disc a glycosaminoglycan (GAG).

6. The method according to claim 5 wherein the GAG is selected from the group
consisting of hyaluronic acid (HA), chondroitan sulfate, dermatan sulfate, keratan

sulfate, heparin, heparin sulfate, and galactosaminoglycuronglycan sulfate (GGGS).

7. The method according to claim 1 wherein the subject has a spinal condition
characterized by degeneration of the intervertebral disc.

8. The method according to claim 7 wherein the spinal condition is low back pain,
age-related changes of the intervertebral disc or spondylolysis.



