METHODS OF CGENERATI NG REPAI RI NG AND/ OR MAI NTAI NI NG CONNECTI VE TI SSUE | N

VI VO FI ELD OF THE | NVENTI ON 5This invention relates to a nethod for
generating, repairing and/or maintaining connective tissue in a subject.
The present invention also relates to a nethod of treating and/or
preventing a disease in a subject arising fromdegradation and inflammuation
of connective tissue. 10 BACKGROUND OF THE | NVENTI ON

Non- hemat opoi eti ¢ progenitor cells that reside in the body and give rise to
mul tipotential cells when isolated are referred to as Mesenchynmal Precursor

Cells (MPCs). Mor YHPEHIODSOR GENERAFINGCREPA IRING AND/OR mi ng very
| ar ge nunbers of mJIMm?gli]ﬂN@aggegﬁmegﬁgmngfpo(1994)

descri bes enri chnent~—or—WPCs™1 w cel l's by
selecting for cells that express the STRO 1 cell surface marker. As

expl ai ned byFIE® OFTRESINYERTYON 272-273, it is known that bone marrow
cells ceqntain a p[rfcl)lg‘ortlon of NMPCs that, are capable of giving rise to
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30by identi §yhLigindeskii lQn within this fraction of STROL positive
cells 5 at cont af)ns? I\/P%sgﬂ%%meg'rti cul ar, WD 01/04268 descri bes the sorting
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MPCs and CFU-F arc typically present at a very low incidence in bone marrow
cells (typically between 0.05%-0.001%) and this rarity has been a major limitation to
their study in the past. An important finding discussed by Simmons et al. (1994) was
25 the identification that these MPCs could be enriched from freshly isolated bone marrow
cells to some extent by selecting for STRO-1 positive cells. In particular, the selection
of STRO-1 positive cells enabled isolation of MPCs (and resultant CFU-F) frec of
contaminating hemopoietic progenitors.
WO 01/04268 provided a further important advance in the enrichment of MPCs
30 by identifying a subpopulation within this fraction of STRO-1 positive cclis that
contains MPCs. In particutar, WO 01/04268 describes the sorting of the STRO-1
positive cell population into three subsets: STRO-1"", STRO-1""emed 1hd STRO-
18" Clonogenic assays for CFU-F in the different sorted subpopulations
demonstrated that the vast majority of the MPCs are contained within the STRQ- et
35 fraction.



5from whi ch MPCs can be isolated according to the nethods described in WO
2004/ 085630 i ncl ude human bone marrow, dental pulp, adipose tissue, skin,
spl een, pancreas, brain, kidney, liver and heart. The MPCs isol ated from
perivascul ar tissue are positive for the cell surface marker 305. They cart
therefore be isolated by enriching for cells carrying.the 305 marker, or by
enriching for an early devel opnental 10surface marker present on
perivascul ar cells such as CD 146 (MJC18, VCAM I, or by enriching for high
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chondr opr ot gedshasivh b the %R aRd Wbkl dfMese avascular connective tissue they all
contain cells which synthesise an extracellular matrix which is rich in highly negatively
charged proteoglycans, which imbibe water molecules together with the fibrous
25 protein, type II collagen, which confers high tensile strength.
Avascular connective tissues such as hyaline cartilage, the inner two thirds of
the meniscus and the intervertebral disc have limited repair capabilities and when
injured may respond by the production of a functionally inferior fibrocartilagenous scar
tissue. Through a multitude of factors, dominated by aging, genetics, hormonal status
30 and physical injury these avascular connectives often fail leading to the widespread
clinical problems of disc degeneration, back pain and osteoarthritis.
Current medical therapies normally used to treat the symptoms arising from the
failure of these connective tissues, for the most part, do little to redress the underlying
pathology responsible for producing the symptoms and in many instances may even
35 exacerbate the problem by down regulating the capacity of the resident cells to
synthesis the structural components of the tissue extraceliutar matrix. Ideally,



conditions which enhance matri x biosynthesis and effect repair and
restoration of the injured connective tissues. S SUMWARY OF THE | NVENTI ON
The present inventors have now rmade the surprising finding that
intra-articular adm nistration of MPCs provide a chondroprotective effect
injoints wwth pre-existing osteoarthritis, and |l eads to generation and
gromh of cartilage tissue in synovial joints and in the nucl eus pul posus
of the intervertebral discs. This finding indicates that 10MPCs or their
progeny, or supernatant or soluble factors derived fromthese MPCs, can be

used to protgg o T (r.d d conpective tissues as well as generate
new functi ongﬁaf ?Js“g lgrgﬁ)tg{;ntssisﬁg@gg? atg%adQ%\QP%{PWSWCBYG%%FWﬁW‘A%@Pdi ngly, the
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di sease in ainfuidy @ahecBié Bishg. f rom degradati on and/ or inflammation of
15connective tissue, the nmethod conprising adm nistering to the subject

MPCs and/or progeny cells thereof and/or soluble factors derived therefrom
In one efbodsUMMARY ORTHEINVENGIONt he connective tissue IS rich in
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form that | @inBionaSid¥hd Arshi¥e of%gggn@}aﬁgﬁ g{iinon may be made into an invertebral
: or preven Gefects in the surroundi ng di scs.
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I n anot her exanpT%° i Present wiention penyide; atethod wb trsdtingaind/ar si t e near t he
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near to a sTP&"EFelS tefpqfiandga selelile fctornderineditefivinal cartil age defect. For
exanpl e, the intle ancenibodithéit of thie @Gloh@dh, FRYoRRABAR LM Qe jknee joint, hip
joint, anklgokeiifdans, Lizlogl?rc il/é){j s me Ogﬁ!. e i chm ol (Jmo"nt otinge '
finger joint or a)oint o The BBt may pe attilagg, &resppale, fiakive gasiilnge.
n another embodiment, the disease results in a defect in the cartilage,
20 In another embodiment, the method comprises administering to the subject

MPCs and/or progeny cells thereof and/or soluble factors derived therefrom, wherein
the MPCs and/or progeny cells and/or soluble factors are not directly administered into
the defect.

For example, administration may me made into a joint space in order to treat or
25 prevent defects in the cartilage on the articular surfaces of bories that form that joint.

Simifarly, administration may be made into an invertebral disc space in order to treat or

prevent defects in the surrounding discs. In another example, administration is made

mtravenously at a site near the cartilage defect.

The MPCs and/or progeny cells and/or soluble factors may be administered by

30 intra-articular injection. The intra-articular injection may be made into any joint of the
body which is near to a site of a cartilage defect, or a potential cartilage defect. For
f:xample, the intra-articular injection may be made into a knee joint, hip joint, ankle
Joint, shoulder joint, elbow joint, wrist joint, hand or finger joint or a joint of the foot,
or an mvertebral disc joint.

35

In another embodiment of the invention, administration of the MPCs and/or
progeny ceils and/or soluble factors results in preservation or generation of cartilage



351 n anot her enbodi nent of the invention, adm nistration of the MPCs and/ or
progeny cells and/or soluble factors results in preservation or generation
of cartilage 4 that is rich in proteoglygans and type Il collagen. An
exanple of a cartilage that is rich in proteoglycans and type Il collagen
is hyaline cartilage. Preferably the cartilage preserved or generated by
the nmethod of the present invention is not fibrocartilage, which is rich in
type | collagen, very lowin type Il col4dagen and contains |ess

5proteogl ycan than hyaline cartil age. Exanpl es of diseases "ari sing
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psoriatic ar fanFeive Ussypdinglude huigae hetdinzited He,iteridopitiartable pain,goassoei at ed

15wi t h i nf | armadnaiograbeivg| Catbaeasel s%d@ﬂieybeéhaﬂaiﬁ'ﬁi%qwniéﬁgégggﬁgﬁtd@gteEgr ate

i nvertebral i ders., . I'n, anot her preferred. e
met hod furt h%ﬁgacl)?}%??{slggggdirﬁ?ﬁi1@?@?‘?‘% S]‘ng‘]“ﬁ?’d & Sﬁ’@?ﬂhftﬁﬁg’?"myc an be
adni ni st@r edynéromsdRER/E serosttightérmspratvitispeppasilylitonteassyhintis edrsic sutleer nat ant
and/ or f act ofyh@hme 2Tt 854 Hnch) LRI R By RE O ARR . & GRIRGS! t1 On
conpri sing I\@g?) ?;u(d/ or ﬁircf%en%zlfl I's ther e%%&g{{g%ya% ur oﬁ?té, ac ]c%; ) The
resul ts presented REP & A THATT APE¥FGPsoprisdryiideariponand/or idipmmiationact or s
rel eased by afhalingshrsitage ihchulkthat et nvPGaitar © astbiptiosch weostdoaniigct i ve tissue
protection, rgemekAd heiANho S5 RWMrRritid 206 cQbHoR Yartnline aﬂhﬁﬁ?&%oéiﬁé’fm ' on
al so prvides,a ﬁ%ﬂ}goty tion %orrpr | salﬁggl; , ﬁ“ supernatant, "Of one or
more solubl € Fagt SrQaohoXeEdiseast,on ankElasinn sharry Hisaad degsmerste inverehrats)
and/ or progéisg d@erdesv_. thereof, and ii) hyaluronic acid. In a further
aspect, the presginotdy 5iRfef cRbOUMIES b Metl NGulRR Shp IR SiNAL A ©F
hyaluronic acid (HA). HA can be administered in the same or different composition as
the cells, supernatant and/or factor(s).
20 The present invention also provides a composition comprising MPCs and/or
progeny.cells thereof and hyaluronic acid.
The results presented herein indicate for the first time that soluble factors
released by the implanted cultured MPCs are supportive of connective tissue
protection, generation and growth.
25 Accordingly, the present invention also provides a composition comprising;
i} supernatant, or one or more soluble factors, derived from mesenchymal
precursor cells (MPCs) and/or progeny cells thereof, and
i1} hyaluronic acid.
In a further aspect, the present invention provides for the use of supernatant, or
30 one or more soluble factors, derived from mesenchymal precursor cells (MPCs) and/or
progeny cells thereof for treating and/or preventing a disease in 2 subject arising from
degradation and/or inflammation of connective tissue.

The present inveation is applicable to a wide range of animals. For example,

the subject may be a mammal such as & human, dog, cat, horse, cow, or sheep. In one
35 embodiment the subject is a human.



30 one or nore soluble factors, derived from nmesenchymal precursor cells
(MPCs) and/or progeny cells thereof for treating and/or preventing a

di sease in a subject arising fromdegradation and/or inflammtion of
connective tissue. The present invention is applicable to a w de
range of animals. For exanple, the subject may be a mammal such as a hunman,
dog, cat, horse, cow, or sheep. In one 35enbodi nent the subject is a human.
5 Throughout this specification theSword "conprise", or variations
such as "conprises” or "conprising”, will be understood to inply the

i nclusion of a st enent, i.pteger_ or step, or, group of el enents,
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Figure 2. Means+SD of fenora I a e B‘r?f/'te scores 12 weeks
post neni scectony for joints injected with Hyal uronan ( HA) or HA plus

different doBREBDESORERENONRIHE BGURES Cells (MPC). 20 Figure 3. Ratios
[ HAJ ( MPC+HA) Rig#¥e 1C i I J,oLnt scores . for animals injected

wi th di f§er er:%.5052??%%32%@%%&?%%‘%8%%P“t%ﬁ?" OgySERIFS | 4erkspast o = 1
bot h t r eat neRTSCEGRURY f9f Juipt dyegtedewitiRriy dluronan (IHAh O HAtpdusMPErE# dosigeifi Or t 0

HA. Fi gur e 4MesRathymal FrbAir{dvRetr-@PCpf osteophyte scores for aninals
injected with different doses of MPC + HA relative to HA alone. Wen ratio

= 1 both tr%atrregti/lequally effective. Ratios > 1 indicate MPC+HA superi or
to HA  25Fi e =5 MeRpsnPilifernprahanstibind ppitnphptersiaad |3 wekk @bsri ned r egi onal
t hi ckness sownisscfoary oajoirtt RgR&dGHith 19 a\irSndnFiLES ' go ronan.(HA) or
100 mi |15 onpNEG otk A o nn'enirtsce)f:‘tﬁg{rr%vbfu d%@r‘%ﬁﬂ%‘*&f’f tibi al
. SEtICity. Pie\gg $ECe i ; .

cartil age regi ons HA+ mF?| C > HA (p<0.05). 30Figure 6. Ratios
ff-1MWC+tHA)] of nean+SE total Mankin Modified joint

.Fl.gure 3. Ratios [HA/(MPC+HA)] of cartilage morphology joint scores for animals

injected with different doses of Mesenchymal Precursor Cells (MPC). When ratio = 1

2 both treatments equally effective. Ratios > ! indicate MPC-+HA superior to HA.

F_ig“re 4. Ratios [HA/(MPC+HA)] of osteophyte scores for animals injected with

different doses of MPC + HA relative to HA alone. When ratio = 1 both treatments

equally effective. Ratios > | indicate MPC+HA superior to HA.

25 Figure 5, Means+SE of histomorphometrically determined regional thickness scores
for cartilages of joints injected with hyaluronan (HA) or 100 miltion MPC + HA twelve

weeks post meniscectomy. Combining all tibial cartilage regions HA+100 million MPC
> HA (p<0.05).

30 Figure 6. Ratios [HA/MPC+HA)] of mean+SE total Mankin Modified joint
histopathology scores for animals injected with different doses of Mesenchymal

.Precursor Cells (MPC). When ratio = | both treatments equally effective, Ratios > 1
indicate MPC+HA supetior to HA.,

35 Figure 7. Means+SD of femoral and tibial cartilage morphology scores for HA and
HA + 100 miilion MPC injected joints 12, 24 and 52 weeks post meniscectomy.



hi st opat hol ogy scores for animals injected with different doses of
Mesenchymal Precursor Cells (MPC). When ratio =1 both treatnents equally
effective. Ratios > 1 indicate MPC+HA superior to HA. 35Figure 7. Means+SD
of fenoral and tibial cartilage norphol ogy scores for HA and Figure 8.
Means+SD of fenoral and tibial osteophyte scores for HA and HA + 100
mllion MPC injected joints 12, 24 and 52 weeks post neni scectony. 5Figure
9. Ratios [1-1A/(MPC+HA)] of cartil age n®rphol ogy joint scores for aninmals
injected with Mesenchymal Precursor Cells (MPC) 12, 24 and 52 weeks post
meni scectony. Wen ratio =1 both treatnents equally effective. Ratios > 1
i ndi cate MPC+HA superior to HA. 10Figure 10. Ratios [IIA/ (MPC+tHA)] of
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15Figure 11. Ratios [I| MWC+HA) 11 of nean+SE Mbdified Mankins joint
cartilage hiBigaped. hmtmgrmg H‘@ Smb asg;se m%éo?es'\fas%@&mém'
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Precur sor e
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to HA 20Fi gaemscegtomybWhed ra8E =df botlatredtinents equaily aﬁ@:tm: iRatings g ifidieate | oi nt s

i njected w tptyAAWY émt({hﬁ) or HA + different doses of Mesenchynmal
Precursor Cells (MPC). *=p<0.05, ***-p<0.01, ***=p<0.001, ****=p<0.0001.

Figure 13. Mean+/-SE of patella cartilage stiffness fromjoints injected
wi th 25hYal UFigwred0¢ Bajio AyaﬂPmHAu]mfommmymakcoasmmls Ggdckedd (MPC) +
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lag from | oi HE® rF‘WF tng' t\r/ﬁaf"f‘P”gﬁcﬁWﬁ%‘? fetive. Ragigs oi 1ﬂdFWC4MHCf’Hér ent doses of
Mesenchymal sPpesioutosidA. Cel | s (MPC). *=p<0. 05, **=p<0.01, ***=p<0.001,
****=p<0. 0001. Fi gure 15. Mean+/ - SE of patella cartilage phase lag from
j oi nts | ' j%?. Iuronan}g or HA + 100 m|lion ‘Mesenchymal
Pr ecur Sc?n igure HA/(MPC+ A)] of mean+SE Modified Mankins foint cartilage
hls_topathology scores for animals injected with Mesenchymal Precursor Cells {MPQC)
12, 24 and 52 weeks post meniscectomy. When ratios = 1 both treatments equally

effective. Ratios > 1 indicate MPC+HA superior to HA.

20 Figure 12, Mean+/-SE of patella cartilage stiffness from joints injected with
hyaluronan (HA) or HA + different doses of Mesenchymal Precursor Cells (MPC).
*=p<0.05, **=p<0.01, ***=p<0.001, ****=p<(.000].

Figure 13. Mean+/-SE of patella cartilage stiffness from joints injected with

25 hyaluronan (HA) or 100 million Mesenchymal Precursor Cells (MPC) + HA and
sacrificed 12, 24 and 52 weeks post meniscectomy. *=p<0.05, **=p<0.01,
FH*=p<0.001, ****=p<0.0001.

Figure 14. Mean+/-SE of patella cartilage phase lag from joints injected with
30 hyaluronan (HA) or HA + different doses of Mesenchymal Precursor Cells (MPC).
*=p<0,05, **=p<0.01, ***=p<0,001, ****=p<0,0001,

Figure 15, Mean+/-SE of patella cartilage phase lag from joints injected with
hyaluronan (HA) or HA + 100 million Mesenchymal Precursor Cells (MPC) and

35 sacrificed 12, 24 and 52 weeks post meniscectomy. *=p<0.03, **=p<0.01,
FHF=p<0.001, ****=p<() 0001,



35sacrificed 12,24 and 52 weeks post neni scectomny. *=p<0.05, **=p<0.01,
***=p<0. 001, ****=p<0.0001. 7 5 Figure 16. Conparison of joint cartilage
nor phol ogy scores for untreated castrated nal e sheep and ovari ect om sed
ewes 12 weeks post neni scectomy showing the significantly greater severity
of QA lesions in the female group. Figure 17. Conparison ofjoint osteophyte
scores for untreated castrated nal e sheep and ovari ectom sed ewes 12 weeks
post meni scectony showi ng the significartly higher scores in the female
group. 10Figure 18. Mean+SD of cartilage Modified Manki n Hi stopat hol ogy
scores 36 weeks post neniscectony fromjoints of ovariectom sed ewes
injected with, Hyaluronan (HA) or 1-JA+100 million Mesenchymal Precursor
Cel I's (MPC) Kizupeie Coseparisonofijsiotwttdage. mdphalbgiesores A uietBstscadPEaHA. These
results shownaiahiedd afd beReMifsel B &L Pllis post nfefAULRRARRRLTE

Hlne cBrt ge over 8

hi st opat hol Qgj re of fenpral hyaline I'"age o ntfis to a
15gr eat er e%%nﬁlFgaﬁﬁ%ﬁreﬁebfeéﬁ“%é.’fpﬂ lagens ipfhgdermale groumat i os (HA/ HA+MPC) of
cartil agé Total Modified Mankin Hi st aopat hol ogy Scores for joints of
ovari ect om sEguRWEs (RMBEKS FRAST I.SC. adm nistered intra-articul ar
i njections 12 weeks osptd men| c%cofon&ﬁﬁgl%g?%tupgea%e ?“Mmeﬁéﬁ?aui val ent
to HA Ratio s {2 eSI0BURC Gives- B Weshs pest ieptseestanyieshomving HIA signifivantlyDat a =
Means+SEM  THighsesooess in the fstmaeiobpt a singl e MPC i nj ection reduces abnor nal
hi st opat hol ogi ¢ score of fenoral hyaline cartilage over 6 nonths to greater
ext ent antibi rti . 25Fi gure 20. Mean+SD of fenoral cartil age
Modi f i egp Man ke ﬁ!%‘s %Bﬁﬁg@‘l%ﬁ%ﬁmn Bibstoyadiodogycstreniivaskect ony
(l C'\)%O flr?)_m j @Klgwngdﬁectmwm Iiareﬂti@ims%edva@l]al&&m[sedi @ﬁ&seiﬂ'elé\ﬂfg ﬂxiﬁi’%ﬂ]k aﬂﬁ&[&?fayﬁ[/&ﬁw or |
m | |i onoMagensi k S + weeKs pos conpare
wi th non-inpected | nt's a“’f"%f%&%“’ﬁ%{s‘gewﬁx%’f’ﬁ VANGERS pgstgncniscectompr 12 wks
NI L versus tr&4fhehtsVersis dRC+RAUThese siyuits shhttha asinglyl MPERSedtinect i on

30r educes  alsdurerabnaninsit tigafatal Qe &oReTFn N Glyalind QIR Ovlagwoﬁthg}d Fenor al
cartil age hpsionmRPeIELEN ta 36 weeks post neni scettony romjo? nts of
ovariectom sed ewes I njecte Wt h Hyal uronan (HA) or 100 mllion
Mesenchymal Precursor Cells (MPC) + HA 12 weeks post neniscectony. Data

shown. 35= MEignreSBMRaRoy ¢ AVBRA-MIE of c&@QﬁWota-lrﬂﬁﬁﬁieﬁ%H%(Er?%l\%/%%ﬂ&&%@%t ﬁs t han

singl e MPC 3ei qb oM HIERRALERIAASALE s U3k bhS el age

hyal ur oni ¢ sorgy 15T | post meniscectomy administered
_ ntra-articular injections 12 weeks post meniscectomy. When ratio = 1, MPC+HA

20 equivalent to HA. Ratio > 1, shows MPC+HA more protective than HA alone. Data =
Means+SEM. These results show that a single MPC injection reduces abnormal

histopathologic score of femoral hyaline cartilage over 6 months to greater extent than
tibial cartilage.

25 Figure 20. Mean+SD of femoral cartilage Modified Mankin Histopathology scores 24
and 36 weeks post meniscectomy (MX) from joints of ovariectomised ewes injected
with Hyaluronan (HA) or 100 miilion Mesenchymal Precursor Cells (MPC)+HA 12
weeks post MX compared with non-injected joints at 12 weeks post MX. P values are
for 12 wks NIL versus treatments, These results show that a single MPC injection

30 reduces abnormal histopathologic score over 6 months.

Figm:e 21. Femoral cartilage histomorphometry data 36 weeks post meniscectomy
from joints of ovariectomised ewes injected with Hyaluronan (HA) or 100 miltion
Mesenchymal Precursor Cells (MPC) + HA 12 weeks post meniscectomy. Data shown
35 ‘wl}'vtea'aanEM. P values = HA v MPC+HA. These results show that a single MPC
injection generates greater hyaline cartilage over 6 Months than hyaluronic acid.



8 Figure 22. Mean+SEM hi st onor phonetrically determ ned fenoral cartil age

t hi ckness ofjoints fromuntreated ewes sacrificed 12 weeks post

meni scectomy (M) or injected with Hyal uronan (HA) or Mesenchymal Precursor
Cells (MPC)+HA at 12 weeks post 5Mk then sacrificed 12 or 24 weeks | ater.
Dat a expressed as Mean+tSEM P values relative to 12 week NIL treated. These
results show that a single MPC injection increases hyaline cartil age

t hi ckness over 6 nonths. Figure 23. Hist®norphonetrically determ ned
femoral cartilage areas of j oints from 10untreated ewes sacrificed 12

weeks post neniscectonmy (M) or injected with Hyal uronan (HA) or
Mesenchymal Precursor Cells (MPC)+HA at 12 weeks post MK then sacrificed 12

or 24 vveek; F'auecZZ.Dd'eamiSEMEswﬁﬂmnkﬁamhﬁfﬁkéndﬁléﬁ&érﬂﬁﬁl dathlagd HRKkh&s12 week
NI L treated. ,d; ) ingle MPC injecti I ncr.eases
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| | yal uronan %ﬁﬂ)\é%rl ; és%r@ﬁé‘ﬁﬁﬁ%’Pﬁ%?ﬁl‘?ﬁ&%&?’ltéat(aWégyﬁg&é@e‘it?“v\eeks post
Mk 20t hen sa®fieasegbpling castilagethigkokss overttamontidat a expressed as Mean+SEM P
values relative to 12 week NIL treated. These results show that a single

MPC i nj ecti rat.es _signifi.cant nore .cartil age containing

pr ot eog| ca(rjlﬂgﬁ'gen%h?é? ﬁTSWﬁgm%‘F%[}i ﬁeé'@f’ieg fererralcagiiags 4r93s of jpeits fome

25. Sc heﬁéti cinfregecbereastsatrifisnd 02 wetie postrheniscspoma(Mkpardhjscttd edthed Wit h
Mesenchymal iafkofof HAPSE Mesdtiinlal ipeclsbr ORIPIE)PHRS: 15 bAMLGoZBuEAN
recovery indis [ three and six nonths Tol 'ow ng 1njection of MPC and
A nto.t he ‘NISRERSAIpOL T Bk dunDAaaneteds MPRESEVR0 Thesfwsreive

DESCRI PTI ON 'O PREFEIRREDENIORINVENTIS sihw it sih /BN igc@niatahsesechni ques

and Sel ect ethyddakichhildgRSea WObeSSoxRECi fically defined otherw se, all
technical and scientific terms used 9

Figure 24. Histomorphometrically determined Integrated Grey-scale Density (IGD)
as a measure of overall Proteoglycan (PG) content of femoral cartilages from joints of
untreated ewes sacrificed 12 weeks post meniscectomy (Mx) or injected with
Hyaluronan (HA) or Mesenchymal Precursor Cells (MPC)+HA at 12 weeks post Mx

20 then sacrificed 12 or 24 weeks later. Data expressed as Mean+SEM. P values relative
to 12 week NIL treated. These results show that a single MPC injection generates

significantly more cartilage containing proteoglycan than hyaluronic acid injection over
6 months.

25 Figure 25.  Schematic representation of the lumber spinal levels treated with
Mesenchymal Precursor Cells (MPC) in all sheep Groups.

Figure 26.  Mean recovery in disc height three and six months following injection of
. MPC and HA into the nuclei pulposi of degenerate sheep discs.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE
INVENTION
General Techniques and Selected Definitions
Unless specifically defined otherwise, all technical and scientific terms used
35 herein shall be taken to have the same meaning as commonly understood by one of




ordinary skill in the art (e.g., in cell culture, stemcell biology,
nol ecul ar genetics, inmunol ogy, i nmunohi stochem stry, protein chem stry,
and bi ochem stry). Unl ess ot herwi se indicated, the reconbi nant
protein, cell culture, and i munol ogi cal techniques utilized in the present
invention are standard procedures, 5 well known to those skilled in the
art, Such techniques are descri bed and expl ained throughout the literature
in sources such as, J. Perbal, A Practicgal CGuide to Ml ecular doning, John
Wley and Sons (1984), J. Sanbrook et at, Mdlecular Coning: A Laboratory
Manual , Cold Spring Harbour Laboratory Press (1989), TA. Brown (editor),
Essential MbIPEERATGEKiH; i8] thgygrt (Agpimetli callurdperoach bidlogyw meslechiandndics IRL 10
Press (1991) imBubdlogs, vdtinoAREbcRerhlstr)) ' hi ing: A
Practical Approa [g,€3:,¥0| nes 1-.4,. | @%2% Jé%@é%%g%é'%t?ﬁand F. M
Ausubel et al. FSr STTRR BHEalesh ot SFOMbINARG | Retginar cali shbigy, w@deene
Pub. Associ at/@8urawgion teshrigeesritizeh e the @8@nt invertioddi 419 sthbiard RdeBSrelINt i |
present) 5 Edwkiakhewn angiofeadiital; di ' ies:. A Laboratory
Manual , Col dth%%r'bn% Har bour Lgb@?ﬁi é‘?}i%ﬁ%}ﬁ@s” éf%gegaesﬁ%béﬁcﬂ%ied(ﬁﬁ“%flal :
(editors) Cuptert RIS GBI mropiattishagy: Pydhh AieeicakGaishdo Maledulmli ng al |
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15 specific |ineage-comm tnent and differentiation pathway which these
cells enter depends upon various influences from nechanical influences
and/ or endogenous bioactive factors, such as growmh factors, cytokines,
and/or | ocal mcroenvironnental conditions established by host tissues.
Mesenchymal precursor cells thus nonhematopoi etic progenitor cells which
divide to yield daughter cells that are either stem 20cells or are

precursor cells which intime will irreygrsibly differentiate to yield a
phenotypic cell. In a preferred enbodi nent, the MPCs are enriched
froma sanple obtained froma subject. The ternms 'enriched', 'enrichnment or

variations theredis aicd hetainy thertesim “ons etesorei soduble plaptotsatefays tofmaeules, i n

whi ch the prgpRely sroteits, RBRIAMYIhEMPRS, &8k plo¥Bf Qi &Qﬁo??ﬂf}ﬁ%’ﬁm&h@n of a
nunber of particul ar cel types is increased when conparéd w t he
untreat ed popul ation In a preferred enbodi ment, the cells used in the
present i nve&&E@MPmCBBOWMPQ@%&MenTWﬂMd S:I'ﬂa@:atant@@g CDI 46+,

3G54 or any geRiFonAld dikdBEERl THRIELE! abl y, the STRO I+ cells are
STRO- | bright. Prefera rir 30cells are,additionally one or

TOre of VOAM |+ AHER aeeiny AP G4as Ao bpmaspRoiic STRO-1' prageier erlsdbAtment .t he
mesenchynal q@weapablsoffomirigslargeempbesrsvfamltibaemimsamdmﬂml precursor cel s as

def] ned i1 VO 20BLARRRA WASRISEIRCHRCIR kbR e (07 @

gi ven marker it e or a
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fl uorescenceggq c e cqol our e of the
cells. The %k_ét??h@tgﬁgle ngé(?rH{ @ege%%ug]l’ qu vy caﬁgb ?r}g%?{e enﬁﬁn%é‘@?stood
in the cont &¥fergst gﬁﬁ’é 1T RUGh 25 BmEsAdA Pepdarmiardr ecgaskerm.poffuisaMigls wei ng
sorted. \Wenapableroétlgferheinihmintoa Brgé&lubbaﬁottb@ll Iﬂﬂ)es H‘%ﬁf&'ﬁdgv&tfrf%f l:@ntgd %en
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I albfal I edf dependshapére variowy irfiifences WhGH M&ﬁﬂmﬁﬁr ?dffﬁcnc%%ﬁ% tg%hd@gé]%[:é(er on a

cel | surfac rates.a relative s en det.ec

| abel | ed. vxﬁ“’lt“g?’g e s“ﬁg gf"““hg%‘?‘?fﬁn %’é‘g‘ ‘?ﬁ? Nﬁ*g?ﬁg?ca inpiciognyiraspsaial t hat
"bright" cefquditions restablivhed eb)oﬁlosthesmar gevesrachymral prreduedon ¢ctlorthaxaispl e t he

anti gen reclmag:ﬁut@mbnbspre“@ﬁ@rlaeliﬁ DARK QA NEL tocﬁélh %aﬁéﬁtér'&@llssﬁlgpérg l‘elthe:l‘(gthor

i nstan reater, fluore cent
| abel | &g w. th ot r“r%?“&ﬁ‘f?"ﬁ@g‘fea'%é 'im%er’E‘IIb‘HSYFr%{ Yd‘é‘ffé'fem*ﬁédowelﬁms
anal ysi s, tPgRoti@iacelti ght cells (STRO-1"1/""). Preferably, "bright" cells

constitute at | eraﬁbre@é}&uten{bo&%éﬁf BEAPERaL: RFibAA I » ARAML SEhafRAREoRT T O

m)nonucl ear %%h:c? Crﬁ a| ned F‘ééx arting sanple
"bright" cel T'S0€6nstf tUME Syic ‘F“r Beer 9"’.‘[%3“8’{‘5 {hgref asstusad hereBvgo 15 at
| east aboutdesayibe atpopelation afbalis il whikh tier praportieast orebmuticulitce 0k ptshﬁzfiévst

brightby | " dinith t
carpl e n%“’ﬁ“‘e?‘??ﬁ B Rbod Taues GSES?I%%?&?QI&”%W'@”W Tiagni t ude

h| gher expr”@gg 28RO 1 surface expression. This is calculated relative
“backgr ound" n ma:rm“m;re&ehibsdnhﬁﬁt, the @elSTHYaM lin- :h&prérs@ﬂpm.ﬁim,ar%ﬁi@ | dri

and/or STR@NAP \;@Wa+ Le 20 yj magni tude hi gher
expr essi on % I%Ofl Eur ace éxpre(gszl oﬁﬁf t“ﬁﬁ% (g%o?ft b'B‘?“ %ess t han
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exanpl e, the tegmgnc 565 the Li verhyénagf orm % AP) . the bone isoform

(BAP) and the kjdney ©Sotorm (I CAPIeS r BREYSYy cofls are penvascular
mesenc ymal precursor cells as defined in WO 2004/85630.

When we refer to a cell as being “positive” for a given marker it may be either a

low (lo or dim) or a high (bright, bri) expresser of that marker depending on the degree

35 to which the marker is present on the cell surface, where the terms relate to intensity of
fluorescence or other colour used in the colour sorting process of the cells. The



25 enbodi nent, the TNAP is BAP. In a particularly preferred enbodi nent,
TNAP as used herein refers to a nol ecul e which can bind the STRO 3 anti body
produced by the hybridoma cell |ine deposited with ATCC on 19 Decenber 2005
under the provisions of the Budapest Treaty under deposit accession nunber
PTA-7282. Furthernore, in a preferred enbodi nent, the MPCs are capabl e of
giving rise to 30cl onogeni c CPU-F. It is preferred that a significant
proportion of the nultipotential cells arle capable of differentiation into
at least two different germlines. Non-limting exanples of the |lineages to

whi ch the mul tipotentdal cells y .conm tted include bone precursor
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35 hepatocytes; neural restricted cells, which can generate glial cell precursors that

progress to oligodendrocytes and astrocytes; neuronal precursors that progress to



13 CD3E, CD86- CD34 and/or CD80-. However, it is possible that under
different culturing conditions to those described herein that the
expression of different markers may vary. Al so, whilst cells of these
phenot ypes may predom nate in the expended cell population it does not nean
that there is a mnor proportion of the cells do not have this 5
phenotype(s) (for exanple, a small percentage of the expanded cells may be
CC9-). In one preferred enbodi nent, expanded cells still have the capacity
to differentiate into different cell types. I n one enbodi nent, an

expended cel | 1@ ul ati on used to obtain supernatant or soluble factors, or
cells per sel® S'rF‘)FpPT"?éréméé‘Prl cgrdigsapescls aad crdipstyooBss chvepss-iosneheiralnsylinat
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freshl tiye for both ST
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In yet a fuérg}[?{]g %}@ rpgﬁ 5%889 rﬁoh 98 SfimNRud wpﬁﬁtm%kwomfk!ﬂlzﬁle
activity arfeormeh ‘Eﬂn@gatclfaretdloattemdiﬁimnktende@[ﬁoﬂ udd.in a cell culture, even if it

has not yet been contacted with cells. In other words, a nutrient rich liquid prepared for

bacterial cuiture is a medium. Similarly, a powder mixture that when mixed with water
30 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+ MPCs from bone martow using magnetic beads labelled
with the STRO-3 antibody, and then culture expanding the isolated cells (see Gronthos
et al. (1995) for an example of suitable culturing conditions).

In one embodiment, such expanded cells (progeny) (at least after 5 passages)
can be TNAP-, CC9", HLA class I » HLA class IT', CD14°, CD19°, CD3", CDlla-c’ ,

35



The MPC starting popul ation may be derived fromany one or nore tissue
types set out in WO 01/04268 or WD 2004/ 085630, nanely bone marrow, dental
pul p cells, 10adi pose tissue and skin or perhaps nore broadly from adi pose

tissue, teeth, dental pulp, skin, liver, kidney, heart, retina, brain, hair
follicles, intestine, lung, spleen, |ynph node, thynus, pancreas, bone,
| i gament, bone nmarrow, tendon and skel etal nuscle. . It will be

understood that in performng the preseh$ invention, separation of cells
carrying any given cell surface marker can be effected by a nunber of

different 15 h er r red nmet hods, rely upon binding a binding
agent to the%?ﬁ@%q%ﬁn&@&o?b@é\edﬁﬁye‘éﬂsgp’érp&ts?@ﬁ thet wniss dliffergnt

exhi bi t bi ndfHEring epudifians th thosehiaybritied heteibihatlihn gxpressidnosy diffeht amedisng or
no bi ndi ng. hh SRKIBORNIRDL Walell i ies o nt.i body
based nol ecul] %gvilfg% gf er abll %1 %%ﬁ%%%g?tg%gpﬁéﬁ%@@%&ye %@gre‘%edgcﬁh

monocl onal AP BHET E4ofdLmean Hatthere isdyetior properionpf thaedls doaot bavedhisnt s.

ﬁo Antid bédih exs‘lelcampdﬁ@ (fos exbrfipe, aonidll [wicepage hmjew;fageédmmm%sc@@-gh}l ﬁl fso

e used, thuseldr&rangds ; S I e e oyed to enric or
cells carryi cP§ IjtrherrPl %ﬁﬁqdé%%}?’n%p%lén%ﬁs MM“%@%genf%pﬁ%gipéé’s&/lgfgmwi‘ﬁ%h@g may be
attached to A ¥8HC ’s?ﬁf)‘bort to allow for a crude separation. The separation

E ecgni qulels p E, efg ehaégée}cmm&imﬂnﬁ entdyperided el ??ﬁlé@zb;m%c;’tbtb' dbain Q&pe%gaftaﬁﬁ of Ir act idon
o be col | egbrdic £ ~ rent e cy may be enpl oye
to obtajn rel a%g’rQ\g/el gk’gjrtlgeﬂes?%epéé?g}? rés(r%gs?glf%h%beér} ?til%aﬁ{jas‘r;g’t%%'ﬁﬁ}/ﬁﬂébléggl oyed
w || depend ‘E?ﬁ u0F fheicelihdye 6 9§epar ation, associated cytotoxicity, ease
gnthPeef' 0{6_ f{frﬁlégﬂmmd boﬂhﬁlermeamméﬂdgdtarp@ﬁmbﬁmg%%%gtagm HERh ﬁ.nd!gr |
echni cal skjlJ r._separati o include but are not linite
to, magnetic %‘E)bl fatg‘? %ﬁg%@?%& S%n%%ﬁ%ggei-ceﬂﬁgﬁ%ﬁ'ﬁtaghaﬁ‘rggﬁ’e?‘?ﬁe MRSy
affinity chfd %@W%Hamgammg" with antibody attached to a solid

mat rix. Techni ques ftley edbfymans the akeand&P &R A ExbRE HAERWLALE £A8!
limtedsto | dnnd: SRl QT Q0T t d | sofatih % for
A gs 0 e GRupldondifink? L‘%A-ﬁdr}i?gpv@gﬁgl?;gfg%t?%g,; GoHp Tt ep
utilising f¥rERantbe GHBECDIBEN28I P A9 \RID4ABZDA, 6B 20 0D2§TROL A
7 o048 S esnen, € osohen, L A e ey 4584 1 1
speci 1 cat -y & 017 igeg it LEURE B I Lo Regheey SBonetre use
Pl 5 . har el ot s LB 1 o0 chen
step using }iwég: (%ﬁg%%gga%%%%geﬁ?ggue 1@:&%&@%@&@% 4 ’ly renoved.
Cel l's conpris \relg the <ot ELne BstiQ AW0P0320%n Maghads farpaenaring eariched
populations of MPC from which progeny may be derived are described in WO
01/04268 and WO 2004/085630. In an in vitro context MPCs will rarely be present as
an absolutely pure preparation and wili general ly be present with other cells that are
25 tissue specific committed cells (TSCCs). WO 01/04268 refers to harvesting such cells
' from bone marrow at purity quels of about 0.1% to 90%. The population comprising
MPC from which progeny are derived may be directly harvested from a tissue source,
or alternatively it may be a population that has already been expanded ex vivo,
For example, the progeny may be obtained from a harvested, unexpanded,
30 poputlation of substantially purified MPC, comprising at least about 0.1, 1, 5, 10, 20,
30, 40, 50, 60, 70, 80'or 95% of total cells of the population in which they are present.
This Ievgl may be achieved, for example, by selecting for cells that are positive fdr at
least one marker selected from the group consisting of TNAP, STRO-17"" 335+
VCAM-1, THY-1, CD146 and STRO-2.
35 MEMPS can be distinguished from freshly harvested MPCs in that they are
positive for the marker STRO-1" and negative for the marker Alkaline phosphatase



so called single cells suspension. This separation nmay be achi eved by
physi cal and or enzymatic neans. Once a suitable MPC popul ati on has
been obtained, it nay be cultured or expanded by any suitable neans to
obtain MEMPs. 10l n one enbodinment, the cells are taken fromthe subject to
be treated, cultured in vitro using standard techni ques and used to obtain
supernatant or soluble factors or expanded cells for admnistration to the
subj ect as an autol ogous or allogeneic ggnposition. In an alternative
enbodi nent, cells of one or nore of the established human cell lines are
used to obtaln t he supernatant or soluble factors. In another useful
15enbodi ment (WP hecanimaenfresbly, isaleted MREK age positivh treotteSTRE! “(and ALP. tlhe
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i nvention mama@ér& ormed include but are not I|mted to cells of bovines,

por ci nes, ovi nes The ARt Betin gngaﬁ)%dnmefﬁd% 6k Bh? B o RS Bl E Rl W LD

whi ch the [ nventLo P8® mouse,
rat, guinea$ t“hﬁ’rﬁi& ]é?uéﬁ&r ge? B44/8856 0, mamelpbangmasows denta pulpcplis, speci es
with whi¢h taideposermun andrskinpyr geehape fibas brestily ﬂsﬂntadﬁmg@maé |té?e<'tﬂ g@lmalqﬂ i ts,

j ack rabbi t SyinhBfe? Skiq ROl AR 1]%{ ihe Praﬁpﬂx\f? Poqpcléssgeges%mé lur{ghs pﬁh i'ckens

(Gl lus gal/u are an-exa i nvention
may be per f GPffedfrymus, pancreas, OQ%IIB@U%@W mﬁ@ﬂwim@dmﬁébﬁet@ﬁmmmb i nvention
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for exahpl emeﬁﬁ’ 5 dpwever, proferrechmethatisaely, updn biudinglagidinBagint toGh¢ maRat t ur e
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en,

| | | h. Edi
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cell's such &§ aﬁ%%‘lﬁ'??éwyﬁfﬁlboér basad wies, posferbly lbsing aworpriogalnytibditssent , may
be uti || zedbised sombasdNaiithlied BRaRk 88 BRIplMAR!drkse dier dfiagne pref err ed

enbodi nt, are ned and ‘store opreservati on.
Admi ni g?r at ﬁgrn"?ogﬁe @be %Sg E‘nsteps%owever other agcntg/ mrg?n Igo be useg thus

ligands for these markers may also be employed to enrich for cells carrying them, or
lacking them,

N J.).

The antibodies or ligands may be attached to a solid support to allow for a crude
separation. The separation techniques preferably maximise the retention of vi ability of

25 the fraction to be collected, Various techniques of different efficacy may be employed
to obtain relatively crude separations. The particular technique employed will depend
upon efficiency of separation, associated cytotoxicity, ease and speed of performance,
and necessity for sophisticated equipment and/or technical skill. Procedures for
separation may include, but are not limited to, magnetic separation, using antibody-

30 coated magnetic beads, affinity chromatography and “panning" with antibody attached
to a solid matrix. Techniques providing accurate separation include but are not limited
to FACS,

It is preferred that the method for isolating MPCs, for example, comprises a first
step being a solid phase sorting step wtilising for example MACS recognising high level

35 expression of STRO-1. A second sorting step can then follow, should that be desired,
to result in a higher level of precursor celi expression as described in patent



5Super natant or Sol ubl e Factors The met hods of the present invention
may i nvol ve adm ni stering MPC-derived supernatant or soluble factors,
topically, systematically, or locally such as within an inplant or device.
In one particular enbodi nent the invention involves adm nistering MPC- 10
derived supernatant or soluble factors systemcally to the subject. For
exanpl e, the supernatant or soluble factors nmay be adm ni stered by

subcut aneous or intramuscul ar injection.i5This enbodi nent of the invention

may be useful for the treatnment of systemc degenerati ve di seases
wher e generat| Of- Of. 1 j f.particular tissues is desirable. 15Exanples
of systemc éggctt;aﬁ%r'%q mb]gi@gﬁ's%‘stg?fﬁ?d gutngyden wright isyolvathe wssofap drncl ude
ost eopor osi s Wfe maketsur es, or degenerative di seases of cartil age. The
MPC- der i ved super mad ABtho®bbisiRind ik i D& NS SH, L9, Lr gat

repair 6r l?‘ﬂéprﬁ%ggrlr%nlga %?quéﬁ%rivrfsgﬁ%of § 3utes &Zsul ting
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eatures o — .entail the use.o e sypernatant or
sol ubl e fact %#%Htp %Milg-ﬁ%ggh%a&%{gﬁﬁSleéeaégaéat'tofl%&e&%%ﬁ%ﬁ’é’i"ﬁ?gﬁ?ﬁmﬁ% sting
cartil age ti S@B3UEFFaExanpl e, MPC- derived supernatant or sol uble factors
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arthritis. or - a tr or surgical Injury to cartilage.
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i ncrease t h&OTPSLH t Ip 4t altameative spdndinent, cslicdl as: srodbienot B estabiaxy net hyl

cel lul ose, sombi tal Linc®ared@¥d lodbia; [ Si al

cont ai nyssui te%lg%} m%ﬁt‘%fi hl28rs, or taa%s%it%o%%@ﬁé;%g@ emg‘é‘ﬁﬁ%i”r*?‘?s‘@ of the
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Sterile inj g&@ﬁbﬁ@nsaﬂomer enesiegare ived pr esin ebehytanNEabRBIALEHE, t he
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solvent wit oy..a_35conbination o ngre

required, f g’lcﬁjg\%&d&gyn?ti ;I:‘fr\étf"édosfl‘é"r“f'?q‘afaﬁ’rlmqfﬁ celiseraBilgte, dasiper §ilioas ar e
prepar ed byl EpmephoedantmyiznhaddisheriaPenbteas]ls With S@ldithEinl @R nSyigat 0 a

st eri | @0vehpafoeméd aiclu@e kR bas] Lisper si medi um and t he required
ot her i ngr eganis 1 om tfos %S“é’ﬁf}m%?%géigsb"gff’y'&%l"ﬁ‘z?eﬁ’ PR BMONUFH) e
powders for the” proparaerish New & d Werld moskexsblagdek sellonsth whieh firef er r ed
met hods of BrEyan mayde rerfernatinahnie byt 4ig nanmnr:éce@,zc%n@lbyw@n%@' gflainggd elds a
powder of tdenesCdapiiesi i . y..addi tional , desi red [ ngredient
froma prevjous bsdt .gr:irallgen? ]Q,iblﬁ?%lp g’ghgg?’g?‘.“ %rgtcﬁllsr Wf"r‘fﬁ CBYRERC NI t h an
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sol ubi |i ty.include domesticated rabbits, jack rabbits, hares, cottontails, snowshoe rabbits, and

pikas. Chickens (Gallus gallus) are an example of an avian species with which the
invention may be performed.

Cells useful for the methods of the invention may be stored before use, or chorc

30 obtaining the supernatant or soluble factors. Methods and protocols for preserving and
storing of eukaryotic cells, and in particular mammalian cells, are well known in the art
(cf,, for example, Pollard, J. W. and Walker, J. M. (1997) Basic Celt Culture Protocols,
Second Edition, Humana Press, Totowa, N.J.; Freshney, R. 1. (2000) Culture of Animal
. Cells, Fourth Edition, Wiley-Liss, Hoboken, N.J.). Any method maintaining the

biological activity c_;f the isolated stem cells such as mesenchymal stem/progenitor
cells, or progeny thereof, may be utilized in connection with the present invention. In



10Cel | ul ar Conpositions I n one enbodi ment, cellular conpositions of the
invention are adm nistered as undifferentiated cells, i.e., as cultured in
Gowh Medium Alternatively, the cellular conpositions may be adm ni stered
followi ng culturing. The cellular conpositions useful for the present
invention may be adm nistered 15 &one or as adm xtures with other cells.
Cells that may be adm nistered in conjunction with the conpositions of the
present invention include, but are not ljgnited to, other nultipotent or
pluri potent cells or chondrocytes, chondroblasts ost eocyt es, osteobl asts,
osteocl asts, bone lining cells, stemcells, or bone marrow cells. The cells
of different angpwsferrad doeodiheny eitie Wellh ae C‘mﬂ’pﬂﬁieﬂinﬂ stbreidhBy | usiagntiyen

i mredi ately q,rresglh,glrignl'y prior 20to admi nistration, or they may be
co-cultured together for a period of time prior to admni-stration. In
sone enbodi ments of the invention, it may not be necessary or desirable to
i munosuppr eggindinigadtioantd Gompesidansi ni tiation of therapy with cellular

conposi tisons g, ema,am%g:gg[ug}er)%l% transpl antati on with allogeneic, or even
xenogenei c, I\/F’U EtHer eof may be tolerated in some instances.
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25 Suspensmns comprising MPC-derived supernatant or soluble factors may be
prepared as appropriate oily suspensions for injection. Suitable lipophilic solvents or
vehicles include fatty oils such as sesame oil; or synthetic fatty acid esters, such as
ethyl oleate or triglycerides; or liposomes. Suspensions to be used for injection may
also contain substances which increase the viscosity of the suspension, such as sodium

30 carboxymethyl cellulose, sorbitol, or dextran. Optionally, the suspension may also
contain suitable stabilizers or agents which increase the solubility of the compounds to
allow for the preparation of highly concentrated solutions. _

Sterile injectable solutions can be prepared by incorporating the supernatant or
soluble factors in the required amount in an appropriate solvent with one or a

35 combination of ingredients enumerated above, as required, followed by filtered

sterilization. Generally, dispersions are prepared by incorporating the supernatant or




| S advant ageous to fornul ate parenteral conpositions in dosage unit form
for ease of adm nistration and uniformty of dosage. "Dosage unit fornf as
used herein refers to physically discrete units suited as unitary dosages
for subjects to be treated; each unit containing a predeterm ned quantity
of active conpound cal cul ated to produce the desired therapeutic effect in
association with the required pharnmaceutical carrier. 20 It wll be
appreci ated that the supernatant or sol uble factors or MPCs or progeny
t hereof may be adm nistered in the formof a conposition conprising a
pharnaceutlcg& % @§£table carrier qr excipient. As used herein
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di spersi on. sphiilipse of such nedia and agents for pharnmaceutically active
substances is vveII known in the art. Except insofar as any conventi onal
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25 sulfate, trical cium phosphate, hydroxyapatite, polylactic acid and

pol yanhydrides. Qther potential materials are bi odegradabl e and
biologically well defined, such as bone or dermal collagen. Further
matrices are conprised of pure proteins or extracellular matrix conponents,
O her potential matrices are nonbi odegradabl e and chem cally defined, such
as sintered hydroxyapatite, bioglass, alumnates, or other ceramcs. 30
Matrices may be conprised of conbination® of any of the above nenti oned
types of material, such as polylactic acid and hydroxyapatite or coll agen
and trical ci um phosphate. The bi oceram cs may be altered in conposition,
such as in cal ci umal um nat e- phosphate and processing to alter pore size,
particle size, particle shape, and bi odegradability. 35The MPC-derived
supernatant ef,,s0luble factors, MPCs or progeny thereof may be surgically
implanted, injected, delivered (e.g., by way of a catheter or syringe), or
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Therapeutlc compositions typically should be sterile and stable under the
conditions of manufacture and storage. The composition can be formulated as a
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phosphate. The bioceramics may be altered in composition, such as in calcium-

aluminate-phosphate and processing to alter pore size, particle size, particle shape, and
biodegradability.

35 The MPC-derived supernatant or soluble factors, MPCs or progeny thereof may

be surgically implanted, injected, delivered (e.g., by way of a catheter or syringe), or



15 ascorbic acid, tocopherol, coenzyne Q 10, gl utathione, L-cysteine,
N-acetyl cysteine) as well as | ocal anesthetics. As another exanple, the
MPC- deri ved supernatant or soluble factors, MPCs or progeny thereof nay be
co-adm ni stered with scar inhibitory factor as described in US 5, 827, 735.
When treating and/or preventing a disease arising from degradation and/or
20 inflammation of connective tissue it is preferred that the supernatant,
soluble factors or cells are adm nisteref with chondroprotective agents.
Exanpl es include, but are not limted to, pentosan pol ysul fate (SP54 and

Cartrophen), glycosaninoglycap pol ysufate ester (Arteparon), )
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tenperature (up BieEpt polumers Stibrbagip side mrtups Heheanibgreacted avittndorsansi | e
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used. substituted polyphosphazenes, The ammonium or quaternary salt of the polymers can
also be formed from the backbone nitrogens or pendant imino groups. Examples of
25 basic side groups are amino and imino groups.

Alginate can be ionically cross-linked with divalent cations, in water, at room
temperature, to form a hydrogel matrix. Due to these mild conditions, alginate has
been the most commonly used polymer for hybridoma cell encapsulation, as described,
for example, in US 4,352,883. In the process described in US 4,352,883, an aqueous

30 solution containing the biological materials to be encapsulated is suspended in a
solution of a water soluble polymer, the suspension is formed into droplets which are
configured into discrete microcapsules by contact with multivalent cations, then the
surface of the microcapsules is crosslinked with polyamino acids to form a
semipermeable membrane around the encapsulated materials.



Use of fibrin glue and nethods for its preparation and use are described by
Hrsh etal, in US. Pat. No. 5,643,192. H rsh discloses the extraction of
fibrinogen and 20 thronbin conponents froma single donor, and the

conbi nati on of only these conponents for use as a fibrin glue. Marx, U S
Pat. No. 5,651,982, describes another preparation and nethod of use for
fibrin glue. Marx provides a fibrin glue with |Iiposones for use as a

topi cal sealant in manmals. The preparaion and use of a topical fibrinogen
conplex (TFC) for wound healing is known in the field. International

25Pat ent Publ i catf';ocim No, W96/ 176(ﬁ3, of The Anerican Red Cross, discusses
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therapeuti c agans Sovakfly S5REPlSwoYidecnfidd ENt 4, 983, 393 discloses a
conposition for e a n |ntra-vaginal Tnsert conprising agarose, agar,
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for the trd®geription and 25 translation of the inserted codi ng sequence.
Met hods used t orpe QRBEIIHS t or re well E own in the art. For
examlyg, el dlcs ot et 0 Qufle St MBS Sopierydburentomer o

descr i bed ni@p ifered Witk st detefistal arugs ovbidegitarmebarnissn@rovAhLtaesat or y
Manual , Cotreph8pFictogs)Habhen aBr@fgeredl With b@kd v @ngd; Ausubel et al .,
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SI npl ex Vidids edmirGasiba S a tors,. synthetiC vectors; and ot her
recomd natj,on .vte#li Clcﬁs t%/fpﬁgaﬁ%ldaé%gg)i n ?f'éxﬁert‘?“’t‘?féc’t‘@ﬁg Bantdsi s-ng both a
pr onot’er aﬁggﬁs wed Aphgtesintieappptotic wgringsh(ea., P @ NERO eninistbodia ITPE [gpqgr ati vel y
| i nked ar engdGF-ENBGF, icas 1 BitorSU Gl ’ﬁﬁ"r”i?? r pabl e scri bi ng
35RNA in vitro or in vi voﬁaktgﬁdlalroé§b%ntn’rlrgrm a %??/@ag\ﬁfﬁﬁa t& Pﬁ)mﬁégﬁrces such
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Speci fic examples 25



i ncl ude, p50, pSV2CAT, pXtl from Stratagene; and pMSG pSVL, pBPV and pSVK3
from Pharmacia. Preferred vectors include retroviral vectors (see, Coffin
et al., "Retroviruses", Chapter 9 pp; 437-473, Cold Springs Harbor
Laboratory Press, 1997). Vectors useful 5in the invention can be produced
reconbi nantly by procedures well known in the art. For exanple, W94/29438,
W97/ 21824 and W97/21825 descri be the construction of retroviral packaging
pl asm ds and packing cell lines. Exenplapy vectors include the pCW
mammal i an expression vectors, such as pCw6b and pCwe6c (Chiron Corp.),
pSFFV- Neo, and pBl uescri pt - Sk+ Non-limting exanples of useful retroviral
vectors 10ar Bhitese TeH-bsse dnhibicnrs,nsfatinge IL &y anth Torl nhibiterse RIBVIRALAGEesS.
IComl;ron ret rOVRANIL}\(S’E/t %E?dﬂ@?bﬂ(gﬁimqms%domgmgsWh&ﬂﬁ&ofﬂéf' Qﬁn-L |
eukem a vir -vect or er ri mily,
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cell, bhe 9a@RALLANS SRY. RLOLEl NS $ ﬁ ﬁp ce asse
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's lacking ester (Arteparon), glyciamino-glycan-peptide complex (Rumalon) and hyaluronic acid

(Hyalgan). Further examples are described by Verbruggen (2005) and Richette and

25 Bardin (2004). In a preferred embodiment, the chondroprotective agent is hyaluronic
acid.

Fibrin glue
Fibrin glues are a class of surgical sealants which have been used in various
30 clinical settings. As the skilled address would be aware, numerous sealants are useful
for the methods defined herein. However, a preferred embodiment of the invention
relates to the use of fibrin glues.
When used herein the term "fibrin glue" refers to the insoluble matrix formed by
the cross-linking of fibrin polymers in the presence of calcium ions. The fibrin glue
35 may be formed from fibrinogen, or a derivative or metabolite thereof, fibrin (soluble
monomers or polymers) and/or complexes thereof derived from biological tissue or



essential packagi ng sequences. Mdat of the packing cell lines currently in
use have 26 been transfected wth separate plasm ds, each containing one
of the necessary codi ng sequences, so that nultiple reconbination events
are necessary before a replication conpetent virus can be produced.

Al ternatively the packaging cell line harbours a provirus. The provirus has
been crippled so that although it may produce all the 5 proteins required
to assenble infectious viruses, its own2RNA cannot be packaged into virus.
RNA produced fromthe reconbi nant virus is packaged instead. Therefore, the
virus stock rele d.f romthe packagi ng cells contains only reconbi nant
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(neonyed n/ Ghrodshik ec%hrﬁ)ﬁé?l?se)frog‘fe%e 81|n leC%HSP“'ﬁXq L{g rcggﬁwagfr}% 03 ent A
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cel | can beofpapents Ft"‘FF'e?S *hﬁhml ket Magy, 5& st 840.i5511982, desoritet ﬁnothery Ner ve

g;r ﬁwél h ]Ic:af:tmwa(dtﬁﬁ)nd recthad 0€ Ghisé |fblr0fit6§§%gde gneen p?%vg&ﬁl 5[1) fibFE @rle with copa
| roro e | I S gene muri1 ne
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pur onyci n “Bﬂ$"é‘o?ﬁf'@ﬂl?i‘ (Hifg for gvanpd dwrliegs & kn@h in the fitld. aldchrationd!

pol ynud eothattet Pebjinatiae () WB%/@%H”%&‘Omécﬁﬁwh%oREJ‘Q?rﬁs%l 'dgaﬁsésh?}?éa”e

vect or or Lnto the host a_.second vector. In a
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vector as the pSuilicrbledtigns dsTibepthesaset of niteit ighre &brs cheedelprpaTES |
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col agen, fi f' brin and an enzyme. Further, U.S. Patent 3,089,815 discloses an injectable
pharmaceutical preparation composed of fi ibrinogen and thrombin and U.S. Patent
6,468,527 discloses a fibrin glue which facilitates the delivery of various biological and
non-biological agents to specific sites within the body.

335 Production of Genetically Modified Cells




10 EXAMPLES Exanpl e!: Expansion of immnosel eeted MPCs and col | ection of
super nat ant Bone marrow (BM is harvested from sheep | ess than 2 years
old. Briefly, 40 M of BMis aspirated fromthe anterior iliac crest into
| ithium heparin anti coagul ant-containing tubes. BMUC are prepared by
density gradient separation using 15 LynphoprepTM (Nyconed Pharma, Gsl o,
Norway) as previously described (Zannettino etal., 1998). Foll ow ng
centrifugation at 400 x g for 30 m nuteggat 4C, the huffy | ayer is renoved
with a transfer pipette and washed three tinmes in "UHF", conposed of

Fl ank' s bal anced salt solution (H 3SS; Life Technol ogi es Gai t her sbur g,
MD), containing Swoheembodisieht, thecells ysFEH, thmtl'nbdmﬁtbejmvbﬁtmomcmdmg for
Australia). aﬁwtnmﬁs@ma Nolubie ﬁ&b@tﬁ@g@xetggggﬁggﬁeactm&%gﬂ cel |

sorting as p eV| descr,i ont hos et t hos e
1995). Bri ef o&%“ﬁt&t Qm&dl 3edxt°1megt§wmtw'@gmcmmredTmcﬁly@ém ng
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on ice. %he sol utio RO 3
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ec
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n exogenous potynucleotide is preferably introduced to the cell in a vector.

The vector preferably includes the necessary elements for the transcription and

25 translation of the ingerted codi ng sequence. Methods used to construct such vectors are
well known in the art. For example, techniques for constructing suitable expression
vectors are described in detail in Sambrook et al., Molecular Cloning: A Laboratory
Manual, Cold Spring Harbor Press, N.Y. (3rd Ed., 2000); and Ausubel et al., Current
Protocols in Molecuiar Biology, John Wiley & Sons, Inc., New York (1999),

30 Vectors may include, but are not limited to, viral vectors, such as retroviruses,
adenoviruses, adeno-associated viruses, and herpes simplex viruses; cosmids; plasmid
vectors; synthetic vectors; and other recombination vehicles typically used in the art,
Vectors containing both a promoter and a cloning site into which a polynucleotide can
be operatively linked are well known in the art. Such vectors are capable of transcribing

35 RNA in vitro or in vivo, and are commercially available from sources such as
Stratagene (La Jolla, Calif.) and Promega Biotech (Madison, Wis.). Specific examples



i mmunosel ected Mesenchymal Precursors Cells (MPC) on cartilage integrity in
a nodel of early OA induced by bilateral total nedial neniscectony in adult
15castrated mal e sheep (wethers). The knee joint nenisci, or

sem -lunar cartilages, are inportant weight bearing structures that also
serve to inprove articular cartilage lubrication and provide |ateral
stabilization during joint articulation. Surgical renoval of a torn or
degenerate neni scus, i.e., nmeniscectony25is a comon orthopaedi c procedure
but is knowmn to be 20 associated with an increased risk of osteoarthritis
(QA) in latet éﬁa Englénd 2004). Mechani cal entragrrent of the joint
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Sarcoma Virus (MMSV), Rous Sacroma Virus (RSV), or Spleen Focus Forming Virus

(SFFV); Granzyme A promoter; and the Granzyme B promoter. Additionally inducible

or multiple control elements may be used. The selection of a suitable promoter will be

apparent to those skilled in the art.

30 Such a construct can be packed into viral particles efficiently if the gag, pol and
env functions are provided in trans by a packing cell line. Therefore, when the vector
construct is introduced into the packaging cell, the gag-pol and env proteins produced
by the cell, assemble with the vector RNA to produce infectious virons that are secreted
into the culture medium. The virus thus produced can infect and integrate into the

35 ~ DNA of the target cell, but does not produce infectious viral particles since it is lacking

essential packaging sequences. Most of the packing cell lines currently in use have



At necropsy, both nedial conmpartnents of BTMjoints were scored by 2
bl i nded observers for AC | esions and osteophytes (OP) using a O - 4 scale.

Synovi al tissue and a 5nm wi de coronal osteochondral slice were
removed fromthe md-line of the femur 20and tibia and processed and scored
for histopathol ogi cal changes (Little et al., 1997) and hi stonorphonetric
anal yses (Cake et al., 2003) using the nethods cited. Intact patellae from

all joints were subjected to topographi @al bi omechani cal indentation
studies to deterine the stiffness and phase lag of the articular cartilage

(Appl eyard e 25Statistical analysis for treatnent effect was
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the ratios DNA RS uhAarddRTl DcaGRRPIells BOP il SELEE a’ﬂﬁc%r”a' ateral

1- 1A+MPC i nésectag {IPI nts from e group. wer e “BPted it
was cl ear | y*SAHehYIrAl geiors g ang efrﬁst“iI 6?\“"@6‘5%3'61“ I\’Eb@% of Hés vipstmay
ef fi caci ousbg ht@mted ®to non-dividing cells, and a number of polynucleotides have been
20 successful introduced into different cell types using adeno-associated viral vectors.
In some embodiments, the construct or vector will include two or rmore
heterologous polynucleotide sequences. Preferably the additional nucleic acid
sequence is a polynucleotide which encodes a selective marker, a structural gene, a
therapeutic gene, or a cytokine/chemokine gene.
25 A selective marker may be included in the construct or vector for the purposes
of monitoring successful genetic modification and for selection of cells into which
DNA has been integrated. Non-limiting examples include drug resistance markers,
such as G148 or hygromycin. Additionally negative selection may be used, for
example wherein the marker is the HSV-tk gene. This gene will make the cells
30 sensitive to agents such as acyclovir and gancyclovir. The NeoR (neomycin/Gi48
resistance) gene is commonly used but any convenient marker gene may be used whose
gene sequences are not already present in the target cell can be used. Further none
limiting examples include low-affinity Nerve Growth Factor (NGFR), enhanced
fluorescent green protein (EFGP), dihydrofolate reductase gene (DHFR) the bacterial
35 hisD gene, murine CD24 (HSA), murine CD8a(lyt), bacterial genes which confer
resistance to puromyein or phieomycin, and B-glactosidase.



The question of the sustainability of the 100 mllion MPC dose in
preserving joint cartilage integrity was addressed by studying the

nor phol ogi cal , hi stol ogi cal and bi onechani cal properties of the tissues 22
and 50 weeks post injection ie, 24 and 52 20 weeks post neniscectony. As
is evident fromFigures 7 and 8 the difference between the nmean val ues for
nmor phol ogi cal scores for HA and 1.1A+100 million MPC dim nish over this
time, although there is sone evidence of27a therapeutic effect at 24 weeks.
This viewis supported by the HA MPC+HA data which indicated a stronger
effect of the ceI dn sﬁggresslng ost eoph te scores for up to 52 weeks
(Figures 10 and 11¥ 2d@jonsdpelunysiaolife segpences) may be ingpdiced inty the kell Mathei n
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washed three times with 0.5 m! MACS buffer to retrieve the cells which did not bind

the STRO-3 mAb (deposited on 19 December 2005 with American Type Culture
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30corticosteroids (Bellany etal., 2006). Exanple 3: Relative therapeutic
effects of intra-articular injection of Hyaluronan (HA) or 100 mllion
Mesenchymal Precursor Cells (MPC) + HA on cartilage integrity in a nodel of
severe osteoarthritis induced by bilateral total nedial 35meniscectony in

stifle joints of ovariectom zed ewes. 32 The knee joint neniscus
performs an inportant role in protecting articular cartilage (AC) agai nst
damage during normal joint articulationygArnoczky et al., 1988). Total or

partial excision of the meniscus in humans following its injury generally
results in premature degeneration of AC and progression to osteoarthritis
() 5 (Jor §eHewian ATGL) undeo 8essRuasimber BT A-728D9Redf /20050108299 Adtr al .
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cartil age degenerdf' B are esiahlishad fiem e dO6Syisalated s TN ABp ouetls ey
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ovari ect om sed 5 Ip et eiredcertp P@?S%ﬁel%ﬁewélchmmmtstbe@pmoma\neemﬂmo been
shown t & undemgmaantyoias Hercoljécdgisi ve OA than adult castrated mal es
(wethers), largely due to the depletion fromtheir circulation of the

cartilage protectiye hor rmne oestrogen (Par ker et aI , 2003) For these
reasons ovarFecvei : E0S6 SR TR geasiour ed as
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ovari ect’om eect om sed sheep nodel of OA was therefore

selected for t hemerme ind ﬂ%ﬂl&%ch@ﬁunarEBﬁla%w @&Sﬁn&fm}{\*\g&gﬁn %n{%% o

eval uate th C intra-articul ni;ste
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et al, 1983). Furthermore, the extent of OA development in the joints of these

experimental animals 6 months post-meniscectomy was relatively severe, confirming

the limited functional protection offered by the regrown structures on articular cartilage

(Ghosh et al. 1983a). Large and small animal models of OA have peritted

30 longitudinal evaluation of spatial and temporal changes in joint tissues that occur

during the development of this disease which is difficult obtain using human patients
(Smith and Ghosh, 2001). In merino sheep, lateral or medial meniscectomy has been
shown to reliably reproduce biochemical, biomechanical and histopathological
alterations typical of OA (Smith and Ghosh, 2001). The ovine OA model has also been
extensively used to investigate the outcomes of various modalities of post-operative
treatments (Ghosh, 1991; Smith and Ghosh, 2001) but to date has not been employed to
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33 of MPC+HA was shown in Exanple 2 to afford the nost benefici al
chondroprotective effects in the BTM nal e sheep nodel. The neni scect om sed
and injected ewes were divided into two groups of 6 that were sacrificed 24
and 36 weeks post-BTM i.e. 12 and 24 weeks post HA or MPC+HA
intra-articular injection. To determ ne the effects 5 of gender on the
response of - AC joint destabilization 6 untreated castrated nmal e sheep were
al so subjected to BTM and sacrificed 122@eeks post-neni scectony. At
necropsy, joints were opened, nenisci renoved and the nedial fenoral and
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15 Results The gross norphol ogi cal assessnent of cartilage erosions
and osteophyte formation in joints fromthe untreated ewes 12 weeks
post-BTM confirmed that this nodel of OA represented a nore aggressive and
severe formof the disease conpared 20 with neniscectom sed castrated

mal es subjected to the sanme surgical procedure. For this untreated fenale
control group the nean cartil age norphol ogi cal score for the femur was 87%
and for the tibia 75% of the maxi mum scdfes used to assess this paraneter.
The gross norphol ogy scores obtained for the joints derived fromthe
unt r eat ed 12&@ post neni scectom sed castrated nmal es subjected to the
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35fenoral cartilages fromthe MPC+FI A injected joints was acconpani ed by a
hi gher 36 content of proteoglycans as determ ned fromthe integrated
grey-scal e density of the TB stained sections (Figure 21C). Again comnparing
these paraneters in a tine-based analysis significant differences in
effects on fenoral cartilage over tine were found between the MPC + 5 HA
and the HA alone treatnent arns at 24 and 36 weeks post neni seectony, i.e.
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20 al ., 2005). The 3 nonths post BIM period was therefore taken as the
starting point for the evaluation of the relative effects of
intra-articular injections of HA or MPC+tHA on the rate of progression of
cartilage pathology 12 and 24 weeks followi ng the adm nistration of these
agents. The results of this study indicated that a single intra-articular
injection of 100 - 25 mllion MPC dispersed in 2mL. HA and 2 nlL Profreeze(r)
(a conmercial cryoprotectant) into join3® with established, severe QA can,
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proteogl ycan-rich cartilage as mani fest by increased cartil age
extracellular matrix 24 weeks post treatnent relative to baseline
pre-treatnent and to HA injected controls.



5Exanpl e 4: Ovine disc re-generation studies using imunosel ected MPC
Met hods Thirty-six age-matched, Merino wethers (approxinmately 18 to

24 nonths old) were used for this study. In all 36 sheep three adjacent
| unbar discs (L3-L4, L4-L5, L5-L6) were injected with 1.0115 chondroiti nase

ABC ( Sei kagaku Corporation, Japan) 10 in approximately 0.1 m sterile
normal saline to breakdown and renove the PGs of the NP. The remaining

| umbar discs (LI-L2 and L2-L3) were not jgnjected with chondroitinase ABC
and served as controls. Fifteen weeks ( 3 weeks) follow ng adm nistration
of chondroitinase ABC, injections MPCs (0.5 x106 cells ) in ProFreezeTM
Freezi ng MedPEMPCNER) wet stpmoMn dsamiiv2NaaTatdahe mpkidreneficid Shdriaoavide
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L e e 0 el T bSO B A
Anal ysis at Sa¢FIPFE L PRq Feieer i} eseksreshenipgesiomiyon 3 nt hs
Conposi ti onal / Hi gtt@kegysy, joints were opened, menisci removed and the medial femoral and
tibial plateux photographed. The recorded images were scored by 2 blinded observers
for gross morphological changes to cartilage using a 0 - 4 scale. Synovium from the
10 suprapateliar fold and a Smm wide coronal osteochondral slice were removed from the
mid-ling of the femur and tibia of each joint and processed for preparation of
histological sections. Cartilage histopathology was assessed by two blinded observers
using a modified Mankin Scoring system as described previously (Little et al., 1997).
Synovial histopathology was scored using the criteria recently described by Cake et al.,
15 2008.
Histological serial sections from the same cartilage blocks as used for Mankin
Scoring were also utilized for histomorphometric analysis as described previously
(Caket et al., 2000; Cake et al., 2004), This technique employs computer-aided image
- analysis (ImagePro Plus v.3.0, Media Cybernetics) to generate quantitative data on the
20 dimensions and an index of the proteoglycan content of Toluidine blue stained AC. In
brief, images of the stained sections were acquired via a Microtek Slidescanner 35t plus
(Microtek Model No, PTS-1950) at a resolution of 1300 dpi and then analysed using
Image J® software (http;//rsb.info,nih.gov/ij/} on a personal computer. The digital
images of the femoral and tibial sections were subdivided into inner, middle and outer
25 regions, each region representing approximately one third of the total area of the
cartilage sections. Spatial calibration of the system was achieved by scanning a
[0x10mm high precision reticule. This scale was then used to quantify the length (mm)
and area (mm®) in of each region of the imported images. The average thickness of the
sections was determined by dividing the area by the length. The optical density (OD)
30 of the TB stained cartilage sections was obtained as the mean grey value (MGV) (sum
grey values/number of pixels) and was taken as an index of proteoglycan (PG) content,
The integrated grey-scale density (IGD) wes calculated as MGV x regional area of
section. Although the grey scale system used was not independently calibrated agatnst
TB stained sections of known PG content, all histological sections were cut on the same
35 microtome, were the same thickness and were processed as a group using the same
staining protocol. Differences in cartilage staining are therefofe relative rather than
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absolute. Intact patellae from all joints were removed within 1 hour of sacrifice and
immediately frozen and stored prior to topographical biomechanical indentation studies
to determine the stiffness and phase lag of the articular cartilage (Appleyard et al.,
2003).

5 Statistical analysis to identify differences in treatments outcomes (HA versus
HA+MPC) or treatments versus untreated 12 week post BTM controls, as assessed by
the motphological and histological scoring systems, was undertaken using Kruskal-
Wallis nonparametric analysis and for differences between group comparisons using
Mann Whitney U nonparametric analysis with p< 0.05 considered significant.

10 Data generated by the histomorphometric analysis of digitised histological
sections were evaluated using the equal variance Two Tailed Student’s T-Test with p<
0.05 considered to be significant.  Statistical analysis of patella cartilages
biomechanical parameters with respect to different treatments and between time post-
: BTM was calculated using an independent T-Test with p< 0.05 considered significant.
15 :
Results
The gross morphological assessment of cartilage erosions and osteophyte
formation in joints from the untreated ewes 12 weeks post-BTM confirmed that this
model of OA represented a more aggressive and severe form of the disease compared
20 with meniscectomised castrated males subjected to the same surgical procedure. For
this untreated female control group the mean cartilage morphological score for the
femur was 87% and for the tibia 75% of the maximum scores used to assess this
parameter. The gross morphology scores obtained for the joints derived from the
untreated 12 week post meniscectomised castrated males subjected to the same surgical
25 procedure was significantly less than for the ovariectomised ewes (Figures 16 and 17) a
finding which was consistent with previous observations using bilateral lateral
meniscectomy (Parker et al., 2003; Cake et al., 2004).
While both treatments resulted in lower mean femoral morphological cartilage
scores at 24 and 36 weeks than the baseline untreated 12 week post-meniscectomised
30 ewes (data not shown), no significant differences were detected between the MPC and
HA treated joints. We interpret this to mean-that in this model of severe QA, the
severity of the gross morphologic lesions (erosion and osteophyte scores) make these
parameters too insensitive to detect thérapeutic differences.
Modified Mankin histopathology scores for cartilages from the untreated [2
35 weeks post-BTM group were found to be consistent with the extent of carti lage damage
as assessed morphologically (Figures 16 and 17). In contrast to morphologic
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parameters, at 36 weeks the total mean modified Mankin score for the femoral
cartilages in the ovariectomised ewes who received MPC+HA was lower than the
corresponding score for the joints that received HA alone and showed a significantly
lower cell number (p = 0.01) and a trend (p = 0.06) for stronger inter-territorial
5  Toluidine Blue (IT TB) staining for proteoglycans than HA alone (Figure 18)., These
effects were less pronounced for the tibial cartilages (Figure 18).
The lower Modified Mankin histopathology cartilage score observed for the
MPC+HA injections at 36 weeks post meniscectomy relative to the HA injected joints
was highlighted when the ratio of the mean total Modified Mankin scores for the two
10 intra-articular treatments were determined (Figure 19). As each ratio was obtained
from the two treated joints of the same animal z ratio = 1 would indicate that both
. treatments were equally effective. However, for the ratios > 1 the MPC+HA treatment
can be said to be more beneficial. As is evident from Figure 19 the mean of the ratios
obtained for the femoral cartilages were significantly higher (1.71) than unity at 36
15 weeks post-BTM while the tibial cartifage ratios (1.12) for the two treatments were
only slightly in favor of the MPC+HA injected group (Figure 19).
- Next we examined the effect of the treatments on Mankin scores over time,
Significant differences in effects on femoral cartilage over time were found between
the MPC + HA and the HA alone treatment arms at 24 and 36 weeks post
20 meniscectomy, i.e. 12 and 24 weeks pdst—in_jcction (Figure 20). In the group receiving
MPC + HA, mean scores at 24 and 36 weeks were progressively lower than at the 12
week baseline. This was due to reduced scores and improvement in cell cloning (P =
0.01) at 24 weeks, and in cell numbers (P = 0.04) and inter-territorial Toluidine Blue
staining for proteoglycans (PGs) (P = 0.04) at 36 weeks relative to the 12 week
25 untreated group (Figure 20). No such improvements were seen in the HA alone group.
No significant differences were observed between the synovial pathology scores for
any of the groups or intra-articular treatments.
The analysis of cartilage thickness, area and intensity of TB staining as an index
of PG content for the 3 regions (inner, middle and outer) of the femoral condyles from
30 the injected joints at 36 week post-BTM using histomorphometric methods of analysis
ate shown in Figure 21. By 36 weeks post-BTM significant differences between
treatments groups were evident, Femoral cartilages from the MPC+HA injected joints
were significantly thicker (Figure 21A) and occupied a significantly larger area (Figure
21B) than the corresponding cartilages of HA injected joints. The larger volume of the
35 femoral cartilages from the MPC+HA injected joints was accompanied by a higher
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plain radi ographs taken of the |unbar spine under induction anaesthesia at
the following time points: Day O (lnjection of chondroitinase ABC

( Sei kagaku Corporation, Japan), Day of Test Article adm nistration (15 + 3
weeks follow ng induction of |unbar disc degeneration) and 3 nonths and 6

nonths follow ng inplantation of the Teglg Article. Evaluation of the
radi ogr aphs was undertaken using
content of proteoglycans as determined from the integrated grey-scale density of the
TB stained sections (Figure 21C).

Again comparing these parameters in a time-based analysis, significant
differences in effects on femoral cartilage over time were found between the MPC +
5 HA and the HA alone treatment arms at 24 and 36 weeks post meniscectomy, i.e. 12
and 24 weeks post-injection, Using the same histomorphometric methodology, we
were able to demonstrate that the MPC+HA injection administered 12 weeks post
meniscectomy resulted in progressively greater proteoglycan-rich femoral cartilage
growth or regeneration 12 and 24 weeks later (i.e. at 24 and 36 weeks post-BTM) than
10 HA alone (Figures 22 to 24). Thus, femoral cartilages at 24 and 36 weeks post-BTM
from joints of meniscectomised ewes injected with MPC+HA at 12 weeks were
significantly thicker (Figure 22) and generally had larger areas (Figure 23) than the
baseline values from untreated joints at 12 weeks post-meniscectomy,  The
corresponding regions scanned from sections of femoral cartilage derived from HA
15 injected joints failed to demonstrate statistically significant changes relative to the 12
week untreated controls (Figures 22 & 23). The integrated grey-scale density as a
measure of PG content of sections of femoral cartifages was significantly higher for
both HA and MPC+HA injected joints relative to the same cartilage regions of joints
from the untreated 12 week post-BTM group but the magnitude of the MPC+HA
20 induced change was significantly greater than HA alone (Figure 24); Whereas the
MPC +HA group developed almost 60% greater proteoglycan-rich femoral tissue at 36
weeks compared with baseline (P<0.001), and this rate of cartilage growth had not
reached a plateau phase, the HA only group had reached a plateau phase and developed
only about 30% greater tissue. This indicated that treatment with MPC + HA
25 stimulated significantly greater increase in proteoglycan-rich cartilage over the 24 week
period of follow-up (ie. growth and/or regeneration of cartilage) relative to both

bascline and to any temporal effects of HA treatment alone.
The results of the indentation studies on the patella cartilages from the injected
joints failed to demonstrate any difference in the biomechanical properties of the
30 cartilages for the two treatments but changes were identified with respect to time
elapsed post meniscectomy and the untreated 12 week post-BTM group. The stiffness
of the patella cartilages from the MPC+HA at 24 weeks post-meniscectomy was
significantly higher than at 12 weeks (P = 0.05) and 36 weeks (P < (.01) (data not
shown). However, both treatments produced thicker patella cartilage 36 weeks
35 compared to 24 weeks (P = 0.001) that was also lower than the non-treated 12 week
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meniscectomy,  This view was supported by the histomorphometric data that

demonstrated the presence of higher volumes and more intense staining for
proteoglycans in the MPC injected groups than at the commencement of treatment at 12
weeks post-BTM. These matrix changes are consistent with increase chondrocyte
5 biosynthesis. Significantly, the magnitude of the anabolic parameters was generally
found to be greater in the cartilages of animals who received the MPC+HA rather than
HA alone. The ability of MPC to preserve and even enhance this cartilage response to
mechanical overload contrasts with the known inhibitory effects on chondrocyte
metabolism mediated by many traditional treatments of OA, including many of the

10 steroidal and non-steroidal anti-inflammatory drugs (NSAIDs) (McKenzie et al., 1976;
Ghosh, 1988; Brandt, 1993 and 1993a; Huskisson et al., 1995).

Multiple intra-articular HA injections have been used as a therapy for the
management of knee OA for more than 30 years. Although the consensus is that this
form of treatment does provide symptomatic relief clinically, a recent review and a

15 meta-analysis of published HA clinical trials have questioned the validity of this
conclusion-on the basis of the stronger placebo effects associated with intra-articular
injections, difficulty of Blinding investigators and publication biases (Brandt et al.,
2000; Lo et al., 2003). Whether intra-articular HA exhibits any chondroprotective or
cartilage regenerative activity is also controversial. However, extensive animal

20 investigations have shown that HA does exhibit analgesic, anti-inflammatory and
disease modifying effects in rabbit and ovine models of OA induced by uni-lateral and
bilateral meniscectomy as well as anterior cruciate ligament transection in dogs. A
discussion of these data together with preclinical and laboratory based clinical studies
with HAs of different molecular weight has been reviewed (Ghosh et al., 2002).

25 In the present study only a single intra-articular injection of HA, either alone or
in combination with MPC, was evaluated. On the basis of our own data we conclude
that the long-lasting growth and regenerative, as well as chondroprotective, effects

. afforded by the MPC+HA combination was mediated by the MPC. In this regard it is
important to note that the design of this study allowed each animal to act as its own

30 control since one joint received HA while the contra-lateral joint received the same
quantity of HA plus the MPC in the cryoprotectant, Profree2e®. Since both knee joints
were surgically de-stabilised in the present study and were injected at the same time we
are confident that the magnitude and nature of the weight-bearing mechanical stresses
acting on the articular cartilages was the same on both joints.

35 From the present studies we conclude that a single intra-articular administration
of MPC+HA into ovine joints with pre-existing, severe OA results in growth or
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regeneration of proteoglycan-rich cartilage as manifest by increased cartilage
extracellular matrix 24 weeks post treatment relative to bascline pre-treatment and to

HA injected controls.

5 Example 4:; Ovine disc re-generation studies using immunoselected MPC

Methods
Thirty-six age-matched, Merino wethers (approximately 18 to 24 months old})

were used for this study. In all 36 sheep three adjacent lumbar dises (L3-L4, L4-L35,
L5-16) were injected with 1.0 IU chondroitinase ABC (Seikagaku Corporation, Japan)
10 in approximately 0.1 ml sterile normal saline to breakdown and remove the PGs of the
NP.  The remaining lumbar discs (L1-L2 and L2-L3) were not injected with
chondroitinase ABC and served as controls. Fifteen weeks (+ 3 weéks) following
administration of chondroitinase ABC, injections MPCs {0.5 x10° cells )
ProFreezeTM Freezing Medium (NAO)} or ProFreezeTM NAQ alone (Lonza
15 Walkersville Ltd.) mixed with an equal volume of hyaluronic acid (Euflexxa®,
(Ferring Pharmaceuticals) were administered directly into the chondroitinase ABC
treated nuclei pulposi of the intervertebral discs identified schematically in Figure 25.
The respective experimental groups were sacrificed 3 and 6 months later as

summarized in Table 1.

20
Table 1. Study Design Summary
Group No. Dise 15+ 3 weeks Baseline Sacrifice { Analysis at Sacrifice
before Baseline Day 0
[ n=6 | LI-L2 | No injection No injection 3 mths Compositional/Histology
L2-L3 | Mo injection No injection 3 mths Compositional/Histology
L3-L4 | Chondroitinase MPCs 0.5 x10° | 3 mths Compositional/Histology
L4-Ls Chondroitinase No injection 3 mths Compositional/Histology
L5-L6 Chondroitinase HA and NAO 3 mths Compositional/Histology
2 n=6 | L]-L2 | Noinjection No injection 6 mths Compositional/Histology
L2-1.3 No injection No injection 6 mths Compositignal/Histology
L3-L4 | Chondroitinase MPCs 0.5 x10° | 6 mths Compositional/Histology
L4-L5 Chondroitinase No injection 6 mths Compositional/Histology
LL5-L6 Chondroitinase HA and NAO 6 mths | Compesitional/Histology
25 Animals had latera} plain radiographs taken of the lumbar spine under induction

anaesthesia at the following time points: Day 0 (Injection of chondroitinase ABC
(Seikagaku Corporation, Japan), 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 using
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The MRIs were taken of the lumbar spine under induction anaesthesia at the
5 following time points: Day Zero (injection of chondroitase ABC [Seikagu Corp
Japan]), Day of test article administration (15+ 3 weeks following induction of lumbar
disc degeneration), 3 months and 6 months following implantation of test article, Disc
were graded from the MRI scans using the Pfirrmann Classification System (Pfirrmann
et al., 2001).

10 Spinal motion segments that were designated for histochemical and biochemical
analysis were isolated by cutting through the cranial and caudal vertebral bodies close
to the cartilaginous endplates using a bone saw. These spinal sections were fixed en
bloc in Histochoice® for 56 h and decalcified in several changes of 10% formic acid in
5% Neutral Buffered Formalin for 2 weeks with constant agitation until complete

15 decalcification was confirmed using a Faxitron HP43855A X-ray cabinet (Hewlett
Packard, McMinnvitle, USA).

Multiple sagittal slices of the decalcified specimens, approximately 5 mm thick,
were dehydrated through graded ethanol solutions by standard histological methods and
embedded in paraffin wax, Paraffin sections 4 um thick were mounted on Superfrost

20 Plus glass microscope slides (Menzel-GIaser), dried at 85°C for 30 min then at 55°C
overnight. The sections were then 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
eosin. The coded section was examined by an independent histopathologist who

25 compared the histological characteristics of those levels that were subjected to enzyme
injection only with those that were enzyme-injected and subsequently received MPCs.
A four-point semi-quantitative grading system was used to assess the microscopic
features of the entire disc as shown in Table 2. Additional tinctorial stains including
Alcian Blue (for general glycosaminoglycan species) and Safranin O (specific for

30 chondroitin sulphate species) were also prepared to demonstrate the extent of disc
matrix synthesis.

The immunohistochemistry procedures were also performed using a Sequenza
cassette and disposable Coverplate immunostaining system as described previously
(Melrose et al,, 2003; Melrose et al,, 2002; Melrose et al., 2000; Melrose et al., 2002a;

35 Melrose et al., 1998; Panjabi et al., 1985; Race et al., 2000; Smit, 2002). Endogenous
peroxidase activity was initially blocked by incubating the tissue sections with 3%
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H30, They were then pre-digested with combinations of chondroitinase ABC (0.25

U/ml) in 20 mM Tris-acetate buffer pH 80 for 1 h at 37°C, bovine testicular
hyaturonidase 1000 U/m! for 1 h at 37°C in phosphate buffer pH 5.0, followed by three
washes in 20 mM Tris-HCI pH 7.2 0.5M NaCl (TBS) or proteinase-K (DAKO $3020)

5 for 6 min at room temperature to expose antigenic epitopes. The tissues were then
blocked for I h in 20% normal swine serum and probed with a number of primary
antibodies to large and small proteoglycans and collagens (Table 3). Negative control
sections were also processed either omitting primary antibody or substituting an

irrelevant isotype matched primary antibody for the authentic primary antibody of

10 interest. Commercial (DAKQ) isotype matched mouse IgG (DAKO Code X931) or
IgM (DAKO Code X942) control antibodies (as appropriate) were used for this step.

The DAKO products X931 and X942 are mouse monoclonal IgGt (clone DAK-GO1)

and monoclonal IgM (clone DAK-GO8) antibodies directed against Aspergillus niger
glucose oxidase, an enzyme that is neither present nor inducible in mamumalian tissues.

13 Horseradish peroxidase or alkaline phosphatase conjugated secondary antibodies were
used for the detection using 0.05% 3, 3'-diaminobenzidene dihydrochloride and 0.03%

H;O, in TBS, Nova RED, nitroblue tetrazolium/5-bromo-4-chloro-3-indolyl
phosphate/iodo nitrotetrazolium violet (NBT/BCIP/INT) or New Fuchsin as substrates.

. The stained slides were examined by bright field microscopy and photographed using a

20 Leica MPS 60 photomicroscope digital camera system.
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44 with hyaluronic acid only and the central |evel that was degraded with
C- ABC and whi ch was subsequently treated with hyaluronic acid and with
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zygapophyseal joints. Al tests were then repeated on the isolated disc.
Dat a anal ysis included paraneters such as stiffness in the |linear region
during the fifth loading cycle, hysteresis and strain energy and the extent
of the neutral zone. Data fromthe control |evels was conpared wth
t he degenerated/ MPC-i njected | evels 25and repeat ed neasures anal ysis, of
vari ance was conducted on each of the bionechani cal paraneters. Results Al
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remove the g?'.ority of 20t he proteoglyCans fromt rac
mat ri x. data obtained to date suggests that the therapeutic effect
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dose of 0. SyerdihRGorMixiNPRcBR AN el Baff fﬁ?tcim\(}&‘essive tests were performed

using point contact on the cranial cup surface. The neutral axis of bending (NAB) is

25 determined by applying a cyclic load to the joint through a point on the aluminium

alloy cup holding the specimen to achieve negligible bending., This trial and error

process enables as close to pure axial compression as possible using a rigid point load

contact. Despite slight variability between specimens this point is found on the sagittal

plane approximately 10 mm anterior to the spinal canal but stightly posterior to the disc

30 centroid. Marks were placed 10 mm anterior and posterior and to the left and right of

the NAB to position the offset loads for the bending tests. A maximum compressive

| load of 200 N was applied at each point to produce 2 Nm of bending and 200 N of axial
compression.

Conservative bending and compressive loads were chosen to ensure that the

35 disc, posterior elements, endplates and other ligamentous structures were not e

damaged. Pure bending was not produced using this loading method. Instead a



Al t hough the present experinents were term nated 6 nonths after the MPC
were 25 injected into the disc, the |level of disc height recovery obtained
for the | ow dose MPC injections was found to be close to the val ues
observed for the non-chondroitinase ABC injected internal controls,
suggesting that the maxi num extent of NP reconstitution was achi eved over
this period. It wll be appreciated by persons skilled in the art that
nunerous variations 30 and/or nodificaiy ons may be made to the invention
as shown in the specific enbodi ments wi thout departing fromthe spirit or
scope of the invention as broadly described. The present enbodi nents are,
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9 P LFSH This “system uses a ballscrew, Zxrust plate mechanism to convert the axial

10 displacement of the Instron actuator into pure rotation. An X-Y bearing table ensures
that the FSU does not have a fixed centre of rotation imposed on it during testing. This
is important, as the centre of rotation is not constant during axial rotation. The inferior
cup was fixed to a torque transducer with the superior cup fixed to the XY bearing
table and batlscrew/thrust plate mechanism. _

15 All tests were conducted on the intact FSU initially. Once completed the disc
were isolated by cutting through the posterior elements using a small hacksaw blade
passed through the neural foramen and cutting posteriorly. This cut through the
zygapophysial joints and the interspinous and supraspinous ligaments, leaving the
intervertebral disc, the posterior and the anterior longitudinal ligaments intact. The cut

20 was made in a wedge fashion increasing posteriorly to ensure no contact between the
zygapophyseal joints. All tests were then repeated on the isolated disc.
Data analysis included parameters such as stiffness in the linear region during
the fifth loading cycle, hysteresis and strain energy and the extent of the neutral zone,
Data from the control levels was compared with the degenerated/MPC-injected levels
25 and repeated measures analysis of variance was conducted on each of the
biomechanical parameters.

Results :
All animals in the MPC injected groups maintained normal body weights and
30 showed no evidence of adverse side effects over the duration of the experiment.
In the Chondroitinase-ABC injected discs the depletion of PGs by this enzyme
resulted in a 38% decrease in disc height index (DHI) in all injected discs after 3
months. This loss of disc height confirmed the degenerate status of the nucleus
pulposus prior to treatments and hitherto is referred to as the pre-MPC DHI, Three
35 months post HA or MPC + HA injection into the degenerate discs failed to produce any
significant increase in DHI relative to the pre-MPC DHI (Figure 26). However, by 6
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months post treatment, discs injected with MPC + HA showed a mean increase of 52%
in DHI relative to the corresponding 3 month scores (Group 1) (Figures 26 and Table
4). In contrast, discs injected with HA alone only showed a 23.1% mean improvement
in the DHI scores over the same period (Figures 26 and Table 4), Significantly, the
mean DHI of the low MPC + HA injected discs were comparable 6 months post
treatment to the DHA scores for the non-chondroitinase ABC injected (ie, non-
degenerate) control discs (Figure 26).

A statistical analysis for the DHI for 6 versus 3 months post HA or MPC + HA
injection is shown in Table 4.

Administration of ovine MPC together with a suitable carrier, such as high
molecular weight hyaluronic acid (HA), into the nucleus pulposus of experimentally
created degenerate IVDs has been shown in the present experiments to accelerate the
regeneration of the disc extracellular matrix as assessed radiographically by the
recovery of disc height. This interpretation is based on the assumption that in the
loaded spinal column the disc height is maintained by the presence within the NP and
inner-annulus of high concentrations of matrix proteoglycans that together with their
bound water molecules confer a high swelling pressure to this structure. Indeed, the
use of chondroitinase-ABC to induce disc degeneration at the commencement of these
experiments relied on the ability of this enzyme to degrade and remove the majority of
the proteoglycans from the NP extracellular matrix.

The data obtained to date suggests that the therapeutic effect mediated by the
MPC is a relatively slow process. In the present study, the dose of 0.5 x 10° MPC was
particularly effective.

Although the present experiments were terminated 6 months after the MPC were
injected into the disc, the level of disc height recovery obtained for the low dose MPC
injections was found to be close to the values observed for the non-chondroitinase ABC
injected internal controls, suggesting that the maximum extent of NP reconstitution was
achieved over this period.

It will be appreciated by persons skilled in the art that numerous variations
and/or modifications may be made to the invention as shown in the specific
embodiments without departing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, to be considered in all respects as
illustrative and not restrictive. _

All publications discussed and/or referenced herein are incorporated herein in

their entirety,
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Any discussion of documents, acts, materials, devices, articles or the like which
has been included in the present specification is solely for the purpose of providing a
context for the present invention. It is not to be taken as an admission that any or all of
these matters form part of the prior art base or were common general knowledge in the
field relevant to the present invention as it existed before the priority date of each claim

of this application.
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92:2613-2628. 51 CLAIMS I. A nethod of treating and/or preventing a di sease
in a subject arising fromdegradation and/or inflammuation of connective

ti ssue, the method conprising 5adm nistering to the subject MPCs and/ or
progeny cells thereof and/or soluble factors derived therefrom 2, The

nmet hod of claim | wherein the connective tissue is rich in proteoglycans.
103. The nmethod of claiml| or claim2 whgrein the connective tissue is
cartilage. 4.The nmethod of claim3 wherein the disease results in one or
nore defects in the cartilage. 155. The nethod of claim4 wherein the MPCs
and/ or prog | s and/or soluble factors are not directly adm ni stered
into a cartilage defect. 6. The nethod of any one of clains Ito 5 wherein
t he MPCs and/ or progen el l.s and/or soluble factorg.are, adnjinistered to a
j oi nt space.dt/'zo B‘f?’g%w%(’tﬁﬁaﬁ or PrEXPRHNg AHREPSSITH 2 FYRACY BiiHFE Ep%ce is in a
knee j oi nt, dagipdition pad/ominfdremptdinif costeotitediassue, the methodlchmywiiognt , wri st
joint, hand Jamididaagho iHalsit | ' ral disc
joint. 258. The cfggéﬂhgd of S%%?M%Cdo@wg}‘gﬁ%ﬁﬁ%@%&ﬂfﬁ%&%gg%%%ﬁr pr ogeny
cel I's and/ o3 € et ors are adninistered by intra-articular injection.
9. The nethod of any one of .clains Ito 8 wherein the adm nistration of MPCs

and/ or progeny Cehd ﬁgtﬁ&jémcﬂﬁ?l Hmrﬁnftlﬂe%ﬁﬁe%ti{;c{?tz%{é% i).%/ éfgié' ;{P;Er‘Sﬁe‘SélWﬁnispn or

generation of 30cartilage that 1s rich 1n pro
10 3 The method of claim 1 or claim 2 wherein the connective tissue is cartilage,
4, The method of claim 3 wherein the disease results in one or more defects in the
cartilage.
15 5 The method of claim 4 wherein the MPCs and/or progeny cells and/or soluble

factors are not directly administered into a cartilage defect.

6. The method of any one of claims 1 to 5 wherein the MPCs and/or progeny cells

: and/or soluble factors are administered to a joint space.

20
7. The method of claim 6 wherein the joint space is in a knee joint, hip joint,
ankle joint, shoulder joint, elbow joint, wrist joint, hand or finger joint or a joint of the

foot, or an invertebral disc joint.

25 8. The method of claim 6 or claim 7 wherein the MPCs and/or progeny cells
and/or soluble factors are administered by intra-articular injection.

9. The method of any one of claims 1 to 8 wherein the administration of MPCs
and/or progeny cells and/or soluble factors results in preservation or generation of

30 cartilage that is rich in proteoglygasn.

t0.  The method of claim 9 wherein the cartilage that is rich in proteoglycan is
hyaline cartilage.

35 [1.  The method of any one of claims 1 to 10 wherein the disease is tendonitis, back
pain, rotary cuff tendon degradation, Carpal tunnel syndrome, DeQuervain's syndrome,



10. The method of claim9 wherein the cartilage that is rich in
proteoglycan is hyaline cartilage. 52 degenerative cervical and/or |unbar
di scs, intersection syndronme, reflex synpathetic dystrophy syndrone (RSDS),
stenosing tenosynovitis, epicondylitis, tenosynovitis, thoracic outl et
syndrone, ul nar nerve entrapnent, radial tunnel syndrone, repetitive strain
injury (RSI), osteoarthritis, rheumatoid arthritis, psoriatic arthritis,
seronegative Sarthritis, arthritis assogjated with inflammatory bowel

di sease or ankyl osing spondylitis and degenerate invertebral disc

di sorders. 12. The method of any one of clains Ito Il which further

conpri ses adibgeiesatoeicenyichlyaklor bmbbar disésglinfdrifktion Smaroaniiedsk Singatietepr i si ng;

) Supe nat aorol ORERE (956, S0tk Sl SELLS o SERAES LAANIGECY e

precursor cel|ls . ogeny-ce . T
hyal uroni c alk?fa?lc PUHIEA SR HITLRErEOMYRP B ER gradia) tupped syndrgme repstidtaur sor
<2:8|1 |5 s Ug I\/PCfs)st:aimd{xjmfy (RSO ens0aeBlilisS rifcbRBR R anhaqu'@I, ﬂs?ﬁatﬁ)é&hﬂﬁéé@ér_ﬁns’@@ii%

. ez 0 f or re,.s u . factor erive el
rosanchyiral ‘LD AN s Rle A Bueh RS R b HisoAE bR B i s
generat i ng, 3epsEneRly nvracdal disd disaaders ng connective tissue in a subject.

12.  The method of any one of claims 1 to 11 which further comprises administering

hyaluronic acid (HA).
10
13. A composition comprising;
i} supernatant, or one or more soluble factors, derived from mesenchymal
precursor cells (MPCs) and/or.progeny cells thereof, and
it} hyaluronic acid.
15
14, A composition comprising;
i) mesenchymal precursor cells (MPCs) and/or progeny cells thereof, and
i1) hyaluronic acid,
20 i5. Use of supernatant, or one or more soluble factors, derived from mesenchymal

precursor cells (MPCs) and/or progeny cells thereof for generating, repairing and/or
maintaining connective tissue in a subject.



