TREATMENT OF | NTERVERTEBRAL DI SC DEGENERATI ON
BACKGROUND OF THE | NVENTI ON [ 0001] Field of the

wo pwentizen: [ 0002] The present invention rel at BGI/US2009/037987
prevention or retardation of intervertebral disc
degeneration. The present application also relates to
treating degenerating disc by preventing or retarding
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SUMMARY OF THE INVENTION

[0003] In one aspect, the present invention is directed to a method for preventing or
retarding degeneration of intervertebral disc at an intervertebral disc defect site, which
includes injecting a mammalian connective tissue cell into the intervertebral disc defect site.
The process preferably does not use a scaffolding or any supporting structure for the cells.
Preferably, chondrocyte or fibroblast is used, and the subject is preferably a human being. If a
chondrocyte is being used, the chondrocyte is preferably a non-disc chondrocyte or juvenile

chondrocyte, meaning that the cells are isolated from a child who is less than two years old.



[0004] In one aspect, the present invention relates to
nmet hods of using allogeneic juvenile chondrocytes or
W@R00ogerT#d ¢ non-di sc chondrocytes for introduckCDOSI00Y/a37987
injured intervertebral disc region and preventing or
retardi ng degeneration of the intervertebral disc.
[0005] I n one aspect, the present invention is used to
revent or retard further degeneration of an area in
In ‘fth‘“ef FpRCEr (s chesoytednaychbs prpcdhehondraeies; Hy Ririylart By pongective
herni ated. [0006] In another aspect, the invention is
tissye ?eé]dP@’obetaélO&enﬁ’étrﬁWeft%F eﬂ?aé‘%}%'ﬂﬂlap AePiest squghtdp B Hepted.
degeneration of intervertebral disc at an
[0004): er {resneapies! theirsseridisationsielages bt methadsmiyping piipgepric juvenile
met hod includes a) inserting a _gene encoding a protein
chopdipryigs PrdlegepeictioBrdiyc chprsEoyisy é?{émaqquﬁtgmammwﬁ iptgivertebral
a mammal ian cell, and b% transpl anting the mamal i an
disg: 8108 &pY DIEVeiiag pereaeling %?la?r%twe of the e¥aeTBBY disc-di sc
defect site. The process preferably does not use a
[0093]af f 61 gPAgsBictbally BHRbripYsRYgostis utstdirte proyent iy tegarg surther
In this nmethod, the gene may belong to TG-Db ,
dege pRIMIMANRAR jrea B fRpinigsveriemabdischy hay gffeé ABEY. tqrager Bprniated.
The connective tissue cell may be a chondrocyte or ,
[0006]or ob1 ansther ampecs: (3¢ Eventigpliydircekig it BErd faroraysriing cafgarding
the manmal i an subject is preferably a human being. The
degeppipfnt fvarevegahyd diss| 4t apdRferyeiiehipd ir defeg) dieiaf e mgpple which
manmal i an subj ect. [0007] In yet another aspect, the
mefhag BsludeTa) IS CHing & GERSENESTiREt PIOLIT hing idgiaprbpd dise regenerating
retardi ng degeneration of intervertebral disc at an
funpiigneinipet pepifianiral apepeEtnspliapEngghe Mamarian cORpRepig tissue cell
includes a) inserting a gene encodin protein having
intq the dptgyprtebi ghisc diekst Srl@g$§%1arat:q5ﬁ @refqmgr fdefs noptes Hsqffpling or
manmal i an connective tissue cell, and b) transplantl 9
anya SYPPRIIGE UK Hhgnsells dm teisrinwbad. vee epngspiey dslonggp TGF-B
a) and unnodi fi ed second manmal i an connective tissue
supggmily. ppeh ehEGT R ands prefestilail Gl ile The farnectéyet issueTerdl may be a
process preferably does not use a scaffolding or any
Choglér;@sﬁ? of E@O@Wtuwlom@eﬁf:@blyt Hondioryts is yspd.tapsl shefpaipggfian subject
. thezgene may belong to TGF-b superfamly, such as
is mrgfera®ly arunigpdiceeadiby cpamehye tissppeceflipayt abppgngedelpi@ve to the
manmal i an connective tissue cell may be chondrocyte or
mapHYLIRSEL | n the case of chondrocyte, thechondrocyte

be non-di sc chondrocyte or juvenile chondrocyte.
[00{)’Hyp aft yetyrnether tapgect, the invention is directed to method for preventing or

retarding degeneration of intervertebral disc at an intervertebral disc defect site of a mammal,
which includes a) inserting a gene encoding a protein having intervertebral disc regenerating
function into a first mammalian connective tissue cell, and b) transplanting a mixture of the
mammalian connective tissue cell of a) and unmodified second mammalian connective tissue
cell into the intervertebral disc defect site. The process preferably does not use a scaffolding
or any supporting structure for the cells. In this method, the gene may belong to TGF-p
superfamily, such as TGF-B, and preferably TGF-B1. The first and second mammalian

connective tissue cell may be chondrocyte or fibroblast. In the case of chondrocyte, the
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chondrocyte for the second mammal i an connective tissue
cell may be a prined chondrocyte. In another aspect,
weriobat77¢r both of the first or second connectP@EUS2009/037987
tissue cell may be allogeneic relative to the
manmal i an subject or to each other. BRI EF DESCRI PTI ON
OF THE DRAW NGS [ 0008] FIGS. 1A-IF show a slomﬁng
retardation or prevention of degeneration of injured
chogflroeyte (1mgy ?ﬁo@%l AR CP‘H’GFQ?QZ)ﬁea?J‘hJ‘B‘Fm}%BB‘?er%?Wn én Pa‘m‘“llar the
pre-surgery shows MRI radi ograph of a rabbit
Choélﬂﬁoﬁiéte Mdhe s(e&?n gRyalinepnes iy gidpye ?91]1 T Rene leriﬂ)lec} thendrocyte.
disc at L1/2 was injured and TG~ bl -producin
In RGAGBEE8enE Pethioh e g ar saepid corpechumniet st %eﬂdﬁfd’ BygHlogeneic
treatnment is _seen at spine |locus L2/3, and (iii) disc
relagipve [oghg mgganalisy) P Akdcan Rk e of TGF- bl - produci ng
chondrocyt es and untransduced human chondrocytes in
1:3 ratio were injected; arrows point to L1/2 and L3/4
di sc_region. gC shows VMR radi ograph of a rabbit
BRIKH DESGRIPT Q?N\MIH;E&R AMI@&% in which (i) the
disc at L1/2 was injured and TG~ bl -producing
[0088londFEeyt 8s! Endpw 4 siveiee aefardpiiqm or peeveijingtal decaprationoet injured
_treatnment control at spine locus L2/3, and (iii) disc
disg (A} gyows\WARI fadjoggaply Ofaﬁgblhmﬁnr@ sefRerTER) showpMad aaélil%gaph of a
chondr ocyt es and untransduced human chondrocytes
rabhi¢ spmeafqub (‘heyeeky Hjeasyraery imvhishel Bt dHec ¢td-1(q vos 1&WHBdL%1ﬂ4F GF-
di sc region. (D) shows X—ray radi ograph of the rabbit
B1-prodeginhehpnilioeytey) wens duiectedaiilcl PURCYENdTy gtk isaseef) dcspine
hei i ndex of the intervertebral disc to nmeasure its
locwﬂgwmé §9) dise ¥ 136y ws ipredeige muxtatei oo G B lrergdiséngahprsliocytes
(E) shows X-ray radiograph of the rabbit described in
and( IBytraa%i@%l hypgsinchondgoqyses dn 1l & Bhe dicrs iajegicdcarrmaysgloint ith §dse and
of the intervertebral disc. (F) shows X-ray radi ograph
L3/gdise pireigra Kb shove M irglieprank of @rabhisniae cighf @KWP@(S @&@roﬁufg@ry in
obtain a disc height index of the intervertebral disc.
whigh i thedigcjat L@ apgpyreqd @ypdpfgg&E ﬁb—mo&lpcmg] ghondgpcytes were injected, (ii)
intervertebral anti-degenerating effect. [0009] FIGS.
no puncHe &by HeaMeRicABrol 2k SRAPYWETORY Brand k) dise jab h3/dfwas injured
degeneration of injured disc. (A shows M radiograph
andoMIXtEp 9 tTCé?pﬁHn@mélfCéngsmog@ﬁOyyteS( WHRslusad) hynzpd @@n%wtes in
of a rabbit spine four (4) weeks after surgery
L3wafie vere )injeef d%f‘él’:VSaPOIEtI fo2 Lﬂ/%asandn}%{ﬂe@%arwop@t@v Shows X- -ray
- produci ng chondrocytes were injected, (ii) no
rad@gﬁa@h af de s3hgit ﬁéscp]a i hibore riyhihy is g@edé@ pbfain a disc height index of

the intervertebral disc to measure its morphology, its level of degeneration or regeneration.
(E) shows X-ray radiograph of the rabbit described in (B) above, which is used to obtain a
disc height index of the intervertebral disc. (I') shows X-ray radiograph of the rabbit
described in (C) above, which is used to obtain a disc height index of the intervertebral disc.
Mixed cell treatment in particular, has an intervertebral anti-degenerating effect.

[0009] FIGS. 2A-2F show a slowing, retardation or prevention of degeneration of injured
disc. (A) shows MRI radiograph of rabbit spine pre-surgery; (B) shows MRI radiograph of a

rabbit spine four (4) weeks after surgery in which (i) the disc at 1.1/2 was injured and TGI*-
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| ocus L2/3, and (iii) disc at L3/4 was injured and
m xture of TGF-bl -produci ng chondrocytes and
wapiansduced human chondrocytes in 1:3 rati o REFES2009/037987
injected; arrows point to L1/2 and L3/4 disc region.
(C shows MRI radiograph of a rabbit spine eight (8)
weeks after surgery in which (i) the disc at L1/2 was
i njured and TGF-bl -producing chondrocytes were .
BL-prorudngeghondiorytes,wers dhjegteh SlDaFuPUREuEe WAt ¢Eil aftspine
spine locus L2/3, and (iii) disc at L3/4 was injured
locyule/Friapel (jHbdist ¥ G Bis INyFIdae PHEf e AGH otlyraduciigghondrocytes
untransduced human chondrocytes in 1;3 ratio were
and wjugpdgerd hmegehonbpaytestin 1L3|y 190 Fisee inggried HreqwsrRogit dp 11/2 and
D) shows X-ray radiograph of the rabbit described in
L3/§‘,§l)sc asRre (Cup¥hMid f%fg‘é’daﬁhc?f 3BRRitsPiRe gicBcShepgH eitpriyeery in
of the intervertebral disc to neasure its norphol ogy, .
which §) thevlisic ap}-1/d eje Hovrad pshl OF-BH-esdnepathwdrocytey we dligeted, (i)
X-ray radi ogr aph of the rabbit described in (BL above,
no pRjcife prd s Beptimentdhsegn 3t sPieh Weushled/ gHnd(Hig disc ¢f 1-8/Hevas injured
intervertebral disc. (F) shows X-ray radi ograph of the
andr mbyire of ST R brgdyaing ehondiesyes, anghynifinidgcegsiagnanchgpdrggytes in
a disc height index of the intervertebral disc. M xed
I3cfip worpdupged rovapdincist &2 dsL3A dipp &eicsy (Bhrshpws X-ray
anti -degenerating effect. [0010] FIGS. 3A-3D show a .
radigerph qhythe rdbE dergtipehin gd) ghosseriishos uist tyejainerdicibsighigindex of
injured disc. (A shows MR radiograph of rabbit spine
the rgpt@];vg]@ﬁb@zg ,d;,s’c t0 B)cagHid s mehologyi 15;919% Iof gegeqerptigynpri regeneration.
spine four (4) weeks after surgery in which (i) the .
<E>dg@ws Ftray rydpogfigps of heysablit desgribegrn (B) ahoye.owtijeh isgrsed to obtain a
~chondrocytes were injected, (ii) no puncture and no .
disg @é@hhﬁh‘%x cHribe dnteryertadysyl ndisq. gEushevyy XK-rayfadipgrphy offjthg rabbit
at L3/4 was injured and m xture of TGF-bl -produci ng .
desgtifddp delabexe. Arhihbyedrie gbfeiad dysrhgight Hderapioas ingegverigbral disc.
1:3 ratio were injected; arrows point to LI/2 and L3/4
Migidgell fraagment.in payicudd ohis awm%ryerfehtﬁf dy-dgsAneattinggEeftabbi t
descri bed in (A) above, which is used to obtain a disc
[00fQ) gh TG dAx3dshopieslpwingrigiarde byt Ipreyiesieon o dpgeasigtien gfiigjured
. rmrgxhol ogy, its level of degeneration or regeneration.
disg. [ K sagiggiaply Plotgpliptpiesf preaer2erabB) shetessRI ssigpgraph of a
(B) above, which is used to obtain a disc height index
rabpyf spipfauptd rneeks dlsr ayreery sk whichxig dhecdisq atill @awpreinturgdpnd TGE-
particular, has an intervertebral anti-degenerating .
Bl-groflecing $o0drpbytE OSe igactb (YHmpuacEcoaidiy, traaeneat epobgt spine
or ior evention of degeneration of injured .
locus 1.2/3, and (iii) disc at 1.3/4 was injured and mixture of TGF-B1-producing chondrocytes

and untransduced human chondrocytes in 1:3 ratio were injected; arrows point to L1/2 and
L.3/4 disc region. (C) shows X-ray radiograph of the rabbit described in (A) above, which is
used to obtain a disc height index of the intervertebral disc to measure its morphology, its
level of degeneration or regeneration. (D) shows X-ray radiograph of the rabbit described in
(B) above, which is used to obtain a disc height index of the intervertebral disc. Mixed cell

treatment in particular, has an intervertebral anti-degenerating effect.



disc. (A) shows MRl radiograph of rabbit spine
pre-surgery; (B) shows MR radi ograph of a rabbit
wapiwa1fiaur (4) weeks after surgery in which (POT/UB09/037987
disc at LI/2 was injured and m xture of TG bl
- produci ng chondrocytes and untransduced human
chondrocytes in 1:3 ratio were injected, (ii) no
uncture and no treatnent control at spine |ocus L2/3,
[OOEHd ( ﬂ(i}% 4474 show aL%?mmg\dgta{dﬁ}lm FPreyspionct dpgeneration of injured
produci ng_chondrocytes were injected; arrows point to
dmuw showd l\fcf%? wdigegeh pgPhgingrey- sagews(Brshaws MEdirasinesiph of a
of the rabbit described in (A) above, which is used to
rabb%fpavenfoar @ weely éftwra%léwh&fh Drle qipg &Ly £r Vastnigred gnd pixture
nmeasure its norphology, its |evel of degeneration.
of B@Fﬁé@)&ﬁ@wﬁg %wdrch)es 8 %ray@qua%ﬂ froan sEPRBrYEe i hé ratio were
rabbit described in (B) above, which is used to ob
injegled; Gid NASPBIETC AR B UBFIERMEONYRlEN JRipg lsrsl2/d 2 <111T@SC @r L3/4
- produci ng chondrocytes treatnment in particular, ha
Wa%HIJIi'T?fi andy E%Féidrrapduaﬁl& chapdenésat§ia gniedtsds @frowp pombro L1/2 and
FI GS. 5A-5D show a slowi ng, retardation or prevention
L3/gdisgepapnsr &0 s oX-rinjadiradplyplsee rabhyt detghies! i) above, which is
radi ograph of rabbit spine pre-surgery; (B) shows M
userl derobgnap Aisoheightripgstsi af Bpinievarshil 8149 IQuEERETeifY Bprphology, its
surgery in which (i) the disc at LI/2 was injured and
leveh qf%gge@er@ponr@:r_egﬁnemg?% dQe plﬁ)gvsgﬁgwc{p@egr@]ggofath@ rabbit described in
unt ransduced human chondrocytes in 1:3 ratio wer
(B)i 4P tduch 614§ ieootstin @t discehcaghy nlsx of é’fﬁ‘t ineRerteyak qh@ﬂ T43F-p1-
spine locus L2/3, and (iii) disc at L3/4 was injured
PrOQWQ@Pn@PCYiﬁrWaWW@ PERISHIAN BsandBlever el gpidegegerating effect.
oint to LI/2 and L3/4 disc regions. (C) shows
[003<2]r ayﬂ<§% SOgHABYOT slewiag el tionda PEgvieEd qf degenyraigypidnjured
which is used to obtain a disc height index of the
disg. & phpeis INRY mfliogagle of b epdngy RreSEgeTpP B wyYIRI irgdéograph of a
| evel of degeneration or regeneration D) shows X-ray
rabbiaghiesgioapit) Wecks ECT Hs md\é%ﬂr(i%%dlﬁwt@&j wydweredghg ppxture
is used to obtain a disc height index of the
of TGt -#i werdueipg shondragytes Frrunsransdugdduiman sgordiesyies o yBaalio were
treatment and m xed cell treatnents in particular,
injqstede(i Mo iDHBGYT @Pd 8 EratmERitdon el g SRiPGTCwL HB £ aad (i) disc at 13/4
[0013] FIGS. 6A-6D show a slow ng, retardation or
wap ingyrech eRh AGH TRl dugdisB sthpeiootes Wirairierctel: SErowg Rying old/2 and
MRl radi ograph of rabbit spine pre-surgery;. (Bg shows
L3/jmisc regdpns gia shovet Xday radiograph of the rabbit described in (A) above, which is

used to obtain a disc height index of the intervertebral disc to measure its morphology, its
level of degeneration or regeneration. (D) shows X-ray radiograph of the rabbit described in
(B) above, which is used to obtain a disc height index of the intervertebral disc. TGF-p1-
producing chondrocytes treatment and mixed cell treatments in particular, have an
intervertebral anti-degenerating effect.

[0013] FIGS. 6A-6D show a slowing, retardation or prevention of degeneration of injured
disc. (A) shows MRI radiograph of rabbit spine pre-surgery; (B) shows MRI radiograph of a

rabbit spine four (4) weeks after surgery in which (i) the disc at 1.1/2 was injured and cell
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rabbit spine four (4) weeks after surgery in which (i)

the disc at LI/2 was injured and cellculture nedia
WOREM1¥ES0 | nj ected, (ii) no puncture and no trRGE/I82D9/037987

control at spine locus L2/3, and (iii) disc at L3/4

was i njured and untransduced chondrocytes were

injected; arrows point to LI/2 and L3/4 disc regions.

(C) shows X-ray radiograph of the rabbit described in
CUIK”K) mﬁ%@WE%hW%HnJF%‘% g’é)dnq PSR e Erageeh spngiel 2 spisydocus
he intervertebral disc to nmeasure its norphol og
L2/P>t @d| (@ disc gt LYdgenanued o vrrapeyetahardremyies (“9}6 @Wé&ﬁé' arrows
X-ray radi ograph of the rabbit described in L ve,
poiphirdH /3 %n%%ga dis repensi HOahavs Khe .ragmgranhdé%hed bif éescrlbed in
intervertebral disc. Untransduced chondrocytes .
(Axabeyg, HBih thissd rehtan & dipe Peighyrindex ghihe 1@@@@%&&@%@3 measure its

effect. [0014] FIGS. 7A-7F show a S|0MAng, retardati
momh%%w@nlﬁved W deedegdnie Patseereraion; d)uheds di-&v. ra%lsagraph of the
hows MRl radi ograph of rabbit spine pre-surgery; (B)
rabla,lﬁ BesTivRIin (AP apHhof usd fatstie a%? ﬁ@glvtdmexei}heméwgrtebml
~after surgery in which (i) the disc at LI/2 was
disg. Mnma@,séu ¢hendrecy et reaimenthssiai N ORERF A i jearnering ehigey
puncture and no treatnent control at spine |ocus
[00E‘2]/ 3, FERY 70 1H showiasdoveng. [rgpulatjeasoriprgveitics o4 degeneration of injured
unt ransduced chondrocytes were injected; arrows point
dis¢. §A) phows MR 1adiogragh gﬁ:ra]al@bq;%lﬁspre-@@);ergh%hw MRI radlograph of a
radi ograph of a rabbit spine ei (8) weeks afte
rabBify spja¢ Jourr ek h aftgn)sueRy i %@%8) me/dzsc\/aaélr%wr @wr%ﬂq@d cell
cell culture nedia DVMEM was injected, (ii) no puncture
culgrrimada MY Teastinieg e (Bl NQPUISHFhEnd| Recli Uy gontigh gt spine locus
é i) disc at L3/4 was injured and untransduced
L2/8hdd i ipe @513 s imjred arskuntigpsdygest chondiecyies wery iy eatﬁ@ arrows
L3/4 disc regions. (D) shows X-ray radi ograph of th
poiptaigdi 2 éll&b?/g iksg TP$101(SA§C)a%5‘6Wé MEhiadigefagh gk e gahby seipe &ight &)
a disc height index of the intervertebral disc to
weeks 86T Brgensinppighg) bgylisciat &1L evas|injgred gad edbsritrconeds PMEM
regeneration. (E) shows X-ray radi ograph of the rabbit
waydesierlpdidl np PupEyre #pé e regiicehcang ol eaing éOC@thaBn arefl @ii)s@sc at
hei ght index of the intervertebral disc. (F)
L3krey inmaidogdaptraetiuedechprdipisicsduae injpadl |aﬁ0(v€:)p0@b&/é1/2 and
which is used to obtain a disc hei i ndex of the
L3/t dise reaaprsethd ghowsi Seay 19dioespk glibe aabgﬁ opyFibrding4) above, which is
treatment has an intervertebral anti-degenerating
uscgflp eppin  digq Blightiimx EAbgmIgTBRPH! disoit Mgisurcelamambology. its
or prevention of degeneration of injured
level of degeneration or regeneration. (F) shows X-ray radiograph of the rabbit described in

(B) above, which is used to obtain a disc height index of the intervertebral disc. (F) shows X-
ray radiograph of the rabbit described in (C) above, which is used to obtain a disc height
index of the intervertebral disc. Untransduced chondrocytes treatment has an intervertebral
anti-degenerating effect.

[0015] FIGS. 8A-8F show a slowing, retardation or prevention of degeneration of injured
disc. (A) shows MRI radiograph of rabbit spine pre-surgery; (B) shows MRI radiograph of a

rabbit spine four (4) weeks after surgery in which (i) the disc at T12/L.1 was injured by needle
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disc. (A) shows MRl radiograph of rabbit spine
pre-surgery; (B) shows MR radi ograph of a rabbit
wapiwa1fiaur (4) weeks after surgery in which (POT/UB09/037987
disc at T12/L1 was injured by needl epuncture and no
injection, (ii) no puncture and no treatnment contro
at spine locus LI/2, and (iii) disc at L2/3 was
i njured and untransduced chondrocytes were injected;
Pu%l”“l“b?f&‘éi Boinisetiqng (ip o/quictigpng 2p 3re%ﬁn§8t “ioéa?ldﬁ §Pm‘{ @fus L1/2, and
hows MRl radi ograph of a rabbit spine eight weeks
<mh¢1§°e?t I gy yﬂﬂrfﬁd wfﬂ @ﬁramd}lchrféwaﬁlrg%yt%ﬁwemznmedwégows point to
ured by needl e puncture and no injection, (ii
Tl%ﬁhL and) /35l TRgoRsy é%)tﬁl?em Wﬁﬁﬁh@gfﬁ% olspaRbit P%E%%lglﬁtl </82weeks
and (iii) disc at i njured and untransduced
afteé Neyigery ot yhish %freéhscmt E é%/éa wag Py by Beflle pugcetyre zml &0 muon
L2/3 disc regions. (D) shows X-ray radi ograph o
(if) rpRHIE tUEFe aR<k Np) Fgatgny gntrghghywineprtwshl-1/3; ﬂ@e@uh @S%btt Ia% was
a disc height index of the intervertebral disc
injyrechandrantippsslugad hARsrergies Werkinjesizd) argvsRoys ﬁéifé%% ﬁnfbwﬂ disc
regeneration. (E) shows X-ray radiograph of the rabbit
regigas dP) prays Jrrpppdiggpl of mrétrblq desqribed) i gMothes, vhichgip giged to
hei ght index of the intervertebral disc. (F) shows
obtain ragdiscy hedghd dgndap 19t g intsevertetspl discdedrgapye dis inpprphojogybisy kel of
which is used to obtain a _disc height index of the
degepgradfapertt WRENErAtEN-s@) sbpvy Snsydadioeraont thscipblit described in (B)
treatment has an intervertebral antidegeneratin
aboye.fyghigh is upphtgPPrinaalisoitigbinkpaf Be stenpirgral dise. a(gb%hoiwfsﬁ( -ray
or prevention of degeneration of injured disc.
radip il of e r4bhH deFih i&ﬁmé@ thepbivthidp Hede ebiginagise elgkﬂs}ldex of
shows MRI radiograph of a rabbit spine eight (8) weeks
the gintegyertghyply disg Uﬁ“%ﬁ‘ih{%d (chyndroratey tseatragnt |hay 3nyggigrvertebral anti-
injured and cell culture nmedia DMEM was injected, (ii)
d%ﬁ@“ﬁuﬁéﬁﬁﬁe and no treatnent control at spine |ocus
L3/ 4, and é}ll) disc at L4/5 was injured and pri nmed
[0046]0ndFB&Y AN 4 Hiwiag deardafioroRirpysntan of gegeppratioef injured
L4/5 disc regions. (C) shows X-ray radi ograph of the
disg¢. 4B b phowg MR} japiearaph of IRpbipsiReepreipTReD: (1 S g% raslitesph of a
a di sc hei I ndex of the intervertebral disc to
rabpig ARiDG eightt (%) weekséebgygery tnswhigh &) ther digfetidRéY was wivregt and cell
regeneration. (D) shows X-ray radi ograph of the rabbit
culgesspedip SMEM waB)inisgied éi) Hhpwkturesandswdreagnesb cefitipl at wingdocus
hei ght index of the intervertebral disc. Prined
L3/éh@ﬁ1dr1¥361}89 at Léa arardneres aad piimednghopdreestiesprers injected; arrows point

anti-degenerating effect. DETAI LEDDESCRI PTI ON OF THE
to LMYRRAILEN disc regions. (C) shows X- -ray radiograph of the rabbit described in (A)

above, which is used to obtain a disc height index of the intervertebral disc to measure its
morphology, its level of degeneration or regeneration. (D) shows X-ray radiograph of the
rabbit described in (B) above, which is used to obtain a disc height index of the intervertebral

disc. Primed chondrocyte treatment has an intervertebral anti-degenerating effect.



[0017] As used herein, the term"biologically active"
in reference to a nucleic acid, protein, protein
wo egirertso or derivative thereof is defined as BEII/US2009/037987
ability of the nucleic acid or am no acid sequence to
m mc a known biol ogical function elicited by the wld
type fornlof the nucleic acid or protein. [0018] As
her ei rm"connective tissue" is any
DF«T@ELEQ PA%SQBLBRQ&N MO THE BYMENTION tissues” or
organs, and includes but is not limted to a |liganment,
[00A7]c ar {5 |uagfb herging dikdAD  Rikgirelly A6dvea 18 RGTNEMIGE mycleic acid,
manmal i an host. [0019] As used herein, the term
proteity RAUER MRS derivativy thegspl sslsfipedygs dn abgiinat thewcleic acid or
tissue" include cells that are found in the connective
aminp geidsequepeerio A4 miG HKrBynaiplegic fprqtpn gliciied by ghe wild type form of
(chondrocytes), and bone cells
the nyelpig 3¢jl QEPISIEEL t eocyt es), which secrete col | agenous
extracellular matrix, as well as fat cells
[0081di pde y1seeh Netaiel terisan h CARISENS BPY sis PPelsha ey copnegts and
connective tissue cells are fibroblasts, chondrocytes,
SUEPILY IR LisEIer ST ONBRte 2it BE WA IS RYs dinpitsH e disyaent sedlage, a
cells are chondrocytes cells. It will be recognized
tendapa f bpigeandAYAPYIYH OE aMap@ahrnlast-ced with a ni xed
culture of connective tissue cells, as well as cells
[0049] o &5 wepdchersipahe fegm|“songealiye tissis gaIlz i ceh of atCﬁenectwe tissue”
tissue cells may be treated with an agent such as
inclie gldsa thap prey %’dllchtﬂl M SNEHE tHShe sl & §P@Bla§ﬁs’e§@1§tﬂé§s cells
the gene of interest, preferably TG--bl . Preferab
(chppgoqyisishe @bd vionei sslife @ewblfﬁtmteﬁ@te%au%cha Kegst Wﬁagenous
I mmune response when injected into the host organism
extrageljudar Giygres 81 welbas fhtaﬁeﬂalaﬂtp@eﬁeo ananqosh myaselagelly sigferagly, the
this regard, as wel| as autol ogous cells for
congeqtive isieatelyl ageRroblagy. a:ﬂiyncts?cwnat penecesily. e gypsferably, the
[0020] As used herein, "connective tissue cell |ine"
compvg dasse selfs) agg ghongdipeyies qelinnks ol Do recpenized g hednvention can be
originating froma comon parent cell. [0021] As used
pragficed with anpyed quifare o4 eerneeliye tisyug alfss ax welt ecboi ietngiafgpe. Itis
tissue covering the joint surface. By way of exanple
als@ricgenizpgddhatribe dgsue icpliigmay he lugged withan 4gentngeh py Ry chemical or
to, articular cartilage, costal cartilage, and nose
radiagion pq thaiethe odb 3jablyrexpeers the aenerof iKgrasti met%@alyﬂqi%éb Prgferably,

known to be self-renew ng, responds to
the connective tissue cell does not cause a negative immune response when injected into the

host organism. It is understood that allogeneic cells may be used in this regard, as well as
autologous cells for cell-mediated gene therapy or somatic cell therapy.

[0020] As used herein, “connective tissue cell line” includes a plurality of connective
tissue cells originating from a common parent cell.

[0021] As used herein, "hyaline cartilage" refers to the connective tissue covering the
joint surface. By way of example only, hyaline cartilage includes, but is not limited to,

articular cartilage, costal cartilage, and nose cartilage.



alterations, and provi des stable novenent with | ess
friction. Hyaline cartilage found even within the sane

WO 2000t117580 anong j oi nts varies in thickness, cePCT/US2009/037987
density, matrix conposition and nechani cal properties,
yet retains the sanme general structure and function.
Sorme of the functions of hyaline cartilage include
surprising stiffness to_conpression, resilience, and

[002%lceptn GrBicuahi hyatige caridest i ke Jiigheeli-iagpang, fesponds 1o
ability to mnimze peak stress on subchondral bone,

alteézl,ﬂg)n§J raégtprqymeéﬁiap}etr?ove[r@@tz‘gﬂth és%grgmyn .amkyaline cartilage found even
hi stol ogi cally, hyaline cartil age appears as a slick,

within the s3mie I9E of BRPNg junts variegdp g $sppell qepgity, matrix composmon
extracellular matrix of the cartilage conprises

andcRerhanied yrepsrtiep et Ieé?enésth%ﬁwe@@ékséwgqu Y Hetiop. Some of the
vessel s or nerves. An elaborate, highly ordered

fungligng qf d?yéhl%%%@tmlﬁ&i Hichidg SUiPHpigg é&lffp(ﬁls' o EPReEspsion, resilience, and
chondrocytes and the matrix serves to maintain the

exceptipak ahiley dhdistribyfe tieeht bopds, Riliftgmpipignieeapak stugse on wifichendral
mai ntaining a low | evel of netabolic activity. The

boneendrggsit durgdifiyi scol |, J . Bone Joint Surg., 80A:
1795-1812, 1998 describes the structure and function

[0023] 1y &Fspi apd histqlegyally nhygbrasartilagghinprarm &s pikdy o atdepe that
herein by reference in its entirety. [0024] As used

resigls rd@fqlimatrlqnn i ‘Ehe eyragellulag m)g o B qadage copgriges chondrocytes, but
conposition that excludes various three-di mensi ona

lackschipadoyegselss byatpbisy Yessehed epes-f 8 elabpratgehighly ordgFrdotupiip that
be made of any material or shape that allows cells to

maigfAngciRCEastion bAWePIaghoBiieCyEes and thomgirawerss Homaintaathe ghecture
| ayer, and which structure is generally inplanted, and

andniynction] lcthe dyaling caridagentybid meifaininga 1owjlee prmeﬁ@lmwtlwty-
of the invention is typically carried out a

r[‘h%gﬁ:ifqrﬁg@ O’ Peswell el Boaqa]gplmg O%/OA rﬁ78@-{l$}gg 19 escnbes the structure
conposition of interest may be used. For instance,

andebupetionet! dryaliner eapdpgs, ingletagle ipish at earpamisdrigisin bysilgirrge in its
gel s al so may be used. [0025] As used herein,

entrftyveni | e chondrocyte" refers to chondrocyte obtai ned
froma human being who is less than two years ol d.

[00341pi c AP ujed heseincHiaiserlley cempasitioptrglierseld & eamrqsitien dhagfsxgiudes
the hyaline cartil age region of an extremty of the

varigyg e {rcesdimpnsinalscph f?igefram%@@@ meghy pY fg1 strgatiere sihighompnbe made of
Juveni |l e chondrocytes may be used as donor

anycm@)tﬂ@qfld)éylpa@g thag allgwy @éléﬁéptéach to it and allows cells to grow in more than

one layer, and which structure is generally implanted, and not injected. In one embodiment,
the injection method of the invention is typically carried out by a syringe. However, any
mode of injecting the composition of interest may be used. For instance, catheters, sprayers,
or temperature dependent polymer gels also may be used.

[0025] As used herein, “juvenile chondrocyte” refers to chondrocyte obtained from a
human being who is less than two years old. Typically, the chondrocyte is obtained from

preferably the hyaline cartilage region of an extremity of the body, such as a finger, nose, ear



treatnment of defected or injured intervertebral disc.
[ 0026] As used herein, the term "mammal i an host"

WO pwbatEdo nenbers of the ani mal ki ngdom i ncl udpeiyURen9/037987
not limted to human beings. [0027] As used herein,
"mxed cell"™ or a "mxture of cells" or "cell mxture"
refers to the conbination of a plurality of cells that

include a first population of cells that are

10bt3 Rathet BEhelpveniler shapdianidesdnay thussd g H‘é‘loéfch‘?%foéw& forgfiggeneic
a second popul ation of ceIIs that are untransduced.

tregtiperp o dqfprteshr iiise dtrrestcbsd dishe i nvention, mixed cell's

refer to the conbination of a plurallty of

(0026 ne & i PTSBCEI o AR IPYid dncdeles SToses plalie animal
been transfected or transduced with a gene or DNA
kingdruy B Wging PHgtoh piterd tothygag peipgs or ni ng growt h factor b
superfam |y and cells that have not been transfec

[0027] ¢ & é‘%ﬁﬁ@éﬁ?l% ‘Pfrced celE Y ag HEHHTERY C%HSw@ﬁbC@} nyKtugen éefers to the
transform ng gromh factor b superfamly. pi cal

comphigatiog of 8 PB’Falg)é P eclip et inghudle adistt PRRptiqn o r?§ Sef@ﬁteade éﬁnsfected
transduced with a gene encodi ng a nmenber of

or anadsehV R A gengrabiitiees avd diccpndspppBlrfieheticplly taatcaéq pngrapgdyeed.
have been transfected or transduced with a TG- o

[0028)h e r Frepfic|cipbgdipe N yheyavankoR. e xgdeHemay r%é@thegolzbmﬁt&n of a
1. The range may include about 3-10 to

Plupdpt plcapagetive #eus ey rahingluge calls St hay '%eén EralrSﬁﬂCtGé Ofrgragpfluced
t he number of cells. However, it is understood that

with gepeari N enqofimg @ recanies oksthe iprsfarpingsowd decery supyrfamily and
fixed to any particular range so long as the

cells dhasihaug noinPesh tipdedce qr@sg c@ Pt Bye angpdingegmember of the
injured intervertebral disc by slow ng or retarding

trangEaHgr oY Binfagpr &e@ﬂ@@"fa@ulyr Aveieallyy thepiade oficells. thﬁtdwg]not been
As used herein, "non-disc chondrocyte" refers to

transfesied 106 Egsauced soihatesee ¢ncedinan pepietof gfe ansloppiay sexdle fretor P
for intervertebral disc cartilage tissue. Non-disc

supeHy Ry tesplle shaphaverheen frarségeted giviaptduent sy 2 & T s warfampity gene
al l ogeneic transplantation or injection into a patient

may pe {1y g fange pledboeld3-& (9 hjThe edes Ak incdide abus B-1§ite ¢ In particular,
[0030] As used herein, the term"patient" includes

the rigngp aray beAbqui &0 fni ivderiion S armberctl gelisnJoweer.rs understood that
limted to hunman bei ngs.[0031] As used herein, the

the gretfon@fthgsi el shedf [not b eqcesspdy digpd & anyaarticalperapaepp long as the

activated or o | |
combination of these cells is effective to treat injured intervertebral disc by slowing or

retarding degeneration of defected intervertebral disc.

[0029] As used herein, “non-disc chondrocyte” refers to chondrocytes isolated from any
part of the body except for intervertebral disc cartilage tissue. Non-disc chondrocytes of the
present invention may be used for allogeneic transplantation or injection into a patient to treat
defected or injured intervertebral disc.

[0030] As used herein, the term "patient" includes members of the animal kingdom

including but not limited to human beings.
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changed to express certain genes. [0032] As used
herein, "slow ng" or "prevention" of intervertebra
waele@e/1degenerati on refers to the retenti on of RCI/UNOD37987
intervertebral disc or height of the disc over tine
conpared with the volune or height |evel that would
nornally be found at the site of injury Ieading to
rmal degeneration over a given ti [ nean a
W%Qr cent gl hefdn das BB f PBed) rFéHd?feﬁéP gﬁlis th%td@ﬁe é@?na%wed or
10% 20% 30% 40% 50% 60% 70% 80% or 90%
Caé&ﬁb%?@ﬂeﬁfﬁﬁﬂﬁﬁ%whornal expect ed degeneration |evels
ven ting, may nean | essening of danmage or
[00a%,=]p| e?‘? e hergi) ( H@W@g 196 “gisyensient Rk “i‘t?FfV%‘FGxP&lt‘gf’ﬁr dgeneration
disc at the |locus. [0033] As used herein, the
refery 1oy Has EHSRHIAR oG rEIe Pl EtsyersbTdise gy heigheof dh (dijpe over time
enconpasses a group of structurally rel ated proteins,
conyprechwigt the vplugeygr deighidpvse et waplpmeraatlyi berped 5 thscsils 9 énjury
duri ng enbryonlc devel opnment. The famly includes,
leadypg [eRIrEAl JesRIBILON Yy BYERHRE [INF B)2y Wap @Hperegntage increase of
required for normal nal e sex devel opnent éBehrlng
volgme o helghhtsuqbeas @mt i@% 2@‘@79@9%, ﬁ;%sé%%l pQ%, 70% 0%, or 90%
decapent apl egi ¢ (DPP) gene product, which is required
Comweddwrtg aﬂ?e veral rpesiadsdasharsion olsveindt Aot pHotianed Sapfmean
the i magi nal discs (Padgett, et al., Nature,
lessgping g dgupge podepietiop H%V%%?ﬁ}@lg%oﬁ theyispravesiebaldisc at fisilegys.
| ocalizes to the vegetal pole of e (Weeks, et a
[0032) | | As1u8d1bgET, th@swnsfqrﬁ@lgacar@vvtgnéaczowﬁs 6FGF-8) sperfamily”
Blochen1 Bi ophys. Res. Commun., 135:957-964, 1986
encEpPRtiesc AnZORRI Y eStusBIrAlyT FRkeh RTespinyregbighratiesng wide range of
anterior structures in Xenopus enbryos (Thonsen,
diffgfentiatiog| rocegws 4lgEng ¢mbypnic é%ﬁel?l?’[@e%o nigie fpmph é'@fé‘ﬁ@ﬁ i Mullerlan
_ proteins (BW's, such as BW-2, 3, 4, 5, 6 and 7, .
inhhiingswybsianee (BB Whighicrawizd ohauee! Balersy devekoppienigshringer,
and bone formation (Sanpath, et al J . Biol. Chem
et PdgiNaga.985: 1989H990), é’SOIF@Ffa Weeremeaplr & (BPR) R product, which is
influence a variety of differentiation processes,
reqpirRel fQEfloTeRl AERES §8m Sy Matiomndgrerakggsnesisib iy isgemalsdises (Padgett,
hemat opoi esis, and epithelial cell differentiation
et glf g¥atyer i &vid. J88VHsskeaps ¥eil| ecag pagtpct, yoech) locafigpefp the
is incorporated herein by reference inits
veggtat prlets. oD SWrekrhet Pr di%h ALk S%é()ﬁ“@:lheb%ﬂalm |(Wlaggne et al.,
initially synthesized as Iar? (?recursor
Biochem, Blophys es. Commun., 135: 957 964, 1986), which can induce the formation of

mesoderm and anterior structures in Xenopus embryos (Thomsen, et al., Cell, 63:485, 1990),
and the bone morphogenetic proteins (BMP’s, such as BMP-2, 3, 4, 5, 6 and 7, osteogenin,
OP-1) which can induce de novo cartilage and bone formation (Sampath, et al., J. Biol
Chem., 265:13198, 1990). The TGF-B gene products can influence a variety of differentiation
processes, including adipogenesis, myogenesis, chondrogenesis, hematopoiesis, and epithelial
cell differentiation (for a review, see Massague, Cell 49:437, 1987), which is incorporated

herein by reference in its entirety.
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protein, which subsequently undergoes proteolytic
cl eavage at a cluster of basic residues approxi mtely
wa1@®a#04@mni no acids fromthe Cterm nus. The PCT/US2009/037987
C-termnal regions of the proteins are al
structurally related and the different fam |y nenbers
can be classified into distinct subgroups based on the
extent of their honol ogy. Although the honol ogi es
[003#} hi hhgarotsitsuplathe JGBgE supy frargialy dmihreigsd & 9drge precursor
am no acid sequence identity, the honDIogles bet ween
Proksiifh gﬂbﬂbéuba%le@lwdﬂg@gﬁqP{O&Oiymeavef@naé réafIPyfery elnfisiggresidues
fromonly 20%to 50% In each case, the active species
APPASHEAEY i/l& 198 azipg a¢ifs {ramL e gk EEmiapie e - @f{“é?lnliegﬂﬁps of the
fragnents. For nost of the famly nenbers that have
prosns g pi girgduralbh elaseshandi the difterenp &enilysmpgeers é@nbﬁf %Sﬁtfwd into
to be biologically active, but for other fa
distipehpiehesouprs pased PR éhq sinbPhielr bagology. éﬁlthouahé% P@nologles within
321: 779, 1986) and the TGF-b' s (Cheifetz, et al
pargiylgr subgrounygangedipmy /0% de 3P GnHRY acith sipwence ddentiye the homologies
detected, and these aPpear to have different
betiypes YHEEHS A5 vpbHeangy lomisa gengrdlyTangivg oy en b GRGP §8%s In each
[ 0035] anbers of the superfaml|ly of TG~ b genes
casg.r{b¢ giye Tiegeies grpearsyr.be lelsu*lféﬁlmb‘?ﬂ digwr efengrminpbfragigents.  For
TG-- b5 (Xenopus), BWMP-2, BMP-4, Drosophila DPP, BMP-5,
mogmﬁﬂ@ falmjy Fnem@s |t17aBm:ye-peeqjt%% ihel hé)n‘@@qlenggmqes has been found
Xenopus Vgf, BMP-3, |nhibin- DA, |nhibin- bB, Inhibin-
to be bigipgjcally getiven utdoethed amie mgmbersdde dhg inhibis Sdpgist al. Nature,
Ann. Rev. Biochem 67:753-791, 1998, which is
32 Yo kG andbic ReFd) n((yifetates plo isicl. 4810% E9%Ihthererdimers have also
[0036] Preferably, the nenber of the superfam |y of
bee‘pdz];ec@d,gfgﬁletgeqesapp@p: to jhgve diftprentybiologicm. prggertiggamp the respective
BWP-3, BMP-4, BMP-5, BMP-6, or BWMP-7. [0037]
homegigeRier t ebral Di sc [0038] The intervertebral discs
make up one fourth of the spinal colum's |ength.
[003fler e Mgpberso!f dheswpeniatilvednl ¢1HE gapdsaselpdy YGF- ﬁ)’a EG-$2) TGF-p4
and Coccyx. Discs are not vascul ar and therefore
(Ch@é?;énBGBﬁlt heP#adXproanesBME-HiBMEde Dreserfi IARR. 3MRH5BMP-6,
The cartil agi nous |ayers of the end plates anchor the
Vedi $¥sI/BMPpT.allresqraga @](I)ATﬁ?@H ht¥&ngrist bty BMRYP slaibgy @A, Inhibin-

fibrocartilagi nous cushions serving as the spine's
BB, Inhibin-o, and MIS. These genes are discussed in Massague, Ann. Rev. Biochem.

67:753-791, 1998, which is incorporated herein by reference in its entirety.

[0036] Preferably, the member of the superfamily of TGF-B genes is TGF-B1, TGF-B2,
TGF-$3, BMP-2, BMP-3, BMP-4, BMP-5, BMP-6, or BMP-7.

[0037] Intervertebral Disc

[0038] The intervertebral discs make up one fourth of the spinal column's length. There
are no discs between the Atlas (C1), Axis (C2), and Coccyx. Discs are not vascular and
therefore depend on the end plates to diffuse needed nutrients. The cartilaginous layers of the

end plates anchor the discs in place.
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shock absorbing system which protect the vertebrae,
brain, and other structures (i.e. nerves). The discs
wWa@bkldmEene vertebral notion: extension and f|RBXI/G82009/037987
I ndi vi dual disc novenent is very limted - however
consi derabl e notion is possible when several discs
conbine forces. [0040] Intervertebral discs are
sed of an annulus fibrosus and a nucl eus
[005%ﬂ| po%rhfs intqryertehpyh lings o HiPrsslaginods sushigny spryigats the spine's
tire-like structure made up of |anellae; concentric
shogy alspebings system) whish Pratgsehs VE’ES‘?%@C prai. sl ¢ther siegtprsh gt nerves).
end plates. The sheets are orientated at various
Theaﬂ‘é?se%lowmélea’ﬁﬂ‘ihrﬁsm?q%r peensioamaf dlesignt IRdivigyel dggsmovement is
pul posus. [0041] Although both the annulus fibrosus
Verahantﬁ@c P@w%vebeﬂnﬁlé%@@e o &rpﬁé%@@ wen seaeral discs gpinbige fprees.
and proteogl ycans the amount of fluid (water
10044 P@%ﬁ”?rgb’@% élé'fSeagf C‘i’fﬁpcts%oﬁﬂj’cqnéﬁ%‘s phropesing. 2 rpﬂéeus pulposus.
nol ecul es are inportant because they attract and
The aangius fiRaeses 1s TREotgURlidLSrepifpBREE CcBAlaPmS! &H}%@r é@é@&nme
gel -like matter that resists conpression. The anp
Sheéﬁrs ohaplereen fbem somgelre (s thy aertelsal ane plaggsodhe thests &ﬁyonentated at
dependi ng on activity. As people age, the nucl eus
varipys H&ﬁé‘ﬁs nples fiogtsiepsst Be n\‘/\ﬁ?‘éﬂ?“iﬂoﬁﬁst s its ability
to absorb shock. The annulus fibrosus gets weaker wth
[00d}e andhenelibng heanmudys fibpyris and IFHCLeuﬁﬁ‘i)P‘P?B% are £ABROTSA Oh Water,
in some people, in others one or both of these may
collaggns @nd Rrsielycigi (KRGS} dvazrousph aidewatsT A PORRSI grﬁwt in the
of the dehydrating nucl eus pul posus to absorb shock is
nucless [PElPOgs; B paleetiesr argiimporsigh becapsi they aactqadergin yater. The
refers to the gradual dehydration of the nucl eus
nugiRys peleas sentgjayehulraed ga-lde seattgs balgewsts ¢inyHessiya. The amount of
annul us fibrosus tears due to an injury or the aging
waist gt B guciene vaise Iasshoul hesiay depmmdpagimnacivitesds Iﬁﬂ)@le age the
throu%h the tear. This is called disc herniation.
nuqlgys PEpSTUs egiRs &1 by dricenbish dingls 1tsalb1ht>al:004bg0rbwh00é<pTh@ annulus
maj or spinal nerves extend out to different organs,
fibropussggessweaket widhiags ard begins totteqrs Whale yhig gayoipt Caitse thi@ in some
herni ated disc to press against these nerves (pinched
peopker ipedthegaension §oth £ thate 1y qeaserehranissiess, tingling, and
di m ni shed strength and/ or range of notion. In .
[00421di t Peyp due frethe dpabdiy obtherdebydrifingrnugiges gposgelo akgpibeshock is
contai ns inflammatory 8roteins, wth a nerve can al so
calied axial ARy AT flisg pfce pain. One generally refers to the gradual dehydration of the

nucleus pulposus as degenerative disc disease. When the annulus fibrosus tears due to an
injury or the aging process, the nucleus pulposus can begin to extrude through the tear. This
is called disc herniation. Near the posterior side of each disc, all along the spine, major spinal
nerves extend out to different organs, tissues, extremities etc. It is very common for the
herniated disc to press against these nerves (pinched nerve) causing radiating pain, numbness,
tingling, and diminished strength and/or range of motion. In addition, the contact of the inner
nuclear gel, which contains inflammatory proteins, with a nerve can also cause significant

pain. Nerve-related pain is called radicular pain.
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pain. Nerve-related pain is called radicul ar
pai n. [ 0043] Herni ated di scs go by many nanes and these
w@ 2009fve|aw0 di fferent things to different nmedi caPCT/US2009/037987
prof essionals. A slipped disc, ruptured disc, or a
bul ging disc can all refer to the sanme nedica
condition. Protrusions of the disc into the adjacent
vertebra are known as Schnorl's nodes. [0044] Prined
[00&2) | HR@ialgsh IPe04s Py TREND Nadehand ) AneeA clHpraals Bnes to
admnistering prinmed cells to an intervertebral disc
dlfﬁeegf Beligah P%?f%a%aé% A Bippgdehisc: TuRfuidetisc it aehwlging dipg ean all refer to
di sc by preventing or retardi ng degeneration of
thejspipe pirdicpletopditioyj Fatruspng g the (i istodheadigagnicyerelra are known as
connective tissue cells, and include chondrocytes or
Scippgkoriest s. [0046] By way of exanple, when a
popul ation of primary chondrocytes are passaged about
[0044]or Brimegdell f heEMY mor phol ogy typi cal |y changes to
fibroblastic chondrocytes. As primary chondrocytes are
[00653 s aa pregeR iR vEsign ANGOFPRYysEadeppisieing prHRGd cells to'an intervertebral
chondrocytic characteristics and begin to take on the
dis¢ figgiQie frep i BARE! ©F gt pRigEHaigterertehialndipo Oy tRigvenippger retarding
these fibroblastic chondrocytes are incubated or
degepratipadel ipfenveriabral dig i fmencduiehs 4% apisrlbt enRedtiveg disgugecells, and
TG--b superfamly, the cells regain their chondrocytic
inckiHg ehpRelieeytet rddrobfiseh i ncl ude production of col | agen.
%0047% Such rlned cells include fibroblastic
[0086)ond By cyaye, e)mpk?h vhay @ nogsiRtiomelpaney chprdocpegstire passaged
and as a result have reverted to coll agen producing
abogh drelr b épeestheingneiplrieayagaicelty canges tor fibreblagie| qhenqlrﬁcytes As
retardation of intervertebral disc degeneration is the
Priggiy e csmdioeat iy nasegish eheshdReiPoky 1ess ske joht Peig udendacytic
into the intervertebral disc for production of
chaéaétpqng@(érﬁngr‘@glgttﬁ dikgi Gethgyhirpderistiee obfibjoplastic chondrocytes. When
cartil agi nous matrix. [0048] The cells may include
theggj fitgoRlesticichprdaaaysh afsrinprbatpd Oa[ Pemest” widh ¢ eVt prchay @ protein
under gone about one to twenty passages. The cells nmay
fropethe ocHpleBt superfamidys e celly segaiph el efhogdraenpici ¢haragigeistics, which
cell's that have undergone a norphogeni c change,
inclydepeyrtionef gHlaganng causes

[0047] Such primed cells include fibroblastic chondrocytes, which have been incubated
with TGFB1, and as a result have reverted to collagen producing chondrocytes. An advantage
of using primed cells in retardation of intervertebral disc degeneration is the ease of creating
useable chondrocytes for introduction into the intervertebral disc for production of collagen
and otherwise maintenance of the cartilaginous matrix.

[0048] The cells may include without limitation primary cells or cells which have
undergone about one to twenty passages. The cells may be connective tissue cells. The cells
may include cells that have undergone a morphogenic change, wherein the priming causes
reversion to the characteristics of the original cell. The cells may include without limitation

chondrocytes, fibroblasts, or fibroblastic chondrocytes. Priming may occur by incubating the
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reversion to the characteristics of the original cell
The cells may include without limtation chondrocytes,
wo plpobil7ast s, or fibroblastic chondrocytes. PrP@i/Hsonsg37987
occur by incubating thecells for a period of at |east
40 hours, or from1l to 40 hours, from2 to 30 hours,
fron13 to 25 hours fron14 to 20 hours, from5 to 20
from6 to 18 hours, rs, 8 to 15 hours, 9
cells forpsperigd, piat l%sft w 1%9“&%/ ?lbeE‘Prﬁé % éﬁ% BOYrh b %%ﬂlr%/ from 310 25
separ at i the cytokine fromthe cells and inject
hoyr, drogy 4 &9@3) howrsy gom Rt 24 e P19 Kyhoveud ty bt Bews. Sitp é5 B?urs or9
interest in order to regenerate cartilage, preferably
to 1 hquis it it okifige and them ARlogalbesaparatingethe ¢y Gking dropaie B%“S and
a menber of the superfamly of TG=b. In particular,
injqchee EptRskIGdecchagiihe Crefagnous Aglerinsitg A tinetsplan, Orfk‘e;FtO Bpgenerate
{ 0049] The cytokine may be present in the prim
carfilgaqy FEH My Wa&mer?a%agam BRFCh UG PP mgy ¢ ﬁumﬁémber of the
t he chondrocyte to be useful in the intervertebral
supergpil yeinkGlirBt Inparticplar. thejcytoking ey be tIgd’-f apgrinpgrticular, TGE-B1.
i ncubation mx may contain at |east about 1 ng/m of
[00¢9¥e cyhoKrytAkine |rr|*pr%ﬁr picealt & thet PréMie MnGrlgliciomiaim g pERynt o

about 1 to 1000 n fromabout 1 to 750 ng/m, from
suffigienity “pripes” §50hA ﬁqyte Prisrisafybif the intgsversbrah gﬁfﬁrmentfm%laﬁd In
about 1 to 300 ng/m, fromabout 1 to 250 n from

thiszspits the l@ramz@@CH'@qﬂﬁn mif Ak CRmyet lgas gbopsgn gﬂmf thefcmhﬁne In
about 1 to 100 ng/m, fromabout 1 to 75 ng

parigthiit thg mtip mBY cofyF A ToMFabewh laip J (00 ngimi. érogo@OHgl i9) 750&&6% from
about 10 to 400 ng/m, from about 10 to 300 ng/mni

abOrUF bPﬁ %{}S)d\gfmlmomcﬁb@ad BgPorne/n.lem aswd tq@%rzg/@bﬁom about 1 to

fromabout 10 to 150 ng/m, from about 10 t
25011@&5mh érpm abowty lgith 286 sgml.afeprg ébOF‘Sl Hyl IoIne/mly B abertl t<1 @OQ fe/ml,
ng fromabout 15 to 500 ng/m, fromabout 15 to

from@@mﬁgl/w > ngmgnireB abieut 130 6 ngod fFyn ﬁ‘?OUt 10 br0Qpe (el frgm about
to 250 ng/ M, fromabout 15 to 200 n from about

10 @54(10@%4!51@ framy abput 10rte 0@ BN, f1o8n plpuy @8 (h0nag/mk, frgp about 10 to
about 15 to 75 ng/m, fromabout 15 to 50 ng/m, from

20Chpeu. foon plpusdf t<h P e/ rlgn abaitl020 10 n&/m igjn igbout 10 to 75
fromabout 20 to 300 ng/m, from about 20 to 250

ng/py/ (rem akiqup A tsbLae/mb fog St }@tprﬁOO ng@l@nﬁr%m @beut 20 tg 400 ng/ml,
150 ng/mM, fromabout 20 to 100 ng from about 20

fropgbyg 1r5g50 AP0 ng/mbriremabrut 39 ¢ %B@frﬁ]g/ﬁi?rn abppiolh @O0 mekg, from
to 500 ng/mM, fromabout 25 to 400 ng/m, from about

abops1y @ 1§@@g/ﬁfglfrﬁm afqup kY WolOUme/pH, frgm 2'%“ AYyforiS, ngfiplp fppm about 15

about 25 to 200 ng/m, fromabout 25 to 150 ng/m ,
to 50 rgmh e abpgt F(gto 500 ng/ml, from about 20 to 400 ng/ml, from about 20 to 300

ng/ml, from about 20 to 250 ng/ml, from about 20 to 200 ng/ml, from about 20 to 150 ng/ml,
from about 20 to 100 ng/ml, from about 20 to 75 ng/ml, from about 20 to 50 ng/ml, from
about 25 to 500 ng/ml, from about 25 to 400 ng/ml, from about 25 to 300 ng/ml, from about
25 to 250 ng/ml, from about 25 to 200 ng/ml, from about 25 to 150 ng/ml, from about 25 to
100 ng/ml, from about 25 to 75 ng/ml, from about 25 to 50 ng/ml, from about 30 to 500
ng/ml, from about 30 to 400 ng/ml, from about 30 to 300 ng/ml, from about 30 to 250 ng/ml,

from about 30 to 200 ng/ml, from about 30 to 150 ng/ml, from about 30 to 100 ng/ml, from
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100 ng/m, fromabout 25 to 75 ng/m, from about 25 to
50 ng/m, fromabout 30 to 500 ng/m, fromabout 30 to
waoengr’wd , from about 30 to 300 ng/m, from ab@UUSB09/037987
to 250 ng/mM, fromabout 30 to 200 ng/m, from about
30 to 150 ng/m, from about 30 to 100 ng/m, fromabout
30 to 75 ng/n1 fron1about 30 to 50 ng/n1 fron1about
to ng rom about 35 to 400 ng
aboab%(mo 7§51g{161 §9@ %k?@vtrﬁo 0 50 BEimkfEr Akt § o lopmly Iﬁ@?lnffom about 35
fromabout 35 to 200 from about 35 t
to ‘H)anmml feg e gndo 3% ltggmh Bronyigemy 35 rzé‘?rfl%(%dfonssboelb%m 200
fromabout 35 to 50 ng/m, fromabout 40 to 500
ng/f /ffﬂm ahqup Ay Ebbineanl. frammeut%fé/tmloo /B 580 aous 85 75 ng/ml,
300 from about 40 to 250 ng/m, from about 40
fromdlb%%ﬁrf@ﬁm ng/mlr grinabeti 4o Y8 ng ﬁ@l}“rﬁb‘)‘ltf“lodm“% é‘&/tml from
40 to 100 n%» fromabout 40 to 75 g
aboghtfito W nggn 5@0%@}% 40119 85 bpe/mhdronpt ey HAGKP ?&Palefmlcfrﬂ@ about
the invention may include incubating the cells with a
40 ykSg it frejp aBowt ép ﬁ%ﬂ(}ﬁ) N8R RN AP0 ¢ & ng/pdr drogt heeirO to
cells and optionally separating the cytokine fromthe
SOp¥Mls, and injecting the prined cells into
intervertebral disc or the site of interest near it.
[0029% or Rae impgiog of tprstigiag he ipgntipR Napddededgcubipting thpgells with a
cytokine of interest for a tine and the conbi nation
CytpRele By aaeriiai sneh o iy toheeas pEmsd celdst adk oRtfopbyugeparating the
separating out the cytokine. [0051] It is to be
cytefrtferen dbd clhatndvipictEng the pamphedispnte 1@%@?ﬂ%§§ﬂ$&rﬂf§%ﬂ site of
such as a scaffolding or a framework as well as
intafest PR 4t Skeramedydhe <reé1§ ey bdpeupated withdbt edokinge iRisfest for a
in the primed cell therapy protocol of the present
timp Akihe F@mbmiitton.r%ayahes«;\émgb%%rpfgwh@ Higtof gl veithapt Pty out the
or tissue not be included in the injection system of
cytplige. i nvention. In a preferred enmbodinment, in the
inventive somatic cell therapy, the invention IS .
[00§1]r ecltdyitoths uadeyptagsl Batgwhilgdtiis oPssig Batsuhgangepypiy ket scaholding
of prined connective tissue cells to the . .
or 4 figragwask aewelhis wariges exparseus e 2)ay|be iggplanted weether in the primed
understood by the artisan of.ordinapg skill that the
cellstherperrefocl off ths prasentipveRiimmY ivalinuneanblp sial sigh seaglplding or tissue
the patient's own connective tissue cells, such as .
notzhgtitledsdus the Bicstitmawptedy ofche ypwopt B ¢arefagred sgrbodiggnt, in the
al |l ogeneic cells as well as xenogeneic cells may al so
inventive somatic cell therapy, the invention is directed to a simple method of injecting a

population of primed connective tissue cells to the intervertebral disc space.

[0052] It will be understood by the artisan of ordinary skill that the source of cells for
treating a human patient may be the patient’s own connective tissue cells, such as autologous
fibroblast or chondrocyte cells, but that allogeneic cells as well as xenogeneic cells may also
be used without regard to the histocompatibility of the cells. Alternatively, in one
embodiment of the invention, allogeneic cells may be used having matching
histocompatibility to the mammalian host. To describe in further detail, the histocompatibility

of the donor and the patient are determined so that histocompatible cells are administered to
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be used without regard to the histoconpatibility of
the cells. Alternatively, in one enbodi nent of the
WO posenti7én, al | ogeneic cells may be used havi NnRCT/US2009/037987
mat chi ng hi stoconpatibility to the mammal i an host. To
describe in further detail, the histoconpatibility of
the donor and the patient are determ ned so that
hi stoconpati bl e cells are adm nistered tothe mammal i an
the pammalign dgst. (lspe HvPRIlecHBRUPOESH BYY Ay Palresd Plostsiglly without
al l ogeneically wi.thout necessarily determ ning the
necgisafly deispripingitre RisfocomppiRilig oh Bie dapey apdh Ehepatignent |
%0053 Gene _Delivery [0054] In one aspect the present
[005 3 e neBHDEHSEY 0ses” ex vivo and in vivo techni ques for
delivery of a DNA sequence of interest to the .
[008Hnnekt PRreaspees ShrePrewsny Wverrtiop wisclogsrma ihadoigtvivorigghnggues for
vivo technique involves culture of target connective
deltvpglﬁ ] ]%184\|s§quepqq: q];iurtt?r@stttq glﬁgp@@f:ql\@ﬁlsgfe qu%ofDRmmammahan host.
sequence, DNA vector or other delivery vehicle of ,
Thg g Wresehnigiegndhees colive of fajget corgseivedistuescelly. gp pigigeernpfgetion
transpl antati on of the nodified connective tissue ,
of e NA pesiupnes. PR gectos o8 gther deliyerymighislsl Afdplerseisito thy cgppective
_to effect in vivo expression of the gene product of
tisspg e efptlowedbs gpnsplantagon of the mediise SPRsatiYeHEtuadsils & fhe target
i s possible that substances such as a scaffolding or a
areq PR NBMKI2HEN RSt FO #5'0 ¢HEG JUYY eRPraH e tishe 88 pesluphyy inserest.
i nmpl anted together in the,ProtopoI of the present ,
[005%)y e ntliivte, bejupdgraiopst Bpayhiled! is RatsitduBp sybgnced Wrings dicallolding
ti ssue not be included in the injection systemof the
or p i{AsivoBn as Msllars o OETBEENPRYA tsSHeR dngynbe HiplgHed ogether in the
directed to a sinple nmethod of injecting a TG .
progGplet fherRTesgntgpsnEeh itds Prafepsh thabtuch peadipldgng ar Gipsg not be included
~untransfected/ untransduced or transfected/transduced
in (B HHEPR ¥t eisthe inventiag. By a aneairpaditeent.Hbs @yentiop iy digected to a
_intervertebral disc space so that the exogenous TG
simplgp dlethed Ply igpcingi h T sxpsriagdlsdrigiein o1 gt Pppdatjoy pheultured,
space. [0056] It will be understood by the artisan of
untgyngfeeied yntgridured: i trarsersteddigpdacas canapqtiye ftigpuet gella tar g maxture
human patient is the patient's own connective tissue
thegegf fosthe gpigtyerebra dizs geuse BlbAEraeganeus &G supgfstibyeprotein is
source of cells includes allogeneic cells wthout
expresgpsrad it astivhia Ul PeSconpati bility of the cells to the

gatient sought to be treated.
[0056] It will be understood by the artisan of ordinary skill that one source of cells for

treating a human patient is the patient’s own connective tissue cells, such as autologous
chondrocyte cells. Another source of cells includes allogeneic cells without regard to the
histocompatibility of the cells to the patient sought to be treated.

[0057] More specifically, this method includes employing a gene product that is a
member of the transforming growth factor  superfamily, or a biologically active derivative

or fragment thereof, or a biologically active derivative or fragment thereof.
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[0057] More specifically, this nethod includes
enpl oyi ng a gene product that is a nenber of the
W@ e@nsfowm ng growm h factor b superfam |y, or BCT/US2009/037987
bi ol ogically active derivative or fragnment thereof, or
a biologically active derivative or fragnent
thereof [0058] I n anot her enbodi nent of this
i_nvent a conmpound for parenteral adn1n|strat|on to
[0058]hat Fne n‘”’cnOFhﬁr aef{ﬂl’PélF%‘B’é uff & yn@nnfl@bt ity SORAHIAL fpis parenteral
provi ded that contains a TGF-b superfam |y protein and
adminisiiptioggp @ ReHe b @ebgrrredticaly cffpeive amMeusiof PAHEteHdhat contains a
enbodi nent of this invention provides for a conpound
TGFd} superfeslyaralringads spieblepbprgreeusic cpmier.ent in a
phyl actically effective amount that includes a
[00%@: b A8piBer $rabAdIens b thip VSR IaPEYilesa I compound for parenteral
phar maceuti cal carrier 060] In therapeutic
adngipisiratioat oo atieph & mronilyb%qa@y eliget{ve panquat fhal sckiges arTGE-B
| ocal i zed admi nistration. Techni ques and fornul ati ons
supgdBilapleiny ageitabi pharmaserieal G35t6n' s Phar maceut i cal
Sci ences, Mack Publishing Co., Easton, Pa., |atest
[0069]; ¢ | BntherpRentis capplatipitg ﬂ@df GRP rrigin may pedormatats ior dqeglized
Is generally conmbined wth a carrier such as a dil uent
adrgipisggtionn i Tepniqyss cdngympladensdeenerally epay hex fawpdidp sRemington’s
bi ndi ng, wettin ents, disintegrants, surface-active
Phaggasepdcal eYcsaags) 3/'19% Dyhbislaing rCq-u Bsteraritas, lagel ediliph g Llisn active
the nature of the node of adm nistration and dosa
ingredicasthaty shec AT peaenes eoremby icebinere Vit gwigeics sudhi aqun faluent of
preparations includi ng suspensi ons, enul sions and
excaienyt Visals , mayr anindesfillegnderdendssl dindingooetneT Agentarlisintegrants,
rotein of the present invention may al so be conbi ned
¢-Petiye et raIdRtls elymgrs & ABpEHBY derearing op thegpature of the mode
adn1n|strat|on to a subject. Exanples of suitable
of grmimyaEEeR (%04 dosager ffups. dwaical dasapetlprey iechideomowders, liquid
l'i pids, including, but not limted to N-(I-2, 3-
PrepRaany IS RAHNS SBIHPRQNS, Pnsiensiane sl ylos sV 48H canshige
% kéand di ol eoyl phophoti dyl ethanol am ne ( DOPE) .
[00611p0s bR <TGl @reifia oofs diet afspeat dRyantigr gngyoplsp hee Fegpbined with a
protei n nol ecul es of the invention. Another suitable
pha@aac‘rep@q«allv ieeepsbBw AT elgs adgimisughion s § rrebiedo MptmRlgngl suitable
the TG- protein nol ecul es. [0062] The TGF beta protein
phagggcepécahfagaers wictahy agpty efreatienicdipidy, lﬁﬁlyéméﬁb@n@élmlgsﬂd to N-(1-2,3-

dioleyloxy)propyl)-n,n,n-trimethylammonium chloride (DOTMA) and dioleoylphophotidyl
ethanolamine (DOPE). Liposomes are also suitable carriers for the TGF protein molecules of
the invention. Another suitable carrier is a slow-release gel or polymer comprising the TGF
protein molecules.

[0062] The TGF beta protein may be mixed with an amount of a physiologically
acceptable carrier or diluent, such as a saline solution or other suitable liquid. The TGF
protein molecule may also be combined with other carrier means to protect the TGF protein

and biologically active forms thereof from degradation until they reach their targets and/or

18



acceptable carrier or diluent, such as a saline
solution or other suitable liquid. The TGF protein
woreioeaul7é0 may al so be conbi ned with ot her carrPEr/USANG37987
to protect the TGF protein and biologically active
fornms thereof from degradation until they reach their
targets and/orfacilitate novenent of the TGF protein
or biologically active formthereof across tissue .
faclitpte p@ygmer[toéggq Taits preteHePr Bivkngisite Aetivgs fofrpjthereof across tissue
invention includes storing the connective tissue cel
bardersor to transferring the cells. It will be
appreci ated by those skilled in the art that the
[0068In ne &t frierepdedimepienf| thipifyepiond padpdeg SOFiBg B cpppegigve tissue cell
percent DMSO in liquid nitrogen. [0064] In the present
Prifpip| Famslerriag, the collst hBdvillsbepprplseénisd Piothope gated By ﬁlﬁgﬁﬂoﬁhat the
preventing degeneration of intervertebral disc by
conngtive tipg Celhmaps Bpied Hpen i AtgrreanPYERQ indiggid nitgogen.
transfected or transduced with a gene encoding a .
[004Enbeln Be rresent sPrRiORn AGthgH éWWVFlé%tf‘éfrlﬁé?n&fangI pyeventing
superfam |y, including, but not linmted to, BWP-2 and ,
degprgratgpny of piterggiigbral disgodw) injestingnaf HEProBHYS diavuptliapfoell Haat is
present application, a nethod is provided for
trangfestpd 9f fragpdesed pathay gsinp gnegdige depanties Af Be tppyfampeg grewthafactor-
di sc by injecting an appropriate manmalian cell that
betq €' GloB) tuperfanibic inslrdipe. hut apiddited do- MM 2ang d6E-feh 2o#idily
a_menber of the transformng growth factor-beta ,
[0065Gr- By aaqihssrahedingeng of ttharesent ippliqatigh s§ dethod igrprovided for
transduced with any other gene. |In another aspect, the
preygpjigstqrofstardinglidegepemion of tipeaiertelyali fiserwdingseting an appropriate
degenerated intervertebral disc by preventing or
mapgaigeehighefd apidraaticged of rangduced it negene picafling jageerpRer of the
usi ng the above-described nmet hod. [0066] |n another
tra@fﬁg@&g@@wthé@ct@rﬁ@tap@gﬁdﬁtsugeﬁ@mﬂdzﬂr ithshis 0t Feaskrsepdjog transduced
.ﬁrovided for preventing or retarding degeneration of
with g rQlgrt g88¢-aln ghodher Bypach| tee (VisBHIn Safifctsgr P alfating injured or
manmmal i an cell that is transfected or transduced wth
deggnegaipd ISPy disC e REFEENER o idadingisediering og hewptgrvertebral
_factor-beta (TGF-b) superfamly. |In another aspect,
dis¢ Pyeusing b hogerdpssripdradthed to treating injured or
degenerated intervertebral disc by preventing or .
[006¢} ar BT Apptes garhedidng @f dhe Prrset mpalicader. e mgthodi i corpyided for
usi ng the above-descri bed nethod.
preventing or retarding degeneration of intervertebral disc by injecting an appropriate

mammalian cell that is transfected or transduced with a gene encoding a member of the
transforming growth factor-beta (TGF-B) superfamily. In another aspect, the invention is
directed to treating injured or degenerated intervertebral disc by preventing or retarding
degeneration of the intervertebral disc by using the above-described method.

[0067] In another embodiment of the invention, a method is provided for preventing or
retarding degeneration of intervertebral disc by injecting a combination of or a mixture of an
appropriate mammalian cell that is transfected or transduced with a gene encoding a member

of the transforming growth factor-beta (TGF-f) superfamily and an appropriate mammalian
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[0067] In another enbodi ment of the invention, a
nmet hod i s provided for preventing or retarding
wale@enerat i on of intervertebral disc by injectPeyUs009/037987
conmbi nation of or a m xture of an appropriate
mammal i an cell that is transfected or transduced with
a gene encoding a nenber of the transform ng growh
factor-beta (TGF-b) superfam|ly and _an appropriate
Celh‘;ﬁi”hfﬁp‘?téﬁ&%fF‘Fte‘{ Wéfanﬁ‘@c?fbwﬂ't‘ P SRKT Scedee dmembgrd difcisanstorming
with a gene encodi ng a nmenber of the transform ng
grogﬂb\ﬁacwr%atét@ F}Fd@tsapf(rﬁ?@ﬂymr Bfpls rh HRRsjectd erfa%nsql%edw gtith any
transfected or transduced with any other gene.
othginginfeln HOHE @3PeEh ghe IMYFMWED dh djrectydi oeldadng dnured @atdpg?@erated
_ injured or degenerated intervertebral disc by . .
1nteﬁyeég<;‘g1ia}% qhﬁ(gb)bpreyeélpag i Wﬁlr(a%@qgépeé@t}oarpf de iptgpyertebral disc by using
i ntervertebral disc by using the above-descri bed
the ghevsolsscrPodBsodn an enbodi ment of the invention, it
I s understood that the cells may be injected into the
[0068]ea manpnRodineray ehe dvepiPnoft it lmslexsm)é rﬂ% theegslsmay)pe@jected
~is to be sought to be prevented or retarded by using
intq the agea|in WAlHvlsedeEpn pleldie évsRsatEal disc i tphe spudhf tnlsutrevented
scaffolding material or any other auxiliary material
or &iEHedaby axtgaie gl Wery-deseiibedt sEIPOBIIBR OYifhaPy Biigout scaffolding
carriers. That is, the nodified cells alone,
magHNpRr ettt rdian BuErialgsuh # SYERUsCloRhPER bigepmpatible
t hereof may be |j;ected into the area in which the
cargrge ABH atsi cS]PF orodifikd rellseplorss t wmrogitied; ¢ddlsi dongo fhit pirture or
be prevented or retarded. [0069] The foll ow ng
conghinion elfergple may £ e deaRd Y BF arqal instvhighi B @gelterﬁélon of the
~ present invention, and not by way of limtation.
intqryeaaEGsq igorEht ERaRmyEntpd or rﬁmrl | ALS AND METHODS
0071%Bflasn1d Construction [0072] The plasmd
[00%?0rr|vL fokeyvipe repmpled 45y oslaisel bhiy &l 1llptptipngf thq present
fragnent containing the TG-bl coding sequence and a
invefition Hdmet Prowey Yaimjtaiosite at the 3' end into the Bam
H site of pMIMLV. pMIM.V vector was derived fromthe
retroviral vector MFG by deleting entire gag and env

seguences as well as sone of ackagi ng sequence.
EXA&HHIS y.p ging g

[0070] EXAMPLE I - MATERIALS AND METHODS

[0071] Plasmid Construction

[0072] The plasmid pMTMLVB1 was generated by subcloning a 1.2-kb Bgl IT fragment
containing the TGF-B1 coding sequence and a growth hormone poly A site at the 3’ end into
the Bam HI site of pMTMLV. pMTMLYV vector was derived from the retroviral vector MFG
by deleting entire gag and env sequences as well as some of y packaging sequence.

[0073] Cell Culture and Transduction - The TGF-f ¢cDNA cloned in retroviral vectors
were individually transduced into chondrocytes (hChon-TGF-B1). They were cultured in
Dulbecco's Modified Eagle's Medium (GIBCO-BRL, Rockville, MD) with 10%

concentration of fetal bovine serum.
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[0073] Cell Culture and Transduction - The TG--b cDNA
cloned in retroviral vectors were individually
W@ e@sstreed i nt o chondrocytes (hChon- TG bl ). REEYSX09/¢37987
cultured in Dul becco's Mddified Eagle's Medi um
(@ BCO BRL, Rockville, MD) with 10% concentration of
fetal bovine serum[0074] To select the cells with the
t ransduced gene sequence neonycin (300 ng/m) was
[00Zdlded T relert thvercHedith e trrgluged gege gaupncrgroppycin (300 pe/ml) was
expressi on were sonetines stored in liquid nitrogen
addgeh nte thermpgdagm.i i B¢ cls athel I8 1 pﬁ{j)f@@tqndypre P@RrigIes stored in liquid
pMIM.Vbl and pVSVG pl asmi d DNAs were cotransfected
nﬁ@ﬁ@ﬁmépﬁuﬁgguﬂéﬁﬁ§3g?“@ﬁﬁé%e transfection methods.
After 48 hr of culture, the supernatant was filtere
[007 3 oupM TAIEY Bisandrh VoY § lasmishRNAF vegs cotppadeqigd sy @82 293 cells
cul ture supernatant was then diluted 2-fold with
by hessne HrpsfgEon ethpiss A 48 deal f%tuf%fl’écstlp%ﬂﬁ% was filtered through
chondrocytes. Human chondrocytes seeded in 60 mm
a 0wy pelydilione fifem Thefilsred grlrer weenyantwels dhgnndibitqdegfold with
with the filtrate plus polybrene (8 ug/m, Sigm, St.
meqligiy; pdus 1) FBSAFQde'%SG‘gt%PfeétfhuWé ghendrassites.t Hampehioggioges seeded
replaced with fresh nedium Infection was repeated 24
in Geymmgplsyre dish 48 hrpriag & wdecipn weredifpeehatta e fﬂweémlgﬂn%laene (8
cells were cultured in Dul becco's nodified Eagle's
ug/mb diiging SoArRIsnM: 18 4 Bt &f ingbdtie ths éncdinng Pamicrigegdywith fresh
after the second infection. Selected colonies were
medipain snfeefieiy Waprepaatesy 2 hiafer withahe savad yirgigopgynatant.  Transduced
roduction was neasured using a Quanti ki ne ELI SA assay
celljwerg Reltyred, &y Pribeqgorinmadised Eaglwm)med[lm?el}talmu 189Gt &yHi Rovine
Anal ysi s of Di sc Height [0077] Radi ogr aphs were taken
senaﬁtf@.m &R picstiateron igfecken ablerkedrspimge ast repsiqred to 24 or 6
kg) and Ronpun ( 1 ng/kg) at various week intervals
Welépka@ﬁ aph EGE b pradpetionpyas mpspirechysing efeuantikiag HLES Aragsay kit (R&D
a consistent |evel of anesthesia during radiography of
sysege Mingraplls: MMt at each time to obtain a sinmilar
degree of nuscle relaxation, which may affect the disc
[00R@) ghRadimgraplkic Aredysit i Bagir at i ve radi ogr aph was
al ways used as a baseline neasurement. Efforts were
[0057130 Radiecrerhskeers tehen gfipmadminisiatn ghikeipminee Rediochloride (25

osition. To decrease the error from
mg/kg) and Rompun (1 mg/kg) at various week intervals after the puncture. Extreme care

was taken to maintain a consistent level of anesthesia during radiography of each animal and
at each time to obtain a similar degree of muscle relaxation, which may affect the disc height.
Therefore, the preoperative radiograph was always used as a baseline measurement. Efforts
were also made to keep the spine in a slightly flexed position. To decrease the error from
axial rotation of the spine and beam divergence, radiographs were repeated at least twice on
each animal in the lateral decubitus position, with the beam centered at 4cm from the rabbit
iliac crest. Radiographs were digitally scanned and digitally stored using an Image Capture
software.

[0078] Image Analysis
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axial rotation of the spine and beam di vergence,
radi ographs were repeated at | east twi ce on each
w@pioaal77en t he | ateral decubitus position, w tPCT/K82009/037987
beam centered at 4cmfromthe rabbit iliac crest.
Radi ographs were digitally scanned and digitally
stored using an I nage Capture software. [0078] | mage
Anal ysi s[ 0079] Using digitized radiograp
[00425 s u P nigitized fadipglpplly, PRESUFEICpSHING ud'agdlgﬂ Ketegi badhgheight
I VD_hei wer e analyzed using the public domain
angj Ré%él%%hlw? gnalyzed WigathGavbli¢ ARYPJPeed 2habysex dbp data were
software, and the 1VD heLght was expressed as the DH
trarggq)rﬁz@l tph%xCﬁ]emﬁ-y@r%fangthetI B height-pvras gxgregged as the DHI using the
chondroi ti nase ABC and chynopapain on spinal_ notion
mediad P ¢ Brddeahi %fsChOAﬁlfo}UﬁaS\‘?l BCHing by Fapapaig) on spinal motion
radi ol ogi c, and histol ogic canine study", Spine 1997,
segz@ntl@@se@anw%m Hgdva RIpedRR l(amqglwa%d Elé'lo&glca%aéﬂle 5{pdy”.
aver a t he measurenents obtained fromthe anterlor
Spigg ddp 22 e pbstuingsr [¥Br heighs(LUHD twvs raliylaters by Pieenehg the
that by the average of adjacent vertebral body
me#éregh‘»pé ohgpRedgleam jthe ppferiqoHmidse. jagg é)@ﬁtéfdoron%fe@swé rthe TVD and
expressed as percent DH and normalized to the
dwms@%ay Hhicetysereatqf\adiacsm seekypl Pqdydiciabi (bppees in the DHI of
post operative DHI/ preoperative DH X 100). The within-
injeslelj st VStcar@Brdde prEe Y ) napmalizedlie the dpeagured pregperative
t he e%uatlon [0080] Were Xi is the first neasurenent
IVL) eighy, (pstoing e roswperati vdaldiprespsitive Rl eX 180 The withiggubject
The percent coefficient of variance (percent CV) was
Sta%dardcfﬁmf@a(%@ WeserlrEapsusre B fauBASur ement s X 100) .
The intraobserver error of DH neasurenents was
estimated to be mninmal (Sw 0.001800316; percent CV.
V(3x1:3%) 2Me interobserver error was al so reported to be
smal | (Sw. 0.003227; percent CV: 9.6) [0081] MR
Assessnments [0082] MRl exam nations were perfornmed on
[0089]]  ¥dsrer X1 isnthe fisst Spageiyenet yglug B2 B the s¢cpad geaguaguagng value,
[1, version 4.0 A, Hitachi Medi cal stem Aneri ca,
and) g HOnfherpezcepicagiiisiont ef wxipnepergent 6iV) was calryatpd anfSvémeans

sacrifice, the spinal colums with surrounding soft
of glj @g@grem@pté X H¥).abhedntraobserver error of DHI measurements was estimated to

be minimal (Sw: 0.001800316; percent CV: 3.13). The interobserver error was also reported
to be small (Sw: 0.003227; percent CV: 9.6)

[0081] MRI Assessments

[0082] MRI examinations were performed on all rabbits in the study using a 0.3-T imager
(Airis I, version 4.0 A; Hitachi Medical System America, Inc.) with a quadrature extremity
coil receiver. After sacrifice, the spinal columns with surrounding soft tissue were isolated
and subjected to MRI analysis. T2-weighted sections in the sagittal plane were obtained in
the following settings: fast spin echo sequence with TR (time to repetition) of 4000
milliseconds and TE (time to echo) of 120 milliseconds; 256(h) X 128 (v) matrix; field of

view of 260; and 4 excitations. The section thickness was 2mm with a O-mm gap. A blinded
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and subjected to MRl analysis. T2-weighted sections in
the sagittal plane were obtained in the foll ow ng
waeaoitngse fast spin echo sequence with TR (tiPE&L/US2009/037987
repetition) of 4000 milliseconds and TE (tinme to echo)
of 120 mlliseconds; 256(h) X 128 (v) matrix; field of
view of 260; and 4 excitations. The section thickness
was 2mmw th _a O0-nm gap.. A blindedobserver using the
obskygr ysinedhermadifsdhhempeses Flpsselicpiighbasesenarhapecs Halhg g%gr‘?erﬁnd arca
the degree and area of signal intensity fromgrade 1 .
of stlgjlahlnfeng_lty:fr% grade } o4 d Feieh |2 :d@gyrgggécrgqse &f ﬁ&%l intensity but
intensity but obvious narrowi ng of high signal area, 3
obvoysggEpPying A déghedgne! arast gavgdef &qepicyof sigigl ipteasity, and 4 =
severe decrease of signal intensity) evaluated MR s.
sevitgedectepseagibeiatal dptensy) £ yuated MBI, elthe rigiraoRpsrygriapd interobserver
correlation coefficients of MR grading based on 2
religRibifyrairelavn spetiicical oé Midrrading basgl gig? evgluggons were excellent (K =
respectively), as determ ned by the Cohen kappa .
0-9%&5?0er€a19q08w1@o@f¢er%m@ﬁ@ by the§in irppmirelatipn coefficient.
EXPERI MENTAL METHODS AND RESULTS 008§£ Preventi ng
[00Bélg e nEXAMIIH: B HHHRIMEN T M) ANDRISUE 50857 New
Zeal and white nmal e rabbits were used. An open surgica
[008&c hnPtrvenifg Pegesarionief Bgrrdlnea vasebehPic 1 evel s in the
| unbar spine: L2-3, L3-4, L4-5 were experinentally
[0087leat v dicalgpbwhikeals sabRite wterstd Y ARat HIrgiFH feghnique was used.
Treatments were assigned to levels in a bal anced
Thige ygayerigprahlengls {0 the Bindjar grinegL3Ss Lirér L4-apwsia exppdaenjally, treated
Wthin subject design, pre-post surgery conparisons,
or enavebaht FOEE! ) gach |apipel.s Tygateenipswere Assignse ¢ fvels in a balanced
[0086] EXAMPLE |11 [0087] Preventing Degeneration O
manisy it dultplesiipe/lisesires rabbit gbsensiin §Vilyr sukissadseig, pre-post surgery
Chondrocyte Al one, TG-- Bl -Produci ng Chondrocyte
compagipens, ehangpyactpsiligelgvatevers uggdiiapntofondr ocyt es And
TG-- Bl - Produci ng Chondrocyte) Injection In Rabbits
[00B@l0g8] EANMESE lhe chondrocytes used in Exanples |-V
are non-di sc chondrocytes and are juvenile .
[008Fondfesegties, Desisteintied OF rigi¢dh Eveiyardbre Riag tiisingg&niransduced
portion of a finger of a |less than two year old child.
Chder@l@zggﬂe MNeeg |16 1 é’fqglp@ing\égzo?ffrg@%é@qu, 0% Wéth Mixed-Cells (Human
intervertebral discs of the |unbar spine.
Chondrocytes And TGF-BI-Producing Chondrocyte) Injection In Rabbits

[0088] All of the chondrocytes used in Examples I-V are non-disc chondrocytes and are
juvenile chondrocytes, obtained from the hyaline cartilage portion of a finger of a less than
two year old child.

[0089] Needle puncture was produced in the intervertebral discs of the lumbar spine.
After this needle puncture, TGF-B1-producing chondrocytes, primary untransduced human
chondrocytes, mixture of TGF-B1-producing chondrocytes and primary untransduced human
chondrocytes, primed untransduced human chondrocytes or carrier/media are injected.
Several controls are used. Experimental conditions are listed below Table L.

Table I
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After this needle puncture, TG-Dbl -producing

chondrocytes, primry untransduced human chondrocytes,
worRoovatE4of TG bl - produci ng chondrocyt es andP@r/Usa09/037987

unt ransduced human chondrocytes, prinmed untransduced

human chondrocytes or carrier/nedia are injected.

Several controls are used. Experinental conditions are

|isted below Table | . Table ISurgical |njection

Treat ment Preparation Needl e puncture TG bl

- B4QAYCI Nng chondr ocyt es fhie@iok 12dim&l:! s) Needl e
ﬁﬁ?g&MBﬁ M xed: TGF-bl -producing chondrocytes Primary

ReREUCegdshwTaR, GRABILGEYISSs (=3 to 1 ratio , 5 x
) SudRng, or

106 hbedle( i mary untransduced human
NeSIORHLREY T €8 {52 re Prined
euntraﬁsduce . d’TéFIQ Q: S’CEXME?%Cg 106) Needl e
puncture | u) 10 5p ure J élpuncture onl y-no
unc e.no treatment contro
Ne‘fc@‘lolglﬁlf §:r i e Hgary unganscclilfced Rlll,lnﬁ% glro ARy i s pr oduced

h t ~\?
Nefdlh ity Shalf

are |left to(

C
u ?T%PC(ﬂ}gmﬂ§gapgmﬁﬁﬁcture rabbits
or 4 weeks. Then in a second
Ne?@? nEWre pr re, ‘f rlnental treatnent
Need 119 onNeSEHR RURCHIF{hHRS e - produci ng
NO@H%WHPocyte@OQWHPH?H%FWW@Pvcﬂﬂ?ﬂansduced human
chondrocytes (~5 x 10 ) is injected or contro
condi ti ons observed (Table I). [0091] After

[009oydot paey, al néeﬂfeL%ﬁEﬂufbnmﬁﬁ‘ﬁ igpRAatRH iRNES tk@Sdr@bfab discs of the
achi eved such as

lumbar spine of rabbit or a pig. After this needle puncture, rabbits are left to heal for 4

% ral s of e | unbar spine of
0%

2o

weeks. Then in a second surgical procedure, experimental treatment composition, which
includes TGF-B1-producing chondrocytes and/or primary untransduced human chondrocytes
(~5x 105) is injected or control conditions observed (Table I).

[0091] After endotrachial intubation and general anesthesia is achieved such as by
administration of ketamine hydrochloride and Rompun®, the animal is placed in supine
position. Lactated ringers are used at about (5 ml/kg/hr). The area of incision is shaved and
prepped and draped in the usual sterile fashion with alternating betadine scrubs and alcohol
wipes (> three times). Bland ophthalmic ointment is placed on the eyes. A left
retroperitoneal approach is used to expose the right anterior aspect of the disc from L.2-1.5
(the rabbit has 6 to 7 lumbar vertebra). Various preparation schemes are used and treatment
schema is applied to each disc level. For ‘Needle Puncture’ preparation of the disc, a 18-
gauge needle is used to place a puncture in the disc at the depth of 5 mm (Aoki et al., “Nerve
fiber ingrowth into scar tissue formed following nucleus pulposus extrusion in the rabbit

anular-puncture disc degeneration model: effects of depth of puncture.” Spine.
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adm ni stration of ketam ne hydrochl ori de and
Rompun(r), the animal is placed in supine position.
wQa@wa1Edo ri ngers are used at about (5 m/kg/ hPQT/UT1069/037987
area of incision is shaved and prepped and draped in
the usual sterile fashion with alternating betadine
scrubs and al cohol wipes (> three tines) Bland
Imc ointpent is placed on the e
20(}66{1&?6,?;@?74 %Q?eaﬁfteawrl%i%h theg el B3 iefigls i s’é‘ f rrée r1| f{:{ﬁtmle“ed
anterior aspect of the disc fromL2-L5 (the rabbit has
Tregingegt conpaa is\iaplicdtse &y, ongaf sl -pe dpht-dtr biveioeRbaes rabbit
are used and treatnent schena is applied to each disc
[00PZ}, | Momthly raflioerples aog el (f Bonify aputiat Fopeesf ArRelsdrstacrificed
auge needle is used to place a puncture in the
at?dﬁsaéldgg"teﬁ@ HEPTFLHY 5 nm (Aoki et al., "Nerve fiber
into scar tissue forned follomrng nucl eus
[0083J| po§af§0&rﬁrfﬁ(%% nHeHing He indigssttbyah ért%r‘rta%r?étqgra@hlau change of
degeneration nodel: effects of depth of puncture
incrsaged glispolysahg fmya@f}w gobaselizer @Fe pRIncOpaEed tp plisc d ither disc
materials listed in Table | are injected. Treatnent
levelp st tlisesmre somapsd Regore anchfier gerelicopunciureponly, zng disg Befgre and
L4-5 region of each rabbit. [0092] Mnthly radi ographs
aftogng nepslsPuneureoiigldigg amHgeTpIOIH ARgFasTati g R ar o
sacrificed at 2, 8, and 24 weeks after surgery. [0093]
[00P4ldi o§eapshpmmiption @4 ReUe-SanspaptioattsR isyeromuidde papy &lative
radi ographi ¢ change of increased disc height from sane
qwﬁpgcféWVW§§éWPﬁ@x%bﬁ@“@§FY@énpared to disc at other
isc levels. O her discs are conpared before and after
IOOH%]edl Hisgiert (ke hisillgey iangd & cwligs Frecteirguionral dhe gefagen type 1
needle(guncture yleldlq? an i ndex of nornal
andfyeth anihp sfpsvippPartichand OBUen EeterigrasheRderigst i on
PCR Retro-transcription PCRis perfornmed to asseX
[00PQ) at Meereruidiat wtapysistand o \BLEY A g Qrangisive gxragpsion of collagen type I
chrondrocytes. [0095] Histology. Al so histolo .
andy iy il PdgBpieolyrre Kelcartasion.2ug %ﬁ/%ﬁo’t -Ae Additio %értﬂt%es used
| and type Il and the ross appearance and eval uation
to gyplugie T dPol.dRERE DY, Ff{ e@%ﬁ eryglated grpvh drctoanghsrsg jthere are
and or ELISA. Quantatitive expression of collagen type
avajlablpantibpdies.| | | and prot eogl ycan concentration, Smads
2/ 3, Sox-9. Addltlonally ELISA is used to eval uate
[0098rD- Apomipis erypined @pbs ofeh isph sruckussaeldbe micsyrigbral disc via

factors where there are
observing the expression of Capase-3.

[0098] EXAMPLE IV

[0099]  Results

[00100] The results are as shown in the Figures and the description of the Figures of the
present application. Punctured intervertebral disc treated with untransduced chondrocytes
alone, transduced chondrocytes alone, primed chondrocyte alone or a mixture of transduced
and untransduced chondrocytes, show beneficial effects in preventing or retarding disc

degeneration compared with vehicle control.
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avai |l abl e anti bodi es. [0097] Apoptosis is exam ned in
the other tissue structures of the intervertebral disc
W 2@005er vi ng t he expression of Capase-3. [ 00BGI/US2009/037987
EXAVMPLE 1V [0099] Results [00100] The results are as
shown in the Figures and the description of the
Fi gures of the present application. Punctured
intervertebral disc treated with untransduced
[0040dnd FarlesiVal ondlixad Gk dlicadiuesonas oy @edugeéighondrocytes)
primed chondrocyte al one or a n1xture of transduced
T“ﬁﬁﬁmbﬁﬁﬁﬁﬁgﬁd 6V eHEr e irdsbbishow beneficial effects
i n._preventing or retarding disc de enerati on conpared
[004P2] YHHidcqed teegtirenbhay oo I‘]eﬁE‘%éhﬁ? iedagenerating gffgely whep ested
(Transduced and Untransduced Chondrocytes) Treat nment
on gbbitsy Fhe ey i e yarishr | expyrgrentsin g k4 1dGPo-1F show a
M xed cell treatnment has an intervertebra
Slowie] HEFE NPT 11T ekedertienok %Meéldil%n(ﬁf)ébwﬁt MRI Tdipgraph
effect is seen in a variety of experlnents in
of rabbit spmeqge-syraery B KB saMRIL G qeeEPh 0 £ arRE PR f<aﬂr <4> weeks after
prevention of degeneration of injured disc. (A shows
surgary i which gv izt atddbbres Bprokandrilsfl- g@ﬂy@mg é)0n§1ﬁ>6m§8 were
MRl radi ograph of a rabbit spine four Wh% weeks afte
injeg (gl gdip Yo iPHNGRRE @Rd 0P Jregtpentdp §<%,ena?f Spipg eyiels?/3 rjng Kiig d&ﬁ ét L3/4
TG bl rodu0|n%‘chondroc tes were injected, (ii)
wag dRER randa K LHE dlr GG TR Yo using eehiondfoc s Ard |ua€ﬂ§d102¢ éﬂuman
and (iij) disc at L3/4 was injured and m xture of
chopdgocyips ingrbglie PRty lBRgAlrgeyt BenEA éfléaﬁnﬂ&ﬁéb%}weglﬁwﬁhshows
chondrocytes in 1:3 ratio were injected; arrows
MR gadipgraphagfch 1abpispines@ieli d Beeks aleyr ssresmsinvrich (é)d'ihé glrsa ;ﬁhLl/Q
of a rabbit sglne ei ght (8) weeks after surgery in
wasnkleRd @ng TiCHeb dpogucne Ehondrogsss misTeuiniagtedn éwT@Fpmcture and no
- produci ng chondrocytes were injected, (ii)
tregb e conteo! ahepitsdogusd df rard (bt %|L3éf't wasgnEd 3@6 daxtppey of TGE-
and (iii) disc at L3/4 was injured and m xture of TG~
Bl-produgnpehvasiig ehiad greyduesd Anganshopdinederced  hanadere injected;
chondrocytes in 1:3 ratio were injected; arrows point
arrqvgs  peinb toq hdl/2L ardq L sdisg é@i@ﬂ _(DQ @PO\gsh éﬂ,@y )@ﬁfliggraph of the rabbit
radi ograph of the rabbit
described in (A) above, which is used to obtain a disc height index of the intervertebral disc

to measure its morphology, its level of degeneration or regeneration. (F) shows X-ray
radiograph of the rabbit described in (B) above, which is used to obtain a disc height index of
the intervertebral disc. (F) shows X-ray radiograph of the rabbit described in (C) above,
which is used to obtain a disc height index of the intervertebral disc.

[00103] FIGS. 2A-2F show a slowing, retardation or prevention of degeneration of injured
disc. (A) shows MRI radiograph of rabbit spine pre-surgery; (B) shows MRI radiograph of a
rabbit spine four (4) weeks after surgery in which (i) the disc at 1.1/2 was injured and TGI*-
B1-producing chondrocytes were injected, (ii) no puncture and no treatment control at spine
locus 1.2/3, and (iii) disc at 1.3/4 was injured and mixture of TGF-B1-producing chondrocytes

and untransduced human chondrocytes in 1:3 ratio were injected; arrows point to L1/2 and
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described in (A above, which is used to obtain a disc
hei ght index of the intervertebral disc to neasure its
worerphol7egy, its | evel of degeneration or regePEr/H$1009037987
(E) shows X-ray radi ograph of the rabbit described in
(B) above, which is used to obtain a disc height index
of the intervertebral disc. (F) shoms X-ray radiograph
of the rabbit described in ove, which is used to
L3/g Bltsélr‘?gl%ll disktoveMMradiepiph dp ri"%li’ét SpiRe gigllelS) Wes jafter sggery in
[00103] FIGS, 2A-2F show a slow ng, retardation or
whigh &y gistdisg it b%ﬂd@géﬁl@fﬁ%ﬁ%?ﬁ%ﬁ1npfﬂdu?légjclzﬂn§@cytewer§ Hﬁ%‘éed (i)
MRl radi ograph of rabbit spine pre-surgery;
no chrr%alil(b@‘? Hptmet iy sseabiRinesoriel 4/ duind ?wy dwéék 3/élf‘Y3é rinjured
%ery in which (i) the disc at LI/2 was injured and
dreturgjof JstolfuRr it divaroeyeedndueri@nidypedchuan gippgrogges in
puncture.and no treatment control at spine |ocus L2/3
1'3a1i3r80 (V418 )ingsleds agrowsapuUninegs LiRj de b3 /Andishrisgiqrr dDyfshows X-ray
GF-bl - produci ng chondrocytes and untransduced human
rad&s@ﬁa Phiy radbitidgsciibegl ip 48 oy Mdihyp aredde obtainpslivg highiipdex of
to LI/2 andL3/4 disc region. (C shows MR radiograph
the dpteryertebp) jdisc §9 eaSuEG ﬁh fnoggl))l%elksslegﬁd 10k ﬂe&eg@r@@?n),or ggeneration.
which (i) the disc at L1/2 was injured and TGF- bl
(E)-spowtiicin §rditesintird ¢y whbipdiserihedjip ¢B bghovei Whichiy used to obtain a
puncture and no treatnment is seen at spine |ocus L2/3,
disq hgighy indpx (qif sthe dptepvgrepriladisg iy rSB«aNSaPFdram rdiggraplpof the Tabbit
TG~ bl - produci ng chondrocytes and untransduced human
desenifsddp GoyrPeys: WRich iszispdioj abtapies disq hjight fndgx obihe B VsGPiat disc.
to LI/2 and L3/4 disc region. (D) shows X-ray
[0019d]; ofKapRAID thee & dpiping. Te@ElaHeHEPrevi§niom)of é@@\v@muwfdwumd
Is used to obtain a disc height index of the
dis¢. e phpats IR mliogiiagle o bbiespingy re-sergenyph B wgIR1 irgdéograph of a
| evel of degeneration or regeneration. (E) shows X-ray
rabbis eRiBRy AP ) ofccksdter Ay IMeSichidly dise ¢ 1/2awv1@1urwnéﬁ GF-
Is used to obtain a disc height index of the
B1-pipdegingephoagiogytesivere injeqtyd, SiHowsPURCEyand Ji lgiegdh cegirot fespine
rabbit described in (C above, which is used to obtain
locys If/acanh Giiptisc 1t déhovestinivrre Gnd mextyisrf diHH}-ripdysing chondrocytes
00104] FIGS. 3A-3D show a slow ng, retardation or
anﬂ\[o pesihusangdgrdieqyis it d: Jofte metwr @&C@ﬂs@o“(SA)OHé fiohd/2 and
VRI rad|ograph of rabbit spine pre-surgery é&L shows
L3/fydiscrreions G hylows PX-gry ragipgrephsqsi thrarapbii flescrihedvip s abgpe.eyhich is
surgery in which (i) the disc at LI/2 was injured and
useF@Eobigin a gise Heightigleaririby Bisrasbukfisc ihmewreds ppippolagy, its
puncture and no treatnment control at spine
level of degeneration or regeneration. (D) shows X-ray radiograph of the rabbit described in

(B) above, which is used to obtain a disc height index of the intervertebral disc.

[00105] Example IV-2 - Transduced Chondrocyte Treatment of Punctured Intervertebral
Disc in Rabbit

[00106] TGF-B1-producing chondrocytes treatment has an intervertebral anti-degenerating
effect. The effect is seen in FIGS. 4A-4D, which show a slowing, retardation or prevention of
degeneration of injured disc. (A) shows MRI radiograph of rabbit spine pre-surgery; (B)

shows MRI radiograph of a rabbit spine four (4) weeks after surgery in which (i) the disc at
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| ocus L2/3, and (iii) disc at L3/4 was injured and
m xture of TGF-bl -produci ng chondrocytes and
wapiansduced human chondrocytes in 1:3 rati o REFES2009/037987
injected; arrows point to LI/2 and L3/4 disc region.
(© shows X-ray radi ograph of the rabbit described in
(Ao above which is used to obtain a disc height index
he intervertebral disc to neasure its norphol og
Ll/lzt"éasl”él\‘)’é’ld B¢ mEyendy dih-Bhrerusieg ekt ey ehany lB)tfag%‘B%i human
X-ray radiograph of the rabbit described in (B) above,
chopgiogey & h%é%POt Bers Btllﬁ?tﬁd AN puncsirg Rd noy deamspt gopgol at’spine
intervertebral disc., [00105] Exanple IV-2 - Transduced
locghbaidr e 1) Heat ek wat inpupd eadt @Fer@Q%rrtge%%anirowt%Scwere
I n Rabbit [00106} TGF- bl rodu0|n&10hondroc ytes
mJGtCFeéaﬁ%w P%fswah /? 0@ Ak 186 Fegionsnt() veye fefeitpdigeraph of the
ect . is seen in FIGS, 4A-4D, which show
rab%lt §‘l°56¥)\'/i’eﬁlgn %)e%baved &tmcaﬁs wied it eRraiR e dish heghtdadse b therinteryertebral
of injured disc. (A) shows MRl radiograph of rabbit
disg ) meAspicdssaprgtigey. etB)leV§h%ﬁA¢§gWatwad>ir GECAPH IS (13) shows X-ray
rabbit spine four (4) weeks after surgery in which (i)
radioggply ok e g3bbit dosciied infP Lghowe. ardchn wtedg% oRypin e pight index of
produci ng chondrocytes and untransduced hunan
me@ﬁ@ﬁﬁﬁ@&?%@% in 1:3 ratio were injected, (ii) no
uncture and no treatnent control at spine |ocus L2/3,
(0040 ( Efcqn)lplta &8 -Firansdycgd @ggnqrqﬁy@ﬂéraat@ﬁ]a; apprlipggd-Cell Treatment of
produci ng chondrocytes were injected; arrows point to
PurlEFU/f‘Zd afrgverspal isse kadhitons. (O shows X-ray radi ogr aph
the rabbit described in (A) above, which is used to
W%Qﬁ]a. hGE-Rd rrgedusiaiz gondragdsss Gratipens qndtiaige celk ieaimegis have an
to nmeasure its norphology, its |evel of degeneration
integyeriehigh ﬁ@réftgie@%atm(gmffeghgl%g eieetaly S?%i%@@p%Ao?D’t yiich show a
rabbit described in (B) above, which is used to obtain
slogingj ardaepypit PreveaBon ffdeggperatinn b ipiFadelyicalA) ¢hegs MRI radiograph
[00107] Exanple IV-3 - Transduced Chondrocyte
of replipnierre-aaci e db el MRT rasingrmphtof gfrabbifrseing f@y (4) weeks after
Intervertebral Disc in Rabbit [00108] TG--b
surgdsy gAuRRifly (Bhbadtissc gt &4/2 aatinied apddmpitywe gofc #6F-p1-producing
treatments have an intervertebral anti-degenerating
choaflpogies amhanggpdiced jhymgaghopdioqrassn EA- B Wie dhicddtby(il) no
a slowing, retardation or prevention of degeneration
pungfurg mdurpoetgeagp@é cor(tl;Q)l atsqpmﬁéoqmﬁ%%g]pcb@m)acbw at L.3/4 was injured and

TGF-B1-producing chondrocytes were injected; arrows point to 1.1/2 and 1.3/4 disc regions.
(C) shows X-ray radiograph of the rabbit described in (A) above, which is used to obtain a
disc height index of the intervertebral disc to measure its morphology, its level of
degeneration or regeneration. (D) shows X-ray radiograph of the rabbit described in (B)
above, which is used to obtain a disc height index of the intervertebral disc.

[00109] Example IV-4 - Untransduced Chondrocyte Treatment of Punctured Intervertebral
Disc in Rabbit

[00110] Untransduced chondrocyte treatment has an intervertebral anti-degenerating

effect. The effect is seen in a variety of experiments in FIGS. 6-8. FIGS. 6A-6D show a
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of rabbit spine pre-surgery; (B) shows MRl radiograph
of a rabbit spine four (4) weeks after surgery in

warioeh1774) the disc at LI/ 2 was injured and m RETIDE2009/037987
TG~ bl -produci ng chondrocytes and untransduced human
chondrocytes in 1:3 ratio were injected, (ii) no
puncture and no treatnent control at spine Iocus L2/ 3,
and (iii) disc at L3/4 was injured and T

slowing oy idedaHgn %‘HBﬁ‘@P%?EWf&g%@W@OIP £ 18l e@dilscaﬁ)é%WWM fadiqgraph
LI/2 and L3/4 disc regions. (C shows X-ray radiogra

of igpbit fpancy pigBRrEeryedy ShoyEgMih rederaph ¥ @ rabifi Sewe ifQur &@@@eﬂ@% after
obtain a disc height index of the intervertebral disc

surgesy Hewkigh €) the disaat bHoMag{rivred and cell splige H@@@&MEM W%fﬁmected
or regeneration. (D) shows X-ray radi ograph of th

(ii) rQHPHNE e 3R<k P FgatMENY ‘B)ntfa}o’t‘fv@mev\lﬁﬂ@hmr/g ‘H’éle(d“)t %SCobtt bi/fh was
a disc height index of the intervertebral dis

injyrerh dsbyntpapassdechogdipeytes e e dRiS eeE etrons divbt cs%;hlé? and L3/4 disc
Treatment of Punctured Intervertebral D sc in Rabb

regfond 1LO Phavrit X arsadicsdris Ab e rekbjt desqribed ikt 2R ¥ Wh i used (0
intervertebral anti-degenerating effect. The effect is

obtaig grflisnheighy ddes oy thsf insiisephraliscstoj peapirets mﬂholqtglycﬁ level of
6A- 6D show asl owi n retardation or prevention

degqregaifdr oft feanertion. nﬁhr%lawa iXSEY res&))gréﬂb\% thvmabl?lhd?sgg?eéﬂpw B)
of rabbit spine pre-surgery; (B) shows MR radiograph

aboaﬁ Vén?hal@ yred 12 phtai@ afding heigh indgaet dhedniepereuplgisey i n

éﬁ%gthe disc at LI/2 was injured and cell o

[00é1d1]t uF A A7 DVEN Srsng. Aiptardeiéan orervynting g derenerirgonaeidnjured
no treatnment control at spine locus L2/3, and (iii)

disgfi(4 ¢ shapvs MR Uradiqgraphh pLTABRIC e RIPEYTaRY dibd ého‘@hwﬁé rasléqerapd of a
were injected; arrows point to LI/2 and L3/4 disc

rabpig g}pl@(ﬁ @ur 6@) w%eﬁ@\g\gerxufgggy ma\{vj‘p@lg gl)igﬁ dsc at hd/2r wishingured and cell
described in (A) above, which is used to obtain a disc

cultysy ppdia DMIEM Wi iniReed. fH R RCEIs #1d 19) GRUPGNL G plespiredocus

nor phol ogy, its |evel of degeneration or regeneration.
L2/8 mndéha\ﬂssc % viaad et aphinyrnidrecdrcapirecyire g@rq @Eeteﬂmrrows
(B) above, which is used to obtain a disc hei i ndex

poigyf (ot I pnel B3/ ahiscapgians. fstowp dRIrpfliopapisof 7 A ,1 sgméwl%%t @®)
sl ow ng, retardation or prevention of degeneration of
wegkg Jaﬂﬁre%lrm@ whigly (i thewisc PRI 12 s ogjregp indell eyre meds RAMEM
pre- surgﬁ (B) shows MRI radi ograph of a rabbit
was ifjggEeds Gigno (paaylctwé éR4 ngficaimeggaglplatispingiecen L3 altfh(éﬂ) disc at
disc at LI/2 was injured and cel
L.3/4 was injured and untransduced chondrocytes were injected; arrows point to L.1/2 and
1.3/4 disc regions. (D) shows X-ray radiograph of the rabbit described in (A) above, which is
used to obtain a disc height index of the intervertebral disc to measure its morphology, its
level of degeneration or regeneration. (F) shows X-ray radiograph of the rabbit described in
(B) above, which is used to obtain a disc height index of the intervertebral disc. (F) shows X-
ray radiograph of the rabbit described in (C) above, which is used to obtain a disc height
index of the intervertebral disc.

[00112] FIGS. 8A-8F show a slowing, retardation or prevention of degeneration of injured

disc. (A) shows MRI radiograph of rabbit spine pre-surgery; (B) shows MRI radiograph of a
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culture nedia DMEM was injected, (ii) no puncture and
no treatnment control at spine locus L2/3, and (iii)
wele@®e/181740.3/ 4 was i njured and untransduced choP@r/U8300E637987
were injected; arrows point to LI/2 and L3/4 disc
regions. (C) shows MR radiograph of a rabbit spine
eight (8) weeks after surgery in which (i) the disc at
was i njured and cel| culture nedi
rabplﬁflé%ft fedr (4 WF‘)kS AECTFUEBUR evhighdD hes ql?cé‘étT 117%/ ht Wé?)H]ﬂ‘%‘i bygpeedle
Eﬂge | ocus L2/3, and (iii) disc at L3/4 was |nLgred
Punghee sk 1oaREaRNe 6D dRGHATBE A 0 WEHEICPI{OBERlAd SPiBg Fasws!-1/2, and
point to LI/2 and L3/4 disc regions. (D) shows X-ray
(111)r ‘é‘éﬁ aglr?é%) Wap e andapansdeRdcTIOBERCHLGT WAy Ha%% AT Pfhnt to
to obtain a disc height index of th
Tl?r/h% évfb b?/é ehicapeionss €O Howe %@ﬂrfélegfépfh%fr %JWBPRS gRine pight <8> weeks
| evel of degeneration or regeneration. (E) shows X-r
aftqré@ﬁ%%fgrﬂapyﬁw 1) theeliseah Bil /1.4 @& figedidy ﬁeeéIB)Pua%r\f;énd m%%ﬂon
Is used to obtain a disc height index of the
(i) o BIGEFS ek AP tgreient qomjros powpinexiogy e ¥gr Gpndigs att b3 was
rabbit described in (C) above, which is used to obtain
injygedjpngcunyansgheedi heradiocyies prege infedy Aot il s¢L1 and L2/3 disc
[00112] FIGS. 8A-8F show a slow ng, retardation or
regione (BN RS Sradegieaspae! B ratbl dpaied in{Acaboyawhighoingised to
MRl radi ograph of rabbit spine pre-surgery; (B% shows
obtpjpa 4%@%&31‘ aplex of t@rlaﬁﬁiefte@ﬁl i Pugasa Jis SR loght é% level of
surgery in which (i) the disc at T12/L1 was injure
deggpeseficn ‘Huﬁé%flﬁfaélo%tn )riBoVhXey itatogrertt pr Hs r.ﬁb%fl%ﬁe@bealnﬂl B)
no treatnment control at spine locus LI/2, and (iii)
aboyp.gighigl is [upgd3oRRin hlig ]é,f‘dghé idlen At tha irserersdrad HondFodipive X-ray
were injected; arrows 80|nt to T12/L1 and L2/3 disc
rad#@é@ipb ﬁ%the cpit gpsstibedVrC v grhéghs Bfeddo pipipiatdisg hieight index of
2 ght (8) weeks after surgery in which (i) the disc at
me?I?W@$3 gisf-nj ured by needl e puncture and no
iectlon (ii) no puncture and no treatnent contro
[00&1 IspEranple dysd -] Potrangdnged jRrimedg{CBendgaeylep fpagpeat of Punctured
i njured and untransduced chondrocytes were injected;
Intgy¢risiaeel Bisk it RaHiT12/ L1 and L2/ 3 disc regions. (D)
shows X-ray radiograph of the rabbit described in (A)
[00&1)‘Hv ePrigipd ehprdipcyis dgatmsniols ginntarveitasal hatighgenpiddeg cigict. The
the intervertebral disc to neasure its norphology, its
effgcevie|sedf iRidgenedAtIonWhich rdgene rsiawias . refajation g Prrvenggn of
radi ograph of the rabbit described in (B% above, which
degesergiin@dolt Bjusisk diph (&) ghers NRIgadiograpiekt &tbbit tspine pre-surgery; (B)

intervertebral disc. (F) shows X-rqy
shows MRI radiograph of a rabbit spine eight (8) weeks after surgery in which (i) the disc at

1.2/3 was injured and cell culture media DMEM was injected, (ii) no puncture and no
treatment control at spine locus 1.3/4, and (iii) disc at L.4/5 was injured and primed
chondrocytes were injected; arrows point to 1.2/3 and 1.4/5 disc regions. (C) shows X-ray
radiograph of the rabbit described in (A) above, which is used to obtain a disc height index of
the intervertebral disc to measure its morphology, its level of degeneration or regeneration.
(D) shows X-ray radiograph of the rabbit described in (B) above, which is used to obtain a

disc height index of the intervertebral disc.
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radi ograph of the rabbit described in (C) above, which
is used to obtain a disc height index of the
WO paoenyveEwe ebral disc. [00113] Exanple V-5 - PCT/US2009/037987
Unt ransduced Prinmed Chondrocyte Treatnent of Punctured
Intervertebral Disc in Rabbit [00114] Primed
chondrocyte treatnent has an intervertebra
anti - dege neratlng effect. The effect is seen in FIGS
WOQKﬂg ¥ ¥how a sl owing, retardation or prevention
of degeneration of |nJured disc. (A shows MR
WOPHHioS?@@deﬁmwa ’§@Wﬁe pre-surgery; (B) shows MR
radi ograph of a rabbit spine eight (8) weeks after
[004 [if] g e Frjmpsy hypiag ishndyocyise Weressrowt fopy cartilage tisphe pbégned {epm the
cell culture media DMEM was injected, (ii) no puncture
suraﬁ%l Fr6isiop ity dagiahit Heger diong piane yPEtls 1qrayly huigpy donor. - The
|||% disc at L4/5 was injured and P ri med chondrocytes
polygachy! fistpe dpebrrvesied dha Slgféﬁ%ltm@la Ty fllewiae pressdugy ©g chondrocyte
regions. (C) shows X-ray radiograph of the rabbit
isolgdeie PrbBYTqrned 1) a Rinsely cahinet The pladly hogleginiimngthgjcagilage
hei ght index of the intervertebral disc to neasure its
tisspe) mﬁh sVipgy Withtadcohghad Be ciflien dFHE VG vorhedetyigh sledle; [, (1X)
(D) shows X-ray radiograph of the rabbit described in
UsifigRy PsHGe, A GPllapnaS sQlelian was BisPaEh ba difseingel Bgtofj qolagenase
of the intervertebral disc.[00115] EXAVPLE V [00116]
(GikguBRE) 8t 1{ita Al BYSM reydiniae [I0G1HYY i feripe Merragh 2 0.2 pm
phondrocgtes were grown fromcartilage tissue obtained
syringe ilieh éCeing)- c alheeXeshed sartibiee disps| Yara&edied withnge rcoﬂagenase
froma one-year-old femal e human donor. The pol ydacty
501‘0405@8%17/\/5%1%&@ vesdtidd” phrker wehgiogaOnrty fﬁllow Fag 1hé\hpﬁ1@ was
procedure for chondrocyte isolation was perforned in a
sanmzaé HitBtajcopelbi Hetcollqgeaasp|tigated eakraint Was pipeitediuni g dowa several
cartilage tissue was swi ped with al cohol and the
timgp i pIPAGE topseserdls (e (iestiste Wiash $xfef pipsttipggthe sypernatant was
using a pipette. A collagenase solution was prepared
filtgsed @ragg|7( itAghYonRgll otraipys| (FdleemaSellqgendse HeéBquLt}ssmqulﬂeh hgd lost
of DMVEM (conta|n|ng 10% FBS) and filtering throu
its anteRriprn(Sgr 1995 celis) teap a{)@oﬁ@npqﬁ@}hroumethwéﬂ%d Télarqeﬁlf&@@e was

tissue was treated with the col| agenase
collected in a 50 mL tube (Falcon) and then centrifuged at 1,500 rpm for 5 minutes. Two

thirds of the supernatant was discarded and the pellet washed with 10 ml of sterile PBS (1X).
The resuspended cells were again centrifuged at 1,500 rpm for 5 minutes and, after removal
of two-thirds of the supernatant, washed with 10 ml of sterile PBS (1X). The cells were
again centrifuged at 1,500 rpm for 5 minutes and then resuspended in DMEM (containing
10% FBS). The resuspended cells were then transferred to four uncoated 25 cm? flasks and
cultured for four days at 37°C with 5% CO,. The cells were then transferred into two
uncoated 185 cm? flasks. The cells were cultured for two weeks and then collected, washed
and resuspended in a cryopreservative media of DMEM, FBS and DMSO in a 5:4:1 ratio.
The cells were aliquotted in to cryovials containing 1 mlL of cell suspension at 4 x 10°

cells/mL.. The cells were held in vapor phase liquid nitrogen storage.
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solution for 17 to 18 hrs in a 37C shaker incubator.
On the follow ng day, the bottle was sanitized with
W@k@ohol740 The col | agenase treated materi al wasP@i/psiopEeB7987
up and down several tines to separate |oose cells from
the tissue mass. After pipetting, the supernatant was
filtered through 70 nm nylon cell strainer (Falcon).
Col | agenase treated tissue which had lost its
Whatys ggfgdysi(e. g., | oose cells) was able to pass through
the filter. The cell filtrate was collected in a 50 nL
tube (Fal con) and then centrifuged at 1,500 rpmfor 5
1. M nateshod TwprévehtigSor adtartling dsgipertad afihtevasehailsigsa aded
and the pellet washed with 10 ml of sterile PBS (IX).
intcHetebabdi sq@ificte d teaehlpssing g cama iamanandliah togedivatissie 5Ol0into
rpomfor 5 mnutes and, after renoval of two-thirds of
thetimervepen aat agtect siashed with 10 ml of sterile PBS
(I'X). The cells were again centrifuged at 1,500 rpm
for 5 mnutes and then resuspended in DMEM (cont ai ni ng
2. 10%HeBS)thodTdeeordiag tsgande avherin the wanmectivh éssut cahis hBogeadc
to four uncoated 25 cnR flasks and cultured for four
relagiay & the m8mOGBLW t h 5% CO . The cells were then
transferred into two uncoated 185 cn® fl asks. The
cells were cultured for two weeks and then coll ected,
3. wasHedneiihl acedinp éndaith 1. wharcoy hopallas e ehaadioggtenedi a of
DMEM FBS and DMSO in a 5:4:1 ratio. The cells were
aliquotted in to cryovials containing 1 nL of cel
4. s usperiaqtend ageording tq@emc’e whepein the ghpadiogyte & npgrdiscispngrqapte or
Por phase liquid nitrogen storage. Wat is clained
ﬂwﬂ§60¥m¢®%ﬁﬁhod for preventing or retarding
degeneration of intervertebral disc at an
intervertebral disc defect site conprising:. injecting
> a nHiftaihodrceying &4 lya 3 wdetg Befiontigeye tSrPélmed chondrocyte.
|ntervertebral di sc defect site. 2. The nethod

di f ti ti
6 o theitaclihd e D tupt FoShefighe RaSRRRREMNYS ' he"®
nethod according to claim1, wherein the cell is a
7. wh e1$ g{eﬁl%%ﬁtﬁ(gr pé%ven%;& or 'i‘%!uﬁ%g d@%e%%ﬁw & ih h g%t%ééﬁd%b at an

1ntérve¥t%911ai (?18 &?&g gl% &f ta%iammal COIIlpI'lSll’lg.

a) inserting a gene encoding a protein having intervertebral disc regenerating function
into a mammalian cell, and
b) transplanting the mammalian connective tissue cell into the intervertebral disc

defect site.

8. The method according to claim 7, wherein said gene belongs to TGF-f superfamily.
0. The method according to claim 8, wherein said gene encodes TGF-B1.
10. The method according to claim 7, wherein the connective tissue cell is allogeneic

relative to the mammal.
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5. The nmethod according to claim3, wherein the
chondrocyte is prinmed chondrocyte. 6. The nethod
waewonditmyg to claiml, wherein the mammal is hRGEES2089/037987
A nmethod for preventing or retardi ng degeneration of
intervertebral disc at an intervertebral disc defect
site of a mammal conprising: a) inserting a gene
encodi n protein having intervertebral disc
Ly eggl’?é]f‘eg}t“?dr?@c?r@llﬁ& {9 IHm hivberimBntrpnralye deyup celhisg chyndrocyte.
transplantlng t he manmmal i an connective tissue cel
|nt the intervertehral_ disc defect s . 8. The
ot s tGE T WS e FEPARLE A gbne. bel ongs

to TG~ b superfanlly 9. The nethod according to claim

8, sald ne odes
1320 &?hﬁa rf‘%f&f%%ea B SRR RS aindRerd 88 a8
rel ati,ve to.the manmal . 11. The
mt%etfﬁ%%faf' ?%?%'% T4 %ﬁména#ncempf&aane% cin the comnect i ve
§|1nsel%n$ a gv&]eeerng(i) nl'?%néhér(o)t%}/ ha 1ng 1nter|){%rr%reglg? dlf% ldeg%r?e%&]tnﬁ fu thl'l
1nt0a lI' reven% n Ctl et sue Ceﬂga %egener at I on Of
5 VaPIan, d¥ 51 an i ervertebral di sc def ect

encﬁaﬁaﬁﬁ% i %{né’itweF?E i cuPEdhy A 2B ana
SRS et i ls%r”nra&lnvtsﬁlasusfdi Pl ER MR ook g e
of the manmal i an connective tissue cell of a) and

oot . I .
B S RSN TR B0 R G i
met hod according to claim 13, wherein said gene

15. bel %%etltl&l a-ggﬁdlgg sHaghf l%mx/hé/rem:'s%d ik %n(ﬂ@cgﬁﬂnﬁﬁﬁﬁ’ﬁa‘i{' ng

to claim 13, whefein said first and second mammal i an

con%@&ﬂfgﬁgsjuggelfﬂs%ﬁdﬁ%ro%gﬂ i s chondrocyte. 16. The method
according to claim15, wherein the chondrocyte is

non-di sc chondrocyte or juvenile chondrocyte.
16. The method according to claim 15, wherein the chondrocyte is non-disc chondrocyte

or juvenile chondrocyte.

17. The method according to claim 13, wherein the chondrocyte for the second

mammalian connective tissue is primed chondrocyte.

18. The method according to claim 13, wherein the first or second connective tissue cell

is allogeneic relative to the mammal.

19. A method of treating degenerated or injured intervertebral disc in a patient comprising

employing the method according to claim 1 to a subject in need thereof.

20. A method of treating degenerated or injured intervertebral disc in a patient comprising

employing the method according to claim 7 to a subject in need thereof.
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17. The method according to claim13, wherein the
chondrocyte for the second mammal i an connective tissue
wo goopnitme@ chondrocyte. 18. The met hod accor di PQI/U82009/037987

claim 13, wherein the first or second connective

tissue cell is allogeneic relative to the mammal . 109.

A nethod of treating degenerated or injured

intervertebral disc in a patient conprising enploying

the nethod according to claiml to a subject in need

thereof. 20. A nethod of treating degenerated or

|n intervertebral disc.in a at ent

n‘p/g OLr? %at%flfﬁ?&}eré@ 8? ‘c‘j‘iuﬁﬁl iplg Eft‘ét?rﬁlld}’sct% Baté?f}b Cayrising
d thereof od of treatin gener at ed

em@PylP%ﬁﬁﬁ%eahqdﬁf@ré‘% foe‘B?%Bd? & 8uhiget 1 ngsd fhg]f‘??fecon'prl si ng

enpl oyi ng the nethod according to claiml1l3 to a

subj ect in need thereof.
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