CARTI LAGE AND BONE REPAI R COVPCSI TION  FIELD OF THE TECHNI QUE 5 The present
I nvention is applicable in the bionedical industry dealing with the

manuf acture of agents involved in skeletal repair and nore specifically in
cartilage and bone repair processes of any etiology, spinal fusion or
arthrodesis, osteosynthesis, prosthesis for arthroplasties, osteoporosis,
etc. and any other requiring repair or regeneration of bone or cartil age
ti ssues and where a 10 suppl enental supply of cells in differentiation
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culmnation of a 15 Iarge variety of cells that were present or have been
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20 A variety of inducer signals and growth factors including TGF-, PDGF, BMPs,
IGFs and FGFs coexist in the bone (Becerra et al. Med Clin 2001;116:23-24).
Among them, only BMPs are osteoinducers; however all are involved in the
repair of a given fracture (Reddi Nature Medicine 1998, 3:837-839; Groeneveld
and Burger Eur J Endocrinol 2000; 142:9-21). Also in the bone there are

25 osteogenic precursor cells that respond to the stimulus of the fracture, activating
and producing BMPs that induce the migration of mesenchymal stem cells
(MSCs), which proliferate and are differentiated to bone-forming cells (Guerado
et al. Rev Ortop Traumatol. 2003; 47, 362-374). However, the understanding of
the complex interrelation between mesenchymal stem cells and osteoprogenitor

30 precursor cells with the biochemical signals modulating their migration,
proliferation and differentiation to the osteogenic lineage, still shows significant

gaps.

TGF-Bs are a group of growth factors coded for a gene family expressed in
35 multiple tissues and species (Kingsley Genes Dev; 1994:8:133-146; Bostrom



shared presence of BWPs (Roberts et al. Biochem stry 1983; 22: 5692-5698).
Significant results have been obtained in recent years, sonetines

contradi cting, when adding TG--p to ostedblastic cells in culture. Their
nyt hogenic or 10 osteodifferentiating effect, or the contrary, has been
attributed to cell heterogeneity in cultures, presence of other growh
actors, cell density, culture conditions or a possible biphasic effect of
the factor (Noda et al., Endocrinology 1988; 124: 612-617; Stein and Lian,
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To control bioavailability and to assure the presence with some control of TGF-
B1 in MSC cultures, an experimental procedure has been recently developed
whereby, from rat bone marrow, a cell population has been isolated, amplified

25 and induced to osteogenic lineage when cultured in collagen gels, in the
presence of a TGF-B1 with a molecular domain for specific binding to collagen .
It has been proposed that the domain for binding to collagen allows for a slow
release of the active factor in the gel to which it is bound, prolonging its half-life
and enhancing its availability for acting on target cells (Andrades et al. Cells.

30 Exp Cell Res, 1999;250:485-498).

It has been demonstrated that bone regeneration capacity decreases with age.
While the number of hematopoietic cells of the bone marrow persists over life,
its MSCs decrease substantially, in addition to noticing some difficulty of
35 progression for the lack of osteoinducing factors or inability of the cells to



10 which enables to establish effectively the osteo-repair function |ost or
seriously jeopardized. This also avoids the undesirable effects of systemc
or local infection of bioactive factors, 3as controlling them beyond the
site of repair for the nonment poses difficulties and their pleiotropic
effects are a threaten not to be mssed. 15 In any case, the transplant of
capacitated cells should be nmade in a m croenvironnent that pronotes

ost eogenesi s, when the consolidation of two or nore bone fragnments is
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2003). It i s missed.desirabl e to devel op procedures to increase the ability of
bone nmasgg 5 formation in individuals with osteoporosis, by procedures that
involve an intervention in the inbalance in these patients between bone
formati on andn AR FARE, othe ttrANsplateof | paRACitated eellsosherld Restreade in a
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cartil 495  with proliferation of chondro-osteogenic tissue (no binding or hypertrophic
pseudo-arthrosis), the simple rigid non-dynamic stabilization of the focus by
intra or extramedullary implants should promote consolidation. In these cases,
the transplant of capacitated cells to the osteogenic lineage over a carrier of
hydroxyapatite or collagen finds a stable hypervascular bed after
25 osteosynthesis, an ideal microenvironment for the development of the
osteogenic callus. In the cases of non-consolidation or atrophic pseudo-
arthrosis, the fibrous tissue between the two fragments should be removed,
leaving bone with bone and searching for a vascular source by bone
perforations and lining with vascularized tissue (generally muscle). Both
30 fragments must be stabilized by rigid osteosynthesis that prevents mobility in
the bone interface, as in case of movement in the interface, it will be destroyed
and will prevent vascular proliferation, and will stimulate the expression of
chemical mediators inducing chondrogenesis instead of osteogenesis (Riiedi
and Murphy, AO Principles of fracture management. Sttugart, Georg Thieme



bone repair processes, osteoporosis, prostheses for arthroplasties, etc.
that can be injected in situ in small non-joining fractures or in
cartilaginous lesions, in the 15 system c4circul ation of osteoporotic

i ndi vidual s or can be inplanted adsorbed in the appropriate biomateri al
(col l agen, hydroxyapatite, etc.) to pronote cartilage or bone formation in
| esi ons of sone significance. Furthernore, they can be adsorbed in the
hydroxyapatite (periapatite) coating the prostheses for hip, knee
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circulation or by inplants, adsorbed in the appropriate biomaterial. The
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20 prolonging their life. These preparations can be also used in spinal arthrodesis
for promoting spinal fusion and improve the efficiency of these procedures

performed by the standard procedures with autologous graft or bone bank.

In a first aspect of this invention, this provides a method to increase bone and/or
25 cartilage formation in humans in need of it by administering human
mesenchymal stem cells differentiated to the chondro-osteogenic lineage by
means of amplification with human serum and a transforming growth factor-beta
1 with a molecular domain for binding to collagen | (TGF-31-CBD) obtained in
eukaryotic expression systems.
30
In a preferred embodiment of this invention, the administration of these
capacitated cells is performed by injection in situ, into the systemic circulation or
by implants, adsorbed in the appropriate biomaterial. The preferred embodiment
is using implants with the cells adsorbed in the appropriate material, and an



provi ded with chondro-osteogenic cells fromhuman MSCs, which conprises the
followng steps: 20 the primary culture of stemcells in a nedium

suppl enented with human serumand a transformng growh factor-beta 1 with
a nol ecul ar domain for binding to collagen | (TG (31-CBD); subsequent
anplification by supplenentation with human serum and TG 131-CBD;, 25
chondr o- ost eogeni ¢ i nduction with dexanet hasone and (3- gl ycerophosphate.
Human MSCs can be obtained fromdifferent tissues and | ocations of the

patient and ebéﬁrmbféw?réfefrea%mwainhémak el Gsdlop adabsEibabie hglrdXyapstitar

i nternal rrgss._grgoo})f rafyen. unman IaEtoc%fite . In a preferred enbodi nent of
this capacit $ithoP BRoLRR N Jiffysion chambet: 9@39398\% factor-beta 1 fused
with a nol ecular domain for binding to collagen | has been expressed in
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col l agen gel. T'n another pre d enbodi , e selection e nmarrow
MBCs is perirnsiugliani risa paerfaroned sipthenentasgneet ofa dexamethpspeewand 084 and
1% of  human g8ReHPhdRpRERY.ably 0.5% 10 According to a preferred enbodi nent,
the anplification occurs during a period ranging between 1 and 25 days,

during which the culture nediumis supplenmented with a quantity between 5%

and 25% o hinranoter Preferigdeémibalinye 05 thisdinventior, the dravsfedhing ffattor-beta
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15
In a second aspect of this invention, a capacitation procedure in vitro is
provided with chondro-osteogenic cells from human MSCs, which comprises
the following steps:

20 ¢ the primary culture of stem cells in a medium supplemented with human
serum and a transforming growth factor-beta 1 with a molecular domain
for binding to collagen | (TGF-B1-CBD);

e subsequent amplification by supplementation with human serum and
TGF-B1-CBD;

25 e chondro-osteogenic  induction with dexamethasone and -

glycerophosphate.

Human MSCs can be obtained from different tissues and locations of the patient
and from bone marrow, umbilical cord blood, peripheral blood or internal mass
30 of frozen human blastocytes.

In a preferred embodiment of this capacitation procedure, the transforming
growth factor-beta 1 fused with a molecular domain for binding to collagen | has
been expressed in eurokaryotic expression systems. A more preferred



in the preparation of a conposition for bone and/or cartilage repair in
humans. 25 In a fifth aspect of this invention, a conposition that can

i nduce osteogenesis is provided that con@rises a bioconpatible and

ost eoconductive material, and a group of cells w th chondro-osteogenic
capacity obtainable by the aforenentioned capacitating procedure. 30 BRI EF
DESCRI PTI ON OF DRAW NGS Figure 1.- a) MOcells cultureed in vitro for 10
days in collagen gel in the presence of rhTG--pl-CBD. Very few isol ated
cells are Se%?nbd‘cﬁnéﬁ{ I.§ tﬁlé' by& &f_insBEt Zellslags %ﬂbréﬁlbﬁgﬂhcﬂ%'n @beﬁrwko&)
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b) Shows 6f a Hhirsamhtyps kedllageatgebn of a chanber after the inplantation
period, where cells cultured under control conditions were placed, wthout

rhTGF- pI CBD;, inside they are full of nore or |ess fibrous materials,
finding no coranathers peefemred embodimeninthet isslestion ohdose siarramMssss is
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x40 e) A secpreferabppffd.el to the above is presented, stained with Gol dner
trichromg that shows 20 an intense blue col or (errpty circle), the nost
dense tissue (osteoid) and in pale color something that |ooks |ike a
cartilage (fimeethirdi agpect of Ahisuinyentien,clhisc peovidas eellsawithsehandspistieoganier s
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circle), as M$Csas the perichondrium x40. This is consistent with a
chondr o- 8steoi d neoformation. Both sirius red and the trichromc stain
i nt ensel 9 col | agen,

In a fourth aspect of this invention, the use of cells with chondro-osteogenic

capacity is provided, obtainable by the aforementioned capacitation procedure,
in the preparation of a composition for bone and/or cartilage repair in humans.

e

25 In a fifth aspect of this invention, a composition that can induce osteogenesis is
provided that comprises a biocompatible and osteoconductive material, and a
group of cells with chondro-osteogenic capacity obtainable by the
aforementioned capacitating procedure.

30
BRIEF DESCRIPTION OF DRAWINGS
Figure 1.- a) MO cells cultureed in vitro for 10 days in collagen gel in the
presence of rhTGF-B1-CBD. Very few isolated cells are seen. MO cells cultured
for 35 days in collagen gel (b and c), in the presence of rhTGF-1-CBD and



particularly of type I, characteristic of bone tissue and the perichondrium
while alcian blue stains the acid and sul fated groups of proteoglycans,
abundant in the cartilaginous matrix. 30 7igure 3.- Sections of tissue
formed where the hydroxyapatite inplants were performed with cells
processed as indicated in the text. As the material was decalcified before
cutting and coloring, the enpty spaces (asterisks) correspond to the walls
of hydroxyapatite trabeculae. The hollows in these walls are now 35 filled
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young bone, \(hstefisk ncharabes fiterie &amgcrgdme@n@tokylm ty1,0.NOt Appesrarver of tiee
pl aced HA, but al sao.arqund it,. which |§Ici8§at es di st ance

ost eoi nduct i &f® O'bPI)Ba a);‘nte% gtel(?“bwalgﬂ PAn Whafef g%'ﬁ Rla)ceﬁg\ece &lvgﬁaeyvere

trichromc). pked iBnthehpresencermifrrhlBGF-$3- GBiamdetdwngaetvlemi adndemsatierss of t he
host b fr

e host bORRordred 84 MnaBkPER3e bASrhls' GRUTRR) StadIEd G ok y3ge”

t hat ost eoi nétherso®iris redhemsdexyling u<r10he§i) Bﬁ@"atbfean@fOft hesengondensation®. 20

EXANPLES, 11 SyfehURRHRT 148 bt BBy crpeof Qb bIRG,30Bpbdeahbaled

exanpl es. gn and obtention of usi on reconbi nant
prot ein GFserglf)Mp@wha s&inﬁagénm anpther mjemlsﬁalopﬁmf qstecigdpmyPearanag e
cDNA for the (diapty §|1clé}3r@utéﬁfe @bth’@ paR ssuBT iR, stifieddfitie rBMNfve swnyrmf@h;e
W th correctlvec paci use sto RNA extra
et hod of - ChéHterABes RefiEheBiim {%@WS Shsniabheamadia LiE0 &l A stridt vess
(ref. in ATC@aréIlEIL-tdctBé)aboVbasmresemtedastalmMgthe@oldrteln ttibleroanid tioat shows
20 anintense blue color (empty circle), the most dense tissue (osteoid) and in pale
color something that looks like a cartilage (filled circle). Around the circle there
are some bluish fibers that appear to be a perichondrium layer (arrows). x40 f)
When another parallel section is stained with alcian blue, the cartilaginous
tissue appears blue (filled circle), while the osteoid appears colorless (empty
25 circle), as well as the perichondrium. x40. This is consistent with a chondro-
osteoid neoformation. Both sirius red and the trichromic stain intensely collagen,
particularly of type |, characteristic of bone tissue and the perichondrium, while
alcian blue stains the acid and sulfated groups of proteoglycans, abundant in
the cartilaginous matrix.
30
Figure 3.- Sections of tissue formed where the hydroxyapatite implants were
performed with cells processed as indicated in the text. As the material was
decalcified before cutting and coloring, the empty spaces (asterisks) correspond
to the walls of hydroxyapatite trabeculae. The hollows in these walls are now
35 filled with a tissue that can be called medullary (filled circles), while attached to



a software (Aigo v6.6) fromthe nRNA sequences published in the genbank. 30
The PCR products were cloned "in dull™ in a maintenance plasmd (pBSK I,
Stratagene). Once the genes were cloned, tghey were checked by sequenti ation
of both threads. Using these plasmds as nold, they were anplified by PCR
Wi t h pfu- DNA- pol ynerase, the region coding for the mature peptide. The
primers used contain the Coll agen-Binding Domain (CBD) and restriction sites
35 adequat e to cI one directionally in a transfer pI asm d of an expression

systemin 9 Sdciltfe 1RAE'RE Miihed SHechs PERONEP a3 SHER 1Rl

secretion, ecr f I C I nsect ce 678 P arm n tar n the
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Mer ci fi
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affectati on pagshsgéing Bune n@hrchuﬁdham soiie oBRUYEn BOAGIVIte CAOTOMIRWHEIe @@L UT S
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sequence si gpedbqﬂlws:aubed byf theheelfsatdiffusingt HAofGoldhéo trichr@miz). X20s Qor teess
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per forned byntewet.eé@é qné&%ratr@r msm%tréforaé tw%womﬁ%@ﬁ%al ﬁ@tﬂ&e&sﬂl

culture with _di utlons the transf'ection 'supernatant. After the infection
period (1 h)] U'mﬂi B?Qf%a%g‘ec'M?@G %% h agarose dissolved in culture
medi um and vvas left inthe culture for 4 days. Wth this, it 30 was obtai ned
that the éj @l@? E& the infection occurs in the environnent of sone
cells, LESd a |l ysis plate. These lysis plates were renoved

This invention is illustrated by the following non-limiting examples.

Example 1- Design and obtention of the human fusion recombinant protein
TGF-B1 with a collagen | binding domain (rhTGF-31-CBD).

25 The cDNA for the TGF-B1 gene was obtained by RT-PCR, using a DNA-
polymerase with corrective capacity. The mold used was total RNA, extracted
by the method of Chomczynski and Sacchi (1987), from human osteosarcoma
cells MG63 (ref. in ATCC: CRL-1427). The primers are designed with the aid of
a software (Oligo v6.6) from the mRNA sequences published in the genbank.

30 The PCR products were cloned “in dull’” in a maintenance plasmid (pBSK I,
Stratagene). Once the genes were cloned, they were checked by sequentiation
of both threads. Using these plasmids as mold, they were amplified by PCR
with pfu-DNA-polymerase, the region coding for the mature peptide. The
primers used contain the Collagen-Binding Domain (CBD) and restriction sites

35 adequate to clone directionally in a transfer plasmid of an expression system in



i ndi vidual ly and placed in a small volune of mediumto extract the virus.
Based on the no. and size of the lysis plates of the first selection, this
procedure was repeated once again from a9previous plate of lysis and we
will thus be sure to 35 have a cloned reconbinant virus. Once this virus was
anplified, it was analyzed 10 by PCRwith the specific prinmers for the
factor, to check that it contained the relevant gene. Then it was necessary
to use a large-volune stock that should be titrated, to establish the no.

OfrIOfSU/ {T‘He(gba&@lowuénd&téiﬁl é%cge]r’gclﬁd?n@ ;Bébtﬁeoggﬁéb%flfﬁcrr]@ﬁ&de I' nsrp%@m&%ﬂa“t
vViru

obtain an opm) ﬁ%zﬂé?ég%%b hacrm'%ge’ﬁzﬁ-\?ewta"bﬁ%ﬁg Ct%r"‘ég@b’\;\ﬁ;s h‘
k][lovvn nu][rbe_r pnfr}etre:hlba .orly théleéntnétl:omaﬂtteﬂ dimeechdin seage pilinidrehad thepfolloaingges
0 no. O VI Trus/c | ClI

it rorent curltip@e: s lBampbegiod srRD-GEAGEA el Y ihasble, gbflice o
72 10 and5 96 nbclebtides ub@f-ph. The chaier antisenses primemwas t foemed| byr sevardl um

not to be  cqubaRhgal el bMen'deaid Gl AbRIfIReddhk of BEALAT RladfidlPur s

after infection, nmediumor wth a

very | ow peltdlaﬂt’ﬂgeNGF' site.Umallrgases, &aﬁrﬁtru@hur@m@ksdrbmmmn@ng the i on,
the supernapap By@ﬁm@g}Itr%:grgqsf@pgugﬁﬂarcbﬁwg giito renove cell rests. 15 The

wel |l cells were broken by freezing-unfreezing and extracted with PBS. Both
sanpl es were anal yzed by SDS-el ectrophoresis (denaturalizing conditions),

Kﬂ th nOf Il@d;JOrmf@ th@eﬁéfslfeirbfamb)’f@ﬂtbfé Jaetde war a\tmﬁeb‘&lt wmednwwmwcmqpea 3

The 20 i {1 et SElismart, SRBredie A1 M, Miktiod onade By Beliradettr ) o

TGF-pl  anti pladntd. antk auseineersiat @NAryacuidvitug d{Bd Mveet@rd 000! INqvagen), dhat and

nfor mt on DES HERTOREE hBH B SR pURMAARNHEife, L oET oL E 80P Y LM eies e

yi el d of thepsteases. \We use abpmisone-siegiated deamsfermetitodo(lipotantinb Navagen)

proteins;sa B#ﬁqr_iﬁﬂ‘%fé%erlﬁst?uctlo%%? ﬁléé/rf%gﬁ"ﬁt was started, with about
S . out

500, 000 cel |l en a growh of cell s/ mL was reached It was
I noculated with the virus, wusing the highest MO and with the greatest

yield. At 24dmerme Dhﬁ\sf%ké'maﬁsfé‘rré’d) tS eheél Bell8StHe rr%eéi cafdrdd'm TRIM-FH\er e
cultured with s de free

a d
v oes 1 esmedi o senpl iy, ukcay @?@Eﬁ@%\?f@s o, S i o
the protocol hdmgdlfsdrémrvﬂﬂnatl@ﬂi oteurs idfde thd leellsawvhedby the viral DNA is

20 transferred downstream the polyhedrin promoter, a region of the plasmid
comprising the peptide sequence signal plus that of the factor with or without
CBD. This process generates infecting virus that kill the cell, are released to the
environment and infect other cells.

25 A recombinant virus was selected from the mixture of recombinant virus in the
culture supernatant. This was performed by the plate test that consists of
sowing a semiconfluent cell culture with dilutions of the transfection
supernatant. After the infection period (1 h), the plate was covered with agarose
dissolved in culture medium and was left in the culture for 4 days. With this, it

30 was obtained that the diffusion of the infection occurs in the environment of
some cells, which generated a lysis plate. These lysis plates were removed
individually and placed in a small volume of medium to extract the virus. Based
on the no. and size of the lysis plates of the first selection, this procedure was
repeated once again from a previous plate of lysis and we will thus be sure to

35 have a cloned recombinant virus. Once this virus was amplified, it was analyzed



uses cation exchange chromatography, using a SP-Sepharose col um

(Amer sham Pharmaci a). The cul ture nedi um was bal anced at pH 8 and urea 35 4M
was added. The colum was bal anced with Ti@s-HCl 20 mM pH8 buffer, 11 wurea
4 M After running the mediumthrough the colum, it was washed with the
buffer and the proteins were eluted wwth a linear gradient of NaC between O
and 0.7 M For the different fractions, absorbance was neasured at 280 nm
and those with proteins were anal yzed by el ectrophoresis, follow ng the

above 5 descbg@@ﬁﬁﬁﬁﬂh@%ﬁyec féeprﬁ)rﬂéfé fdfghferﬁadrofbscH@éI@tl?a?ttlh%ﬁfhﬁéHjthe

concentr at ed ul trafi] t1on and used i n l1ogical activity as
concentrat i off! gyan toene Thertt wag gecessary o ASei  fArdaolRE (iteek é}ﬂ I‘:f%&('ﬂ‘?q)r
Exanpl e 2. - @bttadabéddodtatilisting indd oNpRANL(BRES dnting uaitemmioel | s. 10 Human
masenchyrral stemcells were obtained fromhuman bone marrow (BM after

surgical extraction of the iliac crest frominfornmed donors. The marrow
ti ssue was mﬁmahisrpmjntrrﬁbeeachreeﬁanmbioam Wi, tiie Bporoprate ufection conditions

ant i bi ot fs. (400 JBAlenBaNChide NP IR oph.FUbRAGH APLE is( Spamy | and

0.3 mg/ M of ngi-zone sus ens on ualrTze
was 15 obt ai pElesafnese sgwuwﬁh|aakn@we@elrrmemgaftqeﬂaulghthﬁaedlve@ planggdde spsy 20

and 22, —and g ffe'? rf:éhtta Ea%%ftn'&r Eusﬁﬁﬁlgfil\?dgfr‘r’@ﬁélgghgﬁlféf%fe%h@ﬁ) ineacfddlér?rs

(Cell Strai ner al con | ncol rating tissue rests and

cel | accunul 4@ diffesent @Jﬁwt@@ MBls of,pdl, ot i@ vers teste SamRjiegsat4s, e
cell suspgns 'aﬁﬂ gd)hadfnﬁeluwmr O REdéOfoR XREBEAINM ofdRe C@iMuFd MREmahott8Gbe

for 5 mn. The centrjfu was, resuspended in_ cultu djumwi th | ow
concent 1 at i ofoBETABRles Wit TSP PreisEs. BGodhe Bt Aehisceta HRCTob | <
lnlth_e cul(tswthe vellfuse past esntirﬁulueka va/rﬂﬁmsemnagee mediom 20 edthl agevery low

sol ution | - c p m . at..a_ .
concentrati oﬁg%fe%gdfls %/%p%at A@éﬁ??@%p%@ggn@%éﬁr e%é?{'&gﬁ}%l %F@?tt'ﬂne H?e

col l agen |, $@peraianttwas callected andicentrififiged tegremqveacell ®stHD6 bone marrow
cells e placed over a layer. The culture plates were placed in the

culture oven_at 37C for 15 mnutes to allow for formation of the collagen
gel that wasT|heqwlbc@ts wate brakeatby freezingnafreeaingianskextigsted avithcllBBuBeth

medi um wer e ﬁqu@b vZéréOanSWEé&'W r@osr@ea?d&o@@asewern%&u@nz.ﬁ J&fd.i.&%) The

cul tures thus were” cul at nosphere o air and 5%
of COp, at 3NN rGHIING AGERLS v %eﬁ{yapwiﬁm\é@eg wag neg e Gosmassifec um
was changed, bR {(if Got Buffesiehtiyc 8alsitive staifing avite Blivert c@m tef péformeéd). e
20 different samples were also analyzed by immunoblotting using specific TGF-f1
antibodies. We used a secondary antibody labeled with peroxidase and
identified its presence by chemoluminescence (CSPD, Amersham). With this
information we evaluated the percentage of monomer/dimmer produced and the
yield of the system.
25
To obtain a significant amount of recombinant proteins, a liquid culture of
approximately 250 mL was started, with about 500,000 cells/mL. When a
growth of about 2x106 cells/mL was reached, it was inoculated with the virus,
using the highest MOI and with the greatest yield. At 24 hours, the medium with
30 serum was removed and the cells were cultured with serum-free medium, for a
number of days determined by previous tests. After this time, the proteins were
purified according to the protocol described by Aono et al. (1995). The method
uses cation exchange chromatography, using a SP-Sepharose column
(Amersham-Pharmacia). The culture medium was balanced at pH 8 and urea
35 4M was added. The column was balanced with Tris-HCI 20 mM pH8 buffer,



12 The optinmum concentration of TGF- 131 was investigated in previous tests
on chenotactic response. For each experinental condition, 150 nL of
collagen (0.35 ng/nL) were mxed, with the concentration of the factor
previously selected as having the greater chenotactic capacity. Confl uent
rat bone marrow 5 cultures were dissociated and the cells were placed in the
upper conpartnent of the Boyden chanbers (Neuroprobe, Rockville, MD) at a
concentration of 2x105 cells/m of ~-MEM The | ower conpartnent of the

chanber cont %kék?ﬂ Mtﬂﬁeﬁﬁmmﬁa W mehnﬁn thﬁq cew&n; A5 VPAEheRf with thd est

factor. After I ncubat on lters were renpved

and fixed i ana‘@ha%Fhe mmt%lnéw%reéuwggwgua igeay a@ah%m@ Mﬁmmﬁiweﬁnm%s
Chenot axi s was7 qwanzcm s differepufrattichs, %s@btﬁdmre whscPkhsuiddgaRRBOthrhnark)

fields of th mcro x4 I n Ex ntal
e oLt AR R AR Alke! Bualf RS e elsivopEPah oy AfE. FEDY

i nductionj. N&cmﬂédstemhmqumﬁﬂnteapomhﬂmfndetrortshsewgahhemaad comedntratedsby
descri bed ab 1 tu fQre,
the TGP 131, ?ﬂéﬁf@ t‘al&;:b%:‘aafixﬁﬁg "HhRgc ?iﬁ% ﬁéﬁ cul T BeeslaRp oS

i mpl ement ed wreteinshtbis fmal frac vhastmeasine tBrag®rdo%) . This conpletes the
so-cal l ed selection period and starts the anplification period, that was

mai ntai ned for the tinme necessary to_obtain an anount of cells that enable
the transpl afxanple 2i-Obiynieasad rraparngeyman maseNdYmAl stsmeelst he 25 days.

And’ 13- “Fgcﬁffu”ﬂ%*‘s”h‘éa*? O el Chca cal aqent s

Thi's peri og' GBbaniEalgeXiEagtin of Mies Tacdiost oRt IHGFMRY SRPIS] rBeomagam

ggl turg salrrnbme wede Waslnfmﬁ ah caryip |te(rt])e rh@dluhf (DllaEl\d?,lﬁlB@,BO HD, B¥8), 3/&]Erand
, and anal yses. yer rfor an. 0, nc

al kal i ne phoéﬁﬁ@f’ﬁgﬁkﬁ"@?’?ﬂ?ﬁ“@m §n($!grqa§b|5§ 7m¢lgentqr8ygﬁg 9{7@ ?ﬂaﬂ ues

obt ai ned. Th@y3 atgim! bbungEEors(FIGBBCN) L s ssspensioruobmdividualizedscells wase

control . & heoﬁféﬁ??d)%ﬁgF SelULR élr}ﬁgzyrgh@eﬁfrf%ﬁ 55@ '6\%@'@&9?%65 d 22

Cal ci um conten ncreases e va ues are
unnot i ceabl eand finallyctitared| thrasgh 20 mieromeiendedpn cSt@N§m‘llﬁ%r§| @relbStrainer,

cul tures duriFRgdnhgifdoRFPakK, @ﬁﬁ)%ﬂ S5thrafhPiSs e sEShhE cBl acbipupitRngduri ng
the culture days and even form col oni es
Example 3.- Culture of MSCs in collagen gels
20  The cell suspension obtained according to example 2 was centrifuged at 100 g
for 5 min. The centrifuge was resuspended in culture medium with a very low
concentration of serum of the patient (HS, 0.5%).

Before placing the cells in the culture wells, plates of 48, 100 mL of a human

25 collagen | solution (Sigma-Aldrich) were placed at the bottom of them, at a
concentration of 0.35 mg/mL, at pH 7.4. 150 mL per well of a mixture of
collagen I, TGF-B1 at a concentration of 1 mg/mL, and 2x10° bone marrow cells
were placed over a layer. The culture plates were placed in the culture oven at
37°C for 15 minutes to allow for formation of the collagen gel that was liquid

30 until that time. Then 10 mL per well of culture medium were placed, also
containing the same concentration of TGF-B1. The cultures thus arranged were
cultured in an atmosphere of 95% of air and 5% of CO,, at 37°C and 100%
relative humidity. Every 3 days, the culture medium was changed, adding in
each case the same concentration of TGF-p1.

35



during the anplification period, when they are in the presence of TG p-1DUC
(Figure 1). Wen the cells are treated wwth the comercial TG-pl (R&D 5
Systens, M nneapolis, M\), they are dispet3e or poorly clustered. + + + +
cococolOcovao MOOMMC OO OO +MOTrl O+1 Or MM+l mOM
+1 (p N I,- NNVco OOr ONOO I-+r NOOOMOOO M+l ri NM+I
+1 ONNtI) N Or cT I- 41 CON Oz OO "It N+l Y ~ N+1 +1 LI) N
U 00ar MLfF) a 000+ ?0+1 N+1 NODU a NN+1I1(00C) V) N

CO_ - L CO OTRE optftAufn EYnéerftration of TGF-B1 was investigated in previous tests on
chemotactic response. For each experimental condition, 150 mL of collagen
(0.35 mg/mL) were mixed, with the concentration of the factor previously
selected as having the greater chemotactic capacity. Confluent rat bone marrow

5 cultures were dissociated and the cells were placed in the upper compartment
of the Boyden chambers (Neuroprobe, Rockville, MD) at a concentration of
2x10° cells/mL of O-MEM. The lower compartment of the chamber contained
the medium with the different concentrations of the test factor. After 4 h of
incubation at 37°C in 5% CO,, the filters were removed and fixed in methanol;

10 they were washed, stained and mounted in slides. Chemotaxis was quantitated
counting the number of cells migrating in 20 fields of the microscope (x400) in
each filter.

Example 4.- Experimental procedure for capacitation of cells (selection,
15  amplification and induction).

MO cells were maintained under the experimental conditions described above
for 10 days, changing the culture medium, and, therefore, the TGF-1, every 3
days. After these 10 days, the culture medium was implemented with 10% of

20 serum of the patient (HS 10%). This completes the so-called selection period
and starts the amplification period, that was maintained for the time necessary
to obtain an amount of cells that enable the transplant, but in any case, this
period should not exceed the 25 days. After this period, the medium was
implemented with dexamethasone (10 M) and B-glycerophosphate (2 mM) that

25 act as osteoinducing chemical agents. This period of only 2 days is called
induction.

During the time of cell culture, samples were taken at days 0, 10, 14, 18, 21, 24,
27, 30, 33 and 36, and analyses were performed on the no. of cells and

30 presence of alkaline phosphatase and calcium content. Tables |, I, 1ll show the
values obtained. They show how TGF-31-CBD increases the number of cells vs
the control. The same occurs with the synthesis of alkaline phosphatase.
Calcium content also increases with the culture days, while the values are
unnoticeable in the control.

35
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The microscopic examination of the cultures during the process described

shows how cells proliferate during the culture days and even form colonies

during the amplification period, when they are in the presence of TGF-3-1DUC

(Figure 1). When the cells are treated with the commercial TGF-f1 (R&D
5 Systems, Minneapolis, MN), they are disperse or poorly clustered.
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LYpa OOZW cvi WLL J Fes'- L COHZ 16 Exanple 5. - Transfer of
capacitated cells After conpleting the culture period, the collagen gels
were targeted with collagenase and thel@ells were di spersed with 0.05%
trypsin and 0.02% EDTA at 27C. The cells were centrifuged, washed and
resuspended in serumfree 5 medium After the appropriate count, part of

t hem wer e EX3BWI@E - ITanpier ohspracitated G8in chanmbers inplanted in rat

fSubcut a{leogkﬁte{r | 6stHipledn th{ée cRlthey pesiod, fmer colcﬁg@@Jr leyeths iWel’Eydé@élétpaﬁi'tﬁo e
ragnents are i nted, in a specifigc . esi on (Fi o

Ecanp o 6. ColasiAes AL 0H fiisaelk PRRereest with MiTs iy gratbRes T

di f f usi on ah&TP6r Thei ¢dlislwes centringed| Washeh aodt msedpeéydedaen seodradees

descri bed . SUS [ tm.b%i i : ously
in the gac%@@i ;ﬁ?{eé?etﬂgt é‘pﬁ@kﬂ%%ﬁﬁ%s agrtejg7f ﬁ%n\{vﬁg’l ?raﬁgeﬁ'ge}d ﬁgm}ﬁh?&eeri ng
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wi th TGF- phoretesion (lHgHES Shontrol ones, with cells untreated during the
culture period or with commercial TGF-pl. The wounds were sutured and

o g it B b an R SRR S SepeheBeL 0% e, rats
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hi st och&ni sadiusr 3iSmghts machedm waight <& Rrna gat wastrertaimesionitee migdling abt
different g lagrMot MRER {2 BhaRbets) BAGH Y& hhlesdveral BhambERS withs ces t he
treated with TGF-B1-CBD and other control ones, with cells untreated during the
culture period or with commercial TGF-$1. The wounds were sutured and
disinfected with Betadine. Four weeks later (implantation period), the rats were
20 killed by overdose of the anesthetic and the chambers removed for histological
and radiographic study. The latter was performed with low-intensity X-rays. For
the histological study, the chambers were fixed in Bounin or in formalin buffered
at 10%. After fixation, the plastic ring of the chambers was dissolved by sinking
in acetone. After dehydration, they were embedded in paraffin and cut sagittally
25 at several levels, at 5 micrometers of thickness. The sections were stained by
different histochemical or immunocytochemical techniques with antibodies
against different collagen types in order to analyze the tissue formed inside the
chambers during the implantation period.

30 Figure 2 shows radiographic and histological images of different chambers
demonstrating the cartilaginous and bone nature of the tissue formed in them.
As compared to the control chambers where fibrillar tissue is hardly seen, the
experimental ones show large tissue surfaces with cartilaginous characteristics,
together with others where the osteoid matrix appears to be the prelude of a

35 fully formed bone tissue. The data suggest that the cartilaginous tissue appears
to be transformed into osteoid-bone, so this appears to indicate that an actual
endochondral ossification process occurs inside the chambers.

Example 7.- Example of implantation in a tibial fracture



chanbers during the inplantation period. 30 Figure 2 shows radi ographic and
hi st ol ogi cal inmages of different chanbers denonstrating the cartil agi nous
and bone nature of the tissue formed ini¥hem As conpared to the control
chanbers where fibrillar tissue is hardly seen, the experinmental ones show
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3 shows | mi‘l%ﬁur‘iﬁfséﬂéﬁﬁod:&ﬁbfymg ﬁﬁﬁfa' ERrahieaficd peAcipfe. bi opsy after six weeks
of inplantation. They show the neoformed tissue in contact with the

hydroxyapatite walls with bone tissue features, and the fornation of marrow
tissueapn tﬂ‘@rbowshwé Eﬁégé@bﬂ&ﬁﬂotdgﬁbamsé@ﬂ@rhs perfoaniedain. bibpey @ﬂedame

ract,eri stics of

provi ded s th t the tiss ng_bone.
D5  Fur t ner ks ShImpRRIALORS - Theyt REBW ERoRFARBEH e stiea heniafL Witk e
i mpl ant s, hlydtoxyapatrtech/aﬂar\mtierb,onwhilssfmecfaatthmsexapkiaiheefbrbmtlausef tteravel | s

transpl ant ‘ﬁgs@é €in the hollows left between the mineral trabeculae. The evidence
provided shows that the tissue formed has characteristics of maturing bone.
25 Furthermore, the images show that osteoinduction reaches the near implants,
but not much farther, which can be explained because the cells transplanted are
responsible for this osteoinduction, and extend where the cells spontaneously
diffuse in the implant area. The area farther from the implant does not show
symptoms of osteoinduction.
30



responsi bl e for this osteoinduction, and extend where the cells

spont aneously diffuse in the inplant area. The area farther fromthe

i npl ant does not show synptons of osted® nduction. 30 18 CLAIMS 1. Use of
human nmesenchymal stemcells differentiated to the chondro- osteogenic

| i neage by a%ol i fication with human serumand a transform ng growh
fact or- bet #LAMNI® h a nol ecul ar donai n for bindi ng to 5 collagen |

(TG-- R1- CBD) pbtgésred hum@nlkﬁéyéﬁdrﬁyn@imemsc@l& am@rﬁ@atw tot fhe BR&RAEDAL i ON

of a nedicine for ,bone a he use according to
claim1, char act%srt?‘%%%f"ﬁy%ﬁégﬁdrhy %’ﬂpléf[qag'ﬂnofw'ﬁh bumaty; gemE b an%ct i on
insitu, in the tnafmf@nmmgcgrowth tdctarbeta with mpinateciilar dataainbfed blrrdmgneo

char st bri sed | CRRERHTEER1CR0) ShRaifed i SRk Ehressitn AyRets I or ped
in the appropri dhe preparatipalof azmediwajf@ebane@:nd{ofg:arhiagayepalrcl ains 1 to 3,
characterizedi “Trﬁ)é;rﬂée Taggorg‘i‘?gjrﬁde bl%im‘#s%ﬂafagfteﬁié% bméaa{jrﬂuﬁsﬂ?é{ﬁdr%b’ﬁﬁét ite

or diffusion cha use accor to an clal ns
characterized i Mnediginenbyrdfectivrs &hsiynial th@t%ﬁa@@lq §'f<a+‘|ét'<Pfh@ﬂ<’§ﬁld'mLF§?fr‘|‘i§ a

gl ucocorticoi d. fsofbed e 59@@ Bie®kherE| S5, characterized in that the

gl ucocorticoid i dexaneth sone. 7. The use accqrdi t,0 .an C n 5to
0 e hathct ori Sed e USRARCERIARG 6 Pk lprBlih: b Bs AIASPUAER 11 thSb g ne

i nduction. 8. Thainipstestionr @i pgriomeédbyoimplaatsysadsdrbed , inCiar app&fpnawl in
that the transfar 'n? grow h factor-beta 1 with a nol ecul ar domain for

bi nding to col R 4 has been expressed in eukaryotic expression systens.
9. The use actorthengseoacdadimg8to ahwnrafctlaimg ddta 13, tdharacteazed pn dhat the 25

t d ' |
SRR e T S T —
11. A pbocedld.e Bie U&@@@ppﬁﬁln@rﬁo @ny afchaims- bde do gbaractedzed in thahftuna;arf rom

human nesenchynvfhe§é I'&em%&%@éﬂ{d&%ﬁ ds rgB@‘luddco?tﬂfHM' ses the 30
foll owi ng steps:_a. primary culture s in medi um
suppl enent ed & t'l}he use accordlng toclalm 5, characterlzed in that the glucocort|00|d is
dexamethasone.
7. The use according to any of claims 5 to 6, characterized in that -
20 glycerophosphate is additionally used the induction.

8. The use according to any of claims 1 to 7, characterized in that the
transforming growth factor-beta 1 with a molecular domain for binding to
collagen | has been expressed in eukaryotic expression systems.

9. The use according to claim 8, characterized in that the expression

25 system used are insect cells.

10. The use according to claim 9, characterized in that the insect cells are
transfected with baculovirus.

11. A procedure of capacitation of chondro-osteogenic cells in vitro from
human mesenchymal stem cells, characterized in that it comprises the

30 following steps:
a. the primary culture of stem cells in a medium supplemented with
human serum and a transforming growth factor-beta 1 with a
molecular domain for binding to collagen | (TGF-31-CBD);
b. subsequent amplification by supplementation with human serum
35 and TGF-$1-CBD;
c. the chondro-osteogenic induction with dexamethasone and B-
glycerophosphate.



human serum and a transformng gromh factor-beta 1 wwth a nolecular domain
for binding to collagen | (TGF-131-CBD); b. subsequent anplification by
suppl ementation with hunman serum 35 antb TG--(31-CBD; c. the

chondr o- ost eogeni ¢ i nduction wi th dexanet hasone and 13- gl ycerophosphate. 19
12. The procedure according claim1l, characterized in that the transformng

growt h fact orldbethe procgdere aecardingl daim i, eharacterized imthadithe trepstesmingyen |

bei ng expressed drawit fitdobéta FRINEASD PMoldGlis Bomaih fof Bndihg ¢6 ebfgen
according to cl 3| m.12, char a&terl ﬁn that th expressi on system used

ed e
are insect cells.Pe{ng expesse &!baﬁ'?%wa ¢ EXRIERYONFYRIEVR cl ai m 13,
char act eri zed3.MHKehaprotbdure rnemmording!l te elaimt Manséarbetdrizeth imathat othe us.

15. The. procedur i 0 f. i 11 to 14 characterized in that
t he cuI?ure mdi%ﬁﬁsgs?éﬁhgﬁgh Pg‘%a% 'Qg{a&a Iﬁ' gel. 10 16. The procedure
according to EhyThsf pedceiduse Brcpiding,to ctzavecelein Zikl ¢haracterized hie that theal

suppl ement at i on ;9 & ¥elis bfe Eﬁg%%é%wgﬁ/ga%@g%gm th an anount between 0.1%

and 1 % of human_Serum pre | 0 ~The procedure according to any
of claims 11 to The peegdute aceording t¢ amaef clainas dipioi 14 eharasterizesuinrtdatiur i ng

a period rangi ngheeLneR mediid i£8 hu]l:n"hrﬁ@géd C@"é'é}g/géhi ch the culture nmedium
i's supg(b)ement ed _ﬁ\nhgg an anount petween 5% and 200 man seru

prefer &y 20% ceAura\AeEPTdNeNter 1Yok &l te%%agﬂﬁ?‘%@ﬂz&ﬂaﬂh@t
accordi ng to thehecCipitRti $@pplementationdof eultire@miediunt e psédommed witle adn/. 19.
e of the cel| sotbl GAGRERSL PO SRPFY) S MBBR bR R pg A8 2 m 18 20
hunmans. 20. Cohplde piocedospabtadoly fonahycoihgainss ébderi€s ichardterimetdein thatl by
COTEY o . b 68Tt onSEEREE Ml 4 e g WiyRelL Sunglzs ol L
procedlf e of anyays, dudngiwdieh Hecultureimediunvis supplemented with an amount
between 5% and 25% of human serum, preferably 20%.
18. Cells with chondro-osteogenic capacity obtainable according to the
capacitation procedure of any of the claims 11 to 17.
19. Use of the cells with chondro-osteogenic capacity according to claim 18,
20 in the preparation of a composition for bone and/or cartilage repair in
humans.
20. Composition capable of inducing osteogenesis characterized by
comprising a biocompatible, osteoconductive material, and a group of
cells with chondro-osteogenic capacity obtained according to the
25 capacitation procedure of any of the above claims 11 to 17.



