;N e3e¥BY<4pd6T, 4(WD 00127996 ' 1 O ? A~t AY 2003 PCT/ EP99/ 084S2 SERUM FREE
. MEDI UM FOR CHONDROCYTE- LI KE CELLS BACKGORUND OF THE | NVENTI ON Bdhé Mi¥d2003
cartil age tr@gq,g}z%;gati on is an absolute in reconstuction of bporedsis:
cartilage segnents in plastic surgery, traumatic surgery or after the
removal of neoplastic lesions, etc. Typically, material of human 5

for thi o SERIMEFRES MEptuM BRE R GNARD C o EES I REPELLES, "t ranept ant
R T T L
e ORI o 0n st spormess et iy ey comre < P LY

sci ences.”'¥¥| ul ar sources for skeletal repair, i nclude ¢hondrocytes. and

cel I's conmi t tRN§ éna%’TEE&?d?B’éiﬂﬁénﬁtf%h@%?“aﬂ?ﬁoﬁ\é?eﬁ% ﬁweg%%{%féi%, t he
f or mer spzcific faqr cai)atilage, the latter nultipotential and therefgre

havi ng t Ré BfteeAPA A2THRSFeSTHBEN S 0Ty BRASACeSWEFEY, HAPMAlgULEFIY RAThaHer
tissues. 15 I\/bsenchy(gﬁl stemcells, (MSCs) ar fo,umii in bone maryow as wel |
as in bl $, TaBPKRL A NGORIISt dERONA) t BiGugh TYRISRI el Pateid Q6 RRPRER

pr esent row,. these cells, can be,i.sol at ed

| f i inb
DU {1 ed (R TRE04S HEPTy ARG5S 98 Jto T GHAAYER I LA R IR B BRAIDFSR BSas! T80y ant
No. 5, 486,.359. Typi ly, t J it i f..chond t d MSCs
G e, okl e e gt o bt gyt |
timally with t ol f t.h i . .Ho , th f
am o ofesit Shole U BhondPinyll, Hre st Vool B B
i sadv s i ions in,.Vi ] ut |
appl i cat paﬁgn%qs ReSell P Q8Y%s cels dFﬁlFr%%éarfb‘?‘g,a%‘grt&?ﬁuies CHS%IPeteﬁ’élg’ the
hysi ol ogi cal fl ui t | | | | tact ip tiss i i ., This i
Doyt i cul SPTeRRY Obr R ERg AtuEy Fn e OBt oBahP FeREc B roARRide D | WO
0Q/,27996 7 O Y 2a3 PCT/ EP9Q9/ 08. -82, vi , dded j.n t heij
AUl aITER PR BSCOTa R (BT Tiehd, 0 O YO hORIORIad SHeAIRE N on
rannor SERLEY BESTCRR Hor SRR TS RRTH I GINEE SRORGF GOEE AOd eI FPRER Hthe: o
is often high yariabilit betvveeg ani mal, serum batcﬂgs._ tensive fs.&.r um,
scr eeni n§ HexGhPRARYGY e dinsage, RRQHRFstnooate] Slreselcatht OBRST RECTHG vo
i nduct i ffegt be tinme-. i i T I f
hut of ogotRe CuTingsr Bk Bhiet aTLBoR A S R ARG B e BOBRRRE L0 8.
limted.  Anjpal furth til.all k th ith
consequehtot Fereifct Bttt e en S RRLSRS: art ont. Thus, serum
titut } | t ial L. i th ti .
AR Cati ons esehtb i) R Eelif S GR7 ER th R e e e 85t i on
i d bsti .e f | i [ls i,n 1 it i | ]
et i neq PRoEo R S bEifsrsPin. cat Gk R hED 2ol R ot R Bafghatlat
di ff j.atj ffecti t ady 0i i | f d
ot mows (R B RN Fode Ao St dherokEnL s YE Belffen M Bl Fp o s
| | ! . ; o A ! f
chondr o P ECtalls} Bpalied P I ARAR. 8 kst pBaAPRE S Pa bR NG B FH8288, 70
ey . & otey !
o sour cer TRty e MDY ks A o HRRAUEGESs Ad RSEsTELS BT ©
frs h i i -2 :
r0tor, T CANE" RS B ERRRNE WIG° VTRE S hrCoBRrm el Yidh,
[err]- W%ﬁePécP&Idé"ggmma oﬂ?tthgxhgﬁgﬁé’ H%Wévegf‘qggpﬁfets[eﬁgéfc?f raépmgf she
i ron source, and déxanethasone P5 as a steroid Optional Tngrédi ents can

i nclude £Rg| Sah Hrunt §RCHRBIR\Te BHENVATC cultures has certain disadvantages

and limitations in view of the potential therapeutical applications of these

cultures.
25 For example, serum is not the physiological fluid most cells closely

contact in tissue in vivo. This is particularly true for chondrocytes that, in
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selenium and vitam ns such as biotin and sodi um pantotenate. In ~ another
+ aspect, the invention conprises a conposition for the maintenanc@7ofay 2003
mesenchynal woem9861 s, conprising a growh factor, album n, BUBEPbhédhE
SHEET ( RULE 26) WO 00/ 27996 3 ~. ~ | MAY 2003 PCT/ EP99108482 a steroid,
an antioxidant, an iron source, a fatty acid and/or a |ipid source, one or
nore vitamns, one or nore trace netals, and 1G~1, in conbination with a

m ni mum eg3eNtdrel cARIdEY tHexE‘aﬁHs%'dhﬁ%é/d P&tk r & %gpdfd?emw tdifn SErum
free growth nedium for nesenchymal stemcells conprise LIF 5 and

SCF as gr f ] bfo Sc n
sel eni um gg@ht%gigi%{?mtgg Eﬁmﬁﬁis%%?ﬁ I%Qggéé[%trHéE%B%A ﬁgsgé%téw@% hows

t he conpayy SQthEfnr?ér/Eéﬁé\':lrﬁ{e C@aﬂﬂépcy ﬁeﬂrﬁmrﬂ Hiﬂ?@élhgt gmmaﬂ' eUNistant

cont ai ning FCS and the serumfree nediumo e prese i nvent1 on.

DETAI LED Q%%@B!r%a\lthEmMEﬁ%ﬁcy gLPYE seﬂu nyﬁwmﬁ%namnmg pperum

free conpositions suitable for stem ce growt h

and sprol i d ON.ExResiweNe i - e AT nti al
rredlbum s%agﬁﬁgs 15 x(%ooﬁll S rr%?i{r#ll ggélgla@ny"s ‘ll;&cqlgﬁ%i cﬁaum f%t%ﬁeﬂigom ow ngﬁﬁ?

corrponentr\%ﬁaése@mw@étdft tHee i qrzvéemaﬁbu'v): Off8cRS ¢ ﬁi’r@e Q{rﬂ\é’tébrfsﬂg‘giﬂ%sar?&

proteil ns i ch cause resti ng cells to undergo ce di vision an

di f f er entdden@ive STHR Bephfditd bf EL@Erc?goxP@%mn =6 g'ah%n@{l 2o #nte

IGF-1; 20 ii) one or norée steroids such as dexanet has I1i) one or nore

sources Qforlsupiiflg andl sfuﬁbh)és afrk dgmifR@Ce KR al 9&13?13' éarngHHh@P otentially

bi osynt hesi s, such as chol esterol and linoleic n I ron - source

such as tdagns @il dwn Fthdge FPGHRA éﬂﬁséﬁﬂén@rﬁsﬁ%ﬂﬁor{& ﬁ§ﬁ'§nfﬁfr |s of

mesenchymal "25 ori gi n.” Dexanet hasone is known to keep cells 1n a cycling
phage in paifene. The serum free nedi um of the present invention may further
conprise: i) albumn (preferably of mamrmal i an species) which functions as

an aspeci fi c Thid,i eerurbBUBSBETRIEES SHEETCL(lBHhEgZQMs \f@rogb?&ﬁ%@ 4ni wlygpne or
more antioxi dants such as ( 3- ner capt oet hanol ; MAY Z003 PCT/ EP99/:08482

iii) a suhptaprasic dpplicaoRns)sdetirabigport in car bOXyl group transfer
reactions, such as biotin; iv) trace elenents as a suppl enental source of

netal necessary for 5 el eclSUONMINMARYPOR THE INVENEIQON oenzynes and
proteins, such as selenium v) vitamns, such as biotin and pantotenate;
and The present invention provides a serum substitute for culturing cells in
15 vitro using well defined factors able to support cell viability, proliferation and
differentiation as effectively as serum containing medium. In a preferred
embodiment, the cells are articular chondrocytes or mesenchymal stem cells.
In one aspect, the invention comprises a composition for the expansion
of chondrocytes, comprising a minimum essential medium, a growth factor,
20 albumin, a steroid, an antioxidant, an iron source, a fatty acid and/or a lipid
source, and insulin. In a particularly preferred embodiment, the serum free
growth medium for chondrocytes comprises FGF-2 as a growth factor, linoleic
acid as the lipid/fatty acid source, ascorbic acid and B-mercaptoethanol as
antioxidants, holo- and apo-transferrin as the iron source, and dexamethasone
25 as a steroid. Optional ingredients can include cholesterol, trace metals such as
selenium, and vitamins such as biotin and sodium pantotenate.
. In -another aspect, the invention comprises a composition for the

maintenance of mesenchymal stem cells, comprising a growth factor, albumin,
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vi) ascorbic acid, to facilitate organization of the extracell ulr?af t UP .
| nsul i n and dexamet hasone are added at the average concentrati ons a ij
reported i n WO@MRT®erature. 10 I1G--1, LIF and SCF are present P&II/EP99/08482
concentrations in the range fromabout 5 to about 10 ng/m; preferably at a
concentration of 5 ng/m . All the othkr conponents are included in a range
of concentration typically used in cell culture studies. In a preferred
enbodi ment setoidy@ncatimddanansivon 3buecd of fitheagidoahidvots Hpid powlcef enat i on
of the chondrocytes, the defined conponents conprise EG-, PDGFbb and FG-- 2,
ascor bi ¢ @Cindye Vitaglias CoRe ol mbieniBc & e eval 91 dnMGE { HSA) combination with a

p- mer capt oet hari ol , dexanet hasone, insulin, human hol o- and apo

transfer rhhinfuint biseneiabadediim., EﬁzaZpaRWbﬂyagﬁhféﬁEdarechﬁm, ahe
concentrations in the range of fromabout 1 to about 10 ng/m. In a

pr ef er r edeg@meffbo growilh mddrirm2 forRRekbic e aFsenncellprcesepriset FGF-2, LIF
concentrations of froml to 2 ng/m. In a preferred enbodi nent of the
conpgosi tizgid STR ablgokah fakeod! ewlingamiotdridteraid dioh dsheitaRgasChydal
stemcells, the defined conponents conprise : EG-, PDGFbb and FG--2, LIF,
SCF, | GF-sklerdgipidhcraei®etalS chol esterol, HSA, ~3-nercaptoethanol,

dexanet hasone, human hol o- and apo transferrin, selenium biotin, sodium
pantotenate. FG--2, PDBRDERMESGRIPTICINEQRETHRE DRAGYINGtions in the
range of fromabout 5 ng/m to~ about 10 ng/m of each factor. The
preferred corrigonte atshwves e E&mparisBRGHDbridcid aSUBSHhETdEREe SHokiih(IRnktic26)

0 ? MAY 2003 WO 00/ 27996 5 PCT/ EP99/08482 EGF are 10 ng/m . FGF-2 al one was
found t o ihendiunpsiondsinivg FEEt ahdf ahe me¢emingnfiee noddiani eof hadbegent C
potential in MSCs. Exanple 1 Articular cartilage was harvested fromthe
knée j oi nhvettigwung adult 5 human donors. The sanples were first cl eaned of
any adherent nuscul ar, connective or subchondral bone tissues, mnced into
1-3mm fragnents and DETSKLED PBS CRIPF O NhORITHE tINSVENTEIONN rel eased
by repeated enzymatic digestions at 37Cwith 0.25%trypsin, 400U/ m

col | agenase [Thel @eeddntl imentiapepaseides sexdird frgé ndompakiticns dagablelfgpsi n
was then bl ocked and 10 renoved by rapid and extensive washes in PBS

cont ai ni choadybeda angpsiesenciyirbalt atemCelells grewehphategroliferation. The
anchor age- dependent conditions in Coon's nodified Hams F-12 nedi um

suppl enembatbasitibes may hintdddd enah badd mmimmn F&Sentiaht mediwm| tswch) anr t he
foll ow ng defined conponents: EG-, PDGFbb and FG--2, ascorbic acid,

| i hbl ei c Gaords modified eHam'al Fub? nnfedinm, -the 1fellowmingprostprsalts as a
dexanet hasone, insulin, human hol o- and apo-transferrin. Table 1 bel ow
shows t heupsifuse fersemunt s of each conponent. To favor adhesion of the
cells in serumfree conditions, the dishes were pre-coated with 2% qgel atin.
| nsul i n may mponkeos oberei graveth faathrs GF-prateinshe icamsé aiestiog cells to
chondrocytes. Insulin was preferably at a concentration of 5 ~. g/ni.

Sel eni umungierge acllsbuisiem pad{at diitarentiatioshehek reriosulian FEEF 2o D GELY,

i ncluded but are optional” 30 SUBSTI TUTE SHEET (RULE 26) WO 00/ 27996 6
Tabte 1 &EQFMAF 2003 ECenEAgg7 08482 Medi um Suppl enent for Serum Free

Exgansi on . .
0 i1) one or more steroids such as dexamethasone;

iii) one or more sources of lipids and fatty acids, necessary for cell
membrane biosynthesis, such as cholesterol and linoleic acid; and
iv) an iron source such as transferrin.
FGF-2, PDGFbb and EGF are potent mitogens for cells of mesenchymal
25 origin. Dexamethasone is known to keep cells in a cycling phase in vitro.
The serum free medium of the present invention may further comprise:
1) albumin (preferably of mammalian species) which functions as an

aspecific carrier;
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S 10 of Human Chondrocytes | NGREDI ENT CONCENTRATI ON (Basal nedium Coon's
nmodi fied HamM's F12) FG—-2 1 - 10 ng/m PDGFbb 1 - 10 ng/mm EG- ~0F¥ MAYLQ003
ng/ m | nsul awcbooprggen Dexanet hasone 10-8 M Ascorbic Acid 50 R poens4sa
Transferrin 20 - 50 ug/m HSA 1% 15 Linoleic Acid 6 ~M (3-nercapt oe?hanol
Sx 10-5M Exanpl e 2 Bone marrow sanpl e4harvested fromthe iliac crest of the
patient was 20 washed twice with PBS. The nucleated cells were counted

using nethyl i ghgtorqglgrseﬁg 'ggid%rnlt%géél%g%gghhgrex 400314 onat ed marrow per

10 cmtissue culture or se ansion, 'the cells were

L1 PR S (RN B o

FCS and 1 ng/ contr e fol l'owm ng

comonentsachicls, RRFAIIET 2, LIF S8 1GE 1L ascorbic add e

with 10% hunman ser ug andﬁ% ng:?/éyn‘q‘l @63&%’?&%%@4 Fg?tf:%g%ﬁécﬁsfﬁrﬁﬁgmremved
and the cell s, ek gmed %%‘*"ﬁom%%dp%{ﬁ%ﬁ%@@d left for an additional

24-48 hours in F12 nmedium w t hout any HEET (RULE 26) WO

00n-956 7 O K i§NeG908 o BRISNNEAPL MR RIPOL in ThEndEL R0 b e Of

factors was then added to pronote ce 1 on.

most active flaghBh LR H@k@h@ﬂﬁ%ﬁg%ep%ﬁagghgggllhegﬁ% Otcﬁg%-ér?{%ﬂjgns

mesenchymal stemcells. Selenium biotin an um pantot €

preferabluguianglﬂé?gﬁcaqﬁ thellfteydtgpd | ity. LIF and SCF were seen to inprove
the extent of "cell proliferation, in particular in conmbination with | G--1.

Tahbe 2 Medi yGFSUPRIEERALS CPraroirkiB i %! f%mfﬁﬁgs ﬁé%@%nn%@fﬂom Brurm N

CONCENTRATI ON (Basal nedi um Coon's nodi n-serum a
1- 2% Tr ansisebbit 18Pes/A9l: Drellab]pa: RU IR &£ AC f{kf
~i - mer capt oet hanol 5 X 10?‘?& Cﬁol}gst er odIHCB ~§/°§1 8{5'3‘ hgllrﬁf% ?;814 n é’?% in 33

el e

. m Na paahsd s & i FEF= g X
B0 SM | R ng/t%a*Lllgc‘gﬂ cﬁég% mﬁﬁsc?:@%é r?fr ceckntratitn’ %&aﬁgagﬁogﬁ% %E%%BEG:bb

by itsel bulthes eagdses.t he osteogenic potential of MSCs when included in the
phase of proliferation. This effect was found to be anplified by conbining

PDGFbb wi t h [FgFa refBrRal lehBEdisidR Tof B EodfositiV® QfA19 BB 3
G owm h Kinetics (%):‘;‘ Chondrocytes 0 7 MAY 200 c’Igéi'll'/ EP99/ 084216261—%11@(; y Ot:ﬁ 5 x

10151 i r sanfgaebiferaciohl 6f i chd droestdsN11RA8HFHEd kofipchedtls \A@Hpriyeaﬁ‘t;#,n the
presence of FCS. Upon adhesion, the FCS was rermvec?, and the'S cells 'were

ext ensi vEDGRabhend WFGF-RRSiseadbicefatid, Olindtedc dayid, | Rutnhd WeiiRUAIuwRRl enent
to exhaust residual traces of serum Proliferation was then reinduced by

addi ng e(HtBer), 199mExCaposethhrolyi dexampetbbsoled,i it onReRRAt Bokst akhi shed for
chondrocytes. Cell nunmber was eval uated at different days via Thiazolyl
bl ue (Mrpnsferm.ndn Biis edthpodimbnyrBGiet] PD@RBLr endVEGFaAge present at
concentrations in the range of from about 1 to about 10 ng/ml. In a preferred
20 embodiment, FGF-2, PDGFbb and EGF are present at concentrations of from
1 to 2 ng/ml.

In a preferred embodiment of the composition suitable for the growth
and proliferation of the mesenchymal stem cells, the defined components
comprise : EGF, PDGFbb and FGF-2, LIF, SCF, IGF-I, ascorbic acid,

25 cholesterol, HSA, B-mercaptoethanol, dexamethasone, human holo- and apo-
transferrin, selenium, biotin, sodium pantotenate. FGF-2, PDGFbb and EGF

are present at concentrations in the range of from about 5 ng/ml to-about 10

ng/ml of each factor. The preferred concentrations of FGF-2, PDGFbb and
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10 replaced with 0.5 m of nediumw thout supplenent; then 25 ~. | MIT

{Sigma, St. Louis, MD) stock solution (~ ng/m) was added to eacH) TwAYuR0E3

bei ng assayed. After a 3 hour incubation the nmediumwas renoved and the

converted dY¥O 8@ | i zed with absol ute ethanol. Absorbance oPCTHEPRSSéSHSd

dye was neasured at a wavelength of 570 nmw th background subtraction at

15 670 nm The data obtai ned (see Fi éure 1) clearly show that the defined

medi um i nduces the chondrocytes to proliferate to a rate and extent

conpar ablEGF carehb@ engdtotl ai REH-2 raloie wrrse feurod tofbd- G nios nguitiy &4 {20 T ther

differentiation potential of the chondrocytes expanded in serumfree

condi t i omsainasn4rest eflodtedthdirdrogenic potential in WOSCEor in vitro assay, the

expanded cells were transferred in anchorage-i ndependent conditions and

mai ntai ned as a pellet culture for 2EBxampie lin the serumfree nedi um

previ ously shown by Johnstone et al. (Johnstone, B., Hering, T.M, Caplan,

25 A L, Col dientipuldt Martilade Ywas RHarbestedpfrotel theRkace 2918 oZ6per®,adli®98) to

i nduce chondrogenesis of serum expanded MSCs. For in vivo assay, the

expiainded huehdrs deeroes.i nPhandaecbleorwerd dirSt clesied] ofi afyhydhereritcmuettlaey as a

dense cell suspension or after enbeddment in fibrin SUBSTI TUTE SHEET ( RULE

26) WOc08h231996 & ubchdidr2i083n®GIdsuP99nin48a med . (-Bnsmudigmendt dnde term

of the assays, the sanples were fixed in formalin, enbedded in paraffin and

sect i onedins8drinat BSedingheschendropymsessrdtifenr rdiested byireptatet anziydiatix bl ue

and al ci an bl ue) anal ysis and i munohi stochem stry with col | agen-specific

ant i bodi digesRamsl as 3%’6] outled.26% tratsinard0idenvicohlaghnast d¢yi) éxplanded

in the presence of FCS, the chondrocytes expanded in serumfree conditions

direct| ycobhgemest &l @adt i |mgimblyaturonidasee bbtytpsim wig tbemrzlotked iand,

whi ch stained nmetachromatic for toluidine blue, positive for alcian blue

antd t yper¢movwet| ygeapidanddngensivaegashase if #BSyqpenthiming| saydrean! rypsint r ast

in the case of the 10 expansion in FCS, a total absence of full

chondr ogémisibstonas (iksemerd platdd iin andharagedidpendent coatditioss ,inaCoanfst

met achronatic staining was detected in some pellet cultures, but they

al ways | atﬂd;ﬁe\deﬁland%%-h%dmcﬁuunaepphmmbd aithemivinbdl @9t fetebbalflserumat ri x.

These data illustrate a major advantage of the serumfree Séstem that 15

al | ows chbeds cgaiteadi euliyrehout thehtollawming defimedotompanentsn FEGEJIRDGEDY i n

the presence_of TG--(3 1 or other factors (Johnstone's inducin

condi t i oABY . FOE-3, magorhic arddy dinoheict aeid, t umanh sergim albumin (ﬁﬁét)urﬂ?, are

not_in contact with serumwhich may contain elenments that inhibit

chbhdr ogBH&SRtoCHIanAY desamsthasonssindyeni bupmredoled apd RBostramsferrin.

expansi on, under serum free defined conditions was tested in vivo by

i npl ant ad RBIE df DelR sShoatiathe peslesredhamanpis ofneech spmponanior goi &van

col | agrafé. Sever E_l coE[lbi,nati ons_of conditions were tested for baone,

f or mat i oAQRESIONRS thegelly in sepemdiree sapditansenbe dishesnwarapresaeigdnEithcoon’ s

modi fied, 25 ms F-12, dexanethasone, FG-?, PDGFbb, EGF, transferrin,

chol est ef & g an serum al bumin, biotin, selenium Na pantotenate and

ascorbi c aci oncentrations as.in Table 2). T combi nati ons_ tested were

1) insulin; P%QﬁFGFU@,Y FJ0 Reul $ybsaridted FV,VI\%D) I‘Jr?igull i /1 able soredizgy gl n,

LI:J:O and c:.sl-xcc';‘xdr6 cy?elel.BSTll-xlx-sl)JJ-lli:'n S\HanET p@eRHelfaEblzy(S)at a0 gon“é@rgtrzagi%% of 5 pg/ml.
Selenium, biotin, sodium pantotenate and cholesterol can be routinely

included but are optional,

1o
i
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to CLAIMS 1. A serumfree conposition for the culture of chondro{yt ®aYy 2003
Coconprirsiwg @98, linoleic acid, . ascorbic acid, (3-nercagmagthanst,
transferrin and 5 dexanet hasone. 2. A conposition according to claim1,
further conprising EGF, PDGFbb, insul6n and albunin. 3. A serumfree
conposition for the culture of nes¢ Pm’fal stem cel I's conprising FG--2,
LIF, SCF, pantotenate, biotin and Selfentfum 10 4. A conposition accordl ng

to claim3, further co i P aci d,
chol esterol, al bum n, brmérgﬁlggg‘;t@gﬂgﬁgﬁ&bd% % ?%@%E?rglnsf errin. 5. A
conposition according to any pr & her conprising a mni mum
essential nmedium 15 6. A cultur gq-g‘f“%%ﬂc(laﬁérga&ﬂc&ié in a serumfree culture
medi um cont ai f;ﬁnpom tion of clai l{yr e of
nmesenchymal I @ﬁ n a serumfree cu@%Mi ning the
Composttion QhaghrhBBidht Cobhtbuiliel Hanfi iy AL- A o AS AST@R [16-dv]
{vagkfa\ W ca] a] cal] ca] ca] caV] ca] ca] ca] ca] ca] ¢aV] ga] gal ca] ca] ca] ca] ca] ca]
el T G

ca] cal ca] ca] calc:aJjcalcalcalca! #9;AE S

twDbenps| wr gg_?ca%a\ W ] ca] ca] cal] ca] ca] ca] ca] cg}_cg‘]) ca,]/ca] ca] ca] ca]calcaV]c

a) caV] ca] caj ca] ca] ca] caV] caV] ca] ca] ca] ca

%G qUOCK | wr @Y] ]]1ca] ca] ca] ca] cal-ca] ca] ca] ca] a g%j%&a] cal calca]ca]calc
a]J ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] caU] ca! 1 XZeqs

}wrmhe”Y] ] ] cg f@ I?a] ca] ca] cal] ca] ca] ca] ca] ca] ca] cal 51153‘1106‘] ca] cal ca] ca] ca]

?ﬁl cg])/ac/aa/e]&((:g]zca a9y ca] ca] ca] C?I( ) g++++++, | wr mhb] ] ] caU] ca] ca] ca] ca] c
a] ca] ca] ca] ca| ﬁ%éﬁcai ca] ca] ca] ca] cMa] ca] ca] ca] ca] caJcalca] ca] ca] ca] ca] ca]
caj cal, A 9- AAcorBic Ak{d ////0U0002_2| 3334@J444444z4p ‘5%1{1 }V] ca] caV] ca] ca] ca
] ca] ca] ca] ca] caj C% ca] ca] ca] ca] ca] cal ca] c*a] ca] ca] ca ca] ca] ca] ca] ca] c”a
696| 6666677 778 8888899999
%\?ﬂ ;g] g(alﬂ‘ C?Uﬁhﬂﬁ%]%gg] ca] caV] ca] caV] caV] ca] ca] cgg/] ca(? clé’\}]rlca] ca] cal ca] ca] ca]
ca] cal ca] ca] q.pgga] caV]ca]ca]calcalcaV]calca /;};
; <<KWEX <} <<<=== :::A>>>>>>’>T’>e’?’>’>@2ALAAA(%Bzupkf a\ kf " [ UV] ] ca] ca] ca]ca]ca]ca]c

a] ca] ca] ca] ca]lﬁg]é;@]pg&a] ca] ca] ca] ca] ca] ca] caV] caV] ca] cg]m] caV] ca] ca] ca] ca]
caJ ca] ca [chF 109&" (

F 9% ()--° ?ma)&ﬁﬁmbmoloo/& ()-, 10%: () - @O%: () - MRUESKAO%E () -
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Bone marrow sample harvested from the iliac crest of the patient was
washed twice with PBS. The nucleated cells were counted using methyl violet
and plated at 5x10° cells as unfractionated marrow per 10 cm tissue culture
20 dish. For selection and expansion, the cells were maintained in Coon's
modified Ham's F12 (F12) supplemented either with 10% FCS and 1 ng/ml
FGF-2 (control culture) or the following defined components: EGF, PDGFbb,
FGF-2, LIF, SCF, IGF-I, ascorbic acid, cholesterol, HSA,, B-mercaptoethanol,
dexamethasone, human holo- and apo-transferrin, selenium, biotin and sodium
25 pantotenate. Table 2 below shows the preferred amounts of each component.
To favor adhesion of the MSCs, the cells were first plated for 48 hours in F12
medium supplemented with 10% human serum and 1 ng/ml FGF-2.

Thereafter, the medium was removed and the cells were extensively washed

with PBS, and left for an additional 24-48 hours in F12 medium without any
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were seen to improve the extent of cell proliferation, in particular in
combination with IGF-1.
Table 2
Medium Supplement for Serum Free Expansion of MSCs
10 INGREDIENT CONCENTRATION

(Basal medium: Coon's modified Ham's F12)

Human serum albumin 1-2%
Transferrin (apo/holo) 20 - 50 pg/ml
Ascorbic Acid 50 pg/ml
15 B-mercaptoethanol 5% 10°M
Cholesterol 30 pg/ml
Selenium 30 naM
Biotin 33 pm
Na pantotenate 17 uM
20 EGF/PDGF/FG?-Z 1 - 10 ng/ml
Dexamethasone 10*M
IGF-I 5 ng/ml
LIF 5 ng/ml
SCF 5 ng/ml

o
wn

Studies have shown that PDGFbb by itself increases the osteogenic
potential of MSCs when included in the phase of proliferation. This effect
was found to be amplified by combining PDGFbb with FGF-2.
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5 cells were extensively washed with PBS and left for 2-3 days in F12 without

supplement to exhaust residual traces of serum. Proliferation was then
reinduced by adding either 10% FCS or the mixture of defined components
established for chondrocytes. Cell number was evaluated at different days via
Thiazolyl blue (MTT) staining. Briefly, culture medium was removed and
10 replaced with 0.5 ml of medium without supplement; then 25 pl MTT (Sigma,
St. Louis, MO) stock solution (5 mg/ml) was added to each culture being
assayed. After a 3 hour incubation the medium was removed and the
converted dye solubilized with absolute ethanol. Absorbance of converted
dye was measured at a wavelength of 570 nm with background subtraction at
15 670 nm.

The data obtained (see Figure 1) clearly show that the defined medium
induces the chondrocytes to proliferate to a rate and extent comparable to
those obtained in the presence of FCS.

Example 4

20 The differentiation potential of the chondrocytes expanded in serum free
conditions was tested both in vitro and in vivo. For in vitro assay, the
expanded cells were transferred in anchorage-independent conditions and
maintained as a pellet culture for 2-4 weeks in the serum free medium
previously shown by Johnstone et al. (Johnstone, B., Hering, T.M., Caplan,
25 A, Goldberg, V.M. and Yoo, J.U. Exp. Cell Res. 238, 265-272, 1998) to

induce chondrogenesis of serum expanded MSCs.
_ For in vivo assay, the expanded cells were implanted for 2 to 8- weeks in

athymic mice either as a dense cell suspension or after embeddment in fibrin
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;<5<V\kdEYNC !Results indicated that, at variance with chondrocytes expanded in the
presence of FCS, the chondrocytes expanded in serum free conditions directly
reformed a cartilaginous structure both in vitro and in vive, which stained
metachromatic for toluidine blue, positive for alcian blue and type II collagen,
and mostly negative for type I collagen. In contrast, in the case of the
10 expansion in FCS, a total absence of full chondrogensis was observed both in
vitro and in vivo; at most, a faint metachromatic staining was detected in some
pellet cultures, but they always lacked well defined la‘cunae and weﬁ
organized extracellular matrix.
These data illustrate a major advantage of the serum free system that
15 allows chondrogenesis without the requirement of additional culturing in the
presence of TGF-B 1 or other factors (Johnstone's inducing conditions). This
may be due to the fact that chondrocytes, in nature, are not in contact with
serum which may contain elements that inhibit chondrogenesis.
Example 5
20 The osteogenic potential of MSCs after expansion under serum free
defined conditions was tested in vivo by implantation of the expanded cells in
athymic mice after adsorption on collagraft.
Several combinations of conditions were tested for bone formation in
vivo. For all factor combinations, the medium contained Coon's modified
25 Ham's F-12, dexamethasone, FGF-2, PDGFbb, EGF, transferrin, cholesterol,
human serum albumin, biotin, selenium, Na pantotenate and ascorbic acid
(concentrations as in Table 2). The combinations tested were 1) insulin; 2)

IGF-1; 3) insulin and LIF; 4) insulin and SCF; 5) insulin, LIF and SCF; 6)
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1. A serum-free composition for the culture of chondrocytes, comprising

FGF-2, linoleic acid,. ascorbic acid, f-mercaptoethanol, transferrin and
5 dexamethasone.

2. A composition according to claim 1, further comprising EGF, PDGFbb,

insulin and albumin.

3. A serum-free composition for the culture of mesenchymal stem cells

comprising FGF-2, LIF, SCF, pantotenate, biotin and selenium.

10 4, A composition according to claim 3, further comprising EGF, PDGFbb,
IGF-1, ascorbic acid, cholesterol, albumin, b-mercaptoethanol,
dexamethasone, transferrin.

5. A composition according to any preceding claim, further comprising a
minimum essential medium.

15 6. A culture of chondrocytes in a serum-free culture medium containing the
composition of claims 1-2.

7. A culture of mesenchymal stem cells in a serum-free culture medium

containing the composition of claims 3-4.



