1 CELL CULTIVATION IN CHITOSAN ALGINATE HYDROGEL BEADS Field of the invention The
present invent] z{ﬁﬁtﬂ%?ﬁo scaffolds for the cultivation of cartilage-forming.o6lls4RQ5e particular
chondrocytes. The present invention further relates to cellularised beads for implantation. The present
invention further relates to methods and tools for cartilage repair. Background of the invention 10
Isolated and expanded cartilage-forming cells have'been used for implantation since several decades.
The in vitro expansion to obtain a sufficient amount of cells however may lead to cells which upon

implantation regi INGale HEGIORGR SN MRHierRieesEHs. dhleds especially the case for
e chon I

cartilage repair wher rocytes culture, upon implantation often produces fibrous or 15bone-like
material instead of the envisaged hyaline cartilage. Attempts have been made to cultivate chondrocyte
cells in a threedinessiaeahpeitisyvherein the extracellular matrix of cartilage is mimicked. A variety of

gels has been ysed wherein cell are cultivated. E le, the prior art discloses beads with a core
of alginate andﬁf%é}gfﬁed%'lné’ﬁﬂgg%e? g%?&glc %ﬂfﬁ()%rgg)eﬁ | Ygﬁ*?gtg]r{rig Sr@%g% -%ﬂ%ethods to
prepare hy@rogel besusepaticuhvidbdndrimsesyrbup fraskrst Wyrnheratbstteporigsniatrices which

are populated Ry cellkdderpiftheomatisashinve FiRI9eRYa SRRtacowhe reigiasiop of cells into
the matrix. Li et al. 25 (2008) J. Biomed. Mater. Res. A. 86, 552-559, describe a porous scaffold

containing 2.4 REXIGREABAH AR RiGELRISHRARTS subsequently seeded with cells.  As the cells
migrate from the outside into the interior of the matrix, these matrices often have many cells at the

outer cells andga %ﬂﬁ&"&%&?ﬂ%@ﬁﬁmhe interior. In a second type of methods cells are mixed

with a constituentl'%yéthe matrix whereatfter the matrix is being formed. Bernstein et aL (2009)
BiotechnolOprdgpiated and expanded cartilage-forming celis have been used for implantation

since several decades. The in vitro expansion to obtain a sufficient amount of
cells however may lead to cells which upon implantation result in cells death,
scar tissue or hyperdifferentiated cells. This is especially the case for cartilage
repair where chondrocytes culture, upon implantation often produces fibrous or
15  bone-like material instead of the envisaged hyaline cartilage.
Attempts have been made to cultivate chondrocyie celis in a three dimensional
matrix wherein the extracellular matrix of cartilage is mimicked. A variety of geis
has been used wherein cell are cultivated. For exampie, the prior art discloses
beads with a core of alginate and a coating of chitosan (Babister et al. (2008)
20 Biomaterials 29, 58-65}.

Methods to prepare hydrogel beads can be divided in three groups. A first type

relates fo porous matirices which are populated by cells. Herein the matrices

have a large pore size to allow the migration of cells into the matrix. Li ef al.
25 (2008) J. Biomed. Mater. Res. A. 86, 552-559, describe a porous scaffold

containing 2.4 % aiginate/2.4 % chitosan which is subsequently seeded with

cells.

As the cells migrate from the outside into the interior of the matrix, these

matrices often have many cells at the outer cells and a low amount of cells at
30 the interior.

In a second type of methods cells are mixed with a constituent of the matrix

whereafter the matrix is being formed. Bernstein ef al. (2008) Biotechnol. Prog.



2 25, 1146-1152, describe methods wherein beads with 2.5 % alginate and 1.4 % chitosan are formed.
The cartilage therein is described as being of low quality. In a third method, as illustrated in
W02007/135114, cells are encapsulated in a gelling solution obtained from an aqueous solution of a
mixture of a polysaccharide such as alginate and an oligosaccharide derivative of chitosan highly
branched. The aqueous solution is gelled with gefing agents with the aim to encapsulate the cells. In

each e pf meinags thechpige AYJHROGNA% /A SHORII AR O1E the Fmgmeaﬁ&thﬁ&e% and
subsequently on the quality of the implant. Particularly in the hydrogel of W02007/135114

oligos@itibpsRil @ eipraRe Jﬂ‘@ﬁ@@i&ﬁ%ﬁ“ﬁf&ﬁ@@@%%&%ﬁ’féﬁ%ﬁ%%ﬂ%gﬂﬁb% and the

polysggchartidpdmisiirar alginaiamirdarahay e seanath ydishdeeneheatimakitetkaeening cells
alive. Further this 3D matrix fails to keep chondro Céteghengge stable as shown b an n}crease of

cell pr%‘ﬁgé?atloﬁ%{HHOé‘deEPé%l?gf aljgRcaAyn YiRthingta Red M5 HiRthe?
Improwmeatﬁ;mm%sgechom@f engirixteatatdl and mngmmﬁmﬂﬁetomﬂdaﬁeeceﬂﬂlmmplants.

Summ en Iosurerelatest thods of duc drogel matrix.comprisin
cartlla %E%ﬁ Coiﬁﬁr@i%e[ﬂ% stggél n ﬂ)‘?og%ﬁﬁ% g'ﬂyo ag ng%e pr%vmg arﬂolutlon
with ctntemaﬂsmxla’rg We daller than 60 kDa mixing the solutlon of alginate and the solution of

chltosram W|th KA &nd% e?rméﬁg%%%ll I%n tgec;im)? ?ﬁ%@ fio %orgprgﬁp&}g %p %@nﬁg T A)

(wiv) 0 cﬁ?osan ween A) alginate |ntro ucing e mixed solution
into a poanidyneithadather Sﬁﬂﬁtloﬁﬁén@umaﬂﬂg@elhﬂéd tibads‘ifv@lﬁxheoéollhhﬁn Wmblaations. 2a

Particularly in the hydrogel of WQ2007/135114 , oligosaccharide derivative of
chitosan has a degree of derivatization of at least 40% and the polysaccharide
mixture or alginate mixture has an ionic strength which is not optimal for
keeping cells alive. Further this 3D matrix fails to keep chondrocyte phenotype
stable as shown by an increase of cell proliferation and a decrease of aggrecan
synthesis.

There remains a need for further improvements in the selection of matrix

material and in the methods to produce cellularised implants.

Summary

The present disclosure relates to methods of producing a  hydrogel
matrix comprising cartilage-forming cells comprising the steps of:

- providing a solution of alginate,

- providing a solution with chitosan having Mw lower than 60 kDa,

- mixing the solution of alginate and the solution of chitosan with cartilage-
forming cells, wherein the mixed solution comprises between 0.5 and 0.7 %
(w/v) of chitosan and between 1 and 1.4 % alginate (w/v),

- introducing droplets of the mixed solution intoc a solution with Ca** or S
cations and

- isolating gellified beads from the solution with cations.



In a first aspect, there is provided a method of producing a hydrogel matrix comprising
cartilage-forming cells said method comprising the steps of: providing a solution of alginate, providing
a solution with chitosan of Mw lower than 60 kDa, mixing the solution of alginate and the solution of
chitosan with cartilage-forming cells, wherein said mixed solution comprises between 0.5 and 0.7 %
(w/v) of chitosan and between 1 and 1.4 % alginat@dw/v), introducing droplets of said mixed solution
into apolytiRMILEA2 FRire B RIRNS antisHBUINEPRIMEEIREIP RRErGRM A S AU HAMYRE
cations. In certain embodiments of methods of the present disclosure the droplets of the mixed

soluticidilegerisunied relssAidigretiosicemprising JaeiRane o boariiitos tidieR«th alpthatmixed

solutigneAaING £ S i Ghite THIa8sHos CRMPIBSES: tha A alRiDaen ms ety eiBhosk aeiria ef
methods of the gr sent di C\IR(Eure the ratio between faI%[iBnate anﬁj ch@sﬂam_ in the mixed olu?ltll;ogdn iS
betweBAtL HEnFBE08r BLeRReSER MKy SP5H2955"ABIND GRS RS Britidin KRS oPHidiRBdS of
the presatirtiscldsetiedbe Chtasad 085 % Mw/of bétoritys3h and Axkiseant/ani dfatimalgimate
preferably,of vegetable origin. In other particular embadiments of methods of the present discL% re
the m W&}j fﬂ??ﬁ%cr}%%ﬁ%rfggg i?rl}es sf)ep% l(‘?tulihlre/%ﬁrdmg %ﬁogjgggdénc%mapr%@]% iggrtiygl'gtjﬂe-?(oﬁraming ce ??n a
growtlcatiedisirang usblatioglhayioredeadbegaednomdstid o hdion mit2 tafiensen 28 days. In other
particylar [ 0 S ISC he. h I ﬁﬂﬂm IS m. In
other H;)J]arﬂ%ﬂgir?ﬂr%ﬁé% Iror?én% r%it%tégfo (%théﬁ?)trtgsése t %%és?gg@ég%%ﬁgt%?o eagdsgiz %F(;egr:‘ormed
by paseingchiropiéin aeUgtedheadiinta epldiiva BaTtiGavith a diameter between about 0.2 and 5 mm.
In other particular embodiments of methods of the present disclosure, the method further comprises
the step of mixing the cultivated beads in a thermosensitive hydrogel. Herein the ratio between beads
and hydrogel is for example between 5/1 and 1/1, or between 4/1 and 2/1.
Thepresentdisclosurealsoreferstoasphericalhydrogel bead comprising a homogeneous mixture of
chitosan and alginate and further comprising cartilage-forming cells, wherein said bead is obtainable
by the methods as described above. 3a Thepresentdisclosurealsoreferstoasphericalhydrogelbead



with a diameter between 0.01 and 5 mm, comprising a homogeneous mixture of chitosan and alginate
and further comprising cartilage-forming cells within the matrix, characterised in that the bead
comprises between 1 and 1.4 % alginate and between 0.5 and 0.7 % chitosan, for example, the bead
comprises 1,2 % alginate, or for example the bead comprises 0.6% chitosan. In second aspect, there
is provided a spherical hydrogel bead with a diameger between 0.01 and 5 mm, comprising a
homodrengaticmixtumrdfcaignentsand dhitbsaetifadwiimveniked eekitiarandoimthieesofbrising
cartilagesformi ells within: said [ cterised in that said bead comprises between 1 and 1.4
e T e

% alginate an osan. 4 In particular embodiments of beads of the present
disclofuregértiaato cimlghdinedostostinetiwdecnfl ibanpresir bisolesure . Bantic? Hefmesveen
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cartilagje“foaming. 26l imadaut@centration of between 50000 or 60000 to 100000 or 150000 cells per
bead. t j i ' ilage- [ Ils,
aror 20 e e LS P e, oo el
cartilage Novmirig leeligearfteB2 1 atal ASF ddihiy aaiotyexgresy batomd) .0 upiefetkblinephoexgatise per
ng LDEHgmen grown in the presence of serum.

Thepreséntdisclosurealsorelatestotheuseofcartilage-forming cells comprised in a bead as described or
prod Ucedtietesariisedeabonefatithentispalf ahethokg cofetbetsprangnbsiistssamaritie method

ThepraspndisaignRalzorpialestatheypepliaiags IHEINGER Wﬂﬁi@; aheadassessrbed or

prod uced as desc above for the manuracture of a medicame air of cartilage defects.
In a thellaspecs theowib pradilsticaliilehe doenifiyatislns camphsedanfarbeed &ordefindd abovd, for
use inéq%Feeq‘@Hgézgg{rlgge defects. Advantages of beads as prepared in the present disclosure and
their use: In prior art cartifage transplantation methods, a low number of autologous chondrocytes is

harvestedthen ¢attiag@biepshssltoants) PonMetheds apdatbbcatiiagal adigdesysulthedgipwth

monolﬁ@i&% %@“@g@g%gmwo get an optimal number of cells for grafting. When they are cultured
in monolayer, chondrocytes progressively loose their phenotype, and fail to a cartilaginous

extrachllulatheatriadicd becambaigiosiatis whicmathrdy protiutiescaraseik. Tiselositrehishe
dediff iat] | . L gy
ediferenialing BEOgR gﬁ%ﬁﬁ% gﬁ%@%@ﬁﬁaﬁ?@@é r 'Eﬂ?&?vézy o Gl %O%gt%%( €s can

;
be cultured in a three d?r%?]géns h as alginate beads. However, Iin alginate bea
chondeoegtéslanddhgo digyptetrophicaifepmidlidraagdmmiaralize the surrounding matrix.

Hyperiroplig, differepiialian 28 BRHKIMECTBHZaHRIhBES UnktestRPIG RIIGGH: AaRARAIGH Withe
method further comprises the step of mixing the cullivated beads in a
thermosensitive hydrogel. Herein the ratio between beads and hydrogel is for
example between 5/1 and 1/1, or between 4/1 and 2/1.

The present disclosure also refers to a spherical hydrogel
bead comprising a homogeneous mixiure of chitosan and alginate and further
comprising cartilage-forming cells, wherein said bead is obtainable by the

methods as described above.



5 osteoarthritis. The present disclosure demonstrates that, in contrast to
chondrocytesculturedinalginatebeads,chondrocytesculturedin chitosan/alginate beads do not
differentiate in hypertrophic chondrocytes. The beads which are in use in accordance with the present
disclosure stabilize the chondrocyte phenotype. Indgeed, after several weeks of culture in the presence
of serum e.g. 10 % FBS (which is a condition supp ﬁing the hypertrophic differentiation of the
chondiideytespresemdrocylzsiosliveed imlsbitosaafalginatéobeads besykeric2l to 2ydiaysprodusad
marginal.amounts of alkaline phos se (AP) which is a specific marker of hypertrophy, compared
o choibeSret Rt s TSR b o e RS TRyt BumaP SR ER S e eads
produckdicsgnificandy lEigeatemaunts & tiecartidagersperificarii@Epimagorg careithamdtmmdribeytes
in alginate beads and. significantly, less pro-ipflammator CﬁISL-6, itric oxide) and catapoli¢ factors
(stromrg@zrfr)fe-fﬁ afrﬁgtgﬁ%ggar{f]alépnaite%xtﬁﬁea e$ r%%r |%Sth§%{¥(\§%%ﬂt invény o?\{p evhégnt??ﬁ{gate
hypertaogohibeifferanti&tiHn atdhOntrdeytebits dlustfate celig e el e dheaskdadlkalimgridexsphatase
expres§ic|m. ,;Ehig ﬁa{-ﬂgg'% féeé;lt ir&%ggtgs ntqha;"::s%hsitf]:}?‘p/% '%ataenbeads are potential carriers for cells
transp a%t%?ion, and particutarly % reépair ?lséﬂe, inciuding cartﬁag'e defect. Brief description of the
figuresrFigpoerd shepexh shetmnsopeovilgthatesbbadda) laydagehitesad/alijn atelzradiéB) Hehitosan:

dark trab lae: alginate: light arey backaground].. Eigure hows at lo nificati A
e R B e O e S R R TR R e

are vidide @didadedna) fartbarstomgus g daotilaghd expirg sietsol liftierisaikin G ((14,- 6 freptessptbd as
nanogram IL-6 /.per ng.lactate dehydrogenase) at differept time points. Figure 3A bar: L%s
cultiv el RS o T e BT i A h S oo P g e
beadschigbgdrar: cells cultivated in chitosan (40 kDa) / calcium alginate beads. (chitosan/alginate ration
is 1/2). Figure 3B shows IL-6 6 production in chondrocytes after 9 days of cultivation in alginate (left)
or chitosan/alginate (right) beads using Ca2+, Sr2+ or a mixture of Ca2+ and Sr2+. Figure 4 shows the
expression of alkaline phosphatase (AP) in alginate beads (closed bars) and in 0.6 A) chitosan/ 1.2%
alginate beads (open bar) [chitosan 5 40 kDa] in different media [ITS: medium comprising Insulin,
transferrin and selenious acid; UG: Ultroser G; FBS fetal bovine serum). (AP concentrations are
presented as Units alkaline phosphatase / per ng lactate dehydrogenase) Panel A shows values after
21 days of cultivation, Panel B shows values after 28 days of cultivation. 10 Figure 5 shows the
expression of aggrecan (represented as nanogram aggrecan/per ng lactate dehydrogenase). Figure
5A shows the expression after 13 days of cultivation in alginate beads (left) chitosan (20 kDa) /
alginate beads (middle) and chitosan (40 kDa) / alginate beads (chitosan/alginate ration is 1/2). Figure
5B shows aggrecan production in chondrocytes after 9 days of



15 cultivation in alginate (left) or chitosan/alginate (right) beads using Ca2+, Sr2. or a mixture of Ca2+
and Sr. CM: Cell-associated Matrix; FRM: Further-Removed matrix*: Figure 6 shows the expression of
MMP-3 (represented as nanogram MMP-3 / per ng lactate dehydrogenase) at different time points.
Left bar: cells cultivated 20 in calcium alginate; middle bar: cells cultivated in chitosan (20 kDa) /
calcium alginate beads; right bar: cells cultivated in“hitosan (40 kDa) / calcium alginate beads.
(Chitosﬁn/@@iﬂ@@a\‘ati@riﬁ)%éﬁ)n&iﬂslreo'»f sE@wagigenfrnmlwwtqﬁméﬁta tb(%mt)ijSiﬁM@ cmiq&arbhydror?el
comprisi .chi Y%alginat . hisp, ito 40 kD, S5Figyr ws the
i S T8 R o e T oL G AP Sla el

Cell-c Im%gdrogel; C: cell colonized Chitosan/alginate bead; D: Cell embedded in chitosan
lacunde. 3thBetailrtiddscriptibodirtiaminvehtibeddse aSpidet gbribecpie shotlvs@atidhgelabtissam

methog Rf pradHsing A aEcgsmati gomprising cartilage-forming cells. In this method cells are
included in the 7 gel constituents upon formation of the h drogel matrix, This method comprises the
ST, SR il

followitly StBES: PR BiaIGin A9 rOVidiG LERGBNURHAS s ARG f S RRGSr than
60 kDégrming cells have a concentration of between 50000 or 60000 to 100000 or

150000 cells per bead.

in other particular embodiments of beads of the present disclosure the cartilage-
forming cells, after 21 days of cuitivation, express below 0.5 pg lactate
dehydrogenase (LDH), or the cartilage-forming cells, after 21 days of cultivation
express below 0.02 units alkaline phosphatase per ng LDH, when grown in the
presence of serum.

The present disclosure also relates to the use of cartilage-forming
cells comprised in a bead as described or produced as described above for the
repair of cartilage defects, such as osteocarthritis.

The present disclosure also relates to the use of cartilage-forming
cells comprised in a bead as described or produced as described above for the
manufacture of a medicament for the repair of cartilage defects.

In a third aspect, there is provided cartilage-forming cells comprised in a bead as
defined above, for use in the repair of cartilage defects.

Advantages of beads as prepared in the present disclosure and their use:

In prior art cartilage tiransplantation methods, a low number of autologous
chondrocytes is harvested from cartilage biopsies coming from normal area of
cartilage, and then cultured in monolayer for proliferation until to get an optimal
number of cells for grafting. When they are culiured in monolayer, chondrocytes
progressively loose their phenotype, and fail to a cartilaginous extracellular
matrix, and become fibroblasts which mainly produce scar tissue. To avoid this
dedifferentiating process or to promote cell redifferentiation after monolayer
culture, chondrocytes can be cultured in a three dimensional matrix, such as
alginate beads. However, in alginate beads, chondrocytes undergo a
hypertrophic differentiation and mineralize the surrounding matrix. Hypertrophic
differentiation and matrix mineralization are undesirable effects associated with



5 - mixing the solution of alginate and the solution of chitosan with cartilage-forming cells, wherein the
mixed solution comprises between 0.5 and 0.7 % (w/v) of chitosan and between 1 and 1.4 % alginate,
- introducing droplets of the mixed solution into a solution with Ca2+ or Sr 2+ ions - isolating gellified
beads from the solution with cations. 10 The hydrogel which is obtained by this method results in a
homogeneous matrix of calcium alginate and chitos@n, wherein the cell are equally distributed
throughgeediéhifigrix. Tree nisgseak obiaHesurethedsmenatintemtiothatfferinfrowopticasirt featrices

15 whigh,havs-gteare ofQRE-EaMPAReNt, gaaigdwith.a layer of eaeﬁaﬁ{?@@won%unmgjmatw as

obtained in the present invention has the advantage that the porosity of the matrix can be more

accur&ieiipseirditdmpheat® Matriced wiiterendatet ifophiikedrapbistaichanditsyiegrébof
porosibe 4L ThR FRtEAs PDIRBCMH N0 RIERES INANIAR Az LenAdanias o gaanoRed with a

low molecular weight chitosan (lower than 60 kDA) which spontaneously forms an homogenous
netwoftfnehie@igniteanalyive THadratix aBasbmyedah weskeseht awlkeimeoin whereimassiogre
includgg igig:{he raalrix yporgefifigtionhias the advapiagedhadheeRllsar sly
distributed over theaé;natrix beads. Porgus lbeads which are seedeglhggterwgr‘dqsﬁvﬁth %1 ty |ca8"y will

creatediffgraaiialivt caffs Witerabpilostdash corbaTdfreriagix@diesds lisss Jalissmaiaitisairterior
shell afdagdeagtawbén often regHltsl celbpeputiongunereipdhceliaadhrcors: hayg difgrent

properties than those at the outside. 30 8 As in d in the examples section, the alginate an

chitosBAGFRIEAIRS B prepigh tHe hadregerifis dimsasked i9&trbrpaitkenhe orcasiianegtfete which
have astgidie @éf@gh&é@jgﬂﬁ}@@i%@g@@@@gﬁ of the Invention . In the methods in

accordance with the present invention the alginate and” 5 chitosan solutions can be mixed to obtain

beads&ENERENSSE conberaatidns. Filr lsingisdirheasof Bredsies nisiondinanilyel dtghebeads

wherein{BgASMRASIYAB, PESFia RS galiRatio U SAciuL ?é&raﬂtiuméﬂnsa%ﬂer't?@ﬁ@s“’ (45, 0.5,
0.55, 0.60, 0.65, 0.70, 0.75 or 0.80 % (w/v) chitosan, and independently thereof comprises 0.9, 0.95,

0.1, oalgfater 1bgadss, anch, significantly. 1'ess. 1980 dnflanomatenyr 116G (Withialgexide) Inapatticular
embodigpgpindhersorrentiationiIese) ranges Eam San/Adrat¥ O LD ORR 0P /@, In other

particular embodiments the concentration of alginate ranges from 1. to 1,4 % or from 1,25 to 1,35%. A

particli¥ epiBeaihelventiotrogervenipridha abynedrephienitifareatiatissouel. Zhangynmates

as illustrated by the decrease in alkaline phosphatase expression.
This particular effect indicates that chitosan/aiginate beads are potential carriers
for cells transplantation, and particularly to repair tissue, including cartilage

defect.

Brief description of the figures

Figure 1 shows a section of an alginate bead (A) and a chitosan/alginate bead
(B) [chitosan: dark grey trabeculae; alginate: light grey background].

Figure 2 shows at low magnification (A) chitosan/alginate beads embedded in a
chitosan hydrogel. At higher magnification (B) chondrocytes are visible

(indicated by arrows).

Figure 3 shows the expression of Interleukin-6 (11-8) (represented as nanogram
IL-6 / per ng lactate dehydrogenase) at different time points. Figure 3A Left bar;
cells cultivated in calcium alginate; middle bar: cells cultivated in chitosan (20
kDa) / caicium alginate beads; right bar: cells cultivated in chitosan (40 kDa) /
caicium alginate beads. (chitosan/alginate ration is 1/2). Figure 3B shows IL-6



15 Further embodiments of methods and compositions of the present invention relate to hydrogel
composition and beads obtained thereof wherein the ratio between alginate and chitosan in the mixed
solution is between 1.4 and 2.8, more particularly between 1.5 and 2.7, more particularly between 1.6
and 2.6, or between 1.75 and 2.25. Particular valuesof this ratio are about 1.9, 1.95, 2.0, 20 2.05 and
1. In the methods of the present invention the average size of the beads can be adapted and
empirically determined by adjusting the diameter of the needle which is used to form the droplets
which are introgtrsitiion ihedaiodrecutestrefigurf stivsion! Eivabed fersigingebdals @ith a

diameter betwegn .04, 2504 BN HEARSS, diRiESTNS PrQYideREMRIBr g Rgtuyeen the ease of

manipulation and the diffusion of nutrients into the beads. The experiments of the present invention
indicate that thEIgHRid=PiRYPERR-8 6 RS eRiRIAIRAING REARABBIRSE he)dR&idRRIE BPatS
cartilage-formingi@ehengresas. Chitosandambeavisasiteddromdifferent paiahiossees such as

crustaceans (P shells)rsauids, Atemalvely fhe chilosan s, of vedetal more gfparioulary
fungal origih, such'as ucgra?e n strains, Mucor Stk moshsan &hnmhg AtRella elegans,

Gongronella buttéehidspegjdius GigerRitz spuE Ry fiel beviteussrooiled) P leenouiraigoaju,
Zygosaccharomyces tuxils Gandifa QMWEP&gﬁﬂﬂé@és/?épf?&*ﬁc@w%ﬁwﬁ&%@ﬁé%jSts in diverse

types of molecular weight. Herein, the chain 5 length of chitosan_ may contribute to the three
dimensional stit@i§e oftRwhyatderiaitey gl druRitiseiv P DsEaTehe FlesvRiveRtRfithas an

average molecgaseightigwergran 60kDa particularly between 15 and 50 kDa, more particularly

between 3% angd 45 kD?g Bﬁads \/\{B%:h are%)roduce in a?ggrda ce with t &, present invention comprise
10cartilagze-for IAY"Eel ERG%Fe it TR TS URMaiR tHEPHESTEL BFETRESI el ol o 09

aggrecan/per ng lactate dehydrogenase). Figure 5A shows the expression after
13 days of cultivation in alginate beads (left) chitosan (20 kDa) / alginate beads
(middle) and chitosan (40 kDa) / alginate beads (chitosan/alginate ration is 1/2).
Figure 5B shows aggrecan production in chondrocytes after 9 days of
15 cultivation in alginate (left) or chitosan/alginate (right) beads using Ca®*, Sr** or
a mixture of Ca®* and Sr**. CM: Cell-associated Matrix; FRM: Further-Removed
matrix*; .
Figure 6 shows the expression of MMP-3 (represented as nanogram MMP-3 /
per ng lactate dehydrogenase) at different time points. Left bar: cells cultivated
20 in calcium alginate; middie bar: cells cultivated in chitosan (20 kDa) / calcium
alginate beads; right bar: cells cultivated in chitosan (40 kDa) / caicium alginate
beads. (chitosan/aiginate ratio is 1/2).
Figure 7 shows the implantation of a thermosensitive chitosan hydrogel
comprising 0.6 % chitosan/1.2 %alginate beads (A. bisporus chitosan (40 kDa))
25 Figure 8 shows the histological evaluation of the implant 15 days after
impiantation.
A: Subchondral Bone; B: Cell-colonized hydrogel; C: cell colonized

Chitosan/alginate bead; D: Cell embedded in chitosan lacunae.

30 Detailed description of the invention
One aspect of the present invention relates to a method of producing a hydrogel

matrix comprising cartilage-forming cells. In this method cells are inciuded in the



further purposes, such as implantation. The cultivation period can depend from certain factors such as
cell type and initial concentration in the bead. The beads of the present invention are prepared
together with chondrocytes, chondrocyte precursors, cartilage-forming mesenchymal stem cells or
cartilage- 15 forming stem cells or with mixtures of chondrocytes and cartilage-forming precursor or
stem cells. It has been found that freshly isolated chondrocytes can be cultivated in the beads of the
present invention for 7, 14, 21, or 28 days or even longer while maintaining their property to generate
hyaline cartilagelporstitysiaistation. ROTRionSHIbErEraast BREINIVAT® MRINEskmers#ove
mentioned celltwﬁﬁ&g@tgggyged experimentally upon analysis of markers for chondrocyte stability
which are described in the examples section of the present invention. The chitosan/alginate beads of
- the present con®RYFRIBHH SR IRMNRERISINBEeells in conditions which are described as detrimental for
the cultivation of 2h@hgingroaytesintere paiticuldiiysdow the yrawtloakehahdnocges kba,medium

comprising.5, 10, 15 A) (volume.serum/volume growth medium) serum of foetal, or nimals and
overcome%the'u@éxgllgs e{;’fziz?ﬂ)llsuéi r§y(r)?tqhaeI @?ﬁ%aglgcig{rhc gﬁa?ggyt%?c%%\?g lon. heC%qgt%%@%d of
manufacturing loeaitgassiiesedisedimbbecnbedtsahitios fepmateas3baivephelifapngdPolgébbeads which

comprise a hoq;vg,g?gpwﬁjggﬁtgﬁg otehitgsanand, Q{g}pg@@é}g,further comprise cartilage-forming cells
which are also omﬂoqger_lously distributed in the matrix of a bead. 10 Compared to ofgger types of

cellularised beadRiredudrad apiAls Sdbennixed saiieaink prai4ien Wl FRreYepfodathle ways

than beads whichsmearfiessrrgded s pravidseadligsdarvithesisns and cultivation of cells. The superior
propertiesa{s)f the cells which are cultivated in beads which are 5 prepared in accordance with the

methods of the_present invention a re, demonstrated he limi Xpressi death markers
such as Iactati@gh?%gr%) gﬁgéécﬂﬁﬁ??%%eé:ﬁﬁe ?Seggér(tésos%cljr% o@%ﬁaﬁﬁ%ﬁoﬁb&%ﬁg(ﬁich as
interleukins, theflirdletmxploksitm enhthaikiérsanhistheseinypicaldel kige sapaigdsiidwaeh as
alkaline phospmgggtﬁléer@é}hgnced expression of 10 cartilage markers such as aggrecan (Figure

5). The expression of markers which are relevant for assessing the phenotypic stability of the
chondrocytes heR BeEK SGHeRRERAIY dtermirfel W%ﬂit%%ﬁ@%fr&m BARHSENARIIFER beads of -
the presensinvemitm aaddnalgipaie dicads, ibdingqiesencexnésemtn. i hagdeen faribideobserved
that the type of cation that has been used in 15 gelification has an effect on the expression of at least
aggrecan and iREEHEKiNG. Herein, the use of strontium instead of calcium decreases as well the
expression of | amatikersfortitdlaacriatite sy esenjgryeation ragkdef@dFaNagrotattion.

porosity of the matrix can be more accurately defined compared to matrices
which are first lyophilised to obtain a certain degree of porosity.

20 The matrix as obtained in the present invention has the advantage to be
composed with a low molecular weight chitosan (lower than 60 kDA) which
spontaneously forms an homogenous network in the alginate matrix.

" The matrix as obtained in the present invention, wherein cells are included into
the matrix upon gelification, has the advantage that the cells are

25 homogeneously distributed over the maftrix beads. Porous beads which are
seeded afterwards with cells typically will create a gradient of cells whereby the
interior core of the matrix contains less cells than the exterior shell of the beads.
This often results in cell populations wherein the cells at the core have different
properties than those at the outside.

30



In view of the surprising properties of cartilage-forming cells, grown in beads as 20 prepared in the
present invention, one aspect of the invention relates to the use of cartilage-forming cells comprised in
a bead as prepared in the present invention for the treatment of cartilage defects, more particularly
osteoarthritis. Depending on the type of cartilage defect, the beads can be implanted shortly after
formation of the beads, such that the cells will mainly grow after 25implantation. Alternatively the
beads are implanted after in vitro cultivation for several days or weeks. In particular embodiments,

beads with chohgliodigrisdie fopraxeaeteasechshifedlainaie andehiteFarydahyiheses nd gel. This
implant includes, giaclymericaiatbid Rydreasieand faesphakiamdheeesdisenrional heads 30

comprising chitosan and alginate and cells. This allows to formulate an injectable gel which upon
implantation, ehtfed SR Yste &feshcd RistriBnRATHeRal eLABIRSH R EE MVEHR) in the host tissue
or 11 organ. The ihiectabiegeliwhicbdsibmiealjtnste heraipris atetion-gensiiyegel. dhdese gels
remain liquid at ambient t erature (in a.device used for. introduction i I ut become a
solid gel ulpjéon i(r;ﬁ)fr:[gJ ﬁ&%ﬁ%?g th%ago%y e {yoﬁot ght}stémT%?s? ?%: éﬂﬁﬁg‘gi |épgb%n%r?‘1§%tl§#l% ':[' e beads
(and the cells Sdrdirsiiy iarthoidismal efistibpriesenh viventestg¢aie Wehradsrakereintieads

containing cellg.ware HesmogrBPisAistibitadn s ushahvsiegshnitandreaieh iistCs Fxamples of
thermosensitive %(ilrogels include poly leoproP

lacrylamide (PNIEAAmA; A particular type hereof is
chitosan. 10 WRHout BeingPsound 69th8 &% itls é/elig\%erh a9 oS4 hetiiBrRaRith i the

microbeads corfgspsribatiamarecnaninptipeokesas, tﬂll.e',txeads,smah,tbentthgg.meﬁbemompressible

vention Blovie G CEnteLled SHtotan HaBaULIAE WA ol S TEEedls g reser

environment wisiotcenirtiavairattesian catiges tattubeShip graviding dreegddule ridédidim With a neutral

pH. other particular embodiments the concentration of alginate ranges from 1.t0 1,4
% or from 1,25 to 1,35 %. A particular embodiment of hydrogel comprises about
0.6 % chitosan and ébout 1.2 % alginate.

15  Further embodiments of methods and compositions of the present invention
relate to hydrogel composition and beads obtained thereof wherein the ratio
between alginate and chitosan in the mixed solution is between 1.4 and 2.8,
more particularly between 1.5 and 2.7, more particularly between 1.6 and 2.6,
or between 1.75 and 2.25. Particular values of this ratio are about 1.9, ﬁ.95, 2.0,

20 2.05and 1.

In the methods of the present invention the average size of the beads can be
adapted and empiricaily determined by adjusting the diameter of the needie
which is used to form the droplets which are introduced into the calcium or
strontium solution. Envisaged herein are beads with a diameter between 0.01

25 and 5 mm. These dimensions provide a compromise between the ease of

manipulation and the diffusion of nutrients into the beads.

The experiments of the present invention indicate that the physical properties of
the chitosan may contribute to the phenotype of the cartilage-forming
30 chondrocytes, Chitosan has been isolated from different animal sources such
as crustaceans (prawn shells) or squids. Alternatively the chitosan is of vegetal,

more of particularty fungal origin, such as Mucoralean strains, Mucor



Such trabeculae are obtained by insoluble chitosan which forms coacervates which create a
basket-like structure network or trabeculae when mixed with alginate. The trabeculae are of varying
thickness and length which provides to 20 the beads particular biological and mechanical properties
such as phenotye stabilisation, deformability, elasticky and compressive modulus. Examples Example
1. Isolation of chondrocytes 25 Fragments of cartilage are collected by biopsy and then submitted to
three successive enzymatic treatments (hyaluronidase 0.5 mg/ml during 30min at 37C; pronase 1
mg/ml during IegeBTSYE GisyEHaRiET B Melmelaaang Sangioaekybuliethd\spesefied H99'A Ultroser G)

to remove the eydracsilah matrixRIRSBHGIS 2 SRIWBY s Rslibuie;0f Palldsarentatinnseifter passage
on a cells 30 strainer, the chondrocytes are rinsed and centrifuged. The cell pellet is collected and

dr
suspended in R ¥hifoRAFAIFRER SR TS ESRARIS 2. Preparation of alginate/chitosan beads
Beads are preg@gstiiomuaHeeraggreneotiseristtypas ohitesian(@rovididinialiareraltieateaib2 % final).

The two sqlutigns are prepared separately, hefore, bei xed.,: ' inate.and chitosan
are prepa%d i?]etrll%%?oﬁ?)v(\?ln%jsv@gy?%a )S\ncg'lb{gt'i%é% stﬁﬁwgn[g% A)d&s vgﬁJ}H(%Iﬁ%ﬁl\ﬁélt\laek%ﬁa%n% a solution of
chitosan 1.333dtagejsin Typ6e! hilpaaase iorepeecd. the Poesehiniesof te@ginate \&RAfN, 1 volume

of a 1 M Hepes,zplidion) iz agded AR@r 0 Bngsh igatirniaMg SatalusnesrhabisEaDaokbrn are

progressively added, while mixing regularly and vigorously. 10Hereafter a cellular pellet of
chondrocytes WaSISHRINiSRINRPARD @Qﬂtﬁ%gfga'

Beads which are produced in accordance with the present invention comprise

10 cartifage-forming cells and are cultured to obtain the desired amount of cells for
further purposes, such as implantation. The cultivation period can depend from
certain factors such as cell type and initial concentration in the bead.

The beads of the present invention are prepared together with chondrocytes,
chondrocyte precursors, cartilage-forming mesenchymal stem cells or cartilage-

15 forming stem celis or with mixtures of chondrocytes and cartilage-forming
precursor or stem cells.

It has been found that freshly isolated chondrocytes can be cultivated in the
beads of the present invention for 7, 14, 21, or 28 days or even longer while
maintaining their property to generate hyaline cartilage upon implantation.

20 The appropriate time of cuitivation for the other above mentioned cell types is
determined experimentally upon analysis of markers for chondrocyte stability
which are described in the examples section 6%’ the present invention,

The chitosan/alginate beads of the present condition allow the cultivation of
cells in conditions which are described as detrimental for the cultivation of

25 chondrocytes, more particularly allow the growth of chondrocytes in a medium
comprising 5, 10, 15 % (volume serum/volume growth medium) serum of foetal
or adult animals and overcomes the use of specialised synthetic media for
chondrocyte cultivation.

The method of manufacturing beads as described above results in the formation

30 of spherical hydrogel beads which comprise a homogeneous mixture of
chitosan and alginate and further comprise cartilage-forming cells which are

also homogenously distributed in the matrix of a bead.



dispersed in the chitosan/alginate solution at a concentration of 6 x 106 cells/ml. The chitosan/alginate
solution with the cells was slowly passed through a 25 gauges needle in a dropwise fashion into a 102
mM CaCl2 soi‘ﬁff?c?ﬂl(’é'ﬁﬁ%é Aldrich, Bornem, Belgium). After |nstantane&’ﬁgfagfglti’é(ﬁzﬂ?e beads were
15 allowed to gellify further for 10 min in this CaCl2 solution. In the gelled beads, the chondrocytes are
distributed in a homogeneous way. At microscopiclécale, the chitosan (stained in red by the eosin)
forms a basket-like structure, composed of trabeculae or fibres of varying thickness and length (see

figure 1 and 2), The interstices herein are fille a hem tox lin stained in 20 viplet) which
contains the ch%%P@E?fLs‘foE‘?(tgﬁ{p pfsc‘& n&q{fﬁy r@?ﬁ?h <Iﬁ’j&:y egf:él 1té$8hi?5§%%geads. The
gelled beads cowgriging:ahdedpoeyaes] wemema@heﬂwmialsahmébmlbaa%mwwe cultured in a

24-well plates lpyprovifingd 0-bead e 4eaeoRkRE 2R NG IRGIA JPMELM supplemented with 1 %
ITS+ (ICN Biomedicals, AsseRelegem, Belgium), 10 mM HEPES, penicillin (100 U/m1) and

streptomycin (10 L?HHB”‘Q'O@’ %?m?ﬁlﬁfatﬁﬁn%e@léwmﬁa?@r “E‘lﬂ%ﬂ@d\?’é@% E‘@l@ﬁuﬁe 50 pg/ml
ascorbic a@d (BigpzaealdrichcBodaens, Belgiung, hetidgyralingh Gibee eheirelizekénBelgium)]. (ITS+ is

a premixed celhlgtf‘q%%yeﬁfgg ﬁtlﬂ'é@ ’%%@%?ﬁ%wf Q825 1d m ng}sosgﬁ ﬂqémferrln 0.625

pg selenious ac ine serum a 35 mg linoleic aci

2011/104131PWE%@%Q€%)1@%&@%@W@%ﬁé@é&é%@ﬂ&iﬁ%@@%ﬁ%@y@@@ﬁ%ndrocytes in
figure 28 were siinackinwith thenaipslinéepaiasiAggsecanred |vidove el uantiiedowitbid ISA.

(Biosource Eur%pMAlkallpe Ph hatﬁs%b gsaﬁ]t fled Wltcfi] specﬁtrog étometrlc assay.- Briefly, Fifty
ni

pl of 5 cell extract Wete mcsz'uga?e rop gHyIpheoseB ate

10 cartilage markers such as aggrecan (Figure 5). The expression of markers
which are relevant for assessing the phenotypic stability of the chondrocytes
have been experimenially determined by cultivating cells in chitosan/alginate
beads of the present invention and in alginate beads, in the presence of serum.
It has been further observed that the type of cation that has been used in

15 gelification has an effect on the expression of at |least aggrecan and interleukin-
6. Herein, the use of strontium instead of calcium decreases as well the
expression of IL-6 a marker for inflammation as of aggrecan, a marker for ECM
production.
in view of the surprising properties of cartilage-forming cells, grown in beads as

20 prepared in the present invention, one aspect of the invention relates to the use
of cartilage-forming cells comprised in a bead as prepared in the present
invention for the treatment of cartilage defects, more particularly ostecarthritis.
Depending on the type of cartilage defect, the beads can be implanted shortly
after formation of the beads, such that the cells will mainly grow after

25 implantation. Alternatively the beads are implanted after in vitro cultivation for
several days or weeks.

In particular embodiments, beads with chondrocytes are formulated as a
biphasic implant material formed by beads and gel. This implant includes a
poiymeric matrix (“hydrogel”), and the spherical three-dimensional beads

30 comprising chitosan and alginate and cells.

This aliows to formulate an injectable gel which upon implantation, ensures an
optimal space distribution of cells (chondrocytes or others) in the host tissue or



TEC, Kobenhavn, Denmark). In the presence of AP, p-NPP is transformed to p- nitrophenol and
inorganic phosphate. p-nitrophenol absorbance is measured at 405 nm. A standard preparation of
p-nitrophenol SUELY ¥ calibration. Results were expressed in nmolggg%z-%iﬂ[gﬁ%é’nol released
per min and per pg 10 of DNA. One unit AP is defined as one nmole of p-nitrophenol liberated per min.
Lactate dehydrogenase was quantified by testing itd enzymatic activity in the culture supernatant. 100
pl of the supernatant or dilutions of standard solution (LDH from rabbit muscle) were mixed with 50 pl
of Tris buffer (10 mM hris-,HC&Iﬂéc%lﬂ 8.?1), 9].1;;/0_8 A? C ntainicglgi 800 mM I?}%:é%:[ne.%onosﬁll %f colorimetric
reagent 15 (1,§r|91a(j7m foJURtOtE 8ol cf‘ﬁo?’iaga(%id’l%%-A SF?ciﬂ,'%grnem, %efeglum\f, 4 mg/ml
nicotinamide agnifbesingdisotiefoalRdichid Dibgnuyeos iBrnpsselsraBélyiandpvica neginfghenazine
methosulfate (FiamaeiiiichoRREEMeMe BB WARandsriand tisRRRYRwIeR AlidIrenm was read

after 10 min of incubation at room temperature. 20 These data show that chondr%lc?ytes which are
cultivated in thBARaAH2BPH S hresdAisiiy SHEGF ST MATLRNS L8 5EAEP (FBPEMTeS Scells cultivated
in chitosargalgihateishieviheis s pqiehdsisatinechositre desfaheddal atgimates teebitis taseimdicated by the

measurement ol agiale, I Gi00GRARS < EELS INGLSCT, SUURSAR/AIIAA S AN gss Sons of

inflammation. ondrocytes cultivated in chitosan/alginate beads ‘do not produce or produce very
little amounts ¢P15-5; fL-EXAINES SFRIUEE B EHINRNS UM AFQRRO NG HIE mrottidion during the

culture of the gbep@mextesdmiad@Eiireats (algiaaterhitgpameeasnpachitbt@lginate beads.  IL-1pis

a very active cytokine in the inflammatory reaction and the associated 30tissue proteolysis. The
stimulating effects of IL-113 on the production of 14 mediators of inflammation or of proteolytic

enzymes e |&¥Ehapbrinet bauldiRntbatitddarbeiengd thahtie shjlaate peldsk Withbrffocytes
cultivated in chitesainéalginadprehpwdrrsisioneet satabQlieperties at the beads such that

they are less compressible and more resistant to pressure than the beads made
of alginate only. The matrices of the present invention provide inter-connected
chitosan trabeculae within an alginate gel, resulting in an environment which is
15 favourable for cellular culture by providing an aqueous medium with a neutral
pH.
Such trabeculae are obtained by insoluble chitosan which forms coacervates
which create a basket-like structure network or trabeculae when mixed with
alginate. The trabeculae are of varying thickness and length which provides to
20 the beads particular biological and mechanical properties such as phenotye

stabilisation, deformability, elasticity and compressive moduius.

Examples
Exampie 1. isolation of chondrocytes
25 Fragmenis of cartilage are collected by biopsy and then submitted to three
successive enzymatic treatments (hyaluronidase 0.5 mg/mi during 30min at
37°C; pronase 1 mg/mi during 1h at 37°C; coliagenase 0.5 mg/ml during 1 night
at 37°C in the presence of 1 % Ultroser G) to remove the extracellular matrix.
(Ultroser G is a serum substitute of Pall Corporation). After passage on a cells
30 strainer, the chondrocytes are rinsed and centrifuged. The cell pelletis collected
and suspended in the chitosan/alginate soiution.



events as indicated by lower production of a matrix metalloproteinase MMP-3, 5 which is involved in
the cartilaginous matrix degradation compared to chondrocytes cultivated in al%inate beads. -The

growth of chowa’rg&féoéuiﬁthe chitosan/alginate beads has a beneficial LIRAE 1ihlg“lir%gg’gl‘qé:ffect on the

chondrocyte phenotype. 10 Example 5. Formulation of beads in a thermosensitive hydrogel. Culture
medium is removed by per aspiration, and the bedds are mixed with a vegetable (Agaricus bisporus)
chitosan hydrogel (Kitozyme, Alleur, Belgium]. This step is performed below 27C to avoid hydrogel

gelification. A ratio of.b /hydrqgel of 3(1.(v/v) has heen used. 15 Example 6. Effect of cations on
chondrocyte p?éﬁg{%eee?a iéﬁﬁé?%g%rh ;%géﬁ%tve)v!%hle?%‘cf?encr}%? ﬁ?e choice of cation used in the hydrogel
formation. Wheéiezsts thes cliefesast ralgiarnasrageostumtiiirfocifebdesmntkb e Xpfeeti@ndf the markers
interleukin-6 aggaggreeandp headsrudich cgishdQeatirly atalginalera signticantisffect is

observed when chitosan/alqm,ate are formed with either calcium or strontium jons. Example 7.
Implantation if2¥e4niAgISAYHRNS §TR'GILALE FUEERLRATALR PERATRS & SN G IRISU @ SR ocytes, has
been impldntedinagoartd aggutiefet4n’a (atsbitijolht fFGuNe T Aftb =l Soldps affichilesaation, the

mplant was evaluaior] (1415 8)6ZA9ISHIR0 SATHE5AEC U0V ARG Ll observed that

the implant is colonised with cells originating from the underlying bone marrow. Cells were
encountered irFPhdeBile¥PIHE IR ASMIVEERBERRBLIRA 1/8FEGEI (Biea WRAOS8 7RG MRosan alginate
beads (C) (chimsan:tigbecuamase idicaiedrayp) rEbis/egteimiiyms lbah kiedipbaisidyimplant can

and vigorously.

10 Hereafter a cellular pellet of chondrocytes was administered and cautiously
dispersed in the chitosan/alginate solution at a concentration of 6 x 10° celis/ml.
The chitosan/alginate solution with the cells was slowly passed through a 25
gauges needle in a dropwise fashion into a 102 mM CaClz solution (Sigma-
Aldrich, Bornem, Belgium). After instantaneous gelation, the beads were

15 allowed to gellify further for 10 min in this CaCl, solution. In the gelled beads,
the chondrocytes are distributed in a homogeneous way. At microscopic scale,
the chitosan (stained in red by the eosin) forms a basket-like structure,
composed of trabeculae or fibres of varying thickness and length (see figure 1
and 2). The interstices herein are filled by aiginate (hematoxylin stained in

20  violet) which contains the chondrocytes.

Exampile 3. Cultivation of chondrocytes in alginate/chitosan beads.
The gelled beads comprising chondrocytes, were washed with a saline solution.
Beads were cultured in a 24-well plates by providing 10 beads in one mi of
25 culture medium [DMEM supplemented with 1 % ITS+ (ICN Biomedicals, Asse-
Relegem, Belgium), 10 mM HEPES, penicillin (100 U/ml} and streptomycin (100
U/ml), 200 pg/mi glutamine (Biowhittaker Europe, Verviers, Belgiumy), 50 ug/mi
ascorbic acid (Sigma-Aldrich, Bornem, Belgium}, 2 mM proline (Gibco,
Merelbeke, Belgium)]. (ITS+ is a premixed cell growth system containing in one
30 ml: 0.625 mg insulin, 0.625 mg transferrin, 0.625 pg selenious acid, 0.125 g
bovine serum albumin and 0.535 mg linoleic acid).



15 be easily handled and grafted. The biodegradable nature of the implant ensures a p?bgressively
resorption after implantation. Example 8. Effect of chitosan molecular weight i formation. 5
Differgnt mol&ﬂl%?ﬁwgféﬁs of native chitosan have been used in the prgé%%g%g&r ?r%g to the
invention. Different physical parameters such as pH and viscosity of the mixed solution (with
chondrocytes) were measured., Osmolarity of the%sulting hydrogel is measured according to a
well-known technique in the art. 10Table 1 Solutions pH Viscosity (Cps) Osmolarity (mOsm/kg)

Alginate 1 2% )%Qri}s%?ea g,%lélrja%%gggt&% %} gh%%éﬁocytes
Chondrogcytes in figure 2B were stained with hematoxylin/eosin.
Aggrecan and IL-6 were guantified with ELISA. (Biosource Europe)Alkaline
Phosphatase was quantified with a spectrophotometric assay. Briefly, Fifty il of
5 cell extract were incubated with 100 pi of p-nitrophenylphosphate (KEM-EN-
TEC, Kobenhavn, Denmark). In the presence of AP, p-NPP is transformed to p-
nitrophenol and inorganic phosphate. p-nitrophenol absorbance is measured at
405 nm. A standard preparation of p-nitropheno! was used for calibration.
Results were expressed in nmoles of p-nitrophenol released per min and per yg
10 of DNA. One unit AP is defined as one nmole of p-nitrophenol liberated per min.

Lactate dehydrogenase was quantified by testing its enzymatic activity in the
culture supernatant. 100 pl of the supernatant or dilutions of standard solution
(LDH from rabbit muscle) were mixed with 50 i of Tris buffer (10 mM Tris-HCl
(pH 8.5), 0.1% BSA) containing 800 mM lactate. 100 pi of colorimetric reagent
15 (1,6 mg/ml iodonitrotetrazolium chloride (Sigma-Aldrich, Bomem, Belgium), 4
mg/ml nicotinamide adenine dinucleotide (Roche Diagnostics, Brussels,
Beigium), 0.4 mg/mi phenazine methosulfate (Sigma-Aldrich, Bornem, Belgium)
was added and the absorbance at 492 nm was read after 10 min of incubation
at room temperature.
20 These data show that chondrocytes which are cultivated in the matrix of the
present invention show a number of superior properties.
- cells cultivated in chitosan/aiginate show less apoptosis or necrosis compared
to alginate beads as indicated by the measurement of lactate dehydrogenase.
- celis cultivated in chitosan/alginate show less signs of inflammation.
25 Chondrocytes cultivated in chitosan/alginate beads do not produce or produce
very little amounts of IL-8, IL-8 and NO. Figure 3 shows a dramatic reduction of
IL-6 production during the culture of the chondrocytes in mixed beads
(alginate/chitosan) compared fo alginate beads.
{L-1B is a very active cytokine in the inflammatory reaction and the associated
30 tissue proteolysis. The stimulating effects of {L-18 on the production of



Alginate 1.2%! chitosan 30 kDa 0.6% 8.3 230 305 Alginate 1.2%! chitosan 32 kDa 0.6% 7.8 192 308

Alginate 1.2% / chitosan 55 kDa 0.6% 8.0 279 290 Alginate 1.2% / chitosan 55 kDa 0.6% 8.2 336 302
WO 2011/104131 PCT/EP2011/052013

14

mediators of inflammation or.-of proteolytic enzymes are less important in

alginate/chitosan beads than in alginate beads.

- Chondrocytes cultivated in chitosan/alginate show less signs of catabolic

events as indicated by lower production of a matrix metalloproteinase MMP-3,
5 which is involved in the cartilaginous matrix degradation compared to

chondrocytes cultivated in alginate beads.

-The growth of chondrocytes in the chitosan/alginate beads has a beneficial and

stabilising effect on the chondrocyte phenotype.

10  Example 5. Formuiation of beads in a thermosensitive hydrogel.
Culture medium is removed by per aspiration, and the beads are mixed with a
vegetable {Agaricus bisporus) chitosan hydrogel (Kitozyme, Alleur, Belgium].
This step is performed below 27°C to avoid hydrogel gelification. A ratio of
beads/hydrogel of 3/1 (v/v) has been used.

15
Example 6. Effect of cations on chondrocyte phenotype.

. Figure 3B and 58 show the effect of the choice of cation used in the hydrogel
formation. Whereas the choice of calcium or strontium has no effect on the
expression of the markers interleukin-6 and aggrecan in beads which consist

20 entirely of alginate, a significant effect is observed when chitosan/alginate are

formed with either calcium or strontium ions.

Example 7. implantation in an animal model

25 A gel as described under example 5, without chondrocytes, has been implanted
in a cartilage defect in a rabbit joint (Figure 7). After 15 days of implantation, the
implant was evaluated (Figure 8). The lesion remains filled with the implant.
Further it is observed that the implant is colonised with cells originating from the
underlying bone marrow. Cells were encountered in the setiled thermosensitive

30 chitosan hydrogel (B) as well as in the chitosan alginate beads (C) (chitosan
trabeculae are indicated by D). This test confirms that the biphasic implant can



Alginate 1.2%! chitosan 91 kDa 0.6% Impossible to mix Alginate 1.2% / chitosan 146 kDa 0.6%
Impossible to mix We concluded that mixed beads can be made with naEit\)/ ECW}%%EQHOW 55 kDa.

For example, ROH A Beads cannot be made using the process described M Gur-invention and at

the ratio alginate 1.2% and chitosan 0.6%, the 15 chitosan solution is too viscous. Therefore, the
selection of chitosan molecular weight is an essentrl element in our invention. Example 9. Effect of
chitosan molecular weight on chondrocytes behaviour 16 Molecular weight has an influence on the

chondrocytes behavipur as jllustrated in figures, 3A, 5A 6, The effect of chitosan 40 kDa on
MMP-3, IL-6 ahd S@ﬂﬁ%ﬁﬁﬁd’é@ﬁf%g#ﬁé‘d%h%r%‘ﬁ ?r%"r%gﬁ%’i 8 f‘é’iﬁé’ﬁ‘vﬁﬁ"k‘%ﬁ'ﬁ%ﬁ%’ﬁ%%san 20 5 kDa
is less efficientagpraprésaive }eHRsBtigynafiesisthamai®kDa chitosan, but more effective on aggrecan

synthesis than 40 kDa. This clearly demonstrates that the biological activity of native chitosan is

directly dependent of the molecular weight. .
y ¢ep Example 8. Effect of chito%an molecular weight in beads formation.

5 Different molecular weights of native chitosan have been used in the process
according o the invention. Different physical parameters such as pH and
viscosity of the mixed solution (with chondrocytes) were measured., Osmolarity

of the resulting hydrogel is measured according to a well-known technigue in

the art.
10 Table 1
Viscosity | Osmolarity
Solutions pH
(Cps) (mOsm/kg)
Alginate 1.2% / chitosan 22 kDa 0.68% 7.8 110.7 324
Alginate 1.2% / chitosan 30 kiDa 0.6% 8.3 230 305
Alginate 1.2% / chitosan 32 kDa 0.6% 7.8 192 308
Alginate 1.2% / chitosan 55 kDa 0.6% 8.0 279 290
Alginate 1.2% / chitosan 55 kDa 0.6% 8.2 336 302
Alginate 1.2% / chitosan 81 kDa 0.6% Impossible to mix
Alginate 1.2% / chitosan 146 kDa 0.6% Impossibie to mix

We conciuded that mixed beads can be made with native chitosan below 55
kDa. For example, at 91 kDA, beads cannot be made using the process
described in our invention and at the ratio alginate 1.2% and chitosan 0.6%, the

15  chitosan solution is too viscous. Therefore, the selection of chitosan molecular
weight is an essential element in our invention.

Exampie 9. Effect of chilosan molecular weight on chondrocytes
behaviour



10 17 CLAIMS 1. A method of producing a hydrogel matrix comprising cartilage-forming cells said
method comprising the steps of: 5- providing a solution of alginate, - prqQyidi ion with chitosan
of Mw lower tﬁ%"‘@d/ f(%la‘ii,l - mixing the solution of alginate and the solu%%z}%ﬂ%%gggwith
cartilage-forming cells, wherein said mixed solution comprises between 0.5 and 0.7 % (w/v) of
chitosan and between 1 and 1.4 % alginate (w/v),%- introducing droplets of said mixed solution into a
solution with Ca2+ or Sr2+ cations, and - isolating polymerised beads from said solution with cations.
2. The method according to claim 1, wherein said mixed solution comprises 0.6 15A) chitosan. 3. The
method according to claim 1 or 2, wherein said mixed solution comprises 1.2 % alg{inate. 20 4. The

method accordieietlanyveiabidtasiaiminiusacandin famCARINEREVARIRATRYAH e J4ig1FRiRRd solution are
present in a rajipghueen 1575 anfl @ 2nedeffdie arethrskascoudimg toramMme, olLofaims 1 to 4,
wherein said Cgigtgx%%gnhgss?gm&%ﬁee Y%%%‘n? ?roasﬂqq{\%? Cl%%gl'ﬂed with 20 kDa. Chitosan 20
5 kDa is less efficient on IL-6 and MMP-3 synthesis than 40 kDa chitosan, but
more effective on aggrecan synthesis than 40 kDa. This clearly demonstrates
that the biological activity of native chitosan is directly dependent of the

molecular weight.

10



25 6. The method according to any one of claims 1 to 5, further comprising the step of cultivating said
beads comprising cartilage-forming cells in a growth medium. 18 7. The method according to claim 6,
wherein said growth medium comprises serum. 8. The method according to any one of claims 1 to 7,
wherein said droplets are 5passed through a needle to obtain a particle with a diameter between 0.01
and 5 mm. 9. A spherical hydrogel bead with a diaméfer between 0.01 and 5 mm, comprising a
homogeneous mixture of alginate and chitosan of Mw lower 10 than 60 kDa and further comprising
cartilage-forming cells within said matrix, characterised in that said bead comprises between 1 and 1.4
% alginate afe-4dMBen 0.5 and 0.7 % chitosan. 10.The bead according to claim 9, wherein said bead
comprises .2 % alginate. 15 11.The bead according to claim 9 or 10, wherein said bead comprises
0.6% chitosan. 12.The bead according to any one of claims 9 to 11, wherein the chitosan has a

20Mw betwedn 5 EMNeS! b 2raduciagim Gy IERImIRAIIX CRRTSHea FarBERPACEBIIR G any of
claims 9 to 12, fari4s:the) renRalisgiaaadaieats. 25

5 - providing a solution of alginate,
- providing a solution with chitosan of Mw lower than 60 kDa,
- mixing the solution of alginate and the solution of chitosan with cartilage-
forming cells, wherein said mixed solution comprises between 0.5 and 0.7 %
(w/v) of chitosan and between 1 and 1.4 % alginate (w/v),
10 | - introducing droplets of said mixed solution into a solution with Ca** or S
cations, and

- isolating polymerised beads from said solution with cations.

2. The method according to claim 1, wherein said mixed solution comprises 0.6

15 % chitosan.

3. The method according to claim 1 or 2, wherein said mixed solution

comprises 1.2 % alginate.

20 4. The method according to any one of claim 1 to 3, wherein alginate and

chitosan in said mixed solution are present in a ratio between 1.75 and 2.25.

5. The method according to any one of claims 1 to 4, wherein said chitosan
has a Mw of between 35 and 45 kDa.
25
6. The method according to any one of claims 1 to 5, further comprising the
step of cultivating said beads comprising cartilage-forming cells in a growth

medium.
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7. The method according to claim 6, wherein said growth medium comprises

serum.

8. The method according to any one of claims 1 to 7, wherein said droplets are
passed through a needie to obtain a particle with a diameter between 0.01

and 5 mm.

9. A spherical hydrogel bead with a diameter between 0.01 and 5 mm,
comprising a homogeneous mixture of alginate and chitosan of Mw lower
than 60 kDa and further comprising cartilage-forming cells within said matrix,
characterised in that said bead comprises between 1 and 1.4 % alginate and
between 0.5 and 0.7 % chitosan.

10. The bead according to claim 9, wherein said bead comprises 1.2 % alginate.

11.The bead according to claim 9 or 10, wherein said bead comprises 0.6%

chitosan.

12.The bead according to any one of ciaims 9 to 11, wherein the chitosan has a
Mw between 35 and 45 kDa.

13. Cartilage-forming cells comprised in a bead according to any of claims 9 to

12, for use in the repair of cartilage defects.



