1 CELL CULTI VATION I N CHI TOSAN ALG NATE HYDROGEL BEADS Fi el d of the

I nvention The present invention relates to scaffolds for the cultivation of
carti|l agewbann/mgi315 cells, nore particul ar chondrocyt epCT/EPROIPHEDENT

i nvention further relates to cellularised beads for inplantation. The
present invention further relates to nethods and tools for cartil age
repair. Background of the invention 101'sol at ed and expanded
cartilage-form ng cells have been used for inplantation since several
decades. The in vitro expansion to obtain a sufficient anount of cells
however MGELL&ULTVAIION INMCHHTOBAN AlS INATE HYIDROGEL BEARSI | s deat h,
scar tissue or hyperdifferentiated cells. This is especially the case for
cartilage repair where chondrocytes culture, upon inplantation often
produces fRi§idosBtherinkehfiBA-| 1 ke material instead of the envisaged hyaline
cartilage._ Attenpts have been made to cultivate chondrocyte cells in a

t hree di némsi eaENhaventiowrRiaiesHotseaffeldsriae the qultivatian of gardfagesiormingge i s
m m ckegd. A,varijety of i - r | vated. For
exarpl 8, RS e oot SrgRaot B AR ESErE RuSion Ffd 1S
coati ng ofcelthiatissdrodddabiart @riplantatibn. (TA@0PJestht Bhoomticer ifartiser2fslate8- fb) .
Met hods to prepare hydrogel heads can be divided in three groups. A first
type rel afeahpds gpd deRlsdar ¢artlegeigPaR: are popul ated by cell's. Herein the
matrices have a large pore size to allowthe mgration of cells into the

matrix. Li et al. 25 (2008) J. Bioned. Mater. Res. A 86, 552-559, describe
a porous Bakigrbdndwfttherinugntiod % al gi nate/ 2. 4 % chitosan which is

subsequent|ly seeded with cells. As the ce|lls mqgrate fromthe, qutside
nto e 1AlaBAG G ExbaRISH Erle0e- TiRugraefs bate BrEBr Vel RaRGNESIaS. o
the outer siRld seitdl deddsamPienih Afro ipapsidh BOSMEIN Bikffidént AMognsgcond
type of nmethods cells are mxed with a constituent of the matrix whereafter
t he mat ri xells howievgr fuayrtshd Becelts whicheupan impotatiorBrestudcinneslls deaih,
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 chondrocyte cells in a three dimensional
matrix wherein the extracellular matrix of cartilage is mimicked. A variety of gels
has been used wherein cell are cultivated. For example, 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 to porous matrices which are populated by cells. Herein the matrices

have a large pore size to allow the migration 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 % alginate/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 et al. (2009) Biotechnol. Prog.



2 25, 1146-1152, describe methods wherein beads with 2.5 % alginate and 1.4
% chitosan are forned. The cartilage therein is described as being of |ow
quality. wo?2aatttosrsd nmet hod, as illustrated in W2007/ 13BCTAP2@@l0F1Ar €
encapsul ated in a gelling solution obtained froman aqueous solution of a
m xture of a 5 polysaccharide such as al ginate and an oligosaccharide
derivative of chitosan highly br anched? The aqueous solution is gelled with
gelling agents with the aimto encapsulate the cells. In each type of

met hods the choice of hydrogel has a strong inpact on the phenotype of the
cel |'s, an@5sip4edier: Heseibea methnas whgredt beads withl 210t% algioatesand ¢l 4rly in

the hydrogel, of W2007/ 135114 ...0ligosaccharide derjyative of chi.tosan has
2 degt ce. o 9k IRERoR 6 et fot R RGO R R Eah R R N Rt ur o
or al gi natg anthitt Unethbas agMiuseated Bt WeIREOT/¥86 Tt icel 9 ate eAtap@liatedrinkeepi ng
cells alive. Further this 3D matrix fails to keep chondrocyte phenotype

st abl e as 9sHi@n selution iobipiagde fiom can| agrePys eselbiioh ahoe amiddice@fe cof

aggr ecan j e i r L in the
ol cot Pon S 4RERTRe, spdh BaraIGRER BngRr Bidersiienatio Wk ol B BifSGM o

i npl ant s. hightyrbranabledt Mae iaguenus aollRionGe gehsp adth gdllindragente ettt themsiant i on
relates to nmethods of producing a hydrogel matrix conprising

cartil agel® §PRARRPIRIEI NS GeB%mri sing the steps of: providing a solution of

al gi nate, |, Férq%}lji @E@%@n%%dﬁé e %%l"&ecgﬁ ﬁgﬁpehﬁ%@ smﬁpgggﬁfa& hani0 kD,

m xi ng the solutron of alginate and the s ron of ¢ w th
cartil agephenbtypei 0f thel Icsells,wWaadesnbsdrpiemtlyednstieutquatityc afpthes espkattween

0.5 and 0.7 % (w.v) of chitosan and 1.4 %al gi,nate. (W y),
it r ot grieaamédn Toe Wi D000 Y 1 Plsosatehe e riveeial by
Sr 2+ cati @RfiogdHlhab $OHEGreBDLARr|Vatiz SbrP8RES P AD VN8N G i DoRfBavkhdlideat | ons.
30 In certain enbodi nents of nethods of the present invention the droplets
of the ni xeutusel en atginateemixitrod@sedni ionic steagttonvidet2 s i netsoptimal 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

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

material and in the methods to produce cellularised implants.

Summary of the invention
20 One aspect of the present invention 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 kD,
- mixing the solution of alginate and the solution of chitosan with cartilage-
25 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 into a solution with Ca** or Sr**
cations and
- isolating gellified beads from the solution with cations.
30 In certain embodiments of methods of the present invention the droplets of the

mixed solution are introduced in a solution Sr?* ions.



3 In particular enbodinents of this nethod the m xed solution conprises 0.6
% chitosan and or conprises 1.2 %% al gi nate. In particul ar enbodi nents of
nmet hods oWotzha/pussent i nvention the ratio between al gi mar&Pand/0610i13 osan in
the m xed solution is between 1.4 and 2.8, or between 51.75 and 2.25 or is
about 2. In particular enbodi nents of qithods of the present invention the
chitosan has a Mv of between 35 and 45%D and/or is of animal or preferably
of vegetable origin. In other particular enbodi nents of nethods of the
present invention the nmethod 10 further conprises the step of cultivating

t he beads Ir @aplicuiamgmbadinéntgefftbisninethask thes mixedh sglutian reareetises 0Su%h a
cuItivatio can be ﬁerforned Hgggugpto {, 14, 21 or even 28 days. In other

parti cul arC %%?ﬂ% { SOUP EP 'r{ah% present invention the growth

nmedi um conpphRRSIFeIrHBodidents of Methdirr éfi the Ippssarthodin®nttRe PatidBehastm of the
present invention the formation of beads is perforned by &gsm ng droplets

through a aigiaaiecand chitrs@nmindhpdnixed | solutianisPetvaastlet anet8edr BBYREND. 2 and
t r odi nents of nethods of the present invention,
the me hog fur?ﬁgré%é%%bggj@t he step of mxing the cultivated beads in a
20 t her nngrepartiouva émldo@gtdnts bénwitmoddhef thet presbet inwentidre ddsclatubanyithogel is
for exanple between 5/1 and 1/1, or hetween 4/1 and 2/ 1. Another ect of
the presedt MWMOEREMSRET 8Pand ¢8 kD apfidriis of awa%erepreé%@@'seew?g%t?ﬁge
hormgeneo%? A xture of chitosan and al ginate and further conprising
cartil age- 8rm ng cells, wherein said bead is obtainable by the 25 net hods
as descrl Hredtradycpeetlcmaroeﬂmbodmﬁstofomthm pf heepriesenviementoon thef methad a
spheri

P R RSP S &0 B L BARS R bESEE B henl ol 7 = "9 °
cartil agecbs M ayreRhth $né’é1|ur|‘h' 'Subhea eBkivhtion eBANRCHEFOHRSH fdt @S 71 he, bead
conprises between 1 and 1.4 % al gi nate
21 or even 28 days
In other particular embodiments of methods of the present invention the growth
medium comprises serum.
15 In other particular embodiments of methods of the present invention the
formation of beads is performed by passing droplets through a needle to obtain
a particle with a diameter between about 0.2 and 5 mm.
In other particular embodiments of methods of the present invention, the
method further comprises the step of mixing the cultivated beads in a
20 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.
Another aspect of the present invention refers to a spherical hydrogel bead
comprising a homogeneous mixture of chitosan and alginate and further
comprising cartilage-forming cells, wherein said bead is obtainable by the
25 methods as described above.
Another aspect of the present invention refers to a spherical hydrogel bead 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
30 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.



30 and between 0.5 and 0.7 %chitosan, for exanple, the bead conprises 1.2
% al gi nate, or for exanple the bead conprises 0.6%chitosan. 4 In

parti cul awvoento@irsent s of beads of the present inventi oRCThP201a051Df

al ginate/chitosan is between 1.4 and 2.8, or between 1.75 and 2.25, or
between 1.8 and 2. 2. In other particul ar enbodi nents of beads of the
present invention the chitosan 5 has a“Mv bet ween 35 and 45 kD. In ot her
particul ar enbodi nents of beads of the present invention the
cartilage-formng cells have a concentrati on of between 50000 or 60000 to
100000 or Inspatiouleel ¢érsbpeimendadol loeads het tlparpﬁe@anbrin\seﬁii@@i tentratiof obeads

of the present vention the cartila 10, formn e e 1 days of
cul tivat | Gl iBR R B o ey 7827, 87 pefiAR g hatic’2 28 pf befiedit
cartil ageﬂfg)gﬁurzgz cells, after 21 days of cultivation express bel ow 0.02
units al kal i ne phosphatase per ng LDH, when grown in the presence of serum

Anot her aérp@éherowartlﬁ@abemmemse@ﬁ beads: ef thecaresent inventien #e chitosan

cartil agef P rirsed in a bead as described or produced as
descri §edh§'§ove0€or t%§ é?%%@‘i?r% l#Iﬁcartl | age defects, such as

ost eoar t him otser ghntitlier eabpdirhettt dftbeapsasene pree@ntlmmntubaltaéafarmlegehe use
of cartila -form ngqcells conprised in a bead as descrlbed or_produced as

descri bed 'hY08 GeE hawe ﬁeﬁﬂﬂc%'ér@%” & betyrean AHIR: oF §POPR do r QPA00

cartil ageﬁﬁgﬁétc'élls%@rég ?nt ages of beads as prepared in the present
invention and their use! In prior art cartilage transplantati on nethods, a

| ow nunbein otheimautlmgauerrbbdhﬂemisﬂfémaids dfahe@semhtfimmntbarthblcmgﬁageopsi es

com n m nor mal, are cartil age then cul t i n er for
orol 1 78: S BRRanERISt 8o ol P iBatalnderers deioy BorBEariatey. “vhen
they are ‘él'éhS/H c@@n'a@e r(PIDPI') arethe c%rﬂfﬂﬁgéi?@b(ﬁlﬁg dé'll@géﬁérSQWéb}’s bPeSIBvAtEH T
phenot ype, ail to a cartilaginots extracellular matrix, and becore

fibrobl astes(pde@elwmma ymits clisatineceirospheéase. parongleiki wigrs grown in the
dedlfferentlsfa%tl g pszeﬁ rﬁss or to pronote cell redifferentiation after
nonol ayer PEeT 155 Shdr ocytes can be cultured in a three di nensional

mat rix, suygioties §§beb‘t@|fﬂﬁé ?r@@@dﬁnvmmvﬁlatesrto&héllm%t@f batitye-ohoN ocyt es
under o a hﬁgert rophic differentiation and m neralize the surrounding

mat ri X2 cpeyphised dn eregashas deseibather pduckd Asraseripedabovedpethe
undesi _rabl %pﬁF B]e ag%scf(ﬁé?tgeg cYH Egostlséo%?t!wﬁﬁért hritis. The present

i nvention enDns contrast to chondrocytes cultured in

al gi nat e Peatiser @s’:pmxﬂrdbttbie gresanttinvedionnretdtet aoahéalsg oftartizerdortingiot
dlfferentla in hy rtrophic chondroccgtes. The beads which are in use in
accor danc@e Pﬁ”\pﬁ'é e 8dvRad as drerirrdPaBiadusedascdescribed above for the

manufacture of a medicament for the repair of cartilage defects.
20
Advantages of beads as prepared in the present invention and their use:
In prior art cartilage transplantation 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
25 number of cells for grafting. When they are cultured 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
30 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 chondrocyte phenotype. Indeed, after several weeks of culture in the
presence of serume.g. 10 % FBS (which is a condition supporting the

hypert r ophiocodifoisnent i ati on of the chondrocytes), chonacompees/oseis ured in
chitosan/ al gi nate beads between 21 to 28 days produce nargi nal amounts of
al kal i ne phosphatase (AP) which is a S%ECIfIC mar ker of hypertrophy,
conpared to 10chondrocytes cultured inval ginate beads (figure 4).
Chondrocytes cultured in chitosan/al gi nate beads produced significantly

hi gher amounts of the cartil age-specific nol ecul e aggrecan, than

chondr ocytostedanthaitigi nalte begagnt airvesitigni fdem(mSItmtéb%sﬁﬁqbrdni rﬂolna’ﬂﬁ’attﬂy

(IL-6, nit |c OXI%% an& cgtaboli fators ﬁstroge%sm lI

chi t osan/ & apﬂc’ﬂcg xCUr e SGesdti ge? B p|C A enﬂJ Ll’{eﬂre{/nents
t he hyper ichpesarradiddie izdsadd @bt @lfﬁes-é@trwléqrs 1yquérta@pm!:Idlnr@hblﬁid;/ttasbyrmahe
decrease in al kal ine phosphat ase expression. articular effect

i ndi cat es beRds WHEh Gsarin disgi inaeecasdaree Mith thet RieeERl Invanfioe siabie thel | s
L ansPhantAbhOfhe, BEnOAGY bE e, hfef SOALEI IESRUSY il dfiing ratdidenge

def ect criptlon ot gures ure 'O of an

al gi nate l@eaﬁar(m) eaﬂdmi %hFBSsamhlahglsnat@)rtwaﬂw (stp{)mIrngt mnypdratfdphgf ey
t rabecul ae; 8| nate: |ight gre back round] . gure 2 shows at | ow

magni f i catdl'ffﬁfe K?“thpf H&W%ﬂq‘fp yee), Q@Qr %%HH'(EU"eﬁ’ g heeRAR/GIGIRate
hydr ogel . %EQ' %QFV(/ dRRany f i sabg Oﬂag/ R ‘?fré(rp?rﬁﬂl a'éﬁno\r(]{nzé ?Jﬁ_ég@ﬁiéﬁat ed

by arrows). ure shows the expre |on of
(repr esentpedsalsahaaeo@xl%)thchrﬁ ig aoespem@cl et kegre otl dlypertoaphya seomparedi fdf er ent

e B8 Ron i bl ot Erbda b ey | 7 C3f Chum al gt
st incotin o sty A8 dgsapngns
amounts of the cartilage-specific molecule aggrecan, than chondrocytes in
alginate beads and significantly less pro-inflammatory (IL-6, nitric oxide) and
catabolic factors (stromelysine-1). The chitosan/alginate mixture described in
15 the present invention prevents the hypertrophic differentiation of chondrocytes
as illustrated by the decrease in alkaline phosphatase expression.
This particular effect indicates that chitosan/alginate beads are potential carriers
for cells transplantation, and particularly to repair tissue, including cartilage
defect.
20
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
25 chitosan hydrogel. At higher magnification (B) chondrocytes are visible
(indicated by arrows).
Figure 3 shows the expression of Interleukin-6 (ll-6) (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
30 kD) / calcium alginate beads; right bar: cells cultivated in chitosan (40 kD) /
calcium alginate beads. (chitosan/alginate ration is 1/2). Figure 3B shows IL-6



production in chondrocytes after 9 days of cultivation in alginate (left)
or chitosan/alginate (right) beads using Ca2+, Sr2+ or a m xture of Ca2+
and Sr2+.wBigurw4Bishows t he expression of al kal i ne phogphatrasie/of8P) i n

al ginate beads (closed bars) and in 0.6 %chitosan/ 1.2% al gi nate beads
(open bar) [chitosan 540 kD] in di fferﬁnt media [ITS: medi um conpri sing
Insulin, transferrin and selenious acid, UG Utroser G FBS fetal bovine
serum). (AP concentrations are presented as Units al kal i ne phosphat ase /
per ng | actate dehydrogenase) Panel A shows values after 21 days of

cul tivat i pnpdeatien iB chieoisoextasegftaf Oedaps ofigpdtivitiuin ialginade (left) & gure 5
shows t he ressjon. of . ecan (reptesenied as_nanogr.amoagar.ecan/ per ng
actate aSnyBraTaes @RI DR RE B Arn Rl S PR S £ o

cul tivati igire alstions! Belpqissdibeior alleint gha’phataskPAP) il inateehdewids
(mddle) and chitosan (40 kDg / al ginate beads (chitosan/alginate ration is
1/2) . Fi gi¢leses barpvanaiyP & @ncipiies@inétlidn alaingiheade (eren Baf)dehitostys of
15 cul ti vati i:n akainat fifpa.0 ' ai rd usi ng
Gz, 8 570, RBY, Bl pepleb ik Cheblrh bR Ab TSI SERbERTAR Rr

Fur t her - Regtendslisratidi XJG: Bitgser G; EBSMetdihboekprsssamin(AR ddWicedtrations
(represented as nanogram MVP- 3 | act at e deh drogenase) at different

. !

L mo poi néke Presanteshas Unisalkaline phospbdtassd Res naIPEARDRNUIREERASH ddl o

bar - X ! ) ; T ; ¢ . right
bar ool | St W YRNEE vhieS b anfe of Bhityaid bR B Shodb i ffter ! O

( chi t osan/28l daysadfecuttdationi s 1/ 2). Figure 7 shows the inplantation of a
therm? en%i ve chi tosag hydro%el .corrgri _si ng 0.6 % chi tto an/ 1.2 %l gi nate
beads @_A. Uior sS_'?:CP]‘{"? BEFEXAFSRIGN © 58%8 %”ér%%rcﬁﬁ?r}ﬁ 31 528P8E7Val
eval uati 0%|g@Fe_d é Pd&até%éﬂ@ﬁ% nta%).'l?'@lhr%%,&_tsh@{ﬂ/s the e'ibpé‘é%‘kﬂﬁjéﬁér Bone;

B: Cell-colonized hydrogel; C: "cell colonized Chitosan/al ginate bead; D
Cel | enbeddednysnoteultivation inaglginate bsadediedl) icbdoskrs (20 D) dralginateheeads/ent i on

g ML I R L G N AR
are inclugeguier 5B6hows 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; middle bar: cells cultivated in chitosan (20 kD) / calcium
alginate beads; right bar: cells cultivated in chitosan (40 kD) / calcium alginate
beads. (chitosan/alginate 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 kD))
25 Figure 8 shows the histological evaluation of the implant 15 days after
implantation.
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 included in the



gel constituents upon formation of the hydrogel matrix. This nethod
conprises the follow ng steps: providing a solution of alginate,

provi di ngva 2eal/wwsizen with chitosan of Mv | ower than 60 PDI/ER2011052001hg t he
solution of alginate and the solution of chitosan with cartil age-form ng
cells, wherein the m xed sol ution corrpy ses between 0.5 and 0.7 % (w v) of
chitosan and between 1 and 1.4 % al gindte, introducing droplets of the

m xed solution into a solution with Ca2+ or Sr2+ ions isolating gellified
beads fromthe solution with cations. 10 The hydrogel which is obtained by
thi s nmet hgel cessiituentsrupprhiomygéoe aishendtydroged imatek cThis ragigiodatampriges

chi t osan, r\{\lngr”ei n the cell are equally distributed throughout the matri x.
The matri} Q" REFSi n t he present invention differs fromprior art
matrices lprofibiely d18d16tion ePERriteone conponent, coated with a |ayer of
anot her conponent. The matrix as obtained in the present invention has the
advant age -t HIOVIdNRG pér osPILfioBf Wie aRitesaN cf bdwhplawerccthasm ef) dePi ned
conpargd to i ch . are firs yiaphi Lij o) i rt.aln degree
of por 3si £y HHE ST of RyBeie” hnly R ot o RBSAY s SEFHALE, 12
advant age féronihg caiisposedein thie mixeavsoltion ubomprigdsgbetwaert 0andl @Fet t han
60 kDA) whi ch spontaneously forns an horg})%gous network in the alginate
matrix. TR/ CNUOSAN Bt BRIMREN h aNdel -priede&Hbatenvent i on, wherein cells are

i ncl uded in i Lk i : ag : e
cells are é@@%%dntgngirﬁré@t%ﬁs;% 3?2?@ }( %tsgﬁh'gag?@ﬁ?hn@t% P ?@Hﬁgtgds.sr §g? lé)?ﬁsshbeads
whi ch ar e - sadata) géltitedvbedds Wwonhtheeddlgtianypiticabtignsi | | create a gradi ent of
cel | s1§/nereby the interior core of the matrix contains |less cells than the
r shell of the beads. This often results in cell gé)gul ations, wherein

The cel | s Te MeEoashwhiAa obiaines bninis Mmsseed rest!eia s RorBeERROUSIBABIN o o

8 As indicat 1Rt e 10 l.gi~Rat i, t : jch is
used to pgrprgérj(e:lbt egﬂﬁggfr%?@:ds%@@%ds’sglp\%%ﬁi @estcr@@ngre:{é%gﬁn%ed%&%g@di C
buf f er s whihrolnghawtethe meateixi | i sing effect . This is an additional advantage

f the | ti . h t hpds i J d Mth the | t ti
o 8 ) T o B R Re CEROREP A o B SFEBRRT
di 11 e18nt \oRAERAT84 BBFe FTa6hboeb ADGHEMIICERNEE With! BeapEpRnonHaNt i on

relate to beads wherein the conposition, prior to the gelification by
cal ci um orcogtponent.um i ons conprises 0.4, 0.45, 0.5, 0.55, 0.60, 0.65, 0.70,

0.75 or O-RQ Hefotd b SVELRSAT 13D PobOdRPEDSE Yab R CRhvARABE REP 1 ©
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 matrix 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



10 0.13, 0.135, 0.14, 0.145 or 1.5 % (wWv) alginate. In particular

enbodi nents the concentration of chitosan ranges fromO0.5 to 0.7 % or from
0.55 to OweRoeh10kr310t her parti cul ar enbodi ments the coneemrPatiilof003
alginate ranges from1l. to 1,4 %or from1,25 to 1,35 % A particular

enbodi ment of hydrogel conprises about 0.6 % chitosan and about 1.2 %

al ginate. 15 Further enbodi nents of methods and conpositions of the present
invention relate to hydrogel conposition and beads obtai ned t hereof wherein
the rati o between al ginate and chitosan in the m xed solution is between
1.4 and 2A8 ingdisatedhiarthecxaamlgs bectioreithe ajirate and7chilosas vdieh isused toy

between 1.6 and 2.6 r between 1. 75 and 2. .25, Particular values of this
ati o areigBte heghydogsR' oERsGE] Goudng Breae; o rBle, BELERT vPies
present i meQBtd StBrilidifg afecegrnisiigan edditiohabeddntsgd obthedahsh and
enpirically determ ned by adjusting the dianeter of the needle which is
used to fdiﬂrih@h@emféq:ﬂ asaqmrdﬂm@r ylmnth%dlﬁ%@ﬂti lﬁwen'ﬂ%.thgl pinaterand

stront bumcﬁ%%ﬁ 88ruéiﬁﬂ>é'c%%gc?é’ mIg&E kel oBln BRAAS Wi Bisfd &Ht%‘?{ ehpagbpgen 0.01
25 and™5 mMm eSe dirmensi ons provide a comprom se hefTeen 1he ease: of

mani pul at iRartiendr ehdodirhénisi ofthe pregent énventiont eldteetdobeadds whegexthay | ment s
of the present jnvention indicate that the physical properties, of the

chi t osan SRROSHION: BPELQ He rlTiARH Py el i StroRtiuM RE-cosmFises G,
chondr ocyioats, @[ 9%0 050 DORSh | 901 4 A6 of il PrURBLaROLERPS Such

as crustaceans (prawn’s s) or squi'ds. Alternative Irtosan 1s of
veget al , mepenidepty therabhcoypfiseg 819, & 93yiMh], 6UOH, 8s! MIcbtHIkED, GHRE) ns,

psper 41 | BT 0ss Bl U HRT e b AR ELBRRED Brep BEn . caj u.

Zy gosacchapapyepstidrogkehitosaRtafged I 0csfs 007 "/&\Qﬂ*erMSO.Q:BScBCU.%-%QH tosan

further exists in diverse types of nolecular weight. Herein, the chain 5
| engt h of ogtgrpasticulaagmbodiméniattiee concerdrationees alginetesiangss feam detail @ of the

hydr ogel s, Typi it ns, »far..use in the present invention h a

aver age. b BT 71T 3P Shen PRI E B BAGL B BV o Bl S 2BR8l 50 1o,
nor e par t iocs!Pachiyoszet aesbd PR, 4Rgikéle. Beads whi ch are produced in
accordance with the present invention conprise 10cartilage-formng cells

and afe chiuthesemodiments affeetiosisratd sapwpasitiansef the p@sentin ion

pur poses, i i on.  The .C jvat.i i pend om
certain fé(é:lg gérggzwg E&daegnécozwlgﬁ)%@%ne%gqudgléénﬁ ?gté?@%cm@%r%gg%ﬁgﬁnﬁ{éh(ragth’ead.
The beads betwédre aigiestenaind ohitosamin ane npixed asodutidnogebbieveeni t 14 ahorzi8ocyt es,
chondrocyte precursors, cartil age-for mi Hgormsenchgml stemcells or

carti| agemore particularly between 1.5 and 2.7, e particularly between 1.6 and 2.6,
or between 1.75 and 2.25. Particular values of this ratio are about 1.9, 1.95, 2.0,
20 2.05and1.

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 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 particularly fungal origin, such as Mucoralean strains, Mucor



15 formng stemcells or wwth m xtures of chondrocytes and
cartilage-formng precursor or stemcells. It has been found that freshly

i sol at ed whandrioessties can be cultivated in the beads of PChEPRI@®sIV3
invention for 7, 14, 21, or 28 days or even longer while maintaining their
property to generate hyaline cartilage upon inplantation. 20 The
appropriate tine of cultivation for thé ot her above nentioned cel | types is
determ ned experinmentally upon analysis of markers for chondrocyte
stability which are described in the exanpl es section of the present

i nvent i onradqergosins and Livnainghemel/coe/adsnsfGomgropels éntlert odshiergidus aldesw t he

cuLi vt BBl (SOIALL B AL A, SSRELCS eI

chondr ocytregxil, TamoiRAbBivap M RIAddRYs bisptPus.15 % (vol une serunt vol une growt h
medi un) serum of foetal or adult animals and overcones the use of

speci al i sédioganHetther msgisaint diverseoty@es 3ftreolegHiar wegighai Herpi, fiae gbainof
manuf agt ur i b j - ' f ' f
cpher ; Jal SR IS AT CRELRE G S WSS dlrRehtnaf SIRELAR Ik ocan
and al gi nalydraygsts.f Tyditairchitosans sor skt inl thgeprlesent myentbh hashare lavarageal so
honogenously distrihuted in the matri x of a bead. Conpared to ot her

types of IeeHIar vagnthloxes, theR Qe Pasiculardy 6’:98@%%{? Ton 286t 3 kD dROKSe

prepared i | QAL B @ ’s than beads which are freeze-dried to
provi de c %ﬁ@ﬁ%‘?ﬁ{%ﬁe%?r@ g\rﬁycul tivation of cells. The superior

properti eBealdstwieichedrespratiucéd ar accoldancatveth ihe pessdst Wwhiertioareanpnespar ed
in accqordance with the t hods of the present inventign are denonstrated by
the | 1F ¢ AN GaGR-Galgis CBFS 880 Eracul arhiPa nehgeay efrrp ety ) ardgenase
(LDH), theyfihdp piafoSEP TRl &NirddlahiztibATTRE | @RiVERBK PeFiodSesNdéSend from

interleukins, the limted expression of nmarkers which are typical for bone

form ng cekertgin fagtdns sychlargell igpe Aod pritialaoscandatioreincthiedreasd expr essi on of

10 cartil [ ker uch as.agarecan_(Figure 5). The expr i on aof markers
whi ch ar e 18 BOAd of 43¢ Re B UL ol ki eodfr EY §7StqtHcRes

chondr ocytcAsnORIEtePBRITURHRS cdraRigalibymihet esemE Ny stemtdenatornaraagés in
chitosan/ al gi nate beads of the present invention and in alr%| nat e beads, in
t he presef@EniBg stemurpellpt ohaytheixtures t ofe hopdiocyies endt CamageyioemBIg cat i on
t hat has I elification has an effect on the expression of at
| east agg zéc;(frabnrggﬁ %tﬁ[né%l%l]ki n6. Herein, the use of strontiuminstead of

cal c} um detchaslmnaﬁ)u‘lv(\ell ﬂh];at Iﬁr@shbyp'rseﬂaé@mmhdfdcyﬁeacanrbf@bﬁftiaatddnm temat i on
as of aggrecan, .a marker for ECM production. In_view of the surprisjng
propertie e@gséﬁrthﬁl%(Sﬁe'i“to'ln?'f?%orbg?rl &, ﬁ:‘E‘Jr g%nori A8 YO8 VEIH INGFAEY'S n t he
present i i t i [Iayet i i~wse of

cartil age- &gﬁﬁ”ﬁggé@‘?@ ﬁoﬁ%rtlolgg%rﬁea%gg%bggn%%eggﬁll I|9|r‘?hfﬁlé)%ﬁ)res.ent

i nven20on Therapgreptiatatimendf afltication foadlee odiercalyvenmeatipaed icelltypes/ is

osteoarthrjtis.. pendi.n the type of cartilage_defect the he can be
pl ant ed CEHRTING BFPEHTRE M HoR GRARE 5o stuB8L B ehadroRaSSAPL ||
mai nl'y gr Qied bR destriFRlantaé eRamphist &ddiidhiofehe prdsenbaRdntigne | npl ant ed
after in vitro cultivation for several days or weeks.
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.



In particular enbodi nents, beads with chondrocytes are formulated as a

bi phasic inplant material fornmed by beads and gel. This inplant includes a
pol yrer i cwoabti/n4(31hydr ogel "), and the spherical three-@ckErdionsioibeads
30conprising chitosan and alginate and cells. This allows to formul ate an

I nj ectabl e gel which upon inplantation, ensures an optinmal space
distribution of cells (chondrocytes or1%thers) in the host tissue or 11
organ. The injectable gel which is typically used herein is a

t herno-sensitive gel. These gels remain liquid at anbient tenperature (in a
devi ce usé&wmparedntoe cether itypes roft oellidariged ikaads, tbet bbad ook the splesdaniel

upon introducti on |n%o t he b about 37C. This IQ\SIIU elification

mai nt ai ns 't e Beads LamichHE 'ﬁl%“or% PREVGGR'S ey, A hpady yhieh-are

di stri but ineezeldtied tbrovigsicavhivedodgrnansty ai@dultivatiorbepgliiscont ai ni ng cel |'s
wer e hormg_enously distributed in such a hydrogel when heated to 37C

Exanpl es dhet epsrinseproperties af hogells Whigh e @olivates b Hesss whiopl ard de

(PN PG o & BAGL if UL AL RS NaGEOhe! SnEBEOSAN o1 B XL ALY, diFi40 dpaund by

t heory ith I eve e chitosan network w e m cr obea

confers paﬂetrricmsltr@tedwbyhaelImted)eapwstsloasoﬂtelt keatre awskergcsudhhas ladtate are
| ess conpressible and more resjstant to pressure than the beads made of

al gi nat e §§NydropeaargkPelastherlinitRd grivres Ipn.qmﬂﬁmm@tlsndo@rd@rs such as

i nter-con | hj al,gidiptfed in an
envi T onment CHpr Sy 4 AP e of R W R e Spical 8K pard |
aqueous mdaliming védill, aude @sr alkalkié pSosphataabeand tee anbamtﬂdaewpméslsy)ni aGol ubl e

o ST gk PR SRR ool AL SRR b Lt

varying t Rjriiness raraheRsH Asdddshy ﬂf@bh@ﬁétybfé SR blIRE oPRRE THRABFIHHESAT

bi ol ogi cal and nechani cal properti'es such aS phenotye stabilisation,
def or mabi |h|aw9 begrasxpeiimgntaty deiepniesdi by ovlitvatiog . CGIHSaIﬁdefEE)SEméai@hetel.
| sol ati Ny dg o?rhdr 8@@ efitinvention 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 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
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
polymeric matrix (“hydrogel”), and the spherical three-dimensional beads
30 comprising chitosan and alginate and cells.
This allows to formulate an injectable gel which upon implantation, ensures an

optimal space distribution of cells (chondrocytes or others) in the host tissue or



25 Fragnents of cartilage are collected by biopsy and then submtted to
three successive enzymatic treatnents (hyaluronidase 0.5 ng/m during 30mn
at 37C, pwonaselod13mg/ M during I h at 37C, col | agenase OPETmRLom/os2013 ng 1
night at 37C in the presence of 1 % Utroser G to renove the extracellul ar
matrix. (Utroser Gis a serumsubstitute of Pall Corporation). After
passage on a cells 30strainer, the chohdrocytes are rinsed and centri fuged.
The cell pellet is collected and suspended in the chitosan/al gi nate
solution. 12 Exanple 2. Preparation of al ginate/chitosan beads Beads are
prepared forgan.allmerimjgetadtagehiviiar é bivieiyt usathheeis isoed thexmo- a&m’sifwegi nat e
(1.2 %final) Thet sol uti.ons are prepared separately befare b

m xed.  ThackoT Ue e ore el 1808 &G RISt aRlrE Al e 8¥icR BB ow ng
way: S5 Aﬂrr&trcﬂjumbﬁ ||5Qd) i gétréntz Bét\Wetome aGolia g\érlu@@H igfed@ctpl intd tHe of
chitosan 1.333 % ( M HAc are prepared. To 10 vol unes of the

al gi nat e zb@lthat@boui 3z7oq3u'rﬁ’élsdﬂ situigelifigee’ majntainsie beadsiéand e eglls
horogeni zg) | Qf, e) Mﬁh@r %B s@%uﬁgﬁtlﬂ%ﬂqgﬁ%tgtdﬂ% Fitio %tfﬂ%S%ﬁ%tv (]L,é/qsadded

while m xing regula Vi gorousl rearter a ce

chondr ocytceatarraag Xeis ware erbadawmduslgwrstabateﬂ idistighrssiegdrogelt Wien heated
chitosan/al ginate solution at a concentration of 6 x 106 cells/m . The

chi t osan/ 4P g hate BHRMIRIGS \%rfttlfr‘ ecrﬁréoééplsét'\x&shg%gk&?'§d§§éHd@hP8u3gWa 25
gauges ”eﬁﬁl %bﬂg@rﬂrﬁ’ew )OR ddMicuigr %@% H@Vé&ﬁgc%ltﬁ%rﬂt I on

(Sigma- A After I nst'ant aneous gel ation, the beads
were 15 allowed to gellrfy further for 10 mn in this Cad 2 solutron

i or o4 Rop ¥RgA Heing Ralaf BY 585V (CisTidetied atdhe 6htorT ae Sy RS A
basket -1 lﬁ‘ﬂcﬁiﬁe‘e\‘éﬁsUé&rfeﬁsoﬁﬁﬂ%%roﬁnebhé'@iéﬁlub&ﬁ)é?f ed IRAS BéadAkYERNGhat
t hi ckness and |l ength (see figure 2). The interstices herein are

filled by tramgarealrees Chemnessiylei anobmaremmmtanlzto priessene) thanitiod besds madee t he
chondr ocyt iyati.on of ¢ Q i n.alginate osan
beads. The" g9 R Buialne St bEE ol n et Do o e R TR e o e
sol ution. cBﬁ@@@n wabec@He vt l annalgindde P@I ,Ireligbgn By divroheighd wiick&ads i n
one m of 25 culture nedium supplemented with 1 %1 TS+ (ICN

Bi omedPcalf@vousgklerer egBuhar Bé{tgreuhy prayding #MEREgeoPs inediuMm withidoeutral ) and
strept ony(blép (100 Um), 200 pg/m glutam ne (Bi owhittaker Europe,

Verviers el gium), 50 pg/m ascorbic acid (Sigma-Aldrich, Bornem

Bel gi um , SuchiMrpbedulae dr@dtﬂarne%;eir’twlhﬂﬂe Bmhtgisalmr?v]'hrciﬁ Ifdi$rs icoasevatss xed
cell growth,s%stemcontainin in one ng insulin, Q.62

transferri _q;@@tep@ Raskehll §tfél@]l{-§e r@ptw@g}( Qr trabeculae when' mixed wrtrrrrg

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 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
37°C; pronase 1 mg/ml during 1h at 37°C; collagenase 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 pellet is collected

and suspended in the chitosan/alginate solution.



bovi ne serum al bumn and 0.535 ng linoleic acid). 13 Exanple 4.

Char acterisation of chondrocytes Chondrocytes in figure 2B were stained

wi t h hemawoxyltimisosi n. Aggrecan and | L-6 were quanti fi @edT@EPRIL1EEIOSA.

(Bi osource Europe) Al kal i ne Phosphat ase was quantified with a
spectrophotonetric assay. Briefly, Fifﬁé | of 5 cell extract were incubated
with 100 | of p-nitrophenyl phosphate (KEM EN- TEC, Kobenhavn, Denmark). In
the presence of AP, p-NPP is transformed to p- nitrophenol and inorganic
phosphat e. p-nitrophenol absorbance is neasured at 405 nm A standard
prepar at i daxapiple-2iRneppnation ofalginete/chdpsaabieddst i on. Results were

expressed nmol es of |tro henol rel eased per m.n an el 0ng,,10 pf DNA
e uni ¢ Reael et aler P RiRDespous M ELep AL B Ss b 8hatRurand

Lact at e defyidateden2ss fivas. qnanind saldtidys bES préshret SseparateBt béfors g Y 1 N
the cul ture supernatant. 100 pl of the supernatant or dilutions of standard

sol ution (Eeff Fegrselaliens ofalginaie amr®lma@@rwm¢p6:5@dm the foflewindweyer (10
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5 Ml GRSl PO AL RO A5 2450100 Bl gl

col orlrretrlc oni razollumc

(Si gma- Al dr3331.% Borvieim 1 BSBgMURHAC érmpfenared.cmbl Tanolienesienithe alginatd eot i de
(Roche Di agnost I ¢cs, Brussels, Belaqi hena2| ne net hosul fate

(Si gma- Al 8P|WEIRN. BoohERe aBA @.Wﬁeﬁﬁéé&@ﬁh% SOMRARUZAIONYE nm was
read aftefy Jf,Med d?fch'ltEEHP%Bhﬂ{bnaérepﬂ'g s"s{ﬁﬁéﬁ?%ﬁklé&; w%ﬁethgmgr hﬁarﬁhow

t hat chondrocytes whi are cultivat e mtrix o ent
i nvent i on askdovga@ronsiyber of superior properties: cells cultivated i n

O 0T el R a5 SRl el S e SRR S et
cul tivat edidgersdd fohahtbshnaldinsBasIltRFSatsd 86fcetratiBhlat ey o‘i)eens/mL
The chitosan/alginate solution with the cells was slowly passed through a 25
gauges needle in a dropwise fashion into a 102 mM CacCl, 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 alginate (hematoxylin stained in
20 violet) which contains the chondrocytes.

Example 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 ml 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/ml glutamine (Biowhittaker Europe, Verviers, Belgium), 50 pug/ml
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 ug selenious acid, 0.125 g
bovine serum albumin and 0.535 mg linoleic acid).



25 Chondrocytes cultivated in chitosan/al gi nate beads do not produce or
produce very little amounts of IL-6, IL-8 and NO. Figure 3 shows a dramatic
reduct i orwof2011x0613pr oduct i on during the culture of the ehomie@aps®3in

m xed beads (al gi nate/chitosan) conpared to al gi nate beads. IL-1 [3 is
a very active cytokine in the inflarrmai?ry reaction and the associ at ed

30ti ssue proteolysis. The stinulating fects of IL-1 13 on the production
of 14 mediators of inflanmmation or of proteolytic enzynmes are | ess

i mportant in al ginate/chitosan beads than in al gi nate beads. Chondrocytes
cul ti vat edExamplei4. c%iaimaat@iwi@ ofehondsecyegns of catabolic events as

00 oot o PSSP e BT B R, S © vhier

chondr ocytaegréchrt ianat Adeivierd Gl aatifeed QAGSE LI TR e(BI6 S8 fteOF urdpsE AT ees | Nn
the chitosan/al gi nate beads has a beneficial and stabilising effect on the

chondr ocyF10sREARSEpRaS quamiiiadivih 8. speeieRhataresirisassandariely, & ifty pl of
ther mgengly)i ﬁrmg&%@hcu%ké&m ﬁﬂ?%ggffpc H@ﬁggg%ogsﬁ% E‘/ﬁt and

the bedds “are mxe a vegeta ydr ogel

(Ki t ozyne TEE | KesenhBehgDennarkhils ttsd presescpof AR, rpENlebctmar%T@n’ae:d vpi d
hydrogel gel ification. A ratio of beads/hydrogel of 3/1 (v/v) has, been
used. 15 I@%Eﬁﬁheé‘oéanéf”ﬂ%@ta”@f pf&%’iﬂh&t& %H't@%ﬁagbéﬁﬁf&bﬁﬂ%bﬁ nsesumGyat e 3B

and 5B shagel hfy AT &hadld IhEpaBRbA o b-HiRbbRdISRls | Foddifoedifigfbn.

formatlon ereas e choice of calciumor strontiumhas no e
expr essi omReasiults weerasndezssednn emhal ek ioh pehitioph el released peb eand andiperhugconsi st

e t o2y B BN @ e P AT e AEPie Bcl pEpRITIRTE LRETEH PSREIN-Exan e
7. 1ol ami_ac a?e dehygpogae%larsrglwgso%ulantlﬂed 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 pl of Tris buffer (10 mM Tris-HCI
(pH 8.5), 0.1% BSA) containing 800 mM lactate. 100 ul of colorimetric reagent
15 (1,6 mg/ml iodonitrotetrazolium chloride (Sigma-Aldrich, Bornem, Belgium), 4
mg/ml nicotinamide adenine dinucleotide (Roche Diagnostics, Brussels,
Belgium), 0.4 mg/ml 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/alginate show less apoptosis or necrosis compared
to alginate beads as indicated by the measurement of lactate dehydrogenase.
- cells 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-6, 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 to alginate beads.
IL-1B is a very active cytokine in the inflammatory reaction and the associated
30 tissue proteolysis. The stimulating effects of IL-13 on the production of



25 A gel as described under exanple 5, w thout chondrocytes, has been
inplanted in a cartilage defect in a rabbit joint (Figure 7). After 15 days
of i npl anvatnano4tsme i npl ant was eval uated (Figure 8). TPh@/HPe&iLORMEMAI NS
filled wwth the inplant. Further it is observed that the inplant is
colonised with cells originating from i%e underlying bone marrow. Cells
were encountered in the settled thernosénsitive 30 chitosan hydrogel (B) as
well as in the chitosan al ginate beads (C) (chitosan trabecul ae are
indicated by D). This test confirnms that the biphasic inplant can 15 be
easi | y hameidiatoas dofgimdianedatiorheorbdb deglieatidiol enaunes earef lasise impttaiit irensur es

a progresswel Lesaqr fter ation. Exanple 8. Effect of

chi t osan rﬂﬁ'@ %Vto\%'q&ﬁ?a?gh%%@%@?%é??%% 5 Different nol ecul ar weights
of native.-cGhbeg@ayRaVeulliegiedusie &nhitdsdn8lghié estfovrdess digres ta? ¢digbolic
invention. Different physical paranmeters such as pH and vi scomtmf t he

mi xed sol GVPBIS @wlﬁdic%tﬁérhj'r Wd@pdu@m atagnatsd. metalippraieinage dvl
resultbng HEEO8Sh R ETIURET ARRBE A 10a A BLLTARONE ot E5ALE (o the

art. ['ut’t ohs pH Vi sScosi
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. Formulation 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 5B 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 settled 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



(msm kg) Alginate 1.2%/ chitosan 22 kDa 0.6% 7.8 110.7 324 Alginate 1.2%
/ chitosan 30 kDa 0.6% 8.3 230 305 Alginate 1.2%/ chitosan 32 kDa 0.6% 7.8
192 308 AvQi2oa®4B12% / chitosan 55 kDa 0.6% 8.0 279 290CAIEFRM1a082013 2% /
chitosan 55 kDa 0. 6%

15

be easily handled and grafted. The biodegradable nature of the implant ensures

a progressively resorption after implantation.

Example 8. Effect of chitosan molecular weight in beads formation.

5 Different molecular weights of native chitosan have been used in the process
according to 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 technique in

the art.
10 Table 1
Viscosity | Osmolarity
Solutions pH
(Cps) (mOsm/kg)
Alginate 1.2% / chitosan 22 kDa 0.6% 7.8 110.7 324
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
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 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.

Example 9. Effect of chitosan molecular weight on chondrocytes

behaviour



8.2 336 302 Alginate 1.2%/ chitosan 91 kDa 0.6% I npossible to m x Alginate
1.2%/ chitosan 146 kDa 0.6% I npossible to mx W concluded that m xed
beads carwbeonmdeldni t h nati ve chitosan bel ow 55 kDa. ForCexzaqplies20at 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 15chitosan solution is
too viscous. Therefore, the selection & chitosan ol ecul ar wei ght is an
essential elenment in our invention. 16 Mol ecul ar wei ght has an influence
on the chondrocytes behaviour as illustrated in figures 3A, 5A and 6. The
effect of chitosan 40 kDa on MW-3, IL-6 and aggrecan is significantly

different h}iélg&lgp%}eig%qth%isnaergin\?f teﬂcez%nl&%'ch%idtré)csy s %ghaviour as illustrated
in figures 3A, 5A and 6. The effect of chitosan 40 kDa on MMP-3, IL-6 and

aggrecan is significantly different from that obtained 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



5 kDa is less efficient on IL-6 and MW-3 synthesis than 40 kDa chitosan,
but nore effective on aggrecan synthesis than 40 kDa. This clearly

denonst r avexoti@sidthe bi ol ogi cal activity of native chi rosar2e1g/o8ionect |y
dependent of the nol ecular weight. 10 17 CLAIMS 1. A nethod of

produci ng a hydrogel matrix conprising _garti | age-formng cells 5said nethod
conprising the steps of: providing a §61 ution of al ginate, providing a
solution with chitosan of Mv | ower than 60 kD, m xi ng the sol ution of
al ginate and the solution of chitosan with cartilage-formng cells, wherein
said m xed sol ution conprises between 0.5 and 0.7 % 10(w/ v) of chitosan and
bet ween 1%@4 % al ginate (wWv), introducing droplets of said m xed

sol ution i solution with Ca2+ or Sr2+ cations, and isolating

pol ymeri sed beads fromsaid solution with cations. 15 2. The net hod
according to claim1, wherein said m xed solution conprises 0.6 % chitosan.
3. The netlhot aelbeedfyodecionaa hydragel matinepeinfissr gantiagedfosming cells
conpriges 1.2..% i 4. T .hod according to any one of claim1l
to 3, \??\her ei%a'glr@éltﬁg@%b?rpééc h&%ﬁp?ﬁfsai d m xed solution are present in a
rati o bet weenprbvithngadolutidp. of alginatdy. The net hod according to any one of
claims 1 to 4, wherein said chitosan 25has a Mv of between 35 and 45 kD.

- providing a solution with chitosan of Mw lower than 60 kD,

- 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 %
10 (w/v) of chitosan and between 1 and 1.4 % alginate (w/v),

- introducing droplets of said mixed solution into a solution with Ca** or Sr**

cations, and

- isolating polymerised beads from said solution with cations.

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

% 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
25 has a Mw of between 35 and 45 kD.

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.

30



6. The nethod according to any one of clains 1 to 5, further conprising the
step of cultivating said beads conprising cartilage-formng cells in a
growt h meaipem1/104817. The nmet hod according to claim6, wRIEEPRO11S&I0d3 gr owmt h
medi um conpri ses serum 8. The method according to any one of clains 1 to
7, wherein said droplets are 5passed théough a needle to obtain a particle
with a diameter between 0.01 and 5 nm 9. A spherical hydrogel bead with a
di anet er between 0.01 and 5 mm conprising a honogeneous m xture of

al ginate and chitosan of Mv I ower 10 than 60 kD and further conprising
carti | age-f ofiné moetbedl|acoarding o sich rawhiexgincseaid geowth edlium aomaprises d bead
conprises between 1 and 1.4 % al gi nate and between 0.5 and 0.7 % chitosan.
10. The bead ¥EEBtdi ng to claim9, wherein said bead conprises 1.2%

al ginate. 15 11. The bead according to claim9 or 10, wherein said bead
conprises 0.6% chitosan. 12. The bead according to any one of clains 9
to 11, whér el e Mmathesieceersinthigsanry cosef slaime dntoss wihereiss&ip drepletherenead
according to 0, | 3l 2, reln. i - 10
cells, 5af t erp%é%%gat'ﬁo@ h %u éla\?}%t?? tgg)téeﬁﬁr é%@'cgéewg\bvr%d%gﬁ%[# ?gﬁl\é %p}dr}le
phosphat ase @&t 5mgml.DH, when grown in the presence of serum 25 14. Use of
cartilage-formng cells conprised in a bead according to any of clains 9 to
12, for the repair of cartilage defects.

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

10 than 60 kD 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.

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
20 Mw between 35 and 45 kD.
13.The bead according to any one of claims 9 to 12, wherein 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.
25

14.Use of cartilage-forming cells comprised in a bead according to any of
claims 9 to 12, for the repair of cartilage defects.



