-1- METHOD FOR PREPARING POROUS SCAFFOLD FOR TISSUE ENGINEERING, CELL
CULTURE AND CELL DELIVERY 5FIELD OF THE INVENTION The present invention relates to a
method for preparing a porous scaffold for tissue engineering. It is another object of the present
invention to provide a porous scaffold obtainable by the method as above described, and its use for
10tissue engineering, cell culture and cell delivery BAGKGROUND OF THE INVENTION Tissue
engineering is generally defined as the creation of tissue or organ 15 equivalents by seeding of cells
onto or into a scaffold suitable for implantation. The scaffolds must be biocompatible and cells must be
able to attach and proliferate on the scaffolds in order for them to form tissue or organ equivalents.
These scaffolds may ther&&%&ﬁm&ﬁﬁﬁéﬁmﬁtﬁmﬁﬁw%@ ﬂht@lﬁ@mﬂm in viva
20The attributes of an |deaé hie A A ﬁgort cell growth
either in vitro or in vivo, thean ' t ' lypes or lineages, the
ability to be endowed with varying degrees of erX|b|I|ty or rigidity required, the ability to have varying
degrees of biodegradability, the ability to be introduced into the intended site in vivo without
25provoking secondary damage, and the ability to serve as a vehicle or reservoir for delivery of drugs
or bioactivé substanc 2 dgﬁﬁeméﬁw on. A number of different scaffold materials have
‘been utilized, for guided tissue regeneration and/or as biocompatible surfaces. Biodegradable
polymeric materials referred in ma since the scaqné% egrades over time and eventually
50 the cell-scaffold stLIEUTE R TR CRRR By he GBI A PIHE AR, AoBAIRHS SeiREmay
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one can elumdisaeevariginssongtitatsigiofe and cell delivery

BACKGROUND OF THE INVENTION

Tissue engineering is generally defined as the creation of tissue or organ

15 equivalents by seeding of cells onto or info a scaffold suitable for implantation. The
scaffolds must be biocompatible and cells must be able to attach and proliferate
on the scafiolds in order for them to form tissue or organ equivalents. These
scaffoids may therefore be considered as substrates for cell growth either in vitro
or in vivo, .

20 The aftributes of an ideal biocompatible scaffold would include the ability to
support cell growth either in vitro or in vivo, the ability io support the growth of a
wide variety of cell types or lineages, the ability o be endowed with varying
degrees of flexibility or rigidity required, the ability to have varying degrees of
biodegradability, the ability to be infroduced into the intended site in vivo without

25  provoking secondary damage, and the ability to serve as a vehicle or reservoir for
delivery of drugs or bioactive substances io the desired site of action.

A number of different scaffold materials have been utilized, for guided tissue
regeneration and/or as biocompatible surfaces. Biodegradable polymeric materials
are preferred in many cases since the scaffold degrades over time and eventually

30 the cell-scaffold structure is replaced entirely by the cells. Among the many

candidates that may serve as useful scaffolds claimed to support tissue growth or



5 the extracellular matrix including fibronectin, various types of collagen, and laminin, as well as
keratin, fibrin and fibrinogen, hyaluronic acid, heparin sulfate, chondroitin sulfate and others. Other
common polymers that were used include poly(lactide-co-glycolide) (PLG). PLO are hydrolytically
degradable polymers that are FDA approved for use 10 in the body and mechanically strong
(Thomson RC, Yaszemski MJ, Powers JM, Mikos AG. Zabrication of biodegradable polymer scaffolds
to engineer trabecular bone. J Biomater Sci Polym Ed. 1995;7(1):23-38; Wong WH. Mooney DJ.
Synthesis and properties of biodegradable polymers used as synthetic matrices for tissue engineering.
In: Atala A, Mooney DJ, editors; Langer R, Vacanti JP, 15 associate editors. Synthetic biodegradable
polymer scaffoldgdbesttinnBatd inmedetio9s p f&HFER ) shkntevendtiheynare s gaophe pe dindiaypically

processed undg{rp%ﬁﬂjggl f%ﬁ%&@n‘?ﬁ@%@%ﬁd \g/ﬁ%_cébglake factor incorporation and entrapment of
a t ,

viable cells poténtially a challenge. As an alternafiVe, a variety of hydrogels, a class of highly hydrated
polymer 20 materials fWeteg doetananighemabinad ooelpnessighitichahavee baarsatisalosedffoide
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origin. The structural integrity of hydrogelS depends on cross-links formed between polymer chains via
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disclosed a megaodyiel PrepaERg:iA, PorsHS RiroaBksRATERd Whishrardy hRidsefdsaprPReutaOr tissue
engineering or culture r_natric?s. The method of the document comprises the steps consisting of a)
dissolving a biﬁ@@qﬁgﬁ]égﬁlﬂmgﬁ@ ﬁ&&ﬁﬁer in an organic solvent to prepare a polymeric solution of

high viscosity b) addi@epempemagmiyiestsisiaf selutonse) daslide theieive-toiggdoridy d)
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to develop a me@ied fér Biomater Sci Polym Ed. 1985;7(1):23-38; Wong WH. Mooney DJ.
Synthesis and properties of biodegradable polymers used as synthetic matrices for
tissue engineering. In: Atala A, Mooney DJ, editors; Langer R, Vacanti JP,

15  associate editors. Synthetic biodegradable polymer scaffolds. Boston: Birkhauser:
1997. p. 51-82). However, they are hydrophobic and typically processed under
relatively severe conditions, which make factor incorporation and entrapment of
viable cells potentially a challenge.

As an alternative, a variety of hydrogels, a class of highly hydrated polymer

20  materials (water content higher than 30% by weight), have been used as scaffold
materials. They are composed of hydrophilic polymer chains, which are either
synthetic or natural in origin. The structural integrity of hydrogels depends on
cross-links formed between polymer chains via various chemical bonds and
physical interactions.

25 For example, document US 6,586,246 B1 has disclosed a method for
preparing a porous hydrogel scaffold which may be used as supporis for tissue
engineering or culture matrices, The method of the document comprises the steps
consisting of a) dissolving a biodegradable synthetic polymer in an organic soivent
to prepare a polymeric solution of high viscosity b) adding a porogen agent to this

30  solution; ¢) casting the polymer into a mouid d) removing the organic solvent e)
submerging the organic solvent-free polymer/salt gel slurry in a hot aqueous
solution or acidic solution to cause the salt to effervesce at room temperature to



preparing porous scaffold matrices that can be used for biological and therapeutic purposes.
SUMMARY OF THE INVENTION 10 Therefore, it is an object of the present invention to provide a
method for preparing a porous scaffold which comprises the steps consisting of:  a) preparing an
alkaline aqueous solution comprising an amount of at least one polysaccharide, an amount of a
cross-linking agent and an 15amount of a porogen age#t. b) transforming the solution into a hydrogel
by placing said solution at a temperature from about 4C to about 80C for a sufficient time to allow the
cross-linking of said amount of polysaccharide and c¢) submerging said hydrogel into an aqueous
solution 20d)washing the porous scaffold obtained at step c). It is another object of the present
invention to prdeiche aixmrpu&ssaﬁcmﬁadbtahiahlevby, thiaisnetietioods ab@repdestivhedf 2blpisrstill further

anginmering, caPeaeL KGR 5 fiey SF JiF B el R alied et e NiARS
Definitions: 5Theﬁéﬂ1f$ 'tb@ly@&@@b&ﬁ@éﬁ,f@@@%dhiér@ﬁ?@@s‘&@%'ﬁwomwmmib@toaﬁ:af more
monosaCCharid&mrapeuﬁc purposes.

5 Therefore there is still an existing need in the art to develop a method for

preparing porous scaffold matrices that can be used for biological and therapeutic

purposes.

SUMMARY OF THE INVENTION

10
Therefore, it is an object of the present invention to provide a method for
preparing a porous scaffold which comprises the steps consisting of:
a) preparing an alkaline aqueous solution comprising an amount of at
least one polysaccharide, an amount of a cross-linking agent and an
15 amount of a porogen agent. |
b) transforming the solution into a hydroge! by placing said solution at a
temperature from about 4°C to about 80°C for a sufficieht fime to
allow the cross-linking of said amount of polysaccharide and
c) submerging said hydrogel into an agueous soiution
20 d) washing the porous scaffoid obtained at step ¢).
it is another object of the present invention to provide a porous scaffold
obtainable by the method as above described.
25 it is still further an object of the present invention to provide the usé of

porous scaffold of the invention for tissue engineering, cell culture and cell delivery.



The term "alkaline solution”, as used herein, denotes a solution having a pH superior to 7. The
term "acidic solution”, as used herein, denotes a solution having a pH 10inferior to 7. The term
"agueous solution”, as used herein, refers to a solution in which the solvent is water. The term
"cross-linking" refers to the linking of one polymer chain to another one with covalent bonds. 15The
term "porogen agent" denotes any solid agent which hés the capability to form pores within a solid
structure. As used herein, a "scaffold" is defined as a semi-solid, system comprising a
three-dimensional network of one or more species of polysaccharide chains. Depending on the
properties of the polysaccharide (or polysaccharides) used, as 20 well as on the nature and density of
the network, such structures in BEEFRALER BESCHHRIMQN ORTHEINVENTIRMr.  The term
"cross-linking agent" includes any agent able to introduce cross-link between the chains of the
polysaccharides of the invention. "Biodegradable”, as used herein, refers to materials that
degrade in vivo to 25 non-toxic compounds, whicR@&Ribg®RScreted or further metabolized. Porous
scaffolds and method for preparing thereof: - 5 - a)preparing an alkaline aqueous solution comprising
an amount of at least gne polysaccharide, an amount of a covalent cross-linking agent and an amount

of a porogéh agent | N EoRAIMBPHRSERRI0 ASHESTHIRIRIG el H§ SIdRiIAGNQIRE U8 SREPPEEIRY
Stemperature fron abeuid hrimatatdiPddangsufficient timeto

The term “alkaline solution”, as used herein, denotes a solution having a pH
superior fo7. 4 |

The term “acidic solution”, as used herein, denotes a solution having a pH

10 inferiorto 7.
- The term “aqueous solution®, as used herein, refers to a solution in which
the solvent is water, |

The term “cross-linking” refers to the linking of one polymer chain to another
one with covalent bonds,

15 The term “porogen agent” denotes any solid agent which has the capability
to form pores within a solid structure.

As used herein, a "scaffold" is defined as a semi-solid, system comprising a
three-dimensional network of one or more species of polysaccharide chains,
Depending on the properties of the polysaccharide (or polysaccharides) used, as

20  well as on the nature and density of the network, such structures in equilibrium can
contain various amounts of water.

The term "“cross-linking agent" includes any agent able to introduce cross-
link between the chains of the polysaccharides of the invention.

"Biodegradable", as used herein, refers to materials that degrade in vivo to

25  non-toxic compounds, which can be excreted or further metabolized.
Porous scaffolds and method for preparing thereof:

A first object of the invention relates to a method for preparing a porous

30 scaffold which comprises the steps consisting of:



allow the cross-linking of said amount of polysaccharide and c) submerging said hydrogel into an
aqueous solution d) washing the porous scaffold obtained at step c). 10In the present invention, any
type of polysaccharide can be used. Synthetic or natural polysaccharides may be alternatively used for
the purpose of the invention. For example, suitable natural polysaccharides include, but are not limited
to, dextran, agar, alginic acid, hyaluronic acid, inulin, paltulan, heparin, fucoidan, chitosan,
scleroglucan, curdlan, starch, cellulose and mixtures thereof. 15 Monosaccharides that may be used to
produce the desired polysaccharide include but are not limited to ribose, glucose, mannose, galactose,
fructose, sorbose, sorbitol, mannitol, iditol, dulcitol and mixtures thereof. Chemically modified
polysaccharides bear#iy for repaig asididkglioepaqeentisxgleitgicsulptramisimsphateduanaieayroups
(ethylene amine, diethylamir&&i%ﬂgla&@gg&@ygm&ea@ damine), M@apog&g[ﬁwﬁ alkyl,
benzyl,) can be included. Many of these compounds are available commercially from companfés such
as Sigma-Aldrich (St. Louis,39fHigad apgymountipicaftefegen agaght-average molecular weight for the

polysaccharide is frongjaboudR:89eniPal IR S ENABAUL PRI Rl Ha Sy e REe AR g 25
about 10,000 Daltons to about 500,000 Da!tons, most preferably from about 10,000 Daltons to about

200,000 D&ltons.  In one'@MBBRIMEROMnaRNkLAtionfenabsit S&éndea sHiideniotimepktre the
scaffold of the invention is aatemtrepolyseaaRingast SHrh A/ et EHHR@RcsntRNAaulin,
scleroglucan, curdlan??starchu ellugosne Qr ﬁ]giéture {hereof. In a 30‘{5:(3(;?%6(1 embodiment, a mixture
of pullulan and dextraf is use {Beppe‘p%lse?i YSUSHB én(g?t?l@ ARG Y cé@(ample, said mixture
comprises 25% of dexifran awestbeg tigpticdan scabfold obtaaretrestepliddiment of the invention, the
polysaccharide(s) used to prepare the scaffold of the invention is a positively charged polysaccharide
such as chitosan, DEAE-dextran and mixtures thereof. In another embodiment of the invention, the

polysacchHtide(s) usdd teesprepering itheriemqanoiee aiverisaccharide atudie csaddtynthetic
polysaccharide sughiasaplginifsacichdnasranis asid Jhepuin dhceidan and eﬁgtﬁﬁ?s#?%?f he N
e the scaffo

another embodiment of the invention, the polySaccharide(s) uséd to prepar d of the

invention is a nRKEREAEF ek aMBRiRg aHlRRIEMayEl sonjysreshalites Jikdvem thethagatiely
charged polysaggheadides trptesenteghioalginic acid, hyaluronic acid, inulin, pullulan, heparin,

fucoidan, chitosan, sclerogiucan, curdian, starch, cellulose and mixturesrthereof.
15  Monosaccharides that may be used to produce the desired poiysaccharide‘inciude
but are not limited to ribose, glucose, mannose, galactose, fructose, sorbose,
sorbitol, mannitol, iditol, dulcitol and mixtures thereof. Chemically modified
polysaccharides bearing for instance acidic groups (carboxylate, sulphate,
phosphate), amino groups (ethylene amine, diethylamine, diethylaminoethylamine,
20  propylamine), hydrophobic groups (alkyl, benzyl,) can be included. Many of these
' compounds are available commercially from companies such as Sigma-Aldrich (St.
Louis, Michigan, US).
The preferred Weight-average molecular weight for the polysaccharide is
from about 10,000 Daltons to about 2,000,000 Daltons, more preferably from
25  about 10,000 Daltons to about 500,000 Dattons, most preferably from about
10,000 Dalions to about 200,000 Daltons.
in one embodiment of the invention, the polysaccharide(s) used to prepare
the scaffoid of the invention is a neutral polysaccharide such as dextran, agar,
pullulan, inulin, scleroglucan, curdlan, starch, cellulose or a mixture thereof. In a
30 preferred embodiment, a mixture of pullulan and dextran is used to prepare the
scaffold of the invention. For example, said mixture comprises 25% of dexiran and
75% of pulludan. |



10 20%, preferably 5 to 10% of the mixture. In a particular embodiment the covalent cross-linking
agent is selected from the group consisting of trisodium trimetaphosphate (STMP), phosphorus
oxychloride (POC13), epichlorohydrin, formaldehydes, hydrosoluble carbodiimides, glutaraldehydes or
any other compound that is suitable for crosslinking a 15 polysaccharide. In a preferred embodiment,
the cross-linking agent is STMP. The concentration of the covalent cross-linking agent in the aqueous
solution (w/v) is from about 1% to about 6%, more preferably from about 2% to about 6%, most
preferably from about 2% to about 3%. It is preferred to use the cross-linking agent at such an amount
that the weight ratio of the polysaccharide to the cross-linking 20agent is in the range from 20:1 to 1:1,
preferably from 15:1 ténl dAnatitmerebpcifecablyfrin Liovketstib,. the MapyRtharfeompaunds are

available commergi i uch as.Sigma-Aldrich (St. Louis, Michigan, US), 25The
agueous solutiﬁr@}#%gfﬁg%%%%igﬁ:ﬁ%%ﬁ%%? fﬁrﬁﬂ%?%‘é%ﬁbﬁb@rggw gﬁ’c‘ﬁﬁ%@%ﬁ@%ing on
the intended appfichiiosaProiefdbigetranditiveiitucesnivatiblef,with the polysaccharide and does not
interfere with the effegtivg -linkj lyisacehali . The t of th ditive,used
depends on the particular %ﬁaﬁﬁggﬁ%ﬂyﬁe@agﬁy& Jgﬁéﬁr)higﬁeéd gglgsr%g %ﬁﬁfé"e i th%sgf‘j[ c%ing

30routine eXpermifdiitie scafiold afthsoinyapiionois coneringivhehpotpshpohsddenatgepticmally
include at least gog|gtimici@ighRIsAl: BLibspARIMIGKRRkPLRsEHRNVES sl - 7 - known in

the art. Examples of suitable antimicrobjals include, but are not limited to, alkyl para'bens, such as
methylparaben, ethylgArPCNFr FRRARRM hddiyandish: b seplviastbarideishysesimone:
sodium benzoatespatashiistaitsidasithdriolesmiomndc pia s dnee GiesRXARRIASA) BRliRpgierial

agents and 5of anti-infectiays agents that may be used are, in a nonlimiting manner, rifampicin,
; Iaseciandgs Whcran ?s'gwgﬂs r- %E%egacfﬁq 5&%‘3?1%9'."5195 W%ﬁ%@gds@olution

minocycline, ch oTHeX |naer,i Sivel | agen
comprisingthe Botsacefasaily fniay 1@ oadphiemityureclude at least one colorant to enhance the

isibility of th uti | I incl ' t d natural colori ts.
Evamplos of 10 suilc oA e R R O e Sh el or

isothiocyanate {F#T e FIPCsistittnof  trivasiaue dtimetiphiospuateprisiMBE paiisapbbaride may
also optionally ingludriddeqabons, wiaqish BHHaRARRAB HARADRIRJS(RE ARRRRALL tha

lowers the surface tension of water. The surfactant may be an’ionic surfactant,
. glutaraldehydes or any other compound that is suitable for crosslinking a

15 polysaccharide. In a preferred embodiment, the cross-linking agent is STMP. The
concentration of the covalent cross-linking agent in the agueous solution (w/v) is |
from about 1% to about 6%, more preferably from about 2% to about 6%, most
preferably from about 2% to about 3%. It is preferred to use the cross-linking agent
at such an amount that the weight ratio of the polysaccharide to the cross-linking

20 agent is in the range from 20:1 to 1:1, preferably from 15:1 to 1:1 and more
preferably from 10:1 to 1:1.

Many of these compounds are available commercially from companies such
as Sigma-Aldrich (St. Louis, Michigan, US).

25 The agueous solution comprising the polysaccharide may further comprise
various additives depending on the intended application. Prefarably, the additive is
compatible with the polysaccharide and does not interfere with the effective cross-
linking of the polysaccharide(s). The amount of the additive used depends on the
particular application and may be readily determined by one skilled in the art using

30 routine experimentation.

The aqueous solution comprising the polysaccharide may optionally include
at least one antimicrobial agent. Suitable antimicrobial preservatives are well



15 such as sodium lauryl sulfate, or a neutral surfactant, such as polyoxyethylene ethers,
polyoxyethylene esters, and polyoxyethylene sorbitan. In a particular embodiment, the porogen agent
may be an agent that can be 20 transformed into a gas in acidic conditions, with pores being formed
by the carbon dioxide molecules that leach out from the polymer. Examples of such a porogen agent
include but are not limited to ammonium carbonate, amfmonium bicarbonate, sodium carbonate, and
sodium bicarbonate, calcium carbonate and mixtures thereof. It is preferred to use the porogen agent
at such an amount that the weight 25 ratio of the polysaccharide to the porogen agent is in the range
from 6:1 to 1:1, preferably from 4:1 to 1:1, more preferably to 2:1 to 1:1. Many of these compounds are
available comnigevatyrftbemarbriapanipleswits ake®igraaiitiariobieht incut, MighigamoUBhitkd ane
embodiment, t ti oly, harid n [ range from 6:1 to
0.5:1, preferabﬁﬁﬁ%m$§:ﬁﬁ§n§5:%r§ %0%%@&%}%%% 1 %%%:%%%ioﬁgﬁ %ﬁ%%egﬁﬁén%nvg\j/hile the
polysaccharide@stpasifgely @rarke §iHopssesnk itk roruiatioenf sadipoly bacenatiiepotassiporogen -

8 - agent may e Ry heeraneRERMRY dnie rhdxiBisie B a1k ABids O ah ANLEMREE Rysftsahiy from

10:1 to 1:1. In this particular embodiment, the agueous solution of step qg‘ is an acidic ~ solution. The
acid may be seRi@BH-iniRrs Gt dridnaYy BEYsRAAA, Brydierimmitiomeanass i ampiciormic
acid, tartaric acigindaljeyhe, astibrhexianie asidepshagbriaasidiver-RlimativebssiisHorogen agent
may be an inorganic ﬁq{[ that can be dissolved once. the %ross- inked polysaccharide scaffold is

immersed in water. An 10 B34RIR 8‘1{’1 O £BBIBLRA% R RobIERES esRaRaYs Al eorrichahhich
would be dissolvetligizogtdsaistetyndndbisrpattitulankanoedimentstbiitacpiedus selution. ofstepie) is an

aqueous soluti r te dm ferahly distilled water. 15The congcentration of the
porogen agent%r(}fg%:%t 395%@? %f @%o%@ﬁ?ﬁgd ?k?‘ engzgrilé:g, %%nl%a?gr?gt&rggznépl%% BE under
the controlfof tifelisaiRieereiientsr Jagtugerodei ayentnot limitBde tveralgiaportaiszefaidisssaffold is

from about 1p%€9fﬁ@&§rﬁ@@ m@%g@ﬁqq@&@ﬁ@g&gbout 150 pm to about 350 pm, more preferably

from about 175 ) o
The agueous solution comprising the polysaccharide may also optionally

include at least one surfactant. Surfactant, as used herein, refers to a compound
that lowers the surface tension of water. The surfactant may be an ionic surfactant,

15 such as sodium lauryl sulfate, or a neutral surfactant, such as polyoxyethylene
ethers, polyoxyethylene esters, and polyoxysthylene sorbitan.

in a particular embodiment, the porogen agent may be an agent that can be

20  transformed info a gas in acidic conditions, with pores being formed by the carbon
dioxide molecules that leach out from the polymer. Exampies of such a porogen
agent include but are not limited to ammonium carbonate, ammonium bicarbonate,
sodium carbonate, and sodium bicarbonate, caicium carbonate and mixiures
thereof. It is preferred to use the porogen agent at such an amount that the weight

25 rati_o of the polysaccharide o the porogen agent is in the range from 6:1 to 1:1,
preferably from 4:1 to 1:1, more preferably to 2:1 to 1:1. Many of these compounds

are available commercially from companies such as Sigma-Aldrich (St. Louis,
Michigan, US). In one embodiment, the ratio of the polysaccharide to the porogen
agent may be in the range from 6:1 to 0.5:1, preferably from 4:1 to 0.5:1, more

30 prefera'bly to 2:1 to 0.5:1. In ancther embodiment, while the polysaccharide is a
positively charged polysaccharide, the ratio of the polysaccharide fo the porogen



pm to about 300 pm. The density of the pores or porosity is from about 4% to about 75%, preferably
from about 4% to about 50%. In another embodiment, the method of the invention may comprise a
further 25 step consisting of freeze-drying the scaffold obtained at step d). Freeze-drying may be
performed with any apparatus known in the art. There are essentially three categories of freeze dryers:
rotary evaporators, manifold freeze dryers, and tray fre@ze dryers. Such apparatus are well known in
the art and are commercially available such as a freeze-dryer Lyovac (GT2, STERIS Rotary vane
pump, BOC 30 EDWARDS). Basically, the vacuum of the chamber is from 0.1 mBar to about 6.5
mBar. The freeze-drying is performed for a sufficient time sufficient to remove 9 - at least 98.5 % of
the water, prefergplyt andydst §0heofzhganfaten, $Aotdpreferplajesatbastodd 3001 o anbdet more
embodiment, tr;jsrg?&tg £ mq @yq@tﬁqﬂ may comprise a further 5 step consisting of hydrating the
scaffold as prepared according to the invention. Said hydration may be performed by submerging the
scaffold in an aqueoud'sHligtiparie darcembatisteiiatée watedile sduiion ofstap agniwsis, acsidine
solution, or an ARy SdiaBgCRIA) 1B SeIiRble REiy UG NNAAAT L g pufficient
to produce a scaffold having the desired water content. 10 For example, when & scaffold comprising
the maximém WHERSHRERERidasRlls 3l sfermiriasidu iriarieacid e isylie saiis bR eEian
amount of time guffigierina allayy the scaffold to swell to its maximum size or volume. Typically, the
scaffold is submerged in the agueous solution for at least about 1 hour, preferably at least about 2
hours, and more preferably about 4 hours to about 24 hours. It is 15 understood that the amount of
time necessary to hydidimmhaivetafftiid tpdhegdasingdrevebyilbdepanihoremise varalifrgterm wich as
the composition,of o[};( harides. th sizefg .g., thick of the scaffold, and th
temperature of%%sglgﬁgso%qslcgo u%icﬁg%gs ]\'f\}E%%sD % Y 52%98%9. chﬁgﬁn’%'%?éﬁﬁcﬁ)m%@%gﬁt, the
hydrated d@affofkaomipri¥csig0% pirnaety AReprifehulsly satiratadatalt, sobstqmeldriahlwabidbef water.
In another parti ' ; a ' fﬁﬁn y be poured i uld before
step b), so thatatr%ezg‘i)'gégﬁg%g%%g %%’Ea?#gcﬁ ﬁtﬁ%%géﬁf § t Emvgfﬁo%&ga%r% gz:%k%ggb%fggir%% form.
Any geometricitRRGSntty HosussSeitiesrdnigiesably imaatioAnDifeentriesabluy distiteso
envisaged. Forgxample, typically, the aqueous solution may be poured in a tubular mould with a
central axis so that the porous scaffold may be tubular with a desired external and internal diameter.
The mould may be made of any material, but preferred material includes non sticky surfaces such as
Teflon. 30lternativelHheseafidiof dieHsvsnigemayhe asasdehapeciarake rdesimssize

and form. in the scaffolds, so that the pore size can be under the control of the concentration

of said porogen agent.

The average pore size of the scaffold is from about 1um to about 500 um,

20  preferably from about 160 ym to about 350 um, more preferably from about 175

um to about 300 pm. The density of the pores or porosity is from about 4% to
about 75%, preferably from about 4% to about 50%. |

In ancther embodiment, the method of the invention may comprise a further

25  step consisting of freeze-drying the scaffold obtained at step d). Freeze-drying
may be performed with any apparatus known in the art. There are essentially three
categories of freeze dryers: rotary evaporators, manifold freeze dryers, and tray
freeze dryers. Such apparatus are well known in the art and are commercially
available such as a freeze-dryer Lyovac (GT2, STERIS Rotary vane pump, BOC

30 EDWARDS). Basically, the vacuum of the chamber is from 0.1 mBar to about

6.5 mBar. The freeze-drying is performed for a sufficient ime sufficient to remove



-10- The methods of the invention can further include the step of sterilizing the scaffold using any
suitable process. The scaffold can be sterilized at any suitable point, but preferably is sterilized before
the scaffold is hydrated. A suitable irradiative sterilization technique is for example an irradiation with
Cesium 137, 35 5 Gray for 10 minutes. Suitable non-irradiative sterilization techniques include, but
are not limited to, UV-exposure, gas plasma or ethylen® oxide methods known in the art. For example,
the scaffold can be sterilized using a sterilisation system which is available from Abtox, Inc of
Mundelein, lllinois under the trade mark PlazLyte, or in accordance with the gas plasma sterilization
processes disclosed in 10 US-5413760 and US-5603895. The scaffold produced by the methods
of the inventionatamalse EbKugeline avatayitablierpbiikaging sha8siad Besivabdy, therpaskagitgymaterial
maintains the sﬁrg&épgéhcg,/scaﬁmd until the packaging material is breached. 15 In another
embodiment, one 6r moré biomolecules may be incorporated in the porous scaffold. The biomolecules
may comprise, in other embodiments, drugs, hormones, antibiotics, antimicrobial substances, dyes,

radioacive substances, SOfeSCERISURRANCRSs ANRATISrBloHREANSP A BONAISLL A9

including 20 any combinations thereof. The substances may be used to en eatment effects,
enhance visualBiaBOPOHSIEIAG QS rbpdratnE g eatalRd 1astesanarest areretinainghm dnuaBES ftness

or any other degisRblRyekRbn A RMBEHSRABY 1he SEATRHAheHEVESLIRICAMBSIRANE OF

more biomolecules as d§scrlbed here above, may be used as a controlled release system of an active

agent. 25 The SRWHBRY FciucSRrnpiand AR e THeERHoMEs fRIEHEPSFOMIT f2tSRIBRd other
growth stlmularﬁsiutmnnerembcad:mmts tbeldniomaestdmmayzcoulpise ebavoiagisdrgantmragtbiotics,

steroidal or non-steroi nalgesics, a ||nfla mataories es anIs nti-cancer, drugs,
various protein o I GhEi KR RO fod SPGB B BIES SRR TS broren);
30 cell attachment m@ummi@t;swbmoglsaaﬁfddtm;g;wdg ﬁhﬁagwxmmdm'gaieqlmenmﬂlgaaeraerous
growth and/or %Qﬁpf 0 [he wth
and d|1‘ferent|a'zlioH‘f£1e g;cgt@s&)igtroma %gl\%ehr?fg{gt émgét%%\ggys%ﬁjp e%E L* 1al g?gv%efgctﬁ fk)JrobIast
growth factors, tﬁléﬂﬂé’t*bérﬁiéﬂf@%Gﬁﬁ?@i&é@gtsnm\@aﬁg%mwa@t&wﬂmnmﬁﬂ&i@@rowth

factors, parathygoigia irP 8 ByrRiGRsBIoRS B4Rt IBgBIIdBo b Foul G %fé&“'y
factors; BMP-2; BMP-4; BMP-6; BMP-12; sonic hedgehog; GDF5; GDF6; GD 8 PDG , small

molecules that 3R ﬁlehﬁﬁféglﬂ&ﬁoﬁ‘ef%ﬁ&fﬁfﬂ?wwﬁ?%to‘}shféﬂﬁs@nﬁ?%‘}a%ﬁrd?%"écldt is

ghondrOItILssulfaﬁaﬁf@maﬁa[c dﬁ@oamdﬂmomqutmdbgi@m@récderwﬁt@eﬂh@de%aﬂ@@atmwedmg
omains; heparijn; heparan su DNA fragments asmids, Si-RNA, transfection agents or any
combination théﬁé&qu?ﬁ’%l eﬁﬁéB&”:ﬁé‘R ?O%Hef@’\fgﬁ) r&uagqbeﬁﬁn %.ﬁﬂfﬁ@"& RN am8r

(HBGF), transformihgpgipsatcizoides)plideordista (8 G . Hibiaknadshadibriblelasteffpivtta factdsg FGF),

epidermal grovxng‘ Fgﬁ@%ﬁhgaaﬁ%(’%%ﬁpgﬂ %émen %é &ri!av ?4:) and SDF-1, some of

which are also andiogenic factors. Ih ano s |nc € hormones such as insulin,
glucagon, and estrogéhalpariedaiccarhpdiameiihtha Mslaedsshtiple commrosperad8dadtordieich as

nerve groygh f?p AHRFIRr BLReR MARiessRiriagtas BIMF)Jaone embodiment, TNF alpha/beta,

or Matrix metalloproteinases (MMPs) are incorporated. Additionally, scaffolds of the invention may
optionally include anti-inflammatory agents, such as indomethacin, salicylic acid acetate, ibuprofen, 20

sulindac, piroxicam, anchnaﬂr@x@mbmw&m@@qntﬁ@mmr@nm fhrineger). hapgeysteine,
and estramustine; and.radio- oggﬁ%efco ound %B%s}%é ium sulfate 8Id%ﬁar ticl s and |ron oxide
nanoparticles @RFiBs]! @ MRYHBRQIG ekkS 5581‘ ﬁt%ﬂ'ﬁ%?%fb%
anti-thrombonarmjbntﬁdutﬁeas\mmmmm itlar asmamedritptatélay agentsisicah msu!ds may be
25 used according fo the invention. Different sizes may be also envisaged. For
example, typically, the agueous solution may be poured in a tubular mould with a
central axis so that the porous scaffoid may be tubular with a desired external and
internal diameter. The mould may be made of any material, but preferred material
includes non sticky surfaces such as Teflon.
30 Alternatively, the scaffolds of the invention may be cut and shaped to take a

desired size and form.



25 aspirin, thienopyridine, dipyridamole or clopidogrel (that selectively and irreversibly inhibits -
adenosine diphosphate (ADP)-induced platelet aggregation) or anticoagulant agent such as heparin or
fucoidan. The combination of heparin (anticoagulant) and tirofiban (antiplatelet agent) has been shown
to be effective in reducing both thrombus and thromboemboli and may be incorporated.. Genistein, a
30 potential isoflavone which possesses dose-dependéht antiplatelet and antiproliferative properties
and inhibits collagen-induced platelet aggregation responsible for primary thrombosis, may also be
incorporated. - 12 - Methods for using the scaffolds of the invention: Scaffolds of the invention are

especially suited for tissue engineering, repair or regeneration. A difference in porosity may facilitate
migration of different déi¢ Bigipedimilibapypitatetegivnser ihelwiaffoddsiepanbeieriétingodienent, a

difference in Poyesihy Ay facHig's lexelopuieoaRpRRlR ealt scal AReaany ARk oo

types comprising the scaffold, required for qﬁpropnate structuring _ PO
developing/repﬁﬁ!ﬁb/r@@%rféﬁéﬁﬁg)ﬁ’séﬁeﬁﬁﬂ zsehraplereefhsroveaifld dstdnsisreraypeuitable

-accommodated,fiarg R RRpiata iadhe ysiadd PeREpsIL ofihe seatisitinenraaiskiah Thergkore, the

scaffold may comprise cells of any tissue. In particular embodiment, the cells are seeded on said

scaffold. Infandfie¥ dRbbimET e WA A ST IHBHRAR SrafisMshErREAHeS RS sbidtion
15comprising taesdesireditsdsdoUansapaung obtimpiasffiaientdtheaableneset@iivuoidhecells

throughout the scaffold In another emhpdiment, scaffold of the invention is.capable of supporting
the viabiity ancReEEyoRih S SERE EIRCF BT G TR GEHORN ARt ioEing
differentiation. whidh amcthei st ddirmeRbiecaffeldadf Bendemioflipoyidesian #mvinataenafar

unstimulated ¢ h (with ivati W% I o t mnen affold of
the invention c?rlla%r%éé %}1 s%é"?g%ﬁgﬁﬁ% g)rgglégg% gr%ggﬂr%%%%gﬁé%&?ég%g%%%@]gglé@gs%g{g rowth,
bone remdlelinéSwdtndaieandd; ubfdi§ehesis (including migration and invasion), differentiation and
angiogenesis. Scaffold allows the creation of defined and controlled environments where specific

processes can be modulated and studied in a controlled manner free of endogenous factors. 30In

particular, scaffold of 1@ ifgaHakhreadused B¥dnsmeshems @ e invention can be packaged in

any suitable packaging material. Desirably, the packaging material maintains the
sterility of the scaffold until the packaging material is breached,

15
in another embodiment, one or more biomolecules may be incorporated in the
porous scaffold. The biomolecules may comprise, in other embodiments, drugs,
hormones, antibiotics, antimicrobial substances, dyes, radioactive substances,
fluorescent substances, anti-bacterial substances, chemicals or agents, including

20 any combinations thereof. The substances may be used to enhance treatment
effects, enhance visualization, indicate proper orientation, resist infection, promote
healing, increase softness or any other desirable effect. in said embodiment, the
scaffold of the invention, comprising one or more biomolecules as described here
above, may be used as a controlied release system of an active agent.

25 ~ The scaffold produced by the methods of the invention is free from growth
factors and other growth stimulants. In one embodiment, the biomolecule may
comprise chemotactic agents, antibiotics, steroidal or non-steroidal analgesics,
antiinflammatories, immunosuppressants, anti-cancer drugs, various proteins (e.g.,
short chain peptides, bone morphogenic proteins, glycoprotein and lipoprotein);

30 cell attachment mediators; biologically active ligands; integrin binding sequence;
ligands; various growth and/or differentiation agenis (e.g., epidermal growth factor,
IGF-I, IGF-l, TGF-[beta], growth and differentiation factors, stromal derived factor



diagnostic or toxicological dosages. In this embodiment, the scaffold of the invention would allow
evaluation of the toxicity of a product directly on cells - 13 - present in a 3D environment. In said
embodiment, the scaffold of the invention is used for cultivating cells useful for the evaluation of the
toxicity and/or pharmacology of a product, such as hepatocytes, embryonic stem cells, epithelial cells,
keratinocytes, or induced pluripotent stem cells (iPS céils). In another embodiment, scaffold of the
invention is capable of supporting growth and differentiation of cell types in vitro and in vivo. In
another embodiment, the cells are stem or progenitor cells. In another embodiment the cells may
include but are not limited to chondrocytes; 10 fiborochondrocytes; osteocytes; osteoblasts; osteoclasts;
synoviocytes; b8B& thanasewelsentkdbaichy gravdslSaepitise it madlasheyratoity tesstorasghtatts;;
stromal cells; s Is; ryQnie ste ; S ved f (’“itl tissue; peripheral
blood progenitoE?éc;ﬂe\st%g :%Srwttgeli%%j[sgo ate S?F%uri %%rdﬁftéﬁs ’§%%S§§t§’%|ﬁﬁ%§§1 %‘ﬁfﬁﬁé Illé‘?a cells);
genetically trank6iofind BaIRINTOB! cHMBIMTeN RATBHIYINgC e sTapRotFiatesds persigabirdioR; of

osteocytes and?ﬁﬁ?&%ﬂ%@éﬁ%igafﬁ%@;WE%W%%@H@GFB%P%%?WH@B%E%@?G
d ot | I ination of

marrow cells an er cells’ a combination of mesenchymal cells and other cells; a com

stromal celfs arfdRiRer@RiE: (GBRbiITHGHT 61 SR cBlegtesiBrtalled dompiraRmaiadn®iyonic
stem cells and ggifremvicpiBRiIRAtieN=22iAIEraganitenReHSIE AR RIFHMA adwtdssprnsgiather

cells; a combingtion of peripheral blood progenitor cells gnd other cells; a combination of stem cells
isolated from a Sﬁ?f&u&%@%?ﬁ&%&s;"{3#8%‘86?%8ff‘%aioﬂ%tggﬁetigﬁﬁ)f?%%&gmgeodegfl@%d other
cells. In anothehapakiadinsearaangwfdte spicall&agmsesn DRAcalislditiand®RBNethesisstfdim
invention, may netically engineered.1o express a desired molecule, such as for example green
fluorescent pro?esﬁg{%lgééﬁ%yﬁgoﬁﬁé)}n%%ﬁg {f'uecﬁgqrase, phosphatise alkaline), heparin binding growth
factor (HBGF), transfénnting @mimldifaerdr@@Nﬁloiabélsﬁ(.‘{f@m&@thgpatp‘h@imoblmﬁw’g‘rdmtmactor
(FGF), epidermalgrawth [acden i brxaﬁﬁ%tsp%%t%%"%@ i aWHRdadiae 3 ,%E%F?i&%ﬂsggfﬁ'l’

some of which are also angiogenictactors. In another em ment expressed factors inclu

hormones suchBERWESRFOHItAGbreriderest ggewthHasisthdi@mbanmdat Rrdersieh axntive
growth factor (MR QUEGH); BHésSIBroorrBagepiclARARTAdMIb ahiiRRAMBELEIBROGIMBRInENF

alpha/beta are expressed. In agart,icular embodiment, scaffolds of the invention are suitable to 5

prepare vascul§ FBRE Sa0 8D [ACKIAB ANTBRNES FHAR A% RSB SHRRIRE BRGSO ERRouat et
al. (Chaouat MsbeyisagsGirfsutis sie risyChaudesiFablietesirmerbdriiee favetunatiaicnf assmalgliameter

polysaccharide-trJas d %ré%riail&gq:f igrr%tﬁ'sc ng%tIgrri]als. %%Op %ym&%@?‘:qg%%& E u%h%oo Jul
20.). Such sub&it) ,_es,maylb prep})ared accoromlg RO HE MEtAG hvention BVugl g gt
TNF aipha/beta, or Matrix metalloproteinases (MMPs) are incorporated.
Additionally, scaffoids of the invention may opfionally include anti-
inflammatory agents, such as indomethacin, salicylic acid acetate, ibuprofen,
20 sulindac, piroxicam, and naproxen; thrombogenic agents, such as thrombin,
fibrinogen, homocysteine, and estramustine; and radio-opaque compounds, such
as barium sulfate, gold particles and iron oxide nanoparticles (USPIOs).
Additionally, scaffolds of the invention may optionally comprise anti-
thrombotic agents such as antivitamin K or aspirin, antiplatelet agents such as
25 aspirin, thienopyridine, dipyridamole or clopidogrel (that selectively and irreversibly
inhibits  adenosine diphosphate (ADP)-induced platelet aggregation) or
anticoagulant agent such as heparin or fucoidan. The combination of heparin
{anticoagulant) and tirofiban {antiplatelet agent) has been shown to be effective in
reducing both thrombus and thromboemboli and may be incorporated. Genistein, a
30 potential isoflavone which possesses dose-dependent antiplatelst and
antiproliferative properties and inhibits collagen-induced platelet aggregation
responsible for primary thrombosis, may also be incorporated.



io mould as above described. Such substitutes may then comprise a population of cells to reconstruct
in vitro or in vivo a vessel. In another embodiment the cells may include but are not limited to
Mesenchymal Stem Cells (MSC), Endothelial Progenitor cells (EPCs), endothelial cells, fibroblastic
cells and smooth muscle cells. 15 In another particular embodiment, scaffolds of the invention are
suitable to prepare cartilage or bone implants. In such geway, the scaffolds of the invention may be
loaded with chondrocytes, osteocytes; osteoblasts; osteoclasts; vascular cells or mixtures thereof, and
may be cultured in presence of differentiating agents. 20 The site of implantation is dependent on
the diseased/injured tissue that requires treatment. For example, to treat structural defects in articular

‘cartilage, meniscus, and bone., therpibaeddedishprngiesardile vikhe Plassan the defect site to
promote repair of the damaged tissue. 25 In case of central nervous system (CNS) injuries, the

composite scaffold can be seeded with a combination of adult neuronal stem cells, embryonic stem -
cells, glial cells and Séeffaielisolithehépesfivreare mémetiintntsihedtompesite sngffeleery) epgeeded

ith'Sertoli cell ' t li 0 ' Il i i
Combination with roaEL e St ere e Bl RS R R, TR e AR oot o
a period before Befida dhetpromsiaiad segisegquehttimplacalitinh aintharsiteesf Empurgdiftist- &5 -
approach can cipigiyRBt ane Rl tsnnais N Ursies.al C%\Ué%?H'YeW (ﬁdwfﬂ gﬁg-traﬁn%?ﬂﬁmggﬁthe

survival of the stem cells following transplantation. A composite scaff ps a large number of

Sertoli cells carPBROGRHOBH FRGREnR felhiPRsKerertisiaebe seaffaidsipauipeffstermnpomsiase
Accordingly, thepesRim@obrsanshaiselspaitpid puihieh isqurpargthagRIdngHg; the presgntdgyention,

can be effectiveI}/ used as a raw material for fabricating artificial tissues or organs such as artificial

blood vessels, BIEFERTHIHIBR SRR QGYe O5pREERIEMPHRIY MBAIR sARPIRRIATRYAME, thesvatieteart

10 porosity of the scaffolding material. Therefore, the scaffold may comprise cells of
any tissue,

In particutar embodiment, the cells are seeded on said scaffold. In another

embodiment, the scaffolds of the invention are submerged in a culture solution

15 comprising the desired cells for an amount of time sufficient to enable penetration
of the cells throughout the scaffold.

In another embodiment, scaffold of the invention is capable of supporting
the viability and the growth of seeded cells in culture over long periods of time
20 without inducing differentiation.
In another embodiment, scaffoid of the invention provides an environment
for unstimulated cell growth (without activation by growth stimulants)

In another embodiment, scaffold of the invention can be used to study

25  physiological and pathological processes such as tissue growth, bone remodeiing,

~ wound healing, tumorigenesis (including migration and invasion), diffsrentiation

and angiogenesis. Scaffold aliows the creation of defined and controlied

environments where specific processes can be modulated and studied in a
controlied manner free of endogenous factors.

30 in particular, scaffoid of the invention can be used for 3D culture for

diagnostic or toxicological dosages. In this embodiment, the scaffold of the

invention would allow evaluation of the toxicity of a product directly on cells



o valves, artificial skins, orthopedic implants, artificial muscles, artificial ligaments, artificial respiratory
organs, etc. Further, the porous polysaccharide scaffold of the present invention can be prepared in
the form of a hybrid tissue by blending or incorporating on or into other types of biomaterials and with
functional cells derived from tissues or organs. It may have various biomedical applications, for
15example, to maintain cell functions, tissue regeneratidn, etc. Alternatively scaffolds of the
invention may be used for cell delivery. Actually, scaffolds of the invention may be used as a raw
material for preparing cell delivery systems that can be administered to a subject for therapeutic or 20
diagnostic purposes. In a particular embodiment, scaffolds of the invention may be used to prepare a
patch, a biofilmpseseatéssindirenviranpe réatiegajd tRrobibsiiment xim siea fiudffs dseofvmniinre ttion

may used to prepate A AresRDgHhat cande aBRliedHN the skiniprrrogstmeling.arhpalingdpe skin.

Alternatively, said dressing may used to be applied on the heart of a subject for treating ischemia

25(myocardial RISFEIRADIORY tADIPERIGH ST AS e pBiRAES a RIS <dam RS capBhedain thus
migrate into the;kaRIAE iS22l OFIABuced BhaRiiaet afBhedinenh seaffields of the invention may be

used for culturing cells. Cells may then be stimulated to undergo growth of differentiation or other
30physio|o@ical processes by the addition of appropriate growth factors. Culture medium containing
one or more cytokines grayitia fagtiysdhosntoreaftsia of Greonveingsionsthareofionstysbepsaddor
maintaining cells |r\}v§1(r)| CLTJ](E)(AEI'] re”‘é%“;?ﬁnﬁ?tc%t %ogscgﬁfer%él:éeﬁw%%e\llls into a particular pathway. More

: (6] eren o} Vi vD. :
particularly, the 2R € invention may be‘used for tcing B'molecules of interest. Actually,

scaffolds of the inventivamityebesodsrtimpndvitie adlislagicatenviropnogenitrtbelian¢tharagiber cells in

bi tor, Il th ' lecules,..Th f ' |
Provide mechasie N bk ca braecion o o Slrad cal. T Ceafla< o Poe erve as a

cell resery8ir folpREHBHTGIERFedOStERRItRS e 9a0RIABIBT oteHBO ORFIic roRGORYESSindone ,
nucleotides. ForgxampiBrofsiieAtierastinguds bubpie Boidmileddp drRuth{acioes. hginones,

signal molecules, inhibitors of cell growth, and antibodies. Scaffolds of the invention are particularly

interesting for PTEENGERNSEBhAHibBTEY IS RIRIE el IReRHEMes/!Bedatyes,itimm o
produce organigdpelecuiesusyicieapiilendd Uskotb etrpeisiconmeaiunn. ceils lsdibtedurapseadiie

e PG B O R e R e et
insect cells plartrobitsitiere. & peuiind xaigs et ohtios Eelidi, Klwprebimjicasair osteocytes and
other cells; a combination of synoviocytes and other cells; a combination of bone
marrow cells and other cells; a combination of mesenchymal cells and other cells;
a combination of stromal cells and other cells; a combination of stem cells and
other cells; a combination of embryonic stem cells and other cells; a combination
20  of progenitor cells isolated from adult tissue and other cells; a combination of
peripheral blood progenitor cells and other cells; a combination of stem cells
isolated from adult tissue and other celils; and a combination of genetically
transformed cells and other cells.
In another embodiment, any of these cells for use in the scaffoids and
25  methods of the invention, may be genetically engineered to express a desired
molecule, such as for example green fluorescent protein (GFP), reporter gene
(luciferase, phosphatise alkaline), heparin binding growth factor (HBGF),
transforming growth factor alpha or beta (TGF.beta.), alpha fibroblastic growth
factor (FGF), epidermal growth factor {TGF), vascular endothelium growth factor
30 (VEGF) and SDF-1, some of which are also angiogenic .factors. In another
embodiment expressed factors include hormones such as insulin, giucagon, and
estrogen. In another embodiment factors such as nerve growth factor (NGF) or



20 Saccharomyces yeasts, mammalian cell lines (e.g., Vero cells, CHO cells, 3T3 cells, COS cells,
etc.) as well as primary or established mammalian cell cultures (e.g., produced from lymphoblasts,
fibroblasts, embryonic cells, epithelial cells, nervous cells, adipocytes, etc.). More particularly, the
invention contemplates the use of established cell lines such as hybridomas. Alternatively, the cells
may be 25 genetically engineered to express a desired #itolecule as described above. The scaffold
of the invention may be loaded with cells, cultured for a certain period of time then the cells can be
retrived/extracted/separated from the scaffold for further use, such as therapeutic or diagnostic
applications or cell analysis. Separation of the cells from the scaffold may involve the use of enzymes
that 30 could degradie therptaifeitic Jactoaghvivify|asraisesamdiar tabsdiméanZhNresitratlsetddidetach
the cells such ae}%?cg%'gee@ase’ elastase, trypsin or cell-detaching solutions such as EDTA. - 17 -

The invention willfurther be illustrated in view of the following figures and examples. 5FIGURES:
Figure 1: A porous scaffold obtained as in Example 1 (Scale: 6 mm) Figure 2: A porous scaffold

obtained as in Exampi 4 ARG EisrBsaRMICRstRRARAS GRSt gl alidpags

scale: 200 microns). Figure 3: Formazan absorbance (570 nm) at day 1 as a function of the initial
number of EellSBEAR WiFRBIRIuSURSdIaS. tPsEopkaap qogipromised arteries as described for

Examplel:Polysasaiipedes-basedseaffoldspernasation Polysasaharide-kagsssicalfagmisse prepared

using using a mixture of ulap/dextran 75:25 (pullulan, MW 200,000, Hayashibara Inc., Okayama,
Japan; 20 dex%%%%g%oﬁ%ﬁgﬁﬁ@&%& af R 15D EHIAHEIEhIRAN AL HidpHaseey Aig8alving 9

gr of pullulan agea® gn ohtexBiamintaid® TRO0GSHIET (BaessFedBMTab aGus (RioPwas Shen added
to the polysacchari lution and stirrin s maintained until a hgmogeneous mixtyre was obtained.
Chemicalycrosssfﬁﬁ%ﬁgﬁg?u&?ysa%&réﬁéég\é\?% %%@?88 (%)%t u%iﬁi;e ?ﬂ%gérg E%Iﬂﬁar@é)éﬂ?%rw%%%% I25
trimgtaph@ephqtmgﬁl\ﬁﬂ (Sigvaadscribed) Sudbrwbatitl_d&smmjpmdﬁrimmm rifitiprelaticO b
sodium hydroxigigas aEiein g AlisPasRreaagdssIon. e Addiiop gL one

millilitre of water containing 300 mg of STMP. The mixture was then poured into petri dishes

(NunclonO, #15028d)elHde Ribatedat 50tiesr tesMare resinH ey derlls WeRGMmadathelial
immersed 30 iptRgdanae BERKIEPTURINAEARMIM @AUC AsidsaAlionfRr ahlpash3NmMinUEes:

Resulting scaffolds were washed extensively with phosphate buffer saline pH 7.4 then with distilled
water for at Ieag?ﬁsdays. After a freeze-drying step, porous
15

in another particular embodiment, scaffolds of the invention are suitable o
prepare cartifage or bone implants. In such a way, the scaffolds of the invention
may be loaded with chondrocytes, osteocytes; osteoblasts; osteoclasts; vascular
cells or mixtures thereof, and may be cultured in presence of differentiating agents.

20

The site of implantation is dependent on the diseased/injured tissue that
requires treatment. For example, to treat structural defects in articular cartilage,
meniscus, and bone, the cell-seeded composite scaffold will be placed at the
defect site to promote repair of the damaged tissue.

25

In case of central nervous system (CNS) injuries, the composite scaffold
can be seeded with a combination of adult neuronal stem cells, embryonic stem
cells, glial cells and Sertoli cells. in the preferred embodiment, the composite
scaffoid can be seeded with Sertoli cells derived from transformed cell lines,

30 xenogeneic or allogeneic sources in combination with neuronal stem cells. The
Sertoli cells can be cultured with the composite scaffold for a period before
addition of stem cells and subsequent implantation at the site of injury. This



- 18 - scaffolds were stored at room temperature until use. Scanning Electron Microscopy analysis
confirmed the porosity of the scaffolds (Figure 1 and 2). Example 2: Types of polysaccharides:
Porous scaffolds were prepared as described in example 1, using different types and ratios of
polysaccharides, while keeping the total amount of polysaccharide at a constant value.
Polysaccharides were either pullulan, dextran 500, fucbfdlan LMW (Low Molecular Weight) and
fucoidan HMW (High Molecular Weight). Pullulan Dextran 500 Fucoidan LMW Fucoidan HMW
Solubilization Viscosity 100% +++ +++ 100%

approach can circumvent one of the major hurdles of cell therapy for CNS

applications, namely the survival of the stem cells following transplantation. A

composite scaffold that entraps a large number of Serioli ceils can provide an

environment that is more amenable for the survival of stem cells.

Accordingly, the porous polysaccharide scaffold, which is prepared
according to the present invention, can be effectively used as a raw material for
fabricating artificial tissues or organs such as artificial blood vessels, artificial
bladder, ariificial esophagus, artificial nerves, ariificial hearts, prostatic hean

10 valves, artificial skins, orthopedic implants, artificial muscles, artificial ligaments,
artificial respiratory organs, etc. Further, the porous polysaccharide scaffoid of the
present invention can be prepared in the form of a hybrid tissue by blending or
incorporating on or into other types of biomaterials and with functional cells
derived from tissues or organs. It may have various biomedical applications, for

15  example, o maintain cell funclions, tissue regeneration, etc.

Altermatively scaffoids of the invention may be used for cell delivery.

Actually, scaffolds of the invention may be used as a raw material for preparing

cell delivery systems that can be administered to a subject for therapeutic or

20 diagnostic purposes. In a particular embodiment, scaffolds of the invention may be

used to prepare a patch, a biofilm or a dressing that can be loaded with cells. For

example, scaffoids of the invention may used to prepare a dressing that can be

applied on the skin, for reconstructing or healing the skin. Alternatively, said

dressing may used to be applied on the heart of a subject for treating ischemia

25 (myocardial infarction). In those embodiments, the cells that are entrapped in the
scaffold can thus migrate inio the targeted tissue or organ.

In another embodiment, scaffolds of the invention may be used for culturing

cells. Cells may then be stimulated to undergo growth of differentiation or other

30 physiclogical processes by the addition of appropriate growth factors. Culture
medium containing one or more cytokines, growth factors, hormones or a



+/- 50% 50%

10

15

20

25

30

++ ++ 75% 25% ++ ++ 75%

-16-

combination thereof, may be used for maintaining cells in an undifferentiated state,
or for differentiating cells into a particular pathway.

More particularly, the scaffold of the invention may be used for producing
molecules of interest, Actually, scaffolds of the invention may be used to provide a
bioloéicai environment for the anchorage of cells in a bioreactor, so that the cells
can produced the desired molecules. The scaffolds of the invention provide
mechanical'and biochemical protection of the cultured celis.

The scaffolds may thus serve as a cell reservoir for producing desired
molecules such as proteins, organic molecules, and nucleotides. For example,
proteins of interest include but are not limited to growth factors, hormones, signal
molecules, inhibitors of cell growth, and antibodies. Scaffolds of the invention are
particularly interesting for producing monoclonal antibodies. Scaffolds of the
invention may be also suitable to produce organic moiecules such as flavours,
therapeutic molecules...

in this purpose, the scaffolds of the invention may be loaded with any type
of cells, including prokaryotic and eukaryotic cells. For examples, scaffolds of the
invention may be load with bacteria, yeast cells, mammalian cells, insect cslls,
plant cells, etc. Specific examples inciude E.coli, Kiuyveromyces or
Saccharomyces yeasts, mammalian cell lines (e.g., Vero celis, CHO cells, 3T3
cells, COS cells, efc.) as well as primary or established mammalian cell cultures
(e.g., produced from lymphoblasts, fibroblasts, embryonic cells, epithelial ceils,
nervous cells, adipocytes, etc.). More particularly, the invention contemplates the
use of established cell lines such as hybridomas. Alternatively, the cells may be
genetically engineerad to express a desired molecule as described above,

The scaffold of the invention may be loaded with celis, cultured for a certain
period of time then the celis can be retrived/extracted/separated from the scaffoid
for further use, such as therapeutic or diagnostic applications or cell analysis.
Separation of the cells from the scaffold may involve the use of enzymes that
could degrade the scaffold, such as puliulanase and/or the use of enzymes that
could detach the cells such as collagenase, elastase, trypsin or cell-detaching

solutions such as EDTA.



25% +/- +++ 75% 25% Solubilization (+++ indicates a complete solubilization of the
polysaccharides) and viscosity of the resulting polysaccharide solution (+++ indicates a very high
viscosity of the solution) were visually assessed. In all cases, porous scaffolds were obtained at the
end of the protocol. Example 3: Porogen amount: Porous scaffolds were prepared as described in
example 1, while varying the amount of the porogen-abént. Briefly, 2, 4 or 8 gr of sodium carbonate
were added to the pullulan/dextran solution. Porogen agent Solubilization Viscosity Porosity 29

The invention will further be illustrated in view of the following figures and

examples.
5 FIGURES:
Figure 1: A porous scaffold obtained as in Example 1 (Scale: 6 mm)

Figure 2: A porous scaffold obtained as in Example 1: scanning Electron
10 Microscopy analysis of the scaffold (right image, scale: 200 microns).

-Figure 3: Formazan absorbance (570 nm) at day 1 as a function of the

initial number of cells seeded on porous scaffolds.

15 EXAMPLES:

Exampie 1: Polysaccharides-based scaffolds preparation:
Polysaccharide-based scaffolds were prepared using using a mixiure of
pullulan/dextran 75:25 (pullulan, MW 200,000, Hayashibara Inc., Okayama, Japan;

20 dextran MW 500,000, Pharmacia). A polysaccharide solution was prepared by
dissolving 8 gr of pullulan and 3 gr of dexiran into 40 mL 6f distilled water. Sodium
carbonate (8 g) was then added to the polysaccharide solution and stirring was
maintained until a homogeneous mixture was obtained. Chemical cross-linking of
polysaccharide was carried out using the cross-inking agent trisodium

25  ftrimetaphosphate STMP (Sigma, St Louis) under alkaline condition. Briefly, one
millilitre of 10M sodium hydroxide was added to 10 g of the polysaccharide
solution, followed by the addition of one millilitre of water containing 300 mg of
STMP. The mixture was then poured into petri dishes (Nunclon®, #150288) and
incubated at 50°C for 15 min. Resulting hydrogels were immediately immersed

30 into a large beaker containing a 20% acetic acid solution, fo.r at least 30 minutes.
Resuiting scaffolds were washed extensively with phosphate bufier saline pH 7.4
then with distilied water for at least 2 days. After a freeze-drying step, porous



+++++ 49 8g ++ ++++ -19- Solubilization (++ indicates a complete solubilization of the
polysaccharides), viscosity of the resulting polysaccharide solution (+++ indicates that a very high 5
viscosity of the solution) and porosity were visually assessed. For scaffolds prepared with the lowest
amount of porogen (2 g), the effervescence process was moderate, as compared to the effervescence
obtained with 4g and 8g of porogen agent. In all casedgoorous scaffolds were obtained at the end of
the protocol. ioExample 4: Cross-linker concentration: Porous scaffolds were prepared as described in
example 1, while varying the amount of the cross-linking agent from 200 mg to 500 mg. Cross-linking
agent

scaffoids were stored at room temperature until use. Scanmning Electron

Microscopy analysis confirmed the porosity of the scaffolds (Figure 1 and 2).

Example 2: Types of polysaccharides: Porous scaffolds were prepared

5 as described in exam'pfe: 1, 'usingildifferent types and ratios of polysaccharides,

while keeping the total amount of polysaccharide at a constant value.

Polysaccharides were either pullulan, dextran 500, fucoidan LMW (Low Molecular
Weight) and fucoidan HMW (High Molecular Weight).

Puliulan Dextran Fucoidan Fucoidan Solubilization | Viscosity
_ 500 LMW HMW
100% 4+ b
100% /= +
50% 50% - ++
75% 25% et ++
75% 25% +/- 4+
75% 25% + +
10
Solubilization (+++ indicates a complete solubilization of the
polysaccharides) and viscosity of the resulting polysaccharide solution (+++
indicates a very high viscosity of the solution) were visually assessed. In all cases,
~ porous scaffolds were obtained at the end of the protocol.
15

Example 3: Porogen amount: Porous scaffolds were prepared as
described in example 1, while varying the amount of the porogen agent. Briefly, 2,
4 or 8 gr of sodium carbonate were added to the puliulan/dextran solution.

Porogen agent Solubilization Viscosity Paorosity
29 e ++ +

4q o +4 ++

8¢g ++ +4+




Solubilization Viscosity Porosity 200 mg ++ ++ -H- 300 mg ++ ++ ++ 400 mg ++ +++ ++ 500 mg ++
+++

-10-

Solubilization (++ indicates a complete solubilization of the polysaccharides),
~ viscosity of the reéulting polysaccharide solution (+++ indicates that a very high
5 viscosity of the solution) and porosity were visually assessed. For ‘scaffolds
prepared with the lowest amount of porogen (2 g), the effervescence process was
moderate, as compared to the effervescence obtained with 4g and 8g of porogen
agent. In all cases, porous scaffolds were obtained at the end of the protocol.

10 Example 4: Cross-linker concentration: Porous scaffolds were prepared
as described in example 1, while varying the amount of the cross-linking agent
from 200 mg to 500 mg.

Cross-linking agent Solubilization | Viscosity Porosity
200 mg ++ ot ++
300 mg ++ +t ++
400 mg ++ ot | ++
500 mg ++ P +
15 Solubilization  (+++ indicates a complete solubilization of the

polysaccharides), viscosity of the resulling polysaccharide solution (+++ indicates
that a very high viscosity of the solution) and porosity were visually assessed. In
ali cases, porous scaffolds were obtained at the end of the protocol.

20 Example 5: Cell loading into the porous scaffolds: Human bone marrow
Mesenchymal Stem Cells (hMSC) were culiured on scaffolds prepared as in
Example 1. A circular punch was used fo cut 6mm diameter and 1mm thickness
round-shaped porous scaffolds. Culture medium consisted of low glucose DMEM
(Gibco, Life Technology, New York) with 10% fetal bovine serum and 1%

25  penicillin/streptomycin (Sigma). After cell trypsinization, rehydration of the dried
scaffold was performed with 20 uL of cell suspension (10° cells/scaffold). Samples



+ 15Solubilization (+++ indicates a complete solubilization of the polysaccharides), viscosity of the
resulting polysaccharide solution (+++ indicates that a very high viscosity of the solution) and porosity
were visually assessed. In all cases, porous scaffolds were obtained at the end of the protocol.
20Example 5: Cell loading into the porous scaffolds: Human bone marrow Mesenchymal Stem Cells
(hMSC) were cultured on scaffolds prepared as in Exa®fple 1. A circular punch was used to cut 6mm
diameter and 1mm thickness round-shaped porous scaffolds. Culture medium consisted of low
glucose DMEM (Gibco, Life Technology, New York) with 10% fetal bovine serum and 1%
25penicillin/streptomycin (Sigma). After cell trypsinization, rehydration of the dried scaffold was
performed with @mpLtieétetisnmieedion (L0 cdlisiduatokddEamfdesip 20 + weesk tHéommsasttathed in 1

L of cul ' - folds.i ' | di
were used as cEoHEE SR R R e O S8 O ey rerasoliun
bromide, Sigma) was perfoneiedeicassassatie céMVibbility-Brieflijre b Bdisgohe-gtheicsdipimybf MIT
(Sigma) was m%@%ﬁ@%&%@\@&&@ﬁ% ﬁf@%éﬁ%{b%%&@ et (Gt Bl hegeagent

solution. After washing the sc_affqlds with PBS, the formazan crystals were solubiliZed in 0:3 mL of
Isoproprandl/HE1BB4IHOAKSEsRTEOWAS Tdctamal aasoninreihOaiic il Realiqidmuixan,
Thermo Electrom&uprerptiomnaValharc Mah Absarbsnassakddisa Lavagorirentr nraramrignakto the

initial number of cells seeded i scaffolds (figure 3). Similar experiments were successfully
carried out Withﬁﬁ‘?‘%‘?@%llw&& E?]%h a‘%eprﬁ?fé%%cﬁ)rﬁ%odﬁ?ﬁus% Wil g efdotittiaPtells
from animal andsburarandHCILE,04M. Absorbance was recorded at 590 nm with a microplate
reader (Multiskan, Thermo Electron Corporation, Waltham, MA). Absorbance at
10 day 1 was directly proportional to the initial number of cells seeded in the scaffolds
(figure 3).
Similar experimenis were successfully carried out with other cell types such
as primary vascular smooth muscle cells and endothelial celis from animal and
human origin.
15
Exampie 6: confocal analysis of cell behavior within the porous
scaffoids: Fluorescent scaffolds were prepared as in example 1, by adding a
small amount (5 mg) of FITC-dextran to the polysaccharide solution. Fluoreécent
scaffolds were seeded as in Example 5, with hMSC labeled with a flucrescent
20 marker (PKH28, SIGMA P9691) according to the manufacturer's instructions).
Confocal imaging confirmed the porous structure of the scaffoid.

Example 7: Cell Viability by Live and Dead Assay: Confocal imaging was
used to assess the cell viability with a live/dead assay (Calbiochem, San Diego,
25 CA), based on the use of two fluorescent probes that measure the cell membrane
permeability: a cell-permeable green fluorescent dye to stain live cells (calcein
AM) and a cell nonpermeable red fiuorescent dye {propidium iodide) 1o stain dead
cells. At day 7, most of the cells were live cells, with only few dead cells found
within the scaffolds.
30



Example 6: confocal analysis of cell behavior within the porous scaffolds: Fluorescent scaffolds were
prepared as in example 1, by adding a small amount (5 mg) of FITC-dextran to the polysaccharide
solution. Fluorescent scaffolds were seeded as in Example 5, with hIVISC labeled with a fluorescent
20marker (PKH26, SIGMA P9691) according to the manufacturer's instructions). Confocal imaging
confirmed the porous structure of the scaffold. Exatrple 7: Cell Viability by Live and Dead Assay:
Confocal imaging was used to assess the cell viability with a live/dead assay (Calbiochem, San Diego,
25 CA), based on the use of two fluorescent probes that measure the cell membrane permeability: a
cell-permeable green fluorescent dye to stain live cells (calcein AM) and a cell nonpermeable red
fluorescent dye (propidium iodide) to stain dead cells. At day 7, most of the cells were live cells, with
only few dead cells fogn%'w %r%th%ﬁgeaﬁfolﬁ T %or%éam e 8 mflueng the ogen agent on
scaffold porosity Porous sc S were prepare SO I s varylng the amount
and the nature Mw&a@%gm&t%pmﬁ@@tabadambeﬁflmmnbpérowimamm Strag of
FITC-dextran. w, ti pical S a Zeiss
LSM 510 confoggfc rgﬂggggggeg %Qﬂb@g@? 0@2&?‘%4 éPer?nggnc%%%c%]lp%\%tﬁs%18”{\8&%%%%eonuar

objective lehs (ﬁ@ﬁﬁ’é‘ﬁc?éiaé@@ﬁn% B8 @%’f*(@?aﬁ%@g)“ﬁrﬁ@d@&ﬁ&h thapelysaeaharidiessahutinih an
argon laser anddis;lipsasaeAs eraieSI R SRRRIed 2yes A05P 39 ML AR LANGRGsS IR - (BaFe size

was assessed with ImageJ(r) software. Void volume was calculated with a statlstlcs/volume

measurement rSRie ArhFR0 GBI REHRESHS Wib ExphasElaDeR HuricpRiRE 18BSscaffold

volume. Polysagavadties Rperges apentiMean disssiarifmiidieiey Wusextm P utluiem (oNitrdextran

500 (3g) Sodium Carbonate
an argon

8

ggzand its fluorescent emission was selecited by a 505-530 nm

10 bandpass filter. Pore size was assessed with ImageJ® software. Void volume was
~calculated with a statistics/volume measurement module from Amira® software

and results are expressed as a percentage of the scaffoid volume.

15

20

Polysaccharides Porogen agent Mean diameter (um) Veid voiume {%)
Puilulan (9g} + Sodium Carbonate o
dextran 500 {3g) (Bg) 195 37%
Sodium Carbonate
dz‘:{'r‘;‘g“ségg()sg) (8g) + Sodium 207 71%
Chiloride (2g)
Sodium Carbonate
dzggggc(}%g@) (8g) + Sodium 272 59%
Chioride (8g)

Exampie 9 : positively charged polysaccharide

Paositively charged porous scaffolds were prepared using using DEAE-Dextran as

the only polysaccharide. Briefly, DEAE-dextran solution was prepared by
dissolving 1 g of DEAE-dexiran (Fluka reference #30461) into 1.5 ml of distilled
water. Sodium carbonate (100mg) was then added to the polysaccharide solution

and stirring was maintained until a homogeneous mixture was obtained. Chemical

cross-linking of polysaccharide was carried out using the cross-linking agent

trisodium trimetaphosphate STMP (Sigma, St Louis) under alkaline condition.




195 37% Pullulan (9g) + dextran 500 (3g) Sodium Carbonate (8g) + Sodium Chloride (2g) 207 71%
Pullulan (9g) + dextran 500 (3g) Sodium Carbonate (8g) + Sodium Chloride (8g) 272 59% 15Example
9 : positively charged polysaccharide

-22.

Briefly, 150uL of 10M sodium hydroxide was added to the polysaccharide solution,
followed by the addition of 150pL of water containing 45 mg of STMP. The mixture
was then poured into petri dishes (Nuncion®, #150288) and incubated at 50°C for

- 15 min. Resulting hydrogels were immediately immersed into a large beaker

5 confaining a 20% acetic acid solution, for at least 30 minutes. Resulling scaffolds
were washed extensively with phosphate buffer saline pH 7.4 then with distilled
water for at least 2 days. After a freeze-drying step, porous scaffoids were

obtained and stored at room temperature until use.

10 Example 10 : negatively charged polysaccharide
Negatively charged porous scaffolds were prepared by adding fucoidan (Sigma
reference #F5631) to a pullulan/dextran mixture. Briefly, a polysaccharide solution
was prepared by dissolving 9 g of puliulan and 3 g of dextran into 40 mL of distilled
water, then adding 1.2g of fucoidan into the polysaccharide solution. Sodium

15 carbonate (8 g} was then added 1o the polysaccharide solution and the cross-
linking process was carried out as described in Example 1 to obtain a 3D scaffold
that contains a negatively charged polysaccharide.

Example 11: differentiation of human mesenchymal stem cells into

20 chondrocyte-like cells in 3D scaffolds
Human bone marrow Mesenchymal Stem Cells (hMSC) were culiured on scaffolds
prepared as in Example 1 in serum-free chondrogenic medium. Chondrogenic
medium consisted of DMEM supplemented with 10 ng/ml TGF-B3 (Oncogene,
Cambridge, MA), 100 nM dexamethasone (Sigma, St Louis, MO}, 170 uM ascorbic
25 acid 2-phosphate (Sigma, St Louis, MO) and 5 miL of ITS-pius (Collaborative
Biomedical Products, Bedford, MA). Afier 3 weeks of culture, seeded scaffolds
were fixed in formaldehyde 10% then cryosectioned. Frozen sections were stained
with either 0.05% (w/v) toluidine blue or with 0.1% safranin O solution. A strong
positive staining for extracefiular matrix synthesis was observed, indicating MSC

30 differentiation into cartitage cells.



Positively charged porous scaffolds were prepared using using DEAE-Dextran as the only
polysaccharide. Briefly, DEAE-dextran solution was prepared by dissolving 1 g of DEAE-dextran
(Fluka reference #30461) into 1.5 mL of distilled water. Sodium carbonate (100mg) was then added to
the polysaccharide solution 20 and stirring was maintained until a homogeneous mixture was
obtained. Chemical cross-linking of polysaccharide wa&3carried out using the cross-linking agent
trisodium trimetaphosphate STMP (Sigma, St Louis) under alkaline condition. - 22 - Briefly, 150pL of
10M sodium hydroxide was added to the polysaccharide solution, followed by the addition of 150pL of
water containing 45 mg of STMP. The mixture was then poured into petri dishes (Nunclon(r), #150288)
~and incubated at 50C for 15 min. Resulting hydrogels were immediately immersed into a large beaker
5 containing a 20% acetic acid solution, for at least 30 minutes. Resulting scaffolds were washed
extensively with phosphate buffer saline pH 7.4 then with distilled water for at least 2 days. After a
freeze-drying stepampieus2scalfaidbured bispaitosgitand stored at room temperature until use.
10Example 10: Y, r %ggl rige '}{,%y rge ) - repared
by adding-fucoiglan Sgiéjr%]‘ﬂasc’ rﬁ%&?rh%%?% 1@£%ﬁtﬁ§n/ g)%tﬂgn%e%(%ar[eﬂ{@ﬁé; y,%%ﬁoqﬁ%gﬁaride

solution was prEbérad (yaesbenbegynelqsn e aferls §/GPdevitrahQfidete! ipoviTairstiled angter,
then adding 1-2@/9%@%@@\%%&82;{8&&%91'%’-:%%%dSr{S%HHﬁBIéoﬂ%%@cé@%‘a&&%ﬂé’@sa&he”

added to the polysaccharide solution and cross-linking process was carried out as described in
Example 1 to obt&e BSNELEE RS Bheih8RMHaMels Rasgtamolhiskeassriqend-shapedample
11 : differentiatipsraihseaspigesenchymal stem cells into 20chondrocyte-like cells in 3D scaffolds

Human bone marrow Mesenchymal Stem Cells (hMSC) were cultured on scaffolds prepared as in
Example 1 in SEHFh S HEBIBUR SRt AR A OHR e SR P HETAEEeh B
supplemented witbelGsngpahIiGi-{B3,000 aadielwaGalib ritgapMA wdR0thdh dexmagibdsene 4Bigma,
St Louis, MO), a ic 2 id 2-p te (Siama., St Louis, MO 5.mL of ITS-plus
(Collaborative éﬁ%@%@aﬁ%@%‘&t@%?ﬁlfiord??\ﬁ%?}g}lérn% \fev%% é 6P E:?Jllit% rsé?gé@%%%dnsccua%g%i Ev%ere
fixed in formaldéns_me Toedlian \qgr@se@ﬁ@p@@. pmmem_ stinecldsitfiopitiadio0. 0836 (w/v)
toluidine blue osp/Rd UrATaE,E Sl iffind SANYRBHE eLBRUIGEY RALGSUR A

synthesis was observed, indicating MS ]
Calcein AM (Calbiochem, San Diego CA, USA) which is a polyanionic dye

15 hydrolyzed by live cells thus producing an intense uniform green fluorescence
(wavelength 485-535 nm), according to the manufacturer's instructions. The
seeded scaffolds contained living hepatocyies suitable for pharmaco-toxicological
assays.



30differentiation into cartilage cells. - 23 - Example 12 : 3D culture of hepatocytes HepG2 cells,
human hepatocellular carcinoma cells, were cultured in low glucose 5 DMEM (Gibco, Life Technology,
New York, USA) with 10% fetal bovine serum and 1% penicillin/streptomycin (Sigma) on scaffolds
prepared as in Example 1. A circular punch was used to cut 6mm diameter and 1mm thickness
round-shaped porous scaffolds. After cell trypsinizatiog4rehydration of the dried scaffold was
performed with 20 pL 10 of cell suspension (85,000 cells/scaffold). Samples were then maintained ifir
1 rnL of culture medium for up to 1 week. Non-seeded porous scaffolds incubated in culture medium
were used as controls. Hepatocyte spheroids formation was observed after 4 days of culture. Cell
viability in spheroids was assayed using Calcein AM (Calbiochem, San Diego CA, USA) which is a
polyanionic dye 15 hydrolyzed by live cells thus pra@ugid®in intense uniform green fluorescence
(wavelength 485-535 nm), according to the manufacturer's instructions. The seeded scaffolds

contained IVing hepatacyiamBitable SERNMHE 059150 Qs SIMEN - S bAIMPe! o method
for preparing a porous scaffold which comprises the steps consisting of : a) preparing an alkaline
aqueous solution compii& M Ymount 50f at least one polysaccharide, an amount of a covalent
cross- linking agent and an amount of a porogen agent b) transforming the solution into a hydrogel by
placing said solution at a teraperatpregesingabowiddirte aboeb86Gdlutimn comprising an amount

5 of at least one polysaccharide, an amount of a covalent cross-

linking agent and an amount of a porogen agent

b} transforming the solution into a hydrogel by placing said
solution at a temperature from about 4°C to about 80°C for a
sufficient time to allow the cross-linking of said amount of
10 polysaccharide

c) submerging said hydrogel into an aqueous soiution
d) washing the porous scaffold obtained at step c¢).

2. The method of claim 1 wherein said polysaccharide is selected from the
group consisting of dexiran, agar, alginic acid, hyaluronic acid, puliulan,
15 inulin, heparin, fucoidan, chitosan and mixtures thereof .

3. The method according to-any one of claims 1 to 2 wherein said covaient
cross-linking agent is selected from the group consisting of trisodium
trimetaphosphate (STMP), phosphorus oxychloride (POCIs), epichlorohydrin,
formaldehydes, hydrosoluble carbodiimides, and glutaraidehydes..

20 4. The method according to any of claims 1 to 3 wherein the porogen agent is
selected in the group consisting of ammonium carbonaie, ammonium.
bicarbonate, calcium carbonate, sodium carbonate, and sodium
bicarbonate and mixtures thereof and the liquid of step b) is an acidic

solution.

25 5. The method according to any of claims 1 to 4 wherein the weight ratio of the
polysaccharide to the porogen agent is in the range from 6:1 to 1:1.



sufficient time to allow the cross-linking of said amount of 10polysaccharide c) submerging said
hydrogel into an aqueous solution d) washing the porous scaffold obtained at step c), 2. The method
of claim 1 wherein said polysaccharide is selected from the group consisting of dextran, agar, alginic
acid, hyaluronic acid, pullulan, 15inulin, heparin, fucoidan, chitosan and mixtures thereof. 3. The
method according to any one of claims 1 to 2 wherein gaid covalent cross-linking agent is selected
from the group consisting of trisodium trimetaphosphate (STMP), phosphorus oxychloride (POC13),
epichlorohydrin, formaldehydes, hydrosoluble carbodiimides, and glutaraldehydes.. 204. The method
according to any of claims 1 to 3 wherein the porogen agent is selected in the group consisting of

ammonium Cafbon@teTf‘iﬂ@Fﬁ@fﬁ@&dﬂ@@ﬂ@%@aﬁ?'@%ﬁﬁ@%@?mﬁ@&ﬁ%@m@ iSaffbepdium

bicarbonate and mixtures thereof and the liquid of step b) is an acidic solution. -25- 6. The method
according to any of cleﬁ’ﬁfgsf% ARl e RS0 Bhe B NSRRI T Yhd dPobd-linking
agent is in the range from 15:1 to 1:1. 7. The method according to any one of claims 1 to 6 wherein the
solution of step a) i8.pdbeethiritwehaatt tsivhg dos iy HNS. of fedainet b tba8 cehdirggn drenyotutenfaflaims 1
to 7 wherein said Sca@gbiﬁ(}%@?ﬁﬁﬁeg'iﬁapﬂ{%ﬁiMg@%%@?ﬂable by the method according to any
one of claims 1 to 8. 10.The porous scaffold of claim 9'wherein the size of the pores is comprised

pg%l. The porous scaffold according to claim 9 or 10 wherein the porosity
oRARETOIR BN SLSRITH toarty o A S BT oaded

10between 1 pm and 500
is in the rarﬁge fronP2% 16
with an amount of cellshaped.

9. A porous scaffold obtainable by the method according to any one of claims
110 8.

10.The porous scaffold of claim 9 wherein the size of the pores is comprised
10 between 1 um and 500um.

11.The porous scaffold according to claim 9 or 10 wherein the porosity is in the
range from 4% to 50%.

12.The porous scaffold according to any one of claims 8 to 11 loaded with an
amount of cells.

15 - 13.The porous scaffold according to claim 12 whearein the calls are selected in
the group consisting of yeast cells, mammalian ceils, insect cells, and plant
cells.

14.The porcus scaffold according to claim 13 wherein mammalian cells are
selectioned from the group consisting of chondrocytes; fibrochondrocytes;
20 osteocytes; osteoblasts; osteoclasts; synoviocytes; bone marrow cells;
epithelial cells, hepatocytes, mesenchymal cells; stromal cells; muscle cells,
stem cells; embryonic stem celis; precursor cells derived from adipose
tissue; péripheraf biood progenitor cells; stem cells isolated from adult

tissue; and genetically transformed celis.

25 15.The porous scaffold according to any one of claims 9 1o 14 for tissue
engineering, cell culture and cell delivery.



1513. The porous scaffold according to claim 12 wherein the cells are selected in the group consisting
of yeast cells, mammalian cells, insect cells, and plant cells. 14.The porous scaffold according to claim
13 wherein mammalian cells are selectioned from the group consisting of chondrocytes;
fibrochondrocytes; 20 osteocytes; osteoblasts; osteoclasts; synoviocytes; bone marrow cells; epithelial
cells, hepatocytes, mesenchymal cells; stromal cells;.mgscle cells, stem cells; embryonic stem cells;
precursor cells derived from adipose tissue; peripheral blood progenitor cells; stem cells isolated from
adult tissue; and genetically transformed cells. -26- 16. A vascular substitute made with a scaffold as
defined according to any one of claims 9 to 12. 17. Cartilage or bone implants made with a scaffold as
defined according tpgany\aiephclaipsRe Aada iRt sesehAcigaiiolt Assdelinastargaring toHany one
of claims 9 to 12 for the evaluation of the toxicity and/or pharmacology of a product. 19.A controlled
release system of an é’étﬁ‘/%“ﬁ@@nmgde with a scaffold as defined according to any one of claims 9 to

12.
17. Cartilage or bone implants made with a scaffold as defined according to

any one of claims 9 to 12.

5 18.Use of a scaffold as defined according to any one of claims 9 to 12 for the
evaluation of the toxicity and/or pharmacology of a product.

19.A controlled reiease system of an active agent made with a scaffold as
defined according to any one of claims 9 fo 12.



