SCAFFOLD AND METHOD OF FORM NG SCAFFOLD BY ENTANGLI NG FI BRES

CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This application
clains the benefit of U S. provisional application serial No.

60/ 663,872 filed March 22, 2005, the contents of which are
incorporated herein by reference. FIELD OF THE | NVENTI ON [ 0002] The
present invention relates generally to scaffolds, and nore
particularly to nethods of form ng scaffolds by entangling fibres.
BACKGROUND OF THE | NVENTI ON [ 0003]_ Porous_scaffol ds are useful in
various fields and $GAEEOLPAND MEJHRP R§ FORMMNE SGYiffdd? Prg. [0004]

There are known techni ques ofgpfgRaLINWFIBRERIS scaffolds directly
from sol utions such as chitosan solutions. For exanple, an aqueous
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drastic t earsi By tfeenediange and chemical treatnent, which can have
sone adverse effects on the properties of the scaffold or sone
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and it can be difficult to control the porosity and pore sizes of a
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incorporated 1n a scaffold or their three-dinensional structures, the

integrity of \AQL\(Q,PQG%%IJQS JEPOELADENT Ry bi omedical scaffolds in many

applications.

[0003] Porous scaffolds are useful in various fields and industries, including

tissue engineering.

[0004] There are known techniques of preparing porous scaffolds directly
from solutions such as chitosan solutions. For example, an aqueous chitosan
solution may be freeze-dried to form a fibrous and porous structure. The porous
structure can be immersed in an alkaline solution to be stabilized. Another
possible technique is to consolidate fibres with a chemical binder at elevated

temperatures.

[0005] However, these techniques have some drawbacks. One problem with
‘these techniques is that the scaffold material is subjected to drastic temperature
change and chemical treatment, which can have some adverse effects on the
properties of the scaffold or some components incorporated in the scaffold. For
instance, the porosity and pore size of a scaffold can significantly decrease
during drying and it can be difficult to control the porosity and pore sizes of a
scaffold formed by a freeze-drying technique. Further, excessive heating or
certain chemical treatment can destroy proteins incorporated in a scaffold or their



[ 0006] Accordingly, there is a need for an alternative nethod of
formng scaffolds. There is also a need for a nethod of form ng
scaffolds that can overcone one or nore of the aforenentioned

probl enms. SUVMARY OF THE | NVENTI ON [ 0007] There is provided a porous
scaffold conprising tangled fibres. The porous scaffold can be
formed by applying a fluid to fibres to entangle them The fibres
conprise a polyelectrolyte conplex and a cross-1linker. The
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i nhibits seconda | yel ectrol.yt.e conpl exati on between adjacent
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provi ded a scaffold formed in accordance th the nmethod described in
the precBelVRIECtRve GPRPIRXACHPEYEaAURETt BYfte with a further aspect
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can be conveniently controlied.

[0009] Therefore, in accordance with an aspect of the present invention, there
is provided a method of forming a porous scaffold. The method comprises
providing fibres comprising polyelectrolytes forming a polyelectrolyte complex.
The fibres further comprise a cross-linker linking the polyelectrolytes within
individual fibres for inhibiting secondary polyelectrolyte complexation between
adjacent fibres. A fluid is applied to the fibres to entangle the fibres to form a
porous structure. The cross-linker may comprise silicon and may link the
polyelectrolytes through Si-O bonds. The fibres may be formed from a polyanion
solution and a polycation solution by interfacial polyelectrolyte complexation.

[0010] In accordance with another aspect of the present invention, there is
provided a scaffold formed in accordance with the method described in the

preceding paragraph.

[0011]  In accordance with a further aspect of the present invention, there is



cross-linker linking the polyelectrolytes within individual fibres
and inhibiting secondary polyel ectrolyte conpl exati on between

adj acent fibres. [0012] O her aspects and features of the present
invention will beconme apparent to those of ordinary skill in the art
upon review of the follow ng description of specific enbodi nents of
the invention in conjunction with the acconpanying figures. BRIEF
DESCRI PTI ON OF THE DRAW NGS [0013] In the figures, which illustrate,
by way of pewiseplagooosscatiold sompesing tangled fses g dhtesicouaise on, [ 0014]
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[0014] FIG. 1is a schematic diagram illustrating a process of
hydroentanglement, exemplary of an embodiment of the present invention;

[06015] FIG. 2 is a schematic diagram illustrating secondary polyelectrolyte
complexation between adjacent fibres;

[0016] FIG. 3 is a stereomicroscope image of a scaffold, exemplary of an
embodiment of the present invention, at a magnification ratio of 150;

[0017] FIG. 4 is a scanning electron microscope (SEM) image of the scaffold
of FIG. 3;

[0018] FIG. 5is an SEM image of a fibre incorporating silica formed by
interfacial polyelectrolyte complexation; and

[0019] FIG. 6 is an SEM image of a collagen-modified polyelectrolyte complex

fibre incorporating silica.
DETAILED DESCRIPTION

[0020] In a process of forming a scaffold, exemplary of embodiments of the



collectively referred to as pol yel ectrol ytes or polyions. The
cross-linker can cross- link the polyelectrolytes within a strand of
fibre thus inhibiting secondary conplexation of polyelectrolytes

bet ween adj acent fibres during the entanglenent treatnment. Secondary
conpl exati on of polyelectrolytes is considered inhibited if it is
prevented or reduced. The cross-linker can include silicon, which

can bind to the polyeletrolytes through Si-0O bonds. For exarrpl e, the
cross-1 i n@?S%W"PW&H“UG@U@ﬂUSQéﬁé’afﬂSr'FdépF("Sp t@'@?}* with suficigst i n silica.
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from nozzl F&l,y eleCHOlV{gFanPIexatiaR ap Wﬂ&t?%gesfﬂb%‘g Ee'a\éw‘@fwa‘ ReraEnber of
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jets and {A5SFIREIRSMerent spots on fibres 10, creating |ocalized
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[0021] Advantageously, the porosity and pore sizes of scaffolds so formed are

controllable. For example, the porosity may vary from 10% to 98%. It is also not
necessary to subject the scaffold material to freezing, heating, or toxic chemical

treatment during the formation process.

[0022] The fibres may be entangled with a suitable fluid such as water. For
example, the fibres may be entangled by hydroentanglement, also conventionally
referred to as spunlace, jet entanglement, water entanglement, hydraulic
needling, or hydrodynamic needling.

[0023] An exemplary hydroentanglement treatment is illustrated in FIG. 1.
Loose fibres 10 to be treated are placed on a support 12. The total thickness of
fibres 10 may vary. Generally, it may be less than 20 mm. Typically, it may be
less than 5 mm. Jets of water are applied to fibres 10, for example, from nozzles
14. While three nozzles 14 are depicted, the number of water jets may véry in
different applications. The water jets strike fibres 10 to compact them. The water



fibres 10. To do so, support 12 and nozzles 14 may nove relative to
each other during treatnent. Either one of support 12 and nozzles 14
may be noved while the other remains stable. In industrial
production, it may be advantageous to have a continuously novabl e
support, which can also serve as a conveyor in a production |line.
[0024] Support 12 has small openings 16 through which water, but not
fibres 10, may pass. For exanple, support 12 can be perforated or
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water jets on fibres 10.

[0026] When the water jets strike fibres 10 at sufficiently high speed or
pressure, the impact of the water jets can compact fibres 10 and cause fibres 10
to tangle. High speed water is applied until fibres 10 are sufficiently entangled
and compacted to form a stable porous structure. A stable structure can retain its
shape and have good stability in water. The duration of applying water can vary
depending on the particular application. A person skilled in the art can readily
determine the minimum duration required to achieve a desired stability of the
resulting scaffold in a particular application.

[0027] To create enough impact, the water pressure and flow rate at nozzies
14 should be sufficiently high but may vary depending on the application and a
number of factors such as fibre material, fibre size and shape, the desired
properties of the resulting scaffold including porosity, pore size and mechanical
strength, and the distance from nozzle 14 to fibres 10. Suitable water pressure



and flow rates can be readily determ ned by persons skilled in the
art in a given application. The water pressure and flow rate can

al so be varied during one treatnent. For exanple, the water pressure
may be gradually increased as the fibres becone nore conpacted.

[ 0028] The water used nay be pre-treated, such as deionized, if
appropriate or desirable in a given application. Additives may be
added to the water if desired. For exanple, salt or buffer
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and confined within a die (not shown) during the hydroentanglement tredtment so
that the porous scaffold can have an external profile substantially conforming to

the inner surface of the die.

[0030] Fibres 10 as depicted are loose and unwoven. However, in an
alternative embodiment, woven fibres may be used, for example, for controlling

the porosity of the formed scaffold.

[0031] Different fibres may be entangled together to form scaffolds with
different regional properties and characteristics. For example, a scaffold may

have different layers for mimicking an in vivo environment.

[0032] Fibres may be added during hydroentanglement, such as to an initial
layer of fibres before the initial fibres are fully entangled. In this manner, thicker

scaffolds may be produced.

[0033] In alternative embodiments, the fibres may be subjected to a
hydroentanglement treatment different from that shown in FIG. 1. For example,



6 when openings 16 of support 12 are of suitable sizes and
distrirbution, a single streamof water may be applied substantially
uniformy to fibres 10. In this case, fibre entanglenent can stil
result because the water flow through fibres 10 at different rates
in different regions. In another exanple, openings 16 may not be
necessary if jets of water are applied to the fibres and waste water
can be otherwise efficiently renoved. In yet another exanple, water
may be apmhesdpeoings hofsupped 1RresePbutitablgisges and Gisgipution, a single
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incorporated herein by reference.

[0035] The fibres used in the hydroentanglement treatment may have any
suitable size and shape. The average diameters of the fibres may be in the range
of tens of microns. The lower limit of the diameter may be dictated by the
mechanical properties of the fibres. The upper limit of the diameter may depend
on how the particular fibre material can be effectively entangled by
hydroentanglement. The lengths of fibres may also vary, depending on the
application. For example, the lengths may be in the range of 1 to 1,000 mm.

[0036] The fibres may be pre-treated, such as washed, before being
entangled. As can be appreciated, wetted fibres can be easier to manipulate than

dry fibres.

[0037] Fibres 10 can include any polyelectrolyte complex. A palyelectrolyte
complex can be formed by two oppositely charged polyelectrolyte molecules, a
polyanion and a polycation. A polyelectrolyte is typically a macromolecular



conpl ex can be fornmed by two oppositely charged pol yel ectrol yte

nol ecul es, a polyanion and a polycation. A polyelectrolyte is
typically a macronol ecul ar 7 species that upon being placed in water
or any other ionizing solvent dissociates into a highly charged

pol ymeric nol ecule. Exenplary polyelectrolyte conpl exes include

al gi nate-chi tosan, heparin-chitosan, chondroitin sulfate-chitin,

hyal uronic acid-chitosan, DNA-chitin, RNA-chitin, poly(glutamc
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employed for forming the fibres. For example, the alginate and chitosan pair may
be used in biomedical applications because they have desirable physical,

chemical and biochemical properties.

[0039] Polyelectrolyte complexes can form when oppositely charged
polyelectrolytes are brought close to each other in a process known as interfacial
polyelectrolyte complexation. For example, alginate (a polyanion) and chitosan (a
polycation) can form a polyelectrolyte complex in such a process. Insucha
process, a polyanion solution and a polycation solution are brought close to each
other, forming an interface. In the interface region, local complexation can occur.
Complexation refers to the binding of two oppositely charged polyelectrolytes to
form a polyelectrolyte complex. The polyelectrolyte complex formed can become
insoluble due to neutralization of charges. Thus, a strand of fibre can be drawn
from the interface region and polyelectrolyte complex fibres can be prepared.



Conpl exation refers to the binding of two oppositely charged

pol yel ectrolytes to forma potyelectrolyte conpl ex. The

pol yel ectrol yte conplex formed can becone insoluble due to
neutralization of charges. Thus, a strand of fibre can be drawn from

the interface region and pol yel ectrolyte conplex fibres can be
prepared. 8 [0040] The conpl exation process of form ng
polyelectrolyte conplexes in each fibre is referred to herein as
"primary" [@d0yel ébe cahpiexatoomppdeesaiof tonminghelyefpsirokiecearmuiexesdn
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22B for fibre 20A, and 22C and 22D for fibre 20B, which are formed by
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can occur @H%alt&ldmo@é&k§%ldaaeb@ér\é@@ﬂs éb@ty@l@a@@y@etyctébauged gr oups
24 and 26 fromthe adjacent fibres c#esult of g%econ a
N %99

pol yel ect Feargeat pe%m‘fﬂhemg%gmap? a'?%@FC' QEPEser Yl BAs" % i s
for med, rSUpsTPAELS ehébEdhsmn Bﬂﬁmm&etségletah&ﬂycahén shoebeh be

understood that FIG 2.is a schemati
column of circles 26 represents a poiyamon As shown, each polyelectrolyte
complex 22 is formed of a polycation and a polyanion. When fibres 20A and 20B
are pressed against each other in water, secondary polyelectrolyte complexation
can occur due to the attraction between the oppositely charged groups 24 and 26
from the adjacent fibres. As a result of the secondary polyelectrolyte
complexation, a larger polyelectrolyte complex 28 is formed, which holds fibres
20A and 20B together. It should be understood that FIG. 2 is a schematic
diagram for illustration purposes only and is not meant to accurately reflect the
actual structures of the fibres, the polyelectrolyte complexes, or the

polyelectrolytes.

[0042] The cross-linker in fibres 10 can be any suitable molecular species that
can cross-link the polyelectrolytes within individual fibres for inhibiting secondary
electrolyte complexation of the polyelectrolytes between adjacent fibres during
the hydroentanglement treatment, thus preventing over-condensation of the



diagramfor illustration purposes only and is not neant to accurately
reflect the actual structures of the fibres, the polyelectrolyte
conpl exes, or the polyelectrolytes. [0042] The cross-linker in
fibres 10 can be any suitable nolecular species that can cross-Iink
the polyelectrolytes within individual fibres for inhibiting
secondary electrolyte conplexation of the polyel ectrol ytes between
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When secondary pol yelectrolyte co xat
i nhi bi t ed, resitingeseaffelp w@uweﬁvecbqweip@r@auty ard/emall Qmepdﬁ\/ben sgcoadaryl ar ge

pores. [00$%] el%cﬁél?@%&r@d‘%@ﬂoﬁb‘@t@e&? iBres id hAdES Qﬁ@}e@hlﬂﬁ%sga?ﬁ TR e

i ncorporated’into res can In |b| secondary
conpl exat i &@V%Q'garp@é@ﬂy?ﬂﬂi%ﬁ@e Pee$f erent pol yel ect roI yte conponents
in each individual fibre. For instance, a silica network can

cross-1link [GDWB] pohm&ﬂﬂﬁeﬂélﬂzh%byﬁl%L&'ﬂ?thﬁg é‘pe’?ﬁésaﬁébr? ra{éd%t‘fa
s of the polyelectrolyte orm

5120 bonde.PIE GO ML ESH PObG PR RGP BRHRLE dagt Innss when

t he fi bres diffesamt ﬁOﬁyéléctﬁotytélcbtr@@nedM H’éaéh 'm'mx kibrdl FSﬁnEth@é‘Bé silica
particul ar I eved t hat reduction in swelling is

due to cr ogtgnfoo'ﬁ%?rhﬂo?ﬁ F’Bb‘ﬁsgﬂﬁyéswe"%%d %Y%‘Sf‘? Brfsstrand of fibre by

reacting with the hydroxyl groups of the polyelectrolytes to form Si-O bonds.

[0044]  Polyelectrolyte complex fibres swell less when the fibres also contain
silica. Without being limited to any particular theory, it is believed that the
reduction in swelling is due to cross-linking of polyanions and polycations in
individual fibres by the silica-containing cross-linker. As can be appreciated,
when polyelectrolyte fibres swell, charged ionic groups in the polyelectrolytes
may become accessible by other polyelectrolytes. It is thus more likely a
polyelectrolyte complex can form between nearby fibres due to the attraction of
opposite charges of these charged ionic groups, as illustrated in FIG. 2. During
an entanglement treatment, the fibres are pressed against each other, providing
a good oppartunity for secondary polyelectrolyte complexation between adjacent
fibres to occur if it is not inhibited.

[0045]  The cross-linker in the fibres can inhibit secondary polyelectrolyte
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i ndividual fibres by the silica-containing cross-linker. As can be
appreci ated, when polyelectrolyte fibres swell, charged ionic groups
in the polyelectrolytes nay becone accessi bl e by other
pol yel ectrolytes. It is thus nore likely a polyelectrolyte conplex
can form between nearby fibres due to the attraction of opposite
charges of these charged ionic groups, as illustrated in FIG 2.
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si zes, as {ustrate GS. : wW_i ma of a
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i ncor por at, F% ciidy.ca, at magnification ratios of 150 and 800
respective [ 0046] The relative anmount of the cross-linker in the

fi bres can determn ns ,.skilled i art,
dependi ng [B&fsc] %‘gﬁﬁéﬁt@@[?%ﬂj gg‘ﬁ?g“%g@??fép&G'E%bd??fd‘%%giué%g!l?V%en t he
fibres ar eietarmired dyypdrsdnerskidled mi thp attyddpeatinglopttee apmicpli@xand the wi t h
al gi nate an tosan a el ectrol
precur sor ngﬁchhglyﬁeﬁégggl\%vﬁ%& f%ﬁ ﬂéfo'métd%&t'&ggagggﬁf@%}érg&e
al gi nat e anehpldxefor with tilgimatendrey drétosal ag mgmoryemnollyESGedW@S ablhet
8:1:0 and about 1:16:19. |I. . is from
Sbout 8 1Pscpreqs o brops el e WyapR ALY PARRUA. dppbRErdteds e |
pore si zeshefntdrizeias caidnadan becrethesrcairiut 811t eandgbadl USt 19§ mayede
advantageous if the ratio is from about 8:1:3.7 to about 1:16:9.4. Within a limit,
the porosity and pore sizes of the scaffold can be controlled by adjusting the

relative amount of the cross-linker in the fibres.

[0047] As now can be appreciated, the cross-linker can be any suitable
molecular species that can cross-link the polyelectrolytes in the fibres. For
example, suitable acrylates, succinimides, carbodiimides, quinones, and the like
may be used as cross-linkers or precursors for cross-linkers.

[0048] The cross-linker can be incorporated into fibres 10 by dispersing the
cross-linker or a precursor of the cross-linker into one of the polyelectrolyte
solutions before forming the fibres. While it is possible to add the cross-linker
after the fibres have been formed but before hydroentanglement, adding the
cross-linker or its precursor during the formation of the fibres can be
advantageous. In the latter case, the cross-linker may be better incorporated into
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rel ati ve amount of the cross-linker in the fibres. [0047] As now can
be appreciated, the cross-linker can be any suitable nolecular
species that can cross-link the polyelectrolytes in the fibres. For
exanpl e, suitable acrylates, succinimdes, carbodiimnm des, quinones,
and the like nay be used as cross-linkers or precursors for
cross-linkers. [0048] The cross-linker can be incorporated into
fibres 10 by dispersing the <cross-linker or a precursor of the
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cell attachment and proliferation. The modifiers may also include growth factors,

drugs, or the like.

[0051] The modifiers can be incorporated into fibres 10 by either dispersing
them in one or both of the polyelectrolyte solutions, or attaching them to the
polyelectrolytes such as by conjugation. Conveniently, polyelectrolytes have
many charged sites in solution, such as carboxy! or amino groups, with which the
modifiers can conjugate. When a modifier such as a protein bears an electric
charge in the solution, it should be dispersed in the similarly charged
polyelectrolyte solution to avoid premature formation of complexes. For example,
when collagen, which is usually positively charged in solution, is to be included it
should be dispersed in the polycation solution. Further, the amount of modifiers
should be limited if they can conjugate with the charged groups such as carboxyl
or amino groups of the polyelectrolytes so that sufficient charged groups are
available for fibre formation. In this regard, the amount of a biological component,
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drugs, or the like. [00511 The nodifiers can be incorporated into
fibres 10 by either dispersing themin one or both of the

pol yel ectrol yte solutions, or attaching themto the polyelectrolytes
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IBI ;)rredAl ga?mlwgc%ra\/\aan R@mambm(a%@ék)a/ “Bphere( héneycomb, BEEHEPS (" Wan
") ndrew C.

f Fi ber
| nt er f aci SRR F’W’%@Pﬁ&fp%%maﬁ‘ﬁ?ﬁ (2’3)8 y?o? oy eé’rfrﬁﬁéocsuf'ggg 9 %4)
vol . 37, mBcromodtet&pid C¥amuhiciion, wmal),cyome; be 287-289; U.S. pplest e,

honeycOnbépprliggtvolna&b%caﬁon number 2003/0055211 to George A. F. Roberts, published
March 20, 2003; and U.S. patent number 5,836, 970 to Abhay S. Pandit, issued '
November 17, 1998, the contents of each of which are incorporated herein by

reference.

[0053] Briefly, in an exemplary interfacial polyelectrolyte complexation
technique, a polyanion solution such as an alginate solution and a polycation
solution such as a chitosan solution are brought close to each other, to form an
interface therebetween. Complexes of the oppositely charged polyelectrolytes
are formed in the interface, which prevent free diffusion between the two
solutions. The complexes can be drawn out of the interface, such as upwardly by
a pair of forceps or a needle. As the complexes at the interface are withdrawn,
further complexation sites become available and more complexes are formed.
The complexes are typically insoluble or can become insoluble in the solvent due
to neutralization of charges and thus, a fibre can be continuously drawn out of
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spaced droplet and fiber structures of polyion conplexes of chitosan
and gellan,"” Macronol ecul es Rapid Conmmuni cation, (1998), vol. 19,

pp. 287-289; U.S. patent application publication nunber 2003100 552
1 1to George A F. Roberts, published WMrch 20, 2003; and U. S.

pat ent nunber 5,836, 970 to Abhay S. Pandit, issued Novenber 17,
1998, the contents of each of which are incorporated herein by
reference. [0053] Briefly, in an exenplary interfacial
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out of 13 hPfind ebé&é@&?wng%lfom'(&rrﬁ&e@teamu@snobzemmefa/Rnéwnm Sif or
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pol yel ectrolyte solutio

L@ h?y orth05|lt|c
(TECS, Si (teczddsr4o oag §Bth€c9ﬁi¥6ﬁFS/°*¥‘§|3P ong & gt oHT? BRET" n‘ﬁ%
i “f' uded 'thf r@g?n;%fed &iea mhwlt@:t‘écramfagtcm is @tdeprtstoasboat SPUBC T for
silica. The added TECS_ nay etic formng
speci es hakA Yagiaoepry 'BFherﬁS’E 8?’HI §°r§|ab&'§n 1 ﬁﬁeﬁbé’“h??gg *h0P€ si )
telr m nfll génlﬁsléﬁﬁolea'ma@e&@@ﬁia@&a&)éltbéifnﬁfamgmbyn‘eﬂhe(geaedal tmm(dssR
nol ecul ar _species thro ondensat i i Cient
amount of AP(ESNAEYSatige "‘éfgd%gg“rtt{? RSO gﬁ&?f &‘&fg’éﬁn%leﬁ gy fOtTtQ i ons
so that thgeyelydretr@ipeGenitiofs: Hpr example, silica condensation can occur when a
fibre strand is drawn out of the polyelectrolyte interface and can also occur during
subsequent washing, as the pH value in the fibre’s environment increases. A
silica molecular species having terminal Si-OH groups can react, for example,
- with hydroxy! groups and/or carboxyl groups present in the polyelectrolytes such
alginate and chitosan, to form Si-O bonds. For instance, the silica molecular
species may react with the 6-OH of chitosan to form a Si-O-C bond, and with the
COOH group of alginate to form a silyl ester (-Si-O-C(O)-). As can be
appreciated, the Si-O-C bond is more stable than the silyl ester bond.

[0055] As can be appreciated, other silica precursors may be used. For
example, it may be possible to replace TEOS by tetramethyl orthosilicate
(TMOS), Si(OCHB3)a.

[0056] Advantageously, preparing the fibres through an interfacial
polyelectrolyte complexation process does not require freezing or heating, or the
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of hydrolyzed silica in the interfacial region is between 0 to about
50 v% It can be advantageous if the volunme percent is from about 17
to about 33 v% The silica nolecular species may have term nal
groups in the general formof Si-OR Pol ycondensati on may occur
before, during and after the fibres are formed from the

pol yel ectrol yte sol utions. For exanpl e, silica condensati on can occur
when a fibre strand is drawn _out of the po trolgte interface

and can ali§®oble¥igrgaNa sRivenst FEERe e ATOtEIRS P! goro $lval ue in the

fibre's enuinhomsmdtar BEESRRBRNtendbbilsRdbEMdbiizegeni es havi ng
termnal Si- groups can react, for exanple, wth hydroxyl groups

and/ or carPl@Wﬁ‘?Pt”@jyf@@S@pfﬂxé@éﬁ’ﬁ in the polyelectrolytes such alginate
and chitosan, to form Si-O bonds. For instance, the silica nolecul ar
speci es rrwomactrhéveké}npxas; émisddiraénts of thesaesenbinventionar&iureC bond,

and with the ate to forma silyl ester

(-Si-O @“Syateﬁgy&'genfoﬂ‘g’”nﬁﬁﬁ?g@ﬂﬁ‘?@éam{:’&r& Si-OC bond is nobre stable
than the silyl ester bond. [0055] As can be appreciated, other silica
precur sor §0068] bSanpedpolfeectrobrafipbe weid formagd bxempﬁr@siabp@lyel@ctrcé)ﬁe ace

TECS by tet t h 1 SR ¢ 6

Advant ;gegﬁé\%{}?(a{g%egﬁélpﬁ glf‘ ﬁ%gﬁh ?"eé Wé‘mﬁ"\gn | n%)g}artegg?lg ]

pol yel ect rp@lyxzam)ncmﬁmlbemmamatlcpa@etba&dcm@ssmtﬁunedelﬁum@ #beEEPAg or
heati ng, erhﬁeolp%'/ﬁ? h SOitio wésg'f? npﬁar@é 82%& I(:N&E‘éﬁ solabt Pﬁ(ﬁ a TRICY ei ns,

cells or ot ogl ca e conveni ent
encapsul atsetlitiom e thtm‘atm ddlutied contained lapeutek$ woI% caitasanin é)? % bres.

[0057] The e@g@g{;{ ﬂ?ﬂgwﬁwéonﬁlon%% rﬁé&%@@s LA ffm@s @r0 fisir t her

i |l ustrat &§° owng non-Timti exa Sanpl e
pol yel ect Mokyetie dcichiHE3Aalewith & wolime rato @fnk%ﬂff%t@ wt%p‘é %E@&%lﬂyﬂe

compl exat i\ o1k, KAl YA AR RObS AR LM ofRRHE pha¥d U Bbscilet. mat e

The pol ycat’ on so‘ﬂ%k Fon was acetic acid based cont ai ned chi tosan
and TECS. cafilve apptegiated. (ﬂnﬁ'ﬁfé@ﬁtmﬁﬁﬁmﬁélobf*@éém@@‘%?d mh& Ygtexed hi t osan

sol ution as%ﬂm@n Wégétored at about 4 °C prior to use. The TEOS and chitosan solutions
were mixed at a volume ratio of about 1:3. The TEOS in the mixed solution is of
2.35 wt%. For comparison purposes, some polycation solutions with varying

TEOS contents were also prepared.

[0059] For RGD-modified samples, maleimide-terminated PEG (MAL-PEG-
MAL) and RGD peptide were added to the polyanion solution. A 0.35 w/v% MAL-
PEG-MAL (3400 Da) solution was prepared in 100 mM sodium phosphate buffer
(pH 6.0). About 1 mg of GCGYGRGDSPG peptide was dissolved in 1 mL of the
MAL-PEG-MAL solution. The mixture was allowed to react for one hour. About
6.5 mg of cysteine-modified alginic acid were then added to the MAL-PEG-
MAL/peptide mixture, and allowed to react overnight at room temperature. The
reaction product was dispersed in 1 w/v% alginic acid solution at a volume ratio

of about 1:3 to form the modified polyanion solution.

[0060]  For collagen-modified samples, about 2 w/v% collagen I in 50 mM
phosphoric acid was added to the polycation solution at a volume ratio of about
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solution. The chitosan solution contained about 0.5 wv%chitosan in
a 2 v% acetic acid solution. The TECS sol uti on was prepared by
adding TECS to a 0.15 Macetic acid (HOAc), wth a volune ratio of
1:9 or 9.39 % The TECS solution was vortexed for about one to two
hours until only one phase was observed. As can be appreciated, the
TECS in the solution was hydrol yzed. The vortexed solution was
stored at gahout 4 C prior to use. The TECS and chitosan sol utions
were m xed at a volune ratio of about 1:3. The TECS in the m xed

solution i f 35 Wt % For co ri son purposes, sone polycation
sol uti ons &OEQ’N vépiﬁ PRyelagiey! ngfrﬁl%'”\%f? §°'H{)‘%ﬂ§ speeified glepve[m@)sg] For

RGD- nodi fi@ymk@aplemb@xgméi@rﬂa@wmbgﬁ dDEﬁo(MM/E’E%e nat@nd RCD
pepti de were add&ld to the anl on sol ution. 35 w v% NAL-

PEG MAL ( 35R)¢f0Ba es‘-‘(*ilti?ﬁalndﬂ Ofp%@HéQ 40 fh2 W |‘ﬂ\ﬁh§é>5|t‘?ﬁﬂ“rﬁ%§'9hat e
buf f er (pfh@pé}iuculM@tceJefm Ot AhSHSE R é‘frrha@%e‘ﬁ@ﬁd dhqsol ved in

1 m. of the MAL-PEG MAL sol ution. The mxture was, al l owed to react
for one hoWPlECWBLYEIGhE as capbendsrsioad Rk PRISANS PRGN INPE aci d wer e
then added to the MAL-PEG MAL/peptide m xture, and allowed to react
over ni ght [ﬂﬂsz]oorﬁﬂeesqm&r%tamdepart'ﬁb%rs ofethe thamicpis 4o for\wespaing iRy sed i n
1vv/v%a|g BULG <8 tbla volume ratio of about 1:3 to form
the nodifi (?VSSP@E{?. ?{938{9& gﬂ © 0060] For col |l agen-nodi fi ed

sanpl es, about 2 wv%collagen I in 50 mM phosphoric acid was added
to the pol”%ﬁk-ﬁdn solution at a vol une rat| 0 of about 15 1: 4.

[ 0061] Th IELLIUIyLUb ntents—n LIIC sot -ed—above
may varyp T?géléﬁzxanpl e the kﬁﬁfaﬁp‘Swmsr ndJ of §°%a%ech?r§‘§eqsgcﬁ w-y %
in the al lé}ﬂll FEls o —tt chitosat—ay betrof—ab B: 05 + -2
W% in tReEEREEScan sol uti 8™ he parti cul ar é)‘(léc S’ HEE Bt ent
of a polyelectrolyte may depend on its nolecul %{ﬁlt2 ‘6’3 he
under st 00 hﬁg persons skt C‘Aldrlb JRJIIC atr-t— LOCG Ole;g]la.rr\;nﬁhtﬂnd
particul ars the chenical § ‘Used for prepari ngBro ér;'leldwscosf:}%at
800,000 cps
acetic acid (analytical Merck™, Darmstadt,
research grade) Germany :
MAL-PEG-MAL Nektar Therapeutics™, San | PEG molecular weight is
Carlos, California about 3,400
RGD peptide Peptron™, Korea. custom-synthesized
Collagen 1 isolated from rat skin

[0063] To form fibres from the polyion solutions, droplets (20 to 120
ul/droplet) of the polyanion solution and the polycation solution were placed
close to each other in a Teflon channel about 3 mm in width. The droplets were
brought into contact to form an interface region, using a pair of forceps. A fibre
strand was drawn from the interface region. The fibre strand was adhered to the
arms of a roll-up apparatus rotating at a rate of about 0.833 rev/min, yielding a
fibre drawing rate of about 1.25 mmy/s. Further details of the roll-up apparatus

and the fibre formation process are described in Wan I, supra.
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above solutions are listed in Table I. TABLE I. Chem cal Source

Not abl e characteristics TECS Fl ukaTM Switzerland alginic acid

Si gmaTM | ow vi scosity, viscosity of 250 cps for a 2% sol ution at

25C chitosan Al dri chTM hi gh nol ecul ar wei ght Brookfield viscosity at
800, 000 cps acetic acid (analytical MerckTM Darnstadt, research
grade) Gernmany MAL- PEG MAL Nektar TherapeuticsTM San PEG nol ecul ar

wei ght is 0s, | i f.ornia. about 3,400.RGD peptide P.tronTM

Kor ea. cust[gﬁé‘gy ntTﬁe%zli’di'etge eﬁ%th 8P%lf?alm ﬁ%eoffbé?seﬁg SHPit fiRS We[f063]
To form fi Hoesed witnvdryieg PEDS contesity intthopslycadion gbtion.(MéHific flibE&;
pL/droplet) of .the polyanion.solution and the polycation solution
were pl aced"ergIf%@(?dtwdthéS%Wogiﬁﬁ‘glpo'?’”r?n °¢’g?'ﬂ%n channel about 3 mMmin
wi dth. The droplets were brought into contact to forman interface
regi on, usi[@@pd pdihe sempfedibcespaereextimined to steteamihevtbgir chogimoldgy andt he

; : ' :
ol | -up: apgiagilal Bpopli s IEQERYSREBEIPE B Ve °)1 8 4i ng
a fibre driViigioagopedSEM)fequipped with 26 Oxfard Indturnemés™ cmcmiohsoimersiwg

- _ : : y \ -
ven 117 supcied @R BB sty R bies BePE 08 By ks
fibres, somsingaqH@. 3fG260 heedoatarwithch suuttar trae pf 1 sd&DBs @odverd s i n
the pol ycaﬁapgwmdé} hBR-vallRth (F?the £B% Sialy Y8 fiesBITRE Wikib ot ffa-

nodi fi ed polyfon so
coated.

[0066] Fourier-transform infrared (FTIR) spectra were recorded on a Digilab™
FTS 7000 FTIR spectrometer equipped with a MTEC-300 photoacoustic (PA)
detector. The sample fibres were vacuum dried prior to being loaded into the
detector. They were then purged with helium in the detector for 15 minutes. The
spectra were recorded in the range of 400-4000 cm™ by the co-addition of 256
scans at a resolution of 4 cm™. All PA-FTIR spectra were normalized with respect
to a carbon black standard. The spectra data were used to identify chemical
compositions in the fibres.

[0067] FIG. 5is an SEM image (at a magnification ratio of 5,000) of a sample
fibre containing silica. The presence of silica in the fibre was confirmed by an
EDX analysis of the fibre.

[0068] FIG. 6 is an SEM image (at a magnification ratio of 5,000) of a collagen
-modified fibre.

[0069] The swelling abilities of different sample fibres were also measured.
The fibres were secured on a glass slide with an adhesive tape. Each fibre to be
tested was immersed in about 1 L of deionized water. The water was allowed to
evaporate completely. The fibre diameters were measured with a light
microscope before and after swelling. The maximum swelling ratio was
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[ 0065] The sanple fibres were exanm ned to determ ne their norphol ogy
and elenental conposition, using a JEOLTM JSM 5600 Scanni ng El ectron
M croscope (SEM equi pped with an Oxford Instrunents TM El ectron

Di spersive X-ray (EDX) analysis system The sanple fibres were

gol d-coated for imaging using a JEOL JFC-1 200 Fine Coater with a
sputter tine of 18 seconds and were inmaged under high vacuum For

t he EDX I th I t d- ted
Fou | o - 1GHABFhaS I BROEEIOR ST e BRBELALINE BTt W hgand

Di gi | abTM thEE%%g\Q@bF d@né@?ﬁéfb%@&&ﬁngemué Rz ebsvitd shaw MBEGe300
phot oacousti c

detector. The sanp Ie flbre wer e va% mlagrled
prior to bf@ﬁﬁg\uﬂb%i’éﬁilﬂ‘g Aot the 53@1’8?@&‘% ECfRS? \Xﬁ?Fba!?cH’é Léptﬁ 8YE wi t h
hel iumin ﬁ?‘%vr%ﬁttﬁéiﬁg{ro@%d 'ﬂéOQ‘vBMh%SfracTBﬁ in B8 &@tidﬁﬂ{o@thoﬁWsded in
the range of 400-400 he co-addjtion o

C {
resol ut i oningfeagedi®m zarq tOI?")BUD!-“*IQ - dpEber RCiRape0 @?EF&IQSZS%% %Hj "dspect

to a carbog, RbafiRhHanse ;nﬁh&rﬁa&wrﬁ@wemh rafer e used to identify
chem cal conp03|t|ons inth e |bres [ 0067 FIG 5 is an SEMimage

(at amagnlflcatl ratio_of i

silica. Thi9%Pkse S%‘Fp'%ﬂl"rieéé{‘}elr% %?Fgmfa\'rbige %d %%ﬁi?w;%‘gaiy dgbn' EDX
anal yfs! S Ofeibfiged whteg - Tybi@glgghbrléfb@nd @b:)?t B85 nﬂaﬁﬁﬂderm?ed (vatteravere [ ]
magni fication rati 0 n - j fi e. [0069
The swel | i Bgcehin3 f? 'B%C“Eﬁeﬁr@f%ena&f“gg3@%@0"\‘@0{5&’?"\%@%%‘}?% measur ed.
The fi bresmwrites. sSecured on a glass slide with an adhesive tape. Each
fibre to be tested was imersed in about 1 pL of deionized water.
The wat er |1 aneters
vere measul B « FHERp Ba BHERREE e AR ok Rt Rl e
naxi mum sweédtnegt oraa iiré umgne Ttre d@l raslaats@f@rr@é veln@e0h abeHtie? Whe i he
maxi mum fi g aﬂéaaal‘f%ee{)pear& olin B it 5RBo mﬁP%éMﬁEé@@aférWa@ di anet er

bef ore swe est s show t hat
passed through the die at a flow rate of 300 350 mL/mm for about one minute to

0

entangle the fibres to form a stable scaffold. The flow rate may be increased up
to 2000mL/min.

[0072] The water flow rate was then reduced to 5-35 mL/min to wash the
formed scaffold for another 5 minutes to remove any residual acid, as well as to
allow for complete polycondensation of the silica precursor. Further cross-linking

may improve the mechanical properties of the resulting scaffold.

[0073] The sample scaffolds were stored in deionized water and then

sterilized.

[0074] For cell seeding and culturing tests, circular scaffolds of ~ 5 mm in

diameter were produced.

[0075] Sample scaffolds were vacuum dried overnight, and the resulting
scaffolds were imaged using a stereomicroscope (Olympus™ SZX

stereomicroscope system).
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maxi mum swelling ratio of the sanple fibres decreased from about 6.3
to about 3.2 when the hydrol yzed TEGCS vol une fraction in the

pol ycation solution was increased fromzero to about 0.17. Further

i ncrease of the TECS volunme did not cause significant change in the
maxi mum swel ling ratio. [0070] The sanple fibres were dried in air.
The dried fibres were washed wth deionized water. Typically, fibres
and about 1.5 nlL of deionized water were placed

ni crocent MPP{R)e tFIGE. 3Aaad 41SheWEwRInd egf'ﬁ?&PSfora %?889}5 f%mlérﬁ%-mr}'f"_es

[0071] Thepaahathdd sningshcd Beaesbb@gb®@. t 0 a hydroent angl enent
treatnent on a frit in a die. The die has an internal volune of about

0.5 n. T ot rea of openi n frit .
Dei oni zedqﬁﬂp&i %.lacgnpaélagggﬁ %ﬁ%re[sﬂgs %hogvsqﬁat S%‘m%%vs?%{%g&(;f’ WSO
./ ][nf nI L Offglg;zlhbmlg’rltas mrmétmtge,nta haenhighg! porodilg ahttarger pave fstemntianst abl e
scaffo e ow, r

d :
The vat er HoSorERLw s EoER ARG Ie: BSRoRERA IR Satlaiccriiad’
f olr Im%‘d stcaé E@t}r{lsbtta@ ]Eo %rptrbmlmotm G M}% s %em hseamrme&stam by peisdosbkilkdi d, as
well as tq .allow for conplete n ensat| ica
precur sor . in mﬁ%rhm{?e ROTRSY. iarﬁgiaﬁ‘sg 3) P HVE yﬂ@g ﬁé%‘ﬁ‘g}ﬂ”?
pr oper'; | esdebriidein rf@ﬁebldnhp"l@, AG(S@ﬁéldégt}her,[ THE7Bhyskiseof Samvp TerosglaPbaluds
were stored i n deioni i 210 |
seedi ng ar{ge‘é'firlf ?”tﬂg ?'é%r Py 0 Torr%’ﬁ?gfeesgcﬁ}fdgﬁdél%%g?" %ncﬁ%ﬁi%@%, °
g {/ Zgﬁit SL t VHIcQ)spﬂ@ldkKrlggi T/{é)@zﬁﬁéna@&:ﬂffc&d&ﬁfab@& Ohimhesteadtiiley, d933%d
st er eom crogg’g ﬁ%f F"é‘i agﬁogﬁgg%f%ﬁ@%gpeﬁéb%& 18 [0076]
FIGS. 3 an@ba@esirmwesfagmgrz; adi K eyes ebél., dPeoas Solids draf T f r om
sanpl es fl(? raergctgr?z% xonmcnr)gst Fgels &rch? ng‘%ﬁgﬂﬁol?oegq/, a%%xg'vol. 29, p. 903, the

contents of each of which are incorporated herein by reference.

[0078] To test cell seeding and growth, the circular sample scaffolds were
transferred to the welis of a 96-well plate, and sterilized by immersion in 70%
ethanol for at least 30 min, and by exposure to ultraviolet radiation for 15-30 min
after ethanol removal. Under sterile conditions, the scaffolds were rinsed once
with phosphate buffered saline and twice with tissue culture media, Dulbecco’s
Modified Eagle Medium (DMEM) containing 10% fetal bovine serum (FBS).
HepG2 cells were trypsinized from confluent culture to obtain a cell suspension,

and ~ 10° cells were seeded in each scaffold-containing well.

[0079] The test results show that sample scaffolds formed from RGD-modified
fibres are more amenable to cell attachment and proliferation than non-modified
scaffolds. Good cell viability, however, was found with both modified and non-
modified sample scaffolds. The collagen-modified scaffolds have tree-trunk-like
morphology indicating incorporation of the collagen. The results demonstrate that
the scaffolds formed according to exemplary embodiments of the present
invention can serve as excellent tissue template and/or platform for presentation
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[ 0077] Conparison of the imaging results shows that sanple scaffolds
formed fromfibres incorporating silica have higher porosity and

| arger pore sizes than those forned with fibres containing no
silica. The porosity of the sanple scaffolds is estimated to vary
from1l0%to 98% As can be understood by persons skilled in the art,
the porosity of a scaffold may be neasured using a technique

T ough Por S e st il SERED pndRetiBR ¢ pr ess, 1074

R S. Mkhail and E. Robens, Mcrostructure and Thermal Analysis of
Sol i d Surf a§880] Crhsiheywtar be ppregiated 9BBantageodly, IscaffpldPrmad abkedi a -

Fluid Trans : r ] - wAcadem ¢ Press, 1992;
and K %ye@g{lbﬁl&rgﬁﬁg? gﬁ@”@%ﬁ"‘? gasn 'i%% %@g&%'&ﬁ%ﬂ‘ a‘@fggr‘?()iﬁts%ﬁ, "
Cryst al Reskaiheh thedxerepanygrompgsey d@8nded atmive d@Not peque8Bxcédsdve heat
contents of 0, { I r at rei referenc

[0078] To t%{:tﬁg@(ﬁ ‘%f %@E@FRSE%&S?%@&% lﬁﬁ%é}gifgt'ép@%’erggmheco Kt f of ds
wer e trandfayereddense effaes aelthesmodifiers 86ctwes braiéias incomodhted @ité thezed by

i mrersion i % ethanol for at least 30 mn, and by exposure to
ultraviolet radiation for 15-30 mn after ethanol renoval. Under

sterile conditions, the scaffolds were rinsed once wth phosphate
buf f ered sdPP$l arfufurtipcadvantage of hese examplareraeasisas isthatimpodties

Modi fi ed EaglieiadindesifdahEddhseRBQis0bMSs H% RE @k IOQPMBQE%I?WVEHM( FBS) .

Hep&2 cells were trypsinized fromconfluent culture to obtain“a'cell-
suspensi on,Candggonvarientydpmeveddiam dedises by fas gamelearaten whittdhewianei ng

wel | . [ 007 YntaHeeed 8Fbrnt Badkhoighow t hat sanpl e scaffolds formed from
RGD-nodified fibres are nore anenable to cell attachnent and

proliferati han non-nodi.fied scaffpolds. Go cell viability,
however , \AAQ&%UHS” \?ﬁwﬁorbgt'we??g'a?ly icay &f&"ﬂ&ﬁ@ff) INgAilerrpl e
scaf f ol ds. rdgienal propegtios-amaidihbizetbristaffydrisndniay giffefe?@ fibled gdthdee
nor phol ogy i ndicating incorporation of the collagen. The results

denonstr at t rdi to . exenplary .
enbodi nent go%@t heﬁ? E%géfg(ﬁég 81?&%3?\% IEgggcgﬁ%aggg{\//é;g%nsﬁ%v)?caeqﬂﬂ%%to%F Ssue
t enpl at e ameRnyrfiefsisdndloding figauepneineering, Bdh cdiBeulturing, 3-D cell culture

system for high-throughput drug screening, drug-releasing fabrics, containers for

expansion of cells such as stem cells, and the like.

[0084] In this description, when the conditions for a reaction or process are
not expressly provided, the conditions can be assumed to be the standard
conditions and can vary within the range of normal conditions. In particular, the
normal conditions may include standard conditions such as atmospheric
pressure and room temperature.

[0085] Other features, benefits and advantages of the embodiments
described herein not expressly mentioned above can be understood from this
description and the drawings by those skilled in the art.

[0086] The contents of each reference cited above are hereby incorporated
herein by reference.
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of biological signals to regulate cell adhesion and phenotype. [0080]
As now can be appreci ated, advantageously, scaffolds forned as

descri bed herein are porous and can have high porosity and | arge pore
sizes. Further, the exenplary processes descri bed above do not

requi re excessive heat exchange or addition of chem cals such as

bi nders or stabilizers which could have adverse effects on the

di f t 081] A
oo {17 U, St ARERHPEFOEFabBaBet e RIS
and ot her iwxtasveg ey ens st wacksiting utie @ascnbéceembe@mhtsl ae nol ecul ar

wei ght, can be. convenient enove d fron1t xanple
wat or whi | SopRpedp Rt & T A eReS e et deBand,
addi tion, drtled ¢f dpelatidn VRHeYin@tiyn, trathboisintndéd td elsconass gl elmfh‘ er ent

regi onal pro i es.and characte S by ent angling different
fibres tog‘@?‘ﬁgcfatt' 68'93‘]5 SPRRE: ?éé{lek dd@' I7P¥%d as described above

can have applications in many fields |nclud|ng ti ssue engi neering,
3-Dcell culturing, 3-D cell culture systemfor high-throughput drug
screening, drug-releasing fabrics, containers for expansion of cells
such as stemcells, and the like. [0084] In this description, when
the conditions for a reaction or process are not expressly provided,
the conditions can be assuned to be the standard conditions and can
vary within the range of normal conditions. In particular, the

normal conditions may include standard conditions such as atnospheric
pressure and roomtenperature. [0085] O her features, benefits and
advant ages of the enbodi ments described herein not expressly

menti oned above can be understood fromthis description and the
drawi ngs by those skilled in the art. [0086] The contents of each
reference cited above are hereby incorporated herein by reference.
20
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[0087] O course, the above described enbodi nents are intended to be
illustrative only and in no way limting. The described enbodi nents
are susceptible to many nodifications of form arrangenent of parts,
details and order of operation. The invention, rather, is intended
to enconpass all such nodification within its scope, as defined by
the clains. 21 WHAT IS CLAIMED IS: 1. A nethod of form ng a porous
scaffold, conprising the steps of: providing fibres conprising

pol yelectrol ytes form ng a polyelectrolyte conplex, said fibres
further coW’?‘El%‘éL'&M@g& linker 1inking said polyelectrolytes

wi thin individual ones of said fibr for inhibjtin econdary

pol yel ect r 41 i @etgrsf ErmindchPye o\t FYRRIRING {hﬁrsé%’ Qz appl yi ng a
fluid to said fibres to entangle said fibres to forma porous
structure. 2. Threvidieg tibessomprigihgnpelyelrpler!en fyming @ pelkyglestalder

conprises silic &[ép;%xal %ﬁagrgf@fpﬁﬁier% l‘l@xh&‘a%roémﬁk@iﬁhk%@é%ld

cross-linker lin ectro KP hr ough Si - O bonds. 4. The
net hod of cl ai npalyatectiolytéswithin ingivicdbinbonegiod 5@'#’6@533 fPRiRBIPtEEr i ses

silica. 5. The,p (lja‘ét}gngye!%Eﬁbl Jeom BRI betAben aajaSST fibrisesnd S

selected from acry succ es, carbodiim des and qui nones.

6. The method of,aRyy Qﬂ@id% s&ihfﬁb!@ td ehtangle selemRbStoTaind a porous
pol yel ectrol yt es dre  selected fromalginate, chitosan, chitin,

heparin, chondr®iuciuiesul fate, hyaluronic acid, DNA RNA,

poly(ornithic acid), polyacrylic acid, pol (et hyl enei m ne), gellan,
car boxyl at &d Thel ryetbod obetaimat e@qn@h)%ﬁférﬂossdﬁ eroxmpPriges sligdn-ve, chitin
derivative, acrylate polyner, nucleic acid, histone protein, acidic

pol ysacc hafs' dﬁve HShbY Bf iitn @fwr%f.séxdls&dl@ﬂﬁsaméhmks daid folelcaiyee
acid), poly( ;ﬁ:s' ne), and poly(glutamc acid). 7. The method of claim

6, wherein sdh@uabBy @Il&f‘@?ol yte conplex is selected from

4. The method of claim 2 or claim 3, wherein said cross-linker comprises silica.

5. The method of claim 1, wherein said cross-linker is selected from acrylates,

succinimides, carbodiimides, and quinones.

6. The method of any one of claims 1 to 5, wherein said polyelectrolytes are
selected from alginate, chitosan, chitin, heparin, chondroitin sulfate,
hyaluronic acid, DNA, RNA, poly(ornithic acid), polyacrylic acid,
poly(ethyleneimine), gellan, carboxylated polymer, aminated polymer,
chitosan derivative, chitin derivative, acrylate polymer, nucleic acid, histone
protein, acidic polysaccharide, derivative of acidic polysaccharide, poly(amino

acid), poly(lysine), and poly(glutamic acid).

7. The method of claim 6, wherein said polyelectrolyte complex is selected from
alginate-chitosan, heparin-chitosan, chondroitin sulfate-chitin, hyaluronic acid-
chitosan, DNA-chitin, RNA-chitin, poly(glutamic acid)-poly(ornithic acid),
polyacrylic acid-poly(lysine), and poly(ethyleneimine)-gellan complexes.
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al gi nat e-chi tosan, heparin-chitosan, chondroitin sulfate-chitin,

hyal uroni ¢ aci d- chitosan, DNA-chitin, RNA-chitin, poly(glutamc
acid)-poly(ornithic acid), polyacrylic acid-poly(lysine), and

pol y(et hyl enei m ne)-gell an conpl exes. 22 8. The method of any one of
claims 1 to 7, wherein said polyelectrolyte conplex is an

al gi nate-chi tosan conpl ex. 9. The nethod of any one of clains 1 to 8,
wherein said fibres are forned froma polyanion solution and a

pol ycat i on8sO’hutnire»mb<b(yf einlytoeefoaclia'mhs pid Vevherein shigtnelyelastrplytsxeammuiex
sai d pol yanion_s 0 a polyanion and said polycation
sol ution con‘tﬁ?r’s%%‘ag%ﬁ a?o )910 The method of claim9, wherein
sai d pol yani on sol ution corrprl ses alginate. 11.The nethod of claim?9
or claim 19, Thaenahod oftanyenstof ool tadivhesen paiifbresare formsdyita® Aon

sol utions CO’B@[ ,‘BR S&Lt@fﬁ‘ﬁc{( PQI?E% onﬁhﬁoﬁ Bgﬁeﬁddﬂfﬁblyéﬁgvayte

precursor of Cross e nmet hod of aim 11, "wherein
sai d pol ycat icompleabiinn, saidpolypnios selutien gomprisind @ gelyanienand gaidnet hod of

clainms 11 or sor conr pi ses hydrol yzed
tetraet hyl rpghgéﬂq I cat'\gﬂ?@@?ﬁ&ﬂ) % thod of any one of clains
9 to 13, wherein said ﬁpol ycation sol ution n’grl ses chito an 15 The
met hod of AMwhermestbed ef Giaimed. gvhpbe'fizaldmar?@'m sQllffien GIMRrSEs|

solution"” conprises chitosan and hydrol yzed tetraethyl orth05|licate
(TECS), theqwaeghdthod 8t diaimad orsadith thiwhessmatinakt BREST baitl polyeeibneed 8: 0

From 8: 3.7t §ORCalan soHoR AEMALTIS gt a1 e B> ETRhEnd o 1o

wher ei n sai d psécisclof g0 ¢icdbtigkdri bres conprises bring said pol yani on
and pol ycati on soI utions into contact to form an interfacial region,

and draw ”92 éthgj stcl i % thid %r& gﬁétﬁnln JoRBIbA RombAses/$ify met hod

of claim1l sal I nter aci Ion conprises chitosan
precursor

13. The method of claims 11 or claim 12, wherein said precursor comrpises
hydrolyzed tetraethyl orthosilicate (TEOS).

14.The method of any one of claims 9 to 13, wherein said polycation solution

comprises chitosan.

15. The method of any one of claims 9 to 12, wherein said polycation solution’
comprises chitosan and hydrolyzed tetraethyl orthosilicate (TEOS), the weight
ratio of said chitosan and TEOS being between 8:0 and 1:19.

16. The method of claim 15, wherein said weight ratio is from 8:3.7 to 1:9.4.

17.The method of any one of claims 9 to 16, wherein said step of providing fibres
comprises bring said polyanion and polycation solutions into contact to form

an interfacial region, and drawing said fibres from said interfacial region.

18. The method of claim 17, wherein said interfacial region comprises chitosan

and alginate with a weight ratio from 8:1 to 1:16.
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and alginate with a weight ratio from8:1 to 1:16. 23 19. The net hod
of any one of clains 1 to 18, wherein said fibres further conprise a
nodi fier for nodifying a property of said fibres. 20. The net hod of
claim19, wherein said nodifier conprises a surface-nodifying
substance. 21. The nethod of claim19 or claim 20, wherein said

nodi fier conprises at | east one of a protein and a peptide. 22.The
met hod of cla.rm 19 or Ia|m2

| east one '6f W?@Pﬂ? NP ‘3&&“? ﬁg?s% ‘g%qr?'ﬁﬁéﬁj #bé%%ﬁlgggeﬁ‘?%gew th

an ar gi ni ne- ginyeifiecormpaning & ptdgery of@imif"breQB The method of any one
of claims 1 to 22, wherein said fibres are confined in a die durlng

said step flu t hat r

ext er nal p%fﬁl%gmgthﬁgpgﬂ?'ﬂhﬁéjw ‘ﬂ ?ﬁlmoso?fleg Cgﬁbﬁ%%eafg%ﬁcfggﬁgd'@?] sai d
die. 24. The gubtfance.of any one of clainms 1 to 23, wherein said fluid
conprises water. 25.A scaffold formed in accordance with the nethod

of any. one Al Abfia br L ds or An{oPQIRHTn SARTAT, EORPHLA Mtk

tangl ed fibres conprising po ectrolytes formng a po yelectrolyte
conpl ex, sai dorfei diagmoteinanses pemdidpr i sing a cross-linker linking said
pol yel ectrolytes within individual ones of said fibres and inhibiting

secondary pol gl rﬁét‘hb& oy Li8inf $9TB¢ Q¥iRt 2@ WHRASINESID nastiifee @ampf.séymeasiz?
The scaffold of claim?26, wherein said cross-I|inker npri ses

silicon. 28. onecofpelyetylere slvcel RER)cplagine 2af & reRfide WB@E AfginiRey

| i nks sai d pog?ly&{ée R @&D)tmsPugh Si- O bonds. 29. The scaffold of
claim 27 or aim 2 wherein said cross-linker conprises silica. 24

? ? 6mT2gr ;f;@eﬁledmg’tfhog o?garqg} gr?é ofvg]a(?rrngH "o §§I ﬁhé:reraﬁssséfd tllb%se Sré csonﬁ%ae ﬁtaed
die during said step of applying a fluid such that said porous structure has an

external profile substantially conforming to an inner surface of said die.
24.The method of any one of claims 1 to 23, wherein said fluid comprises water.
25. A scaffold formed in accordance with the method of any one of claims 1 to 24.

26.A porous scaffold comprising:

tangled fibres comprising polyelectrolytes forming a polyelectrolyte
complex, said fibres further comprising a cross-linker linking said
polyelectrolytes within individual ones of said fibres and inhibiting
secondary polyelectrolyte complexation between adjacent fibres.

27.The scaffold of claim 26, wherein said cross-linker comprises silicon.

28. The scaffold of claim 27, wherein said cross-linker links said polyelectrolytes
through Si-O bonds. ’

29. The scaffold of claim 27 or claim 28, wherein said cross-linker comprises

silica.
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succi ni m des, carbodiim des, and qui nones. 31. The scaffold of any
one of clainms 26 to 30, wherein said polyelectrolytes are selected
fromal ginate, chitosan, chitin, heparin, chondroitin sulfate,

hyal uroni ¢ acid, DNA, RNA, poly(ornithic acid), polyacrylic acid,
pol y(et hyl enei m ne), gellan, carboxyl ated pol ynmer, am nated pol yner,
chitosan derivative, chitin derivative, acrylate polyner, nucleic

acid, historsn. T Sdold of 2irA 126, W@ér%ﬁ%%ﬁ@&ééiﬁkeg%ré (f%‘iécﬁvf?ctrﬂ &?St(gé ¢

pol ysaccharl de, poly(amno acid), po l ysi ne)
aci d). 32. TheSussigiriges carbogiimides.and Wéﬁﬂ sai d poI yel ectrol yte
conplex is selected from alginate-chitosan, heparin-chitosan,

chondroi tin auTﬁm@ﬁ@taldfbny oiwaimml% to 30! ah@ralnt@%&ﬁof Q'T% %
RNA-chi ti n, %Cq Cg%ﬁ aC| d(% éor ni thic acid) acr
aci d- pol y(IyS| e W"‘et 5} i &epgdn. Icaﬁn@éﬁﬁlsébf@& 33 The
scaffol d of clalrédc awvbemﬁAnRﬁA prlﬂ@}rﬁ%ﬁﬁc%id)%dr}a%rﬁ;%ei’dex is an

e scaffold ny one of clainms 26

al gi nate- chitosan, co
to 33, wherei W@QF@Y‘PF@W@ ’fo’i?ﬂé?ar boxyietRd RelyraerBeiatast polgser, The

scaf fol d of CIc&ixtﬁﬁsa’iﬁder%ﬁfeebmﬁ@erﬁi/aﬂwlafch@éte%@l%fe'rSrﬁx%leﬂ: acid, histone
surface- rmdlfyln scaffold of claim34 or claim

35, wherein sdi'd WDHF'BEC&P[}%?FSPP%%éga‘(atqvggé?Cld@m@iy&ﬁm@aﬁfﬁ@tmma@m a

pepti de. 37. 'Hm&i)smmgf(fyexhé) ahd poly(gitémifacid)ai s 34 to 36, wherein said
nodi fier conprises at |east one of pol yet hyl ene gl ycol (PEG),

collagen a n ini,ne i ne-a rtate

ot 35, - T eRer dhlaf Bl s B e thah B o R opisge

por osi ty of 10%4m algipgte-chitaSan, heSHEQUERGEaM, IcBohdvGitin SUESe-cXitnghyahaskice Y
acid-chitosan, DNA-chitin, RNA-chitin, poly(glutamic acid)-poly(ornithic acid),

polyacrylic acid-poly(lysine), and .po!y(ethyleneimine)-gellan complexes.

33.The scaffold of claim 32, wherein said polyelectrolyte complex is an alginate-
chitosan complex.

34.The scaffold of any one of claims 26 to 33, wherein said fibres further
comprise a modifier.

35. The scaffold of claim 34, wherein said modifier comprises a surface -modifying
substance.

36. The scaffold of claim 34 or claim 35, wherein said modifier comprises at least
one of a protein and a peptide.

37.The scaffold of any one of claims 34 to 36, wherein said modifier comprises at
least one of polyethylene glycol (PEG), collagen, and a peptide with an
arginine-glycine-aspartate (RGD) motif.

38.The scaffold of any one of claims 26 to 37, having a porosity of 10% to 98%.
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SEQUENCE LISTING

<110> Ying, Jackie ¥
Wan, Andrew CA

<120> SCAFFOLD AND METHOD OF FORMING SCAFFOLD BY ENTANGLING FIBRES
<130> 93231-99
<160> 1

<170> PatentIn version 3.3

<210> 1
<211> 11
<212> PRT

<213> artificial

<220>
<223> synthetic peptide sequence

<400> 1

Gly Cys Gly Tyr Gly Arg Gly Asp Ser Pro Gly
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