Encapsul ation of cells in biologic conpatible scaffolds by coacervation of
charged polyners [0001] This invention relates to a nethod for the

encapsul avpeooeafiissel | s i n bi ol ogi c conpati bl e scaf f ol ds pcTls&20030e649 on al so
relates to cell species encapsulated in sugh a scaffold, and uses of .the
cells encapsul ated in such a scaffold. Background of the invention [0002]

Scaf f ol dshav EreepRulssh 8F 8BNS i Bidlogic. fealf =AY
either to construct a neo-tissué tkllat éatﬁgﬁiﬁtﬂn%?%ﬁ@?gﬁ%%y}%cpnéatb%?g&
site in the body or as a cell cont aichargéd polymers fici al devices. Scaffolds
forma three dinensional matrix that serves as a tenplate for cell

proliferation and ultimately tissue formation. [0003] Culturing cells in a
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be det er m nedchaffoldhet her the scaffold is able to support cell viability and

by its ability to integrate with the host tissues for inplantable
scaffol ds. Hence, the.optim zation of cell seeding and culture technol ogies

are equally inportant determ nag&mﬁbh%ﬁmpgﬂi‘%ﬁi‘éﬁf a scaffold system

[0004] A first inportant aspect rega It edi ng net hods i ncl ude
the effidDency of the seeding nethod as to maxinize the utilization of

donor cells. Aut[@¢ O#Sﬂffg” ﬁourc s are usually limted in nunber due to
donor site nor bi % Eqfilds ; Rave jheen sused ngxiedsively nbedhe oamsabofe tisseei ng

of scaff ol ds gngideerinhaéithes! | ] ' edi fficiency. A
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formation of issue., Both factors influence the mass transfer
Wit hin scaf f ﬁ;@&%’ﬁg@@ﬁg@ﬁgtbﬁ ’.‘t“é% SVBRASP Iemplatg; F el rolieraion and
cul t uri n@5 celultnatelyetisstieffoahdtidri3ot chwey, E. A, et al., J. Bioned. Mat.

Res., 2003, Vol (Eé%l% P, 357-367).[ 0005] For seeding cells in scaffolds
vari ous ret hods! wiynngecallsiip @pcaffold typically involves seeding cells throughout

the scaffold and allbwing the cells to proliferate in thé scaffold for a pre-
determined amount of time. A lot of research efforts have been directed at the
design, fabrication and choice of materials in developing a scaffold for tissue

20  engineering applications. However, the eventual success of a scaffold will be
determined by whether the scaffold is able to support cell viability and by its
ability to integrate with the host tissues for implantable scaffolds. Hence, the
optimization of cell seeding and culture technologies are equally important
determinants in the success of a scaffold system.

25 [0004] A first important aspect with regard to cell seeding methods include
the efficiency of the seeding method as to maximize the utilization of donor cells.
Autologous cell sources are usually limited in number due to donor site morbidity
hence, the ideal seeding method need to enable seeding of scaffolds with
relatively low cell number at high seeding efficiency. A second important aspect

30 is the uniform distribution of cells in the scaffold. A spatially uniform cell
distribution has implications on the formation of a hombgeneous tissue. Both
factors influence the mass transfer within scaffolds that has been cited as one of

the major limitations of culturing cells in a scaffold (Botchwey, E.A., et al., J.
Biomed. Mat. Res., 2003, Vol.67A(1), P.357-367).



So far, static seeding is the nost preval ent nethod of seeding cells into
scaffolds. For static seeding a cell suspension is seeded on a scaffold and
af t er war dsoi2oesahatsed for a certain tine in the absence etCtagiimionenm9 before
bei ng exposed to dynami c culture conditiogs, for exanple into a spinner
flask that is slowy agitated. However, conventional static seeding is not
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P.379-386) and perfusion cartridge seeding (Sittinger et a
Artif. O gansyspedgion srd placedRogether iMHosvwgvea tubehandtheitubeiis therf indubated

702" 52 oo SRRSO R i
scaffol d. [O0gPfHe Besfdld e Hoevehothecsesddiag efficiendy for apRithitdsedding wa! lbad

can be enployed with virtually all cell types due to 1ts relative
sinplicity. émm A%re56%d asddeariahle depepding entie Raitation deethed (ByragSame
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material s angnd kfghaniie seedinge ThetedABlube! filRdfsn SBedinBY@Ei @&heM2odH, supra),
oscillating perfusion seeding (Wendt et al., Biotechnology and Bioengineering,

20 2003, Vol.84, P.205-214), centrifuge seeding (Yang, T.H. et al.,, J. Biomed.
Mater. Res., 2001, Vol.55, P.379-386) and perfusion cartridge seeding (Sittinger
et al,, Int. J. Artif. Organs, 1997, Vol.20, P.57-). However, the application of these
methods are limited to scaffolds of a specific range of dimensions and pore sizes
since most of the studies were pe’fformed on a single type of scaffold.

25 [0006] Despite the shortcomings of static seeding, this method can be
employed with virtually all cell types due to its relative simplicity. Therefore,
considerable efforts have been made to improve the efficiency of static seeding
by using biological hydrogels such as fibrin glue (Schantz et al., Tissue Eng.,
2003, Vol.9, Suppl.1, P.113-126) and collagen (Ushida et al., Cell Transplant.,

30 2002, Vol.11(5), P.489-494). However, the extent of gelation (complexation) of
such hydrogels cannot be controlled very well owing to the inherent variability in
biological materials and there is no precise control ovér the physiochemical
parameters that triggers the gelation of these biological hydrogels. This may
have implications on the diffusion limits of nutrients inside the scaffolds.



paranmeters that triggers the gelation of these biological hydrogels. This
may have inplications on the diffusion limts of nutrients inside the
scaf f ol dswBubdeimigat gel ati on can effectively trap the eelriss2003mbabast he
scaffolds but often Iimt the diffusion. t he other hand, insufficient
gelation will be good for mass transfer but not inproving the cell seeding

efficiency. L0Q07] ,Thus, there.remajns a need, for. an effectiv eedi ng . of
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species in a biologic conpatible scaffol d. A nethod for encapsul ati ng at
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the first charged polyner on the first substrate; (c) placing a second
substrate coated with a third charged polymer to forma sandw ch structure

with the first substrate and %W¢?QTFI@WT re in between,
I rd polymer are o

wherein the first polynmer and the t he sanme el ectrical
charge. [0009] Using this nethod different attachnent-dependent or
attachnment i ndependent cells can be encapsul ated on the surface of a three
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Thi s pol yner ‘(P:?E{Sﬁ)l ex creates polynmer fibers that formthe basic structure
of a pol ymerS d COMPHSGch the cells are embedded. Due to the ultra thin
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of the scaffolds so easily. e cells are not attached directly to the
surface of the scaff dbliplagingeatseatield camprising et leashpne eelispeniestarabedded
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the first charged polymer on the first substrate; :

(c) placing a second substrate coated with a third charged polymer to
form a sandwich structure with the first substrate and the scaffold arranged there
in- between, wherein the first polymer and the third polymer are of the same

20 electrical charge.

[0009] Using this method different attachment-dependent or attachment-
independent cells can be encapsulated on the surface of a three dimensional
scaffold to achieve a more effective seeding even with low initial cell numbers
and a homogenous distribution of the cells within the scaffold. The cells are

25 embedded in an ultra thin membrane formed by coacervation of the oppositely
charged polymers to form a polymer complex. This polymer comp]ex creates
polymer fibers that form the basic structure of a polymer matrix in which the cells
are embedded. Due to the ultra thin membrane cells are entrapped within the
scaffold and cannot be washed out of the scaffolds so easily. As the cells are not

30 attached directly to the surface of the scaffold but embedded in an ultra thin
membrane that is attached to the scaffold, the method of the present ihvention is
independent of the material and size of the scaffold used.

[0010] Other aspects and advantages of the invention will become apparent
from the following detailed description, taken in conjunction with the



[0010] Qther aspects and advantages of the invention will become apparent
fromthe follow ng detail ed description, '.taEeInI : n con{ un(k:It on w })hzasxanpl .
t heacconpwoybewgp1dssawi ngs and exanpl es, which il | ustrat eprby/seaysebo :
the pri mpl es of the invention. BRI EF DESERI PTION OF THE DRAW NGS [0011]
Fig. 1 shows a schematic picture of the clainmed nmethod of encapsul ating
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substrate (4) is coated with a first charged polyner (5) and the secon
substrate glg Is coated with a third charged polyner (2). [0012] Fig. 2

shows two different methodBRIEF DESCRIRTION OF THE'BRAWINGYS f ol ds as
described_in Exanple 2. In Method 1, a scaffold containing the first

char ged pglyner (10) is dipped into a reservoir containing the first 4
char ged pol yner C cqQa . ln Method, 2, second charge
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Fig. 4 shows ba kl:dsc%%te” ng confocal imge (60« magnificati ?f ! de
col | agen-ter&m ct 99&_89 i ¥ inside t he Q/tpmatrlx(tr’r?[ _slcai ol

usi ng meLhod 2 IOHIFGLED dbu awo? diRdlePSAEBRS 1k TEpATLAN Adlis in
Exanpl e 2. [0015] Fig. 5 shows a back-scattering confocal1

magni fi cat i ofgafinlde @sideseribed ipExample QoipMsthsd fio areafforBsitainiity the first

t trix(t f ' t he t.hod of the present invention as
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until the first charged polymer (30) is displaced from the scaffold.
[0013] Fig. 3 shows a phase contrast image of a collagen-terpolymer -
complex (stained with trypan blue) that was formed outside the scaffold in a
20 terpolymer solution which terpolymer-collagen solution was used to encapsulate
the Cytomatrix™ scaffold using method 1 as depicted in Fig. 2 and described in
more detail in Example 2.

[0014] Fig. 4 shows a back-scattering confocal image (60x magniﬁéation) of

collagen-terpolymer complexes formed inside the Cytomatrix™ scaffoldé using
25 method 2 as depicted in Fig. 2 and described in more detail in Example 2.

[0015] Fig. 5 shows a back-scattering confocal image (60x magnification) of
collagen-terpolymer complexes formed - inside the Cytomatrix™ scaffolds using
the method of the present invention as depicted in Fig. 1 and described in more
detail further below. A

30 [0016] Fig. 6 shows a cell tracker green and propidium iodide (CTG/PI)
staining of goat bone marrow stroma celis after two weeks of culture in a scaffold
(Example 1). Images shown are projections of a 300 Hm optical section (z-axis,
i.e. longitudinal axis of the cylindrical scaffold) onto a single plane (10x
magnification). Fig. 6A and 6B show the front and backside sections of the



I.e. longitudinal axis of the cylindrical scaffold) onto a single plane
(10x magnification). Fig. 6A and 6B show the front and backsi de sections of
t heCyt omawoiageiomissscaf f ol d t hat was encapsul at ed by conplesceasmermat i on.
Fig. 6C and 6D shows the front and backsi ge sections of the control
scaffold. [0017] Fig. 7 shows the percentage seeding efficiency of pig bone
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tinme of the gos'lg:tely charged polyners in Fig. 8Awas 1 mn, in Fig. 8B 10
mn and in F g.m 3b min. Fig. 8D shows a control scaffold that was seeded
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[0019] Fig. 9 shows"'t per cent age of ce VI a ty a weeks 0
dynam ¢ cul t stremaf cellsy encapsutatedoin sCytommatid™ scaffoldy t witht pasitively chaesjdd! ds

each encapsul afed w t ositively charged call agen and. terpol yner at
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mat ri ces f or londitudingl 3axis %of et | gylindricaln) s@iffajd | gntoetahysingled plané agtdx ( CE

i nd 1.4); (B) Highl t hyl.at ed | | . i nd bet .9 002
Fla. 11 shownabpiioatet) Eante it of fhe SESCHEN cAOR rBBineiin Figan pas
nor phol ogy (@Rl Eig4BB {mifveaid e 8O 80 ImingFiy. 8D sheds:a toitrdfstaffold
dendrite nunber per node &;D) Slightly nethylated collagen; (D) Hi ghly

net hyl at ed cthat a@speedeshpy|convgntional istatissseeding (Meshediferemere detallgpree

met hyl at.i%n E%‘ﬁ‘?fég I zed by the elution peaks of nethylated col |l agen

resol ved by capi Flary el ectrophoresis. Based on this new nethod to quantify
t he degree of n[ONY] &Hig.o8 skowssthei pertentage of cell viability after two weeks of

dynamic culture of pig bone marrow stroma cells in Cytomatrix™ scaffolds each
encapsulated with positively charged collagen and terpolymer at different
polymer contact times (for more details see Example 3).

20 [0020] Fig.10 illustrates the effect of different kinds of collagen methylation
on collagen matrix formation (Example 4). Representative images of collagen
matrices formed with 3 wt% terpolymer: (A) Slightly hwethylated collagen (CE
index 1.4); (B) Highly methylated collagen (CE index between 1.9).

[0021] Fig.11 shows the result of quantitative analyses of collagen matrix

25 morphology (Example 4): (A) Mean dendritic length per node; (B) Mean dendrite
number per node [(p) Slightly methylated collagen; (A) Highly methylated
collagen].

[0022] Fig.12 illustrates the degree of collagen methylation characterized by
the elution peaks of methylated collagen resolved by capillary electrophoresis.

30 Based on this new method to quantify the degree of methylation as described in
Example 4 the CE index was developed on the basis of the data obtained from
Fig. 12. The CE index characterizes the relative growth in the downstream peaks
as increased degree of methylation. The CE index is calculated by dividing the
area of the downstream peaks over that of the upstream peaks (Area B/Area A).



Exanpl e 4 the CE index was devel oped on the basis of the data obtained from
Fig. 12. The CE index characterizes the relative growh in the downstream
peaks as woen@zaestsdegree of nethylation. The CE i ndex ipeTss&kensioasas by
dividing the area of the downstream peaks over that of the upstream peaks
(Area B/ Area A). [0023] Fig. 13 illustrate® the effect of col | agen
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scaffolds with half N-acetylated chitosan and terpolynmer after "1 week o
dynani ¢ cul t meshylated Gﬁﬂ'ﬁﬁﬁ@r(cﬁlladﬁxﬂ%ges shown are projections of a 300

ccai fol afP ont o [0S @%l 19y "R, et ol Sedhg, BficRicloth i ABE.

opposi tely Ch}@ftcﬁﬁdtrﬂi ymmsn by @ncapdatiomsofl halfn N-acetilatsd echiteBard Oard N,

in Figure 16C 30 min. ure 16D and E show different sides of a control
scaffol d seemowm%&ﬁ reshRElYRIEE gPRigct times 4los mernesietaily seqiExample 8ke
Exanple 5). [00 el; Lakd: b i ( Rbps Of
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I i t I {

| onaet TR Sth R o 1 yReRiaf RuatmileiRle i Bsmiaver sk, fasdes showr are
magni ficati OP)oJe&iomsr ef 7 A08ndnB opfiesl Bé@tlcfrf Qi'-bx%nd ebalghgﬁudiﬁapéxs sc#id ol d
in which cells are encapsul ated according to the nethod present

i nvention, réYpslical seaffole) gnfoea :@mlm&a@ (swvmaaelﬁpamn) mt@ﬁdkn%pﬁéh%f a
control scaf g} gsitdl WRARICSIRe f PIREAPTBAANSESE 1 min, in Figure 168 10 min, in

Figure 16C 30 min. Figure 16D and E show different sides of a control scaffold
20 seeded by conventional seeding (fnethods) (for more details see Example 5).

' [0027] Figure 17 shows the cell viability staining (CTG/PI) of HDF cells
encapsulated in Cytomatrix™ scaffolds with modified collagen and terpolymer
(HEMA-MMA-MAA) after 1 week of dynamic culture (Example 6). Images shown
are projections of a 300 um optical section (z-axis, i.e. longitudinal axis of the

25 cylindrical scaffold) onto a single plane (10x magnification). Figure 17A and B
show the front and back side of a scaffold in which cells are encapsulated
according to the method of the present invention, respectively. Figure 17C and D
show the front and back side of a control scaffold in which cells are encapsulated
using standard static seeding (methods), respectively.

30

DETAILED DESCRIPTION OF THE INVENTION



usi ng standard static seeding (nethods), respectively. DETAI LED DESCRI PTI ON
OF THE | NVENTI ON 0028] In the nethod of the present invention at |east one
cel | specveeiemiesssapsul ated in a biol ogi c conpati bl e seafrfsghebsoddeys et hod
that is depicted in Fig. 1 conprises: (a) ’provi di ng a first substrate (4)
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cells within the boundaries (confines) of a scaffold, wherein the surface
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bui | di ng up £he syst emo I'"nuous erconnec por €s
For exanpl e, membrane is formed by complex coacervation of the second charged polymer

with the first and third charged polymer. Being soluble in water, charged
polymers offer the feasibility of developing an agueous encapsulation system
20 that is compatible with the cellular milieu. Besides eucaryotic cells such as
mammalian cells, insect cells, amphibian cells, plant cells, and 'yeast cells the
method of the present invention can also be used to cultivate prokaryotic cells.
The prokaryotic cells may be selected from, but not limited to, the genus
Escherichia, Bacillus or Lactococcus. Some examples of prokaryotic cell species

25 from these genera are Escherichia coli, Bacillus subtilis oi’ Lactococcus lactis.
[0030] As used in the present invention the term “encapsulation” means to
entrap cells within the boundaries (confines) of a scaffold, wherein the surface of
the scaffold is covered by a ultra-thin polymer layer in which the cells are
embedded. The “surface” of the scaffold is formed by the polymer fibers building
30 up the system of continuous interconnected pores of the scaffold. For example,
the surface of the Cytomatrix™ scaffold used in an example of the present
invention is made out of niobium-coated carbon. Accordingly, the method of the
present invention is a combination of methods typically known as
microencapsulation and macroencapsulation (see for example, Uludag et al.,



the surface of the Cytomatrix(tm scaffold used in an exanple of the
present invention is nmade out of ni obium coated carbon. Accordingly, the
met hod ofwDheognesent i nvention is a conbi nati on of netlprodsceypiocesd y known
as m croencapsul ati on and nmacroencapsul atigon (see for exanple, U udag et

al ., Advanced Drug Delivery Reviews, 2000, Vol.42, P.29-64). In
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seeding efficiency of static see I ng met Sstate
art. For exanpéélngrﬁfcsemy ng efficiency described by Li et al. (Biot echnol.

P ., 2001 , ted,to b % [0032
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shows t heg tB%a@%blﬁ@ésW%Bh@éntfd?fa’l‘%ﬁbt@%ﬁffgld%éd?né h%tﬁsweés&fbefd%ove

present invention is distributed nore honogenously Wthin the wh
scaf fol d ( Fi dheseeding efficiency npingdheveethod of te pmseat inventién wabcﬁowgktmm
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net hod of t hef ptatkeséeding antitodsi desdibeduini fhérmattélaﬁ tﬁ@nmanpré&bnﬁﬁ@@hélg
(methods). [0033] The .conparative exgerl ments includ f urt her _net hods.

In nethod 1 &eedipge&ificiangy @esq'b&ds@(: het 2lhgBigtashpel- ﬁ@g,l@ozll VelidTR-938t 0 a
scaf fol dyg Thg4§ﬁ@5§%;§’oﬁéﬂ‘fo‘3‘bé‘k%}’he second charged pol yner (10) was then
i

gently dippe to a reservolr containing the first charged pol yner (30)
for conpl ex coa{ﬂﬂi&Z&tﬁwthenUQrexg cbmparamteh@dlcapsulahormbwqmrmbrtthammgeother
majority of

scaf fol d and”begpr?) Cgﬁg\ggﬂgggﬁ? 8@? ?rhcomp?ax gr%?e ac or%mg othe n?éthtogeof the

present invention is distributed more homogenously within the whole scaffold
(Fig. 5), which is imperative for the formation of a homogenous cell culture or
20 homogenous tissue within the scaffold. Example 6 shows that the distribution of
cells within the scaffold seeded according to the method of the present invention

is more uniform than conventional seeding (methods).
[0033] The comparative experiments include two further methods. In method
1 depicted in Fig. 2 a second charged polymer is aliquoted into a scaffold. The
25 scaffold ‘containing the second charged polymer (10) was then gently dipped into
a reservoir containing the first charged polymer (30) for complex coacervation.
Using this method it was observed that the majority of the second charged
polymer has been displaced out of the scaffold and complex coacervated with
the first charged polymer (30) (Fig. 3) outside the scaffold. In method 2 (Fig. 2)
30 the scaffold was first placed into a reservoir containing the first charged polymer
(30). The second charged polymer (40) was then delivered into the middle of the
scaffold (20) over a needle of a syringe (50) until the first charged polymer (30)
was displaced out of the scaffold. The polymer complex was formed within the



the first charged polyner (30) (Fig. 3) outside the scaffold. In nethod 2
(Fig. 2) the scaffold was first placed into a reservoir containing the
first chawgedogmissser (30). The second charged pol yner @&@)sGeas/obizan
delivered into the mddle of the scaffoldg(20) over a needle of a syringe
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i.e. are either positively or negatively charged, when present In a
sol uti on. AcpbysivlegicypHt Reistraembrana mayvkaveod yineknessref 21 0tpme of 2:8 um, for

el ectrical charge' means that. t th carry an.either.positi [
egat | ve net SXrpis. PERE natiBite bt e ARl el i g e dfieer.
Coul onb) can be[oti35] BofH) tnatdfallg .occhifingeand mddified pohfirerd! sret siitdle fhrange”
has to be understood qualitatively and not quantitatively. ggg%] The
pol yners use@Sichatges pelvaers in thedfactine af thetprprent inyentigne in #is genrection it n
dditi I ' i 0
2081 OISR et TR REHS) Btk Rbah Bkt AR er B e
i nventi on i schérge, titee arel wither osijtively encrgatively chatded, cehérs presént iredca
i thout th .of ni. c soj vent hat,are often harnf to the X
encapoul at eaSative. RedaEay ety Wil ihceSiinars He gefeine, Samer lectical
P. 267-275) . tharge" pesedristihat tHE bdtReahy’ a1 eRREr pduifivk or negative net charge the

exact value of which (expressed for example in Coulomb) can be different. Thus,
20 the term "of the same electrical charge" has to be understood qualitatively and
not quantitatively.

[0036] The polymers used in the present invention are typically water-soluble
and in addition usually have a molecular weight of at least 3000 Da. Another
advantage of using the complex coacervation according to the present invention

25 is that the polymer complex encapsulating the cells is formed without the use of
organic solvents that are often harmful fo the encapsulated cells (Roberts T. et
al.; Biomaterials; 1996; Vol.17, P.267-275). It is possible that the first and third
polymer as used herein are negatively charged. In such a case, the second
polymer is of course positively charged. Alternatively, the first and third polymer

30 are positively charged and the second ponmér carries a negative net charge.

[0037] The first and third charged polymer can be of different chemical
compositioh or nature. In one embodiment of the present invention, the third
charged polymer and the first charged polymer are identical.
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about 25% ne hacr lic acid and abg t net t hacr ate (HEIVA— MVA)
(Chi a et al. ‘éﬂé&!ﬁ&r%&ém ept é%ﬁgﬁfo A‘e@r gihyl Imethastykte.

exanpl e e f o 50%
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t er pol yners MAA-MMA).bANatnple fohesumbtaddrmﬂymee cpnestsnof R6%e iydmoxyethsyl
descri bed by _Shao et, a used t.er poly rent c 0sj tions
for enbeddi ﬁﬂ‘qtﬁ%?&%?%e?tf%“(%%% %@ﬁcryi’f’ S B5apoit J’%&’ nedhy EF@@%%
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Bi omaterials, 1995, Vol. P. 325-335). These terpol ymers consist of

HEMA- MVA- MAAIb anefe. ammmmrp@mmernc@&stmf %yhysdioxystieyl pethacrylate,

met hacr te ! 8Ligt 9]
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d
pol ymer whi cAr& ofesivedy )@tbﬁ? i e @qumeé%cqn&’qu?féf‘bed

pol ymer compositions for embeddlng living cells (Shao Wen, Yin Xiaonan and W.T.K.

Stevenson, Biomaterials, 1991, Vol.12 May, P.374-384; Shao Wen, H. Alexander

20 et al, Biomaterials, 1995, Vol.16, P.325-335). These terpolymers consist of

HEMA-MMA-MAA or HEMA-MMA-DMAEMA (cationic 2-(dimethylamino)ethyl
methacrylate) whereas the latter terpolymer is positively charged.

[0039] Combinations of polymers from this group can be used to form a

polymer complex for embedding living cells by coacervation. In-one embodiment

25 of the present invention the third charged polymer and the first charged polymer

which form the polymer complex by reacting with the second charged polymer

are identical. Exemplary combinations of polymers in which the first and third

charged polymer are reacted with the second charged polymer include the

following (wherein the second charged polymer is mentioned first, followed by

30 the first/third charged polymer: chitosan — terpolymer (Example 5), polyanionic

alginate - Ca®*, positively charged collagen — terpolymer (Example 1 to 4),

negatively charged collagen -positively charged terpolymer (Shao Wen, Yin

Xiaonan and W.T.K. Stevenson, Biomaterials, 1991, Vol.12 May, P.374-384),

polyanionic alginate - polycationic poly(L-lysine).
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char ged pol ymgr §0944 Optionalive polynersnibatace materatip rohangdd cahO8 Zodied he
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the membrane more permeable.

[0042] As the encapsulation isolates the cells physically from the culture

20 media that flows through the scaffold, it is necessary for the cells that the
membrane formed by the polymer complex is permeable to nutrients that are
imperative for the survival of the embedded cells. By varying the molecular
weight, the charge density and the concentration of the charged polymers as well
as the reaction time (contact time) between the oppositely charged polymers, the

25 permeability and transport properties of the membrane can be modulated.

[0043] The influence of different charge densities on the formation of the
polymer matrix and their respective effect on the functionality of the embedded
cells is demonstrated by modulating the charge density of collagen that is used
as second charged polymer. Using the method described by Chia et al. (Tissue

30 Engineering 2000, Vol.6, P.481-495) type | bovine dermal collagen (Vitrogen,
Cohesion- Technologies Inc., Palo Alto; CA) methylation renders collagen
cationic.

[0044] The degree of methylation is controlled by adjusting the reaction time
and temperature of a polymer as described in Example 4. The methylation
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1.9) leads to | esser croSs ed an hinner fibers as can be seen
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pri mary hepal tBwhish a:omparéltbennedn dendritic length and dendrite number formed by
slightly and highly methylated cbllagen (11A Mean dendritic length per node; 11B
Mean dendrite number per node [(u) slightly methylated collagen (A) highly
methylated collagen]).
20 [0046] The polymer matrix formed by different methylated collagen
influences the functionality of the cells embedded therein. As described in
Example 4, detoxification functions of primary hepatocytes are influenced
depending on whether they are embedded in slightly (CE index 1.4) or highly (CE
index 1.9) methylated collagen. The detoxification activity of primary hepatocytes
25 was higher when slightly methylated collagen is used to form the polymer matrix
(Fig. 13A and 13B). In contrast, amplification of HepG2 cells was greater in
highly methylated collagen than in slightly methylafed collagen.
[0047] Therefore, the proposed method of controlling the formation of the
polymer complex by influencing the charge density on a polymer was
30 demonstrated to be capable of modulating the matrix morphology to provide
differential levels of cellular support. In particular, the precise control of the
polymer matrix supporting live cells is important in cellular support and functions
because the cell functions were selectively augmented in matrices with different
fiber cross linking.
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to Medium (DMEM) or modified Chee’s medium (HeptaoZYM-Serum Free Media
from Gibco BRL). It is within the discretion of the skilled artisan to determine how

20 the composition of the polymer matrix forming the ultra thin membréne needs to
be modified to meet the requirements of different cell species. Compared to other
methods known in the state of the art as described above for seeding cells into
scaffolds, polymer complex coacervation as described here allows a better
control of the composition of the coacervated membrane in which the cells are

25 embedded. A higher density of the polymer complex, for example, yields a higher
resistivity of the membrane against shear forces that arise due to fluid movement
in dynamic culture methods. Therefore, the encapsulation method of the present
invention allows to seed cells into scaffolds that can be used under static cultdre
as well as under dynamic culture conditions.

30 [0049] The substrates used that are coated with the electrically charged
polymers and/or support the employed scaffold can be made of any material that
provide sufficient mechanical support for the scaffold and are inert towards the
materials. Suitable su_bstrates may comprise or consist of glass, plastic, silicon, a

metal or metal oxides, to name only a few. Plastic substrate may be made from
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n
Att achnment -i ndependent cells can be encapsul ated t ogether or
at t achnment - dé&xeamfdes faratlashmentindepentent celt spenies that cdoheermapsulated in a
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cell's, T-1ymihmtedt eo, hewbapotics e cells, T-lymphocytes, macrophages and
‘ neutrophils.

20 [0051] The scaffolds used in the present invention comprise a reticulated
structure of interconnected pores. The pores being of size that permits the cells
embedded in the second charged polymer to be attached to the cell pores and
fixed there by forming a polymer complex due to a complex coacervation
reaction. dne useful aspect of the scaffolds used in the present invention is their

25 penetrability for the cell medium that is necessary to transport nutrients and
metabolites to and from the cells encapsulated within the scaffold. Internal fluid
perfusion within the scaffold is increasing rapidly with increased pore volume an
pore diameter. Therefore, the pore density of the scaffolds used in the present
invention is varying between 20 and 95% to adjust the medium flow within the

30 scaffold according to the requirements of the cell specie(s) used.

[0052] Depending on the use of the claimed method, scaffold material and
polymers used for complex coacervation can be biodegradable. To use
biodegradable material is especially advantageous, e.g., for tissue engineering
wherein the scaffolds containing the cells are uéed to repair defect sites in living



neutrophils. [0051] The scaffolds used in the present invention conprise a
reticul ated structure of interconnected pores. The pores being of size that
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descri bed i n US[A®53¢hhesscaffoldsirowhiahctheaeell Bpegies @fe tenoapsplatest can have a
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20 Spherical scaffolds typically have a diameter in the range between about 1 mm
to about 5 cm. ‘
[0054] The present invention can be used for a wide variety of applications,
e.g. tissue engineering. It can be used, e.g., for the three dimensional expansion
of autologous' cells like bone marrow mesenchymal stem cells which are limited
25 due to donor site morbidity. The host for such applications may be any suitable
animal. In a further embodiment said host is a mammal or a humah patient.
[0055] The claimed method can also be used as a three dimensional in vitro
culture system for attachment-dependent cells, e.g., hepatocytes in a three
dimensional microenvironment which mimics the physiological microenvironment
30 more closely. This method is also advantageous because the ultra thin
membrane formed by complex coacervation can be readily broken to allow
gentle harvest of cells from the scaffold. The ultra thin membrane can be broken
by solutions containing dissociation enzymes. Examples for such solutions are
collagenase, trypsin that was used in Example 5 or the commercially available



the scaffold will be inplanted. A scaffold with a regular shape can be
rectangul ar, a square, or of polyhedric or spherical shape. Scaffold of a
rect angulwo 28évapessasual |y have a length in their |argestrcdiseeasioonsof about
1 mmto about 5 cm Spherical scaffolds t%gi cally have a dianeter in the
range between about 1 mmto about 5 cm [0054] The present invention can be
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the Cytomatrix™ scaffold provides a microenvironment mimicking that of the

bone marrow. Hence, the biomimetic three-dimensional microenvironment of the

Cytomatrix™ scaffold should be suitable for the proliferation of the goat BMSCs.

20 [0058] The charged polymers used to encapsulate the BMSCs in the three-
dimensional scaffold are modified collagen (4°C, 6 days modified) and

‘ter'polymer of HEMA-MMA-MAA obtained by the method described'by Ser-Mien

* Chia et al. 2000 (supra). _

[0059] Collagen can be modified to be cationic and anionic by the removal of
25 either the negative or the positive charge from the collagen chains. In this
example the cationic collagen was obtained through the modification of the

carboxyl group by esterification with low molecular weight alcohol as described

as follows. '

[0060] A total of 20 ml of stock solution (3 mg/ml) of collagen (Vitrogen 100,

30 Collagen Corp., Palo Alto, CA) can first be precipitated with 400 ml of acetone.

The precipitated collagen ‘is dissolved in 200 ml of 0.1 M HCI containing

methanol (Merck), and stirred at 4°C for 6 days under sterile conditions. The

modified collagen solution is then dialyzed against distilled water for an additional

4 days at 4°C followed by freeze-drying. The lyophilized modified collagen éan



continuous interconnected pores with a porosity of greater than 90%
Therefore, the Cytomatrix(tm scaffold provides a m croenvironnent

m m cki ngwbDhade/missshe bone marrow. Hence, the bionm neti ecrisceesdoomnsi onal
m croenvironnment of the Cytomatrix(tm scaffold should be suitable for the
proliferation of the goat BMSCs [ 0058] The charged pol yners used to
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precipitate Ia%drl)%j;;hslllss%ldv%ﬂeiyri]elg orfnthneI S&Tm‘é?'a‘#e ourId to be ~63% for the terpolymer
with 25%MAA:25%HEMA:50%MMA. The polymer composition is determmed by
proton nuclear magnetic resonance (NMR) and the actual ratio of MAA, HEMA,

20 and MAA is found to be 20.4:27.4:52.2 (mol/mol) for the feed ratio of 25:25:50
and 20.0:56.0:24.0 (mol/mol) for the feed ratio of 25:50:25. The molecular
weights of the terpolymer after dialysis determined by gel permeation
chromatography [with tetrahydrofuran (THF) as eluent] are about 113,00 and
373,00, respectively. 3% terpolymer was used to encapsulate the cells in the

25 three-dimensional scaffolds. The HEMA-MMA—MAA polymer has been used
because of its advantageous characteristics. The MAA added into the terpolymer
enhances the water solubility of the polymer, allowing the entire encapsulation to
be carried out in an aqueous environment. MMA is providing the mechanical
strength, toughness and elasticity of the ultra thin membrane.

30 [0062] Goat BMSCs were used in this experiment to assess the efficacy of
using complex coacervated encapsulation to seed cells into three-dimensional
scaffolds. BMSCs are anchorage dependent cells that have potential clinical and
research applications as they are capable of differentiating into lineages of the
mesenchymal tissues, including bone, cartilage, fat and muscle (Ringe et al.,
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carried out ByIuiBhETMeNScatdlds WweérdY ferCtraB¥fered into spinner flasks for dynamic
culturing at 2 rpm for 2 weeks.

20 [0064] Controls were established by conventional static seeding. 5 x.10°
cells/ml of cells were resuspended in medium and 100 pl of cell suspension was
seeded into each scaffold. The scaffold was then incubated af 37°C for 4 hours
to allow for cell attachment before placing into spinner flasks for dynamic
cuIturing (Method provided by Cell Sciences Pte Ltd., Singapore,

25 www.cordlife.com).

[0065] The seeding efficiency of the present method of static seeding by
encapsulation is determined by quantifying the number of cells that remained in
the reaction well after quenching the complex coacervation reaction. Cell viability
is assessed after 2 wééks of culture by Cell Tracker Green (CTG, Molecular

30 Probes Inc., Oregon) and Propidium lodide (PIl, Molecular Probes Inc., Oregon)
staining. Specimens are prepared by staining viable cells green with the
fluorescent dye, CTG. The matrices are incubated at 37°C with 20 uM CTG in
culture medium for 30 minutes. After rinsing twice with PBS, each sample is then
placed in 0.1 mg/ml Propidium lodide solution for 2 minutes at room temperature



terpol ymer solution (5) on a glass cover slip as first substrate (4) and
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[ 0066] The seedl ng efficiency by encapsulation is found to 94. 1% 2. 7%

Thi s seedi ng §ﬂ$'%@feﬁﬁ‘@ﬁqf§p|ﬁi§maﬁ¢@'ﬁ@d makix. @hapred 68l iseedingiafficieney fan
whi Ch s gé?ﬁ;ﬂ é\féﬁi trﬁ)u‘f é)@ﬁ‘\léﬂ‘\%ﬁh tﬁ‘é cell @la%% rl\r/|8}efov5)|[ R/ enﬁ'gﬂﬂnent

Vol . i clenc propdse

seedl ng mat hoﬂgbgrt BMSﬂssnutcathree dlmemmomlallssaffohissb)aemiapsmamohlaﬁmreswibd in

nunber at the end f the C g od Th? E Frenc S can_be p {

t he 300 nm s8@re Htcﬁﬁtn utio eCIrcum erential plane than conventlona static
seeding as can be seen in Figure 6 (supra). The disclosed method of static
seeding into three dimensional scaffolds by encapsulation has been

20 demonstrated to be effective in entrapping cells into three dimensional scaffolds »

while providing a suitable enyironment for maintaining cell viability.

Example 2
[0067] The following example describes the comparative experiments that
25 are carried out to compare different methods of encapsulating cells in
Cytomatrix™ scaffolds with charged polymers.

[0068] In this example, it is attempted to fill the three dimensional Cytomatrix
scaffolds with 1.5 mg/ml of modified collagen and encépsulate the scaffold using
2.5% of terpolymer solution. Modified collagen and terpolymer solution are

30 obtained as described in Example 1. In addition to the method of the present
invention (Fig. 1), two further methods are used and described as follows (Fig.2):

Met-hod 1



sides of the scaffold. Figures 6 A and B shows the front and back side of
the scaffold seeded with the nethod of the present invention whereas

Fi gures 6€oane/Mshows the front and backsi de of the comrtreiG2esabizadd
seeded with the conventional static seedi met hod as descri bed above. By
controlling the density of the conplex coacervat ed matrix, enhanced cell

di ffici b hi eved wi th f h
Trabi 1ty Nor olpbeT ik bl Aimaie it Of daeGRRRCSOlaaeY it g GISHh P ot
scaf fol ds byﬁf;?gﬁﬁ@mw'msbaﬂolal ?I@)ra?ﬁuihbe&dﬁblm Qehily IdppBC fitd Hredeniditbf on

in the circu rential plane than conventional static seeding as can be
seen in Fi gu?&"/ﬁt‘%@@bﬂ%f soffion3994 osed met hod of static seeding into three
di mensi onal scaffolds by encapsul ati on has been denonstrated to be
effective in entrapping cells into three di nensional scaffolds while

provi di ngg a Métihedle envi ronment for mai ntaining cell viability. Exanple 2
[0067] The follow ni exanpl e desgribes the conparative experinments that are

carried out to e({PYtP@raérr'?t rﬁ?laﬁglﬂis(?&) i% fisst placed ITW(},) ackgspevainof 2.5%

Cytomatri x(t [ X it
i's attenpted rBE&ﬁH 0%91&'% :;’be) ﬁ g"r@u Ona%@ed ‘?’&gg‘]} ) t% e delfveleq,
ng/ m of nodirto ¢kl evitdlegsfrtherstaffoldaysing at syringe witlahf28. ﬂGm?eeﬁﬂe B®%ref the
terpol ymer solution. Mdified collagen, and {]er pol rrer sol ution are obtained
as descri bed qrﬁolgmt;@ogltlpn (BR) Mﬁ@'?ﬁ?ﬂ pet ohth QH’ @0)t he present

|nvent|01‘[?\/§E , two further nmethods are used and descri bed as follows
(Fig.2) thod 1[0069] 100 M of 1.5 ng/m of nodified collagen is
al i quot ed i nMethdeofjheoimuentior(t m) scaffold (10) and the scaffold is gently

di pped i f 2 5% al ol 30) ... Method 2
Ther Gyt o+ x( Ly 1S Enbapuldicy s GAmetla put, e SareaHing o8 ; b 19eT, 0 28%6%;
t er pol ymer St&rldél%lﬁ{br(sgmtlonlﬁi dib4 rHov@ifsnggd) bh8Pl&chd ﬂ%&oﬂé’d@n flﬁadt §I§H?fold

delivered intot t he scaf using a syringe wth a
needl e (50) (Htontotthe covershipyddrAsecand @oveslip (ﬁvuﬁhs@ltlmodayemf t@rpqumer

scaf ol ¢y 200, MehNeA & ldhsal BCRY BF hE0SAaCE Ml 'Rk e REHoRP 18
sandwiched between two layers of terpolymer.

[0072] For method 1, scaffolds are observed to be empty under phase
-contrast microscopy. To determine whether the collagen solution has been
displaced out of the scaffold into the terpolymer solution, trypan blue is added to

20 the terpolymer solution that is used to encapsulate the scaffold since trypan blue
will stain collagen preferentially. It can be observed that the majority of the
collagen has been dlsplaced out the scaffold and complex coacervated with the
terpolymer outside the scaffold (Fig. 3).

[0073] For method 2 and the method according to the present in\}ention,

25 collagen-terpolymer complexes are formed within the scaffold. However, the
distribution of the complex within the scaffold using method 2 is not very uhiform.
Pockets of collagen-terpolymer complexes with distinct interface are formed
inside the scaffold as terpolymer solution is displaced by collagen solution that is
being injected into the scaffold. (Fig. 4). Collagen-terpolymer complex distribution

30 with the scaffold is much more uniform in the method of the present invention
since terpolymer solution only comes into contact with the modified collagen
solution at the surface of the scaffold (Fig. 5). Henceforth, the method according
to the present invention is used for the encapsulation of cells in the three
dimensional scaffolds.



terpol ymer solution (5) on a coverslip (4) and placing the collagen filled
scaffold (3) onto the coverslip (4). A second coverslip ( 1) with a thin

| ayer of werpadoinsss sol ution (2) is placed on top of thecssabémlodod) such
that the scaffold is sandw ched between tgq | ayers of terpolynmer. [0072]

For method 1, scaffolds are observed to b& enpty under phase contrast

m croscopy. To determ ne whether the collagen solutioen has been displ aced
out of the scaffold into the terpolyner solution, trypan blue is added to
the terpol ymgnag@iélBi on that is used to encapsulate the scaffold since
trypan blue will 'stain collagen preferentially. It can be observed that the
majority of thel@W4]T§enfoliawing enpeiimpht cescihes the encapsulationrf pignpors

concer 2% Wbl ikl BRI S AABE™ LA By oberehP Btk

col | agen-serm}?ﬁwymamﬁesﬁlre formed within the scaffol d. However, the
di stribution t he corrﬁl ex wthin the scaffold usi ng nmethod 2 is not very

uni form Pocket §0Q45] bvit mﬁaﬂW%oFW@F@ﬁMpOfeiQ% wmpdified; sollagan-tenpelymete

col 1 agen- sol GPER RErHEIRerL7 Narahg dh¥! B3¢k meCts s HobBsfgf ‘gifoed
Col | agen-t er polyymars usediin ¢he d1eﬁhdsd bﬂﬂieqfresemmmémo&parhfe%ddnréd cafigerracd
uniformin the method of the present invention since terpolyner solution

only cones .ntﬁreotymﬂr@ad%mheﬂh@%mmé@reéqseagen solution at the surface
f th ff | d
o e a1 11O cod B 0TS Sy EELERDAE ] el £

scaf f ol FS Exaefths}lml af pRPBMSOdard niixedvith Elﬁmlmfmﬂtmo‘tﬁﬁ@d coM=genand 100 ul
encapsul ati on | g hpne nerrow strom ce into Cytomatrix
Soat fol da o Offa GhEealREn RNGTPAS SEPJRe e SACA SEaTPHLAS Joeipen Ih Exer
exanpl e, thejdefsddosuitiohhsf W'ééll@dlncg#é %ﬁﬁbfdefsoﬁhie’rf@f otP '3y ?ésbﬁbed in

nodul at ed by varying the contact tine osit charged pol yners
used in the mxample dfusm@ dpffereehcomtaotetmeo(ﬁ 5TH6 aedan‘d 30 roio).| Bhee scaffalds

it 6 saltof 8 BYSRETGerad AP SSnepEBsks Fey drrgie, chfeRret 4 ol fheck
with 1.5 ny/ weeks. nodi fi ed coll agen and 100 m
[0077] Controls are established by conventional static seeding. 1 x 108
cells/ml of pig BMSCs are resuspended in culture medium and 100 pl of cell
suspension is seeded into each scaffold. The scaffold is then incubated at 37°C
20 for 4 hours to allow for cell attachment before placing into spinner flasks for
dynamic cultunng
[0078] The seeding efficiency is determined by quantifying the number of
cells that are not encapsulated. Cells that are not entrapped in the scaffold after
the complex coacervation reaction are collected and incubated with Accumax
25 (Innovative Cell Technologies Inc. San Diego, CA) to digest away remnants of
the collagen-terpolymer compléx. The single cell suspension was then counted
with a hemocytometer (Bright-Line Hemacytometer, Hausser Scientific Horsham,
PA). The cell seeding efficiency is determined as:

No. of cells seeded —No. of cells not encapsulated

% seeding efficiency = No. of cells seeded
_ e

[0079] The viability of pig BMSCs in encapsulated scaffolds is assessed after
35 2 weeks of culture by Cell Tracker Green (CTG) and Propidium lodide (PI)
staining. Specimens are prepared by staining viable cells green with the



of the cell-collagen m xture is seeded into each scaffold as described in
Exanpl e 1. Encapsul ation of the cells in the scaffold is carried out as
descri bedwonodxanggse 1 using different contact tine (1, PEr/StQeosd002and 30
mn). The scaffolds are then transferred 4fto spinner flasks for dynamc
culturing at 2 rpmfor 2 weeks. [0077] Conirols are established by

conventional gstatic seedi 1 06, cells/m of pLhg B are resuspended
in culture nﬁ‘tﬁé%ﬁ%’éﬁd d¥60rt?r1-eo{m8ée\cf‘"a§ubﬁ®?§ A'ﬁc"r sbg‘*&é’?ﬁ/ﬁgsﬁ*}ﬁ (§CQ§BIHS are
scaf fol d. Thinctbafddoht! 373Ct Wigh 20T At cdiPE rhediutm FOHBD Mwes. OnftEeT
cell attachnment, before placing into spinner flasks for dynam ¢ cul turing.

[0078] The sEBSiNGgvéss withe FBS.i eaciesampledsl then quiased fiyithy maéninBranidiupt
[ t hat : Ot : t '
Ce ot 1 IR ORGP YHAEE s Bl AL, “OFeliEh %6 ' 27Rf 168, b oom
I ncubat ecb Wi temperaturaxo (dtainadedd vellsGad. Thecsoaffolds are thueh ridsed Wiegim PBS to

di gest away remmants, of . the col | agen-terpol yner cqonplex. The single cell
suspensi on M@@W%Bmﬁrﬁeﬁ%ﬂo%ﬂﬁﬁ%dﬁ@ Bf (%BW’@%% Flyoyiew 580) at 488
Hemacyt onet e I ' il ¢ Horsham PA). The cell seeding efficiency
I's determ negmaé;?djﬁl%.gngfgiégﬁighéeeded - No. of cells not encapsul ated
¥seeding effici [H080]A 380 i apticab ssetimhe dwtlh Ol unT Istepy isids) | oft pigoBMIGs BIVECs
i n encapsul aj.ed scaffpl ds i s, assessed aft weeks, of cul ture by Cell

Tr acker Geehy&ﬂﬁf’(ano@cﬁf@ d?tﬁfﬂeldod’f"ﬁb @jltpipgt'ﬁi Rbaineds, dhendmaggs care

pr epar edypy E%e@é@% (\:Mﬂha@é‘g;‘lﬂd‘* Pilse@edih Hid40m®S OADY éf%ﬁf)’ tg%@nm .

(Mol ecul ar Probes Inc., egon). The scaffol'ds are | ncubate
20 mM CTG i ntheunumber of bright pixels3io arbn2te812 khage for bethngreewi (tiee wetls) #RE,

h le | hen, pl.aced in 0. Pr opi di 1 odi de | uti on .
(ol ecut ar b L5 Beicohariiefs. T istet piyBer o Brighturiiats Sortn spactives
dead cel I s rgRanndlg irs &/f 800 din 3tack iB&Aeh icakethtbdd The iper&dttagd el vy nder
t he confocal |aser mcroscope (O ynpus Fluoview 500) at 488 nm and 543 nm

excitation. falou@ted 890 nm optical section (with 10 mmstep size) of pig
BMSCs in Cytomatrix(tnm) scaffold stained wth CTGPI is obtained. The

I mges are processed with Inmage-Pro (r) Plus (Media Cybernatics Inc., M,
USA) to quantify & viability = No. of green pixels in 300 um stack

20 : No. of green & red pixels in 300 um stack

[0081] The use of encapsulation as a means to seeding pig BMSCs into the
Cytomatrix™ scaffolds with the collagen-terpolymer charged polymer pair was
able to improve seeding efficiency significantly. Seeding efficiency by

25 conventional static seeding pfocedure was 54% while with the proposed method
of encapsulation, significant improvement in seeding efficiency can be observed,
ranging from 78% to 97% over the range of charged polymer contact time
investigated (Fig. 7). A contact time of at least 5 minutes is required to achieve a
seeding éfﬁciency of higher than 90%.

30 [0082] Although encapsulation of cells in the three dimensional scaffolds is
effective in seeding cells, it is imperative to assess whether the viability of the
cells is affected by the encapsulation process. Here, 1 x 108 cells/ml of pig MSCs
are seeded into Cytomatrix™ scaffolds by encapsulation at different contact time
(1, 5, 10, 20 and 30 minutes) and cultured statically or dynamically for 2 weeks

35 before assessing for cell viability. The results can be seen from Fig. 8 and 9. In
Fig. 8A, the contact time of the oppositely charged polymers is 1 min, in Fig. 8B
10 min and in Fig. 8C 30 min. Fig. 8D shows a control scaffold that is seeded by



t he nunber of bright pixels in a 512 x 512 inmage for both green (live
cells) and red (dead cells) channels. The total nunber of bright pixels for
the respewbiv&/mheanel s in the 300 nm stack is t hen cal eulraiGadhs/odinay
percentage cell viability is calcul at ed No. of green pixels
in 300 mm stack %iability = No. of green %L red pr xels i n 300 nm st ack

0081] Th f I t di MSCs t

Oyt omut 1 x( & R ELPRg! et g4 CoBOa o hrord (B8 et Rt (Dtesh i 1
was able to tamreyeobsadedothat f withinnee Sﬂaﬁgef br:aéﬁdrged S@cﬂ?mee &fﬁtbé’d erwey by
conventional static seedi ng@gﬁrocedure was 54% while with roposed

met hod of enwpsiigatedorhigs Es cara abier tov cpreliferate esddicel wabrlkty eifcyotan

be observed, r pol yrer
contact ti rrecé%g rﬁggét‘@ﬂq %Ec/gde?r;?h@&?éﬁ{et@r}ﬁmtaﬁﬂng%gﬁurgglﬁgggs 5 mnutes is
required 80 achi eve a seeding efficiency of higher than 90% [0082]

Al t hough encapsul ation of cells in the three dinensional scaffolds is
effective i nEXe®@@le cells, it is inperative to assess whether the
viability of the cells is affected by the encapsul ati on process. Here, 1 x
106 cells/m of pig MSCs are seeded into Cytomatrix(tn) scaffol ds by

encapsul ati on af0083] Thisestaneplotikustratesrthe ude of the ¢6mpkiX coateBitivnmetetion and
bef ore assessing f r ceII

| t d st || 1y f 2 week
Vabil ity TheMeer et s&%rﬁﬁar@‘ﬁa afTsst ¢hag0ed Palin e, and terpelymen of HiM

t act
ond 1 FG NMANIEANR BELAL EnditRaRSliner Y Ehanibalafe e forrioh ﬁ?@hgf o
byconvent i onalatd¢est Mldeéd!vaga(\ netpootént bearimgt be callularybehavior. yCellagem of
Fig. 8), it d, t hat thin.th f ch
Contact 11 e et matbAHon depBRecs uted tiemiat soaeevare A BpduRer to
viability isafet c&%@@h%ﬁ&@n&ﬁﬂbl@g)} ﬁﬁg |n€8f‘hﬁ<9’€)ehi/|?6hm8nt§>f8ﬁ6ﬁﬁm‘é%élﬂr €s
(Fig. 9). Exanple 4770083] This ex ustrates the use of e conpl ex

coacer vat i onSypR@t.i oMo beervrdaerwademngg&%ldy@@as | pijearyheratocytes aad diepGocoler
20 1 O i e UMM 08 350 SR80 K SHAHASHo AR o) ReTEBE el
behavi or. CoPriagey hebatocytes represent primary cells that are highly sensitive, terminally
differentiated and require specific chemical and topological extra-cellular matrix
(ECM) cues for the maintenance of differentiated functions in vitro, while HepG2
is a hepatic cell line that represents transformed cell lines which can proliferate
20 relatively easily in culture as long as no contact inhibition is encountered.
[0084] Collagen is modified to be cationic via methylation as described in
Example 1. The degree of methylation is controlled by adjusting the reaction time
and temperature. Briefly, the precipitated collagen is dissolved and stirred in
acidified methanol for 4°C, 6 days (slightly methylated) and 23°C, 1 day (highly
25 methylated), respectively, and the degree of methylation is characterized by
capillary zone electrophoresis. The capillary zone electrophoresis (CE) has been
used to develop a method for the quantification of the degree of collagen
methylatioh.
[0085] Separations of different methylated collagens are performed on a CE-
30 L1 System, from CE Resources Pte Ltd (Singapore). The polyvinyl alcohol (PVA)
coated capillaries (50 um ID x 360 um OD x 70 cm length with 45 cm effective
length) used are also obtained from CE Resources Pte Ltd (Singapore).
Separations are run with 50 mM sodium phosphate buffer (pH 2.5) with 0.05%



different nethylation degrees is used to conplex coacervate with terpolyner
to alter collagen matri x norphol ogy to engi neer m croenvironnents for
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peaks as increased degree of methylation. The CE index is calculated by dividing

20 the area of the downstream peaks over that of the upstream peaks (Area B/Area
A in Fig. 12). An increase in collagen methylation correlates with an increase in
the CE index (Table 1). Thé CE index of slightly methylated collagen is between
0,9 and 1,7 whereas the CE index of highly methylated collagen is between 1.7
and 2.5. The oppositely charged polymer used to react with the modified

25 collagen is terpolymer of HEMA-MMA-MAA that is synthesized as described in
Example 1.

Table 1. Capillary electrophoresis (CE) indices for two collagen methylation
30 reactions. Degree of collagen methylation is characterized by the elution peaks
of methylated collagen resolved by capillary zone electrophoresis.

Collagen methylation CE Index (area of B over A)




Louis, MO USA). Acetone is purchased from Tedl a Conpany |Inc (Fairfield,
USA). All buffers and solutions are prepared with water purified through a
MI1i-Q syetemdiBssnst ead, W, USA). [0086] The net hyl atred/scabdsagens ar e
separated into four mgjor bands (Fig. 12),.that change with different

met hyl ati on reaction conditions. An i ncreage in collagen nethylation

correlates with g+elativeincreaseinth ' peaks.
To quantify the degree of4 n6 days| agen nef hyl ation, a4 i ndex was

devel OpEd whi ch ¢ | t retatTv growt T 1t' covwmstreat peaks
as i ncreased degrjee of :gisl’ Atqégn. The CE index is ca? ul ated by djf viding
the area of the downsiream peakS over that oOf (he upsiream peaks (Area

B/Area Ain Fig. 12). An increase in collagen nethylation correlates with
an increase in the CE index (Table 1). The CE index of slightly nethyl ated
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15 are cultured in Hepatozym-SFM (GIBCO Laboratories) and DMEM
supplemented with fetal calf serum (10%) and HEPES (1g/l) respectively in 37°C,

5% CO. humidified atmosphere. Hepatocytes detoxification functions are
accessed by the 7-ethoxyresorufin-O-dealkylation (EROD) and 7-
ethyoxycoumarin-O-deethylase (ECOD) activities of hepatocytes. Briefly, these

20 involves the addition of 39.2 uM 7-ethoxyresorufin for 5h (EROD) and 0.26 mM
7-ethyoxycoumarin for 3h (ECOD), and the quantification of their metabolic
products by confocal fluorescent microscopy (EROD) and High Performance
Liquid Chromatography (HPLC) (ECOD). The proliferation of HepG2 cells over
time is monitored by microscopy (Olympus Fluoview 500).

25 [0089] Thin, fragmented matrices are formed by highly methylated collagen
(Fig.10A,) upon reaction with terpolymer, in contrast to the thick, connected
matrices formed by slightly methylated collagen (Fig.10B). To quantify the effect
of collagen methylation on matrix morphology, the mean dendritic length, defined
as the average sum of the length of dendrites connected to each node per élice,

30 and mean dendrite nUmber, defined as the average sum of dendrites connected
to each node per slice, are plotted for the ten centre slices in the z-stack (Fig.



suppl enented with fetal calf serum (10% and HEPES (1g/l) respectively in
370C, 5% CO2 hum dified at nosphere. Hepatocytes detoxification functions
are acceswocdodmyw1isse 7- et hoxyresorufi n- O deal kyl ati on ( EROD)SGanad/ 066249

et hyoxycoumari n- O deet hyl ase (ECOD) activj éi es of hepatocytes. Briefly,
these invol ves the addition of 39.2 nv 7-# hoxyresorufin for 5h (EROD) and

0.26 nM 7-et hyoxycoumarin for 3h (ECOD), and the quantification of their
met abol i ¢ pr dddcll BhyFroanFig: i1, the meascdendriticdenatbopyd demtute number fgh the
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cells over t .‘WM gn%ggl%g@&r (%g“%@éw (wl)_{o‘sje? reg errp%s%%vr‘:ggﬁ %@O%Pa'f%
(Thi n, f ra?mewutbnh rthér matdx alretﬁp’eotwmyld laye hc@irdls’tenw hb(élawedhaﬁololf ﬁﬂ‘%ﬁk slightly

Fi g. 10A1) upon reactio W|t t 0 in contrast to the thic
connect ed’ mafetadatadssolieg eBy(o3 f‘@%ﬁf eneﬂnwr&@éa ig Sollagem methyjatianigan be,
quantify g he ri x nmor phol ogy, the nean
dendriti c5 I eﬁgﬁrﬁﬁﬁ%ﬁe@ %?16 as t e%gﬁg@kﬁ%@@ I% | ength of dendrites
connected to ea{ﬂogmdfhepmtomf caten mndtlmnf dhepdtocytesnund)eatedd:yfihwdERQD he

f t h d I tted
the ton cent AEdJFCEL affvifiR (i aa, 1dETg Axd Riufisnti igher B°ak 4°08 pta
dendritic | eealhh}ea%eﬂe@dbPéﬁe@uwetgef ﬁforé héoﬁhéﬂﬂéc}!’“ trEeé'féﬁﬁ&d Y |highily ( D)

, representative of fiber length branching wt mat ri x
respect i vel ymedhyatednsoltagent (%) bem@memm thé mahflxsfarlglledl by ighily In¢thylated

Corr ol at M1 WPRYRGRS b F ragaROLd SaRG T YER ety FHLoo | the fsasurament of

detoxi ficati aiethbelet pwa%c&f ish8 RAbRC pikTse aggbycﬂ{eﬁc{eéeé foPehé m)@@engg@
activities (Fig. 13A, 13B), are si gnlflcantly hi gher for all 4 S of

cul t ure whenastiyilies @édﬂtﬁfﬁb eytechionee FAbPcenameant(EYP 1A, r@\ﬂp%ﬁsﬁ R C§-9,

col I agen () CYRAE okt CRTRIRGR, o EREOR ko BpR spbibelt egfEhees 1 =

met abolic pr ]gytuchmme eaz;;]meeaqmwegsm tlaém mlb?smehm8$% Até mg%gpwmmase
activities of nore ochro P45 enz ,
CcYP2E1) , dut C%'btaf{nﬂrfée 'afr\d"E é‘gﬂ ageynAefinethiasy the datia efs celh

Ches cor SHaHERras rbug ﬁf.%mwyl LTI SRR et ot by
rati o of cel metbyibted icallagen dyadsultenés: Oayaverageercelapmplificatipme dore hightan
that of sliglth¥ iated () and slightly methylated collagen (%) is 2 folds/day and 1.3
folds/day respectively (Fig. 14). Thus, the connected nano-fibers of the matrix
20 formed by slightly methylated collagen enhanced the differentiated functions of
hepatocytes, while the fragmented nano-fibers formed by highly methylated
coilagen favored the proliferation of HepG2 cells.
[0091] Therefore, the proposed method of controlling collagen matrix
formation by complex coacervation has been demonstrated to be capable of
25 modulating matrix morphology to provide differential levels of cellular support. In
particular, it has been shown that precise control of the matrix structure -
supporting live cells is important in cellular support and functions because
hepatocyte functions and HepG2 proliferation are selectively augmented in
microenvironments with different matrix connectivity.

30
Example 5

[0092] The following example demonstrates the encapsulation of human
dermal fibroblasts (HDF) into Cytomatrix™ scaffolds by the complex



met hyl ated collagen by 1.5 tines. On average, cell anplification for highly
nmethylated ( ) and slightly nmethylated collagen P ) is 2 folds/day and 1.3
f ol ds/ daywoes@antsgssel y (Fig. 14). Thus, the connected naowsic2osrscad the
matrix formed by slightly nmethylated col l,agen enhanced the differentiated
functions of hepatocytes, while the fragrnented nano-fibers formed by highly
nmet hyl ated col | agen, favored th?fdﬁrol I feration of Hep&X2 cel |l s.

[ 0091]
Therefore, t$RAGHAIIQNREWeERNRIIN-acshtlated shitgsan anddemohumen of Rxsiraxxletonl by
conpl ex coacgy ' 1 F@ngt [ ) C i
matri x nor ph@leggatydrﬁgtép:ﬁ%\tli ?%?‘? rle%trﬁéfml ggg}lng ég)c?d)gig'iﬁﬂﬁ M@Sﬁ%ﬁ? tqgg}gn
particul ar, diffeterd coatactéih®@sn t hat precise control of the matrix structure
supporting live Ls,important in cellular suppor nd functions
because hepat oc@@éhigﬁ& Fr@nngreéﬂ?d’_sl—@ﬁ@&ﬁ g’ﬁ‘?’@?ﬁh%ﬁﬁ? Ssaé?é’t,sfp\?eﬁ qrodel
augnent eds i Nfgf gRr@BN\HiMBRSBAEE Il Nyreivtr ehfifficd®itol Xassessefd ieh¥ibilfeyagp! e
5 [0092] The follow ng exanpl e denonstrates the encapsul ati on of hunan
dermal fi br oencapsslgtinoFHOMthy dye cemplex (cagcesationobebvesn thalf N-acetylated

Py ar oyl ot hyPSERRR (SERet, T SRk AEMANDANER s SBpy28E &
( HEVMA- MVA- MAdasdiibeBOindEXampRN Y. Go% MEMAINMRIA-MARO Qs dsed fo lehtaps@ttcotie

exanpl es Cytomatrix(r) sce_npfol.ds are used as nodel for three dinensional
cel | growt h eglisrindlae threegdimensionpksqastoldssi | i ty of encapsul ating HDF by the

Cer pol yrith - rEmOBRAL AR WEE A aloBAmeY Ehidsd)is Sifdited bl Ghna e
HEVA- MVA- MAAdigBsived evitht PBSNoap.5%. ialf Naeceatplated thitddam isipreparddnfeorai 1813%
scaffol ds. [0094] 400 kDa half N- ace% ated _chitgsan is synthesized

puri fied andNcAcsbdatien chitesarpby N-acstitation with aeliceanfivdrida. arcargingntq the
e o REARPUANE Byt LPSPICAIGORCS, 000 i agEneg,
Res., 2000, 2p4). BrieflyP1288: N2adgtylaked ehitosani(d.S9) witavetigusimedarchassssare
(1590 e AL Y, B0 S hone P A Cao R ai e Sghad o
of acetic anhyshriipglyt © GbtafrPaandlae ratld 6f\acétfc anhydride to glucosamine (GIcN) of
10. After stirring at ambient temperature for 250 minutes, 1N NaOH solution is
added to the solution until the pH reached 8-9 to stop the acetylation reaction.
The reaction mixture is then dialyzed against de-ionized water repeatedly to-
20 remove excess free ions, and then lyophilized. 400 kDa and 150 kDa 15.3% N-
acetylated chitosans are used as purchased from manufacturer. 80 kDa 15.3%
N-acetylated chitosan is prepared by radical degradation (Bartkowiak, A. and
Hunkeler, D., Chem. Mater., 1999, Vol.11, P.2486-2492) from the 400 kDa
15.3% N-acetylated chitosan. The molar mass of degraded chitosan is
25 determined by gel permeable chromatography to be ~80 kDa. »
[0095] HDF are derived from explant cultures of human skin samples and
cultured using Dulbecco’s modified Eagle medium (DMEM), low glucose (Gibco
Grand Island, NY) supplemented with 10% fetal bovine serum (FBS). The
cultures are cultured to about 90% confluence before passaging. Passage 2-9
30 cells are used in the experiments.
[0096]1 x 10° cells/ml of HDF are mixed with 0.5% of half N-acetylated
chitosan and 100 pl of the cell-chitosan mixture are seeded into each scaffold.
Encapsulation of the cells in the scaffold is carried out as described in Example 1
using different contact times. The scaffolds are then transferred into spinner



10. After stirring at ambient tenperature for 250 minutes, 1N NaCH sol ution
is added to the solution until the pH reached 8-9 to stop the acetylation
reaction.woheow@asssi on mixture is then dialyzed agai nst pdessicanisaeebsat er
repeatedly to renove excess free ions, ancgg hen |yophilized. 400 kDa and
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gt nat [on ((1isRs 16 dyfiarilé SuRGYlafizeForfiWaF ARk RRBRY 8 BlibiShef by,
PenggGaZIAf(Q)Z) crqnaanhmrmmmdrsgsvmwﬁcmlwmt ofiHOH hrﬁsmutsﬁb@déﬁﬁirﬁ?ult%gs
ra o}
280 kia - [oodBrdifRRAnY 3ol Th rde Bhishingln i SEaTat lnfe. 656 SrfalA. The soatill cs
f | (
(G oo Grand Lol and rE oot o7 tar 2 Rouls ) AP o e morl Berite 856

The cul t uPes iRiPesRiNNanilasks fer dynamic golturtingf | uence bef oreI loa}ssagl PgHDEassage
1 6 C S 0 are

i xed i th 0. 59008 e oSG e iy deleminad psidesibegn fxgmele 3 wih

cel | - chi t osamslighixdiffereries. nstdad of NeeurritoSeREECANay E@%@fnf& §f RBi‘yn{e*?e
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di fferent cofCAWRIEX InRsin isTHsed.caffol ds are then transferred into
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h ffold he d is then incubated at 370C for 2 hou -
1? g(r: CZF? at? t Qérﬁ]é‘?ﬂgﬁg apIpie i3 Paask eelisarerstainedfok & minutes, withi propidium

cul turing. [ Qa3 s3lifioR Rctbng of b PLRACYs LSsfsl a8 lescri bed in

Exanmple 3 with slight er ences nstea & I gest away
remmants of the[@289] ﬁsrdemnme Examplm&r 3 3096[:a|n obﬁ@éﬂ&]ecﬁd?ﬁ (Witl@bO'MMYSt@;f)

Cel |
Tracker G ooRZPLRE DI Aol I oA R N AcaBId Steiriad il CEG Rl it phiaissd and
Exanpl e 85 Dapdiyzed via @bﬁfo’i:bﬁld%%@' rﬁr@fos’éoﬁil ”'Fﬁéﬁn%rﬁtp i® g%%gg]dcxgrd?ﬁg to

solution instead of 2 mnutes as described in Exa
descri bed i nthsiommua given inExampledti cal section (WI th 10 Mn step si ze) of

HDF cell's in Oy Thé TNeRbfd ObfficRhal ey MbBE dDytomat Ob't'alsgagolg is

ameliorated by encapsulating the scaffold with half N-acetylated chitosan and
terpolymer (Figure 15). For the contact time investigated, the seeding efficiencies
20 ranged from 85.3% to 91.8% which are srgnrf‘ cantly higher as compared to that
of conventional seeding.
[0101] From the viability staining, it can be observed that for the range of
contact time investigated, the viability of HDF are not compromised (Figure 16).
'Figure 16A shows stained cells after 1 min contact time of the reacting polymers.
25 Figure 16B shows stained cells after 10 min contact time. Figure 16C shows
stained cells after 30 min contact time and Figure 16D and 16E show different
sides of a control scaffold seeded by conventional static seeding (methods).
From these pictures it can be observed that despite the enhanced initial cell
number for the encapsulated scaffolds, the cell number is not significantly higher
30 than that of the control scaffold after 1 week of culture. However, it should be
noted that the distribution of the cells within encapsulated scaffolds is much more
uniform than that of the control scaffold (Figure 16D and 16E).

Example 6



anal yzed via confocal |aser mcroscopy. The viability is cal cul ated
according to the fornula given in Exanple 3. [0100] The seeding efficiency
of HDF i rwOybesmaisssx(tnm) scaffolds is aneliorated by eneepschetsiong4d he
scaffold with half N-acetylated chitosan guyl terpolyner (Figure 15). For
the contact time investigated, the seeding efficiencies ranged from 85. 3%
to 9 1.8% which are si gnificantly hi gher as conpared to that of
conventional seedin [0101] Fromthe viability staining, it can be
observed t hat fd91Q§JeT hearigliowing cexample dieseribes, dise i uriforah, distebutionbiof i dellsof
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t han that of MMA-MA)r ol scaffold after 1 week of culture. However, it

shoul d be noted éﬁp@r@qe di stribution of the cells w thin encapsul at ed
scaffolds is nmué IQH??@Pﬁtﬁmmﬁh(HWAtMM%MﬂAbaresm‘dfaﬂ degdribgdrin

16D and 16E) x@gﬁﬂ?l e escrl es the uniform
di stribution Eof 1s|-g'{n|£(::)é%§u at edBtlgIr'l.‘eg\(/:% %a%@%géﬁr% thod of the
present 1@vent i (010415ex et eclidhmirmf IlesgéreLntbteﬁbl\mﬁ\t EIlii( M) @l of modified
encapsul ated ipto t | ds by the conpl ex coacervation

bet ween nodi PPE%Q%%P@% Hﬁ&tf{%? ﬁ?@?gﬁﬁ AXBre i1 seeghed into each scaffold.
et hact 1 at e reabbiaish g et SUFEE Bk eschbed ih Eadle { MY thadies [§40°)

Col | agen and terpol yner (H are use escribed’|
HDF cells wep@nm!m@mmaime@actmas quemmwm PBS 8aRbn5The %65ff@|ﬁh lapé M

f HDF d || 100 f th
06l | ool hoetetf ftahistehed ioMRhinndh n8islRi duritnie QIRERG Aot am far 1 gveek
carried &t @Dndescwétwdstabhw €orlverfiohar stéﬁc %8&%@55 X1 déﬂ?@l%grcg"? hen

coacervation reaction is quenched with PBS sol ution he scaffo

transfered i Af%ePHSRRBAEY I"&é‘k%d'P@S‘r ang 18R ¢l efucellsuspensiorvisrgeadedrinto eaetk.
scaffold. The scaffold is then incubated at 37°C for 4 hours to allow for cell

attachment before placing into spinner flasks for dynamic culturing. The cell
viability is assessed as described in Example 5. :

20 [0105] From the viability staining (Fig. 17), it can observed that there is no
significant increase in cell number for the encapsulated scaffolds after 1 week of
culture. This may be due to the fact that fibroblasts have a relatively short
doubling time as compared to other cell types, such as bone marrow stromal
cells and can easily compensate for an initial lower seeding efficiency. However,

25 the uniformity of the cells within the encapsulated scaffold is much higher (Fig.
17A and B) than that of the control (Fig.17 C and D).



Controls were established by conventional static seeding. 5 x 105 cells/n
of cells are resuspended in nmediumand 100 m of cell suspension is seeded
i nt o eachwecaddnlsis The scaffold is then incubated at 3POEsGasoshodxurs to
allow for cell attachment before placing iggto spinner flasks for dynam c
culturing. The cell viability is assessed as described in Exanple 5. [0105]
From the vi abwhht is &fafinedig (Fig. 17), it can observed that there is no
significant increase in cell nunber for the encapsul ated scaffolds after 1
week of culture. This may be due to the fact that fibroblasts have a

relatively short ,d ing.tine as conpared to other cell types, such as
bone marrow gt'ro#aﬁ”%@lops féllnc?nggﬂs@lggﬁg yat dedn 9Bee celr SRefiesiini a1 bicjogie
seedi ng ef fi ci eneympdtiblevsdaffold\€omptiséingm ty of the cells within the
encapsul afed scaffold is nmuch hi gher (Fig. 17A and B) than that of the

i

control (Rig.17 C and(®)Prowiging & fiest subsiatecontedwitbtanfinst Charged papment i ng

at | east one cell spegl L: i i atihle scaffald conprising: (a)
providing a first subg)@?gngga%@g}o\?ég Fﬁ"@ﬂgﬁps‘?ﬁt %%%r%‘%tﬁ@ﬁ%?e_(@ﬁdged

pl aci ng a scid osetompharged polymbeAaling h eRldtricl ehafse ;SFBSQEE tHat%nto
second chargircﬂj Bol yger having an el ectrical charge opposite to that onr}o
the first chd§HEtsHalaad pelymenenthe Sestsubstratete; (c) pl aci ng a second

substrate coated with [; farma.sandw ch structure
with the first substr%c?é’t'%r'n'&i& ?%%5@%%2@%5%%&’%%@&%%&B@ﬁ({"ﬂ to
wher ei n 1he fomsa saodyich stauctutewith Ithe firspeLipstedteain ik édaﬁoﬁﬁéfi?aﬁéé‘&ﬁéréa'
charge. 2. The rrgltghod OE cl,aign ]f‘ wher ei n an attachnent - dependent™ ce '
species is udbPeuesmWherain fae Tisalepelymersand the thigd ppiymerare of dhe csamen 1,
wherei n an ablegitaehatdedependent cell species is used as the at |east one
cell species. 4. The nethod of claim1, wherein charged polyners are used
whi ch form pol yner conpl exes being perneabl e to substances necessary to
ions af the at |east one cell species and

sustain the gorma lJ ¢ func
to products ra'e! eaggﬁ%%ﬁe&aqla'%éswhgﬁ%"@é\ ?ﬁ§(ﬂ7é'ﬂ?’éts‘?eﬂﬁ“d?ﬁécﬁ@tsﬁ§§ie§fis
cl ai m 4, 15heused athiee &t lekist 6hacepdpegieyer and the third

3. The method of claim 1, wherein an attachment-independent cell species is
used as the at least one cell species.

20 4. The method of claim 1, wherein charged polymers are used which form
polymer complexes being permeable to substances necessary to sustain the
normal metabolic functions of the at least one cell species and to products
released by the at least one cell species.

25 5. The method of claim 4, wherein the first charged polymer and the third
charged polymer used are identical.

6. The method of claim 5, wherein the second charged polymer is selected
from the group consisting of chitosan, polyanionic alginate, negatively or

30 positively charged collagen, carboxymethylcellulose (CMC) and polyanionic
alginate. '



charged pol yner used are identical. 6. The nethod of claimb5, wherein the
second charged polyner is selected fromthe group consisting of chitosan,
pol yani orwo 28déegitnssse, negatively or positively charged eclrisagens; 000249

car boxynet hyl cel  ul ose (CMC) and pol yani oSllc al ginate. 7. The net hod of

cl aim 6, V\,herei n the first charged polynmel" is selected fromthe group

consi sting o r, +, chondraitjn sulfate A-chitosan and
pol ycati oni ¢ poI 6 rﬁ%pﬁ@%%@m h@’hﬁé?'ﬂdbe dirstgharged polymerds selegted from
positively chgd gggusddrafting &f ‘t'ér%lﬁerset‘}émd cﬁBﬁHHﬁt% %ﬁféf@wcr%tos?;heand

met hod of claim wherein negatlve y charged terpol ymer conprising at

| east one of pamCatlmmcaa@ML-dwneeet hacrylic acid and at |east one of

hydr oxyet hyl net hacryl ate and hydroxyl propyl nethacrylate is used as first
charged polyner. 10. The nethod of claim9, wherein a terpolymer consisting

of 25% 2- fy digoxyEhE yhethBH sFdlaiib ewhe ki ks pRsitivelycrbed @Bnlag“&%’/@sn@ééwbs
net hacryl ate ( HEMA- MAA- MMA) iS used as first char ged pol yner.

met hod of cl &PeeRd chargedip®l¥mer.degree of cross |inking of the poI yrrer
conplex formed by the reaction of the positively charged collagen with said
terpolynmer is controlled by varying the reaction tinme (contact tine)

bet ween sai dgpol Yherreethdd.of idigimre} breih rdgatively, chdn%é@ltérpbrw&ewrﬁmsiﬁ

cross |inking of t he pal yner conplex can be alter t he char

density of tAE qastyn@rcg acpdic apig apgimetnasrylie|agithang at @nﬁ hydrayyethy
met hyl at p I [ t he
slightl y%irret EA%{Q?%W r@’dﬁa’g’m%ﬂ%g‘éag n%?'ﬁ §h§€88etﬁmg3%‘%ggﬁa\g§’gﬁ%q
and the hi ghly met hyI at ed pol ymer has a charge density of between 1.7 and
2.5 CE. 14. The t hod of  cl |m1 rein the second substrate coated W|th
the third chaBgegﬁ Wﬁg?d. g cﬁlﬁtrﬁcggd“&lef?i"tﬁe tefalymer, neansistinge ot 8%, t h
the first Ch?ﬂgﬁﬁl tHTEr md SteSCAE Ha}l?g re aee
about 30 seco t%gaablgﬁtm ﬂﬂaﬁ’tﬂ Ef1 n%‘t%Flo ch %gilam ?Lbamh%)glenﬁteﬂgn
first substr meathaoylate éIdENw-NeMeMMA) isclisect asfirst cbangeldepalyroap consi sting of
gl ass, pjlgstic, silicon, a nmetal and a netal oxide.
11. The method of claim 9, wherein the degree of cross linking of the polymer
complex formed by the reaction of the positively charged collagen with said
terpolymer is controlled by varying the reaction time (contact time) between said
polymers.
20
12. The method of claim 1, wherein the degree of cross linking of the polymer

complex can be altered by varying the charge density of the polymers.

13. The method of claim 12, wherein a slightly methylated polymer and/or a

25 highly methylated polymer is used, wherein the slightly methylated polymer has a
charge density of between 0.9 and 1.7 CE and the highly methylated polymer
has a charge density of between 1.7 and 2.5 CE.

14. The method of claim 1, wherein the second substrate coated with the third

30 charged polymer is contacted with the first substrate coated with the first charged
polymer and the scaffold arranged there in between for about 30 seconds to
about 1 hour.



16. The nmethod of claim2, wherein the at | east one cell species is an

att achnent - dependent cell selected fromthe group consisting of bone marrow
stroma celWbwoemalssari al ost eobl asts, Langerhans cells, repaGacsioes4o

chondr ocytes, cardiarc nyocytes, sinusoidab endothelial cells, dermnal
fibroblasts, kerotinocytes and ol igodendrocytes. 17. The nethod of claim 3,

wherein the a5.| Fast mefddL of Iclapes] %eig?natﬂeaﬁ&?%np?trgéfei 9&%@@%‘%‘; o réfedal

sel ected fromthe group of consisting hemat opoe stem

T- 1 ynphocyt eSelagiipg dipm de gsaup eensistingof glass,plastic; silicospachetal and apsetat ed
in a scaffol dyijsherein the encapsulation is carried out according to the
met hod of claiml1. 19. The cell species according to claim 18, wherein the
pore density of the scaffold varies between 20% and 95% 20. The cell

speci es agccor,ding, to claim218, wherein the scaffold conprises a materi al

sel ect ed ror%%t hghﬁr methedh A sleimg2owhajainotke atoleashpone asllospecies dbi am
coat ed car boaehinkRt n [ ' cal cium phosphat e,
starch, hydr oxyapa%ﬁt?g,gp%%'{gﬁp%%llg%{%b ﬁ‘?@atﬁ(e, ?QCJJ%HBhWﬂPQ, 8&%‘5’% marrow

al gi nate, polsfrgmaceslisccalvardal astedislastsabandeérbars celld) HepRtGAkéd! GhBARY S,
pol ylactic acid.and m xtures thereof. 1. The cell species according to

2
claim 18, wh&PEIAIC¥OQLes.+Inuseidal endathelial cells dasmap fibrablastsekerotipecytes

accordi ng toza4YliBbdeddrotygsei N the scaffold has a rectangul ar shape. 23.
The cell species ggcorc{i ﬁgl%t'o claim 22, wherein the | argest dinension of

the rect¥hgul ar scaffold is between about 1 mmto about 5 cm 24. The cell
speci es accogdi to clai .. wherein the scaffold has the shape of a
sphere. 25. %ﬂe“‘é’aﬁmgtw&{“@i é@ﬁ%r:g-i vhereincthe Atoleastuanesicellt srecigmds i aml
scaffol d hasaftachriBRERHepENREIERN LsdiBetbd : af§ol | Skng
a cell species encapsul a?ed t herei n, G\!Eéer ei nrcgg} éﬁgcgﬁ)%ﬁdoiffs %Bﬁgﬁﬁdgty a
met hod accor Bemgterpeticatemicells T-lymphosytesfmacrephages dnd meutrdphits.t o cl ai m
26 for a nenber selected fromthe group consisting of expansion of

autol ogous cells as in vitro culture system for

15 18. A cell species encapsulated in a scaffold, wherein the encapsulation is
carried out according to the method of claim 1.

19. The cell species according to claim 18, wherein the pore density of the
scaffold varies between 20% and 95%.
20
20.. The cell species according to claim 18, wherein the scaffold comprises a
material selected from the group consisting of agarose, polycaprolactone,
niobium coated carbon, chitosan, collagen, hyaluronic acid, calcium phosphate,
starch, hydroxyapatite, hydroxyapatite-tricalcium phosphate, fibrin, alginate, poly-
25 glycolic acid, carbon nano fibres, polytetrafluoroethylene, polylactic acid and
mixtures thereof.

21. The cell species according to claim 18, wherein the scaffold has a regular
shape.
30

22. The cell species according to claim 21, wherein the scaffold has a
. rectangular shape.



attachnment - dependent and attachnent-i ndependent cells. 28. The use of a
scaffold according to claim27, wherein the autologous cells are selected
fromthe woouw/mosssi sting of bone nmarrow nesenchynal celpcsiscdearsmad249
fibroblasts, osteoblasts, chondrocytes angghepatocytes.

10

15

20

23. The cell species according to claim 22, wherein the largest dimension of the
rectangular scaffold is between about 1 mm to about 5 cm.

24. The cell species according to claim 21, wherein the scaffold has the shape
of a sphere.

25. The cell species according to claim 24, wherein the spherical scaffold has a
diameter of between 1 mm to 5 cm.

26. A scaffold comprising a cell species encapsulated therein, wherein said
scaffold is obtained by a method according to claim 1.

27. The use of a scaffold according to claim 26 for a member selected from the
group consisting of expansion of autologous cells as in vitro culture system for
attachment-dependent and attachment-independent cells.

28. The use of a scaffold according to claim 27, wherein the autologous cells
are selected from the group consisting of bone marrow mesenchymal cells,
dermal fibroblasts, osteoblasts, chondrocytes and hepatocytes.



