| mobi lization of cells in a matrix fornmed by bi oconpati bl e charged

pol ynmers under |am nar flow conditions [0001] The invention relates to a

met hod f owoioeidsszi ng cells under |am nar fl ow condi t ipERSGR005A0§2QE Y MTET

matri x formed by bioconpatible charged polynmers, to a flow device for the

use with the method of the present invention, and to uses of the pol yner

matrices containing the cells inmobilized using thée nmethod of the present

i nventi on. BACKGROUND OF THE | NVENTI ON [ 0002] Tissues in vivo have highly

or gani zed conpl ex Immebilitationsofocells it a matnixcformest by bigoompatible charged

het er ogeneous cel |l popul ations and extra-celluylar matrix (ECM. In mammal s,
: i det fapinar il Rditipes

the ECM can surround cel |~398§V'¥‘P5$ up ,er t hat contact the

cells on all sides, or as a sheet called the basenent nenbrane that cells

"sit on . The ECMis _normally conposed of proteins and polysaccharides to
provi de n2chani (04 dhednvention rglates émarmetiodfar imeobilizingoerlisi undler daminar

Funct i oni ng SPRTTatS s poNERGY maRRCarEs ) BlogsToaypRt i Aotiners .
Sone cel|'s caqadiow deviesfertie Usel Wity tHemiethatbbf thelresarttl inventier, aHl ity uess of
different cell types. However, co-cultures have been |limted by the

i nabi | ity toOfthf pelyaes reatriees ceplaining the celstmmehilized usingdhemaetbed aofdhe s
in the cultu : : | ack of a suitable matrix for these cells. [0003]
Thus, becausé?%éfy&ﬁ‘e\%ntrt#gﬁ'rtance of a matrix for cell growh, it is a major
goal of 1@ssue engineering to recreate ECM structures that better mmc
this matrix surroundi ng the cel qu_kg Vi Vvo, articular to mmc the

matrix of in vivo tissue. [OOOQ %@HNQ:IQE EANVENHON:chnol ogy in

ti ssue engi neering, which include m cronmachining, photolithography and sort
|'i thography, has allowed the patterning of cells in size scal es of
m cronet ers r el QO] Tissuekeimwivoi haeé higblyuerganiied: cemplex shressdimensional

dermons oo B4 ok, 15ohSa i BLlsP oA LB BoRLRARE A Boerdles Y ©
whi ch dir{$ er afdtrik JEOM). 3h EmadeHSdtHN ECNM QA 50R0GRA ells AsCTiBAEE tilies and
' ~ channels that contact the cells on all sides, or as a sheet called the basement
membrane that cells ‘sit on’. The ECM is normally composed of proteins and
polysaccharides to provide mechanical Support and a biochemical barrier. A
modified form of ECM for example appears in form of bone. Research has

20 shown that the functioning of cells is very much influenced by cell extracellular
matrix. Some cells can only grow and prolong their cell survival in co-cultures of
different cell types. However, co-cultures have been limited by the inability to
manipulate or control the interaction of the different cells in the culture due to the
lack of a suitable matrix for these cells.

25 [0003] Thus, because of the importance of a matrix for cell growth, it is a
major goal of tissue éngineering‘ to recreate ECM structures that better mimic
this matrix surro.undihg the cells in vivo, in particular to mimic the matrix of in vivo
tissue. '

[[0004] The application of microtechnology in tissue engineering, which

30 include micromachining, photolithography and sort lithography, has allowed the
patterning of cells in size scales of micrometers relevant to the matrix of tissues.
However, most work demonstrated previously was in creating two-dimensional
patterns of single cells or multiple cell types, and few of three-dimensional



in vivo like three-di nmensional structure for cells. [0005] Wi Tan, MS.
and T. A Desai (Biomaterials, 2004, Vol.25, P.1355- 1364) describe
reconst i twopedodniiogsel yner matrices for the creation of tlrcesdizosnsianal
patterns inside channels. Layer by layer wicronolding in capillaries
(MMCQ via cell-matrix contraction has all owed the deposition of '
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col | agen,5 chdimensional patiemsinsists eharneals.Jsayer by layeramicramolding i capillaries

nbeddi ng h fi : ilical vei. ial cell
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means to control the gelation |imt the use of this nmethod in creating ECM
li ke struct upwéacg bpdinding dhedionglyner atatiix viaha chemiealdinkenta theasurface of

Bi omodi cal’ Ch etieb S PG i SpetoBbR S binfidio B bagerminy GShe PR ferat
of the piiot oatinié ahd tacksmpbciye dontroldfthe pedtyiRBuroahding the ligecejler probl em
of this nmethod._ [0008] Since the functionality of sonme kind of cells_and
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wherein 15 umbilical vein endothelial cells therein. Gelation took place in channels coated

—

with BSA in which the polymer-cell mixture was pumped. However, long gelation

times and missing means to control the gelation limit the use of this method in

creating ECM like structures. _ '

[0007] Another approach is the three-dimensional photolitography of

20 hydrogels containing living cells (Liu and Bhatia, Biomedical Devices 2002,

VoI.4(4), P. 257-266). However, the cell toxicity of the photoinitiatior employed in
photopolymerization is a major problem of this method.

[0008] Since the functionality of some kind of cells and the ability to grow

depends to a great extent on the matrix surrounding the cell, there is still a need

25 of effective systems for creating such matrices for different cell species.
SUMMARY OF THE INVENTION

[0009]In one aspect, the present invention refers to a method for

30 immobilizing at least one cell species in a matrix formed by biocompatible
charged polymers. This method comprises: '

providing a first charged polymer and a second charged polymer, wherein

the at least one cell species is embedded in the second charged polymer and



the at | east one cell species is enbedded in the second charged pol yner
andwherein the first charged polyner has an el ectrical charge opposite to
t hat of twe 2semamgd4pol yner, and reacting the pol yners umderscheusioneus f | ow
conditions to forma matrix for the at |leagst one or at |east two cell
species. [0010] The nethod of the present invention of reacting oppositely

charged pol y(RfeseilHE firdt2Ha d h#ﬁ/\g’lﬁ?%' dr Qféﬁricﬁl %@F;dd‘ﬂopsﬂé tmmgﬂ?

I
form ng polyner matrices conta iving cells rapi 'n srtu w
| ong pol yrer seeendpolymessand-urt her nore, the reaction of the present

i nvention takes place under cell friend|y .and_aqueous,.condifions that are
non-toxic to cell ge_aq%Hg;{gaiqqqm,erst Hggf)'bl fr #ﬁ\%]'r‘i"gp ‘B?'Tﬁag" f?sq"ha PREXMf hod
of the presefe hfeast dofaniclst Babtélysparied.i ed by the use of different

pol ymer combinations _as well as reaction conditions for the oppositely

char ged pdl yner 0 Theemethadhaf the presast diverdion. ofarapcting cappestelynthasged

of “copl ox cBAUBITETRHY Tuhfha AR GRS S B RR I e S pier ' ©
formed by I ammﬂ¢e§b@marmng>ﬂivmglmr@pfdlpm By Wit ubYoriy P6lyhierishfiors &ffes.

pl ane as well as stacked one above the other allows a nore conplex
patterni ng afdrthamorng, the reactioprrfithe presentinventiondakes olacerundet sell friendly

i ew (Fi o 17 s B oo AT ol e ONC s, el i g, anBoRidy ' of
the presehit mataxforared Lsingithe methedi dfethe grasent investidd can basedsilp modifiéd
openi ngs 3A and 3B and one outlet opening 4, The inlet openings 3 _and the

out | et openi RY thedise ebdifferenipalymencomhinatiansngs wallas peagtiopifonditionsderi ce
via inlet an ; JRVL= ' . f '
enbodi nent ar eé)a rp g%g%lgn%}*ea?gg%oﬂs @2’?‘%& ta\cf)ﬁt ﬂ"ee \r@g[:rﬁrm\&@a@a |tE>,n‘§aél$ ?ﬁ\atgé
seen i n Fi g. mdehah®al 2}atHity.i€ adhievedpdue fe dhe vspecifienpolymepisation ireadtiomby
devi ces of the present i,nvention in V\h(lﬁcp c;[ui@ inlet og}e\_ni r@% 3 .and th%.
out| et openi X O}, complex {aceryation- (el BP9 o) acaHEP- ghrsipRal majeix
device V{8 i mriedhyIamhihbestréanslof polym&SIRMWinY Side: by sifle iR fheS SAME plar@8s
view of a flow device in which the fl'ow device

well as stacked one above the other allows a more complex patteming and thus

mimic of conditions that can be found for cells in living tissue.

20 BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Fig.1 shows a top view (Fig. 1A) and side view (Fig. 1B) of a flow
device of an embodiment of the present invention. In this embodiment the flow
device has two inlet openings 3A and 3B and one outlet opening 4. The inlet

25 openings 3 and the outlet opening 4 are connected to the (reaction) canal 2 of
the flow device via inlet and outlet canals 5, respectively, wherein canals 5 of this
embodiment are arrang_ed perpendicular to the reaction canal 2, as can be seen
in Fig. 1B.

[0012] Fig.2 shows perspective views of possible flow devices of the present

30 invention in which the inlet openings 3 and the outlet opening(s) 4 are connected
to the (reaction) canal 2 of the flow device via inlet and outlet canals 5,
respectively. Fig. 2A shows a top view of a flow device in which the flow device
has three inlet openings 3A, 3B, 3C and one outlet opening 4. Fig. 2B shows a
side view of the flow device in Fig. 2A. Unlike to the canals 5 in Fig. 1B, in Fig.



has three inlet openings 3A, 3B, 3C and one outlet opening 4. Fig. 2B shows
a side view of the flow device in Fig. 2A. Unlike to the canals 5 in Fig.
1B, in Fiwo2Bsihesseanal s 5 connecting the openings (3, #rmsiGeivsiobe4s eacti on
canal 2 are arranged transversely to the geaction canal 2. Oher exanples
of flow devi ces are shown in Fig. 2C and 2D. Fig. 2C shows a flow device
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represent | am nar polynmer streans of a second charged polymer which can
contain & |tuee lrﬂﬂta(%f B ard €3landdpess eutletiopgoingsA4and and G).ack square)
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which the different |am nar polymer streans are joined together in

di fferent cowithiguthg: ¢anad) arensehamaticallyi showranalthesefigse GActael, layers § tah
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di fferent kinds of ‘| am nar polymer streans of first (A and Z) and second
charged pol yadd £ gblack eguared repeasest) laminatppolymerestizaras of| a finsh charged

| am nar_ poly \xe (%%lréﬁﬁ@a%ﬁ'i ﬁ%‘?\”ﬁé"tﬂ %%n?ee%% ks BRIYBE' n‘?é?én‘cs

sandw ched b am nar mer s reans charged po nmers (A
and Z) and |poll,7n@rs 8tthe samemapodalwmrgs); FiprdAofo AEfshost reacaogednatslzlofer

pol yrer 5 (B T Opvighe S e e Ranheg Bk ieatns Fokeckigediecine

the wal I1@nddmwﬁteeoﬁwgtdraﬂbrfsorlm%@frését.dm%aﬁat By gt eéip.ef&sm 'Pi&' BA the
charged) collagen as first charged polyner (top stream and terpolyne

( HEMA- MVA- wgp@sstebe@bar@edrlang@@r polymesrstieaos dnand B ang flowing side by Slde
whereas in Fig. 3B they are flowing stacked one above the other through the

reaction canal 2. In a further example illustrated in Fig. 3C different kinds of
laminar polymer streams of first (A and Z) and second charged polymer (B and
20 C) are stacked one above the other. In Fig. 3D a laminar polymer stream of a cell
containing second charged polymer (B) is sandwiched between two laminar
polymer streams of first charged polymers (A and Z) and in Fig; 3E a laminar
polymer stream of a first charged poiymer (A) is surrounded by several laminar
polymer streams of second charged polymers (B to I) which contain different cell

25 species. |
[0014] Fig.4 shows the wall and polymer matrix formed after the methylated
(positively charged) collagen as first charged polymer (top stream) and
terpolymer (HEMA-MMA-MAA) as second charged polymer (bottom stream)
have been reacted and terpolymer side flushed with PBS after 8 mins to stop the
30 coacervation reaction (Example 1). Transmitted light micrographs showing the
wall and collagen gel formed: (A) with 3 mg/ml methylated collagen and 3wt%
low MW terpolymer; (B) with 3 mg/ml and 0.1wt% high MW tefpolymer. Confocal
backscattering images at mid-points along the canal, 50 pm from glass bottom:
(C) 3 mg/ml methylated collagen and 3wt% low MW terpolymer; (D) 3 mg/ml and



have been reacted and terpolyner side flushed with PBS after 8 mns to stop
the coacervation reaction (Exanple 1). Transmtted |ight m crographs

showi ng twe 2wa@ldi1sad col | agen gel forned: (A) with 3 nykoir/sceidwbetied
col l agen and 3wt % | ow MNterpolyner; (B) wth 3 ng/m and 0. 1wt % hi gh MWV
terpol ynmer. Confocal backscattering inmages at m d-points along the canal,
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| i ke struct usgtriew RV defddRRREE, WiIEh frﬁ@msélfafrﬁg% Eml||k%p§m&§re 1:

Fig.5 illustrates the effect” of different kinds of collagen nethy atlon on
pol yner rfat r sippast feitthe different @Lasnﬂcass) Represent ative i mages of collagen
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Fig.6 shows bbweewbtnxoformuqaﬁI(éeélaéeneﬁlelyﬁ%p?ésmbu@im $ lof coIIaN%
mor phol ogy (see Exanple 3): (A) Mean dendritic length per no

dendrit e nuniatrigas forord With) 3g|t%gtﬁrpglymrh%ht&‘d@h§wmatjwhateq [n)ollaggnl (;CE

rot iyl at on' ERac P (3 oy mieidiely ol BbBAIRE oS EERER E-col 1 agen
resol vedi®y cap[0018&| Figeé esHowapliies aesuit dbageshtitativdiahaliees et pefnier maamki fy

the degree of nethylation as described in Exanple 3 the CE i ndex was

devel oped onMosRhejagy see Exampigt 3): dAY dvirea dfmﬂﬂt'Fl lgngth P‘Fhé‘OQE i(BYidMean

Gear oo of  medRoie, aumugte o Hedel o) SIHANP SRR e Ao R 2Py
the downst reayetipgdailesl collagenhat o of :hgf ugzt r:amnptrargrﬁ I(A'[ egnB/ Ar ea Q% oc
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quantlfled by the average fluoréscent intensity of resorufin;
- et hyoxycouéﬁseci.oma@tmgwmhod to quantify the degree of methylation as described in

Example 3 the CE index was developed on the basis of the data obtained from

Fig. 7. The CE index characterizes the relative growth in the downstream peaks

as increased degree of methylation. The CE index is calculated by dividing the

20 area of the downstream peaks over that of the upstream peaks (Area B/Area A).

[0018] Fig.8 illustrates the effect of collagen methylation on hepatocyte

detoxification cytochrome P450-dependent monooxygenase activities (see

Example 3). (A) 7-ethoxyresorufin-O-dealkylation (EROD) activity, as quantified

by the average fluorescent intensity of resorufin; (B) 7-ethyoxycoumarin-O-

25 deethylase (ECOD) activity, as quantified by the concentration of 7-

hydroxycoumarin. [(%) Sllghtly methylated collagen; () Highly methylated

collagen].

[0019] Fig.9 illustrates the effect of collagen methylation (Example 3) on

_ HepG2 proliferation. [(%) Slightly methylated collagen (CE index 1.4); (*-') Highly
30 methylated collagen (CE index 1.9)].

[0020] Fig. 10 shows confocal micrographs of embedded hepatocytes after

4h incubation in 39.2 uM 7-ethoxyresorufin in HepatoZYM-Serum Free Media

~ demonstrating the perfusion of analyte containing liquids in the three-

dimensional polymer matrix (Example 2). Fig. 10A shows a negative control with



(ECOD) activity, as quantified by the concentration of 7- hydroxycoumarin.
[P) Slightly nmethylated collagen; ( ) H ghly nethylated collagen]. [0019]
Fig.9 il lwetwatasssihe effect of collagen nethyl ati on ( Erarplceo@B)oeme Hep&2
proliferation. [P) Slightly nethylated colg agen (CE index 1.4); ( ) Hi ghly
met hyl ated col l agen (CE index 1.9)]. [0020] Fig. 10 shows confocal

m crographs @ka8HEpREGA FF%O‘FO’B QRoRE tRE vf’eﬂv bﬁcdépﬁ% tRchrh h o?t?on?-ﬂfTMe c:?nal

7-ethoxyresorufin in He at oZYM Serum Fr ee nstrating the perfusion
of analyte camdaslmawfgom kottome). iFig. 1106 Sm\a%memlﬁw @mal dgyosgream pattionof the

{05 Shows 1 neBORLURERIER in BoRERT BV FrGtb Bt ottt e ReA AR S ¥
botton) . Fi gdeifdnstaess thhe theevels aaredmmbhaarthmgho@n e réactiohnaanal.
(md-slice frombottom). By nmonitoring both ends of the reaction canal it

i s denons?r at@@atmes pebedded inthe ematrdx hethuthihe upsieean: Rortiashand

et on e BEWRSBRP AR b 0 oGl XIE 1Oy Aol el Tn B8 e
in the left ploteres)cindicating thati kepatogytehashdwedtfopyticiallyhaeme tywoehiome! | y

active cytochrome P450 activities. [0021] Fig. 11 illustrates the effect of
al tering thePAo8\actixities. of the oppositely charged polyners in the reaction

| Ex |
TR LS TRt 2| foa 3FH M CHIOGEARE NG ket bR ol Tatelrhe obRbIEdly
configurédi ?nhargle(deoq?mierSD)n d:lwfritegutlca: matma]Z (tﬁhmpleom)t is?wlam?tmg?awrs;ldft ed
oose | I ONn es mte (0] r Stream
o 21 B aralgen peacBEnatat Remishuith A8 twor ol conBouRBoRs ek %@HQ%
1 b
val | ; area bt \W@fgiBe. PGy afd (thrdéY\ﬁgbr%nBH% M bRl étﬁn%?étﬁ 25 e

t he dense fibers; area bet ween | ower pair arro _
fibers; Fig. configtiration 2 restliedin mioce upjferm jeose filferdormoations fusthest awaydm

e, oo ARl AE ol W57 888 O7ot eI o2 bt Bl Sri e
wal |. DEf3 LERbWEIRB! #emsd\wi; Bra |H§‘tﬁé€ﬂ\% pair of arrows in the mlddle of the
picture shows the dense fibers; area between the lower pair of arrows shows the
loose fibers; Fig. 11 C: area between the upper pair of arrows shows the loose
fibers; area between the pair of arrows in the middle of the picture shows the
dense fibers; area between the lower pair of arrows shows the dense wall.
20

DETAILED DESCRIPTION OF THE INVENTION

[0022] In the me\thod of the present invention at least one cell species is
25 immobilized in a matrix formed by biocompatible charged polymers. This method

comprises: ' | |
providing a first charged polymer and a second charged polymer, wherein
the at least one cell species is embedded in the second charged polymer and
wherein the first charged polymer has an electrical charge opposite to that of the

30 second polymer, and

reacting the polymers under laminar flow conditions to form a matrix for
the at least one cell species. This method allows for the first time to create matrix:
configurations for cells in which different cells are embedded in the same or



[0022] In the nethod of the present invention at |east one cell species is
I mmobilized in a matrix formed by bi oconpatible charged polyners. This

nmet hod cowprberri1sspr ovi ding a first charged pol yner andparsecangoehear ged
pol ymer, wherein the at |east one cell spegcies is enbedded in the second
charged pol yner and wherein the first charged pol yner has an electrica

charge oppos I
under | am naér“h? %r\‘/iv l%g&g ?tlf onsﬁ}a?ﬁ)?% %%né{aﬁﬁg(ef:}ﬂné he a Fse'%égﬁq @ﬁée%gﬁﬁs
speci es. Thi planetdmd&raérlecstacl&edronélabcbveﬂ'te ¢thee to create matrix
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enabl es creation of cell matrices for 1nmobilizing cel s u con |ons
t hat ar e onpdragellalar onathis (EGM)u stwturemfdwnnget&sbg With thettean diindkilizing'tit i x

f
Chat)  he ool BaTafht iiaf thel chlis 3PS emileddel S 4 Ehatocdiiingr fadtdomms A SalBon
reacti on W tipdi9eaBRAP Wit 1heBpeStbIPRreRgSd pEMSE! The Ais drenEn Xtk

within this polynmer matrix but are still e to grow and therefore also to
change t hei rwisldisithisopolymeg mamxltmg acestill able to gnow amd therefare alsa tcchange

Cpoci st nat BT PEttcrt e ARl e B, Wb he S RiacstoRloR o Mndatiny,

cel | spew esThé@foreg this methot Hlload thBgFI@MDQﬁB} ceRispeiedtHAOEar Bk cultheted in
whi ch cannot bhe cultured with cell culture nethods that are known in the

state of theVilipt It 22l oallawsaripl arayy AR Ftedy 8l speaiepethat - wasiresaothree-

cut ture 1 2 kimeriaih Skl SRR IMHE S RN e BE- AR Siln el bufier

cell species can gr own usi n e present i1nvention

I n one exarrpmetlmdseumkaaana/kmwnahthesstam ofsthesart,sasiforwxantla grdwing ©fIcells in
[ s are nixed with the se

charoed pol yREr-HEES b olure flasks Alsn el Detlespich aesd thiteioa RatIBAYNM ol y
char ged {5 rséth@Pbéﬂi‘EbeélEQ%én 'b@’@rﬂﬁfn Jélﬁ{‘j"trfé)ﬁh@'tﬁdd)afsthb&)r&@éﬁ?lﬁvélﬂ ohTEr
matri x. Exanpl es of manmmalian cell species include are not limted to
pri mary hepat ocl?0@4] In one example an eukaroytic cell species is used, wherein this cell
species may be a mammalian cell. The cells are mixed with the second charged
polymer and the mixture is then reacted reacted with the oppositely charged first
polymer under laminar flow conditions to form a polymer matrix. Examples of
20 mammalian cell species includé, but are not limited to primary hepatocytes,
HepG2, bone marrow mesenchymal cells, fibroblasts, chondrocytes, Langerhans
cells, cardiac myocytes, keratinocytes, -oligodendrocytes, endothelial cells,
epithelial cells, smooth muscle cells, lipocytes, neurons and osteoblasts. Other
cell species that can be used in the method of the present invention can be
25 selected from the group comprising or consisting of plant cells, yeasts,
amphibian cells, insect ‘cells and prokaryotic cells. The prokaryotic cells may be
from, but are not limited to, the genus Escherichia, Bacillus or Lactococcus.
Some examples of prokaryotic cells from these genera are Escherichia coli,
Bacillus subtilis or Lactococcus lactis.
30 [0025] The matrix in which the above described cells are immobilized is
formed upon reaction of the oppositely charged polymers in a (reaction) canal 2
of a flow device. The charged polymers that can be used in the method of the
present invention react to a polymer complex which polymer complex forms a
three dimensional polymer matrix that can be perfpsed by liquids and is



Hep&2, bone marrow nesenchynal cells, fibroblasts, chondrocytes, Langerhans
cells, cardiac nyocytes, keratinocytes, oligodendrocytes, endotheli al

cells, epwvbheddahsseel | s, snooth nuscle cells, |ipocytespcrseranmoad
osteobl asts. Qther cell species that can lge used in the nethod of the
present invention can be selected fromthe group conprising or consisting

cel s The. pPEmSle id sulPRcds P8aeSiard o SAREML e Tiorind e BRGRANelLS of 1 o
Escheri chi a, theaaf Idast oae dalcspw@saad tbopredestsniplezseds by tink at Yedst oneetdlb
fromthese genera aﬁ%ﬁ ﬁlerl chia coli, Bacillus subtilis or Lactococcus

lactis. [00239€CieR clymer Gamele: B dorReq sipaBeieACHeR af dhe SespRd charged
| mmobi 1 zed bty EtARMAG e 1685 Ge LBR PBERSIWith I ARt LRArgie] PBRHTer N 2

(reaction) can evi ce. e charged pol yners that™c e used
in the nﬁhovslrhefelmltimeﬁrsesbatgedwnmeohasaam.lfﬂ;nenhctpnrpgr@nscty)tmreactwmczm

pol ymer conplex f.o ree di on mat ri x that n be .
perfused by ?Peﬂﬁ't&iy ﬁhﬂrg p%‘?%!ﬁg‘ﬁg@ gﬂb %&OIWEEE@W’i B%Ql@yﬁ'&'qg'q he
nornel et abg ft iSUnRSUhRIP th%owmém.bn%scﬁ&% lofsﬁ@gfr@%mmérﬂ W.edepcts
rel eased by the at |east one cell speci es. The pol ymer conplex Is orrre
upon react i otypigial teixampie dad ac haacasvation yeastionoim whichin the: cantdctsareacone

cell species W|thth first char vvher in the firsg charged

ol yrer - has SRR iRtuher B afgndEol ieTEby dE Btied ROes b divfed PitA geo
second p@ yMiat tp thiAr polgmee! ‘WaRT i PG eK a8t inBleRPliRFig. BA ahd 4B. &S wed
that the polynerisation reaction of the present invention is a typical

exanpl e for adjaeertesides obthisavalt aveltage Wiepr loccurs: that causes theafasmation ofa

charged poly

to that a th#@%‘o ynéwwﬂ'a?stw?oéreﬁgdc@;%f T?rg'tugd r?éggltl%ﬁ'kgAuiwgﬂr .

the adj acent rrﬁrhﬁ;kedosmdé shevabhctiory ebhditiens rafpthec coacer/aidn ceactim thR be
rratr X in which the cells can_grow. Thus the ECM

f t f
| ?rkrem s![ (r)Bc'? urad ‘? %nq%&@@@éro led inthe presephinvestion Amiwill s shewn fugther below,
coacer valg ONals§a4 lefdc cBﬁ rBF‘Bﬂ‘ﬂ’ie 8 Efu'ré( ”Béﬁé gﬁgf ke ttﬁl%e%iﬁr%‘ﬁ?fog}al he

i nvention, as Wi be s urt er b o an ective contro
struct ure anpolymes mqtnmfcanrbee a¢fne£9djusmg$me)nwth¢mwt’rm present inventiorbe
achi eved using foBEef’Fﬁé‘ %%a(c):fervta ion Ior{egét?onnt ta{kré\éeagcg 1 the reaction canal 2 of the
flow device examples of which are shown in Figs. 1 and 2. The laminar polymer
streams are pumped into the canals of the flow device under laminar flow
20 conditions. Pumping of the polymer streams can be performed with any device
that allows the creation of laminar flows of liquid streams. Pumps that can be
used in the method of the present invention may be positive-displacement
reciprocating pumps or metering syringe pumps, to name only two. If possible
laminar flow conditions can be achieved without any special device simply by
25 adjusting the diameter of the canals to control the amount of different polymers
flowing through the device by gravity force.

[0027] The polymerisation reaction of the oppositely charged polymers takes
place once the laminar polymer streams get into contact with each other. For the
formation of the polymer complex and thus the three-dimensional polymer matrix

30 it is necessary to slow down the laminar polymer streams for sufficient diffusion
to allow the polymerisation reaction to finalize. Using the coacervation reaction of
oppositely charge polymers a three-dimensional polymer matrix is formed within
2 to 8 minutes after contact of the oppositely charged laminar polymer streams.
In the method descﬁbed by Wei Tan, M.S. and T. A. Desai (Tissue Engineering,



[ 0026] The coacervation reaction takes place in the reaction canal 2 of the
fl ow devi ce exanpl es of which are shown in Figs. 1 and 2. The | am nar

pol yner swoessspiagse punped into the canals of the flow a@evisceoosndeus | am nar
fl ow condi tions. Punping of the polyner stgeans can be performed with any
device that allows the creation of lamnar flows of |liquid streans. Punps
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polymers a tﬁq@ddﬁﬁgwﬁoﬂgﬁnkbgmﬁeg@ng? Pilhﬁf‘lragélﬁgrthgge r\ﬁ\nﬁ? I n gélz gbémrgngﬁléut es
after cont acincodasede oppositely charged | aminar polyner streams. In the

hod d ib i, T S. d, T. ,A Desaj Ti Engi i , 2003,
Tol o0 ReoS"! P oty ) aiing e Sndifed Hounes RAICHUREYS MohGoguRy doyoraLa L 5
i s formeh bepylmiert ¥SmprRixYWRASa ﬁtﬂbbi@“&uiﬁe%dﬁé}m@?Bo%ébﬁ@ti@ﬁ RaetiorPtider .

In the experinént described b | - Tan and Desal nativé collagen or a

m xture of c8loppgdn Thisd “step tsoddioniveanukade.ghhghaspinatd bafferedsaline (PBShea i on

mat i a1 owEo P popTBE ARE B THEE, ks AlTHS R g aBatrcet
avoi ds dehydenibeddedfin theneeiy forhed pilymer thatix. "BoF éxamplel the poIgmeriahtion t y

rate of the enbedded cell species is increased. [0028] By diluting the_
char ged pol yfRaclionnefca temelymsr compased ob hydraxyathyb metbacedatp) exethaenylia

ottt coHOH RS ol ARG IENPLRAINRY i Rl Bihernse”

medi a or anydesdribed indtxampled! aan thet stopped usingdPloosphaté Buffelréd Saline (PBS,
pH 7.0), Dulbecco’s Modified Eagle Medium (DMEM) or modified Chee’s
medium (HeptaoZYM-Serum Free Media from Gibco BRL). Besides replacing
one of the laminar polymer streams with a stop solution, it is also possible to

20 pump the laminar polymer streams into the flow device through the inlet
openings 3 and to pump the stop solution into the reaction canal 2 through the
outlet opening(s) 4 on the opposite side of the flow device (see for example Fig.
2B). Thus, the reaction canal 2 is half-filled with parallel laminar polymer streams
and half-filled with a stop solution to stop the polymerisation reaction after 2 to 8

25 minutes. The effective perfusion of the polymer matrix formed upon reaction of
the oppositely charged polymer streams with an analyte containing liquid media
is illustrated in Example 2. Example 2 describes metabolization of
7-ethoxyresorufin by hepatocytes embedded in a polymer matrix that was
pumped into the reaction canal 2 that contains the polymer matrix.

30 [0029] Once the three-dimensional polymer matrix is fully developed the cell
species embedded in this polymer matrix can be grown or exposed to different
solutions that contain different kind of analytes as described in Examples 2 and
3, for instance.



enbedded in the newy forned polynmer matrix. For exanple, the
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Once the thr rg Y
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di f f er ent0 sobeused $n whith theramimarditfcaen oha ckil edntdining erbRd chargédssolyraed i n
Exanples 2 and 3, for instance.[0030] One advantage of the present

i nventi on i siStsa@dmighac befw e@f’tﬁ’odﬁ%"%faﬁt'le?"%ﬁ aba érstighaeged pelMR¥®eBnal pol yner
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2004, Vol .25, P.1355-1 364 Af t I t of th
Comal e SmaseS i, A mate def prBnas Hnshre QU corsstdt, Buthg Teattion
bi ol ogi cgd semhlezsf@f eiaanaee@.a Barl%IQSB?fb'SQII&N?éfﬁm%'r%ﬂ#ﬁér%t?earﬁ@té‘ﬂﬁﬁl Yy a

f ew optlons To achi eve an even nore stabl e pO erEI’ Stl’lp a configuration
of | aninar péeyeactien canal.d8 additios sushaaiflow devige Biallydudergamprisesonmr e

detail furthgy npdarleod‘bt?eﬁ opening(s) 4 that are fluidly connected via perpendicularly or

transversely orientated canals 5 to the reaction canal 2. The arrangement and

number of canals 5 and openings 3, 4 that lead to or away from the reaction

20 canal 2 depends on the desired configuration of the laminar polymer streams

that polymerize to form the three-dimensional polymer matrix within the reaction

canal 2.

[0032] Examples for different configurations of laminar polymer flows are

shown in Fig. 3. If one or more cell species are to be embedded in the same

25 second charged polymer the laminar polymer streams might be arranged as

depicted in Fig. 3A and 3B . For this configuration of laminar polymer streams a

flow device with inlet and outlet openings positioned as shown in Fig. 1A might

be used.ADescn'bed in more detail, in Fig. 3A a laminar polymer stream of a first

charged polymer (A) flows side by side to a laminar polymer stream of a second

30 charged polymer (B), whereas in Fig. 3B the two polymer streams (A) and (B)

are stacked on top of each other. Once the reaction canal is filled to the desired

length of the later formed polymer strip, the first and second charged polymer
polymerize to form the three dimensional polymer matrix embedding the cells.



be used in which the |lam nar stream of a cell containing second charged

pol ynmer is sandwi ched between two | am nar streans of a first charged

pol ymer . WwOQ8dso1ssanpl es of flow devices that can be usedtfsorodsheoxet hod of
the present invention are shown in Figuregql and 2. A suitable flow device
typically conprises two or nore inlet openings 3 that are fluidly connected
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configuration of "the | am nar polymer stfeans that pol y rrzet ormt
t hr ee- di nensiconfigurptioy rtbe laminax palyrhém streamr efica isecondneharged [ BOIgREr (B)

Ex I f diff fl | J fl
Fa a1t orBhtaing e 8K |<CirRivigRes BorSdh Rl Aimbt rowm et Steings L8R, "
char ged pol y@fﬁargdgaepd Fg'rﬁbfbﬂA ama I'Rhefdin @R TanithahboldmeristraaaRtboffrstaRirgegd

in Fig. 3A and this conflguratlon of lam nar polynmer streans” a
fl ow devi ce wotymeral Atanrthd san e@ntapeﬁ'-e]@arrmmrtduﬁemtafgsts nbamadnpslymersA

St Poam of o PEPERGEREIne el Rk of g boliler Al BTRET TRE, $ifiwicn

pol yner $0 r earfafhement madleshtHed pEbdURKiIBAEST é:B)evehh'ﬁb@%tamniadgpo@ﬁhetrmnbwo
pol ymer streams (A) and (B) are stacked on top of each other._OncCe t

reaction cang&Pmpared |tpea eenfigusatinrsiase depioted HnoFig: n2A | ot B. thlﬁeﬂ"qi'ﬁl berer

, the f
i rehsi onal | SETS@BEaSE OB AR AT PBEIRCOY BRLbRmldt dRUH I Bel (NG
canal s as shevg) for tﬁbghlpé/bri whicty the egw@oatalmlhgfgmtdtm isfiged ifor firthexnube.

tests are to ecarrled irectly in.the canal of the flo dV|ce
e vsa o' SFRRbaTRR, & T HelieeiafFion 28 GIows & aeeate’ Sexbily and & betier

arrangenmpst  @hnihff Egrsrﬁowadam é&oh)é?i“cieostnﬁeﬁgﬁﬁ F‘Slp'egé Id, ”nFrS @tBt In

this configuration the |am nar stream a secon ar'ge yrrer
(B) cont ai ni egenings@lbowstoi squethavlamlinai pmdzymeestreamsIsgparaiely;fc:brpmchmfrtbans
of first outlet canals which allows a better control of the flow rate of the different charged
polymers.
[0034] On the other hand, if cell species with different requirements with
20 respect to the polymer matrix are used, an arrangement of different laminar
polymer streams as depicted in Fig. 3C might be advantageous. Different
laminar polymer streams of second charged polymers (B) and (C) embedding
the cells and laminar polymer streams of first charged polymers (A) and (Z) can
be used to form suitable three dimensional cell matrices upon reaction of the
25 oppositely charged polymers in the reaction canal of a flow device that comprise
at least four input openings (not shown). Since the three dimensional polymer
matrices formed can be perfused by liquids and are permeable to metabolic
substances, such configurations allow the cells to exchange metabolic
substances with each other. This embodiment is especially suitable for cell
30 species that can only grow in co-cultures of different cell types. A co-culture can
maintain the differentiated phenotype of many highly differentiated cells for
longer periods of time, e.g. sinusoidal endothelial cells (DeLeve L.D. et al., Am J
Physiol Gastrointest. Liver Physiol., 2004 June 10), hepatocytes (Harimoto M., et
al., J Biomed. Mater. Res., 2002, Vol.62(3), P.464-470) or clonal C2C12



charged polyners A and Z, wherein the | am nar polynmer streanms of first
charged polyners A and Z can contain the sanme or different first charged
pol ymer s wepesiinggson t he desired form of the pol yner netmisc206ro0®ds Thi s
sandwi ch arrangenent enabl es the productiem of an even nore stabilized
pol ymer strip conpared to a configuration as depicted in Fig. 3A or 3B.
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[0034] OP t hB.BtS@é25hand, if cell species with different requirenments with
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the cells and | am nar pol yner streans of first c_hargfcihoil polyners (A) and (2)
can be used €@ species are kbbe testedatdhewametione with diffesent aral at willhe on

Chat conpr: sbeided BRI R pEfTieanhdnifel RT3 46 Bhagtimanl a8 YeRiled ©
di mensi oftl POFigM3E adamiree polymeestream dfea fiestidherged polyntBr (A ignil cahtact

perneabl e to petabolic substances, such caonfigurations allow the cells to
exchange net WHBIsevemsl lamingE £olyinehsisarms af iscond charged, patymears (B-(1). Each

e c ot | i o5 _of
i FTor ot copriiet BobfercBteari iiirtSe) Soneh 8 SHifpls (SP(F Lohtife af
phenot ype of leashpnéiagil spetids. aitenabave éxamiples flastratengres fyrtheroadvartade oe,

o, Sr ! B o ol on Soles B iy el elbpter el BishSirapons,
al ., J Bimnmeghat Mahte eRsifr and 985t coffposdl ddcorBintttd théOreqlireePiebf the cell
C2Cl1l2nyot ubes (Cooper ST.” et al., Cell Mtil. Cytoskeleton, 2004,
Vol . 58(3), Pspexies bsad.)Sidethy side Hawsof darminas polymer sireamsarepossible astwell
progeni tor cgllSnlfatRind®in which different layers of laminar polymer streams are
stacked one above the other. Configurations in which the laminar polymer
streams are stacked one above the other (e.g. Fig. 3B to 3E) are of special
20 interest as they allow to mimic the ECM structure in living tissue in more detail.
[0036] Both, naturally occurring and modified polymers are suitable for use
as charged polymers in the practice of the present invention. In this connection it
is noted that the term "electrically charged" means that the polymers carry a net
charge, i.e., are either positively or negatively charged, when present in a
25 solution. Accordingly, the term that "two polymers are of the same electrical
charge" means that they both carry an either positive or negative net charge the
exact value of which (expressed for example in Coulomb) can be different. Thus,
the term "of the same electrical charge" has to be understood qualitatively and
not quantitatively.
30 [0037] The polymers used in the present invention are typically water soluble
and biodegradable and in addition usually have a molecular weight of at least 10
kDa. It is possible that the first charged polymer as used herein is negatively
charged. In such a case, the second charged polymer is of course positively



Il types can direct their differentiation (Wang XY, et al., Surgery,
3803, {//gl .134(2), P.189-196; Fair J.H, Brain Res. Dev. Brain. Res., 2002,
Vol . 137( 2y 2Buclol885125) . [ 0035] An arrangenent of | ani narcpsiGzomsnoes eams in
a reaction canal of a flow device (not shoMh) as depicted in Fig. 3E m ght
be advantageous if several cell species are to be tested at the sanme tine
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special interest 'as they allowto mmc the ECM structure in living tissue
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suitable for use as charged polyners i'n the practi
“nventi ol | #easkionecshaalic @eid andnetbastylichacid e atcieast ehe@frhydad»methyl

are either
ot v P OB DA 588 i v,
t he term t haabbutvd 09650 hydrngetiyl thethaarRate! ebbut q@'%-‘sb% Qﬁethgﬁ c}?&‘t
they both carr her positive or ative net charge the exa
of which ( exﬁPés@é’d‘?ﬁbrA’ %Mmemﬁcq@jed%ﬁ)mﬁd\ma&ﬂm)f Aneammp'r?rﬁ?r sudlrea nd
v any | SETPRTSYA OAeebS FEEG, S E ARN
t ypi cal 116 wageid ansl abowt 503 nmetbgllageﬁrwuylatea(rHEMA-MAALMlm (CHidlek ¥/ psgué
mol ecul ar wepght, abinat K63 SR/oiLg(S) P.481-495). In another example the terpolymer
consists of 25% hydroxyethyl methacrylate, about 50% methacrylic acid and
about 25% methyl methacrylate (HEMA-MAA-MMA). Other terpolymers that can
be used in the method of the present invention are described by Shao Wen et al
20  who used terpolymers of different compositions for embedding living cells (Shao
Wen, Yin Xiaonan and W.T.K. Stevenson, Biomaterials, 1991, Vol.12 May,
P.374-384; Shao Wen, H. Alexander 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
25 positively charged.

[0040] Combinations of polymers from this group can be used to form a
polymer matrix for embedding vaing cells by coacervation. Exemplary
combinations of polymers in which the first charged polymer are reacted with the
second charged polymer include the following (wherein the second charged

30 polymer is mentioned first, followed by the first charged polymer): chitosan —
negatively charged terpolymer, polyanionic alginate - Ca?*, positively charged
collagen - negatively charged terpolymer, negatively charged collagen -
positively charged terpolymer (Shao Wen, Yin Xiaonan and W.T.K. Stevenson,



kDa. It is possible that the first charged polyner as used herein is
negatively charged. In such a case, the second charged polyner is of course
posi ti velwohassgadss4Al t ernatively, the first charged pol poersGzeosposisi vel y
charged and the second charged pol yner cajjies a negative net charge.

[ 0038] Polyners that are suitable for the use in the present invention
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pol ymer are reac
[0042] Since polymers such as collagen are in their natural form neither

positively nor negatively charged they need to be modified for use in the present
invention. Techniques to modify such polymers are known in the state of the art.
In Chia et al. for example (Tissue Engineering, 2000, Vol. 6(5), P.481-495)
20 cationic collagen was obtained by esterification of the carboxyl groups with low-
molecular-weight alcohol. Negatively charged collagen can, for example, be
obtained by the method described by Donald G. Wallace and Joel Rosenblatt
(Advanced Drug Delivery Reviews 2003, Vol.55, P.1631-1649). Other examples
of an uncharged polymer that can be modified to carry an electrical net charge
25 include, but are not limited to poly (vinyl alcohol) and further polysaccharides
such as dextrans and polysaccharides of the carrageenan family (obtained from
the red seaweeds).
[0043] Optionally, polymers that are naturally charged can be modified to
(better) match the electrical charge of the oppositely charged polymer that is
30 used as reaction partner. The different electrical charge can also be used to
influence the permeability of the polymer matrix. Large differences in charge
densities between the oppositely charged polymers tend to make the membrane
more permeable. |



second charged polyner include the follow ng (wherein the second charged
polymer is nmentioned first, followed by the first charged polyner):

chi t osan wone@atiissel y charged terpol yner, pol yanionic alpgirsazes/o6ad+,
positively charged collagen - negatively ¢harged terpolynmer, negatively
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chi t osan.5 Fopeneleatedhedngtiixi ibther pelymies mattix obtaingd by Ahe nnetaod ohthe prrssint el y

ol yror mat 1 VR i3, 8585, 7S EtehBisoh BF Bk Sunsiinesr & tc&%rtﬁ%%?éﬁlﬁ@anﬁ'ge
the choi ce oExampleQl mgonymetrhﬁaml of theepredent ihventioAtls fsierétrabri fitdiiqiad on
the cell species a suitable bloconpatlble pol ymer for this cell species has
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present i nveftat 'Eﬁ? W q‘tﬁ'@§et’%a thees fsyp%'m@ﬁ Byromplex epaceryalian ¢fichasged
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to carry an eI ectrical net charge include, but are not limted

poly
(vi nyl al coht1® reastionsanabr th@opggmmuy.amstransport properties of the membrane

can be modulated depending on the requirement of the cell species embedded
therein.

[0046] The influence of different charge densities on the formation of the

20 polymer matrix and their respecfive effect on the functionality of the embeddéd
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
Engineering 2000, Vol.6, P.481-495) type | bovine dermal collagen (Vitrogen,
Cohesion Technologies Inc., Palo Alto, CA) is modified to be cationic via

25 methylation.

[0047] The degree of methylation is controlled by adjusting the reaction time
and temperature of a polymer as described in Example 3. The methylation
degree is determined using a capillary zone electrophoresis method that was
developed by the inventors and is described in Example 3. Using this new

30 method a CE index is proposed by the inventors to monitor the degree of
methylation of a polymer used in the method of the present invention. An
increase in polymer methylation is correlated with an increase in this CE index.
For example, a slightly methylated polymer has a CE index of about between 0.9



such as dextrans and pol ysacchari des of the carrageenan fam |y (obtai ned
fromthe red seaweeds). [0043] Optionally, polyners that are naturally
charged owo 2bes/oms$isfi ed to (better) match the el ectri calpcelsangs/od246 he
oppositely charged polyner that is used aggreaction partner. The different
el ectrical charge can also be used to influence the perneability of the
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Thvention 1 s 1ont e B SiFhe SRR RARIS BRE REEe TRgudn foripdeli
necessary foleddsets Uesseradross linkedcand sthinimee ditrls sédi Figt 18B)! Meeefore, an
di mensi onal polynmer matrix. [0045] The nethod of the present invention

al lows to cotfsseasecinsoliagenaetyiationgan beworetated with mese fragmentad masgix
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present 10Gveniéam deByriticrigngth ahd marhberu fermenkibyhslightlipeand dightly dnaethylatednd

t he concentrat{' on of the charged polyners as well as the reaction tinme of
the opposit eF9!lR98ged pol ymers within the reaction canal, the perneability

and transport p(ﬁpgyg }a8s aw e [ he

requi renent of ! e gf‘? s@%ﬁ’gg enbedded t ergfn. |3%ﬁ%]%ﬁ?&%§l tr}g)rlllgée'tc')f

di f ferent chinflyendessthei imctionality éfothetdells embeddedothgnain. et descrivet! timei r
he. enbedded, ce
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second ci&r ggdpendingesn wHsther tHey art Bebetaedingighlly (G mdek BlU) of HigHiye
(CE index 1.9) methylated collagen. The detoxification activity of primary
hepatocytes was higher when slightly methylated collagen was used to form the
polymer matrix (Fig. 8A and 8B). In contrast, amplification of HepG2 cells was
greater in highly methylated collagen than in slightly methylated collagen.

20 [0050] Therefore, the proposed method of controlling the formation of the
polymer complex by influencing the charge density on a polymer was
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

25 because the cell functions were selectively augmented in matrices with different
fiber cross linking.

[0051] Another example as how to influence the structure of the polymer
matrix is to alter the molecular weight of the polymers and their concentration. In
one experiment HEMA-MAA-MMA as first charged polymer and positively

30 charged (methylated) collagen as second charged polymer have been used to
form the polymer matrix (Example 1). The structure of the polymer matrix was
altered by using terpolymer HEMA-MAA-MMA of different molecular weight and
concentration. The polymer matrix formed by HEMA-MAA-MMA of low molecular
weight and high concentration (3 wt%) is more reticulated and wide meshed (Fig.



Engi neering 2000, Vol.6, P.481-495) type | bovine dermal collagen
(Vitrogen, Cohesion Technologies Inc., Palo Alto, CA) is nodified to be
cationi c woaosatiigshati on. [0047] The degree of nethyl at ipemsicaoseniuel | ed by
adj usting the reaction tine and tenperaturg of a polyner as described in
Exanpl e 3. The nmethyl ation degree is determ ned using a capillary zone
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col | agentd hahaven shbiwghthiay asembye Mseduecddeigﬁéam is than the other, the more the
boundary between the laminar polymer streams is pushed to the less viscous
side. The structure of the polymer matrix formed can also be influenced by
controlling the reaction time of the oppositely charged polymers within the
reaction canal, as can be seen from Example 1, 2 and especially 4. In typical

20 embodiments, the reaction time of the charged polymers is normally between
about 30 sec to about 8 min, but also longer reaction times, for example, up to
30 minutes are possible. The appropnate reaction. time can be determined
empirically and the determination is well within the knowledge of the person
skilled in the art.

25 [0054] The flow device that can be used together with the method of the
present invention can be made from any material that is biocompatible.
Biocompatible materials include, but are not limited to, glass, silicon, certain
types of metal and a polymerisable material. The polymerisable material
includes, but is not limited to, monomers or oligomeric building blocks (i.e. every

30 suitable precursor molecule) of polycarbonate, polyacrylic, polyoxymethylene,
polyamide, polybutylenterephthalate, polystyrene, polyphenylenether,
polydimethyisiloxane (PDMS), mylar, polyurethane, polyvinylidene fluoride
(PVDF), flourosilicone or combinations and mixtures thereof. In some
embodiments, the biocompatible material comprises PVDF and/or PDMS.



[ 0050] Therefore, the proposed nethod of controlling the formation of the
pol ymer conpl ex by influencing the charge density on a pol yner was

denonst r avedodemissscapabl e of nodul ating the matri x nor powlsogyostooops ovi de
differential levels of cellular support. 4g particular, the precise control
of the polynmer matrix supporting live cells |s i mportant in cellular
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Anot her option [0955hThemanals be2raefaz tfliowndevindiusednia thermetrodret thed prefsenhe
present invention is to ry. the reaction tinme of the oppgsitely ¢ e
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[0056] The flow conditions (laminar or turbulent flow) of streams of charged
polymers depend on the dimensionless Reynolds Number (Re) and depend on
the density and viscosity of the polymers used.

20

(fluid density)(mean fluid velocity)(characteristic length)

Re =
fluid dynamic viscosity

““Laminar flow conditions” are given, if the Reynolds number has a value of less
than 2000 and thus can be readily determined. The use of laminar flow
25 conditions for simulating in vivo conditions is described by Takayama et al.
(Proc. Natl. Aca. Sci.;, May 1999, Vol.96, P.5545-5548). [n this study laminar
flows of liquid media were used to simulate the patterning of the cell culture
substrate. In the method of the present invention laminar polymer streams
instead of liquids are used to pattern a three dimensional matrix and cells

30 together at the same time.
[0057] In one experiment using the method of the present invention a flow
device (see Fig.1A together with Fig.3A) was used that was prepared as
described in Example 1. The rectangular reaction canal of this flow device had a



boundary between the |am nar polymer streans is pushed to the | ess viscous
side. The structure of the polynmer matrix fornmed can al so be influenced by
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device used in the nmet hod of the present i nvention can be of any shape and
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Lamnar £l YiEbR £ CaRTatbhs 6T COMAR S MbBARELIAL B siad RS Tigt 3R) Ve
the following confi guratlon

positively charged | negatively charged
collagen (B) terpolymer (A)

Volume Flow Rates (pl/h) 1000 1000
Volume Flow Rates (m*/s) 2.77*10%° 2.77*10%°
Fluid Density (kg/m") 997 997

Fluid Dynamic Viscosity (kg/m*s) 0.007 0.004
Hydraulic diameter (m) 0.0004 0.0004

Mean Velocity (m/s) — One side 0.069 0.0347

Re - each stream 3.83 2.89

[0059] Another aspect of the present invention is the use of the method of

the present invention to immobilize cells in matrices formed by biocompatible

20 charged polymers, to generate microsized implantable tissues, to generate
in vitro models of physiological tissues and to generate bioreactors which can be
used to perfuse cell cultures for the manufacture of recombinant proteins in
biotechnology. The method of the present invention can also be used for cell

amplification in tissue engineering, the manufacture and control of stem cell



The di nensions of a rectangul ar canal can be, but are not limted to, of
between 10 to 800 mMmin width and of between 10 to 600 nmin height. The

| engt h ofwoheosmassii on canal depends on the use of the porgeeoosmveup forned
therein. Typically, the reaction canal hasga | ength of about 0.4 mmto
about 6 cmbut is not limted to this length. [0056] The flow conditions
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sane tinme. [0057] In one experinment using the method of resent

i nvention a farqangeeaticdsiet transplgntationoget her with Fi g. 3A) was used that was
prepared as described in Exanple 1. The rectangul ar reaction canal of this
fl ow device had al ength of about 3.5 cma height of about 200 nm and a

wi dt h of 1@bogka Am Positively charged coll agen was used as second
charged polyner (B) and a negatively charged HEMA- MVA- MAA t er pol yner as
described in Exanple 1 was used as first charged polymer (A). The two

pol ymer streans ' id id fd-OUE at | in Fig.
58 The 1 an nar [NqESREXARIG CRluBalsthe 97 St IchiaBBn 1. A Bobel Tt bl
are descri bethminaff adactioh. of| efifjatéd ¢ pasitively charge)sidiisgen dshsedopidydirgeded
for the nethod of the present inventig IS Liusual |y bet ween about 0.003

kg/ mts to 0. BBYMEY ARd aliygly charge S]terpo ymer of hydroxylethyl methacrylate-

15 methyl methacrylate-methyl acrylic acid (HEMA-MMA-MAA) as first charged
polymer under laminar flow conditions.

[0061] In this example two different combinations of this polymers are used
that are composed of different concentrations of collagen and terpolymer of
different molecular weight. The formation of a polymer matrix is based on the

20 polyelectrolyte complex coacervation between cationic methylated collagen and
anionic terpolymer of HEMA-MMA-MAA. This polymer matrix has been shown to
-provide favorable three dimensional microenvironment for cell support and
proliferation (Chia et al., Tissue Engineering 2000, Vol.6(5), P.481-495). Two
different polymer combinations are used to illustrate the control of the structure

25 of the polymer matrix formed using different polymer combinations. The two
combinations are chosen based on the optimal charge balance between the two
polyelectrolytes.

[0062] Type | Bovine dermal collagen (Vitrogen, Cohesion Technologies Inc.,
Palo Alto, CA) is modified to be cationic via esterification of the carboxyl groups

30 on collagen chains as described by Chia et al. (2000, supra). Terpolymer of
HEMA-MMA-MAA is synthesized by solution polymerization at feed ratios of
HEMA, MMA and MAA at 25:50:25 according to Chia et al. (2000, supra). Gel
Permeation Chromatography is used to characterize the molecular weights (MW)
of the two terpolymers. These were found to be 80.5 kDA for the low MW and



density of the polyners is between about 997 kg/ nB. Using the di mensions of
the canals and the polyners as characterized in the present invention, the
Reynol d rwohess/dimsssuch canals is typically | ow and ful f iPCirsG2ous/000246

requi renents for creating lamnar flows. pmp the systemdescribed in Table 1
for exanple, the Re is < 4 for both polyner streans. Table 1: Cal cul ati ons
for collagen t ' St f Fi ' f oW Hg
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al., Electrophoresis 2000, Vol.21(1), P.27-40) as long as they allow parallel

matrix polymers to contact in a laminar fashion (Re < 2000). Under typical
microfluidic conditions of small canals (up to 200 um) and low flow rates
(between 50-1000 pl/h), Re is almost always low. In this exemplary system Re is
20 < 2. To create the PDMS mold, a liquid PDMS prepolymer (in a mixture of 1:10
base polymer:curing agent) is poured onto the master and cured at 60°C for 1 h.
Small holes are drilled into the PDMS using a borer to produce inlets and outlets.
Finally, the PDMS is sealed irreversibly on glass cover slips by plasma oxidation
to form the canal. In this experiment, the rectangular reaction canal has a length
25 of about 3.5 cm a height of about 200 um and a width of about 400 pm.

[0064] Methylated collagen (top stream) and terpolymer (bottom stream) are
delivered into the reaction canal 2 via the inlet openings 3A and 3B in Fig.1A in
the two Y arms using syringe pumps (KD Scientific Single-Syringe Infusion Pump
from Fisher Scientific) with controlled flow rates (see Table 2). The merged

30 laminar polymer stream is allowed to exit via the outlet opening 4 into the
atmosphere at the end of the canal 5 (see Fig. 1B). After the formation of the
polymer matrix on the collagen side, the terpolymer side is flushed and perfused
with PBS. A variety of methods are used to‘characterize the polymer matrix
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Table 2. Volumetric flow rates of methylated collagen and terpolymer with
20 respect to time for matrix formation

Methylated collagen-cell . Terpolymer flow rate Time in min
suspension flow rate in ul/h in ul/h
500 500 2
250 250 2
100 100 2
0 100 $ 2

[0066] The method of flowing oppositely charged polymers laminarly is an
efficient means of forming polymer matrix micropatterns rapidly in situ without
long times for coacervation of 15-20 minutes required by flowing in native

25 collagen or solutions of native collagen and chitosan (Tan W. and Desai T.A.
2003, supra), and under mild and aqueous conditions that is non-toxic to cells.
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collagen stream was complex coacervated with an adjacent laminar stream of
terpolymer. The hepatocytes embedded in the formed polymer matrix were
20 cultured for 24h and the hepatocytes detoxification functions assessed by their
7-ethoxyresorufin O-dealkylation (EROD) activities. The methylated collagen and
the terpolymer HEMA-MMA-MAA used in this experiment were obtained as
described in Example 1. Also the PDMS microchannel was fabricated as
described in Example 1. Freshly isolated hepatocytes were suspended in
25 methylated collagen at a density of 3x10%ml. The flow rates for the cell-
containing methylated collagen and terpolymer streams are given in Table 3.

Table 3. Volumetric flow rates of methylated collagen and terpolymer with
respect to time for matrix formation

Methylated collagen-cell Terpolymer flow rate Time in min
suspension flow rate in yl/h in ul/h

1000 1000 2
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[0072] Hepatocytes embedded in the polymer matrix both in an upstream
15  portion (Fig. 10B) and a downstream portion of'the reaction canal (Fig. 10C)
were highly fluorescent, indicating that hepatocytes showed functionaily active
cytochrome P450 activities. The perfusion of the analyte into the polymer matrix
via the original terpolymer port was effective and could be uptaken by the cells
embedded in the matrix throughout the reaction canal.
20
Example 3

[0073] This example illustrates the use of the pblyelectrolyte complex
coacervation reaction between methylated collagen as second charged polymer

25 and terpolymer of HEMA-MMA-MAA as first charged polymer to manipulate the
formation of collagen matrices which have an important bearing on cellular
behavior. Collagen of different methylation degrees is used to complex
coacervate with terpolymer to alter polymer matrix morphology to engineer
microenvironments for optimal cell support. Two liver-derived model cell types,

30 primary hepatocytes and HepG2 cell line are chosen to study the effect of
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coated capillaries (50 pm 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%
hydroxypropyl methyl cellulose (HPMC) at 21°C. Separation voltage is 22 kV and
20 UV absorbance is detected at 200 nm. The collagen samples are introduced into
the capillary by pressure (0.3 psi x 15 s). PVA-coated capillaries are washed with
distilled water for three minutes prior to the initial use. After initial conditioning,
the coated capillaries are washed with distilled water for 1 min and 50 mM
sodium phosphate buffer (pH 2.5) with 0.05% hydroxypropyl methyl cellulose
25 (HPMC) for 3 min between each analysis. All chemicals used are either of
analytical grade or highest available purity. Hydrochloric acid, sodium phosphate,
methanol and sodium hydroxide are obtained from Merck & Co. (NJ, USA).
HPMC (VISC. 2wt% in water, 5 CPS) was bought from Sigma-Aldrich Co. (St.
Louis, MO, USA). Acetone is purchased from Tedla Company Inc (Fairfield,
30 USA). All buffers and solutions are prepared with water purified through a Milli-Q
system (Barnstead, Wi, USA).
[0076] The methylated collagens are separated into four major bands (Fig. 7)
that change with different methylation reaction conditions. An increase in
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[0077] For characterization studies of polymer matrix formation, 1.5 mg/mi
methylated collagen is injected into and contacted with 3 wt% terpolymer using a
syringe pump (30.5G needle), and confocal backscattering microscopy (Olympus

20  Fluoview 500) is used to image the polymer matrix formed using a 60x water
lens. Image-Pro Plus 4.5.1 was employed for the image processing and
quantitative evaluation of matrix parameters.

[0078] For cell studies, hepatocytes are harvested from male Wistar rats by a
two-step in situ collagenase perfusion as described previously (Seglen P.O.,

25 Methods Cell Biol. 1976, Vol.13, P.29-83) with some modifications. The cells are
suspended in methylated collagen at a cell density of 5x1 0%/ml! (hepatocytes) or
8x10%/ml (HepG2) before being injected into and contacted with terpolymer from
a 30.G needle attached to a syringe pump. The hepatocytes and HepG2 cells
supported by the polymer matrix are cultured in HepatoZYM-SFM (GIBCO

30 Laboratories) and DMEM supplemented with fetal calf serum (10%) and HEPES
(1g/lL) respectively in 37°C, 5% CO. humidified atmosphere. Hepatocytes
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length and branching within the matrix respectively, are consistently below that of
thg slightly methylated collagen (o). Therefore, an increase in collagen
methylation can be correlated with more fragmented matrix morphology. |
20 [0080] The detoxification functions of hepatocytes, indicated by their EROD
and ECOD activities (Fig. 8A, 8B), were significantly higher for all 4 days of
_culture when supported by the more connected polymer matrix formed by slightly
methylated collagen (%) compared to the polymer matrix formed by the highly
methylated collagen (). The ECOD scheme which employs HPLC for the -
25 measurement of metabolic products is a more precise assay that tests for the
monooxygenase activities of more cytochrome P450 enzymes (CYP1A1,
CYP2A6, CYP2C8-9, CYP2E1), but both EROD and ECOD assays detect
significant  differences in cytochrome enzyme activities in the two
microenvironments. In contrast, HepG2 cell amplification in highly methylated
30 collagen, defined as the ratio of cell number in microcapsule in Dayn+1 over Dayy,
is greater than that of slightly methylated collagen by 1.5 times. On average, cell
amplification for highly methylated (*') and slightly methylated (%) collagen is 2
folds/day and 1.3 folds/day respectively (Fig. 9). Thus, the connected nano-fibers
of the polymer matrix formed by slightly methylated collagen enhanced the



suspended in nethylated collagen at a cell density of 5x106/m
(hepatocytes) or 8x105/m (Hep&) before being injected into and contacted
wi t h ter pwbyommvoiissam a 30. G needl e attached to a syri ngecpseRooshhe46

hepat ocytes and HepG2 cel | s supported by pge polyner matrix are cultured in
Hepat 0oZYM SFM (@ BCO Laboratori es) and DVEM suppl emented with fetal calf
serum (10% ( r Srpefpfatt ' 9 1 di Ei
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7- et hoxyr esobythighlpmizthylktiddxtollage t ER@Pedahe prolifetajioryof tHept2 velfd. deet hyl ase

ECOD tiviti f t . Briefly, t ' I th ddi ti ,of
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3h (ECOD), a'l’@l'rﬁdi%nqH?Qﬁ(déﬁ%%})’e‘tdg%geﬁfatibhehés %bﬁb@émgn&mgaod@jbeyca?gyrﬂﬁ@%'

fl uorescent m croscopy Hi gh Perfornmance LI qui omat aphy
(HPLC) ( EbCDmodutating olatemarpheiogy tHpraside: diffesentiat levelsrof cellulamsupport! by

e Tor ey baiary EraS ARl S thel pRbish donirob b by iner AR et ©°°
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slightly nethylated collagen (Fig. 5B). To quantify the effect of collagen
met hyl ati on b8patecytex furctions! 8gd, HepG2npseliferationi afec selaaiively degimeatedhsnt he

aver age sum qf. . rit.e npected to each node per slice,
and nean den 'F'§°§%X{G§J§'§§Btsﬁ&ﬁjﬁ@%r§@t qu{gl%g(lﬁ]ai%cgrmcglyﬁ&endri tes connected
to each n@de per slice, are plotted for the ten centre slices in the
z-stack (Fig._ 6A, 6B). FromFig. 6, the nmean dendritic |l ength and dendrite

nunber for tﬁéam%‘hl"y nmet hyl ated col l agen (D), representative of fiber
| engt h and branching within the matrix respectively, are consistently bel ow

that of the sli t d __JherefqQre, an,.increase i.n
col | agen net hyl mégﬂ@n#aﬁé‘ﬁ%@r?g%b@gg%ng ﬁ;%ﬁeéq?"r"ég'ﬁ%ﬁ@&at'%ﬁ oW rates
nor phol ogy. BR@EOheTaemdtidmuf i thede diméngichalaiofibéramiymey hifrix forheRbpd
by their EROD and ECOD actjvities (Fig. 8A were significantly higher

, 8B),
Dol 45 G RBRr C SHRPY S OB o dnethylatnd \aNagen ABE: cermRlYeEr Of

mat 11 x 1 or med B PR MRS M (AREEaete m SRR B, B AT

enpl oys HPLCMMA-MAA). Two flow configurations were used as can be seen from Table 5. In

configuration 2, the time in which the laminar collagen stream was static (flow
' rate = 0) was increased. ’ .

20 [0083] 3 mg/ml methylated collagen and 3wt% terpolymer modified and
synthesized as described in Example 1 were used as oppositely charged
polymers. The PDMS canal was fabricated as described in Example 1. The two
flow configurations used for the methylated collagen and terpolymer streams are
given in Table 5. ‘

25 '

Table 5: Volumetric flow rates of methylated collagen and terpolymer with
respect to time for the two flow configurations.

Methylated collagen | Terpolymer flow Configuration 1 Configuration 2
flow rate in ul/h rate in ul/h Time in min
1000 1000 2 2
100 100 2 1
50 100 2 1




measur enent of netabolic products is a nore precise assay that tests for

t he nonooxygenase activities of nore cytochronme P450 enzynmes (CYPlAl ,
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fl ow configurations vtyere used as can be seen from
2, the tine i'PPeFhHAER Tomeed duithest away &gon the lamimandsrpetymércstéarmwatmigethe 0)

was i ncrease@piig08ial !n:g_,{ ELEY +?§ en.and 3w % ter pol yner

modi fi ed and synt hesiazgs asd@déscr ?bfte)gh:‘aghgﬁ ﬁ?”fgb{/é"rt@nyg/é’ﬂ“fé'g?@ﬂp@@iai@ y
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15 cross-sectionally more uniform nano-fiber polymer matrix (Fig. 11C and 11D), as

compared to flow configuration 1 which had little loose fiber formation (Fig. 11A
and 11B).




fl ow configurations used for the nethyl ated coll agen and terpol ynmer streans
are given in Table 5. Table 5 : Volunetric flow rates of nethyl ated

col | agen wododscanpsshynmer with respect to tine for the twectlseen05000246
configurations.[0084] After the formation3gf the polyner matrix using the
flowrates indicated in Table 5, the terpolynmer streamwas replaced with 1

X PBS to be NgriucSafthed§® |/ h in order to stop the polynerization
reaction. Scanning electron mcroscopy (SEM was used to characterize the

col | agen nano-fiber polynmer matrix fornmed. [0085] The col | agen nano-fi ber
pol ymer matrigx bot h canfi gurati ons can be l.oosel .xg,ivid into 3
sections by t1h$ﬁ%ﬁ§g$¥u&rﬂ?%®%89 a??:%ésﬁpggrcg‘ﬁfs&eﬁjgg 'Pﬁ’f‘ﬂé‘ BWﬁag)ymatri X:
(1) dense vvalbiocohmatibqgaaﬁ@gtedqﬁ]ﬁne(gmmpﬁgﬁ?;e fibers (Fig. 11) . The dense
wal | can be found at the interface at which the | am nar coll agen stream

cont act eddwi t h RrAvidingna fiEst chargrs palymesandampecond eharged polynaes, wheseinftheer s

canal sur facat g, B¢ el PR EY Ip) EifbBRled Jhrtel BRbostlisfae L Bolutn Bpt
static tinmeswhereihtthe fiedtl shzeged polyaiaririsratelctiiab hargelspposite tb eRateofithBer s
and a cross-sectionally nore uniform nano-fiber polynmer matrix (Fig. 11C

and 11D), asSEEPHAPRYMES f1 ow configuration 1 which had Iittle |oose fiber

| b 1 121 ng o' A hel Ghae i W bondyo s IEICHRES Wit orstiet o

char ged po! yie=ast onergellispesigs. provi ding a first charged pol ymer and a second
charged polyner, wherein the at |east one cell species is enbedded in the
second charged polyner and wherein the first charged pol yner has an

pol yrrer s undar T ey pEclaftn f Sinefbin'd BropBHARE b RukaRjoficicefisplbsiis,
one cell spetsed asihe ahteaskohedelifspeti@sm 1, wherein a procaryotic or
eukaryotic cell species is used as the at | east one cell species.

15 3. The method of claim 2, wherein the eucaryotic cell species is selected from
the group consiéting of primary hepatocytes, HepG2, bone marrow
mesenchymal cells, fibroblasts, chondrocytes, endothelial cells, epithelial cells,
smooth muscle cells, lipocytes, neurons, osteoblasts, yeasts, amphibian cells,
insect cells and plant cells.

20
4. The method of claim 2, wherein the prokaryotic cell species is selected form

the group consisting of the genera Escherichia, Bacillus and Lactococcus.

5. The method of claim 1, wherein the reaction of the polymers is performed in a
25 reaction canal of a flow device.

6. The method of claim 5, wherein the reaction canal of the flow device has one
or more outlet openings and at least two inlet openings for the laminar polymer
flows.

30
7. The method of claim 1, wherein charged polymers are used which form a
matrix that can be perfused by liquids and is 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.



3. The method of claim2, wherein the eucaryotic cell species is selected
fromthe group consisting of primary hepatocytes, Hep&, bone narrow
mesenchynwb 20@l/d1s8s4f i br obl asts, chondrocytes, endot hel i acTsekbsooenst hel i al
cells, snmooth nuscle cells, |ipocytes, neBnons, osteoblasts, yeasts,

anphi bian cells, insect cells and plant cells. 4. The nethod of claim 2,
wherein the prokaryotic cell species is selected formthe group consisting
of the genera Escherichia, Bacillus and Lactococcus. 5. The nethod of claim
1, wherein tBe Thepiathed ef claite 7pwheneindhe sepend changedipolymeriscslested fiom  of

a flow devic h § ' \ r.el e |.O nal of the
fl ow devi ce ﬁ?fsalgr@ @%iﬁg%ﬁﬂ‘f@%gﬂbggﬁYﬁ@ﬁSﬁ@%@r E‘gegﬁﬁ%tﬁgn?ﬁ%g?nbpeni ngs
for the | am negaively chargedwuesiagén, ddrboxghibgicellulebei(CMC) aﬁtﬁp@lyani@hﬁf ged
polymers are used which forma matrix that can be perfused by [iquids and
S perrrea@l e W& Bhst ances necessary to sustain the normal netabolic
functions of the at | east one cell species and to products rel eased by the
at | east one cell species.8. The nmethod of claim7, wherein the second

char ged pol yBerThe methed bbdaim @rwheeeigitoe first charged polywier ihsélested, from the

pol yani oni ¢ al gi nate, .nethyl ated coll agen, negatively chargeg col | agen,
car boxynet hy@ HW@%‘W&%OWG cﬂfd’l‘%ﬂ?ﬂ'i"%hi‘-‘@ ged tepelymer, ﬁ%' FRORG@ItHY

claim 8, whe @mem'%hﬁ‘j’éﬁawg{’?@ﬂﬁ‘@ﬁ%ﬁgﬁggﬁﬁl ected fromthe group

consisting of positive or neg pol ymer, Ca2+, chondroitin
sul fate M chitosan and pol ycationic poly(L-lysine). 10. The method of claim

2t Toast one1r The et ot A of Whefeit dnothviated palidiza and hecaiveny dharpea” "
hydr oxyet hyl térgbtyaférxdoat@niﬁpcht skt ! d?rabg%ilc 46 BAg wémhem&l%cl&ﬁh 3

second charged polynmer and first charged ynmer, respecti‘vely. The
met hod of cl lgast eoe ofihwdesxyethyl metiacriate and hydraxylpropyl methactyjate@axget hyl

(riw, e o @8 FEEARG ehpt e BorkmB S N3 Fhiapgo BBV, fesBetovery
15

11.The method of claim 10, wherein a terpolymer consisting of 25%
2-hydroxyethyl methacrylate, 25% methacrylic acid and 50% methyl
methacrylate (HEMA-MAA-MMA) is used as first charged polymer.

20 12.The method of claim 1, wherein the polymers are cross linked in the reaction
of the polymers wherein the degree of cross linking 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 polymers are cross linked in the reaction
30 of the polymers wherein the degree of cross linking can be altered by varying the
polymer concentration.



12. The method of claim1l, wherein the polynmers are cross linked in the
reaction of the polynmers wherein the degree of cross linking can be altered
by varyi ngot2o&/assige density of the polyners. 13. The wetrlsedofooesai m 12,
wherein a slightly methylated pol ymer andB@r a highly nethyl ated polymer is
used, wherein the slightly nethylated polynmer has a charge density of

bet ween 0.9 hi I : : .

Gens ty of bap s ckBod BfkiNg 1 uRelain L BlMES e SR Ikad iR (R dion, .
pol ymer s ar e ot thespolyinexs:wherein e degree aficross tinking can rber altenkd byivarying the

degree of cr 11 nki |tered by varying the pol yner
concentrati oﬁéﬁ%'.""’%@gﬁéﬁﬁeg@&g@%é aiml, wherein the polyners are cross

linked in the reaction of the polynmers wherein the degree of cross |inking
can be altered by varying the reaction tinme of the polyners 16. The met hod

of cl ai ma5, 1@hEremethetof eaie i1§nwhergin éhe reastipo timepkthespalymersis hetwaen 30

seconds to 8_p tUS§ e nethod according to claiml to
i mmobi i ze cgﬁ})w(ﬁgﬁ% rqsces Fﬁrﬁl’r'rt% " by bioconpati bl e charged pol yners. 18.

The use according to claim 17 for an application selected fromthe group
consi sting of gﬁnergti ng mcrosized i npl antable tissues, for generating in
f

vitro nodel s 18fUsthgtthe Bgthod agqosdipg do claim finimmebilige sells bamaticesiformed e
per fusi on of b9@'6coﬁiﬂ%ttﬂ§§h%@edt rﬂg&uf acture of reconbinant proteins in
#or e a it 1 cat

bi ot echnol ogy; np on1n tissue engineering, and for the
manuf actt@ e of cell biochips.

18.The use according to claim 17 for an application selected from the group
consisting of generating microsized implantable tissues, for generating in vitro
models of physiological tissues, for generating bioreactors for the perfusion of
cell cultures for the manufacture of recombinant proteins in biotechnology, for
15  cell amplification in tissue engineering, and for the manufacture of cell biochips.



