CELL- ADHESI VE PCLYELECTROLYTE MATERI AL FOR USE AS

MEMBRANE AND COATI NG CROSS- REFERENCE TO RELATED
WRRRZIN@GATI ON [ 0001] This application clains beP€ef/BG20a6/000305

priority fromU.S. provisional patent application No.

6,04 , f ch. 21, 2006, the contents_of

ﬁ-@ﬁﬁ@@&%rﬁ%ﬁ&m@hﬂammmmoﬂ USE

THE | NVENTI ON [ASMEMBRANEAND ¢OATING ¢! at es

generally to nenbranes and coatings, and particularly

RS EERES R U S,

rre&i cal devi ces.  BACKGROUND OF THE | NVENTI ON [ 0003]
Thd90P%hd Thissppligetien Flaims bensfihandppjortin frohed:S. provisional

o EeirS AOBRRE e Gy A R B B 21 05, R 0083 8 which

engireimeomdradiablogein by eeferhoé. desi gn that incorporates
specific biological functionalities. This is

ﬁiEI ﬁrri{:gvident in the efforts to tailor
11 i INVENSIOD nedi cal devices and tissue

en%i neer i n%. [0004] In the early generations of such
natl8092l s, Thepresent nvantion rekates denenatly tomsmppned arcieddatings,

at e ohserved cel'l -adhesive praperties
e P28 PECHag R 86 ARG BioutFres Som rasoes Bl 26 epRuppon
betmateeestahé seffoldingaet foh QostitplAERS] dehiteh were of ten
enriched by the adsorption of proteins fromthe cell

I nmedi a. Such non-specific protein interactions
EM%MWQFSTWMNHG)@?% of ligand type
and orientation of ligand attachment at the surface of
t hé00Q3ler i Bhe tréraigio bjonmaterial tvelnoddgyizas iboerssHiftipg awan drom one
co | 1] have been. us as the conponents in )
R AR e e RS iR b o il sgron one where materials

peaiecshgirteated bas@iun dafFanREhitRA imddrstRibdpecific biological
applications, 1'2 kidney henodial ysis, 3 and as an
epi

SPP%}tleédThi%iélpéﬁkﬂaéw epientiorheporsia taildr biweinpatible
Th ' i tibl
Yirfadell ?Jr%néd‘%&ﬁi%\ﬁmgé f%?ﬁgsr%%%s@gg{ﬁgimpa i bl e

material that a ‘ irected
attachnent of cells or proteins on the material
sul9QQ4 wHinitke easty gshengtionsofspelvinhtetialinesy anfacés welelfsund to

or ej MVARYOF T | NVENII ,0007] I.n one

as g@a_%?t R Thort Bt %ﬁzﬂ%ﬁé&e BfoRerHpow ero largely due

matcednadpecific charge interactions between the cells and the surfaces, which were
often enriched by the adsorption of proteins from the cell culture media. Such
non-specific protein interactions are, however, indiscriminate in terms of ligand

type and orientation of ligand attachment at the surface of the material.

[0005] Membranes of various types and compositions have been used as the
components in implants and medical devices, such as guided periodontal tissue
regeneration in dental applications,'” kidney hemodialysis,’ and as an epithelial

equivalent for the conjunctiva.
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organised, directed attachment of cells or proteins on the material surface while

reducing non-specific adhesion of cells or proteins.
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[0009]  Other aspects and features of the present invention will become

apparent to those of ordinary skill in the art upon review of the following
description of specific embodiments of the invention in conjunction with the

accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]  In the figures, which illustrate, by way of example only, embodiments

of the present invention,
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[0017]  Figure 7 (a) is a photograph of the swellable cell-adhesive
polyelectrolyte membrane; (b) and (c) are fluorescence micro graphs of human
mesenchymal stem cells seeded onto the swellable polyelectrolyte membrane

modified with an RGD peptide and unmodified, respectively.

DETAILED DESCRIPTION

[0018] Methods to immobilize ligands on non-fouling surfaces used as cell
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is also conjugated via non-carboxyl and non-amino groups to the polyelectrolyte-
PEG layer.

[0020] The polyelectrolyte conjugated to the PEG may be either a polyanion

~or a polycation. However, in order to reduce non-specific attachment of cells or
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which may be desirable for certain applications. Furthermore, cross-linking of the

polycationic layer may result in a stronger material.

[0024]  Various methods of cross-linking chitosan and other polycations exist.
The most common method in the art involves the use of a dialdehyde (e.g.
glutaraldehyde) to cross-link a polymer via amine functionalities. However, it
may be desirable not to introduce glutaraldehyde or other amine-reactive groups
into the present material. Furthermore, amine groups may be contributing to the

positive charge of the polycation, and thus any cross-linking reaction affecting
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[0029]  The polyethylene glycol may be any polyethylene glycol, including a
derivatized polyethylene glycol. For example, the polyethylene glycol may be
derivatized with one or more maleimide functionalities, for example MAL-PEG-
MAL. The polyethylene glycol may be of any average molecular size, and in
certain embodiments is from about 400 to about 40,000 daltons in average

molecular weight.
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I% nlo F}E% ste ne. Particul ar exarrpl
cy Sty S PBhEterReh vithbdol §&1palaaplécwle% such as
l npﬂot@xhso Eﬁnbé"thE ﬂﬁ)sp&ﬁﬁﬁeﬁ ﬁﬁﬁ:ﬁ@ﬁﬂ%lﬁ 1%% i gﬁé%etu% EP‘@ cg'l%?)g};l'aﬂd
arin or na

and cysteine-alginate, in
ha@n@Q@ioupéa‘&qumugaumy staelions. mﬂ’dlmngxcanﬂoexyl@roups or amino

onohb Hbley By RS ARey P Ge G et ORp P s,

of exchsivn ofguoti 4 hbkb'ahﬂ&lr wed by cﬁ%ngﬂamsa&hc Mn&f‘ﬁﬂﬁbe’
%&Fy%gl ne substitution of the polyahi on maybe from

SHOEPLbhe Pebeviomas ﬂp?el?ohgqtbﬁdmﬁ glyesil 1@ axclode

f f
p(r)?}%ﬁégﬁ{on[g%g? !iat gfc % %uﬁﬁg%% nj{eu ma? ion of the

poloyanl on and the poI yet hyl ene
033]  Thus, other functional groups, such as for example hydroxyl groups or

thiol groups may be included in either of the polyanion or the polyethylene glycol.
For example, the polyanion can be modified to include a thiol group, such as by
derivitization of the polyanion with cysteine. Particular examples of cysteine-
modified polyanions that are suitable for inclusion in the present material are
cysteine-heparin and cysteine-alginate, in which heparin or alginate has been
reacted with cysteine. The cysteine substitution on the polyanion may be varied

depending on the desired degree of inclusion of groups capable of reacting with
' 7



gl ycol, a conplenentary functional group is included

on the other of the pol yanion and pol yet hyl ene gl ycol.
wao-en7assanpl e, if the pol yani on includes a thi oPCTY8G2006/000305

t he pol yethyl ene glycol is nodified to contain a group

t hathe pelgethglent klycsl. fRogexdhpie] thd E%ﬂcﬁne SibSHufton 8 L8 hf ion

group,. a_nal ei m de group, or a hal ogen derivative PS
as &Y %@ewboubdé)ﬁiy PDOT4[106@ vk pengzamto$ polyamiontordrom about

WIIh t he nei ghbori ng
bef@gﬁggﬁ?ﬁ%bpﬂ@gaﬁﬁg BERIOR- possesses t he
hal ogen b to a nitrogen or sulfur atom 1In a

p ar[0034|] ar TexHowifer, the obnjetdtichen ﬂleqio\lf&ioﬂ”@ﬂ'tﬁé Sély¥hiiBne
E Lm de functlonallty is used. In anot her
par&Y'

|aa?°n&ﬂ%%ﬂ ¥ Apnctipngl sopup impacladed psdbi otheodhe The
|
P SRR pURLASR oK T B, 3 thd Rt I AE R ugh o

| aygsoupR thet golytingfiene! ghydol mshadmed todoRitAe b igfit thttrdR® Wwith a
the. n aive ch es_of the pol yanion noiety and the
pogﬁfef%% ER4P; g?@gh %% thiRd 253y & Ardleimide graym or 2dalogen deravative
Pr 8GEAs HdHCeRYt, beWHalRfé%&tq'&%rts u?{él% r%‘rﬁﬁdeaictl{/zﬁlon

"adj acent to" another |ayer,
i mpEQAeat witly thmghbmbmcmmmg orarlkiyltliahdé ﬁly'eposssemagstthe

co each oth connect ed

el \élg{ gglrékga? Icl %? &ﬁl‘ﬁl&ﬁtgm gl|rn l\jarﬁﬁygp%a]pquethylene
t oighohgodidieh wimhﬁhale{lﬁaé GncTibRaIRP iRBA. O a‘.ih%‘rﬁé?h%kﬁﬁ?
al yfngl layer 30 has_a Ilgand 40 conjugated to t

dimgnt, MALIERGMARAg used. not adj acent to
polycatlonlc | ayer 20. The ligand 40 is any I|gand

t h§0035] s pﬁ?é ﬁdlfanid?lr ]?cﬁyéfhﬁbﬂéjglggolgy%fgy ﬁsead&,a%ﬁt to

desired to bound e surfac terl
Fopokygatinm lgyertZHeandl tgadsdo 4ife prycation daylet g@ﬂﬂoﬁ@relazmeﬂaﬁc

e G R T A A
a teagtdithe polgdatidhidga d@r ROPIH B8 pPesestdofteRt, %erﬁ oﬁé 1&er of the

hornnne or .the lig 40 may bé an antigén f

il is “gfipesnt %t@@@eylaym G@?l}lyqrﬁar@nmnpdzately gextito cach

exgmg} on the
sequen?gd ltﬂquﬁg |§tc gval? éagh g’fgacoﬁ?‘fcﬁeélrv
at elgectiortatic mﬁemcbqns?omnenelgbplghﬁﬁllyimﬁcﬁhgfi:b@lfﬁtherl5 the
RGD sequence has been WI del y appl | ed in the

bi f h ds to th
PR PR Ao Bt poly Sl sty TG BT S0 bistslieand dDuarivgated
t hio the engyce P tHel1@yer dat Qseﬂ.dt 2 a&éht %o ﬁ(ﬁﬂl&dti%Hic%ye‘f %8 ”%@ ligand

t [ i gand 40 i's tide conprising the sequenc

GC%Q{ SISIM% for any bigdingsmelepdp thatlis des1red to be
ﬁpﬁ? G.or Sis

essent i glﬁ%y Eaﬁftﬁgg’q Jence% (ﬁfﬂ({f tbe atigand

pr fos ercell sunfdcexeceptol forindl oneparticlsrsdeli@shd, Bidbnzyme, a substrate

for a protein such as an enzyme or a receptor, including a peptide substrate such as

a hormone, or the ligand 40 may be an antigen for binding a given antibody.

[0037] Inone particular example, ligand 40 is a peptide containing the
sequence RGD. Since its identification as a primary attachment cue by
Pierschbacher and Ruoslahti,'® the RGD sequence has been widely applied in the

biomaterials field.'®"® This sequence binds to the integrin receptor on a variety of

8



what is neant by a peptide consisting essentially of a
gi ven sequence is a peptide that may have one, two,

wao boogrosors a few addi ti onal ami no acids at eit hB€T/862006/000305
bot h ends of the sequence, but that the additional
ani et tamsspfichidinahe Ridhey épheNalablle Chn 4 gt Gitdd dxbdipRf the ligand
t he,_sequence to act as a ligand or recognition

sedtldn é@erids compiisinedhe seqpene GEGYGRGBSPEJSEQ ID NO.: 1], or is

es ¥ . i SEQ 1D NO: 1.
oSSR Lk S SIUBAEECE I R B R ity of
acithie sauemict HEGYERGDEPGhEn thequepaecoiedxt HEHIBROMRlefs®Iod that
bot (%nds%wgut such addj tional amino acids will not

al (€12t Gypant by @meptidecongisting essernirlly 9é a givsnseqwgois epeptide
t 0 tB&t RER8 ' ks I nteagrin

rece ptn(l)ar?ﬁla?g 8 38] Tﬁ@}é[esg aa;fgﬁkgﬁ)i:hg g%c?%rﬁﬂ% g 1gsd£1te§tﬂ?rh0é both
polepdnoicthe pajugntd) birethat the ydditiorahy@inoid3ylomot BReial affect

b _non-.car boxyl , an on the |igand
DeUERR RSO 1N a0 Groubs on L L ggnd
exafmhple, 4 ertide@phdifH RAKBEITY HGHB sGHsh&d ReoliSH ?ﬁgﬁd Ro.: 1

used as the ligand 40, the free thiol group o
cy 314y lx¥e 9ps: the, thecscr eebrovadditionsl amprooguidsadt eitherrend bbihel

L pfchBl AR TP BIR T Wi SRGEadiGengl o agals ik pot
beeltercarisfimnde dierabilgy b theGBOYEhERE t6hottal 8n RELY BEIRIR that
\c,amrrﬁ?h t he ol%et,hyl ene glycol. In a particular

g i the Integrn recgRRE i s conj ugated to the
pol yet hyl ene glycol to allow for good accessability of
t hgod3gJandririgatiadiieonj ol LEd
i §%nd&’t o o eGP Coni ik BB Aoy RREE bt ayer
poP{ &kiageagsion petaeh ann-cgibyxyl] ndmyminodRoursamn the Hggldent ehe
th -foul | sur f ace, of material, helps to .
i oAl R et BoF percdd) et . amenidrpcsssaeing o
ensystéine tdsilue i 1sell iag @edigasid 40 thOFrBé $hiS)'gr&kY Sn@Eystdite may
surface gf the materjal. Besides adhesion, this allows

f 0P FRAEHIWithan anprensTatesfupetionsl growup it pblyagiononal i ti es
' . Dt

orpae kL se e B8 B &AL 108 D g R s o

coh¢anganswned diviigthe gorgugation afithegoiamion widh iepdlyeylde

delj. herately excluded,. i ncluding.iin the cross-1linkin
ofgityﬁ(zl' 38? ™ ieEl%P@%n@ é‘i*ﬁ?th ﬁ%dﬂ%@né‘b%ﬂtqs’gtatthecﬂplwhy ene

| i goelso allowiter mmeés%m!oyﬁ{élygaﬁa?m%ig&ﬁ . layer.
The chem cal strategyenpl oying the thiol/mreimde

fupct ) 8nal ity is deenmed advantageous as it does not
re[hcg cargieirn af yapesHicrissnd yo dicec cetbaitsipy.dropjugated to the

S Ug&iv i -A61 6N i far conjugation via.the
. a? ngyf?f g : 8/8 0 %%@’%Bir}gg&épsﬁa S%d | g% tHeMWdn f10161'11ng surface of
the material, helps to minimize non-specific protein and cell adhesion, and ensures

. that the ligand is uniformly oriented at the surface of the material. Besides

adhesion, this allows for immobilization of other biological functionalities on the

surface of the material.

[0040] In the present strategy to produce modified membranes and coatings,
conjugation involving amino and carboxyl groups can be deliberately excluded,
including in the cross-linking of the polycationic layer and in the conjugation of

ligands to the polyanion-polyethylene glycol layer. The chemical strategy
9



el ectrostatic interactions within the layers of the
material. In addition, as the maleimdyl functionality

WO 300Rnasams t o be specific towards thiol groups BEMSGBING/000305
am no groups, the orientation of Iigands can be better

c ordnpdbyimgltheythiohmal ithidedusdtioR it s @ééﬁiealaasaﬂtgg%éy%%t b8ks

the protein or peptide nolecules to be conju

Si ot gqqpye C@ba@m@a@hﬁm@y $eeEDLYNdrygresirsuccinimide (IBIHS)
41
T oSl U R AR Brobl PR Bl it

t h@llﬂ;:trbsta!mc inyepactivh$ yithinthalayerswieiousteaal, 18 a8Mton, as the
thus, the use of activators of

ST i BEOVESS e BELoRoUM s v Pt

da
conyho oupe A et el e bP LB EbAGoa) b ng

a finfrastucigorat cg/steum residiesds tHefremﬁBxl aeipaptildd molecules to be
functlor]ﬁiti‘| é%ga% reagts exclusively wth thiol
gr GUpeE? ee-T3agHens;speh ey Pretern Grasslinking: caybeaypided
| nivediedppksacB! SO advant ageous. Conventi onal
conj ugatl on reactions involving carbodiimdes are

i&iﬂa\ﬁel y inmpacted by water hydrolysis. 14 [0042]
Hor Bhis sprspachay ¢sgntswqurai@dmaasa [Protems tehiselves

~ "°%ﬁ%%l@?%a%“ﬂg@%é% b30 End BP0 GoteieSCBRR s ne
naamasdrs sfuarhide gormdsien @ﬁcml BBt esd N@tsywsma%bé RGP ddrer of
approach. that .is quickly finding. its way into
bi SRRt the protein RumtGg. Tagentast hederssivptining prscbesichioved by
apabmg atRoAM brelR ddoh Yis 12 IO @ﬁ rlifeoh ARy SRl FRERS:

For exanple, the [ong-term st
poFxy@nsivaly WlltilttQOhgﬂouPé. ahe lreiaﬂum]nlmy of tHeyraaleihidl geup in

an crylicco- t hac c acid) has been found
qla%? ge X c%p%dx, AHABTPS oy en é\%@i ﬁ%’f@t‘ﬁn LRRCHPBY BAIVINgt o

t h eza‘bodmmdésSaMSge[tﬁb@t impatiéd b9Wafer EBI@I‘E)US?SSM atic

self assembl 'y enpl oyi ng conbi nationS of

L(ﬁ)( hyl imne), gelatin and chitosan has been -
ﬁ f&ﬁgf’@% &t designinedig matsrial snijgbiy polseationeysl
anﬂol&éﬂl@ﬁ' daAR1sd %Q%hfv%eﬁ entfAlch gr %a é%te dl(?ﬂl?ér%&i{%%g F%g/ with

of col I agen and hyal uronic aci een use
chbwdrasersal sanfacec &lsk of pdlgelebinslyteaeseistands it e agprosithitds

lb| to .dj rect the nature of the various
|a§/‘%1ra§19%?‘a RN HE'P@PPJaarPPL%"&’nF s todits omeragnge of

naipplieativn etnﬁ%bﬂﬂy & prakidR AedrabtNufacdD %glexdxﬂl?lél the [cﬂl%tt@rm

enbadj.nments, additional polyelectrolyte |a
l

beftA ltm@olchﬁommummmm on mﬂwcrhlamld@attdlmly(acryhc-
OPRPSRe] h%c 84548) L8 i ?cgir@%g ﬂ% ﬁ)éceigﬁ?ﬁ yeh oEi 3l protem

mul tiple Fayers” are
el &tsorption abfochese layers was relatively low.’ Electrostatw self-assembly

employing combinations of poly(ethyleneimine), gelatin and chitosan has been
used to promote osteoblast growth on poly(DL-lactide)® and titanium® substrates,

while a multilayer composed of collagen and hyaluronic acid has been used to

et

grow chondrosarcoma cells.’® Thus, based on these results, it is possible to direct

the nature of the various layers of the present material, and thus direct the nature

of the material as a whole.

[0043] In alternate embodiments, additional polyelectrblyte layers may be
10



interactions. Additional negatively charged | ayers nmay
conpri se pol yanions, w thout the need to include
w@oioyrod1ys ene gl ycol in the |ayer. Additional PEWe6EH06/000305
are thus added to the above-described enbodi nent
ad]iacleded, twothpatly memhﬂaﬁ’@ﬂﬁhn%q}l @;ISboﬁif@ch%\P iZh®djacent

| ayer 30, so as

mote1S S BHBE BuRble e el fngether taeishaladostatic
conhiegtiess. | AgRAshat Q%g&&&c A}lfgz‘}x%r%a iaﬁrgr% %%/ co%r}gisﬁ%@agﬁgs

may i nclude "a therap
o r without thfe Ilehdatopublytéd: p@iyethylﬁhe glyayldh $he 13}, W&Etﬁﬁﬁ%&&s are

nt _t hat fo be del d wit
B B e g i 2

b t

hir%ﬁi@ﬁ%sfﬁ%z‘?zF’%Malzﬂﬁmn@@g@ﬁﬁ%ﬂg s Boldhag, et 1o,

dr deterfens oz intetminstheosurfioe withicohjubhtadriigirardp. agent , an

ant| -clotting agent or a chenot herapeutic agent.

FoltPOAd " FopiAy e '%@ﬁm%ﬁc@@eﬁ?ramﬁc%g%&%&gp&%ed

polinto ahé OﬂmeH aﬂth@polyaew&p@wér@ nthd therh, érﬂtha e any
desi re%haz for exar pouring in ast
o Agent 1%!6 tdie]éYPf?% |ﬂ@maten@1 dioy exameldw 1hg themg)edtng/agent

pOlrﬂgS,éHel nki of, th
i s dési r(elgowhpgg’%ttl(lieb a lﬁ né’&ﬁl’? It 8189 %nucgem acid
cr mwulmasmaamlmw aattug)anlaﬁtﬂﬁa&é ah RhQ-ii eSS BRnt, an’
. Et e anmpunt d oncentration of cross-IlinKer
(?lé’ %ag\?ﬁtrqré"oc W\’l‘@c #et-he degree of

cross i nki ng desi red as wWll be appreciated by a

ski{0045] p eTIfeCdbové:@éscﬁ?S@dTﬁht%naf 1®m8&y 88 ﬁ)rlﬂg F dplfo%vsb lFus& th

nononmer _ rati o, where the npbnoner IS t
of PPIEAtinnISlasari2Qns fqmyéeAmcdmaam mluﬂomﬂ@ﬁepanedadmxius formed

it S8R for bl 3 MEind i a T BoRhy T ElipioR s
f i aldawdsigtofdoy, ﬂmwngthedrﬁpnlmabmﬁctl ng it to the

crosslinking treatnent. [0047] Once the desired form

or e t he,.pnol c | ayer. 20 has been

oblo9 3 d gﬁﬁmﬁlé‘ﬁﬁ%g?}%&a‘fe Cﬁ%‘gﬂsééﬂreér%i@wm@wtamngthe
POhppeepiriabetross- BURF p(b'[?c‘z’atf%ﬁ 1¥‘@a%hﬁ1‘§o #Q d%ﬁf@ﬂvsﬁ efé(oﬁr% amount

crosslinker and solvent, for exanple wt
wi ¥K! coneentaginn ef eross-linker usadecanbefveried, Itﬂapendmg omkhe degree of

in ers t he
rm%rgﬁs’: fgrf]&xf%%éfg:f& %\%g\g I;E’gn %reélsgeﬁgagtal_@(r 551090 pr example, the
c otrpssglaleer trayotem@rrefid vetbrdthe medohicd & Be B&'ldiﬁ@ bIka of the
havi.ng .sui tab] e functi onal groups avail able f

c RTGHIPTIRAY P OB, 1 00t abOw 7, Hyamm gbougl i to about 1:2,
t OE&h 8sutY: 10oRBbYEL DY ABBRall 4§ Ghe pbEationic layer can first be

formed prior to subjecting it to the crosslinking treatment.

[0047]  Once the desired form or shape of the polycationic layer 20 has been -
obtained and the polycation has been crosslinked, the polycationic layer 20 may
be washed to remove excess crosslinker and solvent, for example with water or
with a suitable non-reactive buffer that will not'interfére with layering of

subsequent layers of the material.
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pol yet hyl ene gl ycol having a functional group that

reacts with the available functional group in the
w@eioyaes7oh. The two conponents nmay be react ed PYT/BGH06/000305

the two together in solution under conditions that

al I[0048pr AhwlyeestpslietRAbyes cdﬂ&@nﬁlge vaa?’:% aorl bl

The ratio of the two conponents
t o TEREE pelapivnhavise spitablefinetional gmnoy evdilpblerfar gjnwgahon

| ARG SRR 9B R BRI

t 0 pab@ﬂtyléletgbycbﬂ)havhﬁ)@élﬂinc&om lotuipQRatGesH Ak ik A o Biable

cqataellsth appli.ed to the dry polycationic

;ﬁéﬁ‘ 1582 &R eE%‘V%}%l%nTh%tvm COBROEICRIS Lhy\be re@eadahyg

th ver| a

pol%lggﬂl ﬁ@%ﬂé@% éﬁéluépycoéé}lcégfgi}lg tilatlal)’(]l%gl ]ﬁf 'thggqctlon
rra;betveeen [ﬂmsﬁldctu(maf goope Higyratix 0£the tR0 RbmBedddts may be varied in

nativel the c ate solution may be applie

£ SRR B 6 sphcife GV om  BRdvethylens slysalan fepesuttant
ecbdgated FOOManihle/ tHiGolBRbn!

PI nslgdg?to remove Eeé[xcessolconjntaz’tgj h%%‘&&f%%ﬁ%gg?‘%y%ﬁm

abgbatdPitayde abantfided®d, a |igand 40 is conjugated to
t he pol yani on- polyethylene gl ycol Iayer 30. As above,

th d bl
cofaAdio A POl BRRAEE A0 GHiEHS s i appficho GO ary
c opplygattdndmiapér 200 End ihg 8ldtidRistalotee to dry, leavmg the polycationic
et hyl ene glycol | ayer 30.
%'Shw‘é&tﬁg‘ﬁy terlpyey oh gheqtyl Y%ncaupcemtbﬂen@glamldwet 89. This
t h
Bil RPN e 2ired 46 dﬁ@v@%f&&ééé%ﬁg%r o AREIHLEY qo y

persan can readi | term’ne, usi
rref’%@@ﬂte S@’éﬁngﬂjebe giplied iy thgairy polycdtionidays 20Foonfikétetime

F e, SRR ol IRe Blghefinspiicnny Posenavaotaoes

excmmgaﬂenconj ugated |ligand. [0051 ] The present
mat eri al 10 may be formed as a nenbrane to use as a

W kgt{]al rface for cell growth and support.
C;?thﬁt vpPULERis formed: iadigand 4fis coningnisd e the
ONpélyahi PrQV,
e @“%ﬁ?‘ﬁ’%?%a’? PRl BNhyr 0P ek 1 DA BN SR ppcer
f smtab}gggaqtlpn comditionsyfprey tifnersufficienp kealldw the cofijulshtthf the

© P8 4030 e Faniot Ry iR e By Pt S e egniason of
di Kgid|4p ionditdted ﬂﬁdﬂo@sﬁfoﬁ thel @ch?ﬁ%te’%e&?ée%@ébﬁﬁﬁ%%x n! Deskilled

material 10 maybe prefornmed and then shaped
aplﬁﬂr?(@ocapée% dstermineeusing wuting laberatary mqﬂhcaisi the degree of
conjugation of ligand 40 on the polyanion-polyethylene glycol layer 30. If

desired, the resultant material may be rinsed to remove any excess unconjugated

ligand.

[0051]  The present material 10 may be formed as a membrane to use as a two-
dimensional surface for cell growth and support. Alternatively, the present
material 10 may be formed onto a device or implant to provide such a device or
implant with a surface that is suitable for attachment of a specific cell type, for
example liver or kidney epithelial cells. When coating a device or implant, the

various layers of the material 10 may be formed directly on the device or implant,
12



[ 0052] When applying the material 10 to a particul ar

surface, the material 10 can be designed so that the
waoaess7of the material 10 that is to contactPE€ieG2006/000305

surface of the solid support or device has charges or

gr cAlpenithaly, thd tatehiAidl 0 BaF SR RIIBRE 3hy fh%ﬁ @ﬁ%féﬂ afldl applied to
grggps ogn the solid support. For exanple, plrasma
tr

¢ sufage o€ 8 deviee axcimplewsul d be rich with hydroxyl and
car boxyl groups which, being anionic in nature, could

0 [P088 “NFibnRaBlyidoGe BRALAPT0 8o BorRONE SO0 e ik 10

20 Tl ocate . Ogl e & de ot
f r oan bh degighedasoi that-thosurRichyf 188 enaddritt 00 tHaR%Ab c3tact the surface

Alternatively, if the solid support surface has
posﬂt%tﬂi“?\/séﬂﬁ%1 § %%ﬂrb@'oéeéﬂcéﬁﬁg chareastos gsanps shwd will hindrtat er i al

10 aS| | fd ClL ent of |ayer

s P SRS BB I LA IR SFe DB
oppitssted glass sinéades yankidenjohgeittehlydsoxfla6e cirboy] groups which,
pol.yani oni ¢ layer, to. inprove adherence of the o
mat’HeHOpe ’&%g‘“?»ﬁ-‘é’ CERCE wbtgépﬁlﬁsa Fhagges. of agebaptionic layer
Al 90 1pdatsiedt th oppoHie el %hlig&tglgﬂrlt()' by rﬁﬁleﬂ{%y ion-polyethylene

manuf act ure i ncorporating the above-descri
mat2Bicoblayer ¥k Alemnativelia iftberbolmnmppontsuritak has pdwitively charged

pr eri.al r_anp . ant abl.e .nmedi cal Vi ce
Corinits It B pfer AR 1S gied it e matber of
e diyesd sudle Wia¢ thel sarfa€adle MiatcRial 1 ethAf ﬁ%ﬁ?&saﬁ% Bl 1fbn @

any surface that is intended to cone into contact- wth

celPPYUgehHu{Ace 114 Bolypnienia laver, temprove edhsednee vf tieaiaterial 10
di be&ihE Miﬂﬁﬁ‘gﬁﬁg&f bi onol ecul es and. cells.to the
| ant abl

menbr ane or e device. [0054] Also presently
coq&ggrlated are net hods of adhering a biologica
noll le ohlsegrdsently consamflated aresirticled dfanaegiastied éttorporating

j surface t.o which the biol ogical, materi al
o UeepYe-a BB RRRL k5 RamEls A mambienk coRBATiEE Blomspsent
Wi tiatedriag ok iag anplafRbleiBedistl 8EviOSIm 8 nfferldlCTh
l e d %y

material , making the |igand availa to be boun
t haepbrpeior pnplagtpbleanedienl deviceismoated with the preisénit neterial on

ap j j | S :sel d _such, t hat .i i1l
PR B o 15U b 3 SRLSE A B B e
cebd as tpselectrmidlor divecii the sdlregion bf bRetédulEsRAA cslRaGithd C
bi ndhrf? of ot hfr agiff’«{eﬁ i cal nol ecules or cells. [0055]
Thé™® (4 ShPPgt ~exenpl i fied by the follow ng
non-limting exanpl es. EXAMPLES [ 0056] EXAMPLE 1

[0054]  Also presently contemplated are methods of adhering a biological

molecule or cell to a surface using the described material. The surface to which
the biological material or cell is to be adhered is coated with the material, with the
ligand on the outer-most surface of the material, making the ligand available to be
bound by the target biological molecule or cell. As will be appreciated, the ligand
‘is selected such that it will selectively bind the desired biological molecule or cell
type, while minimising or reducing non-specific binding of other biolo gical

molecules or cells.

[0055]  The invention is further exemplified by the following non-limiting

examples.

13



[ 0057] MATERI ALS AND METHODS [ 0058] Pol yel ectrol yte
Conpl ex Menbrane: [0059] Casting of Menbranes:
woveennesTes were cast froma solution of 1% w vPCHSGEH&M0305
in 2% w v acetic acid (HOAc) in polypropyl ene nol ds,
FXAMPIVEY to coagulate and dry in the funme hood for
1-2 days. Hydrolyzed TECS (Fl uka) was prepared by

m X9 p 55,_1,& n 9 parts 0.15 M HOAc by vol une,
an:mvg?fexgn Ergili h, or until only one phase was
present. Typ| cally, hydrolyzed TECS was i ncor por at ed

i nt[006TE cMATRRIAISOAND MERHOBSVOl une ratio of 1:3. A
b| opsy punch was used to cut the nmenbrane into

ngé@f F%&?%lﬁé@@%&gﬂﬁet %l;&r?dlt 22 S}Aﬁlel Imr;g‘or anes

vvere clanped within M nutissue(tm rings of 7 mml.D.,

and0058] chemisal ofMEAmsLRRS METRaRS Rxfe?é @Sgﬁg% Difutian o 1%

surface, Swelling studies were perforne
me MY gRidesan in 26 wiviagetic arid 610 Aa)ih m!k_mxwylﬁg: thoélds, and allowed

D P e a8 i g R g RS Bl Pt 50 (Pt

[ o&a@]pr@afeﬁam 101x:RECH &0 TEOSah ©: paty 9118 MEIGAH| 'bg}%ﬁma{@énd
synt hesi zgglféa}g reported by Bernkop-Schnrch

co-YRBFRBE oF HF"Iﬂ)PnlhOIl@/Bhﬁﬁf?/W§$)PW§¢I¥§nT§Q110dllow\hydrolyzed
o e Rhs ﬂ’{@brg&tatéﬁ Bl cRtdstn GBS aVotude & aro%q 3J "\

dei oni zed wat
e m}blopsy p@lczhl Wmmﬁbétcmm ieapyhhaae ool cirgulardisks EP%mm-diameter)

e s ion at_a final
c AL é%? F‘g?sl jings dtﬂgle% gzoﬁk]}? %?ﬁ&%?ﬁl Gyiedies, thesnembrages were
M Rlanf¥ed Sathal MR8 inds 889 WnY 1 ?ﬂg,l a 'tﬁ’é"cl‘%gmcal Ieactions were

1-cystei ne nonohydrate hydrochlori
ad @&doEIed PR 09e stiFacen Swilling studies rvchee pgfonnedrbg imanedsihde

pH ' e resultin

O PR SRR e ol R ite b s o e B e
r airgentals unﬁl 1id mort sveditdgastcled, WMECHWESLYBRUNY within 6 h.
C,yst ei ne-al ginate was purified by dialyzing (Spectrum

0). th t t 1nM
g BPUSEP o D i ot o siegne-le i marcoyntimsisecis

f té medlb haer i} ty
Loy onedpBatic) sehmach s & SRS, oI Kl SoT ppes

Cl%ﬂlo ecplgnweight dg?éllc‘y&qlfh (Sigme) wagprepargdimddiorlindd Wwidkr. 1-

o T R B BB R BPLE B frasaded to e

[ OétﬁﬂfjonTaj adeiabeoricastrdtiva of 60 med, afd Aoweaitd Seact for 45 min. An
subst t| onf #rrp ?f t he | yophl | i zed product was
di %‘E@ Qe BTV sRlptang ofderyigingmonghsidratechygrohitoside

(Merck) was then added dropwise to the mixture under stirring, and the pH was

adjusted to 4.0. The resulting mixture was stirred for 2 h at room temperature
before the pH was raised to 6.0 and reacted for one more hour. Cysteine-alginate
was purified by dialyzing (Spectrum Laboratories, MWCO 3500) the mixture
against 1 mM hydrochloric acid (HCI, Merck) for 1 h at 4°C. This was followed
by dialyzing twice against 1 mM HCI containing 1% w/v sodium chloride (NaCl,
Merck) for 1 h each at 4°C and, finally, dialyzing overnight against 1 mM HCl at
4°C. The purified product was isolated by lyophilization (VirTis BenchTop 4K
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adjusted to between 2 and 3. 200 M of 1% w v starch

(Merck) solution was added to the solution, and the
wWorooraess7sas titrated agai nst a 1. 00 mM aqueouBCT/8G2006000305

(Merck) solution till a permanent pale blue col or was

obsteareDryf)062] The preparation of cysteine-heparin

followed a simlar procedure as that of

cy Lpe-al ginate, except that heparin (Sigma) was

usib&"ﬂﬁt eJ£ dgfernaing iths; degrgsi of cystriae aelstitionof mgyefthd ne

s ubpd el Bhodult G¥SdiSioMRxah | N

vverzéﬂdet er %’Ponéld ﬁy (ithgé %ﬁ?ﬂ%@?@ | gﬁxfﬁge%b%%gggsg%as

57 adjusted tgbeifvepol wnd 8., 20088 RETYS WAt starch 008Zk) Jstudi G Was added
th? olsyfm,l on- PEG conj ugate, 5ng of cysteine-al ginate

or ‘&@ﬁ Qiyhen; g dhe mixiureavasdtitatespgainsha 508 miy agheous iodine
VA : ' dei oni zed .wat er by

i B S Bt Bepdind e B Bhiof RS MheBEahn o
[0064] Preparation of Menbrane: 50 nL of the

po :[ _ lon- 'Emir_cpall(riitgcgmfl&ymm-m_pmﬁﬂ ﬂﬁinlgbv@d hhﬁrllilar pr(()jce_dure as

si lj cazcross-|.inked pol ycationi.c menbrane clanped in a
M A !"15,%36? F1g-glgingte, PHEH, @éﬁ?@%@ (Vgmapwesysed ipstcadipd alginic
s Olatil] Dite deatock (R DA% AR Shbsflfloh BE RN APGaIR4 Ll ASRE

thrice with deionized water to r e exces
pohgpatinorerPEgeuinpd hpiclonibivic REDonapbe 064 atdSTGREDZPEE

( opes SEQ I D NO 1], was conjugated by applyl ng
5%%8&’%&1’%%6

peptide solution uniformy to the
surface of the nenbrane. After 1 h of reaction, the

me[0068]e ViEsfokn 1yiibIePEW dojuateDs nflst dedefife-algi
[OOGS%U?AP%I yel ectro y%e Conpl ex J(%gt i ngs: I—Ndrg{fy ginato or
gr BURbENSREFRary aviEe srasied avithgl- 5u2 of MALREG MARdNektahn 0.5 mL

of : | ﬁnm? C rslips were

i rr?rgrﬂgsi%%ﬁji:dn@é‘a%?%f ran %E&@%ﬁﬁlpf %ﬁﬁl&?seﬁvtge ﬁﬁ'@(‘%ﬁ?tgmﬁf

30% H20O and 70% concentrated H SO4) for 1 h at 100C,

ri S4Iwi threpention afidembtase; 5@AY of tieqblANKEPBG cBhjigate
' | ass coverslips were cleane

t \ t.ively, :
isn‘r’vg %&ﬁl%ﬁtgg 8@%’3:-? é?T?m]éf@l RALYHomie mymybrans clypped in.a

EaMim@tsessritdMebth itém}_(e%%t%re@ Wik 2 '11,2%1% 1 3 was evaporated, and

subsequent|y coated with chitosan by uni
appeyRemRpragOwed rinsed ghrie withddioszet witpdtootmaesthtEeSss
SO I 68~5Y% chy t sol.ut ' 0 Ac,  1:
Tepd B illatie” The B M petag CRRRTRES Blifnped
t hiSEQ Mhalqeal] ywdti dRBHEED 59 Rbpg Rl ANd o REPHRERT | fSHer €
applied as_descri beﬁu@i n tggbl menbr ang pr epar atﬂlé3 .
solution uniformly to the surface of the membrane. After 1 h of reaction, the

membrane was rinsed thrice with deionized water.

[0065] Polyelectrolyte Complex Coatings: Hydroxyl groups were generated
on glass surfaces using either of tfle following two methods. Glass coverslips
were immersed in a ‘Piranha’ solution (i.e. a mixture of 30% H,0, and 70%
concentrated H,SO4) for 1 h at 100°C, rinsed with deionized water, and dried
under an air stream. Alternatively, glass coverslips were cleaned in a RBS 35%
detergent solution at 50°C for 30 min. Each glass coverslip (2.2 cm x 2.2 cm) was
subsequently coated with chitosan by uniformly applying 100 pL of a 3:1
chitosan: hydrolyzed TEOS solution (0.5% w/v chitosan solution in 2% w/v
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[0066] Cell Adhesion Studies: [0067] Cell Culture:
Primary human cortical renal cells were obtained from

w@220vbnesc7y Wal kersvill e, MD, USA). The proxi mal P€T/BG2086/000305
cells were cultured in REGM (Canbrex, Wl kersville,

VD, HOSA) 1:01ME0S:0%6 §D3catc a%lzl?gn 1@&% Cebf lﬁ‘\/ﬁ%

obtained from ATCC, and cul fured In uII
( SiRppmionPEG @P&]ugﬁ\?@aniBﬁbD pegttidb menesppdied as dasenbéd mshe

Werg @%E i mrersion in 70% et-hanol for at
I easft: %‘r*’fﬁ,ﬁgg%&?‘omed by exposure to ultraviol et
light for 30 min. Cells were seeded at a density of

7. H0Q66D4 Cell lAsihpsion Sibdivel | pl ate. [0068] Cel |
St ai ni ng and | nmunohi st ochemi stry: The adhered cells

Wer, pxed Jn jce-cqold ethanol for 10 min. After
J@?éﬂ( ri Fr{@,)z ?“&erh 86%%%‘5{1@1 poutiead rengl ecllsivase plpBigRd from

th

o arsTol OV NS PISTAR R0, She Dokl Hhlde SallsNidhButtured in

boREeMs(Slambres, N‘(ﬂikans‘(i]ﬂiﬁmf USA$ Onder$% T3 aSPC. HepG2 cells

& PR YU R ATCF bt ity BTN o mnct Louis,
i nMJ(DaUS Z)fMémBrahes ﬁfdtc%'ifeﬁﬁﬁfse\ﬁféje steritiS &by e RAGA FBOS

i ncubated for 45 mn wt
doﬁ olfRr atleashBP min, gfeilwertl@ommglae daazlukkmzmilﬁﬂdlght for 30 min.

& GeBE g B o R RSl et oo d 1

PBS.contai ni ng 1% BSA. Nucl ear staining was done with

4 [®0@B]anm CelnSvaiimhenylinnehsdcRORlstry ST B R SIS Rere fixed

h th lyzed
D IRB R Rtanal &5 0 cepeApseygel géqi;a%%% dhogsele buftered saline
Re&tm)sme[s%ﬁ&u@éﬁlg&@age xﬁxgﬁglbv?ki%”'f 8%%0111915{1} B, 10%

was observe Sse n
TE@I Cslﬁ@bﬂunn@Gﬂasnd étitmaihedernn hipdioh R4l HESSARSThe

—

uced : rol yzed TEGS: chi t osan
ol it Rt b Sha S Biomthatio s Renadimac oA S was
rTEdﬂ)Ita(ﬂ‘Jet Sieb |of[11900-5ﬁd1 &cﬁﬁéiéﬁ’fdrblﬁ" f[e?%&%rzﬁ %16
cross-linking with silica physically strengt aned t he

c hFRESHRGRS [Fecse incHRatest fon dS npnwtp] d@bbyalm-mbbftﬁg}-FITC-

o SR sop e PR 1B Een Bt L RORROA Bt

c aGtﬁU/}cyPAgUSAp),swhléh hizkbeealdjlarid @00vEIdEn IP@SUdoh%nﬁg [od BEA.
ctros atic interactjaon with chitosan, have used

N BFlear RiALRng e JoR Wit A6 dinstigingr bbetindela DARE Sigma-
Thﬁldﬂéﬁt ﬁh@éﬂo?é)e'ﬂhéjﬁfebﬁ?etnls V&%?e @kn Qﬁe{lgzleﬂl ugin%aa%ﬁ}ﬁﬁ] %lympus

heparin were synthesized as a prereq
microscope (Tokyo, Japan).

[0069] Results:

[0070] Chitosan-TEOS: Significant membrane swelling was observed in the
absence of hydrolyzed TEOS. Swelling was reduced when hydrolyzed TEOS was
introduced (see Figure 3). A hydrolyzed TEOS:chitosan volume ratio of 1:3 was
used in our synthesis to avoid membrane swelling. This study illustrated that

cross-linking with silica physically strengthened the chitosan-based membrane.

[0071]  Polyanion-PEG Conjugate: The intermediate layer of the membrane
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were reacted with MAL- PEG MAL5a PEG that is

bi functional with respect to the thiol-reactive
woredogited7dy! end group. The pol yani on- PEG conj UPEL/BGH@a6/000305

then | ayered onto the chitosan-based nmenbrane or

C an@SrF@n:-jHﬂde oﬁ\mpolwmon-ﬁﬁﬁ]r@njugateemw& dIﬁkfﬁ’lli@ M‘rB&z&yl groups of
unr ed .co at e ation ofLi ga

o 7 BRERSE M R DR i A EHEE nseracton ilingitosen, we
bethswensddiBiol BAEHIEED REA ﬂ%@lf_ﬁi}h&pfgé%ogﬁlghtlé gﬁgee%s%{é%ylated

the ligand to be presented
pr legivgtives of hethedginaig andheperie weeasyneltbsisied bs 4 bﬁrequmlte They

V0l A AL TRl B TS BRI, o

ED(ﬂ‘uRsE -rondiivopalelsidiyDéd %@u}i Pﬂﬁ@})oglaﬁl%ﬁff C?:cé%'gﬁygaée was then

gj{lugatl on via the carboxyl gioup,
¥tk ante thephitesanrhasedimeimbrase wt t:cbatmg; followedrby zingingto

CO%ﬂlGQethle'%xgegQ u&:ké?aﬁ d%&t‘JS&%?g? ﬂqlmo;jyl functionality

is known to speC| groups and not
am no %roups the orientation of |igands can be better

col@0B2]l edC&yyugcttmm aftliguikde Thiohcltdmisty s weé Sfsbead @LH 8asid Hf
th%qog A, Q% gt i de_.nol ecul es to be conjugat ed.
Si PR e §F’a dafereriate pplyanigs-PRG eajugate and the ligand to be
AtbakiHR ff
Gl Ot e G AR Rt A BRAROBE Repclad
2 Whiekeoniriniag cysieioe residuesibrthe RGId pepide rmmenw Mk chemical
on t he .var.i.o nenbr anes
hoAERY dJSBl e BRGNP utifriag T diopesiorien
chucmqaganfoapzw 1hi-cafBbicyIRéebup; wiidH D8R BsheP el dscBE
chltos n gwtlosan al gi nate PEG Figure 4). T e renal

ceffiera {heanmbrarmer conting rIna Qom,hattha/maleumdyl

r i nat e- PEG- MAL or
el ARG e M LSRR A o

: aﬂ@rorlel’m@oe pf hﬁ?ds f:alt beebgtiet lyclamdblﬁd By (I‘;Kﬁblﬁfrﬂﬁwu@h ®f cysteine
a n. esion was illustrated by comparing
L FlauBlingBe proRin 52 O ab e hcosapdier Sondety Ride-
unfﬁadndns%dclﬁﬁb Pro®adlcrosi ch‘E@ @d&h t&% la%; Rdesi on
Flgure 8

vvas observed on al gi nate-P

dt h dified chit F 4
colltak ngCe giﬁé%%bﬁgo%ﬁaﬁ%%@eﬁuéfm&@z wesks

|
e S ST Ao B v
C hinewbranes shofeeddhe Toliosving tgdid: blﬁtdihh@-algﬁlaitélBEGEEGD chitosan-

he f |
coMERRBHEERY  Heffedaghenim P Bftactiimien hehusen slgione 786
bl (Filiirg 47 The Serfa0 belROh dte By co?lﬂ{l ERS sﬁﬁﬁ@e@&l‘é&[tﬁve?@ﬂGD-

growh factors that positi'vely I nfluence
adredifigd,xegardless of vilasheriatginasé- PEBML er hepheimPEG-MAL had

Pr8Uefiuled as the intermediate layer. The effect of the polyanionic intermediate

layer on cell adhesion was illustrated by comparing alginate-PEG-MAL and
heparin-PEG-MAL surfaces to the unmodified chitosan surface. Much poorer cell
adhesion was observed on alginate-PEG-MAL (Figure 4(b)) compared to fhe
unmodified chitosan (Figure 4(c)), confirming the non-fouling properties of the
former. In contrast, cell adhesion on heparin-PEG-MAL (Figure 4(e)) appeared to
be comparable to that on the chitosan surface. This might be due to the fact that
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AQPl, characteristic of the proximal renal tubule cell

phenot ype, confirmed the presence of AQPl expressing
w@edors08ms t he nenbranes (see Figure 5). The treemSG006/000305

AQPl expression correlated well with the cell density, .

as Hepaten atlée protdopBycankedre aimaérompoRditlof tHAdddy E"@M and that

ef fect ,.of the varjous nodified coatings on the
of heppEpProxidesbindingsites foubethecellsurfegsircapinse ?ncbgllowtln fe@tors

PR R Gl R G BB POl BB ALl S GH f rovn,
at QP d:halactemtﬂidftlwpmmrﬁal eetay tubile dal phass céﬂfﬁ-med the

t ed f F 6 d (d)), t
R A R0 SR 8 e boma i pcend i

( F'AIQ'P Fé{fp@és&)on Wielatbyell ‘Q}]tﬁ g{%t Jeg Hensi %1 1§1dﬁgt&ﬁ %ﬁr the nuclear

ed surface atta pr o era
forstﬁlfeﬂ)AHl ands, interconnected by a series of bridges
(Figure 6(e)). Wthin each isl and, cells were observed

O 9O S2R S Pofeb Bk SETRL Phh S S el
ph h enmemﬁgmre@m 1865 @b, HoBihe dedre hALEthR et §MRioA pafi were

h transduced its S|gnals on a basically

noﬁ Bfted by Beaypilability OA@Q:EGD ligand AW hilejcellssvere stiached entl

o ClsBuiid e ih Bk NS be B KB B Gaxshita  BigiBes 6o) and @),

s e tieydvapobarillyi dttabhedﬁogm algmatenam@uﬁmcs:(&r ires®(c) and

Si ?I that dir cte el regation. 22 In elther
cald) Inepitiasty s B h b upthea afchest w5l pmblerated in
k

ﬁﬁnﬁfgﬁ? ."Eﬁf*hﬁiﬁlﬁ‘;%ﬁ%%?&ﬁe 50 (IO B ik AHBGIRNOE within

[ 0eaab]island, |celhdwerguobeermd goaggmgmhgma tightfraatioa ®gure 6(H)),

ggé%de e%’[é?g %S i ué?f b"{ﬁaggsgog??l?% F@ﬁpéwn%wn might be

s ohtiribuesd trohhé presencé PHRETR whittSeaiiboed Tts2niRInS: bas1ca11y non-
D\e;\gche of acetyl ation = 88% NOF Corporation).

oSG S edé% P?lleﬁpr?%ﬁimgﬁvés restsisted Tetiproliforation must take

It
P e Qe ke TR PIRAE Bl R Sscopt
i npersibility méghtvemttlee syiFchong en Hﬂ) sigfidl ¢has directededti xg@regatlon In
e was used to_imobi|iz ’

c at| r at a

o Bl R B B s S S EorSropisei ool e Biediats their
S ahdh&ﬁoﬂ\laﬁto%Qfﬂhdrﬁ'ld@r@ﬁffoﬁﬁng“’ﬁ&ﬁﬁdﬁé%fvetsﬁﬁﬁééqS' ng steps
in order to reduce further swelling and to maintain

e integri [0078] Human nesenchymal stem
ceﬁ%ﬁi}hw@é@éﬁa onto the RGDmodified

[0076]  Cell-Adhesive Polyelectrolyte Membrane and Coating:

[0077] A swellable form of the above-described membrane was cast from a
“water soluble” chitosan (pH 4.8, viscosity = 28 mPa.s, Degree of deacetylation =
88%; NOF Corporation). As swelling was desired in this case, TEOS was not
employed as a crosslinker. The membrane exhibited approximately 6-9 fold
instant swelling upon immersion in deionized water (Figure 7A). The same
chemical conjugation strategy as above was used to immobilize RGD on the

swellable membrane. Phosphate buffered saline was used in place of water for the
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swel | abl e nenbrane exhi bited good adhesi on and
spreading of cells (Figure 7B), as conpared to cells
W@ emdaas7oht o t he al gi nat e- PEG control nenbr anePCreGRE000305
nodi fication) (Figure 7C). [0079] As can be understood
by rimsingsstépslie drdentol fe@udrfisthsFRmE RN itS BHalr@Al8 nitriie
exenpl ary enbodi nents descri bed herein are possible.
Théggﬁg mtion, rather, is intended to enconpass al
such nodification within its scope, as defined by the

cl gp [ O08Ran erej

fu Ié[l g’i?]n cor por a%ﬁlleégergzg}%g? %%%r? %@5 &’Wﬁeg‘iﬁﬁti‘%gﬁ%@'

varhedifedswdtibleemembrahe eitdbiteivgiot iadRestineandi spRbdiBg & f cells

her(ﬁi n @né adapt a ionﬁ angﬁimdi ficatjions nmay be nade

W t e’ f SEelar gl fpembrane
184t fd)> e eypased torrslls srpded o thealainaterRith eentigl memb

the(n@gn}]:pﬁmgfm,gﬁ@{) (k@gygﬁ%ge of those skilled in this

art. Such nodifications irclude the substitution of

known_equi val ents for any aspect of the invention in
or 48979 abdmravke Wf%@@émmwﬁlleﬂm thelest, anahy alddjfidatiens to

sa I hnical and.scientific.ter .used.

he:r{%? n ﬁ \l/égglte égg%%$gﬁ%ﬁaiﬁ?%@mﬁlve'u JPESI5eR, 1ther,
onés infendeditonamicymphdslall sueh beifREforOwithidi il sbbE M dGhed by the
unl ess defined otherw se. References 1. G Rh. Owen,

J. ®#Bkson, B. Chehroudi, H Burt, D. M Brunette. A
PLGA nmenbrane controlling cell behaviour for pronoting

ti $50807 € j ' i . - 7456,
2. YRR, SRR QOB 1o ekl o i NI rale by éftabice
Johansson. A conparative study of barrier nmenbranes as
gr 9984 otlthengh variousrmbadiments of thofinventiad arzelischsadherein,

el u oy o By s B d50d TR B 002
e investie ini aecditbmeivitiebe 3b@ndhahéraBaRiwlRigd!of Biose sAIEd in
i.ch, Ed. i ppincott WIIlianms and

Ed,.,. W L. Henr, C L
w Hs 7%, é%%ag Srjions frslude the substitugion pfkpoven equivalnimiyr any
R WpeBedfehd B enton iﬁ'ord@?ﬁaéce Je@sag@bre;ﬂf i sull @b I}qr%he

devel opnent of a serum erive I"oengi neere
copmmuey.vall teghinichbdridasicieatific veaine ntedisireig have fhktsaat fedning

- -0l act nb - t.
ot P GRS WG OAE by B2 0f S3fesy ot ihths ar U vention,
BetmkspicGobdotbrwiss. E. Kast, M F. Richter.
| mprovenent in the
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a ligand conjugated to said
pol yel ectrol yt e-pol yet hyl ene gl ycol l|ayer by a third
wo eovetiosomal group on said Iigand and a fourth PCT/SG2006/000305
functional group on said polyel ectrol yte-pol yethyl ene
%%&col | ayer; wherein neither of said third or fourth
AHWSﬁahﬁ@ﬂEDﬂS are a carboxyl group or an am no
group. 2 The support nmaterial of claimlwherein said
ﬁlrst Iecg aL te LS a polycation and said second
dol yel'e ﬁti}}aerﬁ UNE18%ni on. 3. The support
naterlal of claiml1l or claim2 wherein neither of said
first or second functional groups are a carboxyl group
or an am ndDpglyslgpirolyte layes comprising arfastaolyslectblytsyy one
of clains 1to 3 wherein the first polyelectrol yte
conprises a biological polycation, a cationic

pol ysacchaa pdl@ﬁle&r@?ieymyﬂthﬂ@leﬂ%‘ly@l Vel ShdenPlodRH C
pol ymer. 5. The support materi of any one of clains

1to 4 V\heP%lVﬂe?théytP HFYSE, Spig) gﬂéyeéwwgrp@lyefbﬁbne ghysol layer
chi t osan, 1¥|§§i’ﬁ%& %Ey ﬁ(% Rol?@lleé{t{fd b)%ﬁ'l)g of opposite charge to said

poly(ornlthl enei
pol y(al | yl £irst pelyel6ctrolite, smtbmbﬁd pﬁpdea:tﬁilytefco@ngatemﬁ) of

clains 1 to .5 erein t pol yel ectroly

conpri ses RYVEBYSHE glycol bé‘é‘P?o gropp gp S%‘fi Sé‘l’oélidm 6
wher ei n t hgolgélkd

material of Claim e%%?éf%ﬁﬁaﬁ?dﬁiﬁﬁ?og&ﬁ FLRiEHADRE}ene

cross- | i nk&lgceli &t hydr ol ysed tetraet hyl orth03|llcate.
9. The support material of any one of clains 1 to 8
wherein the second pol yel ectrolyte conprises a

bi ol ogi cal a ligdndanhjugated o id p Eréle@@dly@w%}}léiﬁ %lf/co@ Thyer

anioni c organi ¢ polyper. 10. The support materia
any one of DX Hixdsunctiogalosrapp pra s#d tigandandanfgurth functional group

Dol Y(acryl ¢ aep Ay TR sSR!

roly(acryllc co-net hacrylic acid) or hyaluronic acid.

aner o RoEHREEGr T 5L pOropRB ke opd s o hepshprah groun
@fanadnghd gtp. 12. The support material of claiml1l

wherein the heparin or alginate is derivatized with

yst t‘i‘ 13 The su&gort material _of claim 12 wherein
‘he p Ot aagerigl olddnim & whstais said first polyelectrolyte is a

polycation and sa1d second polyelectrolyte is a polyanion.

3. | The support material of claim 1 or claim 2 wherein neither of said first or

second functional groups are a carboxyl group or an amino group.

4. The support material of any one of claims 1 to 3 wherein the first
polyelectrolyte comprises a biological polycation, a cationic polysaccharide, a

polypeptide or a cationic organic polymer.

5. The support material of any one of claims 1 to 4 wherein the first
polyelectrolyte comprises chitosan, poly(arginine), poly(lysine), poly(ornithine),
poly(ethyleneimine) or poly(allylamine).
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with mal eimde. 14. The support material of claim 13
wherei n the pol yethyl ene glycol is MALPEG MAL. 15.

wab@7aeopodrt material of any one of clains 1 tBCWEG2006/000305
) where in the ligand is a ligand for a cell surface
peceplbe supportenatened of anyserEstfrcidims fl 4o 5avhessia Wesfirsia

e, or an_.antigen. 16. The support nmaterial of
g@&gﬁgﬁgdlgﬁecg{ngpﬁ? BM14 wherein the ligand is a
pepti de conprising the sequence RGD. 17. The support
Tat er Thé supoftn@dtérial 6f WHRK 6 wheldi€ tHel BRSNS cRsRERLI DE
conpri si nlgfpt he sequence of SEQ | DeNQ 1. 118c %fgﬁéd'
%uppor material of claim17 wherein the ligand is a

ept i 4&e SpRertsraterpl of clatme 7 ddgraimthe chitoBEQs ¢DsNnked with

1 Qﬁﬁg;t erial of any one of clains 1 to 18

%Aﬁié?glg%%#t rloo %i;?dééfi rst functional group and said

second functional group is a thiol group and the other
®f salke fuppsit nfaterial by orgrofelirand 16 8 whefdit BRRGecond

functional group ig.a maleimde group. 20. The support
Py PR g POy Sos adidlp il poliianipry & aonis @plsechands o an
mlﬁdofgaﬁﬁtﬂogqgéngroup is the sane type of functional
group as said first functional group or said second

functional group. 21. The support nmaterial of any one
W oI Baswpport snategiahpiany aneof cditho lite 9 whereit thersedondr oup

| | l. l.d first .
AR Sl ol R R T BerP B A polhéspaeni
ariy), palpfaorylicratmethadrylid acid)or O glufnichddns 1 to 2 1

wherein said third functional group is a thiol group

nd id fourth functional group is a maleimde .group.
o e %@B%Pﬁtﬁ?éf %‘f%ﬂéﬂ ongf gaimphie 1) wherginhe secopd 22
Pl @itid] 3 tén eggb%r&lay%,-&té.ayer is a first

pol yel ectrol yte | ayer, further conprising a second

ol yel ectrol yte | ayer of opposite charge to said first

| y ethscppery matarial el claiga} liwhereiarthe henayiol oz elginty isalerivatized

Wity 8Jstdgl acent to said first polyelectrolyte |ayer and

on t'he opposite side of said polyelectrolyte |ayer

from said pol yel ectrol yte-pol yethyl ene glycol |ayer.
134. Ttw sypppbmateniat efdlain 1Bf whérainrth@golgetheleas gly2d is modified

urther conprising a therapeutic agent. 25. The
‘Iéluﬁ{p%lgﬁapl terial of claim24 wherein the therapeutic
agent is a protein, a _
14.  The support material of claim 13 wherein the polyethylene glycol is MAL-

PEG-MAL.

15. The support material of any one of claims 1 to 14 where in the ligand is a
ligand for a cell surface receptor, an enzyme, a substrate for an enzyme, a hormone, or

an antigen.

16.  The support material of any one of claims 1 to 14 wherein the ligand is a

peptide comprising the sequence RGD.

17. The support material of claim 16 wherein the ligand is a peptide comprising
the sequence of SEQ ID NO: 1.
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pepti de, an enzyne, a growh factor, a hornone, a
nucl eic acid nolecule, a small nolecule, a drug, an
w@piorhosors c, an anti-inflanmatory agent, an  PCT/SG2006/000305
anti-clotting agent or a chenotherapeutic agent. 26. A
&t hodhesupportmhaterial oé chim P mtherait tHellilan@fs é‘;‘gﬁpﬁ@@ 8orRfsting of
s

laims 1t rising: providing a fir | ayer
glgrsrﬁﬂegf?@lp%géilﬁs}%pgl yel ectrol yte; appl ying a
pol yel ectrol yt e- pol yet hyl ene gl ycol conjugate to said

19.r st Theyt@pokendt@idloRasPGRYE dA%EN 189k 338MNn Lithes 8k Sid first

first |ayer, where in said

Boryenebsioup apd ez @b@oa? rfgnoam];eal @roupois alcth)ibl gigap end the other of
: i.n J.r st ctl ona Froup on a
<o HRE AR ER Bk o] shvsilon FeSRs R otk Bionalriog deous.

on a pol yethylene glycol, said second polyelectrolyte
Uei ngTleef suppend adtial BAKGLore@f SRids 1 ité $0 wherein said third functional

gplgel ctrol%%e; and conjugating a ligand to sa

SR e sapes typg of Emetionag seupias said fiust fmaioakl gyowugr said second
ﬁlﬁ&ﬁbrﬂai%@ﬁﬂ with a fourth functional group on said

second Tayer; wherein neither of said third or fourth

functi onal groups are a carboxyl group or an am no
#r ouplhezppparhmapaziahofianyfone loficlaird?1 wh20 @hsrefiedaid@urtdf

%?Etgoklaf) a#loﬁ 5 %s&ﬁ% a%%%%ﬁ@%c@#&%%gg f%ﬁ Cﬁ%rt?fgéc;{i!g)a Lg?‘éfp or

sfidMeoonddettonalArogphumacher, Karl M <120>
CELL- ADHESI VE POLYELECTROLYTE MATERI AL FOR USE AS

%I\/BQANE AND COATI NG <130> 93231- 189 <150> US
| 783esEnrary meteriahpfanyang of elames-1 to 211 Whereakisithird functional

2¢8UpSis AThid] grotp 2T sahid Tt Fuddtional group is a maleimide group.

23.  The support material of any one of claims 1 to 22 wherein said polyelectrolyte
layer is a first polyelectrolyte layer, further comprising a second polyelectrolyte layer
of opposite charge to said first polyelectrolyte layer, said second polyelectrolyte layer
adjacent to said first polyelectrolyte layer and on the opposite side of said
polyelectrolyte layer from said polyelectrolyte-polyethylene glycol layer.

24.  The support material of claim 22 or claim 23 further comprising a therapeutic

agent.

25.  The support material of claim 24 wherein the therapeutic agent is a protein, a
peptide, an enzyme, a growth factor, a hormone, a nucleic acid molecule, a small
molecule, a drug, an antibiotic, an anti-inflammatory agent, an anti-clotting agent or a

chemotherapeutic agent.

26. A method of forming the support material of any one of claims 1 to 25

comprising;

providing a first layer comprising a first polyelectrolyte;
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<212> PRT <213> artificial <220> <223> artifici al
pepti de sequence <400> 1 Gy Cys Ay Tyr Ay Arg Ay
WAW79e8779ro Gy PCT/SG2006/000305

applying a polyelectrolyte-polyethylene glycol conjugate to said first
layer to form a second layer adjacent to said first layer, where in said
polyelectrolyte-polyethylene glycol conjugate is formed by reacting a
first functional group on a second polyelectrolyte and a second
functional group on a poljfethylene glycol, said second polyelectrolyte
being of opposite charge to said first polyelectrolyte; and

corjugating a ligand to said second layer by reacting a third functional
- group on said ligand with a fourth functional group on said second

layer;

wherein neither of said third or fourth functional groups are a carboxyl group

Or an amino group.

27.  The method of claim 22 wherein neither of first or second functional groups

are a carboxyl group or an amino group.
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