CELL- ADHESI VE PCLYELECTROLYTE MATERI AL FOR USE AS MEMBRANE AND
COATI NG CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001] This
application clains benefit and priority fromU. S. provisional patent
application No. 60/783,864, filed on March 21, 2006, the contents of
which are incorporated herein by reference. FIELD OF THE | NVENTI ON
coat i ngs.  and pari e YIRMEERRIE
coatings, and particular I%i&% J‘?ﬁ&ﬁ@?
useful as cell support maA i(ﬁ@Ae:FmGor coating
medi cal devices. BACKGROUND OF THE | NVENTI ON [ 0003]. The trend in
bi omat eri al s CMSSLREFN@ET@MA’F]&W@PI‘E@% where new
0 one

materi als are devel oped based on trial -and-error ere

materials are ggopheernas apﬁﬁﬁﬁorpaa%rb%&éﬁtag@ﬁlji&ﬁ kDAt | ncg{.g‘or tes
specific biologieal functionalities. This s particulariy evPdnt in
the efforts to PHPIEPPISAERIING £0{78B864,Slled riarchal, 2006, thatontaws cFemiand

tissue engi neerh@%co%@ﬂéﬂhe&éh%?&f%@iée}/ generations of such
materials, many surfaces were foun 0 support cell attachment.

These observed cel |l -adhesive properties were largely due to
non- speci f i ¢ Ik BOFTHEINVENTEONEen the cell's. and the surfaces,
which were often enriched by the adsorption of proteins fromthe

cel | culture meid082] Suthe prasnt ispetiof kdatpy @hneially tdYh&hNahds GRS cMifes
however, . i ndi Seﬁlﬁipg%d&?%ﬁ ion iler , Of Iiéga-nd type and orient atl%ﬁ of
li gand attachnent ‘a Y LTS EERCstYe embranes epd gatingope] asvstisveneds of
various types amaricesnpdsdafolig dhd\er Regi: MsSe asiide components in

i npl ants and medi cal devi ces, such as guided periodontal tissue

regenerati ony | i Lons, "' kidney henodial ysis,3 and as

an epithel i apﬂggﬁiﬁgﬂﬂgéﬁﬁgﬁsﬁ ﬁW,ENHO@é 4 [0006] Thus, there

remai ns a need joconpatible material that allows for

organi sed, di ré@ﬁgﬂéaﬁh&gﬁg&mmﬁm@@ﬂﬁ echiolegydiae beea sbiftingvevayettoar omd

surface while winttiggaldls BRAHdbedd0Ra%SH AR 1 oL wRLat el ns

SUA MARY OF THE | NVENTI g]\l e hqﬁ'&l%d %ﬁlnl 3 06 WG materials

. are engineered based on careful design that incorporates specific biological

functionalities. This is particularly evident in the efforts to tailor biocompatible -
surfaces for medical devices and tissue engineering,

[0004] Inthe ef_arly generations of sﬁch materials, many surfaces wete found to
support cell attachment. These observed cell-adhesive properties were largely due
to non-specific charge interactiops 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 ate, however, indiscriminate in terms of ligand
‘fype 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 conjurictiva,* ’

[0006]  Thus, there remains a need for a biocompatible material that allows for
organised, directed attachment of cells or proteins on the material surface while

reducing non-specific adhesion of cells or proteins.



[ 0007] In one aspect, the present invention provides a support
material conprising: a polyelectrolyte |ayer conprising a first
pol yel ectrolyte; a polyel ectrol yte-polyethylene glycol |ayer
adj acent to the polyelectrolyte |ayer, the

pol yel ectroly, MQP | ene gl ycol |ayer conprising a second
pol yel ectroly$ bFaﬁﬁgé%ﬂéENﬁtho the first

pol yel ectrol yte, the second polyelectrolyte conjugated to

pol yet hyl ene” gl W8I by Inortei aspact, fhammesenriaventipopiovidss 4 fWpSeHanRdal

ol yel ectrol yte . f tjonal gr.au n t he pol yet hyl ene

8| y)éol; and)alt T ar?glgigtﬁﬁ%g%g%@%f YEIF8 H?IE}QF%{SGPQ}Y@I?O@O ;yl)ét hyl ene
glycol |ayer bypdydétimotite-polnehylomaily@! Byt 8RR hi g&a?& an é‘}a&&“ﬁéh
functi onal grou&po on C%h{e %}Efﬁlaglel ectrol yt e- pol yet hyl ene g?yc layer;
wher ei n nei t her? &% 83'_1'r 3 tBylenegiveohaysmspmprigngs segerlypdyedrotrolyte
resent i nventi on orory ang gl e HeHth Bt IR e ARGt lie o

present invention provides a ne ormn

as descri bed P_e‘ioéluﬁ?tei Hepakeatitsbenc ehreph iy fagt fupetiovbldirsip oa thé sesbnd | ayer
conprising a fi 1R r ; ing a

pol yel ectrol yt ep;‘)?cﬁ ygt%?l %ﬁtg S%%@?%qcﬁgzgak%ag%ﬂ}e@o}yﬁ@y]pﬁ glycqlggndra t o
folr mia secolnd | ligped Coniyeatedrio ﬂm@otjfﬂlleetfolytslpolﬁmgrene %l%tﬁll e{)ﬁ&ifhﬁd ,

pol yel ectrol yt | yat en .yC opjugate is forned by reacting a
first functi onai g%ﬁ&t}%"{ oéﬁ]&%ié%’ﬁ‘g%?%ﬁ%@?ﬁgo%ﬁnﬂiesecond
functional gr omglyebntr@lqujoyﬁtﬂyydne BB clll 1R whetk &8 nSBELHNhe third or fourth

pol yel ectrol yt %Hpc%l'n of. opposite charge to the first

pol yel ect rol yt €2 antt NP 6 REPoaylergRica 2p amineetaweond | ayer by
reacting a third functional group on the ligand with a fourth

functional grol@eQR] tHe asehanspect, BeshicseMBYRtiOn HSHIBES mOfhod BErokRiLY
or fourth funct,.onal rgr-ougaégae a, carboxyl grou or an am no grogp.

[0009] Ot her asSpecP&raffate Pegbegkherain thy methed camyisingi provididgla first
beconme appar efdyet @mig3ig adirsiHolietakdvieKidplvid ), r.evi ew of
the foll ow ng eslffr i J%tgi on glf;ﬁs g}eci fi %’é’er%’%’ﬁ?%%%ﬁd%@%ﬁhﬁgﬁﬂ% #%n
i n conj unct i on&WIFYHFOR8ate i3 16 kvt faypiig fryusesend BRI BS2 BESORhOTitsOMy&F
THE DRAW NGS [ 0@éR}in tra 1cir 8t | . . of .
exanpl e only, enbadi nErlnjt()gg of ?ﬁgp%&e)eﬁgle%? g%ﬁﬁé%ﬁbﬁ%%?is}g&é% reacting a
st functional group on a second polyelectrolyte and a second functional group

on a polyethylene glycol, the second polyelectrolyte being of opposite charge to

the first polyelectrolyte; and conjugating a ligand to the second layer by reacting a

third finctional group o the ligand with a fourth functional group on the second

layer; wherein neither of the third or fourth functional groups are a carboxyl group
or an amino group,

[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]  Inthe figures, which illustrate, by way of example only, embodiments
of the present invention,



[0011] Figure 1 is a schematic diagram of an exenpl ary enbodi nent of
the material having a polycationic |ayer, a polyaaionic-pol yethyl ene
glycol (PEG Ilayer and a |ligand conjugated to the pol yani oni c- PEG

| ayer; [0012] Figure 2 is a schematic diagram of an exenplary

mat eri al , showéllrbgﬁﬁe respective chemstries of each of the

particul ar |ay th t Fieurehissorhurntic dfagtameof anwexemplaty: enfba)liment of the

pol ycationi c | ap@kdial hdihEa =1 I t.osan ane/ cQating,
(b)  pol yani on- PEGrmi aye_lré:: g@?%lﬁ#g 1%59#%&%@@8@%@3 1¢ glycuht BE)
forms a pol yel 8¢ pest §Higand eomitigatedrottlre fognioaict PG lagier, and (c)

| i gand: RGD-containing peptide inmobilized to the pol yani on- PEG

e byl o U, O A 8 B AT D,

menbrane swel | i ng c;ﬁatlgmas a
[ 0014] Fi gure 4cspediveichdmistnies oOgeRphs 1814r i 1] ells
cultured on (acgnat&%-g C}S& -a{E i.nat e- PE&%, ﬁgﬁiﬁ;ﬂlﬂlﬁ%ﬁﬁnﬁbﬁ%h&
chi t osan- al gi nat e- & p(o&ca (ﬁi‘? einsiligafyossdinkechehitasanepantirmeRBEIRED)
and (e) chit osaolhasipaPEG-1REES AeiSte- - Fl IS

e e FoC ik (R t‘3ihl%}‘]:élﬂlézlltégce (?hg%omﬁﬁtur ed on

fluorescent m crﬁ%a%qs of primary human cortrc
(a) chitosan- aPgrHatiE Peeemeiss With)thetmtomdayer,angd (o) digendBGD-t@taining

chitosan, (d) e¢biHdesaRobEpa ) cl.itosan- heparin- PEG
nenbr anes. The@rb%d- st a?ned&{:ﬂgw{)& e%%r%eas%ﬁ%%ﬁg%r, a{gal?%‘?ﬁélf‘%sm t he
arrows. DAPI ﬁ ini ng. (blue) di ;El ays the nuclei of the attached
cells; [0016] [gﬂf‘ﬁle 1guge Biigym graph shrovdugaphsbafic HegilGd @A ksa fdbitdaregd

on glass coversbsRimah DolfheMdl0 coating, (c,d) |
chi t osan-al gi nat e- PEG coating, and (e,f) chitosan-al gi nat e- PEG RGD

coating--(b), i}ﬁ% nd (f) are taken at higher nmagnification; and
[0017] Figure 1&; i Sgsidgs dightaplerogfapbhel winedry Althe @elidat el esinel

pol yel ectrol yt gn (4 BRI of0D)e YL re.fluorescence mcrographs of
human rresenchym(aEF stem.cgil(nlgs seeg‘g‘?’@fgﬂ?%‘%&f‘%ﬁ%e&chltosan: o
pol yel ect r ol yt liiepantheaniin-PRGR GDechdk) dhitasan PEG d@nibighes:
unnodi fi ed, respectively. DETAILED DESCRI PTI ON [0018] Methods to

i mobi l'i ze | i gpods] ONFRARs § %ﬂo?&céﬂ'rmfioarggrgphlé%%gﬁ%%rﬁ%nian cgrtical cells
cultured on (a) chitosan-alginate-PEG-RGD, (b) chitosan-alginate-PEG, (c)
chitosan, (d) chitosan-heparin-PEG-RGD, and (e) chitosan-heparin-PEG
membranes, The red-stained cells ¢xpress AQP1, as indicated by the arrows.

DAPI staining (blue) displays the nuclei of the attached cells;

[0016] Figuare 6 is light micrographs of HepG2 cells cultured on glass
coverslips with (a,b) no coating, (c,d) chitosan-alginate-PEG coating, and (e,f)
chitosan-alginate-PEG-RGD coating--(b), (d) and (f) are taken at higher
magnification; and

[0017] Figure 7 (a)is a photograph of the swellable cell-adhesive
polyelectrolyte membrane; (b) and (c) are fluorescence micrographs 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
3 .



supports are inportant since such nethods allow for study of the
effect of individual factors on cell adhesion, proliferation and
differentiation without the confounding influence of protein
adsorption fromthe serumor the extracellular mtrices (ECM
produced by the cells thenselves." Previously, two prom nent

appr oaches to aﬁwpgﬁ%arﬁ%@%ﬁs%ﬁ%m@h@iﬁﬁﬂawéwShldV@IfﬂBabﬁ%d:tefuse of

PEG in its varim@itsdiabf (dhr ecently,
pol yel ectrol yte cont?l gﬁgsogca%mglgﬂggd ﬁﬂ% ers é@é Wgo tﬁ thene

co%t) ing of a chf® mﬁeﬁh\encw Of@mtgamgwoq)tmn fpal mﬁﬁdl'mh@ﬂtﬁerekﬁﬁse%ular
menbr anes i npr i bi characterize
reduced protrgl ?ﬁa SO ;@ %?&%ﬁg@ﬁé?cﬂ%h%sﬁﬁ SncPIEHP @\gopromigent
for mat i on. 13 | CpSjcRedo mhmenan—cmmtew@mﬁﬁb@tﬁweat@etﬂsefo?ﬁﬁgtn fhat

is useful as s or cell, attagchment, and whi can bé used
oo B gl

as a nenbrane éélpear}ie\?ﬂ‘é@gr@em@bﬂﬂmomestrolﬂae
material conpri@emlexks. ETRahd BOwoALE ByO iR He e &Eﬁ%@t‘% cB:rtongh eoagh

| ayer of polyelectrolyte haV|ng opposite charge to
adj acent | ayer. CoRYIgats QR plprsyl Oméglemem’bmmmmted tledr hegdorghdiibaity, as

directly or i nghfeetitd 13S. Sor.cel r of ei n_adhesi on,
conprises a pol yel ecttol 3t %&C%E%&a SUPHE Bjc?f%étaﬁ'iﬂs@ﬁén‘b fhyeeatus( PEG) .
The materi al ﬁ%@ﬁt’@@s aligand for cell or protein attachnment,
conj ugated to the pol yel ectrol yte- PEG | ayer. The poI yel ectr ol yt e

Payer of gnggﬁ?g{%ﬁg%ﬁj&ﬁ&t%@%ﬂgﬁe&é%amf* chAC ks PR S ptbgne
with | ow af fi nifescell gitachments pelilicls canttigbdias dth @GRS G¥1 coéﬁ’ﬂioh{%d{ople
ells or

l'igand provi degeg ecul e .for sp ecific adhesion of c
proteins or ot her Gesﬁggﬂl rmthe IPW@“%&?@P jes pisngmedayersadt eri al . To

reduce the pos®pbilettiolyted, Wﬂhf&atﬂﬂ&p&rfofﬁolgagﬁ@-lyté EM% %@oyﬂetcﬂarge to that
functi onal gr oups, oh., Br te| the P eI ect rol yte
conj ugat ed via non- CarposyT Blgddo beiused either directly or

pol yel ectrol yt aldancﬂm as’aﬁﬁzel?&féeﬂ% fdt&ﬁ adﬂe%n %fh?%e% 2o grg%ctrolgt

sul fhydryl or dro¥ 0 on the yel ectro Cting
with an.appr opr%/né]tl%1 eﬁé@lg ly@gylp%ch% Q%G)gmafenal cohmgrisgshadigand fot bl
pol yel ectr ol yt er teRFRBackBhdt, |c@ﬁjh¥ate&{3% nﬁcﬁ%i‘&trfog;[ ﬁﬁd}ll att chment is

al so conj ugat ed IV| a_non-car box roups
pol yel ect rol yt Ro Y@g@‘o %T.'IOV] es charge groups to interact with ﬂ:te adjacent

polyelectrolyte layer of opposite charge, the PEG provides a non-fouling surface

with low affinity for non-specific protein interactions, while the ligand provides a

capture molccule for specific adhesion of cells or proteins or other molecules to
the outer layer of the material. To reduce the possibility of tton-speeiﬁc Cross-
reaction with functional groups on proteins, the PEG-electrolyte layer is
conjugated via non-carboxyl and non-amino groups on the polyelectrolyte and on
the PEG moieties, for example via a sulthydryl or hydroxyl group on the
polyelectrolyte or PEG reacting with an appropriate reactive functional group on
the other of the polyelectrolyte or PEG. Similatly, the ligand for cell attachment

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 apolycation. However, in order to reduce non-specific attachment of cells or

4



[ 0020] The pol yel ectrol yte conjugated to the PEG may be either a

pol yanion or a polycation. However, in order to reduce non-specific

attachnment of cells or 4 proteins to the surface of the material, it
may be desired to conjugate a polyanion to the PEG as cells tend to
have a greater tendencX%;o bi nd non-specifically to certain

pol ycati ons, f oPTOLMLP the, supfaneynl theinyairred, it day bddesirednd onjhifle E’?&l%ﬁcﬁ{
o 5 o g oo e e

surface of the g&t.erlogﬂ is predon ha

| i gand conj ugat &dteindol yeeti®EGop ataymis, 9oly-1l-ByRE . T 2R3k ?eﬁgf' [ ment
of the present &@%ﬁﬁ&iﬁ!c 'st%glpi.ctgfl hn Fi %re 1. The%’%tﬁlgrl acqjigghas
a first polycatioff ¢ ag CSIGh e (5P PoRtbieln tathe syréace 20the omprinkie s
any pol ycat i on.predontihentiyold/igakdcaBhGritay 8, I | ont act
with tissue, tgﬁ%erpol ycation may be lchoséeaﬁatg%ﬁjg%att%t(g)@b%@'?@V@mn

non- cyt ot oxi ¢ non-allergenic and so as to cause nm ni mal
irritation to tissue. A polycation or a cationic polyner, as used

herein, refers [0028 pobys®rbdd |tiple.positive charges
at the pH of int e?l] ed 'uszf@@tf kﬁ“@?ﬁ%ﬁ??ﬁ@?@&?%@%&a‘iw%ﬁméﬂh@

i nt ended for bi"oHH ¢&has ait polyeetioni¢ layert 0o Thepylybsiogiclit 00k Glrises
pol ycati on, SuGHyaslveufeal ol .ysaccharide, for exanple chitosan,
or pol y(ar gi ni neg[,ﬁ E)%Il y(ﬂ'l 5@?% 31?6%%%153 ;f/aé'gﬁql??ﬂ TPEIe In Gontagt stitydissue, the
pol ycati on sucPog&atepnandsi wrmhosentybetbiocqalivR] anCU&Qt&ﬁ@m lﬁ)n-aélergenic

pol y(et hyl enei iy .al 1yl am.ne) . [0022] itosan Is
cationi c pol ysémé((q:]ﬁaa?i ggﬁgéﬁ%ﬁi/@a%%q disgley ¢t Rdeation eseetiohie polymeThe
use of chit osass sseddetsimraitretd holfraer tHitYessd@bd MEH 132@91&% §1fag§es plhe

ue Tfs

engi neering app}y | O has been w dely investi gat
bi oconpati bil i Pyc’%‘#a“%ﬁé}ﬁ% Sacmple betyretn pid 6284 8 When pddnyled far diolapioal

optional |y be useoshelpblylseribn oS HibiBkica e cationic |layer
20 may result igi reduced swel | api‘lj tyglof q’?ﬁjgaéogléﬁc?g%%c%ﬁlfm@ri al ,
whi ch may be dR¥ViBIEde.dpr amplsichitesspl drpalsiwaisinefolytigsine)y e,
cross-linking pélyfda€ithind|dr 6asth@DoRed result in a stronger
mat eri al . [0024{5{“V?ri us_net h_odg) %fc t?rﬁgég ianﬁ?“ﬁ% © BTG 98 ﬁg’%ot her
pol ycati ons exf&fmP eﬂ?iﬂe%@e@mﬁhqumwmﬂm).t he art involves the
use of a dial dehyde (e.qg.
[0022]  Chitosan is a cationic polysaccharide derived from the crustacean
exoskeleton. The use of chitosan as a biomaterial for drug delivery and tissue

engineering applications has been widely investigated due to its biocompatibility
and biodegradability.®

[0023]  The polycation may optionally be cross-linked. Cross-linking of the
polycationic layer 20 may result in reduced swellability of the resultant material,
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 polyeation, and thus any cross-linking reaction affecting
5



gl ut aral dehyde) to cross-link a polyner via am ne functionalities.
However, it nmaybe desirable not to introduce gl utaral dehyde or other
am ne-reactive groups into the present material. Furthernore, am ne
groups may be contributing to the positive charge of the polycation,
and thus any.crgss-1inking reaction affecting 5 these am no
functionalities “aSHENEAuEErralilipemay GoREpsitahler ef ore, the cati onic

pol ymer may be cross-linked using a cross- |inker that does not react

w th am nes or (0025]carex : | e, c¢ross-linkers that

link the pol ycat.i on]vi a hy%blrr%xyef)ééﬁmggﬁ’]ﬁggﬁ%})begﬁl%é kedpritge crasgeh

functional gr ouIﬂ%‘(%?&aE@oe@notm@tmimmopwituaaboxﬂ g@ﬁgggq:ogggﬂg,% 0026]
sed tetra

One exanpl e of gyghy; I -1 1.hKi agent_is hydro yl
orthosilicate (TEtcl)Sﬁmq;.e@uc%%gif heé’éfﬂ'g? Vi3 eskonyhon saltbydrplserotps, where
condensati on r esich fiwetionsé prvepyextidien MAGRENS ndd [ residual

et hoxy groups) of the hydrolyzed TECS prec%r%ggpgl%%g?ﬁsgﬁhydroxyl

groups of chit Sihica cross-linking may further act to inprove
t he adhesi on 01&% tﬁ Eg] po?b%%ﬁaim(??ﬁ o speh aesrosselinkingrmgent dxdydraly et tetaethgic e

of substrates, wsthokiliese . GaMESBdal i ith " Piranha' .
sol ution (i.e. ,a_ mnixt (rjlre of . 30% h%é&&%ﬁﬁh%g/?@%%ﬁ?m Beajipeaagtion
[0027] The mat ere%ﬁen% YiroegrowRs it esidual athpny gramps) of He hy&bigyéms
gl ycol layer ukbt SndReé ¥R : ene.gl ycol J ayer 30
conprises a polqzezcni,on Con?{%iég?ﬁggl%%y%%%ﬁaﬂyﬁgﬁécﬁw 18 mygofagherThe

pol yani on is afy PErpEHe B adhesioniof tsipotyompaid oY@ 20 BORgdrO¥1-Gich BRPee

al I ergeni ¢ and oF bkt GaU el irritation to tissue. "The term

pol yani on or ani onic [’)gﬁr?erggsggovﬁrgg%s tFratedivith ‘Pipbiessalgion (poky mer
that possesses T 5136% Hdyani 7e%abatcgrstedt,ddg. PH of intended use,
for exanple between pH 5 and 8 when intended for biological use. The

pol yani on may peoZribi &hgi nion, for xanpl e an anionic
pol ysacchari de fog exanp ag aleggrl °f RFEFTS@ Pabremiogolysthatene shyba

acid, or anot h@b’%‘-‘_&-ﬁ@ﬁ!m@mﬁmpo@e&imne gBRoBRYHRD %oﬁ?ﬂs%@%ol@%é’r[mr
such as pol y(asanyﬁ 3s al rre& haerylic acid) o
. %&E&d b éﬂlﬁ %/ col.
pol y(acrylic-co- et hacr &g y¢0L1 0029] The pol yet hyl ene gl ycol
maybe any pol yﬁ.t hgl ene glycol, including a
028] The polyanion is any polyanion that is biocompatible, non-toxic, non-

allergenic and that causes minimal irritation to tissue, The term polyanion or
anionic polymer, as used herein, refers to a polymer that possesses niulﬁple
“negative charges at the pH of intended use, for example between pH 5 and 8 when
intended for biological use. The polyanion may be a biological pollyanion, for
example an anionic polysaccharide, for example heparin, alginic acid or
hyaluronic acid, or another polyanion, for example an anionic organic polymer

such as poly(acrylic acid), poly(methacrylic acid) or poly(acrylic-co-methacrylic
acid).

[0029] The polyethylene glycol may be any polyethylene glycol, including a
derivatized polyethylene glycol. For exarnple, the polysthylene 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,



derivati zed pol yet hyl ene gl ycol. For exanple, the polyethyl ene glycol
may be derivatized with one or nore nmaleimde functionalities, for
exanpl e MAL- PEG MAL. The pol yet hyl ene gl ycol nay be of any average
nol ecul ar size, and in certain enbodinents is fromabout 400 to
about 40,000 daltons in aver at% nmol ecul ar weight. 6 [0030] The

e
lool yet g%l ene gg&‘é‘lﬁ"]mﬂ@@yol?'f Vlaee gi?ttqlawﬁ@]flgﬁhb%(ﬂ?d]ﬁdlﬁﬁtﬂy?hﬂ?}%!glycol
for “non- Spec f 3o AR ol Re 8581 WRh Bo Bt gt non
non-speci fi ¢ adkescEndindaig of pratiag, fferabydbdicingahd sontPedifCadidfhacs Of
the material. V\é{@ ut B}ain l?o nd by theory, the non-fouling
properties of p Oyez?w é’ﬁ%e%él‘i/@ﬁlsmﬁ’é’? of B materfat. oWithow being bounddyyul si on
bet ween the pol febiyythe aen-Gh¥s ' ' Q0 The .
pol yanion is conj uﬂ?gt %d to th%br%%lté%“’g’%@ygﬁﬁg%@F&WSS‘@%%5afﬁ%n
reaction may ocieltHPl%’é’B ﬁ‘éve?fbfhp@ﬂg'ﬁféﬂﬁhfbglkccﬂem}ﬁubymbprpteajst hough t he

resulting conjugate may form a branched structure. The ratio of

pol yani on to_piaoe) hy e ghieal odud 10 RAINBRNBOLYEL iyl ene

gl ycol layer 30 may be varied, p I'ng on fee of
negative char ge¥rgi2ahgercsion may osunkaeeto oo a bpracRbEymbN Glthoush the
pol ani on: pol yet yl; o o) e fromabgut 10:1 to about
1: 10, or from about&ﬁ%(? 1Ju¥%gég%f’3{)mifagp%a‘eflls hﬁﬁoaﬁe@@‘io{@l&%ﬁfol: 2,
or about 1:1. Q@MMeneEheommawm-ﬂ@@eu@wﬁetgn@dqg}eyg@hﬁgbgg%ietdhe
pol yet hyl ene gl&leggll indTBY; bge Be(%_f or med, bet ween non-carboxyl 1T an ’
non-am no functl nadlmggr ota% .S. cerflpezes alﬁ%@éfeﬁ%%g%foréan-ﬁnﬂ@g pufagei Bor
groups that mayexepleotht polaibh:pelybiayleslyatt 4afiny b%h%g@oo;a{ 18:1% about
pol yani on in tt:]g lﬁ:onﬁuﬁ%' (%r% rer%étl on, and | essens use o react i ve
functional groupsl>ChEPEFRGHPH: taehekt 1id eiom shay?:d 40 about ELdresowich as
proteins, since the nobst conmon functional groups in proteins are
carboxyl and dR03] -griiepsnjufitRasaRRh ﬁ%olﬁﬂioﬁﬁﬁ@{ﬂe(ﬂeﬁzeﬂlgi‘éﬁé ylel
car boxyl groups Sy, AMN0 roups typically require a cross-Iinker
that reacts w th s TSR DSHEn 8An-gRrBesiiaend nenceshing ifmstiofal goohs.a
cross-linker anthisrsénced usdQH c&B6:H0% ¥kl GrARG PR #F1 B ¥nstl gnal
groups on the pol yani on and the pol y%et @@eﬁ{ea&g@%o%b%ghbgﬁf%%e €l ude
cross-react i on e shaseesithe Palyrestandn ey corjuigatsumbantion,pnd lesiens use of
reactive functional groups that may interact with biological molecules such as
proteins, since the most ¢ommon fanctional groups in proteins are carboxyl and
amino groups. Since conjugation reactions involving carboxyl groups or amino
groups typically require a cross-linker that reacts with similar groups on proteins,
exclusion of such a cross-linker and vse of non-carb oxylic and non-amino
functional groups on the polyanion and the polyethylene glycol should exclude

cross-reaction with proteins, including cell-surface proteins,

[0033]  Thus, other functional groups, such as for example hydroxyl groups or
thiol groups may be incloded 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



[ 0033] Thus, other functional groups, such as for exanple hydroxyl
groups or thiol groups maybe included in either of the pol yanion or
t he pol yethyl ene glycol. For exanple, the polyanion can be nodified
to include a thiol group, such as by derivitization of the polyanion
Wi th cysteine. Particular exanples of cysteine- nodified pol yanions

that are suit abltle padyetlivhereghicoln Honestangpld) HRISRENBBIBEAbn 6F e nolvanio
cyst ei ne- hepari %ﬁ?}%% ei Qﬁ) gl i natie in which heparin or %ﬁ%l At e
has been reacted’wt %LPQP 9o eqlper awf pelyertion ovfiomhbout
pol yani on may be0t&ribedt 600¢ReN dirnSad 8f ﬁmﬂiﬁﬁi red degree of inclusion
of groups capable of reacting g\nﬁ 7 t%‘g polyet hyl ene gl ycol. For
exanpl e, the cy jhe substitutjon of the polyanion mnmaybe from about
100 to about 103@3‘#& ﬁé’raﬁﬁwg?ﬁ § Coptaption ofrihe polydnicpmnd ieytolye@@Qnt 0
about 600 nD1 pglycdl ABRIRRENAT R . To.all.ow for, th

conj ugation of the pol ytgﬁni on agd tﬁ%ﬂagg‘l%%ﬁﬁﬁhé#g on{ps s ,0?313

conpl ement ary f B pgkystiplens giyoall Foeekanipld, HeheiohiioafindfiRs 4 thiol

pol yani on and p t | ... For l e, .if the pol yanion

i ncl udes a thi ogjaﬁﬁ r@&ﬁwé%%ﬁ?g%ﬁﬁogﬁgg GREGHn P gromp Hiof regets with a
contain a groupfredthiol eapisscivastdthivl glotge: hilbitliadEBMP or SHABeR Sy 4k O
group, a nal ei ngug 2ILQu a hal ogen derivative “such as

hal oacetyl benzyﬁ %aﬁ? (?‘éfyﬁh%zy{&@é‘égEhafﬁﬁﬁﬂﬁﬁfp%htﬁe@@nmeectbzwm/ati on
process wi th theooss githatoxehbaEazdk ils 6 alfliikliad Bl {Sscl e

t
possesses the h Iog n ,Qto anitrogen o ur atom*In
particul ar exa_rgba?%g,e %5‘]’ § BiRprteul i Ajen] Irvopticticudat ewirtybie,polyetiglent de
s sed [ bB%Sig‘Yr“#é?%S?ﬂggﬁ?%%?E% ALy SRR sl
adj acent to theMBogimanhy "HEégMAIZiS,usahd binds to the polycation
| ayer 20 through electrostatic interactions between the negative
charges of the [poB§ani THe J¥RaBiok- i,t.ive.,charges, of the
pol ycationic |a §,r 20. In@he ypgggn ggg&g%l%ye\%%ﬁ%ﬁgm}%%%F of the
material is " ad%‘/) catn lewr 28rrad hinds ke polytation [ayyer(sthatugh ckprsiat el v
next to each GhBREHoRBSTEEHL : be.coval ently bound to each
ot her, connected by el ectrost gixﬁ?%? %%e§8§ﬁ]8ﬁgiyaﬂpﬂ¥fgleéy9ndﬁh§,g?%t§.{e| y
touchi ng each Gb#ERs offtrasdycativrdc laytn2inilo thopadsyetcbieeNGha HeQhyek B118S
30 ha-s a |1 gangh At A HEALEE" another layer, the layers are immediately next to each

other, and the layers may be covalently bound to each other, connected by

electrostatic interactions, or merely physically touching each other.

[0036] The polyanion-polyethylene glycol layer 30 has a ligand 40 conjﬁgated
to the surface of the layer that is not adjacent to polycationic layer 20. The ligand
40 is any ligand that is specific for any binding molecule that is desired to be
bound to the surface of the material. For example, the ligand 40 may be a ligand
for a cell surface receptor found on a particular cell type, an enzyme, 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]  In one particular example, ligand 40 is a peptide containing the
sequence RGD. Since its identification as a primary aftachment cne by
Pierschbacher and Ruoslahti,'* the RGD sequence has been widely applied in the

biomaterials field. ' Thig sequence binds to the integrin receptor on a variety of
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to the surface of the layer that is not adjacent to polycationic

| ayer 20. The ligand 40 is any ligand that is specific for any

bi ndi ng nol ecule that is desired to be bound to the surface of the
material. For exanple, the ligand 40 naybe a ligand for a cell
surface receptor found on a particular cell type, an enzyne, a
substrate for &PPEesineluingthakidaey @ithslibeds. & 4 REERYSTxarh g liucli g 2
peptide substratg ;sachy; Qrnone, or ?% | i gand 40 may be an
antigen for bindi rllg éi’g?%%%ﬂpg%mg%wguenfﬁé YQIY%GB%G;B%EQ%ENC&HL or is
exanpl e, Iiganda@@pﬁfbcanmmgioﬂ&le@aﬁbﬂde@OGYGJR%Dﬁ%ﬂw tﬁg@ ince
its identificat h%%fﬁ% a @éh@@t t achnent cue by [ erﬁés?% a%sﬁrgf}aﬂgr?é
Ruosl ahti, 15 t he 4y Sifeeln thy presept equpext, ddwillibetunderstood that
biomaterials fi efdtidEed® bYRIRMSRIIEHSGH R o.the integrin receptor
on a variety of _ 8 cell t)a/;pepgl,3 incjuﬁﬁlﬁgk#ﬁ%@i%ﬁ@%ﬁ?@fq@eﬂ%ﬁrP%’gﬁ‘?s.
In a particul ar TekB#aphere onpdwp; theeadr a &6v adslitmnplemiihel o QOARRIS bFkhE he
sequence GCGYGRARRBHS .1 el a peptide consisting of
t he sequence GCGYGR{GDSP%QS#%:%@& asttﬁllenag&élggagﬁfnil%ﬂq s@p noilﬁéte%%ﬁwég@e
GCGYGRGDSPG. | nihelebilisr efgbetequant exdct ad 4 lighhdl br R8oghRGENSLRAL, thagt  what

is meant by a p ' i sting essentially of a given sequence is a
peptide that may hge\e?é‘%gﬁ@“%%ﬂ%ﬁ%sw VOQéPéW“ﬁMSPiQ}maiSWNO.:I
aci ds at eit hermay higetone, t@opthreaior b aﬁ@ﬁ‘éﬁﬂ%ﬁﬁn&%&ﬁ%tﬁ'@i@e} $il of the

e abifrty of the

addi ti onal aMn&eagidaI_g%nt material |y affect (

sequence to act  Fe§e PFITEA 40 (prkodyends), vt sveadditiveal drgino evidnpillet a
peptide consi stiligociagedct Mela¥il@f o e et ,out in_SEQ.]D NO. :
1 my have one,. (#V\D t.hree or 1\(r@rjto?e aa ??F%Egﬁ’ezﬁcﬁssaﬁﬁg)%%%%er
end of the sefﬁ}% @ thfdhleprdnrestivre (or both ends), but such
additional amno acids will not alter or influence the ability of

t he above sequdf088} 0 Biediiaasd A S0 4 t. binds to the
integrin recept [ 0038] g‘?’ﬁe I%Sg%gifilagg40 ﬂlogﬁ%%&n ugoéjt%ogye?}gtl?"lffeg%couayer

r,.
pol yani on- pol ye@tﬂ?’l 3etigh etgieon agregarbopl, byn-amineaediipo bn kietliesdand the
non-car boxyl, RRLaaFhHelVeHLRs t i gand_and the . ,
pol yani on- pol yet hy| enggglgygol F@)%rlagb#d'ggorr eé?(‘ﬂﬂﬁ’llg?p?ﬂhdﬁpff%ﬁ?%é
p(ﬁ_sslessi ng a f (99’%*‘?’@? Frsidpe iugerbasi the ligm d4ﬁ,sthzﬁe§ thic) @fiip 40 theldpQeihé BBy
thiol group of peh&crRMSHR ; reacted with an appropriate
functional group. i n the p%l%@?%%ﬁgﬁlgf@%} SPBREYRSEYYati%er 30, such
as a free thi oPobyethylenegliiohlagier 395 uch at hate Mg of@aleimide group that has not

been consumed during the conjugation of the polyanion with the polyethylene
&glycol. In a particular embodiment, the ligand is conjugated to the polyethylene

glycol to allow for good accessability of the ligand for binding.

[0039] Inclusionofa specific ligand to direct cell adhesion, conjugated to the

polyanion-polyethylene glycol layer 30, for example to the non-fouling 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



been consuned during the conjugation of the polyanion with the

pol yethylene glycol. In a particular enbodinent, the ligand is
conjugated to the polyethylene glycol to allow for good
accessability of the ligand for binding. [0039] Inclusion of a
specific ligand to direct cell adhesion, conjugated to the

pol yani on- pol yefHplogins thy thiolinaleqyide fidBtiodatity iedeumRQditdeBSus as it does
non-foul i ng sur .material ,  hel I ni M ze non-specific
protein and cel f‘%ﬁ'@%i"%ﬁ?‘ﬁéﬂﬁl e%?@é e'&ﬁ?}_}\? WE“P’WQF&P@W@IN%SM my
orient ed at t hesapifigder ahughionitai ekictboxBERhO iR HL AR gk o

allows for i rrrm%igl i Zﬁaéi on of, ot her. biol ogi Cal functio Ies on the
surface of the WRIEPERT Nteresdiang withinthrdaysreelihe meterialt dyydditonpasiiece
modi fi ed menbr afnelsinatd HRALLARS; ' i i nvol vi.ng am no and
car boxyl groups can g:‘ed del'i b_e?fa%sel?@%g%%%géﬂc tqwnaﬁ‘ilsdh’l{)ﬂ%mm? anf) got
cross-1inking of™f8WysY. fiesricotation Dﬂ}'@ndmdbbhettdneolﬁtbﬂlb&lﬂﬁﬂieon of

c

l'igands to the pelyRR @ﬁ(l ene gl ycol |layer, The cheni cal
strategy 9 enpl oyi ng tlﬁgf |%’F}%uﬁ%tﬂ%&f’%& TiPSptde melequlesde bered
advant ageous asconjugeted sSinmilatly,rsidiuics@iof Q1R dé Hrdtefes QQQ{H@# Yan be avoi
(e.g. EDC N-hydroxy. su é:aicﬁi rn.ide (NHS) coup?i ng) rf or co fuagafiagcr)lld‘\a/q a
t he carboxyl group, ich may disrupt the electrostatic interactions
within the layers of the material. In addition, as the rmaleim dyl

functional ity il804HowiThinagpeoash pedséritese OMPdd nthdts ObroBliAURS AN, NOt
am no groups, ttgpqc ienttati on of l|igands can be better control Fed by
the introduction of Cyeraiierqus smipneadicarbprd minieticsithusothepepofi de

mol ecul es t o bectivatorj ofyabigd forSbfidd fch ¥s BB RG] ch..as
protein cross-|inking can boe avoi ded i%bgﬁ?s. a‘ppélgggﬁs.%%[rﬁﬂgﬂgeﬁﬂ’? s
approach preserff&uy F PRtsivpelings In @ntessi hetertshlentizdtywes be hohpdvedby y

cont ai N nuner ousing AR HaH Qﬁ’@hﬁ ﬂ;gllh | Saakie use of
activators of amde fornat ﬁgﬁbsuc 53s %@%&%%ﬁc}% ’(Yhﬂ)%sréacésr eal
danger of deaCt¥¥RYsinyith fiolgrenns; Phefralntve sability of thomialasidyl betp of

sel ectivity caraheidtd g ' .2 functianal group such as the
mal ei mi dyl funct i o:]al i tyyﬁﬂvﬁ] }é 'F%g‘?:%%ggmfé%lwﬁag%ﬁ?gwnﬁﬁnioﬁi“&ﬂ

groups. The reFaPpdiamidesse hegativady irnetedlyoiand: ydrolysieh in water is
al so advant ageous. Conventional conjugation reactions involving

[0042] Furthermore, when designing the material, suitable polycatidns and
polyanions can also be chosen to enhance or to reduce the interaction of cells with
the material surface. Use of polyelectrolyte membranes is an approach that is
quickly finding its way into biomaterial applications due to its convenience of
application and ability to provide desirable surfaces. For example, the long-term
stability of polyelectrolyte multilayers based on polyacrylamide and poly(acrylic-
co-methacrylic acid) has been found to be exceptionally good, and protein
adsorption onto these layers was relatively low.” Electrostatic 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 fo
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



carbodii m des are negatively inpacted by water hydrol ysis.14 [0042]
Furt hernore, when designing the material, suitable polycations and
pol yani ons can al so be chosen to enhance or to reduce the interaction
of cells with the material surface. Use of pol yel ectrol yte nmenbranes
is an approach th is. quickly finding its way into biomateri al

S At batayent Ayt LR
Bol yel ectrol yt eéﬁ%ﬁ?l%ﬁzmgg{%e a%%gSP?éé?%ﬂhﬁﬁ&H%‘g%ﬁ]@%mﬁeacrzl i c-
ot 6l 1 aS0r DL o ot o R o Ao 8 e Bl nioR)

EI ectrostatic g\tévw&gg'gé]ﬁ%cf{} m‘i‘ﬁ%%@@ﬂ@%@ gbcelan ﬂl@ri@?flﬁofAdditional layers are
pol y( et hyl enei nihneidde@) taé h‘tfbv@—@l@!sc?ihécg %ﬁ%drl:laﬂ%? ?@ﬁ‘%ﬁ%ﬁ’ﬁ%@% op ége?%,e

ost eobl ast growth.on po] y(DL-I acti de
while a mul til afebe ERstEEee wirobehiongelyetiytintylgbal laei 30, a€ hehndd@s been

used to grow GhepeQs ak HES Gejei‘fggjf-%%ﬁﬁgab gagégg these results,

it is possible to direct he nat ur | ayers of the

present materia[I0 Efd thus direct the nature of the material as a
whol e. [0043] 1104tk erApticaalbysifurtinatenidl siaydntdide ciakpeRnt ¥ehembsBbicd
[ h

| ayers may be i@ dup it a bsequent | ayer having the

opposite charge to aﬁ%%glj%%geiﬁrgtp O?Xegeﬁﬁ&yieﬂwrst E@Ft@%eﬂqﬂ 3eepiTeay tyeay s

are hel d toget regentihat tiighe délvetadosithathé Satekial FoRGilah IS the il el ﬁ@?égnt
ri se polyanjons, = wthout the Teed

negatively char I [S Mmy . .Go
to include pol yﬂé‘a? hbfla?r@tel&i 3R éﬁuﬁf’:%gteﬂ-’ém}eaﬁwwth&@tom acheanoneay endeiaped
thus added to wiedecalzoy emalbmeletileth SHHQH ABRNLLA 'éﬁﬁ-lﬁhf’i& ol ycationic
| ayer 20, on taﬂt?-co osite side as pol yani on- b%}yet y engf%a%/g%{,an
| ayer 30, so as no 8P Ef Phameothsraneiiesgenipt the surface with
conj ugat ed Iigg\&j 40. [0044] Optionally, the material may include a-
t her apeut i ¢ agéM45] nc dihp eb@tealdscribdl S1aRR8 QF d i
pol yel ectrol yt golgg ers. Th {?g,er apeluti c age%%pgnegfgﬁ%edaér%y?ouofgsérﬁm% Hgt
is to be deliver CaseR e 1rdbmreialA patrnetiensoiysion is pruparecheanddp ftioed
agent maybe ainto ofeied sapRaHL dxdSm] wh;factor. .a.
hor none, a nuc;ﬂz' ¢ jaci.d . mol ecul e?%}gﬁgﬁé@ﬁ ég%u Og,mogd'd Bgs,c’ida'i’r‘?nls
antibiotic, an*ARa010 it leariag ternpelsieatioon anti-clotting agent or a
chenot her apeuti c agent.

[0046]  If cross-linking of the polycation is desired, a solution containing the

appropriate cross-linker and polycation is cast into the desired shape., The amount
and concentration of cross-linker used can be varied, depending on the degree of
cross-linking desired, as will be appreciated by a skilled person. For exaﬁple, the
cross-linker to monomer ratio, where the monomer is the building block of the
polycation, may be from about 1:1000 to about 1:2, from about 1:100 to about 1:2,
ﬁom about 1:10 to about 1:2. Alternatively, the polycationic 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 sujtable non-reactive buffer that will not inferfere with layering of

subsequent layers of the material.
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[ 0045] The above-described material 10 maybe formed as foll ows.

First, the polycationic layer 20 is forned. A polycation solution is
prepared and is forned into a desired shape, for exanple by pouring
into a cast or nold. The solutionis allowed to dry, leaving the dry
pol ycation: [0046] If cross-linking of the polycation is desired, a

sol uti on cont ai RG]t hes patppicpidlatie]se | d ionis
cast into the dge %tr ed szya e. 0‘ﬁl%lgt'ﬁ; anount %ﬁyg%lddogjggitg%{[&?g‘?%%&géb)?
cross-|inker use% CaT 1S Pibayng suishisdirngions grdvgs gedjatle fofconjugation,
cross-linking désiexsshle 85l ' ; illed person.
For exanple, the %%%Z-Iienkeirlﬁh?l%g%? eﬁ#ﬁ%ﬁ@ﬁ&ﬁ@%@“ﬁ@%mr is
the building bl BUKeBHlenergdycobavinga fuovtionateydm thiteeacat thd 5008 t O

about 1:2, fronkaBQiib] o t 1.2, fromabout 1:10 to about

1:2. Alternatively, %%%mg)lo: 3}%%0?%%&8' IJIE?/B?O EAPopeRiE may be repgfedey pri or

to subjecting iwixng the.swmnogshériimkdlmtgmtmlea{mmmnizt%iﬁ&w Gfte ltefa‘ﬁiton. q
een ~-obtai ne

desired formor of the polycatjonic |layer 20 has

and the pol ycat?ﬁéeﬁgge %ﬂgf?n?:lr%g i &h%@}mﬁ@em yerapdnents maly Ay earicdn
may be washed drderre iy eeenaRES0 i olvent, . for exanple
with water or with a "jsui tabl e n%ﬁg’r%%g%? ?€QYW?%ré1¥%QP%{eFﬂfw?
notinterfere vm'ctoﬂluﬁ%t?e M gemele, e pelpepiemto pobpthykene klytbleattrhey betom 11

[0048] A pol yanbew-10ab Y &$ Sekeng @ ycol conjugate maybe prepared by
reacting a pol yani on having suitable functional groups avail-able for
conj ugati on, f[ @ xarxl e a free sulfhydryl group, together with

pol yet hyl ene glg . théelution spatainjngthe cotiyanis is Heuiapglied t6 ety onal
group that rea@bBoadalt ik zé‘,Vaihlﬂ?eth . tional . group in the .
pol yani on. The_ two_cor b%bgnts ey Ogm?);el%g@%’e%)%}dl'?ﬁlﬁq‘ﬁ‘tﬁtpﬁé"lﬁ’%%mmc

toget her in sof&¥er ghwiththerovedayst ofi thewpoly4nddn-gdl ety 1éRrolfBEIa5§ 30! AR

bet ween the fuBfiiyep : ratio of the twp conponents nmaybe
varied in order };oﬂl\%gﬁjg tﬁe%%%ﬂ&ﬁF A% “ASBISFARPERHE o liggaivelmiteene
glycol in the P%mattwﬂuuoumlbgapﬁiedE@meemﬁpmy@ﬁoﬁib@dyapiofﬁ%923&19?
pol yet hyl ene gbml “ﬁtﬁﬁdt‘arﬂﬁ‘ bcgthf hﬂm about 10 to ito about ito B.
[0049] A solution ¢ontainl ngé’/tajﬁ & BHiPFY SHosequentdnsed fyfiemete exsesshe dry
pol ycationi c | e8rega®), and the solution is allowed to dry, |eaving

t he pol ycationic :

[0050]  Oncs the above bilayer is formed, a ligand 40 is conjugated to the
polyanion-polyethylene glycol layer 30. As above, the ligand 40 is applied under
suitable reaction conditions for a ti:;ue sufficient to allow the conjugation of the
ligand 40. to the polyanior-l-polyethylene glycol Iaj;er 30. The concentration of
ligand 40 is adjusted to allow for the appropriate degree of conjugation. A skilted
person can readily determine, using routine laboratory methods, 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 & 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



| ayer 20 with the overlayer of the pol yani on-pol yet hyl ene gl ycol

| ayer 30. This bilayer may be rinsed to renove any excess conjugate.
Alternatively, the conjugate solution may be applied to the dry

pol ycationic layer 20 for a fixed tine period, wthout drying, and

t he bil ayer subg\ﬁ%uentl%/ rinsed to renove excess conjugate. [0050]
Once the above biCHyEYel:dhe Baigad 10anayibgarafonediasd thomhaged el dopiiddhs
pol yani on- pol yettashgne (ﬂ]alﬂeﬁlze JJlain?fan?O' As above, the ligand 40 is
applied under suitable reaction conditions for a time sufficient to
al l ow the conj uﬂ)abtﬁig n of the ligand 40 to the pol yani on-pol yet hyl ene
gl ycol layer 30l c Oksarpplyinigdine wodteriali10 dnalpAQcila sadhdéSte thatedlapdd OW

for the appropriatre & onj.ugati.gn. A skilled person can
readi |y deternine, us?%e%%ggl{ﬁtﬁlee RS A FISTRALTRAL o that is teonipstthe suréice

conj ugati on of ¢fthasmidsOpmnt drilevipohysani@s: Rkt el SNenigh ¥col | ayer
30. If desired berinsed to renove any .

congge r?sul ant material may,

excess unconj ugat e Y SeATEses gaoupserths pelicksupparky tBor iesdmide pheampa be
formed as a nenteadezlise stBRePFodd b¥Reh F i face for cell
growt h and support. Alter nativel Y, %?ﬁ%ggggg%h%q%ﬁ%?%qnggrﬁps%abe
formed onto a ERISEC r3fuse: coyld interactivdt rositine chackey b @pelyoatibhip 36t

W th a surface 40iatatd L -Qr h f.a specific cell
type, for exanple E}ti%%ftﬁgtr)ﬁﬁsg%gé@é %ﬁ%%@ﬁeq@%@ﬂ @?P%@%@%&%@W%e@
devi ce or i npl afveol aber 30y slteonasivlpyiéthe solld tupportRirRES Rds ph&HIRY Bfirged
formed directly, }.Ce.0r | t. .12 Alternatively, the
material 10 nay%gibgtrog%%%&aﬁh 1?%%%5 2@5{%86 é??&ﬁnﬁ pith suificisnt number of
surface of a dde¥asesuoh thahihcamtace o HatdHALT0 BEFIS ¥h géﬂ;y%ég‘rgéaﬁgj al 10

to a particular the materjal (10 can be ‘designed so that the
surface of the cﬁ%tﬂg%t?‘g %ﬁeisﬁé’[ohfagmf”& laysh it Erpretreadberenernd theghaterind 10

sol id support omtodbysall sapgorcdt@mges or groups that- will .bind to
conpl ementary charges or groups on the solid support. For exanple,
and

| asma treate SS faces would be rich w th hydroxyl
(F:) ar boxyl gr oupgoﬁsﬁch,‘&%g&ﬁ%‘%gﬁ?%ﬂpﬁlaﬁeﬂ AAeArles of msnfycture inecparatinigt h
positive char gds abbvadpoliymiahitemil ot @¥Shle 2GRl &%ﬁ}iﬂfg*{ﬁe feRgsite
ne .

side of the ma ial 10 frqom the | yani on- pol yeth
Gl s oraunnp%ntabI}e mg%cg{ device co%xpn{;ing e material. The

membrane or implantable medical device is coated with the present material on

any surface that is intended to come into contact with cells or body fluid or tissue,

80 asg to select and/or dirpct the adhesion of biomolecules and cells to the

membrane or implantable device.

[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 matetial, with the
ligand on the outer-most surface of the materjal, making the ligand available to be
bound by the target biological molecule or cell. As will be appreciated, the ligand
‘i3 selected such that it will selectively bind the desired biological molecule or cell
type, while minimising or reducing non-specific binding of other biological

molecules or cells.

[0055]  The invention is fiurther exemplified by the following non-limiting
examples. '
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gl ycol layer 30. Alternatively, if the solid support surface has
positively charged groups on the surface, the material 10 may be
designed with sufficient nunber of |ayers such that the surface of
the material 10 that is opposed to the |ligand- conjugated surface is
a pol yani oni c !akerE to i nprove adherenceof the material 10 onto the
solid supportE :%ES[OOSS] Al so presently contenpl ated are
articles of manufacture incorporating the above-described material,
for exanple a nﬂWﬁﬁﬂnefﬁbﬁﬂPlﬁthg the present material, or an

I npl ant abl e nedi cal device conprising the material. The nenbrane or
I mpl ant abl e nedj dexigfﬁ' ] he present material on
any surface thapngzlinten é%ﬁg%ﬁggﬁgdﬁhﬁgz%ontact with cells or body
fluid or tissue so as to select and/or direct the adhesion

of bi omol ecul es 088Eel Pelyelecttdiyte Complek Aeniing: np! ant abl e devi ce.
[ 0054] Al so presently contenpl ated are nethods of adhering a

bi ol ogi cal nol 0 |l surface using the described
material . The sflfjra:“nt g e F Sﬁﬁlﬁi%}bﬁ"zﬁf@e‘ﬁi@?@ﬁ%ﬁél “Hutagt from 2 geluiden of 1% t o

be adhered is cwitdiosntn2%vey e abid (HOMG & dolrop @B A adifowed
i t he Ti gand avail abl € ¥6 be

out er-nost surf th terial, maldn

bound by the ta@%g%g?%ﬁ‘t% ﬁﬁ’l éﬁ&f@@%ﬂoé f@?l%éﬁys.- Hydrolsized TE@S (Fluka)
appreci at ed, t headprgard byinsixs! 19&HeE G ' ] el ectively
bi nd the desired biol ?%i gial Xﬁrr%l ecul e or ?e‘fapgbtlgg’éﬁd\%‘?%’ewﬁiﬂﬁ%ﬁ? i ng
or reduci ng nonSFEEEIFd hPHEth gnlyfone phase wak plest. Bybicaliy hedrolyesd or

cells. [0055] Ti®mO8 @y | e i { i fied the follow n
non- | i m[ ti ng] xanpl egsa]%dlrg&laif)%il{%ﬁE%Qﬁfﬁgégﬁm%&%ﬁfﬁ%ﬁrﬁ%ﬁﬂ'A )
MATERI ALS AND ﬁ@ﬂmchmyad Pttt metnbrhy tnto G @ik MERRASNeter)

[ 0059] Casti ng tof iveBzh: ) n re cast froma sol ution of
1% w v chitosan in 2%‘%@%%%?%%8&%%%@?? RS ImAERERes Bisee ol ds,
and al | owed t dlaswsd withindViamtissieY! finpsohie ufrl UD., A6 thefcAEmitalZesHi¥Ss were
Hydrol yzed TEOQefehlidaa) one surface. Swelling studies were performed by immersing
membranes in deionized water, and measuring the diameter at regular time

intervals until no more swelling occurred, which was typically within 6 h.

[0060]  Polyanion-PEG Conjugate: Cysteine-alginate was synthesized as
reported by Bernkop-Schniirch and co-workers,’ Briefly, a 1% w/v solution of
low molecular weight alginic acid (Sigma) was prepared in deionized water, 1-

| othyl-3~(3-dimethylaminopropyl)carbodiimide (EDC, Merck) was added to the
solution at g final concentration of 50 mM, and allowed to react for 45 min. An
equal volume of 0.5% w/v solution of l-cysteine monohydrate hydrochloride
(Merck) was then added dropwise to the mixture under stirring, and the pi was
adjusted to 4.0. The resulting mixture was stitred 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 35 00) 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 HCI at
4°C. The purified product was isolated by Iyophilization (VirTis BenchTop 4K
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was prepared by mxing 1 part TEOS in 9 parts 0.15 M HOAc by vol une,
and vortexing for | h, or until only one phase was present.
Typically, hydrolyzed TEGS was incorporated into the chitosan
solution at a volunme ratio of 1:3. A biopsy punch was used to cut

t he menbrane into citcular disks (6 nmdianeter) for the swelling
studies. For th re@%qlﬁryﬁﬂhesi on studies, the nenbranes were clanped
within Mnutissue rings of 7 m1.D., and the chem cal reactions were
perfornmed on onf)0&d] f age detSehd R%e i r erf or

i mrer si ng msrrbfa es i,n deionized m%%ggf&'gtﬁgﬁﬁ@oggﬁélpﬁglﬁggp%?amt er
at regular ti rreyo&ﬁﬁ@d\l’é?f%wmsidlSSﬂh’ﬂhblr]embmhieidnﬁgdmteqrah&dwpmggh was
typically w thijgy: t Kon- F nj ugat e: i

Cyst ei ne-al gi na%ﬁé@\%isto é%ﬁ@%}e%%de%agg “P?%W?gﬁhﬁg?%@F%BmS@Wﬁ addes
and co- wor ker s. 1 By fobitioy, and tdmisute @k irdiB adiinst 4 L¥0 HRE SEMbAGNEL Iht
alginic acid ( nqé\/\ﬁﬁ repared in deionized water. 1-

et hyl - 3- ( 3- di nEY YT AP %‘F@EEPW&F%@FIPMW@OKOEmchk) was added to
the solution at a final concentration of 50 rum and allowed to

react for 45 m[0062h Bguatpayai : 9 ks f 1-cysteine
nonohydr at e hy%qﬁc?l ori,de éI_J(Ne;)g%cﬁeﬁ%ﬁ%ggéﬁ%é%%ag%mfegu%ﬁé
m xture under st PSR gnpRexstpt ket hepadh (Sigme) wo wedinstEibof alginic

resul ting m xt Uickl. TRSddkdes b sfele abﬁnﬁfonri@%eﬁgegﬁg% tg{lcg?yﬁ efore the

pH was raised to 6,0 and reacted for one nore &1 gi nat e
was purified by'BrH Y dgemspelsrindorhetiotinitonice be 20M6@ 3501k be

m xture again hloric acid (HO, Merck) for h at 4C
Shyn g

This was follo yffl ng twice against 1 mM HC containing 1%
w v sodiumchloride (Nad, Merck) for 1 h each at 4C and, finally,
di al yzing over dP@fR] adhei fost the polylahioh-PEG cobftigafbhSmREidiask-RLRaeGE Was

isolated by |y kol 1 I VirTis BepchTop 4K 14 Freeze Dryer).
[0061 ] To det g?%%%ﬂ%ﬁgﬂglggerrg%‘} W]%S'S &%%%B&EG—M% Aekfarhig Ogf mihe
| yophilized pr e8deienismisvalérbyahivig cqtivilufe solxicta FRicaed MaLEL, and the
pH was® adjusted to between 2 and 3.200.tl of 1% w v starch (Merck)

sol uti on was aw tg,Lhe sol #é}o , and the mixture was titrated

agai nst a 1.00 Aqueotf?s Togichéten ¢ RY bk of theipolyarippiPEE qeaiugainent

pal e bl ue col owewesppldisie theesllica-cross-linked polycationic membrane clamped in a
Minutissue ring at room temperature. After 1 h, the solution was evaporated, and
the membrane was rinsed thrice with deionized water to remove the excess
polyanion-PEG conjugate. The RGD peptide, GCGYGRGDSPG (Mimotopes)
[SEQ ID NO: 13, was conjugated by applying 50 pL of a 1 mg/mL peptide
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 the following two methods. Glass coverslips
were immersed in a “Piranha’ solution (i.e. a mixture of 30% H20, and 70%
concentrated H,SOy) for 1 h at 100°C, rinsed with deionized water, and dried
under an air stream. Alternatively, glass coverslips wete 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 ofa 3:1
chitosan: hydrolyzed TEOS solution (0.5% w/v chitosan solution in 2% w/v
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[ 0062] The preparation of cysteine-heparin followed a simlar
procedure as that of cysteine-alginate, except that heparin (Sigm)
was used instead of alginic acid. The degrees of cysteine
substitution in cysteine-alginate and cysteine- heparin were

det er mi ned byi?ﬁtge.ri tration to be 254 and 579 pnol/g of

pol ymer, respec 57 'J[c%%‘!ﬁ@‘]l > ¥hagelie aeidmayitsisyedmieo RelREGng i, tgat €, 5
mg of cystei ne- ablghilad-BEQ coniGYSE were..r th 5.5 ng
of MAL- PEG MAL ?Nekt ar) oo %dkigﬁﬁeﬁ%&&@e&am S@#& e

equi vol une sol ubicBEmeprephrstiono r eact ants. [ 0064] Preparati on ‘

of Menbrane: 50 L of the polyani on- PEG conjugate were applied to the

silica-cross-|i[ioee pot%ﬁgip 1strane clanped in a M nutissue
ring at roomtenperature t he sol ution was evaporated, and

t he nenbrane was rinsed thrlce vvlth dei oni zed water to renove the
excess pol yani BOSBEG Mpumﬁmﬁmmmbﬂ%alm dfﬁ-

(M notopes) | ted by applying 50 L o

mg/ nL pepti de ﬁﬁmﬂ gﬁ unﬂ%%cﬁgﬁﬂge?m"%@@e @H@W@@@bk@ném
After 1 h of r anrfbhesr, W& AREMIA $TIA bEAS Q Zed
wat er. [0065] Ir\geLectrg_ é&@rrpl ex Coatljﬁﬁ&gsﬁgﬁr) Eg;?w%lrho 8& Ql
generated on gt 4sSPEHed 4p rfgd evliused indpl Dh@M@mddwﬁSlwlaLﬂbLoms
et hods. G ass MOy ESs) MIsmb el dnd BRRIEE0 L oy lﬁééf@“ﬂhg%gﬁ%dwp%h

(i.e. a mxture of 3%H202 and 70% ncentra
100C, rinsed wiSHoaLOHH] %H-”Q/miﬂe?bﬂoﬁfn@bﬂsxmduretmtdﬁawalﬁtlsghtfo&twﬁﬁm

Alternatively, CHBS®RLQY, [

det ergent sol ution a’f 50@?%%9%%%0%5 ecg'ilrs CW?}EP@IW p (2.2 cmx
2.2 cm was sigse uently coated with chltosan by uni formy applying
100 pL of a 3: os@dt Stwwgawmwm@&aeamw Olhe(a@h 86 WY wehd fd:egan

surface, Fol | o oy o0 Rregtiitor 10 8 A BvBRl B ahEohtboWene besbs do

were appliod adPBSsdwismspies e b armdbiea bRocRh g BALMH QR AOPH], 169] |

?glhfz | \72r St gg!{ gﬁne%ﬂ?% (%b angjll} Bovine s%;&mnglﬁa{nnr;lu(g%&) %(g‘r3t0|n(1:1§ Tlgee nal
AQP1 primary antibody (Santa Cruz Biotechnolo gies, Santa Cruz, CA, USA) was
diluted at a ratio of 1:100 and incubated for 2 h. After several rinses, the
specimens were incubated for 45 min with donkey-anti-rabbit-IgG-FITC-
conjugated secondary antibody (Jackson Immunoresearch Laboratories, West
Grove, PA, USA), which had been diluted 200-fold in PBS containing 1% BSA.
Nuclear staining was done with 4’,6-diamidino-2-phenylindole (DAPT, Sigma-
Aldrich, Singapore). The specimens were then analyzed using an IX71 Olympus
microscope (Tokyo, Japan),

[0069] Results:

[0070]  Chitosan-TEOS: Si guificant 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
16



Canbrex (Wal kersville, MD, USA). The proximal tubule cells were
cultured in REGM (Canbrex, Wl kersville, MDD, USA) under 5% CO2 at
37C. Hep& cells were obtained fromATCC, and cultured in full DVEM
media (Sigma, St Louis, MJ USA). Menbranes and coverslips were

sterilized by i ion ikn.70% ethanol for at least 30 mn, foll owed
by exposure to BF)lZF ﬁ%ﬁﬁi?f”ﬂﬁ@@&%%@%%?& Asdhd agionbreartmagidzopatof a
density of 7.5 fheldlyaniehwerdebuirdMehé cbltdiatc (990 I;}(g,e&hlc 53%@3*%& q

and | rmt unohi Stﬁghemﬂfm: The adhered cells were

et hanol for 10 Af.5S additjerr talfom the pelymiiohPBBespgdte Thy tiesigdated
saline (PBS), H&R6AIRIFS =W t wi.th bl ocki ng sol ution
cont ai ni ng PBS, 10% 1 ot q?mcg ; t%%?é%??%%re%%% VA Beregdsitgnlhey
al bumi n (BSA) f BPreseckadiwithiMAL-PERMAL | m(ymﬂisibmioﬁa‘.ﬁ%ﬁqs%@&% the
Bi ot echnol ogi esﬂﬁoﬁ%&‘@%&%ﬁn.gﬁi i&JSAé \gﬁ; f“ luted at a rati o of

1: 100 and incub}gt ed for TAYL BT B08D- g PobRRigESEG qenjugste anss Hens
wer e incubat ed fpsreddntoile chitbdan dasd eyendpdde inb- Lot Ginsi

conj ugat ed seco%gj%rg%hanti body (Jackson | nﬁuﬁ%@g’afbg%%a%g}%’tngrt? es,

Vest Gove, PA © Shiee Hreaticheaiigatel ut ed 200-fold in PBS
contai ning 1% BSA. Nuclear staining was done with

4' | 6-di am di no-[R0p2lenyth ton OPABYHd: P B, ' Sin re)..The
speci nens were thcgn g%&%_ﬁsﬁiﬁn | X71 eﬁﬁ%/tﬁ{)tgkhﬁgegﬁgg%%ﬁ@g of
(Tokyo, Japan) . tUb%8f ingerntedigeaiolyahion PEghe @S afill gRilfohsE0the
menbr ane swel | i MBS TRR SBI M & | ce of drol yzed TECS.
Swel | i ng was rgpéﬁged when hydrg?grzogfc)};%ﬁ%gﬁ%éewpwggﬁ’ﬁ adtedRitthgur e
3). A hydrolyz OWE?mWﬂmmﬁmﬁ(}DpéptﬁéSeﬁ\a%& TES6helcApUr
ﬁtrat_ed t hat

synthesis to awghide RiLR SnethiRg. L This study. i
cross-linking withsili ggﬂg%ysi c]gﬁ:)lﬂghysdf?)‘é’r‘?&?Wﬂ%#@é chimisafrbased
{rﬁnbr ax. [ oog}mmppm %ﬂcﬂgﬁmﬁmqiﬂﬁ&i mamigg ifﬁéﬁl_@é{h@%aﬁcl %e [ hof
e menbrane MBS EQE ‘of _a pol yani an- PEG conj ugat e. e
ani oni ¢ car‘poxylegr o&%g@{ﬂfﬁ?}?gmémgm%ﬂnmg@mw anplpimidye
el ectrostatic fmctenmalits is fmovm to ihipb@ESSawani thiBPQ%@uﬂé%ﬁ@'n&t:]‘ahﬁLo %%%s“ on
erirvative

to formthe po i.on- PEG. conj ugate, The cystejnylated S
of both al gi na’lttﬁeé%glﬁ%ﬁ%%lp‘%lﬁ?n@% & hefter exntenllad By the infradresinui oficyseind hey

residues in the protein or peptide molecules to be conjugated. Similarly, side-

reactions such as protein cross-linking, can be avoided in this approach. -

[00731  Cell Culture on RGD-Modified Membrane or Coating: After 2 weeks
of culture, the density of I_Jrimary human cortical rerial cells grown on the varions
membranes showed the following trend: chitosan-alginate-PEG-RGD, chitosan-
heparin-PEG-RGD > chitosan-heparin-PEG, chitosan > chitosan-alginate-PEG
(Figure 4). The renal cells were fully confluent on surfaces that were RGD-
modified, regardless of whether alginate-PEG-MAL or heparin-PEG-MAL had
been used as the intermediate layer. The effect of the polyanionic intermediate
layer on cell adhesion was illustrated by comparing alginate-PEG-MAL aﬂd
heparin-PEG-MAL surfaces to the unmodified chitosan surface. Much poorer cell
adhesion was observed on alginate- PEG-MAL (Figure 4(b)) compared to the
unmodified chitosan (Figure 4(c)), confirming the non-fouling properties of the
former. In contrast, celt 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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were reacted with MAL-PEG MAL, a PEG that is bifunctional with
respect to the thiol-reactive nmaleimdyl end group. The

pol yani on- PEG conjugate was then |ayered onto the chitosan-based
menbrane or coating, followed by rinsing to renove the excess,
unreact éd conj ugat e. {319(272 Conj ugati on of Li gand: Thiol chem stry was
chosen as the b&HMENSHIaG proteoglyRans atapmsion ¢emponens ofviad litney ECM, and that
pol yani on- PEG chdéatif) oQidadSind; i Q@],nlﬂ r ted.. Th

mal ei mi dyl groumslj prg_sent_ [ nal'?%gl{técsonj uéﬁa‘%elgsrvi;/aécr%égcfegﬁﬁstaé’& %ﬁvﬁhf‘ﬁf’és

t hi ol - cont ai ni n@!ﬂ%@%%@lmﬂt@mmmusdmmnﬂél. R@Delfiepof e ware HRRES protdh S

chem cal strat . reguire EDCI N- hydr oxy succini m de FNHS)’
chenistry for %o }’chglt%?tg%tn\? iogﬂ}eﬁéo}%lﬁatcfmp%ﬁfﬁﬁﬁlépﬁ%?y@ﬁ geakirngfiddheaupt
the el ectrost at preseneanifelrQRIt sxpressimg bdlls @n&mﬁﬁme@&%emgug@ﬁt Ti%renti B

addition, as thg | e rri.dﬁl functionality is known to be“speciticC
towards thiol gf QEESXP&F?&IO Gerreiatpchw el with s, coll dpwsityyasdrdicatéddy thé nuclear
| i gands can be ddhtregpicontrol | ed by the introduction of cysteine
residues in the protein or peptide nolecules to be conjugated.

Simlarly,. si d:r-o ctj,ong such as protein cross-linking, can be
avoi ded in thi 8@? 0a éﬁ[‘?@i@f@ﬁe aspps wodifierd eatingsREDhprdintl efttiepG2 is

Menbr ane or Coa,‘hbﬂgin%jré[;.y% he Si.t f
pri mary hunan Ca%é;‘t;i cal _renal ﬂ(‘:\lgl% s’%og%g\ln%ﬁ%%rg‘%%g%%ﬁng%gm FyEge
showed the f ol I%\FiEGDLY the avrilability otbnREDGigaad. VREGRERereClith 128 aft

hepar i n- PEG RGgxtGi - rin-REG chitosan > X

chi t osan- al gi natsgmeEég%?fg?’gﬁ@ gcéi%é.o Eﬁém @heglg???l%@?cwlgmﬁw(ﬁlﬂm (@),
confluent on sdhvareshardisnteshed tREDal ot FE@NAT sttt (oS Py gt her
al gi nat e- PEG r i, 5. PE had._ been used as the _

i ntermedi ate %%&gﬁ;iﬁ%%#%@?%?%ﬁﬁn%ﬁmﬁ ttachedepdprplifraed ay er
on cell adhesi of islanidsl inddreshnbyte COPPRERNEF Rldgh 5 %kﬂfﬁnd
hepar i n- PEG I\/Ah c%%lgnadce to the un&r%di fied chi t&gaﬂ%‘%’f‘%@i ch
poorer cell adhes on’ﬁ%%@% SFeaC neegregits dte 2 PEd fumpationi(Tigwre 649)) )
conpared to thend emhbideives cohitinas@br doflsIe eI B %)hen%&{% & Ig}'%ggbé he
non-foul i ng prog e@\ttééﬁs of the fornmer. In contrast, ce a sion on

hepar i n- PEG- VAP P@JGA)E%??I){CGA)& ﬁé%i?aéfdﬂﬁhﬁanﬁ@ced)ﬁpaglm @n 4 gastchly non

the chitosan sudiesioesurfabé. 3 sefll BpreR@ndhes fQrild CE@EE felaton réé@?aﬁ ar an

sul fate proteoglycans are a mgjor cofrponent o > Thékidney nd

t hat acte with minimal surface contact, causing the cells to aggregate. A second
possibility might be the switching on of a signal that directed cell aggregation.’? In
either case, RGD ligand was effectively presented to the cells to mediate their

adhesion onto an otherwise non-fouling, non-adhesive surface.

[0075] EXAMPLE2
f0076] Cell-Adhesive Polyelectrolyte Membrane and Coating;

[6077] 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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heparin provides binding sites for both cell surface receptors and
grow h factors that positively influence cell adhesiono, 2i.
Labelling of the water channel protein, AQPl, characteristic of the
proxi mal renal tubule cell phenotype confirmed the presence of AQPl
expressing cells an the .menpranes (see Figure 5). The trend in AQP |

expr essi on cor r BPSPE RN Prd torpe W@ﬁg@pxsvaeélmanﬂto meinfairdinembrde by t he
nucl ear stain, iy, [0074] The effect of the various nodified
coatings on t he grovvth of Hep& is shown in Figure 6. In this case,
both the degree‘ﬁﬁg the cell adhesion pattern were affected by the
avai l ability of A& RaHumag meaeuchyinal stemedefls (WS @) mctea@medhemdn-

di stributed evegb¥ifea oat.e | ass sur ce (Figures

6(a) and (d)), they ﬁ?gbﬁgﬁﬁ?@%@t#ﬁl"ﬁed@& aﬁ‘h%l% ﬁiﬁ%{? msraf oRity

;g acg ]g Fi gur e@'l%{f@ thnsjcon(m)@d to bellsaestied 36th ,ﬂlace@gh@ce-metdaﬁtml nflembrane
nodi fied su

hed iferated in the form
i sl ands, int erc{mnect ed a%on%@g%g%& bridges (Figure 6(e)). Wthin
each island, cells were observed to aggregate into a tight formation

(Figure 6(f)), [0848] eadhchrbedndersasd wa@m&&ﬁ%&iﬂefm{%g@/ﬁ%ﬁﬁﬁgh&o

Thi's phenoneno tf.ri buted to the presence
transduced i tsn%%%hniﬁplmgﬁmg M?tﬁ desexibeddisreinn passitde. She fveetionpmitee) |

spreadi ng was riestierided Rtknc6Bbdss BIY Glch h@Yadi sk BHGH ik ?t%%@e 2 ldgﬁneeg\l#a'
a

m ni mal surface,contact, causing the cons to aggreg
possibility mg‘ilu e the switching on of a signal that directed cell
aggregation.2 In either case, RG@ ligand was effectively presented

to the cells td008el at&ll Hbeidents36HB8s1 B

non-foul i ng, non-adhesive surfasce [00%5@&%@%%%%?ymf&mﬂce
Cel | - Adhesi ve | ec e Menbrane and Coating: [0077] A

swel | abl e for mlfg@/ﬁhe %Wéﬁmﬁ F‘BE@%@%%%@U@@SQ disloned Aerein,

"wat er sol ubl e'maniyiaigaaioné Ad odificaibaCHSY Eé’madﬁzﬁﬂﬁﬁ ﬁ'[e Sgo Ee e of

deacetylation = 88%. NOF Corporation) esited in
this case, TEOS™ ﬁ&‘%"”rf&tamé wtﬂa ﬂ&§0@n@m@s¢rﬂdmew1ed§m"mmmm1aem

hi bi t ed abés arat S
dei oni zed wat et ?iﬁﬁ%ur%’@“ﬁ?ﬁ‘faﬂ"ﬂ%%ﬁ@‘ﬂg T 33@%3

as above was u&H§ctY heippatiop meorketo aehitviedhe s resiltlie suberabialeh
Phosphat e buf f gifshwapl A e iRSa Y5 tid R aR AGS vy aat e far he

same meaning
as commonly understood by one of ordinary skill in the art of this invention,
unless defined otherwise. |
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18 rinsing steps in order to reduce further swelling and to maintain
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Biol. 137 (1997) 1663Ih1@g‘g;nct1211a1 group on said ligand and a fourth functional group on said

polyelectrolyte-polyethylenc glycol layer;

wherein none of said first, second, third or fourth fimctional groups are a carboxyl
£roup or an amino group.

2. The support material of claim 1 wherein said first polyelectrolyte is a polycation
and said second polyelectrolyte is a polyanion.

3, The support matetial of claim ! or claim 2 wherein the first polyelecirolyte
comprises a biological polycation, a cationic polysaccharide, a polypeptide or a cationic
organic polymer.

4. The support material of any one of claims 1 to 3 wherein the first polyelectrolyte

comprises chitosan, poly(arginine), poly(lysine), poly(ornithine), poly(ethyleneimine) or
poly(allylamine).

5, The support material of any one of claims 1 to 4 wherein the first polyelectrolyte
comprises chitosan.
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VWHAT IS CLAIMED I S: 1. A support material conprising: a

polyel ectrol yte layer conprising a first polyelectrolyte; a

pol yel ectrol yt e-pol yet hyl ene gl ycol |ayer adjacent to said

pol yelectrolyte layer, said polyelectrolyte-polyethylene glycol

| ayer conprising a second polyelectrolyte being of opposite charge

to said first polyeleotrolyte, said second polyeleptro:yte

conj ugated o : LOSt o, tLan roup on

saih gecondgboP;g%ﬁ%?¥%ﬁ§?gggﬁgagmgzggﬁ%ﬁ JH%P%%%%fhggﬁ%ﬁg'on sai d
pol yethyl ene glycol; and a |igand conjugated to said }

pol yel eet r o'yt e- P saraitmatniol gf gleist 6 whgrein theychitosan ficrads-finied tiidnal

group on sahgihhgand: &afogkdh functional group on said
poneIectrolyte-polyé%ﬂ§1ene grydol | ayer; wherein none of said

first, second, third or fourth functional groups are a carboxyl

group or anSani nbhefuprast materiatigEanyigye of elaimatlde 7 athersin ted sziamdl  wher ei n

said first : _ . -
pol yel ect roPgléy %19‘%“??%& gdo yaﬁél éo}ﬁgiggllcai%ﬁ%%Sgrglgoﬁg#@ﬁ%gﬁ%%g% TrafmTe or

cl ai m 2 whepeapcPhlyErr st pol yel ectrol yte conprises a bi ol ogi cal

pol ycation, a cationic polysaccharide, a polypeptide or a cationic

or gani ¢ pol piver . T¢e subfif: SMBRATE sdRiu ok Ahinf(| B 8Y%H9AR 539+n%' m 11to 3

wherein the fast polyelectrolyte” conprises chitosan, poly(arginine),
pol y( | ysi nePolypettipdsée snmasisaetcparn plginig aeid, evﬂ&(amhegcicbrpo]}y(mleth;tcryllcl .
ol y(all yl agg; 3 SRRk ' . one of clains to

aheygin ¥heg??$§?yggP§§F%ctroﬁé%%ﬂﬁ@gﬁgg#ggémgﬁ%tosan. 22 F. Ihg ;
support material, of claim5 wherein the chitosan is cross-]inked. 7.

Thgpsuppor ¢ har oTbeuDpart Bpiarishoh et phe of Flmd te A iring seerloss. | i nked

with hydr obylyedctionits aehdhisks Rpkiosidducad e. 8. The support material of

any one of clains 1 to 7 wherein the second polyelectrolyte

. ; ; 7 . o - A
g(r)lim(; rn: ies a IIP.I ol i s%ggaorp 191'&1 g Io?&hhﬁapo \%ﬂfln‘glg Ithce: 1@84%%?%%&%2%9 feﬁgaﬂzcgl
with cysteine.

12.  The support material of claim 11 wherein the polyethylene glycol is modified

with maleimide.

13. The support material of claim 12 wherein the polyethylene glycol is MAL-PEG-
MAL,

14, The support material of any one of claims 1 to 13 where in the ligand is a ligand
for & cell surface receptor, an enzyme, a substrate for an enzyme, a hormone, or an

antigen.

15, The support material of any one of claims 1 to 14 wherein the ligand is a peptide

comprising the sequence RGD.,

16.  The support ﬁ:taterial of claim 15 wherein the ligand is a peptide comprising the
sequence of SEQ ID NO; 1,

17, The support material of claim 16 wherein the ligand is a peptide consisting of the
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organi ¢ polyner, 9. The support nmaterial of any one of clainms | to 8
wherein the second polyelectrolyte conprises heparin, alginic acid,

poly(acrylic acid), poly(netbacrylic acid),

pol y(acrylic-co-nethacrylic acid) or hyaluronic acid. 10. The support
material of any one of clainms 1 to 9 wherein the second

pol yel ectrol yte conprises heparin or alginate. 11. The support

material of claim rein the heparin or alginate is derivatized
with cystei ﬁ%‘?“eﬁ“z?“’]"%ﬁg]’il}%olrt material of claim| 1 wherein the

pol yet hyl ene glycol is nodified wth maleimde. 13. The support

material of 18l ai %&ﬂlpph@ﬁﬁieﬂaﬁdﬁ%%e)@&lﬁbﬂsﬂ%lghlh@r@!n ditferMPbaidlese MAL.
14, The support terial one of claims | to 13 where in the

an
ligand is a \“?Cé‘ﬁﬂ grqup Aad ?é:i jecdig fpngtiangl group gy thiohgrowmang e other of said

substrate f distdilcHBEY FRup and AIIRERd AHctiS gRBS 1s9S kicirhRie- FQ-Ege support
material, of any one of clalms Ito 14 wherein the |gan(§ a peptide

conpri si ng tI e sgpuence g P? port materl al of claim 15
wherei n the 1 gand® Fergt B'@Ef’f”d’ a'éyo‘?f’ﬁ Elf”ﬁ‘lj L ind8 whargiresaid éhivsk fumsagnat D

NO 1. 17, Ehmpiumﬁ@ﬁrheﬁpé@ﬂﬂlﬁnoﬁﬂ Muﬁhﬂaﬂcﬁﬁﬂéﬂ”@ﬁc@"oﬁ‘al%nﬁp ol'&?d%cdnﬁ a
pepti de conZ{“?C ?g of the 23 sequence of SEQ

support mat £'%Ry one of claims 1 to 17 V\/nerel n elther of said
first functional group and said second functional group is a thiol

group and t28. ot Mke smbmsaiadnalfdfaﬁ)torfemmeihlnﬁrl&b |9hMBRInABd fedthdusgemnd
The support material of

functional qr

any one of %Tovipn%{hf S?“&% 9/#8?"@‘?’% g%?jaqﬁ#@S?fH%PP%ﬁﬁlup op§aiI5ceng t he
sanme type offufctinetigamnpl group as said first functional group or said
second functional group. 20. The support material of any one of

| It wh th f
gf a:‘ lrjnrsmtl gnz]azl? ar %%5@5&25% rl%l ?sty ?r‘%ngflhgrﬁaltogﬁgﬁgp&sagﬁ@ fz'é‘éﬁ’ﬁ"dype

group is a thiol group and said fourth functional group is a maleimide group,

22.  The suppert material of any onc of claims 1 to 21 wherein said polyelectrolyte
layer is a first polyelectrolyte layer, further comprising a second polyelectrolyte laycr 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.

23. - The support material of claim 21 or claim 22 further comprising a therapeutic
agent.

24, The support material of claim 23 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.

25. A method of forming the support material of any one of claims [ to 24
comprising:

providing a first layer comprising a first polyelectrolyte:
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functional group. 21. The support nmaterial of any one of clains | to
20 wherein said third functional group is a thiol group and said
fourth functional group is a naleimde group. 22. The support

material of any one of clainms 1 to 21 wherein said pol yelectrol yte

| ayer is a f rst polyelectrolyte |ayer, further conprising a second
pol yel ectrolyte | ayer of opposite charge to said first

pol yel ectrol yte | ayer, said second pol yel ectrolyte | ayer adjacent to
said first polyelectrolyte |ayer and on the opposite side of said

pol yel ectrol yte |ayeﬂ$piﬁh@ﬁfp519¢1&uﬁﬁﬁt¢‘ﬁdl%ﬁ aiesglﬁonehjﬁgétmlsﬁe%ﬁ h%E0!

| ayer. 23. The support materl%& | ai m 1 or claim?22 tu

conprising a ther apeth om 2 5578 aymdﬂmwssaﬁfmtﬂammneansm cl ai m 23
wher ef n the t her apeubbigelagiane-bdy R lyBiodt conaRER b 130 EIEN TR, 2
grow h factor, a hornone, a nucleic acid nol ec&

a drug, an anti bi ot | CT&?Fﬂbgrpvaﬁqea@ﬁmegﬁca@jmqmd asecendtimotiburi t | ng
agent. or- a chenot he

support material of gﬁ"sﬁgil‘éﬁg E}flgncréy%ol %1%%999%0%16080%%%’”1 gl di ng
a first layer conpri SPR¥§iterbeize 1 safbliytatobetactiblytepand 24 appl ying a

pol yel ectrol yte-pol yethyl ene glycol conjugate to said first layer to
forma second | ayer adjacent to said first |ayer, where in said

pol ycl cctrol yt e- pol yeRniygatinga dgapd ti saisionpang ddyer b}sreficmhg'eduﬂﬂ)fmfoﬁaﬁ‘zﬂl ng a
first functional gr ctrol.yte an

functional group ongllég g ;agrtl gﬁ}gthgﬁélco i%mugn%}350338%&193“0“&&3’6’; ‘
pol yel ectrol yte being of opposite charge to said first

pol yel ectrol yte; and conjugating a ligand to said second Iayer by
reacting a thi r dibiéfixiond 8dsid SLOWRLRNIRAofl b3 Brofloel LU Loyt
functi onal glgrou on said second [ayef; wherein none Ral da

second, thi AR BUEOEYnct i onal groups are a carboxyl group or.
an am no group. 25 SEQUENCE LI STI NG
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<110> Ying, Jackie Y Wan, Andrew CA Schumacher, Karl M <120>

CELL- ADHESI VE PCOLYELECTROLYTE MATERI AL FOR USE AS MEMBRANE AND

COATI NG <130> 93231-189 <150> US 60/783, 864 <151> 2006-03-21 <160>
1 <170> Patentln version 3.3 <210> 1 <211> 11 <212> PRT <213>
artificial <220> <223> artificial peptide sequence <400> 1 dy Cys

Gy Tyr Ay Arg Ay Asp Ser Pro dy 1 5 10
SEQUENCE LISTING
<110> Ying, Jackie Y
Wan, Andrew CA

Schumacher, Karl M

<120> CELL-ADHESIVE POLYRLECTROLYTE MATERIAL FOR USE AS MEMBRANE AND
COATING

<130> 93231-189%

<150> US 60/783,864
<151> 2006-03-21

<160> 1

<170> PatentIn version 3.3
<210> 1

<211> 11

<212> PRT

<213> artificial

<220>
<223> artificial peptide sequence

<400> 1

Gly Cys Gly Tyr Gly Arg Gly Asp Ser Pro Gly
1 5 10



