WD 2012/ 057706PCT/ S&20111000375 METHOD FOR M CROPATTERNI NG A
SUBSTRATE AND A PATTERNED SUBSTRATE FORMED THERECF CROSS- REFERENCE TO
RELATED ARR-Ade8dd790%S S[ 001] Thi s appl.i cation nakes ref epepggadiPosd
clainms the benefit of priority of an application for "Novel Method

for Mcro-Printing on Soft, Sticky and/or Conplex Surfaces"” filed on
Cct ober 25, 2010, with t he Uni,ted St ét es Patent and Trademark O fice,

and there duly ass 2 ned serial nunber 61/406, 385. The content of sai d'

application filME &E@BMI%OPMF(ERN@G%WB§TW AR n by
reference inits e ¥RAR RMED T RE FIELD .[ 2]
The invention rel a ﬁ a rrg)tﬁbgs'? m cropattem ng aggtbstrate and a
patterned substrate forrred usi ng the nethod. 15BACKGROUND [ 3]

col 1 “shape. and ot CRCSE REREREDRER T RERATHIE ARERIE IO 1Y PP CCne"
shogyn {d¢AY CelrhisSdppaeativ Uinekesf defiénch UbedhdnEla@iC thembdnefit @mpeietitys of an

(hMsCs) differentiation, and it has. been shown that here is .
i nt er pRPERIICBREMEES N@‘é‘PIIM%th%fb@r Ahgroslginting 988 §H0ké's’§‘9}r?5 pmpist Jysfeces

fronts ’ﬁle%u(grf @%?)b@taig &00,NGitld thel SnitIUSthieY PhRAUAIEHraditark] Gffiee,CAML M6
printing ( remains one of the most popul ar methods of surface

Sat ter ldullygismgl@eﬂl] sefidloumbenft/4Q6, 385 The Fongerh 5 sayh pprdigationohiled g8 Qctnbsy 3%t s
ue to, in the field of
bi osens§ *OS X m??rp&%{?%ej}sﬂle%ﬁl%ywegﬁenﬁg esreg]trﬂfqu@r aﬁ%{ép(rafgé bi omat eri al s

I ng@racti on studi es. However, when conventional m cro-contact

printing is 25 applied to so&kﬁw(g{la ]kﬁ substrates, issues |ike
substrate sagging and difficu &?S& noval leads to

non- congR| MaNtRS inventidhCreReds 1t laNGetBON Bf i@ OpattviGOY Qiibstrate dand alpdifelrrd! t
to apply convention micro-contact printing on non-planar surfaces,

and i t sybstrate fergredivsing shgBethod- o appl y conventional ni cro- cont act

printing.on surfaces having conpl ex topographi es or wavy surfaces.

30[ 005] Wi | e conventional mcro-contact printing techni ques have been
saifsfactory in the BACKGROUND

[003] Various research groups have reported on the close interplay between cell shape

and stem cell differentiation. For example, it has been shown that cell shape would affect
human mesenchymal stem cells (hMSCs) differentiation, and it has been shown that there is
interplay between cell shape and focal adhesion assembly. On these fronts, surface patterning

20 is.usually required- and micro-contact printing (uCP) remains one of the most popular
methods of surface patterning. ' .
[004] Micro-contact printing has gained enormous interests due to its simplicity and
wide range of applications in the field of biosensor, cell adhesion, cell diffefentiation, and
biomaterials interaction studies. However, when conventional micro-contact printing is

25 aﬁplied to soft and/or tacky substrates, issues like substrate sagging and difficulty in stamp
removal leads to non-conformances in the patterns generated. Moreover, it is difficult to
apply convention micro-contact printing on non-planar surfaces, and it is almost impbssible
to apply conventional micro-contact printing on surfaces having complex topographies or
"wavy surfaces.

30 [00s] While conventional micro-contact printing techniques have been satisfactdry in the
past, in recent emerging researches involving soft tissue engineering, this technique has

~ proved inadequate. Research has shown that the substrate materials for that stem cells culture



past, in recent energing researches involving soft tissue
engi neering, this technique has proved inadequate. Research has shown

that the sipshsadfsmeterials for that stemcells cul t upgyrséRfNR31sO
be nechanically conpliant with the soft tissues for soft tissue

culture. These materials, such as poEydl net hyl si | oxane (PDMVS) and

pol yacryl am de (PA) gel, having Yound's nodul us values in the range

of 40 kPa or | ess, can be tack \gﬂl ch can result in the st '
SWl

adher i hg'% & ©Remechapisally, sepp dhee 5015 fisgpeai 11 5P BU¢ r?“&%‘f’t dhere.
These drauhRCckaciPe lmaﬁyﬁ@&aﬂgl(ymgnm pEIFhcrPRmidEe (ﬁmjo%tﬁ}ga}{aemg

used gets softer and tackier. reover, conventi onal
are r elYaung'emodylus fVﬁlups)matm vnge aﬁ@ bl?a orlpassl mdoe tFtkes whishecan irgsultdn thgt

ggsgyf Igtﬁla]gcz{dger%&gggoat%g tzpcﬁ( ubs ¥e§ "élé& %&%ﬁgﬁ&&oﬂgp g;‘BHBJnf—‘ ﬁ&?@ﬁ%w%%@

herical "sca curva n view of
t hes abba'c&)metlhﬁessmgsy sigmeaht hothe aubstrateusadegbtswpttaoahdttackiercr opat t em a 10

substr articul ar S a heed ved nethod, to
oo o lidm aMerser G eniameDMSyfer el RupTB ey e orhesdyie
as obj qgtefond, lihisSidt bagas neroldddtad erfh &8 eavia fay Gich TiEE
I NVEI\ITI%O\rI%lOS[ 6015] In %@ﬁ rst aspteacttﬁgi;mjltnherl nventll gn eoﬁMnévﬁioage of s

mi cr opaYlindas, egsrbese seaflds with raireed. The nethod conprises a)
provi dg(ﬂﬁ a 1 ol 6 &H%E\E%‘ttﬁer@?s"d H&:dafop ﬁxﬁ%ﬂaegd ﬁ%fh%ﬁ% 1%@&%}(‘% hh

a conpos |on of interest contacting t atterned sur
an 19 nt eubseate alnepastihuary thew, is taheaeé hgr anr mum'o'@drmctgoct remeasopatisint 4 ewbstrate

the surface of .the.internedi te sub r at c)..cont i e surf
of the PATE Aall AL U RS T #h g Bens v Bhiceh dRtvind, Ppiphee
20substopag@phyand d) renoving the internediate substrate by

di ssol ution using a solvent. [009] I n a second aspect of the

i nvention, a patterned substrate nade by a nethod " according to the

fi rst aspect is provi dedsuMIARY OFerhR INVESPRIN, a bi osensor
i Si n? &a)ltter ned substrate according to the second aspect is
25][

pr é i dEQWS a firsthaspestoRly the in¥pndien, 2 vnethed 0§ Wirwppitrsaing 4 Sebsptes
pat t er pRdidRl Pie ABoAESHRAENS ProvilliAg a template substrate having a patterned surface
inked with a composition of interest; b) contacting the patterned surface with an intermediate
substrate, thereby transferring the composition to the surface of the intermediate substfate; )
contacting the surface of the intermediate substrate cdmprising the composition with the
- 20  substrate; and d) removing the intermediate substrate by dissolution using a solvent.
[009] ‘In a second aspect of the invenﬁon, a ‘patterned substrate made by a method -
" according fo the first aspect is provided. o
[0010] In a third aspect, a biosensor comprisihg a patterned substraté according to the
second aspect is provided.
25 [0011] In a fourth aspect, there is provided a use of a patterned substrate according to the

second aspect of the invention in tissue engineering.

BRIEF DESCRIPTION OF THE DRAWINGS
'[0012]  The invention will be better understood with reference to the detailed description
30 when considered in conjunction with the non-limiting examples and the accompanying
dfawings, in which:

- [0013]  Figure 1 is a schematic diagram of a general procedure according to yarioué



second aspect of the invention in tissue engineering. BRI EF

DESCRI PTI ON OF THE DRAW NGS [ 0012] The invention will be better
understooﬁvm(ﬁ@m;ﬁ&erence to the detailed description 38r88801000375
considered in conjunction with the non-liniting exanples and the
acconpanyi ng drawi ngs, in which: [0013]Figure 1 is a schematic

di agram of a general procedure according to various 3 enbodinents of
t he |nvent|on to.fabricate a_tenplate substrate, d, subsequent

i nking® O?‘H@“Fé’ﬁﬁhea‘flée‘g‘ﬁﬁs? fabrigatg A template SHpsYate; F‘Bﬂs‘@fequﬁ‘ftglf‘l]@% of thg
the e m?éh%lﬂ@ QibsHRRWAH Dedrifosfiiofl 9F ﬁlterteﬁ Qnttﬁ‘ér&h@&ﬁm&’flgﬁ&\ﬁ'ﬁlhﬁth@ Fighrel §8S
a pol yner. shown in Figure 1A, a liquid pre-polyner 104 is poured
on a mméate sesphtgtcomposes amévmmweavhowerrp [Figure 162 a figyidase-pelymet 194 5m

I 5 Fi
For m o080 98 e B iR, PhE pRSEY BRpIACHS bAY pE Wi SR ek dn,
t he5st Figirens, thfe piéonlpmlexysmmoatlam sl taffbm a pblyhﬁ:s sthmg 106 entheadasterom

the naster, te n be see th 06 has a
pat t er FERRIYG ] e “f ﬂ&%t show Sttﬁ r8r° ﬁ?a‘gfeé dt gasl%
CONMpPOSidrhQRd Fond e eNBEE tehilBate 302, Meatdn ®8 sééi'xetHéCﬂoWr sﬁhﬁﬁmﬁlﬁ@ a pwem

[0014] Figure 2 is a schematic di agram of a mcropatterning process
accor dnegptive ta, et efitheamstsateraniets 107, Inignre Bt 2 epmpasiion; Qfunigresial 08:is
pol ymeg @‘tm1 Akt Wogh @ conposition of interest 208 is

cont act“‘%a "'29(2’@".’ nt e&r‘r’egkate substrate 212, thereby transferring

t hé0 conffdd] t | BiguP®3 it oschhmateadiagrem obfa mlh@pamﬂrmmwmcaisecsqrbmgrtewi@x2

such as tsho i.n Fi.qu pr ure optional |y
be appF’iné%‘?Pgmfﬁ é%ﬁn f’l‘é f)%‘??é ea%ﬁ fgsgtﬁ r Q@&%rﬁg%g%%'e ‘goﬁrrl Ig'(%:llémof
t he i nbehrredstad(s &u&tﬁ-ntarcw‘dewaﬂ&ncmtmneaatagsubét&te: A othetebpriransferring the

contacted wth sur.f ac substrate 10 t ra sfer the . _.
conpos F?‘PB‘??"‘E’(?SZ%{;(SO fhﬁé 1 fepmegliate sy 2? ﬁ@t'f}ﬁ’twé‘rlﬁgbg‘gf’e

s ubst r ageaZtessin® fohice 296 ﬁe owl&xﬁug bS apMeAtto méembe@e/subgmhe ITh Wigireec,
ggosmlon 208 on the substrate 210 as shown in Fi g%ure 2E
[0 ¥

5] Pegyrfacexofithe intespsdinterubstafeatilaiomprisiethe FumRAstOR s AN wewdl a
accor dyfg .t Bfé(éﬁﬂs&h'é zZQ t@{mﬁ?’eh RRNotpRtitibh 808 RVEELiRRate 270. ﬁhgg@re% a

pol ymeric stanp 306 ed. w a conposition 308 is.contact with an
i nt er ntii atemedistt sabsera®1212 tibedistoivedr witbf ersolvegt (214, deavingsibehiod Bes

2, L ST RS B Rl fikopS. N sLde of the

rirsin conposition 308 is
cont acfeads t tharesm issd $chbrﬁaﬁiﬂd]agrmntolf amsib@pattdnging progesiaccarding 68 varmus he
gure 3C, th e substrat

i 381 uboditping & B aeraps dn. Biero IR HNRETD Sty S0, doked” vk o

conpos b6mﬁuslt%983wuscdbnta8te@ rvﬁi&ﬁﬁﬂ nilémﬁ:dﬁ@d §1£b(sfﬂﬁ6 F10r thefeby tthmsferthgt that e
312 as shown in Figure y di ssol vin i'nt er medj at e subst rdaat
[}

S eh ScaRIRion S8 GG e SORa A SR 31 Ja Fukire BBnipe 3t oS freienned
pat t er Qiyigatk 312U Slslir%%tthemﬁyosmoﬁ\s@m &etaeféh%ﬁl%betatémt%tﬁmeﬁﬁé

to the substrate he enbodi ment shown in the figure,
conpos bQIhMlt@h 308 & gt sdeBataedlObdn Jignrei 3C, the miqng@a@OSEStr%eIm% i316

257 SRRl QMR BP0 Rhlng bORAPInelcofioslith b8 BnRfNE PRI
di agram o a CO en ona m Cro-con re. shown
in Figus a gaterrred piokyin@r itie wusthaté 0B12i askeﬂomm tlh EigaepDurBy 438olvimg the
intermediate substrate with a solvent, peeling off of the polymeric stamp 306 after patierning
is avoided thereby preventing adherence of the stamp 306 to the substrate 310. In the
“embodiment shown in the figure, the composition of interest 308 may be protein. In Figure
30 3E, cells 316 are seeded on the patterned protein. ' '
[0016] Figure 4 is a schematic diagram of a conventional micro-contact printing

~ procedure. As shown in Figure 4A, a polymeric mold 406 inked with a compound 408 is



4 contacted directly with a substrate 410, under application of
pressure 430. In Figure 413, the conpound 408 on the nold 406 is
transferr gfp bA2bfGesubstrate 410. [0017]Figure 5 is a peiREBH/600375
di agram of a conventional mcro-contact printing (RCP) process. In
Figure 5A, the conpound 508 on the ngld 506 is transferred to the
substrate 510 5 by direct contact of the substrate 510 with the

pol ynmeri c st amn 06.. .1 n Eigur B, ,t he conpoupd 508 | resent as.a
Dot or Fadie ihestly piits Aubatiie A10 Sader priNBR oT reneee 430- i Firs B e
CONMPOUBsmp&lihdi498 dn Heth81dA06 §8tdnSfeRddro Y siBread@d on the conpound
508. [001 LFI ure 6 is a schematic diagramillustrating the

o]

li mitaf®®n iguph § dn £ sshraatiei dizgsam ©of 9t avensionat micep-enntasd PrinGng (W&P)

Loy RS Bl 0 R o RAUDSSHE 2O S g e s

dep$ ct byl divect trmtdct gitle substmate 10 owitht e polpmpric SGmpi 506. thFigadet 5B, the

substrate 61 result in.sagaqi of ,the, substrate 610,. i ] L
Sarti carmpoung iR Yo bR by A PyRRRE i Pl edSpRHIR O feriRodimetty impich
606. Filguwompbird 50814 & potdif el SITMHOEe seed@rontBe tenpouhd 68y, substrate
610 when renoyvj n%ethe stanp . 606 fromthe substrate surface after,
printi HY18] n Bigtre ¢ isapschemplic dagram ijusiratipgihsdinitatiqngef qopyentiopaimisgton

I's di swﬁwgﬂm SPVOAndFIrastis shbstafes/ FighFe6s SRGE 4 SBGB 508 coRphafky
substrate (A) betore patterning and (B) after patterni n%.e From t he
i miQescompasiton i@ dihdisect sentacs waeasoftrsubstegta @07 A3 depieted irs the digurey corttent

the t an%e%%ﬁfﬁ@u%ﬁ HAROSHsRL B0 @?aé/tr%dﬁj i@?sgﬁéﬁg 2P &Bét?attg 619, 9n

i mmunost al ni n orescence |1 nages O onven m Cr o-con
pri nt i paptioflar Whem maessive gredsprecforcdiis fmliedto thelsetmp6ss Figure 68 depMtiuthg’ S -

Coan ¢ aftb sREAMHERRR 2 ERY alirast B Wi RmoBe shs it fos FiaRupe Fuplile ™

from | suifdcahft@Ppsintiig in bt cpseh Whd Petteired Sbappsiteihar e sitetraefis disodédr
tacky ubstrat,es whi ch_di srupt the paéat erEs (see Figures 811 and 8C).
The scEl0&bar Fighre hare flyRreseencsdnpeesota fasky sipsgete1@o betare paitpaipg and

Fi gur e(8) a@%?p%ﬁﬁ'ﬁ‘%. PeorfrRGEa RS, Whitd SRGRE Sarl RN [N BEeR A8 AmdHstialiRg 25

t opogr aphi es on pol ydi met hyl Si [ oxane (PDVB) stanmps, with i mages on
t he (i thattaetackypurfase vaedamaged BBenrgperpingw, and (ii) right col um
showi n erg: § i ! ) i i . pattern,
i th oROROC! PRER! S 46 ihirioghiril RudecpRR e o SERV R RARGIRRLYRID.
in wi dptigtingnef fibrpmactin (F¥) gh tdiffdrergsubst@i Tdepect ¥oung’ e otodnigslofi(A3 Bape

Lt h i i i f. about 20 .
PR 1) B3R, B (LA PR A0 ALIBR S BB o B Py
squar ecciltapprigtizigtsafiers fivint hméitations dat therpolyntericRgng dheeti it 0b/0kRkY 5

mmumoebareyieh fhriie b Figheer Al HCAG) 1o e b e hurts

denotes a length of 100 um.

[0021] Figure 9 are Scanning Electron Microscope (SEM) images showing the
25  topographies on polydimethylsiloxane (PDMS) stamps, with images on the (i) left column

showing the top view, and (ii) right column showing a perspective view. Figure 9A depicts a .

strip shape pattern, with each pattern having a dimensidn of about 40 pm in lehgth, 20 pm in

width, and 1 pm in height. Figure 9B depicts a rectangular shape pattern, with each pattern

‘having a dimension of about 20 pm in length, 2.5 pm in width and 5 pm in height. Figure 9C
30 depicts a square shape pattern, with each pattern having a dimension of about 5 pm in length,

5 um in width and 5 um in height. '

- [0022] Figure 10 “are immunostaining fluorescence images of fibronectin (FN) and



collagen (COL) on different substrates according to various

enbodi ments of the present invention. Figures 10A to 10 C depicts
fibronect iwy ¢fibhspat t erned on a PDVS substrate having acy¥RENA1/600375
nodul us of (A) 308 kPa; (B) 12.6 kPa, and (C) 2.1 1cPa. Figure 10D to
10G depicts fibronectin (FN) (D to FL and collagen (COL) (Q
patterned on a PDMS 5 substrate surface having features of different
si zes and sha% The scale bar in Figures 10A to 10C denotes a

| engt h coliazen(CHk) anddifieeent salysiratsn acsoidipg do vagouspembesliments ik ihe @esgnt
Iength | ¢aF hopies RLWERY
mesench ? T84 o Hﬁ/g g p}&f %ﬁor?gﬁ%d (120, SFRASE (1P YOMS SR
subst raa‘eag @ﬁémangg; Iaodtrbumqf (s\)rﬁﬂaddPls(B)ﬂZl@kHl laPd (ENd.1%Pa. EigukPelOD to

respec e Wi d ( t t| 48

and 7 é%’ %’%‘ﬁ% ﬁ&’&%&éﬁ’d% S t|0n (@g (%Qtpat eﬁgd S 0%5

ar Iest h@t;}bs&]?t&tshﬂMaﬁ?iﬁﬂgHBatMS 6f|’ld1‘ﬂEfeﬁt ﬁkemﬁﬁd slé@es 113@ ssslalber 1ib61?1gﬁi@§l qus
a length of 50 pm_ The fica es owed goo VS i gnment
with t 610 derqtes plangth oh Tofhiipisad Sisegle Bpian Ftls'trza]lﬂﬁ'tg ﬁ@adfaoqssr alength
fl uor esp%ltlml mages of human nmesenchymal stemcells (hMsCs) 15

alignnment on 2.1 kPa PDVS substrates with (A) CO., and (B) FN. The
box sh&W23h nEigure ildcre ppiigabimages skaving duman imesencinmmalcsters | cells (RMSTCHNs

i ndi ca

4 o argitn O 35t 1R IS s GhEnBh e Bodutusof 12.8kPa nd 21
tif0ed kPadcdspectiDély) Wwithn(eN) dedle afd f8) FN, at e =g hox(ré;)48Ahaws sixb Ardags. &The
fl uorescent s, of hu nchy stemcells al,i gnment
on" 2. I TP bRABAR 0 ERAR LAY (iEgee POIEH £ £6 S0P B oty sl Ve
t he cellb&ed®tp.tTHR s6AlOBAT dRh6tes d lwgmﬁlse pa Mhe apﬁdaenhargag sifowibdpob& EMSCs
| ength of 50 pm [0025] Fi gure 1§%I% a graph show ng the statistical

resul t Wﬂéwtmst&%ﬁ%a s 83fC.| cpa PDVS (n = 80). Fromthe
gr aph, [odz4panthsr§ 98 Mark hﬁat)reg&st ihges N Hiﬁﬁ@&n@é%ﬁ&t;&{dl %&rn?@el‘ﬂ# &N $CshO0

1

and 20 of the angle on e substrates patterned with usi ng
Ehés 1 alimea opr At BeaP RS asaes Mt GhepLosst é%&ﬂ kR Bovphewes
i nvent of
Nt £ RS PR fbeld 3 AN 08 B oM il TRAFOR MR U

[ 002 6] atfei sgaun@l w4 L(sdlem)dimazwpenytbaﬂola B4&Ds Wbe\ﬂlggteaamys imteimagadditfedom
gna har.t L ned EN nn

S ect i onE%)tipqﬁ oé%‘%lcari? 3@'3 Sg"‘émn%ﬁg 5)?%% i r@s’ ?egfgerltl g&[% %&S (ﬁqlg ed

sur f acmesdnchyifalaieni aulie (hbMIUs) igainentar2.6 kPP gelevith EN. Thd iamgthindicaté

15207 obpianigucouhtot s Ee e tunlge b psudoed leneht©

patterpsmd obtained using the trans- pr| nt et hod according to
vari ous errbodl ments of the invention. ures 15A and 1511 are the

SEM i mH¥Ra3] of Fignee 13 esrapgaphmtowelgﬂh@ ata@sw& eswiren dispbution offd et ot -hs
creat egp ppp MSZT& Sl ol &l gﬁFﬂ iP %?&%%tﬂaﬁ%st PR SHRMEs Rve drﬁntteﬁe

fl uorescent denot es
within 10 °© and 20 of the angle on the substrates patterned with COL or FN using the trans-

25  print method according to various embodiments of the invention: Otherwise, on 1:70 PDMS
coated with a homogeneous layer of FN without pattern, hMSCs were randomly distributed at
all angles. | ' | |
[0026] Figure 14 is (A) an optical image showiﬁg a cylinder made from PDMS; (B) a
'schematic ichart of the patterned FN and the scanned section by confocal microscope, and (C)

30  immunostained FN on curved surface of the cylinder. The scale bar in (A) denotes a iength of
4 mm, and the scale bar in (C) denotes a length of 50 pm.

- [0027]  Figure 15 are SEM images and fluorescent images showing two types of patterns



5[ 0028] Figure 16 are optical imges denponstrating that the

m cro-printing process according to various enbodi nents of the

i nvent i onywgsh1Pessed on curved surfaces. The 3D topol egrRabori/iRIRS
in ACiii) and B(iii) were produced using Leica Allication Suit
software to show the topography of the patterned surface. 10DETAI LED
DESCRI PTI ON OF THE | NVENTI ON [ 0029] | ® a first aspect, .the invention
refers to a method of mcropatterning a substrate Using a method
accor diabtpined wsing thasrassiponi methpd acfording tpveseust embodenertonf the invention.

subst r gt. LR, partiGyl ar. s rates ving a surface t ar ft
acky s RSt R g S RS oY 0] e BEres 13 P 1T ol
manner .thé pdtfef3 Qrebiesl orel:NOsbft mal stidkg PDMS bubstigie. T Heasdtlk dbLintH® Shéradtent
havi ng .a patterned surf i nked with a conmposition of interest. The
t enpl atl@agﬁwgmtsvel,enﬁé@gﬁu%f erred to as a nold or as a stanp, may
COMBr i §6028] PO w%"tﬁe_- 16288 03lita  inRghy MeMmdnMaticd tﬁétethus]ﬁl%r&?ﬁnﬁ pPOcREP
I n mcro-contac prlntlng may be used to formthe tenplate substrate.

| n somaceaidioeitoranas embedimsnisadithe mvention) cas bemeed on pusvgdeurfacesx ThpBBs

of pol . . . of 2 . i nel u J e
not |i %@#é&g%ﬁ%ﬁf %‘Q%{ E;E/'ﬂisllgﬁu XQ%@E%?Sgﬁ%gaﬁllfrcgtg%ne%ﬂt %Oyrﬁaﬁeg{oi o
r ubber sheawy &redspygraphy wif ftteypagernébsuefate.l N sonme enbodi nent's, PDVS i s used
to formthe tenplate substrate. [0031] The tenpl ate substrate nay have
a patterned surface. The patterned surface on the tenplate substrate

mayobe fornmed usi NOEMXIEEDIBESECRIFIION OFTPHEENVEINTIONCh as nol di ng,
et ¢ching, and nanoinprinting. In various.

25 carvin | it hggraphy, I

enbodi M%%l, Hh@ AP PP HVentiQbefsraica metiod: SraBicrergHeminga Sibsirate.
the steRiff a RleMbddicBstdmgt B8 NRLBILRbREMERS Bf MAVHRER iRRhE &L, RE6Lats S Ace -
conprises (1) generating a polynmer stanp with a patterned surface by

(i) pr oeitighlagsubsiiaies kavingempiriace thabeierrgftatagkyt ansv/ordve gempler tooigiaphies,
cont acgﬁa?ig)e?agger?gneﬁe&rsiﬁlﬁma%& with a solution of a polyner

precurso i) curing the polynmer precursor solution 30 and (ivV)
reddvi H@P30he ibbé¢ yregrodsinelugest promidiripea nasplate substmteahavingadpaftened sluifig

h ! . - W th It f interest.. E | e,
pol yrer SR aa SEPmEsitop SRR i lRaBBr ruta e i fee B phior
mast er at espingt tay loopipeiat b \polydnelBGérkallye ppllyaies wiich afeindd @br the stamp in

micro-contact printing may be used to form the template substrate. In some embodiments, the
polymer is an elastomeric polyfner. Examples of polymer that may be used to form the
20 template include, but are not limited to polydimethylsiloxane (PDMS), natural rubber,
synthétic rubber, agarose, or mixture thereof. In some embodiments, PDMS is used to form -
the template substrate. i |
[0031]  The template substrate may have a patterned surface. The patterned surface on the
template substrate may be formed using any suitable patterning methods, such as molding,
25 carving, lithography, etching, and nanoimprinting. In various embodiments, when the
template substrate is formed from a polymer, the step of providing a template substrate
having a pafterned surface comprises (1) generating a polymer stamp with a patterned éurface
by (i) providing a master template having a patterned surface, (ii) contacting the master
‘template with a'solution of a polymer précursor, (iii) curing the polymer precursor solution
30 and (iv) removing the polymer stamp from the master template; and (2) inking the‘polymer
sfamp with the composition of interest. For example, a polymer precursor solution may be

. deposited on or contacted with a master template. Typically, a master template is formed of a



7 material that is sufficiently rigid to allow deposition of the

pol ymer precursor solution, such as a netal or silicon. The pol yner
precur sor yw@hdbhPhey be cured or polynerized on the pp$ke5011/000375
tenplate, with subsequent separation fromthe master tenplate, for
exanpl e by peeling, to forma polyneric tenplate substrate.
Accordingly, the polyneric tenplate J substrate may assune a pattern
negative to the pattern that is present on the naster tenplate. For

exanpl enatériad thmo isyswidientlyaigid &d allosw Beptositive ofithe fodyneer prevacsat solatigrgisachr n
to the positive patte on the master tenplate, where the ter

"posi £ %@ ek o Sco e BRI PR RSO SO TEX b el RAPODRIETREN PR fifs
are t hendstty aemplaf vADE sPHIOQURE! sepafiidr ] 1diR the TRsth Qedpled Ifof exdidsle By
conposition of interest inked thereon. The term 10 "I nked" as used

her ei n Peeling do tigraephPohmesie tsmplaie subsifgssi Aecorigly. Heepelymens template
SUBS! I Qhftratbtia RERAS b Lhiin ALodiDL & 68 ballB oRE i AReRUGOH riRRtdd tdnBla!
a dispersion or collold, such as a suspension or enulsion. |n various
enbodi Menesgmpléethe polyosrit itemplateysubsivkeiniey havd @ mogative lpettepaa ithxs positsve
used herein, the term."bi,onol ecul eciges"...refers.,to any mol ecy] e,
(hat sl o i&;@ﬁ%ﬁﬁ%ﬁ%@?ﬁ G0 et Coflr Felfes
I n con at ¢ pattern@rar€tha ifpietse of Ofke another.ONDI ecul € specl es may

i ncl ud t e not limted to, peptides, polypeptides, proteins,

ol i gon$Q93§$t | BeS oTERpy e et fh_a%g, CORHOBHAY Al P best pikse thereqgralhe term
NDl1 g C Ulfiked 8ddCisB@REBRSrefel o \RpbsHLH STHOSiEI DN drit@elitUd &b\YkRe. The
species is fibronectin or collagen. The conposition may be forned on

t he t efpppesitionekinteest mayi bryamaguesys selptien gepolitnersing pecollsid, swdelas as
di p coaﬁgé)@g%oé&remﬁaetm D8ioud BhnBbdifints SRULAAEsibn 138 ihelddS £ BRimb1 ey
t np g the conp

i mrersin ete ate 1n a solution contal nin osiI t1on.
Subs eqeapsticst As wsel hagin, He temk Sdormelepllaspecissibsfaratoanyayoldyelesthitt neayt bech ft 0

one or re dryi ng st eps. 03 Th hod of .the .present inventjon
furt heP {I)?o ca?ioéglsng%%c% a%:“t“?r%% ‘?ﬁ% ap% t-{g‘?%ésdms Ev¥ag ew@f 1 ﬁgr teé%ﬁg’t b}e
sulbst r diogoldciale specieh hesyniacluad, cbus uks hotalindited fo, peptitizsNpolypdpeides, proteins,
conposition that is .inked .qn th empl at e substrate ig transferred to
the suPF&%C@?m{eﬁ’ep?lwﬁwa?saﬁér%gﬁy@%;lfpéfse S _én@sﬂ%%f»s i2pd dapieRating s
i nked Q&ridRenRERhets tIRUbiShbRRe PYcifeisi fibréhekiifl ¥t dollQem The o RIBAT
into contact with the internedi ate substrate. In various enbodi-nents,

the comsydietipared emtheitemplaleaybsingte yring anpiuitelle dappsitioatracthad, gpehoes dip
Conposk TSR RG D rhiinp oRlutRiy MACaSHR) o0 bF im PRt ARGl i o
codposseliten enmeizihg thelronpetition.cSubssquertttaiekihg theiinkddgeplatr aubbtyate may
prefer ng\.bﬁfjé%t‘e%ltg\é’ 951ym§r%dtr{lﬁ%§t?}g’03i tion as it allows formation of a

nore uni m nonol ayer on npl ate substrate. The internediate
subst r {083ay Themethpd| ofthe prdsbnt inventivarfuthes conipeisisnantasting ke patterned

surface of the template substrate with an intermediate substrate. In so doing, the composition

that is inked on the template substrate is transferred to the surface of the intermediate
25  substrate. The composition that is inked on the template substrate may be in a liquid form
‘when brought into contact with the .intermediate substrate. In various embodiments, the
compositioﬁ that is inked on the template substraté is dried prior to contact with the
intermediate substrate. For example, the composition may be blown dry using a dryer. Even
though the composition may also be left to dry naturally, it is generally preferred to blow dry
30 the composition as it allows formation of a more uniform mon'olayer on the .template
substrate. The intermediate substrate ﬁlay be a polymer film. In various embodiments, the .

~ polymer of the polyfner film used to form the intermediate substrate is a water-soluble



pol ynmer of the polymer filmused to formthe internedi ate substrate
is a water-soluble 8 polyner. Exanples of water sol uble polyners

t hat can bqacl ude, but are not limted to, polyy I
and pol ye'?ﬁ;/%hg%gygq&ycol . In one enbodi nent, the inter mgt(‘i?/géfue(ﬁbm%
substrate conprises polyvinyl alcohol. [0034] Generally, the

i nternedi ate substrate has a thickne8s that is sufficient to allow 5
handl i ng of the substrate, while at the sane tine, having a thickness"
t hat i polynier. Bxatigles bovarpsAutdé pelyme thit icmb@'ﬁrrsga hrechide] it AR lighited to,
substrate jn a subsequent step. In various 'enpodi nents, the

i nt er neeiy¥nYl glﬁﬁ@? a8 @Oﬁﬁngffée iey<Phdn fog FOdHnG; e fRtpredig substrate

| nt er nggthakiRs popehiPlI&NBRY have a thickness of about 10 pmto about
200 gm such as”about 10 gmto about 100 gm or about 10 gmto about
50 gm [Q034k onfEerandlblithe iteymediate substeaterhas atthickudss tthaitie snliwient 1@ allow
t hi gkngssa: . . | e te
subst 1 SRR of MRk A Wit sl HAE o e sFARE fafls bl EHIPH?
cont actad ofilistolvtive dftliccintvadediste suhistratt imd eutfsequent dtéprin perious embbdiments,

sufficient to transfer the camosjtion from.the, tenpl at,e substrate to
She | e hetmedd BisEie w, e b SR ar b T T PR e Pt B Ay
t he conpRsd thickiessbof kbYueN @ $in totdbeut 2006 fsutle APARLE1G Eﬁ&? raB&@, 100 high, b2

e typ

size of the pattern on the tenplate substrate and t e of
i nt er nBRAVALIO Bt pbave SQskey. Irgpme caphodiments; dhe pterecdiste cubitrate has Ae

T eqali rg&m@gg@ﬂqzﬁ%ﬁl-the ease at which the conposition of interest,

such as protein or can be transferred. In case the conposition
of intE088} i Bheppattemied surfave of it temiplatd swbstrate thiat ésdinkedywith e eomppsition
bet wee i f . . €] o od X een faund
Chat frDRsrec PR be boEtedlioPhoRboa o BHERPRE e A RRER At
t her ebip transfet thergmpositiorsiien tlertemplatessabsttatate theciatennediet tsubskmtes Dieetime

enbodi nent,s, the confact, ti eriod ta.transfer fihronectin fromthe
C ol HPEG b o spaHo i e g T LLHETs GE et LA st Rhe
anpsint sigd o£MB ipakdrn loh MEe feRPltd QbsRY aid 8@ tARPEMdtetRedilte stiaateRist® For
ability of the conposition of interest by the substrate. For exanple,

it has®HEWHe f BErRqRheT 15o81St Emepraanirsth aysAensnd A Bigscasrifd dviehttse of
the | GMldsRidn QR inbigstZsubh SProfdlBr BNOS ChRbE trémfirfed® BELAE teftdthpb b

carried out on the 2.6 1cPa pol yacryl am de gel substrate, since PDVS
i s stiekintaest is proteinothe capiaelr tige peayred mMmayeilsq Ve beteess; differeap pealof y

i mut o0 P Sxdn il f 65 JEB A6 B ARLERPH ol oW Pt BB o 81 .

entbdi wenllggen; Kerdbympdudting imubsttortat eontact piecequicamenhdn isnine rembddimtents30

bstrate with. licati f t ' to the .. '
o o5 BB Th R Rl BB e TR S5l et
faci | i sudbieatt fsandinare. The dfieunt oNEdSdct {18 réqRirbd Mal Alse HBRMU dhehesabisptiad €.

The pressure force exerted on the tenplate substrate nay be
suf fi ciahy| %f they gprappsiiongpt interest by the substrate. For example, it has been found that

transfer printing using various embodiments of the invention on the 2.1 kPA PDMS substrate
25  is easier than that carried out on the 2.6 kPa polyacrylamide gel substrate, since PDMS is

sticky and therefore absorbs protein relatively easily. Generally, the time period required may

range from about 1 minute to about 60 minutes, such as about 20 minutes or about 30

minutes.

{0036] In some embodiments, the téinplate substrate is placed on the intermediate
30 substrate with application of an external pressure force to the template substrate to hold the

template substrate in place and/or to facilitate transfer of the composition to the intermediate

~ substrate. The pressure force exerted on the template substrate may be sufficiently low such



that the internmedi ate substrate is not inprinted or does not deform
In sone illustrated enbodi nents, for exanple, a 50 g rod weight is
pl aced onv&(ggng,g;mﬁate (see, Exanple 3). In other enmbogipBateg10d05
tenpl ate substrate is placed on the internedi ate substrate wi thout
appl'i cation of an external pressure force to the tenplate substrate.
5 [0037] The method according to t He present invention further
conprises renoving the tenplate fromthe internmediate substrate. The

sur f acéhasfthe etemmpdiatorseistiete i§ uies tiatinted gwplaes inely defeemc dimsome tillusirated
then c j

surface %Hfb? &Bﬁeﬂts‘i"'{r‘]otr rél'?( rrlglg [ aatjge)@é E‘gdts ﬂs:ﬁar&(?g% é%r‘?ﬁg%%ﬁ(?%e? r%‘% @e 3 act
Wi t h t lothes lebtbbdlateats THeetemplacr Mdnrae s plabed oatle mkymbdiateonubstedte dithbiith

the substrate i wa conf to 10 the surface

t opogr APRRFa ?’b% geﬁ’aﬁlﬂg’séﬁ%glf eff’ihetf"ﬂp é‘bﬁﬁfﬁler - surfaces having
a csrrpl[@my 0PTHE appihbdSatebrdaty fohe GésemdinSertioaCRirtBdr eonfpHsk Ay the
obj ect or Bhel’l cal, object nay be m cropattenied. [0038]In varl ous

enbodi Rl %te e dhepdntemedialy subdrata,r Thg sutipce 9 thabitermediates substrate
tacky ermpPelife tﬁoﬁ%@s@tuﬂﬁ@ %e‘ﬁmoﬁtact%@tvtlth IRHRBLEAL 8n VAR P{B‘?)gm?eﬁtsathe
substrate conprisin materital 15 having a Young's no

bet weepuréise i the mtermediatgsubstBee is|placed smc@nfaml@lyonmalwmpamet substiate tThE0
kPa, enbodi_nent he .entire
subst r Ryt B8 Ubndtel il ol BRTe B TatcBordh S
sulbgt r ﬂteesur&ccsmbbgraﬂmepxpmlt en Itlesdsubsmftadﬁ thi nﬁdﬁﬁer$ Hllﬂﬁcéﬂhallﬂi@.y cbfplex
tacky, Le. t %the suhstr Em &aé/ not be dfroma
non- t al9RYeHy %F‘?C |aSt SOy Eh Sy "’éFé’ ‘Bé’r‘ﬁ? R\ P%ﬁ %E‘taéé?e
from t hfecrgpaemmeaonsi st| ng 20 of Si I i cone polynmers such as .
pol ydi net Rill si | oxane hydr ogel s such as pol yacryl am de gel s,

and polQMBRI i skpYasisys %P%lmaliffd g SubsHt &5 8¢, suffpest ofrthe g&smqe s sefh dacky

al gi nasﬁbotLORé%kedTﬂ&eﬁuQS&&@* SubiRe %)Hé}fdeﬁ % L6ikded hpridng a material
"tackifier" refers to a substance added I nprove the F %a an

exiendbavinge i oung'g enagiulug qfdm@vqealabmmahptoe@oaf 50 &B&isbtlens almlt ddePa thut
are no r al k nol ..
o onchrth 0S8 e 151 & aPHISCERL B0 Gl EHREALREIYe Bt LERGAR
non- pl sofailn tsmp@gnhq&ﬂnyxmﬁ'hml;ntha spifaceat theombsraapis softEThd putteride sarface of

arcuate feature, a,curved feature a heri cal feature. In ri ous
onbodi MEPESTaIe- Ay hE Goky - Fie core ph e dubsrafe menar way patbé yrmed Trom a
cyli ndﬂcﬁn-ﬁbkyaxnatuﬁmemheswbﬁmenﬁiz c@m?@sfé@x mited4d tiEhied Feinhihe g@ﬁg @dsxﬁ,isﬂggt 0
t he pre ent. invention may, include functionalizing the 30 substrate

wi th' aCk oHiHBRd PRISFS t Bk oAt abelvdigneiislorans JEPMRe Bydregrls such as
I nter ”?tg &Irﬁaﬁﬂfésg'éfsaérﬁ ﬁémtlhc?dr&g/latcpﬁarﬁfa@))gﬁ'lefgbﬁ rﬁHPlfn géﬁtﬁ{)%& algfngte._l_he

or der facilitate transfer of ecorrp03|t|onto strafe.

conposiGoBdh nlhe &ybst@tw@ﬁxenmgflsa@tt@s&rfm A ‘tagki e’ geflersyto g shohtance added do

substr Vanpi

onded o YHES il A0 QURAARAIEDLEs rhliiaf BRARl hE Bk RCPABTNE TRl

corrpr i &eaoplumttﬂim aredlnthgeirmaﬁmhrtatpene;(anqbalﬂcylpherﬂDNB gl ut ar al dehyde
or _enbqdi.nents in e conposition c ri ses

ort o WA ncouitAPRens s mlties B6scPyEn heses o PRI SROBIHY

such avhd\n&plamdU6Sd grdphiy dial- ﬁicluaé 4n a7duge-featite! h RQRRRA YbaAeWP)a spherical

hexanoate or N2114 may_ be used. [0042] The internmedi ate substrate may

be contcalfedn Wiras Fﬁéo‘%‘ﬁﬁgttsr the sutsate s ¢ prhsrenachiygd seriaceiod asykindes peai
to trangi&rsutf& sagepsi tion fromthe internmedi ate substrate to the
substrate. The tinme period required may depend on the type of
Conposﬁoppb]n Th@emptpp@ apfording ¢¢ Meadprgsent invention may include functionalizing the

30  substrate with a compound prior to contacting with the surface of the intermediate substrate

cdmprising the composition of interest, in order to facilitate transfer of the composition to the

~ substrate. The composition may be physically attached or chemically bonded to the substrate.



substrate and the type of substrate used. Generally, the tinme period
required may range from 10 about 1 mnute to about 60 m nutes, such
as about 2 pi10Wées or about 30 minutes. [0043] The neppedgaf FijosHsNo
to the invention conprises renoving the internedi ate substrate by :
di ssol ution using a solvent, solvent, m xture or solvent system The
sol vent used for dissolving the int elr di ate substrate nmay conprise
wat er Exanpl es of sol vent include, but are not limted to, an aqueous
sol ut i &h, vaowurrepdigwnis: itk compesiten pheBpniselly honde & the sybstiatte, Foand
wat er. L QU i " ] | I
pref or PR dRh Gty BERYL FfcSiich UipRicel Btih Pl Bl TPt APOMS
conpos ghitapaldehyde mmyshel wsedit Fdr snibodisrentshianwhtithe the adomipiositioy cafiptises protein

internedj ate substrate in the sol.yent, such that ,wh the solvent is

Leed | BeSHRvAR REb Pt he bt R P Sl T s e-o.
al | 5 of (4-Bgde0mnesphbny@amine ) iedxasoat ortNMEl, muyderigéde. 20 [0044] In a second
aspect, the invention _provides a patterned, substrate .nade by or |

obt ai nb¥48) aTheiesmediaicsmbstrate may bR contacied with fhe pubstrals fora ¥lg1ﬁrmod

subst 1 alafisf At b RRLRA: HEYorRsHioh dronl) tHel ifiEHR.RNO LIRRENY thERBIHRS
pl anar configuration, the patterned substrate forned using a nethod

of t heThe &msmeripdveqvired mayedependsen thavEpackeraprosisionchnftiraekintconedisat
ol ovanPafit alh Medind AERHGEE (B Sobdelqy RS (MY ol SedtBlel nf b dcbrond

uséd f asourhkinge tdabeet 6l minsispmmah asabehf 20 amutciloe abowt @ thioutesal so

relates, to a hi osensqr conpri si a patterned.substrate according to
e ool 2 T pRRY0aeotRs 10, 0, SrBRid COBb T otib g 86 Rfsgn et
her ei nsBYats By daRbDitiREudiDs boleal solvehhBixals ensavart spstom el @NRenOlised
elements, limtation or |imtations, not specifically disc]losed 30

her ei nfor isgelvingghe emsrisle PRUTAR FIFY COBBRPT Paleh JPxamples f gafverj-include,

" cont it 148 not Blrfited 3624 afiRoiLSuFoRD ANBURE lsyluabtl sWht ROPloshdit bttt -
Addi tionally, the terns and expressions enployed herein have been

usbd asaliner ansl whteg ocyarions embadisnentst thef salyent ik tawifer aplytiom elnepreferrad

i ntent] . - - 1 n -

torms. SaspabEhent fdavel el Sieblhd ol IR Compnk o b o Uil S man
shown tiedohibgity bhhe internpmiiate substrathér thefsplventf such tha wieadhnsadeaht isaed

variou difications.are possibl it.hin the s of the.invention
Ui ot SR e SRR SRR & s S A St C TR st RS

i nvent botheRalstlaren specifically disclosed by preferred enbodi nents
and optional ~ 5 featyres, mdification and variatiqn of the

i néfent 199A4] enlﬁpaissepnﬁh%spsqtn e upHIcl BOVYER G Wé&m’ﬁ FBEEHE ST
those githinbE8y laMméthéd aécordid e thbatrstSddpdit MY fdtieplel QOSstARIfOYRE] BeldPS
are considered to be within the scope of thi's invention. [0046] The

i nvent ey baaised &k Hssye saginpamghBetdisya plagargeongiaten, \ihe, pattgraed subsimtef
the n _ . o ar : . Lo .

I A R LR

t he gemerd closhiys orimpsi tisaueo forpplexitynaad twhich isi inbreacljpnaally gelewant.nigedrions:
limtati . { .ect t t.h ' dl f
FELHR R R S R A e i i

The invention also relates to a biosensor comprising a patterned substrate according to the

second aspeét.

[0045]  The invention illustratively described herein may suitably be practiced in the

‘absence of any-element or elements, limitation or limitations, not specifically disclosed
30  herein. Thus, for example, the terms "comprising", "including", "cbntaining", etc. shall be

read expansively and without limitation. Additionally, the terms and expressions employed

~ herein have been used as terms of description and not of limitation, and there is no intention



[ 0047] O her enbodi nents are within the follow ng clains and non-

limting exanples. In addition, where features or aspects of the
i nventi onyay &156550sl bed in terms of Markush groups, 15 B%ﬁzo?i%dofsﬁd
in the art wll recognize that the invention is al so thereby

described in ternms of any individual nenber or subgroup of nenbers of
the Markush group. EXPERI MENTAL SECHION [0048]Figure 1 is a schematic
di agram of a general procedure according to various 20 enbodi nents of
t he i ninahé ueoftsach abns amd exprestionpbiexehslitpsinyaijeivalents of thesfegfumatshown
inking of the tenplate subsirate with a posi.tion i.nterest. .ln
Lhe. e mSieREied ShBARORH DEIEh prbL inecomreren it e Jnelioatpb B R
a pol y@Rhin the s&pe Wt thdinvetidheclditied aThusAi4i sHowld BeRAUYERO 1k altRovphithed
on a naster tenplate 102. The naster tenplate may be forned from

si | i copresenh iregliere has) Beent specifeallypdisgiased Lopieferisd  enehpdingents aad) optionabr m
a poly t ' . , . i L

e st ey BOBAtiba e RS e AT g PP b g el O Y o
t he melsd essoft@hml by ¢hdb®2killeg indie bit, amkthat sich modifications tandpyatig@onsase a

pattern negative to that of the master tenplate 102. In Figure 1D, a
corrpos?ocnﬁ’ggr-egfo ?%W&”EE?G SR ?élﬁﬁsﬁkvgatl%nn the pol yner stanp 106.

[ 0049] foiogsir € Phe EvantoaliREides ddbaipedrbreddlya and eapitllye haiery Bach ofthe
according to various 30 enhodi nents OI, t he in\{gnti on. "Q'Fi{:’”fetzéi a
pol y meRartoweR)SPesifs AN URESAFT SEUPEIED S3ling SHMY e racars fisoggiry also 1o
copy acgﬁgof/ﬁlé thv@ftidn TR TRIh Rk & &iid @dsBriptiba oTukdindéntiBNAvith D foeRRY or

transferring the conposition 208 to the surface of the internediate

subst rmegatigel Bmiationiremaving anyUbEGL mate Ars thegenep peepydhess of whetherqrdiof o

2B. A yals %§3?%qﬁtg%a§gs %ggﬁ%r%{eygg@iy be applied to the tenplate

substrare. surtace of the internediate substrate
212 cofopatlsi ngththemisdimess are eithirsthe doltcdng claimstand aog-ulithiting eggmples. In

substrate.210,to transfer the posi.tian 208.t 0. .
R gikicgowhink Seq S prAseetos TS AR AESiohd i Qn YEhARNferddft
s0] &/ enghogelillddsia \hegt wilbakogtlzd thet the iqyvestidn isalsd@ikreny deveritedbs tarms of
210 as shown in Figure 2E. ' [Q050] Fiqure 3.i§ a schematic diagram
of a eraﬁ‘atdﬂé‘rfﬂ?fgberﬁf Hgég‘)é‘pé’g&? Wé’%ﬁﬁ%m%o‘é‘?‘modi ments of the
invention. In Figure 3A, a polyneric stanp inked with a conposition
is contacted with an internedi ate substrate, thereby transferring the

conposition to the i nterneEXEEBIMTIthS@CTWIﬁ gure 3B, the side of
the i nf@ﬁﬁ?' B Gre¥0s T & ma i agrdnd' 9f tahEenkfhl GREBASe dcBbtding oOMdrRbas ed

with a'su rate to transter the conposition to the substrate. In
Fi 2ur eeBi)dimbes bfitherimediion to Bbrticate atemplate siibstaeand sybjeqpens inking efithe

sol vent eavi.ng .behind t he .compesi ti Wwhi i [ . AR .

patter 'ﬁgﬂ’llaﬁ%f‘%s'tgﬂe PR aHEeP §1§?rg9§1§1 ketg Sg\r/]vlglYi?ne%llihog‘;iﬁrrleg1li g%%Blf} qg? gg‘(])rf:’vtlh%g

t he i nfegipheelidbeats ohaprises e puiytder.Assshbwalin Figeee lAng ligdif pod-pdlimmer 104 is

polymeric stanp after patterning is avoi ded thereb reventi ng.,. -

adher PPN T_Wé“%’it&‘i‘i’B@fepl@hﬁ%’%ﬁ%‘fﬁtﬁ’f‘@?‘telrﬁa}ilﬁeé’ﬁ%ir% ¥ ﬂ?‘?’gmﬁﬁﬁei n

the figar the $rBPoRRAEPASIIbAN 0 is i diter BStoriBy pbBmief GlaRip1106 n Fthe wiadtedE,
25  template 102. Figure 1C shows the structure of the polymer stamp 106 after it has been

removed from the master template 102. As can be seen, the polymer stamp 106 has a pattern

negative to fhat of thé master template 102. In Figure 1D, a composition of interest 108 is

inked on the polymer stamp 106.

[0049]  Figure 2 is a schematic diagram of a micropatterning process according to various
30 embodiments of the invention. In Figure 2A, a polymer stamp 206 inked with a coniposition

of interest 208 is contacted with an intermediate substrate 212 such as PVA, thereby

transferring the compdsition 208 to the surface of the intermediate substrate 212 as shown in



cells are seeded on the patterned protein. [bO51]Figure 4 is a
schemati c diagram of a conventional mcro-contact printing
procedur eyydsp 16w i n Figure 4A, a polyneric nold 406ptfk&shiVdosysa
conpound 408 is contacted directly with a substrate 410, under
application of pressure 430. In Figure 4B, the 20 protein 408 on the
mold 406 is transferred to the substl2ate 410. [0052]Figure 5 is a
schemati c di agram of a conventional mcro-contact -printing (RCP)
Fr oc efSFigukg 2B. QUE&S&?% forbe 280 ipguoptiobdls; be applied tolthe Hfplats substrate. In
ransferred to the substrate 510 direct ntact .of the substrate
510w FIRUER oo metice &, BhysgRedle, SHhsGalses SacopRiS R HS LIPS R,
presento st With heLARL §rof fvoiatt D80t R&iskR tRe SdkiposltidneIUSQH i the B\fbStratd
whi ch 25 the conpound 508 is a protein, cells 516 nay be seeded on
t he comﬁbdnd"lm 21, 0o Bitermediaist wbstrateld, s digsolvefl st sQlpent)214; Jegying

P 0oba] Bl ne BHRRISEY FpBRIRALBULL ANG FRgh BOPGULEAL O
al thO[OOgWA]Z l:n@fii'm d%:héﬁétm@sgmh@(ﬁllaymmopat@dnngl pobeess rapcgudingmo yddlous
wat er and |.e at. .room t
S5T T Fbodies B g ANGHGH TG FikgTe SAoh LG et R § oRRBE s

parti ct@sactein@vithe !l ihieRBedta(é suBbttttd, OthefeBY) tidnsferasy filid Tcem@dmh)(yn ao the
qualitative filter paper (Advantec MFS) and poured into

pet r i - igmediapubsmtenin Figure ke thy jide g heisTardieg sa‘?stﬁatfo?ﬂmpnsmg the

tefpe Fégﬁ';;o%ldoﬂ # b will P\WbRad BVemies e tQhpRRRAL tozt‘ﬁe hawdtsataMih h
lid ha open to formthe film [0056] The drledpPVA filmwas renoved

f r om t Rigupe3€| the irgérmeiliate substiabeis érssdpmi Wsultable solvent, leavmg behind the
composition which is present as a patterned form on the substrate as shown in Flgure 3D. By

dissolving the intermediate substrate with a solvent, peeling off of the polymeric stamp after
patterning is avoided thereby preventing adherence of the stamp to the substrate. In the
15 embodiment shown in the figure, the composition of interest may be protein. In Figure 3E,
cells are seeded on the pattemed protein.
[0051] Figure 4 is a schematic diagram of a conventlonal micro-contact prmtmg
procedure. As shown in Figure 4A, a polymeric mold 406 inked with a compound 408 is
contacted directly with a substrafe 410, under application of pressure 430. In Figure 4B, the
20  protein 408 on the mold 406 is transferred toithe substrate 410.
[OOSZj ‘Figure 5 is a schematic diagram of a conventional micro-contact printing (uCP)
process. In Figure 5A, the compound 508 on the mold 506 is tfansferred to the substrate 510
by direct contact of the substrate 510 with the polymeric stamp 506. In Figure 5B, the
compound 508 is present as a patterned form on the substrate 510. In embodiments in which

25  the compound 508 is a protein, cells 516 may be seeded on the compound 508.

[0053] Example 1: Polyvinyl alcohol (PVA) film preparation, substrates greparation

and characterization

[0054] Example1.1: PVA film preparation
'[0055] 5 wt% polyvinyl alcohol (PVA) (Sigma P8136) was slowly poured in deionized

30 (DI) water and left at room temperature overnight, followed by magnetic stirring at 90 °C for
2 hours to 3 hours to dissolve the PVA particles. The resulting PVA solution (20 mL) was
_ filtered by a qualitative filter paper (Advantec MFS) and poured into glass petri-dish (150



cutter. The PVA filmwas cut into round shape with specified dianmeter
of about 2 cmby a 5 SCHM DT(r) Presses (SCHM DT Technol ogy,

Ger many) . nessOc the filmh was determ ned a

Equat i on ?\H'ﬁn%% re mis the mass of PVA used, p |s§?$|/§c2(?élr<£q0 y of
PVA (1.29 g n accord| ng to manufacturer's data) and Ais the area
of the petri dish. The thickness of I3he PVA fil mwas 10 about 44 pm

in the study. [0057] Exanple 1.2: Polydinethvlsil oxane (PDVS)

subst r aine imdidmeter)y and wasdiielb at( 104 tempbrasub it a dneingr fgahaod overnight for

[0058]To are s rates of. di f ent stiffness,
pol ydi A% ?%B?‘t‘&%tﬁis‘ﬁ'ﬁ%ﬁ%n to fo Pd 184, Dow Corning) with three

types gfossr 0SFhd i PRAI fln{ %Qi;éindvieﬂ lRym BRsSHeti AishOwi# a kwdezbP and p@fer
and 1:70) were used. The pre-polynmer solutions were poured into a

6- vel | otier| The RY Arfdmoway @it ingp do‘tqeie*hﬁll"’at"ég sp@@riieduhm%tet ?nf Feubd 6m b a65
C for &9AD r

ac c’(;r d?ﬁgh@?’?h%&%rgggidur e E(r)lraw ou 1@(%);;3/1 r@regg%rgﬁéghig ﬁh t@% ?21?' ﬁ?"ﬁ%e
JR et deterni@edls: Current Protocols in Cell Biology, 10 1 10.6). 4%
acrylam de was mxed with 0.15 % bi s-acryl am de to make 2.6 kPa PA
gel. 20 [0060] Al the plates andLi | ns were jdlet (WV)
sterilized before use. Before patpérnl ng, to i rov protein

attach nt on o-i ner rf age, A subs rates
were treardd v tﬁfenmﬁ.sszo}; P%uﬁe N4 Eogﬂbsg?'mi'r\g d‘s' n@@B %f%‘e[lalz%%’r ng

nitr opﬁmmamﬁﬂgnath)emﬁga? ehe(attd Mm&@édﬁmrbrta fhe Itl;j?krBsmtBtﬁél g;lex()ﬂHhéﬁP\gga
50, M (4- ydr oxyet hy 1- pi per azi neet hanesul foni ¢ aci
butdnaﬂr‘)bofl%'t‘?‘a‘b a°‘¥”61P'1 es) under 25 365 nm UV |anp (VL-215 LC, Vil ber
Lour mafopsfior ExQniplé 4 e PoRakmetelfx kit tmmmﬁlaeotaa%l%awﬁﬁx'(Pm' y.
in The JR et at. Afterwards, sanples were dried rn 60 C oven for

m nut e&%@&]ﬂiﬁ%@@are the substrate with curved surface, the 1. 10
PDVS pfy @fgol it réaty dsuettra s gogttﬁftnt r&gﬁtt@eh&&f\; atﬁtpﬁuatan@ (PDMS)

di sposabl e drop er and cure sequent
(Sylgard 184 Dow Cormng) with three types of cross-link ratio (cross linker:base ratio of

15 1:10, 1:50 and 1:70) were used. The pre-polymer solutions were poured into a 6-well cell
culture plate, and the plates were baked in an oven at 65 °C for 24 hours.
[0059]  Soft polyacrylamide (PA) gels were prepared according to the prot:edure
previously reported in Zse JR et al. (I'se JR et al., 2010, Current Protocols in Cell Biology,
10:1-10.6). 4 % acrylamide was mixed with 0.15 % bis-acrylamide to make 2.6 kPa PA gel.
20 [0060] All the plates and films were ultra-violet (UV) sterilized before use. Before
patterning, to improve protein attachment on bio-inert surface,A 308 kPa PDMS and PA gel
substrates were treated with 0.2 mg mL’ N-Sulfosuccinimidyl-6-(4'-azido-2'-
nitrophenylamino) hexanoate (Sulfo-SANPAH, Pierce Biotechnology) in 50 mM (4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid) (HEPES buffer) (PAA laboratories) under
25 365 nm UV lamp (VL-215 LC; Vilber Lourmat) forv 10 minutes according to the methods
described prveviously in Tse JR et al.. Afterwards, sami)les were dried in 60 °C oven for 30
minutes.
[0061]  To prepare the substrate with curved surface, the 1:10 PDMS pre-polymer solution
was poured into the curvature of a disposable dropper and cured. Subsequently, the outer
30  curvature of the dropper was peeled off and the cross-linked PDMS was cut into specified

~ dimensions. To measure the shear modulus of PDMS, different cross linking ratio of PDMS



30 curvature of the dropper was peeled off and the cross-1inked PDVS
was cut into specified dinensions. To neasure the shear nodul us of
PDMS, dif ss linking ratio of PDVMS 14 prepol LN
was poure&ﬁ:’;%[l(&)mﬁ%%ol d which gives a round PDM5S sheet ¥Hfﬁc§m/lﬁﬁ)5'8

t hi ckness of about 1 cmafter cross |inking. [0062] Exanple 1.3:
Characterization of substrate [0@)‘63] The shear el astic nodul us
(G of the PDMS sheet was neasured by a Physica 5 Rheoneter (Anton
Paar) amepolyaser cohtiont was pourdtbimtg' s mobdl which giFpuiai toghd POMA ushtétowit a

G Equat,j.q 6 PDMS stanp fabrication and inking
10 [Ooéfgf@%e% f)a«?F'é?le gg%rocn‘?sﬁﬁ"%@%er al procedure shown in Figure 1,
si | i confoms2st e Exhraplpl1cs: e}haﬂ@etaﬁzaﬁgnwﬁgdb@ua t opogr aphi c features were
fabric .by standard phot gl ithography _and etching nethod.

Thii ]

Subseq y, TpfHahear |eastn megdulug (Gpeafghé PEMSsheet (yag apeagurdl oty PPhysitea
sol gti A I g\;ng%

oct gdegllet&??tgq or os}lealrazri) ngélg (V‘l 5‘?’ \g‘g’e%é%% %OM&S%Q usm?éhef %qg)l??%nat ed
by casting the 1:10 PDMS sol ution against the sili con rraster 15

tenpl ates as previously descri %eg%g Tay CY ety aI CY et at,
2010, Exp Cell Res, 316:1159-6 riefly, the sol ution was
poured over the naster, left in vacuumoven for degaSS| ng, and
transf?égégﬁ f glo 100 C or 2 hour_s. Aftervvards t he PDMB

| ayers Agmpey : : RE gned patterns were

gemer a{@$spn Whey Pd?é@]@ufd‘ ﬂfeegeri&’ﬁ uset angen e riguas e dilichn ehianol
in an ultrasonic cleaner bath for 20 minutes to renove particles

bef or e tsgydates bragg vaTiQys tepograghis fSRfHﬁﬁ wiste Tabiieateddry Sandarskphepditiiceraphy
| mages o5 ohing ks @,qggeaaém?s he réﬂF&Bﬁwdst’Prt 15tks %Pa“aea(npgl\@ ?ﬁz}m

with inmages on the (i) urmsovmng e top Vview,

ri ght @@umma@hahm@r,afO}j@wgbematmem with oﬁiagtthn@ﬂomaﬁnnct(gm) $3igmp).
shape t i ion of t 40 in
| engt h?ﬁw&gmpé’%glg ﬁﬁgﬁ{ghea%éf %Et%gnﬁng I1 rr.]i%hl’;}?l\gﬁ solu Olb ugaénsé ciogtrga%g

r eti anganipdatesk&apsvpaslyafemnbcﬂ til ’I&go(hYpataﬂ efTay r(amengl azmlarEprl @1l Rbs,

about h,, 2 n wi.dth and 5 fun in heig Fi gure
o dept 2 L35y P e T RPRES Rotiign MogHRnehate areimpsivs Jig i vaduues

di nensbwn fof dedassinig, 2nd transfﬁrédemg&ﬁhng&tgoo PO o ThburdNindwiarlsi the PENIST -

[ 0067] For i nkin the PDMVB s was i mersed with human fibronectin

(FN) (lBprsovars geiivareeled off by B, e@}bdiﬁggwmt}erm WIS geagiatedtappthe PDM$m
rat tagdefacOCHR PO LRSS Q&)eréj Wakﬁe@Ctn' é?hzﬁ@ﬁ d‘( ap ulltifagorph cleah® BatfiGbi 15

cul ture hood for 1 hour, folliowed by b ryitng w pressuri zed
pu?q f i @@pumsttqa gﬁg@ye@gglcles before use.

[0066] Figure 9 are Scanning Electron Miéroscope. (SEM) images showing the

topographies on polydimethylsiloxane (PDMS) stamps, with images on the (i) left column
showing the top view, and (ii) right column showing a perspective view. Figure 9A dépicts a
strip shape pattern, with each pattern having a dimension of about 40 um in length, 20 pum in
25  width, and 1 um in height. Figure 9B depicts a rectangular shape pattern, with each pattern
having a dimension of about 20 um in length, 2.5 pm in width and 5 pm in height. Figure 9C
depicts a sqﬁare shape pattern, with each pattern having a dimension of about 5 um in 1ength,
5 pm in width and 5 pm in height.
[0067] For inking, the PDMS stamp Was immersed with human fibronectin (FN) (BD
30 Biosciences) in PBS (50 pg mL") or collagen type I from rat tail (COLI) (Invitrogen) diluted
in PBS (50 pg mL’ ) in a cell culture hood for 1 hour, followed by blow drying with

~ pressurized purified mtrogen gas.



15 [0068] Exanple 3: Mcrocontact printing [0069] Wth reference to
Figure 4 which shows a general procedure for a conventional

m cr o-con ing process, the inked stanp was pl geed-if 1000375
conf or mal R@g%ﬂtlg/é 7%V?II th PDMS substrates for 20 mn wit hﬁg /gﬁ g1 rod

wei ght on it. Afterwards, the stanp was gently peeled 5 off fromthe
substrates fol |l owed by washing with Iphosphate buffered Saline (PBS)
three tinmes. [0070] Novel ACP nethod according to an enbodi nent of
t he i n{@968] onExmapled: Mierbcontactpitimtingf er ence to the general procedure

h ' The in ed PDMS st was pl aced onto_the
£ oan TRl Bhin e aice 4f FiRsred hich ShBYs & aglerd FEo%gus T Arovengons!
rod 10mi&b@Bhta@iprinting proeess! e ifkad k@B arhs Pladd Bf confsimal LSRR SiR PGS

in conformal contact with soft and/or tacky target substrate and was
| ef t i pubstratanfon 2P mingvitihd 89 gired weighhpmit. Afteravardsy thetrtanmmowas BBEywesled

appd i egffti?o 'tﬂé ﬁsnﬁte@f E&\)&eﬁ\}% %Ja Iﬁﬁ%Wn'ﬂe}Zi}ogﬁna@ %}] Q‘&P s£1 ell’BtS three

di ssol ve an amay t onpl e non-pri
reglonnm$8both conventlonal and novel i.tCP groups was t hen

assi v h % Pl uroni c,. for hour, at 37

1? ol | ov@fﬁ@i ’5 Vvié‘#? T t\llﬁ)c{ gt't%?raéleé"ﬂq?oﬁgéem [oéél‘iellf‘v%?’é?ﬂﬁ’i'aé C&meﬁl\%lts
cul t urwnrrdfeﬁdﬂea [(ﬂgle[ &3] plocydups sty ROFIpWRCS, (rﬁanimeemDMSrsQamzp was
cultured gﬁ%qggsi y described in Yu Het al. (Yu Het al 01

Bi oc heﬂﬁ%ﬁ made;B¥A1ftlm £y ZO\M@nmc%ﬁﬂheqleh?%Wéh Fe5q s«mﬂ s,
hMRCs wei gg &?‘ftV?m %Q@erﬂéﬂlé’@oi&tthe Eﬁhqe\@a% Eﬁ\%cegfm %oﬁ(foﬁQa?l ftab Sy ke | N

a 20 Dul becco's nodified Eagle's nmedi um ( | ow gl ucose culture
medi undnyariiesly taseetisbsiate and viab tefidld aflaminar fow hoocNor EL nuelA@eramQuaatimd

to th Iy nt. of
fetal e%ov:'“tnag g r Sﬂo?&ﬁg) y Suggﬁll}? A)ﬂ{é%'t {{% I CS \%\%a}}sl %é'? tgragss?lve (r%rﬂv\?g
non- at aveaytthel PY& fikn ccﬁhplstely; dhe naspnmta&mmﬂrb&ﬂnanﬂum&xﬁaw&moaal nCP

check ERUNERERRRETBLYRRds Pobrgrl ambBrsr e st Hor elakee ©

i MEpgi gy watirgneiklyBBS thré@dd] Briefly, cells were fixed at 48 hours

i ith 4 % par af or mal dehyde for
after [%)8’?9]' nqbygm le 4:h0 Cs culture and seZdin

[0072] Cryopreserved hMSCs (Cambrex) were cultured as previoﬁsly described in Yu H
et al. (Yu H et al.,, 2010, Biochem Biophys Res Co., 393:150-5). When conducting the
experiments, hMSCs were harvésted and plated at a density of 3 x 10 cells cm™ in a

20  Dulbecco's modified Eagle's medium (DMEM) low glucose culture medium without serum
and in.cub'ated for 1 hour. After cells attached to the patterned proteins, complete medium
with supplement of 10 % fetal bovine serum (FBS) and 1 % antibiotics was applied to
remove non-attached cells. Phase contrast images were captured with an inverted microscope
(Eclipse TSiOO, Nikon) at 48 hours, and 7 days to check the cell morphology.

25 [0073] Example 5: Immunofluorescence imaging and analysis

[0074] Bneﬂy, cells were fixed at 48 hours after seeding with 4 % paraformaldehyde for

10 min and then permeabilized with 0.1 % Triton X-100 for 5 min and followed by blocking

. with 5 % bovine serum albumin (BSA) for 1 hour. The primary antibodies were mouse anti-

- collagen type I (1:400), or rabbit anti fibronectin (1:400) (CHEMICON) which incubated

30  with the samples at 37 °C for 1 hour, and secondary antibodies were Alex Fluor 488 goat
anti-mouse IgG (1:400), or chicken anti-rabbit IgG (1:400) (Invitrogen), and TRITC-

~ conjugated Phalloidin ( 1:400) (CHEMICAON) which was applied at room temperature for 1



10 mn and then perneabilized with 0.1 % Triton X-100 for 5 mn and
foll owed by blocking wwth 5 % bovine serum al bumn (BSA) for 1 hour.
The prima | I es were nouse anti- collagen type : r
rabbi t anwofuﬁ%)/lr)%ﬁg’cti n (1:400) (CHEM CON) which incubg?](e/%‘;é}'gg%niﬁ
the sanples at 37 C for 1 hour, and secondary anti bodi es were Al ex
Fl uor 488 goat anti-nouse |gG (1:400)¢ or chicken anti-rabbit |1gG
(1:400) (Invitrogen), and TRITC conjugated Phalloidin (1:400) .

( CHEM Go6IN) 4" et shiditd - gt liRid1e2{D APD (1t ID0DE (GHBMICOD) wkas Afplied OfdF -10
4' | 6-di am di no- 2- phenylindol e (DAPI) (1:1000) (CHEM CON) was applied
for 10THIHES B5staip cell apdieic Bluprepgsareimages Weteesb@rrde singergapright fuorescent
capt ur egd \sd, BinddEdi IR uorescent mcroscope (Eclipse 80i,

Ni kon) . fOO?@?I(:'xalr?pf)e 1’6: ﬁ(&g | alignnment anal ysis and surface

t opogr-&#se¢s ExamiplefciCell aAligdimehCelalysid anghsweface vepogeardiies

quagt i ivel y...the angl e neaSurenment.. functi.on using | mage .
sof V\B.:I@’%L ug"lﬁgsagéﬂlg%&i g%rga%gf&jtqﬁgﬁgéi}ﬁ?ﬁd@ ﬂ?]ﬁ ?’?’g?_c H%\?%ude'gﬁfﬁff%%mn
wer e capibgrigthgelisofgwas. Flusassteade qma%&caﬂ thel eﬁ@ge:omtfhsymemsﬁﬁ&é‘é Wi, g
Leica). The 3D.reconstruction f the patterned surface were conpute
usi ng SYUEHEE VLS ;ﬂ“o}"éfé’ft?dtt)ﬁ@fgﬁﬁt F’b‘iﬁf’%‘}PP‘f_éb’%‘SmAW$ St okeiei tihe’ 3D
s0f t WakgondRIAGH ANk fed surBlcdticsd édabutat vishi BRESENI frojds A EndRRE
repeated three tinmes for each experinmental group and were expressed
as reanfLleist AnpligationlSyitesoftyiare SD) . [ 0079] Exanpl e 8: Advant ages of

traps- ped-Atin ' m crocontact printing on flat
suggtrmdgzj 1 70% RRaRA -in the background section, ,
conven{Q00y8hl WAillcassaysr watei repegied dloss dsnes ufof eracl reapertnental bgrolys ,anid nwere
particular for soft, .tagky and/or rfaces having a conpl ex
topogrﬁ’ﬁq{e,se‘gﬁsc’ﬁeaélgissiagwgﬁﬂg (?'}1(5%5‘0 the tacky substrates and
causi ngJopt OEkaMplel 8: Palvhetagss of [t dgrirftingU beerd cérfventiGitdl Ciidrbéontact

diagramjllustrating the I'imtations of conventional m cro-contact
print i REL at ISt acky substrates. Figure 6A shows a stanp 606

CORPri gio80] @ As discussed in the background section, conventional micro-printing processes

- [

Al
CLK CD Hi

suffer from draw-backs, in particular for soft, tacky and/or surfaces having a complex
topography, such as stamp adhering to the tacky substrates and causing distortion in patterns.

[0081] Figure 6 is a schematic diagram illustrating the limitations of conventional micro-
contact printing on soft and/or taéky substrates. Figure 6A shows a stamp 606 comprising a

20  composition 608 in direct contact with a soft substrate 610. As depicted in the figure, contact
of the' stamp 606 with the soft substrate 610 may result in sagging of the substrate 610, in
particular, when excessive pressure force is applied to the starﬁp 606. Figure 6B depicts the
stamp 606 adhering to a tacky substrate 610 when removing the stamp 606 from the substrate
surface after printing. In both cases, the patterned composition on the substrate is distorted.

25 [0082] Figure 7 are fluorescence images of a tacky substrate (A) before. patterning and
(B) after patterning. From the images, white patches can be seen in Figure 7B, demonstrating
that the tacky surface was damaged after patterning. |
[0083] Figure 8 are immunostaining fluorescence images of conventional micro-contact
printing of fibronectin (FN) on different substrates having a Young’s modulus of (A) 308

30 kPa; (B) 12.6 kPa, and (C) 2.1 kPa. As can be seen from the imagés, conventional micro-
contact printing suffers from limitations that the polymeric,stamp adheres to soft and/or tacky

. substrates which disrﬁpt the patterns (see Figures 8B and 8C). The scale bar in the figures



20 conposition 608 in direct contact with a soft substrate 610. As
depicted in the figure, contact of the stanp 606 with the soft
substrate esult in sagging of the substrate 6 J <
parti cul a?‘,ﬁ(}%)%gﬁ%é(&cessi ve pressure force is applied t%gyﬁgﬂ)sly(g)%h
606. Figure 6B depicts the stanp 606 adhering to a tacky substrate
610 when renoving the stanmp 606 from%the substrate surface after
printing. In both cases, the patterned conposition on the substrate
i s di stdemidtesch length of 0@B2h. Fi gure 7 are fluorescence i mages of a tacky

substr A) before patterning a .B) afte atterning. Remthe

i rrages,%qez%ﬁf t eAaa*eecma@'glea?P%lé °§gléﬁfgic‘jjﬁ§1?% finaya ssra%wrﬁ?ﬁ@&w%c&h%
t he t a%Kible'iﬂ# rrﬁ@}!? %e%i&én@}g%&v@ﬁﬁ@r 'tHéaH&fEﬁﬁHuTaE- off Qtﬁﬁﬁlit'éé ¢ il esu%se%ﬁl@nt
i mrunost ai ni ng fl uorescence i nages of conventional m cro-contact

pri nt i digtestion; Phihe matiern by ENgodueing iafwaerestubia sansrmainéing median thua owetting' s.
rmdfi” uﬁ'neogtar&]é‘}en%{gl g‘tgp KRahe go@/tag:l? glbggﬁesl F13%edt Bhis %de;ai EFﬁ%vel%I; ?‘H)cps(g
I mages, nal r ers

seen fromt conventl o m cro- contact printing suffrer
f r om | baset ahitlengentiabprotdiarepio [Kigmei2ov sstpenfprnasiiver 308 Pa, Ehé kPgnadd 811 kPa

t ack t whi ch di t, th t Fi 8 d_.8C).
The 2 RIS, ibeiieed s Dol i kP s "Sah €4 Sok 3 el FetsBRres e oo
As t hec@ifoidhaaee 6RhatdysofC &id tacky sdifided gespetivulgl of stanp in
conventional p.CP, the problem may be avai ded t%y preventing the

def or mit%8sh oPDY{ues hoses aiee hpEdg den iHicstegititsiraden, bisingEpeserand
by 14 nt h&ﬂﬂﬁidi‘tg. 2DV BF varidud Bheart hadis Md AbkiRGs Wﬁ'lﬁepawiyéy %mx{gmg;'ﬁi&

the stanp renbval step on the soft/tacky substrates.” To test

i dea, tatinofsrospiipketo theshnsh ddedating usebwgerieltall : 50y ande P evhiich qorrgspoad 2
vor | Pl §hE AR ot Y i1 86 KT ol Ko, PRl RS BlA3y )

conf or Bathabe d2.6h®adnd 2dfkPa safiPDMS hyvesgreitgoentislasp éc safv 8fsye engineering

[ 0085] PDMS, was . chosen, as .t he substrat e due tto its ease of

fabri c3PFORY BHBLG R HRE 2oUgh I RSRLFRFLELY.  POVS of vari ous
shear l[omdgj [ mndxisrh &ié&ioﬂ,eﬂ&_riéﬁéd Rlagipaivasl pldh)tecD bmmgiheg&ésllag:ggadd 9(\;@‘1 ﬁ17n6
cross-|inker to the hase. e ratios used were 1:10Q, 1:50, an ;
whi ch B8IcAEShIHEIRg ‘Q‘S&‘%@ -ogton@auf_flrefi Fect3gbskps, fy 3% Siepa theapaitem Fas -
kPa, I @sReGtdiven (Y stfiph® HEUYBLA Wi khd theBRInD nbefudéiidhs kiSan BRE-pint

kPa soft PDMS have great potential use in soft tissue engineerin

si nce mikdip. Fham the patdened fribe fibn veas wlaced reernioragp eeitaay avith, softmnd/or
[ 0086] | , ' t L
Freshi oL AUSLIRAERP, T RoLRE SRR (NS Bl AREH PRtk Werore isslyine
t a2@et the D5 fibm Eaving belind pateers, suches that shom indligure dhsf erred from the

sta he BVA fi and the, fil myiow functions trans-prd nt, -
LoD (RED e g 1b e iulibSalyiad SsEC o3 8 a8k AP (Bl Hha
cont acéollagéh (GOLY oandifferentt aubktyatésab@etdisd) s vimdus. emfbudimems of fise yesdnd

bind to the underneath subsirates hefore djssolvin 4
inventg)n. F(ljgures %A to 1% (LJ c?ep?cts ibronectin pattemgd on a PDMS substrate

having a Young’s modulus of (A) 308 kPa; (B) 12.6.kPa, and (C) 2.1 kPa. Figure 10D to
25 10G depicts fibronectin (FN) (D to F) and collagen (COL) (G) patterned on a PDMS
substrate surface héving features of different sizes and shapes. The scale bar in Figures 10A
to 10C denotes a length of 100 pm and the scale bar in Figures 10D to 10E denotes a’length
of 50 um.
[0088]  Generally, this additional trans;print step only requires a short duration such as 30
30 minutes, and PVA is a cheap chemical. More importantly, it can évo_id the probléms with
cdnventional micro-printing such as that shown inAFigures 6 to 8. Through the use of the

. trans-print film, patterns on soft and/or tacky surfaces can be created. Furthermore, the



20 the PVA film | eaving behind patterns, such as that shown in Figure
10. [0087] Figure 10 are imunostaining fluorescence imges of

fi bronect d collagen (COL) on different subst i ng
to varlougﬂ%ﬁgodﬂﬁgnts of the present invention. Flgurggbgéﬂﬁﬁ&ﬁ%g C
depicts fibronectin (FN) patterned on a PDMS substrate having a
Young' s nodul us of (A) 308 kPa; (B) ¥2.6 IcPa, and (C) 2.1 kPa.
Figure 10D to 25.10G depicts fibronectin (FN) (D to F) and coll agen
(CcAL) @e)erpaasolsnmemdnuaatyﬁws)esmpmweétEmestmns@e@emlngoff@aa soluentdfee
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denot eso@ehmt [HCP&tab. um [ 0088] Generally, this additional
trans- EO“ nt step onlxgllreqw res a short durati on, su

ch as 30 30 )
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Fi gure rough the use of the trans-print film pattéerns on
sof t aAdieninctbatioy, phosplaatebuffasalin (EBShwesl apiieditp disselve and wash agay the
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After 1ncubation, phosphate buffer saline (PBS) was applied
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wat er so e synt ¢’ pol'ymer w t'h excel ioconpatibility and
physi c 090} opblnmwmtaanng was dénsvencths printed phmgmb@@he% the LGP pfleiensy and

sur f actant t r I
S s e
t echni gaterissomait sﬂlbstmﬁeEdoﬁld) bP\ddhieved, as cexpeed sithtthatomehgrnahvatethod in
sol ubl r| alfsJ such as pol yethyl ene glycol (PEG can also be

ra

enpl oy§l¥“5§ A2 8Cr ans-print nedia. [0090] | nmunostaining was done on

the prigowef Prot@honsirareting ale riokla rﬂéﬂﬁx&fvis AP cadiecto shientipattérng bwe
10. The results show that b the novel trans-print pethod, ggch

bet t er other kags efpattems werg u%é 6%& leg op Gufl KPR RFINYIS \Mith 2 duneugiop of
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that the novel nethod was aI so applicable to different patterns
ot per kmdwgl@dafesqquwbd brerahiayed forf petterss iwith dimensions as samll asc¥ PPN

VlmotEhsﬁog%e[ag%pﬁdnf i £ o8 PRI Ohsfarde A Yefatie) Bt b Gud RshodREy
printing FN (Figure 10F) and collagen (Figure 10G) on 2.6 kPa PA gel. Immunostained
fibronectin (FN) and collagen type I (COL) showed that effective pattern was transferred
onto 2.6 kPa polyacrylamide (PA) gel. These results indicated that the transferred proteins

25  worked and this novel technique was generic and could be applied to various proteins as inks.
It was also demonstrated that this versatile technique can be applied to a wide range of
substrates ueing various inks regardless of their modulus and very importantly at a low cost
and is simple as compared to other reported micro or nano patterning methods such as Dip-
‘Pen Lithography or laser scanning lithography. Since the resolutlon is dependent on the

30 PDMS stamp but not the PVA film, the pattern size may go down to 0.5 pm or smaller with
the aid of high resolution PDMS stamp fabncated through a special lithographic molding

. technique. -



20 and good resolution could be achieved for patterns w th dinensions
as small as 2 pmto as big as 20 pmon soft and tacky PDVS

substrate satility of the technique is shown i g FN
(Figure 18\1—3;&1%%%2% | agen (Figure 10G on 2.6 kPa PA pﬁ!‘y%&o‘i‘{/b(ﬂ%s

| mmunost ai ned fibronectin (FN) and col | agen type | (CO_) showed t hat
effective pattern was transferred onto 2.6 kPa pol yacryl am de (PA)
gel. These results indicated that the transferred proteins 25 worked
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using the trans-print method according to various embodiments of the invention. Otherwise,




20 on 1: 70 PDVS coated with a honpbgeneous | ayer of FN wi thout
pattern, hMSCs were randomy distributed at all angles. The patterned

protei ns &b Sot¥hdhle | eading to cell attachment and thgprabhdNiesHs

along the pattern direction, denonstrating that this novel
trans-print method is mld and coul Pr oduce excellent mcropattem ng
efficiency. 5 [0098] The ink transfer efficiency of this nmethod, as
measured using fluorescent intensity, reached a remarkable 87 % of

or ot oi A TG RO copieparith ai kpraaesneous BT kPR Datin bYSICSVeEed
by flu s ok [ b e i t

cba. PO SR HATAEE ot M RO E IR AL IRk PE SRRk o ol
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cous d p@OBpnaThyinkeraaster sffsiestylnf thin afedd] agméditred nking Mubiesdent intensity,
concentrati.on. [00’5@ Exampl e 10: Advantages of trans-printing ACP
appl i eEFaERPdca FepeRk %cfeg?mm]m%%nqwmslﬁon%rw& PANYFRIEPIALUCP
attr actcﬁﬁuﬁ%armr&kéﬁqﬁkﬂﬁy%ﬁz@ééﬁ %oxﬂfenﬁ&lf‘all'ly Rait&A&d FY HASIBBN®a PHMS
mmc tissue conplexity and develop clinically relevant tissues.
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requires the curved substrate to he regular or the stanmp woul d not
have cERffinaReccainat MiFtoRafoRing 138 HErcEdaenarmgLs siteniing . berrise extohe,
st udi egcleRsinPd&hadlt6 himid1BNE KRGl A eI i liP rd hanAdNait §8Rr0f -

bei ng sinple and cost-effective and versatile enough to be applied to
cul¥ edteghnigiss | haye bagp, develappd dess thatrpuigesep suely ag eonvieetignah ghesplithograpific

this t I: J - O Qr NI NG, @1 [ i Lt h
bt o apHifl g lod RN 368 o Ip B EHRE i soft el Bl & BloalHE 1
i mge wstimiques, agaim, angl dithebeqomplexdyr reduaregediowsheptinyikitiod @nd ispecifirdesuf mesmt
PDMS; £13) a.schematic chart of .the patterned FN a he scapned
Coct, o BReRuy ARG Bl Gl B G el ol e RIS was
sur f acdonefont Hglasybatdel By rollihe tiecamhedarfadenon Mkedl etambeHowele@NGismethod
and the scale bar, in (C)bﬁgen tes Ien%th qf 50, gm R%ferrin to
t he 1 i Ygavizes the cprved, syubsrate elsreoy B SGB, o ¢ pPt havercopfargak %On?%A) |
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the curved surface. It is believed that the technique would work on a
wavy svith frecadvantageeofhging simple andirogtrfiectiyeesndoyasatilecenongh & bapnlipd to

conf or &y dshGelf HaRGy R 9eHA00 IR cinddberdtl HEROHhEBiE MOl sHeBfriqub it Snacro
1

wher e conventi.ona
scale 3D patterning, a cylindrical model with a diameter of 2 mm was used.

25 [00101] Figure 14 is (A) an optical imége showing the cylinder used, wherein the cylinder
is made from PDMS; (B) a schematic chart of the patterned FN and the scanned section by
confocal miéroscope, and (C) immunostained FN on cufved surface of the cylinder. The scale
bar in (A) denotes a length of 4 mm, and the scale bar in (C) denotes a length of 50 pm.
Referring to the figure, a strip pattern was created on the cylinder (Figure 14A) and 2D view

30 graph in Figure 14B showed the well patterned FN on the‘ curved surface. It is believed that
the technique would work on a wavy surface, since PVA film is highly flexible and could

easily conform to the :shape and contours of irregular substrates. Thus, where conventional



RCPis limted to flat surfaces, the transprinting nmethod enabl es
easy patterning on curved surfaces. [00102] In sunmary, a novel pCP

t echni que W@, fibFabLg M cropatterns on soft and/or tackyl,érllgéitﬁ%(ﬁ%@nd
extended its usage on conpl ex surfaces such as cylinder by neans of
water- 5 soluble transprint nedia has been devel opéd. Results have
shown that this novel nethod coul d ctkate desirable patterns and
obtain nmuch better pattern efficiency than the conventional pCP

met hod piiPers lapigdd odla sudacks, the thanspokngPDikBod enables easp pgttgping oRAcugedd
(2.6 kP%{n The versatility of this technique was denonstrated by
patter AN n different substrates usi ng different proteins as inks.
CaL anQO(sz] t W0 s@hmhfe aosél CMTEoMiyuelidedeald midbpaeais| onl ft aRldri thcky
(ECM) proteins V\ereﬂcﬁfésted Thi s ngvel techni que may be extended to
ot her ﬁP‘bSttféieﬁén‘éﬁEl‘e | 165 UsagEc 1 SomaR| &k syrfacespich éﬁay%wr by smpapy g water-
Fur sheropefetfdspint! Medil) R B@én datlo ?E(P'I&Qul@sﬂﬂa\@ Go! Bl fiiCnovel method
fabrication. The nethod according to various enbodi nents of the

i nvent icorldc aisater degitablei pattnpest tandrsoninc oweh ebetlsr  BBemu reffigiensy thaohthes
that d I I
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 mvor vauEhes EPog ey mp@nd 2o R ERE AR B svBrstsammaonbinneduc

hagoa gkeakilpet Satrixd{EOM) profdinst wers Uestdin ghrsaﬁfvbln@cm@her:ﬁgﬁ Belerichde to
medi cine. 20 22 CLAINS, A nethod of m cropatternl ng a _substrate, the

met hod OBHpFeteins gnd drclsiconsith sechaaONA-hand AgY ljsabiver fstes gpteadd in

i nked whifica pRRAREL !nRﬁ 18ErobRRERIE € BbricdonC ettt hORrAAE tt%r Qﬁrﬁjous
surface with an internedi ate substrate, thereby transferring t

conpos mbedimentstdidhe imvéndivn cof creats mmqpams: an ¢oplex tor FDesurfapesy stv}a ashe
inter r 0, da g rf of
the i gtﬁ{eyrt ?rletggloﬁéfg%éd g&gm (? n 3 sFmdll gﬁn%e t/%se ?l)ceogoq’gél?tﬁéo% v\}lglgﬁlt %Eetoaﬁ;lgst
subst r dioeatarath id)softdivene mmehmg atrtdesomdna;t be ssmssky ad EDMS dhessmlel pGY

the inte di at.e su rat e us so] vent e i m
wher ef HEPRE 01 0 SR loands? 56 Pyierls fR@raridm oy et lried sigkhs
t he pOEiWBB)Fe s6 1R fiBgues. d6is @fitcipdtdEbhaBis hb GeNpdPac ginQjtp heOn §1le§ttpdﬂ@1t1@f in soft
silicone polynmers such as polydlnethyIS|onane nat ural rubber,

synt hef‘FS(‘:‘eF%B‘?ﬁ“ngé FegeReratiys Madigng e t her eof The method of any one
of clainms 2 to 3, wherein the step of providing a nold having a
patterned surface conprises (1) generating a polyner stanp with a
pak®erned surface by (i) providing a master tenplate having a
patterned surface, (ii) contacting the nmaster tenplate with a
solution of a polynmer precursor, (iii) curing the polyner precursor
solution, and (iv) renoving the polyner stanp fromthe naster

tenpl ate; and (2) inking the polynmer stanp with the conposition of

i nterest.




' The'rret hod of any one of clains 1 to 3, wherein the conposition of
interest is an aqueous solution. The nethod of any one of p&gistBol/b00375

5, wherein the conposition of interest conprises a biotnol ﬁgéé%vgd 14/08/2012

-speci es. The nethod of claim®6, wherein the bionpl ecul e specie
conprises one selected from AMENDED SHEET orrrturn TTUrl,1 Alltc.
Anl P- FA/ ATI - 23 the group consistingof peptides, polypeptides,
proteins, oligonucleofides, polynucleotides, nucleic acids,

cgrbohydrates, lipids, small nol e@q‘msand hapt ens. 8. The mét hod of
claim6 or 7, wherein the bionol ecule species conprises fibronectin
or $col |l agen. The nethod of any one of clains 1 to 8, wherein the

i nt'er ngdi at FAhferd I ot thod of claim
9, vmrenri’ei n ?‘h’g&g%?éner J:?tt% ﬁe26§| ymgrre’ Hé}mnﬁh?)g]cgm%gﬁgg:ol ubl e

pol ymer . 1la)Tipeoviding eanodd hayiing apattornedsenface inked &vithatcormpesitiond £infeodst; e r

I s pol yvinyl, al cohol polyet hyl epe glyeol 15 12. .The hod of -, -

clatfm 11, mﬁ)efg?tﬁaﬂge%%%ﬁn%@ af‘gp%ﬁbg%/tﬁa?% %W’g S nﬁ#ﬂ’?ﬁ' n&ereby

: - transferring the composition to the surface of the intermediate substrate, whereby

the intermediate substrate is not imprinted; -
¢) contacting the surface of the intermediate substrate comprising the composition
. with the substrate; and
10 d) removing the intermediate substrate by dissolving the intermediate substrate using

a solvent..
2. The method of claim 1, wherein the mold comprises a polymer.

15 3. The method of claim 2, wherein the polymer comprises one selected from the group
consisting of silicone polymers such as polydimethylsiloxane, natural rubber,
synthetic rubber, agarose and mixture thereof., '

4. The method. of any one of claims 2 to 3, wherein the step of providing a mold having
20  a patterned surface comprises (1) generating a polymer stamp with a patterned surface
by (i) providing a master template having a patterned surface, (if) contacting the
master template wfth a solution of a polymer precursor, (iii) curing the polymer
precursor solution, and (iv) removing the polymer stamp from the master template;
and (2) inking the polymer stamp with the composition of interest.

25
5. The method of any one of claims 1 to 3, wherein the composition of interest is an
aqueous solution, '
6. The method of any one of claims 1 to 5, wherein the composition of interest
30 - . comprises a biomolecule species.
7. The method of claim 6, wherein the biomolecule species comprises one selected from
AMENDED SHEET

DCACTIVUEN TIME 14 Aln C.AN TPEA/ATI



h al cohoL 13. The nethod of any one of clains 1 to'12,> wherein the

~substrate or the surface of the 20substrate is soft, tacky :

14. The nethod of any one of clainms 1 to 13, wherein the ngg/tS?ﬁ?ﬂ-/OOO”S
conprises a material having a Young's nodul us of between ab%t® %88/2012
to about. 50 ea. 25 15. The nethod of any one of clains 1 to 14 wherein
the substrate conprises one selecteghfromthe group consisting of
silicone polynmers such as pol ydi net hyl sil oxane, hydrogels such as

pol yacryl am,de S Ol ( Nad r anj - COf : -
Foorin goret] %‘?ﬁfgn?‘%ﬁ%ﬁ'ﬁaﬁ  Deps R FRvaides iplois, COlgclithrdcs,

1 to 15, wirelyakeleatides, sueltigecidsfcatobydsates; lipids,smalignclecnies, pidhaptens.

t opogr aphy. AMENDED SHEET ot acivcn TIUE | A AnaC. A" ) HYRA/ ATT 24

17. The net hod of claim 16, wherein the non-planar topography

conpr i8ses dhemediodof eldind 6 oni7; Whergin thebicoolscult sprgies comprises Glvnectin or
fegture, a rved feature, and a spherical feature. 5 18. The net hod

.of “any one B-aims 1 to 17, wherein the substrate is a sphere,
curved surface of a cylinder or curved surface of a cone. 19. The

Imral': 2? ST a?-gg n(x)ert]h%dogf ac.xjnyabrgres o cfa?ml?’tovg?e“rrheelte%t e%?é’é{ x‘::xtee gu stg'aqg is a
polymer film.

10 10.  The method of claim 9, wherecin the polymer of the polymer film is a water-so]ublé
polymer. | "

11.  The method of claim 10, wherein the water-soluble polymer is polyvinyl aleohol or
poly_étliyl'ene glycol.
15 _ _
12, The method of claim 11, ‘wherein the intcrmediate substrate comprises polyvinyl
~ aleohol.

13.  The method of any one of claims 1 to 12, whefein the substrate or d\e surface of the
20 substrate is soft, tacky or both.
14. The method of any one of claims 1 to 13, wherein the substrate comprises a Tnaterial
having a Young’s modulus of between about 1 Pa to about 50 kPa.

25 1S.  The method of any one of claims 1 to 14 wherein the substrate comprises one selected
from the group consisting of silicone polymers such as polydimethylsiloxane,
hydrogels such as polyacrylamide gels, and poly(N;iSOptopylacrylamide), collagen,-
fibrin, gelatin, and alginate.

30 16. The method of any one of claims 1 to 15, wherein the surface of the substrate has a
non-planar topography. | ' '

AMENDED SHEET
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substrate conprising the conposition is placed in conformal contact

with the 10substrate. 20. The nethod of any one of clains ﬂCﬁ/@Gﬂ(ﬂd/OOOWS :
further conprising functionalizing the substrate wth 4 14/08/2012

N- Sul f osucci ni i dy1- 6- ( 4- azi do- 2- ni t rophenyl ami no) hexanoat&e"e -

gl ut ar al dehyde or N2114 prior to step c). 15 21. The nethod of any

one of clains 1 to 20, wherein the ggnposition is chenically bonded

to the internedi ate substrate. 22. The nethod of any one of clains 1

,0 21, ypherfidinkhid 591:1\{#15"16 Ltsﬁaext e winSpiaY tmggt By & COMpHidRE BREs@bGed

substrate conprises water . The net hod of 22," wherein the
sol vent is ftorbihe srouBcﬂonsmm ofzan arppate featureda shrvad festvre, oid & (spherisah
to 23, WnertFé the solubility of the conposition of 25interest in the
~solvent is Tower than the solubility of the internedi ate substrate in
the solvent. 25. A patterned substrate nade by a nethod according to

SulstrOve Aedpapetol i ¢hestne 348 25 S3p @%Wé%vﬁteﬁﬂgﬁfs@%t o
accordi ng tsmﬁdeajfmcgﬁndeaotcmumdfa&bnag AMENDED SHEET nrnr norm
TTH.ICI I | NCATPFA/ ATT .

19.  The method of any one of claims 1 to 18, wherein the surface of the intermediate
substrate comprising the composition is placed in conformal contact with the

10 substrate,

20.  The method of any one of claims 1 to 19, further comprising functionalizing the
substrate with N-Sulfosuccinimidyl-6-(4-azido-2-nitrophenylamino) hexanoate,
glutaraldehyde or NoH, priorto step ¢).
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21, The method of any one of claims 1. to 20, wherem the composmon is ‘chemically

bonded to the intermediate substrate. -
22,  The method of any one of claims 1 to 21, wherein the solvent used for dissolving the
© 20 . intermediate substrate comprises water.

23,  The method of claim 22, wherein the solvent is a buffer solution.

24,  The method of any one of claims 1 to 23, wherein the solubility of the compdsition of
25 . interest in the solvent is lower than the solubility of the intermediate substrate in the

solvent.
25. A pattemed substrate made by a method according to any one of claims 1 to 24.
30 26. A biosensor comprising 8 pattemned substrate according to claim 25.

'27. Use of a patterned substrate according to claim 25 in tissue engineering,
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