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[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 differentiation, and
biomaterials interaction studies. However, when conventional micro-contact printing is

25 anplied 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 impossible
to apply conventional micro-contact printing on surfaces having complex topographies or
‘wavy surfaces.

30 [00S] While conventional micro-contact printing techniques have been satisfactery 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
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SUMMARY OF THE INVENTION

15 [008] In a first aspect of the invention, a method of micropatterhing a substrate is
provided. The method éomprises a) providing 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; C)
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. |

[0010] In a third aspect, a biosensor comprising a patterned substrate 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
drawings, in which:

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



[0012] The invention will be better understood with reference to the

det ail ed description 30 when considered in conjunction with the

~non-| i m twogoexanmbes and t he acconpanyi ng draw ngs, i nPamischo11fo0@3r3] Fi gure
1 is a schematic diagram of a general procedure according to various 3
enbodi nents of the invention to fabrixate a tenplate substrate, and
subsequent inking of the tenplate substrate with a conposition of interest.

In the odi ment ,shown .in . t figure he tenplate, s ses a
ol y eFToeAERES B R PP &6 Fhrich @ GopplOE rloSTRED bt SBGM-RE BifiRI hEes
Mast ertehBRR} @ibStrate Kith TEomMFsitRh dfefetest. ¢n #2%niBuditentfsabwrdn thicofpate,theon. I n
5 Figure 1B, the pre-polyner solution 104 is cured to form a. polyner stanp

106 orfemplataypibsicate cemptisesa poigmerrAgghewn @ Kiggke 14h a8 ligpid premobynagr kdds
pol ymer_ st 106, aftter, it:aa ] OBs e, te 102. »
As ca@ogéedgcggﬁ,m sheé t?)ncly]i’lf}{r?elrd}étsr g?p?&%&%?ﬂﬁéﬁ% {pqa%?l[%g& %%nega%(ﬁ/rgﬁlt %H% a?“ of- the
magt erFigerel Bithe pfdpolimeriodution 10, is duredn® Gahi 4 polydler taingr StonltB8 master nked
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m cro-contact printing procedure. As shown in Figure 4A, "a polyneric nold
406 i rostpositioh 388 ¢o thsontermadigeisygbstrte 312. In Figure 3B, the side of the intermediate
substrate 312 comprising the composition 308 is contacted with a substrate 310 to transfer the
composition 308 to the substrate 310. In Figure 3C, the intermediate substrate 312 is
25  dissolved using a suitable solvent 314, leaving behind the composition 308 which is present
as a patterned form on the substrate 312 as shown in Figure 3D. By dissolving the
intermediate substrate with a solvent, peeling off of the polymeric stamp 306 after patterning
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



contacted directly with a substrate 410, under application of pressure 430.
In Figure 4B, the conpound 408 on the nold 406 is transferred to the
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m cro-contact printing (j.1,CP) process. In Figure 5A the conpound 508 on
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[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 (i1) right column showing a perspective view. Figure 9A depicts a ,
strip shape pattern, with each pattern having a dimension of about 40 um in length, 20 pm in
width, and 1 um in height. Figure 9B depicts a rectangular shape pattern, with each pattern
‘having a dimension of about 20 pm in length, 2.5 um in width and 5 pm in height. Figure 9C
30  depicts a square shape pattern, with each pattern having a dimension of about 5 um in length,
5 um in width and 5 pm in height. '

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



5 substrate surface having features of different sizes and shapes. The
scale bar in Figures 10A to 10C denotes a length of 100 um and the scal e
bar in Fiwoner/E@dDét o 10E denotes a | ength of 50 um [O0@23]SGRIgwr&s7i1l are
optical images show ng human nesenchymal stemcells (hMSCs) alignnment on

1: 50 and 1: 70 PDVS substrates (havi n? a Young's nodulus of 12.6 kPa and 2.1
10 kPa respectively) wwth (A) COL and (B) FN, at time = 2 hours, 48 hours
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t he | nMgRifiview FUh&encleved and. ThBciddled pmoﬁﬁmdtdmegﬁ&n@d célhﬁucﬂéxﬁmﬁch whil e
Fi gures 15C and 15D are the patterns created on 70 soft and sticky PDVS

subst raae etainpHbys¢ H-damiding-3-phieylindgls d24BH¢ Thwﬁgb@r deadin theamagaytifeds 50

L m. “Actin+DAPI” indicate F-actin staining. (C) Also shown are fluorescent images of human

mesenchymal stem cells (hMSCs) alignment on 2.6 kPa PA gel with FN. The images indicate
20  good alignment of the cells on the substrate. The scale bar in the images denotes a length of
50 um. | | |
[0025] Figure 13 is a graph showing the statistical result on. distribution of hMSCs on 2.1
kPa PDMS (n = 80). From the graph, it can be seen that most of the hMSCs were oriented
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 showing a cylinder made from PDMS; (B) a
schematic chart 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 denonstrating that the mcro-printing
process according to various enbodi nents of the invention can be used on
curved suwbaoes7Mhe 3D topol ogical imges in A(iii) aneaCBSG20i)/00378
produced using Leica Allication Suit software to show the topography of the
patterned surface. 10DETAILED DESCRI PI1 ON OF THE | NVENTI ON [0029]In a first
aspect, the invention refers to a nethod of mcropatterning a substrate.
Usi ng a net hod according to various enbodi nents of the present invention,
subst r ehtaiged usingthe jtrans-arint msthod saceardg, fonwaripus Lambodemenia of dhe invshtion.t acky
and/ or | e r b | 7P| er.
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substrate, herein referred to as a nold or as a stanp, may conprise a

pol yneinagesadofgsialengBiof AR P& whi ch are used for the stanp in m cro-contact

priati y e f ar:mt nﬂh %1&2 tg. 3, SC . lLoents,
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t o foraocoliingd tarivpk @indotinednidef, thbuiiveatien oai bé used @dciirwed surfaces. The 3D

pol ydi net hy] sj ] oxane (P natural ruybber, synthetic rubber, agarose, or
mi xt ur @PPIREIca .agﬁwnséﬁﬁ%@&fwﬁfesem Yysing siep éHl%%Stlﬁéoﬁwm tat e

subst r @& thk RS of fafbGed Wgidkat e may have a patterned surface. The
patterned su?(g;a%c%}ea-ﬁogot he taerrpleate substrate may be formed using any

sui tabl e patterning nethods, such as nolding, 25 carving, |ithography,
et.chi ng, and nanoi Lnting. | ,rd; n the tenpl ate
su@strate S forneﬁtéﬁr*ﬁﬁplaﬁsﬁﬁiﬁfﬁ@ é?h;. ﬁ%?%ﬁg a tenplate

subst r@bgohavinng fidst Rdpdce! the InventibRe&reROBR inefvd(d) maesRiRidifg a 3ubQfaerer
stanp wth a patterned surface by (i) providing a master tenplate having a

pat t erHaing sumpthed accordingclontasious wmbodinanss o6 thet prepinhtievention, substodtes,iion of a
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pol ynemay bapaterhddintahemplerpamet.i on of interest. For exanple, a polyner
precursor solution may be deposited on or contacted with a master tenpl ate.
Tyléi Caﬂop§,9] a "Hly‘sfr@;hqdewﬁ]ugg% prayidipg #e¢mpiate substrate having a patterned surface :

inked with a composition of interest. The template substrate, herein referred to as a mold or

as a stamp, may comprise a polymer. Generally, polymers which are used for the stamp in
micro-contact printing may be used to form the template substrate. In some embodimeﬁts, the
polymer is an elastomeric polymer. Examples of polymer that may be used to form the
20 template include, but are not limited to polydimethylsiloxane (PDMS), natural rubber,
synthetic rubber, agarose, or mixture thereof. In some embodiments, PDMS is used to form
the template substrate. |
[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 patfemed surface comprises (1) generating a polymer stamp with a patterned surface
by (i) providing a master template having a patterned surface, (ii) contacting the master
‘template with a solution of a polymer précursor, (111) curing the polymer precursor solution
30  and (iv) removing the polymer stamp from the master template; and (2) inking the polymer
st.amp 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 yner
precursor solution, such as a nmetal or silicon. The pol ynmer precursor

sol uti on wayoteascwsed or pol ynmeri zed on the master tenplParsG20u1tono37s
‘subsequent separation fromthe nmaster tenplate, for exanple by peeling, to
fownapdwmﬂctmmunemmﬂrme.émdemUuthepmwmﬂctemﬂme 5
substrate nay assune a pattern negative to the pattern that is present on
the master tenplate. For exanple, the polyneric tenplate substrate may have
a neganatedalpthat is snfficentlyerigid $o allove dppesittymoitthe tpobymapresursaz isplutive, sugher e

t he ternsg%%ﬁsithve piéter?" and "negatfye pattern” indic?te that t he
pat t erfis? IR S1900e ! B8 PRI MR DTCRHEVR 8PTUUPR daay] B, Sured fp Polnezsd (e has a
ConMposhhdtetepiplatt! Qidsbubsbhrdt SBREAN frORE the Bstet Gemp ke dfor ae'iah‘r?féd bk}er ein
refers to deposition of the conposition of interest on a substrate. The
conposphecling, tf form e @otymeaxic benplateaspbssars. doicondingly,othea pdiysyesics templafe
coldoid, such as a suspensi-on Qr | sion. Ln various enpbodi ts he
corpost brBH el et B PEadive AT i bl MR HRTEHIE Ry

" bi onF g Cexlatpip @lhd Polymieit @bmplate abytritelmesihs et HatedtRy pagesl tobihe!gitival
origin and/or interact with a cell that is in contact with it. For exanple,
the 1BtETHAD(tae Mastes jepplate, wdipra thel lgas “pepitive patiesn” pidri ‘negative papepli des,
pol ypepkd I.ns., i ' ol ynucl eoti des, carbohydrates,

i pi P oRbic Tna RO esztré)glﬁgl?%g%%%&%qﬁﬁmslgri ous embodi nents, the

bi onol[@082]e sPecitesplats Jubbraades i compasifidmn@erinteldse itladptheidonoThevgrhe
formed_.on the tenpl ate gubstrate using any sujtabl e deposition nethod, such
ad¥di pt ;iaﬁg,se‘g%rsly ?E'%s‘?é‘ft ﬁorfgﬁposag%pfﬂ@,cogm%m@piorﬁgt}tegeéq o0 3 substigtey T8 py

i nmrer sd t ' [ Nt ai Ny : it &N,

Subsezdue t°%{ﬂ§niﬁ%§és?ﬁ%& ﬁiég at%lglr?rp a%tgﬁbéf??tlﬂgﬁsg@{eggggg jﬁ’e%‘%@dastg one
or norsaspkngiongr stebson. [0 983juFleebodinhands, die ¢dngpasitemendy innlndatibdomdblaculber -

[ t i ng. t tt rface,of .the tenpl at ubstrate with
o P P foh ot hin HiedBH BB lrshirsrei Tethnbay rorets M By B Eh on
the t egplogical SHBS! adl/6r iterhétaRfthes caW tha thie sHtdRcRipfic tie dahpidagdtate 25

substrate. The conposition that is inked on the tenplate substrate may be
i l5a |higmplechlgrspevine mayr inakyde, buit ave awhtlimaitedniot Ipeptides. polyeeptisigs.aproteins,

substr L vari e IIren he conppsitign that. is_inked on.the
tonp! SPiE00 R R P FTRE T forb st HERE e ph8Bey e Rl
subst rafieus kmboéxamp, ehe bidvenoleOsictiedns byoretibop\wollshey. ThE RGmPoSEYL! -
Even though the conposition may al so be left to dry naturally, it is

gener dn#y Do femedrangthe derpplat sb§irale using asypisahle deppsition me@pfhym@hfa@r%t i on
2 TR PRTAEBAGE, APy STAL 2Pt T hEt o
20  solution containing the composition. Subsequent to inking the inked template substrate may
be subj ected to one or more drying steps.
[0033]  The method of the present invention further compﬁses contacting the 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
compositioh that is inked on the template substrate 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 moﬁolayer on the template

substrate. The intermediate substrate may be a polymer film. In various embodiments, the .

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



pol ynmer of the polymer filmused to formthe internediate substrate is a
wat er-sol uble 8 polyner. Exanples of water soluble polynmers that can be
used i nclwdepiamir7oare not limted to, polyvinyl alcohol pams$Grolipeiryl ene
“glyecol. In one enbodi ment, the internediate substrate conprises pol yvi nyl
al cohol . [0034] GCenerally, the inter iate substrate has a thickness that
is sufficient to allow 5 handling of the substrate, while at the sane tine,

havi ng a thickness that is | ow enough for ease of dissolution of the
i nt er motimereExanples af watensaluldapsbenesnthaseanhe usad umlidsy Butearb odl limitedsto, t he

i nternedi a rate e, formo thin. fi.lm The in diate
subst ety i, ok o8 Saletnie' Gridoi fnd sRbnfrteiknnh inBhp i ShiiEe
about chthpPided golpagtaldsdel. pm or about 10 pmto about 50 pm |In sone

enbodi ments, the internedi ate substrate has a 10 thickness of about 44 pm

[0035][@%4 pat@@lefﬁih’ $ha frderenedfatq |sebstratephas: @ thiglnass dhat isharffigienti tekeltPwi t h
! ”B&‘l gt)bP{PleosLbét&ttee rw% r{%{ ?aemé’ﬁﬂl%aﬁéx%‘i‘ tiugkl{lérlg rtllléa?er gh@} for .

atrne éIO I's surfici osition

f r om tdase 61Etﬁ”£§ohitﬁ)n$flﬂ$d maatnaedl@tetshbsttam aradsafuentsdls T ahous Maebddirentger i od
requi red may depend on the conposition of interest, the type of tenplate

subst rthe elterrrwélai%wsg@teémayt lprempta? ferrhoba thindilme ke dntemagdiate sulsirateay he
type Yayé Bl gﬁ?ééka%ﬁboﬂeg%y at&b%‘i—‘éoogﬁ{ ME&?%QDA uttl@gtp nPIPAHt 96 AR HRCT

time required nmay depen e ease osition of "I Aterest,
such abopr 00 gim tor aiaNé, 50c am. Hﬁ tonan sfnbodiatentd, nthe daermhédateosybosatt | Iz of
i%ere@ﬁ IS pgot e| the contact tine required nmay al so vary between

ilPf erthigkngs B%b%‘F HBtein. For exanple, it has been found that fibronectin

is ea tO e ﬁa‘it@ﬂx’%ﬁ%ﬁﬁ@& &Hﬁ@@érﬁﬂat%%u%ﬂra@@kﬂa@%%ke& Bethealy chepasitibg in a
short r nt act tinme requirenent. I'n sone enbodi nents, the contact tine

per i o@fﬁMemestans}" be contimtetheth ithe 1i1temmd1ht9 substmtafoe adivhe peritdethaigis shficient

l'so. dupantcoRt enepantat fomaRt B J5r e e st RlBrr pr e ARIRE by (o

subst rRti6d rdcRire@ end én hd%o Qﬁtléﬁ)ﬂﬂﬂltérgsitthé 'i%ﬂ:sd feémplatdYubftgatel Thé1 g
vari o&? enbé(?gl ment s o? the i nveﬁ?l on on the PDIVBplgubst rate 25 is

ed§i ersizerniiihe hatters anrthetennlate substiate dgthy m»egéﬁ ipteempdiaie w@stg@q: usesh §F at e,
since BDNG I Sy StILEKY: ao?dco&@a%%ﬂé %gsm%af Hﬁxpﬁé}, &l Norf GhA %/Le'g]v r@f}a& |¥e

Gener &I Y % heé 9 me ¥rom about e to about
60 mi ﬁijfr@%sﬂl@ﬂ@hllﬁﬁ‘eﬂbm aati)rmimmre]sNAc cabbutraﬁéfemedﬁmﬁ esse thO@3mpbgitisome

enbodi nents, the tenplate substrate js_placed on the interpedi ate 30
subst roAtIBtefgst bS BEATINCHEi Somtast time @ﬁt"é?%éﬂayp?‘lé% IaRebstyeeR differeMetyPenpf at e

Cransioy it FoRe it AT Sulh 05l EBLRU B AR RIE Bl tne St dl
f @0ce tex;ehagd trerdbiyeresudtimg at e sbutbgtooataet e reguiseniidnit Cinesunhe ebuedisweots, 9
the contact time period to transfer fibronectin from the template substrate to the intermediate
substrate is 1 minute. The amount of contact time rgquired may also depend on the absorption
ability of the composition of 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 template 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 intermedi ate substrate is not inprinted or does not deform In
sone illustrated enbodi nents, for exanple, a 50 g rod weight is placed on

t he tenplwbeo(28e706Exanpl e 3). I n other enbodi nents, thecrsepbatiecssbstrate
is placed on the internediate substrate w thout application of an external
pressure force to the tenplate substrgate. 5[0037] The nethod according to

t he present i nvention further conprises renoving the tenplate fromthe

interrrg te substrate. The surface of the jnternedjate substrate '
conpr i Batn e intermsdsiss substate; i pefemnrmitzds oF dgesineh defosms Jpsome élustrﬁte@ar. ous

enbodi B4 4
conf or mal zrgﬁlétggft&\% tghéeggggg? waézéel& E@Tﬁl'gé%(ﬁ?tg{ffﬁgg&g gsg gﬁtxradgr;ge rbrg}nbe
cont acitker embddimbetssthiestematate substratehis gplavad drhtite mtermedﬂauar stbstrate MOithdue
surface .o 0 rz.phy resent on_the s bstr@ In this manner, surfaces
havi ngP; 818%?‘?&0 )?nFB%Hﬁ’?H‘ﬁ?ﬁV‘rgfﬂfﬁe Wt HEHRFIEtf f ace of a cylindri cal
objsectjog37]a SPHtCHefRld RRbRAGHe MRIMDErebint ifRAbEMIRRer RRRAKES FetiBlinBURe
enbodi rrents t he substrate or the surface of the substrate is soft, tacky
or botthmplate fewn ther gitermediate ofubstraabJtheaserfics d6f ihne thtermediasebsibstzdte

conpri Si terial .15 havin ung' s nodyl us of betwe bout Pa to
about C@B’}%ﬁ’e{’g@ﬁgﬂnggsué%ﬁ?h (%Iggacﬁe ’%bﬁ'(e SL{?E% In yarious e Ofia ©about
25 kPaurfhee sPtR iafeR@EdiARFubstrdtdes Flatdd B SobshiadlcBntast Wth kthe bﬁbs&Q@EThe

enbodi ments, only the surface of the substrate is soft. The patterned
sur f adategpedinfe sybtiete may bewpnigeted mﬂytheusuestramwel %J@h@ wiy thakitsebfrmate may

Ol gMa}ud gllﬁrf'%gl té@%%%q]gf %r%gg[nﬁ oM E\?bcsiﬁ'yltenﬁg ﬁ{ ur?a %g 591%1% an’a ompri se

a I’TB.t erlia group consit s I cone po F)é such

as poltyghgmeshyyduch a0 EuI(VE’chbﬁ)faceW Ogﬁidhcshﬁlb] eﬁSorDED kph’k@ﬂbyﬂ ejedlangebs, and

pol y(N-i sopropyl acryl am de), collagen, fibrin, gel atin, and al gi nate.
[ 0039|MieFPaleBed r at e may conprise a tackifier. A ‘tackifier" refers to a

subst qogﬁg]adqﬁ%heug b8 %@eth'e %6 uad't @r"@e%ﬁfﬁ&d@ﬂhg AitstafNAG o talky

mat eria Exanpl es of tac Ier |nc ut are not 'rmted to,”’ in,
hy dr ocoa{rﬁmdn As esglehacinaadsaft’ kylhlpzhwawoﬂs defibpd @4 @] dufostsalmompbledngrmmaseﬂal he

rfae t esubtr s.a no r. topo n-p nar

¢ d30qrmamig angyu%a bt ke Gemtertobt f dacto' BECHG Bl ks aoBit hBpier i ca
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surface of a cylinder or a curved surface of a cone 041] The net hod

accor ¢gpfiglnt wmdmnlmde@ems, Gy gret Sushiaceralythe subsitiée isisnbt Tbmaatteznenigswfaee 080

it er i P, Rl PEPRN ML B bbb iV B B hrobi e <6
fih

faci | inbattecklyrmatefigl ThE sibldgate AEIADNipres anfatéd selefrsd fidhetihe Pasu ion
be physically attached or chem cal Ilyébonded to the substrate. 10 In
S

\r;g?sl o éH’&@H‘F nﬁﬁb@leﬁt heicho s o PotydimethyIsdpeasicc {PPMblon ddrogelst saclkubst r at e.
F .
subst PapacRE e e AR AR GABAN e CE ISR Tl b8fln M e
whi ch [O(Dl?é)] comﬁmsubstmre maypompese ept’aoklﬁbl‘] Aa?‘tdcltlﬁer”srafesd toad sibstangy adsles to

I | ami de, I, d h N- Sul f imdyl-6- .
B 23l TG io R AL P S oA B R P X Pmb It WA dnelpdsos| The
i nter rﬁ?&h&tlﬁm%dttéta[é%ﬁ o@a?b&?'f@r?éi‘feegnd"ﬁlkﬂ héifp substrate for a tine

period that is sufficient to transfer the co osition fromthe internedi ate
sdbst 160491t o Inlsemsudnshadanents, the surface of the substrate has a non-planar topography.

The non-planar topography may include an arcuate feature, a curved feature or a spherical

feature. In various embodiments, the substrate is a sphere, a curved surface of a cylinder ora

curved surface of a cone.

[0041] The method according to the present invention may include functionalizing the
30  substrate with a compound prior to contacting with the surface of the intermediate substrate

comprising 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.



The tinme period required may depend on the type of conposition, the type of
internedi ate substrate and the type of substrate used. Generally, the tine
period regoizoexsmwyg range from 10 about 1 minute to aborCTGG2mi1w0E3ES, such
as about 20 m nutes or about 30 minutes. [0043] The nethod according to the
invention conprises renpving the intgsmediate substrate by dissolution
using a solvent, solvent mxture or solvent system The solvent used for

di ssolving. the internedi ate substrate conprise ter, EX | es of

sol ver YHIUdEmbesiiments. o compRsitigly if oche cagﬁuéewvﬁgm (e HDSTERtE FPBr

sol ut ieQfbodHfht@mh WRER BRAL G JoR Bhprided pibleldfnd ABSubaR! contiiskepDRES
enbodfneﬁts, tﬁglsolvent(?gﬁh guf?epnsoﬁﬁtfon. I n p?eferr%h]gﬁ%odPneﬁts of
t he i phaatidehydd may delusbd.| Fdryendfodithents onpdsdht the mompositien Sompersts pretdiower

than the solubility of. the internedi afe substrate in._ the, solvent, ch that
when O orPaRe el ks TOl GRLUEREECH ReoTRPRM B -SSR PRIy o
5UBst g8l PR Amith| OB QERIBARAY bOTscieTm s on (he subst rat e

20[ 00 n a second aspect, the invention provides a patterned substrate
made (9042 obliheiintedmbdiats swbsthatel My dsr ehintagtadowithdhd substratgstoe @ttimdiperiod

patterned substrate fo t her eof be used in tissue engjneerin

Boet olbids BRI fo i PaRbS o Boimr e iRE et pAPUERTOtE SRS .
net hod1Rftirhé PelRd & s@fiired MSNddpeid BRYhAtypR dfadstpdsitibaptedipe oplitauiaaidion t hat
nore closely mmcs tissue conplexity, and which is nore clinically

r el evanbstratqmangdaihe dype Assubstiniel pirdn Csnerele thetimerneaigd Seapyradaney rmage Bonysed

f 90 rr%'&nﬂgl xfnﬂ{u?éa tadaib%péd RilfitesS &g;fnfag lagfut- Z-BQSinh{E:g %pﬁﬂ)&{? galn?iﬁutregl ates to a
bi"0sensor conpri sing a pa% erhed substrate according fo e Second aspect.

[ 0045][0043]i nVRhet methold! hdedtding ity ethy ideationbesmprévesi remiviings thet atibrynddeate
practiced in the absence of any elenment or elements, limtatiaon or

| i mi t gubsrate byidissalpaen psipgp SYIVERts 3l bk dnixawe ppsyent syfie, The polksmsed, the
terns ¢ CONPILSE R jmtad e To PN | 1 NG tree,.. I

expand?y SRR U interb R birate GADL AP IR Of R Ide, i ons
enpl oypad ateneti imited ¢o,beeaqueses salatiber ambulfer daston guclonas ahdsphete mfffered
limtatjon, gnd there is no intention, WO 2012/ 057706PCI/ SG2011/ 000375 11

i A0t he?lifke B Waleh Ipeyarous RPbodppaus; taﬁssobeentekscﬁﬁmf%@ sawoaqg‘? Pirtemed o

the f albdtRSentdOMheantbnties Ctht RERLAIty PP AMSpdsRRINGAN the Bolbentlis ISwéraa@gni zed
that various nodifications are possible within the scope of the invention

cl ai nwhk sofhbibty ¢f the hetmaediate suhitnatstindhie selsentasuchdbahwhenethp selyent isiusednt i on

has been. ifically,dis d Db £ d ' d..opt i
Foat ungaisHgte BErmEnSle b 08T a el R S TR IRE SnlBtBRbRAR -

her ei pndhsslREad. may be resorted to by those skilled in the art, and that
such nodifications and variations are considered to be within the scope of
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falling wthin e generic osure al's
may be used in tissue engineering. Besides a planar configuration, the patterned substrate

formed using a method of the present invention may also have a shape or configuration that

more closely mimics tissue complexity, and which is more clinically relevant. In various
25  embodiments, the patterned substrate may be used for making three dimensional scaffolds.

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", "cdntaining", 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



10 part of the invention. This includes the generic description of the
invention with a proviso or negative limtation renoving any subject matter
from t he wenur/osrmwgar dl ess of whether or not the exci se@CE®GR011ADIITS
specifically recited herein. [0047] O her enbodi nents are within the

following clains and non- limting eﬁarrpl es. In addi tion, where features
or aspects of the invention are desctibed in terns of I\/arkush gr oups,
15t hose skilled in the art will recognize that the inventign is also

t her ey tivasse of isach ferms endrexputssiomy of wa¢lyding any waniyalentsrofshe fraduips Hiowrenber s

of the rku NTAL SECTI 4 i tic

di agr 3%?“5‘%%% ggoﬁslrzﬁgfﬁeahr Mt AR BFRENGS %Igﬁa\gg?r?%{srgg%ﬁ nbdng ameﬁcf Isg%o t he
i nventyifin iR §RPE iof Meinehtediptiaingeds TBGS, B tkouldbe lﬁldbﬁﬁﬂ)dethﬁt altHouply tied t he
tenplate substrate with a conposition of interest. In the enbodi nent. shown

I n therffsﬁgumenttqmehqseh?ﬂn@mc 19y (disctosed My prsesreq %ll’(gﬂ*@ﬁms sandsepdigmal
Aﬁfj?rg(lg ﬁa!é?pnpalhﬁ “RAhY, (gle (If;f @ Fnle tlQI? X rf'ﬂ?ocf?i&_i %S#%? &%rem 0L HGnAP2. The

befor rom si |con e pre-pol yner

sol ut Ib@rreac%dl ® Sytieie tsRilfedr i e @1, A rthat such hodifieatidriseariasaréatiods arenpl at e
102. Figure 1C shows the structure of the polynmer stanp 106 after it has
been cepsdesed forbsvithia thesoope of BrpinX¥entionp2  As” can be seen, the pol ymer

stanp é&@% hasrd RaLdt nhzﬁg?&'}l I&ctibed ?ﬂ%dﬁzf aﬂd’%g%‘@?ctaﬁ{' He%ml Bhé&h bP4he I N

Fi gur a corrp05| nt er est I's I'n he polyner stanp 106.
[ 0049 nkirgweesptcies @dssubgemhbcgrdmmggsafmllnfg withincthepgeneee diselpspreodes form

di ng t dirents _of th tion. In Fi 2A
oy mBRr O Ao DRIOT Bt 107 BN rrsicEraPigh o A e ont P aiekef o

with an étweq%%ﬁgﬂioﬁtr@m§%%§tah§“sﬁ’oj8&%3?&&? oS the\WRnud, ResaeM¥ss! dfamsdtdror gt t he

conposi |on he surface of the internediate substrate 212 as shown
in 12hd:e>gmeén2$enab\1qmpes§laléllfeoﬂ@bhe2®0 may optionally be applied to the

t enpl ubstrate., In Figure surfa e. of t.he i substrate
515" c N or e @ibatinbud onTie e fURNIR e ert Bn; MEEATE BT Il &
210 t Qah#RASKREre FQRUICOHPA ge&s @frtha 8ehfoh Bie desdridetah &erﬂl& Of Markishggowps2D, t he
internedi ate substrate 21 is dissolved with a_solvent 214, | eaving g

béhi ndheseskiledpn the arbwilk osognize that shepiayendion ip beéBergleb@ﬁﬁcrlhefhrgWP@S 9
0050].F b
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polyneric stanp inked with a conposition is contacted with an internedi ate
substrate, thereby transferrl n t he cm%ﬁﬁﬂe‘mto the internediate
substrate. In Figure 3B, t B di ate substrate conpri sing

the [0048] Figure 1 is a schematlc dlagram of a general procedure according to various
20 embodiments of the invention to fabricate a template substrate, and subsequent inking of the
template substrate with a composition of interest. In the embodiment shown in the figure, the
template substrate comprises a polymer. As shown in Figure lA, a liquid pre-polymer 104 is
poured on a master template 102. The master template may be formed from silicon. In Figure
1B, the pre-polymer solution 104 is cured to form a polymer stamp 106 on the master
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 the 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 composition
of interest 208 is contacted with an intermediate substrate 212 such as PVA, thereby

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



10 conposition is contacted with a substrate to transfer the conposition to
the substrate. In Figure 3C, the internediate substrate is dissolved using
a suit ablwo=olxvesntos | eavi ng behi nd the conposition whi clrRCTSGpoEa®eIs’s as a
patterned formon the substrate as shown in Figure 3D. By dissolving the
I nternmedi ate substrate with a sol ven peeling off of the polyneric stanp
after patterning is avoi ded thereby eventing adherence of the stanp to
the substrate. In the 15 enbodi ment shown in the figure, the conposition of
i nt er @gumeedBbA mresdued forcé R3Fimgay eptdinally diel applicd te gbeldéemplatet $ubsisatet by ned

protein. [0051]Figure 4 js a schematic. djagr of a.conventional.. .

mcr Q-Fég)‘Pﬁea.%é’ bﬁ gﬁrfaﬁﬁ of %‘Fo‘&@&?}? ate bétﬁ%aﬁﬁ?ncwwlég XIE cQmpostion ¢ nol d
406 | %thft% tWiiPa CHTRRUT dRBtrk 2001h akhSRr e Esthposititin! T0StcSteSub@tate 410,
under application of pressure 430. In Figure 4B, the 20protein 408 on the

(rjr_ol d 206. ?sthumﬁDarth@thtmnedh@ subistrate 2218 i4 Kisso[ved 52jtrp galvens214 leavithenat i ¢ |
I agr of a conventi | mjcro-gcon t printi ro . In Fig

58 e PO e n R rasa 1P & Bk iRl 1 [he substrate 910 by
di r ectro@s)t agiig@fe 3 & RUBShEATAgRA M ficrbpiltcRAhY PRICES Rtadingdd6aribis Fi gure

5B, the conpound 508 is present as a patterned formon the substrate 510.
| n enfsotiodiamings pfthetivention Infigwsnifo A pPlpogrie stagpppktdevith accompesition itmy be

or oparaERERT MBsP AP ST RIS ART B aacah arusiiil 2 @nigBient (e 11

PVA f iihteirRé@aarsabitar. 1h EamnjeS3BY tHe paleyot thylinkimetiatk subMte cEngriEnP3IS6) was

-slowly poured in deionized 30 (D) water and |left at.roomtenperature

g\lér nicgmposition [ipwerfagigd Yeghatsubstedte (o itizgsigy thepcempesition Fﬂ)ﬂ?esg‘}c%étrétehi)‘hrs to
di ssol PVA i - Flale P~ ' dha |t d

by a. digpier oAU BEToalE BN ARl RvReheiRg e tere

pet ri cdinpbsitidhOhich3s presemt adiagraetmed foranch thesubstratdasathommamKi Bye in a

guneey

| ami nar f] ow hood ovepnight for about 24 hoyrs with.lid half gpen to form
the f idPSrS(PIVPE&J@S]mt%eC{W é&%‘\%& ‘1’”iaﬂ‘|l mskygnt; BF{%\P@Q"\% Pﬁmetn%vrﬁarw FEIPANhi th a
1 V\Bezgattéﬂglgppspﬁoided 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 patterned protein.

[0051] 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
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 substrate 410.

[OOSZj ‘Figure 5 is a schematic diagram of a conventional micro-contact printing (LCP)
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 preparation

and characterization
[0054] Example 1.1: 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 magnétic 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 dianeter of
about 2 cmby a 5 SCHM DT(r) Presses (SCHM DT Technol ogy, Gernmany). The
‘'t hi cknesswofwtds7fosl m h was det ermi ned as: h= pAEquat i oRCEISG2011h&78 M i S
the mass of PVA used, p is the density of PVA (1.29 g nL-1 according to
manuf acturer's data), and Ais the a;l] a of the petri dish. The thickness of
the PVA filmwas 10 about 44 pmin the study. [0057] Exanple 1.2:

Pol ydi met hy| si | oxane, (PDVB) substrate and pol vacryl anm de (PA) e

subst MENENFHEPsE; prash Wap dos@ pirepgst é“ﬁ%lreéa@{f’o@t% b@l@garoﬂo‘aulropér%mshtu f ness,

ol ydi | IZM?E I ), 184, Dow Corning) with three types
gf Xrgggﬁtr%an ulrréz;%slﬁg% cros IIl ’&)ﬁ%t se ratio of 151:10, 1:50 and 1:70) were
used. [0b%]pr eFheodryatePVAofilnt iwassemeved fronr the perttﬁmﬁ withel tweeedrl andupdper e
plate, and_th es were baked [n an oven at_65 C for 24 hours

[ 0059]°8H% Tﬁasﬁ’fa(t %mawdelt (lrﬁﬂ)mg%fi shape it F@ﬁ‘aﬂeéodlé@efﬁl? af ﬁb‘“’cto’- Fhoy a

pr QCGCQU}WIPD?@'P?&%EQ’(S@HMIDWTédﬂnEﬁ%% Jaeﬁﬁa . k]rgfﬁ)f g,te filrg Or-Fras
Current Protocols in Cell Biology, 6 . 6). 4A)a was mxed with
0. 15 Yetmrminedrayl am de to nmake 2.6 kPa PA gel 20 [0060] Al'l the plates and
films were ultra-violet (UV) sterilized before use. Before patterning, to

i nprove protein attachment on bjo-Tnert surfac% g Pa PDMS and PA gel
substrates were treated with 0.2 ngd n N- Sul feli m dyl-6-(4'-azido-2'-
ni trophenyl am no) hexanoate (Sul fo-SANPAH, Pierce Bi otechnglogy) in 50 nM
(4- (2Whﬁ>9errbk§/&eh91|a§&9 BVideaed, et Hgndanstty i RVAC(L®® eHEPESdsoIding o ( PAA

| abor ﬁlﬂbljgly @{?(@:I 1 10
m nut Zéﬁgg%?rrdy §199(5)6 ?ﬁ@t ods des &%){ld-dﬁj p?gé?gﬁﬁé}elspgf ﬂ{f: gﬁﬁ)n[ &’8

AflO er whoutsid tanmrpthestudgre dried in 60 C oven for 30 m nutes. [0061] To

pr epa ) :
sol utl[gqgﬁa Setiacr i e e BES P paHilel
SUbse%ﬁﬁf’oLtYateth%aﬁ%ﬁr 30 curvature of the dropper was peeI ed off and t he

cross-Tinked PDVE was cut into specified dinensions. To neasure the shear
modul (€058 PG, prefaid esubstrates osfs differkntngtiffaciso pdflydidieBylsiloxane (PDMS)

(Sylgard 184, Dow Corning) 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 proeedure
previously reported in Tse JR et al. (Tse 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,‘ 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) for 10 minutes according to the methods
described pr.eviously in Tse JR et al.. Afterwards, samples 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



14 prepol ynmer solution was poured into a nold which gives a round PDVS
sheet with a thickness of about 1 cmafter cross |inking. [0062] Exanpl e
1. 3: Charwoterzywsatoson of substrate [ 0063] The shear pelraskoa/onusds us
(G) of the PDV5 sheet- was neasured by a Physica 5 Rheoneter (Anton Paar)
and was converted to Young's nodul us |4E') usin,gthe equation 3 G Equation
(1) [0064] Exanple 2: PDMS stanp fabricati on and i nking 10[ 0065]Wth
reference .to the general ro edure 5@8 H gure 1, silicon master

whichr gixe

t enpl ATEROIKUSE |Sﬂ]@‘g9%r‘?’?§u8 WeHage a?)H’P Swérré’uﬂ‘éﬂ)rl?l}fle?t éltFeby"lg’t andar d
phot ol hidRaeHs P AW AN L hReH PéksTRkQd. Subsequently, the silicon nmaster

tenpl ates were cleaned wth Piran a solution and DI water, followed by

t r eat n9A62 i t ExamapledS¢ YhtmacetibaiongiflsabstrateOTS) ( Si gnm) . PDIVB stanps were

fabri by. catln the 1:1 ainst the SI i con rraster 15
tonpl 0080 FiETBt Sl abitisde ) ot e, oY PG W magpsesedcty &IPSR 10,

Exg CeatheoRRser (%ﬁ)n]lﬂaﬁ% a@g)was%Bh&‘écrie%to %ﬁnés%ﬁng‘?)QJs thle poured over
the master, left in vacuum oven for degasSing, and transferr 19 curing
at 100 C for 2 hours. Afterwards, the PDMS | ayers vvere gently peel ed of f by
hand, and designed patterns werﬁ ﬁ&erat ed on tEh t surface. The PDMS

st anps were washed in ethanol Ul t rasoni ¢ FPEITEMDbat h for 15 20

m nutes to renove particles before use. [0066] Figure 9 are Scanni ng
El ectron M croscope (SEM | rrages showi ng t he topographies on

pol ydi[RB¢4ly| dLxamplea: F p fabricagjontanddinking on the (i) left col urm
t t
216 1FA5 90 S0r e 4 Kbl by SO G S e

di mengemplacds b@bmg Véﬁbuls t@pdgmﬂhﬁﬂ@hﬁlresZ@elﬁ Mabricatdd by ﬁhﬁdar@ﬁﬂot@hﬂh@giaﬁhiﬂe' ght.
Fi gurs%narfﬂ%\‘ icts rectangu] ar, shape pattern, with each pattern having a

di men 2 BKthoda §upseapentive tha Hicon magtsy femplpts wegmale@lqgimwth Rienbnt .

F

it e SRR O wacP IAD fed BORRaBl Sith oMbddy RACHORBIAR 0T/ SID. 067,
For i OME, stanhyss WE)IVEfalsmcatqd yasastingréreske H0 WDMS solnion fagebnstrthe tilioof kitef BD 30

8o R e et TR SO BB b Sl B B b
28111-;/ %g;ﬁéggﬁcﬁr@’/ ?é%iﬁ)ﬁ%ég%% gglg):l_ﬂé’l’stsbhﬁfoﬁsﬁéérﬁ&l?&i Srithd RfsREHERFCNaRT VO

oven for degassing, and transferred for curing at 100 °C for 2 hours. Afterwards, the PDMS
layers were gently peeled off by hand, and designed patterns were generated on the PDMS
surface. The PDMS stamps were washed in ethanol in an ultrasonic cleaner bath for 15

20  minutes to remove particles before use.
[0066] Figure 9 are Scanning Electron Microscope (SEM) images showing the
topographies on polydimethylsiloxane (PDMS) stamps, with ihlages on the (i) left column
showing the top view, and (ii) right column showing a perspective view. Figure 9A dépicts a
strip shape pattem, with each pattern having a dimension of about 40 pm in length, 20 um in

25  width, and 1 um in height. Figure 9B depicts a rectangular shape pattern, with each pattern
having a dimension of about 20 pum 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 length,
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 ug 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 nitrogen gas.



[ 0068] Exanple 3: Mcrocontact printing [0069] Wth reference to Figure 4
whi ch shows a general procedure for a conventional mcro-contact printing
process, wbeoimisewest anp was pl aced in confornal contactPChiSGhoRDM375
substrates for 20 min with a 50 g rod weight on it. Afterwards, the stanp
was gently peeled 5 off fromthe subzgrates foll omed by washing with
phosphate buffered Saline (PBS) three’tines. [0070] Novel ii, CP nethod
according . to an errbodl rrent of the I nvention was carried out with reference
to thd0 AL antae Bur e 5 The i nked PDI\/S stanmp was pI aced

onto t re ‘ e hood wt

g rod [qgw\ile %!txggﬁ%%cg}#ﬁﬂrét{r?e g@%ct%er ne i eraﬁfpr?(f'ue UFS f'% a\A&OSflVSPté E

conf omiieto-contdcaptinthhg Proseds} tha itledrstdniys s pﬁb@ﬁin GUlBSriad bentactdy P DIVES t | n a
| am nar_ fl ow hood for 30 min. After incubation, PBS was applied to rinse

the syBRYFatRsHor AP guin twithea 50 5 ted veaghtiont i n%ijterW@rdf» SreqitarBp aveg gmténpa@lg@ theI
PVA f r \Y; nove
trop CrDERRChsiares MOUGORT B \isfide! Bfh GhafinaBe bRl Mg 20R%) e 1000,
at 37 tdhdsol | oned 15 by washing with PBS thr eedtlh%SCs Eggz%] E;<arrpl e 4:
hMSCs di 7 rex) were
cul't ur[@wogur E\I F Hégewétgg‘% g?qoyﬂgg t?]%g%‘r'r&ls {n\l/%’it Of(‘hFumP‘Ie’é'}ionaWaS catgied oup; oc hem
Bi ophystiR&Serthce t03ﬁ’1% genBraP hrocWige sﬁQQﬁl{ﬁtFlgGré BeThx Qﬁfé E%N%S?/%

|n a ecco S

harvested and plated at a density of cells cm
nmodi f MCE@gtoeth@ MHIWQMM ﬁlmv&gmamsenwt&lhcwturedhnumwmh h\(ﬁ@tg s& um and
I ngubat e fter ched ter v

i1 SNTEh ol it iR e oBliRe SRt ob e BTS esieeas chak bBR FAneRbay ittt 1 06
anti biaﬁ(ﬂ/bﬁﬁic far @42 Bhibstidtel VROV i@ tm@hiradve Ho & tor S0 o Baﬁﬁeﬁ&@ﬁﬁzﬁ%ﬁ | mages
were captured with an inverted m croscope (Eclipse TS 100, N kon) at 48

hour s PBenWas applied tp ginshdlak subisatgdhtee rmnqsr(@ mgyeaCBEilI{le))OE&}w@\eﬂmcbwash -d
| nmrun es¢ | naI 00 riefl wer,e xed at
48 hodr ey HEET R BRI, W M e R PR v eleo R dntv et
per me ghiupk ned tmntﬁhsﬁvdteﬂ/wﬂhl t Wt%)P-lﬂlﬁﬁlcffﬂleﬁ(BlASFﬁfdﬂ 1ftduk @7l O Yolkdwski Ng
15 by washing with PBS three times.
[0071] Example 4: hMSCs culture and seeding

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

20  Dulbecco's modified Eagle's medium (DMEM) low glucose culture medium without serum
and incubated 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 S: Immunofluorescence imaging and analysis

[0074]  Briefly, 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 blbcking

- 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 wére Alex Fluor 488 goat
anti-mouse IgG (1:400), or .c'hicken anti-rabbit IgG (1:400) (Invitrogen), and TRITC-
conjugated Phalloidin (1:400) (CHEMICAON) which was applied at room temperature for 1



with 5 % bovine serumal bumn (BSA) for 1 hour. The primary anti bodi es were
nouse anti- collagen type | (1:400), or rabbit anti fibronectin (1:400)

( CHEM CONyowhi2ois7ioacubat ed 30 with the sanples at 37 C fom/sG2tmawng37and
secondary antibodies were Al ex Fluor 488 goat anti-nouse IgG (1:400), or
chi cken anti-rabbit 1gG (1:400) (I nV|1 rogen), and TRI TC- conj ugat ed

Phal | oi di n (1:400) (CHEM CAON) whi ch Ras applied at roomtenperature for 1
16 hour. , 6- di am di no- 2- phenyl i ndol e (DAPI) (1:1000) (CHEM CON) was

appl i ehburrm4 Gldlam1dmt>e23phenyhn®l¢1 (DARI) i Ped). (@HEMlﬁﬁi\anes iappbed foend @

oD S PSR AR L HSHERE TR SESRARRL 5l B el

const rﬁﬁoﬁo?@m&bS&mlINﬂdohgnnent was anal yzed quantl tatively by the angle
measur ement functi on Uusi ng | rrageJ software FI uorescence i mages of the

eyl nd&b7i t n = e ‘ enstinehf ocal
ot gty Vel CIESy S oL ) o B IR 6 ME e e ek o o0

Appl i castng)rlmswt @ofﬁ@zfr'é\/\@?hﬁ).resl;a{&ol?ﬂdgEXaffpih% Jylmaaatwlﬂi icGBled S$udfie [WEES] Al |
assays were repeated three tines for each experinental oup and were
expr es¥BBTEd WEEnen HvaHerhr@niRog| dricescersDRystemoBES E§%§rpll-6108) AbgatPages

of tr t

ubst 1 e B N EARY S e TR BB T frofubh Hnction

m Cro- qfrnmammalmaooxeSemscﬂMdrer from draw backs, in particular for soft,
ckye[% gé urfac havl _ng a conpl ex topography such as stanp adhering

Pad ng distortion in patterns. [0081] Figure 6

|s a s tignd a t I [ ti -

M cro- @Eﬁ%@ct&%rtﬁﬁsn?e%én et AL R A TS ST

st anp @0eeseahpmeinag: standardodenptisn (S0h 608 in direct contact with a soft-

subst@hz 610, 5_der d cont act of t he s anp 606 vvlth t he

" soft I arkxe :

part| clwlﬂﬁng&,hgatmésve pressure for ce is appli ed to the starrp 606.
%‘t;re 6B depicts the stanp 606 adhering to a tacky substrate 610 when

vilRg8Qlhe /ét aisusoé inrtben apkergus ts¢céltoe, Seffeatienal fmisro-pripting mERcesses bot h
t e 0082
Ef‘;ﬁfe £ AR | EAPIEOTRPLLEL B I B HhBEE slfath RS, eFmlRer i ng

and ( Bppedrasity, p&ﬂqtﬁl’smrrqgadhléﬁﬁgﬂd the taclmgﬁlistravds iahé cmir@'kﬁstoﬁtﬁm in@asi@ap in

Figure 7B, denonstrating that the t ackY surface was danaged after
pat t er[,qp%{j_ Figure 6 1s a schematic diagram illustrating the limitations of conventional micro-

contact printing on soft and/or tacky 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 stamp 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 images, conventional micro-

contact printing suffers from limitations that the polymeric stamp adheres to soft and/or tacky

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



[ 0083] Figure 8 are inmmunostaining fluorescence i nages of conventi onal

m cro-contact printing of fibronectin (FN) on different substrates having a
Young' s medubiesofos( A) 308 30 kPa; (B) 12.6 kPa, and (CpCZiSG2kR®0034s can be
seen fromthe i mages, conventional mcro- contact printing suffers from
limtations that the polyneric stanp a}dheres to soft and/or tacky
substrates which disrupt the patterns (see Figures 8B and 8C). The scale
bar in the figures 17 denotes a length of 100 gm [0084] As the problem
mai nl ylegeesplawtyol 109\ Reroval of stanp in conventional gCP, the probl em

ey bﬁtolé‘%ﬂi degl ﬁbé p‘?&lﬂ&ﬁ%&iﬂ% JePGr dEG ALY s&?@i%ﬁoﬁﬁém?dﬁ% gepsgguent

disto of the patterns by rIntroducing a water e trans-printing
medi a,probles arayt bé rayohietl hiey trewvpting rthe alefahepionnoft kebssrafes / dmalc kybssginsit r at es.
To test this idea, a noyel 1.1CP process based on the general procedure in -
Fi gur Jl%owgg qiéﬁ? ppfiesns B natcfailuﬁw&,a yotes sgish e tang-ppiniing paedibBUS OBEtiPGt es as
welsl  afie LtatngRehRa0stE Bphe sS@tdck PAUBEHatSURS LERURS ilidh, USHdVEY pt
corslforn%nged(;n hard?g%o%lt, 3?1% tal(j::)ky s&rfaces respelc%f’v(eaxfdf.ce rggégfgl%ﬁ/s was
choserbasgd ¢ththepebeatl mbecdiueint Kigintes2 was perddrnfedlmi 30&tkPan]2.bikdaj avelr2. h&Bs, and

10 non;toxicity. PDVMS of vario sh dul i d tacki ness was epared by
changi S ELtslates 237 well ol K ATe o€ e ansth DAl SbEES, o e BT S0
1: 50, RRAfbrad& MhAD, L8 LRPROBEsRAcKOECEvaPdul us of 308 kPa, 12.6 kPa,
and 2.1 kPa, respectively by using Equation (11). Both the 12.6 kPa and 2.1

kPa sdPP8RHDIVE Piveva dhaserpast the substratgglueite its gase afifgbyicationgiiordraringss, sidice

‘they mimi.c musc d-.neuron.envirqonment, .respectively. 1 0086]. I n, this
rEhodoR s VAT B DGR Sl g R b hERPEE A irkaare? By TR EREI S ena
of prirdfid BPcidsd-Blkdrito @Y hsé.TEhef fatiad udedvpt 15103 II0ARR1 1170 Wit csirépond he

pattern was transferred from the stag%p to the PVA film and the filmnow
~ f unct it®NOURE’ samedups 043 08kPard di0kParaeh 2t IneP 4 sgspestively By yeingEqupiéor (IDm was

R s o e e
PVA f isinveltieaphingichedsclecinf attren kayiraimént asspedtatelyshown in Figure 10.
ald caPPElon 1ncaly Tsihods fRo e SHBR TR Bacak CodRgTY VARHEUS) Arblsti ent s
of thgnRERSEPprinting directly onto the final target substrate. In this step, the pattern was .
transferred from the stamp to the PVA film, and the film now functions as a trans-print
media. Then the patterned side of the film was placed in conformal contact with soft and/or
tacky target substrate. The proteins would bind to the underneath substrates before dissolving
20  the PVA film leaving behind patterns, such as that shown in Figure 10.
[0087] Figure 10 are immunostaining fluorescence images of fibronectin (FN) and
collagen (COL) on different substrates according to various embodiments of the present
invention. Figures 10A to 10 C depicts fibronectin (FN) patterned 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 having features of different sizes and shapes. The scale bar in Figures 10A
to 10C denotes a length of 100 um 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 évoid the probléms with
cohventional micro-printing such as that shown in.Figures 6 to 8. Through the use of the

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



invention. Figures 10A to 10 C depicts fibronectin (FN) patterned on a PDVS
substrate having a Young's nodulus of (A) 308 kPa; (B) 12.6 kPa, and (O
2.1 kPa. WoQur#s1®p to 25 10G depicts fibronectin (FN) @DTiSG28)1/0808d5
collagen (COL) (G patterned on a PDVS substrate surface having features of
different sizes and shapes. The scal ggbar in Figures 10A to 10C denotes a

| ength of 100 gm and the scale bar in Figures 10D to 10E denotes a length

of 50 gm [0088] General |.y, thjs.additjqnal trans-prjnt s on uires a
O 000 i RSy o b ed Tha bR B A SHER B L

i mpor tighb Yantd whth vAYQefudehBe BIFARIGNGE itkind HOBMAE froMathe FerRAiAdEY dfithé NY
such as that shown in Figures 6 to 8 Through the use of the trans-print

film qoavemtionsl [P stefp. and/ or tacky surfaces can be created. Furthernore,

t he ttern resol.ution an ual ity may be.inproved.. The trans-patterned
i m dPpRA STttt ohk P arcta TR ERoLIRIAICE mdPRa RS on' Of

| nki n Q’aﬁﬁ{a?é%‘ﬂrﬁlﬁn% @ Bnhil §sol REPIARREs With Iifroted ¥edthétAB @bntkIRf3kheéxpaiterns.

[ 0089] Therefore, The trans-print stanp according to enbodi nents of the

pr eseniftérmnewiation Bhobpluit¢ butfieranlipe (RB$nNyavirpdvdlte disselvatand washtawayshei t h

[ ' | .of th . Af ' 1L.on,
out 1 ort ATy SRE st GRS el TR AR s BRI

conpl girRlt Yndhisl 2O & Bt ARMRtSORBR syhtiesdicVRsyhedwith escelRvA bieenipactbiity asd t he
trans-print media as it is a water-sol uble ialnt hetic polgyrrer wi th excel |l ent
f

'bi ocorghasicai piopgrtighdngiyasi lew cotoBehasi beenawiflehadiseh s shrfactant ton dispefsen
wi;del y S r I r . rti G I rig I 4 ystem
g et AR AGEERT sl ShARE RahY G ddnB€ Teddinf HORE e

t echnilpieeves, thid tdchaiqueds trot Ribited to IPY Aexipeistexpettbdithait btber wataersohdilebl e

materi al s, such as pol yet hyl ene glycol (PEG can also . be enployed,as the

t r ans-TPRERRIs,FEgh aqulmgﬂfnq &Wég]ﬁ:éi) ﬁ?‘rhE}SCOE»Bée‘HB ACHAS ?‘ﬁéraﬁ%ﬂfl daotein to
check g o : AN = ¥ ' t by
st ng PRI Crfthircslafiiey g done e B9 BReid to (BRE MEUCT SRR bhd

‘subst rshbes it Figwre 1. Bohiesvlecshowshatdypmimthenovel tiass-punimethodrabchnieattend i n

31T Gt ] pitSraRt Spui e oot aenraf niS B FRYBPR Rl B ror

printipjgupisRtdgkPa soft PDMS with a dinmension of 20 gmx 2 pmand 6.3 pm x
6.3 pm Figure 10D and 10E showed that efficient pattern transfer 20 and
good r[68%1]ut i tndemneristiatsghatdhe eemstimethodyeastadsorappliFatie @ difgembpajteass, &Ml | as

2 gmtg as.bi s..20 am r gy . ility
of "t et imlsiPéhs e Ui PR SRR HRBRIR SUE lPRERrR L
10G) Qqim 2 BpkRadRs gl x 63mirkighed 6D ahid woBrehoived tifdt Mfidad pattmhagesfet ype |
(COL) showed that effective pattern was transferred onto 2l 6 §Pa

p@Oy acing| e qesofuion eld beagiavadaion parterns Al bAignsiA 2 Heall ARAHBL? 83

pr ot ei Trele ) Nirgy : i g :
appl i ekgg g %%Eﬁ%ﬁ% pr ot%%urép ]glgl\s:%lrl\lﬁgst%élkt %gea sggggﬁrr{gr;[g(t: ré gggtgllrll(g’flrptg i's
ver satprinting &M (Figuee AOF) hed apPigead Fignre WGeon ArigkPoP As géls imatussstaigedh g

various inks r rdl.ess, of thei ul.us and ve inmportantly at. | ow cost
O by Gt bhe. B Bl R Y Bt

met hodg§ Y kBS piliyRerRidd (MRPEAP MHeR rebABSndRARANhAGE ittahSfeFrad Poteifts nce
the resolution is"dependent on"the 30 PDMS stanp but not the PVAfilm the

pa5t erworkid endriys myelitsekniges Basgeperio and peuldl be applidd to verigpsdprofeins aghnks.
oopniltfR AR GetbAMRd Rt R Srohfethidue BETbE apbiéd 992 R{He rallpl 4510

substrates using 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 resolution is dependent on the

30 PDMS stamp' but not the PVA film, the pattern size may go down td 0.5 um or smaﬂler with

thé aid of high resolution PDMS stamp fabricated through a special lithographic molding

technique. -



19 [0092] Further images are shown in Figure 15. Figure 15 are SEM i nages
and fluorescent inmages showi ng two types of patterns obtained using the
trans- priwo 20tdsoéaccordi ng to vari ous enbodi ments of PRE/SGaVENDIZGH.

Fi gures 15A and 15B are the SEM i nages of the stanps, while Figures 15C and
15D are the patterns created on 1:70;g0ft and 5 sticky PDVS substrate. The
scale bar in the fluorescent images éenotes a length of 50 pin. [0093]
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I (COL or fibronectin the novel trans-print techni'que according
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ShOWI ng the statistical result on distribution of hMSCs on kPa PDVS

= doymanpnesenetyanay IStfghcellSt(hM@ﬂsb aligraeent op ADMS sebstrases with %bf: OlLh andVECs
vver e %@?ﬁl{)‘fﬂ;ﬁ\'@o&%gw} ?h eéa@&l 1e\9foftt}t;'e efcﬂ&%g afdl. tl“gg ﬁ%ol%% lﬁgg}qn%hgﬁgt er ned

with using ans-print accor
enbodi sigiddscedll midisiwhietn hieGtainéd bye #Ve- Sﬁmldlﬂﬂ-ngheiayHﬁﬂdRD(\IBAPI)atfhd lighteh a
hom)geneous | ayer -of FN wi t hout pattern, wer. e, randon1y d| stributed at

al20 arfgfassin theeimages értWéd“MtwaArPsl”v@%aﬂﬁ Eﬁpfén |stngg (¢ b A% shawR A ainent
and t t i IS
movel TRrAckl HEERL: & o HRR A dl R (O G SRR P oo Ph 4o
m cr opmth ENniThg 1mﬁgdschéinam goo& a[ig@B&it ofrthe cells drr thesiubstrass. fThBi salkeybapfint hi s
nmet hod, as ne sured huorescent intensity, reached a remarkable 87 %
of prchRITREeH 8‘?@?%%/ t?h?érs #™M-0 that using conventional [ICP (calcul ated

by {1 upHesiCentetbitngn! h'_ng@st WRESIhd® QDY 86t Shtital ind@AdoREREs hged sBORekPa
PDMS and PVA patterned on 308 kPa PDMS, usi ng | mageJ) when performed on

1256 HMSGaredhlbmngogdmlmgemthm 1t2t6ekP43|a@«ﬂ dcbpya RIPMSesubsivates eimlingﬂbﬁt and

was not _affect s d_a d hi gh
patt erh PWS‘WF&?@% ?r} %&Y% Pt s fddLrP R ?qgo u'l“y\%‘f i gi n%)l u%gssedgby
i ncr eagiB'gnd 1ZB) fbkpdcﬂkélyaBeﬁdH@mMSQiHeQ*VA trans-printing method was also applied

on 2.6 kPa PA gel, and hMSCs showed good alignment as well, as shown in Figure 12C.

[0097]  Figure 13 is a graph showing the statistical result on dlstnbutlon of hMSCs on 2.1
30 kPa PDMS (n = 80). From the graph, it can be seen that more than 85 % of the hMSCs were

oriented within 10 ° and 20 ° of the angle on the 2.1 kPa PDMS patterned with COLI or FN

using the trans-print method according to various embodiments of the invention. Otherwise,



[ 0099] Exanple 10: Advantages of trans-printing ttCP applied to curved
surface [00100] Recently, 3D mcropatterning has attracted enornous

.at tenti orwbeomuseroef t he i ncreasing demand to m m c ti s®ae/Scaomploecd’sy and
develop clinically relevant tissues. Several 15 techniques have been
devel oped for that purpose, such as ggnventional photolithographic
patterning, electrochem cal deposition, laser cutting, and

soft-1Ilit appr oaghes. These te hnl ai r conplex
or 1ot 10, ERVEL eOBB SR 3 bomostosp Pt PE TR iR paRR. SHSEE wiime
Researgiidnay edib@®itedant’ bl dardids. ITheWpattePnddahEsEins rwerefwa@llel RAIMD @OLLipi ds
was done on a gl ass bottle by rolling the curved surface on inked stanp.

Howev etachmgns amdt thewel aﬂanmenfualpeg theheaﬁmxﬁbwcggmsdmmmbnmhatetgul Bavebr the

stanmp ,woul d _not act th t he ubstr e. during rolling.
Thor Db e ol Bhred 1R Bh ekl ofalb & selibhidniobSp Bty GhEhit n Pne
adgantieggs]of Theiinl tahdfel dfisRfcycObthisahétB6d, 2% encabsked @EinaifivofeseE iitndig, b
applied to curved as well as wavy surfaces. To dermonstrate the feaS|E|I|ty

of t hirgached Briegakable Fhdr of seeicia BISnsHY rcempried, toshalynsingicprventipedaiClui th a
di anet 004
show fghpflued o HRScHRdffendRURA oo oo i Pl pierh L B0 P 308 BB BDRRE

schemahd Vb paﬂter@éd FN e)np3118t leraeOMSNusing htnbger ben parfogaéd o 1Dy KPariaed al
nlcroscope and (C¢) immunostained FN on curved surface of the cylinder. The

scal e 1’&?&\4 i womg H@ﬁ&h@ PhaforemG oSS v amefficiend apdavas et afferied phen BVAdenot es

aipen u t r ed on
CRQC oy s VAo o138 STE MoniRuskRs Wb piterfing cFhBCRA) b8 Rt sl 081 e

wel | paulﬁe]pnedalﬁl\beoaddrdmecbbymed:asug fleask 1ﬂ1na1|<$nbmﬂtnae«vmd t hat the technl gue
woul d xﬁgﬁ 5|nce PVA f|In1ls hi g lX flexible and could
easi | JULHRT o agespfransy ! AN BEKECSIECE Thys,

wher e C[]G(WUO ntRe@E&ﬁly 335— Iﬁl‘eg?)alténidg”hﬁsegttﬁa@tefil é’HorrﬁHﬁg @fi@tﬁlont becah§aBBRR4 Nti NG
met hod enabl es easy patterning on curved surfaces. [00102] In sumary, a

novel 1mr€asmge®lmn4m@ ntigictisae eomplexidpand davelopatinieily relexding tissuas Keveral

ans G a bERY ekt RE R HurRBAT h. & BoBRRRuRt e Bl oS nhve

shown phfié@hinghblectisiheidie dbmditoal | derCiaie aﬂ@Sd)ﬂt-iihlﬂ{(%rzﬁﬂﬁd C%i pr6achBsl TR N
much better pattern efficiency than the conventional met hod when

appl | &FhpiqussREinareteABRyCOTNEX BF rea)ire &afioyp @@mlzqmng@ﬂ specifc lepaipmenthe
ver satgh ) {tyailfy. k@ SERAILILE A8 dGRNGh cﬂ&ﬁ%&gﬁ%{@%ﬂfpﬂgc&& wvgser ent

substrat €s u3|ng erent proterns as | Nk nost
comoudbige U8 adglas lmttﬂes agedlling alie omved surfic€Mn ipked eﬂaﬁﬁ) Worevee shiednetldd S

el techni gue may he extended to ot pr ot nuclel cids such as
ORf, 36 FRITTR A PEECh YRS RIS O RS TgBIAB A | .*hﬂ SHFP @ﬂ? Vi MR CORECt

M Cr O6i@CHhkisbdiARS dsdd AMing! MherBRIrBOduAeS &Y ﬂb%aﬁf&dé’ ﬁﬁé@b&nmh@%ﬁi s of

the invention can create m CI’ opatter ns on COITD ex or 3D surfaces, such as

t hat deﬁnmstadaamﬁgmmmg simpde smhbdst-effectineand Vssatiteerspigh tn ehemp@hcé to

ubi qUI : Olég as weans wavy surfaces. To demonstrate the feasibility of this technique in macro
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
1s 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 um.
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 b_shape and contours of irregular substrates. Thus, where conventional



15 biomaterials in soft tissue engineering and sone nmay be as tacky as
PDMS, the novel 11CP nethod may be applicable to nost cell-materials

i nt er act iwo 2ardbsotoher bi ol ogi cal studies that involve seCt/SGeedmwes7sIt is
anticipated that this novel [tCP technique has a great potential in soft

ti ssue engi neering and regenerative dicine. 20 WO

2012/ 057706PCT/ SG2011/ 000375 22 CLAI 1. A nethod of mcropatterning a
substrate, the nethod caonprising: a) providing a tenplate substrate having
a pat tiérhaylimifed 4 dlat awidapes the EnsSIRGSE™sthed Shabilen eask Prttemngcomcbeing t he
patterped.qurface with an internediate substrate, thereby transferring the
conposition to the surface of the internedi ate substrate; c) contacting the
surf ac[@Ob@Z]t hie suntrﬁargpallnave 15T $dchaigae co rpEatesnigopdrermsosp ssft ahd/or wickh t he
subst&%% and d) V|ng t he i nt ey nedi te suﬁstrate by di ssol ution using
2 ol VEHpiratehand X P Jfs Whgs A SOMBIRR I BTACES e sy arder e YT Vffpr i ses
a @0| YdShible Tﬁﬁsﬂfﬁft hedhifhas Ib@ér{mgvelmg R'efhlfshﬁav@% WAl thaO s 'n%@él fAethod
selected fromthe group consisting o I cone polymers such a

pol ydi comldhydreaté odesirablenpbttarad andblobtajn syncthdietter rpattosr efﬁganqs ehaamdhm xture

thereof . The one of cla ere ste

br ovi dingeamabist Buredt o e B i A S B sy DM DBt Baceet 1)
gener ghigUpa). PHey PaRsatFk AP thist Rcihifat Was tRfohk{taF ByDyatletding rdavaﬂ‘fe%ta
master tenplate having a patterned surface, (ii) contiacting the master

t enpl aubstydteshusing diffaregrprofeins qasanks—wéiobr@dﬁl‘éowo of thie) mostr ¢amymphly ysod y mer
'pr cur s ut i on [ enovl n (6] r sta m t he ter
l | & gracegﬁlga (IE?'[ ?cn(%'&ﬂbl)( o)tel Wﬁ%tegtgé hﬁ%lg no¥ 1gu nB‘l(%Q[}e %ﬁelgfngst

l nt er esther fﬁbeemi@hh@dm@ta@aaﬁdmecmfas abEAEand ITn@y 3a1sd/\thF63|ﬁ!il'tHdﬂ€pd¥@ﬂﬁDShtl on
of interest is an aqueous solution. The method of any one of clains 1 to 5,
wher e ¢hemigal coatisoyng i gl csmcrqﬂeéﬁr@stfalereﬁ@ﬁpnsé@wanmt |ageQriiags fe cyasious The

AL n%od%é‘ﬁt@o? ’the"‘fﬁ%rﬁlo'ﬁ aﬂ Qa{té)g}e?ésr%f%é{ ei‘?nss&? xﬁéleﬁocm%r[? SiiTac Suify gct ed

fromt group consi sting
~oli gortha‘tl éﬁhoxﬁhﬁted herein on a small cylinder. As the soft nature is ub1qu1t0us to most

15  biomaterials in soft tissue engineering and some may be as tacky as PDMS, the novel pCP
method may be applicable to most cell-materials interaction and other biological studies that
involve soft tissues. It is anticipated that this novel pCP technique has a great potential in soft

tissue engineering and regenerative medicine.

20



WD 2012/ 057706PCT/ SG2011/ 000375 23 pol ynucl eoti des, nucleic acids,
carbohydrates, lipids, small nolecul es, and haptens. 8. The nethod of claim
6 or 7, wweneiwnsttee bi onol ecul e speci es conprises fi broregisiGroarooeass | agen.
5 9. The method of any one of clains 1 to 8, wherein the internedi ate
substrate is a polyner film 10. The,gethod of claim9, wherein the polymner
of the polyner filmis a mater—solub?e 10pol yner. 11. The nethod of claim
10, wherein the water-soluble polyner _is polyvinyl alcohol or polyethylene
gl ycol . 1512. The nethod of clai m 14l ein the internedi ate substrate
conprises polyvinyl alcohol. 13.The nethod of any one of clains 1 to 12,
wherein the substrate or the surface of the substrate is soft, tacky or

bot h. RO 14A midikodwefirhebpatteraing axubstodte,chametholl comptiBingwher ei n t he substrate

2boUt 50 kP PISI o RO TDRRGICoREMDE &1 BRIFENGH (0386 vRBFbI Wk e
sustrate conpgh3&sHiS6riakt&et ed )
b) contacting the patterned surface with an intermediate substrate, thereby
transferring the composition to the surface of the intermediate substrate;
c) contacting the surface of the intermediate substrate comprising the composition

with the substrate; and

10 d) removing the intermediate substrate by dissolution using a solvent.

2. The method of claim 1, wherein the template substrate comprises a polymer.

3. The method of claim 2, wherein the polymer comprises one selected from the group
15 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 template

substrate having a patterned surface comprises (1) generating a polymer stamp with a

20 patterned surface by (i) providing a master template having a patterned surface, (i1)
| contacting the master template with 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
comprises a biomolecule species. |
30 |
7.v The method of claim 6, wherein the biomolecule species comprises one selected from

the group cbnsisting of peptides, polypeptides, proteins, oligonucleotides,



25from the group consisting of silicone polyners such as

pol ydi met hyl si | oxane, hydrogels such as pol yacryl am de gels, and

pol y(N-i swpropydsawsyl am de), collagen, fibrin, gelatin, pamsGadgionesrs.
The met hod of any one of clains 1 to 15, wherein the surface of the
substrate has a 30non-planar topograpjy. WO 2012/057706PCT/ SG2011/ 000375
24 fromthe group consisting of an arcuate feature, a curved feature,

spheri cal

substrate i B°
19. The nmethod of any one of clains 1 to 18, wherein the surface of
the internedi ate substrate conprising the conposition is placed in

cone.

conf or fal

c Ghe asthog aflelaimed enib sthepgie theltiorolecTirepenieshaanmisenfipronneinodr

claims 1 to %ﬁ%further conpri si ng functionalizing the substrate with

N- Sul f osuccf

By1-6- (4- azi do- 2-ni t r ophenyl ami no) hexano ate,

16.

and a

| Bt RSB BN RG] shulh et vttt ace of 5

gl B ar al dehyde or N2H4 prior to step c). 15 21. The nmet hod of any one of
claims 1 to 20, wherein the conposition is chemically bonded to the
i nt er nBdi at #he unethochod anp orEied elaimsod tofs, amyereinethefinigrmpdiste1substrate is wher ei n

20
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10. .

11.

12.

13.

14.

15.

16.

17

The method of claim 9, wherein the polymer of the polymer film is a water-soluble
polymer.

The method of claim 10, wherein the water-soluble polymer is polyvinyi alcohol or

polyethylene glycol.

The method of claim 11, wherein the intermediate substrate comprises polyvinyl

alcohol.

The method of any one of claims 1 to 12, wherein the substrate or the surface of the

substrate is soft, tacky or both.

t he sol vent pbl@gl%rﬁ-ﬂ{l' di ssolving the internmedi ate substrate conpri ses water. |

" The method of any one of claims 1 to 13, wherein the substrate comprises a material

having a Young’s modulus of between about 1 Pa to about 50 kPa.

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-isopropylacrylamide), collagen,

fibrin, gelatin, and alginate.

The method of any one of claims 1to 15, wherein the surface of the substrate has a

non-planar topography.

The method of claim 16, wherein the non-planar topography comprises one selected



23. The nethod of claim 22, wherein the solvent is a buffer solution. 24.
The nmet hod of any one of clains 1 to 23, wherein the solubility of the
conposi t iwo 20f2/d5ntoer est in the solvent is | ower than thecssiGawillonasdygsof the
i nternmedi ate substrate in the 25solvent. 25. A patterned substrate nmade by
a nethod according to any one of clabgs 1 to 24. 26. A bi osensor
conprising a patterned substrate according to claim25. 30 27. Use of a

pat t er ned Sﬁobﬁttﬁgtﬁoﬁcggx{s%hﬂg %R Zf‘éatué, L SFY& ?&%rg,e%d Q%pherical

feature.
18.  The method of any one of claims 1 to 17, wherein the substrate is a sphere, curved
5 surface of a cylinder or curved surface of a cone.
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

substrate.
10
©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 N>H, prior to step c). | |
15 21 The method of any one of claims 1 to 20, wherein the composition 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
intermediate substrate comprises water.
20 | |
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 composition of
interest in the solvent is lower than the solubility of the intermediate substrate in the
25 solvent. |
25. A patterned substrate made by a method according to any one of claims 1 to 24.
26. A biosensor comprising a patterned substrate according to claim 25.
30 |

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



