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surface structure and conposition that affects the
cellular function and growth of enbryonic stemcells.
In a first aspect the present invention provides a

bi oconpati bl e material having a conposition and

surface structure that either serves to pronote the
gr SWELEOBIQGOMRATIBILE MATERIALS FER MAMMM AN ISTEM CELL

se I [ differentiated growt h of

st E\ﬁe@@hﬁéﬁwg'é%ﬁ?“ﬁ'gﬁﬁ{’m he present invention

provi des a bioconpatible material having a surface
structure and conposition that affects a cellul ar

f uheehnical fielarti cul ar cellular functions related to

ge [ ' el | di rentiatio f [

or THerR L HiherfBl; phidel ERORTETBIERab N oD g Surtece
I ngeostuan avibt bompoeitida that tatfects tisd catiplaetfuettidrnand growth of

i nvention, the pronotion of selected cellular , ,

f uBBYONRNIC | Sferh CPUﬁ)olﬂ anfirst a)a30qch tBeVBFﬁSSFS/ iy¢ention provides a
apRli . I ¢ _
PR B AR s, BRMBYSAL R Bl syace yiwety et etver
t heemvesntof pramatief ther grawtat efd ugdidietdntiated pduripatehiastem cells or

the therapeuti ses of ma i nbr ygni tem [ E
copPyeh 48 Tipiote 136 Selet GETBMEAtea VDAY SIHG Celiel second
hagssy@! yed pAdnf GheSRidMg pheased & tRIPMSAtIMe material having a

undifferentiated manmmal ian ES cells as well as nethods

t osgtidckestinctusand compesitiondihat affecisiaace!otar function, in particular
Consequent | sui tabl g .m croenvironments, .. .
BT ndasorearar, 1Pn6ede hLERTEC ba coifewryigipe, and the
Bi ppaiEtiahidibenBRissle M Fivodmddd-6RoES cel | s can attach,

grow, and/or differentiate and/or further perform

di verse biol ogical functions, are thus needed for a

vagl f [G: Qurposes. Medical conditions
m?@‘éﬁ&?%ﬁ?ﬁ% g %I&bﬁefi t fromsuch materials

i ncl ude degenerative disorders, cancer and trauma of

t hyis ear8% ab ahalfirsP Bgp &dt U, theaigbemtiorthehoromotion of selected

constitutes an increasing problem o
cellular functions is an important task in a variety of applications, such as the

production of undifferentiated mammalian embryonic stem cells and/or their
uniform differentiated growth. In particular, the therapeutic uses of
mammalian embryonic stem [ES] cells has attracted considerable attention,
and there has evolved an increasing need for producing undifferentiated
mammalian ES cells as well as methods to guide and control their
differentiation. Consequently, suitable microenvironments
facilitating/promoting these processes are desirable. Biocompatible materials,
on which ES cells can attach, grow, and/or differentiate and/or further
perform diverse biological functions, are thus needed for a variety of
therapeutic purposes. Medical conditions whose treatment might benefit from

such materials include degenerative disorders, cancer and trauma of the



in public health. There are three major demands on ES
cell culturing protocols. Firstly, during ES cell

werbdusiosg, the cells have to receive the propBCT/EP2009/056443

10C

15

20

25

30

stimuli fromsoluble factors in the nmediumand from

the growm h support to maintain pluripotency. Secondly,

chronpbsomal integrity should be maintained. Thirdly,

in order to facilitate the use of mammalian ES cells

for medical purposes it is essential that the cells at

nomusichioskeletal iapparatoa: aach of whidh consjituies amaineraasing problem

derl V@? fro anot her species, since xeno-contam nation
Ir?%ﬁ y to cause i munogeni ¢ probl ems upon

transpl antation into a patient. Current culturing

protocol s generally depend on_the use of biol ogical

naﬂ'léer&aﬁr%ﬁ%r%@] AP’ eemgnes oRHeP eettSulEIing psetecgisofifisthh during

a E%ygéll AitlifRg SheCEAilsS h?vnéJI tc?er e tﬁgﬁﬁ!ggefagﬂ mulj from soluble

serun¥free cult’ure conditions ave beé sScri

mufdctersBS thelrhediufmoang Xemptiee growtd ugipatt to- maiteid pIurlpotency
di shes conmbi ned with Leukem a I nhibitory Factor

- sEEpPRIENFRPTRIAMR! IR ThSSEUUPe UPeinsyRe@nth! 'é '”) order to

e
SRR PRRbAY ESSLAR 10 2icd Bafupihis 5 epsencal
rretﬁatahetaeéatahm goiat oome |etq3borytadt Mtbrtea’obigﬁiadadnﬁérials derived

BB EnPHaTL SBaG8h, Sice; soaieBRIIGRpfigR e MOst likely to cause

i fnfn%ﬁa@éﬁblF%bwaPn@hboﬁﬁaﬁgbiaﬁtatﬁinn.% b'}?atléh?s@@ﬁéntoéulturmg
undifferentiated cells in the inplant can give rise

t epmt@m{s generally gepengnen ththsch of bitdogisalanptesial efraﬂmmal origin,

CLUEEH £ LBL 8By B850 ook eSS SR L Pk ana
CO@é‘r*ufnh a8, cleiré c@ﬁﬂﬁioh*smd BedhideBctibed 66 hiurine ES cells, for
mai ntai n pluripotency and chronosomal integrity

d
cofi¥@mplend/sing \gelatin-eoried efisbeg ¢arabivgd; wit Lﬁulsgrgla Inhibitory
d
ggtéﬁ méﬁ‘l'l"ﬂg %8@@5 g?éjdnv S (r)t%ut\%ége crﬁgﬁ‘nt{)et sc'%stté’m%rbere expensive

sehnd bledm ellwaysagive uisetto S celis amtabmmrtealrformesﬁ therapy.
vari ety of applications, such as thedevel opnent of
suitabl e inplants. Bioconpatible materials, on which

L1 B[ AfefRbeS fi bRAShtsBARH & efbldyedifiBldriafed ES cell
andP e étehel?cﬁfb ﬁég?érﬁqge%erléfgsaé\ Ve 'pcfye& Bidrfibfed ES cells
for implantatlon |nto a patient. For this purpose it is essential to ensure
uniform differentiation in all ES cells, since the presence of undifferentiated
cells in the implant can give rise to teratomas in the patient, which remains a

problem for current differentiation protocols.

In conclusion there is a great need to develop xeno-free ES cell culturing
conditions, both conditions in which the cells maintain pluripotency and
chromosomal integrity and conditions in which the cells differentiate in a

uniform and controlled manner.

With regards to the second aspect of the invention, the promotion of selected

cellular functions is an important task in a variety of applications, such as the



bi ol ogi cal functions, are desirable for a variety of
t herapeuti c purposes. Degenerative disorders, cancer
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an increasing problemin public health. Spinal

di sorders al one affect 30 percent of the adult

popul ation, and 40 percent of those ol der than 65

years have synptons of osteoarthritis. Mre than 1.3
mllion joint alloplasties are perforned annually
wotledeibpent of rsedtabigenplantst iBigcempatiblagvatarials,ian svhich living

Since there,are no acc ted.therapies to Ven

os BB ERRr THaE, GIowE crior aifsteatmerand Br uiiehbpriggm diverse
ar blalcsg:vémum@ﬁ)n@eéf@d@@ﬁbm fdr & Vasetd oRRdrbpelitic/ p@yeses.

t he next several decades, due to the aging of the

éHer%‘ﬁK?é'o@édr@@rs ébn&é}eerﬁ f86Ma & tHB miRifodiefflalZsoparatus

percgnt of all health care expenditures in Europe an
USgorstiutee bat l@dretasmgwmﬂ)le@rkm gaublic cloerlift. | Spisal disprdéns alone

b d t t di d

o FEeead Befdedt b MK Bt BORUE Bn. At "D RS cabtif those older than
usgd §/@érsf faear §§7m9!&néecﬁ06*sf&>alrﬂhnh§t MoreTigarieq e million joint
surgi cal treatnents of these di sorders rel e use

of alieplastiescareepedemedgnaxelty wmldquejtmtrea%dapldltatm@r@d -stage
or 2 ARA SURSE kidtbste ANECLLRLA MG Al 1Pt SHACESRRHNhMs, it is

i ncor por he bone i'ssue 1 n order arn

goadticipatedotabt thiﬁubﬁnber Whjpethraplastieseserfdrehade il tise deataatically
been achieved in this area during the | ast decades

buPV‘PrnﬁB?anﬁXt BBYREhAREAIRR AUE; tﬁéh% @gtngqgfetget\%eﬁgrrhpopulatlon At
f |
7 AL BIAERY (PRETBR, than e REREN of A7 HebH B8 Boenditures in
noEuameeamb USA doge rélategeto huiseuldskeletad canditioas naad the budgets
term t bil't .. The e e ts taken from
 n et St Senmardiin b3S LS o Blie Ui orecoe e doubie

fO{HeDr\@%@luRiés%é@d%r Pé%?e%frcﬁbh&té%rmgilrﬁ%térf 15-30

percent. As many as 20 % of the patients undergoing
hi p repl acenent devel op bone | o0ss around the
prosthesis within 10 to 15 years of the initial

t hERB PR ol 3RAbals P AR R RE g o HeC TR, o metatic
nepafediddl Wnplapad Ilrﬁlbnjpﬁbmtbr&W|tﬁfbde or boeé lsdbsﬁtutes The implants
signi ficant nunber of younger EWEI ents,

pr BISERECHESLASTHEY InsRgPerated Kskier beng Hﬁffl%ﬁwtn PEIes épionipin good
IS il 561 N 9ajoP Hf&i€es and results have been achieved in this area

during the last decades, but implant loosening over time continues to be a
significant problem for successful long-term joint replacements. The current
implant surfaces, alone, are not able to bridge larger bone defects and
maintain long-term stability. The use of bone grafts taken from the patients
themselves to solve these problems is followed by a high donor site morbidity
of 15-30 percent. As many as 20 % of the patients undergoing hip
replacement develop bone loss around the prosthesis within 10 to 15 years
of the initial surgery, and in spinal fusion surgery 20-30 percent of the
patients obtain poor fusion. Furthermore, as the near-future patient

population will include a significant number of younger patients, the problem



dramatically. Inprovenent of inplant behavior in bone
tissue will therefore have a trenendous inpact, both

wonowasows1 of quality of life and econony. The WHOERZB9/056443
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recogni zed this by appointis«g the years 2000-2010 as

t he "Bone and Joi nt Decade"

(http://ww. bonei oi ntdecade.org/ ) , an initiative

al so approved by the Danish Mnistry of Health. The

bi oconpati bility/biointegration of an inplant in the

bodtynw’n'mgt tangeteymc @spplic ampdanti lposeningg inwedistasks to increase
adltlpn |y bel onging to nedical science, surface

¥4t eri al s science, and nol ecul ar

bi ot echnol ogy. Wien an inplant is placed in tissue, a

race for the surface starts immediately. Wthin a few

mlliseconds after the inplant is inserted into the

oapproaem%ﬁagfeﬁm@kﬁﬁgu@@hzﬁgorofm weeng | tissust @l"hsthﬁfﬂiore have a
t L

oL IEGHAIBIEEHEE R STV BPUALOR ol e he wio
frbas; trbeogmzedmnudl g aqopesmuethgr yeastzoomeoamm theoLBmhe and

| ant, due to | at | t oki nes. and gro
____________ qiltdegade-Qra)o ANpait @Qg@.gaé%p approved
DaHIshaas theq@el I's is thus nediated through
th| g%gél ol ayer. Iﬁgﬂ%ropaertl es of the inplant surface
strongly influence the properties of the |ayer and
this influence needs to be understood and controlled
i nThe deiocompapbiiityi/zieinbegratiom adfi arhli'rm)yantdw dudlody is extremely

I nportance ar properties pof t lls

o TpjCaiaec bivabiine Bratkenes dtionalg deonging p dpedids! Science,
”%ur*fécé’)éc@h@@a}ndi@ﬁéﬁLﬁc%%ce%hb”r%o%ﬁarh&@{écﬂﬁology When an
numer ous bi oactive signal nolecul es control bone

f ol’f’ﬁ}ﬂﬁhbﬁ Riaced bniissueo Bgiaae far et sufagecipapiramediately. Within a

e A LB Potiie 11 bl B BBictiectinto &S Pogye & piotaver

t hGorhsﬂ@thrig?bf ander, rﬁrb!e&n;?@nwtﬁh@rebldrﬁtﬂecmb Jrm Itﬁe physiological
successfully anchored with sufficient mechani cal

st PQELH t|‘$ ifarnped gyntheofimplaat p@ﬂrf@ﬂ arbspuanly, gells from the
:Aﬂébr?&%‘i.ﬁ@ ¥|S§8@%|pfﬁ1eﬁ8%é‘%'f?§ Be ?drﬂp{f‘%mm 5[91“&&8 to stimulation
rch 0o0seni

opby aiyto@wéaahdrgeoﬁtmfammatmtthe biolager. altse me;rawhmlh)etween an

bone tissue cells, can attac and/ or
nnplant surface and the cells is thus medlateogthrough this biolayer. The

properties of the implant surface strongly influence the properties of the layer
and this influence needs to be understood and controlled in order to optimize
biocompatibility. Of equal importance are the properties of the cells, e.g. their
ability to communicate through the extracellular matrix by signal molecules.
During bone healing, numerous bioactive signal molecules control bone
formation and some proteins are found capable of stimulating bone healing to
implants. All these mechanisms contribute to the response of the tissue to
the implant and influence whether the implant is successfully anchored with
sufficient mechanical strength in the bone of the patient or whether an
inflammatory reaction against the implant occurs, which finally results in

aseptic loosening and operative failure.



and further performdiverse biological functions, are
requi red for therapeutic purposes, in particular in
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i mpl ants, such as prostheses and bone substitutes.

Achi eving a successful outcone of such treatnent

presents a form dabl e chall enge, since an inplant

needs to allow tissue regeneration at the inplant

site, while avoiding beconming a target for the body's

own powerful rejection nechanisns. The clinical

s uBmeesnptibenmateriiEst ordepedsorsd tissue cedls|, caamattaehaamdor grow,
i, mredi Vi Cini terface beIV\ﬁ

th f th
BN e e R s blaidtical Raplare AR e g dor erapeti

Pr paRRBes! th argcdiaetd shf‘b—léalrt‘?éét@ﬁerﬂé‘ ibf8iving the |ntroduct|on of
identification and use of bi oconpati bl e materi al

t henplabis, satha@s plostirasss am@lb@ne§ub8¢jhée$|édmevmg a successful
oo DBlspRBhas T PE R Herortd ATBrbREP Uilenoggeiope gndmpian

pl hée@sﬂt@ntanéweﬁs@@é |r‘égbhéﬁat|@hV%t rthee mglahoté]te while avoiding
ost eoprogenitor cells and other cell types

OsbeeRintigeai tatget der ithe dody§i owarraweriyl geigsiiongngehanisms. The
OSEIﬂﬂgélaSﬁéces%arotf'é;r\“ﬁ{glé/nt' Hepgﬁ@é)néfe %NFS‘% %r %hawor in the
an 0 er

regenerati on ot el ns

gr prvnledizoe Vi) of uheodtm'%@eb:}etﬁ/ben Ry mmarstt arahtte host tissue. A
cells, serve to both recrU|t ost eoprogeni tor. cells and

st ke elaraenthip; thepiparessi iprihisntig/d Jsbe seiiess pa the identification and
Ost,600F Qﬁ&ﬁﬁétﬁlﬁ n%t@rlalTﬁh@%tﬁlc\%ﬁgn of trﬂatsléq tplants

hor nones and gr owt ctors etc ch act h as a
chenotactic attractant for osteoprogenitor ceIIs and

b 5ot Lo M B A A ot

SeMa?Fd?N QfrERHil %eﬁ’@(lﬂsﬂi%t) k& (dr|d6@erﬁcﬂtéﬁlgt%ﬂsfth§?§§/e rise to both
prot eogl ycans, osteocal Cin, Posteonect i n and

osoet@pomgam)toandellsermw asthebbmeilsttyp@fs ayOsterpipgeniter i ¢ells can
t he. t f ' b mat Dy

o FEER0 | AheCiofln Bk s S0 BBehY Sin ekl o bone
pPhesgmet &fsh. Beeshhedel gt bro@elﬁyn(WP cdndE wtrds gresvtRMbrmones),

grow h hornones.In the ongoi ng devel opnent of
maP&duged bM the m@ﬁméwomab@@ﬁ@aiqrm It topth Fegreit aste@riegenitor

oSO P SlBE TR EBb8 HOBLAEUE! iedast serroe o0
r egSkebetal BMP’s, other hormones and growth factors etc., WhICh act both as
a chemotactic attractant for osteoprogenitor cells, and stimulate the
maturation of osteoblasts and induce the formation of bone matrix.
Osteoblasts synthesize and secrete organic bone matrix (like collagen fibers,
proteoglycans, osteocalcin, osteonectin and osteopontin) and hence

osteoblasts play a key role in the deposition of mineralized bone matrix.

During the mineralization of bone, osteoblasts express alkaline phosphatase,

together with a number of cytokines and growth hormones.



Furthernore, during recent years, therapeutic uses of
enbryonic stemcells has attracted consi derabl e
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for the guided, controlled @ifferentiation of

enbryonic stemcells. Consequently, suitable

m croenvironnents facilitating/pronoting these

processes are desirable. Summary of the invention The

first aspect of the invention is based on the

r etmtjm‘ ongoing kavelapmeandiof imhfatialstveith teproved bidronheatipility there

cel | lLture es Its surrounding,tissue or
1 etlaPeur e sy pRela e el WhEE R Rl peSepodpatile wih
m ﬁﬁ@anﬁﬂﬂg@@“@n@tﬁd&@h%ﬁﬁ' JboMeiegehbritidpove needs are
addressed by providing a bioconpatible material or
structure with defined surface topography of mcro
sc r e
cohufnbETsh g Teell v et s TGS BoatiBf smbrvapigtgm cels

demas@tré@tedumslderabregaﬂeﬂwﬁdrh%ir&pwaechés @3blvedt an increasing
Exanpl es of such stemcells are enbryonic stemcells.

Th@e?‘érfl‘ﬁrsmmgé@qd i ontralledq gHfargntiatiosy oﬂcoe@ﬁwqﬂ'%d;t%m cells.
Ceb'on%@&ﬁerﬂtfé/l capAbbe O%l%@hf/f’(ﬁﬁrﬁgﬁfsm ﬁ%flﬁ?t“g/&b%thg these
s, as well as

roduce uhpotent stem ce
di pfamesses ateades:laaiblegr owt h. The term pl uhpotent stem
cell enconpasses a stemcell of mammalian origin, for
exanpl e rodent or human stemcells. In particular the

| nggmmggy Bf fYé fRfemigipot ent mammal i an enbryoni ¢ stem
I s and enconpasses pluripotent enbryonic stemcells

capabl e of germine transm ssion. The nanufacture of a
st ﬂ'betﬁmteaslmt ogtmmvelreimrr Btasedf @t thet mn:ogndnphyhatt draindividual

b tifi
o et set i o el D FirRH i Sedh T B obBb i Growe or tissue

CapaRire RfrfdeldrbhifsttliRAbUhRIel 13 MRIEMRY RERSLEruERAES where
or nanoneter scal e dinensions. The present invention

exmheoabeve Heedsodre addret%ednbsqwpé@wgmmgsehrhloyomeebhﬁ]leprmterlal or
L t
deStuuBh i1 e eq 3BMARe SForpat ar Bt Giedle Bl nat may e

ar gRipl@iduihethBRbnBRYELIGh bRESIT ot ti$RAL SUIRIrS istffa®8s and/or devices
m cro- or nano-neter scale. This feature size can be

acaraisedn suggicgithempestiadeatment.

Examples of such stem cells are embryonic stem cells. The term stem cell is
intended to refer to any kind of cell that is capable of undifferentiated cell
growth to produce pluripotent stem cells, as well as differentiated cell growth.
The term pluripotent stem cell encompasses a stem cell of mammalian origin,
for example rodent or human stem cells. In particular the invention provides
pluripotent mammalian embryonic stem cells and encompasses pluripotent

embryonic stem cells capable of germline transmission.

The manufacture of a structure having the desired surface topography (that
may be entirely artificial or may mimic a surface architecture observed in

nature) requires techniques capable of defining features that have



l'ithography of ferritin followed by renoval of the
organi ¢ phase | eaving behind ion dots. In particular,
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al l ows the manufacture of a7 surface topography which

is precisely defined and which can be precisely

reproduced in relevant applications. In particular,

regul ar patterns of spaced-apart protrusions that

extend out of the surface have been found to be

parmi¢romesen ycalef peiramonieier mcetepdimgnsines gifbet present invention

di ff d t el | | | f
ai Prapfhn, BT At IR Rints PetiRoty; fevalfeq g Mero- and
anﬁah@%e@‘lriﬁgw whit® aaow bRl WRRHPIPd" ¥BhstAgctioV &f structures
been found to be rel evant paraneters. Accordingly, in

a Mhpse susiseet archiiecturs ey bAve & kel featur sireedBfa gicro- or
Cehbn& méteP SHS| “%HJEF [—‘% |£‘$ %érP B YOS &R %gﬁnhbg}f colloidal

ne or m)re un fferen otent nahmal

ewhthmgmmysdfémrmalfbHsowédnby@emooal ofthe organis dhesegeavmg behind
capabl e of germ ine transm ssion, the container havin

a Wr flaise In Rardsyidrs dhe uss af ethaam sthaaraply @886, pf\m{.ehtgography
at &GRS thé Pafdraliurd Qf aSV\HC'fQE@ tbﬁo&?égn% i@y i@ recisely defined

bi oconpati bl e mater] erer n at t a par

expog adhi¢hacan bé preelsellycrepqummedllre reiathlequllbais;ores nano-
and/ or m croneter scal e topographical structure
conprising a plurality of protrusions arranged on grid

PoiMpartelI=r, Fe@ﬂ‘ér%atﬁé’iﬁs Hf repRebaRMarOpiotusions that extend out of

characterized 1 n that the crosssectional di mensi ons of
t hthepsorfacsinave beeuggurt tarke padiculanyo effici¢rdsior tiramoting the

% of d , ,
ol edlouhdliBlenteR@ Seah Fouf ds, el 4 138 Pl cifqrgntiated
St GrAtH! heaBe$her g prdteugiensidnd e @&@%Wﬁt@@am between
equal to or greater than 1 protrusion per 65

whEFTusianschaver begrefaungtte psi ety ast p%ﬁrﬂefl%?)ogr aphi cal

structure has a vertical height/depthdi mensi on equal

to or greater than 1.6 nmm or alternatively equal to

or Agcemmr@ytimaa s aspectpitied emabitipnbediates no2th@ ose -of a cell or
nore preferably 2.4 nm The protrusions na

haU%SUe? evlgys g@'&?i”&ﬁ t%rRIOH‘OFi@ MICH 8?6’@@ QeBiarg ] differentiated

P BEEE R ARITR SrbrIened, Gy rRebh SRS Sis beng
gapapattieeon gemnynlipeotiransirossiamd thé scontainer having a surface for
exposure to a culture during use, where at least a part of the surface is
defined by a biocompatible material, wherein at least a part of an exposed
face of the biocompatible material has a nano- and/or micrometer scale
topographical structure comprising a plurality of protrusions arranged on grid
points of a regular two-dimensional grid, characterized in that the cross-
sectional dimensions of the protrusions occupy an area equal to or less than
25% of the total area of the structure, said area being measured in the plane
of the exposed face of the structure, and wherein the density of protrusions is
equal to or greater than 1 protrusion per 65 umz, and wherein each of the

protrusions of said topographical structure has a vertical height/depth



near est nei ghbor (d;Y) may be between about 0.5 mm -
8.0 M or between about 1 mm- 6 mm or between about

W@ 20091150081 "M or between about 1 mMm - 4 mMm ThPCIVEP200R056443
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di stance between adjacent g¢id points along at | east
one dinension is generally smaller than 8.0 nm or
between 0.5 mmand 6.0 mm The protrusi ons may have
the sane cross-sectional geonetrical shape or at |east
two different cross-sectional geonetrical shapes,
whdimhensign keual tdidrigreater tiharod € jsmc or eheﬂnaﬂvelasaquﬁhto or greater
| ateral cross-sectjon of the protrusions may

shH|F& $EHMRIeiRraplyr R{IWEEP iR &Mand-@ Ky SBost FPrﬁf%r HBQ&A um.
fronranong t he shapes: circular, concave, convex,
round, star, square, rectangular hexagonal and
porrygqcrratrusrona roayifiavat a anosdheeetivn ahd amieirboch oss-sectional
t he, protrusi ons of dlfferent cross sectional geonet

ar diametangebetyeant 11y @ngr4-PuD gPhiayesh)- 5Q+’m@nidn1 éHm and
al b ALRALhO 9 RaLt %‘rrﬂenébrbnlgf”‘?ﬁe pt bRbwb e ?&?us%n and its

t he cont ar ner d wt mat éri a c

fr nmar@gt)ngrgth@bt Qd:l ¥YmMmay bameﬂweenlawounorﬁ am ar&@)@n@l,eor between
t her eof . | east a part of said surface may conprise

a pbwtrfeurrthﬁm for Gefvweemgbpel 3 g0y r B, or between about 1 um -
one p

ycagt% %lcélyﬁpﬁggp%e bgﬁ%eerbﬂajagg%gr& pgints along at least one
COH’fﬁHér?s%rﬁ’ré ée‘%}% @%sqﬁh@r {PAR{AG Gt dStvbBR'D. 53gp%_3éhd‘>%.o pum.

a conpound s romthe gr up consistin
pol ypepti de, car bohydr ate, lipid, growh hornone,

5350 BB B 5 Gt SEEBAA i e sve o o
| NRIBRMAG ‘aﬁ@@h‘tn%ro@@é&lohaﬁ %HB@\ SREP&S %&W Besl have

or chemcally linked to the e surface of the
codtffarerdrcrosa1steab<bmaalgar@ashTherlatmelscrmsraonlw the protrusions

culr, e, AR Seted of Mol Elpy Jootedy' hosen from

f uggiongnahezethap¥se. @rcul@oesied v, | icBRvEN arBoAd, PétapMBsquare,
pol ynmeri zati on, oxygen plasma, or nitrogen pl asma. The

| nteatang@Har uhexrRgonal candierolyganalnpr @ ¢amBRinpEen t hereof. In an
prgﬂrlb%tdhﬂ%ntmcth@ E%t usting '5tS Y e?é'rlrtt Létrrga %c%HSIr g%fqrr)rletry are

theé iI"nventi on e cont ai ner elng a parti
arranged on the regular two-dimensional grid in an alternating pattern.

At least part of the surface of the container may be coated with a material
chosen from among tantalum, titanium, platinum or an oxide thereof. At least
a part of said surface may comprise a polymer chosen from among
polystyrene, polycaprolactone polylactic acid, poly(lactic-co-glycolic acid,
chitosan or a combination thereof. The surface may further comprise a
compound selected from the group consisting of: polypeptide, carbohydrate,
lipid, growth hormone, antibody, antigen, glycoprotein, lipoprotein, DNA,
RNA, polysaccharide, lipid, organic compound, and inorganic compound,
where the compound can be adsorbed or chemically linked to the exposed



produced from a bioconpatible material, and the stanp
bei ng adapted to inprint or inpart a topographical

weunsdas@sstructure into a surface of the bi ocopppEPOL056443
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material. The invention fur¢her provides a cell or

tissue culture container for pronoting growth of

undi fferentiated pluripotent manmal i an enbryoni c stem
cells, having the features as set out above, where

each of the protrusions of said topographi cal

st surdace of traes cantaaneri Saltalhiei grbwiid éptrhodésrinciuce) BMP, EGF-like,
ab .4 I ot her aspect, the invention
prggﬁ%dégtaa‘g%taﬂgdﬂgf pronoting growth of one or nore

undi fferentiated pluripotent manmmal i an enbryoni c stem
cells, the one or nore cells being capable of gernline

t r Ahe raed shrotigsueheultuse Icodtainerpmiayi fagher bagihegnically tusictienalized
inbo cont act vvitt h] a 0ceII gr L?issue uItur(le. cont ai ner

haBY o9 QIR ¥a PG Ia%90Lu PESTT PRETIG' TR, PEYOSHhBlasmMa, or
at niteaeh pagiaat of the surface is defined by a

bi oconpati ble material, wherein at |east a part of an
exposed face of the bioconpatible material has a nano-

an . Gr t [ c -
conpPiaEril Mol Gbr SRflRs £ BRBOFREnERL B MiFbitdRition of g cellor
potisgue odilturercoptdingr dhedhuemsogniag containeribeing at heast partially
structure is selected to pronpte grow

h of
unBfadusee e 8dipeRftaRiilR BAtArAbnARd éh@ﬁste@m geing adapted to
Chﬁ‘ﬁ@%te& 4 ah”att%gbgF icdl %ﬁa%%cktreﬁtﬁlre ‘tht%eﬁsls&’ﬁéce of the

t’he ccu t ess

of protrUtsions y an area equal to or
t hbiocdbigatiblet tnatdrezi.al area of the structure,said area
bei ng nmeasured in the plane of the exposed face of the

structure, and wherein the density of protrusions is
eqypb ihwerRionFURAEEPrdvids & cBIl ‘Urrti%§b@%_§lt@@cc§ﬁai’iﬁ6?foraﬁ5‘r6moting

wherein each of the protrusions of said topographica
st guanthr of hawlifferestiatedaplunigioggnt/ degromabiameersibtronihigtem cells,

s SYbAche BALs 58 o ot BBHEE A Eelh TS B g o sai
ab@poglaphitan stAstaiedhag & 9ektitiab hasgreelepdf diriénsion of about 2.4

i nvention, the protrusions may have a cross section
andma nmi ni num cr oss-secti onal di ameter of between 0.1
mm and 4.0

In another aspect, the invention provides a method of promoting growth of
one or more undifferentiated pluripotent mammalian embryonic stem cells,
the one or more cells being capable of germline transmission, the method
comprising bringing the cells into contact with a cell or tissue culture
container having a surface for exposure to the stem cells, where at least a
part of the surface is defined by a biocompatible material, wherein at least a
part of an exposed face of the biocompatible material has a nano- and/or
micrometer scale topographical structure comprising a plurality of protrusions
arranged on grid points of a regular two-dimensional grid, where the structure
is selected to promote growth of undifferentiated mammalian embryonic stem
cells, characterized in that the cross-sectional dimensions of the protrusions
occupy an area equal to or less than 25% of the total area of the structure,



mm or between 0.5 mmand 1.5nmm and the |ateral
di mensi on of the gap between any protrusion and its

woeawasdosnei ghbor (d;Y) may be between about OP&T/ER2009/056443
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8.0 mMm or between about 1 mm- 4 mm The m ni num
di stance between adjacent grid points along at | east
one dinension may be smaller than 8.0 nm or otherw se
between 0.5 mmand 6.0 mm Furthernore, the structure
may include protrusions of at |east two different
cr 83ig- areetbeimgalmemmm in dm pbﬂmap@‘stheeem@@ad Hgce of the structure,
Ci rca Wﬁrence and sel ected from one t
S:

Ao ARG i ceRSince! BratusiGotds ceap it o dsrdter than 1

heﬁﬁﬂ%nsa%rp%yﬂﬁﬁwarﬁf whereimbicaahi e thbebﬁtﬂfusdrﬁte of said
shapes having different cross-sectional area. The

pr tmpogsa@rical gstrutitfifechasnia vertissl keight/depth @mrstorythﬁys either:
o BarlBr A Ereder b "R Hiha e i ohgreat P b o Between
saQq) &Mrfg r'ﬁa%r QSoGtaf‘HEﬂH%m coat ed and/ or

tltanlun}coated and at l'east a part of said surface
may consi st of a polyner i ncl udi ng pol ystyrene,
r chitosan.

CoABEIRS b Th@sBaFY o Bendyenit b RSP msrey ove 2 cross
POLYRRRL b5 FRAORY iRk ockib i BleR B HOWRRAS 1 urn and 4.0

ody, anti gen, coproteln oproteln

RNAm, el y betwdenr 0<$e,,mi tapddl 5@mg@ndcm@dmahdumensuon of the gap
andi norgani ¢ conmpound, wherein said conpound is
adb@i’\w MY IR arg,d it ARAEESt NRIGHLIOr (XA My be between about

SUI gg\” g\/\pﬂ] ﬁ?}%ﬁ&%@? eart])gﬁyg oM %{\/Ptélhé&ﬁofﬁé éﬂlﬁ[mum distance

T%_eﬂ\%e’n adjgteangrid @dRe ndlond HhilGadtne bmeédridion ®hayd be smaller
conbi nation thereof. Furthernore the cell or tissue

cuthany &0gunt @i ofberwiag beévesrs fiTiam gnd 6fdtmonal i zed by
e.g. nanocrystalline dianond, plasma polynerization,
oxygen plasma, or nitrogen plasma. |In another aspect,

t heuHRE@RGIeOthé etrRitFetray hiecluge f;ﬁ’btr@si,@ﬁé lof@ft 184St different
culture container to pronote uniformdifferentiated

gr GRSK- Qﬁc“ﬁﬁﬁ'ﬂﬁ@&%ﬁe@lﬁ_@k yoaRess t definas ! By agiicumégrepge and/or
fa@é&hte?rglesélté%te%r ‘?Polﬂﬁtbﬁé‘ t‘?wfe %hBBQél.l %‘rb@lgr,‘)fround, star, square,

rectangular, hexagonal and polygonal or a combination thereof, the shapes
having different cross-sectional area. The protrusions of different cross
sectional geometry may bee arranged on the regular two-dimensional grid in
an alternating pattern.

Furthermore, at least a part of said surface may be tantalum-coated and/or
titanium-coated, and at least a part of said surface may consist of a polymer
including polystyrene, polycaprolactone polylactic acid, or chitosan. Other
compounds on the surface may include one or more of a polypeptide,
carbohydrate, lipid, growth hormone, antibody, antigen, glycoprotein,
lipoprotein, DNA, RNA, polysaccharide, lipid, organic compound, and



differentiated cells wherein the nunber of
undi fferentiated cells is substantially reduced, such

wo baw/1sdver use of the differentiated cells in ther/apyosnsess3
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(e.g. an inmplant) carries aireduced risk that the

cells can give rise to teratomas in the patient, when
conpared to current differentiation protocols.

Accordingly, the invention provides a container, the

contai ner having a surface for exposure to a culture
duhqr@emjsecormh@wm awheegigt said pacbmpoﬂnd he sdsdrhed ®rs chemica“y

def.i ne atible V\hreln t

PR St ke S8 RS PRbee B el B B c6tBiher
masartaab BASWiA 'h@ﬂﬁoné@%@Fud@ BMEERSF KR! eTGF-beta, IGF and
t opogr aphical structure conprising a plurality of

pr beukagroiasnhibitanyfedtasnorya icambination tberenfr egul ar
t wo- di nensi onal grid, characterized in that the
protrusions have a cross section and a cross-sectional

di EoRhEfmeYe hBevween brO0tigdle &ulireMcanthindieray bbe chemically
| ateral dinension of the maxi mum bet ween any

pr Binctienadlizegn dyi t%gnerzaarmysﬁ@lilgﬁbgterrmdf) pPlasnret PRlgmerization,

1 - each of the protrusions
f8>§;gqun P%S&??@bﬂ leﬂﬁr uc ure has a ver?i cal

hei ght/dept h di nension that is equal to or I ess than

mm preferably between 0.6 nm -
pr BT éf‘%‘le{/ aspe&h ”(')e ('J“\’rﬁ*?\t'O'Tflrfé'alﬁ%%tQ)Fh%U%%qu ao?e|{ P%%%Je culture

Cub&%ﬁ]e?qag?bﬁl%ﬁe ﬁﬂlftt)rl?ﬁ d'lff@’rgﬂféétg?efem 19 grgb?nﬂallan embryonic

product i on popul ation o
V\heirem ncelkse amntrbtheretby ufatilitéter ehei aredlatiohl ©fi @ population of
t

o Siteesy et | ceffn Separbecdimes Of ciuntged cells s
t h%bétﬁmlélmeﬁﬂhég S8 hAitNE Usbe th@ dlﬁér@hﬁm ééFIStIHQherapy

patient, when conpared to current cell differentiation
pr(ﬂgcansjmpiant)hearrletshe Fedusedl rlskomet ébetceﬂs cBnogize rise to

or, npre projgctions na have a s

o Rl B B B e Fystrad 18 et Afereiatignprotocols.
COA@@d@ngF@nW mWé?ﬂRb@h pid\ides SHlUNeaineECthRN@Bh&liner having a
hexagonal or polygonal . Furthernore, the surface

i nBulidee ﬁ?roPéQQSUcﬁﬁ@h%\ﬁuﬁgrQadslfjogrlései avkergl at least a %art of the
Cr 95858 LA NGy B BbESIEANSI AR AWAELRAIMARS o part of an
I Y n, Where s Trre onal

eral Cross-secil o CIrosSs-secC
di expdsEd fHcet bfether bipesinipatislel malertal mas aména- %e@mdmlcrometer

ir gg%ﬁftggélg)r%%%llca? Is%’ﬁg%u% c%fmgrps?ngp%oi)ﬁ%l:ty r(])? plrgtrgselgns arranged
on grid points of a regular two-dimensional grid, characterized in that the
protrusions have a cross section and a cross-sectional diameter of between
1.0 um - 8.0 um and wherein the lateral dimension of the maximum gap
between any protrusion and its nearest neighbor (d;Y) is between 1.0 um —
2.0 um, and wherein each of the protrusions of said topographical structure
has a vertical height/depth dimension that is equal to or less than 1.0 um,
preferably between 0.6 um - 1. 0 um, more preferably about 0.6 um. The use
of a cell or tissue culture container on the invention allows the production of a
population of differentiated cells wherein the number of undifferentiated cells

is substantially reduced, such that the use of the so produced cells in an



nm or between 1.0 mm 6.0 mm and wherein the
vertical height/depth dinension of the projections is

weageahiséer or | ess than 1.0 nm preferably bet weerrB2089/056443
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mm- 1. 0O mm nore preferabky about 0.6 nm

Furthernore, at least a part of said surface may be

tantal um coated and/or titaniumcoated, and at |east a

part of said surface may conprise a pol yner chosen

from anong pol ystyrene, pol ycaprol actone polylactic
acinplapocgrrieac regusedgiskciblat theaanplantsic cei&agiverrisa to teratomas

conbj nat i,.on t er eof . The ur f ac er co

= BB BT Sarmpr BHA TS aiT SURP A g G TocoRs

pol ypepti de, carbohydrate, Iipid, growth hornone,

anti body, antigen, glycoprotein, |ipoprotein, DNA

RNRUFtBQ'I yiaclekelpl geoss-senten ot Qﬁﬁl er ermrgo@rmpct@ﬁa may have a

| NgE4a01 G B RAPBY NG o MARKEIAL SALCOERANY i S BIRE circutar,

exposed ALY cont drner. I i Anot

aspendavel, bonvew eotindrstaclsgtiese, aectahyadr,fraxagonansn gaygonal.
uni form di fferenti at ed grow h of manmmal i an enbryonic
cells, the method conprising bringing the cells into

SRR e aliecl il FER BRIl A8 o LS v
| easissesquiion aifd t prejextiohackavisg def tectahduwara lateral cross-section,
o POSEI & 6 Copo3 RECHT L SHpHeI DI & 16 610 8RS Sa T BBl and 2
angéc?cfndncpds%'?efc%nﬁl.c?fa efqglog'f Fpdi ?@ bl i Bé@veen 1.0 ym- 8.0
conprisin ot Tud gns arrangée | 4

PO, SorOfbeﬂNé@rgUl' aruiinwog i aﬁﬂsarwahh@éird,the vertical helght/depth
characterized in that the protrusions have a cross

sedimensiamdfather pejecimnsi snahudli tmr@trdesaftham Woepmi . preferably
- 8.0 and erein the |at sion of the
BB BB e O En o6F BEgBtbnaaAu § BetRear est

nei ghbor (d;Y) is between 1.0 mMm - 2.0 mm and wherein

the vertical height/depth dinmension of each of the

pr Burthsinoore, ias Imauai parm aﬁrsalicessrfad:mmnaly Be famtalum—coated and/or
pref erably bet ween npr e rﬁr ef erabl y

abH@NiWN€oaiR, ﬁé@o@td'?ﬁét @(pa[r ‘h‘PfsS%lg FeERaCcetRaY Icomir b?? a polymer

RSSO Ao PR SoE ARG p APl 61 poly ctic-

setegiyali€ ramid, chitosan or a combination thereof. The surface may further
comprise a compound selected from the group consisting of: polypeptide,
carbohydrate, lipid, growth hormone, antibody, antigen, glycoprotein,
lipoprotein, DNA, RNA, polysaccharide, lipid, organic compound, and
inorganic compound, wherein said compound is adsorbed to the exposed
surface of the container.

In another aspect, the invention relates a method for promoting uniform
differentiated growth of mammalian embryonic cells, the method comprising
bringing the cells into contact with a cell or tissue culture container having a
surface for exposure to the stem cells, where at least a part of the surface is
defined by a biocompatible material, wherein at least a part of an exposed

face of the biocompatible material has a nano- and/or micrometer scale



one the shapes: circular, round, square, and
rectangul ar. Furthernore, the surface may incl ude

w@rapasiospns having a square | ateral cross-secPCDRPE0Y056443
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proj ections having a rectangul ar | ateral

cross-section, wherein a first cross-sectional

di aneter of the projections is 1.0 nm and a second
cross-sectional dianmeter of the projections is between
1.OmMm 8.0 mm or between 1.0 nm 6.0 mm and wherein

t htopographiedl dieicgire/ahepprising @eplgiadity of proteisipnsj acangatson grid

Ioseg a!)f %?’e@lﬂlﬁﬁf Sﬁgﬁrﬁg%lé@%rg?@ ﬁéféﬁ%ﬁ%%in?;ﬁ% %%nprotrusions
Fuphie ar®bss saétidreasd atcrBas-sedf orﬁaﬂ"d‘ijarﬁétrefr@ﬁ?%eﬂﬁéferbq’ Oum-8.0
tantal um coated and/or titaniumcoated, and at | east a

papm aﬁdswhelrmrtlﬁadatenaiydmrmlors@f ahpahynmumrgmmbetween any

from anpng styrene, polycaprol actone pglna/l actic

acPG)trLﬁdﬂry?PQdelu @%@fBSbW@BP% (i) ds behwedys 40 oM 7 2.0 um, and
CofRAGh! ¢ ﬁ@s %@C@ghe F%e?ﬁeﬁﬁ"ﬁgnw quégﬁhe of(’tﬂe‘pﬁr‘o%smns is

a conpoun rom group consis

pokypepto delesatphy @ ang, priefgradly betwden 0@ ppne,1.0 um, more
anti body, antigen, glycoprotein, |ipoprotein, DNA
Rl\ll\refgr@b%sab@ﬁaﬁﬁ(ﬂlén lipid, or gani c compound, and

i nor gani ¢ conpound, mhereln sai d conmpound i s adsorbed

to the exposed surface of the container.The second

as estordihg ttd enik RisPBEL, @fe IdtelRr 8RSESOSEALBA dfRMRISH bR projections
that an indivi dua ceII in the body or in a cell

cumayraweasheps @Imﬁsmwpﬁ@mfegeru@e andior gegeneln selegted from
SUpha%se Qﬁ%&és‘ %?rEplﬁ? D Bh§ éeénﬂedg%rgélﬂar and

nano- struct'ures ove h are essed by
providing a bloconpatlble naterlal or structure with

defi ned surface topography of mcrq scale features
t hatrtheynee, éh%l%&f%& | Watth‘CE{ﬂ%PFQJ%@tFQEW bevigg| ¢ ssare lateral

t' ERILE-HHibHT Snd Y ?éiﬁl%nénﬁié\ﬂﬁ | apleapd r@nlﬁé}d é@?ﬁlcﬁ%ss -section,

for use 1 n surgical erapeutl treat
suwhecsth |z fiest crossisetamal mwiproeler of thegrogctions is 1.0 um, and a
bone-formng cells is intended to refer to any kind of
cePECAKhErqss-saghiappkedi@meter Af e %W@P“Qﬁ‘ﬁ:!%@?&éeen 1.0 um- 8.0

ry it ore B RAEHE T 0355 0 ALURE o dfirelfE e ol gheignuentn
Qﬁ%ﬁemfetﬁe' PRJj&EtdNs is equal to or less than 1.0 um, preferably

between 0.6 um - 1. 0 um, more preferably about 0.6 um

Furthermore, at least a part of said surface may be tantalum-coated and/or
titanium-coated, and at least a part of said surface may comprise a polymer
chosen from among polystyrene, polycaprolactone polylactic acid, poly(lactic-
co-glycolic acid, chitosan or a combination thereof. The surface may further
comprise a compound selected from the group consisting of: polypeptide,
carbohydrate, lipid, growth hormone, antibody, antigen, glycoprotein,
lipoprotein, DNA, RNA, polysaccharide, lipid, organic compound, and
inorganic compound, wherein said compound is adsorbed to the exposed
surface of the container.



enbryoni c stemcells and neurons. The manufacture of a
structure having the desired surface topography (that

worgoohsooentirely artificial or may mimc a surpPar/@P2009/056443
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architecture observed in nasure) requires techni ques
capabl e of defining features that have m croneter

scal e or nanoneter scale dinensions. In particular, it

has turned out that when at |east a part of a surface

of such a bioconpatible material is characterized by a

mi Ehenmcmndseap@ctt ot apreéndion ist basediran the meobgnitioh that an

cel | ti f | east one of . a variety of . .

ai eupdfi <R o PETL aghTe Pl 'SPty stggundin tissue or
patisduib@ture 'se@fdlcararbiitd liresatatheSevdgiast-rRdd-t and nano-structures,
protrusions that extend out of the surface have been

f othied ab@qu%irst areupgderepsedf by insavidingr a eiepemPAKleh@aterial or
DO SR W UG8 LS A Son T B REale BYFES AR may be

pr ovi es a one I ssue

I mphpidyaddi inﬁhe chﬁstlﬁ@@tldrﬁd)f delirafssue @uiuiessurfaces and/or implants
surface, where at least a part of the surface is

deﬁ'ﬂﬂé‘&VWSéOW%%@n%Hgical/@eﬁ%Q%FiC&reatWFe| n at | east

a part of a surface of the bioconpatible material is
characterized by a nano- and/or mcro-neter scale

t oﬁxgn@ﬁﬂﬁ obsudt celis areebooefforinsinggedls pToe défint yook-forming cells

t d d t f | )
P8 TR sh et Tl a7l Ehes ob Ol Gl s &apaBle, Bl dpanigs bone,
pr %R}du@ %U%Ilfyobﬂ@tﬁﬂrlﬁﬁ Byl et)§'Bé§S§h§78r %oeﬁleOEQI'Ftt'yBes e.g.

and osteocalcin’in bone-formng cells, wherein
pr pradifisicorky haeena of ogenalisctteonnalpgiesa @thﬁrrrmamples include

ai SRR R a S AT BN 0 poi ni s al'ong at | east

one di nension is between 2.0 nmand 9.0 mm wherein
each of the &r otrusions of the top dgﬂis phi cal structure
haghﬁ npanyfaetre WélagﬁW@éEﬁ havingehei dasireduarface t@pography (that

o i che U0l SRTERL IEELIAM 38 b Boserved i

di mense pnreguirebe teehiiques gaapdmev\@en defigingr o‘telatuﬁie@nthat have
and its nearest nei ghbor (d; be between abo
1. Bli¢rRMete %F%Ormnpﬁlﬁi%%a'e%ef}?@% Ebl%@"t'SH'ﬁr 't has turned

?Ihg @?@}“ﬁf ng%ét?%ﬁ)aﬁe&ftieﬂrﬁ@é/opgué}p%%loéorﬁﬁbt%]g material is
characterized by a micrometer scale topographical structure, a number of cell
functions of at least one of a variety of different cell types are significantly
improved. In particular, regular patterns of spaced-apart protrusions that
extend out of the surface have been found to be particularly efficient for

promoting the above-mentioned cell functions.

The present invention provides a medical implant for use in bone-tissue
implantation, the medical implant comprising a surface, where at least a part
of the surface is defined by a biocompatible material, wherein at least a part
of a surface of the biocompatible material is characterized by a nano- and/or
micro-meter scale topographical structure comprising a plurality of
protrusions arranged on grid points of a regular two-dimensional grid, where



m ni mum gap between any protrusion and its nearest
nei ghbor (d;Y) nmay be about 1.0 mm In a further

was@easooef the nedical inplant, the structure PEYWEP2009/056443
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i nclude protrusions of at least two different
cross-sectional geonetrical shapes for exanple:

circular, concave, convex, round, square, and

rectangul ar, or a conbination thereof; which my have

di fferent cross-sectional areas, where the protrusions

of thi fstreickune isr 68palslec of dramogisgnbony feayatien abpy am@éerssion of

onebRFybAAK 56, bYBELBRCELBBAL S ByED P S Bhrusins

t hpa s @t éras %@étléﬂﬁWltlﬁ@a Wﬁinﬁurﬁ%@s@@e@t" dril @%rﬁéﬁerqfo um — 2.0
t he two-di nensional regular grid such that only a

subsetwindregr itk pEtance aebNemvadﬁmehy gridopoints alemg at least one
Furt hernore, the protrusions may be arranged in

pafETensIon (SARCRENZ Drin GORHS-E10- Wasare < phfssprofrusions of
roult OpGRRNRl StRE Ry ToiEeP hr o ERbt] doffistgEPhual o or

pegiezdécthanpiod apd)ipreferatly wbbut 2.4n@y. be pl aced on grid
polnts of a 2-dinensional rectangular grid with grid

constants a and b, and wherein: the grid is a square

gr g . . c i I O =

oL ¢ ST b5 L g HBGREN g e 85% | BRIGRRI o tne
r entaxivguimagapmbetveergamyd pronsianand s rielar@stfriagﬁbor (d;Y) may be
direction in an interval between 2 - mm and with a

gr Patwegis et 1.8)ummr £- Q;éHberJrH‘QrﬁlﬁrﬁoWei SrOgR-SeRtienal fiameter

b%f\g‘ﬁ]c O§S ?g@s A H1a§ wreﬁ?ﬁ@ {Qe Lé‘?e%?gi'lrﬁghswn of the

t apfigiidm geptrdwasd /iy émtraﬁioﬁfﬁrfcpﬁ% ﬁ@aﬁést dRygHorqde;Y) may be
thereof; and/or at |least a part of said surface

coﬂb@lsttkocbfma bi odegradabl e pol yner as polylactic acid
or poly(lactic-co-glycolic acid). Furthernore the
surface may further conprise an adsorbed conpound

selredd adrthepradpeet Wiothe aRBaical iimglaft; tRe! yPeRtiidenay include
car bohydrate, lipid, growth hornone, antibody,

anPiajeisionst 9E@bﬂeﬁ%|two d[ﬁﬁ&pj}to@r@sﬁ-seg&malwmetrlcal shapes for

po h i 0 0

cor TR s P bRl ROHRBI BT RFersl e recguEr, or

EGeeinbketion Ghelmifawhhdmialfhave different cross-sectional areas, where
the protrusions of different cross sectional geometry may be arranged on the

regular two-dimensional grid in an alternating pattern.

In a further aspect of the medical implant, the protrusions may be positioned
on grid points of the two-dimensional regular grid such that only a subset of
grid points are covered by protrusions. Furthermore, the protrusions may be
arranged in parallel rows where the centre-to-centre distance between
adjacent protrusions is different in adjacent rows. Furthermore, the center of
the features of said periodic topographical structure may be placed on grid
points of a 2-dimensional rectangular grid with grid constants a and b, and
wherein: the grid is a square grid wherein the grid constant in each direction



The nmedi cal inplant of the invention may be a surgical
i npl ant, such as a dental inplant, orthopedic inplant,

web@aatisooeeart val ve for use in the treatnent oPCEHER2OBOS6443
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or animal suffering fromaieondition, for exanple a

dental condition, an orthopedic condition or a

pul nonary cardiac condition. In a further aspect, the

i nvention provides a stanp or mask for the production

of a nedical device, the nedical device being at | east
patazitglis yn pnanteced b‘ettweera 2b+83uummttheIgeidniatrecﬁaagulalr eéth a grid
sta beln adapted to inprint or inp

t opRestaphied dn a§‘l§$tf%{E@t@ﬁr'ﬂ@mmﬂvﬂtq}?t\é{e%%a%él%ﬁngén"ﬁ‘ a grid
bi I ! $h

OB (04T A RREE0 U Brpgth B AL BERRERN - Py e
culture container to pronote gene expreSS|on in

differentiated cells during cell culture,
coht ai Héthehaﬁpﬂ@t af g mesical dmp@(ﬁogh}@st@ aaréeqﬂ the surface is

suﬂt‘” E’éﬂ?f% ﬁﬁ@%mﬁﬂ@n Ogn%@ ?)P gﬁg%ycieeﬁfeg%&e and/or at least

V\hérpféirﬂoﬁéalbﬁswiac@ d@iﬁfstst@bf a lsivdégedable ;bch?mer as polylactic acid
bi oconpati ble material is _characterized by nano-

an@ belyfiRetiGramalolis @gid- F@réf@qmﬁutbmsugfﬁpemw further comprise
CORRT ARG oBh LR 361 6ol R R 45,8 ARREAo O, BolyBeptive

pornts o I 'rensi ona

pr oanbwyOIHehal\mda g:bﬂ&ls sechbne, V\bmtibcmym' antigen, glycoprotein,
Crpss-secti ter wherein the

d| RRIEE het n %&ECQHVSQP?QPW& '@'dal Biegng ¢rgRreund, and

onl Oq%%?%&ﬂ?b & esmﬁﬁe growir! ﬁBﬁn@n&m R éﬂ‘@%l@l‘#‘ EGFlike,

he protrusions e topogra structure
ha$ G -betat boallGRei ght/dept h di nmensi on equal to or
greater than 1.60 mm preferably about 2.4 nm In a
further aspect, the invention provides a bioconpatible
COgt ] i t
o Ered R Hah( el e TRRMARHAE R aRuiBaEMpiant, such as @
bi deotapanplaht arttogpeda maapialstestem; hedrovelvelfor asé um th&streatment

2SBES el o B el BlSien Tor U RoRateR, BLABNAE & denta

OSESRGiBE dh bith&SEC E@ﬁé"’tlaﬁ o‘?%' pimohBgy %Wcondltlon
conprising bringing the cells into contact wth a

bi oconpati ble material wherein at |least a part of a

0 SUH g‘f&rﬂ%r ésrb%cp, itﬁg W\}%%iioﬁ lp?o%&? %i s%mipsor mask for the production
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of a medical device, the medical device being at least partially produced from
a biocompatible material, the stamp being adapted to imprint or impart a
topographical surface structure into a surface of said biocompatible material.

In a further aspect the invention is directed to the use of a cell or tissue
culture container to promote gene expression in differentiated cells during
cell culture, the container having a surface for exposure to a cell culture
during use, where at least a part of the surface is defined by a biocompatible
material, wherein at least a part of a surface of the biocompatible material is
characterized by a nano- and/or micro-meter scale topographical structure

comprising a plurality of protrusions arranged on grid points of a regular two-



characterized by a nano- and/or mcro-neter scale
t opogr aphi cal structure conprising a plurality of

werapne®sons arranged on grid points of a regubP@r/EP2009/056443
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twodi nensi onal grid, whereiim the protrusions have a

Cross section with a m ni num cross-sectional dianeter

1.0 mm- 2.0 nmm wherein the distance between adjacent

grid points along at |east one dinension is between

2.0 mMmm and 8.0 mm wherein each of the protrusions of

t hdinesigral pgiid.awhareinc the eorbtissiansehave s cross section with a

hei ght / dept h _di nensi on,.equal or greater than 1.60 .
e ey atne siomim BYin Searp, Wren fRedistance

dr awi e ' L i e .

o PEARES o REhHRIBURR Sl R B8 TBy s behdien 20 ur

r ebied €10 @urh owheeeidreashngiSthel provusidns & the tbpdheaghical structure

tog vi ew of an exarégl e of a screening tool - a

sohasala &grimad digig rth rdigensionAensg! (BSEAgreatarethan 1.60 um,

for ifden [ f%iﬂ%n%opogr aphi cal structures that

f aBS PPN &Mel lular functions such as

m neralization by bone-formng cells or

grom h/differentiation of stemcells, such as

entir g duiteersaspactethesinvertion prvitesce biacompeiidlex ceating for use in

t | 1 th h_of . Fig. 2.sh .
or B8 FGudehed o i LlreiiconmdBht aifers™i o 15 Gatble coating
al ep@ptibes bibiscdrapeid nfatBrialddset i R@vFea top Vi ew
(Fig. 3a) and a cross-sectional view (Fig. 3b) of a

t opogr aphi cal structure conprising alternating

tr j I a | S j I
SRR M0, U ot B kbt o
cr fismagiontoyosadressienvof bsi@opdhiin ahd dstenrzaigiairboaé-forming cells,
structure conprising square holes and a predeterm ned ,

pi ¥f}?r1”tﬁt@‘?c_ér‘r‘é’€!prt5i'@ bﬂ”@'ﬁév@%"%‘@p'”@ RN td‘!'”‘sé_)b'ﬁﬁ@mpat'b'e
CT BRRarsGhA SRR at/ le%‘é‘{sa(é&—lrgof ak c@fofathEQﬂG&frﬁBgﬂiﬁ?élrr)](aterial is
structure conprising rectangul ar holes of dinmension

(i ahanacieyizednbyna) nsepaeadied mictdrmeételg ssalef topogdtdphicatmtructure

E Ir gg@%gglggy\% H@,rél&? &f}p?%r%%rgsb?rqg%g%dn %nagrid points of a regular two-
dimensional grid, wherein the protrusions have a cross section with a
minimum cross-sectional diameter 1.0 um — 2.0 um, wherein the distance
between adjacent grid points along at least one dimension is between 2.0 um
and 8.0 um, wherein each of the protrusions of the topographical structure
has a vertical height/depth dimension equal to or greater than 1.60 um,

preferably about 2.4 um.

Brief description of the drawings:
The invention will be explained more fully below in connection with

embodiments and with reference to the drawings, in which:

Fig. 1 shows a top view of an example of a screening tool — a so-called
BioSurface Structure Array (BSSA) wafer - for identifying topographical



t opographi cal structure conprising pillars of a
predet erm ned di nensi on and a predeterm ned pitch

wobewasmelr Fig. 7 shows a top view of a topogrpphEezi09/056443
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structure conprising alternating square hol es and

pillars. Fig. 8 shows a schematic top view of a

t opogr aphi cal structure, where the center of each
projection (pillar) is placed on a grid point of a

2-di nensional grid, e.g. a hexagonal, a rectangul ar or

a stjuciueegythad fadilitatejeritrnaer oslwéar fglnctibrca)alsctraass'ninerai&etion by

uct ures hei used h enbor :
<t bfediing Felld ohipw o lRioneBhn 5 S i EIRL Y7 85 embryonic
nDQt%anéHs Qosihesmtdens) imbRB@YRd 8tefr B6Fs SEklel roMth ¥f A¥Urons.
of a tissue culture dish havi ng an exposed surface

Wth a mcro-scale structure. Fig. 10 shows the col ony

d f I
OERh SRR L LB TNH rB TR Fono e
t hinakdelebAds. feeder cells but in a

gel atin-suppl enented nmedi um (ri ght panel). Exanples of
colonies of undifferentiated and differentiated ES

CoLP 90 5 A S Sl e or

watapogeaphicalsstngetaret cpogriaiplgi alkérntting arenohesrofcwidte X (in um)
library in triplicate for each of the structure
hepg@iidges of wifthlY nwfand 2.4 mm Fig. 12 shows CJ7

(left panel) and KH2 (right panel) ES cells that have

been fixed and stained for AP activity following 3

daygy. cubhowstd mp OienBESY. vaf and drrescdectionbheiew (Fig. 4b) of a

structures F .2, F4.1 and K8. NS: Non-Structured

sqt%oéra%@@'egtfq?éuﬂ@e%fﬁpy'ﬂéﬁt%ﬂuc@fe thetessepg @ predetemnined pitch
? are either 0.6 M 1.6 mmor 2.4 mm The

di Perent’ background col orings are due to |ight

refl ecti ons in the tantal um structures. Scal e bar: 160

13 sh ] | f t ted I
Cobia e Sm & Ioper e g caR e etsserectbpanreas (g obB.o) of a
epggggeﬂéan@&uemé YeckiisHlg HRBLFRR! hile6 VB ik Bhsion X (i

S tructures having three different structure
hepghx¥ ((n0urd) sépdratediwith ridges of width X um.

Fig. 6 shows a top view (Fig. 6a) and a cross-sectional view (Fig. 6b) of a
topographical structure comprising pillars of a predetermined dimension and
a predetermined pitch distance.

Fig. 7 shows a top view of a topographical structure comprising alternating
square holes and pillars.

Fig. 8 shows a schematic top view of a topographical structure, where the
center of each projection (pillar) is placed on a grid point of a 2-dimensional
grid, e.g. a hexagonal, a rectangular or a square grid with predetermined grid
constants, these structures being used to test for growth embryonic stem

cells in an undifferentiated or differentiated mode.



2.4 mm). The values are triplicate average val ues.
Aut omat ed counting was based on col ony size. Mnual

WG oenot1s0vg1 was based on col ony nor phol ogy and APCT/EP2009/056443
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staining intensity. Fig. 149shows the nunber of

undi fferentiated CJ7 and KH2 ES cell col onies
detectabl e by automated counting (average of 3 val ues)
following 3 days cultivation on BSSA wafers. The data
for the Ato J structures are ordered bystructure

di mensions, X and Y. The K structures are represented

te.tabl d d by T val Di ff
oGl COENELRHEAL SpBie ot Sror™esrutlel Fisbhl LSl gpuure dish
hehglihg ‘antexpostdGunade vith AmicfiSscdNeBtrottunet ured. Fig.
15 shows a graphical representation of the ES cell
coI ony nunber with respect to the d| mensi ons of the
obF U Sp30s Bl bty ORI, Bt AU e of k2 S

dl oElis gaowen ffor two émai/sYon Wee@erpoellﬁdeftomam):br of thBeaddsBnce of
cell lines CJ7 and KH2 for each of the three structure
hefegees calp PHsIN(@ gglatin-spplgmented mpdiumy right wepe!). Examples of
[ CBBIBARA! 5t BnfikRshiibid@lae B dliddle dRiistdie Mdicted. DIC,
given on ft or | zonta axi s. Average col ony numnbers

ar &0gi ven on the vertical axis. Fig. 16 shows a

graphi cal representation of the ES cell col ony nunber

with respect to the height/depth di nensions of the

StFRE I 8hoWstES7 WBher o) i Kth{W PppEP ré\ﬁ?]'r:'is ¢RI seeded on a
grown. The horizontal axi s gi ves the height/depth of

t hBSSA wefarreonipriginga tophegBeBcahtdrdaluamatruetore; gonaryg il triplicate

hi el Sk 8L pEEniC e 08 SRR 4dfhon o "
the two cell lines, CJ7 and KH2. Fig. 17 shows a
Differential Interference Contrast (DI C) imge of

CJ7
anBIGHB S E (abanely oA (st oaeh Fo Rl tiashave been
D1 ARG Bhifel 351 APUIRY (ARS4G BEAN ETfydioh of BSSA warers

VIing a
coopreéaohngf tm@&ucméé F1.2eF4ti andd<a. eNSdil\i:‘dFmStr(JGﬂJ?ed square,
cells onl 21 Non- Structured (NS) tantal um (

ceY"Ih@r%Fh% e'gﬁHQe@ﬁ‘?Ofc‘@lel gr%yr@s% va QILﬁrier@”‘@r 0.6 ym, 1.6

gaPEﬁSPQ.@”ﬁH. the différenebatkgtdlihdLoldtiRssadfike (RgttaeRections

in the tantalum structures. Scale bar: 160 um. 5x

Fig. 13 shows an evaluation of automated colony counting. Undifferentiated
KH2 ES cell colonies were counted automatically (Auto) and manually (Man)
for selected structures having three different structure heights (0.6, 1.6 and
2.4 ym). The values are triplicate average values. Automated counting was
based on colony size. Manual counting was based on colony morphology
and AP staining intensity.

Fig. 14 shows the number of undifferentiated CJ7 and KH2 ES cell colonies
detectable by automated counting (average of 3 values) following 3 days
cultivation on BSSA wafers. The data for the A to J structures are ordered by



shown). CJ7 cells were stained for expression of Cct4
(using anti-Qct4 anti bodi es) and Nanog (using

wa@ndooAbimepg anti bodi es) as well as for nucl ei POBEPI09/056443
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KH2 cells were stained for 20ct4 expression and nucl ei
(DAPI'). 10x. Fig. 18 shows a cartoon denponstrating the

use of ES cells in transplantation or germine

transm ssion. ES cells are isolated fromthe inner

cell mass of theblastocyst. In culture these cells can
besftexgiarel etimendiehisniX eind a\ﬁdTbeerBtnuctpc&asr&re temegsented in a

have th ent i, al ffere cel] types .

[ 4Sodafe PRE M Eled By i kobRcDtdBL sl ralesV B pgpiied for
hi e @FeRS: 8truenFe ddidHes:td6! 1. 6363121 2 434rh ONSt Non-Structured.
regener ative nedici ne. Another i nportant use of ES

ceIIs IS for re-introduction into mammal i an enbryos,

@eal% gf? a| ng?%g)}‘u&% %Sreggﬁta%ﬁsbtf%gsés %teﬁl%%bn flimber with

OCySts are i [ant ed

psmmnt &gth@rtﬂlrrm&ms cﬁﬂthmsm@b&mé dﬁSNh@h'tEel’ES’CGHS were grown.
contribute to devel opnent of different tissues in the

1. Dgémebtaineshfreny S@%ﬁ;tpfﬂj ArbirYing dhensaste dimepsiepmiareXy and Y,
ESwefd lﬁgof@ayf& R8P k& 'E@g &l lifed E%?gé?{dirﬁeffo?%%cEg}fsthe three
a seco enerati on nouse descending pure om

cesﬂrsctum/hblghmdmths eel 0, FFLEgandQ &howysEach abrv&a epresengs a fixed
ok Ve, 284 Tog REBTPraRE Vi oaoe i bp Brqial Ais civerage colony

St hUfberEardgites ondhe Mrtical agRl atin-coated plates; or
medi a conpr|5|ng feeder cells. Fig. 20 shows the

leferentlatlon i ndex (D|fferent|at|on i ndex Total

APl e o 8.8 g P SEb 8 250 48 ) AlfRoer it

( aVéﬁp@@?td%e%édgﬂthtﬁﬁﬁth fdahkeibng oB tHEastBuUld biy Bid @/@fé?fbn which
BSSA wafers. The data for the Ato J structures

or her E§ esllsswetr ©iewn dif he fxrgestal axi; gives tlme?eh¢<ght/de|oth of the
St 515}86tHf§ngﬁ$rﬁn '&r‘?é’ § Wafer dhdt %P&E@éfaﬁd?mv%s%?%ts%s cell

es obtai ned rom
st colohyr eurhbeg luetec(téd Gommthe lwafermTaipte Zassagniverageavalues are
re resented by e different scales. Fig. 2 1 shows a
r SRV pr tﬁ%‘l"ocﬁe”ég%e@W@BF‘dﬂ?z number versus
d| fferentiation index. Triplicate average val ues,
derived fromthe data shown in figures 14 and 20 are
gi Fgn floshdes la QifferendalkirterESenet |Gontiast f(BM@himage of CJ7 and

st [(HIFQt E(Secg\% 8rown by serial passaging on either: biocompatible tantalum
surface structures: F1.2, F4.1 having a height/depth of 2.4 ym.; media
comprising feeder cells; gelatin-coated dishes (CJ7 cells only); or Non-
Structured (NS) tantalum (KH2 cells only). The CJ7 cells were expanded
during 6 passages and the KH2 cells during 10 passages (Passage 7 is
shown). CJ7 cells were stained for expression of Oct4 (using anti-Oct4
antibodies) and Nanog (using anti-Nanog antibodies) as well as for nuclei
(DAPI). KH2 cells were stained for Oct4 expression and nuclei (DAPI). 10x.

Fig. 18 shows a cartoon demonstrating the use of ES cells in transplantation
or germline transmission. ES cells are isolated from the inner cell mass of the



(0.6, 1.6 and 2.4 mm) are represented by different
shades. The differentiation index is given on the

whesioasnsal axis, and the ES cell col ony nunbepCcDEPi00£056443
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vertical axis.Fig. 22 showia schematic top view of a

t opographi cal structure included in a BSSA wafer,

where the center of each projection (pillar) is placed

on a grid point of a 2-dinensional grid, e.g. a

hexagonal , a rectangular or a square grid with

pr bléstanysi.nbd ogitiice dbem aells . ca e Expahded 'mldefidié@ygand are

of fer enpl oyved f i sat.ion es: A:

Sepfuggo%a othﬁyr%vgytg entﬂaéq qa%q nhzﬁte |a F%'Z’?yg?ﬁ& TAom all the
pi {Hréés?erﬁﬂéifer%er@&%@@hﬂy%eﬂ@ ahef hRyhe@kpectations as to their
conbi nations” of late di mrensi on of structures éé( in

rmeBRlkcagap nbéegmeragve mdm@@, Angthen impertaRt ysesokE Seells is for
d.
L e e

t hplaistutygt dteje. sSivihent BSesel( con@ining: blbistpeystk edre |mplanted in a
illustration; Location of Series A to K on the wafe

WhPERLGQREPGNAT! MAKS® RIHTROSN! Eiucel BieY; contiRife 10 development
ungt H%réﬁ?%sﬁ&é@mr cﬂwé'?' ﬁ e nef2R6h 61’{%@ @pgcfﬂwhﬁué Wouse. High

pictures int uctron o I zat1 on on
thqeelltgdlESeceﬂlst megr theralcohiibghe tdi tengémnigreofanthius a second

st eh o e feshanfie pureboTRR e Sl be Senerated.

repetition of the above described experinment with two
different heights (Z=1 ,6 nmand Z=2,4 nm). Note that .
st Figet1@rshavsadaldedefiing oal el garatlieg rasenteal of (Gt ealls following

LB g B i S 8 bR e 2, or e

st gél@hhfc@até@lﬁ&sﬁQJr'nﬁedl@b@r‘rﬁﬁ%ﬂ@dfe@ﬂef B&8IBSSA waf ers,
uced to mneralize for three weeks and subsequently

stained with Alizarin red for detection of

secﬁ g éﬁ&\{\/ﬁ%%%k@{&ﬁﬂatmﬁ indBk AR %@H{Pt%n ﬁﬁje%g%eﬁotm DAPI

on o vvoplcturesm

r oased £TbtalESk]l coruty ares ) 0O OI7i argl KH2UES wed chIorBes based on
and 16 with an unstructured control surface, (cross

sepeioAItRY reaRIreMeants (R\erege of Ssvalugy) W'OWW@S(YZ-QU”'VWO”
6oATHS S K Jé% The §ta Pt AABY KfuBrédaM ordered by structure

unstructure
dimensions, X and Y. The K structures are represented in a separate table

ordered by T value. The values obtained from the different structure heights

(0.6 um, 1.6 ym and 2.4 um) are all represented by the different scales.

Fig. 21 shows a graphical plot of ES cell colony number versus differentiation
index. Triplicate average values, derived from the data shown in figures 14
and 20 are given for both CJ7 and KH2 ES cells. Different structure heights
(0.6, 1.6 and 2.4 um) are represented by different shades. The differentiation
index is given on the horizontal axis, and the ES cell colony number on the

vertical axis.



surface at the edge of the BSSA wafer. Row 5 to 8
(Z=2.4 mm sane sections as for Z=1 .6 nm Note: Upper

wo ovwoasnsi sts of series A, C, E and | (struct UPET/EP2009/056443
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features in every second raw are |ocated directly

beneat h every second structure in row 1) ; second row
consists of series B, Db Gand J (structurefeatures in
every second row are shifted 0.5 X (gap+ feature size)

to the left; third row consist of series F and H

(elbig p2sshave aseheratiates viameol @mmaﬂhicalcstrqctwerieatuﬁed in a

oo B, 0L SR R G B o o o
(Zpdint bf B-@iftknsiohal gfid) e.gMal heidagBRaM BaRctnghlidr iR aS&jRare grid

size and gap fromserles EAIto J were pooled. Al sizes
of WiBfredeRmmedigribc@)stamiSe pool ed. Fig. 24 shows the
proliferation of MC3T3 cells seeded on BSSA wafers
havi ng surface structure projections of varying

heFgh2Bdshons thesdebtdr oftthei waflr goptoydd) for hﬂﬁére&hé@@ﬁ analyses:

Represent ation of cell nunber (Z axis) where t
rﬁ‘?rtfép(*htherré%@f?Eﬁﬂto*Fer@H%n%)rcﬁj wqr%sandzgilar% RACh series

(d%rlﬁarcrﬁaqj@)dlﬁé‘r‘entz'c%nf’o@%ﬂ {até’ﬂ%@%eﬁgbna&fl sthddfﬁres (X) in

poirnts after seedin or all structures on the

wafiar andRiggipt beteveeh: stfﬂ&itthreBL(M)em uhz. Seies KaB diffefemtriterations of

after seeding as a function of size (X axis) and Gap

( thlagqrak@meze@mofnan S(hqrbffh'n eﬂﬁifél)'re 2| witly mesaﬁnﬁrg&%etween
series A-J were pool ed. The
con P%GYS??QE@?% {anel s corresponds to cell growh

onBamp@reeaafpﬂustlr@omﬂ_ebaﬁtav bh8etie Aafo Is onftheavaftt. g/VhRéﬂeld in
shows the cell size, mneralizati on and expressi on of

CP0cafitdhe QRIS olesuraaisad e6rPassoh st diRbardiaignd the
cebld it 3 SO WGAGRE b HEYEREAY 0P e, gifren
23yertider height dipeeradionef the sthuotarese(Z2=9.®©pn,le=mafien and 7=2.4
detected by Actin and Vinculin overlay staining ( 10X)
um) of the BSSA wafers described in A. Lower two pictures repetition of the
above described experiment with two different heights (Z=1,6 um and Z=2,4
um). Note that structure 2 and 3 always are located above structure 15 and
16 for each series and that a small area of non-structured control surface
separates each structure. MC3T3 cells were seeded on the BSSA wafers,
induced to mineralize for three weeks and subsequently stained with Alizarin
red for detection of mineralization (calcium).
C: Enlargement of selected section of the last two pictures in B. Upper three
rows (Z=1,6 um); Sections covering structure 2, 3, 15 and 16 with an
unstructured control surface (cross) separating each structure (series A to J).
Row 4 (Z=1.6 um);, K1,K2; K3,K4; K5K6 and K7,K8 above unstructured
surface at the edge of the BSSA wafer. Row 5 to 8 (Z=2.4 um) same sections
as for Z=1.6 um. Note: Upper row consists of series A, C, E and | (structure
features in every second row are located directly beneath every second
structure in row 1); second row consists of series B, D, G and J (structure



Vertical panel row 2 to 5: shows MC3T3 cells after
bei ng seeded on a BSSA wafer; grown for two weeks; and

woenmsasuwent |y fi xed and stained for Osteoponti PCl/€PN09/056443
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green), Osteocalcin (OC, red) and DAPI (bl ue).

Fol | owi ng fl uorescence m croscopy detection of OPN, OC
and DAPI staining, the wafer was stained with Alizarin
red (vertical panel row 2). Horizontal panel rows 1to

4 have a feature size of X=1 mm and gaps (Y) between

1, fenturgsan @veryraecahemy aveasplfteelld} 52(3(gaau+ feabae sizay t the left;

t08haveafet eS| 2, mm an
belWSe Y CORSE aerée gﬁa every )egrug&?e ngYeuées are located
paaeéctrmr%gtpe@ghwe} a feature size of X=4 mm and

between 1, 2, 4 and 6 mmrespectively.

aps
X E)i mlﬁc@mmof mﬁeiaslvecﬂeweﬁﬁénIaelraélaamrefr@rrt@eoexperlment

R TB TS D A2 b T EAE g same s

s hand glabrrarh Iseeiby Peto) wetd poéle@awmwyb_fésn@rnsérte@uqm ado 8) were

surface, respectively. Panel 2 to X i mages

i nePQI@d. an unstructured part of the BSSA waf er

separating the different structures (1/5 left part of

each picture). Fig. 26 shows the mneralization,

expigeszt anools PRNpréieratiod &AMCIST@idellﬁgseﬁdeMCBMBSSA wafers

cells after 2 weeks induction on BSSA wafers

t hBaviggeturfacs sUiv$tHER PEQeaiens o8 V@@f'n%§‘%fﬂt@eﬁth,Ka%rﬂff'ned in
E@P,é@b_ where the structure height dinmensionis

Z=2. rrm as defined in Fig. 23). The imges are an

enLaft geEmeiht Rebrmnt&tbﬂ ehcelfrpassherg(4 beis) Miersettiei beight/depth

betmeen struyct ures; 15 and 16 o

3 f S A J
ofITeTRiG o TS I BiesiaNsoAer &1 LHT 4R Shate) and 224 um (ight

fl
ey el Bher R aRe Eing Bl A st iesbh the wafer.
analgamummueaell ylufnbeec(Zaa)«iis)sataEDG'Iedufsaaftmee(cgm@e;s)a ft@[btion of

(red) and DAPI (Dbl ue and_s bse uentl stai ned w t
N Sab X S ape Con Ve 2224 o idhiBcss algata with the

st E%‘ﬁk% %%dws’%ﬁ%és)?r&n erFesZAlJz \ﬂ/eﬁe éoﬁlrég he é’c‘ﬂnttrl'él @Yta in both

unstruct ur ed ace |n ersecting e structur

st pahélsgconrdésposesi s céll (growtit an) anoaréa(bbthe)mafenwhavmg a flat
Horlrzfont al rows 11-14; inmages of K structures together

wi BH18¢fst ruct ured surface starting with K 1, K2 above
unstructured surface at the edge of the BSSA wafer

eNBd%5 shows the cell size, mineralization and expression of OPN and OC of
MC3T3 cells seeded on BSSA wafers having Series A, K or control surface
structures having a vertical dimension of Z= 2.4 um, (as defined in Figure
23).
Vertical panel row 1: shows cells on the wafer, detected by Actin and Vinculin
overlay staining (10X)
Vertical panel row 2 to 5: shows MC3T3 cells after being seeded on a BSSA
wafer; grown for two weeks; and subsequently fixed and stained for
Osteopontin (OPN, green), Osteocalcin (OC, red) and DAPI (blue). Following
fluorescence microscopy detection of OPN, OC and DAPI staining, the wafer

was stained with Alizarin red (vertical panel row 2). Horizontal panel rows 1



wi th K7, K8 above unstructured surface (last row).
Black field in DAPI channel row 9 is due to a

waoreabasiosal failure in changing the filters inp¢ver2009/056443
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aut omat ed picture acquisitizen programin the

m croscope. Fig. 27 shows the area of MC3T3 cells

attached to BSSA wafers (as defined in Figure 23).
Quantification of nmean cell area of MC3T3 cells after

one day of attachnent as neasured by the area covered

byta Aenadeta rﬁeat’ure:aiz'erofd(ze‘r Laydndigips ®) ttdhweeumbér 40énd 6 um
cells (DAPI stainin structures with the sa

si RSPeRiiveligH eﬁéor(t?? p%’é@'vﬁ@@h%@ﬁuf&@\(ﬁ @§9?W6$n$§§r@fe>§ Aum and

209 %%‘@Ftr&%eﬁg'] énggl d*l’é’q? %glﬁdgg?;?écﬁ gﬁ; Eﬁﬁ‘lzg%‘fg‘éﬂel row 9 to 12

t hpavid Refedtiurkizenof XA RES LA gﬁpm‘b b%e@ﬂd AR and 6 um
staining of MC3T3 cells after 3 weeks induction on

BS&speatiesly, Hoavomigl BanelesovA 1Sutol 4G dayer aideatues sizavohg=6 um
a verti caI(YgilPrrens on

7= 2.4 fined
ﬁtéNef%af%s%@ﬂeé TS BE SR A e Zond| el row 17

Fi g0 §2p8)
f
308 e Y0 e KT, A

( ORiNpegtiesn) Padst QOtbaBCIAm ﬁ@gesr &@)ucﬂﬁdn%trdd@uﬂ@d) part of the
and subseguently stained with (verti

pahR&S Arwmer)sepaF@imgztaﬁtdaﬁfersahénru@tav%s s k?fup%%eﬁCh picture).

feature size of X=1 mm and gaps (Y) between 1, 2 4

an t 0 .
o0 RGOS blhta B SRR ARSI, a0 saining
2, oft MTBITS caliy raftep C tieers yndlhttrdnzomt%SAameﬂers Qwset% the wafer
12 has a feature size of X=4 nm and gaps

1 has syrighg HruaNIesspRIies feldyd, Ho?‘n(i@npﬁ'ﬂtr@ar‘f@er% structure

%@h@%ﬁ@@s@ﬂ |§aii‘%2r%hz@sgé%fﬁe®em@. ggﬁ hm%%es are an
saepllaegémédmf fanrareseenomrmdsslmsg trg mte@eaﬂ@abeltmen structures:
nmbryoni ¢ stem cell (hESC)

o oToR, 161 O o1 Spries r‘heJ)o@Pq R8I0 e biBand sonird @reade
_T_gifh%g@log@é’ m‘;ee[ﬁgeg’ﬁ@é%%"g’ on gay 53] anwwgﬁlg%)%g%aéﬁg@ seeded
weor theanSSaNemyfeotagrd\m f6r dw;z)swelékg, 3bd shiseyuently fixed and
ovgtra\l/l edeor C?ILILI Eghrgeﬁ)()l (re na%crl]eDAPl (blue), and subsequently
stained with Alizian red. Horizontal rows 1-10: images of the structures where
(X,Y)=1214 6,4 and 6,6 with an unstructured surface intersecting each
structure starting with Series A (top row) to J (bottom row). Horizontal rows
11-14; images of K structures together with unstructured surface starting with
K1, K2 above unstructured surface at the edge of the BSSA wafer ending
with K7,K8 above unstructured surface (last row). Black field in DAPI channel
row 9 is due to a mechanical failure in changing the filters in the automated

picture acquisition program in the microscope.

Fig. 27 shows the area of MC3T3 cells attached to BSSA wafers (as defined
in Figure 23). Quantification of mean cell area of MC3T3 cells after one day
of attachment as measured by the area covered by the Actin/Vinculin overlay



surface (0.8*). Fig 30b shows a tine course of
nor phol ogi cal changes of one sel ected hESC col ony

w@ 8dop/15d665g. 3 1 shows human enbryoni ¢ stem cel PCT/EPINNY056443
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growt h over tine on surfacesF(1 ,2) having features
with a height/depth of 2.4 mm The cells werepassaged
on day 0 and the photographs were taken every day for
5 days. Fig 3 la shows an overview of all the col onies
on the surface (0.8*). Fig 3 1b shows tinme course of

rmdtyidﬂobgy theé nombejef csllsdPARedteining). AESTuUctireaywiltBthe same

h h t
2 ebEe8) af deP g B Ren ey hed SR B SirB P soli
GebslumnEMiIntREfdss-Hatehed ES108IMs: TWol iffepéndens ekpétidehsy m
of reduced growth factor (RGF) basenent nenbrane

extract. Fig. 33 shows inmunofluorescence, DAPlI and o
phhige Z8nstpavsothecriin esalipadian, eXPIESSIOSLTFRRNY, E1Q, any) DAPI staining

o BAGIRTREIT SR uRel B RENG" sk Wl Bying Yeries A

cekl§adl elictered Hﬁvﬁn@ré Q/éﬁldé( HimehsiBA\OfEE DeRW €@s defined in
with a height/depth 6f 2.4 nm Detailed description of

t heigun@@d).i on The |nvent| on according to a first
aspect. This aspect relates to the need to grow | arge
guantities of pluripotent manmal i an enbryoni c stem

cefrhe ﬂu@r@écetmeélrﬁfc%mpyaﬁr@@e@tm RIGB TP aftebBeiRgestddéd on a

i nduce the enbryonic emcells to differentiate into
a BSSA W@fe,relgroww@r thope avefikst drainfixed agdistiaiped for Osteopontin

g(g#’;\lm r&g% g¥t§§g?%ﬁl ?803 pr%@?iféncd ‘fﬁllﬂ’l Lt}f&%s sBBsequentIy

appli‘cat1 ons suc

scs@@mmwuthwldanhewda@@m paher egy1). Horxohes, panel rows 1 to 4
cartil age damage, etc. The present invention is based
onh@Y\% & &Qig'iﬂ §izénot at! pel Ial]ﬂagaﬁ%ﬁ\fk peireahds di4 eod 6 um

d a I i_nfl c
0 b 0! BEqPhTERS M08 5 B388te okl 4EREE T ano
95 p$ %) Bé%éﬁ of 2URCH Hdf Grpﬁ‘ﬁtréé’é@cﬁlvégoﬁ-lﬁ?ﬁbﬁtaﬂp%%l rows 9 to
I's as’wel |l as their subsequent differentiation may
dep@rfdasoa feh’ﬂur@rsmze of m%nmaadlg@sl e )shetwetear € 204 and 6 um
which the cells can attach.
respectively. Horizontal panel rows 13 to 16 has a feature size of X=6 um

and gaps (Y) between 1, 2, 4 and 6 um respectively.

Fig. 29 shows a sample holder for use in a bone-forming assay in sheep.

Fig. 30 shows human embryonic stem cell (hESC) colony growth over time
on the biocompatible surface F(1,4) having features with a height/depth of
2.4 um. The cells were passaged on day 0 and the photographs were taken
every day for 5 days. Fig 30a shows an overview of all the colonies on the
surface (0.8x). Fig 30b shows a time course of morphological changes of one
selected hESC colony (8x).

Fig. 31 shows human embryonic stem cell colony growth over time on

surface F(1,2) having features with a height/depth of 2.4 um. The cells were



particul ar the invention recognizes that the 2- and
3-di nensional architecture,or topography, of surfaces

wo roovhsoosi cr oenvi ronment of a cell, is a critieal/EP2009/056443
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factor for above processes.26There are a nyriad of

di fferent possible mcroenvironments. |In one aspect,
the present invention thus concerns the provision of a
bi oconpati bl e materi al whose surface topography
creates a specific mcroenvironment that pronotes

gr passagﬂd ph wayod amnd thenplrotograpisbwerentakest evary eldysford days.
an_un rentl ated st at n econd ect _th .

G Ehe Bt RRS ARy B Al PaPBin ERTHaeE o). Fio 31b
SUEHhEWS tined eelirehyf fRIrphblegicar ednyedndf 8he selected hESC colony
differentiation. As proteins and cells range in size
fr6hinano- to microneter these are relevant |ength

scal es for the problem of providing a bioconpatible
material. 1. Method of testing and selecting a

bi Pigprgzashdle aredrapaesor of huhtargembtryorié stsncsll @olamnés grown
pronoting differentiation. The bi oconpatible nmate

or Ogﬂa@@tw@%ﬁ 9 RO @ %WG%WW@@HN(MVEEPW) Wthh is a
SCESIEBIe“I%rr‘ﬁ%f%a@ééd g“fotv\hh%étBP I@ﬁ? Bﬁéérﬂéﬁ %g?c??ﬁ@'@ktract
using a screeni ng /" assa a provides different
candldate topographlcal structures. An exanple of a

tool, suit bIe for th
© oE R Aress iwiundbiptescinet DAY rehpRdse iage of cells grown
B| I; WS
2 PG Balag FLRH Ll ey 2"Gag B or 2 AT
structure array wafer. The BSSA wafer 1 conprises 60
L eBiger3daskass imnurdlieoreycenes] BARIraRs plase mbgé tof cells grown
"bl ank", i.e. have not been processed to have a
st onéh%seﬁa@,@ﬂbagha@aﬁé@%fu&eﬁ Wigh atheightidenit €5 2¢f Lime
tester areas 2 are substantially flat. Consequently a
control experiment is inherently included in each
aral | creen t . Wwth.the BSSA screening too
PrD3taifRy fA65GTPLEH o Bk atkentiod nated S 1 2~ | 854
conprlse respective structured surfaces as descri bed
herein. The tester areas are squares of dinension 10mm
x Toeinventian accoodingsto afirst aspectni ng tool to

0! d‘IA'H“f%pSct:truqtayerse?o tﬂe need to grow large quantities of pluripotent

25

30

mammalian embryonic stem cells in an undifferentiated state and to
subsequently induce the embryonic stem cells to differentiate into a desired
cell type. Once differentiated into a specific cell type, these specific cell types
may be used for many different applications such as drug screening, cell
replacement therapy, diabetes, cartilage damage, etc.

The present invention is based on the recognition that cellular functions that
direct growth, and/or differentiation are strongly influenced by the cell's
microenvironment. Thus, it is thought that the growth of undifferentiated
embryonic stem cells as well as their subsequent differentiation may depend
on the provision of a suitable structure to which the cells can attach. In
particular the invention recognizes that the 2- and 3-dimensional architecture,



i nduces/ enhances cel lul ar functions such as growth and
differentiati on nmaybe manufactured by a nunber of

w@radusdoson techni ques. Exanpl es of procedur esPEDEP200S056443
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manuf acture include one or 2more of the follow ng

techni ques that are known as such in the art:

Phot ol i t hogr aphy net hods: Photolithography is a

process known as such in which geonetric

shapes/ patterns are transferred froma photomask to

t her $opdgiephy,oobsugaces tirtee, miergenvitpenantfefce ell, d4s a critical

wafer. Photqlithography equi prent with m ni mum.lateral .
ol 101 ARV Ea R RS por T BuAP 19 TR Bite Phraifgrent possible
behfirodRGRsArhentsN Mvdnasasiedh theneteakeht V@hBORYhus concerns the
processes are described in e.g. S.M Sze: Sem conduct or

DeRTQyEsion /i & ibiecoameptibée mRiEtaly Whose sEtfaceolepogtanily creates a

W . ' : it phy .
e e IR e piRERh A plimotes RMARS pERBategt gpammalian
Teembeysrgy  stémndellem ahsundiffeentiated stade Mrdel ségbnd aspect the
Prentice Hall 2000, Chapter 5 : Lithography. E-beam

| i tWEgHeIphprovidesp@d Riegarapatile caiai¢ial hwPaphyudase perography
us : [ Y, ;
asCEMLE GRERAR R @ WiEieRTpfon, A% BiACSIorid iE32Ro8H size from
| i haooy &phyichamseter phesé careardlgvdnt gengts stales ofior upet problem of
around,.5nm . Hot ephossing: Hot enbossing uses a

maBfavidiag Zrpiogymp ?r‘i’?a@%@?oand nanomet er scal e

structures on polynmer substrates. The nethod all ows

the master stanp to produce nmany fully patterned

subsMethed okitestiagvane seleglingf apblocompatiloler material for the

e HLP Y B ERCCAlls Hhl ol fiferectiofon o the
MamHé &b orep &bl BESefiglr ouSRFctiRNGT the ihUOMidreaRT 15 idRiMtified by
devel opnment applications to high-vol une producti on.

Hi §8r e&@Icﬁ}gcmafeitak%witwCtiffferén*géwgfacpﬁ gqpogé@queu%'ng a screening tool /
hOg?%ae;};ﬁw:rahé{dmesb&iﬁgré?{t%\éﬁgidfagédt%%é’%hié‘ﬁ%tpu%ﬂﬂ ter

sc ures on large-siz such "as i nch
or 12 inch wafers. Features sizes bel ow 20nm are
possi bl e.

An exampl-[e-hgf a screening tool suitable for the screening of topographical
structures includes a so-called BioSurface Structure Array (BSSA) wafer.
Fig. 1 shows a top view of an example of such a biosurface structure array
wafer. The BSSA wafer 1 comprises 60 tester areas. A number of tester
areas 2 are left “blank”, i.e. they have not been processed to have a
structured surface. Consequently, the surfaces of the tester areas 2 are
substantially flat. Consequently a control experiment is inherently included in
each parallel screening test with the BSSA screening tool. The remaining
tester areas, designated S1,S2...,S54, comprise respective structured
surfaces as described herein. The tester areas are squares of dimension

10mm x 10mm.

A wafer for use as a screening tool to identify structures that
induces/enhances cellular functions such as growth and differentiation may



master stanp may be produced by e.g. E-beam
I'ithography techniques. O her exanples of production

WwGe@pas®s1 processes that may be invol ved in t hBCT/EP2009/056443
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production of the bioconpat8ble material or structure

i ncl udenano inprint |ithography, |aser ablation,

chem cal etching, plasnma spray coating, abrasive

bl asti ng, engraving, scratching, mcro machining, or

the like. Fig. 2 shows a cross sectional view of the

waber menufacjuret. byi @ nRanbsrons rroductinn dechniguesf Exasmples of

entire wwdth of. the wafer al on he line | abell ed, A- B, .
o blosgUste’ it hptifaEhrd: Bitle ol RS e Tollowing
sutdomreRiuel thaearef kridih hesLen iteagt: The wafer 1 has a

| ayered structure including a patterned substrate

| ayere 2Photatithipgrapky Innetbads.albetolitagrapkyis &ceracgpgerknown as

23. The_surf.ace, of t f.er | d,_e..qg.
phot ol i Y r@pW"%} %@&r'gos@%ﬁ%%%?%ﬂgf @rreer%?ans?é(rrgd from a
pat t er nphetdndyk tBUhéaTeRcefto Haestrrsmes! 'e\ge. th@suffbce of a wafer.
areas S 1, S2, ., S54. The structures have a

dept h/ hBhgialithagraphy pawPBIENt hukthagRIPEGL daterahdeature  sizes
hei ght H. | | i .

ot Dor niaridng fEhT Sl F aitronlePt bRy ROGAATE kW as such.
si | i conPHotlitrgyraghy apidcossas s aré ackeskcrped 23 efga S.M.Sze:

di fferent hi oconpatible material suc s tantal um_or .
any ot heeMieANdUCIoregYiCes; BBYSife @R Eﬁamqﬂ%@(, ¥l tion, John
car bi de@vneg'or&”BBHs @W@ﬂabﬂe&‘@lﬁf‘[i%@ra%@f“&ﬂ“%i%; and in

sem conduc oxl de/nitride, insul ator, ymers,
copol ynPisnmBet idaa, tGeffinesbidcorar ¥bS| t hechaalagya Fundamentals,

o AL oA B TR o 5l
surfaceg pdurh hitﬁog?éﬁﬁ%:t REpMhEbIB, Epéh Iﬁh?@%pﬁgr&w be used to
mm bl ank al'i

area is 0.3 border ai ds vi sua nment

and i deaxpdsec atphmiorsisist e exactly the esmeTway Hsathie lightderused in

e oSBT Eo  Bblry ORG Bbr HeE 3Rt R Rboton

schemat | t@BebuRt 5thawn to scale. In particular, the

vertical dinensions may be exaggerated to inprove

r eadatbi Hot gmbossingh &tat eabassingogses amagteastamp to imprint micro-

b ocon”pglt]a brlaenorrrnaettg}r is%éleoétrﬁcr%greisngr? nptoilyorﬁer substrates. The method
allows the master stamp to produce many fully patterned substrates
using a wide range of polymer materials. Hot embossing provides a
low-cost, highly versatile manufacturing method that is well suited for
the manufacture of BSSA for uses ranging from research and
development applications to high-volume production. High aspect
ratios with a very high degree of homogeneity may be achieved for
micro- and nanometer scale structures on large-sized wafers, such as
8 inch or 12 inch wafers. Features sizes below 20nm are possible. The
master stamp may be produced by e.g. E-beam lithography
techniques.

e Other examples of production steps or processes that may be involved

in the production of the biocompatible material or structure include



Enbodi nents of a bioconpatible material or structure
may take a variety of forns, such as - a nedical

wo bpbasiospor a bi oconpati bl e coating for use i np¢heP2009/056443
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manufacture of a medical inplant,- a tissue culture

di sh/fl ask having a surface to be exposed to the cel
culture, where the exposed surface with structures
supporting the desired cellular function, e.g. growth

of enmbryonic stemcells in an undifferentiated or

di f f er enanatiswprist ditbograpayt ilasareaklationr ehemi¢aicetcbing, plasma
e.g. tissue cuIHure Ebastic brag has been.nodifi%
di spl ay R1¥se“@ et APESGt  BIATERYI nPYFVIWes @
st ruct upREhiing e teerikace. In this respect tissue
culture plastic neans any polyners that can be used to
produce a surface that can be used for growh of cells
inpyjt ' e -nhodi f ca -

o1 btk Bp & bree Seofil PR, HBChAie ot i 1 gy 28 shows @

subrissaeetibaéthe antircowtdtio b they watersaloh@tiee liny ¢éabelled A-B. Fig.
Suitable base materials for the preparation of the

SHON¢ Naroedi v h
bi 88 S BN enlaroeri Uew ' & PRfiarLPE the sk ifaes ghpne of the tester
segiLRN Gt d "  eiinal

e e BardPRRd, £lo ko daReilp (LR 8 (ERfhen Buvsrats
polaysel], a.oca-gldomayer, andonposacelayar @ughesuifaee pf the wafer

b BefetorteBofHo b AeP o dhg Al PIREPS, (PEPLEP Siferent patterns

enBrEh&BNiaceY of the reSYEatVeaBster RPesdShase, | a¥®34 The structures
conprises a material that is sufficiently

]?i Flamrp@tdQﬂtbllﬂedghtgHovmh aohe®litheigrapimn prplt:ess atpd/ beight H is
soppReurtig B AR bt nfbeledi e PetipmiRlBydiedls covered by

e. thin tiapérabursilidont aixis 2Di -aMd/dr al kadace 98Véh 23 of a different
chromi um netal oxi des, sem conductor oxi des, netal

ni biocaewatiblenmaserdalcswin apt tantaldm poleyiredtder metal, metal oxide,
bi Vi r+Qt - I R ef 2Su .

oo BIRTTERS. Ml aRigah o B BLFUARAIARER, samigonauctor
pl s¢mivomdactornoxiae/airiddieingafator, patymers) asbipoiymhest Bdtween the

invention, at |east a part of the surface |ayer
tester areas there is a “blank” border area with no structure, i.e. the border

dto .
ching, micro

area has not been processed to have a structured surface. In this case the
width of the blank border area is 0.3 mm. A blank border aids visual
alignment and identification of the structures. The blank border further serves

as a small control surface next to each tester square.

It is noted that the fig. 2 is schematic and not drawn to scale. In particular, the
vertical dimensions may be exaggerated to improve readability.

Il. Chemical composition of a biocompatible material of the invention
Embodiments of a biocompatible material or structure may take a variety of
forms, such as

— a medical implant or a biocompatible coating for use in the

manufacture of a medical implant,



conprises a polynmer chosen from anong pol ystyrene,
pol ycaprol act one pol ylactic acid,

w@ebog(ibast i c- co-gl ycolic acid, chitosan or a PCTI/EP2009/056443
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conbi nati on thereof.|In an enbodi nent of the invention,
the cell or tissue culture container is chemcally
functionalized by e.g. nanocrystalline dianond, plasma
pol ymeri zati on, oxygen plasma, or nitrogen plasm. In
some enbodi nents, the bioconpatible material or
st r uct uadissuammultses distdiaskonating enpariace 0 bacdxpmsedrio the cell
or nore bioactive conpound,, which be .deposited.or
willls

adsor beGUBHer WoCEs OSGPSYEiacsy FURIHrgS[HAPOgNg the

sai d magesitad cellulak FUsdtiUne e FOHrHANBE Bmbrpdrtlc CREROBAR in an
may be sel ected fromthe group consisting of an

ant i bodyndiffaténjieted grf giferardiaégdhstate,popr ot ei n, DNA,

RNA, polysaccharijde, |ipid rowt h hornpne, organic
compound. A B G- O S SePePr A HaSER g has been
nore gr Myditideoio®sela§ehesd seuétipss &%I@j’ﬂﬁpmg@éts'tr@ctures on
Protein [BMP], Epidermal G owmh Factor [EGH]

Tr ansf ofhé sigfageon Khisaespectiissae[crtBra efastic means any polymers

i bi ¢ B CRAGIS ST REPHFuck i sPfie® Bel] Pe e for growtn of
I i nked, célgpbiifrd Zredelpeula@epl exed with the surface

| ayer of the container. Ill. Structural properties of
a bioconmpatible material of the invention Al or part

of eI IRIEARC B o4 6i88?r9'k8ﬁl95pﬁ1t§t@r]i£ Hf‘tsf‘?rrdcﬁﬁreof’nay comprise a
structure (which nay take a variety o orns as

desugbstiatd |aymvyand optipmallyea surfacerayerr scal e features

in one or nore dinmensions within the plane defined by

the surface of the material or structure. The terns

m SURa@IS%&eaH%téﬁiélé ORI pl‘!‘érf]ﬁr@ticlﬁ? ofiﬁ'%dﬁl?)%?rid“atiﬁfe? material or

intended to refer to a length scale 1n the range o
bestneetnren nelitdel any sathichraluctarq@oOpad or rotideped)) s simgtee metal, a
as. used herein is intended to refer

| | h
s cRefeiPRidEr & el ditficep an RIBN: Brsiamic  BRl @ cobolymer, a

10e8mpbsitd) Parld Gelhvary BeStare phigher WM HB8ctpeOMblecules, other
100nm I n enbodi nents of the invention, the features

ar Biogchye caMRPLNAD 65 A kPEWINatat theeedfsuch as

protrusions extendi ng out of the surface of the

bi oconpati ble material. A micrometer scale feature may
haweemboairesats ofithensenionntrad slifass |agee comprises a material that

is sufficiently biocompatible for growth of ES cells in vitro and/or following
implantation in a patient. Examples of surface layers include a metallic
surface deposit, e.g. tantalum, titanium, Ti-Al-V alloys, gold, chromium, metal
oxides, semiconductor oxides, metal nitrides, semiconductor nitrides,
polymers, biopolymers, or other alloys. Preferred surface compositions for

implants include tantalum, titanium, platinum or an oxide thereof.

In an embodiment of the invention, at least a part of the surface layer
comprises a polymer chosen from among polystyrene, polycaprolactone
polylactic acid, poly(lactic-co-glycolic acid, chitosan or a combination thereof.



| ateral direction, where said dinension is sel ected
fromone of the intervals: between about 1 nm and

wab@mat1s@81 nmm  bet ween about 1- 10mm bet ween abODEP2009/056443
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10- 20mm between about 1mm312 mm bet ween about 2mm -4

mm between about 4nm - 6 mm between about 6 nm -8

mm between about 8mm - 10 nm between about 10-1 2mm

bet ween about 12-14nm between about 14-1 6nm1 bet ween
about 16-1 8mm between about 18-20mm Preferably, in

onth @nbedibedimentf ot ke iimveatiphothe aelll eadssumeultatee cantainer is
di nensi 0ﬂ i s. between g l[agm -4 mm Hence”. thedshortdest |

di SrefREally JHPS%?PGE'F@ n Poi f9wi PANPCTYRiglline diamond, ™ plasma
Cr peiynieeizhtion dxyaefdl@&ma, beditrogen bashhe edge of the
cross-sectional "area is equal to or less than 4 mm

The lateral dinmension is neasured in a direction

su ' I t a - -
SulZsBite SrisecpRils, fhel BpboTpatthle fadta B SG80re comprises
di atiditioral cumpamentdslBRER Grity oNhor e Midative Gantpdudal which may
and its nearest nei ghbor can have a |l ateral dinension

i nbardanegded RieadsarbediongineeexpeediRdiace 8 $ubiereray@nof said

[ t [ :

AR, S, ecanbasn g e o e
abgrdup?2 consistidg nofy ab eanidzdyakeniiged, rglycopBotam, kpiwotain, DNA,
O T T
ban‘bg@éhié‘%Pﬁpo%dU’P’!refei’efblmné:’bleﬁﬁfré@rdwm Rormone selected from

enbodi ments of the invention the lateral dinension is
beBasen Mprehagenet® notaine [BMEosEpidermalf Ghowvtbméaeior [EGF],

scal e feat.ur at, t sur f h i ocoppati bl

o LS TErofly TR ORI TR e Bf SRR st Factor IGF
| abed f’iILelﬂjdafeﬁfiibl FPﬂh,ibifEiWI P@MOPE{LFHS[QY bb@&bblﬂ or I@l@hﬂdél@/ linked,
function having a lateral pitch dinmension sel ected

f r tAMeREized of geMpie@d/With theysirfgeanlaypoot the Gantaipesm

bet ween about 2 mMmm -4 mm between about 4 Mm -6 mm

bet ween about 6 mm - 10 nm between about 10 nmm - 16

mill. ISttwetanalghrayerfiés wha- 130 com pdtil leanatexiz) wif tAO imvention
-24 mm | none enbodi nent of the invention, .the pi

o AR B 1) B eSraaR OB RIACORAAID: sraerd g Bl claem (which
0. Earm‘ake & \parl'éﬂ/ of forms as described above) comprises micrometer scale
features in one or more dimensions within the plane defined by the surface of
the material or structure. The terms micro scale and micrometer scale as
used herein are intended to refer to a length scale in the range of between
about 1um and about 1000um. The term nanometer scale as used herein is
intended to refer to a length scale in the range of between about 1nm and

about 1000nm, in particular between about 1nm and about 100nm.

In embodiments of the invention, the features are structural/topographical
features such as protrusions extending out of the surface of the
biocompatible material.



The periodic function of the mcroneter scale features
may have a snaller period along one direction and a

wo asogasooperi od, e.g. by a factor of 2, 3, 10 oprCl/armes/ns6443
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in another direction. Any ome mcroneter scale feature

at the surface of the bioconpatible material may be

defined as a period of the periodic structure. Hence,

the |l ateral dinmensions of a feature of a periodic

structure may be defined as the period of the periodic
shApeMCfromtteroaq:ale featureemagntave of latéral sliroengien in at least one

DB hGR A8 ShEHShES SRS ok BuRLERe mercas
Betv&é@i BbbLiN&afimdhA8 NG 20 uh; dbétﬁf‘ebhoé‘b&ftoﬂﬂ%hﬂgbetween
out of the surface of the bi oconpatl ble materi al may

beaboutt H8-20amo- betwesrcrooet dinscal gm, |beéweeheabout 2um -4 um,
structures may have hei ght s/depths in the range

10HﬁﬁWQﬁ” AbOU 4R g & K BEIRET rbowt hiem 1t éméaegwe@fﬂ about 8um

bet 7

bet Z[g ea %O@& Fm}i"% ﬂwg%gﬁkoutpw bg&ﬁ?n about
mm411@uweb@tm%ﬂl @B%ut 8- 18 ijaneeén Cﬁbou{SH'BUZUMePreferably, in
(e.g. protrusions) have a vertical height/depth

d| aee snopodiment pétfee inwentioagahleast ooe Igteéadt@metrism @ lBetween

or < ual nf"rl\o gqu.n%}p gqsttgﬁ%gpc% f%ﬁ%&/@&gﬁ eplroalln \X/ithin the
e”’@r%b@%ohﬁ At bPH'f@éttﬁé"tb%ﬁé%d‘g%r of e El’d%@oééc%nglfarea is

undi fferentiated growth of pluripotent stem cel
anegbarto embest tmant4 wadl features (protrusions) have a
vertical height/depth dinension that is equal to or
less than 1.0 mm preferably between 0.6 mm -

rof e T B SIogISmOF S.TH IN TGS iAo ARl paralel 1o the
G prer ¥ e Bk AR R ARt oo

section of any one mcroneter scale feature is
such as square, rectan

bl t |
P ThE anarin g RIBRGS. o5 030 ch o ReB B HRICPB e angale Teature and

S' e rradréacheighbot RaNnf BA&IL IAERI dimension in at least one lateral
pref er abl ysubst antially flat. The surfaces of the

m direstisnewhereasaid idyaensies is salectashisgmroneadtihe lntﬂrmie between

O BRGNS e B R byt 2 um -

naNAMetlest absut Zﬁ'n? 6 um, between about 6 um - 8 um, between about
8 um - 10 um, between about 10 um - 12 um, between about 12 um - 14 um,
between about 14 um - 16 um. Preferably, in embodiments of the invention
the lateral dimension is between 0.5 um - 8 um. The disposition of
micrometer scale features at the surface of the biocompatible material is
preferably periodic along one or more lateral direction, and may be described
by a periodic function having a lateral pitch dimension selected from one of
the intervals: between about 1 um -2 um, between about 2 um -4 um,
between about 4 um -6 um, between about 6 um -10 um, between about 10

um -16 um, between about 16 um -20 um, between about 20 um -24 um. In



can be obtained by e.g. chemcal etching (e.g. by NaCH
or citric acid), ion etching, colloidal |ithography

w@ eoog/150§1 pol yst yrene beads, bucky balls or prpCEERR)NI/056443
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grazing incidence Physical 3¥apour Deposition coating,

CVD coating, or plasma spraying. The features at the
surface of the bioconpatible material may have the

same or different shapes. Preferably the features at

the surface of the bioconpatible material are
geoneterhlaoc(imegmi oéqhaﬁreventi@ot dmey pitain dimeraigonial less than 8.0 um,
st ar - shape gonalrg.I in shape. In general, a

2- m%%@s@'yse&/% m@@rlémrmy be defined by a

unit cell in the plane of the surface having a

predet erm ned shape, such as square, rectangular,
heXhgqexiodét mnctlanobfathEGrpMOmetértsam featoges hy have a smaller
detai.l ed structure in the unit cel]

asPgdPE 8lgng gﬂ%pl}rggﬁq §n8@ @rg%rq%nq;d 59 g1y 8 factor 0?5 3,10 0r
p°|a¥§&n% ahb Heff‘ro%ecﬂbﬁ CNhﬁ‘bn@'rHcﬂFrﬁet Iale iture at the surface

positions defined by that” unit ce efine the repeat

di et #re ddgconhpatible heaheﬂpbmawbetdelfe‘femes 3 lperiod of the periodic
predetterm ed sgﬁgj f’:l TheSf bmié] celfl iodic. struct
posi ¥ Ui e e 1% ngewsmee fgaBIre 4f A perggg structure
VeRriiSe d@ﬂ@ecﬂés @hébéﬁ@é oF ehe béﬁodlé%beé/fuﬁcﬁﬁShal e. the length of
transl ation of the unit cell ng t two di nensi ons

dethenghiprigst iMervelipyercehich ﬁhgétructuw aepeaés geshape.
mul tiples of the unit cell dinensions. In one
enbodi nent, the centre position of each feature may be

deTheeplityhaigheof e micronietsn scal®@Zeatdrespier their linedrdiimension
V2 are linearly independent vectors in the surface and

ni A dlRgtion eroiREEL P! Of wes%iféa@n%fotapm@@ﬂp@we material may
gegé%noﬁh@aﬁé\né %%“Frﬁcr‘o?né%h?%&lé’”u% It s%'cﬂ}rfagf nthy have

I mensi onal exagonal, "a rectan ar o
a bdigatstdgpthd ini thb rramgdetremm nearrgrordmcarrshgetselééteg from the
8 AB). In sonme enbodinents, all features cover all
gr Ir@e"pj@lshpé bgtwerrt abauiylOd, Lt D@ i, Ot em enb® dimeeit ketween

not, al | p0|n of th ner yi rid are

cofBPY Eob féet %?%’ 'ﬁ&r‘n‘%sII MpRe &igdiment of the
ot l'r‘ﬁénﬁ@NV élfucﬁtﬁﬁe@ (BY. 'b?étruﬁdr%)yna‘veh@Oeﬂkbﬂhéﬁghﬂéepﬁfﬁﬂmensmn
be covered by a feature. In yet other embodiients,

evthay is ettlogrd equai todor greatertthen ho ginerorczqied to owgr@/ter than 3.0
um, or pre%e?’éblg/ogg%weenorZO um — 3.0 um, or about 2.4 um. This
embodiment is particular suitable for the promotion of undifferentiated growth
of pluripotent stem cells. In another embodiment, all features (protrusions)
have a vertical height/depth dimension that is equal to or less than 1.0 um,
preferably between 0.6 um - 1.0 um, more preferably about 0.6 um. This
embodiment is particular suitable for the promotion of the differentiation of

stem cells.

The lateral cross section of any one micrometer scale feature is preferably
geometrical, such as square, rectangular, hexagonal, polygonal or star-
shaped. The top and/or side surfaces of the feature are preferably



hi gher order grid point is left enpty. In sone
enbodi nents, the topographical structure may include a

w@beawabiosy of different features, e.g. a nunbepcDEP2009/056443
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different features arranged4in a regular, e.g.

periodic, pattern, e.g. as alternating rows of two,

three, or nore different features. Exanples of such
patterns include structures conprising features with

square cross-sections and features with circul ar

cr sglstgeiialiyoriat.t Hie musfages adlhdhei mi@mmteratsqa@p rf@wmres can,
In_sone eq%odL nas_f E@ feat res_are angelE i

| i PRWERlq/ B0 JAGHde Tra ”ﬁ@ﬂ?%a & Religys @ synergistic

i Nnefasthof e tb@lé? 2§aﬁa>rptﬁe:hu@+bﬁteaé10§nd Winbehdtér scale. This
ot her enbodi nmen itch distance may v

t Ef:@!m@%gbtaquow & dhemicoheiang (.Bohy Na@H o Fijric acid), ion
d
| AR LA 0D BEVBERL el SRV, ot or

al pratéingjit gr&sng ningidedioe mhybieal oV apast \Déﬂositempeadatmg CVD

their respective nei ghbar ( sg in the sane row. In so

enBoRfing: O §|a~°§6@r§pEﬁy'%ﬂ | The rge &d thfh syripemOhiie @Qcompat'ue
t t €

nﬁﬁ%{é}régkﬁ}%ﬂg%r% Vr\fs)cj?ecilﬁerreﬁ?%ﬁﬁ éé dPFerZ%@L’BRPﬂf?s)eatures at

| ather aﬂurﬁ;hic&enﬁltne diodomepdt dodet unneterlah aﬂel demnetet (e.g. square,

d|re t|o S bet and a nm_ _Exanpl es
R L N e e o U
square or C|rcular Cross sections. In other
enbodi nents the | ateral dinension of the features in
ont génerat,ico2-dirsebgipneleperivdierstinctushnay ke detinediby keunit cell in

5 BleC 0L M B A RO . PRI S el il soouere,

m FEchatguIat, We&ab@t’v{alnétca Shdr & agSethaiiegéMmiihg et bl)éta’iled structure
ﬁograph){ conpri sin a twodi mensi onal periodic

hetaase) on thewartecadi SR Ssoholgs rMErRIPEHSIPNENE:g. Savare pillars,
ango@pbﬁgl }Iﬁttsa%%yl% pﬁ}d?%nhé{c %he%o&ﬁé ﬁnéod Iﬁtyl‘j‘lfgg"umt cell

StTuc
ondeilméltﬁeeeépﬂasmtantéa \ﬁ/hnre’rtr@f repieat Uuﬁldmﬁlaéplthé qredetermined

havi ng a general |y circul a
shape and size. Thése unit ceII positions may be defined by respective 2-
dimensional vectors. The grid structure thus results from a translation of the
unit cell along the two dimensions defined by the surface, in particular
respective multiples of the unit cell dimensions. In one embodiment, the
centre position of each feature may be defined by a vector v = ny vq + n2 vo,
where v and vz are linearly independent vectors in the surface and n1 and ny

are integers.

In some embodiments, the center of each feature is placed on a grid point of
a 2-dimensional grid, e.g. a hexagonal, a rectangular or a square grid with
predetermined grid constants (fig. 8 A,B).

In some embodiments, all features cover all grid points of such a grid, while
in other embodiments not all grid points of the underlying grid are covered.



square or rectangul ar cross-section. Each feature has
a lateral dianeter X in at |east one direction, and

wo b@oga@sdi st ance between features in adj acent PCDRB2089Y056443
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colums is denoted Y. In fi3gs. 8 A, C, E, F, and I, Y

is equal to the gap size between any feature and its

near est nei ghbor, corresponding to a pitch distance

X+Y. In figs. 8 B, Db G H and J, the gap distance to

the nearest neighbor is different for different

f ekbueEaMPES iRsoms embedirbgntset avery atherirow 0pgad rmirts, every

1203 of fi B. Feature 1201 s . feature, 1202 as, i
oahel o seinb bay B8 iedkEreehBY 7 TRl EanY YEL SFRE fddients, in
"bé@é/r?rsecbﬂat thirel, 1 baBi h@ﬁbkﬂéﬁo&/z@ile@nﬁecb%@-?trﬂﬁd fourth, or
its nearest nei ghbors W|th a slightly different gap

si highgr orges @sidpaipt is left amtys. 8 B, D, G H, and J,
the pitch distances are different fromrowto row In
the row including feature 1201 , the pitch distance is

X+ soniel @nboéinmerits thei tepegre@hioal stractuesvmanc ngtlidega plurality of
feature 1203 is 2(X+Y). Even though other heights are
poSEieRn, feahEest e Ge fun wibas ef differepicleakyRp| areangadolpy a regular,
ha 6

e 5 RN, Dol Bg i HRSglng rAwE! o e ir Fofe aifferent
f etetaluresi Expmsptmj obisuah quatteesp araiiaey strucairgoicompoising features

i Stgians Frosse reersianct optlres ity e af Bms i that are

fi gﬁan§ed\1rﬁeltéﬂhaﬂ@§ r@ké. of the grid points are
actualTy covered by features, while in figs. 8 F and K

aII grid poi nts are covered by features. In figs. 8 A

coliaaliie BRbombyR. e tealny 3 Hisfarted yr'ihs Frifgrerows. in

gr s8mieSerh BEdiAAEIHS %e&@ﬂtdré@ irdbheh CONHAR! thead@n@ Pt distance,
and b= (X+Y)/ 2. I'n fig. 8 K the grid constants are

a=white dh Pthes embrdimehtssleepitel disdaness mAy xagnhthreughout a row

méﬁﬁeﬁ(w rg\ﬁe[B @W%ﬁggqlz%g{gw&hﬁo&ﬁ%%n:ce?nf%yrﬁeltqe same
, forlall 20ws (orlvar4') frofn dow @&p, row2, th yome( @nbpdingéntd) some or all

( esuwctU§ '@)3 g ey e ki st o iy r?fspég%vgrieighborw)
ha}hethl% erg\g ﬁ?gorﬂﬁcé?ﬁgbg%e?‘?s,zécﬂge %g 'ﬁilﬁﬁ*ﬂ@ﬁﬁeg in & row may

M wassel ect rom X= ) , , . .
Acbermtatgdywith lrespectdtoc threit aespechivanteighibdr(s)hen the neighboring
underg ing grids were a = b= 2-1 2mnmfor the square

f figs. 8 A

In some embodiments, the lateral dimension of the features in all lateral
directions is between 1 um and about 10 um. Examples of such features
include protrusions with generally square or circular cross sections. In other
embodiments the lateral dimension of the features in one direction is
between 1 um and about 10 um, while the lateral dimension in another

direction is larger.

An example of a biocompatible material is one having a microstructure

having a surface characterized by a topography comprising: a two-



C E F and | . For the rectangular grids of figs. 8
B, DD G H and J, the grid constants in direction a

WoRI®/150051 he i nterval between 2 - 12mm the grPOI/EP2009/056443
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constants in direction b wese in the interval between

1 - 6mm For the grid of fig. 8 K, the grid constant b

lies in the interval between 3.5 -28 mmand grid

constant a lies in the interval between 2 - 16mm For

t he purpose of identifying the above structures for

di ﬁrrmraimnarabemmimrstrh(cmrm of soespe piliavelof dimenaionuie;em X 2 um
s shown in fig. 8 A are referred to as AX. Y in the

Sr @@@Htcﬂgﬁ@ncﬁﬁ PR MG €)X and Y refer to the
%%5'803\51( éhaﬂ)dto deRerd %%rﬁp@éeof th'@r%go%r%@ﬂi%u:égrrﬁctures on

i'ncludes protrusions ars havin
crodth- meulresnnomedfoanﬁbérpr()trmns',vpmaw buavingi angermrelly circular,

arra ed in araIeI rows, Si z be en .
bR o e gl ot Sevia, EacodhatTanasy fta dameter X in
Wit foddt ©ri2RirEHS, bcﬁ'rd"’?r?é‘ n”r%%boﬁlétéﬂc@r‘@et\/\%ehh%atures in adjacent

remalning rows I s ( Sl ze betwee
prmwsjendrwlwﬁnam dere;otedr\ﬁvr/s figs. 8Am€ EhE, pndtlrYiss eqsal to the
in_adj ace

S 50 s Dot Y defub BREIF hieeRf Relingeh; corresponding to
r epREH thRca XX InYfigde® @, DSIG, UFt Whe @(thngbﬁCdlé't@ﬂée to the
protrusions/pillars haV|ng a circular cross-Section of

di Ba@test Ngi r eheiffprent foarsdidfiesentifeatyresrageexgmplified by features

pa g ej dj t

o ot lei' 302 BRoeVlS L oft g8, BrpRuB AR e TERTRL 1303 s s
Si Aeargst ws@hbpr Qohgeoersy tlh.etgzaq) sieend Wi H@\AreQVMS festure 1203 has
(2Y+X) mm (ga505| ze between protrusions

adfeRteies ngﬂsan AAS fihBepiest PeigheRLS Wﬁht%él'gmb@d'ﬁerent gap
hag BY%. aﬁ@?ﬁdﬁﬁéﬁg R fl§§Y§>@ pnar @, aédcg'ﬂe‘?h%"gt]r&htﬁ‘lgtances are

cen er o s between protrusrons of
r edpﬁfecérntﬁmradpwdem@wr bwvihe rBiv includiresfeaturs M@0 , the pitah distance

fer to CXY. Hence, .structure CXY .
"n Sa8svBrecheaieRdpmrain Mtk dtaldgudeaure 1203 is 20¢)
Cr 89&n H9&UdrPBtHEF Hel.gméraréi Ip6§§.%|é3rﬂhé>fstr?5crnﬂés ﬁ@d in the examples
protru5|ons ar e arrange I N para I OWS, ere
t hbsloselsad b featers heghésf ane oaolagmml 1\/6 fuim mrh’é4¢im.ect ion

of the rows, and where the gap size between adjacent
protrusions in every second rowis Y nm while the gap

?[2@19 t%?@t é‘%?rﬂﬁll%‘sobf YRJ.08S the EdMief WTREAENGERIME IsS placed on a
corresponding grid point of a 2-dimensional rectangular grid with grid
constants a and b, as illustrated in figs. 8 A and B. However, in figs. 8 A-E, H-
| not all of the grid points are actually covered by features, while in figs. 8 F
and K all grid points are covered by features. In figs. 8 A, C, E, F, and |, the
grid is a square grid with grid constant a=b=(X+Y). In figs. 8 B, D, G, H, and
J, the grid is rectangular and the grid constants are a=X+Y and b= (X+Y)/2.
In fig. 8 K, the grid constants are a=2-X and b=3.5-X. For selected values of X
and Y, wafers have been produced according to figs. 8 A-H where (X)Y) in
um were selected from (X,Y) = (1,1), (1,2), (1,4), (1,6), (2,1), (2,2), (2,4),
(2,6), (4,1), (4,2), (4,4), (4,6), (B,1), (6,2), (6,4), (6,6). For selected values of X

and Y, wafers have been produced according to fig. 8 K, where X in um was



gap size between protrusions of adjacent rows is Y mm
The protrusions in adjacent rows are aligned with each

woObRens008t ruct ures as shown in fig. 8 D are rePer/Erth0d/056443
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as DX. Y. Hence, structure3dX. Y includes
protrusions/pillars having a square cross-section of

i near dinension of X nm The protrusions are arranged

in parallel rows, where the sides of the squares are
aligned with the direction of the rows, and where the
gapelected frpnween, 2dp.atemto, o, & Aesorstingly nthe\gridycarstantd a and b
row. s Y .whi |.e the gap ,size between protrusi.qns .in

¢ hBt 1 dn g s METe R Arichion E5icie "eizke BuBRags. & A
pr et U f ' Fi rQt qUShan i
0% ey i PR METEaEnGaH oo ¥ T0h,§ DO e e ord
wi tbngthetsc entdirectidn teheverapm e vietenvair lnetiwesenols-1&um, the grid
their respective adjacent rows. Structures as shown |

f 1 GONSapiSIP direstin Kbwete M eaiervalhRWees t Byl & Qe grid of

PE L83 Bh S ARELE) Ll 1P KB pEle 3's 28 um ano grid
Pr ebhstahCAREPIH Ihar ittt fBwaes QUABANET 0Ss- secti on of
I i near di nension of X nm The protrusions are arranged

in alternating parallel rows with circular protrusions

i n~every second row, ..and uare protrusions i.a th

r Rl FiehgumRe ofriEnyfyiia e 3pAye SHHC LR 2 fiftereNt values of X
pr ahd WS redpectively heruciesvas Shewm aukigr 8 I atd 1Fe088 td 3sYX.Y in
rml whil e the gap size between the square protrusions

in %@rqs@fﬁidﬂsﬁgp?m\swhgre_( 2<Ya§(§1 Yrmefqrht@ Q’e@pdﬁﬂQ@SIOHS X and Y
beB%@&fbe%ré%é\}és." eogkragﬂu?éw. Yh ﬁ‘f}ﬁdéé %th%ijor;g?SiHars having a
profrusions in adjacent rows are algnegvvl gac

ot biegdulaSicrot seationasf sixpretet X flirg. TBeFp@teisictsebredrtadged in
as FXY. Hence, structure FX Y includes

pr Baralisl spp pivnese shagam@ize befwesnradiaeasy -ReFupOASoN every

di er.x a | as rusions/pil | ar Vi -
sapevaticd Bato  Bhte R SR LPETIEHERB proflisopglf R Rmaining
Pr R3Wi!s ENBAr emamhangiiisize stveERA PrbingsiBas & khejaceAWrows is Y
with circular protrusions in every second row, and

squar. § herprotrusiooasn adjacket roeveaane agnedwsith aeh gtoersi ze

bet ween protrusions within each row and between

adjacent rows is Y nm The protrusions in adjacent

F oWy, dth@flREs as shown in fig. 8 B are referred to as BX.Y. Hence,
structure BX.Y includes protrusions/pillars having a circular cross-section of
diameter X um. The protrusions are arranged in parallel rows, where the gap
size between adjacent protrusions in every second row is Y um, while the
gap size between protrusions in the remaining rows is (2Y+X) um. The gap
size between protrusions of adjacent rows is Y um. The protrusions in the
rows having a gap size of (2Y+X) um are aligned with the center of the gaps

between protrusions of their respective adjacent rows.

Structures as shown in fig. 8 C are referred to as CX.Y. Hence, structure
CXY includes protrusions/pillars having a square cross-section of linear

dimension of X um. The protrusions are arranged in parallel rows, where the



with each other. Structures as shown in fig. 8 G are
referred to as GX. Y. Hence, structure GX. Y includes

w@eabns@sons/ pil | ars having a circul ar cross- SECt/ERI0Y056443
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diameter X nmas well as pmB®trusions/pillars having a

square cross-section of linear dinmension of X nm The
protrusions are arranged in alternating parallel rows

with circular protrusions in every second row, and

square protrusions in the remaining rows. The gap size
besides of Hug aqezaﬂesraretatiuee@msithi thetdirectionof Wie rows,randl where the
protrusro size between th .

Do fap 745 BEmRan ATACRN RESTSRITITG Vo gvascont By i Vo, whie

Thﬁte_?_ﬁg %'lfeebgﬁ/rtréféﬁeprd?ﬁ@iddésfno r@mé\ﬂinﬁcﬁms TSOZ’?H)?) dm. The

e square protrusions 1n the rows having a

si gap Glizd B¥twdempratrsicis ghadjasehhrave i enfume Tchfe prtoerusrons in
gaps. between the circular protrusions of their
reéﬁ@@?ﬂV%Wﬁﬁ?%ﬁﬂﬁmeﬂdWHWe@ﬁhgﬁﬁﬁres as shown in fig.

8 Hare referred to as HXY. Hence, structure HXY

i ncl udes protrusions/pillars having a circul ar

cr Stsckhees iasnstdwrliimrfigt & DXaranrefgrreel fo as DX.Y. Hence, structure

oA R TR AR G
 noplaRtsRL XROTRE bl 08s e Bl 664 32RIR) FURS here the

in every seco row, d square protrusions in

r egiiesiofthe eusarettare grigned mthbtae\m@ctrpn of thes rowns, and where the
wi thin_each row and between adjacent rows is Y mm The
pr ger lﬁﬁ%%ﬁ@M@?%éF@@@ﬂt prS%és'%PrSe'”aPY%{b{e?ﬁ%ntdhroé\étﬁwy um, while

celt 9o85e, BUch BRI R M e PRl Bl adfeogpm. The

t hgab JiRS @eﬁ/téérﬁpﬂﬂrter&rst of Qtrﬁceﬁt FOU6S W §Su@s T?n'éowa)tr*u%rons in

fig. 8 1 are referred to as I'XY. Hence, structure
i ntHeuchees pamrngte;gepssrm bf a2\§+mawmgreaabgrreth the centre of the
Cross- Eectlon of e
pr 88P% PHYw%qerrqtré'ﬁ?”ﬁan *ﬁ%‘rée%)c?ﬁﬂt’%aéra&%t%r on of
i near dinension of X nm The protrusions are arranged
in alternating parallel rows with circul ar protrusions
i nStuetwes esoshiowiovn fignd sgaee eefer@drt@s'aeriéx iYh Hérece, structure

or b DUNaHESs roiodaRngis Rodfadt BPaiat PisRtrretig of diameter
X Wi b§ WdlIea8aRofidienSBiIMeS haltgy &1 dokidk@lcross-section of linear
dimension of X um. The protrusions are arranged in alternating parallel rows
with circular protrusions in every second row, and square protrusions in the
remaining rows. The gap size between adjacent protrusions in the rows with
circular protrusions is Y um, while the gap size between the square
protrusions in the remaining rows is (2Y+X) um. The gap size between
protrusions of adjacent rows is Y um. The protrusions in adjacent rows are

aligned with each other.

Structures as shown in fig. 8 F are referred to as FX. Y. Hence, structure
FX.Y includes protrusions/pillars having a circular cross-section of diameter X

um as well as protrusions/pillars having a square cross-section of linear



protrusions in the remaining rows is (2Y+X) nm The
gap size between protrusions of adjacent rows is Y mm

wdb@ops@sT usi ons in adjacent rows are aligned nCt/RPBBgIS6443
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other. Structures as shown3pn fig. 8 J are referred to

as JX. Y. Hence, structure JX Y includes
protrusions/pillars having a circul ar cross-section of
dianeter X mmas well as protrusions/pillars having a
square cross-section of linear dinmension of X mim The

pr d'mnema‘i@mef Xriemail hermgetiusionalare mananged irpaaﬂtarnaingrmamallel rows

Cl rC r rotrusi ons I n eve second I ow,
i sl reUSons ih et SREITH Tyt S SObRE gipisions in the
DCHRERRAIGRENTHE! 845 U1 ethBoh NGk @YY WINFAURES row ang

protrusions 1Is e the gap size between the

ci betwesn gujecentsowsss nrhwtrhaheepmtrusmgs iroadjacen{ wsagre aligned
nm . The ﬂ'Fﬁ si ze between protrusions of adjacent rows

i Wi /3 Be%i rcul ar protrusions in the rows having a

gap size of (2Y+X) mmare aligned with the centre of

t he gaps between the square protrusions of their

r eSpractures asd$hxventin rfigns. GHeres eefernedt toeaalfoXe’. Hence, structure

F oGy dBeipbSS Pl BB A CERUAE SbScastig of diameter
i X @CeS NRNBS brORaSiERS IR IAAIIG b ORIFETrbds NG linear

Structures as shown in . K are rred to as
St dimogngien &Xchmrpﬂ'heq:sogumops aod adauggdtue@ltprrtatmgsparaﬂ;el rows

(rid esl) P rect angul ar cross section he rid ave
di MUB QeHIargHgiHEIORR N ﬁ@%?%‘?{&ﬁ@‘%ﬁ? SeHatk 'I‘?t'e’é‘étq{‘s in the
ot Flaﬁﬁainﬂ“gerd’vx'/ 9%% Qhp %ﬁz%%&%%ﬂ j&cétt B8 0 Qurﬁ ﬂ{érkﬁvs with

rect angular shape, “suc at each’group 1nc

| ooigedér rprdyesiass aisc entyral whitﬁgethe()gapasﬂzesbd&ve:én the square
thecentral ridge are arranged a series of _ridges
be@@“%@rﬁr @“grtlé@srﬁvalsymshmwws v0|2tYFrXL) ritmeé@]en@ap size between

ot 8?@5%%3*‘@2%%&%“ o T e B TR RenS e rows

ZXhHVh Jgap s 'HTﬂgnédn\mth khe é’érﬁr‘é“opfthe gaps
t he r| es I's Xmm |stance bét ween ridges is

Th be@veﬁupt@eaﬂ rculaﬂg)eetrlaslenaof ﬂnegereSpacta/emd;amrﬁrrawaed
pattern, such that the ridges are placed al ong rows,
where each row i ncl udes ridges

Structures as shown in fig. 8 H are referred to as HX.Y. Hence, structure
HX'Y includes protrusions/pillars having a circular cross-section of diameter
X um as well as protrusions/pillars having a square cross-section of linear
dimension of X um. The protrusions are arranged in alternating parallel rows
with circular protrusions in every second row, and square protrusions in the
remaining rows. The gap size between protrusions within each row and
between adjacent rows is Y um. The protrusions in adjacent rows are aligned
with each other. The square protrusions are aligned with the centre of the
gaps between the circular protrusions of their respective adjacent rows.

Structures as shown in fig. 8 | are referred to as IX.Y. Hence, structure IX.Y

includes protrusions/pillars having a circular cross-section of diameter X um



of two alternating lengths: Afirst type of rows
i ncludes alternating ridges of length X nmand 4 X

womog/1soosecond type of rows includes alternati PQr/EPHIO®656443
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of length 2 X mrmand 3 X m# The overall pattern of

ri dges resenbl es a sharkskin structure. QO her

preferred structures will be described in connection

with the exanpl es below. 1V. Method of synthesizing a

bi oconpati bl e topographically nodified surface of the

i naentNiedjn asv proteusiong/pillarsd, heding ua f aquareA cseasteeationf od linear

o firatien ohiRuys TRedserbEPns AaatengRo T AR nAlRg, Paralel rows

e. C
0 ) LERBLASBY S o o

i t rérsaipowsidwse Tthe m@@mdogmeeeratﬁa@&n’tqrotrysuons an tfm rows with
hard material s Ilkeg npl ant intin

ThetHeE Arptrusions 1By i éofh"remih%ym 15165 PEiGEEe ey circular
R
2, BTRIsReHs, ) 88 ARl IS APYOE NI 4B 4198 between

napnﬁtLrswtsuoeadjméht mwl:.t 15 drowm. trthe4|@ronﬂis©ae iheadjacaritadws are
in soft nmetals like Alum nium (S. W Pang, T.

TaftgRAdWitheaga e A. Ozawa, H. Masuda, J. Vac. Sci.
Technol ogy B 16(3) (1998) 1145. Mire specifically, it

is desirable to generate die patterns in very hard
maSguchrss bs Ishoﬁin@ncﬂg 8i Narghefepec s badX. V. Hehes, starcture JX. Y
substrates like A, Ti, Titanium alloys, stai nl ess

st BslugdesTryotrgsions/ Rifarehaving e trdrcu|as QKWS’r seeiamphgemeier X um

V88 UEAL 59 B Rignh ol AN 19 SR S SEa@h®Dr tnear

be applie nmers. Since

matignhéradion bf Keurdl Therpréirdsiang aré fafrﬂaﬁgbtl ifh @Itéfr}fcrtmpod'ereﬂel rows
is desirable to create an etch-mask consistin

g
Cr With stigatar qirojrusiong nmqypaf se¢ad rqm,eam@§gua@np@rusmns in the

pr T,
crgaﬁg@%%\'&%:raﬁr% ¢é¢) ograp yelnn a#é@@ﬁ%@rg&ﬁﬁ §1 éDF'OWS with
deyglgrempidtrudionms cigl vy Lin, avhiler #edi gas odix@nbetided the circular
acetate. This | eaves a
protrusions in the remaining rows is (2Y+X) um. The gap size between
protrusions of adjacent rows is Y um. The circular protrusions in the rows
having a gap size of (2Y+X) um are aligned with the centre of the gaps

between the square protrusions of their respective adjacent rows.

Hence, in the above examples, the minimum gap size between nearest-
neighbor features is Y um, and the minimum centre-to-centre distance

between nearest-neighbour features is X+Y um.

Structures as shown in fig. 8 K are referred to as KX. Structure KX comprises
groups of elongated protrusions (ridges) of rectangular cross section. The
ridges have different lengths and are arranged parallel with each other. The
ridges of each group are arranged to form a rectangular shape, such that
each group includes a longest ridge as a central ridge. On each side of the



resist pattern on the surface. The resist pattern is
covered by a PVD - deposition of an approximately 100

woneoensdoayer and at last lift-off by di ssol vi ngCT/RB2009/056443
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resi st using a standard resiist renover. Dry etch of

the hard die material can be carried out in a Reactive

lon Etching system The depth of the structure is
controlled by ion etching time. At last the Cr nmask

can be renoved in ceriumnitrate aqueous sol ution. Now

t heemitsaldidfjecatesanmranggd aeriesmfiritgesgoaaoning psagifessiyely shorter

oty B, AR R, RERT B 8 fal 080 . FRE ERlandular shape Kx
NanRIRRK! AL8% b8qR@CLLAIGELBP IS BhomRY B! 8k 1Y, 4X um,

hydraulically pressing the die |nto sel'ect ed ‘areas of
t haXsumf 2% em, T aenpriess width agfphé eidges lis Xuypi Tad Uystam:e between
several tonnes for 10-30 seconds. Several areas can

paf'@%%@d?%@ﬂ dHRHEOURS QE[IQQ%@E%@%@?@F%%@Qr@jetglﬁglngﬂEpattern
40)5(%1 ?na;%_tﬂe.moz;'eé%reg)léé’éﬂ 5dh hyroWSOWh]eQe(Jea%erggl #ﬁgluﬁ‘es ridges

mcr and na rtnt
hi ghtwo siltetrading [EngthsatA firstityyse sér@m emblmiwaltenmaang ridges of
contoured 3D i pplant produced by e. Ti, Titaniu

aI lepgi thémtaﬂ%ﬂ\X B A0S YR b Taws Higlufles alipmating ridges
COH Rt 5 TSPk, Sk B BBt Fbebgaamotes o

d| ghaﬂzbmnrmmjmﬁel s basically the sanme as d| e
i mprinting, however, here the die is not flat but

typically a cyllnder This die-roller is mcro- and

"SRR S ST NGBS O BEOBSAAN M chRR i, g, grampes

di belowpri nti ng above. The setup needs to be nodified
in order to take into account the curved surface. The
di e-roller can now be pressed on and rolled over

SeI\PCM%% e ro?ﬁgl{rébgzlhboﬁaﬁi%rc'o% Sﬁ?l@yfgﬁiﬁﬁaﬁghé%y modified

pressing t Ieonto the ace of
i npueface dfrtheebyemh\pm iover accartonired.o3@ surface.
nanost ruct ur here

naa stiREe 19 aricoiatst thebds aPCRPEIRALPR TPbazS cEdls may be
bubndnuf£t2@%d® aiber of production techniques, e.g. one or more of the
following techniques:

— Die imprinting: By using hard molds (e.g. of SiC or SiN) it is possible to
produce patterns directly in other hard materials, like implant metals,

by imprinting. The die, which is the master, is typically produced by a
combination of e-beam lithography and Reactive lon Etching. It has

been shown that large arrays of nanostructures with width down to 40

nm can be printed in soft metals like Aluminium (S. W. Pang, T
Tamamura, M. Nakao, A. Ozawa, H. Masuda, J. Vac. Sci. Technology

B 16(3) (1998) 1145. More specifically, it is desirable to generate die

patterns in very hard materials like SiC or SiN when pressing in other

hard substrates like Al, Ti, Titanium alloys, stainless steels, Ta, etc -
otherwise the die will be damaged or even destroyed. The die
imprinting can of course also be applied in softer materials like



to be, so the nethod is also applicable for e.g.
polyners. - Patterning by colloidal |ithography: Here,

w0 Roovas@essi bl e to nano-pattern surfaces by depowEP200g056443
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colloidal particles (e.g. pelystyrene or the protein
ferritin), which assenble in a short-range ordered

pattern. These particles can e.g. be used as: an

etching mask maeking pillars, a topographical tenplate

for making protrusions on the surface, or deposition

of e.g. palymerendinee metetials likes &C qreSihl atgydiffiaalt to dry-etch it is
metallig center of ferritin). - Laser,.patternin .

Uit a sfighralSde fradif aoscthtinest adfiBEoLER" b hetbad of just a
utilizeghbredStONFHY efdsk ean NS tR6Mide@ id theJbldwimgaway: The
the strong nonlinearity of the ablation process | eads

to a welatergépatien isHiresies Ry edreamiitiogsaprhyeiroy sgsistdeliowed by

his h . . ' :
St uct an Lo SR Ey BRI IPAT bidhfl sRen g S {Hep is leaves a
Pr onko, resistipatiouit oa, thé.subaeeeThe Jesist pattstd, is Bovered 6y a PVD -

Mour ou: Optical Conmmunication 114, (1995) 106). - The,

laser paePRSHPMET ) apPRrPxErRiely 1QR oM Giilawer aag ahlag lift-off by
be usedgj ' ' i . i

D s JlsBoRPRPIAASRY Wiid pPSIENEERORS} ABiiiveAUBAY Gtch of the
Chri st ehsehdieRmataial cag beAggrtied By 1 A RBERctiy2 00 EtdtiBg system.

to crea | ar ge rays qof nanoneter-sized holes.. Mrg

spec 1 S8 IGFPIS of Hircs Pugturs &G ol R BN £1gapB e last the
on the sWmhagecdyBeGahovedHicerim ARERS 88lLEbYs solution. Now the
creating a densely packed array. By scanning an

unf ocusbard aleeris bready ofor umpradingr in e ssesfager tarssymbesizing a
surface with the quartz heres, it is ssi ble to

gener at BOChMpeE8ba B RRRC Tadin BRER) e bk, can press
the sphgii@d- afid afnonshtirAdyaih belker® esats io1otheh®iomaterial by
| aser beam, - Laser scanni ng-beam I nterference

Li t hogr Btrpuliqallyspiesgingosie dietinigdselantedeaigagfftbe surface. The
Fabri captg e bR Al dyGUaR) HRESARIACtoRREs SBRHIRS0 %econds.

Several areas can be patterned by consecutively patterning areas of
the die size. The die size is typically from 10x10 mm? up to 40x40
mm?. This micro- and nano-printing method is highly suitable for
patterning selected areas on a contoured 3D implant produced by e.g.
Ti, Titanium alloys, tantalum, or stainless steels. But it can of course
also be applied to less hard materials like polymeric
materials/coatings.

— Imprinting by rolling a die. The method is basically the same as die
imprinting, however, here the die is not flat but typically a cylinder.
This die-roller is micro- and nanostructured by photolithography or e-
beam lithography/Reactive lon etching as described for the die
imprinting above. The setup needs to be modified in order to take into
account the curved surface. The die-roller can now be pressed on and
rolled over selected areas of the biomaterial by hydraulically pressing
the roller-die onto the surface of the implant, thereby imprinting the



coherent patterns over |arge surface areas. The
met hods utilize the interference between two or nore

weodensms: pl anar wave-fronts. (S. Kui per, H VvaPCT/EP2009/056443
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Wl feren, G van R jn, Joumusal of M cronmechanics and

M croengi neering 11(1), (2001 ) 33. V. A device for
culturing tissue or cells including an exposed surface
having a microscal e surface structure Fig. 9

schematically shows a cross-sectional view of a tissue

cul tur errrﬂ¢r9harh@{v>'rmr@ﬁtregquoseﬂlacuhe@:ethw implant material can be

v o JOSEUE FLdbaBer dofihr P apleiraBsBuRR coes not have
si dewal {Sp&%d theMmefd it %esw@@@rcawfoa@eg ?&)‘ﬂyrhérs

exposed to the cell culture or tissue and thus
pr ovi-deFateriing by roollpigahtinogtaphyt itereuit isipessible to nano-pattern

s a neavasein Y BepByab oA pRIBERE G i AESrERE or the

sel ect egrdt@inpferfiph e whighedsdarnblene aC ghbttlrangé udreleleth pattern.
as described herein. Such surfaces can be produced in

| ar ge qlinase PRESIeCaN §.9- eI Ysesras: laneichiooysask making pillars, a
di ffereg:fpop}‘é]&ﬁc@f te‘?ﬂbl)é?@%f’urﬁfé%igaeﬁrotﬁgliéﬂsn%ﬁﬂhme surface, or

met hacr i cones 1nc

pol y( di gepdsition Icﬂxeuge)a ravoy{dtygd mostpetchydter (e.g. by the metallic
net hacryl at e) (et hyl nethacryl ate),

pol y( D, entggpf @é gl ycol i de), pol yethyl ene,

pol ycar b I60Y it . Ol : ;

aci d- baggﬂgipg?gsgn@}g/bgow 5trﬁﬁfene %{ﬁéd%%.?ﬁ‘ng technique can be
pol y(buuylizmdefdrehcgmhpl’realsmre)patwmlhgcrIryIpartiwdaetthyel strong non-
phospho

- | 5, -1 7030, _
pol y( bi &r{qqr ciﬂﬁgeq'ﬁi%t;g;) Bmgeg%d%%go g Wellydgfined threshold for
pol yner ﬁwdt Iu%rﬂgvg"déﬁ%eﬁ@%eﬂ SEEShat®) So %egnonstrate the

st arch, | ul ose itosan, and m xtures and
pol ymer ﬁ)rUfatlohe)faBjmemer&vwnbelpwetf‘@ drﬁraxmoa |9’I]It t(BbPe Pronko,

01 01 ngS 0f- 1 Uny oA it Hoi BUR 0L Dk riBurl P A OPtica

art and(;@rnrﬁgm@gﬁ@rﬁ Hb&d(1|996?3f106) The surface 304 may be
t he upper surface of the bottom 303 or an upper

surf aceTbe laserepattaitning bynditrashert gasq pilses q@naaléd logn used in
top of the bottom 303 of the.dis

osue BATPRAUORRAEE ki) S ayadt sPUaRf yeskhor, u. A
st r uct uDRsseFe B2 H 0N ttisteAEER AP t Balling: Appl Phys A 80, (2005) 493 to

create large arrays of nanometer-sized holes. More specifically, a
layer of quartz spheres is deposited on the surface typically, but not
necessarily, creating a densely packed array. By scanning an
unfocused laser beam of ultrashort pulses across the surface with the
quartz spheres, it is possible to generate large areas of structures in
parallel, since the spheres act as individual lenses focusing the laser
beam.,

— Laser scanning-beam Interference Lithography: This low-cost method
can be used for fabricating periodic and quasi-periodic and spatially
coherent patterns over large surface areas. The methods utilize the

interference between two or more coherent planar wave-fronts. (S.



the gromh of enbryonic stemcells in an
undi fferentiated state may be used to grow | arge

woz@ntisdoses of enmbryonic stemcells that in a pel/€P2009/056443
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devel opment may be induced4so differentiate into a

desired cell type. Once differentiatedinto a specific

cell type these specific cell types may be used for

drug screening and/or cell replacenent therapy. The

surface 304 nmay al so be provided in the formof a

separ at Kuidessde vanlWalferepl &stvian Rimt Jawigaloefdianomietharics and
to disp the. sel.ec S t.w.es or blueprint of

t hese SW%[E’FUQ'Q?‘%BHQmgﬂsm@ég& For exanpl e, the

separate tissue culture plastic nmay be renovably

inserted in the culture dish 301 . In this respect the
t eMmA deyige fon culturipgatissue jof cellseinmluding pRcexprseathgurface

' | t hat b dt
b BUEiS e PR e clR it ) T o “arowch of cell s

invitroin cell culture. Exanples Exanple 1
Manuf acture of a BSSA wafer conprjsing 13x3 tantal um

ar Figy %ﬁch%@?gff‘?'l% shewsy, & iCrRsesastigeal H@_W Sheytissyg egliure dish
""agﬁ\r/ing" LR ?xdéégeﬁkgﬁﬁéc fwﬁ%@%ﬁ%%ﬁgi\é ‘é{?rgcﬁhr% The dish 301
substratum for le

the manufacture of a broconpati
matempebes Eheupvadrelly opsn aeceptagipenanafiggia bdttdm 803 and sidewalls

(3 R B SBaSER AT ELBR S T an
waftffs Bovideéd dafficrBBRYiFdArhERTfGPIR: éﬂl%ré?Qﬁ:%rgSodi%nts of the

etching in a SF6/q2 discharge according to .
f olnveniiony thecposed surfaths30dalias 8 misresqale tagoghaphioaltgiructure

OB 5618 A B By P Decloscro

NH4Ereih.NSaEP LrhbEs cahise prddukkdfinriakie §eanttds anél.g. polymers

then dried under N2 flow, and 2 . the wafer was then

splie comlistygnen alifiersnimtypasck of ayralyespreiRstanessi ftoly(methyl

?ﬁgﬁ@%qrylg?ee,cgﬁéon%%l ARG PR ERDsiO¥andyS bbBfhydroxyethyl
methacrylate), poly(ethyl methacrylate), poly(D,L-lactide-co-glycolide),
polyethylene, polycarbonate, polyvinyl alcohols, hyaluronic acid-based
polymers, poly(ethylene oxide), poly(butylene terephthalate),
methacryloyloxyethyl  phosphorylcholine, mr-[  T85, mr-l 7030,
poly(bis(trifluoroethoxy)phosphazenes, natural polymers including modified
poly(saccharide)s, e.g., starch, cellulose, and chitosan, and mixtures and co-
polymers of the above mentioned, e.g. from a suitable stamp or blueprint by
hot embossing or by injection molding, or by any other suitable process
known in the art and/or as described herein. The surface 304 may be the
upper surface of the bottom 303 or an upper surface of a separate element,
e.g. a disk, placed on top of the bottom 303 of the dish. For example, such
tissue culture dishes/flasks or any surface with structures selected to support
the growth of embryonic stem cells in an undifferentiated state may be used
to grow large quantities of embryonic stem cells that in a later development
may be induced to differentiate into a desired cell type. Once differentiated



conposition can be found at the Material Safety Data
Sheet (MSDS) supplied by Hoechst Cel anese

w@eopas@si on) . and pre-baked at around 90C f or pdP@P2009/056443
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seconds, and3 . the photorasist-coated wafer was
exposed to W light for 5 seconds in an EVC aligner,
nodel AL6-2 , through a suitable nmask, allowed to
devel op for 50-60 seconds and then post-baked for 1
mnute at 1200C, and 4 . the photoresist-coated wafer
watnt@ rasrsneatftCerzalédymg/ thesefdpeciicc helhgypes m@Hbef vised for drug
r oxi nat el 30 and tQﬁn subjected to Reactive
Jei'es Y

o CEFEMS TR Pigprageig Pre&¥pr oxi mat el y

0. 30mmT mi nut e, and the resist was stripped with
acetone foll owed by RCA cl eani ng. The RCA cl eani ng
pr dBeRHEAAea S04 gy P dve fireyidedsiadtheefiehof @ sgparate tissue

SR S AL PR LB IR e o Fptres or
si biveprintibfotkhiede stragtiresvoartre rsetfabé | Iéorce»raraptenaret §eprmate tissue
have accunul ated as a result of I%r'ﬂ using a dil

50°4!tyie PIARLG aNa) oenMerRYRRIYI INgANs 6h%rﬁﬂl|tHE%\¢ﬁhr§Pél In this

at g 0 l.nant 0 n;of

o e "M P e tE R Db i rbec o pglude any

papeslyware/ndigl cbatirrgrsrrdaternahthrattdanabéZOserdntcSp@SﬂUcmyae|surface that
at, 1 Cfo 15 . A 250 nm

{ aReAPESeRy Ot St S GRS It 651 AR f ace of the

patterned wafer by sputter depositi on. The wafer was

prepared conprising 168 structured squares and one

cobxaviple®n- st ruct ured square as tester areas, wherein

each area has a specific |ateral topography,

de |gnatedI structures A-K [Fig.8 A-K] prepared
to Exanple 1. Each of the structure patterns

A‘ ﬂlldn%fé@ﬁfréscﬁrﬁ 2GR v@&eﬁ%@ﬁﬁﬁs% ‘Ii‘>€3 ‘f@rﬁt%lurh%rr&ytdt tester

varyi ng di nensions as specified by (
prarﬁtﬂsple is illustrated for structure pattern A. The

di et e rided Poli B SEPE palitovihf ickEest 1528425 1 proviced
a substratum for the manufacture of a biocompatible material. The wafer was
an n-type wafer with a resistivity of 1-20 ohm cm. A micrometer-sized pattern
was printed onto the polished side of the silicon wafer by standard
photolithography and reactive ion etching in a SF¢/0, discharge according to
the following protocol:

1. The wafers were pre-etched with buffered hydrofluoric acid (BHF, BHF
is a solution of concentrated HF (49%), water, and a buffering salt,
NH4F, in about the ratio 1:6:4) for 30 seconds and then dried under N2
flow, and

2. the wafer was then spin-coated with a 1.5 um thick layer of photoresist
AZ5214 , Hoechst Celanese Corporation, NJ, US (the chemical
composition can be found at the Material Safety Data Sheet (MSDS)
supplied by Hoechst Celanese Corporation).and pre-baked at around
90°C for 120 seconds, and



and T are in mm WAifers were produced according to
these defined paraneters, wherein the depth of the
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mmand 2.4 nm "AX/Y": Linaéstructures as shown in

fig. 3 . The structure includes trenches 4 1 of width

X (in mm and ridges 42 of width Y (in my. Hence, the

line structure of fig. 3 has mcronmeter scale features

al ong one dinmension only. In Exanple 1, the areas

A(2, B. thecpheteresisticoated materuwas exposed icedvHight éor 5 seconds in

width 2 d_ridges of  w dt he ar.e A(4,4)
i ncl udeaﬁ{%\zas?lm ’uF”é’Qe ' ?ré ¢ 8fs%a§fenn£§%allowed to
and ri dgegelop o 50-B0ABRONES anateas pdslbdned foff usigUté B 120°C,
structures wth trenches of width 4 nm and ri dges of

width 288¢ "BX/ Y': A square-hole structure as shown
in Fig. 4, The structure includes square

hol es¥ r thecRRierasist-apated wiafrswahex(paitarngs Ry ibfiefnetching with

and a pj [ f rad o € ' .
have a R?_@:lg F]Oqo?&@.g%ﬁ%%gwqhseecgt?@@?ﬁ?@%ﬁ%ﬁ%& qgelﬁ%agc%ve lon
M cr oneEethigg RIE)fR 2t ke o BppRXiMatdyTeBoueNmimiteNaAd the resist
the plane of the surface of the tester area. In

exanpl ewas stippedendthBagetone; frjlowes Hyu&EA hdearingi tthe RCA

St ruct uPReL B el B ERetiHBRs RS (B ediEntity. Remova
separ at efl ihsolubldgesgsic sSEeBminarfts gwith a Fhe1 SHHOHOENH,OH
i ncl udes rect an&gl ar holes 6 1 of dinension X (in

) xY (PRlUlay (SkdarBegwval eharthifgelcap digxidg thykr whara metallic
. " 1 . t . . . .

or bt r us aRSn S A7 UL SERIRIREA S a resyl of ), yepgra diutec

conpr i s86:1ptO:HEI eolsitipn] IRersoval loimidriic aarsa| Usgayyc metal atomic

S SRS St AT SAE B T A B,
o Bh ekierond Ml wg BeBidcinelsd B Suidaton aitn a 20
zgga‘gteu ﬁ@ S0V bV & tidrhiHil YrEwASt S BBYPC fét 18 fhindtes. The

6. A 250 nm tantalum layer was deposited onto the surface of the

patterned wafer by sputter deposition.

The wafer was prepared comprising 168 structured squares and one control
non-structured square as tester areas, wherein each area has a specific
lateral topography, designated structures A-K [Fig.8 A-K] prepared according
to Example 1. Each of the structure patterns A-J is represented on 16
squares on the wafer but with varying dimensions as specified by (X,Y). The
principle is illustrated for structure pattern A. The K structure is represented
on 8 squares with varying dimensions as specified by the parameter T. X, Y
and T are in um. Wafers were produced according to these defined
parameters, wherein the depth of the lateral topography was defined as
either: 0.6 ym, 1.6 ym and 2.4 um.



has the appearance of a chess board with holes 8 1 and
protrusions/pillars 82, both having the shape of

waegeans®sm t h di mension X(in myxX(in m). |t PESI/EP2009/056443

10

15

20

25

30

understood that the preparati on nmethod descri bed above

may al so be applied to wafers with other forns and

sizes of tester areas as well as othertypes of

structures. The same production process nmay be used

for a variety of different wafers, where the |ayout of

t he teest"AX/ 4t clase astclidtimespas tshowranin Jigr facéhststuctureemcludes

S e b ' R AL e A2
f
surtacegg \Cﬁeté eﬁrhnre?@ét@gﬁt?';eo%@ of hRd \’Hlbr%?ﬁ%QF s%é%@%gres along

enbryonic s fterentrat nmuri ne
cel | s gooevdimensignaonly. el Exateplenéd theo laoede A(R2) gnclude a line

ig?iswngﬁvgﬁlr%@ HETENeEar Bt & G P aiidesral Wielu2um, the
ool ony RLANRIHY ik AL NS B0 BEPERBLLY oPSATR! Fm ang

mar ker o pl uhp enc esta |she

i nt racehhgléwoprdth PAtraNee rme&erﬁ(m)elrtdWe line structures with
transcription factors Oct4 and Nanog and the enzyne

Al kal i ntarendmmbwaiﬂw(w)andmg@elofsWI(iuthumel |'s and CJ7

cells re.seeded at density froml. 3-
cel 1 7pd6XRet A SGaf-boler SHaptnaBotouAr B! Gis fhgTha sgfucture

, produgg: M or
cul tur ed or 3 (E]aa)% undﬁ?&ggg%e?ﬁgﬁsﬁgw@#@dn )><X(|n um)
ai r huradd eypithdliStaGee B X+0kli s theemet afirimgesi 52 rﬁnﬁ\/za W|dth of Y.
suppl e i th 159% F ut am ne,

ted .
pent ci | FBHCE sHieaHeUES o850 bt MG alss el feaisason both
aci 05, - 40 s TR AHACHARBODY A0l AHFAROSY dFS. toBlér area. In

in the absence of a feede layer. Furthernore,
t he ES exdmplgr dmthen@tﬁaenBWaé) smmpd@r&mlaeel hales with dimension

Leukem a I nhibit act LIF 1000 Um, t
aggi gtm %‘nggﬁgﬂ'gé%ggp&a quxrér((antlét ed phenot ype °
of the Ef?(ﬁ(@' hSstrdithf cImPREMgCIEctatdRIANBoIEE L SedlRE Cseparated

st ai ned
by ridges as shown in Fig. 5. The structure includes rectangular holes

61 of dimension X (in um)xY (in um) separated with ridges 62 of width
X (in um).

e “DX/Y”. A structure comprising protrusions/pillars as shown in Fig. 6.
The structure comprises protrusions/pillars 71 with a square cross
section of dimension X(in um)xX(in um) and a pitch distance of X+Y.
Hence the areas D(2,4) include a square-pillar structure with pillar
dimensions 2 umx2 um and a pitch distance of 6 um.

e “CX". A square-hole/pillar structure as shown in fig. 7. The structure
has the appearance of a chess board with holes 81 and
protrusions/pillars 82, both having the shape of squares with
dimension X(in um)xX(in pm).

It is understood that the preparation method described above may also be
applied to wafers with other forms and sizes of tester areas as well as other
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di fferences in col ony norphsl ogy anong the different
structures (Fig. 12). Cenerally, the CJ7 cells tended
todifferentiate nore than the KH2 cells on the

structures, but there are rel evant common feat ures:
Colonies formed on F 1 .2 at 2.4 mmstructure heights

f otypededf|stiistureedThe sate prashicen wrotessPmaythievusgd foxta variety

t he structure height the.c nies,on F4.1 tend to ..

¢ 16 PRIFFR WeferS] Soae e it P Bl osde it Mg, Plrtioutar
gr uady strietukes ré Wetethfnéd eyethenariskRahasilgavechethe wafer is
reduced AP st ai ni ng intensity. Especially for the CJ7

cePXRosasl-s effect increases as the structure height is
| onered. For the other structures the col ony nunbers
are reduced when the structure heights are | owered.
ReEwamme ructure height also tends to increase

coI onﬁ si ze and reduce AP staining, The twq cell 1jne s

HicatianspEhiacprigatible sufacemfoer Promoting grpudh of
Strrgmr?ﬁoﬂeﬁt% $4 BRidrbRic Yhih tes) Ebfls col onl es are

|ne reduce nunber conpared to
their growth norphol ogy on structured squares. Due to

D dern 31T Burhe, Bt Gia armiad e [apRged EaBies (Fig
aul e CenIBhielTNAtert BhaMoraddal; (NIES BRINGHoYekely have

conpared w th manual counting based on col ony
nosq@lﬁ@kidgwnﬁer@nha’testmum pgjonyitredronoipgyde vl deus and generally

oot ol O SR o haltR oron l Elsfe facetutr

Coblmhbbmrﬂég%taﬁ%e@@tdré! tRY aFRRcHpRbeSadtbs CRtPBYdINERES and the
However e ratio (automated counting nunber)/ ( manual

coBREYTRE AMatiperfhosphatase (AR y stable: 1.5 0.3. It
appears that the characteristics of col ony nunber
devel opnent on the individual structures detected by
auESn@élisc(Mnemswgndr&m oelaagrvaem&rdedadtdit 4 deasity from 1 3 5x10°
characteristics dete LH% manual counting. A simla

n

gob’l ISRty dreitii %'ﬁhb%rt‘ W@@W' B2SAaNepiais Srigt é&k@mﬂq(ﬁ& as in
way R et Yed REItGrEE ©of\cLftured for 3 days under conditions of 5%

CO2, 90% air humidity and 37°C. The cells were grown in DMEM
supplemented with 15% FCS, 2mM glutamine, 50 U/ml penicillin, 50 pg/mi
streptomycin, non-essential amino acids, 100 uM B-mercaptoethanol and
nucleosides, but in the absence of a feeder cell layer. Furthermore, the ES
cell growth medium was supplemented with Leukemia Inhibitory Growth
factor (LIF), 1000 U/ml, to assist maintenance of the undifferentiated
phenotype of the ES cells. After 3 days culture the cells were stained for
alkaline phosphatase (AP) activity (Blue), which provides a positive marker
for undifferentiated murine ES cells.

For both cell lines there were obvious differences in colony morphology

among the different structures (Fig. 12). Generally, the CJ7 cells tended to
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suitable for identifying bioconpatible structures that

w@eosnados1 €. g. hi gh col ony nunbers. Further nor BCT/RB2009/056443

10

15

20

25

30

counting output also estinapbes the total area covered

by the undifferentiated ES cell colonies (total ES

cell colony area) and the total area covered with

cells (total DAPI area). For this purpose, ES cells

were stainedwith 4',6-di am di no- 2- phenyl i ndol e [ DAPI ],

a dlﬁ@oerd'atemorettbalmtmehmHZOateﬂf‘psorsthaﬁtgtuqtum biiAthenel are relevant

whi_ch can ss t nt act c r anes, and .
heRplheiiRs’ ChR ohEof B FEAY fREgr&ie neionts form
DARe || HefihBg GoGedl colonied With A thl\hby falt s eafRNSRUCture height the
m croscopy, excited with ultraviolet |ight. Wen DAPI

| sC@QUKP@ o Fdolitrnd i flattere @UbRAd|lese &&sgmln@nntﬁaﬁitynﬂﬁ@lomes
vvh @Nr?’%ﬁ Ng R dsth&c?ur%n%lrsezgt&gﬁgg@ dBHH‘H 2h ré%c%]({j?ééhP staining

appears cyan count'ing was

usmﬂerﬁs)tyq@’spbbfa}/lytfbe thi@@d?t Selﬂsbthas' refebct m@am as the structure
Berlment described in fig . Due to larg

eight &@wq*reeoFehywenemrséw@wr@ﬁéh@mkéwewmbers are reduced
t f
2 SHEHUTE 1y DAGHRGERA R o s
wher encréasedaolbay slizteeasderdducdné\mlstmreangt fﬁbedwlooc&yl lines respond
ai Aeesuly s e i saieisn ChgonnimmeSPries: Bry AR whereas

WeKﬂZOE(BIBhIé%dat%nsﬁltaﬂ UGk &SFindlaesfd tr88ucld R plRTbe¥ corfpared to
mm or 4 nm and =1 mor 2 mm while the | owest

cotmn/gr@mmmm@pmelpgy@maatrucé@redmwaws 1and X =2 nm 4
mmor 6 mm Low col ony nunbers were seen on all K
structures The effect of the different tested

i bl f t t be f th
rr BT Rotieciates il LPRoRpieE Nudfusrrotveat ot ES cel
Wi gi‘bvﬁh%@t{érn & Wﬁhﬁfé&?%sm chitoRrted icoumting df oy number.
ive rise to the highest ES cell colony nunbers,

\méﬁg@agnem@ge was hearapeed withuemappalx epanéngi based on  colony

° b@%{‘@sﬁw\ﬂﬁ{éﬁmnwt&ﬂgﬁ re, the figure confirns

tha nS|onY=2mﬂor4mﬂ
gi ve rlse to the highest colony nunbers, depending on
t heomglaisonef ManTauandwaukemateddeountingeef unditiewntiated KH2 ES

??h@%i%: g(ﬁi b)gf v%a[g:t h%(gl mggu{bnﬁ]&e{ih COUI‘]YI buec%nsistently
overestimates the colony number. However, the ratio (automated counting
number)/(manual counting number) is relatively stable: 1.5 + 0.3. It appears
that the characteristics of colony number development on the individual
structures detected by automatic counting are in agreement with those
characteristics detected by manual counting. A similar good correlation
between manual and automated counting was obtained for the CJ7 cells.
This confirms that the automated counting method was suitable for identifying
biocompatible structures that generate e.g. high colony numbers.
Furthermore the counting output also estimates the total area covered by the
undifferentiated ES cell colonies (total ES cell colony area) and the total area
covered with cells (total DAPI area). For this purpose, ES cells were stained
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reveal s that unfavorable canditions for the
proliferation of undifferentiated ES cells are
associated with surface structures having | essthan one
protrusion per 65 m®2 and surface structures where the

area of the protrusions exceeds 25%of the total .
sumithcé',endéamidino-2qineoysnddiat [[ypeil.nal flpptescest eataion tmﬁt binds

undj f f erent ated ES eIIs are associ at ed th surf

ot Plicedly a8 PR S eit Bafrasinirordhaniat] sy dMegFenes and
shieseby ®er 8t t@R3dh bARtIWeeand Hiregtdalst UDAPI&ItEIREE cells are
and the ES cell colony nunber for the CJ7 and the KH2

cefieteciaredy fluorescenes toiceascaBy c xFitetb vy UHTAMRIEt fighim When
t DAIAL Bl %8 oblofe difarlel BNANS BsBiBh bttt 358 nm

earl I NCreases w structure

andnd Iits&nafséueotmaﬁrrmeis &tot6 boeinh whidH appetas blug/tyan.
toget her the data anal yses reveal ed that structures
with X=1 , Y=2 or 4 and structure hei ght 2 4 mn
generate the hi ghest col ony nunbers,

Pl 6HF%@‘@HC%D%'BQQ/VWW¢W%B? %?nfB‘V tﬁ%lﬁ@@'@fml?t%}ﬂdcfmm the

ot EATRnCAiciced (TG 05 SU0BYRENLAL iPATERIHDoers on

gelti?msmffaelet 1strattdn5e dmejglplat itblves snedessasy Ihnava;mi;y different shade
|

t urf uctures can be used to pronpte

hi SFAES el TRTRBEPEER | {Isn{ﬁﬂe WHSTB e GATKET The ghade the
Ol Prtﬁgoé& ||1 VHJ%‘?D liAnYe eEoloh P N f d th
str@gture © )Q ﬁg %t al ned% f)gcq o?épeh Soased as e
st dimgngies ocﬁrx tdleereysed,t Frh@f higBestetdlonywarinelxersi wete obtained on
durjng seri S 7.and K ES cells. /After
s tUduES, yherd T Aoy G5 2 U bl ity 8K s ddrhg 2 k.
OCM'm s Nes cﬁﬂ%ﬂ{;ﬁﬁﬁr‘n%ry%@os@héwWh%ﬁ @Qqcérﬁc? X =2 um, 4
for Oct4 and Nanog.” T ES cells CJ7 and KH2 stil
expmearst phe Lowicolpoy enoberamicse seah togralbK strdictioes.
passages respectively on F 1 .2 (F1 .2 has dinmensions
X=1 ;Y=2) or F4.1 . (F4.1 has di nensions X=4;Y=1 )
The CJ7 and KH2 cells al so expressed al kal i ne

The effect of the different tested biocompatible surface structures can be

further seen from figure 15. Surface structures having protrusions with a
small minimum cross-sectional diameter (small X) give rise to the highest ES
cell colony numbers, whereas those with larger values of X gave rise to lower
colony numbers. Furthermore, the figure confirms that structures where the
dimension Y = 2 um or 4 um give rise to the highest colony numbers,
depending on the value for X. Thus we have identified a local optimum for
colony formation concerning the Y values (the distance between the columns
of the structure). By extrapolation, colony numbers will be further increased

on structures having an X dimension of less than 1 um.

Inspection of figure 15 reveals that unfavorable conditions for the proliferation
of undifferentiated ES cells are associated with surface structures having less
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generated on F4.1 retai nedstheir norphol ogy. Taken

together, these results indicate that the effect of

the structures on ES cell colony formation is

sust ai ned during passagi ng. Exanple 4 Gernline

potential of nouse enbryonic stem (ES) cells obtained

by theer orzé pptassa) pgr 66 Lhdandpaifate strectufes ebere the area of the

Cr RiediAT peiredis 8% fof e Mol s Miaser figtr ot Talowsritiat optimal
geprlikdratieet et bﬁélﬁ@ﬂfen%?eoESESeldeﬁs faF&'ﬁé%dH?ath With" Ssurface

serial passaging, was tested enploying the blastocyst
i npleactuces thadfutdbbotburdniditedsi n Fi gure 18. CJ7 cells
wer e passaged on one of: a bioconpatible surface
structure F 1 .2, F4.1 ; gelatin-coated culture

Pl EigRSe 1& SIHEW %é%l@h@rﬁ@ﬂyb Qiét\x)béﬂi‘ theedeetuteHesghts and the ES
(according to exanp CJ7 cells from each t he

cePell polony uraper i%rt% Hoand the Ky salhiings. W\A& the iadal ES cell

, CEFL AR AR ARl Ral B o B2 Sl g Colony
pupgmber elezelyactredséowithrerdtune. hdight el this pHisstdgedentor both
F 1 .2 or on nedia conprising feeder cells naintained

gef®H {iIMRS-potential, while no germine potential was

seen fromcells passaged on F4.1 ; or gel atin-coated
culture plates, showing that at |east cells passaged

onAtl Hegéther Zhetdahatamadyseai mt/aialleeldthtahstruatnm@sk I\A'viﬁth:o, &2 or 4

germ 5 ldentifi n_of b| bl e
Juphaslttonss Rglta HE denaraihe Hetest ol GDuR PEtR h
of nouse errbryonl c stem(ES) cells ES coI on| es gr own
invitro are seen to flatten and spread which is

indicative of ES cell differentiation (fig. 10). Thus,
coEua;npieﬁphoI ogy is an obvious and generally accepted

R e R A L AR
ar 6@II§“|§‘H§a|hf‘a€inéﬂ ®furing serial passaging on biocompatible surfaces

The previous examples demonstrate that biocompatible surfaces having
different surface structures can be used to promote a high ES colony number
(for example structure: F1.2) or to promote low ES colony number (for
example structure: F4.1). The sustained effect of these structures on the
growth of ES cells was examined during serial passaging of CJ7 and KH2 ES
cells. After each passage, the ES cells were fixed and analysed for Oct4 and
Nanog expression using antibodies specific for Oct4 and Nanog. The ES
cells CJ7 and KH2 still express the pluripotency markers after 6 and 10
passages respectively on F1.2 (F1.2 has dimensions X=1;Y=2) or F4.1. (F4.1
has dimensions X=4;Y=1). The CJ7 and KH2 cells also expressed alkaline
phosphatase in the last passage. ES colonies generated on F1.2 structures
retained a compact and well defined morphology during passaging, while

colonies generated on F4.1 retained their morphology.



that has been ascribed to the ES col onies, provides a
nmeasure of the extent of ES cell differentiation
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structure. Accordingly, thesdifferentiation index has
been determ ned for the ES cells grown on the BSSA
waf er according to Exanple 2 . Fig. 20 sets out the
determ ned differentiation i ndex, where a darker shade
corresponds to a higher differentiation index. For all
t ypekentogainendeessa rastitariedicate: baf then effectefdbe dtructures on ES
val ulg olf tge di,nensi on, X | a to an_increase in

di FFePeRtY r”bart'ondaé%SEaJP_‘%)oe ULHPISSEPNG: x=1 ) . Al so,
structures with Y=1 and the K structures had
relatively high differentiation i ndexes and, overall,
thExamn @dent i ation index increases with decreasi ng

fur éﬂ{ngeg‘alt?‘ﬂﬁ?l( ??ace s%mﬁté\fgﬁ gtt Wﬁ)a)v{:eélﬁ S%éot?med by

hi gériabpasyagingtun bidevmpatibkvsuifaées ent i ati on | ndex
and structures with | ow col ony nunbers have hig

di AN SOWIRa SiepsKBS profeeds fanthe %ﬁ@“%t&@@ﬁ”ﬁ%ﬁ'%w ES
NUBRDIR! § ﬁ?%nt |Het|g:uﬁé 985¥nhd gfetrﬁLﬁé‘Ebfétrft@Pof @gﬁﬁﬁcé@}fsefollowmg
obt al ne

r own tructures wt
heinghitroskrial ﬁassaglr‘@(amsl tesedStmployofg thel ttlastongsthinjeation

nb 1 A bj tibl f
" eriat Gl iR g bt obi? B et passaes & gpg of: a
IOI Hfchﬁtp%‘ttblecﬁlr\‘a%edéiFddt% £, Q'TFKHE b@tlﬁ[ccﬁa@é& cOR&e (tes; or

human bl ast ocyst and general |y cu tured on nouse
errme;damsl@pmleme@tﬁdamtb feeder)cells daegord @getoﬁxanHHe SyeCHf cells

i ff ted,cell ISI‘OUtI I vedb I

o b G Lol PG GPnRadobs By edeq bRt Prfidod el inah
Paﬁfi]é%téd Mo NdRScyis whidpsRErERiplahibiin @uﬂ’@géteeﬁnbth‘éig Among
feeder |layers. This nmethod is very |aborious and t

cofiireffRpriagdchimes Mmale ®ups wergrsgeded far Q’@Ed'ngupﬂﬁrcé”s
Eﬁ%%scb&;é‘anc%n F—’tl ZC&J o't; Egﬁt'pﬂ$ﬁ§ fg@&érec%llg%gﬁltélﬁ?é;;gml|ne

senc feed

ar pomnpalemﬂmlelrm g@rrrﬁlmfe pdtentisl evay sddrSfroml dellsipassagad on F4.1;
cell therapy. and hlgh t hr oughput dr q
or gelatin- coated culturé plates, showing that at least cells passaged on the

F1.2 structure maintained the capability to go germline.

Example 5
Identification of biocompatible surfaces for promoting uniform
differentiated growth of mouse embryonic stem (ES) cells

ES colonies grown in vitro are seen to flatten and spread which is indicative
of ES cell differentiation (fig. 10). Thus, colony morphology is an obvious and
generally accepted marker of both pluripotency and differentiation.

A differentiation index, based on the total DAPI-covered area minus the area
that has been ascribed to the ES colonies, provides a measure of the extent
of ES cell differentiation induced by a given biocompatible structure.



di scovery. To neet these needs, hES cells were cultured
on topographically structured surfaces in order to

waoledsnsiose whet her these surfaces can support PEBEP2009/056443
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growm h, whether hES cells @altured on these surfaces

mai ntain their pluhpotency and whet her the hES cells
continue to grow and mai ntai n pl uhpotency when

cultured on the bioconpatible surfaces after

subsequent passagi ng. Met hods Based on previous
scAeeoidinglyf thehdiffardritiationtindex hasdsedry dateBnist ferctne ES cells

St t SS, fer,. ' , S

cuPHNE STy 81 B4 I ErBiuad 38, GiftBR 2 £ Ao out the
of defepm@dd sliffdreltiationl ind®x, Wiére, 4)darkér shalle, cdrdspbnlis to a
wherein the helght/depth 012 the features (projections)

onhighen diiferepserioztinded 5aF fac byprsr ef susfage structure tested, an

Pr el it na ri howw i iati
L eSS R0 BRI S R b5 LA ARl B Bgerentator
onirglekf @¢ed F(XE4 4) Xardd >F(KE1,) 2 AlIsd, hstriadivrdsolithi Wg10and the K
these two surfaces, Undifferentiated hES cell

(KeTUgyDss Ad uielativebr dighi Atftereriition dRdeKeserIdopverall, the
fi . | ; : Bt .
obf e R oh Tl R erRes T 0Bl R gTREMATCGRIMELR! (U6 1m > 1.6

mapomak 34 qu). fir isnfutther s&én ftiestdsurfdcaystrucures that give rise to high
by BB BPErss hAYE 0w L g BiaBor ek e R P Lwith low
t heoleRY Itiniare Haheakgs oﬁ'rfgérggfiﬁcifﬁsmekés gﬁ’@% ¢ otHddlowest colony

adhere”to the surface. o this, undifferentiated
hEsumders hagddhe wargeshdilteréstiation indexess atd pbigiraeforapealls grown

Prghals Plublies TR 08T 6 80 very wel | on both 2
surfaces, F(1 ,4) and F(1 ,2), the next day. Adherence

caEacity conmpari son of the two surfaces reveal ed that
noF¥agwle 6col oni es attached on surface F(1 , 4)

COgRRGy Bf Blithriny h@han émbrydnic stem cells on biocompatible

surfaces

Introduction

Human embryonic stem (hES) cells are pluripotent cells derived from the
inner cell mass of a human blastocyst and generally cultured on mouse
embryonic fibroblasts (mEF) feeder layers. Passage of undifferentiated cells
is routinely achieved by manual micro-dissection of hES colonies using finely
drawn Pasteur pipettes and subsequent plating on fresh mEF feeder layers.
This method is very laborious and time consuming and unsuitable for large
scale cell culture. Development of culture techniques where hES cells can be
propagated in the absence of an animal feeder layer are a prerequisite for
the use of hES cells in human cell therapy and high throughput drug

discovery.



Furthernore, cell colonies were also tested in
KnockQut serum repl acenent (KOSR) instead of serum To
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nEF feeder |ayers for 4 passages and then transferred

onto the F(1 ,2) and F(1 ,4) surfaces. It was found

that the cell colonies settled down inefficiently on

either surface F(1 ,4) or F(1 ,2) by the next day.

However, a relatively |arger nunber of colonies

adherraeet ihesarrfegds, FES cells wamcwlmredrdratapog(aphiczelly structured

Thi s .i ndi cates that, K surface relatively nore

of PILRER T e 0 HeiEnREwheter Laef EiaRes € SpRrt nEs

t hgtovithe wréther ahESCveds nbgifurbat bar théesd r"sﬁJrEelé:refs<’71‘i31f|?a?|nta|n their

whén cultured in serumthan in KOSR Cell growth To

asplripgtencyt apngsvietnes bgnhpSolcefiereantinga i%h@rOW and maintain

su I

suphEBERngkdMET G Bh I BB Rk ES, ater pubseavent

10passdgihg.bovi ne serum (FBS). The nmedi um was repl aced

every ot her day and supplenented with 1 nm in the

i nteri m It was found that cell colonies grew well on
tRyggaces, F(1 ,4) and F(1 ,2), in the presence of

FB serum As shown in fig. 30 & 3 1, hES col onies are

abBased q@m girefieuat sacreanlnlgjeoﬁUhéadlﬁerentnszlby ahBioSurface

B, TRY RRSSEUIETED SR GaUist AN dAESHE Py fougssuraces
Vagy eV klettdt k&fthbocdlhu‘?é%fg{me@@ @'F(ﬂez() M 4). F(4, 1), G(4,1)

(Invitrogen), fig. . Mai ntenance of t | uri pot encv
of whieeinESheel hsng1nt{dd|@thernf ndhef fepwrees (@é(bJBStICmSé on each

¢ nebf iR et e 4Gk FRURT AN 1 PR fmPRlpRRd already
anghé\hﬁ' thad g hoedgt | K|ﬁ§ts406ﬁ€%@"[§frfd6h 28l 114y - ) -qrew better on

rrages are seen in Fi was used
st aurfacgd E(He4)mam|de|F(1;Z)1 4heechy tfoeusing i poi dreseadwor surfaces.

coPraliEenied G P (Reldel LUk FoSONGR Blaiemg on mouse

o6 ifibrelabp (FEF) Ridder 1dyaveeln elediumt udarmtgurﬁmvg 10% ES
the surfaces. This indicates that majority of the

cepragearBSadndifieseniated aploniasewerqomanpalefelrem thaenEF feeder
Suraygpegnéu%BFé&lmately 5-6 pieces were plated onto each of the

biocompatible surfaces.

Results
Cell attachment

First, the cells were checked to determine if they could adhere to the surface.
To do this, undifferentiated hES cell layer was manually cut into small pieces
and plated on the respective surfaces. It was found that the cells were able to
settle down very well on both 2 surfaces, F(1,4) and F(1,2), the next day.
Adherence capacity comparison of the two surfaces revealed that more cell
colonies attached on surface F(1,4) compared with surface F(1,2).
Furthermore, cell colonies were also tested in KnockOut serum replacement
(KOSR) instead of serum. To test this, hES cell colonies were cultured in



To summari se, hES cells can grow very well on the
m cro-surfaces F(1 ,4) and F(1 ,2) having a feature

wahedghsdodept h of 2.4mm and mai ntain their pl ubpDERIOY056443
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as denonstrated by Oct4 expsession. Cells could be
passaged by Col | agenase 1V digestion, however this
i npeded cell growth. The invention according to a
second aspect. This aspect relates to the need for

i nplants to be successfully incorporated in the bone
ti KO&Riom aﬁ%feederday@rsrfogéoﬂassagerso@md thesrutrapsfexgidoento the

b TS Brd T girade uat Touar et e sied ool gl sittied down

ti mﬁméﬁtlwyﬁ%uﬂw@rb,@r@célrg(ﬂuf)l 6aRt1 Ry 99|tﬁ@1 rﬁ@& day. However, a
successful longtermjoint repl acement s. ngéant or

detgletivahniaraer BURber ateolpRigs agmrem EmﬁUféa%@(E( stham tersurface
t 1
oS EPRRRTAR LGB B kel B PO LGP G BB n oo

Thattachirhent thearsuraice (7 (0\2) diest taabtmmmaéttdﬁhedrmum batter to the
or structure, which supports bone fornmation by

exﬁ'i“éf%%qso\ﬁh%'? cydyreggB serym4Ran BsKERHal ci n by
bone-form ng cells (including osteoblasts). Othopedic
inmplants have a limted lifetinme, where poor adhesion
beCedagromith i npl ant and bone tissue can lead to

o S0 RRLETZHh T St Bhgam GBI TEiTe tom ish S ECES, dhE il folonies

Of webd PPREATAM tRE SLPREES GRIaC EMiEd hﬁn?‘r’ﬁloﬁEBn&eGQJH'n Soontalnlng
t hereby 1 nproving the bioconpatibility of the inplant

ThéO0%r Estahtoovingeseriuon (FBShabwl madiurevas cegjaced evenhather day

o B0t tbpletRghtel Witk o ot 8 inBFRR o \BES Tt fral sl golonies
bygtéwwéﬂldn SotAistiResy| F%W)&a’ﬁd F@hzi)sm ie prestheslBhEBS serum.

t hat gene expression in bone cells in vivo, and in
vitro, may depend on the provision of a suitable

SUAMGHYWA, ih G V‘%b@Bﬁ hﬁEgedohoﬁ“{igfﬁreaéﬁlgctg P élﬁgl%% to‘notH!a%Prfaces

t he nventlo recogni zes t i mensi ona

ar trh@eeretalretheosuzeopbgafamhxcolom@/ noréasees 30140%e each day. The
mcroenwronmsnt of a cell is acritical factor for

abBREPhRleg e 95 BES £Rlkcolotiesh IFHN A e Shifacssewas very similar to
POfRIskl frolthGPEBHI:IM ROk Dgeh) RNG2asPect . the present

Maintenance of the pluripotency of the hES cells

To determine if the hES cells are able to maintain their pluripotency on the
surfaces, the cells were grown for a week then fixed in 4% PFA and stained
with anti-Oct4 (Octamer-4) antibody. Images are seen in Figs. 33 & 34.

DAPI was used to stain all the nuclei. Oct4 is a transcription factor localised
at the nucleus of undifferentiated hES cells. Fig. 33 and 34 show that 50-70%
of cells were immuno-positive to Oct4 after 1 week of culturing on the
surfaces. This indicates that majority of the cells are able to maintain their

pluripotency on the surfaces.



i nvention thus concerns the provision of a
bi oconpati bl e materi al whose surface topography

weor@ats®sa speci fic m croenvironnent that may PODEPDBI/N056443
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expressi on of osteopontin &md osteocal cin by
bone-formng cells and |lead to a better integration of
the inplant into the renmai ni ng bone. O her cell
functions that may be influenced by the topography of
surfaces include cellular growth, expansion,
isﬁw mgration, differentiation,

ff tiat tr t L1yl :
or S TaFRERS: BEE calf AR Bbws VN ol o Meamigrorsurgess F(1.4
frapy np(f'qoz) tr%vmgcrao‘f@ﬁh?é HdIgRdetts Hf 12N @Rt dr@“%éﬂlntaln their
scales for the problemof providing a bioconpatib

maplripaiency . asviemoastatedeb R4 gxprassidre lekscmmdttbebp@ssaged
P 87 UllaGin b f dieSfor iifeier usimheany oBf groWh ' o

bi oconpati ble material of the invention. The

bi FREMAGENEILR FEROPAINY toPh sebbHAldEpRce! the invention
may be identified by screening naterials with

d| fih @r@ﬂect mla@séottb@ogedmlmamtg ta becuseassiylly worporated in

thai [ OV de dt rent ﬁ te t ppogr.a hiocal d
oY popseisSys i gFdar iy e, godd Shyeat, tespl it Advances an
errﬁéémrsrrfavﬁa%eewaemb@ed\lm 7as iafed adrifg ah@um defesag®| but |mplant
2), von Kossa staining (von Kossa, J 1) Uebe

d| @qsmoggamrélm%cqzrumh@a tpcbe éﬁﬁh@ﬂ?@ﬁ @noblem for succevetul long-

P
15 Bb 5O Ehingriiels, 28 PR Oevle Ry @ Burfecs, that can
VI ponmoteee ppsseidh oﬁb@teoponm andMostedoaiin irebdne-formingleslls may

a tool for deponstrating the gropertles of the
bi BeRyeratthe aiterIpe af dreagmentreDaskARNitBAIr 438 f bhus, the invention

Seg?&/‘idé@ aSUbﬂoeB}@ |Bl%°9ﬁ§i%'?iiaFaJ)r SétFL#b?ﬁr‘ér e%hﬁd?latsuptporl‘]s bone
pronote m neral tion. exanpl e of a $creenin
s ufdrataltienfoyrexpnession e€ostegpohtin apd gsigutabaih bytbometforremg cells

n¢l udes al |l ed BioSurface Structure Array (BSSA)
vva?'@& 8559908 ?LO@ '\ﬁg a top view of an exanple of such a

bi osurface structure array wafer. The BSSA wafer 1
conprises 60 tester areas. A nunber of tester areas 2
ar erthepedichinplants hawve at lireifed dietinngt wheen ppooeébse@nt letween

M}%@ﬁéléﬁf %ﬁdr irogg {sfﬁﬁgfqv@nqo 53586 Q|tO|C¥fIO ? thseulrr;]&gﬁﬁ Thus the
invention further provides an implant surface, which supports expression of
osteopontin and osteocalcin by bone-forming cells, thereby improving the

biocompatibility of the implant.

The present invention is based on the recognition that cellular functions that
direct gene expression, growth, and/or differentiation are strongly influenced
by the cell’s microenvironment. Thus, it is thought that gene expression in
bone cells in vivo, and in vitro, may depend on the provision of a suitable
structure to which the cells can attach. In particular the invention recognizes
that the 2- and 3-dimensional architecture, or topography, of surfaces in the

microenvironment of a cell, is a critical factor for above processes. There are



substantially flat. Consequently a control experinment
is inherently included in each parallel screening test
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areas, designated S 1,S2. .57,S54, conprise respective
structured surfaces as described herein. The tester

areas are squares of dinension 10mm x 10mm A wafer

for use as a screening tool to identify structures

t hat induces/enhances cellular functions such as

m aengliag at d'dsﬁerergrpmsrblamdcgmmiremneeﬁillomnm@/sua@t, the present

e ynEe ofce, et e orBloftha BhohFoR ol Thega, whose

or slid ¢ %pdd?ﬁprﬁ lchswe 8 & L‘E@dﬂﬂdz Cﬂ#l@ﬁ)érﬂﬂbnﬁfeﬁt Krﬁlét\/\maQSenhance
such in the art:” Photolit met hods:

h
PhEXRIESsIReRTQsigonantia @vd;@ééggnghy donederming egliscand lead to
JeaTRLALE IMBRARPRS AL AL A HE R bIARE Thpe, Other cel

phot omask t0 € surface ure

SUflfrmoen@fthat \wad\eroe ﬁ?lﬁmlcbahbgrtaehnopegtamvebf surfdees include
mni mum | ateral feature sizes ranging from around 1
ni EelbHRt er OfQVBel o WX PABRANI s IBRRHPNas dJURAtion,  differentiation,

ghﬁ/{f@ éhg 'hBHhiY] L OF it Pc%ll@l oﬁjﬁrﬁﬁétﬁﬁp e'té‘ As Broteins and cells

em con ct or VI ces
Tecdnyel ingyize Znodn Bdnot tmmldrohmeWrItbgsaa&)nsleQ@ﬁIZength scales for

Chagpter  12: Lithograp and Et.ching; apd in Plunmer,

De%l% pr@bjlqr’@i hprcé” ng %@ﬂ%ﬁ%‘ﬁﬁﬁ%&é@? Fundanent al s,
Practice, and Mddeling, Prentice Hall 2000, Chapter 5

: Lithograph E- beam | i t hography: In principle,

E— beMﬁﬂﬂW mfv gdepronsisating tbselemeprbg propertiaseofsand the

p h 8 'ﬁg‘gﬁspg‘?@?‘g‘éf@@é@ﬁ ‘2 §g klg% H"orlwig%iegf n{’ neralization, by

pafhié bwo’ﬂmgbhmehe&%Mﬂm@ mnehﬂoaround 5nm Hot
enbossi ng t enmbossi ng uses a naster stanp

i mphe riogarepatine mﬁﬁaade@reﬁr@uweeofsmeuavww maydw iﬂ%‘ﬁ'ﬂed by

SR g M T S AP BB D o e oo

assay that prowdes dn‘ferent candidate topographical structures.

In particular, a mineralization assay, employing for example Alizarin red
staining (Example 2), von Kossa staining (von Kossa, J (1901): “Ueber die im
Organismus kuenstlich erzeugbaren Verkalkungen.” Beitr Pathol Anat Allg
Pathol 29: 163-202), ectopic bone formation (Example 3), and in vivo bone
formation/bone ingrowth (Example 4) provides a tool for demonstrating the
properties of the biocompatible material of the invention and for selecting
suitable topographical structures that promote mineralization.

An example of a screening tool suitable for the screening of topographical
structures includes a so-called BioSurface Structure Array (BSSA) wafer.
Fig. 1 shows a top view of an example of such a biosurface structure array
wafer. The BSSA wafer 1 comprises 60 tester areas. A number of tester
areas 2 are left “blank”, i.e. they have not been processed to have a



using a w de range of polynmer materials. Hot enbossing
provides a |l owcost, highly versatile manufacturing
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for uses ranging fromrese&ch and devel opnment

applications to high-volune production. H gh aspect

ratios with a very high degree of honbgeneity may be

achi eved for mcro- and nanoneter scale structures on

| ar ge-si zed wafers, such as 8 inch or 12 inch wafers.
Featructareds iszgfaceelConsgquenthy, ethposugifacaes oftike ntestesrareas 2 are

¢ e SRS AT 1 S EGuchivea ot el ¥ty ncluded in

Pr ea€rs gRsalldlderé@ing aestnwithved Bsstmgcn@e@chw@nmé remaining
the bi oconpatible material or structure include nano

i nfstenrt arpehodlesigiated aSdrSAbl 294 orconapiés cespeetine rgructured
pl y 9 :
0! SRR LB ta A 28 SebbRSHE AT 2 EIRRK B gimension
a ¢omes xs®mimonal view of the wafer of Fig. 1. Fig. 2a
shows a cross section of the entire width of the wafer
along the line |labeled A-B. Fig. 2b shows an enl arged
Vi gw t f. the 0

ar BacatEh oL UEE! U 12 PR B0, ettt sfRicles tha
patrldelcesa/enhabsesr aelmlarafwectlmﬁsu@] gs nainerdlizaton Igmwth and gene
and a surface | 23, The surface of t
e raERsan Gy BYy et iiRstEe cHogr SBRPesYoeiducligh Techniues.
pr evhe®iel o %r@&éd@@&tférrﬂﬁs ‘Pﬁhﬁuﬁ§ct§l=€ﬁﬁ<9@§e Qﬁné B2 more of the
respective tester areas 1,
st falloming:techaigsies themrﬁlkmwhas Bhch in tiae art

R S i U

cover edgligh ant WihicH &Flcséhéﬁéﬁﬁpﬁté}ﬁbdﬁrezararﬁb?@r/r@d from a
a surface layer 23 of a different bioconpatib

mat er i apheteoraskstotthatsariase ée berstrustived, g dhe sue‘a@ee of a wafer.

& amondPTPRURgr B caBlns 0, HRinthCTaRp, foature sizes

oxi de/ nidrigire frohh &rduRdoT mib@nyeter fo beleMo §OmmSis known as such.
Bet ween the tester areas there is a "bl ank" border

area wi PRORYthagraRhyur erogessest rsepslegeribed in e.g. S.M.Sze:
Semiconductor Devices, Physics and Technology, 2nd Edition, John

Wiley & Sons 2002, Chapter 12: Lithography and Etching; and in

Plummer, Deal, Griffin: Silicon VLS| Technology, Fundamentals,

-':{

Practice, and Modeling, Prentice Hall 2000, Chapter 5: Lithography.

e E-beam lithography: In principle, E-beam lithography can be used to
expose a photoresist in exactly the same way as the light is used in
photolithography. E-beam lithography has a particularly high resolution
up to around 5nm.

¢ Hot embossing: Hot embossing uses a master stamp to imprint micro-
and nanometer scale structures on polymer substrates. The method
allows the master stamp to produce many fully patterned substrates
using a wide range of polymer materials. Hot embossing provides a
low-cost, highly versatile manufacturing method that is well suited for



area has not been processed to have a structured
surface. In this case the width of the blank border

wearea/1s@®sD. 3 mMm A bl ank border |ine aids vi SUPCT/EP2009/056443
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alignment and identificatioem of the structures. The

bl ank border further serves as a small control surface

next to each tester square.lt is noted that the fig. 2

is schematic and not drawn to scale. In particular,

the vertical dinensions may be exaggerated to inprove

r eadabi thet ynanufactOnenbt BSTbnporsiusesn rafgiag from research and

bi oconpatibhle material of the [nvention Enbodinents. of
b ocoNpKAPBTE hetricafions 6, PR (L P odiog. High aspect
vari et yrfifos§ @ithEa vélbycHPWdegr@eU@ﬁh@@bgbﬁ@ﬁ)ama)Dbeaechieved for
bi oconpati bl e coating for use in the manufacture of a

medi cal Migret @AE nanometek scrle SLCtres @NJRIGe-sizrd eafersg such as

a surfag ?néffoP?Z ﬁ?&:ﬁ%gl%ré.q:éenﬁre%eéi%escb'%lll)% f(%rhr'}é\’%gégp%ggle. The

exposed surtace Wth Striuctures suppor

cel | ul amdsterctdtamp emgy @eovsrodocedli bfereegt i Blbeam ofithography
neurons or enbryonic stemcells in an undifferenti ated
state, €CANQUESe culture surface or e. ti ssue

g.
cultye ' | £ ' :

t hese s%%f%)&rag@l%rébg pﬁ@p@ﬁﬁﬁ Sg%)égt (%Hefg@ C:Is,agsréugclt%%lrt ?e}%éyot%e involved
t he surfrattee produdiion of shee biodonssatible whaterial pl astucture include
neans an ol yners that can be used to produce a , .
surfaceng’ﬂ‘gt' it th%@@%f’or‘a%ﬁ*oﬁpﬁt'@'ﬂ’ &b?ﬁﬁcqﬁnef\?h% plasma
in cell t tinMaei4EY s tifig 01 88 i bl tchi i
mat er i aFﬁ%b/ g(%cfaulgghrggnay cor?r%];si@%’ ags@bst at g%faafze'P‘:” micro
and opt machidiyg, ax teetikace | ayer. Suitabl e base

materials for the preparation of the bioconpatible

material or structure include any sem conductor (doped

or FRPt> §96\0sa crdssidegtienamejialy: oftheBlvale®pf¥8g. & FRL @a shows a
nitride, an alloy, a ceramc, a | ymer, a co-poly

a_ cwspasictien of thie @gtiteewidibraj_thwtpa_gﬁﬁyalangdmrﬁee IabelggrA-B- Fig.
o SBHVR AR 4B i8IS SR L o STRALR ST R e st
t haresy freewafdrer hagnPiayeesd atimteeiintiutimgt a patterned substrate
layer 21, e.g. a silicon layer, and a surface layer 23. The surface of the wafer
is patterned, e.g. by a photolithography process, to provide different patterns
on the surfaces of the respective tester areas S1, S2, ..., S54. The structures
have a depth/height H. In a photolithography process the height H is
controllable by the etching process. The patterned surface is covered by a
thin layer of silicon dioxide 22, and/or a surface layer 23 of a different
biocompatible material such as tantalum or any other metal, metal oxide,
metal nitrides, metal carbides, diamond, diamond like carbon, semiconductor,
semiconductor oxide/nitride, insulator, polymers, copolymers. Between the
tester areas there is a “blank” border area with no structure, i.e. the border
area has not been processed to have a structured surface. In this case the
width of the blank border area is 0.3 mm. A blank border line aids visual
alignment and identification of the structures. The blank border further serves

as a small control surface next to each tester square.



is sufficiently bioconpatible to enhance the
m neralisation of bone-formng cells. Exanpl es of

waereas®si ayers include a netallic surface depPeI/EP2009/056443
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e.g.tantalum titanium Ti A -V alloys, gold,
chrom um netal oxides, sem conductor oxides, netal
nitrides, sem conductor nitrides, polyners,

bi opol yners, or other alloys. Preferred surface
conpositions for inplants include tantal um or
titaniun1 In sone enbodinents t he bioconpatible

58 egbe A B SRR SR e SRR Babuir, e
dep@ﬁ.bbedin@nsm%b%e%yab@er@é@@@ﬁﬁpmfragéa@mty

surface layer of said material or structure. For
exanpl e, said conpound may be selected fromthe group

.ol . - .
G T%a CafRosRig B i BEbhREnE MR o e pyorton
hoEmbaelimengadli 8 bﬁ‘@ummmle amgterinloogatniictu o MeguUiatte a variety of

Preferably, a growth hornone selected fromthe group
c oS ﬁHﬂ“ 8f BWP, EGF-1li ke, TGF beta is adsorbed or

bound. tg tgys rf”% Bl of Ng ‘fWﬂ'ﬁHlé’l ?o%ﬁ{ege#gf’euse in the

111, Stfuctura pertles 0 |ocon'pa rral
of the nmanefddtore d!ﬂd rrmdlqmmplahtthe surface of the
bi oconpatible material or structure rgrv\/m ch may take

vari et yadfsSHBrGiuER déﬁé‘éf&ﬁﬁkb%\”%&/éy &ii becxposed 16 the cell
m cr 9“%@%@%%8 rd é)gféehréuﬁfé%e% H'St et He'Eeélﬁip%Ptﬁwg the

W thin eplaned esur ace o
mat er i adesxrecSt:ellm:ltamfmct'ﬁhe etgzrgrmwthoasrodﬁeeérmaand of neurons or

m croneter scale as used herein are. in ed to refer
T RGO TG ST oI P NG T TR S SR Sbout L

and_abolt kR0 IS SETLARIPIRGTe SGRIE ASsHE At has been

herein s inte tore er to en t sca
range omdde‘tembmdlaplaytth&maudueématt blneﬁﬂnmpf these structures on
[ and about

b niki SUHCE B tRa eRpeamsSiR O pEstCipeats any polymers

struct UfI'ﬁHt/cfaﬁpcS& L& S ProdiRRt é‘%ﬁﬁaéé@lﬁbtac%rpbétdséa'f@F‘@rowth of
extendi ng out of the surface of the bioconpatib

mat er i atellsTnevitsaif eglecyfurehe bi oconpati bl e mat er| aI
may include a mcroneter scale

Embodiments of a biocompatible material or structure may comprise a
substrate layer, and optionally, a surface layer.

Suitable base materials for the preparation of the biocompatible material or
structure include any semiconductor (doped or not-doped), a single metal, a
metaloxide, a metal nitride, an alloy, a ceramic, a polymer, a co-polymer, a
composite, a drug delivery system, a polymer with bioactive molecules, other
bioactive compounds or any combination thereof.

In embodiments of the invention, the surface layer comprises a material that
is sufficiently biocompatible to enhance the mineralisation of bone-forming
cells. Examples of surface layers include a metallic surface deposit, e.g.



feature having a lateral dinmension in at |east one
| ateral direction, neasuredin a direction
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substantially tangential teithe surface. This |ateral

dimension is selected fromone of the intervals:

bet ween about 1 nmm and about 20 mm between about 1-

10 bet ween about 10-20mm between about 1nm -2 mm

bet ween about 2mm -4 mm between about 4mm - 6 mMm

betam@urrabohltanlﬁlrmnn TBAR akkryaeergcd@,outchmfmum,lomnetal oxides,

bet ween 1 Zm%tg n about 15 ]tg . boggéweenI

ab8%?"0£’£.‘ X'HS?wéB a b%' efs YEBIR IUEPh A 1G5 POl mers,

18pidRaIy mér@ drpoeberdiegs e PherireaNsudicd OMPB&RIBNsOfor implants

t he rotru3| ons have a cross section with a m ni num
twgi@et@ﬂtaiwalordltarm@t@r 1.0 M- 2.0 nm The

d| sposition of mcroneter scale features at the

surface of the bioconpatible material is preferably

pelr edhte ehtbuglimeatsyrtheobiecombpatible datetdli om stractdrerapmprises
be descri bed by a periodic function having a | ateral

pi feeit 'QPWW%‘F SHER @SSP LIQaeHVE poBHRAMNg: which may
b t
b:?%&ggﬁtor%d@rb(ﬁd m tt% e AL A omé‘urfﬁigrlbn}{r?r of said

tween about 6 mMm
bem/awmlajncaurwcmﬁenﬁw emnp‘ra shiet wepoamnbmaﬂlﬁe seleck from the
bet ween a pr eferr

engw%ﬂm'a? erFg ?Hv%rr‘]tft?Q%( ffrﬁ@ear \é?&pémt?& m}é%?PrOte'” DNA,

ad RAGENtHol; s'a@clﬁ’é’r'udéslugloongrcﬁ&th| groPBe Qr*g%ﬁ\'bs'&ﬂnbéund and
bet ween 2.°0 nm and he maxi mum di St ance,

gajnorganiosempnundniPreienablyr a grawth hewmoone selectad from the group

near est,. ne di, mrensi,on

s Earspu RN, FaR IR Tk T ahSrtopd Sl Be%urtace
fr gieNRo8dmpatolE HhStkyidl.s: between about 0.5 mm - 1

mm between about 1 nmm- 2 mm between about 2 mMm- 4

mn bet ween about 4 mMmm - 6 nm between about 6 mMm- 8

oSSR a O ecfie B a BB L5 ER R 4488 iR Terition

mmn drbpartnof| the dsuifRiectr Gk BitotipaRible elatbhd or structure (which
invention, the lateral dinmension of the maxi num gap

bemﬁé/etﬁkgr@yVQf iedy PEErels ameeserbegeahauen) craIRgises Mictpnygter scale
| s SiRE %R%Lif mor? densfird Within¥RE %Iemeeégﬁr?e%l l?fy thtehs%rface of

Cr oss-sect
the material or structure. The terms micro scale and micrometer scale as

used herein are intended to refer to a length scale in the range of between
about 1um and about 1000um. The term nanometer scale as used herein is
intended to refer to a length scale in the range of between about 1nm and

about 1000nm, in particular between about 1nm and about 100nm.

In embodiments of the invention, the features are structural/topographical
features such as protrusions extending out of the surface of the
biocompatible material.

The surface of the biocompatible material may include a micrometer scale

feature having a lateral dimension in at least one lateral direction, measured



di aneter of the cross section is about 1 nmand the
| ateral dinension of the m ninum gap between any

woeeapnemson and its nearest neighbor (d;Y) is pbDupP20b9/056443

10

15

20

25

30

mm The periodic function e the mcronmeter scale

features may have a smaller period along one direction

and a larger period, e.g. by a factor of 2, 3, 10 or

| arger, in another direction. Any one mcronmeter scale
feature at the surface of the bioconpatible materi al

main Bedigedtionedubsiaatiglyr pachllef to Hee minfasgi or <t rleastuswhstantially

e Gl B e TS 0 SlrPabSFL e o g of e
Pertedals: YEaREEH WUt ONum ofd Absutl 20N BEtWEM about 1-10um;
shortest interval over which the structure repeats its

shhewveerhabalgpt (r20eimg ivetwéen hboui tpumn2t em, sebbeen about 2um -4
features, i eir linear dimension in a directi

.e. th on
pr BN OENGE™D GO0HE M & Wih.REIWSEN3ROU CokBmBatmpPatween about

i : t - M Cr 0 | _
B Blo TR B8R HEpT a0 A chEuReCeRRuC T2 Rum between
r apegutly A0 BBtwédh Bodlitefen Besh: BERASENTEHGULOfS-DOEM.

i nvention, each of the protrusions of the

t opographi cal structure has a vertical height/depth

di pension_equal to.or gr er. than 1.60 preferably
2B el Tresyiien? o bRouke i B BRflTshave % cross
M §EQBRA With 8GAINEM{RPErAES-sketiti A Trambley 108 ARPL Q'.@Fln.

such as square, rectangul ar, hexagonal, polygonal or

starshaped. The top and/or side surfaces of the

feature.are..preferably substantially flat. e

sut e BisPRBR df AMETReTee” s e redblpEeat 46 surface of the
hOb@‘é@mpa@ib%O rhélféhd!j@sfpﬁ@fér‘éﬁ@ Qerib@i@ Q@ﬁ@s‘éﬂbeof Omore lateral
achi eve a synergistic effect of the topography both on

t heirggtions pedemay e AeswiReddy axariedicriunstionhaying a lateral pitch

obt.ai ne . i cal chin . Q. r

or PhE T et RGO T [ ifaR: ewEeh iy L leng 2 wm,
by beNeEH IR REALSUMPHEINEPRABSUtY P8l EhNBtween about 6 um
grazi ng i ncidence Physical Vapour Deposition coating,

CVEI G qanb,i bgtween pibasird Os pmayil GgumT Heetivean ualesutal 6 tma -20 um,
surface of the biocgnpatiblemterial my have the sane

or Dajvwaes ApRUIAVIHBs24 ef erabl y the features at

In a preferred embodiment of the invention, the distance between adjacent

grid points along at least one dimension is between 2.0 um and 9.0 um.

The maximum distance, or gap, between any micrometer scale feature and
its nearest neighbor has lateral dimension in at least one lateral direction
where said dimension is selected from one of the intervals: between about
0.5 um -1 um, between about 1 um - 2 um, between about 2 um - 4 um,
between about 4 um - 6 um, between about 6 um - 8 um, between about 8
um - 10 um, between about 10 um - 12 um, between about 12 um - 14 um,
between about 14 um - 16 um.

In a preferred embodiment of the invention, the lateral dimension of the
maximum gap between any protrusion and its nearest neighbor (d;Y) is



the surface of the bioconpatible material are
geonetric (e.g. square, rectangul ar, hexagonal,

waebtawasiaped, or polygonal) in shape. In sone PCI/EP2009/056443
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enbodi nents, the cross-sectBonal shape of the features

may be derived froma sinple geonetric shape, such as

a square, acircle, or the like, e.g. by nodifying the
corners of a square. Exanples of such nodifications

i nclude the cutting off and/or rounding off of

cobebvern Hbock,1.8uphm shdpesuar el\/lgemeprefdryblslqdheepross -sectional

circular, or the Ilke but they deviate slightly fr
a 9@1”?%@% OEHI%F@Sérse@ PR i apogﬁ?iaw anddhedgteral menSlOﬂ of the

"iEE BapRRALEEA 2Rl (B TISEA KSRl hghBol iy s about

gen@ @i, a 2-di mensional periodic structure nmay be
defined by a unit cell in the plane of the surface
havi ng a predeterm ned shape, such as square,

E@'}%Ho@ 890& eertnfcr m@ﬂéjr %}J@?@&b éé:“hfatyhréa\ﬁen?tsmaller

fic 1
|nn the alle struc base
c_ebéruod; akimgasn@direstmr apdat Iaugerop)snods egg. lsyadaetor of 2, 3, 10 or

i|lars, polygonal npill circular pillars, ram ds
P larddman EBQY éﬁ@c on; ABYOpe MicERMBIANSCals Teaye alche surface
t th 5 ate‘ﬁﬁl )1 Be § adnh thediRly Pﬁ?ne periodic

t he prede t ned aean si ze. These unit cel
posirtuctores Huycdgdhddaienalddlmensmrmeot avieareiotenpenodic structure

t t th t f .
¥ Pl 5k Aefiesf 5t M bRSA BE e B todiC RhabR dlib e thiedength of
defiengrfbrivst Hlérvf"allbf/éc\ﬁhlch Rh@atrbteiid AEpd RS REShhKE.
mul tiples of the unit cell dinensions. In one

enbodi ment, the centre position of each feature may be

T hR MBS e ol s e Fres Bl indMgension
ni innadiredtian erojptwapoat of thesqurtacendogierso¢smpatitte material may
center of each feature is placed on a grid point of a

2- B BAs thghatang-i @r @'@’0 rae‘l%x%?dﬂal' e. athee tRisgiear may have
a ﬁg‘dﬂETde%SthQ nW[Hé"r rﬁuregﬁg grid constants.In

ment s cover all grid points

of Irs Bcreferpsd @mbﬁuuﬂnent Ofmmﬁv@itrbnsileﬁentcﬁ thetpratrusions of the
grid points of the underlylng rid are covered.
topographical structure has a“verfical height/depth dimension equal to or

greater than 1.60 um, preferably about 2.4 um.

The lateral cross section of any one micrometer scale feature is preferably
geometrical, such as square, rectangular, hexagonal, polygonal or star-
shaped. The top and/or side surfaces of the feature are preferably
substantially flat. The surfaces of the micrometer scale features can,
however, also include features on the nanoscale to achieve a synergistic
effect of the topography both on the micrometer and nanometer scale. This
can be obtained by e.g. chemical etching (e.g. by NaOH or citric acid), ion
etching, colloidal lithography (e.g. by polystyrene beads, bucky balls or
proteins), grazing incidence Physical Vapour Deposition coating, CVD
coating, or plasma spraying. The features at the surface of the biocompatible



For exanple, in sonme enbodi ments, in every other row
of grid points, every other grid point may be covered

woyoa/1b@ai ure. In yet other enbodi nents, in evBCYEP2009/056443
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second, third, fourth or hiégher order row, every

second, third, fourth, or higher order grid point is

left enpty. In sone enbodi nents, the topographical
structure may include a plurality of different

features, e.g. a nunber of different features arranged

i nrrwter@gu‘nay hayeghepgame dir oiffgrent shapes. igreferably the features at

b, ~ltaRE, ahofhes bigcpaitis mafénel A RS (e gesauare,
corevtaﬁgmgr hexhyoes ¥akBhagedr s pulRsshatEittshaps. and
features with circul ar cross-sections that are
arranged in alternating rows. In sonme enbodi nents, the
it Shfrie ?Hﬁao%% ﬁ%eqhé rbs8ac | XheoRV8f th tHé‘ f&kes may be
I en the features in-éach row have sare

pl tietivetl sfoanaesinyie Igeointetdt bapersadh N4 sqdaee pataiiele, or the
di stance may var% t hr oughout a row and/or framrow to

r olike.sie§-| & yModifdng oUO—et FORISdidt AnSeURES Beampies of such
S?rﬁ% ifatiBhs ihQUGe Ciﬁe q’i‘rlrttYnsg{ B’Ff”érfd?lﬁ’r r&rrfd?r‘ﬁg diNof 88fhers. Hence,
e i ments, some or a ructures in w nmay be
rosmred;h\apeh aresgecerallp square cesylact ov ¢herdikghtiort (thy deviate

nme row, In so
o1 Ay BT 0o e RANA BECRa ek SHPRR: (A PEY Jeedicing additional
t hébﬁne?@%ﬁ@fdr' M@dﬁghgﬁﬁéra{n@eé Behie @& RBEES MHat meet at each
ows). In sone e iments, the lateral dinension of
theOlfr@atures inall lateral directions is between 1 mMm
and about 10 mm Exanples of such features include
protrusions with generally square or circular cross

Seff %@rﬁ@ral |d“2@ﬁrh@hsr@ﬁ’9@r§’éﬁm §trbd§t@ré ﬁfeﬁilft% ddﬂﬂi&ﬂﬁy @runit cell in
of the features in one direction is between 1 nm and

abthﬁ plemenfi thihisusflacaeha i@ rraprefetemsingsl shanesdiuesr as square,
Fé’c%hgggar ?‘rg&gégﬁal %éa%ld% r?éeasﬂi}ﬂt &&%Hé e 'd%ﬁill#gestructure

| ohgat aces
t heherbms imalye heitseadls saoh i h<y|es rarqirbtrasionbe. ng,quare pillars,
i ncl ude addjti onal features g. a regular sequeng

of PBYEPRasPibers. £havlar p,tll@gsesryégmrds etc. The position defined by that
unit cell define the repeat distances, while the repeat unit defines the

predetermined shape and size. These unit cell positions may be defined by
respective 2-dimensional vectors. The grid structure thus results from a
translation of the unit cell along the two dimensions defined by the surface, in
particular respective multiples of the unit cell dimensions. In one
embodiment, the centre position of each feature may be defined by a vector
VvV = ng vq + N2 V2, where vq and vz are linearly independent vectors in the

surface and ny and ny are integers.

In some embodiments, the center of each feature is placed on a grid point of
a 2-dimensional grid, e.g. a hexagonal, a rectangular or a square grid with

predetermined grid constants.



Hence, in sone enbodi nents such ridges may have an
appearance that resenbles a row of squares, circles or

wo beolisdos1 t hat are nerged/ i nterconnected w th POBREP2009/056443
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respective neighbours to fesm an uninterrupted ridge.

In particular, in sone enbodi nents the topographi cal

structure conprises both features with | ateral

di mensi ons between 1 nmm and about 10 mMmmin all | ateral

directions and features with |ateral dinmensions

betweemelembodinterdoalt featunes doveoall\grigheoidtsr ecsucna grid, while
s of tru res, inc rows  of .gener al

o DBloE sSppaiais, poE ot iR ptftsad ines et BE6 Fpicoverea.

ar Eop erampleedn Rpnfd endatifderntsdBrsveryi difer vitok gilPwints, every
top views of exanples of the togioa%raphl cal structures

wi other ggidupeist nayt ke coweradbby @ urei dmyepiotheirgmbodiments, in
hayj e I ' r r | ar.

o1 B89 SecBRG R Yo 6t Bher SHE Buf ey B SFRK, Bird, fourn, or
I nhighel eaddr gritiepalint iedéft emptand t he gap di st ance

bet ween features in adjacent rows and colums is

denoted Y. In figs. 8 a, ¢, e, f , and i, Y is equal
t i f [ ;
1 NSRRI PSR SR B0fe ) (RIRL ety of

f i defer@d featuwtes,ge.gha munabpr of diftergaipfediteearareartgedt imea regular,
near est nej ghbgr is different for di ffn’fren@1 features, ..
2k BREPAIG PATBE Fedkt 2 BLSTISHRY rOWS @3 WG lresdy 19pre different

fi ghatdesb ExBRAJIES Bf 546R RaerheMdlide 580éuass icbfnprising features

near est nei ghbor; consequently the gap size is Y.
Howéhesquale sressesatioBsans feadtres exithl 20gulandrossesectiens that are
its . nearest _nei ors with a slightly different gap

o1 JuBROE R alTaRHaT oM [ gs 8%, 4, g he and i,

the pitch distances are different fromrowto row In

the row including feature 1201 , the pitch distance is

X+ semie embedipenish the Jeatvees iafe tafeands@ iménesiiang/or rows. In

f e@{)Mreeerﬁggg’injhe?}tg,(tﬁéﬂa{d?eé tﬂﬂeegéﬁ‘'FB\'NEFFtav%fthfei &m8 pittR%istance,

cehter of eac eature I's placed on a corresponding

gr imthil@dn réthef embddithertssihenpitchr elistameaiinsay garydthsbtighout a row

grid constants a and b, as illustrated in figs. 8 a

an8NB/Or foRRVRY, t0iTAW: iSilary.cihg, row-o-iouy digtancer mayebe the same

?rgdsil Qg'ré\ﬁlinﬁr GaryChof! Fow ABVRIWEdinP¥of8akHbBRimeits! Sohte or all
structures in a row may be rotated with respect to their respective neighbor(s)
in the same row. In some embodiments, some or all structures in a row may
be rotated with respect to their respective neighbor(s) in the neighboring

row(s).

In some embodiments, the lateral dimension of the features in all lateral
directions is between 1 um and about 10 um. Examples of such features
include protrusions with generally square or circular cross sections. In other
embodiments the lateral dimension of the features in one direction is
between 1 um and about 10 um, while the lateral dimension in another

direction is larger.



k all grid points are covered by features. In figs. 8
a, ¢, e, f , and i, the grid is a square grid with

wa@rood/is@mest ant a=b=(X+Y). In figs. 8 b, d, g, PCT/EPZHOP/056443
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, the grid is rectangular a&nd the grid constants are

a=X+Y and b= (X+Y)/2. In fig. 8 k, the grid constants

are a=2 X and b=3.5 X. For selected values of X and Y,

waf ers have been produced according to figs. 8 a-h
where (X Y) in mnrmwere selected from(XY) = ( 1 1

, Exampr};gs of such atunesiingleyle glongated ridges2libs,(Q, wgel,ls The side

s by ridage’ B bE st siedal'y tgk abay incluce

haé@dlh@ﬁ@l feaafds ed gaer gﬂilmgsé(gﬁn'c@ of%r’étru%ﬂé&ar?@/bﬂ“recesses
nm was sel ected from X= 1 6, 7,

Acb'@ﬂéenm )‘30rfteh§f’ﬂj1qddn@6'ﬁs$la¢h §ld§e§rﬂﬂab hevet ﬁ@ appearance that
grid wer e a 1 for t sq e
(‘:’“Fie(:;r ¢I8$| gé @) 8‘f squ?re’s2 8'?(%% F{))r r{ﬁ% € € that are
ren’m@g@/ﬁrﬁerc@hhéetedf \mtrgSth@r brespective h.neigttbgurs  tde form an
grid constants in direction a were in the iInterval
betBETyPted fidlgfy, the grid constants in direction b
were in the interval between 1 - 6mm For the grid of
fig. 8K the grid constant b lies in the interval
betn/v@ertic:mla? 4'1‘2850mme aamabayptimne Nt e aopogiaphksal istrucﬂmee comprises
erv betvve 16mm For the purpose
é %@W&St% é?é%’i?é WPERRIPDS Setween di WF‘e@%tabOHF t@4tm in all

Of Ia%%r%f‘%?cﬂgﬁé)%ﬁd' f’e%lt%rﬁsvartHQH]é; gls’df’i‘ﬁ’er"f%1 beﬂmé rg 1 um and

are referred presen escrlp

V\'hﬁb@utxmiu% W off &het @irddtiond ERBADIEST sudstrdctures mclude rows
descri bed above. Hence, structure AX Y includes

pr of aesierally/ pouarershaned egdiorcriraamifeains wharei he ews are

pardrt aloq BUEonGAGE e Gap <1 2 batween adj acent

protru5| ons in every second rowis Y nmm while the gap
si ze betvveen protru3| ons in the remaining rows is

(zElg)z) 8nnk é%vga,\/\@eofo@m@glﬁsmfdhpJgpgg,r@pbfcal structures with
adi AG&RG ihIE tbin %f'ﬁgbtég%]ﬁnglpﬂltggé@?ﬁaﬂpar p)gﬁgr;@?%ular square

rows are aligned wt uctures
asosrentanguiarf crgss3ectior. Eadrefaaturetftasas |diral iarhietec & in at least

structyre, BX Y includes protrysions/pil]ars. havjin

o1 PE8IdHCHssand 0e GoR WRlancR RRNBRO TALTan &1 B0JaCANE rows and

Pr 5IUHHSORSIEHRe@'Y ARGRE. ig0aPar &! 1 &lnd DWEis ¥hEAIGol the gap size

gap size between adjacent protrusions i'n every secon

r obeivecen any feaiture ahd its nearest neighbor, corresponding to a pitch
distance X+Y. In figs. 26 b, d, g, h, and j, the gap distance to the nearest
neighbor is different for different features, as exemplified by features 1201,
1202, and 1203 of fig. 26 b. Feature 1201 has feature 1202 as its nearest
neighbor; consequently the gap size is Y. However, feature 1203 has
features 1201 and 1202 as its nearest neighbors with a slightly different gap
size d. Accordingly, in figs. 8 b, d, g, h, and j, the pitch distances are different
from row to row. In the row including feature 1201, the pitch distance is X+Y,

while the pitch distance in the row including feature 1203 is 2(X+Y).



gap size between protrusions in the remaining rows is

(2Y+X) mm The gap size between protrusions of
wadpaasnsli rows is Y nm The protrusions in thepCD®B2009/056443

having a gap size of (2Y+Xp7nm are aligned with the

centre of the gaps between protrusions of their

respective adjacent rows. Structures as shown in fig.

8c are referred to as CXY. Hence, structure CXY

i ncl udes protrusions/pillars having a square

cr bs dhe eexaroplesf of ifigead, dherecariten ajf eacmnfeatuﬁe is placed on a

rotrusi orﬁ are rran ecéi rall el t V\,hgalé_e t.He ith d

Si e it RENG &) Pliolriong (Rstandliar o uth o

t h@orﬁsmﬁts @Bﬁd%%’sqllddﬁ@té@m figZ.B BehdesHeWE PSS figs. 8 a-e, h-i

protrusions in every second rowis Y nm while the gap

si pet @é@W@@rng eRiptssareractualiv WQ"@%@VH@N@W%WW%” figs. 8 f and
(2)% € 005, §f .

5 (A Do B BEr o HARER, BRSEUPh 0% 9 ong ) ne grid s o

I ovguareegridl M@h@ldﬂwr’f‘st@rﬁtcéhtﬁ(b(&h() ﬁtfgmt&be@ @,Sh Séwd/\{n the grid

in fig, 8d are referred to as DXY. Hence, struc

DX‘\3 rq%qrwé%r FHtha,8rid conptants At ﬁa%"’?(ga%p §qd3?+é( )/2 In fig. 8 k,
gﬁgﬁ&%'ngfbn% ahéd eI %n@eﬁ'sé 8% oﬁo?%é]@bteat\?alue? of X and Y,

sions are arranged rows, whe

Sl %fﬁergfhelvéeoééwwdﬂ%céﬂ %c%btd]ﬂ‘@@b \ﬁgé hg tzhie \Aihdréqli(l\o)nlnqim were
the rows, and where the si ze between adj acent

10 preleglscora @Yy er . ShdSa, Foth (4,00, ) dADe @b @, (41)
(203 T M gl Bl 4L B P B O §R10Ss of X ana v,

adwam@t hém\ﬂadeﬁ kdrcmnce’dhac@csratrfgmorrgs 8k t WBeF®WS in um was
havi ng fg si ze of nm ar e allgned with the
rem

eﬁeleéte@f eXgapB %e‘g v@eﬁa 7pﬁoﬁcggwow?r@yothetgféi gonstants a and b

res ctiv ce rows. St s shown
FE IS weS 57 2hfAith 33r AR gl bt fos. 8 a, o,
15 | n@' pdgad AT FoF UAk estdpigul X@rlcﬂ'@\é'f rf@sa 8Cbr eul@rh, and j, the grid
cross-section of dianeter mmas wel

pr oomsignisngy wiirectors awat\oeraglrath&qumeevairbstmcﬂl oi2uof, the grid

| i near dj nensi on of

el g an el ot A StaeRn, T o By dRe arid of
| nEVERYRPERA Loy %”ﬁ’essﬁ*PFFLemfPér‘%}BFHéﬂm%% % Zum and gri

inihg r tween adj acen

pr@brﬁstantomeizmmeinfew@l bétivBesir aBuAr. protrusions is Y
20 mm while the gap size between the square

For the purpose of identifying the above structures for different values of X

and Y respectively, structures as shown in fig. 8a are referred to as AX.Y in

the present description, where X and Y refer to the dimensions X and Y

described above. Hence, structure AX.Y includes protrusions/pillars having a

25 circular cross-section of diameter X um. The protrusions are arranged in

parallel rows, where the gap size between adjacent protrusions in every

second row is Y um, while the gap size between protrusions in the remaining

rows is (2Y+X) um. The gap size between protrusions of adjacent rows is Y

um. The protrusions in adjacent rows are aligned with each other.
30



protrusions in the remaining rows is (2Y+X) nm The
gap size between protrusions of adjacent rows is Y mm

wdb@ops@sT usi ons in adjacent rows are aligned nCt/RPBBgIS6443

10

15

20

25

30

other. Structures as showneédn fig. 8f are referred to

as FX. Y. Hence, structure FX. Y includes
protrusions/pillars having a circul ar cross-section of
dianeter X mmas well as protrusions/pillars having a
square cross-section of linear dinmension of X nm The

pr Similariyorsirustwesar asusgodni i fgt 8onarte refepadald es B¥WS Hence,

sqtav vl BeLaRaRess Hr ORI BRATS h3FBReS crhiag & saetion of
be&l%‘?é“tepk%rhuﬂ?h@'ﬁ)?ot\%élbﬁ‘ afR&Ftah§¥d N PaRMEVRRMS, where the gap
adj acent rows is he protrusions in adjacent

r oweabawalengm}dcemtt ;b'roe*asbnet|heever§3tsrelaondrrew essYsuumv\nwhlle the
infig ggare referred to as GXY. Hence, struct

Gx§ap r%% VaKrOPTOYUSINS/ i hEJE8aHaI00 TgWa '§|(|2é/lffP<a\rMm The gap

or 028 AERER Bl PERRE A Su Bl Y 4R Theprpirugions in the

i P hQVlﬁ?%Q@ﬁ ste aﬁf (fzm)@ fmn rarr@tamgﬁe@mth&h@ cntreN§fefle gaps
in alternating parall rows with crrcul ar protrusions

i nbetreagn @r@ﬁua@nsmth@hwm@w@afdra@enU@\@:s in the
remai ni ng rows. The gap size between adj acent
protrusions in the rows with circular protrusions is Y

MTBtrbiures bESheM iA ifige sBelrdesiriclao TBU@KEY. Mérdel $trabire CX.Y
in the remaining rows is (2Y+X) mm The gap size

bem&esmr@trua@némlaﬁs hawjngc REUATGVRIOpS S¥CHen Offfinear dimension

@13%9“&“% uﬁth?rr%dé% é\n #r??ﬁ@e@iﬁ’p?gal %\ﬁ% g fthe sides of

beth@f—‘@@uér’@@ &rer gligrid Wftﬁtthésdlﬁéwoﬁfoﬂﬂhél WOV\VSE‘S&W%CWhéQ% the gap
adj acent rows. Structures as shown in fig. 8h are

reSléﬁrQQi\Nle@na@ﬂJwent\proFﬂéﬁ@@S I5t@VEEY (RESOPX. roW isn(| mmfe:whlle the
protrusi o ars_ havi in circul.ar cross ﬁ;%) h

di AR e&‘sp USRS ! tg?rrﬁg?adWE%P}"’lSdFsé a r#ﬁ“ € gap
sq e ' fol 0 :
o P QR PRI of SBEE MRS s 07 i, T proliisions in
W adjacentrovway angralignedivaitiseach ethery second row, and

square protrusions in the remaining rows. The gap size
bet ween protrusions wthin each row and

Structures as shown in fig. 8d are referred to as DX.Y. Hence, structure DX.Y
includes protrusions/pillars having a square cross-section of linear dimension
of X um. The protrusions are arranged in parallel rows, where the sides of
the squares are aligned with the direction of the rows, and where the gap
size between adjacent protrusions in every second row is Y um, while the
gap size between protrusions in the remaining rows is (2Y+X) um. The gap
size between protrusions of adjacent rows is Y um. The protrusions in the
rows having a gap size of (2Y+X) um are aligned with the centre of the gaps

between protrusions of their respective adjacent rows.

Structures as shown in fig. 8e are referred to as EX.Y. Hence, structure EX.Y

includes protrusions/pillars having a circular cross-section of diameter X um



bet ween adjacent rows is Y mm The protrusions in
adj acent rows are aligned with each other. The square

werapnemsons are aligned with the centre of thpCDEP®09/056443

10

15

20

25

30

between the circul ar protrwesi ons of their respective

adj acent rows. Structures as shown in fig. 8i are

referred to as | XY. Hence, structure | XY includes
protrusions/pillars having a circular cross-section of
diameter X nmas well as protrusions/pillars having a

sqaar welr ass psetoudiors/piflats mewingli aesguare cfoss-seationhef linear

b Sneirats X gmorhadTeiusipns S A a0act i A Gratngparaliel rows
S QUAR iU 3ttra8dns in Very SBBOHY Roin | 8N -sq['J_BFI:e BRArBIFR in the

bet vvee_n adj acent protrusions In the rows w t. square .
pr emaigingnows engap wirel ketiveencadiacent rotusiens in e rows with

circular protrusions.pn the r. ining rows s, (2Y+

bR’ SRBTUFIERS DB Woath pruhilE aander SR; bEwlden dhg sauare
IS ; t [ons | ' r e i gped

w PROIEIGnO iy RS RHRIANG, IS 3pF0 | 11e° gBb, 926 Sbotwoen
r epeotrsibrisooBadjddnt KBV & YSlimudher srodX¥ionsdh witiiscent rows are
protrusions/pillars having a circular cross-section of

di akignesd with eacBSth@N | as protrusions/pillars having a
square cross-section of linear dinmension of X nm The
protrusions are arranged in alternating parallel rows

W Blructuresibarshpinot inUgy. @fare nefevredytossescBXY . ridevceastructure FX.Y
square protrusjons in the remaining rows. The gap. size

. . . R.
betRb&leSRIPHEEINSHiGS havBlgsaiGrcylse Grevsssaptian Qidigmeter X um

G PRl B8 PRIl (VY R SRR, of tnear

Mmyinddrsigapf X z@. Tabvyeenudbas ks iapniget inditaaeiing semllel rows
is Y mn The circular protrusions in the rowshaving a
gap/itBi Geular QrotyusiPnaTin Sverapeern rew + And [sauaenprairugfons in the
th ! e h r us/ . Of jr

AR PSR Gp U oA BB o YA ooch row anc

expawlem adjbeemt rowWsUsYWam. Theorbetseas imadiaeehNve&ey aligned
features is Y nm and the mninumcentre-to-centre

di withreeshsdb@ken near est - nei ghbour features is X+Y mm
Structures as shown in fig. 8k are referred to as KX
Structure KX conprises

Structures as shown in fig. 8g are referred to as GX.Y. Hence, structure
GX.Y includes protrusions/pillars having a circular cross-section of diameter
X um as well as protrusions/pillars having a square cross-section of linear
dimension of X um. The protrusions are arranged in alternating parallel rows
with circular protrusions in every second row, and square protrusions in the
remaining rows. The gap size between adjacent protrusions in the rows with
circular protrusions is Y um, while the gap size between the square
protrusions in the remaining rows is (2Y+X) um. The gap size between
protrusions of adjacent rows is Y um. The square protrusions in the rows
having a gap size of (2Y+X) um are aligned with the centre of the gaps

between the circular protrusions of their respective adjacent rows.



groups of el ongated protrusions/ridges of rectangul ar
cross section. The ridges have different |engths and

wareeasgoanged parallel with each other. The ri BgEsPmN9/ 056443
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each group are arranged to7borm a rectangul ar shape,

such that each group includes a |ongest ridge as a

central ridge. On each side of the central ridge are
arranged a series of ridges becom ng progressively

shorter with increasing distance fromthe centra

ri Syectures as sbowngalfigr 8b wageefﬁxeidrtolasdéx ¥.Hience, structure HX.Y

o R ot S i, g B i B o seok el Higimeter X um
XTEy TR S5SARRRIGRIURER TIASRE 4 s EROEQURR of Inear

ridges are arranged 1nh a predetermn attern, such
t hdimerrsson bl gsmaiTeegratesioas @ng armvgedmmterrmmg parallel rows

i ncl des id of two alternati hs: A first. .
ty B oL lraPToRLP BB N Svebt RECOTE Y GBES SaHale Ristivsiens i the
MM&ASInthg ¥ r&WS Tﬁesggé’r@zé ycﬁﬁﬁw@fan m%%@%;ﬁ/ﬁnﬁﬂn %ﬁgh row and

al ternati'ng ridges | engt
ovbedenpadjbeemt rofvsris dgpem rTeéserbtrasioas shadjeskntrows are aligned
ructure of the nost pref

f}f BB s BITs The SScba6s FYHE SRR aFe clloned Wilh the centre of the
chasBeLRIaafir Bl RuRATR0uBSESbr Tk 3PBETe A0aLen: ows

opogr ap structure conprising a ra It
protrusions arranged on grid points of a regul ar

or STLCERE: B3 onair T gk & denreioited e X fnPelianafusture XY
1. hclUBes &oﬁu%s%%’r@'kﬁv‘d@ea Qﬂlr%h%rr‘cc‘?oé’seﬁé‘@cﬁfh 8dbRAREr X um

grid points along at [east "one dinension is between
2.8s nmeﬂnasgpﬁotmalomplﬂelrm rearty o sduearpr aroasssesionofof linear

th.toora caI truc urehas a verti ei ght/ de

i FERIE ShG TG uSio8s e A o008 RSP BrEA e rows
abeH;] c%rcﬂll ro{rMsnoﬁQ ih @%ﬁp%emhﬁ\ﬁ' 5% %\Hﬁare Protruswns in the
bi oconpat | I'e materi al e i nvention Accord

oneeragipetgy rowshel hmgaam&mnbepimmn@igaeen’mﬁota&;lonsm e rows with

for use in bone tiss i npl antation and the |.ike,
WhSIATE FOTEIGRS HSpd; Hrbt WHE S0 (90 TS LRMERD! b circular

bl RGOR t f e
| n@@ﬂsw ggéej r@‘n% i tlls cgr actgfl zedefgiye gageg%ge%etween
pepicitlisiord 6f ad@tent ﬁﬁ/@é & Y um. The protrusions in adjacent rows are

aligned with each other.

Structures as shown in fig. 8j are referred to as JX.Y. Hence, structure JX.Y
includes protrusions/pillars having a circular cross-section of diameter X um
as well as protrusions/pillars having a square cross-section of linear
dimension of X um. The protrusions are arranged in alternating parallel rows
with circular protrusions in every second row, and square protrusions in the
remaining rows. The gap size between adjacent protrusions in the rows with
square protrusions is Y um, while the gap size between the circular
protrusions in the remaining rows is (2Y+X) um. The gap size between

protrusions of adjacent rows is Y um. The circular protrusions in the rows



t opographical structure that is bioconpatible with
bone-form ng cells, and whose topographical structure

wo 20das@si bed above under section Il and i n t hPCT/EP2009/056443

10

15

20

25

30

exanpl es. A nedi cal inplant7iof the invention includes

a dental inplant, an orthopedic prothesis/ inplant, a

spi nal inplant, a bone substitute that may be

contenplated for use in the treatnment of a bone

fracture, a degenerative disorder, trauma, and cancer.

I nhavipgea arapedizentbb @2 Yrexi unheareralignedewimfmébel cantfeaoé the gaps
ga of the inplant, or the bioconpatible. coating for
efweenhbeRavar e Pralrus s o PhsP ctived §@dSon a

b| oconpati ble material of the invention having a

t opographi cal structure that enhances expression of

osHeopem'ri theraboyst exarapiesn the m'm'rmufmgapngizeebetweennnearest-

| nb t
o pEGbROl TepliEeSTRoY TE andobed mibMuis Beife it Biké distance
o hicn MorbbenkiaKBBl! RBIBY IO APOTT aph cal

structure t at enHances expressi on ost eopontin and
osteocalcin in bone-form ng cells. Hence by

selectjvely providin device with a tabl
ot BlElEs LsRhRup Bote. Bk arel BLTedh o5 KiarS e g Comprises

fn Pgécﬁfgl%i 6*‘% a‘?@dﬂaf ;ﬂ%%b%n@/r&?&é?ﬁﬁ réé’térﬁgéﬂﬁr (cﬁ’og% section. The

zat1l on er parts e 1 nt na
f oridgeis bgvediféareny leagthsf asd ranetannaa;@edtmarakbejumm eablatizer. The
t he hr.ondr ocyt.es, epitheli al
C oiGes 2 HRth) o renpriadeq 13 1M S ErgRgus shabe. Slich that
al bsém@%mﬁdm 9ﬂorﬁg§s,$ YRigefa$ aréeaﬁ@ fFiager @neééd:rpﬁlde of the
of bacteria gromh may al so be i ncl uded. an exanpl e

a aemirallridgepargnarranged aseries i riggesdecnmisg inipgressively shorter

¢ nefBaRkpsiie, Bistege L IRLER AR U e i rebipbtlar shape Kx
Qatricmesfms@@é@@én@opﬁd@éé ep RMath Xand, Q%@ﬁcgkgm 4X um,

in bone-formng cells, 2 Opt i mal blOCOﬁ'pathI
f oBXgonn2Xinv,eX un$s'[hae (Nﬁdtbrafbhaﬂdg)as |S3Xunt[qufnerdIstance between

" BIGPREN K Thkeranps b SRt STOHToBRE 1 Agrsgeteghined patiem,
CoS gt B oFl e B ctaes rages
t opbtyva aitecedting lenginsi édfirst type of rows includes alternating ridges of
length X um and 4 X um., A second type of rows includes alternating ridges
of length 2 Xum and 3 Xum. The overall pattern of ridges resembles a

sharkskin structure.

The structure of the most preferred biocompatible surface of the invention is
characterized by a nano- and/or micro-meter scale topographical structure
comprising a plurality of protrusions arranged on grid points of a regular two-
dimensional grid, wherein the protrusions have a cross section with a
minimum cross-sectional diameter 1.0 um — 2.0 um, wherein the distance
between adjacent grid points along at least one dimension is between 2.0 um

and 9.0 um, wherein each of the protrusions of the topographical structure



surface of the invention over a contoured, 3D surface
of an inplant. An inplant surface that is

wobreoas@at i bl e for bone-formng cells and enhaPCEEP2009/056443
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expression of osteopontin @ad osteocalcin in

bone-form ng cells, may be manufactured by a nunber of

production techni ques, e.g. one or nore of the

followi ng techniques: - Die inprinting: By using hard

nolds (e.g. of SiCor SIN) it is possible to produce

pahaermyedhlaeédldlghtldemln h&imengioh equelr talos, gieiakar than 1.60 um,
lant nmetals, by inprinting. The die, which is the

nagfeé@raﬁlssa?%?cmw produced by a conbination of

e-beam | it hography and Reactive lon Etching. It has

been shown that |arge arrays of nanostructures wth

wi B, mmmlam @b}npnsuaglthrebmdomIadtlbte aterialeafahe inveation

A éﬂémdrmra g ggspgct \%% |nv§@pon -pé@ﬁq%$ @gmeal%g(rgglant for use in
(18882 tiddd®impantioResd ﬂh%"J}Ik'eywh'eFelh St §oss ra%ﬂr?of ﬂ’1eI sct:Jrface of

generate die patterns I n very materials |ike
or thsi Mlmaehlqoclea@ctmﬂzed )Yl (355 bmomrmlltm metegall okeneAinyvention,

ot WoPap SR o Hira ol NG oL o83, ot Cmigpapeter scate
TheygdigeapHeali Qﬁ’udtgré?@ﬁbtofs BRIEDARaAbRO Wi %@éif&%lhg cells, and
softer materials |ike polymers. Since materials |i

Si @hese PPegiaphigat siregiiee ISOdeﬁoylb@ﬂ(ﬂbqve unsleg sectiemileand in the

of efarEIss. ER bRl EiviadRBP Rt I VEnfion e 2 i hpant, an

f ObfthMpétﬂc\WheEﬂSElm@Ibﬁf & sypinsltiplants a okt bshijute that may be
e- beam | |thography in a resist foll owed b]y
deG@ntgprbaied 1oy gisealin yhe ﬁre@ﬁméf‘bé’iﬁ@c bepe\fEagture, k& degenerative

acgisdtder Engﬁ]al SAYSSnder €Si st pattern on the surface.

The resi &t pattern 1's covered by a PVD - deposition of
an appr oxi mately 100 nm Cr layer and at last |ift-off
a standard resi st

relfoa eretetsE) ebadiaent it Ralt GO wriage Sa gfdne implant, or
Catfd Sh@pdibe ARG K7 LSS LA DeafBEeR dnsn molan, i

depth of the structuré& 1s control on etching

ti oemppsed asn tée b@Conwtlbdmnmﬁem@rrmfedhEn imearitiom having a

ni E({p%tg(rea& usstr%%luurte' at en\f\'ances expression of osteopontin and
osteocalcin in bone-forming cells. In an alternative embodiment, one or more
parts of said exposed surface area is composed as a biocompatible material
of the invention having a topographical structure that enhances expression of
osteopontin and osteocalcin in bone-forming cells. Hence by selectively
providing a device with a suitable surface structure, it may be controlled,
which parts of the surface should perform in a certain fashion (e.g.
mineralization). Other parts of the implant may be formed by other types of
structures that could enhance the biocompatibility of e.g. chrondrocytes,
epithelial cells where the implant is to be in contact with alternating types of
tissue. A surface for rejection of bacteria growth may also be included. As an
example a dental implant could be considered. This implant is to consist of 5

different surfaces in order to fulfil the requirements for alternating



hard die is ready for inprinting in the surface for
synt hesi zi ng a bi oconpati bl e topographically nodified

weredas®s1 The die can press micro- and nano- paPCEERR0H/056443
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sel ected areas of the biomaBerial by hydraulically

pressing the die into selected areas of the surface.

The pressure applied will typically be several tonnes

for 10-30 seconds. Several areas can be patterned by
consecutively patterning areas of the die size. The

di engirgramentst yipiQpetimgl far eenpression rafposigopentsnrad eateocalcin in
Thi s n#cro- andlna -pLinting nethod.b? higﬁlg " i
suPPABIYBE  S&l'Tersi ngPUBPecPRGONPELRTY, 0T cGRPBEFIYE tissue
3D(ﬂtﬂf@blé@ts),pBpwﬁﬁalbwio@o@}paﬁbui’%/Tlfdraépi%IF@ﬂnh q¥pithelial cells), 4.
tantalum or stainless steels. But it can of course -
al Surfpee dpppadarialoejestionhard finatherd. LPrtimaksurfane festhe addition
na@ﬁéﬁ%hﬁ(%ﬂ?&ﬁﬂgs' - Inprinting by rolling a die. The

met hod |scba5|cally the same as die inprinting,

however, here the die is not flat but typically a

cylinder. This die-roller is mcro-_a

oo Mgiriad @ covmihesting 2 (HOGPRMALIF tapagraphically modified
| LHAEBRIthESAGEM SN 'R r &l 4 BBréd, ﬁ%ﬁrt}égﬁﬂ%ﬂﬁ Iirggfant.

I
die 1nprinting above. The setup needs to
i nAarichptarnt sutfake thattis beacoouyetitdéordonecidrming ealls. anthenhances

e uRBs08, SRS HORoREN S RladI IRy GRS TR (G, may be
Pr gfmiuRgctle® Byh!RimiskreofQirbAudth @éhﬁ%@s?é.gt. Bfe or more of the

impl ant, thereby inprinting the mcro and/or
nafdowingtapheiquasso here, the inplant material can be

hard |ike Ti,.Ti-al]oys ant al r sta.nle t.eel :
a1t b Ervritngl By Yo haRL Aol . rC € N € possible to
appl i captRiucerpftens RMeXIR S otherHadrbemBtet@ldYike implant metals,
colloidal lithography: Here, it is possible to

nano- paby dmprigiing.abes digy whighoés thengpastsir! isi ygically produced by a

i ch acaabBieonroé Hebht Mekladtlf aBb dseadiieclan Eidklng e nes
particl pges @hoﬂm%abl@r?’é @frags ‘of aaneseticteeswak wighi d@wn to 40

pillars, atopographical, tenPI ate for making
pr ot r usNBh&aBnbe HEinded figcoft dpetals like Aluminium (S. W. Pang, T.

Tamamura, M. Nakao, A. Ozawa, H. Masuda, J. Vac. Sci. Technology
B 16(3) (1998) 1145. More specifically, it is desirable to generate die
patterns in very hard materials like SiC or SiN when pressing in other
hard substrates like Al, Ti, Titanium alloys, stainless steels, Ta, etc -
otherwise the die will be damaged or even destroyed. The die
imprinting can of course also be applied in softer materials like
polymers. Since materials like SiC or SiN are difficult to dry-etch it is
desirable to create an etch-mask consisting of e.g. Cr instead of just a
photoresist. The mask can be produced in the following way: The
lateral pattern is created by e-beam lithography in a resist followed by
development, typically in an organic solvent like acetate. This leaves a
resist pattern on the surface. The resist pattern is covered by a PVD -
deposition of an approximately 100 nm Cr layer and at last lift-off by



deposition of e.g. a nanoneter netal cluster (e.g. by
the netallic center of ferritin). - Laser patterning

wbyooahisgoat short | aser pul ses: This techni que crROT/BR2009/056443
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utilized for high-precisiompatterning. In particular,

the strong nonlinearity of the ablation process | eads

to a well-defined threshold for material renoval, and

this has been used to denonstrate the formation of
structures even below the diffraction limt (P. P.

Pr onko, d“sSoIMingjtthet egsis).usBuliieestandardvresiidemamer.0dry €ch of the

Nb 14, .(1995) .106). - .Th
e neR e et b PR fled bt if 4 Ridouke Idn EipriS system.
be usedTha deptPbnaid thé‘wﬁé"lsm‘&rtﬂfﬁééf’dyt |bﬁfbtéﬁ|nglmiié ZAt last the
spheres (K. Vestentoft, J. A desen,

Chr i st eféghaskpcamiel fameveshis cenmmsﬂlwawbaqqqmsqlunm Now the
t f
spect 11 haid §e'3s bRy of I OC kR e S syifibsizing 2

on the blmcbﬁmtlbbeptt@mdraphlbamy moddified estsfacel Yihe die can press
creating a densely packed array {e scanni n

nf ocus BICTPacId EsR RALEITE 5. SsFlechares Olciss ioraterial by
surf acenphialiitdf G¥Rshe HRNEESHH éélebt%dpé’r%%Ftt}fethE%urface. The
arge ar since

generat e eas of structures I n paral :
t he sphpressuestappbed wdil \ypically bem&arélot&meagot H&-30 seconds.

| aser bgam, - Laser ann ng- miInterference
Li t hogr 5M9fal FReaS L0 tq&eagtay gggsq;ytwg@dp@t@rmng areas of
fabri cai{dgieP8fze0dhe éi%dsﬂé%'tyﬂl%ﬂ)ﬁ)@#o‘?n QW1§%H2%6 ¥o 40x40

coher ent patterns over | arge surface areas.
met hodsmmi.| This ttieror nzarmL franeneinting: weethod wie btghhyorselltable for

Vol T er chate i sdBKEL 4685 g CaptHr T SR biniRdvoguged by e

M cr oengj, NMBmiug a1|b9§,) tant@06L or st8inleds. stéeldeBuE e ¢ of course
culturln? tissue or cells |nclud|ng an exposed surface
S

havi ng alSRi clbescapeliedr f ce 168 ucharﬂeFur@ategals like  polymeric

scherrath%ell MSI%BSW?gsa cross-sectional view of a tissue
cul ture

— Imprinting by rolling a die. The method is basically the same as die
imprinting, however, here the die is not flat but typically a cylinder.
This die-roller is micro- and nano-structured by photolithography or e-
beam lithography/Reactive lon etching as described for the die
imprinting above. The setup needs to be modified in order to take into
account the curved surface. The die-roller can now be pressed on and
rolled over selected areas of the biomaterial by hydraulically pressing
the roller-die onto the surface of the implant, thereby imprinting the
micro and/or nanostructure. Also here, the implant material can be
hard like Ti, Ti-alloys, tantalum or stainless steel, but it does not have
to be, so the method is also applicable for e.g. polymers.

— Patterning by colloidal lithography: Here, it is possible to nano-pattern
surfaces by depositing colloidal particles (e.g. polystyrene or the
protein ferritin), which assemble in a short-range ordered pattern.

These particles can e.g. be used as: an etching mask making pillars, a



havi ng an exposed surface with a mrco-scale
structure. The dish 301 conprises an upwardly open

wo eesps@si e having a bottom 303 and si dewal | s BOP/EP1009/056443
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use, the upper surface 304 75s exposed to the cel

culture or tissue and thus provides a mcroenvironnment

for the culture. In enbodinents of the invention, the
exposed surface 304 has a m croscal e topographi ca

structure that is selected to pronote a predeterm ned

cel | ul atopfogrerhical templete rfobedakisgeprotrusians our the esirface, or

can be produced i.n_|arge quantities in,e.d. polyners .
i ke poﬁ%‘?i)ﬁ%eqf 8% f n&}sgé‘n%@ Sifstek (g.g.%y the metallic
pol ycapeehtee bprestin)Pol y( et hyl net hacryl ate, silicones

i ncl udi ng pol y(di met hyl si | oxane), poly(hydroxyet hyl
met hacr ihsgrepatigroling dyhyliraradibgasgr auges: This technique can be

Dol o DR B b EeherERby A e swong non-
aci d- bapeshriplof R Sabl@@ry pRIJEEE 68809 X0 Eevell-defined threshold for
pol y(butyl ene terephthal ate), methacryl oyl oxyeth

I
phosphofiateniall reraoval - andrghlis phag beryp, used to de¥nonstrate the

pol y( bi I : r ) S S .. .
pol ymer ?bﬁé‘ﬁhgﬁl} nsgﬁ}ncttg@fé% iéé%%pgg@?\g@%cﬂ'aﬂﬂ%tegééﬁm'F ép P. Pronko,
st iar ch, Scel’f(J lIl;]m&ebJ.alﬂdqm:éri, thsan, Redd, lf#.war, eG. a_VIdugTu: Optical
pol ymers,  of the abo ion e.g. froma suitable

st anp o&omrﬂ!é'ﬁ'F?W?n ﬁ§4%§5g$6§§g, ng or by injection

nmol di_ngsnQr : ek, S i ;
art and]-gg |g§é(rdg§%f?%rg§ bXe@g%%mﬁr@é%ﬁ@gggQ%malr?gyls%zjsed n
t he uppeomsindtianewitt pteidepaditianoBf3arz sphengs&: Vestentoft, J. A.

surface of a separate elenent,_e .g.. i sk, plage

Cop of CRSTbE Hin GUEsESThd BaNTahadls Bys 2885 i2dR) 493 1o
al so be [ [ f i - r t e i

ol SRR 08, Vo R Mot 3988 s Vi spccltcaly, o

sel ect elhyst ol quartzsspieres isspepositest onhbe esustacactypically, but not
on the surface, For examl e, the separate tissye ,

oul t ur e BYSSETY: P00, ety | RRKeReriay (Y scanning an
cul t ur eygiotlisédlaser beabhbbultrassRet plilbes beFdsstthe Suface with the
culture plastic is intended to include any

pol yrrer QUa®z gphes: itigsyansikie italgengratedargeparaaseef steuctures in
pr oduce, g 5ur [6e 1AL ERS IR YReHRluaT N BEuSAL'fe taser
beam.,

— Laser scanning-beam Interference Lithography: This low-cost method
can be used for fabricating periodic and quasi-periodic and spatially
coherent patterns over large surface areas. The methods utilize the
interference between two or more coherent planar wave-fronts. (S.
Kuiper, H. van Wolferen, G. van Rijn, Journal of Micromechanics and

Microengineering 11(1), (2001) 33.

VI. A device for culturing tissue or cells including an exposed surface

having a microscale surface structure



Exanpl e 1.2 Manufacture of a 13x13 BSSA waf er
conprising 169 tester areasA single-sided polished

webkddvaswsnaf er (4 inch) with a thickness of 52BCHERTN9/056443
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provi ded a substratum for t7he manufacture of a

bi oconpati ble material. The wafer was an n-type wafer

wWth aresistivity of 1-20 ohmcm A m cronetersized
pattern was printed onto the polished side of the

silicon wafer by standard photolithography and

r ekigr. i Y €chematicalhi agows ac&wsﬂ:tbhebhavg@faa:dmw& gylture dish

he foll | : )
or Bodfigrdn AXRRElEREREE Wi PiGeEak, S R, Tagedisn 30

| ScampAbes aPnumbareignepsn rét@statie K a WEtEh, 3038nd@ sidewalls
buffef)l ng sal tm Hgn s|n ab%%t the ratio 1:6:4) for 30

se@@ﬂd'@ Léﬁl@d thenupPer $ustragnded isngxposgd,to dreicell cultyre or tissue and

5,400 AABRAPRTIOH I BoloRuTR WY Shpbs of e

I\U lnvbiﬁtlérﬁ Hhe@)@assedlsumﬁ'e@ﬂﬁ hag acaitréstaletopbgréphiba structure
Mat erial Safety Data Sheet (MSDS). supplied by Hoechst

Celnat d8 Setanted rtﬁtﬁ’r@FT)Ote Fhareselernived egllular ofUHGt'%@Sf gescribed

f
o7 RSe Pt oo PERLRES S Lr o AL B o Boumers
noliled Alobystyrenehr aliffgreat s typesbl ef nqmtyceqdrolamMeSQ Poly(methyl
devel op for 50-.60 d d t k
thery Rles cpliconst Maicng S e BIRIANS, < g hisiroxyethy
Waﬁ]ettr'ilé‘é“r vIR8d)t er p&gyibr 'n‘?éthﬁc@/teﬁ@ ng FWMD LBiHctié€co-glycolide),

appr oxi rmtel y 30 Sec,” and then subj ec to Reactive
| opolgetttylens, (rppls@caaboraate,at eolg¥inglppalosthotat ehyaluronic  acid-based

o OB o1 Coalitiyele o oXiele® ShaV BRI, N terephthalate),

prﬁfe@lﬁ’é&fr?lo?@&yéihﬁlﬁe 'ﬂihb@bh@rt;/mlllhléed grguentgsl | yimr-l 7030,
Renoval of insol ubl e organi ¢ contam nants wit h a

. 1Pphy(hisrifuampaioRx¥Rhes PaRzqrESL r)aturaﬂadaﬁiwraeraaﬂncéucﬂlhg nmodified
STELGRLEhIHAER, bYY StaE RNNBEE! AAE chitosan, and mixtures and co-

polymers of the above mentioned, e.g. from a suitable stamp or blueprint by
hot embossing or by injection molding, or by any other suitable process
known in the art and/or as described herein. The surface 304 may be the
upper surface of the bottom 303 or an upper surface of a separate element,
e.g. a disk, placed on top of the bottom 303 of the dish. The surface 304 may
also be provided in the form of a separate tissue culture plastic that has been
modified to display the selected structures or blueprint of these structures on
the surface. For example, the separate tissue culture plastic may be
removably inserted in the culture dish 301. In this respect the term tissue
culture plastic is intended to include any polymers/metal coatings/material
that can be used to produce a surface that can be used for growth of cells in

vitro in cell culture.

Example 1.2
Manufacture of a 13x13 BSSA wafer comprising 169 tester areas



contam nants may have accunul ated as a result of (1),
using a diluted 50:1 H2O HF solution. Renoval of ionic

wa@anaohsmsy netal atomi c contami nants using a SPCDEPINN9/056443
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of 6:1 :1 H2O H2Q2: HCl (S@2).11. The patterned wafer

was then passivated by dry oxidation with a 20 nm Si Q2

| ayer, thermally grown at 10000C for 15 m nutes. 12. A

250 nmtantal um | ayer was deposited onto the surface

of the patterned wafer by sputter deposition. Fig. 23B
shbvaingletsiped peolisitdd siticonvafére(dpmnepamittl avdifiekreessTdfeb25+25 um

waf er, epar e d t , h 9 .
t egqu &l AR fRRRE o lmoPu IR 61 tieo sty material. The
f3raRhs IRl RhiHe WRRGOKLAPTR RSidivitp dﬂ QQ'HPIH A micrometer-

dlf erent iterations of projections having a
cr siged spattéronwis sprigfedt drato the eotistead rsmlmw tbgusilieoromwafer by
Each

recta |IIutrat d i

t oprag e e dndarghiy A haradtivg, Bn, BRPIEAT Gy cischarge
sept&srdiHy tertraJollRAng prstseer of the series having a

di fferent conbination of dinensions: (X) being the

m ni fuml hatwafars weesrresetehed math wffmfﬂéihdﬁrquoglamld (BHF, BHF
rojectijo i t
Do) et [SoRsdidibr $ficenarBl B (8% I BEI AP bMering sat

di ffer eNH,F{ r atboanse oétid hes: 4)abet38|sed:bﬁ6§%lndﬁheﬁ daied under Ny
"shar kskin" structure where the gap between the
i ndi vi dfieW. @8d uct ures is constant ( 1nmm). The l|ocation

g;ofmréel ﬁ?eLwS%r%xéaét l‘ﬁ%ﬂes?%ﬁe E af%dt\ﬁltﬁ(aoln? Ur“r‘?tt’(*@z %rgreF Bf photoresist

area o

(bl ank aggang | rHéeéchst 2GBlankss Corsdratich UMk, PIOVird rghemical
a control field. A series of wafers were

oduced
accor di ﬁ@mP@S'tt'ﬁ@sc@”d*éfﬁ s phiharbladedal SpeheDAta pbeet (MSDS)
d h

Oegg OEué;S]g-;g @?ﬂ EEP@%%@%FVC%&&%@%%C l%e'?:eét around

area |590‘ab&br1m0$econd@L gatle its topograph| cal surface
structure, where the dinensions of the 16 menbers

of
the <&r tf@spmtgre%strqqat@d W@F%rd’v@%ﬁxp@?ﬁq ES{;VVA'Q&E for 5 seconds in
f,o' | ows 5 gﬁé ali mﬁ"ﬂfb‘d%% -i‘hqh@@;ﬂa'@nn%% YiaskMowed to
: 0 mm dan =2 mm

Top ogy er e
develop for 50-60 seconds and then post-baked for 1 minute at 120°C,

and

10. the photoresist-coated wafer was then patterned by briefly etching with
BHF for approximately 30 sec., and then subjected to Reactive lon
Etching (RIE) at a rate of approximately 0.30um/minute, and the resist
was stripped with acetone followed by RCA cleaning. The RCA
cleaning procedure has three major steps used sequentially: Removal
of insoluble organic contaminants with a 5:1:1 H20:H202:NH,OH
solution (SC1). Removal of a thin silicon dioxide layer where metallic
contaminants may have accumulated as a result of (I), using a diluted
50:1 HxO:HF solution. Removal of ionic and heavy metal atomic
contaminants using a solution of 6:1:1 H>O:H>O2: HCI (SC2).



"A3": Topology A where X=1 mmand Y=4 mm "A4":
Topol ogy A where X=1 mmand Y=6 nm "A5": Topol ogy A

wobewasds2 nm and Y=1 nm "A6": Topol ogy A WhPCEEK89/056443
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mm and Y=2 mm "A7": Topol gy A where X=2 nm and Y=4

mm " A8": Topology A where X=2 nmmand Y=6 mm "A9":

Topol ogy A where X=4 mm and Y:1 mm "Al 0": Topol ogy

A where X=4 mm and Y—2 mm "Al 1" : Topol ogy A where

X=4 mmand Y=4 nm "Al 2": Topology A where X=4 mm

and YH6Thenpatterted waferrow@sdbynmaméaaéed(b@ dm@mdiatmwnh a 20
nm A where X= "Al

5 TopBTbSP AN Re T AU SiP G p ORTrer 1.

Topol1gupn Asphaime taft8luin ayst We @Bpodif’l GniENBEosSTAcH of the
T of the 8 nmenbers of the series K (sharkskin) are as

foI | owspatterkedwaferbpspetor feR@HE. X=1 nm and T=1 mm
Topol ogy K where X=1 nmand T=2 nm "K1 " :

oio K where X=1 mm To .
whERL O3 'S & Fod VI B coheof The iignarde AR e water,
ﬂﬁpﬁép?ar&&%dm‘rdm%ﬂto Exarh@RO 108y h&s WBY Gesterl a%@sﬂf\ﬂhér% each
" . Topolo g&i ere X=1 mm and T=7 mm

[T 7)) @@3@. Rasv9aee0 dithergnti latesal ﬁﬁP¢QFGDBIQ§nﬂéPSKo@@mDFIS|n9
t haﬁfe?%e%rrst?cﬁ’{sa& eﬁ@]éﬁ%}ﬂg %a@ ?;Czé cPoes% ?& %ﬁaln@/a;?elf 3t is either

be " app ot he or s an slzes

t eedw?fd aqaaee asreugthhguiar, eishitusttatee sn Flig. A3AIEagresf t(o@e&)gues A
figs The sane%&roductl on process nmay be use
&%\# 0Bt Peoratgr eref esqRiesryy a\gsees Hone e|a§y6ﬁ?h mer{ll%r of the

tegbfds RLEGRY 2BferE combination of dimensions: (X) being the minimum
lateral cross-sectional dimension of each projection, in um, and (Y) being the
gap between the projections in um. Topology K is represented by 8 different
iterations of the lateral dimension of a “sharkskin” structure where the gap
between the individual structures is constant (1um). The location of the
Series of topologies A to K on the wafer is shown in Fig. 23B. The central
area of the wafer (blank square in Fig. 23B) has no structure, providing a
control field. A series of wafers were produced according to these defined
parameters, wherein the depth of the lateral topography was defined as
either 0.60 um, 1.60 um or 2.40 um.

In fig. 23B, each tester area is labelled to indicate its topographical surface
structure, where the dimensions of the 16 members of the series A-J is
illustrated for topology A as follows:

e “A1”: Topology A where X=1 um and Y=1 um.

e “A2”: Topology A where X=1 um and Y=2 um.

e “A3”: Topology A where X=1 um and Y=4 um.

e “A4”: Topology A where X=1 um and Y=6 um.

e “A5”: Topology A where X=2 um and Y=1 um.

e “A6”: Topology A where X=2 um and Y=2 um.



particul ar surface structures are determ ned by the

mask through which the wafer is exposed. Exanple
w@2@8as@eni ng a BSSA wafer identifies a bi oconpat/iEpt9nsesss

material that pronotes bong9formati on by expression of

ost eopontin and osteocalcin in bone-form ng cells:

Muri ne osteoblastic (MC3T3-E1 ) cells were seeded on

silicon wafers having a library of surface topol ogies,

as set out in Fig. 23, fromwhich surfaces capabl e of

pr onot i A7 "bdppology rawvhere Ky2enpressywhuotf. ost eopontin

and osteocal cin in bone-form cells were identified.

I\/ﬁt hdﬁpl‘%’yToB@Sﬂy\ﬁa‘F"@?Eﬁ ng n FEA & HMs | ngdst an_dgrg
o SABHcoR S wEsk 8% sh g BM T2 Cetls

l'ine,e C%i@’“:/&fbt\)/?:lgbglqglﬁdwﬁ@@kﬂg LPh @heoctz uMur i ne
osteobl astic ( -E1 ) cells (RIKEN cell bank;
5 Toki @, IpHnTopology AHvbereaK=4198andY=@im. Bi ol 96( 1

19 1-9 [ ined in Mem Al pha Medi
3/\/i t hdut “A&%F\égé'%ﬂm%?@gg%é@n @ngé( ‘_tfgkb%l- nvi It :rJ(rJngen)
| d-ri X _ j Gb ,
Toou/ oy SoppiBgy BRElEK P BRI S C R oy

at 3%0C-AM"aThpslogy A RelcRs XeeRREEACOI=0BA% ai r and 5%
CO2 and passaged every 4 days using standard
t echrti qUAER": Popology & wbEere Xegdinm@nohé=4nafer s wer e

pl aced | 10 Petri dis Nunc), d sterilized by
10 Boaking A1E 7 BOPROBALNIEE AT HF ANt w ce vt h

sterile water and dried inside a sterile hood.

MC3T3-E1 cells were trypsinized, harvested and seeded

onfTbe tdimedsminesfoc dnoaihe Bgmeafoers odtthe seeiesi K ysludrkekio) are as
cle I”s /| cn2 for determi nation of cell growth, 6000
celd"8WB-cn2 for deternination of cell area or 40,000

medl o A aBe R Ry R e eyt on cells
15 wer e o | 421" Andologgikhatierd Xk14lm &nd T=2 um

e “K1”: Topology K where X=1 um and T=3 um

e “K1”: Topology K where X=1 um and T=4 um

e “K1”: Topology K where X=1 um and T=5 um

e “K1”: Topology K where X=1 um and T=6 um
20 e “K1”: Topology K where X=1 um and T=7 um

e “K1”: Topology K where X=1 um and T=8 um

It is understood that the preparation method described above may also be
applied to wafers with other forms and sizes of tester areas as well as other
25  types of structures (see figs 3-7). The same production process may be used
for a variety of different wafers, where the layout of the tester areas and the
particular surface structures are determined by the mask through which the

wafer is exposed.

30 Example 2.2



di am di no- 2- phenyl i ndol e [ DAPI] or inmunoassayed after
4h, 24 h, 48h and96h. DAPI is a fluorescent stain that

woredas@sr ongly to DNA, which can pass thr oughrPCTvERZNY/056443
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cell nenbranes and therebyshe used to stain both |ive
and fixed cells. DAPI stained cells are detected by
fluorescence m croscopy, excited with ultraviol et
light. When DAPI is bound to double-stranded DNA its
absorption maximumis at 358 nmand its em ssion

rraSiCnQﬂnihg & B®SAnwafeni idendfijesara IbiqmmgaﬁibleFmaterial that
cell S getegmna .ior}ﬁ)(,:ells vvereflx and.. t lcin
" nhlelEs bone fermation CxpresiPa S o 8°8?PH{]|3410| grteocaict
mefH BonaSoeimangeedllsf ter 3 days to osteogenic nedi a:

regul ar medi a descri bed above supplenmented wth

50ng/ M ascorbic acid (Sigm) and 10MM
b- Mwmerwa@@ahﬁn GMCSiTgrin)) aeils weteee@@dﬂd:omscﬂic@nvwa@rs having

cha e ek until f|x apd 14
8058 ot SErfed el ' S0 QNin P Rl duin Surfaces

gebéﬂ)afolél O @fombtiflg PHSIEP Hetredidr Qfge@xﬁlféslsmﬁ b‘?ﬁ%te@;ﬁt@htln and

fixed in 4% Para formal dehyde /PBS for 15 mn. After

pe@ﬁ@@ﬁﬁ'lclrk@tb%}ﬁ? fQﬁmmglC%SW@FteolﬁeR“fmb in PBS (T-PBS)
for 10 mn and incubation with 2% BSA in T-PBS for 2
hours the cells were reacted with primary anti bodi es
f oMe2hbdolaygy: The cells were then washed 3 tinmes in
T-PBS foll owed by addition of the secondary

anti bodies, for 1 hour. Sinmultaneously DAPI

ﬁ]ﬁ?%(;ﬁ %@ﬁ?ﬁg%aﬁwtﬁlegam n )Sté beﬁp‘?& dfﬁﬁrﬁ%%?j%% %Ldlcoated

95WwitBitgnta)urh @s dstsaribed i otbnrmntuon witrbexamplaft.8r 3 ti nmes
wash in T-PBS the wafers were anal yzed by automated
fluorescence m croscopy. Primary anti bodi es enpl oyed

t 00d¢é S15fasBEOlRIR iy, e%‘illﬁ@aﬁé‘ﬁ' AR SEHdiAgt PIBEGEHIN Murine
(AKM 2A1 ", nouse nonocl onal G Santa Cruz

Bi OS@Obi&SItIOQWN&EﬂG%HSe(&GK eel{ Fanig S okiakleipan; Sudo, H et al.

188 ebton TN PR Sl TG i Mimopishe” Meaium
hVivithduh s bidsAtit §Subplidddey @uwmmrdgem@ugple&%te@ with 10%
T- PBS Secondary antibodies : Al exa Fl our 488-CGoat Anti

wvobstal IBagine Herumo(@iRcge)Ou/ml penicillin and 100pg/ml streptomycin
(Gibco) at 37°C in a humidified atmosphere of 95% air and 5% CO; and

passaged every 4 days using standard techniques.

Prior to cell seeding the wafers were placed in a p10 Petri dish (Nunc), and
sterilized by soaking in 70% ethanol for 15 min, rinsed twice with sterile water
and dried inside a sterile hood. MC3T3-E1 cells were trypsinized, harvested
and seeded onto the dishes containing wafers at a density of 1000 cells / cm?
for determination of cell growth, 6000 cells / cm? for determination of cell area
or 40,000 cells / cm? for osteogenic stimulation all in the same medium as

above.

For cell growth determination cells were fixed and stained with 4',6-
diamidino-2-phenylindole [DAPI] or immunoassayed after 4h, 24 h, 48h and



(Mol ecul ar Probes, Invitrogen) and Rhodam ne (TRITC) -
conj ugat ed Donkey Anti Rabbit ( 1 :200) (Jackson

wopwmenseesearch)In vitro M neralizati on det ect POIVEP2009/056443
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protocol: The mineralizati®m / cal cium deposition on
the wafers was quantified by Alizarin Red staining
either imediately after harvesting the cells or after
t he i munodet ecti on procedure (to insure that a

precise correlation between the i munostained cells
ana6haDé~iPdmﬁ ae‘hmesd:efﬁ)stalm\ﬁbat binds sdonglywier BNA, which can pass

taj th Al ||
¢ TTERLE Totdel 58 B aobled: Ao 3eiedy B st gl ol fue and
t Wigsd \tell$) dIQN?’@ faihed ddlsaded teeted HHObrAsEaRdd |ﬁmcroscopy,
Red sol ution (%1ma A3757) for 10 mn. After several

waskeited Wltfd@llilml @h'éQfHve@r\/\BAE’ lisneound tojdewple-stramdad DNA its
' ”aﬁ&)’? r@é%m o ?sda 358 nfntll%%dhl?so? 36 ?ﬁé@{.ﬁ%g?’n & £R461 nm,
wad 3N8 yze an quan PP AUt Ot @

flumrcﬂfsawmsmw@@ope usi ng Le| ca QM n sof tware.
When staining with Alizarin Red after inmmunodetection,

t hEor gV aesd deterchitstldnscausr wema kel ahwwﬁnumddssdylé&@fter 24 h.
before adding the Alizarin Red solution. Oherw se the

pr 5@@9@?&99@8@ stiraulaling, medidWAaS Ch@ﬂﬁq aften3 days to osteogenic
é"r"ék;Hl%rr‘?ﬂg&E' cAbed HoRE %ﬁteﬁ%ﬁﬁ% {ml_ascorbic

top ogy ronotes mneralisatro ost eobI
cehtig: (Sig:ﬁﬁﬁandl1losnMeBglweemtﬂ‘d>ephete (ES@S@ATW@‘ esteogenic media

defined in e S t
Ul 60N Bribeagre el dnealion 284 B & Aot GRS
vertical dinension of the structures (proj ectl ons) has

; . et ion, ¥ _
€ frﬁﬁfgﬁmgdé&t@%ﬂ&ﬁﬁk\r&@do‘?“ C er rk geﬁfl ﬁﬁégoeg\?/wvbﬁ&phate

t he el g pronote t ar gest degree
m beffereidzsdlinen(PBS )2addnixed ZFF14% drara>fornaldémyde TRBGefor 15 min.

W6 sperbieati P AEGE R 00 T KBS i) B8 lefin and
m%ﬁ%tuérﬁ‘%ﬁ 95 BERIA TSPBSCIBH 2 hodP I Ve SereNRacted with

strupt ures _I S _Of | esser | mportance I n pronoti ng . .
mi pamary satibaegies By bouisnghaldells Waareéheesvaﬁhed & traes in T-PBS

Saﬂﬁlo%e%ngy gdgl?iloH i the 820N aerys’aen“:"tT)ofcﬁe%mfc'):rI g hour Sltrrrl]lﬂ%aneously
DAPI (4,6-diamidino -2-phenylindole) (Sigma) was added for nuclear staining
and rhodamine-labelled Phalloidin (p1951 Sigma) for staining of actin fibers.
After 3 times wash in T-PBS the wafers were analyzed by automated
fluorescence microscopy.

Primary antibodies employed to detect protein expression include: anti-
osteopontin (AKM 2A1, mouse monoclonal IgG, Santa Cruz Biotechnology),
anti-osteocalcin (FL-95, rabbit polyclonal IgG, Santa Cruz Biotechnology)
both diluted 1:400 in T-PBS and Monoclonal anti-vinculin (Clone hVIN-1
mouse Ascites fluid, Sigma) diluted 1: 800 in T-PBS

Secondary antibodies; Alexa Flour 488-Goat Anti Mouse IgG (1:400 in T-
PBS) (Molecular Probes, Invitrogen) and Rhodamine (TRITC) — conjugated
Donkey Anti Rabbit (1:200) (Jackson ImmunoResearch)




structures having smaller X and Y val ues pronote nore
m neralization, whereby, for all sizes of the

websngasmwses tested, 1 nmm > 2 mm > 4nmm > 6nmm >>PCT/EP2009/056443
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unstructured surface. Al @& the sharkskin structures

have a gap size of 1 nmand a structure size of varying

T- val ues where one cross-sectional dianeter always

has a length of 1 nmand the |ength of the other
cross-sectional dianmeter is variable. The sharkskin

st frugiitrocMingnaligationt detectionr protogolod hesmirgralizationné calcium

{ structur fro series A hat a p . :

of JapGRifcth PP TBe RS ptves piotring Y Atk BBhstalfing eitner
t hﬁnr@hbﬂ%‘ﬂély%t%r h@ﬁfés'tlﬁét;%’e byllSer s theli®mbribtle®itideh procedure
optimal for mneralization. B. Structural properties

of (ta lBSW@oW@éta mr@lg@@ar@éatmpbewrt He mrm@w@s@lned cells and
pr8é1||C h8§t| osteoblastic cells: M3T3 cells were
se&ded A wafer, as defined in exanple 1.2

anWhdargthe2 ellaneérgriovwedstesetstainibg atithv dliz&Hm IRdog rtag ioyns were
of osteoblastic cells on the BSSA wafer was cal cul at ed

byf%%\ﬁ’dthﬁ@eicﬁ@ Himsiparg! fembihost and avpshed) twice wiil | dldlr'ao prior
o 35N, 01 2988 1 oL BSEIOUE 7] i e

pr se;mrel wash&s-h ddH”gﬁ)dhEzchs@\/ermlnmtmtediort e nhiriigPBS and air

t ffect th it f the. .
cePlied it et nooa (he Sahedcusarvenerabert,drdavptties using
f VEHB é‘uﬁ@H’fa‘-‘téd fIEQt’esEBﬁcé(r’rﬁél%séfoﬁé D?lﬂ@'L%r@a awie %Bft\W/QFé on

of Gap size (Y) between 1 and mm and a size of the
st thtru B@dning Wit Atipanine Red afternlnnrfmenadehecmrmnm@nlﬁe"dunostamed

degé' ?ﬁegwggb%'gi\&%%ﬁ\&@r?§8§|a§§qed‘ﬁ{1ee %? ﬁgﬁh%ghefaﬂﬁ HedLolution.

Pr gthéraNigd tHaNpriosed MeSwhs 1R S8 pOdbRleat ed wWith its
positive effect on mneralization (Fig.23). By

contrast, an increase in height of the Sharkskin

st es did not induce a decrease cell

prolitTeration rate. C. Structural properties of a

bi AcoSfraictintad propertiest @fohobyocdapatibberoserfacmetopology that
formati on by ex I‘eSSI on of osteopontin and osteocal cin

i nPHRMeles PHNRERIIsation byosteohlastic GRllse seeded upon a
BSSA wafer, as defined in exanple 1.2, of

Mc3T3 cells were seeded upon a BSSA wafer, as defined in example 1.2 and
Fig. 23, and grown as set out above. From Fig. 23B to D it can be seen that
the vertical dimension of the structures (projections) has effects on
mineralization, where the structures having the largest height promote the
largest degree of mineralization Z= 2.4um > Z=1.6um > Z=0.6um. There are
no major differences between the individual series (A to J) stressing that the
form of the structures and whether there was small systematic gaps between
the structures is of lesser importance in promoting mineralisation. By pooling
all the series with the same X and Y values it can be seen from Fig. 23D that
structures having smaller X and Y values promote more mineralization,
whereby, for all sizes of the structures tested, 1 um > 2 um > 4um > 6um >>

unstructured surface. All of the sharkskin structures have a gap size of 1 um



vertical dinmension of Z=2.4 mm and i nduced to
m neralize for two or threeweeks. The cells were

woenmsasuwent |y fixed and stained for OPN (greenpCT/©82009/056443
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(red) and DAPI (blue). FolIsewi ng fl uorescence

m croscopy detection of OPN, OC and DAPI, the wafers

were stained with Alizian red. Mean cell area was
deternmined 24 hours after cell seeding (fig. 25 and

27). Mneralization was determned after 2 (fig 25 and
26pnd@ Fruteressize iof vaw)g daf vehteeogteeneconmdmsmmtiorraiediameter

d t t | I
i ALNYS: D b P Gl o 26 Seah, 8 S #Rigt rossrectional
S' é%nﬁétef igt V@rlagcﬁ@' thé‘ sH@"HéWn sty ARIalD ?dmot@?qﬁlnemf%atlon as

smal ler X and Y val ues of the projecti ons on the
watvetl ,ast the tm%aﬂtrelcturbe fiond setie® \-of NQIRNhah & gD (\é)wdf 1 um and
the greater the degree of mineralization, and t

nﬁ'IZ?é'-tf streiciures %) ofrﬂtwnﬂ%amnsethsﬂ"mpﬁ@ﬁs '@N'f'e@@y series A
ructured surface. For
the g?%ewetme@rm%%&mr ease in cell size with

increasing Y values is observed (e.g. 6, 6) This
el | val ues

d for. the.l
eéieﬁﬁre chiral oPERRATiESh O R PIPSOTPALIRIC SUTEHGE (opology that
br%o&@%réﬁe’r&ﬁoﬁo?'?ﬁtléé!fla%tl%téél&t ures induced

m heral i zat 1 on, expression of OPN and OC, and cell
size to the sane extent as the best structures from

Ser | A- Sunmar The ex ovi des stenmati c
G Tpcelp vRsRCetipd o BERA wBle? pEpfed oMbl 2 and
COPRY. 23, aadégratmre@ sdtyoRfabiene! PHSifErasioRof dBERMbI Mlicdidlld on the
points of a regular two-di mensional grid, conprisin

g
d| Bb&rewaferonds calcutaied by aaunting ihe noswes«d iDARbstained cells 4,

or o0 181 B $evTioE AT BRI oo MRy B 6 237 OO Potteration

pr geerekked vath metm@rhtaﬁtthé {ﬁ%bbﬁonsTZEZ daji@ € g¥eBbuim, whereas
that a hei ght of 4 mm > mm > fl at

untiter beight @ﬂt@pm@qw did tnod effeqt thﬁ.jabliliygof the cells to attach to

unEe B8k L e BRSPS @il violh DAY Sr Pk de X ana v
Regmhighdighs Beosingtioh vah USsp SIZBG(Y? HRitWeEn X éﬂtﬂ4¥tm and a size
val ues the greater the induction o
of the structures of X=1 um results in the most pronounced decrease in
proliferation rate. The negative effect of increasing surface topology height
(£) on cell proliferation is thus inversely correlated with its positive effect on
mineralization (Fig.23). By contrast, an increase in height of the Sharkskin

structures did not induce a decrease cell proliferation rate.

C. Structural properties of a biocompatible surface topology that
promote bone formation by expression of osteopontin and osteocalcin

in bone-forming cells:

Mc3T3 cells were seeded upon a BSSA wafer, as defined in example 1.2, of

vertical dimension of Z=2.4 um and induced to mineralize for two or three



OPN and OC, the better mneralization, the fewer cells
and the smaller cell size; 1 m”TMm> 2 mMm > 4nm > 6mMm "

wopabns@sur ed surface. All of the sharski n strupCDERR09/056443
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have a gap size (Y) of 1 mstand a structure size (X

where one side always has a dinension of 1 mmand the
other side are variable. The mneralization, induction
of OPN and OC, cell nunber and cell size is simlar to

the best structures fromseries A-J. The conbined data
pr we‘e&esTlneh@ebQW%efS@bseqwmth/gﬂxeohand sthinedipaORN éreen), OC

colt! Bn PRPEfRTEN FEJogha I BeS BRI pssrbeaelin g 0P,
pPooT an@DAPIT Bilvafers Werdistnsd aal Algidrdrediher ei n t he
prot r usi ons have a cross section with a m ni num

cr Meanseqlk argganvagidgternuned 2¢ hehrs aften aeh seadig:(fig- tAveand 27).
onSHATSERAR SRS RRATER A6 A M8 3rf BIOa k8RS 0o 28) o

eaohteogehicanauotidmsﬂmwmd@fctubdﬂ@ftcmpNgasr&ph)'@:aé petitivelyusatrelated
has a vertical hei ght/depth di nension egual to or

gr é’ﬁhéﬂ'nﬁﬁ%{ﬁaio@d"hﬁﬁ '%'ﬁé?'@%PV@BEﬁﬂW h £elpizes(fen e small x
WA, Sl0e% k19 pBCX-fQ CehlY¥, REURRIRrBOBS VOdIBLd 8f‘tr@’pr01ectlons on
expressi on of osteopontin and osteocalcin in

botre BESA wgferelthesgr@tamﬁeelnﬁiuztlorﬁoif &N dnah©C, and the greater

mat i, on Ect gpi ¢, bone f.ormati on nay be anal yzed as
t ol @60e0. Sburipezatoncptd HE sl el acdlf M HiafagThus for
Onmlﬁ@raﬁzéﬂ’%G APNDi @€oMmay hpher eE' %émsyﬁ'&rtnuﬁg unstructured

any K sefies 1-8 in pla dlumlnclumg
add@rcﬂa(,‘.'ﬂ) Fmrdhegalrgm‘ Al v&lse&ebomeatdledrm ihQGefidize with increasing

b h
e Rl g 6% s BPewtapen (Pl e i dhe vgfoe X and
¢ g VRS SESRYSCARIER WRKHindr@liz&8F3rPRIC aRBNGPN.

formati on. Two pouches are made subcutaneously on the
doAHabf sthef sedgesnf Kt heshairkskin mtruo’a@re§unrgmopdt tmeinersdlizatien, and

are_anest het Wi t h~jsof | ane and ne st ruc

puf*K'e5' 8% 5%&@@% oAng et iz do %F\*’?&‘%&?‘Eﬂ”&aﬂs the best
sewirii€ured o S&riagy A-J. ef t for 8 weeks before they are
killed by cervical dislocation. The structures are

renmoved, plastic enbedded in poly-nethyl nethacryl ate
(PmemaﬁV:t' and stained for

The example provides a systematic analysis of BSSA structural surface
libraries comprising a plurality of protrusions arranged on grid points of a
regular two-dimensional grid, comprising different combinations of minimum
cross-sectional diameter of the protrusions (X), gap between nearest
protrusions (Y) and height of protrusions (Z) on the properties of osteoblastic
cells. The data reveals that a height of 2.4 um > 1.6 um > 0.6 um > flat
unstructured surface is better in inducing mineralization. This correlates with
proliferation where 2.4 um < 1.6 um < flat unstructured surface. Regarding
the X and Y values: the smaller X and Y values the greater the induction of
OPN and OC, the better mineralization, the fewer cells and the smaller cell

size; 1 um > 2 um > 4um > 6um >> unstructured surface.



bone detection (e.g. basic fuchsin/light green or
Alizarin Red S). Exanple 4.2. Bone-form ng assay in

web@opdisi n vi vo sheep nodel as descri bed bel orcT/aP2002056443
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used to assay the ability &6 the bioconpatible

material to induce bone formation/ingrowh: Sanples of

the rel evant bioconpati ble material and controls, e.g.

flat tantalum are produced on the base of 6mKx6mn

silicon wafer squares. The sanples are naned "active"
andll'of time slodrskinr s mberesvelve, a gap seee(Y)ofd im guei a structure size
redquce the variation of the results due to ani nma

vaibat et one siaeafyas s adlineasion hahpine ang) tH@r%the'b?'de are
a e

T The MRCHBSHAT JAau it b OPAfAnd O 2E0! AlinBRr and cel
assiag i sinsitazep thes best sintaturesdranm serigsiAe).29. I n

particular, fig. 29a shows a bottomview of the sanple

hol der, fig. 28b shows a side view of the sanple

ho*l'ﬁércoﬁwb%edgggtaznﬁﬁﬁd@stﬂ’l% Basiy fr ?lﬁ&lnéaﬂ’@tea biocompatible

hol der OWs a perspective view of
san'patmakﬂmactedzm biycp tomgraploes! atrmtusscemotlsmgaa plurality of

view.of .the sa hol der,. The s l e halder c ri ses .
- Btfifisnie e, 9% aEH: T “fioge redihdwosRnsioial gri,
Wh@aBerdlh A58 PRAFISIOR RaVd 8&Pos$ sé&idpewR I@%ﬁﬁimum“@ross sectional
square recess is located in the bottom surface of

cytiamptec4/0 wdrb2a,0 LerOWherem ttrrr@dtswczmbeta@@ntawawﬁmr@ points
hol

ri ses a threaded hole 1503 facilitati
o1 003 OB TS T ISR e L HHLP LB HiTh W Threeeach of
bo y Y} 0
verte EREFGIIES i RE dpbBraitien  Srdcicte Fos 3§Yéﬂa F°RBfudepth
andsnéretiorz edual tohorl§reater ﬂHlaom:xBﬁlumJ prederablyneldow! 2.4 um is one
fenpral condyl _one hole is driJled with depth 6 mm and

di whi el $pehiicat oMok &ONG. 19T Y HRIRIBRFHOR 1t osteopontin
Qﬁglae?édcgk% ﬁytaéﬁélz_ﬁorﬁﬂﬁ%{:g@s bone for exami nation of
t he e |

one 1 ngr owt l'ant's are press-fitted into
the hole and the cut is closed by surgical sewi ng. The

SMERBRTHIE 1k clobi Rt ARRSTGR) Lor " SP hey e,

Pﬁgﬂd\,ﬁ% 'bbh@%h%fudh ahsy AVhlyzd@aasd esio®: 050bWB® MC3T3-E1
cells per cm? are cultured on the 6 mmx6 mm biocompatible material
structure (e.g. any of K series 1-8), in plain medium including added 50
microgram/ml ascorbic acid and 10 mM beta-glycerophosphate. After one
week in culture, the biocompatible material structures are transferred to the
subcutaneous mouse model for ectopic bone formation. Two pouches are
made subcutaneously on the dorsal surface of the mice. During surgery the
animals are anesthetized with isofluorane and one structure is put into each
pouch, which are closed using surgical sewing. The mice are left for 8 weeks
before they are killed by cervical dislocation. The structures are removed,
plastic embedded in poly-methylmethacrylate (PMMA), cut, and stained for
bone detection (e.g. basic fuchsin/light green or Alizarin Red S).

Example 4.2. Bone-forming assay in sheep



is initially exam ned by nCT-scanning foll owed by
cutting and st andar dhi stol ogi cal exam nation of bone

wo odogmsooand bone i ngrowt h towards the inplant. Bt BERR09/056443
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1. Use of a cell or tissueseulture container to

pronote growt h of undifferentiated pluhpotent

manmal i an enbryonic stemcells, the container having a
surface for exposure to a culture during use, where at

| east a part of the surface is defined by a

bi Aoonpéta sheematasiel abs,desicgbed hetnw iceadie asgrhta assayaihne ability

f_the b h
R S M T R T Y
CO”TJ“SI ng a plurality of protrusions arranged on grid

poi nts of a regul ar two-di nensional grid,
chapawies i fedhe nredm@ntthlécemgb@emat@ﬁal afdreestrelss e.g. flat

of r

i tBuDE S ERARBAFT U 68 8] R Tin e waffi Sqparps. The
besampresasrer etnéd ¢ échﬁveplaadécorﬁtrcblhereep@m@w famclearefudicdiein pairs
structure, and wherein the density of protrusions_is

eqtparecmeo'ihegv%rat@n ohEe rﬁ%ﬁ%%ﬁ%ﬁ”'ﬂ’@' vesialaps Taggsamples
wh o) r

ot £1oe Ly Rl Sample RIS Y o o Tigeit RATTRRE  Ete 431)
t ocatiggeat ierplattan 1.6 mm or 3.0 mm preferably

between 2.0 mm- 3.0 mm nore preferably 2.4 mqm 2 . A

use according to claim1, wherein the protrusions have

a Theans§e tHokkraie u§e'Th%i PoRe-forAfisg $RShY Aahesd %Tﬁlhgfrated in
of between 0.1 mm and 4.0 nm and V\herelnthelatera

di Friguse @9. o pantécudarp flgefzaeahowwa podtonugiewnohite Ba@ple holder,

o280 ol ectine Vialkg! fs” SBRTI0G Soc 23 v o view o

cr Qﬁﬁsérﬂ?td Reldker i Edeshd\ws Repavepactivedviem anthels&ffile holder,
and the |lateral dinension of the maxi num gap between

an@n@figr 28gishewenal cress-sratioast viewi ghibersarapie)halder. The sample

be . S rdi -

oné&@? c[%k?ﬁbﬁsejis ?1%% rﬁn'g%ce\%%epgﬁ ﬁé&ﬁ&@ & ReEi® RY sample
whose biocompatible surface is to be exposed. The square recess is located
in the bottom surface of a cylindrical member 1502. In the top surface the
sample holder comprises a threaded hole 1503 facilitating placement and

removal of the sample holder in/from the bone.

Before surgery the sheep are given 2.5 ml Rompun vet. and 2 ml. Atropin.
After 20 min. the animals are anesthetized with 15 ml. Propofol. In each
medial femoral condyl one hole is drilled with depth 6 mm and diameter 11
mm. This leaves 0.5 mm gap between the biocompatible surface and the
bone for examination of the bone ingrowth. The implants are press-fitted into
the hole and the cut is closed by surgical sewing. The sheep are left for four
weeks after which they are sacrificed. The implants are removed and
embedded in poly-methylmethacrylate (PMMA). The degree of bone ingrowth

is initially examined by uCT-scanning followed by cutting and standard



m ni mum di st ance between adj acent grid points al ong at
| east onedinension is smaller than 8.0 nm preferably
woedneasnsD. 5 nmand 6.0 mMm 5 . A use accor di NBCT/8P2R0Y/056443
one of clains 1 through 4, sasherein the structure
i ncl udes protrusions having the sane cross-sectiona
geonetrical shape or at least two different
cross-sectional geonetrical shapes. 6 . A use
according to claimb5, wherein the protrusions of
di histolegicak exgmirsaitoni ohdlongewoteime amde bane angeawtontawards the
re ularttmo-dinensional grid in an alternating
pa @ . 7 . A use according to any one of clainms 1
t hrough 6, wherein the structure includes protrusions
of different cross-sectional area. 8 . A use according
to any one of clains 1 through 7, wherein the latera
cross-section of the protrusions have a shape defined
by circunference and/or geonetry chosen from anong the
shapes: circular, concave, convex, round, star,
square, rectangul ar, hexagonal and pol ygonal or a
conmbi nation thereof. 9 . A use according to any one of
claims 1 - 8, wherein at |east a part of said surface
Is coated with a material chosen from anong tantal um
titanium platinumor an oxide thereof. 10 . A use
according to any one of clainms 1 - 8, wherein at | east
a part of said surface conprises a polynmer chosen from
anong pol ystyrene, polycaprol actone polylactic acid,
pol y(lactic-co-glycolic acid, chitosan or a
conmbi nation thereof.11. A use according to any one of
claims 1 though 10, further conprising a conpound
selected fromthe group consisting of: polypeptide,
carbohydrate, lipid, growh hornone, antibody,
antigen, glycoprotein, |ipoprotein, DNA RNA,
pol ysaccharide, |ipid, organic conpound, and inorganic
conmpound, wherein said conpound is adsorbed or



chemcally linked to the exposed surface of the
container. 12 . A use according to claim1l, wherein

weaiod/1g00ont h hornmone is sel ected fromthe groUPCT/EP2009/056443
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consi sting of BMP, EG--1|i ke TG--beta, |G- and LIF.
13. A use according to clains 1 through 12, wherein the
cell or tissue culture container is chemcally
functional ized by e.g. nanocrystalline dianond,

pl asma pol ymeri zation, oxygen plasma, or nitrogen

pl &4aims:14. A stanp or mask for the production of a

cell or tissue culture container, the container being
at Ieas art|aII roduced froma b 0oco tible

mat ert-aPsBe GlhR5aR G iR da e 9 BB

a t opogy,ARLFEH ot b@‘?l?oﬁatrﬁ WA RIA eﬁ%rwm@l stémad¥ls, the
one of clains 1- 0 a surface of sa

bi ocorrpaomtlair@rﬂf@wmg aburface forexpeblirecto a clsléure atningurse, where

cont ai ner, fo RLA tin rowt h dlfferentl d .
o1 Uhpot BhEeREARET T IME aHoEh I cSinall e p LI CEPpRAITE materia,
cont ai nﬁﬁhel“éw lafl oot étﬂéra@ﬁarﬁ BXkpERERPRGE DT tIRe Bldébhiﬁ#tlgle
during use, where at |least a part of the surface is

def i ned”@erﬂma&ﬂ)ﬁ@@% Monmicpmeter saate KNegsaPhiealstructure

mat or | oL RERERRreF oSk s PR B8 points of a

materi a m crone

t opogr apdyuta twet ditrensicnat iy clsdragterizpd i aiattrye cfoss sectional
protrusions arra fged on grid points of a reg

t wo- di nEiRENIRNS g iNE, pr@Hﬁ$'86§ é’PPliFéidaP @r%%sﬂualﬁe or less than
Cr 0SS- Sg5#] 8F‘tﬂb 198 %ftruggg" AbTdish %@ﬁ]g%%%lgé(re in the
ess t Y0 o a

an area equal to or the tot area o
t he str planersd the exposedtackafiige straswredrndwheesipttadensity of

of the exposed face of the structur and wherein th
densi t ypﬁwr}%}&e&#@[ fosOrQy&al erttBaré? RIPEHPION RER & leg and

protr us{,mggeln%r chof e rcﬁplgpc%ﬁ% é]? Wr%hlﬁé‘lgst%cture has a

protrusions of said to ogra ure

verti calertiealhsigiiggedth dimensioareculal Ehougreatet tham 11&um or 3.0
A nmet hod of pronoting gromh of undifferentiated

pl uri polBhPrefery REAVeReAltem-s 3.0 Ha, mareeaeterably 2.4 um.
conprising bringing the cells into contact with a cell

or tissue culture container having a surface for

2. Ause according to claim 1, wherein the protrusions have a cross
section and a minimum cross-sectional diameter of between 0.1 um
and 4.0 um and wherein the lateral dimension of the gap between any
protrusion and its nearest neighbor (d;Y) is between about 0.5 um —

8.0 um.

3. A use according to claim 2, wherein the cross-sectional diameter is
between 0.5 um and 1.5um and the lateral dimension of the maximum
gap between any protrusion and its nearest neighbor (d;Y) is between

about 1 um -4 um.

4. A use according to any one of claims 1 through 3, wherein the

minimum distance between adjacent grid points along at least one



exposure to the stemcells, where at |east a part of
the surface is defined by a bioconpatible materi al,

wobewassat | east a part of an exposed face of p¢1&P2009/056443
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bi oconpati bl e materi al has 8a nano- and/or m croneter
scal e topographical structure conprising a plurality
of protrusions arranged on grid points of a regular

t wo- di nensi onal grid, where the structure is selected
to pronote grow h of undifferentiated mamual i an

enbr yondunartsion sesrhsllerdhan 8c@ gmi, peeferably batwedre0.5 um and 6.0
crosssectional dinensions of the protrusions occupy an
area egtdl: to or less than 25% of the total area of
the structure, said area being neasured in the plane
of the exposed face of the structure, and wherein the
densij.y Aafsepaiadordisag do ny oneqefadlaits bthrguglaﬂewherein the
protrusions ere each of

er th
protr us?%%%tugef 'r@gidt?stRfBEB?'QBﬁ|h@¥|ngst{‘? FEME & 0|$§5,Se§tlona|
vert ' ca eHRbH] gﬁ‘é’ﬁ)@o% ?%t Q\Fb §eAdnticPosy- s@étﬁ)rff‘lnta%eometrlcal

t ha mmor 3.0 nm preferably between 2.0

nm rmrehmeﬁerably 2.4 mm 17 . A met hod according to
claim 16, wherein the protrusions have a cross section
and a m ni num cross-sectional dianmeter of between 0.1

mm argl A BeERginghs chiim 4 hﬁhérétneﬂhé'pr@trU&Bﬁb@ﬂdﬂferérﬁtQ:ross
gap between any protrusion and its nearest nei ghbo

(d;Y) i sedignabgaoriesytare asranged o) toerrﬁgql@rbm@hm@aswnal grid
accordi erein the cross-sectional
S et ol e S Rl b

di anet e nm and 1. 5mm and the | ateral
di mensi on of the maxi mum gap bet ween any prot ru5| on

and its nearest nei gghbor i s between about
4 mm7-18 UseraGRorfipg 9@@&‘@1\ Q'@”&nllthfﬁégféﬁ whsr% ”1%

thfough grl}(‘jé‘ﬂc:ﬁld%st&ﬁtrﬂé&}h?% Hlfefér?trlﬁS dé)éé&%ﬁi%l area.

adjacen pol nts along a one di mension IS

smaller than 8.0 mm preferably between 0.5 mmand 6.0

m 8. A use according to any one of claims 1 through 7, wherein the lateral
cross-section of the protrusions have a shape defined by
circumference and/or geometry chosen from among the shapes:
circular, concave, convex, round, star, square, rectangular, hexagonal

and polygonal or a combination thereof.

9. A use according to any one of claims 1 - 8, wherein at least a part of
said surface is coated with a material chosen from among tantalum,

titanium, platinum or an oxide thereof.

10.A use according to any one of claims 1 - 8, wherein at least a part of
said surface comprises a polymer chosen from among polystyrene,
polycaprolactone polylactic acid, poly(lactic-co-glycolic acid, chitosan

or a combination thereof.



20. A nethod according to any of clainms 16 through 19,
wherein the structure includes protrusions of at |east

wo emmodsdober ent cross-sectional geonetrical shapesEP#09/056443
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1. A nethod according to cl @am 20, wherein the

protrusions of different cross sectional geonetry are
arranged on the regular two-dinensional grid in an
alternating pattern. 22. A method according to any one

of clainms 16 through 2 1, wherein the structure

i ncl udedA pseBacogidingtoodnyione of elaims dbeugledDi tutiler comprising
area. 23. A nethod ac rding to any one.of clains 16

Chr ougha SOMARERATSHETRE 1o e drepp e Shudoi 5 Pabenive,

or nmor ecét%@h?dl%t@aﬁm@ g?BWﬂ?hdﬁﬁérﬁ@Cbrﬁﬂoo@yf@M@eﬁf 8leBprotein,
and/ or geone sel ected from one the shapes:

i r cul afpoRraisid, DNARNA quirsacoreddaipin, arganiseagmmand, and
and Dol ¥80aic b EABPWRBHR Al NS R8P Apbled:

according Yo an clai nms er el n

at | easthemifrally linkes & theseNdozed dusfacanif #helobeaiieed
and/ or titani um coated. 25. A nethod according to any

one of clainms 16 - 23, wherein at |east a part of said

surf age &PQ@ ia%Eérdﬂ'Toq & a8y @rwthéngbﬁggrBWtHﬁBVrggﬁg }f selected

pol ycaprol actone pol ylactic aci tosan

net hod ﬁomﬂh@ingup@oam}stm@efBMI%IEGHBHI@ TiGobela, 26F and LIF.
further conprising a conmpound sel ected fromthe group
consi sting of: polypeptide, carbohydrate, |ipid,

gr owt4 N I

li poprgogcel{ n, %&Hé{hﬁ% ;‘131215 rlg Mﬁ?'%rr?g% ol %rntlsg ue

conpou nduItwrect:antmngrale|cxhecruoaityufudct|mif£énzed m)y&ag dnanocrystalllne

compound. i s rbed or chem.cally Iin

o onp BRI T 8O I FELO e IaeBI P B2 B GORER Plasma.

27. A nmethod according to claim 26, wherein said

growt h hornone is chosen fromanmong BWP, EG--Ii ke,

TGF- bt &, star@p wrrrda&letd(aleedoeoduﬂhlbbiotf @rceliferdissue cottuee

conbi nat i on. t here
container, the contalner being at least partially produced from a
biocompatible material, the stamp being adapted to imprint or impart a
topographical surface structure as defined in any one of claims 1-13

into a surface of said biocompatible material.

15. A cell or tissue culture container for promoting growth of
undifferentiated pluripotent mammalian embryonic stem cells, the
container having a surface for exposure to a culture during use, where
at least a part of the surface is defined by a biocompatible material,
wherein at least a part of an exposed face of the biocompatible
material has a nano- and/or micrometer scale topographical structure
comprising a plurality of protrusions arranged on grid points of a
regular two-dimensional grid, characterized in that the cross-sectional
dimensions of the protrusions occupy an area equal to or less than
25% of the total area of the structure, said area being measured in the

plane of the exposed face of the structure, and wherein the density of



28. A nethod according to clains 14 to 27, wherein the
cell or tissue culture container is chemcally

wo neotis@eal i zed by e.g. nanocrystalline di anonpCT/EPR®YES6443
pol ymeri zati on, oxygen plasma, or nitrogen pl asma.
29. A net hod according to claim16, wherein said cells
express a pluhpotency marker chosen from Cct4, Nanog,
SSEA3/ 4, and SOX2. 30. Use of a cell or tissue culture
container to pronote uniformdifferentiated growh of
manmal i protstsgnscieldgsial toher greatexithan 1rmotrug|oa8$)er65¢&fn and

par t - of WPRES 8 5PPR L 11 BRRISHEIS B4 IRSBAgac StgcLre has a
Rt o1 | a6 86y Moth Ekn G008l 30 g¥posed face

of the Dbroconpati has "a nanoand/ or
m croneter scal e topographical structure conpr|5|ng a
plurallt of rusi ons arran

5 Pt A ritabdherhene s fouth of dpa Bean st Pl paiant”
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across-sectional di anet’er of betwe
and whecentact Wih laatedirat tissLewnguencaitainiee hawxigraisudege for

R O TS
pr ot r usgefisedh %%lgcdrﬁﬁﬁlﬂilémtéﬂbl Weﬁdélhlﬁ’tq?eéb@% @art of an

vertical height/depth di mension equal to or |ess than
10 1. 0 nm expedest faee pf e hissanpasblennaterial bags nann-@nd/or

f . e '
50 whorly ST 1€ 1ol SRR G p g B Br
pr OJ ect pissicrs @rahgaecon ?ﬁdmtbbf @iregulalr eveitensional grid,
and/ or geomstr sel ected from one the shapes:

ci rcul aWl efq-,m%strgqtgr,e |s§@1ﬁgt%d tq gr(gr@mglgrgwth g@g{%ﬁgr@ntlated
and pol yaonak; bg;‘?(gmbmﬁérh U, a?Q{terl %d wﬁh.‘é?ﬁ]euc 05s-

accordlngtocam ernt ructure 1nc
15 proj ect sects)riaadlnn@wsaormoﬁhhe ﬂratrasmhs «mcos;sy ar@reaeqaaldo or

pr oj ect ng rec ul a

O ose- s EBTIaRT 2aHEPEie 1 Ared obins X Sicdireonald aipaeing

of the RIRisAFdd PNBeltare Qf e exdfoded 18&E8NMe structure, and

crosssectional dianmeter of the projections is bet t ween

1.0 mm wBeteinmtte density of protrusions is equal to or greater than 1
protrusions per 65 um?, and wherein each of the protrusions of said

20 topographical structure has a vertical height/depth dimension equal to

or greater than 1.6 um or 3.0 um, preferably between 2.0 um — 3.0

um, more preferably 2.4 um.

17. A method according to claim 16, wherein the protrusions have a cross

25 section and a minimum cross-sectional diameter of between 0.1 um
and 4.0 um and wherein the lateral dimension of the gap between any

protrusion and its nearest neighbor (d;Y) is between about 0.5 um —

8.0 um.



preferably between 1.0 nm 6.0 mm and wherein the
vertical height/depth dinension of the projections is

weageahiséer or | ess than 1.0 nm preferably bet weerrB2089/056443
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mm- 1. O mm nore preferabky about 0.6 nm 33. A use
according to any one of clainms 30 through 32, wherein

at least a part of said surface is tantal um coated

and/or titaniumcoated. 34. A use according to any one

of clains 30 through 33, wherein at |east a part of

sai d HuAfmethodaasiosdisg &6 ckimpdl Ay mérereindhadregs-sectional diameter

pol ystyr ol ycapr ol act one oI I ctl cid

ohi 1 osals, BRiweRn s i 8o dr m A the Teleeal smengioof soe
though ahxirhin! g Riﬁlé’r#t{'ﬁ‘ nehest Adigh Y
t he groﬁgaxclzoﬁséﬁfﬁg of néﬁc}ngrp?grgtgl de, car bghﬁ%ratgg, bBRa;Y)
lipid, mroetveechaboohd, urantdioondy, antigen,

gl ycoprotein, |ipoprotein, DNA RNA polysaccharide,

l'ipid, organic conpound and i norgani c conpound,

wher ejgn @%éi’h&@ﬂ@éb’rﬁ é}gﬁ&ﬁ@SﬂcIEH’né W?t ?ﬁel% wherein the
surface of the cont a| or onmot'i ng

uni f or nmahifrfugn dmtaarmeebletg\mmaﬁjacten’fmmrbolahs aierhg; af Ietalstaone

nmet hod ri.sing bringjng.he cel ontact_ Wi th
Tcert Smeaidy Bnridiibad e b ore Rtk peiaRT B and 6.0
for expg sure to the stemcells, where at |east a part

of the Surface is defined by a bioconpatible materi al

is defined by a bioconpatible material, wherein at

| east_a part of an ex osed fac bi oco
rmteraoal'&)ﬂgh%p ﬁﬁ?Rfd' Q3B 9 @'Hiﬁg{&?hr%% égpwthereln the

t opogr aphi,&dte Ficl WrBtrGSIBRS iof 'af‘%a@t ?A/d*&i?ﬂe‘réﬁ‘t Pbss-sectional

protrusions arranged on grid polints of a regular

t wo- di ngeaietradal ghapkes.characteri zed in that the
protrusions have a cross section and a crosssectiona
di aneter of between 1.0 mm- 8.0 mm and wherein the

| at erzayl Adh BB Rtofding ff@c[ﬁ?f%'zmmfﬁs@@m%é‘fﬁétﬁu%b{s of different
protrusion and its nearest nei ghbor (d;Y) is between

1. 0 nm crogsGestipnalrigeoneireane amangesd on ¢ ragsilgHvoddiprensional
di mensi Sﬂd % aﬁ%ﬁgrnoaftlntgtb t%rﬁ)_t rusions is equal to

22.A method according to any one of claims 16 through 21, wherein the

structure includes protrusions of different cross-sectional area.

23. A method according to any one of claims 16 through 22, wherein the
lateral cross-section of one or more feature has a shape defined by
circumference and/or geometry selected from one the shapes:
circular, round, star, square, rectangular, hexagonal and polygonal or
a combination thereof.

24. A method according to any one of claims 16 through 23, wherein at

least a part of said surface is tantalum-coated and/or titanium-coated.



or less than 1.0 mm preferably between 0.6 nm- 1. O
mm nore preferably about 0.6 mm 37. A nethod

waceonsiosg to claim 36, wherein the | ateral PCT/EP2009/056443
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cross-section of one or nomMe projections has a shape
defined by circunference and/ or geonetry selected from
one the shapes: circular, round, star, square,
rectangul ar, hexagonal and pol ygonal or a conbi nation
thereof. 38. A nethod according to claim 37, wherein

t he A9 Aonethediansoudieg tproy eveiatiaimsvitng23, whersireat least a
| ateral cr.oss- squfon andsg iectlons havi

[ ect ang RO SALES WIS, SLEILR Of F BV RELATD Polygyrene,

cr Ossseﬁbliyeﬁﬁoléht@rﬁ@b@r |fthictder], Or@heesapns is 1.0 mm
and a second crosssectlonal di ameter of the

projections is between 1.0 nmm 8.0 mm preferably

b
nei i dopTeiTR abedtell ot AREOL BT IR ddE RS diripgr
or | esscomprisihg msmppu@cﬂ ee@btad b@rhvmargr@u@ comgistirdg ofd

nor e preferabl about 0.6 nm A net hod

nm
accor di RgYP8PEFS; C@ﬁtéomﬂr%‘ieai'ﬁ'ﬁl Q@Wtﬁmmﬁm%anmyelaﬁt'gen
at |eas c Egﬁyga%

and/ or {letegﬁﬁér‘rl{]c g%lﬁbﬁ)ﬁﬂ ﬁe[\ltﬁ accgﬁ%@%@@gﬂgﬁ%amc
one of compnandﬁandwrmngﬂmleeorrmndl whateih sakk campaund is
of said nsi st of ol yper i ncl udi :

ol yot yPasbeR o FRRRIGH i fsed. BomyPTeed B sofalehso with the
chi tosaguﬁaéleyg BELIOR (jq\j}ﬁgiﬁgfng to any one of clains

36 though 40, fyurther conprising a conpound sel ected

fromthe group consisting of: polypeptide,

carb t | 1.pI rowt h. _hgrno .antibo :
ant i g ™ Hleiaass pBbatrird &Sl 86 RRE ik ReloRRRMN hormone is
pol ysacghaddrfoml drRbllg BMPAGF —FRETPRGRbetR/NGH ém EéﬁkéTemla
conpound, wherein said conpound is adsorbed to
exposedingilifoay éaaiér, oha coompinatier the4@of. A use or a

nmet hod according to any one of clains 30-41 , wherein
said stemcell is chosen from anong enbryonic-,

nes e yBlethodB8cording to claims 14 to 27, wherein the cell or tissue
culture container is chemically functionalized by e.g. nanocrystalline

diamond, plasma polymerization, oxygen plasma, or nitrogen plasma.

29.A method according to claim 16, wherein said cells express a
pluripotency marker chosen from Oct4, Nanog, SSEA3/4, and SOX2.

30. Use of a cell or tissue culture container to promote uniform
differentiated growth of mammalian stem cells, the container having a
surface for exposure to a culture during use, where at least a part of
the surface is defined by a biocompatible material, wherein at least a
part of an exposed face of the biocompatible material has a nano-
and/or micrometer scale topographical structure comprising a plurality
of protrusions arranged on grid points of a regular two-dimensional

grid, characterized in that the protrusions have a cross section and a



central nervous systemstemcells. 43. A nedical
i nplant for use in bone-tissue inplantation, the

wareaivaslosi npl ant conpri sing a surface, where abCT/ERH09/056443
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part of the surface is defigmed by a bi oconpatible
material, wherein at |least a part of a surface of the

bi oconpatible material is characterized by a nanoand/

or mcronmeter scal e topographical structure conprising

a plurality of protrusions arranged on grid points of

a regul arossvasctionariametdrgfibdtwese ) e 8.0runotamdeniarein the

oot eopolteTal dRETR L L DRI 0. FEMRERG e pEuSion and it
wher ei nn&%sphe@hﬁaf RIT) Iéaef&w%eﬁr@gﬁn%s@.gagn Wt \Wwherein each

m ni mum cr osssect | on I amet er
wher ei nof the glostsioos dﬁeaxdetepogtammstrgctude pesrat\zertlcal
al ong at | east one di nension is between nm a

and
mm  whePeichUdgeih gmengionRa (& Polessdhan Hé) um, preferably

g?ﬁgg;?g%ﬂ@%&ua@%&gﬁgqr g de}gt gy r%ﬁp%fb%bgmﬁgjf erably

about 2.4 mm 44. A nmedical inplant according to claim
43, wherein the lateral dinmension of the maxi num gap
bet wekln AH§e geeRnding torclainy 30t whaeein & latenalaioss- S(e@tlw of one

|'s bet ""S?H}ogggrrgle%nhcg{?nfg%r a%hg eﬂﬁéd’%x@r‘éhﬁﬁéren%la%'at/or

accordi ng
cr osssegeomeély séieuted @onodné tee shaysss: serctlanmousd adtaytsquare,

1nmandthe|at r al nsi on of the m ni num ga
betvveenr%?ﬁ@/”%%'i ﬁ%?%ﬂ g REYGRNA Q5 @ 9%?%%‘?” Eﬁfrwf-
is about 1.0 mm 46. A nedical inplant according to any
one of clainms 43 through 45, wherein the structure

i ncl @A psetcogidingstoodlaiat 31 paberainthalstri@duenincludes
Cross-sect |%nal H%eomst rrca

ot ot Bl (R & sgfiate RIS st Seciat Sl Hroiections
of diff ﬁéﬂﬂb éﬂe@%g‘i@ﬁlb@ﬂﬁ'cr@@@%ét"éﬁ Hreerain’ ANSGEArcys-

t he regul ar "twodi nensional grid in an alternating

pat t er nsectional diameter of the projections is 1.0 um, and a second cross-
sectional diameter of the projections is between 1.0 um- 8.0 um,
preferably between 1.0 um- 6.0 um, and wherein the vertical
height/depth dimension of the projections is equal to or less than 1.0

um, preferably between 0.6 um - 1. 0 um, more preferably about 0.6
um

33. A use according to any one of claims 30 through 32, wherein at least

a part of said surface is tantalum—-coated and/or titanium-coated.

34. A use according to any one of claims 30 through 33, wherein at least
a part of said surface consists of a polymer including polystyrene,
polycaprolactone polylactic acid, or chitosan.



48. A nmedi cal inplant according to any one of clains 43
t hrough 47, wherein the structure includes protrusions

woboodi1fdosr ent cross-sectional area. 49. A nedi cabCT/mpLw@od56443
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according to any one of clasnms 43 through 48, wherein
the protrusions are positioned on grid points of the

t wodi nensi onal regular grid such that only a subset of
grid points are covered by protrusions. 50.A nedica

i npl ant according to any one of clainms 43 through 49,

wher e A bee peoonding tonanyaore of clamed0ithoygir 3# Rirtheows
where the cenIre-to-centée Fi Egpcetgetmeen adlaFentf
pr ot r usFENE"PEIA FEEPENYY PF e&fﬂ CEN NP SRBUP §ORSIATNG OF:

medi cal pblggbéﬂtﬂe,a,fé@l%ﬁvdﬂgtet, RpidNYrontd Hrmenel BBtiedy, antigen,
t hrough 50, wherein the lateral cross-section of one
or nor eghyeepiARINokPARIStEN I He RIEY, inetsaggharide, lipid, organic
ci rcunt 86r%p88p8,”£l40°fn m&%mﬁ%ﬁha%gr 1y A LEMpSd.is
shapes: “Ci rcul ar, concave, convex, rotnd, “square;, and

r ect angatiserbedito the erposert surfadehefrtaefcontaingr. medi cal
i npl ant according to any one of clains 43 through 5 1,
wherein the center of the features of said periodic

¢ : . D . .
o S oS g A R RS T e
and b, aelts, Wnemetnod aomprisegdorird)ing thee egjisant® cpritdct with a cell

megﬁi Pﬂ% '§ féﬂgﬁﬁéh@%er@avﬁﬂaﬂc%ﬂ%% é{gen %Epeggt)it%e stem
rect angebipy WMdr8 o | st glp“a?ﬂéﬁtﬂatsu(z‘@be'@défirﬁéd §gwatbhio%ompatible

direction in an interval between 2 - 8 nmand w
gri d comsternal i efined by edvoeempatikietnaierinh wiereintaileast a part

between 1- 4 A | cal i plant cordi_n an

one-of 81 a1 GePed 8 AR Bitoo R PR aBAGHI 0R % p G dparor

sur f aceriigrohfiiérddaie Sptabal sifuc&wrb&fbnhtﬁﬁs}l?b?ﬁur@lity of

any oxi de thereof.54. A nedi cal inplant according to .

any onePttrusiaisnararged g grigipeirds ©f atregular two-dimensional grid,
characterized in that the protrusions have a cross section and a cross-
sectional diameter of between 1.0 um - 8.0 um and wherein the lateral
dimension of the maximum gap between any protrusion and its
nearest neighbor (d;Y) is between 1.0 um — 2.0 um, and wherein the
vertical height/depth dimension of each of the protrusions is equal to
or less than 1.0 um, preferably between 0.6 um - 1. 0 um, more

preferably about 0.6 um.

37. A method according to claim 36, wherein the lateral cross-section of
one or more projections has a shape defined by circumference and/or
geometry selected from one the shapes: circular, round, star, square,
rectangular, hexagonal and polygonal or a combination thereof.

38. A method according to claim 37, wherein the structure includes
projections having a square lateral cross-section and projections

having a rectangular lateral cross-section, wherein a first cross-



| east a part of said surface consists of a
bi odegr adabl e pol yner as polylactid acid or

w@ebog(ibast i c- co-gl ycolic acid). 55. A nedical ippl/&aP2009/056443
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according to any one of clasnms 43 though 54, further
conpri sing an adsorbed conpound sel ected fromthe

group consisting of: polypeptide, carbohydrate, |ipid,
growt h hornone, antibody, antigen, glycoprotein,

| i poprotein, DNA, RNA polysaccharide, |ipid, organic
conpounsgectamgl drammejanbttmqrrpjmiidns 61 A yradand kb decphdross-
accordi ngﬁgto ¢l ai m 55, wherejn said geowth hQrnone i s

sel ect e@°¢HAHR fjﬁénegt%%th@o?@eé%@ﬂﬁ Ippetigen Ermy &Q um,
TG bet efér%'&yﬁ%fééﬂ’ﬁ 69‘%‘3”%@%‘%@“% §8rtRaY

one of sal d 1 nplan

dental haighgdépthaBmnereh ¢fahe iphiiestidnsis i ttgort kesgfiyan 1.0
one of clainms 43 - 56, wherein said inplant is an

or t hopeHMs prefgrably bebeeen fdimal 1.ithpwnamora eseiembly abeut 0.6
any one of clainms 43 - 58, for use in surgical

treat nelt™ of a human or animal. 60.A medical i npl ant
according to claim56, for use in the treatnent of a
dental condition in a human or animal. 6 1. A stanp or
mask FrA teshea ed@mﬂir@wmcanyaorr@df daimsiéGitrar@ughr?@ wherein at
medi cal ice bein | east rti aI rod from
bl oolfESY PRE Shit Purtacs ReteBfElin pedtel Raliiidancoated.
imprint or inpart a topographical surface structure as
defined in any one of clainms 43-60 into a surface of

sai d 48. dt omgilaed Breordingetoi ally. @ olUsleinas 36 tlrm@ugba39 wherein at

i the 1eL8 RE T RO B BRieE Rt ek Mg e

or ani mpblysPend/ly@aprol&eloneqiolyiastidigcia Ubrt eHilsan

container to pronbte gene expression in differentiated
cells durlng cell culture, the container having a
S“” @ﬁe@ rﬂéth%’épé)c%Brcﬂpb Yo %pﬁ%‘n‘e St i HOUGH 465 further
ere éast 0 €
comprising a compound selected from the group consisting of:

polypeptide, carbohydrate, lipid, growth hormone, antibody, antigen,
glycoprotein, lipoprotein, DNA, RNA, polysaccharide, lipid, organic
compound, and inorganic compound, wherein said compound is

adsorbed to the exposed surface of the container.

42. A use or a method according to any one of claims 30-41, wherein
said stem cell is chosen from among embryonic-, mesenchymal-, and

central nervous system-stem cells.

43.A medical implant for use in bone-tissue implantation, the medical
implant comprising a surface, where at least a part of the surface is
defined by a biocompatible material, wherein at least a part of a
surface of the biocompatible material is characterized by a nano-
and/or micrometer scale topographical structure comprising a plurality

of protrusions arranged on grid points of a regular two-dimensional



surface is defined by a bioconpatible materi al,
wherein the bioconpatible nmaterial conprises a

woraoaspat i bl e material according to any one OPCT/ER200%056443
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43-60. 64. A bioconpatible ®vating for use in the

manuf acture of a nedical inplant, wherein the

bi oconpati bl e coating conprises a bioconpatible

mat eri al according to any one of clains 43-60. 65. The

bi oconpati bl e coating of claim®64, wherein said

medi cal g'ridebarte the %ﬁwhﬂaﬂacam@emfmmoﬁ@ boneifergnation by

cells. methd I Qnot | bone fornmati b

xpr oss PO SSP00 S5tRaRAT NNy TpRGagan fepf Toming cells,
bone- f opfierdin ¢8d brotrusishsmaveosl cesy¥PsdctibAGvith & Pelhiturh Poss-
cells into contact with a bioconpatible nateri al

wher ei nsmthr@hétar@etpaﬂ {0 o -a2lmawdesgin e distance between

bi ocorrpatlble rra eri i s ch ter ed b
ond or " aleBa PaiE Pt e el mensier Bereen 2.0
conpris K
poi nt s %?@aga? Eéﬂ@ér% CRahE pEoREoRE BW?QPS@M%*“'&'
pr ot r ussnstutealas a veriices he@t/ideptmdltﬁer&lan aqualirto or greater
cross-sectional dianeter 1. 0O mm wherein the
di st ancBapet @Béﬁna@]efﬁféﬁh/ Qj?quél ZFfoHFﬂ s along at | east
one dinension is between 2.0 mmand 8.0 nm wherein
each of the protrusions of the topographical structure
has al4/Armediebl |h&i|@rh'ltaicd>epd|hgdid> ok 48) v&wnailn the lateral dimension
greater %han 1. pbref erably about, 2.
the maX|mum gap between any protrusion and |ts nearest neighbor

(d;Y) is between about 1.0 um — 6.0 um.

45.A medical implant according to claim 43 or 44, wherein the cross-
sectional diameter of the cross section is about 1 um and the lateral
dimension of the minimum gap between any protrusion and its nearest

neighbor (d;Y) is about 1.0 um.

46.A medical implant according to any one of claims 43 through 45,
wherein the structure includes protrusions of at least two different
cross-sectional geometrical shapes.

47.A medical implant according to claim 46, wherein the protrusions of
different cross sectional geometry are arranged on the regular two-

dimensional grid in an alternating pattern.

48.A medical implant according to any one of claims 43 through 47,
wherein the structure includes protrusions of different cross-sectional

area.
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49.A medical implant according to any one of claims 43 through 48,
wherein the protrusions are positioned on grid points of the two-
dimensional regular grid such that only a subset of grid points are

covered by protrusions.

50.A medical implant according to any one of claims 43 through 49,
wherein the protrusions are arranged in parallel rows where the
centre-to-centre distance between adjacent protrusions is different in

adjacent rows.

51.A medical implant according to any one of claims 43 through 50,
wherein the lateral cross-section of one or more protrusion has a
shape defined by circumference and/or geometry selected from one
the shapes: circular, concave, convex, round, square, and rectangular,

or a combination thereof.

52.A medical implant according to any one of claims 43 through 51,
wherein the center of the features of said periodic topographical
structure are placed on grid points of a 2-dimensional rectangular grid
with grid constants a and b, and wherein:

a. the grid is a square grid wherein the grid constant in each
direction (a=b) is in an interval between 2 —8 um, or

b. the grid is rectangular with a grid constant (a) in a first direction
in an interval between 2 - 8 um and with a grid constant (b) in a

second direction in an interval between 1- 4 um.

53.A medical implant according to any one of claims 43 - 52, wherein at
least a part of said surface is tantalum—coated and/or titanium-coated

or any oxide thereof.
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54.A medical implant according to any one of claims 43 - 52, wherein at
least a part of said surface consists of a biodegradable polymer as

polylactid acid or poly(lactic-co-glycolic acid).

55.A medical implant according to any one of claims 43 though 54, further
comprising an adsorbed compound selected from the group consisting
of: polypeptide, carbohydrate, lipid, growth hormone, antibody,
antigen, glycoprotein, lipoprotein, DNA, RNA, polysaccharide, lipid,

organic compound, and inorganic compound.

56.A medical implant according to claim 55, wherein said growth
hormone is selected from the group consisting of BMP, EGF-like,
TGF-beta, IGF.

57.A medical implant according to any one of claims 43 - 56, wherein said
implant is a dental implant.

58. A medical implant according to any one of claims 43 - 56, wherein said

implant is an orthopedic implant.

59.A medical implant according to any one of claims 43 - 58, for use in

surgical treatment of a human or animal.

60.A medical implant according to claim 56, for use in the treatment of a

dental condition in a human or animal.

61.A stamp or mask for the production of a medical device, the medical
device being at least partially produced from a biocompatible material,
the stamp being adapted to imprint or impart a topographical surface
structure as defined in any one of claims 43-60 into a surface of said
biocompatible material.
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62.Use of a medical implant according to any one of claims 43 through

60, in the treatment of an orthopedic condition in a human or animal.

63. Use of a cell or tissue culture container to promote gene expression in

differentiated cells during cell culture, the container having a surface
for exposure to a cell culture during use, where at least a part of the
surface is defined by a biocompatible material, wherein the
biocompatible material comprises a biocompatible material according

to any one of claims 43-60.

64.A biocompatible coating for use in the manufacture of a medical

implant, wherein the biocompatible coating comprises a biocompatible

material according to any one of claims 43-60.

65. The biocompatible coating of claim 64, wherein said medical implant

is biocompatible with bone-forming cells.

66.A method of promoting bone formation by expression of osteopontin

and osteocalcin in bone-forming cells, the method comprising bringing
the cells into contact with a biocompatible material wherein at least a
part of a surface of the biocompatible material is characterized by a
nano- and/or micrometer scale topographical structure comprising a
plurality of protrusions arranged on grid points of a regular two-
dimensional grid, wherein the protrusions have a cross section with a
minimum cross-sectional diameter 1.0 um — 2.0 um, wherein the
distance between adjacent grid points along at least one dimension is
between 2.0 um and 8.0 um, wherein each of the protrusions of the
topographical structure has a vertical height/depth dimension equal to

or greater than 1.60 um, preferably about 2.4 um.
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