WO 2009/150051PCT/EP2009/056443 1 TITLE: BIOCOMPATIBLE MATERIALS FOR MAMMALIAN
STEM CELL GROWTH AND DIFFERENTIATION Technical field 5The_present invention provides
biocompatible materials having a surface structure and composition that affects the cellular function
and growth dY@asBi6eigistem cells. In a first aspect the present inventioREFEIES Gdiscompatible
material having a composition and surface structdre that either serves to promote the growth of
undifferentiated pluripotent stem cells or 10 serves to promote the uniform differentiated growth of
stem cells. In second aspect the present invention provides a biocompatible material having a surface
structure and composition that affects a cellular function, in particular cellular functions related to gene
induction, cell diffefelnfiaBdOGOMPA TdRE A TE RORES SR MAMM AbdA MK SREMIGHAcCkground of

the invention Witl& aﬁlﬁt Wﬂ{ﬁkmﬁ.%ﬁsﬂwention, the promotion of selected cellular

functions is an important task in a var applications, such as the 20 production of undifferentiated
mammalian embryonic stem cells and/or their uniform differentiated growth. In particular, the
therapeutic uses Bf RIS aRy 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 BRdRERE HRRNIS UIFEEABRLIDIRCEPRIERGe MRS ARIIE Wi rde AYiTaRthents

facilitating/ prom%mmﬁ%nmmséw&ﬂwmc%owe@tm RAETHS Rl ‘QFBW?HE& cells can
attach, grow, and/or differentiate ango'(or %rthe perform diverse biological functions, are thus needed

for a variety of th&PABE IR oEIPBsEE RMelbical L AFERSWHES 8 FSEHh MYFRHI BEREAER ofn

biocompatible material having a composition and surface structure that either
serves to promote the growth of undifferentiated pluripotent stem cells or
10 serves to promote the uniform differentiated growth of stem celis. In second
aspect the present invention provides a biocompatible material having a
surface structure and composition that affects a cellular function, in particular
cellutar functions related to gene induction, cell differentiation and the
formation of bone tissue in vivo and ex-vivo.
15
Background of the invention

With regards to the first aspect of the invention, the promotion of selected
cellular functions is an important task in a variety of applications, such as the
20 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 confrol their
25  differentiation. Conseguently, suitable microenvironments
facilitating/promoting these processes are desirable. Biocompatible materials,
on which ES cells can attach, grow, andfor differentiate and/or further
perform diverse biological functions, are thus needed for a variety of
therapeutic purposes. Medical conditions whose treatment might benefit from
30  such materials include degenerative disorders, cancer and trauma of the



30such materials include degenerative disorders, cancer and trauma of the WO
2009/150051PCT/EP2009/056443 2 musculoskeletal apparatus, each of which constitutes an
increasing problem in public health. There are three major demands on ES cell culturing protocols.
Firstly, durin O*#&'¢8Ftulturing, the cells have to receive the proper stiffthEFR%BFe factors in
the medium and from the growth support to mainfain pluripotency. Secondly, chromosomal 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 no point come into contact with biological materials derived 10
from another species, since xeno-contamination is most likely to cause immunogenic problems upon
transplantation inuaguéeikel el aepa@itariagobroforbleiyepkestillyiei peridaseasiodistoblaiological
material of animth&gjﬁb whare ES cells are grown on a layer of feeder cells and serum. Feeder- and
serum-free culture conditions have been described for murine ES cells, for 15 example using
gelatin-coated dishes combined with Leukemia Inhibitory Factor (LW) -supplemented media, but these

culture systems argeexRPBEIMRAREIR BBkRIMAYSINS HeR LIRRNEIvcbiakleripsill fung of therapy.
Furthermore, future medical treatments aim to employ differentiated ES cells 20 for ir&PI ntation into a

patient. For this prmp68t fHLUsESe S /5 6h SR JETHE MRANENRERRST iR ESTOMMSUHRIE the
presence of undifterensiateiti celsdutheximprant tan gvetrisautsptetatomaminithplpabieahoyhich

dovelop xenoireg L CASH o B ILE e ot BUb sy e 118 Kol M dei Blurpotency
and chromosomdkitiéajeitihangseariditianmsnialiaiiElS thelisatls difidiemitiptepipsasififorassendigontrolled
manner. that the cells at no point come into contact with biological materials derived
10  from another species, since xeno-contamination is most likely to cause
immunogenic problems upon fransplantation into a patient. Current culturing
protocols generally depend on the use of biological material of animal origin,
where ES cells are grown on a layer of feeder cells and serum. Feeder- and
serum-free culture conditions have been described for murine ES cells, for .
15  example using gelatin-coated dishes combined with Leukemia Inhibitory
Factor {LIF) -supplemented media, but these culture systems are expensive

and do not always give rise to ES cells suitable for all forms of therapy.

Furthermore, future medical treatments aim to employ differentiated ES celis

20  for implantation into 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 protocotls.

25 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.

30  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



WO 2009/150051PCUEP20119/056443 3 development of suitable implants. Biocompatible materials,
on which living cells can attach, grow, and/or differentiate and/or further perform diverse biological
functions, are desirable for a variety of therapeutic purposes. Degenerative disorders, cancer and
trauma of th¥¥nif8eiifgekeletal apparatus 5 constitute an increasing prodféiR28tAIIE4#dalth. Spinal
disorders alone affect 30 percent of the adult pop?UIation, and 40 percent of those older than 65 years
have symptoms of osteoarthritis. More than 1.3 million joint alloplasties are performed annually
worldwide to treat debilitating end-stage arthritis. Since there are no accepted therapies to prevent
osteoarthritis, it is 10 anticipated that the number of arthroplasties performed will rise dramatically
over the next severetidpcaidsyidaeitbtheragiagtef thiecvewetivipopuatiais Avtheipoksenntme, more

than 25 percent of.all higalthcase W%H&?@ri@iﬁg@ﬁ%@%hgﬁ %@Q§P§§B@rm@9g@ake'eta'

conditions, and the budgets to tréat such disorders in the ' _ are for instance
double 15the resbigiegSaideadgirteses desirPie dehmyariautaf MaeRfRCRikROsPEeatments of these
disorders rely on the use of metallic medical implants in conjunction with bone or bone substitutes. The

implants must beRGRRRESMHR HRUASEFa LA FPIRN B SRV QL e JrHSCHIOSEEIR a) GoR25 Sinical
results. Maj@r adganstsi@ndrieipitisaave pesneachievegbiicthisatea siviriag dsotasisesades, but

implant | [ [ t] to b, ignificant lem f ful long- joint
roplacements. T GEr AN RIANEL AE00 AU S nbl GH10 EETRL o8 ONE clfebts and
maintain long-teri® stazfidy HEbe usepihiose o afisttakahifitem Merpatients 125 thdhoselja@stto solve

these problems ig, [BQWAELDY 2 Q%Hﬂ@é?ra?@ggg T %%{%ﬂt%%r@ﬁﬁ%d@l%gge% of the

patients undergoing hip replacement develop loss around the prosthesis 15 years of
the initial surgeryaiidtip Seal e s rfeRrCErEgl phetepiest hegasshesanapbdr fusion.
Furthermorgy as HigiRpalyiveg BRIeOber of arthroplasties performed will rise dramaticaily

over the next several decades, due {o the aging of the western population. At

the present time, more than 25 percent of all health care expendiiures in

Europe and USA are related to musculoskeletal conditions, and the budgets

to treat such disorders in the USA (254 Billion USD) are for instance double

15 the resources used for research and teaching in total.

The main surgical treatments of these disorders rely on the use of metaliic
medical implants in conjunction with bone or bone substitutes. The implants
must be successfully incorporated in the bone tissue in order to obtain good
20  clinical results. Major advances 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
25  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

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



30population will include a significant number of younger patients, the problem WO :
2009/150051PCT/EP2009/056443 4 concerning long-term aseptic implant loosening is predicted to
increase dramatically. Improvement of implant behavior in bone tissue will therefore havea 5 -
tremendous¥WHFALEY B in terms of quality of life and economy. The WHO HEEZHE¢68fried this by
appointing the years 2000-2010 as the "Bone and Joint Decade" (http://'www.boneiointdecade.orn/), an
initiative also approved by the Danish Ministry of Health. 10The biocompatibility/biointegration of an
implant in the body is extremely complicated, involving processes traditionally belonging to medical
science, surface science, materials science, and molecular biotechnology. When an implant is placed
in tissue, a race fmﬂbwsiuuﬁa@gt&tmimnmﬂiatémpwnhin%mmilﬁsmeﬁ'@w&ftm threeiegslant is
inserted into the ﬂjayer 15 consisting of water, proteins and other biomolecules from the
physiological I|qU|d IS ?orm d on the implant surface. Subsequently, cells from the surrounding tissue
migrate to the area around the implant due to stimulation by cytokines and growth factors in the
biolayer. The interaction between an implant surface and the cells is thus mediated through this
biolayer. The 20ipyoesgiasraf tife imptant serfacstionphnieflusnes thel ploperies ofdbe layer and
this influenc ne%ds to b understoo% %dlgqn;%)lleiln of c{% “%)tl dze biocomp?H WH f equal
importance dre the pr%?.) Tiids o??ﬁef alis, '8 ge thair 64"1‘?y Lommaint gﬁgrﬁ’roggh the extracellular
matrix by signal metecetegnRadrngibone amammtngumrmsrblﬁﬁeﬁ}@(ﬁ@nm e @oes control bone
25 formation andﬁ%%@ﬁ%@éniﬁ“ fol Ating bone pﬁ?‘l@%’% AII these
mechanisms contribute to the 1 ) the mpfant ané luence w thert e implant
is successfully a@h@%@%@hﬂﬂéﬁé’ﬁtﬂ%b‘@l@éﬁhrcm strength in the bone of the patient or whether an
inflammatory reaction against the implant occurs, which finally results in 30aseptic loosening and
operative failure.

10 The biocompatibility/bicintegration of an implant in the body is extremely

complicated, involving processes fraditionally belonging to medical science,
surface science, materials science, and molecular biotechnology. When an
implant is placed in tissue, a race for the surface starts immediately. Within a
few milliseconds after the implant is inserted info the body, a biolayer
15 consisting of water, proteins and other biomolecules from the physiological
liguid is formed on the implant surface. Subseguently, cells from the
surrounding tissue migrate to the area around the implant due to stimulation
by cytokines and growth factors in the biolayer. The interaction between an
implant surface and the cells is thus mediated through this biolayer. The
20  properties of the implant surface strongly influence the properties of the layer
and this influence needs to be understood and conirolled in order to optimize
biocompatibility. Of equal importance are the properties of the celis, e.g. their
ability to communicate through the extracellular matrix by signal molecules.
During bone healing, numerous bioactive signal molecules control bone
25  formation and some proteins are found capable of stimulating bone healing to
implants. All these mechanisms contribute o 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
30  aseptic loosening and operative failure.



WO 20091150051PCT/EP2009/056443 5 Biocompatible materials, on which bone tissue cells, can
attach, and/or grow, and further perform diverse biological functions, are required for therapeutic
purposes, in particular in surgical treatments involving the introduction of 5 implants, such as
prostheses 3ffél WBHE K bstitutes. Achieving a successful outcome of suchiFdatEtSptesents a
formidable challenge, since an implant needs to allow tissue regeneration at the implant site, while
avoiding becoming a target for the body's own powerful rejection mechanisms. The clinical success of
an implant depends of the cellular behavior in the 10 immediate vicinity of the interface between an
implant and the host tissue. A key element in the progress in this field thus relies on the identification
and use of a biocompatible material in the fabrication of these implants. Bone tissue comprises a
number of cell tyBéscomipatinte csaieriaisy emtoni Sories s eore ks aamlatel h (MSTe) grewpluripotent

stem cells that giyg s 0PI FiEORERSEHIBGRLS AMLaiR Sel Ness-BstsoRmgsajig: cells can

differentiate and form osteoblasts, particularly in response to bone regeneration. Bone modeling

proteins (BMP arR¥RARY réWRPAEHRNES SYRiStcEe B @AM GrdnealERgustEPre 30 both
recruit osteaprogppiiant2Oseris andrelitdiale Hieir poakiatianinie-oNesRIAsE LOsieabianis secrete

e.g. TGF-beta BMP's, other hormones and growth factors etc., which act both as a chemotactic
attractant for ostébP8g¥NRbP ¢y Sl eRIRRE R MIdER 578La86IRCE AT RIS the
formation of bonegealsixidOsliablasts sy iesize-tiod secreie argalait bots matix (Hkeiciatipgen fibers,
25proteoglycans, gsteocalcin oste%o%?ct}%ré %%% }c(),gt%(\)npno%tcme%q hence osteohlasts rglsa}yﬁgey role in

the deposition of?ﬁﬁ%?é‘ﬁge% %‘6%% matrix: rejection mechanis
clinical success of an implant depends of the cellular behavior in the

10 immediate vicinity of the interface beiween an implant and the host tissue. A
key element in the progress in this field thus relies on the identification and
use of a biocompatible material in the fabrication of these implants.

Bone tissue comprises a number of cell types including osteoprogenitor cells.
15 Marrow stromal cells (MSCs) are pluripotent stem cells that give rise to both
osteoprogenitor cells and other cell types. Osteoprogenitor cells can
differentiate and form osteoblasts, particularly in response to bone
regeneration. Bone modeling proteins (BMP and other growth hormones),
produced by the marrow stromal cells, serve to both recruit osteoprogenitor
20  cells and stimulate their maturation into osteobiasts. Osteoblasts secrete e.g.
TGF-beta 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 coliagen fibers,
25  proteogiycans, 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 alkaiine phosphatase,
together with a number of cytokines and growth hormones.
30



During the mineralization of bone, osteoblasts express alkaline phosphatase, together with a number
of cytokines and growth hormones. In the ongoing development of materials with improved
biocompatibility there remains a need to identify materials whose structure is compatible with implant
surgery and inductive for bone regeneration. Furghermore, during recent years, therapeutic uses of
embryonic stem cells has attracted considerable attention, and there has evolved an increasing need
for the guided, controlled differentiation of embryonic stem cells. Consequently, suitable
microenvironments facilitating/promoting these processes are desirable. Summary of the invention The
first example of the disclosure is based on the recognition that an individual ste i body or in
a cell culture see iigesaﬂ%?fﬁaiﬁﬁ\f 38@%?%@5@@ %%i?tﬁ?’ews&ur 5 é%’.%%i%’é%?aﬁr'%ebétﬁ E’iﬁeﬁ !’eltr\e]e%%gf micro- and
nano-structures, whereshe alsevk ednihe atdessdedibepeogidint sebiscopprailite meiterial or

structure with defingd surfgee (opogTaR OLIPke Seale feglyies fhat may be employed in the

construction of c&iidF éulttire' surfaces and/or devites for Use in surgical/therapeutic treatment.
Examples of such stem cells are embryonic stem cells. The term stem cell is intended to refer to any

kind of cell that is-capaRle L LaGHTRY solialeq cal oiauity R REodie dll eI SIBRNE s as well as

differentiated cell growth. The term Ppluripotent stem cell encompasses a stem cell of mammalian

origin, for exampleroatradeheasidash ecatie M Parfadalnere ihoe rVSHADS PRADBIent
mammalian embryanic glenheels /el ersamnassenRiLREIRa eonbyemitsiesess eapable of

germline transmission. The manufacture of a structure having the desired surface topography (that
may be entirely aRfRSEABEINY nﬁFﬁféb&esu%E@%WE@E?%%@%W@'WHRW@?%u%%%sgechniques
capable of definingdeaideasatRagfameiglicrometer scale or nanometer scale dimensions. The present
invention exploits the tools and techniques presently developed within micro- and nano-technology,
which allow the design and construction of structures whose surface architecture may have a lateral
feature size on a Suenesanyrefiihranietesrdiade. This feature size can be achieved e.g. by colloidal
lithography of ferritin followed by removal of the organic phase leaving behind ion dots. In particular,

the use of e-beam IpgraANLANT REHOA A IR kAR S Phaautace topography
which is precisely defined and which can be precisely reproduced in relevant applications.
stem cell in the body or in & cell culture sees its surrounding tissue or tissue
culture surface architecture at the level of micro- and nano-siructures, where
the above needs are addressed by providing a biocompatible material or
structure with defined surface topography of micro scale features that may be
employed in the construction of cell or tissue culture surfaces and/or devices

for use in surgical/therapeutic treatment.

Examples of such stem cells are embryonic stem celis. The ferm 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 piuripotent

embryonic stem cells capable of germiine 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



In particular, regular patterns of spaced-apart protrusions that extend out of the surface have been
found to be particularly efficient for promoting the growth of undifferentiated stem cells as well as their
uniform differentiated growth. The sizes of the protrusions and the sizes of the gaps between
protrusions have been found to be relevant parameters. Thus, in a first aspect, there is provided the
use of a cell or tissue culture container ex vivo to promote undifferentiated cell 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 TIFtRjEHIicEt B UBIURERIRIALIFGHDIEIRRY A PFothISioRS AP NGV BIPYrid points

of a regular two-dimeRsonakatish sharacierikediBdhatdberirpssesedional Witmansinns e _
protrusions occupy an area equal to or less than 25% of the total area of the structure, said area being

measured in the pIEAE-ETAREPOsE ELBPthd Gr %8I8 arRvRBRSIUHE BeRGISF YIS &R usions is
equal to or greatepHiye LpfRicdSiPBhREEDPPMEy argavhergisrgarianftheipsotnisionseas said
topographical structure has a vertjcal hei %de th dimension equal to or greater than 1.6 or 3.0
pm , preferably betUEE 8B e §:OJE}H§, %@%r&f@?aﬁ?rﬁ.g%rﬁ%a\’t‘ﬁ% Gifxitin® Cé}%c%g]tween any
protrusion and its liteatgspheighteaticXjiszetive ssnadaitc? thm-ofgpmic Feededeadinglipairira first
example, the disclosure relates to.the use of a cell qr tissue culture containe wth of one
or more undiﬁereﬁ%gtge t%h?ﬂp%?ﬁﬁ ur%é’rr%%ﬁ'aﬁgﬁ em P?/%%% slitﬁr?%e;ﬁsyt%aé oéé%@%%% being
capable of germlirdditramshessieny iecenthincsihiadadepogiacyforiespdsureetisauligitecduring use,

where at least a Paf mgnsg:g{_@?eg ﬁg’ct&e?g%?fh IB}[O%!S)&%WWPQQQ% Sﬁ'@%%}grein at least a part of an

exposed face of the biocompati as a nano- and/or micrometer scale topographical
structure comprising a plurality of protrusions arranged on grid points of a regular two-dimensional

grid, characterizeq,jn,thatthe: CrassrseciRBaldimepsions ahdhepraEurionsieaceR giearequal 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 structubee TRt feRyanegBn Sl et BrdifusBrisHasyuaMe et gleariPa® fhstrusion per

65 iirn2, and whergjgeacBrof tagrarettision siehsaid i pagirnhisa s ciHiR RASHHYRsHEated
heightildepth WO 2009/150051PCT/EP2009/056443 8 dimension equal to or reateg than 1.6 pm, or

alternatively equaliOWHyrdfersRan STotmPRERSIQER BBRVES '8 gn?T §16 GRPMBRi&lerably 2.4

gm. The protrusiopgdiayihayBaSinssnsiethan@bd semiaimyarsrosesectional 5 diameter of between
0.1 gm and 4.0 gm, or between 0.5 gm and 1.5p.m, and where the lateral dimension of the gap
between any protrusion and its nearest neighbor (d;Y) may be between about 0.5 gm - 8.0 gm, or
between about 1 s Srgmnfirst bepactethebdsiprogded shgriserdictweb vabieriel gitiure contaimes

minimurn distance, begyeen adiagent ofidRRintaRiens abieans e dOdraRRsioRisaenaIAbsRimaller

than 8.0 gm, or between 0.5 gm and 6.0 gm.
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 fo 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 um?, and wherein each of the protrusions of said topographical
structure has a vertical height/depth dimension equal to or greater than 1.6 ym or
3.0 um , preferably between 2.0 pm - 3.0 pm , more preferably 2.4 ym and the
maximum gap between any protrusion and its nearest neighbor (dY) is between

about 2 pym- 6 um.



The protrusions may have the same cross-sectional geometrical shape or at least two different
cross-sectional geometrical shapes, which may Wave different cross-sectional areas. The lateral
cross-section of the protrusions 15 may have a shape defined by circumference and/or geometry
chosen from among the shapes: circular, concave, convex, round, star, square, rectangular,

hexagonal AREPFEIGHoR? §F34 RGMRIRatdR Qi?@}%%f‘fqr’i%%&ﬁﬁﬁ%%f’fﬁecﬁpo‘ﬁusions of different cross

sectional ggemainy AlRAEFERE OhthegeswagwetdisTensionalgd inmdiiEtermatieg pattern. 20 At
least part of the surface of the container maél be coat@d Vﬁi}th a material chos%n fg%rIR among tantalum,
titanium, plRIHIRAS aMaRIGE! AR rEBP PGSt A BarP ot shid S¥aRE MR cBripride & polymer chosen
from among4siyssyishecpolieaptelastoireipolyiaeticacicinmsly aeiig ca-giyoticeadi, 25 chitosan or a
combination thereof. The surface may further compris t the group
consisting @f):(%%sf%eeﬁ%ae,c L%Sh%%t%,Q%ﬁd,vé%rgv%thaﬁc%r%%%%ér?gb&d%@% aesn%ggr%g%coprotein,
lipoprotein, &2RAecRivAa hidysatohiivider st rgértitctoatpeant paperimdrganisresagound, where the
compound can be, orbed or [ ' 0 r Af cQatainer. Suitable -
growth horff?é’r‘?eé’fi35%&3%%%@@-3@%#@&%&?@% an LII{:(?IL':'@EESII (E);%t?ssue_culture container
may furthertbroghephicallgttupictierrames Bydeagrivaabt o imiiesmamara BrRs RR élymerization,
oxygen plaspa, or-pittogen plasma|ma-sesodARpes il inuariion Hehexpreides a stamp or

mask for the production of a cell or tissue culture container of the invention, the container being at

least partia®f et EaHP RS CBMBEAIBIS ANZIOTEH RIZBNIRE& SR &MY de-HtBA0 imprint or

impart a topagyaghigaliswfasestusrerasidelineddersindsiagrssstacedirihedigsempatible material.

In a third aspect, there is provided a cell or tissue culture contaiper for 1[rom ting undifferentiated cell
growth of uRfiifé-expRREd FIGR0OMR SHHRREIaR% %Hi@@té]ﬁ%' |§g,) %@%8%%“

iRer having a surface
for exposurgdoa eylburg-ExEngrise Whetriicie asiraagagingt, thecswiaceiis stefined thye a biocompatible
material, wherein at least a part of an eé(é)qsed face of the biocom\pz}gblﬁ rgateﬁi I hat% a nano- and/or
micrometer ROATESBR8gFApRRISI LRBREIRYUGAIpREME EpIlIATin PoSofdlsiORSa r%?‘%ed 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 protrusions per 65 pm2, and wherein each of the protrusions of said ;
topographical structure has a vertical height/depth dimension of about 2.4 pm and the maximum gap
between any protrusion and its nearest neighbor (d;Y) is between about 2 pm - 6 pm.



9a The disclosure further provides a cell or tissue culture container for promoting growth of
undifferentiated pluripoteat mammalian embryonic stem cells, having the features as set out above,
where each of the protrusions of said topographical structure has a vertical height/depth dimension of
about 2.4 pﬁ?f‘?r?‘%ﬂ%ﬁﬂ‘fﬁaspect, there is provided an in vitro method of groMbtit’ (ttftferentiated cell
growth of undifferentiated pluripotent embryonic stem 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 topographical
structure comprisifgeapir @ty tpritarsieies Geargedon gfielisonsisefyaa@uliir averafisensional
grid, where the s ' 25 v&t’plgf 'ﬁ?r iat li mbryonic stem
cells, characteriz{eﬁglﬁ\lgfﬁm ?:grt%%$ %ﬁ%%%%rh%e slongJ gﬂ% e %%ﬁ%?@c@%@%ﬁarea 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 g, SEUTHIERRNHMNEIRIE the ARRSIY BHRIRHSIORS AL 1T RraRiRs than 1

protrusions per 65 pm2, and wherein each of the protrusions of said topographical structure has a

vertical height/dePeisilBensRatveeRmOA sryrsstd-OHER. L6 RAIMGES. O prvNprsYerhbly Bedéen 2.0 pm -
3.0 pm, more prefgailyide? BBraNGIRL BRHNBMRAR AT WEGRBRY AP IMSIPNMH HRdeRrest

neighbor (d;Y) is between about 2 pm - 6 pm. In another exar‘:&e, the disclosure provides a method of

A P
promoting growtiB#SRE HRIGNBRS (i EIBnREREPEPRERUMAMHAIAS EnkiPy ShiBeRERERells, the
one or more cells;BgiNg ARG, H IBFBERGEANSIBISSORNNS Methodamptisiagbringing.the cells

into contact with a cell or tissue culture container having a surface for exposure to the stem cells,
where at least a fattof the BURfasE SiFsanes) pRIEsD asiaeanb@ ichahig alpnsraineaseere a part of an
exposed fagg of %Q&%@&WQ@&'&QH?@%M@ﬁmHnsraPmr,'%éwéQm@pﬁ?%'ﬁdt@mgmphlca'
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, characterizefldn,fBat 4i6-6TARsy SRVIORR LSRR SioRS. SL IR RIPHIBRESCHRYAA9A equal to

or less than 25% of the total area of the structure, 10 said area being measured in the plane of the

exposed face of ﬂﬁ@%trmquf@ﬁ%‘@ﬂ‘%ﬁ@%@ﬁsﬁ%i%sﬂﬁmﬁﬂsi%l?‘%qgseq\’yﬁi% SPRfeliiethan 1
protruslit;]ns pe/rd %if}éf@wta@ds&mﬁrﬁkbmﬁr@éﬁhaﬁfomgnam@aﬁdm@mﬁ@ﬁw has ah
vertical height/depth dimension that is either; equal to or greater than 1.6 p.m, equal to or greater than
3.0 km, or ggtwe&?%%aﬁ’.%a-ﬁ%ﬁgﬁn?s%ﬁrheﬁoﬁy %ﬁw}%@%&% @QI%%%E%?%FE%??RJ%% losure, the
protrusions may banang ctbss sbepesn: ammteutamincontevess-cectiexal diandetestef betaresn,0.1 j.tm and

4.0 km, or betweg&%%ﬁ%range;%g%aggothr?é@%?%ﬁiﬁﬁn%s_ig%lglfoﬁpg,{%%p 91%%8?” I<;||n)izi”;?_rotrusion

and its nearest neighbol 'Y) ma etwee ) .0 km or between about 1 jim - 4 km.
The minimum distatkesieentchedpiebasigng poingfigoer) acieast speti@itabnaasmeisy Fesmaller than

8.0 km, or othervisg, hedweani: gl anehe.QitianEIHBrEMP TR dhaiBleting Magiaclude protrusions

of at least two different cross-sectional geometrical shapes defined by circumference and/or geometry
selected fré% one the shapes: circular, round, star, square, rectangular, hexagonal and polygonal or a

combination thergeficig $hapes thavingraidergnheresatspeiionalapeacdhieProtrusionatefigifferent
cross sectional geometry, d on. the regular. two-dimensional grid i lternating
; | et el

b
Sattern. FurthernBIEaat L AR ¢ SN Do M B THR AL A S5 e onted.

and at least a pad gfsaidbwtadtesndyceonsisy ofengoigmen indlcineg peigstmefrenpodycapgolactone
polypeptce, cartBNy A i YL A B BNt Sty GRS fsin, o,
RNA, polystechagideskpidoio@attenctimpoundieagel. 1ihe 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



inorganic compound, wherein said compound is adsorbed or chemically linked, immobilized or
complexed with the surface layer of the container.- Suitable growth hormones include BMP, EGF-like, .
TGF-beta, IGF and Leukaemia inhibitory factor, or a combination thereof. Furthermore the cell or
tissue culture container may be chemically functignalized by e.g. nanocrystalline diamond, plasma
polymerization, oxygen plasma, or nitrogen plasma. In another example, the disclosure relates to the
use of a cell or tissue culture container to promote uniform differentiated growth of mammalian
embryonic stem cells and thereby facilitate the production of a population of differentiated cells
wherein the number of undifferentiated cells .is substantjally reduced, such t f the
differentiated cell§qﬁqﬁ%tﬁp@?e{?ﬁr‘§rﬂ?ﬁp w%)a%a”%gvéb &Wﬁ&(“?ﬁ@t Red [%]s%%%e@%%’ rise to
teratomas in the paienkwhereommpared to current differentiation protocols. Accordingly, the invention
provides a container, 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 biocorfipatizli onatesial batas anotzard/onagitrdhnetdeschéeriopbgfaphicaiadiredture
comprising a plurality of protrusions,arra ] in t ﬁ ional grid,
characterized in tﬁgt é%?gfjrﬁyi%%ih év%%a%gorﬁgs%s@gﬁgén Eé%\%ka?eg%%élds@s{eg% gﬁ ﬂ%ﬂ%@i‘%ﬁ between
1.0 Rm - 8.0 1.tmnénmyevhplesmehe lateral dimension of the maximum gap between any protrusion and
its nearest neighbor (d;Y) is between 1.0 im - 2.0 Rm, 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 p.m,
preferably betweém 8.6gpnndl 28, rffeiprefdiciblfugbeut@widesT e sisepf e ceigsk tissubeulture
container on the invention allows the pro. i ' f-aiferenti call in.the
number of undiﬁé)r'ga'%t?éo cé?ls? isé %%b%tﬁr%%f%%@&gé%&é@ﬁ#h%{ t i(f;(tzﬁguﬁs]g g\&%?‘e’ s%(l'nép\ré{ogcﬁﬁ%jgycells in
an 12 implant cabeéxjsatddasiepartiilith atthedapEote d detcoiveatibetonetenamasdrihsestramient, when
compared to cungpy gell difieranaion. prolosals, Furiendns aleial giges SeeipoLanean duere
projections may have a shape detined by Circumterence and/or geometry that is either circular,
concave, convexhesaindpiiaa ssuizaee of dotabigalem paitdgonatesigbolygonal. Furthermore, the surface
may include projections having a square lateral cross-section and projections having a rectangular
lateral cross-section, where a first cross-sectional diameter of the projections is 1.0 p.m, and a second
cross-sectional diametéinf thepprdjetimnas is [peowided 120 dafi- 8r0 tisayer beliwesercardging- 6@ um,
and wherein the vertical.height/dgpth dimensio th jectigns | t SS f]_ﬁ’};, m,
preferably betwe&n 0.6 KM - 1. kr%,renrw}({%geparef%g Iysa %ﬁogim\?@ﬁ? e%ﬁtw%?é,gat igelas! ét%éﬁrt of
said surface mayrbertansdimeotatgohandiemtitatiatheaate th nadevisass spdacef feaidgwsace may
comprise & polymer chosen fraIaong Polehuee. paeanalastane BANARSUR 36lned by o
poly(lactlcco-glyc&c acid, chitosarror a ¢combination thereof. The surface may further comp?llse a
compound selectbibfmmpti g cupieististihg efirpaly pegiide, parbaifydratexppiedgfeathdiotindone,

antbody, antgen, alycoptolgly IspIaLein-RNALBNA BalsReRhalHR P digas o and
inorganic compound; wherein Said compound Is adsorbed to the exposed surface of the container. In
another example sthectlisel asumgrislate siaphethivg 66r petnusitnsuaifamgatifforegtisteebironei of
mammalian embryonig cells, the method gomprjsing. bringi cells,| tact wi tissue
culture container %é%llr% akgvl?r" Ao o?@?&osgfégto ﬁjeg Fs%]é'qré]%e S, \}viztfﬁ%tg[ tI?eﬂagflst g%%gr%)%%ﬁihggrface is
defined by a biocdimeatitesnaténialpwheisionatdeaspy parreiaaceaddsen fase ihkthe Hlocdritgatible
material has a ”aga?éiaggé%r BiSrometel sqale 31?%&0%%%%1'&@' {%té%&weedc‘ﬁm%s'@%ﬁ{'ﬁfaéﬁé of
protrusions arranged on gfid points of a regular two-dimensiorial grid, characterized in that the
protrusions have exprassdstatonfahe stouoésreeatidnaheaizinetee ofdnsityeahpradrksions. (skequid

n

wherein the lateral dimension of the maximu e any._pro [o! JIts est: ngighbor
(v 1 bommaom 10 T R e T o Al Sae BT
protrusions is equabtousidess tfarsdid Kioppoesetibll betwetn®.dipm al.@kiivandreiphéféenty about

0.6 km. dimension of about 2.4 ym and the maximum gap between any protrusion and

its nearest neighbor (d;Y) is between about 2 ym - 6 ym.



According to this example, the lateral cross-section of one or more projections may have a shape
defined by circumference and/or geometry selectéd from one the shapes: circular, round, square, and
rectangular. Furthermore, the surface may include projections having a square lateral cross-section
and projections having a rectangular lateral cross-section, wherein a first cross-sectional diameter of

the projectioeidiscosire Milher BEXGIRP & 688 UisRSHHTEIR SRIANER &p RSRIBAENE %EWdfveen 1.0 km-

8.0 km, or hgtweeik kit OgNRpafthwhaleimNary estash beishtdeapteslisensiamofiibe projections
is equal to or less than 1.0 km, preferably between 0.6 pm - 1. O, km,ér’gore, referab%gb ut 0.6 km

Furthermord®aiigsst® PErobt S08VSu i e He b AtSI HIIEEHRET ShFF IARRERRNSRd, and at

least a part ghsaists UEace BraYLoBIgHEecRtRalmestitosLadisan? Ameng polystyrene,
polycaprolactone polylactic acid, polyfiacticco-glycolic acid, chitosan or a combination thereof. The

surface may further comprise a compound selected from the group consisting of: polypeptide,
carbohydratg, lipidicgrewtadpaenonheantisodyoanitgenaglytoprsteinmighbpdotein, tadhAoiRiyA,
polysaccharide, lipid, organic compound, and.inorganic compound. wherein said com dis
adsorbed to%%ft%ﬁggg%&??ﬁcgré)%eoéo% %in%?&%%t?ﬁ rE‘Ee)” ooﬁghéx%nr}][b Og*cthsee@sgl%i%re is based
on the recogmitiorethed aoinatividgboeting the belly mtincanieitiowithre seioitdissreoauiting tissue or
tissue CU“W&%V;."@%?%& FUBAL NG YA tr2ROAISIRECS: DR bo¥sgeds are

addressed by provi a blocompatible material or structure with dqflned surface topography of micro
scale featurtetisariangy ipalefinsbyydarbipecsoraiitietvateriabivdieiabuatdarstasRRfa@ Band/or

implants and,devicesfok U3aHB BidiraiiisianruisiionantaRyaBRIRs AhicHshasisase

bone-forming cells. The term bone-forming cells is intended to refer to any kind of cell that is capable
of forming bEREITREGRgHERIEIIR SRBRHTECA RiveltnafoPbuRRIPCaITRNNSS @Y. Fddified by
means of geRmliE teghgolegias: QireaimaisrRies inplddeveralypeicstiesh eell asdaretons. The
manufacture of a structure having the desired. surface topography (that may be entirely artificial or may
mimic a surfEQIEitSERYAD ob%fgr\}gﬁﬂﬁeﬁg%'%?geqm?égrf%&#ﬁqu‘%@%gﬁgée osf%-gﬁn?%{?eatures that
have micronsbignSerie=orindhsmietesrssalesditansidimetsipagiofitas firbassiome daupthatwhen at
east a part of 3, uffaqe OLPUCLADIQABPALIE MALPIRLIP A HECRIAERDLAIELABRIRY Scale
Peentu G ifferent

topographicgfes?rggﬁjare, a number 0 nctions of at least one of a variéty o ent cell types are
significantly imepeoved. in frertidalse, védhmreppuesedsfetepalcdukagiavrhiwr @ienyiieagiaxtbad out of the

surface have heen faund i be narticulary effisient s Pomoting dheaosyssepessigned sal functions.

14a In a fifth aspect, there Is provided a medical implant for use in bone-tissue implantation, the
medical impdrereimprisihgfh teraraiiuficte at eais; ippasraphitalssheelie demad Ysitica!

biocompatibj.iaigHstniereiaieh leaskd Qﬂ@ﬂ{;%ﬁt&ﬁ%@fﬂ@ Riecemetiple, masesiably
characterized by a nano- and/or micrometer scale topogra % tructure comprising, a plurality of
protrusions RERHREHOR Y soihtsbiRore RIBlefRR amieH &?d’]\%‘@?%%@aﬁﬁj%%%’?s capable of
promoting bang fesmnasion Axckprrssiest abosivepentihiantesiencdiout i baresiarming cells, wherein
the protrusions have a cross section with a minimum cross- sectional diameter 1.0 pm - 2.0 pm,
wherein the distance between adjacent grid points along at least one dimension is between 2.0 pm
and 9.0 pm, lwhee#iarexemplettibeniistriosion Soiitiesto paghaghnt aramoiiterasd afvertical height/depth

dimension egual to or gregier.41an, 4. 60-PHY, REGIERONANN S @fbryonic stem cells,
the one or more cells being capable of germiine transmission, the method
comprising bringing the cells into contact with a cell or tissue cuiture
container having a surface for expésure to the stem celis, where af ieast a
part of the surface is defined by a biocompatible material, wherein at least 2
part of an exposed face of the biocompatible material has a nano- andfor
micrometer scale topographical structure comprising a piurality of protrusions
arranged on grid points of a regular two-dimensional grid, where the sfructure
is selected io 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,



The present disclosure 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 %omprising a plurality of protrusions arranged on grid
points of a regular two-dimensional grid, where tﬁe structure is capable of promoting bone formation
by expression of osteopontin and osteocalcin in bone-forming cells, wherein the protrusions have a
cross section with a minimum cross-sectional diameter 1.0 p.m - 2.0 um, wherein the distance
between adjacent grid points along at least one dimension is between 2.0 j-tm and 9.0 km, wherein
each of the protruSfidegatheioh Gerapiiedl stinetlentasdie e srsddroa &bt aistamdion equal to or
g_reater_than 1.60 gﬂﬂj_%@%@'%@%r@s@k% I&@ﬂiggﬁgﬁge@@%pft@%mgp&%}m@qmthe lateral
dimension of the maximum gap between Any protrusion and its nearest neighbor (d;Y) may be
between about 1.@THUSEOKAST Githeroré We drgseiR egfRarlidife RioogienEoss séétion may be
about 1 km and thggieraltimensiph,al 1HesmaNIELOARIDAMIESR A% ETelbHSIqBaBL it hearest

neighbor (ci;Y) may be about 1.0 p.m. In a further example of the medical implant, the structure may
include protrusion8WEA{ feRlsBTRRS Hiffea it € re8s-88ERbHAING SoRFEHi EaRR KRR e ToPEREMSRS circular,
concave, convex, i.%‘{lﬂw §%‘.’(§‘%ﬁn?‘8ﬂaﬂ§&5@@9¢1 ~or a combination thereof; which may have 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 example of the medical implant,

the protrusions may.hedesit enedemas SRR EEabYIR e-gitterrienalfpaslaargssuch that only a
subset of grid points are covered by protrusions. Furthermore, the protrusions may be arranged in

parallel rows whe REHERSRFBLIEERHE FSaFrse B <Hanpieent pRotrasbAs sl in adjacent
rows. Furthermore, fhe penigrpidhegieaties-af saisperiofioiengaaphisabatipiue may e placed

on grid points of a 2-dimensional rectangular grid with grid constants a and b, and wherein: the grid is

a square grid wheRSHVERD iy BEHELEINTIRRANE aRacedmaiBnRR Y Ity PEcreAVPERRRSN2 -8 km, or
the grid is rectangylar yy hmqgg@iqlﬁp%tg@mg}p afist Qirﬁﬁ;igmimﬁn HtervalRstyme efletsnBakm and

with a grid constant (b) in a second direction in an interval between 1-4 km. In a further example of the
medical implant, 258488 PR thersliRatdssAantascshetcafihersianiliaycoatemaieany oxide

thereof; and/or at lggstap ﬁ,%ﬁ&@%%(&%%@éﬁ@.@hm@e@mle polymer as polylactic acid or

poly(lactic-co-glycolic acid). Furthermore the surface may further comprise an adsorbed compound
selected from the group consisting of: polypeptide, carbohydrate, lipid, growth hormone, antibody,

antigen, 9|yCOPr0t%%HQﬁ%@ée, iﬂw@@%pﬁw’ Mﬁ%ﬁﬂ@@?&rﬂﬁ%@'&ﬁaﬁ%&% \RRYIFravadtinorganic
compound. Suitable growth hormones include BMP, EGF-like, TGF-beta, and IGF.
cross-sectional geometrical shapes defined by circumiference andfor
geometry selected from one the shapes: circular, round, 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 pattemn.

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



The medical implant of the disclosure may be a surgical implant, such as a dental implant, orthopedic
implant, stent, heart valve for use in the treatment of a human or animal suffering from a condition, for
example a dental condition, an orthopedic condition or a pulmonary cardiac condition. In a further
aspect, the invention provides a stamp or mask fg){ 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 herein into a surface of said
biocompatible material. In a further aspect, there is provided the use of a cell or tissue culture
container to promote gene expression in differentiated cells during cell culture in vitro, the container
having a surface fop@anésurenmoeuodll eirnsird$ait asaPeHate iat kessraashroofdrenygrice is

defined by a biocgmpatifle.matesial WhGHeIIhe: QianqRPatible Malehial-¢ampsises-.a-biocompatible

material as defined herein. 16a In a further example the disclosure’is directed to the use of a cell or

tissue culture confaiitfelbito prowibtegenereprissisie irbiiffer&ttatditccell$SHubinig cafbtulite, the
container haying ﬁe?}@%‘ﬁ%é“?ﬁ}‘ﬁﬁﬁgﬁ}‘@c@rﬁ&%l %%qﬁaquqg Alsgs where at least a part of the

surface is defined by a biocompatible material, wherein at least a part of a surface of the biocompatibie
material is characterized by a nano- and/or micro-meter scale topographical structure comprising a

plurality of protrusigngariRiged@n gefl RAINks:eha regrlae Wantdiher may be chemically
functionalized by e.g. nanocrystaline diamond, plasma polymerization,
oxygen piasma, or nitrogen plasma.

in another example, the disclosure relates to the use of a cell or tissue culture
container to promote uniform differentiated growth of mammalian embryonic
stem cells and thereby facilitate the production of a population of
differentiated cells wherein the number of undifferentiated celis is
substantially reduced, such that the use of the differentiated cells in therapy
(e.g. an impiant) carries a reduced risk that the cells can give rise fo
teratomas in the patient, when compared to current differentiation protocois.
Accordingly, the invention provides a container, 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 piurality of profrusions 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 profrusion and its nearest naighbor (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 celis

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



dimensional grid, wherein the protrusions have a cross section with a minimum cross-sectional
diameter 1.0 urn - 2.0 km, wherein the distance between adjacent grid points along at least one
dimension is between 2.0 urn and 9.0 km, wherein each of the protrusions of the topographical
structure has a vertical height/depth dimension egual to or greater than 1.60 um, preferably about 2.4
km. In a further aspect, the invention provides a biocompatible coating for use in the manufacture of a
medical implant, wherein the biocompatible coating comprises a biocompatible material as set out
above. In a further aspect, there is provided a method of promoting bone formation ex vivo by

expression of osteopontin and osteacalcin in bone-forming cells, the methad ¢ rising bringing the
cells into contactWrAY Bﬁsa@ﬁ]55@1@%{%&%@}%im%@&%@&%%@&%@&f rgeg Ii%jf[?rwatt%)iocompatible

material is charagieizediana wasa-canciardnieremeser sehigitepegiatticaictrumture 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 pm - 2.0 pm, wherein

the distance betweehardjacentgrial pouis-sdoiigratieastooe diotengiofesiGeawaay Ravpra and 8.0 pm,
wherein each of the protrusions of the to gé)cl%ic cture b vertiqal beight/depth dimension
equal to or greatgpfﬁ né?g%eﬁ,g%rg%r%%%g about %@%ﬁnan a %@Pﬁer example, the disclosure
provides a methamufavmmotinghomenthratetionusy expriesbnast bexeepoatiar ayestEcalcin 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

micro-meter scalEugpegraphichiesButige comiphsigs PIOIRRNPET JreYHBiGhSBRERGEFEH grid points

of a regular two-gipgensions)-prich WRRKRIBI R PRAHZ0BS Ve GRS Tasselionrawshsaciam minimum
cross-sectional diameter 1.0 p.m - 2.0 km, wherein the distance between adjacent grid points along at

least one dimensirere Hefiiee 235 GRCEANS DaNEIHhetdireRIASSHRNS diothbib
opocrapricalSrulte e &vESiee P BEHURDISARETSSBARMS o D5sresie tar 6D
) e

preferably about m. Brief description of the drawings: The invention will be explained more fully

below in connectiamwith eetedmariisiand ithieTerP@enb arinBRinGEis WHINHEEPD shows a
top view of an example_of a sereening tog| -.a so-call o e e AfrayréRssA) wafer - for
identifying topogr%%rk%gglovvégz%%gﬁ%{?%%ﬁ%ﬁ/%F%gg%g/%}%éélujf%’% REH RS lﬁﬁ,%{r M

between 0.6 um - 1. 0 pr, more prefarably 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, poty(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.

In another example, the disclosure 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 cuiture container having a
surface for exposure fo the stem cells, where at least a part of the surface is
defined by a biocompatibie material, wherein at ieast a part of an exposed
face of the biocompatible material has a nano- and/or micrometer scale



18 structures that facilitate/enhance cellular functions such as mineralization by bone-forming cells or
growth/differentiation of stem cells; such as embryonic stem cells, adult stem cells, umbria cord stem
cells or the growth of neurons. 5Fig. 2 shows a cross sectional view of the screening tool of fig. 1 along
the line labeled A-B.  Fig. 3 shows a top view (Fig. 3a) and a cross-sectional view (Fig. 3b) of a
topographical structure comprising alternating trenches of width X (in Rm) 10and ridges of width Y (in
Rm). Fig. 4 shows a top view (Fig. 4a) and a cross-sectional view (Fig. 4b) of a topographical structure
comprising square holes and a predetermined pitch distance. 15 Fig. 5 shows a top view (Fig. 5a) and
cross-sectional views (Figz:i 5b,c€ of a topographical structure comprising rectangular holes of

dimension X (in j/GRPRYEER T AN e HTAERMPRS R geR BraltA PRIV SIS FESRBWw R €6 view (Fig.
6a) and a cross-speHENG ¥irw (RigneRfhanBesraphical StEdeHR ¢ OMBESIAG BIRFS bR

predetermined dimension and a predetermined pitch distance. Fig. 7 shows a top view of a

topographical strlB{f& GHrRBriSHtPAIRIA AP 85 SGEAPE HIRRIE T AeMER) § Shidls & Schematic
top view of a Fop%aﬁ’mﬂﬁl‘@ﬁuﬁe whiers: the-eiigh afream Risiestian é@&'%éi@@é@?%ﬁﬁn a grid
point of a 2-dimensional

protrusion and ifs 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 0.8 um - 1.0 um, more

preferably about 0.6 um.

According to this example, the lateral cross-section of one or more projections

may have a shape defined by circumference and/or geometry selected from

one the shapes: circular, round, square, and rectanguiar.

Furthermore, the surface may include projections having a square lateral
cross-section and projections having a rectangular lateral cross-section,
wherein a first cross-sectional diameter of the projections is 1.0 um, and a
second cross-sectional diameter of the projections is between 1.0 um- 8.0
wm, or between 1.0 um- 6.0 um, and wherain the vertical height/depth
dimension of the projections is egual 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
fitanium-coated, and at ieast a part of said surface may comprise a polymer
chosen from among polystyrene, polycaprolacione poiylaciic acid, poly{lactic-
co-giycolic 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, glvcoprotein,
lipoprotein, DNA, RNA, polysaccharide, lipid, organic compound, and
norganic compound, wherein said compound is adsorbed to the exposed
surface of the container.



grid, e.g. a hexagonal, a rectangular or a square grid with predetermined grid 30constants, these
structures being used to test for growth embryonic stem cells in an undifferentiated or differentiated
mode. WO 2009/150051PCT/EP2009/056443 19 Fig. 9 schematically shows a cross-sectional view of
a tissue culture dish having an exposed surface yjth a micro-scale structure. 5Fig. 10 shows the
colony morphology and differentiation state of KH2 ES cells grown for two days on feeder cells (left
panel) or in the absence of feeder cells but in a gelatin-supplemented medium (right panel). Examples
of colonies of undifferentiated and differentiated ES cells are indicated. DIC, 10x 10 Fig. 11 shows CJ7

(lower row) or K upper row) ES cells seeded on a BSSA wafer comprising a topographical tantalum
structure library Trﬁr%p%ccaci%d?g)r)%né ﬁ}({# ﬁ%@ﬁﬁ%{g ﬁgﬁﬁ@ O BRTEEWPHCARPL pm. 15Fig. 12

shows CJ7 (left parplicarg kdid{risbtiriedrES sellaitbakhavedeensfixedandipigingsLipoAP activity
following 3 days cultivation on BSSA wafers on each ftt}e STU tures F1.2, F4.1 and K8. NS:
Non-Structured siRSIE, WHLTS SEFRE GHOALRHLE A 2 RAEEE BN Aistarai SHIRHE® pm, 1.6

pm or 2.4 pm. Thendifttrent baekigremacacakeringd dre drevidinighd refbectiopstible material or
structure with defined surface topography of micro scale features that may be
employed in the construction of cell or tissue culture surfaces and/or implants

. and devices for use in surgicai/therapeutic freatiment.

Examples of such cells are bone-forming cells. The term bone-forming celis
is intended to refer o any kind of cell that is capable of forming bone,
including naturally occurring cell types and/or modified cell typss, eg.
modified by means of genetic technologies. Other examples nciude
embryonic stern cells and neurons.

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 technigues capable of defining features that have
micromeier scale or nanometer scaie dimensions. In particuiar, it has turned
out that when at least a part of 2 surface of such a biocompatible 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 significanily
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.



20in the tantalum structures. Scale bar: 160 pm. 5x Fig. 13 shows an evaluation of automated colony
counting. Undifferentiated KH2 ES cell colonies Wéfe counted automatically (Auto) and manually
(Man) for selected structures having three different structure heights (0.6, 1.6 and 25 2.4 pm). The
values are triplicate average values, Automated coung%w_as %aa?e Qlon colony size. Manual counting

was based Bh Bolbiy #iBRSholBG Fatt RVIERHiAg Tifdiraky MP F Hef PRGBSt
undifferentigigsiZatbtiandtida &Scatieslaniesd3Qdisiagtablartycayioheatedideastingpé@tefage of 3

values) following 3.days cultivation on BSSA wafers. The data for the A to, J structur re ordered by
WO 2009/1%0%_{ /@%&5‘76)&&% P S{P&c&{ﬁ?ﬁedﬁn‘%‘e@r}%ﬁ%n‘%’?‘?%‘ﬁ E.I%Se 4 é%rﬁcs:cfﬁra:s are
representedsinfacse pafratestabicondeatidy Matatiad. Biffeheradhndedsdales weartapphiddfor the

different str re heights;. Q. - NON-Str red. pEi . graphical
representatl%';}tlC &?Lézé%éécae% %gh)o?%/ urﬁé‘e%ﬁgﬁgpgwﬁﬁ&d%ngﬁéﬁgg%ﬁ ﬂ%ﬁég{fﬁ‘e on which
the ES cellsawergegonngDane bitth edraouwpstierdrae psiphalvang tié Ssene /lisieRiish &Sfor X and Y,

were pooled.faz gachp (18.5Sieg Baes CRAABMK HB,O6spiabinedesieisie pighis/depths
(0.6, 1.6 and 2.4 pm). Each curve represents a fixed , ,

osteocalcin in bone-forming cells, wherein the protrusions have a cross section

with a minimum cross- sectional diameter 1.0 pm - 2.0 ym, 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 has a

vertical height/depth dimension equal to or greater than 1.60 um, preferably

about 2.4 pm.

The present disclosure provides a medical implant for use in bone-tissue

impiantation, the medical implant comprising a surface, where at least a part
of the surface is dafined 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



10X value and the value of the Y is given on the horizontal axis. Average colony numbers are given on
the vertical axis. Fig. 16 shows a graphical representation of the ES cell colony number with respect to
the height/depth dimensions of the structure on the wafer on which 15 the ES cells were grown. The
horizontal axis gives the height/depth of the strutture (pm) on the BSSA wafer and the vertical axis
gives the total ES cell colony number detected on the wafer. Triple assay average values are shown
for the two cell lines, CJ7 and KH2. 20Fig. 17 shows a Differential Interference Contrast (DIC) image
of CJ7 and KH2 ES cells grown by serial passaging on either: biocompatible tantalum surface

e Fo R L hang A ciahiert o Bims e imRBRalpesRiestidal - coated

dishes (CJ7 cells only); on-Structured ) tantalum (KH2 cells only). The CJ7 cells were

expanded 25 dupsigppaiisages aiEaRRIKH D RABHIMAENE FiiSs el ah 838 JECF I8 G Bwn). CJ7

cells were staineffox expressionaf i (ysing ANl QsiA aatiqdian)nd diane (using 2ot Nanog

antibodies) as well as for nuclei (DAP!). KH2 cells were stained for Oct4 expression and nuclei (DAP!).
10x. WO 20091150051 PeT/Hr2039a056 etveeblasicepst HidurpinaseTals'eas ¥ xpanded

indefinitely and age. ANIRORLIRLNE 1A BRlegtalle dfferemiaieint: ool RSl gl the three
germlayers. Consequently there are high expectations as to their application in regenerative medicine.
Another importarthedepofgEdtuels #rint Fedrrroation meiohidamaldimensyadRids 85 mouse

embryos, at the blaesg?ec%%t?ﬁtﬁ\@emeé}g%gﬁw %%@@Q%Wpstocysts are implanted in a

pseudopregnant mouse, plurip S may contribute to development of different tissues in the
1. generation off-spring from this mouse. High quality ES cells may then contribute to the germline and
thus a second  |n 3 further example of the medical impiant, the lateral dimension of the

maximum gap between any protrusion and its nearest neighbor (d;Y) may be
betwaen about 1.0 wm — 6.0 um. Furthermore, the cross-sectional diameter
of the cross section may be about 1 um and the lateral dimension of the
minimum gap between any profrusion _aﬂd its nearest neighbor (d;Y) may be

about 1.0 um.

In a further example of the medical implant, the structure may include

profrusions of at least two different cross-sectional geometrical shapes for
example: circular, concave, convex, round, square, and rectanguiar, or a
combination thereof; which may have 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 example of the medical implant, the protrusions may be positioned

on grid péinfs of the two—dimensional regular grid such that only 2 subset of
grid points are covered by protrusions. Furthermore, the profrusions 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 whersin the grid constant in sach direction



10generation mouse descending purely from ES cells may be generated. Fig. 19 shows a table setting
out the germline potential of CJ7 cells following serial passaging on one of: biocompatible surface
structures F1.2, or F4.1; gelatin-coated plates; or media comprising feeder cells. 15 Fig. 20 shows the
Differentiation index (Differentiation index = Tota] DAPI area - Total ES cell colony area) of CJ7 and
KH2 ES cell colonies based on automated measurements (average of 3 values) following 3 days
cultivation on BSSA wafers. The data for the A to J structures are ordered by structure 20 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 pm, 1.6 pm and 2.4 pm) are all represented by the

different scales. KRG Issioais BIEPaEHERNBRSt S B3 GRIIFoRE TR MDEF R ittt éndEfon 25

index. Triplcate aysragRalAs, AL e daiaana s ndigusesd danA g are.diven for both
CJ7 and KH2 ES cells. Different structure heights (0.6, 1.6 and 2.4 pm) are represented by different

shades. The diffetensitaivitintex seepnsrodachenorioitta srid&neene E518I colony number on the
vertical axis. WO 2009/150051PCT/EP2009/0564413 22 Fig. 22 shows a schematic top view of a
topographical structure included in a BSSA wafer, where the center of each projection (pillar) is placed

on a grid point of B 2 4ithensisarg i the gnediakigeiaal, atleatiAqadcbis syare krid with
predetermined grig sopsianis, 2 ich - Shoisthesiesion of thewaterrmploved foF singialisation

analyses: _ ‘
a part of said surface consists of a biodegradable polymer as polylactic acid

or poty(lactic-co-glycolic acid). Furthermore the surface may further comprise
an adsorbed compound selected from the group consisting of: polypeptide,
carbohydrate, fipid, growth hormone, antibody, antigen, glycoprotein,
lipoprotein, DNA, RNA, polysaccharide, lipid, organic compound, and
inorganic compound. Suitable growth hormones include BMP, EGF-ike,
TGF-beta, and IGF.

The medical implant of the disclosure may be a surgical implant, such as a

dental implant, orthopedic implant, stent, heart valve for use in the treatment
of a human or animal suffering from a condition, for example a dental
condition, an orthopedic condition or a pulmonary cardiac condition.

In a further aspect, the invention provides 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 &

topographical surface structure as defined herein into a surface of said biocompatible

material.

in a further aspect, there is provided the use of a cell or tissue culture container
to promote gene expression in differentiated cells during cell culture in vitro, 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 as defined herein.



A: Series A to J; Different iterations of squares and pillars. Each series contains 16 different
combinations of lateral dimension of structures (3§@n gm and gap between structures (Y) in gm. Series
K; 8 different iterations of 10the Iateral dimension of a "sharkskin" structure all with the same gap

between the individual structug1 m) B ﬁjeft |IIustrat| F!r_egcat%on of Series A to K on the
wafer. WhitB AEHIEtREARAS) ?ﬁﬁf&j‘?s STES % | REHFSUpper right and the two

pictures in Uﬂlﬁmdﬁlﬁwtmﬁ’éwgrbﬂirﬁaf@@ﬁ@t%%meudIﬁﬁf@r‘dnlzétuer&eak r@ightgdimensions of the

structures (7=0.6 gm, Z=1.6 and7 2.4 gm) of t SA Wafersd scribe Lower two pictures

repetition ofEHed B degchbe ‘Q%WQ t it \ﬁg% ?ér%?ﬂ%‘iﬁﬁt OFE an% 7=2,4p.m).
Note that stitgtis @%awﬂa@ralmagsara tecatgdrabeud steuistuieit Scaipyl aﬁsﬁmoerwzﬂtrb@rres and that a
small area of non- ctured tro surface .20 separat I ells were seeded
on the Bsﬂ%@ d5ELE clT mrner%?EFe rﬁﬁree v%e?k@%?&%éﬁ% t?gtlaérft%%%zﬁe% with Alizarin red
for detectlomafmtaemrtzmoa (rcarmumr)d/@‘ Emmtmlmggrgebmh @tﬂh@r@st two pictures in
B. Uppert é r 25 unstructured
control sur ace %cros )'s b%gat %%}ﬁ@%ﬁé%g%g E or%j)ggé\%?%}%% gam?&kl K2; K3,K4;
K5,K6 and K7,K8 above unstructured surface at the edge of the BSSA wafer. Row 5 to 8 (7=2.4 gm)
same sections as for 7=1.6 gm. Note: Upper row consists of series A, C, E and | (structure features in
every second row are located directly beneath every second 30structure in row 1); second row _
consists of series B, D, G and J (structure WO 2009/150051PCT/EP2009/056443 23 features in every
second row are shifted 0.5 X (gap+ feature size) to the left; third row consist of series F and H (every
structure features are located directly beneath each other.



D: Quantification of the relative degree of mineralization from the experiment 5 with two wafers (1=1,6
j.trn and 1=2,4 urn). All structures with the same size and gap from series A to J were pooled. All sizes
of series K (T= 1 to 8) were pooled. Fig. 24 shows the proliferation of MC3T3 cells seeded on BSSA
wafers 10having surface structure projections ofyyarying height/depth, as defined in Figure 23): Left
panel: Representation of cell number (Z axis) where the height/depth dimension of the projections,
7=1.6 um (dark shade) and Z=2.4 um (light shade) for all time points after seeding and for all
structures on the wafer. 15 Right panel: Cell number (Z axis) at 96 hours after seeding as a function of

size (X axis) and Gap (Y axis) for 7=2.4 uméi ht shade). All ;iata with the same, X and.Y values from
series A-J were 6\% .’Gﬂ‘% o‘@fr’érol” £ %1 %%‘??éigi Oiré %\6%0@5 {8 2&N giar%c\:/\t/'t lor grr]] &rea of the

wafer having a flafisuriaee cd Figs dosblowsrihesecell gizen mirklalizationarereXpeedsiamad OPN and
OC of MC3T3 cells seeded on BSSA wafers having Series A, K or control ng ce structures having a

vertical dimensioROMEE 2 IART A IARIEE iRIPGLFE 955! 980 SIS ARt SR Ehiowd Bells on the
wafer, detected by-Actin 3, iREHA @urayrstainifietloxhy ertiea) pams) rapmi2dpsishows MC3T3

cells after being seeded on a BSSA ,
has & vertical height/depth dimension equal to or greater than 1.60 um,

preferably about 2.4 um.

In a further aspect, the invention provides a biocompatible coating for use in
the manufacture of & medical implant, wherein the biocompatibie coating
comprises a biocompatible material as set out above.

In a further aspect, there is provided a method of promoting bone formation ex
vivo 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 pm, wherein the distance
between adjacent grid points along at least one dimension is between 2.0 um
and 8.0 ym, wherein each of the protrusions of the topographical structure
has a vertical height/depth dimension equal to or greater than 1.60 pm,
preferably about 2.4 pm.

In a further example, the disclosure provides a method of promoting bone

formation by expression of osteopontin and esteocaicin 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
characierized by a nano- and/or micro-meter scale topographical structure
comprising a plurality of protrusions arranged on grid points of a regutar two-
dimensional grid, wherein the protrusions have a cross section with a



wafer; grown for two weeks; and subsequently fixed and stained for Osteopontin (OPN, green),
Osteocalcin (OC, red) and DAPI (blue). Followind@0fluorescence microscopy detection of OPN, OC
and DAPI staining, the wafer was stained with Alizarin red (vertical panel row 2). Horizontal panel rows
1 WO 2009/15005.1PCT/EP2009/05,644? 3_4 to 4 h%vgeba feature size of X=1 um ang, %153 (Y) between.
1, 2, 4 and 6 um FRGBHIEPISHERINE pAREISERT 3-1b ¥ Pave S HtudNGRIBANE '§‘. %nd gaps (Y)

between 1, 2, 4 apshcem S6BRPIVRIY. fdRTiEANALLANSEER R @rhaaye B Ralsersze =4 p.m

and gaps (Y) between 1, 2, 4 and 6 p.m 5 respectively. Horizontal panel row 13 to 16 have a feature

size of X=6 um aRB%GALS K7 ARSI 229010105 RIRiHsipRE el HeroSRMSah &K E7 and 18
have a sharkskinrgeugiusertch( Frelgwin aid ReRtEURG.SUERGS. [ReReGtively Rajtel o 5: All

images include an unstructured part of the BSSA wafer separating the different structures (1/5 left part
of each picture). POSEERDS aPRS thélfhineralization, expression of OPN, OC, and DAPI staining of
MC3T3 cells after 2 weeks induction on BSSA wafers, where the wafer has surface structures Series
A to J, K and a cantrol, where the structure height dimension is 1=2.4 um (as defined in Fig. 23). The

images are an 15eHEfreRrEiRpRLLIRG dFRWIRBESssing the intersection between structures: (2, 3, 15
and 16 of Series #hd) anebtihofiflil-Beanskprinted afe®®). fully below in connection with

embodiments and with reference to the drawings, in which:

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



The fluorescence microscopy images show MC313 cells after being seeded on the BSSA wafer;
grown for two weeks; and subsequently fixed and stained for OPN (green), OC (red) and DAPI (blue),
and subsequently 20 stained with Alizian red. Horizontal rows 1-10: images of the structures where
(X,Y) = 1,2 P ER45008' 6 with an unstructured surface intersecting each SHEBHESEHing with Series
A (top row) to J (bottom row). Horizontal rows 11 EfL4 images of K structures together with unstructured
surface starting with K1, K2 above unstructured surface at the edge of the BSSA wafer ending 25 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 c3{MCBTES tedt faatitHe i BB olkhiardyastigemnadrBoms Figaezatieuantification of

mean cell area obis3bAeaIS BlienoaR AR AhRIaRIR! A BRRSUIRA Ik NEAERRARyREed by the
Actin/Vinculin overlay WO 2009/150051PCT/EP2009/056443 25 divided by the number of cells (DAPI

staining). All struigre$Hgnafid{RiB spie (XYRAE §RIS EISBRISrr SR SRR RIMESERRS A to J were

pooled. Solid columns and cross-hatched columns: Two independent experiments. 5Fig. 28 shows the
mlnerallzat|o§1 >§) @P n of OPN, DC, and DAPI Stalﬁ %of MCSTSH%?A 2£ Weeks induction on
BSSA waferg, haVif RUSRFISR S RHIRA AL @ SERRANG RN oNYt 229N RE (as defined
in Figure 23). 10 ﬂ'rhe fivsisessehce microscopy images show MC3T3 after being seeded on a BSSA
wafer; grown for three weeks; then fixed and stained for Osteopontin (OPN, green), Osteocalcin (0C,

red) and DAPI (blue); and subsequently stained with Alizarin red (vertical panel row1l). Horizontal
panel rows 1 to 4igave shfewisueetsiz&iefxEFiggearangabsOssheaviEmall yewl &gl Signof a

topographical structure comprising alternating trenches of width X (in um)

10 and ridges of width Y (in um).

Fig. 4 shows a fop view (Fig. 4a) and a cross-sectional view (Fig. 4b) of a
topographical structure comprising square holes and a predetermined pitch
distance.

15
Fig. 5 shows a top view (Fig. 5a) and cross-sectional views (Fig. 5b,c) of a
topographical structure comprising rectangular holes of dimension X (in
wm)xY (in um) separated with ridges of width X um.

20  Fig. 6 shows a fop 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
25  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
30  constants, these structures being used to test for growth embryonic stem

cells in an undiﬁerentiated or differentiated mode.



15 respectively. Horizontal panel rows 5 to 8 has a feature size of X=2 gm and gaps (Y) between 1, 2,
4 and 6 gm-respectively. Horizontal panel rows 9 to 12 has a feature size of X=4 gm and gaps (Y)
between 1, 2, 4 and 6 gm respectively. Horizontal panel rows 13 to 16 has a feature size of X=6 gm
and gaps (V)"Be%%@é??@iz 4 and 6 gm respectively. 20 Fig. 29 shows a Bampietigiiettor use in a
bone-forming assay in sheep. Fig. 30 shows hu an embryonic stem cell (hESC) colony growth over
time on the biocompatible surface F(1,4) having features with a height/depth of 25 2.4 Rm. 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). WO 2009/150051PCT/EP2009/056443 26 passaged on

day 0 and the pheGORRRSHEIRIANCLRNED SIS SulfveF A ashonssan evRrvswof al he

colonies on the surface (0.8x). Fig 31b shows time course of morphological changes of one selected
hESC colony (8x§‘3€5%3@§w SUEERPAIELA BYFENSSAIR SIBIGBAR stem cell colonies grown on
nano-surfaces to those grown on GeltrexTM matrix (Invitrogen), which is a soluble form of reduced

O o (R AT TSIt TR HUASoby %t SHEIS DSl 5P eang APt onc
cells grown for two days on feeder cells (left panel) or in the absence of
feeder cells but in a gelatin-supplemented medium (right panel). Examples of
colonies of undifferentiated and differentiated ES celis are indicated. DIC,
10x
10

Fig. 11 shows CJ7 (lower row) or KH2 (upper row)} ES cells seeded on a
BSSA wafer comprising a topographical tantalum structure library in triplicate

for each of the structure heights 0.6 um, 1.6 um and 2.4 um.

15 Fig. 12 shows CJ7 (left panel) and KH2 (right pane!) ES cells that have been
fixed and stained for AP activity following 3 days cuitivation on BSSA wafers
on each of the structures F1.2, F4.1 and K8. NS: Non-Structured square,
where the height/depth of the structures on the wafer are either 0.6 ym, 1.6
um or 2.4 pm. The different background colorings are due to light reflections

20  in the tantalum structures. Scale bar: 160 ym. 5x

Fig. 13 shows an evaluation of auiomated colony counting. Undifferentiated
KH2 ES celi colonies were counted automaticatiy (Auto) and manually (Man)
for selected structures having three different structure heights (0.6, 1.6 and

25 2.4 um). The values are triplicate average values. Automated counting was
based on coiony 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
30 detectabie 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



on the surface F(1,4) having features with a height/depth of 2.4 mrn. Fig. 34 shows
immunofluorescence, DAPI and phase image of cells grown on the surface F(1,2) having features with
a height/depth of 2.4 um. 15 Detailed description of the invention The invention according to a first
aspect. 20THS 3438t ates to the need to groy, large quantities of plurffoteéifiiiafifit4tian embryonic
o
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 25replacement
therapy, diabetes, cartilage damage, etc. The present invention is based on the recognition that
cellular functionsSthggteitedigiensBnandfoptffefentiBfiol aptatterasiyars u’@ﬁ’(’f@ﬁ%‘;ﬁ%ei%eﬁ's

microenvironmente it 6 eRLH8Y e aiautinaturenlisiagEaten S0 smbruppialge cels as

well as their subsequent differentiation may depend on the provision of a suitable structure to which

the cells can attd§ ${TBERREAIANESheEtIS e dghiaed thatte BSaNaBSiENERShal architecture,

5 Fig. 15 shows a graphical representation of the ES cell colony number with
respect to the dimensions of the structure on which the ES ceils were grown.

Data obtained from structures A-J having the same dimensions for X and Y,

were pooled for each of the ES celi lines CJ7 and KH2 for each of the three
structure heights/depths (0.6, 1.6 and 2.4 um). Each curve represents a fixed

10  Xvalue and the value of the Y is given on the horizontal axis. Average colony

numbers are given on the vertical axis.

Fig. 16 shows a graphical representation of the ES cell colony number with
respect to the height/depth dimensions of the structure on the wafer on which

15  the ES cells were grown. The horizontal axis gives the height/depth of the
structure (um) on the BSSA wafer and the vertical axis gives the total ES cell
colony number detected on the wafer. Triple assay average values are
shown for the two cell lines, CJ7 and KH2.

20  Fig. 17 shows a Differential Interference Contrast (DIC) image of CJ7 and
KH2 ES cells grown by serial passaging on either: biocompatible tantalum
surface structures. F1.2, F4.1 having a height/depth of 2.4 pm.; media
comprising feeder cells; gelatin-coated dishes (CJ7 cells only); or Non-
Structured (NS) tantalum (KH2 celis only). The CJ7 celis were expanded

25 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 nuciei
(DAPI). KH2 cells were stained for Oct4 expression and nuclei (DAP1). 10x.

30  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



WO 2009/150051PCT/EP2009/056443 27 or topography, of surfaces in the microenvironment of a
cell, is a critical factor for above processes. There are a myriad of different possible - -
microenvironments. In one aspect, the present invention thus concerns the provision of a
biocompatibPridtEtEWhose surface topography creates a 5 specific nﬁgpg}ém?%/ﬂ?ﬁdéﬁt that
promotes growth of pluripotent mammalian embryonic stem cells in an undifferentiated state. In a
second aspect the invention provides a biocompatible material whose surface topography cellular
growth and/or differentiation. As proteins and cells range in size from nano- to micrometer these are
relevant length scales for the problem of 10providing a biocompatible material. I. Method of testing and
selecting a biocdptisagrsimitefeltise thbegoveellef €29 chfis @RPpEShoifgfeberAnfior® The

biocompatible mafgrighRhsliHelk s 1R ipyRiMien BarResentlinbliel apcEaenis aatesials with

different surface topography using a screening tool / assay that grovides different candidate

topographical st eSS XE i pleCBF S MG BIUNINEIS0 168 16XRSSEHASSIAT &P tdRBGraphical

structures includggpicgrioaliad &jeserdace Sidrtine ArothEBSERrwalerse2f Eg.ceishsra top view
of an example of such a bi(gsurfa e structur .arr%¥r‘\gafer. The BSSA wafer 1 comgrise§ gl%tester

areas. A nuthber 5t QQF%F%%S' BT BIE K .FS{?n%y %%@e ﬁ%t%@%ﬁep%% S8 5 have a
structured surfadeaStongsnaEgty, Wesufi esbfdbeitesny Meamlyate sobstapttalipdian a

Consequenty a cauigl GXnGNERdsANEISIN INAe A, 22 SAclhiAIalel SR ER! with the

BSSA screening tool. maining test eas, designate _ o4, comprise respective
structured surface’ diffefestriissg eRersiniehé. tasteeraiogs afessiinardot ditentogomieNnk 10mm.

quality ES cells may then contribute to the germline and thus a second
10  generation mouse descending purely from ES cells may be generated.

Fig. 19 shows a table setting out the germline potential of CJ7 cells following
serial passaging on one of: biocompatible surface structures F1.2, or F4.1;
gelatin-cdated plates; or media comprising feeder cells.
15
Fig. 20 shows the Differentiation index (Differentiation index = Total DAPI
area — Total ES cell colony area) of CJ7 and KH2 ES cell colonies based on
automated measurements (average of 3 values) foliowing 3 days cuitivation
on BSSA wafers. The data for the A to J structures are ordered by structure
20 dimensions, X and Y. The K structures are represented in a separate table
ordered by T value. The vaiues obtained from the different structure heights
{0.6 um, 1.6 um and 2.4 um) are all represented by the different scales.

Fig. 21 shows a graphical plot of ES cell colony number versus differentiation
25 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 ym) are represented by different shades. The differentiation
index is given on the horizontal axis, and the ES cell colony number on the
vertical axis.
30



WO 2009/150051PCT/EP2009/056443 28 be manufactured by a number of production techniques.
Examples of procedures for its manufacture include one or more of the following techniques that are
known as such in the art: Photolithography methods: Photolithography is a process known as 5 such
in which gedhiet’4i4pts/patterns are transferrgd from a photomask toth&SAEEE e structured,
e.g. the surface of a wafer. Photolithography equipment with minimum lateral feature sizes ranging
from around 1 micrometer to below 100nm is known as such. Photolithography processes are
described in e.9.S.M.Sze: 10Semiconductor Devices, Physics and Technology, 2nd Edition, John
Wiley & Sons 2002, Chapter 12: Lithography and Etching; and in Plummer, Deal, Griffin: Silicon VLSI
Technology, Funbdigméhgligwsragiieraaiic Nsddrg O PrdaresrRNIC G LchEpiBekidgthBg@aphy .

E-beam lithograpiysin RHASIPIm &P aRTLEMEIERRC A HRURRA(IMIAP X PBsERRNALFRSISt in
exactly the same way as the light is used in photolithography. E-beam lithography has a particularly
high resolution uBQB‘{.\‘PBQr%%mﬁUSiQB?é%ﬁ@%%@ RESPERIINY s 8RRV GNP §1Y imprint
micro-and nanomgie Hesaiastriteddrgsbapelymer substrates. The method 20 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 BSGA Ioshuses trendesigh@nhthreseafeheanpl aleadefopmetr aplicatienstys¢igh-volume

production. Highﬁl.s%ee(ﬁes A to J; Different iterations of squares and pillars. Each series
contains 16 different combinations of lateral dimension of structures {X) in
um and gap between structures (Y) in um. Series K; 8 different iterations of
10 the lateral dimension of a “sharkskin” structure all with the same gap between
the individual structures (Tum).
B: Upper left illustration; Location of Series A to K on the wafer. White field in
the middle of the wafer is the unstructured control field. Upper right and the
two pictures in the middle; Induction of mineralization on three different
15  vertical height dimensions of the structures (Z=0.6 um, Z=1.6 um and Z=2.4
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
20  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 (caicium).
C: Enlargement of seiected 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
25  unstructured contro! surface (cross) separating each structure (series A to J).
Row 4 (Z=1.6 um); K1,K2; K3,K4; K5,K6 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
30  structure in row 1); second row consists of series B, D, G and J (structure



25 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. 30 Other
examples of iPd8téRIAdteps or processes that may be involved in the p?gaiﬁ?gW@ﬁfﬁ@ biocompatible
material or structure include WO 2009/150051PCT/EP2009/056443 29 nano imprint lithography, laser
ablation, chemical etching, plasma spray coating, abrasive blasting, engraving, scratching, micro
machining, or the like. 5Fig. 2 shows a cross sectional view of the wafer of Fig. 1. Fig. 2a shows a
cross section of the entire width of the wafer along the line labelled A-B. Fig. 2b shows an enlarged
view of a portion feBtHECSLIFf&vervfsenens thwegahdieds Fhe (@ars epascasigpeiedierifdture

including a pattesaeg SURSHAIRIQYST 2drigsOFasilicen Javery and@isHTacaIpuer #3. Bagisurface of the

wafer 10 is patterned, e.g. by a photolithography process, to provide different patterns on the surfaces
of the respective 488l @agad) 6gsh oth54 The structures have a depth/height H. In a

photolithographyprogessithehsigitihbiscanieolalle dytheaieningtoroeess tHbe paiterred surface is
covered by a thin layer of silicon dioxide 22, and/or a surface Ia%er 23 of a different 15 bjocompatible

material such as AR GHENSY GTHed BN et SHGe): MEETHEES YW t&%ﬁmglzﬁamond,
diamond like carkeg, ganTiepnduatey AsenicaneustolaaXidd/pitidayfinstiaiod, (Dolyined) wepolymers.
Between the tester alé\e?as there is a "blank” border area with no structure, i.e. the border area has not
been processed BPR&%% a structured surface. In this case the 20 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 smalLpnypl SUACE NCK 9 BRI IPYPTAGYHS cols I5dBRIPN e g fot schemaic

and not drawn to stale. In particular, . .
10  having surface structure projections of varying height/depth, as defined in

Figure 23):
Left panel: Representation of cell number (Z axis) where the height/depth
dimension of the projections, Z=1.6 um (dark shade) and Z=2.4 um (light
shade) for all time points after seeding and for all structures on the wafer:
15  Right panel: Cell number (Z axis) at 96 hours after seeding as a function of
size (X axis) and Gap (Y axis) for Z=2.4 um (light shade). All data with the’
same X and Y values from series A-J were pooled. The control data in both
panels corresponds to cell growth on an area of the wafer having a flat
surface.

20
Fig. 25 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).
25  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), Osteocaicin (OC, red) and DAPI {blue). Following
30 fluorescence microscopy detection of OPN, OC and DAPI staining, the wafer

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



25vertical 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 30- a medical implant or a biocompatible coating for use in the manufacture
of a medical"HApMM 34 2009/150051PCT/EP2009/056443 30 - a tissuBLARRA¥HISHH#ask having a
surface to be exposed to the cell culture, where te exposed surface with structures supporting the
desired cellular function, e.g. growth of embryonic stem cells in an undifferentiated or differentiated
state, 5- a tissue culture surface or e.g. tissue culture plastic that has been modified to display these
structures or blueprint of these structures on the surface. In this respect tissue culture plastic means
any polymers thapchihdecus deptoner sthtcef Xsurfareahdtgems i usetvisryfotading|fs jimvitro in cell

optionally, & Surthe P A B S s o8 o B AT EH SPe Brokom P BS materal o

gaps (Y} between 1, 2, 4 and 6 um respectively. Horizontal panel row 9 {0 12
have a feature size of X=4 um and gaps (Y) between 1, 2, 4 and 6 um

5  respectively. Horizontal panel row 13 to 16 have a feature size of X=6 um
and gaps (Y) between 1, 2, 4 and 6 um respectively. Horizontal panel row 17
and 18 have a sharkskin structure K1 (T=1 um) and non-structured surface,
respectively. Panel 2 to 5: All images include an unstructured part of the
BSSA wafer separating the different structures (1/5 left part of each picture).

10
Fig. 26 shows the mineralization, expression of OPN, OC, and DAP!I staining

of MC3T3 cells after 2 weeks induction on BSSA wafers, where the wafer
has surface structures Series A to J, K and a control, where the structure
height dimension is Z=2.4 um (as defined in Fig. 23). The images are an
15 enlargement of an area encompassing the intersection between structures:
(2,3, 15 and 16 of Series A-J) and (1-8 of K 1-8 and control areas).
The fluorescence microscopy images show MC3T3 cells after being seeded
on the BSSA wafer; grown for two weeks; and subsequently fixed and
stained for OPN (green), OC (red) and DAP! (blue), and subsequently
20  stained with Alizian red. Horizontal rows 1-10: images of the structures where
(X.Y) =12 14 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
25  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 celis attached 1o BSSA wafers (as defined
30  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



15 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. 20In embodiments of
the inventiofY 8@ WATHEd 1ayer comprises a material that is sufficiently biBESHPHNIBEFH3growth of ES
cells in vitro and/or following implantation in a paf?ent. 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, 25polymers, biopolymers, or other alloys. Preferred

surface compositions for implants include tantalum, titanium, platinum or an oxide thereof. In an
embodiment of tEvigedntio ) aneastes paaadbthieAldHalegiager baiprickses yolniee saosen from

among polystyreg %ﬁBrgg?/%‘?g%éMW%ﬁ%ﬁ?& PO RCHSs 90pgly SRl ARl & Itg5RYN oF a

combination thereof. WO 20 051PCT/EP2009/056443 31 In an embodiment of the invention,
the cell or tissue EXIBSCONEHRISIEHEIR AMHTURSH OWRIINSE B ERNraMSERSBIfne diamond, plasma

polymerization, oxygen plasma, or nitrogen plasma. 5In some embodiments, the biocompatible
material or jructprg. c@napHeRStAd ditiosal camPORSMie SH6R as OPSIODNOEBiDAFtIVEsBmgound,

which may be deposit r adsorbed qn the exposed surface or surface layer of said material or

Ctructure. For ox TR da TRt D s BRI by ATe o LTy SF AR s tbody,

antigen, glycoprateimadipepiairiresDiNAing a vertical dimension of Z= 2.4 um, (as defined in
Figure 23).

10  The fluorescence microscopy images show MC3T3 after being seeded on a
BSSA wafer; grown for three weeks; then fixed and stained for Osteopontin
(OPN, green), Osteocalcin (OC, red) and DAPI (blue); and subsequently
stained with Alizarin red (vertical panel row1). Horizontal panel rows 1 to 4
have a feature size of X=1 um and gaps (Y) between 1, 2, 4 and 6 um

15 respectively. Horizontal panel rows 5 o 8 has a feature size of X=2 um and
gaps (Y) between 1, 2, 4 and 6 um respectively. Horizontal panel rows 9 to
12 has a feature size of X=4 um and gaps (Y) between 1, 2, 4 and 6 um
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.

20
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

25 2.4 um. The cells were passaged on day 0 and the photographs were taken
gvery 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 morphoiogicai changes of one
selected hESC colony (8x).

30 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



10 RNA, polysaccharide, lipid, growth hormone, organic compound, and inorganic compound.
Preferably, one or more growth hormone selected from Bone Morphogenetic Protein [BMP], Epidermal -
Growth Factor [EGF], Transforming Growth Factor-beta [TGF-beta], Insulin-like Growth Factor IGF
and LeukaeMiRAIMRIBA Factor [LIF] is adsorbed or chemically linked, 15frfBBi#E%49¢f complexed

: : 26 ; : : )
with the surface layer of the container. Ill. Structural properties of a biocompatible material of the
invention All or part of the surface of the biocompatible material or structure (which may take a variety
of forms as described above) comprises micrometer scale 20 features in one or more dimensions
within the plane defined by the surface of the material or structure. The terms micro scale and

micrometer scalePa853paad T dlRYakk ant itk dEwieserrbsa waigtirkeal@vethaadnige ofdmsveen about
11.tm and about $Q084 ] ke dRTBVERNAINSIENISFRIG AR Mes bHarRI if iien@sskio trfef9 a length

scale in the range of between about mm and 25about 1000nm, in particular between about mm and
about 100nm. In ERRM¥GUHTENES Bish OV ogiedcehanas s e’ Shic e arissoaFashicala@4tures such

as protrusions extgsging out of the surface of the biocompatible material, WO
2009/150051PCT/EP2009/056443 32 A micrometer scale feature may have a lateral dimension in at
least one latéral direction, where said dimension is selected from one of the intervals: between about 1
gm and about 20Rign;32etheen abournbeiBgm;didtween abaeryd6i@Gken; betivesroradogrdwim -2 um,

between about 2 - : out 4am - . 8 between about
8p.r -10 km;,bet%@%ﬁgﬁ%fﬁ%%%ﬁ?%%t%%%o%? ?fﬁ@ﬁ%&%ﬁﬁ%%@ 14- h%;&tv)etween
about 16-18km; Isetuielerfainbot ESRhtrPhdiefady, (RGHe keabawinienesbisesrixdraidn, at least one

lateral dimension is between 0.1km -4 gm. Hence, the shortest distance from any given point within

the 10cross-sectional area of a feature to the edge of the cross-sectional area is
10 Fig. 33 shows immunofluorescence, DAP! and phase image of cells grown

on the surface F(1,4) having features with a height/depth of 2.4 um.

Fig. 34 shows immunofiuorescence, DAPI and phase image of cells grown
_on the surface F(1,2) having features with a height/depth of 2.4 um.
15

Detailed description of the invention

The invention according to a first aspect.

20 This aspect relates to the need to grow large quantities of pluripotent
mammalian embryonic stem cells in an undifferentiated state and to
subsequently induce the embryonic stem cells to differentiate into a desired
ceil type. Once differentiated into a specific cell type, these specific cell types
may be used for many different applications such as drug screening, celt

25  replacement therapy, diabetes, cartilage damage, efc.

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
30  embryonic stem cells as well as their subseguent 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,



equal to or less than 4 gm. The lateral dimension is measured in a direction substantially parallel to the
surface or at least substantially tangential to the surface. 15 The maximum.distance, or gap, between
any micrometer scale feature and its nearest neighbor can have a lateral dimension in at least one
lateral directt¥R HAEIE&EHId dimension is selected from one of the intervaRs BERMEEA%HGUL 0.5 gm -1
gm, between about 1 jim - 2 gm, between about 2’km - 4 20 gm, between about 4 gm -6 km, between
about 6 gm -8 pm, between about 8 - 10 gm, between about 10 gm - 12 um, between about 12 p.m
-14 um, between about 14 gm - 16 um. Preferably, in embodiments of the invention the lateral
dimension is between 0.5 gm - 8 gm. The disposition of micrometer scale features at the surface of the
biocompatible ma&tetpeg B pyefetasiyfaeatodic iR rigionevrimonehitaiapdrettidh 2antitierly be

described by a peiagic fPCHBBRRiRShadaLRIHRiER dimension,selgciad TRmARe sbdbpigtervals:

between about 1 gm -2 gm, between about 2 km -4 um, betweer about 4 gm -6 gm, between about 6
gm -10 gm, betwEEH @HHUECIINGMS 18 gPrenetreen BiSonfesegninsn e EBRCEHORLRD p.m -24

e
imension is_less than 8.0 pm, more preferaply between 0.5 pm - 6.0 pm. The periodic function of the
micrometer ?cale%%‘fﬁ?%%&%%@%%%ﬁ%g%FHQm?&ee?logfé)\HWe%firé?& tﬁrﬁ’g g‘%@@?ﬁj@é}iod, e.g. by

a factor of 2, 3, 18robtgonér, steanctier direstiondifeyeatietsucstitietén scaledeadussmddhénsurface of

the biocompatible material may.he defined as a periad of the periodic structure. Hence, the lateral
cimensions of & SAEIGT DER G Eer R, e Ut i R ot
shape/function, i.ecltbi@tengwibndtne dfforesdidinervas pretaisicihthestiarenge irepeat§i shape.

nano- to micrometer these are relevant length scales for the problem of

10 providing a biocompatible material.

l. Method of testing and selecting a bioccompatible material for the

growth of £S celis and promoting differentiation.

The biocompatible material or structure of the invention may be identified by
15  screening materials with different surface topography using a screening toot /

assay that provides different candidate topographical structures.

An example of a screening tool suitable for the screening of topographical
structures includes a so-called BioSurface Structure Array (BSSA) wafer.
20  Fig. 1 shows a top view of an example of such a2 biosurface structure array
wafer. The BSSA wafer 1 comprises 60 iester 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 contrel experiment is inherently included in
25  each parallel screening test with the BSSA screening tool. The remaining
tester areas, designated $1,52...,854, comprise respective structured
“surfaces as described herein. The tester areas are squares of dimension

10mm x 10mm.

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



The depth/height of the micrometer scale features, i.e. their linear dimension in a direction projecting
out of the surface of the biocompatible material may.be on the nano- or micrometer scale, i.e. the
structures may have 15 heights/depths in the range mm - 10p.m, or in a range selected from the
intervals: of BE&EEAMBJuUt 0.07 gm - 0.6 p.m, 0.6 p.m - 1.6 gm, of betwdért ZBPLE*E 0 p.m, of
between about 3 pm - 10 pm. In one embodimertof the invention, structures (e.g. protrusions) have a
vertical height/depth dimension that is either: equal to or greater than 1.6 pm, or equal to or greater
than 3.0 20 pm, or preferably between 2.0 gm - 3.0 p.m, or about 2.4 p.m. This embodiment is
particular suitable for the promotion of undifferentiated growth of pluripotent stem cells. In another

embodiment, all feratiresyfreuRiony) Raveahertioll bEighoteptiesiningsen %o or less
than 1.0 pm, prefgrghlyhewvesp Q6 R -L0R8 RRISHR eBabl- 2Rk 0 & Pie TRifwmARPOdiment

is particular suitable for the promotion of the differentiation of stem cells. The lateral cross section of
any one micromefS SianeshRiR & PRI 3BISHEIMEIREIL such as square, rectangular, hexagonal,

polygonal or star-30shapgéiolit PRl iestaistes suriisstabinapieatiyre asrpesteatdwVg
2009/150051PCT/EP2009/056443 34 substantially flat. The surfaces of the micrometer scale features

can, howevet, also incl§8ETefulddith SROMGTLSCAPRSIAALGES J/fefHRRIETRE BPMeqopography
both on the micrometer gtidoransimetgessatacthis isanbecabtainecdybyhe. gudhesisad etefeng (e.g. by

NaOH or citric acid), ion,,,5 etching, colloidal lithography. (e.q..by palystyrene beads, bucky balls or
proteins), grazing incid&r(’:(()aﬁll-ﬁ ?}%?5%? ap%ﬂlfiB@ ogiti‘(g}r{%écogqmép D%%Q?Tng?%g?ug asr%%gsspraying.
The features at the surfearegofghimtiicromphiibiaaratertial fndyekaved Hlasamermvdiflesentashapes.

Preferably the features i, (6, siriace af the higcompatiple maleriglare;geqmptric (8.4 gauare,

10 Semiconductor Devices, Physics and Technology, 2nd Edition, John
Wiley & Sons 2002, Chapter 12: Lithography and Etching; and in
Plummer, Deal, Griffin: Silicon VLSI Technology, Fundamentals,
Practice, and Modeling, Prentice Hall 2000, Chapter 5: Lithography.

e E-beam lithography: in principle, E-beam lithography can be used to

15 expose a photoresist in exactly the same way as the light is used in
photolithography. E-beam lithography has a particutarly 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

20 aliows the master stamp fo produce many fully patierned substrates
using a wide range of polymer materiais. Hot embossing provides a
tow-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

25 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
technigques.

30 e (Other examples of production steps or processes that may be invoived
in the production of the biocompatibie material or structure include



10rectangular, hexagonal, star-shaped, or polygonal) in shape. In general, a 2-dimensional periodic
structure may be defined by a unit cell in the plane of the surface having a predetermined shape, such
as square, rectangular, hexagonal etc., and a repeat unit defining the detailed structure 15 (the base)
in the unit c&HCS8H18¢Rbles or protrusions, e.g. square pillars, polygonaf pifEFSHEEa#F pillars, etc.
The positions defined by that unit cell define the ?%peat 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 20 unit cell along the two dimensions
defined by the surface, in particular respective multiples of the unit cell dimensions. In one
embodiment, the centre"positiorpunedidhoiratirg, niasehecdédlingd wharveetoeicking v plesiza2, where

vl and v2 are linearly i%n%@% ’CtOéBriébws SBT&%%%@,”%’H;:%W\Q; asrgré@éﬁg%:s. Aad some

embodiments, the center of'each teature Is placed on a grid point of a2-dimensional grid, e.g. a

hexagonal, a rectangul&F & a8l elgfilikRith predetermined grid constants (fig. 8 A,B). WO

2009/150051PCT/EP20091056443 35 For example, in some embodiments, in every other row of grid

points, every other, rigrggi}nt may be covered by a feature. Inget other embodiments, in every second,
r

third, fourth r hi Wa\G, BROSS) SRR 1HRY. ROIRR, WERIGREF Sradr Bifd pBiRPRMEPempty. 5

cross section of the entire width of the wafer along the line labelled A-B. Fig.
2b shows an enlarged view of a portion of the surface of one of the tester
areas. The wafer 1 has a layered structure including a patterned substrate
layer 21, e.g. a silicon layer, and a surface layer 23. The surface of the wafer
10 s patierned, e.g. by a photoiithography process, to provide different patterns
on the surfaces of the respective tester areas S1, 82, ..., S54. The structures
have a depth/height H. In a photolithography process the height H is
controflabie 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
15  biocompatibie material such as tantalum or any other metal, metal oxide,
metal nitrides, metal carbides, diamond, diamond iike 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
20 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 sguare.

i is noted that the fig. 2 is schematic and not drawn (o scale. In pariicular, the
25  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
30 — a medical implant or a biocompatible coating for use in the
manufacture of a medical implant,



In some embodiments, the topographical structure may include a plurality of different features, e.g. a
number of different features arranged in a regular, e.g. periodic, pattern, e.g. as alternating rows of
two, three, or more different features. Examples of such patterns include structures comprising
features 10WithX88UEI Y ross-sections and features with circular cross-set&ibEEXHA a4 rranged in
alternating rows. In some embodiments, the featlites are arranged in lines and/or rows. In some
embodiments, the features in each row have the same pitch distance, 15 while in other embodiments
the pitch distance may vary throughout a row and/or from row to row. Similarly, the row-to-row
distance may be the same for all rows or vary from row to row. In some embodiments, some or all
structures in a row mayebtseotatediwith disbpirsitdithengréspedive treiphbgsrad the tbantelfow. In

some embodiments, SOMR.RFE %ﬁgﬁécﬁ?éee%(lﬁbgé@é'u%e?\%’? éﬂ[?éﬁﬁe"é’@;ﬁ%ﬁ tpdheir respective

neighbor(s) in the neighboring row(s). In some embodiments, the lateral dimension of the features in
all lateral directions is H2WERh qeiiuian AirEPouetd growiE@hfimbssiniacHIentrts ¥5Fclude

protrusions with generally sasiisiatel sHIBHEFO5536§ s In other embodiments the lateral
dimension of the features in one direction is between 1 gn and about 10 m, while the lateral dimension

in another ditection is 1& &S E- BBt AYTHRIL T P20HBRSeaUE re plastic that has been

modified to display these structures or blueprint of these structures on
the surface. In this respect tissue culture plastic means any polymers
that can be used to produce a surface that can be used for growth of
cells in vitro in cell culture.
10
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

15 structure include any semiconductor (doped or not-doped), a singie 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.

20  in embodiments of the invention, the surface layer 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,

25  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
30  polylactic acid, poly(lactic-co-glycolic acid, chitosan or a combination thereof.



36 dimensional periodic structure of square pillars of dimension 2 km x 2 km and pitch distance of 6
km (fig. 6). Figs. 8 A-K show top views of examples of the topographical structures on with features in
the form of protrusions/pillars having a generally circular, 5 square or rectangular cross-section. Each
feature has ¥ fat8ai#fi%theter X in at least one direction, and the gap distntEBeM ¥t features in
adjacent rows and columns is denoted Y. In figs.?’é A, C,E, F,and |, Y is equal to the gap size
between any feature and its nearest neighbor, corresponding to a pitch distance X+Y. In figs. 8 B, D,
G, H, and J, the gap distance to the 10 nearest neighbor is different for different features, as
exemplified by features 1201, 1202, and 1203 of fig. 8B. Feature 1201 has feature 1202 as its nearest
neighbor; consedleditiyehbaapeitedt eHovanisr fdhturest 203 firsy te stiliers 1CWTaAnRY 1202 as its

nearest neighborg AT AesRab 9o 26t ASSHIBININIGS. Ff PG blod . the pitch

distances are 15 different’from row to row. In the row includingfeature 1201, the pitch distance is X+Y,
while the pitch diBRAWEE AR IR THERHIRE TEa i 8ITPE8NPENWE). Even though other heights are
possible, the structures used in the examples below had a feature height of one of 0.6 km, 1.6 km or

2.4 km. 20In_the examples of fig,.8, the centey of each feature is placed on a corresponding grid point
of & 2-dimensionk] R FTERIRISH JHE CUACHARE D BTGP P LA i WA B,
However, in figs. &idtonkll cwot pdrefritsesgrt peiote aneractoddip activer ediopdeati)resjothitayn figs. 8 F
and K all grid points red by, features. In figs. 8 A, C, E._F. and |, the 25 grid is a square grid
with grid constan@%:(%@é?%%. ™ ﬁ’éé"o gb 5?9[5’,”@’:,“ élg,eé(rgg %?%h%uéﬁg?s?rég’yarr%cu air% %rdC%ﬁeSEgﬁd constants
are a=X+Y and bagbesy) . siidigueKFtnegit tenseit e e Xrawdob-g B cted-oogelbeted values

of X and Y, wafe r ' ' XY n wekesselected
om () = (118 (L) T B LBe) O 30 o b0 L Ty . @ 2,

(6,4), (6,6)1Bor s m&ewvmﬁ%ﬂbﬁmndi*{asdmaﬂéﬁyvrt?avb%'@mmodmgaat@w@mwm figA®IK, where X

in km was inorganic compound. Preferably, one or more growth hormone seiected from
Bone Morphogenetic Protein [BMP], Epidermal Growth Factor [EGF],
Transforming Growth Factor-beta [TGF-beta], insulin-like Growth Factor IGF
and Leukaemia Inhibitory Factor [LIF] is adsorbed or chemicaliy linked,

15 immobilized or complexed with the surface layer of the container.

L. Structural properties of a biocompatible material of the invention
All or part of the surface of the biocompatible material or structure (which
may take a variety of forms as described above) comprises micrometer scale
20  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

25 about 1000nm, in particutar between about 1nm and about 100nm.

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

30



WO 2009/150051PCT/EP2009/056443 37 selected from X=1, 2, 3, 4, 5, 6, 7, 8. Accordingly, the grid
constants a and b of the underlying grids were a = b= 2-12km for the square grids of figs. 8 A, C, E, F,
and I. For the rectangular grids of figs. 8 B, D, G, H, and J, the grid constants in direction a were in the
interval betWERAMS IR the grid 5 constants in direction b were in the it ar e 1 - 6km. For
the grid of fig. 8 K, the grid constant b lies in the thterval between 3.5 -28 km and grid constant a lies in
the interval between 2 -16Rm. For the purpose of identifying the above structures for different values
of X 10 and Y respectively, structures as shown in fig. 8 A 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 protrusiénsnsiiemeteivitgie deetites cress agich loteiRinsiteensipimnTak Ippsk@siéns are
arranged in parajlabtaygddiere IDEDERSIFIREENEBR AIRGERRrAbHSIgNs Bt avenitdr/gReONd row is

YR/my while the gap size between protrusions in the remaining rows is (2Y+X) km. The gap size

between protrusiBA&vEEARRERIt tolE 18V FapodtheborstruSeierNaaREnt THIETarEAMSEd with each
other. Similarly, stgaciUrRS 25 SHOWEIRLEY- BB @ 8 feferseqd e asRiedn HeRee Rhsiuciyre BX.Y

includes protrusions/pillars having a circular cross-section of diameter X Rm. The protrusions are
arranged in ParaffeiwsRs, aPeeictie ghp sz &uarReAMYEBdHpfotIsiIBAYIASS8RPYeBBAY row is Y
km, while the gap gz ReBIEREEAIAIHSIoNs. biie. 'BIARROJONS PAAY ) UBERR GaRsize between
protrusions of adjacent rows is Y km. The protrusions in the 25rows having a gap size of (2Y+X) km

are aligned with the tewier ¥ tiMecgapbdsti@d§ piuthaivasobtisit (esEoptive idiateblyrows.
structures as Shag Knish oA HIYRRIIA N AL leabiepte  tEEi R EX X ANE WiRReen

protrusions/pillars having a square cross-section of linear 30dimension of X km. The protrusions are
arranged in parafel psvsd wherblgnge, the shortest distance from any given point within the

10  cross-sectional area of a feature to the edge of the cross-sectional area is

equal to or less than 4 um.

The lateral dimension is measured in a direction substantially paraliel to the
surface or at least substantially tangential to the surface.

15
The maximum distance, or gap, between any micrometer scale feature and
its nearest neighbor can have a 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 wm - 2 um, between about 2 um - 4

20 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 pm. 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

25  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



WO 2009/150051PCT/EP2009/056443 38 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 gm, while the
gap size between protrusions in the remaining rows is (2Y-'-X) km. The gap size between protrusions
of adjacent W®HUEHA The protrusions in Sadjacent rows are alignedgﬁfigwwﬂy@ﬁ%?? Structures as
shown in fig. 8 D are referred to as DX.Y. Hence, structure DX.Y includes protrusions/pillars having a
square cross-section of linear dimension of X km. The protrusions are arranged in parallel rows, where
the 10 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(RYsRYqslimenhefgie dmebbtive e prdaiusisnensionjiscassrdvas iS¢ gm. The

protrusions in th%&ygsppﬁe%i%@ 9&&3&@ §%(é%+2(é o é;‘re aligned with the centre of the 15gaps
r ; g SHd

between protrusions of their respective adjacent rows. Structures as shown in fig. 8 E are referred to
as EX.Y. Hence, structure EX.Y includes protrusions/pillars having a circular cross-section of diameter

X p.m as well as praiiySiRREIPHALE AU S SHEAREIGSSShetienafdosas 20 simensingiel X um. The

protrusions are arranged in alternating parallel rows with circular protrusions in eve%second row, and

square protrisioEiipthaloamanfriRaNeN BN Gals§Ise PRI R GdPXcBiepRtRistort HtRE rows with
circular protrusiopgdarY HanbRke e &R SIRBEHNeRR IS SEY IR sbasIRN st e ugARRINING rows
is (2Y+X) um. The g[ap size between ) , . -

of the biocompatible material may be defined as a period of the periodic

structure. Hence, the lateral dimensions of a feature of a periodic structure

may be defined as the period of the periodic shape/function, i.e. the length of

10 the shortest interval over which the structure repeats its shape.

The depth/height of the micrometer scale features, i.e. their linear dimension
in a direction projecting out of the surface of the biocompatible material may
be on the nano- or micrometer scale, ie. the structures may have

15 heights/depths in the range 1nm - 10um, or in a range selected from the
intervals: of between about 0.07 um — 0.6 um, 0.6 um -~ 1.6 pum, of between
about 1.6- 3.0 um, of between about 3 um - 10 um. In one embodiment of the
invention, structures (e.g. protrusions) have a vertical height/depth dimension
that is either: equal to or greater than 1.6 um, or equal to or greater than 3.0

20  um, or preferably between 2.0 um — 3.0 um, or about 2.4 pum. This
embodiment is particular suitable for the promotion of undifferentiated growth
of pluripotent stem cells. In ancther embodiment, all features (protrusions)
have a vertical height/depth dimension that is equal to or less than 1.0 pm,
preferably between 0.6 um - 1.0 um, more preferably about 0.6 um. This

25 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-
30 shaped. The top and/or side surfaces of the feature are preferably



25protrusions 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 30pm as well as protrusions/pillars
having a sqisPys¥%ection of linear WO 20419/150051PCT/EPZOOQR)%%’EH@@@%Q?‘ﬁénsmn of X
p.m. 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 gm. The protrusions in adjacent rows are aligned 5with each other.
Structures as shown in fig. 8 G are referred to as GX.Y. Hence, structure GX.Y includes
protrusions/pillar§yRaiagialigirfatar thesssudenss opldititet@icogifias wedlas setissiosspillars

having a square greGs;eeCUaR, OhHRRRAY féQtEiP@he'&?!Ot'Pxé’fr?éﬂ&%cgi%etBr%H%%‘Saa@ﬁéF@%%d in

alternating parallel rows with circular protrusions in every second row, and square protrusions in the

remaining rows. $HEGAS GisdeRAEER L aRIGAR ﬁmrﬁﬁ%ﬂ@ﬁﬁ%@%v@@'\mfﬁ@%mfﬁr&%mns is'Y
gm, while the ga@@i@é)@wﬂﬂ@diw@ga@]@mfas&aﬁm@tk@gewlnmmwvso@@‘ém& gpn The gap

ey e b Rl e TR S Tk
their respective goliaizdm)owszing mcsdence Physical Vapour Deposition coating, CVD
coating, or plasma spraying. The features at the surface of the biocompatibie
material may have the same or different shapes. Preferably the features at
the surface of the biocompatible material are geomefric (e.g. square,

10 rectangular, hexagonal, star-shaped, or polygonal) in shape.

In general, a 2-dimensional periodic structure may be defined by a unit cell in
the plane of the surface having a predetermined shape, such as sguare,
rectangular, hexagonal efc., and a repeat unit defining the detailed structure

15  (the base) in the unit cell, such as holes or protrusions, e.g. square piliars,
polygonal piliars, circutar pillars, efc. The positions 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 struciure thus resulis from a translation of the

20  unit cell aleng 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 v4 + N2 vy,
where vy and v, are linearly independent vectors in the surface and ny and nz
are integers.

25
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}.

- 30 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.



Structures as shown in fig. 8 H are referred to as HX.Y. Hence, structure 20 HX.Y includes
protrusions/pillars having a circular cross-section of diameter X gm as well as protrusions/pillars
having a square cross-section of linear dimension of X gm. The protrusions are arranged in alternating
parallel rowS¥AEHEIPAF protrusions in every second row, and square prStABIZAR IS HE remaining
rows. The gap size between protrusions within edth row and 25 between adjacent rows is Y gm. 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. WO
2009/150051PCT/EP20119/056443 40 as well as protrusions/pillars having a square cross-section of
linear dimension DPXepampigeip RsFISIOMDaginerMagadeveanethatingwafrd ooitevigvemcular

protrusions in eveRy SCEARTHEANY. ARF BEUAFPEAIFINS IR e FPRAIAG QM i 8RB Size between

adjacent protrusions in'the rows with 5 square protrusions is Y urn, while the gap size between the
circular protrusioB¥§A/tReAalhife FewWEio(INohes RifdeTHMWg &Y it 89 R fstolpysibngrof adjacent
rows is Y km. Thegreirésing it adincanigews g aligned with each other. 10Structures as shown in
fig. 8 J are rﬁferred to as JX. Y. Hence, structure JX.Y includes protrusions/pillars having a circular
cross-section of diameter X km as well as protrusions/pillars having a square cross-section of linear

dimension of X kin. Sdmecpentitusionsrase esrangedrapaltainatinguraralle) owadeith picealay protrusions

in every second oW, an(t*l quare protrusions in the 5‘ ema'nljné:]t rows, The .Size bet\1veen adjacent
. : feren f‘% ures, e.g. a number ifier n# salures ar:rang%%pm 2 [rgular
protrusions in the'rows with square p?otrusmns is 'Y Km,"while the gap Size Bétweenh circular

protrusions in theergniarigatio;avediésr(2¥.g XaRalkeThasigapeizedidnvoedhrpeovasians diftdftent rows is
Y p.m. The circular prottusions o 40e fowshanind 3 Oap.fige gtr(?c\%n]”ré% %Hh%ﬁ%ﬁ-li‘?&&m‘&? the centre

of the gaps 20between the square protrusions of their respective adjacent rows. Hence, in the above

examples, #ife miitiFALHP STesbeRdIP R deehERMBENfekfas HosuRECHABRABANATENUM
centre-to-centre gigaI HeMRARARG @/Neighbour features is X+Y Rm.

in some embodiments, the features are arranged in lines and/or rows. In
some embodiments, the features in each row have the same pitch distance,

15 while in other embodiments the pitch distance may vary throughout a row
and/or from row to row. Similarly, the row-to-row distance may be the same
for all rows or vary from row o row. In some embodiments, some 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

20  be rotated with respect to their respective neighbor(s) in the neighboring
row(s).

In some embodiments, the lateral dimension of the features in ali iateral
directions is between 1 um and about 10 um. Examples of such features
25  include p'rotrusions 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 anocther

direction is larger.

30  An example of a biocompatible material is one having a microstructure

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



25 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
30each grodpdréiidé¥ & longest ridge as a central ridge. On each side of ¢ A RATE 036443
2009/150051PCT/EP2009/056443 41 central ridge are arranged a series of ridges becoming
progressively shorter with increasing distance from the central ridge. The rectangular shape KX
includes thus a sequence of ridges of lengths XRrn, 2X1.1m, 3X Rm, 4XRm, 3X gm, 2X p.m, X Rm.
The width of the ridges is )(Rm. The distance between 5 ridges is XRrn. The groups of ridges are
arranged in a pretie@ngiined patiedis, stichtthatehsuldryesiziersladctiratisiPronsiherd kach row

includes ridges o ; ' hs;, Afirst\type of rows includes alternating ridges of length X
gt T LU

Rm and 4 XRm. con Itype of row ‘alternating ridges of length 2 XRm and 3 X Rm. The
overall pattern offTiggje$ fekeniislostan] Disheriaskixammisre! (b dpprefereigitRitigieedilime

described in conpeeiomWitBdNg %%S&eﬁ%&éb\ésmm}%drgmgtae ZiReapyPlasqmpatible

topographically modified surface of the invention over a contoured, 3D surface. A'surface of a

container thét is BSESMPAIIBIERIUES CHIES-ROYRR Rrarufaclired sy a BBk B Gadtidn
techniques, e.g. angsasmeie efdidplloxagiechaifiuesiance between features in adjacent

rows and columns is denoted Y. In figs. 8 A, C, E, F, and [, Y is egual to the
gap size between any feature and its nearest neighbor, corresponding o a
pitch distance X+Y. In figs. 8 B, D, G, H, and J, the gap distance to the
10 nearest neighbor is different for different features, as exempilified by features
1201, 1202, and 1203 of fig. 8B. Feature 1201 has fealure 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
15  different from row to row. In the row inciuding feature 1201, the pitch distance
is X+Y, while the pitch distance in the row including feature 1203 is 2(X+Y).
Even though other heights are possible, the structures used in the examples

below had a feature height of one of 0.6 um, 1.6 um or 2.4 um.

20 in the examples of fig. 8, the center of each feature is 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-
I 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

25 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),

30 (2,6),(4,1).(4,2), (4.4),(4,6),(6,1), (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



20- 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'tf AdBstEttures with width down tg 40 25 nm can be print%ﬁq'(r‘”}%zgw RS 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 -
30otherwise the die will be damaged or even destroyed. The die imprinting can of course also be

y :
applied in softer s&igeiesdrme Xw d. 2089/A4.50@ TP 8 THERRSHWHS 622 91D FBISIARIE 2REPmaterials
like SIC or SiN agg mHiEHlﬁéﬂ,ﬂ@-%%i%@eéi@BLeiw Rt RIGBASk SeDSstigs. of &,. Cr
€ mas

instead of just a photoresist. k can be produced in the following way: The lateral pattern is

created by e-bedr Fnbgfashly iPa hasradansnid 8545 Vs pfhBnDufSidalgHe dn BREAR solvent

like acetate. Thiglsavgsta iRSIHtARIRINONEE ShriRseintbe seHishnalierm isioaverefdygad VD -
deposition of an approximategfloo nm Cr layer and' at last lift-off by dissolving the resist using a

standard reSist réRTIBRIDIY SeFinreweiel BithhtanpLRRWE¥Artie Folt if RERTILIon Etching
system. 10 The depif gf e SHHAHISRANRLIGH ) PRGN BEHEE, AldasidherCiaagkican be

removed in cerium nitrate aqueous solution. Now the hard die is ready for imprinting in the surface for
synthesizing a bieestanitibliesopdhrapircehoeivdae® sifade. The die can press micro- and
nano-patterns in selected areas of the biomaterial by 15 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 patié@nie iHoerRR AltidenihHane Hhin GarygsSHHE"ER B &IRreNG¥alEs iStybically from
10x10 mm2p tQAXAEBHaIENS ShigEeirashanevatinting rectharck irchiglaky suitalieforiz0

Clinloss stocl. B RERH R 50r 0 S0 BEBpted h R Teh e gy g v
materials/coatingsescribed above. Hence, structure AX.Y includes protrusions/pillars having a
circular cross-section of diameter X um. The profrusions are arranged in
paraliel rows, where the gap size between adjacent protrusions in every
15 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

1um. The protrusions in adjacent rows are aligned with each other.

Similarly, structures as shown in fig. 8 B are referred to as BX.Y. Hence,
20  structure BX.Y includes protrusions/pillars having a circuiar 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 yum. The protrusions in the
25  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
CX Y includes protrusions/pillars having & square cross-section of linear

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



Imprinting by rolling a die. The method is basically the same as die 25 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 ¥Pa¥&rt8°fake into account the curyed surface. The die-rollgfgzgﬁ HEUPHE Bressed on and
30rolled over selected areas of the biomaterial by hydraulically pressing the roller-die onto the surface
of the implant, thereby imprinting the WO 2009/150051PCT/EP2009/056443 43 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: Her&iGes gobsiisieudremacefigaas wituiecaias)ier 56 ShePreH GRRIYBRIES (e.g.
polystyrene or thepratein fefiinh WhisBA358IRIGIBhE NRUINIS-BHECTSH Rate[m Thigsg particles

can e.g. be used as: an etching mask making pillars, a topographical template for makig%\grotrusions
on the surface, oh@egrisitEs SrReNpa RIABHMEISE MiethPciastainiedy reyeHe Mthlliclibedn@r of ferritin).

Laser patterning é’é( “éﬁ?é%&%&&é%ﬁ%.%‘ﬂr‘?@%ny@? 5‘%&?&%%‘%@@ Reyiiigeqrier highuRissisipn
patterning. In pa |c_%lar, the strong non-linearity of the ablation process leads to a well-defined
threshold fob matdiatesiroves, aiadtoiRasbyitheeaciseiadb demonstrate the 15 formation of structures
even below the diffraction limit (P. P. Pronko, S. K. Dutra, J. Squier, J. V. Rudd, D. Du, G. Mourou:

Optical Communication 114, (1995) 106).
Structures as shown in’fig. 8 D are referred to as DX Y. Hence, structure

DX.Y includes profrusions/piliars having a square cross-section of linear
dimension of X um. The protrusions are arranged in parallel rows, where the
10  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 pm. The protrusions in
the rows having a gap size of (2Y+X) um are aligned with the centre of the

15  gaps between protrusions of their respective adjacent rows.

Structures as shown in fig. 8 E are referred to as EX'Y. Hence, structure
EX Y includes protrusions/pillars having a circular cross-section of diameter
X wm as well as protrusions/pillars having a square cross-section of linear
20  dimension of X um. The protrusions are arranged in alternating parallel rows
with circular profrusions 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
25  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, siruciure
FX Y includes protrusions/pillars having a circuiar cross-section of diameter X

30 pm as well as protrusions/pillars having a square cross-section” of linear



- The laser patterning by ultrashort laser pulses can also be used in combination with pre-deposition of
quartz spheres (K. Vestentoft, J. A. 20 Olesen, B. H. Christensen, P. Balling: Appl. Phys A 80, (2005)
493 to create large arrays of nanometer-sized holes. More specifically, a layer of quartz spheres is
deposited o' &8 typically, but not necessarily, creating a densely pEEEE 4PF4$* By scanning
an unfocused laser beam of ultrashort pulses acioss the surface with the 25 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 30coherent patterns over large surface
areas. The methddseniiee tieinteyidiem osobrisiermamorsran@ed fohbesnaiignparalladrents. (S. WO

2009/150051PCT, i RaANRIORRAR B HRNSle \%Ngqlg%&egﬂ@ SYRARIOIRIBAL b the

Micromechanics and Microengineering 11(1), (2001) 33. V. A device for culturing tissue or cells
including an expdSEESlacRShalitg Q&ﬁlcﬁf@@c@l@t‘é’@ﬁfacé@mém% Migiha seremagvaBfghows a

cross-sectional vigw,RlcA UepeHIBIR s havinaasenneRed stdapRIMItGRISIOsicalgtructure.
The dish 30% compt?]ses gn J[L;]pwardly open receptacle having a bottom 303 and sidewalls
with each other

Structures as shown in fig. 8 G are referred to as GX. Y. Hence, siructure
GXY includes protrusions/pillars having a circular cross-section of diameter
X um as well as protrusions/pillars having a square cross-section of linear
10 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
15 profrusions 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 profrusions of their respective adjacent rows.

Structures as shown in fig. 8 H are referred to as HX'Y. Hence, structure

20 HXY 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 profrusions are arranged in alternating paratiel rows
with circular protrusions in every second row, and square protrusions in the
remaining rows. The gap size beiween protrusions within each row and

25  between adjacent rows is Y ium. The profrusions in adjacent rows are aligned
with each other. The square profrusions 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

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



10 302. In use, the upper surface 304 is exposed to the cell culture or tissue and thus provides a
microenvironment for the culture. In embodiments of the invention, the exposed surface 304 has a
microscale topographical structure that is selected to promote a predetermined cellular function as
described h&EiH' 8L durfaces can be produced in large quantities in ef§ WRyePsstEike
polystyrene, different types of polycaprolactonesf 'Poly(methyl methacrylate, silicones including
poly(dimethylsiloxane), poly(hydroxyethyl methacrylate), poly(ethyl methacrylate),
poly(D,L-lactide-co-glycolide), polyethylene, polycarbonate, polyvinyl alcohols, hyaluronic acid-based
polymers, poly(ethylene oxide), poly(butylene terephthalate), 20 methacryloyloxyethyl
phosphorylcholings myall18s, miofreesm g ss eitgo&ths/yRSRoSHPRE-SABEOMaftirdIAYmers

including modifieg, ah{racsharidesr feSiRIErechonea A oiaRan=AAY B ER AR

copolymers of the above mentioned, e.g. from a suitable stanip or blueprint by hot embossing or by

injection moldingWF B &9 oRFelf URiRBBI E B Bs S SEORE GRMY i IEcSAHAHRA PO ELS BOSCHbE® herein. The

surface 304 may B MGHPRAVSUTIRC ] B NieBEAM D30 &hHPRAFRISRETHOhE RERSTRIM element,
e.g. a disk, placed on top of the bottom 303 of the dish. For example, such tissue culture dishes/flasks

or any surfate wRAURFECRIRIESBBIEE 10 stfibo e gffviRat eHtbryoRivesEmiBeISHT AT
undifferentiated $jaig RV DS LoeE FNOEHAY |AsaR quiantiies) of emhbmyenia stamLallshalin a later

development may be induced to differentiate into a desired cell type. Once differentiated WO
2009/150051PC Preibygionsosbadizeaniniees sseificeelNg paakieso8p oifc GO R peY talEbe used for
drug screening ageharpgelireRa¢eagst therapy. The surface 304 may also be provided in the form of a
separate tissue 5 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 fige culiuietdisls 30 hBWRIMIBgP8CL Hhe teferrdigsuasulireg plastie istmictoeedxovinclude any
polymers/metal coatings/material the}t ,(fan be used to Pro uce a surface th (J],,Oca be)ysed for growth
of cells in vitro inl@glwg%ﬁlﬂr@trusnons 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
15 remaining rows. The gap size between adiacent 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
having a& gap size of (2Y+X)} um are aligned with the centre of the gaps

20  between the square protrusions of their respective adjacent rows.

Hence, in the above examples, the minimum gap size between nearest-
neighbor features is Y wm, and the minimum centre-to-cenire distance
between nearest-neighbour features is X+Y um.
25
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 1o form a rectanguiar shape, such that
30  each group includes a longest ridge as a central ridge. On each side of the



Examples Example 1 15 Manufacture of a BSSA wafer comprising 13x3 tantalum array of tester areas
A single-sided polished silicon wafer with a thickness of 52525 um provided 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 microM@t#H 8 pattern 20 was printed gnto the polished side of th&S{ifE8H%fEr by standard
photolithography and reactive ion etching in a SF6/02 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, 25NH4F, 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 AZ52aen{reioidefs RIS 6rSeFRPAT NIOEPPERRNERENMRITESHIRIYIBHREM be found

at ths ':(/'a;erita' S%ﬁg]\/ Rat:Shg eiMRRS I3RS YRR ieshby HRRAISTRSlangssduriPeralinkand
re-baked at aroun
P includes thus a sequence of ridges of lengths X um, 2X um, 3X pm, 4X um,

3X um, 2X um, X um. The width of the ridges is Xum. The distance between
5 ridges is Xum. The groups of ridges are arranged in a predetermined pattern,
such that the ridges are piaced along rows, where each row includes ridges
of two alternating lengths: A first type of rows includes alternating ridges of
length Xpum 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

10 sharkskin structure.

Other preferred structures will be described in connection with the examples
below.

15 IV, Method of synthesizing a biocompatible topographically modified
surface of the invention over a contoured, 3D surface.
A surface of a container that is biocompatible for ES cells, may be
manufactured by a number of production iechniques, €.g. one or more of the
following technigues:
20 ~ 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
25 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 -
30 otherwise the die will be damaged or even destroyed. The die

imprinting can of course also be applied in softer materials like



90C for 120 seconds, and WO 20091150051PCT1EP20091056443 46 3. the photoresist-coated
wafer was exposed to UV light for 5 seconds in an EVC aligner, model AL6-2 , through a suitable
mask, allowed to develop for 50-60 seconds and then post-baked for 1 minute at 120C, and 54. the
photoresist-BGatEP WA was then patterned by byiefly etching with BHF TGP ALEly 30 sec.,
and then subjected to Reactive lon Etching (RIE) at a rate of approximately 0.30pm/minute, and the
resist was stripped with acetone followed by RCA cleaning. The RCA cleaning procedure has three
major steps used sequentially: Removal 10 of insoluble organic contaminants with a 5:1:1
H20:H202:NH40H solution (SC1). Removal of a thin silicon dioxide layer where metallic contaminants

may have accumulatedR@iyARESURIBER)M@RIRlE ditat&iGor S @rerddbruivle Rei&YASionic and

heavy metal atomic conjggHRRIBtUSES A £PLHIPPR5Sk bdrtid0: 202 K@l HE6Rkd 66} Ehe patterned
wafer was then passivated by dry oxidation with a 20 nm Sj02 layer, ther, al\lét%own at;]?gooc for 15

minutes. 6. A 250 nm tANIRIFSEY e MR RS o SRBASH I BeRA AR ¢ @ watdt by sputter
deposition. 20The waferwas prerareld cosapsising 462 stnuthogehshyanes st Divd oot oly

e R S e
A-J is represented on 1&sigtasteondhehwaferface Witrevasigigaieensiooyersgiucii€y by (X,Y). The

deposition of an approximately 100 nm Cr layer and" at last lift-off by

dissolving the resist using a standard resist remover. Dry etch of the

hard die material can be carried out in a Reactive lon Etching system.

10 The depth of the structure is controlled by ion eiching time. At last the

Cr mask can be removed in cerium nitrate aqueous solution. Now the

hard die is ready for imprinting in the surface for synthesizing a

biocompatible topographically modified surface. The die can press

micro- and nano-patterns in selected areas of the biomaterial by

15 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 die size is typically from 10x10 mm? up fo 40x40

mm?. This micro- and nano-printing method is highly suitable for

20 patterning selected areas on a contoured 3D impiant 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

25 imprinting, however, here the die is not flat but typically a cylinder.

This die-roller is micro- and nanostructured by photolithography or -

beam lithography/Reactive lon etching as described for the die

imprinting above. The setup needs to be modified in order 1o take into

account the curved surface. The die-roller can now be pressed on and

30 rolled over selected areas of the biomaterial by hydraulically pressing

the roller-die onto the surface of the implant, thereby imprinting the



25 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 pm. Wafers were produced
according to these defined parameters, wherein the depth of the lateral topography was defined as
either: 0.6 pOEBEPHFIEHd 2.4 pm. WO 2009/150051PCT/EP2009/056488URP 2Rk 44the structures
as shown in fig. 3. The structure includes trenché? 41 of width X (in p.m) and ridges 42 of width Y (in
km). Hence, the line structure of fig. 3 has micrometer scale features along one dimension only. In
Example 1, the areas A(2,2) include a line 5 structures with trenches of width 2 gm and ridges of width
2km, the areas A(4,4) include line structures with trenches of width 4 km and ridges of width 4km, the
areas A(4,2) include lin&8racandowidneeiishsisef Mrithhglem Bedigiry onaikiial 2ean. bBX/Y": A

square-hole structure apshoa ify Figaflofi1a SERIH B0 RRKdesUSHE RlsSU RERSRAR 51 With

dimension X(in km)xX(in km) and a pitch distance of X+Y, i.e. the net of ridges 52 have a width of Y.
Hence, the structure of P2 BashRiEEHIetkls RFafaRrliGrelsi o6t dIRIEMEIGHs within the plane of the

surface of the tester argasfig @XxaMplediditapraayBdhg) ekdq sapassibRles wakdhaession

1541.1mx4km and pitch distance 8 km. "KX/Y": A structure comprising rectangular holes/recesses

separated by ridges as SHEMH BYg SSPPRLIEr RRUPLRI RIS R tdhg uIRPHEREEBE ddiffi@nsion X (in
kr-n)xY (in km) separatggamdth riggrin K 2eiigdisetibleny: 20 REATaRStibIcisreccamsising
protrusions/pillars as sh?wn in Fig. 6. The structure co({n rises protrusion ”'3{2.%71 \With a square

Inc

cross section of dimens.iohr'1EB ﬁiﬁaﬁ f %?(ﬁﬁq(%?a% %SS Pdfitance of XA HERLEHRE Arda D(2,4)

include a square-pillar Srpogrepints pidenditee fsionsRikg 2 dnusoosa @itcthdistarfeesf 6rkm. 25
"CX". A square-hole/ pi"@éﬁgé'lﬁ&weo Se?&.%’%%%?n&eﬁﬁeﬁ%%ﬁﬂ@?er (e.g. by the metallic
10 center of ferritin}.

— Laser patterning by ultra-short laser pulses: This technigue can be
utilized for high-precision patterning. in partiéular, the strong non-
finearity of the ablation process leads to a well-defined threshold for
material removal, and this has been used io demonstrate the

15 formation of structures even below the diffraction limit (P. P. Pronko,
S. K. Dutta, J. Squier, J. V. Rudd, D. Du, G. Mourou: Optical
Communication 114, (1995) 108).

— The laser patterning by ultrashort laser pulses can also be used in

combination with pre-deposition of quartz spheres (K. Vestentoft, J. A,

20 Olesen, B. H. Christensen, P. Balling: Appl. Phys A 80, (2005) 483 to
create large arrays of nanometer-sized holes. More specifically, a
fayer of quariz 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

25 quartz spheres, it is possible {o generate large areas of structures in
parallel, since the spheres act as individual lenses focusing the laser
beam.,

— lLaser scanning-beam Interference Lithography: This low-cost method
can be used for fabricating periodic and quasi-periodic and spatially

30 coherent patterns over large surface areas. The methods utilize the

interference between two or more coherent planar wave-fronts. (8.



has the appearance of a chess board with holes 81 and protrusions/pillars 82, both having the shape
of squares with dimension X(in km)xX(in-km). It is understood that the preparation method
described above may also be 30applied to wafers with other forms and sizes of tester areas as well as
other WO 2BEbHBHIEHPC T/EP2009/056443 48 types of structures. Th&SHKF2{9F6ReEs on process
may be used for a variety of different wafers, whéfe the layout of the tester areas and the particular
surface structures are determined by the mask through which the wafer is exposed. 5 Example 2
Identification of biocompatible surfaces for promoting growth of pluripotent mouse embryonic stem
(ES) cells 10Undifferentiated murine ES cells grow in compact, well-defined colonies (Fig. 10). When
colonies flatten and spréadpeuttheaR S\sairreno st likely RiveJstarmed ¢b Miffererash@n iTh@ccolony

morphology is an obviom&ggw@% %mpt@@mg@@r of pluripotency. Examples of well

established intracellular pluripotency markers are the transcription factors Oct4 and Nanog and the
15enzyme Alkaline Phosphatase (AP). ES cells (KH2 cells and CJ7 cells) were seeded at a density

from 1.3-5x106 v. A device for culturing tissue or cells including an exposed surface
5 having a microscale surface structure

Fig. 9 schematically shows a cross-sectional view of a tissue culture dish
having an exposed surface with a micro-scale structure. The dish 301
comprises an upwardly open receptacle having a bottom 303 and sidewalis
10  302. In use, the upper surface 304 is exposed to the cell culture or tissue and
thus provides a microenvironment for the culture. in embodiments of the
invention, the exposed surface 304 has a microscale topographical structure
that is selected to promote a predetermined cellular function as described
herein. Such surfaces can be produced in large guantities in e.g. polymers
15  like polystyrene, different types of polycaprolactones, Poly(methy!
methacrylate, silicones including poly(dimethyisiloxane), poly(hydroxyethyl
methacrylate), poly(ethyl methacrylate), poly(D,L-lactide-co-glycolide),
polyethylene, polycarbonate, polyvinyl alcohols, hyaluronic acid-based
polymers, poly{ethylene oxide), poly(butylene terephthalate),
20  methacryloyloxyethyl  phosphoryicholine, mr-l  T85, mrl 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
25  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
30  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



cells/p10 Petri dish on tantalum BSSA wafers (Fig. 11), produced as in Example 1. The cells cultured
for cultured for 3 days under conditions of 5% 20 002, 90% air humidity and 37C. The cells were
grown in DMEM supplemented with 15% FCS, 2mM glutamine, 50 U/ml penicillin, 50 Rg/m1
streptomycirt¥ A é¢L¥EEEAtial amino acids, 100 p.M_13-mercaptoethanol aBf HERIEHEHEEL3bUt in the
absence of a feeder cell layer. Furthermore, the s cell growth medium was supplemented with
Leukemia Inhibitory Growth 25 factor (LIF), 2000 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. WO
2009/150051PCTHEP2069¢0564 4811 dypitfdrmsdatepansiio thelh thpekHDaeReOHIRE dauchwes, but there

are relevant comg&pgeﬁxﬁﬁ _gﬁ_@&g}gﬁli@ﬁ@é@ﬁ&@&@%ﬁ t 2.4 pm structure heights form well defined

round colonies with AP ativity. At the same structure height the colonies on F4.1 tend to flatten out
and lose AP staining intensity. Colonies 5 grown on the K8 structure are elongated and have a

reduced AP stainiihg igipnsily. foapecilwies the bl rells thisriTesiinereassspndhe siigure height

is lowered. For the other structures the colony numbers are reduced when the structure heights are
lowered. Reducirfy &racRiRaitelGRt ARY RaRis PRIRrcL R A5RIAY % SHlBGed R AW S8iRng. The two

cell lines respondbL@shifietsntyde shediSresuarticGlractories sianesdotdiffespatiateivdigreas KH2
colonies are smaélm\{vell d(—r\ﬂr}led and reduced in Eprggerr%:om arggd to 5 eir grow g'?orlgg%logy on

t
structured squares. Ble i5 e Igir%‘é Rﬁnﬁ%ne’]lo SF i pa%%lg S rﬁcfﬁjreusr%na??ze the ES tell 15

growth pattern W%qaa‘ntiﬁmj usiny aliﬁmmatedlwantMgsmibcdmny}t&ndbé_r. fﬁhijﬁ'}l@iedﬁodamas _
compared with magyaleanLing kasesh o olony MABBRlaey Ral (P RIACHYSHSLY frgmparison

of manual and autornated counting o erentiated
10  can be used for growth of cells in vitro in cell culture.

Exampiles

Example 1 '
15 Manufacture of a BSSA wafer comprising 13x3 tantalum array of fester
areas '
A single-sided polished silicon wafer with a thickness of 525425 um provided
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
20 was printed onto the polished side of the silicon wafer by standard
photolithography and reactive ion etching in a SFg/0, discharge according 1o
the following protocol:
1. The wafers were pre-eiched with buffered hydrofluoric acid (BHF, BHF
is a solution of concentrated HF (49%), water, and a buffering salt,
25 NH4F, in about the ratio 1:6:4) for 30 seconds and then dried under Np
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)
30 supplied by Hoechst Celanese Corporation).and pre-baked at around
'90°C for 120 seconds, and



colonies (fig. 13) reveals that the automated counting consistently 20 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 dMEAEH BY%litomatic counting are in agreement with those cRArHERZAGHEE Hétected by
manual counting. A similar good correlation 25 bétween 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 30covérethwith@eleiStabBlas Maiea wFo o po &Y EEhténshageos@snaed WO
2008/150051PCTIEP 20001258448, 0 samcing B pheavipAoiR B, peestent san
C

that binds strongly to DNA and which can pass through intact cell membranes and thereby be used to
stain both live and fixed88ROIRPPAEIHeRCERIS arddBestRAshhakast&ch meBwhcrbddhY; excited
with ultraviolet light. Whg5DAPI is bound to double-stranded DNA its absorption maximum is at 358
nm and its emission maximum is at 461 nm, which appears blue/cyan. Automated counting was then
used to quabhtify the 4esihiésphiotairsisfropa e vexiee iwae hib de saiteedad fig biilipahonargévariations

Soales for the difterent BEL D ireh L e D Saes e I Rt e e humber. I
general, colony numberstifinga 8l hat thsadined asiorosimatiiy @ 30pd ThieUitg liest ©sIa§ Blumbers
were obtained on structiiies WhEfR 6, ANSREIBAe" BifolBL Y KRNk anh M Ble? REA
cleaning procedure has three major steps used sequentially: Removal
10 of insoluble organic contaminants with a 51:1 HxO:H02:NH,OH
solution (SC1). Removal of a thin silicon dioxide layer where metallic
contaminants may have accumulated as a result of (1), using a diluted
50:1 HRO:HF solution. Removal of ionic and heavy metal atomic

contaminants using a solution of 6:1:1 Hx0:H,02: HCI (SC2).

15 5. The patiterned wafer was then passivated by dry oxidation with a 20
nm SiO; layer, fhermal!y grown at 1000°C for 15 minutes.
6. A 250 nm tantalum layer was deposiied onto the surface of the
patterned wafer by sputter deposition.

20  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

25  principle is illustrated for structure patiern A. The K structure is represented
on 8 squares with varying dimensions as specified by the parameter 7. 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
gither: 0.6 ym, 1.6 um and 2.4 um.

30



15 while the lowest colony numbers were obtained when Y=1 and X =2 pm, 4 pm or 6 pm. Low
colony numbers were seen on all K structures. The effect of the different tested biocompatible surface
structures can be further seen from figure 15. Surface structures having protrusions with a 20 small
minimum cr3$8288¢idiial diameter (small X) give fise to the highest ES c%ﬂ%’é?&ﬂ‘ﬂ?’ﬁ?ﬁﬁﬁﬁers, whereas
those with larger values of X gave rise to lower colony numbers. Furthermore, the figure confirms that
structures where the dimension Y = 2 km or 4 pm give rise to the highest colony numbers, depending
on the value for X. Thus we have identified a local optimum for 25 colony formation concerning the Y
values (the distance between the columns of the structure). By extrapolation, colony numbers will be
further increased orestriibiMEs hivenglartiigimensiiownidasitias 1 Pig. sfsture includes

2009/150051PCT/EP2QI%9/8,'§6E§44,§ oY erg@ RHOEIHﬁi%Beﬁ@gseé-Jﬂsﬁ/'%faﬂﬁBﬁWﬁa% SHMg_tures where

the area of the protrusions exceeds 25% of the total surface area. It follows that optimal proliferation of
undifferentiated ES celld&teeadtpdintestiviivsufhia strigfureisroraetalfificeieBHEREMaNS Figure 16

shows the relationship BeBvgRRINSHIdpiyrameighiaRadthe\E S ealscalony)nverbes farithe CJ7 and

the KH2 cell lines. It is the total ES cell colony number from the whole wafer that is given on the

vertical axis®Colony nudib&iERsaMjth&readsrindtiicRiematridasentd ¢l eeel%or both
10cell lines. All togethep,ibg-dala, 39 aas aMEaked APb S RHIRT WIS 65T WidFROT fhanskstructure

height 2.4 pm generate the highest colony numbers. _
ridges of width 4um, the areas A(4,2) include line structures with

trenches of width 4 um and ridges of width 2um.
s “BX/Y". A square-hole structure as shown in Fig. 4, The structure

10 includes square holes/recesses 51 with dimension X(in um)=xX{in umj
and a pitch distance of X+Y, i.e. the net of ridges 52 have a width of Y.
Hence, the structure of fig. 4 has micrometer scale features in both
dimensions within the plane of the surface of the tester area. In
example 1, the areas B{4,4) include square holes with dimension

15 4umx4pm and pitch distance 8 um.

| s “KX/Y": A structure comprising rectanguiar holes/recesses separated
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).

20 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.

25 o “CX". A sguare-hole/pillar str&cture 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 wmX(in um).

It is understood that the preparation method described above may also be

30  applied o wafers with other forms and sizes of tester areas as well as other



15 Example 3 Pluripotency and growth morphology of mouse embryonic stem (ES) cells is maintained
during serial passaging on biocompatible surfaces The previous examples demonstrate that
biocompatible surfaces having 20 different surface structures can be used to promote a high ES

colony numB¥? &8PeXiple structure: F1.2) or tg promote low ES colonyPhii

P?f%‘t%‘ﬁ?am ple

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 25 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 dimendithes RE stryeiojas: Fhg sgrasiiaduainaneiepgskaay-bg up

IRaIRM2 cells also

expressed alkaling pheseReRsRig thmiaet PRssARRIES goeR 0BRRIateH @B lEURHTeS

30retained a compact and well defined morphology during passaging, while colonies generated on
B

F4.1 retained theRARFBHOTBEY A% @O RYAIBHOBYT P HIEPHESY/

6443 ¥ELIES YGERRER, these

results indicate thapthgeeffect of the structures on ES cell colony formation is sustained during
passaging. %xample 4 5Germline potential of mouse embryonic stem (ES) cells obtained by

10

15

20

25

30

Example 2
identification of biocompatible surfaces for promoting growth of
pluripotent mouse embryonic stem (ES) celis

Undifferentiated murine ES cells grow in compact, well-defined colonies {Fig.
10). When colonies flatten and spread out, the ES cells most likely have
started to differentiate. Thus, colony morphology is an obvious and generally
accepted marker of pluripotency. Examples of well established intracelluiar
pluripotency markers are the transcription factors Oct4 and Nanog and the
enzyme Alkaline Phosphatase (AP).

ES cells (KH2 cells and CJ7 celis) were seeded at a density from 1.3-5x10°
cells/p10 Petri dish on tantalum BSSA wafers (Fig. 11), produced as in
Example 1. The cells cultured for cultured for 3 days under conditions of 5%
COy 90% air humidity and 37°C. The cells were grown in DMEM
supplemented with 15% FCS, 2mM glutamine, 50 U/ml penicillin, 50 ug/ml
streptomycin, non-essential aminc acids, 100 uM B-mercaptoethanol and
nucleosides, but in the absence of a feeder cell layer. Furthermoreg, 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 (Biue), 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



serial passaging on biocompatible surfaces A cartoon showing steps in a protocol for the germline
transmission of ES cells is shown in figure 18. The germline potential of CJ7 ES cells, following in vitro
serial passaging, was tested employing the blastocyst injection 10protocol outlined in Figure 18. CJ7
cells were pA<aYBY IRdne of: a biocompatible yirface structure F1.2, FPLEEE@%P:QW&?%%M culture
plates; or media supplemented with feeder cells %according to example 3). CJ7 cells from each of the
cell populations harvested after passaging, were then injected into blastocysts which were implanted in
surrogate mothers. Among 15their offspring chimeric male pups were selected for breeding. CJ7 cells
passaged on F1.2 or on media comprising feeder cells maintained germline potential, while no

germline potentidlifeieialn fmewe defis fskidacds pa heorthitissoditieintare pHa¥aNshowing

that at least cells assRarR a0k Eés&ﬁ»é@%Hﬁ%maimain@%tt@arc?ﬁa@ﬂmm@wgﬁﬁlif&nﬁo Example
5 Identification of biocompatible surfaces for promoting, uniform differentiated irovvth. of mouse

embryonic stem (&) (RESTREESRIAMEHHNAR Gty Bre ddbh fAMERRUSTI e NRaaMMch is
indicative of ES agliahifterentintiantéigh tO)iaTiensogotony owy pipleginisqimevitys Goidgeserally

accepted magker bt PP ENG AN TR DgRgaR S Silsrentasoadndey Ressdpyre e

intensity. Especially for the CJ7 cells this effect increases as the structure
height is lowered. For the other structures the colony numbers are reduced
when the structure heights are lowered. Reducing structure height also tends
to increase colony size and reduce AP staining. The two cell lines respond

10  differently to the NS square: CJ7 colonies started to differentiate, whereas
KH2 colonies are small, well defined and reduced in number compared to
their growth morphology on structured squares.

Due to the large number of biocompatible structures analyzed, the ES cell

15  growth pattern was quantified using automated counting of colony number.
This method was compared with manual counting based on colony
morphology and AP staining intensity.

Comparison of manual and automated counting of undifferentiated KH2 ES
colonies (fig. 13) reveals that the automated counting consistently
20  overestimaies the colony number. However, the ratio (automated counting
number)/(manuai 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
25  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
30  covered with cells (iotal DAP! area). For this purpose, ES cells were stained



30that has been ascribed to the ES colonies, provides a measure of the extent of ES cell
differentiation induced by a given biocompatible structure. WO 2009/150051PCT/EP2009/056443 53
Accordingly, the differentiation index has been determined for the ES cells grown on the BSSA wafer
according to"EXAHIEMSIFig. 20 sets out the determined differentiation intfleXERHEFE¥ tHarker shade
corresponds to a higher differentiation index. For all types of surface structure tested, an 5 increase in
the value of the dimension X led to an increase in differentiation index (X=6 > X=4 > X=2 > X=1). Also,
structures with Y=1 and the K structures had relatively high differentiation indexes and, overall, the
differentiation index increases with decreasing structure height (0.6 pm > 1.6 pm > 2.4 pm). It is further

seen that surfacemiftudiufebamidigre nsenyliigeia olediBHy Ruriiiesrent atrRilv déréitffion index
and structures wigh lpwieqlonyNwmhgrahrye tighghitergntiabianndexesi(figehbrihes oyppst colony

numbers and the largéest differentiation indexes are obtained for cells grown on the structures with a

height of 0.6 pm.! 8 X4 HBIES i BINCORtiMyhaRhisHRbRic SRR Savsd ERiGABatible
surfaces IntrodugiistaclOfi wpamueraberabic siidéebS), cellsiare piwnipatentceisigerivedam the inner

ayers. Paschge DATAFBrOS A CANE & FOURLIY SV aRPEy el AT Lot Bt S

colonies using firetd deasmidtisteus pipettes and SubsegubinhpiategrerbfoestyerEF feeder layers.

Automated counting was then used to quantify the results obtained from the
experiment described in fig. 11. Due to large variations in colony numbers on
10 the different structure heights it was necessary to apply different shade
scales for the different heights in fig. 14, where the darker the shade the
higher the colony number. In general, colony numbers increased as the
dimension of X decreased. The highest colony numbers were obtained on
structures where the dimension Y = 2 um or 4 um and X = 1 ym or 2 pym,
15 while the lowest colony numbers were obtained when Y= 1 and X = 2 um, 4

um or 8 um. Low colony numbers were seen on all K structures.

The effect of the different tested biocompatible surface structures can be
further seen from figure 15. Surface structures having protrusions with a
20  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 1o 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
25  colony formation concerning the Y values (the distance between the coiumns
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
30 of undifferentiated ES cells are associated with surface structures having less



25 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. W8 28887450051PCT/EP2009/056443 54 To meet these nedds/ &8¢ ere cultured
on topographically structured surfaces in order t4 tetermine whether these surfaces can support hES
growth, whether hES cells cultured on these surfaces maintain their pluripotency and whether the hES
cells continue to grow and maintain 5pluripotency when cultured on the biocompatible surfaces after
subsequent passaging. Methods Based on previous screening of the different surfaces by a
BioSurface 10 StractereAnciy B8 sanbafamsesdiguriate arucESesutbrsefte setacbthwere

seecte o the i OFRERESlse 2951, E(od) EhOAA) YIRS BegEldepn of e

features (projections) on each microstructured surtace were 2.4 pm. Preliminary experiments had

- already shown thicfifesatiens KingslGenig@iashdoh ceplihegjeyransositdednwith sstEfees F(1,4) and

F(1,2), thereby fogHginganiResaivest darasiddadifferentiated hES cell (KCL-002) cultures were
maintained on mouse embryonic fibroblast (mEF) feeder layers in medium containing 10% ES grade

FBS. Undifférentiated colonies were manually cut from the mEF feeder layer and approximately 5-6
pieces were platetqeinéo eashar$he & Gslsieapiptiblsssiacrs. Skesuli® heights and the ES

cell colony number for the CJ7 and the KH2 cell lines. It is the total ES cell

colony number from the whole wafer that is given on the vertical axis. Colony

number clearly increases with structure height and this effect is seen for both
10 celliines.

All together the data analyses revealed that structures with X=1, Y=2 or 4
and structure height 2.4 um generate the highest colony numbers.

15
Example 3

Pluripotency and growth morphology of mouse embryonic stem (ES}
cells is maintained during serial passaging on biocompatible surfaces
The previous examples demonstrate that biocompatible surfaces having

20  different surface structures can be used to promote a high ES colony number
(for example structure: F1.2) or 1o promote fow ES cotony number (for
example structure: F4.1). The sustained effect of these structures on the
growth of ES celis was examined during serial passaging of CJ7 and KH2 ES
cells. After each passage, the ES cells were fixed and analysed for Oct4 and

25  Nanog expression using antibodies specific for Oct4 and Nanog. The ES
cells CJ7 and KH2 siill 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 celis also expressed alkaline
phosphatase in the last passage. ES colonies generated on F1.2 structures

30 retained a compact and well defined morphology during passaging, while
coionies generated on F4.1 retained their morphology.



Cell attachment First, the cells were checked to determine if they could adhere to the surface. 25 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 n&%:48%/2R%Herence capacity comparison of the two surfaces feV/EBRWratthore cell
colonies attached on surface F(1,4) compared with surface F(1,2). 30Furthermore, cell colonies were
also tested in KnockOut serum replacement (KOSR) instead of serum. To test this, hES cell colonies
were cultured in WO 2009/150051PCT/EP2009/056443 55 KOSR on mEF feeder layers 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 ineffiei@ftlipaateahdneserageuiislgiente (thay e thBastal dag. Soaietes, anrBRatively larger
number of colonig§|w§mgﬁqg E&%@%W&Iﬂn@%@é@aéiﬁélz)- This indicates that surface

F(1,4) is relatively more efficient in cell attachment than surface F(1,2), but that the cells attached
much better to the surfaces when cultured in serum than in KOSR. Cell growth 10To ascertain if hES
cells can proliferggagnieedsurfaces, the cell colonies were plated on the surfaces and cultured in 2 ml

and SupplorRentQERUTISn R SHEA G L AT U Bl Heecsi it SR B B surfaces
F(1,4) and F(1,2xenithepseagihng oh G serpatible surfaces
A cartoon showing steps in a protocol for the germiine transmission of ES
cells is shown in figure 18. The germline potential of CJ7 ES cells, foliowing
in vitro serial passaging, was tested employing the blastocyst injection
10 protocol outlined in Figure 18. CJ7 cells were passaged on one of: a
biocompatible surface structure F1.2, F4.1; gelatin-coated culture plates; or
media supplemenied with feeder cells (according to exampie 3). CJ7 cells
from each of the cell populations harvested after passaging, were then
injected into blastocysts which were implanied in surrogate mothers. Among
15 their offspring chimeric male pups were selected for breeding. CJ7 cells
passaged on F1.2 or on zﬁedia comprising feeder cells maintained germline
potential, while no germline potential was seen from cells passaged on F4.1;
or gelatin-coated culture plates, showing that at least cells passaged on the

1.2 structure maintained the capability to go germline.

20
Example 5
Identification of biocompatible surfaces for promoting uniform
differentiated growth of mouse embryonic stem (ES) cells

25

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
30  that has been ascribed to the ES colonies, provides a measure of the extent

of ES cell differentiation induced by a given biocompatible structure.



15 As shown in fig. 30 & 31, hES colonies are able to proliferate on the surfaces. In general, the size
of each colony increased 30-40% each day. The morphology of hES cell colonies-grown on the
surfaces was very similar to those grown on GeltrexTM (Invitrogen), fig. 32. 20 Maintenance of the
pluripotency’d? #18°f285¢ells To determine if the hES cells are able to mBift&FT¢AERF tfipotency on
the surfaces, the cells were grown for a week thef fixed in 4% PEA and stained with anti-Oct4
(Octamer-4) antibody. Images are seen in Figs. 33 & 34. 25 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 maf®egréngie, dbisdifiersiiatominermacipSDpldeissteneyd derttwesbfaees WO
2009/150051%?/5@%0&9/9596@@95@ SHRTARH RS HES cels 0o g yRnHel on the

micro-surfaces F(1,4)
etermined differentiation index, where a darker shade corresponds to a

higher differentiation index. For all types of surface structure tested, an
5 increase in the value of the dimension X led to an increase in differentiation
index (X=6 > X=4 > X=2 > X=1). Also, structures with Y=1 and the K
structures had relatively high differentiation indexes and, overall, the
differentiation index increases with decreasing structure height (0.6 ym > 1.6
um > 2.4 um). It is further seen that surface structures that give rise to high
10 colony numbers have a low differentiation index and structures with low
coiony numbers have high differentiation indexes (fig 21). The lowest colony
numbers and the largest differentiation indexes are obtained for cells grown

on the structures with a height of 0.6 pm.

15 Exampie 6
Study of culturing human embryonic stem cells on biocompatible
surfaces

introduction

20  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 pipeites and subsequent plating on fresh mEF feeder layers.

25  This method is very laborious and time consuming and unsuitable for large
scale cell culture. Development of culture technigues where hES celis 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.

30



and F(1,2) having a feature height/depth of 2.4um, and maintain their pluripotency as demonstrated by
Oct4 expression. Cells could be passaged 5by Collagenase IV digestion, however this impeded cell
growth. The invention according to a second aspect. This aspect relates to the need for implants to be
successfully Y in the bone tissue in orger to obtain good clinice FESAteRigidt advances
and 10 results have been achieved in this area auring the last decades, but implant loosening over
time continues to be a significant problem for successful longterm joint replacements. An implant or
device having a surface that can promote expression of osteopontin and osteocalcin in bone-forming
cells may improve the outcome of treatments based on their use. Thus, the invention 15 provides a

biocompatible mdteriager KiesettredmhithSsGaid M o Akl foieRa®0 aPP esaRRissibh Brssteepontin and
osteocalcin by baprieaaing e (pcludiag:sieablasisr. PHSORSsiswplants aysclitisd lietime,

where poor adhesion between 20 the implant and bone tissue can lead to dislocation of the implant.

Thus the inventicH RififerpiBhgesrtintgiaht Sultdes \Rick§apSHE G e 2RI otEHhontin and
osteocalcin by bczn@ﬂﬁtsmm cohls, Wiesetay ilfﬂl@{@\?& Hw@i@@aﬂzm@iibtbitmfwh@wmmawhﬁ preg/ent
invention is based, on the recognition that cellular functions t irect gene expression, growth, and/or
Ciorertation ar S BERT UER A B e ORI G o UL ST gena
expression in bopessElging.vivo, and in vitro, may depend on the provision of a suitable structure to

which the cells can attach. In particular the invention recognizes 30that the 2- and 3-dimensional

architecture, or topography, of surfaces in the
Methods

Based on previous screening of the different surfaces by a BioSurface
10 Structure Array (BSSA) wafer, see figure 1, on mES culture, four surfaces
were selected for the culture of hES cells, i.e. F(1,2), F(1,4). F(4.1), G(4.1)
wherein the height/depth of the features (projections) on each
microstructured surface were 2.4 pm. Preliminary experiments had already
shown that hES cells (King's College London cell lines) grew better on
15 surfaces F(1,4) and F(1,2), thereby focusing on these iwo surfaces.
Undifferentiated hES cell (KCL-002) cultures were maintained on mouse
embryonic fibroblast (mEF) feeder layers in medium containing 10% ES
grade FBS. Undifferentiated colonies were manually cut from the mEF feeder
layer and approximately 5-6 pieces were plated onito each of the
20  biocompatible surfaces.

Results
Cell attachment

First, the cells were checked to determine If they could adhere to the surface.
25  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 (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).
30  Furthermore, cell colonies were also tested in KnockOut serum replacement
(KOSR) instead of serum. To iest this, hES cell colonies were culiured in



-microenvironment of a cell, is a critical factor for above processes. There are WO
2009/150051PCT/EP2009/056443 57 a myriad of different possible microenvironments. In one aspect,
the present invention thus concerns the provision of a biocompatible material whose surface

~ topography ¥¥83W&E%5&cific microenvironment that may enhance expré&sidFfét8&&¢dpbntin and

osteocalcin by bone-forming cells and lead to 5 abetter integration of the implant into the remaining
bone. Other cell functions that may be influenced by the topography of surfaces include cellular

growth, expansion, isolation, migration, differentiation, dedifferentiation, intra- or intercellular
organization, etc. As proteins and cells range in size from nano- to micro-meter these are relevant

length scales for HOWBR proloish EFgstevidiyrra siodopasatbrsmateifen tretieest aetadhstrating the
biocompatible er?,@fﬁrﬁf @(‘ﬂ%@%me&iqp Wheatiuiag aetinns. & LIBRBEIMID @hwn

mineralization, by the biocompatible material of the invention. 15The biocompatible material or

structure of the inVBRGSN I 9 DE RN SHEG B E€Tebnfigitata st exfetant sioMe®topography
using a screeningdiealRasaysinal PERidesslifeEeni eradid atestnRa Fhiag st eUEaRaliz particular,

ineralizati _employing f le Alizarin red 20 staining (Example 2), von K
MR TN il By S B A P S S
Pathol Anat Allg Baseah291t 168-202)aecBpic2home: thematiooe{Fxattaptea)mart betiotbane

fqrmatlon/pone |%rg¥tg%(ﬁ]%gwgéﬁ 4r)egr%wd%?§ 4 togflﬁgr%gg’kgnstratlng the prqpertles of the
biocompatible material of the invention and for selecting 25Suitable topographical structures that
promote mineralization.

Cell growth

10  To ascertain if hES cells can proliferate on the surfaces, the cell colonies
were plated on the surfaces and cultured in 2 ml hES medium containing
10% Fetal bovine serum (FBS). The medium was replaced every other day
and supplemented with 1 mi in the interim. It was found that cell colonies

grew well on both surfaces, F(1,4) and F(1.,2), in the presence of FBS serum.

15
As shown in fig. 30 & 31, hES colonies are able to proliferate-on the surfaces.
In general, the size of each colony increased 30-40% each day. The
morphology of hES cell colonies grown on the surfaces was very similar to
those grown on Geltrex™ (invitrogen), fig. 32.

20
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.

25

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 ceils are able to maintain their
30  pluripotency on the surfaces.



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 30wafer. The BSSA wafer 1 comprises 60 tester areas. A number of tester
areas 2 are MR 28f8HR%%. they have not been processed to have a WOPCT/EP2009/056443
'2009/150051PCT/EP2009/056443 58 structured ¥urface. 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 S1,52...,S54,
comprise respective structured 5surfaces as described herein. The tester areas are squares of
dimension IOmmSuremaiy A wafer for use as a screening tool to identify structures that

induces/enhanceg cellipan JHaeti pRssS USRS 2R WO RN @SB S urfaces F(1,4)
and F{1,2) having a feature height/depth of 2.4um, and maintain their
pluripotency as demonstrated by Oct4 expression. Cells could be passaged

5 by Coliagenase 1V digestion, however this impeded cell growth.

The invention according to a second aspect.
This aspect relates to the need for implants to be successfully incorporated in
the bone tissue in order to obtain good clinical results. Major advances and
10 results have been achieved in this area during the |last decades, but implant
loosening over time continues {o be a significant problem for successful long-
term joint replacements. An implant or device having a surface that can
promote expression of osteopontin and osteocalcin in bone-forming cells may
improve the outcome of freatments based on their use. Thus, the invention
15  provides a biocompatible material or structure, which supports bone
formation by expression of osteopontin and osteocaicin by bone-forming cells
(including osteoblasts).

Orthopedic implants have a limited lifetime, where poor adhesion between

20  the implant and bone tissue can lead to dislocation of the implant, Thus the
nvention further provides an implant surface, which supports expression of
osteopontin and osteocalcin by bone-forming cells, thereby improving the
biocompatibility of the implant.

25  The present invention is based on the recognition that celluiar 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 vifro, may depend on the provision of a suitable
structure to which the cells can attach. In particular the invention recognizes

30  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



10 expression may be manufactured by a number of production techniques. Examples of procedures
for its manufacture include one or more of the following techniques that are known as such in the art:
Photolithography methods: Photolithography is a process known as such in which geometric
shapes/patt&is'dieidikferred from a 15 photomask to the surface to &CE{HY&M?ZH?%‘@. the surface
of a wafer. Photolithography equipment with minimum lateral feature sizes ranging from around 1
micrometer to below 100nm is known as such. Photolithography processes are described in e.g.
S.M.Sze: Semiconductor Devices, Physics and Technology, 2nd Edition, John 20 Wiley & Sons 2002,
- Chapter 12: Lithography and Etching; and in Plummer, Deal, Griffin: Silicon VLSI Technology,
Fundamentals, PRaBtiEadF et RpIsilstiRicCrRansno0 ERisoter ¢ REBEFApINE PESHBAM

lithography: In pringifigek BeantyReararine CarRbRIBECEHING biocon4lRke maRwiarasidds exactly the
same way as the light is used in 25photoI|thogr§gh /. E-beam lithography has a particularly high
resolution up to AYIREESRRPIFERNYNHESHF %%ﬂffb%gﬁﬁwggmﬁ‘g&@i&ﬁ%p@ﬁﬂ Fint

micro-and nanonesisiessmIe Sirusiespernm Reidroetettaktiatos. tine-foethind atdiwatbdenadter stamp to
e R DR R L PG B gt oosee
2009/150051PC TUEBROBOMDE6448\6%e influenced by the topography of surfaces include

cellular  growth, expansion, isolation, migration, differentiation,

dedifferentiation, intra- or intercellutar organization, etc. As proteins and celis

range in size from nano- to micro-meter these are relevant length scales for

10 the problem of providing a biocompatible material.

I. Method of demonstrating the biocompatible properties of and the
promotion of cellular functions, e.g. the promotion of mineralization, by
the biocompatible material of the invention.

15  The biocompatibie material or structure of the invention may be identified by
screening materials with different surface topography using a screening tool /
assay that provides different candidate topographical structures.

In particular, a mineralization assay, employing for example Alizarin red
20  staining {Exampie 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 seiecting
25  suitable fopographical structures that promote mineralization.

An example of a screening tool suitable for the screening of topographical
structures includes a so-called BioSurface Struciure Array (BSSA) wafer,
Fig. 1 shows a top view of an example of such a biosurface structure array
30 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



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 5 8 inch or 12 inch wafers.
Features si2&8 BB ®POhm are possible. The master stamp may be prodicF B &g 3 heam
lithography techniques. Other examples of production steps or processes that may be involved in the
production of the biocompatible material or structure include 10 nano imprint lithography, laser
ablation, chemical etching, plasma spray coating, abrasive blasting, engraving, scratching, micro
machining, or the like. Fig. 2 shows a cross sectional view of the wafer of Fig. 1. Fig. 2a shows a 15
cross section of SEIEhiRS WiHtFReE tHeaRaRSLEIIHY the IFleiasrseallE 9§t hasRaWLaA Enlarged

view of a portiongfibasuslRcRef coRsehiinigsicsHaasetha waiarid hasiyerriLeHaHIre

including a patterned substrate layer 21, 56%% a silicon Ia er, and a surface Iay[ r 23. The surface of the
Yy

wafer is patterneﬁa@gpﬁgﬁg%l%’f@ﬂ'ﬂﬁgr B chss B %\"?ﬂ@%éﬂf’ $n€eB8'8R%Ne surfaces
of the respectivettester areas, SidSignat&b4s T2 strasiuresdrapease depthéwtight birdntared

photolithogr phy ess the height H.is controllable by the etchln rocess. T atterned surface is
covered by thi Hﬁf’e 6t g%%%s éﬁg %? Egh /0 af%%?fra@érﬁayer 3PS ( (??feérfrclit) |ocompat|ble
material such as tantedwri 0mamy other metal, metal oxide, 25 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 fo heaéea staictufsd Affade. 3ArERSI0ESCIE9E WRIthHEAHY biskdbeieRer Hieh is 0.3

mm. A blank bor@h%mE&@Hﬁawée@céﬂaimmﬁ%ﬁ%wg@Qﬁﬁ@?aqafzm%ﬁt@wﬁ%nﬂwgéw@nk border

further serves as a small control surface next to each tester square.
2009/1500%9 PC EASESSRGI0 BN B gnanufactured by a number of productton {echnigues.

Examples of procedures for its manufacture inciude one or more of the
following techniques that are known as such in the art:

s Photolithography methods: Photolithography is a process known as
such in which geometric shapes/patterns are transferred from a

15 photomask to the surface o be structured, e.g. the surface of a wafer.
Photolithography equipment with minimum lateral feature sizes
ranging from around 1 micrometer to below 100nm is known as such.
Photolithography processes are described in eg. S.M.Sze:
Semiconductor Devices, Physics and Technology, 2nd Edition, John

20 Wiley & Sons 2002, Chapter 12: Lithography and Etching; and in
Plummer, Deal, Griffin: Silicon VLS8! 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

25 photolithography. E-beam lithography has a particularly high resolution
up to around Snm.

e Hot embossing: Mot 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

30 using a wide range of polymer materials. Mot embossing provides a
low-cost, highly versatiie manufacturing method that is well suited for



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. 511. 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 impH81 2 ¥Hibcompatible coating for use in the manufacture 8f-a/F@tit4rfdlant, 10- a
tissue culture dish/flask having a surface to be e>5<?)osed to the cell culture, where the exposed surface
with structures supporting the desired cellular function, e.g. growth or differentiation of neurons or
embryonic stem cells in an undifferentiated state, - a tissue culture surface or e.g. tissue culture plastic
that has been 15 modified to display these structures or blueprint of these structures on the surface.
In this respect tissue cuilfigrerpaistiaaiveansiaBSsdlyftsrsises caangeqskarto predasd adifface that

can be used for growth @é\?@%ﬁ%\ﬁ@“&ﬂbl@'ﬂﬁngf@' g%mgmegﬁm@i@pc%ga%ematerial or

structure may comprise a substrate layer, and optionally, a surface layer. Suitable base materials for
the preparation of the big&8mpaliife YaRehE ot aggs e TRENGIS R SBRCBRARISIVEI I or

not-doped), a single meiabra- dhdneiaimsider sonetatittides ah aleye-aicctamiters pRlYMes a

-pol : ite, a drug deli tem, lymer with bioagct lecules, bioacti
ComOMer, & composit, & 41ud delivery Systen 3o i Bosgive moleeul, ot boacive

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
10 nano imprint lithography, laser ablation, chemical etching, plasma
spray coating, abrasive blasting, engraving, scratching, micro
machining, or the like.

Fig. 2 shows a cross sectional view of the wafer of Fig. 1. Fig. 2a shows a
15 cross section of the entire width of the wafer along the line labeled A-B. Fig.
2b shows an enlarged view of a portion of the surface of one of the tester
areas. The wafer 1 has a layered structure including 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, to0 provide different patterns
20  on the surfaces of the respective lester areas S1, S2, ..., $54. 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 siticon dioxide 22, and/or a surface layer 23 of a different
biocompatible material such as tantalum or any other metal, metal oxide,
25  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
30 alignment and identification of the structures. The blank border further serves
as a small control surface next to each tester square.



In embodiments of the invention, the surface layer comprises a material that 30is sufficiently
biocompatible to enhance the mineralisation of bone-forming cells. Examples of surface layers include
a metallic surface deposit, e.g. WO 2009/150051PCT/EP2009/056443 61 tantalum, titanium, Ti-Al-V
alloys, gold, ¥RY#iR9hetal oxides, semiconductor oxides, metal nitridds; ER 88k or nitrides,
polymers, biopolymers, or other alloys. PreferredSurface compositions for implants include tantalum or
titanium. 5 In some embodiments, the biocompatible material or structure comprises additional
components such as one or more bioactive compound, which may be deposited or adsorbed on the
exposed surface or surface layer of said material or structure. For example, said compound may be
selected from the 10 group consisting of an antibody, antigen, glycoprotein, lipoprotein, DNA, RNA,

polysaccharide, lipid W th AHD AR pQEIMERINPA Ao P INR IS S OMpAMIdn S Ry ably, a

growth hormone selected from the group consisting of BMP, EGF-like, TGF-beta is adsorbed or bound
to the surface of HFEUSRICHMPRRIBIRS e RS SX898C BRI rANRI®serEada ihiocompatible material of
the invention All or part of the surface of the biocompatible material or structure (which may take a

variety of forms l%«jfcribe above) comprises, micrometer. scale featyres jn one or more dimensions
within the plgr]le 13% %an s, gé?wﬁ)o%a biocompatible materia o'}stﬂe invertion _

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,

10 — & tissue culture dish/flask having a surface o be exposed to the cell
culture, where the exposed surface with structures supporting the
desired cellufar function, e.g. growth or differentiation of neurons or
embryonic stem cells in an undifferentiated state,

— a tissue culture surface or e.g. tissue cuiture plastic that has been

15 modified to display these structures or blueprint of these structures on
the surface. In this respect tissue culture plastic means any polymers
that can be used to produce a surface that can be used for growth of

cells in vitro in cell culture.

20  Embodiments of a biocompatible material or stiucture 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 {coped or not-doped), a single metal, a
25 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

bicactive compounds or any combination thereof.

In embodiments of the invention, the surface layer comprises a material that
30 is sufficiently biocompatible to enhance the mineralisation of bone-forming
cells. Examples of surface. layers include a metallic surface deposit, e.g.



20 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 1000p.m. The term nanometer
scale as used herein is intended to refer to a length scale in the range of between about mm and
about 1000t #O8AUHIar between about Inm and about 100nm. 25 In BREBEARG&RTEAE the invention,
the features are structural/topographical featuredSuch as protrusions extending out of the surface of
the biocompatible material. WO 2009/150051PCT/EP2009/056443 62 in a direction substantially
parallel to the surface or at least substantially tangential to the surface. This lateral dimension is
selected from one of the intervals: between about 1 gm and about 20 km; between about 1-10km;
between about 1g2@kim),betiasdunrabolikin/-2 phoybetwiiel, aboitnoPiivm4 smetalbemiéstas about 4km -

6 pm, between about, 6,90 Pty REWERRAPUL-BRI -JLNRL-REMEE ARG 1QdigRiEDetween
about 12-14p,m; between about 14-16km; between about 16-18pm; between about 18-20km. In a

preferred embod RGBT &S iRePtig, e YSrofriRiemnsthSuTace 0sRMPRYERBR Afh B R@Rhum
cross-sectional diggeietdnkm =-@eruhhe 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 b)';'a periodic function having a lateral pitch 15 dimension selected from one of the intervals:
between about 1liknzeinmsrhedaresnadotie? Kivcahigatibetwestarahoit 4tkimtGkrophphieeen about 6

gm -10 pm, betwegnAbout 10 kO KReAWERR B ALUBRR B BEINES M ARRYRED km -24
be deposited or adsorbed on the exposed surface or surface layer of said
material or structure. For example, said compound may be selected from the

10  group consisting of an antibody, antigen, glycoprotein, lipoprotein, DNA,
RNA, polysaccharide, lipid, growth hormone, organic compound, and
inorganic compound. Preferably, a growth hormone selected from the group
consisting of BMP, EGF-like, TGF-beta is adsorbed or bound to the surface
of the biocompatibie material.

15
lil. Structural properiies of a biocompatible material of the invention
All or part of the surface of the biocompatible material or structure (which
may take a variety of forms as described above) comprises micrometer scale
features in one or more dimensions within the plane defined by the surface of

20  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 1Tnm and
about 1000nm, in particular between about 1nm and about 100nm.

25
in embodiments of the invention, the features are structural/topographical

features such as protrusions extending out of the surface of the
biocompatible material.

30 The surface of the biocompatibie material may include a micrometer scale

feature having a lateral dimension in at least one lateral direction, measured



In a preferred embodiment of the invention, the distance between adjacent 20grid points along at least
one dimension is between 2.0 gm and 9.0 pm. 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 HMEHE&T2 selected from one of the,intervals: between about 25 %@%%Gﬁspm, between
about 1 km - 2 [pm, between about 2 pm - 4 pm, E)etween about 4 pm - 6 km, between about 6 pm - 8
km, between about 8 pm -10 pm, between about 10 gm - 12 km, between about 12 pm -14 km,
between about 14 pm - 16 km. In a preferred embodiment of the invention, the lateral dimension of
the 30maximum gap between any protrusion and its nearest neighbor (d;Y) is WO

2009/150051PCIEP Si8glioncauzs i et aliss e 1rpRvas gih Audrasirarbsipnfiake

cross-sectional digngeierptdhpsrassesrrctivnds et diranhsiod tbestataiabdireansion of the minimum
gap between any protrusion and its nearest neighbor (%;H\%is about 1.0 pm. 5 The p1er)k; dic function of
the micrometer SEHERISHHEVERY ﬂg%taisH'fallapfgeq hd BhePGHEERBnER0Y A 1 %%mperiod, e.g.

by a factor of 2, 3elQeinarasns: HHIMIREHEREURNaRSI apm MiIcieMesfaaaieteaitiopat the surface of
the biocompatible material may be defined as a period of the periodic 10 structure. Hence, the lateral

dimensions 9f a #aIIEWEEHERDEIG LRI TINRE B SR ARIYLS 1B foHby SPHEPRASaE
shape/function, ig, theqgngih eflirshosissiinteryal eveputisbringsiitictpresepedstiteshape.

about 14-16um; between about 16-18um; between about 18-20um.

In a preferred embodiment of the invention, the protrusions have a cross

10  section with a minimum cross-sectional diameter 1.0 um — 2.0 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
15  dimension selected from one of the intervals: between about 1 pum -2 um,
between about 2 um -4 um, between about 4 um -6 pm, between about 8 um
-10 um, between about 10 um -16 um, between about 16 um -20 um,
between about 20 um -24 um.
In a preferred embodiment of the invention, the distance between adjacent

20  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 ieast one lateral direction
where said dimension is selected from one of the intervals: between about
25 0.5 um -1 um, between about 1 um - 2 um, between about 2 um - 4 um,
between about 4 um - 8 um, between about 6 um - 8 um, between about 8
um - 10 um, between about 10 um - 12 um, between about 12 yum - 14 um,
between about 14 um - 16 um.
In a preferred embodiment of the invention, the lateral dimension of the
30 maximum gap between any profrusion and its nearest neighbor (d)Y} is



The depth/height of the micrometer scale features, i.e. their linear dimension 15 in a direction
projecting out of the surface of the biocompatible material may be on the nano- or micro-meter scale,
i.e. the structures may have heights/depths in the range mm - 10p.m. In a preferred embodiment of
the inventioNY @31/81%5é& protrusions of the topographical structure has & &Pt depth
dimension equal to or 20greater than 1.60 pm, préferably about 2.4 pm. 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 25 substantially
flat. The surfaces of the micrometer scale features can, however, also include features on the
nanoscale to acHielweesyabeayistit @ffedt of tRiaptgripshy beienathe rerowrassantioRd@nometer

scale. This can b ined by.e Te ching(-9.0 = RelAelyif[o-ToleNilTolg] ing, colloidal
lithography (e.g. %ﬁﬁtﬁeng B%ﬁs?%ﬁ:%qéﬁgb%r B%ro)tée&i@%r%iz%% %\Ciﬁﬁ@p Fg?kf]t&?iécal Vapour
Deposition coatimgin@vINcEaRihg weglasnyaspiaigiog. Fitkifeagrshn fighbaridd visiedoibcompatible
WO 2009/15005:],P Tr;ll'_EP2009/056443 64 material may have the same or different shapes.

Preferably the features at the surface of the biocompatible material are geometric (e.g. square,
rectangular,thexagonal, star-shaped, or polygonal) in shape.

The periodic function of the micrometer scale features may have a smaller
period along one direction and a larger period, e.g. by a factor of 2, 3, 10 or
larger, in another direction. Any one micrometer scale feature at the surface
of the biocompatible material may be defined as a period of the periodic

10  structure. Hence, the lateral dimensions of a feature of a periodic structure
may be defined as the period of the periodic shape/function, i.e. the length of
the shortest interval over which the structure repeats its shape.

The depth/height of the micrometer scale features, i.e. their linear dimension
15 in a direction projecting out of the surface of the biocompatible material may

be on the nano- or micro-meter scale, i.e. the structures may have

heights/depths in the range 1nm - 10pm.

In a preferred embodiment of the invention, each of the protrusions of the

topographical structure has a vertical height/depth dimension equal to or

20  greater than 1.60 um, preferably about 2.4 pm.

The tateral 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
25 substantially flat. The surfaces of the micrometer scaie 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
30 proteins), grazing incidence Physical Vapour Deposition coating, CVD
coating, or plasma spraying. The features at the surface of the biocompatible



5In some embodiments, the cross-sectional shape of the features may be derived from a simple
geometric shape, such as a square, a circle, or the like, e.g. by modifying the corners of a square.
Examples of such modifications include the cutting off and/or rounding off of corners. Hence, such
shapes are J&nétatys8efiiare, circular, or the like, but they deviate 10 sligBth FBiP&45e4téct square or
circular shape, thereby introducing additional corffers and/or modifying the angles between the edges
that meet at each corner. In general, a 2-dimensional periodic structure may be defined by a unit cell in
15 the plane of the surface having a predetermined shape, such as square, rectangular, hexagonal
etc., and a repeat unit defining the detailed structure (the base) in the unit cell, such as holes or

protrusions, e.g. stiar@pitiayshpody onaiepitars, difientat mhgmqgﬁa%md@@dh%@@‘@sﬁ_ﬁ)ﬁé defined by
that untt cell defing e [aReat gisiacenouaMiBdiaEREALIAI deingsdhf Rl Predetaaed shape and

size. These unit cell positions may be defined by respective 2-dimensional vectors. The grid structure

thus results from @¢angidabMeraaenatisten dierghe MRlygirrensibA5aRdined 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 25v = n1 VI + nz vz, where v1 and vz are Iinearl%lﬁle

center of

independentvectBrSAMACHPRAREAT n DT Pt ecRBgE 2P CbiRE dRURMERY,

each feature is plasedanfogrid Beipofqdrthmensienal gidhe:s a beyagonalcrolectangwar or a
square grid with %HP% redetermined Cﬁ%r.i .coniltjz[ints. WO 20?9/150051PC EP20€9/05§5443095 In some
&"%oi of

embodiments, all AUt 'cg\yerr% é %rﬂgrr]saa id?w%%%al??bthexragnrﬁ SodiMments hot all grid

points of the undenlydigcgiishare coverdide Fortteqmilendicormensingodihentsriresyengntker row of
grid points, everygitier grif ot may e AOVEIRARY AifEAIKeolnWE! AR R RRGIMAN AL
10 slightly from a perfect square or circular shape, thereby introducing additional
comers and/or modifying the angies between the edges that meet at each

corner.

In general, a 2-dimensional periodic structure may be defined by a unit cell in
15  the plane of the surface having a predetermined shape, such as square,
rectangular, hexagonal etc., and a repeat unit defining the detailed structure
(the base) in the unit cell, such as holes or protrusions, e.g. square pillars,
polygonal pillars, circular piliars, pyramids etc. The positions defined by that
unit cell define the repeat distances, while the repeat unit defines the
20  predetermined shape and size. These unit cell positions may be defined by
respective 2-dimensional vectors. The grid structure thus resuits from a
transtation of the unit cell along the two dimensions defined by the surface, in
particular respective multiples of the unit celi dimensions. In one
embodiment, the centre position of each feature may be defined by a vector
25 v =ny vy +ne vy, where vq and vz are linearly independent vectors in the

surface and ny and np 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
30  predetermined grid constants.



5every second, third, fourth or higher order row, every second, third, fourth, or higher order grid point
is left empty. In some embodiments, the topographical structure may include a plurality of different
features, e.g. a number of different features arranged in a regular, 10 e.g. periodic, pattern, e.g. as
alternating r8¥s281%8%hree, or more different features. Examples of suéR BB Métdde structures
comprising features with square cross-sections dNd features with circular cross-sections that are
arranged in alternating rows. 15In some embodiments, the features are arranged in lines and/or rows.
In some embodiments, the features in each row have the same pitch distance, while in other
embodiments the pitch distance may vary throughout a row and/or from row to row. Similarly, the
row-to-row distanceseray et saenésialalcatwsocoasy &bgriconoioteosd. sucsomerembddements,

some or all 20 SWB%%-;’%%D@W&@’ A 'é:‘ﬂt%:‘t?ﬁl E’a‘t(ﬁ‘iﬁt&eéP%‘Fé @n@&ﬂ&é@%ﬁ%ﬁ@ﬁ%&ﬁ@ in the

- same row. In some embodiments, some or all ures in a row ma : with respect to their
respective neighti&H $MRMRE nEI G §RMWBILBINEGRNe AIBB RS oMk Peisksl iffBhsion of the

features in all lateyipleiEpRiigRmisThaMRERL diaeBg ahexh ke AR yExamBles-Rbsupheiaatyres include

protrusions with generally square or circular cross sections. In other embodiments the lateral

dimension oPthe FYERIrEES N En &l IAIH O HRIGNSE PP RAT AN dSYEEL E 26K, e T2 SFal
dimension in anotgfSQsitiectien [solargerefdRO09/150051PCT/EP2009/056443 66

In some embodiments, the topographical structure may include a plurality of
different features, e.g. a number of different features arranged in a regular,

10 e.g. periodic, pattern, e.g. as alternating rows of two, three, or more different
features. Examples of such patterns include structures comprising features
with square cross-sections and features with circular cross-sections that are
arranged in alternating rows.

15 In some embodiments, the features are arranged in lines and/or rows. In
some embodimenis, the features in each row have the same pitch distance,
while in other embodiments the pitch distance may vary throughout a row
and/or from row o row. Similarly, the row-to-row distance may be the same
for all rows or vary from row to row. In some embodiments, some or all

20  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 {o their respective neighbor(s) in the neighboring
row(s).

25 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

30  direction is farger.



Examples of such features include elongated ridges, ribs, or wells. The side faces of the ridges may be
substantially.smooth or they may include additional features, e.g. a regular sequence of protrusions
and/or recesses. Hence, in some embodiments such ridges may have an appearance that 5
resembles aYOWH8P/4¢fl&tes, circles or the like that are merged/interconnBetE8RA 1/ttt Yespective
neighbours to form an uninterrupted ridge. In paﬁfcular, in some embodiments the topographical
structure comprises 10 both features with lateral dimensions between 1 pm and about 10 p.m in all
lateral directions and features with lateral dimensions between 1 krn and about 10 f.tm in only one
direction. Examples of such structures include rows of generally square-shaped and/or circular
features where thexeoodesrofsaypdrdesdubyseiatigdte dl oitigaisdl Bagies. Boa:loshasizophviesigeof
examples of the 1aBagrepral siiuewamyiiegiusadndiy Gl epylonalpliarimeno o
generally circular, square or rectangular cross-section. Each feature has a lateral diameter X in at least
one direction, an83AEHP staRs BdwadaIEtRlRETHE BOf 68 M PEWSHY 2pd/eoliansseSdenoted Y.
Infigs. 8 &, ¢, e, L1gRgki, i ISGABALALIRAASRSIZR He NIRRT ANk feRiNeE ANd:isanare Resghbor,

corresponding to a pitch distance X+Y. In figs. 26 b, d, g, h, and j, the gap distance to the nearest
neighbor is QifferErtaBHRereht 182 reS! asMaIifieF By $8artes 1981, 1502, 1R 198 of fig. 26 b.
Feature 1201 hasniggupnia@dmsttncarst 2bdicighbpsctoaseapigntyihe gap sizens ¥n However,
feature 1203 has features g.ZCPlGand 1202 as its nearest neighbors with a slightly different gap size d.
Accordingly, in fié@.' %r%o 8 ﬁj Avd 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). 5 T/ 4 g 2 center of
each feature is p?ﬁ(:%ﬂ%%%%&es%%%d |§§%ﬁ%§ﬁ§ o&% %Z)(él%égﬁ%ﬁ%ﬁ] ?ﬁ%ﬂ%%ﬁ‘?"é’ id ?Ngl%h grid
constants d @nd bods itakirasedih figferd diarenbioHawebeesn figgnsaad akaduiot Glltof theadrid points
are actually cove 291 ile in_figs. 8 Il g i r red hy f res. In
figs. 8 a, ¢, e, f, a{r%g ﬁ%{h%?%r#ﬁﬁﬁsavé%&ﬁ%@g%%s w‘&ﬁ%ﬂﬁ?eﬁs%%%%é%%ms@/bg ﬁ&é h, and j,
the grid is rectangbtaut cirfd threlig idiganstahtscienatXaiviziag bEsOCh W2 cinrfig. iBdkdeergrid constants

are a=2 and b=35X  EQL a8l Clad-YaluRS o AlloF WAISIR YAYR.PESWHL HRY AsRTClng o fios. 8

a-h where (X,Y) in gm we
separated by elongated ridges.

15
Figs. 8 a-k show iop views of examples of the topographical structures with
features in the form of protrusions/pillars having a generally circular, square
or rectangular cross-section. Each feature has a lateral diameter X in at least
one direction, and the gap distance between features in adjacent rows and

20 columns is denoted Y. in figs. 8 a, ¢, e, f, and i, Y is equal to the gap size
between any feature and its nearest neighbor, corresponding to a pitch
distance X+Y. In figs. 26 b, d, g, h, and |, the gap distance {o 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 ils nearest

25  neighbor; consequently the gap size is Y. However, feature 1203 has
features 1201 and 1202 as its nearest neighbors with a slightiy 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).
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10 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), (6,1),
(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 selected from X=1, 2, 3, 4, 5, 6, 7, 8. Accordingly, the grid constants a and b of

the underlyiH§?AREIH0ETE a = b= 2-12p.m for the square grids of figs. 8 aPeTTE2%08¢d3. For the
rectangular grids of figs. 8 b, d, g, h, and j, the gﬁ7d constants in direction a were in the interval ,
between 2 -12um, the grid constants in direction b were in the interval between 1 - 6urn. For the grid of
fig. 8K, the grid constant b lies in the interval between 3.5 -28 um and grid constant a lies in the

interval between 2 -16gm. 20 For the purpose of identifying the above structures for different values of
X and Y respectilrel{hstrexampeasahdgn & fige Secateredérearto fanReYin tecgreset description,

whee X and Y refg Qe SOOI A Y SSGHheR APaYerdAeleg S SHTa Yghgludes

protrusions/pillars having a 25 circular cross-section of diameter X um. The protrusions are arranged in

parallel rows, wheQBsiRE g Bpasdetpatbesiatdderiigsrotra FoROIn ey 8 dd A8 Fofdsey i, while the

gap size betweepqirairgsinBg uthsiFeMan I aVSSVEREd K), vBaJrae, daRIsizefReiveeearRrotrusions
of adjacent rows is Y um. The protrusions in adjacent rows are aligned v¥ith ea,(;f}gsther WO

20091150051 PCTASPHRINEB AR B FRAIRAJPAHRSuIRIAE & Buih f i Sb R r@iHRd to as BX.Y.
Hence, structuredd/{ar¥ gratuaas grifrasiensipidas:paving la igeulncross; $ecitah jotitiagnieter X gm.
The protrusions are arranged in llel rows, where the gap, size betwe jacent.progrusions in
every second row |§eg%?ﬁ%(\?ﬁﬁl?erpﬂ?{eﬁg 8&% SPPBE E\/%/eaer% %Fgﬁigﬁg%ﬁ eTﬁ%iﬁ?nB%r'ogvg’is (2Y+X)
gm. The gap sizeheetideropstdnisians af-adfaepdtodis-is. ¥ prsdbagrotelistansiicKthedows having a

O e o A A S e S U a0 BeER 0 g eopectve
includes profrusieas/pibdrsdravigra soliate, c(ﬂo%;—ﬁé,@tjomcfi]ir(éa“r)gli{ﬁ@’)s@ﬂo,f QQ,@m.(Z_Fl‘ie),protrusions
and whers the gug D s Ll ER adbAber S e Bvey Sorratan hog 8 X e 15 gap.
size between prowgfsindavehéeemairiaigretvsaieeding) tonfigrh@ dapdizecbetweennpratagsions of
adjacent rows is ¥, The,Rroiusionssin adiacent sons Ara ANt gl aME s and b

of the underlying grids were a = b= 2-12um for the square grids of figs. 8 a, ¢,

15 e, 1, and i. For the rectangular grids of figs. 8 b, d, g, h, and j, the grid
constants in direction a were in the interval between 2 -12um, the grid
constanis in direction b were in the interval between 1 - 6um. For the grid of
fig. 8K, the grid constant b lies in the interval between 3.5 -28 um and grid
constant a lies in the interval between 2 -16um.

20
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 AXY 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
wm. The protrusions in adjacent rows are aligned with each other.
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Structures as shown in fig. 8d are referred to as DX. Y. Hence, structure DX.Y 20 includes
protrusions/pillars having a square cross-section of linear dimension of X pm. The protrusions are -
arranged in parallel rows, where the sides of the squares are aligned with the direction of the rows,
and where tHEOFAPEPE8Between adjacent protrusions in every second rofi-iEBF AT/ &itité the gap size
between protrusions in the remaining rows is (2Y(’§X) gm. The gap 25 size between protrusions of
adjacent rows is Y gm. The protrusions in the rows having a gap size of (2Y+X) gm are aligned with
the centre of the gaps between protrusions of their respective adjacent rows. WO
2009/150051PCT/EP2009/056443 69 as well as protrusions/pillars having a square cross-section of
linear dimension SiXlanty, Fhe@roetisisnstanerairafigedin ateeneigingpivanal oY whitersitcular

protrusions in every seeang A RNMLEGUHE DEWHLANG AR 16 BANIGS WS I RE AR HFe between

adjacent protrusions in the rows with 5 circular protrusions is Y um, while the gap size between the
square protrusioS$AMELRs PeRAINTAE reRY Us igNE-+X§ lafiamaedgap sizdl e atveeVprRIG IBRESR adjacent

rows is ¥ um. The,pLqluigions inprlaearanage RINer WibeAshINer ORUGHKERRS shown in

fig. 8f are referred to as FX. Y. Hence, structure FX.Y includes protrusions/pillars having a circular
cross-sectioh of giggneng detwear wellrasiprstindion sl gakoms asstiar&Icrors e @éw of linear

dimension of X ki, Jhe groltisodis als & #a9ddn A1 nataoparalstows Wi giie faygrotrusions

in every second row, and square protrusions in remaining Tows. gap size between
protrusions withincseshavingaad e wize nfaddcehirovesasalioned Wik pretngsivairzeigaient rows are

aligned with eactb%m%n F&é%ﬁiggﬁ@@{ypég fég:ﬁgg 2 E%fﬁrpa 0 as GX Y. Hence, structure 20

GX.Y includes protrusions/p aving a circular cross-secfion of diameter X gm as well as
protrusions/pillars having a square cross-section of linear dimension of X gm. The protrusions are

arranged iy glterrgt{ng, paralie Loy th CIEUAE REFEMSIPRS 48 BYEN sRERRA spNeaRdSRuare
protrusions in the remaining rows. The Pap size between adjacent protrusions in the rows with

includes protrusions/pillars having a square cross-section of linear dimension

of X um. The protrusions are arranged in paraliel 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

15  gap size between protrusions in the remaining rows is (2Y+X) um. The gap

size between protrusions of adjacent rows is Y pum. The protrusions in

adjacent rows are aligned with each other.

Structures as shown in fig. 8d are referred to as DX Y. Hence, structure DXY
20  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
25  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

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



25 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) km are aligned with the centre of the gaps
between theVeit@iar Pitusions of their respective adjacent rows. WO PCT/EP2009/056443
2009/150051PCT/EP2009/056443 70 Structures’as shown in fig. 8h are referred to as HX.Y. Hence,
structure HX.Y includes protrusions/pillars having a circular cross-section of diameter X gm as well as
protrusions/pillars having a square cross-section of linear dimension of X gm. The protrusions are
arranged in alternating parallel rows 5 with circular protrusions in every second row, and square
protrusions in theakermathiras rawelr THengaplkire etwrEnaretusienSWRARSSHON rélv dntasetween

adjacent rows is ¥, nThe pIoUSIoRR R BEiaceRL 19w Aus alaNR i seh GIhgl TG sauare

protrusions are aligned with the centre of the gaps between the circular protrusions of their respective
adjacent rows. 10v8irgirnutas proEHsRAYNTiIGVEnaReeefstreaiozs! I xavardapedrusiaraurete.Y includes

protrusions/pillargiaying & ehulahergss: SR BB RERIR RGN PR ABNSHSAR RatrewenpRillars

having a square cross-section of linear dimension of X gm. The protrusions are arranged in alternating -
parallel row$ 15 QigklgfcOratErsRssidhs Yn eVerydgoHoer o9 Rarfizsq RFeVB RS8R AR remaining

rows. The gap size fiefuigien ROIRRERLRIGHIRIORSIE 188 EMSVilA-SavRKe AIOtRISIONS S, dekm. while

the gap size between the circular protrusions’in the remaining rows is (2Y+X) Rm. The gap size
between protrusiéfiosEijacErddReens PWwaTs THelproliiBraiirsH] 8 de ANRNSHrePSafithed with
each other. Struccia%%%@%ﬁh%eﬂrbﬁ%@j are referred to as JX. Y. Hence, structure JX.Y includes
protrusions/pillars having a circular cross-section of diameter X gm as well as protrusions/pillars
having a square cross-section of linear

10  Structures as shown in fig. 8f are referred to as FX Y. Hence, structure FX Y
inciudes 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 wm. The protrusions are arranged in alternating parallel rows
with circular protrusions in every second row, and square protrusions in the

15  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.

Structures as shown in fig. 8g are referred to as GX Y. Hence, structure

20 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 aliernating parallel rows
with circuiar protrusions in every second row, and square protrusions in the
remaining rows. The gap size between adjacent protrusions in the rows with

25 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 cenire of the gaps
between the circular protrusions of their respective adjacent rows.
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25 dimension of X gm. 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 km, while the gap size between the

circular protf¥&§3HE R remaining rows is (2Y+X) gm. The gap size be®d&t 388bffSions of
adjacent rows is Y km. The circular protrusions ifthe rows WO 2(109/150051PCT/EP2009/056443 71
having a gap size of (2Y+X) i.trn 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-5neighbor features is Y 1.1m, and the minimum centre-to-centre distance between

nearest-neighbofFfeatures as sourn @r@tﬁ@sraﬁﬁﬁm as g8k H@@@MM@@KX Structure
KX comprises groins Q16 5‘99&%Qf&yﬁmfﬁégﬁ%ﬁéﬁ%?tﬂwﬂeﬁﬁﬁ? SEGHARetEPeifhtidges have

different lengths and are arranged parallel with each other. The ridges of each group are arranged to
form a rectanguldSshaple, ssichreietsdaRsienp inalioes & [6AgeS rifgeasastentral riffdron each

side of the centrakidge RiF AANAEAASBHARAIJIOSS DERHRING AraRERSSIVRHERAILE AN inCreasing

distance from the central ridge. The rectangular shape KX 157ncludes thus a sequence of ridges of
lengths X prf, 2XWith ciBsuisPraliugiansaiv BHEre S HEeNROIAY THRAWBHRET Bietfidieasidnen. The
distance betweendidgpsis Yol The gayrsf hdarsarepsangsskinaRredaisrmiagdpritern, such

that the ridges are placed along rows, where each row includes ridges of two alternating lengths: A

first type of rows RRAUERR 2HaReAFgWRIGeY B d e BIRtUPIANSHE 29iEGRN! WSS LHENEDT rows
includes alternatipgridges efengtihe XquancapebdusiBRs Ehe avgiall Ratkernoddgesoresrmbles a

sharkskin structug%ps between the circular protrusions of their respective adjacent rows.

10
Structures as shown in fig. 8i are referred to as (X.Y. Hence, structure XY
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

15 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
profrusions of adjacent rows is Y um. The protrusions in adjacent rows are

20  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
25  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

30  protrusions of adjacent rows is Y um. The circular protrusions in the rows



The structure of the most preferred biocompatible surface of the invention is 25 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 cr8$2 KEeHéMal diameter 1.0 gm - 2.0 pm, wherein the distancePbdtiEP4R4EENt grid points
along at least one dimension is between 2.0 Rm 30and 9.0 pm, wherein each of the protrusions of the
topographical structure WO 2009/150051PCT/EP2009/056443 72 has a vertical height/depth
dimension equal to or greater than 1.60 pm, preferably about 2.4 p.m. IV. An implant comprising the
biocompatible material of the invention 5 According to one aspect, the invention provides a medical
implant for use irhbeing tswapivpaEAiid-adthe ke, alipoesinatichst agrare offtiees@dase of the
implant is characjer; by the bioco ' i % lpvent urface is characterized
by a defined perié%@%n%#ﬁg@r%%ﬁ%%@?gﬁ%ﬁt% %@ \{Eg&%%%gén&é%ﬂble with bone-forming
cells, and 10 whose topographical structure is described above under section Il and in the examples. A

medical implant qfdhednyentiandpgliesaniaaial implamtanAriapadic prathess/ Hoplast. a spinal

implant, a bone substitute that may be contemplated for use in the treatment of a bone fracture, a
degenerativé disGRIBRPERURRIVER BantatM5 NG HefcRBBfbsdiRteniareektrdisiped surface

area of the implagg%gg@gm&%%%?@g%@g ;gsgiry%_manufacture of an implant, is composed

on a biocompatible material of the invention having a topographical structure that enhances
expression of osteopontin and 20 osteocalcin in bone-forming cells. In an alternative embodiment, one

or more parts of sgig @¥RAsed sibiReePgadR GPERISRERRIRCORRRRIMIe MBI Ehaf it invention
having a topographical structure that enhances expression_of osteopontin and osteocalgjn in

bone-forming cel&OHeRH & 1 LMaIaR SR BFERIaNTY IRR/i0 (RHANSURALFESHEEE R PuctiNg, it may be

controlled, 10 ridges have different lengths and are arranged parallel with each other. The
ridges of each group are arranged to form a rectanguiar shape, such that

each group includes a longest ridge as a central ridge. On each side of the
central ridge are arranged a series of ridges becoming progressively shorter

with increasing distance from the central ridge. The rectangular shape KX

15  includes thus a sequence of ridges of lengths X um, 2X um, 3Xum, 4X um,
3X um, 2X um, X um. The width of the ridges is Xum. The distance between
ridges is Xum. The groups of ridges are arranged in a predetermined pattem,

such that the ridges are placed along rows, where each row includes ridges

of two aliernating lengths: A first type of rows includes alternating ridges of

20  length Xum 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 biocompatibie surface of the invention is
25 characterized by a nano- and/or micro-meter scale topographical structure
comprising a plurality of protrusions arranged on grid points of a reguiar 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

30 and 9.0 um, wherein each of the protrusions of the topographical structure



25 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 réjécueti6#tacteria growth may also be included. As an 30eXMiB2808&&Implant could
be considered. This implant is to consist of 5 difféfent surfaces in order to fulfill the requirements for
alternating WO 20091150051PCT/EP2009/056443 73 environments: 1. Optimal for expression of
osteopontin and osteocalcin in bone-forming cells, 2. Optimal biocompatibility for connective tissue
(fibroblasts), 3. Optimal biocompatibility for epithelium (epithelial cells), 4. Surface for bacterial '
rejection, and finakhg 5. @ptiozhl seirfakedpintrraddiion Balah @rtificigideth.tivaMatioduoh,
synthesizing a biocofmrp%l['ibl t(;)gt%sgéa hically modified surface of the invention over a contoured, 3D
surface of an imp%%f? AR TApRt e that is biocompatible for bone-forming cells and enhances
10 expression of osteopontin and osteocalcin in bone-forming cells, may be manufactured by a

e A BB Sy A RSB RISH 63 REfRRi 0 By
5  According to one aspect, the invention provides a medical implant for use in
bone tissue implantation and the like, wherein at least a part of the surface of
the implant is characterized by the biocompatible material of the invention,
whose surface is characterized by a defined periodic micrometer scale
topographical structure that is biocompatible with bone-forming cells, and
10 whose topographical structure is described above under section Il and in the
examples. A medical implant of the invention includes a dental impliant, an
orthopedic prothesis/ implant, a spinal implant, a bone substitute that may be
contemplated for use in the treatment of a bone fracture, a degenerative
disorder, trauma, and cancer.
15
In a preferred embodiment the entire exposed surface area of the implant, or
the biocompatible coating for use in the manufacture of an implant, is
composed on a biocompatible material of the invention having a
topographical structure that enhances expression of osteopontin and
20  osteocalcin in bone-forming cells. in an alternative embodiment, ong 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,
25 which paris of the surface should perform in a certain fashion (eg.
mineralization). Other parts of the implant may be formed by other types of
structures that could enhance the biocompatibility of e.g. chrondrocytes,
epithelial celis 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
30 example a dental implant couid be considered. This implant is to consist of 5
different surfaces in order to fulfil the requirements for alternating



produce patterns directly in other hard materials, like implant metals, 15 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 ARSMAMIIHOPSE W. Pang, T. Tamamura, M. Nakao, A. Ozawa, H:T¥E3HI453+47ac. Sci.
Technology 20 B 16(3) (1998) 1145. More speciﬁ’cally, 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 25 polymers. Since materials like SiC or SiN are
difficult to dry-etobnivironimsinibld tdCyyinie dor etshrassitnconsistienpohtingadd insteackifijust a
photoresist. The gyl R Pragliced Indfoliowing.uayathifaioes! RaREHR Crepledby e-beam
lithography in a resist followed by development, typically in‘an organic solvent like acetate. This leaves
a 30resist patterrifiiabi@sigifase Omienasiippafitesfiy o visregmialipmpleriBisdisiisals ant-
approximately 108 paCE R ABGhAHRRISH O RY i NIR) 20083 AR IR BEERBRANDAEH14R 74

dissolving the resist using a standard résist remover. Dry etch of the hard die material can be carried
out in a Reaetive IbAEREHRE 'S m. The depth of the structure is controlled by on etching time. At
last the Cr mask can be removed in cerium nitrate aquous solution. Now the 5 hard die is ready for

imprinting in the sprface, for,synthesizing.a. biocompatible toppgraphically modified surface., The die
can press micro-?n@ﬁ%ﬁ%gpﬁe?xgéﬁesé?é%%(f ﬁgag%m%%ﬁgﬁ%ri‘g%ﬁgré@m‘f/@@u%8@%&9ng the
die into selected anetecefdhéhsuiisrentBineoyasarerdpplied V3l spitadly bf arusplaothnes for 10-30

seconds. 10 Sevﬁﬁ%h%%%% &&?3*88 R?atf‘?éﬁgc%%’&ﬁ?&%%%B%Wﬁ%@f@%ﬁféhﬁﬁi yjze. The die

size is typically from 10 mm2 up to 40 his micro- and nario-printing met OCFIS highly
suitable forlfattegxpteseiettell areRPOR conth MHEBB!HipianbprEdigEEBy @elis TMaitakfum alloys,

tantalum, or stainiess, siealreBuIbSAMUSWI SRod Ao RERRRlES desnbardrresialsdike

polymeric materials/coatintgs. ,
following technigues:

— Die imprinting: By using hard molds (e.g. of SiC or SiN) it is possible to

produce patterns directly in other hard materials, like impiant metals,

15 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 (5. W. Pang, T.

Tamamura, M. Nakao, A. Ozawa, H. Masuda, J. Vac. Sci. Technology

20 B 16{3) (1998} 1145. More specifically, it is desirable to generate die
patterns in very hard materiais 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 desfroyed. The die

imprinting can of course also be applied in softer materials like

25 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

30 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



- 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-
20 beam lithography/Reactive lon etching as described for the die imprinting above. The setup needs
to be modifi@AAWPEEFHY take into account the curved surface. The die-réNerPAMEM49€ pressed on
and rolled over selected areas of the biomaterial%’y hydraulically pressing the roller-die onto the
surface of the implant, thereby imprinting the 25 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 hyistepasiitiectivid algiagtieleta(slgrdp obpity rensoge thBr30piatedn fiseritin), which

assemble in a short-ran rger T, [ - . ing mask
making pillars, a WO zggg%%%ﬁ%%?ﬁ? /%32%%3%@3[4}483@%8%;%%%gﬁﬁ?ﬁgﬁtemp Iaﬂtig rtt]r%?fking
protrusions on the surfabée slegépesitisnselety e insaotieted meianchietérg digepthestissllic center
of ferritin). Laser patterging, ByUKER- $ROFEIRSGEPUHSES TR RSN IR GasBRtBrH tged

high-precision patterning. In particular, the strong non-linearity of the ablation process leads to a

well-definednreshold fBRMafifialrdfifdalfUndRIEHAS HRelh st RF8eioririE I fbrfhation of
structures even below thegdfraetiorelimibdbraph REMpkmcitedDsitidade STHiENid. YaRdsd. Du, G.

Mourou: Optical 10Comrrrggrr(1§9 aéi%I %}Ja'ﬁb%gggl)n]éo?r)' selected areas of the biomaterial by
hydraulically pressing the die into selected areas of the surface. The
pressure applied will typically be several tonnes for 10-30 seconds.

10 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
15 also be appiied to less hard materials like polymeric
materials/coatings.
— Imprinting by rolling a die. The method is basicaliy 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-
20 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 hydrauiically pressing
the roller-die onto the surface of the implant, thereby imprinting the
25 micro andf/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
30 protein ferritin), which assemble in a short-range ordered pattemn.

These particles can e.g. be used as: an etching mask making pillars, a



The laser patterning by ultrashort laser pulses can also be used in combination with pre-deposition of
guartz spheres (K. Vestentoft, J. A. Olesen, B. H. Christensen, P. Balling: Appl. Phys A 80, (2005) 493
to create large arrays of nano-meter-sized holes. More specifically, a 15 layer of quartz spheres is
deposited oNVhEEYHARBE typically, but not necessarily, creating a denselypHEREYUIFaY43BY scanning
an unfocused laser beam of ultra-short pulses acfoss 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 20beam., 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 intetgregrepiveademplabeorfonoreakoiterpratplaicswan ethe rserig@e2 5iuiper, H.

van Wolferen, G. van Rilg,Joppalef Micrameghanias apbicragagineerng,d 1ifd, (0Rk33. V1. A

device for culturing tissue ‘or cells including an exposed surface having a microscale surface structure
WO 2009/150051PCT/EEH809/dsBiim. 76 Fig. 9 schematically shows a cross-sectional view of a

tissue culture dish having s exRsSA U cRILhGrMESE-sEalec W aoThaalish AL gomprises an

upwardly open receptacle having a bottom 303 and sidewalls 302. In use, the up%)er surface 304 is

exposed to the cell cultiftizidideld EP e AiRIRH RANGEIIREM T FeiFE e &P YRER UIRRe. In

embodiments of the invemdigitytbe ©¥PasRBSH HR6E804d2mE adricioscalerianpanamitier] structure that
is selected to promote a rede¥ermined ceIIulﬁrl nction a%ﬁdescribe hereép. Such s rfagfes can be
produced in large quanti R e.EfrBESYﬁMe%‘ k %Iﬁ?re EEifteTE tﬁ?p ?g]ro&? r%gepr Sctones,

Poly(methyl 10methacryteteatsiiconas intleingvanl e thyl siisixacte)n pohj( i d e xPetnko,
S. K. Dutta, J. Sqguier, J. V. Rudd, D. Du, G. Mourou: Optical
10 Communication 114, (1995) 106).

— The laser patterning by uitrashort laser pulses can also be used in
combination with pre-deposition of quartz spheres (K. Vestentoft, J. A.
Olesen, B. H. Christensen, P. Balling: Appl. Phys A 80, (2005) 483 to
create large arrays of nano-meter-sized holes. More specifically, a

15 fayer of quartz spheres is deposited on the surface typically, but not
necessarily, creating a densely packed array. By scanning an
unfocused laser beam of ultra-short pulses across the surface with the
quartz spheres, it is possible to generate large areas of structures in
paraliel, since the spheres act as individual lenses focusing the laser

20 Deam.,

- Laser scanning-beam Interference Lithography: This low-cost method
can be used for fabricating periodic and guasi-periodic and spatially
coherent patterns over large surface areas. The methods utilize the
interference between two or more coherent planar wave-fronts. (S.

25 Kuiper, H. van Wolferen, G. van Rijn, Journal of Micromechanics and
Microengineering 11(1), (2001) 33.

V1. A device for culturing tissue or cells including an exposed surface
having a microscale surface structure
30



methacrylate),poly(ethylmethacrylate),poly(D,L-lactide-co-glycolide), polyethylene, polycarbonate,
polyvinyl alcohols, hyaluronic acid-based polymers,poly(ethyleneoxide),poly(butyleneterephthalate),
methacryloyloxyethylphosphorylcholine,mr-IT85,mr-17030, 15 poly(bis(trifluoroethoxy)phosphazenes,
natural poly¥¥é&r3%#18fig modified poly(saccharlde)s e.g., starch, cellulBs&/IZAWEPItdsaN, and
mixtures and copolymers 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 20 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 ipigpvidedhentiadidelisn shanse pacatedissutordtunepladtie ﬁmueas&.ﬁixaea mhsidified to

display the selec;g%i/gs rg§ I%I e @éggt e structures g t%‘?ér:%‘krj{ure d|s (?@fn\p%@, the

separate tissue stlc removably inserte his respect
the term tissue cm@rp@@mgwarﬁimwmm&@aﬁﬁ Mym%lh@t@ﬂté@%@%ﬂhﬁ@ﬂ@”ﬂwat can be

used to produce g@iIfRcednMLapie gﬁﬁgcf@@gw@sﬁg%ww%nn&ﬁﬂbwlwEﬁss%@wp'e 12

Manufacture of a 13x13 BSSA wafer comprising 169 tester areas WO

2009/15005PPCFNEP R5BYES6 #4 SEFORRINGINISGHE dPollsh & SHiCon WAl PRAIMERI VA Hthickness of

52525 ttm IOrOVldN@ﬁbhst@m@éb%mf@wm@f@@l@m@tt@&@}%ﬁﬁl@bl Fheuser was an
n-type wafer with a re&stw@g of 1-20 ohm cm. A micrometer-siz ﬁj at ern WaSAJSI’II&ted onto the

polished side of tﬂ@tsi'ﬁca?li 5&? rtgypromote a predetermined c unctt escribed
herein. Such surfaces can be produced in iarge guantities in e.g. polymers

like polystyrene, different types of polycaprolactones, Poly(methyl
10  methacrylate, silicones including poly(dimethyisiloxane), poly(hydroxyethyl
methacrylate), poly(ethyt  methacrylate), poly(D,L-lactide-co-glycolide},
polyethylene, polycarbonate, polyvinyl alcohols, hyaluronic acid-based
polymers, poly(ethylene oxide}, poly{butylene terephthalate),
methacryloyloxyethyl  phosphorylcholine, mr-f  T85, mrl 7030,
15 poly(bis{trifluoroethoxy)phosphazenes, natural polymers including modified
poly(saccharide)s, e.g., starch, celiuiose, 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
20  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 culiure plastic that has been
modified to display the selected structures or biueprint of these structures on
the surface. For exampie, the separate tissue culture plastic may be
25 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.

30 Example1.2
Manufacture of a 13x13 BSSA wafer comprising 169 tester areas



5standard photolithography and reactive on etching in a SF6/02 discharge according to the following

. protocol: 7. 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 uMdeIZ1i8Abw, and 8. the wafer was then spin-coated with &4 BERA¥HIER4Byer of
photoresist AZ5214 , Hoechst Celanese Corporaﬁon, 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 1590C for 120 seconds, and 9. the photoresist-coated wafer was exposed to UV light for 5
seconds in an EVC aligner, model AL6-2 , through a suitable mask, allowed to develop for 50-60
seconds and theh posjiesieetfppishaduséict 1 2GEraddiROtp wile phibidresst-cdaidd¥afen was then

patterned by brie 'Vo?nt&@!{‘g !ﬂﬂ%@éﬁgﬂz{%@%ﬁ%@'&ﬁ%s 2 &B@&H%%ﬁﬂ@?ﬁé‘?%r?&%ﬁive lon

Etching (RIE) at a rate of approxima m/minute, and the resiSst was stripped with acetone
followed by RCAw#iahitgs BhenRIp% skedsing iirecertistvitysofhte2Onidior stepd usisteseiaentially:

Removal 25 of insaluble, ALANiGCOBIHTIBARIRANIRL A sAdd20M2 0 MAAQH, S Wi BF L)

Removal of a thin silicon dioxide layer where metallic contaminants may have accumulated as a result

of (1), using & dilltiEngard PRYQLheslaRbY. REmBRAtyeidAt 8itdIREalY Pethr o MRCESMEmInants
using a solution Qicdrdird28-4HRUBIWEHGSFADCNO 2009/150051PCT/EP2009/056443 78

7. 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 N»
10 flow, and
8. 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
15 90°C for 120 seconds, and
9. the photoresist-coated wafer was exposed to UV light for 5 seconds in
an EVC aligner, model ALG-2 , through a suitable mask, allowed to
develop for 50-60 seconds and then post-baked for 1 minute at 120°C,
and

20 10. the photoresist-coated wafer was then patterned by briefly etching with
BHF for approximately 30 sec., and then subjected to Reactive lon
Eiching (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

25 of insoluble organic contaminants with a 5:1:1 HxO:H02:NH.OH
solution (SC1). Remova! of a thin silicon dioxide layer where metallic
contaminants may have accumulated as a resuit of (i), using a diluted
50:1 HzO:HF solution. Removal of ionic and heavy metal atomic
contaminants using a solution of 6:1:1 H2O0:H02: HCI (SC2).



11 .The patterned wafer was then passivated by dry oxidation with a 20 nm 5102 layer, thermally
grown at 1000C for 15 minutes. 12.A 250 nm tantalum layer was deposited onto the surface of the
patterned wafer by sputter deposition. 5 Fig. 23B shows a top view of one of the prepared wafers. The
wafer, prepaFEtizaet ety to Example 1.2, has 169 tester areas, whereinf€36F 18&WFHEa has one of
11 different lateral topographies A to K, comprisiﬁ% different iterations of projections having a
cross-sectional shape that is either 10 round, square or rectangular, as illustrated in Fig. 23A. Each of
topologies A to J on the wafer are represented by a series 16 areas, each member of the series having
a different combination of dimensions: (X) being the minimum lateral cross-sectional dimension of
each projection, in ki,.dhd Qétbeirg thefgawbetineanthespraligttinnsin prdaiopolivlly K 7

represented by 8 differ iterati w i | 3 jn" structure where the
gap between the indivi ualjsjt%casreé E%éﬁ%ﬁ 15%3 ?ﬁlgn%géﬁﬁ I?(ﬁ{'tﬁ?eégé]éries of topologies Ato
K on the wafer is shdwrfin2ofy. FBBlankEEBntpyEard@df HeovdRG @HPKIBEUBKEREFIGT 2BB) has no

structure, providing a cqﬁt{@lr,ﬁi@éd,\,éf@,egfgngty@fgéﬁmggrproduced according to these defined
20parameters, wherein the depth of the lateral topography was defined as either 0.60 pm, 1.60 pm or

2.40 pm. IR fig. 23B, each tester area is |abelled to indicate its topographical surface structure, where
the dimensions of e 2 RARHErSoitHe KEReS AN ObilGRIRFRNBIRGY A S Hlfis: "Al"
Topology A wherpr¥sdrginaandrding o.ExARpleopdotas wherexei graaandaerekmedé3"
Topology Awher{eeég} gr@aaﬂngo:nA'egor?'H different lateral topographies A to K, comprising
different iterations of projections having a cross-sectional shape that is either
10 round, square or rectangular, as illusirated in Fig. 23A. Each of topologies A
to J on the wafer are represented by a series 16 areas, each member of the
series having a different 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 difierent
15  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 o K on the wafer is shown in Fig. 23B. The centrat
area of the wafer (blank square in Fig. 23B) has no structure, providing a
contro! field. A series of wafers were produced according to these defined
20  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
- 25 illustrated for topology A as follows:

¢ “A1” Topology A where X=1 um and Y=1 um.

¢ “A2": Topology A where X=1 um and Y=2 um.

e “A3" Topology A where X=1 pm and Y=4 um.

s “Ad4”: Topology A where X=1 um and Y=6 um.

30 e “A5" Topology A where X=2 um and Y=1 um.

 “AG” Topology A where X=2 um and Y=2 um,



"A4": Topology A where X=1 pm and Y=6 pm. 30 "AS": Topology A where X=2 prn and Y=1 gm.
"AG": Topology A where X=2 pm and Y=2 pm. WO 2009/150051PCT/EP2009/056443 79 "AT:
Topology A where X=2 Rm and Y=4 p.m. "A8": Topology A where X=2 j.tm and Y=6 gm. "A9":

Topology A WReX@XEAMHIM and Y=1 Rm. "Al O": Topology A wherePKEETRIIEPHNE2 Rm. 5 "All":
Topology A where X=4 gm and Y=4 gm. "AT2": Topology A where X=4 gm and Y=6 Rm.
"A13": Topology A where X=6 i.trri and Y=1 Rm. "Al4": Topology A where X=6 Rm and Y=2 Rm.

"A15": Topology A where X=61.un and Y=4 gm. 10 "Al 6": Topology A where X=6 Rm and Y=6 Rm.

s “A7": Topology A where X=2 um and Y=4 um.
¢ “A8": Topology A where X=2 um and Y=6 um.
* “AQ" Topology A where X=4 um and Y=1 um.
e “A10": Topology A where X=4 um and Y=2 um.
5 e “A11” Topology A where X=4 um and Y=4 um.
e “A12" Topology A where X=4 um and Y=6 um.
* “A13" Topology A where X=6 um and Y=1 um.
e “A14” Topology A where X=6 um and Y=2 um.
e “A15” Topology A where X=6 um and Y=4 um.
10 *  “A16™ Topology A where X=6 um and Y=6 um.

The dimensions for T of the 8 members of the series K (sharkskin) are as
foliows:

& “K1": Topology K where X=1 um and T=1 um

15 » “K27: Topology K where X=1 um and T=2 um
s “K1”: Topology K where X=1 um and T=3 um
= “K1": Topology K where X=1 um and T=4 um
= “K1" Topology K where X=1 um and T=5 um
= “K1": Topology K where X=1 um and T=6 pum

20 e “K1" Topology K where X=1 um and T=7 um

= “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



The dimensions for T of the 8 members of the series K (sharkskin) are as follows: "KI": Topology
K where X=1 15 "K2": Topology K where X=1 "KI": Topelogy K where X=1 "KI": Topology K where
X=1 "KI": Topology K'where X=1 6 "KI": Topology K where X=1 20 "KI": Topology K where X=1
"KI": Topolo@YAeWHET¥=1 gm and T=1 km gm and T=2 gm gm and 1=3KKE§HRUEMH124 gm 1.11-11
and T=5 gm i.tm and T=6 gm 1.tm and T=7 km Rth and T=8 gm 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 th&eneekingoagBEGish wefevafisientiigmsad biocompatible material that

promotes bone formation by expression of osteopontin and osteocalcin
in bone-forming cells: '

5  Murine osteoblastic (MC3T3-E1) cells were seeded on silicon wafers having
a library of surface topologies, as set out in Fig. 23, from which surfaces
capable of promoting bone formation by expression of osteopontin and
osteocalcin in bone-forming cells were identified.

10 Methodoiogy:

BSSA wafers: were produced using standard photolithography and coated

with tantalum as described in connection with example 1.2.

15  Ostecblastic cells line, cultivation and seeding protocol: Murine
osteoblastic (MC3T3-E1) cells (RIKEN cell bank; Tokio, Japan; Sudo, H et al.
1983, J Cell Biol 96(1):191-98)) were maintained in Mem Alpha Medium
without Ascorbic Acid (supplied by Gibco Invitrogen) supplemented with 10%
Fetal Bovine Serum {Gibco), 100u/ml penicillin and 100ug/ml streptomycin
20 (Gibco) at 37°C in a humidified atmosphere of 95% air and 5% CO2 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
25  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 / crm?
for determination of cell growth, 8000 cells / cm” for determination of cell area
or 40,000 cells / cm? for osteogenic stimulation all in the same medium as

above.

30 For cell growth determination cells were fixed and stained with 4'.6-
diarnidino-2-phenylindole [DAPI] or immunoassayed after 4h, 24 h, 48h and



WO 2009/150051PCT/EP2009/056443 80 Screening a BSSA wafer identifies a biocompatible material
that promotes bone formation by expression of osteopontin and osteocalcin in bone-forming cells:

- 5Murine osteoblastic (MC3T3-E1) cells were seeded on silicon wafers having a library of surface
topologies, ACEOHIRUFFig. 23, from which surfaces capable of promotiﬁ&y%ﬁ@‘ffymﬁﬁn by
expression of osteopontin and osteocalcin in bor%-forming cells were identified. 10Methodology:
BSSA wafers: were produced using standard photolithography and coated with tantalum as described
in connection with example 1.2. 150steoblastic cells line, cultivation and seeding protocol: Murine
osteoblastic (MC3T3-E1) cells (RIKEN cell bank; Tokio, Japan; Sudo, H et al. 1983, J Cell Biol
96(1):191-98)) weds nifitainedfinaveseenl shaiviBaiubindsisoenascrBANAc b pRB PB§SGibco

Invitrogen) supplgmeniedwith 1076 FatabBANNG REHENEID5L) 9 WM R HieHinipadhi@0pg/m1
streptomycin 20(Gibco) at 37C in a humidified atmosphere of 95% air and 5% CO2 and passaged

every 4 days usifi§estasfisrd feARiGiRaeR iR 26 dBlRAIRG tRY WHRERSSREe pTRICERRFPRY 10 Petri
dish (Nunc), and steitdig egthyueaking koY eErDAFPIs150INE, tinsasblviseandbaBrle ater

5  absorption maximum is at 358 nm and its emission maximum is at 461 nm,

which appears blue/cyan.

For cell area determination celis were fixed and immunoassayed after 24 h.
For osteogenic stimulation, media was changed after 3 days to osteogenic
media: reguiar media described above supplemented with 50ug/mi ascorbic

10 acid (Sigma) and 10mM B-giycerophosphate (Sigma) The osteogenic media
were changed twice a week until fixation and staining at 14 or 21 days.

immunodetection protocol: Cells were genfly rinsed with phosphate-
buffered saline (PBS) and fixed in 4% Para formaldehyde /PBS for 15 min.
15 After permeabilization in 0,1% Triton X 100 in PBS (T-PBS) for 10 min and
incubation with 2% BSA in T-PBS for 2 hours the cells were reacted with
primary antibodies for 2 hours. The cells were then washed 3 times in T-PBS
foliowed by addition of the secondary antibodies, for 1 hour. Simultaneously
DAP! (4,6-diamidino -2-phenylindole) (Sigma) was added for nuclear staining
20  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 inciude: anti-
osteopontin (AKM 2A1, mouse monoclonai IgG, Santa Cruz Bioiechnology),
25  anti-osieocalcin (FL-95, rabbit polyclonal IgG, Santa Cruz Biotechnology)
both diluted 1:400 in T-PBS and Monoclonal anti-vinculin {Clone hVIN-1
mouse Ascites fiuid, Sigma) diluted 1: 800 in T-PBS
Secondary antibodies; Alexa Flour 488-Goat Anti Mouse 1IgG (1:400 in T-
PBS) (Molecular Probes, Invitrogen) and Rhodamine (TRITC) - conjugated
30  Donkey Anti Rabbit (1:200“) {Jackson ImmunoResearch)




25 and dried inside a sterile hood. MC313-E1 cells were trypsinized, harvested and seeded onto the
dishes containing wafers at a density of 1000 cells / cm2 for determination of cell growth, 6000 cells /
cm2 for determination of cell area or 40,000 cells / cm2 for osteogenic stimulation all in the same
medium as BEbYEIBHEEY cell growth determinatign cells were fixed and Sl WS-
diamidino-2-phenylindole [DAPI] or |mmunoassayed after 4h, 24 h, 48h and WO
2009/150051PCT/EP2009/056443 81 96h. DAPI is a fluorescent stain that binds strongly to DNA,
which can pass through intact cell membranes and thereby be used to stain both live and fixed cells.
DAPI stained cells are detected by fluorescence microscopy, excited with ultraviolet light. When DAPI
is bound to doubles-itsaddineralidationh detestiemprpiesels AhgsrineralifdiremERHThaximum is

at 461 nm, whichyappaags hipe/ewan, SerLsllareq drinrmingyion salis wess fuethrd dmraynoassayed

after 24 h. For osteogenic stimulation, media was changed after 3 days to osteogenic media: regular

media descnbed‘%i*ﬁ@aéﬁﬁpﬁ@ﬁfé?ﬁ@éﬁﬁﬁﬂ%bﬁéﬁ“i @s@ﬁ%ﬁ‘?ﬁ%ﬁ*@%@%@ﬁd”mﬁwm
p-glycerophosphateifgigedthe prsergetis@adih between the immunostained cells and

5  calcium deposition).

When the cells were immediately staining with Alizarin Red, the cells were
fixed with ice-cold 70% ethanol for 1 hour and washed twice with ddH20 prior
to addition of 40mM Alizarin Red soiution (Sigma A3757) for 10 min. After
several washes in ddH0, the cells were incubated for 15 min in PBS and air

10 dried in a fume hood. The stained area was analyzed and quantified using
the automated fluorescence microscope using Leica Qwin software.
When staining with Alizarin Red after immunodetection, the immunostained
cells were washed twice with ddH:O before adding the Alizarin Red solution.
Otherwise the procedure was the same as above.

15
Results:
A. Structural properties of a biocompatible surface topology that
promotes mineralisation by ostecblastic celis:

20 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 sfructures (projections) has effects on
mineratization, where the structures having the iargest height promote the
largest degree of mineralization Z= 2.4um > Z=1.6um > Z=0.6um. There are

25  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 vaiues it can be seen from Fig. 23D that
structures having smaller X and Y values promote more mineralization,

30  whereby, for all sizes of the structures tested, 1 um > 2 um > 4um > um >>

unstructured surface. All of the sharkskin structures have a gap size of 1 um



were changed twice a week until fixation and staining at 14 or 21 days. Immunodetection protocol:
Cells were gently rinsed with phosphate- buffered saline (PBS) and fixed in 4% Para formaldehyde
/PBS for 15 min. 15 After permeabilization in 0,1% Triton X 100 in PBS (T-PBS) for 10 min and
incubation Wi 298'E8K%n T-PBS for 2 hours the cells were reacted withiSrifiarBfifttHdies for 2
hours. The cells were then washed 3 times in T-PBS followed by addition of the secondary antibodies,
for 1 hour. Simultaneously DAPI (4,6-diamidino -2-phenylindole) (Sigma) was added for nuclear
staining 20 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 det@QhrotcEXRBréBSIGH Kb antRleateupertinAKMSSARE (R ABIRRIoNnal 19G,
Santa Cruz Bio@&i%ﬁ:@% % RARSIFOLAlED Gk 9% r%f@%‘b"%ﬂ%‘%’t%@ crAdadithal

Biotechnology) both diluted 1:400 in T-PBS and Monoclonal anti-vinculin (Clone hVIN-1 mouse Ascites
fluid, Sigma) dilutéaMmetgniNariais ThecsdRtaKirapiibeuies Al IRIGF IB8RRIFELPR Rouse 19G

(1:400 in T-PBS){Molcig RErRE® HvHEEEsH) siisRnogdarune R\ z@‘f g@gw@% Fponkey Anti
Rabbit (1:200) (Jackson ImmunoResearch) WO 2009/150051PCT/EP20119/056443 82 In vitro

Mineralizatién detE&iohshiétbess PRbahineralis /paNccHIei¢aepesEvesTiae RafsrieRds quantified
by Alizarin Red siainingithg oimsdiaiehiitsiaryesting the cells or after the immunodetection

procedure (to insure that a precise correlation between the immunostained cells and

B. Structural properties of a biocompatible surface topology that
promote proliferation of osteoblastic cells:

10 _
Mc3T3 cells were seeded upon a BSSA wafer, as defined in example 1.2 and
Fig. 23, and grown as set out above. Proliferation of osteobiastic cells on the
BSSA wafer was calculated by counting the number of DAPI stained cells 4,
24, 48 and 96 hours after seeding. As seen in Fig. 24, ceil proliferation

15  decreased with the height of the projections Z=2.4 ym < Z= 1.6 pm, whereas
the height of the projections did not effect the ability of the cells to attach to
the surface of the BSSA wafer (data from 4hours). For the X and Y
dimensions a combination of a Gap size (Y) between 1 and 4 um and a size
of the structures of X=1 um results in the most pronounced decrease in

20  proliferation rate. The negative effect of increasing surface topology height
(Z) 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.

25 C. Structural properties of a biocompatible surface topology that
promote bone formation by expression of osteopontin and osteocalcin

in bone-forming celis:

Mc3T3 cells were seeded upon a BSSA wafer, as defined in example 1.2, of

-30  vertical dimension of Z=2.4 ym and induced fo mineralize for two or three



5calcium deposition). When the cells were immediately staining with Alizarin Red, the cells were fixed
with ice-cold 70% ethanol for 1 hour and washed twice with ddH20 prior to addition of 40mM Alizarin
Red solution (Sigma A3757) for 10 min. After several washes in ddH20, the cells were incubated for

15 min in PBS2A4i{*9Ydried in a fume hood. The stained area was anaf{ZébFaHa" §Gé4Htified using

. . 84 . e : R
the automated fluorescence microscope using Leica Qwin software. When staining with Alizarin Red
after immunodetection, the immunostained cells were washed twice with ddH20 before adding the
Alizarin Red solution. Otherwise the procedure was the same as above. 15 Results: A. Structural
properties of a biocompatible surface topology that promotes mineralisation by osteoblastic cells:

20Mc3T3 cells wekeksedbe CRlbnvAERSSILRTeeNHY Gttt anth e o QRNdFRED3 dnd grown as
set out above. Frogy Fih BRI BIlfSArHRIEE ﬁUBFéE@e\ﬁ%@iﬁ%FB@&fbi%@c% Lruspies

(projections) has effects on mineralization, where the structures having the largest height promote the

largest degree of thirfSIRARbMEVERmwWeE-stanaT Witk ;EHaR r'ffere are 25 no major differences
between the indivirdisal seNiesc\waddsligssingdizat trfome! tae stoehtesgnebvdretizen there was

Il t ti etw the structu, is of | [ t i ting_mi lisation. B
pooling all te scUEHIRUN SRS SO PLRR 1P LM 12 D RORT F 94 Mk 6Btures having
smaller X and Y wvaleeggronudactiane tnaeraizditonoBOiereal 00 &limstefytborsttatiures tested,
Lum > 2 um > 4y OH A RRE GHISH SUHRSREA) BHERAANBILRLI SR MR Re3P Size of 1

1.tm
values: X=1 and X=2): Thus, the smalter X and Y vaiues of the projections on

the BSSA wafer, the greater the induction of OPN and OC, and the greater

10  the degree of mineralization, and the smaller cell size; Thus for
Mineralization, OPN, OC : 1 ym > 2 um > 4um > 6um >> unstructured
surface. For the larger X values another decrease in cell size with increasing
Y values is observed (e.g. 6,6) This decrease in cell size for the large X and
Y values does not correlate with mineralization, OC and OPN.

15 Al of the series K  sharkskin structures induced mineralization, and
expression of OPN and OC, and cell size to the same extent as the best
structures from Series A-J.

Summary:

20  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 profrusions (X), gap between nearest
protrusions (Y) and height of protrusions (£) on the properties of osteoblastic

25  cells. The data reveals that a height of 24 um > 1.6 um > 0.6 um > fiat
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 greafer the induction of
OPN and OC, the better mineralization, the fewer cells and the smaller cell

30 size; 1 um > 2 um > 4um > 6um >> unsiructured surface,



WO 2009/150051PCT/EP2009/056443 83 and a structure size of varying T- values where one
cross-sectional diameter always has a length of 1 gm and the length of the other cross-sectional
diameter is variable. The sharkskin structures all promoter mineralization as well as the best structures
from series A8, RBEM3t a gap (Y) of 1 gm and Ssize of structures (X) of § PS4 the

. . . " . ) 5 : o\ .
dimensions identified by series A to J as being optimal for mineralization. B. Structural properties of a
biocompatible surface topology that promote proliferation of osteoblastic cells: 10 Mc3T3 cells were
seeded upon a BSSA wafer, as defined in example 1.2 and Fig. 23, and grown as set out above.
Proliferation of osteoblastic cells on the BSSA wafer was calculated by counting the number of DAPI
stained cells 4, 24\14¥ Hirosberabinrstaftursscamg. 2gasesinan Yigf 14 metinst 6lisénetiorel8z¢ecreased
with the height of the proiections Z= r = 10(%%[& ‘hé }tﬁe el f rojections did not
effect the ability o ﬁ%ﬁ%séﬁ%?tiaégh?at@t § sﬁur a%e of t g?% eg;]‘z:?vsjvla era r@?aquéf%trﬂézr%%s%%:or the X
and Y dimensiongafigblabiiionnstalizaipsizequtiostat e and DC 1pelhndrabsr@od el structures
of X=1 gm results;jpsthesnosh RARee direciease bhiOprliferation rate. The negative effect of
increasing surface topology height (Z) on cell proliferation is thus inversely correlated with its positive
effect on mirferalization (Fig.23). By contrast, an increase in height of the Sharkskin structures did not

induce a decreasereelbpratifesatianttateraidesStHCHERIPraneiRgRf arRio@ Rt stisiace topology

that promote bone form ti%n by ex reds%lon of osteopontin and osteocalcin in bone-forming cells:
material characterized by a topograghacal 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
10 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 is one

which will specifically promote bone formation by expression of osteopontin
16  and osteocalcin in bone-forming cells.

Example 3.2: Ectopic bone formation
Ectopic bone formation may be analyzed as foillows: 500,000 MC3T3-E1
cells per cm” are cultured on the 8 mmx6 mm biocompatible material

20  structure {e.g. any of K series 1-8), in plain medium including added 50
microgram/m| ascorbic acid and 10 mM beta-glycerophosphate. After one
week in culture, the biocompatible material structures are transferred fo the
subcutaneous mouse model for ectopic bone formation. Two pouches are
made subcutaneously on the dorsal surface of the mice. During surgery the

25  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 disiocation. The structures are removed,
plastic embedded in poly-methyimethacrytate (PMMA), cut, and stained for
bone detection (e.g. basic fuchsin/iight green or Alizarin Red S).

30

Example 4.2. Bone-forming assay in sheep



WO 2009/150051PCT/EP2009/056443 84 weeks. The cells were subsequently fixed and stained for
OPN (green), 00 (red) and DAPI (blue). Following fluorescence microscopy detection of OPN, OC and
DAPI, the wafers were stained with Alizian red. Mean cell area was determined 24 hours after cell
seeding (fig.V28 #MaP9951 5 Mineralization was determined after 2 (fig 25 BhH 2B S8teks (fig. 28) of
osteogenic induction. The induction of OPN and b is positively correlated with mineralization which is
inversely correlated with cell size (for the small x values: X=1 and X=2): Thus, the smaller X and Y
values of the projections on the BSSA wafer, the greater the induction of OPN and OC, and the
greater 10 the degree of mineralization, and the smaller cell size; Thus for Mineralization, OPN, 00 : 1
km > 2 km > 4km BRi“sShASE BasRiPSURRSSIORE B Gt evaRgestarfsbry Hecrididy in cell size

with increasing Yoyalesiis SERIRS fearBiob THIR BE B Rifraelb SR faihe large X and Y values

does not correlate with mineralization, 00 and OPN. 15All of the series Ksharkskin structures induced
mineralization, and expression of OPN and OC, and cell size to the same extent as the best structures

from Series A-J. Sumpresy o20iRae exaraple pnoaasaariysiematialanysisepiBiS A grughiral surface
libraries comprisi plurality of protrusions arranged on grid points, of a regular two-dimensional grid,
comprising dferdy EUH AL BRELF R ATALIR R3E Ce ARG AR o S SFAFTERIB0), g
between nearest gaotpiesians (é)rantl heliybt abprttoumiolis igdpestihe yprope dies okastephlestic 25

lls. The dat t.a_height of 2 > > Q.6 > fl structured is better i
iCned j cingemise?arﬁetz\éaet%aq%f? %O%%%{Sefg \{/jvit prtr)?%ﬁ%g'tirgiﬁew De%é%‘?i {kerr% igiégicrﬁ@ f%lflﬂ@sgtgul itu;aeder "

surface. Regardifgeth@giuedrian Yseaioes holdeimaler X Aingompdtiele tighigréater rcliteuélibh of OPN
and OC, the bett%gég%%l};ﬁgiﬂ@nghe fewer cells and the smaller cell

10
The sample holder for use in a bone-forming assay in sheep is illustrated in
Figure 29. In particular, fig. 29a shows a botiom view of the sample holder,
fig. 28b shows a side view of the sample holder, fig. 29¢ shows a top view of
the sample holder, fig. 29d shows a perspective view of the sample holder,

15  and fig. 29e shows a cross-sectional view of the sample holder. The sample
holder comprises a square recess 1501 adapted to receive the 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

20 removal of the sample holder inffrom the bone.

Before surgery the sheep are given 2.5 ml Rompun vet. and 2 ml. Afropin.
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
25 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
30 is initially examined by uCT-scanning followed by cutting and standard



30size; 1 km > 2 km > 4j.tm > 6km " unstructured surface. WO 20091150051PCT/EP2009/056443 85
All of the sharskin structures have a gap size (Y) of 1 um and a structure size (X) where one side
always has a dimension of 1 um and the other side are variable. The mineralization, induction of OPN
and OC, celfUMBErat cell size is similar to the, best structures from sditdFR23 8 & combined
data provides the basis for finding that a biocompatible material characterized by a 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 10 diameter 1.0 um
-2.0 p.m, wherein the distance between adjacent grid points along at least one dimension is between
2.0 p.m and 8.0 PIRCIRAISAIEEANNSH fRe PrAIATSoMS P ARDRABPHRATWMICIONAS Mfertical
height/depth dim@ﬁ@ig,ﬁy,equal to or greater than 1.60 p.m, preferably about 2.4 4m is one which will
specifically promote bone formation by expression of osteopontin 15and osteocalcin in bone-forming
cells. Example 3.2: Ectopic bone formation Ectopic bone formation may be analyzed as follows:
500,000 MC3T3-E1 cells per cm2 are cultured on the 6 mmx6 mm biocompatible material 20 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



25 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 fuchsififlight green or Alizarin Red S). 30 Example 4.2.
Bone-forming assay in sheep WO 2009/150051PCT/EP2009/056443 86 An in vivo sheep model as
described below can be used to assay the ability of the biocompatible material to induce bone
formation/ingrowth: Samples of the relevant biocompatible material and controls, e.g. flat 5 tantalum,
are produced on the base of 6mmx6mm silicon wafer squares. The samples are named "active" and
"control", ¥&¥pEctively, and are used in pairs to reduce the variation of the results due to animal
variations The samples are glued on sample holders, by a biocompatible glue (e.g. Loctite 431)
creating dn Waplaie. cR THissemmiiTRdtaBIRoRT R KO bBISIRSHHIMTaE e el aprtigbirated in
Figure 29 daipaditaias, figintfeshewmalibottabnbew sbihedampdeboldesr figvidgh shdavs a side view

of the Sa%'sﬁfa%%?é {19, B8R0 QNRG 1Re nwohRaamRleleidRy lgrrddshansa pecspective

view of the older, 15 and fig. 29e shows a cross-sectional view of the sargéJ older. The

sample hBIBﬂ"é?"Eﬁ?ﬁ?ﬁtﬂﬁs’éét%”éhL}”é{?@’"?gbé‘géefgoi Rer e 8ncReesRe At 94 RASSRENEompatible
surface isfetb@eposadnFhersfuanEmeoess wdm:mMmpﬂheabetmxmwth@ha eyiinaial member

1502. In tQ@pFe{?uéwfﬁe%%hse%em@ﬁa%ﬂ%@%@&%@t@@%gmwi@émﬁ@m placement and

20removal of the sample holder in/fro F] o
he cross-sectional dimensions o i e protrusmns 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 85 um ?, and wherein each of the protrusions of said topographical structure
has a vertical height/depth dimension equal to or greater than 1.6 ym or 3.0 um , preferably
between 2.0 um - 3.0 pym , more preferably 2.4 ym and the maximum gap between any

protrusion and its nearest neighbor (d;Y) is between about 2 pm-6 pm.

2. A use according fo claim 1, wherein the protrusions have a cross section and a minimum

cross-sectional diameter of between 0.1 ym and 4.0 pm.

3. A use according to any one of claims 1 through 2, wherein the minimum distance
between adjacen‘t grid points along at least one dimension is smaller than 8.0 um, preferably
between 0.5 pm and 6.0 pm.



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 25 mm. This leaves 0.5 mm gap between the biocompatible surface and the
bone for examination of the bone ingrowth. The i?ﬁplants 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 30is initially examined by I.:LOT-scanning followed by cutting and standard WO
2009/150051PCT1EP20091056443 87 histological examjnation of bone volume and k?o e ingrowth
towards the mifiarcceriifsto 28 eh GBI fistiv8litdrd ESMRinaP e%ir\L}R%r?o'B%’é:ec?te
undifferentiatredioel| tronghtiof waditferestismtqlelripoteatritenshaméanreeh begeinfystdiferils, the
container hawing siuifacsnie¥Pasiy& fo 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 s, 0800; HOMOLIUIEIAMSIRAGRIR A9n0RLaRALCE! SHUR e6amRdalg aglially of

protrusions arranged on grid points of a regular two-dimensional grid, characterized in that the
cross-secHGRIAE RSB HR POt HsoReBLelp &7 e aitPEI B ess 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 NetssitpesioptpausiorrRyiaeg Ll #riB1sgie ftaghaR 1 VHIRIsIOR FEMESEBNN2U4RY wherein
each of thedqarasiisiensitdsaidiapagiaphigakrairucture has a vertical height/depth dimension equal to
or greater than 1.6 pm or 3.0 pm , preferably between 2.0 pm - 3.0 pm , more preferably 2.4 pm and

the maximumm GaP-bESWERNGBMIAL SR s 0gREe SiHaRig beN4th6) isceekueashapew 2 pm- 6
pm. 2. A use according to ?tl)aairend%ﬁ\r/}v%lfrein the Eotrusiogéjpaggm%tcro S se(%citrigr@3 %}}% r{p‘i imum

cross-sectionar diameter o Ween f M anc 94?806%? use a 80P(§ing to any orie of claims 1

through 2shareseisithidanirmameaYelistaneexbetvadn HajacsheRid 156irte Wondataeeid oAkddimension is
smaller thasn8dham:s Peeterakiyopebsesn 0.5 pm and 6.0 pm.

8. A use according to any one of claims 1 - 7, wherein at least a part of said surface is

coated with a material chosen from among tantalum, titanium, platinum or an oxide thereof.

9. A use according fo any one of claims 1 - 7, wherein at least a part of said surface
comprises a polymer chosen from among polystyrene, polycaprolactonepolylactic acid,

poly(lactic-co-glycolic acid, chitosan or a combination thereof.

10. A use according to any one of claims 1 though 9, further 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 or chemically

linked to the exposed surface of the container.

11. A use according to claim 10, wherein said growth hormone is selected from the group
consisting of BMP, EGF-like, TGF-beta, IGF and LIF.



89 4. A use according to any one of claims 1 through 3, wherein the structure includes protrusions
having the same cross-sectional geometrical shape or at least two different cross-sectional
geometrical shapes. 5. A use according to claim 4, wherein the protrusions of different cross sectional
geometry are arranged on the regular two-dimensional grid in an alternating pattern. 6. A use
according to any one of claims 1 through 5, wheré&fh the structure includes protrusions of different
cross-sectional area. 7. A use according to any one of claims 1 through 6, 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. 8. A use according to any one of claims,1 - 7, wherein at least a
part of saidlZsuff4ee ASTBARE IV RIF i hIBrRYENb5H G LR SR Canssimt HHERIERT NS fum or an
oxide thereledmBally hisedwediraihdiccanyamegbEliinmsiamddyireeira adiyastiagdant okeadd surface

comprisespga-mglr&qitgmggg@ among polystyrene, polycaprolactonepolylactic acid,
poly(lactic-co-glycolic acid, chitosan or a combination thereof. 10. A use according to any one of

claims 1 thaugh Qa fiythersamBrsiaGAMRCUN salestediiorLiraiaumansistingaldolypeptide,
carbohydrate, lipid, growth hormone, antibody, anti en %I)%cq{%rpgemé I&gfﬁroggiig aDC!gA[é(IjQ{\IOA,
a|o U WHetei sa corﬁ)pound IS

polysacch87ii8 AiFdSoREHAlY RERRERMECBRIGIRGR R
adsorbed ormintridatigrinkepbarabiicakpedest stitfeloee ebtHelpertaiaey. one cAdiBstderditg to claim

10, wherein spigbarawiinboieprnatisiseleeied. from the group consisting of BMP, EGF-like, TGF-beta,
IGF and LIF. 90 12. A use according to claims 1 through 11, wherein the cell or tissue culture

container iggchenaigalby fupstionaliasd kyegnararaciysiabing dingmadnpesmasiolymerization, oxygen
plasma, or nlc}ﬁ%gg QEQ’{IQdS ”i‘&a 0 e?’ 'i%gtargwn 1aonr rpn%Sk ltk(?cr ggs J&%‘ﬂ%b"@oﬂ{a"f\ngﬁHa‘?ﬁnﬁsﬂﬁr&EEUfe
container, the"Contamer %elr?g al leas partlalﬁ/ produced from a biocompatible material, the stamp

being adafRe@ PRt deityarddishBtRayhreg dufmtiershit i a S U&nfelt ﬁiﬁg'?ﬁijotf’(eaof claims
1-12 into arisapeatbisaidibiatompadibletmatsrialpart 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
protrusions per 65 ym?, and wherein each of the protrusions of said topographical structure
has a vertical height/depth dimension of about 2.4 pm and the maximum gap between any

profrusion and its nearest neighbor (d;Y} is between about 2 ym - 6 pm.

15. An in vitro method of promoting undifferentiated cell growth of undifferentiated
pluripotent embryonic stem cells, the method comprising bringing the cells into contact with a
cell or tissue culture container having a surface for exposure {o 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- andfor micrometer scale
topographical structure comprising a plurality of protrusions arranged on grid points of a

regular fwo-dimensional grid, where the structure is



14. A cell or tissue culture container for promoting undifferentiated cell 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 denstty of protrusions is equal to or greater
than 1 protrusions per 65 pm2, and wherein.each f'gae r ions I\ﬁﬂ@ p phical structure has
averticalﬁ‘?@@tﬁﬁdé t'SH Bé%s%ﬁ 0 aﬁou?'}éﬁ%ﬁnngaﬁe th%%&%&%&m%ap gt@me%gé@énggggétrusion and
its neareshaeigiatiord dnY)ias BenoEss-asstiereb RN Pams P5. B RPTHRP AT RGPS P HFbting
undifferegtigteehcell@Eomih ofundifferantiated piuripetentiembabaiestemgeitsstieditetod

comprising biinging the celisJoto,cAaRt i 3,58l AL Urse ullp SRR gLa Rurface for
exposure 16the' stem eﬁs, where at least a payst of the surface is defined by a blOCOf‘Ppatl le material,
wherein &t &gt ghrof APEXSI8E PRICE o The BCBRFSENLFRNREAA RALEFERo  aRdor
micrometgisgalpriofcgiaphicatstruvettice! telyiplisipy dipknsitityeof grtstersiesaeatrandedith grid points
of a reaulgy IO HIMENSINFHELE IC SIBUGHIi%e Horslarierldqiramole giawinuef
undifferentiated mammalian embryonic stem cells, %garggﬁg)riz%?tinethatbtgettgror%s_: e%ional
dimensioH8RPEE BRI AHEBURARY SSREECEaTIAN 8" P 16K HTANCSE 9, F the fotal area of the

structure, said area being measured in the plane of the exposed face of the structure, and wherein the
density of;BrofrysigRs isesfld®igreaterdhanid PEOHHTRS petbbopbatvamdadbeassieach of the
protrusions of said topagraphical structure has a vertical heigh ?&% imensioneayal tpor greater
than 1.6 pIA"SF 3" Brﬁsg?gfgpfo‘llflmbeerf%%neﬁ %ag‘?ﬁ%“%”(% é]n}frg mEo!%z preferably 2.4 perg{nd the maximum
gap betwé&éhuany protrusion and its nearest neighbor (d;Y) is between about 2 pm -6 pm. 16. A
method according to claim 15, wherein the minimum distance between adjacent grid points along at

least one fimensian is smallgr ihan.&0 pror.prefasably, BAWRET AerpMian oA piNindlfied method

ler
according to any (E%Hc aims §ntérqugh 16, wherein the structure includes protrusions of at least two
different oreisisapsiohal Iges MaAEerepaess-Se8iNFh AN HERST ARG 0 claim 17, wherein the
protrusions of different cross sectional geometry are arranged on the regular two-dimensional grid in

an alternafing,patiarn, 1% Ameibodascrrdineiemeoperisdaims ddsaughsissauhersin the

structure includes protrusions of different cross-sectional area. 92 %O. A.me h%gr ccording to any one

of claims S5RGBT ARART M Hed THHRRMSSIL LIS BIOREHF Mo SHtre has a shape defined

by circumference and/or geometry selected, from one the shapes: circular, r are,
rectanguld® & REBA PSRRI PGS B L8 RiBRA |5Fﬁr?H8$:g§". g&eyﬁ'%%eﬁsggj %%’E%%%in%%% any one of

claims 15 phrousitn20f diferesircskessttis pla ®® said surface is tantalum-coated and/or titanium-coated.



22. A method according to any one of claims 15-20, wherein at least a part of said surface consists of
a polymer including polystyrene, polycaprolactone polylactic acid, or chitosan. 23. A method according
to any one of elaims 15 through 22, further comprising a compound selected from the group consisting
of: polypeptide, carbohydrate, lipid, growth horm%Qe, antibody, antigen, glycoprotein, lipoprotein, DNA,
RNA, polysaccharide, lipid, organic compound, and inorganic compound, wherein said compound is
adsorbed or chemically linked, immobilized or complexed with the surface layer of the container. 24. A
method according to claim 23, wherein said growth hormone is chosen from among BMP, [OF-like,
TGF-beta, IOF and Leukaemia inhibitory factor, or a combination thereof. 25. A method according to
claims 13 to 24, wherein the cell or tissue culture container is chemically functionalized by e.g.
nanocrystalline diamond, plasma polymerization, oxygen plasma, or nitrogen plasma. 26. A method
according2fb Alaeits, aaserding daidRe IR reedms plartpetedty PnafReieEh 8% /PifGth ¥R, Nanog,
SSEA3/4, angb§aX 3t 3@ 37 ndreegicad inaplanirigisussimrdoneitissuiermplamtdiipyadesmedical
implant coMPIRIRG. 2 ATRRE W SiE.LIsRRL AR Wig-sUilpge indefipad PhadleraraRativle
material, wherein at least a part of a'surface of the biocompatible material is characterized by a nano-
and/or microRfAYeP R Ae6pBERYREISEicture comprising a plurality of protrusions arranged on grid
points of a regular two-dimensional grid, where the structure is capable of promoting bone formation

by expression f 951Q0RARNRARY Qsfencaleiadmbaredugnaucalitriheianadbs paatuiyans have a

cross section with a minimumcross- sectional diameter 1.0 pm -2.0 pm, wherein the distance between
adjacent gridSHERRS RIGAGLMERaS A YRR EREIBR B veen 2.0 pm and 9.0 pm, wherein each of the

protrusions of the topographical structure has a vertical height/depth dimension equal to or greater

than 1.608ma prefrsallyc-aRmy @ 4R Bnddr d8in Mmegicalisrpiaat reeoeding: ter clains@fcyherein the
lateral dimension.of the maximum between any protrusion, and it restn ;,gém Ea(ﬁl;Y) is
between aboﬁ?rfﬁt% 2B Er%r.’nﬁgj.gﬁgrﬁéw f‘éé’i‘ﬁfr‘ﬁpfégéfcggé%% %ﬁaetgd? g?}((rihﬁlcﬁcior’%& W%ere'in the cross-
sectional diameter of the cross section is about 1 pm and the lateral dimension of the minimum gap
between any prabmsiDAaRdiHg Berieshaeigihion (b Bris.abant uthpneoBrishgedimapamplant
according to Qi ANeOl¢/3 masro%z TR £3: YRR dac AR L AHReRIRH weianma at least
two different cross-sectiona eor%etrlcal shapes. _ . _

antibody, antigen, glycoprotein, lipoprotein, DNA, RNA, polysaccharide, lipid, organic

compound, and inorganic compound, wherein said compound is adsorbed or chemically

linked, immobilized or complexed with the surface layer of the container.

24. A method according to claim 23, wherein said growth hormone is chosen from among
BMP, EGF-iike, TGF-beta, IGF and Leukaemia inhibitory factor, or a combination

thereof.

25. A method according to claims 13 to 24, wherein the cell or tissue cuiture container is
chemically functionalized by e.g. nanocrystalline diamond, plasma polymerization,

oxygen plasma, or nitrogen plasma.

26. A method according to claim 15, wherein said cells express a pluripotency marker
chosen from Oct4 Nanog, SSEA3/4, and SOX2.



31. A medical implant according to claim 30, wherein the protrusions of different cross sectional
geometry are arranged on the regular two- dimensional grid in an alternating pattern. 32. A medical
implant.according to any one of claims 27 through 31, wherein the structure includes protrusions of
different cross-sectional area. 33. A medical implant according to any one of claims 27 through 32,
wherein the protrusions are positioned on grid paigts of the two- dimensional regular grid such that
only a subset of grid points are covered by protrusions. 34. A medical implant according to any one of
claims 27 through 33, wherein the protrusions are arranged in parallel rows where the centre-to-centre
distance between adjacent protrusions is different in adjacent rows. 35. A medical implant according
to any one of claims 27 through 34, wherein the lateral cross-section of one or more protrusion has a

shape defined by GlEcHRLEANES @é@(@b&@{?@@&@/aﬁ@@ﬁ@%mﬁé oRsiihe iFARRSORIRIUAG £oncave,

convex, round, square, and rectan comb t|o ereof. 95 Amed| al |m lant according
to any on&BPER e‘fﬁﬂ?&ﬁgﬁ%ﬁ%ﬁ%{é e & (':sén er o‘?ﬁ)( r85tre8o é_:‘arlri teéﬁddv ic tﬁggr)graphlcal

structure atréepthecehrdmigidyeirnobihg Qmméﬁ@ém@ﬁﬁ@%?éﬁgﬁhafa@?ﬁﬂ‘wmgﬁd‘EWQ aand b

and whergiRyéntg gé@lé&@@@w&grumﬂwh@m@ﬁ@ @@nmw b1 pashislnectaar(@sbpis in an

interval bet eenngS Oggrpé%% ap tr%e d |s Jegt @%yglt%g& é p@%@bg%}elr&a&ﬁam ction in an
th a

interval b@fwep O? cons ant In a second direction in an interval between 1-4

pm. 37. Ahﬁ*ré‘ﬁﬁ@ﬁ’l‘méﬁt%‘@é%?ﬁmg ﬁﬁ?&ﬁﬁ‘@’b‘ﬁﬂd’fﬁﬁ%"??’lc‘%@ boRerminaeat- 4'PEIR0f said
surface isttanaiviniceatedandlrosditaniomwitededicmany wasdedheieal. B8ndanédical indglant

accordin cl o S I cansistsafa
blodegra%"‘%lipg Qrﬁeg;{%s&g?%ﬁ acﬁdﬁgﬁ‘%g{t;%%%ﬂtabgﬁ: E():%J‘)E i %?l)cg %ﬂ %Q%SS% é@fﬁgﬂm glant

accordingPfV 4R *6?a’&‘ﬁﬁsoz“?“th‘?’%@‘f'ﬁ%ﬁh@?@6Wfﬂ?‘§ﬁ?g°5 §0%18EH Bifid%elected
from the graup cotisistingufdgoly peptid@rcasbaliydragesdipidhardvi ivormsissaintgbey2 4ntigen,
glycoprot%l,g lipoprotein, DNA, RNA, polysaccharide, lipid, organic compound, and inorganic
compound.



40. A medical implant according to claim 39, wherein said growth hormone is selected from the group
consisting of BMP, EGF-like, TGF-beta, IGF. 41. A medical implant according to any one of claims 27-
40, wherein said implant is a dental implant. 42. A medical implant according to any one of claims 27 -
40, wherein said implant is an orthopedic implanty496 43. A medical implant according to any one of
claims 27 -42, for use in surgical treatment of a human or animal. 44. A medical implant according to
claim 40, for use in the treatment of a dental condition in a human or animal. 45. 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 defineggdn ﬂ%@f&%{%s@m@&zﬂ/bimm@am%ﬁa&ﬂeﬁmm@h@wa@%@hﬁ@n ase of a cell
or tissue cultulﬁe container toip moteoge{}ne expr ssmgbﬁ ifﬁrengaﬁd celgs dy g cell Lgture in vitro,
the contaiffer aw%e” agﬁﬁaceuﬁ'norne%osﬁr%e 05 dafiE ring usé, where at dasta part of the
surface isitefined by a biocompatible material, wherein the biocompatible material comprises a
biocompatible material according to any one of claims 27-44. 47. A biocompatible coating for use in

the manu%ctwe of.a gne)(}:ljk ! |6H’It Wh gjﬁn%% b%%comé)re]trgbtl I%%gn%&qml gf%%{lgl, cfompatlble

material accordlng {o any one of "Biocompat coating of claim 47, , Wherein
said medis ?fﬁﬁ?a?ﬂcféjbl@c%?ﬁ\é‘ahﬂfé aﬂﬂw%l@éer%'rmr?@“%@mpf  RHACEPBISRRRYAY bone
formationextiiviorbynexpressiost agigsteophviiin anslostieaaalcin in bone-forming cells, the method
comprising bringing the cells into contact with a biocompatible material wherein at least a part of a

surface ofihe DiagmPAlleRSahNG IAAGIE Bk R AR T PR SRAlR

topographlcal structure comprising a plurality of protrusions arranged. on grid points of a regular two-
dimensioR'yHRs, RIRErRTed ﬂr&?ﬁ%ﬁiﬁ%@ﬁ%{@@’f&reﬁsﬁegw%ﬁ%ﬁ}?&&%.ﬁ ' cross-sectional

diameter 1.0 pm - 2.0 pm, wherein the distance between adjacent grid points along at least one

dimensioryis e 2iA iEnead SdigMo wmﬁe'ﬁb,e%arefnthsepb%m@@n§ of Westenograghical
structure has.a ve rtical h%ght/depth dimens{gn e u:fll t? or ggeater than d60 pm, g{efer?béy about 2.4
ranged on e reguiar two- di it

Sectionar geometry~are a Fersional grz i an afternatin

pattern.

32. A medical implant according to any one of claims 27 through 31, wherein the structure

includes protrusions of different cross-sectional area.

33. A medical implant according to any one of claims 27 through 32, 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.

34. A medical implant according fo any one of claims 27 through 33, wherein the protrusions
are arranged in parallel rows where the cenire-fo-centre distance between adjacent

protrusions is different in adjacent rows.

35. A medical implant according to any one of claims 27 through 34, wherein the lateral
cross-section of one or more protrusion has a shape defined by circumference andfor
geometry selected from one the shapes: circular, concave, convex, round, square, and

rectangular, or a combination thereof.
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36. A medical implant according to any one of claims 27 through 35, wherein the center of
the features of said periodic topographical structure are placed on grid points of a 2-

dimensional rectangular grid with grid constanis a and b, and wherein:

a. the grid is a square grid wherein the grid constant in each direction (a=Db) 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 ym and with a grid constant (b) in a second direction in an

interval between 1- 4 ym.

37. A medical implant according to any one of claims 27 - 36, wherein at least a part of said
surface is tantalum-coated and/or titanium-coated or any oxide thereof.

38. A medical implant according to any one of claims 27 - 36, wherein at least a part of said
surface consists of a biodegradable polymer as polylactid acid or poly(lactic-co-glycolic
acid).

39. A medical implant according to any one of claims 27 through 38, 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.

40. A medical implant according to claim 39, wherein said growth hormone is selected from
the group consisting of BMP, EGF-like, TGF-beta, IGF.

41. A medical implant according to any one of claims 27- 40, wherein said implant is a
dental implant. '

42. A medical implant according to any one of claims 27 - 40, wherein said implant is an
orthopedic implant.
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43. A medical implant according to any one of claims 27 - 42, for use in surgical freatment of

a human or animal.

44. A medical implant according fo claim 40, for use in the treatment of a dental condition in

a human or animal.

45. 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 27-44 into-a surface
of said biccompatible material.

48. Use of a cell or tissue culture container fo promote gene expression in differentiated
cells during cell culture in vitro, 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 27-44.

47. 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
27-44,

48. The hiocompatible coating of claim 47, wherein said medical implant is biocompatible

with bone-forming celis,

49. A method of promoting bone formation ex vivo by expression of osteopontin and
osteocalcin in bone-forming celis, 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 pym - 2.0
um, wherein the distance beiween adjacent grid poinis along at least one dimension is
between 2.0 ym 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
pm.



