A SUBSTRATE HAVI NG A SURFACE FOR | NHI Bl TI NG ADHESI ON OF A TARGET CELL
THEREON AND A METHOD OF PREPARI NG THE SAME Technical Field The present

i nventi onygepfy@dkly rel ates to a substrate having a surpa¢Rchioobsy’i bi ting
adhesion of a target cell thereon. The present invention also relates to a

met hod of preparing the surface of a substrate to inhibit adhesion of a
target cell thereon. Background Wien a nedical device is inplanted into a

human body, PhEVBSTRATES BAYING: Re SURFACE, FORe INHFBT THHS, / SIRNRF Pake
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bl oodcont acti ng nedi cal devices can lead to thronbosis at the

bl ood-material interface with the_associ ated.ri.sk of thronboenbolic events.
It is widely recognized that V\heancﬁ’ﬁ‘r‘é’laé'n Hgd& i al is placed in contact
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events nedi ated by these proteins onto specific cell's | eads to processes
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and the consequent actjvation of the coagul ati on cascade,

inhibit adhesion of a target cell thereon.

10
Background
When a medical device is .implanted into a human

body, there is risk of rejection by the human body,'which

may take place in the form of fibrosis, thrombosis and

15 inflammation and may be complicated with bacterial
infection. In particular, the .implantation of blood-
contacting medical devices can lead to thrombosis at the
blood-material 1interface with the associated risk of
thromboembolic events.

20 It is widely recognized that when a foreign material
is placed in contact with the human body, it rapidly
adsorbs a layer of proteins and a series of events
mediated by these proteins onto specific cells leads to
brocesses such as thrombosis, inflammation or rejection.

25 The extent of these reactions depends on the
biocompatibility of the biomaterial.

In the case of blood contacting devices, adsorption
of proteiné, such as fibrinogen, to the material may lead
to adhesion and activation of the plasma platelets and

30 the consequent activation of the coagulation cascade,

resulting in the production of thrombin, an important



resulting in the production of thronmbin, an inportantenzyme that |eads to
formation of fibrin polynmer strands, as well as a potent activator of

pl at el et syoAdhaieNt pl atel ets becone activated, secreti pgraeeniombdssi hat
activate additional platelets, and providing a substrate for promul gation

of the coagul ati on cascade. These intertw ned events lead to the formation
of a stable thronbus on the material surface, cqnsLstin%_of activated
pl atel ets adRBEeRE tHagadRagehépr ARETMES1PRe OfatdPirdln, POLYEREt KEFEF ISy

fibrin polyner, s d teri t T e}ﬁgg§§' an ivation
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materials are used. in bl god contactin di cal .devices. To render their use
T Such appl PESEVGHE AoHOgd e S hhs AR BT CUTRAEE Pasurokir
processegs tofoRCr gasmuditRitidi 0 S hen® cespghibthbhy. cExarpkes ahesw face
passi vation processes include coating with a carbon based inorganic
coating, bioadtierevisgd ngvertag faasgneat st Hicswadrierol e€ul®es stebreat i on
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hydr ophi | i ¢ mol'ecul €s T1 Ke poly-ethyl éne oxi de,” chem cal® conposition
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with controllable ool ioning, pnd size, ton imlantal ion and graft ©
del ami nation undei 3hean1st £ees rRdRLROUNE! QWhNRMERNCATIiRGtion of
conplications downstream In addition, the cost
platelets could therefore facilitate the development of
medical devices with improved. hemocompatibility. A
variety of biocompatible polymeric materials are used in
blood contacting medical devices. To render their use in
15 such applications, these materials may undergo surface
passivation processes to increase their bio or hemo-
compatibility. Examples of surface passivation processes
include coating with a carbon based inorganic coating,
biocactive coating using fragments of biomacromolecules,
20 formation of a <covalently linked <coating layer by
employing brushes of long-chained hydrophilic molecules
like poly-ethylene oxide; chemical composition
modification of polymer surfaces, immobilization of
biological molecules with controllable positioning and
25 size, ion implantation and graft polymerization.
However, one of the limitations in using coatings ;s its
delamination under shear stress in blood flow, thereby
causing complications downstream. In addition, the cost
and complexity of these coatings could further complicate
30 the regulatory approval process. Nonetheless, none of the

artificial surfaces developed to-date is completely inert



and conplexity of these coatings could further conplicate the regulatory
approval process. Nonethel ess, none of the artificial surfaces devel oped

t o- dat e iwoGeitRizede!l y 1 nerttowards bl ood. To avoi d thr opbesicSom®No00354
t hr onboenbol i sm conplications, patients with nmedical inplants have to

undergo anticoagul ant therapy, which in turn leads to undesirable side
effects. An alternatlve to using chemcally-based nodification of surfaces
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havi ng i nconsi tentag |g a g ?ths bet ween bat ch-tobat ch devi ces,
| eadi ng to prBBFERE28Fer &8pP8dGEEBPFPty and uncertainty associated with the

| evel of platel etaadheskoBerAnetier wayoof nudihyi ng themtiepogkaphyeef a
surface of a nedical surface is to formdual-scale structures with nano and
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the structures on the
using these processes are typically random structures
having inconsistent heights and widths between batch-to-
batch devices, leading to problems of reproducibility and
uncertainty associated with the 1level of platelet
15 adhesion. Another way of modifying the topography of a
surface of a medical surface 1is to form dual-scale
structures with nano and micron dimensions. Howevef, the
level of platelet adhesion on the structured surface,
while iower than that on a pristine surface, is not
20 within the desired range. A further known substrate
having nanoécale structures on the surface of a substrate
has been taught in the art, however the problem with
these nanoscale structures 1s that they do not
Eignificantly decrease the level of platelet adhesion on
25 the structured surface because there is no control over
the dimension and displacement of the structures on the
substrate surface. Further, this known substrate was
produced using a process which was not able to result in
the miniaturization of the topographic structures in
30 order to arrive at a low level of platelet adhesion.

While efforts have been made to decrease the dimensions



substrate surface. Further, this known substrate was produced using a

process which was not able to result in the mniaturization of the

t opogr aphwo 28twasetiares in order to arrive at a | ow | evelpcofscphmtoedsst

adhesion. Wile efforts have been nade to decrease the dinensionsand

paranmeters of the topographic structures to the nano neter scale in order

to decrease ths | evel of glatelet adhesi on on the nedi cal devjce, these
u
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structures of the desireé par ane overcones, ~0
amel i or at es, pbaecdetmpdresiohhe di sadvant ages descri bed above . Sunmary

According to a first aspect, there is provided a substrate having a surface
for inhibiting adﬁE@F%ﬁOB?'atbﬁF@e%ScélPeFHe?QSn?ntH@p§88§9r§PESgBﬁﬁPising

an array of gepengl loodongididi nal pEe8EL! Qs haviRgga pongidudinal naxi s
that extends fromthe surface of said substrate and having an aspect ratio
of at | east @r8erwher eichdeljacentdggiofedt Lons lfveshai df amdimesdoa cohf Bgur ed

on t he subst gte ucQ ihgﬁ the projections at |east partially inhibit
adhesi on of 5°faF§et=tal F EhePBoN.

10 There 1s also a need to provide a method that can
produce a substrate having topographic structures of the
desired parameters that overcomes, or at least
ameliorates, one or more of the disadvantages described
above.

15

Summary

According to a first aspect, there 1is provided a
substrate having a surface for inhibiting adhesion of a
target cell thereon, the substrate comprising an array of

20 generally longitudinal projections having a longitudinal
axis that éxtends from the surface of said substrate and
having an aspect ratio of at least 2.5, wherein adjacent
projections of said array are configured on the substrate
such that the projections at least partially inhibit

25 adhesion of a target cell thereon.

Advantageously, when the aspect ratio of the
projections is above 2.5, the projections substantially
inhibit adhesion of target cells on the substrate. For
example, platelets, adhering to the substrate surface are

30 substantially reduced as compared to substrates that have

such projections that do not fall within the defined



Advant ageously, when the aspect ratio of the projections is above 2.5, the
projections substantially inhibit adhesion of target cells on the

subst r at ewoRoro/ssanpl e, platel ets, adhering to the substcaise26m9rbase are
substantially reduced as conpared to substrates that have such projections
that do not fall within the definedaspect ratio. In one enbodinent, the
aspect ratio of said Ero jections is_in . the range of 3 to 20. The |nventors

have al so di 8€B¢EFedathar tRi SNScFEPCEd FRAge tHf aSPEEL FAtHQ °f tfrdd
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it is believed that beyond the upper limt of the range, clustering of the

proj ections hayeo@duﬁ>mMﬁvaﬁmeénthatr§a9§dSﬁhﬂﬁﬂﬁﬁzﬂ@ﬁg¢30§vaﬂpﬁﬂuafor

cel |l ul ar conta which in turn ncrease cel S|on t the suhstrate.
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effective to prevent contact of the target cells with the underly
substrate. FGPEhet®BeE, thE bt oj €€t Ghe bé@ﬁﬁﬁ”rel%&?%%@?l?%fléflbI Srhen

submerged in §ogeEkHbHSeH$?r%%%%QtéW%hCth@C L8868 rbhedd kelidaeed Qfea

est abl i shi ng st bl e contact between the target cells and projections or
under | yi ng smbstmaaalabhecn@penbodﬂﬁehar tm@mﬂﬂQﬂxﬁuwmwQWecunon§uam.said

array are disposed from t her % a, di stanc $S than the dianeter of
the target céﬁFFeﬁa§§ang§ ﬁ§518§ ﬁetngﬁaﬁég '8t “adj acent projections is
| ess than the di agpkar tak b@@e@@ lrsit ibhe sl bkebiwheqd, oft niche agejdts Jeaiinrg
are not adequately inhibited from adhering thereon
because the projections are not . as effective to prevent
contact of the target cells with the wunderlying
substrate. Furthermore, the projections become relatively
15 inflexible when submerged in a a fluid environment which
increases the likelihood of establishing stable contact
between the target cells and projections or underlying
substrate.
In one embodiment, the adjacent projections of said
20 array are disposed from each other at a distance less
than the diameter of the target cell. Advantageously, as
the distance of adjacent projections 1is 1less than the
diameter of the cells, the likelihood of the cells being
able to adhere to the surface within inter-projection
25 vspacing is 1largely reduced. This 1is due to the size
exclusion effect of the inter-projection spacing, that
is, the cell is too large to be able to get into the
spacings between adjacent projections.
In one embodiment, the adjacent projections of said
30 array are disposed from each other at a distance of 200

nm or less and with. an aspect ratio 2.5 and above.



able to adhere to the surface within inter-projection spacing is largely
reduced. This is due to the size exclusion effect of the inter-projection

spaci ng, wbabidde21khe cell is too large to be able to geprisebfoiobesspaci ngs
bet ween adj acent projections. In one enbodi nent, the adjacent projections

of said array are disposed fromeach other at a distance of 200 nmor |ess

and with an aspect ratio_2.5 and above. Advant a%eousl ,, this largely reduced
i nter-proj ecf*%’ﬁ%ﬁaépﬁéléfnd 58p8ct LPABP Ynof SBNCPdex dnigesPrRaCEREPPe cel |

from entering,the,gpaces Qgg@,@@n Adi acepbrcebhs, b!éfxc%a@sr edicesnthec

possibilities of pseudopods or extensions fromthe cell to nake stable
contacts to t:laélpim]oectarrtr@srmsyrftame sput&énebstlwéanead@ahentthells but

i nterprojecti (ti space(i. Thi s %tds in thg.éegucti on_of adhes dof cells,
especial |y nBtPe c&f 4Ce¥nt Fthe BEPPACES5FSPhe 8 bstFFsae[Ue OHQt *has ®4l so
been suspri sirgkysdbagoraioad the tde1 1 nvenkeke tdadbidecsubsttat €oi she
extrenely effective to inhibit cell adhesion, specifically platelet

adhesi on, WheKOOREtpPBFectibiaCar 8ndi shased Y sincabhtbinerthy angrsrance
of 200 nm Orgtr%ﬁécﬁﬁoﬁo%ﬁ ed t?hQEhSEd'smlﬁr RECLRGLI21 odl %tfa'a%lﬁés;LEﬂ one

enbodi nent , gast _one of the substrate an projections is conprised of a
. bi oconpat i bbé pealyisgr .ed{d@carﬁlageomstylet keldusbhstarate Tlaa berfigedsi of

app,cat ons et Lequirie ool apl Lt e BaLLent s bady, WA ouL el el ng
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of effective to inhibit cell adhesion, specifically platelet
adhesion, when the projections are disposed from each
other at a distance of 200 nm or less as compared to
other inter-projection distances.

15 In one embodiment, at least one of the substrate and
projections 1is comprised of a .biocompatible polymer.
Advantageously, the subétrate can be used in applications
that require contact with the patient’s body without
eliciting an adverse immune response from the patient.

20 For example, the substrate may be an implant that is
placed forAlong periods of time in the patient’s body or
a catheter or a tube that would be in constant contact
with the patient’s bodily fluids in vivo or ex vivo.

- In one embodiment, the biocompatible polymer is a

25 thermoplastic. Advantageously, when the biocompatible is
a thermoplastic, techniques such as casting or
nancimprinting can be easily wutilized to form the
projections = on the substrate. More advantageously,
thermoplastics can be easily reshaped into projections

30 with high aspect ratio nanostructures and hence the

projections on the substrates can be reshaped and



a catheter or a tube that would be in constant contact with the patient's
bodily fluids in vivo or ex vivo. In one enbodi nent, the bioconpatible

pol ymer iwo2oidigEsep! asti c. Advant ageously, when the bi pe@Rabdodhessks a
t her mopl astic, techniques such as casting or nanoinprinting can be easily

utilized to formthe projections on the substrate. Mre advantageously,
t hernopl astics can be easily reshaped intqQ projections with higg aspect
rati o nanost FUgtamédednd afencdn® he "Pedj ecttonsi8fdt héTd§EsSt-r at B c2RSbe
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t hernopl astic 1s selecfe romthe group consisting of poly (D, L-lactic
aci d) (PDLLArpnpobyghygcolfi poawi(d, LPGArtipokyi@3- HYBEDRYbupplageycORER),

I b t PO , I | acti de- co-.gl W i PLGA
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Pol yam des (PA) Pol yacetal (POM , Polyacrylonitrile (PAN), Pol tetraf
| uor oet hyl enéPLERTFE) Poihermsseectrgepol yiEFE) Vi ke ponBP%ﬁﬁﬁ§%§iP@ﬁane
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as clainmed in any one o he pr wherein said'target cell is
sel ected fronpPUhe grRmipy cansilsti aglofidéfy onb@sit) es, Podaes ophamges, désdritic

cells, lynmphacytes, granulocytes_and bacter,i Adva |y, when.th
substrates afF® M@@adgﬁ agﬁﬁﬁza?Péﬁécﬁﬁﬁ ré%ﬁ“?e cogkgggg%gyﬁoPﬁé%gﬂgog,

the celilps presgaRty,i redhne(td oo suchodsh J EPogylres) , thermosetting
polymers like polydimethylsiloxane (PDMS) , epoxies and
combinations thereof.

In one embodiment, the substrate as claimed in any
one of the‘preceding claims, wherein said target cell is

15 selected from the group consisting of thrombocytes,
macrophages, dendritic cells, Ilymphocytes, granulocytes
and bacteria. Advantageously, when the substrates are
used in appliéations that require contact with the blood,
the cells present in the blood such as thrombocytes,

20 macrophages, dendritic cells, lymphocytes and
granulocytés which elicit blood clotting and immune
responses in the patient’s body can be inhibited from
adhering to the substrate. More advantageously, this
}educes the likelihood of complications such as foreign

25 body rejection, thrombosis, embolism or infection in the
patient.

In one embodiment, the projections are flexible in
that at least part of each projection 1is capable of
deflecting from its longitudinal axis when subjected to

30 force. Advantageously, when the substrate is placed in a

fluid medium that has fluid motion, the projections are



macrophages, dendritic cells, |ynphocytes and granul ocytes which elicit

bl ood clotting and i mmune responses in the patient's body can be inhibited
from adhewbngiwmsiibe substrate. Mre advantageously, thipeTsedowssosshe

| i kel i hood of conplications such as foreign body rejection, thronbosis,
enbolismor infection in the patient. In one enbodi nent, the projections
are flexible in that at |east part of each projection is capable of

defl ecting f 3 t §°1 BRY? udbealt axiel whewisis eefedtttadhorasy. to the

Advant ageously, . fhen ¢ he [ I [ flui,d_medi_um_t hat has
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advant ageousl y, this sweeping novenent of the projections when placed in
the path of éxﬁﬁbiﬁ aFgﬁidlﬁidEh?n B3} bith nG cBPViRgheéiBhdori®e skt face

of the subst riagftebiMAide 2t heimg heung, Bhd haorshcd tof Sciheldigyed 4hat such
sweepi ng novenments of the projections prevent the cells from adhering
stably to thdhsider a¢ds bsfinchdosutss thattdrecths siteeipd e Ik rithsa tal soch

advant ageousl r hnen of __an akly attached . cells .an the
subst ratge. Tr%’s?,e%%% ﬁ%eelgﬁ)grg etst%éer eprﬁ%%%cw%elno%%’pp%%%? n ehaciejl(’)lesqui re
contact with fireen bhadloslr fh@wsehbllhe At trat suwiftitaas sat hakersi@idrate.

i ntravascul ar_tubes, the flow of blood would initiate the sweeping _
movements of t¥e PFE6FELIPonEOVEMEREFebT 2P d FH AR BFRRTY pl ATEIRiTagfhesi on

on th?]ﬁﬂbStE@k%ch%@h%sadwgﬁtag@@MS|Wéaﬁi§t EermRhign ofLfhe sufstrgie is
i nhi bited and hence
substrate. Thus, when the substrates are used in

applications that require contact with the blood flow of
the patient, such as catheters aﬁd intravascular tubes,
the flow of blood would initiate the sweeping movements
15 of the projections to thereby aid in inhibiting platelet
adhesion on the substrate. More advantageously, clot
formation on the substrate is inhibited and hence
preventing the impairment of the substrate’s
functionality as well as possible medical complications
20 that may occur due to the presence of blood clots. In one
embodiment,bthe longitudinal axes of the projections are
disposed at a substantially normal angle relative to a
planar surface of said substrate.
: In one embodiment, the projections have heights in
25 the range of from 300 nm to 1000 nm. In another
embodiment, the projections have widths in the range of
from 50 nm to 300 nm. It has been surprisingly discovered
by the inventors that this specific range of height and
width of the projections ensures optimal céll inhibition.
30 More advantageously, this specific range of height and

width allows the projections to  have sufficient



preventing the inpairnment of the substrate' s functionality as well as
possi bl e nmedi cal conplications that may occur due to the presence of bl ood

clots. | nygngibad nent, the |ongitudi nal axes of the pe@jsesijoRisssar €
di sposed at a substantially normal angle relative to a planar surface of

said substrate. In one enbodi ment, the projections have heights in the
range of from 300 nmto 1000 nm |In another enbodiment, the projections
have w dt hs mAchhReifadgesbfehgbm 500 niitdi o dimoridoniagy bédmisur giliowi ngl y

di scovered by. Lnyentar.s that, this ecific range of height_and w dth of
the projecti %ﬁéﬁgﬁgu\rberseagqp%% UEeldt i HAT bof"Sn. b 2 ﬁ9ar¥%ag%%ﬁ%l ;A?A,O this
speci fic rangeintahai ghte apdqui ded alnams tbe rm@jxa(btiilQrtg/ too haveibit
sufficientnechanical strength to withstand onconming fluid flow w thout
breaki ng but C&t1t REN§§AENt FRETSP80 be able to maintain the required anount

of flexibility torhnhibit celd,adhegiantheregn, ol n g secand, agnect ,there
is provided an inplantation denvi ce fgr i pl ant aﬁeon ?Snt o'a péltl ent’ sanbody,
wherei n the depilertabapni sésviceurfcaceimbaanhasian aimtay of bengienudisnal
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proj ections etrsgi dod@r r aybrafie wiiMdlgureeh e vhsuréaeen@ing herdemi ca such
that the projections at |east partially inhibit adhesion of a target cell
thereon. In AUFARFE &dpsaid dfri€s St ovherrina pethoBref eFARPBRt hage

adheSiQ@ of Qntaégﬁgceelkagﬂoa g?ViQ@ iTeast 2.5, wherein adjacent

projections of said array are configured on the surface
of the device such that the projections at least
partially inhibit adhesion of a target cell thereon.

In a third aspect, there is provided a method of

15 inhibiting adhesion of a target cell on a device in
contact with body fluids, the method comprising the steps
of:

providing a device comprising a substrate having an
array of Ilongitudinal projections extending from the

20 surface of said substrate and having an aspect ratio of
at least 2;5, wherein adjacent projections of said array
are configured on the substrate such that the projections
at least partially inhibit adhesion of a target cell
.fhereon; and

25 contacting the body fluids with the substrate.

In a fourth aspect, there is provided a method of
preparing a surface of a substrate, the method comprising
the step of forming an array of longitudinal projections
that exteﬁd from the surface of said substrate and have

30 an aspect ratio of at 1least 2.5, wherein adjacent

projections of said array are configured on the substrate



contact with body fluids, the nethod conprising the steps of: providing a
devi ce conprising a substrate having an array of |ongitudinal projections

ext endi ngwbneiwdsbassur face of said substrate and havi ngpaf/sgsapmbodsat i o of
at least 2.5, wherein adjacent projections of said array are configured on

the substrate such that the projections at |east partially inhibit adhesion
of a target cell thereon; and contacting the body fluids with the
substrate. |#% Foukedstaspeetialher énihgbptovides i@merhoad thrpegpasildg a

surface of a at t od. conprising_.the step of .form ng _an array
of | ongitudi rjfaléb[%troélj'egﬁ 5’2% tha O&eilxrfeer%’ f?%ér]n ?%%Ssa%f gggmépgsgind SulSst rat e
and have an afpeténghtiudiodl atprdceasit idrs wbepeibeadjacentapro) &cdi @ of
said array are cqnfi gured on the substrateto at |east partially inhibit
adhesi on of RYAGELIEELNIr hetFONL L3FY 0ABTERDIIIRIEMT 1heaBE e FasTt iGN ng

an array of heRGhtUdBak 1P 0] €L sONHGPMRYS S5 Alcah8@it OBE Mroquci g
nanoi nprinting, capillary force i nprinting and casting. Adva tageousq Y,
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di i h d th be utjlized .t d
tho preforr ol BeBEaEroat o (08 ahBSr e AE8 Ml et br F nPIPAuGRG Che

enbodi nent, the fetrepdoferftrdiinehit herarnhay @fbdongid udi Bal obeaj eetreams may
optionally exclude the step of chemcally treating the surface. In one
embodi ment, the SPRp FLIBMEHy akh&r r a§eBf Pondictidingal theojdctavneL

conpri g@s theqs8Rudfinal projections may optionally exclude the step
of chemically treating the surface.

In one embodiment, the step of forming an array of
longitudinal projections compfises the step of
nanoimprinting the projections on the substrate.

15 In another embodiment, the step of forming an array
of longitudinal projections comprises the steps of:

(a) providing a mold having longitudinal cavities
extending theréthrough;

(b) applying a thermoplastic material to the mold

20 and allowing the thermoplastic material to enter said
longitudinai cavities under capillary force to thereby
produce said projections on the substrate. The
temperature of the thermoplastic material during said
épplying step may be above the glass transition

25 temperature of the thermoplastic material.

In another embodiment, the step of forming an array
of longitudinal projections comprises the step of

(a) providing a mold having longitudinal cavities

extending therethrough;

10



nanoi nprinting the projections on the substrate. In another enbodi nent, the
step of formng an array of |ongitudinal projections conprises the steps
of: (a) pwowbthisgzia nol d having | ongitudinal cavities ertesd20/000354

t her et hrough; (b) applying a thernoplastic naterial to the nold and
allowing the thernoplastic material to enter said |ongitudinal cavities
under capillary force to thereby produce said projections on the substrate.
The tenperature oflPt he2RMEfHRfHI astiad Yigidraakil dusphgt sand teppEyengodicep may

be above the.gliass 1A t LaR4t eMSAULS A the1h asL) enial . In
anot her enboginent, the step of fos%?hg an §?r§§ .g$gﬁgﬁ%1tﬁgfﬁgﬁg i
proj ecti ons é&onpricsdsnafecsivepiek;(a) providing a nold having | ongitudinal

cavities extendin her et hr ough; (b) appl yin ol ynmeri.zable_solutiagn to
the nol d and aIIo&FEg%ﬁﬁ%ﬁﬁ%l H%nEéh#ﬁ?%ﬁﬁ%ﬁ?%nSpg%émﬂ& Lhter said
| ongi tudi nal apaliihgs 'st(eﬁ) (Regt ikbgthheepy! prBELZablsa i$0lHj@R taldnar o3ai d

applying step (b) , to thereby produce said projections on the substrate
upon denol di k§S FHPaksEREr LerPodEREAEiNGhe step of forming an array of

ongy ot el o) S5L RS GOTRELSER I, S0, 0 o ULARR BT e
solution to blielpohdtandnalll onorgcsabdspobypeiszablktaesesltebi of t 0 enter said
| ongi t udi nal CaVng?S;providing a mold having longitudinal cavities
10 extending therethrough;

(b) applying a polymer solution to the mold and
allowing said polymerizable solution to enter said
longitudinal cavities;

(c) eVaporating the solvent in the polymer solution

15 after said applying step (b), to thereby produce said

projections on the substrate upon .demolding.

Definitions
20 The following words and terms used herein shall have
the meaning.indicated:

The term “target cell” as used herein broadly refers
to any cell that 1is intended to be inhibited from
;dhering to the surface of a substrate. The target cells

25 may be eukaryotic cells or prokaryotic cell. Exemplary
eukaryotic cells include but are not limited to,
platelets, erythrocytes, leukocytes, macrophages,
dendritic cells, fibroblasts, granulocytes and
lymphocytes. Exemplary prokaryotic cells include but are

30 not limited to bacteria.

11



(c) evaporating the solvent in the polynmer solution after said applying
step (b) , to thereby produce said projections on the substrate upon

- denol di ngo 20efdzeiiei ons The foll owi ng words and ternms uged/sieesm®ionosshal |
have the neaning indicated: The term"target cell" as used herein broadly
refers to any cell that is intended to be inhibited fromadhering to the
surface of a substrate. The target cells may be eukaryotic cells or
prokaryotic cell.TERenyfi R y "8gR&EFot TRLERI | £5 nEFade Rk idr elfott? i Mt ed

to, platelet§nt%§¥§@£98y595a8h?u%BCXE?ET HRCLRN3ARS %%HQB%tBEe%%@é%
fibroblasts, granul ocytes an ynphocytes. Exenplary prokaryotic cells

i ncl ude but dimenetiohi migkeerad lyactier i Aefibeht ermi'aisyiect tat tbe ad duded
herein is to %e i nter rgted br%adly to refﬁ{ to the ratio of the greatest
di mensi on,  g8herl FYERREIFBngtRsH hBRGRt, (H% TREMw GRS aXStERict de,
Thus, when theetier o' agReelrildl | hd S pisEfetOifesCrtRechhengr ofeehi 0RS

extending froma surface, it should be interpreted to nean the ratio of the
hei ght of t h8UpfaFect ildnsSherldheb@i ditioiPiefeePr bpedEdon tGre t hetdpamdt er of

Lne orohect! gfc! (nbUpyEroop. SoeL) Ol resesl (E Ml Sl s o r 1
vari ants t hepeofijecasonsedr herted n dismeant tod behentereietetobr datll ¥ hieo
| nelude preventing adhesion as sl As glscouraging or;requel ng adhesion of
the target

10 shape.

The term “at least partially inhibit adhesion” or
grammatical variants thereof, as. used herein is meant to
be interpreted broadly to include‘preventing adhesion as
well as diScouraging or reducing adhesion of the target

15 - cells on a substrate. Hence, when the projections
disclosed herein are described as-being able to “at least
partially inhibit adhesion” of target cells on a
substrate, it should be interpreted that the projections
are capable of being able to entirely prevent adhesion of

20 target cells on the substrate or at least reduce the
number of éells adhering to the surface when compared to
a substrate that does not comprise said projections; that
is a substrate that is absent of projections.

B The term “low adhesion” in the context of this

25 specification, refers to the adhesion of target cells in
a sample that is comparable to, or lower than, the number
of target cells in the same sample that adheres to a
substrate having carbon nanotubes thereon.

The term “patient” as used herein 1is to be

30 interpreted broadly to include a human or an animal

patient.

12



cells on a substrate. Hence, when the projections disclosed herein are
described as -being able to "at least partially inhibit adhesion" of target
cel | s on woubsisate, it should be interpreted that thepprscGaoi0esssare
capabl e of being able to entirely prevent adhesion of target cells on the
substrate or at |east reduce the nunber of cells adhering to the surface
when conpared to a substrate that does not conprise said projections; that
is a substrate thds stapsent ibteproj ettt oa®acing”y erintew Hdhesiwml i n

t he cont ext i.s ~speci.fi cation. f ad i,0 f .target cells
in a sanple %%é:ilth:n? éon&a@ﬂaﬁgﬁﬁeéﬁﬁﬁéﬁ?%ﬁg tﬁgg!%uﬂ %Fl%f %r gte
cells in thebsamateappet achato adhar ehd @listsuhst,r atree hawglganeardonroid

nanot ubes thereon. The term "patient" as used herein is to be interpreted

broadly to i RSl ud&®% hiifan BPPLAPAARREI pRSTEREPThe?PeRABNE Ntk LA TS ar

spaci ng’s, "i RiecHiureet Ur alnSPaG MG ect 1idMLT - IR QRS P Paci Mg ehsed
herein are to be interpreted to nean the distance, area, 'volune or void as
may be appropairaedtsherfvedrchdjtezast id | Be sbestquutturesd ahd phej exdrions

respectively i_kew vard ant uch s 0 _he ,construed .in the
sane manner gg(lr:llglré i nag y?%on?&lg'aon%?é,&f%%ﬁeef m%:gn%céerrénpaclinnncge‘rscpaanc%neg used
i nt er changeably wbieh terwa " iintterqhidrgiatpacivigh ortermt eriryaj-astl iy
spacing” or "interstructural spacing” as nmay be appropriate. The term

"bi oconpat i bFE2EEYused®her el M YT ELCIF ERN mafBACAR9Whi cAT doestHAY tause

sever e 1i00Xi Cisk¥uc3@¥aNe spacing” as may be appropriate.

The term "biocompatible" as used herein refers to
any material which does not cause severe toxicity, severe
adverse biological reaction, severe adverse immunological
reaction or lethality in an animal or human when

15 administered at reasonable amounts.

The word “substantially”- does not exclude
“completely” e.g. a composition which is “substantially
free” from Y may be completely free from Y. Where
necessary, the word “substantially” may be omitted from

20 the definition of the invention. '

Unless specified otherwise, the terms "comprising”
and "comprise", and grammatical variants thereof, are
intended to represent "open" or "inclusive" language such
Ehat they include recited elements Dbut also permit

25 inclusion of additional, unrecited elements.
As used herein, the term "about", in the context of

concentrations of components of the formulations,

o

typically means +/- 5 of the stated value, more
typically +/- 4% of the stated value, more typically +/-
30 3% of the stated value, more typically, +/- 2% of the

stated value, even more typically +/- 1% of the stated

13



adverse bi ol ogi cal reaction, severe adverse immunol ogi cal reaction or
lethality in an ani mal or human when adm ni stered at reasonabl e anounts.
The wor d weubsymstical | y"'- does not exclude "conpl etel y"' peTgG2609000880Si ti on
which is "substantially free" fromY nmay be conpletely free fromY . Were
necessary, the word "substantially” may be omtted fromthe definition of
the invention. Unless specified otherwise, the ternms "conprising" and
"conprise", MdY§ranteli X dRENt §YPRERASY, Bfe Onbén tber epradsasht
"open" or "ingliysive" |anguage such that they include recited el enents but
al so permt inclusion of additional, unrecited elenents. As used herein,
the term "about", Thraughomanttexis ofi cohcsnte at censaah eobpdiaehs sofmdhe

formul ations, typicall ans +/- 5% of the stated valye, nore typically
L a0t t heos i S A Dot vy GO G -5 eBP o Ho Dt el A or o

typically, +ithad% @het haestatpdival Uen e¥8AGADI Eotypt caldy mdre k)0 Gfoit he
st at edval ue, and even nore typically +/- 0.5%of the stated val ue .

Throughout t Kicgv@ns@nesuead eaerdity emsbdihmnitd naly tre afinsdinss 45 & range
format. 1t shouhd Qe under ﬁ%%%@i%@agﬁhhg}:ﬁsscé&B%éonof ny %”9%&%%&%%%& S

nmerely for conveni ence an revit oul d not "be constrtued as an
i nflexible |imingatsi.ohcanridiegdeopehef ddwedigtloased raangesye Ateand ng v,

the description aof a range shoul d be considered to have specifical lc‘rée

di scl osed al ICH¥Rd5EES bl sub2VangsPess Meial las | AuFGt vt nareri

10 possible sub-ranges as well as individual numerical
values within that range. For example, description of a
range such as from 1 to 6 should be considered to have
specifically disclosed sub—rangesvsuch as from 1 to 3,
from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from

15 3 to 6 etc., as well as individual numbers within that
range, for example, 1, 2, 3, 4, -5, and 6. This applies
regardless of the breadth of the range.

20 ' Detailed Disclosure of Embodiments
Exempléry, non-limiting embodiments of a substrate
having an array of 1longitudinal projections extending
from the surface of said substrate to at least partially
Enhibit adhesion of a target cell on said substrate, will
25 now be disclosed.

- The substrate has a surface for inhibiting adhesion
of a target cell thereon and the substrate comprises an
array of longitudinal projections extending from the
surface of said substrate and having an aspect ratio of

30 at least 2.5, wherein adjacent projections of the array

are configured on the substrate such that the projections
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values wthin that range. For exanple, description of a range such as from
1 to 6 should be considered to have specifically disclosed sub-ranges such
as from woeodessfirom1l to 4 , froml1l to 5, from2 to #cr/scremdosy 6
from3 to 6 etc., as well as individual nunbers within that range, for
exanple, 1, 2, 3, 4, -5 and 6 . This applies regardl ess of the breadth
of the range. Detailed D sclosure of Enbodinents Exenplary, non-limting
enbodi ments 6f al8@Bkt R alvdihg 18R 18 tay2dres boyi tUdi Aal tRFDFeCtGns
extendi ng fremstagsurface of said substrate to at |east partially inhibit
adhesion of a target cell on said substrate, will now be disclosed. The
substrate has a shkagspkeot intiilist iofg the¢hesiogecaficast armgetecelt lidwarteon

and the substrat nprises an array, of |ongitudipal _projections _extending
fromthe sur ?%gg%o%o’sa?é ‘saLLﬁ?sstnCr a?%O%RdEha\ﬂqﬂgiiﬂs sSE@P%ra i 025f L 9teast
2.5, wherei nagdjuacent, projleelsitorboRft ti2e aarr ay ake seoRbigr ad .o ke

substrate such that the projectionsat |east partially inhibit adhesion of a
target cell EREPEdRSTthe BRPedsPEatt osabiot RE pEles edicoRsS tiwy Shelat Neast

about 3 , atmb%éshjﬁgpu%béut %kh|%%§tm898uqﬁ§nf Qﬁo%ﬁaﬁ% apbout 110, at. | east

about 12 and at |east about 14. 'I n one enbodi nent, e aspect ratio of the
proj ections ithano awret t Ran aboubn20,emimdimmen tt,hahhabaspel® andtho nxfr e

t han about 1%. .Idn one eqbodi rre.nst,. tht aspect ra%i of idprojections is

in the range®6f “3R§5E lﬁf’esfelrabltri/,%%e HPect rgt 8 égt ﬁge;ﬁﬂ(ﬁat@étyi'ons i's

from abgut 8the aspect ratio of the projections is from about 8 to
about 15.

The projections- may be nano-sized structures or
micro-~sized structures. Preferably, the projections are
nano-sized structures. When the projections are nano-

15 sized structures, the height of the nano-structures may
be in the range of from about 300 nm to about 8000 nm,
from about 300 nm to about 7000 nm, from about 300 nm to
about 6000 nm, from about 300 nm to about 5000 nm, from
about 300 nm to about 4000 nm, from about 300 nm to about

20 3000 nm, from about 300 nm to about 2000 nm, from about
300 nm to ébout 1000 nm, from about 400 nm to about 1000
nm, from about 500 nm to about 800 nm, from about 600 nm
to about 800 nm or from 700 nm to about 800 nm. In one
émbodiment, the projections have heights in the range of

25 from about 700 nm to about 900 nm.

The width of the nano-structures may be in the range
of from about 50 nm to about 800 nm, from about 50 nm to
about 200 nm, from about 50 nm to about 100 nm, from
about 50 nm to about 80 nm, from about 100 nm to about

30 300 nm, from about 100 nm to about 250 nm, from about 100

nm to about 200 nm or from about 100 nm to about 150 nm.
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about 15. The projections may be nano-sized structures or mcro-sized
structures. Preferably, the projections are nano-sized structures. \Wen the

proj ecti oR® 20{0R36AR0SI zed structures, the height of thepgagReGlofodsssEyr es may
be in the range of fromabout 30-0 nmto about 8000 nm from about 300 nm

to about 7000 nm from about 300 nmto about 6000 nm from about 300 nmto
about 5000 nm from about 300 nmto about 4000 nm from about 300 nmto
about 3000 nAn fPREn EHOIH1BEOtamM e aPd @ c2GA@NSM héavemwalstdts 300 rithe o

about 1000 nrpa{l%oglfal%gg%éggu@%bonﬁ‘b(%;&t g%’%% L from about 500 nmto

about 800 nm m about nmto abou Amor 11om 700 nmto about 800
nm | n one enbodi Mentonet kenjpdijreait onshdaxej betght srohetheohangd efaifd om
about 700 nmto about 900 nm The width of the nano-structures may b e in
the range of 36 adcut d56PRALHL Tt €860 HR1ST oAt alfouti8B2AREt d Sfout

200 nm =f romaheutt R0 MBAO AP0yt 10@ nar-Jdonapout tRPs NELLA -akoyt, 80 nm
from about 100 nmto about 300 nm from about 100 nmto about 250 nm from

about 100 nmspacibgutb0tem ar Fdimnerdoupredéchirne adbousmabDenmtharone

enbodi ment, the prQj iLons _have widths,in the range of_.fromabout. 70 nmto
about 130 nmtthl%n 8%18%%%‘85& ?rgnt‘,?h?hec%%jl aceht %l?%‘f%&i ore ofcegl i d APy are

di sposed fromdadaehingt harchdn thdli Shedeeptessct han bpecihanmetar fothe

target cell. This ensures that spacing between 2 adjacent pro%gcti ons is

smal | er t han SMROIdMEREr ertht F9RSEERY | Of 0 bt R YHel et | 181 §RFadH&ddhg
I

wi t hi njtohe iQ%erH¥wﬂf¥§§@n §pa§k99cth9e§nokﬁﬁr cell area. n one

embodiment, the spacing between adjacent projections is
in the range of from- -about 100 nm to about 500 nm, from
about 100 nm to about 400 nm, from about 100 nm to about
300 nm and from about 100 nm to about 200 nm. Preferably,
15 the spacing between adjacent projections is less than
about 200 nm, less than about 180 .nm, less than about 160
nm, less than about 150 nm or less than about 140 nm.
In one embodiment, the projections are flexible. The
projections may be flexible such that at least part of
20 each of the projections is able to deflect from their
longitudinai axis when placed in the path of a moving
fluid. For example, when the projections are placed in a
path of a fluid medium which is in motion, the
Erojections may be able to move about their points of
25 attachment from the base to deflect from its longitudinal
axis, in a sweeping/swayihg manner. When the fluid medium
is no longer in motion, the projections may also be able
to return back to their original positions and realign
with their longitudinal axis.
30 The projection may be of any cross-section,

including circular, oval, square, rectangular, polygonal
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enbodi nent, the d
structures per ce

ensity of the projections in the array is at |east 2
|1 area. In one enbodi nent, the spaci ng between adj acent

proj ecti ome 20m/d3621khe range of from about 100 nmto abowrtTHEGA0mM0FELOM

about 100 nmto a
about 100 nmto a
projections is le
about 160 nnftFes
enbodi nent, Lhe.R
such that at |eas
their | ongitodiea

exanpl e, when th

i's ?ﬁ nntion?u%ﬁg
attachngnt feapet
smeeping/smayin%

proj ecti ons ABEY¥a
realign wth,thep
cross-section, in
I n one enbodefent
of the substrate.

al ong nost or sub

bout 400 nm from about 100 nmto about 300 nm and from
bout 200 nm Preferably, the spacing between adjacent
ss than about 200 nm | ess than about 180 -nm |ess than
sIPhaPRabotfeagbnemt or s RIGIPHBARRS 140 mPild agive

B9k ctfirq?rﬁ i ble,£The proj gy be Al bl e
t pgrt 0 égg %F?ﬁagéppojecf?o%%ﬁgéfggée t%ed ﬁﬁé%?lfrom
Fsaxits onhew yplkec exib gt arhtel golat h whi fionovahgnél modt Ear

rojections ar | aced in pat h. of a fluid nedi um which

“BFEPELY el by Bohe PBEnbve BOBURIHAT pof nieof
hexdasget pidafdrecéxf&miy | bxakongidmdinal @diS, okN the
manner. Wien the fluid nmediumis no longer in notion, the
FSo befhbl ePEdlpst ursddsackwableheimayor i B¢ nalggpesiatlilons and
%hgﬂglﬁg.d't@l%l %i?ou%&fm%r%\.ﬁ%ﬁtécp& rr%yleb P{l ymaﬁ/

Pu ing circul ar, oval, square, rectangul ar, pol ygoral etc.
hatheapgenectilags fare pirl harsuedeendapgy from t he surface

The pillar cross-section npy be substantially uniform
§Paﬁf1%aﬁ“§)°£11me6’rt t ﬁg‘%é?iﬁﬂ SFIPMe BFFI RFESGREREY itaper

as theipi || apnextrends awavwd redy the Lastngf dhesstrdaceerdhespih! a5 si de

wal | s may be gene
squar

patte
array

havin

rally
e pattern, a rectangular pattern, a circular

rn, a rosette pattern, a random pattern etc. The
of projections may also cbmprise of projections

g different dimensions, for example different widths

15 and heights, as long as the aspect ratios, height and

width

compr

polym

s fall within the specified ranges defined above.
The substrate and/or the projections may Dbe
ised of polymers such as synthetic polymers,

eric biomaterials, biopolymers, and other polymers.

20 In one embodiment, the substrate and/or the projections

25

30

are comprised of a biocompatible polymer. The
biocompatible polymer may, if desired, be formed of a
resorbable material which can be resorbed into the living
Eissue within a certain period of time. For example, if
the substrate is intended to prevent adhesion of tissue
structures during a healing process, the substrate and
projections can be comprised of resorbable material which
is resorbed after fulfilling its function. In addition,
the biocompatible polymer may be a thermoplastic. In one
embodiment, the thermoplastic is selected from the group

consisting of poly(D,L-lactic acid) (PDLLA), polyglycolic
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orthogonal to the surrounding surface. The pillar may al so have a generally
flat or a rounded cap. In one enbodi nent, the projections are presented in
an array,wehomn3sgay be in any chosen pattern, such as arsgsareopadssern, a
rectangul ar pattern, a circular pattern, a rosette pattern, a random
pattern etc. The array of projections may al so conprise of projections

havi ng dlfferent di mensi ons, for exanple different wdths and hei ghts, as
long as the &§p€ct ratB@s, hei ghelrhd-MVArasyYPUryraiehi n t K8HBpeci fi ed

ranges defin %Qa%%ODEQ% sugg ate angéegltggtganggzg?g§?g?§ b%é§HgN|sed

of polyners S syntheti ¢ pol yrfers, neric bro
bi opol yners, (M@Ac)t her Ppdlyyrprs.l aldat core enb((m]ment t he Quist(reattsy lasrdd or

the projectigns are ri sed _of a hi atible poI nmer . The bi oconpati bl e
pol ymer” may, eﬁeﬁé§ 3g%e6e (F& ed §° %gﬁy) t er PO ¥R AET be

resorbed intqpihe |invdngdispue whibikaga)cer tajd) pe?b@?s@if&h@? Fass)
exanple, if the substrate is intended to prevent adhesion of tissue

structures dfeilygradesal i(R§) pré@é@@ceﬁﬁé-sdﬁ§ﬂ¢ate ark$ lpresj rectcrgtse iclen  be

conpri sed of [ or fter fqu|II| its
function. In a%%ﬁtlo€$f¥ﬂ@g§|%€%%%2%8€?%f ; Qﬁ%f@ be a H&%nnﬁ qqc In
one enbodi nepb,l yilae st hefmmcﬂs,tdme&;smﬁmmérommae gr eppxcessi siridng of

poly (D, L-lactic¢ acid) (PDLLA), polyglycolicacid (PGY), poly
(3- hydroxybuF?Pgﬂe?tepHB)therﬁ@l carbonate (PC) , poly (lactide-co-glycolic

acid) @BLGA) Pol yqaerotaféeeedea@) diBeh¥s6at hyd fog, t grephtbal Ao dRET)
Pol ypropyl ene (PP) , Pol yurethanes
from the group consisting of thrombocytes, macrophages,

dendritic cells, lymphocytes, granulocytes, bacteria or
any cells that are capable of adhering to the substrate
without the disclosed projections.

15 The substrate may be any substrate that encounters a
biological environment whether by implantation,
extracorporeal processing of blood or other body fluids,
or substrates used in food and beverage handling and work
surfaces that encounter biological formed elements such

20 as bacteria. For example the substrate may be an implant,
a graft and a prosthesis introduced into the wvascular
system, gastrointestinal tract, lung alveolae, synovia,
connective tissue and in the eye or gum and in any part
of the body. In one embodiment, the substrate i1is a

25 catheter which is in contact with the patient’s blood. In
another embodiment, the substrate is an implantation
device such as a stent, heart pacer or artificial heart
valve for implantation into a patient’s body.

The array of projections extending from the surface

30 of the substrates <can Dbe formed at least one of

nanoimprinting, <capillary force imprinting, template
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(PU, Poly(vinyl chloride) (PVC) Polysul fones (PS) Polyam des (PA)

Pol yacetal (POM , Polyacrylonitrile (PAN), Poly (tetrafl uoroethyl ene)
(PTFE) , wbeontmsetiti ng pol ymers |i ke pol ydi net hyl si | oxareT(SB2VB)00035€pOXi €S
and conbi nations thereof. The target cell disclosed herein my be sel ected
fromthe group consisting of thronbocytes, nacrophages, dendritic cells,

| ynphocyt es, {N%r anul ocytes, bacterja or any cells that are capabl e of

adhering to PRETEMEst r &% wi tFULR%re di S&l 05U pr oFBROFGAENtThe SHlSSY lr)at e
_ s ;
may be any suhgbhapeakhat eNGRURMS @ Y of 00 cak, eRKL %@3@@5&&3{3 y

i npl antation, extracorporeal processing of blood or other

substrates used ¢arfiontl antd beveradenremitiung andnger lkaksurd atks ]tgtiaatshs
encount er bi gl ogi cal. fornmed el ements h as .bacteria. ,For exa e the
substrate ma)ggrﬁl a lPF}pltgﬁlP,erg%&F%szxﬁ‘eapﬁrléfg‘teﬁe%@ it rtg’(fu@g‘(pﬁasisﬂftrc? t he
vascul ab systamygegast r abstiest i fiadbmt GdeLit l1NgBakvee) agy $¥RAQVI arnCcYMecti ve
tissue and in the eye or gumand in any part of the body. In one

enbodi ment, ERECSdBSNtat e YRe@ cRPRECer MMRRHBPEINHIRGNt 46t WiERdt he a

atient's bl I no ' , e teds Wagel ation
gevi ce such ggggoétﬂgzt,&ﬁgéakr)%ggg%e or gﬁjt%l P?Jclillggrferrﬁegrst ?/gﬁ%!ég?o?{g o
i npl ant ati onsubttratpati eht ' siolddy. Theicathy ofmapieoj ecfi onsragsipandintg from
the surface of . the_substrates can be forrreddat Ieaa1 one_ of nanoi nprinting,
capi T ary fol8&ST ARty ntTRg, CRThI AowEPErrG aniCiaEiPRg. 21 0P eREGa ment |
when t her mopbasiime rnanaiyNPhent Efgeds Usedyv t e fanoivPridtddid ink  and

solidify. After which, the mold may be separated to
release the structures. In another embodiment when
template wetting is used, the template wetting is carried

out in the temperature range of well above the glass

15 transition temperature of the polymer and in the pressure
range of about from about 100 mBar to 5000 mBar. In
another embodiment, when casting is used, the process of
casting is carried out at room temperature and in vacuum.

In one embodiment, after the array of projections

20 has been formed on the substrate, the projections and/or
the surfacé of the substrate can be further chemically
enhanced or functionalized to confer additional anti-
adhesion properties to the substrate. The projections
énd/or the surface of the substrate may also be made to

25 increase their hydrophobicity, which may enhance

inhibition of adhesion a target cell thereon.

Brief Description Of Drawings
30 The accompanying drawings illustrate a disclosed

embodiment and serves to explain the principles of the
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is carried out at a tenperature range above the glass transition
tenperature of the polyner and in the pressure range of about from about 10

Bar to 8GyBabhio/dsgpigne enbodi ment, when phot o nanoi npri npcigchowseds a
photo (UV) curable liquid pre-polyner is applied to a substrate. A nold,

typically nmade of transparent material, may then be pressed together and
the prepolynmer may be cured in UV light to crosslink and solidify. After
whi ch, the neigchRycBe f&nedianast + oIfelisasEot e surderstesd, | hoaryeher

enbodi nent te te N is ed, e tenplate wett] is cargsied
out in the \tMg?r%%gr aﬁjﬂ}% réj\r%%g}lo wel ‘f‘’l:%bovdeé%]J‘ngenegcpla)tsgED rarés%é]%sne? err%ef; ature
of the pol yngdlasdranibhe oprlgsswrel restgea ©f a abedini t oonhabouthd0Q imiBay to
5000 nBar. In _another enbodi nent, when casting is used, the process of
casting is c&Ffrit@§ 40VSRt1PBom tenperature and in vacuum In one

enbodi ment, after the array of projections has been formed on the
substrate, the pr&j8ect iL8ndSaRdLYRNEAL 1§t QEe IBRPDhShouBSEr he cawusE

further chemgald;y gphaaced td,onallzed | 9 coRf oL spdditiQnal o,
r

anti adhesi on properties to t eosu strate. The projections and/or the _
surface of thensubdtratlesheytassark medereocencsemseet heed r deyedropheli city,

whi ch may en%%nce pnhibitjon of adhesion a target cell thereon. Brief
Description OF°Br a{?\ﬁﬁgsc nglé%?:% aryi iy gl_ryavvi%ﬁ‘g\é}\i'l I us%Jr%t e ]go di'stl Gsed
enbodi ment apdasen¥esat@oaxphakpht hendringi pties afudhedi s ogedrenhedi ment.
It is to be understood, however, that the draw ngs are designed for
purposé@ of adherent on the test substrates on Fig. la as determined
from the calibrated curve by the LDH assay. Fig. 1lc is a
quantification graph showing the  PAC-1 expression on
platelet activation on the test substrates of Fig. 1la

derived from flow cytometric analysis.

15 Fig. 2a 1s a scatter diagram which was tabulated
from Fig. la and Fig. 1b showing-a strong correlation on
the amount of adsorbed fibrinogen by ELISA against the
number of adherent platelets by the LDH assay for the

series of topographic projections tested.

20, Fig. 2b is a scatter diagram which was tabulated
from Fig. 1b and Fig. lc showing a strong correlation the
number of adherent platelets by the LDH assay against the
PAC-1 expression of activated platelets as determined by

flow cytometric analysis.

25 Fig. 3a is a forward versus side light scatter dot
plot with mean intensities for stained platelet-bound
fibrinogen obtained through gating displaying platelets
only (positive control). Fig. 3b is a forward versus
side light scatter dot plot with mean intensities for

30 stained platelet-bound fibrinogen obtained through gating

20



illustration only, and not as a definition of the limts of the invention.
Fig. lais a quantification graph showi ng the anmount of fibrinogen adsorbed
on the sewoesimf3¢iiest substrates, control substrates anecrsiei®moesssanpl e
as determned fromthe calibrated curve by ELISA. Fig. Ibis a
guantification graph show ng the nunber of platelets adherent on the test
substrat es OH&F' lla as, determ ned fromthe calibrated curve by the LDH

ig. :
assay. Fig. spdayipGantighent iR tGlath eRdWAG1IORe PAC-thex BEsdiis® on

pl atel et act w@w.pngqg_.t he tesh subshiat §eralisFisgdel 3 198 \wd Hlgmddow
cytonetric analysis. Fig. 2a is a scatter diagramwhich was tabul ated from
Fig. la and Filgt |Wbishowhayimgst aonpwar r sleam ohndansheyanbemnt sdfaiagsor bed

fibrinogen by .ELLSA agai nst the nunber of adherent platelets by the LDH
assay for thELEGFTES P BpoGt Aph CoRP of GRET et deTRShOT P2 o T9¥
scatt er 5di agrpam, ghi5¢glB)waampabul ated fromFig. Ib and Fig. Ic showng a
strong correlation the nunber of adherent platelets by the LDH assay

agai nst the PAC | reypress onof agti vamed iplaateel efisc s &et ex i ngdoby f | ow
cytonetric analysis. Fig. 3a is a forward versus side light scatter dot
pl ot with neBAJPALARSLELas $br ast apRAr pSak elkatwrsiind af | ¥} slokjen FBGA ned

oroudh 211 90.9050) BN BLRhELE S g0dL b LOBSLL NS AT Ll P 1 2
st ai ned pl at ehetith@nmgbaddibrg nofesbobt al Bed nihr clgiwigad | agdighkayilrgeli gher
platel?b aCtE%a%ag@eggtgh%dgggi%kn%n the pristine surface as compared
to the structured surface. Fig. 4b is an SEM image
obtained at 800 x magnification of a PLGA surface, which
had been modified using pillars having interspacing of
150 nm, 600 nm and 1 pum, displaying a higher level of
15 platelet adhesion on the 1 pm interspacing as compared to
the 150 nm. Fig. 4c is a graph showing tabulated data
from Fig. 4b obtained by visually counting platelets over

an average of 6 images (n=3).

Fig. 5 is a graphical comparison between the wvarious

20 test substrates which are of varying aspect ratios.

Fig. ®6a 1s an SEM image obtained at 2,000 x
magnification showing the lowest amount of adhered
platelets (circled) on P(1,1,8) due to the high aspect
ratio of the pillars. Fig. 6b is an SEM image obtained

25 at 20,000 x magnification of the region shown in Fig. 6a
by the dotted box, showing the clustering of the pillars
after drying.

Fig. 7a 1is a schematic diagram of platelet

attachment on pillars with low aspect ratios. Fig. 7b is
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PLGA. Fig. 3c is a forward versus side light scatter dot plot with show ng
a lower nean intensity for stained platelet-bound fibrinogen obtained

t hrough gwoizogy/d3erizP (1,2. 5, 8 ) sanple. Fig. 4a is arcsESErimmgessobt ai ned
at 500 x magnification of a conparison between a pristine PLGA surface and
a PLGA surface structured with pillars having an interspacing of about 150
nm showi ng a higher |evel of platelets adhesion on the pristine surface as
conpared to theSSheTRtif ediswraceCtFiRlalels dRhSPtirpRgeCBb®RIi e sat 800

x magni fi cat i QR 10k, ;§nPLEA YT frggg gwhich had been nodified using pillars
havi ng i nterspaci ng of 150 nm 8 nmand 1 nm, displaying a higher |evel

of platel et adhesi ongthe. in paci as.caonmpared to t 0 nm
Fig. 4c is a grapﬁqgﬁovvlsgﬁg tl%’bu at e§%(r§4:t 2%’?%%m ﬁb}al %dgbtaetf’l nezg%boglolsvixsual |y
counti ng pl atrelgeti§ieeed can sveriage of héghmages: I ne8) plakeg@et5 ddhesion
gr aphi casl cogp[%ari sogg%t en the various test substrates which are of

ZF

varyi ng “aspe&f riatdr LSBEY RGN 28EMS el SSht Rt el &t P165b0 spike

magni fi cati O@S%QQWEBQSF heilrewesy) anopng, opadhergd pEat ehghs (WdLlhed on P
(1,1, 8 ) due to the high aspect ratio of the pillars. Fig. 6b is an SEM
i mage obt ai néd &t>,20 0060 megreidi 4 tdatn onf ofhe heegéghoahewowdni ¥'iki.g.86a by

the dotted bgx, ow he clustering.of the.pillars after .drying. Fig. 7a
is a schemati% 5?%9?3%5% %Pgt’e éfgpaltag’algﬁngnt%lgﬁ gillslcapsla%etlﬁtl’ow aspect

ratios. Fig. 7b i %e%gs_chggat ii% dia%gr %IE]MOf i?nla%teel % t‘aTPJetéf tia%n %rl S%IO| I axrs
10 magnification showing the ©preferential adhesion of
platelets on the pristine region of PLGA substrate (left
side of Fig. 9a) as compared to.the region with pillars
thereon (right side of Fig. %a). Fig. 9b is an SEM image
obtained at 5,000 x magnification of the right side of
15 Fig. 9a showing the clustering effect observed on the

pillars after drying.

Fig. 10a 1is an SEM image obtained at 2,500 x
magnification displaying the slight elevation of adhered
platelets (circled) on the 500 nm (width) pillars on

20 P(1,5,8). ‘Fig. 10b is a magnified SEM image obtained at
5,000 x magnification of the pillars of Fig. 10a showing
the reduced effect of clustered pillars after drying.

Fig. 1la is an SEM image obtained at 500 x
magnification of a pristine PLGA substrate showing the

25 highest level of platelet adhesion where this morphology
increase the potential for multivalent adhesive
interactions by enabling maximal surface contact area

with the substratum surface. Fig. 11b is an SEM image
obtained at 1,000 x magnification showing the platelet

30 spreading at its advanced stage. Fig. 1llc is an SEM image
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wi th high aspect ratios. Fig. 8a is an SEM i mage obtained at 2,000 x
magni fi cation show ng a high I evel of platelet adhesion on P (1,1, 2 )

di spl ayi ngoanoastizat ed platel et with spi ke pseudopods @cirrsched)oosski g. 8b
is an SEM i nmage obtained at 15,000 x magnification of the region shown in
Fig. 8a by the square box, displaying a flat disc platelet. Fig. 9a is an
SEM i mage obt ai ned at 2,500 x magnification shomA:%¥:he preferenti al

adhesi on of pPaR&Peds dh £neOfrixst MAgniégrafion mIGAtBabsiurfacy | eft aside
of Fig. 9a) aspeoMaed fadh he (r t si of
Fig. 9a) . Fig. 9b is anaSEM %ﬁ%g%‘ alngﬁg&%kg?%bg xhgéﬂ F%%%lonqgf t he
ri ght side oplﬁtglegaadhmﬂuqmtrufxduslhilng aﬁfSEM db&gevm%umidé&aahllars
after drying_.,Fig. 10a is EM ina t ai ned , 500 x_magni fication

di spl ayi ng tﬁggsl f‘ghf“aglné\fgﬁagﬁoé’f & helJt pISath a§tes R r(,q(ed)% -oh 13 500
nm (w deh) phlikansyangP(dupdre$ied Fiatouh@b éﬁ p1RANISH edaSEM bA8GR en
obtained at 5,000 x nmagnification of the pillars of Fig. 10a show ng the

r educed effeé?mﬁﬁréldusttcéré"élgm 1lsrs Hrpkylngyithg Fibluditials aﬂlSEMﬁ mage
obt ai ned at EQQ{écgagﬂéal Atiqn o ﬁ”'é%% r%%g€ﬁ§ﬁgﬁtr%%e Q% the
0 e rpho

hi ghest | eve plat el et adhesion ere ogy I ncr ase
potenti al forcmikticyal ent adhesive interactions by enabling maxi mal surface
contact area with the substratumsurface. Fig. lib is an SEM i nage obtai ned

at 1,000 x nmagni f Feat.i on2ahowsngahhespy at &h&de obtained at 3,000 x
10 magnification showing the morphology of activated
platelet on P(14,6,0.4). Fig. 12b is an SEM image
obtained at 10,000 x magnificatiOn showing the morphology

of activated platelet on P(8,10,0.4).

15 Examples 1 and 2 and Comparative Examples 1 to 4
Non-limiting examples of‘ the invention and
comparative examples will be further described in greater
detail, which should not be construed as in any way
limiting the scope of the invention.

20

Materials Used

Samples

80/20 poly(lactic-co-glycolic acid) 5.01 (PLGA) was

obtained from PURAC Biochem of Lincolnshire of Illinois

25 of the United States of America. Vertically aligned
carbon multi-walled nanotubes (MWNTs) were purchased from
Nanolab, Inc. of Newton of Massachusetts of the United
States of America. Highly Ordered Pyrolytic Graphite
(HOPG) was obtained from SPI Supplies and Structure Probe

30 of West Chester of Pennsylvania of the United States of
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spreading at its advanced stage. Fig. lie is an SEM i nmageobtai ned at 2,500
x magni fication of the surface of a HOPG substrate showi ng a noderately

hi gh | evayoobigalsgdigl et adhesion. Fig. H d is an SEM i magerRebaionssssat 600 X
magni fi cation of the surface -of C(~, 1.5,190) displaying suppressed anount

of platel et adhesion when conpared to Fig. Hc, inplying the influential
role of surface nodification in the regulation of platelet activity. Fig.
12a i s an SERmie¥age -obPhéneerene3ha@nd X DEgni ¥&satsuprlskon hgomhdedia

nor phol ogy o ivated platelet..o 4.6, 0.4). Fi 2h, . i.s an M
i mge obt ai nfggﬁﬁanfo,lg’ﬁo OxfarrEgaglnri%ega(fi %% L0 %g Fhs ﬁﬁgﬁﬁé %&ﬁ‘sﬁ@i’s of
activated pl aimmelréicaon P(8,10,0.4). Exanples 1 and 2 and Conparative
Exanples 1 -bo 4 Non-limting exanples of the invention and conparative

exanples will be further described in greater detail, which should not be
construed as in any way limting the scope of the invention. Materials Used

Sanpl es 580/ 2@3gky (| 8¢bhem@c@h¥CaNC 3¢ i8baa <@l (PLGA) was obtained from
PURAC Bi ochem of Lincolnshite of 1ffinois of the United States of Anerica.

ically alli lr=\pald ‘
Vertically a |4gne@h%]gbhg@emhtf'ffe\éﬁsaﬁqn%aq%t;e%qa(s’v\@ﬁ@ﬁ tbﬁﬁr%t%bgﬁ%

from Nanol ab, | nc. Newt on of Massachusetts of the
Amrerica. Highl.y O decdd PyrolgytkiHe PG; aphi ® eg (HOREHOmasdobt.2i medflr am SPI

SuppLi s, ands Sty robe oL Meel Chestely o Penayl yani 2,0f {1 Jtec

solution for enzyme 1linked immunosorbent assay (ELISA)

10 consisted of 0.1% v/v Tween-20 in PBS and 0.5 M H,S0,.
Lactate dehydrogenase (LDH) cytotoxicity assay kit was
obtained from Cayman Chemical Co of Ann Arbor of Michigan
of the United States of America (Cat # 1008882). Lysis
buffer containing 2% v/v Triton X-100 in PBS and stop

15 solution of 1 M HCl1 in PBS were used for LDH assay.
Calcium free tyrode buffer consisting of 4.0 g NaCl, 0.5
g NaHCO3, 0.1 g KC1, 0.03 g NapHPO4, 0.5 g D-glucose, 0.1
g MgCl, in 500 mL de—ipnized water and 2% formaldehyde
was adjusted to pH 7.4 with NaOH or HCl, as necessary.

20- CaCl,, H3POy, 3,3,3—tfifluoropropyl—trimethoxysilane,
glutaraldehyde, acetone and ethanol were all purchased
‘ﬁrom Sigma-aldrich of St. Louis of Missouri of the United
étates of America. Micro centrifuge tubes and 96-wells
polystyrene microtiter plate were used in the incubation

25 study and enzymatic assays respectively.

Fibrinogen from human (Hfg) was purchased from
Sigma-Aldrich (~ 35-65% protein, 2 95% of protein
clottable). Platelet-rich ©plasma (PRP), horseradish
peroxidase (HRP) conjugated goat antihuman fibrinogen and

30 3,3'",5,5" - tetramethyl-benzidene (TMB) for the ELISA
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Conmpany Inc of Fairfield of Chio of the United States of Anerica. Buffers,
bi ochem cal s and anti bodi es Phosphate buffer saline (PBS) was made by
di ssol vi ngo2of/geiNaCl , 0.2 g KH2POX4, 2.9 g Na2HPO 4 andpQrRGgo0é@bossn 1 L of
de-ioni zed water. The washing buffer used as stop solution for enzyne
| i nked i mmunosor bent assay (ELISA) consisted of 0.1%v/v Tween-20 in PBS
and 0.5 M H2SO4 . Lactate dehydrogenase (LDH) . cytotoxicity assay kit was
obt ai ned f r ofE&TMEIT TN EHTEIEIES oF L Ah U Ar Bor L1881 fR EnPar VefPsKe tinidted
States of AmpbisedchGakt#s1008882) thelysisi Padif erscondai nidg 2% cIriton
X-100 in PBS and stop solution of 1 MHC in PBS were used for LDH assay.
Cal ci um fr eeFlypggschoffler cbabesedng IofM 4. fogoNachall. Sagt NaiiD 32l 1 g
KCl, 0.03 g Na2HPQ 4, 0.5 g D-.Iuggse 0.1 NgCJ i,n.500 n%.de-ionized
water and 29°FSFREPASRyde WA UStE to pFPPPA Rt A NaoH TorrBES AL
necessany. - i€a€hipckabl@te 3 (PAT-13- triTfC) uokeps opplirthhBeHNOXY S am
gl ut ar al dehyde, acetone and et hanol were all Eurchased from Signa-aldrich
of St. Loui sBéPrspisessasi of tPerunassl Stfat edléforpepi caf MR$ o Wekad f uge
tubes and 96spgkbs Bl yskysene d:Clabll By cBhake L usaddn the incubation
study and enzymatic assays respectively. “Fi brinogen PT m human (Hf g) was
purchased from Si gma-Aldrich (~ 35-65% protein, > 95% of protein clottable)
Platelet-rich plasma (PRP) , horseradi sh peroxidase (HRP) conjugated goat

éntihunan fibri n.and 3 ,3, 5, 5 ' - tetramethyl-benzidene (TMB) for
the ELI SAtes gthods Use% ased from US Biol ogi cal of Swanpscott of
10 Fabrication of Nano Porous Anodized Alumina (NPAA)
template

To fabricate an ordered. NPAA template, an
indentatioh process was used. Here, the surface of an
aluminum foil (99.999%, obtained from Alfa Asear of Ward

15 Hill of Massachusetts of the United States of America)
was indented using pressure at 4000 psi for 2 minutes
with a substrate where silica colloids of particle
diameter about 270 nm had been assembled. The aluminum
foil was Subsequently cleaned in an ultrasonic Water bath

20- to release the attachment of silica colloidal spheres on
the surface. The aluminum foil was then anodized at 3 °C
}n 0.3 M H3PO, aqueous solution, at a voltage of 112 V
for a time ranging from 1 to 20 minutes depending on the
desired depth of the pores. The NPAA templates had a

25 relative constant interspacing and diameter, and the
depth of the pores was controlled by varying the duration
of anodization time. Typically, a depth of about 1 um was

achieved with about 20 minutes of anodization time.
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Massachusetts of the United States of America. Fluorescently |abeled | gM
nonocl onal anti body and procaspase activating conpound-1 fl uorescein

i sot hi ocywmo20/GRPAC-1 FI TC) were purchased from BD Bi oseicescesmhossan Jose
of California of the United States of Anerica for flow cytonetric anal ysis.
Met hods Used Fabrication of Nano Porous Anodi zed Al um na (NPAA) tenplate To
fabricate an_ordered NPAA tenEI ate, an indentation process was used. Here,
the surface BEPEACALARPNAM FALicPOoMessey BMRLALE from Al fa Asear of Ward
H Il of Massachusetts of the United States of Anerica) was indented using
pressure at 4000 pSe fdrlizafi mpeeteni thmRlagest mare whebrlsat¢da ussindoi ds
of particle n a T I | was
subsequent | yglg?gg%g Egg%/ﬁ%gr aglé‘%?gc\%g op %gfe:ﬁgtlgq?gl ggscg lf'ifr?e%gt@thaglhmant
of silica cokibepdalu]ﬂp&aer:&slm t]bhosunahegra'bhyal WA Nuwn ¢ ot Fonas blelen
anodi ze c.in P4 aquequs solution, at a voltage of 112 V for
atime angl iétflf’grﬂa?ﬁﬁ’o IZ_gOH‘?]‘ﬂ % %d’epéﬁﬂlluﬁéli‘fﬁltyhec?i%@r?%d RIS of t he
pores. The NBAApt epphat £5e hada dlmtdg/e ( qg@smma | ntesepagi NG, A

di aneter, and tﬁe depth of the pores was contro Ied by varying the duration
of anodi zat | @ﬁrﬂﬁﬁﬁ nypl damMplatedepidrof abbuicdted wasthchifersdrwist h
about 20 mn i i F 1o of . Sl gon Master enpl ate
The silicon 'fg% %r}%ﬂ‘aé%élo&\%rte r”ecorf}rg%‘%fo us'%lg s% andar HERCEre/ i n:'glno
fabrication pe@bBque&ssuﬁhhaﬁlﬁbhb&bns as summarized in Table 1.

10

Fabrication of Projections on a PLGA Substrate

The templates as prepared ébove were cleaned in
acetone to.remove any traces of contaminants, rinsed in
de-ionized water and subsequently oven dried. To

15 facilitate the removal of casted PLGA substrate after
drying, the templates were treated with an anti-adhesion
agent such as 3,3,3-trifluoropropyl-trimethoxysilane for

about 1 hour in the wvapor-phase.

The casting mixture was prepared by dissolving PLGA

2dﬂ pellets in dichloromethane (DCM) at a ratio of 1:28 w/v.
The casting mixture was then poured onto the coated
templates and vacuum baked at 70 °C for 4 days before
releasing the three-dimensional features in the form of

pillars or projections from the templates.

25 Solvent casting reproduces precise three-dimensional
projections from a master template, is inexpensive and
allows for reuse of the template. The pillars of PLGA
were obtained from casting on several NPAA templates or
silicon molds. The dimensions of the pillars fabricated

30 were analyzed using Smile View 2 and are tabulated in
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deep ultraviol et photolithography or electron beamlithography, followed by
i nductively coupled plasma - deep reactive ion-etching (ICP-DRI E) BOSCH

process. wowvardmstmz2of tenpl ates were fabricated wth featwsezomangsng from
nanoneter to microneter size to produce the projections with dinmensions as
summarized in Table 1 . Fabrication of Projections on a PLGA Substrate The
tenpl ates as_prepared above were cleaned in acetone to renove any traces of
cont ani nant sT2Pilfsdd PACHE- Féithz EBenWaPEr c8RENEHHTe ORIty ke dmhddh To

facilitate the hegoyal ot gasted PLCArsUBILRAt poALLakydryi ng, the tenpl ates

were treated with an anti - esi on agent sdch as ,3-trif

| uor opropyl -trime i.lane.for about.1l hour in the vapor:phase. The
casting m xture vv%’g%)é%glﬁgr“efglgy dr' s %)H/?]ﬁ i@c%el*lﬁ%&l%ﬂg‘?cﬁa&} orkr)ﬁ hane

(DCM at a rabked @b Fo2th whe phhejaastdmyg on xtis ernas sheestpadeed oo the
coat ed ﬁr}errpl ates _and vacuum baked at 70 OC for 4 days before rel easing the
t hr ee- dPnensFERAL L&Yt ur €9TCF t h R RGN i | | =GR prBpéehi ondSfrom t he

tenpl at es. Seh\é%%angrt&_eg JERRAUCES PLRET S8 {1 egsdi reps Qﬁ.;?d tﬁléoji%(:ti ons

froma nmaster tenplate, is’inexpensive and allows for reuse o
tenpl ate. ThelpiceHarig oforAia@Xk weithobheai nethflladrmass | pgepnrsdverkaveNPAA

tenpl ates or S%U ieconnmil ds. Thgl(%l} nmensi ons, of J‘:'Eehe piel I sséﬁbr' %at ed were
anal yzed usi Rg-SHIPE™Vi éw 2 aft te ?%%Ef%FeB FRTa0%e X, 2ar ofig™h 47 % he
cor respondi ngppspeet doatiie (dbsehbis def idiethlas ¢hess atbatatth@jedhiedro
width) . Alternatively, capillary force inprinting can be
10 the polymer and mould. Following which, the temperature
of the assembly was increased above the glass transition
temperature of the polymer. The temperature used was
about 120 °C - 150 °C. The viscous polymer then fills the
cavities of the template driven by capillary action. The
15 time duration of the process depends on the aspect ratio
of the pores in the template and the desired size of the
projections on the substrates. The replicated substrates
are cooled to approximately 40 °C before removal of the
template. The template can be removed by peeling off the
20 template or by etching the template. Typical fabrication

parameters are shown in Table 1.

fibrinogen Adsorption Determined by ELISA

Fibrinogen adsorption on the substrates was

25 quantified by an ELISA array. A calibration curve was
established first prior to quantification of the
substrates. The procedure is as follows: samples of 3 x 3

mm substrates were first equilibrated in PBS for 30
minutes in micro centrifuge tubes. Subsequently, the

30 samples were placed in a 96-well microtiter plate with
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used to formthe projections on the PLGA substrates. In capillary force
inprinting, PLGA, which is a thernoplastic polyner, having a thickness of
0.5 mm i swplzamadeiim contact with the tenpl ates as prepared/sahao®oosss
Subsequently, a slight contact pressure of 500 nBar was applied to the
assenbly to enable close contact between the pol yner and noul d. Fol | ow ng
whi ch, the tenperature of the assenbly was increased above the gl ass

transition tE&mBér MAuFE off tHheg pspymdr homte atenper a€ ur Bhgseammas sabe 120
0C - 150 0C riﬁ?%dVBs%QHEﬁPQ#%ﬂ?rwégﬁgné'ﬁﬁffépe(ﬁaY%tb9§ %@e%gezbquiate
e u he p

driven by capillary action. time atron of rocess depends on the
aspect rati oP8b)t eefpareestrantliertéenpl attee andmp hes dasitibethst zeedf st ken

proj ections og&the substrates. The rqglicated substrates are cooled to

appr oxi mat el YRF0TGEIREAGEE Rl OFC t RRPLRDI HEES FRETt émpiied Canhe

removed shy peelpi nebrofdgdies t ﬁaeka_ta%tqrmbaérﬁt ehbpgnbhent ep! af enolypiHal
fabrication paraneters are shown in Table 1. Fibrinogen Adsorption
Det er mi ned by /ELFSA&H bri ndyen didsvrimnson ochhehessubsepat ¥sr@as wjuead fi ed

by an ELI SA arayq,8.0341 DEGLT o cure vascest ablighed tirsl prior {8,
guantification o e Substrates. € procedure is as fort'dws: sanples of 3
X 3 mm subst wallés . weEimdliInst &00i lulbrat ed idd1RRSnfedrri30 ddénit esuch M<Lro

centrifuge tubes. Supsequentléih t he sanples were placed in a 96-well
mcrotiter pPate’wrPhOCE5TREFHYIPArG Ko 1"HourddPI37Aie . S TRk ¢4l es
were rippsed anhi MR Wilcdaghisng Ruidsred 05 4% wev dween:gP b R def ore

transferring the sanples into new wells on
where the solution undergoes oxidation and turns blue

upon reaction with HRP. Subsequently, 100 upl of 0.5 M
H,S0,; was added to the wells to stop the enzymatic
reaction. The solutions were quickly aspirated using a
15 multiple pipette tool and transferred to new wells, where
the absorbance values of the solutions were measured on a
microtiter plate reader at 450 nm within 5 minutes.
Adsorption experiments were done in triplicate (n = 3)

and repeated separately for 3 times.

.20 A lihear correlation (r = 0.951) between the coating
concentrations (0.001 to 0.05 mg/ml) of Hfg and the
absorbance measured by ELISA was first obtained. The
calibration curve for the absolute amount of adsorbed Hfg

is expressed as:
25 Adsorbed Hfg (mg/mm?) = 4.31 x 107 oD - 1.489 x 107*

where OD indicates the optical density or absorbance
of the reaction solution as measured with the microtiter

plate reader.
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the mcrotiter plate. The sanples were then incubated in HRP conjugated
goat anti human fibrinogen for 1 hour at 37 OC at |:10 5 dilutions. The
sanpl es wsoeotd/36ad subsequently for 5 tinmes before trarsirscrico@osssso new
wells. Finally, 100 m of a colorinmetric agent such as 3, 3' ,5,5
'-tetranet hyl benzi dine was added into each well and the plate was incubated
in the dark for 20 m nutes where the solution undergoes oxidation and turns
bl ue upon re&efited aki ARhERPONSPREEgRARECY bY1APHNASERYD. 5 M H2SO4 was added
to the wells to stop the enzymatic reaction. The sol utions were quickly
aspirated using a®nuledbilergdiisut t ecudve am@st r aiisie¥ablly t ophedtadl | Hy where
t he absor ban I t he,.sol uti.ons .wer asur.ed on m.cratiter plate
reader at 45%‘%€\r$1%v]\:/i ?‘fs% (r%fhg %ipﬁ&tcg; dﬁ&és&r B’t ﬁgrrﬁefﬁelruier?erﬂfg Sv?/elruetl(ﬁ)é1 eolfﬁ
triplicate (knowd ) andldepeat ed sepacanelnatfiion 3 ti@stelmihodgar by
correlation (r = 0.951) between the coating concentrations (0.001 to 0.05
ng/ M) of H FERGEYERECESLorbahle neRRARd IRFT4SA Mhs (i rst ot H8%d. The
calibration gutyechorchbe ghaohule appuslolaausarped tl ochs eruasaed as:
Adsorbed Hfg (mg/mR) = 4.31 x 10 3 - 1.489 x 10 4 where OD indicates
the optical dewsinty odr salspenbedcedberend pdactilet ssdlsuttixpreasedeasured w th
the mcrotiter plate reader.Platel et Adhesion Determ ned by LDH Assay A
cal i brati on cuNuebwasof nattharéyt ppbatetleby/measuri ndj7a he7 opdi€atl dedhsity
(OD) val ues of solutions of known platelet concentration (determ ned by
The optical density values are primarily attributed

10 to the suspended platelets as interaction of pre-adsorbed
Hfg with the LDH reaction  solution showed an

insignificant absorbance value (p > 0.05).

To quéntify the amount of platelets adhered on the

test surfaces, the substrates (of width and length of 3x3

15 mm) were first equilibrated with" PBS for 30 minutes at
37 °C. Then, 200 pl of Hfg (4 mg/ml) was added into the
microtiter plate wells and incubated for 1 hr at 37 °C.
Subsequently, the wells were rinsed 3 times with PBS to
remove ahy_unbound Hfg. Then, 200 upl of PRPrwas added

20 into the wells and the microtiter plate was incubated at
37 °C for 2 hours. After incubation, the wells were again
rinsed with PBS for 3 times to remove any non-adhered
platelets and the substrates were transferred into new
wells. Then, 25 pl of 1lysis buffer was added and the

25 microtiter plate was incubated at 37 °C for 1 hour. After
that, 50 pl of LDH reaction solution was added and the
microtiter plate was incubated for 20 minutes at room
temperature. Afterwards, 25 pl of stop solution was added

into each well and aspirated before transfer to new

30 wells, where the OD readings were taken at 490 nm using a
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henocytonmeter) . The linear correlation (r = 0 . 9882) between the neasured
optical density and the absol ute anobunt of suspended adherent platelets is
expr essedveniossher of adherent platelets/nm2 = 370. 3PcO®RG0@hod384 The
optical density values are primarily attributed to the suspended platelets
as interaction of pre-adsorbed HHg wth the LDH reaction sol ution showed an
i nsignificant ,abs%ggance val ue ( guanti fy the ampunt of,

> 0.05). To
platel ets adfeFEQtdRSthe R su??éé@g; t FEPSFHEE & Ses DS wi @PR®and M engt h

of 3x3 mm) MQ&@pﬁ&esteeqaiLi@Bab%@.webb@;%%Ss%%%r%Qeﬁ&nBt%%m%%.37 0C
Then, 200 m of Hfg (4 ng/mM ) was added into the mcrotiter plate wells and
i ncubated for 1 hr at 37 0C . Subsequently, the wells were rinsed 3 tines

with PBS to renove any unbound Hfg. Then, 200 ml of PRP was added into the
wells and the,picrotifear bl atewag incubated at 37 0C for 2 hours. After

i ncubati on, H—lre—wegl-ﬁvev-g—aga'r-ﬂ—ﬁnsed with PBS for 3 tines to renove any
non- adhered pl atel.ets_and _the substrates were transferred _into new wells.
Then, 2§ n of Iylsrl?l% Eg{?f 8r'ohas Sadfed *and < ﬁ§ ot eelpqﬁltfﬁgtwg)?und

i ncubat ed at H3§ QUWsarak ot t erpt Rafcub?® idh ofs Lidkeeaiséd OAnsalng i on
was added and the mcrotiter plate was incubated for 20 m nutes at room
t enper at ur e. PAFVEPHEr §8CT25nWast UsEsh £981 dtlioyn cwaemedded Sithdd esac Fhael |

Caken At 490 A Gorng amer ot {67 Bl Ao Faadar Bipert rer s Uere aonG i n
triplicate (ho=t3e) ewicrawpedt BRPsepadr dathel ymixkttumeswa$| oen€Cytidngedy a$t udi es
10 2000 rpm for 15 minutes. The supernatant was removed

after centrifugation. and the activated platelets were
stained by direct immunofluorescence using PAC-1 FITC, in
which the ratio of diluted PAC-1 FITC stain to PRP was
4:1. The stained samples were 1incubated at room
15 temperature for 20 minutes in the dark. After that, an
equal volume of 2% formaldehyde was added to fix the

platelets. The fixed samples were stored at 4 °C in the

dark and were analyzed within 18 hours.

Platéiet activation, which  takes pléce when

20- platelets interact or attach to foreign surfaces and as a
result undergo a series of complex reactions to promote
‘thrombin formation and platelet aggregation, was
éuantified using a BD FACSCalibur™ flow cytometer
(Becton Dickinson of San Jose of California of the United

25 States of America) equipped with 488 nm laser excitation
wavelength. A total of 10,000 platelets were gated per
sample from the dot plot which was set in the forward

side scatter (FSC) and side scatter light (SSC) channels

to obtain the mean intensities of fluorescence for

30 platelet-bound Hifg. The fluorescence intensity was
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The PRP suspension extracted fromthe pl atel et-bound Hf g substrates after
PRP i ncubation as described in the previous section was used for flow

cyt onet r ywetuniss212The washi ng sol ution (cal cium free tycode2mfohess) was
added to the extracted PRP and the m xture was centrifuged at 2000 rpm for
15 m nutes. The supernatant was renoved after centrifugation and the
activated platelets were stained by direct inmmunofluorescence using PAC I
FITC, in whi ERIRETLE i Forourlt utad PAG/BOFI TA stai nbaadPRPSwad 14:LEr -The

stai ned sanphgs WekemliRcu £ t er e m.ut es 1.7 4t he
dark. After th ta, anmé%uaﬁﬁég?u%a%%g}%‘?%gm d% y elS)%Nagtooad&:g% t%nﬁq% t he
pl atel ets. Théatixed sdmel.e§heedetst ob¢diakdd fComn filllber dgrtiorand yweree e
anal yzed within 18 hours. Platelet_activatiaqn, which_takes place when
pl atel ets intrgr—éél?lgrzegttacwa‘ikb foWéPﬁwsur %ar?es aRdth¥aRer esHACKFHFer go a

series af conpkey:yeaelibans sb@tPherpbenthyarbivpif armali on and platel et
aggregation, was quantified using a BD FACSCal i bur(tm flow cytoneter

(Becton Di ckinson of San Jose of California of the United States of
Anerica) equipped with 488 nmlaser excitation wavel ength. A total of

10, 000 pl atebﬁ%%rwtqoglabggAgﬁrerég”@hgtgﬂgm bﬁes%%gtglagggggycgﬂé%ﬁ set in
the forward s to

obtain the mean inptensiti % I scence _for pl.atel % und _Hf g.. The
fluorescence intensity %ggf) eé%:t g%et%%ar oe%ha§%§§§f%@ (ﬁ I ;]tqbeanﬁ’gacgs}ofni lter.
Logarithm c adplieti catlareweas Adess tve Dettbriagdl IbyplBbel BEssiyZzewellee data
obt ai n?% fro?,flow c%/tometry wer e o
ixed with 2.5 % glutaraldehyde for 2 hours at 4 °C.
Consequently, the substrates were rinsed in PBS and
dehydrated through a series of graded alcohols (0%, 25%,
50%, 75%, 100%) before they were freeze dried at -80 °C
and platinum coated for observation under the field
15 emission scanning electron microscope (FESEM) (JEOL JSM-

6340F) for the changes in the platelet morphology.

Statistical-Analysis

20 All experiments were run in triplicate and repeated
separately for at least three times. The PRP and plasma
;re stored at - 20 °C when not in use and are stable up
to 12 months. Data obtained from the different assays are
presented as mean values with standard deviations.
25 Statistical significance of differences between two
substrates was analyzed using single factor analysis of

variance (ANOVA).
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re-anal yzed with WnhMDl 2.9 software package. (http: //en.

bi o-soft.net/other/WnMDI. htm ) Observation of Adhered Platel et on
Subst r at egohky10B&AM The substrates prepared accordi ng t ecrise2eembessn titl ed
"Pl at el et Adhesion Determ ned by LDH Assay” were fixed with 2.5 %

gl ut ar al dehyde for 2 hours at 4 0OC . Consequently, the substrates were
rinsed in PBS and dehydrated through a series of graded al cohols (0% 25%
50% 75% 108%EWEFore they were freeze dried at -80 OC and pl ati num coat ed
for observation under the field em ssion scanning el ectron m croscope
(FESEM (JEOChagRrtezagk)csopft R&GAhSngesripfieshe pl at el et nor phol ogy.
Statistical Analysis Al experinents were run in triplicate and repeated
separately for at TheastPLiGdr esubstesatekhe PRpared pl asimgar ¢hst omectbatd - 20
0C when not i,n _use agd Z}re st abl erﬁg tg 12 nont hs, DaLa obtai ned fromthe
different asSaySUSPEpARSET &if T Heah baf UL W ThOR hnBAPASGETPESI orfs.
Statistiscal shgnifdeanse pfildikbernengesebeingen rbmo tabsd At £6e Was @nral yzed
using single factor analysis of variance (ANOVA) .Results Characteristics
of PLGA SubsfriBfesitReé PRCA i\isstRitlds Hhrepae ey et nghepe méthedsdifssussed
above presen = di | opal . pr.ahecti.0 i or illars that
extendpf rom %ﬁ%ﬁégr%fgac}e. ?d%%e%gpgnésa%#%%%&gﬁ Iéz;%%s%g%% ng gfo Fﬁese
pillars for exanpreschtaddi® dsbwel [ asloenparative exanples 1 to 4 are
presented in Table 1 bel ow.

Table 1
Substrate |Interspacing Width Height (H) Aspect Adhesion
(I) nm (W) nm nm Ratio Level
Example 1 P(1,1,2) 120 + 30 100 £ 30 |- 200 t 70 ~2 High
. adhesion
Comparative P(1,1,8) 130 + 30 100 = 30 800 *+ 130 ~8 Low
Example 1 ) adhesion
Example 2 P(1,5,8) 140 * 30 500 * 10 840 + 160 ~1.7 High
adhesion
Comparative P(1,2.5,8) 140 £ 30 250 + 10 840 + 160 ~3.4 Low
Example 2 adhesion
Comparative | P(8,10,0.4) 840 + 10 1000 + 60 40 * 10 ~0.04 High
Example 3 ) adhesion
Comparative | P(14,6,0.4) 1440 £ 20 600 = 60 40 £ 10 ~0.07 High
Example 4 adhesion
Reference C(~,1.5,190) # 150 = 50 19000 % 5800 ~130 -
Example
10 Substrate notation: for example, (1,1,2) refers to (interspacing, width height) of

the pillars expressed in 10° nm. #: Not measurable due to high density of carbon
nanotubes

15 Platelet Adhesion and Activation on PLGA Substrates

N In order to determine the level of platelet adhesion
5n the PLGA substrates with topographic projections, a
reference sample such as a silicon substrate having
vertically aligned multi wall carbon nanotubes (MWNTs) on
20 the surface was used to examine the effect of topographic
projections. Highly ordered pyrolytic graphite (HOPG)
sheets were also used as another sample for comparison
purposes. The parameters of this reference sample are

depicted in Table 1 above. This reference sample is used
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Table 1 Substrate notation: for exanple, (1,1,2) refers to (interspacing,
width height) of the pillars expressed in 102 nm : Not neasurable due to
hi gh denswbyonfozeacbon nanot ubes Pl atel et Adhesi on and Actriscabdomnosn PLGA
Substrates In order to determne the |l evel of platelet adhesion on the PLGA
substrates wth topographic projections, a reference sanple such as a
silicon substrate having vertically aligned nmulti wall carbon nanotubes
(MANTs) on t k€ SRTeEE RRast it e8xE8nExgf mehafl @t fert the tesdgmaimer

proj ections. SHigRLYrQrder ed tj¢c graphipie o0 used
as anot her sgrrpl er%or scorrpar P%%%%uirrgose . Thé %ﬁ%lz&gﬁﬁ%\%tgaﬂe%er ence
sanpl e are dépivihed a noradd eldvabove. pTaisleef edereceonarpl edrmparsedttm

determ ne the _extent of adhesion on .the test polyner substrates. As shown
o R o R et e DS e e s i areBRE o EsR ot BTe O o

adhesi og as ¢eRBaged Madkhadhelebemce sanphen ldn P dBRiasanind idtckabl e 1
as having a "l ow adhesi on". As such, any polynmer substrates having a higher

| evel of pl af@éVdnJdagh&digbrradeveipaiedledalisd rethasdmie asampsimpasdd tse
represented in_T hayi a_"hi,g d ian”, . Fi.g.; | FiLg..lc
show t he | evgﬁeo%a%s%erlﬁéeed g&%%lgg%dwtlﬁé g‘?eg{gggggﬁf‘ét@& et Z%%Q\g%t |hona,S
respecti vel yhaoinghe PhG4hsabdtesabes, pristine PLGA substrate, HOPG
substrate and the reference sanple. It can be seen that the | evel of

adsorbed Hf g and exgentieofard akeget 1actsheat ite f DevEXaspl esisbraed iy e
| ower as conpared to those of the reference :sanPI_e. _

10 and the extent of platelet activation, respectively, on
the PLGA substrates, pristine PLGA substrate, HOPG
substrate and the reference sample. It can be seen that
the level of adsorbed Hfg and extent of platelet
activation for Examples 1 and 2 are lower as compared to

15 those of the reference sample.

The statistical significan£ correlations between

substrates performed by ANOVA are tabulated from Fig. la

to Fig. 1c and are shown in Table 2 below. Table 2
displays (a) the amount of adsorbed fibrinogen, (b) the

ZQ ‘ number of adherent platelets and (c) platelet activation
’ intensity. Data were run in triplicate (n=3) and
expressed as mean * standard deviations of 3 repeated

independent experiments.
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The statistical significant correl ati ons between substrates perfornmed by
ANOVA are tabulated fromFig. lato Fig. Ic and are shown in Table 2 bel ow.
Tabl e 2 dvepbaysefia) t he anount of adsorbed fibrinogen, pCl)scebw/onessber of
adherent platelets and (c) platelet activation intensity. Data were run in
triplicate (n=3) and expressed as nean standard devi ations of 3 repeated

i ndependent experinents. Table 2 Substrate Pristine P(1,1,8) P(1,5,8)
P(1,2.5,8) P(8,10,0.4) P(14,6,0.4) PL&&MEPE C(-,1.5,190) P(1,1,?2) P(1 1, 8)
*okok ** F* P(1,5,8 P(1,2.58) F* FP(81004)P(14604)

F Pristine * * F * PtGA HCPG* F * C denotes non-significance, * denotes
signifiecancefor (p<0-05), denotes significance for (p <0001l ) As
shown i nedbktgate | @ FARE Fi grabd), dirhiksd entpeasmaunt p@fsokif 0 a'c}ger pti %beWaS C(~,1.5,190)
observed on the PLGA substrates with projections of varV|n0 di rensi ons and
interspacing, arid B ttheardsukt 4 sbred ae| \,tely viel b- cor peitat ed 4 obthe a b ¢
subsequengy goutit Bf | &t et et ahesizgnLonk t ke Hullst atest & opr celat ok »

Elotr): e?gt ;tg‘reﬁ??ogng 3289 at{gl gt gdnes,l 02} t{g Lhe{:}a%so; b%d ;J;fg S;QO:{)I}S *a % rfng

P(1,5,8) f} {:2 {:} 2 = % % x ﬁ' {:} {} {} * * {J} #+
P(1,2.5,8) te 3L I ek o e JE o 3R o JE o R e I ek o Sk o b o SN 6 S
P(8,10,0.4) 2 £ %k % XTIk k k Kk
P(14,6,0.4) * LF XX Ot o2 2 ok It o2
iy | . ' ow e 3

HOPG ' * It %
5 = denotes non-significance, * denotes significance for (p < 0.05), 3t denotes significance for (p < 0.001).

As shown in Fig. la and Fig.-lb, different amount of

Hfg adsorption was observed on the PLGA substrates with
projections of varying dimensions and interspacing, and

10 the result is relatively well-correlated to the
subsequent amount of platelet adhesion on the substrates.

A correlation plot on the amount of platelet adhesion to

the adsorbed Hfg shows a strong correlation (r = 0.88876)

as shown in Fig. 2a. This means that the data for both

15 tests done on the same topographic projections matches
well which, proves the effectiveness of the specific
projections. The resultant r? = 0.789 indicates that the
adherence of the platelets 1is mostly dependent on
fibrinogen adsorption (about 79%) but that other factors

20 (about 21%) such as variation in surface chemistry (e.g.,

HOPG vs. PLGA) also play a part.
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as shown in Fig. 2a. This neans that the data for both 5 tests done on the
sane topographic projections matches well which, proves the effectiveness
of the speoi2biomspriej ections. The resultant r2 = 0.789 i rdirsaten/obésas t he
adherence of the platelets is nostly dependent on fibrinogen adsorption
(about 79% but that other factors 0 (about 219% such as variation in
surface chemstry (e.g., HOPG vs. PLGA) al so play a part.However, if data
based on PLGA sanplo®&V&Alry lifs dg&éd Pagest PgnFeiCh sramsilas omlis isearpqdr 2 =
0.93) (data notsghgugdr. ddydigatding, that onoe syeface chem siayeis fjxed;
fibrinogen adsorption differences dictate the subsequent platel et adhesion
anount on t hesewstr,udcingied tRINGA tSatf azese . sAr§acenghemisehlat iien fMasedal so
observed for t.he.nunber of adherent telets determned by the LDH assay
agai nst the 5}5: I TERST eSKTTGHR dTonaCCEf%/‘%re%P%?%t g%sﬁgaegéﬁm%ﬂ@&%ﬁ%w
cytonmet 5i ¢ apdlaysilet(r adibSiAD2) ahbuktd. o2b. dhbSe Meansuthatetihe pdatra for
both tests done on the sane topographic projections matches well which,
proves the eff&dfic®eness of the specific projections. The related r2 val ue
of 0.714 indicates that about 71 % of the variance in platelet activation
can be attributed? osthengnoanrretabiher endsplated eteosgwvedatfabowhe29 %

of variabili t pl at t tivat] ity Ls,.un | aipabl e at this
point. Siml g%f“%’ ra%gforir e egeﬁlgnap;jtéutcﬁiléotfoa%gé;%%x%%rPgl g%(]lgo%DgfeitaV\seseaﬁ/ t he
nunber of adhkerdmntstpl ahel ePARCapai ewspréhei KAC foexpreasisiated opladidleatsed

| atelets on all the PLGA substrates (i.e.
P ?O determgned %@ %&ow cytométric analysis (r = 0.84492) in
Fig. 2b. This means that the data for both tests done on
the same topographic projections’ matches well which,

proves the effectiveness of the specific projections. The

related r? value of 0.714 indicates that about 71 % of
15 the variance in platelet activation can be attributed to
the amount of adherent platelets and that about 29 % of

variability in the ©platelet activation quantity is
unexplainable at this point. Similarly, a correlation
study of the same correlation between the number of
20 adherent .platelets against the PAC—lb expression for
activated platelets on all the PLGA substrates (i.e.
textured and pristine PLGA) displayed a slightly stronger

gorrelation (r2 = 0.72) (data not shown).

As shown in Fig. 3, the activated platelet

25 population was gated and defined by flow cytometric
region (R1) according to their size and morphological
characteristics. A higher platelet activation was
observed on pristine PLGA surface as compared to that of

P(1,2.5,8) with a lower mean intensity.

35



textured and pristine PLGA) displayed a slightly stronger correlation (r 2
= 0.72) (data not shown). As shown in Fig. 3, the activated platelet
popul at i onowam/gaiied and defined by flow cytonetric regipom/scRg/oaessor di ng
to their size and norphol ogi cal characteristics. A higher platelet
activation was observed on pristine PLGA surface as conpared to that of
P(l1, 2.5, 8) with alower nean intensity. As denonstrated above, the
degree of pl atel efSr e S§5TES tarad 9% g ARG pt | BRE anBasteqer efcl @datplet

di fferent on Lhe s5EUghir @¢ PLGEA St B nVeliRiy W%&%egpéa?ﬁg“%%%ﬂé?@ﬂ§ of

adsorbed Hf g and pl atel et response were observed on all structured PLGA
filnms when compatiee tstrurdturefd pPLEAI Nl kuwy f abeseb@ormasipantly ngleduced

statistically significant differenc wer e .observed |n H g adsorption and
pl atel et response®whén c aor]?k?ﬁjft h@f%tr?f&?ur@ aE’Egﬁleu%_gPSf‘é? t §¥ifat of
pristing surbaeesvied ey ndl Df t REOjsRGHICAM rSIZ LS PELImS alhenardRNsd y i n

all three experinmental studies, indicating the inportance of these
paramet ers i &9 nf [Hédci nP% he RERBESRPat | BRELRFEsF a Sorfras@onditnerspaci ng

Effect To st he . t j ci tel dhgsi PLGA
Substr at s e & st adl ed Her o S EFERRE I MR Bl RIS P edaad
figures cl eaHlfy ragisealpta aredamé@dpllevell eof yasatoslset vatdrescompamnihbe thegi on

wi t h about 15EQ' nm_inter ing and a_high | eyvel of_adherent platelets on

the rogi on woth SbBAE0100G T TRt TRt AG. TRIFIGE HbLotABCSEHEARES | o

split imto thheeche@ OFS dhbjection size, aspect ratio and density in
all three experimental studies, indicating the importance
of these parameters in influencing the hemocompatibility

of a surface.

15 Interspacing Effect

To study the effect of interspacing on platelet

adhesion, two PLGA substrates were studied here. As shown

in Fig. 4a and Fig. 4b, these figures clearly reveal a
reduced level of platelet adhesion on the region with

20, abqut 150 nm interspacing and a high level of adherent
platelets on the region with about 1000 nm interspacing.

In Fig. 4b, the substrate is split into three regions in

which the vertical interspacing of the structures in the
region on the left-hand side of the substrate is 150 * 10

25 nm; the vertical interspacing of the structures in the
region in the middle of the substrate is 580 # 40 nm; and

the vertical interspacing of the structures in the region

on the right-hand side of the substrate is 9500 + 50 nm.

The horizontal interspacing of the structures is

30 maintained at 125 * 40 nm for all three regions. The
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whi ch the vertical interspacing of the structures in the region on the

| eft-hand side of the substrate is 150 10 nm the vertical interspacing of
t he strucwores/disiithe region in the middl e of the substrarscieomssss 40 nm
and the vertical interspacing of the structures in the region on the

ri ght-hand side of the substrate is 9500 50 nm The horizontal

i nterspacing of the structures is maintained at 125 40 nmfor all three
regi ons. TheWl@®H &t tHe sttrinatras iss e hibd heed agt 5000+ 18 Onmrf doml |

Lhree regl onsaThenbeiohtcpfodbe SUGHE! Uresshe W NLALNGG: AlcA%0e, 150, nm

for all three regions. A s shown in Fig. 4c, when the interspacing becones
| ess than abowin2@ined addHédi dn 159 chedplry alédudededuedionshe decr eased
area of contact between the projections and the platelets. As such, the
condi tions are nofsf atosvabl enf Bigt hecpl aitadret shé 0 iastabbiaghngt aldomeent act

with the PLGA surface and to uire the right cellul ar_norphol ogi cal
phenot ype, WHESH | g O%Etigéat PBn. 300G el 1 Df CHRAF &Y e CECRFadYSh was

therefore obsey ek Wietrddied i &L P | @nERAEI BEtivechedueed s dhe platel et

nmor phol ogy becones restricted by its inability to contact the’entire
surface areaandent8e brsatcdatshe Resusuchfr o i geomeit Bens ntaarsspagitng of

| ess than or 0 ar Q.be effective |n mnin zin |.at el et
adhesi on and f%&%(%%b%% a% :?Q%CP?L\?% |18§,S 5Pt Sé%a:bisjf?%ctsﬁglgées%rqg‘&@ ;% n
order to redudeht htheprebebi butyaoé phat eletaeniiepnent begneerdin@lar

P g aRatiol oo Al herstype; wh O $2ad o B IVLEREE M
level of platelet activation was therefore observed when
the inter-pillar spacing is reduced as the platelet
morphology becomes restricted by its inability to contact
the entire surface area. Hence, based on the results

15 from Fig. 4c, an interspacing of less than or about 200
nm appears to be effective in minimizing platelet

adhesion and hence, platelet activation, on these

structured surfaces.

In order to reduce the probability of. platelet

20 entrapment between the projections and the formation of
’ stable contact with the surface which leads to platelet
activation, the dimension of the interspacing should be

much smaller than the platelet size.

25 Aspect Ratio Effect

Fig. 5 shows the tabulated results from Fig. 1b of

platelet adhesion per area versus the aspect ratio of the

PLGA substrates tested. In Fig. 5, the PLGA substrates
represented by the label “height effect” are Example 1

30 and Comparative Example 1; the PLGA substrates
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activation, the dinension of the interspacing should be nuch smaller than
the platelet size. Aspect Ratio Effect Fig. 5 shows the tabulated results
from Fi g.wbhkonfospiiat el et adhesi on per area versus the agpesico@ion@sef the
PLGA substrates tested. In Fig. 5, the PLGA substrates represented by the
| abel "height effect” are Exanple 1 and Conparative Exanple 1 ; the PLGA
substratesrepresented by the |abel "width effect" are Exanple 2 and

Conpar ati ve ERRAFISENEed Riyd thige 1plbeA sibsttatads 9t egentfechmpl a e anbel
"interspaci ngghtect’are gggplgﬁ%ti vg;ExagH&es Snand #ealt £e seen
that pl atel et adhesi on was nmarkedly decreased on substraz}es W thincreasing
aspect ratiorcpmeaspeed raty 0 ie 3 1abs8l(r&pnesenpadihy t k€ farctdw iardig. 5

appears appropriate to realize a sufficiently_|ow anouynt of adherent
|)ol a?gl ets. I—@\?Egérr,a‘tctlﬁg aEﬁ@E‘P F&t i oF‘nghe‘lpr o}%ct?%‘hsltéean 5 Yr ddt3r t han
this range ap1keededs 4 PIOh eGlEisONGadRcA0) HtStefls D0 AU IGH At

they intertwine each other to forman intertwi ned structure that offers a
great er cont #éfthsmiceasdmnsn Fvettherptarel éns aspesdharat 1®. ofhe dot t%ed

| i nes depi ct in_Ei to rol s-usedciin i t .1t _.appears
t hat pl altoel eﬁgegggsggltgét %%’lf ﬁc{heer ac P%’?\I f‘;elllwlF?ﬁ't I%% ta&%s?%g% t%%?pgﬁlaag@epect
rati o proj ecticonxadicird nter spacifigikecayes saf f i smemity sial ladHemsntabout

| ess than or ual, to 20Q n . A's shown in Fig._ 6a, projections with high
aspect rati op§g5ﬁl§§si'n Y SSifdst ridte PEPeCh, BRTaPeOfi Ky RY® IF&tt i¥t%r ned

and beny iN can be greater than this range as long as the projections
do not cluster too much such that they intertwine each
other to form an intertwined structure that offers a
greater contact surface area for the platelets to adhere
to. The dotted lines depicted in Fig. 5 refer to controls

15 used in this study.

It appears that platelets are able to interact only
with the tips of the high aspect ratio projections when
interspacing becomes sufficiently small (i.e. about less
than or equal to 200 nm). As shown in Fig. 6a,

20 projections. with high aspect ratio such as in the
substrate P(1,1,8) are likely to get deformed and bent in
a ligquid media even under slight agitation during
incubation. This flexibility of the projections results
in any unstable adhesion of adherent platelets and the
25 inability to acquire the' right cellular morphological
phenotype, hence the platelets can be dislodged easily
from the projection’s surface. This effect is illustrated
in Fig. 7a and Fig. 7b. Fig. 7a is a schematic diagram
illustrating that projections having a low aspect ratio
30 will remain stiff and upright in a suspension, thereby

permitting more platelet attachment at a greater ease and
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a liquid nmedia even under slight agitation during incubation. This
flexibility of the projections results in any unstabl e adhesi on of adherent

pl at el et sygndidf3gibnability to acquire the right cell ul aerRenidahess cal
phenot ype, hence the platelets can be dislodged easily fromthe

projection's surface. This effect is illustrated in Fig. 7a and Fig. 7b.
Fig. 7a is a schematic diagramillustrating that projections having a | ow
aspect rati o fwielduengiyaias sl raed tgprtihghts demag isssgendiign, tther eliig.

permtting e atel e ttachnment at ag reater ase_andfrequency .
conpar ed torrtq e J"Cs)%’:egﬁar|thglse{fl[}ar;c ”glai%rarfl' RoYENgs WY cREFEES %laPsg%&%%

showi ng t he mrl@;ihe@tsip@mﬁ \Matthd%l g,hn a;s;raﬁ@irdpaiseca:s dderiend ¥ 0RO0s &l sC@NIRy | 0S
(i) flexible pillars due to their bending ability act to prevent the
pl atel ets i nPlakiEF§ dutickesEhaLT cE/NEENToRR Ve f of €kt F@n§r§ﬁﬁn(tl ibhe he

possi bl ¢ det aghaRnt+Qf any ua%kamh; adhecgptopka(,¢l etS,ntk eese“t

in Fig. 7a and Fig. 7b indicate the frictional forces iIs omt U|d|n
motion. A s Phowedtiorisg. a6d amdifFi gth8b podeill ¢ f edenzesmémt plcaﬁ elae“ty
adherence as_ob e ed chh %]’dl 8%1 g i& 6b when conpared to P 1,1, 2
) in Fig. 8b"re? \? i A HTH t RbAF &t 86 dal 2 Ss Hovi Ny WPHR°ST gnitfi darte (p <
0.001). The glausiner img.of70 Redaidaltar $hebsarivad dra IFifhbr &y was g tthe
capillary forces while dryl ng the sanple for electron mcroscope

observation ift-Wés 1pr 89GHe@ -t hat these pillars woul d exist as individually
separated entities in liquid phase during the PRP incubation. The inventors
surmi séd that theAsmpdiowsd il afid et 6 espdnEégon 8P, ( the, B Hfegemcgsben

platelet adherence as observed on P(1,1,8) in Fig. 6b
when compared to P(1,1,2) in Fig. 8b are obvious with
tabulated data showing high significance (p < 0.001). The
clustering of the pillars observed in Fig. 6b was due to
15 capillary forces while drying the sample for electron
microscope observation it was presumed that these pillars
would exist as individually separated entities in liguid
phase during the PRP incubation. The inventors surmised
that the impaired platelet response on P(1,1,8) could be
20 also due.to the low level of adsorbed Hfg measured or
inadequate conformational change adopted on these
surfaces. Both effects, i.e. surface modification and
fibrinogen structural changes, may act Jjointly to
decrease the adhesion of platelets. Hence, an aspect
25 ratio value of in the range of 2.5 to 5 appears to be
sufficient to reduce a significant amount of adherent

platelets on the surfaces.
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al so due to the low |l evel of adsorbed H g nmeasured or inadequate

conformati onal change adopted on these surfaces. Both effects, i.e. surface
nmodi f i catwonosnde2iki bri nogen structural changes, may ackcireicridoyosss
decrease the adhesion of platelets. Hence, an aspect ratio value of in the
range of 2.5 to 5 appears to be sufficient to reduce a significant anount

of adherent pJ. l ets on the surfaces. Wdth Effect A range of projections
havi ng wi dt h@ﬁ#&f&ﬁ—c&mto 3000 nmwere studied for platelet response in
this study. The anount of adsorbed Hf g and adherent platelets with its
subsequent activafy GRS €I IR 1 DAY HRT f VEdRRS yTrefed O0p n&r 3-001)

on the SubStah6 (Rlrer? Fadly Yo RG] 0B UG il gy 250 nm

(Fig. 9a, 9b) as conpared to the substra aving projections wt wi dt h
of 500 nm (PThe Z=mo8)) OF qdstldedlObfg bndcamffesrary: Pplat@lebs, &ithMi th
P(lI, 5 ,8), the fibrinogen adsorpti,on differences are statistically

si gni fi cant, ‘&fd hgﬁkge%f‘lﬁé@e dPFAErENdel ar ¥SFEspotSSHd S or e ofier ved

i ncreased ad%Ql’gﬂtiifQ&a@;&lE/he Rowels 5, (8 ) <surdf.agg.) | no®t heheWordshstah e
wi der pillars, fibri nogen adsorption is increased, perhaps due to the
greater area (&f(legnbadt) Stbdeqnenibgtipnat dlastinadher @acéhi fal 860 nm

oo, L el e gEore S Sl Shan e 0 gy on
pillars in Ppkdjsct8pnswiwtilthr educiett HHf gf ahitlo phat b€t , BespongEighsaroeed on
Pd, 1’%%' 10b) . In comparing P(1,2.5,8) with P(1,5,8), the
fibrinogen adsorption differences are statistically
significant, and hence, these differences are responsible
for the observed increased adsorption on the P(1,5,8)
surface. In other words, on the wider pillars, fibrinogen
15 adsorption is increased, perhaps due to the greater area
of contact. Subsequently, platelet adherence is also
increased. Likewise, the same statistical significance
was also observed on 100 nm width pillars in P(1,1,8)
when compared to that of 500 nm wide pillars in P(1,5,8),
20 with reduced Hfg and platelet response observed on

P(1,1,8).

Additionally, when comparing between substrates
£(1,1,2) and P(1,5,8), even though these substrates have
approximately similar aspect ratio of about 2 in Fig. 5,

25 it can be seen that the level of adherent platelets was
noticeably 1lesser on P(1,1,2). These results indicate
that the absolute dimensions of the pillars are also
important in the reduction for platelet activity in
addition to the aspect ratio. It can be envisaged that

30 pillars with an enlarged width act to increase the

surface contact area for enhanced fibrinogen adherence
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Addi tional ly, when conparing between substrates P(l,l,2) and P (1,5, 8),
even though these substrates have approximtely simlar aspect ratio of
about 2 iwoBbgv/o3b212 it can be seen that the |level of adirerscroploadskets was
noti ceably lesser on P(I, 1,2). These results indicate that the absolute

di rensions of the pillars are also inportant in the reduction for platelet
activity in addition to the aspect ratio. It can be envisaged that pillars
with an enl aP§€d wi dt h KINIYsidrlease t he suphB@ecednt act ar Pdaftehet
erhanced fibelpagencadherenceandnconsedyshlliny aaanged RLALBIEE wich
adherence/interactions by allow ng adhesion tg occur with greater ease.
Chem cal ver gusakEkfreetsbue to Projections on Surface The hi ghest |evel of
Hf g adsorption and pl atel et response was observed markedly on the pristine
surfaces without any projections thereon, e.g. PLGA and HOPG This is
clearly due to the fact that fibrinogen or platelet adsorption on such
surfaces i s ceehieammtiesakl prgptinpie andprolceishkabnegdulyatBe presence
of physical features. Tn order to further investigate the 1 npact of

proj ections on pl ahel ehigesPonsevelihecpl agy casbeptIvhf aggy 0b15EREMasS
eval uated versus its structured equivalent,” on the MAWNTs, C (~, 1.5, 190)
The surface &RéRPESEy Wifs tPresersedsnpakedlys o nilterr priHeEénet sarfaselst s
showed stati st.i y _si.gnif L . differ S hetwe HOP (+m1..5, 190)
inall thr eewallstglg(l%ltts a?‘:y. gl.roéc%ggégga E%{%Q% herent %%gAagﬁdsg@)gg'pngtlesl et) ,
inferring thesi dlaterity alueolte afhesufdacethat fibrinogen or platelet

10 adsorption on such surfaces is conformationally optimum,
and not constrained by the presence of physical features.
In order to further investigate the impact of projections
on platelet response,ithe planar carbon surface of HOPG
was evaluated versus 1its structured equivalent, on the
15 MWNTs, C(~,1.5,190). The surface chemistry of these

substrates is similar.

Here, the results showed statistically significant
differences between HOPG and C(~,1.5,190) in all three
aspects Ki.e. adsorbed Hfg, adherent and ﬂactivated

20- platelet), inferring the influential role of surface
modification. However, the chemistry of the surface is
also important, as seen in the differences in the
behavior of C(~,1.5,190) and the structurally-modified
PLGA films. The chemistry of the surface needs to be

25 faken into account since the initial adhesion of proteins
would be quite different due to the protein-surface
binding affinity. The platelet adhesion and activation on
the pristine PLGA (Fig. 1la and 11b) is clearly the
highest in all the tests performed on pristine PLGA,

30 followed by pristine HOPG (Fig. 1lc). This exemplifies
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nodi fication. However, the chem stry of the surface is also inportant, as
seen in the differences in the behavior of C(~, 1.5, 6190) and the

st ruct ur avbyermmdsficed PLGA fil ns. The chemistry of the sgrfsaeeonessds to be
taken into account since the initial adhesion of proteins would be quite
different due to the protein-surface binding affinity. The platel et

adhesi on and activation on the pristine PLGA (Fig. 1la and lib) is clearly
t he hi ghest ithealffeRd tfstsupkrderplembntpy | efi AERPEGAN feitvered ByEA
pristine HOPG. (Figpeal i Thi i f he .ef.f f. rface chemstry
on adhesi on bg,g%jwke{grﬁ)GPL )negr?d@ﬁésa)g%v\qﬁgrléygtgtégﬁls%t%ilggﬁtty%sﬁfaflr%lllffe?lc%nt(}b B

di fference (P.€50. 0Bs wapselrseryeihn i mthichel # g aadeamptiioon and adherrenit

pl atel ets. Ho it is noted that there was no atistical differences

er, it i t
in the plat elpﬁtg\é&&?it\?ati g‘ﬁwﬁé’e&éen 5th #5301 £9%2¢d THREY eSS ndidSat €% t hat

the cher strytafisuntacesqi pfbugnees dif fenentpakly1urifeffeciohtiA
adsorption and binding stages but not in the |ater stage of platelet

activation. €8fpafadTeblehe -pdihdtsi aessulif 406s caplest shat ridspohsmiggsy
evidently | ower st uct L S r at in thi.ss .case C
(~, 1.5, 18%) s%l%%%fer#ﬂ%ﬁ%%s%@%%@?{%ﬁf% ‘?Qﬁng %5‘6) y ihcgl.all i d)

i s conpar abl edserphabnofnki ghirakipectsttajdo it ucdtr ed PhEAlkitlers sddge | b)

. Hence this indicat §s that .t he chem cal influence on adhesion can be

over come by Sbi PABIFELEEr GEEd¥AT1RBdi fications of a surface. However, it may
be possible that both effects of structural nodification and chem stry may
act tod€ther to dEPBPAILRE tRetprabalistine surfaces, platelet response

was evidently lower on the structured PLGA and carbon
substrate, in this case C(~,1.5,190). However, the
adhesion level on C(~,1.5,190) (Fig. 11d) is comparable
to that of high aspect ratio structﬁred PLGA films (Fig.
15 1b) . Hence this indicates that the chemical influence on
adhesion can be overcome by suitable structural
modifications of a surface. However, it may be possible
that both effects of structural modification and
chemistry may act together to determine the platelet

20 response on artificial surfaces.

Hence, in addition to surface chemistry, surfaces
with specific structural features may result in reduced

thrombogenicity.

25 Morphology of Activated Platelets

The morphologies of activated platelets are
classified into 5 categories from the lowest to the
highest level of activation including: round, dendritic,

spread-dendritic, spread and fully spread.
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response on artificial surfaces. Hence, in addition to surface chem stry,
surfaces with specific structural features may result in reduced

t hr onbogewodbtopse21bbr phol ogy of Activated Pl atel ets Thepoursghalomgesss of
activated platelets are classified into 5 categories fromthe |owest to the
hi ghest | evel of activation including: round, dendritic, spread-dendritic,
spread and fully spread. The | east anpunt of platelet activation observed on
the substrate w t A& Hicgistasmeinty 2f ceatalat gofimasianr obrerpest dret

nmor phol ogy (EigQ. o] by, P ¢ 1,.2. ) with reduced, de itic
mor phol ogy agh%ho%%g?tr\;%%. wgghcoarrpggéa taos%t%cgct ggﬁigl af@éﬁ'%ﬁ Igggwiadt h,
P(I, 5, 8) rounk a shaeabetdendoirpho logyphol Boy. ( Fieg) ,10bfol Tored es tyt

shows that p el.e tivation js ipcreased as the pillar's w dth size
becomes | ar g%ﬁtls?n e%t he 1 t et Ueﬂe#]die 5l I@ﬂ’fpgaﬁn%i\’vési FEeMRctifons on
the pl atel et riig.i ngreas@fpatdd ab ertarged rsupf aj_:@n?&iﬁtl gel1 B{eawidth

Conversely, a substrate with a | ow aspect ratio, P , 2), displ aye'd hi gh
| evel of act PrdriPed)asiigitat @ epsepgseenhgiiitidi scofrhehege dRdgbeddds -
extended wt pi e d opt i SRr r phal o Fig. J12a and
Fig. 12b) . B8P ks ilég(refg’?e\%?goﬁl?ﬁ%l%rti Betad e %Xlé:(arrela%etdﬁé"% |
greatest (Fighel | @iMeeres t heigptlat ekeks amedandsy spieger asstheecyttord asm
expands throu%h t he iurg ace causi n%et he platelets to spread into a thin

filmwith thRotentia or multivalent adhesive interactions on the
10 platelet 1is increased with an enlarged surface contact
area.

Conversely, a substrate with' a low aspect ratio,
P(1,1,2), displayed high level of activation as platelets
lose their discoid shape and became extended with spiky

15 pseudopods adopting a spread morphology (Fig. 12a and
Fig. 12b). ’

The activation level on the pristine PLGA is clearly
the greatest (Fig. 1la) where the platelets are fully
spread as the cytoplasm expands through the surface

20 causing tﬁe_platelets to spread into a thin film with the
continual adherence of platelets (Fig. 11b) . In
comparison, the platelet activation level on HOPG (Fig.
llc) 1is relatively lower and adopts the reduced spread
morphology highlighting the low thrombogenicity of this

25 materilal.

The activation level on the MWCN (C(~,1.5,190)) in
Fig. 11d and P(1,5,8) in Fig. 6a are comparable, both
showing reduced spread-dendritic morphology compared to
that of a bigger interspacing substrate, P(14,6,0.4)in

30 (Fig. 12a and Fig. 12b). The result reveals that platelet

activation increases with increased interspacing between
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continual adherence of platelets (Fig. lib) . In conparison, the platelet
activation level on HOPG (Fig. lie) is relatively |ower and adopts the
reduced swoeath/oseriphol ogy hi ghlighting the | ow t hr onbogegirsiceymbosshi s
materilal. The activation |evel on the MACN (C (~, 1 .5, 190) ) in Fig. H
d and P (1,5, 8 ) in Fig. 6a are conparable, both show ng reduced
spread-dendritic norphol ogy conpared to that of a bigger interspacing
substrate, PtPes, StGCUCtOJr i ﬁef‘ Qesize?téﬁdbﬂt@d It icahar kestpt trl’éas/eal s

Lhat platel et ectiuai o ficrpases wid ol pcressed o niaanag) ng, bet ugent he

structural features, attri ed partic elncreasedalllty of
the pl atel et suarfanEelaacthw Elffblcelsner fcamaam 1slmefafcfe€etr|e\ae inortactessur f ace
area increases. The results presented underline the inportance of an
appropriate di menshenaksaontr glregfensioduaingeed iswr fraees mpd rdiareet id¥y =h
desired platelet response. Structural features with reduced interspacing
(such as sho@vﬁplrﬁpfﬁllﬁt%ﬁl)‘-melné&@@é‘& VOB Ofs (dh S&S G uped] SErfecesg)hn angd

increased aspeekciahho (Suchias Jdy P gla%elé)c) WL & dound tanegylfdin a
significant reduction of adsorbed Hf g and platelet response. In reducing

the risk of éEattufrasnﬁtlfcbnreni@tceoinllyltlesrspaqmqgor sach e séduce irheé igrount
of fibrinoge dsqrhbed to a r f but als nce the adopte
conf or mat | onggz e%sur a(‘:'qeldzlclélll i {i St eF i h%sgt p1e s bé gué‘ﬁlfi piratel &
adhesi on/ act agpkcon.rathie geamst rasaknf eatiyries)of wdiee preneet censdyax an

inportant role in this., In addition, carbon based surfaces in the form of
MANTs B&coneiRi @i ntd5A §¥FambogeAretiA_n OdorAsiridPach Bty and platelet

response. In reducing the risk of clot formation, not
only is it important'to reduce the amount of fibrinogen
adsorbed to a surface, but also to influence the adopted
conformation on the surface as 1t determines the
15 subsequent platelet adhesion/activation. The geometrical
features of the projections play an important role in
this. In addition, carbon based surfaces in the form of
MWNTs become minimally thrombogenic when compared to a

thromboresistant material such as HOPG.

20
Conclusions
“ Platelet adhesion and activation have been shown by
the above examples and comparative examples to be
influenced by projections that extend from the substrate
25 surface at the nanometer 1level with the significant
reduction of platelet response compared to that . of
controls.
In conclusion, it was found that:
(a) On pristine surfaces, surface chemistry plays a
30 dominant role on adhesion, as shown by the reduced
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t hrombor esi stant material such as HOPG Conclusions Pl atel et adhesi on and
activation have been shown by the above exanpl es and conparative exanpl es
to be i nfWwoenmadehiy projections that extend fromthe sulpstrsarenosusssace at
the nanoneter level with the significant reduction of platelet response
conpared to that of controls. In conclusion, it was found that: (a) On
pristine surfaces, surface chem stry plays a dom nant role on adhesi on, as
shown by t he FEEFICOIEH EANH Rl e thl 241 631 GRINGR e HEBGo A SHOPBPEY € hsar ed
to PLGA. (b) pflegn surfaces are structured, these features are able to
overconme the chem cal influence. For exanple, a subm cron structured PLGA

surface can exhi bi | owrr.ed er t he Lstine and

HOPG. (c¢) Tailoriﬁg)sur ggésgg?%%ggéigggieggggﬁ%g%%gV f%g%éée;%%#%§ Ition
to a specifi arsurbdee tchemestaopneatthe tohenedude itrfd ydiateel etor esponse, (d)

The spe;ific di nsjons of the projections have a significant effect.

| nt er spaci ng 2 vit B G heFGRETEFeR. PAEHe GU4G%) SRRV EXHdEH oS FEE t o

si gni fi cant! pligtdivenceiHeie Rlatelel +adherares raNdaat ifl iHbg.in the
foll owi ng manner: Increased aspect ratio in subm cron projections reduces

the nunber of adhergnt tpliglsliels dug d.adthe jinapi Id Ly 061 d he platelels to
or

form stable contacts with the reduced surface area attachnent. .
features in addition to a specific surface chemistry acts

to reduce the platelet response.

10 (d) The specific dimensions of the projections have
a significant effect. Interspacing, width and height
(i.e. aspect ratio) have been observed to significantly
influence the platelet adherence and activation, in the

following manner:

15 . Increased aspect ratio in submicron projections
reduces the number of adherent platelets due to the
inability of the platelets to form stable contacts with

the reduced surface area for attachment.

. Increasing the width increases the likelihood
20" of platelet adherence, due to the increase in surface
contact area and presumably via the conformation of the

adsorbed Hfg.

. Increased interspacing of dimension greater
than 200 nm results in the entrapment of platelets and
25 its subsequent activation due to increased surface area

of contact and entrapment.

In conclusion, the presence of structural features
on a surface can add another level of control to reduce

the platelet-biomaterial interactions and will be
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I ncreasing the width increases the |ikelihood of platelet adherence, due to
the increase in surface contact area and presunmably via the conformation of

t he adsorRedotdi@e212! Ncreased interspaci ng of di mensi on @ega8h0olohdsds 200 Nm
results in the entrapnent of platelets and its subsequent activation due to

i ncreased surface area of contact and entrapnment. |In conclusion, the
presence of structural features on a surface can add another | evel of
control to r@@ﬁ@élﬁhélplal@leﬁibionﬁﬁ§ﬁﬂQPmEﬁtera@E|od9Wa¢®nNMHOgenlC

bebenefi ci al devel nen thro nj c ,surfaces for od
contacting ne ?éé?ggegfﬁégﬁ- <§n%?% s y%.ggﬁggai|?8¥ ﬁﬁsfhe Yiia réi¥ t he

degr ee of pI@h@b&ta&dbeﬁﬂﬂéﬁiﬁgbEhée@uﬁédch ) deyres bevelistaa dthat
observed on the "m nimally thrombogenic" surfaces such_as HOPG
Appl i cat i ons 2PRESEPEC| TRRd PSubsefEfedcdiP bBUGBed §HE R H&VFEy ©P rHdditcal

dev'CeSSWher%QﬁeEQ@dd%%'%ﬁe‘snﬁ%QHbQQ@'%%I%%Hd&eQQQVa%hfﬁéé%sag%%ﬂlé@
fluid. For exanple, these devices can’include medical or veterinary

i mpl ants sucHO&&.pacemakers, ear inplants, nose inplants, grafts or

prot heses; devices in contact with bl ood such as heart val ves,

cardi ovascul ar graphs, shunts or stents; as well as devices handling or in
contact with other bodily fluids aqg t'ssues such as catheters or drainage
tubes. The discl osed substrate can %%%ﬁ 1 Rubstantial Iy i nhi bit

adhesion of a target eglslc194ed amPECF Y GHH B8 used in a variety of

10 medical devices whereby the device is required to be in

contact with a bodily fluid. For example, these devices

can include medical or veterinary implants such as

pacemakers, ear implants, nose implants, grafts or

protheses; devices in contact with blood such as heart

15 valves, cardiovascular graphs, shunts or stents; as well

as devices handling or in contact with other bodily
fluids and tissues such as catheters or drainage tubes.

The disclosed substrate can be used to substantially

inhibit adhesion of a target cell such as microorganisms

20 such as bacteria or fungi as well as biological cells

such as blood cells, platelets or leucocytes.
The disclosed substrate may not require a chemical

treatment or be coated with a chemical substance in order

to modify the surface of the substrate. As such, the
25 biocompatibility and surface chemistry of the disclosed
substrate may not be altered significantly. Further, as

the projections are formed on the disclosed substrate as
an integral unit, the projections may not be dislodged
easily from the substrate and may be resistant to the

30 shear forces that may be present when the substrate is
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such as bacteria or fungi as well as biological cells such as blood cells,
pl atel ets or | eucocytes. The disclosed substrate nay not require a chem cal
t r eat nentwonrotsenat ed with a chenical substance in ordecTtisa20modags t he
surface of the substrate. As such, the bioconpatibility and surface

chem stry of the disclosed substrate may not be altered significantly.
Further, as the projections are forned on the disclosed substrate as an

i ntegral uni PL2CRE ProjeeRIOMIIRRL rofsTRIN df 5PHageamRASH | §0f LoM Hed
substrate andipRy,be ¢ esistanl,t§0 the shear forces that may be present when
the substrate isplaced in a biological system (for exanple, in the bl ood
stream of a patieffhe . pFhgeptdpest i exiserekirendifngnf r am ausfiafaceodHf tthkee

di scl osed substrate nmay have dinmensions .and interprojections spacing that
are regul ar ﬁ&c?8ﬁ§F%téﬁ&”ﬁ%?ﬁ@enmﬁﬁcﬂﬁﬁ%ﬁba %ﬂggﬁkgPﬁatégdas%Qﬁéiint of
the metBod upedjtetfien® t kpadisgl 0sadrsubstr atregulArs SWeh, doieiditseltosed

substrates are reproduci ble and the extent of platel et adhesi on can be
predi ct ed wi PRtyeesrt BrRcheberbatchersusiisatemur dfer 2 t hesdiscldsedheet hod

may be capablg@f4f g-prajecti - i 0-scale range in
order to decr%as%dtﬁ%ﬂ%gvgﬁ g¥&gﬁﬂg§?oﬁgg lggggrg%%nﬁéii %%ér%%n? e
di scl osed subser atiesalmsdoe tapeiieg af ahsteptodbtybtecanadsithg texednevel of

adhesion of a_target ce|]l, as conpared to conventional supstrates, as a
result of t h8fpr%?%5‘?§%%s ar?g‘\ﬁsrjré’rhef:@ﬁt Pe P Ctehelt tPatd oSSHTGLR

i nter - ppoj ectieqR 1S RACI - tas ANt iANathabOViEre disclosed method may be

capabie of forming projections that are in the nano-scale

range 1in order to decrease the level of adhesion of a

target cell thereon.

The disclosed substrate may be capable of

15 substantially decreasing the level of adhesion of a

target cell, as compared to conventional substrates, as a

result of the projections having heights, widths, aspect
ratios and inter-projection spacing as mentioned above.

It will be apparent that varioué other modifications

20 and adaptations of the invention will be apparént to the

person skilled in the art after reading the foregoing

disclosure without departing from the spirit and scope of

the invention and it is intended that all such

ﬁodifications and adaptations come within the scope of

25 the appended claims.
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It will be apparent that various other nodifications and adaptations of the
invention will be apparent to the person skilled in the art after reading

t he foregwongiotisenkosure without departing fromthe spipct/saneosoasse of the
invention and it is intended that all such nodifications and adaptations
conme within the scope of the appended clains.Clains 1 . A substrate having
a surface for inhibiting adhesion of a target cell thereon, the substrate
conprising an array of generally Iongi?l&ﬁ%é] proj ections having a

| ongi tudi nal axis that extends fromthe surface of said substrate and

havi ng an aspe rati | east_ 2. erej dj ace prqj ecti.qns of
said array ar ecic'on]?i gg}lg%tg%ttehesnsau‘ﬁls% a}[/\/g suécl%%]éaet tﬁérprﬁjnglcjtbllgcnlsngdt
| east partially indiedi@dhesi on ahrgettar gell celhlertcher,eothe 2 subEterate

substrate as clainmed in claiml , wherein adjacent projections of said
array are di sposed”TRIMEIh offer a3y diQt ang8RPES Y had e thHFdler of

the target cell. 3rojiher SUDSIEAEn§SaChBhBRAubANGhabmi L ~puhersidn pdi acent
proj ections of sai'd array are di sposed fromeach other at a di stance of 200
nmor |less. 4. Thefsubsthat swsfadai méd saicnpubatratet mdorkeedhog al ai ns,

wherein the aspect_ratio qf .said ojections,is legst._ 3. . 5 .. The
substrate as cl ai rraesbpelcnt arﬁ/at&r?e o&rtlﬁg 1343t 2?‘51;’ wiierein adjacent
projections of said array are configured on the
10 substrate such that the projections at least
partially inhibit adhesion of a target cell

thereon.

2. The substrate as claimed in claim 1, wherein
15 adjacent projections of said array are disposed
from each other at a distance less than the

diameter of the target cell.

3. The substrate as claimed i1in <claim 1, wherein
20 adjacent projections of said array are- disposed

from each other at a distance of 200 nm or less.

4. The substrate as <claimed 1in any one of the
preceding claims, wherein the aspect ratio of said

25 projections is at least 3.

5. The substrate as claimed in any one of the
preceding claims, wherein the aspect ratio of said
projections is in the range of 3 to 20.

30
6. The substrate as <claimed in any one of the

preceding claims, wherein at least one of the
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precedi ng cl ains, wherein the aspect ratio of said projections is in the
range of 3 to 20. 6 . The substrate as clainmed in any one of the preceding
cl ai s, whereionsaii2l east one of thesubstrate and proj ectrcoss2609m0680pri sed
of a bioconpatible polyner. 7 . The substrate as clainmed in claim®6 |,
wherein the bioconpati ble polynmer is thernoplastic. 8 . The substrate as
clainmed in claim7 , wherein the thernoplastic is selected fromthe group
consi sting of pol yS¥Stiatct pRdacPdPIEPBELRS, A gl §eBPEESadi dOfPGA) ,

pol y( 3- hydr oxybut %%@mﬁgfﬁiﬁéwppnate (PO , poly

(lactide-co-glycolic acid) ol ycaprol actone (PCL), Poly (ethylene
terepht hal ate) (PET), Polypropylene (PP) , Polyurethanes (PU), Poly (vinyl

hl orid PVC)., P | f PS) Pol yami des (PA) . Pol yacetal (POM,
Bol yacryl ont ¢ 1116 UHAKS CBRSEFLEr 1 aFL AaBFBeriy| BREY™ BrpEphercit the
pol ydi met hyl si | oxastieod &hdd) i b1 E£PSSI Bie AN COndimediposithereof. 9 . The

substrate as clained in any one of the preceding clains, wherein said
target cell is selected fromthe group consisting of thronbocytes,

e o S IS SbLE el syl et SIS, BB e 0
projections are flexeiheplddtidhes sabsécate asoml aheedrionpamyneistahg he
of poly(D,L-lactic acid) (PDLLA), polyglycolic acid
10 (PGA), poly (3-hydroxybutyrate) (PHB) , ’
polycarbonate (PC) , poly(lactide-co-glycolic acid)
(PLGA) Polycaprolactone  (PCL), Poly(ethylene
terephthalate) (PET) , Polypropylene (PP) ’
Polyurethanes (PU), Poly(vinyl chloride) (PVC)
15 Polysulfones (PS) Polyamides (PA) Polyacetal (POM),
Polyacrylonitrile (PAN), Poly(tetrafluoroethylene)
(PTFE) , polydimethylsiloxane (PDMS) , epoxies and
combinations thereof.
9. The substrate as claimed in any one of the
20 preCéding claims, wherein said target" cell 1is
selecfed from the group consisting of thrombocytes,
macrophages, dendritic cells, lymphocytes,

granulocytes and bacteria.

25 10. The substrate as claimed in any one of the
preceding claims, wherein the ©projections are

flexible.

11. The substrate as claimed in any one of the
30 preceding <claims, wherein the projections have

heights in the range of from 300 nm to 8000 nm.
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precedi ng clains, wherein the projections have heights in the range of from
300 nmto 8000 nm 12. The substrate as clained in claim11l, wherein the

proj ecti ome 20emsehiei ghts in the range of from 300 nm t o pP8@BGaMNY/0d@s4 The
substrate as clainmed in any one of the preceding clains, wherein the

proj ections have widths in the range of from80 nmto 800 nm 14. The
substrate as clained in claim13, wherein the projections have widths in
the range of from 100 nmto 200 nm 15. The substrate as clained in any one

of the precedi ngp of@é MBupwhehekn ddheci onghsudhnali ax s of Lher-eiAl &gd ons
are disposed at a substantially normal angle relative to a planar surface

of said substrate.puGie@tiomps aheuei dreigdtiscel othenplaavgteatd Dnfirnmo 30
patient's body, V\hnere1i:51 é(%e devi ce conprises a surface that has an array of
| ongi t udi nal proj ections® ext@hdi ng froma surface of "said device and
whereinssai d projections have an aspect ratio of at |least 2.5, wherein

adj acent projections of said array are configured on the surface of the
devi ce such that3tHee profeetrahe aesl egdrim@di aln y #mhi bPReadRési dhef a

target cell theregh-cddyidy MetN9en9f PLAERALERAY %héurg?gﬁeefti nSubstrat e,

t he met hod conprising the Step of formng an array o gi t udi nal
projections that extcdnusfimnthderangs ack Hfosat@ subst ré®@ mnd have an
aspect ratio of at least 2.5, wherein adjacent projections of

10 14.The substrate as claimed in claim 13, wherein the
projections have widths in the range of from 100 nm

to 200 nm.

15. The substrate as claimed in any one of the

15 preceding claims, wherein the longitudinal axis of
the projections are disposed at a substantially

normal angle relative to a planar surface of said

substrate.

20 le. A ’implantation device for implantation into a
patieﬁt’s body, wherein the device comprises a
surface that has an array' of longitudinal
projections extending from a surface of said device
and wherein said projections have an aspect ratio

25 of at 1least 2.5, wherein adjacent projections of
said array are configured on the surface of the
device such that the projections at least partially

inhibit adhesion of a target cell thereon.

30 17.A method of preparing a surface of a substrate, the

method comprising the step of forming an array of
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said array are at a configuration .on the substrate to at |east partially
i nhi bit adhesion of a target cell thereon. 18. The nethod as clainmed in

clai m 17,wehei®isthibhe step of formng an array of | ongi pegisaahoopoedsect i ons
conprises the step of nanoinprinting the projections on the substrate. 19.

The method as clainmed in claim17, wherein the step of formng an array of
| ongi tudi nal projections conprises the steps of: a ) providing a nold
havi ng Iongltudlnéhﬁé§ﬁ4¢¥ﬁﬁkmtéﬁﬁﬂﬁgt%ﬁéﬁetﬁh@ﬁgheXign@ppfyDMQ ghe

t hernopl astic nmate §45%F5é)5pe ??5ds%%@ ?EEQM‘ the hgﬁﬂggggg%lc naterla

to enter said | ongi nal “cavitres un er capli orce ereb
produce said projesfi ans xﬂaﬂmeZSBbstwnéﬁelﬁ0adjbeeﬁﬁtMQﬂoﬁéc@i@mﬂﬁdfln .
claim19, wherein the tenperature of the thernoplastic material during said

appl ying step is above FReYl 488 AltarfsiTTUN IEmlett uPR bhet gabstrate

ther nopkasti ¢ mat erd ahe Zéasihga@‘%tlaqqyaarml%ﬁedaaﬁb@i@ﬁ mi7s WheLekn the
step of form ng an array of |ongitudinal projections conprises the steps

of:a ) providing a9bl dhesdan | ongi tudi nal cavities extending

t heret hrough; b ) applying a polynerizable solution to the nold and

all ow ng said polynerizable solution to enter said |ongitudinal cavities;
18.The method as claimed in claim 17, wherein the step

of forming an array of longitudinal projections
10 comprises the step of nanoimprinting the

projections on the substrate.

19. The method as claimed in claim 17, wherein the
step  of forming an array of longitudinal

15 projectidns comprises the steps of:
a) providing a mold having longitudinal cavities

extending therethrough;

b) applying a thermoplastic material to the mold
and allowing the thermoplastic material to
20 ~ enter said longitudinal cavities under
.capillary force to thereby produce said

projections on the substrate.

20. The method as claimed in claim 19, wherein the
25 temperature of the thermoplastic material during
said applying step is above the glass transition

temperature of the thermoplastic material.
21. The method as claimed in claim 17, wherein the

30 step of forming an array of longitudinal

projections comprises the steps of:
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c ) heating the polynerizable solution after said applying step (b) , to

t hereby produce said projections on the substrate. 22. The nethod as

cl ai med iwoebaiossiZz, wherein the step of fornming an arr 2gTsG20mgezsudi na
proj ections conprises the steps of: a ) providing a nold having

| ongi tudi nal cavities extending therethrough; b ) applying a polyner
solution to the nold and all ow ng said_pol yneri zable solution to enter said
| ongi tudi nal caviti@s; cPyo¥¢dpBLati AGLifhéagdngedrngdltudion lafesi tdasd

applying step (b) , to tQQE@HMEHQOQ¥%?63EEQUBEQjeCtionS on the substrate.

23. The nethod as clainmed in clarm erern at | east one of the
substrate and projebti onspaigicgnpr psédmelr iaabilec sppatiibhe tpoltywemol24. A

met hod of inhibiting adhesi,on of a target cell on a device in contact with
body f1uids, the method EBApASIHGThesStepPPmag FAttio oS 4l ieyPEe £

conprisisng a substrate hauiBg apiarnaxgtubengdit sdi;nak eproj ections
extending fromthe surface of said substrate andhaving an aspect ratio of

at |east 2.5, wherefFh adPgeEandptbre®rilofsrorzabaid sartay car @ fE6af isgurced on
t he substrate such that . 0.ect qns I t rtial Ly 1nhibit esi on
of a target cell thereon%BE%gaggnt%E |néﬁ@ﬁeq%gd§ﬂgfgkgé %f%ﬁ&%gesﬁﬁgp

substrate. projections on the substrate.

10 22.The method as claimed in claim 17, wherein the step
of forming an array of longitudinal projections
comprises the steps of:

a) providing a mold having longitudinal cavities
‘ extending therethrough;

15 b) applying a polymer solution to the mold and
allowing said polymerizable solution to enter
said longitudinal cavities:;

c) evaporating the solvent solution after said
applying step (b), to thereby produce said

20 . projections on the substrate.

23.The method as claimed in claim 17, wherein at least
one of the substrate and projections are comprised

of a biocompatible polymer.

25
24.A method of inhibiting adhesion of a target cell on
a device 1in contact with body fluids, the method
comprising the steps of:
providing a device comprising a substrate
30 having an array of longitudinal projections

extending from the surface of said substrate and
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having an aspect ratio of at 1least 2.5, wherein
adjacent projections of said array are configured on
the substrate such that the projections at least
partially inhibit adhesion of a target cell thereon;
and

contacting the body fluids with the substrate.
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