1 CONSTRUCT FOR PROMOTI NG ABSORPTI ON OF MOLECULES BY A CELL AND METHODS OF
USI NG THE CONSTRUCT CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] Thi s
application clains the benefit of priority of US provisional application
No. 61/529,969 filed on 1 Septenber 2011, the contents of it being hereby
incorporated by reference inits entiyety for all purposes. FIELD OF THE

| NVENTI ON 10[ 0002] The present invention relates to the field of devices for

SUPROT L (RS GE BN 0k BREIN BAINCORER0 I FI S GRMOERC BOBKRRD OF THE

| NVENTI e 't opography ot ‘extrace ular nlcroenV|ronnent can

i nfluence cellul ar HeEPOMBETHABS DOUTSENGECHEBEDONSTR U TGr ati on to
differentiation and production of new tissue. Cells in their natural
envi ronnent i nteract mﬁth extracellular matrix that contains structures in

the nanometer scatRoddKPWISENEE'T6 1Ll AYERAPPLICATIOAS W LN

nanot opogr aphy ShOMla teratiron 1nt i ol oglca properties with respect
t 0 &t t @ohtent Thivepplidaipn atedmprtid béreatiataf gmiositydof ke prokision@0§rgliod]dmnNo.

particuyl n tocyt.i C 0 i es of ceIIs are al dul at ed

e pontb St LOGhE D Boch SHFIBT Tt bt FRBBTP Tl G PORLeo PEREIT st udi es
have hkgggkghﬁggeﬁﬁgquﬂfMpg@@gmgf ceII-topography interactions on the
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adverse i munol ogi cal responses has hindered |ts devel opnment in clinical
settings. 30[0006] Non-viral delivery has been shown to be safe as it avoids
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15 from attachment and migration to differentiation and production of new tissue. Cells in their
natural environment interact with extracellular matrix that contains structures in the
nanometer scale. Likewise, cells cultured on surfaces with nanotopography show alteration
in their biological properties with respect to attachment, motility and proliferation and the
like. _

20 [0004] In particular, endocytocytic properties of cells are also modulated in response to
the topography of the extracellular environment. Recent studies have highlighted the
influence of cell-topography interactions on the modulation of cellular processes, including
protein expression and cytoskeletal behaviors implicated in endocytosis. Endocytosis plays a
key role in intracellular molecular, drug and gene (or nucleic acid) delivery. However,

25  topographical conirol of cell transfectability remains largely unexplored.

[0005] Delivery of molecules, drugs and genes to a cell can be classified into viral and
non-viral vector delivery. Viral delivery provides good transfection efficiency. However, the
risk of potential adverse immunological responses has hindered its development in clinical
settings.

30 [0006] Non-viral delivery has been shown to be safe as it avoids the complication of using
viral components. However, very low transfection efficiency and non-specific delivery have

limited the practical application of non-viral delivery methods.



2 [0007] There is therefore a need to provide an inproved delivery techni que
t hat overcones the di sadvantages nenti oned above to enhance intracell ul ar
delivery of nolecules, drugs and nucl eic acids. 5SUMVARY OF THE | NVENTI ON

[ 0008] According to a first aspect, there is provided a construct for
pronoti ng absorption of nolecules by & cell |ocated at the surface of the
construct; wherein the construct conprises: a plurality of nicro and/ or
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[ 0009] According to a second aspect, there is provided a nethod of pronoting

absor pifehanst nupdtieadifies by cells, wherein the nethod conprises: providing a
construct as defined above; 153eeding and culturing at |east one cell at
the surface of the construct under conditions suitable for absorption of
nolecul es by the cells. [(IMMARYCOR THEINVENTION aspect, there is
provided a use of a construct as, defined, above for cell transfgctlon or
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comprises:

«  aplurality of micro and/or nanoscale protrusions located at the surface of the construct;
10 - wherein the protrusions have a size and are spaced apart from each other at a distance
that promotes absorption of molecules by said cell.
[0009]  According to a second aspect, there is provided a method of promoting absorption
of molecules by cells, wherein the method comprises:
= providing a construct as defined above;
15 «  seeding and culturing at least one cell at the surface of the construct under conditions
suitable for absorption of molecules by the cells.
[0010]  According to a third aspect, there is provided a use of a construct as defined above

for cell transfection, or drug-delivery or high-throughput screening arrays.

BRIEF DESCRIPTION OF THE DRAWINGS
20 [0011] The invention will be better understood with reference to the detailed description
when considered in conjunction with the non-limiting examples and the accompanying
drawings, in which:
[0012]  Fig. 1 shows the verification of topographical structures on the substrate. Scanning
electron microscopy of poly(methyl methacrylate) (PMMA) nano-and micro-structures used
25 in this study shows (A) a 2 um diameter pillar with 2 um height (top view), (B) a 200 nm
diameter pillar with 400 nm height (top view), (C) a 250 nm grating with 250 nm height (top
view), (D) 2 um PMMA pillars with residual layer (cross sectional view), (E) 200 nm
Rhodamine-PS pillar without residual layer (cross sectional view) and (F) 2 um Rhodamine--
polystyrene collapse pillar (top view). It can be seen from Fig. 1 that all SEM images showed
30  high fidelity and dimensions that were in accordance to the initial mold used.
[0013] Fig. 2 shows magnified images of fluorescently stained F-actin (red — bright
colour) hMSC (A-D), COS7 (E-H) and MCF? (I-L) cultured on PMMA control, 2 pm pillars,



when considered in conjunction with the non-limting exanples and the
acconpanyi ng drawi ngs, in which: [0012]Fig. 1 shows the verification of

t opographi cal structures on the substrate. Scanning electron m croscopy of
pol y(net hyl nethacrylate) (PMVA) nano-and micro-structures used 25 in this
study shows (A) a 2 p.mdianeter pillar with 2 p.mheight (top view, (B) a
200 run di aneter plllar with 400 nm height (top view, (C a 250 nmgrating
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experiment. The percentage of fluorescent hMSC population was analyzed at 18 hours (Fig.
5A), 6 hours (Fig. 5B}, 3 hours (Fig. 5C) and 2 hours (Fig. 5D) of incubation time. It can be
30 seen from Fig. 5 that hMSCs that were cultured on 2 pm pillars after 3 hours of incubation

time showed significantly increased dextran internalization compared to 200 nm pillars, 250



time showed significantly increased dextran internalization conpared to 200
rimpillars, 250 4 nmgratings and | ng/nl PMVA control. (P<0.01 * -vs
control Img/mM, # -vs 250 nin gratings, t -vs 200 nmpillars, n=3).
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unpatterned and pillar substrates as conpared to gratin substrat es where

t hey etoifiabdst then nanapilipas et Magsphoibeigaios and appear to “grab” the pillars towards

20  themselves, detaching the pillars from the substrate as indicated by arrows seen in E, D and

F. It can also be seen that the large numbers of filopodias long extensions were particularly
noticeable in hMSCs. (Scale bars = 5 um in each image)
100201 Fig. 9 shows fluorescent images of human mesenchymal stem cells (hMSCs),
COS7 and MCF7 cells on unpatterned (A, E and 1), 2 um pillars (B, F and T}, 200 nm pillars
25  (C, G and K}, 250 nm gratings PMMA substrates (D, H and L) 24 hours after cell seeding
respectively. Cells were stained for F-actin using Alexa Fluor 546 Phalloidin (bright colour)
and counterstained with DAPI (circles with dotted line). Arrows indicate the direction of
nanogratings while white boxes indicate the region magnified for easier visualization (shown
in Fig. 2). (Bars = 50 um). It can be seen from Fig. 9 that generally cells are more spread out
30  on unpatterned and pillar substrates as compared to grating substrates where they exhibit an

elongated morphology.



5 [0021] Fig. 10 shows scanning el ectron m croscopy inmges of hMSCs on 200
nmpillars residual free substrates. It can be seen fromA that |ong
filopodi a extensions were observed in an attenpt by the cells to grab onto
these structures while B shows cortical actin was highly expressed in these
cells on these substrates. 5[0022] Figs 11 shows the confocal Z-stack of
Cos7 (Ato D), I\/CF? (Eto I-I) and hMsC (I to L) cells cultured on PDVS
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used for subsequent studies.

[0024] Fig. 13 shows the summary of the various substrates used for baso-lateral
20 phagocytosis study. The top row shows the schematic diagram of the cross-section of the

substrate used while the bottom row shows the representative images that were discussed

relevant to the corresponding substrates. The substrates that were used were mainly those of

200 nm pillars with residue (A), 200 nm pillars residual-free (B) and 2 um collapsed

structures (C). Note the residual-free topographical structures comparing A and B while in C
25  the topographical structures were detached from the underlying material for ecasy

internalization.

DEFINITIONS
10025]  The following words and terms used herein shall have the meaning indicated:
30 [0026] The terms “promoting” or “promotion” indicate that uptake of molecules is
possible or is improved or enhanced as determined by comparison to a control, wherein the

control is an unpatterned surface.



[ 0027] The tenn "endocytosis" refers to the process where eukaryotic cells
internalize segnents of plasnma nenbrane, cell-surface receptors and ot her
essential sol uble components such as nutrients fromthe extracel |l ul ar

fluid. Different regions of the plasma nenbrane of polarized cells, such as
epithelial and endothelial cells, exhgbit different biochemstry and 5
endocytic mechani sns. Endocyt osis activity at the basal -1 at eral surface
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flask- shape pits in_the nmenbrane %‘Hd‘g caveolaetoutake extracel | ul ar
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t hat mai nl'y associated wth the cytosolfc protern clathrin
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macr opi nocyt osi's. cropi nosones can be >1 umin dianmeter. Pinocytosis uses

a nmechd8m whkahplenebirsesgtoacnsdiated spaeryiosi mﬁypndgmbn@mrmﬁémmd lees and
protrusi Qns cytosis on Jr.ogesses i nvol ved in
FI TG d%%(ve?gﬁ I?N%f%?(ﬁ%%%%??}%%nd f%%ﬁ"g]%ééat%&;el% c?/té) Slﬁ’ay refer to the process
by whi go30E! | sationd-aodated ifatdszeis| RAGE] PR BrbReschBbt Bisk(shapelpis M) .
25[0034] The term"m croscale_is to be interpreted to include any d| mensi ons
t hat atigh ﬁwmbéalwdwgéfn@ﬁ CAYFOLAC te uptake @W%&G@r molgoulgim [ 0035] The term
. @03 @'3% %Ia fﬁﬁﬁ]&e&a{%ﬁ entiSest iR deBhE! By HFidviRelh bR HARRILY s WERS! Ons

a coat made up of a complex of proteins that are mainly associated with the cytosolic protein

clathrin. Clathrin-mediated endocytosis is involved in Lipofectamine 2000 aided transfection.
[0032] “Pinocytosis™ refers to the non-receptor mediated process where cells can uptake
large volumes of extracellular fluids and materials. Pinocytosis of large volumes is also
20 known as macropinocytosis, Macropinosomes can be >1 pm in diameter. Pinocytosis uses a
mechanism which involves active formation of plasma membrane ruffles and protrusions.
Macropinocytosis is one of the processes involved in FITC-dextran internalization.
[0033]  Phagocytosis may refer to the process by which cells bind and internalize large
particulate matter ( > Tpm).
25 [0034]  The term “microscale” is to be interpreted to include any dimensions that are in the
range of about 1 pm to about 1000 pm.
[0035] The term ‘“nanoscale” or “submicron” is to be interpreted to include any
dimensions that are below 1 pm.
[0036]  The term “protrusion” is to be broadly interpreted as any topographical formation
30 on asurface extending away from the surface and/or above the surface.
[6037] The terms “isotropic” and “anisotropic” refer to uniform and non-uniform

arrangements of the protrusions respectively. Uniform arrangement may include an ordered



[ 0036] The teiin "protrusion” is to be broadly interpreted as any

t opogr aphi cal formation 30on a surface extending away fromthe surface
and/ or above the surface. [0037] The ternms -isotropic" and "ani sotropic"
refer to unifolin and non-uniform arrangenents of the protrusions
respectively. Uniform arrangenent mayyinclude an ordered 7 array of
protrusions or other topographical structures. Non- uniforn1arrangenent may
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abni|tynﬁmebéﬂhnﬁkaﬂwﬂomn by bi ol ogi cal neans. 10[0041]The term"tissue
cul ture grade refers to §ubstrate suita Ie ulturing
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aci nar I'l's, lacriml acinar | s, gastrointestinal epithelial cells,

skin k@lﬂéﬁj noCixg &'maﬁuoctegtadn‘db” [m:fgrsew the pibillieth (e brokfrodash Hyebiclogisrl api cal
cells" refer to cells that are | ocated at the opposite pole of a biological
struct@&%elative to the basal nenbrane. Apical cells generally refer to

celd s fopat] i NTRS Reh “Whdub calthrd gmeofm@rstmlsaggmé sitableCorb@nfag cefaumd e, the
i ntestine and bl ood vessel s. | es of apical cells include but are not

| i mi t eldssees @pieal cor neal eplthellal cells and cells of the intestinal
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Examples include but are not limited to acinar cells, lacrimal acinar cells, gastrointestinal

epithelial cells, skin keratinocytes and retinal pigment epithelium.

15  [0043] The term “apical cells” refer to cells that are located at the opposite pole of a
biological structure relative to the basal membrane. Apical cells generally refer to cells that
interact with a lumen of a biological structure for example, the intestine and blood vessels.
Examples of apical cells include but are not limited to apical corneal epithelial cells and cells
of the intestinal villi.

20 [0044] The present application does not only enable promoting absorption of molecules
by basolateral and apical cells located or growing on the construct of the present invention
but all types of cells. Thus, not only polarized cells, such as basolateral cells, can be used but
also cells which are not polarized. Cells which are not polarized, upon attachment to the
extracellular matrix or a substrate in vitro, the side or the area of the cell surface mnteracting

25  with the substrate would be defined as “basal” membrane. Therefore, the application is not
limited only to polar cells or basolateral cells. For example, fibroblasts, which are not
polarized cells, have been shown in the experiments to have interaction with the nano-
imprinted substrate; the cell surface that interacted with the imprinted substrate would be
referred to as “basal” or “basolateral”; and the internalization through the cell-substrate

30  interacting surface would be referred to as “basolateral internalization™ or “basolateral

endocytosis™.



by basol ateral and apical cells |located or growing on the construct of the
present invention but all types of cells. Thus, not only polarized cells,
such as basol ateral cells, can be used but also cells which are not

pol ari zed. Cells which are not polarized, upon attachnent to the
extracellular matrix or a substrate ign vitro, the side or the area of the
cell surface interacting 25 with the substrate woul d be defined as "basal -
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t ar get .5 The term "si RNA" refers to small interfering
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messenger RNA (nMRNA). The term "si RNA" i ncl udes dupl exes of two separate

st r and®048] e. Thiptepine raiRNegy desdiers OmRmpricroaB Nde IMHRASA &5 sryiceallvt ¢ sinals tagdedc an

form haiypi.n.structure iskng.of a duplex region. [0048] The term
"nimepoFgﬁgﬂgﬁﬁgma‘?F@Oﬁﬁgﬁﬁ¥gmgg?§igeneralIy a gingle[straLded nol ecul e

t hat apgsepesTiabeash Anewelicdee @€irsso fafQ48] dheprstrgmimardpar sulahiessh refers
to particles conprising nanoscale or subm cron features. 15[ 0050] The term
" crofsaf¥ésel es” refers to particles conprising mcroscale features. [0051]

T Lo ot S Mo il e or
l'i ke cEdiium The zérnc “(GadSen alotZnBSferf or tiex grpiags, ofMai simiramigetof moatei2alt o 10
nanomattrg it?oxllaﬂydclhgl%gtggnrides (selenides or sulfides) of metals like cadmium or zine (CdSe or
ZnS, for example), which range from 2 to 10 nanometers in diameter.
| [0052] The term “aptamer” refers to nucleic acids or peptides having a desirable action on
20 atarget. A desirable action includes, but is not limited to, binding of the target, catalytically
changing the target, reacting with the target in a way which modifies/alters the target or the
functional activity of the target, covalently attaching to the target as in a suicide inhibitor,
facilitating the reaction between the target and another molecule.
[0053]  An aptamer may be a nucleic acid aptamer or a peptide aptamer. A nucleic acid
25  aptamer refers to a nucleic acid that binds a target molecule through a mechanism which
predominantly depends on Watson/Crick base pairing or triple helix binding, wherein the
aptamer does not have the known physiological function of binding the target molecule. A
peptide aptamer refers to combinatorial recognition molecules that consist of a constant
scaffold protein, typically thioredoxin (TrxA) which contains a constrained variable peptide
30  loop inserted at the active site.

[0054] The term “growth factor” refers to a substance that is capable of stimulating

cellular growth, proliferation or cellular differentiation. Growth factors typically act as



[ 0052] The teiin -aptanmer” refers to nucleic acids or peptides having a
desirable action on 20 a target. A desirable action includes, but is not
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[ 0054] The term "grow h factor” refers to a substance that is capable of
sti nul #GHECEr#™ ar growth, proliferation or cellular differentiation.
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[00607  The terms “nanoimprinting lithography™ or “NIL” refers to nano-fabrication that
allows the production of nano- to micron- scale features with complex structures on a wide
range of materials.

[0061] The term “thermal NIL” refers to a hot embossing process wherein the pattern is

20  frozen-in once the material is cooled down.

[0062] The term “UV-NIL” refers to imprinting that uses UV-curable resin, where the

resin is polvmerized/cured in-situ during the imprint process.

DETAILED DESCRIPTION OF THE PRESENT INVENTION
25 [0063] Exemplary, non-limiting embodiments of a construct for promoting absorption of
molecules by a cell located at the surface of the construct will now be disclosed. In one
embodiment, the construct comprises:
a plarality of micro and/or nanoscale protrusions located at the surface of the
construct;
30 « wherein the protrusions have a size and are spaced apart from each other at a

distance that promotes absorption of molecules by said cell.



[ 0059] The term "bi oconpati ble" as used herein refers to the property of a
mat eri al that 15does not cause adverse biol ogical reactions to the human or
ani mal body. [0060] The ternms "nanoi nprinting |ithography” or "NIL" refers
to nano-fabrication that allows the production of nano- to mcron- scale
features with conplex structures on gagw de range of materials. [0061] The
term-theal NIL" refers to a hot enbossing process wherein the pattern is
20frozen-in once the material is cooled down. [0062] The term "UV-N L"
refers to inprinting that uses UV-curable resin, where the resin is
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constr or ‘nanoscal e protrusions
| ociat ephtetn.t he surface of the construct; 30 wherein the protrusions have a

size and are spaced apart from each other at a distance that pronotes

absor ptio8al of Ingceambedimsyt. dhg tobapip pattem mapd4]d RFHE ehBudisentay ¢he
absorsﬁkgﬁﬁgﬁ&nnlecules is facilitated by endocytosis, or receptor nediated
endocytosi's, or pinocytosis, or phagocytosis. [0065]1n one enbodi nent, the
pr ot r ugiNons aAboatheangethuimnanbdrsdtprapistorss swhi sotilapiic oblydihegedby the

sample area. For example, if the sample area is 2cm x 2em, and the pitch of 200 nm pillar
10 pattern 1s 400 nm, the total number of pillar per row will be 2em / 400nm, which will be
50000. Therefore, it could be 50000 x 50000. A typical cell culture area can be ranged from
0.5 em” to 150 cmz, Thus, it can be range up to ~500,000 x ~500,000. Generally, the size and
shape of the sample area of the construct thus depends on the application and the platform on
which this construct is used. For example, the construct can be part of a device for high-
15  throughput screening. Such a device can comprise multiple constructs. The multiple
constructs can be either used for locating the same or different cell types on its surface.
[0068]  In a further embodiment, the protrusions may have a density of 2 or more, or from
2 to 10, from 2 to 20, from 2 to 30, from 2 to 40, from 2 to 50, from 2 to 60, from 2 to 70,
from 2 to 80, from 2 to 90 or from 2 to 100 protrusions in a defined area. Generally, the
20 density will depend on the pitch size and sample area size. For example, for I mm x lmm
sample, using the 400 nm pitch as an example, it will be 50000. Thus, it could also range
from 2 to 50000.
[0069] In one embodiment, the protrusions are located at the surface of the construct in a
detachable or non-detachable form. Located in a detachable form means that the protrusions
25  are not fixed to the surface. For example, in one embodiment protrusions, such as pillars are
imprinted into the surface of the construct base material as described herein. After formation
of the construct and the protrusions, such as pillars, the protrusions are disconnected from the
surface of the construct by shearing. One specific example of this general process is
illustrated in Figure 12. This detaching allows for example to transfer the protrusions made of
30  one material to a surface made of another material.
[0070] In one embodiment, the protrusions are pillars in the form of micropillars or

nanopitlars or in the form of a grating.



[ 0066] I n one enbodi ment, the isotropic pattern may be a uniform or ordered
array of protrusions. [0067] Al so, the maxi mrum nunber of protrusions, such
as pillars is only limted by the sanple area. For exanple, if the sanple
area is 2cmx 2cm and the pitch of 200 nmpillar 10 pattern is 400 nm
the total nunber of pillar per row wy{l be 2cm/ 400nm which wll be
50000. Therefore, it could be 50000 x 50000 A typical cell culture area
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exanmpl e, in one enbodi nent protrusions, such as pillars are inprinted into
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pr ot r uthiofabrigdtien cythitaitmi cfiltheo mapanial glansdme Etré)oginailcy@ormul aspect ratio of 1: 2
(width:height) was used for the 200 nm pillars and 1:1 was used for the 2 pm pillar and 250
nm grating. Thus, the aspect ratio can be between about 1:1 to 1:10 or between about 1:1 to
1:5 or between about 1:1 to 1:3 oritcanbe 1:1, 1:2, 1.3, 1:4 or 1.5,
20 [0075] In one embodiment, the gratings may have a width of between about 10 nm to
about 2 pm, or between about 100 nm to about 1.5 pm.
[0076] In one embodiment, the pillars are extending substantially perpendicular from the
surface of the construct or wherein the pillars are collapsed pillars lying at the surface of the
construct; wherein in case the pillars are collapsed pillars they have a length of between about
25 50 nm to about 5 pm.
[0077]  In one embodiment, the pillars of the grating are extending between about 50 nm to
4 pm, or between about 100 nm to about 2 pm above the surface of the construct.
[0078] In one embodiment the protrusions may be spaced apart from each other by
between 200 nm to 12 pm, or 400 to 10 pm, or 5 nm to about 1 pm. In other words the

30 “pitch” is equal to the center to center of 2 adjacent protrusions, such as pillars or gratings.



protrusions may be triangul ar (3-sided), rectangul ar (4-sided), square
(4-sided), pentagonal (5-sided), hexagonal (6-sided), 7-sided, 8-sided,
9-sided, 10-sided, 11-sided, 12-sided, 13- sided, 14-sided or 15-sided. The
pol ygon may be equilateral or non-equilateral. 5 [0072] In one enbodi nent,
the diameter or nmaximal width of theypillars may be in the nanoscal e or

m croscale. The dianmeter of the pillars may be selected fromthe group
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polymer. In one embodiment, the polymer may be a synthetic polymer, or a rigid synthetic
polymer, or a biodegradable polymer.

20 [0086] In one embodiment, the synthetic polymer may be selected from the group
consisting of poly(methyl methacrylate) (PMMA), polydimethylsiloxane (PDMS]),
polystyrene (PS) and mixtures thereof.

[0087] In one embodiment, the biodegradable polymer include, but are not limited to of
chitosan, poly(e-caprolactone), polyglycolic acid, poly(lactic acid), polyphosphoester (PPE),

25  poly(lactide-co-glycolide), poly(lactide-co-caprolactone), poly(glycolide-co-caprolactone),
polydioxanone, polytrimethylenecarbonate, poly(glycolide-co-dioxanone), polyamideester,
polypeptide, polyorthoesters, polymaleic acid, polyphosphazene, polyanhydride,
polycebacicanhydride, polyhydroxyalkanoate, polyhydroxybutylate, polycyanoacrylate and
mixtures thereof.

30 [0088] In one embodiment, a bioresorbable polymer is used. Examples of bioresorbable
polymers include, but are not limited to a mixture of two or more bioresorbable

homopolymers derived from the polymerization of alpha-hydroxy carboxylic acids, and a



m cropil-lars froman edge of one mcropillar to an edge of another
mcropillar nmay be between 1 to 10 um or about 9.5 um [0080]1n one
enbodi ment, the protrusions are nanopillars and the pitch between the
5nanopillars froman edge of one nanopillar to an edge of another
nanopi | ar may be between 150 to 300ysm or 200 nmto 250 nm [0081] I n one
enbodi nent, the pitch between the protrusions nay be |l ess than the size of
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D ol oesars. polspbphoastars, Doyphosbhasstér uPothahed. potehehydriics, pery(amine. - 2
15 acids), polyacrylates, cyanoacrylates, poly(trimethylene carbonate), polyurethanes,
poly(iminocarbonate), copoly(ether-esters) (e.g. PEO/PLA), polyalkylene oxalates,
polyphosphazenes and biomolecules, such as fibrin, fibrinogen, starch, collagen, hyaluronic
acid, etc., other natural polymers such as alginate, polysaccharides such as dextran and
cellulose, etc. and mixtures thereof.
20 {0089] In one embodiment, the rigid synthetic polymer may be polystyrene. In one
embodiment, the polystyrene may be tissue-culture grade polystyrene (TCPS).
[0090]  For manufacturing purposes or even after manufacturing the construct can be
mounted or attached to another support surface, such as a metal surface. As illustrated for
example in Figure 12, the construct can be attached to a semiconductor surface, such as a
25  silicon surface.
[0091] In one embodiment, during manufacture of the construct, the polymer may be
mixed with molecules which are to be absorbed by the cell to be located on the construct. In
another embodiment, the molecules may be attached to the surface of the protrusions. The
molecule may be immobilized via chemical bonding or adsorbed on the surface of the
30  protrusion, wherein adsorption does not involve chemical binding,.
[0092] In one embodiment, the cell comprising cell types comprising an apical membrane

or cell types comprising a basolateral membrane.



30[ 0088] I n one enbodi nent, a bioresorbabl e polyner is used. Exanpl es of

bi or esor babl e pol yners include, but are not limted to a mxture of two or
nor e bi oresor babl e honmopol yners derived fromthe pol ynerization of

al pha- hydroxy carboxylic acids, and a 13 m xture of one or nore

bi oresor babl e terpolynmers derived frqmthe condensation of a dicarboxylic
acid, an al pha hydroxy carboxylic acid and an aliphatic di ol and one or

nore h | ypers deyiv f.romthe r|z t|o of . al

Cor boxg0Pe et b bt eban i Eaph e AR € RRHE ™ aver age
ol ecuddls Y @kabicdeUt@hethed ebm@figat er 5 than about 150 000 as neasured by
gel peimeation chromatography and wherein at |east one of said honopol yners

and said terpolyﬁ@VBhM%%WﬁmWEV@ﬁd@@ﬁﬁﬁﬁéﬁﬁlar wei ght of from about 234, 000
to about 320, Oooseeamg%ﬁi? gulgld ndYat %?1 t AHelc H@%% t'hgurtlrcfgcre% gt%] u % her

exanpl es of bi oresor mers incl re no
pohyhydroxyalkan@&ﬂﬁﬁm§@@hm&ﬁbp@hmﬁhkﬂnﬁmyﬁaﬁ&a&@ehe&EMB)

pol y(h droxyvalerate) (PHV) _and pol y(hydroxybutyrate-co-_ 10val erate)

( PHBV) (00881 y| Bcansrredoduirnt tAeabserioast sroaemimnes (ipenfocyisisy PLPIPABEISS: aci d)

(PLA), ]gm é (gjt(ysgsol ic acid) (P&, poly(lactide-co-glycolide) (PL&),
pol ydi oxa pol yort hoesters, polyanhydrides, poly(glycolic acid),

pol y( 009 hact Irmnamed)amb@hmy:(lﬂ abstorpimn(m“ctqunoleanlbmnﬁ)f be pdl ytql-yicad chier
acid-co-tri, en car bonat e ondloxanon yort hoesters,
ol y pHIspHBL BT DBy BHORR s R G o) R Mty AEETeS! TBBI? ar no

15y @|ci fé%%ons@ %H%ﬁy It 8SivefNaRP s kR ei%clu&%hﬂ(&t FATEhANLERS Lashenat e) .
pol yur et hanes, poly(i m nocarbonate), copoly(éther-esters) (e.g. P EQP LA,

pol yal kydneples ofctinaties vegmsymmz@aéyl%srﬁd& l@xpomm@chll @w, engdhmerd, the bri n,
fib t | | d t I
N TR A L N bt

M Xt ur @gal eebRahcld@d &%Sﬂxﬁsﬁs Qaeiveied hdeblirudeh end 4dh6-a830Rtdaet Vifuspol ymer may
be pol%)8 %rene I n one errbodl ment, the pol ystyrene may be tissue-culture

gr ad ? bt yhepne quitgrgpent] e gmiﬁﬂlesrfﬁrhﬁfaéﬁﬁrmq wgy parpesed fism deaowr t er
mﬁu a&on"éfsﬁﬂ% 05523‘3&%?*5‘1’ Hg%lez? %@mﬁ%&&%‘ l”sﬁlﬁlg{s Fnt &éfl p‘?ﬁ'a 81:1 Ioﬁﬁlﬁ_}cﬁgppor t

face ace gure 12,
t he cogsill masdpLadled) dluatdsasio @dndparticl &g mgummdm:grapm&aaﬁ;gosu@&camdaor
25silicon surface. [0091]In one enbodi ment, during manuf acture of t he
const rmﬂlde)t wePidasy g theficteys, Hresapguirgatly %Y%éeh%%. CHNHKESt eP1BW s or bed

by the ééﬁ o aﬁé)argﬁoﬂe%?@h o&&eﬁﬂ&legmwgstmmmgtnta@f eiRpdi ment, the
nDIecu es my bé attac to the surface of the protruglons The nnlecule
may be[00A#Dbi In edmhodingdréthe ate dfanobinsiguad ps ddswed beavedior télbtransidciior cof t he
20 drug delivery or high-throughput screening arrays is disclosed.
[0098] The invention illustratively described herein may suitably be practiced in the
absence of any element or elements, limitation or limitations, not specifically disclosed

non

herein. Thus, for example, the terms "comprising”, "including",

Hon

containing”, etc. shall be
read expansively and without limitation. Additionally, the terms and expressions employed
25  herein have been used as terms of description and not of limitation, and there is no intention
in the use of such terms and expressions of excluding any equivalents of the features shown
and described or portions thereof, but it is recognized that various modifications are possible
within the scope of the invention claimed. Thus, it should be understood that although the
present invention has been specifically disclosed by preferred embodiments and optional
30 features, modification and variation of the inventions embodied therein herein disclosed may
be resorted to by those skilled in the art, and that such modifications and variations are

considered to be within the scope of this invention.



30protrusi on, wherein adsorption does not involve chem cal binding.

[ 0092] I n one enbodi nent, the cell conprising cell types conprising an

api cal nmenbrane or cell types conprising a basol ateral nmenbrane. 14 [0093]
In yet anot her enbodi ment, a nethod of pronoting absorption of nol ecul es by
cells is disclosed. The nmethod conprijges: providing a construct as defined
above; seeding and culturing at |east one cell at the

f t tr der .5candij t i i t abl b i f
ol eculthy e TREST hpoes Arconel S Abhe el Seith. Fh O 1%
ol eCcubfivied sPLAeLRIPEWRRirR gﬁaﬁ;f«,ia' NegNAPS)ithin He RARHOGHRRLS alfPRRR] | n

anot her enbodi ment, abscrption of the nolecules nay be via a non-viral
car ri eparpef the viveation drhis mcludghihs geserilespiptpaotfshamvaniionyivithle pedsaers do

not tri r_an.imune 10response and be delivered,h cesses

| ncl uch SR TBUETBEOT TORTEE 5 HREE) a1 Bt SR SRR DL ator s

i ncd udgeRAGCedBhkHE i€ Sperititally RREEIREeinl N One enbodi ment, the viral carrier
be a virus that is used to deliver material into cells. Exanples of

may ) 4! ¢
sui t ablW®10¢]r aPthgeembedmica|apwithiarthe {allogges claiemndnony Sedtingerermlesr lises and
adeno- i ' I ogi.omnt; be
absor be fﬁgya%gggé%éﬁ%ggag%%%g?kgqgg%ﬁgg%gggﬁs|s?f%%gﬁfgghgﬁgkgiggg%,
nucl ei thoscikdllateimtthe art vall RbiRdgnize ¢li:o RNAInvemgmels iatsorthcrelpadtscababin gohdof
nanoparticles, fluorescent nano art%cle , antum dots, aptaners
(oIigoﬁD@P@WEméUF@mBW“ﬁé%@?ﬁ%ﬁ?-%@%—W@@ ?“gﬁ@@? #3¥Pors, therapeutically
ac{d ve substances, biomarkers, colouring agents, and any one of the
af orenenti oned nol ecul es attached to a mcroparticles. [0097]1In one
enbodi nent, the use of a cEHXEEROVEXSI AlefSKESIGHove for cell transfection
or [00101] Non-limiting examples of the invention and comparative examples will be further
described in greater detail by reference to specific Examples, which should not be construed
as in any way limiting the scope of the invention.
15
[00102] EXAMPLE 1
[00103] This example demonstrates the verification of topographical structures on the

substrate.

20 [00104] Material and Methods
[00105] Fabrication of upright-patterned structures
Patterned substrates were fabricated using nanoimprint lithography as previously
documented. Briefly poly(methyl methacrylate) (PMMA) (Microresist, PMMA, MW 35000
g/mol) was first spin-coated on a clean silicon substrate to form a thin PMMA film before a
25  silanized silicon mold was placed on top of the spin-coated surface and the imprinting was
carried out at 150 °C under a pressure of 60 bar for 10 minutes. Subsequently, the system was
cooled before demolding the silicon master from the imprinted PMMA polymer layer. The
fabricated upright PS pillar structures can also be collapsed and collected using a
polydimethylsiloxane (PDMS) slab, hence forming an ordered array of detachable structures.
30 All structures used in the study to be described in the following were fabricated using PMMA

except for collapsed pillar structures.



20drug delivery or high-throughput screening arrays is disclosed. [0098] The
invention illustratively described herein may suitably be practiced in the
absence of any elenent or elenents, limtation or limtations, not
specifically disclosed herein. Thus, for exanple, the terns "conprising",
“including"”, "containing", etc. shal hgbe read expansively and w thout
limtation. Additionally, the terns and expressions enpl oyed 25herein have

been u S rons .of description,and not of limtation, and there is no
intentﬁ@ﬂmﬂn‘%ﬁguﬁ§8n8f’§ﬁ%ﬁa%?ﬂ”%ﬁggﬁﬁ§”%§pressions of excluding any

equi valrgags PMIMANSiThRak ¢ EehriRuns degtribes ahbRewiiobn paditio BSRhbERIEeE B but it
is recogni zed that various nodifications are possible within the scope of

t he i ntPegmi-éddrighaiRhedamineutl0 chlogfeuMy BeO-Beyards egseaupaly. A reslighi%he
present .i.nvention Cif. i I Vi pr.ef i ments
Bnd oprrRLRBY, C2uAEE GREF HsR) ks ShEFIERRE PR FP AR T2
entdi Rehrinier wbgrdier ei n di scl osed may be resorted to by those skilled in
the art, and that such nodifications and variations are considered to be
within the scope of this invention. 15 [0099] The invention has been

descri @??E’ﬁé?ou NeaBDA Fjg@??%n}'éﬁ%e{i W&&’%i skl QZfecrmfm%JcQﬁ\@fSE%BECi es and

subgen I ngs In the"generit disclosure also formpart
of t heThafidgitty ofiimFiited btnoiturdewas herifipelnennga GEVE (JEQIL, IRMo67Q0Ke Samvpdest | on
with a proviso_or. negative linmtatian renovi i ' tter fromthe
Genis P GHH Y 48200 s URE i 1R HECBRE (S RE eriogr o EhiskEepleCnl |y
regd t eginfiidess bPAAABkintd 1911 08 OThEBALGuRE Bvad tikiwkd! ignd & hewidaaig ai s
and non- limting exanples. In addition, where features or aspects of the
i nvent vdngartS H¥setrd Wedkingdistengerfdfmmar kush groups, those skilled in the
art will recognize that the invention is also thereby described in terns of
any i ndividual nenber or subgroup of nenbers of the Markush group. 10
EXPER! MoNTAL REGlk ON [ 00101] Non-liniting exanples of the invention and
conparative exanples will be further described in greater detail_ by

ref er ef960%lo Segaeingi deasanpliassconi ERMhBaF dsebto bEriBb e FigE ¥l PPoany way
i gt Qf&c’ﬁﬂ% RrRRE o(Plf b NGpiNe Qﬁéroﬁ'ano~imprint lithography. For the PMMA upright

structures with residual layer, 3 structures were used, 2 pm pillars, 200 nm pillars and 250 nm

gratings. For the residual layer free PMMA upright structures, 200nm pillars were used. For

the polystyrene (PS) collapsed pillars, 2 pm pillars were nsed. Figures 1A-C and Figures 1D-

E show the top and cross sectional SEM images of the various structures fabricated for the
20  experiments respectively, while Figure 1F shows the top view SEM image of the collapsed

detachable pillars.

[00110] These results indicate that all SEM images showed high fidelity and dimensions

that were in accordance with the initial mold used.

25  [00111] EXAMPLE 2
[00112] This example demonstrates fluorescence imaging of cellular morphologies on

different topographies.

[00113] Materials and Methods
30 [00114] Cell culture
Bone marrow human mesenchymal stem cells (hMSCs) (CD105+, CD166+, CD29+, CD44+,

CD14-,CD34—, CD45—, Lonza, Poietics) were cultured and expanded in serum containing



15 [00102] EXAMPLE 1 [00103] This exanple denonstrates the verification of
t opogr aphi cal structures on the substrate. 20 [00104] Material and Methods
[ 00105] Fabrication of upright-patterned structures Patterned substrates
were fabricated using nanoi nprint |ithography as previously docunented.
Briefly poly(nethyl nethacrylate) (PMKA) (M croresist, PMVA MN 35000
g/mol) was first spin-coated on a clean silicon substrate to forma thin

Cpi n- chisterdnat Rade N R SR ROTMS T el BT piB el o

pr essuggRbl. Glc @Msdﬁﬁseacfofrbip&qﬁ&m@&s%q Weahbds, 5-7 hBICS:WSBr@m Waseet 0dlsed
before denolding the silicon master fromthe i nprinted PWA pol yner |ayer.
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W th @@%%ﬁ{g@@o I@Qg}%g&rge B (Sigma-Aldrich, Rhodam ne 110 chloride, Mwv

366. 89 equent reactive ion etching nmachine (Pl asmal ab
80pl usLOGM}orpr@gaﬁahmhdubﬂramﬁnw&: thingt stes']izhalahmﬁayekraoﬁo}ehéigﬁt nfpr i20t ed
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10 - plate. Collapsed PS pillars on PDMS substrates were rinsed with 70% ethanol before being

air dried and subsequently seeded with hMSCs at 5,000 cells/em”.

[00116] Fluorescence imaging of cell morphology on topographies
Cells cultured on different substrates were stained for F-actin using AlexaFluor 546
15  Phalloidin and counterstained with 4', 6-diamidino-2-phenylindole (DAP], Sigma-Aldrich).
Briefly, cells were fixed in 4% PFA in PBS before cell permeabilization using 1% Triton-X-
100 in PBS for 15 minutes. The samples were then incubated with 1:750 Alexa Fluor 546
Phalloidin (Molecular Probes, Invitrogen) and 1:2500 DAPI for twenty minutes before
mbﬁnﬁng. Samples were observed and imaged using a fluorescence microscope (leica
20  epifluorescence microscope Leica DM IRB). For visualization of dextran internalization,
FITC-dextran (lysine fixable, Molecular Probes) at 1mg/m] was added to the culture medium

before cells were fixed for F-actin staining after 24 hours.

[00117] Results

25  [00118] Fluorescently labeled hMSCs, COS7 and MCF7 cells showed characteristic
morphologies on the various topographies after 24 hours (Fig. 2). Generally, cells were more
spread out on unpatterned and pillar substrates as compared to grating substrates where they
exhibited an elongated morphology (Fig. 9). F-actin stress fibers showed the different
distribution of the actin cytoskeleton on these topographies. Cells that were cultured on the 2

30  um pillars showed intracellular actin rich rings that outlined the top surface of the upright
piliar substrates the cells were in contact with (Fig. 2). The actin rich regions were of a higher

intensity in the micron sized pillars compared to the nano-sized pillars while no such actin



The fidelity of inprinted structures was verified using a SEM (JEQ.,

JSM 6700F). Sanpl es were coated for 20 seconds using a gold coating nachine
(JEOQOL, JFC-1200) to achieve a gold 10filmthickness of approxinmately 10 nm
The structures were viewed using an accel erating voltage of 5 kV, at a

wor ki ng distance of 6 nm [00108] Resylts [00109] Scanning el ectron

m croscopy (SEM was used to verify the mcro and nano 15 structures

fornmed.on the substrate after nan0|rroi rap
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PMMA upright structures, 200nm prllars were used. For the polystyrene (PS)
col | ap@é’dwplel duifpeed op t@ww hinggratings sebuiwesdihoFied wrdegritytion ofrsthesi igheredat D- E
show theret ed.'otf;r 0SS sectional SEM images of the various structures
fabri cate d'u,gg Prde &4 x%%)fl ments respectively, while Figure |IF shows the

t o vi pw1BEM Abageingly, tiee ealltapsed tdehashialbg czﬂlclh s ard ORIAQinkbEEe

results indicate that all SEM i nages showed h| eI ity and di mensi ons
that wetil qrna%@ewath@efomlt pdhepiens. nthet é‘FW‘?T@FldI HCCEQGM@MJL]W@XME 2
[00112% Jhlpegxanmpl e denonstrates fluorescence imaging of cellular

gl es on di fferent topographies. [00113] WMaterials and Mt hods

30[ 00114] Cell culture Bone marrow human nesenchynal stemcells (hMSCs) (CD

105+, CD 166+ CD44+, CDl14-,CD34-, CD45-, Lonza, Poietics) were

cul tur@(ﬁ”%% EMBEE:’I n serum cont aining 17 Mesenchymal Stem Cell Gowth
u Wgsg(;vf r tQcC. hMSCs

lI\J/gfebd m odrO exper}lnhg%lgilmeeaf%gfbg}?& %gssglggetgs%@%m%l\ﬁ% M&?esgg%ﬂ{:egr@e@kcal FFﬁj(ATCC)

wer e cddxtianenteinaliBgghe M ni num Essential Medi um (Sigma) containing 10%

fetal bovine serum (G bco, Invitrogen), 1% Penicillin-Streptonycin (G bco,

Invitrogen) and 0.01 5 ng/nl bovine insulin (Sigm). COS7 fibroblasts

(ATCC) [bmgg CMl kROt Pa@eppRd um cont ai ni ng DMVEM (G bco, Invitrogen), 10%

fetal bovine serumand 1% Penicillin-Streptonycin (G bco, |nvitrogen).
[00123] Internalization of FITC-dextran

15  Respective cells were cultured on various patterned substrates for 24 hours before fluorescein
isothiocyanate (FITC)-dextran molecule (Sigma Aldrich, MW 40,0600) was added to all
samples at a concentration of Img/ml with the exception of the positive control where a
higher concentration of 2Zmg/ml was added to cells cultured on unpatterned PMMA
substrates. At the specific time points of interest, the cells were detached for subsequent flow

20 cytometry analysis. For the comparison study between two FITC-dextrans of different
molecular weights, the experiment was similarly carried out using an additional type of

FITC-dextran with higher molecular weight (Sigma Aldrich, MW 500,000).

[00124] Flow cytometry analysis of internalized dextran in cells

25 For FITC-dextran internalization studies, patterned substrates containing the cells were rinsed
with phosphate buffered saline (PBS) solution and subsequently detached from the substrate
using trypsin-EDTA for COS7 and MCF7 while Accutase (Stem Cell Technologies) was
used for hMSCs. The appropriate medium was then added to neutralize the enzymatic
detachment process before the cells were washed, re-suspended in PBS and fixed in 0.5%

30  paraformaldehye (PFA). Cells were passed through a 60 pm pore size nylon filter before
analyzing using a Dako flow cytometry Analyzer (Dako Cytomation Cyan LX). Cells



[ 00115] Topographi cal substrates were first sterilized under ultra-violet
light for 20 m nutes, before respective cells were seeded at 10, 000
cells/cn2 in a 6-well tissue culture 10plate. Collapsed PS pillars on PDVS
substrates were rinsed with 70% et hanol before being air dried and
subsequently seeded with hMsCs at 5,Q90 cells/cnR. [00116] Fl uorescence

i magi ng of cell nDrphoIogy on topographies Cells cultured on different

substrat.es r ai ned ctin us FIuor 546, 15 |1 Qi di n and
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using 1% Triton- X100 in PBS for 15 mnutes. The sanples were then incubated

with 1: 750 Al exa Fluor 546 Phalloidin (Ml ecular Probes, Invitrogen) and

1 2500 fgtr wenty ninutes before nmounting. Sanples were observed and

: apLsticy

i maged usi n]g f uorescence m croscope (Leica 20 epifluorescence m croscope
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were cultured on the 2 30 timpillars showed intracelldlar actin rich rings
that outlined the top surface of the upright pillar substrates the cells

were i tagt wth (Fig. 2). The actin rich regions were of a higher
intensﬁoggﬂ ‘P‘Ffé’% cron sized pillars conpared to the nano-sized pillars

whi | e mo138chFRGE tlomdBy Ehfkid G4 0ASiclMRLLI0SAR M e cFER LI RébokRPRIGEIAPNY .
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adhesi ons, the focal adhesions, that have an intertw ned regulation with
actin cytoskel eton. [00120] EXAMPLE 3 10[ 00121] This exanple denonstrates

the ef fiReboPf cHORAFLARRBELAY 2l FHEE W8S aPR oRRIGAWelsh G COS7 internalization

Figure 3 shows the fluorescent population of COS7 cells when they were cultured on

20 different topographies in FITC-dextran containing medium for 24 hours. In Figure 3A, COS
7 cells seeded on 2 um pillar (13.36 + 0.44 %), 200 nm pillar (10.99 = 0.33 %) and 250 nm
grating (9.01 + 0.45 %) had a significantly larger fluorescent population compared to the
PMMA unpatterned control (4.5%).

[00130] Comparing between the topographies, 2 pm pillars were also significantly different

25  from 200 nm pillars and 250 nm gratings, inducing the largest increase in FITC-dextran
uptake among the topographies tested while 250 nm gratings showed the least increase in
FITC-dextran uptake compared to an unpatterned surface. The FITC-dextran used in this
experiment was of a relatively lower molecular weight (40,000} compared to Figure 3B.
[00131] A similar experiment was carried out using a higher molecular weight of FITC-

30 dextran molecule (500,000) as shown in Figure 3B. Using a higher molecular weight FITC-
dextran resulted in a general decrease in fluorescent population across all substrates except

for the 2 pym pillars (13.56 £ 0.33 % vs. 13.36 £ 0.44 %). All other topographies showed a



dextran internalization. [00122] Materials and Met hods [00123]
Internalization of FITC dextran 15Respective cells were cultured on various
patterned substrates for 24 hours before fluorescein isothiocyanate

(FITC) -dextran nol ecule (Sigma Aldrich, MN40,000) was added to all sanples
at a concentration of Ing/m wth thegexception of the positive contro
where a hi gher concentration of 2ng/nl was added to cells cultured on
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filter re al yzi ng usin ,E EHO cytoneiré.Analyzer (Dako
Cytonagﬁg% cygggﬁﬁiﬁﬂﬁgﬁﬁglggéz%ﬁfé gexpan of FITC-dextran were
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were recorded for each of the triplicate sanples. [00125] Statistics
5[ 00126{ HBars ddHPAF 5DN%0)0200 mnaviberk (5528 ot B To) ene Aty niegabegs (@678 er ent

t opogr v, ard control . one-wa A _anal ysi s was . perf.orned, befqre
ont or 1 o+ EMTE PP E e R DR s Dt Mol Py PO BT e i Fer ent
t opogr apthestopdghaplng E@hpardd foth@uiravatide PaiMal cdn@abts038.:0b6gonsi dered as
significant. Errors bars denote the standard deviation of at |east 2
i ndependent experinents. In flow cytonetry analysis of FITC dextran and G-P
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fl uorescence Tntensity -was studred. [00127] Resutts
[00135] The results for similar experiments performed using hMSCs are shown in Figure 5.

In addition to a 24 hour time point (data not shown) as previously used for both COS7 and
MCF7 celis, the experiments were carried out at different cell incubation times in FITC-
dextran containing mediom. Figure 5 shows the results obtained for the fluorescent
20 population of h(MSCs on different topographies at incubation times of 18 hours (Fig. 5A), 6
hours (Fig. 5B}, 3 hours (Fig. 5C) and 1 hour (Fig. 5D) respectively. Results from Figure 5A
and 5B showed the saturation of FITC-dextran internalization where hMSCs cultured on the
different topographies all showed a similar absolute population fluorescence at 18 hours (2
pm pillars; 98.01 + 1.35 %, 200 nm pillars: 93.45 £ 5.66%, 250 nm gratings: 96.64 & 3.64%).
25  Results obtained for the 6 hour time point was similar to the fluorescent population on 2 pm
pillars at 84.43 £ 1.77 %, 200 nm pillars at 94.55 £ 6.34 % and 250 nm gratings at 86.73 %
1.99 %. These results demonstrated that the uptake of FITC-dextran was saturated at these
time points with the specified FITC-dextran concentration in medium.
[00136] When the analysis was carried out after 3 hours of FITC dextran incubation, the 2
30 pm pillar showed a significantly higher percentage of fluorescent population (P<0.01) as
compared to the control (Img/ml), 250nm grating and 200nm grating, similar to carlier

observations in COS7 cells, When the same analysis was carried out at the 1 hour time point,



[00128] Flow cytonmetry analysis was carried out to investigate the effect
of topographical cues on the uptake of FITC dextran nainly fromthe apical
surface of the cell nmenbrane. The 15three different cell types used in this
study were COS7, MCF7 and hMSCs, representing fibroblastic cells, cancer
cells and nmultipotent stemcells respgctively. [00129] Effect of topography
and FI TC-dextran nol ecul ar wei ght on COS7 internalization Figure 3 shows

the f I t t | ] | tured 20
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experi rrent usi e shown in Figure MCF7 on.2 gmpill (59.99
7.98 M §o§1mf1ﬁﬁiqb| heﬁsgr §w(1580t§isden&e 0‘9%1%18 ah%ﬂ?ﬁmnn%f& a?@r’fﬁgmzﬂgé fPgin 3. 10

e OSSR OIS il i N g pap gl o
cont r obn {0 dBterent . t6Boaphical patterns. This can also be due to the increased ruffling in
20 MCF7 metastatic cells compared to the other cell lines, masking the effect of topography on
macropinocytosis since cancer cells often exhibit increased motility.
(001391 On the other hand, the hMSCs that were cultured on different substrate
topographies exhibited different integrin subunits profiles, suggesting different integrin
trafficking rates in hMSCs on different topographies. Cell migration requires integrins to be
25 redistributed from disassembling focal adhesions to new assembling focal adhesions at the
leading edges and the initial step of integrin redistribution has been shown to involve
clathrin-mediated endocytosis of -1 integrins. Cell stimulation using platelet-derived growth
factor for cell migration also causes a rapid redistribution of integrins to the dorsal circular
ruffles before being internalized through macropinocytosis.
30  [00140] The increased rates of macropinocytosis in the examples may be a synchronized
result of increased integrin transport on micron sized topography. Cellular migrations are

generally lower on gratings compared to pillar substrates while the micron size pillar



15[ 00134] Effect of topography and incubation time on hMSC FI TC- dextran
internalization [00135] The results for simlar experinents performed using
hMSCs are shown in Figure 5. In addition to a 24 hour time point (data not
shown) as previously used for both COS7 and MCF7 cells, the experinents
were carried out at different cell ingubation tinmes in FITCdextran

contai ning nedium Figure 5 shows the results obtained for the fluorescent
20 population of hNSCs. on different topographies at incubation tinmes of 18
nour o TR oD m T sl SR Lo SRERIE R AGhsBisnh CSHER PG, bodiBR ' o1
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changi ng %}?e intracel lular contractility and upregul ati ng RhoGIPases to
enfianck P4 ng and thus 15 nacropi nocytosis. |ndeed, results from the

FI TC dptia4n  B¥PEILER B tSRFRNEY kR tRebabOale c2liRlaMupiakeds BhkddanN Al frdgged t he
strongest enhancenent in macropi nocytosis rate in both COS7 and hiVsC.

Si i | agdnjainings saopstiskesabeven tife etentialyiteo ngalkgh Shesge tharigpMorytogisderaissinded t o
an insjgnifcant difference  in FlTC ' i ' MCF7
ol 1 o bR G b i R B L B Al Pl AR BRIl
be duecdl@ldr hgeinflizfias & thebliopigotosiPatMidky. netastatic cells conpared to
the other cell lines, masking the effect of topography on macropi nocytosis
sifite cancer cells often exhibit increased notility. [00139] On the ot her
hand, ngi t re cultured on different substrate topographies

exhi bi tdg?@i f er}%\?tﬁtp\rﬁ%egri n subunits profiles, suggesting different
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m gration requires jntegrins to be
9 transfectign of I?MS({sl 9

30 [00147] Materials and Methods
[00148] Green Fluorescence Protein (GFP) plasmid amplification



25 redistributed fromdisassenbling focal adhesions to new assenbling focal
adhesions at the | eading edges and the initial step of integrin

redi stribution has been shown to involve clathrin-mnmedi ated endocytosi s of
{3-1 integrins. Cell stimulation using platelet-derived growh factor for
cell migration also causes a rapid registribution of integrins to the
dorsal circular ruffles before being internalized through macropi nocytosis.
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m gration nandpr I"ar ates.
[ 0G141] Accordingly, topography I|ke gromﬂh factors can be a potent
stimulus for cellular 5nigration, exhlbltlng differential cell ni.gration
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hours of incubation in dextrancontaining nmedium as the

dextrdwﬂﬁﬁﬁe35ﬁﬂQQ§§ﬁpﬁﬁ“ﬁrocess seemed to be saturated after 6 and 18 hours
ncubatron while 1 hour was insufficient to distinguish a significant

dl%ference bet ween t he patterned and unpatterned substrates. The results

al so |Mmﬂﬁ@terha@xhopogmaphkqﬁhoﬁrﬁebﬂEPo&myoahyubéﬁﬂhserved at earlier

time points before st eady- st at internati [ 20i s reached.
[00144530%51&1% e%qnoﬁ?‘%crw&capé@ﬂ&ahﬁﬂ\?% C$ nefiga s &ﬁ éfs Erdgrw}bt%r&él tise: naked
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macr opi nocyt osi s- depedent processes nore efficient. Based on our results,
we dentrstraile sitmat(Imu;rogﬁnstMubcuiaeé’r@mahn’@e el edcardinptterthal supplidren by

macr opi nocy IS pa 00145] EXAMPLE 146],.Thj | e
o EP Rt By P, TN oo PARHIATIIDY ACETTEE! RO MU P T
t ransf ggki @BreOfiselMzCihe 3800 %ﬁlroﬂve{t)&fsl a8 sBcbdVBSHOES for both GFP and
Live/Dead assay were used as positive controls, while dead cells were used as negative

controls to set the compensation for the individual populations.

25  [001517 Results
[00152] Flow cytometry analysis of Lipofectamine aided GFP transfection of hMSCs is
shown in Figure 6. Human MSCs cultured on unpatterned PMMA showed a mean fluorescent
population of 1.8 + 1.18 %. When hMSCs were transfected while attached to various
topographical structures, an increase in the fluorescent population was observed. The hMSCs
30  cultured on 2 um pillars, 200 nm pillars and 250 nm gratings show a mean value of 2.60 +

1.8 %, 5.00 = 1.16 % and 3.32 + 1.83 %, respectively (Fig. 6). Comparison between the three



[00148] Green Fluorescence Protein (GFP) plasmd anplification 23 Pnmax
FP- G een-C vector (Lonza, 4.7 kb) which expressed maxFP- G een in mamral i an
cells were anplified in Escherichia coli DH5a and purified using an AxyPrep
plasm d mdiprep kit (Axygen Bioscience). G-P plasm d was obtained in
elution buffer and its concentration»,ywas neasured at the absorbance

wavel ength of 260nm (Nanodrop 2000, Theii o Scientific). 5 [00149]

Tr ansf i on of bo row rrese ch

{ opogr SEHT<GE FREPPERSRUETF Rt D T M e 7. ottt et Mer Al Sty

FI TC- dgxbroan; ﬂmo@éstaa{tlpégﬁuaﬁan sdiHfed Rfb1RaUPSINGAL er seeding hMSCs on
substrates placed in a plate, the cells were 10 transfected with GFP
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hours after transfection, to allowtine for. G-P to be expressed 15 [00150]
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Li ve/ Dead assay were used as positive controls, | s were used
as negabowe agdHterwhérmetigedf theee wnﬁedmtﬁma $1msﬁ&me0pqu[vqu1des a3-
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MSCs Céﬁh%ﬂée@dh@&r%@@féa@MhMeﬁw\&@%r&mmgorbhwEﬁﬁﬁeﬁﬂ%’flm@ﬂﬁfﬁ Akifgn of
1.8 1.18 % Wien hMSCs were transfected while attached to vari ous

t opogreghiai whichsxhibettipirasic dhlityrfe reepsseminytessaler plusicek éidisrengepinl e icstia-was
obIsServ ﬁilula]‘_hnerrﬂ Cs 30cultured on 2 p.mpillars, 200 rimpillars and 250
i nn gra i'ngs show a nmean value of 2.60 1.8 % 5.00 1.16 /.9 and 3. 32
1. 83 %001 ES]pEwa&'\&ﬂr,ythé Fésglts ggeCahpa-Banarbeisvagitelyte pldir #eimportant role

in the direct modulation of both macropinocytosis and clathrin-mediated pathway (Fig. 9)
since surface area of the cells are largest on the unpatterned control.
[00156] Adherent cells respond to their swrounding microenvironment through the
20 modeling of focal adhesions, which are also used in cellular motility. These focal adhesions
can be modulated using substrate topography and the size of focal adhesions are a reflection
of the state of intracellular actin-contractility.
[00157] hMSCs that were cultured on nanometer gratings showed reduced vinculin
expression compared to unpatterned control, indicating a decreased actin cytoskeletal
25  contractility on such topographical surface.
[00158] Actin cytoskeletal tension plays an important role in regulating endocytosis related
proteins including integrins, clathrin and caveolin-1. The results show that the use of
topography allows the modulation of cytoskeletal arrangement within the cell, in tum
regulating the plasma membrane tension which changes the cell endocytosis rate.
30 [00159] The results also show that hMSCs on nanosized structures have a higher affiliation
to the receptor-mediated endocytosis; caveolae-mediated encytosis and clathrin-mediated

endocytosis.



24 different topographies indicate that 200 nmpillars showed a 2.5 fold
significant increase (p<0.05) in fluorescent population conpared to bl ank
PMVA. [00153] This exanple inventigates the effect of GFP (+) transfection
in hMSCs using both m cron and nano-si zed t opography. Human MSCs are known
to be highly sensitive and 5 notoroioguysly difficult to transfect, causing
research groups to resort to el ectroporation for enhanced transfection

effici al u often at the ex e of increased cell death. Cellul ar
C Dt el RS e by bl SR SR SRR il i ap by oo

cl at hr indraagdhetsed ROk Sughdh diffBehiii ehdteR 4d6pabh ohrRmdbpErasidd er
experinents targeted at macropi nocytosis. [00154] The anmount of protein
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ar ea. noscal et raphy. i s abl 0_Sjgnifi tly i uen h the
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t opogr éplyenprestrges a 3- di mensi onal surface area for the adsorption of
prot ei ns whil e nanoscal e topography further enhances the surface areas.
Such differences in protein adsorption can have inplications for cells,

whi ch hibi t kb giL ability to sense m nute-scal e physical differences
in theﬁg§§?L-E gg Pgﬁgr matrices. [00155] However, the results suggest

t hat sifézle @hsaxhmplenienoakiyattd thpd Basodatetairpprakapt topolgephival ftexctiresect
nndula@hggfof bot h macr opi nocytosis and cl athrin-nedi ated pathway (Fig. 9)
si nce dce area of the cells are largest on the unpattened control

[ OQ156] Adherent cells respond to their surrounding m croenvironnent

t hrough the 20 nodeling of focal adhesions, which are also used in cellular
nmot i | i fOp163hedktdridadndiiadeidons can be nodul at ed usi ng substrate topography
and thgp?%ﬁevgf fo algﬁqp sionﬁ are a reflection of the state of

i nt r aclf Oflar £ &EGaHO% BREY BRY KT STuctiedn157] hVBCs that were cul tured on
nanonmet@r o aflhddges SheWadricaehic @ WHen pblykireB% PEQRPLO HiCATBRI@E e§ Ousing
unpattemed control, indicating a decreased actin cytoskeletal 25
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c i ncrease Cs transfectio hrough. 1) differential protein adsorption
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and sizes and 3) different intracellular contractility on 5different
subst ragest to plogiogetic EXgEMRICErdng to the manufacturer’s protocol, degassed and cured at

80°C for 3 hours. The cured PDMS was brought into contact with the top surface of upright
PS pillars. A shearing force was then applied parallel to the substrate to overcome the
25  cohesive force between the PS pillars and the imprinted layer. During the process of shearing,
collapsed PS pillar will be transferred onto the PDMS, which will be used for the subsequent

basal-lateral uptake experiment.

[00165] Internalization of residual free pillar and collapsed pillay
30  Human MSCs that were seeded on rhodamine labeled residual free and collapsed pillar
structures were stained for F-actin using Oregon Green 488 Phalloidin (Invitrogen Molecular

Probe) and counterstained with DAPI. Fluorescently stained hMSCs for F-actin and DAPI



[ 00162] This exanpl e denonstrated the baso-|ateral uptake of topographical
structures in hMsSCs. 10 [00163] Materials and Methods [00164] Fabrication
of collapse pillar structures Fig. 12 illustrates the fabrication of the
pol ystyrene col | apse pillar structures using pol ydi net hyl sil oxane (PDVS,
Dow Corni ng, Sylgard 184). Upright peokystyrene (PS) pillars 15 were first
fabricated by nanoi nprinting |ithography. Polystyrene (PS) (Signa Al dri ch,

M= 45,0000 nd. Rhod d
R g e b R e R b A R IR T SR % e

PS fi Ig&nmr@f tRE @w@doxbsesﬁpmrﬁ@eomd @glapicdtmmrrsusatam wag t§idnSat \0t1 Bzinf or
PMWA and 23 wt % f or in toluene) on_silicon substrate at 2000 rp
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The |%¢g| ng process of PS was carried out at 180C at 60 bars for 10

m nutes. To col |l apse the pillars, a PDMS slab was used. PDM5 was m xed at a
ratd o of 1:10 curing agent to el astoneric base according to the

manuf act ur er r ot ocol assed and cured at 80C for 3 hours. The cured
PDVS m@@iﬁ}ou%ﬁqfﬁf" Wﬁ%lgt with the top surface of upright PS pillars. A

shear I g6, 510 GemRISERSN08PRhE %cpars@édealwére ﬁpda@ i U5 tral, %tsﬁe@ﬁﬁoqqqe t he
25 cohesive force between the PS pillars and the inprinted | ayer. During

t he pr sdass cmods(MIanélgostd’meﬂ alpé‘éidoﬁ@l i DAyl é pacoddater sk dr Adidr posto t he
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col l apsed pillar structures were stained for F-actin using Oregon G een 488
Phal | owdth ®EM (¥%iTls Qgerie Mbeddl BY peéba) 1&hd k¥ount er st ai ned with DAPI .

Fl uorescently stained hMsCs for F-actin and DAPI 26 were imaged using a

| aser scanni ng confocal mcroscope (O ynpus FluoView FV1000). Z-sections of
t he hMBGs$6TN R@ﬁugs}ual free and col |l apsed pillar substrates were taken at
0.1 umand 0.3 um,i nterval S respectl vel y,_ for the visualization of

col | ap¥o4odl | Insgraaly 2Q8mpepidpg pEehionies] SEM of cells on pillars
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visualized using confocal microscopy and SEM in Fig. 7 and §, respectively. Fig. 7A-F show

confocal z-sections in 0.1 pm successive steps of hMSCs fluorescently stained for F-actin
and nucleus. A reconstructed 3-D representation of the cell using collected z-stacks showed
these structures to be located within the peri-nuclear region of these stem cells (data not

20  shown). Upright pillars without the residual layer were embedded with rhodamine in red to
differentiate these structures from cellular organelles and intracellular structures. When the
focal planes were moved from the basal surface (maximum pillar signal intensity) to the
apical surface (pillars are off focus), intense red fluorescent signals originating from the
pillars (denoted by arrows in Fig. 7A-F) appear to remain in focus. The hMSCs appeared to

25 have internalized some of the upright pillars. SEM of the COS7, MCF7 and hMSCs residing
on these residual free nano-pillars showed long and extensive filopodia projections (Fig. 8A-
F). The close up images of filopodia extensions and cortical actin in hMSCs are shown in Fig:
10. A similar experiment carried out using the collapse pillar structures gave similar results
that hMSCs appear to have internalized the larger sized 2 pm collapsed pillars (Fig. 11).

30 [00170] The results from the SEM images (Fig. 8) show that cells extended long filopodia
extensions to reach for these nano-sized structures. Filopodia are thin membrane protrusions

that act to probe the extracellular environment. Also known as microspikes, these extensions



sodi um cacodyl ate, and post-fixed in 2% 0s04 in 0.1 M Na cacodyl ate, pH
7.2. After post- fixation, the sanples were dehydrated in a graded ethanol
series. After drying by evaporation 10 of hexamethyl disilazane (HVDS), the
sanpl es were sputter-coated with gold and viewed with SEM (SEM Quanta FEG
200, HV node) at 10-15 kV. [00167] Results [00168] Internalization of 200nm
residual -free upright pillars 15[00169] hMsCs were cultured onto
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| nt er nAFTEAQUPISHLEReOW { apsed pillars.

[00174] Confocal imaging of COS7 and MCF7 cells (Fig. 11E-H) on these collapsed

30  structures did not show any form of cellular intemalization although a large number of pillars

appear to reside in the baso-lateral surface of the MCF7 cells, as indicated by the red



[00173] Adherent cells can undergo endocytosis at both the apical as well
as the baso- lateral surface. Accordingly, confocal imging of
fluorescently stained COS7, MCF7 and hMSCs cul tured on rhodam ne enbedded 2
grn pillars after 24 hours incubation was 25 perforned (Fig. 11). Each
successive i mage shows 0.3 pun step hgcrease in the z-directions fromthe
maxi mal red intensity i ndicating the focal plane of the coIIapsed pillars
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CLAI MS: A construct for pronoting absorption of nolecules by a cell |ocated
at the surface of the construct; wherein the construct conprises: 5 a
plurality of mcro and/or nanoscal e protrusions |ocated at the surface of
the construct; wherein the protrusions have a size and are spaced apart
fromeach other at a distance that ppenotes absorption of nol ecules by said
cell. 2. The construct of claim1l1l, wherein the absorption of nolecules is
facilitated by 10endocytosis, or receptor nedi ated endocytosis, or

pi nocytosis, or phagocytosis. 3. The construct of claim1 or 2, wherein the
protrustamsisare arranged in an isotropic or anisotropic pattern. 154. The
construct of any one of the preceding claing, wherein the protrusions are

| ocat el at 4 KenSyEE Ardromotipgabsgisiop gE Moy seuises dEpsel denated st Bﬁéﬁﬁa%ﬂ chabl e

form 5. The,constiMCnle gpgﬁﬁnﬁ%?&%ﬁ%sg;eceding claims, wherein the

protrusions are In formof mcropillars or nanopillars or a grating. 20 6.
Theé consuplirtlitgfof anyroand/oohatdsealppetesionglochtad asthe windrcgio thehengnetr usi ons

are round or polygonal. 7. The construct of claimb}b, erein.the pillars
have o dPLRETLICOFOTBATRE S teh o ors ShherhaRtt TBB At BTRrA G SBE S um or
bet ween ?Qtheégm&%hggoﬁH%@kuggbpgggggm about 200 nmto about 2 um 8. The

construct of claimb5, wherein the gratings have a wi dth of between about 10
nmto about 2 um or between about 100 nmto about 1.5 um 30
2. The construct of claim 1, wherein the absorption of molecules is facilitated by
10 endocytosis, or receptor mediated endocytosis, or pinocytosis, or phagocytosis.
3. The construct of claim 1 or 2, wherein the protrusions are arranged in an 1sofropic or

anisotropic pattern.

15 4 The construct of any one of the preceding claims, wherein the protrusions are located

at the surface of the construct in a detachable or non-detachable form.

5. The construct of any one of the preceding claims, wherein the protrusions are in form
of micropillars or nanopillars or a grating,
20
6. The construct of any one of the preceding claims, wherein the protrusions are round

or polygonal.

7. The construct of claim 5, wherein the pillars have a diameter or maximal width of
25 between about 10 nm to about 5 pm or between about 50 nm to 4 um, or between

about 200 nm to about 2 pm.

8. The construct of claim 5, wherein the gratings have a width of between about 10 nm
to about 2 um, or between about 100 nm to about 1.5 um.
30
S. The construct of any one of claims 5 to 7, wherein the pillars are extending

substantially perpendicular from the surface of the construct or wherein the pillars are



30 collapsed pillars lying at the surface of the construct; wherein in case
the pillars are collapsed pillars they have a |l ength of between about 50 nm
to about 5 Rm 10. The construct of any one of clains 5 to 9, wherein the
pillars or lines of the grating 5are extendi ng between about 50 nmto 4 gm
or between about 100 rimto about 2 pm above the surface of the construct.
11. The construct of any one of the preceding clains, wherein the

D L] O SRS R oL LA e DU DY LR OR e b, 12,97

wher ei Nt hecaiddysil R0 thedhavdmh i dfibafwieeA RBoNITRNIRE B i@t Piskhch bet ween the
mcropillars fromedge to edge woul d be between 1 to 10 gm or about 9.5

Rm 15 13. The construct of claim 11, wherein the protrusions are

nanopi | A ar s—an [.ein i i | Jsar e to edge
wou 4 bbbl o RS B Bl Sc 8y Th8 R tURRENRR S IBES RO BAREP 12, o
anys one of #hexphdiagdenges bBorsS) mhereim, bifteetpedrcdbobet Ween td Hsoup o Uusi ons
is less than the size of the cells to be |located at the surface of the
construct. a®Vetkesurgekeliie coMughy one of the preceding clains, wherein a
residual layer is arranged 25between the pillars and the surface of the
construct. 16. The construct of any one of the preceding clains, wherein

t he cohkt r u€he ésisolndt aif aedond & thapecedipg ¢laintsy grhkerdimthg paghysions B sp8cedThe

construct of any one.of the preced] cl ai,ms, wherein,.the cqnstruct and/or
t he protrusf 0&?83%%“3%3*' l%t ‘Eﬁ“%@g’m @2 f"l‘ﬂeorc@;qstf’ﬂaé‘tm’&r %cﬂnélfom 18,
wherein thepplypef is a synthetic polymer, or a rigid

12.  The construct of claim 11, wherein the protrusions are micropillars and wherein the
pitch between the micropillars from edge to edge would be between 1 to 10 um, or
about 9.5 pm.

15

13.  The construct of claim 11, wherein the protrusions are nanopillars and wherein the
pitch between the nanopillars from edge to edge would be between 150 to 300 nm, or
200 nm to 250 am.

20 14.  The construct of any one of the preceding claims, wherein the pitch between the
protrusions is less than the size of the cells to be located at the surface of the

construct.

15. The construct of any one of the preceding claims, wherein a residual layer is arranged

25 between the pillars and the surface of the construct.

16.  The construct of any one of the preceding claims, wherein the construct is obtained

via nano-imprinting lithography.

30 17. The construct of claim 16, wherein the nano-imprinting lithography is thermal nano-

imprinting lithography or UV nano-imprinting lithography.



5synt hetic polynmer, or a bioresorbable polyner, or a biodegradabl e polyner.
20. The construct of claim 19, wherein the synthetic polyner is selected
fromthe group consisting of poly(nethyl nethacrylate) (PVMVA),

pol ydi net hyl si | oxane (PDMS), polystyrene (PS) and m xtures thereof 10 21.
The construct of claim 19, wherein the bi odegradabl e polyner is selected
fromthe group consisting of chitosan, poly(e-caprolactone), polyglycolic

A L I e e e el

pol yst yr eneproédsididere RRdE HULHolomet]! ai m 20, mhereln the pol ystyrene is
ti ssue-culture grade polystyrene (TCPS). 2024. The construct of any one of
clainms 18 to 23, wherein durlng manuf acture the polyner is mxed with

nmol ecujgs Ll h
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prdtru5|onngEEESpﬁynanhmdbmﬁegﬂbmmwpﬁgmabsoabﬁﬂogadﬁﬁﬁpbbmuwes by cells,

wherein the nethod conprises: providing a construct according to any one
of claimse 1 to 24;  seeding and culturing at |east one cell at the surface

Of t heyEONSHEdIGhsHOd8E 1GRN Dt Rnsin$hE HARleBc hTynfl $OJRict@NT@f ¢ l es by
the cells. 3% 3% 27. T%e met hod o? cl g?h\Z%b erelﬁ absor tﬁgﬁ#&%ﬂthe

mol ecul es usesisanmotpoli(rethyt aretiasrylae) @MMeal p@mlmeéwisﬂoxane (PDMS),
polystyrene (PS) and mixtures thereof.

10
21. The construct of claim 19, wherein the biodegradable polymer 1s selected from the
group consisting of chitosan, poly(e-caprolactone), polyglycolic acid, poly(lactic

acid), polyphosphoester (PPE) and mixtures thereof.
15 22. The construct of claim 19, wherein the rigid synthetic polymer is polystyrene.

23. The construct of claim 20, wherein the polystyrene is tissue-culture grade polystyrene
(TCPS).

20 24, The construct of any one of claims 18 to 23, wherein during manufacture the polymer
is mixed with molecules which are to be absorbed by the cell to be located on the

construct or wherein the molecules are attached to the surface of the protrusions.

25 25. A method of promoting absorption of molecules by cells, wherein the method
comprises:
» providing a construct according to any one of claims 1 to 24;
* seeding and culturing at least one cell at the surface of the construct under conditions
suitable for absorption of molecules by the cells.
30
26. The method of claim 25, wherein the absorption of molecules is via endocytosis, or

pinocytosis, or phagocytosis.



528. The nethod of claim25 to 27, wherein the nolecules to be absorbed are
sel ected fromthe group consisting of nucleic acid, nucleic acid vectors,

si RNA, m croRNA, magnetic nanoparticles, gold nanoparticles, fluorescent
nanoparticl es, quantum dots, aptaners (oligonucleic acid or peptide),
peptides, growh factors, therapeutigally active substances, bionmarkers,

col ouring agents, and any one of the aforenentioned 10nol ecul es attached to
a mcroparticles. 29.Use of a construct according to any one of clains 1 to
24 for cell transfection, or drug-delivery or high-throughput screening
arrays2?7.  The method of claim 25, wherein absorption of the molecules uses a non-viral carrier

or a viral carrter.

5 28 The method of claim 25 to 27, wherein the molecules to be absorbed are selected from
the group consisting of nucleic acid, nucleic acid vectors, siRNA, microRNA,
magnetic nanoparticles, gold nanoparticles, fluorescent nanoparticles, quantum dots,
aptamers (oligonucleic acid or peptide), peptides, growth factors, therapeutically
active substances, biomarkers, colouring agents, and any one of the aforementioned

10 molecules attached to a microparticles.

29, Use of a construct according to any one of claims 1 to 24 for cell transfection, or

drug-delivery or high-throughput screening arrays.



