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Abstract Selective control of cellular response to poly-
meric biomaterials is an important consideration for many
ocular implant applications. In particular, there is often a
need to have one surface of an ophthalmic implant capable
of promoting cell attachment while the other needs to be
resistant to this effect. In this study, an atmospheric pres-
sure dielectric barrier discharge (DBD) has been used to
modify the surface region of poly(methyl methacrylate)
(PMMA), a well established ocular biomaterial, with the
aim of promoting a controlled response to human lens
epithelial cells (LEC) cultured thereon. The DBD plasma
discharge environment has also been employed to chemi-
cally graft a layer of poly(ethylene glycol) methyl ether
methacrylate (PEGMA) onto the PMMA and the response
to LEC likewise determined. Two different molecular
weights of PEGMA, namely 1000 and 2000 MW were
used in these experiments. The LEC response to DBD
treated polystyrene (PS) samples has also been examined
as a positive control and to help to further elucidate the
nature of the modified surfaces. The LEC adhered and
proliferated readily on the DBD treated PMMA and PS
surfaces when compared to the pristine polymer samples
which showed little or no cell response. The PMMA and
PS surfaces that had been DBD grafted with the PEG-
MA goo layer were found to have some adhered cells.
However, on closer inspection, these cells were clearly on
the verge of detaching. In the case of the PEGMA,yy9
grafted surfaces no cells were observed indicating that the
higher molecular weight PEGMA has been able to attain a
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surface conformation that is capable of resisting cell
attachment in vitro.

1 Introduction

In normal vision, light passes through the transparent cor-
nea and lens before arriving at the retina. Opacification of
either the cornea or lens can result in monocular blindness
with the naturally occurring corneas or lenses needing to be
surgically replaced by a keratoprostheses or intraocular
lenses, respectively [1]. Failure of an implanted kerato-
prosthesis can occur due to weakening at host—implant
interface often caused by poor cell adhesion, or due to
fibrous membrane development on the interior of the
implant [2]. Requirements, for the fabrication of a func-
tional keratoprosthesis necessitates that the biomaterial to
be able to spatially control cell adhesion. The ideal bio-
material surface in this context must provide enhanced cell
attachment at the host—implant interface while promoting
reduced protein and cell adhesion on the interior of the
implant to ensure longevity in vivo [2-5]. In the case of
intraocular lenses, failure of the implant generally results
from residual lens epithelial cells (LECs) migrating along
the capsule and inducing posterior capsular opacification
(PCO), a process that can occur long after successful sur-
gery [6]. Various research approaches have been used in an
attempt to eliminate PCO [6, 7]. One strategy is to use a
biomaterial which gives the implant the ability to resist
protein and cellular adhesion [8—12].

This study reports on the use of an atmospheric pressure
surface modification procedure that employs a dielectric
barrier discharge (DBD) to modify the surface properties of
polymeric biomaterials in a manner that allows for control
of cellular response thereon. Poly(methyl methacrylate)
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(PMMA) is used widely for the fabrication of ocular
devices and was chosen here as a model substrate for the
surface modification processes of interest. Polystyrene (PS)
is a well established substrate for cell culture and was used
in these studies as a positive control to further elucidate the
effects of the DBD grafting on cell response. The hydro-
philic surfaces obtained by plasma modification have been
proven to produce conditions that are conducive to
increased cellular response [13-16].

It is well accepted that grafting of poly(ethylene glycol)
(PEG) onto a substrate generally results in a reduction in
the adherence of proteins and cells onto its surface [17-22].
Previous work has illustrated a novel way of chemically
grafting non-fouling methacrylate terminated PEG (PEG-
MA) layers onto polymer surfaces via DBD plasma
induced grafting [23]. Whereas, plasma processing has
been used to graft molecules onto substrates, it is not
widely applied due to the high engineering costs associated
with vacuum-based plasmas that are normally required to
carry out these reactions [24-27]. In this regard, DBD
processing offers an attractive alternative since it allows for
rapid, continuous in-line processing and lower operational
costs as it functions under atmospheric pressure conditions.
The PEGMA grafted surfaces that can be produced by this
type of cold plasma processing method have already been
shown to resist protein adhesion. The effects that the
PEGMA-grafted PMMA and PS surfaces have on lens
epithelial cell response in vitro are presented here.

2 Materials and methods
2.1 Atmospheric pressure DBD treatment

Surface treatment was carried out at atmospheric pressure
using a laboratory scale DBD system (Arcojet Gmbh,
Germany). Commercial grade PMMA (1 mm thick) and PS
(1.2 mm thick) sheets (Goodfellow, Cambridge, UK) were
used as the polymer substrates for these studies. Discs of

Fig. 1 Schematic of in house
dielectric barrier discharge

34 mm diameter were punched from the polymer for use in
all the cell culture studies and associated assays with the
exception of the immunofluorescence staining studies
which used 22 mm diameter discs. Samples were cleaned
by sonication in ethanol for 15 min and dried in air over-
night prior to use.

The DBD system is shown schematically in Fig. 1 and
has been described in detail elsewhere [28-34]. In brief,
polymer samples were placed on a 2 mm thick rubber
covered aluminium platen which constitutes the ground
electrode. The plasma discharge was then generated by
moving the platen/substrate assembly under three station-
ary tubular metal electrodes of diameter of 11.8 mm each
arranged in parallel to create a 2 mm wide gap between the
two components. The three working electrodes are driven
by a sinusoidal high voltage AC power supply at a fre-
quency in the range 40-80 kHz. The action of sliding the
ground electrode under the working electrodes automati-
cally creates the active discharge zone. Exposure of the
polymer samples to the atmospheric pressure plasma dis-
charge can be described quantitatively by two parameters
namely: the power density (Py), and the residence time of
the substrate in the plasma (R). The total energy delivered
by the plasma to the substrate surface per unit area can
therefore be give as the dose (D = 2NPg4/vl) in J/cm? where
1, is the length of the discharge region and N is the number
times the platen slides back and forth (referred to as a
cycle) through the discharge zone with a transit speed
denoted v. Each cycle is equivalent to two periods of
exposure (i.e. forward and backward). For the purposes
of this study, the power was fixed at 500 W and the values
of D are reported with the relevant values of P4 and R
provided for completeness.

2.2 Preparation of PEGylated surfaces
PEGylated PMMA and PS surfaces were prepared at

atmospheric pressure via processing of substrates exposed
to solutions of PEGMA in the DBD reactor as previously
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Fig. 2 Schematic illustration of plasma graft induced polymerisation
onto PMMA and PS

described [23] and shown schematically in Fig. 2. In brief,
the MW: 1000 and 2000 Da PEGMA materials were dis-
solved in methanol (Sigma-Aldrich, UK) at a concentration
of 10% w/v. The polymer surfaces of interest were DBD
treated followed by immediately dip coating the samples in
the PEGMA-methanol solution for 10 s. The coated
polymers were allowed to dry in an oven at 50°C for 2 h
and subsequently DBD treated. The samples were then
washed repeatedly with methanol and submersed in Milli-
Q ultrapure water for 16 h on a rocker table to remove any
non-covalently bound PEGMA. Samples were dried under
a stream of nitrogen and stored in sterile Petri dishes prior
to analysis. The sample nomenclature adopted is: untreated
(control), DBD treatment prior to PEGMA g grafting
(PMMAx’, PSox’), DBD treatment prior to PEGMA,gg0
grafting (PMMAox”, PSox”), PEGMA oy, grafting
(PMMA-g-PEGMA g9, PS-g-PEGMAoo0) and PEG-
MA2000 grafting (PMMA-g-PEGMAlooo, PS -g-PEG-
MA5p00)- The treatment parameters are given in Table 1.

2.3 Biological analysis
2.3.1 Cell culture

Samples that were variously DBD processed were placed in
a laminar flow hood and left to relax for 48 h. A stock
solution of 0.6% Agar (Sigma-Aldrich, UK) in Milli-Q
water was freshly prepared and autoclaved at 160°C for
2 h. Hot Agar (2 cm®) was pipetted into sterile six well
plates followed by careful placement of the polymer sam-
ples. Agar was used as a gelling agent to stick the poly-
meric substrates to the six well plates in order to avoid cells
adhering to the under side of the substrates and the tissue
culture polystyrene (TCPS).

Immortalised human LECs (CRL-11421) were used to
assess the response of air DBD processed surfaces in cell
culture. Cells were grown in a humidified atmosphere of
5% CO, in Eagle’s minimum essential medium (MEM,
Gibco, UK) that was supplemented with 10% foetal bovine
serum (FBS), 100 IU/ml penicillin G, 100 pg/ml strepto-
mycin sulphate, and 20 pg/ml gentamycin (all obtained
from Invitrogen, UK). The cells were maintained at below
70% confluency and were passaged every 3—4 days using
0.25% trypsin-EDTA (Sigma, UK) into 75 cm® (T-75)
tissue culture flasks. The cells were seeded on PMMA and
PS polymer discs at a concentration of 2 x 10° cells and
the samples then cultured under normal humidified condi-
tions at 37°C, 5% CO, for 4, 24 and 48 h, respectively.
Cell media was changed every 2 days. All assays were
carried out in triplicate and repeated three times to confirm
results.

2.3.2 Crystal violet adhesion assay
LECs were seeded onto the polymer samples in the agar

loaded six well plates and incubated for 4 h at 37°C in a
humidified 5% CO, atmosphere. The media was aspirated

Table 1 Experimental conditions for DBD treated and PEGMA grafted polymer substrates

Substrate nomenclature DBD modification/pre-treatment Grafting DBD grafting treatment
> > molecule MW > >
D (J/em®) Py (W/em”) R (s) D (J/em®) Py (W/em”) R (s)

PS

PSox’ 314.9 53 56.6

PSox" 105.0 53 18.8

PS-g-PEGMA ;900 314.9 53 56.6 1000 314.9 53 56.6

PS-g-PEGMA 000 105.0 53 18.8 2000 105.0 53 18.8
PMMA

PMMA,,/ 210.0 5.3 37.5

PMMA,,” 105.0 5.3 18.8

PMMA-g-PEGMA o0 210.0 53 37.5 1000 210.0 53 375

PMMA-g-PEGMA 000 105.0 53 18.8 2000 105.0 53 18.8

@ Springer



1706

J Mater Sci: Mater Med (2010) 21:1703-1712

off and the cells were washed twice with PBS and mor-
phologically fixed and permeabilised in a solution of 3.7%
paraformaldehyde (PFA)/0.01% Triton-X in PBS, respec-
tively. After 20 min the cells were washed with PBS and
incubated with 2 cm® of 0.5% crystal violet aqueous
solution for 30 min. The samples were washed with copi-
ous amount of Milli-Q water and the stained cells were
solubilised with 1 cm® of 2% sodium dodecyl sulphate
(SDS) for 16 h to allow for complete solubilisation of the
dye taken up by the cells. Aliquots of 200 pl of this solu-
tion pertaining to each sample type were transferred in
triplicate to a 96-well plate, giving a total of nine replicates
per sample type. The absorbance of the solution (optical
density) was read in a Tecan Sunrise™ (TECAN Austria
GmbH) microplate reader (equipped with Magellan Soft-
ware) using a 570 nm filter.

2.3.3 MTT cell viability assay

A stock solution of 5 mg/cm® MTT [3-(4,5-dimethylthia-
z01-2-y1)-2,5-diphenyltetrazolium  bromide] (Sigma-
Aldrich, UK) was prepared in PBS and was passed through
a 0.2 mm filter and stored at 2°C. Cells were grown on
substrates following culture passage. After 24 and 48 h of
cell seeding on surfaces, the culture media was replaced
with phenol red free Earles’s MEM (Gibco, UK) media.
Aliquots of 20 pl of the MTT stock solution added to each
well giving a 10% working volume of MTT. The cells were
incubated at 37°C in a humidified 5% CO, atmosphere
until the formazan product was visible (~2.5 h). The
culture medium was aspirated off and the cells were sol-
ubilised with 1 cm® of 2% SDS for 16 h. Aliquots of
200 pl pertaining to each sample type were transferred in
triplicate to a 96-well plate, giving a total of nine replicates
per sample type. Absorbance (optical density) was read in a
Tecan Sunrise™ (TECAN GmbH, Austria) microplate
reader equipped with Magellan Software using a 570 nm
filter.

2.3.4 Immunocytochemistry

Cells were grown on substrates for 24 h following culture
passage. Large volumes of ice-cold PBS were used to rinse
the cells (3 x 5 min), prior to fixing them 3.7% PFA/PBS
and solubilising with 0.1% Triton X-100/PBS at 4°C. After
20 min the cells were washed with PBS (3 x 5 min) to
remove any traces of PFA. To visualize actin, samples
were then incubated with phalloidin Alexa Fluor 488
(Molecular Probes, UK) at 25 U/em®. The samples were
rinsed in PBS (3 x 5 min) and mounted with Vectashield
Mounting Medium containing 1.5 pg/cm® of DAPI coun-
terstain (Vector Laboratories, UK). A clear varnish was
used to seal the slides and they were examined using a Carl
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Zeiss LSMS5 Pascal (Carl Zeiss Microlmaging, Germany)
Confocal Laser Scanning Microscope.

2.3.5 Image analysis

Images were loaded into NIH Imagel] Software (v 1.38x
NIH, USA). Cell counts were performed by quantifying the
DAPI stained cell nuclei from six random fields of view
taken for each sample type. All samples were run in
triplicate.

2.3.6 Statistical analysis

The statistical analysis of all the surface analysis and bio-
logical assays was performed with Origin® (v. 7.0383,
OriginLab Corporation, USA). One way analysis of vari-
ance (ANOVA) was used to compare mean values in order
to determine equivalence of variance between pairs of
samples. Significance between groups was determined
using the Bonferroni multiple comparison test. A value of
P < 0.05 was taken as statistically significant. Results are
reported as means =+ standard deviation. All experiments
were carried out in triplicate and repeated.

3 Results and discussion
3.1 Cell adhesion

The chemical and microstructural effects of DBD treatment
on PMMA and PS, as well as the properties of PEGMA
grafted surfaces was confirmed by contact angle measure-
ment, X-ray photoelectron spectroscopy (XPS), time-of-
flight secondary ion mass spectrometry (ToF-SIMS) and
atomic force microscopy (AFM) as reported in detail
elsewhere [23]. The efficiency of PEGMA grafting was
mainly determined through XPS analysis. DBD induced
grafting of the two different MW PEGMA results in the
occurrence of a characteristic ether (C-O-C) carbon
component at 286.5 eV in the Cls region of the XPS
spectra. An increase in the intensity of this C—O-C com-
ponent is deemed to be indicative of the presence of more
PEGMA having been grafted onto the PS surface. The most
optimised PEGMA grafted studies are used here. The
PMMA-g-PEGMAlOOO and PMMA-g-PEGMAZOOO had
61.8 and 81.6 at.% C—O-C component in the Cls region of
the XPS spectra, respectively [23]. Likewise, the PS-g-
PEGMA gpp, PS-g-PEGMA 09 had 58.7 and 64.4 at.%
C-O-C component in the Cls region of the XPS spectra
respectively [23]. The ToF-SIMS images showed
PMMA-g-PEGMA oo and PS-g-PEGMA | o to have a non-
coherent coverage on the surface, where as the PMMA-g-
PEGMA,pp and PS-g-PEGMA,yy0 were homogenously
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Fig. 3 Crystal violet adhesion assay data for LEC on the various
PMMA samples 4 h post-seeding

grafted on the surface to the detection limit of the tech-
nique [23].

The initial attachment of LECs to pristine PMMA, PS;
DBD treated surfaces (PMMA,,’, PMMA,,”, PS.,/, PS,,")
and PEGMA grafted surfaces (PMMA-g-PEGMA (o,
PMMA-g-PEGMA,q9, PS-g-PEGMApp0, PS-g-PEG-
MA;g00) were quantified 4 h post-seeding. Graphical rep-
resentations of the results are presented in Figs. 3 and 4.
For both polymers, low numbers of LECs were found to
attach to the pristine and PEGylated surfaces. Conversely,
statistically significant (P < 0.0001) greater numbers of
cells adhered to the DBD-treated PMMA and PS surfaces
(PMMA,,/, PMMA,.”, PS,,’, PS,,"), as in Figs. 3 and 4.
Interestingly, both the PS,,’ and PS,,” surfaces had higher
cell numbers when compared with TCPS, as shown in
Fig. 4.

3.2 Cell viability

The MTT assay was used to determine viability of LECs on
the modified surfaces at 24 and 48 h post-seeding with the
relevant data presented in Figs. 5 and 6, respectively. Cell
viability on the DBD treated polymers (PMMA,,/,
PMMA,,”, PS./, PS,") was statistically higher (P <
0.0001) than that on the pristine controls and the PEGy-
lated samples (PMMA-g-PEGMA oy, PMMA-g-PEG-
MAsp00, PS-g-PEGMA |00, PS-g-PEGMA000). It is well
known that cells need to attach and spread before they can
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Fig. 4 Crystal violet adhesion assay data for LEC on the various PS
samples 4 h post-seeding
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Fig. 5 MTT proliferation assay data for LECs on the various PMMA
samples 24 and 48 h post-seeding

undergo proliferation. Hence, these data are consistent with
cell adhesion assay results presented above. As such, it is
clear that the LECs that have adhered onto the DBD treated
surfaces after 4 h in culture are viable and capable of
proliferating thereby indicating that this modified surface
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condition created allows for an increased cellular response.
Alternatively, the results also demonstrate that atmospheric
pressure DBD induced grafting of PEGMA onto PMMA
and PS creates a surface that is resistant to cell adhesion.
Whereas, the PEGMA (o surface does support some cell
adhesion, the numbers present are lower than that on the
DBD treated samples. For the PEGMA,(y, surfaces the
effect is significantly greater with no detectable cells
present. Hence, the PEGMA,og grafted surface condition
produced here is promising method for resisting cellular
response to polymers.

3.3 Immunocytochemistry

The overall morphology of LEC adhering to the pristine
and DBD-treated surfaces was visualised by actin and
nuclei staining 24 h post-seeding. Figures 7 and 8 show
LECs seeded at the same cell density and culture condi-
tions onto pristine polymer (PMMA, PS), DBD polymer
(PMMA,, and PMMA,,”, PS,,/, PS,") and PEGylated
(PMMA-g-PEGMA g9, PMMA-g-PEGMAj00, PS-g-
PEGMA pp9, PS-g-PEGMA,9) polymer surfaces. The
morphology of the cells varied depending on the substrate
type concerned. Cells on the pristine PS and PMMA were
partially spread with the direction of the actin stress fibres
dominant along the long axis of the cells and reduced
numbers of observed fibres in the interior of the cells.
These cells displayed a bipolar spindle spaced morphology
characterised by a low cell area and high aspect ratio of the
type observed previously by Evans et al. for LECs [35]. By
contrast, the cells on the DBD treated surfaces had a well
spread morphology with a higher contact area. As indicated
earlier, there were much greater numbers of cells on these
surfaces, particularly on the PS,,’ and PS,,” samples, with
a clearly defined hexagonal packing morphology, as
reported by Weber and Menko [36]. Consequently, the
actin stress fibres from the cells on the DBD treated sur-
faces formed a dense and complex network. The LECs
present on the PMMA-g-PEGMA o9 and PS-g-PEG-
MA g0 surfaces have an obvious rounded morphology
many of which are detaching from the substrate leading to
collections of cells folding over one another. These cells
displayed little or no stress fibre formation, but rather
exhibited evidence of pronounced shrinkage and loss of
cell—cell contact in a manner similar to results reported by
Yan et al. for LEC grown on PMMA and silicone discs
[37]. As indicated in the previous section, no cells were
detected on the PMMA-g-PEGMA,yn or PS-g-PEG-
MA5po0 samples under the experimental conditions used
here.

Cells that display a rounded morphology are normally
indicative of poor adherence to the substrate. This behav-
iour can lead to apoptotic cell death and commonly
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Fig. 6 MTT proliferation assay data for LECs on the various PS
samples 24 and 48 h post-seeding

accounts for failure in polymeric implants. Conversely, well
spread morphologies are indicative of cells that are adhering
and proliferating. Cell spreading involves a rearrangement
of the cytoskeletal and membrane components and thereby
results in a flattened morphology characterised by actin
stress fibres terminating in the focal adhesion points. A
stable actin cytoskeletal structure for adherent cells is
generally related to well formed attachments to the extra-
cellular matrix (ECM) [38] and interactions with neigh-
bouring cells [39]. Stress fibres that are organised from actin
filaments are associated with integrin receptors at the focal
adhesion points where they control integrin signalling and
integrin/matrix adhesion [40-42]. Weber et al. have
observed that the disassembly of actin stress fibres in LEC is
concomitant with initiation of lens epithelial cell differen-
tiation, just as is the case for many other cell types [36, 43,
44]. In fact these actin stress fibres in LECs provide a sur-
vival signal that inhibits the cells from initiating apoptotic
pathways [36]. Since actin stress fibres are responsible for
anchorage at the cell adhesion sites, it can be stated that
adherence is substantially stronger on the DBD-treated
surfaces (with a well spread network of actin fibres) com-
pared to pristine or PEGylated surfaces (displaying few
actin fibres), as shown in Figs. 7 and 8.

3.4 Cell counts

Cell counts determined by ImageJ analysis were used to
corroborate the colourimetric assays. The DAPI stained
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Fig. 7 Confocal micrographs
of LECs dual stained with actin
(green) and nuclei (blue)
showing the cytoskeleton in
cells 24 h post-seeding on after
24 h incubation on a PMMA, b
PMMA,,’, ¢ PMMA,,”, d
PMMA-g-PEGMAlooo, (3
PMMA-g-pEGMAzoo(}. (CO]Or
figure online)

nuclei from six random fields of view of each surface
condition PMMA and PS samples were counted with the
results presented in Figs. 9 and 10. These results confirm
those obtained from the colourimetric assays, i.e. cell
growth on the DBD pre-treated surfaces is significantly
larger (P < 0.0001) than that of the PMMA and PS control
surfaces. Although there is some cell growth on the
PMMA-g-PEGMA ggp and PS-g-PEGMA oo substrates,

—
100 pm

| |
100 pm

they are significantly reduced in comparison to their DBD-
pre-treated substrates. The cell counting method confirms
that there is no cell attachment on the PMMA and PS
grafted with PEGMA,oo. The salient point here is that the
PEGylated surfaces were created by a simple DBD induced
grafting procedure onto the DBD treated surfaces which
themselves show a substantially increased rate of LECs
adhesion and viability.
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Fig. 8 Confocal micrographs
of LECs dual stained with actin
(green) and nuclei (blue)
showing the cytoskeleton in
cells 24 h post-seeding on a PS,
b PS.,/, ¢ PS.,”, d PS-g-
PEGMA g0, € PS—g—

PEGMA (. (Color figure
online)

Control of cellular response can increase the longevity
of the implanted medical devices such as keratoprostheses
and intraocular lenses. An increase in cellular response is a
key requirement for the effective integration of an
implanted keratoprosthesis into the corneal stroma, there-
fore increasing the speed of stabilization and enhancing the
long term survival of the implant. Conversely, failure
intraocular lenses generally results from residual LECs
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migrating along the capsule and inducing PCO. In this
regard, a surface that resists cell adhesion and proliferation
is preferred. The PEGMA,(oo surfaces produced here by
DBD induced chemical grafting suggest themselves as a
means to create these conditions using the same atmo-
spheric pressure plasma processing technology. Further-
more, previous work has shown that the PEGMA , layers
are tethered spatially close together on the surface to
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Fig. 9 Cell counts from ImageJ analysis for LEC on the various
PMMA samples 24 h post-seeding
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Fig. 10 Cell counts from ImageJ analysis for LEC on the various PS
samples 24 h post-seeding

provide for the excluded volume effect [23]. Protein
adsorption studies of these PEGMA,o layers has shown
this coating to be protein resistant to the detection limit of
the technique. As no protein adsorption is observed, the
PEGMA o surfaces do not allow for the Vroman effect
[45] which involves a series of competitive protein

adsorption events that is followed by attachment proteins
adsorbing onto the surface and promoting effective cell
adhesion. As blood-material interactions and inflammatory
response are also dependant on this well-known Vroman
effect of protein adsorption, it is expected that these effects
will be minimal on the PEGMA, grafted surfaces.

4 Conclusions

All biomaterials and by association the implant devices that
are made from them, develop a protein coating as soon as
they are introduced into a biological environment. As such,
cells that subsequently come into contact with such a sur-
face do not “see” a naked surface, but rather are influenced
by the nature of this protein adlayer which in turn can be
affected by the nature of the substrate surface chemistry.
Hydrophilic surfaces allow for a series of protein adsorp-
tion events to occur, which eventually allows for effective
cell adhesion or otherwise. The nature of actin stress fibres
that normally anchor cells to the ECM can be used as an
indicator of their response in a given environment. In these
studies, actin stress fibres are found to form complex and
well defined networks on the DBD treated PMMA and PS
surfaces. By comparison, the actin stress fibres for LECs
that adhere to the pristine polymer surfaces or the PEG-
MA po0 PEGylated surfaces are not fully formed. This
indicates that the DBD treatment method can be used to
provide for enhanced cell adhesion and viability. Alterna-
tively, the polymeric samples produced by DBD induced
grafting from solutions of PEGMA,(, showed no detect-
able cell adhesion and therefore meets the requirements for
non-fouling surfaces. The ability of the DBD technology to
modulate increased or decreased cellular response has very
exciting implications for the design and surface engineer-
ing of implanted ocular biomaterials.
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