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N-Acetyl-i-cysteine (NAC)-capped poly(methyl methacrylate)-b-polycaprolactone block
copolymer (PMMA-b-PCL-NAC) was prepared using the previously described one-pot photo-
induced sequential CuAAC/thiol-ene double click procedure. PMMA-b-PCL-NAC had previously
shown good applicability as a matrix for cell adhesion of cells from the Vero cell line
(African green monkey kidney epithelial). Here, in this work, PMMA-b-PCL-NAC served as
an excellent immobilization matrix for biomolecule »

conjugation. Covalent binding of RGD (R: arginine, ﬁ ﬁ
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G: glycine, and D: aspartic acid) peptide sequence
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onto the PMMA-b-PCL-NAC-coated surface was per-

formed via EDC chemistry. RGD-modified PMMA-b-
PCL-NAC (PMMA-b-PCL-NAC-RGD) as a non-toxic cell
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proliferation platform was used for selective “integ-
rin av@3-mediated cell adhesion and biosensing
studies. Both optical and electrochemical techniques
were used to monitor the adhesion differences
between “integrin «avB3” receptor positive and
negative cell lines on to the designed biofunctional
surfaces.
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1. Introduction

Cell-on-a-chip systems have a great importance because of
their numerous advantageous such as increased sensitivity,
continuous flow, and real time analysis.[l] Besides, these
systems can be used to monitor cellular viability, cell
adhesion and proliferation, drug toxicity, and electro-
chemical sensing./>*! For cell-on-a-chip, the improvement
of the biocompatibility of cell culture materials is very
important. Therefore, an enormous amount of research has
been conducted toward the design of functional surfaces
with increased sensitivity and biocompatibility.[*”)
Especially, biodegradable synthetic polymers such as
polycaprolactone (PCL), poly(lactic acid) (PLA), and poly-
(lactideco-glycotide) (PLGA) have been employed as scaf-
folds for organ tissue growth but they generally show
poor cytocompatibility. The surface modification of these
synthetic biocompatible polymers with specific functional
groups and biomolecules has been shown to change their
surface properties and improve cytocompatibility./®! The
use of so-called click chemistry is a very effective route for
modification of polymeric and macromolecular structures
and has become widespread. These transformations are
very high yielding and highly modular giving rise to little
or no side products without the need for column
chromatography, among other favorable attributes.
Among the archetypal click reactions are included the
copper catalyzed azide-alkyne cycloaddition (CuAAC)™]
and the thiol-ene reaction.**! Both reactions have been
successfully employed extensively in macromolecular
modification!*?! related to bioapplications.

Recently, our group took advantage of their favorable
properties to employ them sequentially in a one-pot
procedure under photochemical conditions to obtain
N-acetyl-i-cysteine (NAC)-capped poly(methyl methacry-
late)-b-polycaprolactone block copolymer (PMMA-b-PCL-
NAC). 3] PMMA-b-PCL-NAC was employed as a matrix
for cell adhesion of cells from the Vero cell line (African
green monkey kidney epithelial) and showed cell prolifer-
ation comparable to commercially available cell culture
plates. Recent years, there has been lots of studies about
improving cell adhesion, proliferation, and viability on
polymer-modified surfaces for cell-on-a chip systems.[*47¢]
Especially, extracellular matrix (ECM) proteins, such as
fibronectin, collagen, and laminin-coated surfaces, have
widespread usage due to the their role in the modulation of
integrin-dependent cell adhesion.*”"**) Integrins are cell
surface transmembrane proteins that interact with ECM
molecules. They are formed from 19 «- and 8 B-subunits
that are expressed in 25 different «/f heterodimeric
combinations on the cell surface.?>?Y Also, integrin probes
can be used for sensing of selectively adhered and
proliferated cells. Particularly, integrin alpha V beta 3
(avB3) is an important receptor for ECM proteins via their
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RGD (R: arginine, G: glycine, and D: aspartic acid) peptide
sequence. Although integrin avB3 is poorly expressed in
most healthy cells, it is highly expressed in many
tumors.[?2728] Therefore, integrin avf3 is an interesting
biological target for cancer treatment, imaging, and also
sensing.[?”]

Researchers have developed numerous surfaces to
investigate integrin-mediated cell adhesion and prolifer-
ation.®°=*3) Recently, researchers have worked toward
improving new electrochemical cell-sensing surfaces for
cell-on-a-chip systems. With this goal in mind, several cell
detection based electrochemical methods have appeared
mostly using mammalian cells, especially cancerous cell
lines.® Normally, self-assembled modification of elec-
trode surfaces have been used for bio-recognition of the
relevant cell line. On the other hand, novel nanocomposite
and/or polymeric adhesive materials could be attributed to
this kind of approach. In our previous work, folic acid and
poly(caprolactone)-modified clay nanocomposite were
used in the selective cell attachment of folic acid overex-
pressed Hela (ovarian cancer cell line) cells against A549
(lung cancer cell line). ™) Here, PMMA-b-PCL-NAC was
synthesized according to the procedure published previ-
ously.**! PMMA-b-PCL-NAC served as an excellent immo-
bilization matrix for RGD modification. Introduction of
RGD onto the PMMA-b-PCL-NAC-coated surface was
performed through covalent binding using the well-
established two-step carbodiimide coupling method.*"!
Briefly, RGD-modified PMMA-b-PCL-NAC (PMMA-b-PCL-
NAC-RGD) was successfully used as a targeted surface for
cell culture applications to discriminate the proliferation
behaviors of integrin av3 receptor positive (U87-MG) and
negative (HaCaT) cell lines.

2. Experimental Section

2.1. Materials

RGD peptide, EDC (1-ethyl-3-(3-dimethylaminopropyl) carbodii-
mide), Triton X-100, formaldehyde (37.0%), 4, 6-diamino-2-phenyl-
indol (DAPI) were purchased from Sigma. THF (tetrahydrofuran),
phosphate-buffered saline (pH 7.4, PBS) which was prepared using
8.0g-L* NaCl, 0.2g-L™" KCl, 1.4g-L™" Na,HPO,2H,0, and 0.2¢
KH,PO, were obtained from Merck. NAC end-capped PMMA-b-PCL-
NAC was prepared as previously described.[**!

Dulbecco’s modified Eagle medium (DMEM), Eagle’s minimum
essential medium (EMEM), fetal bovine serum (FBS), penicillin/
streptomyecin (P/S) (10 000/10 000 units), and 200 mM r-glutamine
were purchased from Lonza. CytoPainter Phalloidin-iFluor 555
reagent, Anti-Integrin alpha V beta 3 (av@3) antibody (ab78289),
and Goat Anti-Mouse IgG H&L (Alexa Fluor 488) (ab150117) were
purchased from Abcam.

FT-IR spectra were recorded on Perkin—Elmer FT-IR spectrum one
spectrometer with an ATR Accessory (ZnSe, PikeMiracle Accessory)
and cadmium telluride (MCT) detector. Resolution was 4 cm™* and
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24 scans with 0.2 cm -s~* scan speed. A Philips XL-30S FEG model
SEMwas used. SEM analyses were carried out at 5.0 kV and 50 000 x
magnifications.

2.2. Cell Culture Studies

U87-MG (ATCC) and HaCaT (CLS) cell lines were maintained in
EMEM and DMEM, respectively. Both of them supplemented with
10.0%FBS,and 1.0% P/S at 37 °Cin a humidified incubator with 5.0%
CO, in air. All cells were sub-cultured at 80% confluency by
trypsinization every 2 or 3 d.

The expression of integrin avB3 in U87-MG cells and the lack
of expression in HaCaT as a control cell line were confirmed by
flow cytometry analyses. For flow cytometry studies, cells were
harvested and washed once in cold PBS and in incubation buffer
consisting of PBS supplemented with 2.0% FBS. After suspending in
incubation buffer, 1 x 10° cells were collected and centrifuged. For
cell staining, 2.0 ug Anti-Integrin avB3 antibody was added and
incubated at room temperature for 1 h. Negative control staining
was performed using matched mouseIgG1, isotype control antibody
(BD Biosciences, Heidelberg). After then, secondary staining was
performed by using Goat Anti-Mouse IgG H&L (Alexa Fluor 488)
antibody (1:2 000). Unbound antibodies were removed by washing
three times in 1.0 mL incubation buffer. Immediately before flow
cytometry analysis cells were suspended in 1.0 mLincubation buffer
and then analyzed in a BD FACS flow cytometer. 10 000 gated events
were observed in total and the living cells were gated in a dot plot of
forward versus side scatter signals. For drawing dot plots FlowJo
software (Tree Star, San Carlos, CA) was used.

PMMA-b-PCL-NAC and PMMA-b-PCL-NAC-RGD were compared
to the commercial PS cell culture plates to observe their properties
as cell culture materials. Thus, 0.5 mg - mL~* PMMA-b-PCL-NAC (in
5.0% THF) was added into polystyrene-coated 96-well plates. Plates
were dried for 72h at room temperatures. To activate carboxyl
groups of PMMA-b-PCL-NAC, 0.2 M EDC (in pH 7.4 PBS) were added
into plates and incubated for 15min. Then, PMMA-b-PCL-NAC-
coated plates were incubated with 0.05mg -mL™* RGD peptide
overnight and rinsed with PBS three times to remove unbound
molecules. Afterward, the resulting PMMA-b-PCL-NAC-RGD-
coated plates were sterilized under UV radiation for 15 min and
used for the cell culture experiments. All coating experiments were
performed at ambient temperature.

To observe time-dependent cellular viability, cells were
incubated for 4, 24, 48, and 72 h on PMMA-b-PCL-NAC, PMMA-b-
PCL-NAC-RGD, and also unmodified polystyrene-coated plates (PS).
At the end of each cultivation time, cells were treated with
0.5mg-mL™' MTT (3-(4, 5-dimethylthiazol-2-yl)-2,5-diphenylte-
trazolium bromide) for 4 h. Then, 10.0% of SDS (in HCIl) was added
per well and incubated overnight. Then, UV—vis absorption was
measured at 570nm with 630 nm as reference wavelength using
a microplate reader (Bio-Tek Instruments, Inc., Winooski, VT). The
conventional PS surface was used as control for each experiment.

HaCaT and U87 MG cells were cultured during 72 h to compare
their proliferation behaviors on surfaces. CytoPainter Phalloidin-
iFluor 555 Reagent and anti-integrin av@3 antibody were used to
stain F-actin filaments and integrin transmembrane proteins of
cells, respectively. For immunofluorescence staining, cells were
fixed with 4.0% formaldehyde in PBS for 30 min at 37 °C after 72 h
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incubation times on surfaces. Permeabilization of cells was
facilitated by treatment with 0.1% Triton X-100 for 4 min. Then,
cells were stained for actin and integrin avp3 using CytoPainter
Phalloidin-iFluor 555 Reagent (1:1 000) and anti-integrin avp3
antibody (1:500), followed by Alexa 488 fluorophore-conjugated
secondary antibody (1:500). Also, DAPI (1.0 mg - mL™*) staining was
performed at ambient temperature during 5 min. After extensive
washing with PBS, the cells were imaged using an Olympus CKX71
fluorescence microscope with a 20 x objective. The cell number was
quantified for each surface by using Image J (NIH) software.

2.3. Construction of Electrochemical Cell-Sensing
Platform

The glassy carbon electrodes (GCEs) were first polished using a piece
of cloth with various sized alumina slurry, rinsed with distilled
water, and then sonicated for 5 min in ethanol: distilled water to
remove any substances on the electrode surface. During all the
electrochemical measurements, a three electrode cell with GCE as
the working electrode, Ag/AgCl electrode with 3.0M KCl as a
reference electrode and platinum (Pt) as the counter electrode were
used equipped with PalmSens Potentiostat (Palm Instruments,
Houten, the Netherlands). In order to construct the biosensor
surface for the electrochemical cell sensing, initially 0.5 mg PMMA-
b-PCL-NAC was dissolved in 100 uL THF and 900 pL PBS pH 7.4, and
then 15 plL of this mixture was dropped onto the mirror-like GCE
surface. After drying, the surface was treated with 0.2M EDC
(prepared in PBS, pH 7.4) for 15min in order to activate -COOH
groups. Subsequently, the electrode was rinsed with distilled water,
and then 50 pL of RGD tripeptide (0.05 mg - mL™" in PBS pH 7.4) was
dropped to the modified electrode. Afterward, the electrode was
allowed tostand for 1 hto generate a covalent bond between—-COOH
groups of PMMA-b-PCL-NAC and —NH, functionality of RGD peptide.
At the final step, RGD-modified GCE surfaces were treated with
different concentrations of cells for 2 h at ambient conditions (both
glioblastoma (U87-MG as integrin av33 receptor overexpressed cell
line) and healthy keratinocyte (HaCaT- as negative control) were
tested for the selective binding). Monitoring of the cell-binding
capacity of bioactive surface was determined by using differential
pulse voltammetry (DPV) and cyclic voltammetry (CV) techniques.

CV (between—0.4 and —0.8 V) and DPV (between—0.2 and —0.6 V)
techniques were performed after each modification using [Fe-
(CN)g]>7*" as a water soluble redox probe (10 mM). Cell binding to
the surface caused a decrease in DPV signals which were correlated
with the cell loaded onto the surface. Differences between the
current signals were calculated as follows:

Al =To —Ic

where Io is the mean current at zero cell concentration and Ic is
the mean current at any concentration after cell binding onto
the PMMA-b-PCL-NAC-RGD-covered surfaces.

2.4. Statistical Analysis

GraphPad Prism version 5.03 software (GraphPad Software, San
Diego, CA) was used to obtain graphs and for statistical analyses.
The non-parametric Mann—Whitney U-test was used to compare
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relative cell numbers per surface area among different surfaces.
Statistical significance was denoted with *, **, and *** for p < 0.05, p
< 0.01, and p < 0.001, respectively.

3. Results and Discussion

The NAC end- PMMA-b-PCL-NAC was prepared using the
photo-induced sequential copper-catalyzed azide—alkyne
cycloaddition (CuAAC)/thiol-ene double-click procedure,
as described previously. Bromo end-functional poly-
(methyl methacrylate) (PMMA) was prepared using
standard atom transfer radical polymerization.*®! It
was subsequently azidated under standard azidation
conditions using sodium azide to afford PMMA with
terminal azide functionality (PMMA-N;). PCL was pre-
pared along standard ring-opening polymerization (ROP)
guidelines. The ROP of e-caprolactone was initiated by
propargyl alcohol, catalyzed by stannous octoate to
afford a propargyl group functionalized polycaprolactone,
a-hydroxyl-alkyne—poly(e-caprolactone) (A-PCL).1*7-3] A-
PCL was then esterified with methacrylic acid through the
Mitsonobu reaction to afford a-methacrylate—w-alkyne—
poly(e-caprolactone) (A-PCL-MA).*®] With the precursors
in hand, using the photo-induced one-pot sequential
double-click procedure, PMMA-N; and A-PCL-MA were
first clicked together through the CuAAC click reaction.
Thereafter, in the same pot, NAC was clicked via the thiol-
ene click to afford PMMA-b-PCL-NAC (Scheme 1).

The synthesized PMMA-b-PCL-NAC block copolymer
was then modified with RGD peptide to provide integrin
avB3-mediated cell sensing. RGD immobilization onto
the PMMA-b-PCL-NAC block copolymer was performed
via EDC cross-linking reaction (Scheme 2).

3.1. Characterization of RGD Binding

Analysis of FT-IR was used to confirm the incorporation of
the RGD peptide onto the PMMA-PCL-NAC block copolymer,
which can be observed in Figure 1. In the region between
1550 and 1 650 cm ™%, two peaks can be observed in the IR

G. Oyman Eyrilmez et al.
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Scheme 2. Amide bond formation via EDC cross-linking between
RGD (-NH,) and PMMA-b-PCL-NAC (-COOH).

spectrum which correspond to the bending frequencies of
the guanidine group present on the side chain of the 1-
arginine amino acid of the RGD peptide. Also at 2 916 cm ™,
the alkane stretching frequencies pertaining to the 1-
arginine amino acid side chain can be observed, thus
confirming the presence of the RGD peptide.

Surface morphologies before (Figure S1) and after
(Figure 2) RGD immobilization were examined by SEM.
After the functionalization of PMMA-b-PCL-NAC surface,
morphological changes cannot be observed well due to the
small size of the RGD peptide.

Besides, voltammetry methods that include DPV and CV
were applied during the measurements in the presence of
ferricyanide as a redox probe. Hence, both methods were
conducted to characterize the PMMA-b-PCL-NAC-RGD-
modified electrode. Figure 3 illustrates the CV and DPV
diagrams of the each modification step gradually. Following
the PMMA-b-PCL-NAC-modified GCE, the oxidation and
reduction peaks of the relevant voltammogram were
decreased relative to the bare electrode. Subsequently, the
—COOH group was activated by EDC reagent, and this
activation enabled the formation of the amide bond
between the carboxyl and amine (-NH,) groups of the
RGD peptide. Thislinkage was also evidenced in both CV and
DPV by the increase of the redox peaks of the voltammo-
grams due to the stronger attraction between the positively
charged guanidino group of arginine (R) and the negativesly
charged d [Fe(CN)s] on the electrode surface. The general
electrochemical characteristic for the modification of GCE
due to integrin overexpressed U87 cell binding is demon-
strated in Figure 3. As can be seen from the figure, the peak
current values were assessed as 60.4 pA (Ep.=0.33V) for
bare GCE, 46 p.A (Ep. = 0.37 V) for the GCE/PMMA-b-PCL-NAC,

o o 1.TMDPO, o o] o . t;lHAco
CuCl,, hv NG o{ﬂﬂ' H
~A g o~k — A Y
o = Y 2. N-acetyl-L-cysteine, o
[o] DBMP, hv o)
/ /
PMMA-N; A-PCL-MA PMMA-PCL-NAC
Photoinitiators
TMDPO = (2,4,6-trimethylbenzoyl)-diphenylphosphine oxide
DBMP = 2-benzyl-2-dimethylamino-4'-morpholinobutyrophenone
B Scheme 1. Photo CuAAC/thiol-ene double click reaction to afford PMMA-PCL-NAC.
<l ' Macromolecular Muh;“\j
“~. Journals Macromol. Biosci. 2015, DOI: 10.1002/mabi.201500099 \l|ﬂ')§

© 2015 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

www.MaterialsViews.com

R Early View Publication; these are NOT the final page numbers, use DOI for citation !!



Selective Cell Adhesion and Biosensing Applications . ..

100 -
%0
so:W
70
604
50-

40 -

30 +

Transmission (%)

20 -

10

e —
4000 3500 3000 2500 2000 1500 1000

Wavenumbers (cm™)

Figure 1. FT-IR spectra of the PMMA-b-PCL-NAC (red), and PMMA-
b-PCL-NAC-RGD (black).

47 pA (Ep.=0.36V) for the GCE/ PMMA-b-PCL-NAC-RGD,
and 36.6 wA (Ep.=0.36 V) for the GCE/PMMA-b-PCL-NAC-
RGD /U87-MG in the CV experiments. Moreover, to achieve
a detailed and more quantitative result, DPV technique
showed the detailed data about the modification of the
electrode surface as the following peak current values: 35.4
pA (Ep=0.22V) for the GCE, 22.5 pA (Ep=0.24V) for
the GCE/ PMMA-b-PCL-NAC, 23.7 pA (Ep=0.23V) for the
GCE/ PMMA-b-PCL-NAC/RGD, and 14.7 pA (Ep =0.18 V) for
the GCE/ PMMA-b-PCL-NAC /RGD/U87-MG.

HV spot' det | mag [ | pressure WD | 2pm

5.00kV | 3.0 ETD|50 000 x |8.05e-4 Pa 10.4 mm IYTEMAM

Figure 2. SEM image of PMMA-b-PCL-NAC-RGD surface (with
50 0oox magnification).
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Figure 3. CV (A) and DPV (B) diagrams of (a) bare GCE, (b) GCE/
PMMA-b-PCL-NAC, (c) GCE/PMMA-b-PCL-NAC-RGD, (d) GCE/
PMMA-b-PCL-NAC-RGD/U87-MG (1.0 x 105 cells-mL™) (in the
presence of 10.0mM [Fe(CN)¢]*"4 in PBS pH 7.4 under
ambient conditions).

3.1.1. Cell Proliferation and Sensing

For the application of PMMA-b-PCL-NAC as a potential cell
culture material with integrin-mediated cell adhesions,
cells have to be characterized for their expression level of
integrin avp3. Therefore, the fluorescence intensity of
integrin av3 was determined by flow cytometry. After cell
staining, fluorescence intensity of each cell sample was
read out separately and a dot plot graph of more than 10 000
gated cells were drawn (Figure 4). Each partial image shows
a combination of cell staining using mouse IgG1-negative
control (blackline) and anti-human integrin av@3 (red line).
Figure 4a and b illustrates the flow cytometry results of
HaCaT and U87-MG cell lines, respectively. The median
fluorescence intensity (MFI) of an anti-human integrin
avp3-488 antibody staining (2 368) is almost identical to
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Figure 4. Plots of cell characterization for integrin av3 expression via flow cytometry
of HaCaT (a) and U87-MG (b); black plot: cells incubated with IgGi-Alexa Fluor 488
antibodies as a negative control, red plot: cells stained with anti-human integrin av33-
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cell number was observed on the PMMA-
b-PCL-NAC-RGD surfaces than control and
polymer-coated surfaces. The spreading
of U87-MG cell line on the RGD-modified
surfaces indicates that the cells interact
with the RGD motif in an integrin-
dependent manner.

According to the results, the increased
number of U87-MG glioblastoma cells on
the PMMA-b-PCL-NAC-RGD surfaces indi-
cates that the cells selectively interact with
the RGD peptide sequence that was immo-
bilized on the block copolymer surface.
After the investigation of cell-adhesive
properties of the generated PMMA-b-PCL-

Alexa Fluor 488.

the intensity of 1gG1-488 antibody (2 457) for HaCaT cell
line. But for U87-MG cell line, 2 697 and 31 169 MFI was
observed for 1gGl and integrin avf3, respectively. The
integrin avp3 differences on the U87-MG cell surfaces can
be clearly seen. According to the flow cytometry results,
overexpression of integrin avB3 in U87-MG cells are proved
as already reported in the literature.*~4%

After integrin avB3 expression confirmation, time-
dependent cellular viability on PMMA-b-PCL-NAC-RGD
and PMMA-b-PCL-NAC surfaces was investigated by MTT
assay. According to the results, cellular viability increases
after RGD functionalization for both of the cell lines
(Figure 5). Although cellular viability of HaCaT cells on
PMMA-b-PCL-NAC-RGD is better than on PMMA-b-PCL-
NAG, it is not good as commercial PS plates (Figure 5a).
Moreover, increasing cellular viability of U87-MG cells
was observed on RGD functionalized surfaces as much as
commercial PS plates (Figure 5b). On the PMMA-b-PCL-
NAC-RGD surfaces, U87-MG cells showed better growth
behavior than HaCaT cells due to the presence of RGD
peptide. We assume that the main reason for better
growth behaviors of U87-MG cells is the presence of
overexpressed integrin av@3 which interacts with RGD
peptide sequence.

The effects of surface modification on the behaviors of
U87-MG and HaCaT cell lines were investigated on
commercial PS, PMMA-b-PCL-NAC and PMMA-b-PCL-NAC-
RGD surfaces. Figure 6 shows that both of the cell lines
attach and spread on the RGD functionalized surface to a
greater extent than the unmodified PMMA-b-PCL-NAC
block copolymer-coated surface. However, increased num-
ber of cells was observed on RGD functionalized surfaces for
U87-MG cells due to the overexpression of integrin av33 on
this cell line.

The relationship between the average number of cells per
mm? and both of the cell lines is shown in Figure 7. Higher
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Figure 5. Time-dependent cellular viability of (a) HaCaT and (b)
U87-MG cell lines on the commercial PS plates, PMMA-b-PCL-NAC
and PMMA-b-PCL-NAC-RGD-modified surfaces. Error bars mean

the £SD (n=6).
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PMMA-b-PCL-NAC PMMA-b-PCL-NAC

[ntedin « Integrin

PMMA-b-PCL-NAC-RGD

Figure 6. Proliferation behaviors of (a) HaCaT and (b) U87-MG cell lines after 72h
incubation on the commercial PS plates, PMMA-b-PCL-NAC and PMMA-b-PCL-NAC-
RGD surfaces. Actin (red), integrin (green), and DAPI (blue) staining were performed.
Scale bar: 200 um.

150+
procedure for cell-sensing studies was applied by modify-
ing PMMA-b-PCL-NAC adsorption onto GCE prior to RGD
linking via EDC chemistry. U87-MG glioblastoma cells and
HaCaT keratinocytes were added to the peptide-modified
GCE as positive and negative controls, respectively. In the
manner of integrin «,33 receptor overexpression, integrin-

100+

Cell number / mm? (%)

RGD interaction can provide the selectivity against low 501
expressed integrins on the cell surface. Thus, U87 cells
exhibited linearity between 10 and 10° cells - mL™* with
high current differences and an equation which was defined 0-

as y=1.59x+1.02 (R*=0.994). HaCaT keratinocytes did
not show an effective binding onto the electrode surface
and display linearity between 10% and 10° cells - mL™* with
lower current differences and an equation which was
defined as y=0.82x — 0.332 (R* = 0.984) (Figure 8). Besides,
the detection limits of the sensor systems are 4.0 and 66.0
cells - mL™* for U87-MG and HaCaT cell lines, respectively.
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Under the light of these findings, it
can be claimed that GCE/ PMMA-b-PCL-
NAC-RGD biofilm could detect integrin
overexpressed cell line by creating a
selective attachment to the modified
transducer. On the other hand, the
developed affinity-type cell sensor
may pave the way for those kinds of
polymers to be applied in biosensing
technologies and arrive at “cell-on-
chip” applications rapidly.

4, Conclusion

In conclusion, a promising material that
allows selective cell adhesion and pro-
liferation was used as a cell culture and
biosensing platform. Besides, it pro-
vides the best way for the detection
of integrin avp3 overexpressed cells via
electrochemical transduction as well as
optical monitoring. The advantage of
this strategy resides in the fast and
easy surface modification with the
targeting ligands. Therefore, the func-
tionalized surface was combined with
cell-on-a-chip systems to monitor living
cells and the effects of drugs and
chemicals by optical and also electro-
chemical detection.

E3 PMMA-b-PCL-NAC
E PMMA-b-PCL-NAC /RGD

Figure 7. Number of HaCaT and U87-MG cell lines after 72h
incubation on control polystyrene, PMMA-b-PCL-NAC, and
PMMA-b-PCL-NAC-RGD
the £ SD. Asterisks indicate the differences compared to the PS
surface for both of the cell line.

surfaces (n=3). Error bars mean
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Figure 8. Linearity curves of GCE/ PMMA-b-PCL-NAC-RGD/U87-
MG and GCE /PMMA-b-PCL-NAC-RGD /HaCaT electrodes
[measurements were carried out via DPV technique related to
the difference of currents that was mentioned in material and
method and in the presence of 10.0 mM, [Fe(CN)e] 3'~% within PBS
buffer, pH 7.4. Error bars mean the +SD (n=3)].

5. Appendix/Nomenclature/Abbreviations

NAC N-acetyl--cysteine

PCL polycaprolactone

PLA poly(lactic acid)

PLGA poly(lactideco-glycotide)
PMMA poly(methyl methacrylate)

PMMA-b-PCL-NAC N-acetyl-1-cysteine-capped poly-
(methyl methacrylate)-b-polyca-

prolactone block copolymer

CuAAC copper catalyzed azide—alkyne
cycloaddition

RGD arginylglysylaspartic acid

PMMA-b-PCL-NAC-RGD RGD-modified PMMA-b-PCL-NAC

EDC 1-ethyl-3-(3 dimethylaminopro-
pyl) carbodiimide

THF tetrahydrofuran

ECM extracellular matrix

avp alpha V beta 3

MTT 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide

DAPI 4/,6-diamidino-2 phenylindole
PBS phosphate-buffered saline
GCEs glassy carbon electrodes

Pt platinum

DPV differential pulse voltammetry
cv cyclic voltammetry
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