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18Usingmicroarray technologies thousands of biomedicalmaterials can be screened in a rapid, parallel and cost ef-
19fective fashion to identify the optimum candidate that fulfils a specific biomedical application. High throughput
20surface characterization (HTSC) of printedmicroarrays has played a key role in the discovery and development of
21biomedicalmaterials. This review focuses on the production andHTSC ofmicroarrays, their application in specific
22biomedical fields and a future perspective on the development of this technology.
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28 1. Introduction

29 There are unprecedented challenges facing the research and devel-
30 opment of pharmaceuticals. The cost to bring a new drug or biomedical
31 device to the market continues to soar with a parallel decrease in the
32 number of approved products [1,2]. The limited sources of materials
33 that are suitable for biomedical applications has severely limited prod-
34 uct development and increased the demand to find effective and rapid
35 solutions with limited time and cost. To this end, the development of
36 high throughputmethodologies offers a potential solution to the bioma-
37 terial discovery logjam. Indeed, microarray technology has revolution-
38 ized genomic and drug discovery by enabling parallel, rapid and cost
39 effective screening of thousands of microscopic spots attached to solid
40 substrates [3]. High throughputmethodologies are based on the parallel
41 screening of large libraries of molecules or materials against specific bi-
42 ological responses, resulting in the rapid identification of lead candi-
43 dates [4]. Microarrays can be fabricated by depositing ‘probes’ onto a
44 substrate surface using a variety of different techniques including pho-
45 tolithography, electron beam lithography, dip pen lithography, soft li-
46 thography and most frequently contact or ink-jet printing [5,6].
47 The advances in this technology rely on the concomitant develop-
48 ment of suitable analytical techniques that are not only sensitive and se-
49 lective but also amenable to acquiring data from spatially defined
50 locations of the order of a hundredmicrons dimensions in an automated
51 fashion. The material surface region defines the physical, chemical and
52 biological interaction between thematerial and the surrounding biolog-
53 icalmilieu. In order to develop a structure-function relationship, there is
54 a need to understand the influence of the surface chemistry and

55topography on the material-biological function. To address this need, a
56collection of high throughput surface characterization (HTSC) tech-
57niques have been developed and applied to microarrays [7]. With the
58help of chemometric analytical techniques, HTSC approaches are capa-
59ble of transforming HT screening from the random screening of a poly-
60mer library to a more predictive method of screening. This is achieved
61by correlating the major variances between the material properties
62with the observed biological performance,which can then direct the de-
63sign of future candidate materials [8,9]. HTSC is amenable to any HT
64platform that presents a library of molecules or materials on a single
65substrate.
66This reviewwill initially focus on the commonmethods for microar-
67ray production, including an outline of the HTSC and statistical method-
68ologies that may be used to investigate the collected data and aid in the
69identification of the “lead” materials. The utilization of polymer micro-
70array technology for the screening of newmaterials for specific biomed-
71ical applications will then be described. Finally, future opportunities in
72the field of HT biomaterials discovery will be discussed.

732. Material microarrays

74A microarray is a platform where hundreds to thousands of unique
75‘probes’ are presented at unique, discrete and addressable locations.
76The key advantage ofmicroarrays is that each probe represents a unique
77experiment run in parallel with each other probe. This results in hun-
78dreds to thousands of measurements on a system being conducted in
79a single screen, which can lead to a rapid advance in understanding
80and concomitant development of a system. In order to achieve this it

Journal of Controlled Release xxx (2014) xxx–xxx

COREL-07279; No of Pages 13

http://dx.doi.org/10.1016/j.jconrel.2014.06.045
0168-3659/© 2014 Published by Elsevier B.V.

Contents lists available at ScienceDirect

Journal of Controlled Release

j ourna l homepage: www.e lsev ie r .com/ locate / jconre l

Please cite this article as: M.S. Algahtani, et al., High throughput screening for biomaterials discovery, J. Control. Release (2014), http://dx.doi.org/
10.1016/j.jconrel.2014.06.045

http://dx.doi.org/10.1016/j.jconrel.2014.06.045
http://dx.doi.org/10.1016/j.jconrel.2014.06.045
http://www.sciencedirect.com/science/journal/01683659
http://dx.doi.org/10.1016/j.jconrel.2014.06.045
http://dx.doi.org/10.1016/j.jconrel.2014.06.045


U
N
C
O

R
R
E
C
T
E
D
 P

R
O

O
F

81 must be possible to rapidly assess the interaction of the probe with
82 the sample in a spatially defined manner such that the location of a
83 measurement can reliably be linked back to a specific probe. For exam-
84 ple, in the case of DNA microarrays thousands of unique nucleotide
85 sequences are presented at specific locations. Typically a DNA
86 microarray experiment screens for the hybridisation of target DNA
87 strands with probe DNA attached to the microarray surface. This is
88 often detected using a fluorescence scanner or fluorescencemicroscopy.
89 In order for this readout to be successful the fluorescence must be dis-
90 crete: bright on a dark background and separate from other spots. All
91 these aspects must be considered for the production of an effective mi-
92 croarray. The various design elements of a microarray will now be
93 presented.

94 2.1. Substrate modification

95 Substrate chemistry and topography play vital roles in the success of
96 all microarray technology, ranging from small molecules to cellular mi-
97 croarrays.Microarray formation is typically achieved by the transfer of a
98 liquid onto a solid substrate to form spots, whereby the spot shape and
99 size is controlled by liquid-solid interfacial interactions and the evapo-
100 ration rate [10]. This, in turn, will have a direct effect on the microarray
101 performance. Irregular spot size or a distorted shape complicates
102 the automated readout from a microarray, which is reliant on homoge-
103 neous spot morphology. Furthermore, the substrate plays a key
104 role in both the immobilization of printed material and the minimiza-
105 tion of background signal in the subsequent bioassay. When producing
106 material microarrays the substrate materials must be judiciously
107 chosen to:

108 1. minimize defects within the printed materials [11]
109 2. ensure good adhesion/immobilization of printed material
110 3. prevent non-specific adsorption during the bioassay of choice [12].

111 It has long been recognised that the immobilization strategies for
112 biomolecules employed for DNA and protein arrays are fundamental
113 to their use in DNA sequencing and gene expression studies as it directly
114 influences the interaction between the probe and the analyte [13]. Sim-
115 ilarly, in the case of materials discovery, the use of physical adsorption
116 and chemical cross-linking are common techniques used for immobili-
117 zation where the substrate chemistry can strongly influence the immo-
118 bilization process. Poly(hydroxyethyl methacrylate) (pHEMA) is a
119 common slide coating material that is commercially available [7]. The
120 pHEMA coating provides a polymer mesh that allows physical entrap-
121 ment of the printed material whilst also inhibiting cell growth [7,14].
122 Agarose gel has also been used as a substrate coating as they possess an-
123 tifouling properties known to suppress cellular adhesion [15]. Similar to
124 pHEMA, agarose coatings rely on thephysical entrapment to immobilize
125 printed material. Both agarose and pHEMA create a hydrated compliant
126 surface suitable for biomaterial microarrays.
127 Another approach to create soft polymer substrates was developed
128 by Gupta et al. [16]. This strategy was achieved in four steps as outlined
129 schematically in Fig. 1. Poly(ethylene glycol) (PEG) was selected as the
130 main component of the gel substrate as it inhibits protein and cell adhe-
131 sion and maintains a hydrated soft environment. The use of thiol-ene
132 allowed the covalent immobilization of a large selection of molecules
133 at the surface of the hydrogel.
134 The “coffee ring” or “donut shape” is a well-known defect observed
135 that occurs when a droplet containing a solute dries with a pinned
136 droplet-surface interface [17,18]. One strategy to combat these defect
137 was proposed by Ressine et al., who demonstrated a relationship be-
138 tween the surfacewetting and the formation of “coffee rings” [19].Wet-
139 ting is defined as the interfacial interaction of a liquid with a solid
140 surface to minimize the overall free energy [20]. Using a macro/nano-
141 structured silicon substrate wetting could be minimized, confining the
142 droplet to smaller area and, thus, minimizing the formation of “coffee
143 ring” defects (Fig. 2).

1442.2. Microarray production

145Microarray production has been achieved using different patterning
146methods, such as photolithography, soft-lithography and electron beam
147lithography [5], but are most commonly fabricated by direct writing
148techniques in the form of contact and non-contact printing (Fig. 3)
149[21,22]. Directwriting technique use the roboticmovement of the print-
150ing head to achieve surface patterning and are most suitable for micro-
151array formation as the resultant patterns can readily include multiple
152components and pattern designs can be altered in a facile manner [5].

1532.2.1. Direct contact printing
154Direct contact printing is based upon loading a pinwith an “ink” that
155is then transferred to a substrate by direct contact, or close-to-contact.
156The pins are attached to a high-precision robotic arm that facilitates
157the precise location of the microarray spotting. The pin is either a solid
158or grooved pin, similar to an ink quill, and is typically made from stain-
159less steel. A solid pin is easy to clean and suitable for printing proteins
160and other sticky sampleswhilst a grooved pin reduces the time of print-
161ing by increasing the number of spots printed from a single “inking”
162[23]. The spot size is primarily determined by the size and the shape
163of the printing pin. This method hasmany advantages, includingmicro-
164array spot reproducibility, adaptability to a wide range of solutions, rel-
165atively facile maintenance and an easy to clean system. On the other
166hand, the volume deposited by a pin is not easily tuneable and the direct
167contact of the pin with the substrate can result in surface damage, for
168example on 3-D gel coated substrates [6].
169The first use of contact printing in genetic analysis was by Brown
170et al. at Stanford in 1995 [24]. Brown and co-workers developed micro-
171arrays for quantitative monitoring of gene expression of a large library
172of complimentary DNA simultaneously that were printed onto glass
173slides. This technology was adapted to proteins by MacBeath and
174Schreiber [25], and later Anderson et al. used contact printing to pro-
175duce a microarray of polymers [7]. This platform was used to study
176human embryonic stem (hES) cell growth and has also been applied
177to maturation and phagocytosis of dendritic cells [26], materials resis-
178tant to bacteria [27–29], switchable materials [30], platlet activation
179[31], cell sorting [32–34], hepatocytes and toxicity models [35,36],

Fig. 1. Illustration shows the strategy to produce functional hydrogelmicroarray. (a) Thiol-
or alkene- functional biomolecules microarray printed on plain glass slide using ink-jet
printing. (b) Pouring a liquid thiol-ene pre-polymer mixture solution. (c) And treated
for 2 minutes under 365 nm light. (d) Peeling of the gel from the glass slide to expose
the functional microarray [16].
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