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Abstract

Antibodies in blood are checked with panel blood cells before blood transfusion. In this investigation, for the first time, a panel cell-
microarray was prepared by using a photoimmobilization method. Different types of red blood cells were microarrayed on a plate.
A water-soluble photoreactive polymer as a matrix was synthesized by the coupling reaction of azidoaniline with poly(2-
methacryloyloxyethylphosphorylcholine-co-methacrylic acid). The polymer was mixed with cells and the mixtures were microspotted
on substrate and photoirradiated after drying in air. For the antibody assay, monoclonal antibodies or human serum was added to the
cell-arrayed plate and adsorbed antibodies were detected by horseradish peroxidase-labeled secondary antibody, which recognized the
adsorbed antibodies. Antibodies specifically adsorbed on the immobilized cells as expected. The aggregation method has been available
for this type of assay, but extensive experience was needed to apply it correctly. The method using a cell array will be useful for antibody
detection. '
© 2005 Elsevier Ltd. All rights reserved.

Keywords: Adsorption; Cross-linking; Phosphorylcholine; Protein adsorption

1. Introduction

Microarray technology has become a crucial tool for
large-scale and high-throughput biological science and
technology. It allows fast, easy, and parallel detection of
thousands of addressable elements in a single experiment
under exactly the same conditions [1-3]. DNA microarray
approaches have demonstrated a rapid and economic way
to interpret gene functions [4,5]. In recent years, there have
been considerable achievements in preparing small-mole-
cule arrays [6,7], peptide arrays [8-11], protein arrays
[12-15], polysaccharide arrays [16-18], antigen arrays
[19-21], antibody arrays [22-27], and tissue arrays [28,29].

Although the preparation of the microarray is impor-
tant, no universal immobilization method has been
developed. Noncovalent immobilization (physical adsorp-
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tion) or standard chemical coupling reactions (using amino
or carboxyl groups in the materials) were usually used.
However, the former is not suitable for stable immobiliza-
tion and the latter is limited by the structure of the
immobilized materials. Therefore, Ito et al. developed a
photoimmobilization method for the preparation of a
microarray chip [30]. Using this method, any material can
be immobilized on a substrate by the use of radical
reactions. Ito et al. microarrayed proteins using photo-
reactive polymers as the matrix on a tissue culture
polystyrene plate {30,31]. In the present study, cells were
microarrayed using this method. Although a microarray of
cultured cell lines for antibody detection of cell surface
proteins has been reported by Schwenk et al. [32], the use of
a cell microarray for clinical analysis has not been
reported.

Here, the assay of antibodies in blood was chosen as the
target of the cell array. Usually, A-type blood does not
have anti-A. antibody. However, irregular antibodies are
sometimes produced by previous transfusion or pregnancy.
Blood that contains irregular antibodies cannot be used for
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transfusion, because they aggregate with the patients’ cells.
Therefore, the presence of irregular antibodies is usually
checked before transfusion. However, as the check is
performed by an aggregation assay of blood cells, it is a
time-consuming process that requires some skill to judge a
positive result. If the cell array method is realized, washing
and staining processes can be automated and the assay
system will be conveniently performed. Recently, an
automatic analysis using .an allergen-microarray was
reported [21].

2. Materials and methods

2.1. Preparation of photoreactive polymer

Photoreactive polymer was prepared as previously reported. 33].
A copolymer consisting of 2-methacryloyloxyethyl phosphorylcholine
(90 mol%) and methacrylic acid (10 mol%) was obtained from NOF Co.
(Tokyo, Japan); it is referred to as PMAc. The molecular weight of PMAc,
as measured by gel permeation chromatography, was 2.2 x 10°. Modifica-
tion of PMAc was performed as follows. 4-Azidoaniline (12.44mg) and 1-
ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (17.47 mg),
purchased from Dojindo Lab. (Kumamoto, Japan), were dissolved in
2mL of PMAc solution (5wt%); 98mL of water was added to the
solution. The solution was left to stand for 24h. After reaction, the
product was dialyzed with a dialysis cassette (PIERCE, Rockford, IL,
USA) until ultraviolet absorption confirmed no further release of
azidoaniline through the cassette. The resultant solution was freeze-dried.
The azidophenyl-derivatized PMAc is referred to as Az-PMAc. Elemental
analysis indicated that the amount of azidopheny! group in Az-PMAc was
6%.

2.2. Preparation of cell array

Cell array was carried out as follows. Cells carrying M, N, A, B, AB, O,
or Rh (D) antigen were chosen and nine kinds of panel cells, M+, N+, A;
D+,B;D+,AB;D+,0;D+,0; D—, D+, and D— were employed. The
symbols + or — mean the presence or absence of antigen on the cells,
respectively. The cells were washed twice with phosphate buffered saline
(PBS). After the washed cells were incubated in 2vol% glutaraldehyde
solution for 15min or left untreated, they were mixed with 1wt% of
photoreactive polymer. The suspension (0.5uL) was spotted on a tissue
culture polystyrene dish (diameter 35mm, 3000-035X) purchased from
Iwaki Glass Co., Ltd. (Chiba, Japan). After drying in air, the spot was
immobilized by UV irradiation. The immobilized cell spot was washed
three times with PBS containing 0.1 wt% Tween 20.

2.3. Binding assay of antibodies

Mouse antibodies or human sera were prepared as follows. In the case
of anti-M, -A, -B, or -GPA, mouse (BALB/c) was immunized with each
human erythrocyte and the immunized spleen cell was fused with a
myeloma cell (NS-1). The fused cell was repeatedly cloned, each antibody-
producing cell was established, and each antibody was collected from the
cell. In the case of anti-D antibody, B lymphocyte isolated from humans
carrying anti-D antibody was transformed with Epstein-Barr virus, and
the transformed cell was cultured and fused with the myeloma cell. The
fused cell was repeatedly cloned, an antibody-producing cell was
established, and the antibody was collected. In the case of human sera,
they were collected from healthy volunteers.

Binding assay was performed as follows. PBS containing anti-M, -A, -
B, -D, or -glycophorin A (GPA) mouse monoclonal antibody (53, 62, 57,
58, and 86 mg/L, respectively), or human serum of A, B, O, or AB was
added to the cell array plate and incubated at 22°C for 2h. After

incubation, the plate was washed with PBS containing 0.1 wt% Tween 20.
Subsequently, the plate was incubated with a PBS containing anti- or -
human whole antibodies IgG, linked with horseradish peroxidase
(Amersham Bioscience Co., Piscataway, NJ, USA) at 22°C for 1 h. After
washing three times with PBS containing 0.1 wt% Tween 20, ECL reagents
(Amersham Bioscience Co.) were added. The plate was analyzed using a
chemiluminescence image analyzer, n = 4.

3. Results and discussion

First, the M+ cells were fixed with glutaraldehyde and
mixed with PMAc or Az-PMAc, and the mixture was
arrayed on a tissue culture polystyrene plate for the binding
assay of monoclonal anti-M antibody. It was found
that anti-M antibody bound to the spot of M+ cells
immobilized with Az-PMAc, but not with PMAc. Because
the cells were immobilized by the photocrosslinking
reaction, the cells were not considered to be washed out
during the binding assay. This result indicates that
photoimmobilization was important for the binding assay.

Second, the binding of anti-M and -GPA antibody to the
glutaraldehyde-fixed and photoimmobilized M+ or N+
cells was investigated. Anti-GPA was used as a control and
it recognized both immobilized M+ and N+ cells. On the
other hand, anti-M antibody bound to immobilized M +
cells, but not to N+. These results demonstrate that the
recognition of antibody with the cells was specific. Dilution
of the cells for the immobilization reduced the amount of
bound antibodies.

Third, the effect of glutaraldehyde treatment on antigens
locating on panel cells was investigated. Fig. 1 shows that
anti-A and -B antibodies bound to A and B cells,
respectively. Anti-D antibody bound to D+-type cells,
but not to D—-type cells. In this case, because all the A, B,
and AB cells have D antigen, anti-D antibody bound to all
the D + panel cells. However, a comparison of Figs. 1a and
b shows that the amount of anti-D antibody bound to cells
treated with glutaraldehyde (Fig. 1a) was lower than for
those that were not treated (Fig. 1b). D antigen is a
membrane protein with a complex structure and anti-D
antibody recognizes the three-dimensional structure of D
antigen. For recognition of D antigen, glutaraldehyde
treatment was not appropriate. Considering that glutar-
aldehyde fixation affects the molecular recognition, the
fixation was not carried out before photoimmobilization
for further experiments.

Fig. 2 shows photographs indicating monoclonal anti-
bodies bound to spotted panel cells that were photoimmo-
bilized with Az-PMAc. Anti-A and -B antibodies bound to
the immobilized A; D+ and B; D+ cells, respectively. In
addition, the antibodies bound to the AB cells. On the
other hand, in this case, because O; D— cells had no D
antigen, no reaction of anti-D antibody was found. These
phenomena correspond to the result of an aggregation test
for conventional blood types.

Finally, the array assay was used for human serum, as
shown in Fig. 3. O-type serum reacted with A, B, and AB
type cells. A- and B-type serum reacted with B and A cells,
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Fig. 1. Effect of glutaraldehyde fixation of panel cells on binding of antibody. (a) Glutaraldehyde-fixed panel cells were arrayed and (b) nonfixed panel
cells were arrayed. Binding of anti-A (black), anti-B (gray), and anti-D (white) antibodies onto the cells.
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Fig. 2. Detection of chemiluminescence of antibodies bound on photoimmobilized panel cells array.

respectively, about 2-fold as high as with other cells. This is
because A- and B-type serum have anti-B and -A antibody,
respectively. AB-type serum did not react with either type
of cell, because it has no antibody. Because O-type serum
has both anti-A and -B antibodies, the panel cells except
for O; D+ cells were stained. These phenomena corre-
spond to the result of an aggregation test for conventional
blood types.

Recently, Zhang et al. reported the capture of red blood
cells by blood group antibodies (anti-A and -B) [34].
Conversely, this study has demonstrated that cells can
be arrayed and immobilized on a plate and that the
immobilized array was successfully employed for antibody
detection, although some treatment of cells, for example

glutaraldehyde fixation, depends on the characteristics of
the antigen. The photoimmobilization method will be
useful in the array technique as an “‘everything array
method”, even for cells.

4. Conclusions

A panel cell-microarray was prepared by using a
photoimmobilization method. A photoreactive polymer
was mixed with different types of red blood cells and the
mixture was microspotted on substrate and photoirra-
diated. By this method the cells were immobilized on the
susbstrate. Human serum was added to the cell-arrayed
plate and adsorbed antibodies in the serum were detected
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as expected. The method using a cell array is useful for
antibody detection because of its convenient multiple
analysis of antibodies in human serum.
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A photoimmobilization method has been developed for the preparation of microarray biochips.
This photoimmobilization method makes it possible to -easily covalently immobilize various
types of organic molecules and cells on a chip. In addition, by using hydrophilic polymers as
matrixes, it is possible to reduce nonspecific interactions with biological components. Various
proteins, antibodies, and cells have been microarrayed using this technique, and interactions
between these proteins, antibodies, and cells have been investigated. This type of microarray
biochip will be important for academic applications such as genomics, proteomics, and cellomics,

and clinical analyses.

Contents Table 1. Attachment Strategies for Microarray Production
Introduction 924 attachment
Photoimmobilization . 9226 functional groups non-covalent covalent references
i nitrocellulose hysical 15, 27, 68,
Cell Ana}ys's_ 927 P );dsorption 29, 69, 82, 83
Protein Mjcroarray 928 polystyrene, silanized glass physical ) 81, 84
Preparation 928 adsorption
. self-assembled hydrogel encapsulation 14
Assay of Cell Adhesion 928 poly(L-lysine), poly(ethyl electrostatic 18—20, 86
Antibody Microarray . 928 ene imine), amino adsorption ) -
. . Cyano groups amino groups 2,
Antibody Analysis 929 aldehyde groups amino groups 16
Allergen Microarray 929 ami;o}{b:'ifrunctional_ i amino groups
. - 'oxXysuccinimide
Panel Cell Microarray 929 memap{o gm);ps amino, thiol
Conclusion 930 groups
€poXy groups amino, thiol, 26, 30
hydroxy
Au thiol groups 23,24,28
Introduction solid synthesis 25
nickel coating His-tag 3
Recent progress in the life sciences has been significantly neutravidin biotinylated -
enhanced by microfabrication technology. DNA microarray avidin biotinylated

technology is a typical result of the combination of biotech-
nology and microfabrication technology. Now, targets that can
be analyzed are expanding, with applications in genomics,
proteomics, glycomics, cellomics, and metabolomics, and along
with progress in bioinformatics, the importance of microarray
technology is increasing in clinical analysis. The integrity of
microarrays has increased in comparison with that of the
integrated circuit (IC) of computer technology, in which the
number of transistors per square inch has doubled every year
since the IC was invented, in accordance with Moore’s Law.
The clinical use of DNA microarrays began in 2004, and some
antibody and protein microarray chips have recently become
commercially available. )

Microarray technology is a crucial tool for large-scale and
high-throughput biological science and technology (/). It allows

* E-mail: y-ito@riken jp.
10.1021/bp060143a CCC: $33.50

phenyl nitrene organic groups 32--38, 44—46,

51-61
phenyl carbene organic groups 39—43, 48—50
fast, easy, parallel detection of thousands of addressable
elements in a single experiment under identical conditions. The
technology has provided scientists with various types of multiple
analyte assay systems, which are likely to transform medical
diagnosis in the future. Various types of protein microarrays
and a variety of other methodologies have been developed to
immobilize biological molecules, as shown in Table 1 (1—11).
Snyder’s group synthesized proteins carrying oligohistidine,
immobilized the proteins on nickel-coated glass slides, and then
investigated protein interactions using protein microarrays (3).
Espejo et al. (/2) fused protein domains with glutathione
S-transferase for the preparation of microarrays, and Newman
and Keating (/3) have identified new protein—protein interac-
tions using protein microarrays. Recently, Kiyonaka et al.
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Figure 1. Comparison of DNA- and protein-immobilization and photoimmobilization. Because DNA is chemically homogeneous and can be
specifically modified by organic synthesis it is easy to immobilize on a chip (top left). However, because proteins are chemically different, it is
difficult to immobilize them with the same methods used to immobilize DNA (bottom left). The photoimmobilization method was invented to

covalently immobilize various biomolecules, including proteins (right).

invented a microencapsulation method for microarrays using
hydrogels (/4). Various immobilization methods, including
protein microarrays (/5—17), membrane—protein microarrays
(18—21), antibody microarrays (22), peptide microarrays (23—
25), small-molecule microarrays (26), and sugar microarrays
(27—29), have been developed by many research groups (Table
D).

Although many types of biopolymer microarray have been
investigated, the practical technology has not yet been devel-
oped. One of the reasons why biopolymer microarray technology
has not been developed as rapidly as DNA microarray technol-
ogy is the difficulty in immobilizing proteins. Although DNA
contains varied genetic information, its structure is composed
of four chemically similar bases. Therefore, DNA is considered
to be a homogeneous biopolymer. In addition, the DNA
biopolymer is conveniently synthesized by the solid phase
method. In principle, different DNAs and peptides can be
immobilized or synthesized on one plate by the same method
(Figure 1, top left panel). In contrast, the chemical structure of
individual proteins is different. Proteins have different functional
groups, and they also differ in quantity and location. Therefore,
it is very difficult to covalently immobilize different proteins,
polysaccharides, antigens, and cells on the one chip using the
same method (Figure 1, bottom left panel). Fall et al. (30)
reported some difficulties in screening of some allergen-specific
IgEs, although they did not attribute it to difficulties in the
immobilization method. It is easy to understand why covalent
immobilization is difficult, because biological molecules may
not have enough functional groups or their recognition sites may
be used in the immobilization process. To overcome the
difficulties of covalent immobilization of various types of
biocomponents by the same method, we have invented a new

photoimmobilization technique (Figure 1, right panel) for the
preparation of microarrays (31).

The photoimmobilization method uses photogenerated radical
cross-reactions. Because radical reactions occur on every organic
material, including biological molecules, the polymer matrix,
and the chip surface, the method does not require any special
functional groups, such as amino, carboxyl, hydroxyl, or thiol
groups, unlike other conventional immobilization methods.
Therefore, different biocomponents can be immobilized by the
same method. In addition, as shown in Figure 2, it is possible
to immobilize biological materials without molecular orientation.
Some orientation usually occurs when the conventional im-
mobilization method is used because of the uneven distribution
of functional groups on biological molecules. In contrast, there
is no particular orientation of immobilized molecules when the
photoimmobilization method is used. This method is suitable
for multiple interactions of immobilized molecules with analytes
because recognition sites on the immobilized molecules are not
as limited.

To date, we have used this technique to immobilize growth
factor proteins on a solid matrix to show the effect of
immobilized protein on cell function (32—38). Using micro-
pattern-immobilization, the effect of the immobilized growth
factor proteins was visualized by observing cellular behavior
on immobilized and nonimmobilized regions of the matrix (32—
38). Because the immobilized proteins retain their biological
activity, even after immobilization, we considered that photoir-
radiation does not significantly destroy the 3D structure of the
immobilized biomolecules and applied this immobilization
technology to the preparation of microarray biochips. In the
present article, the photoimmobilization method is introduced
and its applications in cell and antibody analysis are described.
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Figure 2. Comparison of immobilization methods. Photoimmobilization leads to the random orientation of immobilized molecules, whereas other
covalent immobilization methods lead to some orientation of immobilized molecules because of the uneven distribution of functional groups on the
molecules being immobilized. In genetically engineered proteins, which have adhesive peptide sequences on the end chain, the recognition site is
limited to the remaining part of the molecule.

T ’
C=0

(A) phenylazido group CH;CH CH2CHO O~CH, HC-O H,C-OH
' Hoo
N3 32-38,44-46,51-61 I _/on OH OH OH /.

O-(CHz)z—O-P—O—(CHz)z-—NMe;,
0

benzoyl group N3
/ i '
45,47
CHZCH CH;CH
CH;CH CHZCH
diazirine group .

CH;CH;O-)—H
39-43,48-50 Ns

30 - H H
N3—©—N—EI:—CH2(OCHZCH2)——S—N‘O‘Ng
‘<CH20Hj—<:HZCH o o
|
COH :

Figure 3. (A) Examples of photoreactive functional groups used in photoimmobilization. The numbers on the right indicate the references for
photmmmoblhzanon studies that have been conducted on each photoreactive functional group. (B) Photoreactive polymers synthesized by our
group’s current work.

Photoimmobilization links with target molecules and materials. Sigrist’s group (39—

Photoreactive functional groups that have been used in 43), for example, used diazirine derivatives to generate carbene
photoimmobilization are shown in Figure 3A. Many researchers groups by photoirradiation. Matsuda’s group (44, 45) used
have performed the photoimmobilization of biomolecules to azidophenyl, benzophenone, dithiocarbamate, and camphorqui-
material surfaces, and some types of photogenerated nitrenes, none as UV-reactive groups, and fluorescein, eosin, and Rose
carbenes, and ketyl radicals have been used to form covalent Bengal as visible light-sensitive groups. In addition, they used
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Figure 4. Synthesis of microarray chips by photoimmobilization. (A)
After coating with a photoreactive polymer, proteins were microspotted
and immobilized by photoirradiation. (B) Proteins were mixed with
photoreactive polymer, and the mixture was microspotted and im-
mobilized by photoirradiation.

photocross-linking and photopolymerization methods for the
photoimmobilization of target molecules. Recently, Miller et
al. (46) used azidophenyl groups for the preparation of an
antibody microarray. Prucker et al. (47) incorporated benzophe-
none on a plate and immobilized organic molecules and
macromolecules to investigate binding strength. Recently,
Sigrist’s group synthesized diazirine-containing dextran to
reduce nonspecific interactions and immobilize proteins on a
plate (43). Kanoh et al. (48—50) prepared photoaffinity glass
slides containing aromatic diazirine through a poly(ethylene
glycol) anchor and immobilized low molecular weight molecules
on the slide by irradiation with 360 nm light.

We developed some photoreactive polymers in previous work
(32—38, 51—56). Figure 3B shows the polymer that was
employed in the current work (57—61). Azidoaniline or azido-
benzoic acid has been incorporated into water-soluble synthetic
polymers, including poly(acrylic acid) (57), poly(vinyl alcohol)
(58), poly(phosphatidylcholine methacrylate) (59, 60) and poly-
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Figure 5. (A) Micrograph of a microarray of fluorescein isothiocy-
anate-labeled bovine serum albumin (FITC-BSA) with a photoreactive
polymer after washing with phosphate buffered saline (PBS). The
concentrations of FITC-BSA used in spotting were 2000, 1500, 1000,
500, 250, 100, 30, and 10 ug/mL. Bars represent 1000 um. (B)
Fluorescence intensity of cast FITC-BSA (crisscross), FITC-BSA
immobilized with photoreactive polymer and washed with 0.1% Tween-
20 (@) or PBS (O), and FITC-BSA without photoreactive polymer
washed with 0.1% Tween-20 (M) or PBS (O).

(ethylene glycol) (67). Because these water-soluble polymers
do not nonspecifically interact with biological components, they
have been used to form an immobilization matrix to reduce
nonspecific interactions (N) and to enhance specific interactions
(8), resulting in a high S/N ratio (57—61).

Two schemata for the synthesis of a microarray chip are
shown in Figure 4. Some researchers have adopted the method
shown in Figure 4A, and the commercially available “Photo-
chip” is made by this method (43). A high amount of protein is
considered to be immobilized when using the method shown
in Figure 4B because the photoreactive polymers, shown in
Figure 3B, are soluble in water, thus allowing proteins or cells
to be mixed with them in water (60, 61). The aqueous solution
containing the photoreactive polymer and biomolecules of
interest is then microarrayed, dried, and photoirradiated.

The photoimmobilization method can be applied to various
biological components including proteins, antibodies, and cells.
Here, we demonstrate some applications of photoimmobilized
microarrays.

Cell Analysis

The modulation of cellular activity through substrate interac-
tions can have a significant effect on biomaterial-based therapies.
Material-based "control of cellular function is a potentially
powerful tool for controlling stem cells, which have the potential
to differentiate into many different tissue types. The develop-
ment of new biomaterials has been an iterative process:
polymers are rationally designed and then individually tested
for their properties. More recently, attention has focused on the
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Figure 6. Micrograph of mouse fibroblast STO cells adhered to bovine serum albumin (BSA), collagen, and fibronectin-spotted AWP-coated glass
slides (A) or glass slides only (B) over 2 h. The AWP-coated surface reduced nonspecific adhesion of cells to the slide.

development of parallel, combinatorial approaches, and the
development of diverse libraries of polymeric biomaterials.
Langer’s group (62, 63) described a platform that enables the
nanoliter-scale synthesis and cell-based screening of thousands
of microarrayed biomaterials using human embryonic stem cells.
In addition, they prepared an array comprised of blends of well-
characterized biodegradable polymers and tested these to
examine the ability of this system to efficiently screen bioma-
terials in a range of cell types.

In our previous work, we demonstrated that some im-
mobilized growth factor proteins enhanced cell growth more
than soluble growth factor proteins and that other immobilized
growth factors induced effects that were different from the
effects induced by soluble growth factors (64—67). In current
work, we microarray-immobilized proteins to examine the effect
of immobilized proteins on cellular functions, especially cell
adhesion.

Protein Microarray. Preparation. One of the photoreactive
polymer, poly(acrylic acid) containing a phenylazido group in
the side chains, was synthesized by a coupling reaction of poly-
(acrylic acid) with azidoaniline (57). An aqueous solution
containing the photoreactive polymer was microarrayed onto
on the surface of a polystyrene dish (chip). After drying, protein
of various concentrations was spotted onto the polystyrene chip.
Finally the chip was irradiated with UV light.

Fluorescein isothiocyanate-labeled bovine serum albumin
(FITC-BSA) of different concentrations was then microspotted
by a microarrayer onto the polymer cast and photoimmobilized
(Figure 5A). Figure 5B demonstrates the binding strength of
the immobilized proteins. When BSA alone was microspotted
onto the chip and the chip was washed with water or the
detergent Tween, the BSA immobilized by the photoreactive
polymer was not washed out. This result demonstrated that the
proteins were covalently immobilized on the chip.

Using the method shown in Figure 4B, a microarray chip
was fabricated using another type of photoreactive polymer, the
azide-unit pendant water-soluble photopolymer (AWP; 58).
AWP is a poly(vinyl alcohol) with 0.7% phenylazido groups
on its side chains and has an affinity to glass surfaces. AWP
solution was spin-coated onto a glass slide and pattern-
immobilized in the presence of a photomask. When adsorption
onto the glass slide was measured, the pattern formed was stable

in organic solvents, including methanol, acetone, and tetrahy-
drofuran. BSA, collagen, and fibronectin were photoimmobilized
on AWP-precoated glass slides.

Assay of Cell Adhesion. Different amounts of BSA or
fibronectin were microarrayed, and adhesion of some cell types,
including mouse leukemia monocytes RAW264, African green
monkey COS-7 kidney cells, and rat pheochromocytoma PC12
cells, was investigated (57). The number of cells that adhered
to the photoreactive polymer-immobilized region was the same
as the number of cells that adhered to nontreated polystyrene.
In contrast, the adhesion of COS-7 and PC12 cells to BSA-
immobilized regions was strongly suppressed. Although im-
mobilized fibronectin did not enhance cell adhesion, it did
enhance cell spreading for a short time. These cellular behaviors
are similar to those observed on protein-adsorbed surfaces. This
indicates that the photoimmobilized proteins have the same
activity as the adsorbed proteins, which are usually employed
in the biological sciences.

Proteins were microarrayed onto glass slides precoated with
AWP, and cell adhesion was investigated (58). Figure 6 shows
the results of the adhesion of mouse fibroblast STO cells. The
STO cells adhered not only to collagen- and fibronectin-spotted
AWP-coated glass slides, they also adhered to the glass surface.
Thus, when proteins are microspotted onto glass slides, it is
difficult to assay for cell adhesion. However, no adhesion was
observed on the AWP-coated surface. Therefore, the AWP-
coated surface allows proteins to be assayed for cell adhesion.
In addition to the STO cells, human hepatocyte HepG2 cells,
COS-7 cells, and RAW264 cells did not adhere to the AWP-
coated surface. Thus, the AWP-coated surface provided good
contrast micrographs for the cell adhesion assay and was useful
for profiling cell properties.

Antibody Microarray. Antibody microarray for the detection
of cell-surface antigens has also been reported (68— 72). Analysis
of cell-surface antigens is usually performed by flow cytometry.
The principle of this technique is the adsorption of fluorescent-
labeled antibody onto a cell-surface antigen and the detection
of fluorescence by a laser. It is now possible to detect six
different types of fluorescence simultaneously. However, it is
difficult to simultaneously detect more than six types of
fluorescence. Therefore, to replace and match flow cytometry,
50 different antibodies to anti-cluster of differentiation (CD)

—182—



