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Abstract
A novel contact printing method utilizing a sacrificial layer of polyacrylic acid (PAA) was
developed to selectively modify the upper surfaces of arrayed microstructures. The method was
characterized by printing polystyrene onto SU-8 microstructures to create an improved substrate
for a cell-based microarray platform. Experiments measuring cell growth SU-8 arrays modified
with polystyrene and fibronectin demonstrated improved growth of NIH 3T3 (93% vs. 38%),
HeLa (97% vs. 77%), and HT1080 (76% vs. 20%) cells relative to that for the previously used
coating method. In addition, use of the PAA sacrificial layer permitted the printing of
functionalized polystyrene, carboxylate polystyrene nanospheres, and silica nanospheres onto the
arrays in a facile manner. Finally, a high concentration of extracellular matrix materials (ECM),
such as collagen (5 mg/mL) and gelatin (0.1%), was contact printed onto the array structures using
as little as 5 μL of the ECM reagent and without the formation of a continuous film bridge across
the microstructures. Murine embryonic stem cells cultured on arrays printed with this gelatin-
hydrogel remained in an undifferentiated state indicating an adequate surface gelatin layer to
maintain these cells over time.
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Introduction
Recent advances in microfabrication technologies have created powerful and flexible
experimental tools for the cell biologist [1–5]. Chief among these devices are cellular
microarrays, miniaturized lab-on-a-chip platforms for culture of living cells in defined
locations, that enable parallel screening of large numbers of cells in a high-throughput
format [4,6]. These platforms are proving of value for a variety of assays used in basic cell
biology, stem cell research, and drug discovery. Important aspects of these miniaturized
systems as a cell-culture substrate are their surface and material properties [7,8]. It is well-
known that both the chemical and mechanical properties of the surface on which cells grow
have major influences on cell physiology and survival [8]. These properties include charge,
hydrophobicity, elasticity, and roughness among many others; furthermore, their relative
importance is often cell-type specific [7]. Thus, the ability to tailor the properties of these
miniaturized devices is both pertinent and necessary for producing valid results in biological
assays.

One material which is gaining favor for the microfabrication of lab-chip technologies used
in biologic applications is the optically clear photoresist SU-8 [9]. This material has found
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widespread use for creating micron-scale structures and patterned surfaces for a variety of
life science applications, including microfluidic cell analysis/culture systems [10–12],
single-cell manipulation devices [13,14], cell-based biosensors [15–18], and cell arrays
[19,20]. Although SU-8 has been shown to be biocompatible [21–23], its extremely low
surface roughness, hydrophobicity and resistance to deposition of biological material make
it less than ideal as a cell culture substrate [22,24,25]. Surface modifications have proven
helpful in this regard with plasma oxidation and chemical surface treatments showing
improved growth characteristics for cells cultured on SU-8 surfaces [9,26–28]. Although
these methods have proven efficacious, they impose limitations in the types of chemical
surface modification that can be performed to tailor the growth surface.

In this paper, we develop a low cost, simple and flexible surface coating method to contact
print a broad range of materials on the surface of arrayed SU-8 microstructures used as a cell
culture substrate. The top surfaces of individual structures were printed without creating
fibrous bridging or intrusion of the printed material into the interstices between structures.
Both soft (hydrogel) and hard (polystyrene) layers could be added to the surface of the SU-8
structures to tailor the properties of the culture substrate. The process was also demonstrated
with a series of differentially charged polymers to selectively modify the electrostatic charge
of the surfaces. The various modifications were shown to improve growth characteristics of
a variety of cell types on the cell array platform. Importantly, extracellular matrices could be
coated onto the top surfaces of the microstructures at the high concentrations utilized in
biomedical research. As an example of the value of the technique, the growth and
maintenance of undifferentiated stem cells as clonal colonies was demonstrated on a cell
array contact printed with a gelatin hydrogel.

Experimental
Materials and Methods

SU-8-2100 photoresist and SU-8 developer (1-methoxy-2-propyl acetate) were purchased
from MicroChem Corp. (Newton, MA, USA). UVI-6976 photoinitiator (triarylsulfonium
hexafluoroantimonate salts in propylene carbonate) was purchased from Dow Chemical
(Torrance, CA) and poly(dimethylsiloxane) (PDMS) (Sylgard 184 silicone elastomer kit)
was purchased from Dow Corning (Midland, MI). Polystyrene cell culture Petri dishes
(Falcon 353001) were ordered from Fisher scientific (Pittsburgh, PA). Poly(acrylic acid)
(M.W. 50,000) 25% in water was ordered from Polysciences Inc. (Warrington, PA). β-
Mercaptoethanol and all organic solvents were ordered from Sigma-Aldrich (St. Louis,
MO). (Heptadecafluoro-1,1,2,2-tetrahydrodecyl) trichlorosilane was from Gelest Inc.
(Morrisville, PA). To prepare masks for micropallet fabrication, the patterns were first
drawn using TurboCAD (IMSI/Design, LLC, Novato, CA) and then sent to Fineline
Imaging (Colorado Springs, CO) for printing and fabricating the final chrome mask.
Dulbecco’s Modified Eagle Medium (DMEM), RPMI 1640 medium, fetal bovine serum
(FBS), bovine serum albumen (BSA), Glasgow minimum essential medium (G-MEM), ES
cell qualified fetal bovine serum (FBS), MEM nonessential amino acids, L-glutamine, MEM
sodium pyruvate, 1x phosphate buffered saline (PBS, ph = 7.4), 0.05% trypsin-EDTA and
penicillin/streptomycin were obtained from Invitrogen (Carlsbad, CA). ES cell qualified
0.1% gelatin and leukemia inhibitory factor (LIF) at 10 U/mL were purchased from
Millipore (Temecula, CA). Fibronectin, collagen-I, glass microscope slides and all other
reagents were obtained from Fisher Scientific (Pittsburgh, PA).

Fabrication of the arrays
Arrays composed of square pedestals of 50 or 100 μm on a side and 36 μm gap were
fabricated from SU-8 in a manner similar to that described previously [29]. Each pedestal is
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here after referred to as a micropallet. On these arrays, every 10 × 10 region of micropallets
was surrounded by numbered micropallets for ease of tracking the cultured cells. Selected
arrays were silanized by vapor-phase deposition of heptadecafluoro-1,1,2,2-
tetrahydrodecyl)trichlorosilane to enable creation of the heterogeneous wetted surface
needed for cell localization to the micropallets as described previously [30].

Measurement of the Contact Angle of a Water Droplet
The static water contact angle on the SU-8 was measured using standard methods [31].

Polystyrene Source
Polystyrene with a near neutral charge was obtained by dissolving commercial Petri dishes
in the organic solvent cyclopentanone (5% – 30% w/w). Positively-charged polystyrene was
prepared by crosslinking polystyrene (in cyclopentanone 10% w/w) and 4-vinylpyridine
[32]. 4-Vinylpyridine was added to the solution at ratio of 1:9 (4-vinylpyridine: polystyrene,
w/w). Dibenzoyl peroxide was also added into the solution as the catalyst at a ratio of 1:100
(dibenzoyl peroxide:[4-vinylpyridine + polystyrene], w/w). The solution was sealed in an
amber glass bottle and put in a 65 °C water bath for 16 hr to crosslink the 4-vinylpyridine
with polystyrene. After incubation, the solution was allowed to cool to room temperature
before contact printing.

Contact Printing
To contact print polystyrene on the arrays, solubilized polystyrene (1 mL) was spun onto a
glass slide (1″ × 3″) to form a liquid film using a standard spin coater (WS-400-6NPP,
Laurell Technologies, North Wales, PA). A spin speed of 1000 rpm was used. Spin time was
20 s unless stated otherwise. A micropallet array was placed in contact with the film for 2
sec to transfer the polystyrene to the surfaces of the micropallets. After this printing step, the
array was lifted from the glass slide and baked on a hot plate at 120 °C for 1 hr to evaporate
the solvent from the polystyrene layer.

A similar contact printing process was used to place a PAA sacrificial layer onto micropallet
top surfaces. PAA (25% in water, w/w) was spun on a glass slide at 5000 rpm. The PAA
was then contact printed on the micropallet array which was then baked at 120 °C for 5 min
in a manner similar to that described for polystyrene.

Positively-charged polystyrene was spun on a glass slide at 700 rpm and contact printed as
described above. Negatively-charged polystyrene (carboxylate polystyrene beads, 50 nm,
2.5% solids (w/v) aqueous suspension, Polysciences Inc., Warrington, PA, 130 μL) was
spread evenly by hand on the surface of a 1″ × 3″ glass slide over a 1 cm2 area. The
micropallet array was then gently contact printed on this liquid film, and allowed to dry at
room temperature followed by a 2 hr bake at 120 °C.

To create a “glass-like” surface, a suspension of 50 nm silica beads (5% solids in water as
provided by the manufacturer, Polysciences Inc., Warrington, PA) was used in the same
process conditions as described for the carboxylate polystyrene nanospheres.

Arrays were contact printed with extracellular matrix (ECM) as follows. After the PAA
sacrificial layer was removed from the array, 5 μL of collagen (5 mg/mL) or of human
plasma fibronectin (1 mg/mL) was pipetted onto the glass slide (1″ × 3″) and spread over a 1
cm2 area. The array and glass slide were brought into contact as described above.
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Electron microscopy
The arrays were observed using an environmental scanning electron microscope (ESEM)
(Quanta 200, FEI Company, Hillsboro, OR). The ESEM was performed in low vacuum
(0.75 Torr) mode and a backscattered electron detector (BSED) was chosen to take images
of the microstructures.

Measurement of intrusion length
The intrusion length was defined as the distance from the micropallet top surface to the
farthest extension of the polystyrene along the side wall. To measure this distance, the
contact printed micropallets were viewed side-on. After contact printing, micropallets were
scraped off the glass substrate using a 20 gauge hypodermic needle (BD, Franklin Lakes,
NJ, USA) and imaged by brightfield microscopy. The images were analyzed with Irfanview
software (www.irfanview.com) to calculate the pixel number of the intrusion length on the
images. The dimension represented by the pixel number was calibrated by imaging a 100
μm standard to obtain its pixel number via Irfanview.

Laser-based micropallet release
Release of micropallets was performed as previously described [33,34]. Briefly, a laser pulse
(5 ns, 532 nm) from a Q-switch Nd:YAG laser (Minilite I, Continuum Electro-Optics Inc.,
Santa Clara, CA) was focused by a microscope objective at the interface of the micropallet
base and the glass substrate. The focused pulse formed a plasma and cavitation bubble. The
expansion of the cavitation bubble between the micropallet and glass substrate mechanically
dislodged the structure [35].

Cell culture
Tumor cell lines and murine embryonic stem (ES) cell lines were employed in these studies.
The adherent cell types HeLa, a human ovarian carcinoma cell line, 3T3, a murine fibroblast
cell line, and HT1080, a human fibrosarcoma cell line, were employed in comparing cell
survival rate on the different surfaces. Feeder-independent murine ES cells (129 strain) were
obtained from the University of North Carolina-Animal Models Core Facility (UNC-AMC,
Chapel Hill, NC). ES cell medium containing leukemia inhibitory factor (LIF) was prepared
as previously described [34]. Before plating cells, the arrays were sterilized by immersion in
75% ethanol for 5 min. The ethanol was removed by aspiration and the arrays were allowed
to dry under sterile conditions. To plate cells on the array, cells suspended in the appropriate
media were added to the array chamber and allowed to settle and adhere. Arrays were pre-
coated with the extracellular matrix fibronectin prior to use unless otherwise noted. Cells
plated on the array were cultured in a humidified, 5% CO2 atmosphere at 37 °C.

Measurement of cell survival
Eight hours after plating the cells, the micropallet arrays were imaged by brightfield
microscopy using an inverted microscope (Axiovert 135, Carl Zeiss USA, Thornwood, NY)
and CCD camera (Qcolor3, Olympus America Inc., Center Valley, PA). On each array,
thirty randomly chosen micropallets that contained an attached cell were identified and
recorded. The arrays were returned to a humidified, 5% CO2 atmosphere at 37 °C for further
culture. After an additional 60 hr, the pallets identified at the start of the experiment were re-
imaged to follow colony formation, and therefore, viability over time.
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RESULTS AND DISCUSSION
Characterization of contact printing polystyrene on the micropallet array

The micropallet array is a novel platform that enables individual cells or colonies grown on
the array to be isolated efficiently and with high viability [19,20]. The array is made up of
microstructures termed micropallets photolithographically defined using a photoresist such
as SU-8. To localize cells to the tops of the pallets, an air barrier is created between the
microstructures to block cell access to the interpallet regions. Vapor-based silanization of
the arrays with a hydrophobic perfluoroalkylsilane generates hydrophobic alley ways
between the pallets entrapping air when the array is placed in an aqueous solution [30].
These air bubbles or virtual walls are critical in localizing cells to the top surfaces of the
micropallets. The micropallets are individually removable using a pulsed laser to permit
isolation of the attached cells. The arrays can be coated with extracellular matrices to
improve cell adherence, but optimization of cell culture on the arrays would be enhanced if
standard materials used in biomedical research, for example polystyrene, were used as the
substrate for cell attachment and growth. To determine whether the top surfaces of the
pallets could be coated with polystyrene, arrays (50 μm pallets, 100 μm height, 50 μm
interpallet gap) were contact printed with polystyrene. A thin layer of polystyrene was spin
coated onto a glass slide and the array placed on the polystyrene film (Fig. 1A). When
silanized arrays were contact printed with polystyrene (5%, 10%, 20% and 30%, w/w,
polystyrene/cyclopentanone), the polystyrene formed a bead on the micropallet top and did
not evenly wet the silanized surface. The silanized array could not be successfully coated
with polystyrene likely as a result of the different surface tensions between the silanized
SU-8 pallet and the polystyrene/cyclopentanone solution.

Since native SU-8 is significantly less hydrophobic than silanized SU-8, non-silanized
arrays were contact printed with polystyrene. After printing, the micropallets were scraped
off the glass substrate using steel fine-pointed forceps and observed in side view under a
microscope (Fig. 1B & C). At polystyrene concentrations of 30%, the polystyrene solution
was excessively viscous and long polystyrene fibrils were created during the contact printing
process. When the concentration was 20%, polystyrene could be printed on the upper
surface of the micropallet, but formed a dome-shaped structure. This result was undesirable
as the dome-shaped coating would interfere with plating of cells on the upper surface of the
micropallets. Reduction of the polystyrene concentration to ≤10% provided a homogeneous
and flat contact printed surface (Fig. 1C). For subsequent experiments, the concentration of
the polystyrene used for contact printing was 10%.

To determine the role of film thickness in the percentage of coated pallets on an array, the
spin-coating speed used to create the polystyrene film was varied. The percentage of
micropallets that were individually coated with a homogeneous layer of polystyrene was
100% when the spin speed was in the range of 600 – 1300 rpm. At higher speeds the
polystyrene layer was very thin and dried before printing could be accomplished.

Prior to use as cell arrays, the polystyrene-printed arrays were silanized and then overlaid
with an aqueous solution; however, stable virtual walls did not form on these silanized
polystyrene-printed arrays preventing the use of these arrays for cell separations. Close
inspection of the polystyrene-printed pallets revealed that the polystyrene tracked along the
sides of the pallet during the printing step (Fig. 1B). It is likely that the polystyrene coating
on the sides of the pallets prevented effective silanization of the pallet side walls, and thus
the side walls remained too hydrophilic to stably entrap air between the pallets. To assess
whether the polystyrene tracking or intrusion along the pallet side walls could be minimized
during contact printing, the following parameters were varied: film thickness (spin-coating
speed), micropallet size, and interpallet gap. The distance that the polystyrene tracked along
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the side of the pallet was then measured (Fig. 1B). The polystyrene intrusion was
independent of pallet size and inter-pallet gap and the magnitude of the intrusion length was
inversely related to the spin speed used to prepare the ink for contact printing (Fig. S1A, B
& C); however, the reduction of the intrusion length was not apparent until the spin speed
increased to more than 1500 rpm at which point the success rate of contact printing the array
with polystyrene was less than 50% (n = 20). For spin speeds from 1000-to-1400 rpm, the
intrusion length was 50 μm. Since the intrusion could not be reduced significantly compared
with the micropallet height, this strategy for polystyrene contact printing was unsatisfactory.

Improved contact printing process
The hydrophobic silane coating was effective in preventing polystyrene wetting of the pallet
side walls, but also prevented wetting of the top surface. A strategy was developed to
silanize the side walls while protecting the pallet top surfaces with a sacrificial layer.
Polyacrylic acid (PAA) is a water soluble polymer that has been previously reported as a
sacrificial layer in microfabrication applications [36]. The modified polystyrene printing
process incorporated a PAA sacrificial layer as shown in Figure 2A. In the initial step, the
PAA solution was contact printed onto a native micropallet array. The extent of surface
coverage of the PAA on the micropallet top surface was controllable by varying the SU-8
baking time during array fabrication (Fig. 2C & D). On freshly fabricated SU-8 arrays with
no post bake, the PAA solution wetted the top surface well. As bake time increased, the
PAA solution showed progressive dewetting so that a smaller area of the micropallet top
surface was covered-- from 91% ± 3% after a 5 min bake to 75% ± 2% after 60 min. There
was no apparent difference in wetting of the PAA solution on the pallet top surfaces when
the arrays were baked 60 min or overnight. Irrespective of the bake time, there was no
extension of the PAA onto the side walls of the pallets. The dependence of wetting on bake
time was most likely due to changes in the surface hydrophobicity during baking. The
contact angle of a water droplet on freshly fabricated arrays, arrays baked at 120 °C (5 min),
arrays baked at 120 °C (60 min), and arrays baked at 120 °C (overnight) was 70° ± 1.2°, 77°
± 2.0°, 84° ± 1.3°, and 86° ± 0.6°, respectively. When the pallets were silanized, the PAA
formed spherical beads on the silanized surface. This silanized surface possessed a water-
droplet, contact angle of 122° ± 4.0°. Thus the more hydrophilic the pallet surface, the more
extensive the surface wetting of the hydrophilic PAA solution and the area of the
micropallet upper surface protected by the PAA sacrificial layer was readily controlled by
the array bake time.

Arrays baked for 60 min and printed with PAA, were silanized. Following silanization, the
arrays were incubated in 40% ethanol for 2 hrs to dissolve the PAA layer. This process
yielded an array of pallets with silanized side walls, but unmodified top surfaces.
Polystyrene was then contact printed on the arrays as described above. When these
polystyrene-printed pallets were removed from the array and observed by microscopy, no
polystyrene was observed on the pallet sidewalls. Thus, the hydrophobicity of the side walls
prevented polystyrene intrusion onto the side wall and limited the polystyrene coating to the
top surface of the pallet (Fig. 2B). When an aqueous solution was overlaid onto these arrays,
a stable virtual air wall microscopically indistinguishable from that on standard arrays was
formed.

Contact printing of charged polystyrene and nanospheres
To demonstrate the versatility of the contact printing method, negatively-charged
carboxylate polystyrene nanospheres, positively-charged polystyrene, and silica nanospheres
were printed onto arrays. The arrays were first contacted printed with PAA, silanized, and
the PAA layer removed. Then the carboxylate polystyrene nanospheres (Fig. 4A),
positively-charged polystyrene (Fig. 4B), and silica nanospheres (Fig. 4C) were printed onto
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the surface of the arrays. In each case the material was transferred to the surface of the
pallets without coating the pallet side walls.

Comparison of contact-printed arrays to conventionally-coated arrays
A series of experiments was performed to compare cell growth and survival on the contact-
printed arrays to standard SU-8 micropallet arrays. The native SU-8 array was silanized and
coated with fibronectin as described previously [30]. The contact-printed arrays were coated
with polystyrene and then contact printed a second time with fibronectin (1 mg/mL). Three
adherent cell types, 3T3, HeLa and HT1080, were cultured on the standard arrays and the
contact-printed arrays (three arrays per experiment). For these experiments, 6,000 cells were
loaded onto each array (20,000 micropallets/array) to achieve plating of ≤1 cell on the
individual micropallets. It was observed that at 8 hr, the cells attached on both standard
arrays as well as contact-printed arrays. After 60 hr only 38% ± 14% 3T3, 77% ± 5% HeLa,
and 20% ± 14% HT1080 cells grew into colonies on the standard arrays (Fig. 3A). In
contrast, colony formation was substantially higher on contact-printed arrays for 3T3 (93%
± 2%), HeLa (97% ± 3%), and HT1080 (76% ± 4%) cells (Fig. 3B). This result may be due
to a shielding of the cells from the SU-8 surface by the polystyrene layer or to a higher
quality layer of fibronectin deposited on the polystyrene vs. SU-8 surface.

3T3 cells cultured on arrays printed with charged polystyrene or silica beads
To demonstrate the usage of the contact-printed charged surfaces, 3T3 cells were plated on
contact-printed arrays (6,000 cells/array, 20,000 micropallets/array). Since charged
polystyrene and silica are known to provide surfaces appropriate for cell attachment and
growth [37–39], no ECM coating was used in these experiments. The success rate for
growth of colonies was 93% ± 3% on the carboxylate polystyrene, 94% ± 4% on the
positively-charged polystyrene, and 95% ± 5% on silica (Fig. 4D). Cells did not attach and
grow on uncoated arrays of native SU-8 pallets as has been reported previously [9].

Stem cell culture and isolation on contact printed arrays
Gelatin is a well known ECM used to maintain cultured embryonic stem cells in an
undifferentiated state. In a previous report, a very low gelatin concentration (0.025%) was
required when using simple adsorption to coat micropallet arrays [34]. This low
concentration was necessary to prevent a continuous film of gelatin from forming over the
entire array surface as occurred when attempting to coat with a standard concentration
(0.1%) of gelatin. However, the procedure resulted in a very thin layer of gelatin compared
to that typically used for the growth of these cells. To test if a thicker gelatin layer could be
placed on the micropallet surface, 0.1% gelatin was contact printed on an array that had been
previously silanized and the sacrificial PAA layer removed. It was found that the process
was able to selectively coat the upper surfaces of the individual micropallets without
forming a continuous layer of gelatin across the array. Contact printing of gelatin could be
performed multiple times to achieve an increasingly thick surface gelatin layer (Fig. S2 B &
C).

To demonstrate that the contact printed gelatin layer on the micropallet arrays provided an
excellent substrate for stem cell culture, murine ES cells (8,000 cells) were plated on an
array containing 20,000 micropallets printed with gelatin. After 24 hr, the media was
exchanged and the array was observed under brightfield microscopy. Single ES cells were
found adherent to the micropallets (Fig. 5A). The array was then cultured for an additional
72 hr with daily media exchange. At 96 hr, dome-shaped colonies consistent with
undifferentiated cells were present (Fig. 5B) [40]. Occasional colonies were seen consisting
of flattened, well-spread cells suggesting some degree of differentiation. To better determine
the presence of undifferentiated and differentiated colonies on the array, alkaline
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phosphatase staining of the arrayed cells was performed (Fig. 5C) [34,40]. In these
experiments, 70% ± 12% (n = 10 colonies on each of three arrays) of the colonies remained
undifferentiated. This finding is consistent with prior studies quantifying the percentages of
undifferentiated and differentiated ES cell colonies grown under standard culture conditions
on gelatin-coated polystyrene Petri dishes [34]. The release, collection and expansion of ES
cell colonies on contact-printed micropallets was performed as described previously [34]. It
was observed that of the released and collected colonies, 80% remained undifferentiated at
72 hr after collection (Fig. S3).

Conclusion
A low cost, simple and flexible method to contact print a broad range of materials on the
upper surface of arrayed microstructures has been described. Individual structures were
printed without overflow of the printed material along the sidewalls of the structure or
bridging of material between structures. The technique was suitable for creating a hard
(polystyrene) or soft (gelatin) coatings, and could be used to establish coatings of various
electrostatic charge. The utility and flexibility of the method were demonstrated by tailoring
the surface properties of SU-8 microstructures for culturing cells using a variety of coatings.
The modifications to the microstructures will benefit future studies in which cells with
unique substrate requirements for attachment and growth are patterned on the array for
analysis and sorting. Culture of primary cells and stem cells from a variety of tissues, such
as respiratory epithelia or intestinal crypts may be so enhanced.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
(A) Fabrication process flow for the contact printing method: 1. Spin polystyrene on glass
slide, 2. Contact the micropallet array with the polystyrene film, 3. Remove the array
leaving polystyrene printed on each micropallet. (B) Microscopic image of a micropallet
contact printed with polystyrene and viewed side-on to demonstrate the extension of the
polystyrene along the sidewall (intrusion length, see text). (C) Microscopic images of
individual micropallets seen side-on after removal from an array contact printed with
increasing concentrations of polystyrene. The asterisk marks a fiber of polystyrene
remaining from the printing process.
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Fig. 2.
(A) Process flow of the contact printing method using the PAA sacrificial layer: 1. Spin
PAA on glass slide, 2. Contact the micropallet array with the PAA film, 3. Remove the array
leaving PAA printed on the top surface of each micropallet, 4. Silanize the PAA printed
array, 5. Remove PAA, 6. Spin polystyrene on glass slide, 6. Contact the array with the
polystyrene film, 7. Remove the array leaving polystyrene printed only on the top surface of
the micropallets. (B) Image of the upper surface of a micropallet 10 min after contact
printing with polystyrene as described in “A”. (C) Micrographs showing PAA coverage on
the upper surfaces of individual micropallets under various conditions. (D) Histogram of
PAA coverage area on the micropallet surface under varied conditions.
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Fig. 3.
Microscopic images of 3T3, HeLa and HT1080 cells cultured for 8 hr and 60 hr after plating
on (A) SU-8 micropallets coated with fibronectin using standard methodology, and (B)
micropallets contact printed with polystyrene and then fibronectin.
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Fig. 4.
SEM images of individual micropallets contact printed with (A) 50 nm carboxylate
polystyrene beads, (B) positively charged polystyrene, or (C) 50 nm silica beads using the
PAA sacrificial layer method. (D) Microscopic images of 3T3 cells cultured for 8 hr and 60
hr on 50 nm carboxylate polystyrene (negatively charged polystyrene, “NP”), positively
charged polystyrene (“PP”), and 50 nm silica beads (“S”) contact printed on micropallets.
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Fig. 5.
(A) Single ES cells cultured on 0.1% gelatin contact printed micropallets. (B)
Undifferentiated and differentiated ES cell colonies on 0.1% gelatin contact printed
micropallets after 96 hr in culture. (C) Alkaline phosphatase staining of an ES cell colony on
an array.
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