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Pallet arrays enable cells to be separated while they remain adherent to a surface and provide a much
greater range of cell selection criteria relative to that of current technologies. However there remains
a need to further broaden cell selection criteria to include dynamic intracellular signaling events. To
demonstrate the feasibility of measuring cellular protein behavior on the arrays using high resolution
microscopy, the surfaces of individual pallets were modified to minimize the impact of scattered light
at the pallet edges. The surfaces of the three-dimensional pallets on an array were patterned with a
coating such as fibronectin using a customized stamping tool. Micropatterns of varying shape and size
were printed in designated regions on the pallets in single or multiple steps to demonstrate the reliability
and precision of patterning molecules on the pallet surface. Use of a fibronectin matrix stamped at the
center of each pallet permitted the localization of H1299 and mouse embryonic fibroblast (MEF) cells to
the pallet centers and away from the edges. Compared to pallet arrays with fibronectin coating the entire
top surface, arrays with a central fibronectin pattern increased the percentage of cells localized to the
pallet center by 3-4-fold. Localization of cells to the pallet center also enabled the physical separation
of cells from optical artifacts created by the rough pallet side walls. To demonstrate the measurement
of dynamic intracellular signaling on the arrays, fluorescence measurements of high spatial resolution
were performed using a RhoA GTPase biosensor. This biosensor utilized fluorescence resonance energy
transfer (FRET) between cyan fluorescent protein (CFP) and yellow fluorescent protein (YFP) to measure
localized RhoA activity in cellular ruffles at the cell periphery. These results demonstrated the ability to
perform spatially resolved measurements of fluorescence-based sensors on the pallet arrays. Thus, the
patterned pallet arrays should enable novel cell separations in which cell selection is based on complex
cellular signaling properties.
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1. Introduction

There is currently great interest in studying the mechanisms
of spatially isolated behaviors in cells such as calcium sparks and
waves, pseudopodia extension and retraction, invadopodia dynam-
ics, focal adhesion formation, endoplasmic reticulum assembly
and disassembly among many others. A plethora of probes have
now been developed to track this localized signaling behavior for
example fluorescent monitors for calcium and other ions, fluo-
rescence resonance energy transfer (FRET)-based indicators for
kinase proteases and GTPases, translocation probes to monitor pro-
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tein domain movement, fluorescent highlighters to identify protein
complex age and assembly/disassembly, and small metabolite sen-
sors [1-3]. Biosensor design and synthesis has been particularly
successful for kinases [4] which add a phosphoryl to a protein or
lipid and GTPases such as the Rho family [5] which cycle between
active and inactive states in a nucleotide-dependent manner. Live
cell imaging studies have revealed the subcellular spatial and tem-
poral dynamics of activation for these enzymes in single cells. Use
of the biosensors has also revealed the diversity of signaling among
single cells within a population. While these measurements have
been performed at the single-cell level, cells identified as hav-
ing interesting signaling variants have not been obtainable as a
pure population and are thus unavailable for future studies. This
is largely due to the spatially and temporally dynamic behavior
of cellular signaling enzymes and the absence of cell separation
technologies compatible with cell selection based on high reso-
lution measurements in both time and space. Methods such as
fluorescence-activated cell sorting (FACS) or magnetic-activated
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cell sorting (MACS) offer no or extremely limited spatial and tem-
poral measurements of biosensor behavior in cells. However, much
utility lies in the use of live cell biosensors for the screening and
isolation of cells displaying unique signaling behaviors in response
to altered environmental conditions, drug applications, or other
perturbations.

Pertz et al. have previously reported an intra-molecular FRET
biosensor for the small GTPase Rho [6]. Upon RhoA activation by
GTP-loading, RhoA interacts with a tethered Rho-binding domain
(RBD), altering the relative orientation of cyan fluorescent protein
(CFP) and yellow fluorescent protein (YFP) within the tether. In
migrating mouse embryonic fibroblasts (MEFs), RhoA activation is
present in a tight band of activity at the leading edge of the cell as
well as transiently during tail retraction [6]. With this biosensor and
others, the spatial and temporal relationship between RhoA activity
and the GTPases Rac1 and Cdc42 was elucidated, showing that RhoA
is activated first among these GTPases at the cell edge, followed by
Rac1 and Cdc42 activation occurring at a zone away from the edge
with a ~40s time delay [7]. Genetic or pharmacological perturba-
tion of these spatial or temporal activation signatures followed by
selection and separation of cells with unique molecular activation
states would be of high utility in investigations of RhoA signaling.

Microarrays varied in type, size, and function have been a
part of the biomedical experimentalists’ tool box for many years
[8,9]. Arrays of releasable elements or pallets which are made
of photoresists such as SU8 and 1002F were recently introduced
for the separation of adherent cells [10-13]. Cells arrayed on the
releasable elements can be screened by conventional microscopy-
based assays and instrumentation. Selected cells can then be
released from the underlying substrate, collected and expanded [9].
Despite the advantages that these releasable microarrays provide
in screening and separating cells [8-13], the technology possesses
limited utility for separations based on fluorescence measurements
of high spatial resolution, for example, the measurement of subcel-
lular signaling events. This constraint is primarily due to intense
light scattering at the pallet edges which interferes with fluores-
cence measurements in adjacent cellular regions as well as to the
very short working distance of the required high-numerical aper-
ture (NA), oil-based objectives. The origin of the light scatter is
the differing refractive indices between the pallet and surrounding
medium. Light scattering from the pallet edges into the microscope
objective during imaging is likely enhanced by the rough pallet side
walls. Further, the greater roughness at the junction of the pallet
surface and side wall results in a preference for cell attachment near
the edges of the pallet where scattering is at its greatest intensity.
The small working distance of the high NA objective also necessi-
tates an array of minimum thickness. Thus the acquisition of high
resolution fluorescence images of cells on the pallets to screen and
select cells based on biosensor readouts of subcellular processes
has not been possible.

The goal of this work was to demonstrate the feasibility of high
resolution imaging of RhoA activity in cells on the pallet arrays. To
achieve this goal and minimize optical artifacts, the pallet surfaces
were patterned to direct cell attachment to the center of the pal-
let and spatially separate cellular fluorescence from the scattered
light. The novelty of this work lies in the successful adaptation of
the arrayed releasable elements or pallets so that the elements were
compatible with high resolution imaging of fluorescent biosensors
over time. This includes the adaptation of the array for the high NA
objectives as well as surface patterning to spatially segregate light
scatter. These modifications enable highly sensitive, temporally,
and spatially resolved fluorescence measurements of cells cultured
on the pallet arrays which has the potential to enable cell selection
and separation based on complex, dynamic protein behavior, a feat
not currently possible. This achievement would greatly broaden the
type of selection criteria used to separate a mixed population of

cells potentially identifying cells with variant pathways or unique
drug responses.

2. Experimental
2.1. Materials

Dulbecco’s Modified Eagle Medium (DMEM), fetal bovine
serum (FBS), L-glutamine, penicillin/streptomycin, puromycin,
doxycycline, Ham’s F-12K medium without phenol red, phos-
phate buffered saline (PBS) and 0.05% trypsin with EDTA were
obtained from Invitrogen (Carlsbad, CA). HEPES buffer was pur-
chased from Mediatech, Inc. (Manassas, VA). EPON resin 1002F
(phenol, 4,4-(1-methylethylidene)bis, polymer with 2,2’-[(1-
methylethylidene)bis(4,1-phenyleneoxymethylene]bis[oxirane]))
was acquired from Miller-Stephenson (Sylmar, CA). SU8 pho-
toresist and SU8 developer (1-methoxy-2-propyl acetate, also
used for 1002F) were from MicroChem Corp. (Newton, MA).
Heptadecafluoro-1,1,2,2-tetrahydrodecyl trichlorosilane was from
Gelest Inc. (Morrisville, PA). Human plasma fibronectin was
purchased from Millipore Corporation (Billerica, MA). Unless
otherwise said in the text, all other chemicals were obtained from
Fisher Scientific (Pittsburgh, PA).

2.2. Fabrication of pallet arrays

Arrays of 1002F (130 wm sides, 50 pwm spacing, and 50 wm
height unless stated otherwise) were fabricated on glass cover
slips (Warner Instruments, Hamden, CT) as described previously
[14]. The use of number one cover slips (thickness ~150 pwm)
was necessary in order to perform cell fluorescence measure-
ments with high numerical aperture objectives. Chambers (25 mm
size) surrounding the arrays were constructed from poly(dimethyl
siloxane) (PDMS) using a Sylgard 184 silicone elastomer kit (Dow
Corning, Midland, MI) as described previously [10]. To eliminate
cell attachment between the pallets, virtual air walls were cre-
ated between the pallets using a vapor-phase deposition with
heptadecafluoro-1,1,2,2-tetrahydrodecyl trichlorosilane overnight
as described previously [8]. After an overnight coating, the arrays
were kept on a 120 °C hot plate for 2 h and the remaining chemical
residue washed with ethanol and the array dried with a N, stream.
To enhance adhesion of matrices to the pallet, the pallet surfaces
were roughened for 30s as described previously [13]. The arrays
were then washed with water and ethanol and dried in stream of
N,. The arrays were stored in a vacuum desiccator until use.

2.3. Fabrication of PDMS stamps

1002F molds in various shapes and sizes (see Section 3)
for forming the PDMS stamps were fabricated and coated
overnight by vapor-phase deposition with heptadecafluoro-
1,1,2,2-tetrahydrodecyl trichlorosilane as described above. A 1:8
(catalyst:monomer) PDMS mixture was layered over the 1002F
mold. In order to prevent shrinking or expansion of the PDMS stamp
after release from the mold, the uncured PDMS mixture was cov-
ered with a 50-pm thick 1002F film fabricated on 1-mm thick
microscope glass slide. The assembly was then degassed for 1h
and cured for 1h at 65°C. After slowly cooling to room tempera-
ture, the PDMS stamp was carefully cut and peeled from the 1002F
mold while it remained bonded to the underlying support of 1002F
film on glass. The PDMS stamp was roughened for 25 s as described
previously [13]. After gently washing with water and ethanol fol-
lowed by drying under an N, stream, the PDMS stamps were placed
in an air-plasma cleaner (Harrick PDC-001, Ithaca, NY) for 20 min
immediately before use.
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Fig. 1. Printing an array with ink. (A) Schematic of the customized alignment tool for stamping of the pallet arrays. (B and C) Micrographs of square (90 wm x 90 wm) and
circular (30-pwm diameter) patterns on PDMS stamps aligned over a pallet array possessing 130-m square pallets.

Fig. 2. Micrographs of black ink stamped on 130-pwm square pallets. (A and B) A 90-pm square (A) or 30-pm circle (B) stamped at the center of each pallet. (C) A 20-pwm
wide frame printed around the edges of each pallet. (D and E) Sequential stamping of two or three 30-um circles with the same ink. (F) Sequential stamping of two different
color inks. The smaller circle (upper left) was a red ink which exhibited differential spreading relative to the black ink (lower right circle).
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Fig. 3. Images of eGFP-expressing H1299 cells. DIC (A-D) and fluorescence (E and F) micrographs of H1299 cells plated on 1002F pallets (130 wm x 130 pm) that were coated
with fibronectin. (A and C) Pallets in which the entire top surface was stamped with fibronectin. (B and D) Pallets in which a 90 wm x 90 wm squared centered on the pallet
surface was stamped with fibronectin. (E and F) Fluorescence micrographs (40x, oil objective with NA=1.30) of control (E) and fibronectin center-stamped (F) pallets with

an H1299 cell.

2.4. Alignment of the PDMS stamp and pallet array

A customized alignment tool was constructed to mate with the
differential interference contrast (DIC) assembly of a microscope
(Nikon TE 2000). The tool was used to precisely align the underly-
ing pallet array with the PDMS stamp (Figs. 1A and S1). The device
comprised a Teflon tube attached to a transparent polystyrene
dish. During stamping, one end of this Teflon tube was temporar-
ily mounted to the DIC assembly on a microscope stage. On the
other side of the polystyrene lid, a Teflon ring with a soft silicon O-
ring cover was assembled for attachment to the PDMS stamp. The
PDMS stamp with its supporting 1002F/glass base was held in place
by application of a vacuum. The stamp could be moved along the
z-axis to load ink and for stamping. The pallet array on the micro-

scope stage could be moved in the x-y directions alignment to the
stamp.

Fibronectin (500 wg mL~! in PBS, 0.5 mL) was spread on a lint-
free wipe (TechniCloth, ITW Texwipe, Mahwabh, NJ) inside a culture
dish and used as a stamping pad. Inking of the PDMS stamp with
fibronectin was performed by placing the PDMS stamp and stamp-
ing pad in contact for approximately 10 s on the microscope stage
using the alignment tool described above. Alignment of the stamp
to a pallet array on the microscope was then performed under low
magnification (e.g., 20x ). After obtaining an acceptable alignment
between the stamp and pallet array, the inked stamp was depressed
onto an array for 30 s. The stamped arrays were dried in a tissue cul-
ture hood for at least 30 min and then sterilized by exposure to UV
light for 20 min in a standard tissue culture hood.
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Fig. 4. Images of MEF cells expressing the fluorescent RhoA biosensor. (A and B) DIC micrographs of MEF cells cultured on 1002F pallet arrays that were stamped with
fibronectin on their entire top surface (A) and on the central 90 wm x 90 wm region (B). (C and D) Images of RhoA biosensor in MEF cells on a control array (C) and a center-
stamped array (D). All pallet arrays were 130 wm square. The FRET-YFP/CFP images are pseudo-colored images with warmer colors representing the greatest RhoA activity
(highest FRET/CFP ratio). (For interpretation of the references to color in this figure legend, the reader is referred to the web version of the article.)

2.5. Cell culture

eGFP-expressing H1299 (small cell lung carcinoma) and HelLa
cells (ATCC, Manassas, VA) were cultured in DMEM supplemented
with 10% FBS, 584mgL-! L-glutamine, 100 unitsmL~! penicillin
and 100 wgmL-! streptomycin at 37°C in a humidified 5% CO,
atmosphere.

To create an inducible RhoA biosensor cell line, Tet-Off MEFs
(Clontech-Takara Biosciences #C3018-1) were transduced with
retrovirus produced with the pBabe-Puro-tet-CMV vector back-
bone [15] in ecotropic LinXE packaging cells. A 10 ugmL-!
puromycin treatment was used to select for stable incorporation
of the biosensor. RhoA biosensor-expressing MEFs were main-
tained in DMEM with 10% FBS. 1 ugmL~! doxycycline was used
to repress the expression of the RhoA biosensor during normal cell
culture passages. For induction of biosensor expression, cells were
centrifuged to remove doxycycline and replated at 10* cells per
10 cm dish 48 h prior to imaging. 24 h prior to imaging, 10* RhoA
biosensor-expressing MEFs were trypsinized and plated on pallets
stamped with fibronectin. Imaging was performed in Ham'’s F-12K
medium without phenol red but supplemented with 2% FBS and
10 mM HEPES.

2.6. Bright field and fluorescence microscopy

For experiments on cells without a GFP or expressing only eGFP,
bright field and DIC micrographs of cells incubated on the 1002F
pallet arrays were captured using an inverted microscope (Nikon
TE 2000) with a cooled CCD camera (Coolsnap HQ2, Photometrics,
Tucson, AZ) and a standard fluorescein filter set. All images were
collected using Elements software (Nikon).

RhoA activation levels were measured following CFP excita-
tion by monitoring the ratio of the fluorescence emission of YFP
to CFP fluorescence intensity. Biosensor imaging was performed
on an Olympus [X81 inverted epifluorescence microscope using an
oil-immersion, Olympus 40x UPlan FLN 1.3 NA DIC lens, Coolsnap
HQZ2 CCD camera (Photometrics) and Metamorph software (Molec-
ular Devices, Downingtown, PA). Cells were illuminated using a
100W mercury arc lamp through an ND 1.5 neutral density fil-
ter. The following filter sets were used (Chroma, Bellows Falls,
VT): CFP: D436/20, D470/40; YFP: D436/20, HQ535/30. A custom
dichroic mirror (“Quad-Custom” Lot# 511112038) manufactured
by Chroma was utilized with these filter sets. Two images were
acquired for each time point with the following exposure times:
CFP (1.0s) and YFP (0.5s). Image sets were taken at 30s inter-
vals. Images were obtained using 2 x 2 binning on a 1392 x 1040
pixel array at 40x magnification, providing a spatial resolution
of 0.33 wm. Image registration, ratio calculations and photobleach
correction were performed as described previously [16].

3. Results and discussion
3.1. Patterning the surfaces of arrayed pallets with inks

A customized alignment tool for precise stamping of
biomolecules on micron-size structures was fabricated (Fig. 1A).
The tool was mounted on the stage of a microscope to permit
alignment and controlled lowering of an inked stamp onto an
underlying pallet array. Fig. 1B and C demonstrates two examples
of the PDMS stamps aligned over 1002F pallet arrays during a
stamping procedure (see Section 2). To demonstrate the feasibility
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Fig. 5. RhoA activity in the leading edge of a cell on a center-stamped pallet. Right panel: Shown is the FRET YFP/CFP image of a cell expressing the RhoA biosensor. The white
box highlights the region of the cell used for analysis. The dashed line represents the location of the line scan shown in the left panel. The color bar defines the dynamic range
of the FRET YFP/CFP ratio. Left panel: Shown is a graph of the FRET YFP/CFP ratio (y axis) vs. distance (x axis). The distance numerically increases towards the outer edge of
the cell. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of the article.)

of patterning the pallet surfaces, black ink was stamped in a variety
of shapes and patterns on the surface of the pallet array (Fig. 2).
In Fig. 2A, 50% of the central region of each pallet was stamped.
In contrast, in Fig. 2B only a small portion (4%) of the center of
each pallet was coated. The outer most 20-m edge of pallets was
also easily inked (Fig. 2C). To evaluate the precision of stamping,
arrays with 100 x 100 elements (130-pm square pallets, 10,000
pallets) were evaluated to determine the spatial misalignment of
a 30-pm circle stamped at the center of each pallet. For a perfectly
positioned circle, the center of the circle was 65 wm from all pallet
edges. Across the array, the center of the circle varied from this
perfect alignment by 1348% (n=10 arrays). Higher precision
masks and molds would further improve the centering of the circle
on the pallets across the array; however, for most applications
this small variation in the circle center from the pallet center was
acceptable.

To broaden the application of the stamped pallet arrays and to
further demonstrate the precision and reliability of the custom-
alignment tool, multi-step stamping on a single array was also
performed. Each pallet could be stamped serially to place differ-
ent materials onto the arrays (Fig. 2D-F). Evaluation of multiple
arrays (n =10) printed sequentially with a 30-pm circle of black ink
(Fig. 2D) demonstrated 11 + 9% variation in distance between the
circle centers stamped on pallets across an array of 10,000 pallets
(100 rows x 100 columns). These results demonstrated the feasibil-
ity of patterning coatings in spatially discrete locations on the pallet
top surfaces.

3.2. Cell patterning on pallets in arrays

To determine whether an extracellular matrix (ECM) could be
stamped onto an array and then used to place cells at specific loca-
tions on a pallet surface (130 wm x 130 wm), pallet arrays were
patterned with fibronectin in the center (90 wm x 90 wm area).
H1299 cells expressing eGFP were then cultured at high density
(>25 cells/pallet) for 8 h on the fibronectin-patterned pallet arrays
(Fig. 3A and B). Control arrays in which fibronectin coated the
entire pallet top surface were also assessed. On the center-stamped
pallets, 804+ 7% of the H1299 cells (n=65 pallets from 4 experi-
ments) grew in the central stamped region. While the surface of
the 1002F photoresist is hydrophobic, this surface does display
charged O~ groups and consequently is not highly efficient at pre-
venting cell attachment. It may be possible to localize a greater

percentage of the cells by stamping a cell repellant layer around
the pallet edges as was demonstrated in Fig. 2C. For the arrays
in which the entire pallet surface was covered with fibronectin,
only 21+6% (n=77 pallets, 4 trials) of these cells were located
in the central 90 pwm x 90 wm region of the pallet. The paucity of
cells in the center of these pallets was due to the preference of the
cells for adhesion to the rough pallet edges. When cells were cul-
tured at low density (5 cells/pallet) on the pallets covered entirely
with fibronectin, the cells were readily seen to localize near the
edges of the pallet (Fig. 3C). In contrast at low density, cells on
the fibronectin-patterned pallets clearly preferred the central pallet
region (Fig. 3D).

To determine whether other cell types might also be localized
to the central pallet regions, MEF cells were seeded at a ratio of
1 cell to 1 pallet on arrays with fibronectin stamped in the pallet
center (90 wm x 90 wm). The arrays were placed in culture for 12 h.
Growth of MEF cells on control arrays in which fibronectin was
stamped on the entire pallet top surface was also assessed. For the
center-stamped arrays, on average 85 +4% (n=261 pallets, 4 trials)
of the MEFs were positioned with the main cell body located in the
central 90 wm x 90 p.m of a pallet (Fig. 4B). MEFs typically have cell
diameters up to 120 wm and the periphery of the cells frequently
extended out beyond the patterned 90-pm x 90-pm area. For com-
parison, the main cell body of MEFs cultured on arrays without
patterned fibronectin was located in the central 90 pm x 90 pwm of
a pallet only 25 + 3% (n=409 pallets, 4 trials) of the time (Fig. 4A).
Similar results to that of H1299 and MEF cells were also obtained
when Hela cells were cultured on center-stamped pallets (Fig. S2).

3.3. High-resolution fluorescence imaging of cells on pallet arrays

Prior measurements of fluorescence at high spatial resolution
on the pallets were hindered by intense scattering of light from the
pallet edges. Indeed, the scattered light at the edge of the pallet
was often nearly equal in intensity to that from the cell. To deter-
mine whether localization of the cell to the pallet center and away
from the edges could spatially separate cellular fluorescence from
this optical artifact, eGFP-expressing H1299 and RhoA biosensor-
expressing MEF cells were cultured on fibronectin-patterned and
control pallets and imaged by fluorescence microscopy. When
eGFP-H1299 cells cultured on control pallets were visualized, the
majority of the cells resided near the edges of the pallet and the
cellular fluorescence could not be distinguished from the scattered
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light at the pallet edge adjacent to the cell (Fig. 3E). In contrast,
most eGFP-H1299 cells cultured on fibronectin-patterned pallets
were centered on the pallet and the cellular fluorescence was well
separated from the scattered light at the pallet edges (Fig. 3F).

Standard pallet arrays could not be utilized for biosensor
measurements due to an array thickness that exceeded the
200 wm-working distance of the required high NA objectives. For
measurements requiring high spatial resolution, the array was fab-
ricated on a thin glass coverslip (150 wm thickness) with pallets
25 wmin heightyielding a maximal array thickness of 175 wm. Sim-
ilar patterning quality to that of the thicker pallets was observed
when these arrays were center-stamped with ECM. MEF cells
expressing the RhoA biosensor were cultured on these fibronectin
center-stamped and control pallet arrays. RhoA activation was
measured as the ratio of FRET (the fluorescence of the acceptor flu-
orophore YFP upon CFP excitation) divided by the fluorescence of
CFP (the donor fluorophore). The preferred attachment of the MEFs
near the pallet edges on the control arrays prevented measurement
of the RhoA sensor properties in the cell. Fluorescence images of
both FRET-based YFP emission and CFP emission displayed intense
scatter at the pallet borders (Fig. 4C). This was particularly prob-
lematic since RhoA is most active at the cell edges [6,7]. When cells
were cultured on the center-stamped arrays, the majority of the
cell including the cell borders were spatially separated from the
pallet edges. Cellular FRET-based YFP emission and CFP emission
were also spatially segregated from the pallet-edge light scatter
(Fig. 4D). The cells displayed RhoA activation at the edge of cel-
lular protrusions (n="7 cells) consistent with prior measurements
(Fig. 5) [6]. In addition changes in RhoA activation were easily
observed during constitutive protrusion/retraction cycles for cells
on the center-stamped pallets.

4. Conclusion

This work demonstrates the successful surface patterning of
three-dimensional microstructures using a stamp aligned with a
custom tool fitted onto a microscope. Most patterning for cell
culture is performed on a two-dimensional surface so that no
alignment with the surface is required [17-19]. In contrast sur-
face patterning of a microstructure requires precise placement of
the molecules to be patterned with respect to the microstructure
itself. Common strategies to accomplish this goal include the use
of photolithography and microfluidic channels as well as tailored
dewetting of surfaces [20-23]. These methods can be complex
requiring expensive equipment, additional microfabricated devices
(microchips with channels), or a strategy to tailor surface ten-
sion. The current method uses an easily fabricated alignment piece
mounted onto a microscope for micron-resolution alignment and
patterning and thus may be of general utility in microdevice con-
struction.

A goal of this work was to demonstrate the feasibility of
performing highly sensitive and spatially resolved fluorescence
measurements on the surface of the pallet arrays. This achievement
has the potential to enable cell selection and separation based on
dynamic spatial phenomena which would greatly broaden the type
of selection criteria used to separate a mixed population of cells.

While the image scanning and analysis demonstrated with the pal-
let technology in the current application were low in throughput,
clear avenues exist to enhance and speed image acquisition and
analysis utilizing methods from image cytometry. Future work for
this technology will focus on the integration of automated image
processing followed by identification and isolation of cells with
novel signaling properties.
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