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Abstract

This work describes the development and investigation of an aptamer modified microfluidic device
that captures rare cells to achieve a rapid assay without pre-treatment of cells. To accomplish this,
aptamers are first immobilized on the surface of a poly (dimethylsiloxane) microchannel, followed
by pumping a mixture of cells through the device. This process permits the use of optical microscopy
to measure the cell-surface density from which we calculate the percentage of cells captured as a
function of cell and aptamer concentration, flow velocity, and incubation time. This aptamer-based
device was demonstrated to capture target cells with > 97% purity and > 80% efficiency. Since the

cell capture assay is completed within minutes and requires no pre-treatment of cells, the device

promises to play a key role in the early detection and diagnosis of cancer where rare diseased cells

can first be enriched and then captured for detection.

Introduction

Detecting cancer at its earliest stages increases the chances of positive prognosis and decreases
treatment costs. An example of a simple and cost-effective method that accomplishes this
objective is the widely used Pap test, in which a small sample of cells is fixed and stained for
microscopic analysis (American Cancer Society, Cancer Facts & Figures 2007). Using the Pap
test has, in fact, reduced the rate of incidence of cervical cancer by 70% since the 1950s.
Although the Pap test can be routinely administered to women at an early age, not all tissues
are as easily accessible during routine check-ups. Consequently, methods that are used to detect
other cancers can be too costly to administer routinely to patients outside the established high-
risk groups. One method of detecting cancers involves detecting live tumor cells in bodily
fluids, i.e., sputum, urine, blood, cerebrospinal fluid, fecal blood, and body cavity fluids. In

this case, the malignant cells are generally present at low concentrations. Therefore, developing
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inexpensive and fast methods for enriching and detecting cancerous or pre-cancerous cells
from bodily fluids is important for early detection of cancer and will lead to lower incidence

of cancer-related deaths. Microfluidic devices are promising platforms that can be used to
create inexpensive and fast assays for many different biological applications because of their
small physical dimesnions:6 These devices have already been efficiently used for some
analytical measurements on whole cells. For example, several research groups have explored
a variety of methods for capturing and examining single cells in microfluidic delrides.
Although single cell analysis is important, we are interested in enriching rare cancer cells from
a background of healthy cells. Among many approaches to this problem, one such useful
method for enriching rare cells is cell-affinity chromatograi!aﬁy.ﬁln cell-affinity
chromatography, a high affinity ligand that binds selectively to a particular cell type is
immobilized on a solid support. This method, which is useful for enriching large numbers of
cells in relatively short times from large volumes of samples, has recently been implemented
in microfluidic devices®-31These studies used antibodies as ligands. However, few highly
selective and high affinity antibodies are known for each diseased cell, effectively limiting the
application scope of microfluidic devices. In contrast, high affinity DNA-aptamers can be
created for any cancer cell using cell-SELEX;3%hence we are interested in exploiting them

as high affinity ligands for cell-affinity chromatography in a microfluidic channel.

Aptamers bind selectively to a variety of targets and are obtained using a process called
Systematic Evolution of Ligands by EXponential Enrichment (SELEX). Aptamers can bind

to a variety of molecules, including proteins, drugs, and other small molecules, such as ATP,
with dissociation constants ranging from uM to @IT39Aptamers can also distinguish

between homologous proteins that contain only a few amino acid clﬁ?wg‘b]sl.:or these

reasons, aptamers have been the focus of much recent work in cancer diagnosis and therapy.
42‘48Using cell-SELEX, we have created aptamers that bind to lymphocytic and myeloid
leukemia, small cell and non-small cell lung cancer, and liver cancer cells. One benefit of using
aptamers derived from cell-SELEX is that these aptamers are created without explicit
knowledge of the molecular difference between cancer cells and healthy cells. Therefore, cell-
SELEX aptamers can be used for detection and enrichment before the corresponding antibody
has been developed. We have already shown that aptamer conjugated nanoparticles can be
used for detection and enrichment of cancer é@léOAlthough this technique is efficient

and simple, it is necessary to optimize incubating procedures, and the nanopatrticle labeling
may influence subsequent analysis of the extracted cells. Therefore we are interested in
developing label-free detection methods to minimize sample preparation and allow cells to be
analyzed by any method after the initial extraction.

We chose to base our microfluidic cell-affinity chromatography device on DNA-aptamers for
many reasons. First, we will be able to generate the aptamers needed for the desired cell types
of interest by using the well-developed cell-SELEX method in our lab. This cannot be done
easily with other molecular recognition elements. Second, the stability of the DNA molecule
makes aptamers an ideal choice for use in microfluidic devices since DNA-based devices can
be stored for a long period of time and can be easily handled in clinical settings. Third, DNA
aptamers can be easily modified with fluorescent or other functional moieties and can be
immobilized on a variety of surfaces, giving aptamers wide applicability in their development

as biosensors and medical devices.

In this work, we immobilized aptamers within a microfluidic channel and show that this surface

can capture cells from a mixture of target and control cells. We investigated capture efficiency
using a prototype device and then a microfabricated poly (dimethylsiloxane) (PDMS) device.
We investigated the capture efficiency and purity as a function of several parameters related
to device construction and operation. Using the PDMS device and the optimized cell capture
assay, we obtain > 80% capture efficiency with 97% purity. This report is the first to use

Anal Chem. Author manuscript; available in PMC 2010 February 1.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duosnuey Joyiny Vd-HIN

Phillips et al.

Page 3

aptamer-coated microchannels for cancer cell enrichment. We also investigate the pulsing of
cell solutions instead of using a constant fluid flow and we analyze how reducing the channel
depth leads to increased cell capture efficiency, techniques which have not been investigated
in the literature.

Experimental

Cell Culture and Buffers

CCRF-CEM (CCL-119, T cell line, human ALL) cell line was obtained from American Type
Culture Collection, and NB-4 cell line was obtained from the Department of Pathology at the
University of Florida. Both cell types were cultured in RPMI medium 1640 (American Type
Culture Collection) supplemented with 10% FBS (heat-inactivated; GIBCO) and 100 units/
mL penicillin-streptomycin (Cellgro). Immediately before experiments, cells were rinsed with
washing buffer [4.5 g/L glucose and 5 mM Mg@1 Dulbecco’s PBS with calcium chloride

and magnesium chloride (Sigma)] and re-suspended at 1,000,000 cell/mL. Following
manufacturer’s instructions, cells were treated with Vybrant Dil or Vybrant DiO cell-labeling
solutions (Invitrogen) for 5 minutes at 37°C, rinsed with washing buffer and re-suspended at
10,000,000 cell/mL in binding buffer [washing buffer supplemented with yeast tRNA (0.1 mg/
mL; Sigma), BSA (1 mg/mL; Fisher), and 10% FBS]. Labeled cells were stored on ice and
further diluted before experiments.

Device Fabrication and Operation

Prototype devices were fabricated as follows. Microscope slides and 18 mm square No. 1 cover
glasses (Fisher) were rinsed with deionize®@tnd dried under nitrogen. Strips of double-

sided tape (3M) were placed 4 mm apart on a microscope slide, and a cover glass was placed
on top. Devices were filled by capillary action. Solution exchange was performed by
simultaneously pipetting solution at one end and withdrawing fluid from the other end with P8
filter paper (Fisher?.1 Poly(dimethylsiloxane) devices were fabricated using a process similar

to what is described in the literat?é The layout of the device was designed in AutoCAD

and printed on a transparency using a high-resolution printer. The pattern on the transparency
was transferred to a silicon wafer via photolithography. The silicon wafer was etched to a depth
of 25 um in a deep reactive ion etching machine. The resulting silicon wafer with the desired
pattern served as a mold to fabricate a number of PDMS devices. Sylgard 184 (Corning)
reagents were prepared and thoroughly mixed by following the manufacturer’s instructions.
After being degassed to remove bubbles, the mixture was cast on top of the silicon mold. After
being cured at room temperature, the PDMS layer was peeled off the silicon mold. Inlet and
outlet wells were created at the channel ends by punching holes in the PDMS. The PDMS slice
was reversibly attached to a clean 50 x 45 mm No. 1 cover glass (Fisher) to form a device.
Avidin and DNA solutions were introduced into channels by applying a vacuum to one end of
the channel. After channel surfaces were modified as discussed in the next section, cell
solutions were introduced into the channel by connecting a Micro4 syringe pump (World
Precision Instruments, Inc.) to the outlet of the channel. In between experiments, PDMS
devices were cleaned by sequential sonication in 20% bleach with 0.1 M NaCl and then 50:1
water:versaclean (Fisher) at 40°C, followed by rinsing in deioniz&ahd drying under

No.

Cell Capture Assay

One channel volume of avidin at 1 mg/mL (Invitrogen) in phosphate buffered saline was
incubated in the device for 15 seconds and rinsed with 3 channel volumes of binding buffer.
One channel volume of biotinylated DNA was then incubated for 15 seconds and rinsed with
3 channel volumes of binding buffer. Dye-labeled cells were mixed together and diluted to
specific concentrations in binding buffer with 10% FBS. To avoid cell settling that would
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otherwise occur with a syringe, cell solutions were dropped onto the inlet of the device with a
pipette.19 Pulses of one channel volume of cell solution were incubated for a specified time
until a total of 48 pL was passed through the device, at which point a final rinse with 3 channel
volumes of binding buffer was performed before imaging. Experiments were done in triplicate,
and the reported error is the average error or the standard deviation, whichever is larger. Unless
otherwise stated, cell concentrations were between 500,000 cell/mL and 1,000,000 cell/mL.

Microscopy, Image Analysis, and Flow Cytometry

In order to determine the cell surface density, sets of three images corresponding to the red
fluorescent target cells, green fluorescent control cells, and the transmission image were
obtained at 10 positions along the channel. Images were imported into ImageJ (NIH), the
threshold was set to highlight fluorescent cells, and cell counts were obtained using the Analyze
Particles function. Cell counts were further confirmed by comparing fluorescent images with
transmission images to verify cell morphology. The number of total cells captured was
calculated by multiplying the average cell surface density by the surface area of the channel.
To determine the exact concentration of both cell types used during each experiment, cell
solutions were placed on a hemacytometer (Fisher), and 9 image sets were obtained. Images
were imported into ImageJ, each cell type was counted manually, and the cell concentration
was calculated according to the manufacturer’s instructions. The capture percentage was
calculated by dividing the total number of cells pumped through the device by the total cells
captured. Loss of cells at the device inlet was not taken into account. Devices and
hemacytometer were imaged using an Olympus FV500-1X81 confocal microscope. Flow
cytometry was performed with a FACScan cytometer (BD Immunocytometry Systems).
Briefly, 1,000,000 cells were incubated with fluorescent-labeled DNA at 250 nM for 15
minutes in binding buffer with 10% FBS, and 30,000 counts were measured in the flow
cytometer.

DNA synthesis

The aptamer sgc8 sequence, FAM-5'-ATC TAA CTG CTG CGC CGC CGG GAA AAT ACT
GTACGG TTAGATTTTTTT TTT -3'-biotin, and the random DNA sequence, FAM-5-'ATT
ACC TCT AAATCACTG CTC TGT AACATG GTC GCG CTAGGT TTTTTT TTT-3"-
biotin, were synthesized using an ABI3400 DNA/RNA synthesizer (Applied Biosystems).
DNA synthesis reagents were purchased from Glen Research (Sterling, VA). DNA purification
was performed with a ProStar HPLC (Varian) using a C18 column (Econosil, 5U, 250 x 4.6
mm) from Alltech Associates. UV-Vis measurements were performed with a Cary Bio-300
UV spectrometer (Varian) to measure DNA concentration.

Results and Discussion

DNA aptamers

We chose to use DNA aptamers derived from cell-SELEX for the microfluidic device. We first
used aptamer sgc8 that specifically binds to the T-cell Acute Lymphocytic Leukemia cell line,
CCRF-CEM (target), with K= 0.8 nM, as reported previou§§.The sgc8 sequence was
shortened and further modified with a polyT(10) linker to enhance function after binding to
the glass surface3—5°A biotin moiety was incorporated at the 3’ end so that the aptamer
could be immobilized within a microfluidic channel via the biotin-avidin interaction. Finally,

a fluorescein (FAM) was added at the 5’ end for visualization. The exact DNA sequences used
in this work are given in the experimental section. Two negative controls were designed to
analyze the specific binding of the modified sgc8 aptamer. First, a random DNA sequence was
chosen and also modified with polyT(10), biotin, and FAM. Second, a control cell line, NB-4
(control), which does not bind to sgc8, was used to study nonspecific binding.
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Although not common, it is possible that the modifications to the aptamer sequence discussed
above can have deleterious effects on the binding properties. Therefore, to ascertain whether
the modified sgc8 sequence could still selectively bind to cells in solution, we performed flow
cytometry and confocal microscopy on target and control cells. Saturating concentrations of
sgc8 and the random sequence were incubated separately with target and control cells as
described in the Microscopy and Image Analysis section. Aliquots of each cell solution were
plated on a microscope slide for fluorescent microscopy and the remaining solutions were
analyzed using flow cytometry. Representative fluorescence and transmission image pairs of
the four combinations of cells and DNA show that the aptamer selectively binds to target cells
(see Figure 1). A significant fluorescent signal covering the entire cell is seen only for sgc8
and target cells (Figure 1A), signifying the specific binding of sgc8 to target cells. In contrast,
the control cells show no observable difference between the aptamer (Figure 1C) and the
random sequence (Figure 1D). These images suggest an increase in binding of sgc8 to target
cells when compared to the random DNA control sequence using confocal microscopy. To
confirm these results, we used flow cytometry to analyze the same cell preparation. The flow
cytometry analysis shows an increase in the fluorescent signal for the sgc8-stained target cells
when compared to random-DNA stained target cells (Figure 1E). There was no increase in the
signal for sgc8 stained control cells relative to random-DNA (Figure 1F). The flow cytometry
data correlate with the fluorescent images and show that the selective aptamer staining is
statistically significant, since 30,000 cells were counted to create these graphs. These
experiments show that the modifications made to the aptamer do not interfere with the specific
selectivity towards its target cell line.

Aptamer-immobilized glass surface

Since the modified sgc8 can still bind selectively to target cells, we constructed prototype
devices to investigate the efficacy of cell capture on an aptamer-coated glass surface. Prototype
devices are constructed by sandwiching two pieces of double-sided tape between a microscope
slide and a glass cover slip. These devices hold 8 pL and are roughly 4 x 18 x 0.1 mm in
dimension. To create the aptamer coating, avidin is first incubated within the device and
allowed to adsorb to the clean glass surface. Then biotinylated DNA and cell solutions are
sequentially pumped through the device (Figure 2A). To clearly show the selectivity of the
aptamer-immobilized microfluidic channels, we pumped separate solutions of target and
control cells, at a concentration of 1,000,000 cell/mL, through devices that had either sgc8, or
random DNA immobilized. For ease of visualization, we first stained cells with a fluorescent
membrane staining dye. In these experiments, the target cells were captured at 212 + 12 cell/

mm? on the sgc8 immobilized surface (Figure 2B). Experiments using control cells and sgc8

showed cells captured at 2 + 1 cell/mm? (Figure 2C). These results show an improvement of

more than 2 orders of magnitude in the aptamer’ s selectivity of target cells over control cells.

Control experiments using the random DNA sequence captured target cellsat 7 + 2 cell/

mm? and control cellsat 4 + 1 cell/mm? (Figure 2D and 2E, respectively). This showsthat it

is the specific aptamer sequence that can selectively bind to target cells and not the inherent

nature of aDNA coated surface. Repeat experiments using no fluorescent membrane stain and
adifferent fluorescent membrane stain showed similar results, meaning that the membrane

stain that we use for visualization has no effect on aptamer binding (data not shown). These
resultsverify that the polyT(10) linker isadequate to allow the sgc8 aptamer to selectively bind

the target cells when immobilized on the avidin-modified glass surface.

Concentration effects

Having established that immobilized aptamers bind selectively to their target cellson an
aptamer-coated glass surface, we performed experiments to analyze the effect of cell
concentration on cell capture efficiency of the prototype device. In these experiments, target
and control cells are treated with different fluorescent membrane stains and mixed together

Anal Chem. Author manuscript; available in PMC 2010 February 1.
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prior to the start of the experiment in order to mimic a heterogeneous state of diseased and
healthy cells, as seen in tumors. We varied cell concentrations from 200,000 cell/mL to
2,000,000 cell/mL, and the cell surface density grew linearly with the increased cell
concentration (Figure 3A). Further, the percentage of cells captured did not change within this
concentration range (Figure 3B). Thisresult suggeststhat the device hasalarge dynamic range
to capture cellsfor analysis and that the capture efficiency in the device isindependent of cell
concentration within thisrange. In al of these experiments, the purity of captured target cells
was > 95%, the capture efficiency of control cellswaslessthan 0.7%, and the capture efficiency
of target cellswasgreater than 15%. To further understand the parameterson which cell capture
depends, we investigated the incubation time used for cell immobilization and the DNA
concentration used during aptamer immobilization.

Parameters affecting capture efficiency

In the previous experiments that analyzed cell capture versus cell concentration, we used a
fixed DNA concentration of 20 UM during the aptamer immobilization step. Since the DNA
concentration used in this step determines the aptamer surface density, we investigated how
the device responded when different DNA concentrations are used during aptamer
immobilization. Thetarget cell capture percentageincreased rapidly above 400 nM and almost
saturated at 50 uM (Figure 3C). These data show that the surface density of the aptamer affects
the performance of the device. In these experiments, we observed that 1) the control cellswere
captured at less than 0.3%, 2) target cells were captured at a percentage ranging from 9% —
15%, and 3) the purity of captured target cellswas > 96%, except for the experiment using 400
nM DNA in which the purity fell to 75%.

We also tested the incubation time used during cell capture in the microfluidic device. In all
previous experiments, the incubation time for cell capture was 30 seconds. This incubation
step aids in the immobilization of cells by increasing their residence time within the device
and alowing the cellsto interact with the aptamer-coated surface at zero velocity. We varied
thisincubation time from 2 minutes to 0 seconds. In the 0 second experiment, the full 48 pL
of cell solution was passed directly through the device in one pulse. The results showed that
cell capture increases linearly with the incubation time (Figure 3D). Although control cell
capture also increases linearly with incubation time, the capture percentage remains below
1.5% with apurity for target cells> 95%, even for the 2-minute incubation. These results show
that the capture efficiency can be fine tuned by varying the aptamer surface density and cell
residence time. This tuning capability will be useful in future applicationsin which the
parameters used to operate the device are specified by requirements other than cell capture
efficiency.

PDMS Microfluidic Device

After performing these various experiments, we designed a PDM S channel with dimensions 4
x 25 x 0.025 mm, which is similar in width and length to the prototype, but four times more
shallow in depth. Based on the results described above, we hypothesized that cellswould have
ahigher probability of interacting with the aptamer-coated surface if channel height were to
be decreased, thus increasing cell capture efficiency. The PDMS device incorporates this
design principle. A further benefit of the PDM S deviceisthat input and output ports are easily
connected to a syringe pump allowing reproducible flow rates (Figure 4A). The only change
tothe cell capture assay when using the PDM S deviceisthat the 48 pL of cell solutionispassed
through the device using 3 pL pulses. Since the pumping is automated using the syringe pump,
the entire experiment could be visualized microscopically (see supplemental cell capture
movie). Images of theinitial cell mixture, with target cells stained red and control cells stained
green, show that both cell types are uniformly dispersed and at the same concentration (Figure
4B). However, the target cells dominate the population of captured cells, indicating effective
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and selective cell capture of the aptamer (Figure 4C). By comparing image pairs taken at 20
second intervals, it is possible to count the number of cellsthat are captured on the surface over
the course of the cell capture assay. This analysis reveals that the target cell surface density
increases linearly with time, whereas the control cell surface density remains constant. Using
the syringe pump to accurately control the flow rate, we investigated the effects of fluid flow
rate on cell capture efficiency. These experiments show that target cell capture increases with
decreasing flow rate and that the PDM S device reaches > 80% target capture efficiency with
~ 97% purity of captured target cells below 200 nL/sec. However, the purity decreasesto 86%
at the slowest measured flow rate, indicating that nonspecific binding increases as flow rates
decrease below 150 nL/second. These results show a strong dependence of cell capture
efficiency on fluid flow rate and that an optimum flow rate can be found that has the best
capture efficiency with the least amount of non-specific binding. This optimal flow rate and
the shear force it exerts on captured cells should scale with the aptamer bindi nJ;_; affinity and
the number of receptors on the cell surface that are bound to the channel wall. 6,18, 19, 28,
29 |n future applications, the differencein shear force necessary to break the cell-surface bond
of cells captured with different aptamers could be used to perform cell sorting.

When comparing the results between prototype and PDM S devices, the decreased depth of the
PDMS device has asignificant effect on cell capture efficiency. After adjusting for channel
length, the capture efficiency increased from 12% in the prototype devicesto 58%inthe PDM S
devicesunder the same conditions. Thisincreased capture efficiency cannot bedueto diffusion
or convection processes within the channel. The relative strength of these processes can be
estimated by calculating the Peclet number, which isthe ratio of convectional to diffusive
mixing, Pe = (Fluid Velocity) x (Characteristic Length of Flow) + (Cell Diffusivity).26 Here
the cell diffusivity can be estimated by using the Einstein relation, and Stokes' law at low
Reynolds number. This analysis yields Pe ~ 10° for both devices, meaning that convectional
mixing dominates, but that cells must travel several meters before significant mixing occurs.
It is possible that some microfluidic effect causes the cells to deviate from the fluid flow and
move towards the walls of the device. Mathematical modeling of spheroid particles moving at
low Reynolds number in aparallel plate device shows that spheriods can move towards the
walls.®! This analysis showed that if the diameter of the particleis on the order of the channel
height, then the velocity perpendicular to thefluid flow is 2-3 orders of magnitude slower than
the maximum fluid velocity within the channel. We can apply thistheory to the PDM S device
because the channel height is approximately twice the cell diameter. For the flow ratesused in
thisstudy, themaximum fluid vel ocitiesrange from 750 — 5400 um/sec, yielding perpendicul ar
velocities of 1-50 um/sec, allowing the cells to traverse the 25 um channel during the cell
pulseinterval. Thismechanismwould increasethe collision rate between cellsand the aptamer-
coated surface, thereby increasing the capture efficiency.

Conclusion

Thetwo main challengesfor detecting rare cells are enrichment and subsequent detection. Our
device overcomesthefirst challenge by implementing a high surface area-to-volumeratio that
increases the collision rate between the target cells and the capture surface. We have shown
that aptamers immobilized within a microfluidic channel can quickly and efficiently enrich
cancer cellsfrom abackground of control cells. The percenta%e_of captured cellsis consistent
with methods that utilize antibodies as high affinity ligands.16-31 Using the PDM S device
with optimized assay parameters, roughly 50,000 target cells are captured in 6 minutes from a
50 uL sample (500,000 cell/hr). Although this throughput is not yet optimized for patient
samples, the device can be modified to accommodate larger sample volumes by increasing the
channel length, having multiple channels, or implementing novel channel geometries. In
addition, we may incorporate micro-pillarsor other micro-featuresto enhance surface areaand
thus capture efficiency as demonstrated recently.25' 30, 31, 58 our work does not address the
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second challenge of detecting captured cells, since using a microscope to scan the entirety of
amicrofluidic device isnot practical. The most likely methods of detection will involve
biochemi cal assayswhich have been designed to detect disease specific differencesinrarecells
that would have otherwise gone unnoticed in the initial patient sqample.26 These microfluidic
enrichment schemes are fast, cheap, do not require lasers or other expensive equipment to
operate, and have minimal sample preparation steps. Therefore, these devices will be useful
for early diagnosis of cancer where it is essential to probe patients early in life and at regular
intervals.

Aptamers have been used to capture eukaryotic and prokaryatic cells on a surface; however,
to our knowledg6e, thisisthefirst use of aptamer-coated microchannels for cancer cell
enrichment.®%: 80 Also, no devices have used the pulsing of cell solutions, which allows the
operation of the device at higher flow rates, and little work has been done to analyze how
reducing the channel depth leads to increased cell capture efficiency. Since aptamers can be
created for any diseased cells, we believe that the integration of aptamers as high affinity
molecular probes into microfluidic cell capture devices will broaden the applicability and
diversity of microfluidic cell-affinity chromatography devices. Futurework will focusonusing
multiple aptamers for multiplexed detection of cancer cells, creating novel microfluidic
architectures to enhance detection efficiency and sample throughput, and implementing single
cell analysis on captured cellsto perform biochemical assays on clinical samples.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.

Selective binding of aptamersto target cellsin solution using confocal microscopy and flow
cytometry. Fluorescence and transmission image pairs of target cells stained with sgc8 (A);
target cellsstained with random DNA (B); control cells stained with sgc8 (C); and control cells
stained with random DNA (D). Flow cytometry data of target cells stained with sgc8 (green
line) and random DNA (black line) (E), and control cells stained with sgc8 (green line) and
random DNA (black line) (F). Bar = 80 um.
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Fig. 2.

Surface immobilized sgc8 aptamer selectively captures target cells. Stepwise aptamer
immobilization scheme (A). Representative images of cells captured on sgc8 aptamer
immobilized surface with target cells at 212 cell/mm? (B) and control cells at 2 cell/mm? (C).
Representativeimages of cells captured on random DNA immoabilized surface with target cells
at 7 cell/mm?2 (D) and control cells at 4 cell/mm? (E). Bar = 500 um.
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Fig. 3.
Response of prototype deviceto cell capture assay. Target (circle) and control (square) cell
surface density increases linearly with increasing cell concentration (A). Cell surface density
from (A) converted to percent of capture showing no dependence on cell concentration (B).
Increase in percent of capture with increasing concentration of aptamer used during
immobilization (C). Percent of capture increases linearly with cell pulse incubation time (D).
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Fig. 4.

PDMSdevicewithincreased cell capture efficiency. | mage of device attached to syringe pump
on confocal microscope (A). The bottom Ieft inlay shows the device, and the top right inlay
shows top-down and sideways views with dimensions. Representative images of original
mixture of cells before cell capture assay (B) and channel surface after the cell capture assay
performed at 154 nL/sec flow rate (C), with target and control cells stained red and green,
respectively. Cell-surface density measured over the course of the cell capture experiment
showing linear increase in target cells captured over time (D). Target cell capture efficiency
decreases with increased fluid flow rate (E). Bar = 500 pm.
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