Science in China Series C: Life Sciences www.scichina.com

life.scichina.com
www.springerlink.com

© 2009 @ SCIENCE IN CHINA PRESS

@ Springer

Developing a microfluidic-based system to quantify cell
capture efficiency
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Micro-fabrication technology has substantial potential for identifying molecular markers expressed on
the surfaces of tissue cells and viruses. It has been found in several conceptual prototypes that cells
with such markers are able to be captured by their antibodies immobilized on microchannel substrates
and unbound cells are flushed out by a driven flow. The feasibility and reliability of such a microflu-
idic-based assay, however, remains to be further tested. In the current work, we developed a microflu-
idic-based system consisting of a microfluidic chip, an image grabbing unit, data acquisition and
analysis software, as well as a supporting base. Specific binding of CD59-expressed or BSA-coupled
human red blood cells (RBCs) to anti-CD59 or anti-BSA antibody-immobilized chip surfaces was quan-
tified by capture efficiency and by the fraction of bound cells. Impacts of respective flow rate, cell
concentration, antibody concentration and site density were tested systematically. The measured data
indicated that the assay was robust. The robustness was further confirmed by capture efficiencies
measured from an independent ELISA-based cell binding assay. These results demonstrated that the
system developed provided a new platform to effectively quantify cellular surface markers effectively,

which promoted the potential applications in both biological studies and clinical diagnoses.
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Cell surface molecules usually serve as markers in many
biological processes. They are also crucial for clinical
diagnosis and prognosis because the expression of dif-
ferent surface markers is often related to various types of
diseases™. In some cases, identifying the expression of
surface markers has even become an indispensable
step2. Among developed techniques in this sense, fluo-
rescence-activated cell sorting or the flow cytometry
(FACS) technique may be the most widely-applicable
assay for cell-surface marker determination. Using
FACS, the variety and amount of marker molecules are
able to be quantified using fluorescence intensity of dye-
labeled anti-marker antibodies bound specifically to cell
surface markers®*!. However, as a highly-integrated
technique, FACS appears to be expensive, time-con-
suming, and low-throughout, which confines further
applications due to high cost, bulky size, and the re-
quirement for trained specialists. Enzyme-linked immu-

nosorbent assay (ELISA)-based cell binding assay is an
alternative method to identify surface markers on cell or
. 35 . .

virus surfaces. It is a simple and well-defined assay
and widely used in laboratories it is still time-consuming
to quantify the expression and functionality of surface
markers in low-throughout analysis with manual opera-
tions.

Recent progress in micro-fabrication technology pro-
vides alternative possibility for mapping surface makers.
For example, antibody microarray chips have demon-
strated great potential in cell phenotyping and disease
diagnosis by identifying surface markers, in which
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marker molecule-expressed cells are captured by anti-
marker antibodies immobilized onto a nitrocellulose
film or a glass slide. Acquired cell capture efficiency or
binding density reports a qualitative or semi-quantitative

=191 Thus, mi-

determination for cell-surface markers
croarray chips serve as a platform for rapidly screening
cell surface markers at high-throughout analysis with
much lower cost as compared to FACS. Like other mi-
croarray techniquest™, however, antibody microarrays
lack robustness and reproducibility™®2. For example,
removing unbound cells is performed manually¢>%,
This shortcoming, combined with other uncertainties
such as non-specific bindings, time-dependent variation
of maker molecule expression, and unavoidable false-
positive or false-negative signals, biases the measured
capture efficiency or binding density!®. Thus, a well-
controlled experimental procedure, automatic data ac-
quisition, and quantitative data analysis are required for
establishing a commercial antibody microarray.

One possible solution to partially address the above
issues may be microfluidic techniques. In addition to
taking the advantage of substantially reducing the vol-
ume of sample and probe in micro- or nanoliters using
microchannels in dimensions of tens to hundreds of mi-
crometers, this technique also achieves very well
high-throughout measurements
analysis yielding more accurate data in a much shorter
period ™31 Over the recent decades, it was also exten-
sively used in immunoassays "®"., such as developing a

microfluidic-based ELISA to identify soluble antigens
M52 I addi-

and automatic data

by immobilized antibodies on substrates
tion, some groups have integrated microfabrication
technology with FACS for a cell sorter which is positive
for quantifying cell-surface markers in microfluidic
chips®2! However, these are techniques requiring
fluorescent labeling. Only a few investigations have
identified surface markers using microfluidic-based la-
bel-free assays. For example, a conceptual microflu-
idic-based portable prototype has been developed for
identifying cell-surface markers, in which an anti-
body-immobilized microfluidic chip is used to auto-
matically wash unbound cells out with a driven flow and
then to effectively capture antigen-expressed cellsi2*2,
The regulating mechanism that the cell capture mecha-
nism mediated by binding surface markers to their
counterpart molecules, is affected by flow dynamics as
well as by cellular concentration and molecular expres-
sion. However, it needs to be further understood prior to

developing a commercialized microfluidic-based sys-
tem.

Here we developed a microfluidic-based system to
identify surface markers expressed or coupled on human
red blood cells (RBCs). By integrating the micro-fabri-
cation technique with biological measurements, micro-
fluidic manipulation, and data acquisition and analysis,
the system was enabled to quantify the capture effi-
ciency of antigen- or receptor-expressed cells to anti-
body- or ligand-immobilized chip surfaces. Two mo-
lecular systems were used to test the system: one was
the CD59 antigen constitutively expressed on RBCs=%,
and the other was bovine serum albumin (BSA) recon-
structed on the RBC surface®#27-2%, Impacts of flow
rate, cell concentration, antibody concentration and site
density were quantified by comparing the capture effi-
ciencies of bound RBCs.

1 Experimental procedures

1.1 Cells, proteins and reagents

Human RBCs were isolated from fresh whole blood of
healthy donors, and washed three times in phosphate
buffer solution (PBS, pH 7.4). Collected RBCs were
re-suspended and used to couple the proteins of interest
onto their surfaces. Plain or protein-coupled RBCs were
then used to measure their capture on chip surfaces.

BSA proteins, anti-BSA and anti-CD59 monoclonal
antibodies (mAbs) (all mouse IgG1l), FITC-conjugated
goat-anti-mouse secondary antibody, as well as bovine
casein, were purchased from Sigma (USA). 3-Amino-
propyltriethoxysilane (APTES), N-hydroxysuccinimide
(NHS), 1-ethyl-3-(3-dimethylaminopropyl) carbodiim-
ide hydrochloride (EDC), and sulfosuccinimidyl-6- (bio-
tin-amido) hexanoate (Sulfo-NHS-LC-Biotin) were pur-
chased from Pierce (France). Poly(dimethylsiloxane)
(PDMS) was from Dow Corning (USA), and horserad-
ish peroxidase streptavidin was from Vector (USA).

1.2 Microfluidic chip fabrication

Microfluidic chip with a channel of 100 umx50 pm
(widthxheight) was fabricated using a modified rapid
prototyping protocol2*2!, Briefly, fluidic channels were
replicated into a thin layer of SU-8 photoresist deposited
on a silicon substrate by a photomask exposed to UV
light. Curing reagent and PDMS pre-polymer were thor-
oughly mixed in a ratio of 1 : 10. The pre-polymer
mixture was degassed using a vacuum pump at 13.33 Pa
in a desiccator for 1 h to remove air bulbs onto a master
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mold, and cured at 80°C for 1 h in an oven. After curing,
PDMS replicas were peeled off from the master mold
and drilled to make the pre-designed flow. Drilled
PDMS elements were exposed to oxygen plasma for 30 s
and mounted on a clean glass slide (75 mmx25 mm in
lengthxwidth). The ensemble was then heated again at
80°C for 30 min for irreversible PDMS-glass bonding.
This micro-fabricated chip was connected to a syringe
pump (PicoPlus, Harvard Apparatus) with a silicone
tube and a 3-way stopcock to integrate a microfluidic
chip.

1.3 Antibody immobilization

For antibody immobilization, the microfluidic chip sur-
face was coupled with an amino group layer!. Briefly,
2% APTES in 95% acetone was injected into the mi-
crochannel and incubated at room temperature for 20
min. After being rinsed with acetone to remove
un-reacted silane and dried with nitrogen, the micro-
channel was introduced by anti-CD59 or anti-BSA
mAbs which are pre-mixed with NHS and EDC at a fi-
nal concentration of 100 pg/mL to activate carboxyl
groups. Being incubated at room temperature for 2 h, the
activated mAbs were able to covalently bind onto the
microfluidic chip surface. After washing un-reacted
mAbs out with PBS using a syringe pump, the micro-
channel was then incubated respectively with 2% BSA
or 1.5% casein for 1 h for anti-CD59 or anti-BSA mAb-
immobilized microchannel, to block the potential non-
specific adsorptions when antigen-expressed or -coupled
cells flowed over the chip surface.

1.4 BSA coupling onto RBCs and site density de-
termination

A previously described modified chromium chloride
(CrCl;3) method was used to couple BSA onto the sur-
face of fresh human RBCs®*** Briefly, BSA pro-
teins were coupled onto the surfaces of RBCs at differ-
ent densities using various concentrations of a CrCl;
solution in 0.02 mol/L acetate buffer (pH 5.5). The cou-
pling efficiency of BSA was tested by FACS, using
CD58 which is expressed on RBCs at a known density
as a standard®Z. To measure site densities of coupled
BSA or CD59, RBCs were incubated directly with FITC-
conjugated goat anti-mouse antibody at a concentration
of 10 pg/mL in 200 puL of FACS buffer (RPMI1640
5 mmol/L EDTA, 1% BSA, 0.02% sodium azide) on ice
for 40 min. After washing, the cells were analyzed by
FACS. Site densities were then calculated by comparing

the fluorescence intensities of the cells with those of
standard beads (Bangs Labs, Fishers, IN)22522

1.5 System set-up and experimental procedures

Microfluidic system consists of a microfluidic chip, an
image grabbing unit, data acquisition and analysis soft-
ware, as well as a supporting base (Figure 1). In the mi-
crofluidic chip, an antibody-immobilized microfluidic
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Figure 1 Microfluidic-based system. A, Binding of marker-expressed or
coupled cells to an antibody- or ligand-immobilized surface. Driven flow
was applied to remove unbound cells from the chip surface. B, Mi-
cro-fabricated PDMS microfluidic chip connected to a syringe pump. C,
System assembly by integrating a microfluidic chip, a LED lamp with a
thin convex, objective, reflecting mirror, and a CCD camera set in a sup-
porting base.
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chip (Figure 1A) was placed onto the stage and con-
nected to a syringe pump. The stage was manipulated in
three-dimensions to reach the focal plane using a pur-
pose-built displacement controller (Figure 1B). In the
image grabbing unit, a LED lamp (4000—10000 mcd)
with a convex lens, an objective (10%, Zeiss, Germany),
a reflector mirror, and a CCD camera (Sony, Japan) were
aligned in an optical design to monitor in real time the
captured RBCs inside the microchannel. The grabbed
images were transferred and digitalized into a computer
via the A/D board. The data acquisition and analysis
software was developed in house to quantify the capture
kinetics of antigen-coupled RBCs to an antibody-im-
mobilized surface. All the components were integrated
into a purpose-built supporting base (Figure 1C).

To measure RBC capture, RBCs in PBS at a given
concentration (about 10’/mL) were introduced into the
microchannel at a pre-set flow rate by being withdrawn
from the end of a syringe pump. Once RBCs were in-
troduced, the pump was turned off to let RBCs settle
down and react with the chip surface for about 5 min.
The total cell number, N, in five pre-set view fields was
counted and averaged. After washing unbound cells out
by turning up the pump to re-initiate flow at a low flow
for about 1 min, the number of cells remaining adherent,
Ni, was counted from same view fields and averaged.
Capture efficiency, ¢, was defined as the fraction of ad-
herent cells, that is, ¢ = Ni/Ny. All the measurements
were repeated in triplicate.

1.6 ELISA-based cell binding assay

A modified protocol previously described™*2* was used

to biotinylate RBCs. Plain or BSA-coupled RBCs were
rinsed 3 times and re-suspended at about 2.5x10’
cells/mL in ice-cold PBS. Collected RBCs were bioti-
nylated by adding Sulfo-NHS-Biotin solution at a final
concentration of 1 mg/mL and were incubated at room
temperature for 30 min following the manufacturer’s
modified instruction. RBC suspension was then washed
three times in PBS/100 mmol/L glycine to quench and
remove excess biotin and re-suspended in PBS for use.
To measure cell binding upon an enzyme-linked im-
munosorbent assay (ELISA), 25 pL of anti-CD59 mAb
at 1—20 pg/mL or anti-BSA mAb at 50 pg/mL were
added into a 96-well plate and incubated overnight at
4°C. Antibody-coated wells were washed in PBS and
then filled with 100 pL of biotinylated plain or BSA-

coupled RBCs at 3x10° cells/mL in each well. After
being incubated at room temperature for 30 min, 100 uL
of PBS were gently added. The plate was turned over to
remove unbound RBCs. 50 pL of horseradish peroxi-
dase streptavidin at 5 pg/mL was immediately added
into each well and incubated at room temperature for 30
min. The wells were carefully rinsed and then incubated
with substrate-dye buffer (o-phenylenediamine dihy-
drochloride at 0.4 mg/mL in citrate phosphate buffer, pH
5.0, H,0O, 0.03%) in the dark at room temperature for 20
min. 20 uL of stop solution (2 mol/L H,SO,) were added
into each well to terminate the reaction. The optical den-
sity (4) value for each well was measured using an ul-
traviolet spectrometer at 490 nm. Control experiments
were done where only 2% BSA, but not the relevant
mAbs was present. All the measurements were repeated
at least in triplicate.

2 Results

2.1 Specific capture of RBCs

Capture efficiency, ¢, was used to quantify the binding
kinetics of CD59-expressed or BSA-coupled RBCs to
anti-CD59 or anti-BSA mAb-immobilized surfaces. As
shown in Figure 2A, CD59-expressed RBCs were cap-
tured specifically when CD59 antigens were expressed
on RBCs and anti-CD59 mAbs were presented on chip
surfaces (M). The capture was abolished when the
anti-CD59 mAbs were absent (@) or when CD59-ex-
pressed RBCs were pre-incubated by soluble anti-CD59
mAbs at a saturated concentration of 2 ug/mL to block
CD59 antigens(A). Similar captures were obtained when
both BSA proteins and anti-BSA mAbs were present but
abrogated when plain RBCs interacted with an anti-BSA
mAb-immobilized chip surface (Figure 3B). The result-
ing capture efficiency, ¢", for non-specific binding was
subtracted from total binding, ¢', which returned the net
capture efficiency, ¢ (=¢" — ¢").

2.2 Effect of flow rate on capture efficiency

Cell capture efficiency was manipulated by flow rate. To
test the effect of flow rate, shear flow used to wash un-
bound cells out was systematically varied at 2, 4, 6, 8,
10, and 12 pL/min at a given cell concentration of 3x10’
cells/mL. As exemplified in Figure 2A, the total capture
efficiency, ¢', for CD59-expressed RBCs exhibited a
reduced transition phase when the flow rate was en-
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hanced (m). The results were straightforward because
higher applied force exerted on CD-59-anti-CD59 bonds
via RBC surfaces at the higher flow rate shortened the
bond lifetime, which in turn accelerated the detachment
of bound RBCs. It was also observed that, at a given
flow rate, most bound RBCs were still captured firmly
regardless of deformation (data not shown). By contrast,
a reduced transition phase with flow rate was also ob-
tained at a much lower level of ¢" for capturing CD59-
expressed RBCs to BSA-blocked surfaces (@) or CD59-
expressed RBCs pre-blocked with soluble anti-CD59
mAbs to anti-CD59 mAb-immobilized surfaces (A),
further suggesting that RBC capture mediated by anti-
gen-antibody interactions. These results suggested that
this antibody-coated chip identified cell-surface markers
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Figure 2 Dependence of flow rate and cell concentration. A, Total cap-
ture efficiency was plotted against flow rate for capture of CD59-
expressed RBCs onto an anti-CD59 mAb-immobilized surface (m), onto a
2% BSA-immobilized surface (®), and for CD59-expressed RBCs
pre-incubated with soluble anti-CD59 mAb and then captured onto an
anti-CD59 mAb-immobilized surface (A). Data are presented as the mean
+ standard deviation (SD) of capture efficiency at least in triplicate. B,
total capture efficiency was plotted against cell concentration for
BSA-coupled RBCs in both individual (O) and averaged (m) capture
efficiencies. Error bars are SD of the mean in quadruplicate.

and the measured capture efficiency varied with the flow
rate used.

2.3 Effect of cell concentration on capture effi-
ciency

Cell capture efficiency was also regulated by cell con-
centration. To conduct the measurements, the concentra-
tion of CD59-expressed BRCs was systematically varied
at 3x10°, 3x10°, 3x107, and 1x10® cells/mL at a pre-set
flow rate of 6 pL/min. As shown in Figure 2B, the total
capture efficiency, ¢, for CD59-expressed RBCs exhib-
ited an increased transition phase when the cell concen-
tration increased followed by a steady phase when it
reached equilibrium (m). Repeated measurements indi-
cated that the measured capture efficiency exhibited a
scattered distribution at a low concentration of 3x10°
cells/mL but more uniform distributions at the higher
concentrations of 3x10° or 3x10 cells/mL (0). This was
because more RBCs were geometrically available to be
captured on the chip surface at the higher concentrations.
The total capture efficiency, ¢/, was lowered at the
highest concentration of 1x10% cells/mL, presumably
due to strong steric repulsion of RBCs away from the
chip surface. Thus, an optimal cell concentration of
3x10’ cells/mL was used to maximize capture efficiency
in the following measurements.

2.4 Effect of molecular concentration or density on
capture efficiency

Cell capture efficiency was further quantified by anti-
body concentration or antigen site density. To test this,
the concentration of anti-CD59 mAbs was systemati-
cally varied at 1, 5, 7, 10 and 20 ug/mL to immobilize
the antibody onto the chip surface. As shown in Fig. 3a,
total capture efficiency, ¢', for CD59-expressed RBCs
was reduced at a pre-set flow rate of 6 uL/min and a
given cell concentration of 3x10” cells/mL when the
antibody concentration decreased. At a high concentra-
tion (=5 pg/mL), net capture efficiency was measurable
because it was significantly higher than that for
non-specific capture (solid bars). At a low (1 pug/mL) or
even lower concentration, it was hard to isolate specific
capture from total capture of RBCs (open bar). Higher
site density on the chip surface was obtained when in-
cubating the antibody at a higher concentration, which
formed more antigen-antibody bonds to enhance cell
capture efficiency. To further test this, the site densities
of BSA were systematically varied at 18, 27, and 45
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um > by varying CrCl; concentration (Figure 3B)*27.,

Cell capture efficiency measurements were then done
using the same procedures as above. As shown in Figure
3B, total capture efficiency, ¢', for BSA-coupled RBCs
exhibited a transition phase when site density increased
and a steady phase when it reached equilibrium (m),
following the mass transportation law. Also included in
Figure 3B was a non-specific capture for plain RBCs to
demonstrate significant low capture efficiency at zero
site density (O). The data indicated that the cell capture
efficiency measured depended on the site densities of
surface-bound antigen (or receptors) and antibody (or
ligands). These results also promoted the potential for
this system to track time-dependent marker expression.
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Figure 3 Dependence of antibody concentration and molecular site
density. A, Total capture efficiency was plotted against the concentration
of anti-CD59 mAbs (solid bars) and 2% BSA proteins (open bar) immobi-
lized onto a chip surface for capturing CD59-expressed RBCs. Data was
presented as the mean=®SD of capture efficiency at least in triplicate. B,
Total capture efficiency was plotted against BSA site density for capturing
BSA-coupled (m) and plain RBCs () onto an anti-BSA mAb- immobi-
lized surface. Data was presented as the mean=SD of capture efficiency
at least in triplicate. Insert represented measured fluorescence intensities
for RBCs coupled with BSA proteins at different site densities (open bars)
as well as for plain RBCs (close bar).

This is physiologically significant as marker expression
on the cell surface varies in different differentiation
states and pathological processes™.

2.5 Comparison to ELISA-based cell binding assay

The microfluidic-based system developed in the current

work was further validated in comparison with conven-

tional techniques used in laboratories. As an example, an

ELISA-based cell binding assay was modified to meas-

ure cell capture efficiency in a 96-well plate. To do that,

a calibration curve between the A value and the cell

number was first obtained by systematically varying the

cell numbers of 2.5x10", 5x10%, 10°, 2.5x10°, and 5x10°.
As shown in Figure 4A, the measured A4 value was line-

arly proportional to the cell number used (). Fitting the

data with a straight line returned a calibration curve (line)
following y = 2.6x10°xN (R* = 0.99) where y and N
respectively denoted the A value and cell number.

To measure the capture efficiency from the ELISA-
based cell binding assay, 100 pL of CD59-expressed or
BSA-coupled RBCs at a given concentration of 3x10°
cells/mL (which reads Ny = 3x10° cells) was added into
wells immobilized with anti-CD59 or anti-BSA mAb at
the same antibody concentrations or with comparable
site densities to those used in a microfluidic-based sys-
tem (Figure 3A and B). Here three site densities of BSA
at 3, 22, and 43 um_z were used for an ELISA- based
cell binding assay, as it is difficult to exactly match site
densities when using CrCl; to couple BSA. After incu-
bation at room temperature for 30 min and washing un-
bound cells out, bound cells were tested using the
ELISA assay, and the measured 4 value was translated,
using the above calibration curve, to the number of
bound cells, i.e., N;. As shown in Figure 4 B and C, net
capture efficiencies, ¢’, measured from the microflu-
idic-based system (M) were in strong agreement with
those from the ELISA-based cell binding assay (®@). It
was also evident that higher capture efficiencies were
obtained from the microfluidic-based system at high
antibody concentrations (> 10 pg/mL) or site densities
(> 15 um ), suggesting the higher sensitivity of meas-
urements in the microfluidic-based assay. These results
demonstrated the feasibility and reliability of a devel-
oped microfluidic-based system for identifying cell-
surface markers.

3 Discussion

The goal of the current work was to establish a micro-
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fluidic-based system to quantify capture efficiency of
bound cells mediated by surface marker-counterpart
molecule interactions. Microfabrication techniques were
integrated with the microfluidic chip, image grabbing,
and data acquisition and analysis (Figure 1). Biological
measurements and quantitative tests indicated that the
system developed was robust and reliable (Figures 2—4).
The advantage of the system was that it provided a
well-controlled experimental procedure, automatic data
acquisition, and quantitative data analysis using label-
ing-free samples.

Potential applications for using immobilized antibod-
ies to identify specifically cell-surface marker molecules
for phenotyping or for disease diagnosis was first pro-
posed over twenty years ago=2. In the current work, we
developed a novel microfluidic-based system to rapidly
determine surface markers. Technically, developing a
commercially-available microfluidic-based system re-
quires further investigation. For example, multiple mi-
crochannels must be fabricated into a single chip surface
to simultaneously identify multiple marker molecules.
The autofocus-available image grabbing unit needs to be
further developed to optimize cell capture monitoring. A
database of the surface marker spectrum is necessary for

correlating marker expression with pathological diseases.

Nevertheless, our design and measurements provide a
basic idea for recognizing marker molecules in a well
controlled procedure. As compared with conventional
ELISA-based cell binding assay, our results indicated
that the antibody-immobilized microfluidic chip con-
sumed less samples and reagents, and presented higher
sensitivity and capture efficiency at an intention-
ally-adjusted flow rate (Figure 4), regardless of the dif-
ferences in the procedure between the two assays.
Automatic washing using a controlled flow in a mi-
cro-fluidic system was also advantageous to reduce the
uncertainty of the measured optical density value due to
manual washing of the ELISA assay 2.

Marker molecules expressed on the cell surface are
crucial in clinical diagnosis and prognosis. For example,
the expression of the prostate specific membrane anti-
gen (PSMA) is recognized as a representative signal
related to prostate cancer*?!. Capture efficiency of
antigen- or receptor-expressed cells onto an antibody- or
ligand- immobilized chip surface is not only governed
by the intrinsic binding kinetics of the interacting mo-
lecular pair, but is also regulated by such extrinsic fac-
tors as flow rate and duration, cell concentration, pro-

tein site densities, as well as fluid mechanics in a mi-
crochannel. While the binding kinetics of surface-bound
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Figure 4 Comparison with ELISA-based cell binding assay. A, 4 at 490
nm was plotted against cell number. Data was presented as the meantSD
of 4 value at least in duplicate (W). A straight line was used to fit the data
(line). B, Net capture efficiency was plotted against the concentration of
anti-CD59 mAbs immobilized onto the chip surface for capturing
CD59-expressed RBCs using a microfluidic-based assay (m) and an
ELISA-based cell binding assay (®). Data was presented as the mean+SD
of capture efficiency at least in triplicate. C, Net capture efficiency was
plotted against BSA site density for capture BSA-coupled RBCs onto an
anti-BSA mAb-immobilized surface using a microfluidic-based assay (m)
and an ELISA-based cell binding assay (®). Data was presented as the
mean+SD of capture efficiency at least in triplicate.
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molecules have been extensively investigated in previ-
342829 \which is beyond the scope of the cur-
rent work, quantitative tests on extrinsic factors were
done systematically. Our results suggested that opti-
mized flow rate, cell concentration, antibody concentra-
tion and site density were all required to effectively
identify marker expression(Figures 2 and 3). Those op-
timized factors may vary from molecule identities
mainly due to the different intrinsic binding kinetics of
the interacting molecules. In the current work, two mo-
lecular systems were used: one is a typical marker
molecule (CD59 antigen), and the other is a representa-
tive of artificially- reconstructed proteins (BSA). Further
tests for multiple marker molecules on a cell, the same
molecules on different cells, as well as time-dependent
molecule expressions in different physical-chemical and
physio-patho- logical environments are required to pro-
mote the clinical applications of the system. To provide
mechanistic insights into understanding cell capture on a
probe-immobilized substrate, further investigations are
required to quantify the impact of cell-cell interactions

ous work!
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