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Abstract. We developed a microfluidic biochip to perform
laser guidance on two cell types, chick embryonic forebrain
neurons and spinal cord neurons. Observation of neurons
under a high-magnification microscope, which we obtained
from these two cell types, showed no difference in morphol-
ogy. However, when flowing in the microfluidic channel
and simultaneously being laser guided, the two cell types
gained quite different guidance speeds under the same
experimental conditions. The results demonstrate that differ-
ent cell types with the same morphology (e.g., size, shape,
etc.) can be effectively distinguished from each other by
measuring the difference in guidance speeds (the maximum
flow speed minus the initial flow speed). This technique is
expected to provide a new approach to high-throughput,
label-free cell sorting with high sensitivity. © The Authors.
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Flow cytometry, a widely used cell-separation technique, distin-
guishes cells according to their chemical features via fluores-
cence markers.1,2 A key design feature of flow cytometry is
the sheath flow that hydrodynamically focuses the cell suspen-
sion to form a single-cell pipeline in the detection region. This
feature has been used to develop microfluidics-based flow
cytometry, in which the sheathed flow is produced in micro-
channels manufactured using polydimethylsiloxane (PDMS)-
based soft lithographic techniques.3–5 By means of the sheathed
flow, the junction of the foci of the flow channels controls cell
dispensing and aligns the cells for detection at a downstream

region. At the detection region, a laser beam stimulates a pre-
viously applied marker used to label the specific cell
molecule(s) to generate fluorescence, which is detected by pho-
tosensitive devices. Once a target cell is detected, its path is
deflected at the flow-switching junction, and the cell is collected
by one of the cell-collection reservoirs.

Although markers provide biological assays with a high
degree of specificity, their use has several potential problems.
They can perturb the cell’s native environment, and the effects
of this perturbation on cell measurement are largely unknown.6

Unacceptable effects of fluorescence markers on cell viability
have been documented7; appropriate markers for every cell
type are unavailable, and some markers are hard to successfully
introduce to the cell.8 Applying antigen-specific fluorescence
markers is labor-intensive and time-consuming, and markers
may yield false-positive readings.9 Thus, there is a critical need
for a generally applicable, label-free cell-detection technique.

During particle (e.g., a biological cell)–laser interaction, opti-
cal force is generated from the universal momentum exchange;
the extent of the exchange reflects the intrinsic properties of the
particle. Consequently, optical force has been proposed for use
in particle separation: There are several optical force-based,
label-free methods, each of which is based on the fact that a
change in shape, composition, internal structure, or size causes
a change in a particle’s optical properties, and thus the optical
force experienced by the particle. Although in most methods,
the measured parameters are not sensitive to cell-type changes
and the accompanying changes in optical forces: we previ-
ously10 demonstrated that the laser-guidance technique, which
measures the speed of the optical force-driven cell motion, is
highly sensitive in cell detection. For example, modifying a
single gene in a mouse lung-carcinoma tumor cell can cause
approximately a 40% change in guidance speed. In this study,
we applied laser guidance in a microfluidic biochip that pro-
vided the possibility of high-throughput cell separation after
laser guidance-based cell detection.

To deliver cells to a guidance laser beam for realizing high-
throughput detection, we used hydrodynamic focusing in this
study. Two buffer fluid streams were used to squeeze, and
thus narrow a third stream (cell flow) that contained the sample
cells in the center of a flow channel. Controlling the relative flow
rates of the three streams permitted the cell flow to be squeezed
to the required width for forming a single-cell pipeline.

A schematic of the setup of the laser guidance in the hydro-
dynamic-focusing region is shown in Fig. 1. The guiding laser
was a tunable Ti-Sapphire laser (3900S, Spectra Physics, Santa
Clara, California) operating at the TEM00 mode with the wave-
length tuned to 800 nm. The laser beam traveled through a 2-m
single mode optical fiber and a fiber collimator (Thorlabs,
Newton, New Jersey, F280APC-B), and then was focused
into the main channel of the microfluidic chip by a long
working-distance objective (10×, 0.28 NA). A 1.8 × 2.5 cm2

PDMS-based microfluidic chip (see the photograph at the
top-left corner of Fig. 1) was fabricated with soft lithography
in a clean room. The cell guidance was recorded using a 20×
objective and a high-resolution complementary metal-oxide
semiconductor (CMOS) camera in conjunction with a frame
grabber. The CMOS camera produced 8-bit monochrome
images with an image size of 1312 × 1082 and a maximum
frame rate of 108 Hz. An IR filter was mounted between the
imaging objective and the CMOS camera to block the scattered
component of the guiding beam. Each cell was tracked in real
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time, and its size and flow speeds with and without laser guid-
ance were calculated for cell detection.

The microfluidic-channel design used in the experiment is
schematically shown in Fig. 2. The diameters of the sheath
fluid inlet, the sample flow inlet, and the outlet are 7, 5, and
7 mm, respectively. The width and height of the channels are
80 and 40 μm, respectively. Both the sheath flow and the sample
flow were driven into the channel by gravity to form a hydro-
dynamic focus at the flow junction. This allowed the cells to
flow in a single-cell pipeline, and thus pass the imaging zone
one by one. The imaging zone is outlined with a dashed box.

The cell-detection feature of our laser-guidance and micro-
fluidics hybrid system was tested with two types of neuron cells:
chick forebrain neurons (FBNs) and spinal cord neurons (SCNs)
were harvested from day 7 embryonic white leghorn chicks.
Both FBNs and SCNs were suspended in M199 medium
(Sigma-Aldrich, St. Louis, MO, without phenol red) supple-
mented with 1% antibiotic/antimycotic, 10% fetal bovine

serum, 2% B27, and 100 ng∕ml NGF 7S. All of these supple-
ments were purchased from Invitrogen Life Technologies,
Grand Island, New York. The cell concentration was set at
approximately 1.6 × 106 cells∕ml.

To ensure identical conditions during tests, the two cell types
were fed immediately one after the other. For each test, 90 μL
sheath fluid and 25 μL cell suspension were fed into the inlets
to guarantee the same flow rate (∼200 μm∕s) for the two cell
types. Because the buffer fluid utilized in the tests was the
same as the culture medium used in the cell suspensions, it
ensured a uniform propagation medium for laser beam and
maintained the cells at high viability. The imaging field of
view, shown in the left part of Fig. 2, was captured by the
CMOS camera.

During the tests, the power of the incident laser beam
remained at 500 mW. We estimated that the guidance power
on cells inside the channel was approximately 200 mW. Cell
flow speeds along the y-axis (as illustrated in Fig. 2) were
recorded. Each speed was calculated in terms of the positions
of the particular cell in two consecutive frames and the time
interval between these two frames. For each cell type, we
tracked 10 cells for a statistical analysis. The results of laser
guidance on two types of neurons in the microfluidic channel
are shown in Fig. 3. Both speed curves, which average the flow
speeds of the 10 cells at each position under guidance for each
cell type, were obtained using cubic polynomial fitting. If the
difference in the maximum speed (vmax, with laser guidance)
and the initial flowing speed (vini, without laser guidance) of
a cell is considered as the guidance speed (vgd): vgd ¼ vmax−
vini, the laser-guidance effect on the two cell types can be com-
pared quantitatively as shown in the bar graph of Fig. 3, which
demonstrates the significant difference in guidance speed in the
two cell types. Guidance speed is the result of numerous photon-
molecule momentum exchanges that occur in various parts of
the cell, such as the nucleus, the subcellular organelles, and
the cell membrane. Although it is unknown how each individual
momentum exchange may contribute to the overall outcome
(guidance speed), our data demonstrate that guidance speed
is a very sensitive measurable parameter for the detection of
subtle differences within a cell type. In our tests, according
to Fig. 3, the FBNs moved faster than the SCNs under the
same flow and guidance conditions.

Fig. 1 Experimental setup. An 800-nm laser: the tunable Ti-Sapphire
laser (3900S, Spectra Physics); guiding objective: a long working-dis-
tance objective (Mututoyo Corp., Illinois, M Plan Apo 10×, 0.28 NA);
illumination: collimated LED light source (Thorlabs M470L2-C1);
imaging objective: Nikon LWD 20 × ∕0.40 Ph1 ADL 00∕1.2WD 3.1
objective; IR filter: short-pass filter (Thorlabs FES0700, 700 nm cutoff);
camera: high-speed CMOS camera (Photon Focus, Switzerland, MV1-
D1312-160-CL-12).

Fig. 2 Layout of the microfluidic channel design: two inlets and one
outlet were punched using Harris Uni-Cores with different diameters
(7 and 5 mm). The weakly focused laser beam was propagated along
the flow direction. The laser-guidance region, outlined with a dashed
box, is where the addition of optical force caused the cells to increase
their flow speed.

Fig. 3 Cell-flow speeds in the laser-guidance region: each cubic-poly-
nomial-fitting curve averages the speed traces of 10 cells [blue for fore-
brain neurons (FBNs) and red for spinal cord neurons (SCNs)] along the
y-direction. The bar graph shows the significant difference in guidance
speed of the two cell types.
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Under a high-magnification microscope, we measured the
diameters of the two cell types (n ¼ 30): 6.5� 0.8 μm for
FBNs and 6.5� 0.6 μm for SCNs. Thus, the cells are sta-
tistically the same spherical size. Consequently, we conclude
that our guidance data demonstrate that the two microscopically
identical cell types can be effectively distinguished using laser
guidance in a microfluidic biochip.

In conclusion, laser guidance in microfluidic channels is
capable of accurately detecting different cell types. By virtue
of the microfluidic design and the hydrodynamic-focusing
technique, high-throughput cell detection with low sample con-
sumption and small-volume culture medium can be achieved.
This technique has great potential to be developed into a unique,
label-free, and highly sensitive cell sorting device.
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