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In recent years, cell focusing using microfluidic systems has been highlighted as an efficient method of
counting and enriching circulating tumor cells (CTCs). In order to isolate cancer cells with high
throughput and efficiency, using of passive, size-based, label free method based on hydrodynamic forces
is preferred. This study showed that it was possible to isolate BCCs (MCF-7 and MDA-MB-231) and
white blood cells (WBCs) from cell mixtures with high efficiency and high throughput using an
unconventional spiral microchannel by means of combination of long loops and U turn with high
curvature ratio at moderate Reynolds number (Re) about 90. Therefor we have designed an
unconventional low-cost label free spiral microfluidic device for isolating both CTCs and lysed WBCs at
a flow rate about 1.7 mL/min with high efficiency and Purity (more than 90%). Standard particles with
a diameter in range of 2-20 um (The range of all cells in the bloodstream) were initially used as
alternative particles to optimize the design of microchannel and flow rate by imitating cell behavior. At
the optimal flow rate, up to 92% of CTCs were separated from culture with high purification.
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Fig. 2. The shift of the location of the maximum velocity and its effect on
the magnitude of the forces acting on the particles.
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Fig. 1. Dominant forces applied on particles in a channel at different

transverse and longitudinal positions, larger particles accumulate near the

inner wall and smaller particles near the outer wall.
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Fig. 4. Microchannel geometric pattern with full details (Units are in
milimeters).
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Fig. 3. (a) Experimental microchannel used for validation, (b) Microchannel
simulated and the outlets of particles.
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Fig. 6. Maximum velocity displacement due to high ratio turn in the
microchannel.
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Fig. 5. The results simulated in Comsol software, particles were traced in a
conventional microchannel at 0.9 mL(min)~%, and then U turn was added
and showed that due to the higher curvature ratio, smaller particles
completely migrate toward the outer wall at 1.7 mL(min) ™.
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Table 1. Summary of simulation results for serpentine microchannel.
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Num. Channel Pattern Explain Advantage Disadvantage Flow rate
1 Straight — Strai%ztcfa%"u”lz'r‘évriézssfeoc:i;o um Simplicity \\//:rtlg)vv\:’;fr:ij::i 200 pL(min)~*
2 e e o STy 200 miny
s e Sy oot sy Y 00 umin
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Table 2. Summary of simulation results for spiral microchannel.

- b BLJLEYSw Sl G5l duds Tl oMl .Y Jgd

Advantage

Disadvantage

Flow rate

Num. Channel Pattern Explain
1 Conventional Conventional spiral channel with 500*170
spiral um rectangular cross section
Unconventional Unconventional spiral channel with
2 spiral with one 500*170 um rectangular cross section with
turn one u turn
Unconventional Unconventional spiral channel with
3 spiral with two 500*170 pm rectangular cross section with
turns two u turns
Unconventional Unconventional spiral channel with
4 spiral with three 500*170 pm rectangular cross section with
turns three u turns

Unconventional
5 spiral with
multiple turns

Unconventional spiral channel with
500*170 pm rectangular cross section with
multiple U,L, and S turns

Un;\c/)lr?\%]:fi(énal = - Modified unconventional spiral channel
6 spiral with one //’,_ ﬂ with 500*170 pum rectangular cross section
P turn (« (/7 with one u turn and expansion in outlet

Good focusing

Approximately good
efficiency

Very good focusing
Very good efficiency
Very high throughput

Good focusing
Good efficiency
Very high throughput

Good focusing
Good efficiency
Very high throughput

Good focusing
Good efficiency
Very high throughput

Very good focusing
Very good efficiency
Very high throughput

Approximately good
efficiency
Medium throughput

Design complexity
Particle deposition
Channel clogging

Design complexity
Particle deposition
Channel clogging

Design complexity

Particle deposition
Channel clogging

850 pL(min)~*

1600 pL(min)~?

1800 pL(min)~!

1900 pL(min)~!

2100 pL(min)~?!

1700 pL(min)~t
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Table 3. Experimental results for cells at different flow rate, in this range of flow rate, efficiency and purity are more than 85%.
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Fig. 7. Experiment results for particles at appreciate flow rates. A and D
illustrated the desire outlets for smaller particles and bigger particles
respectively at 1.4 mL(min)~'. B,E and C,F showed the same result at
1.55 mL(min)~!and 1.7 respectively. The result for 1.7 mL(min)~*
was better compared to other flow rates.
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