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A simple separation method for investigation of circulating tumor cells, cell
clusters, and cell-free nucleic acids
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IT circulating tumor cells, cell clusters, and cell-free nucleic acids can
be isolated from liquid biopsy samples, the latest analysis techniques can be applied to each. We
developed a simple separation method that is necessary for this purpose. We developed chips,
cartridges with size separation thresholds of 2.3, 2.6, 10, 20, and 30 p m, and also developed
simple devices. This makes it possible to adapt to various threshold values by replacing the
cartridges. We performed a separation experiment on kidney cancer-derived cells using a chip with a
threshold of 30 y m, and were able to separate cells and cell clusters. We investigated the
separation of red blood cells and plasma using a chip with a threshold of 2.3 p m, and showed that
red blood cells may behave as particles smaller than 2.3 p m within the chip.
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Fig. 1 Deterministic lateral displacement (DLD) principle.
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(a) Dc=10 pm, g=30 pm (d) Dc=2.3 pym, g=15pum

(b) Dc=20 pm, g=60 pm

(c) Dc=30 um, g=90 pm (e) Dc=2.6 um, g=15pum

Fig. 2 Pictures of microfluidic chips and microscopic images of the channels with different
Dc. (a) Dc =10 pym, (b) Dc =20 pym, (c) Dc = 30 pym, (d) Dc = 2.3 ym and (e) Dc = 2.6 ym.
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Fig. 3 Pictures of the reservoir Fig. 4 Picture and illustration of the manual
part and the cartridge. size-sorting device.
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Fig. 5 Pictures and illustrations of the automated size-sorting device.
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Fig. 6 Microscopic images of (a) single cells Fig. 7 Pictures of output solutions from
and (b) cell clusters separated from the culture the microfluidic chips with separation
medium, and (c) cell clusters separated from threshold of 2.3 ym. (a) 2x diluted blood
the blood sample using the microfluidic chips or (b) 10x diluted blood was used.

with separation threshold of 30 um.
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