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A Simple Fabricated Microfluidic Chip for Rapid Capture of
Circulating Tumor Cells
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Abstract Due to their portability, affordability and high sensitivity, microfluidic systems have become promising technolo-
gies to develop point-of-care (POC) diagnostics. A major challenge in microfluidic system fabrication is to integrate multiple
microfluidic components in a simple way and construct microfluidic systems in a rapid, inexpensive manner. Here we inves-
tigated the design and fabrication of rapid capture of circulating tumor cells (CTCs) without the need for a cleanroom facility.
The device contains is composed of a polydimethylsiloxane (PDMS) layer and a double-sided adhesive film (DSA). The
microfluidic channels on the DSA film were simply fabricated using a laser prototyping technique. PDMS was chosen as the
support layer to facilitate sample injection and avoid leakage. The microfluidic chip fabrication takes less than one minute
without employing expensive lithographic methods. Design changes of fluidic channel can be made by ProE software, and
which is applicable to rapid prototyping of microfluidic devices. The PDMS base and a glass cover slip were then assembled
via the DSA. Before assembling the chip, glass cover was cleaned with ethanol using sonication. Then, it was washed with
distilled water and dried under nitrogen gas. After cleaning steps, the glass cover was plasma treated for 60 seconds (100
mW, 1% O,, 60 s). Next, specific antibody was pre-immobilized on the bottom of the microchannel and then bound with
FITC-labeled detection antibodies to generate fluorescent signals. Then, the inlet with cell suspension solution was connected
to a syringe pump which controlled the fluid velocity, flow rates was adjusted from 2 to 8 uL/min. Using this device, a high
tumor cell capture efficiency of 92% was achieved at a flow velocity of 2 pL/min. In this paper, a new technique is described
to reduce fabrication time and cost, and shows considerable promise for the translation to a rapid point-of-care diagnostic
device for the detection of CTCs.
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Figure 1 (A) Four different food dye solutions were injected into the
microfluidic device, (B) Assembly of the microfluidic chip consisting of
PDMS, DSA, and glass cover
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Figure 2 Surface chemistry: specific antibody was pre-immobilized on the bottom of the microchannel and then bound with FITC-labeled detection

antibodies to generate fluorescent signals.

Acta Chim. Sinica 2014, 72, 69—74

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

http://sioc-journal.cn 71



MR

H3C-0O.
H3C-0—Si~_ ~_ SH
H3C-O

Glass

O

I
Q/( N—(CH2)3—C—O—N;

O GmBs

—O.

:S;Si\/\/SH +

O

—0 (0]
—O>Si\/\/S _ _||_ _ NH
—O/ N—(CH5)3—C—0O—N + | 2

(e}

(0]

—O_ o H
—O0—Sin_~_-S NS
e N—(CHp)3—C

O
Bl 3 SfAE TRk A R e A A ]
Figure 3 GMBS-based antibody immobilization
VUASJRE A BEAR B, AN 40 Bl SRt o AR B, 45t
A Ml A th 2k B (&l 5b B,

Protein

TR AR AR N TR L B A8 R R A, FORHURG B2 DA oK
WK, PN CTCs 88%d ik, XL J7 ik 5 A
SRR Z AT, (RO IR PR S as b L S0 )
SN B BESR A RN R T A I R R AR I
]‘Iﬂ[”],

AHFFCR O CHEZI B A B E i O, 4565
B L SR TR W frc 5 A e e A AR BV 0 928 9 G B B )
SEHL T X CTCs (92 £3)%IMdligkR. HAES 1A
AIF ST ] IS U AN [ i 988 40 B dbA T 4l SRS, A ORAIE
FHRR DL, BAR T 5850 AR . 4k T S a I [,
AT A PR S 7008 W AR, ) 35 B I AR 2 A= i e A 12
iayy 7 EHA EEE S AR, LR FHE ) CTCs
TR IE 5140 JE AT B e A0 A, i ELZ S0 AN A
BT R IR R, A %5 SR BTk [ e S 4n Ml 3k
REG A KA, DR, 56T iRg 5835 4 J il A 3R
i RE 2 B A AR BEAT S50 A I B BT AARs 2k o) fir 8 4
P TEAT A S AT A5 2 PR A T N SR BT (AT, T
WD R ILAE CTCs JiiiE . 0k &4 R )
INA:ER

TR BOAE Bl 73 Mt 28 G K R i e i, 3 it
Sivagnanam %5USURIF 1 41255 (10 1l 37 e v 5 O B T R PR B R H TR 22 . 25 . Ak

NS AT PR G PN Al RN 5 5% LI bR 40 . MCF-7.
Chen SR ] — b A (R BOAS (RIS, 97 Z1

AU PASEEAS I S W PR S W2 55 5 T A e i) By

20 um
8 uL/min 6 uL/min 4 uL/min 2 pl/min
(a)
§ 100 - (b) T - MCF-7 (c)
2 . &
28 80 - S 80+ & MDAMB231
% 3
o 60 | 2 604
E 5
Q. (0]
g 40 4 ;:, 40 4
3 § g
s 207 = 20
= i
tEL) 0 T T T T T T T ? 1 o i
01 2 3 4 5 6 7 8 0 . . : . s
0 2 4 6 8 10

Flow rate/(uL-min™")

Flow rate/(uL-min™")

B 4 (a) TEAFGE N MIEIRVEOCE, 75 200 5 W8 U EE, (b) MCF-7 [ 40 M 76 A [ i3 R 1 41 i i 3R % kORI, () MCF-7,
MDAMB23 1 J}198 41 i £E AN R 40 il et b il 2 P

Figure 4 (a) Effect of channel flow rate on capture efficiency of CTCs on chip, four different wash flow rates (2, 4, 6 and 8 pL/min) were used to opti-
mize the capture efficiency of CTCs on chip. Image of the capture of CTCs at 20 X magnification under a fluorescence microscopy. (b) MCE7 cell capture
efficiency. (c¢) Comparison of MCF-7 cell and MDAMB231 cell capture efficiency. The results indicated that 2 pL/min resulted in significantly greater
capture efficiency compared to 8 uL/min. Capture efficiency at lower flow rates with error bars representing standard deviations (n=3).
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