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Abstract: This study was to develop a new method for detecting circulating tumor cells (CTCs) with
high sensitivity and specificity, therefore to detect the colorectal cancer as early as possible for
improving the detection rate of the disease. To this end, we prepared some micro-column structure
microchips modified with graphite oxide-streptavidin (GO-SA) on the surface of microchips, further
coupled with a broad-spectrum primary antibody (antibodyl, Ab;) , anti-epithelial cell adhesion
molecule (anti-EpCAM) monoclonal antibody to capture CTCs. Besides, carboxylated multi-walled
carbon nanotubes (MWCNTs-COOH) were coupled with colorectal cancer related antibody as specific
antibody 2 (Ab,) to prepare complex. The sandwich structure consisting of Ab;-CTCs-Ab, was
constructed by the microchip for capturing CTCs. And the electrochemical workstation was used to
detect and verify its high sensitivity and specificity. Results showed that the combination of
immunosensor and micro-nano technology has greatly improved the detection sensitivity and specificity
of the immunosensor. And we also verified the feasibility of the immunosensor for clinical blood sample
detection, and successfully recognitized detection and quantization of CTCs in peripheral blood of
colorectal cancer patients by this immunosensor. In conclusion, the super sandwich immunosensor based
on micro-nano technology provides a new way for the detection of CTCs, which has potential
application value in clinical diagnosis and real-time monitoring of disease.

Keywords: colorectal cancer; immunesensor; circulating tumor cells; carboxylated multi-walled carbon
nanotubes (MWCNTs-COOH); biosignal amplification
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Flow chart of microchip fabrication with linear structure.



=hE S/ETHARANERNBARSESNTS %

1.5 HRP-MWCNTs-COOH-Ab, € 54789
il &

TSR H1 0.4 mmol -2 KE-(3-— F KL 5
PR3 BR T5E — %2 (EDC) A1 0.1 mmol N-J5%E T —
Pk 2 (NHS), pH & 5.2 £ 0.1 mol/L Motk Z, it
2 (MES)A W . FRE 2 mg MWCNTs-COOH 438k
T 4mL IR BRSNS S 7S
434381 min J5 2E 2T R R g e
PR G WP R E , BUH IR GBS IR £ 52 vh
VR (PBS)E & 1k B5.0>(5 000 r/min, 10 min)Ji5AY7E
BWDTVEY) 5 IR, KBRidhiig EDC A NHS. Pk
ZEJE . A 400 ng/mL 45 B AH E Pk
Anti-CA199 (Bl Ab,)F 80 pg/mL HitRH4E Lt
(HRP)#% 0.5 mL, T vk iz M i 4t
WAL FE 44384 5 min, {f Ab, 5 MWCNTs-COOH
WAFHZE A (B 2). SRR G IE T =
e, HE— AR E G IES G . [FIEDRE
0.05%Hi 20 (Tween 20\ATR -5 1% I35 FIEE
(BSA)LUAFILE 1:10 1 EL R SIS RAE =R T
LI . # F3R HRP, Ab, 5 MWCNTs-COOH f
ik Z A WIRA W PBS S5l B Ve O
(15 000 r/min, 10 min))5 FIRARITTEY) 5 1%,
ZBEE w1 HRP Fl Aby. ¥ Tween 20 5 BSA
RS WIS NS EaRbtik S SoitiEd, i E
FEIR TR 90 min, S 2595 ] PBS ZZ o
R S T UEES.0(15 000 r/min, 10 min)J5 AR &

EDC/NHS
—_—

s MWCNTs-COOH ‘ HRP

oo — 001,

WUTTEY) 5 K, EBRZRIPUAT BSA, it
TR E L BT T RH W AR R Sk 25 S o
B, BT RECR RN R B BRikg R s
¥ HRP-MWCNTs-COOH-Ab, & & WG AF 16
3% BSA 1 PBS Z2 il & T 4 *CUKA %
1.6 BR=FAERREERFBNLE
1.6.1 WSHFREAEIHEES —)

£ 200 mL 7% 0.05% (i3 507 R T
KZ BRI 100 mg GO FE/MRA, IEEKG
B A 208 30 min, B 1 mL % GO A1 1 mL
FIRBECHIEY 0.1 mol/L MES ¥ VR 7E % i R Hi $HIR
4120 min, PATE AL GO R THI3R I SEHA] . F PBS
2% v CE A T TR S 0 (3 000 r/min, 5 min)J5 IR
HBWULTEY) 5 K. TZIEDFIMA 1 mL
50 pg/mL B SA BT MR EG, REHET
4 °CYUKAE PR 120 min. J )% 45 )5 ] PBS 2%
MR S TR PR 5003 000 r/min, 5 min)JE HTR S
WITVED) 5K, KBRAREE A1 SA A 1 mL PBS
% vh T A R SR BT R IR AR E Y, B
100 pL ZIRG W STRAT TiHoes 3R, #E
IR F#E 60 min (€ 3B, 3C)., %
J& . FH PBS % thil 5 3208 DR O i R 1H 3 1K,
T8 J5 ) S R R TR N 100 pL 1:5 000 7
#Y anti-EpCAM &K (Ab)), HTEREENT
120 min (& 3D). ARSI iHYE. TSR D)
REAL AT, B 92 GO/SA-Ab, &1 .

R

Z HOoOC

2 HRP-MWCNTs-COOH-Ab, £ 5#I89%I &~ EE
Figure 2 Schematic diagram of preparation of HRP-MWCNTs-COOH-Ab, complex.
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Figure 3 Schematic diagram of the immune sensor construction process.
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Figure 4 SEM images of microchip at different magnification. A: 100 times. B: 500 times.
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Figure 5 TEM images. A: MWCNTs-COOH. B: HRP-MWCNTs-COOH-Ab; complex.
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Figure 6 SEM images of CTCs captured by microchip at different magnification. A: 500 times. B: 1 250 times.

C: 5000 times.
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Figure 7 Contrast fluorescence images of the CTCs captured by microchips. A: Microchip modified with
GO/SA-Ab;. B: Microchip modified with SA-Ab, only. C: Microchip without micro-column structure.
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Figure 9 Current response of different cells to
immunosensor.
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Figure 10 Effect of the coupling ratio of HRP to Ab,
on the electrochemical performance of the biosensor.
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Figure 11  Effect of incubation time on the
electrochemical performance of the biosensor.
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Figure 12 Current images of detecting circulating tumor cells by immunosensor. A: Current response curve. B:

Standard curve.

1 GREERESFAMAFPRN HT-29 4050
Table 1 Immunosensor detects HT-29 cells in blood samples
No. Standard cell loading (cells/mL) Detected cell numbers (cells/mL) Recovery rate (%)  RSD (n=3, %)
1 1.00x10° 0.85x10° 85.11 0.25
2 1.00x10° 0.87x10° 87.10 1.19
3 1.00x10* 0.91x10* 91.20 0.91
4 1.00x10° 0.93x10° 93.33 1.15
5 1.00x10? 0.96x10? 95.50 0.36
DAPI CD45
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13 GEERSHREENEFH CTC RKAE

Figure 13 Fluorescence images of CTC captured by immunosensor in patient’s blood sample.
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Figure 14 SEM images of CTCs captured by immunosensor in patient’s blood sample.
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Table 2 Immunosensor detects tumor cells in patients’ blood samples (cells/mL)

No. 1 2 3 4 5 6 7 8 9 10
Cell 23 30 45 34 12 10 10 13 35 22
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