545 % SrHifks# (FENXI HUAXUE)  BF5E445 511 3
2017 411 H Chinese Journal of Analytical Chemistry 1589 ~ 1594

DOI: 10.11895/j. issn. 0253-3820. 171092

ZINEED X & B A4S B BT 20 B HepG2 B9 i #F 5%

gﬁy\yxz}&ZA 4475': %:‘1’2’4 ///% /_i);IL?_ *1,2,3,4 ]%:\ ?*],3,4
(FERR: BRI S REE AR E AR E A T 2R,
S TREBERGR G GT 0, TN 3R 58 BB A R AR EIRAF & et T2 K 400044 )

W OE B EET —FEL LT (Multi-orifice flow fractionation, MOFF) 4% R 5 & 3B AR T — 14 1)
FHF 475 P 43 B R AR A OREAS A A0 HepG2 19 22 DI BB P ANMLL H o eoth A th B 38 3 7Rl PDMS
WORTE 35 20, PDMS 35 H b & 3 SRR E  MOFF 43 55 X R 34 T8 JE A4 0 4 MO o SR Al X, o
MOFF 43 #1X 24K 20 mm, f1 80 ZHKSEN 0. 18 mm FEEH 50 pum W 4s X IR BEEEH 0. 06 mm 5K X 45l 5 2E
°0.20 mm FEZETR WA/ oK BB BT AN, R AL WA/ ok B BT A £ 103,00, SEI LA THE A
Jil HepG2 - Il £ TR o REAS s MR I W8 Bk 3 T B - Met HLPRBE S5 R 40 HepG2 45 S b & 1Y 598 8 i
FMFRILALAREER .JEDC(1 mg/mL) NHS(1 mg/mL) Fl e-Met HLARGI & THE N 50 pe/mL HIFBEREER (Anti-
MNCs) BIFIR , AEREATE N 50 wL/min 5504 T, I FH AR 92 30 T i 40 M6 mRr A v 2 I o 440
HepG2 [ B 2R ; R PSSPk LIAT AR BRI R JRURHE 45 T F 28 64510 HepG2 MR it F o5, 76785 A
b SEBLT E FE AT M HepG2 BB G T AL . e Ao XA 3R A HepG2 #E:4T T WA E 4
M1, %500 wL MR (107 cell/mL) H5 10 4~ HepG2 ALY G MAEAS , 4l 3K H 55 88. 5% 6. 7% (n=20) ,
SERFH IR T i 2R 2 D) BE M SRR B EUA R IR A 4y s AR I T R

KEIR ORISR ZFURAE W, 26T AL HFE N HepG2
1 5| 5

A A B9 241 A Circulating tumour cells, CTCs) E@ﬁ%*ﬁ{mﬂﬁﬁﬁﬂ,ﬁﬁlé\ﬂfﬁ, H?@%*Z%ﬂﬂiﬁ, Jifyeg g
B R ET ST IA YT L GAY T BRI S5 A 2 Y S i R R REAR
RS FE CTCs 20 B VB AR e 81 2 5ED
FET RO 0 R A B 1 BT B AT, 43 50 el R DA A I A, A4 5 T A0 L RO i B0 0
ZLTAT BRI BS S5 Lee 451 JE T AR R ~F 22 5 R B O A6 08 EX 2 ~ 4 mLL LR 410
- 1 240 L PR AR AT 43 5,30 s SEEE T IR ALY 3 25, A S RURGA 61% , BT SO BOR B SRt 4R
A EAT A B DG A O (BB R 5 7 R R A T 2k, SR B RCR K, Hyun 2517 K IR A TR
RAR R ORLAE WS 4 /9 5K 1) Z2 £ 38 18 rh oK 3l 3 8P A FHAS [R) 9 J 38, SR 22 FL 3 43 25 ( Multi-orifice
flow fractionation, MOFF) $% AKX} 24 21 7.5 mL (A MAEASES T 4153 25,30 min PN 4355 H 9 g 40 it
BORAE 0 ~21 A2 0A], Shen 45" R MOFF 5 R FERES 8040 85 2. 24 x107 DAUIEATTE LT, 208
B AR AL, B — MOFF 43 Bl o0 B8 ol R R, (HL 43 25 1 %) 4t M 5 R R
HMGHIN , TCI SE B B LSRRI, Tang 4510 76747 HES 1) 4 45 5 570 3 T8 1= 308 3k &0 Jn i 3 ) 2k -
A0 52 A WD AT B TS FR 600 ~ 800 wL LK Fh MCF-7 3B, /0 B UR  43.0% + 1.2% (n=3),
Kang %" R FMA R 89 77 2 I X BE AR i oK B M6 C LI e AT T /0B, WG s vkad s AN 3 ml
DL 53185 10 0 20 M B 788 e B B TG g DA 3, (B It Y3 A v R L 40 L ) 1 4K T e A A A S
W BE 2 5o Ay B BOR . HET, & Rh i — Al i Sy B A PF AR R 22 (DK 20 A3 R A 2 B 2
e R0 B D AR D | ] B )l 22 B0 B AR IR R A ST A
I, 2RI A ARG 0 R R v A By T B R R R, R R A5 R B W e 22 1 A T 4
2017-07-13 Ytk ;2017-09-06 $23Z
ASCRER ARBEILATIH (No. 21375156 ) |, FI RS HARB Y & JE 114 (863 ) Wi H (No. 2015AA021104 ) | T BT A i B 5% 3 22 5 H

(No. cstc2015jcyjBX0010) FIEE R RH A4 AR ZE bt 24t 23 IRAERHEAIHHH (No. estc2015shms 2x00014) BE 1)
% E-mail; xuyibbd@ sina. com; CI12009@ cqu. edu. cn




1590 o B Ak 2 $a5 5

AR Chen 45 A St R AR AR - T R N B4 T 1 8 OB Bk 1 R i S5 o R R - R R D 1 A
i 8 AR g 1 RSO ] T IR M A ORI . BT R B A PO R E AR TR R
PELF 55 TR A A5 B IR A ) A B AR AT A5 DL, A 200 B R I 5 1 52 5 17

ABTFORE 22 AL o0 18 S W o e 70 B AR 4G 4, B X 4 HepG2- 1 240 1R B R A, )
M Z LA A 70 B G0 L AR , SR AE SNG4 F T AT F AR B8 200 I 1) 28 — % 2o 75 Rl
Ao [RIE SR R T R EEREER X HepG2 AL HEAT PR i M S e Amic , 7EL AL RO TR 2R 1F T
SN S S P R ARG D0 DX I 240 7 PP el Hep G2 2R LREA 3 28 7 MR 2, o J ek i ok
UL XoF 5 G I X A 25 B ) Hep G2 N4 IR 35023 #r

2 SLIGERS

2.1 =5

704505 SR TES % (358 Harvard Apparatus 23 7)) , OLYMPUS IX71 88 56 5% W i ( H 7 Bk
BT kRS 4t ) , UV-2450 S540 0T WA EETH( HA BEEA D) .

NaCl KCI Na,HPO, - 12H,0 il KH,PO,( 4344l , 8 BRI Ak TATBRS /) 5 A8 e ( /b4l , B
AR FNA RN T s BIK (Hral, RALFRFN) s RILEM Fe, 0, PKK T (150 nm , KEETf5
BURCIER AR I & 0 ) 5 e-Met (E999) pAb ( 3¢ [ Bioworld Technology 23 7l ) ; N-H & 2 3% 31 5k IV i
(NHS, s3#Frat, A iR Tl ) 51-2 48 (3- W B LN 5L ) ik — Wb iR $h (EDC,98.5% ,
I VEBTRL T A AR B AT R AR ) s BERER S v (PBS) JHE 4N AL HepG2 E (10* cell/mL) | Ifil 4
B (107 cell/mL)

2.2 XBHE

2.2.1 fRimEERESME  BIE RS S FAS A ROEE R PDMS 358 MBERE R (K1), PDMS
fOEIE L7 3 ARUEAEIETE \ MOFF 432 X RIS 008 6 U 1 20 i & R A DU X, b, MOFF 43 55 IX R K
20 mm, H 80 KM 0. 18 mm FREEN 50 pum Y45 X IFFEE A 0. 06 mm P 5K XK T8 B4 0. 20 mm 1Y
KSR AE /YK BT AR, R R /B S A ST R e Ao 103.0° (L 1A) o FIrds B i i
P35 R R B il 4% (B 1B)

A 103.0° B
0.06 mm | 0.20 mm
0.18 mm
| —
5 > 20 - '_
mm -

Bl 1 (A)MOFF 258 B RF /R B 5 (B) s i s
Fig.1 (A) Scheme of structure and size of multi-orifice flow fractionation ( MOFF); (B) figure of
polydimethylsiloxane (PDMS) cover plate
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5 h,PBS 1UE3 K, 7EEIR F 5500 pl BSA(1 mg/mL) B AW E 3 h, FE T PBS i Wk i Ny
50 wg/mLASERLER ( Anti-MNCs ) BT , 4 CARTEA .
2.2.4 WREFAMEBEUIFRICORHEARTE HepG2 B 14 HepG2 AL (10*4~/mL) 55 ifi 4t il &



113 RN . ZIREE R A B AS TP S A1 HepG2 19 30AF 52 1591

(107 cell/mL) FEARFIEL 10 1 IR RS AIMER, M) 100 pL R4 40 A 500 pl CQDs,PBS
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Fig.2  Analytical process of HepG2 in red blood cells on microfluidic chip with MOFF separation-magnetic

enrichment-fluorescent detection
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Fig.3  (A) Fluorescence emission spectrum of carbon quantum dots ( CQDs) at different excitation
wavelength; ( B) Fluorescence micrograph of CQDs labeled HepG2; (C) Image of HepG2 connected
immunomagnetic beads at 30 min; (D) Micrograph of CQDs and c-met immunomagnetic beads labeled HepG2
3.3 REXNSEMREFM
SEH P BCE PERETE 30 ~40 L/ min, M5 U A F %) P A0 R I 2T 20 R B o3 BT, B R AN
LA 532 X R i it A e FI £ R0 oAb 36 RS 2 ML ) U 2k (1 2) , LA G 40 i ) O
PR 50 L/ min B, 28 K 2B A0MI L 1T e £ i HE L ES 81, HepG2 20 it A /D &2 1L 40 i i A
X, NS IEE I HepG2 AR A1t X B0 4 i e i 40 DA 1T d 3 i Ao 5 W38 60 L/ min
IF, T OB, BT AR XY HepG2 40 MIFR 73 Bl il o R, e AEERE S 50 pl/min, 8] 4A
AR REUE T 40 A S GRRIC R HepG2 ZHMERY L IA] , K3 L 40 I 7E MOFF Z54 FoT o XA /)
BRI e AL E I A T RO BRI HepG2 AHAEN h X Bk ARERIIR B4R 1K, DL B4 RERW] ik
THOZ D RE B EHERE T 50 wl/min BB BT S B K S 1l 40 1 43 5
A s | b 4 AN . B B
P

4 ’

\ ’
’
\ / 1
' ”, \\ ’I 'I ‘
: ' * \ HepG2 i
RBC b l »
N2 | ¥ AN

B4 (A) IR AHAEA SRR 50 pl/min i g Al h X R ARE ; (B) SO T 4K X HepG2
20 . ok P
Fig.4 (A) Micrographs of g, h areas when mixture sample introduction rate is 50 wL/min; (B) Micrograph

of HepG2 on microfluidic chip capture area
3.4 MmikAMEAS HepG2 FBEI AT ML 547

XL A BFEAS Y HepG2 40 i i#E 47 ik 2 F 2 FI G BR A i, A8 EAE I 50 pl/min 25 F, XF
500 wL HepG2 #- 1M A0 iR AFEAS (5 10 ANk 7 S FMIREER FRIC A9 HepG2 40 ) #E47308 B 19 40 15
RS ORI, 33 XIS & AR AR X HepG2 AHMLHEA 7155, AR L 2 AT AL UL AL 7 70 min, 4R
AKX (1) IR (CR) AU IR A R AR 1,

CR(% )= N,/Nx100

Hip N, AR HepG2 UM% N AAEAH HepG2 414K,

R P BT O S EREER X HepG2 AN A FRIC , AE AR 50 wl/min FIAMIMEE S5 5508 T, 8 it
8 DO BB R & 4 X ] I 2] 2 4p 5 61 HepG2 4L (& 4B) , X/ 4 i T8 4 it
TR FEAR AR 3N 88.5% +6. 7% (n=20) . MESRRY], it i) MOFF 43 B -kl 4R - 507 5
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NIRRT 7 L9 A g 2 ) o 5 B T ALY

F 1 BORPES A F4if-HepG2 & EEA T HepG2 fHi3i4h
Table 1~ Capture results of HepG2 from artificial sample of RBC-HepG2 on microfluidic chip

Sample volume Blood cells HepG2 cells Recovery Frequency Capture rate( % )
10 2
Sample 500 pL 5x10° 10 9 14 88.5+6.7
3
7 1

4 &R

BT T B AN o0 85 R AR SR A 2RI T+ — R 1 2 DI BB f 0t B, A 8 MOFF 43 B X ARG &
LTSRN X, EHXT 1 4 -HepG2 TRERAEAS i AR AL AL, ZESEFE T 2 50 wL/min B, AT L
FE A MOFF 4385 X 43 B B 25 K I A0 A, s /b 1 HXE HepG2 4 At & £ 3 A2 0 T30 s ZEAS DN X, 1 FH A1
WX R PEREBR PR IC Y HepG2 AHMLHEAT — U4 . R 4 187 B A= WA 25 P A i Bk - 450X HepG2
A TARIC, SEEL T AT AU a5 O R, RN Ty X i 3R B i HepG2
AT T BT REAR B R BCR A3 88.5% £6.7% (n=20) . AJ5 B4 T A0 H 43 85 & 4 M
YNNI 388 2o B A 20 B8 X e 9o 4 - 1 40 LR A AT 2 ARG, R CTCs I PR PRk Ay DU 2 A S i
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Detection of HepG2 Cells in Artificial Samples by
Multifunctional Microfluidic Chip

ZHANG Ze-Jie**, SU Xi'**, XU Yi*'?***, CHEN Li*'**
(Key Disciplines Lab of Novel Micro-nano Devices and System Technology' ,
School of Chemistry and Chemical Engineering” , School of Optoelectronic Engineering, Research Center of Microsystem
International R & D center of Micro-nano Systems and New Materials Technology"

Chongqing University, Chongging 400044, China)

Abstract A multi-functional microfluidic chip with multi-orifice flow fractionation ( MOFF) and magnetic
capture technique was developed to specifically separate and capture the HepG2 cells in artificial samples. The
chip contained a glass substrate and a polydimethylsiloxane ( PDMS) microchannel cover plate. The PDMS
cover plate consisted of 3 injection channels of 10-mm-long, a MOFF separation zone and a hexagonal cavity
cell enrichment-detection zone. Among which, the MOFF separation zone had a total length of 20 mm and was
consisted of 80 semi-rthombic shrinkage/expansion units with a length of 0. 18 mm, a depth of 50 pm, a
shrinkage area width of 0.06 mm, and an expansion area of 0. 20 mm. The angle between each group of
shrinkage/expansion units was 103. 0°. In this experiment, HepG2-blood cell suspension was used as the
sample. Based on the principle that the magnetic bead surface-modified c-Met antibody could specifically bind
to HepG2 cells, an immunomagnetic bead ( Anti-MNCs) suspension at a concentration of 50 wg/ml was
prepared by surface carboxylated beads, EDC (1 mg/mL), NHS (1 mg/ml) and ¢-Met antibody. Under the
optimized flow rate (50 pwl/min), a few HepG2 in suspension samples were efficiently captured at the
detection zone of chip via a magnetic field; the carbon quantum dots were prepared by microwave heating with
citric acid and thiourea to label HepG2 cells which achieved in-situ fluorescence visualization of captured
HepG2. Cells captured in the chip detection area were counted by microscope. The capture rate of HepG2
cells was 88.5% +6.7% (10° blood cells and 10 HepG2 cells per 500 pL). The results demonstrated that the
developed multifunctional microfluidic chip may serve as a promising tool for separation and capture of tumour
cells.
Keywords Microfluidic chip; Multi-orifice flow fractionation; Magnetic capture; Fluorescence visualization;
HepG2
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