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Abstract Microfluidic chip techniques develop very fast owing to it’s high rate, high efficiency, high
power, low reagent cost, integrating and miniaturization in many research fields. Based on the operating principles,
the various cell sorting methods on microfluidic chip are broadly categorized as active or passive techniques in this
article. Recent research progress of microfluidic chip techniques on cell sorting are summarized mainly in the two
aspects. In addition, the application prospect of microfluidic chip on cell sorting is also briefly discussed.
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Table 1 Overview of various active and passive cell sorting methods

% ik 5 BEML P Bl
Category Methods Separation mechanism Advantages Disadvantages
P | P F ARG IR I | oy oo oo | BER B, IO 5 LSE, RE 555
s | PR RSO bl | e BRI BRTE S g e i, ot
ROk | oo ) / EEA R
B HURHU RN SRV el | R, M. EAPEAR; HRE b g
BB | BRAS AR IR H AV SURUTTR | 100 575 5 0 1 GBS 8 s 4 gﬁﬁﬁiﬁiygfgﬁﬁf
ik FEE Tl 4 B Tl P MR 59 P BRI o | et TR TE RS M 4 1 AT 77 ﬁ%ﬁ§£ﬁ}ﬁm®ﬁﬁ““x
FE 43 TE R A) AR . =
R AT 20 T BT JC B I R | R AN A e P AR R, HL
e | AR | RS AR R AR | B SEGLI A, RS | VOTIRR SRR, M A AL
e | R, fER A FObRAC A U, bR BEA R, BRAE | RS ER. JBR S AL 4T M
i i PSR4 55
R B, B 2 R AT A
S BT | RIS 6 A RS SN | 5 7 T A A LA RTS8 | 40 43 B 10 28R S FACS % i L AT
sk | e (R A, VTR R S S | e
ixid
SEA F i [F) s dp = Elﬁ’
R sy | R R R R R AR B | AR AR, o A A K Qgﬁfﬁ?fﬁggggfij
ik 1O 2 BLEAT W PN S 3 R iy
HR, AR T4
AT R HEAT 145 0 160 3 08 4 3,
WURER S | MR H RO 40 I M B A, Tl | RN ) ST AR N, g H | SRR 25, /NTRAR ML 41 i T
Sy 6 5175 A AL AN LS 533 Bk, WML VRS4RI T JEAE AN AT
R A SIA
iy | CETRBER RV NS | SRR, AT SR A, 8 | BB AhI I AT T At I
%ﬁ& VMU R, BRI | S R, TS SRR | TS ILA, 4y LR B S B A
P LI 5 5 941 ML 4 MR 45 3T RE, AR e
BB | s | TAURIONRITESE 4NN | X TR 0041 M B O MR e | e (LT 5. i 14 0004411,
43 ?;“ DATASE R I A SR S ep | A, AT LR VA M 0 pe e R A | 0050 O 1 2 o e 1 R
SYBOIFR, MITIA5 LA B S ik FRISEIA RN A | s R
AN S | ARG N BEERERR I |y oo e g | EPRRIRLIF OB RO 04
ek it 4 T A S5 RS S B T ﬁ”ﬁngﬁﬁﬁgxgﬁ%@ SPAEBUIR I PEIRIE 119 ZE 0 AL 1%
i AT S0 43 1% ’ O : R T 5 o £
e | TEVETE O R FRIFER A | R AR OB IR BV | AR IL AP S AR B 52
éﬁé“ FEE I R 40 | . mE TSR | R, %A NUE BT RRR R 5
L6 53 85 N, QA R AR G VIR, B BT R S U b E




R OBREE BOREES AE A I O T R T HOR kS

729

VKIKBHIOE o KrivacicA5E! e I BOR, FERR 150
Jr B RA3x 10/ A1 M e S T 8 40 I v 2
1o ChofF LAY FH AR 42— Ui A e Dy S B 1
XN FLEh P AN M i 20w A A 1k, w AR
JEIEFI2301 .

FERCRL S 0 A 38 I FACS 5¢ Jl 40 i 43 3% (AR
e (D) RS, BERE 78 B A0 i /K1 b S 040 g
(R — 3 B ()G HERE &, 40 2 AN T Ay ) 25 J5
BRG I 7> RN AF Loy i%; Q)N Iz, ¥ K My
K r) iz, v T 2R sk . H LG
BEALE T BEAs B B, THOmIE S FHLZE, FESD S5 3, 70 g
(R Ve VR AR AIE, ZEARTI 73 B ok v 4 i 52 2
(R )oK, 2B M A AT AN . X Lk
BT et — I G
1.2 HRIE D%

TESCRLE S v bas R 4 4y 3k 1k 30 AT 41 e
Gy IR AT 54T, S TR b iy Ak B 40 A1 1l A
T A0 BT (AR B b AR o R I
S v RV AR A0 i 2 28 T TR A AR 2 KA
R R eivks NI R A vivhs 2 N E R
TRy W A A M 5 30 5 N T ) 5
12,1 REEEGEBA  HFART R k2
BET F 1 20 i 38 T 0 R 0 G 9 A P sk (B
G e B A L R S PR A I R AR S N A
TEANIEIAHAVE TR, AN S S Bl 2R 45 5 1) B 1) 40 i
W FAE L b, Tovk 5 B MEER A5 A R T B
JeE, NS 2 BRSO H o AR 5
R P e 8 i O e R P 43 1 LK) E R A L R]
BT 05 S ot S AW, AT a4k T 45 4 20 2%,
e TR, AT . A3k sEI .
Kim &R I C2A R bR i B BE, A8 Tl 4505 1
3B e Ry R R, R Dy b AT A v
Jurkat]d T 40 i 3K 43 55 2L 2> B . Forbes S5 IE U
A E Fas FI e o 1 R, ST G AR
P me 7 40 PR iy 21 B 20 B, KORAR & T I R 2 I
(I HERF 1 o
122 & E#EmSRBEAR 200 L6040 Y]
TF 4 % kS ke 1) v B B 1 43 1% £ K (high gradient
magnetic separation, HGMS), =% H] 43 25 #4 1 #
55 BIAICRE, 81 U0 ELARAE 100 nim LA P PR LR 1P 52 338
PERORL . Ry BE R 23 1 R G0 I8 Wt IR 78 A7 2 Wl Ak e
gl 4 & 22 I RE TR L BE B P W RE I 4 1k, 428 224

k3 Ve R P ARG, A AL T2 X I g
TR T (%) PO A3 A6 S 00 W8 5 1 [l 5, T
o PR At R AR 8 23 WU AN 25 7 12 X Jes B, AT S
WL H ORI 733k o AdamsZ5EHRIAE T — Mo
O VS v i BERG VK 4 3 3%, 3 F ey B FE 1l e 12
ARSI T 6 E A4 M () PR Sl PR i b oy . H
TE R AR OB A:, 208 I 07 FLARAL, R Tl T (1) A 23
TPl 5 ook, AEi R R S T Ko 2k
e A By

T O b B 347 43 R A W AR A
(s PR Rdem. HE L, Q)RR H.
TG e 5t XA B, (0T SE sl & A3l (3)
Sy BT RO e, JE T R A AR ik
B DB S A M AEE % m, HAYEMIRE D)
ReANZ g . (HI2, H 40 ERr B s il s e 1
PUAR IR 3 328 A2 12 RO ) F 5 5 M A, 24K
AL HT PRI 20 o
1.3 W[l ik iksE

XU |7 B YK (dielectrophoresis, DEP), X FR A\ Hi H,
VK, AP i B R T IR 4l M G e, 17
AR v B AZ It F e R dt v o ) H 1R 40 B 7y
B9, AT A B O INASTR], 7] EE 5 RO 4 AR 1R 94 4
BRI 41, & —MrE AR Hmig gt grik. L
Ji B 4 M A S A R g U R P AR AR A, PR LR
PEV P RNTRARAE], AN R R0 i H AR
(A AR, AT 52 BIUAS TR BRI/ g, B0 e AT TRAAN )
4 ) HL g ) IE AR R A ARE R A ), AT AR F g
SEPL A 5. Gascoyne 55! M FH XU n) HEL K37 Y 40 2
(dielectrophoresis-field-flow-fractionation, DEP-FFF)
FEAR I ) B L 23 5 L T IR i R S )
TRALLANML. T 2040 ik e Jm e s, 4 i e
TR R AR 0%, ST s 25 40 i 4 P i b5 1 4 i
AR ZE S, AEIE RS L IPERT T, RS L4l i LA
5 TRIVK B A T T 5 129 J1 rp S Zho B0
KRR VKB, AEfm st i Sl T EAR
TE4~8 PR PR B 20 i P 4 28 v A o0 12k

FEAR A Ol R B0 ) H ik 4 A ] ) 4 g
EHEAT O A IR B R . e SNk, B
TR S 1k A R bR I BB, A BT A TR, AR R A
H 2 AP A A L3 A R AR, HA T R
PR 2, PR e S g, TRARSE I FUAR AL
1A TG S RS 70 25



730

1.4 SFRFHIRE

TEW 38 Fis G810 i R A
J 23 BSINE, T MURR R AR N, TG R B
S3 BSR40, DRI S8 A T BB i BT 3 B RS B
P, KRB T 403 Ja 40 A s 26, bR O %
BB W HE T . MR 7 or 1k vk R EAR
i E 40 00 /N AT S FR AL, ARl A
T, WOGSREERTTE G, I NI AA 32 56 i A A 4
TEGBIRAL, R B ARAE T N ARG R 3, A6 AT
X H A0 M AT R 3R 5 40 1R Fli R g AL
AR R TRt BTl 1 1K 6 S o 7 € R A R
CRYEMRl RS O REEE, IR HRoEDAE A A) 2 AR 2
P Ak, S A 7 A2 DA S b A S P R PR R
A Y5 = 2 S TR UREIN 7R U R A RN (5w TR AT RSN
HEA0 . WangSEPOR DG 58 1 /r BHOR, 7EI
P g ) SR TR I R4 RN SR IR G 4 i
M 50 8.

HAR, % AR IR SFACSSEAH LA A, H
HARIAAE T R =, RIS 40 i 18] AH B A S
A2 B T A A LA N A RT E5 l fRR A, dE Tira ae
S SN I 4> % . ChiouZ5ERU 4 i 1) AH B A
SRR R BEAT IR UG, RO 2 B 0 LA
e, AT SEBIL T vl s kA, ROR$ A T ik
1.5 BEESIEE

I 75 5 i S 7 0 R (R R AT 40
FEH, O 2 N TR G s TR S A Rk 2
QU o R PR IR e AR S R FH R P R ) P BT
M BACN . HLBRAN . AN, DL AR 5 e A it
Tt rh A ) Z0 A A P P AR R B D B RN - ST
BN B e RN A, e B A TR A, B R A T
Iy T B E, S 5t ) %08 ) LA o) g it
FEP2 . Hs WA R P i b 5 | R ) P LR 2
A D= A R P A AR 7, AT AR RN, 4
LRI AR OR TE N Iy, AR AT 3R
AJ s G vE Al e R Z RN I ER R, &k
ANTA] AT RS 6, 1017 n R 4 e et A DU 7 1) 56 s U,
SERAN M AE R S B 43 % . Petersson %A
FHZ R, ZE a0 i LB e A S O Rk )
73, SER T A HARAE2~10 wmeZ (8] Bk 4 3k,
FER LT DY H -1 27 A0 s, SEB 1560 L9 2140
Moy Egn RS m R . S ERTE N

M RE, A0 FRE 7S B 7 (A R REA A3
VS I 1 . EvanderSPIWFT T 41 i
R 7S CAR AN BT 52 3 1 7 LK Sl 3 s T
e AL, SIEIL TR 28T A0 B R A R 0 L A9
B H A R AEROEIE H a] DA+ el b

AR ORI, ol BRI 4%,
(EDGS BE 6P 5 R R B, I & BF, RPN DL
BMbF SR BN R, AR

2 WA ik

I Al it 478 3 AR AT e 3 2 40 43 34 1) 77 %
SRR R AR A I A 5 25, ARk E A It
INEE b 252 B[R RE RE (R 6 T D7 i s B0 i
2.1 WIS A

B 2 43 e v 2 H i AE o % 0 v BT
WE N T I — Pk %7 VR TR
TS &l 8 v g LN R R 1) ok 45 44 T g 50T, AR s
H 11 40 i ¥y ) BB 4, PR B Th BE oG i fL A2
/IR, R ol A0 3 3k, A T S EG) 4 i T
VoS LK € A RTINSV S K 3 G U)o 2 N
TS BT, FNES | AU Panaro R
HIE T — A& UM 98 45 0 1 2 4i i 43 % S5 PCR
PR BE O Fr, S EERAA—E
K FEFNUR FE AT . P A7 200 0 2 R 1 ) 3 28 3ot
AL B, IX RSP AT T HH R B 1 1 e Z A WL
F, LR NS A I, 11 40 i 5 A A o o A P A
BRI, AARRR /N B AR T RO 21 48 i D) v 3 i~
ATIIE, P 40 i gs Loy ik, JF a) BT e 4E )
PCRY™ 1. Mohamed %5 A I AHAL JSUEE AR 5 i
SRR G AN [R) RS () B, 300 ek PR 30K 256 T 3 1) 98
s, A S A T RS R 4 AN R N T S
IR it v Jie 98 400 B Py 43328

AR MU 73 1 72 B A RS N () R s sic et
PRI R, S5H R IR S5VE 200 00, (A2
TARVEAE T R AT 1] P o 98 2 e, 06 ¢
PEIR 72, AN BEAG /N AR AR AL A [7) b 40 B G 6 2>
T, BRI T AR M o et AR BRI
2.2 ks haikE

TARZ) 753 306 15 2 Iy — B Bk T4 oK /N ik AT
BB 2 M o S 1K 73 IR BN ) 4 o3 3 v
M A B 1) — AN TR AT 22 A4S 20 S H R o T
W SR AN AR (RE B35 I 20 32 H I FLAR LD,



R OBREE BRSSP AR O T R o HT HOR kS

731

AJ SURE I P R, AT A B A T e ) B
R EZAS . AR ZE AN R 4
JSCI) B B A I B BT . DRI A R UK 23 S H
F LA T AL KISy, 41 i /> 22 KA IR B e, 2%
SEIUAN R HAR A 43 25 ShevkoplyasZ§ B2 HY
AR LA v () L 4 B ER, fE s e B s FH o
&) 53 3 IR BRI T 40K B 73k o Seo®ER?
FEmARB) ) Sk S, TET s S & Loy AT
7 JurkatZH LR .40 110 (K] 43 B SE S, 43 AR A
K&, A ERZE AR TR POE S W

WARSN ) 73 WA E WA, To/R B 2 1) S R,
B HET ¥ S, 0F TR SR SR AN v ) 4 ) 1B B
HIEE o AHH T UARSN 1531kt B2l TR AA T T
MSEIL, 73 LRSS FEI G i A7 e A, el ad st i
WEPOE T ) JUART 464, LA KRR BE 98D 43 SO 28
PE IR, A — S A
23 BERaiEE

791 4> 2% (pinched flow fractionation, PFF) g Jit
40 R /N 22 e, 45 Tl 40 T DA AR SR AR T T X
PEPRCR 28258 B 3 WOk, AT A5 BA 23 9 i ade 1) —
R IR IR LAR Bl ) 4 0 53 3263 PRF A& R A i v W
IR B AR € JUART AR B s 18 v, Ja et 42 ) 2%
ORI, AR T G R ) A0 A A T
W BE Y B2 HE S AR S TARER, ROTRUN
(1) 20 M B 1 T 8 2 bE RSS2 K 1 4 L T ol ) L
2, PRS0 ST . ASTR] R /N 1) 40 i o Ao T b
JIE AL EANR], f5 28 25 NAN R IR 1 DL S Iy
& . YamadaZ5PY g YOKPFFH AR S0 i 454,
TSR GWMORL IR 73 38, 3RA T BT 3 3 RO
CupelliZFP LG PFFH AR HEAT ik, e is e & b
Gy 1 e 300 T 0 5 P 10 440 i g 3 v e PR 20 40
B, FF 258 ONT AN M ) v 2 R

PEFH2 AT 1 B 1 4H 1 Ak v 70 a2 2% SR Bt
CINYSGRVRIEE L2 I VR U S R S N NN
S0 i (1) 533, R S BRAN ) g 4y A ik 4 0004 4 i,
Pa ey IR R 7 K e ] NI A (s vy v 2 S
2.4 EFAMSIEL

TR O B b R 2 P 43 a2 A I A il T
PN BE SRR 0T IR A0 i TR B R TR R e PR
A B C AT SRR, 5 S BB 40 1B BORAT AR ABAE,
R FA BhAk 7, 1K 22 il 503 S A0 ) 145
FUVE 23 KR A 0 B S VE 40 M o3 ik v, R A 4 i

BV R AE N, H A B AR PR T S
TR T PR R (1) e A B TEC A &5 G 1T v B, e
LAt 1853 A DB B o S 8 22 b 0 R AR B H )
4, M SEEL A 3% . Murthy25P9# HICD5FICD19
B DS B BTAR, SEIL T TR A0 B B 1 4 K 1) Oy
1%, 532U FE EIE97%, JFUE W] T AR B b i H 1
I e FE ARG IS, A7) 8 3R AT B 9 40 1k 4 g, 30T
TS 5 RAE I G 5 V25 19k B2 40 i SV A AR
AWy, Dharmasiri%5 07K £ 568 1 41 BR4F 5 PE s Bt
Ji (prostate-specific membrane antigen, PSMA) ] ¥
S P TR A ] T I TR SR TR, s Dy b AR A
JAL A 332 H T AT A1 B A4 49 4 il (circulating
tumor cells, CTCs), X125 1) M 5 7 Jm A FE 22 )
7 =9

SEAIVE 3 G R ek e RS L, BeA Aoy
IR KA AL A R R . oS
FORTLIAE T, E16F )40 M )R e PR PR R £,
DA AT A4 45 - G2 e vBORH 8 I 9% v i (R T 1, A
IF) F4) ) 4 B2 1 PR B Rs B B A [R], i 75 B4 45 5 20
5855 DI BE AN ], i ()R S P P Ad S i 1)
G2 A RE DR UF S5 R 1) 20 1B R
2.5 RS IEE

FLAE201H 2604 AR, Segre 5PN 78 b AT 1) 5K
B = EAT T OC TRV 4R A5 A M ik BT, AR
KA NFARNE ) SRS 56, B bivE i
WA, T8 A M 3 5 00 ik . e T
THOETE N 5 Z B, L i 4n A BY ) )
B 5 77 A 1Tt 71 (shear-induced lift force) )15 H
T, 23 SENT I TE BE (1) 7 A E), A0 R B O 1E
BEALMGITIN, dEIERETE 3 £ T ) (wall-induced
lift force) S 26 A MU B B B . IX PR S 17 ) 28
By A 73 Bk A A5 T 7 (inertial lift force or net lift
force)o EARPETHIIIIMEHITT, 40 25 70T TE A
(1T sVRate oV iE PO Ay = ki Y 2 Kl R oA A
T AT N, 30 2 70 %A IS B AT RS AR
Ao MNP BETE )5 4 A 5 RN ERA K,
RANTEARAFALL ) (7] 6 40 1 £ 5 A e e v [) — A

KA M) 4 %k KuntaegowdanahalliZs 7 B2 Jig 1
T A T 8 D K 80%o 1) il 22 BE 41 e 41 i A 5 1%
JSUIRE A0 MY TR G R A I ok ok, Hopak
(19988 40 A7 375 2 =118 90% LA 1o Hur S8 MR Y 5



732

TR AR E R L 58 1 10 B L i B st 4
R A R 2 R AR, I P AS H A i Tl
W IRE TR E, X000 TR AR A
RORIHEREE A B AR SE IR IR e T HA A
X PRSI AR S e, R AR Al D P
PLT M ZE90 M PR ik, 70k A 90%, H.
1A AT R BAVER BRI TR B 4h
P TTE, By A DR AR AE 5 DT B 2o &5
s ORISR AR B P L R, HO T A0
PRI, AL I3 2805 e, A MA 5 AN e AR,
3 2 T AR EL AR 2 R BEAR A BRI BAi%
BORNGE F T Ha B Ja (RFE S P8, TALBE A i 1) i Ak
BLAAN ] b, U DA 25 R, i/ A M T A ELAE
PSR B 3 7 1]

3 BRESRE

PR 5 P B A T 1 5 A 4 2 Ty
T REFIOPESS, it UER R IR, AR
G330 e I FE KR T YZ, LGRS R RN .
%, WA, BORR. BEROR. BRUERIAE. (TRES
FRRFHE . PRI . 5 78 AR i i
(K Th e L AR5, A3 SR 704 ke R A 40 JL 3 e 1 1 2 T
Heo AHBRITR A H T 5 R R, R AT 8 4 i 47
0 ) 4145 SR Y B, AR
PR B LR R AL, 7 S i A R 5
Bk e, I ) T A R i R HET R 2 gy
B I L 40 L P8 e o £ S S A S
B ARAE AT 41 43 TE I BT IB B () — 51 5, 754
RAEHARS, (AR HE S SRR, MEERT
(¥ Sk, BT 22 05 AR A 40 D 432k T 4 5
SR, AR TN IZ AT A5 SR

B Z 3k (References)

1 Manz A, Graber N, Widmer HM. Miniaturized total chemical
analysis systems: A novel concept for chemical sensing. Sens
Actuators B Chem 1990; 1: 244-8.

J&. ] S5 72 % 75 (Guo Mingxing, Zhao Baosheng, Gao
Xiaoyan. Research progress and prospect of microfluidics in
medical field. Chin J Exp Med Formul) 2012; 18(18): 323-7.

3 70 N /BRSNS S I S B RS A S LK 7
a0 M8 23 B R M oy B, A XK 2 HR(Yang Ting,
Yang Jun, Xu Rong, Cao Yi, Hu Ning, Zheng Xiaolin.
Microfluidic cell sorting chip and its flow field simulation. Chin
J Sci Instrum) 2009; 30(7): 1508-11.

20

sy, SRR, PO, SR, B, s Al
A, B F2~(Liu Shoukun, Su Xianzhong, Jin Qinghui, Jing
Fengxiang, Zhao Jianlong. Microfluidic chip flow cytometry.
Microelectronics) 2009; 39(5): 696-703.

Fu AY, Spence C, Scherer A, Arnold FH, Quake SR. A micro-
fabricated fluorescence-activated cell sorter. Nat Biotechnol
1999; 17(11): 1109-11.

Chena CC, Zappe S, Sahin O, Zhang XJ, Fish M, Scott M, et
al. Design and operation of a microfluidic sorter for Drosophila
embryos. Sens Actuators B Chem 2004; 102(1): 59-66.

Johann R, Renaud P. A simple mechanism for reliable particle
sorting in a microdevice with combined electroosmotic and
pressure-driven flow. Electrophoresis 2004; 25(21/22): 3720-9.
Takahashi K, Hattori A, Suzuki I, Ichiki T, Yasuda K. Non-
destructive on-chip cell sorting system with real-time, microscopic
image processing. J Nanobiotechnology 2004; 2(1): 5.

McClain MA, Culbertson CT, Jacobson SC, Ramsey JM. Flow
cytometry of Escherichia coli on microfluidic devices. Anal
Chem 2001; 73(21): 5334-8.

Holmes D, Sandison ME, Green NG, Morgan H. High speed
particle sorting: Combining dielectrophoresis and fluid flow.
Proc microTAS 2004; 1: 6-8.

Krivacic RT, Ladanyi A, Curry DN, Hsieh HB, Kuhn P, Bergsrud
DE. A rare-cell detector for cancer. Proc Natl Acad Sci USA
2004; 101(29): 10501-4.

Cho SH, Chen CH, Tsai FS, Godin JM, Lo YH. Human
mammalian cell sorting using a highly integrated microfabricated
fluorescence-activated cell sorter (WFACS). Lab Chip 2010;
10(12): 1567-73.

Kim HS, Son OT, Kim KH, Kim SH, Maeng S, Jung H.
Separation of apoptotic cells using a microfluidic device.
Biotechnol Lett 2007; 29(11): 1659-63.

Forbes TP, Forry SP. Microfluidic magnetophoretic separations
of immunomagnetically labeled rare mammalian cells. Lab Chip
2012; 12(8): 1471-9.

Adams JD, Soh HT. Perspectives on utilizing unique features
of microfluidics technology for particle and cell sorting. JALA
Charlottesv Va 2009; 14(6): 331-40.

EEL BEVK AN R A S i A A R A v, IRAS
@ K #(Xia Heng. Optimization design of the configuration of
the microchannel of the Lab-on-a-chip for magnetophoresis cell
Sorting. Shanghai Jiao Tong University) 2012.

Gascoyne P, Satayavivad J, Ruchirawat M. Microfluidic
approaches to malaria detection. Acta Trop 2004; 89(3): 357-69.
Zhu J, Canter RC, Keten G, Vedantam P, Tzeng RJ, Xuan X.
Continuous-flow particle and cell separations in a serpentine
microchannel via curvature-induced dielectrophoresis. Microfluid
Nanofluid 2011; 11(6): 743-52.

koW, AR R TR BRSO HOR £ i L 2
Wy 6 R B R o BE 40 0 AR ) %7 27 i (Yao Lin, Bai
Liang, Wu Liangqi, Ding Yongsheng. Recent applications of
microfluidic technology in the field of cell biology. Chinese
Journal Cell Biology) 2011; 33(11): 254-66.

Wang X, Chen S, Kong M, Wang Z, Costa KD, Li RA, et al.
Enhanced cell sorting and manipulation with combined optical
tweezer and microfluidic chip technologies. Lab Chip 2011;
11(21): 3656-62.



R OBREE BRSSP AR I O T R o W HOR kS

733

21

22

23

24

25

26

27

28

29

30

31

Chiou PY, Ohta AT, Wu MC. Massively parallel manipulation
of single cells and microparticles using optical images. Nature
2005; 436(7049): 370-2.

AR U, VT, AR, B P B EORAE it i e L
# 2% Bt #(Zhao Feng, Yang Jiangfan, Lin Hetong. Ultrasound
and its application in food industry. Journal of Wuyi University)
2010; 29(2): 21-2.

Petersson F, Aberg L, Swird-Nilsson AM, Laurell T. Free flow
acoustophoresis: Microfluidicbased mode of particle and cell
separation. Anal Chem 2007; 79(14): 5117-23.

Evander M, Johansson L, Lilliechorn T, Piskur J, Lindvall M,
Johansson S, et al. Noninvasive acoustic cell trapping in a
microfluidic perfusion system for online bioassays. Anal Chem
2007; 79(7): 2984-91.

Zhu L, Zhang Q, Feng H, Ang S, Chau FS, Liu WT. Filter-based
microfluidic device as a platform for immunofluorescent assay of
microbial cells. Lab Chip 2004; 4(4): 337-41.

Khadembhosseini A, Yeh J, Jon S, Eng G, Suh KY, Burdick JA,
et al. Molded polyethylene glycol microstructures for capturing
cells within microfluidic channels. Lab Chip 2004; 4(5): 425-30.
Chronis N, Lee LP. Electrothermally activated SU-8 microgripper
for single cell manipulation in solution. IEEE J Microelectromech
S 2005; 14(4): 857-63.

Yang JY, Li CW, Yang MS. Hydrodynamic simulation of cell
docking inmicrofluidic channels with different dam structures.
Lab Chip 2004; 4(1): 53-9.

Li CW, Cheung CN, Yang J, Tzang CH, Yang M. PDMS-based
microfluidic device with multi-height structures fabricated
by single step photolithography using printed circuit board as
masters. Analyst 2003; 128(9): 1137-42.

Panaro NJ, Lou XJ, Fortina P, Kricka LJ, Wilding P.
Micropillararray chip for integrated white blood cell isolation
and PCR. Biomol Eng 2005; 21(6): 157-62.

Mohamed H, McCurdy LD, Szarowski DH, Duva S, Turner JN,
Caggana M. Development of a rare cell fractionation device:

32

33

34

35

36

37

38

39

40

41

Application for cancer detection. IEEE Trans Nanobioscience
2004; 3(4): 251-6.

Shevkoplyas SS, Yoshida T, Munn LL, Bitensky MW.
Biomimetic autoseparation of leukocytes from whole blood in a
microfluidic device. Anal Chem 2005; 77(3): 933-7.

Seo HK, Kim YH , Kim HO, Kim YJ. Hybrid cell sorters for on-
chip cell separation by hydrodynamics and magnetophoresis. J
Micromech Microeng 2010; 20(9): 95019-25.

Yamada M, Nakashima M, Seki M. Pinched flow fractionation:
Continuous size separation of particles utilizing a laminar flow profile
in a pinched microchannel. Anal Chem 2004; 76(18): 5465-71.
Cupelli C, Borchardt T, Steiner T, Nils P, Roland Z, Mark
S. Leukocyte enrichment based on a modified pinched flow
fractionation approach. Microfluid Nanofluid 2013; 14(3/4): 551-63.
Murthy SK, Sin A, Tompkins RG, Toner M. Effect of flow
and surface conditions on human lymphocyte isolation using
microfluidic chambers. Langmuir 2004; 20(26): 11649-55.
Dharmasiri U, Balamurugan S, Adams AA, Okagbare PI,
Obubuafo A, Soper SA. Highly efficient capture and enumeration
of low abundance prostate cancer cells using prostate-specific
membrane antigen aptamers immobilized to a polymeric
microfluidic device. Electrophoresis 2009; 30(18): 3289-300.
Segre G, Silberberg A. Radial particle displacements in poiseuille
flow of suspensions. Nature 1961; 189: 209-10.
Kuntaegowdanahalli SS, Bhagat AA, Kumar G, Papautsky I.
Inertial microfluidics for continuous particle separation in spiral
microchannels. Lab Chip 2009; 9(20): 2973-80.

Hur SC, Brinckerhoff TZ, Walthers CM, Dunn JC, Carlo DD.
Label-free enrichment of adrenal cortical progenitor cells using
inertial microfluidics. PLoS One 2012; 7(10): e46550.

TR, kAT, AR U, R, R, AR T
THCUR D B AR O 45 S R Lk 43 i, L 4% 3 4 (Huang
Weidong, Zhang He, Xu Tao, Li Zhuorong, Zhou Leiji, Yang
Mengsu. Separation of blood plasma by inertial focusing using
microfluidic chips. Chin Sci Bull) 2011; 56(21): 1711-9.

AT 2011 4E5 33 45 11 ] NS SI Ik R AL B (B )0 AR/ BRAT A 20 A B D)
T 22 WARAR, R IE.

2.2 Bl XERIFER
VO AS # A0 DY A 3 3L A 2 B R 3L X e GATT 7 BRAE DU AS 35 Bl I [0] ) (415.60£24.53) s, GATI 4
(362.28+27.45) s, W& G i E 2 5 (P>0.05, 18 3A), UG B)INTA] GATI™ 4 (405.58+19.92) s, GATI™ 4
(412.12+11.74) s, W5 G i & PE 22 7 (P>0.05, ¥ 3B).





