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Fig. 1 The schematic of various CTCs capturing microfluidic chips
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EpCAM FuAA (K5 A4 A st b, UE B o7 725 1 4l
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CTCs fi#fth v, S50 T AR 40 s R EpCAM &£
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B RE (ORI . B . LI R E5 )
M, A 115 B R 2] T s AR CTCs. H
AR FH S AN JEUBEAR 35 CTCs AIBA 420 4 HL 471
T 1.

Table 1 Summary of affinity method to capture CTCs
R1 FEMESIREHIK CTCs XIEE

ik oT Pk R B IR 1% B0k
TiO, HKBURL & IAK L Anti-EpCAM HCT116 41l ffd V& i 80 [14]
AV IS Anti-EpCAM L3.6pl 4l f v+ i 90 [15]
HEMEE Anti-EpCAM MCF-7 41 ffd PBS & 95 [16]
TR A Anti-EpCAM NCI-H165 4l PBS /&K, JhEi ALK 99 [17]
PDMS 115 JE 4544 Anti-EpCAM PC-3 41 ik T M. 91.8 [18]
15 5116 5 1 i 41 s o N L3R
ek PMMA $ il Anti-EpCAM MCF-7 4il a7+ ifiL s 97 [19]
EYKAL PMMA G 1E Anti-EpCAM PANC-1 4t Ji 78 T 1f ik - [20]
K 2 FLER Tk R e e Anti-EpCAM PC-3 2 vk T~ 1 41 70 [21]
TR AT Anti-EpCAM MCF-7. PC-3. T-26 4l Ui T 1 95 [22]
26 191 i 51 s o AL
- PR,

SRR AR e R s, BEAT R ik
TEAR KA FEF AL, H AT 09T
# KM EpCAM 1E R CTCs MR s e PRI,
THRLEAR R IR B, EpCAM 136 1A % AN A
[, 481 4n L 40 1l 22 MCE-7 A1 MDA-MB-231 [#]
EpCAM FIA/KPASR @, 3 H 24 g 40 @ ok |

P 18] JFU A (EMT) /R FIAL 3% 18, EpCAM F A 41 F
(CKs) Ik T, P H H (vimentin) F1 N- £5 %6
% (N-cardherin)Z2 A 4. Kt EpCAM 1] CTCs
Iy s B ARARIL BRI EpCAM [#) CTCs,
SR IX LY CTCs HAT BRI 1t A A e,
I, Bz AN ISR AR A& W) BRI T S ik ok AE
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KEB BRI CTCs HARM 14~ 26 pm A
2, M A ER M 8~20 wm AL, T i E
J BB ASF N T CTCs BARRI AL o Dk
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ARHAET: a. BRAEERESG L, FF5 X FHEH S
WRRRE, AT BT ERR A, RN R A R
JaMAIIE NG, 76 AR RI AT b, Hli
PR o RS SCIlENE RN d. AT
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VEAEAE IR I 2 A AN 140 B RS R T AN [ 1
AT pE ik, BT CTCs RAF A 40 o7 &
5y, CTCs A n] Geoi ok o8 o B fiAE R i) B, R
MIX L CTCs T4 7 EMT 1E H iy HA7 [a) s 4
MUREE, RS R, BT mH
TER KM I ER Y, CTCs B S8 it i
A B O I 75 2 Al 204, I G AT 8 2 %) 4 g 4l
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Table 2 Summary of size-deformability based method to capture CTCs
Fx2 EFHEMEX/NMITRIEERHIK CTCs XERE
fliZkETT EIERHE £ ENLIT B WSE 1% 5230k
[ SuR):En TR B AL 10 pm MCF-7. HepG2 4 iR+ 1Mk Jadi s A il 80 [28]
Tl K 1) 8~9um The AS549, HCC827, NCI-H358, NCI-H441, PC-14, 97 [29]
DMS79, NCI-H69 1 NCI-H82 £ i & 1 ifin i » il
EPNIIRG
parylene-C fk:#fiE  5~7 wm  PC3. DU145 iR T L% 27 90 [34]
)z Parylene ffLEE 8 um LNCaP. MCF-7 4 o3& T i 86.5+5.3 [35]
Parylene (L 5 8 wm RT4, T24. J82. HT-1080. LNCaP. MCF-7. >90 [36]
MDA-MB-231. SK-BR-3 41l ik T 1ML, 5545 S 05
PNIIIRY
MR R A BOBAERES] 2~ 18 pm UM-UC13 4l HaiE T 1M i 70 [30]
PDMS 73 #E 4~12 pm  THP-1 41/ PBS & 90 [31]
PDMS #AE 5~20pum  SK-N-MC. SK-N-AS. SK-N-SH, SHSY5Y. BE(2)- - [37]
M17. MDA231. SW620. HEK293 4 fiu ik T~ IfiL ¥
PDMS i kE: 8~ 16 um  MCF-7 ZHM0IE T M3, BRI RER A LR 95 [38]
PDMS fkE 4~41 wm  THP-1 40 TE T LK - (39]

- WEPRHRE.

22 ETHRNAFHRES
221 FETHRTED

AR, ARRCE R P ) S 5 2
B ISP 350 B2 K (inertial focusing) 4T CTCs 47
W, TR BRI AR s MR Y
OB N SRR, BRI 40 i 2 52 3
16 J BY D) Tt 7] (shear-gradient lift force) A/ BE RN T
J1(wall effect lift force) [FI1EH, 75 =7 3L [A4E
T KNSRI M AN A s I, P&
ANFEREES e WS i v, ATk 23k CTCs 1
H .

Sollier AFFOBETF T — M HAT 8 HhHEIF B 1 -
FESCETER 8 ML) =il Bk . R
SN ETEIN, 227 3 RE AN T ) R FE YD)
FEOILFEAER, — B4R i 2, B RERN T
JVRESIRIS,  EAREON I M8 20 H 52 0K (R BY
DITF )3 B T8 R0y SR I NGB EE . AR
40 B B AE AR . 1Z ARG AT 4
MCF-7 i 41 AS49 5 N Atk N HLB0RE & 1) 3
F[Ik 85%, AEF 0 M 1% Z 48 1 Dl b Mg R T A
(LB AE A T 4 B H CTCs.

222 HE MM A AL ES
FE T A s P W ) 47 ¥2; (deterministic lateral

displacement, DLD) W v+ I #2505 Jr Jst B2 05 v
P ELAT AR T AR B 5 ) 58 A R O B
G, RS (kA i shid B v B AN R I8 3
BZE,  RUSE R R ORE 22 2 AR 0 1 497 4 1) — L2
RSHIN R S 5 R g 5, A0 A
AN 1, BT I BAH Y 40 B (] 1h(E)).

Morton %5#1F1 Davis SEEWAFFUUE B 7 v2:0E T
H 42 M 30 nm ~100 wm o [ 4 1) 800 2 2
Loutherback &5 — VAIE B A FH I 7 v o] BAAE 4%
5PN 23 CTCs. B B4R R SF 2R 2.5 mm 5
25 mm K, g S ALK 58 wm. A EE
42 pm, FHEF SRR 120 SREEA . RIEDEAT
ML, ZMEEEERT R . AR A
SEHE SR BE IR, AR R e i P 4 ) o
B AR, BRI, TR R 1Ak i)
Wik, BIWT/S 2RI, %R B IRE AT
J 40 il MCF-7 1) PBS 2L UK AE 85%LA 1

¥ MDA-MB-231 41 Jiid $5 A\ A FE N if 6 2547 52 56
FARE H AN AT PRI, T AR SR IR A s
AT BRUL BN LA B oy B i b, B
b R4 B g 2 M T 2 Al 3R CTCs (s ds 15 b
BT 3.
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Table 3 Summary of hydrodynamic force based method to capture CTCs
3 ETHEHFHERERMHIK CTCs XHEKELE
EHEIRCT TUARRHIE EaL IR 1% SR
DLD [#%1 IR MCEF-7 i}l PBS &%, MDA-MB-231 £ ff I T 117§ 85 [43]
R 1 Wi MCF-7. T24 4 fu &+ 1. - [44]
R 5 Wi MCF-7. T24. MDA-MB-231 £ i T~ 1LV >80 [45]
HENE LT =N MCEF-7. HCC827 4ifuiRT M >90 [46]

Z %2 fLMS-MOFF) 4 /7 24 (MS-MOFF) MCF-7 4 i1 % 98.9 [47]

DLD [4%1) IR MCF7. MDA-MB-231. A549. HEPG2. KYSE150 4l 99 [49]
P T if

DLD F§%1 VIS BTREN SP2/0 4 ik T 1K 88 [49]
R 1 Wi HeLa 4 HyiT- ifL 9 90 [50]
R 1 e MCF7. MDA-MB-231. T24. SK-BR-3 4l o T if. 3 80 [51]
R 1 e MCF7. HeLa 4038 T Iy 96.7 [52]

- SRR

FE T AN ) S ot 2 S 03 326 ) R 1 40 B K/ R
ATCHEZE o1k —FF, ZET R, LR E AR
WAE A, AR — AN oo b AR A% 70
W RGANLE G, T IS IUAGAH 318 4546 S 30 B e 1)
IR, FERETbRD, ANFEN CTCs 43 FH¢
FIRIMFREY); MMAERIRIA S P /N, srik )
AR IAEIE R 5, AT R R ARG 2 #r. 2R
MM, BT M S ek, 40 e A BAE AN )
PEl, AL PR MR B R AN, A e AR
G, J34h, A% T7V Al T 4 B R B AR P S,
[P 1R S S=rpia = S 18 AN AN S 2t i A
IR EETUREY),  HA g E 2K 3 5L
L RS R A IR S R AR TEIN G, R 4k
WA, ik ) CTCs A ReAFAE PR 45 . 25 1
JIrad, AEAEFRARS) S 27 0 S I, el 0 e [ AH L
YEFH AR ST A B ANRT D, B F 2B I B H
(bovine serum albumin, BSA) 1] PBS 1 & 2% i ik
(PR T2 M L A0 ) RO RE i), O I B A T R A
LB eEi R ehibERIUPIR O ST (R N SR e
T ERR T Al LAy 8 CTCs Ab , AW & A 4
e 17 R <116 2N A

3 GREIRSIE

G BERLIR I3 1062 MR G BRI ER (4 I B e T PR Tk
WS HITE, P ER A A b v A 5
MIPLH T Bt IR s S BEREER 7 1 S REAE Rl 7
S AREATI, Al R, T ARG RTRE
By b, SRR e A AT AR A S 7 BT

Z IR, AR T3 0 R A X 4 i T R Al
Blgs, BIMGIN T g, R, fonss i HEAR
5 ek &, IS iR S 5 AR R B
PO R EH, SO MR S gk CTCs —
WA Le(F)). B2 R, i
P i BRI S hBR 53 1063843 B CTCs Refig jfk
B IR, PRSI, TE G ARy ARl
TG 22 PCR. Gt 410 4k &2 1%
REBS SR R 24k . SRR B 31k,

Earhart 55970 S AR WIS 4% 12 pm 2 1910
PR SE G4, HIORT A 7 mmx7 mm. i P
FLEAR 40 pm FREPEIEM . CTCs S EMEHER
shiarmigbnid, MR St SRR N, il 40 e A Bk
FL I, MREPERERPR L CTCs Ml sk AETFL
W%, Kang SR T —Fhishd - fiiids CTCs 73
B, O —&REE, EEERLARE
HZMHER/NE, BANEPIRE 0, G
WM& EEEN, T 20N =L P2 iR AR 8 )
Jidh, CAAYE T RN CTCs M 1Eisn e
H PR RAE N E A . ZRGEFTHFERALE 1 ml
NI B2 T 2~ 80 ANAS[H) £ = 1 L M gt 41
M, ILHEIRRCETTIL 90%, FE HAfigk 3% CTCs 7]
I RETR 7 R LA F G g 04 A D B4 50 440 o 1)
TRAA O B3R 4.

WEAAE FHA T AR 7223 85 CTCs [ #8%¢
B L, AL AE CTCs K i 1ot 2% & 1.
Issadore Z5POUE 1 T — T ) F 8 2R R0 A Wl A0 o145
WAt CTCs Bt Fr . FEIAR] b2t — AN R D4 B

Parangl il =l
LR,
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G, BRIES R MR RS, RS e it
XY SR — MR, BRI CTCs &
PR RGBS I 5 7 A AN E R, AT AT sK
L CTCs THE. ZJ7 VM HER & Bk 100%, 328 &
T CellSearch, % R Gkl %K 107 A4 / 43

B, R P EE R B, RS Ik
I EE R0 N/ 2B, REZRAEA R
e CTCs, R s, MR & AR
FTIA AN &, E— A AR
401 CTCs T A

Table 4 Summary of immunomagnetic beads method to capture CTCs

F 4 GEBHIRSIEZEIK CTCs Xk RS

MR e P HARACE % B3,
HhTEDE A Anti-EpCAM H-1650, HCC827, LNCaP, PC-3, T24 #i i i T-1i. ~ >90 [54]
W R I
Witk /NE () PDMS I Anti-EpCAM LI /N SRAS I (9% 90 [55]
T bE k. PDMS XA A% 1 Anti-EpCAM M6C 4H i i T 1. 87 [57]
Bk, 4R Anti-EpCAM MCF-7 4 ik T Ifi. >170 [58]
TEER. BEFEHLIE L) APTES 55 F4: 471 5D10 MCF-7 4 ik T 1 1195 48 A 85 [59]
TR BB I A P AR [ 47 CDI19 R EL A AR T L AR A, 7 B8R R A I 97 [60]
YK F-(NPs). PDMS f it Anti-EpCAM COLO205 4 fid ¥ 7 . 90 [61]
KL T (NPs). PMMA S5 i EGFR SK-BR-3. MDA-MB-231 4 J{tl 1 F- .34 » - [62]
YKk F-(NPs). PDMS /&8  EGFR. Her2. EpCAM BT-474. MCF-7. HCT-116. HT-29. CT-26. - [63]
Gli-36 4H kT 1.
2K BiT-(NPs). PDMS T4 i EGFR. Her2. neu. 50 il Ji& i Py Jifd s A I - [64]
EpCAM. MUC-1
PDMS i it Sge8 CCRF-CEM 41l fiU B >80 [65]
MMA 418 PSMA LNCaP 4 HuJi T~ if 9 90 [66]
6 [ B B A Sge8. TDOS5. CCRF-CEM. Ramos. DLD-1. HCT-11 4i 1% T >95 [67]

KDED2a-3. KCHA10 I3

- CEPOREE.

PEREER oy Rk B e, R s, S
I, ARG R 2 3% T AR L b2 1) 40 Pty
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Advances in Isolating Circulating Tumor Cells With Microfluidic Chips
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Abstract  Circulating tumor cells (CTCs) are shed by primary or metastatic tumors, undergo the
epithelial-mesenchymal transition, and enter into the peripheral blood of patients with metastatic cancers. Its
critical roles in cancer research and clinical diagnostics are gradually being recognized. The presence of CTCs,
especially the number in peripheral blood can not only be used for early diagnosis of cancer but also be used to
assess prognosis, and monitor tumor metastasis and recurrence. Microfluidic chip as a high-throughput,
miniaturized cell experimental platform has been used in CTCs sorting. In this review, we highlight recent
progresses of CTCs capturing of microfluidic chip system and focus on the capture theory, chip structure and
capture efficiency of various types of chips. At last, we prospect for the application foreground of microfluidic chip

technology in CTCs isolation.
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