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Figure 1 Overview of CTCs single cell analysis (color online).
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Table 1 Summary of cell capture technologies
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Figure 2 Affinity-based cell capture technologies. (a—c) Antibody-dependent capture [22,23,26]; (d—f) aptamer-dependent capture [34,36,38] (color

online).
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Figure 3 Physical properties-based cell capture technologies. (a)
Acoustic separation [44]; (b) dielectrophoretic capture [51]; (c) optical
trapping [64]; (d) hydrodynamic capture [79]; (e) microfiltration [88];
(f) microdroplet for cell separation [96] (color online).
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sion, SID). RIS TTIE, LA T 40 H H A A 2
BT A TS, 25 T 2T e A O R Ak 3
VAL ir3

AbdullaZE it 1 g AN E e 3G A — A 2 7
T8 T8 2H B ) RO 15 4%, FIAB%E T /), Dean
BH I ANEG 0 J AT CTCs A ML 4t o 53 55 L ok, HEAS
I FERTLE20 minfN SR, 53 4l R AN &, AH AT LSEE
ZFBCTCsIIA B, Xiang ! 0N 0 e a8 i 15 1 5 48
J7iE SDLDEM S &, 0w 7 A BRCR,
LA A 25 BREFIE B 1799.94%, 43 15 114 Jiv I8 440 o 46
FETTI£93.59%. K, ZFhRiiAs) )% ikl g &1
— R TCTCsHIREL 73 55, BhAh, XU RES 5
IR s B A T L S R s a1, RE e
R, TR (45 JE R A P o . BRI SR AR
J7i3:4h, PodenphantZ R IE T F SRS B MK
HAH 7> BELS174 TS W A A i 2 L, e i A
TANETEARS O Th, RATERE R = HEE 5
SIUSTEE B [F) K/ R SF 20 MBS0, Tian%5 1) s
SR PR 550K 43 B8 B 2 i bk i U 0 7 VR A o
5 B O A A R AR BT 1. TR R
FEIPEO(0.05%) I AT A% 0oit, 175 S IUAKE St A%
oI T RS OE S = A T S s T g S5 AR T 7
PI5E4r, M-S B/ NAS A ) A M AR St R AR IT#
TRLLHEATAIN 4 5. Zhou s ML T AR IRATN 4 85
AR TR AR T R IR . R E
Je OB IE B THE T SIDR AR, SRR R AARFR K /N
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PIAN AR B, 38 AT LA U A B 7] 7355k 4 v 124 P 45
3, M HEAT JEUAr 4 57 . Khojah257 7 %
T BT R R IR 2 B R AN — I 4E IR A
FERCAEFE Y, AT TR R T 28 R IR i R 1, FERAE T =
AN B A A IR B (BB RO [R]), =N BeigR
HIZR AL RN AR, B 2em] LAEAT R/NAS R R 48 A
AE. ARYERZEROZEREN A EE M,
M R 2 AR FCA RN ) — B, 2 T S 24 i
EILC &SN TRy &Sl a8

BT, Wlodkowic: ! M 511 i 5 g 28
RSN AR A IR 4B M, AR SRS AR TR Al P AT 52
YD S HIRo . e 2 RERE S PN BR 4R Pl K B AT 22 Tk
ESEE, XEAM P TS R AT A, e eI L
PACZI R (R D i 3R A . b, ien]
I FH v B R PR AS V RE A SR A, il 3R 4
H % 5 27 RS i) R F ROEAR ST, Kimmerling
AT P 2 M 96 3K R4 2 7 AR 316004 11 1L
U, I R OGE T B B/ 4 B IR O R M e
T TR (nicotinamide adenine dinucleotide, NADH)F]
Ak, S AT A B AR AR AL (113 ).

225 gk

BT CTCs 5 1R W M AHE 2 8] (¥ K /N2 5+, Vona
SISO L BRI A LR K CTCSIEAT 741, ik
Jo, MIEFELZ A TCTCsHI4r 3, HHM T IREE
FRAE I A, S ik 1 R . U B i
BEL AL I U, AL T I
B T SR AR L 4R AT e, 3
AIRZ TR BT JERE, BRI R, Rk
PRI Parylene-C. Paryelen. Pyrelen—C/:iéy[m].

20104F, Lin Bk 7 — b i) 5 1 Jo6t — ok
JE I DB AN T2 AR R G, BN SNE
HERCTCs, MICRBS, (EA77E K 5 K i) 2 L 4
Ji B 22 N AT RE o Y B 2E, AN T3 AR B R ) 45 2R
Harouaka " % 7 —Fh 2Pk 340 554 41 (flexible mi-
cro spring array, FMSA) X £, T[7£10 min P \7.5 mLA&
AbFR A M A IRCTCs. 1225 B H A R AW 3 i
T UELE ), HRAECTCI R/ NS TS H AT & 2. it
HMEF] DR B FLRR B, FE#HAT A AL BRI A 22k
AEEZE, IORX LIS T T AR ER. JAT, BB
RIMSLEESHIHIE AL — @M, 7 ERUENR ) 58

HE DL K FLAR R /N — 5. Hernandez-Castro2 ™ 4t
HY—Fh B 2 5l B R AR B8 (vacuum . assisted UV mi-
cro-molding, VAUM)X il &S5 LR AWM 7%, 3K
13 7 FUI LA A A LA TR IR,

1R 22 M ink i 2 B 350 R R P A S S SR i 1) s 03k AT
AR AT BRI i 20 B85, R R O e 4 B A 40 85 P 3 g 2
BRI IEER—F. e RO Ed, SRR
(PR RE g SRR SR, 1 il 2 RIS PR 321 (1) s D1 AN
5, SEAMEEARLS. WmEBefrR, Kim& 5 m
JE IR TTNT, R i B SR B 25Uk 1R
PRI AL AT T PR RE 20, SRFLAE NS pmfI42
T 2 h TR R TG 154 BSCTCs, CTCsH AR KR
1, AIE$95.9%+3.1%.

VAT S B CTCsHAFE— B A EX 4
MEATRTAL S, AZRMbmcgm. Ad, R2
CTCsA RS IEH AR RN ERIFAU R, Xts
SR 2 CTCs 2 & 1140 M 55 1E 7 41 i 4t D Bk
I, A HRIE AR AR FH (a2 48 40 B AR AR AR K 2
FHF ™, R R b iE i i, A
A R BRAE.

2.2.6 AL

TR R T T A 40 M 1 2 T B 2 R A
TRAL AP S A A 3R, T HEAT T U (AR R 4 BT B
AT AN LG FRAL) AR AL AL
(B IR L) SRR N ALFL(dual-well, DW)s A, iZ30FL
O AT LASRAS L 77% 1) S 20 e SR A0, W3R 4
AT 72 35 7 FL A HEAT IO 5 0 A2 AR TR 4 A AR,
AL A P SRR R, 2 HALh 2k 2 A
YA, ST AE I ECE AT, T A A
R A R A R TG . (HR, LA B R
TR Rl T B S b, i B &AL
(AR TS, FIEA AL N s X5 4. Ble b
i ISMARTer®ICELL8® Single-Cell System &4 ]
AT RGN DSEI il R RNk, IR E T
DALt R R A IR IR 5, AR 2001 98 AR i
R G ENIE A A

23 WS

FE T A B AR 1) 28 A v A 4 4 B
R BN V2, W10x GenomicsA @) H & ) Chro-
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A5 IR SR AE AR FA T8 40 P 7 S AP 2 B 435 ) 2

mium HL 4 73 H1F & FSniperdx 2 7 B SAG-1007 i
AR 6 A K 0 5 AR I FH 8 S i e, SR
EEE AT, W AT EOR RN B XE
e B ERGN . RRTIMEDRES G 2T
We MR Seolagn i Mo 50, BARE LAk
TR R ARAAAE R A BT URBN )5 5 A B 1%
BP0, 2 R A R A AL, EER LS
MG, R RENS DL 8 S I LA O ) e, T
ALK &8 M ] S KRR B Hh GRAIE A i 0 A Sy, B R i
IrHf.

T e HR- ST 5K 7743 1% (sorting by interfa-
cial tension, SIFT)${ASE LEAE F AR 10 B 14 7315 B
SIHESL T, AR AN [F] (R pHAA 73 B o BA AN [F) B
B2 AR RE T B4 O (130, R TR S 2ot
ARG CASE R 5 e bk, ik n] $E At 5 gn B AR 42
Al 2 S =) BRAR K S (], Au K BURLAE A 5 4
B 7R T SR a2k AR 00 R R 4 2 S A
ARG, HA 5 B A Sl E R R T A T
Kb RS, T O Mk R
PR aT LAgs &g i a, mAERNES, b
J& AT LAR 5 OS5 5 oy de 4t e, A A Bk 0k
A R0 23 B, I B LR e .

3 A M TS

AR BT A CTCsH R H A, i X 4 g
PRI . 2RAE I ML RESE 75 T RS I T S B .4 i
SRR B S A X R R R T T
RO AT TR AT EE M. H ATCTCs L4 i Rt
AEEETTHES 2 TKP REOARACE RUE
i AT A E XX LR RITIHE, %
T3 AT I3 B RS SRR 2.

3.1 FEESHT

A Bl 35 R 1o M 208 P 3 35 1) AS [R) R B 1 4 .
Fir & OB 2R AN R i AN [R], (7] 288 250 40 A 1) 1) P 12
FISWAFLEZE T, a8 I 0 A4t i )l 2 R mT DA T
MO T RE K FL AR BEIE RS

S W O AR B AT 5441 B S B 40 AT 2
TR R AN 3 2% IR P (5-bromo-4-chloro-3-
indolyl phosphate, BCIP). &=4HKMitki LA K N a4
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MiHepG2, 8 Wl & O = 20 PR v ] SR 1S B Ak P24
[ 3 s by = a1, 4 b mT SR XS SR A 200 ) sl
BERR A (ALP) S i YER A I A, AT R FH T ALPAH
FPEILITET. Guo! ™R F 2D K okt 5 A i 12
THABUN4 L FIBOR U SES, 7T B A HepG2 H i)
B-1- FLE E Bl (B-gal i )V PR IEAT 73 AT

KCim S B 90 A2 Bl 7 255 % 0 M AT 96 3K,
FF 9 R E X FROPC3g0 fu e tt, HHEP (electro-
poration) ik 51 & (1) 4H B 5 R AR RS T B-gal B, Bl )5
55 B-gal [ 11 20¢ 6 R ¢ 3 —-B-D-F- FLBE 1 (fluores-
cein-di-B-D-galactopyranoside, FDG)x M, &L &5
AN A A R PR XL A S B AR A, e R O
oIl B2 B Y B VE M. DI CarloZ VM Bk SRR 50 /)
SYHORR X = A4 f(HeLay 293T. Jurkat)idfqT
IR 5 775 0 tr, 18 i R FEE 1 A 3] 4 B 24 P
T, BN EIREA T, (AR IR X
Y. XuOVEE G 2 BRI LA S AR 4 5] 3 IR -
BG40 AT € ) RN, R R 2Ok
ZAMING108-15FTHEK 29341 P4 I ALP X J I
FEE O B VAR A, AT AE B 1R 23 B 2805 1D ] I ek
Yo 58 X5 G,

AN, g A3 BT SR A 20 BT SR B ORIE 40 L Y
BTG, PRIFAH M ) e R, XX A0 AT 40 B 3R
A AR BTG ) EK

3.2 REFRA M

FED RAL A AT B R ARG HE = 2 b R B T
2P Park25!" %45 & MagSifter (Magnetic Sifter) F1Z4K
FLAE BT AR SR B CTCsHEATH 3R, Bl 5 1)
% PR X B AR 24T 22 B R [R) A5 A . Autebert
gLV ) P o 2 T SRS o 3 W C TC s BEAT H7 3¢
2 JG, FEFHPCR (quantitative real-time PCR)XJ
PIK3CAKE N R HEAT /. LeeZs! /il % [ OPEN-
chip (on-chip post-processing ENabling chip)i F % H
VAP 1 (rolling circle amplification, RCA)F B X #47#%
PRI AR B2 AEK B 52442 (human epidermal
growth factor receptor 2, HER2)FE[A. PIK3CAZEAE LA
J 7 M SR R T (K R AS S [RIEAT 97 15, AT T 2 [A]
KA B H ICTCsHEAT 0. A A PR 40 B B 3R 5 40 A
ERHE— NS AT, TR T i R A S
FIRCAR, AEAZIEAE 20 B R AT 3 1Y I A A 28 X5
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F2 BN NIESSS

Table 2 Summary of single cell analysis

FLAR IO T T B

il 2 X AR

FJ LA 5 ST P Bl 1, T A SR BT T
FERAMAE T e S S AR BE MRS, 0 AT ) — S5
P (R A 2 S B0 2 R ) 5O AT A 208 P ) e
M2 ERM

Sof B2 A 3R 4T DN A B mRNA B4 57% 25 30 5 7] 5 2 A F)

T A 2H A BE A THI IR T A B X Sty ) 5 SR

A3 AT R CASRAS B4R i 20 AL BIZE, 3 w] DL Bk A 1R

I3 SR 1) i DR 2H B S A R AE, T A A 5 1)
Jihga B AT

AR A HTRT T L 0 AT T, 45258 5 FIT (RO 15 5);
R 00 f 8 240 L F) SR AR AT Bl T o0 IR 245 LA R vy o

TR 55

TR R 0 AL S M ) CLSE B s 2 B
G bR S5 P AL [RIDNA F A0 25038 (FR AL 18
SRARIK BN FR), AT B A 9 7 T HL] L
L RIZ I, 38 AT AT 2R A

ST A% BRI SN R A e € 5 2 AT HE B A XS
MRS HE 2 A SR e SO R BT T RN
RO SR I 423 B S i Ak LA B AT R 5 DR TR L
A 24 L S T
ST ORI B s 77 7T LUELAT R 25 A
AR, X SRR HIR A AT 24T, o A AAPIR LG
125 A S AN IR 40 B2 TRV P A LA PR S 5 A 6

[ T S 75 2L ORALE AT A5 12

W5 MR I S A2 5

SERRZZ M RAEET X DA RAL I

DNA HFEAL 734 el R A 52 R
AL

Beta AT RPLAEZIR

D RE M

. AR5 T AN TR, HEFRIR PR

LA BTN, 7 ZORUEAR R ) 52 2 1k
(HREAED); DA E A, T
PRAEZR R

FEIMRIGTT TR 2575 M 503 S BRI S S iy

AL F B DL 538 20 ey T A4 5

KU, PEROA RO o g gk A T i R AR 43 A
AR T @R AT, A T 43 HT B AR AR
L4, FEFISH (fluorescence in situ hybridization)$

AR
3.3 4RI oA

ARG RIS H, TIE—EFRRE F S 4 i A
FEE LR T A R ALkl i T FISHE AR #AE i
T T FH VAR A LT Perez-TorallaZs! ) H 647
JE LY (cyclic olefin copolymers, COCs)FIAYEFA K}
SRHERR I . 2ot 7 AT DO 8 24 i 31 1 2 A
RAF . PHAZEHEAT B EFISHAM T, SEBFE IR ) 5 s
MURIAE. Zhang %" I A& 7 S 41 e 05 1 rh o
FISHAEZ A 41 H 58 A% BEAT 1 @ Arkarilll, 38F 1
YERATHRABI3 mRNASHIAAE. HFISHE AR &
B0 B rR Rl DA B FISHEREF O &=, B B 46
FEIFISHP A IS 18], 1 AT AT A N LlAs, sEal B
B A T Bk S TR AL FISH S oA 23 4
AR BB A RN IR B 2 CTCs 4B AE 5., kil

A3 AT BN CTCs 28 (R R AN R A B 1 58 s 3
R IR PR AR ot AU R BEDNATI I AT TR
B 0 Y A o R T A R A S R A iy e s,
FLZH A A mRNARE 53 1) 52 20 it 3 AL B BRI IR B 45 Y Ak
R B AR Ak, % 5 2 n] DAAE 5 DR 3R 8 7K1
b B AT A, BRIk, X B AT
DNA B mRNA #5541 J7 7 0k 4 i (1) 38t 4% 2H Bl o
AT T, R RS BAR AT DSBS 40 ) ey 3
S, AT W 5% B 200 1 T A% S I 1

AT I 2 R P AR 1 A A LA P SR R
TR T 4 et — 20 B3R5 Fe SO, 4k s I 52
PEBEAT I PRk s a7 745 B0, i T IR #RA 2>
AR, TR BT ARV 1) i 248 B Y Al R A5 R AN B
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b S DA AR A A T8 4 S o 1 W A ) 12

A8, A EE TR IR P B B B P 0 R A 1.

W IR R HAR 5 B4 fu DN A S T 4 AR AH
T 25 ol B0 20 e 1 2 R i S 4L
BT (0 R 5 (Eab). H I s T I
Bz, mHSER TR MR WEAcHR, K
By ) 22 B SRR 7 A SR T e L ) B P R T
EF190%, AR FZIT100%. ik 5CEL-seq. Drop-
seq« MARS-seq. SCRB-seqZ5:ill ¥ /5 v2:AH b B A5 ¢
TR 0 52 A AR B DA B e e e g,

% i H ¥y 1% (multiple displacement amplification,
MDA) J B f& —F U T BENL 51 70 LL K @29DNA K &
it ) e DR L AR S BOR, AT DA R R A B
Fe), HAR# K10 kb, 984 e B M, &R T
A LR . Kim VR G0 58 A1 4 3K

+ A
élill:l,

CTCs, Ja& Rkt Bt LI AS R I I CTCs 7 B 1]
K, KsMDA 5NGS (next-generation sequencing)l /55
R, FHRARMFHHEER. Gole! & 1
Tl fL B P 3 2 Gt (microwell displacement amplifica-
tion system, MIDAS)5%#h MDA A 2. MIDAS & —
vl & SR A B O R T, RE K A R BE AL 4> A B
oA 2R AT RIS, R a4 g%
Yo LR T A Fe. 207 T R, e
PA1~2 Mb# 73 2 aa i\ S8 R AR B b 22 0 B 48 DL
WAk, G R T A A ) DR 2H 2 R A3 #

3.4 HHMIRIE A& 20

FENARN, AR TR S ) IE 40 i DN A ZH SO ],
BRI KR IR RAFAEZE . IR R SR IA I 22 7t B W]

Drop-seq single cell analysis
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LCM isolation C) (3) A
G
) (=) (s)
\ (<) © (s)
ICMcap e

Select cell protrusions

B 4 IS () FEF R (b, o) gl Hr O (d) A shig O (9 4 R )
Figure 4 Technologies for single cell analysis. (a) Mutation detection [102]; (b, ¢) single-cell sequencing [110,112]; (d) cell function testing [106]

(color online).
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A 227 244G UUIRE, ERE A R WT I 10, (HANS
L:DNAFH (2503, 3 FhAs € (1 2503 R 2 0 a8
U R i i B FEDNAF AL . R (RIS
Py RERIZHENCAF.  BARAHML AR AL 22 0 T BN
BN, B 3 A A BN B B RO BB R A
AR BT A — € R B b e AR £ pi

3.4.1 DNAH AL

TE M98 55 0 1) A A TP AR FEDNA AR FE 1Y)
AR (PR RIR R ER), TR EAR N R4
DNA H 546 73 W45 A Bh T 70 5 40 i =8 0 168 4% 2 11
ST, I I A E BT SEAF I 1. S PP
BRI 7 43 #T (single-cell restriction aanalysis of methy-
lation, SCRAM)&S S 1 S 4 g HY S5 A A0 py R o 12 P
Y (methylation-sensitive restriction enzyme, MSRE)
DA 22 8% P45 QPCRCS i, W] 7484 L4 i v
T I8 24 SR FR AR, Aar i 25 SR HERA. (H 1%
Tii R BeX 7y U A L (1) 4578 o s B T S5 AL
LR REAR e 2 AL, (2) EAH —ANEEALEE R
F LA O 4k, RonenZs!" M FHDNA%E 454t DA
e H A PP 51 R S5 1 A R A U Bl A 7 ¥ o0 B4
FUDNA LA BE A I, P LASEEECT > 240 1
FRILAL BN M. BeAh, FERRE R R i b AT B AL 3
I AR Tk il b e EEA N Wl % N

342 JARGHT

X G EARIEAT 70 T AT DL T SR 40 0 ) e s R i R
S sRTENE, 1 AR R R DR R AL AN 0 i 2R 1.
P2 I e £ IO 0 1P 2 S 0 Y 3R L R R AL U Y UV,
JHit ATAC-seq (assay for transposase-accessible chro-
matin using sequencing)iEFAT4H MR bR iC I RIA S
Bk IRy T AR AR S A I, AT TR 4 i o Ty
ENEIRIZE dscATAC-seq (droplet single-cell assay
for transposase-accessible chromatin using sequencing)
~F- 6 ) ARV 3 2B TINS e A8 g A B A 54 PR T T
@RAPCREGH . £ &SI MIITER, R HEATPCRY”
R e S e e B e €8 )5 AT A M (chromatin - accesi-
bility) 9 A AT AR FH s 3 Al e 40 i AT T
Rt Ge s SR L, 30 W] M) G 0 S50 e o G € 5 o)
B 540 mRNARE A A 220,

bR EE QEBTAT Eair, AERRES

T S e 05 S 5 TUE 43 1T, scChIP-seq (single-cell
chromatin immunoprecipitation followed by sequencing)
JE T CALE AR 70 0 2 T A D SRAS % = BA 5L B
T 25 PR, 2 B 3 B JE 0 e PR AS 1Y
BT Qe LTI M, WS 5E AR 75 fo vr
35 (H3K 4me3) 8k B A $014] E(H3K27me3) ",

3.5 MR

iR E ARSI, EE, TR, R
PR, WA R BT R T RORIE ORI PR . AR
IHALRENE TS LG RA, A BT 1 R4 ) 2
RRIEZ SR RN,

351 HIMIYIRe At

2 i SL 15 FRASE AT BT 5 A b R AR N AN [ 4
(B P AH AR . Y S i i BB 45 A A8 i, v BL 4y
T4 T AT, 3k — 25 5 b BN A0 B TR A ELAE A
M58 7 73 A 25 RAH L, FIHIFACSIE S A REAS H
SHMOEE ()P 3548,  ToVERE /2 S AFE B A L AR TR 41
ANTE] PRI TR] R B0 H B AN [F) 485 2R, HOAS BE R UE 40 B 7%
P22 Wlodkowic 5! Szt b i I R TR I &
(staurosporine, STS)i% T R ALK 1, Bl i o) 4 i
PHTEAT 8 S A, IR T 0 e 2 B X B 2454
(S i B B EANME. Wood % hd g A [F] (DN A&
52 1ty AV TR AN [] R A PR 1 2 Y, S R A A (] 7 48
BRI, A R KRS HIBTDNAS M R,
28] LS mnd AT DUDNA 345, TESRAT o 22 24
Wi 77 I E R A WIS 7). BB BRI
A [ B S I 164 R 5 20 B P SR A R A B S 4. AR
I AE 32 B AN R P 8 BRI UG 2 b 3R A
e R 4 A R JR B B S AR, BRI
P IGFRIC I i 3R TE I 25 A v I
IR B RPUAR, AR 55 2 9 5 55 SR B 2
Vi EE i 5E B AU 0 E4dfT R, PG-Chip (protru-
sion-generating chip) R A FH 45 3¢ % e i 29l 3 B>
L e A0 PR ZEL AT B R ). R X B i 5% 7 — BB (1)
J&, BAIERRE 0 2T ier i R ke, BE S A
FHOGHE 2 0] F00Ks 20 i 5 ke U1 H1 S U mRNA,
FEJE KK ST B IE 4 M (R i 4608 7, JFd@id 3h ) sL e 5e
WERFE R R A, W H T 2 Ml T 7 4% 28 RE 0 1 4
1;)-_‘[‘[106]'
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A5 IR SR AE AR FA T8 40 P 7 S AP 2 B 435 ) 2

3.52  ZHAEREIR A

X4 (4 A e A AT AR A 8 5 AT DASRAG 4H L )
AU, BGE A [F SR G AR A0 3L 5 R R T4 A
Z B AR LA HY, 30 T4l B D e A -+ 20 A

2 B L 5 AT DU U4 PAY Ji LA it 440 fE xe ek e 24
N AR SR, L SR A0 ST 8 5 S B AR
FLB R0 St A B G E B U R AR 3h 0 i 3k
GO RT, AT DA I B AR B T, o X R sl 7 2
BEAT ALEE,  IF A B 540 R 5 S AV A 4 I £ A
PE T R R S R AR TR S
5 B TR (S B P i o 4 i) AN B A T TE 4 K
(0 Fr S R PR AT AL IR, e AR e 2 T AR A
RN, KB ARRILRSE IR G, R 4 p g
SR AR RGO, R A AT 5
O R0 40 A A2, s e R G A LA
LB /N B 7 R i R 2 M 2 A A SRR AT SR IR,
XM B DL S AE T AT LU S U 5 i e 4 4 B 1
U, AEAE R TR I RE T AT AT REAF AR 2 S5 .

Chen®" "1t 7 — A S A IR B35, 4
FRE L E S BN IR R TR A, RES RAIE
FREEFIHT I G IR, (R L A L 5 e A R L B 57
SUIIR], e A A B R B BRI PR, AR B SR N 4 D
EYTEAEN, AR E IR ] O T ARV
BE S HoA, AT BT AR D7 3 S BLAR E 3 T I 1
TIAERS 20 LA AR5 70 B 2t b, R ATOE X8 3R
THTREAT TSR 77 A A0 AN T Sk 5% 1) 24 200 e A= P B
5 [ i, A B R AL A, RS Hh O B 20 3 70 A
FELAE [ HEAT USSR A eah, ST LA L
PRI R AT 70 H G 5 77 R 2.

3.53 dfEEES

MR R A E RS BECRIE R
HA. M AEA D RSN E AR, thl
FEA M SNV P B I (R AL ). ARk
i 3 B EAR AN R BLSE IR, A0 B 0 AR I R
BT 2, e A R S AU T, AR R T
M 24 P8 I G e S S AN S S VR T T DL K e B Y
Wyt 7 T 3 B A T AT R 1 DA K 4
TPl E A T

HIT SCAR 2% AN P A 35 b 52 2 ) 240 O RS i A4
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Z MR PR AL X B A A AT A CTCs i
ATHER, 30T UGS B4 kAT 43 A, 8 I 23 B 4 e 2 T
R IA B0 bR 1 7 A A A . A A
BZ M5 T8 9O 3BT, MiyamotoZ5 41 H 5
L G2 56 T3 MR ER S N A B 81 Jl e R ME BB R
WAZ S T RAE. AR PR O0(E 5 45 5 RIPSA
(prostate-specific antigen)MIPSMA (prostate-specific
membrane antigen)(5 5, HR#EHB (herringbone-chip):ts
Fr PR CTCs AR I B AS [7) 5% 't $iebi 5 B A 51 i
E RDDR 0 A E T2 RO 2 R B e et
77 20T 48 B 2 2R AT B € AT 6 CTCs 1) B = dE A7
M. PLCK (cytokeratin) % FHr A et U] 3= ZEF X s
M, PLCDAST TG (3 ZEH T 4 i v i) 1 48
20 A S R R LR P S S
Qe LR g A A T HER 2 G €2 R figi s Ja 241 A 11
ZEB-1 (Zinc finger E-box-binding homeobox 1)%x A%,
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Abstract: Circulating tumor cells (CTCs) play a critical role in the fluid biopsy, which has great potential for the low-
invasive or even non-invasive analysis of tumor cells in body fluids. During the process of proliferation and metastasis,
variation among tumor cells frequently occurs, including gene mutations, proteomic and epigenetic changes, bringing in
great challenges to clinical diagnosis and treatment. Single CTCs analysis can reveal the intrinsic heterogeneity among
the tumor cells, which is significant for early cancer diagnosis, therapeutic response and prognosis prediction.
Microfluidic-based technologies for CTCs analysis have been considered as a skillful way because of its small size, easy
manipulation, low cost and so on. In this review, we mainly discuss the application of microfluidics involved single-cell
technology for providing novel insights into cellular heterogeneity and cancer evolution.
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