Frfe oo B 2 4 75 2017 45 12 F % 38 %4 23 #] Int ] Lab Med,December 2017, Vol. 38, No. 23

+ 3305 -

A7 428 8 K 717 B R 40 B o 4 T R 5%

K Gk

o 4R,

A

"R

(HBRFMHEEREFEERA, ZHei@ 226001)

REW AL A BAMNB@IE; WK
DOI: 10. 3969/j. issn. 1673-4130. 2017. 23. 031

-
o

I 98 400 L DA D ok TRV A T IV FSUATE B i 9eE 2 i
(CTCs) , Bl J5 1T 78 B i b 25 BB BUF B 4t L X2 3 BOK 2 0
B F LT R ET RN, A ORI CTCs HAKRE R
i RIS AN . Zhang %530k S BR 5 5 4 412 4 A L o F
WA R R AMAIR YT R B R B R 5 A R A A A o
W CTCs(5 A~/7.5 mL) BP AT HOM /& 25 Fi S5 . X KB CTCs
TE W Jie 38 % A% B 1 4 I e g A (A AT /N B

AR, CTCs A I AR 0 958 WA BB B 98 N 03 6 )
i, HAT CTCs & 4 FR U 2 A KB 43 5k T H — Fh st 2 Fh
PR 5 R R 20 B X 43, AR R GRIATR 3R 38 V5
AR E R R R IR I 1 AR ZERE D) F(EO YRR RE RS
o E I A TR S . IR W 2 RRAE 43 B CTCs 1y Jit 38
ST b B R A M 2 T Y A O SRR G W —— b B A R A
HF (EpCAM) ) ik, H AR F 7 § CellSearch (Veridex,
LLC, Raritan, NJ, USA) J& H ] FDA 0 — 4t 1 19 77 F] T 1 K
PRI R A . B ORTIX R G R B T R R R
BUT L AR B R T CTCs 2 &4 1 R i BL(EMT)
T A5 B fH) 76 540 T . # CTCs W3 R % 38 & o 7
EMT 12 % oh g F 1 33k 2% A BE 4 CellSearch & 4o il
XREZRGEWBATEIG . 7 MR G B 5 2% L BR ) 1 3
I PR b b A ) N A

TR AR O AR B R A WAL B AN A b7 — 1 o D AR 75 22
— ARG S A AR S8 L AR A AL B O s B At
FERT S A SR, HA% O S B i L B 3 R i 4
$5t (PDMS) 3 i S0 L A A 5] 285 4 A ) RO ) ok 3 4%
WO IE T 4 M Ay 38 . KR E 4202 CTCs $ R 1y KR8 BT
TE.HRIEZH AT ZMAT CTCs ik 8 & &£ MR 5
FETY LS T AN S B I 2L AR R R
SR CEO 3T AT AR TR P A F UK A AL S . S SO AR
WAl B AR AL B CTCs. X A7 38 T F W i 4 W2 o e
1 BAFCICs aBEMMRESREAR

HAalmE 4408 CTCs W BRI FZA 4 Fp: (D HLIRPLIR %
FIHE 4336 125 5 (2) 40 ffa 49 B 2% S 40 346 v AR 40 40 M R T L 8 R
LK A [ RN ) 48 R T 0 3 TP 1 0 = M 0 AT 00 3 5 (3) i
R o3 BB 75 B BUAR bR IC B WE SR AT 43 328 5 () 4H v A2 Pk
e STk ik,

L1 SERIVEREE T SRRV 438 2 — ol 2o e 2 R g e 1k
557 10 A i SR R AR 5 o DA il K S R A R T T vk . B4R
de ., — LI FRBEFE AN WAPR M B EREARCT &I L H
T Kwak 8507 IR & T B RO FEFIZ5 19 CTCs oS A
LI B A A R EpCAM £ 3k 7K F- i MCF-7 il MDA~
MB-231 A FL %6 40 Mi. 78 Mag-Gradient it Jr o 40 B 3
95. 7% EpCAM P #9 CTCs I 79. 3% EpCAM [ # CTCs.
Mag-Gradient s A AJ7E 1 h N B H 3 mL J i CTCs &£ .

e

XHEkERIRAD A

NEHE.1673-4130(2017)23-3305-05

Wang S5 ZE P4 25 vk SR DK sLex- AP I 8 48 J2 B IR
/5B A W2 (HA/CTS) 44 K B I i CTCs i 35
B TE A0 R SR O Th S BT CTCs 1 4l 3R 0 %5
Rt 2 59.5%[25/42,(2E2)4 CTC/2 mL], WAb,%IEH
i KB CTCs FHMEF A CTCs By BRI /N 0T Mok i g
00 DA T i geg - ok B 25 5 B CTNIMD M 26 . 35 01 40 1 o 4 5
PR BT VB AR R RS M 4 . AT 4 B 95 N B BB S Ep-
CAM f£:2 CTCs 41 4% 5 M HL AR &0 . (0 A — b
20 Jf 09 A [R] 37 3D 25 3R 3R R [R] 19 EpCAM, 40 A 2L Bt J 4 At & 1Y
MCF-7 fil MDA-MB-231 40 jfa"" . i H., 72 b 98 ) %% & o B
W, CTCs 2 &4 EMTS  [H L. X # 4 CTCs A RE# K i Ep-
CAM Fik iy S # 05 A &2l L {H EpCAM F ik B #: CTCs E
ZoRUE W B R A R AR 8 . BT 2SS
5 T 9% B AR 2 6 FH A0 MR AT o S R SR I R RE A2 e b
1.2 W) Hps o ik
121 EFHRRSTRMAEREES  K#H CTCs i K FIE
WML AN B A CTCs A% 12~25 pm, L0411 (RBC) 2y 8 ym,
4T (WBO) 7~15 pm]2Y . BT 40 M /M B i v &
%Il PARSORTIX Hil SCREENCELL % o] ffj 38 R ~F # K 0
CTCs. i % /N WBC, it /i (PLT) F1 RBC 8 3 & nh 222,
H1 Warkiani 5292 I % (14 2 fo 00 1A A 32 22 ) P il 4%
ol 3 3 AL R AR Bl T R AT AN A . I E R W] LU AR T
) CTCs, 4 B R ik 85% . Hyun %5 & i H & T —Fhis
WA R p-MOFF %58 D) 43 8 EpCAM [ CTCs, #Zih
I CTCs Ay 4B 3R 0 R ~E IR 36 B 5 4 1 L 58 AN R
i+ CTCs F i EpCAM 5k , v 157 38 5 1 10 42 58 34 10 57 I
P CTCs, fE& A p-MOFF R8540 8 24 4 FLARJE B35 S
M A CTCs, HAF 4 & B3 (4/24,16 %) CTCs #) EpCAM
PHAE . 3t )2 Ry T 2L IR 9 B 3 I T R A7 A2 K i EpCAM B
By CTCs™ , Kulasinghe %7 F 3l 0 8 2 A K 3% 29035
Ji e (HNC) B 1) CTCs, £ 24 ) W) gl e ) HNC 3%
A 13 4 ] CTCs, i HZEX 13 #l sh 45 7 i 5 55 0 5% 3
CTCs #E . HoAth 3 T I /N F 8 T 1 19 190 30 488 AR 56 B0 R AR 56 3¢
Bk 2,

5T 40 K /NI AR T 0 Bl e e B TRT B A AR Al 3R
S RESE LRl it CTCs By 4332 , JO 75 M 20 Md 2 1 An 3k 4, vl
M ZRPTRIETTFRie . (0 A% 58 52 B 8 1k CTCs
ST RS T EL L A0 M BT AR T M B A S R R A
il A RS 2B CTCs Wit 2k . MAh, 784> CTCs RF5E 40
JAR AL, W25 5 A & 4
1.2.2 ETHMIFHRES
1.2.2.1 BEFEE S 5 F UM R R 40 i A i i s 4
B A1 T R A0 o A0 RN B 25 12 R — B i
BP9k 7458 . Bhagat B T — R IR T RS 00



e 3306 - EFRAR I E ¥ 4075 2017 48 12 A 4 38 %% 23 #] Int ] Lab Med,December 2017, Vol. 38,No. 23

ME A CTCs WS A5 40 3 20 05 A 5 78 J AR S VE R 20 3
AR R [7] 19 40 e 4 330 30 AR [ 8 3, BT 52 B0 e 88 40 L 1) 42
54 B s W98 MCFE-7 40 i/ RSG5, 3 mfick ik 80 %
BN THGH T b B AR R 8~ 10 4~ CTCs/min, %85 F 3 2 i
AR BT TEEE L W 4 B A0 JE A 1 40 0 R0 G LA A% 40 40 i
o BARKY IR ERAE R B L B R Il AT T 40 0 B8 7, {H 3R R
CTCs Zi MK B MM P 554 K H Al 41 .
1.2.2.2 #fyEtEmm g o 0 s A (DLD) 2 Fil
Pl Jed 200 . B T I 200 B RS DR ) B L B i I R AR A
F CTCs AL 4 g 18] 5 DLD F4 31, CTCsCR T A L4725
Bl B2 B 488 I 1) — 000 3R 4 17 L L 400 M O/ i 2 ) il
TG AR OUES R4 JE B O 3 PR 5 L 4 e S B CTCs 19 43 i &
4. OKANO %Y 7 —Fhk F DLD f i #2005 A H ke
T3 FL A R TR Aty o 03 v R S T T O O 0 A
TRORE B 370 [X. o /0N 00 M ARG 9 A T 4 O LA 2 T R 2 AT il 4y
B E/NGIA . TS R A A R AR ) 9 AR PR
KA EE S W I B RS — AN ER . &
2R NS TR L SR E 4 B . SRR R A
I W 3000 3 3 5 3 T

Liv 25500 7] FRRf 2 2 000 1) 52 % 942 390 R0 3 T 25 0 14 40 e
THARZRH (9 L B TT T — B Bt A 8 P 0 s e 0 5 L
JEANA W &R 9.6 mL/min, W] SZHL 90 %6 3 K 3 A 50 % LU I
WU AR A . Xy CTCs i sR#2 4t T —Fp A M S My ik B
o [l WS R T P AN AR M A O AR A R R R A 2
Wy 07 0k v 2 TR VA 1
L3 GIEWEERITE T R WEER Oy B IR AR BRI S
PEMIR B AR SRR B HARAG & 0 —Fh AR . Huang %%
TF 7 el 3h P o AT S 8 Tl M A K O B O P R . S
H {3 L SkBr3, PC3 il ColO, 05 41 Jifa 4 BF 78 %t 4 . Hidi g %
S350 97 %, 107 % 1 94% ., CHANG 2500 fiff i - 5 4
JE R SR - e 38 U R S TR SE RN ik R B4 8 CTCs,
PRI REER S S R BURR CTCs M5 & R E R IR
AR RA 8 pm HAILES M HON R iR =, il #E

YVE R R FFALAR I CTCs, W B R 45 & CTCs 14 7 25 Bk kL
L H A /N OB 285 A MCF-7 4 i il 3R o 89 %4
B AR L B NN T OO s N i L R K @ T
BARE A RAL Gk, KRR R, (AR, B TER
i g 240 B A7 S5 5 M AR B 3R TR 0 B R A AR 4 R AR AR
b, R 8 B — LS AR A % CTCs BEATH I A — & BRI .
3O PR BUAS s R 25 R R O AR b 2 R Y
J] L
L4 Ak /rgksE A i ik (DEP) 3 AR A 2 47 T
SIRRE I G T PR ROCRL . B T A AR 0 4R T AR 1 OF BB 2
8o A E LUK I I RN B T BV BRORL I K0 o B VR BRORL A i
Jib 2V IR B R O F B B L 5 ) H B T R R
BRI RO EE SRS R, IR A0 M RN IE 40 I [ R A A
SRR o BT LA, 5 e K s A B A3 O VA AR LR A
F B DK B AT e 3k R R T S M RN T Y A B AL
gl

Moon %075 i3t 241 A 22 FL 3 31 43 B (MOFF) il 4 i H 3k
(DEP) 401 1 43 25 B AR o 1 2 st 5 A 2L IR 93 40 s MCF-7 5 Jin
LA B AE 43 B9 o TR D0 43 R D OO 4N M ) K e R v T
T gL DR e AT DAGE R AR A 3. DEP 43 B 7E A B Y S
b ¥ e — e AR T AR A BRSO . X RN R [R] 43 2 R
1 B IE 4 A P S B T SR R A . BT AR IE Y . 1 R A
126 L/min {45 2 W 22 3] MCF-7 40 a8 T 162 %, %4>
R R BB S0 TR L0 A0 N A0 L 4 BECR A B 99. 244
1 94.23% .

55 Bk R DEP R T [ 52 76 40 M0 04 ¥4 B 4o
HHARAFEARNH S Wb, TEN . DEP /Y J7 [ A&
MR HL 3 1 5 T8 T2 E 7= A 3 0 2R G R AN SR 8 L 3
JE 0 7 ) B A 0 . A R ERL DK 43 3 Tl R 2 i R S B A e 1 B e
Al B, 5 2 B 2 T 3 A 2 R TR 5 1 A E b S R Al 4 R &
T 00 R 200 B 60 B 2 R LT A 5 T LA BT Y O R A R R IR
HERA oy B skhe .

®1 AR E R CTCs 18 3K 30k

i 4K 5T E/IREN | FE R WIRBCR () B2 30k
ST R K BRI Y Anti-EpCAM MCF-7 4fif138 T WBC 90 [13]
FE YK LT 4E (CNFs) Anti-EpCAM N BEANE(KATO 1D 82~96 [14]
TiO2 44K s 4 51 Anti-EpCAM MCF-7 4 33§ T WBC 85~95 [15]
NFIE NP-HBCTC-Chip 75 B Anti-EpCAM PC3 Al MDA-MB-231 4 g IR T 4> Ifi. - [16]

U T AT B 51 Anti-EpCAM
HA/CTS Anti-EpCAM
Ut T B T8 Anti-EpCAM

MCF-7 1 MDA-MB-231 A ZL 5 9 2 ify

95.7~79.3 [17]

A2 {51 JFT- 40 A8 2 ik 61.6 [18]
21 {5 65 393 =1 /) 240 Y P 9 28 2 1l T 90. 49 [19]

T = "R IR UG

®2 ETHBRNNEREERHEIR CTCs 18K 3T #k

figREIT FIERHE  AREIE FE AR WRERD  SHIR
WAL g HHZBUEE 10 pm PC3/DU145/ MCF-7 4t LR - AL A LR 90 [22]
ISR PDMS #kt: — MDA-MB-231,MCF-7, T24 41} =85 [23-24]
p-MOFF S B MOFF @i 10 ym MCF-7 4 iR ¥ I 75 [25]
WRTEF £ o 18 - 58 {511 7L 9 1 i A8 4 LV 100 [26]




PRt b E ¥ 4 2017 4 12 1% 38 %% 23 1 Tnt J Lab Med,December 2017, Vol. 38,No. 23 .+ 3307 -«
gx2 EBETHERXMEREERER CTCs #HX308
ik o0 BIHERHE KR FE R D EACONE = 3TN
HEUE H M4 MoMiE 14 pm FaDu,CAL27,RPMI2650, MDA-MB-468 4fi i T Ly 1 FINC 5235 1.7 54 [27]
— PDMS f#fE 100 um PC-9 40 F 1./ ACC-MESO-4 {i F ifL i 88.0/38 (28]
O T ) PDMS ik 12 ym MCEF-7 1 MDA-MB231 il 92-97 [29]
) A 25 1) ek PDMS ikt — Al NSCLC 4 i 2 (A549, H460, H292, H1299 i1 SK-MES-1 £ iR £ =50 [30]
] FEAN S ) ik PDMS fikt: 10 pm H446,SK-MES-1 Fil A549 4 82.7 [31]
T =" FRR IR
% 3 ETHRNFURERHIRKR CTCs R H
B/ STH TAHEAE FEh WPRRD B
IR fii i e MCF-7, OVCAR-5,M395 .PC-3,A549 4iffl 36.8 [32]
- Pk MCF-7 £ T I % 80 [33]
DLD 451 LIS SIS /N BB BRI 40 (SP2/ O 4Rl 78.2 [34]
DLD (4% KRR WMI164,MB231,PC9,PC3-9,SKBR3 il LBX1 41} % 97+2.7 [35]
DLDCgE I = FA B LIS VIS BTTAEN MCF-7 # i T ML 90 [36]
- LaFF 43 Bt i S T A TR IR MCEF-7 il Jurkat 5k E6-1 I 41 5 95 [37]
x4 SRR HLER ik A IR CTCs 48 K 3L
EEINST R He LA R (At T e PR EZ BTN
Tl Anti-EpCAM SKBR3,PC3-9, MDA-MB-231 ,MCF10A-LBX 4liff§  98.64-4.3,89. 74-4.5,77.847.8,10.9+3.0  [38]
TKATERRED Anti-EpCAM SkBr3,PC3,Col0,05 4ifitl 97,107,94 [39]
LIS Anti-EpCAM MCF-7 4 T 1M 89 [40]
Rt Anti-EpCAM A549 TR T MK 56 1) NSCLC B4 1Lk =68 [41]
HERGERGS]  EpCAM,HER2 fil EGFR A431 4R Hela 40 79 [42]
T TR IR
x5 Bk E#IR CTCs 8% Xk

kT R, Pk S A PBE & WPFRD  BHH
DLD ¥k 4 %1 il HL UK WM164,MB231,PC9,PC3-9,SKBR3 Al LBX1 41 g & 97+2.7 [35]
- ISR Capan-1,PANC-1 1 BxPC-3 #iJifs - [43]
T ¥ fol i Je S 1 Bk (ODEP) PC-3 41 1 T 1M ¥ 100 [44]
PDMS {4 il il i i ¥ VK MCF-7 41l g 1R A I ¥ 88 [45]
MOFF %1 S H LYK RBC.WBC. MCF-7 41 i 93.31 [46]

W =R R TR .

2 % i

CTCs iy 6 I J2 I K b i 55 f# Yo i 8] 480,y F° 4 JA] il
CTCs 7K WA X 75 5 50 B CTCs Mo . H i, 45 Bl
CTCs Kzl £ A A5 2 0 & . B 8 08 h H AR BoA IR
ENSIINE R R SE (T R LR - ST R GO pT
CTCs 114 i B . i 40 B2 1) 70 6 4 . DY B 2085 7 — HH Bk
JBA F 5 B VL B AR

PEAE R CTCs £ AR K4k 3 3 . 5K 2 4 T 0F & B B
i AR T T I R Bk 2 R AR I PR3 IE . 22 BB 2 B AR 2 X
CTCs Y sl &  BFFT SRS CTC Y AH AR AL T2 45 B BL i@
3 X A JEATE F B g A T AT 0 4R A M e e AT 2 A
4 5 PR 2R o BE N TR VD X i 98 S 5 P L 5 O R R B R ) B
0 AT Sy fifRE 2 R A AR A 3R 9T R T Y BB . B
AR R S B AR BB S W TR TR I PR HP B 5 9 H AT ff

& ik

[1] Hanahan D, Weinberg RA. Hallmarks of cancer:the next
generation[ J]. Cell ,2011,144(5) :646-674.

Massague J, Obenauf AC. Metastatic colonization by cir-
culating tumour cells[J]. Nature, 2016, 529 (7586) : 298-
306.

Zhang J.Wang HT,Li BG. Prognostic significance of cir-

(2]

[3]
culating tumor cells in small-cell lung cancer patients: a
meta-analysis[ ] ]. Asian Pac J Cancer Prev,2014,15(19)
8429-8433.

Allard W], Matera J, Miller MC, et al. Tumor cells circu-

late in the peripheral blood of all major carcinomas but not

[4]

in healthy subjects or patients with nonmalignant diseases



+ 3308 -

TR I B % 4 75 2017 45 12 F % 38 %45 23 #] Int ] Lab Med,December 2017, Vol. 38, No. 23

[J]. Clin Cancer Res,2004,10(20):6897-6904.

[5] Riethdorf S,Fritsche H, Mulier V,et al. Detection of cir-
culating tumor cells in peripheral blood of patients with
metastatic breast cancer: a validation study of the
CellSearch system[]]. Clin Cancer Res,2007,13(3):920-
928.

[6] Mj CMG. Circulating tumor cells, disease progression,and
survival in metastatic breast cancer[J]. N Engl ] Med,
2004,351(8):781-791.

[7] Janni W,Rack B, Terstappen LW, et al. Pooled analysis of
the prognostic relevance of circulating tumor cells in pri-
mary breast cancer[ ]J]. Clin Cancer Res, 2016,22(10):
2583-2593.

[8] Aceto N, Nicola A, Aditya DT, et al. Circulating tumor
cell clusters are oligoclonal precursors of breast cancer
metastasis[ J]. Cell,2014,158(5) :1110-1122.

[9] Ksiazkiewicz M, Markiewicz A, Zaczek A]J. Epithelial-
mesenchymal transition:a hallmark in metastasis forma-
tion linking circulating tumor cells and cancer stem cells
[J]. Pathobiology,2012,79(4) :195-208.

[10] Volpatti LR, Yetisen AK. Commercialization of microflu-
idic devices[ J]. Trends in Biotechnology, 2014, 32 (7):
347-350.

[11] Hajba L,Guttman A. Circulating tumor-cell detection and
capture using microfluidic devices[J]. Trend Anal Chem,
2014,59(2) :9-16.

[12] Trifanny Y,Jin TS, Leng LC, et al. Microfluidic enrich-
ment for the single cell analysis of circulating tumor cells
[J7. Sci Rep,2016,6(24) :22076.

[13] Sun N,Wang J,Ji L,et al. A cellular compatible chitosan
nanoparticle surface for isolation and in situ culture of
rare number CTCs[J]. Small,2015,11(40) :5444-5451.

[14] Sun N,Liu M,Wang J,et al. Chitosan nanofibers for spe-
cific capture and nondestructive release of CTCs assisted
by pPCBMA brushes[J]. Small,2016,12(36) :5090-5097.

[15] Sun N,Li X,Wang Z.et al. A multiscale TiO, nanorod ar-
ray for ultrasensitive capture of circulating tumor cells
[J]. Acs Appl Mater Interfaces, 2016, 8 (20);: 12638-
12643.

[16] Park MH,Reategui E.Li W,et al. Enhanced isolation and
release of circulating tumor cells using nanoparticle bind-
ing and ligand exchange in a microfluidic chip[J].J A M
Chem Soc,2017.139(7) :2741-2749.

[17] Kwak B,Lee J,Lee D,et al. Selective isolation of magnet-
ic nanoparticle-mediated heterogeneity subpopulation of
circulating tumor cells using magnetic gradient based mi-
crofluidic system[ ] ]. Biosens Bioelectron, 2016, 88(15):
153-158.

[18] Wang S, Zhang C, Wang G, et al. Aptamer-mediated
transparent-biocompatible nanostructured surfaces for
hepotocellular circulating tumor cells enrichment [ J ].
Theranostics,2016,6(11) :1877-1886.

[19] He W, Xu D, Wang Z, et al. Detecting ALK-rearrange-

ment of CTC enriched by nanovelcro chip in advanced

NSCLC patients[ J]. Oncotarget,2016,3(10):1068-1111.

[20] Yu M, Bardia A, Wittner BS, et al. Circulating breast
tumor cells exhibit dynamic changes in epithelial and
mesenchymal composition[ ] ]. Science,2013,339(6119)
580-584.

[21] Zheng S,Lin H, Liu JQ, et al. Membrane microfilter de-
vice for selective capture, electrolysis and genomic analy-
sis of human circulating tumor cells[J]. ] Chromatogr,
2007,1162(2) :154-161.

[22] Xu L,Mao X,Imrali A,et al. Optimization and evaluation
of a novel size based circulating tumor cell isolation sys-
tem[J]. PLoS One,2015,10(9) :e0138032.

[23] Warkiani ME,Khoo BL,Wu L,et al. Ultra-fast, label-free
isolation of circulating tumor cells from blood using spiral
microfluidics[ ] . Nature Protocols,2016,11(1) :134-148.

[24] Warkiani ME, Khoo BL, Tan DS, et al. An ultra-high-
throughput spiral microfluidic biochip for the enrichment
of circulating tumor cells[J]. Analyst, 2014, 139 (13):
3245-3255.

[25] Hyun KA,Koo GB,Han H,et al. Epithelial-to-mesenchy-
mal transition leads to loss of EpCAM and different phys-
ical properties in circulating tumor cells from metastatic
breast cancer[J]. Oncotarget,2016,7(17) ;:24677-24687.

[26] Khoo BL,Warkiani ME, Tan DS, et al. Clinical validation
of an ultra high-throughput spiral microfluidics for the
detection and enrichment of viable circulating tumor cells
[17. PLoS One,2014,9(7) :€99409.

[27] Kulasinghe A, Tran TH,Blick T,et al. Enrichment of cir-
culating head and neck tumour cells using spiral microflu-
idic technology[J]. Sci Rep,2017,7(15) :42517.

[28] Chikaishi Y, Yoneda K, Ohnaga T, et al. EpCAM-inde-
pendent capture of circulating tumor cells with a "univer-
sal CTC-chip[J]. Oncology Reports,2017,37(1).77.

[297] Hosseini SA, Abdolahad M, Zanganeh S, et al. Nanoelec-
tromechanical chip(NELMEC) combination of nanoelec-
tronics and microfluidics to diagnose epithelial and mesen-
chymal circulating tumor cells from leukocytes[ J]. Small,
2016,12(7) .882-882.

[30] Zhao L, Tang C, Xu L, et al. Enhanced and differential
capture of circulating tumor cells from lung cancer pa-
tients by microfluidic assays using aptamer cocktail[ J].
Small,2016,12(8) :1072-1081.

[31] Gao W, Yuan H, Jing F, et al. Analysis of circulating
tumor cells from lung cancer patients with multiple bio-
markers using high-performance size-based microfluidic
chip[J]. Oncotarget,2011,8(8):12917-12928.

[32] Sollier E,Go DE, Che J.et al. Size-selective collection of
circulating tumor cells using Vortex technology[J]. Lab
on A Chip,2013,14(1):63-77.

[33] Bhagat AA,Hou HW,Li LD, et al. Pinched flow coupled
shear-modulated inertial microfluidics for high-through-
put rare blood cell separation[]J]. Lab Chip, 2011, 11
(11):1870-1878.

[347] Okano H,Konishi T,Suzuki T,et al. Enrichment of circu-



Frfe oo B 2 4 75 2017 45 12 F % 38 %4 23 #] Int ] Lab Med,December 2017, Vol. 38, No. 23

+ 3309 -

lating tumor cells in tumor-bearing mouse blood by a de-
terministic lateral displacement microfluidic device[ J]. Bi-
omedical Microdevices,2015,17(3):9964.

[35] Karabacak NM,Spuhler PS,Fachin F,et al. Microfluidic,
marker-free isolation of circulating tumor cells from blood
samples[ ] ]. Nature Protocols,2014,9(3):694-710.

[36] Liu Z,Zhang W, Huang F,et al. High throughput capture
of circulating tumor cells using an integrated microfluidic
system[ ] ]. Biosens Bioelectron,2013,47C(18):113-119.

[37] Lee SW,Hyun KA,Kim Sl.et al. Continuous enrichment
of circulating tumor cells using a microfluidic lateral flow
filtration chip[J]. J Chromatogr,2015,1377(3120) :100-
105.

[38] Ozkumur E,Shah AM, Ciciliano JC,et al. Inertial focusing
for tumor antigen-dependent and -independent sorting of
rare circulating tumor cells[ J]. Sci Transl Med. 2013, 5
(179) :179-184.

[39] Huang C, Smith JP, Saha TN, et al. Characterization of
microfluidic shear-dependent epithelial cell adhesion mol-
ecule immunocapture and enrichment of pancreatic cancer
cells from blood cells with dielectrophoresis[ ] ]. Biomi-
crofluidics,2014,8(4) :044107.

[40] Chang CL,Huang W,Jalal SI,et al. Circulating tumor cell
detection using a parallel flow micro-aperture chip system
[J]. Lab Chip,2015,15(7):1677-1688.

[41] JiJ L,Jiang YZ, Tang QQ, et al. Detection of circulating
tumor cells using a novel immunomagnetic bead method
in lung cancer patients[J]. ] Clin Lab Anal,2016,30(5):
656-662.

[42] Lu NN, Xie M, Wang J,et al. Biotin-triggered decompos-
able immunomagnetic beads for capture and release of cir-

culating tumor cells [ J]. Acs Applied Materials Inter-

faces,2015,7(16) :8817-8826.

[43] Gascoyne PR,Shim S. Isolation of circulating tumor cells
by dielectrophoresis[ J]. Cancers,2014,6(1) :545-579.

[44] Tzu-Keng C, Wen-Pin C, Huang SB, et al. Application of
optically induced dielectrophoresis in microfluidic system
for purification of circulating tumour cells for gene ex-
pression analysis-cancer cell line model[ J]. Sci Rep,2016,
6(20):32851.

[45] Kirby D, Glynn M, Kijanka G, et al. Rapid and cost-effi-
cient enumeration of rare cancer cells from whole blood
by low-loss centrifugo-magnetophoretic purification under
stopped-flow conditions[ J]. Cytometry A, 2014,87(1).
74-80.

[46] Moon HS,Kwon K,Kim SI, et al. Continuous separation
of breast cancer cells from blood samples using multi-ori-
fice flow {fractionation ( MOFF) and dielectrophoresis
(DEP)[J]. Lab Chip,2011,11(6):1118-1125.

[47] Ferreira MM, Ramani VC, Jeffrey SS. Circulating tumor
cell technologies[ ] ]. Molecular Oncology, 2016, 10(3)
374-394.

[48] Qian W, Zhang Y, Chen W. Capturing cancer: emerging
microfluidic technologies for the capture and characteriza-
tion of circulating tumor cells[J]. Small, 2015,11(32):
3850-3872.

[49] Ming Y,Li Y,Xing H,et al. Circulating tumor cells:from
theory to nanotechnology-based detection[ J . Front Phar-
macol,2017,8(8) :35.

[50] Ignatiadis M, Dawson SJ. Circulating tumor cells and cir-
culating tumor DNA for precision medicine; dream or re-

ality? [J7]. Ann Oncol,2014,25(12):2304-2313.

IS A H 1 :2017-05-13 &8 H 11 :2017-07-26)

(355 3304 1)

(2] BARKE.HICE AU % IS S5 E AL R
HEHOAUME IR 5 A8 0 AR 56 LT 1. b A2l JR 9 4% 5K, 2015, 7
(1) :26-30.

[3] Kushwaha S,Vikram A,Jena Gb. Protective effects of en-
alapril in streptozotocin-induced diabetic rat: studies of
DNA damage, apoptosis and expression of CCN2 in the
heart, kidney and liver[J]. J Appl Toxicol,2012,32(9);
662-672.

(4] W (R oWl 5% 0 2 48 N R0 LA % - ADA 5 WHO
FRIG 2 W b A ) e B LT, AR B 2 P9 4 I 2 4
2000,20(6) :328-329.

(5] BTARARREER T VP @ Wl 45, 5 I IO A 40 4k 2 1 06 1 T
PRECSCRATA SEIRLT ] rp A O i 2 2 2 35, 2010, 12(3)
161-168.

(6] T BJK5, bR, & B 5 P 28 04 )7 M I P o
PR R OB o) B SR T Rg i s ma i 52 (0 ). o [ 2R
2£,2012,15(27) :3124-3126.

C7] duscHr. sk niam ., £, 5. ST 3 Bk Ak yr # 28 11T 40 9 15
SR A B R 1 fE B R R A A LT 0. AR % e 3,

2014,94(33) :2562-2565.

[8] Cotler Sj, Kallwitz E, Tencate V, et al. Diabetes and he-
patic oxidative damage are associated with hepatitis C
progression after liver transplantation[]]. Transplanta-
tion,2007,84(5) :587-591.

L9 JEASHA S ] KB, XUAE - 5. 133 3] 8 4k JF: & A R s B o
KRN AE O FE B BB 28 AN T 4 0T LD . 52 I e 2 A
2015,20(1) :43-46.

[10] JRIEAE BOAUE . 88 A — 48 B 508 BR 2 AR BRI
2 BUBE IR B 2 0 B O LR B 8 L H 5 C koK FE Ry
F R E 2R ES,2014(18) :2156-2159.

[11] Ishii T,Fukano K, Shimada K, et al. Proinsulin C-peptide
activates a-enolase:implications for C-peptide--cell mem-
brane interaction[ ] ]. ] Biochem,2012,152(1) :53-62.

[12] X3k Aok, 5k 25 3, 55, 2 AU IR Mg % C KT 5 0 IR
9o AL T RS A 1 o6 R SR [T ). b 2B %, 2013, 16
(23):2667-2670.

(Wi H:2017-06-22 &[] H #1:2017-08-06)





