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WE IS e (circulating tumor cell, CTC) 2 M dn & IR —AL4E1E 4 FARDT & ta fie, 5
TR B K. A, AAXFTEF,ZFW. R, CTCHKE O V1£A S48 MCTCEA 41
K eGPk, I RNA(microRNA, miRNAYE A — K37 & I e K B R R f 49T, AP 6 & A
K. #agidfe PR E RGN, CTCAIRMEMIRNAM AR A CTCH A0 F= I 95 641554 FF 4)
TG, EINRT CTCH B R & X Ae £ 2547 7 ik, ECTCARFMmMIRNAL IYIE 4B, 7677
Fa UG 57 @ &4 T X KA ALY IE e foAr B e AR R

KA

1 5%

H B, MR R ZE R IE T 3R R S 2T O A
NS EE A —M s — AR, IR )
RIS T4 = R (2 VR KRN G B T TS B
AR S, T BT B 4K 22 £ R 112 b 32 2
W T N B AL ZOE R A S W 55 T vk, 1K LT
FERET IR 1) L2 W OR AN

S AAIRE S5 MLV A AL R B b 8 4 i (circu-
lating tumor cell, CTC) AN Ay Jif & 1112 Wy Jo S5
FR) S T 4 A T 2 AR i, iy HL A& A A O & — Pl
Hok 01 (36 97 48 /i 1 T b RNA(microRNA,
miRNA) 5 [ AR & 8 RARHE %), AA
JSC A SR 2 W () T AR A RV T TR B )
MCTCREEPEMIRNAR) 73 #r 71 Mg 1236 i s CH
an . A, ASCERR T 7 R IR T Uk R .

2 CTCHtR
2.1 CTCREIRKREX

IR D A ek Bl A e B Y AL, T BEATL A i
TR PR — B 328 (1) S 988 440 L, 0 0 A9 10 A Ik g
IL(CTC)o M7 SUHG I - 138 40 i LA % v oh
T 40 L (R N AE AR AR v, o T IR B RS R LA
HE GBI T ZINSHERE. TCTCH I
TELE S RN (1) 8 R BA BN HEIR IR =
2.1.1 CTCH &5 CTCIR) IR k5
Jo I A7 A . CTCHE W A A2 S AR i 1) B30 A, K

TR/NRNA; JEEA RN AL, iR b a5 405 40 0

W BICTCHY S A4 989 5 I 44 v e N FEEAT 3 W
22, IR AN RIS BRI, S5 ARG
BH P L% EE LT Y . SR,
ARJG 5% B CTCIAAAE A R A ™. CTCH =MD,
REIN I A5 IR ) LR B, LA oA R0, R,
MOECTCI AT I Ty v R G AR CTChHR &4, %)
TR AR (R A7 A B AT R E B =

2,12 CTCh 75 644645 CTCH I ¥ 1)<
RAEHE BN AR VEILI I B A DA T, AT
N FHCTCH #1 % 42 (CellSearch™, 3¢ [F Veridex LLC
AT AT S G S TR R T B AN
ML FRAEAE B B CTC M Bk 1k w51 B e H
M I T CTC, 1 HARA R 1) 8%, CTC
) R I S AE6S B v, $2 s CTC A 5 n] g 5 s
1) 33E B2 5L TF AH G, ArmstrongZ5E U3 A 1] F k& W
&, I A A SR _E B MY (epithelial phenotype) i1 ] Jii 44
(mesenchymal phenotype)JCTCH] & Jhy 12 % 7 4 o,
B[ _| Jiz 1] Jif %% 4k (epithelial-mesenchymal transitions,
EMT) B0, 13X S840 0 5 e e 78 Fi 22 2% DA

Wk H 1 2012-04-19 5% H19): 2012-06-18

% H R B2 HE 42 (No.81171660) . HTIT 48 24 28 KR Bk 1
(N0.2010C33112) T 11 FARFHEFE 42 (N0.2010A610044) Wi LA B
AATHHI(No.2010R405059) 5+ 33 T BHZ 6137 A I F (N0.2011B82014).
TP IE S 2ERHTH (No. XKL 11D2127, No. XKL11D2128) A1 i1 k275
PHARBFFOTRIH (No.SYJIS-201103) ¥t BhJii H

FHAAAEH o Tel: 0574-87600758, Fax: 0574-87608638, E-mail: guojun-
ming@nbu.edu.cn
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Ko UM FOIE RIN, 45 Wi B8 CTCIAS H %
52k g (1 0 I B2 OEAOG, CTCH R £ # LB
et K. Nakagawa%EU'R I, 1L % £7 7ECTCHY
FL g 28 ELA T e TR IR AR O 5 e 7% 1 R,
IMCTCHIAE A PEAL 7 B A FLIR bk 2 25 75 (1) 4
bRz —-
2.1.3 CTCE g ey e CTCX} 350 Wi i g £
T e A =AM ES . TsoumaZE® & I, CTCIY
IRV e B o S DA OG, RUHRILCTCH A T
o3 R I IS . GiulianoZEUIE #iF 5YCTCHS HY %
55 UM B8 R R A AR A 2P R R N R B, 1A
J7 W CTCIR) K w] AR Ay e B P 3L e DGk e A A ot
[fi] (progression-free survival, PFS)F1 & 4= 47 1 (overall
survival, OS)¥]— I 7 TP FR bR XF T 30 o9
B, CTCHUE T AL R A H R U
(IR, 03 Fe 00 i g i 25 D) 7 5 PFS AHOS 1) P
ko CTCH)FFE T pEE B 5 e £ 55 OS 4 46 AH O,
R T iRg S B v R Ry B e B TS
PRAG IR VER PENY . PovedaE ! IZERIE ST R &R K PR BN
S IPFSHIOSIN K 31, CTCH & (11 2 TR 4 b1
ISR RTUG. Rk, CTCH %R 5 M B 1
a5 ARG
22 CTCHOTMERTT &
SIMTCTCH T F EHAFEE A . 4
W25 R 1 A A0S, IR VA TR AR ) iR B
WA E S (1), CellSearch™FICTC:: Fr 34y 3t
T g% 2 I CTCRL I 732, e AT 1B ml s 48 Xn] s
CTC, {H I GeR M | Bz %6 73 1 (epithelial cell adhe-
sion molecule, EpCAM)PH EIFICTC, T AN
b Rz iR 4 o K/ IN 3 ik v (isolation by size of epithelial
tumor cell, ISET). % J& B J& (density gradient) )2 £
HE A A 2 250 B 0 % 1) Oncoquick(porous barrier
separates density gradient)’s FE VA n] #M EpCAM
PERICTC., HofmanZER I, B 1 il CellSearch™
FIISET W] $2 s CTCHI KL H 28 . 65 % BB i 43 1k
i AE A T IRARE(RosetteSep-applied imaging rare
event) i A2 5 i HF B (A R RS 40 21 40 i A
S, ] T-CTCH & 48 ks T A1 F S e i
PR S i O S 58 A i A XU N (reverse tran-
scription-polymerase chain reaction, RT-PCR)$; K [
AdnaTest(7# [ AdnaGen /2y &) 7= fih) /7 5 B AT B s 1)
RRUBNPERIRE 2 1 o BBk 7)1k 32 %8 (magnetic acti-

vated cell sorting system, MACS) /2 J& T 90 3% b i 11
CTCHE £ 7k, SHE G AR MR . T 400
THEL A CTCHRS W 2 Gn Y £ B 1) 49 4 2 K (fiber-optic
array scanning technology, FAST)FI G 414 41 ffu AR
(laser scan cytometry, LSC)JG 75 JGATCTCHI & £; 1M
b 2 G B 7 (epithelial immunospot, EPISPOT) 1]
Kl HA PRI CTC.,

CTCHE &, ISET. RAREFIMACS B4R 55
U (P BB R AR e M, AE T RS 491 A 5 (1) 4
i [FFE, EPISPOTHIFASTH, I J5 4 22 B # 1) Il R
MM BT 9T 451812, CellSearch™FIRT-PCR$%; A&
N R A SR AT GervasoniZg !k B RT-PCR
FORTESE = &5 W CTCR H 2% BAT R =y Ak
Rio RT-PCRJS1EAE PEALCTCIN B Ay 2 WAL (141 45
S T AT 96ERY, van der AuweraZs2I7E L 45
CellSearch™. AdnaTestfIRT-PCR = F} J5 ¥: F T+ %%
B 1 FLIRE CTCART M I B, 2 b i YRT-PCRAS
ELAT &1 o m U PE . ChenZERP9 A I, Ak
YIRTECA N T P S CTCHRI I 3L 1y . AL, i i
GG F CTChR &M AE CTCR M A H AT 521 7=

3 CTCXEEmiRNAZEMEISETRYIG
miRNAE — R TE AL s E ARk 08 57 16 P9 5P
e /NRNA, “E AT 1175 5 H AR mRNAK) B fif 5k
TP TR B R N R R S R 3Rk, 7
I Ay AR T2y A R
(RVE BT, BFT R W], VF 2 miRNA L Jib 8 (40 45 5
IR 0 R A R AT TR LR, A T4 A i Jik
AT sl 400 56 DR (1) A €080 A A S TR 1) L B e SR AR,
HA 5 8 % U) R BRI R PR IR T T — 28 miRNA B
HCTCH RLbR S 7 S350, RS e bR - 10
1L 2% B L7 AR AT DA 2 7 7K F [RmiRNA, {2
AT if A 97 25 P miRINA ) >R 5 R 25 B (1 B o oA 5¢
A AEV, i AW SOUE W OE N % AR AR R
/B100FHmIRNAPY, J1 B, CTC I EmiRNA F 5 fig
FET IR s FVPREIL b S A Ry 1, E AR R R AR
SRR (R AL IS DN L YIS TR Y6 97 e B U T
(ISP NEPIR
3.1 CTCxEL4miRNA 5 BhiEz B2 B
miRNATE A= 44 52 I BE R Sk, 7 7
VE AL W22 UE 4 IO A (. TaylorZEB U 5% 2 BH, 7 5P
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Table 1 The common methods for the detection of circulation tumor cells
ey JR B o 73 RIGE
Names Principle Advantages Disadvantages Sensitivity
ISET Size discrepancies between Widely used for various types of tumors, Low specificity, loss of CTC 1 cell/mL
CTC and normal blood cells easy and rapid, without damaging CTC’s smaller than the filter pore,
morphology, feasible for EpCAM negative retain large leukocytes
CTCs, high sensitivity
Density Density discrepancies among Easy and inexpensive, feasible for EpCAM Low specificity, larger blood Unclear
gradient different elements of blood negative CTCs volume
separation
Oncoquick Density discrepancies with Easy and inexpensive, feasible for EpCAM Low purity, low specificity 1 cell/4.6 pL
porous barrier negative CTCs, less cross contamination
MACS Immuno labeled magnetic Isolate CTCs with its integrity preserved, Possible false-positive or 1 cell/0.3 mL
microbeads multisorting strategy, high reproducibility false-negative results
and accuracy
CellSearch Capture of CTCs by EpCam High sensitivity and specificity, automated, Only EpCAM-positive CTCs 1 cell/0.5 mL
labeled ferro fluid quantitative, highly reproducible, moderate can be fished out, possible
blood volume required, commercially false-positive or false-negative
available, only assay approved by FDA results, no further analysis
possible
RARE Combinative use of density Low contamination from white blood cell, Non-automated Unclear
gradient separation and widely used for various types of tumor
antibody
AdnaTest A combination of immuno- High sensitivity and specificity recognition No flexibility, possible false- 1 cell/2.5 mL
magnetic separation and of tumor specific markers (EpCAM, MUC1), positive or false-negative
RT-PCR assay downstream tumor associate genes analysis results
CTC Chip Capture of CTCs by EpCAM- Isolation of viable cells (viability 98%), high Only EpCAM-positive CTCs 1 cell/10°
coated microposts under strict sensitivity and specificity, minimal processing can be fished out, possible false- blood cells
manipulation of velocity and of samples, potential to harvest CTCs for positive or false-negative results,
shear force further molecular and genetic analyses not commercially available, no
validation studies in large scale
clinical settings
EPISPOT Based on ELISA Isolation of viable cells and secretory proteins The secretory proteins from Unclear
from CTCs CTCs should have activity
FAST Wide-field and digital Continuous scanning, no need to enrich Subjective interference Unclear
microscope
LSC Using laser-based opto- No need to enrich Subjective interference Unclear
electronics and automated
analysis capabilities
RT-PCR Amplification of the High sensitivity, rapid, quantitative, small Technique issue with RNA Unclear
targeted RNA sample volume required degradation, false-positive

or false-negative results, no
distinction between viable
and non-viable cells, no
visualisation of CTCs, no

further analysis possible

ISET: b ¢ i 4n i K /N3 19675 MACS: BB 43 10 52 4t ; RARE: {if HiRosetteSep 8 (546 /b i1, CTC: JRFA TR 41 L; EPISPOT: | J% G 5t
Ak ELISA: MG W HL; FAST: JeAF BRI AR LSC: ot I ANA; RT-PCR: S eS8 4Bk 2L B
ISET: isolation by size of epithelial tumor cells; MACS: magnetic activated cell sorting system; RARE: RosetteSep-applied imaging rare event; CTC:

circulating tumor cell; EPISPOT: epithelial immunospot; ELISA: enzyme-linked immunosorbent assay; FAST: fiber-optic array scanning technology;

LSC: laser scan cytometry; RT-PCR: reverse transcription-polymerase chain reaction.

S B CTCH R I 8k 1 234 fmiRNA(mIR-21

miR-141, miR-200a, miR-200c. miR-200b. miR-203,
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miR-205f1miR-214), H#HCTCHCTCIHEKEmiIRNA
L5 30 A0 1 P R TR K 2 S B2~ T AN A AT
BUESE T LAIZX 2EmiRNAAE A bk i W E BAR AL U
] TR AR 07 A B I X, 4
7RSI S DA SR Gl ] 10 B SR ge 0 7 vk HATBOK
HIHES B AEAS S % SR AT BE I, JATT A
R AL AN 55 AL SV 19F 22 7 R I miRN AP,
BE— D5 & IR, B4 FmiR-106af1miR-177E
T i B A I A A% A0 I R PR K B T A R

H KR R s T ARG B KPR 3 B
I F-CTCHK U 78 . %435 H B¢ 1 98 SGC-7901
1 PR [ g 512 565 45 SRAIE 92, PAmiR-106aF1miR-171F
ks B H T RENCTCH) R 8IS BNASNCTCA i
/LI B — PG K 4 B R, SR FHRT-PCRAS:
I B3 955 CTCAH X It miR-106a F1miR-17 1) 78 748 43 )
416.54716.19[ LA 5 11 1ff ¥ (threshold cycle, C)% 7<].
FAL, BT I P A miRNA R 2 A 8 A 4B, 1A A
SRR B CTCIARL 7B, i oAl NRNA [ 1
SR A LU BRI CTCH &% 7. [E A BT
FORIN, S NFIR GEATIN BICTCI) B A L, A
ANDF-5ASCTCH AT A DU H 1O gy R 3K 1149 Jie 98 A
KmiRNAPY, filr, FATERL I CTC O miR-421
iR B, R FRICTCHIC A 7.075; 1 H., iR
e 30 5 i AR miR-42 1 (¥ /K7 B 5 v 1 30 S e AR
BN FRATT S0 I R R AR R
L A B 40 R GL TP R CTC), 2R 5 R HIRT-
PCREEARKL M miR-21 17K, KILCTCIE B miR-
21FETI/TV A B 9 15 2 v 1 /KT B 2 v T/ i 2
(7K g AL LA, m# T34 (30.46+19.09) %,
MG & P R A 019.37+13.67)f% . [A I, JATEAIE
WIS A I S VR AN 23 W S8 52 M CTC G I PEmiRNA
RL R RS, R, CTCOGI: M mIRNA AT 12 W7 2%
B, CLUEATIE g bmac 4 mr T S 0 ) 1 S 4408
B HIIRARIRES .
3.2 CTCEEA4miRNA 5B Ho35 7

H A PR A7 5 BT 8 e R A
e Gy e AU PR RN R A R S O
Xof i o S AR bR R B VLR 20K A T R
PEVEH AT IR, IX TCHENE A i (R Va7 A1 KB G

Mostert? A 2k, CTCHCIHE P EmIRNATE I8 1¥)12
Wiy VI RIS VPG 5 T BRI ). E R

B, miRNAXS T~ g 1176 I7 B A B ZE I R 3 357
HwangZ5:B4HF 57 K& B, 1B 45 /IR J (pancreatic ductal
adenocarcinoma, PDAC) i # 4 )7 U8 5 HmiR-21
(R 228K A O, AEARSPSEES T, Je XmiR-217]
PR AYIIIT A PERmiR-21 0] BEAE N —Fhey
Wia T BT R 5N ] TPDACHIYE YT - Stenvang
SIS I, AR/ ROAEHE N SRR K H sh ik i,
B i 1 0 26 R S5 A% 1 IR —— Bl A% IR (locked
nucleic acid, LNA)A] /5 miR-122[( 1Bk, T~ 45 ik
T miRNAR I REST 7 E B AT

CTCHR I PEmiRNAA 7 B Bk S AR VR 9T 1)
IR, AT Ay BEL L b e A% ) ke A3 ) A o BT
miRNA [FJCTCHLIN ] A4 AH GG 7 P AT 0P Al A
AN TEA TR T 7 S MR, R A ) T 00 i e i
AT R
3.3 CTCHKEAEmIRNA 5 BV R i/

RS T, FATRILCTC ORI EmiR-21
TEAR T i 83 UFE rh 7K B2 TR iR
M 39 S e A miR-2 1 7K~ B 8 v T L e A
MG H 5 AR, Xk BARIR, CTCORBE
miR-215 B MG 2 — @ M HC. [FE, CTC
JRIPeEmiR-106aRImiR-17 1/ AH G 3 Mt E S T — 2
o PEmIRNA R 7K n] $ 7R i Rg 284 i T et

wn ERTiA, R O A D HFFTIE B miRNA L i
Je B8 TS 1R DRI PR, AL H T3 A i g 4 2 4
WP g 1 PR B 03 Pk K, s N2 FE IR . & iR
R, CTCUMEER WA &, b i SO id i 4 i
TR CIE i SE [EFDARLAE, v N H T PPAE
PEFUMRIE . &5 9 A0 HT 20 g e 1) TS 100 BT
miRNA R CTCHI B A 5 A T A AR s S P
B LR =TT M. CTCIHEE EHIEH S
JihgRg B OSHAR AT AH G, N Tl RS, $2 % 1
N T FIWT i HERRPENS . PovedaZE ! IZERIE 9T W 3 &2
R G HLEE I PFSFIOSIN A L, CTCHL ¥ 1 2 Fil
TN NS A R TG . Mostert5629A 2, CTCIR
PEMEmIRNA U EH Bl A5 CTC2lAk 73 2 B AR RS I
FBIHEA M H 285 20, EATTRE R0 2 e Ik
J VT FE PO A 1 R A SR AE R

4 NNEERE
Bt miRNAL I B2 A (1 H 2 B4, KrmiRNARY
FIT IR 2 Wy BTG AN TR H & 5 Dk T A
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Detection of Circulating Tumor Cells Using MicroRNA as A Novel Marker

and Its Clinical Significance

Zheng Yuanyuan, Xiao Bingxiu, Le Yanping, Guo Junming*
(Department of Biochemistry and Molecular Biology, School of Medicine, Ningbo University, Ningbo 315211, China)

Abstract

Circulating tumor cells (CTCs) are solid tumor cells that circulate with blood stream. They are

closely associated with the cancer, progress, metastasis, relapse and prognosis. However, the limited number of

CTCs makes their efficient detection a big challenge. MicroRNAs (miRNAs), the newly found gene expression reg-

ulators, play important roles in cancer recurrence, progress and outcome. The studies on the CTC-associated miR-

NAs open us mind about CTC detection, and cancer diagnosis and treatment. In this paper, we first introduced the

clinical significance of CTCs and the main detection methods, and then summarized the recent research progresses

of the relationships between CTC-associated miRNAs, which have been considered as novel tumor cell markers,

and cancer diagnosis, treatment and outcome.

Key words

Received: April 19,2012 Accepted: June 18,2012

microRNA; circulating tumor cells; tumor marker; cell analysis

This work was supported by the National Natural Science Foundation of China (No.81171660), Zhejiang Provincial Research Project
(N0.2010C33112), Ningbo Natural Science Foundation (No.2010A610044), College Students' Science-Technology Innovation Program of Zhejiang
Province (N0.2010R405059), the Scientific Innovation Team Project of Ningbo (No0.2011B82014), the Project of Key Disciplines in Ningbo (No.
XKL11D2127, No.XKL11D2128) and the Research and Development Projects of Experimental Techniques in Ningbo University (No.SYJS-201103)
*Corresponding author. Tel: 86-574-87600758, Fax: 86-574-87608638, E-mail: guojunming@nbu.edu.cn





