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Progresses of research on detection of circulating tumor cell, from simple count-
ing to analysis of phenotype and function

BI Fengrui, YAN Hongli ( Department of Laboratory Diagnosis, Changhai Hospital Affiliated to Second Military Medical
University, Shanghai 200433, China )

[ Abstract ] With development of novel techniques for targeted therapy, immunotherapy and so on, the tumor diagnosis
and treatment have entered a new era of precision treatment. Liquid biopsy played an increasingly important role in the
precision treatment of tumors as a convenient and noninvasive assay which could dynamically reflect the whole pictures of
tumor gene spectrum. Detection of circulation tumor cell ( CTC ) in blood is the earliest liquid biopsy technique and has
been widely used in the early diagnosis, prognosis judgment, efficacy evaluation and so on for tumors. At primary stage,
the detection of CTC mainly based on a purely counting. However, a fact that the purely counting cannot really reflect the
situations of tumor load and changes was gradually found. With continuous developments of sequencing technique and so
on for a single cell, understanding of CTC is also deepening and the detection of CTC gradually turned to the advanced
stage that is based on analysis of molecular phenotype and function. This paper mainly elaborated a development of CTC
detection from a primary stage to an advanced one and progresses of the research on its application in the precision treat-
ment of tumor, combining with clinical practice for recent years.

circulating tumor cell ( CTC ); liquid biopsy; simple counting; molecular phenotype; functional analysis
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1 A FF fiF 5 48 JE( circulating tumor cell, CTC )
R ET HRBIE DT B AET IR SR A AR R
S B 5% A kR )FE N A JB] o 4 BB B R 4 e, = T M Y
BEAREERfMAAEBNELRE, RARE
1869 F ATt A T CTC WHE, (B AT 2 &k
MBEAWRE, — Ao RFEHFWEN ", 2004
S5 £ T8 Veridex 7 & 1 CellSearch CTC 4 $
AR £ E FDA sy 4o, i CTC AR R iy E 2 i 5
o FIEAHE LS, 657 B CTC % B 2 # # i
#. B 9% ( metastatic breast carcinoma, MBC ) J 3 T 3
J& & A (PFS )Fn & A 7( OS ) el SL UM A -, A i
HEARAE T CTC R #. B+ %4, A PubMed
R E B CTC #F A6 X B35 19 000 . 5 I A,
CTC 8yl /K B2 ) #F 58 o 7 A i, 2 B I R 3K 30 038 2
( ClinicalTrials. gov ) # L2 2| 8 X T CTC By I /K #F
KA 3010 T, @3 T JLF PR 0 SRk, T 5 &
WA W T BT BOR R %L 2007
S ASCO ¥ CTC 24 N\ T Bt 78 47 75 4 8 96 %5 52012 47
# [E CFDA #LY Veridex 18 FF ¥ 7 48 jig 40 7 52013 &
CTC ®MMINEEHER, CTC BN R ALK EHB A
Y Fi T A0 5 W A S B Y R M F Bz
BB CTC il F Z L it oh £, 8
TR E®RF AL, i T CTC 57 F i AW 7 &
A —F AR CTC Wah A EAE R B, BAiT BT
FEERBEERENI R, b Rk E R, K
R AN K E W E B R H4% m CTC B & &L 4 47 Ao
AR X B R B —F R T AN CTC #A
W E AT 6 9% E ol vk B R fn 5 CTC, AT %
MW E T REE T ENDH BT AT
H| B 4 o

1 CTC #aEI40 2R B B - 4RIt 55

1.1 CTC & &A%z ik
CTCEMBEE A TR EEHFHD,F
4 10 ml 4 JE o #AXA 1 ~10 /> CTC, 2 H A 500
A 41 20 A0 L ACAS & 48 L, n T N ot 2 L 1Y 3
FaBmEE CTC A RHF 2 —ANE Kk &,
EE b, CTC 8y '8 & 5 e it 3ogt ik 7 738
BAIE KXW EE, B CICHEEFEEE
A4, DA,
1.1.1 DA CTC %k W # J& fn % 9% 7% ok 4 2 ah 19 “ 44
#R W L e E L R R R X AR R B Ak
4%, #n CellSearch % %t . CTC-Chip | % J& #k M 28 J8 2
WAL %, CellSearch F| FI &3k 7 £ & 40 i §5 It 7
( epithelial cellular adhesion molecule, EpCAM ) &

Mk GMEmRxONREMES REEEK
HFR A CD4S R H R a4, AR AE A
( CK8/18/19 )i f& % 2 it & 40 ., DAPL %28 % 2 41
J4%, EpCAM* CK* DAPI* CD45 ™ By 48 il % R & A
CTC AT I % AT 2Tk AT A, 18] Jufb Bt
e LR S B R T a3 R &k Ep-
CAM, £# LHh %2011 £ 43| #HTXEHATE,
BT ot 8 R A T 4 RO A A KRR R
i RN . PP IEZ T B84, CellSearch % 4t
HBR e &fEr, BT T ANE, BN E—RK CTC
A M A B R £, CellSearch By LA K45 T CTC
Hy 3 A #F 55 Al R SR, B BT B 4 CTC B £ 9 #F &
HF E R T CellSearch % 4t 7 Ak Y o

1.1.2 MkEg&EfmBzgsEEr WHEEE(nega-
tive enrichment, NE )& 2 3. & %( subtraction enrich-
ment, SE )T A % & e fn & B9 4040 6 L &1 28 K
REDH , THEEECICHHEN, HERANK
BT NE XFIRB A Mamp, m SE XA ERKB
BEEWRAL A, BT #EA T A CTC 81K %
17, T 45 2| B CTC & T & S 69 JR A 8 40 fl 3%
F RN E S E A R T o a
MEHAFS W (40 EpCAM ) %k, B F % CTC K
AR NS e NV R & T NG Sz
K/ANAE 8 CTC R AG FF fF 5 4% #( circulating tumor
microemboli, CTM ),

1.1.3 D@k zrfdgyZanrE &
TEERIAENS wl MR E £ 4 ~5 wl B
40, AT 3K B 9 B A R By CTC( P35 20 pl )y
Bt T EAKBTHEL> FirEd, HER
B RMmALFERAMANR, K% CIC %fr L5 a4
J—HX, AR EERAFaHAMN—FHEN, B
WA B R, X /N A/ CTC 78 3 b g 4
M B T Bk 13, R R E E R E L
1.1.4 DL DNA/RNA 4 #8940 % % CTC X
WA FEKAN mRNA A FETEF Oy, 7
T I 3 2 4F 7k RNA 3E4T CTC it %, 2016 4
CFDA #t v oy I 2 [E 57 2 ARIE B9 i v+ BR 2 1K P
CTC %MK A &xt BTk, HFERAE FIEHk
REEER, AXGHRERERREA S CIC £H W
PP X RAE G A M JEfE R B2 15 PCR 89 7 4 CTC
FEMA, DERE THMNBRMY, ZAERTRT
BHEI M T B 2 R M CTC B AP, XA
HAEH RE T AT WAL E RNA, B H O Z A&
DL B kR Sah iy, R 77 Je b B 5 2 R R
W& R E I, HE X CTC AR B F BTN, & F H7
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#y CTC A3 F B Ay B 30, 0] 4w % B Affymetrix 5
Cytelligen /2 5] IE 72 Bk & I & # 2 W & & ( SE )-iF-
ISH-RNA FISH # & # A F & & A1 K % CTC
F E B4 9 DNA RNA K& A&,
1.2 CTC 33 8916 R

VA 44 #2 5k, CTC THEE 7~ Kl R A (1) 7
YW, CTC e 2 TR R FRXINE /AW I ;(2)%
By #¥, CTC 1+ 8 4 R 7 A8 4 % B 5 W7 48 4 # i fib
FHy BB (3) % Bh o AL M T4 Ok, CTC A
MR LA EZ A T TNM kR4 R AW
HHANTE, 455 T —F b7 (4) B3 7 &
BT G W B AT, AR R CTC AN 2k ) W7 36 97 208,
T BB (5 )% BT 6 & 7 M ARHE CTC A3
A B ], 2 — N R B AR AT (6 )T 2
B M 3 BT BT S HEAT SRR e 3, T ARSE CTC
MBEHAWET AWM ARSI ERBEER, HET
e ABERY, XTHAHXHRSE, FEHAE.
1.3 CTC 328 By Flok

ERCTCH AR ERE TRy Z 5
AL EAMZE#HZN, XERT CTC HH#H E 2T
WRIGEARNEE, CTC A RE—F 4, TE—
J AR TR A, £ BEEN R F B CTC 2 8
T, RAE B aRE R EAREES xR
HEESBRN AL EFEXRENE L, ME M
W R EKE,CTC WA RO EDSENZ T, B4
WA ERR XA T, BWANELREFLE
CTC X i An o ¢ 5% BTl 1, K o B[] R o 36650 R B
mEXREENTT R 2P mE S ERME, B
H, T RAMNKENEZH#ET CTC Bk A AT
CEE R R i TR il b N Y A
AL CTC 4 2[5 4 An #% 4 J5 2 47 LA B CTC 4R
MR,

2 CTC SRR RESHT

2.1 A& EMT 4149 CTC

Fik B b B 4 L Sk 2 AR VA 4 e TR B B A T
7% A 18] 5 40 B B b 18] i %% 4% ( epithelial mesen-
chymal transitions, EMT )& fif /& 40 f8 % 5% %% % Fn {2
N EEAR AR R AL EMT £
BB R T EAEEEM ., Pecot £V M T
iR I EE S EMET KA KSR CK &
EpCAM # 5tk CTC, & I K By CTC 20}l X &
T EMT #4, *f EMT #yot —F a5/ % 9L, %
AERAHMEARE G NN EEESE G R E
3 B A o T bR e A R I By R 28 T

BT A AT, B M, X CTC #E4T
E A AnlE B E A BT AR CTC 8y & 4 5 4
Mo Yu &7 11 ANFLIRE B CTC #HATR I, &
I CTC T L4 b f A e i & fm b -8 FOR A&
A L H CTC H EH-EFRAA, TRHEAH
CTC BT ARP R ENSHEMN, BT WHAR, L
KA 8RR # b T T B K 2, ] A
CTC & %3 % , B ot CTC #y _E f A Fo A Jit AL 45 A4 7]
DI it 75 A & 4 Fm #8996 97 ¥ K. Yokobori
L8 B Plastin3 1E % CTC 4% % 477, Plastin3 % A
Y Actin 25 & & &, Xt B8 40 LY Ak g A 3 A2 dm
Pk B E T AT AL e s T M A R EMT
+ 4 F %, Plastin3 £ k| E A CTC ¥ %k 34,
L E W A AL & F X 3N, Plastin3 * CTC § Tl &
T RAK, A Z Duke’s B fn C £ B3, H B T
YE 4 B M Ak ST B9 3E BLOE A B, Liu 21040, 5L
% CTC # %1 8 B9 18] JTFE( CD24 ~/CD44 ™ )fn b i #%
(ALDH* & A i # 2 TN F L% 5 R
mATAL ), B H AL FERQAAE, B FM S CTC B
HERWZEMELE S,
2.2 AR FimpsFrEed CTC

AR M % B EAE R R, IR T A A O — AN S
BWARRFEEETHE AT TARN AR
EHfm S ap LA E ERELE AR
EEHMROT WG S FE LA E R,
MTHETARER S AR YERG FE,
FAECIC PEREEENEN, RKEAWET AR
WA CTC # 8 4 18 5 ik & T 48 Ji.( circulating
tumor stem cell, CTSC ), 5}?%[23'25]%% ,ALDH1 H
Pty CTSC & 7 R £ % %, 5 £ £, Baccelli
0260 J A AR B 0S F TG B A 4% M0
& EpCAM*/CD44* /CD47* /MET* CTC( ¥ 3 Fr A
) EpCAM* CTC ). [l B 7 /N BB A & 5F 52, Ep-
CAM*/CD44 */CD47 */MET* CTC £ H B 7% 1y ik /4
Bk H Frm sk B . T Sun 7R KN,
7 T A EpCAM 4 i CTC 4 B 7= CTSC 481,
HEAHBEESEE K EM X, Zhang 47 ML IR
BH B CTC # % % ¥ EpCAM™ HER2*/EGFR*/
HPSE */Notchl * CTC B4 45 5 M b 3 4 # 09 86 77
Wu & B Rk 0 ,CD110" 2 4 % T 40 i B A 3
5 Bl B T B A B E R R B
2.3 HER2"' CTC

HER2 & % % 47 J £ K B F % &<( HER/EGFR/
ERBB)X ik R, HEAHy ¥ 5 kA - Rz
MARERERENREGHRTREZRA. 2T
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H % & H HER2* CTC & # PFS % HER2- CTC &%
¥ £ Riethdorf %'/ 4§ 1 , % 24. 1% ( 14/58 )CTC
PEEFL B B & L HER2 Y CTC, 4 8 Al )& & 1
HER2 ™ & # . Fehm %' 4 /£ & & Jif 4 HER2 ™ &
# % k3T HER2® CTC. F ik, Riethdorf 4"’ 2
PATf CTC #9 HER2 ok 7 7T By 3t 9L iR e A 4 3
(RRCEMS
2.4 ER* CTC

% 70% LR JE B4 ¥ &3k ER. ER" AL IR &
WA iE T RO BAF, A TR LR A 4 T
JERIF, AT 4 20% ER' Jiim B E T i MBI F
Wik, 7 I A ¥ E . Babayan % % L ER* R
KB E A IRE &4, 5 CTC % Z ER %k ik,
2.5 PD-L1* CTC

PD-L1 %4 PD-1 @5 5 T 40 0 fif & {7 3
¥ & . Thompson % 2 44 196 ] & 41 J s & #
By AR AR R L, H &k PD-L1 5 4 13 2 M3
ME AR TR eR w45 %, Al £ 2 AH0
s R R A ,1.7%(66/3 916 )ILIRIE & # 1
Fib 35 40 0 %k ¥k PD-L1, 2 & 7.9% (24/302 )} # )&
s MR B = M ALIRE o Mazel 0 8 % &
H,,68.8%( 11/16 )ER* \HER2* th 5L i3 J& B & CTC
fy PD-L1 &35 A M. A AR WK, A% PD-L1Y
By CTC & 4% 38 3 Fn Treg 40 M0 AH 45 &, # 3¢ % 72 37 4
b 3B 9 40 BT CTC By 2R 1% , I\ T 66 46 e i 7 48 3R
PEEFEYN, EXAMERANEEE ST RN IS
0 AR AE 3
2.6 CTC & B ohrey £ A%

AN, AT CTC 8 BT RN, # 5k
MEWQARED BRI, o BT 4 e
R RESTFREE. RTEO2TFRIHUNS,
— SR UE AL FARE 40 DNA ¥ ELirk 4 7.
47 RNA 2 F % & 8 Ao N | 0 B AR & 4 B9 4T
Flaptdel xR EA ST B ERLEOLTE
W, CHE AR E AR EHIPEAT CTC 208, 5 H
T B G o F AR A — B, CTC B9 4 F 40 A 72 e JK By
JoL ] A ¥ e b R 4 Ak A T, e R R T R
MA LML EELRL CTC 2B AT & B A2 M
VB, AE XA EHH CTC 2 AR B L R, RAKE
IE 523k B MR AL R TE AR

3 CTC NS RMEL : ThEES T

3.1 #Fiafe kB4 5H
BN FRAENFE FWEARHE, CTC
A Etmp, TR FRIFNMEZ —,

B CTC #y % 28 U 7 51 & T AT B9 4R K %
#T Miyamoto 2% ) 13t HL A W K
(androgen resistance, AR )] 7| I8R5 B FH K Nl &
T 77 43 CTC FF 5 & 7 % RNA &3k oA, 3 3 th 4f
HIL AR Bt CTC 5§ RHATIET BE WA &, HF
FEARAI AR 4 Wnt 15 5 3 2 $0% 75 o Lohr
S0 3k 8T 7 B B ML EpCAM [ 1 8y CTC
BATT B a SR F AN F, R I SNP L 5 8
BRI EA R AT BN E K.
Catenacci %'/ F| | #8 7 1 % 4 R 0k & i JB € 5
( pancreaticobiliary cancer, PBC ) & # Ff |7 # ik 7 19
CTC R #4T PBC W o T o AL fu ik B 45 # M, 5t T 41
% PBC K 4 K RALEH AT il B A EEER .
EAFHRER. B LRALDEL AR EER
T E O R % B Rk A T IR R
A( multiple annealing and looping based amplification
cycles, MALBAC )p 3 52 3L 7 Xt F & B fir & B & b
F L CTC #y 4 2 F 419 3 A B r , X3 CTC By
ERHERSASURFEGE RN, (EF —EHFH
CTC Z B WHENHEERTEL, WAHRAM THET
BEXB NS T EAEEZZ, B BTN MHE
By AL B R T — A H R F B Jiang %14
K| NanoVelcro Assay 4~ & #y 2/~ CTC 3472 £ F
4L 7, 2 J5 S B A K FL CTC An AL S8 By SNP
—BUMEN 29% . HAh,CTC % 86% B 7% [ 5 7% 4 38
MBI R R, AR AN AR RIET
chr3 Wiy e 6, (K 4 = HEF0 chrl3 #7 chrl5 = 8] By 2
BRI E X S R A A R OE A Ak
#4 CTC 2 o] 3t {872 WBC A IE# 4F 4L 41 4 o
KR, B, EFHMENCICHELEY, £EE
By b 41 4| 2 B (A4 PTEN .RBI #7 BRCA2 ) ¥ X
ATEELTFHEETH, Cout £ * FHAE K&
NanoVelcro-LCM % A 3# 37 Jf g & CTC # KRAS %
BBy R AL, & B E F £ PLGA NanoVelcro J& 47 E &
J# % CTC # 4 A KRASG12V #n KRASGI2D % %,
1t 95% B ik B8 B A KRAS #E R &
40 BN 7 HOAK 2012 £ Science 7| N E B K
JE AR 7S KA 2 — . 2013 4% Nature Methods
FIARZREMPWE) ZHEAR KR, CTC K&
AR, T T S BN KR K A CTC B 5%
RET H WA E, AR K, CTC & % A 40 fa 4 ik,
Wy 40 LB, 1 [B] 20 JL B9 A A S R R B, 4 R B 3R
BAE ik g 42 4 oF oA Rl A R R AR S g0 e )T
AT U AR CTC Z A F 4 XHAEE
UL A M Z 7, AT A A2 E AR CTC 8y R



BeW T, 4. IEERIRE AR S I F 2 - PR Al R L D e A . 345 -

FENMALE BB ERBET H I,
3.2 ARINEIRIG T R AT

Hodgkinson %[46]%,5?{55@5 B CTC E 452 /MR
FTHAFH CTC RIRNERAL, L0 THAESL A
HFWALREERGEL S, KA RI CTC 2
BREHERERZ, Yu £ 7 A A CTC - iChip & A
R 2 & EMR CTC, I ELT 5 A AIRE
CTC #0 Hs % . Williams ') )\ % 4 47 7| J& i # &
0y B R IKAE CTC, M5 ¥ CTC 7 4t 2| %% o e
1T 89 /N Bk A8 2 PDX A2 BL( patient derived xen-
ograft, PDX ). Fl| A X A 77 34 2ty PDX 4% A 7 DA
ATHHARUREARFED TG ER, ZF
FEAMFAE - ENARE, EFF CTC HEH
PDX /v B A% 48 86 4% O 71 7 OB AF R R — AN BT
By SEge AR A Lu &0 SR AN B R B K A Y
CTC HHATH KN, 5 T Mg 4 E g el 7
R AL KRIE, N Esb T ERE T A, Kolosto-
va £ F B 2T 4ok N E £ CTC t MetaCell 77
HLERAE R CTC ARAHEFMFAFHA
M, T T DUAE 4 26 4 SO M LI AR AL Oy P R
BB TR A B

oo R B M Ry AITIA IR CTC # 4T —
&A%, CTC ¥R 5 £ 1EF £ F CTC & 4
Ty, h#—FHTHEF R RE LR
AIMERETHOHARZME. BERTEANE, H
XA % BT ET = , R 7R BEA I 4R 57t fn R
BENEM B TE AR RELAE SN
CTC, E k. CTC ¥ ¥ fudE Ry E % A, WMH,H
TRERF G, T T E LR CTC &
RKWRETAAHFNH, A& wl,CTC HFERY
A FENRIR CTC fu w9 FI Fl CTC =4 T ¥ &, AH
EHER R TU LR, CTC MK RIK R A
o MR H o
4 & i

BT AT R R ED B, R E AR M
WL W E B F B, T CTC X2 KR & A #F
AR B AR 7 sk AN B Al I B AT R
BB TRl iR E e R E RN &,
AT CTC #yA R R B Ak, CTC 7E & 5K o B 8 4
LW R Ll K EERNER T, BT,
CTC X g 3 — F BN b 26 7 m sk Al b
Tz ERFEARETRENFRM. BHKE
A DNA EfBEE R BN ERETFERTEX
By, 2 ctDNA F 22 R B 3 H % & 5 7 3 iy

fER, CTC k4l s NEHUM HRAF S
ANETE R BB E s b, BT B R R O R
Flo BEHL,CTC #F R & 74— M Z:CTC & &
AEMERN T EH LM, EN T2 ERBER
BKZER, AR A e il R EA TR, Xt F
BRI RAE AT 2 8] o B AR A FEAT L, I R
WHAEENSEE, P, ZE L CTC B 4Tk
W, BB, G — H 2 AR R R O ik fn A
B, EERAERERTERENDE &, 70U
T M., CTC Fn ctDNA 8 5k 4 5L A, CTC F1 4 F % 1%
A F KBS S, LR CTC (R4 38 5% & B 25 8
g AN EARER KN CTC AR EE S
], o 80K 7R R R T TR R B E AL

[ £ % s Wk ]
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