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Current Methods of Circulating Tumor Cell Detection

Minji Lim"?, Yoon-Kyoung Cho"?

Department of Biomedical Engineering, School of Life Sciences, Ulsan National Institute of Science and Technology', Center for Soft and

Living Matter, Institute for Basic Sciencez, Ulsan, Korea

Liquid biopsy, the analysis of circulating biomarkers from peripheral blood, such as circulating tumor cells (CTCs) and circulating
tumor DNA, and exosomes, offers a less invasive, new source of cancer-derived materials that may reflect the status of the disease
better and thereby contribute to personalized treatment. Recent advances in microfluidics and molecular analysis technologies have
resulted in greatly improved CTC enumeration and detection. In this article, we review commercially available technologies used
to isolate CTCs from peripheral blood, including immunoaffinity and label-free, physical property-based isolation methods.
Although enormous technological progress has been made, especially within the last decade, only a few CTC detection methods
have been approved for routine clinical use. Here, we provide an overview of the current CTC isolation methods and examples of
their potential application for early diagnosis, prognosis, treatment monitoring, and prediction of resistance to cancer therapy.
Furthermore, the challenges that remain to be addressed before such tools are implemented for routine use in clinical settings are

discussed. (Korean J Helicobacter Up Gastrointest Res 2018;18:157-161)

Key Words: Circulating tumor cells; Liquid biopsy; Stomach cancer

N =2

oA AB(liquid biopsy)> EH, AH 2] AR E
2y ¢ ¥ Hlo| e (biomarken) 2 HE] ¢l ARE A
offo] QF Xk gl ol M| ay} RUEY Fofl LEsh=
BARE Totct. A Aol S8 oF T vlo|embA < o
A AT 20N cireulating tumor cells, CTCs), <=
g £9F DNA (circulating tumor DNA, ctDNA), WeAEA)
(exosome) 5] 2oH, ojfgt dH £=3} Hlo] QmA <] thil
2 = AR A7IMES BATsk] of 229 B
afetslal FAA|EA A Al A FAHo] 5 U 74
A 55 2710 BRlsto] @R} 7iQl Hs Xsel A

=
29 % 70 T|hElct. 7)0] ZAMANE Fi 5% 1Y)

Received: March 28, 2018 Revised: May 2, 2018 Accepted: May 2, 2018

Corresponding author: Yoon-Kyoung Cho
Department of Biomedical Engineering, School of Life Sciences, Ulsan National
Institute of Science and Technology, Center for Soft and Living Matter, Institute for
Basic Science, 50 UNIST-gil, Eonyang-eup, Ulju-gun, Ulsan 44919, Korea
Tel: +82-52-217-2511, Fax: +82-52-217-2509, E-mail: ykcho@unist.ac.kr

ORCID: https://orcid.org/0000-0001-6423-1834
This project was mainly supported by a grant from the Korean Health Technology R&D
Project, Ministry of Health & Welfare (HI12C1845), funded by the Korean Government
and by IBS-R020-D1 funded by the Korean Government.

Copyright © 2018 Korean College of Helicobacter and Upper Gastrointestinal Research

off HAPdelu Al 521 e 2R Aljiete] 22ke ARisl
Of BHE /o] AL, Tt At EAhE 24
HHIEE Aoz AFRP| o7 mize] e
7Fs7do] et Hide]l A e Aol &ele S 71
Hrog siHs Aol dA AdRke o & tid Zles 34
BN i es vREA o AEe AR o ol
Aonf ulua] 25 GAE ¢ Qleks ARe] Slrk wehA,
A S o8] F14Rl FeF At HuUEEe Y
SSHoIu Ul st TS 271ef EkIgkoma] ]l Bt
=9 PR =g € ZleR diEn

CICs= 9T ho=ie HolA| Lol ot Bjal 213}
© PHES A oF 22T 2L RS 7L gL
gdo] Hisg Zlog ofdEm Al ez Bl 22 7t
57| mREoll ctDNA Hiw] Blaa] 241t 1 RS de
= 9k T8y CICsis 89 Sofl Snlei 8 Al 109 7
F 1~107Des EARY | el HEo] we- off A, 21 &
APE L A oF 15010] AR oF2] b gedelA vlole.
IR ARSSIARE H3AL ARIE 2 g0t Bl EAMES 7
=9 Al el Aol Hut EHAQl CTCs & 8%
o]l Bt A7 A AAE R D] Y Fofl YA, of

@ The Korean Journal of Helicobacter and Upper Gastrointestinal Research is an Open-Access Journal. All articles are distributed under the terms of the Creative Commons Attribution Non-Commercial
License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



Korean ] Helicobacter Up Gastrointest Res: Vol 18, No 3, September 2018

2] oA Aol LEEER SR o= So] $HA
oln] o= CTCs AZ3} 71 QA ZQ 40| tslo] oA 3
Asfol & ZAPE ol U5 ARRITE 2 dloj= dA7A|
/3831 tiEAR CTCs B4 el dfste] Avhstar, 7 v
o] e vlusial g Ao oiele] akslarat gk

2 g
CTCsE HA] Aol &83l7] fletial= Bl Yol =wge
B EARkE CICSE 10 WL, Sol, S 7L
Hefsl= 7]&o] BQskc) ti#A9] CTCs £e] Holl= o
Al o] B4 Tl upAo] Al S o8-S
immunoaffinity XjoIZ o}g3k= Ee) W T} epiE glo]
LAz} G AR 7], Wi(density), A714 B4 & £
29l 49| Holg ol g3 W] QrkFig. D).
Immunoaffinity Ato] 7|8t 2] HHe -3 vke& &
3 5ol CICsE 2efolr] wheoll 22 CICso] <=
7} =& o] Qltt. Yhkdog EY YAIE IS 2] v
EE CTCsot HEGAIK] & A4S o 85je] AMd HI=r} ol
=& CICsE 23l e ARSI, 384 gAIE 1A
ARl Asto] CICSE upAlAdel] 253t te g+
A3tz ARolui=s WS ARSI Immunoaffinity Afo] 7|9t
] W]l A= CTCs 5o] @Al== EpCAM (epithelial
cell adhesion molecule) antibody, HER2 (human epidermal
growth factor receptor 2) antibody 0] %lom 3] EpCAM
antibody= FE% A4 H|=S ARSSl= CellSearch (Janssen
Diagnostics, Raritan, NJ, USAR= 2004615 20084 Alelo]
old el e, AgAtollA gkt o9 Xito] o

A Immunoaffinity B Cell size

C Density D DEP E

gl vl=F Food and Drug Administration®5-€] 5212 viQict,
SIARE CTCs9] 32 Sol Tzl o] WEske: ufe- tiofsii s
34 A] WidEgo] A2 CTCse] 9= g0l A4 ¢l
FH-GA HESARES E80= CTCs =] ZEAA ARLo]

A Ipgo] et wdo] k. ERh CTCs= 8
ol 1~2ARKE ofol] A shjselttar defA Qlef. wepA,
HE o]%of W= AR Wof] CTCs £e] A8E k= Ao] &
83, o]Zlo] E71a%t 7eolls @ HEg 4 [FH &
NS Bfsjof Bt

Size-based separation -2 AlAIRS] L2 blo]=
B AJo]29] 7|8-& 2= Ymembrane)S: o851l Z17] AJo]
2 CICsE M201 7i3skA Aefdlict. Inertia sorting B
A AdoA Z717F o AlE=0] ZP7] TR dean forces
7RIt A ol8st] UAY AdS 2= vNeARdS &
lo] CICsE 2efelt). ofefet WS o83 #4H &
o] thilz ddefo] tiofst CTCsE By e 4= L &
ARte] w2 A HiHo] ZhHs|L 8o AgditE A
o] otk 1L}, YA O Z CTCs7F 8~20 wm, WM&} 6~
10 «me] 2715 7HEE, Al2e| F7|2 £efdt AHZolk=
WL R 2] vt =2 CTCsE 9717F oldth=
SHAHo] QIR

T o =04 A HolE o829t CICs 2] el 1
S5 o8k WA f80] AolE o83t dielectropho-
resis (DEP) BfHo| Qlc}, W He] e oA Hels ol g}
o] Zt NE=g Eefdtch o WS ol 8dhd =2 UvE 2
HEZ AASE = 419 CTCsep W= Uer} HEsSto]
Bolxog Bafslr] offrt. 2] a8 wol7| $fol E43%1

UTE ZH= Ficoll-Paque PLUS (GE Healthcare, Uppsala,

H

i ok
1 ot

H

i)

oy

Inertia sorting

DEP

Fig. 1. Commercially available technologies for circulating tumor cell (CTC) enrichment. (A) The immunoaffinity method uses specific
antibody-coated magnetic particles which bind to the CTC surface antigen for CTC isolation.”* (B) The cell size-based filtration method uses
micropore membrane to isolate bigger CTCs from blood cells.”” (C) The density method uses the density difference among blood cells to isolate
CTCs. In this method, it is easy to remove high-density red blood cells.® (D) The dielectrophoresis (DEP) method uses the dielectric properties
of CTCs under an electric field.” (E) The inertia-sorting method uses dean force at a curved channel to isolate CTCs."® Adapted from the article
of Alix-Panabiéres and Pantel. Nat Rev Cancer 2014;14:623-631, with permission."!
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Table 1. Circulating Tumor Cell Detection Methods
Enrichment Sample Sample Processin; N
method type volume (mL) time & Advantages Limitations Ref.
Immuno-  CellSearch Buffy coat 7.5 >2 hr + Food and Drug + Costly 2,3
affinity layer Administration-approved ¢ Preprocessed blood
* Specific is required
« Antigen-dependent
IsoFlux Whole blood 7~10 >2 hr * Specific + Antigen-dependent 4
Cell Size  ScreenCell RBC lysed & 3 >15min + Fast « Preprocessed blood 5
cell prefixed * Label-free is required
blood » High volume is not
available
» Low specificity
CD-PRIME  Whole blood 1~75 <5min  * Fast » Low specificity 6
or bufty coat * Label-free
layer * Relatively inexpensive
CelSee Diluted blood 2 >30min « Fast » High volume is not 7
+ Label-free available
Density OncoQuick ~ Whole blood 15~30 <45 min < Fast « High volume is required 8
« Label-free » Low specificity
+ Relatively inexpensive
DEP DEPArray Buffy coat 4~8 ~1hr * Specific * Preprocessed blood 9
layer + Label-free is required
« Limited application
Inertia Clearcell Whole blood 7.5 <1hr + Label-free + Low specificity 10
sorting

DEP, dielectrophoresis.

Table 2. Typical Examples of Markers Used for Circulating Tumor Cell Detection

Epithelial marker Lymphocyte Cancer-specific marker Mesenchymal marker Stem cell marker
EpCAM CD45 HER2, PSA, PSMA, Vimentin Oct4, Nanog, c-Myc,
Cytokeratin 5, 7, 8, 18, and 19 ARV7, ALK, EGFR, FOXC1 TWIST, CD24, CD44,

ASGR1, CA-125 FOXC2 CD133, hTERT
SNAI1

EpCAM, epithelial cell adhesion molecule; CD, cluster of differentiation; HER2, human epidermal growth factor receptor 2; PSA, prostate-specific
antigen; PSMA, prostate-specific membrane antigen; AR-V7, androgen-receptor splice variant 7; ALK, anaplastic lymphoma kinase; EGFR,
epidermal growth factor receptor; ASGR1, asialoglycoprotein receptor 1; CA-125, carcinoma antigen-125; FOXC, forkhead box; Oct4,
octamer-binding transcription factor 4; hTERT, human telomerase reverse transcriptase.
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