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Abstract: After the concept of liquid biopsy was proposed more than a decade ago, it has quickly expanded to
the field of circulating tumor cell (CTC). As a novel biomarker, CTC has the advantages of non-invasiveness,
sensitivity, and easy operation, which are incomparable with traditional imaging assay and in vivo detection, therefore
it has been an increasingly important technology for tumor diagnosis and treatment. In addition to providing genomic
analysis, CTC can provide information at the transcriptomic, proteomic, and epigenomic levels. Compared with
other liquid biopsy methods, CTC detection can provide more complete tumor genetic information and show detailed
traces of tumor development. Immunotherapy has the best prognosis for colorectal cancer with microsatellite instability
(MSI). The detection of CTC has great clinical application value for the prognosis evaluation of colorectal cancer,
personalized medicine and the formulation of immunotherapy plans. This review article systematically summarized
the various methods of capturing CTC, the prognostic factors that affect the efficacy of colorectal cancer
immunotherapy, and how to use CTC characterization to formulate treatment. Schemes, dynamic detection of

disease progression, prognosis, evaluation of immunotherapy efficacy and precise treatment are also discussed and
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B8 U5 ok A A R MR A R e b, (HAIE S RN K
AT R R K, I IX L LR DI R R R
Fos oA BB A By w1 o e 7 B4/ Bk B8R e b
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I PRAFE 78 7, CTC Y e Ko HH 28 0 R R o S8 R i
JE N5 AT SR A DM Bk, CTC IE
i A T 43 P AR LI R — PO B A bR B, X 4
LW R TS M R T SR I IR T S B 1T U
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Figure 1 Detection of circulating tumor cells (CTCs) in personalized medicine as liquid biopsy. CTC could be enriched by positive or

negative immunoaftinity, and by biophysical properties via microfluidic sorting or density discrepancy. After purification, CTC could be

verified by immunoaffinity with tumor-associated markers, E-specific mRNA or EPISPOT detection. Finally, CTC could be used for

proteomic, genomic, epigenomic and transcriptomic analysis

FERE G, Rn Wl IR AR TT DLRE S fR AR, T EL AT B
AR (R e JE EAS [ (0 7 VR R A B 2 R
A S 6 KA DU RTS8 AIE CTC, 475 R 3t %5 B 4> CTC B 7840
k. CTC 7 M i B /6 3 I b vk B AR A, Bl /b
(2T 6~10), T FLE AT 55 03 14 A1 5 i HL 40 i 55
T b S50 1R 23 5, BRI T 5 CTC Kl 23 #r TAE i ok 1 1R
KRR b, B JE 1 CTC + 4 i 55, 2585 K
A R BV R T, HAFE X CTC 1 T RERT 72 4% %2
JR PR B ) I RIE 9T 3 T B8 0 e 5 R G B
¥ (RT-PCR) $i A Xf CTC I I J b5 W, W EpCAM ik
TR, B IR I R &, — SR CTC AR
W B it 2R 4 T R H ok, L Hp DAY TR G F B R
BRI YR TE R LA 1 A R OV R DL A3
5t PR R PR E LA 3 I A0 A 2 S e
I 4T M o
2 CTCHINEBE
21 EVDBEFRE AV EE R AR E R
b G, ARAE I G e S A ) oy e A 1) 5 v o TR R b
Je 41 B AE JE N A0 JE LA 2R 00 R Hpod o 2 kA b -
[F] Ji 3% A (EMT), % IR 40 R AL 73 2K mT L4y o O |k
B 20 i 2 AL R LR T AR BN b R A M B O o T
(EpCAM). 4H Jit & 42 25 F Ji 52 (pan-CK.CK8.CK138.
CK19 f1 CK20). 6 2 4 1 (MUCI); @ [1] J5i 4H jifg % 74 -
R T AR SN E A (VIM); @ R[] 5T 44 i
RERA, @ FAIMER [F WREAREY N (CD44
F1CD133)! RIS AU 1 (ALDHDM™, #4455 CTC
FFR ST LUK S A B SRR AT 20 B (K1 2).

M — 2235k FDA L (1 8 £ 12 W1 2> 71 1) CellSearch

ARG CTC AN (35 e hn i, & n] DU 9 21 LA e
EpCAM & ¥ &k 1 CTC. BfiJ5, MagSweeper Z 4t Ul
FINT EpCAM & 1 1) 5 28 T 2k, % W BR0E ) TR =
HE EpCAM FRIA 1) CTC 43 E™, Bfid CTC 70 AR
¥, CTCAEA R BB HT . 2010 £ FRE MR
e S8 i F 75 HH 0 1) Stott BUR PR THIE R — AN
F I CTC &5 F (HB-Chip)”, %05 1 it 7 A= i i ok
&3 CTC 5 EpCAM HUMA AL 4 R385 v 2 11 22 7] 1) A
P, AT BE 9% R B P 4y B CTC. {Hi% 7%
B B CTC ki AT T — B ik s 8537 . (U,
2013 28 =X CTC 43 5 °F- & CTC-iChip & %t # 7 &
ke %761 SR A )5 T B2 B s 1) IR
7y, SR JE A IE I V597 B bk AT, ¢ i 7 42 40 By
CTC. %V & I A W) 5y BRI 3 7y B9 45 & e ok,
I HAEHE DL 107N 40 H /A 138 B I 4 I A 43 AR
fryCcTCRY,
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AN T B E AR AR ic, BARTE SR FE AR fA B, (H X d
FEAR N ZAR A S 33 At S B P T Bk U R A1
Ir B RCRM. i AccuCyte R A A 1 /& CTC 5
WL, Bl 1 AH AT I AR SE A 3 B . B JE I CTC
#% CyteFinder 2 40 15 | AR AE, H3RA3 CTC 4 RE
F18L T CellSearch & 4, 1M CTC “F ¥ [0] it K 8 = 1%
90% LA P, Bk H WL 1 4 B CTC J5 ¥ & 46
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Figure 2 CTC subtypes. CTCs can be characterized as epithelial subtype, mesenchymal subtype, mixed subtype (epithelial and mesenchymal)

and stem-like subtype
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A A T R A A AR RO, X e A b S T LA
TE 5 B0 LA 2 T EAT VA, I R 0 e XU 2B
& A R RE ALY VBERVA T L TR T H R 2R 1 R
& . HEl, CTC 43 HT Al BAJy CRC (1 B2 Wi it
FAE BB, b 5 /N A B 8 B R DP Al 1T CRC /8
M5 kAR 55, R A 4% CTC 7E I IR b 1 3
A (El3).
3.0 FMBMBEVIRES  CTCLESME i 1R
SR EE T b R 40 R THI b 647 1 3R K S B ) BRI
CTC [ H B2 B 1 595 FADT75 KR o9 4 ff 184 78 A0
Fofie /1. BEJG CTC ] LASRAEIE R4 43 By, B2 4 g A

Table 1

W 5 T RS R B SR T A, T CTC 4
BT CRC R bR &) 24540 F, Hrh CRC T4 f & i
w4 i AR BB H5 4 CD133.CD44 . beta-catenin
EHFEpCAM %5 (K 4).

3.2 IARFERTN A KM FEH, CTC I
AR W) SRR LG B I R TS AN (BT S).
& & EpCAM [¥] CTC ] DA Ry 2 Pl i — Fh ol 52 1
s L H. HT CTC H % RNA W g Jy, AL
s B BB AL A5 B, X% 5 AT % i
R EY R R RREBEAERNIGIKE L. H
BT, EF X BAS CTC 40 M3k 47 1) RNA I & 2 0k %
AR IT LA B T 2 AT TS (1) 353 P R (9 R M K
2 i B SR 2 MR A5 — TR AR, e B
PEZE H s B F AR VIR I e B Mg i J5 a7 i 1A H
W, HCTC 4 (5 7.5 mLH 2 F 34, B> 3/7.5 mL)

Common platforms for CTC detection and validation. ICC: Immunocytochemistry; EpCAM: Epithelial cell adhesion molecule;

CK: Cytokeratins; CD45: Lymphocyte common antigen; DAPI: 4',6-Diamidino-2-phenylindolel; FISH: Fluorescence in situ hybridization;

HE: Hematoxylin and eosin; WG: Wright-Giemsa; qPCR: Real-time polymerase chain reaction

Platform Separation Validation method Reference
CellSearch Positive immunoaftinity by magnetic beads ICC detection (CTC = EpCAM'/CK'/CD45/DAPI") [23]
Parsortix Microfluidic chips (relative larger sizes and smaller ICC detection, cell-based detection, FISH detection, [24]

deformabbility) HE/WG staining, qPCR detection, RNA seq analysis
Cytophone In vivo photoacoustic flow cytometry Flow cytometry analysis [25]
CellCollector  Positive enrichment of FSMW hydrogel- ICC detection, qPCR detection, RNA seq analysis [26]
coupled immunoaffinity
EPISPORT Microfluidic chips ICC detection [27]
EPIDROP Microfluidic chips Digital pathology detection, single-cell sequencing [28]
LiquidBiopsy  Positive enrichment of biotin-ferromagnetic ICC detection, qPCR detection, RNA seq analysis [29]
immunoaffinity
AccuCyte Cell density gradient centrifugation ICC detection, qPCR detection, RNA seq analysis [22]
CTC-iChip Positive enrichment by immunoaffinity chips ICC detection, qPCR detection, RNA seq analysis [21]
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Figure 3 Application of CTC analysis in clinic. CTC is enriched and purified for quantity analysis and quality analysis, which could serve

as a biomarker for survival prediction and therapy efficacy prediction. CTC analysis is being used for personalized medicine

Figure 4 Surface biomarkers of CTC in colorectal cancer (CRC).
PD-L1: Programmed death ligand 1; CD47: Cluster of differentia-
tion 47, known as integrin associated protein (IAP); TIM3: T cell
immunoglobulin and mucin domain-containing protein 3; CD133:
Cluster of differentiation 133, known as prominin-1; EpCAM:
Epithelial cell adhesion molecule; MUC2: Mucin 2; GPA33: Cell
surface glycoprotein A33; EGFR: Epidermal growth factor receptor;
WNT receptor: Frizzled G protein-coupled receptor

( Surgery ) (Chemotherapy)
V4 le o o | ;
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A VY AN
(Chemotherapy) ’ \, CTC analysis

&P Drug therapy
Figure 5 CTC analysis in prognostic prediction. CTC detection
could be monitored at various phases during treatments (surgery or

chemotherapy), including onset, progression and cure/relapse

EZEF AR OS B UG R . F ARG &
fif CTC 7E TR 53 % F0 6 7% 5 Th A0 A 5 35 A O% 148
EE 0T U) B 36 # 1 CRC 3w, RIMART CTC 0 #1 22
FHPE (= 2/7.5 mL), BPfE 2 F R 58 & VIFR, B35 ¥ PFS
HTOS I 45 br 2 BB 22090, T fE R B 1 CRC B &
H, ARG CTC /K MIARHT IR A MR £ CA125 /K

5 2k 20 3 AH 6P, 8] B CTC 5 4 CTC
(1 b Z 0T DLPP A CRC B # I TS FEE BT, B A
i3, CTC [ 4 th AR 3 53 5 b Jed 20 2 G AR AR 5t S A
;B R B BE AT AE — B0t CTC B4 FHFAE AT L R
P CRC B R FEERARZEPY, il i AL CTC # H Bl
EFE R M CRC B, CTC b £ i5 EMT AH 9% 3 [A]
Akt-2 BB TG B 220, — U 9T 73 45 CRC B A
[F] % B CTC 34 & liE-2 (COX-2) 215 5 [a) i 7Y
CTC L PE % Y)AHOE, B 1 8] )i &4 CTC (COX-2
BH ) A SRS U % A0 PPAk 1915 (3 710
33 RERELIAT KA SHH ] (immune
checkpoint inhibitors, ICT) #& T 4F K Pt i I8 G 28 76 I7 1
H 2 — o S A A A M EE M T b A
J{IAH DG H 5T 4 (CTLA-4) S FLAM) 1) VR 7 14 4 Jfa ot
TSHH 1 (PD-1) A HAMH 7] b T 40 S i BR e A &G 2R
F 3 (TIM3) #i F5% . Hosp BLPD-1/PD-L1 i i 417 i
T TR RN, 8 4H B R B £ 75 % PD-L1 =3
FIERARY B B S 2 UK G e SO0 o 12 8 |
Ui, L BB CTC F i Sk 25 i, o] LU B &
P52 G0k B MLVR0E 21 Hh (9 CTC, 1% A ek /b S 4 i yge
52 R R IR T — AN B &A™ 540, Mg 4
it 2> Eif CD47, — 7] LL5 95 2 B a (SIRPa) 45
A, AT ] 5 238 i A s 410 1) %ﬁ#i‘fﬂ%dﬁﬂﬂﬁﬁﬁ
M52 & A, AT LME N CTC E— A “AREZ R HfES
PRI G A, BRI, 2019 E — TR SO R T R
#05] PD-L1 F1 CD47 XK A5 s, FH A 2248 2 - 75
SRR R 7E S, 25 F R I BE WU A S AT LA
RO LT CTC Y B6 8514,

Ty Ab— N REE A TIM3 7E 22 Fh G2 40 i A (4 197
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T4 H 2 T 38 Kk, 1E A T 4 M 40 1) 52 44 IF BLAS 4o
FEIRITIHEIE . FESEE R, TIM3 RR AR EH gk
55 T 4 M L5, BHIT TIM3 AT LA 208 50 5 1697 1
BOR™I, CTLA-4 2 —Fh B4l /- tb b5, 5 CD28 43
THREA BN, 52484 G0 T 400G
BANHNE S G IAES T T 10 4 il 5 2H 21
FEARFAMAL T 74 FAED AR EY 5 CTC IR R K,
CTC ¥t H 5 CTLA4. TIM3. PD-1 2 [d] 1 £ 5% > Bt
PEUT. (HJE CTLA4TIM3 & HAh B 2 G & i 5
CTC IR & S AH BAE FALHI A Fr ik — 25 (A 75
4 ETMSIGEEBENRETE

TE I 98 77 M6 P S AR G 2 60 308 AN e R R
I, v R S AR A A (TMB) 528 B 22 R e e 55 0A
I7 I B — AN B AR R, 7 4 E b, AR
FRAFFELE, W] 43 N MST Y (4 10°4> DNA Bl 5 > 124
ZRAR) FIMSS B (4F 10°/> DNA Bisi & < 8.24 4N A%,
DNA #4502 5 (MMR) Dy g U w DL i & il MMR 2
F MLH1 (MutL homolog 1)~MSH2 (MutS homolog 2).
MSH6 (MutS homolog 6) & PMS2 (PMSI homolog 2)
fR i B FN W o I RHF 78 K B, MSTZY CRC A7 1E K
BRI I S 4N B, L HG CDS” R IR 4k B T 4 g
(TILs). T helper 1 4 Jfl A1 M1 B 0 44 il ; 5 MSS 7Y
CRCHHEE, MSTZ CRC H [ a8 1l 34 15 e A U 1) 3= =
TPy AFN-p) 155 . MBIt AR 0T, R
PE4E5 B % (mCRC) FR 38 (1 75 5 ik 45 22, {5 i MSIT
B CRC & JE 1M K A3 mCRC B (1L & 5 mCRC
) 2%~4%) 14 P ¥ PD-1.PD-L1 Fl CLAT-4 & [1 % &
B E L, X eI RN X S R AT BE X ICTT K
SRR EFRY, R Bk, 7E 2017 4 36 [E FDA #it ik 1ICTH T
Y67 MSIZY CRC &4 . M5 MSI AL R 35 A8 [, Bl
ICUIR T E 5 46 K 2 H MSS B! mCRC & % F &
7 H I PR A&, 3 P RE 2 BT TMB Rk = 128 (1 2
IS G P28 A0 L TG 77 A G 928 KT, TR koA 58 06T 7 92 4
JHFRIHE 55 B8 ) B A% 2 B2 VR 9T 8OR AR AR GRAER

PD- 1 401l 771 F1 FoAth 0 B4 45 55053 1 (W0 CTLA-4)
4 1) 75 B VR 9T AT BN — /N 4 MSS 24 CRC #R 3
A 7, B K ZHMSS BB E 7 75 RS FMhia IT T ik
BEATIRITY. @ H A LM ECA 18T 1 L, A4 MEK
(mitogen-activated protein kinase kinase) 1|51 PD-1
R B 7 V2 OURE S UM YR 9T AT RN I A B
A BREIRYTT R IR TT FURUT AR IT Y. R RN,
RAS-MAPK 3 [ (1) 30 AN AU b 988 4 it A B 42 19 42
WA AE FH, I8 5 T 40 B 1m) iR 12 AR B PR s A O, A
R, F i MEK X 2% 38 2% 11 R Ui 2082, AT DL -S4
IFN-y ff HLA (human leukocyte antigen) £l PD-L1 3£ JA

A, AT 3 55 PD-1/PD-L 1 411 551) F 470 e 98 3 P >0
IELEHEAT H &L X MSS 7 CRC £ 35 10 4 5 1R 7 A AR 7]
YR IT M 855 T 5T AL 4E T B cobimetinib nivolumab
Al ipilimumab 76 ¥7 1 T3 I PR BIF 50 R0 o5 — T00BK &
cobimetinib . atezolizumab Al DI A% Ek B HTVE I7 B Ib Wil
PRAE I, AHAS BE A VA T XA R E AN A5 S FE IR PR
ERBIRENA.

RURF DU R — R A TR bR, R 5w
ANASEHE S 45 A B J1 . CEA-TCB A& — > T 41 il 3
RSP, BEIRIRS 45 &9 P )5 (CEA) FI T 41 fia
Tl 1) CD3 AT A8 56 J87 20 i AN T 2 e, 515 T 4 A 1)
Z 5 RURE S M LR P R 400 P, 184 9 T 40 PRI T
8T 0 e RiB7S¥, CEA-TCB & %5 — M 7E 92 4k 98
R & MSS B CRC f 35 A B HY J7 R T 41 M RURR
SEPUAE, BRCIAE TG R TS . A 7R 8, i
PR AT 5 %o A 2 A P T VR RBURR, R e IR T B A
7 R — NS, fE— IR AR EEIRIT R R
L, B E A B 25 (DUARER B0 A W ) S g%
P51 FH, M BBk 25 25 ipilimumab AH HG, 64 VAR Bk B
PUAT LA N CD8™ T 4H i 4] Jir 89 frp 3 9. PR bk, Bl
1 R 4T (atezolizumab) k& TLAX ik 5 P AL ST IETE
MEVE 1 MSS 2 CRC B8 35 b AT I PR 58, 45 2R kU,
14 5 MSS % CRC £ 3 1F $ %% atezolizumab il D% %k
BHUBIT IS, 1] (7%) A IGIKBL, 941 (64%) Ji f Fa
5o WG AR S AT BoR, i b7 G, BiR 2 RS
T atezolizumab Fl DUA%ER B 4036 97, 8 1 CD8™ T 4
¥ A1 PD-L1 SR IA 38 . FyAh, T i i 2 %k
Ji9RE 200 ffw it B DNA 453473, 77 A2 B i Js e, AT 338 s T
20 B ) £ A 2 SR P, 2 BT #RE, pembrolizumab
ICA5 SR A0 Fil AR B 44 A RS V6 7 CRC R 3 11 1 PR AFF
Fi, 22 9145 52 Ak A BRI SR R LR RS, (R
ST R B R B, F34h, CTLA-4 F1 PD-L1 XL
U AT A5 BEL T VRIS 0T B A AR H R IR
TERFFLAEY ., R, X 1Y 58 MSS B! CRC &3 1) )%
JTIEIE TR T
5 CTC AN CRC & &7 ARk

PD-1 #0417 76 MSI B CRC e b 314555 A = 8
fR 45 B BRI TR 25 VA 7 mCRC B B 5 5 IR 0 315k
SR, B 7 MST 2 R A il PR 3% i i Y mCRC 9%
BT AEYIbREY), R F BV T EE 2 N EWRE
YISk 78 mCRC S0 97 RN . T CTC 1 6 &k
YEIT 5 ik BRI 1 EE AR R, B R N slHT v B 1
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Transcriptomic/proteomic analysis.

EGFR-therapy
resistant CRC

EGFR-therapy
resistant CRC KRAS
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Non-V600E variants CRC & BRAF
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Figure 6 Application of CTC analysis in chemotherapy and
immunotherapy in CRC. Detection of CTC could provide tran-
scriptomic, proteomic and genomic information to assist in person-
alized therapy, including target-therapy, chemotherapy and immu-

notherapy
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