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Abstract

Neuroblastoma is the most common extracranial solid tumor in children. It has the characteristics
of early asymptomatic, insidious onset, and easy recurrence and metastasis. High-risk neuroblastoma
patients, even with comprehensive treatment, still have the risk of recurrence and poor prognosis.
It is very important to realize early screening, rapid diagnosis, accurate treatment and prognosis
monitoring of neuroblastoma through tumor markers. As a non-invasive tumor detection method,
liquid biopsy has important research significance in the field of diagnosis and treatment of neuro-
blastoma. Circulating tumor cells are the “seeds” of tumor metastasis that fall off from the primary
tumor or metastasis into the peripheral blood. It is one of the hot spots in the study of liquid biopsy
tumor markers, and can continuously and noninvasively evaluate the tumor outcome and clinical
progress of patients. This article mainly describes the enrichment and detection of circulating tu-
mor cells in neuroblastoma, and its clinical application progress in the diagnosis and treatment
staging, disease monitoring, individualized treatment, and recurrence and drug resistance moni-
toring of tumor patients.
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1. 5|15

FZE BRI R (Neuroblastoma, NB)A& ) L2 K BB o WL FAh SRR, 7 )L EME R I 8%~10% [1]
[2]0 3~5 & R IEERES, NB RIET R Z T, B RS W R AL, ks
S M SN B A IRAR 2R T [3] [4]. MRS BEAN ARIR B S R e s e, AR [ PRt 48 B4 AR XU
“H 2 (International Neuroblastoma risk Group, INRG)#l| & [ XU 73 FARHE[S], ARPEEF IS FEE . INRG M
R 2. MEFRERE . DNA 5. MYCNCIRZS . L& 11q Jetoih s ITEUIR SR K61 7],
¥ NB 7 ANARSE . ARfG HPaEa[5] [8]. ARG (RAE Thfa ) 8 TR B, 5 e i) s R
AT 2 AR IGYT, BRESWIT TR IEEMILENGYT . BT RS EEOT . RBEIRIT
BRYAIT A ARIRTT, AR RANIRBARGS SFAETFER < 50%) [8]. HrLATF &AM AL TGS FilE R30S I il ve
7 I N AR EE 9],

H A7 20 2305 B AL I 45 6 R85 I TF BT SR 2 #R & REAR BIR 127 VA 1) “ ShnifE” , SRTIX AP 57k
VG —g /R . — 7 AR A B v EALWZ 3 (CT) i T AR SR S A BLAE AN () 9 B A, (7]
I T AR, M LLR BN R ik, 5 RAEIRIZ[10]0 53— 7 TH ZH 23055 304G 2 A0t T 1) 1 1
1B, GFEMREER . B R DU BEVE S, o T LR M e, AEH TR aIESRE. £
RERBBET AR EE . mAEa0 R &7 XA, AR ER - B, FIRERRKR.
TEFLIR B S BE(LDH) LA S i & e i B AL BR(NSE) RS, AR B A LRIV, (EAH S I BB SR P A =
(117, PRI AT ) B2 A AR 7 S BEEAT A R H il [ 107 [12]-[157« BRI, A 3T 60 75 92 00 - 39 NB,
PEASVRIT AR, IR R K B OCEE . H AT TERAE A — PR AL R sl 77 7%, Ay SEi ffl
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=

TR

48

PRER I 1 R AN R DAL TR IT R [16] 0 AT A I =5 A I 48 b A 45 918 BF i 984 48 B (Circulating tumor
cell, CTC). &3 J8 DNA (Circulating tumor DNA, ¢tDNA). cfDNA. Ak, mi-RNA Z5[15][17]-[23].
CTC 1ENBAARIEASAR S Im PRI 78 2 I T —EBERE,  ASOR SR B R OG HAMJe8 40 M 1) 2B PRk
BT 78, RAEME R R Im R 2T I R

2. TR FPEZRAR(CTC)

CTC /2 M5 iR o JBi v 330 N L VRAE3A ) g 4 e, BB SR TIR DNAL RNA. & i AR
AP B AT S S, A& H AT I A TE R ARG, O TR O T R R R B
HRREHERIE S, fEE. FUIRE. B8R, e, B8, UNEESE R MR A 2 T o 0. s s
W, AMEIETT, VLRI RS T AR o H O B I R B [24]-[33], CTC 7EJLE NB 1297 (IR = X
WA M G, HAEERISHME15] [19] [20] [22] [34].

2.1. fEERBhE AR AY S M 4SE

1869 4, Ashworth ECAILEE FISNAE ML AR IR AR CTC [35], R4 CTC IR T A MR, 3
AR TR A e v F PR A AR AL, AECEATT 5 TR R e A P A R R ek S A Tl e b B AR K 2 (28]
[36]. ¥R —NZ BRI, FEAIRRIE, EH, EE=DE, R MEEEBIER L) H BA R
22tk A e 71 i) A0 (R 2R AL HE A M RO M7 DL CTC MR E M P IEER, MR
T HE ) IR 40t 4 ) DTC (Disseminated tumor cell), f)a @B TiE S “ 387 BTt

Jie B A L CTC HAMsE, M2 RAJIAEJLAEA, CTC ZE MR A7 LE I [/ 2
f, ZPMAEIY) J1(Shear stress), K HH T (Anoikis), AN (Oxidative stress) A A %% B i (Immune
attack) A AF L ), HADH CTC e € IF I oz b %% (18 1). Bk, it CTC AEVIFRAIE
HAE MR RS A7 RS, R T R A R da g i, R IR e R i FE T R B T
CTC M RIRIT k2 R EE, AR, CTC fERE Ly - Mz i, nrdejEiEid By -
5] 78 Jii % 1k, (Epithelial-mesenchymal transition, EMT)FIE] 78 fii - _E i #44f.(Mesenchymal-epithelial transition,
MET) 5¢ S8 IR BRI ERE[37] [38]0 EMT & b 1 JifR 200 it 2k 2 200 Mt [ K B 5 37645 18] 78 L RMR 22 R PR )
FE[39]. FEALRRIE AR, MR 4e i EMT B0E AL RIR I 59 IF B NTE R 48, 1A CTC 144
FIAL . 4 CTC IMER, EAT2Z ) MET B PR G R M . DR, 5675 00T Ok 1K
PR R A 2 B TR AR P, AR AER R N R Y CTC AT, i CTC fEA R =
BT BBz - (RS ATBEAE CTC B R id fE R4 B 241 [40] [41], Padmanaban “5HIESE, FJ
¥5& E-cadherin HIERSE MRS T CTC BIAAEMERE LT i[42]. SICFERS, —SaF5EHiAh, EMT ££
JiR e e Kk (T B R R R AEAN AT BER, (HAE CTC AT i 24 ke B 2R FH[43] [44]. BEAl, Gkountela
SERIE CTC EAMNE ML I B CTC FE(CTC cluster) I FiE LR M EHE, ERETHMELE, 5584
CTC #HLL, R 18I0 T 100 f5[45]. SIMTEZ, MM CTC HA M M3 2 I w7 i e,
ER MR RS EAAEZE R AFEMRESRRAAMEZ [ CTC W RE2: 230 H AN [F (1 R AR Sk
[F] — RN I CTC W T bz - R 4 52 A 2 S Atk B L R A 37 ] X R8T CTC M s, &
AR AR A — 2 ek

2.2. IR LR Y E SRR 5 7%

221. HEEE
CTC 4y BS A s B MH AR FEAA PRI G THUR - UM e AR sl b v s - Hrispis:
e AR SR [15] [28] (& 2).
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Figure 1. Production and dissemination of circulating tumor cells
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Figure 2. The principle of separation and enrichment of circulating tumor cells

E 2. EIFMEERN S EEREE

ST A SRAROS T 40 M R T AR e I 22 S 3Rk, A BRI AP ek #% . NB ) CTC g 2
TG M 3 1 (FACS) FH S e AR AE M £ 5 B, B8 08 I A58 FH R R S AR e gk A7 B PRI+, NB
) CTC # H )RRy e e bR 10 SO R B #2275 1 lE GD2. PHOX2A (Paired like homeobox 2B).
PHOX2B (Paired like homeobox 2B). TH (Tyrosine hydroxylase)& . fiff 7T W38 B CD56 fEM & BRI CTC
FEASERUBEERE AR, TR TEE SRR E GD2 Fik TR A Bonr it — D it
CD56 % R et AT i € [46]. Izhar S. Batth 5t IE cell surface vimentin (CSV)BH 4 [ ) L 28 4 25 B4 JRg
CTC AT NB ARG E K [22]. F @ EHIHT CDAS Uik S5 W E 40 A Pbs S AT B PR %,
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NI 25 B o0 JE LA B S e A o IR, AN IR HR BRI & N B3 S B M BR A . Al b S e Al 302
RS + GUKRAENESE, B3] 7 A A EER) CTC. W MACS (Magnetic-activated cell sepa-
ration)FE T PR G REER AR $%E 70 8 CTC [47]; GEDI (Geometrically enhanced differential immunocap-
ture)-Chip KR A S A A PR (L ARE S 50 HER2, R AIIRIE F i PMSAFHSE &, Refs I FLIRSE F1
5 e 5 R AN I A A i i 2R BE (1) CTC,  fEME BRI CTC 173 B E A — i B FH AT 5 [48].
SR FPER IR E R CTC AL A 2 [A) B B o 22 e, B BRR ST  B6RE . Hafar s oA T R
71, M5 & &4 CTC, W ISET, CTC-iChip, Smart Biosurface Slides [49]-[51]H1 FDA #ti#if) Parsortix
ERARFE[52]. AESRAMERZRAISEEG CTC RIPURK R RIBIE KM CTC ik, AaBEAHB
CTC bHREABIE R PR R IA M 18 KR 22« A SR SEEE T CTC K/ BIHSRBEIEAE CellSearch [
SR AR R CTC [53] [54], ARPURMMEER IR S5 2200 T AW s it — B4R &R CTC W= mitk,
BATZW AR L (HIREEEREE LN CTC HtEE R CTC K/ 75 R AE AR AL G5 240
Hoor @i @A Rt — 2Tt BB R 2071, Dhdk— B mBUS AR k. #ildn,
Isoflux £54 1 it E 4 M M BEREER (55 & 5 CTC. Cyttel RGHEET EUR MRS T H, KUGEE =0, 5%
LU ZERI G JFAL A AT KA CTC [56]. ifids B 3k e e b s s H B T2, Bl A i ik
SEHET ORI e R e M 2 R B O CFD-Chip /£ 70 CTC AR EE O A4
FRSETACEE, o3 B AR bRIC, TT DASE G 13 J5 I A 988 40 i ) A SR A ) SR AR, 0T CTC 41 i
P Bas s /N, T R A AR AN IR, 2 O L, SR R L AR A R A R A
TETEER SRS A, SEMLEEE . SRR, SAE R R CTC, BA EPREKF[57].

22.2. WNERE

B, CTC FEIT - TAMELEE, WM B4R EY EpCAM. pan-CK JoiZ FH R A £ REAH
g CTC, &%ZLMATI NB AR EMEE A RNA MK RisE— D% (5 3). T Mits SR PR T
JR-PoAA g G (1) %5 58 T7 3 3 BAAFE S8 R G(IF) s S 4R M4 2% (1CC) s B i N4 B 70 e (FACS); 25T~ CTC
JiRE AR RNA 7K 1) G361 4% 5% = 3K A XU BLI(RT-qPCR) 1 i 04 = PCR (ddPCR)F1%¢ )
JAALHAZ(FISHRL S . ICC &A% NB FrgtAnic (4 GD2. PHOX2A. PHOX2B. TH. CD56
A1 CDY0 &)t A4l CTC. PCR LV LK H B BRAL IR mRNA Bz W)7KF, M RERS [A) 45 %5 €
NB [#] CTC, £ mRNA ', PHOX2B #ilk & fee e ¥, (HAE NB s g 2 73805, M ung
TH 2 &) ZM—4, TH & HHT INRG ME—#EZER T RT-qPCR £2ll BM. PB R 41 mRNA.
Liu 25 Nl H CD45 e 2k 5 iR 4l psdhAT 1 B VI 3% DAHERR S 40 . S8 FISH 77 VA 8 5 4 tn
%G 2 BifR%EH(CEPS), it —3 CD45. DAPI s Jeta %% CTC. DAPI+/CD45—/CEP8 > 3 41 & X
AR CTC. ZTIEAMN AT LEILEEAS CTC, AT DI fE B FFiRAIH CTC #%. SRMiX et
MBS . S E R 77 A4S Merugu 55 A 8 H 1) Amnis Imagestream BSR40 (1Sx),
HE5E T FACS FIHE R IR AT, VFIERIIT (] A %558 GD2+/CD45— 12 BEHMIE CTC. 73—k
AR RN VKT DEPArray FFH /i HIUK M GD2 F1 CD45 Fric i) BM A i i R 54~ NB i
JEAR, FHREEEAEE 106 A E 4 RRATI — bR 4H 58] .

3. CTC #NfE#42 B 4m P sh HO 2 F
3.1. CTC ##Eh) L E i REE D B B RGE

R i A T e AN e R A (1 B B L Tl e BR A R IRE R LI R SR I P AL o R BRAE e i mT o
REPR, (HHREHEII LB AU I — ROROLZE, B HA 4 DPREIR, R 30 3 ps X B R B TP PR K
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Figure 3. Detection and identification of circulating tumor cells

[ 3. ERMEARENSEES %

3.2. CTC #&M48BhilE RS W 5 53 #A

CTC Mk th & 5 v 20 REGH Bl 5838 I b e 2 3G OG5 oy [T oo v 440 1 400 PR LIS 2H 7 & 4t
(INRGSS) 7> #A B fes B P55 43 JZ2 R BB ) LR CTCs FHME = Jokar tH A B B . 2016 4F, Lee L HIPAKA RT-
qPCR &0 210 B2 W vt REAR ISR i S5 AN I TH mRNA [k, HA kI 210 #lEE+ 60 41
(28.6%)iZ Wikt PB 1 TH KIAFHYE. TH FHMERIA S S ERHERIBE . il JREEA R . MYCN 9396,
TH FHPE S IS LDH. 258 A NSE FlJR VMA 7K FABEE[59]. Kojima 5@ FACS 7E 10 7 &35
4yiEH GD2+CD90+CD45-CD235a—DAPI+IAH 4 BRI CTCs, it —AQ 40l i A7 Ji 2 kAl
CTCs BHATRAE. 45K BoRfEM & BEAH R B, CTC MR m. Bt, CTC HoE nl DAREFH
i A EE 2 e 23 1, PRg2H R0 CTC AHRBL T AHFI ALK 2278, HLAEA 17T 25 R0 b 22 BEGH 8 52 R 1)
BEFEAP Y E I PTPNT 58745, AR F BoR, CTC H 8 Az pAH 535 BRURN 4 it ) T AH SG3E [R]
Fik L, TS5 FER %GR CONDI 76 CTC A8 i, e A A< A CCND1 5
FZE REAR R (B B 0%, AN, SIREMRAIAAIEL, TUBAILA 7€ CTC HF &2 Eifl, JF5Maht
TR P iR 3 PR R o S 6 P 20 14 55 [21]0 FRATIXT 64 i)k wh & BEAIR £ 3 1) CTC ASMIBIESE: f&
6 73 W 5 e i BB 4F 2 mL A& LR CTC AT CTC cluster 3 H 22 ¥ =i(p = 0.0038 5 p=0.0013) (14 4).

3.3. CTC {ERME BB BIREY

CTC 1A Mg AT H R I Fh 1, (EMZ BRI R S5 % V)M OC. 2008 45, Kuroda i#id RT-PCR
J7AEI TH mRNA FISRATI 29 A7 B 3 wsh 22 B4 e 265 A0 A& R ) CTC, CTC A
DTC W] &3 B A7AE MR T B A0 B e, I S fiRg 40 M B0 v o7 B i 24 M 5 s 4 B 0l 0%, TR,
EATTAT B R A 2 REAT 8 1 B B S K BRI 25601 2018 4F, Liu K ILHIRAUSEE T 28 44 NB H (41 J& I
AR I AR AT U $508 o K DAPI. CDA45 G Yt Il CEPS %t JE AL 44438 % % CTC, DAPI+/CD45—/CEPS
>3 AMEPINE CTC. 4R BRAFRIRNEEH Z A CTC #EBEAF. RKAEBBIEE LR E AL
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==

it BEAEE LM CTC. & 4 ZTHAME ML >3 4> CTC 18 E KA RS AT R ML IS N (Ui, 88.89%:
RS, 78.59%) [20]. 2022 4F Loh &5d FH2E T4 K/NW BRI/ B 518, 16 17 AL eh & BEn e &8 %
AR LA E EMEAE T CTC, VA EEET XN DTC, 45 5R SRR CTC R SR EFHEB M

() 78 J5 2 R AR IA R . CTC R B R AH G HE PR ) AR IA 1 15 12 Wi B e RS A7 AE A R 1 [ 34]

AT T

Wit —BKI, CTC 5 CTC cluster 75 #1128 REAH MR 7 72 B35 1 B35 30 & (14] 5(A)), HH CTC cluster 5
PR BEN AR B B AL A B UM DG 5(B)), AMEIIL CTC cluster R m LAYE it y8 B 6 % ) MRD A& (1)
ANFE, T Bl M e 2 BEAT R B R
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Figure 4. The number of CTC and CTC cluster is correlated with the risk staging of neuroblastoma
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3.4. CTC %4 Bhfr ¥ ah7SiEeh

CTCs MTHE0T LS IS PR 1 sh&S 78 4. fERyT bR rh, @A 4h A i i CTC 0 H 21k,
A CATE B T e T AR . Lin K ILFBMRIE A TT FCR (G2 AT IR(CR) #4rTHIB (PR)FIZ I it Ji& (PD))#4 28
% NB 50N 3 4. & 4 ZTHM CTC HA2% CR 4 0(0,4), PR A 54(46,77), PD 20 (0.25,55.5).
Kruskal-Wallis f 46 27~ , =410 CTC &% R A S5 5 L(p = 0.013) [20]. Merugu M HHFATE 40 41
28 AT PR BB A R I R B BERE A, B VORI ISx B EhAR B CTCs 5 DTCs. fERFFEH, Al 17
MDM?2 1|71 Nutlin-3 Zb3 402 BEAHMOR AN, WS E] pS3 A p21 HFIFRIABEI . 8T AT IX Lepr BT
FIEAKF, P2 AR s, FEFONGETT R, A R RIS ek 2 B R R VAR AL 1
AR NVERI 2R phm B4, RIS A B B8 IR 1 1 1 1 28 R A PR 1 XU 2 2 B e PR 15 A7 S it £
BT IR B TS AV AR E[19]

3.5. CTC #3700 il € & S4BT R 1E

CTC WIAFTE R T R i Re iE e, 1 IR i 1 5 B BRI AR A7 2840 00, BRIEXT CTC tHEE B T
I G TS TS L. AR KM BOR, AR PB B BM H1i CTC, KRIIH S NB B4 45K, B
Jo b FE RN 22 A A UG 2 IAAEAE B A e M . Lin L BABAE S 4 mL #ME Il DAPI+/CD45—/CEPS >
3 [ CTC Hid 10 M B B AAFIAEZ, UESEAE B AR A ME LT, CTC KA gexd Fil 5 vF
A2 W 82 A G R E[20]. 2020 4F, Batth M 3[R 55 7 40038 % 85 5 (CSV)BHE ) CTC,
T W20 NB SR YR YT S SLAI PO 52 R A L. LA 23 A 1 93 Bl 27 ANEHARS AN )
HMEMFEA, RIAERTMFEARCE 4 NEIG~4 D A)HFAAE CSV+HI CTC 2RI R I E E i, K
T34~ CSV + CTC/6 mL #1J& ML i # 28 BEAH ORI AR f5 B2 KU BEAIK[22] . Loh S8 17 fr e BE4H i Je
BHE IR TR CTC R R AH IS I IR 4R T e 3R A v] BB A i 28 RR 4 M g K8 38 52 R 1 T
FrEA[34]0

4. INEF

P28 REZH f R 2 — P ™ BB A 5 ) L (R R (S e e, LR TR A2 W B TS BoCE . B
AT, IR b 2@ o RN EHE(CT) . MEILIRR(MRI) PET-CT S8 F B, DL ZUE
R S5 B2 T SR M RS Wi o SR, 1 8 77 VA TE TR 5 4 8 RESH PR A % 1Y) o 8 S0P R e s 5
PERI IR AR BT TSR BT Rk JEAER, AR R AR N — R F IR, 280 T 2 0E. H
H, CTC MEAMRIER NG 2 —, BAWMA). e, (@5, RESE 2, AT —FMEAT M
SRAEYIRREN . DHIURI, CTC 55 2P S i (1 5L BRI W | 97 28 RD 93 J PPl 2 DA O . B8R CTC
FEGAE PR S AR TS AL T AR R B, B BRI FE R I, PR BEZR AR 585 41 J b CTC At
BFEE GRS FHAME, R B EE W W R E RS, MR I T A MME RS B

SE K
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