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Fig. 1 Main types of tumor biomarkers"
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Table 1 Comparison of detection technique for tumor marker

Technology Basic principle

Advantage

Disadvantage Ref.

Radiolabelled antigen

Accurate and sensitive; reliable

Health hazards;

Radioimmunoassay and radioactive and applicable; easy operation; radioactive contamination; [15-16]
measurement absolute quantification limited stability
Enzyme-labeled antigens or Simplicity and scalability;
antibodies, enzyme-mediated ease operation; automated Time-consuming; high cost;
visible color change or high-throughput; visual moderate sensitivity;

ELISA ' ' . ) ’ [17-18]
fluorescence to inspection; detection of relatively complex strategy;
quantitative and a molecule at a low specific equipment
qualitative measurements concentration

Weak signals and short
. . . High sensitivity and specificity; luminescence time; limited
. ) ) Chemiluminescent substance ) ) ) o
Chemiluminescence . . wide linear range; rapid and precision for small
) labeled antigen or antibody. . . . [19-20]
immunoassay . . . simple analysis; no scattered molecules; matrix
luminescence signal detection ) ) . )
light interference interference in
complex samples
. . . High sensitivity; small . . .
Enzymatic synthcs1s and Expensive with poor
. o » amount of sample; . .
PCR amplification of specific DNA ] ] integration and [21-22]
multiplex; precise and . . .
fragment; product analyze o multiplexing capability
accurate target quantification
Expensive and mass
) o Fast and efficient; high processing of data;
Next-generation  Sequence millions of DNA . .
throughput; suitable for multiple steps of [23-24]

sequencing molecule in one single run

individual therapy of cancer

sample preparation;

prone to mistakes
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(%)
Technology Basic principle Advantage Disadvantage Ref.
o ) ) ) . Expensive equipment and
Tonizing chemical species, Rapid and sensitivity; . .
. . . Comphcated operation;
separating and analyzing high-throughput; structure . .
Mass spectrometry ] ) o ) invasive; low abundant [25-26]
based on their identification; able to find . .
) ) proteins detection;
mass-to-charge ratio new tumor biomarkers )
prone to interference
o Interference from complex
Refractive index changes . ) o
) Label-free and real-time; high samples; affects specificity
occurring from the o ) ] o
SPR sensitivity and accuracy; suitable and detection limits; most [27-29]
capture of a molecule on ; ) )
. for a broad range of biofluids of them are in the
the plasmonic surface
proof-of-concept level
Expensive and
Difference in Raman Multiplexing capacity; high expert-dependent
SERS scattering spectra of sensitivity and specificity; equipment; batch to [30-31]
different molecule non-destructive and non-invasive  batch reproducibility of
SERS substrates
Converts an interaction . L . o
. High sensitivity; rapid and low Lack of specificity for the
. ) signal between a . .
Electrochemical ) ) cost; simple and suitable for captured cancer cells; lack
biometric element and a . o . [32-33]
sensors o ) microfabrication; mass the ability to detect
recognition target into a X . . R R
] ) production and integration intracellular protein markers
detectable electrical signal
Measurement of cell size and o . . o
) ) Sorting capability; Indirect and in wvitro
. cell granularity, expression .
Flow cytometry high-throughput measurement; measurement; [34]
of cell surface and . . . .
. rapldly counts time-consuming preparation
intracellular molecules
. High sensitivity and stability; Spectral overlap;
Change of fluorescence . o o
simplicity and rapidity; background fluorescence;
Fluorescence spectrum and [35,31]

biocompatibility; accurate

fluorescence intensity

data collection

photobleaching;

non-specific binding labeling
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Table 2 Biomarkers detection based on fluorescent nanomaterial

P55 N A5 S R 2 B B A A2
SR, X R AR SRR DN, HRTAT R AT E &
R T T T UL 26 A KRR 77 3%, IF B
T E BN 2 PR,

Time
Target Material Method Linear range Limits of detection .~ Sample Ref.
analysis
Fluorescence 2.76X10 *— ) Human
CA19-9 QDs ) 1.58X10 °* U.mL ' 21 min [68]
quenching 5.23%X10* U.mL ! serum
GPC3 or DKK1 Fluorescent 0.625— )
QDs Solution [69]
or AFP nanoprobes 2.5 ng-mL '
Luminescence H
uman
CA125 UCNPs resonance energy 0.01-100 U.mL ' 9.0X10 * U.-mL™' [70]
serum
transfer
GPC-1 ) 90-0.37 ng-mL "' 0.0123 ng-mL '
UCNPs-assisted
Leptin UCNP single-molecule 100-0.412 ng-mL""' 0.2711 ng-mL"" Human [71]
S .
OPN sandwich 33.333-0.137 ng-mL ' 0.1238 ng.mL serum
immunoassay
VEGF 10-0.041 ng-mL™' 0.0158 ng-mL™'
Cyt c CDs Inner filter effect 0.5-25 pmol. L' 0.25 pmol . L' Solution [72]
HE4 0.01-200 nmol. L' 2.3 pmol. L'
. Metal-enhanced .
Ovarian CDs ‘ 1.72X10° - Solution  [73]
fluorescence effect 196 cell. mL
cancer cells 2.3%10° cell- mL ™"
. ) ) 4.3 pmol.L '— . .
HE4 GQD Ratiometric FRET 300 L 4.8 pmol-L Solution [74]
300 nmol- L
) Electrochemical - - )
AFP GQD . 0.001-200 ng-mL 0.25 pg-mL Solution [75]
immunosensor
CEA or AFP Integrated microfluidic 5 pg—0.5 mg 1 pg-mL™* H
uman
CA199 or CA125 GO immunofluorescence 40 min [76]
. - —1 serum
or CA153 micro assays chip 0.5-5000 U-mL 0.01 U.mL
) 0.01-1000 ng-mL™" 6 pg-mL™' Solution
Electrochemical
. sensor and ) Human
MMP-7 CNT . . ) - 30 min  gerym; [77]
differential pulse 0-1000 ng-mL "
synthetic
voltammetry
urine
All-CNT thin-film
transistor biosensors o
= . ) ) 1 pmol. L~ — . .
AKT?2 gene CNT incorporated with . L 2 fmol- L Solution [78]
tetrahedral DNA prmot-L
nanostructures
FRET-based Whol
ole
PSA Pdots  immunochromatographic 2-10 ng-mL ' 0.32 ng-mL™' 10 min blood [79]
00
strip
Localized surface 1.0X10°~ B )
Exosomes Pdots . 400 particle- mL ™! Solution [80]
plasmon resonance  1.0X10° particle- mL ™"
CEA Fluorometric 0-15 ng-mlL ! 0.12 ng-mL "
Pdots  immunochromatographic 15 min  Solution [81]
CYFRA 21-1 0-10 ng-mL ™" 0.07 ng-mL™'

test strips
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(84
. . _ . Time
Target Material Method Linear range Limits of detection ~ Sample Ref.
analysis
Fluorescence
Metal . N N .
GSH quenching 0-1.75 pmol- L' 0.1 pmol . L™" Solution [82]
nanoclusters ) )
interactions
Paper colorimetric
. Metal B - .
MicroRNA-21 assay by nanocluster 1.0-700 pmol.-L™! 0.6 pmol-L™' Solution [83]
nanoclusters ) o
catalytic activity
Entropy-driven
MicroRNA-141 e 0-50 nmol-L ™" 6.1 pmol. L
amplification
Metal Human
system and [84]
nanoclusters ltiolexed serum
MicroRNA-155 multiplexe 0-50 nmol. L 8.7 pmol. L
analysis
Fluorescent o
. Inner filtering B B . Human
ACP silicon 1.0-50 mU-L™! 0.3 mU.L™" 20 min [85]
) effect serum
Nanomaterials
) i 0.1 fmol. L™ '— - )
Fluorescent SINW array field . 10 amol- L Solution
. _ . . 100 pmol- L
PIK3CA E542K silicon effect transistor - [86]
nanomaterials biosensor 1 pmol-L™'~1 nmol.L™" 10 fmol. L " i
serum

Notes: CA19-9 represents carbohydrate antigen 19-9; GPC3 represents glypican-3; DKK1 represents dickkopf-1; AFP represents

a-fetoprotein; CA125 represents carbohydrate antigen 125; GPC-1 represents glypican-1; OPN represents osteopontin; VGEF

represents vascular endothelial growth factor; Cyt c represents cytochrome ¢; HE4 represents human epididymis protein 4; CEA

represents carcinoembryonic antigen; CA199 represents carbohydrate antigen 199; CA153 represents carbohydrate antigen 153;

MMP-7 represents matrix metalloproteinase-7; PSA represents prostate-specific antigen; CYFRA 21-1 represents cytokeratin

19 fragment; GSH represents glutathione; ACP represents acid phosphatase; FRET represents fluorescence resonance energy

transfer; SINW represents silicon nanowires
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Fig. 2 Strategy of circulating tumor cell (CTC) capture and enrichment. (a) Interfacial viscoelastic microfluidics system based on

CTC physical properties™ ; (b) microfluidic sorting platform for CTC based on multifunctional magnetic composites™” ;

(¢) in vivo identification of CTC by dual-targeting magnetic-fluorescent nanobeads™® ; (d) antibody-engineered red blood

cell interface for high-performance capture and release of CTC ™
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AR R Lo’ 99k s K CTC ¥4, Wi 4(b) fir
wNIEZTEE AT EER N A PR CTC, ZF&
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I8 ok i G o A B R 43 BE 2¢O (TRPL) #1715 5 7K
KB T AL G G A I A 2 b AR R BUE Fm B Ok
BEIET I X 4 1 2 B0 MR A S %) S B A 6 g A i PR
R Z 1 cell/FL, I HAEME L 93. 9% AYA I 12 W HY 98
JERH ., WA 4 () FT 7%, Liv 5 550 417 38 o 5 &
AuCly 7K W B 2 3k % & e 7 #8411 Au@ CDs,
A BN T B 2 1Y 4 B R AR g Ak Bt BE S B X
MCF-7 4 Jifg () &6 0, 4600 45 [ 24 100~ 10000 cell/mlL,
o R 34 cell/mL, 76 #4485 B0 5 B IR 23
B A LA T i 04 g R I 5

3.3 CctDNA #&

AR BIE DNA (ctDNA) 2 I 2 45 48 4 i g
FER A DNA R B, X2 Mg DNA 7 & A g
FE R 2 BT R AT 0 5 R 58 A8 TRk, A S — b R L 6 4]
B R AT K6 B 25 0 o ct DNA 75 9 9 12 W7 L 43 1 R 1F 43
BT AT RI TF RCEAS S AR Je W A5 By B AR T RE & 15
PEJHIO1OT 0 ctDNA AT L7 I 38 K At A4 S8 CO51) i
AV PR R AL S B I RCRN I KO B R . i
W& ctDNA A L4 35 i g 5 B 1, O B bl DA 22 1> 2 B8 3

(®)

a)
Droplet Generation

MRV 9 DNA, {H 5 g3 20 2048t o 7 BE 5 op
ctDNA 4 3 B A A 8K, X 20 L3P (7 ctDNA L IE 3
DNA K% B A= DNA Tl B Ak i

VFZ 7 2Bl T B IR P ctDNA 43 F /Y
R, AT 32 A 09 ctDNA K 5 e 38 T — 6
JF(NGS) VT £ R & B 4 X N (ddPCRY . RA4F
X VR AR RS A L (H R T AR ST A R L A
PR BRI R A A O ELRS I o R AR A L BRAE R IR LR
T 76 95 W AT BRAY B 55 ob A7 R e
AT L AR 00 RS I T 5K L Zhao HEULH Y 45 A OR
TR o0 B 96 £ T R A A Ak 2 O MR 3D
KRB T B AR I & T — A 4 45 A 0 TR T 5L
TR, W 5 FFR % 4 DL 40 i sl 28 5
T R mL AR BT 5 A0 18 £ 1 b G
WA W AR AR . T TR AR R L N A Y R Bum
KRAS G12D %€ A% 45 i 3 A% K 0 4G 0 2R 58 1
0.00125% ~0. 005 % B BHE R K 0%, K 5 F7 322 5
R R Sl O N A N A i = I 0 MR R = ] I |
T4 AT IR RE TP 4 S A ct DNA K Il Y B A

Droplet LN HN,
Oil Collection PCR R 0, plasma APTES {
l . Reaction S
Sample Targeé}%%nlgmmg s g 3 QIO ON (O o/(‘J\oo/(l)\q
—_— = S S z =
469 Laser D S s | | D eSS S
s Reflecting

= Oil 'f"hm je  Dichroic 4 i >
33 pinhole \ 5 2 < 2 5
s . 3.8 2 2 2 in
. - of | S = z € ODNAANGTTH
5 LIAL IU_ } | : ¥ > S 5 C
o A S £ 8 4
= I ctDNA I

1 Longpass 500 20 T A& & &
& 036700750200 emission filter " mi)g(roslcope rotac(\é:e;;% ? g g g

firmelms) 469nm laser objective  iranslates Time(s) N 0/1\? o/j:\m/j:\?
Data Analysis Rapid 3D Scanning wmlnkdn
: &
(c 37°C,1h
980 nm

: UCNP ® FeO,

T: Target

Bl 5 ctDNA BRI . ()BT LA BB G cDNA KT ;5 (b) 5 F Rk 44 K 28 15 51 26 4 5 IR AR 1Y ctDNA K™
(o) T L EB A KRLT 19 ctDNA Kol S
Fig. 5 Detection of c¢tDNA. (a) ctDNA detection based on integrated comprehensive droplet digital system™"; (b) ctDNA

. . . . 56 . . .
detection based on silicon nanowire array biosensor®™ ; (¢) ctDNA detection based on upconversion nanoparticles

[117]
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CTC MR, Su BF 5 A1 BN F) A AR 235 51 A
LEMGERETERE SR Y BRI R T — AP T R £
B PR3 2 A DU 7 i T RGN ctDNA (1 il 2k 28 78
T A B R B B T B 4R 4 T 15 AR (LMBs) L
LMB 5, 0] 78 — 21 52 56 v [ B A i 26 &+ Fn 2% & 1
e A R0, A E AR 2] 2 h, ¥ R AT 3k ) pmol &
Ko A0 P AR, X R R AR K R
(EGFR) fIr A it 4 28 725 #4) 7Y 14 D1 Al7 3 2L 45 S5 Rk
P, B PR 12 Wi A 10 T RE .

YL B A W5 5 F e o i s ) 2
ERCAINE - ISR S i N SR S =AM = o iy 1]
KOO0 ct DNA A ke I $& 41t T —Fh A7 207 ¥
Li %59 3% 31 7l F PIK3CA E542K ctDNA 7 & &
Ty 20 A s . WA 5(b) Fif 7 %A% g 2k T ik 44
K L W H %0 0 RS (FET) , 1) LA i 326 3 1 i 3R 1)
B ARFER TR E ctDNA, B SCA, Jo bR i AR R
BO%E S, 7F 0.1 fmol/L ~ 100 pmol/L ¥k B i Bl N
BAR B LE, & BRAKE 10 amol/L, Zhang
DI T —Fh T ctDNA K 1 3% T 35 4748 40
K22 1 56 A WAL TR AR L i A AR B Ot
We R % % ssDNA I dsDNA By 35 F1 7 AN, 5 —
Xt A %6 A 1) DNA K I & 45 & 5 JE W 15 5 i
R AT iRy AR R M MR I H A% DNA., Miao BfF
FE AT BT R T — RO Y F R O A WAL A %
L AR XF T DNA Y % % 2 (FW)) (19 tDNA B
e R RS R ERE I . E RSP 3 DR IEH
) DNA B4 PR F5f . FW] H A 7 tDNA 5] & 1Y
BEE Y R DNA B A S8 B8 24 AN 2¢ 6 HT Y
G IRAEE FE (FRET) AR A B 28 i, FL 98 e 16
5 5 E A R B 7 1) B AR Ak A b R O e N i SR
BpAp 52 B XF ctDNA B9 & 2 80 K, A& R A
0.12 nmol/L, Ma 2" % T H T AKT2 £ K (%,
B9 AH 2 ctDNA) 1 3% Jo bR 10 K6 I (%) A= ) 15 IR 2% L 1%
B IR I T B A KA T S A S i k. B 6 A4
B0 2 2 K T S B AT 2 fmol/ L B9 K BRI
A AT B AR B A R B R R AT A L AR R Ak
VARSI EAE R ol DA TR R SR N A

WA TS Wr B R DLH R & il )T 4
PEr R T AT & B E A, 8 % W H T ctDNA
FRp PR o G T s i S . B 5 (o) TR Chen 251
Bt THT E# M Fe, O, 94K b 7 148 & 8 i
2% ctDNA Kl 248 . ekl Rg b+ E i
YK T Fe, O, 2t DNA B8 5L 5 M X 50 [ 20
e —iE, H fp 7 51 A] DL i 00 0K sh 4% B # (ESDR)
NN T ARk T I R R M Ok .
P B 5 » B WP Y b 35 40 KR 7E 980 nm 3
ek T B e E S B bR ¥ S LE 100 amol/L ~
1 nmol/L #EJER N A EFIF ML LR KR
A% 1.6 amol/L, Wang %" %31 IF & 17— Fl 3t

T YD Tm® B4 b5 e 40 KR R 4 98 K okEF 1Y)
UL LT AP SCHRED IR AT T T PR 3 2278 ctDNA K
P W, %9 CHREN 15 5 76 3 2 A1 il B AL i, ]
A R G A AR R TSP R T K YE R AR
5 pmol/L~1000 pmol/L Z[f],#; i FR & 6. 30 pmol/L,
XA ELAT e I R v e S PR A NTR 44 & ] DL 4
T I TE PRI L TR TS HE AT A2 4 1) TUAL BE AN R 5 R
3.4 Shiikeim

A0 A S 41 A 4 6 2 B A1 B — B (EVs) ,
RSHAE 40~ 150 nm 2z 6], B A I§ B XU2 B, 5
CTC.ctDNA A48 1) 1ML % 5 5 bR e 9 A1 E S0 ik
e 3 B FRG M I EL A SR B AL L B A
Z& 0 B 20 M 3 AT DA AR A I A L TE HON B IR R A
24 2000 FFACA AN M 95 RE £ F By I S AT 2 4000
TIACA AN IARS b b A w8 B S R 1Y) L 5 R Y
SR LA AR KL G A MR A R A e AR 2 DDA G, W]
A Ry WA 35 A (0 AR AR A A WA AR W, T A A L
b L WT 69T RIS 2 A, A
& A DNA RNA H T NG . 22 56 R A AR i 4 25
Z AW A HE N AN N A AT LA B A Ay ek e
T SR 38 AT DL 3 22 414343 M 1 A7 3R 7 W T A
TP Y kB

S SN IR B 12 W TG T U T B A I A Y 44
FUIN 5 Ho At 20 i 0 35 30 TS R U N AR W I B A A SR
FEAE ™ 5 BHAS T AR E R RF ST . B R, S IR AR
A3 AT 5 A A A s B R TR | AR 2 W L R
= A - & R S E a1 by e A N | A N s e
FOR H G4 AR AR B — 5 i 15 8., TR I3 o 7 22
JURP 5 B 45 A R R EAT AN IR (R 25 5 o B 0 1221

e WAL S B T RS B B0 D L AR A I ARG
Sz . WK 6Ca) B s, Chen 2607 36 T 14 1
AR (MNP) FHAR i A AL P i (HRP) %3 T —
Folt FH - &0 0 AR G 0 ) e o0 TR 6 G A WAL SR . A% IR
R mAEN S SRS S T AR ORI
149 A1 I6 A G T, A4S T Y Bl A (576 +15) ~ (5. 76 X 10" &
5.1X10°) A~/mL, ki H BRAKZE (200+£9) 4~/mL. i&
e —RE R ERE, A S EAH AR
S A2 R M IR AR A5 R A B R B B 5] )
AP EAR A . Zhang 257 4 B 5 5006 T AR G 1y
KRGS & M T —Ffh i REUE SRR
SMBRIZIE . 2O AT B S 5] DL
DG B & 5 B L I B R4 0 s 2SR S T (1. 0 X
10" ~1. 0 X 10" 4~/mL), & — F 7 BB &5 L K A T #E
> IR G G T A A R S R Tk

BT, 5 MR RR I B 3E PR )T I N T AN I A
BRI H ., Wang AR T R TR B
Byl K R ¥ CUCNPs) 1Y B 3 % P13 (TAMRA)
() & HE R ] 2 #% 19 T Pk W% 08 IR 1% Bk e L i AR IR
F S0 B 55 4 b A e J3E 22 1) 118 26 1 56 22 % A1 b
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49 % %20 #5/2022 £ 10 B/HE N,

ﬁ%i%ﬂmiﬁiﬁ?hm K BR A 80 A~/ pl, AT
PL3E o 36 M B 0 o A T L At B bR A S .
Bl 6(h)BzR . Li 2655 HGE IR 4% S & Rk R A
A AT SR A BIE SR R OG5 S YR R KR L T
KT T AN AR R I G 28 s (R A e . 1L R
i ARG SR AR AR A 2 O/ b £l IR AL R B bR
AP AR B 22 M G T S FEL K 0. 68 ~30. 4 pmol/L, & i
B4 0.57 pmol/L, A] £ 30 min PN 8 i B8 — A B 4
AP UAMA TR T, 2 — B O B L2 U A AR I £
BE AN % AL IR OF- £ 78 X R 51 BR S AE R A R 1 X o

(area under curve, AUC:0. 9790) A S FL I8 = k2
Wr(AUC: 0. 9845) R B A, K& 6 (o) fTxs,
Cheng %" JF % 17 36 T JC B A5 5 i R AN [ 25 9 S 4
A8 DNA 49K 3% &, 1% &% % UL CD63 ‘Eﬁi%u
MUCT & AR R P T, X A1 s A 32 1 2 1 o A7
SO I R R 2B 43 B L 45 3R R, CD63 F MUC1 E’Jhﬁ
FRAM510 67 A/l #1167 A/l

PO B AR B = R AR = Al A
AL T R S AT L 45 A O B 0 45 28 O G I vk B
S T VA e a N /R TN 1N BaléﬁmﬁﬁiT il FH

yibiy
Carboxylated .
MNPs

Biotinylated
EpCAM antibody

/‘ v‘\

(b)

/N'L,\,\,o O °\/\/\N‘\ Aggregation ‘g‘ kX 3.;' \4
Restriction of /VV\N\

\.jl/\/\./\ O O /\NNC/ '?;:z';:’&‘:::” Li‘u\ \3;; _);g g;j

PL Intensity

>

Wavelength (nm)

L g
' g
£
=l
o
i
Wavelength (nm)
(D
f”. FRET off FRET on
S1 AN NN '
s2 Y \
e, esciomin ©  PsAmRNA
B ey f —
S84 mumemema M
Cancer cell _FRET off
\ q{\ .4‘,.'
~ i *‘::_\ IR laser |
(™ ." o 3 Y.
b > EDT f 10 min
PSA mRNA EV:

FRET on
Extracellular vesicles (EVs) il 111

6 A AR

o ,uﬂ— Exosome

' EpCAM X  Streptavidin {:} HRP

Thermophoretic amplification

Tyramine
H202

CDé63
antibody

©
&
28 o
-9% = n
PR C ox MU
Pgw@e —_— =
Capture probe

MUC1 CD63

N -

£

g -—

= Synchronous

= Fluo:escence

pectroscopy —— F*F
C—————
— P b= .
AptCD63 AptMUC1 S S

© //

sample qg  immune  TAETIN
U collection -~ separation
L

Magnetic
beads \0 P,

Exosomes

“Fluorescence

robe 3 : 3
a2 on-chip exosame isolation and labelling
queued S0%0%08a%n  fluorescence TSR ae

g, —————
~°%. among pillars

excitation

B SIS

NONAOCATOON.

single bead's exosomal PD-L1
EXDTESSiU’I measurement

Ca) T DL A SRR 1 SIS ARG T 12T 5 () i T 9 16 3k Ak A2 SR 25 1 M PRI 5 (o) S 0l Pk 2 1T

BB PRI 5 () Al R e S A R 5 e T AR TR A A S e A )

Fig. 6 Detection of exosomes.

1297
{luorescent aptasensor >

(e) detection of exosomes based on microfluidic system

(a) Detection of exosomes based on fluorescent biosensor

; (c¢) detection of exosome surface proteins"

1261 (b)) detection of exosome based on

[130] [131] |
5

; (d) in situ measurement of exosomes
[133)
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AU AA 5y B R 22 R A 7 AR DU R B0 B
1Zts 3 3 5 A BR T 2% TG BT AR OR 4 B8 A A 1R,
TS PR SR R R bR R . BR T B2 ) b A 3K OF
HEH0 A 0 R B9 SORE Hb ] LR e 24 T 0 I 4l Ak
SEREAER . WA 6 (D P . IME LRI 5T A BL 3
TPt R A B % & (FRET) B DNA MU T & (FDT)
I A DNA DU T AR #49K 7 BT (DTTA) & T —
FH T 5457 M 4% A0 W R PSA Fl mRNA B #7800 7
FE TR RNA SRy 3, v T £
FHMLE mRNA 7387, # Kb 46 8 T DNA 44K 25
A WA 5 G %) N, FH Y L. TRD A, 9 A BA R T — A
A-DNA FLE A A S0 7kt % 0y kil i 84~ EV
HEAT /N 8 P o 8 0 36 AR A B o M . O AT o
EV 155 70 87 3 50 2L IR 40 it 2 F 3L i o /B & o fE
A EV K EvEAE EV S5 BHE DL 2 EV W B 7E
H KA gEE P s WRET - A~EETH, @
6Ce) Tz » Lu 25 JF & T 48 B Y A0 s 44 43 85 A
R IO 5 R Bt 1% &R 4538 2oL 1 3K B 5 4y B RN 2K ok
Fric L A AN IR 2B 1 PD-L1 76 A [A] 40 A 2 18] (0
FIRIKEHEAT BT R S BT FE T 2 F 2 h, ket R
AIREZE 10,76 A/ pl, A HEARI2 W R G 8 3R 7 2 it
THMTH,
3.5 ERBEERN

FERPT IR (CEA) J&: — Fl 5 20 g 25 B 2% U1 A 26 19
PR A 2R 1 L AEAE T b VR )2 40 M 43 Ak T B i ik JRe 4
M. CEA J&—F ) i Min 5. BTt e 2
B g LR L R R e A M R
Wi ORI B SRR . VR A I PR B
Iz AR S 2 —  CEA BUR N BEAE Ty 12 W 52
A iR G R S R A L ELE S RE Y 8 2 W L I 36
I L= A (T T/ = R Sl - S 1 7 N 1
09 e A, CEA B IE % K AR F 5 ng/mlL,
— U R EOR AT PR X — K S #) 10 ng/mL,
i 119 K T 5l 52 T R s A 90 R e D 1% ke R 15 , 98 4
MRS T W 2 H B E T 20 ng/mL 1 CEA /K
P R LR A R CEA R I X T
iE [ BT AR T R EEE X,

H . CEA B4 77 35 JLF #f J2 3% F 9t -t 1A
ol 3 A TR %) B 88 27 T T o 19 Q0 K 2 W I 5 L
PER R & AR LAk 2% T o B L 0O BT S L AR
e AEDECYN A RE G 25 AL 2 RO R AR WA A
UF ARG A SRl b S8 A KA T B e AL SRR
EEB R BRERANES, EZWRARNE
BESSY . Wang AU T — Bl B0 R 4B 4% B
e KL F AR AL A 880 2 0] 98 6 LR fiE fe % AL ik A7
CEA K5 4 48 R 45 25 40 18 W0 A% R L 1 15 I A% T LA 1.
W M35 A CEA JKF L HAT 0 S5 B K6 Ik ik
TEOK B WA N I VE ORE AR R KRR 4 ok
7.9 pg/mL 1 10. 7 pg/mL, Zhan %" %3 T —Fh

TR CEA B FF-26-TF BB F 56 6 e 2 1% TR
W o T A R AR ARG DU AR 7 [ B 55 B8 CEA 1Yy R B8R
RO 4t BRAK 2= 74, 5 pg/mL, RAEJEF O 0.1~
80 ng/mL, & 7(a) fr7n, Wang & B F CDs@
SiO, 9K Bl & T 2 a-21 1 W e SRS 28 oK B2 41,
T CEA B 6% 2 O I &Gt FR AT G5 ) 794, 6 ag/mlL,
TR 0 S W AR LR 25 R AT AR A R B RO R T
o N e AR R L OF BB UL T R I R & Y (R
W,

SRMT R4 3 T B P A 9 O o B A A v 1 e S
P ORI AR SE A (ELPT AR A o & b A A R B
DA I I N A A A o s 11 I (TI S S S [ R
W PRG35 AN 38 T RE P sl 98 i O A .
W 7 (b) R, Sun 27 AR 46 5 O 18 i A 1 180
AR — RA MU 5 5% O61E 5 28 ey Jsi 3,
PR T AR CEA B8 7 . Sun SE AR 4 56 5
BER AT CEA BV B, g T — A 7 B Bl
BN B9 2E I AR S A DAL SV & % F & 7 AHETR T
i S S NN A

W i Ay i P IR A A R T b o e VA 0 A Ay
— MR BAA S RI e T0am B LS. H
TR A 249 99, 5 V6 A2 K IR bR 7R W ) 2R Ak Tk
TEAR TN M3 H A v B DRt S R e 9 v e A A
M) e RORRE R SRR R RO — R B Rk
f R T I g AT A B TR T B R 4K
PRAEF O T R 4 SR W, Ay M Y 38 A 25 400 19 Ak D) it 1
T B R . E 7o PR XK B
75 e b K A 34 e TR O S A R T A R 5 /N TR A A
& B ARG G 8 IR VE 1 5 TR v v o T 2 Vs A AT Ak
SRR Eu’ RHEAE &6 Eu, Oy 99K S R A Prig
Bt R HBEAT H IR 41 4 28 B9 — IR PR 1 B 881 2B
RS- 5, AT ZE 10 min PN 58 BRI 3 72 L %) CEA K
HFRTTIR 1. 47 pg/mL. % A BAOKRZ 85 3K 25
55l AR & RS D 45 R R AT TR FE L B T O ) S
PRSP
3.6 HREA&N

G 1 CAFP) & — B 76 B9 2 4 vh & B 0 i 4R
F s EEORIE T NE., 4@ MG b, AFP (19 i &
e g8 W KT 25 ng/mL, £ T 75% WY T 40 i@ E
(HCO) & v, HL il W #Y AFP F 25 7K - A 18 2=
400 ng/mL. BAIMLIE H i AFP ¥ B o] 18 S Z Fp i
Jod By BH ARG 5 B o BEAF . AFP 2 I IR IR & M BT
FERMEAR R PR e REE SRR
AFP Kz J7 25 F HCC My H 2 Wr a7 ol | il J5
WK AP A A REEE L., AMICERET
Z R AFP B0 5 W . f 45 Bl K 4 9% 43 BT L TROT e
G3HT VHENBR I S BT L H A A Ol B g A3 BT L A W A Ik
FEEENBFEREAR, BT HA R0 REE M) 2
T A RS AFP gz,
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Y ~
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m
T

NC membrane

—ee—, (\0“
CEA McAb R\l /
e

Quantitative Visual
Detection Detection 1 \\\
g L
High = Y Q Y
CEA ) E: Detection 8,,/) > Q‘Q’
>;, -‘-'— al}o 0 -O‘OOA
L Ep TR s o
Low o u. A 40 Oo
a ! Od’ oooo Oog
7 (nm) s %(P°
Sample 0 0

Y=CEAMcAb 9=CEA Y=CEAPcAb

@
0]

0]

o]
Aptamer

0 >@=< >

O | oV 8 4’\- Y\°§ X,
CEA Yo v Probe "4" A

3@)

\ |
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Fig. 7 Detection of CEA. (a) Detection of CEA by fluorescencee-infrared absorption dual-mode nanoprobes

(b) rapid tumor screen strategy for CEA™* ; (¢) CEA detection in saliva samples

DN W5 A A SR R SR R R
{7 BRI AR ARG A 45 L A A SR B )12 T AFP R,
WE 8Ca) s, Li ZMY F T 5-38 £ 9¢ 6 R ARic iy I
5 8 S R (FAMD 5 48 40 K [k (PANPs) 2Z [H] Y 2
IR AE R IT & T T AFP Kl 69 5 7 Bl 0%
JEIE R K ARED AR AT A AS BRI % 1. 38 ng/mlL,
Zhou %O F 9 O 4L 4% B 55 RS IR B LA AFP &
R bRIC 1) CdTe & F &0 ik, [A] B DLdT AFP 5 5g
W DL M T RE AL 4 98 KR 7 o 32 AR B3 T — Ay o
R AFP YA 2 AL RS . 1AL B 1 5O R
FERE A AFP ¥ BE (Y [ A% M A8 Ak, K 0 26 % 95 Bl oA
0.50~45 ng/mL, & R 400 pg/mL, HA & 5 n]
S B A5, AE B3 B A I A R RE O A o A AR K
IR 1. A, Wang 260 Dl e TOBEE BT AEWY
L A DR Mé’%%%%’*%ﬂ‘éﬁ%@fﬁm
6] 43 3% 5¢ 6 G B8 o A A 45 A L SE B T I R AR AR v
8 AR R CAFP- LB) E@ﬁi\zﬁﬁﬁumﬁ
ORI

[l?]

[136]

H A, 75 2 B AS PR 2 | TG il 9 A 0 5 W Bk T
g Sk T I gRE b R R N AR R T TR R R I Oy vk
X B itk 4% A A PE ik DL R IR R PR RN R AR B e i
X} A2 7% il b 0 R S R RO AN Gl T T R
[ = BRBE bl S ) A, B 8 (b) B R L Zha 25
T I AE A H A R X I TE AFP TR
I B TG ik AR R A I T k. I T TR R Y 2
CdTe & F sB M A9 ZnS 49 K Bk, 28 5600 1) £
FRA 10 pg/mL, tb Bk gk H FR A 7 pg/mL, Kl R
BCRE 37 R T R M G DK A o%E VI R A N 28 AR I HORL
TR I ) B D P R A TR PE P B R .
B8 () B » Li 45000 35 53 A 30 531) At i i Ak % e
(MCHA) HHEER T K T — M I . & REER
AFP %A% B 3R W . 122 9 s EL A i 19 e 1+ 48
BES1 . R Y8 B A 0.1 ng/mL~10 mg/mL, ¥ R
0. 033 ng/mL, & Ml B [6] 29 24 60 min, Tawfik
2500 T 64y 1 B il Ak HE 3R WE ) (FMICPs) 44 >k
A4t R T — PG KA BB R I R
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Fig. 8 Detection of AFP. (a) AFP detection by fluorescence biosensor

detection of AFP™Y

PRI 7 vk . ST AFP 5 CEA 9K 1 B
S ME ZE 15 fg/mL Fl 3. 5 fg/ml, 7 8 E L 4 i
T 3 AR g, HLw R IR 15 min, AR,
T RN T T AR AT B R | 4 X A
T 15 2% R 28 5 o A B R BB IR A L O K R AR T R
S F TP 9 2 W
3.7 HIFIBRHEREREKG N

2 MR S P B DR (PSAD S — Fh 32 Ik % 2% 8 4 11
22 5 IR R B, R A SR B R — R, B
P BB AR R BRI L R A AR R AR A TR
FIE S SRR AL Y M P Y PSA R
BEA PSAUPSA) 5EES PSA(cPSA) B A LR
8 PSAGPSA) . T8 B9 B & I T PSA /K F- 38
WA T K% T 10 ng/mL, PSA /KFE /N T % F
4 ng/mL B BLAT 51 AR 9 0 AR R 1R A A ARG
PSA KA TF 4~ 10 ng/mL 2Z [a] W] 4 FR Ay “ A5, 1
W7, AN IPSA 5 (PSA By H(E AT LLAE Ry i AT 12
Héﬁaﬁﬁ%ééﬂz[l e

ST (173 PSA K 7 2 2 A ST e % I
3T R BT 2 O 1 v | I O % I vk L L k2
AR E N E P R LA, HaX STk K
EA 3 N e R E I N e (YN P R N
(14 i 18] O 52 B . A A T A R B R A SR
BRIt IF Jc ELAT B A 7 5 L A A1 L I A L R
B v O 8 PR 12 W R G AT R R S8 Y B B
PN R SIS il ol 2 S/ ol S 1 S T
(NaYF, + Yb* LEr )il & 7 HA X6 F 254 1 3
BRI 5B LT 1R W IR AR 1 A O R IR AR s
R W 9 () iR . %ot i B A b BEARE & i E] L il

/1. Fluorometry;

; (¢) enzyme-free detection of AFP based on aptamer"

549 % %20 H1/2022 £ 10 A/ E# ¢

Ex Emission |

rple
i solutlon i
2.Colorimetry;

\\ﬂrc'apture antibody :
Abl F

L]
L)
a‘% ,,l‘ Target antigen

Detection antibody
2% Ab2 '

* Porous ZnS-CdTe |

(D FEE Y5 AR I AFP™ 5 (b) AFP Y JCBE SRS DZ 6K I S8 T 5 (o) 3% Tl MK i AFP JIG B 4G I 66 i 11

Ll by enzyme-free and dual-mode fluorescence

[146]

AR 0T T K2 | TR0 2 558 10 a5, A6 I 2k % 3 [l
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Y MM S O T A I TR, £
J BIF T P A 3 T € R S T 2O I i
G BE A Bl 4% W& 9(b) i s . 3% 4k 4% W [a] i
i B TR 52 & 7 PSA SEA TR, 45 0 g i i &
REWZ HE A7 00 €8 I 2 2% 1 B 15 R 5 4l Ak 3, fPSA I
cPSA ¥ H R 435 4 0. 009 ng/mL #1 0. 087 ng/mlL,
BHAMZ LK, K 9o Fiw, Turan 207
N4 53 B0 5 A 0 1 e 32 5 R T G 5 P = Ok i Y
T R AT — LT T PSA Y R SOS I  vk .
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3.2 pg/mL, i % & ik 98. 0% ~100. 1% (fiFE A
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ZN MBS RN Z ALY S R R — B
W2 TSN BT S 22 0 A 7 1 L 5 BRI S fa o P
HZWIE 2 H AR Y bR S WTE Y 2 0N 12 W
UG W0 b AR S M R 2 RO A, B AR R PR
B B4 B RS 5 Tl 22 A LR Wb 3 %i’*ﬁ?ﬁ%ﬁmﬁa
05 i/ G ) 2o A T R L AR e A T AR A2
WAL Ly 45 19K A0 50 12 I B IS i SR 4R A2
AR DR TT 58 . HE Ik D0k | m Al o A AR Ik | BT
U ARG 9 A S WU SF R T A B ZEH A

2007103-13



49 % %20 #5/2022 £ 10 B/HE N,

Desorption A0
e '
Adsorption Qo

(a) 980nm laser (©
z & TA, DETA, PSA

Molecular imprinting

Pinhole Detector

Detection area

980/808nm OPC
545nm OPC

800 1000 1200 1400 1600 1800
Raman Shift (cm™)

Objective

Sandwich complex

Nz
. Fe30; . Au nanoparticles ) Raman reporter anti-PSA PSA

t PSA antibody

f-PSA antibody- c-PSA antibody-
conjugated MQB625 conjugated MQB525
goat anti-mouse IgG

. f-PSA
' c-PSA

B9 PSA KM, (a)3ET b FE gl Kom 71 PSA A&l

5 (b) JE T8 7 S B9 PSA AR 5 (o) BT 437 B0 58 4 Wy B9 PSA A7

Fig. 9 Detection of PSA. (a) Detection of PSA based on upconversion nanopartlcles[l%j (b) detecyion of PSA based on

quantum dot™*" ;

TESSHE 53 B L BR 53 1 I | 922 35 12 W 4 40
Jf e

TR B Z R I Oy ik B A m R
JEE e A S P R DA S TSR ARG I ) e AL TE 2 A AR AR
Yy TR A ARG b £ B2 T bk, Wu VR £
ST & T 8 0% 2 B AR I = i B g vk R A 7 4 10
DG E WAL RS AN 10 Ca) T s . 1A SRS 58 4 T
B TR B - a5 () Y g i A R . B RS I
PRAT S IR R b B2 & T R I 2R A . % AR AR T
fig R 2 B B IR (SCCAD L 41 il fa & 11 19 A B
(CYFRA21-1) fil CEA Ay 584G H BR 4351 & 0. 079,
0.175,0. 014 ng/mL, = & & H BR 2> %] & 0. 534,
4.329.1.417 ng/mL, Chen £ DIyGFa & M) b
KR o AR il 1 2 A T8 3 B BB T BN
A I VG PR BT (R R TR LS A 1 SROME 1 R B
B LA YR A ) HEAT AR &G BR 43 R
0.0123.0.2711.,0.1238.0. 0158 ng/mL, Li %™ %
WK Zh KR S WA KBS S, F R THT

IR ASE T

; (¢) detection of PSA based on molecularly-imprinted polymer

[157]

MicroRNA Kl &2 BF- & . %7 & BHA ke
P RS R L AE G R RORI N I T A AR S
T MicroRNA-141 1 MicroRNA-155 (1) £ i [6) 4 &
T, 46 PR 4351 4 6.1 pmol/L F1 8.7 pmol/L,
AR AE 2 5 B AR Ry S5 A% ML, 7R
YR SW R Z BN B AT Z W . Zhang %00
Wit TZERALHLFEEEEBEHMAERSE, W
Bl 10(h) 7 » 1% 2 46 0] 78 Wi Hp [A] s o 4G T 22
PR AR R . ZARG WAL TEAE R D FE 33 nl B
T AT DL LE] B AS W CEA L PSA I A N B AR K 7
(VEGF165), H & W & F2 P s R e, B4l vl 58, X
CEA.PSA Fl VEGF165 4 # i BR 4> % & 0.15.
0.035.0. 11 ng/mL, He %" 3k 5 b F 48 Ak A B
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Abstract

Significance Cancer, characterized by abnormal cell proliferation, is one of the most important chronic and complex
diseases. Not only is it a serious threat to people’s health and life, but also it has been a leading cause of death in every
country in the world for a long time. It has caused huge loss to society, including the negative influence on the emotions
and economies of patients and their families, the burden on medical resources and treatment investments, and the loss of
human resources. The cancer survival rate is usually low, which may be related to a lack of timely and effective
detection, which leads to late diagnosis and missed opportunities for targeted and standardized treatment. Early detection
and effective diagnosis of cancer can significantly reduce the death rates of patients through early and effective prevention
and treatment.

Tumor markers are defined as substances that are synthesized and released by tumor cells themselves or that are
produced by the body in response to the development and proliferation of tumors, and which can be identified in blood,
urine, saliva, tissue, and other body fluids. Detection of tumor markers is an important indicator for cancer diagnosis,
treatment, and efficient monitoring. It complements other clinical examination methods, such as imaging, endoscopic,
and pathological examinations. The early detection of tumor markers has the advantages of being minimally or
noninvasive, rapid, and convenient, and it has great application potential in cancer screening, diagnosis, treatment,
prognosis, and other aspects.

In the past few decades, advances in the early detection of cancer have led cancer research to a minted stage. Based
on the specific recognition of intracellular and extracellular biomarkers, several promising detection methods have been
developed, including the polymerase chain reaction, enzyme-linked immunosorbent assay, electrophoresis, surface
plasmon resonance, surface-enhanced Raman spectroscopy, electrochemical sensing, mass spectrometry, flow cytometry,
and other technologies. However, some of these methods are limited by being expensive, time-consuming, and
complicated operate. In most cases, the relatively low sensitivity and accuracy of these methods are not adequate to meet
new clinical requirements, and they cannot be used in an environment with few resources and extensive point-of-care
detection. It is, therefore, urgent to develop a new detection technology with the characteristics of high efficiency,
sensitivity, accuracy, stability, and economic friendliness.

Fluorescence methods have attracted the attention of researchers in recent years because of their advantages of high
sensitivity, low cost of instrumentation, and ease of operation, and tremendous advances have been made. The
fluorescence method has been widely used for ultrasensitive and rapid detections of tumor markers, and the exploration of
this method for the accurate detection of new markers is still being implemented in the laboratory. In addition, it is being
used both to improve old methods and to create new methods for detecting tumor markers. Consequently, it is both
important and necessary to summarize existing research in order to predict and guide the future development of the
fluorescence method for tumor marker detection.

Progress This paper first introduces tumor biomarkers and methods for detecting them and then compares the principles
and characteristics of different detection methods (Table 1). Next, novel fluorescent-probe materials—such as carbon
dots, upconversion nanoparticles, and polymer dots—are briefly introduced and their applications in the detection of
biomarkers are summarized (Table 2). Various methods of capturing and detecting circulating tumor cells (CTCs) are
then introduced. Based on traditional methods for enhancing the capture efficiency and detection sensitivity for CTCs, the
effective introduction of near-infrared light (Fig. 3) and the one-step method for detecting CTCs has gradually become a

2007103-21
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new research focus (Fig. 4). Improvements in the traditional polymerase chain reaction for detecting circulating tumor
DNA (ctDNA) and the development of fluorescence biosensor technology are next introduced (Fig. 5). Biosensors and
emerging diagnostic technologies based on various fluorescent materials have greatly facilitated the development of ctDNA
detection. Several methods for the comprehensive detection of exosomes are subsequently introduced (Fig. 6); they
mainly include the combined application of microfluidics, nanotechnology, and fluorescent nanomaterials. Finally, the
detection of carcinoembryonic antigen, alpha-fetoprotein, prostate-specific antigen, and simultaneous multiple detections
of several biomarkers (Fig. 10) are briefly introduced. In addition to the basic requirements of high sensitivity and high
specificity, fast, affordable, and portable detection platforms—such as biochips, immunochromatographic test strips, and
point-of-care detection devices—are emerging.

Conclusions and Prospects In summary, the fluorescence method has a wide range of applications to many diseases,
including tumor detection. Although great advancements have already been made, many challenges remain in tumor-
marker detection. Detection technology based on the fluorescence method still needs to be explored and improved
constantly to provide high detection sensitivity and accuracy, so that it can meet application demands more widely and
more simply and adapt to the constantly updated understanding of disease mechanisms and test requirements.
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