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LWTHE TANIE . T4 R ALS T H AR AR MR 7% B4 (10-22-308-803) ¥ Bl

HE WEREYEREREREFANDR, SHEDE . BIT5 BN 8 BAX, FEmEaen 2 mg s
& B A AT B AR E ST BHROR G, B8 AR & AR SR B R W AR B, K T 3 SR AT F K7 (surface-en-
hanced Raman spectroscopy, SERS)H A F| | 45 Kk 4 F 6] 89 Bk @ % F s kB0, WL, T AIEE S, #Eh
MWREEFEHE, N T HEAREWRNEARFROGIE, AEDEF. GRLHETREARKREHA. K
SCPLZ P AN FR AR EAD 42, FR T HSEL TSERSHERAZ WM o 53t &, 4R E T @A &,

HEXHAMEA N EE T ARARI RN RGE. FRENEE. B, R OESERSH A ZE I K SR 1@ s 8

Pk A L RHATT AT 5 RE, UHITE R H E A RIS,

Kepitinl

e 2 ™ S N S AR A i R e, R
P SIA RE 1) 2 5 AT A B A - THY . AR e
FRIEE A TR R i, a3 ph S 7 AR P o,
— W AEAELL LY, I B AR T, B Wb i R A
FUR RGO, AT T W 16y a8oR. MR br
o N 2 e LA i A M2 WA AT B, MR 1 L
Haz R BE G RARTT I ], SRR BT IA 1 OCHE. (£5ehh
TR bR PRI AT BRI S 2E W B 7 (enzyme  linked im-
munosorbent assay, ELISA). it 9% 4341 (radioimmu-
noassay, RIA). FiEsMHr o fsese k145 1k, (Hix
TP RAFTE RELEEAR . BRI RS, AT b
RN B AR S i A, I —FhERE. R
LA B A MR s i R B A R

S U R A SO CEA R A A AR SR PR R,
P TSR AR H TS B A 7 AR IR
FoARY, T HRAURE S TR IO CIRT. RIS

AR R, R TR AL B OB ROR, ML, KSR, EWEF

RIS ST, AR N TR . R RS
i (surface-enhanced Raman spectroscopy, SERS)#% A
2 FH AN K ] [ 2 () 9 Ry 368 3% 1T 55 25 POt L 4R (loca-
lized surface plasmon resonance, LSPR)4 5 /3 FHi & {55
SRR AR . Bt a9 A ] R DG HL 3 A
P A R R S (R4, Y orF AL T,
S AR AR S BT SERSHE A HIARE 5 0 B e
GBI b, R PSS v R I B TR
F+ RS, SERSHGINA gkt G ke i HhoK T ok AR
BRI RS, R A A bR R (T A
REdh B A0 B e S B, RIT R bR &
Wk A ) TR XTSERSHINH: A 5T
HAAFEAEA N EE | LR G DA RS AL IeAh,
SERSH Ml 38 & 5 & THLas 2= T M e ot - 5 4
AL X T HREA B P T A S 40T, YRR TR
FEAR, ISR AR SR, A SCLAKE T SERSI
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PR AR AR A, DL 5 T e T, AL
JEAR BB P —SE 3 A R

1 A bR S SERSKM

AR R AR PR I M 2 W AL g ik, T
FENGURSERSH A 5 i 2 U ARZS &, F T M
PR B v RABEEAG IV, X TR R 0 RS I A 5 3
AT HRAMER, SRIMH T4k, 4215 iR
BRI S ATE],  HATSERSE AT T ZHZURE SRS 1)
K, JEHFFR T ZFPE X IR 2 2L SERS /o R S50k
DSE-6 . anferske o i T R B R, 330N S R
AR ), b5 35 R A SR Ty T SR A
Zhang® N3 F SERSH AN 1E % I AT 4200
HATOESE, AT TIFA B A2 E S, R, @
FE L4353 (principal component analysis, PCA)FIZkt:
#1543 H7 (linear discriminate analysis, LDA)éLIﬂiﬂE
BAE T SERS X878 2 ZURNIE 6 JIF2H 4L 73 BE g
IS, T FHZ I SERSEUE K, éHMJcTIE%H??ﬁ,A
WPRLHLTESN TKF B 255, Czaplickai N %f 241
QLB b 7ok, IR SER SH A B 1) H i 8 Jig
JiEE . ZHE )RR AT 28 e R, a3 24 4
MICARE T NAR . G0 o IR B A ik
DL P AR A A LA ZURE S il 48 1, ESERSEIE
(A58 AN B B 3 . [RIRhE A PCAL F2 A S A
IH(principal component regression, PCR)Z A5 B 143
M A /N — 3 H1 51 43 #T (the partial least squares dis-

criminant analysis, PLSDA)ZMFEYGCIEEHE, R IX o

R RERMREZH Y, & 1(a)7R. Shens A M =4
B@ﬁ%smsé%/a, MFLRLREAS 23 5 T FLAR R

YHAf, SREGR TR D AR MRS A . 284 X SERSTE
ST, NI T LR A M A E R b R
Hi. MertZ NI % 1 — ol Bfphe s A i o 45 v,
T2 W R AR IPIE . R84 3R R A
%t (polydimethylsiloxane, PDMS))Z, LATHFRBEHE 1 5
5%, IAERRALWY) R i AR Bk (silver na-
noparticles, AgNPs)EAAEIR, MFEHE3E A FilF T44,
W 1), T @ LRI e 2H 2R A 2k
£1100%. BRIXArIER HE S5 A 25, SERSEAL
AL Bl T v AE EVJH‘FW*T 4. Honda Nl 1 4: 44
Kk (gold-nanoparticle, AuN)/EHSERSIHLJFE, il i
>k B Auf UG AL S B AR, JF W7
480 cm™ ZbSERS{H 545 6 & (R W ZHALY A7 1E) 1T R
A% B 20 it g (clear cell carcinoma, CCC)fB & S A1
B FE A,

2 PRSI S YIS ER SN

BRATLURGTIN A1, X8 ik o 2 0 ) A Y A 0 1 2
— P EE A IR 2 Wy 2. R A A
Sy [ R i, AT T R T ER AR L. X R
AR RIS K AR XTDNA L U728 g 4 e i kil 144t
PRI B 5 A O S B AR % %
37 SERS S5 HLAY 24 2 454 bR AR B 2 Wi - 5 46,

(a) Aljlomogenizations SERS PCA
e\ Normal T spectra A analysis. |,
WA and neoplastic v ] v {:‘.-,-_&
A tissues of the SERS platforms _Al’\/\-«\,u\_/\.rv\_ P i TR
salivary glands n W«V\/\J"\ ,.';:-‘-)Tﬁ e
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Figure 1 (Color online) Application of SERS detection in tissue tumor markers. (a) PCA was used to analyze differences in SERS of salivary gland

homogenates
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(b) application of PDMS coated slides in SERS and PCA-LDA analyms[ &



P A

WF5T 2 TR B XA S b B L I SR ) 48 A T AT
DAt — 25 3 T+ SER S i) 52 5085 55 v fe 32

YRR e o 3 0 P ARSI T 73 Ay L A R ) 4
RG2S, EHERTIET, A5 5 SERSHIRS: &5 HE
PEATHAR, R TR ) R P 2R M, XHRRE A
WK AT ERIGRME. Lei% N LIAgNPsIE R
WY, ¥ SERSELA N H T A, Ao %o it
HR LI AN IR I35 AU SERS G,  UEATPLSDASMIT,
Ab B R R LE B I3 TSRS 2 (M A 25 e, A TR A
A A SERS /M RS e 4RI T 2%, A E ]
TR I RIZ K. Cheng AU V& T 4k 46
BT A£G B (nanoplasmonics  biosensing  chip,
NBC), HHZMEA4ERIEA EAu-AgKE G
AR S AL R AR L . K A 5 S 437l F A R
5 4% (convolutional neural network, CNN)/3 2578 . &
1 25 0 2% (deep neural network, DNN)EUR, F4 T2
Pl B MG 2= 65, ATZE LS8 N A skl -
FEAS, 38 H TG R BT 5 1) BB G 563 (point-of-caretesting,
POCT). 1Rl T R lba kb1 Me 2, M55
SRR S5 Ay, W SR B s R, Xiao% A
P Au-Ag A AKAE 5 I BHER G, B U R
M S AR EAT SERSKZIM,  [RIA L5 T 3 i A .
THSERS, DU & FiE A 1 — s A1k, &5
K FH 1E 22 e /> — 7 ) 531 43 At (orthogonal partial least-
squares discrimination analysis, OPLS-DA)¥F5i2Hi1E
WPk, 4R RM, SIS L, HEREAR
rh R LT 0% B2 (tryptophan, Trp). #&H %R (phenyla-
lanine, Phe)%traifCiltdy, HEIEAEA HAAEIL R A1
=PI B2 (proline, Pro). & i (valine, Val)%, &
7~ T 3T SERS H A i A e i 7 i gd 12 Wi vh T ] 1) 1
HET S, FE BRI, B TR R ISR 55,
A5 3 A0 0 o T LA vt ALk LR 8 A T 1) R A
WA ME PRS0 2 4 TR T R R, R 25 K ks
TESNEIUBUE IR A4, Gao% A\ PRK R 44 K i
By 55 BB Va0 MV IR A I TR, RSN
BCMMMERR, B IX IR AL 1 43 8 A oK BURLIE B 1 17 22 4h
R, NITTRCR s i 1 855 38 i e/ — 5
(partial least square, PLS)HIsZ ¥ [H E AL 122 (support
vector machine, SVM)#F4T T 204, #5377 SERSHGIESL
P WAy, i 2(a)Fs, %5k RIER S
URIIPRE  ATS R R AR HER) 515 5198.04%.  Lin
/\[2”ﬂﬁﬁﬁ%@@f(a%ﬁ*ﬁ(hydroxyapatite particles,

HAp)FE R M B RE 7 DA I3 rh 8 1) W B 2 1, B
FHHE ARG PO, I M HAp R 1 43 85 A 1,
TEA R A5 0B O T HR e ahiR B2, DT
R T FEMAUSERSSH S, RIS PLSHILDAZE &40 %K
W, BINIX A T LA IR A, LinZe AL
AgNPs HEELJRE, il FH S R £F 4 Z ¥ (cellulose acetate
membrane, CA)BURAESGEHLIKIZ ST BIIEH), faiH Pk b
ML Hr BN IE 25, I8 PLS-SVM Z A8 i 434t
Sk X e AU B S R R L HH SERSTR &
X5, IKF) T 94.67%MSWHHER %%, Phyo5s NPT & T
— T SERSIIRIEACIH P 73T R4, R PIKL
(silver nanowires, AgNWs) =47 (A E S 7E B BE LT Ak
SR b, T R AT S e 2 W, DR I
OB A B F-(Ca™), LhBksi R 5 AgNWsHY
4h4y. FIPCAMIOPLS-DAX}SERSHE T 275 5 434r,
GOR BN T IR A 5 RS i 2H 2 1R LA R T X AR
2SI 2 ] RAF A DX .

B2 A 30 % ) 4 SERSHRZE, DISLElsshi = (5
SR B IR AR A I A TN, SERSHRZE HHH 2 e 43
F-(Raman reporter, RR). &R, frik> 45
wwgekmR . TFREA SR SRR
PEPEPE I SER SHR 252 [H] G (1 42 RR—JBEEL
BRI BT, feig R ZL RS ST,
FH5,5'- B (2-fil§ 2 H #R)(5,5'-dithiobis-(2-nitroben-
zoic acid), DTNB). 4-#iJE4H iR (4-mercaptobenzoic
acid, 4-MBA). *I-Z 5K 8 B (p-aminothiophenol,
PATP)%. %R B HUIRSEEY oo TR
VEFEPETUN HAR 21, AIME 48 B H K (glutathione,
GSH)HLZ B AR, hr & WA, eI
HEATSERSH. Li%k AP DTNBARIC T4 94K Bk
P2 Ret, DISCGSHAI. BT DTNBSGSHZ
() Y — B BB B A 4 S, DTNBIY Wi 2d, iy
TNB> . TEP PSR b, TNBSSHK AR 8 =
+, E A AR S G IR R S GO I,
FEA SR SERSIR %, X SERSAL B K i FR R
5x10"° mol/L. y-# % Ikt ik (y-glutamyl transpepti-
dase, GGT)&SIFRAHCIPREY), TiangZ AP 4%
A E AT, GGT AL ET A y-75 =k 3
BT, PR A R SERS(S 5 kA B ARk, W7E
0.2~200 U/L¥ S BN E B AIIGGT, Al FRAF)
0.09 U/L. iZBIFERINES R SELISA—3(, HSERSHSE
BAERIE, A5 ZBHEERRm, W8 T SERSKATE
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Figure 2 (Color online) Application of SERS detection in body fluid tumor markers. (a) Schematic diagram of serum SERS detection based on coffee
ring effect™; (b) schematic diagram of gold nanocages and antibody probespreparation[30]; (c) schematic diagram of sandwich type sea urchin SERS

immune nanosensor detection process[

I R, AR AT AT, R 208 20 i 2 B 4T~ (MUC-
1) &Pl ISR AZAK, RIFRIF2 b B MR e a0
M5 R R e, Farahavarss AU RE BIAS 2 104
ZAKFE(Au nanocages, AuNCs)f4-MBA5MUC-18
BEPUIAK (single-chain antibody, scFv)&ifi, /£ 5 SERSFxR
2, aE2b)FR. JeBUAR)E T B IERRI H e dEbR
S YIAIA M, TiscFv ] Re St PEgs A bR, R HEA
TSR S EE, SCL T SRIAMUC 8 YRR (5 3R TR i
HMI(A37S)ISERSHUR, X MR A ZIR AR A2
EAWK RN HAE.

FLIRAE N SERSIE AR B FZELL ALHR 7, HAS B b
B KNFIE AR I % SERSIE 5. QnAR KR T H
A HIRAILSPRIYERE, &40k itk F e M 4r,
PR 25 i Ag-Au G B IC EAT BT A FHAE. AR08
FFRISERSIHLIE, P RARGURAEIFEACBA A = AR
SEVERIE A, LAk, 99K BRI IRA KR Boe
DA R MT R R 7= A 5 iR < 3R, S5 A LA B -
FEPAK S5 AT Ok S & 2 R EDRHERE, AL A
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AR ASERSHLNE, HUNTE Augh K Uk At 25 1 1] #574S10,
J2, FT/RE S R 4 B . Tatars A2 5004 T
Gk (gold nanourchin, GNU)FI4:4HKER (gold
nanosphere, GNS), 3511 GNU-GNU & GNU-GNSFi fil
e A IR, TR DU e IRT DR 5 40 286 B 4375
(CEA-CAMS), WE2(c), 455K, BRI 25 AT
FEA R ALY, 2T SER SN e A B S A 45 .
Zhu NI T — R AT 7 2R A Y 0 B A
SERS.t Fr, T 4 Muiaim 4 WP IR 88 1 (AFP) AT
G S TR (AFP-L3) Ry kI, I [l ok
0.003~3 ng/mL, FFREMERGINE AFP-L3A LLl, 7E/HE
FR I A2 W S LR B S ). GaoZE NPT
KT — LT SERSHRCTA T8 18 W i i 45 e i, 5
T U BT HRe S M (F-PS A) FILEVHT 81 AR S 1
PUR(-PSAYPR B A [RIHGI . AR, 7EiEiE3 A
FUARSIIMAREA . SR BT R IC A REER ARSI BT A4
TCHYSERSHRAS, i) 25 8 18 76 5 DR i
WEPEIC D Z AW, FERIHEE & P RGBS



P A

R, e Je I R Y SERSAR 5, LAREA TE-PSAFIt-PSA
B2 ' M. K FERT /N F10 min,  H AR /N F
0.1 ng/mL, AR TSI ARIE A Im R IZWT (8, J2Hi5)
g VA i 14— o TS I PR T, Hue AP
1& T —Fh B F-Cl v #E H (C-reactive protein, CRP)if Bt
RICOREE. B IEIES, B E 4 o 4-ATPH
AN -5 4 KB F-(Au nano-bridged nanogaps parti-
cles, AuNNPs)[HBEHVE RS, AgflZEFe;04(Ag-
coated Fe;0,-AuNPs, AgMNPs)H 14355 Flifk 45 CRP
o, bR L BMCRPE BLAARSE TR S, T
AuNNPs-CRP-AgMNPsI&.00 14 i LA K 3458 SERSTF 5,
KIFR 9107 mol/L, %77 % CRPEA RLAFAYER
VRS, IFE SC BRI S A I rh 2 30 Ay
ROMERIE. Yang® APCMl4 T 2 20 -7e- TUR k41
H(Au@Ag@SiO,-AuNP), H W H T4 T SERSHY
AFPKZI. 4 14t A SRR Z M & 90K ER(Au@Ag)
B B A ERE(SIO,) 5e M 4K BR(AuNP) T 21
B, FERIFH AFPHURIEE TR 9Kk 18 R e e R4,
[ A 4 BRYK PR SERSERE . bk R
WK SN2 AuNP TR S AE YA 2 v A fa e v
DI A EGRET MR S . IS X AF PR I3 L
1 fg/mL~1 ng/mL, EARKEIFR 40.3 fg/mL. BLAh, izt
FE A — UG A K IR GORRL 2 FRGE,
MG SERSYERE. 45 REKY], Agi ZRIFMAu@Ag
FERLJZ RT3/ N Au TR BAT B e P 23808 (5 5
I TAE b 2 )29k v 32 4L T8 B, H
R THEMRIAR Y SER S I H R A1 7.

3 B ATEA S SERSKN

A GE AR VR MR8 A 75 0 R 22 Ry B T — i e
M B DNA I A AR & TR A ], #ESh 1k
RTERH AR . ERT, AT R U e A A4 ek
FEIIE VRV PRV M RE 7K H i 25 g 248 i (circu-
lating tumor cells, CTCs)~ fEFF TR JMIDNA (circulat-
ing tumor DNA, CT-DNA). #MifA(exosome), LA 4N
JAMIF B R (RNAFIDNA) S, WA TG AG B A X e
SR AR T g ) R DA A BRI A T A b, R T IR
HEMIIRE G, i, . SRk, AN
P s 20T T SER SHALAY 22 1% 57 FHE S LA B
T AR TSN, WE#G 5 SERSZE &,
o 7 AR 5 e S YA e i, R SERSHOR 73y
25T I bR AR ) 3B Wi R AR 2 ) B R 2 —.

3.1 CT-DNASHJSERSHM

CT-DNAsHI ity 4 B e 2 it A SN LR 3R 2R 5t
FDNA F Bt kil {4 th CT-DNAs I 228 i oz, X F 1
TR EREAEHE R L. N TR IR T
Y 5EAE, CT-DNASHISERSHKINH 5 58 A i 2
J¥(polymerase chain reaction, PCR)fHZE &, K& i 158
ASFEI R L. Lids AP HEPCR“ b in A S8 e 57
PEDOCHRED, P DNARRAS, RIS RALE
B BIREH T SERSH, 2 o4t 1A (multiple
linear regression, MLR)JEATELIE 4T, 1M 5T HEHUIG
PRES L iR A B ISR RE AR, K 77 T BRAF . KRAS
FIPIK3CAREN 9641578, AR A 107" mol/L, H
LRI RGN 3R 2 A8 268 GuoZe \hIE T —Fhifg e
IREWIK A (Au nanoclusters, AuNCs/WERHRLE, [F]
I A [ 43 {845 (molecular beacons, MBs){&4l, U
I3 ()i, FH ARG DU iR e A v i AR DG 36 He AR K
F5ZK(epidermal growth factor receptor, EGFR)%&ZE Y
CT-DNAs. MBs7EAUEERAF7ERT 22 Kk R4k, RTLI
5 4b BAE 85 (0 5 6 U Bl (cyanine 3, Cy3)=EFE )
SERS{5F*7. [RIAfiE i RAAXFRPCRELAR, 158K
Jr s A HIAR L D 51, A ER h4.24x107" mol/L, S23R
T HAREGFRZSAZ A3 50k

3.2  CTCsI¥JSERSH ]

CTCsEI P& Mg b i, #EASME A HAT
6 SR IS RE R IR A0 i, SR E 2 . WS
MA G IR EE T H. 1 CTCSTE LK & & i,
DR X A 2 ) R A A B R R, HeE A
W B B YA A YE . 2 SERSHE 3 1 i 1k
PRVE ) R T B A S N AR A, O48 K+, W I&I3(b)fr
R, M RHBIBOR T 2 b 2 Uk, A 7ok B 9
2 B B ANR AR AR, R IUBRATIAT cell/mL. ZMF
T ORI SARSERSHEIE FH TCTCH, R T
e R SER S I I AE g b s Wy A il vh A T 5. DNA
walker & —FP LA E DN AZN T-HLES, — R AR i
HURS S, TR R AT LR G S RO RE T
XiongZs N VHIVERIDNA  walker 3 B iy #VA7 e (4l
BB TR S A% T (DN Azymes) 22 S8 2H 255 . 3 e A S
P2EA CTCs, [RIFT 258 A T YEDNAzymes, fi
% DNAzyme3R 1 IDNA walker v, HHEZHA &4
PSS 5 SERSHRZS MR SAA%EZRE, ITE R &
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Figure 3 (Color online) Application of SERS detection in liquid bioi)sy. (a) Schematic illustration of the procedure employed for the fabrication of
AuNCs probes and an overview of the asymmetric PCR-SERS method™"; (b) schematic of the designed Ag,0-based SERS bioprobe and its application
for the detection of CTCs in a peripheral blood sample[m; (c) illustration of sensing mechanism for SERS quantification of CDDP and exosomes' ™ (d)

branching DNA strategies simultaneously detect miRNAs and protein'>’

SERS“#5”, SZICTCsHYSERSKN, H A 5 AICTCs
U B R TR e, XuZ N 3o g B (g 2
Sy BT MSERSIREN 455, SEIUAME il CTCs 4325
AR, 5 el o A AR YR CTCs AL 40 M Y K /N5
IGRE S22 5%, FEILAM N4 B ARCTCs.  [AlHs il 45
SERSTRET, LLAhASH-Ak fhASTe g i i 2 — bkl
KK F(B-TiO, NPs)HSERSJEH). 454 H0 S G 40T
PR 2 (alizarin red, AR). 3 W (polyethylene gly-
col, PEG)-PZUUIKHEARPUIA, FrFtEiiiitE £ E
FRCTCs. %I CTCs BRI B (0] 46 465 5] 1.5 hA A,
KR A2 cells/mL. Wang%5 A5t T — Rtk
M5, B9 E5E I AR FISER S 5 R A L5 4,
FIFPUAR S E R R R e v, ST CTCs Y ik
I TR AR L R 7 25 S K YEPEG,  FRARARAS Sk 4 g
Zhf.

3.3 ANBIEIISERSK:N

G UAA R Fh I A RT3 A 0 A1 1) 2 K 3,
#lok FoRRA R E A . IR RIS 115
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B, IR BUZEALZE, PRAPAR YA 2 S BRI 1) 500
HNIMATRT LIAT A 4 Fh A M e, FE bR RS
FIGEPE A v B SR, B THW R R T A
Yoy, H5HAPERAYIREY(CTCs I A
YAALL, HAT S AR Ra e v Ak, shiAk
B R BERR AR S5 I i s YRR oG, IRk
LN &S e S SR TR 0] L ey Ant 7/ I = i 1 ¢ (97 Ry 4
Wb, A ZEAS IS5 S AR e 2l B AMMAR, LA S Xk
MR IR IR SHE B TER B T R 5 I &
A1 HunterE NI B #R (cysteine, Cys)fLH 4
RURLAE S SERSIIEY), o t A I 1) 55988 SN AR L) K
ARSI B P IE 25 W% (cisplating CDDP)HJE, )
W B X AT 25 25 PEAB 0. CDDPIf 24595 41 M 73
BEELZINMAE A, R INBAR W E 21
CDDP. [fiCDDP5 Cys4li &2 T A PR I ATEE,
RICDDP#e i, kb1~ RAEd Rk, [Ffh+
AR XT REH E W WA IE S VE A, W AT LUAE i
CDDPZRAE W [ FERE b SEEUXT AN B % 58T, M
T T 22 PR 2 A2t 254, AnlEI3(c)PR. Dong%s



P A

NS T e IR B9 42 TiO, KL 2 11 43 (macro-
porous inverse opal, MIO)Z5H4), 25 F T MR . B
mi FISERSHEL Z [A] (YAH HAE I, IF HAT ZATLATARIC,
BT S0 I3 A3 25 R R DGAMIMA. i &
TR, 956 4 0 2R (R 5 B/ I/ B o MA AR P 1087 om !
SER SUAEHR J32 (WA RRHE 7™ A8 ) S AH VL IE 5 20 0 28 ) WA,
A LMWERIZWOEAE A RbR s, SRR 2R IR AE 1Y
PRSI, Yan \SdS7 73T SERSHIZ LM A
A INBAEITE -6, AT EPUI AR 0 Y 5T
AT LATE A1) 2R 50 1 5 08 AN R IR S MIMA, Ry g2
WP AN PR E P AORIN B T A, XieZE APYIT
T I WA [F] 3 AL 2L i 1) A i A8 B o oT A
I AE EARILR B A 415 499K 22 (Au nanostar, AuSt)
Hetlil i SERSHLNE, X2k H 4% L s 4l ZMDA-MB-
231, MCF-7. BT474MISKBR-3[4MBAETTSERS
K, R FH N T A4 W 2% (artificial neutral network,
ANN)RBE 27 25500, PRI ES SR kAT 43 e il 321
G AW AN IR B 2L B s 1) SR R, OO A 2k 3]
100%.

3.4 microRNASsHSERSH: N

microRNAs(miRNAs)JE M IRNAGF, fA1ET £
FAWE Y, LG M MR PRIESE, R B R
ik, BRI R E AR R KER RV, A
TAmIRNAs 5728 MR R BIAHDE, A IESA I ]
SEPFE LR A, TP miRNAs S B 8K, Bk
FAME T RN, IR SERSEIAR 5 HA L AR 45 &
S A miRNAsK I E AR HFBe. #m i sh o4
(lateral flow assays, LEA )RR S B/ R H AR, 8
I R R, fER AN T R RO S A,
Az ™Y FRTE T & AT T SERSK I B LFATR 2%
%, BT T BGHRARAARITERE. MaoE AR AL &
Jé2H %% (catalytic hairpin assembly, CHA)i| £ T 15 5k
FARACSL, FTRIAE /N B8 (non: small cell lung
cancer, NSCLC)/RIE H ibrGEY). B A=Y Z B>
DNA % J&(H1-BIO-1H1H1-BIO-2)43 51| 5 W N7 2 4R 45
437 (4-MBAMIDTNB)ZH %, 456 S v BEdiik—&E i
TEA YK FE(gold nanocages, GNCs)ZR 1A SERSHR
%, HAFmiRNAFFTER], filk CHAY I, HIFT I 540
miRNAZRSE, AR IR E, WA (test, T)ZEMT,
HIS5H2Z458 A Kl >, T AEY R i R
R(SAIRIETL b, ARG, A A

DNA % Je Sik 406854, X AJREEAR HmiR-21FmiR-
196A4-5P{HHs B4 511 493.31x107 2 #12.18x 10" mol/L.
ChengZ: NV ¥k Rl FI 4> X DNA(Y-DNA), FF%& T —F
B R miRNAKIF- 4. Y-DNALIXUEDNA(dsDNA)
M3 32, BAEDNA(ssDNAWE M IE MR, an&3(d)
Fi7s. RE S LA R G TR AR e . 3G PE R
h, —MHTEER2 RS, AN TR
miRNA. & B 4T BN AR ZEAR 94 KA T I (AgNFs)
R EAEIZERIER, 4t A Y-DNAFIAFPHLAR, PASL
XS AP bR AR P miR-223 FIAFPRY[RI AT, i%°F- 546
MBRAEZE 107" mol/L, 7 M o i SR s DN A 25
AECE, HEA B0 5 B X bR v 22/ T
20%). il 2 R 5 im R b E B A A OB
$i R (electrochemiluminescence immunoassay, ECLIA)
ML, WoR T RAFRIASCPE, TEB T 2E IR R g
(R FIRT 5. Zhai®% APOK i L2 LI 3 S5 SERSLE A,
T 1 — b e LB 505 e S T 1 RO A P % IR A
HT B IEAHXmiRNA-106af K. ZR44 K (Ag nanor-
ods, AgNRs)E A5 HISERSHERE, HVE WSERSHELE,
{H i TR R R PR M2, IR T AgNRs[4:3
fERAL AR R, R 2 e e LK R
J& 1Y A gNRsTE HL i i h 2 30 3 B I8 0 F Ak 2= FTSER S
FaEk, ST R AL RS 1 ) 4. PangZE AT
T HHFRAYSERS H IS Fe;,0,@Ag-DNA 5 SERSFRZ
Au@Ag@DTNBHHS &, il U SERSAE YL, >4
HbrmicroRNAFEAERT 2 SEEHEE A, Bl A RBUEE 14
i S ER R (duplex-specific nuclease, DSN)FEATHI#,
WA RS 48, — 7 T EE B R i H ARmiRNAsgkZEE A
T —JE#H, 53— )7 MISERSKRZEMTE, ¥ & SERSIF 5. iX
P XS ER S 568 FJE P55 IR I 7 2% 4 ) IR 18
B 7107 mol/L, SZEL T IBAR A8« JBMRI M 1E H REAR 1Y
X4y, Kim%E AP DNASRETE & T4 98 KRy b,
B PR AN IMAMIRN As FIDN AR 4T 5 A 449 K 4 61
WK ZAZRNEY) I, TERsT 213D SERSE5HM, r=A:%
Aeh, B SERSAE S MG 5, ke PR Ik %)
107" mol/L. KimZ AP0k T Fh 7/ SAE K Agh
KA (seed-mediated grown Ag nanopillars,
SMGAP), it B b 22 i R AE S 9K AR KRN
KAEGERE,  SEBLEL IR AE OC A A I ) 5 R L A miR-
21 FImiR-155HAGI, FFXTREAEAS HmiRNASEAT T
T, 2 BASmiRNARNAEAERT, A h 2 5 ekt
BREF 791 5 3L IR AT R 7 5112458, SERSAH 5145,
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AR FIEERE, SREF P HI SRR, 5 H
PRFIIE IS A Je 25K, SERSTH 5 OCH]. *47ESERSJEY)
B ANFRE, n] LUK Z A~ H AR5

4 RAgESE

BT SERSHLA A i b s WS I A T i
JiE, BA RS R Fpme s AR s B2 PRAE O, IF
H AT RLAE S 2% (9 i PR A58 r [ i JR 50 A [/ B9 73 715
B RN R S AT RIS, AR SO Lk
WA T EAE 5 AL, MERIFTR, Il SERSHN 7 #L
JE RS L R P A S THR L TR . (1)
RS S e BT A A B0 S S RO DL R A,
LA BRSERSHIN R A SE BT 520, (2) il ik #%
RIS B AE RS SRR e, BRI M H AAR & 1, 42
e RN 2 R R S, ARl N DR SRR i e i e
IR, (3) A G P BB KR 1 I 25
NSFHEATRIRGE, Ry A 8 2 s AR i R A8 I
TATRE. (4) 45 A Al ARG, SRAPSERSKRINY

F 1 ETSERSHIPRIR SN T ik b8

Table 1 Comparison of tumor marker detection methods based on SERS

AN, SR H AT EIRIFSE I8 A BN T ARSI R
ALLTR 7 TH#EA TR0 (1) SERSERZ 54914 |
YEH. TEE 2 EYkEA T, SERSHRZE AT RERAE HAR>
T RIRFGG, R AR 77 0 W Rt Pl RE T3
SERSHAF, SHUGISE FAFE . RBUERRAL 45 ]
. TERIFSE B ST SER SHRAS O Re e M AN A AR 25 k.
(2) BEIE A E B FNSA . A2 GESERSH AT H 5t 42 @ A
RH A, T A iR ] BEYS YR g R IR, BHWTHGS, &
RGN 5 SR E B 2 () (R R A SRR v, T
SERSHELJEAALA K 25« (o FH R A AL ) A Bk, k225
ES AR = AN TP S AR RO %/ & SN K<t B RA
TR FRARBIAR, $m i ah Rt (3) SERSHA
VEN RSB 2% K R AR, AR I PR FH B BE AR 2R B (]
M, ST T R R REAE S A, R,
N FHSERSHE AR H,  BNEEAE i g pr i 3t 2
Tt e b 5 A TR A RN, AN T BE A 57 e
SRR, AR R RGN 1% % O RERA B, RIS o
FAHHE . AT T POCT R s M R BF S a3,

ivalllysEzN R e fistay Eiq W BURE R Her i B 7% Rk

JEEPZEE BT AgNPs 100%  100%  100% [9]

ZH 21
;g('m FEA bR KR A5 AgNPs 98%  97%  89% [10]
FEA b3 HEH LR/ BR 5 AgNPs 782% 75.5% 78.2% [11]
HEZEH =151 AgNPs 92.65% 100% 83.33% [15]
FEIR AFP Au@Ag NRs 91%  90%  92% 16 ng/mL [16]
FEA b HE ML A AgNPs 94.67% 90% 97.78% [22]
FEA AL 2 B FHHBAE G AgNWs 100% 100% 100% 1.77 x10° mol/L  [23]
E@E DTNB#t %43 F GSH AuNCs 5%10™* mol/L [28]

T
Kl GGTHEHRET GGT AgNPs 0.09 UL [29]
BT SR BRI AFP/AFP-L3 AuNPs 0.003~3 ng/mL [33]
PUABREH R 6 f-PSA/t-PSA AuNPs 0.1 ng/mL [34]
TG B AR AT CRP AuNNPs-CRP-AgMNPs 107" mol/L [35]
“W-me BLICARED AFP Au@Ag@SiO,-AuNP 0.3 fg/mL [36]
MBs#E CT-DNAs AuNCs 75% 100% 4.24x10 " mol/L  [40]
A R\ ik Ag,0 CTCs Ag,0 1 cell/mL [41]
DNA walker CTCs Fe;0,@Si0,@Au 1 cell/mL [43]
j‘ﬁ gﬁ O e 4t CTCs B-TiO, NPs 2 cells/mL [44]

i

TR FAE SRR s AuSt 100% [51]
WA T/ JEDNA/IFAIRAR S miR-1964-5P GNCs 2.18x1077mol/L  [54]
43y ST DNAERES miR-223/AFP AgNFs 107" mol/L [55]
Au@Ag@DTNBAR miRNAs Fe;0,@Ag-DNA 10™"* mol/L [57]
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Advances in tumor marker detection using surface-enhanced
Raman spectroscopy
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A tumor is a severe threat to human life and health. Tumor markers are usually found in tissues, serum, and other body
fluids. These markers reflect tumor occurrence and are closely associated with their diagnosis, treatment, and monitoring.
Tumor marker detection is an effective method for early tumor screening. Early tumor screening can save patients time and
is the key to tumor prevention and treatment. With the advancement of precision medicine, tumor marker detection
technology requirements are constantly increasing, and it is of great significance to develop a convenient, sensitive and
accurate method for detecting tumor markers. Utilizing localized surface plasmon resonance (LSPR) among nanoparticles
enhances the spectral signals of molecules, thereby improving detection sensitivity and accuracy, surface-enhanced Raman
spectroscopy (SERS) technology is a powerful tool and a hot spot in tumor marker detection research with potential in
biomedicine, clinical diagnosis, and other fields. The current paper reviews the research progress of SERS in the field of
tumor marker tissue detection and liquid biopsy in the past five years. Moreover, the study proposes new ideas to improve
the sensitivity of biomarker detection with sample processing, base improvement, and probe research. (1) Using specific
adsorption materials and membrane separation technology to optimize the sample and reduce the influence of sample
matrix in SERS detection. (2) Absorbing targeted marker molecules with specific probes of antibodies and DNA aptamer to
improve the detection specificity and reduce the excessive diagnosis cases due to high sensitivity. (3) Researching the
structure, measurement, and size of metal nanoparticles of the base to generate more spots and improve sensitivity. (4)
Incorporating other fields like electrochemistry to make up for the SERS detection defect. Meanwhile, we analyzed and
prospected the challenges and development of SERS technology in clinical application. Attention should be paid to the
stability and biocompatibility of SERS labels, substrate reproducibility, and cost. In practical application, it is necessary to
consider the cost-benefit, service cycle, and ease of handling of SERS substrate. Therefore, the research scholar should
continue identifying materials that can replace gold, silver, and other nanoparticles. Moreover, a renewable substrate can be
prepared to reduce the cost and enhance the stability of the experimental results. SERS technology has a short exploration
time in the clinical application stage and requires significant clinical verification and promotion. In the future, predicting
potential tumor markers and detecting multiple tumor markers combined with applying the advantages of SERS technology
could provide high sensitivity and accuracy. Meanwhile, producing portable sensors for POCT may become a research
trend. Thus, it will also provide clinical significance for detecting tumor markers. Sensors developed by SERS technology
are of great significance for clinical tumor marker detection. The abovementioned factors can be fully considered and
overcome when developing new detection technologies. In that case, the developed sensors will be more widely used for
clinical diagnosis, food safety, and environmental protection, among other fields.
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