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Abstract

AlM

To investigate the value of surface-enhanced Raman
spectroscopy (SERS) in the diagnosis of gastric cancer
(GC) as well as its feasibility in distinguishing GC of
different TNM stages.

METHODS

InVia laser confocal microscope-Raman spectrometer was
used to examine the sera of patients with pathologically
confirmed GC (63 cases), those with gastric precursor
lesions (45 cases), and healthy volunteers (50 cases). One-
way ANOVA, Student’s t test, principal component
analysis (PCA), and linear discriminant analysis (LDA)
were used to process and analyze the Raman spectral
data, and the receiver operating characteristic (ROC)
curve analysis was performed to evaluate the diagnostic
efficiency.

RESULTS

The average SERS spectra of sera differed significantly
among GC patients, patients with precancerous lesions,
and healthy volunteers. The intensity of Raman spectra
located at 725, 1099, 1133, and 1589/cm was significantly
stronger in GC patients than in normal controls, while
the intensity of Raman spectra at 1004, 1328, 1446, and
1657 /cm was significantly stronger in normal persons.
A strong enhancement in the intensity of the peak at
approximately 815/cm was observed in the spectra of
the serum of GC patients. At the Raman shift of 1133,
1446, and 1589/ cm, Raman intensity for serum samples
was significantly stronger in GC patients with TNM
stage III/IV disease than in those with stage I /I

2018-06-28 | Volume 26 | Issue 18 |



disease, while the Raman intensity at the Raman shift
of 1004/cm was significantly stronger in patients with
stage [ /Il disease. The sensitivity, specificity, and
accuracy of SERS combined with multivariate PCA-
LDA in diagnosing GC were 96.8% (61/63), 78% (39/50),
and 88.5% (100/113), respectively, and the area under
the ROC curve was 0.927. The sensitivity, specificity,
and accuracy of SERS combined with multivariate PCA-
LDA in distinguishing TNM stage [ /Il GC and stage
I/ IV disease were 97.5% (39/40), 73.9% (17/23), and
88.9% (56/63), respectively, and the area under the ROC
curve was 0.857.

CONCLUSION

Detection and analysis of sera based on SERS can
effectively identify patients with GC, those with
gastric precancerous lesions, and healthy volunteers.
Furthermore, it can effectively distinguish GC of
different stages. SERS is expected to become a new
method for early diagnosis, clinical decision guidance,
and prognosis evaluation of GC.

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.
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&
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13— BIIEFIISERSHIE. A: Bl . B@ApRAAAIE R B: HEETNM 1 - [HEIRIII-IVE]. SERS: RIEHGRATSOEREA.

Algorithm# A" % RAEAISER ST £k 3171 LAV Bk
M A DL R PO AN BR, 15 3 IS FISERSIE 5. 4k
T E600-1800/cmi £t BB 45 2% 1% 4 b A7 AR 0 —
T AREE, 5 54 ] — R AN [ 7 B 13 4% i B I
NN B 1 5 SERSE 5.

Git A0 MR TS R A Rn = WS
K)/[X(Xi¥ - XB)IK-D]TH A H A 50T R 5 /0
12451, RAISPSS20.04t 1+, Xf % ZHSERS i 3 &
E AT R R J7 Z 70 T (ANOVA), =4 [a] Py
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PR LG L SDEs 58, WA 7 A A 2 (8] (1) B4 B L AR
A5, P<0.05 75734 Giit 25 . fEMatlab2016%¢
Hep, R 85343 BTk (principal component analysis,
PCA)XT s AT P4, \Z 4T & Ra h 5L
DH A RERMER LG A &, M e KR FE 1 s B
R A VR AR, 1 — DAl 2P ) 4 M (linear
discriminant analysis, LDA)X} #4 #47 H 7 728, 523
F TAEHRFE #1 28 (receiver operating characteristic curve,
ROC) T AR FH T VPN H 01 73 Fr 45 SR 12 W 3ae.
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R 2 PCA-LDAZKIEEDHT

SR FUNZE
12
e REE Bk SRR AUC
JEARSA vs IERA 45 (45) 42 (84) 87 (91.6) 0.976
SEH vs [FEA 61 (96.8) 39 (78) 100 (88.5) 0.954
EERLA vs BiRA 52 (82.5) 37 (82.2) 89 (82.4) 0.927
TNMII-1VER vs T —IT1E§ 39 (97.5) 17 (73.9) 56 (88.9) 0.857
PCA: ERDDHT; LDA: LRtk BI04
A B e Gastric cancer [ -1I
6 1 » Gastric cancer III-1V
. e Normal
4 F Aaa o Precursor lesions 05 | ¢
0 A, . . o A
LBe & 4 Gastric cancer ® ol an a
220 E:EDD% A 2 Or °e oot
[ ] A
9 ...* Q%QDDﬁAA AAf 9 °® AA.Xﬁ o. N o
0r A .%‘A‘ 0.5 - 2 “AA% as
o0 h
2+ . T&A -1
gl R -1.5 L
TTe— 2 ] 1
LDA2 2 -2 LDA1 0
At 0503 pa
2 PCA-LDAZBTERIHIBIRESON=$HHRE. A: HE. FEIPEE. FFE4; B: HETNM 1 - HHAIT-IVI. PCA: 55T

LDA: Z&PHHBIHT.

2 B8
2.1 M A SERSKH#EGHAE KRR T GCAH. JFEHTH AL
M. IEHALNGC TNM [ -1 SII1-1V #1035 A7 A
— AL JE P ISERS i, GCAL. JERTHRASA . IEH A
M35 V- I SER S H 13 T 25 Rl R 0 AR AR BL, GCHII A
HSERSHEUE SR E KRB T IEHHAMGCH 7], F %
(R T A2 82629, 725, 815, 830, 961. 1004,
1099, 1133, 1220. 1328. 1446. 1589. 1657/cm
b, (H IR G A7 AE 22 . X O AT B R IRIE
GCSERSIEFBI, #6725, 1099, 1133, 1589/cmfi
oAb, GCHIMIESERSHE = T IEW A, ZRASI
= X (P<0.05). 7£1004. 1328, 1446, 1657/cmiif4b,
GCHIIH AR MGCHLINESERSHRE 55 T 1IE# 4, %
S G2 L(P<0.05); 1E% HIMiESER SH: i A i
IL)830/cmiig, FEGCHIHALH LKGCAHIMIESERSI
W, I 2 mF E815/cm, I HGCA %I %R
JEE o g B AR 2H A B 2H, = 4H [R] R I B $EP<0.05,
ERBAFHIFER L.

GC TNM [ - Il 51I-1V M35 173 SER S 1 7
AR B FE BEAARN, 72 7 32 BARIAE W I iR FE I
7E1133. 1446, 1589/cmfif ik, TNM -1V I i
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SERSIGIERE ET [ -1, ZRALGiT¥E X
(P<0.05); 7£1004/cm iz 2 4b, -1V A 1L JE SER S 1 1 5%
FEHIR ST 1 -1, 27 A g0t 225 L (P<0.05).

2.2 fiAFSERSHK#EN % A%t 94 RAPCASHTIE
o 1 B AT B4R o SR L, GCAL. JE Rl
Ao, IE A LTS S ER SO B B0 5T 34 3 BUS 2
Z TR FR L $82.2%, TNM [ - I HAFIIL-IVIIGC I
IEF90.4%. HE—SXPCAFERUH B F /i TLDA
30T, LRGN WAL, KL D A=A I 2 K ) BR
oS B (E2), i PCA-LDAS KRS 5] H)
B WG CRIR AR 1 R B e S PE RN AR 2R 2 o
100%(45/45), 84%(42/50)H191.6%(87/95); 3L HGC
TNM T - 11 AT TV 3 R R e PR HE R 2 90
ISN97.5%(39/40), 73.9%(17/23) F188.9%(56/63), IL.%2.
2.3 ROCW & 547 XTPCA-LD AL WA = A= 1y ) 51
o MH#EROCHZ(H3), AP ELEY 12 Wi &k ke, 1E
HHEETR R AT A A —GCHMIE R H—
GCHROCHIZE T A7 51°40.976, 0.927F10.954.GC
TNM [ -1 H—TI-IV AR O CHh £& R THi £ 40.857. 2 #H
i& HIPCA-LDAG I 73 K2 W e PR =, fe
AN GCEFE . AT B AR N, FFEGC
53 B B2 Wi b LA e R AR 1
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= 3 ANIAMSESERSIEIZHIEY D S FE ">

RIS/ cm) IRaIET YREE
629 C-C=0Ztbixz) TRRM
725 C-HEHBIRT IRIZ0S, SHEEA
815 C-CItB45Hxzh PRIRES

961 C-NFE R IR

1004 C—-CIAITIRIRTD AR
1099 PO,JIFMEBLE SE. BHERsS
1133 C—NIFREBSE D-E&=5E
1220 C—CoHy{EB4EHRTN AR, BB
1328 C-HEH8iRT fi=l5t

1446 CH,Sehixa) EOR. Bis
1589 C=CZdhiRnh LA

1657 C=0O{B45HzzN a—lRfe, B 1

SERS: KEIZEAISHERA.

M
3 \
[}
S I
@ 04 1 Normal-Precursor lesions(AUC = 0.976)
[ Precursor lesions-Gastric cancer(AUC = 0.927)
02 ||~ - Normal-Gastric cancer(AUC = 0.954)
0 1 1 1 1 1
0 0.2 0.4 0.6 0.8 1
1-Specificity

Sensitivity

1F
0.8 [
0.6 [
0.4 QJ
0.2 — Gastric cancer [ -II-Gastric cancer III-IV(AUC = 0.857)
0 1 1 1 1 1
0 0.2 0.4 0.6 0.8 1
1-Specificity

3 ETFPCA-LDAREMYEAVHIBISRAIROCHILE. A: Bl FAPRAA . IEHA; B: B TNM 1 - LRI IVHEH. PCA: Ek5

SHT; LDA: AMEHGIHT, ROC: SERFESL TRRER 2L

3111

GCH RIS WAl R NG 70 T 208 B U, e
AR B RO I8 R WIGCIHFAS GRS I AE
RRNES 22 AR 2 1 e, TR A R R L A v,
MAEHREAR . R, B TR R D 71
BB 2 B A A SR AU AT T S R A R
1A A AL, IX A AL A T DA IS SER SAI A5 LA
B, ARSI ISR & B8 RE, W LAE 2> 1K
P b A R B R A 2 B Ry T SR 2 . N
PR ILTESERSHEUE Y 2E 1) 7 IF1 s LR 3.

A 23 M YRR R SO HR N GC R [
IEHEATHEFE, K BLGC LG AN IE# LI KISERS T U
SR FEAFAE W] B 22 7, GCIILTE  IH B T RX IR A L 2 e
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FERE R N s, T VA &8 T8 A5 R RE R A T IR
WL AW RS BRI, GCEE . GCRIAE
B . IEH NS H°F IS ER S I i JE 25 Al s K44
AFBL, GCHI7 AL 2E 1L 375 SER S 166 88 1 357 T 1E i 4.
FGCHH 2 18], 2B & 2H 1375 40 22 B A3 11 43 7 G5 46 1
SR, HimniE A2 IEw AR GCHAZ R —4
IR B IR R R B AT AR HAGCH, 5#
i FH G (1 1fL775 SERSAS 538 i 1 5, £ ZLAET25. 1099+

1133, 1589/cmfrfe b, £ GCHEA MIE P LIRS
B T IEE N, X AT RS A T 1 R 4 A G PR A
BA - HeAk, A BRAR AR B RS B R 22, A MR 4
FARAE . R T B R R B R R G R 4, 5 UK
WAL & T i, X PRI S SR AR A, A R RE K
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NG CHBAS W bR £ 4 UL TS W50 1 Bh A HE FRPY.
SR RE AR, 725/ emiB IS AEGC. S5 B -
SRR 9 S5 R R AR I NI, DR
SEBMEIRIZ ) RS | 7E1004. 1328, 1446,
1657/cmf{r 54k, GCHIY A2 A GC LI % SER S5 5 1)
55 T IEH 4, X Lei g 2 8 T RN AR .
BAR. B T, UBIGCHE R My - & 1 5UR iR i 25
AR G3 T W S AR, X AT A6 5 20 e 40 A AR
WHEEK, BEAN. BRI, R FEG ARG, Lhah,
TATTHE 5 FILE 1E 5 40 rh i T I 2 R ik 2k 1 830/ mity
U, YEGCRIHAR L K GCALIMIFHSER Sk #4131 2%, -
FE815/cm oL A% A Y BUAFAE U, T L1 A5 48 55, R4 AE I
ok H I R & (I C-CZa R sh i sk, 9 70 R, GC
ST R TV Y e SR v 1 R R ZH DL R G CRT
A, YONIVEL S & B 5t e . s an iR i fng:
LW FAT N K, AENGCH R Wiz, ik
UL B SRS VEAS R L35 b5 &9, AR, HE T
SR A HI815/cmib g /EGCA s I K, 5Tk
Wt aE R —2. o7, S EA RO R 2 G C
(R ARFAIE V.

AN B G C R TS 2 R BOK, R i,
TNM I . I, I, IVHIGCHEH MSELELFRYHN
93.5%, 77.7%, 43.6%F18.8%"%. GCH& FL 1) 4 % 6
I7 77 RIS 97 RCHIWT DL R TS VR 3 B A
P8 T2 . 1o B R A GC AN [R5 HE 4 1
(A3 SERSH 78 H R B, GCILiE H I J& T kIS ISERS
TR A B R T B RN, HERE(TNM I-1IV
W T FHIGC(TNM T 1), $27 I35 Hh 1 g #H DG Bk
O TR AR 13 TR . A A R OR, GC
TNM [ - I1 BAFATII-TV #5835 S SER SYE i A7 75 % 57,
FEII-IVIAMESERS it v, 1133 1446, 1589/cm—
b I B B I B, RUID-H R AR, WiE X
BRSNS EWNE 2T 1 - NI, 208 i i i
B B AL A T8 OIRAS . 7E1004/cmithigst, T-11
M7 SER S e ik B B b o T-TT1-TV 4, et 1 i i
FITt B R AE D 43 1 R N R IR GCRBERE, & BB
Wb, HHAEMESERSHRE F 132 T 1R UF (R BI,
I, 1004/cmil 16 7] LUE A ZE R WGC T - ITHHANIT-IV
B AcHE. BT SERSIGIGE JE K, 183 PCAEAT LA
X 2 AERE AT R 4L, SR T2 A AUE B, IRk
—IE FHILDA ST, WA [F] 28 Y 1 1f1L 35 SER SHEAT
HISW. AR MESERSHIEM EPCA-LD AL Wi
R T4 RIEH AN GCRIRAS. GCEE, ALK
AFGCH 7 M 13 2 1 Bs 1 R R 5 AN
TR,
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AHIF TR FH ARV I N8 3 R I, i i InVia+Plus
BOEI A B e R4, B T GCERE . TR
AR TEH N, 7R, SERSEEARLZAPCA-LDA
GUUT o3 T 7 VAT A S B S IE R ON . GCRITR AR BA K
GCEE M MBI A; i HSERSEAN AR/ IGC L
TEHATRI, 455 PCA-LDAR] LAPRIE , faif8 X 2
AFIGC, kR T AT Y, EAH— DA, 4
1M, H T S0 A T3 9 B s 2>, g 43 J2 i S b
g, ILAFEE— RRYE. F—52, BATKEY REEAR
L, XSFGCHERF AT B HE AR
R 205, B#3.GCHISER St ¥i#E %, NSERS
FEARTE SN (I R L A S B o Fibr . sz, Bl
XFSERSEEAR RN L, A B BSAG AR 12 i
Pt 3 DL TS VAl R 3T 51

NERR

shpAdE =
=

 Jifi (gastric cancer, GC)A& 5 LI AL 0 14 i, ™
A NI A ar g B, e 23 B2 G CHil i 1)
KR, FIARIEGCIZIA N K. FIHGCHIERE,
A e 25 T B LI GOt PR i) L2 W, Hox
TR IR o A RE WOBUR JE i B AE R 2, iRk, R
SR BT 2 1R AR (surface-enhanced Raman spectroscopy,
SERS) & — M5 o3 1 73 B B, AT BALE 73§ /K4
AN R R AU, SERSKTT- 41, 421,
R B AT B I R %, HArg) 2
L AP B 2 R 12 W ek, At 7R FISER S
ARAHTHE T GCIMIE . F AR AR M RN ML
SERSIGik Mz m, HIET @ —Fohi. 2.
i = A GC R 2 IR R 23 T 7 k.

Ealig/l 8

H A E A4 T GCIISERSHF 7t 2 #E h AEGC H IE
NS RN W, X GCHT AR B K G Cor BRI AT 72
Hb, RFFEFHSERSEAXNGCHEE . GCHIHRAL
RN R R AT S L B, IR T SER SEARAE
GCHr BAR B . ASHI 70 1 Ot i RELE T i) 45 A 1
BRI, BLGC. GCHIEAE JAg R A IMEISERS
FEEEAE, FE, 2874 F 2 HIGCHISERS Y1 2 7] 1)
725, WS eI R R, Aoy T O B AR
WE RS AR, TN % SERSHIARTEGCH 12
b7 A0 7 4 o R P 2 R R R AR AR

e y=
AW I B LI — P GCIEBUS W (1387 57k, @I X b
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SIHTAS R B L3 (I SER SYGIERFE, DLT-HRAENE S ik
GCH LA Z K Z %48, AGCH FIHZ KA
TS R oy AR LR AR E . AR S R KILGC,
Jeg B AR R RN IE N IMYE ISER S TE A7 AE 2 3¢, 1M
HARSHRGCILIE Z [AISER SYGIE A 25, GC
IME A 3 ERF R R SERS HE U, MTTTIE FHSERSEL AN T+
GCHJFIHIZ WA b eg 73 3 ) 20 B w471, JNSERS
FEARAE VA TE 8 75 TH RN T B35 5E T S50 LAl

ey
AR TR ARV B 9 1 5 A e, 33 In Via+Plus i

JeIAE B B0k R4, Kl 7 631IGCHE, 454
GCHIR AL B3, 5018 e NI ILiE, $RAFAN [F5 41 i
JESERSIEHE IR, 70 B A FEDGIE FRRE, R LA
RITENT BSLFEARAT IS . ERI . Btk H
ol 3 T S SR 3 AT 7 V0] Ol T B AT Gt S A B
I SZFE it TARRRAE th VP A 2 T 3L e. A 5 6]
FHEHUF 7 T GC TNM I - 11 ATV A SER SO6
HWERZE S, PEAG T SERSEARH T X HIGCAN A 4 #A K
AATHE. BB R —HE RN 2R R, 5
otk B R A T 5 3 B (principal component
analysis, PCA)FIZE V35 3t (linear discriminant
analysis, LDA); PCAJE — M= A H 4 B AE, N4
BE RGN DA REENLRE R, M
$5e KRR B2 b s Bk ST HA R R ) SE 1t U7 V5. LDAR —
b2 TP AR 5 0 SRR AR A A R A, FIH 2515 B
XPARFNE BT S 3R GetJrik, @I PCA-
LDAZ Wit BNt 22 R A BEAT F0 432K,

A FRERLIMGC. GCHIIKHAL . 1EH 4G 1I-F3
SERSHEAAAE % 5, 1£725. 1099, 1133, 1589/cm
Ak, GCALIMESER SHRFE = T 1IE# 41; 7£1004.

1328, 1446. 1657/cmfifib, GCHi AL MG CLL I
TESERSHEE Y55 T 1E % 41 AH bb 1E H 41R1 Al A8
#H, GCREH MIETES15/cmib B FEFIE. 7E1133. 1446,

1589/cm Ak, GC TNM I1I-1V ] 3% 1 1% SER S # [
HIE 3R T 1-118; 7£1004. 1446, 1657/cmfifit, 1 -
TT A I S ER S ik U 5 FEE U B 5 58 T+ TT1- 1V HATIT- TV 34 1fm.
JESERSIEIERZ RS T 1 -1, FIFHPCA-LDA%
AR RISERSHE AR IZWIGCH RBUSE . 557 M AHE
T3 31 996.8%(61/63), 78%(39/50)F1188.5%(100/113);
ROC L R #4351 40.927; SERSHIA X /rGC TNM
[ - TEHARIIL-TV 3 00 R A L e S5 PR R HE B 2R 0 30l
97.5%(39/40), 73.9%(17/23)F188.9%(56/63); ROC £k
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TTHAN0.857. A 745 Tk I 5L TR T4 i b 2
TEHARXGC GCHIE AL S A FE N I L5 12E 4745 P AN
ST, TARERGC. GCRIHRAL Mt LR E A, I
HREWE A AN 2 A GO A 3K X 47, A B RN GCIY
FHRIZI. IR R SRR T L RCTS VR AS R8T 7772

ZLELEE

AWEFCUESE T GCHERTRAS . B MG ISERSY
WEAEAEZE 57, SERSEORTT LATE 7> 77K EXS GCfft
FIZ W, I H T [ s 20 00 0 0 B — 52 .
BEESERSER M A AN, HATHMNIRAFGC
B LA S A 8 (1 97 2 DL I PR AR B4 . TR VP A
.

=

AR BEIRE I SERSE A £ a4ttt 7 Mk Re IR 47 Hh
ERGCHYBHTRAL . IEH N MLE, (2T i s 8
F, HAL 206 2 B0 2 PR B2 A5 5 S 00T,
WX RFAE RN N2 FR) A2 400 93 1 7 W % B AT 7 1t — 2D
Fi. AT LS R R, BRI IR0 AT
25 5L, (RAN e 56 4 HERR BEALRE AR T Be A7 1E 1 25 AR
oy A 50 ANE AT A0 i i B A R e i R
MBS EER 7T, PRt RATAE — & MR PR 14 J5
T e A iR 1 LI B 2GR LU 8. R — 2, 3R
TPHGY KBEASTUAE, X6 G C IR 43 kA7 SE RS 40 ) o
2, R E RRIE IR FE(T) . KB LB WIN). @it
R (M)SEA o 20, FHERASE AN [F 73 JH/ESERS
St R, @S GCIISERS Y IEHE 2. [HIN K4
AH S R 35 A AL A BEAT SER SR, S BEAS [|) A= ke A
(M3 BHHLE)SERS IR R [A. dhsb, alit—25
EFREAS R BE S AL G CHEAT B 7T, #R T SERSTEGCHi
Ry KA WA B, REHRFAE U BT R A 0K o F
BT SE R, IR BT AT AR M. E AT 55
Fefith b, 6P Ak 2 G AR R 1 13 12E 4T SER SHF
Fi, Skt EESERSYG G2 WG C LA B At Ji 8 1 s
P, SEEw SR, diib o dl, AN A R DA AN A AE
VIREAR ST, SO 2% R 2R 4, il o5 e e MERE BE o
b piiE Y A s R ith

4 SENH
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3 Fleischmann M, Hendra PJ, Mcquillan AJ. Raman spectra of
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