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Research Progress in Screening Metabolic Biomarkers of Lung Cancer
Based on Mass Spectrometry Technology
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(‘Department of Clinical Laboratory, Shanghai Chest Hospital, Shanghai Jiao Tong University School of Medicine,
Shanghai 200030, China; *Institute of Thoracic Oncology, Shanghai Chest Hospital,
Shanghai Jiao Tong University School of Medicine, Shanghai 200030, China)

Abstract

survival rate. The occurrence and development of lung cancer is accompanied by changes in metabolites in the body.

Early diagnosis of lung cancer can significantly improve patient prognosis and increase patient

Therefore, comprehensive detection of metabolic pathways in the body, combined with bioinformatics tools to ana-
lyze metabolic response changes, can efficiently screen lung cancer-related metabolic markers, which can help to
detect lung cancer in its early stages. In recent years, various metabolic detection technologies have been developed
for screening metabolic biomarkers in lung cancer. Among them, mass spectrometry technology has shown signifi-
cant advantages in sensitivity, specificity, analysis speed, multi-index parallel detection, etc. Therefore, it plays an
important role in cancer diagnosis, disease monitoring, and treatment. This article summarizes the latest research
progress of mass spectrometry technology in the clinical diagnosis and treatment of lung cancer, and provides a sys-
tematic outlook on the prospects of applying mass spectrometry methodology to the discovery studies of biomarkers.

Through an in-depth understanding of recent research, it is expected to further understand the metabolic characteris-

tics of lung cancer and provide precise evaluation techniques for early diagnosis and treatment of lung cancer.

Keywords

I 958 2 O RN AE T e A i e . o A 2
RN A i P B R ) S P R 2 — it R A Wb
RS EFARNERES L — M, BTSN
i s 07 25 32 2070k B BA IS5 R 5 R BUd 2
W, 30 £ A R o I R A R A [ A BA R
40 (circulating tumor cell, CTC). H & ik, 1
98 DNA(circulating tumor DNA, ctDNA). fi#ll/]y
RNA(microRNA, miRNA). L& %5 12N TR
M TE R ) 32 BTV, SR T R AR e, BT
I R S TS A B o DRIk, A7 5 0 a2 it A DGR
PEFREA, PRI PRI 3 S a3k Fee AU o

N PRI TR <1 500 Da)& i A 4 s
BN Z T AENBUR S P SR I B 46 285 3L, 0t
FLR N A AR 7~ 03 9 DR AN e AR R g ML
H AT 70 O 0 % P e e A3 1 £ B o 2 0
A U IERRAC . AR AQUH &5 2 P R A e
S ARG AR AR = LA 5 P 1 (mass spectrom-
etry, MS)SFH2 A o THI ) i 83 I PR b 2547 ) S e 1t 9,
RiGH ARG R FFRMg. Sl 2%
R, AELATY T I 5 s 3 R R0 30 0 R URN Bk

lung cancer; screening of metabolic markers; mass spectrometry; diagnosis; prognosis

BEAh, GERMBHRI I A AR S R BOR R
AR R AT 1 S AR A 0T A S AR R
SEBUR N

AL RGMELRIR T TSR 515 S HAE il e
I PR 1297 N2 25 5 T R e Wik e ik g . B 5, 2R0R
T AR5 T B e B AR, sl T AR A R
PRI R Ry R RS . 25, FRATTR B R AR AE
S T 12T T Y2 i A A R R L A T T
IR HEAT T AR S, . A TR AR LRIk R
PR AR e b B SR (R UL, Do it R 2 W
AT B4 E FAR A

1 FRiEEARGE

A A 7T 9T O iR 0t e R B A AR Y
AU E iR AT 7C A8 2 Ab S 8t 5tk £ R O
V2, PR ER I 1k Bl AH 5k OB AR MBI . IR AESR,
RS T 5 O KB R B, rT AR SE =i
T AR A T I SRV L IR R A
. HA0EH B EZEE 6 A 05
T 156 FH (gas chromatography mass spectrometry, GC-
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ST - RS ST BT R

MS)- JFH €23 J5i 1% 5 (liquid chromatography mass
spectrometry, LC-MS). & /i 4 B 306 fif W L 25 )
i (matrix-assisted laser desorption ionization-mass
spectrometry, MALDI-MS)% . i it A [A] 25 7 1) i
T A3 T B DU A AF 5 3% (single quadrupole mass spec-
trometry, Q) PUBRAT—KAT I [] 15 3 (quadrupole
time-of-flight tandem mass spectrometry, Q-TOF).
= H JUFAT i 5 (triple quadrupole tandem mass
spectrometry, QQQ). & F P51 (ion trap mass
spectrometry, 1T)LAJ 5 70 HF &5, SEIR 2 50X
IR > BT MIE B XA il A b S5 A ik P K
HEEATTERIEM .

Jo T 3 AR A Bk s R L AE it e A 4 40 T o
(S FHRF AT LR 1o GC-MS = AR AT S R /s

Sample Metabolite Chromatography Detection Data analysis
/ < .1

/
F

Grinding/centrifuga
-tion/extraction

it

Biological
fluids/tissues/cells

T HERLE . R R S R R TR A,
M FHERMEZ. o FRE R A R AAT
AT, HAAB BN E B . LC-MSHIE &4
SERUBME R FEAR AL 5 kAR T B AR
D78 55 K55 . B SR X R AR TIAL 3 1) 25K b
i~ LT iR U2 RALES BBt . MALDI-MSAE
NP R MR AR T B, AP, . 5
T E B FIFE D SR . AR T AL SR T B,
FE A T5 B AT R A2 A AT AL B, B AT SR 5 B gk
A7 25 1) 8 AN ST IR S B 5000 2 A, (AT 39 30 5 ol ¢
b Ho2x i R4, RIS A (1 e & 43 B A7 T I Bk
k. BiE RS ARKAR K AR S, &K
P — e fil g AH AR AR A, A EE Tl 12 W A
TE PEAl

GC/LC MS

Bl BT RIERARTEE R RS R & E

Fig.1 Schematic diagram of screening metabolic markers of lung cancer based on mass spectrometry

®1 FUERRZ[EAIELES

Table 1 Comparison of mass spectrometry techniques

Diagnosis/prognosis

HR PR B N

Technology Advantages Disadvantages Applications

GC-MS Accurately analyze low molecular weight (<500 Da)  Strict conditions Analysis of volatile
metabolites Derivatized samples metabolites
Volatile compound analysis Destructive
Efficient, sensitive, and reproducible Not suitable for thermally unstable compounds
Available databases and software Detection of single metabolite

LC-MS Wide metabolite coverage, ranging from molecular Batch processing and standardization Comprehensive
weight 800-2 000 Da Poor anti-interference ability metabolite analysis
Simple sample preparation Expensive instruments including amino
High sensitivity, speed, and economy Difficult to form multi molecular ionic compounds  acids, sugars, fatty
Flexible and diverse acids, etc
Available software

MALDI-MS Simple sample preparation Low sensitivity Analysis of me-

Flexible, diverse, and fast
Wide coverage of metabolites
High accuracy

Quantitative restrictions

Matrix interference

tabolites including
amino acids, lipids,
nucleotides, etc
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1.1 GC-MSEARARHE

GC-MS & H A & # FH 09 Jili i 45 R VA WL
(volatile organic compounds, VOCs)# V- &, |72
RLH T VOCSZH 73 7y B5 5 % € 97, R RIES
FE R4, GC-MSHHT 2 B 6 ZU3E AT B 5 TR 4
R, Hodr, A A AL EL (solid-phase microextrac-
tion, SPME) LA H 45 1 fa 5. 2% U 8] J 2500 )
2L TR R ANy S g 4ll. RUDNICKAZE MR
FH [ AR 3 2 BL/SOME 8 15— 1% B¢ (SPMEE/GC-MS)
FiR, %2534 32 W AREA T ) VOCsHEAT /& M
Mg B ZITEEEEL, SR, Bk,
B2 W 2 AN 55 2 AL A W B AR 6 A HE A 2 (rela-
tive standard deviation, RSD)7E3%~10%; {H R f f&F
B2, HoA g RN 55 A A A D R R I PR R A, VS
[ 43 931 N 1~5 ppbAl2~5 ppb. NEEFHAG I GE, Hr
R B ) B I R L A I 1S R o T A B Y
YRS 4. NASERIZEPRG & 7 18 Th g A A L B
KK (ZnO@GAZN K H ) (.78 3 35 )6 £F 1 S SPME
W B 7, FE e 2 E T SEBL T v R VOCsHS i,
1% J712:4£0.005 00~1.000 00 ppb 2L 1 [l Py 461
PR 41£(0.000 32~0.00 480 ppb). At AITKs itk 7 i B
T KRR H6RVOCs(3,4- LR RS, T
B 3-BEE . CUEE. EEATEE. 2- AR MEmY ) B E,
[FI 2R S90%~112% . 4 Kl bs 247 B s il 3
FEl, MUHAMMADZE!3E — 35 45 & #4 i I (thermal
desorption, TD)-GC-MSfif | & 7% B i 1) 43
AT A R, G X 3524 52 3K 3 R RREAR AT T
C6-C30f Ml 1%t 7L 3R B, 9~11FVOCsTE 4 21 %
YW W AL R RS Ml X o S
R X 73 5 T A 235 A DG . CHENZE! g —
A B T TD-GC-MST7 2, K H Tenax TAM S W bt
C6-C30¥E R MEE WL, 3520328 E VOCs4L /) 5
PUREA & 42 TR, 56 W0 22 2 1153 7R VOCsHE T
30T ZOUZEMEFER FH TD-GC-MS, %236 1F I
FEARBEAT T 20, IEEASEE i A IR 0 ] 1% 2 B H
T 308N VOCSHHIE I

BRIFASAEASL, WIS A VIFEAS R B AR
W T AT AN R AT AEY), 4 T4 GC-MSEE
AT, AT A AR S B 5 73 1 L R T 4y A
SR CESAREE TR EAR, 7T U e E
Sl LRGN 7y BN 58 A % — e S B T A7 AE
(1 10 R, E AR b 2 S W Ak L A SR P 1 3

J&. ROCHAZEWIE Ok S5 & — 48 UM (il — kAT
[B] J5 1% (two-dimensional gas chromatography-time of
flight mass spectrometry, GCxGC-TOFMS)Z & Tii 4%
[i5] #H i %= B (headspace-solid-phase microextraction,
HS-SPME) 52 AN - N PRIBAE KA 1 A4
[IFFT . BRI REASAS I 2 1 B 352 700701 541
o, WD R 294 MR Y, AR TERE SRS L i3
WERZSS . BEE. BRE. MERSHRMLEaRT, A
TR AR SEE R IR RRT FdR T — €S %
1.2 LC-MSHEARMTER

FHELT GC-MS, LC-MSH&E B/ i # R . 4
AR EY), BA B R BUE R 58 1) 3h &7
Bl LIS UM3ET LC-MSHFL T #H T s B T 4
FHAF] AL MO, NP(ZnO NP, SiO, NP TiO, NP
CeO, NPY AR b R 4l a7 =177 8 (25 pg/mlL)
FMGHAE (12.5 pg/mL) RG22 1L (51 24). B
TR IR I8 630 MUBHRFE, JL%E 2 8274
R, Hrf, BI#fIMOx NPsH] 3 S8 (AR 47
ARAER . BHR. ZH%. KL, WANGEE!
TER T — T LC-MSIH) 22 J J37 i 0 4 7] 00 5 7%
Xof AN [7) 28 B4 fy 5. 307 s e 4 B a2k A7 i o 4K 2k 1 23
A, I I B A IR BT AR A S A Hh AR 4k
Ko GREAK I AN S I X)L, BIF 54 72 TR A0
PR 0 %5 HE 1 478, T08FHRIHY , 4o M i
HE 1 ORI IR T (L% R L AE AR : 16:0 18:041
20:4; BEARIEARGE : 16:0/18:1. 16:0/18:2, 18:0/18:1,
18:0/18:2F116:0/22:6; H i —[&: 16:0/18:0/19:1)/2& &
RS I £ B B I AR B

NARTELC-MSHE M R Bk, B s RO
Tl — 15 7 HE R FUIE (ultra-performance liquid chroma-
tography-high resolution mass spectrometry, UPLC-
HRMS) & B AR 7 73 B 1 e i T H 22— 191,
YAO% "I F§ UPLC-HRMS Xt 695473 M5 #F A i3k 47
AR 3 b, b 2 7R AR I I~ 2 321X ARy
fiE 128 R 1 (area under the receiver operating char-
acteristic curve, AUC)H K, ##ff & A i A4 ) ) A 1Y
R A D il e 56 € bR W) (1 2B). it W IE R 7
Prios, AHECT M RENTE, M 3 i v o I
WL IS, NEHRAMAR SR EE T, ORAR
TRBEAC. BEFE N, il e B LI ORI
KRBT 5 IR PR OC, FFl i SLi e 1
R B B T Il s 4 I ) BE B % . UPLC S
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L] RS HES ) TR R -

HRMSHCRE , $2m 7 0 BAEMREE, €&
SEOLHE MRS . R VR, PR TR KR
BT AEMFEAR R B A%, NFRTHCAT T
BRI, BE 2R PUE AT K2 EEAM
Srirr G AR BURE A I 2 B T2 K5 . NAZ
SEUTF R T — A AR ) A R AR AU RIS R T, B
N 2 M HAMG IR [LC-MS . GC-MSEALZ &
20 LYK B (capillary electrophoresis-mass spec-
trometry, CE-MS)#HAT 73 Mt ik . RAE A1 56
iE, DA )2 AR AR R (820) . BTl
I LC-MSHEIE LB RN 2552 954 Rk &), 12
TR A E H292RME B, FEIR S E H 1324 1k
a¥. &InEEAL, Frafilr & B R E
W AR ARG 2, RAE B AACE I 1 2 4 K T 0.99.
W 58 bk B 5 J7 v N T MO RE K B Y i
FRREAAT I, 3H 23 BT 5 ARA 75 TH AE 20 20 mg 4l
GREA, Horp A — LR AR Y /£ LC-MS M

FI B3R 3 53 7 & AT AT RO Tz A
. R, LC-MS5 H A FHE AR KL &, ®
&N T 22 0% i AL A W AN T B A R AR 1)

=23
=AY

1.3 MALDI-MSHEARMRER

HE 5 4 B O 6 ff W 25 B R (matrix-assisted la-
ser desorption ionization, MALDI) 19874 1 X FH {i
[E R}~ X HILLENK AMP . KARASHE H, Bt 5 H 4K}
5258 H i — DRSO W FL BS (laser desorption ion-
ization, LDD)F A I &, 5 HLB 55 HE B (electrospray
ionization. EST)[?J % B3 AJohn FENNIH i 73 5= 12002

I DR K5, MALDI-MSK: B4 FH T 4=k
ST R FRERE I . SR, RSN T 1

MR, AL S0/ 18 HLER I 53 TH I 25 T 0 ORI
N kA TR SRk . A EMALDI-MS
FIN AT, DA AR, Sk B R 7K

BT TR T IR A WL 5 .

NV = 2 Sy, A N S P N
CE-MSF & iRt T RFNGRIFFEER. BOMl AT LIE BT 10 R JE B A AR T A A R A
PLS-DA (+ESI PLS-DA (-ESI
(A) o S0, T,  CeO, (B) B - a a a o (HESI) (EsT) .
s o’ a5
QOOO %’)1 ?g\" %9 High concentration §i 101", T ] 10 ¢ e :ﬁﬂ
. a2 % ® Health; 1| Benign nodule |Lung ad < By yeed )
Nanoparticles o® @ Low concentration :P?C >r,xC(ln71§;)o (BN}Bn 170) “"g{,\e g C?gcel;mma Y o7 ?. B S 0
33 S 2 el | B
i Serum global metabolomics E 10 % ..".'7" E 0
o (UPLC-HRMS) 3 foc e S -
Lung epithelial cells 20 20 0 20 0 0 10
J Component 1 (24.0%) Component 1 (8.1%)
: )
A LA vs HC LAvs BN BN vs HC
Metabolite extraction F { ‘ F ‘ ‘ || 2 K 259 » oUp
ywwwyw 20+ S 204 204 ® Down
3 15 o " ® Non-significant

-Log,, (FDR)

Metabolomics

%, 3 3
.ﬁlﬂa:’.
-Log, (FDR)
° 23T
. o
A -
g
Log,, (FDR)
w S o
R
.

C ,
i

e
Metabolite identification

\

Pathway analysis

Metabolite profiling

Metabolite quantlﬁcauon

5\_/\ 4 -

In vivo validation  Cellular function validation

A: LC-MSHI T 1Al FE0 e 4 L A G A AR AL Y); B B
FAb AT & F T I 2 SUREA 7700

HOBAT -

Q, Lung tissue
Homogenization

.......
321012 3
Log, (fold change)

'TJ

@ Extraction

.......
32012 3
Log, (fold changc)

Distribution of 1114
from L(, MS ana]ysls

’ / e |

v

. Charactenzatlon eVahdanon

@Application

€ Optimization Fingerprinting

Bt | bl (fM,S.

Y o T T, B, I

Gé- S

——— A

il

155 73 B T (UPLC-HRMS)i: AT T [ifieet (i A R4 737 7); C: LC-MS 5

A: LC-MS used to evaluate and predict changes in metabolites in lung cancer cells '¥; B: UPLC-HRMS (ultra-performance liquid chromatography-

high resolution mass spectrometry) for the analysis of serum metabolites in lung cancer !'”; C: LC-MS and other complementary mass spectrometry

platforms for the analysis of lung tissue metabolites !'*.

E2 LC-MSEAHHRIHRE
Fig.2 Research progress of LC-MS technology
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[ 3 7 AE SR M B o i, mI A ok e e i
0, FH TS Bl R DU 00 £ PR O R B s AR R . LT
28 ORI Fi 2- ik IR (2-HQ) M A XA Js 7 35 Ji , it
MALDI-MSH#HTREHE LU (B 3A). 2-HQIE%
AN FER SR H R R LR, T [ B S B
FANERAZRAG B S IR AR HE M« 3£T-2-HQ
B, BFSTE I ) IE B AT SRR o 7 (B
FEOME. R . PRHEE . PR R ) AN B AR
TH TR SRR T (B E R SRR, KRR
e BEME. AEKR. RNRRMEERE), &
PR FAK A /N T 100 nmol/L. NEUMANNZE 29gi Fj
N-(1-28) 2. i Eh i Eh(NEDC)WE L5, A& 1 il e
o SRR I 2 MR, e . FER. BLALk
FRERR . REABIEIN G BRI L E R b

Vit — i i o A A %, R T EaR YR L
i e e 8 X o () 7 AT 22 o SUNZERPIE I 1,1°-
BEZ%-2,2°- "% (1,1 -naphthalene-2,2’-diamine,
BNDM)fE N MALDIEE G, H T 75 i ¢ i 40 23 vk
PR P AU A2 () R T T AR o AR AT R B AE K B
WL B 30 1AM 78 1 AT 175 AR IE 55
o BT R AL SR SR Bl SR 3 a3 B o B
T AT S5 7 1 I R 9 A IR AR S S, B MR
A3 B B2 A 1) DA

TR OB . & RS9k ED A
A BRRR IR F AR, A B R AR AR BT VG A )
LT E R R T, B s I
THNEAR S JTANGEPUE H Ak 246 7 M
¥ (fluorinated ethylene propylene polymer, FEP)} JZ

El==N
H 3

X
4

(A)  — He Pos ROC curve
X 2 -
RH
0
e z ‘ | | Z
o 2 1 2
XA 2 7
g | ! = 1, 5
Ck{kNH = i
. U E U H MALDI _I/_l_. Machine
) Ms e learning 1-specificity
S U S U > >
+ Neg
ey HC LC
NH, ——
HN/ Y z | HC z
N % g
Dual-mode E | LC -
\ ) reactive matrix %’ | Predicted
m/z
©
Potential biomarker .. .
Lipidomic MSI

o B

N

©

True positive rate

>

HC Early LC
Non-invasive diagnosis

AUC

False positive rate

Pathway analysis

Pathway impact

A ST AU TR BIHOCAR R S DU T AR in AR BT A0, B: 2 T 3 EUREOR 2 (VSINW) B 71 (KB g

Cancer diagnosis

EENTEY SR TR

e S0 2 T, C: 2 TNGQD@MoSo/SINWs 4 LA K 45 1 ) WOAR I L 25 B AR B A T TR 2 1] A3 A BT 46

A: organic matrix assisted laser desorption ionization mass spectrometry for the study of biofluid metabolism spectra '; B: VSINW (vertical silicon nanowire)

array based utralow noise tip-enhanced laser desorption ionization mass spectrometry platform for metabolite analysis *; C: NGQD@MoS,/SiNWs 2D nano-

structures based laser desorption ionization mass spectrometry imaging for studying the spatial distribution of metabolites **!.

[El3 MALDI-MSE AR HER
Fig.3 Research progress of MALDI-MS technology
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ST - RS ST BT R

I 3 B AE 4l K 28 (vertical silicon nanowires, VSiNW)
BEZ, FFR T EAG 9 1Y DRI AR /PR, B8 R 5
PG o AR AR, F Tl R 2 T (B3B).
VSINWEEZ BARTS Seme A L%y, Bl oo
ARG 9 R UG T BRI, TR SR 5 .
ZEARFEARU 5B, PIAS I 2 2644 ARG P AH OC o i 1
U, FFAIE S5 i e S U R R A% BR AR A T g e
A K. LIUSE hisd s (MoS)) 5 &5 2%
1 55 Jfi 8 T 45 (nitrogen doped graphene quantum
dots, NGQDs) FIRAR R 8 7 ikl % 1 —4EG0K A,
J 76 T B SINWs R I B i 99K Fr, T lNGQD @
MoS,/SINW s A4 4H K 46 14 FE AR (I3 C) . ot 1Al
g5 SRR AR = IR T ER AR 1 AN Ay B AR, AN T
HE J5R A 28 (1) U 50 R0 B8 1 56 5 L SINW s 22 i
K A4~51i5 o I FHEAR AT e 25 B 32 SR A FH RSCAR ) D g
X 30 FEA A3 AT R T 748 B2 2+ AT AE AR
21 B fifi & (non-small cell lung cancer, NSCLC)H]
IR B . AH R 5T R AR RS T 2 I R 7
ANRFAE Hi 53 43 75 i 988 2H 23RN AR AR IE & A 2 i)
R NA) o3 AT 2

2 fhEEXREMEFNA
2.1 FhERIZERTRE

5 IEE 4B A L, 5 40 B AR B R AR B
DRI, AR5 S0 B0 AT XA R AR 40 P A I I 2
BHER IR W Pk TS 455, AT LIt
RV 43 28 24 YRR AR CL RN 24 T e BT 9 110 3405
22—, QAT 3 T PR 5 A9 A4 VRURE AR S I 2H 4R A [
LN WRE B OOy — N EE . Ak, BT
HMIAA R 43 A8 BN R e A I A A0y b
B R W IR YT A RURIT R A . BRI
Y PR o TAR ED, B E IR TS BEA
SR T AT R S8 IE -
211 WERBABEMNBAREDG R SNEIML
TR 25 K B O o T AR S, R IR 5 5 15 A
IO RE AR YR . QIR WF 70 A Af &1 4 ¥ K LC-
MS, XF98151 fifi i o K2 75451 fid B Xof HE 5 ML 3 e A
BEATARI 0T . WE TS R BLSAC I (Ra R . b
BR. 4-FHER. =K. SRR) AT 4 s
EWAA A, % R ZE R JE 2H %) vHE 1 FIAUC
P BE 23 1] 151 70.8294110.869., NIEZ5EPOI%t92 451 H
I 2EAEABEATLC-MSAR U 23 B, R I A A0 45 B 1

P9 1041, J5UA iS5 (adenocarcinoma in situ, AIS) 32
%1, #0119 (microinvasive adenocarcinoma, MIA)
221, 214 iR (invasive adenocarcinoma, IAC) 28
Bl (B 4A). WEFCHASE T — > 4R AR [3- SRR
Fg . P (12:0) 28 SRR ANB IR ARAR 120 R 1) A= ) b
BEWA S, X5 BAYEZw Rl e 21 (AIS/MIA/IAC)
2T AUCH0.894 . ITAFEkK, AUREZE AL T A
GIMTIEAT T IR RIS WA T ARG T 4811491
WEFENT G, A5 20045 - b it 228 . 20045114 531
AU UL TG 1) ek B ot BN L 36491 il e 26 5 DA K% 45
51 il 1 LA S, A P K 5 B B R AR
Ff g AU SUEIE , @ HLAS % ST € T H PR
WE ZHfE. PREERR. 3-FRAENtiE IR . JRER. M
e DA 445 T RV 7 2 (18:2)55 7/ AR 2L ) A= b
EWAE, 550 5 it e A4 RGN AUCTE 2|
10.894(&14B). JE T4 K1 9 5 1 5 AHE S (A
A WbR B G HERE TR R AR DA 43 A 1Y)
THBERE , J PR B ARAS I A B HE ) 22 M R KR
BN o RV R K 2 15 B AR R AR 22—
ZHAOZ " F§ UPLC-Q-TOF/MSH;i A XF 7251 fifi i
S5 0 6.8 451 i RN HE 5 1) Bk A 4 Bk AT A )
3T, AE R IR NI AIE A T 48 58 H 1 1M 1) it e
S PR A 2 AR . SRR PR B a0 1- 1
AR W, 8- RIS R T BRE
BE % SR DA S 5| AT 1) AUCHE 0.70~0.95, T 4
o i e A 0 b 25 Ko LA A e R R A AR S
(AUC>0.8).

212 SNARHARB A BAREMN L SNG
& (extracellular vesicles, EVs)&E & &2 WiE 1)
J5i, X B RS WHR A T B . AUREA SN T4
A A DO AR PR S 5T 1S (LDI-MS) Y
8 i e JEEAGT I A s A AR A 23 B, BIE SR T
104 FHINSCLCHE#F 1044 {8 FEx i3, 2 T4k
AR S 1, 23 7 T NSCLC - W2 I g &
AR 73 A, IR T IX £ SCB R AR A AT T
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Fig.4 Application of mass spectrometry in diagnosis and prognosis of lung cancer
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