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Abstract With the rapid development of mass spectrometry technology, its application in tumor biomarker

research is expanding. This review details the latest research progress of mass spectrometry in tumor biomarker

screening at the level of nucleic acids, proteins and metabolites from the three aspects of sample pretreatment, mass

spectrometry detection, and clinical application, and then summarizes the advantages and challenges of different mass

spectrometry methods. Finally, a systematic outlook on the prospects of mass spectrometry-based tumor biomarker

screening is presented. It is expected to provide a valuable reference for the researches in related fields.
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Table 1 Comparison of different mass spectrometry techniques

AR PEri Bl
Technology Advantages Disadvantages
ESI-MS Comprehensive database Limited quantitative analysis

Multi-dimensional information

Flexible sample separation and detection

LDI-MS Low sample consumption
Easy sample preparation
Fast analysis speed

MSI Dynamic real-time detection

Multi-dimensional information
Visualized information

Limited throughput

High sample consumption
Low sensitivity

Matrix interference

Limited quantitative analysis
High costs

High time consuming
Complex data processing
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(A) (B)

;(I)Hmlr_rllc(:)é/)L PLC pum } Nodifier
4 3 —
5_ J (ACN/MeOH) / %gg
p R e

CpC

Abundance

ESI

probe _>‘.n\ m/z
----- Au DSN  ‘cpc CEA
v 3-way valve reaction
Z ; solution
Injector et ' \j
4 <am= <=
ﬁ 0 mm CEA (cyclic enzymatic Microfluidic VAL-
= amplification) DESI-MS/MS
mAF4 channel analysis

©
Carbon electrode
Spyhole emitter
1 mm 10-12 pm
- 1
$100 um b

| 5 mmy 10mm
Sample inlet ]

10 pm+

N
s Reservoir JI15 p
I 50 pm Electrode 5
B Tamination

A S AR A R 5 B R D R IR, A D IR A R (R A, B e T EAMEA S 1Y S O 4 PR TR A B VR R AR P T 55
ED T 1% 4 465 A 1) 7 68 SR B AR miRN AR 77 v, € 3l R RUIIE TR B AR 9 10~12 pm 5L, Hilnidats i SMSER K, 1585
AR R A, ST R ) R AU AT LR SRR HPLC: i RO (il ACN: ZJif; DSN: XUBERS V5 A% BRI, VAL-DESI-MS/MS:
JF 5 T/ R LSS 55 L 8 R BB HV: R LIT-MIS: 2k B 3 DT

A: a consistent feed rate is obtained for stable MS detection by employing the heated electrospray ionization probe as an ionization source *”; B: a facile

and sensitive assay of targeted miRNAs based on the combination of cyclic enzymatic amplification with microfluidic voltage-assisted liquid desorption
electrospray ionization tandem mass spectrometry “*; C: the microfluidic chip is connected to MS by drilling a microhole with a diameter of 10-12 pm
directly on the top of the microchannel, and an internal electrode was integrated on the chip to achieve higher sensitivity and better spray performance “*),
HPLC: high-performance liquid chromatography; ACN: acetonitrile; DSN: duplex-specific nuclease; VAL-DESI-MS/MS: voltage-assisted liquid desorp-
tion electrospray ionization tandem mass spectrometry; HV: high voltage; LIT-MS: linear ion trap mass spectrometry.

Ell ETESI-MSEARBMRIRARTES Z CHK39-40,43]1220)
Fig.1 Research progress of ESI-MS technology (modified from the references [39-40,43])

o LIAE 0 3 v (1 AU A% IRy B AR o o ik EURSHA I B 22, o] SR AR R HE 3 BT, ALk
BTG RN, AT AR F A BV A A P B B2 N T AN R A ) g bs A TR A 7
FH 25 5 IR R 1 (voltage-assisted liquid desorption electro- 2.2 ESeRINE BRI AR
spray ionization tandem mass spectrometry, VAL-DESI- 5 ESI-MSZE{LL, LDI-MSHH & —Ff <4 HL 25 i
MS/MS)Eaill . ZHANGHS I8 Jig 153 Ve i HoR WA, L aE s ik O HE SR N AR A I 4 Sk i i AN
5B 7iE# i (ion mobility mass spectrometry, IM- HESYI, R B A W7 &7 H s =10
MS)HHEE &, HEAT S4B AU AT U AN 4 5, D s IR o ABARIBOIRN AAAE FA PR AR S5 R DR, PR 1)
6T M 0 M AU B, IS T 19RO E (1) T ARSI 75 TR SR o 5 e B0 AR R
JilFE 2 (matrix-assisted laser desorption/ionization, MALDI)
DALt , ESI-MSEART] BLS LCEEANF 73 55 771 JoE V% ) B, D S A3 A D I R T A R T
WH , SEIRARI I S R 25, AR HEAT R ke A . 1E 19854F KARASSE I T B i A ML MHER
I, EE 22 4E B SRAS AR A A5 2o TR LR A AT BEAT WO AR F B AR, SR O Re B RIS B



1798

ST - RS AES T BT -

F Z b, By b5y b BRI e B T A AR
Z, D& i E AR . FEMm IR
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THERARERED DT %ERE T, NACHTIGALL
SR H CHCAE BT, W AR ST REAR BT A4
I, MALDI-MS 5 {Las 27 2 M4l £, #ERRZIX93.9%.
{B/2 MALDIS AR 7 B TVEAHERS , BRI 1 1%07 1%
X ER BRI o FEAZ IR AN T T, BROR R 2 AT AT
) FH 258 o 4 O G A R/ P 8 R AT IS [A] (matrix-assisted
laser desorption/ionization time-of-flight, MALDI-TOF)
RS BEAT RN . ZHUSE %S 835 A0 ifi K DNA H
FAUIKF AT MALDI-TOF-MSAE I, B X 1R /1N
P (BAE<1 em) oA IS5 R AR BAR . SR, 2
JRA S Wi, TS B L7 7 B AR )
ST RBCRANGT, [R)I A% 8 58 [ A 7 A 0 0 245 i AN )
SJRTREFEORE M 0 AT AN 5, DRI RRAIG 1 A 0l 45
RAEIUES ., GORMRLEA K LLR TR, BEWs
A SIS R AORT AR IR o, $ i
Prp s B RCR, BT SR, Lok sl 58 il
B HBOC AR R B TS ARy T B AR Sk, 2
DAEBF AL — K3 21, SUSE PR T BA T
SERL 2 £L PdPtAu, fEARAL T RIS 5, PAPtAu
TN IG N T 5015, IR E T 7S, AR
JURD A RIAT 0 A 280 & B AN 24 ) 500 nL I3 5¢
FARE 73BT . HUANGES BBt B 8 A% Fe i PR 40 oK
FIURL BE % 13 1) 58 B A B 1 0, ik MO R A P )
TEFEAHEAT MALDI-MSH I, 5 126 7 %55 tH 1 JBR iR
S B SA A bR B o

LDI-MSE A 1 it AL B fi] 5L A 0 3 22 4R
B R AR S, O AT PR A DR i EAT HL RS A AT,
SERT R BAA Wi A A% B RS A 0 A, BT et
LDI-MSE A 7] 35 FI56f 52 2% i PRAE A BEAT i 8 5 75
Wi i) H

JRVE AR BN B SR AR AT AL B S5
&, Ak B R ARFEARIZIR . A B i
2SR AT U /T 19974 CAPRIOLIZE P —
%P 2k o 2t B O G A P2 o A (maatrix-assisted
laser desorption/ionization-mass spectrometry imaging,
MALDI-MSD# AR 78 H . 2 K%K T
FEHE BRI ST, e BT HE A M A I B 5

EYIhREY), WANGE P IS S O i g AR S5 4
YUK IE T IBORRR BT, R AMAR I 8 E BT 1A
MorHr. NRESEILTE P, S m o AR & A A,
SPRAGGINSZE PI45 £ 1 iy 3 (1) MALDI-TOF Al 5
JoT 3 R 1) ] L P A 46 B 1 8] i MR (fourier trans-
form ion cyclotron resonance, FTICR) MSI, % Jj 5%
HZRE A A BT BHECR SRR R = 1 21015, 2 1A]4)
HERIEE) 710 pme AR 737870, AT s AL H
EAMEPUARR E G R ER B 1. Fln, 59-%
FHEFY WE (9-aminoacridine, 9-AA)FI1,5- & 3 %5 (1,5-di-
aminonaphthalene, 1,5-DAN)AH L, N-(1-253%) 2 ik —
ER 2 £R[N-(1-naphthyl) ethylene dihydrochloride, NEDC]
F 5t RHARAS 5 A s A ) 78 55 28 1 A e %
T4 B EUMALDI-MSIPC, (it 2 AR AT S0
WA MRS, ZHOUSEPY I S A S A E UMALDIf)
e, AE B TR AR LR RN ok
TR, %5E T 21205 T 2 AR

JE o J5 1 RS A AR AT DS R e PR A A (1) SR
Br Je s, eI i B2 w2 2R A5 7, AT
EUM SR T 70 A5 B o BRI B g Bk
A] N 2R MR A OB B AR E A e A e SR it
VAB &S T kY NN =

3 ETRIEHERRSTHIEAYIR R R

bt e I U R I H 2Rk R, DA A
WFFCRIHE— RN, 8RB 22 ey 23 R R S 1)
i e b S AR R IR Tk g B0 5 B2 IR T e D
HE RGP,
3.1 FhERREYIEIR RIS B s 89 K2 A

J5t T AR AE T 4R b e 30 v R U AR R
HTELE AL AR S EIRE T A 2 1) 2 N (]
2). MENA AT ERFEEAY)F, DNA. mRNAMIGLN
RNA(microRNA, miRNA)ZAZ FR7E 7 T K (172240
558 1) R AR R R DA G . ZHENG S 95 T
T X A% IR 2 514 (single nucleotide polymor-
phisms, SNPs)f7 s @b T, &I IRS1(rs10205233
C>T)INZ AR B I R RS B TIAH . ST
L0056 1005 A AAGH A 1 DNA F 34k /K P 3#E1TnEST-
MSHEI, PAGIX 73 1E 5 7L IR 40 5 MCF10A 3L i
FEA M R MCF7. QIAO%: 13T MALDI-TOF-MS
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Table 2 Performance of different tumor biomarkers for dlagnosis and prognosis

& LB A S
Biomarkers Performance Reference
Nicotinamide N-methyltransferase, galactokinase AUC=0.763-0.801 [60]
AFP-L3 AUC=0.854 [68]
Lysine, etc. AUC=0.855-0.918 [71]
Nicotinamide, etc. AUC=0.865 [72]
Serum HER2 AUC=0.910 [80]
Serum amyloid protein A, transthyretin Accuracy=85% [81]
GSN AUC=0.779 [82]
Lactic acid, etc. AUC=0.925 [83]

(A)

"r’: m
‘ Group 1 Group 2 Group 2
(Ta, G1) (T1,G2-G3) (T2-T3,G3)

BCa
Tissue asmples

LC-MS/MS

Laser
= E
] AvcoEF an 1 IxD
' 1833338885088 | . ..
loe
4883588588 Detector
EVs sample Target plate MALDI-TOF MS EVs profile

m i
Unne samples ﬁ'ﬁﬂ‘

ELISA assay

Controls Group 1 Group 2 Group 2
n= (Ta, Gl) (Tl GZ -G3)  (T2,G3)
n=16 =13 n=15
(BCa detection ) @Ca progression)
NNMT+GALK1 (AUC=1) NNMT+GALKI1 (AUC=0.813)
0
0.8
207
£ 06
£ 05
£ 04
A 03
02
0.1
200 0.0
= 0 0.5 1 0 0.5 1
False positive rate (1-specificity) False positive rate (1-specificity)
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Fig.2 Screening potential tumor biomarkers with diagnostic value using MS (modified from the references [50,60,74])
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