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Abstract: Tumor neoantigens, arising from tumor-specific genetic and post-transcriptional
alterations, represent highly attractive targets for precision cancer immunotherapy due to their strict
tumor specificity and low risk of off-target toxicity. Accurate identification of neoantigens presented
on major histocompatibility complex (MHC) molecules remains a central challenge, as most
candidate neoantigens predicted from genomic or transcriptomic data are not ultimately processed and
presented on the cell surface. Mass spectrometry (MS)-based immunopeptidomics is currently the
only experimental approach capable of directly and unbiasedly identifying naturally presented MHC-
bound peptides, thereby providing critical evidence for validating tumor neoantigens at the protein

functional level. Over the past decade, substantial advances in MS instrumentation, ion mobility
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separation, and data acquisition strategies have markedly improved the depth, sensitivity, and
quantitative robustness of immunopeptidomic analysis. These developments have enabled systematic
characterization of tumor antigen landscapes from increasingly limited biological material and have
accelerated the transition of neoantigen discovery from computational prediction to experimental
verification. In this review, the current methodological framework of MS-based immunopeptidomics
for tumor neoantigen identification was comprehensively summarized, with an emphasis on key
technical steps, recent innovations, and remaining challenges. The immunopeptidome sample
preparation strategies were first discussed, focusing on mild acid elution and immunoaffinity
purification. While mild acid elution offers simplicity and scalability, its limited specificity and
susceptibility to contaminating peptides restrict its application, particularly for complex tissue
samples. Immunoaffinity purification using anti-MHC antibodies remains the gold standard due to its
high specificity and ability to capture native MHC-peptide complexes, although issues related to
sample loss, throughput, and reproducibility persist. Emerging microfluidic and automated platforms
have shown promise in addressing these limitations and enabling high-sensitivity analysis of scarce
clinical specimens. Next, recent progress in mass spectrometric detection technologies that are
tailored for immunopeptidomics was reviewed. Chemical derivatization and isobaric labeling
strategies have been developed to enhance peptide ionization efficiency, chromatographic
performance, and quantitative accuracy. Advances in MS design, including ion trapping, high-duty-
cycle detection, and ion mobility separation (IMS), have substantially improved the detectability of
low-abundance immunopeptides. Modern platforms integrating ion mobility with rapid fragmentation
schemes now support high-coverage immunopeptidome profiling at low cellular inputs, thereby
expanding the applicability of immunopeptidomics to clinically relevant samples. The data acquisition
and analysis strategies were further examined, highlighting the complementary roles of data-
dependent acquisition (DDA), data-independent acquisition (DIA), and targeted mass spectrometry.
DDA remains indispensable for high-confidence peptide identification and spectral library
construction, whereas DIA offers improved reproducibility and quantitative consistency. Hybrid
workflows combining DDA-derived spectral libraries with DIA analysis currently represent the most
reliable approach for large-scale immunopeptidomic studies. Targeted mass spectrometry techniques,
supported by isotopically labeled standards, enable absolute quantification and validation of selected
neoantigens, providing a critical bridge to translational and clinical applications. Finally, the database
construction strategies for neoantigen discovery were summarized, including mutation-derived
databases, non-canonical translation databases, and post-translational modification-specific databases.
Integration of multi-omics data has greatly expanded the identifiable antigen repertoire beyond
conventional coding mutations, revealing neoantigens originating from RNA editing, alternative
translation events, and modified peptides. Despite these advances, challenges remain in database size
control, false discovery rate (FDR) management, and functional immunogenicity validation. In
conclusion, MS-based immunopeptidomics has evolved into a central technology for experimentally
grounded tumor neoantigen discovery. Continued progress in instrumentation, computational analysis,
and standardized workflows is expected to further enhance sensitivity, reproducibility, and clinical
feasibility. Coupled with artificial intelligence-driven data interpretation and integrative multi-omics
approaches, immunopeptidomics is poised to play an increasingly important role in precision
immunotherapy and personalized cancer vaccine development.

Key words: immunopeptidomics; mass spectrometry detection; database construction; neoantigen

identification; multi-omics integration
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M7 AR R S, 5 MAE AL, TP R4t
K5 MHC 1 8 S e 45 &, BERS A . ZH 21
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T1 . R B ARAE SR RS, AN [R] 2 Stk
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Table1 Comparison of the performance of MAE

and IP techniques in immunopeptidomics sample
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I R A PR A K e 3 £ fo 3 iR A A 9 2t 1 T
Tkt .
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JIR B 7K M A0 I ) £ 3% 3 B AOR fefE £ B8 1 )
FE | TR T AR, DA I 3 B T TS o R
B Z W B0 ik B i e A s e A B, L4
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TR 36T i 7 5 R R e i 2, R R Y
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TR B SRBRURE IO A AE £ A ) R
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i BRI T AR, B9 T s IR = e i HOAR
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BB Tz T B S S s iR T
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— /I 23 000 A5 2HRE K B Y e BT i A i BT
P, T I% BTG PR T J 1% DIA 43 B L 46 i 2] 29
8 571 e Ik, A% 45 DDA #2F+ T 26%. Pak
45 T 57 T BigLib 2 MHC 8 43 1%, 4 4 40
ANFEAR, 55 61 Ff MHC 450 3£ [H, fff DIA %52
RIAEAR R s ESE T2 2 £ . 3 DDA #2744
3%, Hoh 92%~96%I1 Jik Bt 4 B 52 MHC 45 &
ko i — 2 PRI BigLib /E 82 %, SR Prosit
AU v e Al A 7 R R O B S R] B o Ak A
B, Az BT B, AE TR 39 M AH OC B e
T 2 25 AR 2 M G e JI I, YA B A LE S 30 3
fi& 7%~ 10%, Jf H.AE S & I DDA K% 75 3 1) 4t

A IKE

Rifi %5 DIA SR 42 5% X RO ik A 8032 1) AS i
KR, O S 1 B Y Direct-DIA 5 W 78 9% JIK
LA PR AT AT P AL E WA B0 E . Oliinyk 551
£ timsTOF *F- 5 I # 57 T diaPASEF #15, 7E{Y
5x10° A~ 41 i 2% 444 ) K 2 3 426 A5 KB 4
A 40 M b5 5 T R 1) AR e A B AR e R
(stable isotope labeling by amino acids in cell
culture, SILAC) % A3 i, 78 10° 4~ B 45 {3 3 A
2 Jf AT e i 13 FROBT B, A R GA 33 amol,
Bk | DIA fEARAE A T HA RS REES
Fa e . Ritz % ™E Q Exactive 3 & 38 i1 {1
b DIA B B8 % 1158 B, 76 10° S 4 AR AR pn] 4
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TARPREEL 50%0F R, JEAE I3 SRR
I R AR E R

H il , DDA % B i 5% %% /2 -DIA 3w /2 i
PFE IR 25 e R M . B AT RERY AR BT AR [
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A ) JBT 9 A3 A 0 H bR K A BT G L
(m/z) FOOR B8 I T], 52 IR 2 ik B A HEA 3K S
FE T, SRR 6 IR A I R A AR B 1] 3 AT A A% 0
Tk ZEARLL T ST R a, S s R
BEORE 5 o R B, WA A A b SE IR R
JOR 1 e A A DU 5 B

R iR RN B 5 R, BT
A ) Bk A A LA T 20 AR HE 5 A5 5 fir
KM, ST KB 24 X B B A M
Hassan 45 PO 2 1 38 F [ 7 & A5 id Ik-MHC
S5 W) 0 TN bR SR, TE A 2 AR A
b, (HS 50 aifb 2 B, A SUIE T 90%~
99% MY K BL 45 %, fiff JY 4l g vk A 2 2
PP € B R 22 HITE 1.5%LI N, 23 T %
JE K B4 KGR 4 % 5 B . Stopfer 45 P & Y
SureQuant-IsoMHC £ A i@ i3 & il 8 & 5 12 b i
(0 G 928 BR B 1 o, A N i 2 Rt £ A
SKMELS 8 {5, 2 98 41 Jifd v i 1t 43 A1 18 Ff s A
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FREEHLIE, M 1% 45 DDA BE R 9 £ 2 Fh
Pollock 25 P2 H 1) P i A% 5t 2 fik 2 6 0 Joi 2 1=
43 3 K 1 72 & (triggered by offset mass accurate-

mass  high-resolution  accurate  quantitation,

TOMAHAQ) $ AR &5 G N fish A BY~F- 47 52 1 1 )
5 TMT #ric, 280 1 2 BK[E] 254600, 75 MC38 /)
B35 1 9 40 ML v 2 o 4 A T 223 A T B,
REUEAR T Z amol/uL /K. iZH A 0] &
W5 S A5 1, TN 254 15T Adpek(R304M)
GG B AR A 5 BT DL R S i i 2~ 3 £%,
T 2R G e B0 S 8 1 43 F-BIL

B 1o J3E 3 AR S8 L 45 G TR 6 R N bR A TE S
B I0) TR R AR, BT e IR 4 kT e RS A
W, 3 FH T 24 0 7 25 DA R ik R T R IE
Bl 77 B B A5 BREFAE (AN, m/z, R B B[]
S5, BRI T IZ AR TE AP & B R H

4 BUEERZE
4.1 RERIFHIEE

B P58 K 2L BT 1 5 0 45 B 98 70 ok IR AU PR A
FE R A2 0 5% 78 R OC 28 IR Tk BRIk e B e
JRARZ DR . T PGE SRS 2 5 A3
RARE B, R WAL G A A A S i - 4P
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TE B B F # 5 TE, Wang 55 DB X3 I 41
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AR S oM )RR A, BT COSMIC 28 R &
T 3306 5] HCC 1A 4i ig 5 4%, F FH % & % HepG2
20 il MHC-T 5 72 JIk 41 BE A7 B 20 Br, 62852
16 25 2 ZF K, i % T WES % J& B4 2 A K
1 SRR, EN HZTH , 12K i C iR 2
b Bebged 09 B PR AR AE . Bassani-Sternberg 45 Y%k
4 MaxQuant 5 SEM R AR, 78 5 B B A K
BE R R AL A 11 xR RK, Hrb 4 4%
A5 AR T 4 Bl S0 % 2%, SYTL4 242 ik
B IR S AT A e 922 1 bk L A R, LR E T
HARE e, HAh, B0t 58748 St U5 AICH A e i)
VB 1 5 X 3 4R 28 A8 iF 4712 IF . Hundal 450
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Table 2 Overview of non-canonical protein/peptide

databases
Bl KR BAREAE RIS
Database Source Database size Validation level
FuncPEP ncRNA 112 SRR IIE
ncEP 77
cncRNADB 1818 ncRNAR
MicroProtcinDB ~50k
SPENCER ~29k
LncPep IncRNA ~10M
TransLnc ~580k
riboCIRC circRNA 2247
NCPbook Genomes ~180k FE R 4 Bk
SmProt ~25k
sORF.org ~26k
OpenProt  Trascriptomes ~4M e S T

TE: kR T 5% H K MR 1 7902k H o
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WES ., 40 S0 5 B AZ M (A I 3 8, o A 4
B SRASTHEAT ZR GEPE TR TI0IN , JF e —AE B A 1
Z KPP o WEFER A “ G AL A7 5 BT U 4% A i
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# T nuORF £ 45 i, 2l 5% 323 848 4 nuORF,
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