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Research Progress in Exosome Isolation and Proteomics Analysis
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Abstract Exosomes are extracellular vesicles released via the fusion of multivesicular bodies with the cell plasma
membrane, containing proteins, lipids, nucleic acids, etc. They transport cargo in the form of extracellular vesicles
and participate in various cancer processes such as invasion and metastasis. As emerging targets for liquid biopsy,
exosomes play crucial roles in cell communication, signal transduction, and immune response. Mass spectrometry
has become an indispensable part of the field of proteomics research, and the proteomic analysis of exosomes is a
promising method for discovering potential cancer biomarkers. Recent advances in high-resolution separations, high-
performance mass spectrometry and comprehensive proteome databases have all contributed to the successful analysis
of exosomes from patient samples. Here, this article reviews the isolation methods of exosomes, proteomics analysis
techniques, and the application research of proteomics analysis based on exosomes in clinical disease diagnosis.
Finally, the challenges faced by exosome isolation and proteomics, as well as the prospects for their clinical
applications, are discussed and outlooked.
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Fig. 2 Schematic representation of differential ultracentrifugation-based and density gradient
ultracentrifugation-based exosome isolation
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Fig.5 ExoProfile chip consists of pneumatic and fluidic layer and 3D serpentine nanostructures for

in situ immunophenotyping of exosomes!

Copyright 2019, the Royal Society of Chemistry.
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Fig. 6 Viscoelastic microfluidic system consisted of a high-aspect-ratio straight microchannel for size-
based exosome isolation(A)*"; the acoustic nanofilter system size-specifically separating microvesi-
cles in a continuous and contact-free manner(B)*”, the thermophoretic aptasensor implemented
with nanoflares for in situ detection of exosomal miRNAs(C)"*

(A) Copyright 2017, American Chemical Society; (B) Copyright 2015, American Chemical Society; (C) Copyright

2020, American Chemical Society.
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Fig.7 Workflow for proteome profiling of exosomes
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CU
Ji i . 1k v A B AR B £ (Filter-aided sample preparation, FASP) | Ff i [# AH 38 58 FE 5 i £ (Single-
pot, solid-phase-enhanced sample-preparation, SP3) . & 5. H 4 % () JE F Spintip 19 8 1 B4l 2= F R
(Spintip-based simple integrated proteomics technique, SISPROT) F1 [ AH ¢ & 14 (Solid-phase alkylation,
SPA), & 14 1 ik s HI A8 SO AL R A3 R BR 1

Table 1 Comparison between the properties of different proteome sample-handling approaches

Sample-handling approach

Beneficial feature

Limitation

In-gel digestion

In-solution processing
methods, such as standard

in-solution digestion

FASP

SP3

SISPROT

SPA

Enzymatic digestion of proteins within the gel
environment, enhancing protein recovery rates

Simplify operational steps

Robustness and efficient impurity removal capability
Applicable to virtually any sample

Simple protocols that require minimal handling
Generally, afford high recovery of protein input, making
them adaptable to a wide range of sample quantities

Easily adaptable to high-throughput regimes

Compatible with a wide range of lysis and protein
solubilization components

Effective processing of high input quantities of material
Most protocols are simple and flexible for adaptation to dif-
ferent sample types

Applicable to virtually any sample

Compatible with a wide range of lysis and protein
solubilization components

Simple protocol that requires minimal handling

Provides high recovery of protein input, making it
adaptable to a wide range of sample quantities

Rapid processing of large numbers of samples in parallel
The preparation steps of proteomics samples are fully inte-
grated

Simple protocol that requires minimal handling

Easily multiplexed on standard centrifuges with good re-
producibility

Simple protocol that requires minimal handling

Provides improved efficiency, anti-interference

ability, and recovery of low-input samples

Time-consuming
Introduce contamination from the gel, enzymes, or

other reagents

Limited selection of reagents that can be used for pro-
tein extraction and solubilization

In specific scenarios, processing volumes required
for dilution can challenge downstream handling
Diluted chaotropes in solution can hinder proteolysis
Downstream removal of acid-labile detergents can re-

sult in material losses

Processing can be time consuming and laborious
When working with small input quantities , material
losses can be substantial

Reagent compatibility can be limited by
consumables(e. g., filter compatibility )

Recovery of intact proteins from the paramagnetic
beads can be challenging

High concentrations of intact chromatin can reduce
performance

Bead clumping and aggregation can hinder

adaptation to high-throughput automation

It is not compatible with the rare cell proteomic
reactor cell lysis buffer which contains 1% Triton
Xs100

Costly consumables, high expenses

Covalent binding of proteins hinders release of
cysteine-containing peptides

Low sequence coverage of proteins

JI52 P it 1 S e B LUK O B ANIMAEE F1 L R MBEI R U B (i) F AR AR R DX B I 5
R, Gl — RSB S TR, 40 A GE A SONE I, AR SR G A 7 2 B

W en, FIS BGE TR HA IR NSRS UK EE . BB IK 70— 4EBEIE fL Dk F — 4
BEICALPK . H TR P A4 2 T BRI R — AR BE R FL DK, & P AR 3 P15 ) 201 A 0O 25 B o DL
TS GRS AR AR TP 020 . —EBEAR DK AR AN R i, B R AR S L X SN AR 7 A7
ORERL R, R — R B T ik, RUSAFAERE I AR 175 Y XU g Sl (FUR iy T
R R B R BRI IR I RE ST , AJ5SRB 12 U]

L FH AR A B B 2 AR W T AR a5 B, i B R S0 | P IS A S =S S BRI i
PEATULTE, ATLAMBESR | $h 8 BRIl rhafi ik E o, (B — 2t al g oe g | A —Se et it .
REOUREAE MS AR PR g s h BEE R, AT DL AT BN R S, il Il e A AL
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BRI T FE 5 R 7 % e s AR A AR /N B0 T 0 T2, e SR 7% AR DL
SR, UUE I 19— S8 8 11 00 T B AR ME PRI A, DT BELAS T BV AL 258 . 59— AR N 382 e 2 h b
(s 2 2, SO A VS TR AR ARSI P R, A BT LUK LC-MS/MS A i 5045 . 43
BT KB 23 B A5 AT, DT AT LAY/ A o5 B 7 FL B 1) 01 IR B 407 RO MG , (A5 2 1 o 4 e 1Y)
J AR

1L PR BIRE A R Manza 5658 F &, (H iR HAWBESEE AT 0047 T e R, FASP A I g%
BHEAR SRS . FASP IR ANBAE B2 TR i b . A
BRI, 5 Y iE R AT, T AR 1 R B AR DR T b, R IR R R R AR AR Y B
P ThE AL . B, 5 BR AR 11 VRO A B3 S8 25 TS E A Tl 2 Ak, P b i [l P9 AR
Gy B0 ESCRAF KB . R, FASP IS e i ERR FIHALAE S T S s A0 R, AEAR A
PRIAT R, REAER I/, COCAVF 2T SNIAMAR ) B

SP3 & — BB 4 IREA A5 T, B RETIRREE LR, FIFEAKH BAE LS, A 3c sk 2B
BTN M sl 2 2R 28 | B R A AR A Can 25305 390 L Bl L kL SRl . BRI ) I 2 Fh
Y4310 A B R DR e AR A B SR 2 IR A, B S BT AR 1 AL 2 A BT 1 R R A
PE. SP3 A FG AR B E R U SS A b b B, X b R i SR K Bk 2R 1 T L BRSO
FIAEA R LA R AE K S et ali AL 9 ke S Bt . AR LT ik, SP3 U S K EIR s ay )
AR L AT 30 min BV AT 58 A9 fA SRS RO, BTN T 2 R AR AL AL . BRSSPI B
MR, AR AEAERERE A AR , 0 LA o v 1 2 11 v 3 TR B K i 2R 1 b R B
PR TN A . i, 20224, Johnston 454 HH {5 FHES FAITTE SP3 (SP4) 1A SP3 & 1 B A ¢
RT5 s, B R B O ARRE AR O S B TR AER, (0 T 3 AR A 1 1 B B ok 5 bk
B STEL TSR RS R A PR A DI L I8 (A) |, 5 SP3 AR L, SP4 X R 74 fifk P 11185 i 2 1 okt A [m]
WO . 20T TP L BRI T AR, R A A S B T — sl . &I B, [
IR B T DA A R 2 I

SISPROT /& Hi Chen 55 - & Y — B &7 HLAE i i 2 T Spintip M EE IR 2#HR , IZFAREE S TR
PH BT 22 e Bk M CI8 G 5k, FF B IR DL O R 3K 8l ) SE 8 T FF a5 26 B 52 2 A il [ B 8 (B) .
SISPROT LB T FEAS il #5 1 we it | y RABPEFN S A, FAE SR T Z ATt SISPROTHR H
A5 R, B 5 WO R 3R BT ] (Laser capture microdissection, LCM) AR %54, JE % T
LCM-SISPROTH AR . iZHE AR BEGE LA A 53 BEART A ) FH 0 g RE A b A0 R A A, kA T
RAE R RS . ik LCM-SISPROT, M 0. 1 mm?, 10 pm JE R4S 79 4240 v %5 Y 500 &2
FIER P, 75 U N5 e B HC ) T L 2 2 A 4 R A i 28 70 (A0 5 JRE 20 6 L P 4 | 9 B 200 i A
WL HhARAS T AR A R R ZH A0 . 2020 4K, Ry T2 Tu IRAG 48 LCM B AR B R BRI, Huang
SESTE R T BT g 4 2L 24 (Immunohistochemistry , THC) ) TAEWRFE , T2 2UREAS 19 20 it 2 70 £
BrEE FUSAL 53 BT . AR BT A bR IO 40 I 28 TRy SR bR e P 38 o THC AR T 1) A 2 78, (g 254 T 17
LCM M Emf M FIgeR . MR, B Pefe TSRy, 644 30 5 SISPROT FE S il & HE AR5 &, TE R T
IHC-SISPROT #i ¥k . i EAMUREA T35 2., 1 HL 88 178 U o . 76 iF 2 iwdea 21
VYR R A, THC-SISPROT Jr i3RI 0, RBAS M ALK e BT P AR 15T, JR BN vy % iR s 2
S, S S BT SR TR A AR AR SR

FEF [E A A RE SR s, i AR OR 2 1 R 2 A Bk B TR ALAL BE, BRI /D T A B
BRI TSGR, (R R S ek Z R A SR AR S8 T — e R AR SR . N TR —
[ R0, 3 2k IL b 2ok B 1 T [ SE T RE AL AR R — RO B SR . SR, (A B LR vk
SRR TR G N s e R R R I 4 S B ek S, i S vk R AR Y — S SRk R, X
PR e S A M PT R SR AR A T BRI AL, Il REsgmm BN 1 R = e 45 1 . BT
1B AR il 28 v T e R R e 5k, FUZLAN R 102 & e e MRk 5, Li S b
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Fig. 8 Summary of the SP3 and SP4 workflows(A)™, schematic workflow of the simple and integrated
SISPROT for deep proteome profiling(B)“”, the principle and procedure of the SPA-based sample
preparation workflow(C)"*"

(A) Copyright 2022, Open Access; (B) Copyright 2016, American Chemical Society; (C) Copyright 2022, Elsevier.

HER T — Rl 4 AR B 4K (Solid-phase alkylation, SPA) SN[ K 8(C) 1. AT v i 51565 B
HIER G, 1 AL BURL R I 5 | R RIAEAETT , i AL T OR A , K B DS I B i /K T
IR AR R G, AR T R SR . PRl U — 2 8, AT I R R RN 4 A B R
STECER AW L, B E R R IR S A W PR A RO BB T TR, I EERE R ST

BRI KAR . SPAFE S H 2 A AE LT MS B8 1 T4 24 A 53 v R B K R VS 0 fn ) el 1 e
His, BRI TGRS AL PRI RE , i 1 4 B AORS (A fL B 8 4R T T H T RE 1 fndg
FIBR IR, Al Hm TABRCR, S8 0 RN S5 A Mt T s iR S P

M, IR TR AL AR S BT R Ak 3L SR X3 A A T AR TR 3 B SR Y v O AR
ai . TESEBREERERT, 125 A Sl A 2 2 P R R/ N DA BB A 38 T Y i S 78
22 IMNBMEHEBRAZESWHE
22,1 EATWEMmE LW T ® BT, fw WS AR F 0 R T B N R g
Jrids, WK AL I Bl 2E ", R AR 1 (AR G SR P B T Lys-CO 81 11 B VDR sk B
FFEATSEE RTINS 5, SO B U5 BUREL , A A (1% 4 AR IR Btk A 743
B R)E, SR PO 4 B SR AR B T RTRE 4AT BRSO PR R S R S . R
P2 N P o 32 AR, e S e ) S o 2 R NS R SR S I I IR B, 257 A LA -l it . N-ois
Jiie 3 | AT RE Y PR S R AR 3L | E AR T AL AN S8 A s A 1 D) S 2 R RS U B S A 1 BB
2R | RS 2R | A1 AR AN N-iig i L0 ELAG R i, A AR s v rp B 32 iy I i ey . (R,
FEFLE S LB R R, A I AT IR B SR e — 2D L S, INITTE B2 LA (R S . 5 B i B8 AH
EL, FERARE m/z 1 R N AT ARSI 2] 22 v fu K01, L7 s e A b ] DABR G R S AU | BE B 1
IS PN 2 NIV NS g WA R 3 T il N B T WO = DA S e 30 VS v RN (= B3 1| s B A D
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XA U A, Jovk MR AR 5 P s v 2 AR B S A M A e

5ATNMm EREABHAEARM, B BN R E L B e R R, T
AN R BT TR AL XA REAE B e R Ok B AR S A {E S B S B, AT
S AR M 4 s SR S REFIAH ELAE . R 0 B B A, mT LUARAS 58 48 45 1 S ARG o
i — 2R B LIRS R A B SRR P A (5 B, . TR H IR B B B A oy sk S A
T3 TR RS A S | R BRI AR B | AR | R TR AR B SRS Y. S R M
R ARG, A RN 5 AT LR R Z2RME Y 2 (8] DG R LA S T RSB | SRR 2 A M
AR BYI R R U FUT VAL, BT A X S R R AR A 1R R B R AR L B B R LA
ol /D B 11 I8 52 A P 0 LA R S 2 B T o B S A A e B B TR 23 A A 2 AR .
20194, Zhu %57 5E s A BN F A R R RS AR, WIER T AN AE S0 4 B 1 BURAE
20224, Buck 57 SR B BTN Y B2 0 A i 2 E 1 SR BET AE AN B A A b i) 2 1 5
222 HARKHKEEABEEERMRAEEX BT EEOBH A PIRPSEE R B R AR
B8 Mt R £E (Data - dependent acquisition, DDA ) A1 % 3 AF 4K #fi >k 4E (Data - independent acquisition,
DIA). DDA & LC-MS/MS 73 Hrfi i P Bl R4 T3, BIE MS $9 4 Pk 4 BAT foe oy 2 LA 5 O [ A2 4
AT T, FRER A IR T O b A U BRI BE RS 1B MS/MS ST . ARE MST % B fi =g 119
REBY T A5 50 BRI RE B 1 1 L AR e ] T 24 i B . bR BOGIE S 8 A B R A A
JPEFEATVL LR SE K™ . DDA AT LAHGNECT- R 15T, (HRAESRE LTS O0 T ATRE S BRIENEE . X4
[i) 31 = S BRSPS, DDA JR P MLIE 428 =F B e s O K BE , T B 2 =F %
A RREL . DDA 8 # R FH S A HERR BRI B AR A 5 519 MS/MS S, Horb 8§ 71 m/z (ELAE
FEMS/MS BARIBUR , 2xEHRRR IR At — 5 B 1], R BN R & 1 B2 2 3 ¥ DDA
BT

BRI R I S S HEBRBOR , WSRAE 4 MS g, BOA KR F B2 25 1 Bk 4 Hh R AT O MS/MS 73 #r
(R SR T4 RS 1, IR ATE DDA Wil # sl 2s 9 200 .y 17 e ik DDA XM 8 i LR B st , 1A
T DIA. DIA 2 —FhIChRic i BEJ505, AW 1 RTACES Tt e FIE b 3R, MR A R it i R BERs
b, DSR4 T MS2 061 . MS2 F4u Y I B8 2 112 TS s 1 . T 8 1 PN %0 BT AR 8 - T Lo
BE QA I8 s . SR XS E A T AR TR 2R, DATR RN il B R 1Y KB ™). FI]F Spectronaut # {4
PEAT B s R F, DIA e i 940 T 20 0 98 1 3 R U5 A A IR AR AR W0 AR A, B
OpenSWATH JEA T804 PRI 2R , Sl 70 4l B R 201 22 1 BV ORI Ee 25 B ™. 20204F, Yang 55
PEH TR TIRE A T 5, T T A DIA 23 TSR35 2, T LA DDA X KB/ 1 BAs I
PR, I LG FEAS ) DIA J3HrRCR LB 9(A) 1. Ak, 20214, ib 42t 1 GproDIA, — AT M
DIA $ rhov) 56 ot A 7 28 1 B 2H Y0 B R AR AOAESE | Gk 7R BRI MLIE AT it (19 DIA 58 B X N-#
JRAIAT 5 A TR, SIE A8 FH GproDIA f9 DIA 7Y i ) A s o vk LA K i vt e 548
DDA HIBEE 427071

AR B R I 23 224> 22 IR0 SRS T4 S B T MS YR B il . AP EbRicili e
DDA SRS A, (HHR B Z R TR a1 1 MS2 /K7 BT M RIS . o 1 v i — PR A
WFFEN SR T RS T R0 3R BTt AR 28 XA it i AT 2 8% 52 F 20 #T . 2022 4%, Derks 55 K53 b g
TP HES 5, JFR T plexDIA BEA, FH T [A]EXE IRAFIRE b FE4T 2 8% 20 M . 3d o foff A = E R 25 TR B i AR
%, plexDIA RERS BT 4 se 0k b 3A5 LA E R BT LU B AY E B . ZESESe v, R 1 h i Ts PR R
plexDIA FEARTERE MR ICHY = B ARFE S b BN E & 1 24 8000 FP AR 15T, X AR & 1 Hdis iy 58 2 1k
I A D T ) ) R SR S . AR AR RV T R, plexDIA $E AR BEASTE LR 20 b E i
241000 F 2K 15T, I 7E plexDIA B4 4 i SE B T 98% Y H50Hs 58 Rk, 173X — 4o A8 41> 2 LA 75 2
5 min BOVEPE TS T . X BERFSR A5 RAURIR T plexDIA FEARTE$E =5 R AU Hoag w8 Al bl iy
T IEL RIS TT, A T — 18 FRIREZR, SRR B A WS TR AR R B T 0 S

Chem. J. Chinese Universities, 2024, 45(11), 20240305 20240305(11/20)



Jd E% 5Ky g R

I l I CHEMICAL JOURNAL OF CHINESE UNIVERSITIES é,%/ﬁ\i$5$
(A) Sequence - ®) - .
Sample database DiFi cell line
—l Metabolic labeling
A 4 4 ‘ N
DIA data DDAdata [ Isotopic labels @ @
Light (L) Medium (M) Heavy (H)
(Arg®, Lys?) (Arg®, Lys®) (Arg'®, Lys®)
Sp | library / \ l /
1 Label-free SILAC
v 4
Quantification Identification » Reduce/alkylate Mix 1:1:1
result result
TMT <« Oplicinsolution ooy o /aikylate
s digestion
Sample equence
database 7 i £ .
Chemical labeling Trypticin-solution
: Deep neural (TMT10-plex) digestion
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oA Predicted Mix‘1:4:1:1:0.
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Fig. 9 Workflow of conventional DIA analysis and DeepDIA(A)"®?, cells were SILAC labeled with the

light-labeled cells also analyzed by label-free and TMT approaches(B)“"
(A) Copyright 2020, Nature; (B) Copyright 2019, American Chemical Society.

223 AAFEAFILH E BEARAFEA BB E BT I KRBT 93 R TIehRIC SR I FIbR
ICRME . TobRIC A 2 BT 5 i AT AR A, JCHGE T ek A 7 I 6 b 1 AR A (A fiki 25
S LY B A AR I VRS ), MORT T L I DRI T 43 0 S MAMACRE i 1Y) 4
BT . AR T R AT 43 T SR R PR VR A FVBOR €533 g 40 A0t TR i S 06 22 [R) TEAR1C
S UERR IR R A M O H S TObR I TR SRV R TR BT 1 5 SR b e A A A R 1 R
Tl A AR T 5, AT AR B HP YR . f Ol 7R B (AR AN AR (1 B e 27y T g ik — B Aie gk T ek
BN . JoARIC e 5 48 1 BT 20 “# TR I R B 1 ST AE Wb 3 0 4 J B b Al L 51 9370, 2018 4
Lee S¢S 5L T i 9 ToAmiC 88 1 B2 2 o B 2 Hh 1222 Fai 11, Hivr, 56 i P 78 TR It g 28 8 PR R T
MY EV HO Bk RIR 0 . T, JOARICE f R W 5 KA B S R O TR BOR SR AR
1M, TEITA € 2 BT 2 HOR Y, JobRIC 8 B2 27 5 AR S ARk SR IR0 B A0 A i
BEAT A E S oA, AR R JOhR A E t Y MERR 1, X AT BE 2 S i 2 2k, HL SR Y LC-MS
izz;%‘k[@]'

[F)5; Z R ICARRT 4 % 7 747 AR (Tsobaric tags for relative and absolute quantitation, iTRAQ) . FHEC
& H73C (Tandem mass tags, TMT) £ AR VLR A B 55 200 T Fa g A ZEhnid 5K (Stable isotope labeling
with amino acids in cell culture, SILAC) & H /i B #5612 B[R R bnicE it i P R w8k, 2l
R AN R & R AL 2A Y . Ho, iTRAQ AN TMT #2R F 2 IR SMR e 2 e AR, WIRh 7 iibr
IC KRB I BEEEACHATR] , FURTEARIC AR N UARZE 70 2540 EAFTE—2E22 5% . iTRAQ 2 ZHh
Al 37 2 AR I AR 22 0K N R s sl 20 B M55 B 141 . 2017 4, Wang 55V I\ HE iTRAQ A5 JH-4H i
P AR IR A IAAKT A RS EAR A S2 R . 2021 4F, Sun 5582 I ITRAQ Ui % 2 AMIMAEE 171, XS
TEAMME AR | SRR IR AR AR RE A P 975 3 1 30AIE . TMT 255 FEbRic Iy ik, MO Tk ik i 2
PR 5% KL 1)U 25 B i Al - B AR . 201548, Clark 55 1 7S TMT H87 i SCRL IR A I 1)
SMBAREE FUSAL . 20224F, Huang 55 R TMT ARICHY LC-MS/MS £ AR 34 1 O IR SR AR 9 2
JRAL, RN E] 1678 NEE . KA, 20124F, Dephoure 5 51T T — MR AL Ahric 25 00 8
W RS T = EAEARIC SILAC N TMT 55 FpricH AR, (75 80— 520 v ] e 22 1 43 #r 18
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AR, ZFERIC AR LS A N 22 o B3R 4 TR S . 2019 48, Stepath ZE X LRI
SILAC FI TMT $ R HEAT T R Ge He A, MRS B A0 2R EGFR A5 5 4 il i A8 4 [ R 9 (B) .
AR ITRAQ FITMT 45 5 23 5 | =1 15 B FLAE @ 1t 52 2% i b A 32 B 2 1 S ik L v 2% 3 S5y
SRR AEAE AR R L R ER A L ARIERCRAR L 3BT 1 A B AT BRI 5. EATTRAQ
(A2 B AR /N IhRC ik, FECEE AR M R/ FEFE T iTRAQ AR 22 & FJChR
TCE IR LR FE R, iTRAQ A ] BEZMS1/F 2 HAT T IV AL I AMIMARER 1, 3 SE 2R I A 0] BB A2 DA
DX A3l AR R RN R . A2 ic F o S & A WAm s P A RIS 1 B i v, FE T LA B R
PEA T A b A5 B

SILAC 4 A8 1 76 4 i 15 55 56 v R iy A3 TR 07 28 A0 b 75 R 6 R Gl o JR i IR ARG 2R ), ([ 4i it
TEAE K R R X S S R N AL T T B R A L. 4ad ZUALREEFR , A PB & R B 2 i
[ ZRbRIC, TR HEZE DU FH 8 A B IR G 7% . A e BB R 4N - SR A TR B8 J R K 93 25 R B
TEAUATHT, A — 2R T i ] v [ A7 28 78 B B () TR AR R /N TR A AR e ot . TR, 2% Pl sk ok B e
A0 NI SE B R 285 . B FAAAE JLROR R RRIC SR, SILAC 0 Hr B 28858 B4, af
LRI 2206 5 AR S A TR 1 R 412 8 0B SILAC AR B4 TR AL A BIF 9T A e ke
AR LE WIRR S S5 . 20164, Clark 2570 F) FH SILAC B AR 20T 1 WG R /N1 il 8 &0 s A 5 1E 3 52
S R AINIE R AMBR A K. 2021 4, Kugeratski 550K STLAC 35 AR 5 5543 H8 5 1% 43 B AR 45
B, ERE A RYLE %8 TAOANBMARIZ O E AR, Hp, %520 Syntenin-1 & % e i 2R (5, 4%
ISR —FhiE R AE AR . SILAC RULHEREfRT B | s v Fn v] 31 52 1k s SR S R L, B2
T E AR50, vTH T (R B S B sh AR (L ) BARSILACH HIE LA, H
SR TR RARIC I E 5 L3 R T AP R B 4 L FEM B S JCvL R T Sl AR A b 3, HOAR ]
PIBRICE AR AT 5 AR PR ICRCR , DI B BT AR A 25 50 AR EAR L AR 10 )
AR FHARS AR, RN EA N R (F2), TELPRBEFER, Wik i G5,

Table 2 Comparison between the label-free and labeled quantitative proteomics techniques

Labeling - L
Type Name Beneficial feature Limitation
level
Metabolic SILAC Cells, Efficient labeling, one label for(tryptic) High costs, especially when applied to whole
labeling organisms  peptide, semiautomatic data analysis organisms

Applicable to cells but can be expanded to tissues Super-SILAC experiments have reduced quan-

or model organisms using internal standards titative proteome coverage
(e.g., super-SILAC) Requires metabolically active cells to
introduce labels
15N labeling Cells, Efficient labeling Expensive
organisms  Applicable to cells and model organisms Complex data analysis

Limited multiplexing capability(up to 2—plex)

Not suitable for clinical samples

Chemical iTRAQ Peptide  Efficient labeling enhanced Expensive
labeling signal intensity in MS and Does not allow in vivo labeling
(in vitro) MS/MS, high multiplexing capability, simple data ~ Quantitative precision dependent on the
-isobaric analysis reproducibility of sample preparation
labeling Applicable to any sample(cells, animal or human
tissue)

Commercially available

T™T Peptide  Efficient labeling enhanced Expensive
signal intensity in MS and Requires fragmentation with HCD or ETD
MS/MS, high multiplexing capability, simple data ~ Does not allow in vivo labeling
analysis Quantitative precision dependent on the
Applicable to any sample(cells, animal or human  reproducibility of sample preparation

tissue )

Chem. J. Chinese Universities, 2024, 45(11), 20240305 20240305(13/20)
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Continued
Type Name Labeling Beneficial feature Limitation
level
Enzymatic 80 labeling Peptide  Low costs, simple in handling Incomplete labeling complicates data
labeling Applicable to any sample(cells, animal or human  analysis
(in vitro) lissue) Limited multiplexing capability (up to
2-plex)
Not suitable for in vivo labeling
Overlapping isotopic peaks
Varied labeling efficiencies
Label-free Spectral counting NA Low costs, simple in handling Less accurate than the labeling methods
Broad applicability More time needed for MS analysis
Chromatographic NA Low costs, simple in handling Less accurate than the labeling methods
peak area Broad applicability More time needed for MS analysis

3 ShERIE B A S T I R B R 12 BT R A R

ARk, AR I TS W — B B2 W AR, W2l 2 Ua Brpss i e d L2 . ZEbr
BRI S W R R . b, B T WA A R R YR AR T A e L A A
Z— . AR A IR /NI, REASHE A BB . RNA FIDNA S84 40 F, ZE4iMid b & #5
FEMER . TEE BRI, SN /I i W3S, OF BN Y SR ) kA kR
HERSRUIAC . R, SR RS A 8 4 HEAR , VR AR Wb s e B2 By T A B K
7. HMIMARER (A 2 9 3 Bk T R B R 1 R VAR bR B R T RS W | ek | S ANG
I7 RN, FLAT Y AE I AR T A (L 0.

e SHe 5 B S NIAAR B, A A Je i & S b B S DI RE AN UG (B B oA B e ok A R
i F A A R A2 3 (0 L SN A AR TR R . ) F R S48 IR AN SR T 2 (1 F S BR T &
FhERE 2R bR 03364 (CLDN4, EPCAM, CD151, LGALS3BP, HIST2H2BE 1 HIST2H2BF) ', ¥
#1-1(Glypican-1, GPC1) ZWF5E i 2 1K B ARG FEE I A MMAR bR &Y 2 — GPC1 oMk
PRI 7K RERE IX (RS20 . R PR BRI £ 2 DL R S S R e ) R M e, 5 s 7y A R 2
RIGHEAFRAE, KRB A R e . AR 2B, GPCTAMIMA S ILE CA19-9 1A (5 mE Ay Jik
R Y Tt )

FAL b, ORI 22 1 S A A AR A ) ) G R TR 2 R I Y S G A B L 2020 48
Hoshino %" F F LC-MS/MS AR , 38 528 8 [T 2H 2253 BT 497 A AEAS vh i e AR , 45 2 31038 FH I 13
FloBr 00 AR S8, IR 2 T i A SR 19 & AR bR S T L, 9 FX S B A )
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AR T2 A T AN IA , R BT 196 125 S R U A= Wbm i P LA RV 225 9 R O P 6 A4 i ol
ST FIIREL B 10(A) ] 2023 4F, Wang & IE TR RIFLAZ DK RSN 4504 20 2R R EV WERE, @1 2 1
A 2E AT S EV IS E R O AEWRREY . vTH TR RE 2 [E 10(B) ]. 20244, Yuyama
LESE I BV 8 RS, R TSR M B TR R PR S B A AR IR S . DL BT R
B, AN IAAR ) R 15 RT DAAE Ry m S e A U AE bR 358, I T2 Wi el

BT FRE A IMBARFAEAA B F & A R A b &Y B 5E0E , i HAA BT 2 BUZR MR SN A
FIBERRILEE (. 2R SRR fb A2 1 i B S D RE I — Al iy WLAM LR MLa, PEAN SN 1 R T 2
HHAFEEE X, 20174F, Chen F 43 BRI HT N IMSE BV i BERR AL 2 11, St/ i il A A /)
AT 4388 H R 29 10000 MR B IR AR , (I JCARICE IR LR (A 41240 bT, R BLFLIRE A 2K EV
T 144 PR AL EE (1 B3 R TR IR, Jorh, — SR bR T E MR R PR T B
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(A) Copyright 2022, American Chemical Society; (B) Copyright 2023, American Chemical Society; (C) Copyright
2023, Open Access; (D) Copyright 2024, Open Access.
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Table 3 Proteomic analysis of tumor-derived exosomes for clinical disease diagnosis

Disease Sample Type of MS Potential finding Ref.
Pancreatic ductal ~ Plasma LC-MS/MS CLDN4, EPCAM, CD151, LGALS3BP, HIST2H2BE [105]
adenocarcinoma and HIST2H2BF
Multiple cancers  Tissue explants, plasma,  LC-MS/MS, DDA ACTB, MSN and RAP1B [107]

and other bodily fluids
Osteosarcoma Plasma LC-MS/MS, MALDI-TOF  IGLV2-23, IGLV4-3, IGLV1-51, IGKV3-15, [108]
MS IGHV4-4, IGLV4-60, HBA1
Prostate cancer Serum LC-MS/MS Vinculin, ECM, Rac, VASP [110]
Alzheimer Cerebrospinal fluid, plasma Orbitrap, LC-MS Cathepsin B [111]
Breast cancer Plasma LC-MS/MS, label-free 144 Phosphoproteins [113]
Colorectal cancer ~ Serum DIA, TMT Fibrinogen a chain, phosphorylated fibronectin 1, [81]
haptoglobin
Hepatocellular Serum DDA, DIA Von Willebrand factor, LGALS3BP, TGFBI, SER- [80]
carcinoma PINC1, HPX, HP, HBA1, FGA, FGG, FGB
Lung cancer Serum UPLC-MS/MS, Q-exactive  Lipopolysaccharide-binding proteins [115]
Liver cancer Serum LC-MS, LTQ-orbitrap XL Thrombospondin-1, fibulin-1, fibrinogen gamma chain [116]
Oral squamous Serum LC-MS, Q-exactive, PF4vV1, CXCL7, FI3A1, ApoAl [117]
cell carcinoma orbitrap
Epithelial ovarian Plasma LC-MS/MS, TMT Fibrinogen alpha chain, fibrinogen alpha chain [118]
cancer
Prostate cancer Serum LC-MS/MS Filamin A [119]
Chem. J. Chinese Universities, 2024, 45(11), 20240305 20240305(15/20)
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