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Abstract: Exosomes are nanoscale vesicles that mediate intercellular communication and play a piv-
otal role in physiological and pathological processes. Given the substantial heterogeneity across di-
verse exosome origins, conventional detection technologies yield characteristics reflecting the popula-
tion averages, but fail to establish functional links between specific exosome subtypes and their bio-
logical roles, thereby constraining the precise analysis of individual particles. Existing analytical
techniques enable independently detecting the physical morphology, membrane surface molecules,
and cargo as single dimensions but suffer from poor accuracy and provide incomplete information.
This review delineates the strategies for constructing fingerprints derived from single dimensions using
mainstream analytical techniques such as flow cytometry, Raman spectroscopy, and mass spectrom-
etry, in combination with two—dimensional and multidimensional separation methods. The objective
of the study is to provide methodological insights for precise disease stratification and drug target dis-
covery through a collaborative analysis of exosomes with various structures and molecular composi-
tions.

Key words: single particle; exosome; separation and analysis; fingerprint

BN A 2 AR 53 WS B AR R B, HOB R 2 A% N A (EEs ) o WA N4 (Les ) e £ i 14
(MVBs) YA e, fReidid 5 MO m S R AN o AR IZAFTE T MR . U W S
Wb, EE R L A2 - FC A LA N A SRR Y ERAN Y, 25 R AT
¥ QPR BRI SR AF AR . BT HORR I PERAEYHAE ™, SNB s B ) 251 %
Bk LIBRE W AEIIbR G

Wi BH: 2026-05-20; f€EIHHA: 2026 - 0720
EEWE . EHEARPAEERIIMHE (22304150, 22376177); T EHRFHAIE G- TFFAERHAIL IR H B25(20260101055)))
EWES . 2R, W, 2, BTA: PRSI, E-mail: dhli@ybu. edu. cn
Xk, fA, BiEdZ, RTINS ES ST, E-mail: liulu@ybu. edu. en

#1230 2025 73 Brilil 55 4E QBT TR LTS 236 AR



2 SR AR (http://www.fxesxb.com) 545 35

AhB R E B A AE 30~150 nm, EILAIBRIREER) , BATEWIGIE O > T2 (& 1), 28
W A FC AR S5 2 o R T 0 BRI, SRR | i SR D A I AR A . I e
FENHRE RS . BTG K i NS TE 22 S JFEEHk CD9 . CD63 . CD81 Z5:DU B5 Ik 8 11 LA b Ml A A i 43 11
JE N T EAZTR . B BRI 3 A0 o T, IR EE PN WAl R VR 4 AR ) R IR Rk S5 T RE IR S AE
B R 5 0y AR R G 25 S AN AR DO TR AN A T M, R T 2 RGN
) ZEAE HE A

30-150 nm
PIEE < AFHLR
R CM3 B BAST
) ) BT HHIE
&5 N cpo °°°.
£t by RMEA Wi
g—:‘ , N N Integrins Zs
£% 5 ", TS
oS ~ ’00@\ Prolems )"’o ‘?.‘ IR HAR
SS RNA v A ?%W%% j
qlzi/ng e 5 . = WIEN fRighy
- z / ¢< < 3 DNA % % Surface
- 'k W CD81 ¢ 3 ¢ ){ proteoglyeans
y C m 4
Syt 3 N 5§
E ) °e ,{ ~ ) ﬁgﬁ ]ﬁﬁ)\\ /Membrdne
4%0 l’9.. b 93 TSG101 ‘.ﬂ \ ) .’000 PD-LI '"gﬁ\z::vﬁ'\lﬁh transport
= % %00 o ! )
é ( o » ,: 00000000 ,o”u\ - V2 INA
Flotilllin  ( “®ees I U P }
I TE— 0000000¢ EGFR Cell adhesion
AR RS XUAE AR S 1 L B R
: >
= « s
= 8
5 o
2
&

Raman shift/em™

PC1

BT SNSRI AR 7 T 4L
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for analyzing the fingerprints of single exosomes
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F1  HRRLNBRTELE RS TR

Table 1  Fingerprint analysis of single exosomes
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dimension tion

iEkdid) S NTA M FUEZSR ] SUVYEN Rtk Rt [21]

HSFCM 11E4 45 H RN A JEHE 1 CD147 e [26]

AFM JiiE4 FLAR R SN IR (A8 FLERE [29]

dSTORM SR LW TSI A A s A JRE AL migl s [31]

SPRi AR b B16 21 5h i A CD9. CD63., EpCAM % BaogEE [32]

DETECT 1M 3% I 375 A A CD63, EpCAM. PD-L1 % Bk [34]

MESSAGE JIiRG JIIREZAIALN F RN it [39]

LC-MS/MS i £ 2] i/ R LANSTATN GFAP PZIRAT IS [42]

EXODUS+MALDI-TOF MS  #ffili3% i & Wik 40w sk YBX 1 BEERRA N [43]
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A.nalytlfal Technology Biofluid Type of EVs Analyte Chmca? applica- Ref.

dimension tion
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CRISPR/Cas13a JIE4 25 E i M A AR miRNA-23a si' (53]
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SORTER 11§14 I8 JER R o A s A CD63. EpCAM F miR-21, migIARE  [59]
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RNA
SPARTA HMNEREIR LW LB A B A s Sphingomyelin, phenylalanine LA [65]
guanine

3 BEERE
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SRSt TR BOR ISR . A SCBGE PR . AR 2 T RN AT 3 AN 2R 1 R4E
BEFRAETN , Fi A 1 2B S AE SR M R . 2R BEIR Al R 5 W B S A AR A
RERASGENIIEE, 07— G R mrat, 327 DM HEE ) S e sk, BT
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Ko G MTR B 5 AT B ) 20 4 SR L0 RIS TR BER &, AROKSAEIMRI AT | ARG B 2 it ik
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