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Progress and prospect of separation and analysis of
single-cell and single-particle exosomes
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Abstract: Exosomes are nanoscale vesicles secreted by cells and are encapsulated in lipid
bilayers. They play crucial roles in cell communication and are involved in a variety of physio-
logical and pathological processes, including immune regulation, angiogenesis, and tumor initi-
ation and metastasis. Exosomes carry a variety of biomolecules from maternal cells and are
therefore important vehicles for discovering disease markers. Traditional detection methods
only provide average cell-population information for a given sample and cannot establish clear
relationships between the biological functions of exosomes and subtype owing to the significant
heterogeneity associated with exosomes from different cell subsets. Therefore, characterizing
exosomes at the single-cell and single-particle levels requires exosome specificities to be further
explored and the characteristics of various exosome subtypes to be distinguished. Commonly
used single-particle exosome characterization technologies include flow cytometry, super-
resolution microscopy, atomic force microscopy, surface-enhanced Raman spectroscopy, prox-
imity barcoding assay and MS. In this paper, we summarize recent advances in the separation
and characterization of single-cell exosomes based on microfluidics and provide future applica-
tions prospects for emerging technologies ( such as Olink proteomics, click chemistry, and
molecular imprinting) for studying single-cell and single-particle exosomes.
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Fig. 1 Schematic diagram of single-cell capture by a trap-based high-throughput microporous array chip'>®
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Fig. 3 Schematic diagram of exosomal DNA analysis by the nano flow cytometry (nFCM)

technique at the single-particle level!”!)
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F1 5 %708 BB 0 2898 41 ( B16BL6 ) 433 FA 40 ik
T, A2 1% AN R R 263k TX 3 FiEE 1, K
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FRIC R EZ BN | T8 A SR bR Y 64T
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16 nm B4 3ER ZEfhE (Z 80 Fis 3] T 42 nm /)
IR, Saftics 257 I FH 240 0 A0 9 44 K B 1K
B5(SEVEN) , WAFKRZ 0. 1 WL AY I3 (R & 7t
— G AN ) RN ) T AN AR, I R BT AR
JER2 bR Y, SEVEN K G 5 F ik H R 5
FE B By T E N AUEE (qSMLM) AR 254 | i 4y
BT AN AR K/ INRIT IR A R 5 JE 2 11 G 25
AR, Wei 255 3 i 25 & M 43 W = {0 7€
Jedt T AL FAR (SR-TFC) | = (88 73 B R MR B
S E (6 VOB R s (CFPP)  JF R T —Fh
HNIBR TR (1AM R (1 4) o RIS RERS JE T A1
A b R S PR B 1 S B R B ) A A a2
FEH R g My = WA e D %, IE R
SMLM H ACKG I FRAREE | HM I R i 8 4t 0k 7 4
FENL, TERESE RS B AL AL SN SRS
R B TR (02 ) 7 B B B, TR R S P 46
AR R EF A BxM F A 12 K 41 i 45 44
5B R o T B AT AR I ) P 9 e 0 K B
U P 3 R 20 200 B 45 A4 B4 TR A5 B B, % 4 R
T2 AR T RIRT AR A5 w5 43 9 56 11 200 it 445 ) AR
P, Sun VR AP s O A5 A9 hR
ICEE R R MR AT, 78 ExM K Z a2 s 8t
TN T RGNS LR W) K o 1 kG
JERUE , T ExM 15 0 BERRRE 2B A
RWFFE RN A R A ) TR, B2, SRM K
BB A BT A FAE 5B 2% T L | HAE B R
AN ZE (4 N PSS B RE i — 2D 4R . anfe]
1 SRM S5l t= ARG & I 7850 B HEPIFIE AR 1Y

«—— FAM Channel
—— Dil Channel
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Fig. 4 Strategies for exosomal protein analysis based
on super-resolution trichromatic fluorescence
co-localisation ( SR-TFC), trichromatic super-
resolution imaging with counting co-localized
fluorescence pixel points method ( CFPP) 3

D, XoF B2 A4/ I R sl B SORE A1 WA A P A 9 EL A
23 BEFHERER

Jir~F 7 S S 30 A T 1< DA ot R T 5 R
BUROTA 2 [R] AR A5 St TAD A EAE 0 Rk A 7
FRIE, SHePEAE — 2k EMR 0 o+ B AEE A F
AFM BENS R I 4N A 1A 507 2 1T 1) L5 = 2R B 30 S
HIJj%RE, AN, AFM 38 GESEIN 2 S P b A iy RF
M, FEXRT R A A 4L AT . Ye 26U A
AFM [ 9K IR BOR 7R B B0k K- L i RAIE
T ELBRIEATAE SN B GO T 22 R IR IR T I
SURR S IR R R B Z M C R, AFM 4N
KIEIRIE S T BRI TE JR 0 B 4K T2
Wi 7, 38 15 43 A 71 R #H £8 ( FICs ) |, ] DL 2 & 42 B
B 5 BORE SR MAMAR G K g 2 R AR DG HL AT Ak L
RSH, FEARUGANK IR L 7 rh | BSURE S WA A 11
YK TI2EAT R RN S L AP AT AE B R BLR
XK ML I 38 G S M. LeClaire 4% 38
iz HHZ 250 AFM £AR , sLTr SE 88 1 % 2L 3R 96 20
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L K 3 W ) ERLURE A7 DA AR S5 4 R g 2 M T 1)
BRI, X — RIS 4 R BUR AN A
(A=) 12 A8 SUBARAE S —Fh TR e i 1E 38 7 %,
AR T VAl 25 A% 40 IR 2. Feng 25 FI| H
AFM $ AR | 7R R H 6T I A I Y8088 i 83 10 W
IR AR AS H () BASIORE Z IR AT T LA e, R
T HBGRRE R LR AR, 25 48 7R T IR
FERE A5 % J A R v AN I IR O 2 R Y B 2SR
b, WRREEA RN, AT B SR SR T
SERRE R RIAEAE D 25 5 R AN Y ) 2 R
TE LR RE HE R o ELAT F8 s VR, X HE sl s hE TR 1A
AR AR 9T B BN 3 X, Bairamukov %%
FIF AFM AR | 7828 SRS B b 6 Bk 7K
SR R A IMA AT T AR 1 R R RS . 25
JITiAR , AFM 45 A& RAE SRR SN A ) 2P RE 1) 3=
BTH,
2.4 SERS

SERS J& — Pl 5 45 85 7 (R %5007 1 Al SR |
TFRCHEEAR . 4o e E TRURE 1) 4 8 2 TH s 4h
KAFORE BT B, 6 R 25| & JRy i 2% 1 45 B 1A AL
i, AT S 2 SR B2 (5 S, R SERS HA XS A1
WMARTEAT A BT BST, BE 06 (ol 4G DN 28 i3 8 T 2 B SR,
K-, Li 25 IF & T — Rl B 7 o B A o i
PRI ( DECODE ) St A, it 1 43 J8 44 K
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MoS, % B TR K i 55 SERS $i KR5S, 78 B Uk:
TP 5% e I B 4 B R ( GBMD) Y A IR HEA T T #IF
5%, WFSEHI G TR 5 502 MoS, = [H) iy AH B4
F, O A Ui S oo R B AT A2 oK s i AR A
LYK g RS R A /N A RB A AN A BT, DTl
B PR DB 225 Js R A B A7 2 S5 ELHE X Ny T B
REAMNA (B S) o Lin 253 1o 00 A il JR 4 R
PHERGUOR TR XA 2 )2 BB AOK B, il £ T —Fh
ELAG R IR 45 40 1) 9 K B BF ( Ag/BP-NS) , K Ag/
BP-NS fE°4 SERS 185 | i 18 ff - W 5 77 i 55

TXFEAB T 6G (R6G) 4 T 1y vl #i4k SERS £
DAL BUAG  E—D EE B WL ER s S T s A I
AT LASEN A [ Bk g 20 s A (3R 5], Yan 45150 JF
KT R R e v R A B A B T R T, T
THA IR B & IE 9ok S5, 454 SERS HiR,
ot i RB S S BRRIUR AN IAMA B A3 BT . B RS
LT 24 35 7 5 9 o f s 2400 JHEL R 4 0 A1 WA AR 11
P2 ECTE VAT HO AL, R X BEAE AR A R B
P SRR, 3 — 25 R 32 1053 53 7 (PCA)
T, I B R TR IR A SN T T R IX 43,
X—WF5E K SERS V- 5 78 A= ) B 2 S 1) 1o F 4t
TR SRR, IR 45 R, SERS HARfE
8 T R AT BRI ANIA . FEAR SR BT
PR 5 SERS $RE5 G, 360 FH - ks sk
IR FAE A BT AR SN AR ) S T

— SERS
: MoSERS B
__;\Microchip -
ol & Single-EV
3 > % Entrapment e Plasmonic
&S @ B Nanocavities
ol ;
MosS,

Single EV Fingerprint
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° o /‘\“ ’:"\.":’: .
M L — B
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GBM H5h il iA 43 47 57)
Fig. 5 Application of MoS, plasmonic nanocavities
and SERS technique in exosome analysis of
glioblastoma ( GBM) (%"
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SEPE AL AYARARIC A EEA | BE SR B I < 2 1 Y
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SOV RN T R T A A AR TR TR £ 35 R4
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SRR A S B TR (SP-ICP-MS) £ A, s 8L T %
iIRR A IB AR A o 2 ARG ) S SR RE 2 W, TR 5T
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FHERMREESD G5, 2 RER BRI BRL, Lee
AUV AN OK B K S T (NP-SIMS ) $ A, 552
BT Xk BUORE S N A A 1 v R BBE M 22 EERALE . FLAA
BRARTRARINE 1 d, DT 20 rb 20 5 SR, OF
FIHIBUIAR Abs TIHEAL Y Au R JIE ok 47l 47 3 28 51 1
T B3 (AT A1 B0 R OU K AR %% (Lin-tags) 19T
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AR, CyTOF ffi Hmfae & m o E (EEEM A
TR KRN ) Aric BT AOR R F MR SR 45 &
HFsPUI, BXEehRic T HiiRm 48 & 778 & 11k
J& , LABS T 8 0% i 22 R AT 1) i o BT 4, 3
2 VR 1Y) 42 TR B T 5 0 (ICP i %) &
Wang %5 il i CyTOF ¥4 J@ b 25 i /e S il A
b, DRI ST 4% P PR B K ST B SR AF 5 . 38
U IE o NI gy A TR VA NN i B S P
WA B R P A0 5 R A B KT B
BRI LEARIC R AN , I R T /N BRUBE 7R v 6 i
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HIR e NI AT, SE B0 T X REAS BT T A b
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(14 571D A SV A o 22 B B A M i AR 1, o e
E oM (ITGAM) BHPESNR AT X6t 45 B M Ji HAA
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L PR B A1 B A= A 1 AD 2 Wik AR
Min 45 % Fl PBA X809 | B 45 H i T
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MR ANR R T (AT T 00T, 3Tk st
A g 25 R KIAE A (DEPs) M H A A

(DEPCs) ,f# T —A> 70 AR 2RI A i 12
Wi B TS AP RE , S AR B 7 R AE T
045385 i A 1 F B T A TR . Sun 26T R
FH PBA 7E S50 AN IMA K T HEA 78R (S AT
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i (qPCR) 3 AR F A , 7] LAIXTIX 22 DNA 5
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