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Abstract: Liquid biopsy is a promising alternative to traditional tissue biopsies for diagnosing

cancer because it offers advantages such as minimal invasiveness, accessibility, and ease of op-
eration. Extracellular vesicles ( EVs) are lipid bilayer vesicles that contain proteins, DNA, and
RNA and are secreted by cells. Indeed, urinary EVs are important sources of cancer biomark-
ers. The lipid bilayer protects EV proteins from degradation by enzymes present in bodily fluids.
Prostate cancer (PCa) is among the most prevalent malignancies in developed countries and is
the second-leading cause of cancer-related mortality in men. Current screening methods com-
monly used to initially evaluate patients with suspected PCa include serum prostate-specific
antigen (PSA) testing and digital rectal examination (DRE) , with magnetic resonance imaging
(MRI) and transrectal ultrasound often recommended for further assessment. However, both
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PSA testing and DRE have limited specificities, which results in a substantial number of unnec-
essary prostate biopsies. Consequently, additional reliable biomarkers need to be urgently dis-
covered for rapidly diagnosing PCa more accurately. Prostate-derived secretions, including
those associated with malignancies, are detectable in urine owing to the anatomical proximity
of the prostate to the urethra; hence urine is a promising liquid-biopsy medium for discovering
PCa biomarkers, which is a topic that has been the focus of extensive research efforts in recent
years. However, isolating EVs from biofluids in sufficient yields for proteomics analysis remains
challenging.

In this study, functional magnetic beads EVlent ( extracellular vesicles isoLated efficiently,
naturally, and totally) with high-affinity capabilities were developed for selectively enriching
EVs from biological fluids. The surfaces of the beads were modified with three antibodies that
target CD9, CD63, and CD81, which enables the specific recognition of EV surface proteins.
The isolation performance of EVlent was validated by comprehensively characterizing urinary
EVs using Western blotting ( WB) , nanoparticle tracking analysis (NTA), and transmission
electron microscopy (TEM). WB revealed prominent bands for EV markers ( CD9, TSG101,
and HSP70) in EVlent-enriched samples, whereas weaker bands were observed following ultra-
centrifugation (UC). NTA revealed that the EVs isolated by EVlent are predominantly in the 50
-400 nm size range, with a content of 4. 1x10° particles/mL, which is significantly higher than
the value of 1. 8x 10’ particles/mL obtained by UC. TEM confirmed that the isolated EVs have
characteristic elliptical or cup-shaped vesicular structures. These findings demonstrate that EV-
lent outperforms UC in terms of enrichment efficiency and purity, delivering a separation effi-
ciency of 87.2% compared to the value of 30. 3% obtained by UC. We used proteomics to ana-
lyze urinary EVs isolated from 15 healthy volunteers and 15 patients with prostate cancer using
EVlent affinity magnetic beads with the aim of identifying potential biomarkers for prostate
cancer. On average, 2 039 proteins and 14 490 peptides were identified in the control group,
while 1 982 proteins and 13 100 peptides were identified in the patient group. Further analysis
revealed 91 proteins commonly found in the Vesiclepedia database ( Top 100). Compared with
the healthy volunteers, 88 proteins were upregulated and 90 proteins were downregulated in pa-
tients with prostate cancer. Gene ontology ( GO) analysis showed that these upregulated pro-
teins are enriched in extracellular exosomes, extracellular space, extracellular region, colla-
gen-containing extracellular matrix, proteolysis and protein-binding. Pathway analysis using the
Kyoto Encyclopedia of Genes and Genomes ( KEGG) highlighted associations between ribo-
somes, protein digestion and absorption, complement and coagulation cascades, prostate canc-
er, transcriptional misregulation in cancer, aldosterone-regulated sodium reabsorption, endo-
crine and other factor-regulated calcium reabsorption, and pancreatic secretion. Notably, four
proteins including plasminogen activator urokinase ( PLAU) , platelet-derived growth factor sub-
unit A (PDGFA) , matrix metalloproteinase 3 (MMP3) , and neuroblastoma RAS viral oncogene
homolog (NRAS) were identified within the prostate cancer pathway, highlighting their poten-

tial as biomarkers for the early diagnosis and prognosis of prostate cancer. In conclusion, this

SIRZARS k510, B, LR, ok & PRI AP i) s ROR AL 48 5 B | B 2 240, (3%, 2025,43(5) :508-517.
ZHANG Guiyuan, ZHAN Zhen, TAO Weiguo, ZHANG Hao. Efficient capture and proteomics analysis of urinary extracellular vesi-
cles by affinity purification. Chinese Journal of Chromatography,2025,43(5) :508-517.



- 510 - 1,

it F43 5

study introduced EVlent as a robust platform for the efficient isolation and proteomics analysis

of EVs, providing valuable insight into urinary EV biomarkers and their clinical prostate-cancer

applications.
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nano-Easy 1200 ¥ #H £ 4t fl QE HF-X Jii{X
(Thermo Scientific, USA) ; /&% 41X (Labconco,
USA) ; ZetaView 4 K i i 38 25 43 #7 { ( Particle
Metrix, Germany ), Tanon 5200 & 1% 7 #1 ¢
(Tanon, China), /& & ¥ % & O ¥l ( Eppendorf,
Germany) , HITACHI HT-7800 % ) Hi + & 1 4%
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(Hitachi, Japan) ; % iR 54 (11T HAR DL ZRAYL
il IE A

AR Eh 2% vk ( phosphate buffered saline, 1x
PBS) JK (i) \Z 55 (ACN)  HEE H Thermo
Scientific (USA) ; i EIRAR AN H H:BENLERR AN, —
(2-FRCH) W 2-H LTl . — £ W (triethylamine,
TEA) |, = & J& Wk 12 & 35 M TritonX-100, ProClin
300 R 3 LM EEIA H Sigma (USA) ; CD9 $if4k
4 H CST 2 #], TSG101 A1 Calnexin HiL1A H Ab-
cam 2\ 7) ,HSP70 $ii/&ty H Proteintech 2\ &) , B4
R [ 24 45 Ak 27 350 A BR 2N | B 2R Tl A
Lyc-C By 8 w50 i g 48 A4 W) B BR 2 w
BCA & [l X5 £ (P0010) I H 35 = KA Wy R
HIRN T, Tris 28 vhdh Tween ¥k % 25 th W ( Tris
Buffered Saline with Tween-20 ,1XTBST) | KEAEF1
A 1% 45 1 ( bovine serum albumin, BSA) ) H
Biosharp 2], HAbF o 5286 % 5 FIAH
1.2 HARE

R GITIE N BB BE B= 22 A0 B 23 5L Ak, it
54 2021-SR-167, Z 5 HEHEFREZERET
RAEIRW . PRIBFEARAE S, 2500 g B0 PIIK, B
P10 min (DL BRANMIIE 7 ORI T2/ MA ) | B0
5 EIEWARAF T80 T,

1.3 EVlent #ERHIHI &

R 5 3 AT 2 H 4 3E 1 U7 25 i # EVient 4
BV, RS L 10 mg FR B WA Bk, FI AL B (0. 1
mol/L 2- MMk ZRHR ) 1k 3 W, 2 KBRS 0.5
mL 1-(3- = H BE S FE N 38 ) -3- 2 e — I e (1-(3-
dimethylaminopropyl ) -3-ethylcarbodiimide, EDC,
10 mg/mL) Al 0. 5 mL N-¥23& T [t 3 f#% ( N-hy-
droxy succinimide, NHS, 10 mg/mL) 5K IE &,
TEfFERS AR A A O 2 h IR ARG RR . 1%
o), W AR Ve 3 Ik, A, Rl R r bt
CD9 .CD63 #il CD81 FLfAMAZE] 1 mL 7% 10 mg =
RGBT TR IR IR AR 6 h #E AT HiK
IR, RS IS , B AT (1xPBS, % 1% BSA
1 2.5% HEME) X REBRIETE 3 W, ARE A 1 mL &
P, FEE RSl 12 h ST B AR, )5, 8
G B R BRE A, I 1 mL #EER PR AE R (1%
TBST #1 1% ProClin 300 ) , 5% 10 mg/mL f4 3R
1t EVlent ¥k,

1.4 EVlent EfIRikMMINER
BC1 mL JRIEHEAS A 20 pL EVient f43k, =

IBEE 1 h, R TT 5y 85 38 258k L3S, H 1 mL |
FEZE vh i (0. 1% Triton-100) ¥E ¥4 — ¥k, 1 mL
PBS % W VR I IR, i J5 200 WL Y6 i 2% v i
(100 mmol/L TEA ) Vi EVlent B4k PR , 15
F| EVs, W £ 1% EVs YR 228 Ok T 18 5 DR AE 7E
-80 C.
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SR FH A ot ik B 1R - 2R TR s T e B G R YK
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EVs %1 40 pL PTS Z@BRIEIR 2 755,
1£ 95 TR H P 10 min, B #5550, B 20 pL
AT AT WB 408, —diR I LAY EVs 1A
5 (CD9 . TSG101 . HSP7 . Calnexin ) 3£ K 3iF , —Hi %
FHBRAR A 480 A0 0 T 2 2 1 R O B4R | 3 2o Ak 2
5 3K 77 £ A1 Tanon 5200 K% 43 X ¥t 47 WB
3T .
1.6 TEM #il

H 10 wL B EVs 0 A 200 H 85 5 il 1
AR TG KRR 5 2% BE SRR (pH=7. 0) 1F
FIRTE 2~3 min ISR @, Z )5 X
EVs #4177 B 5+ B a4
1.7 NTA &#h

WL NTA HEAR D 2 f s ki 42 0 A, 1 5G
FEAN 1 mL PRIGAEAS s 42 21 i) 1t &1 28 3 30 Mo v
PBS #i B¢ 2 10 mL, #RJ5, &K NTA 5 Hrfifi /i 1
mL /M3 PBS i, >Rk ZetaView 44K ks
B EEHTIEAT I AE , F 100 nm SR 245 0RL A
Al KFRRE 25 TSI A e, AUES B/ N R B R
20, RAERE R 70, P T E A 100,
1.8 EAREAZFN

B A E  KURT W EVs H 2R k1T b
AR B A SR . ] BCA 1R & e
JoT e B, e Bl 5 8 1 B BT A LG 12100 A Lys-C
fit},37 CHEGf# 3 h, BlJ5, ¥ M 1:50 A BT HLINA
JRRAE I, 37 CURLLEGfE 16 h, R/, Wi C18
FEEAT MGk 4b 38, BE 5 B S R T VA - T
G307 .

fa it & CI8 Ai%HFE (20 cmx75 pm, 2.2
pwm; Michrom Bioresources) ; # i & 40 C ; ¥i 3l
FH A R 0.1% H R KW, B 4R 80% ZNE7K I
(% 0.1% HR) , BERFWF.0~1 min, 5% B~
10% B;1~52 min, 10% B ~32% B;52 ~53 min 32% B
~95%B;53~60 min, 95% B, i % 300 nL/min,
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(v8.0) .Origin2022 (v9.9) Fl R(4.2.3) %21,
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XHEATA SR EE VAT 50T, DL EVs AR i i 5 B
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lent F1 UC J5 ¥ (1) 105 38 53 3 J2& 87. 2% i 30. 3%,
4R B LI EVient 35 MBLERNT EVs BA KUY a1
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22 RBMREIMNEENERRAZEST

WIS T A IR R S (K B AT Z ] EVs
BT 22 5, AR T AEbRic 2 &8 17 ik,

| |
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| |

| Proteomics an
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=

o2 EVlent

N

1 2500 g, 10 min
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1 EVient EERBEHH EVs A TFEEARA¥HR

Fig. 1 EVlent enrichment of extracellular vesicle (EVs) in urine for proteomics analysis



55 1 TRBETC, A5 o DRI A ML A 0 1) = R A AR 5 AR 1 T 2 A b - 513 -
'&eﬁ \e}‘\ 2.5x107
a W 00 é b ——— EVlent
—_—— 20x107 | — UuC
CD9 —
-
E 1sx107f
TSG101 ‘ — — *é
1 £ 1ox107
HSP70 5.0x100 F
Calnexi I I
nexin 0 200 400 600 800 1000
= Size (nm)

E 2 EVlent FiE & EVs BiHX RIE
Fig. 2 Characterization of EVlent enriched EVs
a. EVs in urine were analyzed by Western blotting (WB) for the biomarker proteins TSG101, CD9 and HSP70; b. nanoparticle tracking
analysis (NTA) of EVs isolated from urine by EVlent; ¢, d. transmission electron microscopy (TEM) of EVs isolated from urine by EV-

lent.
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Fig. 3 Recovery rate of EVs enriched
by different methods (n=3)
a. WB experiment of enriching EVs by different methods; b.
recovery rate analysis of different enrichment methods.
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Fig. 4 Proteomic analysis of urine extracellular vesicle in healthy volunteers
( Control 1-Control 3) and prostate cancer patients (PC 1-PC 3)
a. number of identified proteins and peptides; b. comparison between EVlent and Vesiclepedia databases; c. comparison of Top 100 in

EVlent and Vesiclepedia databases.
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Fig. 5 Analysis of differentially expressed proteins in urine EVs of prostate cancer patients and healthy volunteers
a. Volcano plot of differentially expressed proteins ( |log, (Fold change) |>1, p < 0.05) ; b. heat map; c. Gene ontology (GO) analy-

sis of upregulated proteins.
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