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Abstract: Extracellular vesicles (EVs) play important roles in the diagnosis and treatment of diseases because of its
lavish bioinformatic molecular contents. However, how to separate plentiful of extracellular vesicles in a short time with
high consistency is still a problem. Here, we’d like to introduce an automated extracellular vesicles capturing machine
named EVenrich (Extracellular Vesicles Enrichment) that helps realize capturing EVs of biosamples in a high-throughput
manner. Incorporating EVenrich with EVtraps-a kind of biological magnetic beads capturing extracellular vesicles
specifically, we were able to isolate EVs from up to 48 urine samples in 60 min, with similar quality and quantity and
superior stability to manual capture. In clinical urine EVs analysis, over 14000 peptide fragments and 2000 proteins were
detected by automated capture, which was similar to manual capture and significantly superior to ultracentrifugation. We
further collected urine samples from 21 patients with negative prostate biopsy results and 21 patients with confirmed
prostate cancer. Every three samples were mixed into a group to make mixed samples of 7 control groups and 7 disease
groups. After exosome extraction and exosome proteomics / phosphorylated proteomics analysis, we found 211
overexpressed proteins and 187 overexpressed phosphorylated peptides corresponding to 40 phosphorylated proteins as
potential biomarkers for prostate cancer. In addition, qRT-PCR results showed that the ratio of miR-125b to miR-145
could well distinguish prostate cancer patients from non-prostate cancer patients, suggesting that it could be used as a
potential marker of prostate cancer.
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X6 N F-40F$ 2R 5 187 S5 2 ik 3 9 A R KA 9 T AE 1 2 e AR AR B
SegliE]. 4HEYNEE, EVenrich, BERRALEE AR, 105 S

1. 3|5

MR AN 2 (Extracellular Vesicles, EVs) f&—F14)
WAYE I B MY, AL ELARTE30-1000nm 2 7] 1) T BE 1 4% 1R
MEAR. KZHWFEY, 75IFEFSCRE AKX
T AR L WEVSs[1]. BT HALBE S0 T
MR ST, EVsH A A A2 40 A (5] 8 15 10 3 27 X [2-3]. EVs
Wil E R AR R SRR A S SL I
RN S G 5L S, X628 5 IR ME M 4E R IE
WA IR 2 R E E[4-5]. H Al SRS 2 AR B R AR
H5EVsH K. Grizzle% N\ & BRI R I 1 38 6 1T LA 5 4
P 43T, IR L85 mT DU Tk B 4 B 5 A8 % 43 40 i
I3, BRAR HE U T M T bR B0 B B BE R 40 A 1 4k, AT
H ) G [ B [6]. ThomsonZE NFRH, A B IR 41
JimT LA I 4 A 9 P9 A R B AR S AR SR 41 B ) 1
AR TTT W I0 A e  iE e 4R [ 7] YangZ5 A 33 2 31 i g &1
M wl LUB G EVs L B R 254 . BTk, A ATIHR R 1T
DL e e i A0 T 100 A 00 RH 25 2 T JRg 4 P A0 s A4 45 A 22 AL
TEGROR IR, AT SIZEW 17 X6 K e 41 A R0 ek 988 - 440 e 7
HRANHI[8]. F ik, WEMIEVsH] #E BhIATH BT 2 A
PR AE BRI R, S R 4 A G T kR S WS AL 4l
JH T an T B 4 PR Gn T 5 25 W0 i R R SRS . [ BHE Vs
FIThREXT AR 2R . MR 22, 29T 2 B 2R A &
EHE L.

HH7JL A% W B EVs 70 B J7 1 AL §6 8 1l 55 0 v
(ultracentrifugation, UC) . % BEBRREET.OVE. Sy skfl
WAL JLpievk. ek ST HERH A% 9-10].
SR, XLV EAEE B Sk s, i ss B R, SEIb M
WK AR BRI RS, BRI T eEqIER
B ENEVSH SR M RN o faln, —aldE
TR AR P B T2 E 3 AT . A BT 9Kk,
UNTIO2FMER [ 1118 EVs FAT 45 58 SE A1 /7 (1 P SR L BR[12]
WA ST T LRUCHE = IEVSHi IR 3R, 4145 H sk 2k
SN HTEVs I FE A BLEE

BB 7 — R0 T IRE Vs il & H s 4 i ok
FYIREAS (EVenrich) , DI AE i -5 AH I 1 22 b v
B (R Z PR IIE R RS, B BRE A
) UBFIEy5 38 Ot 2 —rE R 5812

EVtrapER 25 & [13]. ESWBRILEE G, FEATHEVs
AT DA A SR B BR 2 T o 3 5 B B SRR, AN
ALARBIZEIEVSIEfh . 5 FaREINEMEL, B3k
SRIURE SLBE I3 5), WO —3. thst, Baifbid
TSN Rk, AT RASE I AR I e K484 Y el B A AL B
SEME I AEEV s b W] B T AR 27 S DA St — 2P
T 2 R IR A R AL T
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EVtrap H Tymora) #1125 A B A 7 3K o EVirapii 3k
IEVsH = 2.8 (Millipore-Sigma) ¥efit, & FH®EEE ([
RN RAFNA R AR . Heoh, SEIG A 4l
K BAMIlli-Q4i K RSl % (HEFEZE>18.2 MQ-cm) .
tritonX-100 ( By (FPED AV TREAERATD « BRiL
ZEMEh /K (PBS, Gibco) + 15% 1 e F: i B4 28 I s Tk
il ik (SDS-PAGE, _Lifg (D HEEFAEME 2R
A B AT PTSELA# (EVLIXiR ) AN 5 3 2. 4% (PVDF)
&£ (Millipore, Sigma) FTEVsfligk 8 )i EPE L5
Pierce™ BCA 5 15 /3 ATk A &0 H FE 2R KA Ao

2.2, JRBFEA R FAL B

A G R RFE & Lo E NRERE ( EF RO it
HEIRTS, I FEAR Y32 IROZ R B i TE A v A Y, B 8
FAERERE AT RN FNE [F = o AR RN FART 51 e
BERE KRR, LA3000gE 01054, FEEPIR L
BRKBIABTIE . FIEWRAE-80°C MMifFEHEMAH, HE
T e I R R

2.3. EVsi£E

B e RIFEA FIEVtrapfE =30 IR ST, IR E30
SrEh. WERER)S, FH0.01%Triton X-100i5%t—%, PBSI#H
VEWIR, a5 =k (100 mM) I8 g 10580 78 20 e i »
WS e R T [12]

KI1AER T HEIEVsIEELES (EVenrich) 2tk fIHREL
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Columns 1 and 7: Urine and EVtrap
Columns 2 and 8: 0.01% Triton X-100
Columns 3 to 4 and 9 to 10: PBS
Columns5 to 6 and 11 to 12: 100mM TEA

AR TAUORER ) A Zh 4 A SRR AR R R 5 5T

TEB G P H R 43 A = &G IR EVtrap P IR o K 85 i 9 51
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EVenrich — Top view

Stage  Time :g88806é68885 :008088880008 :gééééoééégéa
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2000000000000 /0000000000 QQ 000000000000
Loading 5 min (000000000000 (000000000009 000000000000
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Total 60 min Columns1and?7 Columns 2 and 8 Columns 9 to 10 Columns5to6 Columns 11 to 12
g B E ; >
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. ;. s Stem-loop RT QRT-PCR
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24. BEHETFEME (TEM)

¥ 5 5mL R 6 B FIEVSEE i 43 U7 ImL PBSH LA
ZEVs-TEME . #10ul EVs-TEM i A 200 H %% )2
WM . BTG, A RIR T 5 2% 0 IR A
(pH=7.0) WEE2-350%0, SATHMER M. &5, AN
H [T N80 kKVAHITACHI HT7700D HL 7~ & f4%% ~ (Hitachi,
Tokyo, Japan) %% .

2.5. GKRRARBREESHT (NTA)

FEMT mL PR b & 42 B S48 200 uL 100
mM TEAPEME PR, FPBSFREZ10 mL, LA % EVs-NTA
WA T NTA 9 #71 . {# F ZetaView ( Particle Metrix,

Germany) ll i€ F ) EFEVsIRIN A IR INAIEVs K/, H
Al KRR 100 nm 3R 2K 205 Bk 25 T3 5 AT B 1 « FEAX AR 15
B, B/NEREBE N0, REJERENTO, RITEEN
100,

2.6. AR (WB)

F20ul LDS EAEZZ B REVSFE L, DRSS E B R
KRV TE95°C RS /o, SRJE I I BLpE i 1 25 2 AR AR
Hn#115% SDS-PAGE (H/E190 V, 70min) |, Jf## (H
275 mA, 70 min) F/PVDFE (Millipore, Sigma) .
Z )5, FETBSTH H 1%HIBSAE HIPVDFE 1 /NEF, 3 7E4°C
VK AF H LL1:2500v/v 1 B R 5 R BT CD9  ( D3H4P; Cell
Signaling Technology) W Bid % . &5 TBSTH 1%
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BSAH HRP ZHiHr 45 &, 3G 2R A 22 RO R AX
(ImageQuant LAS500) =14 i DA SE I, 5922l 5 A€ £ o

27, EREERAGHERN (QRT-PCR)

2 18 U8 B 5 4 F miRNA 4 44 3% 71 & ( CWhiotech,
China) ZEXEVsHImiRNA. {15 33050 &% B RNA
¥ 5% % cDNA , f# Fl miRNA i@ § SYBR Qper 5| )

(Vazyme, China) #{T7qRT-PCR CE =L PCR) XM,
HATIANER . K184 T H T qRT-PCRIIEI ).

PCRZ MR H20uL [ MiAR & o AL$510uL Mix, 2uL b
TSI, 2uLRDNA, 6 pL2:5 F/K. PCRY 14
WIR: 95°CTHIAEMES min, 95°CAE1430s, 58°CiRK30s,
72°CHEMH30s, fEI35IK, 72°CIE{HS5Smin. PCR7SF| [
W FH 2% PR B A b e Fe 100 47 36 1E

1 qRT-PCRIEH 1514

miR-21-5p-F CGCGAGCTACATTGTCTGCTG
miR-21-5p-R

miR-125b-5p-R

miR-125b-5p-F CGCGTCCCTGAGACCCTAAC
miR-145-5p-R

miR-145-5p-F GCGCGTCAGTGCACTACAGAA
miR-221-5p-F

miR-221-5p-R GCGCGTAGCTTATCAGACTGA

GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACGAAACC
GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTCACAA

GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACACAAAG

GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTCAACA

2.8. FRIEAEM (MS)

JoR R ) 4 7925 B mL RN R T RE U
fRTF100uL3 M (12mM SDC, 12mM SLS, 10 mM
TCEP, 40mM CAA, 50mM Tris (pH=8.5) ) , i&jiefdi
TREY 5] )G B T95°CKIE#A & 10 min, FFHAH G R
By, AMA450uL 50 mM TEAB, 2RJ5LAEE 58 E1: 100
FI R L I AN LysCE A, 37°C 1000 rpmfE1H IR R 21X
FEgfR, 3hEELAEESE AL SOR R R N N kRE, o
WA . BEARAEHE, NS0 uL 10%MTFAVE T
WpHZEFRYE, SRJ5 AR R IIA600 uLif 2.8 2.1, e
2 min, 15000 g3 min, Wi B2 OB OERER, HE
TINZER B, e, B0y, ZBREH RIS,
BRET

VR BORE it R ] Stage-TipHEAT Bt &6 1 Stage-TiptE
FHIA200uL 80% ACN/0.1% TFAEWR, 2000rpm L
e EE A, BT IA200uL 0.1% TFA
TR, 2000rpm 25 CME IR A B AT, F200 ul 0.1%
TFAV I E B TR, IRIEIRS), SRJ5 A\ Stage-Tip
FEF, 2000 ipm &L AR AR A S A MA200 pL
0.1% TFAWFW ES O 5e4r, Te k2RI, EERKRDE—
W fJa, FH200uL 80% ACNAN0.1% TFAVRE &I HE N
EH, BE RN, 3K15400 pLEAVEHR . BUH5%
REEE AT, FIRIS%EHPolyMACHEFR R 1 & 4
A& (Tymora Analytical) BT E A T4, HE
R E A AT

VR 1D IO B R 1R IO B B B VA R /E 10 0.1% R IR

(FA) ", 53 HlK2u LRI L T+ F) Jok BRI R Ik By N
EASY-nLC 1200317 & A )i 41 2= FI i IR b B (1 o 41 2 4%
Wro MBNAHS T 2T A GREAEKH0.1%FA) FZZ
B (ZIEH0.1%FA) HEk. Frf KB IITE25cmiE 78 4
(360um ODx150um ID) L4 5, %5 HE CISH IR
(2.2pm, 100A; Michrom Bioresources) , 1% A600nL/min,
LA E 990min (BH : 5%-35%) o T FH 4 % NEASY-nLC
1200 5Q Exactive HF-X i 151X ( Thermo Fisher Scientific)

B R EM A NDDA. Thermo Q-Exactive HF-X7Etop-20
B & R EONIERE . — SIS I 7 HE R 860000, K
ENB R B N30 mse 2 i 1) 43 #E3 930000, oK
TENB Y50 mso FERTEEBEE N1.6 m/z, FrdEAbALE
AE = N28.

2.9. FEHERRS T

Jo T S0 1) S WA A E 4 A FIPEAKSS Studio X+
(Bioinformatics Solutions Inc)iEAT 437, FH A% 2N
20214F T #H) Uniprot i i b 1) AU 8 5 o £008s e, 3 e
SHKERN: BEFHREH DONIS ppm, TEFHRER D
N6 ppm, MS/MS tolerance % 0.6Da. % IKFEA 44 2 b
HEAFEE A L E Rt (+57.0214Da). AR A
. (+15.9949Da) FINvf Z AL (+42.011Da). BEEILZ K
FEATR ZIL S T 2% MR 75 & R B 2 B8 W R AL o7 5

(+79.996Da) R ARAEM . & € v i B 1 i 1)U D) Aor
R A, EHlE A 2 K2R R TE2 (FDRs)
A 1%,

S FHdE AL Bk, ZEPEAKS Studio X+ ik %
ID-directed /7% (f# F i 58 FOLC/MSHFIE R BEAT T bR ic 2
B, fl O B I TN 5L R B IS AT 2 IR UL E 45,
JBITID transfer (IZ4T 2 [AIFIULHAD) /DB R HIME . AT
EH T Tehnic & 7%, X PEAKS A4 A 1 204 >R H
Perseus X HAGEE, QFESRAMEE M. H—1b. KWL A
z-scoreH—A., X IfE ARFE A ks 1) 2 1 0T R IR AL 2
H AT 22 TR IE 8T, A R EIRN K1l B (P< 0.05, [log,
Fold change| > 1 §Z R RILHEH) -

2.10. /NI FREEAFF 5T

N T IR AR 22 S S I S SR, FRATT R
I PRAE SR AT T IR FEACFE . BX21 44 7 ) &5 B A PR AN 21 44 7
ZHT AR ) B REA, = AEARREG —4A,
TR AT AR AR SIFEAR (R2) &
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K2 IRRFEAE B,

RIZI AR ENIRA

HARS ERe PSA (ng/ml) Gleason Y4 HEARS ERe PSA (ng/ml)
67 14.76 4+3=7 68 6.16

1 62 6 4+3=7 1 62 19
63 7.1 4+4=8 69 6.79
59 15.9 4+3=7 79 12.9

5 65 59.6 4+4=8 2 75 9.94
59 334 4+4=8 71 4.85
83 26.7 4+3=7 66 8.53

3 59 13.7 4+4=8 3 82 10.8
75 21.8 4+4=8 65 5.59
65 19.9 4+3=7 66 11

4 66 6.86 5+3=8 4 71 12.1
79 39.5 4+3=7 70 12.5
78 42.4 4+4=8 67 6.03

5 53 6.93 4+3=7 5 65 5.05
68 5.64 4+4=8 62 234
64 7.78 3+4=7 69 10.8

6 71 15.4 3+4=7 6 70 9
86 51.3 4+4=8 62 6.85
65 36.9 4+4=8 69 6.3

7 78 12.3 3+4=7 7 66 12.4
83 6.384 3+4=7 54 12.12

3. ZERMS
3.1. EVsiREEitib

N KPR E IR EEVs H shRBGI AR, AL
T IS E, BIREVrapMIWIIATIE . B RATE v
VEERE (E2) . wERA, M TEMNESIRGFEA, EVs
S RMEEEVirap NN . SR, YEVirap Ik E =T
20pl/mif, CDOMINISREE I INEetS, RIBRATHEE RIFIEAN

A. 10 20 30 40 50

Relative Intensity
[=] o
o % -

>

o
N

(=)

10 20 30 40 50
Amount of EVtraps (ul)
C 50 100 150 200 250
-
12
>
S 08
<
£ 06
;:: 04
-2
0.2
0
50 100 150 200 50
Washing Speed (mm/s)

20ul/ml. GIERBHTR, 12070 2 BIAR M MR S H 58 44
FREVs, [Mik57£30% % J5CDOM [ AN 3R AN 4 kAL i 2
A NS TR, BT DU IR (R 3008, =
A0 8. TEPREP IR, BT RS S BEAR
PR, MATEETE RS SEURA KB b & E
2, MBS FPIRG . @id R EMER, S TE
HERE N100 mm/s (B2C) - &a, el ik E 8650
mm/s B R R rEE (K2D) o BT Edkfith, IRAILE
EVenrich 75 B N 328 1 il = H3MLEVs 3R

B 10 20 30 40 50
—— e e e
z,
< 09
< 04
0.7
0.6
10 20 30 40 S0
Incubation Time (min)
300 400 500 600 700

Relative Intensity

300 400 500 600 700

Elution Speed (mm/s)

B2 HEIRIER A AR S, BEFRRTIE]: CURREE: DRI,
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3.2. EVs{iREURAIE

N B =MIREUT 7 (EViap FEI#2EL. EVirap A 3l
FEEUREBE B CE) , FATAT T LIRS . 5%, HRIETEM
Fg (KB3A,B) , HaRMEVSEE i BAAVEREIAN50 nm %
150 nm, Z¥EIERIE, JUFEA R, RIH AR st
FERMFHIE9]. E3CER B T2 HIMEE 0%

KEEM =NEVSFEARIINTAZE . 3D Western blotkill
K H EAMRERKEVSEYIFRCICD. 48R EoR, HBhHM
SR AR TR B0 A, ERETFshdl. kit Bashdl
CD9EFE LA AR it /N Fahdl. 45 RAEH T B shifkid
TR R AR . Ladbtbss, BZMLEVsiFiL T4t
WIS, JEHEN T R AEAR .

Auto Manual uc
C. D. \ ]
4.00E+08
14
= 3.50E+08 =—Auto
% - ——Manual 12
k] —uC 1
T 2506408
&
:S‘ 2.006+408 08
? 1.50€+08 0.6
€
§ 1.00€+08 0.4
o
© 500407 0.2
0.00€+00 0
0 100 200 300 400 S00 600 700
) Auto Manual ucC
Size (nm)

B3 EVsRAE: A/B.EVsHES BT EBMEBIRI; CNTARE; D.=/MEHGTFEMCDIE A S 2.

3.3. BEtss

PAIEE T =4 B IR R, RERWIR, EEEM R, LU N MEALEEVenrich AN FIAL B (FEHLIZF
AASIFIIN [T IR AE 1 CIEI4A) o SRR, i T30 A0 B ZhER B € KEVsE 57 MR 8 1 5 K45 5 5 Bz e 1 0,
PR F P A AR S el 1 PR A5 5 s B AR (4B, ©) , X SIATZ AT A Es R —E[12].

zowmoom>»

A

s % 101 2

zommo0® >

To"mo0®>

s % 102 12 3 45 6

|

7 8 9 101

O@000000
O@000000
O00000@0 =

@ Individual 1

M Dayl Dayl Day2 Day2 Manual

Individual 1 4 ~ - - - -
— e

Individual 2

.-
Individual 3 . .
-

B4 AShEHURIARE MRV . APTR PN AR R REAS IR BEA LA A o7 B 2 1

L

@ |Individual 2

@ |Individual 3

50

Relative Intensity
&

~
o «

Individual 1 2 3

«#emDay 1 w@emDady 1 w=demDidy2 wbeeDiy2 et Manual

BRI R FEALIREL I E Vs Western Blot 25645 H; C.Western Blot3}: i& &
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3.4. EVsHILC-MS/MSZrH#r

T Western BlotS246 H 8 T AT EE A 2 [R5 52 2R

AR EENZES, 1P NHLC-MS/MS/HHTEVSsI %
MEARA. WESHR, BATEFIREAE A KL TP
14600/ K EE, R T-F192095 MR 5, T E 3R
CF120744) FEEE EO4H CFEI13901) o b4k, &

A.

2500

a2 2000
g

c 1500
&
°

& 1000

500

o —
uc Auto Manual

1145 %52 B3R 1 5 ExoCarta [14]_E A A HT 1004 Rk
REE AT T . inE6fR, TETF3h I E S EIRE
AH 7y A I 28O FHOOF & (15T, 171 75 A 25 Lo FEAS HH A
F] T HT10044 A0 5K A I8 7R . FahiRER B SR/Er
FIRBCR Y B T B0, R T EVenrich =25tk

pellet
~
]

s

Fold increase in signal compared to 100K UC ()
.

CD63 cos1 16101 ANXA2 RAP1B

5
. =il
cos

Extracellular vesicles markers and common extracellular vesicles proteins

ENO1 ACTB MSN GAPDH ACTNG UMOD KRT1

Contaminants

®UC ®Auto

u Manual

Bl5 A LLBAFRITHERIINE B S & BB RITRERIUIK S & CHEIR R BUTNE S E MEVSIRL E BTG S (5 5 i

Top 100 Top 100

uc Auto

Top 100

Manual

Bl6 A 7] 4 3¢ 77 2 1) b i A 2 B 5T 20 2 45 SR 15 ExoCarta $U4f J
TOP100% [ 5 Y 2 5] .

3.5. EVsfIqRT-PCRZM T

T S A FESRBGLFE P A miRNAZ J, oA 14630 1
HA BT 58 b JL R H L A miRNA (miR-21. miR-125bAll
miR-221) . miR-21E&5E T 5. T4l Y =

AT SN R T ORI T iR 2 FImiIRNAZ —
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