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WE 2R 8 AR E MR £ 8 (extracellular vesicles, EVs) #7444k 742, & 5 —FF
B A EVsAS N 77 %, A EVs T RL G REEAF RARMBAR 2 IF. KB RAZRGBR B SE, B
EVs, 158 C.4n B 1269 B R THMRIE Z F AR XA EVst) R4k, BEA M R 3K & 015 5 A% 5k
15 FATEVs#AT R A 4 7, /G 181 wARM I B & R %, 7% FP 38 (Western blot, WB)* % & 45
REATIAE. 4RI T, SRHRMIZ T FATH EIF100 nmBAfZ 5 H5RFEFT0H, B
IR 0 A% B oA M B 69 IR EZ ) 2 & MAR X, VAT EVSH#ITE T4 RARELRI T,
EVs 2 CFSE(5, 6-Carboxyfluorescein diacetate, succinimidyl ester, & &) & &% 4} ) & FM1-43(fixable
analog of FM™ 1-43 membrane stain, 3§14 F4H) R A, & H293%; B4R E LB SR AR5
B —2, AR BIHACAR T RAAR IS BAT SRR E T EVSR AW 69 47 R AAR,
ZT & BAEVSARAN k.
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The Exploration and Establishment of a Method to Detect
Extracellular Vesicles by Flow Cytometry
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Abstract This study was aimed to explore the standardized process for the analysis of EVs (extracellular
vesicles) and establish a highly efficient detection method for EVs, which provided technical support for the func-
tion and clinical translational research of EVs. EVs were isolated by classic ultracentrifugation. The flow cytometric
detection parameters were setted up and optimized with the help of polystyrene microspheres of known diameter,
and then the application of scattered light signal and fluorescence signal were combined to conduct dual-parameter
analysis and identification of EVs. Finally the EVs were observed by electron microscope and WB (Western blot) to
verify the identification results. The results of the flow cytometry experiment showed that the 100 nm particle signal
could be clearly separated from the noise signal with reference to the conditions setted by the nanospheres. There

was a good linear correlation between the gradient of the dilution of the microspheres and the detected concentra-
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tion, which allowed quantitative analysis of EVs. The fluorescent staining results showed that EVs were double

positive for CFSE (protein binding dye) and FM1-43 (lipophilic dye), accounting for about 3%. Its shape and diam-

eter were verified by electron microscopy and consistent with those reported in the literature. The study explored

the standardization process for flow cytometric detection method of EVs through optimized flow cytometric scheme

and dual fluorescence parameter analysis and identification, and established an efficient and accurate EVs flow cy-

tometric detection method.
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L, HMR AN RIS AE AT i AR, Syl A e
P85 I 5 22 7 TH R HEAE F B9, A B8 O i 12 W Al
TG 8 PR A= W br B ) B A

H # & FH 1 BVs AT 7718 7 W 4 i 5 S0k
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JJ § ATCC; eBioscience™ CFSE(5,6-carboxyfluores-
cein diacetate, succinimidyl ester, No.65-0850-84)#/
FM™ 1-43FX(fixable analog of FM™ 1-43 membrane
stain, No.F35355)Il4 H InvitrogenA & ; AR LI@gK
Bk (Photon Correlation Spectroscopy Control Mixed
J&) H Beckman coulter’s @ ; i 4= IfiL 35 #1 J## Trypsin-
EDTAJ H Gibco A Al ; = R RIPA buffer(high)
W E BN B EAEMBH AR AR HTEERE
BN 43 AT (AR 2 ZALFE : CD63+ TSG101(rabbit)
—¥$UI4 H ProteintechA ] ; IRDye® 780RD Goat anti-
Rabbitfl1 IRDye® 680RD anti-Mouse”¢ ) - HiIlH H 3¢
[E LI-COR A #]; Calnaxin(mouse)$i &4 F Santa Cruz
YNEIR
1.12 2&#M  BIEEOE I HBeckman Coul-
ter/AHE]; 1.5 mLEGOVE . kW H Axygen/a ] o
1.2 EFENEREE

FEAR RSB WA i (3=
Beckman, Cytoflex LX); #Hi# 4% B 0oHL(3E E Beck-
man, Optima-L80XP); 120 KV ¥4 i%& i H 7 B fse
Tecnai(Thermo FEI); 26 f8| B 2 /il Bt (ZEISS); 4li/K
A, ) £ LB 2 18.2 MQiE4li /K (Milipore); Cen-
trifuge 5424R/NELA VR B AL (Eppendorf); CO35 5+
%8 (Thermo); HL¥KAX (Bio-rad); ZL4MNEG X (4 FG 43
M £ 4i(Odyssey CLx, LI-COR).
1.3 pafeiEs

RKO N &5 iy % 40 i 55 % T & 10%MR 75 1L 5
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SRIETHCE 137 °C. 5% COMIBEFRFAHE 7. Fr4l
i 5 i AR K 2R A B 77 L80% Ji5 P15 7748 h, A4
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H T3 R B O R B =R ESCM(16 000 xg 4 °C
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Erdt— BB, VU NBERE RSN, BRI
#& ifd(microvesicles), H G =PBSE &5 & H. ¥ L
D B f e R I IS R T 250 HL(Optima-
L80XP, Beckman)™1100 000 xg(SW32Ti%% J)B5.02 h,
¢ )5 1100 uL PBS H £ ITIE
1.5 ApashEERARNEE
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[F) I 7R FPF b B R AR A B . BB Al K (FRBE %
18.2 MO N4l B A AT midiE vE 2 /01 hed o
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R T R B AR R S5 F Cytoflex LXHEATRLN, F35h
VAT BB S 3 2, 57 55 15 5 (noise) 5 100 nmfil
BRAS 54 B0 0 B, e R RIONEVSHR I i) 5% 43 5%
4, 3t LA R RE I 45 44 X5 ddHL,O FNPBSHE AT A8, 33—
B S EE SR I E .
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FaE N7 — SR RURL AR BE 5 4 R 6 R 2 T) () s A A it
A7

1.5.4 MixedfiRisikfes R T MG RIN
(R FEE AR, 53 ) W B3 5 P Al Y VR0 47 55 L A5
TR A, H R Mixed B 25 20w EK .

1.6 EVsHJCFSEFIFM1-43 %
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TELMATIMVEREI N . CRSEIM A3 n(S mmol/L)i#fE T
100 pLATHBSSTA TR, FM1-430EA77(100 ug/mL)V& it T
100 L HBSSTE M, K iR R 445100 puL EVs
BT IR A G T Z iR E i F 30 min(CFSEL K
224 % 100 mmol/L, FM1-43 4R 10 pg/mL)J5
T-Cytoflex LXU =40 M A A
1.7 EREENIERIGIE

HU1 uL EVsHIPBSEE & ik i 76 A7 M5 1 8 ¥ _E,

TG S BB, ARG IEARN R A 4k % %
RV, T AR, B 1~2 minHJEAR 25
BRI, P 28 TRK R LR BBk 1~27k, HI B4R
W 20K, £5 T )5 1120 KVA IS S i T B8 0
R, MEILLE VL e HEAKRD.
1.8 Western blotd&iiF

F = R AR RIPA bufferZ fift $2 BUEVs(EVs
RN VR A, BCATEMNIE 5 9 ¥ J5 SDS-PAGE
IR LUK (10%~15%) 7 & H 8 FICD63+ TSG101 .
Calnexin, 5% Z|PVDFJE I T-Odyssey CLxZL 4}
TR MG A B A s B R

2 #R
21 RXENSERE

FA B J5 1100 nmZE 28 &0 Sl Bk W Br R
AT, 2R B AR REEVSSC- AR I EE 1)
%) {8 (Threshold) A 1 25 (Gain), 24 BEIHFEE1 0004
A, 38 35 R 2220078 A5 (LA A 0 38 5E 2 505 A A
BRME, TC 7 ), Noise 1100 nmyER 18U
55 A B B, AT LTS 28 B 100 nmBlBRAEAR,
7 H082.74%, M (55 5 H07.86%; 73 7 13 B ddH,0
FIPBSHE, FHAH 7] 49 38 2 0 ) B A 0, 235 SR 466 OR35S
FNEEE S, b 50896.36%F198.64%. A1,
22 ] (LT3 25 9 55 1A 24, Cytoflexifit 20 4H g 3 AT A
K 3 B4R 76100 nm /A5 B0k .

BEAk, BATELE T 4E 50111488 nmit 48 Hi H] L
S G(FSC-A)YE 5 A F1405 nmio's #3000 [ #5215
(VSSC-A)E 5 kIl 1) X 51, &5 8 o, 78 [ FE 3
AN 24T, 3B FSCIE 5 T3 K100 nmft) i
BRE5Y 5550 F(E2), MAEVSSCH: i@ iE L
HBU LS5 A R M IX 7. I, Cytoflex
VSSCIHIE 5 HURAS I B8 58 R, mI e T /NBokL
s/
2.2 BN KMEKAIARE T Efhsk

T GRS AT LU A IEVS, A TEA
[ Ei4%(100 nm+ 200 nm. 300 nm. 500 nm)fJ{HERMHT
TRREEMRE, HE TR SRR T HE R, RRUCR LR E]
30 s, FEAMFEARAE =, BRI 34E LA B
BURZE o AR5 MR FRORE R0 B AN S (%) g 3 37—
SRMURLIR FE S RERE B 2 (R bR dE TAE 2. 455
U3 FT 7 R (10 A5 5 AR ) 381 1100 94K J8E (R o 1)
AR U0 PR RROAE K 8 B R AT ) B B N AL 1R B A A O,
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Fig.1 Parameter setting of flow cytometric detection for EVs
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Fig.2 Comparison of FSC (forward scattered light) signal and VSSC (violet side scattered) light signal
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Fig.3 Gradient dilution and linear range detection of polystyrene microspheres
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H A2 FIMixed 40 K ER K405 nmifot i) i S5 e

55 VSSCH ] Bl HEVs ] B 1 X IRA, 4R 5 XA
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PRBINEVSs, 5 EZR1.33%; [ RMZRT 5 —
Fih 4 AT SFEms, 2% PB) Y CFSE B # FM 1-43 B FH () B 44,
T AAERL BH AR AR 4R 5 — S B O B 1 R, 45 R
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—
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Fig.4 Preparation of PCS control mixed microspheres
107 : [Ungated] : 10" [A] 107 [CFSE"]
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[CFSE/FM1-43: 74.58%)
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10* -
: 7
< 10:88 & El 104
O - y . .
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107 (A] 10 (Al 10 L ] 5
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)
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= 2 10%
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5 i) R
= 10 100 100 10f 1007 T 10" T T10s 00
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[A]: HR4E T LR ER B4R [ 5 I AT B N EVsIEURL; [CFSE'): CFSEYL (45 5y PR M: (1 B0k 44, [FM1-437]: FM1-43 4L (0045 5N BH 1 i ks

i

[A]: practices gated according to the diameter of polystyrene microspheres; [CFSE']: CFSE positive population; [FM1-43": FM1-43 positive popu-

lation.

El5 WRARBIRICEEEVs
Fig.5 The identification of EVs by double labeling with fluorescence dyes
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SR PR AT 5 B I RO H PR AR I o B
— 3%, {H = CFSEBL # FM1-43 5[0 ) 1 4> EL #B & T
U P A A o B, 3 5 B I 2B Gk S EEVS AT B
ISR T A .
24 HEWRLETE

T I B OV RN IEVSTE ¥ 1k BB R A 82 10 &5 31
WEl6AT/R: E B NEVsEA BRI IRLs 1), s 2
ARATTZ BRI — M M - 2R, HAR1E100~500 nm

A&, 5TALE 3.
2.5 Western blot#NEVsH B BIFRIEEH

1% EVSHE 5 14 1 DU 5 JiE 25 1 4> F-CD63. Ji
T oy IS TR - TSG101 A 41 it P4 Joia A 5 2 1 Calnexinidt
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E6 EVsES

REEHBRENE

Fig.6  Morphology and diameter observation of EVs by electron microscope

Exo

CD63

TSG101

calnexin

cell

&7 WBXEEVsiFRMERKIA

Fig.7 Characterization of EVs specific protein expression by Western blot
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