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[Abstract] Objective To explore the optimal method for separating and purifying small extracellular vesicles from the supernatant of
mesenchymal stem cells. Methods Three standard extracellular vesicle separation procedures, including differential (ultra) centrifugation
(dUC), polyethylene glycol (PEG) precipitation and QIAGEN kit method, were compared; small extracellular vesicles were extracted
through ultrafiltration concentration and filtration with a 0.22 pm or 0.45 pm filter membrane, respectively, based on the standard
procedure. The quality of the extracted extracellular vesicles and the efficiency of the separation methods were analyzed by comparing
the operation duration and simplicity of the separation methods, and evaluating the morphological structure, particle size distribution and
marker protein expression of small extracellular vesicles through transmission electron microscopy, nanoparticle tracking analysis technology
(NTA) and Western blot, respectively. The CCK-8 assay and Transwell migration assay were used to evaluate the effects of small extracellular

vesicles extracted by the modified methods on the proliferation and migration of breast cancer cells. Results Small extracellular vesicles

(BEETA] S04 ARG Xk R BRI T A 0% B3 H (2023GXNSFDA026041); [F 5% [ SR BH# 5 4: 70 H (81960477)
[{BfE1EE] XIH, E-mail:liuyan@gxmu.edu.cn



FER% MR T AR/ miE A TR e B AT R © 425 -

could be isolated by all these three methods, and the QIAGEN kit method has the shortest operation duration, 48 min on average, and up to
93 min after ultrafiltration concentration (P<0.0001). The PEG precipitation method had the longest operation duration, 487 min on average,
and up to 547 minutes with additional ultrafiltration concentration step (P<0.0001). The average operation duration of the dUC method
was 217 minutes; after the addition of the ultrafiltration conentration step, it was up to 274 minutes (P<0.0001). The typical "saucer"
structure was observed in all samples under transmission electron microscopy, and the particle sizes of each sample ranged between 30 and
200 nm except for that in the QITAGEN kit method, which was above 200 nm. Among them, the dUC+0.45 pm filter membrane group had
the largest number and the most complete small exbracellular vesicles structures in one field of view. Western blot results showed that
positive marker proteins CD9, CD63 and TSG101 were expressed in the samples extracted by different methods, but the negative
marker calnexin was not expressed. However, after 0.22 pm filter membrane filtration, the bands of small extracellular vesicle marker
proteins became shallow. The NTA results showed that the proportion of small extracellular vesicles filtered by dUC+0.45 pm filter
membrane was the highest, reaching 94.86%. The particle size distribution maps of samples extracted by different methods showed that the
NTA results of dUC standard and the dUC+0.45 pm filter membrane groups showed a unimodal and smooth curve. Samples filtered by
dUC+0.45 pm filter membrane were selected for breast cancer cell phenotype experiment, and the results showed that cell proliferation
and migration were enhanced (all P<0.05). Conclusions dUC is an effective method for separating small extracellular vesicles from

mesenchymal stem cells. The quality of small extracellular vesicles can be improved by filtering the cell supernatant with 0.45 pwm filter

membrane before ultracentrifugation.
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IF HHANRBSUZ IS5 R ANBE A 3 H (R 5 2
AE 1 20 A% ) 1 UKL G Hh /N 24 i Ah 2 90 (small
extracellular vesicles,sEV) XFRIMBA (exosomes, exo) ,
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PR les, M TR W &, sEV RA R R
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Jif 9 MCF 7 40 Jifd F1 MDA-MB-231 41 Jifd g T rp = R} 2
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AT BRAE] 5 1XPBS 22 P W T b 5t 23 R AT B
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A PEG 800014 TAE T A TR (L) B PR F 5
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T2 [E ABGENT A A ; calnexin 4 F 32 [E Cell Signaling
Technology /A Tl ;4% 2 J HE 45 il 5 4L il T I
R RAEYHAR RS AR AF] .
1.2 AR
MCF 7 Fl MDA -MB-231 40 ifi ¥ 1% 2 4E 37 C, 5%

CO, B =i A DMEM 5% 4 15 37 5 (10%FBS+1% 75 %5 % -
R RIRAWOYH . hUC-MSC 1537 K 4B 3R B 4k
B B NGB P2 AC hUC-MC, #2270 2 10 em 3537 1L
W fE MEMa 58 42 15 37 3L (10%FBS+1% 75 % 2R -5 5%
FIRAHO PR 2 909%~95% 5 FET , FH et i 1k 3~
5 min, B0 A MO IE IR S SR 2 24> T175 1%
FEIH T, AREEAE 37 °C 5% CO, FU A5 5246 TR R 57
U H R, R A LR SRR E , AR K B B IR 31 70% B, 46
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B LR T BRI A M SRR SR 3 FH I e O A At
It H countstar 40 M AT A M4 ARV VR S
OHUERTTIS 28 4 °C, 40 55 AR5 7R B s 58 s 7 B
LA 1528 r/min B0 10 min, DA Z=BRE IR0, BE S e
ERH TSR sEV 4y g 4lifk.
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B0 1 ming 3¢ 5 Ui W, B Ak R AR A
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B0 1 ming EFFETE R BT ROBIEE
B, A 400 WL XE 28 Wi, @ B H 1 min,
1 972 r/min 0> 5 min, M WA A% 3 38 W B R
sEVAES: o TR VEIAE T N ER A7 1 sEV K 8 Vi
HHINMERTN,IEE 1 min J54822L) 6 236 r/min B
5 min, WCHESE DA 0 7038 VB0 A e 2400 sEV B, B
HA%R% % 1.5 mL EP & P i fF sl 400 7 IS 225550
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IS INFABIEH 45 .0.22 wm JEAR I I8 K 0.45 wm JE AR 8
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T (D)AUC 3 78 3F 17 8 2 B 0 1 iF A7 M 08k g/
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JE ik 0€/0.45 wm 18 f5 5 K 5 (3)QIAGEN 12t 7l & ik 1E
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JEEIE18/0.45 pum PE MR E U8 . o R UR R 4 20 R O ]
50 kDa %) 8 AT R B 47 , 4°C T LA 4 830 r/min
2.0 10 min, BRIMASAFFEFREIF B0, HE 48 mL
(R 45 1 35 35l e 4 %2 8 mL,

1.3.5 sEVfESF  H&E HHL 8 (transmission electron
microscope, TEM) FIZH K FUAL R 5 73 752 R (nanoparticle
tracking analysis, NTA ) K Il /) FEAS i 7 T 4 CUKAf
FZI24 h N 58 8 NTA A6 0 F1 TEM 47145 5 JH T Western
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FE 1T T8 RS T A SE B8 1 sEV AR AR fif
F-80 CHKAH AR UETE 1
14 SsEVYE
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ZEEE % 24 h, W5 i i CCK-8 S5 & Transwell 1T 5% 52
B VEAS A0 BTG 1 RN RS RE 1 AR AL
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YE1~2 0K, 45 A YL {6 10 min. Yo )5 dHAT IR, 85
TREAA I
1.8 Biil=ehik

K H GraphPad Prism 8.0 Image]J X 4F #4755 4 4b
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sEV 73 25 b5 fE T2 T (04 45 28 280 1 A7 8 08 vk 40 5l )
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FEAE 1R

TEFRAERT 8] J7 18, 30 5 s AR TERFE 5 0.22 pm
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iAo QIAGEN i 7l & R ME Vi 72 55 0.22 pum U8 5 I
0.45 wm JE B3R AE B[R] AHGIT , R 40~53 min, X454
B4 A 48 min, TS 11 U8 Wk 4 20 9R 5 4 K 2 93 min
(P<0.0001) o PEG ULVE L FRAE S 77 (8 , 5 AR HRAE ] [i]
TE 3Ry bR K, S 479~492 min, “F-34 4 487 min, %%
TR 4 A B 5 S K % 547 min(P<0.0001) . dUC ¥
PRAERK S T LR PR 7 ik Z ), 3420 217 min (G
Fil : 209~223 min) , %S 08 U8 W 45 20 3R 5 E K &2
274 min(P<0.0001) ., W2,
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Fig.1 Flow chart of SEV separation
800 * Standard i 3 3 oy
= = PI/NTFARERGEDE . H 0.45 wm BERE E S , 3R 5
== Ultrafiltration
600 oy N
3 =) £ =] A T Uy D
0 — 022 PR B (R REAR s 4% R 5 B 1 SEV B 2 M5
E = 0.45 pm
< 400 =T b M y
2 e B HsEV B84 R A, Horp duc ik e — il
200 e
FFrhLER B T Z i L SEV 254
0

duc

PEG QIAGEN

"P<0.05; "P<0.01; """P<0.0001; ™P>0.05
2 AESEV 4077 ik B8R E R B X e
Fig.2 Comparison of operation time of different sEV

purification methods

2.2 AR EALR sEVIESST

TE TEM T WREE 3 R k42 U sEV, WKL 3 P,
3P AR EUY sEV #0T LA B MR < S0 AR,
), HARTE 100 nm 7547 (B :30~200 nm) , H AT QIA-
GEN R Gk 3 B sEV F BB AR f oK B2 A i
FEI#E 200 nm LA L, HALEF i B AT sEV LR 25 44
T4 i /b PEG UUUE L B BB 1Y sEV 5 St B 4%
Wil s PR e dUC AR U AR AS th LA L sEV 2548 i R
T FERIE IR G , QIAGEN iR & 1k A 1L
By b sEV (9 RO BEFTREAR , KO8R 73 Uk AR AE 50 nm
LA, B B T dUC 35 F PEG DLTE LU e =
A D R AR RN AN K . FH0.22 o 8 AR
J& , dUCTE S Sl BLA I i HE) B8 % s PEG DLTE 1
FTQIAGEN i1 & i, H10.22 o P8 B2k 98 ) b 4%

Standard

3 ESHERBETHSEVES
Fig.3 The morphology of sEV observed by transmission

electron microscopy

2.3 AN[EJIFERBUY sEV b 2 H AR

Western blot Kl 25 5 (& 4) 87~ , 3 Fp 5 i W br
HEFE P 43 B Y sEV ¥ 3K sEV FH P #R & 5 11 CD9,
CD63 F1 TSG101 , AN KK BPEVR &) calnexin, 7E ¥R
H10.22 wm BE M IS I8 5, 454109 sEV bR 2 0 400
Pk Hrh e Sk R o B
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Standard Ultrafiltration 0.22 pm 0.45 pm
) & RS (f& 6$ &
$ P &S

(8] &
T S
- —

C|)9|-—-| |- --| |"‘ - | | |'251<Da

C|)63|_._—| |---| |_. —— | |-- _|.63kDa

TSG101 l_.._.l |—_.-| | | |-—-—|—43kDa

El4 Western blot #: iUl SEV FR-EE BRI RIEE R
Fig.4 The protein expression of SEV markers detected by
Western blot

calnexin

|-90 kDa

2.4 ARREITESELLI sEVREASRAR AT FIAIEE X

H T HE— ORI SEV AEAS (1) A L, 2R
HINTAFARS sEV A H R NS EHEA T 5347 o
43 BT 0~30 nm . 30~200 nm F1200~1 000 nm FJAiF2
UL A ) BT RS TR s EV ARSI (30~200 nm)
PIRPRE T8 7 RORE T30 B o b, DR T sEV 4L, 45
KUK VPR TEITA I, QIAGEN 12U &

(bR R e SRR AR R 7 AR AE 278.2 nm AR AR
FH %, BNZAE S I8kiA2  278.2 nm, J& T K
EV i ; ,\fﬁﬁ%%ﬁﬁ@ﬁtﬁx%*ﬁﬁﬂf 30~200 nm
JEFIPY, BAEHER RGN B & sEV, iE— 24 AN [F] T
ARBUNAE S TP Y sEV I, 2 %E/T dUC+0.45 pm
U B UE A SEV 7 H B R L 8 94.86% . TE LAt B A
dUCH R EHT, dUCHE BV AR HR I sEV 5t 4l
1%, M 65.97%; AUC+0.22 pum T JIE 151 178 45 5 380 () R A
sEV R THURAR, }2.03x10°, %FH 450 PEG J7 ik  Anifi
Jr AR REA R SEV 21 55, N 87.31%; PEG+IR
TEHAH A B R AR, 63.74% ., 1E QTAGEN R 7 &1 4
PR TR b 3 5 3 i, R AR 3 1) sEV 4B S5 1%, A
14.96% , 1A SR EV B S5 37 38 0 ) ik 4 7
JEHRAE (0.22 pum PEME T I8 T 0.45 wm JEREI U8, 45 5
7 sEV (7 FEBA R It (B B B i B R,
H10.45 wm JE R B )G , BUAR SEV R T8O F [
1.35x10°, {HEEHEIAFE S sEV 408 ey, 14 82.82%

®1 sSEVHFEREAHER

Tab.1 sEV particles diameter distribution information

Purification methods s}-ZV particles 0—39 nm 30—290 nm 200—1900 nm Total particles 30-200 nm p-arlicles/'l“otal
diameter (nm) particles particles particles particles
duc
Standard 90.2 0.00 3.76x10° 5.38x108 4.30x10° 87.44%
Ultrafiltration 163.9 0.00 2.52x10° 1.30x10° 3.82x10° 65.97%
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