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Ja, FERAE BT ADSC-Exos g7k A HUVECs, # ADSC-Exos 5 HUVECs #L4%53% 1.2, 3. 4, 5d, CCK-8
K ADSC-Exos X} HUVECs ¥R M ; H353% 12 h BF ELISA JLR W40 H FI5 7 VEGE FE H Rk E. R
Transwell 38 S5 K1 ADSC-Exos X HUVECs iT B 8E 7 52N . il ARSh Matrigel &R S0 55, M4 ADSC-
Exos %} HUVECs £ IREEHIIE BRI 5 ¥ HUVECs 5 Matrigel & B IR A3 J5 B A+ ADSC-Exos 7 5 7F BALB/c ifE
PERRELU T, 2 RS A DN B ol AR A1 B0, TH- P2 10045 %5 2 (mean blood vessel density, MVD) . FiR5K2
W LIEE PBSIE A, &R KUK RMIEST S ADSCs IYHFIE. ADSC-Exos NJEA—EUHy [BIE sl
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Wit 2 T X B2 (¢=15.910, P=0.000) ; FEMRPSERH, LR MVD 75 & 2 5 T X R4 (1=16.710, P=0.000) .
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Effects of adipose-derived stem cell released exosomes on proliferation, migration, and
tube-like differentiation of human umbilical vein endothelial cells

ZHANG Jing, Yl Yangyan, YANG Shuifa, ZHU Yuanzheng, HU Xuan
Department of Plastic Surgery, the Second Affiliated Hospital of Nanchang University, Nanchang Jiangxi, 330006, P.R.China
Corresponding author: YI Yangyan, Email: yyy0218@126.com

[ Abstract] Objective To explore the effects of adipose-derived stem cell released exosomes (ADSC-Exos)
on the proliferation, migration, and tube-like differentiation of human umbilical vein endothelial cells (HUVECs).
Methods Adipose tissue voluntarily donated by liposuction patients was obtained. The ADSCs were harvested by
enzyme digestion and identified by flow cytometry and adipogenic induction. The ADSC-Exos were extracted from the
supernatant of the 3rd generation ADSCs and the morphology was observed by transmission electron microscopy. The
surface proteins (Alix and CD63) were detected by Western blot. The nanoparticle tracking analyzer NanoSight was used
to analyze the size distribution of ADSC-Exos. After co-culture of PKH26 fluorescently labeled ADSC-Exos with
HUVECs, confocal microscopy had been used to observe whether ADSC-Exos could absorbed by HUVECs. ADSC-Exos
and HUVECs were co-cultured for 1, 2, 3, 4, and 5 days. The effect of ADSC-Exos on the proliferation of HUVECs was
detected by cell counting kit 8 (CCK-8) assay. The expression of VEGF protein in the supernatant of HUVECs with or
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without ADSC-Exos had been detected by ELISA after 12 hours. Transwell migration assay was used to detect the effect of
ADSC-Exos on the migration ability of HUVECs. The effect of ADSC-Exos on the tubular structure formation of
HUVECs was observed by Matrigel experiments in vitro. The formation of subcutaneous tubular structure in vivo was
observed in BALB/c male nude mice via the injection of HUVECs and Matrigel with or without ADSC-Exos. After
2 weeks, the neovascularization in Matrigel was measured and mean blood vessel density (MVD) was calculated. The
above experiments were all controlled by the same amount of PBS. Results  After identification, the cultured cells were
consistent with the characteristics of ADSCs. ADSC-Exos were circular or elliptical membranous vesicle with uniform
morphology under transmission electron microscopy, and expresses the signature proteins Alix and CD63 with particle
size ranging from 30 to 200 nm. Confocal microscopy results showed that ADSC-Exos could be absorbed by HUVECs.
The CCK-8 analysis showed that the cell proliferation of the experimental group was better than that of the control group
at each time point (P<0.05). The result of Transwell showed that the trans-membrane migration cells in the experimental
group were significantly more than that in the control group (t=9.534, P=0.000). In vitro, Matrigel tube-forming
experiment showed that the number of tube-like structures in the experimental group was significantly higher than that of
the control group (t=15.910, P=0.000). In vivo, the MVD of the experimental group was significantly higher than that of
the control group (+=16.710, P=0.000). The ELISA assay showed that the expression of VEGF protein in the supernatant of
the experimental group was significantly higher than that of the control group (+=21.470, P=0.000). Conclusion ~ADSC-

Exos can promote proliferation, migration, and tube-like structure formation of HUVECs, suggesting that ADSC-Exos can

promote angiogenesis in vitro and in vivo.
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released exosomes, ADSC-Exos) 1] REZEME M4 TE B,
DA EEAER] . Ak, FATTH ADSC-Exos 5 A
Ji 5 K 045 9 B2 40 B (human umbilical vein
endothelial cells, HUVECs) £33, W% ADSC-
Exos #b ¥ 5 A9 HUVECs 4 i3 34 58 | i£ 5% 8
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1.1 SEIesh# R F 2k U E.

SPF %% 6 Ji i i 5020 T 4 i ks BALB/c #R
12 H, R (2045) g, HE & KRFESLRsYh
DR

Sy I 2 A I 41 23 R AE e B K50 IR
= Bt B I 36 A5 B 52 W BR AR () f BRE 2 1k A IR 4R I
BT 25~ 40 &, ARUFFEIREBAC L Z: b1 &4t
. HUVECs Ity [ 22 Sciencell A ], DMEM %
IRk | FBS, 0.25% i H-0.02%EDTA (GIBCO ¢
A, RED ;1 RURIREEE . HZERIA BRE R 3-5F
T 1-H BE RS (3-isobutyl-1-methylxanthine,
IBMX) ., |36 | LT O Yefa i), PKH26 4 g
Pric o e g a7 (Sigma A wl, E£HE) ; RITA
CD34. CD45., CD49d. CD90. CD105. CD106 £ 7%,
BEHLIR (eBioscience 2~ Fl, 5 ) ; Matrigel &
Ji¢ . Transwell /N%E (Corning A A, £ ) ; BCA &
5 E R & 4005 & 8 (cell counting
kit 8, CCK-8; [{=2A®], HA); Eitr&Y
Alix, CD63, B-actin £ 7 EHiK (Abcam A A,
EKH) .
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{38 A 22 B 5408E (Olympus 7], HAS) 5 il
YA (BD Aw], £HE) ; CO. 554 . ZIie
FrA (Thermo 2~ ], 32[H) 5 B ST HEE (ZEISS A H],
) 5 QKPR ER 731X NanoSight (Malvern
ANE], BEE)  HRESOE WM (Leica 24H], 18
E) 5 #EnEEOHL (Beckman A #], EE) .

1.2 ADSCs nEIEFELEE

TCHFMET, REEWNE AT 1% 25 M5 17 41 21
10 mL, PBS X & vh Pk LBRIME . 45464125, A
R 0.2% T BRI R, & 37°C HEKIBAHTH
1k, ELEAENR . 200 um 4@ TGI8, LIRS
248 20 cm, 1200 r/min B0 5 min, B34, {4
i N 2T . 8RRV G M TR R
P, BT 37°C. 5%CO, i FEMih g, 2~3d 5
B, 2R 1 d R LR, RRAERS =
90% JefG . S 3 fRAUMEAT HE Yetn, {58 M2
AR USRI A AR Ak s I A R S 2
Jifg 2 mi AR A ME VTR CD49d . CDY0. CD105, CD34,
CD45, CD106; RHIMUIR /- k372 5155 S 45 5%, 18
AH 22 WA TS ARAIE AR, 14 d JRIMAL O
et WA UR L
1.3 ADSC-Exos H B4 REE
1.3.1 ADSC-Exos % & #44t  4°C &1 F, FBS &
100 000xg FEH B0 7 h J5 , B 1 W 45 22 bR ik
R iR BOMEE KRS 3 48 ADSCs,
FHEBRAMNBAR R e 23 R i R 48 h Ji, R BTE
BRIRUG, PR B0 E A B  BRIUMIMA . Bk
BAEWT . 4°C 21FF, 300xg B> 10 min, F#1T
JE; 3 000xg B0 20 min, FICHE; 10 000xg B0
30 min, FUCIE; 100 000xg #.L> 70 min, WAEDT
¥, PBS & ; FHIK 100 000xg 0> 70 min, %
W, LI PBS H A, 0.22 um BN IE . B 3RBUAY
ADSC-Exos T-80°C {#47 % .

1.3.2 ADSC-Exos 5% O #E 4 HFEMES ADSC-
Exos JEA:: HU ADSC-Exos 10 pL i T35 41 L 55 %
FIZERERR M |, F IR ERE 2 min, JEAC TR, FH
1% (W/V) BEESRRIA YL 5 min ), JE4EN 247
Ye@a g, BT, % 5 H A g ADSC-Exos L., @
Western blot il ADSC-Exos JRFE iR EHEH
HU ADSC-Exos LA 100 000xg E.» 90 min J&, 5 F
7, A 100 uL RIPA LM, WK FT {22 ik 8
ADSC-Exos /R4, K EZ# 30 min, 4°C.
12 000 xg #.L» 30 min, W FIHWKE T 1.5 mL EP
B, —80°C ¥iff. BCA AN M E, A
5xLoading Buffer, 99°C Z&E 10 min. H¥ 40 pg/fL I

1353«

FEZ 10%SDS-PAGE i, 80 V Hijk 30 min, 120 V H,
Uk 1h, RANMBIEFENE, 220 mA #1571 h, 5%4F 176G
& A S E A 1 h, 5% M3E A & AR RE—bt
Alix, CD63, B-actin, 4°C W& —$id® . TBST %
Pk 10 min, Y% 3 K, A ZHUERFE 1h, ITA
WM, FALEEYG. LA ADSCs /E IR, D5k
BR[F . 3 ADSC-Exos Kt/ Ai st BURE K
100 ug/mL f) ADSC-Exos 100 pL # & F 1.5 mL PBS
W, ZGOKRITUR R ER 73 7Y NanoSight #4745
1.4 ADSC-Exos 5 HUVECs £33 52
1.4.1 ADSC-Exos £ &#t AN HUVECs L& Uik
JE°M 100 pg/mL i ADSC-Exos % FHI 100 pL # &
F 1 mL PBS N, ZRJG A 4 uL PKH26 7G4 RHA
W, 37°C W5 20 min )5, R GY T 4°C F£HF,
Lk 100 000xg &[> 70 min, 7+ FIEWK, ¥ ADSC-
Exos B2 HE T 10 mL PBS H1; T 4°C &40 F,
100 000xg B> 70 min, PAFEFREARYRL, 7 EiF
W, ¥ ADSC-Exos #8100 uL PBS H1 55 H] .

B 5 /8 HUVECs BB TR R R, &
T 37°C. 5%CO, 5 FR46 Y, Fr MG RE 5 A F ik
PKH26 %% tARiCH ADSC-Exos, M5 12 h J5 R/
PBS YRR 2 K, 4% £ R W[ E . DAPI ¢
o, HERETOC B T V%S ADSC-Exos J& 77 i
A4, 8 PKH26 % EARIC ) ADSC-Exos 4T
(LTS,
1.4.2 ADSC-Exos % HUVECs 3§ 75 69 % HUK
ok KIS 5 18 HUVEGs, HALE LG HJC I i
BigR L E R, RN R 1310 /mL, R T
96 fLtk, #FfL 100 uL 4R . & T 37°C. 5%CO;
FRFRAR TR G SR, 24 h SRR 58 A I BE SR SR
BEFLINA TG 1 55 37 3 90 wL, SRJ5 K5 4043 M Wi
H, HrpSio Uk 4 100 ug/mL ) ADSC-
Exos 10 pL, % BREA AN PBS; AL IARFR Y
100 uLo A3l 1.2, 3.4, 5d, B4H5 1L,
FALINA 10 uL CCK-8 W, dh&eMFH 2h )5, “RH
Z I RERE BRSO 45 FLAE 450 nm P T A6 RE
(A)fH.
1.4.3 ADSC-Exos % HUVECs it #% 4t /) 69 % @
B HON A KI5 5 1% HUVECs, FTCIMEH; 77
FHE, AN E R 210 /mL, SEHA R
20, Transwell | %3445 200 pL 400 B ; SC50
N Z= AT By 3R L 500 pL Al 100 pg/mL
ADSC-Exos 10 pL, X} B4 T 2 i A JC i 7% K 77 5
500 uL A1 PBS 10 uL. 24 h J5& LR 3%, FCHMS
B2 SRR A, 4% 2 R W 2 20 min,
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SRS W, Z8KIEEGE 2 K, 4544 20 min,
FERY, ZERK v S T B A 2= WA W
52, RRLAI 6 AFEALIL R 14008 BT RS 20 A, Y
H. SEIEE 31K,
1.4.4 ADSC-Exos #k9Me it HUVECs & # 2 #
A E R 4% Matrigel BB E T 96 LA, 37°C
¥ F 30 min {FHEEE o TG 1 97 2 d AR
5 f HUVECs [5#:Fh & 96 FLk P, 4FL 2x10 20
Ml SEERS AP . SCEZA A 100 ug/mL /Y
ADSC-Exos 10 pL, Xf B4R N4 PBS. A4 54>
Bfl. T 37°C 4R 12 h 5, BB A2 B0~
SRR UG O, T B FLAS RS B .
1.45 ADSC-Exos #& MAZit HUVECs & e’ 528 f
1x10°> HUVECs 5 0.5 mL Matrigel 3& g IR A o
B 12 2 BALB/c #REL, MEETES 1.5% B %
(40 mg/kg) BREF S, # LRIB G WIS 100 uL &
ADSC-Exos (100 pg/mL) ) PBS {R &, 3£ 0.6 mL,
TEAGME T, R RSged s Krld FIR Gk
4 100 uL PBS ZZ b3, 3L 0.6 mL, ¥ AZEMTH R
T, VEAXTRRA 2 JE S AR BUR] B RS A
FF, KIEIEE Matrigel 3 5 58 [ R e, VI
IR E T 4% ZRWPEEREE 4 h, AU (F)E
5~8um), CD34 fE b2z e o, 58 A0 22
T N WSS AT A L I O, BEAILER 6 4> PREF
A N T ECRO A, B E R SRy 7 4 1 A %
(mean blood vessel density, MVD) .
1.4.6 ELISA x4l 2mfe b %% VEGF & & &k ik
s 5 f HUVECs HI R I R E )G, #%
510" /FLE Rl 2 24 FLAR, SEEGZH A
100 ug/mL ) ADSC-Exos 10 uL, X} FE 41 A %54
PBS. #4542 FL. 37°C ¥igs 12 h J5, BUH4H 40
i & W, SR ELISA i &K VEGE & 1 %
ik [F]S R ] ELISA BEAG 10 pL ¥ EE K 100 pg/mL
ADSC-Exos 1 VEGF #1131k .
1.5 FitZEFHE

] Graphpad Prism 6 GE3 #1753 Hr . £
P A R bR ofE 22 32, AL T0) HL 38R M ST REAR ¢
g s K HE a=0.05,

2 &R

2.1 ADSCs B EMNEREE

{38 A 22 WU EOR, JRACA s R 2~ 3 d
JaMiBEA K, 7d ZEA VT ALA & 80%. HE JfirR,
%5 310 ADSCs AN —KWIE, 4K %4k
Ja EWERRHES ], ] UL 4 B W 2, =4

REER R, 5 3 /8 ADSCs [T A CD49d,
CD90, CD105, fAPEZR L CD34, CD45, CD106.
NEIA SR 3 d, {3EAH 22 WA T ] D20 Jfa o
AYCE & IRFIER; 359 14 d JFIRR 2
Wt 22K, AR MR A, 20 B TT PN BT TR g
Z, AL R IRTE , I O Yem . W
Kl 1.
2.2 ADSC-Exos £

EHFHBIMER, ADSC-Exos N K/ A I
A — B [RY s B2 B 1 48 300, 300 2% 08 B .
Western blot #iill7x, ADSC-Exos & iR E H
Alix 1 CD63, T A I 21 41 Al 323K 1Y B-actin,
F 4B HU Y ADSC-Exos A< 52 T4 g i 4315 4 .
40 K OB R B 42 MY NanoSight Kl 7=, ADSC-
Exos B ARTEFI N 30 ~ 200 nm, & /MR 120
o UL 2,
2.3 ADSC-Exos 5 HUVECs 1% 3 W 22
2.3.1 ADSC-Exos #t & # N HUVECs L& JLE
FE IS N Al L ADSC-Exos # HUVECs 5 BOf- 43
AR AN A2 5 B, 28 ADSC-Exos 1] i A HUVECs.
LA 3,
2.3.2 ADSC-Exos &f HUVECs 3% 74 % it #% & /1 9
#ra CCK-8 IR/, SLH 425 Il Ta] s A {HI4 10
Er TR, i ESA g E L (P<0.05) o
VLI 4. Transwell iER8 SCHG 45 SRR, S0 2H 25 T
AR h (216.7+23.6) 4>, 3EXF AL (85.1+4.1)
MHEWMZ, WRESFAGITEE X (1=9.534,
P=0.000) . VLI 5.
2.3.3 ADSC-Exos #k9Me it HUVECs & 44 # 1
RER FIEAZE BMEEIE R, X IRASUE A
S ZHIE RS, Sl A T 2 SRS
ST ZH AN R 4 R H ) IR A T bR | S5 R AT
Ao WE 6. SLIRABERELMEN (76.0+5.0) 1>/
fL, W Z T RAR (36.0£2.6) 1N /FL, HE2%ER
Bt X (+=15.910, P=0.000) .
2.3.4 ADSC-Exos tk W42t HUVECs s fo % %
I B2 N AE Matrigel FEFR 2 Ji )G, Matrigel &
JOT e B i1 Ay e A, S A A M AR A A, T X IR
I S AR A . L2 g R,
SCEGZH MVD A (33.4£3.6) A, W& TR IRZA A
(12.8+2.2) 4>, WEZERAZII¥E L (1=16.710,
P=0.000) . VL& 7,
2.4 ELISA iZ#ll4HAa_E &% VEGF EB &KX

Big® 12 h, SCER AN W VEGE & H &k
K (164.1£10.2) pg/mL, B 5 FXF BRLH Y (49.2+
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1 ADSCs3EFRMZE  a. % 3 fU ADSCs HE Je (@48 (8 B A1 22 B iBix100) 5 b. % 3 fUADSCs %5 14 d IZL O B % ({1 E A
22 BIEIx200) 5 ¢~ e 55 3 1 ADSCs FANMIA 45 E

Fig.1 Identification of ADSCs a. Morphological observation of the 3rd generation ADSCs by HE staining (Inverted phase contrast
microscopex100); b. Oil red O staining observation of the 3rd generation ADSCs after adipogenic induction for 14 days (Inverted phase contrast

microscopex200); c-e. Flow cytometry identification of the 3rd generation ADSCs

1 2 Mr(x10®)
g IR —— S
Alix [SE_—_ == 96 B0l S Lo\
U_,?_\" : : \
2 [\
-_ = / \

= 0+

Bracti 42 107! 10° 10! 10 10° 10

-actin

O FAEH (nm)

2 ADSC-Exos $TF a. B LHIMEE ADSC-Exos JEA (x49k) ; b. Western blot #:1lll ADSC-Exos R i bRz M2 11 Alix Fl CD63
3Rk Mr: HXSFHE 1. ADSC-Exos 2: ADSCs; c. Z4AMURLER IR ST ALK ADSC-Exos K42 531

Fig.2 Identification of ADSC-Exos a. Morphology observation of ADSC-Exos by transmission electron microscopy (x49 k); b. Expressions
of surface signature proteins Alix and CD63 by Western blot  Mr: Relative molecular mass 1: ADSC-Exos 2: ADSCs; c. Detection of ADSC-

Exos particle size distribution by nanoparticle tracking analyzer

3 HREBHEWE ADSC-Exos BTN HUVECs ( x630) M7= %4741 DAPL, PKH26 f — & #i&
Fig.3 Confocal microscopy to observe whether ADSC-Exos could absorbed by HUVECs (x630) From left to right for DAPI, PKH26, and

merge

6.2) pg/mL, HWH % 5A Gt L (1=21.470,
P=0.000) . 10 pL ¥~ 100 pg/mL ADSC-Exos 7
VEGF #H#ikiH (5.242.6) pg/mL. UTAER, Deveza %" & M ADSCs |- 15 i A fi
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TR R KRS h . sk sy
T ORPENEAL . RSN LA B R A e o o A B
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HRTAFSE o, il 48U i & 18 2 L
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B 5 Transwell 5 LLE ( EIEHZEBRHE=200)

Fig.5 Transwell migration experiment results (Inverted phase contrast microscopex200)

a XTHAZ; b, LG4
a. Control group; b. Experimental group

6 Matrigel BRI N EFEMHEANE ( BIEEZEEMTE=200)

Fig.6 Observation of tube-like structures formation in Matrigel (Inverted phase contrast microscopex200)
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Fig.7 Immunohistochemical staining for neovascularization in Matrigel (Inverted phase contrast microscopex400)
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TR, PR A AR AT AL B A AL AL, Atk
PR AL, JEIREETE ML AR i ™. Sk F B i
R B AN A 5 S B 2R AR O A AR B
FERI, DI M T AETE N B AR AL, Y PR & A
B e il 55 s BRAR A, P R AH 20 S 8 O A
PERAT AR, 43 148 AR B R 7, A R0 52
MAEAERK BEIMAL, Z5HLNME A, (L
HLUEE"™,

Fe 1M L 2 57 ADSC-Exos 5 HUVECs 5555
RZ&, &I ADSC-Exos 1] LLitE A HUVECs 4 ifl i,
JEfEdE HUVECs #9785 | 18 LR, [T, 38
fiT¥s HUVECs 5 Matrigel £ IRIE & 5B A
ADSC-Exos FEARRER AT, WELE 14 d J5 1l 4k
W E XA, ftn] W, ADSC-Exos HA KM
PR AR, AT T TR M A A . Al
FF ARt , %A T 40 oM A AE Bt 1 45 B Ak
HAEWRMMEHE . 55k, IMBMAEEEM/N, A&
BRFERN A, AT LhgE I i o, AE T A Tk 2
SRS R AREVE R ok, AN AT 5 F %
17, -20°C /A7 6 A AR A Y M, [t
3 T 1 20 B RS A T R HE B 1) Ao 4 g A 0
PEs e, FERSRRIRYT R, AR MA A i T LIRSS
e P i (1 N A = S s DL B R T e
PEU, BT AT R AT microRNA 575 1 19 2 b
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