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Abstract Exosome, as an important mediator of cell paracrine, plays an important role in promoting
angiogenesis. In our preliminary studies, we have successfully isolated and identified exosomes from
olfactory mucosa mesenchymal stem cells (OM-MSCs) . However, the effect of OM-MSCs exosomes ( OM-
MSC-Exos) on angiogenesis is still unknown. This study was to evaluate OM-MSC-Exos angiogenesis
promotion in vitro and in vivo. After co-culture of PKH67 fluorescently labeled OM-MSC-Exos with human
brain microvessel endothelial cells ( HBMECs ), fluorescence microscopy had been used to observe
whether OM-MSCs-Exos could absorbed by HBMECs. The proliferation, migration and effect of tubular
structure formation of endothelial cells were detected by cell counting kit 8 (CCK-8) , transwell and tube
formation assays. Effect of OM-MSCs derived exosomes on angiogenesis in vivo was detected by the
Matrigel plug assay and CD31 immunofluorescence. The same amount of PBS was used as control in the
above experiments. The results showed that OM-MSCs-Exos could be absorbed by HBMECs. The CCK-8
analysis showed that experimental group could promote HBMECs proliferation in processing 1, 2, 3, 4,5
d each time point, when compared with the control group (1.32+0. 14 vs. 0.98+0. 04, 1.36=0. 14 vs.
1.04+0.06, 1.75+0. 18 vs.1.33+0. 11, 2.16+0. 11 vs.1. 50£0. 19, 2.71+0. 11 vs. 1. 81£0.20, P<
0.05). The result of Transwell assay showed that the absorbance value of trans-membrane migration cells
in the experimental group were significantly higher than that in the control group (1. 12+0. 05 v5.0. 02+
0.02, P<0.05). In wvitro, Matrigel tube-forming experiment showed that the number of the nodes,
junctions, meshes, branches and total length in the experimental group was significantly higher than that
of the control group (374.33+127.74 vs. 193.33+44.79, 104.56+33.07 vs. 54.33+11.65, 20. 11+
11.20 vs. 7. 56+3. 64, 81.67+19.07 vs. 57.00+£13. 02, 11466.22+2781. 03 vs. 8544. 00+1848. 61, P
<0.05). In vivo, the percentage of CD31+ cells in the experimental group was significantly higher than
that of the control group (85.00+5.57 v5s.8.00+2.08, P <0.05). The above results indicated that the
exosomes from OM-MSCs can induce the angiogenesis performance of endothelial cells.

Key words  mesenchymal stem cells ( MSCs); olfactory mucosa ( OM ); exosomes; endothelial
cells; angiogenesis
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T2 FHRAE I, Matrigel JE 57 i ( Corning) , Transwell
#2( Corning) ,96 fL A ( Corning) , CD31 ( Abcam) , 4H
M #0055 & 8 (cell countingkit 8, CCK- 8; H 74 [A]
1) %,

1.2 OM-MSCs BEIMBEIREN K 53 55

F BRI TZ HT A OM-MSCs 413535 070 , k4T
ML 77 R 3R L TR I, 24 20T e e
HATE AR, ¥4 & 20% FBS (14 5 B DF-12 1555 5t
100 000xg 4 °C B5.0> 18 h W AE B F 5L b W, i B¢
B 10% FBS, il 8 ICIMB IR R 7723k . BUE 2 4 1%
(20 B 2 B s 97 5 FHJC I PBS Y87k 3 Ik, BRIK 3
min, FRIIATCAMBARE SR 5L F 48 h, WUAER S I
TH 40 mL, RAZEH BT, 530 300xg 2
> 10 min,2 000Xg B> 10 min, 10 000xg &[> 30
min, SCJ5 RABRANME SEANM G ANeE B B EU
WL 0. 22 wm JEREILE, 7F 4 °C 405 F 100 000
xg B0 2 h R IRERUTVE AT 1xPBS H:, F1IX 100
000xg #5002 h PEW 1 IR, feJa WA DTTE I 1xPBS
o B BCA X &t fTE R, R
-80 CHAAEFRT ™,

1.3 PKH67 #f&

Uk 4 100 wg/mL ) OM-MSCs ZM s 4 i
AGRE TAEW 500 pL, MR REAMBMA, SR5,
W—3%r EP & A 500 pL G4k TAEW, #R4 4 pl
PKH67 ZGY RIS M AB 0 &4 EP 4 hIF IR
A, A EP B N TAERIRS), #E% 4 min,
BEJS , IS8 R R B2 R Y o R B0 70 min,
FBRZARYRL, I RIEW, A TE R SR I T RSN
e, B 5 AR I AL AE Y B2 40 L (human brain
microvessel endothelial cells, HBMECs) , Jill A - i&
PKH67 P&GHRICH OM-MSCs Zh b, 575 8 h, i
TR RIEDOCI A DO WA TS, BEF
PKH67 FEhric I A 2 2 6 258
1.4 CCK-8 fipfigsEseid

PL 5x10° A~/mL A0 L K HBMECs 2
T 96 FLHPY, AL 100 WL A0AEETR , 76 15 724 N
B, PRI, P SEEG AL ER N 10 wL R
} 100 wg/mL 4 OM-MSCs #M A | % FRZH %50 10
pL PBS, 7353558 1.2.3 4.5 d, B4 5 L, &AL
JA 10 pL FH 78 53R BERL I 1Y CCK-8 ¥, 4k L
B¥E 4 h, T Bio-Tek BFHR{5rHT 450 nm Ab45 FLI1Y)
WL (AE) .

1.5 Transwell T 5L16

LI 2x10° 4~/mL 2% B % HBMECs 4%/
F Transwell 2N, SLE2H Transwell FZEHFp 200
pL B, Transwell T ZE M AL 500 pL IR G
WFE N 100 pg/mL () 10 wL OM-MSCs ZM A ) J0
IEREFE 3, 25 X PR 4H Transwell | = 5P 200
pL G, Transwell % MASE 500 pL {RA&H
10 pL PBS ML IIE HE 25, 37 CHiFM T IE
48 h, B = R%EA PBS METfLh, =M
PBS ¥ 3 Wk, AR BRI T B4, FH P RN
1] S8 PARR TR 5 T B 11 28 W, T80 % 20 min, 25 BR [
W, KBE2 K, 0.1%45 i3 dett 5 min, KPE3 ~ 5
W, BT b BORTE B BE R,
YA RE BB R T, W AN R AN, 4
I3 AN, BB/ NE I A (B, AR 500 L
10% (R BEBRIZ W0, 8 B €, 550 nm Ab | BEAR I 5E W
JCEMH(A ) A HEE 3K,
1.6 NEXLWHH

14 130 wL Matrigel JEJ5T 4516l & T 24 fLAR
R, FRE 3 ~ 4 min, T37 CHEH 5 ~ 6
h il HBEF B HBMECs #2502 24 fLAb, &4 5
x10* AN AIAE, SCE A 10 wL ¥R 100 pe/
mL Y OM-MSCs Zh b {4, %t B8 20 fin A 10 ulL PBS,
37 CHEFRFAMFE 8 h, 7EEI AN 2 BAEE T , WER4E
FERE I A TR A5 I TE B 50, 738 5 Image J X434
(71 A5 A8 S IR B il 45 43 SRR B 5 4
i A AL RS B
1.7 ERERKER

12 2 BALB/c BRE, TS 1.5% I 1
(40 mg/kg) BRI, S0 AR AT T I &6 B2 T T 4
0.6 mL AYFE TSI (% 0. 1 mL OM-MSCs M A
(100 pg/mL) i PBS JEAEW +0. 5 mL matrigel J&Jit
JE) , XF B4 ) 2 0.1 mL PBS ZZ ik +0.5 mL
matrigel FEFURE, 2 J& A FERR BRUS VDT B2k, AR
WEL matrigel 5 5 eI 25 U P9 10U A WA O, U
WL BT 4% ZRPEEREE 4 h, #4084
WY R TR S
1.8 FEWHLE

FA S S LU Y) A 60 C 45 B 30~ 60
min; B Y) R B F ZH R 10 minx2 W H R
o, T VB E b, BE YRS, A 0.01 mol/L
PBS(pH7.2~7.6) P& Yl i, K 3 min, 2Ly 3
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W, BE KU R BT EALENA BT 30 min, KIS
Pk S min; BT HFHREEPERT 5 min, Kbk 3
min; J| 10% 1F % 1L %%5/5% BSA &f 4] 60 min; % 18
1 :50%% 8/ —Ptr CD31( Proteintech) ,4 Cid#, K H,
PBS Mk 5 minx 3 ¥ FHIEE —HL, N 50~ 100 ul
Pi-Rabbit-1gG FRic 9 G HT 14 ( Proteintech ) , I & 90
min, PBS #1%% 5 min x 3 ¥ ; DAPI TAEW 37 C YLt
10 min,PBS M¥%k 5 min x 3 Yo HwhE . &
TR T ULEE, AL 6 BT A T,
B0 CD31 BH % 40 i %5, 3 53 40 i BH 1 R A 4H B
BIMH.,
1.9 SitFELE

KM Graphpad Prism 6 SEit#4dt1790071, %X
P DAY E R 22 3R AR FL AR ST RE AR ¢ K
%, P<0.05 W ERAGIFE XL,

2 # R

2.1 OM-MSCs KiEsM A gE 5 1 N HBMECs 48
B P9 42 i3t 1 5

TR OM-MSCs 2K I AN A% HBMECs J&
HEAMER, B /e 0E ] OM-MSCs R IFEAMBA AT
PIEASEAN N, R PKH67 2P iR bR iC AT

(A)

PKH 67

®) 3.0

WA, AT AN IMA SIS 3 . PO R T, vl W&
PKH67 Y% o ) OM-MSCs J5 #h W A ¥ HBMECs $5
W o TE A A% A . W] OM-MSCs SEIR4Mk
KAl 3 A HBMECs (Fig. 1A) , H¥k, J T H3E OM-
MSCs 3 U5 &b W 4 % HBMECs 3 5 £ 5% 1, %
CCK-8 i ik, 25487, S b A b 3 40 4% Bisf
) AW G RE A (1. 32+0. 14,1. 3620. 14, 1. 75+0. 18,
2.16+0.11,2.71+0. 11) ¥ 8 Z & F 25 (% I 4l
(0.98+0.04,1.04+0.06,1.33+0.11,1.50+0. 19,
1.81+0.20) , I HA S+ E X (P<0.01), Ui
OM-MSCs A AN A ] LU F HBMECs 41 fifg 3% 51
(Fig.1B) ,
2.2 OM-MSCs 3k & 5piih 4 42 #f HBMECs £ i
T

EAIE OM-MSCs SR MR AT HBMECs 1T
HIFZ I | 2R H Transwell /N%S SC8G 1T W EL, FX) i
B A WA T T O EE R I K Gt AR
7N, 285 48 h iE A, AT UL S 40 A A 1) A i A S 1
Xf A B Y 22 (Fig.2A) o ZA PAH 22 [R] (1 IO
JEMH, SCYR A Bs AT RS WO FE (A R (1. 12£0.05) , 48
2% P IR ZH W G BEAE (0. 02£0. 02) B FH £
ERHFIEE XL (P<0.01) (Fig.2B) .
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& EXO
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Fig.1 OM-MSCs derived exosomes could be internalized into HBMECs and promote proliferation

(A) Fluorescence

microscopy analysis of PKH67-labeled OM-MSCs derived exosomes internalization by HBMECs. The green-labeled exosomes were

visible in the perinuclear region of recipient cells. (B) The absorbance value at different time points was detected by CCK-8 assay. n

=3 per group. ~ P< 0.05 vs. control group
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Fig.2 OM-MSCs derived exosomes enhance the migration of HBMECs (A) The migration of HBMECs stimulated by
OM-MSCs derived exosomes or an equal volume of PBS was detected by transwell assay. (B) Quantitative analysis of the absorbance

value. n=3 per group.” P < 0.05 vs. PBS (control) group

*) Control EXO
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Fig.3 In vitro angiogenesis capacity of OM-MSCs-Exosomes (A) Representative images of the tube-like structures for the

different conditions of the experiment. (B) Quantitative analysis of the nodes, junctions, meshes, branches and total length. n=3

per group. ~ P<0. 05, compared to control group

2.3 OM-MSCs K512 3t HBMECs /N& o, 38 AH2E BB S s, 25 FIR RZH Y
iAD INETE D ART WA 58 42 P 5 B 23008 5 1T 40

RBIE OM-MSCs K IFSMBAXT HBMEs S RE  ARANIZL, W 303 2 AT 10 A8 e A 1 I 45 0
TR AT T /NS SR IR TR R AR A (Fig. 3A) . AR WA &b B 41 AE Y 5 8L (nodes,
S R B A SRR R K S AN A TSEHE 374.33 £ 127.74) L 38 X 5 KL (junctions, 104, 56 +
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33.07) . MHREL ( meshes, 20. 11+11.20) |45 40 32
H(branches, 81.67+19.07) . S K & (total length,
11466.22 + 2781.03 ) , % 25 14 XF B8 21 /Y 37 5 4L
(193.33+44.79) A X mi%(54.33+11.65) MR %L
(7.56+3.64) M4 LE(57.00+13.02)  HKJE
(8544.00+1848.61) , W e | Wik 5 HA G
FRE X (P<0.01) (W Fig.3B)
2.4 OM-MSCs 3R b 47 3 i 5 72 B

R T VAl OM-MSCs A5 &M 1A PR3 A= 145

TR E , FERR BRR PR EA T T SE e ZE A, B
IR 14 d JE R RR B N R R AR O R A T R AR R A
PRIHR T ZM I ARZH PN AT DA I A A e , Tt R 4H T
MBI KA (FigdA) . BEG , X35 2E A7
SRS AT S AUk 2B , T AT X o e AR
YitnEd CD31 MBTiRIEATE f AT, S5 4ER, Fh
WA AL B A Ay CD31 BH PR B 40 B L ] (85.00 =
5.57) %W 2 F25 AT IR (8. 00£2. 08) %, Lb# 2=
S G L (P<0.01) (Fig4B,C)

*) Control EXO ©
S 1201
> ok
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5 80r
Q
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y T 40t
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CD31 DDAPI Merge
B - - -
- - -

Fig.4 Effect of OM-MSCs-Exosomes on angiogenesis using the matrigel plug assay

100 pm

(A) Images of representative

matrigel plugs showing vessel growth. (B) CD31 staining (green) in matrigel plugs. Slides were counterstained with DAPT ( blue) .

(C) Percentage of CD31 positive cells quantified using Image J (n=3), *P<0.05, compared to control group

3 it ig

[i) 75 J5T T 40 MO A A R R T R I P 2H SRR D9
Jo, A 7 D PR i A e s 2 O U BE Y
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F1I MSCs WINTEAE Y2151, ik T MSCs fA7EEL
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TRTTIRE ATE Br ZE k2, IR, W98 MSCs Ak
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