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4% 2 5 A0 B3 M, Transwell /1N 238 52066 I 4% 2H 155 0k 200 JE T 3% 40 IR K, 29 % b i LR 4% 41 B g
AMFE GO, S5 AR ADSCs Ki g% 24 h R i ek, 2itE . KE; 8532 7d, WiRE4NME
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ABSTRACT Objective: To discuss the effect of adipose-derived stem cell-derived exosomes (ADSC-
Exos) on the migration ability of the macrophages RAW264. 7, and to clarify its role in promoting function
of the macrophages. Methods: The adipose tissue adjacent to epididymis of the SD rats was isolated to
perform primary culture of the adipose-derived stem cells (ADSCs). The adipogenic and osteogenic
differentiation induction was conducted, and the multidirectional differentiation potential of the ADSCs was
detected by oil Red O and Alizarin red staining. Western blotting and immunofluorescence methods were
used to detect the positive expressions of the ADSCs markers CD29 and CD44; the ADSC-Exos were
extracted by Exos isolation kit, and the morphology, size, and distribution of particle size of the ADSC-
Exos were examined by transmission electron microscope and nanoparticle tracking analyzer; the expression
levels of exosome-specific markers CD9 and TSG101 proteins in the ADSC-Exos were detected by
Western blotting method ; the uptake of ADSC-Exos by the macrophages was observed by tracing method.
The macrophages RAW264. 7 were divided into control group, 10 mg+L ' ADSC-Exos group, 20 mg-L '
ADSC-Exos group, and 40 mg-L ! ADSC-Exos group. The activities of the macrophages in various
groups were detected by 5-ethynyl-2'-deoxyuridine (EdU) staining; the number of migration macrophages
in various groups was detected by Transwell chamber assay; the adhesion of macrophages in various groups
was observed by fluorescence microscope. Results: After 24 h of primary culture, the ADSCs adhered to
the wall and exhibited scattered, elongated shapes; after 7 d of culture, the adherent cells showed a
comb-like, vortex-like orderly arrangement, resembling fibroblasts; after 10 passages, the irregular
morphology of the ADSCs and decreased proliferation rate were found. The isolated ADSCs showed
potential for the osteogenic and adipogenic differentiation, and the expressions of CD29 and CD44 proteins
were positive. The transmission electron microscope observation resuls showed that the ADSC-Exos
appeared disc-shaped, and the main peak of particle size distribution was around 132 nm. The CD9 and
TSG101 proteins were positively expressed in the ADSC-Exos, indicating successful extraction. The
fluorescence microscope results showed red fluorescence signals around the nuclei of the RAW264. 7 cells,
indicating the uptake of ADSC-Exos by the macrophages. Compared with control group, the rates of EAU
positive cells in 10, 20, and 40 mg-L ' ADSC-Exos groups were significantly increased (P<C0.05);
compared with 10 mg:L ' ADSC-Exos group, the rate of EdU positive cells in 20 mg+L ' ADSC-Exos
group was significantly increased (P<C0.05). Compared with control group, the numbers of migration
cells in 10, 20, and 40 mg-L~" ADSC-Exos groups were significantly increased (P<C0.05); compared
with 10 mg-L ' ADSC-Exos group, the numbers of migration cells in 20 and 40 mg-L ' ADSC-Exos
groups were significantly increased (P<C0.05). Compared with control group, the numbers of the adherent

macrophages in 10, 20, and 40 mg-L~' ADSC-Exos groups were significantly increased (P<C0.05) ;
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compared with 10 mg-L~' ADSC-Exos group, the number of adherent macrophages in 20 mg-L~' ADSC-

Exos group was significantly increased (P<C0.05). Conclusion: The ADSC-Exos can be internalized by

the macrophages and they can enhance the migration ability of the macrophages by affecting the cell

adhesion.
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PRI 0 Gl A= ARG 7 ) 45 22 b g Jo A ey R IR 85
ARk, ESEEMR L ETE T, BT
& AR VE P I FI B o 1 P A 22 Bl R A R
JEat R OCEER T L R Bon . FESh K
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B, DAEWREE R MRS EREASA RS T, B
20 i A W i B S I B8 RE ) S P T SR AR LB, 23
JoK o RE BE AL UE R ) B REER Y . ZOU S R B
W% 240 L 1 S A% R A W S D BE B TR F BRI R 1 6
(silent information regulator 6, SIRT6) il )5 fE
i 30 2% JE R P 2 A8 52 o DRI, DR R ) I 24
A RE I 1 R 2R AT RE R IR T I MDA . AT
F¢ 4% W ADSC-Exos, JF#5 H A 2] B 1 40 g
RAW264. 7 8537 b, il K I RAW264. 7 41 Jig
WG VE L 40 MR AL RE O B84k, R ADSC-
Exos Xf FL W4 fil 1T % 68 1 952 i, LU ADSC-
Exos fie # F. g 20 il & 45 ) fi 4 14 52 30 4R 4 .
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1.1 xEFHH. @R . EE2XNFNE 6 H4HR
SPF Z itk SD AR, M Bii 80~120 g, M A dLat
R FRA YR A A IRA ], i A = VTR
SCXK (1) 2019-0008, FLIE4H Ml R RAW264. 7 H

JE R R E AR . 4, 6- R HE-2- 7 3 |
(4, 6-diamidino-2-phenylindole, DAPI) ¢ {4 ¥ .
UGV K B 7R 1 7 i Jir il 4 0 ) b 0 R 3
FHE A BRZA |, DMEM/F12 40 i 15 3% 5 R1 0. 25 %
JFEE-EDTA W A3 H Gibco A, #RELYIM . W
ZLO YL . KR 18] 78 52 1 40 ) g A i 15
SR IR A R DG E SRR AR A, R
L CD294u Mk . CD44difhk . Cy3/FITCHric izt
e 1gG % 06 Z P BAR o % Ak ¥ B (horseradish
peroxidase, HRP) #5ic i 1L 41 % IgG ¥l A 3¢
Abclonal 23 #, CD9 #1 TSG101 W H %
Proteintech 2 &, J& 4= I 7 (fetal bovine serum,
FBS) g {3 ik S8R A IR A A, Exos
P O & W 1 VL IR LR AR BRIy A BR A ]
BCA A& &M &l Adeat i E A B AR
HBRAF, TIMNBAFBS (exosome-depleted FBS,
Exo-FBS) W H 3¢ [ SBI A w, PKH26 Ilg { I+
FHREAYRHEARAF, 5-2 52 AR AT
(5-ethynyl-2'-deoxyuridine, EdU) 41 Jifd #8478 & 1 2t
MW A FEgE R REVEARNE . 960 MEE
(B4 . BX43) MEERHHE (85 CKX53) ¥
I H A Olympus 23 7 .

1.2 XA ADSCs# & A3 3%  Tom 410 T Sl
P SD K BB 52 55 IR i 40 21, SR FH JC TRl R 6 22 o
# (phosphate buffered solution, PBS) (pH=7.4)
FEAIE VELH LY, B R A AN I A O 8T R, 0. 100
g 1 24 i 5 iy 37 “C7% % 1 Ak 45~60 min, 200 H &
Mg, A 10% FBS ) DMEM/F12 58 42 K5 3%
AR, 1000 remin™ B0 15 min 3K BUTLTE
FORR TR, MU IR O B, R TR R
IR RE IR, A8 hJE I, B 2~3dH 1 k. TRl
J Rl B 8006 I, R 0. 250 B -EDTA 54k
FEUEE AN L, #% 1:2 LR AR 5% .

1.3 ADSCs %% W% 34UADSCs, J10.25%
[T -EDT A T4 AL S 20 i =, LA 510" mL™' Y
B TEHERD T 6 LA ARG TR AR b 4 0 BE 4 i ik B
8076 B, T4 Ay AR AL B 5 SR IR, 2~3d
FA W Lk, IR R R WA T 10~14 d ATl 4



HOOME, S MR A M R A1 A X A S I AR i RS E ) B 5 721

OYefa, WE AT IRMIA T 28~32d 1P R e
o, 8] O LS A0 L P A T A 45 R
o 5 HUADSCs AT 4 i e 5 %%, 48 h /5 M
49 22 B B [ GE 40 30 min, FHHEEE N 0. 2% (1)
Triton X-100 F 7K I+ i 5% % B 10 min, % i 5%
BSA B P AE 37 ‘C/HRB A HIEIEE 1 h, 250 nA
HPt CD29 (1:100) F1CD44 (1:200), 4 CHH
R, FRPE L LG, B A Cy3tric i1l
FH R IgG (1:800) HFITC Frid 89 1h 23t % 1gG
(1:400), 37 CARBMERBILHEE 1 h, &5
DAPI Je#% f 3, %00 W i T M 4¢ CD29 i
CD44 35 1 B P R 3R 16 B RE KME . ADSCs # #i
1% 3% J5 Rk I Western blotting ¥ % il CD29 il CD44
HARBAKT . PR & R IRB180%, MA RIPA
R, FUK 3% 30~45min, 4°C. 12000 rmin™
B 15 min, KA EEMN, RABCAEAE
AR & A 100 “C/K M 5 min fff 2 AR M
# 47 SDS-PAGE 73 8 . % BEFE A, A e dit
CD29 (1:1000), CD44 (1:1000) F1/)NFHL p-actin
(1:5000), 4°C &, =R FH&H1hE 7 WK,
TBST Z& ki ¥k 3, 1 10 min, fil A HRP 5
ic 1 E B R 1gG (1:10 000) E M H 1 h,
TBST 2% v 35 U8 31K, K 5 min, ECL b5k
ek R, SR Image J R4 B 8 A4 KB (A,
P B-actin h N Z, HHHEHMEAREKE, BNE
HRIKKF=HWEE KT REME/ NS EHEA KW
R BEAE -

1.4 ADSC-Exos% B#RIE 4 M7 55 20 M il &
BE R 60%~70% B, T e % 10% Exo-FBS Y
DMEM/F12 85 77 F: 4 22 15 3% 48~72 h, % 40 g il
BB 80%~90% . W AR 4 M b vE T T T B 0 4
W, 4°C., 3000¢g&.015min, WH LW, A
Exos 7r Bk 7 250 mL-L~', BEZIRL), 4 CHE
2h, 4°C. 12000 g &0 20 min, A7 3 U0 35E B K
ADSC-Exos, H 100 pLL JGL# PBS & th il H &, 7
M.

1.5 ADSC-Exos%% W20 pl. ADSC-Exos %
W EH M, A SR 5~10 min, P 20 pL
20 BE BRIV W T M 1, ## B 3~5 min, HIE4C
R Z AW, AP T, E S R
T W%E ADSC-Exos I &R IIFH M . PBS 2% i ik
i B¢ ADSC-Exos, 0.22 pm jEF#d &, 35
v 1] 20 K URE B 43 BT AR A v 9218 1 A 1 mL

FES R BOBBI YO R b, IRRE IR Sk
T O B T AR AR LN, R IR R R R 58 K
KR M, Kl ADSC-Exos K/h, #%M “1.3”
Western blotting & Kz ] ADSC-Exos H' Exos #x i 4
CD9 1 TSG101 #HEH KL KF, DIEESEW
ADSC-Exos,
1.6 T3HENEKEN M EEIKR ADSC-Exos H 3L
FH 38 B A% 92 78 B W Diluent C 10 £ # B
PKH26, il TYE# , B ADSC-Exos Jil A PKH26
Yot TAEWIR A G 85 10 min, FIIA 10 mL G
PBS ZE b, FJH Exos 2r Bk #, 5 U4
ADSC-Exos "o B XU KA RAW264. 7 20 i £z
Tl T 24 FL 20 M 35 SR AR, 4 M RS BE SR 6006~
70%, M AFRIC I ADSC-Exos, {#i HZ& Hk i Ny
10 mg-L™", #kLeidi 24 h, 4% 2B PSR E
30 min, 0.2% Triton X-100 & J& % & 10 min, PBS
ZEMIOEVE 3K, 5% BSAHH 1h, DAPISE Y40l
¥, DO E R E l, SrEIEDOL RS
££ PKH26 AR I ADSC-Exos 20 it % 4 EIE
1.7 % pafest® BOTHEUAE KB RAW264. 7
M, kxR (4 LA 200 pl. PBS 28
W) . 10 mg-L™" ADSC-Exos 41 (/i1 A 200 pL
ADSC-Exos, i HZAHEH 10 mg-L™") . 20 mg-L™
ADSC-Exos 241 (Jll A 200 ul. ADSC-Exos, i H:#&
Wl H 20 mg-LL7) F140 mg-L.~" ADSC-Exos#l (Jil
A 200 pL. ADSC-Exos, i HZKEH 40 mg-L7"),
1.8 EdU#&EnnAMERmAMmEL RAW264.7
AR 5 27l T 24 FLAB M ES IR M, R 24 h)e,
3y 0L 10, 20 F140 mg-L~" ADSC-Exos ff |
RAW264. 7 41 g 24 ho I A BUAA 9 EAU T AE i 2F
R, AU E N 10 pmol- L', 37 CREFRFH 4k 2k
W HE 2 he 4% 2 R W E R EE 30 min, A
0.2% Triton X-100, = &% L 10 min, 6% R E
Pe3Wk, SN Click B, = #6030 min,
VRIS e 3%, Hoechst33342 58 Je 4l filut% , #¢ %
Bi VR K Bt il e, BEALIERE 54 P EF T 28O0 B 1
Bi FWEE, R Image J 8 2 H8dAS ALEF R
EdU BH P45 (Shnet) Fanmisz s (il
Pe), IFIFESERME, LIEAU Mg R R E
Wi 4 L5 M . EAU BAPEZR B =Ed U [V 4 i %/ 44
A% B E0< 100 % .
1.9 Transwell N E KBNS L0 E N a0t 4 tm
A B Transwell N 24 FLATMERE Fo b, T
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/NE TR Z A 20% I 19 DMEM 35 3% 3 XA (7]
WP ) ADSC-Exos. _EJZ A WAL B 41 200 pl.,
B 1] 0 A A B8 24 ho HUHY 24 LA R SR A,
FEHR SR, W PBSE PRI IES IR, 4% £
B [ 22 30 min, Z5fh S Y8 20 min, FHAR 4%
FNE LR ARTEBAM, BEHLEI S L T
Bi R WL, R Image J 8RB0 A BT aE B
AR, HWOPIE

1.10 RABHRENELSAELBEFEREFEL
AR, DL 1X 10" mL T VR B IE A A T
24 FLANRB R RN, BhBE4h . PBS MR TR X
RETM R4, 4% 2 5 B % 0 2 30 min, SR
F % 1% Triton X-100 A1 3% BSA iR A T = H %
B3 P4 15 min, & DAPTEYE A 1 3H. Fifi ALk H
SAPLETF F 22 56 W iss T EE, SR Image J AR 1T

BB A0 ET v G B A LS, % S AR EFECT- 24

1.11 %294 R SPSS 26. 048 T8 {4217
424t 2# 43 M, GraphPad Prism S8 4k 44 i 1% . 4%
4 L EAU BHPE 48 L% . S B 40 i 45O 25 B 40 i
WA IESA T, Uats R, ZHMEAY
B B R F B IR R Ty 25 43 M, 2L ) R A X B0
Fb 3R LSD-e /5 5 . LA P<<0.05 M 2R H Gil2#

2 &% R

2.1 BHARFEKRIEADSCsHIA£IA JFHILADSCs
Bigr 24 h g Ao s AR K, BHciE . KRB, B3R
7d, WRE4E AU R . OBEWIR A EHEST 2k
SRR AM L. BE 3R 1005 ADSCs 4 il JE &5 A
PSR BT R S TIN

100 pm
C

A :Primary ADSCs after culture for 24 h; B : Primary ADSCs after culture for 7 d;C: Morphology of ADSCs after culture for 10 passages.
B EFAF R ADSCs B RN
Fig. 1 Morphology of ADSCs after cultured for different time

2.2 ADSCs% % ADSCs WisiES 14dJm, &
M O Jea, W E T Al WK & 4@ s R
ADSCs & Wi H ki T 32d 5, 1T Ra 6,
WA T W] IR S A A Y o R SO I 45 A
/R : CD29 Fl CDA4 85 1 RGA ML, P& A ™Y
FEA T 403 th . Western blotting 32 46 1 45
n: ADSCs H1 CD29 il CD44 & 1 # 1k B % .
LK 2~5,

2.3 ADSC-Exos% R EX BB E AL &Y
HL T B T ADSC-Exos 5 25 BOIR . 449 K J0k: B
B 4y B A I 75 ADSC-Exos W ki 42 3 W% Iy #5 T
132 nm fff . Western blotting ¥ K ] &5 5 /R
ADSC-Exos H Exos #ric ) CD9 1 TSG101 2 11 %
KFHM, BP ADSC-Exos #2HURLIh . WK 6, %t
R T RAW264. 7 40 i % J8 [ AT A6 I 21 21 €5 5¢
JefE 5, F W ADSC-Exos 1 LA ¥ E Wk 40 i £ 3 .
W7,

A Lipogenic induction of ADSCs for 14 d;B: Oil red O
staining of ADSCs.

2 4 O Jefasg ADSCs H AR T MG il
Fig. 2 Formation of lipid droplets in ADSCs observed

by Oil red O staining

2.4 ZHAEdUMREmEE S5X84 (21.05%+
2.98%) H#Z, 10, 204140 mg-L~" ADSC-Exos 41
EdU FH 40 i8R (35.29% +1.72% . 41.89% +
3.67% F138.09%+0.23%) W W F & (P<
0.05); 510mg- L™ ADSC-Exos 4 It#¢, 20 mg L™
ADSC-Exos 41 EAU FH 4 41 g % 35 8 &8 7+ & (P<<
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A B
A': Osteogenic induction of ADSCs for 32 d; B: Alizarin red
staining of ADSCs.
B3 HEAPEBMWEADSCs PH LT RIFLR
Fig. 3 Formation of mineralized nodules in ADSCs

observd by Alizarin red staining

0.05), 40 mg-L~' ADSC-Exos 2] % % G411 % &

Y20 pm

20 wm
D E

X (P>0.05); 520 mg-L™ ADSC-Exos %41 [ %5,
40 mg L™ ADSC-Exos 41 EdU PH%: 41 jfg 5 22 7 T 4t
B (P>0.05), WA S,
2.5 %4 Evﬁém}i@xiﬁéém}i@& 5XIEeH (67. 334+
3.014%) He#, 10, 20140 mg-L.-" ADSC-Exos 41
EL Wi 40 ff 1T % 4 M % (165.00 4~ £ 8.19 4>,
267. 00/~ 435,03 4~ 1 232. 67 4~ +20. 50 4~ ) 48
W (P<<0.05) . 510 mg-L~" ADSC-Exos 44
Fe %, 20 F140 mg-1L.~" ADSC-Exos 20 [ W 41 Jifd i
B4 M B B W m (P<<0.05) . 5 20 mg-L™!
ADSC-Exos £ H %8, 40 mg-1.~' ADSC-Exos 41 F
Wik 20 ff 3 % 4 M B 22 S e g i B X (P=>0.05) .
WL 9,

; 20 pm

20 pm |=® = . 20 m

A—C:CD29; D—F: CD44; B,E: DAPI; C,F: Merge.
B4 BTSRRI ADSCs B CD29 fl CD44 & F MR H R

Fig. 4 Positive expressions of CD29 and CD44 proteins in ADSCs detected by immunofluorescence assay

Mr
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CD44 “ 80 000
B-actin I 42000

B 5 Western blotting ¥ & W ADSCs H CD29 1
CDMFEHRIKBIKE

Fig. 5 Electrophoregram of expressions of CD29 and
CD44 proteins in ADSCs detected by Western blotting
method

2.6 JHEMmEFRmEk SXRA (22. 0040+
7.214) HeE, 10, 20 M40 mg-L~" ADSC-Exos 41
2 O B T 4 K (49. 003,004, 64. 00>+
7.00 N F1 56,334~ +1.534) ¥ W B3 (P<
0.05); 510mg-L7" ADSC-Exos#f b4, 20 mg-L™
ADSC-Exos 2H E Wi g 25 BiE 410 i %5 X B % 5
(P<<0.05), 40 mg-L~" ADSC-Exos % 25 5% K 4¢
R X (P>0.05); 520mg- L™ ADSC-Exos 4
Fe#s, 40 mg-L™" ADSC-Exos £ 5 41 Jifd 2 B 2 it
XS LG22 (P>0.05) . WK 10,
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A': Morphology of ADSC-Exos observed by transmission electron microscope ( Arrows indicated ADSC-Exos) ; B: Particle size of ADSC-

Exos detected by nanoparticle tracking analyzer; C: Electrophoregram of expressions of CD9 and TSG101 proteins in ADSC-Exos detected

by Western blotting method.

Bl6 ADSC-Exos $EL5HR
Fig. 6 Identification results of ADSC-Exos

20 pm . 20 pm : | 20 pm

A B C

Arrows indicated ADSC-Exos. A: DAPI; B: PKH26;C: Merge.
7 FOLEBMET WEE WA ADSC-Exos 1§ 5L (55 )

Fig. 7 Uptake of ADSC-Exos by macrophages observed under fluorescence microscope (Immunofluorescence)

Control 10 mg-L™' ADSC-Exos 20 mg-L ' ADSC-Exos 40 mg-L ' ADSC-Exos

EdU
Hoechst33342

50 pm 50 pm
Merge

B8 Pt B AT WEE RAW264.7 40 it ¥ t:

Fig. 8 Activities of RAW264.7 cells observed under fluorescence microscope
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A: Control group; B: 10 mg-L. ™" ADSC-Exos group;C:20 mg-L™" ADSC-Exos group; D:40 mg-L.~" ADSC-Exos group.
B9 ADSC-ExosfEFJE &4 RAW264.7 41 fUEBH L (4R %)
Fig.9 Migration of RAW264.7 cells in various groups after treated with ADSC-Exos (Crystal violet)
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