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Abstract

BACKGROUND: Bone marrow mesenchymal stem cells are the main effector cells for bone formation. With the increase of age, the regenerative ability of bone
marrow mesenchymal stem cells is weakened and the differentiation function is impaired, leading to poor osteoporosis. Therefore, restoring the regenerative
capacity and cellular function of aged bone marrow mesenchymal stem cells is essential for the effective treatment of osteoporosis.

OBJECTIVE: To investigate the effects of passage 3 and passage 11 bone marrow mesenchymal stem cells-derived exosomes of young rats on the aging of bone
marrow mesenchymal stem cells derived from elderly rats.

HMKZU B H—ERFH, M KFEHALAT, 548 5MT 215006

F—1EH: KK, K, 1998 F4, ZdE RWATA, thiik, 2021 FHMKFEL, FERNEFRAEMFA.

BITEE: 4%, Hd, 2, FMREMES —ERETA, FMNKFEAFLH, LHAEHMNT 215006
https://orcid.org/0009-0002-2971-8780 ( 7k A& %h X )

Ee®E: BRAAAFIEAREME (82172485), M E AFTA: #¥

SIRAASE: KK, MREA, 12346, XHE, 6% . F52 K RF MR LR T a0 R R sh b Ak 18 45 8 KRR 8818 LR T am i
Z% ). FEAL AR, 2025, 29(36):7709-7718.

Chinese Journal of Tissue Engineering Research | Vol 29 | No.36 | December 2025 | 7709



@z cmmmIEEE RIS
www.CITER.com Chinese Journal of Tissue Engineering Research

METHODS: Bone marrow mesenchymal stem cells from 6-8-week-old female SD rats were isolated and cultured, and passaged to the passages 3 and 11,
respectively. Then, exosomes from passages 3 and 11 bone marrow mesenchymal stem cells were extracted. Bone marrow mesenchymal stem cells from
18-month-old female SD rats were isolated and cultured, passaged to passage 3, and divided into 3 groups. The control group was routinely cultured, and the
other two groups were intervened with exosomes from passages 3 and 11 bone marrow mesenchymal stem cells. After 48 hours of exosome intervention, the
expression of B-galactosidase in the nucleus was detected by B-galactosidase staining kit. The expression of aging-related genes was detected by qRT-PCR. The
expression differences of miRNA in exosomes from passages 3 and 11 bone marrow mesenchymal stem cells were compared by Small RNA sequencing.
RESULTS AND CONCLUSION: (1) Compared with the control group and passage 11 bone marrow mesenchymal stem cell-derived exosomes group, the
B-galactosidase activity of bone marrow mesenchymal stem cells of aged rats was significantly lower in the passage 3 bone marrow mesenchymal stem cell-
derived exosomes group. (2) Compared with the control group, the expression of aging-related genes p21 and p16 was significantly reduced in the passage 3
bone marrow mesenchymal stem cell-derived exosome group (P < 0.05), while there was no significant difference in the expression of aging-related genes p21
and p16 in the passage 11 bone marrow mesenchymal stem cell-derived exosome group. (3) Sequencing results showed that there was a significant difference
in the expression of miRNAs in the two exosomes, among which the miRNAs with the most significant expression differences were let-7c-5p, let-7b-5p, miR-
320-3p, and miR-26a-5p. KEGG analysis results showed that significantly different miRNA enrichment pathways include mTOR, AMPK and other aging-related
signaling pathways. The above results indicate that passage 3 bone marrow mesenchymal stem cell-derived exosomes have the ability to reverse the aging of

bone marrow mesenchymal stem cells in aged rats.
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{2 40 B 3 22 R LIRS 2 () BE Al 2 22 40 i P2 e 0 ok
59 AThRE R %, i — D SEWUAH LR TR, Fit,
AT g5 O PR B b 30 2R WA A M 3 2, IR 2 2
AT B SR T e & e E 3

KEWFRY, & A 785 T 44l (bone marrow
mesenchymal stem cells, BMSCs) H. 45 B 3 5 57l il & 47
iEkfe 7, B REAR TR R R EAR ], (BAEAE
VrZ ) JA R vk B FEZRSIRSTR, BRI SR T
s R AL B AR B AN o T KPRk, R BRI
FRRE /AR AT, OB R R S KRR B ) 78 T T4
M2 A3 Wb TE AR SR AR AL, o HA A R = AR AR B,
{2k JRE AR JE 7. WANG 25 MY 5T 4% I 5 0 2 K
BB 0] 70 o T 4B B AR B, O SR DB K B i ] e o
Y1 BB B R R TA PRAR,  BUE 2 ARE D58 . BT ST RN
T hl A0 5P B B R 70 0 T 40 M R e (R B B T R, R R
R TR YT SR BB (A 727 7] KIERNAN 45 93 o i ) 3
SRF AR R 1) 78 B T A0 B B R S AN R A, R
UK IR A B B ) 70 0 T 40 IR RE e B 1k R R R, (R
B HAN 25 2 BT 5 28 3 F 6 4801 46 1) 76 SR 140 M
VERFLIR - bk LRI T TR T LU B B B A
KB E®E. HEHECA s Sos g #ha z2m T
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JoR B BRE TT AR FARARL, B B 1) 78 Joi 40 0 R 5 A/ s A
(BMSCs derived exosomes, BMSCs-Exo) ifiid mRNA. .
MIRNA %5 2> 55 & 20 it [R] 38 7, 2 a2 B 5 1) 70 o 1 400 i ok
HOME, SE RO SV A "L YING & T R
B (7] 78 Joi 4 A58 A7 b et O 5 SR S T R T 1a
TR B8] 78 o 4H A 3G TE AT B A o

MR S EH VAR 1L 53 WA FR) S AT T TR 1R /N R,
AR mRNAL miRNAL IR 572 5 oK 18 75 240 i 15
SR SO AT A EE Y, A 2 R AE T
AT Y A T B R A=A AT A i R R Y 2 b A ik
NAEAHME S , miRNA BEGE 5 mRNA L1305 BAMY S 4 &
FEUmMRNA 73 B A AR AR, AN T S M S 2 I Y A PR
SROMIBE, R S 5 W R AR .l T A s AR A
AR E VAR, SR A AL A BE D) RE, BRI R
SMIBARAE D9 yT Bdk, T DL o itk R A AL HER R
IO S5 o Y B DA R, SRR RO — B 41 i
U7k, R EHRCE P, B 7SR T 40 kU
HMIMRBETS 2 5 B AN M (R, (R IR A A
R 3k CE 04, S RCE SRR AL B R E g, itk
JEEBTh B AL U 2 BRI A5 T A0 SR R
A PR T 3 I G Wint/B-catenin {5 5 B OR IR 7T 4R B 5
AL R, X R AN TR T I 0 P (A4
0 53 A PR A1 A4S P RS ok 73 R AR ) 2 A Y A S S AR SR R
A, T FE R I35 2 A B SR Y A1 A A A A 4 i SR U A1
IRED PG (1, A H IR AQUHE 32 2] 2,
WHFTR N, SF 5B 98] 78 57 1 40 M ok U Ah i 14 BE % A <
Erccl /MR ™70 JIN 45 P st R m, R A
P FLIF T A o WA B A AR AT DL LA T / AH 4 L P 2
o, FEORFRIANIRE ). BT ERBIFT, FR 0K IE
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1 #EF153%E Materials and methods
11 %ot RSN AE S
1.2 BFIE Ab,E S2EGT 2022 4F 11 A £ 2023 4F 12 ATE
TN K5 E BT T2 T 56 o
1.3 A+
131 seEezhdy 18 H B METE SD KB 20 W, 4k iT &
(330.043.1) g, 6-8 J&] %% ME % SD K & 20 X, 14 i &
(262.0%4.9) g, ¥ EH FHINBBHTEN AT, NP0 EE
iE 5. SYXK( 75 )2017-0043. J A SD K iR ¥4 1 3% £ 75 M
K SLIG BN A0 Jo s AR I B, PRAE R R BESE B
HIREUT R R, 22-24 ‘CHEIE, 50%-60% /%, 12h
M8 /12 h BEE B EA .

FT A B4 S 1A RN R 2 S A HR 25 A9 A5 2195
PN ZE B 36 A BEZS A 2 [P HE (SUDA20230619A03), ™
ST Rl = Ly B S I WSRO E E RS R
1.3.2 IR EURIAES  BREG. a4 M. PBS(Hyclone,
F[H } DMEM/F-12 %373 (Thermo Fisher Scientific, 3& & )
SR gRT-PCR IRF & (Takara, A ); HLIAIMLER.
HFEK KA B H U BERZ BN (Sigma, & ); FEZAHLK B-
FAETRLEATE (Ba kK, FE); KELZH(F
sk, ) 40 g/L Z 3R W (Biosharp, H[E); A
B (Leica, 18 ), {8 5% %B1SS (Zeiss Axiovert,
MLE ), 4 T S (Hitachi S-4800, H AN ) #E /i
AR (FURAGESAIR AR, ) ABAKEEARY (BioTek,
FH): KR, £5F7FLIR (Corning, SE[H ): CO, 41 ks
F4h. EWEE 4 (Thermo Fisher Scientific, Z£[H ); =
2041 (Eppendorf, fE[H ), Nanodrop 2000 J6ii2{¥ (Thermo
Fisher Scientific, SE[& ) 4 ‘CUKHH (LBta FAPIERAF,
HE ); 80 CHIUKAE (5 Bl /R AR AR, ).
1.4 T E
1.4.1 KEHBEN 700 TSR IRRET 7 R & 3%
TR B G 2 B 1 s R S Ab AE 6-8 JE I ME T SD KRR 20
F 5 mUL R 5 28 o i 0B RSB N, K el B R R
B, BEIR T E AR #L 10% fin 4 % . 100 U/mL 5 &%
H1 100 mg/mL 4% %% % ff) DMEM/F-12 }5 373k b, 43 d
1IRBEFRHE, FRoH M Al FE ok 1) 95% B 2E AT 40 M A% X,
AR 4L FH 0.25% A& EDTA (1 JBRAE(E 37 ‘CIH 1L 305,
Fi DMEM/F-12 58 4= K5 7% 3 2¢ 13 1k, 1200 r/min &5 .0
10 min, i 5 404515 2 3 4 10 em® £ 3= LA R Ay
AR, IR SR A5 3 RIS 1148, 18 A
MEPE SD K BRB il [B) 70 B Al i 7% ik ) b, B IR B
3 AT JE LSk .

1.4.2 AR S B Rl ) FE T4 SR IR TR TV
SEHLH ) 6-8 Ji S EPE SD K B B IR) 78 T T2 AL A28
3ARANEE 114X, 18 H b e SD K R i ) 78 R T4 i
LRI 3 4R, HBEAT% 2. B 9x10° ™R B A 78 i T 40 i,
800xg &> 10 min, F% iGN PBS ¥ 5] T 41 M,
VeI R AR AR IR AL, BRI L, HOEHRE £ R
BTSRRI . A EP NN 1x10° AN, H
B il 4 1) CD45, CD34. CD29. CD90 FifA b 22 I ik & 4
1) 1.5 mLEP & rhr, BT 4 C&AF NE#LIEE 30 min,
BFE RS, B 500 uL & Ha 4 L& ) PBS, $45)0K%
T, 800xg 25.0r 10 min, X[ big, FRIEEFESFIMA
400 pL PBS H &, HE 4L RTA LM LU .
143 ERRRH 3, 10 A8 B E 78 571 40 f ok U5 Ah ik
oy BRI IR 6-8 JA W4 MEPE SD K B 1B B 18] 78 5
T4 oy AR AR A 3 ARG 114K, 4l & 3
70% I, 3% 23 DMEM/F-12 58 415 97 58, PBS ¥E3 ik, ®
P 9 T A e A I 37 BC B ) DMEM/F-12 58 4 15 95 3k, 8%
75 48 h JE AR B, REUAMA R, BIUSCHL B3 300xg 25
0 10 min, 25 B 4H B AR B A0 B R fr, 2 000xg 75 0
10 min, EFRAIHERE ), 10 000xg B0 30 min, U4 i,
g iS4 0.22 um JE2S5S 9%, 100 000xg &5.0» 70 min,
72 BAE, UOE RN AN AR, G PBS H AR JE, FHIK
100 000xg &.0» 70 min, ¥ _L3h, 1 mL Jop PBS Hi2 Ak
&, 7345 -80 CIRAF-
1.4.4 HMBREIRAE

(1) SRR ITERS: IR B BB S5 3, 11 /0H
i 1) 70 0 20 B SR A M AR R TS

(2) S UAAA Y AR KL AR 23 AT s B ELI S0 A 1R K A
M -80 CUKAH B 5 i T ok &b, mfbJE B0, HX 20 pL
JINZE 1.5 mLEP &, FEfNA 980 pL PBS #iFk 50 £, H
1 mL VRS 28 58 ACES B, WS 7 5 o ORI T, 9
FEBE RS TN B S 4, R IBAR R S8 K, 2 A e 0 45
B A ERHE .

(3) S AAr & B 3R 1A FIH Western blot £ i 4
WA 25 1 CD63 1 TSG101 ik .
145 AFRORREE 3, 11 ACEHE ) 70 07 T4 R AN Z 08 KR
53 AEREE AT B- FAREE R R R
IF1) 78 57 T4 i DL 5x10° A / FL 1% %5 B PR ZE 24 FLAR N
R 44 L U B O L b B 31 80% I, A FH 8 2 AH 6 B- 2
FUREE I A R ST G ta, BIELH BB,
1.4.6 2 KRR 1R 78 51 T2 MR AL AR R RUEE 3, 11
AR B i 8] 7 53 T 20 PO I AN AR B6AIE. B 50 L i Bk
4 50 pg/mL HAERE R BRER 3, 11 AR B W) 78 o1 41 i ok
VAN AMA,  FH DIl GUBkFRIC ( SR AN Dil Gkt L
300 : 1), FIRBEOGHEE 30 min. K2R KR 3 A EHE
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F) 78 3 T4 A L 3x10%/ FLaEFh 2 24 FLAR P, 4940 4 L
(FLAR P O AT CE T A ), B 58 b i i 4E 5
KEREE 3, 11 A i 18] 78 )5 T 40 i >k U A b A 5 22 188 K
B A () 70 T Tt T 24 FLIRN LT E 12 he IR E 45K
G, FEERTFRILFANM i, PBS ¥k 3 G 40g/L £
5 H I = IR 5T 20 min, il A o e (50 E V= IR T 8
i% 10 min 52 EAR AT FL, PBS ¥k 3 ¥k, 3 FH G 0 9 ot G
B PSR A 1 h (A5 S22 45 B, &
PH 25 R 5 T 75 FH PBS Wik, [l LB A IR G bl 2 iR T e
1 h, SERCE R R SR BE TR 78 5T T4 MR A A0 B SR et
181 i DAPI Gt 5 35 Gt 10 min S8R e tt, T
Fr DAPI ZL i, PBS P 3 IR, ff PG K& v 7 5¢
157 2 N I = T 1 RN 38

147 AFRRREE 3, 10 AR BE IR 70 5T 40 f ok U5 4 wih
A b B RS R B R R 7R 0 T4 M S B R ) KR
KRR 3 A B 78 i T4l % 3x10° 4 / fLas e fh 2
96 FLAR Y, 43 A%t HRAL. 25 3 AR 8 1) 78 5 T 4l i Sk U8
HMIBAZE L B 10 A BE A 78 0T A PRSR IR A AR 2, 1
H3IANEAL, FrSFLANMRL A LS 40% I, # DMEM/
F-12 5¢ 42 1% 37 3 58 40 S g A b 4 I 35 I B 1Y) DMEM/F-12
SEAEEIRk . B3, 10 AU IR 7O T T A MR TR AN I,
AN 5T A By 50 pg/mL, T 37 'C. #RFS i 5% CO,
BRI NEEFE 1, 3, 5d, REFLIIA 100 pL CCK-8 T AFM,
37 CHFE 4 h, W8 4R EEFAR AL 450 nm ALK
F AL A

1.4.8 AFERKEREE 3, 10 AR B IR 70 0 T 40 f ok U5 4 wih
A Kb B 2 KRR R 0] 78 5T 48 B R R 1 5 AL R
71 BWREEE 3 A BE ) 78 0 T4 AR A B L S R T
6 FLAR (5x10° 4~ / 4L ) Al 24 FLAR (3x10° 4~ / 4L ), 437 H
T 5 B2 Bl AH 5% A0 R (R I AN R B RS B e . oy
PR XTRRA. elE o, 5B 3 ARE BRI 7 T
PSR IR AN RZE 58 11 AR B i R) 78 5 T 40 M R Y A1 s A
W, FERFLYH MRS FE IS 3] 70% B, HE4: DMEM/F-12 52
PEEFREE L BUE T S SR (DMEM/F-12 5537 3L N i
U $ 10% fa 2 s 1% & / # % 2. 10 mmol/L B~ H
TS SN 50 mg/L FLIRMELZ. 10 nmol/L M ZE K44 ). &
50 pg/mL 5 3, 11 AR il (7] 70 53 - 4 A SR IR A1 s s 11 ik
B SR, &3d R 1 K.

1.4.9 qRT-PCR A il 22 W4 KBS i [5) 70 03 40 i h B AH
KEEH ) mRNA ik EilS 7d )5, W4 6 fFLIF &
HYH M2 1.5 mL ol &0, A 1 mL Trizol, 4 °C
fCE 10 min 5, REWRIT E4I TSR BE A
200 pl =& HHE, BIZET %3 1 min, FAEERNA J5
4 CHE 10 min 2243 )2, FfiJ5 4 'C. 12 000 r/min & >
15 min. $EATHETCHE 1.5 mLEP . BLO 45 H/N O IR
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FEAKMBAA, AERBIEEER, KBRS0
FBH R OEY, MASKMHEEEFE AR, N
8] 10-15 &, 4 CEHrHE 10 min, [fJ5 4 ‘C. 12 000 r/min
B0 15 min, 3k B, R A G UTIE R A RNA, i1
A 1 mLARFR 30 75% ToK OB, B iiiaiimGie A el
VE, 4 °C. 12000 r/min B.0r 15 min; BE FiRDE, #
i, FPERRIRTE R 5 A, DU H A E RS,
HRHE RNA JT3E & I\ 3E & DEPC /K, i B E 4
JEREE TR IIAFEA RNA WK . K 3R RNA [ #5559 cDNA,
J B Fe Ak R BRI RNAL 5x All-In-One RT Mastermix.
Nuclease-free H,0, 4/l 4 uL 5x All-In-One RT Mastermix,
TFE AR N K RNA KRR, 28 J5 H Nuclease-free
H,O #h 5 & & 20 uL, & iR &) a5, B WL 5E R
M. RS 45 R 5 34T gRT-PCR, & 4 4% i DEPC /K
(2 puL). Forward Primer(0.5 uL). Reverse Primer(0.5 uL)
SYBR Green(5 pL) I i il 5 A~ H (%) %= 5 [¥) gRT-PCR 44
R, REWHG, FAWGEEMA 8 uL BRI, A5 UK
B AF B ) cDNA 9 RGEAR, B FL AN 2 ul X B 2H 71 1)
cDNA. qRT-PCR ¥ F£%: 95 ‘C, 30 s FiAs %, 95 C,
5s; 60 °C, 30s, 40 MEHH G, 95 CIHRIIZL. NZ
B:[K /& GAPDH, qRT-PCR ZEsUfis, R 2T VA5 4 .
=1 NSERGIVIF.

F1 | £ESI9F5

Table1 | Gene primer sequences

FE B (5-3) N1 (5-3)
Runx2  CAA GAA GGCTCT GGC GTT TGC AGC CTT AAA TGA CTC
Sppl  CAG TCG ATG TCC CTG ACG GTC CTG ATC AGA GGG CAC

Bmp2 CGG GAT CCATGG TGG CCG GGA ATT CTG CTG TACTAG
p21 ATG ACT GAG TAT AAA CTT AAG TTT ATA CTC AGT CAT
pl6 ATG GAG TCC TCT GCA GAT ATC TGC AGA GGA CTC CAT
Gapdh  GGT CGG TGT GAA CGG ATT GTA ACA CCT TCC CGA GTA

1.4.10 28 K B B8 ) 78 o T 48 IR R 155 A0 s i 1
MR GL € B T 7 d J I BCIP/NBT Bl 14 1 1% 1 il {
) e R B B S S R M B PR B U R, R
SEAUET A Image J BEAT B B R BE UL (252 10T

1411 FRRREE 3, 10 AH A 70 0 4 A Sk IR A ik
A Kb S5 2 0 K BB 1) 7 O 4 i R 2 A DGR TR p21
T p16 ] mRNA ik 2 W K BUER 3 A1 i 7] 78 i T 4
LA 5x10° AN / FLI 3 BE AN AE 6 FLAR N, 3 x4
55 3 AXH BE ) 70 0 T 40 MR YR A AR 2 5 11 AR R IR
FER T AR IR AN IR A, B4 3 ANEAL, AR ARG EE
50%-60% I, Kt DMEM/F-12 5¢ 4> 55 77 55 5 46 R o M AR
I35 BC & ) DMEM/F-12 SE ARk, 5 3, 11 A H i A
T840 B R UR AR A A, A AR T B B 9 50 pg/mL,
P40 f 52 95%-100% Fill & FE I USCHCAt L, R gRT-PCR
S 22 16 K B i 1) 78 0 A0 3 2 A DGR TR p21
p16 ] mRNA ik, 5175 W& 1.
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1412 FRARE 3, 100K BN A0 T AR AN 0 60 A0 400 P 40 MR 2 € ) U T 46 3 AR B

A B 5 22 R R R ) e T T4 2 AR L KR
RRUER 3 B BE IR 78 5T 41 LA 5x10° A / FLESE BE Rl 48
6 FLARP, 2 Xt IR 58 3 AR BE A 78 514 i R Y 4t
WAL 5 11 AR R [R] 70 5T 4 R R S AR A, AR
3L, £ 20 M EE f5 fil A B2 15 21 50% B, ¥4 DMEM/F-12
56 A8 77 FE T R TE A AR IS L B (1) DMEM/F-12 5842
FrR e, 56 3, 11 ACE A 78 0T T 4 Mk YR Ah A A, 4b
IAMA TS IR BE D 50 pg/mL, T 48 h 5, {8 F 32 AH G B-
P B Y R ST e, R E R R SR .
1413 FRRORREE 3, 10 A BE A 78 5 T4 F R I A sk
(17 miRNA 2 533818 LASE 3 AR i 1] 78 5T 240 B ks A1 ik
AR SR 2H, B 10 AR B ) 78 0 T 20 B SR R S M AR
RXFHRAL, DU FE LR PRI AN R Y miRNA ik 2z 5. fliH
TC W PBS VAR AMIMAIR EE,  CRAERE— B S FEA N SRS
B8 1 mg, FrAREAREETUKRAE T —20 Cigik 27
AT ANIAMAF RS . Small RNA IR S St 48 s i
M TSR AR AR e T 5ERE, 2 HrilF
gt JLRE 2T M 22 F 1 miRNA,  JEJd Targetscan 8.0
HE—D T LRI R, FRFUEE 3 A B 1) 70 T 40 Sk Ui
B o 2 s DR B D) 70 7 T 4 L 2 B T PRIV o
1.5 ZBIREF FRREE 3, 10 AEHEE 7m0
LSRR A A ke 2 16 DK BB ) e R T 4 M A
SRR TT. R, DLRAFER KR 3, 11 /0EHE
(1) 70 J33 120 B SRR A A4 P9 miRNA TR IA 22 57

1.6 ZitF o4 KA SPSS 13.0 AT G104, &I
el USSME + bR iR TR . Z AR LLECR FH BN R T 25y
Wr, WHZELIA] LR ¢ K3 P < 0.05 N7 By BB 2 3L,
XEGT T IE CEEE TN K EM G 5 K

2 Z58 Results

21 FHEM AR ek eg R RAMRAL R
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Figure 1 | Flow cytometry identification of bone marrow mesenchymal stem cells of young rats at passages 3 and 11 and bone marrow mesenchymal

stem cells of aged rats at passage 3
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Figure 2 | Galactosidase staining of bone marrow mesenchymal stem cells
of young rats at passages 3 and 11 and bone marrow mesenchymal stem
cells of aged rats
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Figure 3 | Transmission electron microscopy images of exosomes derived
from bone marrow mesenchymal stem cells of young rats at passages 3
and 11 (P3-BMSCs-Exo, P11-BMSCs-Exo)
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Figure 4 | Particle size of exosomes derived from bone marrow
mesenchymal stem cells of young rats at passages 3 and 11 (P3-BMSCs-Exo,
P11-BMSCs-Exo)
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Figure 5 | Expression of marker proteins in exosomes derived from bone
marrow mesenchymal stem cells of young rats at passages 3 and 11 (P3-
BMSCs-Exo, P11-BMSCs-Exo)
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Figure 6 | Exosomes derived from bone marrow mesenchymal stem cells
of young rats at passages 3 and 11 (P3-BMSCs-Exo, P11-BMSCs-Exo) are
able to be internalized by aged rat bone marrow mesenchymal stem cells
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Figure 7 | Proliferation of bone marrow mesenchymal stem cells in aged
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Figure 8 | Expression of osteogenesis-related genes Runx2, Bmp2, and
Spp1l in bone marrow mesenchymal stem cells-derived osteoblasts of aged
rats from various groups
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Figure 13 | Signaling pathways and biological functions with significant differences within exosomes derived from bone marrow mesenchymal stem cells

of young rats at passages 3 and 11 (P3-BMSCs-Exo, P11-BMSCs-Exo)
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