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Correlation between autophagy of bone marrow mesenchymal
stem cells and aging in mice

Zhi-min Sun', Zheng Zhang’, Tong Wen’, Li-juan Zhang’, Chao Yang’, Yan-jun Liu’, Tao-hong Hu’
(1. Graduate Training Base of General Hospital of the PLA Rocket Force, Jinzhou Medical University,
Jinzhou, Liaoning 121000, China; 2. Departement of Cardiology, 3. Departement of Blood Transfusion,
General Hospital of the PLA Rocket Force, Beijing 100088, China)

Abstract: Objective To investigate the effect of autophagy of bone marrow mesenchymal stem cells (BM-
MSCs) on the aging process in mice. Methods BM-MSCs were isolated from the bone marrow of young (8 w)
and elderly (18 m) mice respectively. BM-MSCs were cultivated in vitro, and characterized using flow cytometry.
Apoptosis was detected by TUNEL staining. Meanwhile, the expressions of VEGF, bFGF, IGF-1 and HGF in the
BM-MSCs were detected by ELISA kits. The expressions of autophagy-related proteins (such as LC3-1, LC3-II,
Beclin 1, ATG12-5 and p62) and signal pathway proteins (such as p-Akt, Akt, p-mTOR and mTOR) were evaluated
by Western blot. Results Compared with the young group, the apoptosis in the aged group was significantly
increased (P < 0.05), while the secretory function was decreased (P < 0.05). Furthermore, the expressions of LC3-1,
LC3-I1, Beclin 1 and ATG12-5 were decreased (P < 0.05), whereas p62 was increased (P < 0.05) in the aged group.
The expressions of p-Akt, Akt, p-mTOR and mTOR were increased in the aged group. Conclusions In aged mice,
apoptosis of BM-MSCs increases, paracrine function and autophagy activity decrease.
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AR R AT R B, B R 18] SE ST 4RI (bone
marrow mesenchymal stem cells, BM-MSCs ) H. A H 3%
BEHAMZ bR RE, WRAHSUBE R A 5
TPERITEAE T RENE, 2 A BTGy T BAR A Al 140
JL U AR R B ) BM-MSCs LA T R
BT, BHEAHBURT ) LIGFEAE T TR, ™ H R
TGRSR BHIL, W5 BM-MSCs s i pLiil
e H AT A AL SCHE R A R RN
PO T i, HLIRRRUR, SBUEMIRIIRE
VR R4 L 1 AR BT BRI A AR . BT IR
52, WRIE T R A A A S B AR AR A R A S
REMEALE, RERFAMEIIRE, IFS 59 =E
PR M AR SERGAR I R B AL P A WK AR AL R
HAEAL .
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C57/6 fRE/INR (S04 R i e bl ),

G-I . o ~DMEM 35577 250 [ 52 [ Hyclone 24 A,
WL AN 3 B ( R R ), R
LC3 By [ 3£ Sigma A F], BPT p62. Beclin-1 4T
1A B —actin FUARIY [ 2 [E Abcam A, p-Akt PR &
= CST AW ), 14 W B K I (vascular endothe
growth factor, VEGF ) ELISA i 7 & . 5 M W £F 4
40 i A= K A F (basic fibroblast growth factor, bFGF )
ELISA 17 & e 5 A AR K T ~1 (insulin-like
growth factor, IGF-1) ELISA {5 & . HF 40 i A= & B
“F (hepatocyte growth factor, HGF ) ELISA 7| &l FH
% [® R&D A #l, GFP-LC3 Fi ki ( 3£ [ Invivogen 2%
7] ), X-treme GENEHP DNA % S350 . B A2 M
T R i 5 4% 8 A1 S A9 ik 1R S R 2 2% ( Terminal
deoxynucleotidly transferase mediated dUTP nick end
labeling, TUNEL ) £ 08 146 I 0] £ 00 1 25 B 2 [
A, Akt IR IR & (S Bio Vision A H] ),
IR S e A A ( 21 BIO-TEK 24 ] ), BX50 %
e ( HAR Olympus A 7] ), Nikon A1 JHOBILR £
W ( HARHRAR ), i ( S&E Beckman
Coulter 23 F] ).

1.2 Fik

121 DR BM-MSCs 894 & A 3258 FER/PR
(8 Jai% ) FEAE/INEL (18 S ) BRI BiAE b S
J5 . TERIRAS R /3 s B FiR . OB ERZE vh

1.1

W (phosphate buffered saline, PBS ) 1B B8, [t &
1.077 B9k U0 248 JH 4 2 VAR A6 B2 250> (2 000 r/min 5
> 30 min ), YR AN, PBS Vi, & 10% it
A-1ML75 Y o -DMEM FEFRFEASE SR, 7F 5% — %A
i CO,. 37 CHEAA s, il 11K /3 do TR
Al BT 80%, H1 0.25% BEE ARG (0.1 mlem®) Wik
2 ~ 3min, BAIAELL 1 x 10" /ml 148, R 318
AT

122 AXmmesl BEE 3 UM BM-MSCs, [
THAE 3 min, B.0J5 PBS YEVREE 2 Ik, 4iffLL 1.5 x
10° 4> /ml #EFT 44 1.5 ml EP &, 2251 A/
flLCD31, CD45, CD90. CD29, & T 4°Cyk#f, #Et
7 30 min, PBS PEE AT . 5347
1.2.3 TUNEL g/ #n  7EFEBE A1 24 £l
M 4% 3 x 10° 4> /ml B3 32 4L BM-MSCs, PBS &5t
AL, S 10% R ITER o -DMEM B35
Kig% 24 h, NI EEF 2R ICH dUTP, 37°C
I 45 min, PBS VRN 3 K5, fINA DAPL 45
PUHAIARAZ , PBS YEU4EM 3 U5, H Nikon A1 30t
LA B R BELER Ge f 25 L . TUNEL FRic B (&%
PG ) AT A P T AN & o e
AT HEE T B A = T SE i

124  ELISA  H5 %% P 41 BM=-MSCs 6 x 10° 4~ /ml,
PBS 5 Uk #e - ditE B, H & 10% JiG 48 I i 1
o ~-DMEM RFEFEE5 % 24 h, BN FI5#,0.22 w m
U #% fh g, % PR VEGF. bFGF. IGF-1, HGF % H
ELISA i858 & U I B A T84

1.2.5 Waestern blot # M| BTG, BiFE BM-
MSCs 5 x 10° 4> /mlo 4CHAF T VK L2 AL 5 min.
24 WAL & TBS. Triton=X100 % & (1 mm, 35 [H
Sigma /A H] ). 4% N =, O ARR (1 mm, 32
[ Sigma 2y A ) FIE HBEDH1F] PMSF (1 mm, 3
Roche Molecular Biochemicals 22 &] ), 12 000 r/min Z5.0>
10 min Ji5 2 HCE . PIAL BIHL 50 w g B I RE &,
12% SDS-PAGE £ HLIK 90 min, 120 V, %% Z {2
LT AEZ L 300 mA . 40 min, A& (ARSI 3t
60 min. 43 HIEMRPTE LC-3 PLik (1 : 500), Akt
LAk (1 : 500), p-Akt HL /& (1 : 500). B -actin
ok (1 2 2000) Yk, 4°CiEEISR . PBS PR,
FRAR S E ALY PR IC E TR [2G (1 ¢ 200), ZRIE
7 90 min, YEME, R ECL iR A RGN E H %k,
Image—Pro Plus 6.0.1 FAE53 1745 45 WO BE (B it
38T
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3 iTig
SR P O R R I R B T R A e Y — B e
i e E AR AN RS A — R BRSO I
Mk, AR T2 MRS A A A 2R ) KB e
TR YT O B G B ), BM-MSCs HA 44
SR 22 1) AR FD R BRI AR 7, AT DA I 554 W
FHUGEATFER) L™, J&IRY 7 i PO g i —
T BEARRD T 40ME . i O B 22 0L T 84 R,
T BRI TT ) BM-MSCs [FREAN T 5 2R 24
AR AR UESE, A BM-MSCs B A AL
WA, WS RIGFRe I R, TR AR
P, #9¢ BM-MSCs % £l FE s ) s ae ) T
RERIAIL , R TR G

H R — Rl RSP R A B R, T TR
B FAZ AN R " B WA 20 AR BT XD B AR
M AT, i AWAKCERAR, ik
2 B PN T B AZ A0 ) 0 LA RIS R T 22 1 B 1 TR 4 F
YA Y IE A BT R . (FURFER ISR T, andnfine
UG B, AN A WK B e, R
YA A B Ry, M SECEmE . TEAM
R, Ard R e ANEREES, W
Gy RIS BRI A 3 385 T sh B
mTOR FHOCH AT, 78 AMEAHOCH P (ATG) &
BIPRET, JERGIIE M6 A U2 254, B A Wi iA
SRIE 1A W R0 6 SR 200 i P D) B AZ 461 1) 200 25
FEURYTE W ER UL, U2 I 25 1 120 T 4 A 1 ZE 75
A Sl L S N =N R NS R N TAT
SIREHARLS , TR A VAR, A WA YRR S 2
JHL PN 00 Jo B A AR e, AR 7 0 N MR A T 7
HS LC-3 il Beclin 1 J2& H W & A= FIJE iliad 2 Hh
B [ AR DG4 T-, Beclin 1 RERS A FI IR, JF BLAE
A WA R PR E PR A Y FE S AN A wE Y i
FE, p62 JE—Fp i RN R, nl S RT A A
B LC-3 FHEAEM, JIFAE Argl2-5 IS5 T IR A Wi
i, AWEIARLER RAR DR R MR, DRI p62 7K
5 AW GO AR RIF Western blot £
WA REARDCH B, A5 AR/R % BM-MSCs 1 LC3-
I . LC3- 1, Beclin 1, ATG12-5 Fiks/, 1 p62
K2 PR EEE BM-MSCs /KT, ST
WFFEEsR—2

TE LR E W R PN 2 A5 R i A 40 S T 2R
R, AR T RE M iR Fge i 2 i 2

ASCH TUNEL 255188, B4 40 IE T8 R
B, R AT LIS I BM-MSCs FO4i T g
WIS R R, R D, A A OCHE
F K A WGP BT N B, B8 R A ZKF- AT RE B
EEIA K. BM-MSCs A LLJ3 W Z Fh 41 i I8 1,
I VEGF, bFGF., IGF-1, HGF™, {H &% # %I BM-
MSCs 5543 WA T B 52 ) S LTI AN AR W oy . A5
5638 3k ELISA #6701 BM-MSCs 430 21 Jifd X 7 F E 7,
g Bk LE A4 BM-MSCs "' VEGF . bFGF, IGF-1,
HFG Wi i AR 2 T B, /R 5 % BM-MSCs 5%
SRRz, ARG UL, e i, BM-
MSCs JHT-HN, FWEARE K555 WIIRE T o

VrZitoeda i, A mE IR — S EERR
J& Akt-mTOR 348 ™, Horfr Akt UFRH & HI% T B,
JE— R 2 Z 1R / I AR . mTOR & —2K
SrFEE, WRREAMMEAR . BE5E K [ R B
53 #., mTOR & mTORCI Al mTORC2 2 Ff & & ¥
B, FHorb R ARG A . T M A AR A R
mTORC1. TEAMIAFI/ET, Akt WG4L 5 RHE =
F£ZE mTOR, 7L ) mTOR 86 H R A4 G A
RN L5t ] 13 A S UDie o D s DN Ea o N 157 5211 I R 2
T2 ML A WA Y FEAR SIS R 2 4 BM-
MSCs H p-Akt, Akt, p-mTOR. mTOR kb, 4
HOgE T3

T o S0 A R W N Y 4 AL B A B
YEMA #E— P B9INiR . e a5 1R W], B4 BM-
MSCs A PR T3, sk D Ress, Ak A
WEAHSEHE K R, p-Akt, Akt, p-mTOR, mTOR
HHRIBHGIN  w 2 E A A w3 i — A 5gma R,
H WS X Rets 5 | i w2
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