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[ Abstract] Bone marrow stromal stem cells (BMSCs) have the ability to differentiate into multiple cell
types. Due to its reliable source, easy accessibility,low immunogenicity,and strong regenerative ability,it has
been widely used in the treatment of various diseases. It is also commonly used as a seeded cell in the field of
bone tissue engineering. Numerous studies have demonstrated that oxidative stress is a crucial area of research
in bone metabolic diseases. It accelerates the aging and apoptosis of BMSCs, hinders the proliferation and os-
teogenic differentiation of BMSCs by regulating related factors and signaling pathways,and ultimately leads to
a decline in bone formation ability and an imbalance of bone homeostasis. This can result in the development
of metabolic diseases. In this paper,we provide a summary of recent literature on the effects of oxidative stress
on the function of bone marrow-derived mesenchymal stem cells (BMSCs) and the underlying mechanisms.
The aim is to provide potential new treatment strategies for bone metabolic diseases.
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M RS A S R R R A E R
FIFAE BT 2R A A S AR v T o gk
2 Y0 i BA 457 (basic multicelluler unit, BMU)/E 5 ¥ 4%
H AR B AR AL FE A [ 43k B S0 A B i AR A
AV % 2R 400 . T BMSCs E Jy B0 385 2 40 B b i
EIRANM AR B IR PIE KA R R kA T O H
BIVERT™ . 34 (reactive oxygen species, ROS)
TER BRSNS AL ™ A2 80 I8R5 B0
PG 2L L 10045 B 1 5L B DN, fiff BMSCs 34
I s B e b | ST e o | Al N S g
FA SR BRELE . ASCE D BT
FEHH I TR, B Sk N Bk BMSCs B E 119 52 i) )
AHOCHL ] T LA TRT 222538 A Bl T o B A i B2 ik v
TERIRTT BB .
1 |

AR N U A8 A LR TE 52 31 5 210 0 FA080 L LA
I Ak 3 A5 A e 5 ROS = At £,
iR NPT A AL R e 0 B 18 B 52 R G2 D) hg i B 1
i s EBCEA-BURAL R G2k 251 (] s AL A4 B 48T 1)
TR S 1T X AL 7 A= 1) — 22 50 5 B AL
£ P9 % (malondialdehyde, MDA) J2 fy % 1k i
WO A B AR W v DAVE S AR AR A B 40 i
AACI R TE bR AR . PG e L S A e H IR 4R
LY (glutathione peroxidase, GPx) . #8 &AL ¥ 1 1k
i (superoxide dismutase, SOD) | i %8 1k & ¥ ( cata-
lase, CAT) . Il £1. Z Jn & Ak #¥-1 (heme oxygenase-1,
HO-D&, A WER H B AR R RIEIUAE IR .

KoK ROS /] 7 40 i N A BRAE 5 40+ 0
o M A% 3 A5 5L TR S A M A 3 4 5 A Ak T R R K
SR ROS ]2 186 i R 1A 88 368 375 1 4 4 T i | &
Bk DNA #5145, X 5 80ZR0 K B 1 1% 36 4% T B s
i ZRBRIGHZE AL ATP A RS AL 5 5 H 7 I
AR C R A T B B0 A M O T
B A BMSCs B34 58 5 401k . 5 455 5 BMSCs #
T2, AR R N 51 BMSCs 4 DNA i Bt it 4%
o SAF A% T I S el AR DA R B DY) 3% 5K AR Ak AT
155 3% 58 7 W ARG T 0 43 Ak S A LR T
GE I s A IO VO Ao A 45 R DG 2 B A S B 5
A% L PR 26 5k L 30 ) BMSCs (19 34 58 L 404k, 175 S 40
R/ S = Al N N = o o R T U B ERE A
E 1 B — R A0 AR
2 ROS 3t BMSCs I 8E B9 221
2.1 xromied e %

WFE A WY AR vk i 2o 46 Ak & Ak B BMSCss /] ]
B EJ SOD #1 CAT /K-, DU s 471 S8 AL #5315 fE )
fE B BMSCs 351, ol /0 40 g 98 T ol 80 AT 5|
AR B, T 2 kAR R 3 R DR L ROS KR
B, 4 e Py Ca®" F1 NO 7K - F+ &, BMSCs 716 R |
Th o A8 3 240 5 5 AN RS

AH GBI 5 2 BT A Ak I 8 AT R A B R Nref2/
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HO-1 i ¥ 90 il BMSCs ) 3 58 6E 7 . B 11 40 jE 75
P TR A R BLR 40 R BT NF-E2
#H & A F (nuclear-factor erythroid 2-related factor 2,
Nrf2) /52 5 8 1) Hi %A Ak B I+ 5 Keleh & ECH
FBEHE M 1 (Kelch-like ECH- associated protein 1,
Keap) 8 H 456 DAAE TG P 0 RS A 7E T 40 M o v
O3 g B 1) 2 R A AT DR FE N2 B IR SR T
PE o RSB R L B 4 B A8 AL 61 T S5 Nrf2-
Keapl (80 B A I LA OB % 75 2K 2547 i 15, Nef2
5 Keapl fif &5 5 DA ML BT b 5% 3% 20 40 M 4% . 55 40 i v
B A0 AR 5 1Y B 7 Bt A4k B I Je #F Cantioxidant-re-
sponse element, ARE) & &, A W AL EH, fF
HO-1 S 450 S A0 G 25 35 14 22, 98 fifk S Ak 7 00T 48 i 1)
45 B2 L 0 FE AE A N s BMSCs 14 8 (1) B 7 1
7T HO-1 S — R Ak i 20 3% A 1 5 S 1l B
AHAR HUEA BB BT TR BT AR R,
HO-1 fE4EFr A8 h 2OCHE S, X i1 HO-1 iy
HIRGIASIGIT A S . BT g R R, 5
#E iE R (isopsoralen, IPRND A D 12 10 il 460 Ak 17 ¥
A i T oA o/ B S D) R R COVXO) 35 5 19/ B
Bk e HO-1 55 BMSCs ¥ B # 43 4k . A 2
A Sy 3R B AR RN R AR BT SR R T 48 42 5 B
HRSIGTFY . CORM-3 & —F 78 — A (L 9 9F &
il A= W VR T 7 LA A W AE AR i R TC R K
S HIBH CO B, fEk s OVX KRR i
HO-1 J =9 CO B i BEAR Ay 2 . T & 2% OVX
PN RN R S R i N B 3 1 S RN N S
B A e AR IR PE CO i 3 B00E Nrf2/HO-1 {5538 #%
T 3k AR AL L S 0 AR AR T RE R A G o R Y B
20 A0 A A0 o 0 A0 B O Ak . R E SR R TR
CO TE8 i #ARE 167 H B9 AE FHAIL S A1 v 77 .
AN G Nrf2 5 5 28 FiF o8 45 X % g 16 WL
FiE-3-1% i ( phosphatidylinositol 3 kinase, PI3K) /& H
W% B(protein kinase B, AKT) th 7] DL B A% & AL W 34
Xt BMSCs B A F 5% i , 33 9 JL 8 5 i B B H0
B T PISK/AKT i P% 76 240 f A 3 v i G s . 2
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PTEN) ik 7K. 1fi |8 p-PI3K, p-AKT 7KF K& @-
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JIEASFN G e 57 52 5 BMSCs 1§ 5l 28 L E Al G 2R
HZFEKF-. BT, C A HCHE B4 R 06 PISK/
AKT/Nrf2 i #% . ff4/* BMSCs 432 %Ak L 8 i) 52 0
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F45 SOD 15N T il 8 i Bt S Ak i i) 48076 52 7 ol
BMSCs 1 B 18 I AT AR 16 97 1 BT 5 b 0 1 8T 24
HUHE A

AN, A DG BIF 5 2% B S AL B R T ORE A A
NMNAT3-NAD -SIRT3 % | % SIRT3 #ifi () 2= &
Tk Ak AH 5¢ 2 5 F7 A R i &(-2 (isocitrate dehychoge-
nase 2, Idh2) 1 X 3k #% 5t A F O3a (forkhead box
O3a,FoxO3a) ZBEAL K- » BT Xt 4L A 245 4 i1 ) i
F 645 I B, B0 BMSCs {1 1 T B 38 58 B ik 55
BEL T4 400 6 A T A M A TR R T B RS B 3
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A, {HIE BMSCs 40k hy — Bl i 2 5 3% 91 1% 2% 1 55
— i R LR TS RE L B BMSCs & In] Ji 8 4i i 43 16 5
Z3BL1E BMSCs ] HoAt 48 0 4346 . BMSCs 1 i it
i) o B SR s v A R B T B T R L ARk
PEAMUFEAR T BMSCs 1 J7 R 5 1 %4, 1 B34 B 8 4
il BMSCs Jii 77 ) 19 434k o S5 T A a2F 3 ) Jse UL L i 46
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(Fr2) MG 7 IR B SZ A4 FIAIR % B2 B 2 11 52 AR AH
KA 5/6(Lrp5/6) 455 . i p-catenin [u] 41 }g #%
REMG L IF SR T 40 i X /b 12 41 i 3
o K] 7 ( T-cell factor/Lymphocyte enhancer factor,
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M) BTG 2 Ky (peroxisome proliferator activated
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HAb A K F-B(transforming growth factor-8,
TGF-B) i W i 51 H 14 JE i3 E -2 (bone morpho-
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BMSCs B L fE 71 R RS . Ak, i B ROS
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LA LA R i 8 S NF-«B {555 #% . Fi NAD-
PH % L i (£ 45 NOX1 Hl NOX2) i % ik, T
SODI #1 CAT ik,

WA AR 2 BEL T 40 1 A0 15 5 98 15 B Cex-
tracellular signal-regulated kinase, ERK)1/2 {55 i
B .38 i 98 ERK RSB IR RN TS A B E
(cAMP-response element binding protein, CREB) A
D1 I = o R 1 S = W L NS L s - S
(caspase-3) ¥ 7% . LDH /K, [ i, PPARY2 FlfR &
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RS AN AT 395 (1) 24 ] B0 BEL i L 4 A 35 A ] i B
A OC B2 FUME T B 0095 P3G n S G p53.p2l S
290 0 S99 RO SR A ) PR 3 Gk 0 22 o T A
BMSCs f % % i3 2. i 5 BMSCs # 1, ROS 7k
R AR HE T INK A 8 R Ak . 1% U\ 41 i 5 54
B B LR LA, 3 3 caspase-3 ¥ b5 W T I
WL TE T A AL S S 1 BMSCs B b S b A
AL P4 724K B Bax.Bak Fll caspase-3 # 3 ik, [F I T
WP T8 E B Ok E 41 -2 (Bcell lymphoma-2,
Bel-2) g 33k, 3 9R 40 ifg 4 2% C(cytochrome C,Cyt-¢)
R, E— PTG caspase ZLIE LWL, 2 #F caspase 175
S BMSCs T, B Ah . ot 2 60 B AR A S
PR N 7= 4 TNF-a, filt % 375 caspase-3 Fll caspase-8;
[F] Ff TG S 5 0l 3 9 S FE 25 1 A (serum amyloid A
protein, SAA) & #H ¢ & 35 (1) 41 g 8, I 38 i Toll
2k 2(toll-like receptor 2, TLR2) Fi1 F i ik 52 1A 2
(formyl peptide receptor 2, FPR2) /> 5Z 14 3 78 5 4
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ROS 7] #7543 ERK,JNK, p38 22 4 J5i 1 16 25 i
(p38 mitogen-activated protein kinases, p38MAPK) &5 22
R G Ak & H 1% B (mitogen-activated protein kinase,
MAPK) 52 15 38 B 0 3005 - BOIS 40 B 98 1= 5+, p53.
p38MAPK 1 DNA i 43 [z B & 1% . 5 3 i BMSCs 2
ZAPETY . MARK 55 2 8k R 35 1 58 6 R U
15 5 30 6 22— o BN Sy 2 A0 AT 8 A A T
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BT AR N B L 7R BMSCs f7 36 Hh i 4 B 24
. i #F ik PARK7 A] F i BMSCs 1 MEK1/2,
ERK1/2 1 E26 % 5 R 1 1(ELKD) #Y # BR 1k 2K -, 38
h ERK1/2 # 5 £ 1 SOD 2 ik K {2 #F BMSCs $i
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