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Abstract

BACKGROUND: The occurrence of osteoporosis is closely related to the damage of cellular antioxidant system, and mitochondria is the main part of cellular
energy metabolism and oxidative stress. The effect of mitochondrial injury on the osteogenic differentiation of bone marrow mesenchymal stem cells and its
specific mechanism remain to be explored.
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OBJECTIVE: To investigate the effect of high level of oxidative stress on mitochondrial function and antioxidant capacity, and the effect of mitochondrial injury
on the osteogenic differentiation potential of bone marrow mesenchymal stem cells.

METHODS: The rat model of osteoporosis was established by ovariectomy. Bone marrow mesenchymal stem cells were isolated from femurs of female rats

in ovariectomized group and sham operation group. Reactive oxygen species detection kits and MitoSOX Red fluorescent probe were used to detect reactive
oxygen species levels in bone marrow mesenchymal stem cells and mitochondria. Subsequently, JC-1 fluorescent probe was used to detect the mitochondrial
membrane potential level of the two kinds of stem cells. ATP production was measured by the ATP detection kit. The changes of mitochondrial function were
analyzed in both groups. gPCR and western blot assay were used to detect the mRNA and protein expression of key genes of respiratory chain and antioxidant
enzyme superoxide dismutase 2 in two kinds of stem cells. Finally, the two groups of stem cells were subjected to osteogenic induction for 14 days. Alizarin red
staining and gPCR were utilized to determine osteogenic related gene expression.

RESULTS AND CONCLUSION: (1) There was high oxidative stress level in rat bone marrow mesenchymal stem cells of the ovariectomized group, and the
superoxide in the mitochondria also maintained a high level. (2) The mitochondrial membrane potential and ATP content of rat bone marrow mesenchymal
stem cells were decreased significantly, and the mitochondrial function was impaired in the ovariectomized group. (3) In the ovariectomized group, the
respiratory chain was damaged and the expression of antioxidant enzyme superoxide dismutase 2 was decreased in rat bone marrow mesenchymal stem cells.
(4) The osteogenic differentiation potential of rat bone marrow mesenchymal stem cells was decreased in the ovariectomized group. (5) These findings confirm
that the level of oxidative stress in bone marrow mesenchymal stem cells from osteoporosis is increased, and the mitochondrial function is impaired, which
ultimately leads to the decrease of osteogenic differentiation potential of stem cells.
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# (Hyclone, 3G ); MR MH (EnK, HE); PR
Mg, HiZE KA. B- HIMBEIR AN, 76 4. TRIzol(Sigma,
EH ) EFAFIE . 98 & PCRAAFIE (Takara, HA);
JC-1. WML ATP RS & (B 2K, HE ) MitoSOX
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FehE 3 d B 1R, BUERETRIME 14 d F B R LGtk AT
WKV RE4LAE 40 g/L 2 R Wl (pH=7.4) 1 [# %E 30 min,
W J5 7E 0.1% ¥l 3 20 1 W (pH=4.3) b % il 0% § £9 15 min,
FH Olympus IX5 2 8% #1676 2R 4L e (0 BT v 7E % 78 3R 40
AT 8 BT, BEFLINN 200 L 5% i SRR VA UK VA i
BEALE, I EEARGI 5 AR FLAE 420 nm 35K AR VR P 48 -
1.45 S € & sk - R A M 4E U M (RT-PCR) - 1
Trizol B 742 B2 2 X i 18] 7 51 T 40 i 4 52 RNA, 42 [ %
SRR B U B i 46 RIS 9R BE 1) RNA R R, PR Bh R A&
S5 5675 1) cDNA, FiR#E iTag Universal SYBR Green Supermix
WARERR S, TRy e . MX5Y, Wk 1.
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Table1 | Primer sequences of each gene

KA "5 (5'-3") Ja 514 (5'-3")

GAPDH  AGA CAG CCG CAT CTT CTT GT TAC TCA GCA CCA GCA TCA CC
RUNX2  CCA ACT TCC TGT GCT CCG TG GTG AAA CTC TTG CCT CGT CCG
SP7 CCC AAC TGT CAG GAG CTAGAG  GAT GTG GCG GCT GTG AAT
BGLAP GAC CCT CTC TCT GCT CAC TCT GAC CTT ACT GCC CTCCTG CTT G
ALY GGC CAA GGG AGA TGT TAC AA GCT TGA TAG CCT CCA GCA AC
AL 2

JUER{E S GAA AAT GCT GGC CTA ATA GAC TGG TAC AAA CAA GTATTG ATT ACC
PATET 1 TTG G

COX-4 GTG CTG ATC TGG GAG AAG AGCTA GGT TGA CCT TGATGT CCAGCAT
ND-4 CCC TAC CCT CAA CAT GAT CC GGA GCT TCT ACG TGG GCTTT
SDHA TGGACCTTGTCGTCTTTG G TTT GCC TTA ATC GGA GGA AC
ATP5A TCT CCATGC CTC TAA CACTCG CCA GGT CAA CAG ACG TGT CAG

1.4.6 ZRRAARME AR (C-1)  SRA JC-1 B A s e o7 Ao )
RFN B 5 LR AR E AL (AWm). AR B A e,
JC-1 AR 37 “CREGHF & A4 30 min, WHELREH
GEIMGE TR 2 I, SR A R ACAE AR, A 488 nm Ak
R IC-1, FH 580 nm AT JE B A AT I, M LA AR LA K
m, IC-1 AL AT, TR IR &) (J-aggregates).
B LRLAR R B KPR, JC-1 B4R (monomer). Zfi 44
[ BLAL KT R AR IR 2 B W) ()-aggregates) AR LI RoR, €
FH FlowJo 10.7 % ff: (TreeStar, San Carlos, CA, USA) #4723 #7 .
1.4.7  ZKifk ATP ZKCTASIN AR G e B, o A 3 i Y
ATP & TR & 58 ATP /Ko 4B 7E 4 'C 12 000xg
20 5 min, W B3GR 20 ub BIEWINN 100 L (1) ATP
Rl TAEWR, —Ri N B EAZEN 96 LA, ) Centro LB
960 (Berthold Technologies, Germany) #4723 87, HE 4 I 2
HilbrdE M2, THEARRFLN ATP JKF, SR H BCA 2 11 i
PG 2 B R, XREFLE ATP AP AT AR L.

1.4.8 20 PN PR SRS ARSI A 3 A SRS DU 3R
AN TETEE KT . B, H 0.25% JifiE —EDTA yE AL 41,
R0 B B, AR5 75 40 M 23 I\ 10 umol/L DCFH-DA
GH, 37 CHER 10 min, 8 Ay 40 A% 1+ 4 10 000 4
JL AT 05 P S KA I, K 488 nm/530 nm,  FlowlJo 10.7
BAFHAT 8T

1.4.9  ZRRIRERE PR IE PRI SR R 1 i 2R R AR 2
4t MitoSOX™ Red (Molecular Probes™, Invitrogen) Skt il &
LA NS PESAUKE . B4, H 0.25% [k —~EDTA JH AL 4t i,
B J5 A0\ 5 pmol/L MitoSOX™ Red 37 °C i )¢ % & 10 min,
A5 FH 3 40 A e 10 000 A4 i 3t 47 175 4 S K S AR I
FlowJo 10.7 #KAF#EAT 0 #T o

1.410 R EEPESLE ok, Al RIPA 2 AR RN B R E)
70T 4H M R ER LR B, SRS AE 4 °C, 12 000xg 2% 1R R B O
30 min 152 LW, 3 BCA Rl i G e it i) SR R
10%SDS-PAGE i VK 7 A B 1, SRm 1 I BR AT 4 2R
BHTEERR, B P1RE A1 30 min J54E FPUERE ST R T 1, A
WAL 2, ND-4, SDHA, COX-4, ATPSA 1 TUBLIN —4; ( 3% 2)
WFERG, 52 R E 1 h 5, H Imagel {4 (National
Institutes of Health, Bethesda, MD, USA) #1717 &/ HT.

x2 | ZAMMER

Table 2 | Protein antibody information

BH "5/ i Y L A5
DUBRAS B TR 7 1 A17307/abclonal 1: 2000
B A ALl 2 A19576/abclonal 1 : 5000
COX-4 ab202554/abcam 1 : 2000
ND-4 Ab219822/abcam 1 : 2000
SDHA ab137040/abcam 1 : 5000
ATP5A ab176569/abcam 1 : 5000
TUBLIN AT819-1/BEYOTIME 1 : 5000

15 EZEARAESF OuCT PHraEELEAERLSE; @
B LH 20 M BRI L LA AT ATP P2 A2 K )% 2 4B A 1 R
TR B R R R
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Figure 1 | Observation of micro-architectural properties of the rat distal femur
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Bl B A, B AN N IEEEUK T E &, A B TR T AR K B TR
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AR EC T T AL R Bt B 1) 70 o T4, 25 B9 SE2H 0K B ) 7 12
MR P AR TE T 1.67 %, 2547 R X ((P<0.01)
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Figure 2 | Comparison of oxidative stress levels in rat bone marrow
mesenchymal stem cells of both groups
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Figure 3 | Comparison of mitochondrial function in rat bone marrow
mesenchymal stem cells of both groups
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Figure 4 | Expression comparison of the key gene of respiratory chain in
rat bone marrow mesenchymal stem cells of both groups
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(1470 A AL B SE AL ) B TG 2 1) mRNA Rkt F I, WLE
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F2 P AR B BE I 78 B T4 M P 1 A KPR BT R B
L& 5B, C.

A 15 B 15 m Eﬁ?ﬁgﬂ C

X BT ARM LA
®RLO SIRT1 NN 110kD
<z( a a

Zo05 SOD2 W 24kD

TUBLIN [ 55 kD

SIRT1 SOD2

SIRT1

B9 25 O SR A K B R A 1) 78 0 T4l e b SIRTL A1 SOD2 WK IE#H

SOD2

ANFEFREER N, WA RS2 2B . Bl A 2 SIRT1 1 SOD2
) mRNA ik, AH G T T AR 2K B i B) 78 o 4t i, R OR R
ZH KRR 1] 78 )53 41 i 9 SIRT1, SOD2 mRNA 5215 73 ) N B T 4
51%, 57%, 254751 & L (P < 0.01); B Jy SIRT1 il SOD2 K&
FRIEE &, T HRTFARE KRR 70 TaiE, LINEHR
B B[R] 78 0T T2 i i SIRTL 1 SOD2 4 (4 #5543 5l T B T K% 52%
1 69%, 725347 B35 X (PP < 0.01); C Jy SIRT1 1 SOD2 (1) & 1
B8 ST 46 45 2R
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1(SIRT1) AL BB E AL AL 1L ES 2(SOD2) FRIXHILLER

Figure 5 | Expression comparison of silent information regulator 1 and
superoxide dismutase 2 in rat bone marrow mesenchymal stem cells of
both groups
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