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Abstract

BACKGROUND: Bone marrow mesenchymal stem cells play a crucial role in treatment of diseases, such as femoral head necrosis, and the therapeutic efficacy
is closely related to the quality of the cells. The empowerment of cells has become a research focus.

OBJECTIVE: To investigate the effects of hypoxia mimetic dimethylglyoxal glycine pretreatment on mitophagy and differentiation capacity of human bone
marrow mesenchymal stem cells.

METHODS: Bone marrow mesenchymal stem cells were extracted from the bone marrow of patients’ iliac crest and cultured in vitro to the third passage.

The cells were treated with dimethylglyoxal glycine at 0, 10, 50, and 100 umol/L for 24 hours, followed by the replacement with an osteogenic induction
differentiation medium, which constituted the pretreatment group. The continuous treatment group was cultured directly in osteogenic induction medium
containing 0, 10, 50, and 100 umol/L dimethylglyoxal glycine after cell adhesion. After 7 days of induction, alkaline phosphatase staining was performed to
select the most favorable conditions for osteogenic differentiation for subsequent experiments, with normally cultured bone marrow mesenchymal stem cells
serving as the control group. Alkaline phosphatase staining, alkaline phosphatase activity, oil red O staining, and related RT-qPCR were used to evaluate the
osteogenic and adipogenic differentiation differences of bone marrow mesenchymal stem cells between the two groups. MitoSox staining was used to detect
mitochondrial reactive oxygen species levels. Mito-tracker and Lyso-tracker staining were used to detect the co-localization of mitochondria and lysosomes. The
fluorescent probe JC-1 was used to measure mitochondrial membrane potential.

RESULTS AND CONCLUSION: Alkaline phosphatase staining indicated that the most beneficial treatment for bone marrow mesenchymal stem cell osteogenesis
was pretreatment with 10 pmol/L dimethylglyoxal glycine for 24 hours. Compared with the control group, the experimental group showed enhanced alkaline
phosphatase staining expression, increased alkaline phosphatase activity and osteogenic gene expression, reduced lipid droplet formation and adipogenic
gene expression as indicated by oil red O staining, decreased mitochondrial reactive oxygen species production, increased co-localization of mitochondria and
lysosomes, and elevated mitochondrial membrane potential. The results suggest that 10 umol/L dimethylglyoxal glycine pretreatment can promote osteogenic
differentiation of bone marrow mesenchymal stem cells, inhibit adipogenic differentiation, and enhance mitophagy.

Key words: bone marrow mesenchymal stem cell; dimethylglyoxal glycine; pretreatment; osteogenic differentiation; adipogenic differentiation; mitochondria;
mitophagy; mitochondrial membrane potential; mitochondrial reactive oxygen species; lysosome
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DMOG & —Flt a— B[l — FREAUA, BEAE 0 I Z Bt F2
BTG, 3T AR RS B S I T 1070, IR
AT HASRIG R SRS T Lo $E 1 2590 T (2 ik 45 KRR
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534h, DMOG i & 7] 76 J5 - 200 M 4310 R0 2R s 15 1k 14 52
DA e A 38 5 SRR 2R B, IRAE IS A RE i 9T
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1 #EFI753E Materials and methods

11 3kt RSN B oy 1A S

1.2 AR RS SERT 2024 4F 6-10 H MR ZE SE A
VU= 2 v B 250 B R S0 58

1.3

131 sEG B A AR JE bk 40 Mo 4y 25 V. PBS( & 3¢
%, W E); MSCM £ 7% K (ScienCell, 2% [H ); o-MEM %%
It k. DMEM #5782, i 4= L35 (Gibco, 36 ); KA
L7 DMOG. L= Uik R Hh 2 K Ha . B— H VH 2% R
JC-1. cccp(MedChemExpress, H1[E ); Al B 58] 78 Ji 41
JH0 R i 5 5 o A RS TR R (U A AR, [ ); BCIP/NBT fii it
e T T Sl € a7 s e e R A 5 B (2 )
Mito-Tracker Green( £ %7 14 4% 4 %% )t 4& 41 ). Lyso-Tracker
Red( VRS (275 6184 ). Hoechst 33258( 2 <k, H1EH );
MitoSox Red £k Fii 4 i 45 Ak ¥ 45 71 7] (Invitrogen, 3% [ );
RT-qPCR il & (Toroivd, 1 ).

1.3.2 seiudedt (IE DG (BARES, HA): mN R
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HLRAB 53 BT 2245 (PerkinElmer, [ ); SEH%LE & PCR &
4t (Applied Biosystems, £ ); £ IhEEBEHRY (Tecan, Fit).
133 HHiFEA GEHL 2024 4F 6-8 ] TEMRIN A S B 2 DY =
LS IS A Rl SKIRSE B 3 0, ERCE SRR
SULH 2 T RS AR Hp el A B8 TR 1 B R AR DS
FEA

ANFRAE: (DERSTE 20-65 & 2 ] () 93 M Bl Ao 1k H 3
QW EEIEH TG, & AT &85 18.5-23.9 kg/m®
VAN @KFEREE LB 5 R L E R IE: OFF &8
B AR SAE LA E IR SR TR R BT

HebgdnAE: O 51 M BE k& 5 @ARATH
HIV. TR 3L 58 09 33 80 £ BT 4% 3 BRI e

i ZRE B ogFmERE R, B ENRAERE
R G R A0 B T W A AILME, dibfh g S 2024KY089-
KS0001.
1.4 FE¥7ik
141 EREE T AR R RE A A, H
SRR PBS MikE, AR B OIS AR A I S AR AR
AL CLAE I 2 B, SRS BRI IR LT 2N B
AN EL A B B VRO L7 Y R R R YT P T VS BT
H 6 TP 7 1 000xg B0 30 min, /N HY AR 2 44 i
F) 15 mLyE B0 E Y, H 10 mL PBS B PR DR
HIRZAINE, ACTHeT 250<g 20 10 min, 7L, 5 ml
PBS ml 4 i i e v EE B4, /KSFEE T 250xg 250 10 min,
HE 20, 7 LG, FH MSCM BrFRdk B 4fil, BT 37 C.
RIS HL 5% CO, B 7R, 597 3 d R, 77 L RTR4i,
SRJERERG 2 d 3 1 IR, MgEIA B 90% kG S, DL 0.25%
JEEEE IR AR AR, A2 258 3 AMATSL0 . (318 Bss 0
RAMMILAS, NG HE S 7 d BLEBRE 5010 14 d,
53 AT B B R i G € DA ST 4T O Yetty, 7RI E WAET T
WA T A B
1.4.2 7fy5€ DMOG [ s I FE DA K e A A 21 J5 5X

TR RAERR S 2 U 3 A BIA) 70 T4 LA 8x10° 4/ 4L
WM T 24 FUBCT, o BIAE S IR 43 B 10% iR A LI 1)
DMEM ¥ 55K A 0, 10, 50, 100 umol/L DMOG i & s
S FH R IR AL, 5 20 PR U BE JS B 4 bR SIS H B IRk il b 2
24 h, SN ECE 5T AR IR AR (5 10 mmol/L - Hoh
EREN. 50 umol/L L- HLIRMER . 0.1 umol/L HiZEKAL . fAFH
M40 10% G- TG o-MEM 353758 ), IO TAL B . TifE
o UG B S BT ¥ & A 0, 10, 50, 100 pumol/L DMOG
RO 5 PR R AL, SRR AL T 7 d FREAT IR
BEEREE AL, HARODIR. WRERIGIRIL, PBSIHVE 2 Ik, 40g/L
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% S FRE] 52 15 min, 752 [ E R 1xPBS i BE 2 I, #i)
P& BCIP/NBT fak 14 1 iR Bkt B &2 €2 330 571 &5 1t WA 15 fic & BCIP/NBT
et AR, e —RBEREEE, ZREERE, miERT
I S AL NN i & BCIP/NBT Je o TR, HifaRE 78 7>
BRI, RIS 30 min 5 TR, FZEKEE
G2 RAIER AR, A ISR T R I e (R

CCK-8 S&: £f 3 R i i) 78 Jii T 41 fu LA 1x10° 4> / fL
HREREM T 96 FLARH, 43 AE S AR AR 23 B 10% iR 4 i )
DMEM ;3 K hip A 0, 10, 50, 100 pmol/L DMOG it & 5i
B SRk, YOUA T A A 200 U B 5 T 4 bR SRS FH R 7R A
TRALEE 24 h, SR )5 B8 3 R B 53 4 10% Jif3 /F I 375 [¥) DMEM
RS gk i g%, R 0 A T AH A 41 O U B S R A 10,
50, 100 umol/L DMOG Fl {4 #1 4) % 10% fifi 2 IfiL 35 [ DMEM
BRFRHER IR, A TRFR6h AL, 2, 3d4 BRI, &AL
BN CCK-8 VR VRTERE FRAA N 4k 22 & 1 h, EEFR{XAE 450 nm
B E W BE A

HRAE A PG 5 DA B A RBOR A 5 2R SE 50 v A
10 umol/L DMOG il &b B 1) 15 #i 5] 78 0 40 ffd S AR 4, DA
R LR IR I B i (7] 78 51140 o RE 2 .
1.43  GRIEBERRBEIE TEME  REEE 3 A B A) 75 T 4t i DA
5x10° /> / FLE FE R T 6 FLAR P, FR4UARIAE] 90% @l A i,
S 6 20 5E #9547 10 pmol/L DMOG F& £ 71 % 10% fift 4
I3 () DMEM 15 95 3L AL BE 24 h, SR 5 3 5 % 5 01k
BRI 3 7d, I PBS PRik 1 IRVEFR IR WA, AL
200 pL Beyolysis™ Buffer A for Metabolic Assay, & 4MWHT, UK
7 10 min 7843 ZHR4NM, 4 °C. 12 000xg BS.0r 5 min, B i,
Fo HER ) 6 S SRS M B g BRI 14 (umol/uL) o
1.4.4 JHLLOYtt K5 34X H B 70T T4l M LA 8x10° 4 / AL,
WERERNT 24 FUARCT, fFARNGEESS, SEIATEHANEE
10 pmol/L DMOG FI{AR 4 # 10% fifi 4 ifi i ) DMEM £ 37 %
TRALEE 24 h, SRJEHE R NRUR S SR EE, FF 14d 5
ITHIZL O gefty, AARDER. W LR IR, i A& & 1xPBS
JEDE 14k, 40 g/L Z R HEERE 15 min, ¥ 2 [ & P8 H
1xPBS ik 2 W, RAEML O Yt il M & Ui BECE ML O
Gt TARW, MTEGR TR SILA I GE =ML 0 TR,
FE Yt 30 min, WAEMIZE O TAEWL, JH 1xPBS 3&¥E 2 K,
BB T B SRG RCR, I Image ) AT EAT AL .
1.4.5 Mito-Tracker Green. Lyso-Tracker Red DL Az Hoechst 3t
SERL B AR 3 ARE i [R] 78 5 T4 LA 7x20° A / FL% P 47 b
TR T IR E 96 FLA T, Ao 4 U BE JS S £H T 4
947 10 umol/L DMOG HIARR 73 10% fif 4= IfiL {75 ¥) DMEM
iR S TAL TR 24 h, R AR R U C & Mito-Tracker
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Green, Lyso-Tracker Red DL & Hoechst TAEW, 43 R#E4T2¢0%
guth,, iz H e IR B SAR 7 T R GEEAT SR A AT
1.4.6 MitoSOX Red LA f; Hoechst 4uffy K145 3 A HE1H 78 i
TFYHA LA 7x10° A / FL2 FE e P B 1o A IR 7 426 96 FLAR
RO B f5, S50 4 5 #0957 10 pumol/L DMOG FlAF7
5341 10% fifr 4= L35 1) DMEM 35 = FEFiAb B 24 h, SR 5 ML
7 UL TS IC & MitoSOX Red DA J¢ Hoechst AR, 43l itk
TG, 12 FH e IR A B AR 43 T R Gtk AT A R R A
1.4.7 JC-1 40 458 3 AUEBEIR 7 M T4H L 5%10° A~ / 4L
BT 24 LA, FEAMRNGEE S, SEIRHEHCHEE
10 umol/L DMOG FMAFA 73 % 10% fift /- LiF ¥ DMEM % 77 5&
TRALEE 24 h, AR J5 M4 350 Ul B F A B JC-1 TR, X
BRI, BRI B2 R IR B RN 10 pmol/L ceep( Jii
TREFE R RRARTRR, 15 5 BRI B A0 T e ) 372 T b 22
20 min, BEATIRIGYE, B A AR A U O B R Gk AT
EiECY & T

1.4.8 RT-qPCRAGI K55 3 A IR 70 T4 LA 5%10° 4~/ 4L
BERANT 6 FLARH, FRANMLIAE] 90% Rl G, SLIGZH B 4
A 10 pmol/L DMOG AT 73 £ 10% Jig 4= IfiLif [¥) DMEM
B IR FETIALBE 24 h, SR )G BB 15 3 o SR R BRI
SOEIREE, B E SR 7 RAGI R b b 5 DR B 1
BRI Runt AHOCH SR 7 2 Je [ BUf )i a IR &, RUIR TS
FIE 14 KAS I S BRI R I A ek 4 4
VIEAZ AR v AL R e i s R 1 3Rk & . BA h-GAPDH
NWSER ., R 2T AT EE R E. ST SR 1.
1 | 5|9F5

Table1 | Primer sequences

e 515 (5'-3') J B (bp)
Runx2 F: TGCTTCATT CGC CTC ACA 18
R: CGG TGG CTG GTA GTG ACC 18
COL1a F: CAG GAG GCA CGC GGA GTG TG 20
R: GGCAGG GCT CGG GTT TCC AC 20
ALP F: CTATCCTGG CTC CGT GCT CC 20
R: TTA ACT GAT GTT CCA ATC CTG CG 23
ADIPO F: GTG AGA AAG GAG ATC CAG GTCTT 23
R: GGCACCTTCTCCAGGTTCTC 20
PPARy F: GGATCC CTC CTC GGA AAT GG 20
R: TGG CTT CTT TCA AAT CTG GTG T 22
TWIST1 F: CGG CCAGGTACATCGACTTC 20
R: TCT CTG GAA ACA ATG ACA TCT AGG 24
GAPDH F: TGG CTA CAG CAA CAG GGT G 19
R: ATG GCA ACT GTG AGG AGG G 19

R FoOy RSP, RATFHESIY, Runx2 Jy Runt #OGHESKIKF- 2, COLla 2y |
R a, ALP T IERERLRE, ADIPO JHRIAZ, PPARy Jyid S AL M fA 1 sa 0%
2 d y, TWISTL 4 i e i s 8 1.

1.5 EZERAEAF  OF 24E 5 70 78 5 T 240 M 75 Bl 1 1 1R
Fgeta, BRPEREER B TS PR, DA RUE A O R Rk LI E
5t QWA BE N 705 T A0 AR IR AT O G (i DL K R i A 2%

BRI FRIE B2 R @R 4 B8 8] 78 5T 48 Az MitoSox.
Mito-tracker Al Lyso-tracker JL: 7€ fif 4e i, DA f JC-1 efh, MM
JE I 1 SR AR R T RE 1R 22 5 o

1.6 %uit# o4 FIH GraphPad Prism 9.3.0 %1 14T K4 43
T AR B, THE BRI DL x2s Kow, ZH A ELIRBCR A ¢k B Bl
K37 Z 70§ (ANOVA), P <0.05 NZE A EE VR L. %
W T Gi it 2 07 C 48 i 4 2 B B e N AE Gt 2 B X
o

2 258 Results

21 AFHMEART@RBARETER FEEMET
MEL, 53 AR ] 70 5T T4 A B AR K, 3 20 SRR IR
Ak, HPRE, MREESNRE, WE 1A FE3RANE
HEA) 78 0 T AR E 5 7 d G i T i i g o, B8
AR T OV A L S B SR e, e R RN, DL
1B, 25 3 AN B 78 i T4 R 5 5 14 d 5 HEITIHAL O
et (B1E DM WS KB GIRHIZ, WA 1C,
2.2 AFRJE DMOG VAR R 4L 32 77 X5t AE #4518 AR T 4m
JERE S BIG AR TR BERR A 2 BOR, FREAbIE
YBEi DMOG I b Fb,  FHORE A\ B 18] 70 02 T4t i e i 201K
R R . ETACEEZ T, 10 umol/L DMOG B B B 1
FCEEBEER, 1M 50, 100 umol/L DMOG 3% fig 2 il i 1)
R, 100 pmol/L H L 2 R IR AN HIE R, WE 2A.
CCK-8 524 . 7% 10 umol/L DMOG FRAL 3 24 h % A\ B &[0 78
5T T 240 JE G 240 i e LA G B o P R, D[R] 2B fE S 4R
SEEG HORE 10 pmol/L DMOG TiiAb 2 24 h % B AL, K&
DMOG Ab B 5 B At 4

2.3 DMOG 4L 2 2t A B #L 18] FL /R T e s B ARG AL
e BPEBFIREE A (L RN, ST RALAA B, 10 pmol/L
DMOG Tl 2] 24 h {23k 7 N B i 4] 70 o2 T 40 M 6 B i 2348
UL 3A. BEMEREER B VG PE EoR, SXTHRAIAHLE, SEIR
PERERRIGVE MRS 9, L& 3B. RT-qPCR 45 RN, fERUCE T
F7dJE, SXTHAAALE, SREG2H R A O R Rk B
LE 3C. 5RuE AR, AT O Jefi iR SR as 4 R TE
B2 55T X e 4L, ULE 3D, E. RT-qPCR 453 5ili4r O 4t
g BRI, SIS ZH RO AE G R FRA B . 55 T I AE,
& 3F, LiRixueess B0, 10 umol/L DMOG FiAbFE 24 h 1]
DN G NG = A 1 Wit a1 0 = N 9 = B e TP W
I ) R oAk, AT ZE R b R 68 38 S 1 170 70 03 40 i
FE B SR FEIRTT T R 2L

2.4 DMOG & 23+ A # 18] AR T 0 IR ALk B " 69 % 7R
Mito-Tracker Green. Lyso-Tracker Red L), }; Hoechst 3 5 fi7 5256,
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E1 | ABEERERTARNESREESER

Figure 1 | Morphology and identification results of human bone marrow
mesenchymal stem cells
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CIDMOG 50 pmol/L 4L FR 4
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Bl B A AN [E K B DMOG Ff 22 4b 2 DL K TilAb 3 24 h, peH 5 5
7 d JE T E B ER A Y (KA s B N ANFRIVKEE DMOG Rp 4 Ab 21 L) K ik
T 24 h CCK-8 Sl 4551 . °P<0.001,

2 | FEIRE ZFRESUHER (DMOG) AR A ELLE A K3t A & 8E
18 7E B F4RAE AL B 3 (L FNIE TR A ST

Figure 2 | Effects of different concentrations of dimethylglyoxal glycine
and different treatment methods on osteogenic differentiation and
proliferation of human bone marrow mesenchymal stem cells

LE 4A. S5 ERAIAREL, SREe A EARTE LR R B I 5
MARA G ER, ARSERAZRAKILER, 5
SRR A A P (1 2R S T nAm K, Tk e, UL 4B, C.
S 2H Lyso-Tracker Red ¢ Y5t i L B 28 bor 44 F1 i Bl 4 4t 7
AR B AL TR 4L, . 4D, E. MitoSOX Red %t {7y
BN S0 2 R AR VE PR EUKCE RS T X R4, ILE 4F, G.
IC-1 Pt lBoR,  SRIRZH S 647 S R ANk JE 2R i B S5 D 4
GRS 1Y (92 S O EAN N oo IR AN NG 1= T o e EEA Wi

AN A
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W C RPN A HlE 7E AR E 75 S 7 d /5 RT-gPCR Kl Runx2.,
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Figure 3 | Effect of dimethylglyoxal glycine pretreatment on osteogenic
and adipogenic differentiation of human bone marrow mesenchymal stem
cells
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Figure 4 | Effect of dimethylglyoxal glycine pretreatment on mitophagy of
human bone marrow mesenchymal stem cells
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