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[ Abstract]  Steroids induced avascular necrosis of femoral head (SANFH) is a metabolic disease in
which ischaemia and necrosis of the femoral head occur as a result of obstruction of local blood circulation due
to continuous administration of high doses of glucocorticoids (GCs). SANFH has a high disability rate, which
seriously affects the quality of patients’ survival, but its specific pathogenesis has not been fully elucidated,
among which the imbalance of osteogenic and lipogenic differentiation of bone marrow mesenchymal stem
cells (BMSCs) is considered to be one of the main mechanisms for the development of SANFH. The research
progresses of BMSCs in the pathogenesis of SANFH were reviewed to provide a reference basis for further
prevention and treatment of SANFH.
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HEAEY, A B GCs 7T A 1 BMSCs B 4
e, TR GCs m] _EIRAR A= A e itk BMSCs A
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I, SRR SRR . I . BMSCs MU
FUBUAR 434k 25 A B A Sl & SANFH & A= Flk Je )
AU Z —. BEE T A0 BORTE IR R A Z 0,
AWFFEFR I BMSCs F2AH M A 20 SANFH (1L,
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AR SCHI N BMSCs 7E SANFH &S MLl - (4 F 75 ik
PEATLRA, AIRYY SANFH $EUEFEB AR

— . A 538 B 4 42 BMSCs I i 2 5 SANFH
RIH

(—) A K KT B (transforming growth
factor-beta, TGF-B) / HIE & &4 H H (bone
morphogenetic protein, BMP ) {5518 %

5T A I BMSCs [1] 51 41 i 77 0] 18 70 Ak it 72
% #| TGF-B Fl BMP By ##%, vi@ ik BMP-2, BMP-
4, BMP-6. BMP-7. BMP-9 34 /il Runt # 3¢ %% ¢
¥ 2 (runt-related transcription factor 2, RUNX2)
IKPRAN T R A SR I AR S A,
282 fE BMSCs [a] BB 40 46510 oo i GCs Ab B
[ BMSCs 1] T iefig 704, mim A MY B 20 A
BMP-2 ( recombinant human BMP-2, thBMP-2 ) #lid
Fik BMP-2, 1 i HE GCs X BMSCs JUH 431k i 4
i, 136 i 5 GCs nI 3 43 BH Wr BMP-2 1 1 14 Al
PR BMSCs 1 1 A B Ag 0 A6 F i 42 2F SANFH %
AL RS S R BMIP 3 i 3 R R 40 ) PR
1/5/8 (suppressor of mother against decapentaplegic
1/5/8, SMAD1/5/8) F1 CCAAT/ 34 38 F 45 & &
1 o ( CCAAT/enhancer binding proteins, C/EBPa )
T ST I A= e si DR ek S A W il A 1 5 )
RN Y ( peroxisome proiferator activated recetor
gamma, PPARvy), MM fiE # BMSCs g A3
% M i BMP-2 {12 3k BMSCs J8 g 43 1k, =i e B 11
BMP-2 fig i/t BMSCs W0 704, Al i i i %5 BMP-2
WK iA SANFH, JESE4E, PAN %1% % 91 7
FR%ER (strontium ranelate, SR ) WJi# % TGF-B 1/
BMP-2 {5 53 34 oK 410 i SANFH 3 J&. Yuan %
I TS R B (neohesperidin, NH ) 5 BMSCs
I SANFH {6 %, & ¥ NH Al i 11 i 5 BMP-2 i
T P80 I 3 2 /) Bt 7L e P 98 o 2 R A6 i R T
51 (wingless type mmty integration site family, Wnt ) /

B-EIHE H (B-catenin) 2 HLA5 5 i A2 BE /1N B
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(=) Wnt {5 %

Wt 25 ML ¢ Al 22 L3 %42 ] e ik BMSCs B
FAMAE BRI & B Wt 2 S % 910 ) PPARy
I C/EBP (14 4= 18 AT 101 1] BMSCs J80f 73 - 02 2t
HOR k. Wang 257 BF 58 S AR A 1) 2 114
GCs AL HEWE 47 24 B T Wnt/B-catenin {5 5 i
Y e 4> F B-catenin K% G &5 H 2 A HH 2 46
1 5/6 (low-density lipoprotein receptor-related protein
5/6, LRP5/LRP6), i H. ik fE 4 # % dickkopf A
A 1 (dickkopf 1, DKK1) X —#IHI 5, M
17 ) BMSCs J 5 7 Ak fe e il otk o 3% e ik
SRR GE S B SR R S Wt/ B-Catenin {5
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1 (Jagged-1) 415 (1 4t o pf 28 Y5 14 55 5] )32 Notch [7]
PR H -2 (neurogenic locus notch homolog protein 2,
NOTCH?2) RS RERS AL i BMSCs Sl E 434k, Ifid
T UTER NG I A WS S [FF- PPARYy. C/EBPs 41
HCUE 4367, Pereira %577 BFE & Bid LAY GCs
AE WG Notch 1 F1 Notch 2 (1) % 5% 1 4110 % BMSCs
JCE 3 AT R 734K, 1T Noteh 2 £ B il
BMSCs 8 MLES R AT fEJE th T8Z Jagged-1 41
Sy, R I & BLAE N Notch 553
% 1 T AL A B S 3R 4B SR T 10 (a disintegrin
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i T4 B 5Y & B GCs W] 2 MAPK 3 %
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U, FWIE LB BMSCs DIfES 5 SANFH
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TR ALAE M T8 3L AR 73T HLH ek BMSCs
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SEH - 4R 1B (Bmi- 1-RING 1B ) 3@ 5 DNA
FHILEEFL T ( DNA methyl transferase 3A, DNMT3A )
Zif, HEMAME Runx2 B9 DNA B4, AT L i
RUNX2 £ ik LU BMSCs B 431k, Rl 25
HARIEIED Zeste [RS8 F 2 ( Bmi- 1-enhancer
of zeste homolog 2, Bmi-1-EZH2 ) i#id it C/EBPa
B )R s FLHEE T H3 BY5E 27 (%R (lysine 27 on
histone 3, H3K27) = H I H] C/EBPa 1%
%, M BMSCs MUl 58k Zhang %5 W50 K
P 5405 F 7 1o Chypoxia inducible factor 1o,
HIF 1o ) BP0 BRI e BMSCs Ji5, GCs 3 i 1 il 2
L2 (COX2) - Hrsl R =R E2 (PGE2) -HIF la
oK AM ] BMSCs WUH 4. Wang %0 #5346
FIH siRNA B XS B9 1 2 0 8l 7 s A 7
Il ( chicken ovalbumin upstream promoter transcription
factor Il , COUP-TF 1I) W] BMSCs A 731k
s A 2 BN 2 A SR DR ) S 3 7 X g e —
MR — 5 I 1% ( cytosine-phosphate-guanine, CpG ) HY
LAk n] )8 42 25 1 B 2 I 2A ( protein phosphatase
2A, PP2A) HyZRIK, Wi fiE i BMSCs L H 53fk.
PRI, Ji i TR E e E BMSCs R 701k
A ¥ AIRYT SANFH $2 05

Fi. G4k N R 42 BMSCs 8 T2 2 55 SANFH
3

TG PE % (reactive oxygen species, ROS) J&Zki
TR LB EEA ), 2RISR AL AR
R AR L RTIEEE BMSCs JAT- . BUE L R
SR Ma 250 BF5T K B i GCs R M N B4
ZUMFREE T ROS,  HETT# 1] BMSCs B 73 AL IF
P H AR 731t Wang 2577 il i S R B, £ 3)
REAN K AL B K EEIE ( ca®™-ta-rgo/gelatin methacrylate,
CTAG/GelMA ) 38 S 41 il B e S TR T -weB A5 53 6
( nuclear factor-kappa B, NF-kB), /&M IRSEH
F o (tumor necrosis factoralpha, TNF-a ). 40 iy
# % (interleukin, IL) -1B 1 IL6 %5 Hi ROS {2 i
A5 Z B4 (lipopolysaccharide, LPS) 454 R 5iE A5
ML 7R IK, X R ] NF-kB 15 55 38 5 (10 #0E
o P EUE R A0 7RO R, T R AR BMP-2 B
LA H BMSCs B M. Fang % #F57 % 3

TR GCs T M ROS R, FiMPrHT &
F B 2 JL itk (29 2 85 11 (b-cell lymphoma 2, BCL-
2) Mk, I BMSCs #8102 s 43
o Hu 25 BF 5% % B, 4% e H MKt S0 9 1 7
( glutathione peroxidase7, GPX7) #it = A & £ ROS
SR, i FREEIAE ZE M (mechanistic target
of rapamycin, mTOR ) {5 5 i #% M 1fif #01 #i] BMSCs
JRHE A e Chen %87 BF 5% 25 5 0 os, 8 113K
D1 (protein kinase d1, PKD1) 7] #1342 #F tafazzin
(TAZ) 5 F Y35 1 A ool 8 28 A IO J84 o) 1) R Bl
BMSCs 115436, PKD 1 7] JH TBijiA SANFH, 5 |
JIrik, GCs n 5B AN, MMEE Want, mTOR
AR S PR E] BMSCs i o, et A T
VIR RE 7 4k, T3 SANFH [ & B K, XA
AR AL T A BT 258, X SANFH #y Bl iR Fe
CERS-3'8

75\ BMSCs HWEE S5 SANFH %5

WE5E R W1, W2 BMSCs ¥ 19 W 37 4 T 40 1)
BMSCs JiH 2 IR IR AL A B9 %
B, GCs ZFEAN A MERLN K 1 (beclin-1, BECN1)
AR, DNIMTUEES BMSCs [ /K SF-F ifi  f H pl i
SrAIE S B C/EBPs fR#E H iR 31k, 3
B SANFH &9 i SR 2, Qi 2 B e
i B BMSCs H H W AH 5 25 H 5 (autophagy-related
protein 5, ATG5) Y BECN 1 Ji5 H: i & /> 1L 66 )1 &
FEAR. Ma 5 S BUBARAY 1K F- 55 BMSCs M
B AR ML R DG, ARBIEAE R
T Y RS KN ) B s E R TTE S B
P 1 (silent information rgulator 1, SIRT1 )
iKTHiE BMSCs A BE/KF-, g s s A4
Tl R /. BEE X BMSCs A W & A= AL F 585
WA, B E R A 21 MO ST B A B T
SANFH Il RBITif o

. ShUATESE BMSCs DIAES 5 SANFH K9

ANIMA (exosomes, EXOs) J&H2EL (extracellular
vesicles, EVs) M PNEWIRI BN AKEER, N
ZFIIRErEA Y 7> AN F BT . RNA (424 mRNA
I miRNA ) KJRBTSE, TEANAE N SRS R
JH 55 40 e P Rt 5 5 1 7 200 T 3 TR e i 4 o A
FH ORI R B, B MRS P 2 Rl A,
A, 45 B 28 4R 40 i (dendritic cells, DCs). BMSCs.
B Al L, N B2 41 S (endothelial cells, ECs) %
KU 1) EXOs 3 7642 3 BMSCs S 40 Ak vh & # 8
BRI, 0, Maevskaia %6 58 13 41 iy 52 5
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% B, BMSCs-EXOs 5 BMSCs 4L 1% 5% J5, BMSCs
W AR S ALP, T BB ol 5% (collagen
type I alpha 1 chain, COL1A1) FlSp7 ¥% 3¢ A +
(Sp7 transcription factor, SP7) HYZRIRBHEIEM, *
I BMSCs HL A 5 35 1 1B A K T o 2k ig 27
WIS AP, {E BMSCs-EXOs 5 BMSCs H15 5514
PG & GCs Jr 2l BMSCs BUE 72 ik
HAIE /ML . Fang %5 B R W44 sSRNA-10277
f) BMSCs-EXOs A fi£ #F BMSCs W5 431k, H 3%
S8 S O RS IR A, PR 2 AL B G BMSCs-
EXOs il i 115 Wnt 1/B-catenin 18 FAE #F BMSCs k¥,
Ak, B, &5 EXOs 33657 5 K 8 44 K 25 14
IR ABFFE, X SANFH 19 245 Hy IF 461 L IF % 58 1) B
TR RIS A 250k EE LI R

I\, Bk REE
SANFH H Hij A58 25 B4 60 35 1) 5 U5 5 Fi A
FHS, SRR ZILE. ZRE . 255 E L RE
FHRY A 245 50 BU9R SANFH 1 &R HLH B 2832 3|
JTEZREHEE, HAh GCs 5B Sk RIE 2 1l 1) 56 &R
WA B THESE, (HHATM ARG = 528 n e, H
 BMSCs i UG 73 A A9 A A 4 SANFH &
i%ﬂﬁ%ﬂﬁi&imﬁ%ﬂz— LR R LY, £
ZfE 5. ncRNA, UL . | B. AL
K EXOs 2 5181 BMSCs B FBLIR 4Lt 5 2
SANFH & 5 Fl it g (B 8 o) 70 0T T 40 i B . Bl
REA AL WL 1) ARRAN T i — 25 2R i W]
SANFH B &b, TF & B BT X R R Y7
SCEE SANFH (BTG, e KRR AR

@

B 1 BMSCs CHHBEMFERTAIML) R . R CRIBLHR &

Figure 1 Schematic diagram of BMSCs (bone marrow mesenchymal stem cells) for osteogenic and lipogenic differentiation
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