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Abstract Objective: To investigate the mechanism of femoral head necrosis capsule combined with human bone morphoge-
netic protein-2 (hBMP-2) in treating steroid-induced femoral head necrosis. Methods: 30 3-week-old female SD rats were
randomly divided into blank group,model group and femoral head necrosis group, with 10 rats in each group. The model

group and femoral head necrosis group were injected with

methylprednisolone (40 mg/kg) and amoxicillin solution
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(10 mg/kg) by intramuscular injection once every 48 h for 8
weeks. The control group was injected with physiological
saline of the same volume. After modeling for 8 weeks, the

rats in the femoral head necrosis group were given femoral
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head necrosis capsule solution (0.4 g/kg) by gavage once a day for 8 weeks,and the rats in the model group were given

physiological saline by gavage. MRI was used to observe joint imaging changes, and histopathological observations were

performed. Normal rat and model rat bone marrow mesenchymal stem cells (BMSCs) were obtained and divided into con-

trol group, MPS group, femoral head necrosis group, hBMP-2 group, and femoral head necrosis + hBMP-2 group for

culture. Alkaline phosphatase and eosin red staining were used to determine osteogenic differentiation,and oil red staining

was used to determine adipogenic differentiation. The expression levels of osteogenesis-related genes were evaluated by

RT-qPCR and Western Blot. Results; In the in-vivo experiment, MRI scans and histological analysis showed that the model

was successful and that femoral head necrosis capsule prevented bone loss in the rat femoral head necrosis model. In vitro

experiment showed that compared with the MPS group,femoral head necrosis capsule combined with hBMP-2 significantly

improved the proliferation and osteogenic differentiation ability of BMSCs.and there was no statistical difference compared

with the control group. Femoral head necrosis capsule combined with hBMP-2 can enhance the expression of ALP and cal-

cium nodules in BMSCs during osteogenic differentiation, and inhibit adipogenic differentiation. Western Blot results

showed that femoral head necrosis group and femoral head necrosis+hBMP-2 group had higher levels of BMP-2,Runx2,
and ALP expression (P<C0. 05),and lower PPARa expression (P<C0. 05) compared with the MPS group. Conclusion: The

combination of femoral head necrosis capsule and hBMP-2 can significantly improve the balance between adipogenic and

osteogenic abilities of BMSCs, promote osteogenic differentiation,and can be an effective combination to prevent or delay

the progression of bone metastasis related femoral head necrosis.

Keywords :

capsule;bone marrow mesenchymal stem cells (BMSCs)

B 5 B 538 3R A i PR B iz 1 R B R
R e P e B R 5 RS 1 B i Sk DR BB A8 A A R B
2, U R AR AR R AT R 5T R WL B 1) S
Ji T 40 2 (Bone Marrow Mesenchymal Stem Cells,
BMSCs) e 5316 5B 4 i 55 Z2 Rl d i, i 8 52 L &
HEZWBRE L HEB B R B bR AT,
AR PR ZH i3 150 S IR Sk DR B A e e K 2 ml LA
I 1 1) 70 0T 40 A A R A Ak

JBE B Sk B A 0 20 2 1) 1 4 34 B I B IS B Gl e
A FHERD BN R 25697 s SUE T fpi G
B MEBCE SR IRFEC A K A Ih K 2 50, JF UG T R
GFIG IR AR, EA AN BB A K4 & 1H-2 (Human
Bone Morphogenetic Protein 2, hBMP-2) J2& %% kb 4 &
W7 B G Z— R BB E R ERKE T, Al
55 AR 23 A B B ) 70 50T 200 1 A A i 4 R A
AL R A AT AR T R BRI R
JBCR Sk PR AEASEAY 3 3k A P A1 52 50 R ) B Sk SR AT A
IR G H A NB IS LA E A2 RIT MR IR E
Sk IRFE A 1 I B AL
1 #RF7GE
L1 sSEsshy)

34 H 3 JH# Sprague Dawley(SD) K i, SPF %,
WEPE A E S 40~60 g, SEE S I T AL AR BLRR L 3
W& HAIES S SCXK () 2014-0004 , 1 37 T 1) 75 44 1%
FH IE 1 B2 e 50 0 4 77 oL
1.2 2y

JBC Sk TR B A e 4 W T30 R 4 PR OE S B ()

steroid-induced femoral head necrosis; human bone morphogenetic protein-2 (hBMP-2) ; femoral head necrosis

A BRERD 8 BE AR B S 0,35 g X 60 KL,
fit5h 20210607 ; EH N HFILS LAEE -2 W T M
S AW L B2 & 104 FBS 1) oo MEM 1 37 3
SERRE SR E — WAL 0. 22 pm AL JE AR
UE 4 CORAF il FH B F B 2 I s v
1.3 FEEGAL AR

0. 25% Wi [ (& 0. 02%EDTA, Gibco. #5 N
25200-072) , JIf 4 1M 7% (iCell, $2 5 Jy iCell 0500) , RNA
WHBGR A & (175 2/ 12183025, Invitrogen 2\ &, 3£
E), dNTPs (158 5 & 18427088, Invitrogen 4\ &), &
=D . BCIP/NBT i, ¥ # B& e il 2 50 & (525
C3206, # - K ), 40 M 55 3% §6 (HF100, Healforce 2
A FAE R OK B B (B HWS-12, [ ifF—fE 5056
WA PR A S B BE e AL B Z 48 (Tanon 1600, X
RER 2= A A% ) 4% B2 Wk B D 22 ) (B85 25 Nano-drop,
Themo A ®], F ), 986 it PCR L (5 7900,
Applied Biosystems, 3 [E)
1.4 FHi:
1.4.1 zhWsisgdr MR M KRBz e R
FH R g 1 B e A ST 3R M R Sk SR BE A AL B
30 H 3 AW MEYE SD KB, R B HL A 7 R 0 A =5
P ARV ZH R B i, B 10 3 A8 20 R A 4 R
JHE LT S W 2L 58 (9 A T 40 mg/ kg, BT 5 7 AR W
10 mg/kg, B 48 h w4 1 K, # L 8 - . Xt
SRR AE R K, EH 8 HE. A s T
e B S R A A B #E K W 0. 4 g/kg HEH L1 IR/d, 3%
2L 8 Jil AV KB4 T A AR AR B K . T



o ep B AL 2 AR 2023 4F 11 T 4F 31 4550 11 3]

SEOUE RE ML 20 HOR B (R IR 4L B AN R &
(MPS) 41 . fir 4l .hBMP-2 41 14 i + hBMP-2 41 4
A 4 FD U EME 56 AR AL S R 15 (MIRTD B 33k
J I FE A 49 4 UL 5% 4% 20 R BRUAE O 1 1 e AR 2 I 2R
55 3 %0 3G B B 2 (40 mg/ k) JBR I 4% 41 KRR, BOL
MBSk o B B Sk AR AR E T 4% 2 B A e
24 h, 8 75 %05 KE & F 24 ho 10 % EDTA-2NA 2% vk
T4 5 0 o W R R 2% 1 W (PBS) s Uk o A7 I 3L, )
Fa W IR AR - 20 (HE) e o, B8 T WL Bk
AV e G (TRl = AR Al = AN S v e o )
Foory 4 ML 28 A8 4k
1.4.2 BHEM N T4 8 iR W4 HIE®
3 Y MEE SD L2 HH IR 140 1 4 Oy Ik A, 1F
WAL K 4 HORRUE 4 300 S 2
(40 mg/kg) JBR B I it S5AE Ak B8, B BROBLA) B B i iR
HH4E Kushioka S5 ) Jy i 43 B9 ARG 75 B 156 6] 78
T4, 43 5 1 A0 i — 2L 1 R i A ) T T A
Ty — 4R T AL A B R ) T A . B R R R T
AR oo MEM 85 3% 38, i 10 %6 i 4 1l 3% 1 100 %
HEBER 3T C5% CO, BRI, g s
55 35 R A 3~6 AR B 18] 7o 0 T 40
1.4.3 B AR TAHRERTH FRERNY
REN] 78 BT T 40 B 4 S XF BE4H . MPS 4. B A 4l A
hBMP-2 20 }: & i1 + hBMP-2 20, H v b B8 2 S 1F 4
R B0 B 1 B I 7 T A, A 45 Lk s ) 1
HRER SR T4, L 1 X0 AN . B A 4L
JBE R Sk TR B 0 2 K T B BV BE 30 mg/mL Kb B2
il . hBMP-2 2H i} 500 ng/mL H N HIEA KA EH-
2 Qb FRAN A B A+ hBMP-2 28 BB Sk IR B A i % K
W B 30 mg/mL~+500 ng/mL 4 AN FIEE
RAEE -2 A PRANA 24 h, PrAA SiBE A 3 WL R
3SAEE AL AT FUS IR IE Rl B A 3 d
B 1 U, RRSE 2 8, LIS SR B IR T 5 T A oAk

TECTHS 43 240 LA T A T G 0 P U RS R AT 8
FAMEL e e . T45 7,14, 21 KA I 6 1 B9 R Tl
PELVEE 21 KA H il = 0 (TG e B . Bl 1 B 1R il 5
PEAS IR & 5 H il = e A D ) & Y 0 B R e
B AR AR U B 5 44 IS T 22 D) g AR AN i O B
MTIE 500,

5 A T RE vk 21 d s L 40 B PBS W
Ve 3 ERIGH AV Z W B W E 15 min, P 3
W HBI 5 min,0. 04 mol/L 3§ R4 S TR ER L
30 min, XZE KV 3 W IR 5 min, B R J5 TR R
G

55 =B 4y A0 M T g 4r 4k 21 d J5 . PBS W5 Uk 3
WL AR5 502 54 BE [ E 15 min, 2T T 4/E W

3

(0. 3%) 2 IR BEYE YL 4 15 min, 60 % ST EEE £ £ &
TMEL X ZEKPE P 3 K, K 5 min, J5 ACKE Y RL (€
HEIR G100 YLty 5 s, WFE K P 3 YK BHIK 5 min, B
R JE T WA N A,
1.4.4 Western Blot ¥4l Runx2 . B P i 18 B F1
hBMP-2 (8 ik 59 LRV (9 43 20 J7 208 4 i
PRt T 6 fLAR , BB BB 3 Ak 21 d e — 2 i 4 i ]
PBS WUk 3 ¥k, 40 M 1] PBS 3§ ¥k 3 ¥, il A RIPA-
PMSF 2@ W vK | 24 f# 30 min, 12 000 r/min &[>
5 min, U E3E R BCA il A & . A 5X
B EAESE s 100 ‘CASPE 5 min, 80 V {6 R LIk ZY
30 min, FEHE S HEA BSR4 A 120V fE LUK
1.5 h3110 V fE5 JE# 5 90 min, JH TBST 2% wifk Bt 1
56 JBERE W5 K3 4 Sy 58 PV W PS80 A DA Y o = T A
L b, FPuAR w5 b % i 22 Lo A 45 T 38 P v F — it
( Anti-Runx2 antibody, Anti-ALP antibody, Anti-
hBMP2 antibody) i#f 17 i B . B B A B IS (19 — ¢
H 4 CHIRIE 12 h, —HiEE 525, TBST 4 up
VRN 3 YK, AF K 15 min, K BEBAFE 1:1 000 H il
5 B: 19 — 41 (Goat Anti-Rabbit IgG H&.L(HRP))
FRWEFE 1 h, ] TBST 28 v il ¥ 5 3 K, Ik
15 min, ffi F§ ECL 1 8 5 % B 2F 47 W 5, T 58 A i 1%
A AT RO AR
1.4.5 PCR MW Wnt {55 F Wntl ®RikE I —
20 B R RIS A1 21 d S L 40 PBS YE TR 3 K.
A 1 mL TRIzol vk b 244 5 min. i A G4 1/5 A
(0.2 mL), i ZEHINER 10 s,4 °C,12 000 r/min
B0 20 min; % F 2 KA (2 400 pL) F 5 —1.5 mL
EP 4 iIn A SERFLUSF N BE (2 400 pL) S RA VK 1 #
1F 10 min,4 C,12 000 r/min B.0» 20 min; 7 L&, 0
AT 75% 1 mL,4 °C,12 000 r/min & .0
5 min; AT B JK ZEE 1 mL,4 °C,12 000 r/min
B0 5 min, 7 B, AT 10 ming 3 T AR R —
LT (DEPC) K H & 40 L B p RNA, U E 6% B
(OD)H ,ict 5% 260/280 AR I i+ 5 uk B2, [a] i) 34550 1
TRFFRTH 1 pg RNA ZEF. 5195 Wntl,
iR 5'-GCAAGCAGCGACTGATCC-3', K B hy
21 bp; FliEHl 5'-TCTCGGCAGCCTTTGAC-3', K fif
A 20 bp, B-catenin I i & 5'-GTTGCTCCACTC-
CAGGAATGAAGG-3", Kk 24 bp; F ek 5~
GCACCAATGTCCAGTCCGAGATC-3', K B K
23 bp. W 25:95 °C 55,60 °C 34 s, PG 40 ¥k, X
;235 R JE 2R G il 2 s (PCROASCIN 52 AH 56 2504l
1.5 SitEnsk

K H SPSS 21. 0 G it 8 i 47 50 Hr . It

=
H
K H Kolmogorov-Smirnov # % 52 & & IE A5



4

FEG IS 53 A 1 R BUIA 5 8 285 B R0 6 AT ¢ K
P xts B FER., R/ B EMEZ S (Least Signifi-
cant Difference, LSD) 7 #7 P 4 8] 11 2% 5, 8. [ &R Oy
ZEor M Z2 R R 22 5 o K K T IBOBU 0. 05,
2 HR
2.1 — B

25 [ 2H R U T AT i 4 A AR G B R 8
JC W] . 5w Ak s SR 2H K LR i 3T I A R L
B2E, BAMS WAL MW B R S A B RN
5 55 5 B A R R i T WY A AR A oK OIR B o AT B
KB 5 X B TC W 25 S, DLIRT 1

(@) 0/

) 1684

B1 SAXRE—MRIER

Chinese ] Trad Med Traum &. Orthop,Nov. 2023, Vol. 31,No. 11

2.2 ALK BRI U C T MRT EIR A5 1k

S E L NUNIRT R N g Ry IV NS = SR
SORE T RFE S 55 R B SR SRE 5 . 2
TRUBZRATE » 5 i PN /0 o RO 5 B A A 08 00 1 ) 614
AT, MEFES RTHRL T, SES. RELES
FU 5 AR LA 2,
2.3 B kA AU ANE -2 g a2 R

o B 27 A A 2 00 I 1 AR B T 1) 4 b U L Bl P Ak A
Jei OB Sk AR BRI R o 0 B T UL 5 X IR A ] I
HEGE R IEH 25 B B R b s AR TR A 2 B s B
2 B /NG B A B R A Rt R D A 2R
I 7 40 B A L R 4 A B 5 1) i L R A T
s B AT UL R /NG O RO 20 R SR £ I
ZSH R WK 3,
2.4 BV BRI T T

i R T M R AR T AN M A Ak Y A
ELCE WA RS AT 10 d J5, BOE 86 ) 7S T T 40
PEAT B 0 R T T R . e BRI T MIPS 41
PR IR Bl 0% P 0 3 BRI B A 4L hBMIP-2 2 Ll +
hBMP-2 436 VLW A7 T 5 o (B A1 XS BRAH L 22 5 A7 42 it
B Y (P<<0.01), WLl 4,

B2 &HX

(b) RN ) BA4

B3 SAXRAAE-FOLEER
TEEHANERSLAEEA-2 LM 24 h R 4N 2R
TR 51 5 i ol R L0 g 0 B2 55 % IR AL L MIP'S 4 9

2.5 WHERaR®m
FH BB 75 S 8% 95 S 1% 5% 4% 40 B B TR) 5 5T 40 i



o ep B AL 2 AR 2023 4F 11 T 4F 31 4550 11 3]

* ok

0.0-

payict| MP'szﬁ BRH hBMl;-ZZE B A +hBMP-24
B4 ZHAMBBMEERKREEEER
B ALne J1 W A T A A Ak 25 s i B A
44 \hBMP-2 41 . & fir -+ hBMP-2 25 % B 43 A B % 0 45
A 55 5 4K Uk 4 L H b B AT+ hBMP-2 41 B R 45 1k
E R MPS U3 IIN T 35%, 2R A Giil 24 L (P<

0.05), UL &L 5 (P86 38 21 Ye £ 3% 3K 1Y) 2 45 45 15 8 LA 10
2 BT 40 M 1) B AR BE ) .
2.6 ey

FH SRR 175 5 45 57 2k 15 37 45 4 B ) e o T 4t i
HEHANTGEESEEEA2 A 24 h 5. AN ZRF
i [ 7 J i 20 G 8 B . 5 % EZH AR [ MIPS 41 17 i
B RE T 3 T = o i i AR B R AR R i R AL
hBMP-2 2 . & i1 + hBMP-2 2 i jg 45 4k % i 1 B i
B>, b B Ay - hBMP-2 4198 1% 0 15 % %8 MPS
I T 45% , 25 A Gt L (P<C0. 05), LA 6
GHET Y& (0 3235 BUAR 43 A RE 77 » 2 W1 B8 ) 7 )03 1 400
FEATES iy PN

| . o by -
ar L]
. e Loy
A - - . «
| SR a . i
fe ﬁ » .
ol S A -
4 L .‘ & "7 & p
- o ik - - | S Uity
XA MPSZ4 =g hBMP-245 B A +hBMP-241
B5 SHEMREFBRZILBLER (X410
F ‘ J L]
*ERA MPSZH . i=gei| hBMP-245 %ﬁJQhBMP-zzﬁ

6 & 4 40 B i 41 3 8 45 SR (X 40)

2.7 Runx2 B PE#ERR G BMP-2 18 Rk &

Western Blot 45 /R . 5 MPS 24 [b 5 A4 .
hBMP-2 4H . & #i1 + hBMP-2 20 Runx2. i 1 # 1% i 1
BMP-2 Rk A B IEAL, 2R A5t 8 X
(P<<0. 05) ; % A2 5 Air +hBMP-2 4 v BMP-2 %5
I8 22 LG L (P>>0. 05) , WL 7,

MPS4] - + + + +
AR - = 5 =
hBMP-24 - - - + +

"9 e e -

Rum(-z _

Ap | T S S R

BMP-2

GAPDH

e — — —

B7 RBEEAREER

2.8 Wnt {5515 S wntl REE

Kl 4% 2H B-catenin & wntl B mRNA Fiknl
B Wnt {553 #% 75 1% 5 45 3R 8 hBMP-2 41 1
Xt B8 2 B-catenin } wntl ) mRNA EikF & T
27% A Gi it 2 5 X (P<C0. 05) ;1 siRNA 5 %}
TR M RRAIS T 24 %0, 22 A Ge it 2¢ 3 L (P<C0. 05) , L
& 8,

Heokeoke
bt e |
| o |

=3 M4
=1 h-BMP-24
B3 si-RNA

wntl B-catenin

8 FBHEMAM Wnt {5545 SEEE wntl 1
B-catenin LR K EEH N LR
3 g

BIF e 2R T R e P B sl 3% 35 5 1l 4



6

I T4 0 R S B A B ) AR A B TR S R i
BT /NRRE AN U T Yy R AR R B A R A
. KM I RR L B Sk B R B i is 32
MR L B & 5 BUMR P IRCE Sk PR FE (Steroid Induced
Avascular Necrosis of Femoral Head, SANFH) . %5 ig
g BB S I JR IV , & A L 4 B0sk L ok H R IR
RSO — el A R IR R P
SKIRFE & H I AR IF 5T B B4 AR i v S 2 R i o
Bi7 B 7 78 R UE it 6 1) SEUARL, v IR 23R 9T AT LA
W Z WG 2R SRR R TR T R R
SKIRSEAT — 2 A

JReH Sk SR A0 A e B 20 75 R A 44 2 TP BT AR IE R
IR 255 7 » [ 2 AR W o SC Ak 38t 7 P SR 5 IR B
2 B2 ), 285 200 224 1 I PR 52 B, B0 0 ¥ 1 44 1%
FHIE B B2 B ) R 44 1 B B2 e ) 19 e 1A 4 50 ik v S5
HB AT 220120237 () o T Sk TR BE 0 2 2
FEAf ST A S P S HERL S B S 10 RIR
TG L T RN % 2 2 KR I K S R 56
TEST IR B TR M I R R Sk Bl it 3R BB
BA R il B Sk I PE i B 4630 97 % A
HBCH R IRFEA —E MR AER] . TElm IR WA h 283
AR BETE 25 5 0 o =R S R
i, RS ST — 20 BF 5T UE W BRSO B8
S n] DA - E) 78 0T T 40 A A 3 BE AN ORLE A Ak, OF
HAE AR B 6 8] 78 0T 1 40 B i A A R i B S Kk
AR -2 FRIB U B R

ARG AR PN S 6 5 AR 2 W5 R B i A AR B
KFREMA T, MEES. AR T, &fES,
JBCH SRIE SR L 5 3mSR A3 BT 2 A R L)
SRS MR RYZH R Sk 3 0IR ml R R s A
JE RGN SR AE 5 o 5 R XUER AR OG5 i N
/U B RO 5 IR Sk i B0 R B RS 2 25 i I o R
/NGNS 1 A0 b P A R R IR U7 2H 2R
JU7 240 L 4 R HE R A0 A e B 1) i 5 SR A T
s LA PT UL /NGRS R R R SR 2 IE
SE BB SRR T RE Sk R A0 AR TR
7 JBE Sk i i P IR BT O T HAT R AFIT R

W 1] 7o o1 40 M 22 BR A0 AR W] LA AR L 2 A
A0 A R AR A3 A T A B R b R A 3l 2P
(IR ERT S LIRS s R S B NI 17 N I U R [ W DN
it 2JS [T P RT3 T A R A O S R R R R R S
IR . R A W A A 56 3 R kL MinoF
5 11 A A3 A ABUARE L A I 40 B 3 22 A RS B N R T
e LI B AR 5 08 3 9 b 51 R Sk IR BE
PRI IE o 2o 100 40 A 10 2 iR 6 T 56 5 1 400 e ) - A
PR R BB o3 Al OB o B TR A i A i

T W o Jao

i

B o

Chinese ] Trad Med Traum &. Orthop,Nov. 2023, Vol. 31,No. 11

I3 A bR A5 TR 8 1 G O M ) B R e o ) S B T
20 6 i) R 00 L 4 1 B A AR B 40 T et
B8 IO /I U R TS 5 R Tl R Tl S ) I S B T TE
B W R il R T U0 AR E B Bt b 5 R B S Ak it
Y, B A4l hBMP-2 4 i @+ hBMP-2 41 6 1
TR it 3% PR 24047 TH v . FD MPS 41 e 22 B Gi it aE i L
H A& @+ hBMP-2 BRI T HAL M A . PR 0
R @4 hBMP-2 4 5 i -+ hBMP-2 20 1 41k
TE JCHY 55 Ak 45 5 AR U3k 1 L b B i - hBMP-2 4B
B A5 AL 455 5 MPS 436 T 35% . 22 A Gi it 2
S UL BB R Sk IR B R 4 T DA R 1) S BT T
B8R 0 A I e e e TR A ) R 38 R 25 i B
s IF HBCE Sk IR AL A i 4k 5 hBMP-2 i1 F e £
A0 41 Ve 1k PR FE @ e 2 3 hBMP-2 /] g 3 iod 31X
— IR AR R AR I S B A

HOFoE & B2 Fp A5 5l % 2 5 B iR 25T 20
b ol B B R 43 - Runx2 S il i ek A i Al 6 gl 7 S
WritHZaESREEA2 AT, BBEER
A -2 AR BRI B A PR AT R
Ul = W 3= I B S E | RN o s S A
IR PR IE T 45 R R B . TR AR, Wne 58
BRI, R EHB AR R
FI-2 09 0TS 8 7 A B ey 1) e o 2 6l 0 M A Runx2
FTEARSNF235 . 55T b, AS B 90 SR FH B Sk IR 28 A i
WS EANBIES EAEA-2 EH T 8860 575
T AN 2D AR BB Sk IR B i A R i 2N BB
O R o - = A ¢ o 1o i = o e 1 o i 1 O = B E AU
R EFPLE] . Western Blot 350K 25 . R, 5
MPS 0 A b . 5 fr 41 .hBMP-2 41 | & fiz +hBMP-2 £
Runx2 | 5 9 R G A B 8 R AR -2 ARk
U W REAR, 22 A Gt L, Wt f5 544 558
% F B BB 43 B-catenin Ml wntl B mRNA 3 ik 7]
S e Wt {5558 #7544 5 45 % s hBMP-2 2
BX} HR 4 B-catenin & wntl ) mRNA B A& T
27% 11 siRNA B BN FRAK T 24 2%,

25 F TR ASHIE 5T 45 AR WY I 1 Sk IR BE i ke 4 Bk
GHEANEIEE LA E -2 Gexy hn & &8 W 78 54
JL B A3 AR T T R A AR fiE T L X RT e 2 E o B R
BREEN-2 M wotl R KB RLHH, ZW 5N
TR PR S TR BT B AL o) BT R o 4 it R Y
L
S E ik
[1] KOLB A R,PATSCH J M,VOGL W D, et al. The role of

the subchondral layer in osteonecrosis of the femoral

head:analysis based on HR-QCT in comparison to MRI
findings[J]. Acta Radiol,2019,60(4) :501-508.



o ep B AL 2 AR 2023 4F 11 T 4F 31 4550 11 3]

(2]

[3]

(4]

[5]

L6]

7]

[8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

ZHANG C, SU Y, DING H, et al. Mesenchymal stem
cells-derived and siRNAs-encapsulated exosomes inhibit
osteonecrosis of the femoral head[]J]. J Cell Mol Med,
2020,24(17):9605-9612.

LU X,GUO H,LI J,et al. Recombinant human bone mor-
phogenic protein-2 immobilized fabrication of magnesium
functionalized injectable hydrogels for controlled-delivery and
osteogenic differentiation of rat bone marrow-derived mesen-
chymal stem cells in femoral head necrosis repair[J]. Front
Cell Dev Biol,2021,9.723789.

MILLER K D,MASUR H,JONES E C,et al. High prev-
alence of osteonecrosis of the femoral head in HIV-infec-
ted adults[J]. Ann Intern Med,2002,137(1) :17-25.
S5 e B Sk YRR A0 236 97 I B P AL B B Sk sl il
PEIRFE 120 97 M4 [T 1. BR 25 1 JK 4% 75 2013, 25
(10) :876.

A, X S, AT B AEL s Sk IR A A B T IR
BT ARSE B 55 llm R4 )], HhBE A¢ ik, 2014, 55
(4):308-310.

EFHY A, R R SR IR SE A e 5 Rk Ak
WM E LR T L], P E 234k, 2019,25(8) : 122-
125.

AR SRR T A IR S X R BB Sk IR B R Y
FIgZ R[], sh e B 2 2455 ,2014,29(12) 1 3969-3973.
WA, T 228, 5 15 181 55 BB Sk IR 5 A i % & 24 1l v
O W= e 1 o e et R A L I Rl S L V2
2014,29(10) :3267-3270.

KUSHIOKA J.KAITO T,.OKADA R,et al. A novel neg-
ative regulatory mechanism of Smurf2 in BMP/Smad sig-
naling in bone[ ] ]. Bone Res,2020,8(1):41.

X w0 AR AR AR T A A R R P IR SR IR
FEREREL KRR Toll BEZ AR 4 {5558 B i S ma L. o (& 2020
TREFSE,2021,25(26) :4150-4155,

WANG T,TENG S,ZHANG Y,et al. Role of mesenchy-
mal stem cells on differentiation in steroid-induced avas-
cular necrosis of the femoral head[J]. Experimental &-
Therapeutic Medicine,2017,13(2) :669-675.
WAL, = AEE . & 8L 5. LB RS B LR @
JBE 3 36 7 VR B Sk IR Bl R WL ZE L 1. v [l o Y B 2
E5,2016,36(1) :40-43.

IhARM, TRIT , SR 0 . B Sk VR BE A i 4 B T A
RN IR YT RCE SR IR SR A T e [ ). B AR
2022,35(6) :17-20.

NN OISR AT AT 55 IR Sk SRR R e B A Sk 3
BRFF 1 IT He AR B VR T 3R B A 1 TR R Sk IR BE Y I R T O
L1 E A iR R 2022, 3006) - 42-47.

B T, o 1 00 S0, A B Sk IR AR A B 2 X AR R
P IR Sk PR BE ML T 2 A B WA Y SE SR AT SR LT . BT P EE
2013,34(1):99-103.

TRASC, X 33T A5 18] 45 BeE Sk IR T A e 2 ) 1B B sk

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

PRBE 8 5 M A 2 IS e [T ). P B2y, 2014, 36 (10D
2227-2228.
F A e e KRR L A B Sk IR BT AR 3 IR T R IR
B3k R FE I PR 7 2L 89 Meta 43 A [T ], o £ I R #F 58
2021,13(25) :145-148.
SR TR P I A RN I Ik X B ] e T
20 I 38 BE 7 P B A B miR-93-5p X H ) 40 ki AR .
Hhdg i 2522 75 ,2018,33(2) 1 667-671.
FANG S.LI Y.CHEN P. Osteogenic effect of bone mar-
row mesenchymal stem cell-derived exosomes on steroid-
induced osteonecrosis of the femoral head [ J]. Drug
Design, Development and Therapy,2018,13:45-55.
WANG S H,GOU G H,WU C C,et al. Increased COUP-
TFII expression mediates the differentiation imbalance of
bone marrow-derived mesenchymal stem cells in femoral
head osteonecrosis [ ] ]. BioMed Research International,
2019:9262430.
HAN L,WANG B,WANG R,et al. The shift in the bal-
ance between osteoblastogenesis and adipogenesis of mes-
enchymal stem cells mediated by glucocorticoid receptor
[J]. Stem Cell Research & Therapy,2019,10(1);377.
LI Z, WEI W, XU H,et al. Effects of altered CXCL12/
CXCR4 axis on BMP2/Smad/Runx2/Osterix axis and os-
teogenic gene expressions during osteogenic differentia-
tion of MSCs[J]. American Journal of Translational Re-
search,2017,9(4):1680-1693.
WHITE A,LAMB P W,BARRETT ] C,et al. Frequent
downregulation of the KAIl1 (CD82) metastasis suppres-
sor protein in human cancer cell lines[ ] ]. Oncogene, 1998,
16(24) :3143-3149.
KOMORI T. Runx2: an inducer of osteoblast and chon-
drocyte differentiation[ ] ]. Histochemie Cell Biol, 2018,
149(4) :313-323.
TR RN, B . BE T 40 Wnt/B- R E G S E
TR T 2R TR S DR B B B Vi) S O T 0 e B AR A3
FEHLHILY . A SE R A RE 2% 5 2021, 38(7) :1206-1209.
PRALL W C,HAASTERS F,HEGGEBO J.,et al. Mesen-
chymal stem cells from osteoporotic patients feature im-
paired signal transduction but sustained osteoinduction in
response to BMP-2 stimulation[ ] ]. Biochem Biophys Res
Commun,2013,440(4) :617-622.
PAJARINEN J, LIN T, GIBON E, et al. Mesenchymal
stem cell-macrophagecrosstalk and bone healing[ J]. Bio-
materials,2019,196:80-89.
RAZZOUK S,SARKIS R. BMP-2: biological challenges to
its clinical use[J]. N 'Y State Dent J,2012,78(5):37-39.
T R, H & . Wt {5 558 B 7R B R A b i E
FILTD. o R g A 2 35, 2022, 28(1) :109-113.

¥ A% B #7.2023-02-04)



