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Effects of asiatic acid on biomechanical properties, trabecular area and Runx2 protein in osteoporotic rats
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Abstract
BACKGROUND: Studies have confirmed that asiatic acid promotes osteoblast differentiation and inhibits osteoblast apoptosis in a concentration-dependent
manner. However, the specific mechanism of asiatic acid on bone biomechanics and Runx2 protein is still unclear.
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OBJECTIVE: To investigate the effects of asiatic acid on biomechanical characteristics, trabecular area and Runx2 protein expression in osteoporotic rats.
METHODS: Forty-eight Sprague-Dawley rats were selected and randomly divided into four groups (n=12 per group): sham operation group, model group, low-
dose asiatic acid group, and high-dose asiatic acid group. Except for the sham operation group, rats in the other groups were bilaterally ovariectomized to
establish osteoporosis models. The rats in the sham operation and model groups were given 3 mL/(kg-d) normal saline after surgery, while those in the low- and
high-dose asiatic acid groups were given 60 and 120 mg/(kg-d) asiatic acid by gavage, respectively. Intervention in each group lasted for 60 days. RT-PCR and
western blot were used to detect osteoprotegerin and Runx2 at mRNA and protein levels, respectively. Biomechanical characteristics, trabecular bone area and

inflammatory factor levels of rats were compared among groups.

RESULTS AND CONCLUSION: (1) The maximum load, stiffness, total energy and elastic modulus of rats in the sham operation group were higher than those

in the model group (P < 0.05). Compared with the model group, both high- and low-dose asiatic acid could increase the above-mentioned indexes (P < 0.05).
Moreover, the maximum load, stiffness, total energy and elastic modulus were higher in the high-dose asiatic acid group than the low-dose asiatic acid group
(P <0.05). (2) The trabecular bone area was higher in the sham operation group than the model group (P < 0.05). The trabecular bone area was lower in the
model group than the low- and high-dose asiatic acid group (P < 0.05). The trabecular bone area was higher in the high-dose asiatic acid group than the low-
dose asiatic acid group (P < 0.05). (3) The serum level of transforming growth factor-g1 was significantly lower in the model group than the other three groups
(P < 0.05) and significantly higher in the high-dose asiatic acid group than the low-dose asiatic acid group (P < 0.05). The levels of osteocalcin, alkaline
phosphatase and tumor necrosis factor-awere significantly higher in the model group than the other three groups (P < 0.05) and significantly lower in the high-
dose asiatic acid group than the low-dose group (P < 0.05). (4) The mRNA expression levels of osteoprotegerin and Rnux2 were higher in the sham operation
group than the model and low-dose asiatic acid groups (P < 0.05), and the mRNA expression levels of osteoprotegerin and Rnux2 in the high-dose asiatic acid
group were higher than those in the sham operation group (P < 0.05). (5) The protein expression levels of osteoprotegerin and Rnux2 were lower in the model
group than the other three groups and higher in the high-dose asiatic acid group than the low-dose asiatic acid group. To conclude, asiatic acid can improve
the biological characteristics of bone tissue, increase the area of trabecular bone, and reduce the level of inflammation in osteoporotic rats. Its mechanism of

action may be related to the promotion of Runx2 expression.
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1 ##BF55E Materials and methods
1.1 %t BENLHR SIS, AR L RCHEAT RN ¢ AR A

5253 HT, SNK I3 T SR k46 .

1.2 BFEAME SZEGF 2019 4E 5 H £ 2020 4F 4 AR
R K 2 B e I B S 6 5 56 Ao

1.3 #t#t

1.3.1 e A BN SRR MR B s bR Y
ATl THEWICR A L AREREAE AR RE 2RISR E
WACPSIZREEY AT R ERER BVL IR REEY A7 b
SRR B 5 R KGR R A A ] B IR E . Runx2
—hik B RiEE AR AR B AR bk E
AR AR A R A R FALAE K BLELISA 7 &
R YR R A E s BB ER G ELISA R &k H
KB EEIRBEDRARA R B8 EUSA A&k H
R EAREAE MIEIRIER T a iR &R B B
LR RAF .

1.3.2 25l 4% ARYE AR T T % B S SR T AR
W BT EER 254 500 mg, —HERAK (IR FEEAKT 0.1%) %
fie, AEPRERKMRE. RS, EAZE 100 mL, MRS ERE A
5g/L AL SR TR, W iRELIRAT

1.3.3 SzGEhY)  {d BEMEYE SPF 2% SD KB 48 R E M
JERRAEMIRIEA R A, WAIES: SYXK( & )2019-0514,
Bl #% 6-8 i, fA)5i & 200-300 g. KB HIFE, HBXE
oK, TAFREIELE 23-24 °C, AHXNREAE 40%-50%, & N 1]
F¢ 1 R T SEE6 . SEI6 OB T AR EE RN R A B R B A B
HA S IE (#5: Y2019-004-18).

1.4 £¥7k

1.4.1 Fhnsr4e Mtk SD OKER 48 HEENL M 4 4H, 4540 12
R HA R FARE Y G w0 50 LT fg 2R, R4 T
3 mL/(kg-d) A= HRERAKVE B 5 AR RO 2 O 85 4 37 B ol
AR, RJGHRALE T 3 mL/(kg-d) ZEBRERAKHES , TEEE
FRIGRI 2025 T 60 mg/(kg-d) AR FIRRME S, ATy BIR 77
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HHL T 120 mg/(kg-d) AT FERHEE , # ALK I T-Ti60d.
1.4.2 BRSNS KA KRS, S0 T#E,
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Table1 | Primer sequences
B3| i SIS P (bp)
HRPR F 5-GCA TGA GTC AGG TAG TGCTTCTGT G-3° 219
R 5-GCA GCA TCG CTC TGT TCC TGT A-3
Runx2 F 5’-GCC GGG AAT GAT GAG AAC TA-3 112
R 5-GTC GTG GAA GGC TGT GAT G-3
GAPDH F 5’-GAT GTC ATC ATA CTT GGC AGG TTT-3’ 620
R 5-GGA CCG TCC ACT GTCACT TT-3’

1.4.6 FSAKBRELARKR T BL. BPERERET . HH5 %,
RS IEIE 7 o KF SEEREE R S, B AR SE S KRS,
Z SRR, 850 10 min, 1325 r/min, 4MESI0E, B
TEW ELISA VARG INAL AL AE K IR 7 BL. BRMEREERES . H 5%
I, TR e A M AR SR AR IR 7 o K, B4R IR B S
BEATHRAE

1.4.7 Western blot #MI'E{#57 Z& . Runx2 /K7  BU&2H K B
JEB A, RRBRMFIFRIE A, HX & A IR AT
WE, 335 RAFAE —20° C IR . KPR U 1 & (R TR
RIS HOEAT IR, SRE K E . . EEKER
50 um Z5 FAFE AL AL 2 PYDF B 1, AR OAs £ 6T 1 he
NERIFER. Runx2 —HiJ (1 0 500)PBS ¥k 3 1K, HEIKIA
B 10 min, 55 A BRI AL 0B —H1 (1 0 2 000) X%
WFRRE, HIREA 1 h, U PVDF B, AT 75 NE, DAB
S5 A

1.5 EEZWRMAF OKBRAEW IRt br: QBE & /D
PRI OMiGHAAEKRE T BL. TRMEBREE. H45%. M
JRBEN - a 7K @ E-E RS 2 . Runx2 mRNA FIIE /KT
1.6 %its a9t KA SPSS 23.0 AT Gl arr, Atk
BURATHCNT ¢ KEEQ AN 7 ZE 0, HIRSRHH xts; FH SRR
FH SNK V04T 4H 1) 95 LL e P < 0.05 TR 2 Hh i 2 .
MEG A CIEE T RERER M B E A ST
Feh .

2 Z58 Results

2.1 ERFhMmIE oM SLIRIEA SD KR 48 R, 434 4,
SR RO, AR T

2.2 ZAXRAAM N FHEEARGLER BRTFARAKRRRE
R B R AT NI, BRea. SR BiEE S TR A
(P<0.05); SV, FEHEBRIKAIRERL. SFE4KR
R E HR PR NI, BREE. B EMSA T
$Em (P <0.05), HARS B &M EH KR EHA L)
EARbRE TR S R &4 (P<0.05), TLFk2, E1.

23 BHKRAMEFT I EEARE BPEREKRKEHHA
HrE N T AR (2.4140.22) mm? B T 20 (0.4340.03) mm” &5
(t=30.890, P <0.001); M7Y4H KRB H A& /MR
B R E BRI 7 B 4H (1.0740.08) mm*, L B R v 4
(1.92+0.18) mm’ {i% (t=25.950, 28.280, J P<0.001); I ¥
T v 79 B A K R i 2R i /N R T AR AR 5 BRI TR = 4
& (t=14.950, P<0.001), W& 2, 3.
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*®2 | REEMHFIITIE (xts, n=12)

Table 2 | Comparison of biomechanical indexes among groups

2051 KA (N) WIEE (N/mm) SAERD (N-mm) SRS (GPa)
RFARLL  198.26#17.33  412.36%38.17 122.46+11.38  9.35+1.22
AL 163.41+14.26°  349.77428.36°  79.26+3.81° 6.44+0.75°
FE LR 172.33%#15.37°  361.824#30.24™  84.55+6.14° 7.21+0.52%°
G720

FHEELEE  184.71#16.52° 389.74#36.52° 92.56+10.42°°  8.44%0.71°
[N

F1E 10.89 8.43 61.54 28.29

Py <0.001 <0.001 <0.001 <0.001

FVE: SEFARYILE, P<0.05; SHAMALLE, °P<0.05; HHEHERIGHE
HbE:, P<0.05
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Figure 1 | Comparison of biomechanical indexes among groups
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B2 | REXRERFEAABTNRERNE (FHAKE - FLLEE, x100)
Figure 2 | Histological observation of trabecular bone tissue of the rat
femur (hematoxylin-eosin staining, x100)
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a Figure 3 | Comparison of femoral trabecular area
of rats among groups
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2.4 BAKBIACEKEF BL. AL BEEEE. F45E BTG
TR T o KT T ARAKRIME P FEA K EF BL 7K
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B R AUIG (P < 0.05); #5781 4 K BRI i b 5 4k A= K H 7 B
IR PR T IR S A, B TR RREY . MR IR
K7 o KPR 2 BRI R B 45 4 5 (P < 0.05); AR5 iR
T A K BRI P A A K R B (7K P B AR 2 B R 77
B, BE. WG, MR T o K PRERE
TREF R (P<0.05), WFE3, E 4.

#3 | FEARBIEER. BIEHERE. WETEET o« RECEKET

B1 KFRILLER (xts, n=12)
Table 3 | Comparison of the levels of osteocalcin, alkaline phosphatase,

tumor necrosis factor-a, and transforming growth factor-1 among groups

ZH 5 HEE (ug/L) BPEBERRRE  MORIRIER T A KT
(mmol/L) o(ug/L) B1(ug/L)
BFEARA 3.27+0.31 13.4742.22  256.37+27.32 21.07+8.46
FERILH 6.7142.14° 19.6545.71°  508.94%55.72° 12.06%3.12°
AT BRI A R 4.90£2.22°  16.58+3.72"  468.33+37.28" 17.330.52
S BIR pn R 4] 3.4241.08"™  14.3241.38"  365.47433.26™ 19.56+1.02°
F{4 11.44 6.87 96.7 9.03
PH <0.001 <0.001 <0.001 <0.001

FiE: SEFARYIULE, °P<0.05; SHAALLE, °P<0.05; SHE R
HLk#g, P<0.05
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PRI L #, P<0.05
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B1 IKFXFEL

Figure 4 | Levels of osteocalcin, alkaline phosphatase, tumor necrosis
factor-a, and transforming growth factor-B1 in rats

25 BKAREFHRY F/ Run2 ZaKFE BTFEARA
KEEEHAFTFRE R, Runx2 FE KPR THEA (P <
0.05); SEERUEARLL, AR HER ALK BRUBCE H A R
. Runx2 EA/KFIA FTR A (P < 0.05), BUZHHR w7l B
AR BRI EHAFFER R Runx2 & AKFE TS E R
RFIE4 (P<0.05), WFk4, ES.

F4 | SHABRBREBRIPERN Run2 EAKFEHELR

(xts, n=12, FAXFEIEE)
Table 4 | Comparison of osteoprotegerin and Runx2 protein levels of rats
among groups

ZH 5 BRI Runx2
BFEARA 2.45%0.31 2.32+0.28
BRI 0.54+0.03" 0.58+0.04°
TR BRI 20 1.1240.11%° 0.94+0.08™
FRE B e 7 2 1.6240.13" 1.62+0.12™
F1E 249.500 281.600
P{E <0.001 <0.001

ks SETFARUEE, P <005, SHUMAIE, *P<0.05; BT ERILAR
4llkit, <0.05

2.6 A48 K AIEE B A4R4 £ A2 Runx2 mRNA K-F (7T R41
K H A AR R A Runx2 mRNA K PRSI . R
LR EA R (P < 0.05); HEALZE K BB A 2 L R
% MRNA. Runx2 mRNA KPR H AR %4 (P<0.05); FE
R e ) AR BB 412 B AR 9 R mRNAL Runx2 mRNA
KPR TIFARYL (P<0.05), HILATHE HE#Y 2 mRNA F1
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Figure 5 | Osteoprotegerin and Runx2 protein levels in the femur of rats
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Table 5 | Comparison of osteoprotegerin and Runx2 mRNA levels among
groups

ZH 5 IR & Runx2
BFARA 1 1

TERZH 0.520.03° 0.63+0.04°
AT BRI 20 0.7740.06™ 0.82+0.05™
TS B i R A 1.5640.12%° 1.23+0.11%°
FAE 9.29 3.09

P{H <0.001 0.03

Fk: 5RFARALLE,
AL, P<0.05

°P<0.05; SHEIMAIHE, °P<0.05; SRR E

2.5+ I R F AR 4L
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Figure 6 | Osteoprotegerin and Runx2 mRNA levels in the femur of rats
3 iFif Discussion

FE [E B BB AME 2 K T2FENRE, Bt R N
%, EERETALFMEMERD R TS fEE
HhE SR BAS IS T IRAT RO P bkt 7T iE R T B
BEXT B B GAME BEAT IR T, R R B E R AR B A )
SARHIES Runx2 B2 USE /D REIAGEAT 1 2081

PR IRBF TR I, B ALK SR AR ) S R & 4R AR B
b, E2EMERERIATERS SR EH ST RS
F G2 A S0 S RAE & R A BT, AR S5 R v 7

250 | PEHEATIEWAR | 582746 | 5528 | 2023F18

HETHE R, Uk B, SRR AR R
Ao A EE o foe K38 Aar AN BE 1R 7K S P i R A R A 5 5
NS S S P v e O S SR i S TN oI N E 7
U B ROV G T S T R R R A R T R
SRR TEIRPY, BT A =w5IRE, BATEERN
PUMRIER, BHEEAIR. PUE. EAAR. W Em
SRR, DB RORE S R R R Y BT R
P B3 L 52 U I BE T DA A R et i T Bl
S OR A, BE ARG R Y BROR, SRR
A RE AR I PR Ak SO, AT K B A e K Ay LA &%
WIBE, SEMAEasiy, e Sa T & B (EH -

BERAE FE R I, KB Runx2 & (R 37 R R IE S MR
I ARE R R A R 0K T B, AR S RERR IR T 5 Runx2,
HRPRZE S D RERRIL LT, RS R &
HETHRCRE VW&, USSR R R R KT
Je Runx2 $63%BE 7). i ORI ATl 5 (R3 R T B ARG
B AW AT B e Runx2 T (RS R4 L 1L,
Runx2 ik 1/ 2 80E KB w, Had Rk ] (et ied 4
P 7 A O R R 1 R R 4 5 R 4 1
KR, A TURMBE B RRAE TN BCE 40 T R
FEBEER, ARESRGE . 8% " B ITRR,
Runx2 7K-F T & mT e B B ke Ao IR IH 2 —, fE2idif
J7 )5 Runx2 7K-F b, e Bk Al E 4H LI 5, 5 B /N R
N, BEEERBER . RGN, MEERAGRS
Runx2 KPR AT, AT S i i /N R T AR, X J i A i
BRITIER

PERWT R, KEBEP R IPERERRES . MRS
T a ACHAERE R AL T, B AR AT BL KT R AR
M rp R, AT ERIGT S E R IR
FIRBER T a AT T R, B KT B 1K BTt
AR S R AT B AL R DR B A 0 R 5 3 AN T 2 £
e, AR IR IR BE TN 1 S v W I I 1) 08, dR AL AR
KT BL KR ThaE, X F BB ERNEIT MR, A4S
FORA TRCEHME, TERGERSNRY, ZIEB2)5HR
K BT 5] AR BB P BB R K K 5 4
WHRR Y], R TR M, i 4 I 0l Bk 2 T I
FFREONML, AT AR B SE DO REIE W I, I3 Bk TR g ]
TN A RO S PR AR % — ARV B L B R T (1)
Tt e A2 P Bl A B R TTE T I AR A TR B I 51
(g B, RIR LR T o R RO M S, B
BRBE= L, WA H TR * e A K R T B EEAF
FETHN, TRABEHE, 58 58E0%R ™.
i BB RN, BT BOR ST AR AL BOR B hE, AR
FIRLH R IR AR SEA Ty FALE AT BL KT,
Pl JEFEAE T SRR . A ORI TR, RS RLER R] DL
PRI R RN . B PSR, FRARCE AR TR B iR 2 B0
KRR RBAAE R A " RIREE IR, B R AT



HAEE

PEARTERE @772

Chinese Journal of Tissue Engineering Research  www.CITER.com

FEIAEACT S TRNEBE LRI « B85 2R (R IE R SGE 1 A o

LR LPNIR, FRE R AT GE K RE YL, S
NRETEAR . BRI, HAR BT RE5 fie 2t Runx2 3
B K. ZBETAFE R A DI HEAREDEAL A, B
FNERIE LR, E5EHF TR 2 o sesh s
FNm PR R BRI T SR B T IR -

fEETk: H—FEMHRImkitF £, LFALE, EHIK, 85
LF;, HoFwERiE e, X EF . SR AIE AT, 155
AN TR G 5 BARH SRR L F R AT R A R L F
B R HIE; HotER T EANA G £k, BRI, AT AT
WHATANABLN; BIRER Z VAT LT, AR, it

FIZEHEE: L Feye3EH Ao, ERMARAXLFHETLEF R
BEAHF R,

MRAREELL: 3 BRAT AR 5 S 33 A T U MRS T,

FFMGRENAERR: X2 — B AR E, B (it 25T a0
CE4 - T LA - AR 5 XEF 407 FH, ESEIAGHELT,
AAFAAAE B etk B A T RN B R, AERT &, R AT
TR P . T, N, #iE. 3760, k. BUEEZHk, HH
Z s &5, AR ASIER L CIETAERE,

HEMSE: LFREEFTTEREFHIRELENS (ZARET
EREFNFREER L (FAHAL LR SREREZHIRESLS LA
FHAEFIEY . XLFHRAT 2T E LR 2|5 Lkt A 4HAT 3 RE
T, XFZNEATINT ERRGHF, RATIFBUAA LFHSHFILAE

=
™~ Ho

4 Z#E ik References

[1] SCHBER C, PAPAGEORGIOU E, HARSTRICK A, et al. Are glucocorticoid-
induced osteoporosis recommendations sufficient to determine
antiosteoporotic treatment for patients with rheumatoid arthritis?.
Cancer. 2015;72(7):2242-2247.

[2] WRIGHT NC, LOOKER AC, SAAG KG, et al. The Recent Prevalence of
Osteoporosis and Low Bone Mass in the United States Based on Bone
Mineral Density at the Femoral Neck or Lumbar Spine. J Bone Miner
Res. 2014;29(11):2520-2526.

(31 M, BREEA, BROE , A5 R E B R U R 7R T
AT AT FE BMP-2/RunX2/0SX 8 B (K15 (). F ] o s 25
Zh4 %8 ,2016,36(5):614-618.

(4] SRFESE, FPURME, BEE, & RERERKR AN ELE ). P
[EBUAR B FH 2427 ,2015,32(3):314-317.

(5] VP, HEE, b, &5 A5 5 EE 540 R sl B4
V) 7R B PR FEAR 25 RO L ) 2R T B ERAA 254 BRI [P
CN110215517A. 2019.

(6]  VFRE, MW, 20, 45 P REERARHE i A0 IR A A AL D], HEE
#2286 ,2019,34(4):5.

(7] RADEE, BRI, BRIEEE , 55 . AL SR AN 2% OF BLC R A Bg R
IR 1], S BE 2244 6 ,2019,35(13):2051-2055.

(8] )G, SKARAS . NS S BE GRIFE 5 AH S UL 112 51697 1Y
WFFUHRERE D] th AL 4ei 2 5 ,2021,39(3):182-184.

[9]  SANDOMIERSKI M, ZIELINSKA M, BUCHWALD T, et al. Controlled release

of the drug for osteoporosis from the surface of titanium implants

coated with calcium titanate. J Biomed Mater Res B Appl Biomater.
2022;110(2):431-437.

SR, PRI, 20, 45 R BRI R RE B PSR S I

BRI FASRE K Bl 2 P AR A 7 2 RG] ], o R R AR 2R

2019,25(4):461-464+471.

N BN, ZEAT S ORI 300 SIS KRR

B A J 5N AKP IS PEI 2 ()], PR 24 ,2015,28(10):43-45.

[10]

[11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

(27]

(28]

[29]

(30]

BE/ANES, vk, R, 45 2RI 2B AR B R KRR
HARHE S 1R AR R ()], AR AR A ,2019,17(4):
547-550,589.

MRt HIRE, ZEH, 55 FRER S BRIE I I MMPs (1]
FIEAMH R BRI B E FHBEFE D). 223l 2021,
37(1):57-60+103.

AP, XA, U, 45 VT IR A R G 5E . LR AT
B AR 2 ()], SR E s s 2 2k 3 ,2020,36(4):666-670.
FRE, PRGN, SR, 45 AR BRI B R R
FHER D] BB AL A & ,2018,24(3):281-289.

CHIARETTI M, FEGATELLI DA, PAPPALARDO G, et al. Comparison of
Centella with Flavonoids for Treatment of Symptoms in Hemorrhoidal
Disease and After Surgical Intervention: A Randomized Clinical Trial.
Randomized Controlled Trial Sci Rep. 2020;10(1):8009.

SRUGHS , 2, BOENY , 55 AN RE IR T T A OPG/
RANKL/RANK 368 i 3008 BB 15 40 (4 S 3 B 57 D). o L AR 2 2
2019,25(5):617-624.

B, P ROC, PR, 45 FMEAE %I Runx2/Osterix {2 ik
B EA B BUK B A 0] o EH AR 5T ,2019,23(11):
1717-1722.

KW T ATRE , 45 . FARIBE A B B R AN R I 1 BT
FATR BUBEAE Runx2, CTSK R[4 [J). R4 & 2017,
32(5):2181-2185.

WKBE, FROCHs, X, A5 RS RIS 4 e HCT116 4 ARG 58 K%
H KBS D] T3 RS2 24 (22 ),2015,25(2):133-136.
ES, HUH, XUBE, 55 ANE S T 24 5 R 25 BN S B R RE
RELH 2 Runx2 mRNA K 8 [ R IE I RE IR (] o BB PR AR ¢ 2
2014,20(8):890-895.

DIEGO EMD, NACHER M, RAPADO A, et al. Immunoreactive osteocalcin
forms in conditioned media from human osteoblast culture and in sera
from healthy adult control subjects and patients with bone pathologies.
Eur J Clin Invest. 1998;28(1):48-58.

RITA PM, MARCO R, NICOLA A, et al. Inhibition of miR-21 restores
RANKL/OPG ratio in multiple myeloma-derived bone marrow stromal
cells and impairs the resorbing activity of mature osteoclasts.
Oncotarget. 2015;6(29):27343-27358.

HKAG BI0, B, 5 AR R AR RE A I [ ALP. OPG.
IL-6 RS2 [J]. A g e 4 & 4 & ,2020,15(11):2053-2057+2061.
B, I, EAR, &5 PENA L& B AL = BERT [ 47 (8 Dh e &
5% M3 ALP. OPG ZKSFERISEN [J]. | AR B2 ,2020,41(7): 713-717.
ALP HH, HUYUT Z, YILDIRIM S, et al. The effect of PDE5 inhibitors on
bone and oxidative damage in ovariectomy-induced osteoporosis. Exp
Biol Med (Maywood). 2017;242(10):1051-1061.

KANATLI U,ATAOLU B,OZER M, et al. Kyphoplasty for Intractable Pain
Due to Glucocorticosteroid-induced Osteoporotic Vertebra Fracture

of a 9-Year-Old Patient With Systemic Lupus Erythematosus: 8-Year
Follow-up. J Pediatr Orthop. 2015;35(6):e55-59.

i, R, BRI , 55 . BB RR SN F A B A L% 2
SR RBTAA BB LT MMP-9 A1 TNF-a 7K RIS (0], AR
kg ,2016,16(29):5756-5759.

R, RE, SR, & IR SR T AR 482 5 R
BUAAE K B TGF-B1/Smads {5 5 il i 11 SEB I 78 ()], v 16 o it
J4:5,2019,25(12):1685-1690.

FESCER, /N EIRDK, A5 RS R ] 28 RE AN LT Ak ALk
S5 PHE R 5 S A FR ST 2R 44k (], hE 23 5RO s
2016,30(1):29-37.

( FATGn%E: WZH, ZN, ZJP)

Chinese Journal of Tissue Engineering Research | Vol 27 | No.2 | January 2023 | 251



