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Abstract

BACKGROUND: Nerve growth factor is a protein that induces nerve growth and regulates biological behaviors such as proliferation and differentiation of
mesenchymal stem cells.

OBIJECTIVE: To investigate the promoting effect of nerve growth factor on chondrogenic differentiation of bone marrow mesenchymal stem cells.

METHODS: Rabbit bone marrow mesenchymal stem cells were isolated and cultured, and nerve growth factor was transfected into bone marrow mesenchymal
stem cells by lentiviral transfection. The effects of nerve growth factor on the proliferation, migration, hypertrophic differentiation, and chondrogenic
differentiation of bone marrow mesenchymal stem cells were detected by CCK-8 assay, cell scratch assay, alizarin red staining, and western blot assay, using the
transfected null-loaded virus as control. To further investigate the promoting effect of nerve growth factor on the chondrogenic differentiation of bone marrow
mesenchymal stem cells, interleukin 13 was added in bone marrow mesenchymal stem cells transfected with empty virus and nerve growth factor for 14 days.
The expression of proteins related to chondrogenic differentiation and hypertrophic differentiation was detected by western blot assay.
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RESULTS AND CONCLUSION: (1) CCK-8 assay results showed that nerve growth factor had no significant effect on the proliferation of bone marrow
mesenchymal stem cells. (2) Compared with the control group, overexpression of nerve growth factor enhanced the migration ability of the cells, and the
expression of cartilage-associated proteins type Il collagen and SOX9 was up-regulated (P < 0.05), while the expression of hypertrophic-associated proteins type
X collagen and Runx2 was down-regulated (P < 0.05). (3) Compared with the empty virus+interleukin 1B group, the expression of cartilage-associated proteins
type Il collagen and Sox9 was up-regulated (P < 0.05), and the expression of hypertrophy-associated proteins type X collagen and Runx2 was down-regulated
after overexpression of nerve growth factor (P < 0.05). (4) The results indicated that nerve growth factor could promote the chondrogenic differentiation of

bone marrow mesenchymal stem cells.
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0 5|= Introduction

T RE R RRIFFRBE LT, AR 2
FTHGT MRS B R L BT R RS
FEEER. Wi M EERBNTEI, &R H 2T
PEBCE B B dhAh, SR KA — R B SO
RAER BRSSP W AT Z RN, HhLlEgi
NR 1B AT, KL RE IR R R, &
A AE K AT R e X B R Fifn . R4
SESRKELFIAE, RWHCE AR IBIR Y, WG
W6 DA 2R 5| kS R 42 4 B ) 3 BB S A R D RE R AR AL . s
PR E, G55 SR AR 5 i 40 40 mT DAk 1k J b R
SEYNRITEE TR T BRE R Y. ke
Y RS 1 SR N VR T SR IE 28 N T 56T B e (i )
SR, XEETTVE B R R E A 4E R, H
AR FSERREAR, HAAEBHEALREA R,
Ho P2 HE 7 55 ) B3R BE SRAF I R VR IT R, BRI T N
H, A SRR IO Bl AR SR A T AT AT I T
‘B ) 78 00 40 M B AT 220 2R 2 A D R G T T R
JCA B 4 4R TR R P A 2 2 1 B R Tl

& 42 K Kl 7 (nerve growth factor, NGF) & #1 4 &
FHF R —, FHAEME RS K E ML
TCANRAETE / A SR /e F T 32 21012 5 " NGF
TEFRZ R G0 T7 T I TR BN, (BRI B R
BRFEau ™, HATo R NGF K2k S 5
8 A 70 o T4 MRS T . A AN I AR A AR Y AT
o B8 H R EERZ T NGF JATT IR SR R R R D R
WP CTTEIR, FEOCT B 1] 5T 1, W 7k
A PO AT M 2T R RS T, B NGF 7 4 RS
R R348 E I B AT PR L EE . CHARTIER %5 B9
WFFRR AL T 30CE R &/ O 85CR F I B 48 i NGF 47
PP, I H AT OB NGF, W] ZE 22 51 bl 5 B %
TG R B B E RSB R B, 2, NGF 7EVF
LR, g s M seErom ®, R
A RSN B 5 98 S A B M S R T AR T I P
ZHEFT B AER D) NGF B 88 7] 78 51+ 20 i 4 70k &
FEMIMER, DUIEE Ry NGF 3 T 41 40 TR B4 e il

1 #¥EF153E Materials and methods

1.1 3t RO SR .

1.2 B RS SZEGT 2022 4 3 H & 2023 4 3 H A
SCBERF R 225 = B 2= 5 HH o SIE 56 28 58

1.3 #H#

13.1 sERahy) Wi kaRo R, 3 Al A, Mk
ANBR, 44 5 2.0-2.5 kg, W F R A AL RH A TR A A,
SIS ENY) A ARIE S . SCXK( %5 )2021-0001, 13 T8 Y&
BER 58 = M8 = B b O SR I8 = Sy, 8RR 4T
HHOK, & IR .

PALWIE Javibus B I RNV M e LYK i
W R W% [0 (2022)-2-12 5 ). e FEEAE 1
bR 2 2 gm i o COR T 310 3 548 R i 1E 38 48 w9 3%
W) FUAHN K B G5 5258 B W TE RRIE T 3247 B 1)
FAR, FFm R PR B> FAR . R AR T .

1.3.2 SZEGRFIFXAEE €O, fHiIR K% 7744 (Panasonic A & );
DMEM A1IK KE 35 77 2k (Gibco 24 W] );  fifd 2F IfiL & (Biological
Industries); T25 3% 7% . 15 mL 5 0> &, 50 mL &5 (» &
(NEST); Jl K& 5 3 55 9% 2 (Sciencell A 7] ); HUE T
BRI AR UG 3 B 9R 2 (Procell W] ): 41D T B
(Thermo Fisher Scientific); [z #% 5%\ 71 & (Takara 2 7 );
CCK-8 X7 fr. JHfl. PHRL S Yetaili. LT O YLt
B )37 5 G 77 &5 X% RIPA 24 7. BCA A& =
G & DAPHIER . F AL TN be Rt g - K&, =g
% % (Solarbio A ] ); HAMA 3 1B( 3 A 7] ); PAGE
R PR ) 2R & Sx B BRI WA TG R
B Marker(10-250 kD). Omni-ECL™ #8 R 1k 5% & 6 &
WA (TR TEGR ) JofE PR PV (5x) (R A= A A )

GAPDH #$T /& (NO.GTX100118, GeneTex A w] ); 11 %Y i 5
P 4 (NO.28459-1-AP, Proteintech 24 & );  $iT RUNX2 i

i 5T X YR BT BT SOX9 44 . L NGF 44 (HUABIO
nNoEl, it 5 4y i N NO. ET1612-47, NO. ET1702-13,

NO.ET1611-56, NO. ET1606-29); Goat Anti-Rabbit IgG-H&L
(HRP)( ik {40 A =] ); PVDF Ji& (0.45 um, Millipore 24
%) ); PrimeScript RT Reagent Kit(Takara /4] ); CD29 Piifk.
CD44 ¥ A&, CD90 i 4. CD34 #i {&. HLA-DR $i {4 (Bioss
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/N T ); Coralite488-conjugated Goat Anti-Rabbit IgG(H+L)
(Proteintech A 7] ).

1.4 FE¥orik

141 EHEE e TAM > B SRR BOE 22 KA R 9
R, 1% e LG Z AN IE s 5 BRI, R R Th 5, SR
WA ML [ 58 DU JBs, SR T AL % B, YT, AR YT
My, FGHEE F 5 20 mLyES&%, FeURE . &
R H 10% JI 4 M35 ) DMEM {IRBE RS 77 3% 5 mL, S8 )5 il
BOSUN BB B 86 5 mL, B RSB R R S R IEA S 4 mL
DMEM fICHE B 7R BL I 55 72 i, B T 37 C. R4
5%CO, diffuss FRfah BRI, 2d FE R, LS
FEW =R 1 IR, RS T WS A R AR KOIRAS . fF
YT i KIS 80%-90%, Fi1 0.25% fikMF I L4, L1 @ 2
IR, e 9% 1 AN, ARTCRHE.

BHEERTHEENEFRREE

JRARZH MG IR 48 h 5 B R, LURREP =R 1 U0 FR2
18] : KA 80%-90% FHAfi %

MRREI:  HANRELE = 80%-90% MRERHLIERT 1A, 1 2 tefifk
RAbHEE, fEEH 3T E8%

MRASERE:  AUCE U BRI S v e (e R T TR

IR 2SI ERR Y = B B B 27 2% by it

1.4.2 i 18] 70 5T 44 A 22 1) 2 AT RE A E A B g% Ok
Ko MMR A BUE 3 RAEKIIRE R4 1 & 58 8 78 it 1
9 ff, PBS PE¥k 2 K, S0\ 1.0-2.0 mL 0.25% Jif: Jifg if 47
WKL EE, FHE AT RIS R 2 15 mL B0,
1000 r/min .0 5 min, FF FiE, IS4 10% i
A= LY 1) DMEM fICHE 15 5% 5 1] il 4 =2y, 1 B 40 ik
R 2x10° L*, R0 6 FLAR ., AL 2 mL 41 B,
5 40 B Rl TA FLJES 80%-90% I, 43 N AN [ () 45 55 Jk
B SRR URE R SRR UIRIS SRR,
B TR 14d 5, AT R AL g 0 FTART IR S
THZL O Gutty, % 2H Guto )7 iEAR Y Y il S vt Bl kAT
SRJE T W AEE S .

HUER 3 AR KOIRAS R4 1 & i 18] 78 B 20 i, Jil
HALARE S, DL Sx10°/ FLEFE A A 6 FLAR P9, H
T 37 °C. RS H 5% CO, WEAH, A4t U B J5 A 6 £L
B, 38 I e e ' G € e YN R 4 ) 78 0T T 4 B K T 43 T
CD29. CD44, CD90. CD34 [fjKik, EARYE LIRIUT.
H 40 g/L 2 B W EEFHE 7€ 30 min, FEFLIIA 1 mL G
Ju {038 175 W 2 iR 8 0% 10 min, PBS Jedk, FALIIA 1 mL
5%BSA f [ 30 min; Il A — #i (CD29. CD44, CD90.
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CD34. HLA-DR, FiBelbl¥y 1 : 200), 4 CUKEH &
o %, BN\ — $i [Coralite488-conjugated Goat anti-Rabbit
IgG(H+L), 1 : 200], = iRmECHFHE 1 h, DAPI IR E 4
10 min, PBS Pk, MPTHOGI KGRI A, 56 2R
g

1.43 4L NGF & RiA 1S B AT LR MR £
VIR A IR A R A6 g S 028, 43l i 44 9 NC-NGF( X HE 4.,
TEIREEE ). 0e-NGF. UM H A KM H 3 48 & LA F 1B i
78 B T2, 4ifeik 12 80% & RS, FHiREHH AL,
BLFE EIE, 1 mL G SR AL B B,
SR B A 2x10° LY, ARJSEEALIN 2 mL & i i (R A 8 37
JEA 4.5 pL Polybrene, K LR B T 37 C. #4541 5%
CO, 74 30 min; WEAFKGLEHME: 20, 30, 40,
MBS EHE W 3 ANEAL, PREATFREARE, AN
TRERR (mL)= A0 8 x Gl / w s e, R4t
A AR IR R, RS EIRE 15 min J5 B T4
FAR RS IR 24 h JE NG RE A i B A I T OB B R A
BRM=RE, ERGRME T WS MM, 51
IR I B U R B 40, R A e dn i 14 3
KGR =40 AT G gL . FNENS T BB E N S MR FERR L,
AWML, 2, 3, 4, 5ug/mL, HAHEE3INEIL. KK
Jetg i # AN AR R AT, K AN IR B A N 2x10° LY,
3£ 100 pL A 0B, 1R R FLI N AN [ R B2 A6 B2 1y 55 Mg
ISEERIIE IR 2 mL, IIANPERSEEE 1-3 d JG ANk
FERBFE A KOIRES, WS B RHR 7 AR A8 i 22 1)
S LA 2% BT X e N899 2 1R 20 PG 52 0 N, b £ MR
WA 25 2% U0 B UK S Dl O TR A T R R B s 1SR T
FENENS R B R IR N 2 ug/mL. M@, &
AR MOIRES R4 H 3 A LA E IR e i F T f5 22515 .
1.4.4 CCK-8 S G HUAHIRAS R4 H. 3 AR L LA B Fa %%
YA HEAT AL, VAR MIR R 5x107 LY, 441 5x10°/ fL
1) 24 6 25 P2 FE P 31 96 FLAR, TBCT CO, WEAR T, FEREM S
11, 2, 3, 4, 5dHUHAHRNE 96 LB, FEFLIIA 10 pL
CCK-8 &7, WF & 1.5 h, TEBGARAL 450 nm LA I ' FEAE
g DB E 3 AN E AL

1.45 RPRSCE EMAHHIRES R4F H 3 A LA EFas:
YA AT AL, LA 1x10°/ FL I 40 B 55 5 2 A0 21 6 FLAR,
HMLIAFZ) 80% LA TE, fFHLHEBMAE 10 uL kil
TCYH M X3, AR S5 40 G I (R B R R — 2D R 3%,
TEMR B BB TR 7R 24, 48 h (4 M

146 WERAGO LS ENNT EIAKIRESREH 3
UL ERIFaRE4ni, H 40 g/L 2 3R P 7€ 30 min, PBS
Ve 3, 1% PR FEY M 1h, PBSHFE 15 min, ik
T, 3, PBS PR3, MAFEAL T N 1 mLE
IR E 30 min, WRER EIE, {8 FHEEAR ORI RS 562 nm 4k
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WA, PSS BRI 2, TR A v
RPN FIETOEE, BMEARES 3K, &
LREAR D 8 WO BEAE = FEAIRO BE A — Fali 20 i 5t
JCEAE.

147 FAMEAER 1B T EIAMRAS RiF H 3 LA
R EENE, 48 NC-NGF 2H, NC-NGF+ 14/ % 1B
%, oe-NGF+ FI4HMI/ 2 1B 4, NC-NGF ZH 1 [f] 7 /i 1
AR AT P A IS R R 7R 52 15 9% 14 d, NC-NGF+ 411
25 1B AN oe-NGF+ (41 i/ 25 1B 2H 7 i [a 78 i T 4H
ML £ 0.1 ng/mL 4L/ 2% 1B ROMCHERE 7R A5 7% 14 d.
1.4.8 Western blot £ il #H5¢ 8 HER1A % B S 92 L
RGP A AR 1, BCA MEINE & IR, i 1/4
AR 5x B EREZMR, ZPEME 10 min, £74
G 20 CIEAE4 . Western blot 2388 il 4% SDS-
PAGE #tl, IMAEE LA Marker f5, KL ETRHE 70 V
TEE K, FPE AR N AR EIREK, BORBR, R
HrE A S FRER/NTUIR, #8374 & & K/ PVDF
JE, N R bR 3-5 min, IR B AR B
JHCE BRI AN PVDF JIE, il 8L “ =BHVR T 454, TN
JERE b, B AR, 5 A R TR F R 2 295 mA, #%
JE 50 min. 4S5 5K PYDF B TSON 3t AT b = iR 3t A
1h, TBST ¥t M —$i [GAPDH (1 : 1000). II A i

J& (1 : 1000). SOX9 (1 : 500). XZJKJHE (1 : 1 000).
RUNX2(1 : 1000)., NGF(1 : 1000)], 4 CUK{EMBE LK,

TBST $E%%, M —#i [Goat Anti-Rabbit IgG-H&L(HRP) 1 :
6 000] = {4 ¥ & 1 h, TBST ¥k, ECLAk 2K IR
PVDF [ J5 Tl BB AN T s e. X B MR AR E
EHHATSR 8, THEERE AN R E.

15 EBULERARAR Oid ik NGF X i) 78 5 T4 p g
LRSI, @it ik NGF B W) 78 0T T 40 M i 2 ik
P MR EARIERIFN; IR R F 5T it F ik NGF
XoF i A ) 70 5 2 P s A SR B A DGR L R 52
1.6 ZitZ oAt i SPSS 29.0 Si it kA AT Hd ab 3
A TR x¢s RoR, BARLLECR A tials, 24
) LR FH B R 5 25907, P< 0.05 92 g B E s X .
MBS E AL X ERER RS 2 L R .

2 458 Results

21 REBEMREAKTF@eaHs EIRIEE AT A 5
BRIEFEER, MBI 3d 5 WA B 2, 203k
RERINEE, RYHMLERE, BIREE 7 KRG M 4k
gy, HinEEAK. SRR, MR K,
LA 1.

2.2 RERBI AR T mIe S G a1t ) S AR R A%
Rmit AR S E RN TR . B K

fErtk, RAPEFRL. FIRFIE. WML O Jet e i i
5] 78 3 T 4H M 2 a1 o AHRE ), 96 R AL gLt m] WAL g 2
s T G R AL 2 0 € 0 O, AN B T R AT
REE—, RPN ERT; WL 0 Jetan] WA=
W piE, WE 2. Ryt RoR: &R 78T
Jiil 755 ¢ & CD29(+). CDA44(+). CD90(+), 7~ ik CD34(-).
HLA-DR(-), VL& 3.

2.3 NGF 1% Jm &4 MR Z Mok #id Western blot
o 0 06 I 7% YL %, 5 NC-NGF 4l AH Ek, oe-NGF 4 NGF
Fik Fif (P<0.05), WA 4.

2.4 it kA NGF 7 4808 AR T a3 i & ey %
SH B A) 70 0T T A0 MR A S R 3 R E T, HL oe-NGF 4
5 NC-NGF AHAHEL G R 2 7, Ui NGF & fifi (8] 76 51+
Y R A T T R E R, DL 5.

2.5 itk NGF B af18 LR T amfet#he hed a2
MR S0 TR K5 9E 24 h I 4L B 1) 75 R -4 i 8
0h RAEITH, (HIFLEX A £57F 48 h ] oe-NGF 41
TG 2 L DX 3 A O B 1 AN B LR, 1T NC-NGF 2H B8 4%
24 hiT R A 22, (H%E oe-NGF 2H o 40 i [X ds s K,
Wi B NGF AJ DA i B i ) 70 o0 T4 R it #,  WLIE 6.
2.6 i R A NGF x5 86 18] AR F 20 e s B B3k B A8 %
BB A AehHoh  Western blot K 8 4 kA 5 &
I YR i SOX9 AR K 24k AH G B 11 X 2 AR J . RUNX2
)ik, 5 NC-NGF 414 L, oe-NGF 4 Ji # & #H 5 & A
M ALR R SOX9 ik Eif (P < 0.05), AERZEAHKEA
X ARG JE . RUNX2 #iA il (P<0.05), W& 7.

2.7 it&X NGF M5 & mfiei-Z& 1B *FF 4418 Lk T e
B R AL 6 Hh Western blot # BCH 4rHAH o &
AR . Sox9 FIAE K4 Ab A e B2 1 X AL i J5i . Runx2
M2k, 5 NC-NGF 4l AHEL, NC-NGF+ 4/ 3= 1B 4
R A G TR . SOX9 1A F i (P < 0.05), fE
KM FE R X B JE . RUNX2 ik Eiff (P < 0.05);
5 NC-NGF+ F4i i/ & 1B 4LAHLL, oe-NGF+ [ 4H i/ &
1B A A A A I AR iR . SOX9 FRiA i (P < 0.05),
HERAH S8 A X BB JE . RUNX2 %34 T (P < 0.05), I,
8,

2.8 it kiA NGF /R3S & e fe/~% 1B 5| A 8408 AR T4
fewg ek ot 5 NC-NGF 414HEL, oe-NGF 21/ & [m] 78 /i
T2 M A5 7 B RIS (P < 0.05), K W] NGF A DL i) & i
B 78 08 T4 B I IE K 734 5 NC-NGF A4 bk, NC-NGF+
120 B A 2 1B ZH B B 7] 78 ot 1 2 P 5 2 B T v (P <
0.05); 5 NC-NGF+ H 41/ /v 2 1B 4LAHLL, oe-NGF+ 41
MA 2 1B ZH B f 8] 70 5T T A0 A IR 4 2 R B (P < 0.05),
F B NGF AT LAY 4/ 2 1B 5| 1 4 [A) 70 o -4
IR RS, DLE 9.
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KliE: 5 NC-NGF 414HH:, oe-NGF 41 NGF ik L, °P<0.05.

FIvE: 18 A-C RIS 1, 3, 7d; D-FR%E 1, 2, 3fR4if.
B 1 | %RBEEE 7R TSR E SR SEX (#3R =500 um)
Figure 1 | Morphological changes in rabbit bone marrow mesenchymal
stem cells at different time points in culture (scale bars=500 pum)

,mél o "LE l
BIVE: BB JE o R A et ] WAL (A 45757, bR =100 pm; R

R R
S3AJE BT R i e ] W22 05 A AR, AR ETE kD, T Rt L
HMER, BRR =200 pm; iR AE S THAL O Jeta vl WAB i, bR =
20 pm,

2 | EREE R R TAERNZE S LEE

Figure 2 | Multidirectional differentiation capacity of rabbit bone marrow
mesenchymal stem cells

CD29 DAPI Merge

DAPI

Merge

HLA-DR

P71z CD29(+), CD44(+), CDIO(+) K ik [, CD34(-), HLA-DR(-) ik FI1E .
B3 | &N %5 88 7 R T 4R CD29, CD44, CD90,
CD34, HLA-DR f9%3% ( #%R =100 pm)

Figure 3 | Immunofluorescence detection of CD29, CD44, CD90, CD34, HLA-
DR expression on surface of rabbit bone marrow mesenchymal stem cells

1340 | PEARTZAR | 5529% | 578 | 2025538

[ 4 | Western blot &80 4 K EF (NGF) &3 %
Figure 4 | Western blot assay to verify transfection efficiency of nerve
growth factor

-« 0e-NGF
* NC-NGF

5 | #&4% K EF (NGF) Xt & §518
Fo R T AREIEEIE 1 T R E R

Figure 5 | Effect of nerve growth factor
on the proliferative activity of bone

marrow mesenchymal stem cells

oe-NGF

Ee | ERiEME
& KEF (NGF) 35
ﬂEI‘Eﬂ?Efy‘i:FiHH@JE%?
BE NS m (FRR =
200 um)
Figure 6 | Effect of
overexpression of
¥ nerve growth factor
#on the migration
capacity of bone
% marrow mesenchymal
B stem cells (scale
bars=200 pm)

[ NC-NGF
T L 5 5 [ oe-NGF
g L B o B
X E i 1 — —
X AU J <10
#®
RUNX2 =
=
105
SOX9 e

GAPDH

RUNX2  SOX9

TR 5 X TR e J
BlE: *P<0.05. NGF: #H&AEKRH T,
&7 | Western blot #1588 7t R T 400 H R &
ISESv
Figure 7 | Western blot detection of chondrogenic and osteogenic-related
protein expression in bone marrow mesenchymal stem cells

TR HERE

3 1571 Discussion

7R T A6 2 Mot BB R G 11y
TGV S5 A 0 S R DR A P B 5E DS 4 B RO 16 7 YR T
ARIFI 53 88 (18] 78 B T 40 i 2 Tl A BT ) 2. eah,
55 8-15 AX[H) 78 BT 40 M JT 4R B A0 I ot — SR i =
IE, FIAMEATER LA ERAG. S 1S
2 00 o AT D105 DA R o i e AR AR Ak B R ] 78 R
T 240 B AT T B A P 5 K A A A A A BRLRS SE 18
{0 3 B[] 1252,



PEERTERAR @72

Chinese Journal of Tissue Engineering Research  www.CITER.com

Uy
o
n

=
o

X R SRR (A 2
o
[0}

o

\J& \4
&N D
NS S

= =
o [0

SOX9 H [ AIx #ik it
=)

X
’$(9 ;\& X\\;\,%
&
&

o dyb B4 °P<0.05. NGF: #iZ KR 7
& IL-1B: EAIES 3 1.

v [ vv0 B8 | et ot S 2

TR MR E MBS CEXE
RUNX2 m s7ko Figure 8 | Western blot detection of
_ chondrogenic and osteogenic-related

protein expression in bone marrow

GAPDH I:l 36kD mesenchymal stem cells of each group

2\
NC-NGF NC-NGF+IL-1B oe-NGF+IL-1B

. 3 a a
£ E
o o~
© o
Qo o
i = e
i i
= =
0 . 0
X X \ \J
N N S >
$(, & $(; o (;(x\\’ é"\\'
& &

BlJE: °P<0.05. NGF: #AEKET: IL-1B: F41HEN 3 1B.

9 | BRALENESHBBEEORRTHRFIEEE

Figure 9 | Calcium content of bone marrow mesenchymal stem cells in
each group as determined by alizarin red staining

() 78 57+ 4 R o A I R B K 2 R Al T A T
SOX9 /& BB A h SRR S N 7, BUF AR &
IR BL AR SOX9 A i & N, the
ot £ B 18 K B 3 AR, T SOXO (B2 AR £ TP S . A
RIERERE, (B X, B ALY R B Sk B
"B 20 b 25 S A L R A T R A e A R R
MR St B SCHEOF T 2 A R, B RIBE AR R R R
TR LR A P, R 2 A R R R S
HARRS AR N BCE A KR T RUBOR B2 B . 1T
B8 AN B Al A SR I K A Ly 2 — Y,
TR P G AR I ) A R AE SR Y 2R B PTIA, SOX9
AT 2R J Jer 0 T R A L PR R B R R R .

Z AR B A TR 78 R T 4R B A K 2 Ak, NN 2 R B 4
MR R, S s s AN A R A AT B,
I AN E BB (TR EERA )P, 2
WFFLF B, RUNX2 7 5] 78 5t 248 B JE K 40 Ao 78 o 3
I, RUNX2 [ 355 5 AR K 70 4 48 b X B JiE 1) 2 0K 1
I IR 9%, A8 50T s v i B SRR, AL
BOE XK B SRR AU, 8 5 et ik NGF 5
SOX9 Al IT Ui JE 1A i, 1M RUNX2 AT X A Jie J5 2 1A [
i, KB NGF RedERe 8 78 5 T 20 i R AL E
O] 0 78 5 A PR B K A Ak, AR B T Sk i R 7
Jo3 -2 AR AR i A A FH

AR, RGN T AR 1B T
KPKERIE ™, AU R 1B 1EARSM R P 50
[ A e S I 2 R Y i R g A 6 S S ]
R L FoAd 0 26 40 i DR T A R 0A B, AT s ok T
RIKE. F35, EAMEAF 1B HIWATF5 38 K1 R
B 400 3 A e R R K BT, R R A P O A R
A B A RN, IMAEAREN K 1B 5, I
KM REA ( X BB F . RUNX2) i, sk Af 5%
EA(ARE. SOX9) Fif, miilZik NGF & r LI5S
B A0 25 1B 51 A2 AR R AE DG B b AT A B A %
HE T, £ NGF /] DU &1 BCR B 3R T8
IR, B G MO ORAP ST

K BR 22 (R0 FE R B, P VR T TR 78 T 4 AN
BEIE F2 20 40 & R0 A0 & 227, LR 453493 B 4% s IR
B, FF LA 20 230 15 A= g 0 BOU T3 B 40 i 1) 7 4E R
77 B9 %W 5T R L5 NC-NGF 41 #H L, oe-NGF 41 48 h
L B 4 H B 3 22, JX R B NGF A] DL ik i 7] 70
TR -

g BRTIR, PR A A IR 0T DA B B 6 1) 78 5T T 40
L) R Ak, B RRIE RS RE T, I ELURES e 4
1B Bl AR AR AR, $0d) B IR 78 R T4
MLRIAE R 24 . NGF a] {2 43 T2 b (1 2 K IR 7 -
RN T A MBS .

YEETTHR: TR A MG, FI A FMAIE. T
TRk, ZIiRER S AIES AL, LR, RAHKE AL,

FIFMR: LFG LML FH, ERAHAFALERFIRY R
BAHEAR,

FHGRENERR: 2 — B3R E, R4B (Jmitdk THT )
“E g - FTAMAER - ABR F XEF 407 £, ESEIIAGELT,
AAFRAA T Ltk B 69K T RN TR, FAEFT R, RN AT
TR P M. THR. #N. £, 6. k. BU4EEIZ MK, A
2R3, AR ASIE R C AT AR A R,

BRAREELL: S R AT Ak & b S B30 E T L FE AR S L.

HARHISE: ZXFRBETEAREFHAHEBEN S (FRARE
B EREAEFHF) RS L EGIEFILY ; LFEmATCRiTH 0k

B 5 LRI R AT 3 RXF B EEE; LFLZIRITIFER
B FhG, FATHFBUAA X EFSPRLRES.

Chinese Journal of Tissue Engineering Research | Vol 29 | No.7 | March 2025 | 1341



@’

PEERTIZHR

www.CITER.com Chinese Journal of Tissue Engineering Research

4 HE Lk References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

HAWKER GA. Osteoarthritis is a serious disease. Clin Exp Rheumatol.
2019;37 Suppl 120(5):3-6.

CHARLIER E, DEROYER C, CIREGIA F, et al. Chondrocyte dedifferentiation
and osteoarthritis (OA). Biochem Pharmacol. 2019;165:49-65.

TONG L, YU H, HUANG X, et al. Current understanding of osteoarthritis
pathogenesis and relevant new approaches. Bone Res. 2022;10(1):60.
LI Z, HUANG Z, BAI L. Cell Interplay in Osteoarthritis. Front Cell Dev Biol.
2021;9:720477.

KAPOOR M, MARTEL-PELLETIER J, LAJEUNESSE D, et al. Role of
proinflammatory cytokines in the pathophysiology of osteoarthritis.
Nat Rev Rheumatol. 2011;7(1):33-42.

SINGH YP, BANDYOPADHYAY A, MANDAL BB. 3D Bioprinting Using
Cross-Linker-Free Silk-Gelatin Bioink for Cartilage Tissue Engineering.
ACS Appl Mater Interfaces. 2019;11(37):33684-33696.

MITHOEFER K, MCADAMS T, WILLIAMS RJ, et al. Clinical efficacy of the
microfracture technique for articular cartilage repair in the knee: an
evidence-based systematic analysis. Am J Sports Med. 2009;37(10):
2053-2063.

MITHOEFER K, WILLIAMS RJ 3RD, WARREN RF, et al. The microfracture
technique for the treatment of articular cartilage lesions in the knee. A
prospective cohort study. J Bone Joint Surg Am. 2005;87(9):1911-1920.
GLENN RE JR, MCCARTY EC, POTTER HG, et al. Comparison of fresh
osteochondral autografts and allografts: a canine model. Am J Sports
Med. 2006;34(7):1084-1093.

HARRIS JD, SISTON RA, PAN X, et al. Autologous chondrocyte implantation:
a systematic review. J Bone Joint Surg Am. 2010;92(12):2220-2233.
ARTHUR A, GRONTHOS S. Clinical Application of Bone Marrow
Mesenchymal Stem/Stromal Cells to Repair Skeletal Tissue. Int J Mol
Sci. 2020;21(24):9759.

FREBEL K, WIESE S. Signalling molecules essential for neuronal survival
and differentiation. Biochem Soc Trans. 2006;34(Pt 6):1287-1290.
RIVERA KO, RUSSO F, BOILEAU RM, et al. Local injections of B-NGF
accelerates endochondral fracture repair by promoting cartilage to
bone conversion. Sci Rep. 2020;10(1):22241.

ZHENG MG, SUI' WY, HE ZD, et al. TrkA regulates the regenerative
capacity of bone marrow stromal stem cells in nerve grafts. Neural
Regen Res. 2019;14(10):1765-1771.

XU J, LI Z, TOWER RJ, et al. NGF-p75 signaling coordinates skeletal cell
migration during bone repair. Sci Adv. 2022;8(11):eabl5716.

KOLLI'S, BOJIC S, GHAREEB AE, et al. The Role of Nerve Growth Factor
in Maintaining Proliferative Capacity, Colony-Forming Efficiency, and
the Limbal Stem Cell Phenotype. Stem Cells. 2019;37(1):139-149.
WISE BL, SEIDEL MF, LANE NE. The evolution of nerve growth factor
inhibition in clinical medicine. Nat Rev Rheumatol. 2021;17(1):34-46.
CHARTIER SR, MITCHELL SA, MAJUTa LA, et al. Immunohistochemical
localization of nerve growth factor, tropomyosin receptor kinase A, and
p75 in the bone and articular cartilage of the mouse femur. Mol Pain.
2017;13:1744806917745465.

WELI J, SU W, ZHAO Y, et al. Maresin 1 promotes nerve regeneration and
alleviates neuropathic pain after nerve injury. J Neuroinflammation.
2022;19(1):32.

DAI' WL, YAN B, BAO YN, et al. Suppression of peripheral NGF
attenuates neuropathic pain induced by chronic constriction injury
through the TAK1-MAPK/NF-kB signaling pathways. Cell Commun
Signal. 2020;18(1):66.

ILAS DC, BABOOLAL TG, CHURCHMAN SM, et al. The osteogenic
commitment of CD271+CD56+ bone marrow stromal cells (BMSCs) in
osteoarthritic femoral head bone. Sci Rep. 2020;10(1):11145.

1342 | PEARTZAR | 5529% | 578 | 2025538

(22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

ILAS DC, CHURCHMAN SM, BABOOLAL T, et al. The simultaneous
analysis of mesenchymal stem cells and early osteocytes accumulation
in osteoarthritic femoral head sclerotic bone. Rheumatology (Oxford).
2019;58(10):1777-1783.

PITTENGER MF, DISCHER DE, PEAULT BM, et al. Mesenchymal stem
cell perspective: cell biology to clinical progress. NPJ Regen Med.
2019;4:22.

NANTAVISAI' S, EGUSA H, OSATHANON T, et al. Mesenchymal stem
cell-based bone tissue engineering for veterinary practice. Heliyon.
2019;5(11):e02808.

LV'S, XU J, CHEN L, et al. MicroRNA-27b targets CBFB to inhibit
differentiation of human bone marrow mesenchymal stem cells into
hypertrophic chondrocytes. Stem Cell Res Ther. 2020;11(1):392.
BERTRAND J, KRAFT T, GRONAU T, et al. BCP crystals promote
chondrocyte hypertrophic differentiation in OA cartilage by
sequestering Wnt3a. Ann Rheum Dis. 2020;79(7):975-984.

HASEEB A, KC R, ANGELOZZI M, et al. SOX9 keeps growth

plates and articular cartilage healthy by inhibiting chondrocyte
dedifferentiation/osteoblastic redifferentiation. Proc Natl Acad Sci U S A.
2021;118(8):€2019152118.

SONG H, PARK KH. Regulation and function of SOX9 during cartilage
development and regeneration. Semin Cancer Biol. 2020;67(Pt 1):
12-23.

SHI'Y, HU X, CHENG J, et al. A small molecule promotes cartilage
extracellular matrix generation and inhibits osteoarthritis development.
Nat Commun. 2019;10(1):1914.

LAN W, XU M, ZHANG X, et al. Biomimetic polyvinyl alcohol/type I
collagen hydrogels for cartilage tissue engineering. J Biomater Sci
Polym Ed. 2020;31(9):1179-1198.

BAY-JENSEN AC, MOBASHERI A, THUDIUM CS, et al. Blood and urine
biomarkers in osteoarthritis- an update on cartilage associated type Il
collagen and aggrecan markers. Curr Opin Rheumatol. 2022;34(1):54-60.
SOMOZA RA, WELTER JF, CORREA D, et al. Chondrogenic differentiation
of mesenchymal stem cells: challenges and unfulfilled expectations.
Tissue Eng Part B Rev. 2014;20(6):596-608.

LARSON BL, YU SN, PARK H, et al. Chondrogenic, hypertrophic, and
osteochondral differentiation of human mesenchymal stem cells

on three-dimensionally woven scaffolds. J Tissue Eng Regen Med.
2019;13(8):1453-1465.

CHEN D, KIM DJ, SHEN J, et al. Runx2 plays a central role in
Osteoarthritis development. J Orthop Translat. 2019;23:132-139.
CHIEN SY, TSAI CH, LIU SC, et al. Noggin Inhibits IL-18 and BMP-2
Expression, and Attenuates Cartilage Degeneration and Subchondral
Bone Destruction in Experimental Osteoarthritis. Cells. 2020;9(4):927.
MCALLISTER MJ, CHEMALY M, EAKIN AJ, et al. NLRP3 as a potentially
novel biomarker for the management of osteoarthritis. Osteoarthritis
Cartilage. 2018;26(5):612-619.

WANG BW, JIANG Y, YAO ZL, et al. Aucubin Protects Chondrocytes
Against IL-1B-Induced Apoptosis In Vitro And Inhibits Osteoarthritis In
Mice Model. Drug Des Devel Ther. 2019;13:3529-3538.

JINJ, LV X, WANG B, et al. Limonin Inhibits IL-1B-Induced Inflammation
and Catabolism in Chondrocytes and Ameliorates Osteoarthritis by
Activating Nrf2. Oxid Med Cell Longev. 2021;2021:7292512.

FU X, LIU G, HALIM A, et al. Mesenchymal Stem Cell Migration and
Tissue Repair. Cells. 2019;8(8):784.

NAM D, PARK A, DUBON MJ, et al. Coordinated Regulation of
Mesenchymal Stem Cell Migration by Various Chemotactic Stimuli. Int J
Mol Sci. 2020;21(22):8561.

( FiE%%E: MzZH, ZN, QY, ZM)



