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TMIOA BRI G R A5 19 i P 4L 2 R 14 10X 10° mL ™ 'ADSCs, % 8 41 FI 50 28 S 3500 A5 56 4 i
Y O A AR R K, 8 R JE HRAS 2 ARl T A OC AT WA CT (Micro-CT) 4, 4045 4 Rt 4l
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KT R (P<<0.05); SHEIRIZ A, ADSCsZH R4 4 SOX9, MMP-13 il VEGF & 5
KKFHI R REAL (P<<0.05). S XN TES ADSCs il 5 8018 2 TMIOA W s IR, R
I, R R R

[RERM] BT BXWR; IR THM; Jahit; Rais

[FES%ES] R782.6 [x#tREL] A

(A EE] 2023-03-20

(BELTHE] HMHREMBITEEIE (jesz2020304-20)

(EFE® AT A0 (1996—), Z, WAREWENA, AFEO-EUoEAE, 28 IR G C 5 HH B0 75 T A A 52 .
[BEEE] RER, #8, WMLELMRAS (E-mail: guominwu2006@sina.com)



72 TR (M) 450% 1MW 202441 A

Repairment effect of intra-articular adipose stem cell injection
on articular cartilage destruction in rabbit model with
temporomandibular joint osteoarthritis and its mechanism

HE Jing"?, SUN Gao', LI Nannan', ABULIKEMU Palizi', WU Guomin'
(1. Department of Oral, Plastic and Aesthetic Surgery, Stomatology Hospital, Jilin University, Changchun
130021, China; 2. Jilin Provincial Key Laboratory of Tooth Development and Bone Remodeling and
Regeneration, Stomatology Hospital, Jilin University , Changchun 130021, China)

ABSTRACT Objective: To discuss the repairment effect of intra-articular injection of adipose derived stem
cells (ADSCs) on articular cartilage destruction in the temporomandibular joint osteoarthritis (TMJOA)
model rabbits, and to clarify the possible mechanism. Methods: Twenty-seven rabbits were randomly
divided into control group, model group, and ADSCs group. The ADSCs of the rabbits were extracted and
cultured. The rabbit TMJOA model was prepared by monosodium-iodoacetate (MIA) injection technique.
The temporomandibular joint cavity of the TMJOA model rabbits in ADSCs group was given two
continuous intra-articular injections of 1. 0X 10° mL.™' ADSCs, while the rabbits in control and model group
were given sequivalent volume of saline into the temporomandibular joint cavity. After 8 weeks, Micro-CT
scan was performed on the temporomandibular joints of the rabbits in various groups; the bone volume
fraction (BV/TV), bone surface area/bone volume (BS/BV ), trabecular thickness (Th. Th), trabecular
separation (Tb. Sp), and trabecular number (Th. N) of condyles tissue of the rabbits in various groups
were analyzed; HE staining was used to observe the pathomorphology of condyles tissue of the rabbits in
various groups; immunohistochemistry was used to detect the localization and expression levels of SRY-
related high mobility group box gene 9 (SOX9) , matrix metalloproteinase-13 (MMP-13) , and vascular
endothelial growth factor (VEGF) proteins in condyles tissue of the rabbits in various groups; Western
blotting method was used to detect the expression levels of SOX9, MMP-13, and VEGF proteins in
condyles tissue of the rabbits in various groups. Results: The micro-CT scan results showed that compared
with control group, the BV/TV, Tb. Th, and Tbh. N of condyles tissue of the rabbits in model group were
significantly decreased (P<Z0.05), while the BS/BV and Tbh. Sp were significantly increased (P<C0.05) ;
compared with model group, the BV/TV, Tb. Th, and Th. N in condyles tissue of the rabbits in ADSCs
group were significantly increased (P<C0.05), and the BS/BV and Tb. Sp were significantly decreased
(P<<0.05). The HE staining results showed that the condylar cartilage surface of the rabbits in control
group was smooth with clear layers and intact structure; compared with control group, the surface of
condyles tissue of the rabbits in model group was irregular with thickened hypertrophic layer and areas of
cell depletion and clustering; compared with model group, the pathological damage of condyles tissue of the
rabbits in ADSCs group was significantly decreased. The immunohistochemical staining results showed that
compared with control group and ADSCs group, the number of brown granule in condyles tissue of the
rabbits in model group was increased, mainly concentrated in the hypertrophic layer, especially in the bone
cartilage junction site and the expression levels of SOX9, MMP-13, and VEGF proteins in condyles tissue
of the rabbits in model group were significantly increased (P<C0.05) ; compared with model group, the
number of brown granule in condyles tissue of the rabbits in ADSCs group was significantly decreased , and
the expression levels of SOX9, MMP-13, and VEGF proteins were significantly decreased (P<Z0.05).
The Western blotting results showed that compared with control group, the expression levels of SOX9,

MMP-13, and VEGF proteins in condyles tissue of the rabbits in model group were significantly increased
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(P<C0.05) ; compared with model group, the expression levels of SOX9, MMP-13, and VEGF proteins

in condyles tissue of the rabbits

in ADSCs group were significantly decreased (P<C0.05).

Conclusion: Intra-articular injection of ADSCs can effectively repair the cartilage destruction in TMJOA,

alleviate the cartilage injury, and mitigate the progression of osteoarthritis.

KEYWORDS Temporomandibular joint; Osteoarthritis; Adipose stem cell; Cartilage destruction;

Cartilage repairment

WR A OC g X & (temporomandibular
joint osteoarthritis, TMJOA) Jf&—Ff 12 1R 17 105
S, FE B PR SRR IOC TR . R A g
Befg, MeEE B HE WA R R . Bl
TMJOA 1l FRAG Y 75 6 £ Z AR SFRI7 (24
Y. YN MRS ROER) . MENAYT (BN
S MFERGYY O EHRMEREHME) Y,
EORSFIA T KRB ZZ fiiE AR, ASRERH ARG 23— &k
J&, ARG A0 K B ARS PRI OC T s 9
SHwwmy B XEY . HW R KT 4
(mesenchymal stem cells, MSCs) &£ e 40,
KB TZMHALN, wEEHE. A 8. FHEH
Mg, Wil FAEREHE . RERT
LR 5 ZRALH R IR TR Y. 205
KW MSCs* THEE & KT RIHE MHF T &
WA BAT BRAEH] . BB T 40 (adipose derived
stem cells, ADSCs) HA&RIWE) iz . B Jr (8 A0
B3 /N A5 L R, AR SR Ok B2 B WF S E Y
B HHEGEEH Y K ADSCs 5 R 4i ik b 4k 5
Fr, R EIR: K IR . R TR
SRY H 5 & i # A% & HL K 9 (SRY-related high
mobility group box gene 9, SOX9) 3 ik 7K F 1] &
Ther, MEAMHA % 1R (interleukin-18, 1L-1p) i
M SN S AE R 7K T A AR B, AE
A P9 52 5 Al UE 52 ADSCs A DL B IR B 6 R
(osteoarthritis, OA) KB RMEH 7K, 3 &
SCE R . BT, BOR BZ i BF5E A K ADSCs
B F IR RIS, LEESF " f ADSCs SR TS &
BT H LR (knee osteoarthritis, KOA) B #H
M AT E T, 64 H R ADSCs 413 3 4CH i 44
WY AR A, A B AR K T S 2 AR A RO B
ZIWHFFE Y F W . ADSCs X OA G 97 A B AR
Ao {HH TR AT 5 R Z X KOA, iR 1 ADSCs
1697 TMIOA fif A i 18 . S 8 1°F ¢ 19 & N T 5
ADSCs % TMIOA B8 B2, ABE5E R H it &
iz 449 (monosodium iodoacetate, MIA) I 5 ¥ Hil
R TMIOA LAY, WL TS 5 N T 5 ADSCs X

OARZE T8I T Al &3 #E ks E/EH, 18
B ADSCs & & TMIOA ¥ ] fe#L#l , ¥ TMJOA
B 20 i 9 3 A B S AR i

1 #MR57EE

1.1 £BRsHH . ETZ2ANPNE S5HIEGEIH
PO 22 Al FR R PE % 27 B, R 2. 0~3.0kg, H
TR 2R Sy o S, SEEe S A AT IE
5. SYXK (75) 2018-0001. 5246 zh ¥y 4b & 15 &
S B ARME . DMEM 85329 (25 E Hyclone 2
A, T B JEEE (IR B BE S8 R W R B A BR A
ml), MREME LRV EEEYERERAFD), &
HERE O (R - R BN A & (e b2 a0
YA BRA R, SOX9HTE (H#t5 . 67439-1-Ig) .
F i 4 J& I A B 13 (matrix metalloproteinase-13,
MMP-13) Hifk (5. 18165-1-AP) FilIfiL 4 N
K ¥ (vascular endothelial growth factor,
VEGF) #ifk (#t5: 19003-1-AP, i =& 44
BARAG B F]) o AW % 4 46 R e 5% 4 85 U0 R bl
(2% B Thermo Scientific A ), B# CT (Micro-
CT) &4 (Fi+ Scanco Medical AG/AH ), &Y
HYH ML (TB-718E 8, b 4 25 < 25 Bl 4
AIRAF), W4 (EEBDAH),

1.2 ##H @R ADSCs 8 4 &A=32 5% 27 H 5L
5 S B AL 7 S X R . REARLZH RN ADSCs 4, 40
9 H . ADSCs 4 R LPAE S RIS, 76805 7 ek
A4 emPIEFYIO, BUBIBITH 2125 mL, B
BT S ALY, KRR 8UIRE, FHO0.1% 1 AU
JE 37 CAR B I AL 1T h, 4 10 min #% 3 1K
1500 remin~' B> 5 min, F L, &, HEE
37°C. 5% COMMBEREFE . F37 CHI5% CO,
00RO B SR R E A M . Y AR A A 2 80~
90% BHEAR, 24 hJE5H—Udkik, J5%E 3 duil 11K,
1.3 AXfmRKER ADSCs 2 @47 &4 HUH
3fCADSCs, JEmEHE A, R kb AU IR 2 B0
B, EoX bW, mAZRPEEREE 30 min 5L
£ ADSCs, 3 EPE . B0 X LW, A
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100 pL A Fifk (CD34, CD45, CD29 f1CD44),
% 30 min, PBSZEmgohvk, B0k LW, WA
PBS 28wl 20 . b0k, SR FH I = 40 A SRS
ADSCs H1 CD34, CD45., CD29 fil CD44 () ik 1
B, LABHERBA PESS SRR OR .
1.4 TMIOA S B A F & BRI I ADSCs 4l
Gl # TMIOA B, & F, B FHERT LT
AL TR 1, i T 4R a2 8T O Y
X, JRAZ RIS B MG A B . [Tl il 5 A
A ADSCs 45141 0. 2 mL MIA; X BE 4 %o v
PAERAEIK, K5 % 3B R & T m A
0.1mL. 60 pL A= B ER K ¥ 1X10° 4 ADSCs
BJ5 i T EA S 1R 2 J8 % Sk 2 W R R IR A G
Z ADSCs 4 G 13T 800G BN, X I 4 AL 7
20 [) i 7 B A AR R K . VR ST S SRR AL AE A A
€ R U F T S e N
1.5 Micro-CTHE S ELAREFLEMEK
SBUHS A 2H Sl T BOC R AS T 400 Z R PR
[ %E 24 h, 17 Micro-CT 14t . & 8 & B4 %
(bone volume fraction, BV/TV) FIH M /&1
B (bone surface area/bone volume, BS/BV),
M H /NGRS (trabecular thickness, Th. Th) il
B/NGEEIEE (trabecular spacing , Tb. Sp), 1%
/NFEE (trabecular number, Tb. N), BV/TV Hi
BS/BV MHAE, Th. Th#l Th. Sp i &¥A78 mm.
1.6 HEREMKZUMARTALRFBEHSAINL
K21 AR WG R A2 10% EDTA B i
8 JE, FrRMIGFHL K ERAK . B, 1
PP R 2, #EAT HE Qe fn,, WLBCK 2H S
HEVRHE S £ .
1.7 #BABHFREEHNEHARBETART
SOX9.MMP-13 # VEGF R £t LA & & & &k K
o A 2H G A0 OC TS AR AS AR B A U0 R R
b, BERAMIUREE, NWEES AR, L
M. —d (SOX9., MMP-13 Il VEGF) Hl ¥
WKIRZBEE WA ; DABR M, HFAKEY, t¥E
B N ML SOX9, MMP-13 #l VEGF 76 8 ¢ 4H 41
HE AL AE 0L, R Tmage JEPEREAT 20 Hr, ¥ &
R BE AL AL WO (A) fH, TR HER
FRKF . B B A R K KO = X8k P 4 e Y
4y BRLAAE /X R
1.8 Western blotting 3 # @] &40 R | T H L2 P
SOX9.MMP-13 #= VEGF & & k& & X F &4

kT SR G AN CIDADRS R U Nl
RS A RIPA 24, RECEEM . Bk
SYESE A S, A KT & A B — BT (SOX9.
MMP-13 1 VEGF) . 4 C&MHTRERETRE,
TBST Wk 3%, #K 10 min, A —HT, EET
P& 5% 60 min, TBST Mk 3K, AWK 10 min, A
ECL B E A5, TEA#MAH 4G, R Image J
PE 4y BT 38 (A 2k K BEAA, T B IR H R IBKF .
HiEARIKF=HMEAFZEKEE/ NSE
1 2%l K BE A

1.9 %3t %F 44 SRHA SPSS 22. 040 i otk 47
Biitaf b, & Al RSB 450 S Bt o€ 4 41
SOX9., MMP-13 % VEGF % [ £k K F /4 0F
BorAi, PhrtsER, ZAMMPEARE R
B FE 7 2200 AT, 4 TR RE A B B0 L AR
SNK-¢g 8. LA P<<0.05 N ZRHGiT¥E L.

2 & B

2.1 ADSCs# % ARI (HE WA Nl W%
24 hJ5 W ADSCs JE AR FN , 5 P i £ M E
(B 1A); BRER ADSCs U K, $egis %,
AN AR S KM IE , AUk (& 1B).

A B

A:POADSCs(X4);B:P1 ADSCs( X 10).
Bl BAEBHENRE ADSCs HBEERNR

Fig. 1  Morphology of ADSCs observed by invert

microscope

2.2 ARX@BEAKEMADSCs x @AFESH KM
M AR A ADSCs 2 1 br B ¥, 45 R BoR
ADSCs H CD29 Hl CD44 5 38 B %35, CD34
CD45 2 Mk, LU 4 U 48 Mo o ADSCs.
WL 2,

2.3 BARREFEALS “HEAEZR DR
X REZH A R oS R TR, AR E B 0 A B BT
A7 B SR SR T B L g B BT R R
MRFRME AL, FHEREM; ADSCs4l &
MEREA RS BERERE, WE 3, 5XF R4
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Fig. 2 Surface markers of ADSCs detected by flow cytometry

C
F
A—C:Overhead view ; D—F : Coronal view ; G—1: Sagittal view;

A, D, G: Control group; B, E, H: Model group; C, F, I: ADSCs

group.
B3 HAKMR=FFRERK
Fig. 3 3D reconstructed images of condyles of rabbits in

various groups

BIE (P<0.05); SHAIH L, ADSCs4%
BLR A 41 BV/TV., Tb. Th #l Th. N B & J} &
(P<<0.05), BS/BV Hl Th. Sp W & % ik (P<<
0.05), ML#EI1,

2.4 BUABRRURRE AR XA G
SR B R HOGU F’{Mﬁﬂffﬁ, Sit e, 4E)E .
B R AR K JZE VS AL B 2 R AR AR R HES
R G AR SS FR T AN RO, IR B R, a4 i
Bl e XA B FE AR IX 3 ADSCs 4l Sk 8 52 4
JiE IV HchFH%i = LA 4,

2.5 BRUAABRERUBLEALNFRELRR
soxg\MMP-mﬁaVEGF%éiﬁr&% 5%t &
Mg, BERARERAL PR EaBaE L,
BEPTFIRRE, FHIETRESEGEHA, DR
SOX9., MMP-13 #il VEGF % ik B i 1 53 ; Lﬂ;-ﬁ
WM, ADSCs 4 f Bt 58 d ZUIE K 2 T i 80 45
AT REAE R I s>, R SOX9, MMP-13F1
VEGF £k Wk (B5)., S5xfddl i, #
AU S B 8 41 41 SOX9, MMP-13 il VEGF % 1
FIEKEM B IR (P<0.05); SHR 4 #,
ADSCs H AR H L4 h SOX9, MMP-13 f1 VEGF

Vi AT 4 25 90 41 .
Pods, AL B R4 4 BV/TV., Th. Th fl kKB RS (P<0.05), WE2.
Th. N B & F& ik (P<C0.05), BS/BV Hil Th. Sp B
1 FAKRBRBEHSE

Tab.1 Structural parameters of condyles bone of rabbits in various groups (n=9,x7%s)
Group BV/TV BS/BV Tb.Th(//mm) Th.Sp(Z/mm) Tb.N
Control 0.65+0.01 7.7140.17 0.26+0.01 0.25+0.01 2.60+0.06
Model 0.422+0.06" 8.68+0.12" 0.21£0.01" 0.3240.01" 1.9040.03
ADSCs 0.564+0.03" 8.264+0.15" 0.2440.01 0.2840.01 2.3840.06"

"P<C0.05 ws control group;“P<<0.05 vs model group.

2.6 ZARBRE
%8 %k KF  Western blotting ¥ £ il

0 2% P SOX9.MMP-13 ## VEGF
R BN .

5wt 0RO LB, B A AR B gs H 4 b SOXO9.
MMP-13 fl VEGF 8 A £ ik K F B I/ (P<
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A':Control group(HE, X 40) ;B:Model group(HE, X40) ;C:Model group(HE, X 100) ;D: ADSCs group(HE, X 40).
F4 FAGRBRASURHEESEN

Fig. 4 Pathomorphology of condyles tissue of rabbits in various groups

(5

C;E;?* B

A—D:SOX9; E-H:MMP-13; I—L:VEGF; A ,E,I:Control group( X40);B,F,J:Model group( X40);C,G,K: Model group( X 100) ;

D,H,L:ADSCs group( X40).

B5 HARBRRARGEASMERELER

Fig. 5 Immunohistochemical staining results of condyles tissue of rabbits in various groups

F2 HREHAZAFREERNEHRBEREAL P SOXI,
MMP-13 fl VEGF Z& H ik K ¥

Tab. 2 Expression levels of SOX9, MMP-13, and VEGF
proteins in condyles tissue of rabbits in various groups

detected by immunohistochemical staining method

(n=9,x+s)
Group SOX9 protein ~ MMP-13 protein ~ VEGF protein
Control 2.55+0.14 3.47+0.13 2.77+0.05
Model 3.52+0.14" 4.66+0.10" 3.41-+0.04"
ADSCs 2.9340.06" 4.084-0.13" 3.1340.14"

"P<20.05 ws control group;“P<C0.05 vs model group.

0.05); SHEEMA K, ADSCs 4H AR H A
SOX9., MMP-13 #il VEGF & [1 % ik 7K ¥ B i [ A%
(P<<0.05), WP 6133,

309 #

TMIJOA J& —Fltg B AT PE B, HARP IR =
MR RCIRAL T, R AL A

1 2 3 Mr
56 000
70 000
VEGF 45 000
p-actin 42 000

Lane 1: Control group; Lane 2: Model group; Lane 3: ADSCs
group.

B 6 Western blotting %K & A AR AL W+
SOX9.MMP-13 il VEGF & 3 35 LIk

Fig. 6 Electrophoregram of expressions of SOX9,
MMP-13, and VEGF proteins in condyles tissue of
rabbits in various groups detected by Western blotting
method

3 TN R R IO T 2 AR L AR A I R
PR, SR 0 IS B RE )R BT I hE
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73 Western blotting B I & H AR B RHLH SOX9.,
MMP-13# VEGF & A& 3X K F

Tab. 3 Expression levels of SOX9, MMP-13, and VEGF
proteins in condyles tissue of rabbits in various groups

detected by Western blotting method (n=9,x7%s)

Group SOX9 protein =~ MMP-13 protein ~ VEGF protein
Control 0.630.03 0.59-0.02 0.780.06
Model 1.0540.11° 0.86-£0.02" 1.1840.10°
ADSCs 0.84-+0.02 0.70+0.05" 0.95+0.03

*P<0.05 ws control group;“~P<0.05 vs model group.

R, MM AT, AR . R
BB WEERARITILA . O T AR A B
1B MR T BRI, WRE BT ST )
A, # ST SRR TMIOA f 9 728 i 72 2 G
B RWESE IR A T 1k MIA VRS,
BLHI . MIA BT LU0 ] 0B 0 B AR 3 ok 7 v
O SHE , DA T e AR o AR 32 BHOT S AR A T
HET AR Bl N BRI E AL, RLIE U
UL OBRE Y W] MIAE SR OA BRI H AR
KB H, 3l Bl 2 MIA B ik B 7T LAAR 25 5 b i
O AR I SR R R R W] E AT A AR R
FAR GG Ay A B X ST AR R BT, BEA AT M
BEPLOA M & i 2 .

BE A AF 8 B B BB 7O T 40 .
ADSCs FlJBF 47 - 4i jfd 25 7] T KOA iR 97 .«
ADSCs HA WM FE AL RIE iz, SR, W
M, SRR U 32 AR R B 25 5
W%/ ADSCs 1] FH F 4 B K RIIRYT,
T & Je R & 4, i ADSCs Hl T TMJOA i
JTHF SR D . AR AL T % TMIOA J5, M
B B BT IE B 4R B0 ADSCs 58 T BT A G
FEN, WA IR YT RO . R ADSCs 1) 5 328 i 1
BAL, (AABREA RIS IS K ADSCs
FRKBMEN LEG, B REMNRIRE, #
TR R RAE I o R T 3k B S 8 HE R X S 56 1 5
Wi, ASHIE 5T SR B A A R ADSCs FE S, 25 R .
B 20 f B % 5 4509 2 8 BV/TV. Tb. Th fil
Th. N F#A%, BS/BV Fl Th. Sp il i, FWA 2
BE RB B, B AATRe T TR, e R
B b 5 ADSCs 41 % 25 T B 2 84 B ¥ B W ol |
F W ADSCs ¥7 ¥ 7] LIAE &2 380 A ¢ 15 #0s i 0
WO R, BN R BB AR A 2R bR RE L B
T 12 P 3RCE T Bk TR R 53 DR A 5 1 77 A T 4%

M2 B R, FERCE TG R, S 0 FRCE 2
Ji A KT oAk M BB R A, Bl S 2 T A K 4 Ak
JE 77 A MMP-13,  JCTE 40 i 5 & 0 Y e
(extracellular protein regulatory kinase, ERK) 55
W, 5H BN VEGF #H B2, fi il 4 2
ABCE Y, R BRI K R R T g 4L 2]
o SOX9 & £ 16 ) 78 5 1 40 i 1 415 20 Jif 5% 46 Fn
Sy AC T AT A P F 3 T LA S R s o
20 0 A S e R DR %) 2 5 R 3T AR A M ) 8 R G
b7 ADSCs B CE o Ak S22 B ™ ks IR 45 1 2 25
DR AR, R B R B 40 B DR T R AR ) B A
oo ARBEIE SR B ow . B4 G 8 4l 4L
SOX9, MMP-13 I VEGF & A £ 1k K FThi, %
B bR 2E R 7 5 B A AR T B Y R i AT )
KRG, OARARHEMPCE T & REHEK, B #H
ifE g R &L, BERGRKTEEE, RF
FACE T HRes B4 ADSCsIRYT)a ,
S B 41 419 SOX9, MMP-13 fll VEGF ik /K F
FEAR, RUIE QS B, BBE8daHi
i, Wik BBEERERSAE; HEQEEE R BN,
ADSCs 20 e 81 28 £ 21955 FH 0 40 5t 58 50 A% 750 ¢ 1
A LR YR A ) 2 LR S By I S R

ULAE SR, WF 95 F X OA B ADSCs J7 75 ok
FeTE, )7 ADSCs HB B8 MSCs 8 =LA 3,
B T AR AT R B 5 B . AR £
e Z A7 56 H A BrE & W BCE SF R, B oAl
ADSCs J7 3 78 I IR A7 R s =, Bk B x
ADSCs ) B il iF 55 9 % 26 22, ADSCs 9 3 5 &t |
T SR A1 23R T 5% A ) LA g i — 2B Y

g BTk, SR O IE N TE S ADSCs 1R JT
TMJIOA 7] LI B 5230 55 80j B8, 18 & i 4%
T T A, HEERSFHLEA R IR AW

FlaE AR

AT A P WA 7 R 2 2

fEE AN

T2 SUE LT FE OIS fhis 2 5 TR st 4
o Bir L 25 55 5 RO TR A4 - BT ) 58 R 2 598 SO Fig 5
KXt , RERZ 518 CEEE S I8 CH MG 2404
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