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S EAKFE, S EEKABE & T 530021 ;
I EAEK SR E NG B IRA A, S Bk BS R & T 530021
TR ARABREIAHTRIELERESA, S BEKEEE & T 530000;
TEEMRFIURAEREH, B ERABEX & T 530028
EAEAEF N, P B B S BR85S, Email : yangy062@sina.com
FAR B VR A X A AR AL H (2020GXNSFAA159162) ; B 7 175 75 X BHE &I H (2020014)

WE BE WS /MUK AT (PRP) 5 Y Jeta i b i 5 e i B X 355 (SOX9) 2 A L Bl 770 4 & A SD KRB 65 &
ZEAAE(KOA) BIsEM . ik 080 [ 2021 4F 4 F % 2022453 7 (RSN IR 285 (LPS) 155 SD K BROC 1 30 4i i AR AE A 7Y, 1
ANV 14 PRP 55 SOX9 #8514 LPS Ab #5119 SD K BB 40, SR PRI S e W R 2 (ELISA) 5 S 2t R A
it 4% 3 SR (qPCR) A6 U AH DB Y mRINA F2 KK o AR P 12 S 55 303 ok 7 g 3 RR A M8 T AR 5 e SD K BRI i A8 L)
ML T KOA IR, 73 2802 (10 H) KR (10 F) AR FARA KR (10 H) RAZAKG - (HE) Yo 6 T LT B Sf e (0
TR R 24 Je i e 0,359 S 7R JC B A7 , SR FH 2 A T e G RN 2B b 35 5 4 T8 2 - 13 (MIMIP-13) AR ER ZR 11 2 M il -4 (AD-
AMTS-4) . £5R RSN, ELISA A 45 R /R, 5 1IEH 4 L4, 76 LPS B2 IR T (4 M/ 2 (TL) -1B (81.65+1.37 L 58.3+
2.26) IL-6(73.3+1.75 [t 34.75+1.75) IR SE N F o (TNF-a) (22.76+0.37 H 13.41+0.23) 15— A AL A A HF (iNOS) (1.06+
0.01 11, 0.84+0.02) ¥ i W b [T, I AR [R] ¥ BE 14 PRP 5 45 9 E IR 35 W I R B (P<0.05) , 7E LA SOX9 3 Bl J5 45 4 K+
T i (64.29+1.87 ,47.01+1.75,19.24+0.16 ,0.92+0.01) (34 P<0.01) ; RT-PCR 45 3 7R , £ LPS AU 521 MMP-3 \MMP-13 ,
ADAMTS-4 , ADAMTS-5 \IL-1B IL-6 . PR AL -2 i 571 (COX-2) 1Y mRNA 35 _E T, i #H & (A BT (ACAN) A1 T &2 )ik
JBE B (COL2A 1) Ay e ik BE W i T [ (3 P<0.05) , 7E AN [R) e B2 () PRP AT SOX9 I i 71l 78 45 8 An 3445 2 W] Wik &, Forh LA
SOX9 BB UM T 55 A BH 5 (3 P<0.01) o 42 P g BESC 36, 308 3 A8 G 1 20 R M U A 785 90 G 1 o B 401 T e (0 S5 45 R Y
SR S A DT R ) R B A AU A5 SRR T Ao PR A WA ke . 58 R /MR I 2K T i 23 ik IR SOX9 A2 A
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AR, U/ o SR B A 2o ) 25 R R o 5 2 B A A DR 5 2 9 A R o v v I R S5 ) 75 A, 38 R L4 AT 280
T T LPS I SO0 1025 Tl SRR PR 7 8 1 AR S 3R A SRS S B A, DA T W) 9 /0 6 240 L ) A/ 5K S DA )15
fifk | 3R B AR ST SRR A R H Y

KR HRTRME;  WIM/MRIIKK;  SOX9 S ;

Borrdnse; AR h

Effect of platelet-rich plasma regulating SOX9 on alleviating osteoarthritis in SD rats
LIANG Chaoxin'?,ZHOU Anyuan’,LYU Pei’, WANG Zhewei’,YANG Siqi*,ZHAO Zhengwei’,YANG Yuan™
Author Affiliations:' Guangxi University of Traditional Chinese Medicine, Nanning, Guangxi Zhuang Autonomous

Region 530200, China;’Experimental Research Center of Regenerative Medicine, Guangxi
Medical University, Nanning, Guangxi Zhuang Autonomous Region 530021,China;’Guangxi
Medical University, Nanning,Guangxi Zhuang Autonomous Region 530021, China;*Department
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Rehabilitation Hospital, Guangxi Federation of Trade Unions, Nanning,Guangxi Zhuang
Autonomous Region 530000, China;*Department of Orthopaedics,Guangxi Medical University's
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Abstract Objective To investigate the effects of Platelet-rich plasma (PRP) and SOX9 receptor agonists on alleviating knee osteoar-
thritis (KOA) in SD rats.Methods From April 2021 to March 2022, the articular chondrocyte inflammation model was induced by li-
popolysaccharide (LPS) in vitro, and the LPS-treated SD rat chondrocytes were treated with different concentrations of PRP and SOX9
agonists, and the related diseases were detected quantitatively by ELISA and RT-PCR using real-time fluorescence quantitative gene
detection mRNA expression levels of pathogenic genes.In vivo injection experiment, the anterior cruciate ligament of SD rats was sev-
ered by sham operation under local anesthesia and KOA model was established. The rats in the experimental group (10 rats), control
group (10 rats) and sham operation group (10 rats) were divided into the experimental group (10 rats). No pathological damage was
shown by HE, safranine solid green staining and ditoluidine blue staining, and stromal gold in cartilage was detected by immunohisto-
chemical staining It belongs to protease-13 (MMP-13) and polyproteoglycan enzyme-4 (ADAMTS-4).Results In vitro, the results of
ELISA showed that the concentrations of IL-1B3(81.65+1.37 vs. 58.3+2.26), 1L-6(73.3+1.75 vs. 34.75+1.75), TNF- «(22.76+0.37 vs.
13.41+0.23) and iNOS(1.06+0.01 vs. 0.84+0.02) were significantly increased under the influence of LPS, and the inflammatory factors
were significantly decreased after adding different concentrations of PRP (P<0.05), and the inflammatory factors were significantly de-
creased after adding SOX9 agonist(64.29+1.87,47.01+1.75,19.24+0.16,0.92+0.01) (all P<0.01). RT-PCR results showed that under the
influence of LPS, the mRNA expressions of MMP-3, MMP-13, ADAMTS-4, ADAMTS-5, 1L.-1B, IL-6 and COX-2 were increased, while
the expressions of ACAN and COLA2A were significantly decreased (all P<0.05). After the addition of different concentrations of PRP
and SOX9 agonists, the indexes were significantly recovered, and the SOX9 agonist was the most significant (all P<0.01). In vivo patho-
logical experiment, through the knee cartilage gross examination and joint pathological tissue section and staining results, the experi-
mental results of the group of articular cartilage local pathological soft tissue injury and degree can be significantly reduced compared
with the control group.Conclusion Platelet rich plasma may regulate the expression of SOX9 receptor through, to reduce the loss of
the high poly proteoglycan and inhibition of cartilage cell hypertrophy factor and type Il collagen induced degradation of cartilage ma-
trix, and can also directly effective inhibition caused by LPS cartilage inflammation of the various factor protein abnormal expression of
generation and induce the release,which can reduce exogenous of cartilage cells The induced degradation of matrix factors can alleviate
the progression of osteoarthritis.

Keywords Osteoarthritis,knee; Platelet-rich plasma; SOX9 agonist; Chondrocytes; LPS
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R RSB T T RN 4 B 27 A X Sy ik AR R
DA oy IR, (AT N BB A BT 58 Fsl A B R 1k
ROVEFH o & I/ AR I3 (platelet-rich plasma, PRP)
2 — A A PR il BB il AR A T SR AR A5 B 1Y
B A 1 R B I/ INAR ML, PRPAREAS rp & (030 5 1M
AN 87 35 R R P S o 9 NG 1 = T R R 11 RANY
e B (3T 3~5 15, PRP & A £ Fl A Ta] il A K A
5, AR HE T RCE B R AT AT RE AR IR YT KOA
IAROTET, WIS R, Y Y itk b vk il e
FEPH X 38k (SOX9) HA REAS B 422 5% i 36 PR 76 450 40
i 348 A T i A 2 R I F A b B R TR B TR
PEFER . H SOX9 SEPH Ak ok 45 & 51 dil A K 1y
FHEHREY X YL A J5 (ColX) 8 Rl 2 58 1) S
Ja sh -, RIS AT DA 52 i HL i s e A SR, Bl
FIRITHOR H R, AR PRP S FH AL
FEIG RIG ST FIKOA E I SEse bt 58 TAE R Z | 4K
1M, PRPFEIRYT KOA Ja it & Ji v 1 245 Ve R ML il A
S FERATE T B L0 o PR, ACBIFSY 2021 4F 4
H 220224 3 A DARSRE 15 R F G 208 (LPS) 41 il
fillN7As N k= e O R VI NS BB UL N N TE i
3 R UM IS 28 L) EE S T KOA s i sl wf 5%
PRP 38 i R #8125 K 1 SOX9 Ay 22 1k B 6 K F A 41
BT 2 ML RN A BRAAS P A6 X KOA g 17 114 28 e S H:
YEFHBLEL, Al R X T KOA B2 Wi g v it — 4
1 #R5HE®

1.1 A8 SPFZSD R (2~5 Hi%)6 H, 8 i i i
PESD KB 30 H, ) VH BE R K24 sh i 5L 56 i 42
Bt (18 B 4% 5 202105004) . SOX9 ¥ #h I
(M09282290) 1 T 74 51— B+ 47 4 R A w] ; DMEM
Fr % 5L (SH30022.01B) 1 [ 26 [5 Hyclone 23 7 5 G 4
I35 (21030704) W4 T 7 7T KA A Y0 B2 403 7 PR
oy ] IR R (C8150) I Tk st R e RHE A
R ] 50.25% [ AR F I T 5t R E R R
A (20210717) s LPS(1.2630) W T 32 6 Sigma 23 7 ;
PBS(SV30087.02) 14 - 5 [#] Hyclone 2\ H] ; DEPC &b
oK (C3088) M F 1 [ RUIBIO 2~ Al 5 % 1)j
(H44020154) g T v B g B 25 5 5 N &
(80109218) 11 T~ Hr [& ¥ 371284 wl 5 Jo7K LB (CN-
NO.32061) W4 T Hv [ 5 2T 0 B0KS 40 4k T FR 2
7 ; SYBRGreen PCR iR 7 & (Thermo F-415XL) 4+
& [ B 2R 65 00 4 SR & (Thermo K1622) 1 52
FSE 3

1.2 Ak

1.2.1 SD K 4R F @R B Ae 3z & 2~5 Hi#E SD
K RIITE 4 B BRI T Ab BT, 28 7™ A% 19 TC B8 45 1F T B

WO Jr BIBR LI B S 2 2, AR Oy
Pl 5 8 BUBOCT ol IS 2 E BT o 24 1
mm’ I REEL . i 0.25% [ 2 [ -EDTA 40l 57 76
37 “CHEFRIE I AL 30 min, B 2 oL T 20 JR i
T 5 AL 4 h, 1000 r/min B0 W8 IS 2 50E
SRR, A 10% T35 6 2F 075 & R 1% /& R
BB B DMEM 35 57 BE N1 785 97, WA 4K
B A0 B AT B R T B 77 3 R R N A
£190% Lk L0}, #2123 eI EA T A A48, 55 3 04K
B LA P TR R S R 0

122 FEayabdy T LR NIERH R
AUZH (10 mg/LLPS) K . Hr /5 vk B PRP S 40 20 (10
mg/L. LPS+5%PRP . 10 mg/L. LPS+10%PRP F1 10 mg/
L LPS+20%PRP) Fl SOX9 £ & 2H (10 mg/L LPS+
SOX9WBNH ) o F 55 3ACE A ML o3 53 Fh 3] 6 4~
FUAR N B T R A i 5 24 LR L f5p 5B 4t
2 58 4 W BE DL 5, B R ZH RIS 56 20 5 LA 10 mg/L
LPS A 1 hJ5 4351 il A 5%PRP . 10%PRP ,20%PRP
Je 5 /b SOXO i sh 7] i DMEM K5 772 3 v, B 41 %
Pl 3 AL, AR PR 24 h JF YR

1.2.3  B5BK % 9% R M 52 (ELISA) 4 A8 % X e B
Fegk-F AN SR 24 b5 L B O B R
WIEAT ELISA AN . Fae R I 3550 & d BH 5 il 2%
ZH A0 B 1 A0 A 28 (TL) -1\ IL-6 IR IRBE IR F o
(TNF-a) (7558 —E AL A A i (INOS) 55 4 K+
Ko

124 B RAT FREEHH XK (qPCR) 947
BREEaMmARGREKTE R qPCRAPIEK
B BB (ACAN) | TT B £ Bk e T il
(COL2A1) FE )5 4x J& & 1 il (MMP) -3 \MMP-13 . fi
RE LW (ADAMTS) -4, ADAMTS-5 . 1L-1B . 1L-
6 FRE AL -2 41 7] (COX-2) ZE Ay F iR K F . R
A5 2H S RNAAE R il e A2 B &, S Healifh
IR AL RE S R RNA, SR 5 23 59 i )t s 5%
TR SR X B8 RNA B i 4 5 28 3 0l 4% Si b B AR A7
LSk ¢DNA. qPCR J B 2ot #4258 95 “CAZ M
105,60 CAPENNHGR K 60 s, 2e/1E 40 4~ S WA
o DUH e -3- e i =0 (GAPDH) /RN N 2
F R 2T iR A A B BRI AR X R ik it .
H3,

125 ZhHEXBAmEm A £ e  RENEREK
UG BEALE R0 S S g dl o B2 BT R A
FELH A 10 B, 200 RN HE 2 3 2o 5 T 56 4 i 28
A A AL R R BB T R, TR
2 By R OG5 s G s . i
LA AR, SCIR AL Bm H T R O &7 i o9 1 4
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PRP ¥ (PRP: 5 4b45=1:9)0.5 mL, % B 2H A T-
AL H 43500 515 s 9 TR 5 45 1 0.9% SAL RV T
HEEL 1A F 25 4 K RO R 20 200 s Bl RS
Jei 4 S LA AR B SR AORS -4 (HE ) G
o TR 2[5 g G (0 0 2R B e £ 5 R O Sl il
TSR IREUA

1.3 it AE R SPSS 24.0 i 40 i 4k %t
AR ST 00 o TR PORER T ves RN, 24
THEE GO AR S R 28 22 430, 281 18] 7 1 146 Lt
R LSD-t K36 . P<0.05 W 2ERAH G2 X,
2 #R

21 BHAREERFAKELLE R ELISAEE &
I 5 2H R B TL-18 \TNF-a \IL-6 J2 iNOS 7K -
5 IE R A A R 2 s A I AE 280 LPS A B LA
J&i ,IL-18  TNF-a \IL-6 1 iNOS 7K - BH & 38 &5 , 1fii 43
T LA [R] 25 9 9 JE 1 PRP 4b B R SOXO 4k B DL
Jei o LR AR AE PR 7K S AN ] 72 B2 B A1 (P<0.05
¥ P<0.01) , H SOX9 52 56 41 B IR AR B ok 235 (33
P<0.01), W1,

22 RARBEAHEXEANREKERE X

R1 AR IL-1B . TNF-a

JH RT-PCR %3 BT ACAN . COL2A 1 25 5508 s Sk L A
# ik 1 MMP-3, MMP-13, ADAMTS-4, ADAMTS-5,
IL-1B IL-6 . COX-2 85 H - 48 HE AH OC Y 4 1 PR 6
RIKF o 5 IR A A A2 ff F LPS J R 4
i e S R R 118 6 TR /K- I RO e R
onei e PSR S vy W i T o L B o 17 N [ 713
PRP 1 SOX9 4 s 551 Ab #L5 , B S 33 5% T 301 4 55
PR PR 63K AT B T IR RN R RE A S JE P R 3k
1 R, Fo L SOX9 52541 (9 1 ek e 3 (33 P<
0.01), W32,

23 FJBAKBRBRXTREM Exf Ik xf
HEZH R T AR 20 ) OG0 R AR LR 3, S 3 4 55 1
FARA N RIEOCH, 22 RPN, X B2
ST RN K B T HLRS . LR 1,

24 EHRRBATHREHAHLHEFLORFR
BRIERE BT AR KRB s RIZ R
JETE 5 S8R FRCE A0 5 R R T A2 B3 IR 4
SEARHES L 55, 4N P A 2 I T 88 8 S AR A 5 X
HEZH R RO O T i 0 J2 B R RELRE |, 240 Pt 235 4 11 =2
FPEEREIR , A0 A A HES B ER AL R SO ST,

IL-6 F1iNOS f7K - FL 5/ + s

415 O IL-1p 1L.-6 TNF-a iNOS
EH4 3 58.3+2.26 34.75+1.75 13.41+0.23 0.84+0.02
P2 3 81.65+1.37" 73.3+1.75% 22.76+0.37" 1.06+0.01%
I PRP 52364 3 77.46+0.897% 65.12+2.67"% 22.06+0.147% 1.02+0.019%
rhfk B PRP S84 3 72.37+1.377% 57.53+1.75"% 20.88+0.217% 0.99+0.01%2
VR PRP S2IR 4 3 68.95+1.587% 53.44+1.017% 19.75£0.217% 0.95+0.0172
SOX9 55641 3 64.29+1.877% 47.01+1.75%% 19.24+0.16"% 0.92+0.01%?

1L AT 25, TNF-o R I IR E I F o, iINOS S i 5 I — 4 (L A A il

O5IEW 4 H#, P<0.05; Q5 HRIL 45, P<0.05.,

T2 BRI R PRI R B RS 9 A AH DG E R (R 26 38 7KK LU U + 5

2H 5 HARKEL ACAN COL2A1 MMP-3 MMP-13
EH4 3 1.00+0.07 1.00+0.01 1.00+0.01 1.00+0.01
TR 2 3 0.64+0.017 0.64=0.017 1.39+0.01% 1.47+0.017
G PRP 525041 3 0.74+0.0212 0.65+0.017% 1.33£0.017% 1.43+0.0172
rhfk i PRP S84 3 0.79+0.0172 0.69+0.017% 1.32+0.017% 1.40+0.0172
VR BE PRP 828641 3 0.81+0.0172 0.70+0.017% 1.29+0.017% 1.33+0.0172
SOX9 F2H6 4 3 0.90+0.0272 0.84+0.02"2 1.160.0272 1.19+0.0272
25 531 ADAMTS-5 1L-6 COX-2 IL-1B ADAMTS-4
EH 4R 1.00+0.03 1.00+0.06 1.00+0.03 1.00+0.01 1.00+0.03
L RIEE | 1.24+0.01% 1.41£0.01% 1.49+0.01 1.44+0.01% 1.58+0.01%
I 3 PRP 523041 1.22+0.01% 1.39+0.0172 1.45+0.017 1.33+0.010% 1.50+0.0172
rfk i PRP S804 1.17+0.017% 1.36+0.0172 1.27+0.01% 1.28+0.017% 1.45+0.0272
VR PRP 52 2] 1.15+0.010% 1.32+0.0172 1.22+0.01% 1.25+0.010% 1.41£0.0172
SOX9 52541 1.08+0.017% 1.20£0.0172 1.15+0.017% 1.15+0.020% 1.31£0.0172

TE - ACAN S HCH SR TR BB, COL2AT Sy 1T 7 20 JIk e JAL Rty , MMIP oAy 3 5 <52 Jed 4 (1, ADAMTS o IR 3R 2 11 2 WG, 1L 4 11 4B 3R

COX-2 A P4 AL -2 4 il 551
O IE#H A LE, P<0.05. @5HRIZ L#;, P<0.05,
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TS 4 00 ) SR A, e A A P R A, I L )= B I
AT AN IR I AL SR BEARME 5 L6 21 K ROy
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AL T IR HR A T S N e 3 A 3D Rl R
FEANMLIZ N . DL 2.
25 BHABBRXTHREEHARBRAULEESE
B AW, MMP-13 Fl ADAMTS-4 P Ff 47 44 2
FE S A e B oA PR R I
3 iTig

KOA &5 Bk H a5 W3] i —Fh iR 1k
P BB UL PR | 52 M A G T e T4 56 T A
HEAL AAHE RO HCE 8 A U AL
A5 KOA 320 32 1l A HH4H SRk 8 A SC er
S 6 %) 184 A A P R B G AR Y RN S L
JoR 2 4 2 45 43 1 Ak O M 0 RE R U R I AE . H i
KOA WG YT A R BR % , 47k B % PRP 1Y
ANWHRADFFE 5 0 R AR I OG99 18 9 1 3 PRP
RIT KOARUS TiE— 2k, PRPAERNEHZ
Foft A A PR 19 I/ INBR TR 46 0 L T A R R G T R
B AN AR R FE OGBS ST PRPYRYT
KOA , Al ffi 9o 31 48 [H 1 IL-1B Fl TNF-o S FRAIG , 1E
M T KOA BAER ™, AWFSEHRT T PRP g
i PEREME P SOX9 2 IR 1y ik S =Xt LPS 5% T
() R BRSO T BCB B0 I 1 Th e OR3P 80U B PRP 7™
AT R R BB XTGBT, 455
B PRP W] i S BR 1 PR 5 SOX9 SR () R 1k ok A1
SR AT BELIT T /N KOA S 1 A 18

KOA JR 2 rp , 78 T 1R AT e A Fn A=
AR S SRCT R A0 A R RE R
I3 L F A XSG IR AR 5 S AR T R
AN, PR T R E N RAE R 7Y AR A
B, R PR A DG PR Rk i nT e AR AT M ek AR
AHOE . HI T PRP & A 25 8w K P 1Y i/ Rk B2
[Fi] B 356 4 I /N S T 2 95 0 At 2 o o /D i A
KT, b KOAFAS 4L L8 2 A5 T 5 R 38
e A B gEYY & B PRP AT R 2D R
MMP-13 [HE 20 i () 2 35 , 8 ] MMP-13 (19235
T HE— 2 BT A ARCE AR R . IR
ADAMTS-4 2 ¢ 1R AT PEA e AR % A Y — P B 22
AW 2E bR AR A 22— AR B X O i AP B
0B 1A K A I L OGS AR B 1 IR 15 S I A
AILEEMARER " IFEXT R REAZH
R ELAT LRI, AHCHIFGE Y S SR R | il i
I ADAMTS-4 5 F11E 5 ADAMTS-5 45 & /K F-n]
[Fi] B 850 P B AR ) SR A 1 22 W ) R A, DT B I8 0

DRI H 2 HE R 2R R 4R R . SOX9
EHJET SOX A ZME , X H0H 40 i 26 8 9 B 4%
HRASHMEAA SO R e A R A
HAER A5 S A0 A 2 AR 3 58 5 Ak i T v
YA AR AR 1 AR L S ) AR 2
AR R 5 5 O OB A A AR K e R A
M EZ RN R, AU &M, SOX9 Al
PR T B AP A 3K . Zhang SV S R B,
SOX9 it Al ik ADAMTS-4, ADAMTS-5, ADAMTS-7,
ADA F MTS-12 4~ FE P R 38 ) mRNA 8 11 2B %, oF
[IEERSALNE S ASEA S 2SS NP
HESEH T SOX9 ff 52 2 —Fl SR 2 1 22 Wl 2 K 1 4R
S ITEPEA , DT AT B8 X 567 5501 RN 40 it o1 3
Jo 7 A AR AR . SOXO AT D T 63 5k 40 4
21 i A B S R Tl A 0 S 43 A 4 43k i 1 K
B 40 M HEAT 40 M F AR b R, B 2 S {2
HE TR A0 P 5 COL2A T 55015 440 o A S5 P i
WA SR, AL UE T COL2A1 ZE 4| 4l 4> 1
oA S FE IR T MMP-13 I A] B i COL2A1
WA AR, ph T SOX9 A RE T8 4+ 411 1] ADAMTS-4
FIMMP-13 38 5 1 2236 , i ik 21980 R E 20
TR AN 4B A M T K A COL2A T Bk , a2 1fij mJ
H B KOA TR TR R R
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