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Abstract

BACKGROUND: The content of serum thrombin in patients with osteoarthritis is significantly higher than that in normal individuals, and thrombin can induce
inflammatory degeneration of rat chondrocytes, suggesting that inhibiting the function of thrombin may become a method for treating osteoarthritis. Celecoxib
is a common therapeutic drug for the clinical treatment of osteoarthritis. It is not yet known whether it improves chondrocyte degeneration by inhibiting the

activity of thrombin.

OBJECTIVE: To investigate the effect of celecoxib on thrombin-induced degeneration of rat chondrocytes.

METHODS: Thrombin levels in the serum of osteoarthritis patients and normal individuals were detected by an ELISA kit. Primary chondrocytes of neonatal
Sprague-Dawley rats were isolated, and all experiments were performed with cells from passage one. Chondrocytes were randomly divided into three groups:
control group, thrombin group, and celecoxib group. The cell morphology of the three groups was observed under an inverted microscope, and an Edu kit was
used to detect the cell proliferation. gRT-PCR was used to detect the expression of extracellular matrix components (aggrecan, elastin, cartilage oligomeric
matrix proteins), inflammatory factors (interleukin-1, interleukin-6, and tumor necrosis factor-a), and chemokines (monocyte chemotactic protein 2, monocyte
chemotactic protein 7, granulocyte chemotactic protein 6). The expression of type 2 collagen al was detected by immunofluorescence. Western blot method
was used to detect the expression of catabolic metabolism genes, such as matrix metalloproteinase 9, matrix metalloproteinase 13, and cyclooxygenase 2.
RESULTS AND CONCLUSION: Patients with osteoarthritis had higher levels of thrombin in the serum compared with normal individuals. Under the microscope,
celecoxib was found to significantly inhibit fibroid changes in chondrocytes. Compared with the thrombin group, celecoxib inhibited the proliferation of
chondrocytes. The downregulation of extracellular matrix gene expression, such as type Il collagen al, in the thrombin group was inhibited by celecoxib

(P <0.05). Thrombin promoted the expression of inflammatory factors (interleukin-1, interleukin-6, and tumor necrosis factor-a), chemokines (monocyte
chemotactic protein 2, monocyte chemotactic protein 7, granulocyte chemotactic protein 6), as well as catabolic genes (matrix metalloproteinase 9, matrix
metalloproteinase 13, and cyclooxygenase 2), and under the intervention of celecoxib, the expression of these genes could be downregulated (P < 0.05).
Overall, these findings indicate that celecoxib inhibits the pro-inflammatory effects of thrombin and thereby ameliorates chondrocyte degeneration in rats.
Key words: chondrocyte; thrombin; celecoxib; cell proliferation; cell degeneration
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WIT T, DRI T 5 R R ML ey

T 75 2 B g AL 8 7 50 MK B ASF e 25 3205 (i 3 £ 40 i A
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FErE TR N BE—2DRF T B, o 0L B S S 4
W, (et E MRS AR SR, FIHRRER T
A R R T 4 B R CI R AR Rk, R IEIR R A s DL B
Frh FEPE IR U8 I T A B 4 SR AR G R ) DGR 2% R R
FEREATRNGIK b W FER I RE 254, it b 5 AR i
RN AEIR W, B, PR FE AR T Sk A 15 AT
DAH 1) 5 100 P 114012 288 A1 PR T o5 R B2 4 L 1 6 1R AR
NG RIETT B O RARLHT DB

1 #MBFI5E Materials and methods

1.1 3% PRI, EiFRRRMIES S, £
2 TA) LA R B IR R 7 2240 M, 4N 22 55K LSD-t K56
FRRIATFE ES AR, KA Kruskal-Wallis £556 .

1.2 BHiEAbE SET 2023 4F 6-9 H7E b 25 K5
1.3

1.3.1 SEIGEhY) M SPF 24 SD R (#4E 24 h), WH L
VR - YR E R A A [ A HEIES: SCXK( I )

2018-0006], k% 5256 By FH Sz 56 2h 4 A s 56 v 1 F 3 45 )
g R 2 K AR S 0 B ) A R A B 2R D e (L HE S
PZSHUTCM200710008).

1.3.2 SZERAVEE CO, BE4H. QuantStudio3 w5 B PCR X
(Thermo); H§ TAEG ( JIERAEVMETRHEERA A ) Bl
FEAH R 40 (Olympus)s FEIKAX. FRIKAE. RO, HERE 18
Z 4t (Bio-Rad); BEEHR{X (BioTek); REIK (HFFFXIR AR ); B
DL ( EHGFEAF] )

1.3.3 2= ARG DMEM #5395 BRI G 2 L35 (Biosera 24
7], 10270-106); 1T ZY it J5i fiF (Sigma A &, C6885); BCA &
P99 5 0 52 R 77) &% (Pierce A W], No.23227); Evo M-MLV %
TR A A F1 SYBR® Green Pro Taq HS FiJE#! qPCR iR
& (& ROX)( LR} 2E WA F], AGL1706, AG11718); 5
FHEREHERAW. BME. BeyoClick™ EdU 41 fid 1 78 A&
MR 7 £ RNAeasy™ 214 RNA i1 5238 55 & (25004 50 ).
B-actin, JLJii < J& H F M 9( 3 =~ KA H], C0222, ST1699,
C0075, R0027, AF0003, AF5234); M4 {LI 2(Bimake 2],
A5523); f — Pi. B PL(CST A 7], 7074P2, 7076P2);
1T B i o RS T 43 J 85 1 B 13(Santa v 7], sc-28887,
sc-30073); % 3k 1 Ai (Selleck A ®], S1261); ¥t IfiL i ELISA
R & (Abcam A &, ab270210); 5 5 ke ( FR IR AR A A,
R510-22-10).

1.4 £7Hk

1.4.1  ELISA &M 2 M 3 &% I B vk JE 1B 5 N K 507 48 &
ML RE A S SR H 2022 42 1-9 A 7E Bifg T R 25 K% 8
B G & B EAT i R AR RS S R RIGIT B . B ORTT R
Z R 0T R TBUR 2212 Wi ks v, U5 E 2021 4 R AR R
o w Rl s m ChEE G R8T 8 R (2021 4
Fi)Y R ST RS . AR SR I IE Ak i
W, T -80 CLRAF, T/, kSR &itE
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ok b b R 2 K A B R R R B A S Y A A (i
5 2021-1013-88-01), i Ff] ELISA 5 77 & & W 1 % A A1
OO 28 A s LA S . B E Sample Diluent NS+1x
Enhancer. Wash Buffer PT DL & #n#ft S . 96 FLAR & FL DA
10 pL [y A1 90 uL Sample Diluent NS+1xEnhancer, & &K,
200 r/min, EJEFES 1 min, EE 4 RIS, BUEFEAR
& 100 000 fi5. SimpleStep Fiik 1) 96 FLIR B FLAN ARG B )5 (1
I3 50 pL A1 50 pL Pifk. HMREEEFLH, 400 r/min, =R
8 H 1h. &FLIIA Wash Buffer PT ¥t 3 ¥k, WRIRRAEILNE
AMEEE 10s, BRIRDESE RIS IR, HE 3. Bl
A TMB & 43, 300 r/min, =i EEHFE 10 min. &EFLIN
ANZIEW, 400 r/min, 38 1 min, PS5 A8 Ry ik,
P EEFRMY B 2 450 nm P AL, TONKS IO AR .

142 HEMMK S EMREFE o25 bESRREE Ab AT
WA 20 MR, BT R HT75% L8 IR iy &
10 min, PBS &L 3 K. TR &M 1 ff ST B, #
AR LS, PBS VL 3 K, IV 1 mm® KM #E
Frs N 0.5% 1T B A, 37 CHHIRFEFR ((#£3H 150 r/min)
WHALZ) 60 min; HL 5, 2 000 r/min 5.0 5 min, f3]3%
VW, UUUE FH PBS Wik 3 Uk, M 1R 434 10% fig 4 i A1 1%
HH R - WA E ) DMEM R 3R 56 B4, #FT 10 cm %
FEIA (1x10%° LY), B 37 'C. 5%CO, F 950 T isdt. FARH)
g HABSMANREREEE L.

KRR BMAERIEFR R EE

HRERIR

BERIEFRE

s

ALY

BERETRATE RRIRE TR 2 d TR, 2 d R 1R, HgR3d A
FIT U fRAR

HREIEIR 4l ffufl %5 80%-90% FHIERE M AL Z T 148, 441 & 3 LupilfLAR,
PRk 1A, e 2 4%

MR E K FH TR 5 ol s 5 Y C AT 400 A LY 25 5

RIS WA LW bR RE LR WA R RS
(PZSHUTCM200710008) I I3 H [ 24 2 bt Ja 1 ' I B A6 B 25
4% (2021-1013-88-01) & A kil

143 HEMmMEH AR B 1 ARHCR AR 2] 6 fL

B (6x10° A / AL ) JEAT T3, Ke 40 M 3 Xt HEZH L 75 1f 1
ANZEREATH . W RRAINNEE TR (MARFR 4%k 10% Jif 4 1
W 1% 58 % - B & R DMEM R348 ), Bty 2H
16X IR ZH B 5 3 () JE Rl BN 20 U/mL Bt B, ZEskEAnd
TEBE I B 2H 355 7 2 1 2l _E AN 10 umol/LZER A .24 h J5 ,
[EERT G M =] lRpi ST sl

1.4.4 Edu VLR IRCE AHMGSE R R dH MR AR 2 6 FLAR
(6x10° /4> / 4L ), B FREIEHIRZ, SO Edu TAEW,
AREEFE 2 ho EBRIGIRI, EH PBSIEVE 3 . I EH,
FE I E 15 mine LFREER, PeimiEbe 3 I IAJEE
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W, ZEE 15 min, FeRBIHBE 3 K, A Click )R,
FEIRBEIEFEE 30 min. PEETIEYE 3 ¥k, DAPLAFIFR I
%, BEYG 10 min. PEVRIBEDE 3 I, TER G S T I
1.4.5 gRT-PCR filll mRNA ik B 4ufi sy 213557 24 h )5,
RNAeasy™ /) 97 RNA fl 42 3 77 & (25 0o A% 3 ) ol £ 48 .
RNA. KH] Evo M-MLV Jst % 5% 15178 B4 4577 & & Jl cDNA,  $%
fit SYBR® Green Pro Taq HS iy % qPCR {71 & ( & ROX) ECHil
20 uL g MAK &R, HALHE 2xSYBR® Green Pro Tag HS Premix(ROS
plus)10 pL, 10 pmol/L ¥ B I HT 5 514 % 2 ul, DNA FAR /)N
T 100 ng, ddH,0 #}EAFIE 20 uL. LA B-actin P S i#EAT
PCR ¥ 14, M 24495 °C 30s; 95°C5s, 60 °C 30s, J&
40 MEE. LL 2% IR FROR S H SR A RIA R, K3
R 510751 W3k 1.

# 1 | oRT-PCR 5|¥)BFRRFT)
Table1 | Primer sequences for qRT-PCR

TR 4R mRNA 5% (5'-3")
B-actin-F AGA TCA AGA TCA TTG CTC CTC CTG
B-actin-R GGG TGT AAA ACG CAG CTC AG

CCATGATGG CAA GGG TGA TG

GGG CACACATCGATCTTGTC

GTG TCG GTC TTC CAG GTG TA

CTT TGG CGC TTT GAT GGG AT

GCA GGG ATA ACG GACTGA AG

GAG TAA AGT GGT CAT AGT TCA GCT TG
GCT GCT ACT CAT TCA CTG GC

GGT GCT GAA GTC CTT AGG GT

BH R EA -F
BHFRETEA R
WPEE A -F

PEEE -R

LR AT -F
KR AT R
SR A 2-F
LR A 2R

AR 7-F GCT TCT GTG TGT GCT GCT C
FRRZ ANtk B 1 7R TAA CAG CTT CCC AGG GAC AC
Rl D 6-F TTC TGC TGC TGT TCA CAC TG
R & 6-R TAT CAA CGG AGC TTG TGG GT
MR FE A a-F CGT CGT AGC AAA CCA CCA AG
JHEREN T a-R GAG GCT GAC TTT CTC CTG GT
H4ifEN = 1-F GCC CAT CCT CTG TGA CTC AT

AGG CCA CAG GTATTT TGT CG
CCACTG CCTTCCCTACTTCA
TTC TGA CAG TGC ATC ATC GC

AR 1R
H4LA 3= 6-F
43R 6-R

FiE: FONIEM, RRIA.
1.4.6 Western Blot kil 2 A &1k P4l 41557748 h =,
RIPA Y 2L fift A0 i JF FLZEAT B8PS i, SR INAIMI R . BCA V2
WE A S R R, KR AREAR S EREZ R &, 100 C
AW 10 min. 4 10% 7> BN 5% IRARNL, R E AR N
N EFEFLA, 7E SDS-PAGE 1 HL K 7 2§ 110 min, ¥4
HL%: % PVDF I, (i FH PG $ TR = IR 30 min J5, 4 C
Z A T W E — i (B-actin, HEALEE 2. HEESBEA
fgo. BM&BEAM 13, MBELLEI2HN 1 ¢ 1000-1 :
2000). TBST $ik 3 ¥k, =FiRiFE 41 60 min( R LLGI N1 -
5000), FfH TBST ¥i¥k 3 Ik, i H ECL X &t 47 g If
LG

1.4.7 RIETIERI T BRIR al ik HHCE 4R 2] 6
FLA R (4x10° A /5L ), sreHE5R 24 h 5, 40205 R FL
ff) 80%, ¥kigedtsrs, H PBS W&V 3 K. MM Ho s G o [
SEVRIE E 10 min, S G IETE 3 I T gt
B E IR 60 ming IIAN—HT ( TTRURJE a1, ik L
N1 :200), 4 CHFEK. s elRiinmat 3 K, In
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NI P (MRELLEIy 1 1 700), =R E 60 min,
SRJG N DAPLIRFIbRiC 40 fu A%, 8% 10 min, S Je o ik
BOEYE 3 I, TESOLRME PSR

15 FEIERSAF OPCHMILEAE T, QB MRS
M @CH AN E R R OFCE A JRE R T
LR TR ©%CE g iR R R IE .

1.6 %t # a4t K H SPSS 25.0 #H4T Gi it 2oy b, @I
GraphPad Prism 9 #4755 45 R G AL B 7R . 4 ih & BORk IR
MIEZS A3 A, 2 LLECR SRR 20T, AN ERR
F LSD-t f5 36, & R EIARF & IES i, RHA Kruskal-Wallis
o SI gl Rl Xas KoR. P<0.05 FHACHZE 7 BEME
B Y. EXEMGIETECS iR ES RS
LREHEZ.

2 258 Results

21 EFAFEXTXEL OFHROEESST  EWHNRHEL
R B VE IR S — BRI, ZE R REEE X
(P>0.05). ELISA 5517, 8 {9 1E % N 1 Iy & i i & & A

(34.90+11.69) mg/L, 48 3l 514 4 K4 1L 75 6k 1L B 75 By
(447.58+60.98) mg/L, - X747 43 1 4 1L kL I 5 k35

FIE® AN (P<0.05), W3 2.

#2 | EBAMB AT REE —RERRMELRMEK TR
Table 2 | Comparison of general information and serum thrombin levels
between healthy people and osteoarthritis patients

203 no AR (xxs, %) 5/ 2 (n) HEMLAG (Xts, mg/L)
19N 8  60.13+4.65 4/4 34.90+11.69
BRI R EE 48 60.33:1.66 23/25 447.58+60.98

P{E >0.05 >0.05 <0.0001

22 RE@MOHA BB K SR ACH R IR 4R A A
RIS E, MASFMREE, 2 KRIE; ERE
AW T MBS S R A, WE 1.

23 HRE@MBRIEIA  Edu bRid R IR =N e, R
Edu PHPEANNE, 45 30X IR ZH Edu BH 41 i Lk sl 37%,
HEIM AL Edu FHPESN A LL A 50%, %K E A 2 Edu [HPEZ
HLL oy 23%, Z=5A R MR L (P<0.05), HLE 2.

24 Hpmpest R NARR al. RETORE. BHEE
. REFERERZEOAR G EIZL gRT-PCR 45 KW, K
B N ASCE AR REE AR, M EA. e SRR
B mRNA 320 ( [8 3A),  JE k8 A i) I 2 #0041
B VER, BP L IX SR () mRNA K, 257G EEMEER
X (P <0.05). 4iffl e eai it —DRM, FEREM T
Al A TR A o (YRR ([ 3B), ) 1k L R ik
JR B AAEH

2.5 BB mitt KiE B F AR LB T kL qRT-PCR Kl 45
R, A S PR AR SOE R T ( AR A 1.
HYH 2 6. IR AER T o) Atk R T ( A% 40 otk
B2, BEAREAES 7. K41EELE E 6) 1) mRNA

FIEIK- ETE, FESRE AT AT B AW _FA 25 R T A AR
FRIL, HREZFAEEMER X (P<0.05), ILE 4,
2.6 HF RS AL 09 £ 3k Western Blot £& I HH 4
Burh B4R AR I 13, BRI O NI AL 2 &5
BAMEIE, SRETW, MXTHMEH, R E 4 HER
SREA 13, £RERENOR 9 MIALE 2 WEARE
R, ZERARENE X (P<0.05), HLES5.

3 i Discussion

E YA R R M — D, TS RORT A WA EK
HYNMANE TRy B R R KA RER T RERIE, 7
HOCE MM EE T A S BT R AR B A R A, 38 U 4
LFHEAL M, UTAERWF AR I, A PN S 0 v I KT ] R
TR BIRE AN B ik o R R Ak S5 8w mT DA 1 4l A 2R L
HAMIA 2= 6 F AL At &5 1 1 S 7= AR, (Rt
I IRk g DO, R R B T 48 B IR b I S R
TIEW N, RIEAE A — 35 S 2 % i B 2 75 520 50 4 i
HETE . AR, GG ANIE TR G 3 RN 2% 1 5 (R (1) R IE
FERE A RIGIRE WP R LG, IR 7O Mg R & A 2 T
JE s s A ) A T R PR B 26 TR

MR SR AR, B T R A 1 B R 1) 4T 4 A 2
Ao W, fE R DLt A ) S R g e, FLAK
HYNIE LT 4EFE AT AS A, Bt I LR S A 2
1 45 JRE R 1 SRS R A i A 2 R e AR A AL

SRR YU B A T R B T R R R AR (R A R,
AT T EE A I TE AR g b, XA 2 R AR 3R
FH B SO A IR B A B NI R 4 D . VR
RO, BEILEE TR TR A B A T TR R ol SRR
BERNE, SRR E E R E A ERNRE.

TR R RRAEREEREF, 268ERFFEAE TR
FERIE THEBEEH. AR 1 AT DU 4l il &
R4 R E AN 3. e REAN oM &EE N
1B EEFREREORN, (CHERNIEE; Eaf s —4Hik
ZEMAMMAN 2 6 FRFRIFRE, W& 0 2006 AL
JER P, ORI R AEH P27, RRAER T o BB B R
SR BE o AP R, R4 Rk B S e
e EARE B IEAOC, B4 E G 1 Aokl fuiath &
M2 AT LA S RAE R T IO 3R0E, B0 PR 4 i A s 2 i 1)
REFBALIRAE R, 25 90 OB P2, AN, SRR
2 B R A R 2 R A T A R B IR R, 0RO
5 B3 ks a5 R R, BRI EE EE T R g b A
A= 1. FRIRIER T o AEAZ A it th 2R 1 3 25 RORE
TUL R 4R B B 9. F 4R B 13 FIIEILES 2
AP AN LT RS R R R A . Kb gl R 1. A4l
foAr 25 6 MR IRIE R F o 2578 BEAE A 70 e i 2 ok
T 9% JORE SN BRI JORE TR T, MR AT A R T I
et Bk PR IL B,

Chinese Journal of Tissue Engineering Research | Vol 28 | No.34 | December 2024 | 5449



@7z PEARTERR e
www.CITER.com Chinese Journal of Tissue Engineering Research
pagiee| T A FEREATLH R b
R A e  — |;\ it d d
15 d d 15 d d X
o ° & 10
] ey fo
%E 1.0 mfé 10 z 08
B E; 31 06
e £ B, 4 FtEER % = 0.5 N % 0.5 f: 04
l1|§$ ﬁﬁ%ﬁﬂﬁﬁ#%h %mﬂﬁﬁkuﬁ m I s &
) o b2 0.2
Figure 1 | Celecoxib reverses thrombin-induced fibroid transformation of 0 E
0 ‘,
chondrocytes i o% B = B
@’é \@/@&b R ﬁ(@»% 7 \%" %@k\f%ﬁg\k@
Xof A e AL HATZE
2 FMEAL BEMA A AT
b ¢ R IR 13 48 kD
: AR 1 9 69k A & P <005,
¥ il E —— - D ¢
E °p < 0.01, P <
i w2 | b e 0.001, °P < 0.000 1,
APl
GAPDH N S - 0

0
R LT
0V @gﬁ\\ %%5€3

[&yE: °P<0.01, "P<0.001, ‘P<0.0001,
E 2 | Edu#faLER (x100) LK Edu PAMEZER
Figure 2 | The results of Edu staining (x100) and Edu positive rate
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Figure 4 | Celecoxib inhibits the expression of inflammatory factors and
chemokines in thrombin-induced chondrocytes
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