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[Abstract]

apoptosis of human chondrocytes and possible mechanisms. Methods

Objective To investigate the effects of shark cartilage on interleukin- 13 (IL-1B)-induced
The effect of different concentrations of
shark cartilage solution (0.1, 2, 1, 5 and 10 mg/ml) on the proliferation of human chondrocytes was measured by
MTS method. The chondrocytes were divided into 3 groups:the control group was given the medium only; the 1L-
1B group was treated with 10 ng/ml IL-13; the shark cartilage group was treated with 10 ng/ml IL-1$ and 5 mg/
ml shark cartilage solution. The apoptosis and cell cycle of each group were examined by flow cytometry, and
the expression of signal transducers and activators of transcription 3 (STAT3), p65, extracellular regulated
protein kinases (ERK), p-STAT3, p-p65, p-ERK, B-cell lymphoma-extra large (Bel-xl) and Survivin was
detected by Western blot. Results
growth and 5 mg/ml presented the most obvious effect (P <0.001). As compared with IL- 1B group, the cell

Shark cartilage solution could significantly promote the chondrocytes

apoptosis in shark cartilage group was significantly reduced (P <0.001), phosphorylation of STAT3, p65 and
ERK significantly decreased (P <0.05, P <0.001, and P < 0.05 respectively), and the expression of Bel-xI and
Survivin protein increased (both P <0.01). Conclusion Shark cartilage solution can inhibit apoptosis of
chondrocytes by inhibiting STAT3, p65 and ERK phosphorylation, and increasing the expression of Bel-xI and
Survivin proteins.

[Key words] Shark cartilage; Interleukin-18; Chondrocytes; Apoptosis

N

&

- -
wH -

B TR (osteoarthritis, OA ) 2R _E—Fhi I

DOI:10.3969/j.issn.1674-8573.2019.03.009

Fe4iH .« EE [ AR 54 (31770849 .31500640) 5 #TT4 A
SRR 4 (LY15C070002, LY 16C050001 ) ; 5% 24 1 B %) 35 H
(2015AY23007)

PEF AL 1. JE Rt R 25 K2 JE T 100029;2. Wiyl =
FABFFEBE , Wi s 2% 314006

WEMEH ZUHE, E-mail : lixuhui07@mails.tsinghua.edu.cn

ARSI B S IR AT PR , O HLBEH AR A3 Kk
TRBER BT . OA BYBEACRRAE Jy Z2 IR 5 |
HCE AR . 7R B R R AR R R, A
A2 (IL)-18 R IR FE I - S0 58 P 4 L P
AENS I 1 545 Nuclear factor kappa-B(NF-kB) | Mito-
gen-activated protein kinase (MAPK ) %55 538 A i7F
PAE SN HIHEAT o INTAE OA B R It FE v, 00 2



HEF20194E5 A5 105855 3] Orthopaedics, May 2019, Vol. 10, No. 3

PR S R R T A R N R Y S — A EE A
Bel-x1(B-cell lymphoma-extralarge ) I Survivin /& P>
FEOTAE R TS 1, S P A T
FEIRZ BN , 25 A0 I AR A Bl 5 L
M R T AR BRIR A 2R (chondroitin
sulfate, CS) A S — i 8 A4 515 5B ORAP 00 Il PR
R T B RIR ST RCR , BENT RS OA i AT
KPR F RTTIIRE . B E R EA
IR R AR R XA Z W2 I, I PR A & £
B 2R A RO OA 5 AT 9m 0 1
B 52 RARR L) ABAE AL i A DA . ASBIF S
T AN IR NIE H R A C28/12, WA 1 4K
OB AR T B AN SC R R IR R, 0 e A
R DRAP R A R T BEAIL A

MRERE

— SEIGANN 24 3R S g e

NIEHHCE A C28/12 W T iR A= b
ARAFCRE) . B aPCER (RRIE RSN
33% , s A FRA D RHEA R A ], P ED , DMEM
PR R AL [ e AR E W BOR (P D A BRA R 1,
AL [ ERRS A BR R ED A R A, 8%
ZIR A (Life Technologies 23 7], 5[ ) , IL-18 (Cell
Signaling Technology 73 #] , 3¢ [& ) , CellTiter 96TM
Aqueous One Solution Reagent 4l fifd 344 42 i 7] & ( Pro-
mega, [ ) , 0.25% PR 1l [ 4E 2R 55 AR W EOR (Fh
) A B2 A] ], Alexa Fluor® 488 annexin V/Dead
Cell Apoptosis Kit with Alexa® (Invitrogen 23 A , 3¢
[E ) , FxCycle™ PI/RNase Staining Solution ( Life Tech-
nologies A ) , £ [E ) , Quick Start™ Bradford 1x Dye
Reagent (Bio-Rad /A A] , ZH), Bel-xl Antibody (Cell
Signaling Technology 7\ 7 , & [ ) , Survivin Antibody
(Cell Signaling Technology 2y Fl , 3¢ ) , p65 Antibody
(Santa Cruz , 3 [E ), p-p65 Antibody (Cell Signaling
Technology 7~ 7] , 3¢ [E ) , STAT3 Antibody (Santa Cruz
5H), FEE ), p-STAT3 Antibody (Cell Signaling Tech-
nology 7~ Fl , £ [# ) , B-actin Antibody (Santa Cruz 23
A, £ [F ), ERK (Cell Signaling Technology 2\ A] , 3¢
=), p-ERK (Cell Signaling Technology /A 7] , £ [E ) .
80 e A ) Al B (IR R B AR AT IR A A, o
), AR 2 A NUATR CRSERHE A AL P IR, CO,
AR FRAE (SANYO =3 A ], HAS) , 2P BEbR
Y Sepctra Max M5 (Molecular Devices 2y Al , £ [H ) ,
S IR B O L G LA R A G 2R DA R A,

<211

HE ), BD Accuri™ C6 Plus Flow Cytometer (BD Bio-
sciences N1, EH ), ImageQuant LAS 4000mini XS
I GEMESGE, £H),

S W R7S

(—) 25yl

W& R By (5 33% MR AR K1 3R )3.7878 g,
TA 50 ml 25 B TR BEHE IR F 29 Wi i e i =2
50 ml B0, IR T, 10 000 t/min, B0 10 min,
W VB, 0.22 wm 3 8 2% bR ek 8 S RIAS 3 a3
PR U R 25 mg/mll (1) 3 RS KRR, LA
G PR R R VI, A TR VAR 1 B R T TR
Hyhe A B BEROM B SR B S . 7 10 pg HY IL-
1B K3 K I A 200 pl (1 PBS, Bt V& 24 50 pg/ml
() TL-1 B RETR, 8 FH S FH % 35 LA B N T T T

() B g7

AN AN FRAR TR E 2 h TR R T
WL ZE AN AR A5 B B o 1 20 L 5 3855 3 80% ~
90% I RVFTAEAR . SIS FREE, LA 3 ml B ER 22 v
W (phosphate buffer saline, PBS)JE¥E 2K . A1 ml
0.25% et , A FRAR N IHALZT 1 mine ITA 3 ml
Bt R AT LR . PR A B e =
15 ml 0% . ZIR T, 1000 t/min, B0 5 min, 5 -
W, WIRGE RS, B R BE R ST AN, 4% 1: 2 45 40 il 42
FREPE SR, $8 500 T 37 5% CO. R 4Ry
B FRAA MG BE RS IR

(=) i 1 FeUA 0

TE 5 T WA AN Y A RS, R A i 5
FRIE 909 I H HLTH AL A0 ML, K 40 g 4 7 T 24 FL AR
R O R AL 2 10N A, W BE 8 5% 24 he
W AR R BREE R B Ry 2H . R BREE ANV EAD
T, 0 fif B R L s T AR R A A i A 0.1
0.2.1.5.10 mg/ml %& 1 CE B W, T AL R: S48
TR 48 ho SR MTS i, PR UK TN 490 nm 11
WOGEEAE (Ao (B

(P ) £t 0

BRI RO AN 27 T 6 FLAR P, Wi
Bi 3% 24 ho BEARNE SR X BRAL - 132 I f i
FYeH o X IRAUARAEARER , TL-1 BLHL R f B By 4
10 ng/ml IL-184bH 24 h J5 , & fa FCE My 4l A & fa
B (5 mg/ml) , 55748 h

T I AR 20 T 0, 1000 1/min,
B0 5 min, W 5F FIEW . PV AY PBS TH Uk 4H A PR
Ko Fi R TR G i d I 5 0 20 B A T g €
S5Xannexin-binding buffer Fii B A 1%, #E5 pl 1 mg/ml



*212-

A PL5 45 pl 1x annexin-binding buffer 1R2), i PLIY
LR FE A 100 pg/mls HX 100 pl 1xannexin-binding
buffer K HELANAE S A S wl Alexa Fluor® 488 annex-
in VAL pl 100 pg/ml A9 PI, ZF i T H 15 min,
JITA 400 pl 1xannexin-binding buffer, $#WIR~) . il
EAEVK L, AR . 255 F BD Accuri C6
Plus AL BE

(L) 200 6 S A

IS LA F 1.5 ml B850 T, 70% 11 £ 85
WCHCA AL, [ 72 127 . PBS Y VEANME PR, =T,
1000 r/min, B> 5 min, W37 EIH#. RAREOE T
JITA 500 pl FxCycleTM PI/RNase Staining Solution,
WREJAAE . T, EEOEHEE 15 ming SRR B
AHEACAEIN o 25280 Modifit # /- ab B

(75) Western blot

FAALIGFRAE TS 1 PBS V& Uk 2 1, AL
A 60 wl 2 o FH 20 M) 7081 20 i O Wi 5 3
1.5 ml BL.CA5 R JERE 544#% 40 min. 4°C, 13 000 r/min,
B0 30 ming /NIRRT EDHT 1.5 ml 204
. H Quick Start™ Bradford N AT 5 H ) E
R, EEBAR S FREZMRIR SIS
WA 10 min, #£47 sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis(SDS-PAGE ) 13K , SR J5 1 &
F1%% El & Polyvinylidene fluoride (PVDF) i [, % EfJ
SE 5 T 5% BN 4 W4T £ AT 1 h, Phos-
phate buffered saline tween-20(PBST) WELE3 IR, BIR
5min, T 4CKANME —HLid A, PBST I3
U, B 10 min, iR NIFHE 901 h, FH enhanced
chemiluminescence (ECL) i 4 %% & )5 , T Im-
ageQuant LAS 4000mini {5 RGO

= Gt

JIT A S5 A =, Bl LA B AR i 22 (s
FR K SPSS 20.0 B AF (IBM 22 ], G ) #4748
THEA AR, SR U R 5 22 50 AR ST AR A ¢ KG55
P<0.05 %R 255 BAGIH4E L, P<0.01 £mA
BEMEZR P <0.001 FoRHAM R EMERER

# R

— e £ B VA RO A B A L B 1) ]

Ay FHHE EE H90.1.0.2.1.5.10 mg/ml ()25 4%
TRACPRAR B A 48 h 5 , A5 SR WNE 1 s, 5 X IR
A, AE 25 M 0.1~5 mg/ml B}, 45CH 4 i Fiti 25
25U B R TINT G 2 W E R 0.2.1.5 mg/ml B 5
XA i, 2 R BA G R L (P<0.05,P<

WEF20194E5 HE 10855 3] Orthopaedics, May 2019, Vol. 10, No. 3

0.001,P <0.001), 7E 5 mg/ml B {i¢ HEAE FH e W
T 24 25 M7 B2 15 5] 10 mg/ml I, 45 E 240 Jd Al B4 2
M2 P 5 mg/ml 3847522525

T e ORI VA RON A A  E T ) sE e

TL- 1 B ZEL A& £ 6 9y & 200 O T~ 155 40 2 ) 2
B, 5% BRZH AR LY, TL-1 B 2E 1 400 B 240 B 0 1 1 i
B (P<0.001), 5 IL-1BZHAH [t , % 10 0k 2H 1)
B AR A T B s (P < 0.001) .

= T BRI VA RO A A I A 1) s e

WK 3 P, 55X A AR E, TL- 1B 20 4 i 48 TL-
IBALFES G1 T4 Jia LL (538 i, S HH 448 s LL 471 B2 A
HZESHA5IT2%E X (P<0.001); 5IL-1841 1L
e A A B A4 S me/ml B & 5 Ky
WAL FES , G120 M BH i sk 2> (P < 0.001) , S JH Al
G2 20 L 5] BH S 3 i (P < 0.001, P < 0.01) 5

DU | A R VA RO SR A PR W R AL 1Y) 5 i)

STAT3 FI NF-kB £ H Z 5 5 2Rl 5 p65 J& P
KRR RAG T 00 T, BRI G 5 R VR .
e 4 iR, 56 R A H, TL- 18 4 58 40 i Iy
STAT3 il p65 MBEIR L3S N (P <0.01,P <0.001) , H:
th p65 BERR AL N B S W 5 IL- 1B AR, &
10 550 W3 2H 35 R P STAT3 F11 p65 B wERR 1L 1A i
W5/ (P<0.05,P<0.001), 4541 STAT3 Fl p65 & H
By A B A R (P> 0.05)

& A BTN ERK 2 B RR AL 52

WE S B, 50 B HE  TL- 13 41 51 40 i
N ERK (R fL I W3, 22 A it E (P <
0.001), 15 1L-1R4HAH Lt , % fh BB by 2H 5B 4 e
N ERK BB IE I Rk /b | 22 A geit2r s (P <
0.05) . 454 ERK & 119 8 3Rk & I %A 2 1 AR
fk(P#1>0.05).

1.5

1.04 ™

0.5 1

o o1 02 1 5 10
B 3% EH (mg/ml)

1 5 XA (0 mg/ml) L3, P < 0.05,7P < 0.001

B 1 s B O B A A ) 5



HER20194E5 A48 105553 Orthopaedics, May 2019, Vol. 10, No. 3

SHRA
GATE ' P1
Q3-UL Q
9.4% 0.

w2

FITC-A
wt WS P

w3

of

W owl w2 W ot WS W
PE-A

BaREhaA
GATE @ P1

w2

w2

R

FITC-A
w Wl W3 Wt

W ol W W3

wt Wb P
PE-A

e X LS, P < 0.001; 5 IL-1R4H HL s, "P < 0.001

w2

&2

7N e f A B RO TR T8 U FRA IR )

W 6 fr7R , 5 X% B A H, TL- 18 4 4B 40 e
B T8 11 Bel-x1 T Survivin [ F2 ik 51 Wb,
ERAEGIT#E X (P<0.05,P<0.01); 5IL-184
FH LG, & A R 2 5CH A0 M N Bel-x1 F Survivin Y
FIR I BIN, 2R A GITERE X (PH <0.01),

i

OA E—FE R TR AR, Z2 WL T HE4E N
RN 251 22 AR 5 R 2 b 2 24 Fn
SR 24, F0 S A A 1) A AR G P AR RACIR K
O F IS & Il siE 2 T IR L
AP o AR T35 1 RIS IRYT
TR 1 22 A TR ARG B OGN IR, DB R A
FET, NI 17 A ™, e i B & fa
B B IR AR 2 AR S R E e
TEPERLAT | Forh 5 L 245 AN (B B A3 B R %K
HE o AT IRATRN R B 1) a5 A i
AL BN IE H 30O A0 C28/12 I , & BIAE — 7E 25 Wik
JEE S PR PR, 2B 200 L 1 50 i o 2 A v T

B %)

*213-

~
Ci
q
<%
@]
Ea
4
i
%
B S e ™™ e 1
PE-A
80 -
60 -
40 -
20 -+
#
L1 . |
A L84 REKERE

e AR B Y IROOT B R A T AR

Z , H7E 5 mg/ml B35 3 i 22 , U & fa 40 By
PR R I B AR R G5 EA SR 25 R, Mk
J£ R 5 mg/ml BHE PR B

TEF R R AL KSR 2R+ IL-
1BXTFHE N A 5 FECEEWIEM . 1L-18RE
B N J5T 4 i 2 1 RN AR 1 SRR Y 2R3N T X
P RS | AL H Al A R AR TL- 1 B RE IR
B A I A B (COX)-2 FIHTH R R S5 4RE K+
FEIE T iE— 20 I EE RAE R N 1L-1R34 Bl ik
VRIS AL PN 2 25 A 3 A AR 3001 At L R A R
JHT= S ARSI F FH TL-1 B A IE 3 3 A, 48
5% S A0 A VS W A T TL-1875 [ A 2 0 1k
FILRPVE R, SEE0E5 R R IL-1 A B A )=
S B T P S G T e R A s R A P A4
PHT- WD e R — o Wk B 1) et 4B
VR BB IR0 TL-187 | A2 B A I R T, X 4 e
Bl —E R EH

RS II5> R 4B B G1UIE: DNA A al i
0, S & DNA & B, G2 12 A 22 53 24 i
W MR 220 5800 . eI R o I A A



<214
R4

320 —

240 =
i
ﬂ -

160 =

80

0 L L LA
(1] 50 100 150 200 250
JEIY (FL3-A-PerCP-A)
BEaRERA

280 —:

210 .
i
® ]

140 ]

70 .

o 1/
LTV
0 50 100 150 200 250

B8 (FL3-A-PerCP-A)

WEF20194E5 HE 10855 3] Orthopaedics, May 2019, Vol. 10, No. 3

IL-184
280 —
210
o
ﬂ =
140 ]
70 -}
0 T ™1 |le‘|||
0 50 100 150 200 250
3B (FL3-A-PerCP-A)
100 -
mEE Gl
. == S
— G2
80 -
g 60 -
E
R 4
2 #
20
R #
0 - ; ; .
by E I-1B4H BakEha

T S IR E#, P < 0.001 5 5 1L-1B4L e #2,*P < 0.01,"P < 0.001
3 DR RSO 2 R 5 )

R, GU/S K i, AR 2 0 O/ 20 AR IR Hy
G1 W m) S e RE , DNA MERR & 1. o) —1> 42 G2/M
ot i, AR HR DR UE 0 IE 3 A 224575, Gl
WY E T AN RE 5 E A LT LA BB, R, AT B
FE 0 20 L RE A5 Ak 3 A S AR IE S R R
IL-1BALFRANALIS G1 IR Lb 38, S T 248 i L 451
W U IL- 18 RERE 5 40 i G1/S H B DA 17T 40
T4 2L e O B AL BN S L G1 A
i, B 49 B Sk 2>, S B R G2 30 1K) 40 i L 45 I 3
T, 156 e 0 A R VA TR RE A G2 A T1L- 1 0% 440 e J) A4
(AL, - HAR PR A A 2253 240 EA T

NF-«kB H1 STAT3 J2 21 Al PN PR 2% B 2L (145553
) R 4 o1, R N iE 2 A RAE IR T 1%
KSR RAE R KA & AN AT /D [ I L
IEF MO, NF-kB LG M I A T4

M2 IL- 1B KU , NF-kB #l B B2 Ak BT , F A 21 21
LA DT RS 0 43 T 1 63k 1 . 7 S BH i
R NF-kB ZE % B 51 p65 BE#E Ik /D TL- 1815 | S 1Y
PR AP COX-2 ,— LA A B AL i 4 s 35
fiti-0 YRR, STAT3 FIIG i F2 5 NF-kB 21,
T EL [RIRE A B 5T 98 J0 1 40 B P9 % 1 9 TR 7 19
P R EETEN . IR IL-18 B 9% I3
STAT3 B R Ak T A FL | A2 it R AE PR 1 S R T P
TFHOFIE , PO STAT3 3406 F5 AE I 8 0 /0 B 40 i
JAT R R BRI AR S B
0 3R R VS TR A5 RE A5 0820 p65 T STAT3 I3
25 9 R TL- 180U B 4l M S5 p6S S STAT3 [
iR Ak B S 154 T T R R VA TR A R A S p6s
2 STAT3 IR AL BH 50 /L> | 10 BH & £ 3B A TR
AL 18 1 /) p65 b STAT3 BRI il LR



HEF20194E5 A5 105855 3] Orthopaedics, May 2019, Vol. 10, No. 3

215

2.0 7 2.0 1
g 151 E 1.5 T
: : #
2 1.0 A > 1.0
STAT; | S — 2
E 0.5 @ 0.5
a0
psTAT; A —— G S— 0 S > 5 s e B
& NJ o & N &
A RV
4 2
4 L4
p65 | TS AR
2.0 - 2.0 -
ppes | — | g 1.5 PRER T
f: 1.0 4 é 1.0 4
Bractin | W N — Eos 2o 5
.5 0.5 1
A -84 BAEKEHA o L » ’_g \%,- I;
4&% &\% %?58» %g@ N %%%
" 4
B L4
W XA A, TP < 0.01, 7P < 0.001 ;5 TL-1R4 L 4%, "P < 0.05,"P < 0.001
4 BB STAT3 Fl p65 BERR Ak 19 S
2.0 A 2.0 A
ERK — — i ——— e - *
—— — —— }gl-s' 515 ] #
a,
— e — — 21.0_ ulml_o_
PERK o o) e - D)
0.5 1 .05 1
B-actn | S . — = 9 = =
4%3@‘@7 /\% %% %\@"ﬁ ,\% %%
T4 I-184 BERERA N4 A& i\ 2
4 4
L 4 L 4
T ST 8, P < 0.001 5 5 TL-1R41 HL#4,*P < 0.05
5 mAnHCE BNATON ERK BERRTL A5
2.5 4 2.5
#
Belxl - - - - 820 g 20
ig 1.5 1 . § 1.5 1 #
< N P
svivin (D el T - 2 1.0
“os E 0.5
P —— e — 0 s 0 5 5
4%@9 K & ﬁi& K &
XTHR4 IL-184 BEYERA N ‘gﬁ“ S ‘g}%-
% &

e XTI L, P < 0.05,"P <
6

2 g 70 I8 75 L (Extracellular regulated protein
kinases, ERK) & MAPK Z ik — AR Ll , 5
AR RS FE AL AR A AR AR A R TR A
A A TG B VIA G o TL- 1B AE % i BB 40 i Y

0.01; 5 IL-1B4H b3, "P < 0.01

AT CE R TR TR Bel-x1 H Survivin FEIA (520

ERK B 8 B2 AL , i 575 B 5895 58 B9 CH 40 i
MAPK F i R A K F- 200 T 1B W RO R 20
MAPK ZZ % 5 H#0% Jm RERES (2 A2 S AE IR 7 (A 5
IR, A — R LA RPI IR R LU



216

iltF 45, T SE R PH 5 43 TS iiE— 20 INEE RAE IR
BE LSRR Bel-x1 Fl Survivin AP T-EH ,
2 Bel-x 1 0 5 2R 1 9% 10 1 IS 200 JEL 0 10
BT HA 526 IE B Bel-x1 (19 b8 54 STAT3 #
A K™ Survivin B9 23552 FHN GG 0] 5 B HCE
211 e J ST BEL iy DA T 5 AR T AR S A5 S
TN A0 B R TR TR U TL- 1851 A9 ERK W 52
1k, U855 TL- 18X Bel-x1 1 Survivin B3 HIVE T . 156
W i 0 AR B R S IR R 8 U8/ ERK 130 L 5 1 Bel-
xI Fl Survivin ) Z& 18 MR TL-185 |6 1 45 B 4 g
.

ZE b ARSEEGUE I T A AR A TR RE S A E
R AN el TL- 185 | A 50 2 A T S 4
it 3R RELAT , FE AT BE A ATL A 5 Dk 2 2 9 R T 65
STAT3 Sz AR A A1MJE 5 4 ERK 930S G hnd i 1=
[ Bel-xl Survivin 3835 . B T HLUZERFFIE
AR Z JEARMEMR . i HLE T R &R 2 2%,
H A 4 B B2 R R . TEEAN  IRECE RE &
WA AT B HZREIT 5 T2 . ARSI S R
OB TN B T R B 2582t T —
JE SRR | (F 20 1 P A5 530 B ) R P L 2
S A%, A HICE M A RON T A M VR FH B AL
HlE A F T — 25 .

£ % X W

(1] BRI, B Me, SOAR, 5. e R R AN IR 7 15
PERELJ]. K 55615 R, 2016, 5(11): 74-76.

[2] Hosseinzadeh A, Kamrava SK, Joghataei MT, et al. Apoptosis sig-
naling pathways in osteoarthritis and possible protective role of
melatonin[J ]. J Pineal Res, 2016, 61(4): 411-425.

[3] Choi S, Chen Z, Tang L H, et al. Bel-xL promotes metastasis inde-

[l

pendent of its anti-apoptotic activity [J]. Nat Commun, 2016, 7:
10384.
[4] Lin Y, Yue B, Xiang H, et al. Survivin is expressed in degenerated
nucleus pulposus cells and is involved in proliferation and the pre-
vention of apoptosisin vitro[J]. Mol Med Rep, 2016, 13(1): 1026-
1032.
Uebelhart D, Malaise M, Marcolongo R, et al. Intermittent treat-

—
W
[

ment of knee osteoarthritis with oral chondroitin sulfate: a one-year,
randomized, double - blind, multicenter study versus placebo [J].
Osteoarthritis Cartilage, 2004, 12(4): 269-276.

[6] ECLL. wMBERENMATRITE R RS6BIL) ] hE i
ZRiK, 2012, 32(1): 153-154.

(7] BB, WREA, TN, S5 41 7 58 VG YT 259 i F o i
REJBLICD]. A B8 E RS BRI HL T 443K, 2018, 4(4):
252-256.

[8] Ma L, Liu Y, Zhao X, et al. Rapamycin attenuates articular carti-
lage degeneration by inhibiting beta-catenin in a murine model of
osteoarthritis[ J ]. Connect Tissue Res, 2019.

WEF20194E5 HE 10855 3] Orthopaedics, May 2019, Vol. 10, No. 3

(9] A5, X FHf, At 3E, . M NF-«B P65 BERR L XS
LPS 7553 (415 OG5 9 0y AR T 0 A RE S L ) i 15 7 F LT .
g, 2019, 35(2): 181-185.

[10] XUPR2E, MORRE. TPl BESS AT I R ROTTE R[], 52
FHAR PG BELE A IR R, 2016,16(11): 89-92.

[11] Pujol JP, Chadjichristos C, Legendre F, et al. Interleukin-1 and
transforming growth factor-beta 1 as crucial factors in osteoar-
thritic cartilage metabolism [ J]. Connect Tissue Res, 2008, 49(3):
293-297.

[12] Adler N, Schoeniger A, Fuhrmann H. Effects of transforming
growth factor-f and interleukin-1f on inflammatory markers of os-
teoarthritis in cultured canine chondrocytes [J]. Am J Vet Res,
2017, 78(11): 1264-1272.

[13] Jotanovic Z, Mihelic R, Sestan B, et al. Role of interleukin-1 inhib-
itors in osteoarthritis: an evidence-based review [J]. Drugs Aging,
2012, 29(5): 343-358.

[14] Fong YC, Yang WH, Hsu SF, et al. 2-methoxyestradiol induces
apoptosis and cell cycle arrest in human chondrosarcoma cells | ] ].
J Orthop Res, 2010, 25(8): 1106-1114.

[15] Woods A, Wang G, Beier F. Regulation of chondrocyte differentia-
tion by the actin cytoskeleton and adhesive interactions[J . J Cell-
Physiol, 2010, 213(1): 1-8.

[16] Roman-Blas JA, Jimenez SA. NF-kappaB as a potential therapeu-
tic target in osteoarthritis and rheumatoid arthritis [J]. Osteoarthri-
tis Cartilage, 2006, 14(9): 839-848.

[17] Lianxu C, Hongti J, Changlong Y. NF-kappaBp65-specific siRNA
inhibits expression of genes of COX-2, NOS-2 and MMP-9 in rat IL-
Ibeta-induced and TNF-alpha-induced chondrocytes[J]. Osteoar-
thritis Cartilage, 2006, 14(4): 367-376.

[18] Yao ZZ, Hu AX, Liu XS. DUSP19 regulates IL-1B-induced apopto-
sis and MMPs expression in rat chondrocytes through JAK2/
STAT3 signaling pathway [J]. Biomed Pharmacother, 2017, 96:
1209-1205.

[19] Zhang ZM, Shen C, Li H, et al. Leptin induces the apoptosis of

[

chondrocytes in an in vitro model of osteoarthritis via the JAK2 -
STAT3 signaling pathway [J]. Mol Med Rep, 2016, 13(4): 3684 -
3690.

[20] Boileau C, Martel-Pelletier J, Brunet J, et al. PD-0200347, an al-
pha2delta ligand of the voltage gated calcium channel, inhibits in
vivo activation of the Erk1/2 pathway in osteoarthritic chondro-
cytes: a PKCalpha dependent effect[ ] ]. Ann Rheum Dis, 2006, 65
(5): 573-580.

[21] Thalhamer T, McGrath MA, Harnett MM. MAPKs and their rele-
vance to arthritis and inflammation [J]. Rheumatology (Oxford),
2008, 47(4): 409-414.

[22] Jiao Y, Ding H, Huang S, et al. Bel-XL and Mcl-1 upregulation by
calreticulin promotes apoptosis resistance of fibroblast-like synovi-
ocytes via activation of PI3K/Akt and STAT3 pathways in rheuma-
toid arthritis[ J ]. Clin Exp Rheumatol, 2018, 36(5): 841-849.

[23] Lechler P, Balakrishnan S, Schaumburger J, et al. The oncofetal
gene survivin is re-expressed in osteoarthritis and is required for
chondrocyte proliferation in vitro[J]. BMC Musculoskelet Disord,
2011, 12: 150.

[24] Martel - Pelletier J, Farran A, Montell E, et al. Discrepancies in
composition and biological effects of different formulations of chon-
droitin sulfate[ J |. Molecules, 2015, 20(3): 4277-4289.

ClSeRe H 9 : 2019-02-23)
(A3 - 38T 1)



