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Establishment of Articular Chondrocyte Degeneration of

Rats by Trans Retinoic Acid
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Abstracts Objective: To investigate the effects of trans retinoic acid(TRA)on the chondrocyte” proliferation, morpholo-
gy. and the expression levels of cartilage degeneration associated gene in rat chondrocytes in vitro. Methods: Chondrocyte
was cultured from articular cartilages of newly born (within 24 h) SD rats, and digested with type [l collagenase. Chon-
drocyte at passage one was used for the experiment. The chondrocyte was cultured with H-DMEM medium containing
10% FBS in Control group, and H-DMEM medium containing 10% FBS plus 10 pmol trans retinoic acid in TRA group.
The morphology change was investigated under phase contrast microscope after chondrocyte were treated with trans retin-
oic acid for 24 h. Chondrocytes’ proliferation was detected by MTT method, and the protein expression levels of type [l
collagen and MMP13 were examined by Western-blot. The GAG contents in chondrocytes were detected by DMMB meth-
od. The mRNA levels of ADAMTS5, MMP9, A-can, Sox9, ALP and ColX were detected by real-time PCR. Results: The
cell morphology was changed from polygon to fibro-like chondrocytes in TRA group compared to control group, and the
proliferation of chondrocytes in TRA group were inhibited. The results showed that the expression levels of type [I colla-
gen, A-can, GAG and Sox9 were decreased while the expression levels of MMP13, MMP9, ADMATS5, COLX and ALP
were up-regulated in TRA group compared with control group. Conclusion: It was proved that TRA could be used as an
efficient inducer in establishing OA model in vitro which induces chondrocytes” degeneration.

Keywords : trans retinoic acid ( TRA); cell proliferation;

chondrocytes’ degeneration;cell morphology

FGUH . ERK AR IH

(81073114,81072830,81503598) B 335 48 (Osteoarthritis, OA) J&— FhE 471k 26 45

( Fi,201203)
R (53 e el iR B S R S R R AR T W
S EEE E-mail:d. wilhel@qq. com

. OA Eﬁjr'ﬁﬁ}%zﬁxiﬂﬁ{ f”?&,,\ﬁﬁﬂﬂﬁt
R LAY /@?ﬁ?’%ﬂ%iiﬁ)’t%/}ﬁé%ﬂﬁ%T%
i P 45 o i 28 SO R B IR L B T R



2

TE B DA i BB 3 100 2 6 oo P T R R

HEr 47 6T i iR A8 2 th R 25 B iR OA IIFSE
A TR A ) 2 A A A R ) 2 AT 5 Y — S
BERTHE . AHEWFIR R 4 4E R A(Vitamin A, VA) J
HE M 35 R 4E H R ( Trans Retinoic Acid, TRA),
e E MBI R, gEER ATE—RIE
AR T T 7 A28 1 TRALTEA [ 4H 2R 4 i 2 7Y |
Y] R RHAZ KR GK , TRA FBZAREE 5 7] LIS S 80H
20 i 1% 2R S A A0 i A1 5 o s L AT 3 R 4
MARAE , B 2 O R kAT . IR T TRA i
T R R OGR4 M AR A AR LR AT LA Dk A R
240 AR A AR AU AR R B vk e — b A T E 2
Biiie OA B AF 58 &AL T 52 1Y 5230 MK 4
1 #R57FE
1.1 SOkt
L1.1 ¥ B SD KK 10 Rl H i g /R-2
Bl S YA R A AL S ) G A% IE S SCXK (G 2008-
0016),
1.1.2 259 5E08 & DMEM K 3% 5606 4 1
I B I OBUPT W R 22 v R R W B T Bio-
west 23 F) 5 I B ¢ It il (€[5 Sigma 23 7)) s GAPDH
(CST2118S) 5 I £t fe — Pt (BR 5 7074P2) I H 3 [H
CST /~#); RIPA 24 W .PMSF ) B L 38 = KA
HBCA # F o & i ] & (3£ [E Pierce 24 H)); MTT
(3£ [E Sigma A 7)) ; trizol (Invitrogen 2\ 7] ) ; AMV %
i (Takara 2 7)) ; DMMB iR 57 & (Biocolor 4
CID
1.1.3 U8 CO, ¥ 3#4 . % E RS Biotech 2 7] 4=
el E B AES, HAS Olympus-IX71 4 7= i 2 40 it
1% , 2 B Beckman Coulter 2 &l 4L 77 ; SYNERGY2 £
DI RE AR o 5 R HE 28 w) AR 77
1.2 Jiik
1.2.1 BCHAMREE R AL S % WEE R A5 B
E 28 U B0 A ML 3% O 5 oF 10 HUB A 24 h SD
R UM 2 ME A BE I 75 Y0 WS AE 12 3 5 min, B DY
AT AR L B R AR BRIl A RN 4G 4 2 20 )5 FH IR L By
SR 1T mm® K/NECE B TR 37 "CEEFRHE H] ECKMAN
0. 1200 11 BURS IR EEIH AL 1 h A 3~4 W E WL
(4 40 e %, 1 000 r/min &0 10 min J& 57 I 5 G » &
B DMEM 15 3% 56 (% 10 0 FBS R U0 ) 4 40 il , 35
P RE IR0, B H ¥k . 3~4 d J5 . 48 36 10 iS i
Fil T A AL A3 3%, B PL A B kA7 S 80 . S 2
A10 pmol TRA, 24 h J5 76 8 & B M8 T U5 # 24
LB % HIEAS .
1.2.2 MTT gk i 20 A 185 58 1% &0 K 4t Pt P Je g
HALSE - LA 2 000 A/ fL3ER T 96 LGSR, 430 T

Chinese ] Trad Med Traum &. Orthop,Aug. 2018, Vol. 26.No. 8

% 10%FBS i DMEM w1 & it A 10 pmol TRA &
10%FBS (1§ DMEM mrd% 3%, 85 5% 24,48 & 72 h |5,
PBS #yk 2 i, LI A 100 L JG I 3 55 5% W M &
5g/L i MTT i3] 20 pL. 555 M h 3535 4 h J5 . fm
A 150 L #9 DMSO, A DMSO %, iR R %R S
10 minf5 . BEFRAL 490 nm F T E &L OD A
1.2.3 Western Blot ¥R I 8 A &k &AM L
AR AL AR 24 h J5 4 BEAE AL 5 20 (TRA 41D
SR T & 10% FBS 1) DMEM M & 10% FBS+
10 pmol TRA ) DMEM 1, 24 h J5 24 41 i 125 1
W B . R M5 25 . Western Blot 5 « 8 1
E fity FEL UK ORI B 5 P 100 BSA L B E A 1 hs
— PO E AW 1:1 000 Fike. 4 CHER K. TBST ¥k
JEE 4 YR, RFIR 10 mins ZHUEEMEF 1 h, —HH TBST
1:20 000 B . TBST P& 4 Y. 4 Uk 10 min; b2 %
VAR X i gt .
1.2.4 DMMB #0040 i vh i 1 2 B8 GAG & &
iz i DMMB 320550 & #7140 1 X107 40 i A 24
FARAMEABEREWE P . T 65 CHREHHE 3 h, M
10 000g .0 10 min, W H 100 L BiEW AL mLYe
W IRAEE THEIK 1423 30 min, #5512 000g B L
10 min. /MO W FIEW . MA 0.5 mL f# B W, IR )
JETEPB 656 nm Y Bl bR A b RS I g 2H O BEAE L AR
PbrdE M &3 GAG & &,
1.2.5 SCAF PCR Rz ik B AQHRCB 4 i 35 5%
24 h 4 RNA K i B2l L B 2 pg RNA 5% 5%,
HATSEES PCR R, 4% B8 B 45 #F 47 52 BF PCR £
W DAH Il -3 R I AU i (GAPDHDAE M N 2 3L,
DL 1.
1 HXEFIIUFT
519 44 519 FH(57-37)
A-can I : GCAGGGATAACGGACTGAAG
T : GAGTAAAGTGGTCATAGTTCAGCTTG
MMP9 | : GGTCAGGTTTAGAGCCACGA
T : GGTCAGGTTTAGAGCCACGA
Sox9 [ : ATCTTCAAGGCGCTGCAA
T :CGGTGGACCCTGAGATTG
ADAMTS5 [ : AGCCATCCTGTTCACCAGAG
T : CATTCCCAGGGTGTCACAT
ALP  Liff:GCACAACATCAAGGACATCG
T : TCAGTTCTGTTCTTGGGGTACAT
ColX  [f#:CCCTATTGGACCACCAGGTA
T : ACTGCTTGGCTGGGAGGT
GAPDH [ : TTCAACGGCACAGTCAAGG
F il : CTCAGCACCAGCATCACC
1.3 Hit2ghmik
F A BUE LA T4 s s, I SPSSI5. 0 B #1748
OB A ) 22 S R 8 I 3R O 22 43 i LSD-r £




PEP R G 2018 4F 8 A4 26 B4 S Y

5. P<<0.05 ZR A5 ¥E X,
2 H#R
2.1 BCH AP A W AR

Bige 24 hJg o IRAL A0 2 2 M8 R E 558
B, BB HEA) A I O TRA 21 20 % 25 3% Wi 4
LA 1.

Bl AERMETAAMBKERE00)
2.2 BN AR A I

PO 24 h . 0 ) 1 O B R A K
TRA 5323 85 3% $2 BOEER F 4G 004 2 200 it 348 v
f14) 156 5 200 B A% B0 J5L (PCNA) 635, L GAPDH 2l 18 2
X AR, 45 L R AT B4, TRA 41/ PCNA 5%
EFE, WA 2A. R MTT 3% 42 0 225X 79 41 40 i
7624 h, 48 h M 72 h B9 AE A0 K I AR 2 A Y
490 nmAk B SERE(E . SEil &5 R A PCNA & &k
1) 45 A — %, WK 2B.

2 B TRA XJ 34 58 20 M 4% i Jit (PCNA) [ 38
KHEATFRAIEM. B 2B MTT 34> B 24,48

A

S 03

Type II collagen

. c— G APDH

A TRA

K 72 h BiZH 40 3G A, TRA 20 OD490 & B i A% T %t
WA, SIEHXTIRA (0% FBS 4D) b, £ 3 A Gil 2
B X (P<C0.05).
2.3 T RURE VAT 4 R A 13(MMP13) 8 (1 &
HIEBH(GAG) B F ik
BE A AEA 24 h 5L M 10 pmol By TRA 4k
SEEE IR 24 ho SRR ARG I FRCE AN i 3 TRR I
Ji& SR G LR A3 R AR FH ) MMPL3 By 3Rk, 4581
T AN TR R, 7E TRA M/ETT T . 11 591 5 &
Az R, B 2635 F I MMPL3 &3k 1o, DLl 3AL #k
BN GAG /9 5 &t iy 22 AR 1189 5 J5E i) 38 3K A —
. ILIE 3B.

A
- - PCNA

—— A PDH

papictiil TRA
B 1.2-
1.0 OXFHR4E OTRA
s 0.8 .
‘8* 0.6
0.4 * %
0.2-
0 24h ’ 48h ’ 72

h

2 TRA &R E 4 K38 58 B9 &2 0

4—
3_
5 *
)
= 2
]
3
14
0 T T
ikl TRA

3 TRAMIEKE . EREEEEAMH I3(MMPIDEAREEEB(GAG MRIEZM

2.4 P mRNA ZK P

BB MM S 24 h JF A 10 pmol () TRA 4k
ZRdE 3R 24 h S B ICE RNA, E 5 PCR A& & 1 &
M/l EAMNBRREZNESREEOR S
(ADAMTS5) i1 43 J& 25 1 9 (MMP9) i (1 £ &
i Aggrecan(A-can) , Sox9 (SRY-related high mobili-
ty group-box gene9) . X I J5 (COLX) Fl % 4 12 il
(ALP) By mRNA (¥ & ik, X7 4 M b, AD-
AMTS5, MMP9, COLX 1 ALP 7 TRA WEH T,
Wk . A B4 L 8, A-can Fl1 Sox9 3 A 7
TRA T T . RRH T, LA 4.

3 itig

ST HCE A0 A 3 T O B0 OA R HAth
e Mk ST 0 L) A L OE R R 4 A S e 4n e
AhEET AN T AY B AN n] 3R 2 BB (L A-can N
F20 A, B T AR G g O R A AN I 2E AT O R
FVE HE JE T A B RN A B TRD B E AT . DA 4 4F 4K
AR MR T R A0 4k fF R A O
AR IRk b, e &40 i A SRR kR RR
fife ot AR O 3 A AR S A R K
B R 3 R 3R 3k = A~ 1 TRA 5 509 o iR 48
15 B0 2E A7 W5 FX L .



Chinese ] Trad Med Traum &. Orthop,Aug. 2018, Vol. 26.No. 8

4
40 MMP9 * 201 ADAMTSS
30 1.5
20 1.0 =
10 0.54

0 0.0
" oamA | TRA ' x4
12 Sox9 25 COLX
0.9 E2 2.0
. 1.5
’ 1.0 T
E
0.3 [—*—1 0.5 1
0.0
T @A TRa 00T A

12 A-can
" I
% 0.9
0.6
0.3
3k
; 0.0 - 1
TRA payicti:n TRA
? 1.6 ALP .
T 1.2
0.8 -
0.4
0.0
TRA ! st TRA |

B 4 TRA 3 ADAMTS5,MMP9, A-can,Sox9,COLX #1 ALP & RE ) mRNA K3 ix &

TERCE 4 S 5 1, TRA T FUHCH 480 24 h
J& o BCE 2 & A 3 U L A R 2 A R AR K
WL 3 — A8 Ak 3 B 0 i i 2 2k 2% A I8 28 4
fiE o X5 E R KA R O R A i & A R
LR e AL IR KA T S AR fh— 50

TE3CH 9 B 3% 58 05 T, TRA T FUECH 408 24 h
Jei o S I 240 i 164 B I 50 1) 3 5 20 M A% A R PCNA Y 2R
FREHE . FEES: 3 d Mg TRA 4189 40 i
B FE R O, TRA Y40 401 40 i 9 38 58, fl PCNA 2R
2R 18 45 A — 3L

TE R H 240 R 72 R R ) 3R 3K T S Sox9 2 FRCE 2
e e A B 3 TR U 4 R A v TR R R
M2 RBE R IA L ) 76 308 4 M A 15 5 b L e T AR
5 240 b 2 U 7 0 34 1 A AR AR s GAG 8 5 4 i rh
A2 SR H s MMP9 2 5 8 45 11 8 R DAY 26 38
MMP13 32238 o i IR H e J5 22 8] (4 KB A 1 4 15
W2 1 2 B0 A-can T35 5] ADAMTSS 1
P COLX Ml ALP EHCH R AWM EZ LN, 20
i A B A0 SO A R AT DRI T A R A Y S
T AR A-can Fil GAG 2 75 52 1) B i, Je HoAth
AH G R 42 AR AR (Y B IR 38 2 L 2 B AR R w45 AR
LU TRA ARALAT DL 3 T 11 A )R, A-can, Sox9
K GAG 3Rk . il H 7 i 36 fif MMP13, MMP9, AD-
AMTS5,COLX fl ALP %35 Tt . i TRA BEf%
[Fi) B 368 ok 81 9 22 A 3001 200 M 3R 722 1 A OG5 TR 3R G L A
77 A 2 R B OG 400 R GR AE 1 RA

WL AHESE & B TRA R AL BE A% B i ok 728 3 40
FLTEE 25 o 00 ) 26 200 R 8 B 30 R 9 i 2R A 1) A G
FLLGER TRA BT LA I % 5 K BO& T 108 40 i i
AR AR A Ay ST A B R R G T BRCR R  AR A 4
HE T8 0 T FARAE
&% ik
[1]

Kroman SL, Roos EM, Bennell KL, et al. Measurement

properties of performance-based outcome measures to as-

[2]

[3]

[4]

(6]

[7]

[8]

[9]

[10]

sess physical function in young and middle-aged people
known to be at high risk of hip and/or knee osteoarthri-
tis: a systematic review [ J ]. Osteoarthritis Cartilage,
2014,22(1):26-39.

Corbett MS, Rice SJC, Madurasinghe V., et al. Acupunc-
ture and other physical treatments for the relief of pain
due to osteoarthritis of the knee: network meta-analysis
[J]. Centre for Reviews and Dissemination (UK), 2013,
21(9):1290-1298.

2L R L T IR L S TL-1R 5 5 /N BUME 1) 4 40 R
A i 58 P IR 0 A LR B AT S L) . fe e 2 Ak, 2012, 28
(8):665-668.

Zhang Y., Ross AC. Retinoic Acid and the transcription
factor mafB act together[J]. J Cell Biochem, 2013, 114
(2):471-479.

Suri S,Gill SE. Massena de Camin S, et al. Neurovascular
invasion at the osteochondral junction and in osteophytes
in osteoarthritis[ J ]. Ann Rheum Dis,2007,66(11) :1423-
1428.

Aigner T, Sachse A, Gebhard PM, et al. Osteoarthritis;
pathobiology-targets and ways for therapeutic interven-
tion[ ] ]. Adv Drug Deliv Rev,2006,58(2) :128-149.
Goldring MB. Update on the biology of the chondrocyte
and new approaches to treating cartilage diseases[ ] ]. Best
Pract Res Clin Rheumatol,2006,20(5) :1003-1025.
Troeberg L., Nagase H. Proteases involved in cartilage
matrix degradation in osteoarthritis[ J ]. Biochim Biophys
Acta,2012,1824(1) :133-145.

Lin EA, Liu CJ. The role of ADAMTS in arthritis [J].
Protein,2010,1(1) :33-47.

Wu CW, Tchetina EV, Mwale F, et al. Proteolysis invol-
ving matrix metalloproteinase 13 ( collagenase-3) is re-
quired for chondrocyte differentiation that is associated
with matrix mineralization[ ] ]. ] Bone Miner Res,2002,17

(4):639-651.

(T#5 10 71)



(E#E% 470

(11]

[12]

[13]

[14]

Dahlberg L, Billinghurst RC,Manner P,et al. Selective en-
hancement of collagenase-mediated cleavage of resident
type Il collagen in cultured osteoarthritic cartilage and ar-
rest with a synthetic inhibitor that spares collagenase 1
(matrix metalloproteinase 1) [J]. Arthritis Rheum, 2000,
43(3):673-682.

Aigner T, Dudhia J. Phenotypic modulation of chondro-
cytes as a potential therapeutic target in osteoarthritis: a
hypothesis[J]. Ann Rheum Dis,1997,56(5) :287-291.
Sekiya I, Tsuji K, Koopman P, et al. SOX9 enhances ag-
grecan gene promoter/enhancer activity and is up-regula-
ted by retinoic acid in a cartilage-derived cell line, TC6
[J].] Biol Chem,2000,275(15) :10738-10744.

Ushijima T, Okazaki K, Tsushima H, et al. CCAAT/en-

hancer-binding protein § regulates the repression of type

[15]

[16]

[17]

Il collagen expression during the differentiation from pro-
liferative to hypertrophic chondrocytes[ J]. J Biol Chem,
2014,289(5) :2852-2863.
Okubo Y, Reddi AH. Thyroxine downregulates Sox9 and
promotes chondrocyte hypertrophy [ J]. Biochem Biophys
Res Commun,2003,306(1) :186-190.
Song Y, Xu K, Yu C, et al. The use of mechano growth
factor to prevent cartilage degeneration in knee osteoar-
thritis[ J ]. ] Tissue Eng Regen Med, 2018, 12 (3): 738
749.
R, T 4E 1L, 4 0, % MMP-3, MMP-13 75 45 # 56
TRBHFEIR DR RE RE XL EE RS,
2014,20(6) :593-596.

A5 B #.2018-03-10)



