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[ Abstract]  Objective To investigate the effect of estrogen deficiency on the degeneration of spinal endplate
chondrocytes. Methods Forty 6-month-old rats were divided into ovariectomy ( OVX) and sham operation groups. All of
the rats were sacrificed at week 9 after operation. The cartilage endplate tissue was extracted, and endplate chondrocytes

were cultured. The expression of COL-1I in the cartilage endplate tissue was evaluated by immunohistochemistry. The cells
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were stained by toluidine blue to identify endplate chondrocytes. The viability of endplate chondrocytes was detected by

CCK-8. Fluorescence staining of rhodamine-labeled phalloidin was used to observe the changes of F-actin after OVX.

Cellular immunofluorescence was performed to detect the changes of COL-II of endplate chondrocytes. The expression levels
of SOX9, ACAN, ADAMTS-5, MMP13 and COL-X were compared between the two groups by RT-qPCR. Results After

OVX, the expression of COL-II protein in the cartilage endplates was decreased. Most of the chondrocytes in the endplates

were polygonal and fusiform, arranged like paving stones. Endplate chondrocytes of OVX demonstrated more disordered

cytoskeleton, decreased viability, increased stress fibers, decreased migration ability, and lower COL-II expression. For the

OVX group, the expression of SOX9 and ACAN in the endplate chondrocytes was decreased, while that of ADAMTS-5,

MMP13 and COL-X was increased. Conclusions Estrogen deficiency can cause degeneration of endplate chondrocytes.

[ Keywords]

PR 1 2R ik = R R B A 4 L 4%
BRI RNz 1 aa g )n , AUE
JER A R A, F L T AR R [a] 2% R AR 1) e A %R
i T IR A AL MR A B 41 2
X T O A I LA S BE A 2 2 B AR i ] R
A EERE, MR B R B ARG A (HEA
B TP FIAE (] 3518 AR 45 ) W] DL S OB ™ FK R
FGRER | B LA T M FME [ B2 A] S
A AR . TR 2 p nT LA R HH A BOA
FEFET7, HAT By 1k HE 0] 485 28 A AH B HE B 1 B 224k
AT BRI AN, HE TR S A TG AT 4140, 5 3R is
SR T B A AT O AR
AR 2 B MRV ] 45 A4 1F T 25, BELBS-Af 1) 5% ) 25 5
AR, S MR 3R AR A RTOR P 2 M ] 28R
75 25 AR AR EE RE ) NG sl S S50 A AL B p
289, T LR 1 B R AR MRS A A
HARAS ML AT i 2 - 4R A 7 HE [R]85 8 A8 Jr gk 1y —
FEEH L, 177 9 2 Bk = 5 ) B 2 R AR B R ] 3
AP

LT K B 5% 25 T LA A 4 A A i
FIARE | I E3E COL-TT IR SR B 4 i or 1k
PR AT LA 5 3CH 40 0 2 Ak, i A i 2 Ae 2
LR A — A E ARG, E R
M) =N B2 | A AR AR 1) o R 3 Rk
TR G M A A2 Ak T ME DR = I bR FRCR 4
WL AE A A A 8, A ST PR e = X
LB A AR AR s e XA B TS B TR
246 28 104 B ZRGR AR AL, I 1T RE Sk Mk 2K Bk
Z 5 RE R R A — R IR YT TR

1 #efnrEE

1.1 SRSz
K SPF ¢ 6 H i SD MirE R L 40 H K E N

endplate; degeneration; estrogen deficiency; chondrocyte

290~320 g, M3k [ b 50 K22 BE 24 AR S 56 3 Wy vh s
[ SCXK(5%)2021-0013 ] , 437 FAb 5K e 253 5
sy rhuc[ SCXK (5E)2021-0064 1, K LA 3% 26
BEVRE 40% ~50% , R EE (23+£2)°C,12 h YEE/12 h
B, AR EMES, LTS 3R R
M, zdtw KL mah ez oA
(LA2019209) , fF & s B,
1.2 FELFSE

4% 22 W IE W (1 Servicebio A Fl L5 .
CR2106101) ; EDTA i 553 ( H1 [ Coolaber 2\ W], 4t
5 :SL31131120) ; ST K B collagen I1( 3E[E Abcam
AL HES . GR3395339-1) ; DMEM i B 8% 55 5 (28
[ Hyclone 23 7], L5 : AG29820714) ; i 4= IfiL. i (
S0 15 J0101A ) ; CCK-8 AR5 & ( H
A H], 45 TH531) ; TRIzol ( 3£ E Sigma 2
), #t5 : BCCD7547) ; DEPC AbFfK ( 2 = K2
AL S R0022) 5 3 4% 5150 & (36 [H Thermo 24
A}, 45 :00987373) ; SYBR Select Master Mix ( 3¢ [F
Applied Biosystems 2\ A, 4it-5 :00722083 ) ; S b 2%
BN (3L Sigma A H] 45 .20170308)

AV R AL ( Lecia, 75 [ ) 5] & 5% 0% B 08
(Nikon, HA) ; liff 3% ( Thermo , 3& [H ) | AT 5¢ Y E
i PCR 1Y ( Applied Biosystems, 3¢ [# ) ; Nanodrop
2000C (V=S HAS) |
1.3 TWHE
1.3.1 JpeH RS0

FAR YR AR5, FEPLE R 41,20 Kol
XN BESL] B S25 2H (OVX) , HiAy 20 HOMRFA
ZH(SHAM) , KR I 13 50 2% 136 2 2244 40 mg/
kg FEATIRREE . FER BT SMUAT 1.5 em MP) H R 2
2 O L TR IS BT R 2 i A L 2 B R A 5 2
HHLULH G0, FARAEIR TR (HE
2,40 kU/kg) . AR5 9 JA, i 5 M6 05 2% 3 2



18 R R =/

2022 45 A% 32 %5 S Chin ] Comp Med, May 2022, Vol. 32,No. 5

FZ4 (120 mg/kg) GARAE, WAL SLEAT 5 2k
1.3.2  $RICHIE IR AL AR H 4

W IEHELLSUR T 75% LB 75 15 min, 758
e A B A 4L, B AR AN, 8w, B
0.2% 11 BRI 37°CTH AL 4~ 6 h, FCE 4 2L
FERGHAR A S8 85 R B4 T4, 37 BD 800 v/
min &0 5 min, 5 L3, iITA DMEM GBS 55 97 5t
(A 10% Jif 4 1L 75 +29% 3UHL) FfF 5 em BF 370
P, RRZAR SR 4N I S, B R T A 1R, R
FH P2 4,

1.3.3  CCK-8 I il 4 a3 71

BT LA 5%10° 28 BERERD T 96 fLAR,
FEEN MG BE I B, L 0% =B LA 100 pl
5 CCK-8 M4 M W i 58 e 5 9R 5L, Al = AR R
W, ET 37 CHFRAEWETE 1 b {00 T bR ARG I 44>
FLFE 450 nm BT R
1.3.4  BPHIARICH BRI

BB B A DL 3x10° B 35 B T 24 fLAR, 3
B3k PBS ¥k 3 WK, BHK 3 min, A 4% 2R H =
TR 2 20 min, 37 [E 2 W, PBS ¥t 3 I, BFK3 min, 1%
12200 I AREEA G R HOEERFE 1 h, 75
I, PBS Pk 3 YK, AR 3 min, NI DAPT J2 (5513865
J%H 3 min J5 & T29C BB WEL,

1.3.5 COL-II fEé ey,

LM AL 3x10* BB E T 24 fLAR, 1%
R S, FEEE SR &L PBS W 3 YK, K 3 min, fil
A 4% 22 5 WIS 6] 5 40 20 min, 357 [ % 8, PBS Uk
3 WK, EER 3 min, A2 38 35 W8 3% S5 min, 518
U, N0 B 3t P W A 20 min, 37 35 L, PBS
YE 3 WK, 3 min, 3% 1 : 100 JLA I B J — 4%
4°C W E , 35 —PL, PBS ¥k 3 ¥k, B K 3 min, 1 :
200 INA U IRBOEIFE 1 h, FFYEM, PBS Uk 3
WK, AR 3 min, I DAPIL G0 555EGH7 5 3 min J5
BT BB

1.3.6 RT-qPCR SZHA I 3k K ik

fifi I TRIzol M\ 2 i i 41 it Hh 45 BUEL RNA
RNA ¥k 5 A1 46 & 38 3 Nanodrop 2000C il & fifi
FHI S H & 1 wg RNA I T 5t & R
MARFI A 20 wL, ABI QuantStudio5 Q5 SZHY ¢ RE
it PCR ) T 52 I 39 5% o 58 & Wi 4 S W (RT-
PCR) ., fiiFH 2735 Jy v LM i 35k DR i) A X
SEKCERRHEAL , 40 SOX9 . ACAN . ADAMTS-5 . MMP-
13 fil COL-X, {#iJ] GAPDH h N %, Bl 5 I
#1,
1.3.7 COL-IT G 2L AL AG I

TEHERRAS F 10 F5IRFRAY 4% 22 P EEE 2, br
A2 J57E EDTA BEASH eS80 4 8, 4 iss
FESHRAATBE RIS 4 wm JERYYIF, ] COL I
PUARTE 4CTFIE IR SR, 25 YU s, wa H
DAB R, 4 Hah & a# 00 v k#1740
B8 I8 Image Pro Plus 6 Z3HT 4t 17 S 411k
YR 02 501
1.4 SitEFHE

A B LA Y B AR i 25 (aes ) R, R
SPSS 24. 0 A4 (SPSS, Chicago, 3¢ [ ) ¥E 17 5¥ 7>
Bro fEH ¢ K5 (1 28 A SRR ST 22 5
P<0.05 HAGITE XL,

2 #R

2.1 HBLIRA COL-I FikALLER
COL-IT JE8C A m B A N5y, TERG 9
JEIWER & B, A HL A T SHAM 41, OVX 4l I B &
M) COL-IT Z& IR (1 1)
2.2 KWHRBABMESRETER
LM T 5 d Z2AH WA et | g
BLZMIE RN T, LUAEI A REE S TEHITUR
FH 2R M A e €0 T DL 40 e A% 2 R, R B R VR
o, A /D5 i 5 0 5 YL B0RE, 55 8 AN Y R AE
—5" (" 2),

x1 51t
Table 1 Primer design

SRR LG5 =3") RI514(5-3")
Primers Forward primer (5’ -3") Reverse primer (5’ -3")
SOX9 GAAGAATGGGCAAGCAGAGG CTTGCACGTCTGTTTTGGGAG
ACAN CGAGTGAACAGCATCTACC GAGTCATTGGAGCGAAGG
MMP-13 GATGATGCTAACCAGACTATG ATGCGATTACTCCAGATACT
ADAMTS-5 GCAAATCTTTCCGCCACGAG GCCCTTAGCTCTGCACGTAA
COL-X GATGCCTCTTGTCAGTGCTAA GTGCTGCTGCCTGTTGTA
GAPDH TCTCTGCTCCTCCCTGTTC GGCTCTCTGCTCCTCCC




I R BE AR 2 2022 4F 5 A4S 32 455 5 ] Chin J Comp Med, May 2022, Vol. 32,No. 5 19

2.3 ZRRBHAEARRTE ST HER
K H CCK-8 SIS SHAM 411 OVX 4 24
BOE A ) A0 g 1, 45 R R 5 SHAM 4 AH L,

72 h NAS[RISHE] 55, OVX 2H 2R 40 i 9 136 7 44
LT SHAM 4 (K 3) .,
2.4 OVX R4 BHMEAI A E 2R F-actin 2
THER

KB PR 12 0% YA 28 P BRHE A 7 4t e 4 €, 0L

ST A LM 50 By 20 I A B B 2R F-actin RO RCAS, 5K
B A, OVX ZH B A A0C T 4 ML v 1) 53 A 7 4 o
JBEJE L () F-actin 4 209 G314 58, F-actin /9 52 HE M
Ji I AL ZZ R LT HE (18 4)
2.5 ZWRHREBHME COL-II ERIER

COL-IT SRt Y 8 J5 Bl 9L I BOl & , 4 i

50um !

B Bk ame N AT, SEE 45 R R OVX 7%
SEHREE B E AL T SHAM 4 | 200 4501 40 i ¢ 34 1
COL-IT B sk (1 5)

2.6 £ IWEHT MMM SOX9, ACAN, MMP13,
ADAMTS-5 #1 COL-X WIEE K%

SOX9 Fl ACAN J2 AR B 40 M & W15 B (1)
FREY) , MMP13 1 ADAMTS-5 S48 36 508 40 Mo 4
AR AR W, COL-X 2 55CH 40 M Al R i A% %
PebR&EY . E 6 Fras, Xt SHAM 41, 0VX 44
A AR AR A LY SOX9 Fll ACAN £k k k2R
PEREAL, Ho A BURE 71 T s MMP13 A1 ADAMTS-5
PR R 25 ST U WY RO A i A T R
IR ; COL-X W) 33K K A 22 S M3y, vk IR
KA AL 1 5

v S § c B sHAM
= o 04 [ ovx
g *
803 e
2
g
= < o2
P
£3
S ol
50 pm 00

¥ : A COL-II 78 SHAM ZHHCH LA AY 15 ;B COL-TT 7 OVX B LM Y ik . B A KRB ol T B FEE R L, 5

SHAM @AHEL, *P<0. 05,

1 SHAM 41 OVX AL ACH £ COL-IT BY3RA
Note. A, Expression of COL-II in cartilage endplates in SHAM group. B, Expression of COL-II in cartilage endplates in OVX group. C,

Quantitative comparison of COL-II of cartilage endplates in rats in each group. Compared with SHAM group, *P<0. 05.

Figure 1 Expression of COL-II in cartilage endplates between SHAM and OVX groups
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Note. A, Second generation endplate chondrocytes are polygonal

and fusiform, arranged like paving stones. B, Toluidine blue

staining shows the dark blue nucleus and the light blue cytoplasm.
Figure 2 Morphology and identification of

endplate chondrocytes
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Figure 3 Comparison of the cell viability of endplate
chondrocytes between SHAM and OVX group
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A~ C: SHAM £ K B A4 B 4 F-actin AY 35 ( F-actin ,DAPI Merge ) ; D~ F; OVX 20 K SR 40 i F-actin AY3E35 ( F-actin |
DAPI Merge) .,

4 YRR GREDESEAE I SHAM 1A OVX 2K FRZAR KB 4 F-actin 1R IE 10
Note. A~C, Expression of F-actin ( F-actin, DAPI, Merge) of rats in the SHAM group. D~ F, Expression of F-actin ( F-actin, DAPI, Merge)
of rat endplate chondrocytes in the SHAM group ( F-actin, DAPI, Merge).

Figure 4 Cellular immunofluorescence detection of expression of F-actin in rat endplate chondrocytes in SHAM and OVX groups

1 : A~ C: SHAM £ K B MR ACE 40l COL-TI A4 5% 3% ( COL-II . DAPI Merge) ; D ~ F; OVX 41 K Bl 2 Mg % 40 Jf. COL-TT Y 3% ( COL-IT
DAPI Merge) ,

B 5 A e SO SHAM ZH A1 OVX 4R 2 AR AL Y COL-IT [ 35515 50
Note. A~C, Expression of COL-II in endplate chondrocytes in the SHAM group ( COL-II, DAPI, Merge). D~F, expression of COL-II in rat
endplate chondrocytes in the SHAM group ( COL-II, DAPI, Merge).

Figure 5 Cellular immunofluorescence detection of expression of COL-II in rat endplate chondrocytes in SHAM and OVX groups

. S0X9 ACAN ADAMTS-S MMP13 COL-X Il stAM
: 15 7 ok 3 [Jovx
; iy 0] = 20 L AN
2 2 4 2 . 8
8 10 4 & 10 A X e X 8 XL
& E LE K2 BE 2 KE 2
] ® = o w= ° = 9
K = e =
g 2 25 # & )
= 5 n =% 05 4 = o Foid =g
2 0 Ee gg' ag ! 2g !
= = 5 = =
= E 3 s z
# 00 A “ 00 A 0 0

¥ SHAM ALt “P<0. 05, *P<0. 01, "*P<0. 001,
B 6 X LPILLAR PR AL SOX9 ACAN ADAMTS-5 MMP13 Fl COL-X Fik
Note. Compared with SHAM group, *P<0.05, *P<0.01, “*P<0.001.
Figure 6 Comparison of the gene expressions of SOX9, ACAN, MMP13, ADAMTS-5 and COL-X in the endplate

chondrocytes of the two groups
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