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[HEZE] a6 WEAIRELERZDRE R A SHER 2885 (nucleus pulposus, NP)ZH 2 5l de @ F K 2H 9(SOX9) | [ H i
J ol (COL2AD R IE 22 5, IF 815 b 25 55 78 N S HE 6] 4538 78 (cervical intervertebral disc degeneration, CIDD) & A= & J& 1 )
B, Zak WEAETRBAT T ARIGIT I 36 0 S0 B S0 S G B I NP 4140 SR Hi SUHE MRTCT, A £ 0E w20 R 437 ) %%
B ORH Miyazaki 78 RGEITATIRAS B2, A 4 28Uk 24 5 4% SOX9.COL2A1 7E NP 481 ity e 35 2 07 . FH 26 % @ =
(FQ) RT-PCR.Z& [ 5 B 43 M s Al SOX9,COL2A1 7E mRNA K K iR 5, 40 #r KR ik K 7 5 CIDD #42 B A 1
K Z WA IE SOX9 M COL2A1 I AR, % SOX9 7£ NP 4 jg#% b 2238 , COL2A1 FE 4N M AP FE TR v 3 3K bl 5
CIDD RS2 BE RN T, P A9 mRNA FI 1R B KB B WTREAR; B L) SOX9 ikt B4R 7 (X) .COL2A1 Kik#E Jy A8
B ELRIETEN Y=0.923X—0.059(P<0.001), %4 fifiZ CIDD F2JE M E ,SOX9 5 COL2A1 # M #ikKF &
WREAR, P E T B B AT, SOX9 1E A # COL2A1 3k #78 SOX9 5 COL2A1 JkH 1 fig i 48 w] fig J& CIDD 1 43 F HL 1
zZ—.
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Expression of SOX9 and COL2A1 gene in human cervical intervertebral disc nucleus pulpusus and its significance

CHENG Yong-jun, QI Ke, HE Ping, SONG Qing-xin, WANG Kun, SHEN Hong-xing”
Department of Orthopaedics. Changhai Hospital, Second Military Medical University, Shanghai 200433, China

[Abstract] Objective To observe the expression of SRY (sex determining region Y)-box 9 (SOX9) and collagen type II
alpha 1 (COL2A1) in human cervical intervertebral disc nucleus pulposus (NP) tissues of various degeneration degrees, so as to
discuss the role of their expression during cervical intervertebral disc degeneration(CIDD). Methods Totally 36 human cervical
intervertebral disc specimens and their pre-operation MRI findings were obtained from surgical patients or patients with cervical
trauma, and they were classified into five grades according to the Miyazaki grading system. The expression of SOX9 and
COL2A1 was examined by fluorescence quantitative RT-PCR, Western blotting analysis and immunohistochemistry staining.
The relationship between SOX9, COL2A1 expression and the degrees of CIDD was analyzed, and the relationship between
SOX9 and COL2A1 was also discussed. Results Both SOX9 and COL2A1 were expressed in NP tissues, with SOX9 seen in the
nucleus and COL2A1 in the extracellular matrix. The expression of SOX9 and COL2A1 mRNA and protein gradually decreased
as Miyazaki | progressed to Miyazaki V. We also found a linear relationship between COL2A1 (Y) and SOX9 (X) expression:
Y=0.923X—0.059 (P<C0.001). Conclusion The expression of SOX9 and COL2A1 mRNA decrease with the increase of
CIDD severity, with SOX9 and COL2A1 mRNA having a similar decreasing tendency. SOX9 positively regulate COL2A1
expression, indicating that changes of SOX9 and COL2A1 gene might be one of the molecular mechanisms of CIDD.
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fe a4 MEE] 4% 38 2% (intervertebral disc degenera-
tion, IDD) &%k & A= (9 4 4 3%, R IDD % 4B K
Jeg 1 P A FRAIL R 0O 58 40 A, B AT s AL R AR
DD 33 & iV T 22 SRR 2 ) 56 M e s
FEH 20 9 [SRY (sex determining region Y)-box 9,
SOX9 [ — M 2 (19 70110 i A 7 AHOG 2R X A
W& R B e XTI S AL ol (collagen type [[al-
pha 1, COL2AD) Y4 Bk IE &£ Y 78 10D it
PR B H 25 2 B,

AW i e % 2 2k e G 8 B o B )
B 2¢O 7E & (FQ) RT-PCR 7 i, WL %8 SOX9,
COL2AL 7EAN[m) 18 78 75 J32 1% N\ 250 M Ak 18] 8 88 % (nu-
cleus pulposus, NP)ZH 41 33k (%) & 7 17 B0 M HAF
mRNA I H K- By Rk, o0 b B K & 38 K
5 1IDD & B[R] By 56 F& L 300 A HE [A] 818 28 (cervi-
cal intervertebral disc degeneration, CIDD) #J 4 F
AW E B LU A i R A 22 B0 /0 S5HE i 1Y K A=
PEALSY IR TT SR

1 #MRITE

1.1 #wARELAE HRARKET 20104 2 A=
2011 4F 5 3 A2 FR e AT 300 i B M 1) 25 47k o3k 0 e i & 9
5 TR B S5UHE S R 5 % S 405 58 2 L 3t 36 1 HE
] #2021 (Cayy 8 1, Coss 12 ], Cose 9 B, Coyr 6 1],
Cr /Ty 16,457 B NP, & NP 441531 3 1y, 53 il
FF mRNA . K #3580 K G 40 204k 2 K,
PRAF AR P BUS I B T WA 7 30 min N 5%
A —80°C VKA 28 H W 4 8 3 R A SiME MRI(MAG-
NETOM Aera 1.5 T, Siemens AG, Germany) %8
(TARERRARAL) , HEBR R AE . FUIR R 2 g TT#E | H
AR 55 Wi Ty e TC HE BB PR 5 I B B0 5 IR 3t 5 o i
PR 254 T BURE R £k 25 4 B R R T B R
JRBEE HUIR 2 R 2R A 5 7 A T SO T
VR ST R 5 AR BEAS | SIUME D 5 R AR R
A A0 Pl R R L R A 5 5 R B 2D 1 v A A
RN EINLEAR T 57 3 O . A R I 5 R 4 3
253k VA 1 7 S R S R A A AT L BRURE 35 22 fRE
HoRE A M IR KB ER R F R R A&
HEE

1.2 CIDD BEMHBHRF 4R X EEAKRE MRI
FERECT AR IE o R A R IE Miyazaki 58 % R 5,
MBERZAG 5 (A5 A 2 20 PR B IR v B 4 S
XA AR AR AR R 4 | ~ V Pl A7 BLE

T BARARIERH, [~V RARA N IR,
1.3 Az e N avsy R s s
K B R 2% v (PBS) ¥ 3 <3 min; FH 0. 01 mol/L
FrETR S il (pH 6. 0) #E B E (W 3 #4 20
min) , E & AR A A1, PBS ¥% 3 X3 min; 1 mol/L &
FRALHE 20 min, PBS ¥ 3 X3 min;0. 3% H. O, # i
NI ALY 20 min, F IR, PBS ¥ 3 X3 min;
20 % IE & F M F I\ F 30 mins 1 ¢ 100 i B—dt
(BBt N SOX9 £ 50 f& Hif& . Abcam A A, 18 5.
ab26414; bt A COL2A1 £ 5 BEHi ik, Abcam 2%
Al LB 5. ab53047) M AL AT AL, 3TC T IEE
2 h, PBS ¥ 3 X 3 min; EnVision i& # ( HRP-M)
37°C 30 min, PBS ¥ 3 X 3 min; DAB & {4 8 ~ 12
min; JhAKE R G BOKEEL R TS AR E A BE R
BEMLIE I 5 AP0 EF I BRAH . 40 A% b B A
ISR SOX9 BH M 2 3k, 40 it 40 58 55 P ) B A 2
R Y R COL2AT BHYE K | Hie 25 €058 13 0 W7 3%
BB I 0~+4 R,
1.4 FGHEHPEEsn NP AR F SOX9 F
COL2A1 & gty kx4 258 W 4 ol 4 O
[ 3R 75 BE A N SME ] 5 NP AR E L IR R
H xE 7= 33 ) & (BCA™ protein assay kit, PIERCE
Oy F)D BB AR U6 B I 2H 2R RO Y B TR B
BAR A B [ 50 pg. 4 SDS-PAGE 4 8 )5 38 i
BRI R MRA4E R L HWE .1 : 100
— Pt PUARFE LD FI 1 = 500 BN S B-actin —HL, IR T
1.5h,fm1:2000 HRP —#i. %% 1.5 h,ECL W
XF & & 4, H BioRad Flour-S Multilmager # & i,
BALHEHE I RAT . SOX9 B AHXT 43 F i & R 56 000,
COL2A1 BIAHXS 5> F B &~ 142 000, MR 45 A0 W 457
I o R SRR B
1.5 FQ RT-PCR # @ NP #4142 ¥ SOX9 #e
COL2A1 mRNA #5435  H TRIzol ¥ & B i #E
8 NP 42106 RNA, L 30 pL DEPC /K % fif . JF
Pl DNase | £BRI54 DNA,RNA E® N 1 g/L,
FEELHN o L BETE R A5 B K 260,280 nm Ak 1)
JCEE (D, D ¥R 1.8~2.0, Lo, 2% 3
JIG W B Ji P DK R RNA B B, B 2 L B RNA fE
R S SRR, IR cDNA TaKaRa %% 585 &
525 :DRRO37A, KiEFE EY TR A R A wD 17
S sk, PCR N 5 F . 95°C i 42 P£ 10 min,
95°CAEPE 10 5,60°CiB k 30 s, 3L 40 AMEH; 72°C 4E
i1 5 min, W HIEE ABI A A H StepOne™ 5L B 2¢
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JtsE & PCR AL, R ik A UG R (SYBR Green
PO AT PCR U734 B, A 3R 38 B (RQ)O L 27 2%
AL AL SR AW B StepOne v1. 1 B AFdE 47 43
Mr. LA S ¥ # H PrimerBlast %11, 51 ¥ 7
ST . W2 Bactin LiF 5'-CCT CGC CTT TGC
CGA TCC GC-3', T 5'-CCA CCA TCA CGC
CCT GGT GC-3'; SOX9 L 5'-CTC GGA CAC
CGA GAA CAC GCG-3', Flif 5'-CAG AAG TCT
CCA GAG CTT GCC CAG C-3';COL2A1 L 5
ACT GGG ACT GTC CTC TGC GAC G-3', Filf
5-TCT GTC CCT TTG GTC CTG GTT GC-3',
PCR % fift fh £ 9 38 7= ni )

1.6 it fH SPSS 15. 0 F #1745 it
SN ANTRIAR AR SR g4l 2 Ta) A v T R L AR
Fisher B UJ #3834 08 B 2 L8R 7 22 40 17
H A5 mRNA MR IR & GFR Iy 272,
I HBEEE B AACt RO . (D H T2
4 SOX9 Fl COL2A1 1) AACt BE AT 2 IEA TS
J5 25 55 M LR, BOIE A S5 R AR 4L L R
Mann-Whitney U JE Z 5K 50 F 55 (2) Shapiro-
Wilk #5978 IF # 41 5B 4 SOX9 fl COL2A1
() ANCt BUE 53 A 78 & IE 2540 4 . Levene 55 #2
NGRS R, &R AR SE R A Z | SOX9
mRNA 5 COL2A1 mRNA # 1k & 1) %5 B Fb %5 C% H
SNK-¢ #: %, SOX9 mRNA 5 COL2A1 mRNA #
B R WS i H 2R Pearson AH 3¢ 23 M1 M 2k 1R [0l 14
TIERE S, R IR K ()M 0. 05,

2 &H B

2.1 CIDD #2 B %5 B vA B K ) i& T A2 & 40 18 M 3 |
SR FE BAHIMER S MRI 2% m 2 &4
PRATAL B 5% Je 2 24 TR B s A SR [0 2 L 45 2R R
AN TR AR AR TR A 2 ) M AR R TR 1 25 S R S i
SHE L (P>0.05,% 1),

2.2 RRUBMRBRNULFRERKTE RGP ELSNE
R A Bk AR e A 55 R R R [ AR A R R A
B 4% NP 41419 SOX9 5 COL2A1 ¥4A AW 2 FE Y
FEIE LT E LT A0 AL T (B 1) L S5 A A0 e Ak
FEF AR IK (L 2) , 9 35 1 38 35 1 AR A8 7 8 14 i
T W 555 A 1 5 B3 o A 25 23R (181 3) Bon &
RS FR B A N EE, SOX9 5 COL2A1 13 ik & 38 i
W, 5 A S R — B - PR W R R
KR8 5 CIDD # B &2 7 A 3¢, H SOX9 &

REARLIEAEEZZELN I ~NMWHE ST
COL2AL. MM HFEIN ~ V IR A oI B 22 5%,

R1 HHEAERTEEIRER
LR M5l | 8 R BE
Tab 1 Grades of cervical intervertebral

disc degeneration and distribution of gender and age

Grade N Female n( %) (yeaﬁg;i.\‘)
1 8 5(62.50) 52.2545.20
11 7 0(0.00) 62.7149.90
I 9 2(22.22) 60.00413. 57
N 5 1(20. 00) 57.60+16. 85
Vv 7 1(14.29) 55.00410. 38

2.3 FQ RT-PCR #&#l 4 &  SOX9 F{K mRNA
FikfEm T COL2AL, IEHHHBREHZHE SOX9
AACtfH(—5. 65 vs —3.49) 5 COL2A1 AACt {8
(—5.15 vs —=3.28) RIKE R A G4 L (P<
0.05)  IEH 4L COL2A1 5 SOX9 Wik K FH 8
TR (P <0, 05), &4 MW ZHE E DR
COL2A1 AACt,SOX9 AACt Z R A Gt 2#5 X
(P<C0.05.% 2) ., H Bt iR A8 F2 B2 0938 hn . COL2A1
55 SOX9 By ARXF Ik B HIREAL, W35 T B HAH i,

SOX9 5 COL2A1 Z£F 4 UL SOX9 FRik it h
H AR (XD \COL2AT 3k 5 0 W A8 5 (Y) 1Y B4k Il
HXE R, LPERE 5 Y =0. 923X —0. 059, P<<
0.001,3E R EL R =0. 929, K 1E R*=0. 926 (& 4),
RIFE % SOX9 %% 5K M35 I, COL2A1 e 5 A
T, COL2AT1 % 5K 92. 6 %32 SOX9 ¥ 5
oA 7. 4% % HADE 52 m

3 4t it

1DD J& 5| ES HUHE S 19t & TR L HH R A R R
o LA BEAL RN 1 A o8 AT R L H A e A O R A=
S5 R R e B R S | 5 A s DDA O
HAEWE B BB A —EM RS, F, IRATE
PEBEIT T X G2 i HERR T T BE 2 IDD A9 L 259 .
WO 2B 36 2T 5, Be A AR 58 S TRl R AR SR 94 2
V] AR PRSI PR 2 0 25 S TE e T2 i X ISR 2 S R
RIS R AE IDD f R i Ve R . MR 48 [ P A0 SCiik
HZAE L IDD JR AL AL BRI 5T X 5 2 24 v A B HE ] 258
ARE S0, FUME ) R AR I RIS D AR ST DL
FHEMR] 8 NP 4120 0F 58 %7 4, A4 ) B SOX9 5
COL2A1 BHYjResk 22 7E CIDD st B i VER .
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Fig 1 Immunohistochemical staining results of SOX9 in nucleus pulpusus tissues of each group

A, B, C, D and E represent MRI degradation degrees [ , [l , [l » IV and V , respectively. Arrows show the positive staining.
Original magnification; X400

B2 |BAEZKAAS COL2Al REALLBE

Fig 2 Immunohistochemical staining results of COL2A1 in nucleus pulpusus tissues of each group

A, B, C, D and E represent MRI degradation degrees [, Il , [l » IV and V , respectively. Arrows show the positive staining.
Original magnification: X400
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Fig 3 Expression of SOX9 and COL2A1 proteins as detected by Western blotting analysis

1-36 represent 36 CIDD samples, with the degeneration degrees of samples 1-8 being grade | , 9-15 being grade [l , 16-24 being
grade [[[ , 25-29 being grade [V, and 30-36 being grade V
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® 2 H/HESOX9 5 COL241 mRNA HIRIZE
Tab 2 Expression of SOX9 and COL2A1 mRNA in different groups

SOX9 COL2A1
Grade
AACt RQ AACt RQ
1 —5.62(—5.79, —5.45) 49.19(39.11, 61.88) —5.21(—5.35, —5.07) 37.00(30.61, 44.73)
I —4.89(—5.11, —4.67) 29.71(22.01, 40.12) —4.99(—5.12, —4.86) 31.87(26.77, 37.95)
1 —3.98(—4.15, —3.8D) 15.79(12. 49, 19.96) —3.57(—3.68, —3.46) 11.91(10. 25, 13.85)
N —2.43(—2.69, —2.17D) 5.38(3.77, 7.67) —2.24(—2.37, —2.1D 4.72(3.95, 5.64)
Vv —0.44(—0.76, —0.12) 1. 36(0. 88, 2.10) —0.34(—0.64, —0.04) 1.27¢0.84, 1.91)

RQ: Relative quantity. AACt values of SOX9 and COL2A1 mRNA were significantly different between groups of different

degeneration grades (P<C0.05). Data in the brackets are the 95% confidence interval

=0.923X-0.059
R*=0.929

-AACt(COL2AT)

-AACt(SOX9)

B 4 SOX9 RIZEE COL2A1 RIZEEMLEEHBAE
Fig 4 Linear regression scatter diagram

between SOX9 and COL2A1

SOX9 F FAE by —Fh 8 21 R BE IG & & AH O

K, 2 518 vk i g B TE iUSE 2 Bl R0 IR G
ﬁakﬁ,fﬁ%ﬂﬁjﬁk 2 B A1 1Y B AR R A 4
JL RN A 34 RN, COL2AT FEB 2 K
BT I YRR S PR G AE R AL 1997 4R,
Lefebvre ZE 58 & B COL2AT 78 85 40 i v iy
Fik 5 SOX9 ¥ 2 1E F X R, UE % COL2A1 &
SOX9 WAFEFRH S S e Al L ], Bell %010
T B~ SOX9 BB4E & T COL2AT WHCH 41 i 4 57
B R, AR L SOX9 AR SE B Bl &
BA REEGEZ 5 8% 50 7] RE S 76 50 B it #&
SOX9 X COL2A1 5% 8 ¥ 185 W 9. Ut B COL2A1
R RESE SOX9 My 3L, h b vl 1, SOX9 2 11
T fz J A Bt R v A — S B R SR IR T A
M0 R B R AR o I B B G ) 9 4
FH 7 A [ 4538 A ok i w1 1 P A O 7

Sive S EAL 8 A8 T 4 b 1 IR 5 IR AR HE
[ 2% N SOX9 MRk, & BLAEIR 28 i MER) £ NP 5
FHERLLH, SOX9 mRNA B £ EFEAL, @R
PEFE AL BT T Bk BUME R B 2R E B 80 SOX9 1

FEKF 5 ER R, Paul 10 K Sh 52 56 b
K SOX9 M B8 B K AE 42 3 i NP 4f il 9 SOX9
51 BB 2R 5A L IR B AE G TDD 14 s BHLASE 78 v 3
S 2 T A L e IR N BRZELAE LE L T S SOX 9
955 B 1) A (] 5% BB Ak 47 T A AR A I R B A 2
20 X AN [ B ST [ 98 R4 B A= JLHE ] 48 | IE
HME ] 285 | IR AR A i A E] 85 1 RT-PCRL &
F 5 B 3 43 A7 R G 5 21 Ak D7 TR I NP 41 4
SOX9 T Y fie Ji 5 PRl 1) 22 36, I 40 BT 19 3 1) A G 1
K SOX9 mRNA TEAHMEH £ NP 4 j o 9 & 35
Bk JLE ™Y IDD M B AR, 1AL 5 T R
I BE 5 SOX 9 FEAR 1Y i B2 FE A — 3, X 3R W 1DD
&S SOX9 1 3R 35 BEARA OC &, SOX9 1E I 1)
A I R DA A B T R PE T AR
ik 3 S R Ty MK FE 4 peDNAS. 11IE-SOX9Flag
JO R % 1) A 1 B ) 78 T 40 ML A e S Y T A
it R 43T BB A% A A0 L 3X R i YR YT TDD %
SETEEA TR, Park 287 F A PCR RIER (H 5 B
WA E AR KB SOX9 Fe F 235 7= ) R 8K 1 R A
JE SR AR T T W TR il % A AR AR Y A A HE [ A
HAR H A 5T £ B SOX9 5 1DD £7 78 A ¢
PR B DLAE B 58 09 N 25 32 2 4R v A T A ] 4R
A5 B4l L) CIDD N ARS8 % 4 iy % / ,  H SOX9 78
IDD & 4 & J b 72 v B9 AR AL o AT 4 . A BIF 5T
i fe e AL L BT EN I 2 A 1 FQ RT-PCR, &
B SOX9 e A #HE 8] £ NP 40 M i &% 3= 3k,
COL2A1 EZAEAI AP BT b Rk, W b &
CIDD 2 Ji£ (% I FE , ¢ 35 50 J& R 3 7K 5 3% W B 1%, EL
SOX9 5 COL2ZAT B3 i #a S5 A0 I, 5 B 97 4V 7
A 8] 2 RO B S 4 R — B0, AR ST i — 2P X SOX9
5 COL2A1 mRNA Fik & 17 mE 504, & 30 &
FETE H 2 E M G E &R, R W] SOX9 AT BE IE M) 4 4%
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COL2A1 W3Rk, HATIE R SOX9 Bk FRIK
PR T ~ MW & T COL2ZALMAEN ~V
WM KA OO W 2 5, i D, 78 IDD R
WIfEAE A FRAE S W I 5 e I BRAREL T 2k .

AR S I A S MK 18] 45 MRI 40 2% i1 79 4% 1R A 41
B B3 B 44 T B B A SR R PR A L OR 45 A T e B2
WLEE B0 AE L fie KOBR B B AR T 92 30 A B i 3 R
2 Pt TSR BRI s (H R th T AR A ZHOR AR
AR AR E A 3 I e ml DL b KOS i #E R] 48, HOREAR
SR /IN TSI B R S BT AR A — A SR, AR S
B W R PERE ST AT i — L9 RAEA &, A
F I R 2 A T | 5T SOX9 B S CI-
DD K53 FHL

R B AT X F SOX9 7 1DD a7 v iy /5 F 1%
WEFE Bk B 2, SR MAE 1AL e J5U I i A% v 8 2
8 2% SR AR TR L AE 3CE T B Ak B b e i 5
b VA 5 TR EAE L W SOX5 ., SOX6™2 % N kB
BEE 1 39 VBN T (NF)-«B F R 51 RelA™
BEAh L B8 32 B AN 5 30 1 1) 4% 0 B AR <22 o A
H - R 5 IR F A OC K (Thh-PTHP) 15 5 38
gL 5 R & AR & e % YDA E 1 Wt/ B-catenin
FEIERE (Wt 5 5@ &) kK KT B
(TGF-B)/Smad {5 5§ F38 ",

I, SOX9 25 1DD Ay 1 5 AL il 8 3 A7 1 5%
T AT B — D R A58 FLAE R A 4 30 A A
HAE G FR DA BAE T B SR A i 5L 9 4% AL
i, N TR b A 2 TR AR R A 3R Y S
M 46 29 7 SE At

4 FEEHZR
JIr A AR P AR SO 8 BAE AT R 55 0 5
[Z % x #k]
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