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Role of Idl gene in maintenance of cartilage phenotype in BMP-2-induced

intervertebral disc cells
Zhou Xu, Quan Zhengxue, Luo Xiaoji, Tang Ke, Zhou Qiang, Zhong Weiyang, Zhang Yuan, Jiang Wei ( Department
of Orthopedics, the First Affiliated Hospital of Chongqing Medical University, Chongging, 400016, China)

[ Abstract | Objective To construct lentiviral vectors for overexpression and RNA interference of
inhibitors of differentiation 1 (Idl) gene, and observe the changes of cartilage phenotype molecules secreting
from bone morphogenetic proteins 2 ( BMP-2 ) -induced nucleus pulposus cells after adjusting the expression
level of 1d1 gene. Methods The sequences for overexpression and RNA interference of human Id1 gene were
designed and linked into lentiviral vectors by genetic recombination technology, and then the constructed
lentiviral vectors were introduced into 293T cells to determine the titers. After the nucleus pulposus cells were
transfected with the 2 kinds of recombinant lentiviruses, the expression of Id1 at mRNA and protein levels were
assayed by real-time quantitative PCR and Western blotting respectively. Then, the nucleus pulposus cells
were sequentially transfected with recombinant adenovirus AABMP2 and the 2 kinds of lentiviruses, and the
capacity of expressing cartilage phenotype molecules was detected by qRT-PCR. Results The expression of
Id1 at mRNA and protein levels in the nucleus pulposus cells were changed after lentivirus transfection, and
compared with the normal cell control group (0.428 +£0.079) and negative control group (0.400 +£0.045),

the Idl gene expressions were increased in the overexpression group (0.848 +0.154) and decreased in the
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RNAi group (0. 115 £ 0. 014 ), with statistically significant differences ( P < 0. 01 ). The Idl gene

overexpression could promote the mRNA expression of collagen I (0.407 £0.083) and Agreecan (0.284 +
0.074), and there was statistically significant difference as compared with the GFP group (P <0.01). After

AdBMP2 transfection, the Id1 gene overexpression could further promote the mRNA expression of collagen [l
(0.590 £0.072) and Agreecan (0.351 £0.066) , while the down-regulation expression of 1dl gene could
inhibit the expressions of collagen I (0.244 +0.060) and Agreecan (0.168 +0.034) , with statistically

significant difference (P < 0. 01). Conclusion

Id1 can promote the expression of cartilage phenotype

molecules, and its expression change can significantly affect the secretion of cartilage phenotype molecules in

the BMP-2-induced nucleus pulposus cells, thus Id1 may be the key factor in maintaining cartilage phenotype

of the BMP-2-induced intervertebral disc cells.
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AL K (inhibitors of differentiation, Id) J& T
Wi R4 i ( helix-loop-helix , HLH ) 2 [ Z % i 51 2
—, T H T A R = 5 DNA Gl H 455 1Y%y
R DI, PRIt T R 1R LA R — S %) e 1R e -
FR-#275E ( basic helix-loop-helix, bHLH ) %% 5% X - 1 1%
P, WA 861 200 0 44, 408 3 4 v o I EL sh
ML 4 i Td AR (Td1 ~ 1d4 ), Horh ) 1d1 43 FRF5Y
BABMIRA . B I KA 1 (bone morphogenetic
proteins , BMPs ) H.£¢ =& 19 A= W) ¢ E 1, REg I )
KA ARG I8 I A AR T, TR IR k5 8 Bl 2H 4L
Vil 52 v P T B 2, R R R B A B
SRR I P e DR ) AR AR 1 A TR 2 T A S e
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PN /0 LA e Td PR X BMPs 4 437 M 18] 45 200 Jfd 45 1
FEEE TR R 0 SCHERIRGE , DA AT A ZEIR A SY 1d I
PRI AE [ 985 248 e 7 5% il LA f¢ T 5 BMPs 22 [A] %) AH B
YERIGFR o A SE g0 o 4 i 11 55 R 9 3k 3% 3K (gene
overexpression ) /Il RNA F#ft ( RNA interference, RNAi)
PRI R AR, 70 1) T B M 1) 45 JHE A% 40 B it o LR,
Jo5 FEE g% BMP-2 155 S O AR S 41 i A 580, L RNA 7K
G AMIETE BMPs B Td 5 PR 7R 6 A% 40 A PN 26 38 J5 1Y
RN, #E— 20 2 Hr 1d JEPIXE BMPs 2R (] 4%
YA REPE R IR AR, A 5 N BMP {5 5% 23k
AT FHR— TR HE ] SR AR T R BRAR 1 A= W2 07
SR HE RIS K A1 92 50 B

1 #RE5FE
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FAEE PCR X 42405360 BE A ( Eppendorf MG, £
H) , i &= DNA/RNA £ HE1Y ( GeneGuent Pro, £ H ) ,
HLUKAX (Bio-Rad, SE[H]) , BEE AR AR DNA HL KX

(Tianneng, & [€ ) , GDS8000 #E ik 4 & 4t (UVP, £
), o2 8 B 2 B R L 2 O 8 B R SR ( Olympus
AX70, HA) . DMEM 1} 37 4 ( Gibeo, 2 ) , Jifi 2 1M
TH JBRAE FI B (Invitrogen, 36 [F) , 5 & R/ 85 R P4
Z(fedud 25, b E) , PrimeSTARTM HS DNA %4
fiff . RNase-free . RNase I ] 7] . DL2000 DNA ladder
(TaKaRa /8 &), H <), AMV Reverase Transcriptase
( Promega /A F) , 3 F ) ,10 mmol/L ANTP( ¥4 T,
[E ), T, DNA ligase buffer( NEB, 3£ [H ) ,
1.2 12mEHk ., X miet d sk

(1) 8% 75 25 4 & 4% ( Tronolab /A &) ) 4H A% : LVS
(i#3%) .LV3( T#%) .PG-pl-VSVG . PG-P2-REV . PG-
P3-RRE, H 1 LV5S I LV3 fE 3 ik 4 (0 9% 0L & 1
(GFP), (2)293T( HhB}Be L i 20 M Jir ) - 45005 2 19 0
AN, (3) EA MK TEE AABMP2 . FIEDUIE AP H AR
AR AL
1.3 LV5-ID1 iF & 3% Fiksls LV3-ID1-RNAI F3# 0 4

ESEF=

%:2% 1dl 7E GenBank 11 % %1 ( NCBI GenBank,
Gene ID: 100358975) 15 185 14 ( Fh gl 307 15 22 ) B AR
IRABRAFSER) , /-5t PCR 5194 34 46 N ) i
FIR KT 5, WYk 3R 38 BAK LVS F0 T 3 24k
LV3 535 S AL B 17 ) 5 AT 5 ) 3% 4% , PR 7 W) i
A TR RS2 S 20 B, K H B SRR SE R AT PCR S8 5E F11
M IS5, H 0 H BAME Y Se ke, UE T B By IR 2 280 1]
A BRI PR PR Y s A T I X I
JEFEAT P B 43 B B, He G 1 A 1 B Sk 4 2 B 2 1)
LV5-ID1 4 LV3-ID1-RNAi 1855 24
1.4 AREmELE
14,1 2B AR BBk 5% g FH I £ 3 1 7H AL X
BRI 293 T 40, EOF4EA T 10 om 4055 5= 0L
(AR A2 4 2 x 10°) ,37 °C 50 mL/L
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CO HEFRF R SR A L 60% ~ T0% B F5

o R4S R AN RS TR & m%%iﬁ%ﬁ 20 it 114 15
?%zﬂlﬂ/tm,inz‘*ﬁé ~8 h G AT A IR A Y B
FEW, A PBS 15 mL,%%)ﬁﬁi,ﬁﬁﬁﬂf 3K
EHANM RIS 10% 54 L35 A 4055 759 6 mL,
HkLLBE IR 48 hy IEERE Y 72 h Y 293 T 20 L 15 5 B
W LI T4 °C,4 000 x g #5.0> 10 min , YA E5.0)
JE I FVE WK FVE WL 0. 45 wm JERS ST IE ; T 40 mL
HEEOE T, 4 °C .25 000 r/min B0 2 h; &5 LA
500 wL DMEM BN ULIE T 4 CIA itk .
1.4.2 189 57 i BE I 2 PG TR L L 293T 41 ity
8 h JE HH Al sE A BRI LB 5 48 h 5 AR &
9 7 JURE 0 40 3 R, %o HL v 4 0 45 2 T 1
PG TR AR T, SR 293 T 41 J5 2R F A LU AR B A6
I BT
1.5 gEAampe o i3k

B AR BT PG 22 KA 5 H R 4 ~5 kg,
SEBEE W G ST BV 12 ~ 13 F) L6 ~ L7 5 BeAfE ] 4%,
SRR 4 =5 1 AT BEAZ AN — 4 55 74540 B
FabrA S H] PBS W Bk, JC TR 43 25 A R) 48 rh s A% 21
A BT ER /NN T mm x1 mm x1 mm K/NFLHEL
I ZY g i g 37 CoKI AL 4 ~5 h,200 H 38 Wi 8 b
EHRA A S B, 800 r/min Z5.0 5 min J5 X G
T, 75 20% FBS Fil 1% ¥ -5 2 M5 32 3 B AN 5
YA, T 37 °C 5% CO, Ess 3%, 14
JAM 3 W, AR A: K & 70% ~80% & i, LA
0. 25% k8 AR E AL AE10.
1.6 %% % PCR An| 12 0m 44 4

mRNA & ik

] SYBR Green 117 K I 18 95 I e s Bt A%
AR 1d1 FED mRNA Fak GO, A 40l , #% TRIzol
BAFI A B E 8 RNA |, 3% TaKaRa 2 w3871 & U8 B
k5t ¢DNA, 1dl 5514 5 -CTGGAGGAAGCCAAC-
AAGATG-3", F 58| % 5'-AGACGATTGACAACCAT-
AAGTGAG-3", Bt K/N 149 bp, NS B-actin 75|
#. 5'-TCACCATGGATGATGATATCGC-3', F i8] 4.

J& R A% am fie 1d1

(B)
B % & A 100 43 )5 B e m it ; C. 9% F A 1 000 43 )5 B 2 tm it ; D

AR FEHBE 10455 R mit;B
29 g
Bl mEEE293THET2ZhE

J& LV3-ID1-RNAi FE#&N (%

5'-CGTGCTCGATGGGGTACTTCA-3', H Bf & /N 225 bp,
DIAHE YL 25 0 AU AE R 28 PO BRAH (IE R A e e )
PAZS B B2 S PR A ZH , W FH 2 72 e EAS Y
FER IR,
1.7 Western blot #-| & 2008 55 & BUA B 5 B4 2w
B 1d1 & & o kak

o FH 2 (1 ) & R B i S B 1, &0 SDS-
PAGE L3k /0 25 1Y 85 (A R b, 75 B8 31 [ 4 2% /& PVDF
JIEE 1, DA AR 2R A 9 8 i sk 2 IRAE Bt I, 5% g
BT RS G g2 JO T, P55 it i m] 7 38 b i 1) 56 — P A
SN . FH UVP % i G Ab 3 2 55 Labworks 4. 6 # {4
S3HT BB A5 R BEE
1.8 3 5%8 PCR # M & 4% 28 i col Il \ACAN (1d1

# mRNA %A

FHE&ik BMP-2 i 5 21 B 75 2% 7 AdBMP2 J&& iy
GeBERZ AN, dSr, BMP-2 5 3 AR S A A Y, SR )5
I FH o 8 1 R A 1 o 5 43 i JR e A 7Y 3 A
B8 12 4 M % 58 B R S AL o T RO RE 1, LA B
Td1 Xt BMP-2 2 S5 44 [ 25 40 A 51 e 0 3 1 VR
AR BE Il oF K18 + AABMP2 ZH il 1d1
RNAi 12555 + AdBMP2 21 Jp52ue 4, 25 #0 25 GFP 41
Fas FXT AL, AABMP2 JE gk 4] 1d1 5 k180 7 +
GFP 411 1d1RNAi 1855 7% + GFP 41y 5256 X} FE 4, 43
SR 4L 4N col TT L ACAN 1d1 fy mRNA 23k, LU
2( = ACH) BEALFR BN 25 JDEA R R 3R v R 7 1
mRNA Fe ik AR LA
1.9 %it¥7%

K H SPSS 17.0 Geit 83 #r , i R L & = 5
Fom R ELBECR T ¢ K5

2 HR

2.1 EWZ IR EENE

JREEE YL 24 h JE YOG BRI AT WL, e
72 h R UOEHI ., R, EES Y
P BE VR, folT B LA TR B N 2, I 235 R 1 ik )
1 x10° TU/mL DI b (& 1.2),

D.J&s A4 10 000 42 5 & %
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AR A 10 43
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B F LA ;B A A 100 435 B

2 REEF293THET2 h

A , \
At AR AR B Bt Ak ﬁ@é—%;‘giﬁiﬁ%%\,c RNAI 1% 5 4 R AL A D RNAT 19 3 5 6 B
3 BAEREEMAMEKERRIRBARE (x100)

=
Tﬁ
%

2.2 RmAEHEMAZMICE M T R

et 48 h J5 R 9L BB M GFP (2% (7%
o) BRI b 18 2 e e AR 3 30 21 80% L
E(E3) .

2.3 1dl mRNA # &%

TEH A0 M 2 R s 3 T 2 5 R IR A A 11
mRNA KRB m, 27 A T2 B (P <
0.05) ;5 RNAi 414 [, Idl mRNA 2 ik k3 B 3 %
%, ZRA G AR (P <0.05) s R8T 541
215525 30 B R AR MO 4 LB 25 e R eI A
(%1

F1 WHEEPCRENMEFRSLHIESHMEA I
mRNA FTiE (n=3,x+5s)

25 51 HWZ Ct{H 1d1Ct {8 2(-Aac)
IEH4IMEZE 20.468 £0.319  24.998 +0.184  0.428 +0.079
SRRl 20.361 £0.316 24.858 £0.284  0.400 +0.045
FuE S| 19.566 +0.418* 23.457 +0.377*  0.848 +0. 154®
RNAi 41 20.118 £0.346*  26.820 £0.068* 0.115 +0.014*

a: P<0.01,% %3 B Fe 2 & om A2k

2.4  Western blot #&m] m e, ¥ 1d1 & & 49 kA
Western blot I Z5 SR BT 7R (& 4) , £ H #4531 K
JEE T L ADAM19/GAPDH 2671 , K6 il 25 5L . R4 Y
APy 0. 773, GFP Z5 Ui a2 40 0 0. 756, i R ik 18
JREELLN 0.893 , RNAL 1855241 0. 582, Al 4%

s e ; C. gm0 1 000 43 )5

J§ LV5-ID1 & E i

St DR AR 10 000 42 )5 & 3

(R 2458 x100)

CLRIR:S

AP s BRI TR 11 R R IR K IR R TR
W Ot B 23 B FE 4, T RNAG P80 24 1d1 8 3R3A7K
B ARG T R e e 240 B 2 S s e A G 7 TR A i
Ho

D— —16x10°

1 2 3 4

L. RAEF ;2. GFP = H AR 5% &
KA NS I A B m B ;4 RNAIL 12 9% 3 B
B4 Western blot #4028 i Id

<36 x 10°

2.5 1dl BmAEL AIBMP2 4 % m ie
Rk &S
%2 frs, (1)BMP=2 2405 GFP 4AHIL, col T .
ACAN Id1 ) mRNA Fik g3 hn, (2)1dl i %
AN + GFP 415 GFP 414 1, col IT \ ACAN ., Idl1
TR EIHN; RNAIL + GFP 415 GFP ZHAH L AT
Tk, (3)1dl i RBEWHEH + BUP2 45
BMP-2 JE gL 20 A Lb, Id1 19 3R 3K 35 I 68 4% 1 2% 42 F
col T \ACAN Id1 F£ih 5 J 0, 1d1 RNAI 18553 +
BMP-2 44 5 BMP-2 HAH 1L, Id1 350/ 5, BMP-2 7
FHCEPERER WA E IR A . B 2E R
YHAS IR (P<0.01),
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F2 TEHREE PCR &N AZMAE col 1  ACAN Idl & mRNA Fi%k (% £5)
col I 1d1 ACAN
215 -
ACt 2(-4e ACt 2( AW ACt 20~

25 #9%7 GFP 4 2.304 £0.128 0.203 +0.018 4.713 £0.217 0.038 +0.005 2.792 £0.218 0.145 £0.022
BMP-2 J&L4H 1.376 0. 138" 0.387 £0. 036" 3.775 0. 486" 0.073 £0. 027" 2.032 +0.218° 0.246 +£0.037°
Id1 35 63518957 + BMP2 4 0.767 +0.173" 0.590 +0.072" 2.908 +0. 106" 0.133 +0.010" 1.529 £0.291° 0.351 0. 066"
Idl RNAi 185 + BMP2 4]  2.062 +0.374" 0.244 +0.060" 4.305 +0. 151" 0.051 +0.005" 2.590 +0.294" 0.168 +0.034"
Idl 332561858 + GFP 41 1.318 £0.315° 0.407 £0.083° 3.448 +0.365° 0.092 +0.024° 1.846 £0.371° 0.284 +0.074*
Id1RNAi 18%%% + GFP 41 2.747 £0.425° 0.153 +0.044° 5.171 +0.115° 0.028 +0.002° 3.067 +0.179° 0.119 £0.015°

a: P<0.01,5 % & %% GFP 214t ;b: P <0.01,%5 BMP-2 & # 21 1k 45

3 it

AR AR PR ME ] BB S 2 AL A AR P A AL
PR, T R A LD 55451 I AR S R o IR
BFMIER RN . H AT HER] SR AL PR 1975 75
FER TR J GRS A (] 2 28 4, 10 5 oA 10 R[] 4%
AR R FR R PR BRI R AR R OR TR 2 m PR IR AL, DA
T Ay AR VA Y A ] SR AR ) D7 AR AR R
PR T DA T s 10 B2 R, AR A S £ R A A )
IR AR R 5 HH A7 Al G A A ] 258 oA 4 5 At
A FCR SR D R T & LR R o I
RUE 5 AR 2 0 o e 3 Y Y AR AN i
TN D B e A ) 3R A Y X — R E S
R A A ) 28 B P 22 R T AR DR 1 1 7 A kR
A ) 2802 A 0 Tl PR 3R R R AR A R E
FIR)RE AT S AHE W) 25 B A% , DA TR 22 40 0 D o 5 1R
AT HENR] R AL 5 R T 2 I AR ORISR

BMPs J& T #4064 K 788 5 — 2K 2 D
WIMES 53— PRI 15T, REAS TR AN [R) 26 Y
F18) 2 L A 55 S 0 L 6 A L A 28 e At L R
HMAE) REEEE o AR T R AR R A R S
1 T R 2R B A W 2 BN, T R Al R P
IR AL s R R AR H R B
AR I B B TR PR R AR . IR A KR
S IS8 BMPs (4 5 53 A A HIBIF S HE ] k1 28 1 48
SEALH, BMP-2 1 Oy i ad 58 [ £ F0 2 ) 4 2E R
(FDA) IAUEHEAE R T BEAME T AR AR HH KK
FHUAERFT 4 2 T bR Kim S5 A o R 2 1A
PEAT N AAHE ] S 40 M %) = 2 355 3% , 3 5 o [ BRI R
Mg BMP-2cDNA 5 K% 5114 thBMP-2, i thBMP-2
T IR SE AAA AT R IR AN A B W
i, 1 TR B 3k B A7 T 384 . Haschtmann 260
KT 58 0 S HE ) B SRR R AR D SEIR X &L TE
BMP-2a}, TGF-B3 ¥ 1 pg/mL ) DMEM-F12 15 3%
FerhBEFTHE 9% 21 d J5 RT-PCR G & R A% B 27 4t
PR EE 1 220 it P 2 30k B, TR DX A 2
A BA B R RS S A . Ak, FEESE BMPs

AW RONE BY 5 AR h k BI, BMPs 175 S ME 7] £ 86 4% 41
JJ A3 AR R T (1d) g ek F2 Bt 7 ] gl
AT A ) S A 1 B T 0 B P P R B G T AR A DR
EHZHE L L Id JEP, oY Id 24 A g B 28 AR
AL X BMPs 75 5 HE (5] £ 200 it 39 58 A0 40 320 40 fg 1 3
A EAEER L,

Id 53 F & 119 ~ 199 N FERFRFE, AfY Id 1 ~4 45
BB 0 3l 7 432 T 20q1 \2p25 (1p36 F 6p22 ~21 544
R, Id 437 2 3 0 1 O 02 1 40 ik 334 5, 300 i 53
b, Hoip A7 e Wi 253k 45 : ObHLH AR M8 42 1d il i
3V 1 240 ] I B K P SRl ( CDKs ) 417 i 5
(CDKIs) il & #/EH . @bHLH AR M i 42 . 1d 4
Frl % 549E bHLH & (W0 pRB | Ets 25 #4 38 5% 5% [
F Pax & 1. MIDAL %5454, )8 55 pRB X 4% 5% [H ¥
E2F2DP1 BHIVEIT , Sema g ssrik ' . B T 5
Y0 PR BE VS RE AR S B R R VT A O 2 40, 1d FE
FWR BAT T Z WA= 2R, Qs 45 40 Jif @ ) 43
b AR HEIR R IE SR 25 B I8 A% 5 5 40 R T L fR ko
R R R A

ARSI 3o B DA e IR ML B 11 BE R A2
JRE AR LV5-ID1 5 LV3-ID1-RNAi , RNk e Gkt a]
FLBER AN S S A AT AN P 11 PR 2R Y
F3KAK SR 5 HESr BMP-2 155 5 1 1A 41 40 o s 750 |
2 71 48 1180 TP o P2 5 0 i) JE e M A TR AR s S ) 2 i
B3 T 19 mRNA 263K DL B 1d1 % BMP-2 4 54
(B S B R R T VE o SEBR S SRS : (1) 78
HETR] S 40 A BMP AT DL 2 1 98 4Pk 30 il 9 1d1
I AR J5 B 2 B 20k, Id 4 A S S 2L A 1 Y
YN IS MRS M5 S, AT RES BMP 55 R 440 HAEH
DA 28 HE 5] 45 20 i %) 338 58 K BB RE R R G 0
(2) 4iffar 1d1 L 23RN )5, col I L ACAN Id1 3
SRR 2 TR L BMP-2 5 S 400, col T LACAN |
Id1 Fk @t —25 B E RN, Uk 1d1 BEAS (e 2 HE A]
FAMMCE R F R 2R A, 5 BMP-2 HLAT W [RIE
o [FIET, 384 RNAL 18 555 2 BH W 1d1 R Y 45 2 3=
5K S P BMPs 375 S (14 30 HRE 35 5T 40 1 B 300 41 410
BT ft T LA 1 Id 5 K AE R BMPs i 3 19 A%
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B i B2 i AL 25 - i 40 i ol 5 1k
FIVEF o (ER Id 2 PR ELAR Ul Fp AL 98 55 BMPs 7
o ] 455 40 i 458 B A T 4 A R R A DL B ot
BMPs i S 59 T 41 it 5 1) 5B A9 52 ) RS 2
b MM SE 8K, BMPs {55 L Smads K81 7 2015
S 1d FEPE G FEB 1 205 S 1 Al %5t bHLH
EESERTAOTE R, T E Y BMPs % S5&12, BT &
HLF) Smads 3 40, 1d FE[H MAPKs i #% 78 BMPs {55
RS AN P B A BB R . B
Sk, 1d 5 AT 8 BMPs 75 S 1 40 i B4k
EHET M b is e B i, d 15
Smads 1 MAPKs 15 =i [ EL A 1 £ FH AL 1 55 () AT
RIIFEERNE R, A B A HAIFSE 1d 35 A %
[ 285 200 it 4 52 ) 2 HE 55 BMIPs (i AH B4R AL

AR AT A 5 1d JE X BMPs 4 £5 #E [7] 4%
21 6 A A P R Y A B A S A, S 4 R R B
1d1 J& BMP-2 246 i) 5 40 St 0B ARk A i A O e TR
T, I HLAESE DR AZ 40 M 3B R e IR 7 A Rk ad A p
KAFEBAEN . (ARSI RN T5 515 Tl
£ 5 E—2 A L ELAR AR FHAIL I, DR e AF 9 245 2 o A7
TE— 8 JR PR . AR A ST 4538 (1 SR E
17 1d FE KX BMPs 2 3¢ M (1] 455 40 B 45 32 B4R R
GG SR ATF AT ERA MBS, BN
TKF-BAR Id X} BMP 4k F5EHE 8] 3540 i 551454 10 2.
PRYEAT AL, A 3 B 0 3 AR R DR IA 7 A A] 4%
RS, WA RN BMP (5 5 Sk AT, 348
— bAoA ] £ 18 5 B Ry AR () A 2 7 AR TS
R R S5 IR

SE k-
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