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[Abstract] Objective:To investigate the relationship between receptor activator of nuclear factor kB ligand
(RANKL) or osteoprotegerin (OPG) and the decreased bone mass of the patients with adolescent idiopathic
scoliosis at the osteoblast level. Method :This study covered 28 subjects (aged from 11 to 19 years),including
patients with AIS and age-malched patients without AIS who underwent spinal surgery.AIS group was 20 pa-
tients, control group was 8 cases.The average Cobb angle of AIS group was 59.65° (range,from 40° to 96°).
Bone mineral density (BMD) of the lumbar spine and proximal femur was measured by dual energy X-ray
absorptiometry (DEXA) for both groups.The cancellous bone was harvested from the posterior superior iliac
spine of each subject,which then were cultured to obtain the osteoblasts by explant culture metnod.The mor-
phology of the cells and formation of calcium nodules were observed,the osteocalcin was determined by
staining method of alkaline phosphatase (AKP) and calcium nodules,and RT-PCR.The cell phenotype was
then confirmed.Expression of mRNA and proteins of RANKL and OPG was detected by RT-PCR and Western
blotting using P2 generation osteoblasts from two groups.Result:More primary cells could be obtained by the
explant culture.The expressed osteocalcin dertmined by staining of AKP and calcium nodules and RT-PCR

confirmed that phenotype of the cultured cells showed osteoblastic property.BMD of the lumbar spine (1.2-14)
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and proximal femur was obviously lower in AIS group than that in the control group.RT-PCR and Western

blotting results showed that expression of RANKL of osteoblasts increased obviously in AIS group as

compared with the control group (P<0.01).However,expression of OPG did not have any significant difference
between two groups (P>0.05).The ratio of RANKL and OPG in patients with AIS was hihger than that in
control subjects (P<0.01).Conclusion:The imbalance and the disturbed interaction of RANKL and OPG in

osteoblasts at nucleic acid and protein level may be related to the molecular mechanism of decreased BMD

in AIS.
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D AERE & PR AN (adolescent idiopath-
ic scoliosis, AIS)VE Ry B 4500 ™ e 3 WL IE X 0
PR B A i MLBE 22 4 1 R B B 0 G SR ALS
BILBREFTERXBMRINERK LT REIN, &
Wik A7 5 % )% (bone mineral density, BMD) T
R B IR A LAY BE R R IR ¥ «B Z 1k
1AL T B (receptor activator of NFkB ligand,
RANKL) f B f& ¥ & F (osteoprotegerin, OPG) &
VA S B A0 (osteoclast, OC) 734k W B AT T A~ 5%
BER 7P Suh FEB X1 B2 APy 5 5 RANKL F
OPG 7E IfiL ¥ K B 46 (4] BT T 40 MY (mesenchymal
stem cells, MSCs) H AE H 247 THFY , 45 KW
RANKL 1 OPG F) 2% i i RE /& AIS 8% B b i1
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RIS 11~19 % 3 14.75 % . ARHT Cobb ffi 40°~
96°, 14 59.65°, Lenke 4374 . 1 %4 4 5] (BN 2 {41,
CN 2 f),3 #4125 (B- 7 %], CN 5%1), 5%
4 (C- 1 #,CN 3 f]), f4s PUMC 735 1 ¢
A, M7 16 F(0b 1844, Mc 2% 74,
e 3795 6), 8 HH1T 458 MR K2 HEG
WA RGRA, RETREZSEMIER (3
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J7 R B R — 4 B R ANRE B A B SRS R A
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2R W S Y (Lunar 23 &) 5 BMD , I & &8 {7
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1.2 FEZH

DMEM/F12 55 #2 W (pH 7.2,Gibco) , Jifi 4 1L
iH (FBS,Gibco),0.25%8: 8 (1l -EDTA (Gibco) ,
ML (F % R B ) (Sigma) , YT A RANKL
—Pi (R&D,MAB6261) , T A OPG — ¥t (R&D,
MABS051), ¥t A GADPH —%$t (KangChen ,KC~
5G4), %1~ HRP #r & ¥ $1 B ¥t /& (R&D,
FIMO06) , Trizol Reagent (Invitrogen) ,RT-PCR 5
& (Invitrogen), I /g ¥ (Promega),PVDF fi
(Roche 2~ 7l ),BCA % H % & i | & (Pierce),
Western blotting & Y& (Santa Cruz)., RT X7 &
(Invitrogen 2~ 1)) ,
1.3 OB MRS oy B Rl kE 57

TERR 6 I A BB AR AS , 37 AT 1x1x1mm
R/NBURL, T PBS WseBOX , H B R H . A GE =
0.25% £ % F1BE-EDTA 37°CF 44k 30min, H1H]
e 2~3 ., ¥EREMT S 10% FBS 1
DMEM/F12 ¥5 32 ML 7E 5%CO, ¥5 3254 4, 1
MERE 3TCAM FE AR, 55 1~2 A& JE i 11k
PUJ B R e 2 Wk, TR Al Al S & 90% B,
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0.25% 135 B -EDTA ¥4k 2~3min, TH U % 1
38 14 A, T AREALL 2= P2 AU TR m ks
o,
1.4 OB WFERMYEE

(1) Bl 58505 Al o e e T G 4 €, < 44 DI T i 38
FCE T 6 FLARJE R, B 1x10° 4~ P1 {X OB #% /1
T 6 fLAk, 40 Ml G B2 90% B B 55 3%
PBS # ¥k, JC/K GRS [ 22 10min, 20 1 [ 2 5 A 95
B (3% B WEIRHIhEN 2% 1 1V 28 2% 1k
55 2%WIREE ), T 37°CHEE 4h, 2% 1R %6 1F
Smin, 1% 8 A6 & AL 3 1min, M K ,%TXDE%‘?
IR, (2)F54b 255 Yo B 1x10° 4> P1 1L OB
R T 6 FLA, B3 5% 28d, PBS #iik, Jo/K P9 RS [
€ 10min, FFH 0.1% 75 %R 2094 8 Smin, 227K Bk
3, SEEMLK 5 TR IF R . (3) B A5 A
H Trizol ¥ $EH OB ) RNA, 4% Irvitrogen 2\ Al
VLA 0K RNA 355 5% ¢DNA, LL ¢DNA & PCR
BAR, A B85 2 51947 PCR RN (5149751 iR
KO TR R IR 1), ¥
PCR ¥ # =¥yt 17 H3k . R A Smart—view 2001
A= ) LK G A3 AT 2R G S L Tk 2R

£ 1 B4 =.RANKL.OPG ¥ B-actin 51415 5 B
NBE BRI =Y K
BA oW
7
314 TR

) TE

- 5'-CCCTCACACTCCTCGCCCTAT-3’
HGE 56 30 246
5'-TCAGCCAACTCGTCACAGTCC-3

5'-AGCGTCGCCCTGTTCTTCTA-3'
RANKL 55 35 343
5'-ATGGGATGTCGGTGGCATTA-3"

5" -CCCTTGCCCTGACCACTACTA -3’
OPG 58 30 210
5'-GCTTGCACCACTCCAAATCC-3'

. 5'-GGCATCCTCACCCTGAAGTA-3’
B-actin 58 30 200
5'-GGGGTGTTGAAGGTCTCAAA-3'

1.5 OB ' OPG & RANKL A mRNA 21k 4 ]
B (3~4)x10° 4~ P2 fX OB, i A 1ml Trizol,
i Smin, Sl 0.2ml &5, RSIEWEE 2~3min,
4°C'F 12000r/min & L> 15min, H 2% A, n
0.5ml SFNEE, % EF 10min, F£2) .4°C' T 12000r/min
B0 10min, 77 [ L E A TUTE . N 75%1
 Iml BHEIRA),4°CF 7500r/min 5.0 Smin, X
TR S A 20l FE B2 — £ T (DEPC) K, 78
Iy, AT I A2 FE AR OD260/0D280 i, A

e 1.8~2.0 JEFE Y, UERAER AR RAF, AR
RNA ¥ &, Il 4 —4k | 422 B8 Invitrogen 2 ] Y
Wi ¥k #5147 RT-PCR )2 ¥ ,RANKL ,OPG K& B-
actin 5195 91 AR SR R S BORYT 3G = )
K/NILER 1, ¥ PCR ¥ 1 =Wk 47 sk, R
Smart-View 2001 497 HL Uk KI5 53 B 5 G %) HL Uk
Rl IR BEAB HEAT 2 A HT
1.6 OB ' OPG /& RANKL % 2 1 #3546 I

W4 P2 fX OB, PBS ¥ 3 ¥k, /il 300l 4 1 24
W, B T UK L 30min, 4000 7T 0 WA,
12000r/min #5.0> Smin, B W, BCA 740 & &
BRI —fk . A Sx ARG v,
IRV Smin., ke AR TR B — SRR 9 T I 46 1 PR
7Kk (SDS-PAGE) 3 B, V& 45 I J22 ¥ = 80V, 30min;
SRR 120V, 20, B VK SE ¥ JE IR ALk 18
it 200mA | 2h FZ 5 B EN S | 5% MR Wi Ky 4°Ct ]
w8, 43 A RANKL . OPG A GADPH — 4 i
7 4h, ¥EE i RANKL .OPG &% GADPH — i ¥
B 2h, VEAR, H5R Ab 2% KOG E &R S8 (ECL) 1k 2%
KGR
1.7 Siiterabs

UL PR AR K B DA B bR 22 (wts)
Fon L) LA SR FH G A L 38 ¢ R 6, T A 8 Rh R
JH SPSS 13.0 Ge it 84k #4743 #7 , P<0.05 Ty 25 57
EENIES -9

2 #5
2.1 BMD ;i

WAL BB BMD UL 2., AIS 4 B3 A
(L2~L4) F B 3T 3 () BMD {i BH @I T 46 B 4
2.2 LB UL

AIS 4 R X RRZH OB 43 B 15 77 AL AR i .
T B 8 % A5 2~3 R UL A R 5 oK A /N R
T M A0 M, 55 5~6 K] UL /b R G RE 40 i, 3% PR
HAHNIE MR SR, S s T W,
AL ENAE 12 D AR A 24
S 4 B R LA B 2 R 0 0k, AR ) OB

x2 AIS A5 RAEH KA BIEE BMD (vts,g/cm?)
n it KT

Ji B 23 Ward's = ffi

AISH] 20 0.85+0.09 0.80+0.10 0.62+0.10  0.69+0.15
X B 20 8 0.99+0.10 0.97+0.20 0.84+0.25  0.88+0.20
fE -3.530 -2.961 -3.305 -2.668
PlE 0.02 0.07 0.03 0.013
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TEAS 5 T RIS B Y 240 i IR 40 2k | 35 5%
55 7~10 K AE B [ 25 00 4 i 805 TS %
JEAT WA A 24 (1 JEHE T 1), 35 3R5 3 JAA
JE L2400 L BH R 38 22 | DA o o 2R R A
R R Z OB A, HE 74 4 JaAs Y [ 240
IR SN = 22 S - 21 6 o e
LT 5 Ty B3 S AR Y (] 2, 5 4E T T )
2.3 OB RAVEELR

U@ J P e 58605 Al 2 e e Il €, Y 7 240 i
DAL 7 Tl A B 0 UK, PH P R 24 859% (1 3, J 4 L
1), 553% 4 Jmd o] WASZE ST I A, 95 R 40 4L {4
P ESZE R (K 4, )54 T ), RT-PCR £
8% 37 T 3R A5 408 P 85 2 mRNA 22 5 K F
Fik(K5),

B 5 PCR ¥ /5 UL 246bp 09 #85 RY 19

2.4 RT-PCR Jz I F L ik e i 245

W3 MK 6, AIS 4 OB ' RANKL iy
mRNA F£ k58 FXF 4] (P<0.01);0PG i mRNA
KEBESHHALE EHEEZR (P>0.05);
RANKL/OPG i 2 35 K T%F B4 (P<0.01)
2.5 Western blotting £ Il 45 5

L2 4 fE 7, RANKL B 43 F & A 40~
45kDa, AIS 44 RANKL 45 [ 5 58 i i 3 & T X
M4 (P<0.05);0PG 14> 54 55kDa,AIS 41
OPG FHE R BME S BALGE I ¥R (P>
0.05) ; AIS 41 RANKL/OPG L {f & & K F % B 41
(P<0.05),

x3 AISASXRAMBTMMES OPG K RANKL 19

mRNA FRikEE (ws)
n OPG RANKL RANKIL/OPG
AIS 4 20 0.85+0.21 0.40+6.19Y 0.48+0.220
if BE 20 8 0.81+0.25 0.15+0.04 0.20+0.09

TE 5 % 4 L4 P<0.05

6 RT-PCR HLJk &5 B8 B4 OB " OPG (1) PCR =
Yy eAT B B 2% 5 AIS 40 RANKL 1 PCR 7= ¥ W 2 & T %
Jilcg4E|

R4 AISASXBAMRBTHAET OPG & RANKL 8
ERRIERE (ws)
n oPG RANKL RANKL/OPG
AIS #H 20 0.068+0.039  0.142+0.084" 2.220+0.086"
X HE 2 8 0.099+0.057  0.051+0.039 0.522+0.243
D5 % B4 5 P<0.05
Al AlS3 AIST w2

-

(T — o — |y

A LPH

Bl 7 Western blotting £l 45 5 75 AIS 41 FL %t i 2H OB
FOPG A B EME2 S AIS 41 RANKL &35 7 T 4 g 41

3 iFig
3.1 AIS B E T R e A

1982 4F Burner 204 B &2 I AIS B EH 1A H
WA IS, Bl 5 I WFFER AR B ATS fBE
RSN B AR R IEAK, Cheng FFUXT AIS
R S AN R A O RS I 2 7E T B = g ]
PTG PEAEAE S0, S T SV R R AR % B i ALS
BEMIE R G DEMIR R, A ER B AIS
BE M BMD BIC T X AL, Sadat—Ali 2 EE 48
T AIS B MR Y B I IR ) BMD, & B ALS £
F Y BMD W AR T E M, 5 AIS BH KA H
AR A JE R IR AEAE S, WFSE R WI JLEE Y
BMD Z k& B AEBELERREELH
R MW, {HZ Cheng SFWE I AIS & FIIEH A
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AR I B0 B A B I 2551 Lee SEMACH ATS
BH Ca ik A Ik Al 68 53 BMD 3k, Cheung
SN FHATS L BMD 8 AT fE AT 7 5 0 Y
P A KA Ca i ABARA O, Bk ny A K
Hl Ca> AR & R ECH 850 L 5%, BMD ¥
% 73 A WFoE R B IR 45 %0 (body mass
index,BMI) 5 BMD IEMI K, IR b F & & B
AIS HILE M E DUB LB KB4, B BMI
WIEH K, Szalay ZFUSHEL Z 1Ak AIS B35 BMI ik
MFECT BMD AR S Guo 515 1 MRI
D & B0 ATS FRAE 1A A A AR Ko B J5 A A
K48 FECE AR 55 $ A K L) 2% Al
T 3 L 8] 2R A TS OB AU 5 SRR E S B T
B DTV EACE BB M, T3
AIS B P4 5P BMD &A%, 45 ALS
H BMD WA A JE AN, HALS BB AR =
WA 2 AN G (R 5 AR FE T ALS 4 AR LIEAE |
W& KL F S Ward's = Ff 1) BMD H 8 AL F X 18
4 (P<0.05), H. AIS 415 %} 41 F % BMD 2 {H 1y
flKF 1.0s, #7522 AIS 4% i A7 75 B KAy
MG, 5 SCHkEE R,
3.2 AIS % OB "' RANKL OPG ()35 flH &
U ARG Y G 2

EH - OO B AL T B A
M 3% — - 45 343 %5 0C F OB 1 2 fig %5 Y1 M
%, OPG/RANKI/RANK # 4¢ J2: 3t 4F % & i 78
OC s fbad 8 v i) — A EZF S5 T, OB Al
MSCs # ik RANKL, 5 OC #if&4ifigsl OC &
B RANK £54& 5 2 0E OC B934k FLs |, FE4m i
OC W 1=, OB il MSCs if 73 W #£ ik OPG, 5
RANKL 3& 4+ 45 A, BH 1E RANKL 5 RANK 2 [A]
B 4540, OPG/RANKL/RANK £ 4t B 4 W 4 1%
HAC B R O FRAY L Suh 20X R 405 51 Gk
RANKL F1 OPG 7£ Ifil i 7K *F- Fll MSCs % 5% 7K F- 11
W58 2 B, RANKL F1 OPG 1 2k iy nf fig 2 AIS i
FHa R EZEE A, ME T RANKL A OPG
E T AR S RAE S SR BRI OC, I
AR Suh % H 4% 22 1 P RANKL F1 OPG &
WL AT REAR —E B G . MSCs B A [n] 2 F
Y M5 A B RE 1, HAE M OB 4L iy i #2
RANKL/OPG M{E &AW A5y B & OB 1431k
B O AE S B/ B a2 R X OC i 431k Fn
WO AR FARO B R 2R 85 37 () MSCs F OPG \RANKL

1) 228 16 B0 5 PR N SEBR 1 L T Be A BT AR TR, OB
EHHLANFEEMRZ —, GEANEERFILTF
JIi A 1R, IF H OB A LA R B 3% 35 OPG 1
RANKL 3 P 452 M B 435 114 OG5 P, DT 4%
SO AL, AR B OB F OC R iA 48
Ji 53 FF 85 3% B9 735 Hsu S52E B OC 5 OB A H.
e OC A, WAL LB, 5 A ik FE
Hi, &N K, 7E OB /KF 185 RANKL I OPG
i) mRNA I8 H &, XA M L& AIS
B EIAR AL B B X,

RANKL & H i & 3 — B A 1% 5 OC 4
fb. K& . KEDHEMKET . RANKL % H f bk
(RANKL~/=) /N AR P BT 12 1) B i Ak, =
B OC, 45T RANK JGAE ko, 1 FH 4
RANKL WA 2 4y 4 30 7™ 26 i B o g #41S , RANKL
AR HE OC W44k, T L 52 500 a2 404 1 ok s
B OC JE < H A7 16 I () 45 5 32 3h A B
WS BB B RE T . ADFSE R ATS & RANKL
) 2 i R 2 3R 1) 1 T IE B W RE A (P<0.01) . FRAT]
M AIS & W OB 7] LRIk 8 IEH N £ 11
RANKL, H5 OC gif&R4ifisk OC F 1 i RANK
g I AR UE OC B4 AL RS, I3l OC &
T, It4h, RANKL 5 RANK 45 &2 OC thiF£
S S v (1111 A SR A RA o N S R VI R e
AR -1 5 XS AT R 2E OB 15 51 4 1k
FVE F2 T 38 58 G OB AT 38 i 43 i RANKL &
PRI IE RUBHE AL

OPG il i3 5 RANKL 7% 4+ 45 &, B 1k
RANKL 5 RANK Z [H] (925 4, DT a5 Wi
Hofbauer 5758 & B, i [ %35 OPG ) #% & 1A
ANERA B T AT KA AR, A B
KB HHEE R RS2 A AL M, BER OPG
FELR R /N B2 e A 7 B TR A At A
KN OPG &M Z /D58 B IIA &, A
WFoE R W], R OPG #ifil RANKL i 14 AT LA BH I
HXFF O0C WBIsAE R 2, (HEAEARMFE P ALS
B X B OPG 1Y 7% S AN 3R G8 1CA W] 42 11
2E 255 (P>0.05) , #2878 OPG ] REAE AIS H &2 I
IR R F 2R,

Hofbauer ZMA % OC W& H EEBkR T 5
BEREREL T A RANKL Fl OPG Y FL 5], B o i A%
i) % RANKL/OPG L2 5 3 i, Cheng 4517F
XFAIS B LUE S ik 52, AIS & H /)
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