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Wil 22 X ( coefficient of bending stiffness ) X 25 il #]
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Tab 1. Effect of osteopontin gene antisense oligo-
nucleotides( AS-OPN) on bone metabolism in pas-
sive smoking rats

Group Ca/mmol-L™" BGP/pg-L~' Ca:Cr
Control 2.41£0.17 2.15%0.15 0.07 £0.02,;
Smoking(Model)  2.31+0.16 2.10+0.13 0.11 £0.02
S-OPN 2.30+£0.15 2.14+0.12 0.12+0.01
AS-OPN 2.39+0.18 2.13+0.12 0.08 £0.01,;

Forty Sprague-Dawley(SD) rats were randomly divided into con-
trol group, smoking group, AS-OPN group and sense oligonucle-
otides (S-OPN) group. Apart from control group, other group
rats were exposed to passive cigarette smoking daily. The rats
were given 6 wL-g™' AS-OPN 10 pg-L~" in AS-OPN group and
S-OPN 10 pg-L™" in S-OPN group every 3 d by intravenous in-
jection for 4 months, respectively. The rats in control group and
smoking group were given normal saline. BGP: bone-gal-pro-
tein; Cr: creatinine.x s, n=10. ™ P <0.01, compared with

smoking group; ¥P <0.01, compared with S-OPN group.
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Tab 2. Effect of AS-OPN on bone mineral density (BMD) of lumbar vertebrae in passive smoking rats
BMD/mg-cm >
Group
L, L, L Ls

Control 27.91 +1.53*" 27.75 +1.32*" 28.34 +1.52°" 27.02 +1.31°"

Smoking ( Model) 25.20+1.94 24.25 +1.48 24.20 £2.13 22.58 £1.69

S-OPN 26.12 +1.38 24.91 +1.26 25.16 £0.45 23.94 +1.45

AS-OPN 27.77 £1.38** 26.80 +1.66"* 27.55+1.61"% 26.63 £1.17 %

See Tab 1 for the treatment. L: lumbar vertebra. ¥ +s, n=10. * P <0.01, compared with smoking group; *P <0.05, ¥P <0.01,

compared with S-OPN group.
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Tab 3. Effect of osteopontin gene AS-OPN on BMD of femur and humerus in passive smoking rats

BMD/mg-cm
Group
Site Global RI R2 R3
Control Left femur 25.90 +1.28 ** 36.87 +1.08,; 22.05+1.20"* 21.23 +1.21.5
Right femur 26.84 +0. 91,7 36.55 +1.06,; 23.71 +1.68** 20.56 £1.24""
Left humerus 23.81 +0. 88,7 30.12 +1.57,5 21.46 +1.58,7 21.81 £0. 95,7
Right humerus 23.97 +1.01,5 30.58 +1.83,5 20.34 +1.30"* 22.96 +2.14,;
Smoking (Model)  Left femur 23.26 £1.16 31.32+£1.97 19.32 £1.26 18.27 +1.09
Right femur 23.30 +1.38 31.87 +2.29 19.69 +1.34 18.50 +1.94
Left humerus 20.92 +1.24 27.33+1.22 17.94 +0.69 19.15+1.18
Right humerus 21.29 +1.09 27.82 +3.11 18.53 £0.90 19.71 £1.46
S-OPN Left femur 24.07 0. 88 32.21 +0. 73 19.66 +1.16 18.90 £1.04
Right femur 23.82+1.33 32.70 +1.90 20.96 +1.65 18.08 £1.06
Left humerus 20.22 +0. 62 28.07 0. 91 18.00 +0. 68 18.48 +1.03
Right humerus 20.68 +1.02 28.44 +1.76 18.31 0. 65 20.02 +1.08
AS-OPN Left femur 25.39 +1.34 " 35.81 +1.19,5 21.04 £1.20°* 20.37 +1.16**
Right femur 26.28 +0. 92,7 35.35 +1.09,7 22.71 £1.53"* 20.35+1.14*"
Left humerus 22.41 0. 68,7 29.93 +1.36,7 19.02 +1.08" 21.04 £0. 89,7
Right humerus 22.57 +1.01** 30.56 +1.79** 19.77 £1.24** 22.70 £2.07
BMD/mg-cm >
Group
Site R4 R5 R6 R7
Control Left femur 22.72 +2.03,. 26.12 +2.58** 29.23 +1.72. 27.41 x1.71*
Right femur 22.86 +1.09, 27.10 +£1.92.7 29.41 +1.91* 28.02 +1.24.7
Left humerus 24.18 +1.08,; 22.20+1. 10,5 23.52 +1.45. 22.10 0. 71,5
Right humerus 24.95 +2.19,; 22.55+1.51"% 22.47 £1.21*" 22.21+1.17,;
Smoking (Model)  Left femur 20.52 +1.48 22.08 +1.68 24,64 £0.70 23.32£0.92
Right femur 20.61 +2.35 21.89 +1.60 24.24 +1.88 23.94+1.72
Left humerus 21.38 +1.49 18.75 £0.89 19.61 +1.45 18.77 +1.31
Right humerus 22.09 +1.54 19.63 +1.83 19.34 +1.28 18.99 +0.75
S-OPN Left femur 20.12 1.53 21.08 £1.26 25.21 +1.75 23.92 £0.96
Right femur 19.73 +1.30 22,11 £1.31 25.75 +2.01 24.29 +1.38
Left humerus 20.08 +1.45 17.60 £1.43 18.36 +1.68 18.12 £0. 73
Right humerus 20.88 +1.20 18.49 £1.52 18.47 +1.01 18.28 +0. 92
AS-OPN Left femur 22.92 +2.03 " 24.90 £2.42*" 28.07 +1.50,7 25.55 +1.64 "
Right femur 22.96 +1.06"™ 25.33 +1.73, 28.33 +1.87"* 26.92 +1.215
Left humerus 23.49 +1.04 " 21.40 £0. 97.7 21.24 +1.31*% 20.09 £0. 60"
Right humerus 24.30 £2.17"* 21.65+1.42°% 20.84 +1.12"* 20.17 £1.09"*

See Tab 1 for the treatment. R: region. ¥ s, n=10. P <0.05, * P <0.01, compared with smoking group; *P <0.05, *P <
0.01, compared with S-OPN group.
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Tab 4. Effect of AS-OPN on histomorphometry parameters of passive smoking rats

Group Th At/ % Th+Th/ wm Th+N/mm Th-Sp/mm N-Oc/mm ~2 L-Pm/%
Control 6.4+0.52%%  57.2+2.32;% 0.7+0.06°%  2.09+0.105*#% 23.45+0.77;  36.85=1.41,
Smoking ( Model ) 5.13 +0.54 49.10 £4.36 0.64 +0.07 2.358 +0.059 16.90 +0. 84 40.32 £0.79
S-OPN 5.47 +0.74 50.31 +4.60 0.63 +0.08 2.337 +0. 067 16.81 +0.73 40.21 £0.96
AS-OPN 6.2+0.67**%  55.82+2.78**% 0.7+0.05**%  2.248+0.093** 25.33+0.85;  38.56+1.63**

See Tab 1 for the treatment. Th-+Ar: bone trabecula areas percentage; Th+Th: bone trabecula thickness. Th+N: bone trabecula number; Th+Sp: bone
trabecula separation degrees; L+ Pm: fluorescence circumference percentage; N« Oc: osteoclast number. x +s, n =10. “P <0.05, ™ P <0.01,

compared with smoking group; *P <0.05, #P <0.01, compared with S-OPN group.

Tab 5. Effect of AS-OPN on bone biomechanical properties of lumbar of passive smoking rats

Group Elastic modulus/MPa  Maximal loading/N  Maximum strain of bone x 10> Energy absorbability/N-mm
Control 955.8 +8.4" " 182.1 3.5 1.69+1.01°% 205.10 £1.22°°#
Smoking( Model ) 935.4 +10.3 174.3 2.5 1.57 +0.06 199.25 +1.47

S-OPN 938.7 £10.8 175.3 £2.2 1.56 0. 09 199.47 £1.38
AS-OPN 951.1+6.6"" 178.9 4.2 1.68 £0.09 " 201.46 +1.03 " *

See Tab 1 for the treatment. x s, n=10. *P <0.05, P <0.01, compared with smoking group; *P <0.05, ¥P <0.01, compared
with S-OPN group.

Tab 6. Effect of AS-OPN on architecture biomechanical properties of femur of passive smoking rats

Group Maximal loading/N Elastic loading/N Maximum deformation/mm Bending energy/N-mm
Control 101.20 +1.28,7 71.50 £0.72,5 1.69 +0.09 ** 82.16 +1.25,
Smoking( Model ) 98.44 +1.21 69.26 +0.94 1.56 +0.08 78.54 £1.36
S-OPN 98.55 +1.28 69.20 +0. 96 1.57 0.09 78.24 +1.63
AS-OPN 100.59 +1.35,5 70.43 £0.61 " 1.66 +0.06 " 80.06 +1.07 "

See Tab 1 for the treatment. % +s, n=10. P <0.05, * P <0.01, compared with smoking group; *P <0. 05, *P <0.01, compared
with S-OPN group.

Tab 7.  Effect of osteopontin gene AS-OPN on material biomechanical properties of femur of passive
smoking rats

Group Modulu:s .Of bending Maximal bending Coef.fi(:ient of bendzing Coeffi(fifent of ben(_lilng
elasticity/GPa stress/MPa stiffness/kN+mm ductility/ pm+N
Control 5.74 £0.13 =" 170.42 +1.31 % 26.38 +0.93 " 17.8 £1.0**
Smoking ( Model ) 5.52+0.12 166.08 +1.12 24.88 +1.13 15.6 +1.0
S-OPN 5.53+0.10 166.05 +1.28 24.83 +0.80 16.2+1.1
AS-OPN 5.67+0.12"" 168.24 +1.00 “™ 26.14 +1.07"* 17.4 0.9 "

See Tab 1 for the treatment. x s, n=10. *P <0.05, ** P <0.01, compared with smoking group; *P <0. 05, #P <0.01, compared
with S-OPN group.

WCRIERR . FEABIETEA R, sl 4 N H )5, HE FEEIFRIT IE R, OPN S SCTEAZH TR I A e
REIR Ca/Cr LT, 22 AS-OPNIRYT I IR Ca/Cr BURE IR I 1
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3.2 AS-OPN Xtk REZER N
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Influence of osteopontin gene antisense oligonucleotides on
bone and bones of passive smoking rats

LEI Guang-Hua'*, GAO Shu-Guang', QIN Fu®, ZENG Kai-Bin',
XU Wen-Shuo', XU Mai', LI Kang-Hua'
(1. Department of Orthopedics, Xiangya Hospital, Central South University, Changsha 410008, China;
2. Department of Orthopedics, the First People's Hospital of Yuhang District, Hangzhou 311100, China)

Abstract: AIM
osteopontin  ( OPN )
caused by passive smoking and to understand

To investigate effects of
in rat bone resorption

the influence of osteopontin gene antisense oli-
gonucleotides ( AS-OPN) on rat osteoporosis
caused by passive smoking and to search for po-
tential effective ways to treat osteoporosis.
METHODS Forty Sprague-Dawley (SD) rats
(2-month-old ) were randomly divided into 4
groups: control, smoking, antisense oligonu-

cleotides ( AS-OPN) and sense oligonucleotides
(S-OPN) groups. Apart from control group,
other group rats were exposed to passive ciga-
rette smoking daily. The rats in AS-OPN group
were given 6 plL-g~' AS-OPN 10 pg-L'every
3 d by intravenous injection. The rats in S-OPN
group were given 6 plL+g~' S-OPN 10 pg-L™'
every 3 d by intravenous injection. The rats in
control group and smoking group were given the
same dose normal saline every 3 d by intrave-
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nous injection. The time had been lasted for 4
months and then they were proceeded to the fol-
lowing measurements: (1) Bone metabolic bio-
chemical indicators were measured including
serum calcium ( Ca), serum bone-gla-protein
(BGP) and urine calcium/creatinine ( Ca/Cr).
(2) Bone mineral density ( BMD) was meas-
ured including the BMD of 3rd lumbar, 4th
lumbar, 5th lumbar and 6th lumbar vertebrae
(L; = Lg) and the BMD of two-sides overall
femoral and humeral bones and their 7 regions
of interest( ROI). (3) Bone histomorphometry
was measured ; (1) Static parameters were inclu-
ding bone trabecula areas percentage, bone tra-
becula thickness, bone trabecula number and
bone trabecula separation degrees. (2) Dynamic
parameters were including fluorescence circum-
ference percentage and osteoclast number. (4)
Bone biomechanics was measured : (1) The indi-
cators of L, body of vertebra compression testing
including elastic modulus, maximal loading,
maximum strain of bone and energy absorbabili-
ty. @ The indicators of right femur three point
bending test including the structural mechanics
indicators ( maximal loading, elastic loading,
maximum deformation and bending energy) and
the materials mechanics indicators ( bending
modulus of elasticity, maximal bending stress,
coefficient of bending stiffness and coefficient of
bending ductility). RESULTS  Compared to
normal controls, smoking exposure decreased
bone mineral density, bone mass, bone
strength and increased osteoclast number and
bone absorption. Compared with smoking expo-
sure group, AS-OPN decreased urine Ca/Cr
(0.08 £0.01 »s 0. 11 £0.02), increased
BMD of L, — L, (27.77 £1.38 vs 25.20 %
1.94;26.80 +1.66 vs 24.25 +1.48;27.55 +
1.61 vs 24.20 £2.13;26.63 +1.17 vs (22.58 =
1.69) mg-cm ™), increased BMD of left fe-
mur and right femur (25.39 +1.34 vs 23.26 +
1.16, 26.28 +0. 92 vs (23.30 =1.38) mg-

em ™7 ); increased BMD of left humerus and

right humerus and their seven ROI. AS-OPN
increased percent trabecular bone, trabecular
number and trabecular thickness [6.29 +0. 67
vs (5.13+£0.54)% , 55.82 +2.78 vs (49.10 =
4.36) pm, 0.73 £0.05 vs (0.64 £0.07)
mm ]. AS-OPN decreased trabecular separa-
tion, fluorescence circumference percentage
and osteoclast number [ 22. 48 + 0. 93 us
(23.58 £0.59)mm, 25.33 +0.85 ws (16.90 +
0.84) mm™>, 38.56 = 1.63 vs (40.32 «
0.79)% ). AS-OPN increased elastic modu-
lus, maximal loading, maximum strain of bone
and energy absorbability of 1,{951.1 6.6 vs
(935.4 +10.3)MPa, 178.9 +4.2 vs (174.3 +
2.5)N, (1.68 £0.09) x 10 % ws (1.57 =
0.06) x1077;201.46 +1.03 »s (199.25 +
1.47) N - mm]. AS-OPN increased maximal
loading, elastic loading, maximum deformation
and bending energy of right femur [100. 59 +
1.35 vs (98.44 +1.21)N, 70.43 £0. 61 wvs
(69.26 £0.94)N, 1.66 £0.06 vs (1.56 +
0.08)mm, 80.06 +1.07 vs (78.54 +1.36)N-
mm ). AS-OPN increased bending modulus of
elasticity, maximal bending stress, coefficient
of bending stiffness and coefficient of bending
ductility of right femur [5.67 +0.12 vs (5.52 =
0.12)GPa, 168.24 +£1.00 vs (166.08 +1.12)
MPa, 26.14 +1.07 vs (24.88 1. 13)kN-mm’;
17.4£0.9 vs (15.6 £1.0) pm+-N"". While
S-OPN could not prevent the adverse effects of
smoking exposure on bone tissues. CONCLU-
SION AS-OPN is found to prevent the ad-
verse effects of smoking exposure on bone min-
eral density, bone mass, bone turnover, bone
structure and bone strength.
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osteopontin; oligonucleotides, antisense; bone

tobacco  smoke  pollution;

and bones
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