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Establishment of a novel mouse mode of elastase-induced chronic obstructive pulmonary disease related osteoporosis
CHEN Wen-xiang ,WANG Yong-li ,XIE Zi-ang,FAN Shun-wu ,and JIANG Xue-sheng. Department of Orthopaedics ,Huzhou
Central Hospital/Zhejiang University Huzhou Hospital ,Huzhou 313003, Zhejiang , China

ABSTRACT Objective:To establish and evaluate the model of chronic obstructive pulmonary disease (COPD) with osteo-
porosis induced by elastase in mice. Methods : Twenty-four healthy female 8-week-old C57BL/6 mice (weighing about 18 g)
were randomly divided into three groups. The control group was given intratracheal drip of normal saline,the experimental
group 1 and the experimental group 2 were given intratracheal drip of elastase ,the control group and the experimental group 1
were kept for 8 weeks and then killed, the experimental group 2 was kept for 12 weeks and then killed. HE staining was used to
evaluate the histopathological changes of lung and tibia in the control and experimental groups. The levels of serum inflamma-
tory factors and broncho alveolar lavage factors (BALF) were detected by ELISA. Micro CT was used to detect the bone mass
related parameters of mouse femur. The expression of osteoclastic and osteogenic genes was detected by real-time fluorescence
quantitative PCR. Results: Lung histopathology showed that the structure of alveoli in the experimental group was disordered
the walls of alveoli became thin or broken ,and the alveoli cavity expanded. [1.—6 and TNF-a in BALF were significantly higher
than those in control group (P<0.001),while IL-13 and TNF-a in serum inflammatory factors were significantly higher than
those in control group (P<0.001). BV/TV (bone volume fraction),TB.Th(average bone trabecular thickness) and TB.N (av-
erage bone trabecular number) in the experimental group were significantly lower than those in the control group (P<0.05),
TB.Sp (average bone trabecular separation) and BS/BV  (bone surface area fraction) in the experimental group were signifi-
cantly higher than those in the control group (P<0.01). Compared with the control group,the expression of osteoclast related
marker genes increased in the experimental group (P<0.05),but decreased in the experimental group (P<0.05). The results of

experiment 1 and experiment 2 were time-dependent. Conclusion: In this study, elastase was used to construct a COPD model
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with osteoporosis successfully,which provides a suitable animal model for the future study of the pathogenesis of COPD with

osteoporosis.
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Tab.1 Primers used in the real-time PCR

BEHA  GIWFESI(-3")
GAPDH 1] : ACCCAGAAGACTGTGGATGG

JZ 1] : CACATTGGGGGTAGGAACAC
CTSK 1E 11 : ACCCAGAAGACTGTGGATGG

S 1] : CACATTGGGGGTAGGAACAC
TRAP 1E 1] : CTGGAGTGCACGATGCCAGCGACA

JZ 11 : TCCGTGCTCGGCGATGGACCAGA
c—Fos 1E 1] : CCAGTCAAGAGCATCAGCAA

S 1] : AAGTAGTGCAGCCCGGAGTA
NFATcl IE 11 : CCGTTGCTTCCAAAAATAACA

S 1] : TGTGGGATGTGAACTCGGAA
ALP 1E[1] : CCAACTCTTTTGTGCCAGAGA

JZ 17 : GGCTACATTGGTGTTGAGCTTTT

COLla 1E 1] : CCCAGAGTGGAACAGCGATT
S : ATGAGTTCTTCGCTGGGGTG
OCN 1E 1] : GAGGGCAATAAGGTAGTGA ACAGA
JZ 17 : AAGCCATACTGGTTTGATAGCTCG
Runx2 1E 1] : TTCTCCAACCCACGAATGCAC

S 11 : CAGGTACGTGTGGTAGTGAGT
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Fig.1 Establishment of COPD model induced by elastase in mice After intratracheal instillation of normal saline for 8 weeks (1a. control group) and 0.1 U
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elastase for 8 weeks (1b. experimental group 1) and 12 weeks (1c. experimental group 2 ), HE staining of lung tissue in three groups (x100)
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®2 BANREEERRSMERERFSE (vss,pg/m)

Tab.2 Alveolar lavage fluid and serum inflammatory factor content in 3 groups of mice (x+s,pg/ml)

Zipll =43 Jifi IL-6 Jifi TNF-a ML 1L-18 17 TNF-a
X 2 5 6.400+1.565 2.100+0.570 6.300+1.681 34.040+1.940
SEE 104l 5 27.920+1.653 6.200+0.933 29.640+2.023 55.680+3.831
SEE 2 41 5 36.280+3.852 8.960+1.328 34.800+2.703 71.600+3.947
F1ia 178.058 60.419 243.203 156.709
PA{i <0.001 <0.001 <0.001 <0.001

il IL—6: 5 %) B4 45, 5256 1 4 1=-21.139,P<0.001 ; 5255 2 4] 1=—16.070,P<0.001 ; fili TNF—oc: 5 %f BEZH b4, 5258 1 4 1=—8.387,P<0.001;
S5 2 41 t=-10.016,P<0.001 ; IfiL 15 1L-10 : 5% 4T o4, 5206 1 41 1=—19.842,P<0.001 ; 525 2 41 1=-20.023,P<0.001 ; [fiL. 7 TNF-: 5 %} B 41 o
e, 924 1 41 1=-11.268,P<0.001; 3245 2 41 1=-19.096, P<0.001

Note : IL—6 in lung:compared with the control group,the 8-week group,t=-21.139,P<0.001 ;the 12-week group,:=-16.070,P<0.001 ; TNF-a in lung:
compared with the control group,the 8-week group ,t=—8.387,P<0.001 ;the 12-week group,i=—10.016,P<0.001 ;IL-1B in serum: compared with the con-
trol group , the 8-week group,=-19.842,P<0.001 ; the 12-week group,¢=-20.023,P<0.001 ; TNF-o in serum: compared with the control group ,the 8-week
group ,i=—11.268 , P<0.001 ;the 12-week group,i=—19.096,P<0.001

B2 /N COPD i K B B AR AT BERSIEAN 2a,2b, 2¢. U P93 1 A LR KR 1 7% 8 Ji] (2a. X BRAH) S T8 0.1 U siME 2R F S 23 5 4 57
8 JH (2b. S5 1 41) A1 12 J& (2¢. 5256 2 4H),3 I 44 HE e {4 (x100)  2d,2e,2f. 3 41/ RUBE I i = 2 CT i (2d. X 1R 4 ;2e. 5256
L2H 526 5280 2 21)

Fig.2 Evaluation of osteoporosis model induced by COPD in mice 2a,2b,2c. After intratracheal instillation of normal saline for 8 weeks(2a. control

group) and 0.1 U elastase for 8 weeks (2b. experimental group 1) and 12 weeks (2c. experimental group 2) ,the tibial tissues of three groups were stained
with he (x100) 2d,2e,2f. Three dimensional CT reconstruction of distal femur in three groups of mice (2d. control group ;2e. experimental group 1;2f.
experimental group 2)
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*£3 ZANMBRBREZEE micro-CT BEITEZSHEE (xs)

Tab.3 Quantitative morphometric parameters of micro CT of distal femur in three groups of mice (x+s)

215 R BV/TV (%) Th.N(mm™) Th.Th (mm) Th.Sp(mm) BS/BV (mm™)
Xf B2 5 12.280+1.665 3.972+0.429 0.040+0.006 0.248+0.036 46.920+3.848
SR 14 5 4.822+0.807 2.363+0.356 0.029+0.004 0.376+0.063 56.349+2.844
SR 2 4 5 3.140+0.508 1.826+0.260 0.028+0.004 0.475+0.040 61.988+4.476
F1i 96.403 49.451 9.450 28.188 20.248
PA{E <0.001 <0.001 0.003 <0.001 <0.001

HBV/TV. 55X M4 Fo e, 525 1 4 1=9.013,P<0.001 ;5256 2 20 1=11.741,P<0.001 ; Th.N: 5 %J B 20 Lo %5, 5286 1 4 1=6.454,P<0.001 ; 5256 2 44
1=9.572,P<0.001;Th.Th: 5% B4 b 4, 5288 1 41 1=3.190, P=0.014; 5L 55 2 41 1=3.896,P=0.005;Th.Sp: 5% M 41 Fo 4, 556 1 41 1=-3.936,P=
0.007; 555 2 2H 1=-9.374,P<0.001; BS/BV . 5 Xf I 4H Ho ¢, 9236 1 4 1=—4.406, P=0.003; 5255 2 4 1=-5.708 ,P<0.001

Note:BV/TV :compared with the control group,the 8-week group,£=9.013,P<0.001 ;the 12-week group,:=11.741,P<0.001;Th.N: compared with the
control group,the 8-week group,t=6.454,P<0.001 ;the 12-week group,:=9.572,P<0.001 ; Th.Th : compared with the control group,the 8-week group,t=
3.190,P=0.014;the 12-week group,:=3.896,P=0.005 ; Th.Sp : compared with the control group,the 8-week group,:=—3.936,P=0.007 ;the 12-week group,
t=-9.374,P<0.001 ; BS/BV : compared with the control group, the 8-week group ,1=—4.406,P=0.003 ;the 12-week group ,t=-5.708 , P<0.001

x4 FHNRESAHALAHFHEXERE mRNA RiZkFER CTSK & HLHEIER (5s)
Tab.4 mRNA expression level of osteoclast related genes in tibia and the relative quantitation of CTSK

immunohistochemistry in three groups of mice (x+s)

219 R NFATel mRNA c—Fos mRNA CTSK mRNA TRAP mRNA CTSK Protein
X 2] 3 1.000+0.078 1.000+0.069 1.000+0.105 1.000+0.113 1.000+0.131
ST 1A 3 2.180+0.102 1.780+0.066 3.333+0.392 1.910+0.168 2.733+0.551
S 2 4 3 2.960+0.259 2.070+0.196 5.180+0.316 2.730+0.218 3.867+0.306
F14 104.459 58515 149.34 71.062 45.340
P{A <0.001 <0.001 <0.001 <0.001 <0.001

W NFATel : 5% B4 Fb 4, 3256 1 41 1=—15.960,P<0.001 ; 325 2 4] 1=—12.515,P<0.001 ;c—Fos: 5%} B FL#5¢, 5256 1 4] 1=—14.162,P<0.001 ; 52
I8 2 41 1=-8.962,P=0.001; CTSK: 55 X} B4 [ 4, 5256 1 41 1=-9.963, P=0.006; 324 2 41 1=-21.731,P<0.001 ; TRAP mRNA : 5 % B 41 b4, 5256 1
41 1==7.771,P=0.003 ; 325 2 41 1=12.196,P<0.001 ; CTSK Protein: 5% FR4L [ %5, 5250 1 41 1=-5.304,P=0.027, 5545 2 4] 1=—-14.941,P=0.001

Note :NFATcl mRNA : compared with the control group,the 8-week group,i=—15.960,P<0.001 ;the 12-week group,:=—12.515,P<0.001 ;¢—Fos mRNA :
compared with the control group,the 8-week group,t=—14.162,P<0.001 ;the 12-week group,t=—8.962,P=0.001 ; CTSK mRNA : compared with the control
group ,the 8-week group,:=-9.963,P=0.006;the 12-week group,t=12.196,P<0.001 ; TRAP mRNA :compared with the control group,the 8-week group,
t=-7.771,P=0.003 ; the 12-week group,i=12.196,P<0.001 ; CTSK Protein : compared with the control group ,the 8-week group,:=-5.304,P=0.027 ;the 12-
week group,1=—14.941;P=0.001

B3 /RS LU A AR DG 1 CTSK S UL 43 (HEX100)  3a. % B2 3b. 250 120 3e. 92480 2 4
Fig.3 CTSK immunohistochemical analysis of osteoclast related protein in mouse tibia (HEx100) 3a. control group 3b. experimental group 1 3c. ex-

perimental group 2
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O A WL T, M 1L-18 5 TNF-a 3234
Kt B 2 R . Cai 28" 7Eff ] LPS 5 % K R
COPD J& , J B BRI 2 AE 1, 4l TNF -, 5 4
L T, IR0 R S AR T 4 R — B SRk 2R AR
FFACESRESE B, W0 il 5w 20, M5 |
RATA AN P T BB 540, AR5/
R T 2L ) SR AT AR AL i Y AR PR 3 T 4 i
N COPD 4 fii £ 25 BEAS AR — B0,

T B UE B BT R RE AR R A A A, AL
GUREL AR B T HE A A AT o b o
HAER R S0 AL AR L, SR SR RS 5 COPD
iVAN NSl EE S ST = o 8T RS I i 2 T S O
GAR I A AR B0, T Micro—CT 2347 4% 2/ BUIE &
HAMMKSE, WFEERIE, P E/NRE
JE 2N B R AR ORI 2 N
BEAF o A5 T A 1 A B ) BB B R
IR E B /NGB T R M /N R TR AT
1T 2R T AR 3 BRI 249 /N SR 0 R e 3 IR . 52
B Bl SRR IR B B B A5 R, PR B R
F U AL B S S 3 21 /0N B BB B 2R B .
JUERYE L AR, B e/ SR g A A R A
SL, XTSRRI RS R R AN AE T | B
PR 2 5 BOR B R A SO P A A,
BARGE . I, 8 T B 418U A S 3L R ek 1
(ORI R PR ane ISR LT SR g IS A9ine - SIS PSS
R AR R R IK B, R A AR S
BRI 8 N R AR RS Kk LR B S R

x5 BANREBHARTHEXER mRNA RiEKFE (s )

Tab.5 mRNA expression level of osteogenic related genes in mouse tibia (x+s)

4151 AR COLla mRNA Runx2 mRNA ALP mRNA OCN mRNA
Xt HE AL 3 1.000+0.125 1.000+0.114 1.0000.121 1.0000.101
S 14 3 0.303+0.045 0.343+0.055 0.500+0.053 0.257+0.040
ihe 2 4 3 0.210+0.026 0.0330.047 0.410+0.052 0.230+0.030
F1H 90.989 85.136 44.793 133.966
P <0.001 <0.001 <0.001 <0.001

1 : COLLamRNA ; 5 %] B L4, S5 1 4] ¢=9.061,P=0.006; 55 5 2 41 t=10.685,P<0.001 ; Runx2 mRNA ; 5%} B 41 L 4%, 5580 1 4 ¢=9.011,P=
0.003; 5255 2 2l 1=10.794,P<0.001 ; ALP mRNA : 5 X B4 e85, 5256 1 4 1=6.547,P=0.010; 525 2 4 1=7.725,P=0.006; 0OCN mRNA : 5 % 41 ko
508 1 41 1=11.786,P<0.001; 5255 2 41 1=12.602,P<0.001

Note : COL1ae mRNA ; compared with the control group,the 8-week group,t=9.061,P=0.006;the 12-week group,t=10.685,P<0.001 ; Runx2 mRNA ; com-
pared with the control group,the 8-week group,t=9.011,P=0.003; the 12-week group,z=10.794,P<0.001 ; ALP mRNA : compared with the control group,
the 8-week group,1=6.547,P=0.010;the 12-week group,:=7.725,P=0.006 ; OCN mRNA : compared with the control group ,the 8-week group,t=11.786,P<
0.001 ;the 12-week group,#=12.602,P<0.001
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