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[ Abstract ]
pulmonary disease ( COPD) mouse models established via different method,
pneumoniae (KP) infection, and CS combined with KP (CS+KP),
further study. Methods

Objective To compare differences in pulmonary vascular remodeling among chronic obstructive
cigarette smoke ( CS) exposure, Klebsiella
at different time points and to provide the basis for
A total of 72 male mice were randomly divided into normal, CS, KP and CS+KP groups, with 18
per group. Mice in the CS group were exposed to cigarette smoke (3000+500 ppm) twice per day. KP was dripped into the
nasal cavities of mice in the KP group (5% 10° CFU/L, times/7 d). Mice in the CS+KP group were subjected to CS
exposure and KP nasal administration. Stimulation was stopped at the end of week 8. The mice were observed until week 16
and sacrificed at the end of weeks 4, 8, and 16. Lung function, including 50% expiratory flow (EF50) and tidal volume
(TV), was measured every 4 weeks. Pulmonary small-vessel structures, including wall thickness percentage (WT%) ,
lumen area percentage (LA%), and wall area percentage (WA%), were assessed by lung histopathology. Vascular
endothelial growth factor (VEGF) levels in lung tissue were detected by immunohistochemistry. Results Compared with
the normal group, the CS group showed decreased TV from weeks 8 to 12, decreased EF50 from weeks 8 to 16, increased
WT% from weeks 8 to 16, increased WA% and VEGF in week 8 only, and decreased LA% in week 8 only ( P<0.05). In
the CS+KP group, TV decreased from weeks 4 to 12; EF50 decreased from weeks 8 to 165 WI%, WA%, and VEGF
increased from weeks 4 to 12; and LA% decreased from weeks 4 to 16 (P<0.05). In the KP group, lung function did not
change significantly, WT% increased only in week 8, and LA% decreased only in week 8 (P<0.05). Compared with the
CS group, the CS+KP group showed increased WT% and VEGF from weeks 8 to 16, increased WA% in week 16, and
decreased LA% in week 16 (P<0.05). Compared with the KP group, the CS+KP group showed increased WT% , WA% ,
and VEGF from weeks 8 to 16 and decreased LA% from weeks 4 to 16 ( P<0.05).

week 8, VEGF increased in week 16, while LA% decreased in week 8 (P<0.05). Conclusions

In the CS group, WT% increased in
Mice in the CS, KP,
and combination groups had significant pathological COPD characteristics,

including alveolar destruction, inflammatory

infiltration, and pulmonary vascular remodeling, but each had its own characteristics. In the CS group, lung function
decreased, and alveolar structure showed destruction and thickening in week 8 and were still observed in week 16, while
pulmonary vascular remodeling was only observed in week 8. In the KP group, lung function did not decrease significantly,
inflammatory infiltration was evident and persistent in lung tissue, but alveolar structure destruction and pulmonary vascular
remodeling were only observed in week 8. In the CS+KP group, lung function decreased and alveolar structure destruction
and pulmonary vascular remodeling were observed in week 4 and were still observable in week 16.

[ Keywords ] chronic obstructive pulmonary disease;

pulmonary vascular remodeling; cigarette smoke;
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F1 BA/NEARERE S TV B LR (2+s,mL/s,n=6)

Table 1 Comparison of TV in each group of mice at different time points

4151 50 J& 55 4 )8 %8 A %12 4 %16 J4
Groups 0 week 4 weeks 8 weeks 12 weeks 16 weeks
1E% 20 Normal group 0.21+0. 05 0.24+0. 03 0.26+0. 04 0.28+0. 02 0.300. 02
F AL CS group 0.20=+0. 03 0.22+0. 03 0.230. 02" 0.24+0. 03" 0.27+0. 02
ML KP group 0.22=0. 01 0.22+0. 03 0.23=0. 04 0.25+0. 03 0.27+0. 03
TS 25 B 5 4R 2 CS+KP group 0.21+0.02 0.19+0. 02* 0.21+0. 01" 0.24+0. 04" 0.26+0. 05"

HESIEwWAL s, *P<0.05,
Note. Compared with normal group, *P<0. 05.

K2 BUA/NBEAFBTE S EFS0 B L (k+s,mL/s,n=6)

Table 2 Comparison of EF50 in each group of mice at different time points

H5) %04 %54 8 %5 8 A 5512 A %516 JH
Groups 0 week 4 weeks 8 weeks 12 weeks 16 weeks
IE# 41 Normal group 0. 17+0. 05 0. 18+0. 04 0.22+0.02 0.22+0. 18 0.22+0.03
FHINAZE4L CS group 0. 17+0. 03 0.16=0. 02 0. 18+0. 03* 0. 18+0. 03" 0. 19+0. 04*
YL KP group 0. 17+0. 05 0. 17+0. 02 0.19+0.02 0. 19+0. 03 0.20=+0. 02
FEHHAH S5 e A A 2 CS+KP group 0. 17+0. 04 0. 16+0. 03 0. 16+0. 03" 0. 18+0. 02" 0. 18+0. 03*

e HIERALLE, "P<0.05,
Note. Compared with normal group, *P<0. 05.
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Figure 1 Histopathological changes of lung in each group of mice in different periods( HE staining)
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Figure 2 Changes in pulmonary vascular pathology in each group of mice at different periods( HE staining)

£33 HU/NRRFEINE S WT% K (2£5,n=6)

Table 3 Comparison of WT% in each group of mice at different time points

251 %4 %8 A % 16 J4
Groups 4 weeks 8 weeks 16 weeks
Y]
EwA 26.85+2. 45 27.03%1. 15 27.00+2. 12
Normal group
A2 2H
cks.:irp 28.97+2. 41 30. 72£0. 47% 29.56+2. 20*
AT 4
I{EE"E 28.88+2. 32 29131, 11° 28.26%2.55
group
T MH 55 5 A A 41
csip ;w:ﬁ 31.41+2.03% 33.80+1.85"*4 34.50+0. 83" 4

T SIERALILES, "P<0.05; SEMMAFALILES, " P<0.05; SAMALILEL, *P<0.05,
Note. Compared with normal group, *P<0.05. Compared with CS group, * P<0.05. Compared with KP group, *P<0. 05.
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a4 AH/DNRAERE S WA% L (xts,n=6)

Table 4 Comparison of WA% in each group of mice at different time points

21 5 %40 %8 )4 % 16 JA
Groups 4 weeks 8 weeks 16 weeks
1E# 2 Normal group 77.52+2.72 78.10+3. 41 76.08+4. 55
FHHHZEZH CS group 80. 58+3. 23 83.91+2. 31" 78.04+3.76
L KP group 79. 82+3. 33 80. 43+4. 56 76.69x1. 11
T HHHH 25 A AN 2 CS+KP - group 84. 55+3. 08" 87.72+3. 62" 90. 46x1. 574

W HIEEHILE, *P<0.05; SHEMMBZAHILE, * P<0.05; SAHHILE:, *P<0.05,

Note. Compared with normal group, *P<0.05. Compared with CS group, * P<0.05. Compared with KP group, 4pP<0.05.

x5 HA/NEARRIEE S LA% LI (x£5,n=6)

Table 5 Comparison of LA% in each group of mice at different time points

2H 51 %4 %58 JH 516 JA
Groups 4 weeks 8 weeks 16 weeks
1E# 4 Normal group 22.22+1.69 24.63+2.29 25.55+4.84
FE MM ZE AL CS group 19.42+2.93 14. 16=1. 48% 22. 15+4. 35
2 KP group 19.70+3. 47 19. 68+3. 31* 23.1322.47
B AR ZE 0 A AN 4 CS+KP group 16.53+1. 54" 12. 732, 48* 11.6+1.86**2

L SIEFAILE, *P<0.05; SFMMBELILE, * P<0.05; SR ILE:, “P<0.05,

Note. Compared with normal group, *P<0.05. Compared with CS group, * P<0.05. Compared with KP group, *P<0. 05.
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Figure 3 Changes in VEGF expression in lung tissues in each group of mice
F 6 HA/NRAFRE L VEGE W (2£5,n=5~6)
Table 6 Comparison of VEGF in each group of mice at different time points
bl 54 4 % 8 JH 55 16 J4
Groups 4 weeks 8 weeks 16 weeks
1E# 2 Normal group 2.98+0. 24 3. 88+0. 46 3.34+0. 89
HEIAZE 4L CS group 4.370.96 5.03«1.21% 4.94x1.26"
U4 KP group 4.35+0. 94 4.93+1. 00 3.37+0.42
T MEEZEHE S A 2 CS+KP group 4.7320. 64* 6.19+0. 90" ** 6.43x1.38%"%

L SIEFAILE, *P<0.05; SFMMBEHLLE, * P<0.05; SHHELILE:, *P<0.05,

Note. Compared with normal group, *P<0.05. Compared with CS group, * P<0.05. Compared with KP group, 4p<0.05.
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