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Effect of human umbilical cord mesenchymal stem cell-derived exosomes on
chronic obstructive pulmonary disease in rats
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Abstract Objective To investigate the therapeutic effect of human umbilical cord mesenchymal stem cell-derived exosomes (hUC-MSC
EXO) on rats with chronic obstructive pulmonary disease (COPD). Methods  Fifty Sprague-Dawley (SD) rats were randomly divided into
five groups (n = 10 per group) : Control (healthy rats), COPD (COPD rats), Aminophylline (rats with COPD treated with 2.3 mg/kg amino-
phylline through gavage ), EXO (rats with COPD administered hUC-MSC EXO through tail vein injection), and FPS-ZMI [rats with COPD
administered the receptor for advanced glycation end products (RAGE) inhibitor FPS-ZM1 through tail vein injection]. After modeling and
drug administration, pulmonary function was assessed, inflammatory cell counts and cytokine levels in bronchoalveolar lavage fluid were
measured, and the wet-to-dry weight (W/D) ratio of lung tissues was calculated. Pathological changes in lung tissues were analyzed using
hematoxylin and eosin staining. Reactive oxygen species (ROS), malondialdehyde (MDA ), superoxide dismutase (SOD),and glutathione
(GSH) levels in lung tissues were measured. RAGE, phosphorylated phosphatidylinositol 3-kinase (p-PI3K),and phosphorylated protein
kinase B (p-AKT) protein expressions were determined using Western blotting. Results Compared with the Control group,the COPD
group showed a significantly decreased forced expiratory volume in one second/forced vital capacity (FEV1/FVC),peak expiratory flow
(PEF), and SOD and GSH levels (P < 0.05), whereas the W/D ratio; lymphocyte ,macrophage , and white blood cell counts; 1L-6,1L-1(3,
and TNF-a levels; ROS and MDA level ; RAGE protein expression , p-PI3K/PI3K , and p-AKT/AKT were significantly increased (P < 0.05).
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Compared with the COPD group,the Aminophylline, EXO,and FPS-ZM1 groups exhibited significantly increased FEV1/FVC,PEF,
and SOD and GSH levels (P < 0.05),as well as significantly decreased W/D ratio; inflammatory cell counts; cytokine levels; oxidative
stress marker levels; and RAGE protein expression, p-PI3K/PI3K ,and p-AKT/AKT (P < 0.05). Compared with the Aminophylline group,
the EXO group showed further improvements in lung function parameters and antioxidant levels,as well as reductions in inflammatory
markers , oxidative stress markers,and RAGE protein expression, p-PI3K/PI3K,and p-AKT/AKT (P < 0.05). Conversely, the FPS-ZM1
group showed worsened lung function; reduced antioxidant capacity; and increased inflammation, oxidative stress,and RAGE protein
expression, p-PI3K/PI3K ,and p-AKT/AKT compared with the EXO group (P < 0.05). Conclusion hUC-MSC EXO can significantly

alleviate oxidative stress and inflammation, thereby ameliorating COPD progression in rats, potentially through inhibition of the RAGE/

ROS signaling pathway.
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#*P < 0.05 vs. control group;#P < 0.05 vs. COPD group; AP < 0.05 vs. aminophylline group; AP < 0.05 vs. EXO group.
El1 hUC-MSC EXO 3tCOPD R AfiZ1 8E HI 22 i
Fig.1 Effect of hUC-MSC EXO on lung function in COPD rats

A, control group; B, COPD group; C, aminophylline group; D, EXO group; E, FPS-ZM1 group.
E2 HEAXRMALRHERE x200

Fig.2 HE staining of lung tissue of rats in each group x 200
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*P < 0.05 vs. control group; #P < 0.05 vs. COPD group; AP < 0.05 vs. aminophylline group; AP < 0.05 vs. EXO group.
B3 hUC-MSC EXOx&4H K FRBALF A & fEHE XI5 HRAI 200
Fig.3 Effects of hUC-MSC EXO on inflammation-related indicators in BALF of rats in each group

500 300 250 60-
T #A T
= 3 5
E g i #A = 404
3 = # El
a = 20-
= = =
= E &
0-
NP NN o O .00
&0 & &0 & &0 >
Sl QQQ@\\ ®%ﬁ§\ s Qo‘,{@\v ®%ﬁ§\ QQ \\\ @ > & @Q@\\ < ﬁ\
& < & < & s <
X
¥ = ¥ ¥

*P < 0.05 vs. control group; #P < 0.05 vs. COPD group; AP < 0.05 vs. aminophylline group; AP < 0.05 vs. EXO group.
El4 hUC-MSC EXOxf&H K RANA R RN M B K IEFRHIF T

Fig.4 Effects of hUC-MSC EXO on oxidative stress-related indicators in lung tissues of rats in each group
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*P < 0.05 vs. control group; #P < 0.05 vs. COPD group; AP < 0.05 vs. aminophylline group; AP < 0.05 vs. EXO group.
E5 HHAKAXRRAGE/ROSIESEEEXERFRIAKE
Fig.5 Expression levels of RAGE/ROS signaling pathway-related proteins in rats of each group
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