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Background: The lymphatics of the parietal pleura drain fluids produced by capillaries of the 

parietal and visceral pleura.  Impaired drainage function and/or excessive fluid entry cause 
pleural effusion.  In the rat diaphragm, the pleural lymphatics drain fluids into lymphatics in 
the muscle layer.  In the mouse diaphragm, acute peritoneal inflammation induces 
lymphangiogenesis in pleural and parietal membranes.  Lymphatic subtypes are initials or 
collectings characterized by the major distribution of discontinuous button-like endothelial 
junctions (buttons) in initial lymphatics, and continuous zipper-like junctions (zippers) in the 
collecting lymphatics.  Inflammation replaced buttons with zippers in tracheal lymphatics.  In 
the mouse diaphragm, the presence of lymphatics in the muscle layer, the structural relationship 
between the lymphatics and blood vessels, and the distributions of initial and collecting 
lymphatics are unclear.  Moreover, under pleural inflammation, the endothelial junctional 
alterations and effects of vascular endothelial growth factor receptor (VEGFR) inhibition are 
unclear.   
Methods: A chronic inflammatory pleuritis mouse model was created by repeating bacterial 

endotoxin lipopolysaccharide injections intrathoracically for 28 days.  To evaluate the effects of 
VEGFR inhibition on the pleural inflammation, mice were gavaged with VEGFR inhibitor 
axitinib.  The lymphatics, blood vessels, lymphatic endothelial junctions, leukocytes, and 
drainage functions in the diaphragms were analyzed by immunohistochemistry for their specific 
markers. 

  
Results: Using the mouse diaphragm, the lymphatics and blood vessels were distributed in 

different layers of the pleural membrane.  Collecting lymphatics were distributed in the 
diaphragmatic muscle layer.  The majority of pleural lymphatics were initial lymphatics, while 
those in the central tendon were collecting lymphatics.  Chronic pleural inflammation 
disorganized the stratified layers of the lymphatics and blood vessels and replaced buttons with 
zippers in the pleural lymphatics, which impaired pleural drainage function.  VEGFR inhibition 
under inflammation maintained the healthy structures and drainage function.   
Conclusion: This study showed the 3-dimensional structures of vasculatures and lymphatic 
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subtypes in the diaphragm.  Chronic inflammation disorganized the structures, lymphatic 
endothelial junctions, and impaired the drainage function.  VEGFR signaling impairment 
improved these disorganizations.  These findings may provide new targets for managing pleural 
effusions caused by inflammation, which is a common comorbidity of pneumonia.






