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INTRODUCTION
Mucin 1 (MUC1) is a cell membrane associated, heavily glycosylated protein (1), widely expressed on
epithelial cells and on immune cells.
MUC1 performs multiple functions on epithelial surfaces (2):
• MUC1 functions as a negative regulator of innate signalling pathways (A).
• It can limit the access of pathogens to the host epithelium both by steric hindrance (B)
and by acting as a releasable decoy (C).

S. pneumoniae (commonly referred to as pneumococci) are Gram positive bacteria colonize the mucosal surface of
the human nasopharynx and upper airways, especially in children (3). Pneumococcal infections can result in life-
threatening conditions such as pneumonia and meningitis.

Aims of this study: 
Investigating the role of MUC1 during S. pneumoniae infections in mice.

METHOD:
MOUSE MODEL OF INFECTION
Wildtype (WT) and Muc1-/- mice (n=16) were infected intranasally with S. pneumoniae strain D39 at an infectious
dose of 105 CFU/mouse to evaluate the impact of MUC1 on. WT and Muc1-/- mice (n=16) were left uninfected to
serve as controls. Blood and tissue (nasopharynx and lungs) were collected 16 hours after infection for analyses.
Students t-test was used to calculate statistical significance between two groups. One Way-ANOVA, followed by
Dunnetts post-hoc test was used where stated.

RESULTS
MUC1 protects mice from pneumococcal bacteremia

To evaluate if the infected mice had bacteremia, a colony-forming assay was performed on blood collected from 
mice infected with S. pneumoniae for 16 hours. Analyses revealed that while only 1 out of 16 infected WT mice 
examined had S. pneumoniae-bacteremia, 9 of 16 infected Muc1-/- mice showed bacteremia (p=0.006, Fisher’s 

exact t test) and pneumococcal loads in the blood were significantly higher in the Muc1-/- mice.

Muc1-/- mice have higher pneumococcal levels in the lungs as compared to WT mice 
There was no difference in level of nasopharyngeal colonization between WT and Muc1-/- mice. However, while 
only 4 of 12 WT mice had pneumococci recovered from the lungs compared to 11 of 12 Muc1-/- mice (p=0.009, 

Fisher’s exact test) and pneumococcal loads were significantly higher in the Muc1-/- mice.

MUC1 protects mice against S. pneumoniae-induced lung inflammation
Histological examinations were performed to assess the potential impact of MUC1 on lung pathology caused by   

S. pneumoniae infection. While there was no significant difference in cellular infiltrate (CI) score between 
uninfected (Unif) and infected (Inf) WT mice, S. pneumoniae infection resulted in a significant increase in CI in 

Muc1-/- mice (p=0.007, Fisher’s exact test) 

Photomicrographs showing representative lung pathology in mice.

MUC1 deficiency is associated with elevated inflammatory cytokines responses in the
lungs during S. pneumoniae infection

Cytokine levels from lung homogenates of WT and Muc1-/- mice (n=7-8) infected with S. pneumoniae were 
measured by ELISA. Graphs present the median (horizontal bar), interquartile range (box) and 10th and 90th 

percentiles (error bars). Uninf, uninfected; Inf, infected. Data analyzed using Student's t-test.Statistical
significance calculated with One Way-ANOVA, followed by Dunnetts post-hoc test.

Increased recruitment of monocytes and macrophages to the lungs of infected Muc1-/- mice
Flow cytometry was used to characterize the immune cells recruited to the lungs of S. pneumoniae infected mice 

and uninfected WT and Muc1-/- mice (n=5-6). Statistical significance calculated with One Way-ANOVA, followed 
by Dunnetts post-hoc test.

MUC1 promotes S. pneumoniae phagocytosis by macrophages
It was hypothesized that increased pneumococcal loads present in the lungs of Muc1-/- mice, despite increased 

numbers of alveolar macrophages, might be at least partially due to inefficient phagocytosis. To test this, 
macrophages from WT and Muc1-/- mice were co-cultured with four CFSE-labelled strains of S. pneumoniae and 

the levels of internalized bacteria analysed by fluorometry. (*p,.01, **p<0.01, ***p<0.001; Students t-test) 

CONCLUSION
• MUC1 provides protection against bacteraemia and lung inflammation following a respiratory pneumococcal

infection.
• This effect is potentially mediated by MUC1-dependednt facilitation of macrophage phagocytosis, thereby

assisting in clearance of pneumococci from the lungs.

SIGNIFICANCE OF RESEARCH
Results of this study will assist in characterizing the interaction between MUC1 and S. pneumoniae
in the respiratory tract and improve our understanding of how MUC1 prevents pneumococci from 
breaching tissue-blood barriers, a fundamental process in pneumococcal pathogenesis. This can be 
used to identify clinical markers of S. pneumoniae infection and in identifying the risk factors that 
predispose some colonized individuals to invasive life-threatening diseases..
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