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Synopsis

S. pneumoniae, P. aeruginosa and Influenza A virus are 3 common respiratory
pathogens responsible for extensive disease and mortality. S. pneumoniae is responsible for
25% of preventable child deaths, P. aeruginosa is the leading cause of Gram negative
nosocomial infections whilst seasonal epidemics of Influenza infections result in half a
million deaths per year and pandemic outbreaks of the virus such as the 1918 Spanish flu
pandemic infected up to 1/3 of the global population resulting in an estimated 50 million
deaths.

Mast cells, synonymous with allergy, are long lived tissue resident sentinels of the
immune system. They are strategically located at host interface environments, including the
lungs where they comprise 2% of the cross sectional area of alveolar walls. Their expression
of a wide range of PRRs means they can detect pathogens and release numerous
proinflammatory mediators to recruit additional cells or aid in direct killing of invading
pathogens'.

Mature mast cells develop large electron dense granules® filled with mast cell
restricted proteases, such as chymases, tryptases and carboxypeptidase A3, together with
growth factors, lysosomal enzymes, proteoglycans of serglycin, preformed cytokines and
biogenic amines such as histamine and serotonin'. Mast cells comprise of almost 50% by
weight of protease-serglycin complexes’. Following mast cell activation and subsequent
degranulation these mediators are released from the cell.

The role of these mast cell proteases, mast cell related proteases and mast cell
associated factors in infection and disease is unclear.

Using transgenic mice modified to insert or remove a range of differing mast cell

proteases, mast cell related proteases or mast cell associated factors this study investigated
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the role of mMCPS5, mMCP6, mMCP7, NDST2, Prss31, Prss22 and RasGRP4 during
S. pneumoniae, P. aeruginosa and Influenza A virus infections.

The first study looked at the role of these proteases and associated factors in a
S. pneumoniae model. By interpreting a combination of results from different transgenic mice
I show that mMCP7 expression in this disease results in impaired bacterial clearance.
Additionally, T demonstrate that mMCP5”" mice have impaired macrophage recruitment in
this infection showing that one role for mMCP5 in this infection is macrophage recruitment.

The second study looked at the role of these proteases and associated factors in a
P. aeruginosa model. I demonstrate that mMCP6 promotes protective inflammatory
responses during this infection with mMCP6” presenting with elevated instances of
bacteremia. Additionally, I show mMCP7 expression is detrimental during this infection with
elevated mortality rates observed together with an impairment in trans epithelial migration. I
also repeated the observation that mMCP5”" mice have a defective macrophage recruitment,
and postulate that mMCPS5s role in bacterial infections is to promote macrophage recruitment.
I also demonstrate Prss22 as playing a negative role during this infection contributing
towards bacteraemia, this observation suggests that the use of Prss22 specific inhibitors could
be of therapeutic use in combatting bacteraemia during this infection.

The final study investigated the role of these proteases and associated factors in an
Influenza A model. I show the mMCP6 limits excessive inflammation during the resolution
of this infection by moderating IP-10 concentrations. Additionally, I show Prss317" mice are
protected from excessive inflammatory responses, I propose that Prss31 promotes IL-10
production resulting in elevated inflammation. I also link Prss22 expression with protection
from excessive inflammation during the infection, pointing to a possible therapeutic use of
this tryptase. Finally, I highlight an anti-inflammatory role for RasGRP4 during the

resolution of Influenza infection protecting mice from excessive inflammation.
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These findings have helped me identify potential roles for these proteases and
associated factors in a range of disease and point to their roles being infection specific. I have

identified key proteases whose functions point to promising avenues for disease treatment.
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