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Background: Renal tubular epithelial cells release exosomes into the urinary space. Exosomes are morphologically homogeneous nanovesicles derived from the endocytic pathway, packaged into multivesicular bodies and released into the extracellular space by many cell types. Convention holds that urinary exosomes carry, as waste, obsolete proteins into the urine for excretion. However, recent reports suggest a variety of functions for exosomes released by other cell types, including antigen presentation and cell-to-cell signalling. Studies of urine exosomes to date have focused on protein catalogues and biomarker discovery, and utilised pooled samples. We asked if urine exosomes were functional.
Methods: Large volume early morning urine samples were collected from healthy volunteers. Proteins were separated by gel electrophoresis and subjected to LC-MS/MS using a novel proteomics and bioinformatics workflow which allows protein ranking and assessment of biological variability. Proteins were compared with existing urine exosome catalogues.[1] Protein functional clustering was explored using DAVID.[2] Protein identifications with a putative functional role were confirmed by Western blot. Bacterial growth of laboratory strains expressing the lux gene, and of clinical isolates, was assessed by luminometry and colony counting.
Results: From the identified catalogue of exosomal proteins, a significant enrichment was identified for proteins involved in innate immunity and bacterial killing (enrichment score 3.27, p = 0.0004), including but not limited to Lysozyme C, Mucin-1, Dermcidin, Calprotectin and Myeloperoxidase. Antimicrobial proteins and peptides identified by mass spectrometry were confirmed by Western blotting of exosomal preparations. Exosomal protein fractions, but not the abundant urinary protein uromodulin, potently and dose-dependently inhibited the growth of laboratory and clinical isolates of Escherichia coli and Staphylococcus aureus.
Conclusion: Urinary exosomes represent a novel mammalian innate immune mechanism. They are enriched for proteins that are known either to induce bacterial cell wall lysis or to inhibit bacterial growth by binding divalent ions. Exosomes provide effective delivery of packaged defence proteins which are protected from degradation by the exosomal structure. Urinary exosomal membranes resemble those of tubular epithelial cells, and distal invading organisms thus encounter an attractive membrane encapsulating or containing defence proteins protected from dilution. We propose a novel model of host defence whereby Trojan decoy exosomes are released from the kidney to maintain urinary tract sterility. 
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