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Experimental Workflow 

Placing a further piece in the puzzle of the Innate Immune Response in the Lactating Mammary Epithelium 

Mammary Epithelial Cells Produce and release Antimicrobial and Immune Defense Proteins 

Proteome changes observed in the MFG fraction upon infection 
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The Milk Fat Globule 

Milk fat globules (MFGs) are small 
vesicles released by the epithelial 
lactating cell to enable fat 
secretion and suspension in milk. 
MFGs consist of a triglyceride core 
surrounded by a tripartite 
membrane, derived from the 
endoplasmic reticulum and the 
apical membrane of the lactating 
cell.  Cytoplasmic contents  of the 
lactocyte remain trapped within 
this structure and are released  in 
milk within the MFG. 

Investigating the role of mammary epithelial cells in mastitis 

In this work, MFG proteomics was applied to investigate on the proteins released by the 
infected mammary epithelium in response to infection by different microbial agents. 
Inflammation of the mammary gland is defined as mastitis and is mainly of infectious origin. 
In veterinary medicine, mastitis is regarded as one the main problems affecting dairy 
producers, causing reduction of milk yield and quality. Therefore, a better understanding of 
the immune response of the mammary gland, especially on the mechanisms at play in the 
first stages of infection, is crucial for finding new and efficient strategies for diagnosing and 
contrasting this problem. Nevertheless, biomarker discovery studies on milk are severely 
hampered by the huge amount of caseins present in this fluid. Here, low abundance 
proteome changes were investigated by studying the MFG proteome in sheep infected by 
two of the main etiologic agents of mastitis in this species: Streptococcus uberis and 
Mycoplasma agalactiae. Sheep was chosen as a model due to the difficulties in translating 
the diagnostic methods  used in cattle to small ruminants, and the existing need of finding 
new diagnostic tools in these dairy animals. 

Milk fat globule protein (MFGP) samples from animals infected by the two bacteria provided 
biologically convergent results according to Ingenuity pathway analysis (Left). Among other 
observations, a significant increase in antimicrobial proteins and peptides (AMPs) as well as in other 
proteins involved in the innate immune response was observed with the two approaches in both 
infections. 
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Summary of pathway analysis findings and diagrams of the highest scoring networks. 

Antimicrobial and immune defense proteins identified by 2D DIGE/MS (left plot) and by GeLC-MS/MS (right plot) 
followed by label-free quantitation. The bars illustrate the increase in abundance seen in the MFG fraction of infected 
animals when compared to healthy animals. The results show a convergent biological behavior of the two infected animal 
groups, although with few differences probably linked to the specific type of PAMPs or to different pathogenic traits of the 
microorganism. Most importantly, however, this highlights the increased release in milk of proteins that might be 
pathogen-independent, with relevant implications for detection of inflammatory conditions of the lactating organ. 
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The bacterium belongs to the class 
Mollicutes and its PAMPs are mainly 
lipoproteins . 

Mycoplasma agalactiae: 
Etiologic agent of 
contagious agalactia.  

Being a Gram-positive bacterium,  its 
PAMPs are mainly peptidoglycan and 
lipoteichoic acids. 

Streptococcus uberis: 
Environmental pathogen. 

Proteomic analysis of the MFG revealed an enrichment in milk 
of several immune defense and antimicrobial proteins (AMPs). 
These can be released also by immune cells recruited to the site 
of infection. To investigate on the ability of epithelial cells to 
synthesize AMPs, a histopathological examination was carried 
out demonstrating the absence of neutrophilic infiltrates in 
some subclinically infected animals. Tissue from these sheep 
was subjected to IHC and confocal immunomicroscopy for 
S100A9 (top) and cathelicidin (bottom), revealing that lactating 
epithelial cells are indeed a source of these proteins, and are 
able to release them in the infected alveoli in response to 
bacterial infection. 
IHC revealed also positively stained globular formations inside 
alveoli filled with milk, suggesting presence of AMPs also inside 
MFGs (left panel, top right). Confocal immunomicroscopy 
confirmed the epithelial origin of AMPs (right panel). 

From studies performed using the murine model of infectious mastitis, as well as from 
studies carried out on naturally and experimentally infected cows, it was believed that 
alveolar macrophages were both essential and sufficient to activate the innate immune 
response processes of the mammary gland, by releasing chemotactic factors triggering 
recruitment of neutrophils inside the alveolus lumen, followed by release of antimicrobial 
proteins and NETs by the latter. Although preliminary results with cultured cells indicated 
the ability of secreting mammary epithelial cells to produce S100A8/A9 mRNA as well as 
cathelicidin mRNA upon exposure to bacterial pathogens, the ability of the lactating 
epithelium to produce these AMPs, and therefore to be the first actor in fighting 
microbial infections by directly killing bacteria and triggering neutrophil recruitment, had 
never been demonstrated in vivo. The combination of MFG proteomics with 
immunological validation on infected mammary tissues enabled to reach this goal, and 
to provide the definitive proof that  mammary epithelial cells are indeed one of the first 
key players in fighting mammary infections. 

Plasma membrane 

ER membrane 

Lactocyte 
cytoplasm 

Mitochondrion 

Lipid 
droplet 

5
 μ

m
 

Heid and Keenan, Eur J Cell Biol, 2005. 

1 2 

3 4 

Confocal immunomicroscopy on infected mammary tissues for 
S100A9 (top), cathelicidin (bottom), and epithelial cell marker. 

Immunohistochemistry for S100A9 (top) and cathelicidin (bottom) 
on mammary tissues of infected sheep. Arrows  reactivity foci. 
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Proposed Mechanism 
 
1. Bacteria enter alveoli 
2. PAMPs interact with TLR-2 on MECs 
3. MECs produce AMPs 
4. AMPs  kill bacteria and recruit 

neutrophils and macrophages 
5. Neutrophils release a second wave 

of AMPs and boost bacterial killing 
and chemotaxis of immune cells 

6. NETs are formed 

Mammary 
epithelial cells 
(MECs) 
participate in 
innate immunity 
and neutrophil 
recruitment by 
releasing 
immune defense 
and antimicrobial 
proteins (AMPs) 

http://ksvm.agri.huji.ac.il/personalpages/ny-shpigel/MPEC.html 


