
Milk cell transcriptome opens a new dimension in 
the mammary gland biology research

M. Zorc and P. Dovc

1University of Ljubljana, Biotechnical Faculty, Jamnikarjeva 101, 1000 Ljubljana, Slovenia 
1



Basic structure of the mammary gland is conserved 

 
among species

•

 

Epithelial and myoepithelial cells build alveolar and 

 

ductal structures in the mammary gland.

Prpar et al., 2012
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Sources of biological material from mammary gland

Invasive collection methods:

•biopsies of the mammary gland tissue, 
•laser capture microdissection 
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Non‐invasive collection methods:

•milk somatic cells, 
•milk fat globules 
•antibody‐captured milk mammary epithelial cells



Major somatic cell types in milk

A consequence of the complex function of the mammary gland and 
intense secretion of milk is also the presence of somatic cells in milk. 

•epithelial cells

•lymphocytes

•polymorphonuclear neutrophils (PMN)

•and macrophages. 
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Somatic cell count and differential somatic cell count

•

 

The 

 

ratio 

 

of 

 

epithelial 

 

and 

 

immune 

 

cells 

 

differs 

 

among species. In cattle and sheep, the epithelial 

 

cell 

 

fraction 

 

represents 

 

only 

 

a 

 

relatively 

 

small 

 

part of somatic cells in milk, whereas, in porcine 

 

and 

 

goat 

 

milk, 

 

epithelial 

 

cells 

 

are 

 

the 

 

predominant cell type in milk.
•

 

In 

 

the 

 

course 

 

of 

 

infection 

 

the 

 

proportion 

 

of 

 

different immune cells is changing.

•

 

Somatic cell count (SCC) provides the cumulative number of somatic cells in milk.
•

 

Differential 

 

somatic 

 

cell 

 

count 

 

(DSCC) 

 

allows 

 

differentiation 

 

between 

 

PMN

 

and

 

lymphocytes

 

versus macrophages.

Niedziela et al., 2021
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Milk somatic cell transcriptome

•

 

A total number of genes expressed in different lactation 

 

stages: 16,892 ‐

 

19,094
•

 

69% of annotated genes are expressed in milk somatic 

 

cells
•

 

Approx. 9,000 genes expressed in all lactation stages
•

 

6,930 genes have

 

a significant

 

change in expression with 

 

the stage of lactation
•

 

Genes encoding caseins, whey proteins and enzymes in 

 

lactose synthesis pathway show higher expression in early 

 

lactation. 
•

 

The majority of genes in the fat metabolism pathway have 

 

high expression in transition and peak lactation  Wickramasinghe et al., 
2012
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Bulk vs. single cell transcriptome analysis

https://www.10xgenomics.com/
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Comparison of milk and pbMEC cell type clusters

Becker et al., 2021
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ScRNA−seq quality control analysis
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ScRNA−seq QC analysis of two somatic milk cell datasets after integration: 
a) number of genes per cell 
b) number of UMI reads per cell 



ScRNA−seq quality control analysis
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ScRNA−seq QC analysis of two somatic milk cell datasets after integration: 
c) percentage of cell counts mapping to mtDNA genes,
d) percentage of cell counts mapping to ribosomal protein transcripts



Annotated cell clusters from two bovine milk samples
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Zorc et al., 2024



Annotation of milk somatic cell clusters
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Specificity of marker gene expression
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Standardized expression of three major marker genes identified for each cell cluster. 
High expression of a particular gene is labeled with yellow and low expression with purple.

Zorc et al., 2024



Marker genes, used to determine cluster identity
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•

 

The size of the

 

circle corresponds to the percentage of cells in the cluster expressing the 
marker.

•

 

Shading corresponds to the extent of expression.



Expression of casein and whey protein genes in bovine 
somatic milk cell clusters
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Highly variable expressed genes in bovine milk somatic cells
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Zorc
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Conclusions

•

 

Our study aimed to capture a snapshot of cellular mechanisms driving milk 
synthesis and secretion at mid-lactation. 

•

 

Detection of highly variable expressed genes allowed identification of genes 
that strongly contribute to cell-to-cell variation within the cell population. 

•

 

Animal welfare arguments and the possibility of obtaining multiple samples 
from the same animal in the course of lactation are strong arguments for a non-

 

invasive sampling approach.
•

 

The identification of a considerably higher number of cell types

 

in the milk 
somatic cell fraction compared to traditional expectations opens

 

a new horizon 
for a more complex interpretation of the biological processes in

 

the mammary 
gland.
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Thank you for your 

 
attention!
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