Mammary immunity of different cattle breeds
measured with microfluidic high-throughput RT-qPCR
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Introduction
Mastitis as a common disease in dairy cows is partly influenced by the genetics of the animal. It is observed that ancient cattle
breeds which have not been selected for such a high milk yield seem to have a stronger phenotypical resistance to mastitis than
modern high yielding breeds. To find out if this could be based on a different reaction of the innate immune system in their
mammary epithelial cells, this study (1) compared the two ancient cattle breeds Highland (HLD) and White Park (WP) (each n=5)
and the two modern dairy breeds Brown Swiss (BS) and Red Holstein (RH) (each n=6) (Figure 1) in their innate immune response
in vitro via RT-qPCR and ELISA.
Primary bovine mammary epithelial cells (pbMEC) were used to study the innate immune reaction to the heat-inactivated major
mastitis pathogens Escherichia coli 1303 and Staphylococcus aureus 1027. The cultivation of pbMEC (Figure 2) from milk instead
of mammary tissue has many advantages like reproducibility and non-invasiveness, as well as less contamination by fibroblasts
(2). It has been shown to be a valid alternative to the tissue derived culture (3).
Fig. 1: (a) Brown Swiss, (b) Red Holstein, (c) Highland and (c) White
Park cattle
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Materials & Methods
Cell culture
Centrifugation
Fresh milk
Washing
Buffer, antibiotics

Fig. 2: pbMEC in culture (insert) and stained for the epithelial marker
cytokeratin

Stimulation

• with heat-inactivated mastitis pathogens:
Time
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Staphylococcus aureus 1027
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Resuspension
DMEM, 10% FBS
Proliferation
DMEM, 10% FBS

RT-qPCR
• On Fluidigm BioMark™ HD 96.96
Dynamic Arrays
ELISA
• Diluted total cell protein in PBS

Fig. 3: Principal component analysis of (a) dCq values (basal expression of unstimulated control) and (b)
ddCq values (difference between treated and control dCq) of 28 target genes in primary bovine mammary
epithelial cells from four cattle breeds after stimulation with E. coli and S. aureus (1). Each symbol
represents all respective samples from one animal.

Storage
Liquid N2
Reseeding
DMEM

Protein production

Data handling
• Cycle of quantification (Cq) normalization to reference
genes = delta Cq (dCq)
• Normalization to control sample = delta delta Cq (ddCq)
• Protein normalized to total cell protein (ng/µg)

Results
• E. coli provoked an up regulation (p<0.05) in many genes: mostly cytokines,
chemokines, antimicrobial peptides and acute phase proteins
• S. aureus had only a weak effect on gene expression
• SAA3, an inflammation marker, was the most regulated gene by both pathogens
• Breed differences (p<0.05) were mainly detected in the basal expression, less in
regulation of the genes:
Breed differences (1)
in basal expression (p<0.05)
in regulation (p<0.05)
Complement System
C3
Chemokines
CCL5, CCL20, CXCL8
CCL2
Inflammatory cytokines IL6, IL10
TGFB1
Scavenger receptor
CD68
Antimicrobial peptides LF, LPO
LPO
TLR pathway
CASP8, LBP, LY96, MYD88, TLR2, TLR4 CASP8, CD14, LY96
Others
MX1, MX2
S100A12

• the breeds could not be ranked consistently according to the varying differences in
the respective genes, only in parts of the TLR pathway both ancient breeds had
higher expression levels than the modern breeds
• In the modern breeds more genes were regulated after pathogen stimulation:

Treatment
E. coli (6 h and 30 h)
S. aureus (30 h and 78 h)

Number of regulated genes (p<0.05) (1)
Brown Swiss
Red Holstein
White Park
Highland
14
22
14
18
10
11
6
12
1
4
0
4
2
0
0
1

Fig. 4: Protein production and corresponding gene expression of (a) lactoferrin (LF) at 3 time points and (b)
serum amyloid A (SAA) at 30 h in primary bovine mammary epithelial cells from four cattle breeds (1).

Conclusions
• Breed differences were found in the basal gene expression and to a lesser extent in the
regulation; also in control and S. aureus treated levels of LF protein as well as in control
and E. coli treated levels of SAA protein (1)
• Animal differences were substantial (high SEM)
• A higher basal expression in the ancient breeds seemed to lead to a less pronounced
reaction to the pathogen stimulation, which has previously been shown to be beneficial
for the animal (4)
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