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Introduction 
Mastitis in dairy cows is one of the most costly and prevalent diseases affecting dairy cows 

world wide (Bradley, 2002). Mastitis can be caused by many different bacteria, but the majority 

of the economic lost is caused by the staphylococci, streptococci and coliform bacteria (Smith 

and Hogan, 1993). Escherichia coli (E.coli) is the most important environmental pathogen in 

dairy cattle causing mastitis (Smith and Hogan, 1993).       

E.coli mastitis is characterized by acute and short term infection and is hardly ever present as a 

subclinical infection in the mammary gland (Vaarst and Enevoldsen, 1996). E.coli infection 

induces a distinct acute phase response (APR) in the mammary gland, where the innate immune 

response plays a key role. It has been shown that the Toll-like receptor-4 (TLR-4) pathway – 

important pathway in the innate immune response - plays a role in the pathogenesis of E.coli 

mastitis in dairy cattle (De Schepper et al. 2008). 

To understand the defense mechanism of the udder it is of interest to identify the genes 

involved. The development of micro-array technology enables to screen the gene-expression 

profile for thousands of genes simultaneously. Recently, different micro-array studies have been 

published studying the gene expression in the udder of Staphylococcus aureus (Strandberg 

Lutzow et al. 2008), Streptococcus uberis (Moyes et al. 2009), and E.coli (Rinaldi et al. 2009) 

infection. Rinaldi et al. (2009) studied the gene-expression in udder tissue collected post 

mortem in three cows in late lactation. Our study describes the global gene expression in 16 

cows with experimental E. coli infection in early lactation, where udder tissue was collected in 

vivo using a biopsy pistol. The aim is to identify genes and genetic pathways involved in the 

local APR to E.coli in the mammary gland in Danish Holstein cattle using microarray 

technology.  

 

Material and methods 
Animals and Treatment. Sixteen, healthy primiparous Danish Holstein-Friesian cows were 

challenged intra mammarily with E.coli (k2bh2) (20-40 CFU/ml) 4 to 6 weeks after parturition 

in one quarter. Quarters for E.coli inoculation and biopsy were selected based on CMT scores 
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(≤ 2) and SCC in fore milk using the portable DeLaval Cell Counter (DCC; DeLaval, Tumba, 

Sweden) (range 1-6000 x 10
3
 cells/ml). The front quarter with the lowest SCC (< 27,000 cells 

/ml) was chosen for E.coli inoculations. Control quarters where determined on the 

bacteriological examinations conducted prior to E.coli inoculation and on the quarter fore milk 

SCC at 24 h (< 181.000 cells /ml). The cows were housed in a traditional straw-bedded tiestall 

barn, where they were fed individually, and with free access to water. A total mixed ration 

(TMR) diet including vitamins and minerals was fed ad libitum twice a day in equal portions at 

8.00 a.m. and 15.30 p.m. The cows were milked at 6.00 a.m. and again at 17.00 p.m. All 

procedures involving animals were approved by the Danish Animal Experiments Inspectorate 

and complied with the Danish Ministry of Justice Laws concerning animal experimentation and 

care of experimental animals 

Udder biopsies. Udder biopsies were collected from the infected quarter and a healthy control 

quarter of each cow at 24 h (acute stage) after the E.coli challenge. The udder biopsies were 

frozen immediately in liquid nitrogen and transported to the laboratory where the tissues were 

stored at −80°C until RNA extraction. 

RNA extraction and gene expression profiling. Isolation and labeling of RNA and microarray 

processing were performed as described elsewhere (Kristensen et al. 2005). In total 21 samples 

were used (12 infected quarter and 9 control quarter). The expression profiles were measured 

using the Affymetrix Bovine Genome array (Affymetrix Clara CA, USA). The array contains 

24,128 probe sets. 

Annotation and statistical analysis.  The annotation and analysis is performed using R version 

2.10.0 (http://www.r-project.org/). The annotation of the probes was provided by Affimetrix 

(bovine.na29.csv), and additional annotation is performed using the biomaRt package (version 

2.2.0). Normalization of the arrays was performed using the robust multi array analysis (RMA) 

algorithm (Irrizarry et al. 2003). The contrast T24 vs control tissue was analyzed, and the genes 

with a bonferroni adjusted P < 0.001 were considered significant. The significant genes were 

clustered using the central Pearson correlation method as the distance measure. To identify the 

gene pathways involved in each cluster, a hyperGeometric gene set analysis was performed 

based on the annotated genes in each cluster using the GO (biological processes) or KEGG 

information (GOstats version 2.12.0). 

 

Results and discussion 
In total 499 DE transcripts were detected (P < 0.001; bonferroni) of which 377 transcripts had a 

gene annotation. The 377 annotated DE transcripts coded for 338 genes. Hierarchical clustering 

of the DE genes revealed two main clusters (Figure 1). 

Cluster1. Cluster 1 contained 426 DE transcripts representing 299 different genes that were up-

regulated. The hyper geometric gene set analysis based on the GO information revealed over 

representation of gene sets involved in inflammatory response (GO:0006954), chemotaxis 



(GO:0006935), innate immune response activating signal transduction (GO:0002758), acute 

immune response (GO:0002526). The hyper geometric gene set analysis based on the KEGG 

information revealed over representation of gene sets involved in chemokine signaling pathway 

(KEGG4062), Toll-like receptor signaling pathway (KEGG4620). DE transcripts in this cluster 

include the genes encoding chemokine (C-C motif) ligand (CCL3, CCL4, CCL5, CCL16, 

CCL19), chemokine (C-X-C motif) ligand (CXCL2, CXCL5, CXCL16), interleukin 1β (IL1B), 

interleukin 8 (IL-8), interleukine receptors (IL1R1, IL2RA, IL2RG, IL4R, IL6R, IL8R), 

interferon regulatory factor 9 (IRF9), neutrophil cytosolic factors (NCF1, NCF2), and toll like 

receptor-2 (TLR2). 

Cluster 2. Cluster 2 contained 73 DE transcripts representing 39 different genes that were down 

regulated. The hyper geometric gene set analysis based on the GO information revealed over 

representation of gene sets involved in monocarboxylic acid metabolic process (GO:0032787), 

fatty acid biosynthetic process (GO:0006633), very-low-density lipoprotein particle remodeling 

(GO: 0034372), cellular lipid metabolic process (GO:0044255). The hyper geometric gene set 

analysis based on the KEGG information revealed over representation of gene sets involved in 

fatty acid biosythesis (KEGG00061). DE transcripts in this cluster include the genes encoding 

dehydrogenase/reductase (SDR family) member 3 (DHRS3), fatty acid synthase (FASN), lipase 

maturation factor 1 (LMF1), and lipoprotein lipase (LPL). 

Literature comparison. In our study we focus on the gene expression in the lobuli-aveolar 

area. Rinaldi et al. (2009) investigates the gene expression in 4 different places in the udder, one 

of these area is the lobuli-aveolar area. Rinaldi et al. (2009) showed that genes involved in the 

acute response to E.coli infection could be divided into two clusters. The differentially 

expressed (DE) genes in cluster 1 were involved in immune and inflammatory response, 

whereas the DE genes in cluster 2 were involved in chemotaxis and leukocyte activation and 

signaling (Rinaldi et al. 2009). Comparing the DE genes of our study to the results of Rinaldi et 

al. (2009) shows an overlap of 19 genes with the genes of cluster 1 of our study. The 

overlapping genes were involved in the immune response, and were all up-regulated in the 

study of Rinaldi et al. (2009). The overlap with cluster 2 genes of our study is only 2 (CYP2B, 

LPL). These genes were down regulated.  

 

Conclusion 
Experimental E.coli mastitis in dairy cows in early lactation resulted in DE genes in the bovine 

udder that could be divided into two main clusters involved in the induction and regulation of 

the local APR (cluster1) and fatty acid metabolism (cluster2). 



 
Figure 1: Heatmap of differentially expressed (DE) transcripts. 499 transcripts were DE 

(adjusted P < 0.001). Normalized intensity values of transcripts (rows) are ordered using 

Centered Pearson correlation and hierarchical clustering. The dendrogram shows the 

similarity (distance) of the DE transcripts. Two main clusters were identified: cluster 1 

(red) and cluster 2 (blue). Arrays (columns) are grouped according to infected or control 

samples. Blue and white colors indicate high and low intensities, respectively. 
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