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Introduction 
Digital dermatitis (DD) is a painful, infectious, polybacterial disease that is one of the primary 

causes of lameness in dairy cattle. DD is critical for the global dairy industry due to associations 

with animal welfare, significantly impacting milk yield, reproductive performance, and the 

resulting in high management and treatment costs (Zinicola et al., 2015).  

Studies have shown that resistance to DD is a heritable trait and have identified several 

associated genomic regions (Tarsani et al., 2025). In parallel, the UK Agriculture and 

Horticulture Development Board (AHDB, 2020) has incorporated a DD resistance index into 

its national genetic evaluations, emphasizing the genetic basis of the disease and its potential 

for selective breeding. Anagnostopoulos et al. (2024) reported that cattle with higher DD 

resistance index values had a reduced likelihood of developing lesions. Although the existence 

of host genetic resistance to DD is known, the underlying molecular and genetic mechanisms 

are not yet fully understood. 

Spirochetes of the genus Treponema have been shown to target fibroblasts rather than 

keratinocytes as an important cellular target in the pathogenesis of DD (Evans et al., 2014). In 

contrast, the study by Newbrook et al. (2021) demonstrated that bovine foot skin fibroblasts 

respond to DD-associated Treponema species through the upregulation of genes related to 

cytokine signaling and chemokine production, resulting in increased inflammation while 

simultaneously suppressing adaptive immunity. These findings highlight that bovine dermal 

fibroblasts are not only structural cells but also key immunocompetent players, making them a 

valuable in vitro model for investigating early host–pathogen interactions, particularly during 

Treponema infection, which primarily targets the skin. However, their study did not factor in 

the influence of host genetics. The purpose of this study was to investigate whether primary 

fibroblasts obtained from heifers with different genomic estimated breeding values (GEBVs) 

for DD resistance exhibited different transcriptional responses when exposed to sonicated 

Treponema spp. stimuli. 

 

Materials & Methods 

The study was conducted following ethical approval by the University of Liverpool Veterinary 

Research Ethics Committee (VREC1372) and under a UK Home Office License (PP8351537). 

 

Animals and Phenotypes of Host Resistance. A total of 323 maiden heifers from a 

commercial dairy farm in northwest England were monitored for DD over a four-month period. 

Lifted hind feet were examined and DD lesions were classified using the M-stage scoring 

system. 
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The GEBVs associated with DD resistance were obtained from the UK national genetic 

evaluation database (AHDB, 2020). Foot lesion phenotypes collected in this study were not 

submitted to AHDB, and therefore not included in the GEBVs calculation. 

Based on genetic merit and clinical history, 15 heifers were selected and allocated into three 

groups: high-GEBV healthy (HGH, n = 5), low-GEBV infected then healed (LGIH, n = 5), and 

low-GEBV chronically infected (LGCI, n = 5). 

 

Primary Fibroblast Culture and Bacterial Stimulation. Primary dermal fibroblasts were 

isolated from interdigital foot skin biopsies collected from the selected heifers and cultured 

under standard conditions. Fibroblast monolayers were exposed for 6 hours to one of four 

treatments: control medium, lipopolysaccharide (LPS), sonicated Treponema phagedenis, or a 

sonicated multi-species Treponema mixture (T. phagedenis, T. medium, and T. pedis) at 10 

µg/mL. Cells were harvested for RNA extraction following 6 hours of stimulation. 

 

RNA Sequencing and Differential Expression Analysis. Total RNA was extracted and 

subjected to bulk RNA sequencing, with reads aligned to the Bos taurus reference genome 

(ARS-UCD2.0). Differential gene expression analysis was performed using DESeq2. Genes 

with false discovery rate (FDR) < 0.05 and |log₂ fold change| ≥ 1 were considered differentially 

expressed. Sample reproducibility and global transcription patterns were assessed using 

correlation analysis and principal component analysis. Pairwise comparisons between 

treatments and groups were performed on the RNA-Seq data, resulting in a total of 27 contrasts 

to identify differentially expressed genes (DEGs). Pathway enrichment analysis of differentially 

expressed genes was conducted using g:Profiler (Raudvere et al., 2019), focusing on Gene 

Ontology (GO) biological process and molecular function categories, as well as KEGG 

pathways, with significance defined as adjusted p-value ≤ 0.05. 

 

Results 
Principal component analysis revealed that treatment was the main source of transcriptional 

variation, with samples primarily separated along PC1 (38% variance). Differences related to 

genetic merit and DD status were captured along PC2 (17% variance), indicating consistent 

baseline and stimulus-induced transcriptional differences between fibroblasts derived from 

inherently resistant and susceptible heifers as shown in Fig. 1. 

Differential gene expression analysis across all pairwise comparisons identified between 1 and 

1,789 DEGs per contrast (FDR ≤ 0.05, |log₂FC| ≥ 1), highlighting substantial heterogeneity in 

transcriptional responses. For clarity and biological relevance, the results presented here focus 

on within-group contrasts comparing bacterial stimulation to control (unstimulated) conditions. 

Fibroblasts derived from low-GEBV heifers exhibited a greater number of differentially 

expressed genes following bacterial stimulation compared with those from high-GEBV healthy 

heifers, with LGCI showing the most pronounced transcriptional response, as shown in Table 

1. Both up and downregulated genes contributed to these differences, indicating broader 

transcriptional remodeling in genetically susceptible animals. 

To provide biological context to these expression changes, pathway enrichment analysis of 

upregulated genes revealed consistent activation of innate immune and inflammatory pathways, 

including cytokine-mediated signaling, Toll-like receptor signaling, TNF signaling, and 

responses to bacterial components such as lipopolysaccharide. 
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Figure 1. Principal component analysis (PCA) of transcriptional responses in bovine foot skin 

fibroblasts based on normalized RNA-seq gene expression data from heifers with divergent 

genetic merit for digital dermatitis resistance. Samples are coloured according to bacterial 

stimulation (control, LPS, Treponema phagedenis, and multi-species Treponema mix) and 

genetic group together with clinical history (HGH, LGIH, and LGCI). The percentage of 

variance explained by each principal component is indicated on the axes. 

 

Table 1. Number of differentially expressed genes (DEGs)1 following bacterial stimulation in 

primary bovine fibroblasts derived from heifers with divergent genetic merit for digital 

dermatitis resistance.  

1DEGs were defined using an adjusted P-value (FDR) ≤ 0.05 and an absolute log₂ fold change ≥ 1. 

Discussion 
Fibroblasts derived from genetically susceptible heifers displayed broader transcriptional 

responses to bacterial stimulation than those from genetically resistant animals. This 

observation aligns with previous studies demonstrating that bovine dermal fibroblasts activate 

numerous immune-related genes in response to bacterial components, including extracts from 

Treponema species associated with digital dermatitis (Newbrook et al., 2021).  

Notably, our findings build upon previous work by showing that the magnitude and scope of 

these transcriptional responses vary according to the host’s genetic resistance profile. 

Fibroblasts from low-GEBV heifers consistently exhibited a greater number of differentially 

expressed genes following stimulation compared with fibroblasts from high-GEBV healthy 

heifers, suggesting a heightened and potentially dysregulated inflammatory response in 

Group Stimulus Upregulated Downregulated Total DEGs 

HGH T320A 196 16 212 

LGIH T320A 358 129 487 

LGCI T320A 339 67 406 

HGH MIX 215 18 233 

LGIH MIX 333 147 480 

LGCI MIX 363 92 455 

HGH LPS 393 17 410 

LGIH LPS 414 58 472 

LGCI LPS 213 15 228 
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genetically susceptible animals. In contrast, the more limited transcriptional response observed 

in high-GEBV animals may reflect a more controlled and efficient host response to bacterial 

challenges. 

 

A limitation of this study is that animals differed not only in genetic merit but also in disease 

history, and prior exposure to digital dermatitis may have influenced cellular responses. 

Nevertheless, the consistent differences observed between genetic groups support a 

contribution of host genetic merit to these responses. The use of younger, DD-naïve animals 

representing extremes of genetic merit would allow a clearer separation of genetic and 

exposure-related effects in future studies. 

 

While further studies with larger sample sizes are warranted to fully elucidate the genetic 

regulation of immune responses and disease resistance (Emam et al., 2019), these results 

provide novel insights into host–pathogen interactions in digital dermatitis and support the 

potential of selective breeding strategies to improve cattle health, welfare, and productivity. 

 

Conclusions 
This study demonstrates that primary bovine foot-skin fibroblasts exhibit distinct 

transcriptional responses to bacterial stimulation according to the host’s genetic merit for digital 

dermatitis resistance. Fibroblasts derived from genetically resistant/ healthy animals appear to 

exhibit a more controlled and targeted host response, whereas low-GEBV/ infected heifers 

show a broader transcriptional activation that may reflect a more dysregulated inflammatory 

response. 

These findings suggest that host genetic merit plays an important role in shaping cellular 

responses to DD-associated Treponema species and may have significant implications for the 

development of breeding strategies aimed at improving cattle health, welfare and productivity 

highlight its relevance for the development of breeding strategies aimed at improving cattle 

health, welfare and productivity. 
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