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ABSTRACT: Breed susceptibility to Johne’s disease has 
been suggested, with Jerseys proposed to be more 
susceptible than Holsteins. A 60-day infection study was 
carried out by surgically infecting Holstein and Jersey 
calves with the etiological agent of Johne’s disease, 
Mycobacterium avium subsp. paratuberculosis. 
Differences in the expression of key cytokine transcripts 
from ileocecal lymph node were not observed between the 
two breeds during infection, but IL-23 expression in 
control calves was significantly higher (p<0.05) in the 
Holsteins than Jerseys. Expression of IFN-γ was also 
found to be significantly higher (p<0.05) in the infected 
animals from both breeds compared to control animals. 
These preliminary data using this panel of 8 cytokine 
genes indicate that differences in immune-related gene 
expression may exist between these dairy breeds, and that 
changes in gene expression during Map infection can be 
detected during the early subclinical phase. 
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Introduction 
 

Johne’s disease is chronic, granulomatous 
enteritis of domestic and wild ruminants caused by the 
intracellular bacteria Mycobacterium avium subsp. 
paratuberculosis (Map). There have been two major 
concerns about the disease in recent years: first, the 
disease has severe economic implications for the dairy 
and beef industries; second, Johne’s disease is attracting 
attention because of a possible association between Map 
and Crohn’s disease, an inflammatory bowel disease in 
humans.  
 

Although the genetic susceptibility to Map 
infection in cattle has been widely reviewed, there is little 
conclusive evidence of breed susceptibility. A few reports 
have suggested that Channel Island breeds of cattle such 
as the Guernsey and Jersey breeds are more susceptible 
than the Holstein-Friesians (Mcnab et al. (1991); Cetinkya 
et al. (1997); Jakobsen et al. (2000); Sorge et al. (2011)). 
Although these findings support a genetic component to 
Johne’s disease susceptibility, they fail to define the 
underlying genetic basis for this.  

 
One way of addressing the knowledge-gap 

concerning breed-susceptibility is by experimentally 
infecting Holstein and Jersey calves with Map, and 
comparing their gene expression as an indicator of the 
early immune response. With this rationale, the objective 
of this study was to determine and compare the expression 

of key cytokine genes in the ileocecal lymph nodes 
(ICLN) of experimentally Map-infected Holstein and 
Jersey calves. 

 
Materials and Methods 

 
Experimental calves. This study was carried out 

as a block design study. A total of 29 3-5 week old calves 
consisting of six control and eight infected Holsteins, and 
six control and nine infected Jersey bull calves was used 
for the infection study across three different blocks. All 
the calves were obtained from historically Johne’s-free 
dams. The entire experimental trial was carried out in 
University of Guelph Central Animal Facility Biosafety 
Level 2 research isolation unit, where the calves were 
housed in pairs according to breed, and the uninfected 
control and infected calves were kept separate for the 
entire study duration. The study was reviewed and 
approved by the University of Guelph Animal Care 
Committee.  

 
Inoculum. The mCherry-labeled GC86 strain of 

Map was used as the inoculum for the infection study; 
GC86 is a clinical strain of Map that was isolated from the 
feces of an infected cow in Southern Ontario by members 
of Dr. Mutharia’s laboratory and it was transformed by P. 
Mead to express a fluorescent mCherry marker. 

 
Calf infection. The experimental infection was 

carried out surgically by directly inoculating 250 µL of 
challenge inoculum containing 108 CFUs of GC86 
mCherry-labeled Map into ileocecal Peyer’s patches as 
described by Plattner et al. (2011).  Similarly, the control 
groups of calves were surgically injected with 250 µL of 
saline.	  

 
Tissue collection.  Sixty days post-infection, 

calves were euthanized and ICLN were snap frozen in 
liquid nitrogen for storage.  

 
RNA extraction and cDNA conversion. Total 

RNA was extracted from ICLN using TrizolR reagent 
(Invitrogen) as per manufacturers’ instructions, and for 
cDNA synthesis, a total of 1 µg of total RNA from each 
sample was used for reverse transcription using 
oligodT12-18 (Invitrogen). 

 
Real-time PCR analysis of cytokine gene 

expression. The following key immunoregulatory 
cytokines were selected for real-time PCR analysis: 
interferon-γ (IFN-γ), IFN-β, interleukin-13 (IL-13), IL-10, 
IL-12, IL-23, IL-17, and transforming growth factor-β 



(TGF- β); the primer sequences are shown in Table 1 and 
the PCR conditions consisted of 50 oC for 2 min, 95 oC for 
2 min, 40 cycles of 95 oC for 15 seconds, 60 oC for 30 
seconds and 72 oC for 30 seconds. Input values for target 
genes and the housekeeping gene glyceraldehyde 3-
phosphate dehydrogenase (GAPDH) were derived from a 
standard curve developed after serial dilution of pooled 
cDNA from 40 ng to 1.25 ng. The relative expression of 
these target genes was determined after standardizing their 
expression to GAPDH,  whose expression was constant 
across treatment groups. 

 
Table 1: Summary of the designed oligo primer 
sequences ( L left primer, R right primer) 

 
 
 
Statistical Analyses. After log transforming the 

gene expression data, the data were analyzed by ANOVA 
using the Proc Mixed procedure of SAS as randomized 
complete block design, where the effects of breed 
(Holstein versus Jersey), treatment (control versus 
infected), and their interactions were considered as fixed 
effects, and different blocks as a random effect. Least-
square means (LSM) were determined and compared to 
assess the treatment and breed effects. Statements of 
statistical significance were based on a p-value <0.05. A 
simple contrast test was done to compare gene expression 
between control calves from both breeds.  

 
Results and Discussion 

 
To further the understanding of potential breed 

susceptibility to Johne’s disease, Holstein-Friesian and 

Jersey calves were directly inoculated into ileocecal 
peyer’s patches with Map and the expression of key 
cytokine genes was measured to compare early immune 
response. The ICLN was selected because it is the closest 
draining lymph node to the site of infection and acts as a 
central hub for antigen presentation and initiation of the 
host immune response. 

 
Significant differences in the expression of IL-

10, IL-12, IL-17, IL-23, TGF-β, and IFN-β in ICLN 
tissues were not observed between the two breeds during 
infection (data not shown). However, IL-23 expression 
was 1.2 fold higher in the Holstein controls than the 
Jersey controls (p<0.05, Fig 1).  

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Relative IL-23 mRNA transcript expression 
during 60-day MAP infection (LSM + SE). 

•  denotes significant differences at p<0.05. 
 
 

To our knowledge, the role of IL-23 in immune 
response against Map in cattle has not been investigated, 
even though IL-23 is an important pro-inflammatory 
macrophage cytokine that mediates the proliferation and 
function of a subset of IL-17-producing CD4+ T cells 
called Th-17 cells (McKenzie et al. (2007)). Its 
involvement in Mycobacterium-associated diseases 
however, has been highlighted in an ovine study, which 
showed that IL23A transcript level was higher in ileal 
mucosa of sheep with the paucibacillary form of 
paratuberculosis in comparison to the multibacillary form 
of paratuberculosis (Gossner et al. (2012)). Although the 
present study did not detect differences in IL-23 
expression during infection or between breeds during 
infection, the analysis was confounded by a cross-over 
interaction between breed and treatment, and the infection 
duration was only 60 days in duration.   

 
The expression of IFN-γ was also found to be 

significantly higher in the infected animals from both 
breeds compared to control animals, with IFN-γ being 
1.45 (Holstein) and 1.43 (Jersey) fold higher than control 
animals (p<0.05, Fig 2).   
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Figure 2: Relative IFN-γ mRNA transcript expression 
during 60-day MAP infection (LSM + SE). 
* denotes significant differences at p<0.05. 

 
 
Since IFN-γ is a key cytokine that drives the cell-

mediated immune response aimed at enhancing anti-
mycobacterial activity of macrophages, its induction in 
this study re-iterates the important role of IFN-γ during 
Map infection, and emphasizes that an active immune 
response against Map was ongoing in both breeds of 
calves during this early stage of infection.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Conclusion 
 

A 60-day Map infection study was carried out 
using Holstein and Jersey calves to assess the expression 
of key cytokine genes in ICLN. Results from this 
subclinical infection study suggest that changes in ICLN 
gene expression can be detected within 60 days post Map 
infection, and that differences in immune-related gene 
expression may exist between these breeds. Given this, 
future transcriptome profiling of the ICLN and perhaps 
the ileocecal Peyer’s patches using microarrays or next-
generation sequencing warrants investigation. 
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