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Introduction
Prion diseases are caused by protein misfolding in the brain (Figure 
1) that lead to progressive and fatal symptoms similar to those of 
Alzheimer’s or Parkinson’s1. At this time there is no effective therapy 
for prion diseases, but recent studies have found that the 
endocannabinoid system (ECS) may hold therapeutic potential due to 
anti-inflammatory, antioxidant and neuro-protective activities2.  
However, no studies have examined the effect of prion disease on the 
ECS.  The goal of this study was to examine the 
immunohistochemical (IHC) expression of two cannabinoid receptors 
in the brain, cannabinoid receptor 1 (CBR1) and cannabinoid receptor 
2 (CBR2) in prion infected mice. Mice infected with scrapie, a prion 
variant that presents primarily in sheep, and chronic wasting disease 
(CWD), a variant that presents most commonly in deer, were 
sacrificed and their brain tissues stained using IHC to determine the 
relative abundance of CBR1 and CBR2 in prion infected tissues 
compared to a prion negative control. Based on previous ECS 
studies, we hypothesize that prion infection will result in decreased 
brain CBR1 expression due to neuronal loss and the detrimental 
impact of misfolded prions on neurotransmitter release and synaptic 
plasticity3.  We also expect that the presence of CBR2 in the brain will 
be increased in prion positive animals, likely due to increased 
microglial activity. 

Groups of mice, inoculated with scrapie+ or CWD+ brain 
homogenate, and control mice, inoculated normal brain homogenate, 
were sacrificed and their brains sectioned and embedded in paraffin. 
The sections were mounted on slides and stained using a traditional 
indirect IHC technique (Figure 2). In addition to tissues treated with 
CBR1 and CBR2 antibodies, an antibody omission trial was 
performed to eliminate the possibility of false staining. Due to a lack 
of staining for CBR2, the experiment ultimately focused solely on 
CBR1. 

Methods
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Figure 2.  Molecular basis of IHC. IHC is a method used to tag 
proteins so that they can be observed in contrast to background 
under a microscope.  
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Observations and Conclusions

PrPC PrPD

Figure 1. Structures of normal and misfolded PrP. The figure on 
the left shows the normal, alpha-helical rich PrP (i.e. PrPC) which 
contains three α-helices. On the right is PrPD, which is the misfolded, 
β sheet-rich form associated with neurodegenerative disease.  

Figure 3. Microscopy results for CBR1 staining in negative control, 
uninfected tissue and infected tissue (CWD). Presented are the cortex 
(A-C), hippocampus (D-E) and hippocampus/ dentate gyrus (G-I)  regions 
of the brain from antibody-negative control (A, D, G), prion-negative 
control (B, E, H) and prion and antibody-positive (C, F, I) animals. Red 
staining indicates the presence of CBR1. 

The antibody omission samples (A, D and G) confirm the specificity of the 
staining. No appreciable differences were noted between CWD-infected 
and sham-inoculated controls in cortical regions. In contrast, hippocampal 
sections (E-F and H-I) reveal  a dramatically higher expression of CBR1 in 
prion-infected mice (F, I) compared to controls (E, H) as well as a different 
distribution pattern. 
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CBR2 presence in the brain was low in both prion-positive and  prion-
negative tissues. This was expected due to the primary location of 
CBR2 being lymphoid tissue3. CBR1 was, however, upregulated in 
CWD-infected tissues (Figure 3, C-H). While there did not appear to 
be a significant difference between controls and prion infected mice in 
cortical tissue samples, the hippocampus and dentate gyrus regions 
of the brain showed more extensive staining in prion-positive animals 
as well as more concentrated localization. This did not support our 
hypothesis which stated that there would be downregulation of CBR1 
in prion-positive brain tissue based on previous studies in Alzheimer's 
and Parkinson’s patients1. 

We theorize that the reason for the upregulation of CBR1 in prion-
positive animals is the neuroprotective abilities of CBR1 such as anti-
inflammatory action and support of neurotrophic factors4. 

Future Directions
• Focus on the non-hippocampal areas of the brain, such as the 

cortex, to determine if the neuroanatomic scope of CBR1 up-
regulation in CWD-infected mice. 

• Additional research on the distribution of CBR2, possibly including 
other tissues such as lymph nodes and spleen. 

• Characterize the expression profile of CBR1 in additional mouse 
strains and prion systems. 

• Trials with larger sample sizes to better confirm results
• Corroborate IHC findings with additional studies (including Western 

blot). 
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