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Background: 

 

Prion diseases are a group of neurodegenerative disorders with a broad spectrum of 

clinicopathological presentations, or disease phenotypes. The central biochemical event in 

these diseases is the aggregation of the host-encoded prion protein (PrPC) into a wide variety 

of infectious assemblies (PrPSc). In fact, during the course of the disease, a constellation of 

PrPSc assemblies, ranging from small, protease sensitive (PrPsen) oligomers, to big, protease 

resistant (PrPres) fibrils, accumulate in the brain. A large body of evidence indicates that the 

explanation for the diverse disease phenotype is contained within the structure of these PrPSc 

assemblies. Unfortunately, the structural and biochemical heterogeneity of these PrPSc 

particles make their isolation and further characterization a challenging task. However, if we 

want to reveal the link between PrPSc structure and disease phenotype and, ultimately, 

rationally design therapeutic strategies, we need to better understand this PrPSc heterogeneity.  

 

Objectives: 

 

Aim I: Establish the experimental conditions for the isolation of the PrPSc particles from the 

brain of CJD patients. 

 

Aim II: Describe size, shape, stability, replication activity, and infectivity of the isolated PrPSc 

particles from different prion strains.  

 

 

Summary of findings and achievements: 

 

We were able to achieve most of the proposed objectives and have fully isolated and 

characterized PrPSc particles from brain homogenates of different strains of prion disease, 

with a manuscript ready for submission. Given the amount of material required for 

optimization, all this work was done using hamster-adapted prion strains, but we have 

human CJD brain samples in the lab that have been carefully strain-typed and are ready to 

be processed through our optimized fractionation system.  

 

Aim I: Isolation of different populations of PrPSc particles from the brains of hamster 

infected with three different prion strains    

 



Initial strain-typing of our CJD brain homogenate samples indicated a wide range of PrPSc 

concentrations, variations in strain type and amount with brain region, and cases of 

inaccurate official strain type reporting. As such, before using such variable samples to 

conclude anything about differences vs consistencies across CJD strains, we decided to first 

fully study the composition of PrPSc particles in three well-defined hamster-adapted prion 

strains: two that produce an almost identical phenotype, Hyper (HY) and 263K, and a third 

one with a very different disease presentation, Drowsy (DY). These strains provide a higher 

consistency among replicates, which is critical when setting up new experimental 

conditions.  

 

Asymmetric Flow-Field Flow Fractionation (AF4) is an excellent, but incredibly under-

explored, technique for the separation of protein assemblies like PrPSc. After evaluating 

different experimental conditions, we were able to: 

 

a- separate and isolate PrPSc assemblies, from small (4 nm) spherical to large (more 

than 200 nm) fibrillary particles, from brains of prion-infected hamsters at end-stage 

disease. 

b- compare the size distributions of PrPSc particles present in the brain of hamsters 

infected with different prion strains. 

  

Aim II: Characterization of brain-derived PrPSc particles.  

 

Once isolated, we were able to study the biochemical and biophysical properties of the 

PrPSc particles present in the brain of hamsters at terminal stage of disease. For each 

population of PrPSc particles with a specific size, we determined: 

 

a- proportion of glycosylation isoform 

b- structural stability 

c- degree of resistance to protease degradation 

d- seeding capacity 

 

 

Our key findings and their implications for the prion disease field:  

 

Thanks to the support of CJD Foundation, we were able to conduct this original research and 

to conclude that: 

 

a- Our approach has provided the most detailed picture to date of the different PrPSc 

particles that accumulate in the brain during the course of prion disease. Our results 

reveal the degree of heterogeneity of PrPSc particles within and among prion strains. 

b- The brains of animals with very similar disease phenotype accumulate very similar 

populations of PrPSc particles. Conversely, animals with different disease 

phenotypes accumulate PrPSc particles with different sizes and biochemical 

properties. This result shows for the first time that the size of the PrPSc assemblies 

could be dictating the disease phenotype. 

c- The use of AF4 can help to distinguish between very similar strains, like 263K and 

HY, that are hard to differentiate by most of the traditional techniques used in the 



field of prion research. Thus, AF4 can be adopted for a more precise typing of prion 

strains. 

d- The size at which PrPSc particles acquire resistance to protease degradation 

(transition from PrPsen to PrPres) appears to be a common trait for the different prion 

strains. This transition is a fundamental event in the development of prion diseases, 

and the finding that all prion diseases could share the same mechanism of PrPsen to 

PrPres transition has important implications for the development of common 

therapeutic strategies for all prion diseases, regardless of strain. 

e- The proportions of different sized PrPSc particles in the brain at end-stage disease 

may be predictive of incubation period. 

    

In summary, our findings shed light on the extent and molecular bases of PrPSc structural 

and biochemical heterogeneity. We believe that this understanding is essential for the 

identification of the most pathogenic PrPSc particles and potential targets for therapeutic 

intervention. 

 

I am also very pleased to tell you that some of this data was presented at the PRION2019 

scientific meeting, where it won the prize for best research presentation in a poster format. 

 

We are also close to submission of a manuscript presenting all our findings.  

 

Next steps: 

 

Now that we know which type of PrPSc particles are present in the brain of infected animals 

at the end of the disease, we will explore the evolution of these particles over the course of 

the disease. We infected hamster with the same three prion strains, HY, DY and 263K, and 

sacrificed them at different stages of disease (stage I: before symptoms; stage II: when first 

symptoms are evident; stage III: terminal stage). Now we are ready to start analyzing the 

brains of these animals. This next study will allow us to identify when particular PrPSc 

particles appear, and how they correlate with onset of neurotoxicity and symptomatology, 

furthering focusing our search for the best PrPSc target for therapeutic intervention. 

 

At the same time, now that we have established the best experimental conditions for 

identifying strain-specific attributes from brain samples, we will start exploring the human 

CJD samples mentioned in the original grant proposal. In a side project run alongside this 

project, we were able to fully strain-type our CJD samples (by PK digestion and multi-

antibody immunoblot, RT-QuIC amplification and 2D gel analysis). As such, we now have 

much better defined samples that can be used for AF4 analysis. We are very excited to see 

how different (or similar) these samples are compared with the hamster samples, and how 

much information we can extract from them. 

 

Finally, a very important question to ask is how differences in PrPSc particles affect their 

infectivity, not just seeding capacity, as we have done in this project. We are planning to 

apply for additional funding to conduct these studies.       

 

 

Acknowledgments: 



 

I want to express my great appreciation and respect to all members of the CJD Foundation 

family and, in particular, to the donors that made this research possible: 

 

The Christopher “Dutch” Grammel and Michael Roll Memorial Grant, contributed by 

Scott and Beth Grammel 

 

The “Mercies in Disguise Grant in Honor of the Baxley Family," contributed by Kathy 

Baxley and Family 

 

The José A. Piriz and Sonia E. Piriz Memorial Grant, contributed by Karla Piriz and 

Lauren Piriz 

 

The Patrick Yobs Memorial Grant, contributed by Debbie Yobs and Family 

 

The Strides for CJD Grant, contributed by the Families of the CJD Foundation 

 

 

 


