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A. Project Title: Design and development of anti-prions as a novel therapeutic strategy for prion disease. 
 

Principal Investigator: Charles E. Mays, PhD, Mitchell Center for Alzheimer’s Disease and Related 
Brain Disorders, Department of Neurology, University of Texas-Houston, Medical School. 
 
Co-investigator: Claudio Soto, PhD, Professor, Mitchell Center for Alzheimer’s Disease and Related 
Brain Disorders, Department of Neurology, University of Texas-Houston, Medical School. 

 
B. Objectives: Some prion strains can delay the incubation period of another prion strain through a 

phenomenon known as strain interference (Bartz et al., 2004 J Gen Virol). Furthermore, prion disease 
can be separated into a two phase process, prion replication and toxicity (Sandberg et al., 2014 Nat 
Commun). Accumulation of oligomeric PrPSc is critical for transitioning between these phases during 
infection, and is regulated by the host through the preclinical reduction of PrPC substrate (Mays et al., 
2015 J Virol). We hypothesize that a PrPSc variant can be generated that efficiently replicates without a 
toxic effect (herein termed “anti-prion”). This innocuous prion strain could inhibit pathogenic prion 
propagation by enhancing PrPC downregulation without an additive toxic effect. In our preliminary 
results, we generated two types of anti-prions by misfolding recombinant hamster PrPC in vitro. Both of 
these anti-prions replicate in vitro and in vivo, but do not produce disease during the animal’s lifespan. 
When injected into hamsters infected with 263K prions, they increased the incubation time and reduced 
the attack rate produced by the pathogenic prion. The experiments proposed in this project include a 
comprehensive characterization of the therapeutic value of these anti-prions. This study could provide 
the basis to develop a new generation of therapeutic agents that rely on the self-propagation of proteins. 
 

C. Summary of Accomplishments: Thanks to the support from the CJD Foundation we have made great 
strides in better characterizing anti-prions as a novel therapeutic for prion disease. The aforementioned 
hypothesis was tested using the following specific aims: 1) obtain more potent anti-prions, 2) 
determine the mechanism of action for the anti-prions, and 3) address the species diversity of the anti-
prions. For specific aim 1, we attempted to obtain potent anti-prions by cloning in vitro utilizing protein 
misfolding cyclic amplification (PMCA) technology seeded with the anti-prions derived from 
recombinant protein or brain homogenate from hamsters replicating the anti-prions in vivo for ~500 
days. Interestingly, neither seed type generated a PrPSc-like product. Although these results may be a 
consequence of applying sonication in PMCA instead of the shaking used in their generation, PMCA is 
known not to replicate all strains will equal efficiency. Nonetheless, others in the field have reported the 
identification of additional non-pathogenic prions (Wang et al., 2017 PLoS Path; Groveman et al., 2017 
PLoS Path), a concept conceivably pioneered by our anti-prion work. We are currently considering 
these newly characterized non-pathogenic prions as anti-prion candidates. To address specific aim 2, 
we performed detailed histological analysis on the brains from hamsters in which the anti-prions 
significantly delayed disease caused by 263K prions. Interestingly, we discovered that prophylactic 
treatment altered the PrPSc pattern without changing the brain lesion profile or the type of PrPSc 
deposits. Therefore, selective inhibition of 263K prions appeared to occur in the symptomatic animals 
receiving the anti-prions. We have also begun to further validate the non-pathogenicity of our anti-
prions by performing a second passage in hamsters, which are indeed yet to succumb to prion disease. 
Lastly, for specific aim 3, we were able to obtain transgenic mice (expressing hamster PrPC) from the 
McLaughlin Research Institute in Montana to access the species diversity of the anti-prions. Over the 
course of this year, we have inoculated more than 100 animals (transgenic mice, wild-type mice, and 
hamsters) for this purpose. Our preliminary data indicate that the anti-prions extend the incubation 
period in the transgenic mice, as observed in the hamsters. Simultaneously, we have cross-bred this 
transgenic line onto the wild-type background so they now express 2 different types of PrPC. In the 
coming months, the first pups generated by this breeding scheme will be inoculated with a combination 
of mouse RML prions, hamster 263K prions, and the anti-prions. 
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D. Key Findings and Implications:       

• Anti-prions do not efficiently replicate in conventional PMCA with sonication. 

• The anti-prions operate by selective inhibition of pathogenic prions in the brain. 

• Anti-prions seem to remain non-pathogenic after a second passage in vivo. 

• Anti-prions can inhibit pathogenic hamster prions in a transgenic mouse expressing hamster 
PrPC, which indicates that the anti-prions are not dependent on the organism itself.  

 
E. Next Steps: Prion bioassays are quite timely, and we expect them to near completion by the end of 

2018. Once completed, we will perform immunohistochemistry, western blot analysis, and the 
conformation dependent immunoassay (CDI) on the tissue that was harvested. These analyses are 
expected to give a more complete picture on the underlying mechanism for the anti-prions and finalize 
the objectives for our study. 
 

F. Published Papers and Points of Interest: Although I am not an author, the Soto lab published the 
original work on the anti-prions earlier this year that led to my follow-up studies (Diaz-Espinoza et al., 
2017 Mol Psychiatry). In addition to presenting this data and my newly generated data at the CJD 
Foundation Family Conference, I was also able to attend and speak at Prion 2017 in Edinburgh on this 
topic. 


