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Toxicity in a prion-infected brain has long been assumed to be present 
because of infectious prion proteins. New methods were used to test this 
assumption. 
     
      Throughout its history, humanity has dealt with countless wars, pan-
demics, natural disasters, and other such cataclysms. In recent decades, 
a new challenge arose—prions. Prion proteins inhibit brain activity and aid 
neuron connections with their healthy form: PrPC (Prion Protein Cellular). 
However, a misfolding of such protein (PrPSc - Prion Protein Scrapie) leads 
to irreversible neurodegeneration, or continuous damage to the brain, in-
evitably leading to death. This infectious disease involves many types, two 
famous ones being Creutzfeldt-Jakob disease (CJD) and scrapie, all pre-
senting the characteristics of brain damage and loss of neuronal cells. The 
mechanisms of each type are still heavily studied today; however, the cure 
is not yet found. It has long been assumed that the infectivity of prions is 
associated with neurotoxicity and is the cause of their fatality. Benilova and 
colleagues (2020) researched this theory using mice and new methods 
that allow the separation of infectivity and neurotoxicity.  
       In 1967, it was proposed that proteins were infectious and were involved 
with scrapie. Two decades later, Stanley Prusiner discovered proteins he 
later called “prions” from scrapie-infected hamster brains. He identified pri-
ons as infectious particles that lack nucleic acid (Prusiner, 1998). PrPC was 
believed to be infectious and neurotoxic, leading to its inevitable danger; 
however, more and more evidence suggests that that is not the case (Ma et 
al., 2002). Neurotoxicity refers to a negative effect on the nervous system 
by proteins or chemicals (Spencer and Lein, 2014). Neurotoxic disorders 
progress during or right after exposure, and the assumption that neurotox-
icity was present in prion proteins was under question.
         After the discovery that the spread of prions proceeds in two phases, 
first exponentially and then inversely proportional to PrPC concentrations 
(Sandberg et al., 2014), Benilova and their colleagues (2020) hypothesized 
that prions were not neurotoxic themselves, but it is rather the pathway 
switch in the second phase of prion propagation that causes this neurotox-
icity. To test this hypothesis, prions of Rocky Mountain Laboratory (RML) 
infected mice were isolated and the infectivity was tested by the Automated 
Scrapie Cell Assay (ASCA) (Schmidt et al., 2015). This assay incorporates 
cells exposed to infected brain homogenates cultures and splits them up 
several times. The number of “spots” was determined and explained by 
PrPSc progression. The more misfolded prion proteins were present, the 
more infectious the cell culture is. The ASCA specifically requires special 
equipment and is able to analyze a larger number of samples (Klohn et 
al., 2003). 
       Neurites are axons and dendrites extending from a neuron’s cell body 
(Xiao et al., 2013). Their retraction is identified as the shortening of the 
microtubule skeleton (Prager-Khoutorsky and Spira, 2009). The toxicity of 
samples was tested by viewing neurite retraction, as neurite degenera-
tion can be used to measure neurotoxicity in the brain and spinal cord 
(Dixon and Philber, 2015). Neurite beading, for instance, or the increased 
concentration of organelles along neurites, signifies neurotoxicity in some 
neurodegenerative diseases. The more retraction observed, the more tox-
icity was present. Brain homogenate of normal, uninfected mice and RML 
prion-infected mice were compared for neurite retraction.  
      After examining the prion rods from the RML brain homogenate, no 
neurite retraction was found, indicating no neurotoxicity (Fig. 1). This data 
disproved the previous assumption concerning prion neurotoxicity and 
supported the first part of the researchers’ hypothesis (i.e., prions not be-
ing toxic). 
        But what about the infectivity vs. the neurotoxicity of prions? The pro-
teins must be deadly because of neurotoxicity—or so previously thought. 
After the first discovery of the absence of neurotoxicity in prions, the re-
searchers moved on to the next big question: is prion infectivity caused by 
neurotoxicity?
      To find the answer, the researchers decided to see how complete 
neurotoxicity removal would affect the infectivity of the prion-infected brain. 

In theory, if the two are linked, abolishing neurotoxicity will get rid of infec-
tivity. For this procedure, sarkosyl, a mild detergent used for denaturing 
proteins (Thibeault et al., 2019), was used to remove neurotoxicity with the 
previous knowledge that sarkosyl has no effect on prion infectivity. Treat-
ment of RML-infected brain homogenate with the detergent revealed that 
neurotoxicity was abolished entirely. Remarkably, infectivity, measured by 
the ASCA, was not at all decreased (values measuring infectivity were not 
significantly different) (Fig. 1). If anything, infectivity was slightly increased 
after neurotoxicity was removed. These findings strongly support the claim 
that the neurotoxicity of the brain homogenate has no effect on prion in-
fectivity.
      These new connections are huge discoveries in prion disease re-
search. This evidence is solid enough to disregard previous claims. A lot of 
unanswered questions still remain, and such results shine a light on new 
challenges. For example, identifying the cause(s) of neurotoxicity in the 
prion-infected brain if prion proteins are not responsible. Overall, this is a 
major breakthrough that sets a direction for future research.
       More studies need to be done to replicate this experiment and to 
identify the neurotoxic species responsible for the toxicity of prion-infected 
brain homogenate as well as paint a clearer picture of the basis of prion 
neurotoxicity. The finish line to understanding prion propagation and infec-
tivity is still far off, but this connection is another step closer to uncovering 
the mysteries of one of the most aggressive neurodegenerative diseases.

Figure 1. Testing of prion neurotoxicity. Benilova et al. (2020) completed 
two major experiments, firstly identifying the toxicity of prion rods in infected 
brain homogenate. After observing no neurite retraction, it was concluded 
that the prion rods themselves were not neurotoxic, even though the brain 
homogenate was. Going deeper, neurotoxicity of the brain homogenate 
was abolished with the addition of 4% sarkosyl. Neither neurite retraction 
nor fragmentation was observed, meaning neurotoxicity was not present. 
The ASCA identified the brain homogenate as infectious before and after 
the addition of sarkosyl. The researchers used these models to correlate 
the infectivity and neurotoxicity of the brain homogenate.
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