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Aušrinė Areškevičiūtė and Eva Løbner Lund 

Danish Reference Center for Prion Diseases, Department of Pathology, Copenhagen University Hospital, Copenhagen, Denmark

Prion diseases are rapidly progressing, neurodegenerative protein misfolding diseases. The 
commonest prion disease caused by misfolding cellular prion protein is sporadic Creutzfeldt-
Jakob disease (sCJD). Current sCJD classification consists of 14 molecular subtypes defined by 
misfolded prion protein isoform, patient’s genotype at polymorphic codon 129 in the prion 
protein gene and distinct neuropathological features such as spongiosis severity and misfolded 
prion protein accumulation pattern in different brain regions. 

Real time quaking-induced conversion (RT-QuIC) method is widely applied for ante-mortem 
diagnostics of prion disease, and it is an excellent tool providing quick and highly accurate 
(>90%) positive/negative-type of answers based on cerebrospinal fluid sample analysis of 
sCJD suspected patients. However, the RT-QuIC method cannot distinguish between different 
disease molecular subtypes, and, most importantly, does not detect some of the rarer subtypes. 

We present 3 recent, unique sCJD cases that would have been impossible to diagnose without 
neuropathological and molecular examination of brain samples. 

The 3 cases include the first in the world sCJD molecular subtype VV1 with 1-Octapeptide Repeat 
Deletion polymorphism, the first in Denmark Variably Protease Sensitive Prionopathy, and a 
case of sporadic Fatal Insomnia presenting with Parkinsonism. RT-QuIC test was negative in 2 
of the cases and was not performed in the last case. 

It is strongly encouraged to still consider autopsy-based diagnostics in patients with suspected 
sCJD or an atypical fast progressing dementia.
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I. First in the world sCJD subtype VV1 with 1-Octapeptide
Repeat Deletion in PRNP
(sCJD VV1, 1-OPRD)

58 years-old female patient with slowly progressing cognitive decline
over 22 months disease duration and late motor symptoms. RT-QuIC
negative. Brain biopsy positive for PrPSc 2.

II. First in Denmark Variably Protease Sensitive
Prionopathy in PRNP codon 129 Methionine homozygot
(VPSPr, 129MM)

72 years-old female patient with progressive cognitive decline,
impaired balance and frequent falls during 12 months of disease
duration. RT-QuIC negative. Cranial autopsy requested to establish the
diagnosis3.

Immunohistochemistry, PCR and Western Blot results based on the brain biopsy.
A. Severe spongiosis (H&E). B. Diffuse PrPSc deposits (KG9). C. Microgliosis (CD68). D.
Astrogliosis (GFAP). E. PCR product indicating 1-OPRD (Top) and valine homozygosity at codon
129 – VV (Bottom). F. WB indicating PrPSc type 1.

PRION DISEASES
Prion diseases are rapidly progressing and invariably fatal
neurodegenerative protein misfolding diseases. The commonest prion
disease caused by misfolded cellular prion proteins (PrPSc) is sporadic
Creutzfeldt-Jakob disease (sCJD). Current sCJD classification
indicates 14 molecular disease subtypes1.

RT-QuIC
Real time quaking-induced conversion (RT-QuIC) is an excellent
diagnostic tool providing highly accurate (>90%), sCJD-positive or
negative type of answer based on patient’s cerebrospinal fluid sample
analysis.

PROBLEM
Currently, however, the RT-QuIC method cannot distinguish between
different disease molecular subtypes, and, most importantly, does not
detect some of the rarer sCJD subtypes. Thus, leaving a chance for
incorrect or inconclusive final diagnosis.

CONCLUSION
It is strongly encouraged to still consider autopsy-based diagnostics
in patients with suspected sCJD or an atypical fast progressing
dementia.

EXAMPLES
We present III unique sCJD cases that would have been impossible
to diagnose without neuropathological and molecular examination of
brain samples.

III. Sporadic Fatal Insomnia with Parkinsonism
(sFI a.k.a. sCJD MM2T)

60 years-old female patient with parkinsonism, abnormal dopamine
transporter imaging, and only minor sleep disturbances. RT-QuIC not
performed. Regardless, to establish sFI diagnosis, it is necessary to
evaluate neuropathological changes in entorhinal cortex and
thalamus4.

REFERENCES
1 Areškevičiūtė A, Broholm H, Melchior LC, Bartoletti-Stella A, Parchi P,
et al. Molecular Characterization of the Danish Prion Diseases Cohort
With Special Emphasis on Rare and Unique Cases. Journal of
Neuropathology & Experimental Neurology. 2019; 78(11): 980–992.
2 Areškevičiūtė A, Lund EL, Capellari S, Parchi P, Pinkowsky CT. The
First Sporadic Creutzfeldt–Jakob Disease Case with a Rare Molecular
Subtype VV1 and 1-Octapeptide Repeat Deletion in PRNP. Viruses.
2021; 13(10):2061.
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Western Blot and Immunohistochemistry results based on the post-mortem brain tissues.
A. WB indicating the presence of PrPSc forming a ladder-like pattern with a strong 7kDa band
suggestive of VPSPr. B. Spongiosis observed in thalamus (H&E). C. Microplaques consisted of
PrPSc observed in entorhinal cortex (KG9).

Immunohistochemistry and Western Blot results based on the post-mortem brain tissues.
A, C, E, G. Spongiosis, astrogliosis, microgliosis and sparse PrPSc deposits in entorhinal cortex.
B, D, F. Severe neuronal loss, astrogliosis and microgliosis in thalamus. H. WB indicating PrPSc

type 2.
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Gerstmann-Sträussler-Scheinker (GSS) syndrome is a rare genetic form of prion pathology 
characterized by a longer disease course and clinical and neuropathological manifestations 
differing from those of Creutzfeldt-Jakob disease (CJD). It can be caused by a number of different 
mutations in the PRNP gene, the most common of which is P102L. GSS was long thought to be 
a non-transmissible proteinopathy given the low capacity of these prions to infect wild-type 
and human PrPC -expressing transgenic animal models. However, it was later proven that the 
infectiousness of a particular prion isolate depends also on the model chosen. For example, 
GSS was found to be highly transmissible to bank voles, causing a neurological disease and 
the accumulation of PrPSc in the brain. In this study, we present a new model of prion disease 
consisting of bank vole PrPC - expressing mice (TgVole) at approximately physiological levels 
(1x) experimentally infected with one isolate of GSS linked to the mutation A117V. GSS A117V 
transmits by intracerebral route to TgVole (1x) with high efficiency and extremely short 
incubation periods of 67 ± 1 dpi. Additionally, GSS A117V transmits by intraperitoneal route to 
TgVole (1x) with a period of 72 ± 3 dpi, being nearly the same as the intracerebral route. To further 
characterize the prionopathy triggered by GSS A117V prions in the aforementioned TgVole (1x) 
murine model and to identify biomarkers in easily accessible body fluids, we performed a kinetic 
study by collecting blood samples along the incubation period of the animals and analyzed 
two biomarkers: neurofilament light chain (NfL) and β-synuclein (β-syn). The combination of 
the brief incubation period by intracerebral and, importantly, intraperitoneal route with the 
possibility to track the disease progression by means of serum biomarkers postulates this 
new TgVole model as an ideal in vivo approach for preclinical studies on future treatments for 
human transmissible spongiform encephalopathies
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To test the susceptibility of the models TgVole (1x) and (4x) to infection with human prions GSS

A117V, we inoculated eight and five animals of each model by intracerebral route using a 1:10

dilution of the original 10 % brain homogenate.

To further characterize the prionopathy triggered by GSS A117V prions in the aforementioned TgVole

models and to identify biomarkers in easily accessible body fluids, we performed a kinetic study by

collecting blood samples along the incubation period of the animals and analysed two biomarkers:

Neurofilament Light chain (NfL) and β-Synuclein (β-Syn).
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Figure 1. GSS-A117V intracerebral (IC) and
intraperitoneal (IP) inoculation on TgVole (1x) and
(4x).
a) Kaplan-Meier survival curves for TgVole (1x) and
(4x) animals infected by either the intracerebral or
the intraperitoneal route. dpi: days postinoculation.
b) Mean incubation period expressed as mean of the
days postinoculation (dpi) ± standard error (SEM) and
attack rates of inoculated TgVole (1x) and (4x).

Figure 2. Schematic workflow of β-Synuclein (β-Syn) and
Neurofilament Light (NfL) kinetic experiment. Ten TgVole (1x)
animals were inoculated intracerebrally and blood samples were
taken to quantify the levels of β-Syn and NfL throughout the
incubation period. Blood sample was taken by submandibular
route and serum was obtained by centrifugation using SSTTM

Microtainer® BD tubes. Serum was stored at -80º C until the β-
Syn and NfL quantification using a SIMOA® System.

GSS-A117V intracerebral inoculation in TgVole (1x) and (4x) models

Because of these extraordinary results, we decided to challenge these mice with the same inoculum

but using the intraperitoneal route. Four TgVole (1x) and four TgVole (4x) animals were inoculated

with a 1:1 dilution of the original 10% brain homogenate.

As seen in Figure 1, the results were surprisingly fast, with periods of 67 ± 1 dpi for the TgVole (1x)

and 41 ± 1 dpi for the TgVole (4x) and a 100 % attack rate in both cases. This makes this host-strain

combination the fastest model of a human prion disease known to date, even with PrPC expression at

approximately physiological levels.

MATERIAL, METHODS AND RESULTS

GSS 
A117V
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1/10 
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❽ TgVole (1x) mice
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route
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Again, as seen in Figure 1, incubation times of 72 ± 1 dpi for the TgVole (1x) and 50 ± 1 dpi for the
TgVole (4x) and a 100 % attack rate were achieved. These results reinforces this combination of the
GSS-A117V isolate with the TgVole murine model as the fastest and most versatile model mimicking a
human prion disease in vivo.
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Recent publications have demonstrated the potential of β-Syn and NfL as biomarkers of

neurodegeneration in human prion diseases. Furthermore, these two indicators are easily quantifiable in

serum samples, making them two of the most promising biomarkers to diagnose and predict the clinical

onset of prion disease. This information will be of upmost importance the moment a treatment for these

disorders is available.

We tested these blood biomarkers in our model TgVole

infected with GSS A117V prions using a group of 10 TgVole

(1x) inoculated with the aforementioned prion isolate.

Figure 3A: the levels of β-Syn are significantly

increased from D49 compared with the pre-

inoculation and age-matched controls. A modest

increase is observed at D28, but the data is

highly variable.

Figure 3. β-Synuclein and Neurofilament Light
quantification in TgVole (1x) animals inoculated
intracerebrally with GSS-A117V isolate. A) Quantification of
β-Syn throughout the disease course. B) Quantification of
NfL throughout the disease course. Samples were taken 14
days pre-inoculation, 15 days post-inoculation (D15), 28
days post-inoculation (D28), 49 days post-inoculation (D49)
and at terminal stage (61-70 days post-inoculation). A
groups of age-matched controls was added to verify the
levels of β-Syn and NfL in aged animals.

Figure 3B: again, the levels of NfL are

significantly increased at D49 and terminal stage

compared with the pre-inoculation and age-

matched controls. These results demonstrates

that we are able to observe the beginning of the

neurodegenerative process in these animals at

least 18 days before the first clinical

manifestations. Nowadays, we are working on

refining this window time of 18 days, as we have

no data of the levels of NfL in the period of 28 to

49 dpi.

The combination of the brief incubation period by the intracerebral and, importantly, by

the intraperitoneal route, along with the possibility to track the disease progression by

means of serum biomarkers, postulates this new TgVole model as an ideal in vivo

approach for preclinical studies on future treatments for human transmissible

spongiform encephalopathies.

Gerstmann-Sträussler-Scheinker (GSS)

syndrome is a rare genetic form of prion

pathology characterized by a longer disease

course and clinical, neuropathological, and

biochemical manifestations differing from

those of Creutzfeldt-Jakob disease (CJD).

It can be caused by a number of different mutations in the PRNP gene, the most

common one being the P102L variant.

GSS was long thought to be a non-transmissible proteinopathy

given the low capacity of these prions to infect wild type and

human PrPC-expressing transgenic animal models. However, it

was later proven that the infectiousness of a determined prion

isolate depends also on the model chosen. For example, GSS

was found to be highly transmissible to bank voles, causing a

neurological disease and the accumulation of PrPSc in the brain.

In this study, we present a new model of prion disease

consisting of bank vole PrPC-expressing transgenic mice

(TgVole) at approximately physiological levels (1x) and

with a 4-fold expression (4x) experimentally infected

with isolates of GSS linked to the mutation A117V.

Clinics
• Longer disease duration 
• Clinical evolution characterized by ataxia 

and myoclonus
Neuropathology
• Extensive damage to cerebellum 
• Presence of multicentric and amorphous 

amyloid plaques
Biochemistry
• Ladder-like banding patterns
• Presence of low molecular weight (~8 kDa) 

bands 

“Universal acceptor of prions”
Accept all GSS subtypes  (Pirisinu et al., 

2016)
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To test if aged animals had an increase in

the levels of β-Syn and NfL, blood was

obtained from animals with the same age

as the inoculated animals at the moment of

culling (110-130 days).

After the inoculation, blood extraction

were made at 15 days post-inoculation

(D15), 28 days post-inoculation (D28), 49

days post-inoculation (D49) and at terminal

stage (61-70 days post-inoculation).

Samples were processed to obtain serum

and the levels of β-Syn and NfL were

quantified by SIMOA® immunoassay.

As seen in Figure 2, prior to inoculation,

blood from 10 TgVole (1x) animals was

obtained by the submandibular route.

These samples were used as the healthy

negative control.

Animals were then inoculated with a 1:10

dilution of the original 10 % brain

homogenate; this moment is fixed as day 0

(D0) of the experiment.

DISCUSSION

Bank vole

a b

β-Synuclein and Neurofilament Light chain as biomarkers of prion

disease in blood
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Monitoring of scrapie in sheep and goats has been carried out for many years in Serbia. 
Despite many years of monitoring, only one case of this disease has been reported in sheep, 
but given that, there are numerous cases of the disease in some neighboring countries, it is 
very important to determine the presence of resistant genes in the sheep population in Serbia. 
Genetic susceptibility to scrapie is influenced mainly by the prion protein polymorphisms 
of codons136, 154, and 171. The ARR allele is considered to provide very strong resistance 
against classical scrapie and the VRQ genotype is the most susceptible. In order to examine 
the genetic makeup of sheep in Serbia related to scrapie, we optimized TaqMan probes of 
real-time polymerase chain reaction (qPCR) techniques for three codons. We analyzed blood 
samples from 100 sheep using qPCR and the results showed that AA homozygous for the 136 
codon were the most common. For codon 154 the most frequent genotype was RR and for 
codon 171 the most frequent genotype was QQ.



INTRODUCTION

Monitoring of scrapie in sheep and goats has

been carried out for many years in Serbia.

Despite many years of monitoring, only one case

of this disease has been reported in sheep, but

given that, there are numerous cases of the

disease in some neighboring countries, it is very

important to determine the presence of resistant

genes in the sheep population in Serbia.

MATERIAL AND METHODS

We analyzed blood samples from 100 clinically healthy

sheep of the Württemberg breed (Fig. 1) using qPCR.

Polymorphism determination of codons 136, 154 and

171 was performed on a StepOne™ Real-Time PCR

System. The sequencing reaction was performed using

a primer flanking the region of codons 136 , 154 and 171

(Table 1). Quantitative PCR (qPCR) amplification was

performed using the TaqMan probe method.

RESULTS

The ARQ allele was the most prevalent, and the predominant genotype was ARQ/ARQ. Sheep with

ARR/ARQ genotype form the second most represented group in this study. The VRQ/VRQ genotype is very

rare and has been reported in only one case. Sheep with ARR/ARR genotype are considered the most

genetically resistant, which was recorded in 6 cases (Table 2).

Figure 1. Sheep of Württemberg breed of which blood samples were taken
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CONCLUSION

Although no case of scrapie has been

registered in the last ten years, the

obtained results indicate that the examined

sheep population has genetically little

resistance to classical scrapie.

136

(A/V)

Primers
PrP-136F: 5′-GCCTTGGTGGCTACATGCT-3

PrP-136R: 5′-CGGTCCTCATAGTCATTGCCAAAAT-3

Probes
PrP-136-Ala-VIC: 5′-CTCATGGCACTTCC 3

PrP-136-Val-FAM: 5′-CTCATGACACTTCC 3

154

(R/H)

Primers
PrP-154 F: 5′-TGGCAATGACTATGAGGACCG-3

PrP-154 R: 5′-TGGTCTGTAGTACACTTGGTTGGG-3

Probes
PrP-154-Arg-FAM:5′-ACTATCGTGAAAACAT-31

PrP-154- His-VIC: 5′-TACTATCATGAAAACATG-3

171

(R/Q)

Primers
PrP-171F: 5′-ACCCCAACCAAGTGTACTACAGA-3

PrP171R: 5′-GTCATGCACAAAGTTGTTCTGGT-3

Probes
PrP-171-Gln-VIC: 5′-CCAGTGGATCAGTATAGT-3′

PrP-171-Arg-FAM: 5′-CAGTGGATCGGTATAGT-3

Table 1. Sets of primers and probes for the determination of sheep prnp alleles (Zabavnik et al., 2017)

PrP genotype n %

ARQ/ARQ 34 34

ARR/ARQ 29 29

ARR/ARR 6 6

AHQ/AHQ 10 10

ARQ/AHQ 18 18

VRQ/VRQ 1 1

ARQ/VRQ 2 2

Summary 100 100

Table 2. The frequency of PrP genotypes 
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Described in the 60s in the United States, Chronic Wasting Disease (CWD) is now widespread 
in North America (NA) and, recently, some unrelated cases have been reported in Europe. This 
prion disease, which affects both free-ranging and captive cervids, is characterized by a notable 
spread, being a sign of it the expansion of CWD in NA to 30 states of the US, 4 provinces of 
Canada and, through the importation of diseased animals, to Korea. That remarkable spread of 
CWD is due to its high horizontal transmission capacity, which is mainly caused by the presence 
of prions in the fluids of infected cervids and promoted by characteristic clinical signs such 
as polyuria and sialorrhea, contributing to their release into the environment. Thus, places 
where cervids congregate act as foci of CWD transmission, such as those surrounding mineral 
licks where they gather. Mineral licks are locations where animals can take essential mineral 
nutrients from deposits of salts and other minerals and can be naturally occurring or artificial. 
Here, we explore the possibility of taking advantage of mineral licks as CWD transmission 
fomites and use them for monitoring the potential expansion or emergence of new cases of 
the disease. For that, laboratory-prepared CWDinfected saliva has been added to a salt lick to 
emulate a mineral lick used by a CWD-infected cervid. The resulting CWD-spiked mineral lick 
has been processed and submitted to RT-QuIC in order to assess if naturally CWD-infected 
mineral licks could be used for CWD monitoring.
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Introduction
Described in the 60s in the United States (Williams & Young. J Wildl Dis, 1980), Chronic Wasting Disease (CWD) is now widespread in North America (NA) (U.S. Geological Survey) and, recently, some unrelated cases

have been reported in Europe (Benestad et al. Vet Res, 2016). This prion disease, which affects both free-ranging and captive cervids, is characterized by a notable spread, being a sign of it the expansion of CWD in
NA to 30 states of the US, 4 provinces of Canada and, through the importation of diseased animals, to Korea (Sohn HJ et al. J Vet Med Sci, 2002). That remarkable spread of CWD is due to its high horizontal
transmission capacity, which is mainly caused by the presence of prions in the fluids of infected cervids and promoted by characteristic clinical signs such as polyuria and sialorrhea, contributing to their release into
the environment.
Thus, places where cervids congregate act as foci of CWD transmission, such as those surrounding mineral licks where they gather (Plummer et al. PLoS ONE, 2018). Mineral licks are locations where animals can
take essential mineral nutrients from deposits of salts and other minerals and can be naturally occurring or artificial. Here, we explore the possibility of taking advantage of mineral licks as CWD transmission fomites
and use them for monitoring the potential expansion or emergence of new cases of the disease using RT-QuIC.

Results
A) B) C)

D)

Figure 1. RT-QuIC detection of A) laboratory processed CWD-spiked mineral lick, B) laboratory processed NBH-spiked mineral lick, C) CWD infected BH, D) NBH. Dilutions from 10-2 to 10-9 of the CWD inoculum
(Wisc-1) was challenged. In the case of the NBH, only the first dilutions (10-2 to 10-5) were assessed. Deer S225Y recombinant PrP has been used as substrate after an optimization process in which vole and hamster
recombinant PrP as well as other polymorphic variants of cervid recombinant PrP were analysed (data not shown). A reaction is considered positive when the detected intensity of fluorescence is equal or higher
than a threshold which is defined as the median baseline fluorescence plus 5 times the standard deviation (red dotted line).

Conclusions

- Although further studies are required, CWD detection by RT-QuIC using samples scratched from the surface of mineral licks seems to be a feasible approach.
- Saliva cofactors and high salt concentrations do not affect CWD detection by RT-QuIC.
- The proposed protocol has been designed to be as simple and practical as possible, but it can be enhanced by PTA precipitation of the sample or other procedures if needed.
- Deer S225Y recombinant PrP was confirmed to be an excellent substrate for CWD detection by RT-QuIC.

Materials and methods

Purification of recombinant PrP (rec-PrP).
Bacterial expression and purification of rec-PrP (amino acids 23–231) was performed as described
previously (Fernandez-Borges et al. Methods Mol Biol, 2017). Briefly, E. coli Rosetta (DE3) Competent Cells were
transformed with the expression vector using standard molecular biology procedures allowing the
expression of the recombinant protein in LB broth upon Isopropyl β-D-1-thiogalactopyranoside (IPTG)
induction. Purification of the protein was performed with a histidine affinity chromatography. After
elution in buffer (20 mM Tris-HCl, 500 mM NaCl, 500 mM imidazole and 2 M guanidine-HCl, pH 8),
guanidine-HCl was added, to a final concentration of 6 M, for long-term storage of purified protein
preparations at -80° C.

Preparation of rec-PrP.
To eliminate the guanidine-HCl, the protein is diluted and dialyzed in 10 mM sodium phosphate (PNa)
buffer at pH 5.4. Then, it’s filtrated and diluted to a final concentration of 1 mg/ml.

Biological samples.

- Wisc-1: infected white-tailed deer brain homogenate. Wisc-1 presents the same features than CWD-1
strain (Duque Velásquez et al. J virol, 2015). Genotype of the sample: Q226Q (GenBank: AAR01535.1).

- Perfused red deer normal brain homogenate (NBH) has been used as negative control. Genotype of the
sample: Q226E (GenBank: EU032294.1).

Schematic workflow of A) CWD monitoring proposal, B) laboratory protocol for the preparation of CWD-spiked mineral licks and their analysis by RT-QuIC. In order to emulate a mineral lick used by a CWD-
infected cervid, a white-tailed deer brain homogenate infected with Wisc-1 has been diluted in artificial saliva from dilution 10-2 to 10-9. Note that the amount of PrPSc present in cervid saliva is equivalent to the
amount of PrPSc present in the dilutions 10-5-10-7 of cervid brain homogenate when detected by RT-QuIC (Henderson et al. PLoS ONE, 2013; Henderson et al. J Virol, 2015). The prepared dilutions were added to the
surface of fragments of a mineral lick, which then were solved in distilled water. The volume of inoculum added to each fragment and the volume of distilled water in which it was solved has been calculated for
obtaining a dilution of the inoculum one order higher while reaching a final salt concentration of 5 M. Then, the preparations were centrifuged and most of the supernatant were discarded, keeping a volume equal
to the 10% of the volume of the pre-centrifuged sample. This procedure ensures that the concentration of the inoculum in the sample is the same than the concentration in the artificial saliva dilutions. These
samples were used as seeds for RT-QuIC detection following the standard protocol (Ferreira et al. Sci Rep, 2021).

Mineral lick spiked with cervid BH: 
10-3 to 10-10 in dH2O (5 M NaCl)

PNa: 10 mM

NaCl: 150 mM

EDTA: 1 mM

ThT: 0.01 mM

SDS: 0.002 %
Deer S225Y rec-PrP: 

0.1 mg/ml

98 μl/well

2 μl/well
72 h, 600 rpm, 42 ºC

B)

15 min, 19000 g

Mineral lick spiked with cervid BH: 
10-2 to 10-9 in dH2O (5 M NaCl)

Cervid brain homogenate (BH):
10 % in PBS (w/v)

Cervid BH:
10-2 to 10-9 in artificial saliva

Artificial saliva

A)
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Monitoring the presence of CWD in the population of Slovenian red deer 

Jelka Zabavnik Piano, Polona Juntes

Veterinary Faculty, University in Ljubljana, Gerbičeva 60, 1000 Ljubljana

Chronic Wasting Disease (CWD) was first discovered in European cervids in 1996. To date, 
it has been confirmed in reindeer (Rangifer tarandus tarandus), moose (Alces alces), and red 
deer (Cervus elaphus). Although official monitoring for CWD was conducted in Slovenia only 
in 2006 and 2007, we collected and examined 190 brains from red deer and 2 brains from 
Canadian deer - wapiti (Cervus canadensis) between 2002 and 2021. Most brains were from 
healthy animals (161 samples or 83.9%), 23 (12.0%) from dead animals, and 8 (4.2%) from 
animals with clinical neurological signs. All samples were examined with rapid post-mortem 
tests, histopathology, and, in most cases, immunohistochemistry and were all negative for 
CWD. To determine the genotypes of the prion protein gene (PRNP) in the Slovenian red deer 
population, DNA was isolated from the muscles of 15 animals sent for CWD testing, and the 
PRNP genotype was determined by sequencing. Although only a small number of animals were 
genotyped, nucleotide variants at 11 PRNP codons of 12 currently described polymorphisms 
were identified in these animals from the Slovenian red deer population (approximately 8000 
red deer hunted yearly). Previous studies have shown that cervides with all currently reported 
genotypes of PRNP could be affected by CWD, but some polymorphisms are associated with 
lower attack rate of CWD. Our results indicate that the Slovenian red deer population is 
heterogeneous with respect to CWD genotypes and may also be susceptible to CWD. 
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Introduction

Chronic Wasting Disease (CWD) was first

discovered in European cervids in 1996. To

date, it has been confirmed in reindeer

(Rangifer tarandus tarandus), moose (Alces

alces), and red deer (Cervus elaphus).

Although official monitoring for CWD was

conducted in Slovenia only in 2006 and

2007, we collected and examined 190

brains from red deer and 2 brains from

Canadian deer - wapiti (Cervus canadensis)

between 2002 and 2021. In Slovenian red

deer population approximately 8000

animals are hunted yearly.

Material an Methods

CWD testing

All samples were examined with rapid post-

mortem tests (Prionics® Check Western,

Enfer, IDEXX), histopathology, and, in

most cases, immunohistochemistry.

PRNP genotyping

To determine the genotypes of the prion

protein gene (PRNP) in the Slovenian red

deer population, DNA was isolated from

the muscles of 15 animals sent for CWD

testing, the whole regions of the PRNP

were amplified by PCR using primers SPrP-

1 and SPrP-2 (Ishiguro N, et al.

1998;42:579-582). PRNP genotype was

determined by Sanger sequencing.

Results

Most brains were from healthy animals (161

samples or 83.9%), 23 (12.0%) from dead

animals, and 8 (4.2%) from animals with clinical

neurological signs. All examined samples were

negative for CWD.

Sequence reads of PRNP genes generated

information about 750 pb, sequences were

visualized in Chromas and alligned in Clustal

Omega multiple sequence alignment program.

Although only a small number of animals were

genotyped, nucleotide variants at 11 PRNP

codons of 12 currently described polymorphisms

were identified in the examined red deer.

Conclusions

Monitoring for CWD has been stronger in the

past, with fewer red deer inspected in the last

eleven years. Previous studies have shown that

cervides with all currently reported genotypes of

PRNP could be affected by CWD, but some

polymorphisms are associated with lower attack

rate of CWD. Our results indicate that the

Slovenian red deer population is heterogeneous

with respect to CWD genotypes and may also be

susceptible to CWD.

Figure 1. Red deer head before examination and brain

Year 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 Total

Cervus elaphus 9 21 0 13 47 29 48 2 1 0 0 1 0 0 0 0 16 2 0 1 190

Cervus canadensis 1 1 2

Table 1. Number of examined cervides

Figure 2. Part of PRNP sequences

http://www.ncbi.nlm.nih.gov/pubmed/9776400
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About 90% of Creutzfeldt-Jakob disease cases are classified as sporadic (sCJD), that is, occur 
infrequently, randomly and without a known cause. It is a fatal neurodegenerative disease 
with an incidence of 1-1.5 cases per million, without treatment or prophylaxis at present. 
Epidemiological studies have been so far unable to establish a causal relationship between 
sCJD and prion diseases in animals. 

The zoonotic potential of sheep scrapie was demonstrated in 2014 (Cassard et al., Nature 
Communications) through inoculation of transgenic mice overexpressing the human prion 
protein with scrapie isolates. The resulting prion disease was indistinguishable from that 
occurring after sCJD inoculation in the same model and, while these results do not demonstrate 
that sCJD is caused by scrapie prions, they do show that the transmission barrier between 
ovine and human prions is not absolute. 

To further assess this zoonotic risk, we have prepared inocula from 3 sCJD cases (MM1, MV2 and 
VV2) and 2 VPSPr cases (MM and MV) to verify if it is possible to recover the scrapie phenotype. 
No evidence of transmission has been found on a first passage in Tg338 nor Tg501 ovinized 
mouse bioassays (second passages ongoing).

In vitro amplification of the same isolates in Tg338 and Tg501 brain homogenates rendered 
identical results, with the exception of CJD-MM1 prions, for which PrPres could be detected. 
However, the similarity of the detected prion with that arising spontaneously in unseeded 
Tg338 amplification reactions, suggests it may not derive from the propagation of the human 
seed, and thus, that the transmission barrier between human prions and sheep is greater than 
in the opposite direction.

This study has been funded by MINECO research project references AGL2017-88535-P and by RedPRION (Interreg 
POCTEFA EFA148/16).
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INTRODUCTION IN VIVO RESULTS 

About 90% of Creutzfeldt-Jakob disease cases are 

classified as sporadic (sCJD), that is, occur 

infrequently, randomly and without a known 

cause. It is a fatal neurodegenerative disease with 

an incidence of 1-1.5 cases per million, without 

treatment or prophylaxis at present. 

Epidemiological studies have been so far unable 

to establish a causal relationship between sCJD

and prion diseases in animals. 

The zoonotic potential of sheep scrapie was 

demonstrated in 2014 (Cassard et al., Nature 

Communications) through inoculation of 

transgenic mice overexpressing the human prion 

protein with scrapie isolates. The resulting prion 

disease was indistinguishable from that occurring 

after sCJD inoculation in the same model and, 

while these results do not demonstrate that sCJD

is caused by scrapie prions, they do show that the 

transmission barrier between ovine and human 

prions is not absolute.

OBJECTIVE

To further assess this zoonotic risk, we 

have inoculated brain homogenates from 3 

sCJD cases (MM1, MV2 and VV2) and 2 

VPSPr cases (MM and MV) in ovinized

transgenic mice to verify if it is possible to 
recover the scrapie phenotype. 

EXPERIMENTAL DESING

Correspondence: enric.vidal@irta.cat

CONCLUSIONS

• No evidence was found on 1st passage in ovinized Tg338 and Tg501 mice 

of transmission of any of the assayed human isolates. Second passages 

are ongoing.

• In vitro amplification with the same isolates was also unsuccessful on 

normal brain homogenates of Tg338 and Tg501 mice. 

• Only CJD-MM1 prions showed PrPres amplification before the negative 

controls, however the resulting prion was undistinguishable from 

spontaneously Tg338 prions generated during unseeded PMCA reactions.

• Our results evidence a strong transmission barrier from human to ovine 

hosts.

Acknowledgements: These results are part of the R&D&I Project AGL2017-88535-P funded by MCIN/ AEI/10.13039/501100011033/ 

and FEDER “Una manera de hacer Europa” as well as by RedPRION (Interreg POCTEFA EFA148/16). The authors thank the support of 

Fundación IKERBasque, CIC bioGUNE animal house staff, of Agència de Salut Pública de Catalunya, of Departament d’Acció Climàtica, 

Alimentació i Agenda rural de la Generalitat de Catalunya, Sierra Espinar, Anna Llorens and Marta Valle for excellent technical suport and 

the biocontainment level 3 facility at IRTA-CReSA (ICTS-RLASB) for their excellent care of the animals. 
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Bioassay in Tg338 of the PMCA amplified CJD-MM1 isolate

CJDMM1_PMCA_Tg338 CJDMM1_PMCA_Tg338_2do pase Tg338 unseeded

Survival curves of Tg338 mice inoculated with human prion isolates. 

No tranmsision was observed on first passage. 

Second passages are ongoing.

In both bioassays the survival curves for all isolates tested 

are equivalent to that of the negative control (green) 

indicating a lack of transmission on first passage.

Survival curves of Tg501 mice inoculated with human prion isolates. 

Six animals had a positive PrPres detection in EIA assays (IDEXX 

Herdcheck) (see red stars    in the graphs on the right). These 

positive results could not be confirmed by western blotting nor 

immunohistochemistry. 

Second passages are ongoing.

IN VITRO RESULTS

No amplification was obtained in PMCA reactions 

with Tg501 substrates.

PrPres immunohistochemistry (2G11, 1:100) shows a 

mild intraneuronal pattern located ventrally in the 

mesencephalon. This pattern and location are 

maintained on 2nd passage and identical to the one 

observed in animals inoculated with unseeded PMCA 

reactions. 

PrPres Western blotting 

analysis (Sha31, 1:5000) 

reveals a classical three 

band pattern that differs 

from the CJD-MM1 isolate 

in the brains of both mice 

inoculated with PMCA 

amplified CJD-MM1 and 

unseeded tg338 unseeded 

PMCA reactions.

The mice inoculated with PMCA amplified CJD-MM1 

inoculum died after 325±39 s.e.m. dpi (50% attack rate). 

The incubation period was reduced to 174±13 s.e.m. dpi 

and 100% attack rate on second passage.

An ongoing bioassay on Tg338 mice inoculated with 

unseeded Tg338-NBH-substrate PMCA reactions has already 

4 animals dead and confirmed as TSE positive with a similar 

survival curve, suggesting that a spontaneously generated 

prion in Tg338 PMCA reactions infected this mice.

Two genetic human TSEs: CJD E200K and an atypical GSS A117V were included as controls. The 

latter bioassay is still ongoing.

In Tg338 substrates only the CJD-MM1 seed showed 

amplification on round 5. Reactions seeded with negative 

brain homogenates showed PrPres since round 6, thus the 

remaining amplifications were considered artifactual.

Scan this QR code to download a 

PDF copy of the poster and read it 

later from the comfort of your lab!
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Effect of the octapeptide repeat region on prion strain properties and 
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Transmissible spongiform encephalopathies (TSE) or prion diseases are fatal neurodegenerative 
disorders affecting both humans and other mammals. These diseases are caused by the 
aberrant isoform (PrPSc) of the cellular prion protein (PrPC ), which in ways yet to be deciphered 
causes amyloid aggregation in the brain, consequently leading to neuropathological changes. 
From a structural point of view, the PrP presents a highly ordered C-terminal globular 
domain with three α-helices and two β-sheets, and an unstructured N-terminal domain. The 
N-terminal domain contains the octapeptide repeat region (OR), a tandem repetition of up 
to five octapeptide sequences. It is worth noting that alterations in the number of OR have 
been related to an early or delayed disease onset, due to a potential variation in conversion 
ability from PrPC to PrPSc . It is currently known that the C-terminal domain is sufficient for 
prion conversion and infectivity, however, that does not exclude the OR region from having 
an effect in disease development and act as a potential modulator. Thus, to assess the effect 
of the OR in misfolding we tested the ability of recombinant PrP (recPrP) variants presenting a 
range from 0OR to 14OR to spontaneously convert into PrPsc in vitro. We furthermore tested 
the propagation capacity of some of these recPrP in the presence of distinct infectious seeds 
to determine if the OR region could have any role on the conservation of strain characteristics. 
Using Protein Misfolding Shaking Amplification (PMSA), we could assess the effect of this region 
on prion misfolding. 
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INTRODUCTION
The octapeptide repeat region (OR) is a tandem repetition of octapeptides present in the unstructured N-terminal domain and is conserved in all PrPs. In humans, the OR region contains five tandem repeats (R1-R2-R2-R3-R4), of which the

R1 repeat encodes a nonapeptide, while the others encode octapeptides, and have the ability to bind to divalent cations such as Cu2+, Zn2+ and Mn2+ due to the chelating effect of the histidine residues within the repeats. Currently little is

known about the role this region may play in the PrP function even if some studies have proposed that it could have antiapoptotic function, as well as act as a protector of oxidative stress and regulator of autophagy. However, it has been

observed that the OR region may have an effect in prion disease development since the increasing number of repeats has been associated with younger age at disease onset. In addition, insertion of various numbers of OR sequences ranging

from 1 to 9, and deletion of one repetition in the OR region has been reported in patients with hereditary prion diseases. Moreover, it has been observed that the insertions of OR repeats weakens the α-helical structure, accelerating fibrilation

and causing significant changes in fibril structure. Therefore, to have a better understanding about the effect of the OR region in misfolding and prion strain properties we tested recombinant-PrP (rec-PrP) variants presenting a range from

0OR to 14OR to analyse their spontaneous conversion to PrPsc and their capacity to propagate 4 different prion strains by performing in vitro Protein Misfolding Shaking Amplification (PMSA).

METHODS

zirconium silicate beads

CONCLUSIONS

Purification and production of rec-PrP: Expression and purification of rec-PrP was performed in transformed E.coli

Rosetta (DE3) competent cells. The expression of the rec-PrP was induced in DE3 bacteria previously grown in LB broth

with Isopropyl β-D-1-thiogalactopyranoside (IPTG) and purification was performed by histidine affinity chromatography.

After elution in an elution buffer (20 mM Tris-HCl, 500 mM NaCl, 500 mM imidazole and 2 M guanidine-HCl, pH 8),

guanidine-HCl was added to a final concentration of 6M for long term storage at -80 ºC. For the preparation of the rec-PrP,

the protein stored at 6M Gdn-HCl was diluted in in phosphate buffered saline (PBS) and later dialyzed against PBS. After

dialysis, the protein concentration was adjusted and the recombinant substrate was obtained by mixing it with conversion

buffer (CB) and dextrane sulfate salt.

Protein Misfolding Shaking Amplification (PMSA): In vitro

PMSA was performed differently depending on the objective. For

the propagation capacity analysis, four different strains were used

as inocula, which were added to the substrate and zirconium

silicate beads. The tubes were then placed in a shaker for 24 h for

prion seed amplification at 39º C and 700 rpm.

For the spontaneous conversion, 0.1 mm and 1 mm glass beads

were added to the substrates and these were then placed in a

shaker for 24 h at 39º C and 700 rpm.

P01 P02 P03
Wash + introduce 

in P02 tube

Wash + introduce 

in P03 tube

Beads loaded with original strains

Beads loaded with the misfolded rec-PrP

Beads loaded with the misfolded rec-PrP

Beads loaded with the misfolded rec-PrP ↑↑↑
↑↑
↑

Figure 1: Beads washing procedure for PMSA for rVole-PrP propagation capacity upon different strains. 2.3 mm zirconium silicate beads newly loaded in

the first round (P01) were washed with PBS and added to the tubes for the next round, where more substrate and washed 1 mm zirconium silicate beads were

present. For the third round, these newly loaded 1 mm beads were washed and added to the new tube. This allows to perform bigger dilutions between rounds,

ending the process with our rec-PrP of interest misfolded while keeping the strain properties.

Figure 2: Aminoacidic sequences of the octapeptide repeat region of the rec-PrPs used in this study. At the top, the rec-PrP is shown, with

the octapeptide repeat region colored in different tones. Underneath, the aminoacidic sequences of each one of the proteins is shown. The

sequence in bold represents the wild type rVole-PrP; everything above it represents OR deletions whereas below are the OR insertions.

RESULTS

Figure 3: In vitro PMSA results for the propagation capacity using the UST2, UST6, UST9 and VoPMSA-

CB inocula. rVolePrP-0OR propagated strains UST2, UST6 and UST9 by round two. However, no propagation of

the Vo-PMSA-CB strain was observed. rVolePrP-3OR propagated all strains in the first 24 hours but rVolePrP-

7OR needed a second round to propagate the VoPMSA-CB strain. rVolePrP-10OR propagation capacity was only

tested with the strains UST2 and UST9 and no propagation was observed in any case. Last, we obtained the same

when rVolePrP-14OR was tested for propagation with the strains UST2, UST6, UST9 and VoPMSA-CB.

Propagation capacity

Figure 4: In vitro PMSA results for spontaneous conversion of rec-PrP with OR variation. rVolePrP-0OR

converted spontaneously to PrPsc with 100% positivity with 0.1 mm beads while when using 1 mm beads positivity

was of 75 % at the second round. rVolePrP-1OR, on the other hand, had 100 % positivity at round 2 when using

both glass beads. However, rVolePrP-2OR needed four rounds to obtain 100 % positivity. With OR insertions,

spontaneous conversion was reduced significantly. rVolePrP-7OR had 50 % positivity after the second round when

using 1 mm beads while no spontaneous conversion was detected with 0.1 mm beads. rVolePrP-9OR did not

convert spontaneously in either experimental condition.

Spontaneous conversion

 Rec-PrP with OR deletions did not show problems propagating different prion strains except VoPMSA-CB, whereas rec-PrP with more than two OR insertions did not propagate.

 Lack of propagation could be due to the reduction of propagation capacity of the rec-PrPs or the low substrate concentration.

 100 % of spontaneous conversion to PrPsc was observed in rec-PrP with OR deletions using both size glass beads, except rVolePrP-0OR when using 1 mm beads, where only 75 %

spontaneous conversion was observed.

 Spontaneity was reduced as OR insertions increased, as a result of either conversion incapacity or lower effective rPrP concentration in substrate, likely due to a higher proneness for the

formation of amorphous aggregates.
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Strain-specific morphology of reactive astrocytes in prion diseases 
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Background: Reactive astrogliosis is a common marker of human and animal prion diseases. 
Recently, an increasing number of studies argued the neuroprotective or neurotoxic role 
of astrocytes during prion pathogenesis. Emerging evidence highlights that several factors 
modulate astrocytic phenotype, such as the involved brain region, host genotype and prion 
strain. The influence of strain is still debated. Here, we investigated the relationship between 
strain and astrocytic phenotype in bank voles. Methods: Seven human- and animal-derived 
prion isolates representative of six vole-adapted strains were selected. One vole-adapted 
strain was isolated from both a human case of Gerstmann-Sträussler-Scheinker (GSS) and 
a spontaneous disease in transgenic mouse over-expressing bank vole prion protein (TgL1). 
Astrocytic phenotype was analysed by morphological and morphometric approaches using 
immunohistochemistry and Fiji software. The relationship between astrocytes and patterns of 
PrPSc deposition was also investigated. Results: All prion strains produced astrogliosis in brain 
regions affected by spongiosis and PrPSc deposition. Mediodorsal thalamic nucleus (MDTN) was 
affected in all strains, therefore it was the region selected to compare astrocytes involvement. 
The morphological analysis of resident astrocytes in MDTN showed that astrocytes displayed 
phenotypic heterogeneity and distinctive strain-specific morphology. Interestingly, the similar 
morphology of reactive astrocytes confirmed the resemblance of the strain isolated from both 
GSS and TgL1. Conclusion: This study confirmed the heterogeneous response of astrocytes to 
prions and highlighted the pivotal influence of prion strain on astrocyte phenotype.



Strain-specific morphology of reactive astrocytes in prion diseases

Bruno R1*, Riccardi G1, Iacobone F1, Nonno R1, Pirisinu L1, Marcon S1, D’Agostino C1, Giovannelli M1, Chiarotti F2, 
Agrimi U1, Di Bari MA1.

Reactive astrogliosis is a common marker of human and animal prion diseases. Recently, an increasing number of studies argued the neuroprotective or neurotoxic role of astrocytes during prion pathogenesis.

A growing body of evidence highlights that several factors modulate astrocytic phenotype, such as the involved brain region, host genotype and prion strain. The influence of strain is still debated. Here, we

investigated the relationship between strain and astrocytic phenotype in bank voles.

INTRODUCTION

RESULTS

CONCLUSIONS

MATERIALS AND METHODS
Brain tissues: Seven human- and animal-derived prion isolates representative of six vole-adapted strains were selected. Three human-derived strains, namely sCJD-VV2, sCJD-MV1 and sCJD-MM2T, were

isolated from patients affected by sporadic Creutzfeldt-Jakob disease (sCJD). Two animal-derived strains, named It93 and CWD, were isolated from a scrapie-affected sheep and a moose affected by chronic

wasting disease (CWD). One vole-adapted strain was isolated from both a human case of Gerstmann-Sträussler-Scheinker (GSS) and a spontaneous disease in transgenic mouse over-expressing bank vole

prion protein (TgL1).
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This study confirmed the heterogeneous response of astrocytes to prions and highlighted the pivotal influence of prion strain on astrocyte phenotype.

By immunohistochemistry, we observed prominent astrogliosis in all selected strains, wherein the detected signal was more widespread compared to the un-inoculated and mock-inoculated vole brains used as

negative controls (Figure 2A). All prion strains produced astrogliosis in brain regions affected by spongiosis and PrPSc deposition. Mediodorsal thalamic nucleus (MDTN) was affected in all strains, therefore it

was the region selected to compare astrocytes involvement.

By comparing the cellular size, length and thickness of cellular processes of astrocytes, significant morphological differences among reactive astrocytes in MDTN were found (Figure 2B). In CWD, reactive

astrocytes showed the largest sizes, having the longest and thickest processes compared to the other strains. Conversely, GSS-F198S, TgL1 and sCJD-MM2T displayed the smallest reactive astrocytes,

characterized by different thickness of cellular processes. In sCJD-MM2T, reactive astrocytes exhibited thinner processes compared to GSS-F198S and TgL1 ones. Interestingly, reactive astrocytes in TgL1

and GSS-F198S had similar morphology, confirming the resemblance of the strain isolated from tg mouse and human. Reactive astrocytes in It93, sCJD-MV1 and sCJD-VV2 were larger than those observed

in GSS-F198S, TgL1 and sCJD-MM2T. In It93, astrocytes were highly ramified and cellular processes radiated out from the same astrocytes had variable thickness. In sCJD-MV1 and sCJD-VV2, astrocytes

were characterized by cellular processes with similar thickness, though in sCJD-MV1, processes were longer than those observed in sCJD-VV2.

Based on the cellular area measurements, strains could be divided into three distinct groups: CWD > sCJD-MV1, sCJD-VV2, It93 > sCJD-MM2T, GSS-F198S, TgL1 (Figure 3). The trend of reactive astrocytes

to be clustered in three distinct groups was tested using a statistical approach. Interestingly, Tukey test confirmed the strains clusterization according to the speculated trend, denoting a p-value <0.01.

Figure 2 – Immuno-

histochemical detection of

GFAP in voles infected

with selected strains. 2A:

In un-inoculated voles, few

astrocytic processes

surrounding blood vessels

are visible. All infected-voles

brains exhibited a prominent

astrogliosis. In sCJD-VV2,

amyloid plaque (arrows)

encircled by few astrocytes

was clearly visible in

neuropil. 2B: Reactive

astrocytes in each strain

(Higher magnification of the

squared areas in 2A)
Figure 3. Cellular area of reactive astrocytes in selected prion strains. Measurements were

reported as mean value± standard deviation, obtained analysing four voles brains per strain. In

legend, the number of astrocytes sampled per strain were reported.

DISCUSSION

Figure 5. Intra-astrocytic PrPSc

processing in It93, sCJD-VV2, CWD and

sCJD-MV1. A: Schematic representation

of full-length prion protein with N- and C-

terminal epitopes recognized by antibodies

used in discriminative IHC. B: Mean values

of intra-astrocytic deposition evaluation

obtained by discriminatory

immunohistochemistry in three voles

brains per strain.

Figure 4. PrPSc profiles of vole-

adapted strains analysed with

12B2/EP1802Y antibodies.

IN, intraneuronal PrPSc; IA, intra-

astrocytic PrPSc; IM, intra-microglial

PrPSc; D, diffuse deposition; P,

punctate deposition, SDN, small

deposits in neuropil.

PrPSc deposition patterns was

reported as mean values obtained

analysing three voles brains per

strain.
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Immunohistochemistry: Immunohistochemistry (IHC) was performed to detect astrocytes and PrPSc deposition. Glial fibrillary

acidic protein (GFAP) was the selected marker for astrocytes labeling. PrPSc deposition patterns was detected using anti-PrP

antibodies, such as 12B2 and EP1802Y. Investigation of intra-astrocytic PrPSc processing was performed with a panel of five anti-

PrP antibodies, namely EP1802Y, 6C2, SAF84, 12B2 and SAF32. PrPSc immunolabelling was scored according to the following

scale: (0) nil; (1) slight; (2) moderate; (3) striking.

Morphometric analysis: A new protocol with Fiji software (https://fiji.sc) was developed to measure the cellular area of

astrocytes starting from GFAP-strained brain sections without nuclear counterstain (Figure 1). Briefly, DAB-stained image

(Figure 1A) was converted into an 8-bit grayscale image (Figure 1B). The binary image (Figure 1C) obtained by applying

Bersen method, was processed to extract outline shape (Figure 1D) and measure cellular area (Figure 1E) .

Our results demonstrated that reactive astrocytes in prion diseases developed strain-associated morphological features. Due to the growing evidence of the strict relationship between the morphology of

astrocytes and their functions (Rodríguez et al., 2009; Zhang et al., 2017), we speculated that functions exerted by reactive astrocytes are strictly related to strains. However, the precise functions of reactive

astrocytes in each role remain to be elucidated. Indeed, although the evidence reported in literature supports the idea that structural rearrangement of astrocytes implied a functional change, the relationship

between structure and function is not univocal. Interestingly, the two strains lacking intra-astrocytic PrPSc deposition, namely GSS-F198S/TgL1 and sCJD-MM2T, were clustered together based on the cellular

area. This evidence demonstrated that the data obtained using morphometric parameters is not a merely descriptive method for prion strain discrimination but a valuable tool to deepen the specific cellular

response to the pathological damage. Although we speculated that analysis of the cellular area is an efficient tool to discriminate active astrocytes, it cannot completely resolve the differences between

astrocytes, and both methods, namely morphological and morphometric, must be used.

Figure 1. Progressive

representation of Fiji

protocol developed

to measure the

cellular area starting

from a DAB-stained

image.
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For each strain, a “PrPSc profile” describing the magnitude of six PrPSc deposition patterns in MDTN, using a score from 0 to 3, was obtained (Figure 4). In sCJD-VV2, both intracellular and extracellular PrPSc

depositions were observed. Intracellular deposition affected neurons and glial cells, such as astrocytes and microglia, whereas PrPSc was mainly accumulated as small deposits in neuropil. Conversely, in

sCJD-MV1, PrPSc was found mainly in the extracellular space, showing diffuse and punctate deposition accompanied by small scattered deposits in neuropil. Intra-astrocytic PrPSc deposition was the only

intracellular deposition rarely found in sCJD-MV1. In sCJD-MM2T, PrPSc deposition occurred as intra-neuronal deposits and diffuse deposition in neuropil, while punctate pattern and small deposits were rarely

observed. In GSS-F198S and TgL1, PrPSc deposition affected the extracellular space exclusively, wherein the only patterns observed were represented by diffuse deposition and small deposits in the neuropil.

In It93, intra-neuronal, intra-astrocytic and intra-microglial deposits were accompanied by diffuse and punctate deposition in extracellular space with small scattered deposits in the neuropil. In CWD neurons

and astrocytes were the most affected cellular populations, while intra-microglial accumulation was rare. In neuropil, PrPSc deposition occurred mainly as diffuse deposition and small deposits, while the

punctate pattern was weak. Only four out of six strains showed intra-astrocytic PrPSc deposition. However, the magnitude was strain-specific and showed the following trend: It93> sCJD-VV2> CWD> sCJD-

MV1.

By discriminatory IHC, we found that intra-astrocytic PrPSc was detected more efficiently by antibodies that recognize C-terminal epitopes than those recognizing the N-terminal ones (Figure 5). N-terminal

epitopes were recognized with variable efficiency in different strains. In sCJD-MV1, 12B2 and SAF32 antibodies failed to detect intra-astrocytic PrPSc deposition. Conversely, rare intra-astrocytic deposits were

observed using EP1802Y, SAF84 and 6C2. In the other three strains, N-terminal epitopes appeared partially conserved compared to C-terminal, which was recognized with higher efficiency. In detail, in CWD

and sCJD-VV2, despite the differential degree of intra-astrocytic deposition, C-terminal epitopes were recognized by EP1802Y, SAF84 and 6C2 with the same efficiency. Conversely, in It93, antibodies

recognized the C-terminal epitopes with different efficiency. In detail, EP1802Y was more efficient than SAF84 and 6C2. Conversely, the N-terminal portion was equally detected by 12B2 and SAF32 in all three

strains. Overall, intra-astrocytic PrPSc deposits observed were accounted for N-terminal truncated forms. These data confirmed the intra-astrocytic PrPSc processing and suggest an active role of these cellular

populations during prion pathogenesis.
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