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Transmission experiments verify sporadic V2 prion in a patient

with E200K mutation
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Creutzfeldt-Jakob disease (CJD) is caused by abnormal
pathogenic prion protein (PrP5¢), which is generated by
conformational change of normal cellular isoform (PrP°)
[6]. The conversion occurs due to either one of three causes:
spontaneous conversion in sporadic CJD (sCJD), conversion
triggered by pathogenic mutation of the prion protein gene
(PRNP) in genetic CJD (gCJD), or infection with PrP5¢ in
acquired CJD. In sCJD, there are six subtypes based on two
factors: (1) the genotype at polymorphic codon 129 of the
PRNP gene (Methionine, 129M or Valine, 129V), and (2) the
PrP5° type in brain tissue, which are distinguishable accord-
ing to the size of protease-resistant core in Western blot
analysis (21 kDa, type 1 or 19 kDa, type 2) [5]. The E200K
mutation is the most common PRNP variant worldwide in
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gCID. The clinicopathologic features of most gCJD patients
with the E200K mutation are pretty similar to those of typi-
cal sCJD, i.e., sCID-MM1/MV1, hence named as the M1
subtype [1]. In the M1 subtype, the E200K mutation is pre-
sent on the 129M allele, and type 1 PrP5¢ is detected in the
brain tissue [4]. However, some patients with the E200K
mutation on the 129V allele show type 2 PrP5° accumulation
and manifest a clinical course similar to sCJD-VV2; hence,
they have been classified as the V2 subtype [1, 2]. Finally,
a few patients carrying the E200K-129M haplotype showed
clinicopathologic features of the V2 subtype in association
with a PrP5¢ type of intermediate size between types 1 and
2 [1]. We report for the first time the transmission properties
of a CJD patient carrying the E200K-129M haplogype with
clinicopathologic features of the V2 subtype.

A 61-year-old Japanese woman presented with dizziness
and ataxia, cognitive decline 4 months later, and further
myoclonus, pyramidal tract signs and extrapyramidal symp-
toms, which progressed to akinetic mutism and death 12
months later. Brain MRI diffusion-weighted images showed
hyperintensities in bilateral basal ganglia, and no periodic
synchronous wave complexes were found in the electroen-
cephalogram (EEG). PRNP genetic test revealed the E200K
mutation and 129M/V heterozygosity (Fig 1a). Clinically,
the patient was tentatively diagnosed as gCJD-E200K. How-
ever, the clinical features of this case resembled those of
sCID-MV?2 rather than the M1 subtype of gCIJD-E200K.
She had no history of acquired prion disease.

Brain weight was 1180 g, and the cerebral cortex and
the subcortical white matter were macroscopically well pre-
served. Histologically, the cerebral cortex showed typical
spongiform changes in the deep gray matter. However, the
number of neurons was well preserved, gliosis was mild,
and granular cells were preserved in the cerebellum. In the
cerebellum, there was a marked decrease in the number of
cells in the dentate nucleus, resulting in the loss of nerve fib-
ers in the superior cerebellar peduncle. The inferior olivary
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Fig. 1 Biochemical properties and transmission properties of PrPS
from the patient with the E200K mutation and the 129M/V heterozy-
gosity. a The genotypes at codon 200 and a polymorphic codon 129
of the PRNP gene. The patient carried 200K-129M haplotype and
200E-129V haplotype. b Western blot analysis of protease-resistant
PrP5¢ in the patient’s brain. The patient had the intermediate type
PrP5¢ located between type 1 (sSCJID-MM1) and type 2 (sCJD-MM2)
PrPS°. ¢ Western blot analysis of protease-resistant PrPSC in the brains
of the inoculated PrP-humanized knock-in mice. Ki-129M/M mice
(M/M) produced the intermediate type PrP¢, while Ki-129V/V mice
(V/V) produced type 2 PrPS when inoculated with the brain mate-
rial from the patient. These transmission properties were the same as
those of sCID-VV2

nucleus also showed moderate cell count depletion. PrP-
immunostaining showed mainly synaptic-type deposits in
both the cerebral cortex and cerebellum, with prominent per-
ineuronal deposits in the cerebral cortex, and small patchy
paler accumulations in parts of the cerebral cortex and in
the molecular layer of the cerebellum. The cerebellum did
not show typical kuru plaques. These pathological findings
were similar to those of the V2 subtype.

Western blot analysis of PrPS¢ was performed using con-
ventional anti-PrP antibodies (3F4, type 1 PrP5¢-specific
antibody T1, or type 2 PrP%-specific antibody T2). In this
case, unglycosylated PrP5¢ was detected at 20 kDa using the
3F4 antibody (Fig. 1b), and a very small amount of band was
detected at 19 kDa using the T2 antibody (data not shown).
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Table 1 Transmission to PrP-humanized knock-in mice

Inoculated material Attack rate® (mean incubation period, days)

Ki-129M/M Ki-129V/V Ki-ChM
This case 414 (691+30)  5/5(422+26) 0/8
VV2 5/5(670+79)  6/6 313+4)  0/5

aNumber of mice positive for PrPS® accumulation/number of inocu-
lated mice

These findings indicate a mixture of predominant interme-
diate-type PrP5 and a tiny amount of type 2 PrPS°,

Next, we performed transmission experiments to con-
firm the presence of the V2 prion and the absence of the
M1 prion. Brain homogenates of this case and a sCJD-VV2
case were inoculated into PrP-humanized knock-in mice
expressing human PrPC with the 129M/M (Ki-Hu129M/M)
or 129V/V genotype (Ki-Hul29V/V) and knock-in mice
expressing human-mouse chimeric PrP¢ (Ki-ChM) [7].
The inoculated Ki-Hul29V/V showed a shorter incubation
period than the Ki-Hu129M/M (Table 1). The inoculated
Ki-ChM did not develop prion disease despite Ki-ChM
being highly susceptible to the M1 prion strain. In West-
ern blot analysis of protease-resistant PrP5°, Ki-Hu129M/M
produced the intermediate-type PrPS°, while Ki-Hu129V/V
produced type 2 PrP5¢ (Fig 1c). These findings indicated that
this case harbored only the V2 prion and not the M1 prion.

This patient had the E200K mutation and the 129M/V
genotype (200K-129M / 200E-129V haplotypes); the clini-
cal features were similar to those of sSCID-MV2, the neuro-
pathologic features resembled those of the V2 subtype, and
the brain contained the intermediate-type PrP5° and a small
amount of type 2 PrP5¢, The intermediate-type PrP%° is seen
in dura mater-graft associated CID-129M [8], sCJID-MV2
[3], and in a rare subgroup of gCJD 200E-129M individu-
als, and the V2 prion is thought to convert the 129M PrP¢
into the intermediate-type PrP¢. Indeed, the transmission
properties of the present case were compatible with those of
the V2 prion strain. Thus, these findings suggest that, either
the mutated PrP with 129M generated the V2 prion con-
formation or there was a spontaneous formation of the V2
prion from the wild-type 129V allele, which subsequently
converted the mutant 129M PrP€ into the intermediate-type
PrPS¢. The absence of the V2 prion in gCJD-E200K patients
with the 129M/M genotype may lend support to the latter
hypothesis.

The sporadic V2 prion disease in a patient with the
E200K mutation, as in this case, may not be rare. In a pre-
vious study of a large gCJD patient cohort, there were 18
cases of gCJD-E200K with the 129M/V heterozygosity [1].
Among them, 16 cases had the 200K-129M/200E-129V hap-
lotypes, eight of which showed the intermediate-type PrP5
and clinicopathological features of the V2 subtype as with
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the present case. The other five and three cases were the M1
and M2C subtypes, respectively. Thus, half of the reported
gCJD-E200K cases with the 200K-129M/200E-129V hap-
lotypes might represent sporadic V2 prion disease. These
findings suggest that caution is required in data analysis of
gCJID-E200K in clinical, diagnostic, and therapeutic studies.

Acknowledgements We are grateful to the Japan Prion Disease Sur-
veillance Committee.

Funding This study was supported by the Ministry of Health, Labour
and Welfare of Japan, the Research Committee of Prion Disease and
Slow Virus Infection, Health and Labour Sciences Research Grants,
the Research Committee of Surveillance and Infection Control of Prion
Disease.

Data availability All data supporting the findings of this study are
available from the corresponding author upon request.

Declarations
Conflict of interest The authors declare no conflicts of interests.

Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki
Declaration and its later amendments or comparable ethical standards.
The families of the donor signed informed consent for brain autopsy
and use of the tissue as well as medical records for research activities.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Baiardi S, Rossi M, Mammana A, Appleby BS, Barria MA, Cali
I et al (2021) Phenotypic diversity of genetic Creutzfeldt-Jakob
disease: a histo-molecular-based classification. Acta Neuropathol
142:707-728. https://doi.org/10.1007/s00401-021-02350-y

2. Hainfellner JA, Parchi P, Kitamoto T, Jarius C, Gambetti P, Budka
H et al (1999) A novel phenotype in familial Creutzfeldt-Jakob
disease: prion protein gene E200K mutation coupled with valine
at codon 129 and type 2 protease-resistant prion protein. Ann
Neurol 45:812-816

3. Kobayashi A, Iwasaki Y, Otsuka H, Yamada M, Yoshida M, Mat-
suura Y et al (2013) Deciphering the pathogenesis of sporadic
Creutzfeldt-Jakob disease with codon 129 M/V and type 2 abnor-
mal prion protein. Acta Neuropathol Commun 1:74. https://doi.
org/10.1186/2051-5960-1-74

4. Kovacs GG, Seguin J, Quadrio I, Hoftberger R, Kapas I, Stre-
ichenberger N et al (2011) Genetic Creutzfeldt-Jakob disease asso-
ciated with the E200K mutation: characterization of a complex
proteinopathy. Acta Neuropathol 121:39-57. https://doi.org/10.
1007/s00401-010-0713-y

5. Parchi P, Giese A, Capellari S, Brown P, Schulz-Schaeffer W,
Windl O et al (1999) Classification of sporadic Creutzfeldt-Jakob
disease based on molecular and phenotypic analysis of 300 sub-
jects. Ann Neurol 46:224-233

6. Prusiner SB (1998) Prions. Proc Natl Acad Sci USA 95:13363—
13383. https://doi.org/10.1073/pnas.95.23.13363

7. Taguchi Y, Mohri S, Ironside JW, Muramoto T, Kitamoto T
(2003) Humanized knock-in mice expressing chimeric prion pro-
tein showed varied susceptibility to different human prions. Am J
Pathol 163:2585-2593. https://doi.org/10.1016/S0002-9440(10)
63613-9

8. Yamada M, Noguchi-Shinohara M, Hamaguchi T, Nozaki I,
Kitamoto T, Sato T et al (2009) Dura mater graft-associated
Creutzfeldt-Jakob disease in Japan: clinicopathological and
molecular characterization of the two distinct subtypes. Neuro-
pathology 29:609—618. https://doi.org/10.1111/j.1440-1789.2008.
00987.x

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s00401-021-02350-y
https://doi.org/10.1186/2051-5960-1-74
https://doi.org/10.1186/2051-5960-1-74
https://doi.org/10.1007/s00401-010-0713-y
https://doi.org/10.1007/s00401-010-0713-y
https://doi.org/10.1073/pnas.95.23.13363
https://doi.org/10.1016/S0002-9440(10)63613-9
https://doi.org/10.1016/S0002-9440(10)63613-9
https://doi.org/10.1111/j.1440-1789.2008.00987.x
https://doi.org/10.1111/j.1440-1789.2008.00987.x

	Transmission experiments verify sporadic V2 prion in a patient with E200K mutation
	Acknowledgements 
	References


