Instituta i r N
de Salud - £ L
Carlasill Banco de Tejidos Cien

L Fd X
- o0
GOBIERNO  MINISTERIO Z‘z Y,
DEESPANA  DE CIENCIA INNOVACIGN T L
¥ UNIVERSIDADES f " J

Encefalopatia espongiforme y priones | + |

Alberto Rédbano
Fundacion CIEN, Instituto de Salud Carlos Ill
Madrid

Master U. Master en Neurociencia, Universidad Autonoma de Madrid

Febrero 2024



SER DONANTES Banco de Tejidos

TEIDO CERESR

273
Y.
U

ez >

QR i, == q
N7 T SR ONS
§_\,\\\§_§\nul,lzal»},,€%%; ) v

ANVESTIGA oy

Si desea recibir mas informacion, se la
enviaremos a la direccion que nos indique
o entre en nuestra web
www.bt.fundacioncien.es

TODOS PODEMOS SER DONANTES
DE TEJIDO CEREBRAL PARA INVESTIGACION.

| Fecha nacimiento. |Te|efono.

|Domici|io.

[ Ne, | Piso. P | Ciudad.

Banco de Tejidos CIEN
Unidad de Investigacion Proyecto Alzheimer Fundacion CIEN
Instituto de Salud Carlos Il
C/ Valderrebollo 5. 28031 Madrid.
61_ ooe0 ” Tel: 91 385 22 00 Tel: 24H: 689037844 Fax: 91 385 21 18

o o SERNG . - . . - -
1 S o i www.bt.fundacioncien.es o e-mail: biobanco@fundacioncien.es

Banco de Tejidos Cien




1996

Banco de Tejidos para
Investigacién Neurolégica

Facultad de Medicina, UCM
Hospital Universitario

‘fM Fundacién Alcorcon

SaludMadrid B comunidad de Madrid

1998

Unidad de Referencia para el
diagndstico post mortem de las
enfermedades pridnicas humanas

2010

£ o7

Banco de Tejidos Cien

Fundacion CIEN



Centro Alzheimer de la Fundacion Reina Sofia



brcir 7
Madrid - Vallecas el

Centro Alzheimer
Fundacion Reina Sofia

Fundacion
CIEN




La iniciativa de Vallecas: programas de investigacion

El Proyecto Alzheimer FRS
* Una residencia para pacientes con demencia.

* Una cohorte de pacientes institucionalizados para
la investigacion en demencia.

El Banco de Tejidos CIEN

* Un banco de cerebros de enfermedades
neurodegenerativas.

* Muestras neuroldgicas de pacientes incluidas
en cohortes de investigacion.

El Proyecto Vallecas

*Un estudio longitudinal de envejecimiento
cognitivo.

*Voluntarios para la investigacion en demencia.



Protocolo de actuacion en caso de sospecha de enfermedad pridnica

Autopsia en centro de referencia o en condiciones de bioseguridad
especiales si (adaptado de OMS, CDC):

Demencia de < 2 afios de evolucion.

Cuadro neurologico atipico o signos de ECJ.
Historia familiar de EETH genética.
Biomarcadores:

- 14-3-3 (+) en LCR

- RM (+)

- EEG tipico & Y

- 0
1 tau en LCR Q\e//

No todas las
espongiosis son
“espongiformes”




Perspectiva historica

La proteina priénica normal (PrP¢) y patoldgica (PrP>¢)
El gen PRNP

Tipos y cepas de PrP patoldgica

Enfermedad de Creutzfeldt-Jakob esporadica
Enfermedades prionicas humanas de origen genético
Kuru

Enfermedad de Creutzfeldt-Jakob yatrogénica
Variante de enfermedad de Creutzfeldt-Jakob

Caracteristicas “prion-like” de otras patologias ND



Alfons Maria Jakob, 1921
Pseudoesclerosis espdstica
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Hans Gerhard Creutzfeldt (1885 — 1965) Walther Spielmeyer (1879 — 1935)

Paciente Berta E., 1920 “Enfermedad de Creutzfeldt-Jakob”
(1922)

WALTHER SPIELMEYER




Josef Gerstmann Ernst Straussler llya Mark Scheinker
(1887 — 1969) (1872 — 1959) (1902 - 1954)

J. Gerstmann, E. Straussler, |. Scheinker.

Uber eine eigenartige hereditar-familiare Erkrankung des Zentralnervensystems.
Zugleich ein Beitrag zur Frage des vorzeitigen lokalen Alterns.

Zeitschrift flr die gesamte Neurologie und Psychiatrie, 1936, 154: 736-762.



http://upload.wikimedia.org/wikipedia/commons/3/32/Gerstmann.JPG
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Scrapie

Transmision del Scrapie a Kuru

ovejas y cabras (Cuilllé &
Chelle, 1936)

Descripcion de la NP del
Kuru (Klatzo, Zigas,

> :
Gajdusek, 1959)

|

Relacion entre el

: . Transmision del Kuru a
: Scrapie y el Kuru .

¥ chimpancés (Gajdusek
et al, 1966)

(Hadlow, 1959)

Transmision del
Scrapie a ratones 'y
hamsters (Chandler,
1961)

Enfermedad de
Creutzfeldt-Jakob

Transmisién de ECJ a
i chimpancés (Gibbs et
. al, 1968)
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PHILOSOPHICAL
TRANSACTIONS

—OF
THE ROYAL
SOCIETY

Phil. Trans. R. Soc. B (2008) 363, 3644
doi:10.1098/rstb.2008.4013
Published online

Kuru likened to scrapie: the story remembered

William J. Hadlow
908 South Third Street, Hamilton, MT 59840-2924, USA

In my letter to the editor of the Lancer of 5 September
1959, I pointed out the striking similarity of kuru and
scrapie and suggested that kuru, like scrapie, might be a
transmissible disease expressed after a long incubation
period (Hadlow 1959). The unlikely linkage of these
two discases came about fortuitously while I was an
employee of the United States Department of Agri-
culture studying the pathology of scrapie at the then
Agricultural Research Council Field Station at Comp-
ton in Berkshire, England, beginning in March 1958.

A 1. SR, I & 7.4 54 h SO S & S - A

was neurohistological, as tenuous as that seemed then
and later (Hadlow 1995).

The close kinship of kuru and scrapie, only surmised
in 1959, was made more certain when the experimental
transmission of kuru to chimpanzees was reported in
1966. It was indeed a welcome revelation. As it turned
out kuru and scrapie are broadly similar transmissible
necurological diseases.

Two vyears earlier scrapie gave up its long-held
exclusiveness as the only known transmissible degen-
erative_disease of the central nervons svstem when a



> N Engl) Med, 290 (12), 692-3 1974 Mar 21

Letter: Possible Person-To-Person Transmission of
Creutzfeldt-Jakob Disease

P Duffy, J Wolf, G Collins, A G DeVoe, B Streeten, D Cowen
PMID: 4591849

Journal of Neurology, Neurosurgery, and Psychiatry 1982;45:235-238

Evidence for case-to-case transmission of
Creutzfeldt-Jakob disease

RG WILL, WB MATTHEWS
From the University Department of Clinical Neurology, The Radcliffe Infirmary, Oxford

SUMMARY Three cases of probable iatrogenic transmission of Creutzfeldt-Jakob disease by
neurosurgery are detailed together with a cluster of three cases in Eastern England possibly con-
nected by dental procedures, and the development of Creutzfeldt-Jakob disease in a patient who had
been in social contact with a familial case.



FATAL FAMILIAL INSOMNIA AND THE NEW ENGLAND JOURNAL OF MEDICINE
DYSAUTONOMIA WITH SELECTIVE
DEGENERATION OF THALAMIC NUCLEI Oct. 16, 1986

Evrio Lucaresi, M.D., RosseLLa MEpori, M.D.,
PasQuaLE MonNTAGNA, M.D.|
AcosTiNo Baruzzi, M.D.,

PieTro CorTELLI, M.D,,
ALESSANDRA LuGaresi, M.D.,

Paoro Tinuper, M.D., Marco Zuccont, M.D.,
AND PierLuiGl GAMBETTI, M.D.

Lancet Neurology 2003; 2: 167-76

r

Fatal insomnia DY O\N\

Familial and sporadic fatal insomnia

Pasquale Montagna, Pierluigi Gambetti, Pietro Cortelli, and Elio Lugaresi




Linkage of a prion protein
missense variant to NATURE - VOL 338 - 23 MARCH 1989

Gerstmann-Straussler syndrome

Karen Hsiao™, Harry F. Bakeri, Tim J. Crowt,
Mark Poulteri, Frank Oweni,

Joseph D. Terwilliger§, David Westaway™,
Jurg Ott§|| & Stanley B. Prusiner®fq

Departments of * Neurology and of T Biochemistry and Biophysics,
University of California, San Francisco

% Clinical Research Centre, Division of Psychiatry, Harrow,

Middlesex HA1 3UJ, UK

& Department of Genetics and Development, Columbia University, and

l| New York State Psychiatric Institute, New York, New York 10032, USA

9 To whom all correspondence should be addressed at the Department of
Neurology, HSE-781, University of California, San Francisco,

California 94143-0518, USA
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Journal of Neurology, Neurosurgery, and Psychiatry 1988;51:1113-1119

Creutzfeldt-Jakob disease in England and Wales,
1980-1984: a case-control study of potential risk
factors

R HARRIES-JONES,* R KNIGHT,* R G WILL,* S COUSENS,} P G SMITH,}
W B MATTHEWS*

From the University Department of Clinical Neurology,* the Radcliffe Infirmary, Oxford and the London School
of Hygiene and Tropical Medicine,t UK

Journal of Neurology, Neurosurgery, and Psychiatry 1990;53:459—465

Geographical distribution of cases of
Creutzfeldt-Jakob disease in England and Wales
1970-84

S N Cousens, R Harries-Jones, R Knight, R G Will, P G Smith, W B Matthews

1990
Restablecimiento del Sistema de Vigilancia de la Enfermedad de Creutzfeldt-

Jakob (ECJ) en el Reino Unido, “con el fin de identificar cambios en el patrén
de la ECJ que pudieran indicar una asociacion con la EEB”.



Peak exposure vCJD phenotype
in human food chain (codon 129 MM homozygotes)
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THE LANCET

Lancet 1996; 347: 921-25

A new variant of Creutzfeldt-Jakob disease in the UK

R G Will, J W Ironside, M Zeidier, S N Cousens, K Estibeiro, A Alperovitch, S Poser, M Pocchiari, A Hofman,
P G Smith

% 60
¢ _
3 " I variant Greutzfeldi-Jakob disease e
] sporadic Greutzfeldt-Jakob disease
40
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Stanley B. Prusiner (1942)

Premio Nobel de Fisiologia o Medicina
1997

“for his discovery of Prions - a new
biological principle of infection".

Proteina pridnica
celular (PrP¢)
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Previous nomenclature

Familial
Phenotype
D
Fatal familial insomnia
Gerstmann-Straussler-Scheinker disease
Heterogeneous or mixed phenotype
Sporadic
Phenotype
CJD 129MM1 and CJD 129MV1*t
(D 129W1
CJD 129MM2
CJD 129MV2
CJD 129VV2
Fatal insomniat
Variably protease-sensitive prionopathy§
Acquired by infection
Phenotype
Kuru
Variant (JD
latrogenic CJD

Unchanged
Not described
Unchanged
Unchanged

Myoclonic and Heidenhainf]
Not described

Not described

Cerebellar or ataxic
Cerebellar or ataxic

Thalamic
Not described

Unchanged
Not described

Unchanged



Table 1 Etiology of prion diseases

Animal prion diseases

Disease Host Etiology Year of Description
Scrapie Sheep, Goats Infection with Prions of unknown origin 1732
T™ME Mink Infection with Prions of either sheep or cattle origin 1947
CWD Cervids Infection with Prions of unknown origin 1967
BSE Cattle Infection with Prions of unknown origin 1986
EUE Nyala, Kudu Infection with Prions of BSE origin 1986
FSE Cats Infection with prions of BSE origin 1990
NHP Lemurs Infection with Prions ot BSE origin 1996

Human prion diseases

Disease Host Etiology Year of Description

Kuru Human Ritualistic Cannibalism or “Transumption” 1900s

sCID Human Spontaneous PrP“—PrP*¢ conversion 1920
or somatic mutation

tCID Human Mutations in PRNP 1924

GSS Human Mutations in PRNP 1936

1CID Human Infection with Prions of human origin by cadaveric 1974
corneal grafts, hGH or dura mater

FFI Human PRNP haplotype 178N- 129M 1986

vCID Human Infection with Prions of BSE origin 1996

sFI Human Spontaneous PrP“—PrP* conversion 1999
or somatic mutation

VPSPr Human Spontaneous PrP“—PrP** conversion 2008

or somatic mutation




Perspectiva historica

La proteina pridnica normal (PrP®) y patolégica (PrP=°) J

El gen PRNP

Tipos y cepas de PrP patoldgica

Enfermedad de Creutzfeldt-Jakob esporadica
Enfermedades pridonicas humanas de origen genético
Kuru

Enfermedad de Creutzfeldt-Jakob yatrogénica
Variante de enfermedad de Creutzfeldt-Jakob

Caracteristicas “prion-like” de otras patologias ND
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Panel: Proposed functions of the normal or cellular prion
protein (PrP¢)*

«  Copper binding (copper serving as a cofactor for an
undetermined PrP enzymatic activity)

» Signalling receptor (binding to neural cell adhesion
molecule)

» Signal transduction (caveolinl-dependent coupling to
tyrosine kinase Fyn)

Bax-mediated cell death)
»  Synaptic requlation (as a receptor or receptor-related in

Neuronal sur .. o -
 Protection a GABA,-ergic inhibitory synapses)

* Protection at

Sleep and circadian rhythms requlator

in i
» Role in neuronal growth and survival (protection against gj
<

+ Inhibitory regulation of NMDA receptors
« Interaction with stress inducible protein 1

& |

« Regulation of cell differentiation and apoptosis

» Maintenance of peripheral nerve myelin®

«  Receptor foramyloid [ in Alzheimer’s disease and possibly
for other amyloids®*



AB oligomer

PrP e
Lipid raft
Non-lipid raft (sphingolipids and cholesterol) Non lipid raft
U SIS E-aeshu@wensEseapesEnassavesclEE T ENeO SN AN OMmBi WS AN NS .m0 0 0.8
. ' Cholesterol -t :: E
oooooooouoooo.ooooo. 100000 0“01 08 HQVEDHOSD
ooooooooooooooooo'oo . Jg&oloéoooooloooo 0 ILHOVOOW
Klosed .."
' ':
NMDAR
open (hyperactive)
1 Neuritic spines l0SS  «————
Glutamatotoxicity

FIGURE 2 | PrP® as a signal transducer. In the context of Alzheimer's disease, the interaction between Ag oligomers and PrP® affects receptors located on the
plasmatic membrane, such as NMDAR and mGIuR5. In the case of NMDAR, because of the interaction of Af oligomers and PrPC, the receptor is phosphorylated
through Fyn, hyperactivating the channel and causing glutamatotoxicity. In the case of mGIuRS, there is a direct interaction between PrP® and the receptor, causing
the activation of Fyn kinase and promoting the phosphorylation of eEF2 and the consequent loss of neuritic spines.

Panes ID et al., 2021
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PrPSc  PrP infecciosa ?

e 1114

PrP toxica ?
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Dimeric oligomerization of two PrP¢ molecules?

Dysregulation of copper-metabolism?
Binding of copper to N- and C-terminal sites of PrP¢
leading to pathological conformational changes?

Dual role of PrP-sheddase ADAM10? Contribution of ADAM10 to
dissemination of prion-disease by shedding even misfolded PrpP>¢?

Role of viruses? Induction of the conversion from
PrP¢to PrP¢ as cofactors or as primary pathogens?

s PrPC ) PrPSC

Nafe R et al., 2023



Perspectiva historica

La proteina priénica normal (PrP¢) y patoldgica (PrP>¢)

El gen PRNP

Tipos y cepas de PrP patoldgica

Enfermedad de Creutzfeldt-Jakob esporadica
Enfermedades pridonicas humanas de origen genético
Kuru

Enfermedad de Creutzfeldt-Jakob yatrogénica
Variante de enfermedad de Creutzfeldt-Jakob

Caracteristicas “prion-like” de otras patologias ND
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Balancing Selection at the Prion Protein Gene Consistent with Prehistoric
Kurulike Epidemics

Kuru 1s an acquired prion disease largely restricted to the Fore linguistic group of the
Papua New Guinea Highlands, which was transmitted during endocannibalistic feasts.
Heterozygosity for a common polymorphism in the human prion protein gene (PRNP)
confers relative resistance to prion diseases. Elderly survivors of the kuru epidemic,
who had multiple exposures at mortuary feasts, are, in marked contrast to younger
unexposed Fore, predominantly PRNP 129 heterozygotes. Kuru imposed strong
balancing selection on the Fore, essentially eliminating PRNP 129 homozygotes.
Worldwide PRNP haplotype diversity and coding allele frequencies suggest that strong
balancing selection at this locus occurred during the evolution of modern humans.

Science 25 April 2003 :
Vol. 300 no. 5619 pp. 640-643DOI:10.1126/science. 1083320

EXTRAVIEW

Is the prevalent human prion protein 129M/V
mutation a living fossil from a Paleolithic
panzootic superprion pandemic?

Sofie Nystrom and Per Hammarstrom*

IFM-Department of Chemistry; Linképing University; Linképing, Sweden



Perspectiva historica
La proteina prionica normal (PrPC) y patoldgica (PrPSc)

El gen PRNP

Tipos y cepas de PrP patologica

Enfermedad de Creutzfeldt-Jakob esporadica
Enfermedades prionicas humanas de origen genético
Kuru

Enfermedad de Creutzfeldt-Jakob yatrogénica
Variante de enfermedad de Creutzfeldt-Jakob

Caracteristicas “prion-like” de otras patologias ND
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Table | Sporadic Creutzfeldt-Jakob disease subtypes according to Parchi and Gambetti, and Collinge.

Parchi and Gambetti®

Subtype Onset (Years) Duration (Months)
MMI € 42-91 1-18

MVI© 51-72 2.5-9

VI 2449 14-16

MM2 49-77 9-36

MV2 40-81 5-72

VVv2 41-80 3-18

Immunoblot profile

Type |

e
~2| kDa® ~19 kDa®

*Parchi et al., (1996, 1999); "Hill et al., 2003; “Share the same disease phenotype; ‘Referes to
®Refers to relative molecular mass of the unglycosylated PrP* fragment (black bars).

CJD
Codon 129

S S \
MM VV MM

Type

1 2A:+2B
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Strain A (for example, sCJD)
—
% ——— — —
- D - |-
T ARas —=
PrP= Monoglycosylated

== Diglycosylated band dominant
sl Monoglycosylated
e Unglycosylated

More monoglycosylated molecules are
incorporated into the oligomers or aggregates

Strain B (for example, vC)D)

Diglycosylated
band dominant

More diglycosylated molecules are
incorporated into the oligomers or aggregates



A

Codon 129 genotypes
and their prevalence in sCJD

B

Pairing of the 129 genotype
with PrP* type

€

PrP*types 1 and 2 with
their sites of cleavage

D

Immunoblot of PrP* types 1 and 2
without and with deglycosylation
by PNGase

E
sCJD and sFl phenotypes

Typel Type2 Typel Type2

v ¥

MM(MV)1 MM2
W1 MV2
VV2

sFl
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La proteina prionica normal (PrPC) y patoldgica (PrPSc)
El gen PRNP

Tipos y cepas de PrP patoldgica

Enfermedad de Creutzfeldt-Jakob esporadica

Enfermedades pridonicas humanas de origen genético
Kuru

Enfermedad de Creutzfeldt-Jakob yatrogéenica
Variante de enfermedad de Creutzfeldt-Jakob

Caracteristicas “prion-like” de otras patologias ND



Enfermedad de Creutzfeldt-Jakob de tipo esporadico (ECle)

85-90% de las enfermedades pridnicas humanas.
Edad de inicio en 62 - 72 décadas de la vida. Evolucion en 4 — 5 meses.

Demencia cortical rapidamente progresiva, ataxia, mioclonias. Ceguera cortical,
alucinaciones. (OMS)

EEG caracteristico, con ondas periodicas trifasicas, en 70%.
Hallazgos caracteristicos en RMN.
Proteina 14-3-3 (+) en LCR (Test de Harrington).

Diagnostico definitivo solo si estudio neuropatoloégico.






Parchi P, Giese A, Capellari S, et al.
Classification of sporadic Creutzfeldt-
Jakob disease based on molecular and
phenotypic analysis of 300 subjects.
Ann Neurol. 1999; 46: 224-33.

Subtype 1 (MM1/MV1)

Subtype 2 (VV2)
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ECle Subt|p() |\/||\/|/|\/|V1 ﬁ Subtype 1 (MM1/MV1)

—4— sCJDMM1 —=— sCJDMV1

ECle “clasica” bl

60% de IOS Casos de ECJE. FC TC PC OC HI EC ST TH SN PG LC ME CE

La gran mayoria de los casos son homocigotos MM.

Inicio en la séptima década de la vida, con demencia, y deterioro rapidamente
progresivo con mioclonias, ataxia, y alucinaciones visuales.

EEG tipico, proteina 14.3.3 (+)
Incluye la variante de Heidenhain, con ceguera cortical.

Evolucion en torno a 4 meses.
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Subtype 2 (VV2)

S

FC TC PC OC HI EC ST TH SN PG LC ME CE

ECle Subtipo VV2

15% de los casos de EClJe.

Inicio hacia los 60 — 65 anos, con ataxia cerebelosa, y posterior desarrollo de
demencia y trastornos visuales. Las mioclonias son infrecuentes.

EEG patoldgico, pero no tipico.
Proteina 14.3.3 (+) en 75%.

Evolucidon en torno a 6 meses.




PrP




. Subtype 3 (MV2)
ECle Subtipo MV2-K
15% de ECJe. -0 FC TC PC OC HI EC ST TH SN PG LC ME CE

Presentacidon con ataxia cerebelosa, similar a VV2, mioclonias frecuentes.
EEG patoldgico, pero no tipico.

Proteina 14.3.3 (+) en 75%.

Evolucion media de la enfermedad: 10 — 15 meses.






ECle. Subtipo MM2 Subtype 4 (MM2)

7% de ECle. m

FC TC PC OC HI EC ST TH SN PG LC ME CE

Inicio con 52 anos de media.

Presentacion con demencia, mioclonias y signos piramidales.
EEG patologico, con enlentecimiento inespecifico.

Proteina 14.3.3 (+).

Duracion media de 17 meses.






Subtype 5 (VV1)

ECle. Subtipo VV1 Wl

2.5 +

1-2% de EClJe. 0 m

FC TC PC OC HI EC ST TH SN PG LC ME CE

Inicio con 53 anos de media, con pacientes de hasta 24 anos.
Demencia, mioclonias y signos piramidales.

EEG inespecifico.

Proteina 14.3.3 (+).

Evolucion media de la enfermedad de 10 meses.



Vardn de 27 afos, demencia rapidamente
progresiva, 6 afos de evolucion, ultimos
dos afos en coma vigil.




E. de Creutzfeldt-Jakob de tipo esporadico.
Codon 129: Met/Met
Tipo 1 de PrP>¢ en cerebelo

Cortex frontal
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Acta Neuropathol (2009) 118:659-671
DOI 10.1007/s00401-009-0585-1

ORIGINAL PAPER

Incidence and spectrum of sporadic Creutzfeldt—Jakob disease
variants with mixed phenotype and co-occurrence of PrP*¢ types:
an updated classification

Piero Parchi - Rosaria Strammiello - Silvio Notari - Armin Giese - Jan P. M. Langeveld -
Anna Ladogana - Inga Zerr - Federico Roncaroli - Patrich Cras - Bernardino Ghetti -
Maurizio Pocchiari - Hans Kretzschmar - Sabina Capellari

Table 6 Nomenclature and classification of sCJD subtypes

TS e e e e
e L L T

21--~-~'-

19- -

MM1 MM1+2 VV1+2 MV1+2

Nomenclature® %P

Distinctive histopathologic features

Pure subtypes

MM/MV 1; VV2; MV 2K; 65
MM/MV 2C; MM 2T; VV1;

Mixed subtypes

MM/MV 1+42C 26
MM/MYV 2C+1 2
VV 2+1 3
MV 2K+1 1
MV 2 K+C 3
MM 2 T+C <l

Previously established [30] (for a summary see Table 8 in [30])

As in MM/MV [ but with clusters of large vacuoles associated
to perivacuolar and coarse PrP deposition mainly in cerebral
cortex or thalamus

As in MM/MYV 2C but with synaptic-type PrP staining in the
molecular layer of the cerebellum

Virtually indistinguishable from VV2

Virtually indistinguishable from MV 2K

As in MV 2K but with clusters of large vacuoles associated to
perivacuolar and coarse PrP deposition mainly in cerebral
cortex

As in MV 2T but with clusters of large vacuoles associated to
perivacuolar and coarse PrP deposition mainly in cerebral
cortex

* It is largely based on codon 129 PRNP genotype, which can be either methionine (M) or valine (V) and the PrP*¢ type (1 or 2 according to
Parchi et al. [28, 29]). Since both MM 2 and MV 2 groups are associated to 2 distinct phenotypes, these are further defined with a third parameter
(capital letter) referring to distinctive histopathological features: K kuru type amyloid plaques, C predominant cortical pathology with confluent
vacuoles and perivacuolar PrP staining, 7 prominent thalamic pathology with atrophy

® Percentage of total consecutive sCID cases (1 = 200) investigated

W cm—
MV2-K VV2



Diagnosis of sporadic Creutzfeldt-Jakob disease

Definite:

Progressive neuropsychiatric syndrome AND neuropathological or immunocytochemical, or

biochemical confirmation

Probable: I Rapidly progressive cognitive impairment

[ +2 of Il and typical EEG*

I1 Myoclonus

or

I+ 2 of II and typical brain MRI** Visual or cerebellar disturbance

or Pyramidal or extrapyramidal signs

[ + 2 of Il and positive CSF 14-3-3

o o w »

Akinetic mutism
or

progressive neuropsychiatric syndrome and positive RT-QulC in CSF or other tissues

+ exclusion of other causes in complete diagnostic workup

Possible:

[ + 2 of II + duration < 2 years



Vardon de 60 anos al exitus.
Deterioro cognitivo de 7 anos de evolucion.

Sindrome rigido-acinético

PrP




A Novel Human Disease with Abnormal
Prion Protein Sensitive to Protease
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Variably Protease-Sensitive Prionopathy: A ANN NEUROL 2010;68:162-172 |
New Sporadic Disease of the Prion Protein
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Perspectiva historica

La proteina prionica (PrP)

El gen PRNP

Tipos y cepas de PrP patoldgica

Enfermedad de Creutzfeldt-Jakob esporadica

Enfermedades pridonicas humanas de origen genético

Kuru
Enfermedad de Creutzfeldt-Jakob yatrogénica
Variante de enfermedad de Creutzfeldt-Jakob

Caracteristicas “prion-like” de otras patologias ND



CC OR CcC HC H1 H2 H3 GPI

1 2

Mutations causing GSS | Octarepeat insertion | |P102L-120M|  [A117V-129V | [H187R-129V | [Q217R-129M|

S=3S

P105L-120V

Q212P

Mutations causing gCJD | Octarepeat insertion [D178N-129v | |E20
E200K

V2031
Mutations causing FFI D178N-129M

Mutations in PRNP associated with familial dementia |G114v [Q160* [N171S| [T183A]

and/or neuropsychiatric symptoms H187R
(not further classified)

Figure 2

The human PrP¢ protein and its mutants. The mature human PrP® protein contains 208 amino acid residues. It features two positively
charged amino acid clusters denoted CC; and CC; (blue boxes), an octapeptide repeat region (OR) ( green boxes), a hydrophobic core
(HC) (gray box), three «-helixes (H1-H3) (red boxes), one disulphide bond (5-S) between cysteine residues 179 and 214, and two
potential sites for N-linked glycosylation (red forks) at residues 181 and 197. A glycosylphosphatidylinositol anchor (GPI) (yellow box) is
attached to the C-terminus of PrP. This figure indicates in black framed boxes point mutations and insertions found in the human
PRNP gene in patients with prion disease. The associated polymorphisms of codon 129 (methionine M or valine V) are indicated.
Amino acids are given in single-letter code. The asterisk indicates a stop codon; therefore, this mutation results in a truncated protein.




CJD

Codon 178

Codon 129

PNGase - - + +

.
——+ 4

Methionine Valine

27-5-
Figure 4. Schematic drawing depicting the main neuropathological differences between FFl and 18.5- oitand
178CJD in relation to the 178 mutation and the 129 codon polymorphism. Triangles=neuronal loss; ‘
circles=spongiosis. Reprinted with permission from Humana Press, Inc.*
178 FFI 178 FFI

Figure 5. Brain extracts from FFl and 178CJD (178): after proteinase K
digestion (-) and peptine-N-glycosidase deglycosylation (+) FFI displays a
19 kDa fragment and 178CJD a 21kDa PrP fragment. Copyright 1994
National Academy of Sciences, USA.™




E. de Gerstmann — Straussler - Scheinker

Jansen et al., 2011
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La proteina prionica normal (PrPC) y patoldgica (PrPSc)
El gen PRNP

Tipos y cepas de PrP patoldgica

Enfermedad de Creutzfeldt-Jakob esporadica

Enfermedades pridonicas humanas de origen genético

’/7
Kuru

Enfermedad de Creutzfeldt-Jakob yatrogéenica

Variante de enfermedad de Creutzfeldt-Jakob

Caracteristicas “prion-like” de otras patologias ND
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FiG. 1. Distribution of PRNP codon 129 genotypes according to age at onset of illness in 92 kuru patients.

Cervenakova L et al., 1998.
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Global distribution of cases of iatrogenic Creutzfeldt-Jakob disease™

Source of infection and no. cases

Surgical procedure Medical procedure
Country Dura mater grafts Surgical instruments EEG needles Corneal transplantst  Growth hormonei Gonadotropin Packed red blood cells§
Argentina 1
Australia 5 4
Austria 3 1
Brazil 2
Canada 4
Croatia 1
France 13 1 119
Germany 10 1
Ireland 1
Ttaly 9
Japan 142
Netherlands 35 2

New Zealand

(%]
(=]

South Korea 2

Qatar 1

South Africa 1

Spain 14

Switzerland 3 2

Thailand 1

United Kingdom g 3 65 3
United States 4 1 29

Total 228 4 2 2 226 4 3




Available online at www.sciencedirect.com
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Creutzfeldt-Jakob disease acquired via a dural graft: failure of therapy
with quinacrine and chlorpromazine

Juan F. Martinez-Lage, MD**, Alberto Rabano, MD®, Juan Bermejo, MDP,
Miguel Martinez Pérez, MD?, M. Carmen Guerrero, MD®,
M. Angeles Contreras, MD¢, Alberto Lunar, MD¢

Services of “Neurosurgery, "Pathology, “Neurology, and “Clinical Neurophysiology, “Virgen de la Arrixaca” University Hospital, Murcia, Spain
Laboratory of Neuropathology, Fundacién Hospital Alcorcén, 28922 Alcorcén, Madrid, Spain
Received 6 December 2004; accepted 21 March 2005

Enfermedad de Creutzfeldt-Jakob
por transplante de duramadre
bioldgica, con periodo de latencia
de 19 afos.
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Variante de Enfermedad de Creutzfeldt-Jakob (EClv)

Media de edad, 27 aios (12 — 74 a.)

Relaciéon epidemioldgica y molecular con la EEB.

Inicio con sintomas psiquiatricos o sensitivos, clinica neurolégica tardia.
EEG patoldgico, no tipico.

RMN, seial simétrica en ambos nn. pulvinares (signo del pulvinar).

QN
S8
Proteina 14.3.3 (+/-).
roteina (+/-) SHS
Biopsia de amigdala positiva para PrP. - . ek
21kDa__ ...

Evolucion: 16 meses (9 — 38 m). 1 2A 2B



ECJ variante

ECJ esporadica




vCJD deaths: UK and non-UK

8

Numberofdeaths
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-
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Year of Death

Figure 3. Reported incidence of vCID deaths in the UK and in non-UK
countries.




>100 cases of vCJD
11-100 cases of vCJD
1-10 cases of vCJD

No cases of vCJD

Reino Unido:

Francia:
Espana:
Irlanda:
Holanda:
Portugal:

Italia:

EE.UU.:
Canada:

Japon:

178 (0)
29 (0)

5 (0)

4 (0)

3 (0)

2 (0)

3 (0)

Arabia Saudi: 1 (0)

Taiwan:
(02/2024)

1(0)



Variant CJD cases in the world
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Mackenzie G, Will R, 2017




EClv1 Mujer de 26 aios, técnico de laboratorio. No historia transfusional ni de

estancias en el Reino Unido.

Sept./2004: Tras periodo depresivo, molestias en las piernas.

Nov./2004: Fallos de concentracion. Incapacidad para la escritura.

Mar./2005: Deterioro cognitivo con alteracion severa del lenguaje. Inestabilidad.

Progresion acelerada. LCR: proteina 14-3-3 (+).

Sacudidas musculares. EEG: lentificacion hemisférica izquierda.

Gen PRNP: No mutaciones. Met/Met en
Julio/2005: Exitus. polimorfismo del codon 129.
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Curso clinico (de comienzo a fallecimiento) de casos de vECJ y
sospechas recientes de la enfermedad

B
Caso 1
I ——
Caso 2
—
Caso 3
—
Caso 4
—
Caso 5

Sospecha VECJ. A I
Sospecha VECJ. B I

2004 - 2005 - 2006 - 2007 - 2008 - 2009 - 2010 -




Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 23, No. 9, September 2017

Similarities of Variant Creutzfeldt-Jakob
Disease Strain in Mother and Son
in Spain to UK Reference Case

Abigail B. Diack, Aileen Boyle, Diane Ritchie, 2 patients from Spain and 1 patient originating from the
Chris Plinston, Dorothy Kisielewski, United Kingdom (Table 1) (2). The Lothian NHS Board
Jesus de Pedro-Cuesta, Alberto Rabano, Research Ethics Committee provided ethical consent for
Robert G. Will,' Jean C. Manson' the use of the UK material for research; the vCJID tissue
cioarranlac Facann Cuanlos sxzmwn sawmczedad laa: RNITDT T T aaalia

Table 2. Results of inoculation of brain tissue homogenates from 2 patients from Spain with vCJD and a reference patient from the
United Kingdom into a panel of wild-type mice*

No. mice positive/no. total

Brain inoculum source and mouse line Clinical signs of prion disease = Vacuolar pathology Incubation period, d, £ SEM (range)
UK reference case
RIII 10/15 10/15 395.3 £ 17.9 (295489)
C57BL/6 13/17 15/17 523.7 £ 19.7 (372-637)
VM 13/16 14/16 472.2 +16.1 387-552
Patient 1
RIII 14/17 15/17 417 £ 14.2 (336-516)
C57BL/6 12/18 12/18 588.4 + 25.1 (405-706)
VM 7/18 11/18 472.2 +16.1 (387-552)
Patient 2
RIII 12/16 13/16 427.5 + 18.4 (323-547)
C57BL/6 9/18 11/18 604.9 + 12.4 (567-692)
VM 4/16 7/16 524 + 16.8 (501-573)

*Bold indicates significant difference (p<0.05) when compared to the mouse line challenged with UK vCJD. vCJD, variant Creutzfeldt-Jakob disease.
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1st case of vCJD Universal leukoreduction Donor deferral (transfused donors)

1997

1998

|

2000 2002 2006

1999 2001

:v 1stcase: || stcasee. 'l | | dstcase |0 Incubacion:
blood donation and transfusion | |  donor dies (of vCJD) . recipient dies (of vCJD) 6.5 afios

 ondcase:
recipient dies (PrP®° positive)

Sndcase:
donor dies (of vCJD)

3rd case:

s vCiD

Figure 2 Timeline of events underlying transmission of variant Creutzfeldt-Jakob disease (vCJD) plions via blooc |ncubacion:
i

sequence of events in the three known cases of transmission of vCJD prions via blood. Incubation fimes are 6.5y 8 afios se,
5 years for the second case, and 8 years for the third case.
PrPS¢, pathogenic isoform of the prion protein; vCJD, variant Creutzfeldt-Jakob disease.
\ 4
Cuarto caso, enero/2007, incubacion: codén 129 Met/Val
8,5 anos, mismo donante que el tercer
Caso.

Aguzzi A, Glatzel M. Prion infections, blood and transfusions. Nature Clin Pract Neurol. 2006; 2 (6): 321-9.
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PEARLS

Public health risks from subclinical variant CJD

Abigail B. Diack’, Robert G. Will?, Jean C. Manson'3##

1 The Roslin Institute & R(D)SVS, University of Edinburgh, Easter Bush, United Kingdom, 2 National CJD
Research and Surveillance Unit, University of Edinburgh, Edinburgh, United Kingdom, 3 The Centre for
Dementia Prevention, University of Edinburgh, Edinburgh, United Kingdom, 4 Edinburgh Neuroscience,

University of Edinburgh, Edinburgh, United Kingdom

Table 2. Summary of the appendix survey results.

Study No. of positive samples Birth cohort Appendix removal period Codon 129 genotype Sex
Appendix | [8,9] 3/12,674 - 1995-2000 VV (2) -
Appendix |1 [10] 16/21,441 1941-1945 20002012 MM M

1946-1950 MM M
1951-1955 MM M
19561960 MV M
VV (2) F(2)
1966—1970 VV (2) F(2)
MV M
1971-1975 MV M
MV F
1976—-1980 MM (3) M (3)
1981-1985 MM M
MM F
Appendix 11 [11] 2/5,865 - 1977-1979 - -
5/10,074 19962000 2000-2014 - -

-, no data.

Abbreviations: MM, methionine homozygous; MV, methionine/valine; VV, valine homozygous.
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CORRESPONDENCE

Variant Creutzfeldt—Jakob Disease Diagnosed
7.5 Years after Occupational Exposure

Home » Europe »

Home » Health » Creutzfeldt-Jakob: death of a technician working on prions in Toulouse
France: Temporary suspension of prion research after death of

Creut.szeldt—]ako.b. death pf a Iab technician
technician working on prions in —
Toulouse ( July 29, 2021 Europe ) 1 Comment

MNovember 30, 2021
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Important approaches for the development
of a therapy for prion diseases

Substances with anti-amyloidogenic effects such as tetracyclines

and its main transducer PERK

Pharmacologic inhibition of the UPR-system

Active and passive Immunotherapy including
dendritic cell therapy and adoptive CD4+ transfer

Antioxidants like Carnosic acid and carnosol

NMDA-blocker and calcium-channel-blocker

Nafe R et al., 2023



Perspectiva historica

La proteina prionica normal (PrPC) y patoldgica (PrPSc)
El gen PRNP

Tipos y cepas de PrP patoldgica

Enfermedad de Creutzfeldt-Jakob esporadica
Enfermedades prionicas humanas de origen genético
Kuru

Enfermedad de Creutzfeldt-Jakob yatrogénica

Variante de enfermedad de Creutzfeldt-Jakob

Caracteristicas “prion-like” de otras patologias ND }




AB Tau a-sinucleina

Stages I-11 Stages 1-2

Phases 2/3

Phases 4/5

Goedert et al., 2015



Propagacion de tau

ALZ17 ALZ17

P301S extract-injected

a ALZ17 ALZA7 ALZ17
inj Control extract P301 S extract

. Gallyas-Braak
silver

~ Tau

Clavaguera et al., 2009



Propagacion de tau de célula a célula
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Gibbons GS et al., 2019
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Alzheimer fold (3R+4R tau)

Filamentos y protofilamentos de tau
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Current Opinion in Structural Biology

Scheres SHW et al., 2020
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LETTER

Evidence for human transmission of amyloid-f
pathology and cerebral amyloid angiopathy

Zane Jaunmuktane!, Simon Mead®%*, Matthew Ellis?, Jonathan D. F. Wadsworth®3, Andrew J. Nicoll>?, Joanna Kennyz"‘,
Francesca Launchbury?, Jacqueline Linehan?, Angela Richard-Loendt®, A. Sarah Walker®, Peter Rudge®*,

: 2,3,4 : " 1,2,3
John Collinge & Sebastian Brandner 00 MONTH 2015 | VOL 000 | NATURE | 1

doi:10.1038/nature15369

Amyloid 3 Amyloid 3 Prion protein

ition but do not co-localize with AP deposits. While there is no sug-
gestion that Alzheimer’s disease is a contagious disease and no
supportive evidence from epidemiological studies that Alzheimer’s
disease is transmissible, notably by blood transfusion®®*, our findings
should prompt consideration of whether other known iatrogenic
routes of prion transmission, including surgical instruments and blood
products, may also be relevant to AP and other proteopathic seeds seen
in neurodegenerative diseases. AP seeds are known, like prions, to
adhere to metal surfaces and to resist formaldehyde inactivation and
conventional hospital sterilisation™.



Early Onset Cerebral Amyloid
Angiopathy following
Childhood Exposure to
Cadaveric Dura

Gargi Banerjee, MRCP ®,’
Matthew E. Adams, FRCR,?
Zane Jaunmuktane, FRCPath>#
G. Alistair Lammie, FRCPath,?

Ben Turner, MD,‘E’ Mushtag Wani, FRCP,?
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Sebastian Brandner, MD, FRCPath,*'? and

David J. Werring, FRCP'

CD68

Case 1

Caso 1:

hombre de 48 a.,
neurocirugia a los
11 a.

Caso 2:

hombre de 39 a.,
cirugia carotidea a
los 11 a.
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Table 1] c-hGH received by each case

Case Indicationforc-hGH

c-hGH preparations received

HWP FL K L R TPL Other

1 Craniopharyngioma; HWP 37, HWP 41, HWP  FL4, FL9 LJO0O03, Four batches,
secondary (postoperative) 43, HWP 48, HWP 51 LJOOO5, batch IDs
hypopituitarism Additional 7 ‘Wilhelmi’ LJO006 unknown

batches received,
batch IDs unknown

2 Craniopharyngioma; 12 ‘Wilhelmi’ batches Two batches,
secondary (post-operative)  received, batch IDs batch IDs
hypopituitarism unknown unknown

3 Silver-Russell Syndrome HWP 8 Five batches, One batch

Additional 6 ‘Wilhelmi’ batch IDs ‘HGH’, further
batches received, unknown details
batch IDs unknown unknown
4 Septo-optic dysplasia HWP 5 (2x), HWP 7, FL1, FL8, R17, R21
HWP 8 (2x), HWP 11, FLS, FL10 Additional
HWP 19, HWP 24, HWP ‘Raben’ batch
28, HWP 32, HWP 39 received, batch
Additional 3 ‘Wilhelmi’ ID unknown
batches received,
batch IDs unknown

5 Medulloblastoma; HWP 42 (x2) FL6 Three
post-therapy growth Additional ‘'HWP’ batches
hormone insufficiency batch received, batch ‘HGH’, further

1D unknown details
unknown

6 Isolated idiopathic GH HWP 30 (2x), HWP35  FL2, FL3, K79972 TPL5, TPL8, TPL9,  One batch
deficiency (2x), HWP 37, HWP 38,  FL5(2x), TPL10 ‘HGH’, further

HWP 40, HWP 45, HWP  FL11(2x) details
46, HWP 47 (2x), HWP unknown
50 (2x)

7 Isolated idiopathic GH HWP 44 (x2); HWP50  FL7 K79972 LJO004 (2x) TPL3, TPLE
deficiency (2x); HWP 51 (2x)

8 Craniopharyngioma; HWP 00, HWP 37, HWP  FL5 (2x), K79250 LJOOOS5 (2x) TPL10, TPL14, Two batches
secondary (postoperative) 39, HWP 41, HWP 50 FL7 FL8 TPL18, TPL24 ‘HGH’, further
hypopituitarism (2%) Additional 5 details

“TPL batches unknown

received, batch
IDs unknown




Personal View I

The prion model for progression and diversity of @ ks
neurodegenerative diseases "
Barbara E Stopschinski*, Marc | Diamond*

The neuropathology of different neurodegenerative diseases begins in different brain regions, and involves distinct Lancet Neurol 2017;16:323-32
brain networks. Evidence indicates that transcellular propagation of protein aggregation, which is the basis of prion published online
disease, might underlie the progression of pathology in neurodegenerative diseases such as Alzheimer's disease, February23,2017
. Do s . T . - - N e hrp://dx.doi.org/10.1016/
Parkinson’s disease, and Huntington’s disease. The prion model predicts specific patterns of neuronal vulnerability and $1474-4472(17,20057-6
network involvement on the basis of the conformation of pathological proteins. Indeed, evidence indicates that self- e Comment page 258
propagating aggregate conformers, or so-called strains, are associated with distinct neuropathological syndromes. The Fea
extension of this hypothesis to our understanding of common neurodegenerative disorders can suggest new therapeutic
X . o . Center for Alzheimer’s and
approaches, such as immunotherapy and small molecules, to block transcellular propagation, and new diagnostic tools
A R 7 Neurodegenerative Diseases,
to detect early evidence of disease. Peter 0"DonnellJr Braln
Institute, University of Texas,

*Contributed equally

Associated neurodegenerative disease  Cellmodel Rodent Evidence from patients

REVIEW ARTICLE | FOCUS

https://doi.org/10.1038/541593-018-0235-9

nature
neuroscience

Protein misfolding, aggregation, and
conformational strains in neurodegenerative

.
diseases

Claudio Soto* and Sandra Pritzkow

A hallmark eventin d ive di (NDs) is the misfolding, aggr ion, and lation of proteins, leading to
cellular dysft ion, loss of synapti. ions, and brain d Despite the invol of distinct pi ins in different
NDs, the process of protein misfolding and aggregation is remarkably similar. A recent breakthrough in the field was the discov-
ery that misfolded protein aggregates can self-pr through ding and spread the pathological abnor ities b

cells and tissues in a manner akin to the behavior of infectious prions in prion di: This di y has vast impli for
under ding the i involved in the initiation and prog ion of NDs, as well as for the design of novel strategies

for treatment and diagnosis. In this Review, we provide a critical discussion of the role of protein misfolding and aggregation in
NDs. Commonalities and differences between distinct protein aggregates will be highlighted, in addition to evidence supporting
the hypothesis that misfolded aggreg: can be issible by the prion principle. We will also describe the molecular basis

and implications for prion-like confor ional strains, cr il different mi p! ins in the brain, and
how these concepts can be applied to the development of novel strategies for therapy and diagnosis.

model

o-Synuclein  Parkinson's disease Yesh2 YesB¥#  Yeagi®
Huntingtin  Huntington's disease Yes @ Yes™ Requires confirmation™
S0D1 Amyotrophic lateral sclerosis Yegeies Yes2%  No
PrP Transmissible spongiform Yest Yesie  Yag/tlt

encephalopathy (Creutzfeldt-Jakob

disease, Gerstrann-StravsslerScheinker

disease, fatal insomnias, and kuru)
Tau Alzheimer's disease, frontotemporal Yeg'27 Yes® 5% No

dementia, corticobasal degeneration,

progressive supranuclear palsy, etc
Amyloid B Alzheimer's disease Yeg Yest72¥  Requires confirmation

The table lists proteins with prion properties, their associated neurodegenerative diseases, and summarises scientific
evidence from human beings, rodents, and cell models in support of a prion model of pathology propagation.
SOD1=superoxide dismutase 1. PrP=prion protein.

) ) Frontotemporal
Parkinson's disease dementia
T Alzheimer's
disease T Corticobasal
\ & &‘h\% degeneration
§ 2 d
Synucleinopathies ,§ Tauopathies
o Progressive

O ; S
?i‘c W __» supranuclear
A, b palsy
/ LO
: N .
Chronic Argyrophilic

Dementia with Multiple system traumatic Gyro
Lewy bodies atrophy encephalopathy grain disease

Table: Evidence for a prion model of common neurodegenerative diseases

Stopschinski BE, Diamond M. Lancet Neurol. 2017 Apr;16(4):323-332.
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