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Pierluigi (right) with his older brother, 
Imola, Italy, c. 1942



• Bologna University Medical School - magna cum laude

• Department of Neurology and Psychiatry, University of Bologna, 
Professor Elio Lugaresi

• February 1966 – McLean Hospital, Harvard. Met and married
Dr. Lucila Autilio

• June 1966 - joined the lab of Nick Gonatas, University of Pennsylvania to study EM

• Case Western Reserve University - Director of Neuropathology

• 1986 - Fatal familial insomnia and dysautonomia with selective degeneration of 
thalamic nuclei. New England Journal of Medicine

• 1992 - Fatal familial insomnia is a prion disease with a mutation at codon 178 of the 
prion protein gene. New England Journal of Medicine

Professor Elio Lugaresi



• 1992 - Fatal familial insomnia and familial Creutzfeldt Jacob disease: disease 
phenotype determined by a DNA polymorphism. Science
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‘We decided to collaborate on (transmission of FFI) with
Stanley Prusiner, who seemed to have the best transgenic
(Tg) mice expressing human PrP.

Piero Parchi, a talented and productive postdoctoral fellow
from Bologna, and I could not believe our eyes: Tg mice
inoculated with fCJD200 or FFI brain homogenates
displayed resPrPD type 1 or 2 mimicking those of the
fCJD200 and FFI patients. This finding showed that
human resPrPD types were reproducible despite the
different (mouse vs human) brain microenvironments.

Stan quickly observed that type 1 and 2 reproductions also
occurred in the absence of the pathogenic mutation of FFI
and fCJD200, which the Tg mice did not carry. Therefore,
the inoculated human resPrPD types 1 and 2 carried all the
information needed to reproduce themselves in the Tg mice
with no apparent nucleic acid intervention.

In my opinion, the results of this study published in 1996
significantly strengthened the ‘protein-only or prion’
hypothesis for which Stan deservedly received the 1997
Nobel Prize.’
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• 1999 - Classification of sporadic Creutzfeldt-Jakob disease based on molecular and 
phenotypic analysis of 300 subjects. Annals of Neurology

• 2008 and 2010 - A novel human disease with abnormal prion protein sensitive to 
protease. Variably protease-sensitive prionopathy: a new sporadic disease of the 
prion protein. Annals of Neurology

• 1997 - National Prion Disease Pathology Surveillance Center established at CWRU 
under the aegis of the Centers for Disease Control and Prevention. Nearly 19-year 
directorship.





‘The CJD Foundation was moved to Akron (OH) and very
successfully expanded by the foundation president, Ms.
Florence Kranitz, creating the conditions for a very productive
collaboration with the National Prion Disease Pathology
Surveillance Center. One of Florence’s most important
initiatives was the annual CJD Foundation Family Conference.
The three days spent with patients’ families was a special time,
moving and very enlightening. It gave me a glimpse of the
other side of human prion diseases, and of the profound sorrow
and pain they cause. I believe that this experience gave me a
better sense of my work. I encourage physicians and biomedical
researchers not in direct contact with patients and their
families to seek out similar experiences.’

Pierluigi and the CJD Foundation 

Florence KranitzPierluigiNeil Cashman
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Glenn Telling
Prion Research Center

Colorado State University

Novel mouse models of prion diseases

Creutzfeldt Jakob Disease Foundation Family Conference
Chicago, IL, 2025
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encephalopathy
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Prions – Transmissible spongiform encephalopathies

• Prion diseases are fatal, transmissible neurodegenerative disorders which 
frequently occur as epidemics 

• Prions epitomize an unprecedented mechanism of protein-mediated 
information transfer

• The capacity for prions to transmit between species is unpredictable

Sporadic Creutzfeldt
Jakob disease

http://www.agr.state.nc.us/cyber/kidswrld/general/barnyard/jpgs/vet01.jpg
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Spongiform 
degeneration

Reactive 
astrogliosis

Prions – cause fatal, transmissible neurodegenerative 
diseases of the central nervous system

Massive 
neuronal loss

Amyloid 
plaques



• Transmissible with a rapidly progressive clinical phase
• Similar clinical presentations
• Agent is filterable and titratable 
• Agent exhibits strain properties

Transmissible features of TSEs were 
consistent with a viral etiology

Features suggesting a viral aetiology



France 1936

Paul-Louis ChelleJean Cuille

Experimental transmission of scrapie infection



CWD - an emerging global prion disease 
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from human food chain

Foodborne transmission of bovine spongiform 
encephalopathy (BSE) – mad cow disease

• Jan 1993 - Epidemic peaked at  ~ 1,000 new cases /week

• By Dec. 1, 2000 - 177,531 cattle diagnosed with BSE in Great Britain



UK BSE

EC BSE

Zoonotic transmission of BSE to humans 
– variant Creutzfeldt-Jakob disease (vCJD)

UK vCJD

EC vCJD

http://www.agr.state.nc.us/cyber/kidswrld/general/barnyard/jpgs/vet01.jpg


Iatrogenic CJD

Aetiology: 143 cases - Human pituitary growth hormone
4 cases      - Human pituitary gonadotropin
169 cases  - Dura mater grafts
3 cases      - Cornea transplants
2 cases      - EEG electrodes
4 cases      - Neurosurgery

Accidental human prion transmission during medical procedures

Other human prion diseases acquired by infection



Carleton Gajdusek

Aetiology: Ritualistic cannibalism

Kuru

Epidemic among the Fore peoples of Papua New Guinea (>2500 cases)

Other human prion diseases acquired by infection



Clarence GibbsWilliam Hadlow

Neuropathological
similarities of 

Kuru and scrapie

Experimental transmission of human prion 
diseases to non-human primates 



Clarence GibbsWilliam Hadlow

United States 1959-1968

Experimental transmission of human prion 
diseases to non-human primates 



Experimental transmission of 
Prions to Mice



Wild type mice
(n = 8)

Scrapie
prions

• Generally low attack rate
• Prolonged incubation times in diseased animals
• High variance of times to onset of disease

Although infection is transmitted readily to animals of the 
same species, interspecies transmission is generally more 
difficult. Species Barrier

The species barrier in prion transmission



Wild type mice
(n = 8)

Wild type mice
(n = 8)

• 100 % attack rate
• Incubation time 170±3d (8/8)
• SEM < 2 % of mean

Mouse-adapted 
Scrapie prions

Mouse-adapted 
Scrapie prions
NEW STRAIN

Species Barrier

The species barrier in prion transmission

Scrapie
prions



Strain 
A

Strain 
B

Strain 
C

•Incubation time 140 ±2d (8/8)
•Neuropathology Type A

•Incubation time 250 ±3d (8/8)
•Neuropathology Type B

•Incubation time 410 ±5d (8/8)
•Neuropathology Type C

Strain properties were consistent with a viral etiology

These prion strain phenotypes
are heritably propagated during
iterative transmissions.



Wild type mice
(n = 8)

Mouse
prions

Remarkably reproducible !

Wild type mice
(n = 8)

• 100 % attack rate
• Incubation time 173 ± 2 d (8/8)
• SEM < 2 % of mean incubation time

• 100 % attack rate
• Incubation time 169 ± 1 d (8/8)
• SEM < 2 % of mean incubation time

Prion transmissibility was consistent with a viral etiology

Mouse
prions

Prion strain phenotypes are
heritably propagated during
iterative transmissions.



• Absence of immune response
• Agent extremely resistant to inactivation
• Extremely long incubation times 
• Agent contains no detectable nucleic acid

Unique characteristics of TSEs suggested 
a highly unusual infectious agent

Unusual features of the infectious agent that were 
inconsistent with viral infection



Kuru incubation times exceeding five decades



Tikvah Alper

Radiation (non)-inactivation of Scrapie – England 1967
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The biophysical characteristics of 
the scrapie agent differed from 
other known infectious agents

The scrapie agent lacks nucleic acids


T. Alper, W. A. Cramp, D. A. Haig, M. C. Clarke, Nature 214, 764-6. (1967)



United States 1982 Stanley Prusiner

Purified, highly infectious preparations of scrapie 
contain amyloid fibrils and no nucleic acids



Normal PrPC Disease PrPSc

The prion protein exists in two conformations
• The normal, host-encoded form referred to as PrPC

• Its infectious counterpart referred to as PrPSc

• Prions lack nucleic acids and are composed of PrPSc

The prion hypothesis



Normal PrPC Disease PrPSc

PrPC and PrPSc have different biochemical properties

Distinct properties of PrPC and PrPSc

Not infectious
Protease-sensitive

Infectious
Partially protease-resistant

PK  - +      - +

Normal     Infected



Normal PrPC Disease PrPSc

PrPSc imposes its infectious conformation on PrPC resulting in the 
exponential accumulation of additional PrPSc

TSEs are disorders of prion protein conformation

Disease



DNA ProteinRNA Folded Protein

The prion hypothesis was heretical since it appeared to 
contravene the central dogma of molecular biology

The prion hypothesis



To understand: 

• The mechanism of prion propagation

• The molecular basis of prion species barriers

• How prion strains encipher heritable and mutable information in 
the absence of informational nucleic acids

• The factors controlling how prions evolve and adapt in response 
to various selective pressures

• The zoonotic risks of emergent prion strains

Telling Lab - Research Goals



Abrogating the species barrier to human prions 
in transgenic mice

CJD

Wild type mice

Tg(HuPrP)

No inoculated mice
developed disease

100 % inoculated mice 
developed disease  



CJD
patient

Primary structure of the prion protein influences 
interspecies prion transmission 

Wild type mice

Mouse
PrPC

Human
PrPSc

No conformational conversion No disease

Different PrP 
primary structures



CJD
patient

Primary structure of the prion protein influences 
interspecies prion transmission 

Human
PrPC

Human
PrPSc

Conformational conversion

Tg(HuPrP)

Human
PrPSc

Prion disease

Same PrP 
primary structures



PrPC

Maintain Normal 
Conformation

PrPSc

Prions replicate by template-mediated 
conformational conversion 

Conformational
Conversion

Host-encoded

PrPC

X

PrPC

X

PrPSc PrPSc PrPSc



Prion strain properties are inherited on passage from one generation to the 
next. 

How does this occur in the absence of informational nucleic acid in the 
infectious agent?

How do prions encode heritable strain 
information in the absence of nucleic acids? 
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Mouse RML prions

Hamster 263K prions

Different monomer 
conformations

Different stacking of 
monomers

Different helical 
pitches of 

amyloid fibrils

Cryo-EM - Different prion strains are composed 
of distinct PrPSc conformers



Aetiology: Autosomal dominant inheritance caused by 
coding sequence mutations in the PrP gene 

Point mutationsOctarepeat 
insertions

Incidence: 10 – 20 % of all human prion diseases

• Familial CJD 
• Gerstmann-Sträussler-Scheinker Syndrome (GSS)
• Fatal Familial Insomnia (FFI)

P(Q/H)GGG(G/-)WGQ

8 16 32 40 48 56 64 72

α1 α2 α3β1 β2

P102L
P105L

A117V

Y145Amb
D178N

V180I
T183A

F198S

E200K
R208H
V210I

E217R

M232R

Inherited human prion diseases
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Tg(P101L) @ 190 dpi

Modelling inherited human prion diseases in Tg mice



Modelling inherited human prion diseases in Tg mice



Tg(Human PrP)

Tg(Sheep PrP)

NATURAL HOSTS

Tg(Cattle PrP)

Tg(Elk PrP)

Tg(Deer PrP)

Tg(Mink PrP)

Tg(Cat PrP)

AT RISK SPECIES

Tg(Pig PrP)

Tg(Horse PrP)

EXPERIMENTAL SPECIES

Tg(Mouse PrP)

Tg(Bank Vole PrP)

POLYMORPHISMS

Tg(DeerPrP-S96)

Tg(DeerPrP-H95)

Tg(DeerPrP-F225)

Tg(HumanPrP-V129)

Tg(SheepPrP-A136)

Tg(ElkPrP-L132)

CJD

Scrapie

BSE

CWD

CWD

TME

BSE/
CWD

Transgenic mouse models of prion diseases

Tg(Cattle-K211PrP)



Drawbacks of conventional transgenic mice 

• Uncontrolled transgene copy number and chromosomal integration

• Uncontrolled transgene expression

• Different expression vectors

• Challenging to assess the effects of PrP allele heterozygosity

• Uncertain peripheral expression

Tg(Deer) Tg(Elk)



North American deer and elk PrP differ at residue 226

CAG GAG



GtQGtE

Gene targeted (Gt) mice expressing 
CerPrPC-E226 (elk) and CerPrPC-Q226 (deer)

Prnp Prnp
MoPrP MoPrP

Chromosome 2Chromosome 2

Bian et al., PNAS, 2019



GtQGtE

Gene targeted (Gt) mice expressing 
CerPrPC-E226 (elk) and CerPrPC-Q226 (deer)

Prnp Prnp Chromosome 2Chromosome 2

Bian et al., PNAS, 2019



Bian et al., PNAS, 2019

GtQGtE

CNS
mRNA

CNS 
PrP

GtE GtQ GtE GtQFVBPrnp0/0FVB

Gene targeted (Gt) mice expressing 
CerPrPC-E226 (elk) and CerPrPC-Q226 (deer)

Prnp Prnp Chromosome 2Chromosome 2



GtE
(ic) 

- +    +    +    +

GtQ
(ic) 

- +    +   +

26%
****

Disease onset - consistently more rapid in GtE than GtQ

We ascribe this difference to residue 226 since 
Gt mice are otherwise genetically identical 

Variation at residue 226 influences 
CWD prion disease kinetics in Gt mice 

GtQ

GtE

Bian et al., PNAS, 2019



GtQ

GtE

Elk 99W12389 - GtE Elk Bala-04 - GtE Elk 012-09442 - GtE Elk Bala-01 - GtE

Residue 226 affects CNS targeting of CWD prions

Deer D10 - GtQElk 99W12389 - GtQ

Disorganized and asymmetrical pattern of PrPSc distribution in GtQ mice.

Diffuse and symmetrical pattern of PrPSc distribution in GtE mice infected with 
North American elk CWD.

Bian et al., PNAS, 2019



Novel emergent CWD strains in Europe

Emerging Infectious Diseases, 2023



Naturally contagious CWD transmission linked to 
efficient prion propagation by peripheral routes



CWD prions are inefficiently transmitted by 
peripheral routes of exposure in Tg mice

Tg(Deer)
251 ± 11 (n = 21)

Tg(Deer)
440 ± 14 (n = 20)

Intraperitoneally-challenged Tg(Deer) mice 
have significantly longer incubation times 
than their intracerebrally-challenged counterparts

Intracerebral
Intraperitoneal



Tg(Deer)
- +

Tg(Deer)Mock Tg(Deer)Mock

PK

Spleens of diseased Tg mice fail to accumulate CWD prions 

CWD prions are inefficiently transmitted by 
peripheral routes of exposure in Tg mice

Tg(Deer)
251 ± 11 (n = 21)

Tg(Deer)
440 ± 14 (n = 20)

Intracerebral
Intraperitoneal

Intraperitoneal Intracerebral



CWD prions are efficiently transmitted by 
peripheral routes of exposure in Gt mice

GtQ(ip)
367 ± 13 (n = 22)

GtQ(ic)
344 ± 11 (n = 30)

By contrast, intracerebrally and intraperitoneally 
challenged GtQ mice have indistinguishable 
incubation times

Intracerebral Intraperitoneal



- +

Tg(Deer)Mock GtQ Tg(Deer)Mock GtQ

PK

Spleens of diseased Gt mice accumulate CWD prions GtQ

GtQ(ip)
367 ± 13 (n = 22)

GtQ(ic)
344 ± 11 (n = 30)

CWD prions are efficiently transmitted by 
peripheral routes of exposure in Gt mice

Intracerebral Intraperitoneal

Intraperitoneal Intracerebral



Propagation of different strains during peripheral 
and intracerebral transmissions of CWD to Gt mice

Intracerebral

Intraperitoneal Oral

Native
Conformer

Native
Conformer

Native
Conformer

Native
Conformer

Adapted
Conformer

Novel prion strain causing 
distinct CNS disease

Same prion strain

Native prion strain 
properties maintained



GtV129GtM129

Gene targeted (Gt) mice expressing 
HuPrPC-M129 and HuPrPC-V129

• Our results with GtE and GtQ mice indicated that targeted, physiological expression 
of PrP from Prnp provides an improved platform to assess prion strain diversity, and 
the role of peripheral compartments in strain selection/adaptation

• By extension, these findings also suggest that gene targeted mice offer a refined 
approach to address the zoonotic potential of prions from diseased animals (e.g. CWD)

• We created Gt mice expressing HuPrP-M129 of HuPrP-V129 from the Prnp locus



GtV129GtM129

Transmissions of sCJD prions

RES-1001 (sCJD brain (MM1)
RES-1002 (sCJD brain (VV1)
RES-1003 (sCJD brain (VV2) 
RES-1004 (sCJD brain (MM1)
RES-1005 (sCJD brain (VV2) 
RES-1006 (sCJD brain (MM1)

• Dr. Gambetti at Case Western provided six sCJD
patient brain samples for transmission studies in Gt 
mice expressing human PrP

• Also inoculated Tg human mice
• TgM ~16x WT
• TgV ~2x WT

• Mice were either intracerebrally or intraperitoneally  
inoculated



RES-1001

GtM/M  297 ± 10 (8/8) 

GtM/V  440 ± 13 (5/5) 

GtV/V  532 ± 6 (8/8) 

Intracerebral MM1 sCJD transmissions

RES-1004

GtM/M  297 ± 6 (4/4) 

GtM/V  369 ± 7 (7/7) 

GtV/V  430 ± 26 (7/7) 

RES-1006

GtM/M  327 ± 9 (7/7) 

GtM/V  369 ± 8 (7/7) 

GtV/V  480 ± 24 (8/8) 



GtV/V  314 ± 4 (11/11) 

GtM/M  >594 (0/14) 

GtM/V  >553 (0/13) 

VV1 sCJD

VV2 sCJD

GtM/M  >566 (0/5) 

GtM/V  >554 (0/8) 

GtV/V  293 ± 4 (6/6) 

GtM/M 308 ± 13 (19/19) 

GtM/V 387 ± 9 (19/19)

GtV/V 492 ± 12 (23/23) 
MM1 sCJD

Intracerebral sCJD transmissions
TgM 175 ± 2 (22/22) 

TgV 341 ± 12 (22/22) 

TgM 516 ± 10 (3/6) 

TgV 231 ± 4 (8/8) 

TgM 492 (1/9) 

TgV 242 ± 5 (10/10) 





GtE and GtQ succumb to peripheral CWD challenges



Intraperitoneal MM1 sCJD transmissions



Intraperitoneal VV1 or VV2 sCJD transmissions



R35NS132226 

P01AI-077774 Core B ‘Science Core’
P01AI-077774 Project 1

T325310704 ‘Infectious Disease Research and Response Training Program’ for Joseph DeFranco

Current grant funding



Current Lab members
Alyssa Block, Carlos Diaz Dominguez, Joseph DeFranco, Diana Lowe, Xutong Shi, Hannah Bodrogi, Sehun Kim, Jenna Crowell

Previous Contributing Lab members
Jifeng Bian, Tomas Barrio, Juliana Sun, Sarah Kane, Hae-Eun Kang, Jeff Christiansen, Julie Moreno, Bailey Webster

Prion Research Center (PRC) and other collaborators
Ed Hoover, Candace Mathiason, Amanda Woerman, Mark Zabel, Jason Bartz, Claudio Soto, Pierluigi Gambetti, Sylvie Benestad,
Jason Bartz

Telling Lab members and key collaborators
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