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IMMUNITA’ E PRIONI 

IMMUNITY AND PRIONS 



World’s Aging Population 

Source: United Nations Department of Economic and Social Affairs, Population Division. World Population Prospects. The 2004 Revision. New York : United Nations, 2005.  



Current prevalence rate of 
neurodegenerative diseases in the EU 

Age group        Male        Female 
30-59       0.16 %      0.09 % 
60-64       1.58 %      0.47 % 
65-69       2.17 %      1.10 % 
70-74       4.61 %      3.86 % 
75-79       5.04 %      6.67 % 
80-84       12.12 %    13.50 % 
85-89       18.45 %     22.76 % 
90-94       32.10 %     32.25 % 
95-99       31.58 %     36.00 % 



Causes of neurodegenerative 
disease 

Prion 
diseases	


Alzheimer’s 
disease	


Parkinson’s 
disease	
 Viral	


Sporadic	


Genetic	


Infectious	




Macromolecules directing synthesis of progeny 
pathogens!

Infectious Pathogen ! !DNA or RNA! !Protein!
! ! ! ! !    !   genome ! ! ! !!

!! ! !!

Virus ! ! ! ! ! !√!

Viroid ! ! ! ! ! !√!

Bacterium ! ! ! ! !√!

Fungus ! ! ! ! ! !√!

Parasite! ! ! ! ! !√!

Prion ! ! ! ! ! ! ! ! !    √!
! ! ! ! ! ! !!



Causes of neurodegenerative 
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Prion	  disease	  =	  Transmissible	  Spongiform	  
Encephalopathy	  (TSE)	  

Control Infected 



Prion Disease in humans and animals!

1. Kuru!
2. Creutzfeldt-Jakob disease (CJD)!
3. Gerstmann-Sträussler-Scheinker disease (GSS)!
4. Fatal Insomnia (FFI)!

5. Scrapie!

6. Bovine Spongiform !
    Encephalopathy (BSE)!

7. Chronic Wasting Disease (CWD)!



Prion Disease vs Most Common 
Neurodegenerative Diseases in the US in 2000 

Disease      Number of     Prevalence 
       cases      per 100,000* 

Prion disease     400      0.1 
Alzheimer's disease   4,000,000     1,200 
Parkinson disease    1,000,000     300 
ALS       20,000      7 
Huntington's disease   30,000      10 

Abbreviations: ALS = amyotrophic lateral sclerosis. 

*Population of United States is approximately 275 million in the year 2000. 

From Prusiner N.Engl.J.Med. 344, 2001 
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Frequency                          Diseases 

    Sporadic  Creutzfeldt-Jakob disease (CJD); incidence  
   (80 - 85%)  of 1-3 per million population worldwide 

     Genetic  Gerstmann-Sträussler-Scheinker disease,  
   (10 - 15%)  familial CJD, and fatal familial insomnia have  

    up to 50% of family members afflicted  

   Infectious  Kuru - cannibalism in New Guinea natives 
      (<1%)  Iatrogenic CJD 

    - Contaminated surgical instruments 
     - Growth hormone from human pituitaries 
     - Tainted meat from BSE infected cattle 

Human prion diseases 



Most	  muta=ons	  are	  confined	  in	  the	  globular	  domain	  	  



Mad cow disease has created the greatest threat to the 
safety of the human food supply in modern times.  vCJD 

threatens the safety of the blood supply worldwide!



BSE and vCJD in the UK 1988-2009
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BSE in cows and the appearance of variant 
Creutzfeldt-Jakob disease (vCJD) in humans	  

John Gummer’s 
statement 



!Bosque et al. (2002):  Bioassays showed mouse hindlimb 
muscles contain ~105 ID50 units of prions/g of muscle after i.c. or 
i.m. inoculation; this level is ~1% of that in brain.  PrPSc was 
demonstrated by Western blotting and ELISA.  Transgenetic 
studies established that prions can replicate in myocytes.!

!Thomzig et al. (2003):  PrPSc was found in skeletal muscles 
from forelimbs, hindlimbs, head, back and shoulder, and in the 
tongues of Syrian hamsters after p.o. inoculation.!

!Glatzel et al. (2003):  PrPSc was found in 8 of 32 skeletal 
muscle samples (25 %) from patients with sporadic Creutzfeldt-
Jakob disease.!

!Andréoletti et al. (2004): PrPSc was found in myocytes from 
sheep incubating natural scrapie. 





Prion protein gene structure and protein products!

ORF!

PrPSc!

PrPC!

PrP 27-30! ~142 amino acids!

209 amino acids!

Consensus sequence of ragged N-terminus: GQGGGTHNQWNKPSK!

CHO! CHO! GPI!Octarepeats: PHGGGWGQ!

S-S!

209 amino acids!

Prnp!



What are Prions?	  

Prions are proteins that can adopt at least two different 
conformations; they multiply by forcing the precursor 
protein to acquire a second conformation.!



α-helix A!

α-helix B!

α-helix C!

β-helix!

α-helix B!

α-helix C!

Recombinant PrP!
(Precursor Protein)!

Model of PrPSc!
(Pathologic Prion)!



PrPSc Wild-type PrPC 

PrP* 

PrP* PrPSc 

PrPSc multimers 

The prion replication cycle requires only PrPC 



What are Prions?	  

Prions are proteins that can adopt at least two different 
conformations; they multiply by forcing the precursor 
protein to acquire a second conformation.!

Different conformations of proteins in the prion state 
encipher distinct strains; all seem prone to aggregation.!

In mammals, prions cause fatal CNS degeneration.!



Prions represent a new paradigm	  

Prions are proteins that can adopt many different 
conformations: it seems likely that each conformation 

may exhibit a slightly different biological activity. !



Anfinsen's dogma (also known as the thermodynamic 
hypothesis) is a postulate in molecular biology championed by 
the Nobel prize laureate Christian B. Anfinsen. The dogma 
states that … the native structure is determined only by the 
protein's amino acid sequence. This amounts to say that, at the 
environmental conditions (temperature, solvent concentration 
and composition, etc.) at which folding occurs, the native 
structure is a unique, stable and kinetically accessible minimum 
of the free energy. 

Anfinsen's dogma 

from Wikipedia.org 



Aguzzi et al., Annu. Rev. Neurosci. 31, 2008 



IMMUNITY and PRIONS 



First Discovery of Lymphoreticular Involvement in 
Prion Accumulation and Conversion 

Nature. 1970 May 2;226(5244):462-3. 

Pathogenesis of scrapie in the mouse: the role of the 
spleen. 

Fraser H, Dickinson AG. 



Extraneural Immune Phase 
PrPC is expressed by lymphocytes, mostly B cells 

Lymphocyte requirement to B cells: only B cells within secondary 
lymphoid organs accumulate prion. Circulating lymphocytes possess 
negligible infectivity 

A series of bone marrow transfer experiments demonstrated that 
peripheral prion pathogenesis required the physical presence of B cells, 
but the expression of PrPC by these cells is dispensable for pathogenesis 
upon intraperitoneal infection in the mouse scrapie model. Adoptive 
transfer of Prnp+/+ bone marrow to Prnp0/0-recipient mice did not suffice to 
restore infectibility of Prnp-expressing brain grafts, indicating that 
neuroinvasion was still defective, yet intraperitoneal infection occurred 
efficiently even in B-cell deficient hosts that had been engrafted with B 
cells from Prnp knockout mice. 

Blättler et al. (1997) Nature 389, 69-73. 



Prion replication and follicular dentritic cells 

Prion infectivity rises very rapidly in spleens of 
intraperitoneally infected mice. Although B lymphocytes 
are crucial for neuroinvasion, all evidence indicates that 
most splenic prion infectivity resides in a stromal fraction. 
Instead, the apparent requirement for B lymphocytes in 
peripheral pathogenesis is more likely to be derived, at 
least in part, from indirect effects, including the provision of 
chemokines or cytokines to cells that efficiently replicate 
prions in peripheral regions of the host body. 



B-lymphocyte-derived signals would be localized in close 
proximity to the B lymphocytes, be of stromal origin, and 
should also display PrPC on its cell surface. 

FDCs fulfill each of these criteria. FDCs support the 
formation and maintenance of the lymphoid 
microarchitecture by expressing homeostatic chemokines 
and have a role in antigen trapping and capturing of immune 
complexes by Fc receptors. 



Gene deletion experiments in mice have shown that 
signaling by both TNF and lymphotoxins (LTs) is 
required for generation and maintenance of FDCs. LTs 
belong to a family of structurally related cytokines, the 
TNF superfamily, and are expressed primarily by B 
lymphocytes and activated T lymphocytes. 

LTα and LTβ are proinflammatory cytokines. 



Membrane-bound LT-α/β (LT-α1/β2 or LT-α2/β1) 
heterotrimers signal through the LT-β receptor (LT-
βR), thereby activating a signaling pathway 
required for the development and maintenance of 
secondary lymphoid organs. 

Inhibiting the LT-βR pathway in mice and 
nonhuman primates, by treatment with LT-βR-Ig, 
results in the disappearance or dedifferentiation of 
mature, functional FDCs. Treatment with LT-βR-Ig 
was found to impair peripheral prion pathogenesis. 





Peripheral prion pathogenesis has been studied in mice 
lacking TNF-α, LTα/β, or their receptors. 

After intracerebral inoculation, all treated mice developed 
clinical symptoms of scrapie with incubation times, attack 
rates, and histopathological characteristics similar to those of 
wild-type mice, indicating that TNF/LT signaling is not relevant 
to cerebral prion pathogenesis. Upon intraperitoneal prion 
challenge, mice defective in LT signaling (LTα-/-, LTβ-/-, LT-
βR-/-, or LTα/TNFα-/-) proved virtually noninfectible with 5 log 
LD50 scrapie infectivity, and establishment of subclinical 
disease was prevented. 



In contrast, TNFR1-/- mice were almost fully susceptible to all 
inoculum sizes, and TNFα-/- mice showed dose-dependent 
susceptibility. TNFR2-/- mice had intact FDCs and germinal 
centers and were fully susceptible to scrapie. 

TNF deficiency prevents lymphoreticular prion accumulation in 
spleen but not in lymph nodes. 



Complement cascade in prion accumulation 

As FDCs interact with opsonized antigens through the 
CD21/CD35 complement receptors, a key question is 
whether there is a role for the complement cascade in the 
pathology of prion diseases. Indeed, depletion of either 
one of the early complement factors (C1q, Bf/C2 and C3) 
or the complement receptor (CD21/CD35) significantly 
delays the onset of disease symptoms in mice injected with 
limiting doses of different scrapie strains. 



Prions Tropism for Inflammatory Foci 

Many chronic inflammatory conditions, some of which 
are very common and include rheumatoid arthritis, type 1 
diabetes, Crohn’s disease, Hashimoto’s disease and 
chronic obstructive pulmonary disease, result in 
organized inflammatory foci of B lymphocytes, FDCs, 
DCs, macrophages, and other immune cells associated 
with germinal centers. 
In addition, tertiary follicles can be induced, and are 
surprisingly prevalent, in nonlymphoid organs by 
naturally occurring infections in ruminants. 

Lymphoid follicles with prominent FDC networks can 
replicate prions in mice, sheep, and Deer. 







The process of prion infectivity transfer from the 
spleen to the CNS is termed neuroinvasion. 

In the last several years, a biphasic model has 
emerged to explain the process of prion. 

The first phase is characterized by widespread 
colonization of lymphoreticular organs (as shown). 

The second phase has long been suspected to 
involve peripheral nerves. The innervation pattern of 
lymphoid organs is primarily sympathetic, and many 
studies suggest that is the way how the prion agent 
travels from lymphoid organs to the CNS 



Passive immunization with antibodies against PrP has 
been shown to protect mice from infection, indicating the 
possibility of prion vaccines. However, PrP is a host 
protein therefore immune tolerance to PrP has 
hampered development of them.!



PrPSc Wild-type PrPC 

PrP* 

PrP* PrPSc 

PrPSc multimers 

The prion replication cycle requires only PrPC 



!Brown et al. (1998):  Rodent blood contains ~1 ID50 
unit/mL based on rodent bioassays.!

!Hunter et al. (2002):  Transfusion of sheep with 400 
mL of blood from sheep with scrapie or BSE 
produced disease in recipients.!

!Llewelyn et al. (2004):  69 y.o. male died of vCJD. He 
received a blood transfusion 6.5 years before from a 
young donor, who subsequently died in 2001 after 
developing vCJD. The patient was one of 48 
recipients who received blood or blood products from 
15 donors who eventually developed vCJD. !

! !!
!Peden et al. (2004): Preclinical vCJD after blood 
transfusion in a PRNP codon 129 heterozygous 
patient.!

!Wroe et al. (2006): Case report of clinical presentation 
and pre-mortem diagnosis of vCJD associated with 
blood transfusion.!



!Llewelyn et al. (2004):  69 y.o. male died of vCJD. 
He received a blood transfusion 6.5 years before 
from a young donor, who subsequently died in 
2001 after developing vCJD. The patient was one 
of 48 recipients who received blood or blood 
products from 15 donors who eventually 
developed vCJD.!

!Peden et al. (2004): Preclinical vCJD after blood 
transfusion in a PRNP codon 129 heterozygous 
patient.!

!Wroe et al. (2006): Case report of clinical 
presentation and pre-mortem diagnosis of vCJD 
associated with blood transfusion.!

SO FAR 4 CASES OF vCJD HAVE BEEN CONSIDERED TO BE 
TRANSMITTED VIA BLOOD TRANSFUSION	  



THANK	  YOU	  
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