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Human Prion Diseases: Classic Definitios, Problems,and New Directions in

Research

Human pion diseaseare a class of neurodegenerative diseases unique in the sense that
they possess sporadic, familial, and infectious etiologié® disease& reutzfédt-Jakob
diseas€CJD), GerstmanitrSussler syndrome (GSS), fatal familial insomnia (FFI), and kuru,
are all associated with a misfolded isoform ofphien protein(PrP) the protein product of the
prnp gene located on chromosome(86eFig. 1). There have been strong correlations between
particular point mutations and prion pathologwhile some polymorphisms, particularly

M129V, are related to latency and incubation tirfiés W, 2007)

The nonpathologic, cellular PrP (PfPis ubiquitous throghout the bodyOs tisspes
though found in the highest concentrations in the brdihe prnp gene consists of a single
reading frame, with three exortmdingfor a 253 amino acid polypeptide (Prusiner, 199Me
protein is modified through the remowadl22 amino acids from the-Mrminus and 23 from the

C-terminus with the addition of a glycophosphatidyl inositol (GPI) anchor that secures it in the
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cellular membranand glycosylation

at two asparagine residuéBlechsig,
2004) The Nterminus contaima 5
octarepeat region that has been shown

to bind metal ions, in particular &
I"#$%8P:R'SY%NN4&'=3:G%&8'45'$<*T;S'45'3L U IRBRAFRBS*#%
QWIX':3*&A4$ #<4G&6'B<*B*9%):9'3*8%4&#:3* #<4G&'%&>:"H  suggesting a role in mediating copper
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Insertions in the octapeptide region

are a positive marker for the familial component of CJertiary structure consists of a
OflexibleO Nerminal region of about 100 amino acids andt@@inal region consisting of 3 !

helices and one small parallesheet{Cohen, 1999)

Prion disease seems to be the result of conformational changé fnoRtFhe hrgely
helical cellular form to a-sheet rich form prone to the formation of amyloid plaque in neural
tissue; though controversy remains as to whether this is the causative agent or a byproduct of
some other unknown mechanig@aramelli, 2006) The mechaism by which PrPis converted
to PrP*, the pattologic form, remains elusive; howevendckout and transgengtudies in mice
have provided much insighDifferent strains oPrnp”® mice have revealetiat the normal
physiological PP is a necessarygrursor to Pr®. Prnp”® mice inoculated with prion infected
homogenate do not develop prion diseddest knockout lines developed and lived normally
presenting with only clinically inconsequential demyelination later in [dee line did develop
substantial Purkinje cell losand ataxiabut further research showed the problem dweetopic

up regulation of the downstreddpl geneas a result of extensive deletion in the areas flanking



I"#$9%8 (%&)*&S$
+,-1/01
23456'74"8'3"$9:8

Prnp (Mastrangelo, 2001)Expression of PrP
in transgenic mie expressing Dpl alleviated

the problem(Flechsig, 2004)

A generalmechanism has been
proposed by Dobson for the formation of
amyloid plaques in conformational diseases
(2001). Since protein foldingn vivo normally
involves a nascent polypeptide amaichieving
its most stable, lowest energy conformatibe
question is raised, how does the protein achig
its pathogenic form in the first placerhere
must be some thermodynamic or kinetic
disparity between the different isoforms that i

some way tippd to favor the pathogenic form.
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Figure 8. Schematic of some of the states accessible to a
polypeptide chain following its biosynthesis. In its monomeric
state, the protein is assumed to fold from its highly disordered
unfolded state (U) through a partially structured intermediate
(I) to a globular native state (N). The native state can

form aggregated species, the most ordered of which is a
three-dimensional crystal, whilst preserving its overall
structure. The unfolded and partially folded states can form
aggregated species that are frequently disordered, but highly
ordered amyloid fibrils can form through a nucleation and
growth mechanism. (From Dobson 19995.)

Exactly how and why this happens remains largely unclgmgle point mutations rarely disturb

a proteinOs free energy by greater thark@al (Cohen 1999)This could explain why the

mutated PrPis so much more likelyo undergo the change to PtPIf the mutant PrPis at a

higher free energy level than wild type PeRd the mutant PrPis sufficiently more stable than

the OcO condition the phenomenon could be expldingdrtunately, data do not support this

conclusion (Cohen, 1999). From a kinetic point of viéwhe energy of activation,f£were

large enough then the energy difference betweefaRtPPrE° could be negligible A mutation

could increase the energy of the substrate, decreagijrsyfficiertly to greatly increase the
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likelihood of making the changdf this is the case, then the nucleation/growth mechanism put

forth by Dobson is feasibleThis, along with the idea of PtPacting as a template to assist in

the conversion from OcO to OSecs to be the case.

While the body of knowledge surrounding PrP is growing, the actual cellular function
remains uncleafn the CNS PrP has been shown to promote neuronal survival. In cell culture
PrP has been shown to protect against Bax mediatiedeeh, a pathway that releases
apoptogenic factors from the mitochonditttu W, 2007) A protective role in ischemic stroke
has also been implieRecent research has started getting away from asalyitly relevant to
the CNS showingconstitutive &pression of PrPin the membranes of dendritic cells and
monocytes in levels close to that of the MHC Il complex molecules involved in antigen
presentatiorfHu W, 2007) Studies using PfRleficient mice have yielded conflicting results in
in vivoandin vitro studies, showing increased and decreased rates of phagocytosis respectively
(Hu W, 2007) Furthermore, PrP has been showaftectT cell activation and proliferation

through a number of pathways.

Of the prion diseases found in Humans CJD ésntftost common, occurring in one person
per million per year. With sporadic, familial, and acquired forms CJD remains a difficult disease
to diagnose and treaCases of sCJD, accounting for aboutlB3% of all cases, usually present
in the sixth decade dife and usually result in death within two yeansth 70% of patients
succumbing within 6 month€ollinge, 2001) There are a broad range of symptoms including
ataxia, dementianyoclonus, fatigue, insomnia, and cortical blindn&ssce the outbrealkf o
variant CJD (vCJD) due to thegestionof prion infected beef in England a number of new

health risks have come to the surfaB&cause of the differences in incubation times afforded by
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the M129V polymorphism, as first identified in kuru, there remaie possibility of another
outbreak in future years. This means there is an at risk population that is essentially acting as
carriers of the disease the mean time. This population could unwittingly be propagating the
disease through donating blood dsod transfusion has been identified as the source of disease
in some patient@Collinge, 2001) Dura matter grafts and cadaver derived human growth
hormone have also been identified as transmission vehiclé$hagPbeen shown to associate
with LDL and apoB in bloodSafar, 2006)giving the possibility of screening, though more
development is requiredlreating prion disease remains a most difficult task because by the
time symptoms present the pathology is already quite advanced. There have ieen ma
compounds identified that will interact and interfere with*®PpPopagation. Unfortunately, they

are not good models for treatment because of toxicity and inability to cross the blood brain

barrier(Caramelli, 2006)

In light of the new research @ling correlations between PrP and various cellular
processes it seems that a wealth of new information lay just beyond the horizon. Given this
information, along with recent developments in molecgkametic techniques, a broad based
genomewide associabn study focusing on all known prion diseases is in order. One such study
has been published on vCJD which has revealed a Hai@MNPs worth investigatiofMead,

2009) although a small sample size due to the rarity of the disease could have préwuded
researchers from making more significant connections. Because vCJD affects primarily
European and Japanese populations a more broad analysis of all prion diseases, which affect all

populations worldwide, is definitely needed.
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Even with the promisesf new research the prion hypothesis remains highly
controversial. There remains compelling evidence that a vioiosipw virus, may be the
infectious particle while the amyloid deposits of Préte a secondary result of infection
(Manuelidis, 2007) Manuelidis maintains that while the prion concept was sensationalized by
the exotic character of the kuru epidemic and the more recent outbreaks of vCJD in Europe, a
large body of experimental evidence pointing towards a viral pathogen has been largely
ovellooked by the scientific community as a whofhe holds that with new and rapid advances

being made in cell and molecular biological techniques the nature of such a virus can be more

readily accessed than ever before.

Whether the infectious agent beieug or the prion particle the fact remains that the
diseases associated with them are devastating and completely untreatable. With the
epidemiologic threat of another large outbreak of vCJD in future years it is imperative that
researchers remain diligiein seeking answer€senomewide association studies have the
potential to unlock some of the mysteries behind PrP function. Characterization of the roles of
cellular PrP will prove an invaluable tool in making strides towards understanding thesesliseas
Research into the possibility of a viral cause also needs to be taken seriously as the presence of a

virus has the potential to explain many of the discrepancies in current prion etiology.
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