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PRION DISEASE

PRION DISEASE

Primary Disciplinary Field(s): Neurology, Pathology, Molecular Biology

1. Core Definition

Prion diseases, also known as transmissible spongiform encephalopathies (TSESs), represent a
unique and universally fatal group of neurodegenerative disorders affecting both humans and
animals. These diseases are characterized by the accumulation of an abnormally folded protein
known as a prion, derived from the misfolding of a normal cellular protein. Unlike traditional
infectious agents such as bacteria or viruses, prions are composed entirely of protein and lack
nucleic acid, leading to their description as self-replicating pathogenic entities. The term prion itself
is derived from "proteinaceous infectious particle."

The hallmark pathological feature of prion disease is the development of microscopic vacuoles
within the neurons, giving the brain tissue a characteristic spongy appearance, which is the origin
of the alternative term, spongiform encephalopathy. These diseases typically progress rapidly
once symptoms appear, leading inexorably to severe neurological decline, dementia, and
ultimately, death. Prion disorders are characterized by their immense resistance to conventional
sterilization methods, including heat, radiation, and most disinfectants, posing significant
challenges for medical and surgical environments.

The central mechanism involves the conversion of the normal host protein, designated PrPC (prion
protein cellular), into its pathogenic, misfolded isoform, PrPSc (prion protein scrapie). PrPC is a
glycoprotein found abundantly on the surface of neurons and other cells, whose precise
physiological function remains a subject of ongoing research, though roles in metal ion
metabolism, synapse formation, and cellular signaling have been proposed. The transformation to
PrPSc results in a structural change that makes the protein highly resistant to protease
degradation and prone to aggregation, initiating a cascade effect where PrPSc acts as a template
to convert more PrPC into the harmful isoform.

2. Etiology: The Prion Hypothesis

The concept of a disease caused solely by a misfolded protein revolutionized molecular biology
and infectious disease paradigms. The modern understanding of prion etiology is fundamentally
rooted in the "protein-only hypothesis," championed by Stanley Prusiner, who received the Nobel
Prize in Physiology or Medicine in 1997 for this groundbreaking work. Prior to this, the agent

causing diseases like scrapie in sheep and kuru in humans was baffling, displaying characteristics
of a virus yet remaining impervious to treatments that destroy nucleic acids. The hypothesis posits
that the infectious agent is simply PrPSc, which propagates by inducing conformational change in
the normal PrPC.
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The initial investigations into these diseases were deeply challenging because traditional methods
of identifying viruses or bacteria failed to isolate a conventional pathogen. Experiments dating back
to the 1960s demonstrated that the transmissible agent could withstand intense radiation--a
treatment known to inactivate DNA and RNA--suggesting that the infectious component was non-
nucleic acid based. This evidence paved the way for Prusiner's identification and purification of the
prion protein in the early 1980s, establishing the foundation for the current etiological model.

Prion diseases can arise through three distinct mechanisms: sporadic, inherited, or acquired.
Sporadic prion diseases, such as Sporadic Creutzfeldt-Jakob Disease (sCJD), arise spontaneously
due to a rare, chance misfolding event of PrPC into PrPSc. Inherited forms are caused by
dominant mutations in the gene encoding the prion protein (PRNP), leading to a predisposition for
spontaneous misfolding. Acquired forms result from exposure to exogenous PrPSc, either through
medical procedures (iatrogenic) or, less commonly, through dietary exposure, as seen historically
in kuru or variant CJD (vCJD) linked to bovine spongiform encephalopathy (BSE).

3. Pathogenesis and Neurological Effects

The pathogenesis of prion disease is defined by the toxic accumulation and aggregation of PrPSc
within the central nervous system (CNS). Once the PrPSc conversion cascade begins, these
abnormal proteins aggregate into structures such as amyloid plaques, disrupting normal cellular
functions. Neurons, particularly those in the cerebellum and cerebral cortex, are highly susceptible
to this damage. The neuronal dysfunction is coupled with an intense reactive gliosis--the
proliferation of astrocytes and microglia--which are immune cells in the brain attempting to clear
the toxic aggregates, often unsuccessfully, leading to chronic inflammation and further damage.

The characteristic spongiform degeneration is thought to result from the rapid death and swelling of
neurons, leaving behind the vacuolated space. This extensive neurodegeneration leads to a
widespread loss of neural tissue, resulting in the rapid onset and progression of profound
neurological deficits. Because PrPSc formation is an autocatalytic process, the disease
progression accelerates exponentially, differentiating it from slower neurodegenerative conditions
like Alzheimer's or Parkinson's disease.

Crucially, prion diseases do not elicit a typical inflammatory or immune response from the host
body because the prion protein, even in its misfolded state, is structurally derived from a host
protein (PrPC). The immune system recognizes PrPSc as "self," preventing the deployment of
antibodies or cytotoxic T-cells that would normally combat an invading pathogen. This
immunological tolerance contributes significantly to the failure of the body to clear the infection and
underscores the complexity in developing effective therapeutic interventions.
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4. Clinical Manifestations and Symptoms

The clinical presentation of prion disease is diverse but uniformly characterized by progressive
neurological deterioration. While the specific array of symptoms varies depending on the strain of
prion and the brain regions most affected, the initial signs often include non-specific psychological
changes, such as depression, apathy, or anxiety, followed by rapid cognitive decline.

As the disease progresses, patients exhibit severe motor abnormalities due to damage to the
cerebellum and basal ganglia. The source content accurately notes these motor deficits, which
include stumbling, severe lack of coordination (ataxia), and characteristic involuntary, jerky
movements known as myoclonus. These motor symptoms quickly incapacitate the patient,
resulting in the loss of ambulation and requiring significant supportive care.

In the later stages, generalized dementia becomes profound, often accompanied by visual
disturbances, progressive sleep disorders (notably in Fatal Familial Insomnia), and mutism. The
duration of illness is typically short, often lasting less than a year from symptom onset in sporadic
CJD, though some inherited forms, such as Gerstmann-Straussler-Scheinker syndrome (GSS),
may follow a slightly more protracted course. The final phase inevitably leads to akinetic mutism,
followed by coma and death, underscoring the aggressive and terminal nature of these diseases.

5. Major Human Prion Diseases

Several well-defined syndromes fall under the umbrella of human prion disease, categorized
primarily by their clinical features and route of acquisition.

Creutzfeldt-Jakob Disease (CJD): The most common form, CJD primarily affects individuals over
the age of 60. It can be sporadic (85% of cases), genetic (5-15%), or acquired (iatrogenic or
variant). The clinical course is rapid, typically less than six months, characterized by rapidly
progressive dementia and myoclonus.

Variant Creutzfeldt-Jakob Disease (vCJD): This acquired form, first identified in the 1990s, is
linked to the consumption of beef products contaminated with prions from cattle suffering from
Bovine Spongiform Encephalopathy (BSE), or "Mad Cow Disease."” vCJD typically affects younger

patients and often presents initially with psychiatric symptoms and sensory disturbances before
neurological decline.

Gerstmann-Straussler-Scheinker Syndrome (GSS): This is a rare, inherited prion disease linked
to specific mutations in the PRNP gene. GSS often presents earlier in life than CJD and is
characterized more prominently by cerebellar ataxia and movement disorders, with dementia
progressing more slowly.

Kuru: Historically significant, Kuru was an acquired prion disease endemic to the Fore people of
Papua New Guinea, transmitted primarily through ritualistic cannibalism involving the consumption
of infected brain tissue. Its clinical presentation was marked by severe cerebellar ataxia and
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tremors, with profound behavioral changes. The study of Kuru provided the first definitive evidence
that human prion diseases were transmissible.

Fatal Familial Insomnia (FFI): A rare, inherited prion disease caused by a specific PRNP
mutation (D178N, coupled with methionine at codon 129). FFl is unique in its primary presentation,
involving intractable insomnia, dysautonomia (failure of the autonomic nervous system), and
subsequent cognitive decline.

6. Transmission and Epidemiology

Prion diseases present unique epidemiological challenges due to their three modes of origin. The
majority of human cases (approximately 85%) fall under the sporadic category, such as sCJD,
where the cause is unknown and the incidence rate is remarkably stable globally, typically
occurring at about one to two cases per million population per year.

Acquired transmission, while rare, historically carries the greatest public health concern. latrogenic
CJD (iCJD) resulted from accidental transmission through medical procedures, such as the use of
contaminated surgical instruments, dura mater grafts, or pituitary-derived growth hormone (which
led to thousands of cases worldwide before synthetic alternatives were used). The recognition of
these risks led to significant upgrades in sterilization protocols for neurosurgical instruments, as
standard autoclaving procedures are ineffective against prions.

The BSE crisis in the United Kingdom in the 1980s and 1990s highlighted the risk of zoonotic
transmission, leading to vCJD in humans. The prion agent responsible for BSE jumped the species
barrier, likely through contaminated animal feed containing processed bovine nervous tissue.
Stringent regulatory measures, including the banning of specified risk materials (SRMs) from the
food chain, successfully controlled the BSE epidemic and the subsequent incidence of vCJD.
Epidemiological surveillance remains crucial globally to monitor for new prion strains that might
emerge through cross-species transmission.

7. Debates and Current Research

Despite significant strides in understanding the fundamental molecular mechanism of prion
conversion, treating these diseases remains a profound challenge. The primary debate centers on
the exact nature of the neurotoxic species--whether it is the large, mature PrPSc amyloid plaque or
a smaller, soluble oligomer intermediate. ldentifying this toxic species is critical for developing
targeted therapies.

Current research is heavily focused on therapeutic strategies aimed at halting the conversion of
PrPC to PrPSc. This includes exploring compounds that stabilize the normal PrPC structure,
prevent the binding of PrPSc templates, or inhibit the cellular machinery required for prion
synthesis. However, drug delivery to the CNS is difficult, and the rapid onset of clinical symptoms
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means that treatment often needs to begin before a definitive diagnosis, which is challenging given
the rarity of the disease.

Furthermore, questions persist regarding the role of cofactors in prion replication. While the
protein-only hypothesis suggests PrPSc is sufficient for infectivity, some evidence suggests that
certain nucleic acids or lipids may be necessary cofactors to facilitate efficient conversion in vivo.
Addressing these fundamental biochemical questions is essential to fully elucidate the mechanism
of disease propagation and move toward effective post-exposure prophylaxis or treatment options.

8. Further Reading

Centers for Disease Control and Prevention (CDC) - Prion Diseases
National Institute of Neurological Disorders and Stroke (NINDS) - CJD
World Health Organization (WHO) - BSE

The Prion Protein and its Role in Prion Diseases
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