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INTRODUCTION


Prion diseases or transmissible spongiform encephalopathies (TSEs) are fatal slow neurodegenerative diseases that affect both humans and animals. These include the human diseases kuru, Creutzfeldt-Jakob disease (CJD), Gerstmann-Sträussler-Scheinker (GSS) disease, and fatal familial insomnia (FFI) and the animal diseases scrapie, bovine spongiform encephalopathy (BSE, mad cow disease), chronic wasting disease (in mule, deer, and elk), and transmissible mink encephalopathy.

It was in the 1960s that investigators first found that TSE disease-causing agents appeared to lack nucleic acids; Tikvah Alper suggested that the agent was a protein. This idea sounded heretical because all other known disease-causing agents contained nucleic acids and their virulence and pathogenesis were genetically determined.


Prions (short for proteinaceous infectious particle) are unique pathogens in that they appear to have no nucleic acid and thereby differ from viruses, bacteria, fungi and other pathogens. Prions are resistant to procedures that break down nucleic acid and destroy biological forms of pathogens.


In addition, prions differ from other pathogens in that they are responsible for genetic, sporadic and acquired forms of neurodegenerative disease. Also, because prions are an abnormal form of a normal protein that is genetically encoded, they do not produce an immune response in the host as would a foreign infectious agent.


After long incubation periods, these agents cause damage to the central nervous system, which leads to a subacute spongiform encephalopathy. Prion diseases are often called spongiform encephalopathies because they leave the brain riddled with holes like a sponge. The long incubation period, which can last 30 years in humans, has made study of these agents difficult. Carlton Gajdusek won the Nobel Prize for showing that kuru has an infectious etiology and also for showing the means for initially analyzing the agent. The major breakthroughs came when the kuru agent was transmitted to monkeys and when it was recognized that the scrapie agent induced a characteristic cytopathology in hamsters long before the disease was evident. These studies provided a useful means for assaying this agent and identifying its biological properties.

Proteins showing prion-type behavior are also found in some fungi, which has been useful in helping to understand mammalian prions. Fungal prions, however, do not appear to cause disease in their hosts and may even confer an evolutionary advantage through a form of protein-based inheritance.

There is still a veil of mystery around prions and exactly how they replicate, cross the blood-brain barrier and cross the species barrier – i.e. infect different species of host.


Prions pose significant public health concerns, including contamination of blood products and surgical instruments; require laborious and often insensitive animal bioassay to detect; and resist conventional hospital sterilization methods. 
HISTORY
1738: First clinical manifestation of scrapie described. Scrapie has been known for as long as man has been herding sheep. 
1955: Vincent Zigas begins clinical study of kuru in Papua New Guinea. The name of the disease means "shivering" or "trembling," and the disease was related to the cannibalistic practices. It was the custom of people to eat the bodies of their deceased kinsmen.
1956: D. Carleton Gajdusek begins investigation of kuru. Gajdusek noted that women and children in particular were the most susceptible to the disease, and he deduced that this was because the women and children prepared the food and because they were given the less desirable viscera and brains to eat. Cessation of this cannibalistic custom has stopped the spread of kuru.
1959: WJ Hallow observes the similarity between kuru and scrapie. 

1962: H.B. Parry believed that scrapie was a genetic disease and could be eradicated with appropriate breeding controls. 
1965: First chimpanzees injected with brain extracts of both kuru and Creutzfeldt-Jakob disease patients developed similar symptoms to the respective diseases. 

1982: Stanley Prusiner et al: develop animal model for studying prion infectivity. 

1986: BSE epidemic that developed in herds of cattle in England. Believed to arise from contaminated feed. 

1988: N. Hunter observes fibrils in BSE infected cows that are similar to scrapie protein. 

1990: J. Hope determines two alleles of protein gene linked to scrapie in sheep. 

1991: Stanley Prusiner elucidates the molecular biology of prion proteins. 

1993: T.G.F. Esmonde determines possible links to CJD caused from BSE. 
1996: CJD was first seen and there is strong evidence to suggest that it is associated with exposure to BSE-contaminated beef. 
1997: Stanley Pruisner was awarded the Nobel Prize for physiology or medicine for his theory that a deviant form of a harmless protein could be an infectious agent, a transmitter of disease. Prusiner noted that “because the novel properties of the scrapie agent distinguish it from viruses, plasmids, and viroids, a new term "prion" was proposed to denote a small proteinaceous infectious particle which is resistant to inactivation by most procedures that modify nucleic acids.”
STRUCTURE

Prions are proteins found on the plasma membrane (the membrane that surrounds a cell and defines its physical boundary). In mammals, prions are found in the highest concentration in cells of the central nervous system.

The protein that prions are made of (PrP) is found throughout the body, even in healthy people and animals. However, PrP found in infectious material has a different structure and is resistant to proteases, the enzymes in the body that can normally break down proteins. The normal form of the protein is called PrPC, while the infectious form is called PrPSc — the C refers to 'cellular' or 'common' PrP, while the Sc refers to 'scrapie', a prion disease occurring in sheep. While PrPC is structurally well-defined, PrPSc is certainly polydisperse and defined at a relatively poor level. 


The gene that encodes PrP is located on human chromosome 20. The transcription length of the gene is 855 bp long and includes 2 exons. Once transcribed, the PrP protein can adopt one of 2 conformations. Both conformations, PrPC and PrPSc, have the same primary structure, or amino acid sequence, but differ in their secondary and tertiary structures. 
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Prions have the same system of organization as other proteins. They may have up to four levels of organization (Fig. 1). The primary structure of a protein is the amino acid sequence that makes up the protein. The secondary structure of a protein is the local organization of the primary sequence of the protein -helical or -sheet formations. The tertiary structure of a protein is the overall shape of the protein, caused by interactions between the various local structures. Some proteins have a quaternary level of organization, which is defined by the interactions between the tertiary structures of two or more protein subunits.

Figure 1. Prions, like all proteins, may have up to four levels of structural organization.


Prions have one characteristic that makes them unique: they can exist in two different conformations at the level of secondary structure. There is an alpha-helical portion of secondary structure in a normal prion that is refolded into beta-sheet formation in an aberrant prion (Fig. 2). The primary structure of the aberrant prion remains the same, but its secondary structure is different. As a result, its tertiary structure will be different as well.
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Figure 2. A normal prion (left), compared to an aberrant, disease-causing prion (right). PrPc is composed of 3 alpha helices and 2 beta-pleated sheets. In PrPSc, some of these helices are stretched out into flat structures beta sheets.
A gene for the normal protein has been identified: the PRNP gene. In all inherited cases of prion disease, there is a mutation in the PRNP gene. Many different PRNP mutations have been identified and it is thought that the mutations somehow make PrPc more likely to change spontaneously into the abnormal PrPSc form. Although this discovery puts a hole in the general prion hypothesis, that prions can only aggregate proteins of identical amino acid make up. These mutations can occur throughout the gene. Some mutations involve expansion of the octapeptide repeat region at the N-terminal of PrP. Other mutations that have been identified as a cause of inherited prion disease occur at positions 102, 117 & 198 (GSS), 178, 200, 210 & 232 (CJD) and 178 (Fatal Familial Insomnia, FFI).

Specific mutations in the prion gene permits the folding of a new conformation that is protease resistant. The normal protein is broken down by cellular enzymes called proteases but the abnormal protein shape is resistant to these enzymes. As a result, as prions replicate, they are not broken down by proteases and accumulate in brain tissue into thread-like structures, known as amyloid fibrils and is found in cytoplasmic vesicles in the cell, and is secreted. The normal PrPc, on the other hand, is protease sensitive and appears on the cell surface.
REPRODUCTION

Many theories have been proposed to explain how an aberrant protein could cause disease. Stanley Prusiner suggested one model in which he conjectures that the PrPSc binds to the normal PrPc on the cell surface, then causes it to be processed into PrPSc, released from the cell, and aggregated as amyloid-like plaques in the brain. After this, the cell replenishes the PrPc, and the cycle continues. The fact that these plaques consist of host protein may explain the lack of an immune response to these agents in patients with the spongiform enccphalopathies.


Prion replication stands as an exception to a central tenet of biology stating that only nucleic acids, such as DNA, can self-replicate. The mechanism of prion replication is not clearly understood.

The first hypothesis that tried to explain how prions replicate in a protein-only manner was the heterodimer model. This model assumed that a single PrPSc molecule binds to a single PrPC molecule and catalyzes its conversion into PrPSc. The two PrPSc molecules then come apart and can go on to convert more PrPC (Fig. 3).
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Figure 3. Model for proliferation of prions. The normal protein (PrPc) is coded for by a gene on chromosome 20 (1). PrPс is anchored in the cell membrane by phosphatidyl inositol glycan (2). PrPSc is a hydrophobic globular protein that aggregates with itself and with PrPc on the cell surface (3). This causes the release of PrPc  and its conversion to PrPSc (4). The cell synthesizes new PrPc (5), and the cycle is repeated. A form of PrPSc is internalized by neurons (6) and accumulates in lysosomes (7-8), giving the cell a spongiform appearance.


PrP molecules arising from mutated genes probably do not adopt the scrapie conformation as soon as they are synthesized. Otherwise, people carrying mutant genes would become sick in early childhood. It is suspected that mutations in the PrP gene render the resulting proteins susceptible to flipping from an alpha-helical to a beta-sheet shape. Presumably, it takes time until one of the molecules spontaneously flips over and still more time for scrapie PrP to accumulate and damage the brain enough to cause symptoms.

The infectious isoform of PrP, known as PrPSc, is able to convert normal PrPc proteins into the infectious isoform by changing their conformation, or shape; this, in turn, alters the way the proteins interconnect. Although the exact 3D structure of PrPSc is not known, it has a higher proportion of β-sheet structure in place of the normal α-helix structure. Aggregations of these abnormal isoforms form highly structured amyloid fibers, which accumulate to form plaques (Fig. 4). The end of each fiber acts as a template onto which free protein molecules may attach, allowing the fiber to grow. This altered structure is extremely stable and accumulates in infected tissue, causing tissue damage and cell death.
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Figure 4. Prion infection cycle


Sometimes, 'rogue' prions are produced by genetic mutations. This explains why some cases of CJD in humans are inherited. Another inherited human prion disease is so-called Fatal Familial Insomnia. There is some evidence that this results from a deficiency of the normal prion protein, a deficiency that occurs because mutant prions are unable to fulfil their normal functions.


In addition to causing disease through inherited genetic mutations, mutant prions are capable of turning into 'rogue' disease agents. Transmitted from an infected animal or human to a new host, they convert any 'normal' prions they encounter into copies of themselves. This conversion process eventually results in spongiform encephalopathies such as BSE and CJD.
PROPERTIES OF PRION PROTEIN

Humans and other animals encode a protein PrPc (cellular prion protein) that is closely related to PrPSc in its protein sequence but differs in many of its other properties. Differences in posttranslational modifications cause the two proteins to behave very differently. PrPSc is protease resistant, aggregates into amyloid rods (fibrils) is found in cytoplasmic vesicles in the cell, and is secreted. The normal PrPc, on the other hand, is protease sensitive and appears on the cell surface.
Table 1. Comparision of PrPSc and PrPc
	Properties
	PrPc
	PrPsc

	Structure
	Globular
	Extended

	Primarily structure
	Alpha helix 
	Beta sheet 

	Aggregation
	Monomeric species
	Forms multimeric aggregates

	Stability
	Stable monomer
	Less stable monomer, self propagates for stability

	Protease resistance
	No
	Yes

	Resistance
	Normal 
	Extremely resistant to heat, chemicals, radiation and strong solvents

	Detergent solubility
	Soluble
	Insoluble

	Presence in scrapie fibrils
	No
	Yes

	Location in or on cells
	Plasma membrane 
	Cytoplasmic vesicles

	Turnover
	Hours
	Days


Pathogenic Characteristics of Prions: 


- No cyfopathological effect in vitro 


- Long doubling time of at least 5.2 days 


- Long incubation period


-Cause of vacuolation of neurons (spongiform), amyloidlike plaques, gliosis 


-Symptoms that include loss of muscle control, shivering, tremors, dementia 


- Lack of antigenicity 


- Lack of inflammation 


- Lack of immune response 


- Lack of interferon production


Solubility is an important protein property. As their limit of solubility is approached, molecules of a a particular protein species will tend to aggregate. This aggregation is usually correlated with a loss of function. The aggregation is protein-specific, in that proteins tend to aggregate like-with-like, leaving other protein species (of greater solubility) still in solution. 


Thus one molecule of prion protein in a cell can act as a "seed", catalysing the formation of a prion aggregate. The crowded cytosol can be viewed as poised on the verge of concentration "criticality", much as a lake at sub-zero temperatures may need the addition of just one ice crystal to make the entire lake freeze.

Prions cannot be destroyed by boiling, alcohol, formaldehyde, glutaraldehyde, standard autoclaving methods, or ultraviolet and ionizing radiation. In fact, infected brains that have been sitting in formaldehyde for decades can still transmit spongiform disease. Cooking your burger 'til it's well done won't destroy the prions. Prions are inactivated by autoclaving (1210C for one hour) (> standard), sodium hydroxide, harsh organic solvents (phenol, chloroform, 2-chloroethanol), strong oxidizing agents (periodate, 5% sodium hypochlorite, permanganate), urea; moderately inactivated by ether, acetone and ethylene oxide.
FUNCTIONS OF PRIONS

Its function is a complex issue that continues to be investigated. Cellular prion protein provides neuroprotection through copper homeostasis, antioxidant activities, respond to oxygen deficiency, and the inhibition of cell apoptosis. PrP is a glycoprotein tethered to the cell surface via a glycosyl phosphatidyl inositol (GPI) anchor at the protein’s C terminus. The presence of free floating PrP in the cytosol indicates that it may also have intracellular functions. 

PrPc is readily digested by proteinase K and can be liberated from the cell surface in vitro by the enzyme phosphoinositide phospholipase C (PI-PLC), which cleaves the glycophosphatidylinositol (GPI) glycolipid anchor. PrP has been reported to play important roles in cell-cell adhesion and intracellular signaling in vivo, and may therefore be involved in cell-cell communication in the brain.
Studies indicate that PrPc plays a role in copper homeostasis within the cell as elevated synaptic Cu2+ levels are shown to promote PrPc mediated Cu2+ endocytosis. PrPSc control Cu2+ concentrations within lymphoid or nerve cells by binding extracellular and intracellular Cu2+ ions in their octarepeat regions. PrPc expression in cells was also found to increase antioxidant enzyme activities. 
The mysterious proteins help to maintain the myelin sheath that protects the body’s nerves. A healthy sheath is necessary for nerve cells to transmit impulses rapidly.
It protects the brain against dementia and other degenerative problems associated with old age. Prions could be safeguarding our brains by preventing neurons from overworking themselves to death. Prion proteins could play a role in protecting our brains against the neural plaques associated with Alzheimer’s, noting that the more prion protein human brain cells made, the less plaque-forming protein they made, and vice-versa.

PrP is also thought to prevent apoptosis through inhibition of the mitochondrial apoptotic pathway.
PRION-ASSOCIATED DISEASES

The prions cause spongiform encephalopathies, which are slow neurodegenerative diseases (Table 2). Prion diseases are known as spongiform diseases, because the brain tissue in infected individuals is filled with holes, giving it a sponge-like appearance. There are currently no effective treatments for spongiform diseases and all are fatal. 
Table 2. Diseases caused by prions
	Affected animal(s)
	Disease

	Sheep, goat
	Scrapie

	Cattle
	Bovine spongiform encephalopathy (BSE), mad cow disease

	Mink
	Transmissible mink encephalopathy (TME)

	White-tailed deer, elk, mule deer, moose
	Chronic wasting disease (CWD)

	Cat
	Feline spongiform encephalopathy (FSE)

	Nyala, oryx, greater kudu
	Exotic ungulate encephalopathy (EUE)

	Ostrich 
	Spongiform encephalopathy

	Human
	Iatrogenic Creutzfeldt-Jakob disease (iCJD)

	
	Variant Creutzfeldt-Jakob disease (vCJD)

	
	Familial Creutzfeldt-Jakob disease (fCJD)

	
	Sporadic Creutzfeldt-Jakob disease (sCJD)

	
	Gerstmann–Sträussler–Scheinker syndrome (GSS)

	
	Fatal familial insomnia (sFI)

	
	Kuru



Although prions are found throughout the brain, the symptoms of spongiform diseases vary according to the regions they are most concentrated in figure 5.
EPIDEMIOLOGY

Many different mammalian species can be affected by prion diseases, as the prion protein is very similar in all mammals. Due to small differences in PrP between different species it is unusual for a prion disease to be transmitted from one species to another. However, the human prion disease variant Creutzfeldt-Jakob disease is believed to be caused by a prion which typically infects cattle, causing Bovine spongiform encephalopathy and is transmitted through infected meat.
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Figure 5. Illustration how variants of prion disease affect different parts of the brain.

This would require that aberrant prions from one species (cows) could serve as a template for refolding normal prions of another species (humans). This jump from one species to another involves crossing what is referred to as the “species barrier”. In a laboratory setting, prions have been shown to cross the species barrier. The onset of disease in these cases, however, is delayed compared to cases in which the infecting (aberrant) prions are from the same species as the new host.


The primary method of infection in animals is through ingestion. It is thought that prions may be deposited in the environment through the remains of dead animals and via urine, saliva, and other body fluids. They may then linger in the soil by binding to clay and other minerals.

Prion diseases in humans can arise in three different ways: acquired, familial, or sporadic.


Acquired infection can be transmitted by medical manipulations (cornea transplants, dura mater transplants), surgical instruments, use of improperly sterilized equipment in neurosurgery (brain electrods), human cadaver growth hormone administration (now use recombinant DNA vector to make human growth hormone), through cuts in skin, through ingestion of infected meat or brain from cows infected with BSE.

Infectious prions are resistant to high temperatures, irradiation and common chemical treatments that destroy other known pathogens. Estimates of how serious the risk is vary.


This wide distribution of infectivity makes common surgical and endoscopic procedures, in addition to neurosurgery and eye surgery, a potential risk factor for iatrogenic transmission of vCJD. Further, it is established that tissue prions withstand many forms of sterilization techniques and that the metal-adsorbed agent is even more resistant to both thermal and chemical treatments.

But tissue contact – whether via sperm or blood or on surgical instruments – is not the only potential source of transmission: most of us consume milk and dairy products.

Apparent hereditary mendelian transmission where it is an autosomal and dominant trait. This is not prima facie consistent with an infectious agent. 


CJD, FFI, and GSS disease are inheritable, and families with genetic histories of these diseases have been identified. These diseases are rare but occur worldwide.

Sporadic, in the sense that there are cases in which there is no known risk factor although it seems likely that infection was acquired in one of the two ways listed above. 


Creutzfeldt-Jakob disease

The three major categories of CJD include:


Sporadic CJD (sCJD): the disease appears even though the person has no known environmental source for the disease. This is by far the most common type of CJD and accounts for about 85 % of cases. sCJD also is known as spontaneous CJD because based on an increasingly accepted hypothesis, it is thought to arise when a person’s normal prion protein (PrPc) changes conformation spontaneously to an abnormal form (PrPSc) called a prion. The change may be facilitated by a preceding somatic mutation of the prion protein. 


Hereditary or familial CJD: the person has a genetic mutation associated with CJD. This mutation can be confirmed by genetic tests or its presence may be inferred from a positive family history for the disease. 


Acquired CJD: the disease is acquired from a known environmental source. The classic forms of CJD have been acquired iatrogenically through inadvertent exposures during medical or surgical procedures to tissues closely linked to the brains of other classic CJD cases. No evidence exists that CJD is contagious through casual contact with a CJD patient. Since CJD was first described in 1920, fewer than 1 % of cases have been acquired.

The human prion disease variant Creutzfeldt-Jakob disease is linked to ingestion of beef contaminated with bovine spongiform encephalopathy, commonly referred to as “mad cow disease,” and most cases have occurred in the United Kingdom.
PATHOGENESIS

Prions are altered forms of proteins that are naturally produced in nerve cells and certain other cell types. When these "normal" proteins meet the rogue prions the normal protein changes shape to match the shape of the prions. It is this shape-flipping which is equivalent to the transmission of infection. Prions polymerise, finally appearing as fibrils. Prions could enter the brain along the axons of neurons. Another route of entry could be the blood, probably in immune cells. Lymphocytes exit the capillary where they could then contact the astrocyte. Astrocytes and other glial cells also support the production of prions.

The term spongiform encephalopathy is derived from the characteristic degeneration of neurons and axons of the gray matter that occurs in affected patients. Vacuolation of the neurons, the formation of amyloid-containing plaques and fibrils, a proliferation and hypertrophy of astrocytes, and the fusion of neurons and adjacent glial cells are observed. In addition, prions reach high concentrations in the brain, further contributing to the tissue damage. Prions can also be isolated from tissue other than the brain, but only the brain shows any pathology. No inflammation or immune response to the agent is generated, which distinguishes this disease from a classic viral encephalitis.

While proteins are usually ingested in the gut, prions resist digestion and remain intact. Furthermore, they are not normally absorbed into the intestinal wall but rather pass into the Gut Associated Lymphoid Tissue (GALT) and then into the body's main lymphatic system.

The intestinal epithelium is protected by a single layer of epithelial cells bound by tight junctions. How prions cross this protective barrier is not known, but several mechanisms have been proposed. Within the epithelium, microfold (M) cells are specialized for the transepithelial transport of macromolecules and particles (Fig. 6). One study suggests that M cells are also plausible sites for the transport of prions across the intestinal epithelium. Prions transport across the intestinal epithelium might also occur independently of M cells. For example, partially proteinase-digested fragments of PrPSc complexed with ferritin can be transcytosed by intestinal epithelial cells. Dendritic cells (DCs) can also acquire antigens directly from the intestinal lumen by opening up the tight junctions that join the epithelial cells and inserting their dendrites between them. Once across the intestinal epithelium, current data suggest that the TSE agent might be acquired by migratory DCs and macrophages. Although DCs are plausible candidates for the delivery of prions to lymphoid tissues, macrophages seem to phagocytose and sequester them. They then infect follicular dendritic cells (FDC), which reside in Peyer's patches. 
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Figure 6. Spread of prions through the intestinal epithelium.


Lymphoid cells then phagocytose the particle and travel to other lymphoid sites such as nodes, the spleen, appendix and tonsils (Fig. 7). The prion can replicate at these sites. Many of these sites are innervated and eventually the prion gains access to a nerve and then propagates back up the axon to the spinal cord and eventually the brain (Fig. 8). 


Once in the brain, the higher concentration of cellular prion protein speeds up the replication process. Prions also may enter lesions or wounds in the oral cavity and access the vagus nerve as a pathway to the brain. Direct penetration into the brain across the blood-brain barrier is conceivable.


Analysis of the progression of disease-specific prion protein (PrP) accumulation within the nervous system of experimentally inoculated rodents indicates that the scrapie agent spreads from the intestine to the central nervous system (CNS) through two distinct neuroanotomical pathways (Fig. 9). In each case, the initial spread occurs in a retrograde direction along efferent (motor) pathways in a stepwise manner between synaptically linked sets of nerves. One route to the CNS occurs along sympathetic fibres of the splanchnic nerve to the intermediolateral cell column (IML) of the mid-thoracic spinal cord. Subsequently, the agent spreads to the brain in a caudal-to-cranial direction along the spinal cord. Neuroinvasion from the intestine can also occur independently of the spinal cord. In this case, the agent spreads along parasympathetic fibres of the vagus nerve to the dorsal motor nucleus of the vagus nerve (DMNV) within the medulla oblongata of the brain. 
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Figure 7. The spread of prions throughout the body.
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Figure 8. The spread of prions from the intestine to the drain.
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Figure 9. Neuroanotomical pathways of spread of prions from the intestine to the central nervous system. GALT, gut-associated lymphoid tissues.

The accumulation of prions in the brain causes neuronal cells to die and, in some types of TSE, a type of protein called amyloid accumulates in plaques, or flat areas, and causes degeneration of brain tissue. Recent research suggests prions disrupt the normal cell process of protein recycling which causes a buildup of faulty proteins and causes the death of the cell. The destruction of neural cells causes tiny holes in the brain tissue and a sponge-like appearance under the microscope due to vacuole formation in the neurons (Fig. 10).

Figure 10. Examination of brain tissue reveals florid plaques of agglomerated prions and vacuolization.

No one knows exactly how propagation of scrapie PrP damages cells. In cell cultures, the conversion of normal PrP to the scrapie form occurs inside neurons, after which scrapie PrP accumulates in intracellular vesicles known as lysosomes. In the brain, filled lysosomes could conceivably burst and damage cells. As the diseased cells died, creating holes in the brain, their prions would be released to attack other cells.

Other histological changes include astrogliosis and the absence of an inflammatory reaction. 
CLINICAL MANIFESTATIONS AND HOST DEFENSES

All known prion diseases, collectively called transmissible spongiform encephalopathies (TSEs), are untreatable and fatal. Classic CJD usually results in death within a few months of the symptoms becoming obvious. The average time from symptoms becoming obvious to death in vCJD is longer - about sixteen months.

While the incubation period for prion diseases is generally quite long (30 years), once symptoms appear the disease progresses rapidly, leading to brain damage and death. 

The spongiform encephalopathies are characterized by a loss of muscle control, leading to shivering, myoclonic jerks, tremors, loss of coordination, and rapidly progressive dementia, convulsions, paralysis, and eventual death due to massive destruction of brain tissue. Symptoms can include behavioural or personality changes.

Kuru


Disease of man; tremors and ataxia (failure of muscle coordination), in later stages often dementia.


First described in the 1950s, kuru was most common among the Fore people of Papua New Guinea, who had a custom of eating the brains of their dead during funeral feasts. It is speculated that a tribe member developed CJD, his or her contaminated brain tissue was ingested, and the disease spread. Kuru reached epidemic levels in the 1960s, but the disease declined after the government discouraged the practice of cannibalism and now it has almost completely disappeared.

Creutzfeldt-Jakob disease [CJD]


Disease of man; dementia, also often tremors, lack of motor coordination. 

1-3 cases per million per annum. May be under-diagnosed.


Can transmit to animals in laboratory.


Has developed at ages 16-80+, but usually seen at 50-70 years of age.


10% of cases are familial - gene apparently makes the individual more likely to develop CJD.

Variant CJD disease begins primarily with psychiatric symptoms, affects younger patients than other types of CJD (average age at death = 28 yrs) and has a longer duration than classic CJD from onset of symptoms to death. Sufferers may eventually show any or all of the symptoms described above for other human prion diseases.

Gerstmann-Sträussler-Scheinker syndrome [GSS]


Disease of man: symptoms often initially motor problems, familial; often regarded as a genetically transmitted subclass of CJD cases.


Can transmit to animals in laboratory.


Fatal Familial Insomnia (FFI)


Disease of man: progressive untreatable insomnia, loss of circadian rhythm, endocrine disorders, motor disorders, dementia. Familial (inherited) disease. 
Can transmit to animals in the laboratory.


Host Defenses. These unconventional agents do not cause an inflammatory response (this is a host cell protein). They do not induce interferon. There is no antibody or cell-mediated immune response against these agents. Hence it is not possible to screen people for exposure to these agents by looking for antibodies.
LABORATORY DIAGNOSIS

During life presumptive diagnosis of prion diseases is based on clinical picture, electroencephalogram (EEG) and available laboratory tests. Definite diagnosis can only be established by a neuropathologic study, most reliably performed postmortem. The wide range of symptoms and disease course make diagnosis difficult and prion diseases are often misdiagnosed. Serology is of no use since the patient does not show an immunological response.

The diagnostic methodology includes: 

1) Cerebro-spinal fluid and serum analysis for specific proteins 14-3-3 and S-100 which act as potential biochemical markers. This proteins play a role in cell proliferation, differentiation and signal transduction and regulates neurotransmitter synthesis.
 \
2) Tonsillar biopsy: It is assumed that prions replicate in lymphoreticular tissue before neuroinvasion. Biopsy samples from these tissues may allow detection of the abnormal prion protein (PrPSc) by ELISA and immunofluorescence. However, positive staining for this protein has been found only in the variant CJD and not in other prion diseases. 


3) Prion protein gene analysis by PCR. Presence of mutations in PRNP gene is suggestive and aids in presymptomatic testing in affected families. Mutations of the PRNP gene that cause fCJD and the codon 129 polymorphism that influences other forms of TSEs can be detected by sequencing of DNA extracted from blood, brain, and other tissues.


4) Detection of abnormal protein isoform (PrPSc) in brain tissue extracts by ELISA and in tissue sections by immunohistochemistry with antibodies against the prion protein. One can make antibodies to PrPSc by using mice that have had the PrP gene deleted and are therefore not tolerized to the protein. These antibodies can then be used in a Western blot type of assay if enough prion material can be obtained from the patient. Western blotting of prions following proteinase digestion reveals electrophoretic patterns that identify different prion strains.


5) Confirmatory diagnosis is made on histopathological changes in brain biopsy by light microscopy or electron microscopy. The most consistent histological abnormality is a spongiform change which is characterised by a fine vacuole-like appearance in the neurons. Any layer of the cerebral cortex, striautim, medial thalamus, and the molecular layer of the cerebellum may be involved. There is accompanying widespread gliosis and atrophy especially in the basal ganglia. The occurrence of plaque is most frequently observed in cerebellum.
TREATMENT
Prion diseases are fatal and at present there are neither cures nor therapies available to delay disease onset or progression in humans 
The mechanism of prion replication has implications for designing drugs. Since the incubation period of prion diseases is so long, an effective drug does not need to eliminate all prions, but simply needs to slow down the rate of exponential growth. Models predict that the most effective way to achieve this, using a drug with the lowest possible dose, is to find a drug that binds to fibril ends and blocks them from growing any further.
PrP overexpression facilitates the development of prion diseases. It may therefore follow that agents which reduce PrP expression will delay the onset of prion diseases. 

One can speculate that chemicals which bind to and stabilise the PrPc conformation may be beneficial. Similarly agents destabilising the PrPsc conformation may be effective. In this regard several vaccines to Alzheimers amyloid plaques are in clinical trials. Agents which interfere with the putative PrPc-PrPsc interaction might similarly be effective.

A number of reagents showing affinity for amyloid proteins are known e.g congo red. As our knowledge of the structure of PrP increases, the chances of rationally deducing effective therapeutics based on these ideas increases.


CONTROL


Vaccination is not appropriate to prion infections.


Iatrogenic transmission of cases of CJD can be prevented by the proper disinfection of potentially contaminated materials. There is no epidemiological eveidence that medical or ancillary personnel are at increased risk of developing CJD. There is no indication for the isolation or barrier nursing of a CJD patient. Medical laboratory technicians should take the same care as that already exercised in clinical specimens potentially infectious for hepatitis B and HIV, although to date, no confirmed cases of laboratory-acquired cases of CJD are known.


The causative agents are impervious to the disinfection procedures used for other viruses, including formaldehyde, detergents, and ionizing radiation. Autoclaving at 15 psi (1340C) for 1 hour or treatment with 5% hypochlorite solution or 1.0 M sodium hydroxide can be used for decontamination. Because these agents can be transmitted on instruments and brain electrodes, such items should be carefully disinfected before reuse.
Sterilizing prions therefore involves the denaturation of the protein to a state where the molecule is no longer able to induce the abnormal folding of normal proteins. Prions are generally quite resistant to proteases, detergents, heat, radiation, and formalin treatments, although their infectivity can be reduced by such treatments. Effective prion decontamination relies upon protein hydrolysis or reduction or destruction of protein tertiary structure. Ozone sterilization is currently being studied as a potential method for prion denature and deactivation. 

The World Health Organization recommends any of the following three procedures for the sterilization of all heat-resistant surgical instruments to ensure that they are not contaminated with prions:

Immerse in a pan containing 1N NaOH and heat in a gravity-displacement autoclave at 121°C for 30 minutes; clean; rinse in water; and then perform routine sterilization processes.

Immerse in 1N NaOH or sodium hypochlorite (20,000 parts per million available chlorine) for 1 hour; transfer instruments to water; heat in a gravity-displacement autoclave at 121°C for 1 hour; clean; and then perform routine sterilization processes.

Immerse in 1N NaOH or sodium hypochlorite (20,000 parts per million available chlorine) for 1 hour; remove and rinse in water, then transfer to an open pan and heat in a gravity-displacement (121°C) or in a porous-load (134°C) autoclave for 1 hour; clean; and then perform routine sterilization processes.
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Classic Creutzfeldt-Jakob disease (human) 


Occurs spontaneously in 1 out of a million people.


10% of cases are inherited mutations in the PRPN gene.


Usually strikes people age 50 to 75.


Symptoms: dementia, muscle twitching, vision problems.





Fatal Familial Insomnia (human)


Inherited mutations in the PrP gene.


Usually strikes people age 36 to 61.


Disruption of sleep/wake cycle leads to coma, then death.





Scrapie (goats, sheep)


Bovine Spongiform Encephalopathy (cattle)


Chronic Wasting Disease (deer, elk)





Kuru (human)


Transmitted by ritual cannibalism as part of funeral ceremonies.


Muscle weakness, loss of coordination, tremors, inappropriate episodes of laughter or crying.


Gerstmann-Sträussler-Scheinker syndrome


Inherited mutations in the PrP gene.
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