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Causative Agent of TSEs


Introduction

The volume of literature published on transmissible spongiform encephalopathies, in particular bovine spongiform encephalopathy, otherwise known as mad cow disease, is overwhelming.  Much of this is political, misinformed scare mongering, or boiled down repetition of related scientific hypotheses currently under research.  The focus of this paper is the ongoing hunt for a true understanding of the causative agent of these diseases.  Only with a clear definition of the causative agent and its action, can preventative and therapeutic treatments be developed.   

First, a classification of the disease category will provide the basis for this discussion. Then, a review of the initial proof of disease transmission that defied Koch’s postulates will lead to a description of two core hypotheses about the causative agent. With this groundwork, I will tour some recent scientific discoveries.  My bibliography is lengthy and by no means exhaustive.  It represents my reading to date on the topic and is either directly referenced in this paper or provided bedrock for my current understanding of this subject.

The diseases


Transmissible spongiform encephalopathies (TSEs), also called prion diseases, are deadly degenerative diseases of the central nervous system characterized by vacuolation of sections of the brain and lack of immune response (10).   They occur in many mammals including humans.  Links to other animal and non-animal groups have also been found (37, 26).  The first disease discovered was Scrapie, named for the sheep that in later disease stages would scrape themselves against posts (30).  The first human prion disease identified was Kuru.  It was quickly linked in pathology to CJD, sporadic-form, contemporaneously under research in Germany.  Today there are many documented examples including transmissible mink encephalopathy (TME), bovine spongiform encephalopathy (BSE), chronic wasting disease, and feline spongiform encephalopathy (FSE) in animals. Gerstmann-Straussler Scheinker (GSS) syndrome, CJD, vCJD, and fatal familial insomnia are some TSEs in humans.

Curiously, these diseases can be infectious, genetically determined with high penetrance, or sporadic, appearing with no genetic link or infection source usually in older organisms.  For example, sporadic CJD occurs in humans’ age sixty and older at a frequency of 1 in 1 million per annum (21) and seems to be linked to elapsed time and an increased likelihood of physiological change.  Worse, the prion diseases can be transferred via allographs of improperly screened tissue from TSE positive donors, e.g. cornea transplant and human growth hormone, or even use of poorly sterilized equipment, e.g. implantable electrodes (30).  These iatrogenic (10) diseases result from the infectious agent’s high resistance to normal chemical and physical decontamination techniques.  Consequently, there are new guidelines for equipment treatment such as those outlined by Rutala and Weber, 2002 (33).

TSE can be passed from animal to animal in a variety of manners, including direct inoculation of brain matter from a diseased host into a new host’s brain and feeding diseased host’s brain matter to a healthy animal.  Further the brain matter from a secondarily infected host has been successfully passaged to third and even fourth sets of hosts.  Infection has also been achieved across species boundaries emphasizing the true zoonotic character of TSEs.  For example, brain matter from a Scrapie positive sheep has been used to infect mink and mink, mice.  Kuru has been introduced to varying primates via inoculation with brain matter from a deceased Kuru patient (30).

This can also happen unintentionally outside of the laboratory environment.  One leading hypothesis links variant CJD (vCJD) to BSE to Scrapie via the ruminant food chain. There was no prior documented prion disease in cows.  UK dairy cows were fed improperly processed high nutrient feed that included offal and CNS parts of dead sheep and other ruminants. Multiple contemporaneous cases of BSE in diverse geographies throughout the UK were linked by feed source.  In the lab, mice have been inoculated with TME positive mink brain tissue and hamsters with CJD patient brain homogenate.  Both predictably develop spongiform encephalopathies pathologically linked to those of the donor.  Similarly, BSE and vCJD spongiform patterning in the brain is similar.  A slower passage of the diseases across species boundaries is proposed in nature, unassisted by man.

  Some of these diseases like Kuru and vCJD present themselves with ataxic illness worsening to the point where the animal can no longer stand or function.  Others, particularly the sporadic and genetic human forms like sCJD and GSS take a course of ever-worsening dementia.  Regardless of the symptoms, the post mortem pathology confirms the brain tissue degeneration and upon light microscopic analysis astrocytic gliosis (26) and amyloid plaques.  However, there are characteristic groupings of the brain pathologies that researchers have used to categorize and study prion diseases.  For example, Kuru, the Fore tribe prion disease linked to their cannibalistic practices is similar pathologically to vCJD and BSE but not to sporadic CJD (30).

Seeking the disease causing agent

Koch first formalized the process of linking a biological causative agent to a disease. There are four key steps to his postulates.  First, the disease agent must be present in all disease symptomatic animals.  Second, it must be possible to isolate the disease agent in pure culture.  Third, hosts inoculated with this culture should consequently show symptoms of the disease.  Finally, the disease agent must be re-isolated from these secondary hosts and confirmed to be the same as the agent isolated from the first hosts.  In many cases Koch’s postulates work.  However, some viruses can’t be cultured in vitro. In the case of TSEs, there was no early success in isolating a causative agent and even techniques to cultivate viruses in pure culture failed.  As outlined above, identification of the source of the causative agent came from successful passage of infectious material from donor to host multiple times and pathology that confirms the reoccurrence of the disease due to this transfer.

The first working name of the causative agent for TSEs was slow virus.  Manifestation of the disease post inoculation with infected nervous tissue took from several months to several years depending on the species or strain inoculated (more on strains later).  No bacterial or viral agent could be isolated, but other viral agents had proven difficult to culture before. Many researchers including Gajdusek, who first identified Kuru, felt they would be buried in their own graves before they might prove disease transmission conclusively let alone find its cause (30).

Deuling hypotheses

Much has been written regarding the two core hypotheses for the TSE causative agent, the so-called virino and prion hypotheses.  Recent research largely supports the latter.  

The virino hypothesis proposes that the causitive agent is a tiny piece of nucleic acid enrobed in a protective proteolysis and UV resistant protein coat.  Under normal circumstances, UV light destroys DNA and hence the virinos proposed infectivity, through thymine dimerization.  A nucleic acid has not been detected in infectious material so it must be very small, less than a few hundred base pairs (10).  Variations on the virino theme included an RNA piece.  However, reverse transcriptase has not been detected in infectious material either.


The current leading hypothesis is the prion hypothesis. Stanley Pruisner first coined the term prion for protein infection, in 1982.  A prion is an infectious protein that can carry information on how to become infectious, just as a nucleic acid carries genes for a disease. This contradicts the central dogma that dictates that DNA is transcribed into RNA that is then translated to produce proteins.  Reverse transcriptase, a protein carried by viruses, defies the central dogma, through its support of transcription of DNA from RNA. However, production of new proteins from an existing protein template, circumventing both transcription and translation, was a new idea. More specifically a prion, commonly called PrPSC, prion protein with the SC for Scrapie, is a refolded version of a normally present neuronal cell integral membrane protein called prion protein constitutive, PrPC. The prion hypothesis states that PrPSC acts as a template for the differently folded version of the protein and through contact with the PrPC induces its refolding (see more on Gajdusek’s seed theory below).

In 1982, Pruisiner was heavily criticized for prematurely steeling the glory in a field where scientists had labored for years trying to isolate the causative agent yet remained unsuccessful.  To date, although in vitro infectivity of a prion remains elusive much evidence, summarized below, has mounted to support the prion hypothesis.
Another interesting corallary hypothesis to the prion is Gajdusek’s ice-9 hypothesis.  In Vonnegut’s Cat’s Cradle, ice-9 is an unusual crystalline structure of ice which has a higher freezing point, at ambient temperatures.  The only reason ice-9 hasn’t frozen all available water on Earth is that it has never been released from the lab in which it was synthesized.  Near the end of the tale, when a seed crystal of ice-9 is accidentally released, like the solid sugar block formed when a sugar crystal is dropped into a supersaturated sugar solution, the world’s water solidifies into solid ice-9.  Gajdusek proposed that the creation of the proteinaceous amyloid plaques, also called Scrapie Associated Fibrils, results from a slower version of an ice-9 like seeding process.  A misfolded protein touches a normal protein and induces its refolding into the disease conformation.  As more misfolded proteins result the disease condition spreads (30).

Prion hypothesis support


Besides the lack of an identifiable nucleic acid in the causative agent and the inability to deactivate infectivity of a prion via UV radiation, other findings also support the prion hypothesis.  The isolated material in infectious homogenate used to successfully inoculate animals with a prion disease is proteinaceous, more specifically PrPSC (26). This material is also not susceptible to nucleases that would cut up a nucleic acid and destroy its infectivity (10).  Finally, evidence of a molecular chaperone protein that would assist with the refolding has been found in yeast and fungi.  There a prion-like gene mutation results in a differently folded protein formed with the assistance of a chaperone protein (37).  Also knockout mice that lack the gene for PrPC are immune to Scrapie (39).  This suggests that the normal protein must be present for disease to occur regardless of how much non-native PrPSC is introduced.

Recent research

Scottish Scrapie researcher Dickinson first defined strains in Scrapie infected mice.  Each strain is differentiated by the incubation time it has in a given species and its brain lesion patterning.  This is the strain’s phenotype.  The same strain might have a different incubation period in a different species, yet still maintain recognizable pathology.  Strains were not readily accepted at first by leading prion researchers like Pruisner.  However, the popular hypothesis today is that a strain is a different prion protein isoform.  It may or may not be due to a different amino acid sequence in the prion gene.  Until recently there was no way to study strains in vitro as stabilization of a cell line with a TSE infection is difficult and stabilization of the same cell line with multi-strain infection unknown (30,2)

In 2001, Birkett et al. published research that confirmed the ability to maintain a Scrapie infection in a cell line. Additionally, they succeeded in infecting a single non-neuronal cell line with two strains of Scrapie, providing support for the strain concept.  In this case the amino acid sequences of the prion proteins that they used for the doubly infection varied. The Sinc locus in mice codes for the prion protein PrP.  Two strains identified in mice are SincS7 and SincP7, vary at the Sinc locus by amino acid sequence differences at positions S7 and P7 respectively.   Both encode PrPC, the constitutive form of the protein.  Additionally, a PrPSC exists for both. The mesodermal cells Birkett et al. chose were single strain Scrapie infected.  As a result they were highly competent at propagation of an existing infection and additionally turned out to be competent at hosting a new infection.  This work provides a self-sustaining model for in vitro prion strain research (2).  Other cell clones that have been established as models for research include Windl et al. (41).

A time constraint in prion research is the slow course of PrPC to PrPSC conversion.  Researchers wait months for detectable change.  In 2001, Saborio et al. (34) published details of their work on protein misfolding cyclic amplification, PMCA.  Much like PCR, which enables the mass production of identical DNA fragments, their technique enables the mass conversion of PrPC to PrPSC in minutes.  The aggregates of PrPSC that form as PrPSC converts PrPC to PrPSC are initially undetectable.  Multiple cycles of incubation of excess PrPC with a sample of PrPSC followed by sonication, break up aggregates as they form providing more seeds for the next aggregate formation cycle.  Saborio et al. reports a 97% conversion rate.  Through amplification prion diseases might be detected earlier.  Additionally, amplification of PrPSC will enable studies of in vitro PrPSC infectivity (34).

Other researchers like Lu and Chang (20) report success in artificial production of new conformational isomers of prion proteins.  These isomers prove partially resistant to proteolysis, PrPSC is very resistant, and have increase -sheet structure. PrPC exhibits significant -helix secondary structure common in integral membrane proteins. PrPSC exhibits significant -sheet structure.  The three isomers Lu and Chang created have identical amino acid chains to mouse prion protein mPrP(23-231).  They are stable in their monomeric forms and were created under artificial mildly acidic conditions.  Lu anc Chang’s work is significant in that they were able to conduct NMR experiments on their isomers.  To date although the core domain structure of PrPC has been elucidated, a two-stranded -sheet and three-helices.  However, the structure of PrPSC, due to issues with its poor solubility and tendency to unfold and lose infectivity when prepared for 3D studies, remains unknown.  Lu and Chang’s work suggests alternative routes to obtaining this information (20).

Another area of active research is in identification of the chaperone molecules that might be required for refolding of the prion protein.  Shaked et al. take this one step further by demonstrating in their 1999 paper (35) that the chaperone is likely not the only requirement.  Conversion in the lab of PrPC to PrPSC can be achieved readily with the characteristic shift from deteregent-soluble to insoluble and protease-sensitive to protease-resistant.  However, manufactured PrPSC like that amplified by Saborio et al. lacks infectivity.  In their research, Shaked et al. blocked the normal conversion of the PrPC to PrPSC through use of a chaperone and then showed that following its removal the aggregate structures formed differ from the usual.  Infectivity also drops.  They raise the question of the significance of the aggregate structure or the process by which they form as being significant to infectivity (35).  Likewise work by Hill et al. supports the belief that protease resistance is not enough to propagate infectivity (15).  On the other hand, recent research by Jackson et al. where they succeeded in reversing the conformation change from predominantly -sheet structures to -helices suggests that the conversion is enough for propagation (17). 

Finally, geneticists have identified common genes in those who suffered from BSE linked vCJD.  The Roslin Institute is among those researching cloning of this gene for research purposes and future gene therapies (see press releases on the Roslin Institute’s web site).  2001 published research by Lee et al. identifies a preferential genotype for Kuru disease incidence (18).

Conclusion


When I first encountered the prion concept it seemed like science fiction.  However, multiple new findings, released monthly, continue to support it. Sadly, to date, little progress has been made on clinical identification of the diseases except through symptom identification.  New techniques like Saborio’s PMCA offer hope for effective disease diagnosis. Progress related to disease prevention has yielded techniques for prevention of iatrogenic transmission, through better sterilization techniques based on research outlining steps that must be taken to inactivate prions.  Identification of the PrP gene mutations in individuals with genetic TSEs has led to genetic counseling, similar to that for Huntington’s chorea, for families with the dominant gene mutations for TSEs like fatal familial insomnia.  However, significant biochemical and cellular level research is required before any work on disease prevention via vaccination or even treatment of diseased individuals, possibly through a slowing of the prion protein refolding can commence.  Prions remain an exciting research field.
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