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BSE and Prions: Uncertainties 
About the Agent 

is likely due to factors other than BSE, a con- 
clusion supported by the finding of a similar 
increase in CJD in dairy farmers in Italy where 
B E  has not been found. 

Although most interesting, these recent 
findings fall short of proof and illustrate the 
extreme difficulty of establishiig the suscep- 
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tibility of humans to the BSE agent. The di- 
Bruce Chesebro lemma is accentuated by the fact that the 

causative agents of all the TSEs remain an 
enigma. Although the notion that "protein 
only" can account for the infectious agent 

Humans and domestic animals are tragically mice, all exhibited the same patterns of lesions has received considerable publicity as a result 
susceptible to a family of rare, fatal brain dis- in their brain. Furthermore, when brain tissue of the Nobel prize award to S. Prusiner for the 
eases called transmissible spongiform enceph- from eight of the BSE cases and three nvCJD discovery of prions, the fact remains that 
alopathies (TSEs) or prion diseases. A promi- cases (3,4) was injected into several different there are no definitive data on the nature of 
nent example is the recent epidemic of bovine mouse strains, all required similar incubation prions. Prions continue to be vaguely de- 
spongiform encephalopathy (BE)  in the periods before the disease was evident. In a fined, and for the most part this term is used 
United Kingdom. In March 1996, a new vari- separate communication, Hill et al. observed as an operational term for the transmissible 
ant of a human TSE, Creutzfeldt-Jakob Dis- that the pattern of PrP bands detected by pro- agent, but without structural implications 
ease (nvCJD), was reported in the United tein immunoblot analysis in mice inoculated (7). There are arguments both for and against 
Kingdom in a small group of people, all of with six nvCJD brain extracts was similar to the hypothesis that abnormal PrP itself is the 
whom were much younger than most indi- that observed in BE-inoculated mice (5). transmissible agent (see the table below), but 
viduals with CJD (1). The unusual nature of These similarities suggest that a similar strain on either side of this controversy no argu- 
these outbreaks prompted ready speculation of transmissible agent causes both BSE and ment is as yet completely convincing (8). 
that the causative agent for BSE was transmit- nvCJD, but does not provide any indication of The central unresolved issue is the differ- 
ted from cattle to humans, triggering the how B E  might have been transmitted from ence between TSEs and nontransmissible 
nvCJD cases. Although no definitive answer cattle to humans. amyloid diseases such as Alzheimer's disease, 
to this question has yet been obtained, several Prior to the above results, epidemiology type I1 diabetes, and amyloidoses associated 
recent papers shed new light on thii issue. had provided the strongest evidence that with various cancers and inflammatory dis- 

Brain damage in prion diseases is thought nvCJD is a form of a human prion disease re- eases (see table on next page). In both groups 
to occur when abnormal prion protein (PrP) lated to BSE. Although the BSE epidemic it- of diseases, a normal or mutant precursor pro- 
molecules gain access to the brain and cause self is well past its peak, it is still uncertain tein or peptide is incorporated into an aggre- 
normal PrPs to take on the abnormal, dis- whether the very low number of nvCJD cases gated, noncovalently linked polymeric fibril- 
ease-causing form. Raymond et al. (2) mim- detected since the initial report in 1996 reflect like structure (amyloid), often with a high 
icked this process in a test tube and, in their the gradual onset of a much larger incidence to level of j3-sheet folding. This ordered aggre- 
cell-free biochemical system, analyzed inter- be w t e d  in the future. In this regard, data gate can induce further polymerization of 
actions between normal and abnormal PrP by Cousens et al. recently reveal an increased additional precursor protein, thus providing 
molecules obtained from various species. Posi- incidence of CJD in the United Kingdom in a possible basis for propagation or transmis- 
tive interactions between prions from different certain groups of farm workers exposed to sion. Furthermore, in the case of PrP, strik- 
species, leading to formation of additional ab- cattle (6). However, these patients did not ex- ing species and TSE strain specificity oper- 
normal protein, usually predict the susceptibil- hibit the type of plaques typical of the pathol- ates in this induced polymerization process, 
ity of the different species to cross-species ogy of nvCJD, and the pattern of PrP bands which might explain the species barrier ef- 
transmission of the prion diseases. Using ab- detected was also not the same as that of fects and agent strains in vivo (2, 8, 9). 
normal, protease-resistant PrP from cattle nvCJD. Thus, this increase in CJD incidence However, none of the non-PrP amyloid dis- 
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with BSE, these workers found positive in- 
teractions with normal PrP of cattle, sheep, 
and mice (all of which are susceptible to 
experimental BSE), and negative interac- 
tions with hamster (which is resistant to 
BSE). Normal human PrP gave a weak, but 
detectable, positive interaction, a result 
that suggests that the biochemical poten- 
tial for B E  transmission to humans exists, 
but that humans may be more resistant 
than other known susceptible species. 

Twdother groups have focused their efforts 
on nvCJD to test its possible relation to BSE. 
Bruce et al. (3) found that when brain tissue 
from three of the individuals with nvCJD and 
from BSE-infected cattle was injected into 
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levels of the same mu-. 
I COMPARISON OF TRANSMISSIBILITY OF AMYLOID DISEASES 1 1  

I p n '  
~lrheinier's disease , p A4 No None 

II Multiple myeloma 

Diabetes (type 2) 

Familial amyloido 
polyneuropathy 

eases has been f o d  to be transmissible by 
injection or @&ion of the polymers them- 
selves in spite of extensive attempts [see the 
table above and (I 011. Thus, there is no pre- 
cedent for the transnnisPion of TSE by the 
abnormal polymeric PrP. Either we are miss- 
ing some vital and unique factor that distin- 
guishes the polymers of TSE from those of 
other amyloid diseases, or the agent oftrans- 
mission may not be the abnormal polymers 
themselvis. 

The alternative is that avirus is the trans- 
.nissible agent. It is cerhinly conceivable 
that a virus might induce polymerization of 
a normal or mutant cell protein, as has been 
shown for B19 parvovirus and sickle cell he- 
moglobin (8, ll). Although no direct evi- 
dence for a TSE virus has been obtained, 
searching for +own viruses is not 
straightforward. Even with the powerfur 
methods of molecular biology, without a 
specific probe or unique sequence, new vi- 
ruses .can be extremely difficult to detect. 
However. this should not deter fume search 
efforts as new viruses (Boma and hepatitis), 
continue to be discovered. 

Support for the pro te indy  hypothesis 
also comes from the apparent spontaneous 
generation of a neurodegenerative disease in 
transgenic mice that overexpress a mutant 
form of PrP associated with familial TSE dis- 
ease in humans (12, 13). These results are 

I inconclusive for several reasons. Fist, dvse 
mice d i i r  from all known TSE models in 
that no abnormal protease-resistant PrP is 
detectable in disease+ brain tissues by pro- 
tein immunoblot. Second, brain disease is 
produced only when the muta,nt transgene 
is overexpressed, but not when it is present 
as a singlecopy gene in the normal R P  lo- 
cus. Third, trammission of this disease oc- 
curs only in, transgenic mice expressing low 

An enhanced version of this commen- 
tary with links to additional resources is 
available for Science Online subscribers 
at www.sciencemag.org I I 

tant PrP transgene, 
and not in normal 
nontransgenic mice. 
Thus, "transmissionn 
couldbeduetotrans- 
fer of c y t o h  or 
other molecules from 
diseased brain, which 
up-regulate mutant 
PrP transgene expres- 
sion in the recipient 
mice. Nor have the 
transmitted maferials 
been shown to have 
the m i d  mamties . . 

of TSE agents, such as untGal resistance ro 
inactivation by heat and harsh chemicals. To 
explain the lack of tfansmission to nonnal 
mice, it has been proposed that the PrP mum 
tion (Leula) in the transgene causes a barrier 
to transmission to normal (Pro102) mice. Al- 
though theoretically possible, it is unlikely 
because effective transmission can occur 
from humaps with Leu102 R P  humans to 
both monkeys and mice with Prolo2 (1 4,15). 

H d v .  cuen-minded fume reseatdr. 
will &olve &e Aysteries regarding the nature 
of the TSE agent. Additional information 
this subject must be obtained to better facili- 
tate development of drugs. Evidence suggesoi 
that treatment with drugs that interact with 
theabnormalPrPcanprolongsurvivalinex- 
perimental mouse or hamster v i e ,  a TSE 
disease origmally derived from sheep. Other 
appmach-ene therapy with TSE-resistant 
R P  alleles or elimination of the PrP gene it- 
selfare also possible, partiduly for domes- 
tic anhds. Clearly, we are in the very early 
stages of exploration of thii s u k t  It would 
be tr@c if the recent Nobel Prize award were 
to lead to complacency regding the obstacles 
s t i l l  remaining. It is not mere detaiI, but rather 
the central core of the pr6blem, that remains 
to G solved. 
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Mining the Web 
http-Jfibwww.ucr.edul 

Much of the Web is ephemeral; too 
many pages just quietly come and go. 
Some of award is therefore owed to 
Infomine, one of the fimt high-quality 
informiltion resources on the Web and 
still going strong. Hosted by the library 
of the University of California at Riv- 
erside, Infamine is a sIrortcut to more 
than llPOO scholarly internet links, 
including natural and social sciences, 
visual and performing arts, and educa- 
tional rwurces. 

Policy.com is a c~mmercial site 
that its creators hope to make the 
center of the public policy commu- 
nity on the Web. Avowedly nonparti- 
san, Poli~y~com o h  lit& to M y  news 
feeds, a d& af events at think tanks 
and btain trusts mund the world, and a 
wide net ofpointers to &parts of the US 
government. For scien,t&ts and tech- 
nologists, the strengths of the site lie in 
heal& care, information tedulolcgy, 
and energy policy. 

The online Journal of Negative 
Obsewetkm in Gdc Oncology 
( N m )  is an innovative experi- 
ment in filling a major gap left by 
conventional journals. In studies of 
genes whose mutations drive the de- 
velopment of human cancers, positive 
findings will be publided, occasion- 
ally with headline caveage. But 
negative results, which occur in the 
majority of cases, have no natural 
home owing to a lack of print re- 
sources. Thus NOGO seeks to ar- 
chive the often highly important 
dead-ends and cul-de-sacs to prevent 
retracing these paths. 
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