
n the 25 years that John Collinge has studied neurology, he has seen 
hundreds of human brains. But the ones he was looking at under the 
microscope in January 2015 were like nothing he had seen before.

He and his team of pathologists were examining the autopsied 
brains of four people who had once received injections of growth 

hormone derived from human cadavers. It turned out that some of the 
preparations were contaminated with a misfolded protein — a prion 
— that causes a rare and deadly condition called Creutzfeldt–Jakob 
disease (CJD), and all four had died in their 40s or 50s as a result. But 
for Collinge, the reason that these brains looked extraordinary was not 
the damage wrought by prion disease; it was that they were scarred in 
another way. “It was very clear that something was there beyond what 
you’d expect,” he says. The brains were spotted with the whitish plaques 
typical of people with Alzheimer’s disease. They looked, in other words, 
like young people with an old person’s disease. 

For Collinge, this led to a worrying conclusion: that the plaques might 
have been transmitted, alongside the prions, in the injections of growth 
hormone — the first evidence that Alzheimer’s could be transmitted 
from one person to another. If true, that could have far-reaching impli-
cations: the possibility that ‘seeds’ of the amyloid-β protein involved in 
Alzheimer’s could be transferred during other procedures in which fluid 
or tissues from one person are introduced into another, such as blood 
transfusions, organ transplants and other common medical procedures. 

Collinge felt a duty to inform the public quickly. And that’s what he 
did, publishing the study in Nature in September1, to headlines around 
the world. “Can you CATCH Alzheimer’s?” asked Britain’s Daily Mail, 
about the “potentially explosive new study”. Collinge has been careful 
to temper the alarm. “Our study does not mean that Alzheimer’s is 
actually contagious,” he stresses. Carers won’t catch it on the job, nor 
family members, however close. “But it raises concern that some medi-
cal procedures could be inadvertently transferring amyloid-β seeds.”
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neurodegenerative disease might be transferred 
from one person to another. Now scientists are 

racing to find out whether that is true.
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Since then, the headlines have died away, but the academic work 
and discussion have taken off. Could seeds of amyloid-β proteins 
really be transmitted and, if so, are they harmless or do they cause 
disease? And could seeds of other related diseases involving mis-
folded proteins be transmitted in a similar way? In the past decade or 
so, evidence has been mounting for a controversial theory that rogue 
proteins, known collectively as amyloids and associated with diverse 
neurodegenerative diseases — from Alzheimer’s to Parkinson’s and 
Huntington’s — might share some properties of prions, including 
their transmissibility. Collinge’s data bolstered that theory. 

Urgent though these questions are, it could take years to find 
answers. The paper by Collinge and his colleagues has sparked a 
worldwide hunt for similar amyloid pathology in autopsied brains, 
and a small study2 published this January revealed a handful of related 
cases. Researchers are also trying to work out what the putative amy-
loid seeds look like, and whether different ‘strains’ of amyloids exist 
that are particularly damaging. 

Some researchers say that it is much too early to be alarmed. They 
point out that the number of patients in Collinge’s study was tiny, 
that none had displayed symptoms of Alzheimer’s disease before 
their death and that another toxic protein called tau also seems to 
be required to cause the condition. “We have to remember that there 
is no conclusive evidence that seeds of amyloids can transmit actual 
disease or that amyloids spread in the brain in a prion-like way,” 
says Pierluigi Nicotera, scientific director of the German Centre for 
Neurodegenerative Diseases in Bonn. “There may be other biological 
explanations.”

Right now, there are few solid answers, but plenty of concerns. 
The sceptics worry that they might one day find themselves working 
under tight biosecurity regulations to handle proteins that they view 
as relatively innocuous. Others feel that the dangers may have been 

underestimated, and that scientists have a duty to investigate this as 
quickly as they can. “In my opinion, all amyloids should be consid-
ered dangerous until proven safe,” says prion and amyloid researcher 
Adriano Aguzzi at the University Hospital Zurich in Switzerland.

DANGEROUS FOLDS
A few decades ago, it was almost inconceivable that a protein, which has 
no genetic material or any other obvious way to self-replicate, could cause 
infectious disease. But that changed in 1982, when Stanley Prusiner, now 
at the University of California, San Francisco, introduced evidence for 
disease-causing prions, coining the term from the words ‘proteinacious’ 
and ‘infectious’3. Prusiner showed that prion proteins (PrP) exist in a 
normal cellular form, and in a misfolded infectious form. The misfolded 
form causes the normal protein to also misfold, creating a cascade that 
overwhelms and kills cells4. It cause animal brains to turn into a spongy 
mess in scrapie, a disease of sheep, and in bovine spongiform encepha-
lopathy (BSE or ‘mad cow disease’), as well as in human prion diseases 
such as CJD. 

Prusiner and others also investigated how prions could spread. They 
showed that injecting brain extracts containing infectious prions into 
healthy animals seeds disease4. These prions can be so aggressive that 
in some cases, simply eating infected brains is sufficient to transmit dis-
ease. For example, many cases of variant CJD (vCJD) are now thought 
to have arisen in the United Kingdom in the 1990s after people ate meat 
from cattle that were infected with BSE. 

Since then, scientists have come to appreciate 
that many proteins associated with neurodegen-
erative diseases — including amyloid-β and tau 
in Alzheimer’s disease and α-synuclein in Parkin-
son’s disease — misfold catastrophically. Struc-
tural biologists call the entire family of misfolded 

Amyloid fibrils are made from 
abnormally folded proteins and are 

linked with Alzheimer’s disease.
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proteins (including PrP) amyloids. Amyloid-β clumps into 
whitish plaques, tau forms ribbons called tangles and α-synuclein 
creates fibrous deposits called inclusions.

A decade ago, these similarities prompted neuroscientist 
Mathias Jucker at the University of Tübingen in Germany to 
test whether injecting brain extracts containing misfolded 
amyloid-β into mice could seed an abnormal build-up of amy-
loid in the animals’ brains. He found that it could, and that it 
also worked if he injected amyloids into the muscles5. “We saw 
no reason not to believe that if amyloid seeds entered the human 
brain, they would also cause amyloid pathology in the same 
way,” says Jucker. 

This didn’t cause alarm at the time, because it wasn’t clear how 
an amyloid seed from the brain of someone with Alzheimer’s 
could be transferred into another person’s body and find its way 
to their brain. To investigate that, what was needed was a group 
of people who had been injected with material from another per-
son, and the opportunity to examine their brains in great detail, 
preferably when they were still relatively young and before they 
might have spontaneously developed early signs of Alzheimer’s.

The CJD brains provided just that opportunity. Between 1958 
and 1985, around 30,000 people worldwide received injections of 
growth hormone derived from the pituitary glands of cadavers to 
treat growth problems. Some of the preparations were contami-
nated with the prion that causes CJD. Like all prion diseases, CJD 
has a very long incubation period, but once it gets going it rages 
through the brain, destroying all tissue in its wake and typically 
killing people from their late 40s onwards. According to 2012 
statistics6, 226 people around the world have died from CJD as 
a result of prion-contaminated growth-hormone preparations. 

Collinge had not set out to find a link with Alzheimer’s — it 
emerged as part of routine work at the National Prion Clinic in 
London, which he heads, and where around 70% of all people 
in the United Kingdom who die from prion-related causes are 
now autopsied. The clinic routinely looks for signs of all amyloid 
proteins in these brains to distinguish prion disease from other 
conditions. It was thanks to this routine work that the cluster of 
unusual cases emerged of people who had clearly died of CJD, but 
who also had obvious signs of amyloid pathology in their grey 
matter and cerebral blood vessels. 

As soon as he saw these brains, Collinge knew that he could 
get into stormy waters. Keen to strike a balance between warning 
of a possible public-health risk and causing unwarranted panic, 
he sketched a carefully worded press release that would go out 
from the National Prion Centre and set up hotlines for people 

who had been treated with growth hormone in the past. But no 
panic occurred: apart from one or two overwrought headlines, 
the news stories were fairly measured, he says. Only around ten 
people called the hotlines. 

For scientists, however, the paper was a red flag. “As soon as the 
paper came out we realized the health implications and started 
collecting slides and paraffin blocks from patients,” says Jiri Safar, 
director of the National Prion Disease Pathology Surveillance 
Center at Case Western Reserve University in Cleveland, Ohio. 
Like other pathologists in countries where people had died of CJD 
associated with medical procedures, he rushed to check the cen-
tre’s archives of autopsied brains to see if any of them contained 
the ominous amyloid deposits. 

The answers are not yet in. Safar says that it has not proved easy 

to trace brain samples in the United States, but that he is working 
to do so with the National Institutes of Health and the Centers 
for Disease Control and Prevention (CDC) in Atlanta, Georgia. 
Charles Duyckaerts at the Pitié-Salpêtrière Hospital in Paris, 
France, has now examined brain tissues from around 24 patients 
and is likely to report the results later this year.

A further 228 cases of CJD were caused by transplantation of 
prion-contaminated dura mater — the membrane surrounding 
the brain and spinal cord — prepared from cadavers around the 
world. Dura-mater preparations were regularly used in brain 
surgery as repair patches until the late 1990s. For the study2 pub-
lished in January, Herbert Budka at the National Prion Diseases 
Reference Center at University Hospital Zurich and his colleagues 
examined the brains of seven such patients from Switzerland and 
Austria, and found that five had amyloid deposits in grey mat-
ter and blood vessels. In Japan, dementia researcher Masahito 
Yamada at Kanazawa University is making his way through a large 
number of such autopsy specimens and says that the 16 brains he 
has examined so far show signs of unusually high levels of amyloid 
deposition in cerebral blood vessels. 

Yet such case studies can only ever provide circumstantial 
evidence that seeds of amyloid-β were transferred during the 
treatments. And they cannot entirely rule out the possibility that 
the treatments themselves — or the patients’ original medical 
conditions — caused the amyloid pathology. More-conclusive 
evidence would come from checking whether the original growth 
hormone and dura-mater preparations contained infectious amy-
loid seeds, by injecting them into animals and seeing whether this 
triggers disease. Most of these preparations, however, have long 
since disappeared. Collinge has access to some original samples 
of growth hormone stored by the UK Department of Health, and 
he is planning to analyse them for the presence of amyloid seeds 
and then inject them into mice. That work will take a couple of 
years to complete, he says. 

SEEDS OF DOUBT
There is another hitch: no one knows for sure what size and shape 
the amyloid seeds might be. Jucker is hunting for them in an unu-
sual source of human brain tissue that has nothing to do with 
CJD. A team in Bonn has collected frozen samples from more 
than 700 people with epilepsy who were operated on over the past 
25 years to remove tissue that was driving their seizures. “It is the 
best source of fresh human brain tissue available at the moment,” 
says Jucker, who plans to scrutinize it carefully under the micro-
scope for anything that might resemble tiny clumps or seeds of 
amyloid-β. The team also has records of the patients’ cognitive 
skills, such as language and memory skills, before and at regular 
intervals after the operations. This should allow Jucker’s team to 
correlate the presence of any amyloid-β seeds it finds with changes 
in the cognitive function of individual patients over time. 

Scientists have shown that tau and α-synuclein can also seed 
pathological features in mice. In two studies7,8 from 2012, sci-
entists injected fibrils of α-synuclein into the brains of mice 
already engineered to develop some of the characteristics of 
Parkinson’s disease. This triggered the early onset of some of 
the signs and symptoms of Parkinson’s, and eventually killed 
the animals. A third study9 showed that similar injections into 
normal mice caused some of the neurodegeneration typical of 
Parkinson’s disease and the mice became less agile. In humans, 
α-synuclein would not necessarily turn out to be equally aggres-
sive — mouse models of neurodegenerative diseases do not 
mimic human disease very closely — but scientists are taking 
the possibility seriously. 

If the transmissibility hypothesis proves true, the implications 
could be severe. Amyloids stick like glue to metal surgical 
instruments, and normal sterilization does not remove them, so 

“ALL AMYLOIDS SHOULD BE CONSIDERED 
DANGEROUS UNTIL PROVEN SAFE.”
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amyloid seeds might possibly be transferred during surgery. The 
seeds might sit in the body for years or decades before spreading 
into plaques, and perhaps enabling the other pathological changes 
needed to induce Alzheimer’s disease. Having amyloid plaques in 
cerebral blood vessels could be dangerous in another way, because 
they increase the risk that the vessel walls might break, leading 
to small strokes. 

But if common medical procedures really increased the risk 
of neurodegenerative disorders, then wouldn’t that already have 
been detected? Not necessarily, says epidemiologist Roy Ander-
son at Imperial College London. “The proper epidemiological 
studies have not been done yet,” he says. They require very large 
and carefully curated databases of people with Alzheimer’s dis-
ease, which include information about the development of symp-
toms and autopsy data. He and his team are now studying the 
handful of reliable databases that exist to tease out a signal that 
might associate medical procedures with Alzheimer’s progres-
sion. The number of patients currently available may turn out to 
be too small to draw conclusions, he says, but a more definitive 
answer could emerge as the databases grow. 

Faced with so much uncertainty, some researchers and public-
health agencies have adopted a wait-and-see approach. “We are 
right at the beginning of this story,” says Nicotera, “and if there is 
one message to come out right now it is that we need more work 
to see if this is a relevant mechanism.” The CDC and the European 
Centre for Disease Prevention and Control in Solna, Sweden, say 
that they are keeping a cautious eye on the issue.

If further research does confirm that common neurodegenera-
tive diseases are transmissible, what then? One immediate prior-
ity would be rigorous sterilization procedures for medical and 
surgical instruments that would destroy amyloids, in the way that 
extremely high temperatures and harsh chemicals destroy prions. 
Aguzzi says that funding agencies should put out calls now to 
researchers to develop cheap and simple sterilization methods. 
“It’s not very sexy science, but it is urgently needed,” he says. He 
also worries about the safety of researchers working with amy-
loids — particularly α-synuclein. “I have nightmares that some-
one in my lab may catch Parkinson’s,” he says. “While the story is 
in flux, our first duty is to protect lab workers.”

STRAIN SEEKERS
The similarities between prions and other amyloids is throwing 
open other avenues of research. Prions can exist as distinct 
strains — proteins that have the same sequence of amino acids 
but misfold in different ways and have distinct biological behav-
iours10, much as different strains of a pathogenic virus can be 
aggressive or weak. The outbreak of vCJD in the United Kingdom 
in the 1990s was traced to BSE-contaminated meat because the 
prion strain was the same in both. 

Over the past few years, research in animals has shown that 
different strains of amyloid-β and α-synuclein exist11,12. And a 
landmark paper13 in 2013 reported that strains of amyloid-β 
with different 3D structures were associated with different 
disease progression in two people with Alzheimer’s. Structural 
biologist Robert Tycko, who led the work at the National Insti-
tute of Diabetes and Digestive and Kidney Diseases in Bethesda, 
Maryland, is now looking at many more brain samples from 
such patients.

Knowing the structures of pathological forms of amyloid 
seeds should help to design small molecules that bind to them 
and stop them doing damage, says biophysicist Ronald Melki 
at the Paris-Saclay Institute of Neuroscience, who works on 
α-synuclein strains. His lab is designing small peptides that 
target the seeds and mimic regions of ‘chaperone’ molecules, 
which usually bind to proteins and help them to fold correctly. 
Melki’s small peptides mimic these binding regions, sticking 

to the amyloid proteins to stop them from aggregating further. 
In the research community, much of the agitation in response 

to Collinge’s paper boils down to semantics. Some scientists do 
not like to use the word ‘prion’ in connection with the amyloids 
associated with common neuro degenerative diseases, or to 
describe any of their properties as ‘prion-like’ — because of its 
connotation of infectious, deadly disease. “The public has this 
perception of the word ‘prion’,” says Alzheimer’s researcher Brad 
Hyman at Harvard Medical School in Boston, Massachusetts, and 
this matters, even if their ideas are wrong. “One of my patients 
told me that she wasn’t getting any hugs any more from her hus-
band who had read about the case in the media — that made me 
sad,” he says.

Others, however, feel that it is helpful to consider prions and 
other amyloids as being part of a single spectrum of conditions 
involving proteins that misfold and misbehave. It means that 
researchers studying prion diseases and neurodegenerative 
diseases, who until recently had considered their disciplines to 
be separate, now find themselves tackling shared questions. 

Both fields are wary of raising premature alarm, even though 
they wonder what the future will bring. Jucker, only half-jokingly, 
says he could imagine a future in which people would go into 
hospital every ten years or so and get the amyloid seeds cleared 
out of their brains with antibodies. “You’d be good then to go for 
another decade.” ■

Alison Abbott is Nature’s senior European correspondent.
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Alzheimer’s, primarily a disease of elderly people, has complex roots.

“THERE IS NO CONCLUSIVE EVIDENCE THAT SEEDS 
OF AMYLOIDS CAN TRANSMIT ACTUAL DISEASE.”
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