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Evidence for transmissibility of Alzheimer disease
pathology: Cause for concern?
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— KEY POINTS

ecently, a research group from University
RCollege London examined the brains of
eight patients, all of whom had died after
contracting Creutzfeldt—Jakob disease (CJD)
through treatment with prion-contaminated growth
hormone prepared from donated human pituitary
tissue.! The researchers found marked amyloid-f3
plaque pathology characteristic of Alzheimer dis-
ease in these patients, which re-energized debate
on an old question: Could Alzheimer disease arise
following “prion-like” transmission of protein
pathology between individuals?
Neurodegenerative diseases, many of which
lead to dementia, present a major health challenge
worldwide. Given, for example, the projected four-
fold increase in the global prevalence of dementia
by 2050 through population aging, emphasis is
being placed on mitigation of medical, social and
public health impacts.? This need, combined with
the complexity of the biological processes under-
lying dementias, has inspired a dynamic program
of biomedical research into neurodegenerative dis-
eases for several decades. Arguably, the single
most incisive resulting insight is the recognition
that pathologic behaviour of specific proteins can
have diverse toxic effects, to which neurons seem
particularly vulnerable.® The term “proteinopa-
thies” denotes diseases involving such protein-
triggered pathology, including Alzheimer disease,

Many neurodegenerative diseases, such as Alzheimer disease and
Parkinson disease, are proteinopathies that are caused by pathologic
misfolding and aggregation of disease-specific proteins.

Prion diseases, including Creutzfeldt-Jakob disease (CJD), were long
considered the only proteinopathies transmissible between individuals by
an infection-like mechanism; however, other proteinopathies have
recently been reported to be induced by experimental inoculation of
animals with diseased tissue.

Debate about possible implications for human health was intensified
by a recent report of several young patients in the United Kingdom,
who contracted CJD from contaminated cadaveric human growth
hormone and who unexpectedly also had brain pathology
characteristic of Alzheimer disease.

The likelihood that Alzheimer disease could be spread directly between
humans through a prion-like transmission process is presumably low;
however, continued research and risk assessment, particularly on
decontamination of medical instruments, would be appropriate.

Parkinson disease, Lewy body dementia and
amyotrophic lateral sclerosis.?

Two key features of this molecular misbehav-
iour — protein misfolding and aggregation — are
linked to the disruption of physiologic functions
that maintain a cell’s proteins in a state of homeo-
stasis known as proteostasis.® Persistent misfold-
ing and aggregation typically lead to formation of
microscopically visible protein deposits in brain
tissue. These deposits, which can be intracellular
or extracellular, appear as amorphous plaques or
as crystal-like “amyloid plaques” formed by the
aggregation of threadlike structures (fibrils) con-
sisting of ordered arrays of misfolded protein.
This phenomenon has aided in the classification
and diagnosis of proteinopathies and continues to
guide research on their causes.

Creutzfeldt—Jakob disease has long been consid-
ered unique among the neurodegenerative pro-
teinopathies because of its infection-like transmis-
sibility between individuals. This capacity is
attributed to the ability of the misfolded prion pro-
tein (PrP5) to act as a template for further misfold-
ing of normal PrP (PrP¢) (Figure 1A). The term
“prion” was coined to describe the implied protein-
aceous infectious particle.* Epidemic spread of
CJD (e.g., through invasive medical procedures)
has been well documented.’

Intriguingly, recent studies have extended the
prion concept to other misfolded prion-like pro-
teins that propagate their misfolded state within an
individual.® Indeed, the tissue pathology character-
istic of several such proteinopathies can be in-
duced in genetically modified or normal experi-
mental animals by inoculation with diseased
human or animal brain tissue.” Among these pa-
thologies are plaques composed of a peptide
(amyloid-P) that are found in large numbers in
Alzheimer disease and are believed to accumulate
asymptomatically decades before clinical onset.
Amyloid-B plaques are accompanied in Alzheimer
disease by aggregates of another misfolded pro-
tein, the microtubule-associated protein tau, which
has also been transmitted to animals by inocula-
tion. These findings merit consideration of the po-
tential implications for human health; however, in-
terpretation has remained difficult.”
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Figure 1: Photomicrographs of neocortex tissue in degenerative proteinopathies (black bars represent
100 pm). Immunohistochemical staining (brown) was used to show (A) misfolded prion protein, with fine,
granular (“synaptic”) deposits throughout the neuropil; and (B) amyloid-B, with amyloid angiopathy in
blood vessel walls in the arachnoid and superficial neocortex.

A recent study from researchers at University
College London has brought renewed focus to
this discussion.! This group examined the brains
of eight patients, aged 36-51 years, who had died
of CJD after receiving treatment with prion-
contaminated growth hormone sourced from
donated human pituitary tissue. In addition to
deposits of PrP%, the brains of seven of these
patients exhibited marked amyloid-f plaque
pathology. In four patients, the plaques were
concentrated around blood vessels, qualifying
the pathology as cerebral amyloid angiopathy
(Figure 1B). Interestingly, tau deposits were not
found. The patients were screened for known
genetic risk factors for Alzheimer disease, with
uniformly negative results. These findings
prompted the authors to suggest that the
amyloid-B pathology may have been induced in
these patients by a prion-like mechanism,
through co-contamination of the growth hormone
preparations from which they contracted CJD.
As noted by the authors, the findings may
represent the first evidence for such transmission
in humans, despite negative epidemiologic findings
in several previous studies (see citations in the
article by Jaunmuktane and colleagues!).

These observations are unlikely to have arisen
by chance. Although co-occurring Alzheimer dis-
ease pathology is not uncommon in CJD, it is much
more frequent in older patients.® Quantitatively, the

odds against such a coincidence are about 12 000:1,
assuming 3% prevalence of amyloid-f§ angiopathy
among people 36-51 years of age without
Alzheimer disease.” This leaves two other possibili-
ties — coinfection, as suggested by the authors, or
a secondary effect of the CJD process that pro-
moted deposition of amyloid-B. Evidence is not
lacking for candidate mechanisms of the latter sort
— in addition to disruption of proteostasis, it is
possible, for example, that PrPS impairs extracellu-
lar clearance of amyloid-§ or that direct molecular
cross-templating occurs.!® Any such alternative
hypothesis, however, must be consistent with the
unexpectedly intense amyloid-3 pathology found in
four of the patients with iatrogenic CJD, as well as
the age-specific distribution of amyloid-f pathol-
ogy in all patients with CJD. Further research is
needed to address these questions.

What would be the implications of a confirma-
tion that pathology resembling that of Alzheimer
disease can be transmitted between humans, in at
least some circumstances? With discontinuation
of cadaveric sourcing of human growth hormone
in Canada in April 1985 and the availability of
synthetic products in January 1986, this particular
iatrogenic threat has been eliminated. Although
four cases of iatrogenic CJD associated with dura
mater transplantation have been identified in Can-
ada to date, fortunately no cases associated with
growth hormone treatment have been found.!! As
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emphasized by the authors of the recent report, no
one is proposing that Alzheimer disease can
spread readily between individuals through a
prion-like transmission process. However, given
that aggregates of prion protein, amyloid-f§ and
other misfolded proteins can adhere tenaciously to
stainless steel and resist degradation by standard
hospital-grade sterilization processes, precaution
would suggest that research and risk assessment,
particularly on decontamination of medical instru-
ments, should continue.'?
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