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�� Your�background�is�in�
pharmacology,�what�made�you�
decide�to�move�into�medicine?
My PhD research was on pharmacology 
and dealt with the turnover of the neur-
transmitter acetylcholine in the mouse 
brain. Once I had finished my medical 
studies I became a specialist in geriatric 
medicine. My research now has a trans-
lational approach and ranges from basic 
experimental research in cell lines, human 
embryonic stem cells and transgenic ani-
mal models to clinical imaging and drug 
trials in Alzheimer’s patients.

�� When�did�you�first�become�
interested�in�Alzheimer’s�disease?
The Nobel laureate in medicine, 
Professor Arvid Carlsson, initiated work 
on Alzheimer’s disease in Sweden with 
studies of neutransmitter and enzymes in 
postmortem brain tissue from Alzheimer’s 
patients. There were 17 different labora-
tories involved in the research and my 
laboratory was responsible for the analysis 
of activity of the enzyme choline acetyl-
transferase, which is markedly reduced 
in activity in the brains of Alzheimer’s 
patients.

I found it fascinating that there were 
changes in the brain of Alzheimer’s patients 
and I felt we had to image these changes 
within living patients, rather than in dead 

tissues. As a clinician, I am aware that a 
patient can be diagnosed with a disease 
20 years before they die from that disease 
and imaging the tissue once the patient 
is dead is like studying a desert; almost 
everything has disappeared.

However, when you image someone 
who is in the very early stages of disease 
progression, who has only recently been 
diagnosed, most of the brain function is 
quite normal. Imaging in living patients 
has been a step forward since pathologi-
cal processes can be detected very early in 
progression of the disease.

�� Your�research�group�performed�
the�first�PET�scan�of�an�amyloid�
plaque�in�a�living�patient:�what�led�
to�this�groundbreaking�study?
The main histopathological features 
of Alzheimer’s disease are the amyloid 
plaques and the neurofibrillary tangles. 
The detection of plaques was also the rea-
son why autopsy studies were performed 
since this was the final confirmation of that 
the patient had Alzheimer’s disease.

We had been discussing in the group 
whether we could image this plaque and 
if it was possible to study the plaque in 
the living patient. At this time Professor 
Bengt Långström, who was the head of 
the PET center in Uppsala and also an 
organic chemist, had met Willam Klunk 
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and Chester Mattis, who was based at the 
University of Pittsburgh, at a conference 
and discussed the possibility of using 
some of the compounds they had been 
studying in test tubes. Klunk came to 
Sweden and we discussed the PET project 
planned to be performed in Alzheimer’s 
patients. When the studies started one of 
the compounds they had developed was 
chosen to inject into the patient to see if 
it could be taken up by the brain. At the 
Uppsala PET center the compound was 
named PIB.

The patient we selected was young, she 
was 56 years old, and had volunteered for 
the study. She had been diagnosed a cou-
ple of years previously and was at an early 
stage of the disease. The patient received 
an intravenous injection of PIB. Once it 
was injected it was quite clear that the 
compound stayed in the brain much longer 
than in the healthy control and we saw a 
lot of binding in the brain. It was clear we 
were visualizing the amyloid plaque for the 
first time in a living patient.

�� How�has�the�imaging�
of�the�amyloid�plaque�
impacted�our�understanding�of�
Alzheimer’s�disease?
The first study we carried out was in 
spring 2002, with 16 Alzheimer’s patients 
and nine healthy controls. This study was 
published in 2004 [1] and described the 
high binding of PIB in the brains of the 
Alzheimer’ patients, reflecting the binding 
to fibrillar b-amyloid.

We were surprised at how much binding 
occurred in areas of the brain that were 
not expected to be impaired by the disease; 
for example, there was a high PIB binding  
in the frontal cortex. Measuring the func-
tion of the brain by measuring the glucose 
metabolism had shown regional deficits in 
other regions such as the parietal cortex 
and we were therefore surprised to discover 
a somewhat different distribution of the 
amount of amyloid in the brain.

Next, we imaged patients who had 
mild cognitive impairment [2]. These 
patients did not fulf ill the criteria of 
having dementia or Alzheimer’s disease, 
but already exhibited memory problems. 
When we followed up these patients a 
couple of years later we found that those 
who had developed Alzheimer’s disease 

had shown very high levels of amyloid 
(high PIB binding) in the brain when 
they were initially scanned as a patient 
with mild cognitive impairment. Those 
patients who had shown low amyloid 
levels (low PIB binding) had not devel-
oped Alzheimer’s disease. We therefore 
demonstrated that, even in patients with 
mild cognitive impairment and prior 
to the diagnosis of Alzheimer’s disease, 
elevated levels of amyloid can already be 
seen in the brain and these patients very 
likely will progress to Alzheimer’s disease.

�� Is�there�an�accumulation�of�
amyloid�in�the�brain�throughout�the�
progression�of�the�disease?
When we rescanned the initial cohort 
of patients imaged with PIB again after 
2 years [3] we noticed that the levels of 
amyloid were high, but unchanged. The 
patients had continued to decline in 
terms of cognitive performance and they 
also showed a continuous decline in glu-
cose metabolism in the brain at 2 years 
follow-up. Nine of the initial 16 patients 
(some of the others had died and some 
were unable to participate as they had 
developed advanced Alzheimer’s) were 
followed-up 5 years after the first scan [4]. 
We found stable values of amyloid in the 
brains of these nine patients; again, the 
levels were high but unchanged, while 
there was further decrease in cognition 
and glucose metabolism. 

We also investigated some patients who 
had mild cognitive impairment. These 
patients were rescanned after 3 years [4]  and 
we observed an increase in the amount of 
amyloid in the brain. Combining the data 
from both studies and similar studies per-
formed by other research groups, it appears 
that amyloid is exhibited in the brain very 
early in the disease progression and does 
not continue to accumulate d uring clinical 
disease progression [3–5]. 

We are now investigating subjects who 
are at high risk of developing Alzheimer’s 
disease since they belong to families with 
known mutations. Those who carry muta-
tions for the disease may be normal in 
their cognitive abilities, but may already 
have amyloid in the brain. These stud-
ies will provide further understanding of 
the time course of amyloid deposition in 
Alzheimer’s disease brains.
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�� The�individual�who�first�received�
a�PET�scan�for�amyloid�plaque�
imaging�was�monitored�for�a�
number�of�years.�How�did�the�
progression�of�the�disease�in�this�
individual�assist�in�your�
understanding�of�the�disease?
The progression of Alzheimer’s disease 
is often different in different patients. 
Generally in a younger patient, such as this 
individual, the disease is more aggressive. 
However, progression can be affected by 
other factors; for example, if the patient 
is receiving treatment the progression will 
be different as the patient is responding 
to treatment. 

However, the progression of the disease 
in this individual and the group of moni-
tored patients highlighted that patients 
were developing amyloid early on and 
when they were followed up at 2 years and 
then at 5 years there was a very significant 
decline in cognition function and glucose 
metabolism, but the amount of amyloid 
was quite stable. 

The results from the first patient spe-
cifically allowed us to show how glucose 
metabolism became more and more 
impaired following the progression of the 
disease. We were first able to measure her 
glucose metabolism when she was 54 and 
were then able to monitor this for 7 years. 
This monitoring allowed us to see there 
was a year-by-year decrease in glucose 
metabolism [6]. 

�� Once�the�individual�had�passed�
away�your�group�carried�out�further�
ana�lysis�of�the�individual’s�brain,�did�
this�postmortem�investigation�
provide�any�additional�information�
that�could�not�be�obtained�from�a�
living�patient?�
The next of kin gave permission for research 
studies to be performed on the brain tis-
sue after the patient’s death. This made it 
possible to measure the amount of differnt 
forms of amyloid in the autospy brain tis-
sue and compare it with the earlier PET 
imaged levels of amyoid in brain with PIB. 
The autopsy brain studies  also revealed 
how different pathological changes were 
related to each other and shared signifi-
cant correlation between the amount of 
amyloid, the glucose m etabolism and the 
inflammatory process. 

We also measured inf lammatory 
changes and observed that there was a very 
good correlation between activated astro-
cytes, measured with GFAP at autopsy 
and amyloid [6]. It appears that there are 
probably different types of inf lamma-
tory changes early and late in the course 
of the disease: this will stimulate further 
investigation.

We also made the interesting observa-
tion that the inflammatory process affects 
nicotinic receptors; these receptors are 
known to be decreased in Alzheimer’s dis-
ease and are responsible for cognitive per-
formance. We thus observed that regions 
with high amyloid load showed greater 
loss of nicotinic receptors [6]. This new 
observation may be of importance for the 
development of anti-amyloid drugs. 

These types of studies are very impor-
tant in order to compare in vivo imaging 
while the patient is alive and the changes 
in the brain of the patient after death 
and evaluate the clinical significance of 
m olecular imaging.

�� Your�work�on�amyloid�plaque�
imaging�has�highlighted�a�
number�of�neurological�changes�
that�occur�in�patients�suffering�
from�Alzheimer’s�disease.�Of�
these�changes,�which�do�you��
feel�are�the�most�interesting�
&�important?�
It is important to further understand the 
time course of the deposition of differ-
ent forms of amyloid in the brain, which 
allows us to predict those who are at risk 
of developing Alzheimer’s disease. If a 
patient with memory problems show high 
levels of amlyoid in the brain this indicates 
that they have a high risk of developing 
Alzheimer’s disease in the future.

It is important to understand the inflam-
matory changes in the brain, and the next 
step, at least for us, is to understand the 
time course of inflammatory changes in 
comparison to amyloid development.

We have recently performed PET stud-
ies with 11C-deprenyl in patients with 
Alzheimer’s disease as mild cognitive 
impairment and healthy controls in order 
to measure astrocytosis. We can conclude 
that there are high levels of astrocytes in 
the brains of patients with mild cogni-
tive impairment [Carter et al., manuscript 
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Submitted]. The results may even indicate 
that astrocytosis is occurring before amy-
loid levels increase. These results may also 
provide us with the opportunity to under-
stand the relationship between amyloid 
deposition and nicotinic receptors.

New diagnostic criteria have been pre-
sented both in Europe and US and the ear-
liest biomarkers to be used for detection of 
Alzheimer’s disease have been suggested to 
be amyloid imaging and cerebrospinal fluid 
biomarkers. I am pleased that our observa-
tions have rapidly been i ncorporated into 
clinical practice.

�� Your�research�has�made�it�
possible�to�detect�Alzheimer’s�
disease�at�an�earlier�stage;�how�do�
you�envisage�this�will�improve�the�
therapeutic�outcome�of�the�disease?
There is presently a large amount of discus-
sion regarding the failures in development 
of new strategies to tackle Alzheimer’s 
disease. One explanation may be that 
expectations are too high; a second expla-
nation might be that the treatment starts 
too late in the course of the disease. When 
patients have memory impairment changes 
that have been occurring in the brain for 
a while, it might be difficult to restore the 
brain and stop these processes. 

Therefore, if biomarkers can be used 
to detect groups of patients that are at 
high risk of developing Alzheimer’s dis-
ease, those patients could be selected and 
effectively treated. This would have a great 
impact on disease development and the 
efficacy of drug therapy.
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Nature Rev. Neurol. 6, 78–87 (2010).

6 Kadir A, Marutle A, Gonzalez D et al. 
Positron emission tomography imaging and 
clinical progression in relation to pathology in 
the first Pittsburgh Compound B positron 
emission tomography patient with Alzheimer ś 
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