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11C-PIB PeT imaging reveals that amyloid 
deposition in cases with early-onset Alzheimer’s 
disease in the absence of known mutations 
retains higher levels of PIB in the basal ganglia

Young Chul Youn1

Jae-Won Jang2

su-hyun han1

hyeryoun Kim3

Ju-Won seok4

Jun soo Byun5

Kwang-Yeol Park1

seong soo A An6

In Kook Chun7

sangYun Kim8

1Department of neurology, 
Chung-Ang University College 
of Medicine, seoul, 2Department 
of neurology, Kangwon national 
University hospital, 3Department of 
laboratory Medicine, 4Department 
of nuclear Medicine, 5Department 
of radiology, Chung-Ang University 
College of Medicine, 6College 
of Bionano Technology, gachon 
Bionano research Institute, gachon 
University, 7Department of nuclear 
Medicine, Kangwon national 
University hospital, 8Department of 
neurology, seoul national University 
Bundang hospital and seoul national 
University College of Medicine, 
gyeonggi-do, republic of Korea

Purpose: Early-onset Alzheimer’s disease (EOAD) has a different pathologic burden and 

clinical features compared with late-onset Alzheimer’s disease (LOAD). We examined the 

effects of age at onset on the burden and distribution of β-amyloid in patients with EOAD, in 

whom well-characterized mutations associated with Alzheimer’s disease were absent.

Methods: We genotyped ApoE, APP, PSEN1 and PSEN2 in the patients with Alzheimer’s 

disease: 9 patients with EOAD (age ,65), 11 with LOAD (age .70) and 8 normal controls 

(NCs), all of whom had undergone 11C-labeled Pittsburgh compound B-positron emission 

tomography imaging.

Results: Patients with EOAD exhibited higher z scores and larger cluster sizes, and retained 

higher levels of Pittsburgh compound B in the bilateral thalamus and in some parts of the globus 

pallidus (P,0.05, false discovery rate).

Conclusion: Distribution of amyloid deposition in EOAD outside the context of genetic 

mutations topographically showed some differences from that in LOAD.

Keywords: Alzheimer’s disease, early-onset Alzheimer’s disease, amyloid PET, basal ganglia, 

Pittsburgh compound B, amyloid

Introduction
Early-onset Alzheimer’s disease (EOAD) refers to cases of Alzheimer’s disease 

(AD) diagnosed before the age of 65 and accounts for 5%–10% of all AD 

diagnoses.1

Most studies of EOAD have focused on familial AD with mutations, even though 

such mutations are not common in cases of AD diagnosed before the age of 65. 

To evaluate the effects of symptom-onset-age alone on Aβ deposition in patients 

with AD and eliminate any confounding genetic effects, we excluded patients with 

well-known mutations, including mutations in APP, PSEN1 and PSEN2. We also 

performed genetic tests, including PRNP, to exclude patients with atypical prion 

disease mimicking AD from our study.2,3 We then analyzed Pittsburgh compound B 

(PIB) retention in patients with EOAD, all of whom lacked mutations in these 

genes, and compared its distribution to that in patients with late-onset Alzheimer’s 

disease (LOAD).
11C-labeled PIB position emission tomography (11C-PIB PET) scans can be used 

to image Aβ plaques in the brains of patients with AD.4,5
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Methods
Participants
Patients with AD were divided into EOAD and LOAD 

groups, according to age at onset. The patient age at which 

clinical symptoms were first manifested was determined by 

information obtained from the caregiver at each patient’s 

first visit. Thirty-two patients with EOAD completed the 

genetic study between May 2010 and June 2013. We recruited 

14 patients with LOAD and 9 patients with EOAD, all of 

whom had no mutations or polymorphisms in APP, PSEN1, 

PSEN2 and PRNP. Written informed consent was obtained 

from all patients in this study.

For each patient, history was taken and neuropsycho-

logical tests were performed to assess attention, language, 

visuospatial function, verbal and visual memory and frontal 

executive function. These tests included the Mini-Mental 

State Examination, Clinical Dementia Ratings, appropriate 

laboratory tests and brain magnetic resonance imaging 

(MRI) scans. All patients fulfilled the criteria for having 

probable AD, as proposed by the National Institute of 

Neurological and Communicative Disorders and Stroke and 

the Alzheimer’s Disease and Related Disorders Association.6 

Ten healthy volunteers with no history of neurologic or 

psychiatric illnesses were used as controls. Control subjects 

also underwent neuropsychological tests, laboratory tests 

and brain MRI scans, and did not show any abnormalities 

on these neurologic examinations.

Out of the enrolled subjects, 23 subjects with AD and 

10 control subjects underwent 11C-PIB PET imaging. Genetic 

testing was performed on ApoE, APP, PSEN1 and PSEN2 in 

patients with EOAD and ApoE in patients with LOAD.

neuroimaging tests
Three-dimensional T1-weighted MRI scans (Philips 3.0T 

Achieva, Amsterdam, the Netherlands) were performed on all 

subjects. The scan para meters were: FOV, 220×220 mm; ETL, 

113; FA, 8.0; sagittal slice thickness, 1 mm; no gap; TI, 800 ms; 

TR, 8.1 ms; TE, 3.7 ms. All subjects also underwent a 11C-PIB 

PET imaging with a stand-alone position emission tomog-

raphy (PET) scanner system (Allegro®, Philips Healthcare, 

Amsterdam, the Netherlands). After intravenous bolus injec-

tion of 11C-PIB (658.6±122.1 MBq), static PET images were 

obtained by 20 min static PET emission and short PET trans-

mission (duration ,200 s, 137Cs) scans. Static PET emission 

acquisition was performed 40 min after 11C-PIB injection.

General image processing and voxel-based analysis 

was performed with the MATLAB (Math Works, Natick, 

MA, USA)-based program, Statistical Parametric Mapping 

version 5 (SPM5). SPM was used to compare PIB deposition 

between one patient in each AD group (EOAD and LOAD) 

with a normal control (NC), or to compare patients with 

EOAD to patients with LOAD.

Spatial normalization to a T1 MRI template of the para-

metric PIB PET images was performed using a coregistered 

T1 MRI scan of the same subject. Statistical comparisons 

between groups were performed on a voxel basis using 

t-statistics. Brain areas with increased PIB retention were 

mapped below the P-value threshold of 0.05 (false discovery 

rate correction) for EOAD versus NC, LOAD versus NC and 

EOAD versus LOAD groups. The Montreal Neurological 

Institute coordinates of the local maximum of each cluster 

were converted into Talairach coordinates.

All procedures performed in this study were approved by 

the Ethics Committees of Seoul National University Bundang 

Hospital and Chung-Ang University Hospital.

Results
Of the 23 patients with AD who were clinically diagnosed 

by neurologists according to the National Institute of 

Neurological and Communicative Disorders and Stroke and 

the Alzheimer’s Disease and Related Disorders Association 

Alzheimer’s criteria, 3 subjects with LOAD were PIB-

negative according to their global PIB uptake ratio values 

and 2 of the 10 control subjects were PIB-positive. There-

fore, five subjects were excluded. The remaining cohort, 

therefore, consisted of 20 patients, 9 of whom exhibited 

EOAD (,65 years of age) without known genetic mutation 

and 11 exhibited LOAD (.70 years of age), and 8 control 

subjects. Patient demographics are presented in Table 1.

Voxel-based morphometric test results, obtained using 

SPM to compare PIB retention in patients with EOAD and 

LOAD with NC subjects, are shown in Figure 1. Morpho-

metric test results comparing patients with EOAD to patients 

Table 1 Participants’ demographic characteristics

EOAD LOAD NCs

number 9 11 8
Age (years) 59.2±4.2 75±4.5 66.8±5.4
education (years) 13.6±3.9 13.8±4.5 12.4±3.8
ApoE4 genotype (%) 3/9 (33.3) 7/11 (63.6) 3/8 (37.5)
MMse 16.0±6.3 18.8±4.2 28.1±2.3
CDr 1.0±0.5 1.0±0.5
CDr-sOB 5.9±3.2 6.2±2.9

Note: Data are expressed as mean ± sD.
Abbreviations: eOAD, early-onset Alzheimer’s disease; lOAD, late-onset 
Alzheimer’s disease; nCs, normal controls; Apoe4, apolipoprotein e4; MMse, Mini- 
Mental state examination; CDr, Clinical Dementia rating; CDr-sOB, Clinical 
Dementia rating sum-of-boxes.
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with LOAD are also shown in Figure 1. Patients with EOAD 

and LOAD exhibited diffuse and symmetric PIB retention, 

respectively, in the frontal, parietal and temporal lobes. 

Furthermore, patients with EOAD and LOAD exhibited a 

similar pattern of PIB deposition, which was significantly 

increased in the dorsolateral frontal cortex, cingulate gyrus, 

precuneus and bilateral temporoparietal lobes (Figure 1A 

and B). However, patients with EOAD exhibited higher 

z scores and larger cluster sizes, especially in the temporal 

and parietal lobes (Table 2). Furthermore, patients with 

EOAD had higher PIB retention in the subcortical gray mat-

ter, basal ganglia (BG) and thalamus, compared to patients 

with LOAD. Direct comparison of patients with EOAD 

and patients with LOAD revealed that patients with EOAD 

retained a greater amount of PIB in the bilateral thalamus 

and some regions of the globus pallidus (P,0.05, false 

discovery rate; Figure 1C; Table 2). However, no cortical 

regions exhibited statistically significant differences in PIB 

Figure 1 (Continued)
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Figure 1 (Continued)
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Figure 1 statistical parametric maps (P,0.05, FDr; extent threshold =50 voxels) of Pittsburgh compound B retention in (A) the eOAD group compared with the nC group, 
(B) the lOAD group compared with the nC group and (C) the eOAD group compared with the lOAD group. The color scale indicates the z value magnitude, with the 
lowest value appearing in dark red and the highest value in bright yellow/white.
Abbreviations: eOAD, early-onset Alzheimer’s disease; FDr, false discovery rate; lOAD, late-onset Alzheimer’s disease; nC, normal control.

retention in patients with LOAD compared to patients with 

EOAD and there were also no significant subcortical regions 

where LOAD was greater (P,0.001, uncorrected).

Discussion
The major findings of this study are that patients with 

EOAD and without any of the mutations examined in this 

study topographically had a similar cortical distribution of 

Aβ deposition as patients with LOAD, but showed higher 

z scores and larger cluster sizes, especially in the temporal 

and parietal lobes. Patients with EOAD had a statistically 

significant higher level of PIB retention in the bilateral 

thalamus and some basal ganglia, compared to patients with 

LOAD. Because of the possibility that the atrophic pattern 

difference between EOAD and LOAD could decrease BG 

uptake of PIB in the LOAD group, we compared ventricular 

volume between both groups. There were no significant 

volume differences in EOAD.LOAD and LOAD.EOAD 

in voxel-based morphometry using SPM (family-wise error 

rate ,0.05). Previous reports, including postmortem patho-

logic studies, have shown that patients with EOAD exhibit a 

higher number of neuritic plaques and neurofibrillary tangles 

compared to patients with LOAD,7,8 a finding that is consis-

tent with our results. Choo et al also reported that patients 

with EOAD exhibited greater PIB retention in diffuse brain 

areas, including the frontal, temporal, parietal lobes and the 

basal ganglia, compared to patients with LOAD. The same 

study reported an inverse relationship between age at onset 

and Aβ burden.9 In our study, the average Mini-Mental State 

Examination score of patients with EOAD was ~2.8 points 

lower than the average score of patients with LOAD, which 

may have contributed to the higher z score and amyloid 
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burden in the EOAD group. However, since the amount of 

Aβ deposits in the brain has been reported not to correlate 

with the clinical severity of dementia in patients with AD, 

our cognitive results should be interpreted cautiously. Further 

studies are needed to clarify the relationship between cogni-

tive level and Aβ deposits in EOAD and LOAD.

Other studies have reported that patients with EOAD 

exhibit higher PIB retention in the bilateral basal ganglia 

and the thalamus compared to patients with LOAD, whereas 

the total Aβ burden is not significantly different between 

patients with EOAD and patients with LOAD.10,11 In familial 

AD, the striatum is one of the first areas where amyloid 

deposits are observed. Even in presymptomatic or mildly 

affected patients, those with presenilin 1 mutations exhibit 

PIB deposition in the thalamus.12–15 It is not yet known 

why a greater amount of Aβ deposition is observed in the 

subcortical gray matter of patients with EOAD compared 

to patients with LOAD. The thalamus and striatum are 

not usually considered to be related to the pathogenesis of 

AD; however, it has long been postulated that they may be 

affected by AD.16 These subcortical nuclei are interconnected 

with the cortex through a variety of networks, serving both 

cognitive and behavioral functions.17 The caudate plays a role 

in planning and executive functions, whereas the thalamus 

is involved in declarative memory.18,19 Therefore, AD has 

been considered to be a network disease inflicting selective 

damage on neuronal circuits involving subcortical gray 

matter, cortical areas and their connecting white matter.20 

Consistent with previous reports, our SPM analysis of 

patients with EOAD and patients with LOAD also revealed 

Aβ retention in the bilateral thalamus and the basal ganglia 

(Figure 1C). Volumetric studies have shown that patients 

with EOAD predominantly exhibit bilateral atrophic changes 

in the dorsolateral temporal lobes, inferior parietal lobules, 

precuneus and perisylvian cortices; in contrast, patients 

with LOAD exhibit atrophy in the bilateral medial temporal 

cortices.21 One possible explanation of these observations 

is that EOAD primarily damages the circuit connecting the 

subcortical nuclei and the corresponding cerebral cortex; we 

hypothesize that this network is highly vulnerable in patients 

with EOAD. In contrast, patients with LOAD predominantly 

exhibit damage in the medial and temporal areas. Contrary to 

our expectations, we did not observe any differences in PIB 

loading in the bilateral hippocampus through SPM analysis 

of patients with LOAD versus patients with EOAD, or of 

patients with LOAD versus control patients. These results 

can be explained by the partial volume effect, wherein atro-

phy, predominantly in the medial temporal lobe, leads to a 

relatively low PIB signal.

Some studies have reported that patients with EOAD 

exhibit hypometabolism in the basal ganglia, which could 

explain why these patients manifest more frequent extrapyra-

midal symptoms and frontal executive dysfunction.22–24 One 

limitation of our study is that we did not stratify patients with 

EOAD according to clinical symptoms such as extrapyrami-

dal or frontal executive function.

Table 2 regions of increased Pittsburgh compound B retention in 
the eOAD and lOAD groups compared with the normal control 
group, and in the eOAD group compared with the lOAD group 
(P,0.05, FDr; extent threshold =50 voxels; local maximum more 
than 8.0 mm apart)

Coordinates
x, y, z

Anatomic location z score Cluster 
size

EOAD.NC
-52 -44 16 lt. sup. temporal gyrus, WM 5.74 39,105
0 4 48 lt. sup. frontal gyrus 5.13
-54 -50 -12 lt. Inf. temporal gyrus, WM 5.03
2 -52 62 rt. parietal lobe, precuneus 4.50 1,340
22 -52 64 3.60
-10 -74 44 lt. parietal lobe, precuneus, WM 3.37
26 -38 -18 rt. cerebellum, Ant. lobe 3.42 267
-28 -36 -20 lt. cerebellum, Ant. lobe 3.31 127
-32 2 62 lt. Mid. frontal gyrus 3.26 222
-24 -4 68 3.00

LOAD.NC
-6 -16 48 lt. medial frontal gyrus, WM 4.58 14,735
0 4 48 lt. sup. frontal gyrus 4.54
2 -58 26 rt. cingulate gyrus 4.52
-54 38 4 lt. Inf. frontal gyrus 4.53 1,260
-58 20 12 lt. Inf. frontal gyrus 3.02
-28 50 22 lt. sup. frontal gyrus 2.50
0 -50 64 Interhemispheric 4.09 1,446
28 -54 60 rt. sup. parietal lobule 3.79
-10 -74 44 lt. precuneus, WM 3.35
-54 -58 -18 lt. cerebellum, Post. lobe 4.03 2,999
-56 -52 18 lt. sup. temporal gyrus, WM 3.95
-66 -42 -2 lt. Mid. temporal gyrus 3.52
60 -44 -4 rt. Mid. temporal gyrus, WM 3.77 1,983
58 -42 28 rt. Inf. parietal lobule 2.89
52 -66 2 rt. Inf. temporal gyrus 2.83
-24 10 -2 lt. lentiform nucleus 2.94 77
20 10 -4 rt. lentiform nucleus 2.93 71

EOAD.LOAD
-8 -10 6 lt. thalamus 4.61 2,084
20 0 4 rt. lentiform nucleus 4.40
-18 -4 14 lt. extranuclear, WM 4.34
-32 -48 -10 lt. fusiform gyrus, WM 3.59 119
-26 -54 8 lt. extranuclear, WM 3.40

Abbreviations: eOAD, early-onset Alzheimer’s disease; lOAD, late-onset 
Alzheimer’s disease; FDr, false discovery rate; nC, normal control; lt., left; sup., 
superior; WM, white matter; Inf., inferior; rt., right; Ant., anterior; Mid., middle; 
Post., posterior.
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In conclusion, our PIB PET amyloid imaging study 

showed that Aβ deposition is different in EOAD and LOAD. 

Comparing our results with data obtained from previous 

studies of familial EOAD, we found the possibility that the 

pattern and degree of Aβ deposition was different between 

EOAD and LOAD, regardless of known mutation status. 

However, even though we excluded the EOAD with well-

known genetic mutation, there was a possibility of it being 

unknown mutation. More studies are needed to validate 

our results.
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