
R E S E A R C H Open Access

© The Author(s) 2025, corrected publication 2025. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-
NoDerivatives 4.0 International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you 
modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The 
images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation 
or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit  h t t p  : / /  c r e 
a  t i  v e c  o m m  o n s .  o r  g / l  i c e  n s e s  / b  y - n c - n d / 4 . 0 /.

Zhou et al. Alzheimer's Research & Therapy           (2025) 17:45 
https://doi.org/10.1186/s13195-025-01690-1

Alzheimer's Research & 
Therapy

*Correspondence:
Liping Fu
flp39@163.com
Ruimin Wang
wrm@yeah.net

Full list of author information is available at the end of the article

Abstract
Background Autosomal dominant Alzheimer’s disease (ADAD) offers a distinct framework to study the preclinical 
phase of Alzheimer’s disease (AD), due to its predictable symptom onset and high penetrance of causative 
mutations. The study aims to examine the spatial distribution and temporal progression of amyloid-beta (Aβ) and tau 
pathologies, along with mapping the pathology-functional connectivity network, in asymptomatic ADAD mutation 
carriers using hybrid positron emission tomography/magnetic resonance imaging (PET/MRI).

Methods Participants were recruited from the Chinese Familial Alzheimer’s Disease Network, comprising 14 
asymptomatic ADAD mutation carriers and 20 cognitively normal healthy controls (CN). Aβ deposition was evaluated 
using 11C-PIB PET, while tau aggregation was assessed via 18F-MK6240 PET imaging. Resting-state functional 
connectivity (rsFC) was analyzed to investigate relationships between pathological burden and neural network 
changes. Through qualitative analysis, ADAD carriers with marked 18F-MK6240 uptake in intracranial regions were 
categorized into Group 2, while others were designated as Group 1.

Results Asymptomatic ADAD carriers demonstrated a significantly greater Aβ burden across the cortex and striatum 
compared to CN, although tau PET binding did not differ significantly between the groups. Group 2 participants 
exhibited elevated 11C-PIB uptake in the neocortex and striatum, and increased 18F-MK6240-PET uptake in the 
medial temporal and other cortical regions. Compared with Group 1, network mapping of rsFC in Group 2 indicated 
increased connectivity associated with tau deposition in limbic, posterior cortical, and bilateral temporal regions, 
overlapping with the default mode network, suggesting potential compensatory mechanisms. Additionally, reduced 
connectivity in the left medial inferior temporal cortex and fusiform gyrus aligned with findings in sporadic AD cases.

Conclusions This study shows the spatiotemporal progression of Aβ and tau pathologies in preclinical ADAD, 
supporting the hypothesis that Aβ deposition precedes tau pathology. The rsFC alterations observed associate with 
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Introduction
Amyloid-beta (Aβ) and tau deposition are hallmark 
pathologies of Alzheimer’s disease (AD), with evidence 
suggesting that these pathological changes initiate many 
years before the onset of clinical symptoms [1]. Recently, 
disease-modifying treatments, including anti-Aβ and 
anti-tau antibodies, have emerged rapidly, emphasizing 
the importance of early detection and predicting AD pro-
gression during the preclinical phase.

Autosomal dominant Alzheimer’s disease (ADAD), 
driven by mutations in the amyloid precursor protein 
(APP) and Presenilin 1/2 (PSEN1/2) genes [2], provides 
an ideal model for examining AD pathology in its pre-
clinical stages [2, 3]. ADAD mutation carriers exhibit a 
predictable age of symptom onset and near-complete 
mutation penetrance [4]. Furthermore, the younger onset 
of ADAD minimizes age-related comorbidities, such 
as cerebrovascular pathology or tau accumulation due 
to aging, that might otherwise confound neuroimaging 
studies [5].

Despite these insights, the spatiotemporal patterns of 
pathology in ADAD and their comparability to sporadic 
AD remain an area of ongoing investigation. Prior studies 
have shown that, unlike sporadic AD, ADAD exhibits an 
atypical distribution of Aβ and tau. In preclinical ADAD, 
Aβ often accumulates more in the striatum than in the 
neocortex [6–10], and tau deposition has been detected 
early in posterior brain regions (e.g., precuneus and pos-
terior cingulate), differing from traditional Braak staging 
[11]. Another study, however, reported tau spread from 
the entorhinal cortex to the neocortex, aligning with the 
typical progression in sporadic AD [12].

Within the A/T/N framework, AD pathology initiates 
with Aβ accumulation (A), followed by tau aggregation 
(T), leading ultimately to neurodegeneration (N) [13]. 
While functional network disconnection is widely recog-
nized as a downstream effect of AD pathology, the mech-
anisms behind this process are not fully investigated. 
Evidence suggests that the spread of Aβ and tau disrupts 
functional networks, leading to neuronal dysfunction, 
impaired synaptic plasticity, and disrupted neural com-
munication [14–16]. Utilizing hybrid PET/MRI, our 
previous research found that tau pathology reduces the 
strength of resting-state functional connectivity (rsFC) in 
sporadic AD [17]. Understanding the influence of Aβ and 
tau pathology on neural degeneration in the preclinical 

stage of AD could be crucial for early diagnosis and ther-
apeutic intervention.

This study recruited asymptomatic ADAD mutation 
carriers and cognitively normal healthy volunteers (CN) 
and utilized hybrid PET/MRI to assess the convergence 
of neurofunctional and pathological alterations. The spe-
cific objectives were: (1) to characterize the spatial distri-
bution and temporal dynamics of Aβ and tau pathology 
in preclinical ADAD using ¹¹C-PIB and ¹⁸F-MK6240 PET, 
and (2) to evaluate the relationship between rsFC and 
pathological tau deposition. This integrative approach 
offers valuable insights into the neurobiological mecha-
nisms underlying preclinical AD and potential avenues 
for targeted early interventions.

Methods
Study design and participants
ADAD participants in this study were recruited from 
a longitudinal cohort study of the Chinese Familial 
Alzheimer’s Disease Network (CFAN) at Xuanwu Hos-
pital, Beijing. All visits occurred between August 2021 
and July 2024. Eligibility criteria included: (i) age 18 or 
over, (ii) a confirmed family history of ADAD, (iii) being 
asymptomatic (Mini-Mental State Examination (MMSE) 
score above 24 and Clinical Dementia Rating (CDR) score 
of 0) with an inherited pathogenic mutation in PSENs1/2 
or APP genes, predicting symptom onset similar to their 
affected parent. Exclusion criteria were: (i) structural 
abnormalities that could lead to dementia, such as cor-
tical infarction, tumors, or a subdural hematoma; (ii) 
concurrent non-dementia illnesses affecting cognitive 
function at the time of MRI examination; (iii) metabolic 
conditions including hypothyroidism, and vitamin B12 or 
folic acid deficiencies. All participants underwent a stan-
dard cognitive battery, comprising: (i) CDR; (ii) MMSE; 
(iii) Hamilton Depression Scale (HAMD); (iv) WHO-
UCLA word memory; and (v) Boston Naming Test. 
APOE ε4 status was classified as ε4 carriers (ε4+, includ-
ing heterozygotes and homozygotes) and ε4 non-carriers 
(ε4-). Estimated years to symptom onset (EYO) for each 
asymptomatic ADAD carrier was calculated by subtract-
ing the age at which the participant’s affected parent first 
developed progressive cognitive decline from the partici-
pant’s current age at assessment [11].

CN subjects had no history of neurological or psychi-
atric disorders, sensorimotor impairments, or cognitive 
complaints, showed no abnormalities on brain MRI, and 

tau deposition in asymptomatic carriers indicate early network disruptions. Tau network mapping presents a valuable 
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exhibited no cognitive deficits on neuropsychological 
testing. All participants provided informed written con-
sent before enrollment, and the study was approved by 
the institutional review board of the Chinese PLA Gen-
eral Hospital. We conducted this study in compliance 
with the principles of the Declaration of Helsinki.

Radiosynthesis of 18F-MK6240 and 11C-PIB
18F-MK6240 was synthesized using a di-Boc-protected 
nitro precursor in the presence of Tetrabutylammonium 
bicarbonate (TBA-HCO3) on an automated synthesis 
module (PET-MF-2  V-IT-1, Beijing, China). After azeo-
tropic drying, radiofluorination coupled with Boc depro-
tection was conducted by heating the reaction to 165 °C 
for 15  min under mildly basic conditions. The product 
was subsequently purified via semi-preparative High-
Performance Liquid Chromatography (HPLC) to yield 
18F- MK6240. The identity of the radiotracer was verified 
through HPLC co-injection analysis, with radiochemical 
purity exceeding 95% and molar activity ranging from 
735 to 1120 GBq/µmol.

11C-PIB was synthesized following established proto-
cols [18], utilizing the corresponding precursors. The 
radiochemical purity of 11C-PIB was maintained above 
95%, with specific activity at 50GBq/µmoL (1.48Ci/
µmoL).

PET/MRI scans
PET data were acquired using a Biograph mMR hybrid 
PET/MRI system (Siemens Healthineers, Erlangen, 
Germany), comprising a whole-body PET scanner inte-
grated with a 3.0-T MRI. This hybrid system allows for 
simultaneous acquisition across 127 transaxial planes, 
covering a 25.8  cm axial field of view, enabling full-
brain imaging in a single bed position. The 18F-MK6240 
PET scan began 70  min post-injection of the tracer 
(370MBq, 4.44-5.55MBq/kg) and continued for 20  min. 
It was carried out simultaneously with the MRI scan, 
which included attenuation correction acquisition 
(ultra-short echo time sequence, TE1/TE2 = 0.07/2.46 
ms, TR = 11.94ms, flip angle 10°, 192 slices, matrix size: 
192 × 192 × 192, FOV = 300  mm × 300  mm, voxel size: 
1.6 mm×1.6 mm×1.6 mm, acquisition time 1:40 min/bed 
position). Concurrently, structural MRI and resting-state 
fMRI data were acquired, as previously detailed [17]. The 
11C-PIB PET/MRI scan followed a similar protocol, with 
data collection occurring from 40 to 60  min post-injec-
tion. Static 20-minute PET data for both 18F-MK6240 
and 11C-PIB were reconstructed into standardized uptake 
value (SUV) images using an ordered subset expectation 
maximization algorithm with three iterations, 21 subsets, 
a 336 × 336 matrix, and a Gaussian filter at a 4 mm full-
width half-maximum (FWHM) for further analysis.

Image and data analysis
18F-MK6240 PET visual classification
The visual assessment of 18F-MK-6240 PET images was 
performed by two nuclear medicine physicians with 
4 and 2 years of experience in 18F-MK-6240 imaging, 
respectively. Image evaluation utilized 3D- T1-weighted 
images (T1WI) fused with PET data, reviewed in three 
orthogonal planes (sagittal, coronal, and transaxial) with 
a standardized color scale. Visual classifications were 
defined as follows: (1) tau negative, indicating no 18F-
MK6240 retention); (2) medial temporal cortex (MTC) 
retention, signifying retention localized to the transen-
torhinal, entorhinal cortex, and hippocampus); and (3) 
neocortical retention, characterized by retention extend-
ing beyond the MTC to include cortical regions such as 
the limbic system, posterior cingulate cortex (PCC), and 
other neocortical areas.

Inter-rater reliability was assessed using Cohen’s kappa 
statistic. Discrepancies between the two reviewers were 
resolved through joint review and consensus [19]. Based 
on the visual classification, participants with increased 
intracranial 18F-MK6240 uptake were categorized as 
Group 2, while those without significant uptake were 
classified as Group 1.

18F-MK6240 and 11C-PIB-PET image pre-processing
High-resolution T1-weighted MRI brain images were ini-
tially segmented for brain tissue classification and spa-
tially normalized to a custom template created from all 
T1 images using the SPM12 toolbox ( h t t p  s : /  / w w w  . fi   l .  i o n  
. u c l  . a  c . u  k / s  p m / s  o f  t w a r e / s p m 1 2 /). The static PET images 
(acquired from 40 to 60 min post-injection) were co-reg-
istered to the individual T1WI. Spatial normalization to 
the custom template was achieved using the transforma-
tion matrix generated during the T1WI normalization 
process, after which all images were transformed to MNI 
space for further analysis.

Derivation of SUVRs
Atlas-based parcellation of PET images into regions of 
interest (ROIs) was conducted using the automated ana-
tomic labeling (AAL) atlas within MNI space. Cerebellar 
regions were specifically positioned over cerebellar gray 
matter, and ROIs were established in regions with high 
blood flow, including the frontal cortex, medial temporal 
cortex, lateral temporal cortex, parietal cortex, occipital 
cortex, PCC, as well as the putamen and caudate. Stan-
dardized uptake value ratios (SUVRs) were calculated 
with cerebellar gray matter serving as the primary refer-
ence region.

Resting-state fMRI data pre-processing
Functional MRI time series were initially corrected for 
gradient non-linearity and head motion, with the first 

https://www.fil.ion.ucl.ac.uk/spm/software/spm12/
https://www.fil.ion.ucl.ac.uk/spm/software/spm12/
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six volumes discarded to ensure magnetization equi-
librium and participant adaptation to the environment. 
Subsequent preprocessing steps involved co-registration 
with corresponding T1WI MR images, brain extrac-
tion, temporal filtering via a band-pass filter set at 0.01–
0.1 Hz, and regression of signals from white matter and 
cerebrospinal fluid. Data were then normalized to MNI 
space, with the normalized fMRI images smoothed using 
a Gaussian kernel of 6 mm FWHM and resampled to a 
2-mm isotropic voxel size.

Single-subject PET-measured neocortical tau deposition 
map
A voxel-wise general linear model (GLM) analysis was 
applied to 18F-MK6240 SUVR maps of cognitively normal 
control participants, adjusting for age, gender, and edu-
cation. Analysis focused exclusively on gray matter vox-
els. Using beta-term and residual maps derived from the 
GLM, a voxel wise w-score for tau deposition was com-
puted for each patient, in alignment with the method for 
generating w-scores in atrophy mapping [20]. Tau depo-
sition w-maps were subsequently binarized at a threshold 

of w-score > 30, signifying that the SUVR at each voxel for 
a given patient was 30 times the standard deviations (SD) 
above the mean of the control group, adjusted for demo-
graphic variables.

PET-measured tau deposition network mapping
The AD-associated deposition network for each patient 
was constructed as a voxel-wise brain functional connec-
tivity map, linked to the individual binary tau deposition 
maps. This involved calculating the mean blood-oxygen-
level-dependent (BOLD) time course across all voxels 
within each subject’s tau deposition map, followed by 
correlation with the BOLD time course at each gray mat-
ter voxel. Connectivity values were then converted to 
z-scores using Fisher’s r-to-z transformation, providing 
standardized measures of network connectivity in asso-
ciation with tau pathology.

Statistics
All data analyses were conducted using SPSS, version 
23.0 (IBM Corp., Chicago, IL, USA). The distribution of 
demographic and clinical variables was tested for nor-
mality with the Kolmogorov-Smirnov test. The Krus-
kal-Wallis H test was applied to assess demographic 
data, MMSE, and cortical SUVR of 11C-PIB among the 
CN, Group 1, and Group 2, with statistical significance 
defined at P < 0.05. Comparisons of EYO, neuropsycho-
logical data between G1 and G2 group were performed 
using the Mann-Whitney U test. Fisher’s Exact Test or 
Fisher-Freeman-Halton exact test were used for categori-
cal measures. As for the ROI based SUVR analysis of Aβ 
and tau deposition, group differences between asymp-
totic ADAD and CN group were assessed by independent 
two-sample Student’s t-tests. Additionally, the differences 
in SUVR of ROI between each two groups, CN, Group 
1, and Group 2, were evaluated using Mann-Whitney 
U Test. Spearman correlation analysis was employed to 
examine the relationships between SUVRs in ROIs for the 
two tracers and between SUVRs of ROIs for each tracer 
and neuropsychological scores, applying Bonferroni cor-
rection (P < 0.05, N = total number of comparisons).

To create tau deposition network maps, voxel-wise 
one-sample t-tests (FDR corrected, P < 0.05) were con-
ducted independently for Group 1 and Group 2. Differ-
ences in 18F-MK6240 binding network maps between 
Group 1 and Group 2 were identified with voxel-wise 
two-sample t-tests, also FDR corrected (P < 0.05).

Results
Demographic and neuropsychological characteristics
Table  1 presents the clinical and neuropsychological 
characteristics of three groups. Among the 34 partici-
pants, no significant differences were observed in age, 

Table 1 Demographic and clinical characteristics of the study 
participants
Value Mean (SD) Statistics P-

val-
ue

CN
(N = 20)

Group1
(N = 7)

Group2
(N = 7)

Age (years) 40.3 
(16.9)

40.7 
(15.9)

36.7 (7.4) H = 0.1 0.94

EYO (years) - -16.3 
(4.4)

-7.1 (6.1) T=-3.2 0.01

APOE ε4 carriers: 
number (%)

- 3 (42.8%) 1 (14.3%) X2 = 1.4 0.56

PSEN1 carriers: 
number (%)

- 3 (42.8%) 1 (14.3%) X2 = 1.4 0.56

PSEN2 carriers: 
number (%)

- 2 (28.6%) 0 (0%) X2 = 2.3 0.46

APP carriers: 
number (%)

- 2 (28.6%) 6 (85.7%) X2 = 4.7 0.10

Female: number 
(%)

11 (55%) 5 (71.4%) 7 (100%) X2 = 4.9 0.11

Education 
(years)

15.3 (4.2) 14.6 (2.5) 15.7 (0.5) H = 2.1 0.35

MMSE 28.4 (1.5) 27.4 (1.3) 26.6 (2.1) H = 5.2 0.07
AVLT Trials 1–3 - 32.6 (4.1) 31.6 (4.8) T = 48.5 0.60
AVLT Trials 4 - 13.0 (1.4) 12.4 (1.6) T = 49.5 0.69
AVLT Trials 5 - 13.8 (1.1) 13.9 (1.1) T = 52.5 1.00
BNT - 27.0 (1.0) 27.9 (1.2) T = 42.0 0.17
HAMD - 3.0 (2.7) 2.3 (2.6) T = 48.5 0.60
Cortical SUVR of 
11C-PIB

1.11 
(0.07)

1.22 
(0.01)

1.48 
(0.19)

H = 13.4 0.001

Abbreviations: EYO, Estimated years to symptom onset; PSEN1, Presenilin 1; 
PSEN2, Presenilin 1; APP, amyloid precursor protein; MMSE, Mini-Mental State 
Examination; AVLT Trials 1–3, Auditory Verbal Learning Test Immediate recall; 
AVLT Trials 4, Auditory Verbal Learning Test delay recall trial; AVLT Trials 5, 
Auditory Verbal Learning Test recognition trial; BNT, Boston Naming Test; 
HAMD, Hamilton Depression Scale
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gender, APOE ε4 carriers percentage, education level, 
and neurological test scores among the three groups.

Visual assessments of 18F-MK6240 PET
Two readers assessed all 14 18F-MK6240 PET/MR 
images. The 18F-MK6240 PET scans of asymptomatic 
FAD carriers were visually classified into three catego-
ries: tau negative (7 subjects, 50%), MTC only (6 subjects, 
42.9%), and neocortex (1 subject, 7.1%). There was sub-
stantial agreement between the readers (κ = 0.71). Addi-
tional details are provided in Supplemental Table 1.

ROI based SUVR analysis of Aβ and tau deposition
Figure  1 displays SUVR images from 11C-PIB and 18F-
MK6240 PET scans for a representative CN individual 
and participants carrying the ADAD mutation. Complete 
SUVR values for all ROIs between asymptotic ADAD car-
riers and CN group are provided in Supplementary Table 
2. ADAD carriers demonstrated a significantly greater 
Aβ burden across the cortex and striatum compared to 
CN, although tau PET binding did not differ significantly 
between the groups. Supplementary Table 3 shows the 
analysis between each two groups. Analysis revealed that 
Group 1 presented elevated Aβ deposition in the frontal 
cortex (P = 0.02), lateral temporal cortex (P = 0.01) and 
putamen (P = 0.02) compared to CN participants, while 
Group 2 exhibited more extensive 11C-PIB deposition, 
particularly across neocortical and striatal regions. Fur-
ther comparison between Group 1 and Group 2 revealed 

significantly higher Aβ deposits in the PCC (P = 0.02), 
parietal lobe (P = 0.03) and striatum (P < 0.01) in Group 
2. Figure  2 shows that Group 2 had significantly higher 
MK6240-PET uptake in the MTC (P < 0.001) and in other 
cortical areas (P < 0.05) compared to both CN and Group 
1.

The relationship between the SUVRs of both tracers and 
neuropsychological tests
As expectation, no correlation was observed between 
the SUVRs in ROIs for both 11C-PIB and 18F-MK6240 
and neuropsychological scores in asymptomatic ADAD 
carriers.

PET-measured tau deposition network mapping
Figure 3 illustrates tau network mapping across Group 1, 
Group 2, and the comparative analysis between the two 
groups. Group 2 exhibited enhanced rsFC in the bilateral 
inferior temporal cortex, PCC, precuneus, and limbic 
system regions when contrasted with Group 1. In con-
trast, Group 2 demonstrated reduced rsFC within the left 
medial inferior temporal cortex and fusiform gyrus in the 
tau network mapping (Table  2). These findings suggest 
differential network connectivity patterns associated with 
tau deposition in Group 2, reflecting distinct neural net-
work alterations in the preclinical ADAD stage.

Fig. 1 Parametric SUVR images of 18F-MK6240 (top row in each panel) and 11C-PIB (bottom row in each panel) in a typical control case (A), as well as in 
subjects from Group 1 (B, n = 7) and Group 2 (C, n = 7). (A) As expectation, the dual tracer images of the CN participant showed no signs of abnormally 
elevated radioactivity. (B) For Group 1, participants demonstrated increased 11C-PIB signal in the cortical and striatum regions, while no clear intracranial 
18F-MK6240 binding was found. (C) Conversely, Groups 2 participants had a significant deposition of 11C-PIB across the cortex, with even more pro-
nounced increase in the striatum. Additionally, 18F-MK6240 binding was identified in the entorhinal regions, with only participant S9 showing uptake in 
the neocortex. The demographic details, MMSE scores and gene mutation status of subjects with familial Alzheimer’s disease are illustrated
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Discussion
Research on asymptomatic carriers of ADAD offers 
a valuable window for identifying the optimal timing 
for intervention before irreversible neurodegeneration 
occurs. By leveraging PET and fMRI topographic imag-
ing, this study investigates not only “when” but also 
“where” neurodegenerative processes emerge, informing 
potential focal points for early intervention.

Trajectories of Aβ and tau
Previous imaging studies and postmortem analyses 
have shown that ADAD may present distinct patterns 
of Aβ distribution, often displaying higher fibrillary Aβ 
deposition in the striatum than in the neocortex dur-
ing preclinical stages, which contrasts with the patterns 
typically observed in sporadic AD [6–10, 21]. In align-
ment with these findings, our study also observed sig-
nificantly elevated Aβ deposition across both cortical and 

striatal regions in ADAD carriers compared to healthy 
controls. Differences in Aβ microstructure and binding 
site availability, rather than overall burden or regional 
distribution, may account for the distinct Aβ PET bind-
ing patterns observed between ADAD and sporadic AD. 
Furthermore, our results suggest that Aβ in the striatum 
may be more strongly correlated with tau burden than 
Aβ deposition in the cortex, suggesting striatal Aβ as a 
potential marker of disease progression in preclinical 
ADAD [9].

Consistent with studies from the Dominantly Inherited 
Alzheimer Network (DIAN), our results did not show a 
significant difference in tau deposition between CN indi-
viduals and asymptomatic ADAD mutation carriers [11, 
22]. However, it is note that the EYO of Group 2 par-
ticipants was significantly shorter than that of Group 1, 
which is consistent with the previous reports indicating 
that neocortical tau deposition occurs in presymptomatic 

Fig. 2 ROI based SUVR analysis of 18F-MK6240 in CN, Group 1 and Group 2. Group 2 exhibited a substantial increase in MK6240-PET uptake within the 
medial temporal cortex (P < 0.001) and additional cortical regions (P < 0.05), which was significantly greater than that observed in both the CN group and 
Group 1. PCC, Posterior Cingulate Cortex
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carriers nearing symptom onset [11]. In our study, Group 
2 participants displayed notably increased tau levels in 
the entorhinal cortex, with one case showing widespread 
tau signal in the neocortex. A demographic analysis of 
this outlier, a 38-year-old APP mutation carrier with sub-
stantial Aβ and tau burdens but intact cognitive func-
tion (MMSE score of 25, CDR of 0), suggested potential 
cognitive resilience due to factors such as education level 
and protective genetic variants, such as RELN H3447R 
[23]. These findings emphasize the need for longitudinal 

studies to elucidate protective mechanisms that may 
delay clinical onset.

By categorizing subjects into two groups based on tau 
deposition (referred to as Group 1 and Group 2), we 
aimed to document the spatial and temporal interactions 
between Aβ and tau, a phenomenon typically captured 
in longitudinal studies. In this study, Group 1 represents 
cases where Aβ is present before tau deposition appears, 
whereas Group 2 includes cases where tau deposition has 
already manifested after Aβ build up. In this study, Group 

Fig. 3 The surface projection images of tau network mapping of Group 1 (A), Group 2 (B) and the comparison result between Group 2 and Group 1 
(C). (A) Resting-state functional connectivity (rsFC) in bilateral basal temporal cortex was observed in the tau network mapping of Group (1) (B) RsFC in 
bilateral temporal cortex, prefrontal cortex, PCC and precuneus and lingual gyrus was shown in the tau network mapping of Group (2) (C) A voxel-wise 
t-test was conducted to compare tau network maps between two Groups, with voxel-wise FDR correction applied (P < 0.05). Enhanced rsFC was primarily 
noted in the posterior cortical areas and both temporal cortices, whereas a decrease in rsFC was identified in the left medial inferior temporal cortex and 
the fusiform gyrus
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1 represents cases where Aβ is present before tau depo-
sition appears, whereas Group 2 includes cases where 
tau deposition has already manifested after Aβ build up. 
The results show that in Group 1, Aβ first deposits in the 
regions of putamen, LTC and frontal cortex, compared 
to the CN, as shown in Supplementary Table 3. This pat-
tern suggests a progression initiated by Aβ buildup, fol-
lowed by tau deposition. Although the presence of Aβ in 
the striatum and tau in posterior cortical regions suggests 
potential trajectory differences between ADAD and spo-
radic AD, this sequence sheds light on ADAD’s natural 
progression, which is valuable for understanding spo-
radic AD etiology.

PET measured tau network mapping
In 2020, Tetreault and colleagues proposed the single-
subject atrophy w-score to address individual variabil-
ity in atrophy and its unique symptom patterns across 
patients. They also introduced “atrophy network map-
ping” to explore correlations between clinical, cognitive, 
and neuropsychiatric symptoms and specific brain net-
works in AD patients [20]. Previous studies have shown 
that single-subject variations in pathological protein 
deposition are also characteristic of AD [24, 25]. These 
approaches provide valuable insights into pathological 
protein buildup.

In our study, we initially analyzed rsFC between ROIs 
defined by the Brainnetome atlas but found no significant 
differences between Groups 1 and 2. We then applied the 
concepts of atrophy w-score and “atrophy network map-
ping” to develop a tau deposition w-score and a novel 
“tau deposition network mapping” technique. This tech-
nique enabled us to create individualized tau deposition 
maps and investigate potential associations between PET-
identified pathology and brain function via fMRI. This 
approach offers several advantages over conventional 
ROI-based methods: First, pathology network map-
ping does not rely on predefined ROIs, as the pathologi-
cal findings themselves define relevant regions; Second, 
an excess of ROIs can reduce the likelihood of detecting 

meaningful results. Consequently, tau network mapping 
serves as a complementary and potentially synergistic 
method alongside traditional ROI-based approaches. In 
sporadic AD, Luan et al. found that higher tau deposition 
was associated with decreased FC and worse cognitive 
performance with method of tau-network mapping [26]. 
Unlike conventional methods, network mapping, which 
bridges individual tau deposition maps with group-
level findings, corroborates previous preclinical stud-
ies on both sporadic AD and ADAD [26–28]. Thus, this 
approach demonstrates how regional variability in tau 
deposition at the single-subject level can lead to consis-
tent group-level neurodegeneration findings.

Schultz et al. described a “two-stage” model for AD 
in which Aβ and tau influence rsFC differently: initial 
Aβ accumulation induces increased rsFC (hyper-con-
nectivity), which may accelerate tau spread, followed by 
a decline in rsFC (hypo-connectivity) as neocortical tau 
accumulates [27]. Our findings align with this model, as 
areas of variable tau deposition exhibited network-like 
patterns of increased rsFC in bilateral PCC, precuneus, 
and temporo-parietal regions, overlapping largely with 
the default mode network (DMN). These findings sug-
gest a strong association between regional tau deposition 
and increased rsFC within the DMN in preclinical AD, 
emphasizing it as a potential early network marker in AD 
progression.

Our results also reveal reduced functional connectivity 
in the left medial inferior temporal cortex and fusiform 
gyrus, consistent with previous findings [29, 30]. Berron 
et al. found that elevated tau-PET signals in the transen-
torhinal and entorhinal regions of cognitively normal 
individuals were associated with decreased rsFC between 
the MTC and anterior temporal areas [29]. These obser-
vations also align with another study that indicates a 
hippocampal-anterior temporal disconnection linked to 
increasing MTC tau-PET signals [30]. This pattern indi-
cates that networks vulnerable to early tau deposition 
may be associated with memory decline. Longitudinal 
studies with this cohort will be crucial to understand the 

Table 2 Altered regions of rsFC within tau-map in the comparison between Group 2 and Group 1
No Cluster 

voxels
Lateralization Regions T

value
MNI coordinate
X Y Z

Decreased
rsFC

1 85 Left Medial inferior temporal cortex, Fusiform gyrus, BA37, 
BA20, BA36

-3.556 -46 -44 -
24

Increased
rsFC

1 2535 Bilateral Precuneus_R, Limbic lobe, Precuneus_L, BA31, PCC, BA7, 
Cunues_L, Cunues_R, Calcarine_L, Calcarine_R, BA23

5.100 10 -54 46

2 263 Right Middle temporal gyrus, BA21, Inferior temporal gyrus 4.721 54 -36 -4
3 239 Right Limbic lobe, Parahippocampa gyrus, Fusiform gyrus, BA36, 

BA37
4.198 32 -36 -

14
4 198 Left Middle temporal gyrus, Inferior temporal gyrus, BA37, 

BA22
3.701 -56 -52 -6

5 67 Left PCC, Limbic lobe, Precuneus, Lingual gyrus 2.935 -6 -58 10
Abbreviations: MNI, Montreal Neurosciences Institute; rsFC, resting-state functional connectivity; BA, Brodmann area; PCC, posterior cingulate cortex
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evolution of these functional connectivity networks and 
their relationship to clinical symptoms as tau pathology 
progresses.

Our research highlights tau-mediated rsFC alterations 
in asymptomatic ADAD mutation carriers. The most 
effective therapeutic window may be the “hyper-connec-
tivity stage”, suggesting that interventions such as repeti-
tive Transcranial Magnetic Stimulation (rTMS) could 
be applied during this phase. Our tau network mapping 
approach offers a method for assessing brain disconnec-
tion at an individual level, potentially facilitating person-
alized rTMS targeting.

This study has some limitations. Firstly, it is a cross-
sectional study with a limited number of participants; 
future studies should consider longitudinal research with 
larger samples. However, due to the rarity of asymp-
tomatic ADAD mutation carriers, dividing them based 
on tau deposition helps us to observe potential changes 
over time. Secondly, our study group comprised partici-
pants with various mutations, including PS1 and APP. 
The diverse genetic mutations and pathogenic variants 
could lead to different clinical presentations and imaging 
results. Thus, further research focusing on more specific 
pathogenic variants among preclinical carriers of ADAD 
is necessary to validate the current findings.

Conclusions
Individuals with ADAD mutations provide an effec-
tive model for studying the preclinical stage of AD. Our 
research provides new insight about both of the “where” 
(the spatial distribution of pathology) and “when” (the 
temporal dynamics of pathological deposition, and the 
shifts between hyper-connectivity and hypo-connectiv-
ity) in preclinical stage of AD. The innovative tau net-
work mapping technique holds significant potential as a 
novel tool for investigating the link between tauopathies 
and neural functional connectivity network for AD.
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