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Abstract
Background  Alzheimer’s disease (AD) has a strong genetic component, with APOE ε4 being the most established 
risk factor through its effects on beta-amyloid (Aβ) metabolism and microglial function. Recent genetic studies 
have also implicated microglial genes, such as the ABI3S209F variant, to increased AD risk. As APOE ε4 and ABI3S209F 
influence microglial pathways through distinct mechanisms, their combined analysis may provide novel insights into 
AD pathophysiology. Therefore, we investigated ABI3S209F in the Finnish FinnGen cohort and in an imaging study of 
cognitively healthy older adults.

Methods  We used FinnGen R12 data (> 500,000 individuals), including 8,490 ABI3S209F carriers and 511,670 non-
carriers, with survival analyses matched by sex and birth year. Disease endpoints (AD, dementia, neurodegenerative 
disorder) were defined from national health registries using harmonized ICD codes, medication, and reimbursement 
records. For the imaging study, 58 participants aged ≥ 50 years were recruited into three genotype-based groups 
(ABI3S209F/APOE ε4, ABI3S209F/APOE ε3, non-carriers). All imaging participants underwent structural MRI, [11C]PiB PET for 
amyloid beta, [11C]PK11195 PET for microglial activity, and a comprehensive neuropsychological battery.

Results  ABI3S209F was significantly associated with increased risk of AD (OR = 1.22, p = 0.0012) and neurodegenerative 
disorders (OR = 1.21, p = 0.00023), but not with dementia (OR = 1.10, p = 0.06). Survival analyses indicated that ABI3S209F 
carriers developed AD at an earlier age than non-carriers with the same APOE genotype. The carriers of ABI3S209F and 
APOE ε4 had higher brain Aβ burden when compared to the ABI3S209F carriers without APOE ε4 (SUVR 2.0 (0.7) vs. 1.67 
(0.5); mean (sd), p = 0.017), but there was no difference in Aβ between the ABI3S209F carriers and controls (1.67 (0.5) 
vs 1.75 (0.6), p = 0.75 (HST)). ABI3S209F was not associated with global neuroinflammation, although subtle regional 
increases in [11C]PK11195 binding were observed in ABI3S209F ε4 carriers. No differences were found in brain volumes 
or cognition.
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Introduction
Alzheimer’s disease (AD) has a strong genetic compo-
nent, with the Apolipoprotein E ε4 (APOEε4) being the 
most common and well-established genetic risk factor [9, 
18]. APOEε4 is associated with a higher burden of beta-
amyloid (Aβ) plaques in the brain in a dose-dependent 
manner [5, 37], and it is thought to impair Aβ clearance 
[48].

In recent years, genome-wide association studies 
(GWAS) have identified several additional risk genes for 
AD [3, 22, 52], including ones with strong expression in 
microglia, such as ABI3. The ABI3 p.Ser209Phe variant 
(ABI3S209F) was first linked to increased AD risk in 2017 
with an odds ratio (OR) of 1.43 [41], and this association 
has been replicated in multiple cohorts [8, 10, 35, 52].

ABI3 is highly expressed in microglial cells, with lim-
ited expression in neurons and other glial cell types [8, 
39]. Microglia have dual roles in AD pathology, initially 
protective through Aβ clearance, but later potentially 
harmful due to sustained inflammation [14, 30]. ABI3 
is upregulated in the cortex of AD patients and in Aβ 
mouse models [6], and is thought to modulate microglial 
responses through interferon signalling [41], and actin 
cytoskeletal reorganization via the WAVE2 complex [11, 
40]. However, findings from murine Abi3 knockout mod-
els have been inconsistent as some show increased Aβ 
deposition [24, 25], while others note a transient reduc-
tion [20]. Despite the replicated association between 
ABI3S209F and AD, evidence for its impact on in vivo AD 
biomarkers is limited. Notably, Olive et al. [35] found no 
significant association between the variant and CSF Aβ42 
or Aβ PET signal in cognitively normal individuals.

APOEε4 does not only influence Aβ accumulation but 
also directly modulates microglial function [28, 38, 47]. 
The APOEε4 isoform has been shown to alter microglial 
responses by limiting their ability to adopt a neuropro-
tective phenotype, impairing Aβ clearance and promot-
ing their pro-inflammatory state [32, 33, 54]. The dual 
role of APOEε4 in Aβ pathology and immune regulation 
makes it a particularly relevant modifier when exploring 
microglial activity and gene–gene interactions in AD.

Given that both APOEε4 and ABI3 influence microg-
lial function, albeit through distinct molecular pathways, 
their combined analysis may provide a more compre-
hensive understanding of microglial contributions to AD 
pathophysiology. Investigating these genes in parallel 
allows for the exploration of potential gene–gene interac-
tions, additive effects, or pathway convergence that may 

influence cortical Aβ deposition and neuroinflammation. 
Also, due to the genetic and pathological heterogeneity 
of AD, replication of risk variants in distinct populations 
is essential to validate their generalizability and potential 
clinical relevance [3]. Studying the ABI3S209F in a Finnish 
cohort provides an opportunity to confirm its association 
with AD risk in a genetically and environmentally dis-
tinct population, thereby strengthening the evidence for 
its role in disease pathogenesis [41, 52].

In this study, we aim to confirm the association of 
ABI3S209F with AD in the Finnish FinnGen cohort, and to 
investigate how this variant, alone or in combination with 
APOEε4, modulates cortical Aβ burden, neuroinflamma-
tion, and brain morphology in cognitively healthy older 
adults using positron emission tomography (PET) and 
magnetic resonance imaging (MRI).

Materials and methods
Study population
The FinnGen Study is a large biobank-scale project that 
combines genome data and longitudinal register-based 
healthcare data of > 500,000 Finns [29]. In this study we 
used data from FinnGen release R12, which included 
8,490 heterozygous carriers of ABI3S209F and 511,670 
non-carriers. For survival analysis, each ABI3S209F car-
rier was assigned with up to five non-carrier controls 
matched for sex and the year of birth.

For the imaging part of this study, we recruited 58 sub-
jects of ≥ 50 years of age, based on power calculations on 
previous studies. The participants of this cross-sectional 
study were recruited in collaboration with the local Auria 
biobank and from the Finnish Geriatric Intervention 
Study to Prevent Cognitive Impairment and Disability 
(FINGER) [27] cohort. Genotype data was available for 
a subset of the biobank cohort through FinnGen study, 
allowing the biobank to directly contact persons with 
the  ABI3S209F and APOE  ε4/ε3 or  APOE  ε3/ε3 geno-
type who had previously signed a biobank consent and 
an additional informed consent allowing the biobank to 
contact them if they are suitable for participating in a 
research study. Main exclusion criteria were dementia or 
cognitive impairment, any degenerative neurological dis-
ease, chronic inflammatory condition, and contraindica-
tion for MRI or PET imaging. Our study involved three 
distinct groups for comparative analysis (n = 19 + 19 + 20): 
1) individuals possessing both the ABI3S209F variant and 
the APOE ε4/ε3 genotype (ABI3S209F/ε4), 2) those with 
the ABI3S209F variant and the APOE ε3/ε3 genotype 

Conclusions  ABI3S209F increases AD risk and is associated with earlier disease onset. The variant alone does not 
significantly influence cortical Aβ deposition, neuroinflammation, or brain structure. Its effect may be pronounced in 
combination with APOEε4.
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(ABI3S209F/ε3), and 3) a non-carrier group with the major 
ABI3S209F allele and APOE ε3/ε3 genotype (NC). The 
sample size for the imaging part of this study was based 
on a power analysis calculated from previous research 
results obtained with the same radiotracers [1, 14]. The 
assumption was that the study would have 90% power 
(1–β = 0.9, α = 0.05) to detect, depending on the tracer, a 
10–20% difference in regional binding ratios between the 
ABI3S209F/ε4 and NC groups. The final sample size also 
aimed to account for potential dropouts. The ABI3S209F/
ε3 group was assumed to show an effect, with results 
expected to fall between those of the primary compari-
son groups. The study was conducted in accordance with 
the Declaration of Helsinki, and the study was approved 
by the Ethical Committee of the Hospital District of 
Southwest Finland (Ref.No. 21/1801/2019). All partici-
pants signed written informed consent.

Genotyping
ABI3S209F is encoded by a single nucleotide substitution 
NM_016428.3:c.626  T > C (rs616338). Although the T 
allele (encoding phenylalanine) is the reference allele, it is 
the rare allele in this locus. Thus, we refer to the common 
C allele (encoding serine) as the major allele and the rare 
T allele as the minor (effect) allele, consistent with previ-
ous reports as well as allele frequency and evolutionary 
conservation of the serine residue across multiple species 
[41].

The FinnGen cohort has been genotyped with Illumina 
(Illumina Inc., San Diego, USA) and Affymetrix (Thermo 
Fisher Scientific, Santa Clara, CA, USA) chip arrays 
as part of the FinnGen Study. Chip genotype data were 
imputed using the Finnish population-specific imputa-
tion reference panel Sequencing Initiative Suomi proj-
ect (SISu v4.2, Institute for Molecular Medicine Finland, 
University of Helsinki, Finland, http://sisuproject.fi). 
Majority of the FinnGen cohort (92%) had been directly 
genotyped for rs616338, but for a broader coverage, 
imputed genotypes were used in all analyses. Imputation 
INFO score for rs616338 was 0.995. FINGER cohort [27] 
was genotyped with Illumina Infinium Global Screen-
ing Array and imputed with TOPMed reference panel as 
described before [3]. To confirm the ABI3 genotypes in 
a subset of 42 individuals enrolled to the imaging study, 
venous blood was collected and genomic DNA was 
extracted from whole blood using QIAamp DNA Blood 
Mini Kit (Qiagen, Hilden, Germany). ABI3 rs616338 was 
genotyped with TaqMan assay (C_2270073_20, Applied 
Biosystems). All genotypes were consistent with those 
observed with chip genotyping or imputation.

Definition of disease endpoints
To define the disease endpoints, we utilized FinnGen 
core endpoints, which are based on digital health record 

data from Finnish health registries. Diagnoses are based 
on International Classification of Diseases (ICD) codes 
and have been harmonized over ICD-8, ICD-9 and ICD-
10 codes.

AD was defined as a diagnosis in the hospital discharge 
or cause of death registries with the ICD codes G30 
(ICD-10) or 3310 (ICD-9). AD onset age for the survival 
analysis was defined as the age of the first diagnosis. The 
remaining individuals were considered as controls. For 
the survival analysis, end of follow-up for controls was 
defined as death, moving abroad, or the latest update of 
the registry data, whichever came first.

Neurodegenerative disorder was defined as at least 
three entries with the following criteria: diagnosis in the 
hospital discharge or cause of death registries with the 
ICD codes F00*, G30 (ICD-10), 3310 (ICD-9), or 29010 
(ICD-8); Finnish Social Insurance Institution (Kela) reim-
bursement for F00* or G30 (ICD-10) or reimbursement 
code 307; or prescription medicine purchases with ATC 
class N06D. Remaining individuals, excluding cases with 
AD, were considered as controls.

Dementia was defined as at least three entries with the 
following criteria: a diagnosis in the hospital discharge 
or cause of death registries with the ICD codes F00-F09 
(ICD-10), 290, 3310, or 4378 A (ICD-9) or 290 (ICD-8), 
Finnish Social Insurance Institution (Kela) reimburse-
ment code 307, or prescription medicine purchases with 
ATC class N06D. Dementia cases included individuals 
with vascular dementia, dementia in other diseases clas-
sified elsewhere, or unspecified dementia. Remaining 
individuals, excluding cases with organic mental disor-
ders, were considered as controls.

Brain imaging
All subjects underwent a structural brain MRI including 
T1-weighted sequences. Structural brain images were 
acquired with the Philips Ingenuity 3.0  T TF PET/MRI 
(Philips Healthcare, Amsterdam, the Netherlands). MRI 
was used to acquire volumetric variables for hippocam-
pus, parahippocampus, entorhinal cortex and amygdala.

PET scans were acquired using an ECAT high-reso-
lution research tomograph (HRRT, Siemens Medical 
solutions, Knoxville, TN). To estimate brain Aβ accumu-
lation, [11C]PiB scans (n = 56) were acquired 40 to 90 min 
post injection (mean injected dose 493 (standard devia-
tion (SD) 42) MBq). To estimate microglial activity, we 
used TSPO imaging with [11C]PK11195. Dynamic [11C]
PK11195 scans (n = 56) were acquired for 60  min post 
injection (mean injected dose 476 (SD 41) MBq). All 
images were reconstructed with 3D ordinary Poisson 
ordered subset expectation maximization algorithm (OP-
OSEM3D), and list mode data was histogrammed into 8 
(6 × 5 + 2 × 10 min, [11C]PiB) and 17 (2 × 15; 3 × 30; 3 × 60; 
7 × 300; 2 × 600 s, [11C]PK11195) time frames.

http://sisuproject.fi


Page 4 of 12Koivumäki et al. Alzheimer's Research & Therapy           (2026) 18:67 

Cognitive testing
A thorough neurocognitive test battery was administered 
to the participants by trained psychology students. The 
test battery included parts from the Finnish version of 
the Wechsler Memory Scale (WMS-R) and the Wechsler 
Adult Intelligence Scale (WAIS-R), Boston Naming Test 
(BNT), Trail Making Tests A and B (TMT-A and TMT-
B), S-fluency, categorical fluency, and Stroop [2, 23, 43, 
50, 51]. Domain-specific neurocognitive test z-scores, 
based on an a priori hypothesis [31], were calculated 
for executive functions, processing speed, language, and 
episodic memory, with higher scores indicating better 
performance. The executive function domain included 
the Trail Making Test A and B (TMT-B minus TMT-A), 
Stroop test (inhibition minus naming), digit span back-
ward, and S-fluency. The processing speed domain con-
sisted of TMT-A and digit symbol tests. The episodic 
memory domain included the WMS-R delayed logic 
memory and delayed verbal recall. The language domain 
included categorical fluency, the Boston naming test, and 
WAIS-R similarities.

Brain image analysis
Both PET and MRI images were analysed for region of 
interest (ROI) and voxel-wise differences between the 
study groups. PET and MRI image preprocessing and 
analysis were performed using an automated pipeline 
at Turku PET Centre [26], which executed the PET data 
frame by frame realignment, PET-MRI co-registration, 
FreeSurfer (Freesurfer v6, ​h​t​t​p​​s​:​/​​/​s​u​r​​f​e​​r​.​n​​m​r​.​​m​g​h​.​​h​a​​r​v​a​r​
d​.​e​d​u​/) ROI parcellation and PET data kinetic modelling. 
Regional and voxel level [11C]PiB binding was quantified 
as standardized uptake value ratios (SUVR) calculated 
for 60 to 90 min post injection using the cerebellar cor-
tex as the reference region. A composite neocortical [11C]
PiB score was calculated as the volume weighted average 
of the [11C]PiB region-to-cerebellar cortex SUVRs for 
the lateral frontal, lateral temporal, and parietal corti-
ces as well as the posterior cingulate, anterior cingulate, 
and precuneus. This composite [11C]PiB score was used 
to estimate brain Aβ load. [11C]PK11195-binding was 
quantified from the same composite region, as distribu-
tion volume ratios (DVR) within 20–60  min post injec-
tion using a reference tissue input Logan’s method with 
pseudo-reference region extracted using supervised 
clustering algorithm [46, 53]. Voxel-level kinetic model-
ing for [11C]PK11195 was carried out using basis func-
tion implementation of simplified reference tissue model 
with respect to the aforementioned clustered pseudo-
reference region and with 300 basis functions calculated 
within the Θ3 parameter limits 0.06 ≤ Θ3 ≤ 0.6 [19]. Par-
tial volume effect (PVE)-corrected data was used for 
all [11C]PK11195 analysis to minimize the effect of PK 
binding in sinuses to cortical regions. PVE correction 

was carried out using PETPVE12 toolbox [17] in both 
ROI (geometric transfer matrix method) and voxel-level 
(Muller-Gartner method) data.

The brain MRI images were also analysed for volu-
metric differences extracted from the FreeSurfer results. 
Here we focused on the hippocampus, parahippocampus, 
and the entorhinal cortex due to their known association 
with neurodegeneration related to AD [7]. All voxel-wise 
analyses were conducted using statistical parametric 
mapping (SPM12 v12; Wellcome Trust Centre for Neu-
roimaging, London, UK) running on MATLAB R2021b 
(Math-Works, Natick, MA, USA).

Statistical analysis
Association of rs616338-T allele with AD, neurodegen-
erative disorder, and dementia were assessed in FinnGen 
data with chi-square test using R 4.3.2. The data are pre-
sented as OR with 95% confidence intervals (CI). Survival 
analysis comparing AD-free survival of ABI3S209F carriers 
and age- and sex-matched controls was performed in R 
4.3.2 where Kaplan–Meier curves were generated using 
package survminer v0.4.9 and cox proportional hazards 
models were fitted with survival package v3.2–7 [44, 45]. 
The proportional hazards assumption was assessed using 
the Schoenfeld residuals test, which indicated a viola-
tion for the APOE genotype. To account for this, the Cox 
model was stratified by APOE genotype. The data is pre-
sented as hazard ratio (HR) with 95% CI. Results with 
p < 0.05 were considered statistically significant.

Statistical analyses of the imaging data were performed 
using JMP Pro 16.0.0 (SAS Institute Inc., Cary, North 
Carolina, USA). All data following a normal distribu-
tion are presented as mean (SD), otherwise as median 
(interquartile range, IQR). The normality of the data was 
evaluated visually from the distribution and with the 
Shapiro–Wilk test. Differences in continuous variables 
between the three groups were tested using linear regres-
sion models, adjusting for age and sex. The MRI variables 
were also adjusted for total intracranial volume. If a sig-
nificant effect was found, all pairs were compared using 
the post hoc Tukey’s honest significance test for multiple 
comparisons.

Volumetric differences in T1 MRI, [11C]PIB, and [11C]
PK11195-binding at the voxel level were assessed using 
ANCOVA, using age and sex as covariates for [11C]PIB 
and [11C]PK11195, but also total intracranial volume 
for MRI. This was followed by post-hoc pairwise com-
parisons in SPM12. Voxel-wise differences between the 
groups were tested using linear regression in SPM12 to 
evaluate if differences were present also outside the a 
priori chosen brain regions. Uncorrected p < 0.001 com-
bined with a cluster-level false discovery rate (FDR) 
correction for multiple comparisons was considered sta-
tistically significant in the voxel-based analyses. When 

https://surfer.nmr.mgh.harvard.edu/
https://surfer.nmr.mgh.harvard.edu/
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significant FDR corrected clusters were found we applied 
family wise error (FWE) correction with p < 0.05 to see if 
the results survived the tighter threshold.

To combine the scores of different neurocognitive 
tests into domain-specific scores, z-scores for the tests 
were calculated by standardizing the raw test scores to 
the study population’s mean and standard deviation. To 
achieve a normal distribution, one outlier per raw test 
were excluded before the z-transformation (1 outlier in 
Boston naming test; and 1 outlier in Stroop test). All out-
liers performed worse on the cognitive tests than –2 SD 
of the present study population. A skewness of –1 to 1 
was accepted for the raw test score distribution. Domain-
specific z-scores were determined by averaging all the 
z-scores within each domain. For tests with a reverse 
scale (Stroop, TMT-A, and TMT-B), reciprocal num-
bers were used to ensure higher scores indicated better 
performance. Participants with missing test results were 
excluded.

Results
ABI3S209F associates with increased risk and earlier onset 
age of AD in FinnGen cohort
ABI3S209F (rs616338-T) was significantly associated with 
increased risk of AD (OR = 1.22, 95% CI: 1.09–1.38, 
p = 0.0012) and neurodegenerative disorder (OR = 1.21, 
95% CI: 1.10–1.34, p = 0.00023) in FinnGen (Fig.  1A). 
Association with dementia was not statistically signifi-
cant (OR = 1.10, 95% CI: 1.00–1.20, p = 0.06).

To investigate the impact of ABI3S209F and APOE ε4 on 
the age of onset of AD, we performed survival analysis for 
age at AD diagnosis. Kaplan–Meier survival curves indi-
cated an earlier onset of AD among the ABI3S209F car-
riers when compared to the non-carriers with the same 
APOE genotype (Fig.  1B). Stratified Cox proportional 
hazards models were used to account for the violation of 
the proportional hazard assumption by APOE genotype. 
Within the APOE ε3 stratum, ABI3S209F carriers exhibited 

a significantly increased hazard of AD onset (HR = 1.31, 
95% CI: 1.09–1.59, p = 0.0046). Similarly, in the APOE 
ε4 stratum, ABI3S209F carriers showed an elevated risk 
(HR = 1.32, 95% CI: 1.09–1.60, p = 0.0045). These findings 
suggest that the ABI3S209F variant is associated with ear-
lier AD onset, independent of APOE genotype.

Demographics of the PET–MRI subjects
Baseline demographic, clinical, and imaging charac-
teristics of the PET–MRI subsample are presented in 
Table 1. Across the three genotype-defined study groups 
(ABI3S209F/ε4, ABI3S209F/ε3, and NC), no statistically 
significant differences were observed in sex distribu-
tion, age, height, or hippocampal volume (P > 0.07 for 
all). Cognitive performance, as assessed by MMSE, was 
similar across groups. Importantly, a significant group 
difference was observed in cortical Aβ burden, esti-
mated as composite [11C]PiB SUVR, with the ABI3S209F/
ε3 group showing a lower median binding score than 
the ABI3S209F/ε4 group (p = 0.01). No differences were 
observed in microglial activation ([11C]PK11195 DVR).

APOEε4, but not ABI3S209F, increases brain Aβ load
In the ROI analysis, the ABI3S209F/ε4 had higher com-
posite cortical [11C]PiB score when compared to the 
ABI3S209F/ε3 (2.0 (0.7) vs. 1.67 (0.5); mean (sd), p = 0.017 
(HST)) (Fig.  2a). There was no difference between the 
ABI3S209F/ε3 and NC (1.67 (0.5) vs 1.75 (0.6), p = 0.75 
(HST)) or ABI3S209F/ε4 and NC (2.0 (0.7) vs. 1.75 (0.6), 
p = 0.76 (HST)). The voxel-level analysis showed higher 
[11C]PiB binding across the cortex in the ABI3S209F/ε4 
group than in the two other groups (Fig. 3).

No global, but subtle regional neuroinflammatory 
differences in ABI3S209F/ε4 carriers
The [11C]PK11195 analysis revealed no significant dif-
ferences between the groups in the composite cortical 
ROI (Fig.  2b). However, voxel-level analysis detected 

Fig. 1  ABI3S209F associates with increased risk and earlier onset age of AD in FinnGen. A Forest plot showing ABI3S209F association with selected disease 
endpoints in FinnGen cohort (ABI3S209Fn = 8,490; ABI3 n = 511,670). Odds ratio (OR) with 95% confidence intervals. B Kaplan–Meier survival curves of 
time to AD diagnosis in different ABI3 and APOE genotype groups in FinnGen cohort. Shading indicates 95% confidence intervals. X-axis indicates age at 
the first diagnosis for cases and age at the end of follow-up for controls. N(ABI3S209F/ε3) = 5141, N(ABI3S209F/ε4) = 2326, N(ABI3/ε3) = 47,234, N(ABI3S209F/
ε4) = 21,484
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minor differences between the ABI3S209F/ε4 and both 
the ABI3S209F/ε3 and NC groups, but not between the 
ABI3S209F/ε3 and NC groups (Fig.  4). The ABI3S209F/ε4 
showed higher [11C]PK11195 binding in the precuneus 
and parieto-occipital regions compared to the ABI3S209F/
ε3 group. Additionally, higher [11C]PK11195 binding was 
observed in the parieto-occipital and calcarine regions of 
the ABI3S209F/ε4 compared to the NC group.

While no significant ROI-level correlations were found 
between the PET tracers, some voxel-wise associations 
were identified mainly in subcortical regions in the white 
matter. In addition, a weak correlation (r = 0.27, p = 0.043) 
was observed between [11C]PK11195 binding and cor-
tical volume. Full correlation results are provided in the 
Supplementary Materials (Table S1, Figure S1).

ABI3S209F does not significantly affect brain region volumes
In the prechosen ROIs we found no differences between 
the groups in the volumes of cerebral cortex, hippocam-
pus, parahippocampus, entorhinal cortex or amygdala 
(Supplementary material, Table S2). Subsequent VBM 
analysis found that the ABI3S209F/ε3 had lower volumes 
than the other groups mainly in the superior temporal 
gyrus, when correcting for FDR, but these findings did 
not survive the FEW correction (Supplementary mate-
rial, Figure S2).

ABI3S209F has no effect on cognition
Global cognition was assessed with the MMSE, and 
domain-specific performance was summarized as 
z-standardized composite. One-way ANOVA followed 
by Tukey’s honest significant difference test revealed no 
overall between-group differences for MMSE (Table 1) or 
any cognitive domain (Table 2, Fig. 5).

Discussion
This study investigated the ABI3S209F genetic variant as a 
risk factor for AD using data from the large Finnish Finn-
Gen cohort. In addition, we experimentally assessed its 
impact, alone or combined with the APOEε4, on cortical 
Aβ deposition, neuroinflammation, brain morphology, 
and cognitive performance in a separate subsample of 
cognitively healthy older adults.

Genetic analysis confirmed ABI3S209F as a significant 
AD risk variant (OR = 1.22), though with a somewhat 
smaller effect size compared to previous findings [8, 10, 
35, 39, 41, 52]. Additionally, survival analyses indicated 
that ABI3S209F carriers developed AD earlier than non-
carriers. In the experimental analyses, ABI3S209F alone did 
not influence cortical Aβ accumulation, neuroinflamma-
tion or regional brain volumes. However, subtle regional 
effects emerged in voxel-wise analyses, particularly for 
ABI3S209F combined with APOEε4, suggesting region-
specific Aβ deposition and modest neuroinflammation 

Table 1  Subject demographics and descriptive data
ABI3S209F/ε4 ABI3S209F/ε3 NC Group 

difference
N 19 19 20

Sex female 11 8 11 0.58

male 8 11 9

Age Mean 
(sd)

69.5 (6.2) 71.4 (6.9) 71.4 
(5.1)

0.55

Height Mean 
(sd)

168.9 (9.4) 172.2 (9.6) 168.3 
(7.9)

0.39

Weight Mean 
(sd)

81.8 (12.7) 83.4 (18) 73.1 
(13.2)

0.073

BMI Mean 
(sd)

28.8 (4.5) 27.9 (4.2) 25.7 
(3.7)

0.066

[11C]
PiB 
score

Mean 
(sd))

2.0 (0.7) 1.67 (0.5)* 1.75 
(0.6)

0.01

[11C]PK 
DVR

Mean 
(sd)

1.3 (0.1) 1.3 (0.1) 1.3 
(0.1)

0.83

Hippo-
campal 
volume

Mean 
(sd)

7.7 (0.8) 7.7 (1.0) 7.2 
(0.6)

0.26

MMSE Me-
dian 
(IQR)

28.5 (28–29) 29 (28–29) 29 
(28–
30)

0.83

Data are presented as mean (standard deviation) or median (interquartile 
range) depending on the distribution. Differences between groups were 
tested with ANCOVA with Tukey’s honest significance test, Kruskal–Wallis test 
with Dunn’s method for multiple or linear models. χ2 test was used for testing 
categorical variables. P value presents overall difference between groups. 
Significant differences in pairwise comparisons to ABI3S209F/e4e3 (p < 0.05 = *) 
are presented

Fig.  2  a  [11C]PiB score and b  [11C]PK11195 DVR stratified by the three 
study groups. Median, first and third quartile and range are presented 
by the box plot. * = p = 0.017 (Tukey´s honest significance test). P-value 
below the figures presents overall difference between the three groups 
(ANCOVA)
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Fig. 4  ABI3S209F/ε4 group had higher [11C]PK11195 binding than the ABI3S209F/ε3 or NC groups. FDR corrected p < 0.001 in green colour

 

Fig. 3  Voxel-wise analysis showing areas with statistically significant increase in [11C]PiB score between the ABI3S209F/ε4, ABI3S209F/ε3 and NC groups. FDR 
corrected p < 0.001 in green colour. FWE corrected p < 0.05 in red-yellow
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not detected by broader ROI analyses. Collectively, these 
findings replicate and extend prior results, highlight-
ing the complexity and context-dependent nature of 
ABI3S209F’s contribution to AD pathology.

In a genetic association analysis in FinnGen, the 
ABI3S209F variant significantly associated with AD and 
more broadly defined neurodegenerative disorder, with 
comparable ORs across the endpoints. Interestingly, no 
significant association was observed with the broadest 
endpoint definition, dementia. This likely reflects differ-
ences in definitions of the broader endpoints: while the 
neurodegenerative disorder endpoint may more specifi-
cally capture AD and related pathologies, the dementia 
endpoint encompasses a heterogeneous group of condi-
tions, including vascular and unspecified dementias. The 
lack of association with dementia may therefore result 
from dilution of AD-specific genetic signals within this 
phenotypically diverse group.

Beyond AD risk, ABI3S209F also appears to influence 
the timing of disease onset. Survival analysis revealed 
that carriers of the variant developed AD at an earlier 
age compared to non-carriers, with consistent effect 
observed across APOE ε3/ε3 and ε3/ε4 backgrounds. 
These findings suggest that ABI3S209F may act as a disease 
modifier, accelerating the onset of AD independently of 
APOE genotype. Taken together, these results reinforce 
the specificity of the association of ABI3S209F variant with 
AD and highlight its potential role in modulating disease 
progression.

In the imaging part of the study, we examined the effect 
of ABI3S209F, in the presence or absence of the APOEε4, 
on brain Aβ deposition, neuroinflammation, brain struc-
tures, and cognitive functions in cognitively healthy older 
adults. Although ABI3S209F has previously been associ-
ated with increased AD risk in several studies, includ-
ing replication in our current study, we did not observe 
increased cortical Aβ deposition in ABI3S209F/ε3 carriers 
when compared to NC, either in ROI-based or voxel-wise 
analyses. This suggests that ABI3S209F alone, without the 
APOE ε4 allele, may have limited functional impact on 
Aβ accumulation in cognitively normal individuals.

Interestingly, the highest cortical Aβ levels in ROI 
analysis were observed in participants carrying both 
ABI3S209F and APOEε4. However, these were only signifi-
cantly different compared to the ABI3S209F/ε3 group, not 
to NC. While group sizes were balanced, this lack of sig-
nificance relative to the NC group likely reflects a lack of 
statistical power to detect minute, global Aβ increases in 
a cognitively healthy cohort where pathology is still in its 
infancy. Voxel-wise analysis, in contrast, revealed region-
specific increases in [11C]PiB signal in the ABI3S209F/ε4 
group compared to both other groups, particularly in 
frontal, temporal, and posterior cortices. Previous work 
has shown that one APOEε4 alone does not consistently 
induce such voxel-level differences [37, 42] support-
ing a gene–gene interaction hypothesis. While our ROI 

Table 2  Cognitive test results
ABI3S209F/ε4 ABI3S209F/ε3 NC Group 

difference
Ex-
ecutive 
func-
tions

Mean 
(sd)

0.041 (0.41) −0.046 (0.61) 0.035 
(0.47)

0.47

Pro-
cessing 
speed

Mean 
(sd)

0.024 (0.79) 0.30 (0.86) 0.21 
(0.87)

0.85

Epi-
sodic 
memory

Mean 
(sd)

−0.34 (0.73) −0.11 (0.65) −0.10 
(0.52)

0.63

Lan-
guage 
func-
tions

Mean 
(sd)

−0.16 (0.58) 0.12 (0.66) 0.14 
(0.53)

0.23

Data are presented as mean (standard deviation). Differences between groups 
were tested with one-way ANOVA with Tukey’s honest significance test. P value 
presents overall difference between groups. Significant differences in pairwise 
comparisons to ABI S209F/e4e3 (p < 0.05 = *) are presented

Fig. 5  Domain-specific cognitive performance. Box plots represent z-standardized composite scores for a Executive functions, b Processing speed, c Epi-
sodic memory, and d Language. P-value below the figures presents overall difference between the three groups (ANCOVA)
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findings align with previous reports showing no signifi-
cant global association between ABI3S209F and Aβ mark-
ers in cognitively healthy individuals [35], the voxel-level 
differences suggest that this genetic combination leads to 
localized Aβ accumulation that conventional ROI analy-
ses fail to capture. Animal studies have yielded mixed 
results regarding ABI3’s role in Aβ pathology. While 
ABI3 knockout has been associated with increased Aβ 
deposition in some studies [24], others have reported 
reduced deposition, particularly at early time points 
[20]. In the latter case, the reduction was transient, and 
Aβ levels eventually caught up with NC as the animals 
aged. While APOE ε4 remains the single greatest genetic 
modulator of sporadic AD risk [9], recent research on 
ABI3S209F reveals that both factors drive disease progres-
sion by inducing microglial dysfunction [8, 12, 21, 41]. 
In microglia APOE ε4 is known to affect upregulation of 
inflammatory and immune-related genes, produce higher 
levels of pro-inflammatory cytokines, impairs the ability 
of microglia to phagocytose and clear Aβ plaques, down-
regulation of receptors like P2RY12 and TREM2 which 
are essential for microglial chemotaxis and phagocytosis 
[12, 16].

Parallel to this, studies with ABI3 knock-out mod-
els have demonstrated severely impaired migration and 
phagocytosis [24, 25]. Altogether, these findings suggest 
a potent interaction where the presence of both ABI3S209F 
and APOE ε4 likely creates a compound defect where 
microglial recruitment and clearance are simultaneously 
compromised.

To our knowledge, this is the first study to examine 
TSPO PET imaging in cognitively normal individuals 
carrying the ABI3S209F variant. Previous studies with vari-
ous PET-ligands have reported increased TSPO binding 
between AD and NC [4, 13, 15], and also in Aβ-positive 
MCI [34, 36] and Aβ-positive NC [14, 56]. However, 
when comparing a composite ROI covering the entire 
cortical grey matter, we found no significant differ-
ences in [11C]PK11195 binding between the genotype 
groups, although Aβ accumulation was clearly high-
est in the ABI3S209F/ε4 group in the same region. Voxel-
wise analysis revealed a subtle increase in [11C]PK11195 
binding in the parieto-occipital cortex of the ABI3S209F/
ε4 group compared to the other groups. Although this 
region also showed elevated Aβ signal, the highest Aβ 
accumulation was observed in the frontal cortex, where 
no corresponding increase in [11C]PK11195 binding 
was detected. Our findings suggest that while the com-
bination of ABI3S209F and APOEε4 is associated with 
increased cortical Aβ accumulation, this does not cor-
respond to a parallel increase in microglial activation as 
measured by [11C]PK11195. A similar dissociation has 
previously been reported among APOEε4 carriers with 
varying allele loads [42]. This mismatch may reflect the 

limited sensitivity of first-generation TSPO tracers such 
as [11C]PK11195, which are known to suffer from poor 
signal-to-noise ratio and high nonspecific binding [49, 
55] or a temporal lag between Aβ deposition and immune 
response, or the functional heterogeneity of microg-
lial activation, which is not fully captured by TSPO PET 
imaging [14]. Overall, while the voxel- and ROI-level data 
diverge in some respects, both support a nuanced and 
genotype-dependent role for ABI3S209F in AD pathology.

The strength of this study is the combination of popu-
lation-scale genetic data with in vivo multimodal imag-
ing, enabling a rare genotype-specific characterization of 
early AD-related pathology in cognitively normal individ-
uals. The use of the large and well-characterized FinnGen 
cohort allowed us to validate the ABI3S209F AD associa-
tion in a genetically distinct Northern European popu-
lation, adding valuable replication evidence to earlier 
findings. A major practical strength of this study was the 
ability to efficiently recruit participants with specific gen-
otypes through biobank collaboration. Without access to 
genotype-based preselection, recruiting a sufficient num-
ber of ABI3S209F carriers would have required genotyping 
and screening several hundred individuals. The biobank-
based recruitment thus greatly increased feasibility and 
resource efficiency. Additionally, the integration of PET 
imaging for both Aβ and microglial activity, alongside 
MRI-derived structural metrics and neuropsychological 
testing, enabled a multidimensional assessment of func-
tional consequences at an early disease stage.

However, some limitations should be noted. The use 
of the first-generation TSPO tracer [11C]PK11195 may 
have constrained sensitivity to microglial activation due 
to its limited signal-to-noise ratio and high nonspe-
cific binding. Also, the sample size in our imaging part 
was modest. While it was based on power calculations 
from previous studies, those calculations were primarily 
derived from symptomatic patient groups compared to 
controls where pathologies are more pronounced. Con-
sequently, our study may have been underpowered to 
detect the more subtle changes characteristic of a cog-
nitively healthy cohort. This increases the risk of a Type 
II error, particularly in ROI-based analyses where early 
focal signals may be diluted by the averaging of non-
affected voxels. Furthermore, although voxel-wise analy-
sis increases spatial precision and proved more sensitive 
in identifying these localized differences, it also intro-
duces multiple comparison challenges and increases 
the risk of Type I error, despite statistical correction. 
Additionally, the recruitment of healthy volunteers may 
introduce a selection bias toward higher educational or 
socioeconomic status. However, because all study groups 
were recruited using identical methods, this ‘healthy vol-
unteer effect’ is consistent across cohorts and unlikely 
to account for the observed intergroup differences. 
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Nonetheless, we acknowledge that this may limit the gen-
eralizability of the findings to a broader demographic. 
Finally, while the study design allowed for the evalua-
tion of ABI3S209F effects in isolation and in combination 
with APOE ε4, the cross-sectional nature of the imaging 
component precludes firm conclusions about temporal 
dynamics or causality.

Despite these limitations, the present findings highlight 
the importance of considering gene–gene interactions 
and regional brain vulnerability in understanding AD 
risk. Further studies using larger imaging cohorts, more 
sensitive second-generation tracers, and longitudinal 
follow-up will be essential to clarify the mechanisms by 
which ABI3 and APOE ε4 interact to influence early neu-
ropathological changes.

Conclusions
This study confirms the association of the ABI3S209F 
variant with increased risk for AD. The variant was also 
associated with an earlier age of AD onset. ABI3S209F 
alone does not significantly affect cortical Aβ deposi-
tion or neuroinflammation. However, the combination of 
ABI3S209F and APOEε4 may contribute to region-specific 
Aβ accumulation and increased microglial activation. 
Our findings emphasize the complex and context-depen-
dent role of ABI3S209F in AD pathophysiology, possi-
bly acting as a modifier rather than a primary driver of 
pathology. The lack of consistent differences in cognitive 
performance and brain volumes supports the notion that 
ABI3S209F-related changes may precede symptomatic 
disease or require additional genetic or environmental 
interactions to manifest. Further longitudinal and mech-
anistic studies are needed to elucidate the functional 
consequences of this variant and its potential as a thera-
peutic target or biomarker in preclinical stages of AD.
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