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Introduction: A weak association between amyloid β (Aβ) deposition
and neurodegeneration biomarkers, such as brain atrophy, has been
repeatedly reported in a subset of patients with Alzheimer disease,
suggesting individual differences in response to Aβ deposition.
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Methods: Here, we performed a genome-wide interaction study to
identify single-nucleotide polymorphism (SNP) that modify the effect
of Aβ (measured by 18F-ﬂorbetapir positron emission tomography)
on brain atrophy (measured by cortical thickness using magnetic
resonance imaging). We used magnetic resonance imaging, positron
emission tomography, cerebrospinal ﬂuid, and genetic data from the
Alzheimer’s Disease Neuroimaging Initiative (ADNI) database
[discovery cohort, ADNI-GO/2 (n = 723) and replication cohort,
ADNI-1 (n = 129)].
Results: We identiﬁed a genome-wide suggestive interaction of
rs3807779 SNP (β = −0.14, SE = 0.029, P = 9.08×10−7) in the discovery
cohort. The greater dosage of rs3807779 SNP increased the detrimental
effect of Aβ deposition on cortical thickness. In replication analyses,
the congruent results were replicated to conﬁrm our ﬁndings. Furthermore, rs3807779 SNP augmented the detrimental effect of Aβ
deposition on cognitive function. Genetic proﬁling showed that
rs3807779 has chromatin interactions with the promoter region of
MAGI2 gene, suggesting its association with MAGI2 expression.
Conclusions: These ﬁndings demonstrate that subjects carrying the
rs3807779 SNP are more susceptible to Aβ-related neurodegeneration.
Key Words: Alzheimer disease, amyloid, brain atrophy, singlenucleotide polymorphism

(Alzheimer Dis Assoc Disord 2020;00:000–000)

myloid β (Aβ) is a histopathologic hallmark of Alzheimer
disease (AD) and its presence, measured by positron
emission tomography (PET) or cerebrospinal ﬂuid (CSF)
analysis, showed a strong association with AD progression,
indicating its crucial role in AD pathogenesis.1,2 Despite the
pathogenic role of Aβ in AD, a number of studies have shown
a weak correlation between the level of Aβ deposition and the
degree of brain atrophy,3,4 and cognitive impairment,5,6 suggesting individual differences in response to the accumulation
of Aβ. Previous studies attributed this discrepancy to the
cognitive reserve of individuals, which might compensate for
damages caused by pathogenic proteins.7 Another plausible
cause is a genetic factor as previous studies have identiﬁed a
number of genetic risk variants for AD.8
Here, we conducted a genome-wide interaction analysis
to identify genetic variants that modify the effect of Aβ on
brain atrophy. We expected that identiﬁcation of such variants would help in understanding Aβ-related neurodegeneration and identify individuals who are susceptible or
resistant to Aβ deposition.

A

METHODS
Subjects
Data used in the preparation of this article were
obtained from the Alzheimer’s Disease Neuroimaging Initiative (ADNI) database (adni.loni.usc.edu). The ADNI was
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launched in 2003 as a public-private partnership, led by
Principal Investigator Michael W. Weiner, MD. The primary goal of ADNI has been to test whether serial magnetic
resonance imaging (MRI), PET, other biological markers,
and clinical and neuropsychological assessment can be
combined to measure the progression of mild cognitive
impairment (MCI) and early AD. For discovery data, we
included all 779 subjects (cognitively healthy controls, MCI,
and AD patients) who enrolled in ADNI-GO/2, with
available genetic, MRI, and Aβ 18F-ﬂorbetapir PET data.
For replication data, we included 129 subjects who enrolled
in ADNI-1, with MRI and CSF data. The study protocol
was approved by the institutional review board of each
participating ADNI site (http://adni.loni.usc.edu/wpcontent/uploads/how_to_apply/ADNI_Acknowledgement_
List.pdf) and participants gave written informed consent for
research at the time of enrollment. Baseline demographics of
the 2 data sets are shown in Supplemental Table 1 (Supplemental Digital Content 1, http://links.lww.com/WAD/
A308).

(WMH) volume data as an image marker for cerebral vascular burden. The summarized data of WMH volume (mL),
generated from the University of California, Davis (version
2019.4.30) was available for the subset of the subject
(n = 690) of the discovery data set. The mean time interval
between WMH data and cortical thickness data were
107 days (SD, 213). WMH volume was estimated using the
automated imaging procedure. Detail description of the
procedure is provided in the ADNI website (http://www.
adni.loni.usc/edu/data-samples/mri). We log-transformed
WMH volume for the data normality.

Image and CSF Data Acquisition
For Aβ levels measurement, we used summarized
data of 18F-ﬂorbetapir PET, generated from the University of California, Berkeley (version 2017.11.14). We
used averaged Aβ standardized uptake value ratio value
of the 4 brain regions (frontal, cingulate, lateral parietal,
and lateral temporal cortex) for the global Aβ deposition
value.
To measure brain atrophy, we used summarized data
of cortical thickness of T1-weighted MRI, generated
from the University of California, San Francisco (version
2016.8.1 for ADNI-2/GO and version 2016.2.1 for ADNI-1).
Cortical reconstruction and segmentation were performed
with FreeSurfer (version 4.3 in ADNI-1, version 5.1 in
ADNI-2) and the cortical thickness for each of the 68
Desikan-Killiany9 based regions of interest (ROI) were
calculated (http://surfer.nmr.mgh.harvard.edu). Among 68
ROIs, we focused on the cortical thickness values of 11 AD
signature regions: bilateral parahippocampus; entorhinal,
fusiform, transverse, and inferior temporal cortex; postcentral, posterior cingulate, precuneus, superior, and inferior parietal cortex; and supramarginal cortex on the basis
of the previous study.10 To get the global value for cortical
thickness, we used the average cortical thickness values of
11 AD signature regions. A detailed description of image
preprocessing is provided in the ADNI website (http://www.
adni.loni.usc/edu/data-samples/mri and http://www.adni.loni.
usc/edu/data-samples/pet).
For the CSF analysis, we used the CSF data, generated
in the University of Pennsylvania (version 2016.7.5) for both
ADNI-GO/2 and ADNI-1. The levels of Aβ1-42, total τ, and
phosphorylated τ in the CSF were measured using a
microbead-based multiplex immunoassay (INNO-BIA
AlzBio3 RUO test; Fujirebio, Ghent, Belgium). Details of
CSF collection are described in the ADNI website (http://
www.adni.loni.usc/edu/data-samples/biospecimen-data). In
the discovery data set, subset of subject (n = 667) also
underwent CSF sampling. They were analyzed for the post
hoc CSF data analysis. In the replication data set, a total of
129 subjects with genetic, MRI, and CSF data, who were
not included in the primary analysis, were analyzed.
Finally, considering that cerebral vascular factors play
an important role in AD pathogenesis,11 we performed the
post hoc analysis using white matter hyperintensities

Genotyping and Quality Control
Genetic data were collected using the Illumina HumanOmniExpress Beadchip and Illumina Human610-Quad
BeadChip for ADNI-GO/2 and ADNI-1, respectively. Genotyped single-nucleotide polymorphism (SNP) were analyzed in
this study. Details of collecting genome-wide association study
data are provided in the ADNI website (http://www.adni.loni.
usc/edu/data-samples/genetic-data). For quality control, subjects were excluded from the analysis if any of the following
criteria were not satisﬁed: (i) call rate per subject ≥ 90% and
(ii) Caucasian ethnicity (56 subjects were excluded). SNPs not
meeting any of the following criteria were excluded from further analysis: (i) call rate per SNP ≥ 98% (8971 SNPs were
excluded); (ii) minor allele frequency ≥ 10% (196,879 SNPs
were excluded); and (iii) Hardy-Weinberg equilibrium test with
P-value ≥ 10−5 (11,920 SNPs were excluded). After quality
control, 498,606 SNPs and 723 subjects (218 cognitively
healthy, 301 with MCI, and 204 with AD) remained available
for the analysis. For the missing data, we conducted a sensitivity analysis with 2 extreme scenarios: all the SNPs with
missing data are major allele (scenario 1) or they are minor
allele (scenario 2). Primarily, we analyzed missing data using
scenario 1 but also performed the same analysis using scenario
2. The result of scenario 2 is described in the Supplemental
Material (Supplemental Digital Content 2, http://links.lww.
com/WAD/A309).

Statistical Analysis
Genome-wide Interaction Analysis
In a genome-wide interaction analysis, we used a linear
regression model with the global cortical thickness value as
the quantitative outcome measure. We included Aβ, SNP
(0, 1, and 2 as the number of minor allele), and Aβ × SNP
interactions as predictors, and age, sex, level of education,
diagnosis (as dummy variable indicating healthy cognition,
MCI, or AD), APOE genotype (0, 1, and 2 as the number of
ɛ4 allele), and intracranial volume as covariates. Lastly, in
order to control for the subpopulation effect, we performed
principal component (PC) analysis using the subjects’ SNP
data and included the ﬁrst 4 PCs in the regression model as a
covariate. This method is widely used to correct the population structure.12 Our term of interest was the Aβ × SNP
interaction, which was used to identify SNPs that modify the
relationship between global cortical thickness and global Aβ
deposition. In the genome-wide interaction analysis, we
deﬁned a P-value (2-tailed) <5×10−8 as being statistically
signiﬁcant (genome-wide signiﬁcant) and 1×10−6 as being
statistically suggestive (genome-wide suggestive), which are
based on performing a Bonferroni correction of all the
independent common SNPs across the human genome.13
We assessed and controlled the genomic inﬂation on the
basis of the previous study.14 In the replication analysis, we
used the level of CSF Aβ1-42 as the global Aβ value in the
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linear regression model and performed the analysis for
identiﬁed SNPs from primary analysis. For the replication
results, 1-tailed P-values are reported given the expectation
for effects in the same direction with result from the discovery data set.

numbers, imaging, genetic, and biospecimen data are available
from the ADNI database at the request of qualiﬁed researchers.
The data set supporting the conclusion of post hoc analysis is
available in databases of Gene Expression Omnibus (https://
www.ncbi.nlm.nih.gov/geo/) and Genotype-Tissue Expression
Project (https://www.gtexportal.org/home/).

Alzheimer Dis Assoc Disord

Post Hoc Analysis
After identifying the signiﬁcant SNP and Aβ interactions, we performed the region-wide interaction analysis.
In this analysis, we used cortical thickness values of all 68
ROIs as outcome measures and calculated the regional β
coefﬁcient of Aβ × SNP interactions after adjusting the
effects of age, sex, level of education, diagnosis, APOE ɛ4
genotype, intracranial volume, and genetic PCs. From this
analysis, we could spatially localize the Aβ and SNP interaction effect in the brain. P-value <0.0007 is deﬁned as
statistically signiﬁcant on the basis of a Bonferroni correction (0.05/68 = 0.0007).
We stratiﬁed subjects by the presence of the SNP and
compared their baseline demographics and the degree of
AD pathology. Comparative and interaction analysis
were also performed at the subgroup level by the baseline
diagnosis. In addition, we assessed whether the SNP also
altered the effect of Aβ on cognitive function. We used the
mini-mental state examination score as the quantitative
cognitive measure in the linear regression analysis
(adjusted for age, sex, level of education, diagnosis, and
APOE genotype). Furthermore, we assessed whether the
SNP also altered the effect of τ on brain atrophy using
CSF data. For the post hoc analysis of WMH, we ﬁrst
performed the linear regression analysis to evaluate
whether WMN volume is associated with global cortical
thickness value. Then, we added WMH volume as a
covariate in the subsequent analysis to evaluate whether
the interaction effect of SNP is signiﬁcant after adjusting
the effect of WMH. Post hoc analysis, excluding the
region-wide interaction analysis, deﬁned P-value <0.05 as
statistically signiﬁcant.

Functional Characterization of the Identiﬁed SNP
Finally, in order to characterize the function of identiﬁed SNP, we leveraged bioinformatics tools such as linkage disequilibrium (LD), high-throughput chromosome
conformation capture (Hi-C), and gene expression pattern
analysis. We used LDlink,15 an online tool on the basis of
Phase 3 of the 1000 Genomes Project, and dbSNP build 142,
to explore SNPs that were in LD (R2 > 0.7) with the SNP of
interest. We utilized the Hi-C data from hippocampal
tissue16 to detect genomic regions that exhibited long-range
chromatin interactions with the SNP of interest. Biasnormalized and distance-normalized interaction frequencies
were assessed for the bin (5 kb in size) harboring the SNP of
interest. We used bedtools (version 2.27.0) for the intersection of the SNPs and Bioconductor package Gviz in R
for data visualization.17–19 Lastly, we examined gene
expression in multiple tissues using the Genotype-Tissue
Expression project data.20

Availability of Data and Materials
We used R software (http://www.r-project.org) and MATLAB (Mathworks 2014b, http://www.mathworks.com) for the
statistical analyses and result visualization. The data set supporting the conclusions of genome-wide interaction analysis is
available in the ADNI public database (http://adni.loni.usc.edu/
data-samples/access-data/). Anonymized patient identiﬁcation

RESULTS
Genome-wide Interaction Analysis
Before the interaction analysis, we demonstrated that
there was a signiﬁcant association between global Aβ level
with global cortical thickness value (β = −0.08, SE = 0.02,
P = 0.0014 for Aβ PET; β = 0.0008, SE = 0.0002, P = 0.00018
for CSF Aβ1-42) in the linear regression model after adjusting the effects of age, sex, level of education, diagnosis,
APOE ɛ4 genotype, and intracranial volume.
Genome-wide interaction analysis identiﬁed, 2 SNPs
(rs10922610 and rs3807779) of genome-wide suggestive
interactions with Aβ (rs10926610, P = 1.86×10−7; rs3807779,
P = 9.08×10−7; Fig. 1A). A quantile-quantile plot of P-values
revealed some genomic inﬂation (λ = 1.1; Fig. 1B). After
controlling the genomic inﬂation, P-values were 4.27×10−7
and 1.74×10−6 for rs10922610 and rs3807779, respectively. In
the replication analysis, only rs3807779 showed signiﬁcant
interaction with CSF Aβ1-42 on brain atrophy (P = 0.038).

Post Hoc Analysis
Because the rs3807779 SNP were consistently identiﬁed
in 2 independent data set (ADNI-GO/2 and ADNI-1), we
focused the post hoc analysis on this SNP. In the model, the
rs3807779 × Aβ interaction term showed a negative β
coefﬁcient (β = −0.14, SE = 0.02, t = −4.95), indicating that
the subjects with a higher number of minor allele show a
stronger negative correlation between Aβ level and global
cortical thickness value (Fig. 2A). The region-wide interaction analysis identiﬁed signiﬁcant Aβ and rs3807779
interactions on 17 cortical regions in temporoparietal area
(Fig. 3; Supplemental Table 2, Supplemental Digital Content 3, http://links.lww.com/WAD/A310).
Subjects with and without the rs3807779 SNP did not
show any signiﬁcant differences in baseline demographics
and the level of AD pathologies (Table 1). However, in the
subgroup analysis, AD patients with the rs3807779 SNP
showed lower global cortical thickness than those without
the SNP (Supplemental Table 3, Supplemental Digital
Content 4, http://links.lww.com/WAD/A311). Furthermore,
there were signiﬁcant rs3807779 and Aβ interaction in all 3
diagnostic groups (Supplemental Table 4, Supplemental
Digital Content 4, http://links.lww.com/WAD/A311). In
regard to cognitive function, cortical Aβ was related to poor
cognitive performance, and this relationship was augmented
in subjects with the rs3807779 SNP (P = 0.00082) (Fig. 2B).
In the CSF analysis, the levels of Aβ1-42 and total τ in the
CSF also showed a signiﬁcant interaction with rs3807779 on
brain atrophy (Aβ1-42, P = 0.0005; total τ, P = 0.0002; Supplemental Fig. 1, Supplemental Digital Content 5, http://
links.lww.com/WAD/A312), whereas the levels of phosphorylated τ showed insigniﬁcant interaction (P = 0.09).
There was no signiﬁcant rs3807779 and Aβ interaction
(from either PET or CSF) on the levels of CSF total or
phosphorylated τ.
In the post hoc study of WMH, there were a signiﬁcant
association between WMH volume with global cortical
thickness value (β = −0.018, SE = 0.004, P = 0.0002) after
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FIGURE 1. Results of genome-wide interaction analysis. A, Manhattan plot showing single-nucleotide polymorphism and amyloid β
interactions at rs10922610 and rs3807779 are associated with brain atrophy. B, Quantile-quantile plot showing the presence of genomic
inflation. Dotted line indicates the genome-wide significance level (P = 5×10−8). Solid line indicates the genome-wide suggestive level
(P = 1×10−6).

controlling the effects of age, sex, level of education, diagnosis, APOE ɛ4 genotype, and intracranial volume. When
we included WMH volume as a covariate in the interaction
analysis, Aβ and rs3807779 interaction remained signiﬁcant
(β = −0.14, SE = 0.02, P = 2.97×10−6).

MAGI2 (Fig. 4B), suggesting a functional role of the identiﬁed
SNPs. When we examined gene expression patterns, MAGI2
showed a high level of gene expression in the cerebral cortex and
hippocampus with 15 and 12 transcripts per million expression
values respectively, while showed a low level of gene expression
in other tissues (Fig. 4C).

Functional Characterization of rs3807779

rs3807779 (major allele = cytosine; minor allele = thymine)
was mapped to an intron of the MAGI2 gene. Located at
chromosome 7q21.11, this gene encodes for membrane-associated guanylate kinase inverted 2 (MAGI2). We identiﬁed
SNPs in LD with rs3807779 (Fig. 4A) and veriﬁed the potential
target regions of the identiﬁed SNPs through Hi-C data generated in hippocampal tissue. The bin including rs3807779
showed strong (distance-normalized interaction frequency > 4)
interaction with bins located near the promoter region of

DISCUSSION
We identiﬁed a SNP at rs3807779 that modiﬁes the effect
of Aβ deposition on brain atrophy. We found that a greater
dosage of the rs3807779 minor allele causes a stronger association between global Aβ deposition and global cortical
thickness.
The region-wide interaction study revealed signiﬁcant
Aβ and rs3807779 interaction on 17 cortical regions in

FIGURE 2. Scatter plots of Alzheimer disease biomarkers in subjects stratified by rs3807779 single-nucleotide polymorphism (SNP). A,
Scatter plot and best-fit line showing correlations between global amyloid β (Aβ) deposition on positron emission tomography (PET) and
the global cortical thickness on magnetic resonance imaging in subjects stratified by the rs3807779 SNP. B, Scatter plot and best-fit line
showing the correlations between the global Aβ deposition on the PET and mini-mental state examination (MMSE) score in subjects
stratified by the rs3807779 SNP. The R and β coefficients were calculated using linear regression analysis. SUVR indicates standardized
uptake value ratio.
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FIGURE 3. Region-wide interaction analysis. β coefficient map showing high amyloid β and rs3807779 interaction on the cortical
thickness of bilateral temporal and posterior parietal regions.

temporoparietal area, which correspond to the typical
AD atrophy pattern.21 Although there were signiﬁcant
rs3807779 and Aβ interactions in all diagnostic groups, the
decreased cortical thickness in subjects carrying rs3807779
SNP was present only in AD. Given that the detrimental
effects of rs3807779 on cortical thickness are mediated

TABLE 1. Comparison Between Subjects by rs3807779 SNP

rs3807779
Age, mean (SD) (y)
Female, n (%)
Education, mean (SD) (y)
MMSE, score (SD)
Presence of ε4 allele of
APOE, n (%)*
Diagnosis (HC/MCI/AD)
Global cortical thickness,
mean (SD)
Global Aβ, SUVR, mean
(SD)
CSF Aβ1-42, mean (SD)
(pq/mL)†
CSF total τ, mean (SD)
(pq/mL)†
CSF p-τ, mean (SD)
(pq/mL)†
Time interval, mean (SD)
(d)‡

CC
(n = 335)
73.91
142
16.3
27.15
146

(7.1)
(42.6)
(2.62)
(3.06)
(43.8)

CT or TT
(n = 388)
74.04
190
16.16
27.13
176

P

(7.3)
(49)
(2.6)
(3.23)
(45.8)

0.808
0.085
0.492
0.940
0.599

101/135/99
2.43 (0.15)

117/166/105
2.43 (0.16)

0.734
0.998

1.22 (0.23)

1.21 (0.23)

0.550

236.58 (88.06) 249.41 (92.33) 0.107
78.24 (44.30)

81.58 (48.11) 0.361

25.61 (13.49)

26.10 (13.56) 0.581

17.99 (28.72)

18.16 (50.74) 0.956

*Subjects has 1 or more ε4 allele
†In total, 667 subjects were included in analysis of CSF data.
‡Time interval between Aβ positron emission tomography and the
magnetic resonance imaging.
Aβ indicates amyloid β; AD, Alzheimer disease; CSF, cerebrospinal ﬂuid;
HC, healthy control; MCI, mild cognitive impairment; MMSE, mini-mental
state examination; p-τ, phosphorylated τ; SNP, single-nucleotide polymorphism; SUVR, standardized uptake value ratio.

through Aβ deposition, we speculated that the decreased
cortical thickness only in the advanced disease state could be
attributed to the level of Aβ accumulation in the brain.
An interaction was also found for cognitive function
but with a smaller effect size than for brain structure. This is
in line with biomarker modeling in AD, which indicates that
brain atrophy occurs closer in time to the deposition of
Aβ.22 Thus, the phenotypic effects of genetic variants on Aβ
would ﬁrst become evident in brain structure before any
cognitive decline can be observed. Furthermore, cognitive
decline in elderly subjects is not only caused by AD but also
by a variety of factors, including medication, mood states,
education level, and literacy.23 Thus, the genetic effect on
cognitive function could be obscured by these factors.
Interestingly, there was a signiﬁcant interaction effect
of rs3807779 and CSF τ levels on brain atrophy. We also
evaluated the rs3807779 and Aβ interaction on changes of
CSF τ level in order to assess whether the increased detrimental effect of Aβ on cortical thickness in subject carrying
rs3807779 was through an increase in τ level. As a result,
there was no signiﬁcant interaction. These ﬁndings suggesting that the rs3807779 and Aβ interaction is not mediated by changes in τ levels, but that the rs3807779 SNP
augments the detrimental effect of Aβ and of τ on the
cortical thickness.
In this study, 35% of the participants carried 1 or more
rs3807779 minor alleles. This is in accordance with previous
studies, indicating that the samples used in this study, are
not biased and may be representative of the whole Caucasian population.24 Although the molecular mechanism by
which rs3807779 SNP affects the pathogenesis of AD is not
evaluated, some possible explanations can be inferred from
the genetic proﬁle of this SNP. We found that rs3807779 and
LD-linked SNPs were all mapped on MAGI2. Furthermore,
by leveraging the 3-dimensional chromatin structure, we
found that these SNPs had chromatin interactions with the
promoter region of MAGI2 in the hippocampal tissue.
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FIGURE 4. Functional characterization of rs3807779. A, Chromosomal map showing the location of the rs3807779 single-nucleotide
polymorphism at a recombination hotspot in an intron of MAGI2. B, High-throughput chromosome conformation capture (Hi-C) data in
hippocampal brain revealing chromatin interactions between the rs3807779 locus and the promoter region of MAGI2. The blue curves
represent Hi-C interactions between the 5 Kb bins for the rs3807779 locus and the promoter at distance-normalized interaction
frequency > 4. C, Expression of MAGI2 in various tissues. MAGI2 is highly expressed in brain tissues. The figure was generated from the
Genotype-Tissue Expression portal (https://www.gtexportal.org/home).

Although the speciﬁc biological mechanism studies are
further required, these ﬁndings suggest that MAGI2 gene
may be a possible link between rs3807779 SNP and the Aβrelated neurodegeneration.
MAGI2 is a cell membrane-associated protein, characterized by 2 WW domains, a guanylate kinase-like
domain, and multiple PDZ domains. It is highly expressed
in the brain and maintains neuronal structure and function
by acting as a scaffolding protein at neuronal synapses by
assembling neurotransmitter receptors and cell adhesion
proteins.25,26 MAGI2 variants have been reported in several
brain disorders, including dentato-rubral and pallidoluysian
atrophy,27 infantile spasm,28 schizophrenia,29 and AD.30

One prior study showed that the common genetic variant of
MAGI2 is associated with hippocampal atrophy in AD.31 In
our study, we demonstrated comparable results; the global
cortical thickness was lower in AD patients carrying the
rs3807779 SNP than in those without the SNP. Thus the
enhanced brain atrophy found in the prior study31 may be
due to the greater negative effect of Aβ deposition on brain
structure in subjects carrying the genetic variant of MAGI2.
MAGI2 is also considered to assemble ubiquitination
enzymes to plasma membrane proteins. The ubiquitin system is responsible for the degradation of misfolded or
abnormal proteins,32 and its impairment has been reported
in AD.33 Therefore, the genetic variant of MAGI2 might
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exaggerate the neurodegeneration in AD by perturbing
neuronal integrity and the ubiquitin system.
This study has some limitations. First, the sample size
was small. Thus, the statistical signiﬁcance of our results was
small at the genome-wide suggestive level. Moreover, we
observed some genomic inﬂation in our data, which might
lead to an overestimation of the statistical signiﬁcance level.
Therefore, our ﬁndings should be cautiously interpreted given
the potential for false positives. However, a previous study
showed that common SNPs (minor allele frequency > 10%)
exhibit signiﬁcantly fewer false-positive results than expected
by chance at less stringent P-value thresholds.34 Furthermore,
the nominal replication by an independent data set and the
biological relevance of the identiﬁed SNPs in functional
analyses suggest that our study less likely presented falsepositive results. Second, we could not evaluate the causality
of the observed results with the current analysis. By using
available data on the identiﬁed SNP and MAGI2, we can
only speculate that rs3807779 interferes with the expression of
MAGI2 and enhances neurodegeneration in AD by impairing
neuronal integrity and intracellular clearing systems. Further
studies are required to solve these issues. Lastly, τ level was
only measured in CSF in this study. As τ PET (18F-AV1451)
is available only for a subset of participants in the ADNI data
set, it can be used in the future studies.
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CONCLUSIONS
We identiﬁed a common genetic variant in MAGI2 that
modiﬁes the effect of Aβ deposition on brain atrophy. Our
ﬁndings demonstrated that subjects carrying the rs3807779
SNP are more susceptible to Aβ-related neurodegeneration.
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