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A B S T R A C T

Pathogenic variants in the amyloid precursor protein gene (APP) have been linked to Alzheimer's disease and 
intracerebral haemorrhage resulting from cerebral amyloid angiopathy. In these disorders, variants are generally 
located within or surrounding the amyloid-beta domain of APP and mostly increase the production or aggre
gation properties of the toxic amyloid-beta peptide. Here, we report a novel APP p.V742L variant in the APP 
intracellular domain (AICD) in a patient with a clinical and neuroradiological ischemic small vessel disease 
phenotype and a positive family history. We investigate the functional consequences of the variant on AICD 
function.

We obtained patient fibroblasts through a skin biopsy and applied immunocytochemistry to examine the 
subcellular localization of APP. Subsequently, 3’ mRNA sequencing was deployed to investigate changes in gene 
expression. Finally, the effect of the variant on the binding of FE65 to AICD was investigated using co- 
immunoprecipitation followed by western blot.

Localization of APP p.V742L to lysosomes was increased, without affecting lysosomal motility. Transcriptome 
analysis showed altered expression of AICD target genes as well as dysregulation of genes relevant to the 
ischemic stroke phenotype. Finally, APP p.V742L was associated with an increased interaction with FE65, its 
most important intracellular binding partner.

Taken together, our data demonstrate that the APP p.V742L variant enhances the interaction of the AICD with 
FE65, resulting in dysregulation of gene transcription. This study illustrates the diverse roles of APP in brain 
disorders, and suggests ischemic small vessel disease as a novel APP-associated phenotype.

1. Introduction

The amyloid precursor protein (APP) gene is well known for its 
causal involvement in Alzheimer's disease and cerebral amyloid angi
opathy (Greenberg et al., 2020). This type I transmembrane glycopro
tein is ubiquitously expressed in most tissues, with its levels peaking in 
the brain (Uhlén et al., 2015). APP is processed through consecutive 
cleavage by α-, β- and γ-secretases leading to the generation of multiple 

fragments including soluble APP fragments, amyloid-beta (Aβ), and the 
APP intracellular domain (AICD) (Haass et al., 2012). These APP frag
ments are thought to be involved in a wide range of processes in both the 
developing as well as the adult brain, including neuronal development, 
synaptic function and plasticity, neuromuscular junction formation, 
neuroprotection, and preservation of cerebrovascular function (Cho 
et al., 2022; Müller et al., 2017; Katusic et al., 2025).

Numerous pathogenic APP variants have been linked to early-onset 
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Alzheimer's disease, early-onset haemorrhages due to genetic subtypes 
of cerebral amyloid angiopathy, or both (Greenberg et al., 2020). These 
mutations are located almost exclusively inside or around the Aβ domain 
and result in altered APP processing and/or accumulation of Aβ in the 
brain parenchyma (in Alzheimer's disease) or along blood vessel walls 
(in cerebral amyloid angiopathy) (Greenberg et al., 2020). So far, only 
three pathogenic variants (p.L723P, p.K724M, and p.K724N) have been 
identified in the AICD and were all found in patients with early-onset 
Alzheimer's disease. The p.L723P variant is located on the final res
idue of the transmembrane region of APP, while p.K724M and p.K724N 
are located on the first cytosolic residue (Kwok et al., 2000; Peng et al., 
2014; Theuns et al., 2006). All three variants have been reported to 
increase the production of the Aβ42 peptide that is involved in early 
events in the pathogenesis of Alzheimer's disease, while APP p.L723P 
has also been reported to induce apoptosis (Kwok et al., 2000).

In contrast to previously identified APP variants, we identified a 
variant in the AICD that likely is associated with familial ischemic brain 
small vessel disease. This APP p.V742L variant is within the 
742VTPEER747 motif of the AICD and is adjacent to threonine 743 
(T743), a crucial neuron-specific phosphorylation site that influences 
the 3-dimensional conformation of the AICD (Ramelot and Nicholson, 
2001). This conformation determines accessibility of other AICD motifs, 
such as the 757YENPTY762 motif that forms a docking site for FE65 to 
regulate a wide range of AICD functions including gene transcription 
(Ng et al., 2024; Chang et al., 2006). T743 phosphorylation also regu
lates intracellular trafficking of APP and exhibits clinical significance, as 
enhanced T743 phosphorylation is observed in Alzheimer's disease (Lee 
et al., 2003).

In the current study, we investigated the functional consequences of 
the APP p.V742L variant in patient-derived fibroblast cells. We exam
ined APP subcellular localization and observed increased abundance of 
APP p.V742L in lysosomes. In addition, we performed gene expression 
analysis and studied the interaction between AICD and FE65. We found 
that the APP p.V742L variant alters downstream nuclear signalling, 
possibly resulting from increased affinity for FE65.

2. Materials and methods

2.1. Whole exome sequencing

Genomic DNA (gDNA) was extracted from blood following clinically 
standardized procedures. gDNA was used for whole exome sequencing 
(WES) which was performed using SureSelectXT Human All Exon v7 
(Agilent) and sequenced on an Ilumina platform to achieve a mean 
coverage of 30×. Read alignment and variant calling were performed 
with the DRAGEN Germline pipeline v4.0.3 (Ilumina). Variant analysis 
was performed using Franklin software (Qiagen).

2.2. Fibroblast culture

A 4 mm skin biopsy punch was obtained from the lateral upper arm 
of the patient with the APP p.V742L variant. After dissection of the bi
opsy, fibroblasts were cultured in Minimum Essential Medium with 
Earle's Salts and Non Essential Amino Acids, without L-Glutamine 
(Gibco, cat#10370021) supplemented with 15% Foetal Bovine Serum 
(FBS), 2 mM GlutaMAX Supplement (Thermo Scientific, 
cat#35050038), and 1× Penicillin-Streptomycin. Cell lines were main
tained in 37 ◦C and 5% CO2. For cryopreservation, fibroblasts were 
washed with Dulbecco's phosphate-buffered saline (dPBS, Gibco, 
cat#14190144) and harvested after 5-min incubation with 1× trypsin. 
The suspension was centrifuged for 5 min at 1200 rpm, after which 
supernatant was removed and the cell pellet was resuspended in 10% 
DMSO, 20% FBS, in Dulbecco's Modified Eagle Medium (DMEM, 
cat#11965092) for preservation in liquid nitrogen. Control fibroblasts 
were obtained from a previous study and cultured following the above 
described methods (Buijsen et al., 2023).

2.3. gDNA isolation cultured cells

Genomic DNA (gDNA) was isolated from fibroblasts using the 
ReliaPrep gDNA Tissue Miniprep System (Promega, cat#A2052). A 
modified version of the Protocol for Buccal Swabs was used, where the 
volumes of media were halved. In short, the cell pellet was dissolved in 
200 μL PBS, 10 μL Proteinase K, and 200 μL Cell Lysis Buffer followed by 
vortexing and incubation at 56 ◦C for 30 min. Liquid was transferred to a 
column and washed three times with 500 μL Column Wash Solution, 
after which gDNA was collected in 25 μL nuclease-free water.

2.4. PCR

PCR was performed using the Roche FastStart Taq DNA Polymerase 
kit (Roche, cat#12032902001). PCR mix consists of isolated gDNA, 2 μl 
10× buffer (with 20 mM MgCl2), 0.4 μl dNTPs (10 mM), 0.4 μl forward 
primer (10 pmol/ml), 0.4 μl reverse primer (10 pmol/ml), 0.2 μl Fast
Start Taq-polymerase (5 U/μl), and filled up to 20 μl with MilliQ (Sup
plementary Table 1). For amplification of APP exon 18 (APPex18), 200 
ng gDNA was added to the PCR mix. For APOE exon 4 (APOEex4), 300 
ng gDNA was used and 4 μl GC-rich solution was added to the PCR mix. 
PCR was performed on a Bio-Rad T100 Thermal Cycler (cat#1861096) 
using the following protocol for APPex18: 5 min at 95 ◦C, 40 cycles of 
[30 s 95 ◦C, 30 s 60 ◦C, 35 s 72 ◦C], and 7 min at 72 ◦C. The protocol for 
APOEex4 PCR was 4 min at 95 ◦C, 40 cycles of [20 s 95 ◦C, 30 s 55 ◦C, 45 
s 72 ◦C], and 7 min at 72 ◦C. PCR product was cleaned up using the 
NucleoSpin Gel and PCR Clean-up kit (Macherey-Nagel, 
cat#740609.250) according to the manufacturers protocol.

2.5. Sanger sequencing

Sanger sequencing of gDNA extracted from fibroblasts was per
formed on a Applied Biosystems 96-capillary (ABI3730xl) system to 
confirm the presence of the APP variant and to determine the APOE 
genotype. Sanger sequencing mix consists of 1 μM primer and 200 ng 
PCR product in a total volume of 10 μl, according to the LGTC 
guidelines.

2.6. RNA isolation and RT-qPCR

RNA was isolated using the Reliaprep RNA Cell Miniprep System 
(Promega, cat# Z6012) according to the manufacturers protocol. RNA 
was collected in 30 μL nuclease-free water. RNA concentration was 
determined on a NanoDrop Spectrophotometer ND-1000 (Thermo 
Fisher Scientific).

Subsequently, the Transcriptor First Strand cDNA Synthesis Kit 
(Roche, cat#04897030001) was used to synthesize cDNA. In short, 150 
ng RNA was added to 2 μl random hexamer primer and supplemented 
with MQ to a total volume of 13 μl. This mix was placed in a thermal 
block cycler for 10 min at 65C, followed by cooling on ice for 1 min. This 
template mix was supplemented with 4 μl 5× transcriptor RT Reaction 
Buffer, 0.5 μl Protector RNase Inhibitor (40 U/μl), 2 μl 10 mM dNTP's, 
and 0.5 μl Transcriptor Reverse Transcriptase. After mixing, the reagents 
were placed in a thermal block cycler according to the following pro
tocol: 10 min at 25 ◦C, 30 min at 55 ◦C, and 5 min at 85 ◦C. Reaction was 
stopped by placing mix on ice.

For RT-qPCR, cDNA was diluted 10 times in MQ. SensiMix SYBR Hi- 
ROX (Meridian Bioscience, cat#QT605–05) was added in a 5:2 (Sensi
Mix: cDNA) ratio. Primers were diluted in MQ to a concentration of 0.83 
μM (Supplementary Table 1). For every qPCR reaction, 7 μl cDNA/ 
SensiMix and 3 μl primer solution were pipetted. qPCR was performed 
on a LightCycler 480 System (Roche Diagnostics).

2.7. Protein isolation and western blot

Protein was isolated by resuspending the cell pellet in RIPA buffer 
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(50 mM Tris-HCl pH 8.0, 150 mM NaCl, 1% IGEPAL CA-630, 0.5% DOC, 
0.1% SDS, in MilliQ) supplemented with cOmplete EDTA-free protease 
inhibitors (Roche, cat#11873580001) followed by incubation on ice for 
30 min with vortexing every 5 min. Cells were centrifuged for 10 min at 
10.000 rpm in 4 ◦C. Supernatant was collected, supplemented with 5% 
glycerol and stored in the freezer until further use.

Protein concentration was determined using the Pierce BCA Protein 
Assay Kit (Pierce, cat#23225). In short, isolated protein was diluted, 
supplemented with Working Reagent and incubated at 37 ◦C for 30 min. 
Absorbance was measured at 562 nm using the SpectraMax iD3 Micro
plate Reader (Molecular Devices).

Twenty five ug protein sample was loaded on a 4–12% Bis-Tris gel 
with 1× MOPS SDS running buffer and transferred to a nitrocellulose 
membrane using the Trans-Blot Turbo Transfer System (Bio-Rad, 
cat#1704150). Membranes were blocked for 1 h at RT with 5% milk 
powder in TBS-T and stained with primary antibodies for FE65 (Invi
trogen, cat#MA5–37408) or APP (Abcam, cat#ab32136) and secondary 
IRDye 680 and IRDye 800 antibodies for imaging on the Odyssey CLx 
Imager (LI-CORbio) (Supplementary Table 2). For normalization of APP 
protein levels on western blot, the nitrocellulose membrane was stained 
with Revert™ Total Protein Stain followed by two washes with washing 
solution (6.7% glacial acetic acid, 30% methanol, in water) and imaging 
on the Odyssey CLx Imager prior to blocking. Data was analyzed in 
Image Studio Lite (LI-CORbio, v5.2).

2.8. Immunocytochemistry and confocal microscopy

Fibroblasts were plated in a 12-well plate with a density of 100.000 
cells per well on coverslips. The next day, cells were fixated with 4% 
paraformaldehyde (PFA) and washed with PBS. The plates were sealed 
with parafilm and stored in the fridge until immunostainings were 
performed.

Immunocytochemistry was performed to determine subcellular 
localization of APP and its C-terminal fragments to early endosomes, 
trans-Golgi network, endoplasmic reticulum, and lysosomes (Supple
mentary Table 2). Cells were incubated with immunobuffer (0.1% triton 
in 1× PBS + 1% horse serum +0.04% Merthiolate) for 30 min at room 
temperature. Primary antibody treatment was performed overnight in 
4 ◦C, followed by washing in PBS. Subsequently, cells were incubated 
with secondary antibodies for 3 h at room temperature. After washing in 
PBS, coverslips were transferred to a microscopy slide containing a 
droplet of Dako Mounting Medium (Agilent, cat#CS70330–2) and kept 
at room temperature overnight to dry. Microscopy slides were stored at 
4 ◦C until confocal imaging was performed.

Confocal imaging was performed on a Leica SP8 confocal micro
scope. Prior to analysis, images with very dim or strong signal were 
removed. Images were analyzed with custom-designed scripts in Cell 
Profiler (v.4.2.5). Colocalization was quantified using Pearson's 
correlation.

2.9. Live cell imaging

For live imaging of lysosomes, LysoTracker Deep Red (cat#L12492, 
Invitrogen) was added to fibroblast culture medium in a 30.000× dilu
tion (end concentration 33 nM) for 5 min, after which the medium was 
refreshed with medium without LysoTracker. Live imaging was per
formed on an Andor Dragonfly 500 inverted system linked to a Zyla 
sCMOS camera coupled with Fusion software (Andor). During imaging, 
samples were incubated at 37 ◦C with 5% CO2 atmosphere. Images were 
taken with 200 ms interval and analyzed using the ImageJ (version 
1.51w) TrackMate plugin (Ershov, et al., 2022 (Ershov et al., 2022), 
version 7.12.1).

3. RNA sequencing

Transcriptome analysis was performed on control versus patient 

fibroblast lines. Three technical replicates were submitted for CTR1 and 
patient fibroblasts, while one RNA sample was submitted for lines CTR2 
and CTR3. Total RNA was isolated as described earlier under ‘RNA 
isolation and RT-qPCR’. RNA quality was checked using the Bioanalyzer. 
Samples with an RIN (RNA Integrity Number) score of 9 or higher passed 
quality check for RNA-seq. 250 ng of total RNA was submitted to the 
LGTC, which performed 3` library prep and sequencing of the libraries 
using the Illumina NovaSeq 6000 150 bp paired-end with ~5 M reads/ 
sample. RNAseq FASTQ files were processed using the opensource 
BIOWDL RNAseq pipeline v5.0.0 (https://zenodo. 
org/record/5109461#.Ya2yLFPMJhE) developed at the LUMC. This 
pipeline performs FASTQ preprocessing (including quality control, 
quality trimming, and adapter clipping), alignment, read quantification, 
and optionally transcript assembly. FastQC (v0.11.9) was used for 
checking raw read QC. Adapter clipping was performed using Cutadapt 
(v2.10) with the default settings. RNAseq reads' alignment was per
formed using STAR (v2.7.5a) on human reference genome GRCh38. 
umi_tools (v1.1.1) was used to remove duplicates identified by UMIs. 
The gene read quantification was performed using HTSeq-count 
(v0.12.4) with the Ensembl gene annotation version 111. Technical 
replicates were averaged prior to further analysis. Genes with a total 
read count lower than five over all samples were excluded from analysis. 
Data was subsequently normalized using the median of ratios method. 
Because our dataset is from the only known subject that is an APP p. 
V742L carrier, this represents the entire population and we do not have 
uncertainties in measured parameters, unlike one would normally have 
when investigating a sample of a population. This allows us to show how 
gene expression differs from controls, rather than applying statistics to 
determine if gene expression is different. Therefore, the SD of normal
ized counts in the control lines was calculated for each gene after which 
it was determined how many of these SDs fit between the mean 
expression of that gene in control and patient fibroblast lines (ΔSD). In 
addition, the Fisher's exact test was used to statistically identify differ
entially expressed genes, as done before for n = 1 RNA-seq experiments 
(Szepanowski et al., 2024). Combining these approaches, genes were 
considered significantly upregulated if the ΔSD > 5 with Fisher's exact p 
< 0.05 and significantly downregulated if the ΔSD < 5 with Fisher's 
exact p < 0.05. Gene ontology enrichment pathway analysis of signifi
cant terms was performed in DAVID (Sherman et al., 2022).

3.1. Preparation of biotinylated AICD peptides (REF, PAT and pREF) by 
solid-phase peptide synthesis (SPPS)

Peptides REF and the mutants pREF (T743D) and PAT (V742L) were 
synthesized using standard Fmoc-based solid-phase peptide synthesis 
(SPPS) protocols on a Syro II synthesizer (Multisyntech GmbH, Witten, 
Germany).

3.2. General procedure for PAT and REF peptides

SPPS was performed in syringes on a 5 μmol scale using preloaded 
Fmoc amino acid trityl resin (0.16 mmol/g, Rapp Polymere GmbH). 
Resin swelling was achieved by adding 1.25 mL N-methyl-2-pyrrolidone 
(NMP) for 5 min, repeated twice. Fmoc deprotection was carried out by 
treatment with 20% piperidine in NMP in three sequential steps of 3, 5, 
and 5 min, followed by five washes with NMP. Amino acid coupling was 
performed with a fourfold molar excess of Fmoc-protected amino acids 
in the presence of 4 equivalents benzotriazol-1- 
yloxytripyrrolidinophosphonium hexafluorophosphate (PyBOP) and 8 
equivalents N,N-diisopropylethylamine (DiPEA) in NMP for 25 min. 
Coupling was done twice to ensure completeness, followed by three 
washing steps with NMP. After completion of the synthesis cycles, the 
resin was washed with diethyl ether (Et2O) and dried under vacuum.

N-terminal biotinylation with a PEG₂ linker was performed by 
incubating the resin with 1 mL of NMP containing 20 μmol of 8-Bio
tinylamido-3,6-dioxaoctanoic acid dimer (Biotin-O2Oc-O2Oc-OH, CAS: 
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1301706–65-9, Iris Biotech GmbH), 20 μmol PyBOP, and 40 μmol 
DiPEA. The reaction mixture was incubated for 16 h at room tempera
ture with shaking. After completion, the resin was washed sequentially 
with NMP, dichloromethane (DCM), and diethyl ether (Et₂O), then dried 
under high vacuum.

3.3. Modified procedure for pREF peptide

SPPS of the pPAT mutant was performed using the Syro II synthesizer 
equipped with a TIP module on a smaller scale (2 μmol) in tips. Resin 
swelling was conducted with 135 μL NMP for 5 min, repeated twice. 
Fmoc deprotection steps were identical to the general procedure (20% 
piperidine in NMP, 3 × 3, 5, and 5 min), followed by five washes with 
NMP. Amino acid coupling used the same fourfold excess of Fmoc amino 
acids, 4 equivalents PyBOP, and 8 equivalents DiPEA, but with an 
extended coupling time of 45 min per coupling step. Double coupling 
was applied as well, followed by three washes with NMP. The resin was 
then washed with Et2O and dried under vacuum.

N-terminal biotinylation was performed by incubating the resin with 
200 μL of NMP containing 8 μmol biotin (Biotin, CAS: 58–85-5, Sigma), 
8 μmol PyBOP, and 16 μmol DiPEA. The mixture was incubated for 16 h 
at room temperature. Following coupling, the resin was washed with 
NMP, DCM, and Et₂O, and dried under high vacuum. To achieve the 
same PEG₂ spacer length as in Biotin-O2Oc-O2Oc-OH, two sequential 
couplings of Fmoc-8-amino-3,6-dioxaoctanoic acid (Fmoc-O2Oc-OH, 
CAS: 166108–71-0) were performed on the resin prior to biotin 
coupling. After each coupling, Fmoc deprotection was carried out as 
described above.

3.3.1. Global deprotection and cleavage
After synthesis and biotinylation, all peptides were cleaved from the 

resin and globally deprotected using a freshly prepared cocktail of TFA/ 
H₂O/iPr₃SiH/phenol (90:5:2.5:2.5, v/v/v/v; 5 mL) for 3 h at room 
temperature under gentle shaking. The cleavage mixture was filtered, 
and peptides were precipitated in ice-cold Et₂O:n-pentane (3:1, v/v). The 
precipitate was collected by centrifugation (2 × 15 min, 3800 rpm, 
4 ◦C), dissolved in H₂O:CH₃CN:formic acid (65:25:10, v/v/v), and 
lyophilized overnight. Peptides were purified by reverse-phase HPLC.

3.4. Pulldown with biotinylated AICD peptides

SH-SY5Y cells were cultured in 1:1 Minimum Essential Medium with 
Earle's Salts and Non Essential Amino Acids, without L-Glutamine 
(Gibco, cat#10370021)/Ham's F12 Nutrient Mix (Gibco, 
cat#11765054) supplemented with 10% Foetal Bovine Serum (FBS), 2 
mM GlutaMAX Supplement, and 1× Penicillin-Streptomycin. One 
confluent 10 cm dish was used per pulldown. Cells were washed twice 
with ice-cold PBS prior to scraping in 1 ml cold lysis buffer (40 mM Tris- 
HCl, 150 mM KCl, 1% Igepal CA30, pH 7.4, supplemented with one 
tablet cOmplete Protease Inhibitor Cocktail (Roche) and one tablet 
PhosSTOP (Roche)). The obtained homogenates were incubated for 1 h 
at 4 ◦C under rotation, followed by centrifuging for 20 min at 16.000 g at 
4 ◦C. Supernatant of two lysates were mixed and split in two for a co-IP 
with REF and PAT peptide to assure identical input for both peptides.

For pulldown experiments, 20 μg biotinylated peptide was incubated 
with 10 μL prewashed NeutrAvidin Agarose beaded resin (Thermo Sci
entific, cat#29202) for 3 h at 4 ◦C under rotation followed by four 8-min 
washes in 40 mM Tris-HCl, 0.1% BSA, pH 7.4. Beads were then equili
brated in 40 mM Tris-HCl, 150 mM KCl, 0.1% Igepal CA630, pH 7.4 and 
subsequently incubated with 850 μL lysate overnight. The next day, 
beads were washed four times in 40 mM Tris-HCl, 150 mM KCl, 0.1% 
Igepal CA630, pH 7.4 and two times in 40 mM Tris-HCl, 150 mM KCl, 
pH 7.4. All steps were performed at 4 ◦C. Samples were then eluted in 35 
μL1× Bolt LDS Sample Buffer (Invitrogen cat#B0007) containing 1×
Bolt Sample Reducing Agent (Invitrogen cat#B0009) and heated to 
95 ◦C for 10 min. 20 μL of each sample was analyzed on western blot as 

described above.

3.5. Statistics

Statistics were performed in GraphPad Prism 10.2.3. Data is repre
sented as mean ± SD. p-values lower than 0.05 were considered signif
icant and are indicated with *. Statistical tests and results are mentioned 
in figure legends.

4. Results

4.1. Novel APP intracellular domain variant identified in a patient with 
cerebral ischemic small vessel disease

A 59-year old index patient was referred to the LUMC Expert Center 
for Genetic Cerebral Small Vessel Disease because of recurrent ischemic 
strokes and transient ischemic attacks (TIA's). She experienced three 
TIA's since the age of 50 and two ischemic strokes starting at the age of 
56. She had a history of hypercholesterolemia and never smoked. Her 
medical history included a concussion four years prior, dysphagia six 
years prior, and post-concussion syndrome 14 years prior. Additionally, 
she had a history of carpal tunnel syndrome and cervicobrachialgia. 
Stroke workup revealed no evidence of carotid stenosis or large artery 
disease, and telemetry monitoring showed no abnormalities. Brain MRI 
was available at multiple timepoints in a 5 year period. These showed 
progressive symmetrical nodular and increasingly confluent white 
matter hyperintensities in the deep white matter, especially in the 
semioval centre and corona radiata, as well as extensive hyperintensities 
of the periventricular white matter on T2-weighted imaging. In the 
periventricular white matter there are several inlaying lacunar in
farctions, with an additional larger lacune in the semioval centre at the 
second timepoint. No intracerebral haemorrhage and no microbleeds 
were seen on susceptibility weighted imaging (Fig. 1A-B, Supplementary 
Fig. 1).

The family history is suggestive of autosomal dominant inheritance 
of a predisposition for ischemic stroke, although reduced penetrance 
and variable expression cannot be ruled out (Fig. 1C). The patient's 
mother was reported to have a first stroke during pregnancy at age 43 
years, and from age 56 years onwards she suffered from recurrent 
strokes and TIA's. She also had a history of breast cancer. She died at age 
78 years. A maternal aunt reportedly had more than 10 strokes from age 
50 years onwards. Her maternal grandfather had multiple strokes and 
died from a stroke at age 68 years. The patient has two brothers, neither 
of which had had ischemic strokes. The patient's father passed away 
during open heart surgery, at age 64 years. His family history was 
negative for strokes and dementia. The patient has one child, who has 
not had DNA testing. She is too young (under age 35 years) to be able to 
determine whether she has the stroke phenotype, as the onset of stroke 
in this family is above age 40 years.

Whole exome sequencing (WES) in the index patient showed a het
erozygous APP c.2224G > C; p.(Val742Leu) (p.V742L, full length iso
form) variant, located in exon 18 of the APP gene, encoding the C- 
terminal part of the APP intracellular domain (AICD) (Fig. 2A), and no 
other variants that could explain the patients phenotype. One of her 
healthy brothers, older than 75 years of age, had genetic testing and was 
shown not to harbour the APP p.V742L variant; the variant was also 
shown to be absent in a healthy >75 year old daughter of her maternal 
aunt.

The APP p.V742L variant was absent in genetic databases (Leiden 
Open-source Variation Database (Fokkema et al., 2021), UK Biobank 
(Bycroft et al., 2018), and GnomAD (Karczewski et al., 2020); accessed 
August 2025) and was predicted to be pathogenic by in silico prediction 
programs (DomScore 0.82, Maverick v1.1 (Danzi et al., 2023)). The 
variant is within a well-conserved domain, implying deleterious effects 
for missense variants on this residue (Fig. 2B). Since an ischemic small 
vessel disease phenotype has not been observed with APP variants 
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before, we obtained a skin biopsy from the patient to elucidate under
lying mechanisms.

4.2. APP RNA and protein levels are unaltered in patient-derived 
fibroblasts

Fibroblasts from the patient and three unrelated age- and sex- 
matched controls were first deployed to study whether APP RNA and 
protein levels were affected by the p.V742L variant (Fig. 3A). Firstly, the 
presence of the APP variant in the patient fibroblast line was confirmed 
using Sanger sequencing (Fig. 3B). All cell lines were also screened for 
APOE genotype, revealing an APOE3/3 genotype for all cell lines except 
CTR3, which exhibited an APOE3/4 genotype. (Supplementary Fig. 2A- 
B). Subsequently, RNA levels of canonical APP isoforms were deter
mined using RT-qPCR, revealing similar expression levels in patient and 
control fibroblasts (Fig. 3C-D). Accordingly, APP protein levels were 

found to be comparable in two independent experiments (Fig. 3E-F, 
Supplementary Fig. 3).

4.3. Increased abundance of C-terminal APP in lysosomes of patient 
fibroblasts

Although APP protein synthesis was not affected by the APP p.V742L 
variant, we examined whether its subcellular localization was altered. 
We hypothesized that the missense variant within the VTPEER motif 
could dysregulate intracellular sorting through modifying the 3-dimen
sional conformation of the AICD, thereby interfering with the access of 
its sorting motifs. Indeed, we observed increased APP localization with 
an antibody targeting the C-terminus of APP in lysosomes in patient fi
broblasts, with significance reached compared to two out of three con
trol fibroblast lines (Fig. 4A-H, Supplementary Fig. 4A-B). For the 
endoplasmic reticulum, trans-Golgi network, and early endosomes, APP 

Fig. 1. White matter hyperintensities and lacunes in a patient with a positive family history for recurring ischemic strokes (A) Axial brain MRI FLAIR image at age 59 
years showing symmetric deep and periventricular white matter hyperintensities. (B) Sagittal FLAIR image showing a lacune in the right semioval center (indicated 
by the arrow). No microbleeds or other hemorrhagic lesions were seen on SWI images (data not shown). Progression of MRI abnormalities is shown in Supplementary 
Fig. 1. (C) Pedigree of APP p.V742L patient showing a positive family history for strokes and TIA's (affected family members are indicated in grey). Number in 
diamond indicates number of siblings grouped for simplicity of the pedigree. A red line crossing a diamond indicates that this individual has deceased. (For 
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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localization was found to be unaltered. Interestingly, it was recently 
shown that accumulation of APP C-terminal fragments in lysosomes 
hampers lysosomal motility (Bretou et al., 2024). Therefore, we 
deployed LysoTracker for the visualization and tracking of lysosomes in 
live cells (Fig. 4I, J, Supplementary Video 1). The lysosomal content was 
comparable in control and patient fibroblasts, but only a minority of 
these lysosomes was motile (~5.7%, Fig. 4K-L). To ensure that an effect 
of APP accumulation on lysosomal motility was not masked by this bulk 
analysis, we divided the lysosomal motility data into quartiles to 
investigate the impact of APP accumulation on fast- and slow-moving 
lysosomes independently. We did not observe any effects of APP accu
mulation on lysosomal displacement or displacement speed (Fig. 4L-N, 
Supplementary Fig. 4C-D). To summarize, patient fibroblasts show 
increased localization of APP to lysosomes without affecting lysosomal 
motility.

4.4. Transcriptome analysis reveals dysregulation of disease-relevant 
genes in patient fibroblasts

One of the most important functions of the AICD is regulating gene 
expression through its interaction with FE65 and TIP60 to form a tran
scriptionally active complex (Cao and Südhof, 2001). Using 3` mRNA 
sequencing (RNA-seq), we performed genome-wide gene expression 
analysis in control versus patient fibroblasts to identify dysregulated 

pathways that could potentially underly the ischemic stroke phenotype 
of the patient. For interpretation of the results, it is worth mentioning 
that WES revealed another pathogenic variant in the patient that in
creases the risk for breast and ovarian cancer, namely RAD51C: 
c.561_562del p.(His187Glnfs*15). Principal component analysis (PCA) 
showed clear clustering of replicates after normalization of the data 
(Supplementary Fig. 5A). We identified 186 up- and 52 downregulated 
genes in patient fibroblasts that were subsequently subject to DAVID 
pathway analysis (Sherman et al., 2022), only revealing significant 
enrichment of the Gene Ontology term ‘Cytosol’ (GO:0005829; 
Bonferroni-corrected p = 0.0047, Fig. 5A, Supplementary Fig. 5B). In 
addition, we explored the DisGeNET database within DAVID to find 
diseases linked to differentially expressed genes (DEGs) (Piñero et al., 
2020). Interestingly, some of the DEGs in our dataset have previously 
been linked to cardiovascular disorders, including ischemia, although 
read counts were low and significance was not reached (Supplementary 
Fig. 6A).

As pathway analysis did not provide clear insights into the patho
mechanism underlying the patient's ischemic cerebrovascular pheno
type, we explored whether highly dysregulated genes from our dataset 
have previously been associated with APP or the vascular system in the 
literature (Table 1, Fig. 5B, validation of top hits in Supplementary 
Fig. 5C). Among the top 25 upregulated genes, several were related to 
APP interactors (CCNG1 (Badhwar et al., 2017)), APP metabolism 

Fig. 2. Schematic overview and conservation of the amyloid precursor protein (APP) intracellular domain (AICD) (A) The APP p.V742L variant is located in exon 18, 
which encodes the C-terminal part of the AICD and is the most C-terminal APP variant found to date. It is within the VTPEER motif that regulates binding the AICD to 
FE65, it's most important interactor that for instance regulates gene transcription. Known pathogenic AICD variants were previously identified nearby the y-secretase 
cleavage site and are associated with early-onset Alzheimer's disease (AD). (B) Amino acid sequence of the AICD in different species with PhyloP scores above. The 
APP p.V742L variant (position indicated with arrow) is located in the evolutionary well-conserved VTPEER motif (green boxes), as indicated by the positive PhyloP 
scores. Red boxes indicate a different amino acid compared to Homo sapiens. The grey graph shows PhyloP scores per nucleotide; the black plot shows smoothed 
PhyloP scores by applying four neighbouring points per side and second-order smoothing. (For interpretation of the references to colour in this figure legend, the 
reader is referred to the web version of this article.)
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(SFRP2 (Esteve et al., 2011), CLU (Kim et al., 2022)), Alzheimer's dis
ease (HSP90AA1 (Astillero-Lopez et al., 2024), AMPH (Bergström et al., 
2021), GSTP1 (Vogrinc et al., 2023), S100A10 (King et al., 2020), PCP4 
(Hu et al., 2023), CCNG1 (Badhwar et al., 2017), CLU (Kim et al., 
2022)), CAA (CLU (Wojtas et al., 2017; Bonaterra-Pastra et al., 2024)), 
vascular integrity (CDON (Ahn et al., 2023), PDZRN3 (Sewduth et al., 
2017; Gueniot et al., 2022), HOXB5 (Fessner et al., 2014)), and ischemic 
stroke risk (HSP90AA1 (Kobzeva et al., 2024)). The remaining 14 genes 
have not previously been linked to the relevant terms. Interestingly, just 
outside the top upregulated hits we observed ADRA2A, a receptor that 
directly interacts with the AICD and is known to induce vasoconstriction 
(Zhang et al., 2017; Hartmann et al., 2023; Tervi et al., 2024). Among 
the top 15 downregulated genes we found genes related to AICD inter
actors (TLN1 (Ellis et al., 2024)), APP interactors (UCHL1 (Zhang et al., 
2014)), Alzheimer's disease (UCHL1 (Zhang et al., 2014), BOK (Yang 
et al., 2025)), CAA (TLN1 (Manousopoulou et al., 2020)), Vascular 
integrity (UCHL1 (Mitra et al., 2021), PDLIM5 (Hu et al., 2024), CCN3 
(Shimoyama et al., 2010), MAGI1 (Abe et al., 2020), CREB3L1 (Zhao 
et al., 2022), CRIM1 (Glienke et al., 2002), LAMC1 (Buga et al., 2014), 
HOXC10 (Tan et al., 2018)), and ischemic stroke risk (LAMC1 (Surakka 
et al., 2023), GDF15 (Gan et al., 2025)). Four genes were not linked to 
relevant terms. Taken together, transcriptomic analysis shows dysre
gulation of potential disease-relevant genes in patient fibroblasts.

4.5. APP p.V742L variant interferes with FE65 binding

The AICD regulates gene transcription through interacting with FE65 
(Cao and Südhof, 2001). As RNA-seq analysis suggested possible tran
scriptional dysregulation in patient fibroblasts, we wondered whether 

the APP p.V742L variant interferes with FE65 binding. Due to the un
certainty about how phosphorylation of T743 influences the interaction 
with FE65, and given the lack of T743 phosphorylation in fibroblasts 
(Supplementary Fig. 6), we synthesized biotin-labelled AICD reference 
(REF), phosphomimic T743D (pREF), and patient variant V742L (PAT) 
peptide (Fig. 6A, Supplementary Fig. 7). Peptides REF and pREF were 
incubated with SH-SY5Y protein lysate and co-immunoprecipitated (co- 
IP) followed by analysis on western blot, which showed that FE65 binds 
preferentially to the unphosphorylated AICD peptide (REF) (Fig. 6C-D, 
Supplementary Fig. 8A). Next, we repeated the experiment with 
unphosphorylated REF and PAT peptide to compare their interaction 
with FE65. We found increased binding of FE65 to the PAT compared to 
the REF peptide in all replicate experiments (Fig. 6E-F, Supplementary 
Fig. 8B). As we did not observe decreased expression levels of FE65 in 
patient fibroblasts (Fig. 6G), our data indicates that the APP p.V742L 
variant enhances FE65 binding.

5. Discussion

In the current study, we report on a novel APP variant identified in a 
patient with ischemic cerebral small vessel disease and a positive family 
history suggesting an autosomal dominant pattern of inheritance. In 
patient-derived skin fibroblasts, we showed increased localization of 
APP in lysosomes and dysregulation of gene expression, presumably 
resulting from an enhanced interaction with FE65. This is the first 
described pathogenic APP variant that interferes with AICD-FE65 
signalling.

Fig. 3. Amyloid precursor protein (APP) expression is unaffected in patient-derived fibroblasts (A) Brightfield microscopy images of patient (PAT) and age- and sex- 
matched control fibroblasts (CTR1, CTR2 and CTR3). Scale bar is 500 μm. (B) Sanger sequencing shows the presence of the APP p.V742L variant in the patient line 
(indicated by the arrow) (C) Schematic representation of RT-qPCR primer design strategy. Boxes represent exons, arrows indicate location of forward and reverse 
primer. (D) RNA levels of canonical APP isoforms are unaltered in patient-derived fibroblasts (multiple unpaired t-tests, APP695 padj = 0.4502, APP751 padj = 0.5916, 
APP770 padj = 0.5916). (E) Western blot showing APP protein levels in control and patient fibroblasts. (F) Quantification of (E), APP protein levels are unaltered in 
patient fibroblasts (unpaired t-test, p = 0.0851). APP signal was normalized against TPS (Supplementary Fig. 3B).
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Fig. 4. Increased localization of APP p.V742L C-terminal fragments in lysosomes (A-D) Representative confocal images showing increased localization of APP (green) 
to lysosomes (A), endoplasmic reticulum (B), trans-Golgi network (C), or early endosomes (D) (red) in patient-derived fibroblasts. Scale bar is 25 μm. Boxes represent 
zoom in with a scale bar of 5 μm. (E-H) Quantification of colocalization in (A-D) showing increased localization of APP to lysosomes (One-Way ANOVA with Dunnett 
multiple comparison, F3,8 = 5.372, CTR1vsPAT p = 0.2178, CTR2vsPAT p = 0.0124, CTR3vsPAT p = 0.0317) and unaltered localization towards endoplasmic 
reticulum, trans-Golgi network, or early endosomes. (I) Example image of LysoTracker Deep Red labelling to examine lysosome movement in real time. (J) Example 
tracks showing the path travelled by lysosomes colour-coded for distance travelled. Scale bar 10 μm. (K) TrackMate analysis of LysoTracker live imaging revealing 
unaltered number of lysosomes in patient fibroblasts and (L) low fraction of motile lysosomes across all fibroblast lines. In fast- and slow-moving lysosomes, track 
length (M) and track mean speed (N) are comparable in control and patient fibroblasts. (For interpretation of the references to colour in this figure legend, the reader 
is referred to the web version of this article.)
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Fig. 5. Transcriptome analysis of APP p.V742L fibroblasts (A) Scatter plot showing genes differentially expressed as determined with the ΔSD (x-axis) and Fisher 
exact (y-axis) analyses. (B) Heatmap of the normalized reads in all replicate samples for the top 25 commonly upregulated and top 25 downregulated genes with a 
link to APP or the vascular system.

Fig. 6. The APP p.V742L variants enhances affinity of the AICD for FE65 (A) Sequences of synthetic AICD peptides. Amino acids in red indicate an alteration 
compared to the REF peptide. (B) Overview of co-immunoprecipitation workflow. (C) Western blot comparing the interaction of REF and pREF peptides for FE65. (D) 
Quantification of (C) showing strong affinity of REF compared to pREF peptide for FE65. (E) Western blot showing the interaction between FE65 and REF and PAT 
peptides. (F) Quantification of (E) revealing increased binding of FE65 to PAT peptide in all replicate experiments. (G) Normal FE65 expression in patient fibroblasts 
as measured by RT-qPCR (t-test, p = 0.7187). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of 
this article.)
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5.1. Pathogenic AICD variants in Alzheimer's disease cases

A pathogenic role for APP has been established before in early-onset 
Alzheimer's disease and genetic subtypes of cerebral amyloid angiop
athy, with the disease-causing APP variants generally located inside or 
surrounding the Aβ domain, resulting in dysregulated cleavage of the Aβ 
peptide (Greenberg et al., 2020). Three of these variants are located just 
within the neighbouring AICD: p.L723P, p.K724M, and p.K724N. The p. 
L723P variant was identified in an Australian individual with a family 
history of early-onset Alzheimer's disease (Kwok et al., 2000). Trans
fected Chinese Hamster Ovarian (CHO) cells with mutant APP p.L723P 
constructs exhibited almost 2-fold increase in the Aβ42/Aβ40 ratio, 
which drastically increases Alzheimer's disease risk. On the neighbour
ing lysine residue, two early-onset Alzheimer's disease variants were 
identified. The p.K724M variant was found in three early-onset Alz
heimer's disease patients of a Chinese family. Similarly, transfection of 
plasmids containing mutant APP cDNA in HEK293 cells demonstrated a 
more than 2-fold increase in the Aβ42/Aβ40 ratio (Peng et al., 2014). 
The p.K724N variant was found in one individual of a Belgian family 
who presented with early-onset Alzheimer's disease and a positive 
family history of early-onset Alzheimer's disease. Again, transfection of 
mutant APP cDNA in HEK293T cells resulted in a near 3-fold increase in 
Aβ42/Aβ40 ratio (Theuns et al., 2006). The p.V742L variant reported in 
the current study is more C-terminal, i.e. more distant from the Aβ 
domain, and the patient has small vessel disease with mainly subcortical 
infarcts, not Alzheimer's disease. Therefore, we expect a different 
pathomechanism that is potentially related to AICD-exclusive functions.

5.2. AICD interactors regulate APP trafficking towards lysosomes

One of the processes regulated by the AICD is the subcellular local
ization of APP and we have demonstrated increased presence of APP in 
lysosomes in patient fibroblasts. Previous studies have identified AICD 
interactors that regulate APP internalization and endolysosomal sorting 
(Swaminathan et al., 2016). For example, the YTSI motif within the 
AICD interacts with AP-3 in a phosphorylation-dependent manner to 
direct APP trafficking to lysosomes (Tam et al., 2016). Also, several 
interactors of the YENPTY motif within AICD were previously found to 
regulate APP localization towards lysosomes. For example, Caster et al 
(Caster and Kahn, 2013). demonstrated in HeLa cells that APP p.Y757A 
(YENPTY) impairs the AICD to recruit Mint3, resulting in APP trafficking 
defects causing increased lysosomal sorting. Similarly, La Rosa et al (La 
Rosa et al., 2015). showed in mice that APP p.Y757G (YENPTY) disrupts 
the interaction between the AICD and sortilin-related receptor (SorLA) 
to cause increased presence of APP in lysosomes. In contrast to the data 
presented in the current study however, La Rosa et al (La Rosa et al., 
2015). also observed altered APP localization in early endosomes, late 
endosomes, and Golgi. Altogether, these studies demonstrate that 
phosphorylation of motifs within the AICD regulate APP trafficking 

towards lysosomes by regulating AICD interactions. Therefore, we hy
pothesize that the APP p.V742L variant, which is adjacent to the T743 
(VTPEER) phosphorylation site, affects such interactions to favour APP 
trafficking towards lysosomes. Future studies performing co-IP of APP 
combined with mass spectrometry should identify these interactors.

5.3. Lysosomal APP accumulation in patient fibroblasts does not induce 
lysosomal motility defects

Accumulation of APP in lysosomes can have detrimental effects on 
lysosomal functioning. Bretou et al (Bretou et al., 2024). reported 
endolysosomal maturation defects, impaired Ca2+ refilling, and 
decreased motility of lysosomes following accumulation of membrane- 
tethered APP C-terminal fragments, including the AICD. Surprisingly, 
we did not observe altered lysosomal motility in patient fibroblasts. This 
might be explained by the different approaches used. Bretou et al 
(Bretou et al., 2024). deployed PSEN1/PSEN2/APP knock-out mouse 
embryonic fibroblasts in which exogenous membrane-tethered AICD 
was introduced to achieve accumulation in lysosomes. We used human 
adult fibroblasts in which endogenous APP and C-terminal fragments 
accumulate in lysosomes. It can be hypothesized that endogenous APP 
accumulates in lysosomes to a lesser extent compared to overexpressed 
exogenous APP, which therefore may not be sufficient to induce lyso
somal defects. Moreover, membrane-tethered AICD is functionally 
different from cleaved AICD (Deyts et al., 2012), which implies that 
accumulation of these different AICD forms may have different 
consequences.

5.4. Dysregulation of genes related to APP or ischemic strokes

Gene expression analysis demonstrated that highly differentially 
expressed genes in our dataset were related to APP or the vascular sys
tem, thus potentially relevant to the patient's ischemic cerebral small 
vascular disease. Interestingly, some of these genes encode proteins that 
interact with APP. Firstly, CCNG1 is a cell-cycle regulator that was 
earlier found to be upregulated in cerebral arteries of Alzheimer's dis
ease mice and directly binds to APP (Badhwar et al., 2017). Secondly, 
UCHL1 interacts with APP to promote its degradation in lysosomes and 
has previously been linked to Alzheimer's disease and vascular perme
ability (Zhang et al., 2014; Mitra et al., 2021). We, however, report 
downregulation of UCHL1 in patient fibroblast, thus excluding UCHL1- 
mediated APP trafficking to lysosomes as a mechanism. Finally, TLN1 
directly interacts with the AICD at the synapse to mechanically syn
chronize the pre- and post-synapse (Ellis et al., 2024). The earlier 
mentioned co-IP experiments that should be performed in future studies 
should identify if these proteins indeed undergo different interactions 
with APP p.V742L.

In addition to APP interactors, we observed differential expression of 
genes contributing to stroke risk. HSP90AA1 is highly expressed in 
brain, blood, and arteries and single nucleotide polymorphisms (SNPs) 
in HSP90AA1 are associated with stroke risk, likely through regulating 
interactions with transcription factors (Kobzeva et al., 2024). GDF15 
was among the top 5 proteins with largest contribution to ischemic 
stroke risk score in a UK Biobank study (Gan et al., 2025). Finally, 
LAMC1 is suggested to increase stroke risk through regulating lipid 
levels (Surakka et al., 2023). These results suggest that the APP p.V742L 
variant indeed affects pathways related to APP and vessel functioning. 
However, future studies in more relevant cell types are needed to reveal 
the mechanism linking the variant to ischemic strokes. This could be 
performed by reprogramming patient-derived cells into induced 
pluripotent stem cells (iPSCs), followed by differentiation into neuronal 
cultures and more complex 3D assembloids that integrate both neuronal 
and vascular-like structures to better mimic the cerebrovascular 
phenotype in vitro (Takahashi et al., 2007; Kistemaker et al., 2025). 
These neuronal cells should also be deployed to study AICD-FE65 
mediated gene expression, as T743 is phosphorylated specific for 

Table 1 
Classification of up- and downregulated genes into terms relevant to APP or 
ischemic strokes.

Term Top 25 UP Top 25 DOWN

AICD interactors TLN1
APP interactors CCNG1 UCHL1
APP metabolism SFRP2, CLU
Alzheimer's 

Disease
HSP90AA1, AMPH, GSTP1, 
S100A10, PCP, CCNG1, 
CLU

UCHL1, BOK

Cerebral Amyloid 
Angiopathy

CLU TLN1

Vascular integrity CDON, PDZRN3, HOXB5 UCHL1, PDLIM5, CCN3, 
MAGI1, CREB3L1, CRIM1, 
LAMC1, HOXC10

Ischemic stroke 
risk

HSP90AA1 LAMC1, GDF15
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neurons and regulates this interaction (Ramelot and Nicholson, 2001; 
Chang et al., 2006; Radzimanowski et al., 2008; Bukhari et al., 2016). 
Finally, as the current findings are based on one patient cell line, future 
studies should introduce the APP p.V742L variant in different genetic 
backgrounds using CRISPR/Cas9 to account for interindividual tran
scriptomic variance and overcome the current n = 1 limitation.

5.5. Enhanced affinity of APP p.V742L for FE65

As the AICD regulates gene transcription through interacting with 
FE65 and TIP60, we hypothesized that the altered transcriptome in 
patient fibroblasts results from an effect of the APP p.V742L variant on 
this interaction (Cao and Südhof, 2001; Probst et al., 2020). Indeed, we 
have shown increased affinity of APP p.V742L for FE65, providing a 
mechanistic link between the variant and the observed changes in gene 
transcription in patient fibroblasts. Although FE65 binds to the YENPTY 
motif more C-terminal in the AICD, the VTPEER motif is described to 
regulate this interaction. For instance, 14–3-3ɣ binding to the VTPEER 
motif greatly enhances FE65-dependent gene transactivation (Sumioka 
et al., 2005). Furthermore, phosphorylation status of the threonine 
residue within the VTPEER motif is an important determinant of FE65 
binding to the YENPTY motif (Chang et al., 2006), indicating that a 
variant within the VTPEER motif could interfere with FE65 binding to 
the AICD. To confirm that the altered interaction between the AICD and 
FE65 observed here indeed is the underlying source of dysregulated 
gene transcription, future studies should investigate the formation of 
transcriptionally-active AICD-FE65-TIP60 complexes in the nucleus in 
patient cells by for example immunocytochemistry (Cao and Südhof, 
2001). Considering the cerebral manifestations of the patient's symp
toms, this experiment should ideally be performed in the earlier 
mentioned iPSC-derived neuronal cells, which exhibit the neuron- 
specific phosphorylation of T743 in the VTPEER motif (Iijima et al., 
2000).

To summarize, our data shows impairment of critical AICD functions 
resulting from the APP p.V742L variant. We have demonstrated 
increased APP trafficking towards lysosomes, dysregulated gene tran
scription, and enhanced affinity of the AICD for its most important 
interactor FE65. Further studies should focus on how the AICD variant 
induces ischemic strokes in more relevant models. This will not only 
assist in elucidating disease mechanisms behind the patients ischemic 
strokes, but will also generate fundamental insights into the function of 
the AICD in the brain.

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.nbd.2026.107280.
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