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A B S T R A C T   

Alzheimer’s disease (AD) is a multifactorial disorder driven by abnormal amyloid β-peptide (Aβ) levels. In this 
study, we investigated the role of presenilin-like signal peptide peptidase-like 2b (SPPL2b) in AD pathophysi
ology and its potential as a druggable target within the Aβ cascade. Exogenous Aβ42 influenced SPPL2b 
expression in human cell lines and acute mouse brain slices. SPPL2b and its AD-related substrate BRI2 were 
evaluated in the brains of AppNL-G-F knock-in AD mice and human postmortem AD brains. An early high cortical 
expression of SPPL2b was observed, followed by a downregulation in late AD pathology in AppNL-G-F mice, 
correlating with synaptic loss. To understand the consequences of pathophysiological SPPL2b dysregulation, we 
found that SPPL2b overexpression significantly increased APP cleavage, while genetic deletion reduced APP 
cleavage and Aβ production. Notably, postmortem AD brains showed higher levels of SPPL2b’s BRI2 substrate 
compared to healthy control samples. These results strongly support the involvement of SPPL2b in AD pathology. 
The early Aβ-induced upregulation of SPPL2b may enhance Aβ production in a vicious cycle, further aggravating 
Aβ pathology. Therefore, SPPL2b emerges as a potential anti-Aβ drug target.  

Abbreviations: AD, Alzheimeŕs disease; SPPL2b, Signal Peptide Peptidase like 2 b; Aβ, amyloid β-peptide; APP, amyloid precursor protein; mAPP, mature APP; 
SAPP, soluble amyloid precursor protein; TNFα, tumor necrosis factor alpha; PS, presenilin; IL-12, interleukin-12; ADAM10, A disintegrin and metalloproteinase 
domain-containing protein 10; WT, wild-type; mBRI2, mature BRI2; SPP, Signal Peptide Peptidase; LPS, Lipopolysaccharide; NTF, amino-terminal fragment; FBS, 
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1. Introduction 

Alzheimer’s disease (AD) is a detrimental neurodegenerative disor
der associated with an abnormal increase of amyloid β-peptide (Aβ) that 
accumulates in the extracellular space of the brain parenchyma (Oxtoby 
et al., 2018) and with intracellular neurofibrillary tangles, consisting of 
hyperphosphorylated tau proteins (Serrano-Pozo et al., 2011). The 
levels of Aβ in the brain rise decades before the onset of the disease, 
promoting the formation of toxic β-sheet oligomers and fibrils that 
contribute to AD synaptic dysfunction, brain inflammation, and subse
quently neurodegeneration (Guo et al., 2020). Aβ derives from the 
sequential processing of the amyloid precursor protein (APP) by β- and 
γ-secretases (Yücel and Lemberg, 2020). γ-secretase cleaves APP in the 
transmembrane region, resulting in the production of Aβ peptides of 
varying lengths, among which Aβ42 exhibits strong neurotoxicity and is 
highly aggregation-prone (Chen et al., 2017). Targeting Aβ production 
and Aβ oligomerization is hence considered a therapeutic approach to 
counteract or even stop the course of AD (Pinheiro and Faustino, 2019). 
Recently, Aβ-immunotherapy showed a positive effect on reducing 
plaque deposition (Association for the Advancement of Science, 2021; 
Selkoe, 2021) with the monoclonal antibody Aducanumab, and with the 
anti-protofibril Aβ antibody Lecanemab, recently approved by FDA, 
which reduces both Aβ pathology and cognitive decline (Dhillon, 2021; 
Prillaman, 2022; van Dyck et al., 2022). Still, this therapeutic approach 
is not able to block the progression of AD and reverse memory impair
ment (Mullard, 2021). 

The use of β- and γ- secretase inhibitors have been successful in 
preclinical studies and showed a substantial reduction in the production 
of Aβ peptides and plaque deposition in a dose-dependent manner but 
have so far been unsuccessful as AD therapy (Kounnas et al., 2010; 
Liebscher et al., 2014). In fact, in clinical trials, no positive effects were 
registered, and, in some cases, the memory impairment was even 
exacerbated, and many side effects were reported (Zhao et al., 2020). 
This may be explained by β- and γ- secretases being involved in pro
cessing over 100 other substrates, in addition to APP, and they are 
associated with critical physiological pathways such as Notch signaling 
(De Strooper et al., 1999; Hampel et al., 2021; Hemming et al., 2009; 
Zhao et al., 2020). These results highlight the importance of finding 
more specific and compelling molecules able to lower Aβ and improve 
memory deficits. For this purpose, a better understanding and charac
terization of other proteins involved in the Aβ cascade may provide 
novel, effective AD therapeutic targets. 

Signal peptide peptidase (SPP) and SPP-like proteases (SPPLs) are 
intramembrane proteases that are part of the GxGD type aspartyl pro
tease family also including the catalytic constituents of γ- secretase 
presenilin 1 (PS1) and presenilin 2 (PS2) (Fluhrer et al., 2008; Fried
mann et al., 2004; Ponting et al., n.d.). The SPP and SPPL protein family 
in mammals consists of 5 members: SPP, SPPL2a, SPPL2b, SPPL2c, and 
SPPL3. In vitro and in vivo characterizations have shown that SPPL2a and 
SPPL2b share substrates such as CD74, LOX-1, and Dectin-1 (Mentrup 
et al., 2019, 2022; Schneppenheim et al., 2014). Most importantly, 
cell-based experiments showed that SPPL2a and SPPL2b cleave the 
AD-related proteins BRI2 and TNFα, and the frontotemporal 
dementia-related protein TMEM106B (Brady et al., 2014; Fluhrer et al., 
2006; Friedmann et al., 2006; Martin et al., 2008). Furthermore, SPPL2b 
also cleaves the Transferrin receptor-1, which is involved in cellular iron 
uptake and blood-brain-barrier permeability (Zahn et al., 2013). At the 
amino acid level, SPPL2a and SPPL2b share a 40% identity but differ in 
cellular localization and tissue expression (Golde et al., 2009; Schnep
penheim et al., 2014). SPPL2a is mainly localized in endosomes and 
lysosomes (Papadopoulou and Fluhrer, 2020), showing a more ubiqui
tous expression in all tissues, especially in immune cells and peripheral 
tissues (Schneppenheim et al., 2014). In contrast, SPPL2b is localized in 
the cell membrane and is mainly expressed in the brain, more specif
ically, in the hippocampus, cortex, and the Purkinje cell layer of the 
cerebellum (Schneppenheim et al., 2014). The cleavage of the TNFα 

amino-terminal fragment (NTF) by SPPL2b releases an intracellular 
fragment, TNFα ICD (Fluhrer et al., 2006; Friedmann et al., 2006) in the 
cytosol. TNFα ICD induces the expression of the cytokine interleukin-12 
(IL-12) and its proinflammatory pathway, the inhibition of which is 
associated with a reduction of AD pathology and cognitive decline (vom 
Berg et al., 2012). Furthermore, the AD-related SPPL2b substrate, BRI2, 
is considered an anti-Alzheimer gene (Martins et al., 2021; Matsuda and 
Senda, 2019). BRI2 is a 266 amino-acid long transmembrane type II 
protein highly expressed in neurons and glia in the brain (Pickford et al., 
2003). BRI2 is cleaved intracellularly by a furin-like protease in its 
C-terminal region, which results in the release of a 23 amino acid long 
peptide (BRI223) (Kim et al., 1999). The remaining membrane-bound 
N-terminal part of BRI2, the mature form (mBRI2), which includes the 
BRICHOS domain, translocates to the cell membrane (Willander et al., 
2011). mBRI2 is further processed by A disintegrin and metal
loproteinase domain-containing protein 10 (ADAM10) and subsequently 
by SPPL2b. While ADAM10 cleaves mBRI2 in its first portion of the 
extracellular domain, SPPL2b cleaves it in its transmembrane sequence 
(Martin et al., 2008). Consequently, ADAM10 releases the BRICHOS 
domain, whereas SPPL2b intermembrane cleavage releases the 
remaining ectodomain (BRI2-C-peptide) and the intracellular fragment 
BRI2-ICD (Sánchez-Pulido et al., 2002). In physiological conditions, 
BRI2 negatively regulates Aβ production by binding to APP and inhib
iting its processing by the α-,β-, and γ-secretases (Fotinopoulou et al., 
2005; Matsuda et al., 2005). We have previously shown in hippocampal 
primary mouse neurons that BRI2 co-localizes with APP in the soma and 
dendrites (Dolfe et al., 2018). The BRI2 region interacting with APP 
consists of amino acids 46–106 sequence that includes the trans
membrane region and the first portion of the extracellular domain 
(Matsuda and Senda, 2019; Tamayev et al., 2012). The APP-BRI2 
interaction is interrupted by the SPPL2b-mediated cleavage of BRI2 in 
the transmembrane region (Del Campo et al., 2014). The protective role 
of BRI2 against Aβ production is also supported by previous findings 
showing that overexpression of BRI2 reduced the secretion of sAPPα and 
Aβ peptides in vitro and Aβ plaque deposition in the brain of an AD 
mouse model (Kilger et al., 2011; Matsuda et al., 2005). Taking this 
together with the increased level of SPPL2b reported in AD hippocampal 
samples, strongly suggests an involvement of this protease in AD pa
thology (Del Campo et al., 2014). Furthermore, the high expression of 
SPPL2b was correlated with the localization of BRI2-BRICHOS ectodo
main in the Aβ plaques deposition and a reduced presence of the 
APP-BRI2 complexes (Del Campo et al., 2014). 

Based on these findings, the present study aimed to explore the role 
of SPPL2b in AD pathogenesis in detail using both cell-based and mouse 
models, as well as human AD postmortem brain tissues. Accordingly, the 
pathophysiological role of SPPL2b in Aβ metabolism was mechanisti
cally evaluated in vitro by using human cell lines stably expressing APP, 
and primary cell cultures from wild-type (WT) and SPPL2b knock-out 
(KO) mice. Brain slices from WT mice, and AppNL-G-F knock-in AD 
mouse model were also used. The App gene in AppNL-GF mice contains a 
humanized Aβ region, and includes the Swedish “NL”, the Iberian “F,” 
and the Arctic “G” mutations. AppNL-G-F mice accumulate Aβ and reca
pitulate several AD-associated pathologies, including Aβ plaques, syn
aptic loss, microgliosis, and astrocytosis in the vicinity of plaques (Naia 
et al., 2023; Saito et al., 2014). The results obtained support both the 
direct involvement of SPPL2b in AD pathology and APP processing and 
that Aβ pathology itself affects SPPL2b expression. 

2. Material and methods 

2.1. Human cell cultures 

Two human cell lines were used in this study: the human neuro
blastoma SH-SY5Y cell line; both wild-type control cells (SH-SY5Y WT) 
and cells stably expressing human APP with the Swedish mutation (SH- 
SY5Y APPswe); and the human embryonic kidney cells HEK293 WT 
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(HEK293 WT). The cells were cultured with Dulbecco’s modified Eagle’s 
medium (Gibco™ DMEM) high glucose, supplemented with 10% fetal 
bovine serum (FBS) and 1% of Penicillin Streptomycin (Gibco) in Petri 
dishes at 37◦C, 5% CO2. For the Aβ42 and lipopolysaccharide (LPS) 
treatments and Western blot analysis, the cells were seeded in 6 well 
plates at the initial concentration of 300 000 cells per well and treated 
after they reached 70% confluency. For immunocytochemistry analysis, 
both cell lines were plated on sterilized glass coverslips positioned into 
24-well plates at the initial concentration of 50 000 cells per well. For 
the HEK293 cells, the coverslips were previously coated with Poly-D- 
lysine (Sigma). The glass coverslips were washed three times with PBS 
1X at room temperature and fixed in 1 ml/well of PFA 4% (Sigma) under 
the chemical hood for 10 minutes. Subsequently, coverslips were 
washed 3 times in PBS 1X and stored in PBS 1X for up to 2 weeks at 4 ◦C. 

2.2. SPPL2b HEK293 transient transfection 

HEK293 WT cells were transiently transfected with a plasmid 
encoding human SPPL2b, which has been described earlier (Martin 
et al., 2008), using lipofectamine™ 3000 (Invitrogen, L3000008). Cells 
were plated in a 6-well plate and transfected upon reaching 70–90% 
confluency. 7.5 µl of lipofectamine™ 3000 Reagent was diluted into 
125 µl of Opti-MEM™ Medium and 2.5 µg of DNA vector was diluted 
into 125 µl of Opti-MEM™ Medium and 5 µl of P3000™ Reagent. The 
DNA solution was mixed with the Lipofectamine™ 3000 and added to 
the cells. After 3 days, the media and cells were collected. Media and cell 
lysate protein concentrations were calculated for WB analysis. 

2.3. SPPL2b knock-out cells 

The SPPL2b gene was knocked out in HEK293 WT cells by using the 
SPPL2b CRISPR/Cas9 Knockout Plasmid kit from Santa Cruz Biotech
nology® (sc-405646). Briefly, 24 hours before transfection 1.5 × 105 

cells were seeded in a 6-well plate with 3 ml of antibiotic-free medium 
(DMEM (Gibco™) high glucose) + 10% FBS. On the day of the trans
fection, two separate solutions were prepared: Solution A was made by 
adding 2 µg of plasmid DNA (Santa Cruz Biotechnology ®, sc-405646) 
into 130 µl of plasmid transfection medium (Santa Cruz Biotechnology 
®, sc-108062); Solution B was made by adding 10 µl of Ultracruz® 
transfection reagent (Santa Cruz Biotechnology ®, sc-395739) into 
140 µl of plasmid transfection medium (Santa Cruz Biotechnology ®, sc- 
108062). Both solutions were left at RT for at least 5 minutes and were 
subsequently combined, mixed, and incubated at RT for 20 minutes. The 
cell media was replaced and the plasmid DNA/Ultracruz® Transfection 
Reagent Complex (solution A + solution B) was added. Cells were 
incubated at 37◦C, 5% CO2 for 72 hours, and the medium was changed 
at 24 hours post-transfection. GFP-positive transfected cells were 
selected by fluorescence-activated cell sorting (FACS). The selected cells 
were plated at a low density in Petri dishes to form cell single colonies. 
Upon reaching a colony size of approximately 100 cells the single-cell 
clones were collected using Scienceware Cloning Discs following the 
manufacturer’s instructions. The cloning discs were soaked in 0.05% 
trypsin-EDTA for 5 minutes and then placed on top of the marked single- 
cell colonies. After incubating the cells for 5 min at 37 ◦C the cells 
attaching to the cloning discs were transferred into a 24-well plate. 
When the cells reached confluency, SPPL2b KO cells were validated by 
Western blot. 

2.4. Mouse models 

AppNL-G-F mice (Apptm3.1Tcs/Apptm3.1Tcs) were bred in the animal 
facility, Solna campus, Karolinska Institutet. SPPL2b KO (B6; CB- 
3110056O03RikGt(pU−21 T)160Imeg) mouse embryos were obtained from 
the Center for Animal Resources and Development at Kumamoto Uni
versity and rederived in the Karolinska Center for Transgene Technol
ogies (KCTT) Comparative Medicine, at Karolinska Institutet. Mice with 

the same background (C57BL/6 J) were used as controls. Mice were 
caged in groups of three to five individuals, and the light-dark condition 
was 12-h:12-h (lights on at 7:00). The ethical permission for described 
animal experiments has been obtained from Stockholm ethical board 
(15758–2019 and 12570–2021). Housing in animal facilities was per
formed under the control of veterinarians with the assistance of trained 
technical personnel. All necessary steps to minimize the number of 
experimental animals were considered. WT and AppNL-G-F female mice 3, 
10, and 22 months old were anesthetized with 2% isoflurane and 
intracardially perfused with PBS. The brains were quickly removed and 
dissected into two parts. One hemisphere was submerged in 10% 
formalin and later used for morphological and immunohistochemical 
studies, the other half was dissected, and the hippocampus and cortex 
were isolated for biochemical analysis. SPPL2a/b double KO mouse 
brain tissues were obtained from Professor Bernd Schröder lab (Tech
nical University Dresden, Germany). 

2.5. Mouse primary cell culture 

Primary cell cultures derived from the brains of WT and SPPL2b KO 
mice were prepared from embryos at days 17 of gestation (E17). The 
embryonic brain tissues were dissected in ice-cold Hanḱs balanced salt 
solution (HBSS, ThermoFisher, #14025092). Dissected tissue was 
incubated with HBSS supplemented with Accutase (1 ml/brain), 
centrifuged, and resuspended with Neurobasal medium (Gibco, 
#21103049) supplemented with B-27 2% (Gibco, #17504044) and 
Glutamax 1% (Gibco, #35050061), filtered, and plated in Poly-D-lysine 
coated wells (Sigma, P6407). At 14 days, the neurons were either 
collected for Western blot analysis or fixed with formaldehyde 4% for 
immunofluorescence staining. 

For microglia and astrocyte cell cultures, the dissected brain tissues 
were dissolved in DMEM F12 medium (Gibco, # 21331020) supple
mented with 10% FBS and N2. The cells were filtered and plated in a 
Petri dish. After 15 days, the astrocytes were separated from microglia 
cells by mild trypsinization. Briefly, the media was removed, cells were 
washed in ice-cold PBS, and 5 ml of 0.08% trypsin containing 0.35 mM 
EDTA (25200–072, Life Technologies) in Dulbecco’s modified Eagle 
medium (DMEM; 31330–038, Life Technologies) were added to the 
mixed cultures and incubated at 37 ◦C. Every 10 min, the media was 
gently mixed until the astrocyte layer was detaching. The media con
taining the astrocyte layer was removed and diluted 1:1 with DMEM F12 
and centrifuged for 5 minutes at 900 rpm. The pellet was resuspended in 
DMEM F12 10% FBS, and the cells were plated in 6 or 24 well plates. The 
remaining pure microglial population was incubated with 0.25% trypsin 
+ 1 mM EDTA for 10 min, dissociated by vigorous pipetting, and 
resuspended in culture media. After 5 min centrifugation at 2.5 rpm, the 
cells were resuspended in DMEM F12 supplemented with 10% FBS and 
1% penicillin-streptomycin and plated in 6 or 24 well plates. 

2.6. Aβ preparation and treatment 

Met-Aβ residues 1–42 (referred to as Aβ42) were recombinantly 
prepared as described (Chen et al., 2017). In brief, the Aβ42 peptide was 
recombinantly expressed in BL21*(DE3) pLysS Escherichia coli and pu
rified with DEAE-Sepharose (GE Healthcare). To get rid of large Aβ42 
aggregates, the eluted fraction from DEAE-Sepharose (GE Healthcare) 
was filtered by a 30,000 Da Vivaspin concentrator (GE healthcare) at 
4℃ and 4000×g. Aβ42 peptides in the filtrate were further concentrated 
to ~50 µM at 4℃ and 4000×g with a 5 000 Da Vivaspin concentrator 
(GE Healthcare). The Aβ42 peptide concentration was calculated using 
an extinction coefficient of 1400 M-1 cm-1. Aβ42 peptides were ali
quoted in low-bind Eppendorf tubes (Axygene) and stored at - 80 ̊C. 

2.7. Ex vivo brain slices 

To study the effect of Aβ42 and the selective glial activator LPS ex 
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vivo, acute horizontal WT mice brain slices were obtained as previously 
described (Andrade-Talavera et al., 2020). Animals were deeply anes
thetized with isoflurane (3 per group) and the brain was quickly 
dissected out and placed in ice-cold artificial cerebrospinal fluid (aCSF) 
modified for dissection. Slicing aCSF contained (in mM) 80 NaCl, 24 
NaHCO3, 25 glucose, 1.25 NaH2PO4, 1 ascorbic acid, 3 Na pyruvate, 2.5 
KCl, 4 MgCl2, 0.5 CaCl2 and 75 sucrose and bubbled with carbogen (95% 
O2 and 5% CO2). Horizontal sections (350 μm thick) of both hemispheres 
were prepared with a Leica VT1200S vibratome (Leica Microsystems, 
Wetzlar, Germany). Immediately after cutting, slices were transferred 
into a humidified interface holding chamber containing standard aCSF 
(in mM): 124 NaCl, 30 NaHCO3, 10 glucose, 1.25 NaH2PO4, 3.5 KCl, 1.5 
MgCl2, and 1.5 CaCl2. The recovery chamber was continuously supplied 
with humidified carbogen, and slices were allowed to recover for a 
minimum of 1 h before any incubation was performed. Next, slices were 
incubated for 6 h with 50 nM Aβ42, 20 ug/ml LPS, or standard aCSF 
continuously bubbled with carbogen. After incubation, cortical and 
hippocampal sections were snap-frozen for Western blot analysis 
determinations. 

2.8. Isolation of synaptosomal fractions 

Crude synaptosomal fractions were isolated from dissected cortical 
brain tissue by homogenizing in 10 µl/mg tissue lysis buffer (0.32 M 
sucrose, 5 mM Hepes, and 10 ml ddH2O) supplemented with protease 
and phosphatase inhibitors. The homogenates were centrifuged at 
1000×g at 4 ◦C for 10 min, with resulting supernatant removed and 
centrifuged at 12,000×g at 4 ◦C for a further 20 min. Resuspension of 
the pellet in RIPA buffers yields the isolated, crude synaptosomal 
fraction. 

2.9. Human tissues 

SPPL2b Western blot analysis was performed with post-mortem 
brain tissue homogenates obtained from Netherlands Brain Bank (proj
ect 935 S, Amsterdam, Netherlands), under ethical permit from Kar
olinska Institutet (Dnr EPN 2011/962–31/1 and 2018/1993–32). AD 
cases had a clinical diagnosis of sporadic AD during life and fulfilled 
post-mortem neuropathological consensus criteria for AD. 

2.10. Western blot 

Cells and brain tissues were lysed by using RIPA buffer (Thermo
Fisher) containing phosphatase (phosphatase inhibitors cocktails, 
Sigma) and protease inhibitors (mammalian protease arrest, G bio
sciences). Cell and tissue suspensions were homogenized, sonicated, and 
centrifuged at 14,000 g for 20 minutes at 4◦C. Supernatants were 
collected and the protein concentration was calculated. The samples 
were stored at −80◦C until use. The protein concentration was measured 
using the Pierce™ BCA Protein Assay kit. Western blot analysis of cell 
and mouse tissues, 20 or 50 μg of protein per well, were normalized with 
β-actin or β-tubulin. For conditioned cell media analysis, an equal 
number of cells were initially plated for each cell line, and the loading 
volume was adjusted to have 50 μg of total protein per sample. Samples 
were separated by Mini-PROTEAN® TGX™ Precast Gels 4–20% (Bio- 
Rad) and transferred to nitrocellulose membranes (Bio-Rad). The 
transfer was performed with Blot Turbo (Bio-Rad) for 30 min at 25 V. 
Membranes were blocked in 5% milk in Tris-Buffered Saline 0.05% 
Tween 20 (TBS-T) for 1 h at room temperature or overnight at 4◦C. 

The membranes were incubated with the primary antibodies diluted 
in TBS-T for 2 h at room temperature or overnight at 4 ◦C (see antibody 
dilutions in Supplementary Table 1). After washing the membranes were 
incubated in fluorescently labeled secondary antibodies (LiCor) for 
1 hour at room temperature. 

2.11. ELISA 

Secreted Aβ40 and Aβ42 in cell culture media were measured using 
the human amyloid-β (1−40) or the human amyloid-β (1−42) ELISA kits 
from Immuno-Biological Laboratories (IBL-27711; IBL-27713) following 
the protocol from the manufacturer. The absorbance was measured at 
450 nm by a Microplate reader (Multiskan SkyHigh, ThermoFisher). The 
protein concentration was calculated by using a standard curve as re
ported by the manufacturer. 

2.12. Immunofluorescence analysis (IF) 

The cells were fixed with 4% PFA and washed 3 times in PBS 1X 
whereafter they were permeabilized using 0.1% Triton-X100/PBS 1X for 
10 minutes and then washed 3 times with PBS 1X. The blocking was 
performed by incubating the cells with 3% BSA/PBS 1X for 1 hour at 
room temperature, followed by 3 additional washing steps. Fixed cells 
were then incubated overnight at 4 ◦C with the primary antibody in 3% 
BSA/PBS 1X (see antibody dilutions in Table EV1). The day after the 
cells were washed and incubated with the secondary antibody diluted 
1:1000 for 1 hour at room temperature. After the washing, the cells were 
incubated in Hoechst solution (Hoechst 3342 – Thermo Scientific ™) 
with a dilution of 1:500 for 15 minutes at room temperature. A final step 
of washing was performed and then glasses were mounted using Fluo
roshield™ histology mounting medium (Sigma-Aldrich) on Super
frost™Plus Adhesion Microscope Slides (Epredia). The fluorescence 
intensity of the cells was calculated by using ImageJ software (National 
Institutes of Health, MD). The total cell fluorescence (TCF) was calcu
lated using this formula; TCF= Integrated Density – (Area of selected cell 
X Mean fluorescence of background readings). The neuronal colocali
zation strength between SPPL2b and APP was analyzed using Coloca
laizer Pro software 7.0.2 (http://www.colocalizer.com/) and expressed 
using the Pearson correlation coefficient (r), (a number between 0 and 1 
measures the strength of positive colocalization). 

Paraffin-embedded brain tissues were sectioned into 5 μm thick 
sections. The tissue sections were put on glass slides and deparaffinized 
by washing in Xylene and decreasing concentrations of ethanol 
(99–70%). For antigen retrieval, slides were pressure boiled in citrate 
buffer solution (0.1 M citric acid and 0.1 M sodium citrate) at 110◦C for 
5 min and then washed with tap water followed by PBS-Tween 0.05% 
for 5 minutes each. Sections were then incubated with TNB blocking 
buffer (0.1 M Tris-HCl pH 7.5, 0.15 M NaCl, and 0.5% Blocking Reagent; 
PerkinElmer, USA) or NGS (normal goat serum, Vector Laboratories, 
USA) for 30 min at room temperature. Samples were washed 3x in PBS-T 
for 5 min with slow agitation and then incubated with the primary 
antibody at 4◦C, overnight (see antibody dilutions in table EV1). 
Thereafter, sections were washed 3x in PBS-T for 5 min with slow 
agitation and incubated with biotinylated anti-mouse or anti-rabbit 
antibodies (Vector Laboratories; UK) 1:200 in TNB buffer or NGS for 
2 hours at room temperature. After the samples were washed 3x in PBS-T 
for 5 min and incubated with HRP-Conjugated Streptavidin (Perki
nElmer; USA) 1:100 in TNB buffer or NGS for 30 min and washed. For 
signal amplification, samples were incubated for 10 min in tyramide 
(TSA PerkinElmer; USA) 1:50 dilution in Amplification Reagent. Finally, 
after the washing step, the samples were incubated for 15 min with slow 
agitation with Hoechst solution, 1:500 in PBS-T. After the samples were 
washed 3x in PBS-T for 5 min followed by mounting with PermaFluor 
Aqueous Mounting Medium (ThermoScientific, USA) and kept for dry
ing overnight. The sections were then visualized with Nikon Eclipse 
E800 confocal microscope and imaged with a Nikon DS-Qi2 camera in 
2x, 10x and 20x magnifications. Quantification of the immunoreactive 
signals was performed using ImageJ software (National Institutes of 
Health, MD); in the cortex region, the total number of positive cells 
stained were counted, in the hippocampus, the fluorescence intensity 
was calculated in the region of interest (Cornu Ammonis 3; CA3). 
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2.13. Immunohistochemical analysis (IHC) 

Coronal mouse brain sections were de-paraffinized and re-hydrated 
as detailed above previously for IF. Sections were pressure boiled in a 
Decloaking Chamber (Biocare Medical) immersed in DIVA decloaker 1X 
solution (Biocare Medical, Concord, USA) at 110 ◦C for 5 min. Slides 
were let cool down at RT for 20 min, then washed with PBS buffer 
containing 0.1% tween 20 (PBST) and incubated with peroxidase 
blocking solution (Dako) for 5 min. The sections were washed in Tris- 
buffered saline (TBS) and additional blocking was performed with a 
Background punisher (Biocare) for 10 min. Primary antibodies diluted in 
DAKO (Agilent) antibody diluent were incubated for 45 min at RT. 
Slides were then washed in TBS and incubated with Mach 2 Double stain 
2 containing alkaline phosphatase (AP) conjugated secondary anti- 
rabbit antibody for 30 min at RT. AP staining was detected with per
manent red (Biosite). Sections were counterstained with hematoxylin 
(Mayer), de-hydrated through ethanol (from 70% to 99%), cleared in 
xylene, and mounted with DEPEX mounting media (Merck). 

2.14. RNA isolation, and qPCR 

RNA was extracted from dissected cortex and hippocampal of WT 
and AppNL-G-F mouse tissues using RNeasy Mini Kit (74104, Qiagen) 
according to the manufacturer’s instructions. RNA quality (RNA integ
rity number) and quantity were measured by NanoDrop ND1000 Spec
trophotometer (ThermoFisher). 200 ng of RNA for each sample were 
reverse transcribed to cDNA. The RNA was mixed with 20 μl of master 
mix and amplified by using a cycler (S1000 Thermal cycler Bio-Rad). For 
the RT-qPCR a total of 10 μL reactions were run in duplicates using 
TaqMan Fast advanced Mastermix (ThermoFisher, Waltham, MA, USA) 
and StepOne Plus real-time PCR Detection System (Applied Biosystem, 
Waltham, MA, USA). The primers (ThermoFisher) used in this study 
were: SPPL2b (Mm00613575_m1) and Actin (Mm02619580_g1). The 
expression levels of the SPPL2b were normalized against Actin. Relative 
quantification (RQ) for mRNA was calculated using the ΔΔ cycle 
threshold (ΔΔCT) method, with fold changes using the formula, ΔΔCt =
ΔCtT2-ΔCtT1. 

2.15. Statistical analysis 

All statistical comparisons were performed using Prism 8 (GraphPad 
Software Inc., CA, USA). Results were analyzed by multiple t-tests or 
unpaired Student’s t-test. For comparisons among more than three 
groups, one-way ANOVA was used followed by Tukeýs multiple com
parison test. qPCR data were analyzed with two-way ANOVA. Vari
ability of the estimates was reported as the standard error of the mean 
(SEM), and p<0.05 was considered statistically significant for all the 
analyses. 

3. Results 

3.1. SPPL2b is up-regulated in human SH-SY5Y cells overexpressing APP 
with the Swedish mutation 

In an initial attempt to elucidate the interplay between the Aβ pa
thology and SPPL2b, the expression levels of SPPL2b in healthy control 
and AD-like pathology were evaluated in the human neuronal-like 
neuroblastoma cell line, SH-SY5Y, and the human kidney cell line 
HEK293. Both WT cells (SH-SY5Y WT; HEK293 WT), and SH-SY5Y cells 
stably overexpressing human APP with the Swedish mutation (SH-SY5Y 
APPswe) were used (Supplementary Fig. S1A). SH-SY5Y APPswe con
tains a substitution of two amino acids, lysine (K) and methionine (M), 
to asparagine (N) and leucine (L) (KM670/671NL), resulting in 
increased processing of APP by the β-secretase, leading to a higher 
secretion of Aβ peptides and soluble APP (sAPP), (Supplementary 
Fig. S1B, C). 

Overexpression of APP in the SH-SY5Y APPswe cells induced an in
crease of SPPL2b revealed by a specific SPPL2b band appearing at 
70 kDa in Western blot analysis and by higher immunostaining of 
SPPL2b in the SH-SY5Y-APPswe cells (Fig. 1A). Notably, Western blot 
analysis showed that the overexpression of APPswe in SH-SY5Y leads to 
a four-fold increase of SPPL2b levels compared to WT cells (Fig. 1B). The 
increased SPPL2b expression in SH-SY5Y APPswe cells correlates with 
an increased secretion of Aβ42 and sAPP in the conditioned media as 
compared with the media of SH-SY5Y WT cells (Supplementary Fig. S1B, 
C). Western blot specificity was confirmed by using two different anti
bodies that recognize the N-terminal (93–142 aa, extracellular) and the 
C-terminal (541–592aa, intracellular) regions of the SPPL2b protein, 
respectively (Supplementary Fig. S2E-G). Additionally, CRISPR/Cas9- 
generated SPPL2b KO HEK293 WT cells were used as negative con
trols (Supplementary Fig. S1F). 

SPPL2b cleaves BRI2, and in accordance with this, the increase in 
SPPL2b in the SH-SY5Y APPswe cells led to increased cleavage of BRI2, 
revealed by a significant reduction of mature BRI2 (mBRI2; migrating as 
50 kDa) and an increase of BRI2 proteolytic fragment containing the 
BRICHOS domain (Frag-BRI2; migrating at 35 kDa) (Fig. 1C-E) in SH- 
SY5Y APPswe cells compared to SH-SY5Y WT cells. Consequently, the 
ratio of mBRI2 and Frag-BRI2 was significantly reduced in the SH-SY5Y 
APPswe cells (Fig. 1F). In agreement with the increased proteolytic 
cleavage of BRI2, analysis of the conditioned media using an anti-BRI2 
BRICHOS antibody revealed increased levels of a secreted soluble 
BRI2-positive fragment (sFrag-BRI2) from the SH-SY5Y APPswe cells 
compared to WT cells (Fig. 1G, H). Taken together, our data support that 
increased APP/Aβ levels in the SH-SY5Y APPswe cells trigger a higher 
SPPL2b expression and increased BRI2 proteolysis. 

3.2. Aβ42 affects SPPL2b expression 

To determine whether the increased expression of SPPL2b in the SH- 
SY5Y APPswe cells is Aβ mediated, SH-SY5Y cells were treated with 
human recombinant AD-causing Aβ42 (10–100 nM) constituting a 
mixture of species, including monomers and other oligomers smaller 
than 30 kDa (Supplementary Fig. S1H). A biphasic Aβ42 dose-dependent 
effect was observed on SPPL2b expression in SH-SY5Y WT cells with an 
up-regulation at 50 nM and a down-regulation at 100 nM of Aβ42 
(Fig. 1I, J). A similar effect was also observed in HEK293 cells exposed to 
Aβ42 (Supplementary Fig. S2A-D). 

Interestingly, when SH-SY5Y APPswe cells were treated with Aβ42, a 
significant reduction of SPPL2b was already observed from the dose of 
50 nM compared to the untreated cells (Fig. 1K, L). This phenomenon 
could be related to a synergistic effect of the presence of both exoge
nously added Aβ42 and Aβ42 released from SH-SY5Y APPswe cells in the 
media (Supplementary Fig. S1B, C). We also investigated whether 
SPPL2b expression could be affected by the induction of inflammatory 
pathways. To address this question, SH-SY5Y cells were treated with LPS 
(1 μg/ml), but no changes in SPPL2b expression were observed (Sup
plementary Fig. S2 E, F). 

Remarkably and similarly to the results observed in the SH-SY5Y WT 
cells, adding 50 nM of Aβ42 induced a significant up-regulation of 
SPPL2b in the cortex of acute brain sections from WT mice maintained 
ex vivo (Fig. 1M, N). However, this upregulation was not observed in the 
hippocampus (Supplementary Fig. S2G, H). We additionally sought to 
verify whether inflammation could mediate the expression of SPPL2b in 
the ex vivo preparation, since SPPL2b is known to cleave TNFα. For this 
purpose, acute brain sections from WT mice were treated with LPS. 
Interestingly, 20 μg/ml of LPS did not affect the expression of SPPL2b in 
the cortex (Supplementary Fig. S2 I, J), but induced a slight but signif
icant increase of SPPL2b in the hippocampus (Supplementary Fig. S2K, 
L). Taken together, these results suggest that Aβ42 modulates SPPL2b 
expression in a biphasic dose-dependent manner. 
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3.3. Overexpression and genetic deletion of SPPL2b oppositely affect APP 
cleavage and Aβ production 

After having found that Aβ42 induces an increase in SPPL2b 
expression, we aimed to understand whether SPPL2b itself affects the 
processing of APP and subsequent Aβ generation, since SPPL2b has been 
shown to process BRI2 involved in shedding APP. To investigate this, we 
transiently overexpressed human SPPL2b in HEK293 cells (Fig. 2A, B). 
Consistent with the SH-SY5Y APPswe cells exhibiting increased levels of 
SPPL2b and subsequent increased processing of BRI2, altered processing 
of BRI2 was also observed in HEK293 cells overexpressing SPPL2b (HEK 
SPPL2b). Western blot analysis using an anti-BRI2 antibody that rec
ognizes the BRICHOS ectodomain revealed an increased level of the 
BRI2 BRICHOS-containing fragment (Frag-BRI2) leading to a significant 
reduction in the mBRI2/Frag-BRI2 ratio in HEK SPPL2b cells compared 
to the WT control cells (Fig. 2C, D). Further confirmation of abnormal 
BRI2 processing was also observed using an anti-BRI2 antibody that 
recognizes the intracellular domain (Supplementary Fig. S3A, B). These 
results were paralleled by a significant increase of sFrag-BRI2 in 
conditioned media from HEK SPPL2b cells by using the anti-BRI2 BRI
CHOS antibody but not with the anti-BRI2 antibody that recognizes the 
intracellular domain (Fig. 2E-G). Since previous in vitro findings re
ported that the cleavage of mBRI2 by SPPL2b occurs with a higher ef
ficiency after a pre-cleavage of BRI2 by ADAM10 (Martin et al., 2008, 
2009) we additionally analyzed ADAM10 levels in the HEK SPPL2b cells. 

However, no difference in ADAM10 level was observed between control 
HEK293 WT and HEK SPPL2b (Supplementary Fig. S3C, D). 

Most importantly, overexpression of SPPL2b resulted in a significant 
reduction of mature APP (mAPP) and a significant concomitant increase 
of soluble APP (sAPP) compared to the non-transfected control cells 
(Fig. 2H-J). Consequently, the ratio of mAPP/sAPP was significantly 
reduced in the SPPL2b overexpressing cells (Fig. 2K). In addition, we 
observed a significant increase in the levels of APP C-terminal fragments 
(CTF-α and CTF-β) in HEK cells overexpressing SPPL2b. This finding 
suggests elevated accessibility and cleavage of both α-secretase and 
β-secretase to APP when SPPL2b is overexpressed, as illustrated in 
Supplementary Fig. S3E-G. Furthermore, Western blot analysis of 
conditioned media from the HEK SPPL2b cells revealed a significantly 
higher level of sAPP compared to the HEK293 WT cell media (Fig. 2L, 
M). These data clearly demonstrate that overexpression of SPPL2b leads 
to increased processing of BRI2, which in turn results in increased pro
cessing of APP. Moreover, to further confirm the modulatory effect of 
SPPL2b on the APP cleavage process in a neuronal setting, we used 
primary neuronal cell culture derived from SPPL2b KO mice. We 
observed a significant increase in BRI2 staining by using an anti-BRI2- 
ICD antibody as compared with the control WT neurons (Fig. 2N, O). 
Furthermore, Western blot analysis of conditioned media from SPPL2b 
KO neurons revealed a significantly lower secretion of sFrag-BRI2 
compared to that from WT neuronal media (Fig. 2P, Q). In addition, 
to confirm this data, we further measured the expression levels of BRI2 

Fig. 1. SPPL2b is up-regulated in SH-SY5Y APPswe cells and Aβ42 affects SPPL2b expression. (A) Western blot and immunofluorescence analysis of SPPL2b 
(Invitrogen, PA5-42683) expression in SH-SY5Y WT (SH WT) and SH-SY5Y APPswe (SH APPswe) cells (SH WT/ SH APPswe, n = 3/3). (B) Quantification of the 
SPPL2b/Tubulin ratio from the Western blot analysis in A. (C) Western blot analysis of BRI2 (goat Anti-Bri2 BRICHOS antibody) expression in SH-SY5Y WT and 
APPswe cells. (D) Quantification of mature BRI2 protein (mBRI2, 50 kDa) expression normalized to tubulin protein expression (SH WT/ SH APPswe, n = 3/3). (E) 
Quantification of the BRI2 cleavage fragment (Frag-BRI2, 35 kDa), (F) and quantification of the BRI2 50 kDa/35 kDa ratio from the Western blot analysis in C (SH 
WT/ SH APPswe, n = 3/3). (G, H) Analysis of the conditioned media from SH-SY5Y WT and SH-SY5Y APPswe cells using an anti-Bri2 BRICHOS antibody to 
identifythe soluble BRI2 fragment (sFrag-BRI2) (SH WT/ SH APPswe, n = 5/5). Data from A to H were analyzed by unpaired Student’s t-test. *P<0,05; **P<0,01; 
***P<0001; ****P<0,0001 significantly different from SH-SYY WT. (I) Representative Western blot of SPPL2b (Invitrogen, PA5-42683) expression in SH-SY5Y WT 
cells without (Control) and after 6 hours of exposure to Aβ42 (50 nM, 100 nM). (J) Quantification of SPPL2b expression levels from Western blot analysis in I 
(Control/50 nM/100 nM, n = 10/4/4). Results are normalized to actin protein expression and analyzed by using one-way ANOVA F (2, 15) = 12,60, followed by 
Tukey’s multiple comparisons test. *P < 0.05, ***P < 0.001. (K) Representative Western blot of SPPL2b expression in SH-SY5Y APPswe cells without Aβ42 treatment 
(Control) and after 6 hours of exposure to 10 nM, 50 nM, and 100 nM of Aβ42. (L) Quantification of SPPL2b expression levels from Western blot analysis in K 
(Control/10 nM/ 50 nM/100 nM, n = 3/3/2/3). Results are normalized to actin protein expression and analyzed by one-way ANOVA F (3, 7) = 10,67, followed by 
Tukey’s multiple comparisons test. *P < 0.05, **P < 0.01. (M, N) Representative Western blot and analysis of SPPL2b (rabbit anti-SPPL2b) expression in mouse brain 
cortex kept ex vivo in artificial CSF and treated with Aβ42 50 nM for 6 hours (Control/ 50 nM, n = 6/6). Results are normalized to tubulin protein expression and 
analyzed by unpaired Student’s t-test. ****P < 0.0001. All data are represented as mean ± S.E.M. 
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in adult SPPL2b KO mouse cortex, and the levels were significantly 
higher in SPPL2b KO samples compared to WT controls (Supplementary 
Fig. S3H, I). Most importantly, the quantification of APP in neuronal cell 
lysate revealed an increased level of APP in SPPL2b KO neurons (Fig. 2R, 
S). In addition, analysis of the Aβ40 and Aβ42 levels in the conditioned 
media revealed a significant decrease in both Aβ40 and Aβ42 levels 
(Fig. 2T, U), most likely caused by reduced APP processing since 
secreted sAPP was significantly reduced to about 50% in the media of 
SPPL2b KO neurons (Fig. 2V, W). Moreover, additional analysis indi
cated a reduction in both sAPPα and sAPPβ species in the media of 
SPPL2b KO neurons (Fig. 2X, Z). This observation suggests a decreased 
accessibility and cleavage of both α-secretase and β-secretase to APP in 
the absence of SPPL2b. Taken together, these data strongly support that 
SPPL2b affects APP proteolysis and consequently also Aβ generation and 
secretion. 

3.4. SPPL2b expression changes during the progression of Aβ pathology in 
AppNL-G-F mice 

To investigate how Aβ pathology affects SPPL2b levels in vivo, 
SPPL2b expression was evaluated in the AppNL-G-F knock-in AD mouse 
model, which exhibits robust Aβ pathology, neuroinflammation, and 
synaptic alteration. We investigated the expression of SPPL2b at three 
different stages of AD-like pathology corresponding to early, mid, and 
late stages of the pathology (3 months, 10 months, and 22 months 
respectively) (Fig. 3). Interestingly, a higher expression level of SPPL2b 
was observed in the cortex in the early stage of the AD-associated Aβ 
pathology in 3 months old AppNL-G-F mice (Fig. 3A, B), but no significant 
differences were observed at the same age in the hippocampus area 
(Fig. 3C, D). Interestingly, the increased SPPL2b levels observed in the 
cortex of AppNL-G-F mice was paralleled by a reduction in BRI2 levels 
(Supplementary data 4 A, B). 

On the other hand, at 10 months of age, when Aβ pathology is severe 

Fig. 2. SPPL2b affects BRI2 and APP cleavage and Aβ generation. (A) Representative Western blot showing SPPL2b expression in HEK293 control cells (HEK WT) and 
HEK293 cells transiently overexpressing human SPPL2b (HEK SPPL2b), (B) and its quantification shown in the right panel (HEK WT/ HEK SPPL2b, n = 3/3). Data 
were normalized to Tubulin and analyzed by unpaired Student’s t-test. ****P<0,0001. (C) Western blot of BRI2 (goat Anti-Bri2 BRICHOS antibody) expression in 
HEK WT and HEK SPPL2b cells; (D) quantification of the ratio between BRI2 50 kDa (mBRI2) and 35 kDa (Frag-BRI2) from the Western blot (HEK WT/ HEK SPPL2b, 
n = 3/3). (E) Representative Western blot analysis of BRI2 in HEK WT and HEK SPPL2b cell media using an anti-Bri2-BRICHOS and an anti-BRI2-ICD antibody. The 
arrows indicate the position of the soluble BRI2 (sFrag-BRI2) band location. (F) sFrag-BRI2 relative intensity quantification and (G) the antibodies’ binding regions in 
the BRI2 protein (biorender.com) (HEK WT/ HEK SPPL2b, n = 3/3). (H) Western blot analysis of cellular APP protein levels in lysates from HEK WT and HEK SPPL2b 
cells; the mature (mAPP) and soluble (sAPP) forms of APP were detected with the 22C11 antibody. (I, and J) Quantitative analysis of the mAPP and sAPP band 
intensity normalized to actin (HEK WT/ HEK SPPL2b, n = 3/3). (K) Quantification of the ratio between mAPP and sAPP levels determined by the Western blot 
analysis in (E). (L) Representative Western blot of sAPP levels in conditioned media from HEK WT cells and HEK cells overexpressing SPPL2b and (M) quantifying 
band intensities (HEK WT/ HEK SPPL2b, n = 3/3). (N) Immunofluorescence staining of BRI2 (Anti-ITM2B Antibody (C-8), Santa Cruz) in cultured mouse primary 
neurons derived from WT and SPPL2b KO embryos and (O) quantification of BRI2 intensity (WT/ SPPL2b KO, n = 5/4). Scale bar, 100 μm. (P) Western blot analysis 
of BRI2 (anti-Bri2-BRICHOS) in conditioned media from WT and SPPL2b KO mouse primary neurons and (Q) quantification of band intensity (WT/ SPPL2b KO, n =
4/5). (R, and S) Western blot analysis of cellular APP protein levels in cell lysates from WT and SPPL2b KO neuronal cells and its quantification (WT/ SPPL2b KO, n =
4/4). (T, and U) Aβ40 and Aβ42 level quantification by ELISA in conditioned media from WT and SPPL2b KO cultured mouse primary neurons (WT/ SPPL2b KO, n =
4/6). (V) Western blot analysis of sAPP in conditioned media from WT and SPPL2b KO cultured mouse primary neurons and (W) quantification of band intensities 
(WT/ SPPL2b KO, n = 4/3). (X) Western blot analysis of sAPPα and sAPPβ in conditioned media from WT and SPPL2b KO mouse primary neurons and (Y, and Z) 
quantification of band intensities (WT/ SPPL2b KO, n = 4/5). All data are represented as mean ± S.E.M. Data were analyzed by unpaired Student’s t-test. ****P <
0.0001, ***P < 0.001, **P < 0.01, *P < 0.05 significantly different from the controls, HEK WT, or neurons WT. 

Fig. 3. Early high expression of SPPL2b is followed by a downregulation in the late AD-associated stage of Aβ pathology in AppNL-G-F mice. Representative 
Western blot analysis and quantification of SPPL2b levels in WT and AppNL-G-F cortex and hippocampus at (A-D) 3 months (WT/AppNL-G-F, n = 5/5 mouse), (E-H) 10 
months (WT/AppNL-G-F, n = 3 and 5/ 3 and 5 mice), and (I-L) 22 months (WT/AppNL-G-F, n = 5/5 mice). In the Western blot displayed in panel C, in the last lane, a 
sample from hippocampus of SPPL2a/b KO mice were used as a negative control. SPPL2b protein levels were normalized by using β-actin or tubulin as a loading 
control. All data are represented as mean ± S.E.M. Data were analyzed by unpaired Student́s t-test. ****P < 0.0001, ***P < 0.001, **P < 0.01, *P < 0.05 significantly 
different from the WT mice. 
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and accompanied by neuroinflammation in this mouse model, SPPL2b 
protein levels expression was significantly lowered in both cortex 
(Fig. 3E, F) and hippocampus (Fig. 3G, H) as compared to age-matched 
control mice. A significant similar down-regulation of SPPL2b expres
sion was also observed in the hippocampus and cortex in the very late 
stage of the pathology (22 months of age) in the AppNL-G-F mice as 
compared to WT mice (Fig. 3I-L). These results support the hypothesis of 
a biphasic modulation of SPPL2b in the cortex induced by Aβ pathology 
in AppNL-G-F mice. To further investigate whether the altered SPPL2b 
levels in AppNL-G-F mice were caused by a change in mRNA levels, we 
assessed SPPL2b mRNA expression in the cortex and hippocampus of 3- 
month and 10-month-old WT and AppNL-G-F mice. The qPCR results 
revealed no significant differences in mRNA expression in neither cortex 
and hippocampus at 3 and 10 months of age (Supplementary Fig. S4C, 
D). Taken together, the WB and qPCR data of SPPL2b levels support a 
modification in protein turnover rather than an alteration in gene 
expression. 

3.5. SPPL2b is mainly expressed in neurons and microglia deposited in the 
amyloid plaques 

SPPL2b localization and expression in the brains of AppNL-G-F and WT 
mice were further evaluated by immunofluorescence (Fig. 4, Fig. S5A). 
The quantification of SPPL2b-positive cells confirmed the decrease of 
SPPL2b in the cortex and hippocampus in AppNL-G-F mice at 10 and 22 
months of age (Fig. 4) as shown by the Western blot analysis (Fig. 3), 
with no apparent neuronal loss in the AppNL-G-F mice (Supplementary 
Fig. S5B). In particular, the retrosplenial and auditory cortex areas, 
which exhibited intense staining in the brains of WT mice, were also the 
areas most affected in the AppNL-G-F mice (Fig. 4A). Furthermore, the 
quantification of the hippocampal SPPL2b staining revealed a signifi
cant reduction in SPPL2b staining of pyramidal neurons in the cornu 
ammonis 3 area (CA3) of AppNL-G-F mice as compared to the WT mice 
(Fig. 4B). 

Interestingly, in 10-month-old AppNL-G-F mice with an established Aβ 
pathology, SPPL2b positive staining was detected in the proximity of Aβ 
plaques (Fig. 5A). To identify the cellular origin of this SPPL2b staining 
we evaluated the expression levels of SPPL2b in neurons and in glial 
cells in WT and AppNL-G-F mice by performing double staining with 
neuronal (NeuN), microglia (Iba1) and astrocyte (GFAP) markers. We 
found that SPPL2b is expressed mostly in neurons, especially in layer I-V 
in the cortex (Figs. 5B and Supplementary S5C), and in glia surrounding 
the Aβ plaques (Fig. 5C), data that further supports the involvement of 
SPPL2b in AD pathology. No colocalization between SPPL2b and the 
astroglia marker GFAP was detected (Fig. 5D). 

3.6. Aβ42 modulates SPPL2b expression in neuronal and glial cells in 
opposite directions 

Having found that SPPL2b is predominantly expressed in neurons 
and microglia, SPPL2b expression was further evaluated in neuronal and 
glial mouse primary cell culture in both physiological conditions and 
after exposure to Aβ42. A pronounced SPPL2b staining was observed in 
the neuronal soma and in the neurites, which was also supported by 
Western blot analysis of cell extracts (Figs. 6, S6A, F, and G). Further
more, colocalization of SPPL2b with APP was observed in the neuronal 
soma (Fig. 6A). These findings align with the SPPL2b staining results 
from the mouse brain, in which an intense signal in the neuronal soma 
was observed. Notably, SPPL2b positive staining was also found in the 
dendritic spines (Fig. 6A, C), partially co-localizing with the post
synaptic marker PSD95. 

Following treatment with Aβ42 (1 µM) for 24 hours, we observed a 
significant down-regulation of SPPL2b in the neurons (Fig. 6B). This 
reduction in SPPL2b in the Aβ42 treated primary neuron cells correlated 
with a reduction in SPPL2b / PSD95 spine positive staining (Fig. 6C), 
suggesting a link between the SPPL2b downregulation and decreased 

synaptic density. Examination of isolated crude synaptosomal fractions 
from 10-month-old WT and AppNL-G-F cortical lysates revealed reduced 
levels of synaptic SPPL2b, alongside downregulation of PSD-95 
(Figs. 6D-F, S6B). These findings collectively support the involvement 
of Aβ42 in modulating the SPPL2b expression, aligning with the low 
SPPL2b expression level observed in the 10 and 22 months old AppNL-G-F 

mice, where a high Aβ pathology is present. 
Positive SPPL2b staining was also observed in the primary microglia 

cell culture, a finding further supported by SPPL2b western blot analysis 
of microglia cell lysate (Figs. 6G, Supplementary S5A). However, in 
contrast to what we observed in neurons, the exposure to Aβ42 for 
24 hours increased SPPL2b expression in microglia cells. These phe
nomena correlate with a higher Iba1 staining and microglia activation 
(Fig. 6G). In contrast, astrocytes exhibited a low level of SPPL2b stain
ing, which was unaffected by Aβ42 exposure (Supplementary Fig. S6C- 
G). 

3.7. SPPL2b/BRI2 ratio is downregulated in AD human prefrontal cortex 

Intriguingly, and in line with the results obtained from the analysis of 
SPPL2b expression levels in the brains of aged AppNL-G-F mice (10 and 22 
months of age), a Western blot analysis of postmortem human prefrontal 
cortex samples from late-stage AD patients (Braak ≥ 5; Supplementary 
Table 2) indicated a tendency toward a decrease in SPPL2b levels in AD 
patient brains compared to non-AD brain samples, although this dif
ference was not statistically significant (Fig. 7A, B). Furthermore, 
immunoblotting analysis revealed a significant increase in BRI2 levels in 
AD samples compared to healthy controls (Fig. 7A, C) and a significantly 
reduced SPPL2b/BRI2 ratio (Fig. 7A, D). 

Fig. 7. E integrate and summarize in vitro and in vivo AD early-stage 
data. These findings collectively underscore the impact of Aβ42 on 
SPPL2b expression, revealing a connection with altered BRI2 processing 
and subsequent APP processing. This interconnected relationship sug
gests a potential feedback loop involving Aβ42, SPPL2b, BRI2, and APP 
(Fig. 7E). Additionally, we speculate that the upregulation of SPPL2b in 
the early stages could potentially amplify the amyloidogenic pathways, 
implying a key role for SPPL2b in the onset of AD pathology (Fig. 7F). 

4. Discussion 

Intramembrane proteolysis is an essential cellular mechanism 
participating in many signaling pathways and in protein degradation of 
membrane-bound proteins (Wolfe, 2009). Among intramembrane pro
teases, the γ-secretase catalytic subunits PS1 and PS2 are involved in AD 
(Braggin et al., 2019; Kelleher and Shen, 2017). PS1 and PS2, with their 
analogs SPP and the SPPLs, are part of the GXGD-type aspartyl proteases 
family (Fluhrer et al., 2008; Mentrup et al., 2020). γ-secretase is directly 
involved in the cleavage of the APP transmembrane region, and its roles 
in familial AD have been well characterized since mutations in PS1 and 
PS2 are directly implicated in early-onset familial AD. On the other 
hand, limited information is available regarding the role of SPPLs in AD. 
Since the discovery of the amyloidogenic pathway being important in 
the onset of AD, attenuating Aβ production by inhibiting β- or γ-secretase 
has been considered an attractive strategy for preventing the disease 
progression in patients suffering from AD. However, secretase inhibition 
approaches have met several challenges and limitations over the years 
(Zhao et al., 2020). Hence, a better understanding and characterizing of 
other proteins involved in the Aβ cascade provide important knowledge 
that may potentially lead to novel AD therapeutic targets. 

Towards that end, we herein disclose the involvement of SPPL2b in 
AD pathology utilizing both in vitro and in vivo approaches. SPPL2b has 
been linked to AD in a previous study in which an altered level of this 
enzyme was reported in postmortem brain tissue from patients with AD 
(Del Campo et al., 2014). In addition, several pieces of evidence con
nected BRI2, an SPPL2b substrate, to AD (Kim et al., 2008; Martins et al., 
2021). However, the characterization of the effect of Aβ itself on SPPL2b 
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in both in vitro using cell models, including cell lines and primary cell 
cultures, and in vivo at the endogenous level in the brain of 
state-of-the-art AD models were missing but necessary to fully under
stand the role of SPPL2b in the development of AD. Our findings re
ported in this paper demonstrate that the SPPL2b protein levels follow a 
differential expression pattern during AD pathology, dependent on the 
degree of the amyloid pathology, which in turn affects the processing of 
APP and Aβ generation. Our data show that SPPL2b expression increases 
in the early stage of Aβ pathology. Conversely, advanced stages of Aβ 
pathology are associated with a significant SPPL2b downregulation, a 
circumstance consistently observed in vitro in Aβ42-treated cells, in vivo 
in AppNL-G-F knock-in AD mice with a high degree of pathology, and in 
human AD brains. 

SPPL2b is highly expressed in the brain, mainly in the hippocampus 
and cortex (Schneppenheim et al., 2014), as well as the transmembrane 
protein BRI2, one of the most characterized SPPL2b substrates. Several 
previous findings reported that BRI2 interacts with APP and negatively 
modulates APP cleavage by masking the accesses of secretase (Fotino
poulou et al., 2005; Kim et al., 2008; Matsuda et al., 2005, 2011). The 
BRI2 region involved in the interaction with APP consists of the amino 
acids sequence 46–106 which includes the transmembrane region where 
also SPPL2b cleavage occurs, and the first portion of the extracellular 
domain (Fotinopoulou et al., 2005). Our results showed that 
up-regulation of SPPL2b correlates with increased secretion of the BRI2 
BRICHOS-containing fragment. Most importantly, in our data, we found 
that SPPL2b overexpression was associated with reduced levels of the 
mature form of APP whereas the soluble fragment sAPP was increased, 
supporting a direct correlation between increased expression of SPPL2b 
and an increased BRI2 processing and, consequently, APP processing. 
Our results are also in line with previous findings from Del Campo and 
colleagues, where abnormal levels of SPPL2b in AD pathology affect the 
BRI2 cleavage inducing the misfolding of the BRI2 ectodomain, which 
forms aggregates that facilitate Aβ accumulation and deposition (Del 
Campo et al., 2014; Martins et al., 2021). They also proposed a very 
intriguing interpretation of how the different processing of BRI2 leads to 
pro-aggregating or anti-aggregating effects, respectively, by preventing 
or allowing its interaction with APP. Notably, we show for the first time 
in this study that genetic deletion of SPPL2b in neurons results in an 
increased BRI2 positive staining and a reduction of sAPP, as well as Aβ40 
and Aβ42 secretion in primary neuronal cell culture, supporting a direct 
correlation between the genetic SPPL2b deletion and a reduced BRI2 
and, consequently APP processing. Previous results, which showed that 
overexpression of BRI2 diminished the secretion of sAPPα and Aβ pep
tides in vitro and decreased Aβ plaque accumulation in the brain of an AD 
mouse model, also endorse the protective function of BRI2 against Aβ 
production (Kilger et al., 2011; Matsuda et al., 2005). 

Previous findings proposed that SPPL2b only efficiently cleaves BRI2 
after an initial shedding of mBRI2 by ADAM-10 (Martin et al., 2008, 
2009) although these data came from cell models in non-AD patholog
ical conditions. A previous study reported that all the proteases involved 
in BRI2 processing have an abnormal expression in AD human hippo
campus (Del Campo et al., 2014). We, therefore, speculate that a 
different BRI2 shedding (ADAM10-independent) can occur upon high 
expression of SPPL2b since no alteration in ADAM10 protein levels was 
observed in HEK293 SPPL2b overexpressing cells. Furthermore, a 
non-canonical ectodomain cleavage has also been recently reported for 
SPPL2a (Spitz et al., 2020). However, we acknowledge that further 

studies involving the pharmacological or genetic modulation of 
ADAM10/17 activity are necessary to confirm the presence of an SPPL2b 
non-canonical cleavage of BRI2. 

To determine whether SPPL2b expression is directly affected by Aβ 
pathology, we evaluated whether the AD-causing Aβ42 affected SPPL2b 
levels, both in vitro and ex vivo. Western blot analysis showed that low 
doses of Aβ42 induce an up-regulation of SPPL2b in WT cells, a phe
nomenon also observed ex vivo in cortical brain slices from WT mouse 
brains. Interestingly, a higher dose of Aβ42 induced a down-regulation 
of SPPL2b. We, therefore, sought to verify whether Aβ pathology af
fects the SPPL2b expression in the AD AppNL-G-F knock-in AD mouse 
model exhibiting robust Aβ pathology. To this end, we measured SPPL2b 
in the cortex and hippocampus of AppNL-G-F mice during the early Aβ 
pathology stage (3 months of age) and in an advanced AD stage (10 and 
22 months of age), allowing us to verify whether the progression of Aβ 
pathology and, together with the increasing concentration of Aβ42 
influenced the levels of SPPL2b in a state-of-the-art AD model (Nilsson 
et al., 2014). Strikingly, the results obtained in vitro were phenocopied in 
AppNL-G-F mice. SPPL2b levels were increased in the cortex of 3 months 
old mice, similar to what we observed in ex vivo slices incubated with 
Aβ42. Whereas, in old mice, which show a marked deposition of Aβ42 
aggregates (Nilsson et al., 2014; Saito et al., 2014), SPPL2b was down
regulated in both the cortex and hippocampus. These data suggest a 
cortical biphasic regulation of SPPL2b in the AppNL-G-F mice, with an 
up-regulation during the early Aβ pathology stage and a 
down-regulation in an advanced AD stage. In the cortex, the retrospinal 
and auditory areas displayed intense SPPL2b staining in the brains of WT 
mice but were also the most affected regions in the AppNL-G-F mice. 
Notably, the retrosplenial cortex is implicated in navigation and 
contextual memory, whereas the auditory cortex is specialized for pro
cessing speech sounds and other temporally complex auditory signals 
(Miller et al., 2014; Rauschecker and Tian, 2000). Interestingly, both 
areas are impaired in AD (Dhanjal et al., 2013; Trask and Fournier, 
2022). In the hippocampus, SPPL2b staining revealed a significant 
reduction in SPPL2b staining in pyramidal neurons in the CA3 area of 
AppNL-G-F mice as compared to the WT mice, a region that has an 
important role in memory processes, especially at the initial stage of 
acquisition (Rolls, 2018). However, SPPL2b gene expression in AppNL-G-F 

mice remains similar to the WT mice in the early and late stages of the 
AD pathology in both the cortex and hippocampus. Taking this into 
consideration, we speculate that the SPPL2b protein level decrease at 10 
and 22 months of age in AppNL-G-F mice can be related to an altered 
protein stability/turnover of SPPL2b, however further experiments will 
be necessary to characterize the mechanism involved behind this 
reduction but could be related to synapse loss. Conversely, a 
meta-analysis of ten independent studies on hippocampal gene expres
sion in other AD mouse models identified the SPPL2b gene as one of the 
top 20 downregulated genes in the late phases of AD (Zhuang et al., 
2019). The higher levels of SPPL2b during the early stages of AD might 
lead to altered BRI2 processing and, thus, to a reduced BRI2-APP 
interaction that allows the secretases to access their cleavage site in 
APP and increase the production of Aβ and plaque deposition. The data 
from the cortex of 3-month-old mice are associated with reduced BRI2 
levels, data in line with previous results (Del Campo et al., 2014), where 
an increase of SPPL2b in AD postmortem patients correlated with 
abnormal BRI2 processing and a reduced presence of the APP-BRI2 
complexes. Taking all these pieces of information into account, we 

Fig. 4. Immunostaining reveals a decrease in SPPL2b in hippocampus and cortex upon increased AD pathology in AppNL-G-F mice. (A) Representative SPPL2b 
immunostainings of brains from 3-, 10-, and 22 months old WT and AppNL-G-F mice. The dashed squares indicate the retrosplenial and the auditory cortex regions. On 
the right is the quantification of SPPL2b positive cells in the retrosplenial and the auditory cortex regions: (3 months: WT/AppNL-G-F n = 4/4 (10 months: WT/AppNL-G- 

F n = 4/5 (WT/AppNL-G-F n = 5/5) as in 22 months old mice (22 months: WT/AppNL-G-F n = 3/3). (B) SPPL2b staining in the hippocampal area in 3-, 10-, and 22- 
months old WT and AppNL-G-F mice. The white dashed area indicates the CA3 hippocampal area region of interest (ROI) analyzed. The red dashed squares indicate the 
magnified areas. Quantification of the staining is presented to the right: (3 months: WT/AppNL-G-F n = 4/3), (10 months: WT/AppNL-G-F n = 4/3) (22 months: WT/ 
AppNL-G-F n = 3/4). Data are represented as mean ± S.E.M. All data were analyzed by unpaired Student́s t-test. **P < 0.01, *P < 0.05 significantly different from the 
WT mice. Scale bar sizes are reported in the figure. 
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Fig. 5. SPPL2b is mainly expressed in neurons and microglia associated with Aβ plaques. (A) In the left image is a representative immunofluorescence staining of 
SPPL2b (green) and Aβ plaques by using the anti-Aβ antibody 82E1 (red) in 10 months old AppNL-G-F mice. In the second left image is a representative SPPL2b staining 
in vicinity of an Aβ plaque shown. On the right, third and fourth images, immunohistochemistry staining of SPPL2b (in red) and Aβ plaques by using the 6E10 
antibody (in blue) in 10 months old AppNL-G-F mice. (B) SPPL2b immunofluorescence staining (green) and NeuN staining (red) to visualize neurons and Hoechst for 
nuclear staining (blue), (C) SPPL2b (green) and Iba1 (red) immunofluorescence staining together with FSB to stain Aβ plaques (D) SPPL2b (green) and GFAP (red) 
immunofluorescence staining together with FSB to stain Aβ plaques. Scale bar sizes are denoted in the figure. 
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speculate that the initial increase of SPPL2b could play a key role in 
increasing the production and accumulation of Aβ; whereas the inhibi
tion of SPPL2b in the same early phases of AD could play an important 
role in reducing the BRI2 cleavage and increase the APP-BRI2 interac
tion in a compensatory attempt to reduce Aβ production. Furthermore, 

we observed colocalization between APP and SPPL2b. However, direct 
modulation of APP processing by SPPL2b has not been reported and is 
not expected since SPPL2b is involved in recognizing and cleaving type 
II substrates, whereas APP is a type I transmembrane protein (Fluhrer 
and Haass, 2007; Voss et al., 2013). 

Fig. 6. SPPL2b localizes in the spines of primary neurons and microglia. (A) Representative SPPL2b (in red), APP (22C11; in green), and nuclear (Hoechst, in blue) 
staining, in primary neuronal cell culture of WT embryos at 15 days in vitro (DIV). In the right panel is shown a merged image with a red arrow highlighting SPPL2b- 
APP colocalization in the neuronal soma. The white arrows indicate SPPL2b positive staining in neuronal spines. The insert in the right picture shows the Pearson 
correlation coefficient of 0,75. (B) SPPL2b (in red), tubulin (in green), and their combined (Merge) staining in primary neurons in control conditions and after a 24- 
hour treatment with 1 µM Aβ42. On the right is shown the SPPL2b/Tubulin ratio staining quantification (Control/1 µM Aβ42, n = 4/5 slices). Data are represented as 
mean ± SEM. *P<0.01 vs WT. (C) Immunostaining shows SPPL2b positive staining (in red), synaptic marker PSD95 (in green), and their combination (Merge) in WT 
primary neurons with no-treatment (control) and 1 µM Aβ42 24-hour treatment. (D) Western blot analysis of SPPL2b and PSD95 expression in isolated synaptosome 
fractions of WT (n = 5) and AppNL-G-F (n = 5) cortex at 10 months-of-age. Synaptosomes isolated from SPPL2b KO mouse brain was used as a negative control. (E) 
PSD95 and (F) SPPL2b protein level quantification, normalized using β-actin as a loading control. ***P < 0.005 significantly different from WT mice. Data were 
analyzed by Student’s T-test. (G) SPPL2b expression was monitored in primary microglial cell culture without treatment or treated with 1 µM Aβ42 for 24 hours. The 
microglia marker Iba1 is in red, and SPPL2b is in green. Quantifications of SPPL2b and Iba1 staining are shown on the right (Control/1 µM Aβ42, n = 12/7 cells from 
3 different slides). Data are represented as mean ± S.E.M. Data were analyzed by unpaired Student’s t-test. ****P < 0.0001, **P < 0.01 significantly different from 
the controls. Scale bar sizes are reported in the figure. 

Fig. 7. SPPL2b and BRI2 levels in AD human prefrontal cortex. (A, B) Western blot analysis of SPPL2b and (A, C) BRI2 expression in human prefrontal cortex post- 
mortem tissues of healthy control subjects (Control) and AD cases (AD) from late stages of the disease (Control/AD, n = 6/7); (D) quantification of the ratio between 
SPPL2b and BRI2 relative intensity (Control/AD, n = 6/7), (*Sample error, not included in the analysis). Data are represented as mean ± S.E.M. Data were analyzed 
by unpaired Student́s t-test. *P < 0.05, significantly different from the healthy controls. (E) Summarizing the results obtained supports that Aβ42 is directly involved 
in SPPL2b expression, potentially generating a vicious cycle where Aβ42, SPPL2b, BRI2, and APP are involved. On the right, a schematic model depicting the role of 
SPPL2b in Aβ metabolism, where a high expression of SPPL2b in the early stage of AD affects BRI2 processing resulting in a lower APP-BRI2 interaction and an altered 
APP cleavage and subsequent increased Aβ production. (F) Inhibition of SPPL2b activity may potentially restore the physiological condition and significantly 
decrease the APP cleavage and lower Aβ production. 
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In this context, the downregulation of SPPL2b in late phases of AD 
observed in AppNL-G-F knock-in AD mice could play an important role in 
reducing the BRI2 cleavage and increasing the APP-BRI2 interaction in a 
compensatory attempt to reduce Aβ production. However, another 
possible explanation of the observed SPPL2b downregulation at later AD 
stages, given the presence of SPPL2b in neuronal spines and its reduction 
in the synaptosomal fraction of AppNL-G-F mouse brain from 10-month- 
of-age, could be linked to an impairment of the neuronal spines, as 
previously observed in AppNL-G-F mice during the progression of the Aβ 
pathology (Blume et al., 2022) whereas no neuronal loss has been re
ported (Saito et al., 2014). We cannot also exclude the involvement of 
other components either; for example, SPPL2b downregulation in the 
late AD stages could be caused by an overstimulation of the system, in 
this case by a high Aβ pathology, which in biology is most of the time 
associated with a reduction of gene expression (Zaliauskiene et al., 
2000). Interestingly, and in line with this theory, human cortex samples 
at late AD stages exhibited a significantly higher level of BRI2 compared 
to non-AD samples, along with a non-significant trend of down
regulation of SPPL2b. However, Del Campo et al. in 2014 reported an 
up-regulation of SPPL2b in the hippocampus of AD post-mortem sam
ples. It is worth noting that these previous studies were conducted 
exclusively in the hippocampus and included a higher heterogeneity of 
AD cases spanning Braak stages III-VI. Further studies with a larger 
sample cohort are needed to fully elucidate the levels and distribution of 
SPPL2b in the brain during the progression of AD. 

Regarding the expression of SPPL2b in different cell types in the 
brain, our cellular and brain analysis support a high expression of 
SPPL2b in neurons, consistent with previous reports, and, noteworthy, a 
colocalization with APP in neurons. Considering the known BRI2-APP 
interaction, our finding supports a potential BRI2-APP-SPPL2b com
plex that can play an important role in AD amyloidogenic pathway. 
However, SPPL2b was also detected in both microglia surrounding the 
Aβ plaques and in primary microglial cell culture where its expression 
increased after Aβ exposure. Consistent with this, high SPPL2b positive 
staining was observed in microglia surrounding the plaques in old AppNL- 

G-F mice and contributing to the inflammatory state of the mice. 
Together with BRI2, TNFα is one of the main substrates of SPPL2b and is 
highly expressed in microglia cells. During AD, microglia produce 
increased levels of cytotoxic and inflammatory mediators, such as TNFα, 
which can start a positive feedback mechanism that reactivates micro
glia itself. Soluble TNFα is released after ADAM17 cleavage and the 
remaining TNFα-NTF is processed by SPPL2b. Accordingly, we speculate 
that high SPPL2b levels are promoting the cleavage of TNFα in its 
transmembrane domain, increasing the production of TNFα ICD. TNFα 
ICD has been associated with the production of IL12, a proinflammatory 
cytokine present in high concentrations in AD and whose pathway, 
when inhibited, is associated with a significant improvement in AD 
pathology (vom Berg et al., 2012). Finally, no SPPL2b colocalization 
with the astrocyte marker GFAP in AD mouse brain was observed. 
However, SPPL2b was detected in isolated astrocytes, although in a 
lesser amount compared to neurons and microglia, and its expression 
seems not to be affected by Aβ pathology. 

The results obtained in this study confirm the hypothesis of an 
important and relevant relationship between SPPL2b and AD, which 
should be implemented and addressed in future studies regarding the 
potential therapeutic effect of a pharmacological regulation of SPPL2b. 
Unfortunately, to date, no specific inhibitor is available for SPPL2b. 
However, as a proof-of-principle, we plan to delete the SPPL2b gene in 
AD mice to verify whether the AD pathology is reduced. Finally, 
considering that LPS increased SPPL2b expression in the hippocampus 
of ex vivo slices, a link between SPPL2b and general inflammation cannot 
be excluded and should be studied in more detail. 

5. Conclusions 

The results outlined in this study identifies a relevant connection 

between SPPL2b and Aβ pathology of AD. Our findings show that 
SPPL2b affects the amyloidogenic pathway and that its expression in
creases in vitro by Aβ at low-doses and in vivo in the cortex of AppNL-G-F 

mice in the early stages of AD pathologies, suggesting a potential 
involvement in the development of Aβ pathogenesis of the disease. In a 
global scenario characterized by the need to identify novel strategies to 
prevent and counteract AD progression, this study points out and 
strengthens the importance of SPPL2b in the Aβ cascade, highlighting 
the potential of targeting this protein as a novel therapeutic approach for 
AD. 
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